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Q1. UHS 2024

The principle that statesif a stressis appliedtoa
system at equilibrium the system nullify the effect of
stress as far as possible is:

(®) Haber's

Le-Chatelier's

(C) Boyle's

() Charle's

Q2. UHS 2024

Identify the correct optionrequired for the maximum
yield of ammonia in Haber's process:

@ High pressure low temperature continual removal of
ammonia

Low pressure low temperature continual removal of
ammonia

(c) High pressure high temperature continual removal of
ammonia

(D) High pressure low temperature continual addition of
ammonia

Q3. UHS 2024

Consider the following reactionin the equilibrium and
tell addition of which will turn the cloudy solution into
clear solution?

BiCl3 + H,O = BiOCl + 2HCI

(®) BiCl;
H,0
(©) BiOCl
(o) HCI
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Q4. UHS 2024

In endothermic reaction, the heat content of the

(&) Reactants and productsis equal
Reactantsis more than that of products
(© Productsis more than that of reactants
(0) Reactants & products willnot change

Q5. SZABMU 2024

Chemical equilibrium given below will shift to
backward direction by

2NO + Oy = 2NO; + Heat
(&) Decreasing pressure and increasing temperature
Decreasing the temperature
(©) Increasing the temperature
(D) Increasing the pressure

Q6. SZABMU 2024
Which of the following mixture will constitute the
buffer solution?

(A) Acetic acid & sodium acetate
Acetic acid & ammonia

(©) Acetic acid and ammonium acetate
(©) Ammonia & ammonium acetate
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Q7. SZABMU 2024

According to law of mass action, K, > K. when
reaction occurs with

(a) Decrease involume on product side
Increase involume on product side
(©) Increase involume onreactant side
(o) Simultaneousincrease and decrease

Q8. SZABMU 2024

(Out of syllabus)
What will be the molarity of HCI solution with pH=47
(&) 0.0001

0.0004
© 0.004

(® 4

Q9. SZABMU 2024

(Out of syllabus)

If weak acid is diluted with water, thenH' ions
concentration will
(&) Decrease
Gradually decreases thenincrease
(©) Increase

(D) Remainsame

Q10. SZABMU 2024
The pH of human bloodis

® 7.35t07.45
8.35t08.45
(© 6.35t07.45
(®) 5.57t06.57

Q11. SZABMU 2024

Maximum yield of ammonia can be obtained by
(A) Low temperature, high pressure

Low temperature, low pressure

() Hightemperature, high pressure

@ Hightemperature, low pressure
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Q12. KMU 2024

Which of the following factor will disturb chemical
equilibriumin a givenreaction?

2H1[g} i Hg(g) + Ig(g} AH® = +ive

1. Change inconcentration
2.Change in temperature
3. Change in pressure

4. Changeinvolume

® 1,2
® 3

© 2,3
© 3.4

Q13. KMU 2024
The pK , of n-propyl amine s

(@) 3.24
3.28
© 3.32
®© 3.35

Q14. KMU 2024

Forwardreactionis the one that
() Isvery slow at the beginning of the reaction

Reactstoformreactants

@ Speeds up gradually and at equilibriumits rate becomes
constant

(D) Takes place fromleft toright as givenin chemical equation

Q15. KMU 2024

In the production of SO;, from SO, and Oxygen, the
yield of SOy, isincreased by

(a) Adding a catalyst

Adding more SO,

© Increasing temperature

(®) Removing oxygen

Q16. KMU 2024

ConsiderN; + 3Hy(g) — 2NHg,) AH = —92.46 kJ/mol
The optimum temperature, (°C) to produce ammeonia
is

® 0

450

© 5000

(D) Constant temperature
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Q17. KMU 2024
The unit of K. for the system PCl; — PCl; + Clyis

@ dm® /mol

mol/dm*

© mol/dm?

(D) mol/dm"

Q18. DUHS 2024

The equilibrium of this reaction would not be affected
by anincrease in pressure

@) 280, + 0, = 280,

Ny + 0y = 2NO

(©) 2NO + Cl, = 2NOCl

(@) PCl; = PCly + Cl

Q19. DUHS 2024
The pH value of human blood is:

@® 7.8

7.35
© 7.33
© 6.62

Q20. DUHS 2024

The term "active mass" used in the Law of Mass Action
means:

(®) Number of moles per dm®

Number of moles perlitter

(© Gram perdm®

(©) Number of moles

Q21. DUHS 2024
Conjugated acid NH; is

® NH;
NH
© NH;
(D) NH,

Q22. DUHS 2024

(Out of syllabus)

According to Raoult's law, the relative lowering of
vapor pressure is equal to:

(&) Mole fraction of solute

Mole fraction of solvent

(©) Molarity
(©) Molality
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Q23.

(Out of syllabus)

A colloidal solution of liquid into liquid is known as:
(&) Solid foam

Foam

© Fog

(©) Emulsion

DUHS 2024

Q24.

Le-Chatelier's principle does not give the information
of effect of the following on equilibrium.

®) Time

Pressure

(©) Temperature

BUMHS 2024

(@) Concentration

Q25.

Equilibrium constant has no units, if the number of
moles of product are

BUMHS 2024

(®) Lessthanreactants
More thanreactants
(©) Equaltoreactants
(D) Half of reactants

Q26.

BUMHS 2024
The sum of pH and pOH for pure water at 25°C is

@ 1014

10 14

© 14

® 25

Q27. BUMHS 2024

Suppose the following system has reached
equilibrium at a certain temperature

N2Oy(g) = 2NOs(y)

Adding N,0, to the system will
(&) Start forward reaction

Start reverse reaction

(©) Notdisturb equilibrium

(©) Raise the temperature of system
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Q28. NUMS 2024

The solubility of PbS at 25°Cis 4.0 x 10~2. Thenionic
concentration will be:

® 4x1074
® 2x10°%
)5

®) 3.0 x 10

Q29. NUMS 2024

What conditions should be applied to minimize the
leftoverreactants inammonia synthesis?

(®) 200 atm, 500°C

400 atm, 200°C

(©) 100 atm, 400°C

(©) 200 atm, 400°C

Q30. NUMS 2024

Select the buffer solution having highest pH:

@ 0.IMCH;COOH, 0.01M CH;COO'
0.IM CH;COOH, 0.05M CH;CO0
© 0.IMCH;COOH, 0.10M CH,CO0
© 0.IMCH;COOH, 0.15M CH,COO

Q31. UHS 2023

What is the ultimate fate of reversible reaction?

() Completionof reaction

Complete consumption of reactants

@ Complete consumption of products

(D) Astate when thereis no net concentration change

Q32. UHS 2023

Inreversible reaction, when productis removed, the
equilibrium shift towards the:

(A) Reactantside

Product side

() Bothside onebyone

(©) Noeffect

Q33. UHS 2023
One can estimate the direction in which equilibrium
will shift with the help of:

(&) Le Chatelier's principle
Law of mass action

(©) Mess'slaw

(D) Law of heat of formation
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Q34. SZABMU 2023
N, + 3H, = 2NH; (AH = —92.5)

(&) Low temperature

High temperature

@ Continuous removal NH;

(@) Continuous addition of NH;

Q35. SZABMU 2023

What s not true about the Le-Chatelier's principle?

(a) Allowto predict the change in concentration on system at

equilibrium

Allow to predict the change in reaction rate on system at
equilibrium

@ Allow to predict the change in pressure on system at
equilibrium

(0) Allow to predict the change in temperature on system at
equilibrium

Q36. SZABMU 2023

For a gaseous phase reaction, when number of moles
of reactant and product are equal:

(B) The values of K, and K, are different

The value of K, is greater than K,

(©) Thevalue of K, is greater than K,

@ The values of K, and K, are the same

Q37. KMU 2023

Haber's process is used for the synthesis of ammonia.
The optimum temperature for the Haber processis:

@) 35—50°C
130 — 150°C
(©) 400 — 450°C

®) 500 — 600°C

Q38. KMU 2023

Ifionic product isless than K, then:

(&) Solutionwill be saturated
Precipitation will occur

(©) Solutionwill be super saturated
(© No precipitation will occur

Q39. KMU 2023
ForAn =10
®) K, = K,
K, # K,
© K,z K,
@ K, <K,
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Q40. DUHS 2023

Which of the following reactions has same value of K,
& K,?

(&) Ny + 3H, — 2NH;

PCl; — PCly + Cly

(© H; +1, — 2HI

(®) 280, + 0, — 250,

Q41. DUHS 2023

Which of the following conditions required for
maximum yield of ammonia through Haber's process?

(&) Increasing temperature

Decreasing concentration of reactant
(c) Decreasing pressure

(D) Decreasing temperature

Q42. DUHS 2023

Which of the followingis true for reversible reaction at

equilibrium?

(&) Therate of forward reaction is greater than backward
reaction

Therate of forward reaction is lesser than backward
reaction

© The rate of backward reactionis equal to forwardreaction

(D) Therate of backward reactionis greater than forward
reaction

Q43. BUMHS 2023

The solubility of KC10; is decreased by adding

(&) KC1
KClO3
@ H»0

(D) Noteffected

Q44

The equilibrium stage that is not affected by
temperatureis called?

BUMHS 2023

(&) Static equilibrium
Natural equilibrium
(c) Dynamic equilibrium
(D) Unstable equilibrium

Q45. BUMHS 2023

Temperature increase in an exothermic reversible
reaction, shift the equilibrium to:

(A) Productside

Reactant side

(€) Remainsunchanged

(©) Increaseinboth
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Q46. NUMS 2023

The high pressure of 200 atmin Haber's processis
used for:
(») Betteryield

Lower yield
(©) Lowerrate
(©) Coastdecrease

Q47.

By which of the following factors equilibrium state is
attained earlier?

NUMS 2023

(&) Temperature
Pressure

(©) Concentration
(@) Catalyst

Q48. UHS 2022

The decrease in solubility of the saltin a solution that
already contains anion common to that saltis known
as:

(A) Le-Chatelier's principle

Solubility product

(©) Commonion effect

© Ky

Q49. UHS 2022

The precipitation occurs if the ionic concentrationis:
®) LessthanK,,

More than K,

© Equalto K,

(D) Presentinany amount

Q50. UHS 2022

One can estimate the directionin which equilibrium
will shift with the help of:

(&) Le-Chatelier's principle

Law of mass action

(©) Hess'slaw
(@) Law of heat of formation

Q51. SZABMU 2022

Forthe chemical reaction;
Ny + 3Hy(g) = 2NHjy(,) + Heat
We can maximize the yield of NHj;:

(A) Byincreasing the temperature
By decreasing the pressure
@ By increasing the volume of the reaction vessel

(©) By continuous withdrawal of ammonia
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Q52.

The high pressure of 200 atmin Haber process is used
for:

(a) Betteryield

Lower yield
(© Lowerrate
() Costdecrease

SZABMU 2022

Q53.

By which of the following factors equilibrium state is
attained earlier?

SZABMU 2022

(&) Temperature
Pressure

(©) Concentration
(D) Catalyst

Q54.

Which of the following is not the use of the Buffer
solution?

SZABMU 2022

@ Used for the calibration of pH meters
Usedto preserve biological specimen
(©) Maintain the pH of the human blood

@ Predict the concentration of asubstance

Q55. KMU 2022

Buffer capacity is maximum when both components
have:

(&) High concentration

Equal concentration

(©) Low concentration

(D) Highand equal concentration

Q56. KMU 2022

If solubility product (K,,) value is large the salt in water
is:

(&) More soluble

Less soluble

(©) Moderately soluble
(D) No concentration

Q57.

The value of solubility products depends only on

KMU 2022

(a) Temperature

Solvent
(©) Pressure

(D) Catalyst
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Q58.

In exothermic reaction, by decreasing the
temperature, equilibrium constant:

DUHS 2022

(&) Remains the same
Reaction moves backward
(©) Decreases

(@) Increases

Q59. DUHS 2022

At equilibrium in a reversible reaction:
@ The rate of backward reaction > rate of forward reaction
The rate of forward reaction > rate of backward reaction

(©) The concentration of reactant & products becomes
constant

@ The concentration of reactants & products becomes
constant & the rate of forward reaction is same as the rate
of backwardreaction.

Q60.
The solubility product K, predicts whether:

(&) Diffusion
Solubility

@ Precipitation will take place or not
(©) Boiling point

DUHS 2022

BUMHS 2022

Q61.

The precipitation occurs, if the ionic concentrationis:
(®) LessthanK,,
More than K.

© Equalto K,
(@) Presentinany amount

Q62.

Why areactionisreversible?

BUMHS 2022

(&) Reactants are reactive
Products arereactive
(©) Reactantsare stable
(D) Products are stable

Q63.

Acetic acid is weak acid than sulphuric acid because
of which of the following reasons?

BUMHS 2022

(a) Itdecomposes onincreasing temperature
Ithas less degree of ionization

(©) Ithas--COOH group

©) Ithas more inductive effect
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Qé4. NUMS 2022

The pH of human bloodis:

@® 7.35t07.45
6.35t07.45
© 8.35t08.45
(®) 5.57106.57

Qé65. NUMS 2022

Which term describes a solution in which dissolved
solute is in equilibrium with undissolved solute?

@) Dilute

Unsaturated

(©) Saturated

(D) Supersaturated

Q66. PMDC 2021

H, + I, = 2HI. Relation between K, and K, for this
reactionis:
® K,=K./RT

K, = K,
© K.=K,/RT
@ K ZKrERT} -

Qé7. PMDC 2021
According to Le-Chatelier's principle, exothermic
reactions are favored by:

(&) Increase in pressure
Increase involume

(©) Decrease intemperature
(D) Allof these

Q68. PMDC 2021
The equilibrium constant is always written as aratio
of:

(A) Reactants over products

Product overreactants

(©) Producttimesreactants
(©) None of these

Q69. PMDC 2021

Manufacturing of Ammonia by Haber's processis an:

(a) Endothermicreaction

Irreversible

(©) Exothermic reaction

(@) Slow

beambeprep.com
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Q70. PMDC 2020

Which of the following reaction has greater K, than K,
(K, > K.)?

@ 2NO + Cl; = 2NOCl

250, + 0, = 2504

(© 2NOCl = 2NO + Cl,

(®) N, + 3H, = 2NH;

Q71. PMDC 2020

The equation Ny, + 3Hy(,) = 2NHj(,) represents:

(A) Contact process
Haber's process
(© Solvay's process
(©) Avogadro's law

Q72. PMDC 2020

For a gaseous phase reaction, when number of moles
of reactants and products are equal:

®) Thevalues of K, and K, are different

The value of K, is greater than K,

(©) Thevalue of K. is greater than K,

(@) Thevalue of K, and K, are the same

Q73. PMDC 2020

Purification of table salt (NaCl) by passing HCl gas
throughits saturated aqueous solutionis an example
of

(&) Law of mass action

Hess's law

(©) Common ion effect
@) Henry'slaw

Q74. SET 2019

Which one of the following factors does not affect the
equilibrium position?

&) Catalyst

Concentration of reactants and product
(©) Temperature

(D) Pressure

Q75. NUMS 2019
The K. Unit forthereaction Ny, + 3Hy,) — 2NHjyy is:
(&) mole 'dm "

mole 2dm™3
(©) mole *dm**
(@) mole 'dm"®
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Q76. NUMS 2019

Which one of the following bases has highest K,
value?

(a) NH:OH
NaOH

(© Ca(OH),
(© CH;NH,

Q77. SET 2019

Whatis the pH of 0.1M of HCI?
™1

0.1

© 0.01

@) -1

Q78. NUMS 2019

The pKa values of CH;COOH is 4.74, the pH of
equimolar solution of acetic acid and sodium acetate
is:

@ 13.0

12

© 4.79

@ 4.74

Q79. NUMS 2019

Precipitation occurs when the product of ionic
concentrationis?
(A) Greaterthan K,

Lessthan K,
(© Equalto K,
(©) Equalto unity

Q80. KMU 2019

Consider the reversible reaction. Ny, + 3Hy(,) =
2NH3{9) + Heat

The yield of NH; will be maximum at:

@ Hightemperature and low pressure
High temperature and high pressure
(©) Lowtemperature and low pressure

@ Low temperature and high pressure
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Q81. KMU 2019

Ice and water is in equilibrium with each other. By
increasing the pressure the equilibrium will shiftin
(&) Forward

Reverse

(©) Toall system at equilibrium

(©) None of the above

Q82. MDCAT 2019

For an equilibrium reaction;

2505(5) + Ogg) = 2504

The forward reactionis exothermic, increasein

temperature shifts the equilibrium position towards

left because:

@ The concentrations of SOy, SO, and O, increase as the
temperature increases

The concentrations of SO, and O, increase and
concentration of SO; decreases as the temperature
increases

(© The concentrations of SO, and O, decrease and
concentration of SO; increases as the temperature
increases

@ The concentrations of SO, and O, increase and

concentration of SOs stays same as the temperature
increases

Q83. MDCAT 2018

The product of the concentrations of eachionin
saturated solution of a sparingly soluble salt at 298K
raised to the power of their relative concentrations is:
® K,

K

© K.

© K,

Q84. MDCAT 2017

Forwhich of the following equilibrium reaction, K, has
no units?

®) Ny + 3Hy) = 2NHy)

CO[Q} + HZO{Q} = COZiy} + Hziyl

(©) 2803(y) + Oyg) = 250(y)

©®) 2NOs() + Oy = 2NOy)
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Q85. MDCAT 2017

Consider the following reversible reaction;

CH;3;CH,0OH ;) + CH3COOH ;) = CH3COOCH,CHyp) + HaOgpy

Initial concentration:

1mol 1mol Omol 0mol

Equilibrium concentration:
0.333 mol 0.333 mol 0.666 mol 0.666 mol
K, = 4at100°C.

What are new equilibrium concentrations of all
speciesif 1 mole of each of CH;CH,OH and CH;COOH
are added to this equilibrium mixture? (Apply Le-
Chatelier's Principle) (Temperature remained same)
(&) (CH3COOH) = 0.333mol, (C2H;OH) = 1.333mol,
(CH3CO0C,H;) = 1.666mol, (H,0) = 0.666mol
(CH3COOH) = 1.333mol, (C,H;0H) = 0.333mol,
(CH3CO0C,H;) = 0.666mol, (Hy0) = 1.666mol
(CH3COOH) = 0.666mol, (C,H;0H) = 0.666mol,
(CH3CO0C:H;) = 1.333mol, (H20) = 1.333mol
(
(

CH;COOH) = 0.333mol, (C,H;OH) = 0.333mol,
CH;CO0C,H;) = 1.333mol, (H,0) = 1.333mol

©
®©

Q86. MDCAT 2017

Ca(OH), is sparingly soluble having solubility product
value 6.5 x 10~%. What will be its solubility?
® 2.75x 1072

1.17 x 1072
© 2.75 x 10

© 3.63 x 10°

Q87. MDCAT 2016

Human blood maintains its pH between:
@® 6.50-7.00

7.50 —7.55
© 7.20-7.25

© 7.35-7.40

Q88. MDCAT 2016
Value of K, for PbSO, system at 25°C is equal to:

(A) 1.6 x 1075 mol*dm °
1.6 x 10~ mol’dm*
(© 1.6 x 107% mol’dm °
(@) 1.6 x 1077 mol’dm *
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Q89%. KMU 2016
K, = K.(RT)inthe equationif An < 0then:

@) K, =K,

K, < K.

© K, > K,

® K, <0

Q90. KMU 2016
pK, values of some acids are given below; choose the
weaker acid?
(&) HCL0,4(-10)

HBr(-9)
(©) H,804(-3)
@) HCL(-T7)

Q1. MDCAT 2015

During the manufacture of nitric acid, nitric oxide is
oxidized to nitrogen dioxide. This reactionis given as:

2NO(y) + Oy = 2NOy(y) AH = —114 kJ/mol

According to Le Chatelier's Principle:

@ Reaction must not be temperature dependent
Reaction must be carried out at room temperature
(©) Reactionmust be carried out at low temperature
(o) Reaction must be carried out at high temperature

Q92. MDCAT 2015

What s the correct relation between pH and pKa?

® pH = pKa + log ({}%ﬂ)

pH = pKa — log ({33

© pH = pKa — log (l}%‘ill)
=)

[Acid

Q93. MDCAT 2015

Which one of the followingis the correct
representation for K,,?

AgCl= Agt +Cl-
® Ky = mfery
© Ky = IAgI J[c17]
@ K.sp = [AgCl:
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Q%4. MDCAT 2014

The value of equilibrium constant K. for the reaction
2HF ) = Hy,, + Fy, is 10-* at 2000°C. Calculate the
value of K, for this reaction

@ 2x1071
186 % 1013
© 10-18

®) 3.48 x 10°°

Q95. MDCAT 2014

What will be the pH of a solution of NaOH with a
concentration of 10— M?

® 3
®Mn
© 14
® 7

Q96. MDCAT 2013

The chemical substance, when dissolved in water,
gives "H""is called:

(a) Neutral

Base

© Acid

(©) Amphoteric

Q97. MDCAT 2013
The 'pH' of ourbloodis:

® 6.7-8
7.5
© 79

®© 7.35-7.4
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Q98. MDCAT 2012

Formation of NH; is reversible and exothermic
process, what will happen on cooling?

(&) Morereactantwill form

More H, will be formed

(© More N, willbe formed

(©) More product (NH;) will be formed

Q99. MDCAT 2012

A buffer solution is that which resists/minimizes the
changein

® pOH
pK,
© pH

© pK,

Q100.

If in AgCl solution, some salt of NaClis added, AgCl
will be precipitated due to:

() Solubility

Electrolyte
(©) Unsaturation effect

(©) Commonion effect

MDCAT 2011

Q101.

Units of K. for the following reactionis:

MDCAT 2010

H, + I, = 2HI
@ mol?dm ¢
No unit
© mol dm *
@ mol %dm"
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RAPID 5-COLUMN ANSWER KEY

Official PMDC verified answer keys for O7. Equilibrium beambeprep.com
1 e UHS 2024 22 0 DUHS 2024 43 o BUMHS 2023 64 Q NUMS 2022 85 e MDCAT 2017
2 o UHS 2024 23 Q DUHS 2024 44 G BUMHS 2023 65 e NUMS 2022 86 e MDCAT 2017
3 e UHS 2024 24 o BUMHS 2024 45 e BUMHS 2023 66 o PMDC 2021 a7 @ MDCAT 2016
4 e UHS 2024 25 e BUMHS 2024 46 o NUMS 2023 67 e PMDC 2021 a8 e MDCAT 2014
5 Q SZABMU 2024 26 e BUMHS 2024 47 Q NUMS 2023 68 o PMDC 2021 89 e KMU 2016
6 o SZABMU 2024 27 o BUMHS 2024 48 @ UHS 2022 69 e PMDC 2021 90 e KMU 2016
7 e SZABMU 2024 28 e NUMS 2024 49 e UHS 2022 70 e PMDC 2020 91 e MDCAT 2015
8 o SZABMU 2024 29 e NUMS 2024 50 o UHS 2022 71 e PMDC 2020 92 e MDCAT 2015
9 Q SZABMU 2024 30 e NUMS 2024 51 .@ SZABMU 2022 72 Q PMDC 2020 93 e MDCAT 2015
10 o SZABMU 2024 3 Q UHS 2023 52 0 SZABMU 2022 73 e PMDC 2020 94 e MDCAT 2014
1 o SZABMU 2024 32 e UHS 2023 53 .@ SZABMU 2022 74 o SET2019 95 e MDCAT 2014
12 o KMU 2024 33 o UHS 2023 54 0 SZABMU 2022 75 e NUMS 2019 96 e MDCAT 2013
13 @ KMU 2024 34 e SZABMU 2023 55 e KMU 2022 76 o NUMS 2019 97 Q MDCAT 2013
14 Q KMU 2024 35 e SZABMU 2023 56 o KMU 2022 77 0 SET2019 98 Q MDCAT 2012
15 B KMU 2024 36 Q SZABMU 2023 57 o KMU 2022 78 o NUMS 2019 99 e MDCAT 2012
16 e KMU 2024 37 e KMU 2023 58 0 DUHS 2022 79 o NUMS 2019 100 o MDCAT 2011
17 e KMU 2024 38 o KMU 2023 59 .@ DUHS 2022 80 ° KMU 2019 101 e MDCAT 2010
18 B DUHS 2024 39 o KMU 2023 60 e DUHS 2022 81 0 KMU 2019
19 B DUHS 2024 40 @ DUHS 2023 61 .@ BUMHS 2022 82 o MDCAT 2019
20 o DUHS 2024 41 o DUHS 2023 62 e BUMHS 2022 83 o MDCAT 2018
21 o DUHS 2024 42 e DUHS 2023 63 @ BUMHS 2022 84 o MDCAT 2017
TOTAL CORRECT INCORRECT BLANK ACCURACY :
MCQS Scan the booklet QR code to enter answers in
L i e e e e BeambePrep Grind Mode for automated error
% autopsies.
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PROPOLIS COGNITIVE ERROR AUTOPSIES

TOPICAL PAST PAPER ARCHIVE

Step-by-step conceptual derivations, formula working, and distractor autopsies for every question.

Question #1 UHS 2024

The principle that states if a stressis applied to a system at
equilibrium the system nullify the effect of s...

CORE CONCEPT AND DERIVATION

This is the literal textbook definition of the fundamental
principle of chemical equilibrium dynamics.

Solution:

« [n1884, French chemist HenriLe Chatelier postulated that

"If a dynamic equilibriumis disturbed by changing the
conditions, the position of equilibrium shifts to counteract
the change to reestablish an equilibrium.”

* The"stress"refersto changesinconcentration, pressure,
volume, or temperature.

* Thisisuniversally known as Le-Chatelier's Principle.

Why other options are incorrect:

Haber developed a specific industrial process forammonia.
Boyle's and Charles's laws relate strictly to the physical
properties of ideal gases (Volume vs. Pressure/Temperature),
not chemical equilibrium.

beambeprep.com
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Question #2 UHS 2024

Identify the correct option required for the maximum yield of
ammonia in Haber's process:

CORE CONCEPT AND DERIVATION

Maximizing yield in anindustrial reversible reactionrequires
manipulating pressure, temperature, and concentrations
according to Le Chatelier's Principle.

Formula:

Ny + 3Hyg) = 2NHy,y AH <0

Solution:

e High Pressure: Shifts equilibriumright because there are
fewermoles of gas onthe product side (4 molesvs 2
moles).

¢ Low Temperature: Shifts equilibriumright because the
forward reactionis exothermic (releases heat).

e Continual Removal: Dropping the concentration of NH,
forces the system to constantly try and replaceit,
preventing equilibrium from ever halting the reaction.

e Combining these three factors yields the absolute
maximum amount of product.

Why other options are incorrect:
Low pressure favors reactants. High temperature favors

reactants. Continual addition of ammonia would violently drive
thereaction backwards.
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Question #3 UHS 2024

Consider the following reaction in the equilibrium and tell addition
of which will turn the cloudy solution in...

CORE CONCEPT AND DERIVATION

Bismuth oxychloride (BiOCl)is highly insoluble inwater and
forms a thick, cloudy white precipitate. To clear the solution, the
equilibrium must be forced backward to dissolve the solid.

Formula:

BiCl;,(mﬂ -+ HzO“] = BiOCl[s] [ClO‘le}’_‘ + 2361(0,‘.]

Solution:

+ Thecloudinessis entirely due to the presence of the
product, solid BiOCL

+ Tomake the solution clear, we must push the equilibrium
to the left (towards the fully soluble BiCl, reactants).

* According to Le Chatelier's Principle, adding an excess of
aproduct forces the reaction backward.

« Therefore, adding concentrated HClincreases product
concentration, forcing the solid BiOCl to react and
dissolve backinto clear BiCls.

Why other options are incorrect:
Adding BiCl, or H, O (reactants) shifts the reaction forward,

making it even cloudier. Adding BiOCl directly adds more
cloudy precipitate.

beambeprep.com
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Question #4 UHS 2024

Inendothermic reaction, the heat content of the
CORE CONCEPT AND DERIVATION

Anendothermic reaction fundamentally involves the absorption
of thermal energy from the surroundings, converting it into
internal chemical potential energy (heat content or enthalpy, H

).

Formula:

AH = Hpmdurts Hmactantﬁ =0

Solution:

¢ Becauseenergyisabsorbed during the reaction, this
energy is stored in the chemical bonds of the newly
formed products.

e Consequently. the totalinternal enthalpy (heat content) of
the systemincreases.

e Thismeans the final state (Products) possesses a higher
heat content than the initial state (Reactants).

« Therefore, the heat content of the Products is more than
that of reactants.

Why other options are incorrect:

If they were equal, AH = (. If reactants had more, energy would
bereleased (an exothermic reaction).
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Question #5

Chemical equilibrium given below will shift to backward direction by
[Formula] 2\text{NO} + \text{O}_2 \rightl...

CORE CONCEPT AND DERIVATION

To shift areaction in the backward (reactant) direction, we must

manipulate conditions against the thermodynamic and
stoichiometric flow of the forward reaction.

SZABMU 2024

Solution:

¢ Temperature: The forward reaction is exothermic
(produces heat). Adding heat (increasing temperature)
creates an excess onthe product side, forcing the
equilibrium to shift backward to consume it.

« Pressure: There are 3 moles of gaseous reactants (2NO -+
10,) and only 2 moles of gaseous products (2NO,).
Decreasing pressure shifts equilibrium toward the side
with more moles of gas torestore pressure. This side is the
reactant side{left).

+ Therefore, combining both Decreasing pressure and
increasing temperature effectively forces the reaction
backward.

Why other options are incorrect:
Decreasing temperature (Options B/C) favors the forward

exothermic reaction. Increasing pressure (Option D) favors the
forward reaction (fewer moles).

beambeprep.com
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Question #6

Which of the following mixture will constitute the buffer solution?

SZABMU 2024

CORE CONCEPT AND DERIVATION

Aclassical chemical buffer solution must consist of a weak acid
and its conjugate base (supplied via a highly soluble salt), ora
weak base and its conjugate acid.

Formula:

Weak Acid (HA) + Salt of Conjugate Base (A )

Solution:

e Acetic acid (CH;COOH) s a classic weak acid.

¢ Sodium acetate (CH;COONa)is a highly soluble salt that
fully dissociates to provide the acetate ion (CH;COO ),
whichis the direct conjugate base of acetic acid.

e Mixing these two creates a solution containing both an
acid toneutralize added OH ™ and a base to neutralize
added H'. This is the definition of an acidic buffer.

Why other options are incorrect:

Acetic acid and ammonia are an acid and a base that will just
neutralize each other. Ammonium acetate does not provide the
proper counter-ion metal (like Na or K} to act solely as arobust
conjugate base salt for acetic acid in a simple binary buffer.
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Question #7

According to law of mass action, [Formula] when reaction occurs
with .

CORE CONCEPT AND DERIVATION

The mathematical relationship between K, and K, relieson An
(change in gaseous moles). According to Avogadro's law,
volume is directly proportional to moles of gas at constant T
andP.

SZABMU 2024

Formula:

K, = K. (RT)*"

Solution:

* For K, tobe mathematically greater than K, the term An
must be positive (An > 0).

¢ An = (moles of products) — (moles of reactants).

s Apositive Anmeansthere are more moles of gas on the
product side thanthe reactant side.

s« Because more moles occupy more volume, this translates
directly to anincrease in volume on the product side.

Why other options are incorrect:

Adecrease involume on the product side implies An < 0, which
would make K, < K,.
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Question #8

(Out of syllabus) What will be the molarity of HCI solution with
pH=47

CORE CONCEPT AND DERIVATION

pHis the negative logarithm (base 10) of the hydrogen ion

concentration. HClis a strong acid, meaning its molarity is
directly equal to the hydrogenion concentration.

SZABMU 2024

Formula:

[HY] =107F"

Solution:

e ThegivenpHis4.

» Plugthisinto the inverse logarithm formula: [H*| = 10~* M.

e Convertscientific notation to decimal form: 10~ =
0.0001 M.

e Since HCl fully dissociates (HC1 — H' + C1"), theinitial
molarity of the HCl solution is exactly 0.0001M.

Why other options are incorrect:

Option D(4)is the pH value itself, not the concentration.
Options B and C introduce a'4' into the significant figures,
whichis a common math error confusing the exponent with the
coefficient.
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Question #9

(Out of syllabus) If weak acidis diluted with water, then [Formula]
ions concentration will :

SZABMU 2024

CORE CONCEPT AND DERIVATION

Dilution affects both the volume of the solution and the degree
of ionization (Ostwald's Dilution Law), but the overwhelming
effect of the added volume dominates the absolute
concentration metric (Molarity).

Formula:

/K,
CiVi = CaV2  and e::::\.',l"mcr;£

Solution:

+ Adding water dramatically increases the total volume (V)
of the solution.

+« According to Ostwald's law, dilution does cause aweak
acid toionize more (aincreases), producing slightly more
totalmolesof H'.

« However, the massive increasein the denominator
(Volume) far outpaces the small increase in the numerator
(molesof H').

e« Therefore, the overall molar concentration (moles/Liter)
of H' ions must definitively decrease.

Why other options are incorrect:

While total moles of H" might increase, the concentration
(which is what pH and this question measure) always drops upon
dilution.
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Question #10

The pH of human bloodis

SZABMU 2024

CORE CONCEPT AND DERIVATION

Human blood operates as a natural buffer system to maintain
strict physiological homeostasis, protecting enzymes from
denaturing.

Solution:

¢ Theoptimal blood pH forenzyme function, cellular
respiration, and oxygen transport is tightly controlled
between7.35and7.45.

e Thisisaslightly alkaline (basic) state.

e |tis maintained primarily by the carbonic acid-
bicarbonate buffer systermnin the plasma.

Why other options are incorrect:

Deviations outside this extremely narrow range rapidly lead to
acidosis (below7.35) or alkalosis (above 7.45), both of which
cause death.
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Question #11 SZABMU 2024

Maximum yield of ammonia can be obtained by
CORE CONCEPT AND DERIVATION

The Haber process for synthesizing ammoniais a classic
application of Le Chatelier's Principle regarding temperature
and pressure manipulation.

Formula:

Ng(qj, -+ 3H2l‘|‘] = QNHQW} AH = -92.4 k.]fmol

Solution:

+ Temperature: The forward reactionis exothermic.
Lowering the temperature removes heat, forcing the
system to shift forward to produce more heat (and thus
more ammonia).

+ Pressure: The reaction goes from 4 total moles of
reactant gas down to 2 moles of product gas. Increasing
the pressure forces the system to shift towards the side
with fewer moles to relieve the stress.

o Combining these, Low temperature and high pressure
mathematically guarantee the highest theoretical yield.

Why other options are incorrect:

High temperature shifts the reaction backwards. Low pressure
shifts the reaction backwards.

beambeprep.com
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Question #12 KMU 2024

Which of the following factor will disturb chemical equilibriumin a
givenreaction? [Formula] 2\text{HI}_{(g)...

CORE CONCEPT AND DERIVATION

Le Chatelier's Principle identifies which specific stresses will
cause a shiftin the equilibrium position, heavily depending on
the stoichiometry of the gasesinvolved.

Formula:

An= h"l{)lespmductﬁ = I\‘{()lesmactm\ts

Solution:

e Calculate An:Reactants =2 moles. Products=1+1=2
moles.An=2-2=0.

e Becausethereisnochangeinthe number of gaseous
moles, changes in Pressure (3) or Volume (4) will have
absolutely zero effect on the equilibrium position.

« However, changing Concentration (1) of any species will
always shift the equilibrium to consume the excess.

e Changing Temperature (2) will also shift the equilibrium
(forward in this case, asitis endothermic / +ive).

e Therefore, onlyfactors1and 2 disturb this specific
equilibrium.

Why other options are incorrect:
Any optionincluding 3 or 4 isincorrect because

pressure/volume changes cannot stress a gaseous system
where An = 0.
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Question #13

The [Formula] , of n-propyl amine is

KMU 2024

CORE CONCEPT AND DERIVATION

Note: The question text uses the term "pK, " but chemically
provides the literature value for the pK, of n-propylamine.
Amines are bases.

Solution:

Amines are basic organic compounds. The strength of
their basicity is measured by their base dissociation
constant, K;, or its negative log, pK,.

n-propylamine (CH,CH,CH,NH,) is a primary aliphatic
amine.

Historical textbook data and chemical tables listits pK,
value as exactly 3.32.

(For strict accuracy: its actual pK, as a conjugate acidis
~10.68. The exam guestion contained a typo but 3.32is
the universally expected answer key for this specific rote-
memorization metric.)

Why other options are incorrect:

These are simply incorrect numerical values for this specific
constant.

Question #14

Forward reaction is the one that

KMU 2024

CORE CONCEPT AND DERIVATION

Thisis a fundamental definition of standard chemical equation
notation.

Solution:

« Byuniversal IUPAC convention, chemical equations are
writtenwith original Reactants on the left side and newly

formed Products on the right side.

The Forward reaction is defined as the process of
Reactants converting into Products.

Therefore, it geometrically takes place from left to right as
written in the equation.

Why other options are incorrect:
The forward reaction is actually at its fastest at the very

beginning (eliminating A and C). Reacting to formreactants
(Option B)is the definition of the backward reaction.
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Question #15

Inthe production of [Formula] , from [Formula] and Oxygen, the
yield of [Formula], is increased by

CORE CONCEPT AND DERIVATION

This is an application of Le Chatelier's Principle regarding

KMU 2024

concentration changesinthe Contact Process.
Formula:

2802{“ + ()2{_11] = 230;@} AH =-ive

Solution:

According to Le Chatelier, adding more of a reactant
creates animbalance, forcing the system to consume the
excess.

By continuously adding more SO, (areactant). the
equilibrium is constantly shifted forward (to the right).

This forward shift directly increases the productionand
yield of the SO, product.

Why other options are incorrect:
Catalysts donotincrease yield, only rate. Increasing

temperature decreases yield (it's exothermic). Removing
oxygen would shift the reaction backward, ruining yield.

Official Solved Edition



BEAMBEPREP - CHEMISTRY - 07. EQUILIBRIUM TOPICAL PAST PAPER ARCHIVE

Question #16 LGH(:)] KMU 2024 Question #17 LEGHE)] KMU 2024
Consider [Formulal The optimum temperature, ([Formula] ) to The unit of [Formula] for the system [Formula] is

produce ammonia is

CORE CONCEPT AND DERIVATION

CORE CONCEPT AND DERIVATION

The overall unit for the equilibrium constant K, is derived from

The Haber-Bosch process requires an "optimum” compromise the difference in the stoichiometric coefficients of gaseous
temperature to balance thermodynamic yield against kinetic products and reactants.
speed.
Formula:
Solution:

Units = (molfdm"!]"&”
+ Thermodynamically, because the reactionis exothermic
(negative AH), low temperatures maximize the theoretical
yield of ammonia. Solution:

e First, calculate An = Moles of Products —

+ Kinetically, low temperatures make the reaction far too Males of Regitants.

slowto be industrially viable because the activation
energy required to break the N = N triple bondis massive.

¢ Thebalancedequationis PCl; = PCly + Cl,.

+« Industrial chemists use a compromise temperature of
exactly 450°C (with aniron catalyst). This provides enough
kinetic energy for a fast reaction rate while maintaining an
acceptable equilibrium yield.

+ Moles of Reactants =1(frem PCl;).

e Molesof Products=1+1=2(fromPCl; and Cl,).

Why other options are incorrect:

0°Cis kinetically dead (reaction won't happen). 5000°C would
shift the equilibrium totally backward, destroying the ammonia.

"Constant” is not anumerical value.
e Therefore, the unitis (mol/dm®)! = mol/dm".

Why other options are incorrect:

Option Ais the unitif An = —1. Options C and D do not follow
correct dimensional analysis for standard molarity powers.
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Question #18 RLCH(:)] DUHS 2024 Question #19 LGHI:) DUHS 2024
The equilibrium of this reaction would not be affected by an The pH value of human blood is:

increase in pressure

CORE CONCEPT AND DERIVATION

CORE CONCEPT AND DERIVATION

Human blood is a heavily regulated buffer system that maintains

Pressure changes only affect the equilibrium position of strict pH homeostasis to prevent enzyme denaturation.
gaseous reactions if there is a difference in the number of

gaseous moles between products and reactants. Solution:

Formula:

¢ Thenormal physiological pHrange for human arterial

blood s strictly between 7.35and 7.45.
If An = 0, Pressure has no effect

« Thisrepresents avery slightly basic (alkaline) environment.
Solution:

+ Analyze Anforeach option. e OptionB(7.35)falls perfectly on the lower boundary of
this standard medicalrange.

¢ OptionA: An =2 -3 = -1. (Affected)
Why other options are incorrect:

s OptionC:An =2 - 3 = —1.(Affected) 6.62 and 7.33 represent clinical acidosis (fatal if untreated). 7.8
represents severe clinical alkalosis.

e OptionD: An =2 — 1= +1.(Affected)

« OptionB: N, + 0, = 2NO. Reactantmoles=1+1=2.
Productmoles=2.

¢« An=2-2=1.Because the volume footprint of both
sides is identical, pressure changes do not stress the
system.

Why other options are incorrect:
All other options have a non-zero An, meaning Le Chatelier's

principle would dictate a shift to compensate for pressure
changes.
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Question #20 DUHS 2024

The term "active mass” used in the Law of Mass Action means:
CORE CONCEPT AND DERIVATION

Guldberg and Waage formulated the Law of Mass Action,
standardizing how chemical quantities are expressed inrate
and equilibrium equations.

Formula:

n
Active Mass = [| = e Molarity

Solution:

« "Active mass" mathematically refers to the molar
concentration of areacting substance.

« Concentrationis defined as the number of moles(n)
divided by the volume in cubic decimeters (dm?).

e Therefore, it means Number of moles per dm”.

+ Note: While Option B (moles per liter) is technically
identical since 1 dm® = 1 L, Slunit conventions in this
curriculum strictly favor dm®, making A the technically
'more correct'textbook answer.

Why other options are incorrect:
Grams per dm® is mass concentration (density), not molar

concentration. Simply "moles” ignores the volume requirement
entirely.

beambeprep.com
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Question #21 DUHS 2024

Conjugated acid [Formula] is
CORE CONCEPT AND DERIVATION

According to the Brensted-Lowry theory, a conjugate acid is
formed when a base accepts aproton(H'),

Formula:

Base + H" = Conjugate Acid

Solution:

¢ Ammonia(NH;) acts as aweak base due to the lone pair of
electrons on the nitrogen atom.

e Itacceptsahydrogenion(H")from an acid (like water or
HCI).

e Adding one Hydrogen atom and one positive charge
yields the ammoniumion: NHs + H' = NH;.

Why other options are incorrect:
NH, is the conjugate base of ammonia (formed by losing a

proton). The other options are chemically unstable radical or
invalid formulas.
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Question #22 DUHS 2024

(Out of syllabus) According to Raoult's law, the relative lowering of
vaporpressure is equal to:

CORE CONCEPT AND DERIVATION

Raoult's Law relates the physical properties of a solution to the
concentration of a non-volatile solute dissolved withinit,
establishing colligative properties.

Formula:

AP

"P'_o" =i Xﬁolut.e

Solution:

AP isthe lowering of vapor pressure (P* — P).

+ Dividing by the pure solvent pressure (P°) gives the
"relative” lowering.

+ Raoultexperimentally proved that this fractional drop is
exactly equal to the Mole fraction of the solute (X ;;.).

« Thisimplies that vapor pressure drops linearly as more
solute particles take up space at the liquid surface,
preventing solvent evaporation.

Why other options are incorrect:
The mole fraction of the solvent defines the remaining vapor

pressure (P = P° X, ....:). NOt the lowering. Molarity and Molality
are different concentration units entirely.
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Question #23 DUHS 2024

(Out of syllabus) A colloidal solution of liquid into liquid is known as:
CORE CONCEPT AND DERIVATION

Colloids are classified based on the physical state of the
dispersed phase (what is being mixed in) and the dispersion
medium (whatitis mixed into).

Solution:

¢ Whentiny droplets of one liquid (dispersed phase) are
scattered throughout anotherimmiscible liquid
(dispersion medium), the resulting mixture is highly
specific.

= This specificliquid-in-liquid colloid is scientifically termed
an Emulsion.

e Common everyday examples include milk (liquid fat
dispersedinwater) and mayonnaise.

Why other options are incorrect:

Foamis gas-in-liguid. Solid foamis gas-in-solid. Fogisliquid-
in-gas (aerosol).

Question #24 BUMHS 2024

Le-Chatelier's principle does not give the information of effect of
the following on equilibrium.

CORE CONCEPT AND DERIVATION

Le Chatelier's Principle deals exclusively with thermodynamics
(the final position of equilibrium) and completely ignores
chemical kinetics (how fastreactions occur).

Solution:

e The principle explicitly states how a system shiftsin
response to changesinmacroscopic stresses.

+ Theserecognized stresses are precisely Pressure,
Temperature, and Concentration.

¢ However, it gives absolutely zero information about how
long that shift will take to settle. Time (rates, kinetics,
activation energy)is outside the scope of Le Chatelier's
thermodynamics.

Why other options are incorrect:

Pressure, Temperature, and Concentration are the three core
pillars that the principle is explicitly designed to predict.
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Question #25 BUMHS 2024

Equilibrium constant has no units, if the number of moles of product
are

CORE CONCEPT AND DERIVATION

The dimensional units of the equilibrium constant K, are
dictated by the net change in stoichiometry (moles) of the
balanced equation.

Formula:

Units of K. = (mol/dm*)*"

Solution:

Anequals the moles of products minus the moles of
reactants.

s+ |fthe moles of products are exactly equal to reactants,
then An = 0.

¢ Substituting zero into the formula gives (mol/dm*)’.

s Since anynon-zero termraised to the zeroth poweris|,
the dimensional units completely cancel out, leaving the
constant unitless.

Why other options are incorrect:
If products are more or less than reactants, Anis non-zero,

meaning standard molarity units will remain raised to a positive
or negative power.
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Question #26 BUMHS 2024

The sumof pH and pOH for pure water at [Formula] is
CORE CONCEPT AND DERIVATION

The relationship between pH and pCH is derived directly from
the auto-ionization constant of water (K,,) at standard room
temperature.

Formula:

Kuw=[H*][OH7] =1.0 x 107" at 25°C
Solution:
e Take the negative base-10 logarithm of both sides of the
K, equation.

e —log(K.) = — log((H'|[0H ])

e pK, = —logH |+ —log[OH |

e pK, =pH + pOH.

e Since K, = 10 ', taking the negative log gives exactly 14.

Why other options are incorrect:
Options A and B confuse the absolute value of K. (whichis

10~1*) with the logarithmic scale (pH/pOH), which extracts just
the positive exponent 14,
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Question #27 BUMHS 2024

Suppose the following system has reached equilibrium at a certain
temperature [Formula] \text{N}_2\text{O}_{4(...
CORE CONCEPT AND DERIVATION

According to Le Chatelier's Principle, adding more reactantto a
system at equilibrium throws the system out of balance, forcing
itto consume the excess.

Formula:

[NO,J?

G =
2 [N Oy

Solution:

By adding N,O,, you spike the concentration of the
reactant (the denominatorin the Q. expression).

e Thismakes Q. < K..The systemis no longer at equilibrium.

« Torestore equilibrium, the system must reduce the
denominator and increase the numerator by converting
the excess N, 0, into NO,.

+ Thisdirection(lefttoright)is known as the forward
reaction.

Why other options are incorrect:

Starting the reverse reaction would require adding product. It
heavily disturbs equilibrium. Temperature changes are external
stresses, not guaranteed products of this specific physical
addition.
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Question #28 NUMS 2024

The solubility of [Formula] at [Formulal is [Formula] . Then ionic
concentration will be:

CORE CONCEPT AND DERIVATION

Note: The question wording is slightly flawed. Based on the
numerical options, itimplies that 4.0 x 10~ is actually the
Solubility Product (K.p), and it is asking for the molar solubility (s
). which equals the ionic concentration.

Formula:

PbSy,y = Pb*" + 8 — K,, = (s)(s) =5

Solution:

* Assuming K,, = 4.0 x 10-%.
e Setuptheequation:s® = 4.0 x 10~ %,

s Take the square rooct of both sides to find solubility (s): s =

VA0 % 1075,

s Thesquarerootof4.0is 2. The squareroot of 102 (divide
exponent by 2)is 1014,

e Therefore, the molar solubility (and thus individual ionic
concentration)is2 x 10~ M.

Why other options are incorrect:

Option Aforgot to square root the base number 4. Options C
and D are mathematically incorrect square roots.

Official Solved Edition



BEAMBEPREP - CHEMISTRY - 07. EQUILIBRIUM

Question #29 NUMS 2024

What conditions should be applied to minimize the leftover
reactants in ammonia synthesis?

CORE CONCEPT AND DERIVATION

To minimize "leftover reactants," we must maximize the
theoretical equilibrium yield (shift as far right as possible) using
Le Chatelier's Principle.

Formula:

Ng(g) -+ 3H2[_q] = 2NHq(q) AH =-924 k.]fmol

Solution:

+ Pressure: The forward reaction goes from 4 gaseous
moles to 2. To force the equilibrium forward (reducing
reactants), we need the highest possible pressure.
Comparing options: 400 atmis the highest.

o Temperature: The forward reactionis exothermic. To force
the equilibrium forward, we need to continually remove
heat, meaning we need the lowest possible temperature.
Comparing options: 200°C s the lowest.

+« Combining these two thermodynamic extremes, 400 atm
and 200°C provides the absolute maximum theoretical
yield, minimizing leftover reactants (ignoring kinetic
speed constraints).

Why other options are incorrect:
Highertemperatures (400, 500) shift the reaction backward,

creating more leftover reactants. Lower pressures (100, 200)
fail to push the reaction as far forward as 400 atm.
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Question #30 NUMS 2024

Select the buffer solution having highest pH:

CORE CONCEPT AND DERIVATION

The pH of an acidic bufferis dictated by the Henderson-
Hasselbalch equation, whichrelies on the logarithmic ratio of
the conjugate base (salt) to the weak acid.

Formula:

[Salt]
)

H=pK, +1
p pPK, 4 og([Acid]

Solution:

= Theweak acid concentration (CH;COOH) is held perfectly
constant at 0.1M across all four options.

» Therefore, the pH willincrease strictly as the

concentration of the conjugate base ([Salt]) increases,

because the mathematical fraction %}'] becomes larger.

e Llet'sanalyze theratios:

e OptionA:log(0.01/0.1) = log(0.1) = —1

e OptionB:log(0.05/0.1) = log(0.5) = 0.3

e OptionC:log(0.10/0.1) = log(1) =0

e OptionD:log(0.15/0.1) = log(1.5) = +0.176

e OptionD adds a positive value to the pK . resultingin the
mathematically highest pH. This conceptually makes
sense: having more of the basic component makes the
buffer more basic (higher pH).

Why other options are incorrect:

Options A, B, and C have lower concentrations of the conjugate
base, leading to lower, more acidic pH values.
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Question #31 UHS 2023

What is the ultimate fate of reversible reaction?
CORE CONCEPT AND DERIVATION

Reversible reactions do not go to completion; instead, they
eventually reach a state of dynamic chemical equilibrium.

Solution:

* Inaclosed system, areversible reaction will proceed until
the forward reaction rate equals the backward reaction
rate.

+ Oncetheserates arelockedinbalance, the macroscopic
concentrations of allreactants and products stop
changing over time.

« Therefore, the ultimate fate is reaching a state where
there is no net concentration change.

Why other options are incorrect:

Reversible reactions neverreach "completion” (where reactants
are fully consumed, eliminating A and B). Products are also
never fully consumed (eliminating C).

Question #32 UHS 2023

In reversible reaction, when product is removed, the equilibrium
shift towards the:

CORE CONCEPT AND DERIVATION

Le Chatelier's Principle states that a system at equilibrium will
shift to counteract any applied stress.

Formula:

Reactants = Products

Solution:

« Removing a product from the system creates a
concentration deficit on the right side of the chemical
equation.

« Tocounteract thisloss and restore the equilibrium
constant (K,), the system speeds up the forward reaction.

« Thereactants are consumed toreplace the lost product,
meaning the equilibrium shifts towards the Product side.

Why other options are incorrect:

Shifting toward the reactant side would only happenif
reactants were removed or products were added.
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Question #33 UHS 2023

One can estimate the direction in which equilibrium will shift with the
help of:

CORE CONCEPT AND DERIVATION
Predicting the shift of a dynamic equilibrium when disturbed (by

concentration, temperature, or pressure) is the central purpose
of Le Chatelier's Principle.

Solution:

e Henrile Chatelier postulated that a system at equilibrium
will dynamically shift to counteract any applied stress.

e Thisprinciple acts as a predictive tool for chemists to
manipulate reaction yields and control the direction of the
shift.

Why other options are incorrect:

The Law of Mass Action provides the mathematical equation for
K. but doesn't predict shifts. Hess's Law determines total
enthalpy. The Law of heat of formation deals with
thermodynamics, not equilibrium shifts.
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Question #34 SZABMU 2023

[Formula] \text{N}_2 + 3\text{H}_2 \rightleftharpoons 2\text{NH}_3
\quad (\Delta H = -92.5) [Formula]

CORE CONCEPT AND DERIVATION

Note: Historically, this past paper question was printed with a
missing stem. Based on the official answer key (D), the implied
question was: "Which of the following conditions shifts the
equilibrium inthe backward (reactant) direction?”

Formula:

Ny + 3H, = 2NH, AH <0

Solution:

* According to Le Chatelier's Principle, adding a product to
an equilibrium mixture forces the system to consume the
excess.

s Continuous addition of NH; creates an excess onthe
product side.

* The systemshifts in the reverse (backward) direction to
consume the added NH;. turning it backinto N, and H,.

Why other options are incorrect:
Low temperature and continuous removal of NH; (Options A

and C) would shift the reaction forward to maximize yield, which
are the standard industrial conditions (Haber Process).
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Question #35 SZABMU 2023

What is not true about the Le-Chatelier's principle?
CORE CONCEPT AND DERIVATION

Le Chatelier's Principle is strictly a thermodynamic and
equilibrium concept. It does not provide any mathematical
information about chemical kinetics (rates of reaction).

Solution:

 Theprinciple explains how changes in concentration,
pressure, and temperature shift the position of an
equilibrium (predicting yields and directions).

= However, predicting how fast areaction gets there (the
reactionrate)is the domain of Chemical Kinetics (Rate
Laws, Arrhenius equation).

e Therefore, predicting changes inreactionratesisNOT a
function of Le Chatelier's Principle.

Why other options are incorrect:
Options A, C, and D are the three fundamental stresses

(concentration. pressure, temperature) that Le Chatelier's
Principle is explicitly designed to address.
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Question #36

Fora gaseous phase reaction, when number of moles of reactant
and product are equal:

CORE CONCEPT AND DERIVATION

When the stoichiometry of gaseous reactants perfectly
matches the products, the change inmoles (An)is zero.

SZABMU 2023

Formula:

K

= KC(RT)&IJ

Solution:

s+ Since gaseous moles are equal on both sides, An = 0.

¢ Substitute thisinto the equation: K, = K,.(RT)".

« Anynon-zero mathematical expressionraised to the
power of zero equals 1.

« Therefore, K, = K, x 1, meaning their numerical values are
completely identical.

Why other options are incorrect:

Any discrepancy between K, and K. fundamentally requires a
non-zero change in the number of gaseous moles.
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Question #37 KMU 2023

Haber's process is used for the synthesis of ammonia. The optimum
temperature forthe Haber process is:

CORE CONCEPT AND DERIVATION

The Haber-Bosch process requires a compromise
temperature. While a lower temperature favors the exothermic
equilibriumyield, a moderate-to-high temperature is required
so the reaction proceeds at an economically viable rate.

Solution:

e Thesynthesis of ammonia (AH = —92.4 kJ /mol)is
exothermic, so Le Chatelier's principle suggests low
temperatures maximize yield.

= However, atvery low temperatures, the kinetic energy is
too low to break the strong N = N triple bonds, making
the reaction agonizingly slow.

e Industrial chemists use an "optimum" compromise
temperature of roughly 400 — 450°C, paired with aniron
catalyst, to get areasonable yield ina short amount of
time.

Why other options are incorrect:
Temperatures below 150°C are too slow kinetically.

Temperatures above 500°C shift the equilibrium too far
backwards, drastically ruining the yield.
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Question #38 HCH(Y)] KMU 2023 Question #39 LEAL) KMU 2023
Ifionic product is less than [Formula] then: For[Formula]
CORE CONCEPT AND DERIVATION CORE CONCEPT AND DERIVATION
The relationship between the ionic product (@) and the The mathematical relationship between pressure-based (K,)
solubility product (K,,) dictates whether a solution can hold and concentration-based (K,) equilibrium constants relies
more dissolved ions or if it will precipitate. entirely on the change in gaseous moles.
Formula: Formula:
If Q. < K., — Unsaturated Solution K, = K.(RT)*"

Solution: Solution:

e K, isthe maximum equilibrium threshold for dissolved e Thevariable Anrepresents the moles of gaseous

ions. products minus moles of gaseousreactants.
o Whenthe actualionic product ((s;) is less than K., the e When An = 0, the equation becomes K, = K.(RT)".

solutionhas not yetreachedits maximum capacity.

e Since any non-zero value to the zeroth power is 1, the RT
¢ This describes an unsaturated solution. Because thereis termvanishes (becomes1).
room for more solute to dissolve, no precipitation will
occur.

» Thisleaves the strictequality: K, = K,.

Why other options are incorrect:

) . Why other options are incorrect:
Saturated means @},, = K,,. Supersaturated (leading to

precipitation)means @, > K. Any inequality requires An to be either a positive or negative

integer, not zero.
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Question #40 DUHS 2023

Which of the following reactions has same value of [Formula] &
[Formula] ?

CORE CONCEPT AND DERIVATION

The equilibrium constants K, and K. are mathematically
identical only when thereis no net change in the total number of
gaseous moles during the reaction.

Formula:

K, = K,(RT)*"

Solution:

* Wemust find the reactionwhere An =
(Moles of Products) — (Moles of Reactants) = 0.

¢« ForOptionA:An=2-4=-2.

s ForOptionB:An=(1+1)—-1=+1.

e ForOptionC:H, + I, — 2HI. Reactants=1+1= 2. Products
=2.Therefore,An=2-2=0.

s Because An =0, (RT)" =1 makingK, = K.

Why other options are incorrect:

Options A, B, and D all feature a change in the total moles of
gas, meaning the (RT)" factor will alter the value between K,
and K.
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Question #41 DUHS 2023

Which of the following conditions required for maximum yield of
ammonia through Haber's process?

CORE CONCEPT AND DERIVATION

According to Le Chatelier's Principle, the yield of an exothermic
reactionis maximized by removing heat to shift the equilibrium
forward.

Formula:

N, + 3H, = 2NH, AH = —92.4kJ/mol

Solution:

¢ Thesynthesis of ammonia releases heat (exothermic).

¢ Heatcanbeconceptually treated as a product on the
right side of the equation.

+« Bydecreasing temperature (removing heat), the system
experiences a stress. ltresponds by shifting forward (to
the right) to replace the lost heat.

e Thisforward shift drastically increases the concentration
of the actual product, Ammonia.

Why other options are incorrect:

Increasing temperature shifts the reaction backwards.
Decreasing reactants shifts it backwards. Decreasing pressure
shifts it to the side with more moles (reactants, backwards).
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Question #42 DUHS 2023

Which of the following is true for reversible reaction at equilibrium?
CORE CONCEPT AND DERIVATION

Dynamic equilibriumis defined kinetically by the perfect
balance of opposing reactionrates.

Formula:

Ratef = Rater

Solution:

« [naclosed system, asreactants are consumed, the
forwardrate slows down.

« Simultaneously, as products accumulate, the backward
rate speeds up.

¢ Equilibriumisthe exact moment these tworates intersect.

s Atthis point, the rate of the backward reactionis
perfectly equal to the rate of the forward reaction,
meaning thereis nolonger any net change in macroscopic
concentrations.

Why other options are incorrect:
If onerate is greater than the other (Options A, B, D), the system

is actively shifting and, by definition, has not yet reached
equilibrium.
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Question #43 BUMHS 2023

The solubility of [Formula] is decreased by adding
CORE CONCEPT AND DERIVATION

The Common lon Effect suppresses the solubility of a sparingly
soluble salt when a highly soluble salt sharing one of the same
ions is added to the solution.

Formula:

KClOy, = K, + ClOy

Solution:

o WhenKClis added, it completely dissociatesinto K™ and
cr.

s Thisfloods the solutionwith K ions.

e BecauseK'isanioncommon tothe KC10; equilibrium, Le
Chatelier’s Principle states the system will shift left to
consume theexcess K'.

e This backward shift forces dissolvedions back into solid
KCl0O,, thereby decreasing its overall solubility.

Why other options are incorrect:
Adding more solid KCI0, to a saturated solution has no effect.

Adding water (H,0) dilutes the solution, allowing more salt to
dissolve (increasing absolute solubility).

Official Solved Edition



BEAMBEPREP - CHEMISTRY - 07. EQUILIBRIUM

Question #44 BUMHS 2023

The equilibrium stage that is not affected by temperature is called?
CORE CONCEPT AND DERIVATION

The fundamental nature of dynamic equilibrium (the fact that
opposing microscopic processes continue simultaneously)
remains true regardless of temperature changes.

Solution:

+ While changing the temperature definitely shifts the
position (the K, value) of an equilibrium, it does not stop
the microscopic motion.

* The defining characteristic of dynamic equilibrium is that
the forward and backward reactions never cease. They
justre-balance atanew rate.

« Therefore, the core "dynamic” nature of the stageis
unaffected by temperature, unlike static equilibrium
where macroscopic forces simply sumto zero and motion
stops.

Why other options are incorrect:

Static equilibrium applies to physics (forces on resting objects),
not typical chemical reactions. Natural and Unstable are not
standard classifications for chemical equilibrium states in this
context.
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Question #45 BUMHS 2023

Temperature increase in an exothermic reversible reaction, shift the
equilibrium to:

CORE CONCEPT AND DERIVATION

Inanexothermic reaction, heatis released as a product.
According to Le Chatelier's Principle, adding heat to the system
forcesit to shift backwards.

Formula:

Reactants = Products + Heat

Solution:

e Byincreasing the temperature, you are artificially adding
"Heat" to the product side of the equilibrium.

= Torelieve this applied stress, the system must consume
the excess heat.

= [tdoesthis by shifting the reaction to the left (the
endothermic direction).

e Thisbreaks down products and forms more reactants,
thus shifting to the Reactant side.

Why other options are incorrect:
Shifting to the product side would happen if temperature was

decreased (removing heat). The equilibrium definitely changes,
ruling out CandD.
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Question #46 NUMS 2023

The high pressure of 200 atm in Haber's process is used for:
CORE CONCEPT AND DERIVATION

Le Chatelier's principle dictates that increasing pressure ona
gaseous system favors the direction that produces fewermoles
of gas.

Formula:

Nogy + 3Hz(y) = 2NHyy)

Solution:

s+ Inthe Haber process, 4 total moles of reactant gases form
only 2 moles of product gas.

+ Byapplying amassive pressure of 200 atm, the system s
highly stressed.

+ Toreducethis pressure, the system shifts forcefully to the
right, where the gas occupies less volume (fewermoles).

* This deliberate engineering choice results in a massively
betteryield of Ammonia.

Why other options are incorrect:

Lowering yield makes no industrial sense. High pressure
increases thereactionrate, notlowersit. High pressure requires
extremely expensive, thick-walled steel pipes, meaning costs
drastically increase, not decrease.
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Question #47 NUMS 2023

By which of the following factors equilibrium state is attained
earlier?
CORE CONCEPT AND DERIVATION

A catalyst provides an alternative reaction pathway with a lower
activation energy, which accelerates both the forward and
reverse reaction rates proportionally.

Formula:

;
Rate oc e /BT

Solution:

« Whenactivationenergy (E,)islowered by a Catalyst, a
much larger fraction of molecules possess enough kinetic
energy to react.

¢ Boththeforward and backwardrates spike
simultaneously.

e Becauseboth opposingrates are faster, they intersect
and balance each other out in a fraction of the time.

* Therefore, the state of equilibrium is attained much earlier,
even though the final yield (position) remains completely
unchanged.

Why other options are incorrect:

While temperature and concentration changes can affectrates,
they also shift the position of the equilibrium. A catalyst is the
only factor whose sole equilibrium purpose is speeding up the
attainment of balance.
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Question #48 UHS 2022

The decrease in solubility of the salt in a solution that already
contains anion common to that saltis known...

CORE CONCEPT AND DERIVATION

This is the standard definition of a specific phenomenon that
arises as a conseguence of Le Chatelier's Principle in solubility
scenarios.

Solution:

¢  Whenanexternalionidentical to one inthe saltis added,
the overall concentration of that specificion increases.

e The equilibrium shifts left to precipitate the solid salt and
lower the ionic concentration.

+« The specific term for this solubility decreaseis the
Common lon Effect.

Why other options are incorrect:
While Le Chatelier's Principle is the underlying rule, "Common

ion effect”is the specific term for this exact manifestation.
Solubility productis a mathematical constant.
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Question #49 UHS 2022

The precipitation occurs if the ionic concentration is:
CORE CONCEPT AND DERIVATION

Precipitationis the physical manifestation of a solution pushing
excess dissolvedions out of theliquid phase to restore
equilibrium.

Formula:

Ionic Product (Q,;) > K.

Solution:

s K, defines the absolute maximum limit of ions a solution
can stably hold at equilibrium.

s« |f the product of theionic concentrations in the solution
exceeds this limit (Q,, > K,,), thesolutionis unstable
(supersaturated).

¢ Theexcess ionswillclump together and form a solid
precipitate until the concentration drops back to the K,
limit.

Why other options are incorrect:

Lessthan K, means more candissolve. Equal to K, meansitis
perfectly saturated and stable without precipitation.

Question #50 UHS 2022

One can estimate the direction in which equilibrium will shift with the
help of:
CORE CONCEPT AND DERIVATION

Predicting the shift of a dynamic equilibrium when disturbed is
the central purpose of Le Chatelier's Principle.

Solution:

s HenriLe Chatelier postulated that a system at equilibrium
will dynamically shift to counteract any applied stress
(changesin concentration, pressure, or temperature).

e Thisprinciple acts as a predictive tool for chemists to
manipulate reaction yields.

Why other options are incorrect:

The Law of Mass Action provides the mathematical equation,
but doesn't predict shifts. Hess's Law determines total
enthalpy. The Law of heat of formation deals with
thermodynamics, not equilibrium shifts.
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Question #51

Forthe chemical reaction; [Formula] We can maximize the yield of
[Formula]:

CORE CONCEPT AND DERIVATION

According to Le Chatelier's Principle, continuously removing a

SZABMU 2022

product prevents the system from ever reaching equilibrium,
forcing the forward reaction to proceed indefinitely.

Formula:

[NHg)?

Q= WP

Solution:

« |f NH;is continuously withdrawn from the vessel, its
concentration drops to near zero.

+« Thismakesthereaction quotient Q. practically zero, which
isfarless than K..

+ Totry andrestore K, the reactants will continuously
convert into more product.

Why other options are incorrect:
Increasing temperature shifts this exothermic reaction

backwards. Decreasing pressure (orincreasing volume) favors
the side with more moles (reactants).
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Question #52

The high pressure of 200 atmin Haber process is used for:

SZABMU 2022

CORE CONCEPT AND DERIVATION

Inreactions where gases combine to form fewer moles of gas.
high pressure thermodynamically favors the product side.

Formula:

4 moles of reactant gas = 2 moles of product gas

Solution:

¢ LeChatelier's Principle states that increasing pressure
shifts equilibrium towards the side with fewer gas
molecules.

¢ |ntheHaberprocess, 4 moles of reactants (N; + 3H,) form
2 moles of product (2NH,).

e Applying 200 atm of pressure heavily forces the reaction
forward, drastically increasing the yield of Ammonia.

Why other options are incorrect:
It certainly doesn't lower yield orrate. High pressure actually

increases costs due to the need for thick, heavy-duty industrial
piping. soitis strictly done for yield, not cost reduction.
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Question #53 SZABMU 2022

By which of the following factors equilibrium state is attained
earlier?

CORE CONCEPT AND DERIVATION

A catalyst provides an alternative reaction pathway with alower
activation energy, accelerating both forward and backward
rates equally.

Formula:

Rate = k[Reactants|® (k increases via lower E,)

Solution:

+ Because the activation energy barrieris lowered from
both sides, particles require less kinetic energy toreact
successfully.

+ Boththe forward andreverse reaction rates spike
proportionally.

e Asaresult, the time required to balance these tworates
(attain equilibriumy) is significantly reduced.

Why other options are incorrect:

While temperature increases rate, it also shifts the equilibrium
position. A catalyst uniguely accelerates the attainment of
equilibrium without shifting its final position.
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Question #54 SZABMU 2022

Which of the following is not the use of the Buffer solution?
CORE CONCEPT AND DERIVATION

Abuffer's sole functionis to resist changes in pH upon the
addition of acids or bases, making it vital for environmental
control, not analytical prediction.

Solution:

e« Buffersare standard references for pH meters (Option A).

« They maintain stable environments for tissue preservation
(Option B).

¢ Theyarecriticalin physiology, like blood pH regulation
(Option C).

* However, predicting unknown concentrationsis done via
analytical techniques like titration, spectroscopy, or
utilizing equilibrium constants, not by using a buffer.

Why other options are incorrect:

Options A, B, and C describe completely standard and vital
real-world applications of buffer solutions.
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Question #55 KMU 2022

Buffer capacity is maximum when both components have:
CORE CONCEPT AND DERIVATION

Buffer capacity refers to the amount of acid or base a buffer
can absorb before a significant change inpH occurs. Itis
maximized when the ratio of saltto acidis 1:1.

Formula:

[Salt]
[Acid]

pH = pK, + log( )

Solution:

 Whenthe concentration of the weak acid and its
conjugate base are perfectly equal, the ratiois 1, and
log(1) = 0.

+ Atthis exact point (pH = pK, ), the buffer has an equal
ability to neutralize added H" or OH ™.

e Therefore, it operates atits maximum theoretical buffer
capacity relative toits components.

« Note: While high concentration (Option D) technically
yields a larger absolute capacity, standard chemical
theory teaches that the optimal "state " for maximum
capacity is defined by equal concentrations (ratio=1). This
is why B is often the accepted key in these specific
exams.

Why other options are incorrect:

Low concentration lowers absolute capacity. Unequal
concentrations mean the buffer will fail quickly in one direction.
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Question #56 KMU 2022

If solubility product ( [Formula] ) value is large the salt in water is:
CORE CONCEPT AND DERIVATION

The K, value mathematically represents the extentto which a
solid salt dissociatesintoits agueousions.

Formula:

K, = [Products]

Solution:

» Because K, isthe product of theion concentrations, a
larger K, directly correlates with higher concentrations
of ionsin solution at equilibrium.

¢ Moreionsinsolutionmeanthat more of the solid salt was
able todissolve.

» Therefore, alarge K., indicates high (more) solubility.

Why other options are incorrect:

Asmall K.p(e.g., 10 ") indicates less solubility. Alarge K.y is the
opposite.
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Question #57 KMU 2022

The value of solubility products dependsonlyon ____
CORE CONCEPT AND DERIVATION

The solubility product (K,,)is a specific type of eguilibrium
constant. Like all equilibrium constants, itis only fundamentally
altered by temperature.

Solution:

Dissolution of a salt is either endothermic or exothermic.

« Changing the temperature changes the kinetic energy of
the system and shifts the equilibrium either towards
dissolution or precipitation.

« Because the fundamental ratio of equilibriurm shifts, the
actual constant K, changes.

+ Concentrations, catalysts, and pressure do not change
the constantitself.

Why other options are incorrect:
Solvent changes the absolute solubility, but K, is defined fora

specific solvent (usually water). Pressure rarely affects
solids/liguids. Catalysts never change equilibrium constants.
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Question #58 DUHS 2022

In exothermic reaction, by decreasing the temperature, equilibrium
constant:

CORE CONCEPT AND DERIVATION

Forexothermic reactions, heatis considered a product.
Removing heat (decreasing temperature) shifts the equilibrium
forward, resulting in more products and less reactants.

Formula:

[Products|

- [Reactants|

K.

Solution:

« Whentemperature is decreased, Le Chatelier's Principle
dictates a shift to the right to generate more heat.

s Thisforward shift drastically increases the concentration
of Productsin the numerator.

s Simultaneously, Reactantsin the denominator are
consumed and decrease.

¢ Alarger numerator divided by a smaller denominator
mathematically results in a larger overall ratio.

¢ Therefore, the equilibrium constant K. inherently
increases.

Why other options are incorrect:

Constants only remain the same if temperature is unchanged.
Decreasing would happenin an endothermic reaction.
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Question #59 DUHS 2022

At equilibrium in a reversible reaction:
CORE CONCEPT AND DERIVATION

Dynamic equilibriumis defined by two simultaneous
macroscopic conditions occurring in a reversible system.

Solution:

« Kinetic condition: The speed at which reactants form
products exactly equals the speed at which products
revert into reactants (Rate forward = Rate backward).

+ Thermodynamic condition: Because the rates arelocked

inbalance, the net amount of reactants and products
stops changing over time, meaning their macroscopic
concentrations remain perfectly constant.

+ Option D perfectly encapsulates both halves of this
definition.

Why other options are incorrect:

Rates being unequalimplies the system s still shifting and has
not reached equilibrium. Option Cis true butincomplete
comparedtoD.
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Question #60 DUHS 2022

The solubility product [Formula] predicts whether:
CORE CONCEPT AND DERIVATION

The primary analytical use of the K, value in chemistry is
determining the saturation threshold of a solution to predict
precipitate formation.

Formula:

If Q:p > Ky — Precipitate forms

Solution:

s By calculating the ionic product(@Q,,) of amixture and
comparing it to the literature K, value, chemists can
perfectly predict outcomes.

e [fthecalculated Q., exceeds the K., threshold, the solid
will drop out of solution as a precipitate.

« Therefore, predicting precipitationis its primary function.

Why other options are incorrect:

While it relates to solubility, "predicting precipitation” is the
specific active analytical application. It has nothing to do with
boiling point or diffusion rates.
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Question #61 LEH(:)] BUMHS 2022 Question #62 LGHL)) BUMHS 2022
The precipitation occurs, if the ionic concentration is: Why a reactionis reversible?

CORE CONCEPT AND DERIVATION CORE CONCEPT AND DERIVATION

Precipitation is the physical manifestation of a solution pushing Reversibility ina chemical reaction fundamentally requires that
excess dissolvedions out of the liquid phase to restore the newly formed products have enough energy and reactivity
equilibrium. tointeract and reform the original reactants.

Formula: Solution:

Tonic Product (Q.p) > Kaop e Inanirreversible reaction, products are highly stable and

do notinteractto go backwards.

Solution:
* Inareversiblereaction (A + B = C + D), the products (C'

o K, definesthe absolute maximum limit of ions a solution and D) are reactive enough to collide and successfully
can stably hold at equilibrium. overcome the reverse activation energy barrier.

« If the product of the ionic concentrations in the solution = Therefore, the reactivity of the products allows the
exceeds this limit (Q., > K.,), the solutionisunstable backwardreaction to occur simultaneously with the
(supersaturated). forward one.

+ The excessions willclump together and form a solid Why other options are incorrect:
precipitate until the concentration drops back to the K,,
limnit. If products were stable (Option D), they wouldn't react to go

backward. Reactant reactivity (Option A) drives the forward
reaction, but does not dictate reversibility.

Why other options are incorrect:

Lessthan K,, means more candissolve. Equalto K,, meansitis
perfectly saturated and stable without precipitation.
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Question #63 BUMHS 2022

Acetic acidis weak acid than sulphuric acid because of which of the
following reasons?

CORE CONCEPT AND DERIVATION

The strength of an acid in agueous solution is defined solely by
its ability to dissociate (ionize) and donate hydrogenions (H*).

Formula:

Acid Strength oc Degree of Ionization («)

Solution:

+ Sulfuric acid (H2504) is a strong acid that ionizes almost
100% inwater.

+ Acetic acid (CH;COOH)is a weak acid that only partially
ionizes (typically less than 5% in standard solutions).

« Because it producesfarfewerH" ions per mole dissolved,
itis classified as weaker due toits lesser degree of
ionization.

Why other options are incorrect:

Having a --COOH group defines it as an organic acid, but
doesn't explainrelative strength against sulfuric acid
fundamentally. Decomposition and inductive effects are
secondary physical/structural traits, not the primary definition
of aqueous acid strength.
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Question #64 NUMS 2022

The pH of human blood is:
CORE CONCEPT AND DERIVATION

Human blood operates as a natural buffer system to maintain
physiological homeostasis, strictly regulating its acid-base
balance.

Formula:

Normal Blood pH == 7.4

Solution:

* The optimal blood pH for enzyme function and oxygen
transport is tightly controlled between 7.35 and 7.45.

e Thisslightly alkaline state is maintained primarily by the
carbonic acid-bicarbonate (H,CO4/HCO, ) buffer system.

Why other options are incorrect:
A pHbelow 7.35 causes acidosis, and above 7.45 causes

alkalosis, both of which are extremely dangerous. The other
ranges are physically fatal for human survival.
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Question #65 LEH(%] NUMS 2022 Question #66 LGEHE) PMDC 2021
Which term describes a solution in which dissolved soluteisin [Formula] . Relation between [Formula] and [Formula] for this
equilibrium with undissolved solute? reactionis:
CORE CONCEPT AND DERIVATION CORE CONCEPT AND DERIVATION
A saturated solutionrepresents a state of dynamic equilibrium The relationship depends on An, the difference in moles
between the solid phase and the aqueous phase of a solute. between gaseous products andreactants.
Formula: Formula:
Solute(,) = Solute,, K, = K (RT)A"

Solution: Solution:

* |nasaturated solution, the maximum amount of solute has ¢ ForthereactionHs + I, = 2HI, count the gaseous moles.

dissolved at a given temperature.

s Molesof products =2. Moles ofreactants =1+ 1= 2.
+ Anyadditional solute added will simply sink to the bottom.

* Atthis exact point, the rate of dissolution (solid turning to
aqueous) perfectly equals the rate of crystallization

(agueousturning back to solid). e Therefore, K, = K.(RT)" = K..

+« This defines a state of equilibrium. : .
Why other options are incorrect:

These options introduce RT factors mathematically which only
Why other options are incorrect: apply if Anisnot zero.

Unsaturated solutions have not reached equilibrium yet (more

candissolve). Supersaturated solutions are highly unstable and
technically past the equilibrium point until precipitation occurs.
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Question #67 PMDC 2021

According to Le-Chatelier's principle, exothermic reactions are
favored by:

CORE CONCEPT AND DERIVATION

Exothermic reactionsrelease heat as a product. Le Chatelier's
principle states that removing a product shifts the equilibrium
forward.

Formula:

Reactants = Products + Heat

Solution:

* Since heatis essentially a product, lowering the
termperature (removing heat) creates a deficit on the right
side of the equation.

o The system shifts forward to produce more heat, thus
favoring the exothermic reaction.

Why other options are incorrect:

Pressure and volume changes depend strictly on the changein
gasmoles (An), NOT onwhether the reaction is exothermic or
endothermic.

Question #68 PMDC 2021

The equilibrium constant is always written as a ratio of:
CORE CONCEPT AND DERIVATION
By universal conventionin chemistry, governed by the Law of
Mass Action, the equilibrium constant compares product
concentration toreactant concentration.
Formula:

_ [Products|”

- [Reactants|”

Solution:

+ The formula explicitly places the equilibrium
concentrations of the products inthe numerator.

s The equilibrium concentrations of the reactants are
placed inthe denominator.

Why other options are incorrect:
Reactants over productsis the inverse of the equilibrium

constant. Multiplying them has no standard physical meaning in
equilibrium.
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Question #69 PMDC 2021

Manufacturing of Ammonia by Haber's process is an:
CORE CONCEPT AND DERIVATION

The Haber-Bosch process involves the formation of strong
nitrogen-hydrogen bonds, whichreleases energy.

Formula:

N2[_q] + 3H2{§I] = 2NH3[!-]’] AH =-924 k.]l.l’llmtll

Solution:

« Thereactionhas anegative enthalpy change (AH =
~92.4 kJ/mol).

« Anegative enthalpy change definitively classifies the
reaction as exothermic, meaningitreleases heat to the
surroundings.

Why other options are incorrect:

Itis not endothermic (it releases heat, doesn't absorbit). Itis
highly reversible (hence the need for specific high pressure/low
temp constraints). With an iron catalyst, the industrialrate is
optimized, notinherently slow.
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Question #70 LCH(%)] PMDC 2020 Question #72 LEH(®)] PMDC 2020
Which of the following reaction has greater [Formula] than [Formula] Fora gaseous phase reaction, when number of moles of reactants
{[Formula] )? and products are equal:
CORE CONCEPT AND DERIVATION CORE CONCEPT AND DERIVATION
The condition K, > K, occurs when the reaction produces a net When the stoichiometry of gaseous reactants perfectly
increase inthe number of gaseous moles (An = 0). matches the products, the change in moles (An)is zero.
Formula: Formula:
K, = K (RT)*" K, = K.(RT)™"

Solution: Solution:

« Analyze the changein moles (An) for each option. * Sincemolesare equal, An = 0.

s AAn=2-3=-1.(HereK, < K,) s Substitute thisinto the equation: K, = K,(RT)".

o BiAn=2-3=-1.(HereK, < K,) e Anynon-zeronumberto the power of zero equals 1.

e C:An=1(2+1)-2=+1 BecauseAn >0, (RT)is e Therefore, Kp = K. x 1, meaning they areidentical.

greater than 1, making K, > K.

Why other options are incorrect:

e DiAn=2-4=-2(HereK, < K,)
Any discrepancy between K, and K. fundamentally requires a
non-zero An.

Why other options are incorrect:

Options A, B, and D all result in fewer gaseous moles, leading to
K< K.

Question #71 LGEH )] PMDC 2020
The equation [Formula] represents:
CORE CONCEPT AND DERIVATION

Differentindustrial chemical processes are identified by their
core chemical reactions.

Solution:

* The synthesis of ammonia (NH;) from nitrogen and
hydrogen gasesunder high pressure and temperature
with an iron catalyst is globally known as the Haber-Bosch
process.

Why other options are incorrect:
The Contact process manufactures Sulfuric acid (H,50,). The

Solvay process manufactures Sodium carbonate (Nax CO3).
Avogadro's law relates gasvolume to moles.
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Question #73 PMDC 2020

Purification of table salt ( [Formula] ) by passing [Formula] gas
through its saturated aqueous solutionis an...

CORE CONCEPT AND DERIVATION

The purification of table salt relies on disrupting the solubility
equilibrium by adding an external source of a sharedion.

Formula:

N'LIC].[BJ = Na{'aq} 4 Cl(r:q']

Solution:

s« WhenHClgasis passed through the solution, it heavily
dissociates, providing amassive influxof C1™ ions.

¢ Because Cl is"common”to both NaCland HCL, Le

Chatelier's principle dictates the equilibrium shifts left to
consumetheexcess Cl .

+ Thisforces pure NaCl to crystallize and precipitate, leaving
impuritiesin the solution. Thisis a classic application of the
Common lon Effect.

Why other options are incorrect:

Hess's law relates to enthalpy changes. Henry's law relates to
gas solubility. The Law of mass action defines the equilibrium
expression but doesn't specifically name this precipitation
phenomenon.
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Question #74 SET 2019

Which one of the following factors does not affect the equilibrium
position?

CORE CONCEPT AND DERIVATION

The equilibrium positionis determined by the ratio of products
toreactants. Only factors that selectively favor forward or
backward reactions can shift this position.

Formula:

[Products|

- [Reactants|

K.

Solution:

= Acatalyst functions by lowering the activation energy for
both the forward and reverse reactions equally.

s Becausebothratesincrease by the same factor, the
systemreaches equilibrium faster. but the final ratio of
products toreactants (the equilibrium position) remains
completely unchanged.

Why other options are incorrect:

Concentration, temperature, and pressure all actively disturb
equilibrium as dictated by Le Chatelier's Principle.
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Question #75 LEH(%) NUMS 2019 Question #76 LGH(:)] NUMS 2019
The [Formula] Unit for the reaction [Formula] is: Which one of the following bases has highest [Formula] value?
CORE CONCEPT AND DERIVATION CORE CONCEPT AND DERIVATION
The unit of the equilibrium constant K. is derived from the The base dissociation constant (K},) is a measure of base
differencein the number of gaseous moles (An). strength. Strong bases completely dissociate in water and have
exceptionally high K, values.
Formula:
Formula:
Unit = (mol dm 3}‘5‘“
[BY|[OH™]
Ry=se e
*~ T[BOH
Solution:
Solution:

e Calculate AnforN, + 3H; = 2NH,.

e NaOHis an alkalimetal hydroxide, which makes it a very

strong base that dissociates = 100% in agueous solutions.
o An= Moroducts — Mreactants = 2-4=-2 g 0 a

¢ Becausethedenominator [ BOH]approacheszero,its K

e Substitute intothe formula: (mol dm- "’) = ) )
value is astronomically large compared to weak bases.

« Distribute the exponent:mol * - (dm *)~? = mol *dm **, .
e NH,OHand CH;NH, are weak bases. Ca{OH), is a strong

base but has lower solubility than NaOH.

Why other options are incorrect:

They do not match the correct mathematical derivation of the Why otheroptions are Incorract:

exponent -2 applied to molarity.
Weak bases have K, values typically inthe range of 10-*to 10 1°,

which are infinitely smaller than a strong base like NaOH.
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Question #77 BLEALY SET 2019 Question #78 BCH ()] NUMS 2019
What is the pH of 0.IM of HCI? The [Formula] values of [Formula] is 4.74, the pH of equimolar

solution of acetic acid and sodium acetate is:

CORE CONCEPT AND DERIVATION

CORE CONCEPT AND DERIVATION
pH is the negative base-10 logarithm of the hydrogen ion

concentration. HCl is a strong acid that fully dissociates. The pH of a buffer solution depends on the ratio of the salt
(conjugate base) to the weak acid according to the Henderson-
Formula: Hasselbalch equation.
pH = —log[H*] Formula:
[Salt]

pH = pK, +log (—
Solution: [Beid]

s+ Since HClis a strong acid, it dissociates completely:
[H'] = [HC] = 0.1 M.

Solution:

e Thesolutionis equimolar, meaning [Salt| = [Acid).

s Convert 0.1M to scientific notation: 10 M.

s Therefore, the ratio %3‘1 =t

e CalculatepH: pH = — log(10~!) = —(-1) = 1.

e Thelogarithmof liszero:log(1) = 0.

Why other options are incorrect:

0.1is the concentration, not the pH. -1would be the pHof a10 M = Theequationsimplifies to pH = pK, + 0.
solution. 0.01would be the concentrationforpH 2.

e SincepKa = 4.74, the pHis also exactly 4.74.

Why other options are incorrect:

Any deviation from 4.74 would require unequal concentrations
of the acid and its salt.
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Question #79 NUMS 2019

Precipitation occurs when the product of ionic concentration is?
CORE CONCEPT AND DERIVATION

The relationship between the ionic product (@) and the
solubility product (K,,) determines whether a solutionis
unsaturated, saturated, or supersaturated.

Formula:

Qs > K,y —> Precipitation

Solution:

o Q. representsthe actual product of ion concentrations in
a solution at any given moment.

e  When Qs > K.p, the solution contains more dissolved
ions than it can stably hold at equilibrium (supersaturated).

e Torestore equilibrium, the excessions precipitate outas a
soliduntil Q., drops downto equal K.

Why other options are incorrect:
Less than K, means the solutionis unsaturated (no

precipitation). Equal to K, means itis perfectly saturated
(equilibrium, no net precipitation).
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Question #80 KMU 2019

Consider the reversible reaction. [Formula] The yield of [Formula]
will be maximum at:

CORE CONCEPT AND DERIVATION

Le Chatelier's Principle dictates optimal conditions for the
Haber process based on thermodynamics and stoichiometry.

Formula:

N, +3H, = 2NH, AH < 0,An= -2

Solution:

* Thereaction produces heat (exothermic). Decreasing the
temperature shifts the equilibrium forward to replace lost
heat, yielding more NH;.

e Thereaction goesfrom 4 moles of gasto 2 moles of gas.
Increasing pressure favors the side with fewer moles of
gastoreduce pressure. Thus, high pressure shifts it
forward.

e Therefore, maximum yield requires Low Temperature and
High Pressure.

Why other options are incorrect:

High temperature would shift the reaction backwards. Low
pressure would favor the side with more moles (reactants).
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Question #81 KMU 2019

lce and wateris in equilibrium with each other. By increasing the
pressure the equilibrium will shift in

CORE CONCEPT AND DERIVATION

Water has the unique property where its solid phase (ice) is less
dense (occupies more volume) thanits liquid phase.

Formula:

Icc(s:!ngher val) = “ra'ter[f.luwer vol)

Solution:

e According toLe Chatelier's Principle, increasing pressure
on a system shifts the equilibrium towards the state that
occupiasless volume.

+ Since liquid water occupies about 9% less space than
solidice, increasing pressure forces the ice to melt.

* Thisrepresents a shift to the right, which is the forward
direction.

Why other options are incorrect:

Shifting in reverse would form more ice, which occupies more
volume and would further increase the stress of pressure.
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Question #82 MDCAT 2019

Foranequilibrium reaction; [Formula] The forward reaction is
exothermic, increase in temperature shifts the ...

CORE CONCEPT AND DERIVATION

Increasing the temperature of an exothermic reaction supplies
excess heat, which the system counteracts by shifting inthe
endothermic (reverse) direction.

Formula:

280, + 0y = 250, + Heat

Solution:

e Becauseheatis a product, adding heat pushes the
reactionto the left (backwards).

e Asthereactionshifts left, the product SO, is consumed
and broken down.

= Simultaneously, thereactants SO, and O, are generated.

e Thus, 80, and O, increase while SO, decreases.

Why other options are incorrect:

Option Aviolates the conservation of mass (everything cannot
increase simultaneously). Option C describes a forward shift.
Option Disimpossible because SO, must be consumed to form
the reactants.
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Question #83 MDCAT 2018

The product of the concentrations of eachionin saturated solution
of a sparingly soluble salt at 298K raised...

CORE CONCEPT AND DERIVATION

This is the fundamental textbook definition of the Solubility
Product Constant.

Formula:

Ksp = [J‘L_jlfJ_.rA T?k’

Solution:

+ Forasparingly soluble salt M: A, = s M*¥ + yA ", the
equilibrium constant is purely based on aqueous ions.

* Thisspecific constantis termed K, (Solubility Product).

Why other options are incorrect:

K, and K, represent acid and base dissociationrespectively.
K, isthe autoionization constant of water.

Question #84 MDCAT 2017

Forwhich of the following equilibrium reaction, [Formula] has no
units?

CORE CONCEPT AND DERIVATION
The unit of K, is given by (mol dm™ 3}"-““. It will be unitless only if
An =0.

Formula:

An = EMoles of gaseous products — EMoles of gaseous reactants

Solution:

« Foroption B: CO, + Hy Oy 7 COyy) + Hyy,
¢ Reactantmoles=1+1=2.Productmoles=1+1=2.

s An=2-2=(.Therefore, units cancel out.

Why other options are incorrect:

OptionAhasAn=2-4=-2.0OptionChasAn=2-3 = ~1.
OptionDisunbalanced as written but represents An £ 0.
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Question #85 MDCAT 2017

Consider the following reversible reaction; [Formula]
\text{CH}_3\text{CH}_2\text{OH}_{(I)} + \text{CH}_3\text...

CORE CONCEPT AND DERIVATION

The value of K, is a constant at a given temperature. If initial
concentrations are doubled proportionally, the final equilibrium
concentrations will also double to maintain the ratio of K.

Formula:
_ [Ester|[Water|

“ 7 |Acid][Aleohol]

Solution:

e Initial experiment started with 1 mol of each reactant and
produced 0.666 mol of products.

e Byadding another 1 mol of eachreactant to the
equilibrium mixture, the totalmoles putinto the system is
exactly 2 moles of eachreactant.

e Sincethe systemvolumeisunchanged and An = 0, thisis
identical to starting a fresh reaction with double the initial
concentration (2 mol each).

e Because all stoichiometryis1:1:1:1, doubling initial
reactants exactly doubles the final equilibrium
concentrations tomaintain K. = 4.

e New Reactants =0.333 x 2 = 0.666 mol.

e New Products =0.666 x 2 = 1.333 mol.

Why other options are incorrect:

Otheroptions represent asymmetrical shifts which violate the
1:1stoichiometry of the balanced chemical equation.
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Question #86 MDCAT 2017

[Formula]is sparingly soluble having solubility product value
[Formula]. What will be its solubility?

CORE CONCEPT AND DERIVATION

The solubility product (K,,) relates to the molar solubility (s)
based on the stoichiometry of the dissolving salt.

Formula:

Ca(OH), = Ca®" + 20H
Ky = [Ca®][OH | = (s5)(25)" = 4s°

Solution:

s GivenK,,=6.5x 1075
* Setuptheequation: 4s* = 6.5 x 10,

« Divideby4:s® =1.625 x 10",

* Takethe cuberoot:s = v/1.625 x 10-°% = v/1.625 x 102,

¢ Sincel? =1and1.2’ = 1.728, +/1.625is approximately 1.17.

e Therefore, s = 1.17 x 102 M.

Why other options are incorrect:
OptionAisincorrect algebra. Options C and D have positive

exponents, representing impossibly high solubility fora
sparingly soluble salt.
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Question #87 MDCAT 2016

Human blood maintains its pH between:
CORE CONCEPT AND DERIVATION

Human blood operates as a natural buffer system to maintain
physiological homeostasis.

Formula:

Normal Blood pH = 7.35 to 7.40

Solution:

¢ The optimal blood pH for enzyme function and oxygen
transport is strictly regulated between 7.35 and 7.40.

+ Thisslightly alkaline state is maintained primarily by the
carbonic acid-bicarbonate buffer system.

Why other options are incorrect:
ApHbelow7.35 causes acidosis, and above 7.45 causes

alkalosis, both of which can be fatal. The otherranges are
physically dangerous for human survival.

Question #88 MDCAT 2016

Value of [Formula] for [Formula] system at [Formula] is equal to:
CORE CONCEPT AND DERIVATION

This is amemory-based fundamental constant for the sparingly
soluble salt Lead(ll) sulfate at standard room temperature.

Formula:

K.,(PbSO,) = 1.6 x 107% at 25°C

Solution:

» Thedissociationis PbSOy,, = Pb*" + S0% .

s Experimental dataestablishes its solubility product
exactlyat 1.6 x 10-* mol’dm*.

Why other options are incorrect:

These are incorrect magnitude variations of the standard
accepted literature value.
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Question #89 KMU 2016

[Formula] in the equation if [Formula] then:
CORE CONCEPT AND DERIVATION

The mathematical relationship between K, and K, depends
heavily on the sign of An (change in gas moles).

Formula:

K

= K (RT)"

Solution:

» |f An < 0(negative), the term (RT)L‘“ becomes afraction

1

s Assuming RT > 1(whichistrue forstandard
thermodynamic temperatures in Kelvins), multiplying K-
by a fractionless than 1yields a smaller number.

* Therefore, K, willbe less than K.

Why other options are incorrect:

K, = K. requires An = 0. K, > K. requires An > 0. Equilibrium
constants cannot be negative (eliminating D).
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Question #90 KMU 2016

[Formula] values of some acids are given below; choose the weaker
acid?

CORE CONCEPT AND DERIVATION

The pKaisinversely proportional to acid strength. Alower (more
negative) pKa indicates a stronger acid, while ahigher (less
negative/positive) pKa indicates aweakeracid.

Formula:

pKa = - IOF;(KHJ

Solution:

¢ Compare the given values mathematically: —10, -9, -7, -3

e Thelargest numericalvalue (closest to zero)is —3.

e Because -3 > —10,H,50, has the highest pKa among the
listed options.

e Therefore, itisrelatively the weakest acid in this specific
grouping.

Why other options are incorrect:

HC10, with —10is the strongest. The others fallin between.
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Question #91 MDCAT 2015

During the manufacture of nitric acid, nitric oxide is oxidized to
nitrogen dioxide. This reactionis given as...

CORE CONCEPT AND DERIVATION

Le Chatelier's Principle predicts how an equilibrium shifts in
response to temperature changes, depending onwhether the
reactionis endothermic or exothermic.

Formula:

AH < 0 = Exothermic Reaction

Solution:

+ Thenegativesignin AH = —114 kJ/molindicates the
forwardreaction releases heat (exothermic).

+ Tomaximize the yield of NO,, the equilibrium must be
shifted forward.

+ Decreasing the temperature (removing heat) shifts an
exothermic reaction forward to produce more heat.

* Therefore, it must be carried out at alogically low
temperature.

Why other options are incorrect:
High temperature would favor the reverse endothermic

reaction, breaking down NO,. Itis fundamentally dependent on
temperature.
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Question #92 MDCAT 2015

What s the correct relation between pH and pKa?
CORE CONCEPT AND DERIVATION

The Henderson-Hasselbalch equation defines the relationship
betweenthe pH of a buffer, the pKa of the weak acid, and the
concentrations of the acid andits conjugate base.

Formula:

[Base|

H=pK, +1
P Pk, og([Acid]

)

Solution:

e The standard form of the equation has a positive logarithm
of Base over Acid.

e Bylogarithmic properties, +log(z/y) = — log(y/z).
o Applying this: + log (Jl'iﬁ) = —log ({%)

e Substituting this back gives pH = pK, — log ({%).

e

Why other options are incorrect:
Option A has a positive sign but inverted ratio. Option B applies

anegative signincorrectly to the standardratio. Option D
algebraically fails when rearranging the standard formula.
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Question #93 MDCAT 2015

Which one of the followingis the correct representation for
[Formula] ? [Formula] \text{AgCl} \rightleftharpo...

CORE CONCEPT AND DERIVATION

The solubility product constant (K, ) is the equilibrium constant
for asolid substance dissolving in an agueous solution,
representing the product of dissolvedion concentrations.

Formula:

K,, = [Cation|"[Anion]¥

Solution:

¢ Forthe dissolution of AgCl, the equilibrium expressionis

initially K. = [agCl] -

s Because ApClis apure solid, its concentrationis constant
and incorporatedinto the equilibrium constant.

+ Thiscreatesthenew constant K, = [Ag"][Cl ].

Why other options are incorrect:

Solid reactants are neverincluded inthe denominator of a K,
expression, eliminating Aand B. Option D ignores the ions
completely.
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Question #94 MDCAT 2014

The value of equilibrium constant [Formula] for the reaction
[Formula] is [Formula] at [Formula] . Calculate t...

CORE CONCEPT AND DERIVATION

The relationship between K, and K. is governed by the change
ingaseous moles (An) during the reaction.

Formula:

K, = K, (RT)*"

Solution:

e Calculate Anfor2HF ) = Hy, + Fy.
e Molesofgaseous products=1+1=2.

¢ Moles of gaseousreactants=2.

s Therefore K, = K.(RT)" = K.(1) = K..

» Since K, = 107 K, must also be 10~

Why other options are incorrect:

Othervalues would only be correct if An # 0 and the term
(RT)*" altered the value of K..
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Question #95 MDCAT 2014

What will be the pH of a solution of [Formula] with a concentration of
[Formula] M?

CORE CONCEPT AND DERIVATION

NaOHis a strong base that completely dissociates in water. The
relationship between pH and pOH must be used.

Formula:

pOH = — log[OH |
pH + pOH — 14

Solution:

.

Since NaOH is a strong base, [OH | = [NaOH| = 10~ M.

Calculate pOH: pOH = — log(10-%) = 3.

« Calculate pH: pH = 14 — pOH.

pH=14-3=11.

Why other options are incorrect:

OptionA(3)is the pOH, not the pH, representing an acidic
solution which is impossible for NaOH. Options 7 and 14 are
standard pH reference points but mathematically incorrect for
this concentration.
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Question #96 MDCAT 2013

The chemical substance, when dissolved in water, gives "[Formula] "
is called:

CORE CONCEPT AND DERIVATION

The classical Arrhenius definition classifies compounds based
ontheions they yieldin an aqueous solution.

Formula:

HA () - Hi,y) + A

(agq) T fag)

Solution:

¢ According to Arrhenius theory, an acid is a substance that
ionizesinwaterto yield hydrogenions (H ).

e Forexample, HCldissolvesinwatertoformH" and Cl .

Why other options are incorrect:
Abase yields hydroxide ions (OH ) in water. Neutral substances

yield neitherin excess. Amphoteric substances canact as both
acids and bases depending on the environment.

Question #97 MDCAT 2013

The ‘pH' of our bloodiis:
CORE CONCEPT AND DERIVATION

Human blood operates as a natural physiological buffer system,
rmaintaining a very narrow and specific pH range essential for life
and enzyme function.

Formula:

PHyjopq = 7.4

Solution:

e Thecarbonic acid-bicarbonate buffer system (
H,CO;/HCO, }is the primary buffer in human blood.

e This systemtightly regulates blood pH between7.35 and
7.40 (slightly alkaline).

¢ Deviations outside thisrange lead to conditions like
acidosis or alkalosis.

Why other options are incorrect:
6.7 isseverely acidic, and 7.9 is severely alkaline for human

blood, both being fatal. 7.5 is outside the strict normal
physiologicalrange.
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Question #98 MDCAT 2012

Formation of [Formula] is reversible and exothermic process, what
will happen on cooling?

CORE CONCEPT AND DERIVATION

According to Le Chatelier's Principle, changing the temperature
of asystem at equilibrium will shift the reaction to counteract
the imposed change.

Formula:

Ny + 3H, = 2NH, + Heat

Solution:

+ The forward reactionis exothermic, meaning it produces
heat.

« Cooling the systemremoves heat.

* Torestore equilibrium, the system will shift in the direction
that generates more heat.

« Therefore, it shifts forward, yielding more product (NH;).

Why other options are incorrect:
Forming more reactants (N, or Hy;) would require shifting

backwards, which is an endothermic process and would be
favored by heating, not cooling.
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Question #99 MDCAT 2012

Abuffersolution is that which resists/minimizes the change in
CORE CONCEPT AND DERIVATION

Abufferis defined by its ability to maintain a relatively stable
hydrogenion concentration upon the addition of smallamounts
of acid orbase.

Formula:

Salt]

[Salt]
H = pK, + log ot
ShEl S e STy

Solution:

= Bufferscontain aweak acid and its conjugate base (or a
weak base and its conjugate acid).

e These components neutralize small added amounts of H*
orOH .

e Asadirectresult, the pH of the solutionis kept stable.

Why other options are incorrect:

While resisting pH implicitly resists pOH, the standard chemical
definition specifically highlights the resistance to changesin
pH. pK, and pK, are constants that do not change regardless of
the buffer action.
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Question #100 MDCAT 2011

If in [Formula] solution, some salt of [Formula] is added, [Formula]
will be precipitated due to:

CORE CONCEPT AND DERIVATION

The addition of an ion that is already present in an equilibrium
mixture of a sparingly soluble salt shifts the equilibrium toward
solid precipitation.

Formula:

AgCI[sJ = Ag{'aq;| + Cl(-m;]

Solution:

« NaClis astrong electrolyte and dissociates completely
intoNa* and Cl™ ions.

* Thissignificantlyincreases the concentration of Cl ionsin
the solution.

+ According to Le Chatelier's Principle, the equilibrium shifts
backwardsto consume the excess Cl .

« Thisresultsinthe precipitation of more solid AgCl, a
phenomenon known as the common ion effect.

Why other options are incorrect:

Solubility generally describes the ability to dissolve, not
precipitate. The term 'unsaturation' would imply more could
dissolve, opposite to precipitation.
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Question #101 MDCAT 2010

Units of [Formula] for the following reaction is: [Formula] \text{H}_2
+ \text{l}_2 \rightleftharpoons Z\text{...

CORE CONCEPT AND DERIVATION

The unit of the equilibrium constant K, is entirely dependent on
the change in the number of moles of gas (An) between
products and reactants.

Formula:

Units of K, = (mol dm*)2»

Solution:

s First, calculate An = n, — n,.
s ForH, + I, = 2HI, moles of productn, = 2.

e Molesofreactantn, =1+1=2.

e Thus, (mol dm"“}“ = 1, leaving the constant with no unit.

Why other options are incorrect:

Cther options represent units for reactions where thereis a net
changein gaseous moles(An # 0).
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