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Instructions
• This paper contains 25 Multiple Choice Questions.

• Each correct answer carries +4 mark. Incorrect answer: −1 marks. Only
one correct option.

• Unattempted questions carry 0 marks.

• Use of mobile phones, smartwatches, or any electronic gadgets is strictly
prohibited.

Q1. A dynamic high-yield agro-ecosystem under intensive cultivation shows signs
of localized zinc deficiency despite high total zinc reserves in the soil matrix.
A mineralogical assay reveals a high concentration of free calcium carbonate
(𝐶𝑎𝐶𝑂3) along with heavy application of phosphatic fertilizers. Which of the
following complex interaction mechanisms explains this sudden immobilization
of zinc ions available to root hair cells?

(A) Formation of highly soluble zinc-organic acid complexes that leach deep
into the water table.

(B) Isomorphous substitution of 𝑍𝑛2+ into the octahedral layers of kaolinite
clay minerals.

(C) Precipitation of highly insoluble zinc phosphate [𝑍𝑛3(𝑃𝑂4)2] alongside
surface adsorption on calcium carbonate matrices at elevated pH.

(D) Rapid oxidation of 𝑍𝑛2+ to volatile 𝑍𝑛𝑂2 gas driven by rhizosphere aerobic
microbes.

Q2. The biochemical assimilation of Nitrogen by crops requires the catalytic interven-
tion of the nitrogenase enzyme complex. During intensive waterlogging of paddy
fields, the soil redox potential (𝐸ℎ) drops below −150 mV. What structural
degradation happens to the soil nitrogen status under these exact thermodynamic
conditions?
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(A) Rapid transformation of elemental Nitrogen gas directly into nitrate forms
via chemical fixation.

(B) Dissimilatory reduction of NO−
3 leading to high gaseous losses via nitrous

oxide (N2O) and dinitrogen (N2) denitrification streams.

(C) Synthesis of stable ammonium humate complexes that bind permanently to
illite clay fractions.

(D) Complete crystallization of urea molecules into inactive biuret lattices.

Q3. A researcher tests a highly weathered tropical Oxisol displaying an apparent
Cation Exchange Capacity (CEC) of 4.0 cmol(+)kg−1 at its native field pH of
4.5. When the soil is titrated with a calcium hydroxide lime buffer to a stable
pH of 7.5, the measured CEC rises sharply to 14.5 cmol(+)kg−1. Identify the
fundamental driving component responsible for this massive pH-dependent
variable charge increase.

(A) Desorption of tightly bound sodium ions from constant-charge interlayer
spaces of montmorillonite.

(B) Deprotonation of functional carboxyl/hydroxyl groups on organic humus
and the broken edges of hydrous Al/Fe oxide mineral sheets.

(C) Structural collapse of 2:1 expanding silicate structures into 1:1 non-
expanding kaolinite structures.

(D) Complete dissolution of quartz minerals into soluble monosilicic acid
matrices.

Q4. An agrochemical diagnostic lab maps the dynamic behavior of nutrient avail-
ability as a function of the master soil variable (pH). Examine the nutrient
accessibility curve chart represented in the TikZ layout below. Identify which
critical plant nutrient matches the profile labeled as Nutrient Curve X, which
drops to absolute minimum availability across strongly acidic zones due to
fixation by active iron (𝐹𝑒3+) and aluminum (𝐴𝑙3+) ions:
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Soil pH

Nutrient Availability

4 5 6 7 8 9

Nutrient Curve X

Max

Avail.

(A) Manganese (Mn)

(B) Phosphorus (P as H2PO−
4 )

(C) Iron (Fe)

(D) Copper (Cu)

Q5. The pyrolytic transformation of biomass components within agricultural residues
yields complex organic structural frameworks. If a clean stream of pure
agricultural Ethanol (C2H5OH) gas is passed over concentrated, solid-state
orthophosphoric acid (𝐻3𝑃𝑂4) catalysts maintained precisely at 180◦C, what
primary structural hydrocarbon product is isolated, and through what mechanism?

(A) Methane via an oxidative decarboxylation reaction pathway.

(B) Ethene (C2H4) via a bimolecular elimination (E2) dehydration pathway.

(C) Diethyl ether via a low-temperature radical condensation assembly.

(D) Ethane via a highly energetic catalytic hydrogenation sequence.

Q6. The relative acidity of low molecular weight organic acids generated in silage
fermentation tanks governs preservative efficiency. Rank the following common
organic components in order of decreasing acid strength (highest 𝐾𝑎 value
to lowest 𝐾𝑎 value): Formic acid (HCOOH), Acetic acid (CH3COOH), and
Propionic acid (CH3CH2COOH).

(A) Propionic Acid > Acetic Acid > Formic Acid

(B) Acetic Acid > Formic Acid > Propionic Acid

(C) Formic Acid > Acetic Acid > Propionic Acid

| 3

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


UPCATET Sample Paper Agriculture Chemistry

(D) Formic Acid > Propionic Acid > Acetic Acid

Q7. An agrochemical synthesis pipeline targets the production of a systemic pest
repellent. The process undergoes an alkaline hydrolysis reaction step on an ester
configuration (CH3COOCH2CH3). What structural components are retrieved
upon neutralizing the reaction vessel post-saponification?

(A) Pure Methane and Formic acid.

(B) Ethanoic Acid and Ethanol.

(C) Methanol and Propanoic Acid.

(D) Ethyl ether and Oxalic Acid.

Q8. Biogas generation systems relies heavily on anaerobic digestion mechanics
where methanogenic archea convert simple volatile fatty acids to methane gas.
Consider the localized atomic potential energy map of the Methane (CH4)
spatial conformation modeled below:

C

H

HH

H

𝜃 =?

What is the exact theoretical hybridization state of the central atom and the
precise spatial bond angle (𝜃) represented within this pure symmetrical structural
geometry?

(A) 𝑠𝑝2 Hybridization; 𝜃 = 120◦

(B) 𝑠𝑝3 Hybridization; 𝜃 = 109.5◦

(C) 𝑠𝑝3𝑑 Hybridization; 𝜃 = 90◦

(D) 𝑠𝑝 Hybridization; 𝜃 = 180◦

Q9. The uptake of secondary macronutrients such as Magnesium (𝑀𝑔, Atomic
Number = 12) occurs via active mineral transporters in plant membranes.
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According to quantum mechanics configurations, what is the exact ground-state
electronic configuration of a divalent Magnesium cation (Mg2+) entering a root
cell portal, and how many completely filled shell tracks does it contain?

(A) 1𝑠22𝑠22𝑝63𝑠2; 3 completely filled shells.

(B) 1𝑠22𝑠22𝑝6; 2 completely filled shells.

(C) 1𝑠22𝑠22𝑝43𝑠2; 1 completely filled shell.

(D) 1𝑠22𝑠22𝑝63𝑠1; 2 completely filled shells.

Q10. An inorganic compound used in premium micronutrient liquid formulations
depends heavily on coordinate covalent chemical bonding mechanisms. Which
of the following pair options perfectly demonstrates a pure coordinate link
alongside a classical covalent structure within a water-soluble matrix?

(A) CH4 and NaCl

(B) NH+
4 and H3O+

(C) KCl and CaCl2
(D) C2H4 and CO2

Q11. In agricultural trace-element toxicity analysis, scientists track the periodic
properties of Group 15 and 16 elements. As you trace along the periodic table
paths horizontally from Left to Right across Period 3 (Na towards Cl), what
specific trend profiles are logged regarding their absolute Atomic Radii and
Electronegativity characteristics?

(A) Atomic radii expand steadily; Electronegativity falls down uniformly.

(B) Atomic radii contract steadily; Electronegativity rises up significantly due
to higher effective nuclear charge (𝑍eff).

(C) Both Atomic radii and Electronegativity expand symmetrically.

(D) Atomic radii remain constant; Electronegativity reaches absolute zero.

Q12. A specialized spectroscopic assay measures the quantum ionization energy
patterns of specific macronutrient ions. Look closely at the energy configuration
boundary diagram illustrated below:
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Energy (𝐸)

Ground State (𝑛 = 1)

Excited Level (𝑛 = 2)

Excited Level (𝑛 = 3)

Ionization Limit (𝑛 = ∞)

Jump A

Jump B

Which specific event occurs during quantum Jump A versus quantum Jump B
inside the plant diagnostic spectrometer scan?

(A) Jump A represents continuous continuous nuclear fission; Jump B represents
fusion.

(B) Jump A absorbs a photon of distinct frequency; Jump B emits a photon of
distinct frequency.

(C) Jump A releases heat energy directly; Jump B stores mass values.

(D) Both Jump A and Jump B represent direct electron release out of the atomic
core.

Q13. A quantitative analytical method is setup to measure the total calcium carbonate
equivalent in an agricultural limestone powder sample using standardized
acid solution runs. If 25.0 mL of a 0.25 M Sulphuric Acid (H2SO4) solution
is combined with exactly 50.0 mL of a 0.10 M Sodium Hydroxide (NaOH)
solution, what is the final Normality (𝑁) profile of the resultant acidic solution
run?

(A) 0.10 N

(B) 0.05 N

(C) 0.15 N

(D) 0.25 N

Q14. During a routine laboratory titration run targeting chloride content in saline
irrigation water using standard silver nitrate chemicals, an analyst requires a
standard solution. Why is Sodium Carbonate (Na2CO3) or Oxalic Acid (H2C2O4)
preferred as a Primary Standard configuration over standard Potassium Hydroxide
(KOH) or Hydrochloric Acid (HCl)?
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(A) They are highly hygroscopic and liquefy instantly upon atmospheric expo-
sure.

(B) They display very low equivalent weight metrics minimizing balance errors.

(C) They are available in an exceptionally pure crystalline state, non-hygroscopic,
and maintain a constant composition under ambient storage conditions.

(D) They undergo instant thermal decomposition inside glass volumetric flasks.

Q15. An environmental chemistry laboratory runs a strict neutralization assay to
measure alkaline buffer reserves in runoff pools using a specialized glass setup
shown in the schematic layout below. What is the precise name and function of
the vertical graduated apparatus item labeled as Component Y?

Component Y

Erlenmeyer Flask

(A) Volumetric Pipette; used to transfer fixed volumes of viscous soil sludges.

(B) Graduated Burette; used for controlled, drop-wise dispensing of standardized
titrants.

(C) Soxhlet Extractor; used to vaporize liquid organic solutions.

(D) Nessler Tube; used to evaluate direct color changes via visual mirrors.

Q16. The physiological condition known as "Chlorosis of older lower leaves" in maize
plants is accompanied by thin stalks and a stark V-shaped yellowing layout
running down the midrib lines. Which specific nutrient ionic state is critically
deficient, and why does this show up on older leaves first?

(A) Fe3+ ion lack; because Iron is highly mobile and accumulates in old stems.

(B) BO3−
3 ion lack; because Boron is easily vaporized from younger structures.
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(C) NO−
3 ion lack; because Nitrogen is highly phloem-mobile and readily

translocates from older source leaves to new expanding sink leaflets.

(D) MoO2−
4 ion lack; because Molybdenum is completely fixed inside old leaf

stomata.

Q17. A load of commercial single superphosphate (SSP) fertilizer is verified in an
agronomy laboratory setting. What is the authentic chemical composition ratio
of SSP, and what dual essential secondary nutrient elements does it deliver
alongside primary phosphorus loads?

(A) Pure Ca3(𝑃𝑂4)2; supplies Calcium and Boron.

(B) Mixture of Ca(𝐻2𝑃𝑂4)2 · 𝐻2𝑂 and CaSO4 · 2𝐻2𝑂; supplies Calcium and
Sulfur.

(C) NH4𝐻2𝑃𝑂4; supplies Nitrogen and Potassium.

(D) K2𝑆𝑂4 · 𝑀𝑔𝑆𝑂4; supplies Magnesium and Sulfur.

Q18. Alkali/Sodic soils present severe tillage and cultivation challenges due to poor
physical structural traits. The structural degradation is directly caused by a
High Exchangeable Sodium Percentage (ESP > 15), which induces which of the
following physical states upon wetting?

(A) Flocculation of clay platelets leading to large structural pore development.

(B) Deflocculation and dispersion of clay particles, leading to structural collapse,
pore clogging, and surface crust formation.

(C) Rapid aggregation of humic substances into highly porous structures.

(D) Sudden crystallization of sodium crystals into porous zeolitic matrices.

Q19. The electrical double layer (EDL) structure encircling soil clay organic colloid
fractions governs cation adsorption forces. Inspect the schematic representation
of the clay micelle interface model mapped out below:
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What structural phenomenon is described across Layer Domain Z that explains
how exchangeable crop cations (𝐶𝑎2+, 𝑀𝑔2+, 𝐾+) resist severe gravitational
leaching while remaining available to plant root exudates?

(A) Complete covalent integration within the silicate mineral structure.

(B) Electrostatic retention within the Helmholtz and Diffuse Electrical Double
Layer framework.

(C) Hydrophobic exclusion into macro-pore spaces.

(D) Sublimation of chemical ions under cold soil conditions.

Q20. The structural configuration of dynamic pesticide isomers dictates their ecological
toxicity footprint. Consider the basic structure of an organic acid derivative
containing asymmetric carbon atoms. If a sample exhibits equal molecular
quantities of both dextrorotatory (+) and levorotatory (−) enantiomers of an
organic acid compound, what is the net optical rotation effect observed in a
polarimeter cell?

(A) Strong clockwise rotation due to steric activation.

(B) Zero net optical rotation due to external compensation within the racemic
mixture.

(C) High counter-clockwise rotation driven by temperature fluctuations.

(D) Alternate pulse oscillations between positive and negative limits.

Q21. An industrial organic chemist scales up a reaction sequence designed to convert
raw agricultural crop starches into pure industrial Alcohols via microbial enzyme
systems. During purification steps, the mix forms an azeotropic mixture with
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water at a critical concentration threshold. What specific distillation technique
must be configured to yield an absolute 99.9% pure ethanol stream?

(A) Simple open-pan boiling across open fields.

(B) Azeotropic distillation using a third entrainer component like benzene, or
molecular sieve dehydration.

(C) Gravity sedimentation inside cooling ponds.

(D) Basic low-pressure mechanical filtration.

Q22. An analytical quality control division fingerprints the purity profiles of a batch
of synthetic vinegars (mainly Ethanoic Acid) using a vapor phase separation
instrument column. Look at the data peaks logged on the analytical display
layout graph below:

Retention Time (𝑡𝑅)

Detector Response

Solvent

Peak Max

Parameter Matrix W

What fundamental chromatographic metric is defined by Parameter Matrix W,
which uniquely identifies the specific compound in the running matrix?

(A) Total Peak Height Velocity.

(B) Retention Time (𝑡𝑅), which represents the characteristic time a solute
component spends inside the stationary phase column environment.

(C) Distribution Constant of solid dust.

(D) Total Injection volume capacity.

Q23. The structural bonding in silicon-based micro-nutritional clay coatings depends
on the relative electronegativity differences between structural atomic cores.
According to Fajans’ Rules governing chemical bond characterization, which of
the following combinations of ionic properties explicitly favors the highest degree
of covalent character development in a metal-nonmetal chemical pairing?
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(A) Large cation radius size, small ionic charge, and small anion size.

(B) Small cation radius size, high positive ionic charge, and large easily polariz-
able anion size.

(C) Zero ionic charge values on both interacting elements.

(D) Infinite ionic size parameters across low-lying energy fields.

Q24. A specialized standard chemical treatment profile requires a 0.5 M solution of
Phosphoric Acid (H3PO4) for laboratory analytical extractions. If this precise
solution concentration is fully utilized in an acid-base neutralization reaction
where all three proton units (𝐻+) are completely replaced by interacting base
molecules, what is the matching Normality (𝑁) valuation of this solution matrix?

(A) 0.5 N

(B) 1.0 N

(C) 1.5 N

(D) 3.0 N

Q25. A soil chemist establishes a solubility phase boundary curve for potassium nitrate
salts recovered from compost runoffs. Study the temperature dependency plot
line mapped out on the vector canvas below:

Temp (◦C)

Solubility (g/100g H2O)

State Point P

State Point Q

If a hot soil extraction solution path moves from State Point P to State Point
Q along the vector path indicated by the arrow, what physical crystallization
change describes the solution system state status?

(A) The solution transitions from an unsaturated state to a volatile gas phase.
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(B) The solution state shifts from a highly supersaturated zone down toward
an unsaturated condition, often driven by adding fresh solvent or raising
temperature limits.

(C) The salt layout instantly undergoes nuclear transmutation.

(D) The system reaches a solid-state freezing limit where water molecules freeze
into ice crystals.
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Detailed Solutions

Q1.

Solution
Concept: Zinc solubility in soils is heavily influenced by pH and the presence of interacting
minerals. High concentrations of free calcium carbonate (alkaline conditions) and high phosphorus
applications strongly induce zinc deficiency.
Solution:
1. High Calcium Carbonate: Elevated pH increases the adsorption of Zn2+ onto the surfaces of
CaCO3 soil matrices.
2. Heavy Phosphatic Fertilizers: High levels of phosphate react directly with available zinc to
precipitate it out as highly insoluble zinc phosphate (Zn3(PO4)2), completely immobilizing it from
plant root hair uptake.

Final Answer:
Precipitation of insoluble zinc phosphate alongside surface adsorption on
CaCO3.

Answer: (C)
Go Back to Question 1

Q2.

Solution
Concept: Soil redox potential (𝐸ℎ) measures the oxidation-reduction status of the soil matrix.
Anaerobic conditions in flooded paddy fields result in highly negative 𝐸ℎ values, triggering
biological denitrification sequences.
Solution:
1. A sharp drop in 𝐸ℎ below −150 mV points to a severely reducing, anoxic environment.
2. Under these exact thermodynamic conditions, anaerobic microbes utilize available nitrate
(NO−

3 ) as a terminal electron acceptor instead of oxygen.
3. This triggers a dissimilatory reduction pathway, resulting in massive gaseous nitrogen losses
via the production of nitrous oxide (N2O) and inert dinitrogen (N2) gas.
Final Answer: NO−

3 dissimilatory reduction leading to high gaseous losses

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

Solution
Concept: Highly weathered tropical soils (like Oxisols) possess variable, pH-dependent charge
primarily originating from soil organic matter and hydrous oxides of Iron (Fe) and Aluminum (Al).
Solution:
1. At the native acidic pH (4.5), variable charge functional groups remain protonated and carry
neutral or slight positive charges.
2. As the pH is artificially elevated to 7.5 via lime titration, hydroxyl (−OH) and carboxyl
(−COOH) groups on humus, as well as the broken edges of Al/Fe oxide sheets, lose protons
(deprotonate).
3. This widespread deprotonation leaves behind extensive net negative charges, exponentially
driving up the Cation Exchange Capacity (CEC).
Final Answer: Deprotonation of functional carboxyl/hydroxyl groups

Answer: (B)
Go Back to Question 3

Q4.

Solution
Concept: Phosphorus availability in soils is strongly pH-dependent and exhibits maximum
availability within a very narrow near-neutral pH band.
Solution:
1. In strongly acidic soils (pH 4–5), active iron (Fe3+) and aluminum (Al3+) ions precipitate
soluble phosphorus into highly insoluble Fe/Al phosphate complexes.
2. In alkaline soils (pH > 8), abundant calcium strongly precipitates phosphorus as insoluble
calcium phosphates.
3. The curve mapped as Nutrient Curve X, showing minimal availability at low/high pH extremes
but optimal peak availability near pH 6.5–7.5, perfectly matches the established behavior of
Phosphorus (H2PO−

4 ).
Final Answer: Phosphorus (P as H2PO−

4 )

Answer: (B)
Go Back to Question 4
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Q5.

Solution
Concept: Alcohols undergo rapid dehydration reactions in the presence of strong acid catalysts at
elevated temperatures to form unsaturated alkenes.
Solution:
1. Passing pure agricultural ethanol (C2H5OH) over a solid-state concentrated acid catalyst (like
H3PO4) at a high temperature (180◦C) drives an aggressive dehydration sequence.
2. The reaction strongly favors the removal of a water molecule (H2O) from adjacent carbon atoms
via a bimolecular elimination (E2) pathway, yielding the double-bonded structural hydrocarbon
Ethene (C2H4).
Final Answer: Ethene (C2H4) via a bimolecular elimination (E2) pathway

Answer: (B)
Go Back to Question 5

Q6.

Solution
Concept: The intrinsic acidic strength of low molecular weight carboxylic acids decreases as the
electron-donating inductive effect (+I effect) of attached alkyl substituent groups increases.
Solution:
1. Alkyl groups (like methyl and ethyl) actively push electron density towards the central carboxylate
anion, destabilizing it and thereby reducing its tendency to release a proton (lower 𝐾𝑎).
2. Formic acid (HCOOH) has no attached alkyl group, making it the strongest.
3. Acetic acid has one methyl group (+I effect), making it weaker. Propionic acid has an ethyl
group, which exerts a significantly stronger +I effect than a methyl group, making it the weakest.
4. Correct order of strength: Formic > Acetic > Propionic.
Final Answer: Formic Acid > Acetic Acid > Propionic Acid

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

Solution
Concept: Saponification is the basic alkaline hydrolysis of an ester configuration, which yields an
alcohol and a carboxylate salt. Subsequent acid neutralization converts the salt back into its parent
carboxylic acid.
Solution:
1. The alkaline hydrolysis of ethyl ethanoate (CH3COOCH2CH3) with a strong base produces
sodium ethanoate (CH3COONa) and ethanol (CH3CH2OH).
2. Upon neutralizing the reaction vessel post-saponification with a standard acid, the sodium
ethanoate salt is protonated, yielding Ethanoic Acid (CH3COOH).
3. The retrieved structural components are therefore Ethanoic Acid and Ethanol.
Final Answer: Ethanoic Acid and Ethanol

Answer: (B)
Go Back to Question 7

Q8.

Solution
Concept: The spatial geometry of Methane (CH4) is dictated by the Valence Shell Electron Pair
Repulsion (VSEPR) theory, aimed at minimizing the electrostatic repulsion between four identical
bonding pairs.
Solution:
1. The central carbon atom in methane forms four distinct sigma bonds with zero lone pairs,
requiring the mixing of one 𝑠 and three 𝑝 atomic orbitals.
2. This corresponds directly to an 𝑠𝑝3 theoretical hybridization state.
3. The optimal 3D spatial orientation for four 𝑠𝑝3 hybridized orbitals is a perfectly symmetrical
tetrahedron, which maintains a uniform spatial bond angle (𝜃) of exactly 109.5◦.
Final Answer: 𝑠𝑝3 Hybridization; 𝜃 = 109.5◦

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

Solution
Concept: The electronic configuration of an ion is derived by stripping outermost valence electrons
from the highest energy level of the neutral parent atom’s ground state.
Solution:
1. A neutral Magnesium atom (Atomic Number = 12) possesses the ground-state configuration:
1𝑠2 2𝑠2 2𝑝6 3𝑠2.
2. The divalent cation Mg2+ is generated by the total loss of the two outermost valence electrons
from the 3𝑠 orbital track.
3. The resulting stabilized configuration is 1𝑠2 2𝑠2 2𝑝6. This layout leaves the principle 𝑛 = 1
shell (containing 1𝑠) and the principle 𝑛 = 2 shell (containing 2𝑠, 2𝑝) completely filled, resulting
in exactly 2 completely filled shells.
Final Answer: 1𝑠22𝑠22𝑝6; 2 completely filled shells

Answer: (B)
Go Back to Question 9

Q10.

Solution
Concept: A coordinate covalent (dative) bond forms uniquely when one atom donates both
electrons needed for a shared covalent pair. This frequently occurs during the protonation of
distinct polyatomic molecules.
Solution:
1. In the ammonium cation (NH+

4 ), the central nitrogen atom shares its lone pair with a barren
hydrogen ion (H+). This forms a pure coordinate link alongside the three classical covalent N–H
bonds.
2. Similarly, in the hydronium cation (H3O+), the oxygen atom in water donates one of its lone
pairs to an incoming H+, showcasing a perfect mix of classical covalent and coordinate covalent
bonding within a water-soluble matrix.
Final Answer: NH+

4 and H3O+

Answer: (B)
Go Back to Question 10
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Q11.

Solution
Concept: As you move horizontally from left to right across a specific period on the periodic
table, electrons are populated into the same principal shell while protons steadily accumulate in
the nucleus, intensifying the effective nuclear charge (𝑍eff).
Solution:
1. The rising 𝑍eff pulls the electron cloud significantly closer to the atomic core, forcing the atomic
radii to steadily contract across Period 3.
2. Simultaneously, this magnified nuclear electrostatic pull enhances the core’s ability to attract
external bonding electrons, causing Electronegativity values to rise up significantly.
Final Answer: Atomic radii contract steadily; Electronegativity rises up

Answer: (B)
Go Back to Question 11

Q12.

Solution
Concept: In quantum atomic models, discrete electron transitions between specific energy levels
demand either the precise absorption or subsequent emission of distinct energy photons.
Solution:
1. Jump A depicts an electron leaping from a low-energy ground state (𝑛 = 1) against nuclear
forces up to a higher excited level (𝑛 = 3). This endothermic event demands energy input, meaning
the atom actively absorbs a photon of distinct frequency. 2. Jump B illustrates an electron
collapsing from a higher energy level (𝑛 = 3) down into a lower orbit (𝑛 = 2). This exothermic
relaxation releases stored quantum energy, emitting a photon of distinct frequency out to the
spectrometer.
Final Answer: Jump A absorbs a photon; Jump B emits a photon

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

Solution
Concept: The final Normality (𝑁) of a mixed acid-base solution is computed by mathematically
balancing the milliequivalents (meq) of acid against the base equivalents. 𝑁 = Molarity× 𝑛-factor.
Solution:
1. Calculate Acid Equivalents (H2SO4, 𝑛 = 2):
𝑁acid = 0.25 M × 2 = 0.50 N.
meq of acid = 25.0 mL × 0.50 N = 12.5 meq.

2. Calculate Base Equivalents (NaOH, 𝑛 = 1):
𝑁base = 0.10 M × 1 = 0.10 N.
meq of base = 50.0 mL × 0.10 N = 5.0 meq.

3. Final Matrix Profile: The reaction neutralizes 5.0 meq, leaving an excess of 12.5−5.0 = 7.5 meq
of strong acid.
Total volume = 25.0 + 50.0 = 75.0 mL.
Final Normality = 7.5 meq/75.0 mL = 0.10 N.
Final Answer: 0.10 N

Answer: (A)
Go Back to Question 13

Q14.

Solution
Concept: A Primary Standard in analytical chemistry must possess exceptional stability, high
purity, and non-reactivity with atmospheric gases to guarantee absolute accuracy in volumetric
titrations.
Solution:
1. Compounds like Potassium Hydroxide (KOH) and Hydrochloric Acid (HCl) are notoriously
unstable; KOH is highly hygroscopic (absorbing atmospheric moisture and CO2), and HCl volatizes
easily.
2. In stark contrast, Sodium Carbonate (Na2CO3) and Oxalic Acid (H2C2O4) are available in
exceptionally pure crystalline states. They are highly non-hygroscopic and maintain a rigidly
constant composition under ambient laboratory storage, minimizing analytical balance errors.
Final Answer: Pure crystalline state, non-hygroscopic, constant composition

Answer: (C)
Go Back to Question 14
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Q15.

Solution
Concept: Standard laboratory glassware is engineered specifically to measure and safely deliver
extremely precise liquid volumes during rigorous analytical assays.
Solution:
1. The vertical glass apparatus mounted on the stand, equipped with comprehensive volumetric
graduations and a functional stopcock tap at its lower tip, is specifically engineered to dispense
measurable analytical titrant volumes.
2. This crucial item is formally known as a Graduated Burette, utilized universally for controlled,
drop-wise dispensing of standardized titrant chemical into the target Erlenmeyer Flask below.
Final Answer: Graduated Burette; used for controlled, drop-wise dispensing

Answer: (B)
Go Back to Question 15

Q16.

Solution
Concept: Internal physiological nutrient mobility within agricultural crops actively dictates the
precise physical location where visual deficiency symptoms will initially manifest. Highly mobile
nutrients relocate from aging older tissue to sustain newer growth points.
Solution:
1. Nitrogen (NO−

3 ) is exceptionally mobile within a plant’s vascular phloem architecture.
2. Under acute deficiency scenarios, the maize plant actively salvages and translocates nitrogen
reserves directly out of older source leaves up to newly expanding sink leaflets to ensure survival.
3. This aggressive scavenging causes severe localized depletion in the older tissues, creating a
hallmark V-shaped chlorosis pattern that initiates at the leaf tip and drags down the structural
midrib.
Final Answer: NO−

3 ion lack; highly phloem-mobile, translocates from older leaves

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

Solution
Concept: Commercial Single Superphosphate (SSP) is an extensively utilized straight phosphatic
fertilizer manufactured by treating insoluble raw rock phosphate with concentrated sulfuric acid.
Solution:
1. The aggressive acidulation process actively breaks down rock fluorapatite, transforming it into a
highly water-soluble matrix compound.
2. The resultant chemical blend primarily consists of active monocalcium phosphate monohydrate
(Ca(H2PO4)2 · H2O) and agricultural gypsum (CaSO4 · 2H2O).
3. Because of this dual chemical configuration, authentic SSP effectively delivers critical Calcium
and Sulfur secondary nutrients right alongside its primary phosphorus loads.
Final Answer: Mixture of Ca(H2PO4)2 · H2O and CaSO4 · 2H2O; Calcium and Sulfur

Answer: (B)
Go Back to Question 17

Q18.

Solution
Concept: A high Exchangeable Sodium Percentage (ESP > 15) characterizes severe sodic soil
profiles, indicating heavy accumulation of massive sodium ions (Na+) onto the active soil exchange
complex.
Solution:
1. Sodium cations carry a comparatively large hydrated radius envelope but only hold a weak,
single monovalent positive charge.
2. When abundant sodium thoroughly saturates the available clay micelle binding sites, it
aggressively forces the electrical double layer to expand outward, pushing adjacent clay platelets
away from one another.
3. Upon physical wetting, this leads directly to the widespread deflocculation (dispersion) of
aggregate clay particles, inducing catastrophic structural collapse, dense pore clogging, and heavily
impermeable surface crust formation.
Final Answer: Deflocculation and dispersion, leading to structural collapse

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

Solution
Concept: The essential retention of basic soluble crop cations by active soil colloids is governed
stringently by the thermodynamic principles of electrostatic attraction and the continuous electrical
double layer framework.
Solution:
1. The deeply negatively charged atomic surfaces of clay micelle cores intrinsically pull positively
charged cation molecules out of the adjacent soil solution vector.
2. These drawn cations form a tightly bound inner layer (Stern Layer) and a loosely bound outer
transition zone (Diffuse Layer), which collectively comprise Layer Domain Z.
3. This powerful electrostatic retention framework allows the cations to heavily resist severe
physical gravitational leaching while constantly remaining in dynamic equilibrium and fully
available to active plant root exudates.

Final Answer:
Electrostatic retention within the Helmholtz and Diffuse Electrical Double Layer
framework

Answer: (B)
Go Back to Question 19

Q20.

Solution
Concept: Net optical activity in organic analysis requires a definitive excess of one specific spatial
enantiomer. A racemic mixture fundamentally contains mathematically equal molecular quantities
of opposing enantiomers.
Solution:
1. Within the sample, the dextrorotatory (+) enantiomer specifically rotates incoming plane-
polarized light to the right (clockwise vector).
2. The structural levorotatory (−) enantiomer inversely rotates the exact same light magnitude to
the left (counter-clockwise vector).
3. Since the sample exhibits a perfect 50 : 50 molecular distribution ratio, these opposing spatial
rotations mathematically cancel out each other flawlessly, resulting in an observed net optical
rotation of absolute zero via external compensation.
Final Answer: Zero net optical rotation due to external compensation within the racemic mixture

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

Solution
Concept: Successfully breaking an aggressive liquid azeotrope boundary demands highly
specialized distillation engineering, as conventional simple fractional distillation permanently
stalls out at the specific azeotropic thermodynamic ratio limit.
Solution:
1. The classic ethanol-water binary distillation system forms a severe minimum-boiling azeotrope
boundary firmly locking at roughly 95.6% pure ethanol concentration.
2. To mathematically push past this vapor limit to reach an absolute 99.9% pure stream, an
industrial engineer must add a carefully calibrated third liquid entrainer (like benzene) to warp
volatility profiles and enact forced azeotropic distillation.
3. Modern alternative setups utilize highly physical molecular sieve dehydration units to selectively
trap smaller water molecules entirely outside the fractional phase loop.
Final Answer: Azeotropic distillation using an entrainer, or molecular sieve dehydration

Answer: (B)
Go Back to Question 21

Q22.

Solution
Concept: In advanced vapor phase chromatography architectures, independent volatile compounds
uniquely interact with specific stationary phase coatings, establishing distinct, repeatable transit
speed signatures down the column length.
Solution:
1. The precise analytical time duration continuously measured from the exact moment of matrix
injection (𝑡 = 0) until the instrument detector successfully logs the absolute highest peak maximum
output curve for a specific target analyte is defined universally as its Retention Time (𝑡𝑅).
2. The specific vector indicated as Parameter Matrix W physically maps out this distinct horizontal
axis duration on the generated chromatogram profile, serving as the qualitative numerical identifier
for the Ethanoic Acid complex presence.
Final Answer: Retention Time (𝑡𝑅), time spent inside the stationary phase

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

Solution
Concept: Fajans’ Rules theoretically outline that substantial covalent character begins developing
inside a classic ionic bond matrix as the polarizing power of the central metal cation intensely
distorts the corresponding polarizability of the interacting anion.
Solution:
1. Exceptional cation polarizing power is physically realized when the cation exhibits a very small
atomic radius combined with a dense, highly concentrated positive ionic charge configuration.
2. Conversely, maximum anion polarizability flourishes when the interacting anion exhibits a
significantly massive structural volume, permitting its outer valence electron cloud layer to be
heavily warped and structurally pulled towards the adjacent cation body.
3. This severe mutual electron cloud distortion effectively forces widespread localized electron
sharing geometries, heavily enhancing overall covalent bond character traits within the theoretical
metal-nonmetal pairing interaction.

Final Answer: Small cation radius, high positive ionic charge, and large easily polarizable
anion size

Answer: (B)
Go Back to Question 23

Q24.

Solution
Concept: Analytical Normality (𝑁) measures the total active concentration of uniquely reactive
chemical equivalents within a liquid solution architecture. In precise acid-base neutralization inter-
actions, it is computed universally as: 𝑁 = Molarity(𝑀) × number of reactive protons (𝑛-factor).
Solution:
1. Standard Phosphoric Acid (H3PO4) functions theoretically as a classic triprotic acid matrix,
possessing three individually dissociable proton units available for chemical interaction.
2. In this specific scenario, a complete operational neutralization run successfully reacts all three
individual proton sites, yielding a full 𝑛-factor integer value of exactly 3.
3. Given the explicit base Molarity calculation metric of exactly 0.5 M, the resulting mathematical
formula applies as: 0.5 M × 3 active equivalents per mole = 1.5 N.
Final Answer: 1.5 N

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

Solution
Concept: A dynamic solubility phase boundary curve graphically defines the exact thermodynamic
borderline established strictly between stable unsaturated phases and unstable supersaturated phase
states mapped for a specialized solute-solvent fluid system running across fluctuating temperature
vector lines.
Solution:
1. Operational State Point P sits distinctly above the established solubility borderline curve,
definitively classifying the physical condition as an unstable, highly supersaturated zone where the
fluid technically holds vastly more mass solute than mathematically feasible at that low temperature.
2. Systematically tracking the physical transition path downwards toward State Point Q aggressively
shifts the entire fluid system mass straight below the limit line boundary, plunging directly into the
completely stable unsaturated zone.
3. This precise physical downward crystallization phase shift is typically manipulated and driven
mechanically within laboratory environments by actively introducing fresh volumes of pure liquid
solvent, or by continuously raising thermal temperature boundary limits across the sample vessel.

Final Answer: The solution state shifts from a highly supersaturated zone down toward an
unsaturated condition

Answer: (B)
Go Back to Question 25
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Answer Key

Q Ans Q Ans Q Ans Q Ans Q Ans
1 C 2 B 3 B 4 B 5 B
6 C 7 B 8 B 9 B 10 B
11 B 12 B 13 A 14 C 15 B
16 C 17 B 18 B 19 B 20 B
21 B 22 B 23 B 24 C 25 B
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