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Document Approval & Preface

This comprehensive roadmap has been meticulously prepared by Divya Darsheel
Sharma and formally approved by the Chemistry Department of the National School
of Sciences. It is designed to serve as the definitive guide for students under the
National Examination Board (NEB) curriculum in Nepal who aspire to transition from
standard board examinations to the rigorous demands of the National Chemistry
Olympiad (NChO) and ultimately the International Chemistry Olympiad (IChO).

Approved by: The Chemistry Department, National School of Sciences.
Prepared by: Divya Darsheel Sharma. Date: September 2026.

The transition from NEB Chemistry to IChO Chemistry requires a fundamental
paradigm shift. While the NEB curriculum emphasizes standard formula application,
factual recall, and basic numerical problem-solving, the Olympiad demands deep
conceptual synthesis, advanced mathematical modeling, mechanistic reasoning, and
the ability to derive chemical behavior from first principles. The IChO itself is designed
for secondary-school students, although its problems demand substantial depth and
integration. Furthermore, Nepal's school curriculum explicitly includes areas such as
volumetric analysis, ionic equilibrium, stoichiometry, and concentration calculations,
which remain core components rather than optional extras.
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Executive Summary

This document provides a structured, rigorous, and exhaustive syllabus breakdown for
NEB Grade 11-12 students. The curriculum is deliberately divided into progressive
levels, from Level O (Mathematical Toolkit) to Level 7 (Experimental Chemistry),
followed by a strategic breakdown of the District, Province, National, and International
competition tiers. This phased approach ensures a solid foundation in NEB-aligned
concepts before advancing to the complex quantitative reasoning and abstract
theoretical frameworks required at the international level. A central tenet of this
roadmap is turning memorized facts into predictive rules, rather than simply
accumulating reactions.
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Level 0 — Chemistry Mathematical
Toolkit

This is not a separate chemistry chapter. It is the mathematics you should be able to
use automatically. Mastery of these tools is essential from the District level onward.

A. Numerical Skills

- Scientific notation and significant figures.
- Percentage calculations, ratios, and proportions.
- Unit conversion and dimensional analysis.

- Approximation and estimation techniques.

B. Algebra

- Rearranging complex equations.
- Simultaneous and quadratic equations.

- Logarithms and exponentials (crucial for pH, kinetics, and equilibria).

C. Graphs

- Reading and interpreting graphs.
- Slope and intercept analysis.
- Linearization of non-linear data.

- Logarithmic plots and exponential relationships.

D. Basic Calculus
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- Concept of the derivative (e.g., rate as d[A]/dt).
- Basic integration concepts for rate laws.

- Application of derivatives/integrals in chemical kinetics.
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Level 1 — General & Quantitative
Chemistry

This level forms the bedrock of all subsequent chemistry. These topics are non-
negotiable and require absolute mastery.

1. Mole Concept & Stoichiometry (Priority:
Maximum)

Core NEB concepts include atomic/molecular mass, Avogadro's constant, molar mass,
and conversions between moles, mass, particles, and gas volumes. It also covers
balancing equations, stoichiometric ratios, limiting/excess reagents, theoretical/
percentage yield, and empirical/molecular formulas. Olympiad extensions demand
proficiency in multi-step stoichiometry, complex mixtures, sequential reactions,
combustion analysis, composition determination, and quantitative reaction chains.

2. Concentration & Solutions (Priority: Maximum)

Students must master molarity, molality, normality, mole fraction, percentage
concentration, ppm/ppb, dilution, and density-based calculations. At the Olympiad
level, this extends to multiple simultaneous concentration relationships, solution
preparation calculations, quantitative mixtures, and concentration determination
from experimental data.

3. Atomic Structure (Priority: High)

Coverage spans atomic models, electromagnetic radiation, the hydrogen spectrum,
Bohr model, energy levels, de Broglie wavelength, Heisenberg uncertainty, quantum
numbers, orbital shapes, electronic configuration, and the Aufbau/Pauli/Hund rules.
International extensions include basic quantum-mechanical interpretations,
probability distributions, and nuclear chemistry.
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4. Periodicity (Priority: Maximum)

Do not merely memorize trends. You must be able to explain atomic/ionic radius,
ionization energy, electron affinity, electronegativity, and oxidation states through the
chain of reasoning: nuclear charge - shielding > effective nuclear charge - electron
configuration - observed property.

5. Chemical Bonding (Priority: Maximum)

This encompasses Lewis structures, formal charge, resonance, VSEPR theory,
hybridization (sp to sp?d?), and Molecular Orbital Theory (bond order,
paramagnetism). It also includes intermolecular forces and connecting electronic
structure with macroscopic magnetic and chemical properties.
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Level 2 — Physical Chemistry

Physical chemistry is the primary differentiator between an ordinary strong
chemistry student and a serious Olympiad competitor. It requires rigorous quantitative
reasoning.

6. Gases & States of Matter

- Ideal gas laws, Dalton's law, partial pressures, and kinetic theory.

- Advanced: Real gases, van der Waals equation, deviations from ideality, and
qualitative interpretation of intermolecular forces.

7. Thermochemistry & Thermodynamics (Priority:
Maximum)

Core concepts include enthalpy, heat capacity, calorimetry, bond enthalpy, and Hess's
law. Thermodynamics covers internal energy, entropy, Gibbs free energy, and

spontaneity. The Olympiad focus is on deriving consequences from relationships like
AG = AH - TASand AG® = -RT In K| rather than simply substituting numbers.

8. Chemical Equilibrium (Priority: Maximum)

Mastery of dynamic equilibrium, Kc, Kp, reaction quotient Q, Le Chatelier’'s principle,
and heterogeneous equilibria. Olympiad problems feature complex equilibrium
systems, approximation methods, coupled equilibria, and rigorous quantitative
reasoning.

9. Ionic Equilibrium (Priority: Maximum)
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A top-tier priority area. Covers acid-base theories, Ka/Kb/Kw, pH of strong/weak/
polyprotic systems, buffers (Henderson-Hasselbalch), salt hydrolysis, and solubility
products (Ksp) with the common-ion effect. Advanced topics include multiple
simultaneous equilibria and approximation validity.

10. Chemical Kinetics (Priority: Maximum)

Rate laws, order, molecularity, integrated rate laws, half-life, Arrhenius equation, and
collision theory. The Olympiad extension requires determining reaction order from
raw experimental data, analyzing consecutive/parallel/reversible reactions, and
interpreting rate-determining steps mechanistically.

11. Electrochemistry (Priority: Maximum)

Redox balancing, galvanic cells, standard electrode potentials, Faraday's laws, and the
thermodynamic connection (AG = -nFE). Advanced focus on the Nernst equation,
concentration cells, and non-standard conditions.

12. Solutions & Colligative Properties

- Raoult's law, ideal/non-ideal solutions, boiling-point elevation, freezing-point
depression, and osmotic pressure.

- Advanced: Quantitative molar-mass determination and deviations from ideality.

13. Surface Chemistry

- Adsorption vs. absorption, physical vs. chemical adsorption, catalysis, colloids,
and emulsions.

- Important, but not a priority over equilibrium, kinetics, or electrochemistry.
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Level 3 — Organic Chemistry

The preparation philosophy shifts fundamentally here. Do not study 'reaction -
memorize product’ Instead, study 'structure - electron distribution - reactive site >
mechanism - product’.

14. Organic Foundations & 15. Isomerism

Mastery of IUPAC nomenclature, functional groups, resonance, aromaticity, inductive
effects, and hyperconjugation. Stereochemistry is critical: structural, geometrical, and
optical isomerism, chirality, R/S and E/Z configurations, Fischer/Newman projections,
and cyclohexane chair conformations. Priority scales from basic isomerism at District
to detailed stereochemical reasoning at National/International levels.

16. Organic Reaction Mechanisms (Priority:
Maximum)

Fundamental pathways: SN1, SN2, E1, E2, electrophilic/nucleophilic addition, and
nucleophilic acyl substitution. Deep understanding of reactive intermediates
(carbocations, carbanions, radicals) and advanced concepts like carbocation
rearrangements (hydride/alkyl shifts) and competing pathways.

17-22. Functional Group Chemistry

- Hydrocarbons: Alkanes, alkenes, alkynes, and electrophilic aromatic substitution.

- Haloalkanes/Arenes: Nucleophilic substitution, elimination, and stereochemical
consequences.

- Alcohols/Phenols/Ethers: Oxidation, dehydration, acidity, and Williamson
synthesis.

- Aldehydes/Ketones (Maximum Priority): Nucleophilic addition, aldol/Cannizzaro/
haloform reactions, and carbonyl selectivity.
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- Carboxylic Acids & Derivatives: Nucleophilic acyl substitution, esterification, and
relative reactivity.

- Amines: Basicity, diazonium chemistry, and coupling reactions.

23. Organometallic Chemistry

Grignard reagents act as carbon nucleophile equivalents. Understand their predictable
attack on electrophilic carbons (water, aldehydes, ketones, CO2, esters) rather than
memorizing isolated reactions.

24. Advanced Organic (International Tier)

Diels-Alder, pericyclic reactions, retrosynthetic thinking, chemoselectivity,
regioselectivity, and stereoselectivity. Primarily relevant for National and International
stages.
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Level 4 — Inorganic Chemistry

Learn the principle: periodicity - oxidation state > bonding - stability > reaction. Do
not attempt to memorize an encyclopedia of reactions.

25. Main-Group Chemistry

- Hydrogen: Isotopes, hydrides, hydrogen bonding.
- s-block: Trends, solubility, thermal stability.

- p-block (Groups 13-18): Oxidation states, disproportionation, interhalogens,
oxyacids, and redox behavior.

26. Transition Metals

d-block configurations, variable oxidation states, magnetic behavior, color, catalysis,
and complex formation. Understand the conceptual origin of the magnetic moment
formula p = /[n(n+2)] BM.

27. Coordination Chemistry (Priority: Maximum)

A major Olympiad topic. Ligands, coordination number, nomenclature, Werner's
theory, Crystal Field Theory (Ao, At), high-spin/low-spin complexes, spectrochemical
series, and structure-property relationships.

28. Metallurgy

Ores, roasting, calcination, reduction, refining, and the thermodynamic basis of
extraction (Ellingham diagrams). Focus on why specific reducing agents work.
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Level 5 — Analytical Chemistry

This domain should run alongside the rest of the syllabus rather than being deferred
to the end.

29. Volumetric Analysis (Priority: Maximum)

- Primary/secondary standards, acid-base and redox titrations (permanganometry,
iodometry, iodimetry).

- Equivalence points, indicator selection, normality, and equivalent weight
calculations.

30. Qualitative & 31. Gravimetric Analysis

Inorganic cation/anion identification, precipitation, color changes, and confirmatory
tests. Organic functional-group identification and Lassaigne's test. Gravimetric
analysis involves precipitation, filtration, washing, drying, and composition
calculation.
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Level 6 — Spectroscopy & Structure
Elucidation

This is not where a Grade 12 student should begin, but it is essential for the
International tier.

- IR Spectroscopy: Functional-group identification (O-H, N-H, C=0,CB N) and
fingerprint regions.

- IH & *C NMR: Chemical environment, chemical shift, integration, multiplicity
(n+1 rule), and symmetry.

- Mass Spectrometry: Molecular ion, base peak, isotope patterns, and
fragmentation.

- Integrated Structure Elucidation: Deriving molecular formula - functional groups
- connectivity - final structure from combined spectral and chemical data.
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Level 7 — Experimental Chemistry

The IChO explicitly features both theoretical and experimental components.
Experimental reasoning is paramount.

37. Laboratory Fundamentals & 38. Quantitative
Chemistry

- Safety, glassware, pipetting, burette technique, filtration, crystallization,
extraction, and distillation.

- Standardization, yield determination, significant figures, uncertainty, and error
analysis.

39. Experimental Observation & Reasoning

The critical chain of inference: Observation (color change, precipitate, gas,
temperature) > Chemical hypothesis - Equation/Mechanism - Quantitative
conclusion.
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The Four Olympiad Levels

Preparation must scale according to the competition tier. You should not prepare for
District, Province, National, and International in exactly the same way.

District Level — Foundation + Speed

Objective: Become exceptionally strong at Grade 11-12 fundamentals. Focus heavily on
stoichiometry, atomic structure, bonding, gas laws, basic equilibrium, and organic
fundamentals. The skill target is fast, accurate, and conceptually clear execution.

Province Level — Application

Memorization becomes insufficient. Increase focus on multi-step stoichiometry,
difficult equilibria, thermodynamics, organic mechanisms, and coordination
chemistry. Begin heavily practicing unfamiliar problems and raw data interpretation.

National Level — Deep Integration

Stop thinking in isolated chapters. Problems will require combining stoichiometry +
equilibrium + thermodynamics, or organic structure + stereochemistry + mechanism.
Highest priorities: Physical chemistry, organic mechanisms, coordination chemistry,
and data interpretation.

International (IChO) Level — Integration +
Experimental Mastery

'Finishing the syllabus' is no longer the objective. You must combine theoretical
domains (advanced thermodynamics, kinetics, multistep synthesis, spectroscopy)
with experimental mastery (quantitative measurements, error analysis, chemical
inference). The question is never 'Do you know this reaction?’, but rather 'Here is a
chemical system you've never seen; use first principles to figure it out.
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Final Priority Map

If building the actual Grade 12 Nepal ChO preparation syllabus, the subjects rank as
follows:

S-Tier — Non-Negotiable

- 1. Stoichiometry

- 2. Tonic Equilibrium

- 3. Chemical Equilibrium

- 4. Thermodynamics

- 5. Electrochemistry

- 6. Chemical Kinetics

+ 7. Chemical Bonding

- 8. Organic Reaction Mechanisms
- 9. Carbonyl Chemistry

- 10. Coordination Chemistry

A-Tier — Very Important

- 11. Atomic Structure

- 12. Periodicity

- 13. Redox Chemistry

- 14. Stereochemistry

- 15-19. Functional Groups (Hydrocarbons to Amines)
- 20. Transition Metals

- 21. Main-group Chemistry

- 22. Analytical/Titration Chemistry
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B-Tier & C-Tier

B-Tier includes Gases, Colligative Properties, Surface Chemistry, Metallurgy, and
Experimental techniques. C-Tier (Advanced/National-to-International) includes
Spectroscopy (IR, NMR, MS), Advanced Kinetics/Equilibrium, Pericyclic Chemistry,
and Multistep Synthesis.
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The Actual Final Syllabus Checklist

Domain Core Topics

General & Stoichiometry, concentration, dimensional analysis, graphs, logs, basic

Math calculus

Atomic & Quantum numbers, orbitals, isotopes, periodic trends, effective nuclear

Periodic charge

Bonding Lewis, VSEPR, hybridization, MO theory, intermolecular forces

Physical Gases, thermo, equilibrium, ionic eq, kinetics, electrochemistry, surface
chem

Organic Nomenclature, stereochem, mechanisms, functional groups, synthesis,
advanced mech

Inorganic s/p/d-block, coordination, crystal field theory, metallurgy, redox

Analytical Volumetric, qualitative, gravimetric, elemental analysis, data
interpretation

Spectroscopy IR, NMR, MS, integrated structure elucidation

Experimental Lab safety, glassware, titration, synthesis techniques, error analysis
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Final Adjustments & Conclusion

A critical adjustment to standard advanced syllabi is the removal of overly specialized
undergraduate topics (e.g., steady-state approximation, advanced activity coefficients)
from the initial Grade-12 core. They are poor priorities early on. Conversely,
stoichiometry, ionic equilibrium, thermodynamics, electrochemistry, Kinetics,
bonding, organic mechanisms, stereochemistry, coordination chemistry, and
analytical reasoning must be elevated.

This creates a syllabus that scales logically: District (master fundamentals) > Province
(apply fundamentals) > National (integrate subjects) - International (solve unfamiliar
chemistry theoretically and experimentally). Olympiad chemistry is ultimately about
turning facts into predictive rules. By systematically mastering this roadmap, a
dedicated NEB student can develop the analytical depth required to excel on the global
stage.

Roadmap to the International Chemistry Olympiad Page 19 of 20



NATIONAL SCHOOL OF SCIENCES SEPTEMBER 2026

References and Recommended
Literature

[1] International Chemistry Olympiad (IChO). Official Syllabus and Preparatory Guidelines.
IChO Secretariat.

[2] Ministry of Education, Curriculum Development Centre (CDC). Secondary Level Chemistry
Curriculum, Grades 11-12. Government of Nepal, 2078 (2021).

[3] Housecroft, C. E., & Sharpe, A. G. Inorganic Chemistry. Pearson, 2018.
[4] Clayden, ], Greeves, N., & Warren, S. Organic Chemistry. Oxford University Press, 2012.
[5] Atkins, P, & de Paula, J. Physical Chemistry. Oxford University Press, 2014.

[6] Skoog, D. A., West, D. M., Holler, F. J., & Crouch, S. R. Fundamentals of Analytical Chemistry.
Cengage Learning, 2013.

Roadmap to the International Chemistry Olympiad Page 20 of 20



