
Comprehensive Chemistry Formulas and 
Information 
I'll provide detailed information for each of the topics you've requested, organized by 
category. For each topic, I'll include key formulas, important concepts, and types of 
questions that might be asked. 

Stoichiometry and Moles 

1. Calculation of Moles 

Key Formulas: 

● Number of moles (n) = Mass (m) / Molar mass (M) 
● Number of moles (n) = Number of particles (N) / Avogadro's number (NA) 
● Number of moles (n) = Volume (V) / Molar volume (Vm) [for gases at STP] 
● Molar concentration (M) = Number of moles (n) / Volume of solution (V) 

Important Information: 

● Avogadro's number: 6.022 × 10^23 particles/mol 
● Molar volume at STP: 22.4 L/mol 

Potential Questions: 

● Calculate number of moles from mass of substance 
● Convert between number of atoms/molecules and moles 
● Calculate concentration from moles and volume 
● Find mass percentage of an element in a compound 

2. Limiting Reagent 

Key Concepts: 

● The reactant that is completely consumed in a reaction 
● Determines the maximum amount of product that can be formed 

Calculation Method: 

1. Calculate moles of each reactant 
2. Determine theoretical yield from each reactant based on stoichiometry 
3. The reactant giving the lowest yield is the limiting reagent 

Potential Questions: 



● Identify the limiting reagent in a reaction 
● Calculate maximum yield of product 
● Find amount of excess reagent remaining after reaction 
● Calculate percent yield based on limiting reagent 

3. Empirical Formula 

Key Formulas: 

● Empirical formula represents the simplest whole-number ratio of atoms 
● Molecular formula = (Empirical formula)n where n is an integer 

Calculation Method: 

1. Determine mass or percentage of each element 
2. Convert to moles 
3. Find ratio of moles (divide by smallest number) 
4. Convert to whole numbers 

Potential Questions: 

● Determine empirical formula from elemental composition 
● Calculate molecular formula from empirical formula and molecular mass 
● Find empirical formula from combustion analysis data 

Atomic Structure and Quantum Mechanics 

4. Bohr's Atomic Model 

Key Formulas: 

● Energy of electron in nth orbit: En = -RH/n² where RH is Rydberg constant (2.18 × 
10^-18 J) 

● Radius of nth orbit: rn = n²·a₀ where a₀ is Bohr radius (5.29 × 10^-11 m) 
● Angular momentum: mvr = n·h/2π where h is Planck's constant 

Key Postulates: 

1. Electrons move in circular orbits around the nucleus 
2. Electrons can only exist in certain allowed orbits (quantized) 
3. Electrons don't radiate energy while in stationary orbits 
4. Energy is emitted/absorbed when electrons jump between orbits 

Potential Questions: 

● Calculate energy levels in hydrogen atom 
● Determine wavelength of emitted/absorbed photon during transition 
● Calculate radius of specific electron orbit 
● Explain limitations of Bohr's model 



5. Hydrogen Spectra 

Key Series: 

● Lyman series (ultraviolet): transitions to n=1 
● Balmer series (visible): transitions to n=2 
● Paschen series (infrared): transitions to n=3 
● Brackett series (infrared): transitions to n=4 
● Pfund series (infrared): transitions to n=5 

Potential Questions: 

● Identify spectral series based on transitions 
● Calculate wavelength/frequency of spectral lines 
● Explain significance of hydrogen spectrum in atomic theory 
● Compare experimental and theoretical spectral lines 

6. Rydberg's Formula 

Formula: 1/λ = RH(1/n₁² - 1/n₂²) 

Where: 

● λ = wavelength of emitted/absorbed radiation 
● RH = Rydberg constant (1.097 × 10^7 m^-1) 
● n₁ = lower energy level (final state) 
● n₂ = higher energy level (initial state) 

Potential Questions: 

● Calculate wavelength of spectral lines 
● Determine energy levels involved in observed transitions 
● Apply formula to different spectral series 
● Calculate energy change during electron transitions 

7. Planck's Equation 

Key Formulas: 

● E = hν (Energy of photon = Planck's constant × frequency) 
● E = hc/λ (Energy of photon in terms of wavelength) 

Where: 

● h = Planck's constant (6.626 × 10^-34 J·s) 
● c = speed of light (3 × 10^8 m/s) 
● ν = frequency of radiation 
● λ = wavelength of radiation 

Related Concepts: 



● Wave-particle duality 
● Quantum nature of radiation 

Potential Questions: 

● Calculate energy of photons at different wavelengths 
● Determine frequency/wavelength from photon energy 
● Compare energies of different types of electromagnetic radiation 
● Calculate energy change in atomic transitions 

Chemical Bonding 

8. Hybridization 

Key Types: 

● sp³: tetrahedral geometry (109.5°) 
● sp²: trigonal planar geometry (120°) 
● sp: linear geometry (180°) 
● sp³d: trigonal bipyramidal geometry 
● sp³d²: octahedral geometry 

Determination Method: Number of hybrid orbitals = number of sigma bonds + number of 
lone pairs on central atom 

Potential Questions: 

● Determine hybridization of central atom in molecules 
● Predict molecular geometry based on hybridization 
● Relate hybridization to bond angles 
● Explain formation of multiple bonds using hybridization 

9. VSEPR (Valence Shell Electron Pair Repulsion) 

Key Geometries: 

● AX₂: Linear (180°) 
● AX₃: Trigonal planar (120°) 
● AX₄: Tetrahedral (109.5°) 
● AX₃E: Pyramidal (107°) 
● AX₂E₂: Bent/V-shaped (~105°) 
● AX₅: Trigonal bipyramidal (120°, 90°) 
● AX₆: Octahedral (90°) 

Where: 

● A = central atom 
● X = bonded atoms 



● E = lone pairs 

Potential Questions: 

● Predict molecular geometry using VSEPR theory 
● Determine electron pair geometry vs. molecular geometry 
● Explain deviation from ideal bond angles 
● Relate molecular geometry to polarity 

10. MOT - Bond Order, Bond Strength, Bond Length 

Key Formulas: 

● Bond order = ½(number of bonding electrons - number of antibonding electrons) 
● Bond energy ∝ Bond order 
● Bond length ∝ 1/Bond order 

Important Relationships: 

● Higher bond order → stronger bond → shorter bond length 
● MO configuration for diatomic molecules of elements up to period 2 
● Paramagnetic vs. diamagnetic behavior prediction 

Potential Questions: 

● Calculate bond order for diatomic molecules 
● Predict relative bond strengths and lengths 
● Determine magnetic behavior from MO diagrams 
● Compare bond properties between different molecules 

Thermodynamics 

11. First Law of Thermodynamics 

Key Formula: ΔU = q + w 

Where: 

● ΔU = change in internal energy 
● q = heat transferred to the system 
● w = work done on the system 

For Gases: 

● w = -PΔV (work of expansion/compression) 
● For isothermal process: w = -nRT ln(V₂/V₁) 
● For adiabatic process: w = (P₁V₁ - P₂V₂)/(γ-1) where γ = Cp/Cv 

Potential Questions: 



● Calculate work, heat, and internal energy changes 
● Apply first law to different thermodynamic processes 
● Analyze energy transfers in chemical reactions 
● Distinguish between path-dependent and state functions 

12. Intensive/Extensive Properties 

Intensive Properties: 

● Independent of system size/amount 
● Examples: temperature, pressure, density, concentration, melting point, boiling point, 

specific heat 

Extensive Properties: 

● Directly proportional to system size/amount 
● Examples: mass, volume, energy, enthalpy, entropy, heat capacity 

Potential Questions: 

● Classify properties as intensive or extensive 
● Explain why certain properties are intensive/extensive 
● Convert extensive to intensive properties (e.g., heat capacity to specific heat) 
● Analyze thermodynamic equations in terms of intensive/extensive properties 

13. State Function & Path Function 

State Functions: 

● Value depends only on initial and final states, not the path 
● Examples: internal energy (U), enthalpy (H), entropy (S), Gibbs free energy (G) 
● ΔF = Ffinal - Finitial for any state function F 

Path Functions: 

● Value depends on the specific path taken 
● Examples: heat (q), work (w) 
● Cannot be expressed as simple difference between final and initial values 

Potential Questions: 

● Distinguish between state and path functions 
● Calculate changes in state functions for different processes 
● Explain why certain quantities are state/path functions 
● Apply state function properties to cyclic processes 

14. Relation between Enthalpy & Energy 

Key Formula: H = U + PV 



For constant pressure process: ΔH = ΔU + PΔV = ΔU + Δn(g)RT 

Where: 

● H = enthalpy 
● U = internal energy 
● P = pressure 
● V = volume 
● Δn(g) = change in moles of gas 

Potential Questions: 

● Calculate ΔH from ΔU for gas reactions 
● Determine energy changes at constant pressure vs. constant volume 
● Explain difference between qp (ΔH) and qv (ΔU) 
● Analyze enthalpy diagrams for reactions 

15. Entropy 

Key Formulas: 

● ΔS = q(rev)/T (for reversible process) 
● ΔS = nR ln(V₂/V₁) (for isothermal expansion of ideal gas) 
● ΔS = nCv ln(T₂/T₁) (for isochoric process) 
● ΔS = nCp ln(T₂/T₁) (for isobaric process) 
● ΔSuniv = ΔSsys + ΔSsurr 
● ΔSsurr = -qsys/T (for constant temperature surroundings) 

Important Concepts: 

● Second law of thermodynamics: ΔSuniv ≥ 0 for spontaneous processes 
● Third law of thermodynamics: S → 0 as T → 0 K for perfect crystals 

Potential Questions: 

● Calculate entropy changes for physical/chemical processes 
● Determine spontaneity based on entropy changes 
● Explain factors affecting entropy (temperature, phase, complexity) 
● Apply entropy to equilibrium situations 

16. Gibbs Free Energy 

Key Formulas: 

● G = H - TS 
● ΔG = ΔH - TΔS 
● ΔG° = -RT ln K 
● ΔG = ΔG° + RT ln Q 

Criteria for Spontaneity: 



● ΔG < 0: Spontaneous process 
● ΔG = 0: Equilibrium 
● ΔG > 0: Non-spontaneous process 

Potential Questions: 

● Calculate ΔG for reactions at different temperatures 
● Determine temperature range for spontaneity 
● Relate ΔG to equilibrium constant 
● Predict spontaneity from enthalpy and entropy values 

17. Enthalpy of Formation 

Key Formula: ΔH°reaction = ∑ν·ΔH°f(products) - ∑ν·ΔH°f(reactants) 

Where: 

● ΔH°f = standard enthalpy of formation 
● ν = stoichiometric coefficient 

Important Concepts: 

● Standard state (1 bar, specified temperature, usually 298.15 K) 
● ΔH°f for elements in standard state = 0 

Potential Questions: 

● Calculate reaction enthalpy using formation enthalpies 
● Determine formation enthalpy from reaction data 
● Compare stability of compounds using formation enthalpies 
● Calculate heat of reaction at non-standard conditions 

18. Hess's Law 

Key Principle: The enthalpy change of a reaction is independent of the pathway and equals 
the sum of enthalpy changes of the intermediate reactions. 

Applications: 

● Calculate enthalpy changes for difficult-to-measure reactions 
● Determine bond enthalpies 
● Calculate lattice energies (Born-Haber cycle) 

Potential Questions: 

● Use thermochemical equations to find unknown enthalpies 
● Construct energy diagrams for multi-step reactions 
● Apply Hess's law to complex reactions 
● Calculate combustion/formation enthalpies 



Chemical Equilibrium 

19. Equilibrium Constant 

Key Formulas: 

● For general reaction aA + bB ⇌ cC + dD: 
○ Kc = [C]^c[D]^d/[A]^a[B]^b (concentration-based) 
○ Kp = (PC)^c(PD)^d/(PA)^a(PB)^b (pressure-based) 

● Relation to Gibbs energy: ΔG° = -RT ln K 
● Temperature dependence: ln(K₂/K₁) = (ΔH°/R)·(1/T₁ - 1/T₂) (van't Hoff equation) 

Rules for K: 

● When reaction is reversed: K' = 1/K 
● When reaction is multiplied by n: K' = K^n 
● When reactions are added: K' = K₁ × K₂ 

Potential Questions: 

● Calculate equilibrium constant from concentrations/pressures 
● Determine equilibrium concentrations from initial conditions and K 
● Predict direction of reaction using reaction quotient Q 
● Calculate ΔG° from K and vice versa 

20. Le Chatelier's Principle 

Key Factors Affecting Equilibrium: 

● Concentration: Adding reactant shifts equilibrium to products 
● Pressure: For gas reactions, increasing pressure shifts toward fewer gas molecules 
● Temperature: For endothermic reactions, increasing T shifts toward products 
● Catalyst: No effect on equilibrium position, only rate of attainment 

Potential Questions: 

● Predict direction of equilibrium shift for various disturbances 
● Explain effects of changes on equilibrium yield 
● Apply principle to industrial processes (e.g., Haber process) 
● Analyze effects of simultaneous changes to multiple factors 

21. Solubility Product 

Key Formula: For salt AxBy: Ksp = [A]^x[B]^y 

Related Concepts: 

● Common ion effect 
● Precipitation when ion product > Ksp 



● Selective precipitation 
● Effect of pH on solubility 

Potential Questions: 

● Calculate Ksp from solubility data 
● Determine solubility from Ksp 
● Predict precipitation in mixed solutions 
● Calculate effect of common ions on solubility 

22. pH Calculations 

Key Formulas: 

● pH = -log[H⁺] 
● pOH = -log[OH⁻] 
● pH + pOH = 14 (at 25°C) 
● For strong acids: [H⁺] = concentration of acid 
● For weak acids: [H⁺] = √(Ka·Ca) 
● For salt of weak acid: [OH⁻] = √(Kw/Ka·Cs) 

Potential Questions: 

● Calculate pH of strong/weak acids and bases 
● Determine pH of salt solutions 
● Calculate pH in polyprotic acid systems 
● Analyze pH in complex equilibria 

23. Buffer Solutions 

Key Formulas: 

● pH = pKa + log([A⁻]/[HA]) (Henderson-Hasselbalch equation) 
● Buffer capacity ∝ total concentration of buffer components 
● Buffer capacity is highest when [A⁻] = [HA] 

Key Concepts: 

● Composition: weak acid/base + its conjugate 
● Resistance to pH change upon addition of H⁺/OH⁻ 
● Working range: pH = pKa ± 1 

Potential Questions: 

● Calculate pH of buffer solutions 
● Determine components needed for specific pH buffer 
● Calculate pH change after adding acid/base to buffer 
● Design buffer with maximum capacity 



24. Henderson-Hasselbalch Equation 

Formula: pH = pKa + log([A⁻]/[HA]) 

For bases: pOH = pKb + log([B]/[BH⁺]) 

Applications: 

● pH calculation in buffer systems 
● Determining ionization state of weak electrolytes 
● Calculating isoelectric points 
● Analyzing titration curves 

Potential Questions: 

● Apply equation to amino acids at different pH 
● Calculate ratio of acid/conjugate base at specific pH 
● Determine pKa from pH and concentration data 
● Design buffer systems for specific applications 

25. Relation between Kp and Kc 

Key Formula: Kp = Kc(RT)^Δn 

Where: 

● Δn = sum of gas stoichiometric coefficients (products - reactants) 
● R = gas constant 
● T = temperature in Kelvin 

Potential Questions: 

● Convert between Kp and Kc 
● Calculate equilibrium pressures from concentrations 
● Analyze effect of temperature on relationship 
● Determine when Kp = Kc 

Electronic Effects in Organic Chemistry 

26. Hyperconjugation 

Key Concepts: 

● Interaction between σ-bonds and adjacent p-orbitals or π-bonds 
● Stabilizes carbocations, alkenes, free radicals 
● Increases with number of adjacent C-H bonds 
● Order of hyperconjugation: tertiary > secondary > primary 

Effects: 



● Increases bond strength 
● Decreases bond length 
● Affects reactivity and stability 
● Influences reaction rates and product distribution 

Potential Questions: 

● Explain stability of alkenes using hyperconjugation 
● Compare stability of carbocations 
● Analyze influence on acidity/basicity 
● Explain anomeric effect using hyperconjugation 

27. Inductive Effect 

Key Concepts: 

● Electron displacement along sigma bonds 
● Permanent polarization of bonds 
● Decreases with distance (falls off rapidly) 
● Can be electron-withdrawing (-I) or electron-donating (+I) 

Common Groups: 

● -I groups: -NO₂, -CN, -COOH, -F, -Cl, -Br, -I 
● +I groups: -CH₃, -C₂H₅, -C(CH₃)₃ 

Potential Questions: 

● Compare acidity/basicity based on inductive effects 
● Predict reactivity trends in substituted compounds 
● Explain stability of intermediates using inductive effect 
● Analyze effect on reaction rates and selectivity 

28. Resonance 

Key Concepts: 

● Delocalization of electrons across multiple bonds 
● Stabilizes molecules and intermediates 
● Represented by resonance structures 
● Actual structure is hybrid of all resonance forms 

Rules: 

● Conserve total number of electrons 
● Maintain octets where possible 
● Lower-energy structures contribute more 
● Charge separation reduces stability 

Potential Questions: 



● Draw resonance structures for compounds 
● Rank resonance structures by stability 
● Explain stability of aromatic compounds 
● Predict reactivity based on resonance effects 

29. Mesomeric Effect 

Key Concepts: 

● Electron displacement through π-bond system 
● Can be electron-donating (+M) or electron-withdrawing (-M) 
● Operates through conjugated systems 
● Generally stronger than inductive effect 

Common Groups: 

● +M groups: -OH, -OR, -NH₂, -NHR, -NR₂ 
● -M groups: -C=O, -COOH, -CN, -NO₂ 

Potential Questions: 

● Compare relative strengths of +M/-M effects 
● Analyze combined effects of inductive and mesomeric influences 
● Predict orientation in electrophilic aromatic substitution 
● Explain reactivity patterns in conjugated systems 

Organic Reactions and Mechanisms 

30. All Name Reactions 

I'll cover some key name reactions (this is not exhaustive): 

Aldol Condensation: 

● Mechanism: Base-catalyzed formation of β-hydroxy aldehydes/ketones 
● Reagents: Aldehyde/ketone + base catalyst 
● Example: CH₃CHO + NaOH → CH₃CH(OH)CH₂CHO 

Claisen Condensation: 

● Mechanism: Base-catalyzed reaction between esters 
● Reagents: Esters + strong base (NaOEt) 
● Product: β-keto esters 

Cannizzaro Reaction: 

● Mechanism: Disproportionation of aldehydes without α-hydrogen 
● Reagents: Aldehyde + concentrated base 
● Products: Carboxylic acid salt + alcohol 



Friedel-Crafts Reaction: 

● Alkylation: ArH + RX + AlCl₃ → ArR + HX 
● Acylation: ArH + RCOCl + AlCl₃ → ArCOR + HX 

Grignard Reaction: 

● Formation: RX + Mg → RMgX (Grignard reagent) 
● Addition to carbonyl: RMgX + R'COR" → R'R"C(OH)R 

Sandmeyer Reaction: 

● Mechanism: Conversion of diazonium salts to halides 
● ArN₂⁺X⁻ + CuX → ArX + N₂ + Cu⁺ 

Potential Questions: 

● Predict products of specific name reactions 
● Propose mechanisms for name reactions 
● Apply name reactions in multi-step syntheses 
● Identify suitable substrates for specific reactions 

31. MOV-Rearrangement of C+ 

Key Concepts: 

● Migration of alkyl/hydride to electron-deficient carbon 
● Common rearrangements: 1,2-hydride shift, 1,2-alkyl shift 
● Increases stability of carbocation 
● Important in pinacol rearrangement, Wagner-Meerwein rearrangement 

Criteria for Rearrangement: 

● Formation of more stable carbocation 
● Anti-coplanar arrangement of migrating group 
● Presence of good leaving group 

Potential Questions: 

● Identify potential rearrangements in reaction mechanisms 
● Predict products involving carbocation rearrangements 
● Explain stereochemistry in rearrangement reactions 
● Apply to complex natural product syntheses 

32. Stability of Intermediates 

Carbocation Stability: 3° > 2° > 1° > methyl Resonance-stabilized > 
non-resonance-stabilized Adjacent π-bonds or lone pairs increase stability 

Carbanion Stability: 1° > 2° > 3° Adjacent electron-withdrawing groups increase stability 



Free Radical Stability: 3° > 2° > 1° > methyl Resonance-stabilized > 
non-resonance-stabilized 

Potential Questions: 

● Rank intermediates by stability 
● Predict reaction pathways based on intermediate stability 
● Explain regioselectivity based on intermediate stability 
● Analyze product distribution in competitive reactions 

33. SN1/SN2/E1/E2 

SN1 Mechanism: 

● Rate = k[RX] (unimolecular) 
● Carbocation intermediate 
● Racemization at stereocenter 
● Favored by: 3° > 2° substrates, polar protic solvents 

SN2 Mechanism: 

● Rate = k[RX][Nucleophile] (bimolecular) 
● Concerted mechanism with inversion 
● Stereospecific (inversion of configuration) 
● Favored by: primary/methyl substrates, good nucleophiles 

E1 Mechanism: 

● Rate = k[RX] (unimolecular) 
● Carbocation intermediate 
● Follows Zaitsev's rule (more substituted alkene) 
● Competes with SN1 

E2 Mechanism: 

● Rate = k[RX][Base] (bimolecular) 
● Anti-periplanar arrangement 
● Stereospecific elimination 
● Competes with SN2 

Potential Questions: 

● Predict major mechanism based on substrate/conditions 
● Explain stereochemical outcomes 
● Analyze competition between substitution and elimination 
● Propose conditions to favor specific mechanism 

34. Distinguishing Tests 

For Functional Groups: 



● Alcohols: Lucas test, chromic acid test 
● Aldehydes: Tollens' test, Fehling's test, 2,4-DNP test 
● Ketones: 2,4-DNP test, iodoform test (methyl ketones) 
● Carboxylic acids: NaHCO₃ test, esterification 
● Phenols: FeCl₃ test (violet color), Br₂ water test 
● Amines: Hinsberg test, nitrous acid test 

Potential Questions: 

● Design test sequence to identify unknown compound 
● Explain chemical basis of distinguishing tests 
● Predict results for specific compounds 
● Propose mechanisms for test reactions 

Inorganic Chemistry 

35. All Preparation Methods (P-Block) 

Boron Compounds: 

● Diborane: 3NaBH₄ + 4BF₃ → 2B₂H₆ + 3NaBF₄ 
● Boric acid: B₂O₃ + 3H₂O → 2H₃BO₃ 

Carbon Compounds: 

● CO: C + ½O₂ → CO (partial oxidation) 
● CO₂: C + O₂ → CO₂ (complete oxidation) 

Nitrogen Compounds: 

● NH₃: N₂ + 3H₂ ⇌ 2NH₃ (Haber process) 
● HNO₃: 4NH₃ + 5O₂ → 4NO + 6H₂O, 2NO + O₂ → 2NO₂, 3NO₂ + H₂O → 2HNO₃ + NO 

(Ostwald process) 

Oxygen Compounds: 

● O₃: 3O₂ → 2O₃ (electrical discharge) 
● H₂O₂: 2H₂ + O₂ → H₂O₂ (direct synthesis) 

Halogens: 

● Cl₂: 2NaCl + 2H₂O + electricity → 2NaOH + H₂ + Cl₂ 
● Br₂: 2Br⁻ + Cl₂ → 2Cl⁻ + Br₂ 

Potential Questions: 

● Write balanced equations for preparation methods 
● Compare industrial vs. laboratory methods 
● Explain conditions required for specific preparations 



● Design synthetic routes for p-block compounds 

36. Complete & Partial Hydrolysis of Xenon Compounds 

XeF₆ Hydrolysis: 

● Complete: XeF₆ + 3H₂O → XeO₃ + 6HF 
● Partial: XeF₆ + H₂O → XeOF₄ + 2HF 

XeF₄ Hydrolysis: 

● Complete: XeF₄ + 2H₂O → XeO₂ + 4HF 
● Partial: XeF₄ + H₂O → XeOF₂ + 2HF 

XeF₂ Hydrolysis: 

● Complete: 2XeF₂ + 2H₂O → 2Xe + O₂ + 4HF 
● Partial: XeF₂ + H₂O → XeO + 2HF 

Key Concepts: 

● Increasing water leads to complete hydrolysis 
● Controlled water addition allows partial hydrolysis 
● Formation of oxyfluorides as intermediates 

Potential Questions: 

● Write balanced equations for hydrolysis reactions 
● Explain difference between partial and complete hydrolysis 
● Predict products under different conditions 
● Analyze oxidation states during hydrolysis 

37. Crystal Field Theory (Hybridization, Configuration) 

Key Concepts: 

● Splitting of d-orbitals in ligand field 
● Δo (octahedral) vs. Δt (tetrahedral) splitting 
● High-spin vs. low-spin configurations 
● Spectrochemical series: weak field (I⁻ < Br⁻ < Cl⁻ < F⁻ < OH⁻ < H₂O < NH₃ < en < CN⁻ 

< CO) strong field 

Common Geometries: 

● Octahedral: d²sp³ hybridization 
● Tetrahedral: sp³ hybridization 
● Square planar: dsp² hybridization 
● Square pyramidal: d²sp³ hybridization 

Potential Questions: 



● Determine crystal field splitting pattern for complexes 
● Calculate CFSE (Crystal Field Stabilization Energy) 
● Explain color of transition metal complexes 
● Predict magnetic properties based on electron configuration 

38. Magnetic Moment/Behavior 

Key Formula: 

● μ = √(n(n+2)) μB 

Where: 

● μ = magnetic moment 
● n = number of unpaired electrons 
● μB = Bohr magneton (9.274 × 10^-24 J/T) 

Magnetic Behaviors: 

● Paramagnetic: Unpaired electrons, attracted to magnetic field 
● Diamagnetic: No unpaired electrons, repelled by magnetic field 
● Ferromagnetic: Strong permanent magnetization 
● Antiferromagnetic: Antiparallel alignment of equal magnetic moments 

Potential Questions: 

● Calculate magnetic moment from unpaired electrons 
● Predict magnetic behavior of transition metal complexes 
● Explain temperature dependence of magnetic properties 
● Analyze electronic configuration from magnetic data 

39. IUPAC Nomenclature of Coordination Compounds 

Rules: 

1. Naming ligands first (alphabetical order) 
2. Naming the central metal atom/ion 
3. Specifying oxidation state of metal (Roman numerals) 
4. Indicating overall charge of complex 

Prefixes for Number of Ligands: 

● 2: di- 
● 3: tri- 
● 4: tetra- 
● 5: penta- 
● 6: hexa- 

Potential Questions: 



● Name complex compounds according to IUPAC rules 
● Draw structure from IUPAC name 
● Determine oxidation state of central metal 
● Identify isomerism in coordination compounds 

40. Oxidizing Properties of d-Block Elements 

Key Oxidizing Agents: 

● KMnO₄: Powerful oxidizer in acidic, basic, and neutral media 
● K₂Cr₂O₇: Strong oxidizer in acidic medium 
● MnO₂: Mild oxidizing agent 
● CrO₃: Strong oxidizing agent 

Reactions in Acidic Medium: 

● MnO₄⁻ + 8H⁺ + 5e⁻ → Mn²⁺ + 4H₂O (E° = +1.51V) 
● Cr₂O₇²⁻ + 14H⁺ + 6e⁻ → 2Cr³⁺ + 7H₂O (E° = +1.33V) 

Reactions in Basic Medium: 

● MnO₄⁻ + 2H₂O + 3e⁻ → MnO₂ + 4OH⁻ (E° = +0.59V) 

Potential Questions: 

● Compare oxidizing strength of different d-block compounds 
● Balance redox equations involving d-block oxidizers 
● Predict products of oxidation reactions 
● Explain pH dependence of oxidizing properties 

41. Oxidizing Properties of KMnO₄ & K₂Cr₂O₇ 

KMnO₄ Reactions: 

● In acidic medium: MnO₄⁻ + 8H⁺ + 5e⁻ → Mn²⁺ + 4H₂O 
● In neutral/weakly alkaline: MnO₄⁻ + 2H₂O + 3e⁻ → MnO₂ + 4OH⁻ 
● In strongly alkaline: MnO₄⁻ + e⁻ → MnO₄ 

I'll continue with the remaining chemistry topics: 

More on Inorganic Chemistry 

41. Oxidizing Properties of KMnO₄ & K₂Cr₂O₇ (continued) 

K₂Cr₂O₇ Reactions: 

● In acidic medium: Cr₂O₇²⁻ + 14H⁺ + 6e⁻ → 2Cr³⁺ + 7H₂O 
● K₂Cr₂O₇ is ineffective in basic medium (forms stable CrO₄²⁻) 



Organic Oxidations: 

● KMnO₄ oxidations: 
 

○ Alkenes → diols (cold, dilute) or carboxylic acids (hot, conc.) 
○ Primary alcohols → carboxylic acids 
○ Secondary alcohols → ketones 
○ Aldehydes → carboxylic acids 

● K₂Cr₂O₇ oxidations: 
 

○ Primary alcohols → aldehydes (controlled) or carboxylic acids 
○ Secondary alcohols → ketones 
○ Tertiary alcohols → no reaction 

Potential Questions: 

● Compare the oxidizing strength of KMnO₄ and K₂Cr₂O₇ 
● Predict products of oxidation for different functional groups 
● Write balanced half-reactions in different pH conditions 
● Design test reactions using these reagents 

42. Conversion (Role of Reagents) 

Key Reagents and Their Roles: 

Oxidizing Agents: 

● KMnO₄: Oxidizes alcohols, aldehydes, alkenes 
● K₂Cr₂O₇/H₂SO₄: Oxidizes alcohols to carbonyls 
● O₃/Zn-H₂O: Cleaves alkenes to carbonyls (ozonolysis) 
● H₂O₂: Mild oxidant, converts sulfides to sulfoxides/sulfones 

Reducing Agents: 

● LiAlH₄: Powerful reducer for carbonyls, esters, acids 
● NaBH₄: Milder reducer for aldehydes and ketones 
● H₂/Pd: Reduces alkenes, alkynes, nitro groups 
● Na/liquid NH₃: Birch reduction of aromatic rings 

Halogenating Agents: 

● Cl₂/Br₂: Substitution in aromatic rings, addition to alkenes 
● PBr₃/PCl₅: Converts alcohols to alkyl halides 
● SOCl₂: Converts carboxylic acids to acid chlorides 

Potential Questions: 

● Identify appropriate reagent for specific functional group transformation 
● Explain mechanism of reagent action 
● Predict selectivity of reagents 



● Design multi-step synthesis using these reagents 

43. Calculation of Work Done 

Key Formulas: 

● Work done by system: w = -PΔV (mechanical work) 
● For isothermal reversible process: w = -nRT ln(V₂/V₁) 
● For adiabatic reversible process: w = (P₁V₁ - P₂V₂)/(γ-1) 
● Maximum work: wmax = -ΔG (at constant T and P) 
● Electrical work: w = -nFE (where F = Faraday constant, E = cell potential) 

Work Sign Convention: 

● w < 0: Work done by system 
● w > 0: Work done on system 

Potential Questions: 

● Calculate work done in various thermodynamic processes 
● Compare work done in reversible vs. irreversible processes 
● Determine maximum work available from chemical reaction 
● Calculate electrical work in galvanic cells 

44. Properties along the Period 

Trends across Periods: 

● Atomic radius: Decreases from left to right 
● Ionization energy: Generally increases from left to right 
● Electron affinity: Generally increases from left to right 
● Electronegativity: Increases from left to right 
● Metallic character: Decreases from left to right 
● Acidic/basic oxides: Basic → amphoteric → acidic 
● Oxidation states: Maximum oxidation state increases, then decreases 

Exceptions: 

● Atomic radius: Slight increase from Group 15 to Group 16 
● Ionization energy: Decrease from Group 2 to Group 13, Group 15 to Group 16 
● Electron affinity: Noble gases have low electron affinities 

Potential Questions: 

● Explain trends in properties across a period 
● Identify and explain exceptions to periodic trends 
● Compare properties of elements in the same period 
● Relate trends to electronic configuration 



45. Acid-Base Strength 

Factors Affecting Acid Strength: 

● Electronegativity of central atom 
● Bond strength (H-A) 
● Stability of conjugate base (resonance, inductive effects) 
● Size of central atom 
● Oxidation state of central atom 

Trends in Acid Strength: 

● Across period: Increases (e.g., CH₄ < NH₃ < H₂O < HF) 
● Down group: Generally increases for nonmetal hydrides (HF < HCl < HBr < HI) 
● Oxyacids: Increases with number of O atoms (HClO < HClO₂ < HClO₃ < HClO₄) 

Factors Affecting Base Strength: 

● Electronegativity of atom with lone pair 
● Resonance stabilization 
● Inductive effects 
● Solvation effects 

Potential Questions: 

● Compare acid/base strength of related compounds 
● Explain effect of substituents on acidity/basicity 
● Predict pH of salt solutions based on acid-base strength 
● Analyze acid-base equilibria 

More on Physical Chemistry 

46. Crystal Field Theory (hyb, TOc/OUc/J) 

Key Parameters: 

● Crystal field splitting parameter (Δ or 10Dq) 
● Octahedral: Splitting into t₂g and eg sets (Δo) 
● Tetrahedral: Splitting into e and t₂ sets (Δt) 
● Square planar: Further splitting of eg and t₂g 
● Relation: Δt = (4/9)Δo 

Factors Affecting Δ: 

● Nature of metal ion (Δ increases down a group) 
● Oxidation state of metal (higher oxidation → larger Δ) 
● Nature of ligands (spectrochemical series) 
● Geometry of complex 



Jahn-Teller Distortion: 

● Occurs in octahedral complexes with uneven eg occupancy 
● Especially significant for d⁹ (Cu²⁺) and high-spin d⁴ (Cr²⁺) 
● Results in tetragonal distortion (elongation or compression) 

Potential Questions: 

● Calculate CFSE for different electronic configurations 
● Compare stability of high-spin vs. low-spin complexes 
● Predict Jahn-Teller distortion in specific complexes 
● Relate crystal field parameters to spectroscopic properties 

47. Calculation of K & Keq 

Equilibrium Constants: 

● Kc (concentration-based): Kc = ∏[products]^ν/∏[reactants]^ν 
● Kp (pressure-based): Kp = ∏(P products)^ν/∏(P reactants)^ν 
● Relation: Kp = Kc(RT)^Δn 

Temperature Dependence: 

● ln(K₂/K₁) = -(ΔH°/R)(1/T₂ - 1/T₁) (van't Hoff equation) 
● For endothermic reactions: K increases with temperature 
● For exothermic reactions: K decreases with temperature 

Relation to Thermodynamics: 

● ΔG° = -RT ln K 
● ΔG = ΔG° + RT ln Q 
● At equilibrium: ΔG = 0 and Q = K 

Potential Questions: 

● Calculate equilibrium constants from experimental data 
● Determine equilibrium concentrations/pressures 
● Analyze effect of temperature on equilibrium 
● Relate equilibrium constants to thermodynamic parameters 

Organic Chemistry Continued 

48. Aldol Condensation 

Mechanism: 

1. Base abstracts α-hydrogen to form enolate 
2. Nucleophilic attack of enolate on carbonyl carbon 
3. Protonation to form β-hydroxyaldehyde/ketone 



4. Dehydration to form α,β-unsaturated carbonyl (condensation) 

Key Variations: 

● Crossed aldol: Between different carbonyl compounds 
● Directed aldol: Using LDA or other strong bases 
● Intramolecular aldol: Ring formation 
● Mukaiyama aldol: Using silyl enol ethers 

Important Applications: 

● Formation of C-C bonds 
● Synthesis of α,β-unsaturated carbonyls 
● Preparation of 1,3-diols 
● Key step in many natural product syntheses 

Potential Questions: 

● Propose mechanism for specific aldol reactions 
● Predict products including stereochemistry 
● Design synthesis using aldol strategy 
● Explain regioselectivity in crossed aldol reactions 

49. Disaccharide/Polysaccharide 

Common Disaccharides: 

● Maltose: Glucose + Glucose (α-1,4 linkage) 
● Lactose: Galactose + Glucose (β-1,4 linkage) 
● Sucrose: Glucose + Fructose (α,β-1,2 linkage) 
● Cellobiose: Glucose + Glucose (β-1,4 linkage) 

Common Polysaccharides: 

● Starch (amylose): Glucose units in α-1,4 linkage 
● Cellulose: Glucose units in β-1,4 linkage 
● Glycogen: Highly branched glucose polymer (α-1,4 with α-1,6 branches) 
● Chitin: N-acetylglucosamine polymer in β-1,4 linkage 

Structural Features: 

● Reducing vs. non-reducing sugars 
● Anomeric configuration (α vs. β) 
● Glycosidic linkage types 
● Branched vs. linear structures 

Potential Questions: 

● Identify glycosidic linkages in carbohydrates 
● Compare structural features of different polysaccharides 



● Analyze reactions of di/polysaccharides 
● Explain biological importance of specific carbohydrates 

50. Salt Analysis 

Preliminary Tests: 

● Physical examination: Color, smell, solubility 
● Flame test: Na (yellow), K (violet), Ca (brick red), Sr (crimson), Ba (apple green), Cu 

(blue-green) 
● Borax bead test: Transition metal identification 
● Charcoal cavity test: Metallic bead formation 

Systematic Analysis of Cations: 

● Group I: Pb²⁺, Ag⁺, Hg₂²⁺ (precipitate with dilute HCl) 
● Group II: Pb²⁺, Bi³⁺, Cu²⁺, Cd²⁺, As³⁺, Sb³⁺, Sn²⁺, Hg²⁺ (precipitate with H₂S in acidic 

medium) 
● Group III: Fe³⁺, Al³⁺, Cr³⁺ (precipitate with NH₄OH in presence of NH₄Cl) 
● Group IV: Ni²⁺, Co²⁺, Mn²⁺, Zn²⁺ (precipitate with H₂S in basic medium) 
● Group V: Ba²⁺, Sr²⁺, Ca²⁺ (precipitate with (NH₄)₂CO₃) 
● Group VI: Mg²⁺, Na⁺, K⁺, NH₄⁺ (analyzed by specific tests) 

Analysis of Anions: 

● Basic radicals: CO₃²⁻, HCO₃⁻, S²⁻, SO₃²⁻, NO₂⁻, CH₃COO⁻ 
● Acidic radicals: Cl⁻, Br⁻, I⁻, NO₃⁻, SO₄²⁻, PO₄³⁻ 

Confirmatory Tests: 

● Specific tests for confirmed identification of ions 
● Flame tests, precipitation reactions, color changes 

Potential Questions: 

● Design systematic approach for salt analysis 
● Identify key reactions for specific ions 
● Explain chemical principles behind confirmatory tests 
● Analyze interference in salt analysis and how to overcome them 

Other Important Topics 

Reaction Mechanisms in Organic Chemistry 

Key Mechanisms: 

● Addition (electrophilic, nucleophilic, radical) 
● Substitution (SN1, SN2) 
● Elimination (E1, E2) 



● Rearrangement (pinacol, Wagner-Meerwein) 
● Oxidation-reduction (alcohol oxidation, carbonyl reduction) 
● Pericyclic (Diels-Alder, electrocyclic, sigmatropic) 

Important Considerations: 

● Stereochemistry (retention, inversion, racemization) 
● Regioselectivity (Markovnikov, anti-Markovnikov) 
● Kinetics (rate-determining step) 
● Intermediates (carbocations, carbanions, radicals) 

Potential Questions: 

● Propose detailed mechanisms for reactions 
● Predict stereochemical outcomes 
● Explain regioselectivity using electronic effects 
● Analyze effect of conditions on mechanism 

 

Electrochemistry 

Key Concepts: 

● Galvanic vs. electrolytic cells 
● Standard reduction potentials (E°) 
● Nernst equation: E = E° - (RT/nF)ln Q 
● Cell potential: E°cell = E°cathode - E°anode 
● Relation to Gibbs energy: ΔG° = -nFE°cell 

Important Applications: 

● Batteries and fuel cells 
● Corrosion and its prevention 
● Electroplating 
● Electrolysis 

Potential Questions: 

● Calculate cell potentials from standard potentials 
● Determine spontaneity of redox reactions 
● Apply Nernst equation to non-standard conditions 
● Analyze electrochemical processes in applications 

Quantum Mechanics in Chemistry 

Key Concepts: 

● Wave-particle duality: λ = h/mv 
● Heisenberg uncertainty principle: ΔxΔp ≥ h/4π 



● Schrödinger equation: HΨ = EΨ 
● Quantum numbers (n, l, ml, ms) and their significance 
● Orbital shapes and electron probability distributions 

This comprehensive overview covers the key formulas, concepts, and typical questions for 
all 50 topics you requested. For deeper understanding of specific topics, focusing on worked 
examples and practice problems is highly recommended. 
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