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How to Study This Book
Exam Method: Reactions, Units, Assumptions and Checks
A reliable chemistry solution begins by identifying the sample, analyte, reaction or material
system and the requested quantity. In analytical chemistry, check whether sampling is
representative, choose the correct concentration unit, write the balanced reaction and
identify stoichiometric or equivalent factors before substituting values. For instrumental
methods, note the blank, calibration standard, working range and the assumptions behind
Beer-Lambert law or a chromatographic separation.

Keep units consistent: molarity, normality, molality, mass percentage and ppm are not
interchangeable. In electrochemistry, write both half-reactions, balance charge and
electrons, identify the anode and cathode, calculate n correctly and construct the reaction
quotient Q before using the Nernst equation. Check the sign of cell potential and remember
that spontaneous operation requires positive E cell and negative Gibbs energy under the
stated conditions.

For corrosion and surfactant questions, distinguish mechanism from prevention or
application; a protective coating, sacrificial anode and inhibitor do not operate in the same
way. For molecular structure, count valence electrons first, then use bonding, geometry,
hybridization and molecular-orbital arguments only within their proper scope. In phase-rule
problems, count phases, chemically independent components and imposed constraints
carefully; a condensed system removes pressure as a variable only under the usual
constant-pressure treatment.

For polymers, identify monomer functionality, polymerization mechanism and chain
architecture before predicting properties. Link crystallinity, cross-linking, molecular mass
and glass-transition temperature with actual behaviour rather than memorizing isolated
statements. For nanomaterials and composites, state particle-size assumptions, matrix and
reinforcement roles, loading direction and whether an ideal rule-of-mixtures model is
justified.

Always check mass balance, charge balance, dimensions, limiting cases and order of
magnitude. In MCQs, eliminate options using units, oxidation states, trends and definitions
before doing long arithmetic. Maintain a one-page error log of wrong reactions, forgotten
units, sign errors and assumptions used outside their validity.

Re-solve those questions after one day and one week. In the examination, secure direct
conceptual questions first, return to calculation-heavy items in a second pass, and reserve
the final minutes for units, option number and negative-marking checks.
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CHAPTER 1 — CHEMICAL AND INSTRUMENTAL
METHODS OF ANALYSIS
1. Introduction
Chemical analysis identifies the constituents of a sample and determines their amounts.
Classical methods use stoichiometric reactions and mass or volume measurements, whereas
instrumental methods convert a physical property such as absorbance, potential or retention
time into analytical information. Civil, environmental and materials engineers use these
methods for water quality, cement, soil, alloys, fuels, coatings and pollution monitoring.
DSSSB questions commonly test accuracy and precision, concentration units, titration
principles, Beer-Lambert law, spectroscopy, chromatography and water-analysis
calculations.

2. Complete Theory
Analytical process, sampling and data quality
An analytical result is only as reliable as the sample. A representative sample must preserve
the average composition of the material without contamination, loss of volatile matter or
chemical change.

The normal sequence is problem definition, sampling, sample preparation, measurement,
calibration, calculation and reporting. Accuracy is closeness to the accepted value; precision
is closeness among repeated measurements.

Random error mainly affects precision and is reduced by replication. Systematic error shifts
results in one direction and must be detected by standards, blanks, calibration or method
comparison.

Absolute error is xmeasured - xtrue, while relative error is absolute error divided by the true
value. Significant figures must reflect measurement uncertainty rather than calculator
display.

Hinglish Explanation
Simple language me, laboratory ka best instrument bhi wrong sample ko correct result
nahi bana sakta. Agar tank ke sirf surface se water liya aur pollutants bottom me settled
the, result representative nahi hoga.

Accuracy ka matlab target ke paas hona hai; precision ka matlab repeated arrows ka ek
jagah cluster hona. Cluster target se door bhi ho sakta hai, yani precise but inaccurate.

Exam me random error ko repeated readings se reduce kiya ja sakta hai, lekin systematic
error ke liye calibration ya blank correction chahiye.

Concentration terms and standard solutions
Molarity M is moles of solute per litre of solution and therefore changes slightly with
temperature because solution volume changes. Molality m is moles per kilogram of solvent
and is temperature independent.

Normality N is gram-equivalents per litre of solution and depends on the reaction. Mass
percentage, volume percentage, parts per million and parts per billion are used according to
concentration range.

For dilute aqueous solutions, 1 mg/L is approximately 1 ppm when density is close to 1 kg/L.
A primary standard is highly pure, stable, non-hygroscopic, readily soluble and has a
reasonably high equivalent mass.
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Sodium carbonate, potassium hydrogen phthalate and potassium dichromate are common
examples. A secondary standard such as HCl or NaOH is standardized against a primary
standard.

Hinglish Explanation
Molarity ko solution ke total litre se calculate karte hain, solvent ke litre se nahi. Molality
me kilogram solvent use hota hai, isliye temperature change se mass same rehta hai.

Normality reaction-dependent hai: H2SO4 acid-base reaction me two equivalents de sakta
hai, par har reaction me n-factor same assume nahi karna. Primary standard ko weighing
ke baad direct standard solution banaya ja sakta hai; NaOH moisture aur CO2 absorb karta
hai, isliye secondary standard hai.

Volumetric analysis: acid-base, redox and precipitation titrations
A titration determines analyte concentration from the measured volume of a standard
reagent required for stoichiometric completion. The equivalence point is the theoretical
stoichiometric point; the end point is the observed indicator change.

Their difference is indicator error. Acid-base titrations use proton transfer and an indicator
selected so that its transition range lies within the steep pH change near equivalence.

Strong acid-strong base equivalence occurs near pH 7 at 25 degree C, whereas weak
acid-strong base equivalence is above 7. Redox titrations use electron transfer;
permanganate is a self-indicator in acidic medium.

Precipitation titrations depend on formation of a sparingly soluble salt, as in chloride
determination by silver nitrate. At equivalence, equivalents of reactants are equal, so N1V1
= N2V2 for reactions expressed through normality.

Hinglish Explanation
Titration me burette se reagent tab tak add karte hain jab stoichiometric reaction complete
ho. Equivalence point theory ka exact point hai; colour change end point hai.

Dono ko same maan lena ideal approximation hai. Indicator selection random nahi hoti:
methyl orange acidic transition ke liye aur phenolphthalein alkaline transition ke liye
suitable ho sakte hain.

KMnO4 ka purple colour khud end point batata hai, isliye external indicator generally
required nahi.

Complexometric and gravimetric analysis
Complexometric titration forms a stable soluble complex between a metal ion and a ligand.
EDTA is a hexadentate ligand and reacts with many metal ions in a 1:1 mole ratio,
irrespective of metal charge.

The conditional stability of the complex depends strongly on pH, so a buffer is used.
Eriochrome Black T gives a wine-red metal-indicator complex and turns blue when hardness
ions have been captured by EDTA at about pH 10.

Gravimetric analysis converts the analyte into a pure, stable compound of known
composition, which is filtered, washed, dried or ignited and weighed. Good precipitates have
low solubility, large filterable crystals and minimal contamination.

Digestion promotes crystal growth; washing removes adsorbed impurities.
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Hinglish Explanation
EDTA titration ka important shortcut hai: one mole EDTA generally one mole metal ion se
complex banata hai. Water hardness me Ca2+ aur Mg2+ ko buffer pH 10 par titrate karte
hain.

Gravimetry me sirf precipitate banana enough nahi; precipitate pure, stable aur filterable
hona chahiye. Bahut fast precipitation se tiny particles aur adsorption error badh sakta hai,
isliye dilute hot solution aur slow reagent addition useful hote hain.

UV-visible and infrared spectroscopy
Spectroscopy studies interaction of electromagnetic radiation with matter. In UV-visible
spectrophotometry, molecules absorb radiation that promotes electrons to higher electronic
states.

Beer-Lambert law states A = εbc, where absorbance A is dimensionless, ε is molar
absorptivity, b is path length and c is concentration. Absorbance is A = log10(I0/I) and
transmittance is T = I/I0.

The law is most reliable for monochromatic light, dilute solutions and non-interacting
absorbing species. A spectrophotometer contains a source, wavelength selector, sample
cell, detector and readout.

Infrared absorption excites molecular vibrations. A vibration is IR-active when it changes
dipole moment.

Functional-group frequencies help identify O-H, C=O, N-H and other bonds, while the
fingerprint region supports compound identification.

Hinglish Explanation
UV-visible method me darker solution generally more light absorb karta hai, but linear
relation tabhi expect karo jab Beer-Lambert conditions satisfy hon. Absorbance add hoti
hai, transmittance directly add nahi hoti.

Blank solvent aur cuvette absorption ko correct karta hai. IR me molecule ko chhote
springs aur masses ki system jaisa imagine karo.

Har bond ki characteristic vibration hoti hai; lekin symmetric vibration agar dipole moment
change na kare to IR inactive ho sakti hai.

Chromatography and atomic methods
Chromatography separates components because they distribute differently between a
stationary phase and a mobile phase. In paper or thin-layer chromatography, the retention
factor Rf is distance travelled by solute divided by distance travelled by solvent front and lies
between zero and one under fixed conditions.

Gas chromatography uses a gaseous mobile phase and is suitable for volatile, thermally
stable compounds. High-performance liquid chromatography uses high pressure and packed
columns for non-volatile or thermally sensitive analytes.

Retention time supports identification, while peak area is used for quantification after
calibration. Flame photometry measures emission from excited atoms and is especially
useful for alkali and alkaline-earth metals.

Atomic absorption spectroscopy measures absorption by ground-state free atoms and offers
high elemental selectivity.
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Hinglish Explanation
Chromatography ko race samjho jahan mobile phase sabko aage le ja rahi hai, lekin
stationary phase kuch components ko zyada rok leti hai. Jo component stationary phase se
strongly interact karega, woh slow chalega.

Rf kabhi one se greater nahi hona chahiye. GC volatile samples ke liye useful hai; HPLC
non-volatile molecules ke liye.

Flame photometer emission dekhta hai, AAS absorption dekhta hai - ye frequently
confused pair hai.

Water-quality analysis
Engineering water analysis commonly includes pH, alkalinity, acidity, hardness, chloride,
dissolved oxygen, biochemical oxygen demand and chemical oxygen demand. Hardness is
mainly caused by Ca2+ and Mg2+ and is reported as mg/L as CaCO3 to provide a common
equivalent basis.

Temporary carbonate hardness can be removed by boiling; permanent hardness requires
chemical precipitation, ion exchange or membrane processes. Alkalinity represents
acid-neutralizing capacity, mainly from OH-, CO3

2- and HCO3
-.

BOD measures oxygen consumed biologically under specified conditions, commonly five
days at 20 degree C, whereas COD measures chemically oxidizable matter more rapidly.
COD is usually greater than or equal to BOD for the same sample.

Hinglish Explanation
Hardness ka matlab sirf calcium ka mass nahi; result CaCO3 equivalent me report hota hai.
Isliye conversion me equivalent weights use hote hain.

BOD microorganisms ka oxygen demand batata hai, so biodegradable pollution ka
indicator hai. COD strong chemical oxidant use karta hai aur biodegradable plus kuch
non-biodegradable matter ko bhi include kar sakta hai.

Isi liye same wastewater ke liye COD generally BOD se kam nahi hota.
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4. Chemical Equations, Formulae and Mathematical Expressions

Key Equations and Reactions

1.  M = moles of solute / litre of solution

2.  m = moles of solute / kg of solvent

3.  N = gram-equivalents / litre

4.  N1V1 = N2V2

5.  A = log10(I0/I)

6.  A = εbc

7.  T = I/I0

8.  Rf = distance travelled by solute / distance travelled by solvent front

9.  hardness as CaCO3 = amount x 50 / equivalent mass

10.  Ca2+ + EDTA4- → [Ca-EDTA]2-

11.  Ag+ + Cl- → AgCl(s)

12.  2MnO4
- + 5C2O4

2- + 16H+ → 2Mn2+ + 10CO2 + 8H2O

5. Important Derivations and Numerical Concepts
For a titration expressed in equivalents, equivalents of analyte equal equivalents of titrant at
equivalence. Since equivalents = normality x volume, N1V1 = N2V2. Example: 25.00 mL HCl
requires 20.00 mL of 0.100 N NaOH. NHCl = (0.100 x 20.00)/25.00 = 0.0800 N. For
Beer-Lambert analysis, if a 1.00 cm cell gives A = 0.600 and ε = 1.50 x 104 L mol-1 cm-1,
then c = A/(εb) = 4.00 x 10-5 mol/L.

6. Practical Applications
• EDTA titration monitors boiler-feed and drinking-water hardness.

• UV-visible analysis measures iron, nitrate, phosphate and coloured pollutants after suitable
chemistry.

• IR spectroscopy identifies polymers, binders, coatings and organic contamination.

• Chromatography separates pesticides, petroleum components and additives.

• Gravimetry supports cement, ore and sulfate analysis where high accuracy is required.

• BOD and COD guide wastewater-treatment design and compliance monitoring.
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7. Concept Diagram
SPECTROPHOTOMETER

Light source  --->  Monochromator  --->  Sample cuvette  --->  Detector  --->  Readout
                         selects wavelength       absorbs light          converts signal

Measure blank first; then measure sample absorbance at selected wavelength.

8. Comparison Table
Feature Classical chemical method Instrumental method

Measured quantity Mass or reagent volume Optical/electrical/time signal

Typical strength High stoichiometric reliability Speed, sensitivity,
multicomponent capability

Calibration Often standard solution Usually calibration curve or
standards

Examples Titrimetry, gravimetry Spectroscopy, chromatography

9. Important DSSSB Exam Points
• Accuracy and precision are different; repeated readings mainly improve precision.

• Equivalence point is theoretical, end point is observed.

• EDTA-metal stoichiometry is usually 1:1, but pH controls complex stability.

• Beer-Lambert law uses absorbance, not percentage transmittance directly.

• Rf must be measured under the same experimental conditions for comparison.

• COD is generally greater than or equal to BOD for the same wastewater.

10. Practice Questions with Solutions
Attempt each question first. The explanation discusses only the correct answer.

Q1. Closeness of repeated measurements to one another is called
(A) accuracy
(B) precision
(C) sensitivity
(D) selectivity

Correct Answer: (B)
Precision describes reproducibility among repeated values.

Q2. Which substance is suitable as a primary standard?
(A) NaOH pellets
(B) concentrated HCl
(C) anhydrous Na2CO3
(D) aqueous NH3

Correct Answer: (C)
Anhydrous sodium carbonate is stable, pure and can be weighed directly.
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Q3. At the equivalence point of an acid-base titration
(A) indicator must be colourless
(B) acid and base equivalents are equal
(C) pH is always 7
(D) volume of both solutions is equal

Correct Answer: (B)
Stoichiometric acid and base equivalents are equal at equivalence.

Q4. EDTA generally complexes a metal ion in the mole ratio
(A) 1:1
(B) 1:2
(C) 2:1
(D) equal to metal charge

Correct Answer: (A)
One EDTA ligand normally binds one metal ion.

Q5. Beer-Lambert law is written as
(A) A = εbc
(B) A = I/I0
(C) T = log I
(D) A = bc/ε

Correct Answer: (A)
Absorbance is proportional to molar absorptivity, path length and concentration.

Q6. If transmittance decreases, absorbance generally
(A) decreases
(B) increases
(C) remains zero
(D) becomes negative

Correct Answer: (B)
A = -log10T, so lower transmittance gives higher absorbance.

Q7. The fingerprint region is associated mainly with
(A) UV spectroscopy
(B) IR spectroscopy
(C) flame photometry
(D) potentiometry

Correct Answer: (B)
The complex lower-frequency IR pattern helps identify compounds.

Q8. In TLC, Rf is
(A) solute distance divided by solvent-front distance
(B) solvent-front distance divided by solute distance
(C) always greater than one
(D) retention time divided by peak area

Correct Answer: (A)
Rf is the fraction of solvent-front distance travelled by the solute.
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Q9. Gas chromatography is most suitable for
(A) volatile thermally stable compounds
(B) all inorganic solids directly
(C) highly non-volatile polymers without treatment
(D) concrete cubes

Correct Answer: (A)
GC requires analytes that can enter the gas phase without decomposition.

Q10. AAS measures
(A) emission by molecules
(B) absorption by ground-state atoms
(C) mass of precipitate
(D) solution conductivity only

Correct Answer: (B)
Atomic absorption measures element-specific absorption by free ground-state atoms.

Q11. Temporary hardness is mainly associated with
(A) bicarbonates of calcium and magnesium
(B) sodium chloride
(C) silica only
(D) dissolved oxygen

Correct Answer: (A)
Carbonate or bicarbonate hardness can be removed by boiling.

Q12. For the same wastewater sample, the usual relation is
(A) BOD > COD always
(B) COD >= BOD
(C) COD = 0
(D) BOD is unrelated to oxygen

Correct Answer: (B)
Chemical oxidation usually includes at least the biodegradable fraction measured by BOD.

Quick Revision: Re-read the formula box, cover the answers, and explain each exam point
aloud. A formula is ready for the exam only when its symbols, SI units, assumptions and sign
convention are clear.
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CHAPTER 2 — ELECTROCHEMISTRY AND
SURFACTANTS
1. Introduction
Electrochemistry connects chemical reactions with electrical energy. It explains
conductance, electrochemical cells, batteries, fuel cells, electrolysis and corrosion.
Surfactants control interfaces and enable detergency, wetting, emulsification and
dispersion. Engineers use these principles in energy storage, metal protection, water
treatment, concrete admixtures, coatings and cleaning operations. DSSSB questions
commonly test cell notation, electrode signs, Nernst equation, conductance units, Faraday
laws, corrosion mechanisms, surfactant classification and critical micelle concentration.

2. Complete Theory
Electrolytes, conductance and ionic mobility
Electrolytes produce mobile ions in solution or molten state. Strong electrolytes are nearly
completely ionized, while weak electrolytes ionize only partly and their degree of ionization
increases on dilution.

Resistance R is V/I and depends on conductor geometry. Conductance G = 1/R has unit
siemens.

Specific conductance or conductivity κ is conductance of a solution column one metre long
and one square metre in cross-section; its SI unit is S m-1. Molar conductivity Λm = κ/c when
c is in mol m-3.

Conductivity usually decreases on dilution because fewer ions remain per unit volume, but
molar conductivity increases because ionic interactions decrease. Kohlrausch law states that
at infinite dilution each ion contributes independently to limiting molar conductivity.

Hinglish Explanation
Solution conductance me do effects ko separate rakho. Dilution par beaker ke per unit
volume ions kam ho jate hain, so conductivity generally decreases.

Lekin one mole electrolyte ke ions zyada freely move karte hain, so molar conductivity
increases. Strong electrolyte ka increase moderate hota hai; weak electrolyte ka sharp
increase ionization badhne ki wajah se hota hai.

Unit conversion me cm aur m mix karna common numerical error hai.

Galvanic cells, electrodes and cell notation
A galvanic cell converts a spontaneous redox reaction into electrical energy. Oxidation
occurs at the anode and reduction at the cathode in every electrochemical cell.

In a galvanic cell the anode is negative and the cathode positive. Electrons travel through
the external circuit from anode to cathode.

A salt bridge completes the internal circuit, maintains electrical neutrality and minimizes
liquid-junction potential. It does not carry electrons.

The Daniell cell is written Zn | Zn2+ || Cu2+ | Cu. The left side is the anode and the double
line represents the salt bridge.

Standard electrode potential is measured relative to the standard hydrogen electrode,
assigned E0 = 0 V.
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Hinglish Explanation
Mnemonic yaad rakho: AN OX, RED CAT - anode oxidation, cathode reduction. Sign cell
type par depend karta hai: galvanic cell me anode negative, electrolytic cell me anode
positive.

Salt bridge me ions migrate karte hain, electrons nahi. Zinc electrode dissolve hokar Zn2+

banata hai; copper ions cathode par deposit hote hain.

Cell notation me single line phase boundary aur double line salt bridge ko show karti hai.

Cell emf, thermodynamics and Nernst equation
Cell emf under open-circuit conditions is Ecell = Ecathode - Eanode when both values are
written as reduction potentials. A positive Ecell indicates a spontaneous cell reaction under
the stated conditions.

Electrical work links electrochemistry with thermodynamics: ΔG = -nFE and ΔG0 = -nFE0. At
equilibrium ΔG = 0 and E = 0.

The Nernst equation at 298 K is E = E0 - (0.05916/n)log10Q, where Q is the reaction quotient
and n is electrons transferred in the balanced reaction. Activities are dimensionless;
concentrations are common approximations for dilute solutions.

Increasing oxidant activity or decreasing product activity can raise the reduction potential
according to the relevant half-cell expression.

Hinglish Explanation
Ecell calculate karte waqt cathode reduction potential minus anode reduction potential use
karo. Potentials ko stoichiometric coefficient se multiply nahi karte; extensive quantity ΔG
multiply hoti hai, potential intensive hai.

Nernst equation me Q balanced overall reaction se aata hai. Agar reaction reverse karoge
to E ka sign reverse aur Q reciprocal hoga.

Positive E spontaneous forward reaction batata hai, lekin kinetics fast ho ye guarantee
nahi.

Electrolysis and Faraday laws
An electrolytic cell uses external electrical energy to drive a non-spontaneous reaction. The
anode is connected to the positive terminal and the cathode to the negative terminal, but
oxidation still occurs at the anode.

Faraday first law states deposited mass is proportional to charge Q = It. The quantitative
relation is m = ItM/(nF), where M is molar mass and n is electrons per ion.

One faraday, approximately 96485 C mol-1, deposits one gram-equivalent. Current efficiency
accounts for side reactions.

Electroplating requires careful control of current density, bath composition, pH, temperature
and surface cleanliness to obtain adherent uniform coatings.

Hinglish Explanation
Electrolysis numerical me pehle charge Q = It nikaalo, phir electron stoichiometry dekho.
Cu2+ ko Cu banne ke liye 2 electrons chahiye, Ag+ ko one.

Same charge different equivalent weights ke proportional masses deposit karta hai.
Anode-positive statement sirf electrolytic cell ke liye hai; AN OX rule always valid hai.
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Batteries and fuel cells
A primary battery is designed mainly for single-use discharge; a secondary battery can be
recharged by reversing the cell reaction within safe limits. Lead-acid batteries use Pb, PbO2
and sulfuric acid and remain important for vehicles and backup systems.

Lithium-ion cells operate by reversible intercalation of Li+ between host materials; metallic
lithium is normally not plated during proper operation. Battery capacity is expressed in
ampere-hour, while energy also depends on voltage.

A fuel cell continuously converts supplied fuel and oxidant into electricity. In an ideal
hydrogen-oxygen fuel cell, the overall reaction is 2H2 + O2 → 2H2O.

Fuel cells are energy-conversion devices, not energy-storage devices unless fuel is stored
separately.

Hinglish Explanation
Battery aur fuel cell ko same mat samjho. Battery ke reactants largely cell ke andar stored
hote hain; fuel cell ko fuel continuously supply hota hai.

Ah capacity charge batati hai, energy ke liye voltage se multiply karna padega. Lithium-ion
battery me lithium ions electrodes ke host structures ke beech shuttle karte hain.

Overcharging, overheating aur internal short circuit thermal runaway risk badha sakte
hain.

Corrosion and protection
Corrosion is deterioration of a material by chemical or electrochemical interaction with its
environment. Electrochemical corrosion requires anodic metal dissolution, a cathodic
reaction, ionic conduction through an electrolyte and electronic conduction through the
metal.

In neutral aerated water, iron dissolves anodically as Fe → Fe2+ + 2e-, while oxygen
reduction is O2 + 2H2O + 4e- → 4OH-. Differential aeration creates anodic regions at lower
oxygen concentration.

Galvanic corrosion occurs when dissimilar metals are electrically connected in an electrolyte;
the more active metal corrodes. Protection methods include coatings, inhibitors, material
selection, design against crevices, cathodic protection and anodic protection for suitable
passive systems.

Hinglish Explanation
Rusting ke liye sirf water presence bolna incomplete hai; anodic, cathodic, ionic aur
electronic paths chahiye. Crevice ke andar oxygen low hoti hai, so that region anodic ban
sakta hai.

Cathodic protection me structure ko cathode banate hain, either sacrificial anode attach
karke ya impressed current se. Paint barrier deta hai, lekin coating damage par exposed
area aur large cathode combination localized corrosion ko severe bana sakta hai.

Surfactants, micelles and detergency
A surfactant has a hydrophilic head and hydrophobic tail and adsorbs at interfaces, lowering
surface or interfacial tension. Anionic surfactants carry a negative head, cationic surfactants
a positive head, nonionic surfactants no formal charge and zwitterionic surfactants both
charges.

Below the critical micelle concentration, added surfactant mainly occupies interfaces and
exists as monomers. Near and above CMC, micelles form and many solution properties
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change slope.

In water, normal micelles have hydrophobic cores that solubilize oils. Detergency involves
wetting, displacement of soil, emulsification or solubilization, and prevention of redeposition.

Hard-water Ca2+ and Mg2+ form insoluble scum with soaps, whereas many synthetic
detergents remain effective.

Hinglish Explanation
Surfactant ko matchstick jaisa imagine karo: head water-loving, tail oil-loving. Surface par
tails water se door orient hoti hain, isliye surface tension reduce hota hai.

CMC ke baad extra molecules mainly micelles banate hain; surface tension ka decrease
bahut slow ho jata hai. Soap hard water me scum banata hai because calcium or
magnesium salts insoluble hote hain.

Detergent selection me biodegradability, toxicity, foaming and wastewater impact bhi
important hain.

4. Chemical Equations, Formulae and Mathematical Expressions

Key Equations and Reactions

1.  R = V/I

2.  G = 1/R

3.  κ = Gl/A

4.  Λm = κ/c

5.  Ecell = Ecathode - Eanode

6.  ΔG = -nFE

7.  ΔG0 = -nFE0

8.  E = E0 - (0.05916/n)log10Q at 298 K

9.  m = ItM/(nF)

10.  Q = It

11.  Zn → Zn2+ + 2e-

12.  Cu2+ + 2e- → Cu

13.  Fe → Fe2+ + 2e-

14.  O2 + 2H2O + 4e- → 4OH-

15.  2H2 + O2 → 2H2O
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5. Important Derivations and Numerical Concepts
For the Daniell cell under standard conditions, E0

cell = E0
Cu2+/Cu - E0

Zn2+/Zn = 0.34 - (-0.76) =
1.10 V. If the overall reaction is Zn + Cu2+ → Zn2+ + Cu, then Q = aZn2+/aCu2+ and n = 2. At
298 K, E = 1.10 - (0.05916/2)logQ. For electrolysis, 2.00 A passed for 30.0 min gives Q =
3600 C. Copper deposited from Cu2+ is m = 3600 x 63.546/(2 x 96485) = 1.19 g at 100
percent current efficiency.

6. Practical Applications
• Conductivity monitors dissolved ionic contamination and water-treatment performance.

• Reference electrodes and potentiometric sensors measure pH and ion activity.

• Cathodic protection protects pipelines, tanks, reinforcement and marine structures.

• Electroplating provides corrosion resistance, appearance and functional surfaces.

• Batteries support vehicles, renewable-energy integration and emergency systems.

• Surfactants serve in cleaners, emulsions, flotation, coatings and concrete admixtures.

7. Concept Diagram
DANIELL GALVANIC CELL

 (-) ANODE                                                CATHODE (+)
 Zn(s) | Zn2+(aq)       ||  SALT BRIDGE  ||       Cu2+(aq) | Cu(s)
        oxidation                                      reduction

 External electron flow:   Zn  --------------------------------->  Cu
 Conventional current:     Cu  <---------------------------------  Zn
 Salt bridge: anions migrate toward anode; cations toward cathode.

8. Comparison Table
Feature Galvanic cell Electrolytic cell

Energy conversion Chemical to electrical Electrical to chemical

Reaction Spontaneous Externally driven

Anode sign Negative Positive

Cathode sign Positive Negative

Invariant rule Oxidation at anode Oxidation at anode

9. Important DSSSB Exam Points
• Anode is oxidation and cathode is reduction in every cell.

• Salt bridge carries ions, not electrons.

• Use cathode minus anode for reduction potentials.

• Electrode potentials are not multiplied by stoichiometric coefficients.

• Molar conductivity increases on dilution even though conductivity usually decreases.

• Above CMC, added surfactant mainly forms micelles.

• Sacrificial-anode protection deliberately corrodes the more active attached metal.

10. Practice Questions with Solutions
Attempt each question first. The explanation discusses only the correct answer.
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Q1. The SI unit of conductance is
(A) ohm
(B) siemens
(C) S m-1

(D) ohm metre
Correct Answer: (B)
Conductance is measured in siemens.

Q2. On dilution of a strong electrolyte, molar conductivity generally
(A) decreases to zero
(B) increases
(C) remains exactly fixed
(D) becomes negative

Correct Answer: (B)
Reduced interionic interaction increases molar conductivity.

Q3. Oxidation in an electrochemical cell always occurs at the
(A) cathode
(B) salt bridge
(C) anode
(D) electrolyte only

Correct Answer: (C)
The anode is defined as the electrode where oxidation occurs.

Q4. In a galvanic cell, electrons flow externally from
(A) cathode to anode
(B) anode to cathode
(C) salt bridge to anode
(D) electrolyte to wire

Correct Answer: (B)
Oxidation releases electrons at the anode and reduction consumes them at the cathode.

Q5. The main function of a salt bridge is to
(A) supply electrons
(B) maintain electrical neutrality by ion migration
(C) increase electrode mass
(D) stop the redox reaction

Correct Answer: (B)
Ion migration through the bridge completes the internal circuit and limits charge buildup.

Q6. For reduction potentials, standard cell emf is
(A) Eanode - Ecathode
(B) Ecathode - Eanode
(C) sum multiplied by n
(D) always zero

Correct Answer: (B)
Cell emf equals cathode reduction potential minus anode reduction potential.
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Q7. At equilibrium for an electrochemical cell
(A) E = 0
(B) E is infinite
(C) ΔG is always positive
(D) Q = 0

Correct Answer: (A)
No net driving force remains at equilibrium, so cell emf is zero.

Q8. Mass deposited during electrolysis is proportional to
(A) It
(B) I/t
(C) resistance only
(D) voltage only

Correct Answer: (A)
Faraday first law makes deposited mass proportional to total charge It.

Q9. Cathodic protection works by making the structure
(A) an anode
(B) a cathode
(C) an insulator only
(D) a salt bridge

Correct Answer: (B)
Supplying electrons suppresses anodic dissolution of the protected structure.

Q10. The overall product of an ideal hydrogen-oxygen fuel cell is
(A) carbon dioxide
(B) water
(C) ammonia
(D) chlorine

Correct Answer: (B)
Hydrogen and oxygen combine electrochemically to form water.

Q11. A surfactant molecule contains
(A) only a hydrophobic group
(B) hydrophilic and hydrophobic parts
(C) only metal ions
(D) no affinity for interfaces

Correct Answer: (B)
Its amphiphilic structure drives adsorption at interfaces.

Q12. Micelles form significantly when concentration reaches the
(A) equivalence point
(B) critical micelle concentration
(C) boiling point
(D) isoelectric point

Correct Answer: (B)
CMC marks the concentration range where organized aggregates become important.

Quick Revision: Re-read the formula box, cover the answers, and explain each exam point
aloud. A formula is ready for the exam only when its symbols, SI units, assumptions and sign
convention are clear.
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CHAPTER 3 — MOLECULAR STRUCTURE AND
PHASE RULE
1. Introduction
Molecular structure explains how electronic arrangement and bonding determine geometry,
polarity, magnetism, strength and reactivity. Phase rule organizes equilibrium among solid,
liquid and gaseous phases and guides interpretation of phase diagrams. These ideas support
materials selection, alloy processing, ceramics, cement chemistry, separation processes and
quality control. DSSSB frequently tests quantum numbers, hybridization, VSEPR shapes,
molecular-orbital bond order, intermolecular forces, Gibbs phase rule and one-component or
binary phase diagrams.

2. Complete Theory
Atomic orbitals and quantum numbers
An atomic orbital is a wavefunction region associated with a high probability of finding an
electron; it is not a fixed planetary path. The principal quantum number n controls shell and
approximate size and energy.

The azimuthal quantum number l identifies subshell shape, with l = 0, 1, 2, 3 corresponding
to s, p, d, f. The magnetic quantum number ml ranges from -l to +l and describes orbital
orientation.

Spin quantum number ms is +1/2 or -1/2. A subshell contains 2l + 1 orbitals and can hold
2(2l + 1) electrons.

Pauli exclusion principle forbids two electrons in an atom from having all four quantum
numbers identical. Hund rule fills degenerate orbitals singly with parallel spins before
pairing.

Aufbau order follows increasing orbital energy, with recognized exceptions such as Cr and
Cu due to close energy levels.

Hinglish Explanation
Orbital ko electron ka exact circular route mat samjho; ye probability description hai. n
shell batata hai, l subshell, ml orientation aur ms spin.

p subshell me three orbitals hote hain, total six electrons. Hund rule ko bus seats jaisa
yaad rakho: equal-energy seats me pehle single passengers, phir pairing.

Pauli ke according ek orbital me maximum two electrons aur unke spins opposite honge.

Ionic, covalent and coordinate bonding
Ionic bonding arises mainly from electrostatic attraction after electron transfer, while
covalent bonding involves sharing of electron pairs and directional orbital overlap. Actual
bonds often have mixed ionic-covalent character.

Lattice energy increases with higher ionic charge and smaller ionic radius, which generally
raises melting point and stability. Polar covalent bonds arise from electronegativity
difference and possess bond dipoles.

Molecular dipole is the vector sum of bond dipoles, so a molecule with polar bonds may be
nonpolar by symmetry, as in CO2. In a coordinate covalent bond both bonding electrons
originate from one donor atom, but after formation the bond is not fundamentally a different
type.
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Formal charge assists Lewis structures but does not equal actual atomic charge.

Hinglish Explanation
NaCl ko pure isolated Na+ aur Cl- model se samjha sakte hain, lekin real bonding
continuum hota hai. CO2 ke C=O bonds polar hain, phir bhi linear symmetry ke karan
dipoles cancel hote hain.

H2O bent hai, so dipoles cancel nahi hote. Coordinate bond me electron pair donor ek atom
hota hai, jaise NH3 + H+ → NH4

+; bond banne ke baad four N-H bonds equivalent ho sakte
hain.

VSEPR theory, hybridization and molecular geometry
VSEPR theory predicts geometry by minimizing repulsion among electron domains around a
central atom. Repulsion order is lone pair-lone pair greater than lone pair-bond pair greater
than bond pair-bond pair.

Two domains give linear, three trigonal planar, four tetrahedral, five trigonal bipyramidal
and six octahedral electron-domain geometry. Lone pairs alter molecular shape and
compress bond angles.

Hybridization is a valence-bond model that combines atomic orbitals into directed equivalent
orbitals: sp is linear, sp2 trigonal planar and sp3 tetrahedral. In CH4 carbon is sp3; NH3 is sp3

with one lone pair and trigonal pyramidal shape; H2O is sp3 with two lone pairs and bent
shape.

Multiple bonds count as one electron domain in basic VSEPR.

Hinglish Explanation
Shape decide karte waqt atoms nahi, electron domains count karo. CH4, NH3 aur H2O tino
ka electron-domain arrangement tetrahedral hai, lekin molecular shapes different hain
because lone pairs visible atom positions me count nahi hote.

Lone pair zyada space leta hai, isliye H-O-H angle CH4 ke 109.5 degree se smaller hota hai.
sp, sp2, sp3 ko respectively 180, 120 aur approximately 109.5 degree se connect karo.

Molecular orbital theory and bond order
Molecular orbital theory forms orbitals spread over the molecule by linear combination of
atomic orbitals. Constructive combination gives a lower-energy bonding orbital; destructive
combination gives a higher-energy antibonding orbital marked with an asterisk.

Electrons fill molecular orbitals according to Aufbau, Pauli and Hund principles. Bond order is
one-half of bonding electrons minus antibonding electrons.

Positive bond order indicates net bonding; larger bond order generally means shorter,
stronger bonds. O2 has two unpaired electrons in π* antibonding orbitals and is therefore
paramagnetic, a key success of MO theory.

Removal of an antibonding electron increases bond order, so O2
+ has stronger bonding than

O2, whereas addition to an antibonding orbital lowers bond order.

Hinglish Explanation
MO diagram me bonding electrons bond ko strengthen aur antibonding electrons weaken
karte hain. Shortcut: bond order = (bonding - antibonding)/2.

O2 ka paramagnetism Lewis structure se explain nahi hota, but MO theory two unpaired
electrons clearly dikhati hai. Electron remove kahan se ho raha hai ye important hai;
antibonding orbital se remove karoge to bond stronger ho sakta hai.
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Intermolecular forces and structure-property relations
Intermolecular forces act between molecules and are weaker than ordinary covalent or ionic
bonds, but they strongly influence boiling point, viscosity, solubility and polymer behavior.
London dispersion forces occur in all atoms and molecules and increase with polarizability
and contact area.

Dipole-dipole forces act between permanent dipoles. Hydrogen bonding is a strong
directional interaction when H bonded to highly electronegative N, O or F interacts with a
lone pair.

Ion-dipole forces help dissolve ionic solids in polar solvents. The phrase like dissolves like is
a useful first approximation: polar solvents favor polar or ionic solutes, while nonpolar
solvents favor nonpolar solutes.

Network covalent solids such as diamond have high hardness and melting temperature
because breaking the solid requires disruption of a continuous bond network.

Hinglish Explanation
Boiling point compare karte waqt sirf molecular mass nahi, intermolecular attraction aur
molecular shape bhi dekho. Straight-chain molecules often have more contact area than
compact isomers, so dispersion force stronger ho sakti hai.

Water ka unusually high boiling point hydrogen bonding se related hai. Solubility me new
solute-solvent attractions ko old solute-solute aur solvent-solvent attractions compensate
karna hota hai.

Gibbs phase rule and phase diagrams
A phase is a homogeneous, physically distinct and mechanically separable part of a system.
Components are the minimum number of independently variable chemical constituents
needed to express every phase composition.

Degrees of freedom F are independent intensive variables such as temperature, pressure
and composition that can change without altering the number of phases. Gibbs phase rule
for a non-reacting equilibrium system is F = C - P + 2.

For condensed systems at effectively constant pressure, the reduced rule is F = C - P + 1. A
one-component single-phase region is bivariant, a two-phase curve univariant and a
three-phase point invariant.

In the water system, the fusion curve has negative slope because liquid water is denser than
ice. The triple point is the unique temperature and pressure where ice, liquid and vapour
coexist.

Hinglish Explanation
Phase rule ek counting rule hai. C chemical independence batata hai, P coexisting phases
aur F kitni variables freely set kar sakte ho.

One-component water diagram me single-phase area ke andar T and P independently
change kar sakte hain, so F = 2. Two-phase boundary par ek variable fix karoge to second
determined, so F = 1.

Triple point par both fixed, so F = 0. Phase aur physical state exact synonyms nahi: two
immiscible liquids same liquid state me hote hue two phases hain.
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Binary systems, eutectic point and engineering meaning
For a condensed binary system at constant pressure, F = C - P + 1. A eutectic is the
lowest-temperature liquid composition in a simple binary system and solidifies into two solid
phases at a fixed temperature.

At the eutectic point, liquid and two solids coexist, so with C = 2 and P = 3 the reduced
degrees of freedom are zero. Away from eutectic composition, one primary solid appears
first, followed by eutectic solidification of remaining liquid.

The lead-silver system historically illustrates desilverization, while solder and many alloy
systems use eutectic or near-eutectic compositions for low melting temperature and sharp
solidification behavior. Lever rule estimates phase fractions along a tie line in a two-phase
region.

Hinglish Explanation
Eutectic ko binary mixture ka lowest melting liquid composition samjho. Is exact
composition par liquid directly two solids ke mixture me fixed temperature par transform
hota hai.

Eutectic temperature ke below liquid stable nahi hoti. Phase diagram read karte waqt point
ka location, present phases aur cooling path tino dekho.

Lever rule me opposite tie-line segment fraction deta hai - naam lever isliye kyunki balance
principle jaisa hai.

4. Chemical Equations, Formulae and Mathematical Expressions

Key Equations and Reactions

1.  Number of orbitals in shell n = n2

2.  maximum electrons in shell n = 2n2

3.  orbitals in a subshell = 2l + 1

4.  maximum electrons in subshell = 2(2l + 1)

5.  bond order = (Nb - Na)/2

6.  dipole moment μ = q x r

7.  formal charge = valence electrons - nonbonding electrons - bonding electrons/2

8.  F = C - P + 2

9.  condensed phase rule F = C - P + 1

10.  eutectic point for binary condensed system: C = 2, P = 3, F = 0

11.  NH3 + H+ → NH4
+

12.  2H2O ⇌ H3O+ + OH-
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5. Important Derivations and Numerical Concepts
For O2, the occupied molecular orbitals contain eight bonding and four antibonding
electrons, so bond order = (8 - 4)/2 = 2. Two electrons remain unpaired in degenerate π*
orbitals, giving paramagnetism. For the water triple point, C = 1 and P = 3, so F = 1 - 3 + 2
= 0: neither temperature nor pressure can vary independently while all three phases
remain. For a condensed binary eutectic at constant pressure, F = 2 - 3 + 1 = 0.

6. Practical Applications
• Molecular geometry predicts polarity, reactivity and intermolecular compatibility.

• Bonding models guide selection of ceramics, metals, solvents and polymers.

• MO theory explains oxygen magnetism and trends in bond strength.

• Hydrogen bonding controls water properties, adhesives and polymer performance.

• Phase diagrams guide heat treatment, casting, soldering and alloy processing.

• Eutectic understanding supports low-melting alloys and controlled solidification.

7. Concept Diagram
ONE-COMPONENT WATER PHASE DIAGRAM (schematic)

Pressure
   ^             liquid
   |              /
   |        solid/  vaporization curve
   |             o---------------- critical point
   |            / \
   |  sublimation   \ vapour
   |       curve     \n   +------------------------------> Temperature
               triple point

The solid-liquid fusion curve slopes to lower pressure with increasing temperature for water.

8. Comparison Table
Species Electron-domain

geometry
Molecular shape Approx. angle

CO2 Linear Linear 180 degree

BF3 Trigonal planar Trigonal planar 120 degree

CH4 Tetrahedral Tetrahedral 109.5 degree

NH3 Tetrahedral Trigonal pyramidal 107 degree

H2O Tetrahedral Bent 104.5 degree

9. Important DSSSB Exam Points
• An orbital is a probability description, not a fixed electron path.

• Maximum electrons in a subshell are 2(2l + 1).

• Lone pairs compress adjacent bond angles.

• A molecule may have polar bonds but zero net dipole by symmetry.

• O2 is paramagnetic because of two unpaired electrons in π* orbitals.

• At a one-component triple point, F = 0.
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• Use the reduced phase rule only when pressure is treated as constant.

10. Practice Questions with Solutions
Attempt each question first. The explanation discusses only the correct answer.

Q1. The number of orbitals in a p subshell is
(A) 1
(B) 3
(C) 5
(D) 7

Correct Answer: (B)
For l = 1, the p subshell has 2l + 1 = 3 orbitals.

Q2. Maximum electrons in a d subshell are
(A) 2
(B) 6
(C) 10
(D) 14

Correct Answer: (C)
Five d orbitals hold two electrons each.

Q3. According to Hund rule, degenerate orbitals are filled
(A) by pairing first
(B) singly with parallel spins before pairing
(C) only with opposite spins
(D) randomly

Correct Answer: (B)
Electrons occupy equal-energy orbitals singly before pairing.

Q4. The shape of CO2 is
(A) bent
(B) linear
(C) trigonal pyramidal
(D) tetrahedral

Correct Answer: (B)
Two electron domains around carbon produce a linear molecule.

Q5. Hybridization of carbon in CH4 is
(A) sp
(B) sp2

(C) sp3

(D) dsp2

Correct Answer: (C)
Four equivalent sigma bonds are described by sp3 hybridization.

Q6. The molecular shape of NH3 is
(A) trigonal planar
(B) trigonal pyramidal
(C) linear
(D) square planar

Correct Answer: (B)
Three bonds and one lone pair give a trigonal-pyramidal molecular shape.
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Q7. Bond order is calculated as
(A) Nb + Na
(B) (Nb - Na)/2
(C) Na/Nb
(D) 2Nb

Correct Answer: (B)
Bond order is half the difference between bonding and antibonding electrons.

Q8. Paramagnetism of O2 results from
(A) ionic bonding
(B) unpaired electrons in antibonding orbitals
(C) absence of electrons
(D) hydrogen bonding

Correct Answer: (B)
Two unpaired π* electrons make oxygen paramagnetic.

Q9. The strongest interaction among the following is generally
(A) London force between small atoms
(B) ion-dipole interaction
(C) temporary dipole only
(D) none

Correct Answer: (B)
An ion interacting with a permanent molecular dipole is comparatively strong.

Q10. For a non-reacting system, Gibbs phase rule is
(A) F = C + P + 2
(B) F = C - P + 2
(C) F = P - C
(D) F = C/P

Correct Answer: (B)
The general Gibbs phase rule is F = C - P + 2.

Q11. Degrees of freedom at the water triple point are
(A) 0
(B) 1
(C) 2
(D) 3

Correct Answer: (A)
One component and three phases give F = 0.

Q12. At a simple binary eutectic point under constant pressure
(A) one phase exists
(B) liquid and two solids coexist
(C) only vapour exists
(D) F = 2

Correct Answer: (B)
The eutectic equilibrium contains one liquid and two solid phases.

Quick Revision: Re-read the formula box, cover the answers, and explain each exam point
aloud. A formula is ready for the exam only when its symbols, SI units, assumptions and sign
convention are clear.
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CHAPTER 4 — POLYMERS
1. Introduction
Polymers are high-molar-mass materials built from repeating structural units. Their chain
architecture, molecular weight, intermolecular forces, crystallinity, crosslinking and
additives control mechanical, thermal, electrical and chemical behavior. Polymers are
essential in pipes, coatings, sealants, insulation, geosynthetics, adhesives, composites and
packaging. DSSSB questions commonly cover polymerization mechanisms, addition versus
condensation polymers, thermoplastics versus thermosets, glass-transition temperature,
common commercial polymers, elastomers and vulcanization.

2. Complete Theory
Basic terms, functionality and classification
A monomer is a small molecule capable of forming a polymer; the repeat unit is the
structural pattern repeated along the chain and may not have the same composition as the
original monomer in condensation polymerization. Degree of polymerization is the average
number of repeat units per chain.

Functionality is the number of reactive sites that can form bonds during polymerization.
Bifunctional monomers usually form linear chains, while functionality greater than two
promotes branching or networks.

Homopolymers use one monomer type and copolymers use two or more. Copolymers may
be random, alternating, block or graft.

Polymers may be classified by source, chain structure, polymerization mechanism,
intermolecular forces, thermal response and stereochemistry.

Hinglish Explanation
Monomer aur repeat unit ko same assume mat karo. Polyethylene me relation simple hai,
lekin nylon-6,6 me small molecules eliminate hote hain, so repeat unit monomers ka direct
sum minus eliminated molecules hota hai.

Functionality ko hands jaisa samjho: two hands linear chain, more hands network bana
sakte hain. Copolymer sequence properties tune karti hai; block copolymer alag segments
ko combine karta hai.

Chain-growth polymerization
Chain-growth polymerization proceeds through initiation, propagation and termination at an
active centre. In free-radical polymerization, an initiator forms radicals, a radical adds to a
carbon-carbon double bond, and the new chain radical repeatedly adds monomer.

Termination occurs by combination or disproportionation; chain transfer limits molecular
weight and creates a new radical. The overall reaction consumes double bonds without
eliminating a small molecule.

Polyethylene, polystyrene, PVC and PMMA are common chain-growth polymers. Ionic and
coordination mechanisms offer different control.

Ziegler-Natta catalysts enable stereoregular polyolefins under comparatively mild
conditions. Oxygen can inhibit radical polymerization by trapping radicals.
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Hinglish Explanation
Chain-growth ko relay race samjho: initiator active centre start karta hai, monomers
rapidly add hote hain, termination chain stop karti hai. Polymer chain reaction ke early
stage me high molecular weight reach kar sakti hai even when total conversion low ho.

Addition polymerization term common hai, but modern classification chain-growth zyada
precise hai. Initiator catalyst jaisa appear hota hai, lekin radical initiator fragments polymer
chain me enter kar sakte hain.

Step-growth and condensation polymerization
In step-growth polymerization any two compatible functional molecules - monomer,
oligomer or polymer - can react. High molecular weight appears only at very high
functional-group conversion and near-stoichiometric balance.

Many step-growth processes eliminate H2O, HCl or methanol and are called condensation
polymerizations, though some step-growth reactions such as polyurethane formation do not
eliminate a small molecule. Nylon-6,6 forms from hexamethylenediamine and adipic acid;
PET forms from ethylene glycol and terephthalic acid or suitable derivatives.

Phenol and formaldehyde form phenolic resin that can develop a crosslinked thermoset
network. Carothers relation for an ideal stoichiometrically balanced bifunctional system is Xn
= 1/(1-p), showing the need for p close to one.

Hinglish Explanation
Step-growth me sirf monomer chain end par add nahi hota; do oligomers bhi combine kar
sakte hain. Agar conversion 90 percent hai to Xn roughly 10, 99 percent par 100, 99.9
percent par 1000.

Isliye high conversion aur exact functional-group balance essential hain. Addition versus
condensation ko sirf by-product rule se classify karna incomplete hai because polyurethane
step-growth hai but small molecule release necessary nahi.

Molecular weight, structure and thermal transitions
Polymer samples contain a distribution of chain lengths. Number-average molar mass Mn
weights each molecule equally, while weight-average Mw emphasizes heavier molecules;
therefore Mw is greater than or equal to Mn.

Dispersity is D = Mw/Mn and is at least one. Linear chains may pack and crystallize partly,
branched chains often pack less efficiently, and crosslinked networks resist flow.

Glass-transition temperature Tg marks cooperative segmental mobility in amorphous
regions: below Tg many polymers are glassy and rigid, above Tg they become softer or
rubbery. Melting temperature Tm applies to crystalline regions and is a first-order transition.

Plasticizers increase chain mobility and usually lower Tg; crosslinking and rigid backbones
often raise modulus and thermal resistance.

Hinglish Explanation
Polymer ka molecular weight ek single exact value nahi hota; distribution hoti hai. Mw
heavy chains ko extra weight deta hai, so Mw < Mn physically normal sample ke liye nahi.

Tg melting nahi hai. Amorphous polymer Tg par gradually soft hota hai; crystalline regions
Tm par melt hote hain.

PVC me plasticizer add karne se flexible cable insulation ban sakti hai because Tg lower
hota hai.
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Thermoplastics, thermosets, fibres and elastomers
Thermoplastics are mainly linear or branched materials that soften on heating and can often
be reshaped, though degradation limits repeated processing. Thermosets form highly
crosslinked networks that do not melt into a processable liquid; excessive heating causes
decomposition.

Fibres require high chain orientation, intermolecular attraction and tensile strength.
Elastomers undergo large reversible deformation because flexible chains uncoil and are
lightly crosslinked to prevent permanent flow.

Excess crosslinking would make an elastomer hard and brittle. Mechanical behavior also
depends on temperature relative to Tg, strain rate, crystallinity, fillers and defects.

Hinglish Explanation
Thermoplastic ko heat karke reshape kar sakte ho, thermoset ko nahi - but thermoplastic
infinite times recycle hoga ye guarantee nahi because degradation occurs. Elastomer ki
chains coiled springs jaisi hain.

Light crosslinks anchor points dete hain; without crosslinks material creep kar sakta hai,
too many crosslinks se flexibility lose hogi. Fibre ke liye chains aligned aur strong
interactions useful hain.

Important commercial polymers and engineering uses
Polyethylene has chemically resistant C-C chains; low-density PE is highly branched and
flexible, while high-density PE is more linear, crystalline and stiff. PVC is flame-retardant
relative to many hydrocarbons and is used in pipes and insulation, but additives and thermal
stability require control.

PTFE has strong C-F bonds, low friction and excellent chemical resistance. Polystyrene is
rigid and transparent but brittle; foamed PS provides insulation.

PMMA is optically clear. Nylon-6,6 is a strong polyamide used in fibres and engineering parts.

PET is used in fibres, films and bottles. Phenol-formaldehyde resin is a heat-resistant
thermoset.

Epoxy resins provide adhesion and chemical resistance in coatings, repair materials and
composites.

Hinglish Explanation
Polymer ka naam dekhkar monomer identify karna exam me common hai: vinyl chloride →
PVC, tetrafluoroethylene → PTFE, styrene → polystyrene. HDPE me branching less, packing
and density higher.

Nylon me amide groups hydrogen bonding provide karte hain. Epoxy sirf glue nahi;
coatings, flooring, anchoring and fibre composites me matrix ke roop me widely use hota
hai.

Rubber, vulcanization, degradation and sustainability
Natural rubber is mainly cis-1,4-polyisoprene. Raw rubber is soft and tacky at high
temperature and stiff at low temperature.

Vulcanization creates sulfur crosslinks, improving elasticity, strength, abrasion resistance
and temperature stability. Styrene-butadiene rubber is widely used in tyres; nitrile rubber
resists oils; neoprene offers weather and chemical resistance; silicone rubber performs over
a wide temperature range.
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Polymer degradation may be thermal, oxidative, photochemical, hydrolytic or mechanical.
Stabilizers slow degradation but cannot make a material permanent.

Recycling routes include mechanical reprocessing, chemical depolymerization or feedstock
recovery, and energy recovery where justified. Design for recycling requires material
identification, compatible additives and avoidance of inseparable multilayers.

Hinglish Explanation
Vulcanization ka purpose rubber ko simply hard banana nahi; controlled sulfur crosslinks se
useful elastic network banana hai. Nitrile rubber oil-contact seals ke liye suitable hai, while
natural rubber ozone and oil resistance me limited ho sakta hai.

Biodegradable label ka matlab har environment me instantly disappear nahi; temperature,
moisture, microorganisms and industrial composting conditions matter karte hain.

Conducting, biodegradable and smart polymers
Most conventional polymers are electrical insulators because electrons are localized in
sigma bonds. Conjugated polymers contain alternating single and double bonds, allowing
delocalized pi electrons; doping can greatly increase conductivity.

Examples include polyacetylene, polyaniline and polypyrrole. Conducting polymers are used
in sensors, antistatic coatings, batteries and flexible electronics, but stability and processing
remain challenges.

Biodegradable polymers such as PLA and certain polyhydroxyalkanoates can break down
under appropriate biological conditions. Shape-memory and stimuli-responsive polymers
alter shape, permeability or other properties in response to temperature, pH, light or electric
field.

Performance, safety, cost and end-of-life conditions must be evaluated rather than assuming
every advanced polymer is automatically sustainable.

Hinglish Explanation
Conjugation electron movement ka pathway deta hai, lekin high conductivity ke liye doping
often required hoti hai. Doping yahan conventional semiconductor impurity addition se
conceptually different redox or protonation process ho sakti hai.

Biodegradable polymer aur bio-based polymer same term nahi: bio-based material
non-biodegradable ho sakta hai, aur fossil-derived polymer biodegradable design kiya ja
sakta hai.
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4. Chemical Equations, Formulae and Mathematical Expressions

Key Equations and Reactions

1.  degree of polymerization Xn = Mn / Mrepeat

2.  Carothers equation Xn = 1/(1-p)

3.  dispersity D = Mw/Mn

4.  Mw >= Mn

5.  nCH2=CH2 → [-CH2-CH2-]n

6.  nCH2=CHCl → [-CH2-CHCl-]n

7.  nCF2=CF2 → [-CF2-CF2-]n

8.  diamine + diacid → polyamide + H2O

9.  diol + diacid → polyester + H2O

10.  natural rubber repeat unit = cis-1,4-polyisoprene

11.  vulcanization: rubber chains + sulfur → crosslinked elastomer

5. Important Derivations and Numerical Concepts
For an ideal bifunctional step-growth polymer with equal numbers of functional groups, the
number of molecules falls as bonds form. If p is the fraction of functional groups reacted, the
fraction of original molecules remaining is approximately 1-p, giving Xn = 1/(1-p). Thus p =
0.98 gives Xn = 50, while p = 0.995 gives Xn = 200. A small conversion deficit strongly limits
chain length. If Mn = 50,000 g/mol and repeat-unit molar mass is 100 g/mol, Xn = 500.

6. Practical Applications
• PVC and HDPE pipes provide corrosion resistance in water and drainage systems.

• Epoxy coatings, grouts and anchors support repair and protection of concrete and steel.

• Polymer-modified bitumen and concrete improve selected durability and adhesion
properties.

• Geotextiles and geomembranes provide separation, filtration, reinforcement and
containment.

• Elastomeric bearings and sealants accommodate movement and prevent leakage.

• Fibre-reinforced polymer systems strengthen structures with low added mass.
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7. Concept Diagram
POLYMER ARCHITECTURES (schematic)

Linear:       o--o--o--o--o--o

Branched:     o--o--o--o--o
                    |
                    o--o

Crosslinked:  o--o--o--o
                 |     |
              o--o--o--o

Increasing crosslink density reduces flow and usually increases rigidity.

8. Comparison Table
Feature Thermoplastic Thermosetting polymer

Structure Linear or branched mainly Highly crosslinked network

Heating Softens and may be reshaped Does not remelt; decomposes on
strong heating

Processing Extrusion, injection moulding Curing in mould or in place

Examples PE, PVC, PP Epoxy, Bakelite

Recycling Mechanical recycling often
possible

Difficult by simple remelting

9. Important DSSSB Exam Points
• Functionality greater than two promotes network formation.

• Chain-growth has initiation, propagation and termination.

• Step-growth needs very high conversion for high molecular weight.

• Mw is greater than or equal to Mn.

• Tg is not the same as crystalline melting temperature.

• Plasticizers usually lower Tg.

• Vulcanization introduces controlled sulfur crosslinks.

• HDPE is less branched and more crystalline than LDPE.

10. Practice Questions with Solutions
Attempt each question first. The explanation discusses only the correct answer.

Q1. A polymer formed from one monomer type is a
(A) copolymer
(B) homopolymer
(C) blend
(D) composite

Correct Answer: (B)
A homopolymer uses a single monomer type.
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Q2. Functionality greater than two tends to promote
(A) only monomer evaporation
(B) branching or crosslinking
(C) complete depolymerization
(D) zero molecular weight

Correct Answer: (B)
Multiple reactive sites permit network formation.

Q3. Free-radical chain polymerization includes
(A) initiation, propagation and termination
(B) only condensation
(C) only crystallization
(D) melting and boiling

Correct Answer: (A)
The active radical is created, propagated and finally terminated.

Q4. Polyethylene is commonly produced by
(A) chain-growth polymerization of ethylene
(B) condensation of a diacid and diamine
(C) vulcanization of rubber
(D) hydrolysis of nylon

Correct Answer: (A)
Ethylene double bonds open and link through chain-growth polymerization.

Q5. Nylon-6,6 is a
(A) polyamide
(B) polyolefin
(C) polysiloxane
(D) phenolic resin

Correct Answer: (A)
Its backbone contains repeating amide linkages.

Q6. Carothers equation for an ideal balanced bifunctional system is
(A) Xn = 1-p
(B) Xn = 1/(1-p)
(C) Xn = p/2
(D) Xn = MwMn

Correct Answer: (B)
Degree of polymerization rises sharply as conversion approaches one.

Q7. For a normal molecular-weight distribution
(A) Mw < Mn
(B) Mw >= Mn
(C) Mw = 0
(D) Mn is undefined

Correct Answer: (B)
Weight averaging emphasizes heavier chains, so Mw cannot be below Mn.



CIVILGYAN WITH SATISH

DSSSB AE/JE 2026  |  Engineering Chemistry Chapter 4: Polymers

CivilGyan Tests | https://civilgyantests.com Prepare Smart. Crack DSSSB. Page 33

Q8. A plasticizer usually
(A) raises Tg greatly
(B) lowers Tg and increases flexibility
(C) creates a metal
(D) removes every additive

Correct Answer: (B)
Plasticizers increase segmental mobility and lower glass-transition temperature.

Q9. A thermosetting polymer
(A) can be remelted repeatedly
(B) forms a crosslinked network
(C) has no covalent bonds
(D) is always soluble

Correct Answer: (B)
Curing creates a network that does not flow on reheating.

Q10. HDPE compared with LDPE is generally
(A) more branched
(B) less crystalline
(C) less branched and denser
(D) a thermoset

Correct Answer: (C)
Greater chain linearity permits closer packing and higher density.

Q11. Vulcanization of rubber introduces
(A) sulfur crosslinks
(B) only water
(C) metallic crystals
(D) complete chain scission

Correct Answer: (A)
Controlled sulfur crosslinks improve useful elastic properties.

Q12. Which polymer is noted for very low friction and chemical resistance?
(A) PTFE
(B) starch
(C) natural silk
(D) Bakelite only

Correct Answer: (A)
Strong C-F bonding and low surface energy give PTFE exceptional resistance and low friction.

Quick Revision: Re-read the formula box, cover the answers, and explain each exam point
aloud. A formula is ready for the exam only when its symbols, SI units, assumptions and sign
convention are clear.



CIVILGYAN WITH SATISH

DSSSB AE/JE 2026  |  Engineering Chemistry Chapter 5: Nanomaterials and Composites

CivilGyan Tests | https://civilgyantests.com Prepare Smart. Crack DSSSB. Page 34

CHAPTER 5 — NANOMATERIALS AND
COMPOSITES
1. Introduction
Nanomaterials possess at least one structural dimension in the approximate 1-100 nm
range, where surface effects and quantum confinement can produce properties unlike bulk
matter. Composites combine distinct materials so that the engineered system achieves a
superior balance of stiffness, strength, toughness, durability, density or function. Both areas
are central to coatings, sensors, catalysts, energy systems, advanced concrete, structural
rehabilitation and aerospace materials. DSSSB questions often test nanoscale effects,
synthesis methods, characterization, carbon nanomaterials, composite constituents, fibre
orientation and rule-of-mixtures concepts.

2. Complete Theory
Nanoscale classification and size-dependent properties
Zero-dimensional nanostructures such as quantum dots are confined in all three dimensions;
one-dimensional nanowires and nanotubes are extended in one dimension; two-dimensional
sheets such as graphene are thin in one dimension; nanostructured bulk materials contain
nanoscale grains or phases. As particle size decreases, surface-area-to-volume ratio
increases approximately as inverse size.

A larger fraction of atoms lies at or near surfaces, increasing surface energy, adsorption and
catalytic activity. Quantum confinement can discretize electronic states and make optical or
electrical properties size dependent.

Melting point, magnetic coercivity, colour and reactivity may differ from bulk values.
Nanoscale alone does not guarantee superior performance; aggregation, defects, stability
and exposure route matter.

Hinglish Explanation
Same mass ko smaller particles me divide karoge to total surface area dramatically
badhega. Isi wajah se catalyst reaction faster kara sakta hai.

Quantum dot ka colour composition ke saath size par bhi depend kar sakta hai. Lekin nano
ka matlab automatically stronger, safer ya better nahi.

Particles agglomerate ho gaye to effective surface area reduce hogi; high reactivity
storage aur health risks bhi create kar sakti hai.

Top-down and bottom-up synthesis
Top-down methods reduce bulk material to nanoscale by ball milling, lithography,
machining, laser ablation or related processes. They can offer scale and patterning but may
introduce defects, contamination and broad size distributions.

Bottom-up methods assemble atoms, ions or molecules through precipitation, sol-gel
processing, hydrothermal synthesis, chemical vapour deposition, self-assembly or reduction
reactions. Nucleation and growth must be controlled separately to obtain narrow particle
sizes.

Supersaturation drives nucleation; temperature, pH, precursor concentration, mixing,
solvent and capping agents affect final morphology. Capping agents adsorb on surfaces,
limit growth and reduce aggregation.
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No synthesis route is universally best; purity, cost, scalability, waste and desired structure
determine selection.

Hinglish Explanation
Top-down ko stone ko grind karke small pieces banana samjho; bottom-up ko bricks se
structure assemble karna. Ball milling scalable ho sakti hai but contamination and defects
possible.

Precipitation me agar nucleation short burst me aur growth controlled ho, size distribution
narrow ho sakti hai. Capping agent nanoparticles ko ek doosre se stick hone se rokta hai,
lekin later application me surface-blocking effect bhi de sakta hai.

Sol-gel, CVD and precipitation methods
In sol-gel processing, molecular precursors undergo hydrolysis and condensation to form a
colloidal sol, then a connected gel network. Drying and heat treatment produce oxides,
coatings, fibres or porous materials.

Shrinkage and cracking must be controlled during drying. Chemical vapour deposition
transports volatile precursors to a heated substrate where surface reactions form a solid
film; gas-phase conditions control composition, thickness and microstructure.

CVD can produce high-quality coatings, graphene and nanotubes but may require high
temperature or hazardous precursors. Chemical precipitation is simpler and economical for
many oxide nanoparticles; rapid mixing, controlled pH and washing are essential.

Hydrothermal synthesis uses sealed hot aqueous conditions, enabling crystalline products at
temperatures below conventional dry processing.

Hinglish Explanation
Sol-gel me liquid-like sol gradually 3D network gel banata hai. Drying too fast hua to
capillary stress cracks create kar sakta hai.

CVD me material vapour se substrate par grow hota hai, so coating uniformity gas flow and
surface temperature par depend karegi. Precipitation cheap hai, but residual ions properly
wash nahi kiye to purity and stability affect hogi.

Characterization of nanomaterials
No single technique fully characterizes a nanomaterial. X-ray diffraction identifies crystalline
phases and estimates coherent crystallite size from peak broadening using the Scherrer
equation, but crystallite size is not always equal to particle size.

Scanning electron microscopy images surface morphology; transmission electron
microscopy reveals internal structure and lattice-scale features in thin specimens. Atomic
force microscopy maps surface topography with a probe.

Dynamic light scattering estimates hydrodynamic size in suspension and is strongly
weighted toward larger particles, so small amounts of aggregation can dominate. BET gas
adsorption estimates specific surface area.

UV-visible spectra can reveal plasmon or quantum-confinement features. Reliable reporting
includes sampling, calibration, size distribution and sample-preparation effects.

Hinglish Explanation
TEM image me tiny crystallites clearly dikh sakte hain, but sample bahut small area
represent karta hai. DLS liquid suspension me hydrodynamic size deta hai, including
solvation layer, aur large aggregates signal ko dominate kar sakte hain.



CIVILGYAN WITH SATISH

DSSSB AE/JE 2026  |  Engineering Chemistry Chapter 5: Nanomaterials and Composites

CivilGyan Tests | https://civilgyantests.com Prepare Smart. Crack DSSSB. Page 36

XRD crystallite size aur SEM particle size equal hona necessary nahi because one particle
multiple crystallites contain kar sakta hai. Best practice multiple complementary
techniques use karna hai.

Carbon nanomaterials and functional nanoparticles
Fullerenes are closed carbon cages, carbon nanotubes are rolled graphene-like cylinders and
graphene is a single-atom-thick sp2-bonded carbon sheet. Graphene offers high in-plane
electrical and thermal conductivity and mechanical strength, while practical properties
depend on defects, layers and processing.

Single-wall and multi-wall nanotubes differ in wall number and behaviour. Carbon nanotubes
can reinforce composites, form conductive networks and serve in sensors, but dispersion
and interfacial bonding are critical.

Metal nanoparticles such as Ag and Au show size-dependent optical properties; silver also
has antimicrobial activity but uncontrolled release can affect organisms. TiO2 nanoparticles
are used in photocatalysis and UV protection.

Magnetic iron-oxide nanoparticles enable separation, imaging and targeted processes.

Hinglish Explanation
Graphene ko perfect magic sheet assume nahi karna; real material me wrinkles, defects
and restacking hote hain. CNT theoretically strong hai, but composite tabhi strong hoga jab
tubes uniformly dispersed aur matrix se load transfer effective ho.

Silver nanoparticle antimicrobial hai, lekin dose and environmental release evaluate karna
zaroori hai. TiO2 light under electron-hole pairs generate karke photocatalytic reactions
drive kar sakta hai.

Nanomaterial applications, risks and responsible design
Nanomaterials improve catalysts, membranes, sensors, batteries, solar cells, protective
coatings, self-cleaning surfaces and cementitious materials. Nano-silica can accelerate
pozzolanic reaction, fill fine pores and refine microstructure in concrete when properly
dispersed and dosed.

Excessive dosage or agglomeration can increase water demand and reduce workability.
Nanotoxicity depends on composition, size, shape, surface chemistry, solubility, dose and
exposure route.

Airborne nanopowders can present inhalation and dust hazards. Safe handling uses
substitution where possible, enclosed processes, local exhaust ventilation, appropriate
filtration, housekeeping and personal protection.

Life-cycle assessment should consider synthesis energy, precursor toxicity, durability,
release during use and end-of-life.

Hinglish Explanation
Nano-silica ka benefit sirf filler effect nahi; reactive silica calcium hydroxide ke saath
additional C-S-H form kar sakti hai. Lekin dispersion poor hui to agglomerates weak points
bana sakte hain.

Risk ko sirf material name se predict nahi kar sakte. Same chemistry ka dissolved, bulk and
nanoparticle form different exposure behaviour show kar sakta hai.

Engineering controls PPE se pehle preference hote hain.
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Composite fundamentals and classification
A composite contains a continuous matrix and a dispersed reinforcement separated by an
interface. The matrix binds and protects reinforcement, transfers load and gives shape;
reinforcement provides stiffness, strength, wear resistance or another function.

Particle-reinforced, fibre-reinforced and structural composites are broad classes. Fibres may
be continuous or discontinuous and aligned, woven or randomly oriented.

Polymer-matrix composites are lightweight and corrosion resistant; metal-matrix composites
tolerate higher temperature; ceramic-matrix composites improve toughness over monolithic
ceramics while retaining heat resistance. Concrete is a particulate composite, and reinforced
concrete adds steel reinforcement at a larger scale.

Properties are generally anisotropic when reinforcement is aligned.

Hinglish Explanation
Composite me strongest ingredient alone result decide nahi karta. Matrix-reinforcement
interface weak hui to load fibre tak transfer nahi hoga.

Continuous aligned fibres direction along very high strength de sakte hain, but transverse
properties lower ho sakti hain. Random short fibres more isotropic response de sakte hain
but reinforcement efficiency lower.

Concrete matrix and aggregate composite hai; steel add karne se tensile capacity and
ductility improve hoti hai.

Rule of mixtures, load transfer and failure
For a continuous aligned fibre composite loaded parallel to fibres under iso-strain conditions,
longitudinal modulus is approximated by EL = VfEf + VmEm. Since Vf + Vm = 1, increasing
stiff-fibre volume generally raises longitudinal modulus, provided fibres are aligned and
bonded.

Transverse modulus follows a different, lower-bound-like inverse relation under ideal
iso-stress conditions. Critical fibre length is the minimum length needed to develop fibre
strength through interfacial shear transfer; shorter fibres are less efficient.

Composite failure may involve matrix cracking, fibre fracture, fibre pull-out, interfacial
debonding, delamination or impact damage. Some pull-out can increase toughness by
dissipating energy, but uncontrolled debonding lowers stiffness and strength.

Hinglish Explanation
Rule of mixtures simple weighted average hai, but assumptions yaad rakho: continuous
aligned fibres, good bonding and loading along fibre. Har composite par direct apply nahi
kar sakte.

Short fibre ke ends se load gradually transfer hota hai, so sufficient length chahiye. Failure
surface dekhkar mechanism identify karna useful hai: long clean fibre pull-out weak
interface indicate kar sakta hai, while brittle fibre fracture strong load transfer show kar
sakta hai.

Manufacturing and civil-engineering composites
Composite manufacturing includes hand lay-up, spray-up, compression moulding,
resin-transfer moulding, pultrusion, filament winding and automated placement. Pultrusion
continuously pulls fibres through resin and a heated die to make constant cross-sections.

Filament winding suits pipes and pressure vessels. Voids, incomplete wetting, poor cure and
fibre misalignment reduce performance.
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Fibre-reinforced polymer sheets or plates strengthen beams, columns and slabs, but surface
preparation, anchorage, fire resistance, moisture and long-term bond behavior require
design attention. Glass-fibre composites are economical and electrically insulating;
carbon-fibre composites offer high stiffness and low mass but are costly and electrically
conductive.

Natural-fibre composites reduce density and may improve sustainability, though moisture
variability and durability must be managed.

Hinglish Explanation
Manufacturing method geometry ke saath choose hota hai. Pultrusion se constant profile
banta hai, filament winding cylindrical parts ke liye suitable hai.

FRP strengthening me adhesive bond critical hai; dusty ya weak concrete surface par best
carbon fibre bhi effective nahi hoga. Fire me polymer matrix soften or decompose kar sakti
hai, so protective system and design temperature important hain.

Composite durability and sustainable selection
Composite durability depends on moisture, temperature, ultraviolet radiation, chemicals,
fatigue, creep and mismatch of thermal expansion. Glass fibres may suffer alkaline attack in
cement environments unless suitable alkali-resistant compositions are used.

Carbon fibres contacting metals can promote galvanic corrosion when moisture creates an
electrolyte, so electrical isolation may be needed. Recycling thermoset composites is
difficult because the network cannot be remelted; mechanical grinding, thermal recovery
and chemical routes are developing.

Sustainable selection compares service life, mass savings, maintenance, embodied energy,
repairability and end-of-life options rather than focusing only on initial material content.

Hinglish Explanation
Composite corrosion-free statement oversimplified hai. Polymer matrix degrade ho sakti
hai, glass fibre alkali se attack ho sakta hai, interface moisture se weaken ho sakta hai.

Carbon fibre electrically conductive hai aur aluminium ya steel ke saath wet contact
galvanic problem create kar sakta hai. Long service life kabhi higher initial embodied
energy ko offset kar sakti hai, but life-cycle data chahiye.



CIVILGYAN WITH SATISH

DSSSB AE/JE 2026  |  Engineering Chemistry Chapter 5: Nanomaterials and Composites

CivilGyan Tests | https://civilgyantests.com Prepare Smart. Crack DSSSB. Page 39

4. Chemical Equations, Formulae and Mathematical Expressions

Key Equations and Reactions

1.  surface-area/volume ratio of sphere = 3/r

2.  Scherrer equation D = Kλ/(βcosθ)

3.  longitudinal modulus EL = VfEf + VmEm

4.  Vf + Vm = 1

5.  ideal transverse relation 1/ET = Vf/Ef + Vm/Em

6.  composite density ρc = Vfρf + Vmρm

7.  longitudinal strength estimate σc = Vfσf + Vmσm

8.  critical fibre length lc = σfd/(2τi)

9.  hydrolysis: M-OR + H2O → M-OH + ROH

10.  condensation: M-OH + HO-M → M-O-M + H2O

5. Important Derivations and Numerical Concepts
For a continuous aligned composite loaded along fibres, compatibility gives equal strain ε in
fibre and matrix. Total load is P = σfAf + σmAm. Dividing by total area and using Vf = Af/A and
Vm = Am/A gives σc = Vfσf + Vmσm. In the linear range σ = Eε, so Ecε = VfEfε + VmEmε, hence
EL = VfEf + VmEm. Example: Vf = 0.60, Ef = 230 GPa and Em = 3 GPa gives EL = 0.60(230) +
0.40(3) = 139.2 GPa under ideal assumptions.

6. Practical Applications
• Nano-silica modifies cement hydration and pore structure when well dispersed.

• Nanoparticle coatings provide UV resistance, photocatalysis or barrier performance.

• Nanosensors detect strain, gases, ions and biological species.

• FRP wraps confine columns and strengthen deficient structural members.

• GFRP rebars reduce corrosion risk in selected aggressive environments.

• Sandwich panels combine stiff skins with a lightweight core for high bending efficiency.

• Composite pipes, tanks and bridge components reduce mass and maintenance.
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7. Concept Diagram
FIBRE-REINFORCED COMPOSITE (load parallel to fibres)

Applied load --->  |================================|  ---> Applied load
                   |  O   O   O   O   O   O   O   |
                   |  O   O   O   O   O   O   O   |
                   |================================|

O = continuous fibres (reinforcement)
Surrounding phase = matrix
Interface transfers shear from matrix to fibres.

8. Comparison Table
Feature Nanomaterial Bulk material

Characteristic size At least one dimension about
1-100 nm

Macroscopic dimensions

Surface fraction High Low

Electronic states May show quantum confinement Usually quasi-continuous bands

Reactivity Often enhanced Usually lower per unit mass

Handling concern Agglomeration and exposure Conventional dust/material
hazards

9. Important DSSSB Exam Points
• Surface-area-to-volume ratio increases as particle size decreases.

• Crystallite size from XRD need not equal particle size from microscopy.

• DLS is strongly influenced by large aggregates.

• Top-down reduces bulk material; bottom-up assembles atoms or molecules.

• Composite performance depends critically on the interface.

• Aligned fibre composites are anisotropic.

• Rule of mixtures requires stated assumptions and loading direction.

• Pultrusion produces continuous constant-cross-section profiles.

10. Practice Questions with Solutions
Attempt each question first. The explanation discusses only the correct answer.

Q1. The approximate nanoscale range is
(A) 1-100 nm
(B) 1-100 mm
(C) 1-100 m
(D) above 1 km

Correct Answer: (A)
Nanomaterials conventionally have at least one dimension in the 1-100 nm range.
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Q2. As spherical particle radius decreases, surface-area-to-volume ratio
(A) decreases
(B) increases
(C) remains constant
(D) becomes zero

Correct Answer: (B)
For a sphere, surface area divided by volume equals 3/r.

Q3. Ball milling is primarily a
(A) top-down method
(B) bottom-up molecular assembly only
(C) spectroscopic method
(D) polymerization mechanism

Correct Answer: (A)
Ball milling mechanically reduces bulk solids to finer sizes.

Q4. Sol-gel processing commonly involves
(A) hydrolysis and condensation
(B) nuclear fission
(C) only melting of steel
(D) electroplating only

Correct Answer: (A)
Precursor hydrolysis and condensation create an oxide network.

Q5. CVD forms a solid mainly by
(A) surface reactions of vapour precursors
(B) weighing a precipitate
(C) titrating with EDTA
(D) boiling water

Correct Answer: (A)
Volatile species react or decompose at a substrate surface.

Q6. The Scherrer equation estimates
(A) coherent crystallite size
(B) solution molarity
(C) polymer Tg
(D) battery capacity

Correct Answer: (A)
XRD peak broadening can estimate coherent diffracting-domain size.

Q7. DLS measures mainly
(A) hydrodynamic size in suspension
(B) crystal lattice spacing directly
(C) metal hardness
(D) phase-rule variance

Correct Answer: (A)
Dynamic light scattering relates diffusion in a liquid to hydrodynamic size.
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Q8. Graphene is best described as
(A) a single-atom-thick sp2 carbon sheet
(B) an ionic salt
(C) a thermoset resin
(D) a metal oxide only

Correct Answer: (A)
Graphene is a two-dimensional sp2-bonded carbon lattice.

Q9. In a fibre composite, the matrix primarily
(A) binds fibres and transfers load
(B) eliminates every defect
(C) always carries all load alone
(D) has no interface

Correct Answer: (A)
The matrix shapes and protects the reinforcement and transfers stress to it.

Q10. For ideal longitudinal loading, modulus follows
(A) EL = VfEf + VmEm
(B) EL = Ef/Em
(C) EL = 0
(D) EL = Vf + Vm only

Correct Answer: (A)
Iso-strain longitudinal loading gives the direct rule of mixtures.

Q11. Pultrusion is suited to
(A) continuous constant-cross-section profiles
(B) only spherical powders
(C) batch titration
(D) gas analysis

Correct Answer: (A)
Fibres are pulled continuously through resin and a die to form profiles.

Q12. A common composite failure mode is
(A) interfacial debonding
(B) atomic ionization only
(C) boiling of all fibres
(D) zero strain

Correct Answer: (A)
Loss of adhesion at the fibre-matrix interface can reduce load transfer.

Quick Revision: Re-read the formula box, cover the answers, and explain each exam point
aloud. A formula is ready for the exam only when its symbols, SI units, assumptions and sign
convention are clear.


