ANNUAL 2026 NEW EXAMINATION POLICY

( According to Smart Syllabus) %,LJSJX(V“LV%

For Inter Part-I

% Most Imp. MCQs j
* Most Imp. Short Questions
A Most Imp. Long QuestionsJ

L 4

0./ P 53/&4; bl 11 u.lfL
Contact: 0302-4741124




ANNUAL 2026 NEW EXAMINATION POLICY

(According to Smart Syllabus) c’,LJ:"uﬁ(V"ﬁg%

(Solved)

A = = \ /
\ /.
N 1 ‘

For Inter Part-|

% Most Imp. MCQs 3
* Most Imp. Short Questions
** Most Imp. Long QuestionsJ

ug’:;’:?fué,g/uwug Z/b

Contact: 0302-4741124



@0 * & A3

g S st S CHEMISTRY 11the

e * P _]
T ~ - =

CHEMISTRY-11

Question

. . th . .
1 In modern periodic table 6*"period contains 3 18 10 32
elements:
2 S‘elect thfa ‘[VYO normal elements present in K. Ca Rb, Sr Cs, Bav/ La, Hf
sixth period:
3 Out of all the elements of group VI-Athe >
highest melting and boiling points is shown Tev Se S Po
by: %
4 | Which conditions result in higher ionization Smaller 1 ) | @ 9
energy? atom, higher Smaller atom; . Larger atom, Larger atom,
lowerZ - |- -higher Z lower Z
Zefr v . :
5 | If elemer}t Xis in period 3and group 2, which Sodium Magne's:ihm 7 | Aluminium Argon
element is it? py @™
6 | What does the period number (n)indicate? Shell number . Valénce Atomic
: Mass number
v ‘electrons number
7 | What does the group number represent? Meter .- .| - Picometer Nanometer Micrometer
8 | Amount of energy released by absorbing e~ in iE. E AV Electronegativi{ Atomization
valence shell: v
9 Pick the element having least ionization NG OV F Ne
energy value:
10 | Why does atomic radius decrease acrossa, "« | -1+ Increasing o
P - -.-More shells Less shielding | More electrons
period? - : ZerrY
11 | Which halogen has the lowest E.A.2° - Cl Br At I
12 yglrlia;hl?ppens to metallic char.a_(??r.frolr.n. .l'e'ft Increases Decreasesv’ Stays same Random
13 | Sodium is kept under Kerosine ‘oil bec ; Reacts with oy .
odium 1s kept under e r_(_)_sil_n-e Ojl-j ceause Colour e.zac W Reacts with oil Precious
s 0 \ air/H,0 ¥
14 | What type of oxides form alkalis'with H,0? Acidic Basicv/ Amphoteric Neutral
15 | What kind of bonds hold acidic oxides? Tonic Metallic Covalentv’ Hydrogen
16 | Al,Osreacts with HClto form: AlO, AlCl,v NaAlO, Al(OH),
17 | The hydrides of Group [Aare: Tonicv Covalent Metallic Interstitial
18 | Which one is an’ionic hydride? NaHv AlH; NH; CH,
19 | Which one is an amphoteric oxide? SO, CaO ZnOv Li,O
20 | Oxides of Beare: Acidic Basic Amphotericv/ Neutral
21 | Oxidation number of Sin SOgis: +6v +3 +2 +4
22 | Oxidation number of Pin P,O4is: +3 +5v +7 +9
23 | Oxidation number of Siin SiCl,is: +1 +2 +44 +3
24 | Which atom shows variable oxidation states? . . . Phosphorous
Sodium Magnesium Aluminum v
25 | Oxidation state of Sin SO3™: +4 42 +6v 0
26 | Number of neutrons in  39Kis: 39 19 20V 21
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27 | Relationship between X-ray frequency and Moseleyy/ Rutherford Bohr Dalton
Zwas by:
28 | Nucleon number (A)is the sum of: pt+e” p* +nVv n® +e” e” +et
29 | Formula to find number of neutrons (N): N=A+27 N=A-ZV N=7Z-4 N=AXZ
30 | How are neutrons affected by an electric .y . No deflection
fold? To positive To negative v Randomly
31 | Which particle has the smallest mass? Proton Electronv' Neutron All equal
32 | Angle of deflection is proportional to: mass m/e None e/mv
33 | Particle deflected most in a magnetic field: Proton Neutron Electronv’ All same
34 | Visible range wavelength (1): 200-400 1m 400-750 nm 200-800 nm | 800-1200 nm
35 §£§§;mm showing colored lines from hot Absorption Emissionv’ | Coﬁﬁhﬁous Infra red
36 E)?rk lines in an absorption spectrum are due Reflection Scat terln g | . A‘béorp tiony Emission
37 X;\é;lzengths of dark lines in absorption Infra red ) Di f fﬁ}r.efnt- 4 Em1ss1‘(;n lines Random
38 NuI.nbe? describing size and energy of Azimutual | -:Magﬁetic Principalv’ Spin
orbitals: . VEA
39 | Developed model requiring 3 quantum Bohr S 70 Plank Schrodinger/ Einstein
numbers: B
40 | Azimutual quantum number (I)describes: ‘Size .. Shapev’ Orientation Spin
41 | Which sub-shell has | = 1? s pv d i
42 | Orbital which is spherical and symmetrical: .. | *. s-orbitalv/ p-orbital d-orbital f-orbital
43 | Characteristic of d-orbitalshapes: ) Y -Spherical Two lobes Uniform Diff. shapesv/
44 zizr;r];;?tlon of degenerate orblta.l:s_ 18- . AE Spin direction Magnc:t/lc field Shell No.
45 | Energy order after 4s(Aufbau Principle):. - 3dv 4p 5s 3p
46 | Electrons being paired with opposite spins: T () NV No arrows
47 | Ground state electron p.(:)Sltlo‘r.lf_ ® In nucleus ond ghell Near l‘llucleus Far from nuclet
48 | Max electrons in f-subshell(Z(2] + 1)): 2 6 10 14V
49 | Orbitals having same. energy: Hybrid Valence Degeneratev’ d-orbitals
50 | Most stable electronic configuration: Noble gasv | Electronegative| Alkali metal Halogen
51 | BeClyfollows *.  hybridization: spv sp3 sp? sp3d?
52 | Maximum number of unpaired electrons: 0,V 03 O, 03~
53 | Hybridization of Cin ethane (C,Hg): sp sp? dsp? sp3v
54 | Bond angle between sp?orbitals: 180° 109.5° 120°v 107.5°
55 | Hybridization in methane (CH,): sp sp? sp3v sp*
56 | Geometry of sphybrid orbitals: Tetrahedral Linearv/ Trigonal planar| Octahedral
57 | Molecule explained by sphybridization: H,0 NH; CH, BeCl,v
58 | Number of orbitals mixing in sp3: 2 3 4 5
59 | Bond angle in NH;molecule: 109.5° 107.5°V 104.5° 108°
60 | Carbon in methane is hybridized: sp3v sp? sp dsp?
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61 | The geometry of NH: Linear Trigonal planar| Tetrahedral Pyrz;rnl;li%l.al v
62 | Which molecule shows linear geometry? CH, AlCl; H,0 BeCl,v
63 | Strongest electron pair repulsion: bp-bp bp-lp Ip-Ipv lp-bp
64 | Shape of XeFy(excluding Ip): Squari:/planar Tetrahedral Octahedral | Trigonal planar
65 | A receptor mostly binds to: Ligandsv' Substrates Antibodies Enzymes
66 | Aspirin relieves: Fever Infection Allergy Painv
67 | Bonds in Nitrogen molecule (N,): lo,1m 1o,2nv 30 20,1mn
68 | Bond order (B.0.)of O5: 1v 2 -0 3
69 | Bonds in Oxygen molecule (O,): lo, 1nv 1o, 21 Q . 30 . 20,21
70 | Incorrect statement for BMO: Low density | ', .. ,
Less energy . ;. Attraction Constructive
in center v °. g
71 | Bond order of He,: 2 i oV 1
72 | Symmetrical feature of BMOin H,: , Nuclear axis . |. ,
Density J - o j Size Energy
73 | Electron density in anti-bonding (ABMO): Nuclear axis | Befween nuclei Away i:rom Randomly
n A nuclei v
74 | Why does H,molecule not form? BO.=0¥ | - Noe~ lp High energy
75 | Attracted between poles of strong magnet: L_iq‘,:N2 | Lig. H, Lig. O,v Solid O,
76 | 9 gof H,Ocontains H-atoms: SN, 2 X Ny 0.5N, 3N,
77 | Formula for moles (n): mxM m+ M m/Mv None
78 | Molar mass of 1mole of CO,: , . 12¢g 44 of 60 g 56.1¢g
79 | Moles in 20 gof NaOH(M = 40): . 0.2 mol 0.5 molv/ 2 mol 5 mol
80 | Moles of CO,containing 8.0 goxygen: * . 0.25v 0.15 0.35 1.45
[ 3 3
81 | Same number of molecules at STP. 2801\?:12)JCOZ/ }b}zzgcgnz 44g/11.2 dm® | 28¢/ 5.6 dm’®
82 |Ionsin Imoleof Na®™: .7 6.02 X 10** | 6.02 X 103V 9.61 23
83 | What does Juglone k111:?: e : - Grass Animals Non-comp. Comp‘./plants
84 | Molar volume (Vy)at STP:- 54 dm® 22414 dm*v | 2.24dm’ 2.4 dm’
85 | Law of equal volumes/equal molecules: Charles Boyle Dalton Avogadrov/
86 | Volume of 2:5moles of Cl,(2.5 X 22.4): 44.8 dm® 56.0 dm*v/ 89 dm*® 1.2 dm®
87 | Density (d)equals: V/M M XV M/ VS M+V
88 | Formula to find volume (V): m/d mxd n/Vp, n X Vo,V
89 | Mass of gas if d = 1.9 g/dm3at STP: 44.1 g/molv | 22.4 g/mol 1.97 g/mol 4.24 g/mol
90 | Molar mass if d = 1.43 g/dm”: 14.3 22.4 32.0v 64.0
91 | Relationship ¢, n,V: C=nxV C=V/n C=n/VJ n=C/V
92 | Formula for nfrom Vand C: n=CxVJ n=V/C n=C/V n=V/C
93 | Molar mass of KMnO,: 138.2 27.64 158V 7.9
94 | 27 g Alreacts with how much O,: 8¢ 16 g 32¢g 24 gV
95 | Calculation based on balanced equation: Complex St01ch:(/)metrlc Non-stoich. None
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96 | Quantitative relationship chemistry branch: Stoich‘i;)metry Thermometry Organic Physical
97 | Mole ratio N,: H,for NH;(1: 3): 1:1 1:2 1:3v 1:4
98 | Measured in diabetic patients: Protein Fat Glucosev Water
99 | Helps identify steroids/stimulus: Blood test X-ray MRI Urine testv/
(1)0 Enhanced performance substances: Vitamins Steroidse Antibiotics Glucose
1 Why does gas exert pressure on container Particle Particle Nature of
9 . . Temperature .
walls? collision v/ volume container
2 | Wh lained that rticles h Ideal ’
o explained that gas particles have Boyle’s law | Charles® law leal gas Avogadro’s
negligible volume? theory v/ law
3 Why are intermolecular forces considered -V Large
negligible in ideal gases? Hich vol Hich : . Low distance
igh volume igh pressure. | temiperature between
F Q" particles v
4 | How should the conditions be changed to Temperature | Temperature. |* Temperature | Temperature
prevent the volume of a given gas from is lowered and | _is increased | and pressure | and pressure
expanding when its mass is increased? pressure is  |. and pressure both are both are
increased - ‘is lowered lowered increased v
5 What happens to a gas during Joule — Pressure - | Temperature Volume .
| ; ; A 4l Gas ionizes
Thomson expansion? increases .| changes v/ changes
6 | Who helps to understand properties of gases Clausius /. -
through molecular theory? ~ Maxwell / Lavoisier Newlands Moseley
" [ Boltzmann v/
is diffusion sl in liquids th ?-| Strong inter-
7 Why is diffusion slower in liquids than gases S rong inter Smaller ' Volume
-molecular Higher energy
molecules unchanged
£ \ forces v/
8 Acetone and chloroform are soluble in each Intermolecul . )
other due to- v ar hydrogen D'1pole—d1'pole Instaptaneous All of the
_____ . interaction dipoles above
o bonding v/
9 | Liquid Hydrocarbonis:.- . . Methane Pentane v/ Hexane Propane
10 | What usually decr.eases:s_l_,l:r_fgc_é' tension? Pressure Temp‘e/rature Volume Density
11 ::llzlt)cc}lcl;qmq .hE.IS ’.tflle, :}lnlghest surface tension Ethyl alcohol Water v Acetone Benzene
12 | What is surface tension of acetone at 20°C? 23.70 v 72.75 22.75 22.61
13 What hap;) ens to viscosity when temperature Fluctuates Stay same Increases Decreases v
increases’
14 h i lecular f¢ ? High
What stronger intermolecular forces cause . 1g. er Lowgr No charge Faster flow
viscosity v/ viscosity
15 | What causes cooling during evaporation? Volume Molecules Temperature Pressure
increase escaping v/ rise increase
1 Which Is k t | ) Earth
6 ich vessels keep water cooler by Metal Plastic Glass arthenware
evaporation? v
17 | Vapour pressure is not affected by: Intermolecula | Surface area
Temperature Pressure
r forces v
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18

What is affected by intermolecular forces?

Boiling point

v Volume Density Colour
19 | Which liquid has the highest B.P.? CCl4 Water v/ Naphthalene Acetone
20 | What happens when molecules return to the Condensatio Freezi E ) Heati
liquid? nv reezing vaporation eating
21 Which term describes molecules changing Melting Boiling Phase change Freezing
state in vapour pressure? v
22 | Which is pseudo solid? Diamond Glass v NaCl Graphite
2 h h ith i ities? 1 tal
3 | Whose shape changes with impurities Water Glass Gas NaC ‘c/rys a
24 | Liquid tal d in the display of: T.V. displ i i
1quid crystals are used in the display o Neon signs Fluorescent | _____lSp_ayS L}ghtnlng
bulbs PN discharge
25 W}uch way do liquid crystal molecules Randomly Perpendicular Ag‘qlnst each Parallel v
orient? P - other
26 | What does enthalpy change represent? - : Heat
Mass change -Yl(l)ll'rlime' ) Pr}fsrslure absorbed or
_ A it change evolved v/
27 | What is denoted by “H” in Chemistry? Heat content [ = .
at15 denoteC by L Aemsty ¢4 f;m ent | -~ Volume Temperature Pressure
2 i ? - 1-393.7 kJ/mol
8 | The AHvalue for the combustion of carbon +393.7kJ/mol | 393 7‘/J/m0 1162 K/mol | -16.2 K/mol
29 | The ghange in heat contents of a chemical Enfh'zilp'y' Heat of Internal
reaction at constant temperature and pressure |. . Bond Energy . . Energy
: . . change v Sublimation
is called: "y Change
30 | What is energy of activation denoted by? .. AH HP Eav Hr
31 | What happens in enthalpy change of Water .
neutralization? formed v Gas evolved | Solid formed | Heat absorbed
32 | The AH,,,f i yar -57.1 kJ/mol
¢ Ay for strong acids and b_a_ses ' +57.1 kJ/mol v ML 1748 ki/mol | -74.8 kJ/mol
33 | Which of the following equatlohé fepfesents 2C (diamond) | 2C (graphite) | C (graphite) | 2C (diamond)
standard heat of formation of CH;? + 2H, + 2H, + 2H,/ +H,
34 | Which bond has energy-of 615 kJ/mol? C=CVv C-C N-N 0=0
35 | Which molecule has C-C bond energy of 376 Propane Butane Methane Ethane v
kJ/mol? _
36 | What kind of . ene.rgy does bond breaking Positive v Negative Zero Neutral
absorb?
37 zl\gg{():h reaction is exothermic according to Positive Negative v Zero Undefined
38 | Which formula is used to calculate AH,.,? Sum of Sum of
Sum of Sum of reactants products
reactants only | products only | minus sum of | minus sum of
products reactants v/
39 | Whatd lorimet ? Heat ch
at does a calorimeter measure ea ‘c, ange Pressure Volume Mass
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How is gCalculated from heat transferred in

q

. gq=cXmX q q
? =
the solution? mxXc ATV —m/cxAT | = AT/mxc
X AT
41 | What unit measures calorie content in food? ) o Kilocalories
Kilograms Kilojoules v Grams
42 z‘r’:;t;s the calorie content of glucose per 15.57 keallg | 3.72 kealig | 4.184 keallg | 2.8 keal/g
43 | The net heat change in a chemical reaction is
L . , Law of
same whether it is brought about in two or , Joule's .
. . Henry's law | Hess's law v/ o conservation
more different ways in one or several steps. It principle
. i of energy
is known as: -
44 | What does the law of heat summation help to Enthalpy Calorimeter Temperature Molecular
validate? values v/ Accuracy . scales Mass
45 | What is bond energy of H-H used? 242 kJ/mol 391 kJ/mol'- | 431 kl/mol | 436 kJ/mol v
46 | How is charge density defined? Charge per Charge pér. | - Charge per Charge per
ion v mass . volume unit area
47 | What is the symbol for enthalpy change of *. O
hydration? AHpyaY - AHuau AHsor AHy
48 I?e born—H?:\e:Vr?cycle is the best application Boyle's - " Dalton's Hess's v/ Graham's
49 | What does the Born-Haber cycle calculate? ...} “Ionization Lattice Enthalpy of
Heat capacity.- .
Y ® energy energy v combustion
50 | Which Law is applied to Born-Haber cycle? ' Boyld’s Law | Charles’ Law AVOIig;VC:,rO S | Hess’ Law v
51 | What is studied in reaction kinetics? 4 'j:_ Rate of Colour of Volume of Pressure of
| chemical v chemicals gases gases
52 | Which reaction is very Fast? ' . NaCl with . Rusting of
Rusting AGNO/ Hydrolysis Iron
53 | What process is slow? Exolosi Ester Rusting of NaCl with
_____ xplosion hydrolysis iron v AgNO;
54 | How fast does an explosion jhjcl_ppfe%r_l'? Months YVears Days Fraction of a
2 . second v
55 Whlgh particles rn_gst collide for a chemical Reactants v Products Solvents Solutes
reaction? o
56 | What does collision theory explain? ) How
N\ 9 Reaction reactions Energy None
Rates changes
N occur v
57 | Activati is related to: Effecti
ctivation enctgy 15 related 1o Temperature .e.c tve Pressure Volume
collision v/
58 | The rate of reaction as the reaction Remains the | May decrease
Increases Decreases v/ -
proceeds. same or increase
59 | How is rate of reaction defined? Ch ) Ch , Change in
ange mn ange 1n concentratio | Both A & B
time pressure
nv
60 | What happens to slope as reaction proceeds? Becomes . Becomes Becomes less
Remains same
steep more steep steep v/
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61 | What type of graph illustrates rate of Concentratio )
reaction? Bar graph 1 vs time v Pie chart Bell graph
62 | The electrical conductivity method measures: Ion
Mass Volume Colour concentratio
nv
63 | What does activation energy represent? Energy Energy
needed v released Energy lost | Energy stored
64 | The process in which catalyst and reactant are Heterogeneo .
.1 . . Homogeneous . . Negative
in different phases is called: ) us catalysis | Auto catalysis !
catalysis v catalysis
65 | Who speeds up the reaction due to increased More L icl Debreasing L ner
concentration? collisions v/ ©55 PATCICs | temperature css encrgy
66 | What molecules are involved in hydrolysis of .. QU
esters catalyzed by H,S0,: Gases Liquids v . :_Sohds Metals
67 | Who catalyzes hydrogenation of ethene? Ni v NO - | 'Mno, CuCl,
68 | Increasing the temperature of a chemical Both collision R B o L
Lo . Collision - Activation Activation
reaction increases the rate of a reaction frequency D g
because: and energies |- requency nergy energy
) ", .increases increase decrease
increase v/ -
69 | Consider two reactions with different LNy A rate
activation energies at the same temperature. A smaller rate .| A larger rate | The same rate | constant that
The reaction with the lower activation energy constant. -'| constant v/ constant depends on
will have: . U enthalpy
70 | Unit of rate constant is the same as that of the | - Zero order Ist order 2nd order 3rd order
rate of reaction in: |- reaction v/ reaction reaction reaction
71 | All radioactive disintegration nuclear . W, )
. ... | First-order v | Second-order | Third-order Zero order
reactions are of: .
72 | Photochemical reactions are: Zero Order First Order Second Order | Third Order
Reaction v/ Reaction Reaction Reaction
73 | What does a rate law relate? - .- . Reactants .
P TPressuret & concentratio Tmie and Catal}ést zind
emperature olume roduc
: : peratu n & Rate v Vol prodd
74 | The overall order of reaction.is equal to: Sum of Product of Difference of Ratio of
N\ Y exponents v/ exponents exponents exponents
75 | What is overall ordet-of the rate of equation .
- 0 . . . . F t . Z
rate = k[H,][NOJ22- irs second Third v ero
76 | Which events involve phenomenon Macroscopic ) ) )
observable with naked eye? v Microscopic Atomic Molecular
77 | Which events cannot be observed with naked ) Microscopic .
9 Macroscopic Atomic Molecular
eye! v
78 | The reaction whlch procqeds in both forward Irreversible Reversible Spontaneous Non
and backward directions is called: . ] . spontaneous
reaction reaction v/ reaction .
reaction
79 i i
What happeqs to bonds in CO & H,Oduring Broken v Formed Tgnored Converted
reverse reaction?
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80 | What role does a catalyst play in equilibrium? Changes Attains Shifts
equilibrium | equilibrium | equilibrium | Stops reaction
constant earlier v position
81 | Which factor does not affect the equilibrium Temperature Catalyst Initial ‘ Pressure
constant? concentration
82 | What type of equilibrium occurs when Homogenous | Heterogeneou D . Stati
reactants and products in the same phase? v S ynamic tatic
83 | Which equilibrium involves reactants and 0 Heterogeneo D . Stati
products in different phase? omogenous us v ynamic atie
84 | Among the following which equation hasno | PCl, N, + 0, N, + 3H, H,+ I, =
unit of Kc: = PCl; + Cl, = 2NO ='2NH, 2HIV
85 | According to law of Mass Acthn what is the cD ABY ~lap BC
rate of forward reaction proportional to? e
86 | The equilibrium constant expression (Kc) for [A]¢[B]P [C]¢[D]¢/ - [A][B] [C][D]
aA +bB 2 cC + dDis: JICF[DI: | [A1*[BIY. | /ICIID] JIA][B]
87 | What does the position of equilibrium refer . . ) Relative
0 Temperature Pressure .- | Reaction rate
to? o O WP amounts v/
88 | Which way do.es equilibrium shift if product Left v ~Right Up Down
concentration increases? : .
he principle th .~ .- Le Chateli
89 | Who proposed the principle that systems Dalton .- . :'___e Chatelier Maxwell Arthenius
counteract disturbances? & v
90 | What happens when a system in equilibrium | . - Nullifies
is disturbed? System stops Changes disturbances Changes
- temperature v phases
91 | Which effect is not an application of Le- _ : ~Change in Change in Change in Change in
Chatelier’s principle? . pressure concentration temperate volume v/
92 | Who produces more BiOClwhen BLC l30r Forward Catalvst Reverse Wat
HClis added? Reaction v/ atalys Reaction atet
93 | What occurs if BiClsis removed at Forward Reverse Volume
R Y . . . Kc changes
equilibrium? reaction reaction v/ increase
94 | What condition allows pressure or-volume No gases Temperature Pressure Reactants
effects? o " involved constant constant #products v
95 | What does the reactlon favour 1f pressure Side with
decreases? Forward Reverse Equilibrium | more moles
.\ v
96 | Where does the reaction move if volume is L Greater Both sid
increased? N CSSET No movement | Volume side oth sides
volume side v equally
97 | Consider the equilibrium N, + 3H, = 2NH;. .
If the concentration of N,is increased, the Increase Decrease v Remain the . Change
. . same irregularly
concentrations of Howill:
98 | For a specific reaction, the value of the Always Increases if | Changes with | Increases if
equilibrium constant, Kc: remains the product temperature reactant
same increases v increases
99 | Catalyst u'sed in preparation of N Hzfrom Fe v Ni Pt V,05
N,and H,is:
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10 Whet is the effect of catalyst on equilibrium Shift left Shift right Stops reaction | No change v/
0 | position?
1 The ionization constant of pure water at 25°C 1.8x107'¢ 1.6x10716 1.0x1074 1.8x107"*
is: moles dm3 v | moles dm™ moles? dm™¢ moles? dm™®
2 What is the' eqtlllllerlum constant symbol for Ka Kw Kt Kb
water self—ionization?
3 What is the pH of pure water at 25°C? 0 7V 10 14
4 The pH of 102 mol dm™ of an aqueous
solution of H2SOs4 is: 30 2.74 2.0 15
5 | pOH of water is: 2.0 4.0 6.0 7.0 v
6 | The pH of human blood is: 7.12 735V _-7.56 8.0
7 | If the pH qfa solution is 11, what is the [OH"] 10-1 10-14 \ 10_3 7 107
concentration? _
8 | Acid having Ka > 1 will be: Weak Very weak - Moderate Strong v
? What happens to Ka as acid strength Increases Decreases J Stays same Zero
decreases? :
10 | What assumption is usually made for weak No Partlal Instant Complete
acid dissociation? dissociation | initial J equilibrium dissociation
t | Thatis pH of 0.1 Maceticactd iRa =18 | apour g | “About 15 | About25 | About2.9 v
12 | The pH of mixture of CH;COONa and T 9
CH;COOH is: ) ~7 <Y :
13 | Which ion increases when HCI gas is passed Na CI v e OH-
through brine? Xl
14 | What effect does adding a common ion have NP cases Doubles Suppresses v | No change
on solubility? A
15 | What happens to H:S in acidic solutlon due to. _ More No Fully ionized Less
common ion? : : dissociated dissociation WY IOMZEE | gissociated v
16 | A solution which resists to change its pH 1S Bu.ffer Acid solution Stand.ard Basic solution
calledas: .o solution v/ solution
17 | What h h NOH ddedt Neutralizati
CH?CO%)Ip{e‘?nS when Natiis 2 © Produce CO: eu :‘la‘;za 10 Precipitation Ionization
18 | What does the common ion effect suppress in .. e . )
CH.COOH? Ionization v | Precipitation Evaporation Freezing
19 | Excess AgNOs added to BaCl: and filtered. Ag-and NOs;~ | Ag"and Ba** | Ba?>* and NOs~ | Ba>* and NOs~
Main ions in filtrate: only and NOs™ v only and CI”
20 | What does PbSOu dissociate into water? Pb** 6;z/ SO Pb? & SO Pb>" & SO Pb* & SO,
21 | Why is the solubility product temperature C rati Equilibrium
dependent? ONECNUIaton | 1on charge Ion size constant
change
change v
22 .Wh.at causes a sharp colour change in Ionization pH change v | Temperature Pressure
indicators?
23 | What pH range suits methyl orange? 31-45V 1.0-2.0 6.0-7.0 8.2-10.0
24 | Which color determines the equivalence point .
(Phenolphthalein)? Pink v Orange Yellow Colourless
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25 | What determines the equivalence point? q Volume Indicator Concentration
p Added colour v onee ©
26 | What is the oxidation Number of pure
elements like Na or Cl»? *l 1 Zero Y 2
27 | Whose oxidation state is +1 except in metal .
hydrides? Oxygen Nitrogen Carbon Hydrogen v
28 | Substance acting as both oxidizing and Disproportio
reducing agent is: Catalyst Reactant nating agent Solvent
v
29 | What is oxidation number of oxygen in H.02? 0 -1V -2 +1
30 | What causes an element to act as an oxidizing Gains Loses Remains )
Forms ions
agent? electrons v/ electrons neutral
31 | What change happens to oxidation number of R Increase in
M in oxidation? M cation Non-metal - . M dnion ON. v
32 | What type of reaction is disproportionation? QY Simultancous ..
Acid-base dl Dloubrlrel: nt:: oxidation & Decon:lposmo
Sp ACEMENE 1 Leduction v
33 | Who acts as both oxidizing and reducing Slngle
agent simultaneously? Catalyst .| substance v/ Compound lon
34 | Which elc?ctrode is negatively charged in an Anode - | Cathode v’ Electrolyte Ton
electrolytic cell? R
35 | Which elc?ctrode is positively charged in an “lofim’ | Elec trolyte Anode Cathode
electrolytic cell? :
36 | What hap pens at the cathode during " Oxidation Reduction v/ Ionization Neutralization
electrolysis? e
37 | Which 1ons lose electrons at the anode? .. Cations Neutrons Protons Anions v
38 | What happens to cathode mass durmg Increases v Decreases Unchanged Evaporates
electrolysis? : -
39 | The electrode potential is measured in?. v Amperes Coulombs Ohms Volts v
40 | Which gas is used in the standard hydrogen . .
electrode? Oxygen Nitrogen Hydrogen v Helium
41 | What covers the platmu.m elect_ro_de in SHE? Platinum C . Zin Silver
\ U & black v Oppe © ©
42 | What is the standard voltage for SHE? 1.00 V 0.00VV 0.50 vV 025V
43 | What symbol represents standard electrode Q v I Eo
potential?
2+ -
44 S;elllrrl)dard electrode potential of Zn?*/Zn half: 0.00 V 1034V 076V v 1076 V
: 2+ a
45 S;'illrrl)dard electrode potential of Cu**/Cu half: 034V 0.00 V 076V 1034V
46 | Reaction responsible for electricity in voltaic Redox Oxidation Reduction Hvdrolvsi
cell is: reaction v/ reaction reaction yArolysts
47 | What complgtes the electrical circuits in an Wire only Salt bridge v Voltmeter Battery
electrochemical cell?
48 | What does the word photovoltaic mean? Light and Energy & Electron & Light &
current power hole voltage v
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49 | Whatd P-N junction in PV cells do? S t
at does a junction in PV cells do ‘ eparates Absorbs Generates
Increase light | electrons & hoton heat
holes v/ P
50 | Wh hotovoltaic cell tainable? Sunlight
Y ate protovolime cells sustatnable Use fossil Work with Requires unis
. . Continuously
fuels light Batteries v
51 | Formula of chloroform is: CH. CHsCl CH:Clz CHCL v
52 | Which hydrocarbons are used as fuels? Aromatic Aliphatic Both :? &B None
>3 Xﬁzggre compounds that are not aromatic Aromatic Aliphatic v/ Cyclic Saturated
>4 glcllllcclz) hydrocarbons may be open chain or Aromatic Benzene : :A:liﬁl:latié v Phenol
>3 | Which hydrqcarbons have high carbon to Aliphatic Alkanes. |, Saturated Aromatic v/
hydrogen ratio? RGO R
56 | What functional group is involved in aromatic Benzene v Alkane |- Alkene Alkyne
hydrocarbons? LR
57 | Which aromatic compound is a derivative of Cyclohexane - Tolueire v Cyclopropane Ethane
benzene? o
58 | Where does the term aromatic come from? Latin- - |  "Arabic Greek v French
59 | What determines the parent name of an g ¥ ' Longest
9 - JO Molecular .
alkane? Substituent .| Branch length : carbon chain
¥ Weight v
60 | Which alkyl group is 1-methyl propyl? N-Bufyl Sec-Butyl v/ Iso-Butyl Ter-Butyl
61 | Where do you place the substituent number in Before .
a name? ) B ;After parent parent v In the Middle At end
62 | How should substituent groups be hsted ina - . By carbon By Alphabeticall
0 By size
name? : , number appearance yv
63 | Which chain is chosen when lengths tie-? - ) More
S\ N Fewer Alphabetical Shorter chain | substituents
substituent order v
64 | What is the shape representatlon used for . ) . Structural
organic molecules? , Ball & Stick | Line Formula | Space Filling Formula v
65 | What hap?pens to B P as carbon number Decrease Stay same Increase v Random
increases? -
66 | Which qompqqus are 1ns01ub1e in water but Alcohols Acids Salts Alkanes v
soluble in hexane?
67 | What must be used twice when substituents Same Different No Numb Alphabetic
are on same carbon? number v numbers © Number order
68 | A double bond consists of: T ) One sigma One si
bond v P
69 | Presence of a double bond in a compound is Saturati Un- Substituti N
the sign of: aturation saturation v ubstitution one
70 | What occurs during homolytic fission? . Free radicals | Electron pair Bond
Ion Formation . .
v sharing strengthening
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71 | What type of bond cleavage produces ions? Homolytic Covalent Heterolytic v/ Ionic
72 | The catalytic oxidation of methane produces: | Methanol v/ Ethane CO: Ho
73 | Why are alkanes unreactive to polar reagents? Tonic ngh Polar bonds Non-Polar
character reactivity bonds v
74 Whgt type of bond breaks in homolytic Tonic Covalent v Metallic Hydrogen
fission?
75 | What occurs during homolytic fission? Unequal ;Eq:ml Radical No bond
sharing clectron formation breaking
sharing v/
- - — 5 -
76 | Which theory explains basicity of ammonia? Biogl\i;e;d Lewis v Arrhenius Dalton
77 | What forms Peroxy acetyl nitrate (PAN) in . NO: and
smog? O2and NO | NO:and NO: | Hydrecarbon S and NO
: sV
78 | Which industry uses sulphur compounds? Textile Food = "~ ~ Paint Fertilizers v
79 | What is the Melting Point of nitrogen? 0°C ) 14?(_3 j | -195°C -210°C v
80 | Which property of nitrogen causes its bond to Size : .Mas.s' = Symmetry v Colour
be non polar? > N
81 | Nitrogen is inert in combustion because: Denser than- | I-{-i'gh specific B=reaking
» - N=N bond Noble gas
02 heat
- energy v
82 | What shape does ammonia molecule have? Tetrahedral | Pyramidal v Linear Square
83 | Base }Jsed to synthesize NHs from ammonlum- - Ca OH)z v NH.OH NaOH KOH
chloride? o
84 | Which i 10{)1 acts as an acid in the synthesis of 1 o NH v Cl- Caz
ammonia? :
85 | What is Kb value for ammonia’s weak base 1.8 x 10 v 1.0x 10 18 %10 1.0 x 106
equilibrium?
86 | Gas produced from ammoniumy salt and alkah Hvd Carbon Ammonia Sulfur dioxid
(litmus blue)? yarogen dioxide (NH3) v HHurdloxice
87 | Laughing gas is chemically? . .- NO N20 v NO: N204
88 E)r.own gas formed when- metal reduces HNO:s NO NLO NO, N,O.
89 ;lelrl)ch of the. f9110w1ng isa reddlsh brown N,O NO NO, v N,Os
90 | Brown ring test confirms the presence of: Carbonates Phosphates Nitrates v/ Sulphates
91 | Which Nitrogen oxide is reddish brown gas? NO N0 NO: v N204
92 | What is the use of nitrous oxide? Dental
Rocket fuel Anaesthetic Fertilizer Explosive
v
93 | The oxidation of NO in air produces: N0 N2O4 NO: v N2Os
94 | Which of the elements gives acidic oxide? NV As Sb Bi
p -
95 | What are natural sources of NOXx? Vehicles Lightning v Chemical “I])T:rilltlslg
96 | Which gas dilutes oxygen to prevent fires? CO: Ar N. v He
97 | Which chemical initiates PAN formation? Hydrocarbon NO: v Aldehyde Os
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98 | What is the role of NO2 in smog Reducing Catalyst xidizing Inert gas
agent agent v/
» XY(I;?;[ dI; rr)ocess forms HNO from nitrogen Haber-Bosch Contact Boudouard Ostwald v
f)
(1)0 What does the Ostwald process produce? NH: HNO: v N,O NH,Na
1 | When methane reacts with Cl,in the presence | Chloroform | Carbon tetra Methyl Mixture of A,
of diffused light the products obtained are: only chloride Chloride B,CV
2 What forms in the propagation step? Halogen New free Stable
Ions .
molecules radicals v/ compounds
3 What is trichloromethane also known as? Chloroform Carbon Dichlorometh
Methane R o
v tetrachloride ane
4 | What happens during the propagation step? . . . W 4 Mixture of
t Rafilcsl . Radical - No reaction haloalkanes
ermination isappearance |. - formed v
5 | Which halogen increases anesthetic power of Chlorine v Fluotine .|~ Bromine lodine
haloalkane? . U
6 | Which of the following reactions can an Addition 1 :S_u_bs'tit:ution Polymerizatio Nitration
alkane undergo? _ v n
- . ; N Chl 1vi
7 V}ﬂ}fl acetylene and conc. HClon reaction Polyacetylene | - Benzene oroprene Divinyl
give: A . v acetylene
i le ghee involves: ... | H i .
8 | Preparation of vegetable ghee involves i @ ydrogenati Hydroxylation Dehy@rogenat
g on v ion
9 | What is formed by dehydration of ethanol? . .*|"- Methane Ethanol Water Ethene v
10 | Which acid is used in ethanol dehydration? ] Su uric Aci Hydrochlonc Nitric Acid Acetic Acid
_ v Acid
11 | What results from dehydrohalogenatlon of ) Ethane Ethene v Ethanol Methane
ethyl bromide?
12 | What intermediate is formed during : the Carbocation Carbani Radical Epoxid
electrophilic addition of HBrto an-alkene? v arbanion adica poxide
13 | Why are alkenes weakly-po'lar? sphybridizati | sp*hybridizati | sp3hybridizati No
on on v on hybridization
14 | Why type of bond hes perpendlcular in Sigma Tonic Piv Metallic
alkenes?
15 | What is bond angle around each carbon in 90° 109 5° 120°V 180°
ethene? W
16 | What type of carbocation is bonded to three . )
carbors? Methyl Primary Secondary Tertiary v
17 | What effect stabilizes tertiary carbocations? . ) Inductive
Resonance Electromeric Mesomeric
effect v
18 | What effect describes electron donating or Inductive Resonance Magnetic Tonic effect
withdrawing by adjacent groups? effect v/ effect effect onie etiec
19 | Which of the following carbocations would + +
be the least stable? (CH3),CH CH,CHy4 CHz, v (CHs)sC
i i : Chl ivi
20 | Vinyl acetylene reach with HClto form Polyacetylene Benzene oroprene | Divinylacetyl
v ene
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21 | What causes bromine in Br,to act as an Electron . Electron
. . Ionization . Heat
electrophile? attraction repulsion v/
22 | A fre.e ra.dlcal is a chemical species with an Proton Electron v Neutron Ion
unpaired:
23 | Which compound is formed after Ozonolysis Both A & B
of propene? Ethanal Methanal Ethene v
24 | What is the first step in the electrophilic Attack by an
addition reaction of alkenes? Formation of | Attack by a electrophile | Formation of
a carbocation | nucleophile | on the double | a free radical
bond v
25 | The addition of unsymmetrical reagent to an | Markovnikov , Le Chatelier’s Aufbau
. : Hund’s rule R. 4 -
unsymmetrical alkene follows: ’s rule v/ _ 'principle principle
26 | What is epoxidation producing? Alcohol Epoxide v | .- Alkane Ketone
27 | What does ozonolysis cleave? Alkanes Alcohols Alkenes v/ Alkynes
28 | What does a catalytic converter reduce? CO0,, N, H,0 .|~ 0, CO,NO,HCV
29 Whlgh catalyst is used for oxidation Pt/RhY -Pt/Rd. i Pt/Pd Ni
reactions? ) O -
30 | Which d is f d by PANs? Rl 9 R N
ich compound is formed by S Ozone - Aldehydes NO, C 0?/0 0,
31 | In a catalytic converter, NO,to N,and O,is: Oxidation . .| Reduction v/ | Combustion | Neutralization
32 | What converts N Hzinto nitrite? Denitrifying -.|  Nitrifying
A . NH; 0,
bacteria " bacteria v/
33 | Which bacteria function in anaerobic . . Q Photosyntheti | Denitrifying )
condition? | Nitrifying Cy v Respiratory
34 | What is released during denitrification? -, "~ NO;_ N,V NH,, NO,_
35 | Nitrification is th by which: .-.-. ' . .
itrification is the process by whic g ) Nitrate to ' N I-I3"£0 Organic Nto
N,to NH3 nitrite/nitrate
N,gas v NH;
36 | Which molecule shows cyclo-qc.:‘ge.l:s.:t'ﬂfur S, s, Sov S,
structure?
37 | What is physical ince of sulfur? Yell lid . .
at 15 pllysicat app ea‘r:e?r-lce 0:._5}1 f ¢ 03 SOl Colorless gas Blue liquid Red solid
38 | What oxidation state does sulfur have in SO,? 0 +2 +4v +6
39 | Which sulfur state has six unpaired electrons? 1st excited 2nd excited )
W\ Ground state Ionized state
state state v/
40 | What forms when sulfur reacts with silver? AgS Ag,SV AgSo, AgSO0;
41 | What is sulphur hexafluoride used as? Fuel Explosive Insulator v/ Solvent
42 | What does sulfur react with to form SF,? Cl, 0, H, F,v
43 Wha‘F is the product when sulfur reacts with SCN-V KCN s,Cl, H,S0,
cyanide?
44 The' most stablé species in an acidic Y, so, H,S S
environment 1s:
45 | What is the function of sulfur in Cross-linker
C Solvent Catalyst Fuel
vulcanisation? v
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46 | Which fertilizer restores sulfur in soil? Sodium Calcium Potassium Ammonium
Chloride carbonate nitrate Sulfate v
47 | What are components of gun powder? KNOs;, NaNOs, KCl, CaS0y,,
Charcoal, SV Charcoal, S Charcoal, S Charcoal, S
48 | The colour of iodine in organic layer is: Brown Colourless Purple v Green
49 zNhat colour?s are chlorine gases at room Red and Blue | Dark brown Greenish Black
emperature? yellow v/
50 | Who was the first halogen isolated as an F v Cl Br
element?
51 | What causes the colour change from chlorine Temperatur Electron Pressur Volum
fo iodine? CMPETAIC | ¢ ansitions v ressure otume
52 | Which colour is associated with Iodine? Orange Pale Green |.". Purple v Yellow
53 | Bromine emits vapours. Yellow Orange v . | . Violet Green
54 | Which forces affect halogen volatility? lonic CovalEli . - "Metal lic . Lond.on
g : dispersion v/
55 | Why does volatility decrease down the group? | Size increase Pressure .- | Weight
. i - | Temperature
v .7 decrease decrease
56 | Why does bond strength decrease down the Atomic size | Electronegativ Electron
. Q. . Pressure
group? v ity number
57 | Who has the weakest bond strength among Fluorine /.| Chlorine Todine Bromine
halogens? & 4
; e
58 | What cause weak bond in Fluorine? : Electron Low . High atomic
. Large atoms . electronegativ
- repulsion v/ ity mass
59 | Which halogen molecule has the strongest &
bond? | F, Br, I, Ccl,v
60 | Which halogen has the highest bond energy? F, Br, I, Cl,v
61 ;?Zp%oes oxidizing power change dowg the Increases Decreases v | Remains same Fluctuates
62 | What is the order 0fox1dlzlng po‘We'r of Cl, > F, I, > Br, F, >Cl,> |Br,>1,>F,
halogens? > Br, > I, >Cl,>F, Br, > L,y | >Cl,
63 Whlch?halogen has the hlghest 0x1dlzmg Fluorine v Chlorine Bromine Todine
power?
64 | Why is ﬂuorlne the most reactive halogen? Bond Electronegativ | Number of
Bond length .
strength v/ ity electrons
65 | H,S 04added‘t(')-so'li'd NaClinitial observation: White )
e R Purpl Black sol
‘ ed fumes urple vapor |, e v ack solid
66 | Which halpgen reacts explosively with Fluorine v Chlorine Bromine Todine
hydrogen in dark?
67 Ig{r(())\:;/pcri)oes halogen reactivity change down the Increases Decreases v Fluctuates Remains same
68 Whlch?halogen has the lowest oxidizing F, cl, Br, IV
power?
69 | Which statement about halogen- H,reaction is I ¢ ¢ Clyexplodes | Fpcombines in | Br,does not
correct? 2Teacts Mos in dark dark v react
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70 | Bleaching powder is prepared by passing Calcium Calcium Calcium Magnesium
Clyover: carbonate sulphate hydroxide v hydroxide
71 | Which one is frequently used to disinfect Sodium Hydrochloric ) Sodium
: : Chlorine v :
water? chloride acid hydroxide
72 i i —? M .
Why is HOClmore effective than OC! More Stable (-)re Less reactive | Less soluble
reactive v/
73 | Which species must be enough for effective cl cl- 0 HOCland
disinfection? 2 2 ocl=v
74 | What happens to HOClin water? Partial
Strong acid Strong base | dissociation | Neutralization
4
75 | Who are affected by burning fossil fuels? Animals Humans . “Plants All above v
76 | What is the major component of the Nitrogen v Oxygen X% Afg-on Methane
atmosphere? -
77 | What is one effect of human activities on the . QW Deforestation
Rain Snow .| Earthquake
atmosphere? E : v
78 | What happens to temperature in the Increases Decicases S Fluctuates Remains
mesosphere? - s G constant
79 | Which 1 is the coldest region of th : , M h
atmfsphi};zg 15 e coldust fogion o1 The Troposphe_r:e 1. _S_tratosphere eso‘s/p ere Thermosphere
80 | Which is a secondary pollutant? Ca_l_'.bj(:):nié' j B so, NO, co
acid v -
81 | Which gas absorbs UV radiation in the Q@
stratosphere? % €0, 03v N2
82 | Which one is most toxic? \ €0, CovV 0, CH,
83 | Which natural source produces hydrogen . |'." Volcanic
sulphide? R eruptions v Thunderbolts Oceans Swamps
84 - CO? - Vehicl
What human sources produce C _(?2& C 0 " Natural gas e lc.es & Algae Swamps
S, factories v/
85 | What 1 tends fi km t0'600 km? Th h
at fayer extends romz 85 h, j(?j m Troposphere | Mesosphere Stratosphere erI:‘olsp °r
86 27&17\1]18‘[) ;:hermcal reactlon_p_r:(_)fi_uf:es nitric oxide N, + CO, N, + 0,4 Co + 0, SO, + H,0
87 | Which compouﬁd::causes ozone depletion? CH, Co, CFCsv VOCs
88 | What are POPs resistant to? Degradation
v Water only Temperature Oxygen
89 | Which POP is used in electrical equipment? DDT VOCs PCBsv PAHs
90 | Smog formed by sunlight, NO,, and VOCsis Primary Secondary Natural Harmless
a: pollutant pollutant v/ atural gas byproduct
91 | What is the primary cause of climate change? Burning Volcani
Deforestation | Fossil Fuels Agriculture ocanic
v Eruptions
92 ;7\;151:;21 gases are included as greenhouse CO,& CHW 0,& N, Ar& Ne Hed& Kr
93 | What form of deposition carries pollutants Dry Wet Gas Soil
with rain? deposition | deposition v/ deposition deposition
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94 | Who contributes to emissions of NO,? Power . Motor
. Live stock . Forests
stations vehicles v/
95 | What do forests absorb to help the Greenhouse
atmosphere? CH, N gases v/ ¢o
96 | Which gas is not a pollutant? S0, co NO, CO,v
97 l()lfeducmg smog contains high concentration 0, NO SO H,0,
98 | Who affects pollutant dispersion? . Meteorologic
Emission oes
Natural events Humans al conditions
Sources v
99 ghbli‘; indicates ‘Good’ air quality in AQI Yellow Orange Green v Red
10 i ial N,0? - Soil & .
Where do microbial processes produce N,0 Atmosphere Forests oi Vehicles
0 0ceans v

SHORT Q.NO. 2

Q.NO. 1: Determine the number of protons, neutrons, and electrons in. an atom with Z=17 and A=35.
Answer: For an atom with Atomic Number ( Z) = 17 and Mass Number ( A) 35:
« Number of Protons: The atomic number ( Z) represents the number of protons. Thus, Protons = 17.

e Number of Electrons: In a neutral atom, the number of electrons equals the number of protons. Thus,

FElectrons = 17.

e Number of Neutrons: The number of neutrons ( N) is calculated by the formulaN =A—-Z. N =

35—17—18

Answer Accordmg to the Aufbau Pr1nc1ple and the (n

first.

e Forthe 4s orbital: n = 4,1 = 0 = (n+l) = 4.
 For the 3d orbital: n = 3,1 = 2 = (n+[) = 5. Since the 4s orbital has a lower (n+[)value than the 3d
orbital, it has lower energy and is filled before the 3d subshell.
Q.NO. 3: What information about an electron can be obtained from the Principal and Azimuthal

quantum numbers?
Answer:

e Principal Qnantum Number (n): It describes the size and energy of the orbital. A larger ' n'

indicates a greater distance from the nucleus and higher energy.

o Azimuthal Quantum Number ( l): It describes the shape of the orbital (e.g., spherical for [ = 0,
dumbbell for [ = 1). It also defines the subshells (' s,p, d, f).

Q.NO. 4: Define the Pauli Exclusion Principle and give an example.

Answer: The Pauli Exclusion Principle states that no two electrons in the same atom can have the same set

of four quantum numbers.

1) rule, electrons fill orbltals with lower energy

o Example: In a Helium atom ( 1s2), both electrons share n = 1,1 = 0,m = 0, but they must have

opposite spins ( s =

+ %and s=- %) to occupy the same orbital.

Q.NO. 5: What does the (n + 1) rule represent in electronic configuration?
Answer: The (n + 1) rule determines the relative energy of orbitals for electronic configuration.
1. Orbitals with a lower (n+1)value have lower energy and are filled first.

2. Iftwo orbitals have the same (n+[)value, the one with the lower ' n' value has lower energy.

Q.NO. 6: Why are orbitals of the same subshell called degenerate?
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Answer: Orbitals belonging to the same subshell that possess equal energy are called degenerate orbitals.
For example, in the p-subshell ( [ = 1), the three orbitals py, p,, and p,have different spatial orientations but
the same energy in the absence of a magnetic field.

Q.NO. 7: Differentiate between an orbit and an orbital.
Answer:

e Orbit: A definite circular path around the nucleus where an electron revolves (Bohr’s concept). It is a
2-dimensional planar motion.

e Orbital: A 3-dimensional region in space around the nucleus where the probablhty of finding an
electron is maximum (Wave mechanical concept).

Q.NO. 8: How many electrons can be accommodated in the M-shell? Explain usin_g' qugn-t'um numbers.

Answer: The maximum number of electrons in a shell is calculated by the formula 2n?. For the M-shell, the
principal quantum number n = 3. Max electrons = 2(3)? = 2 x 9 = 18. Usmg quantum numbers: The M-
shell contains s, p, and d subshells ( 2 + 6 + 10 = 18electrons). :

Q.NO. 9: Why does the f-subshell have 7 orbitals?

Answer: The number of orbitals in a subshell is given by (2[+1). For the f-subshell the azimuthal quantum
number [ = 3. Number of orbitals = 2(3) + 1 = 7. These correspond to the 7 magnetic quantum number (
m) values: —3,-2,-1,0,+1,+2,+3. .

Q.NO. 10: Describe the significance of the magnetic' quant-um number.

Answer: The Magnetic Quantum Number ( m) describes the orientation of an orbital in space under the
influence of a magnetic field. It determines the number of degenerate orbitals in a subshell. For a given [,
mranges from —[to +1.

Q.NO. 11: Explain why the atomic number is more fundamental than the mass number.

Answer: Moseley (1913) discovered that the frequency of X-rays emitted by an element is directly
proportional to its atomic number (. Z), not its atomic mass. This proved that the properties of elements are
periodic functions of their atemic numbers (proton numbers), making Za more fundamental property than
mass number ( A). '

Q.NO. 12: Compalje.them-ziss-(-)f- a neutron and a proton in amu.
Answer: Comp_ar_in'gg the masses in atomic mass units (amu):

« Proton: 10073 amu.

e Neutron: 1.0087 amu. The neutron is slightly heavier than the proton.
Q.NO. 13: What happens to a neutron when passed through an electric field?

Answer: When a beam of neutrons is passed through an electric field, they are not deflected. They travel in
a straight path because neutrons are neutral particles carrying zero charge.

Q.NO. 14: Why is the deflection of electrons greater than that of protons in an electric field?

Answer: The deflection of a particle in an electric field is proportional to its charge-to-mass ratio ( e/m).
While the magnitude of charge on an electron and proton is the same, the mass of an electron is approximately
1/1836 times the mass of a proton. Being lighter, electrons experience greater deflection.
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Q.NO. 15: Draw the orbital box diagram for phosphorus (Z=15) adhering to Hund’s rule.
Answer:

Phosporus (Z=15)
Orbotal Box Diagram
152 252 2p°® 3s? 3p3

HEIERER
R ETIRY!

1s 2p 3p
3s | M 1 i i

Q.NO. 16: Write the electronic configuration of Sodium (Na). y
Answer: Sodium (Na) has Atomic Number Z = 11. The electronic conﬁguratlon is: 15 252,2p%, 3s. This
can also be written as [Ne]3s?. :
Q.NO. 17: Define the azimuthal quantum number ( [). :
Answer: The Azimuthal Quantum Number ( [) (also called Angular Momentum Quantum Number)
describes the shape of the orbital and the subshell to which an. electron belongs. Its values are integers ranging
from Oto (n—1).
Q.NO. 18: How many values of " ['"" are possible for n=3?
Answer: For the principal quantum number n = 3, the p0551ble values of lare Oto (n—1). Therefore, the
values are 0, 1, and 2. (These correspond to the 3s, 3p, and 3d subshells).
Q.NO. 19: What is the maximum number of orbitals in the p-subshell?
Answer: For the p-subshell, the azimuthal quantum number [ = 1. The number of orbitals is determined by
the magnetic quantum number m, whlch has Values —1,0, +1. Thus, the maximum number of orbitals is 3 (
Px Py Pz)- a
Q.NO. 20: Distinguish between atomlc emission and atomic absorption spectrum.
Answer: - -

e Atomic Emission Spectr'un_l';:Formed when elements release energy (e.g., when heated). It consists of

bright colored lines on a dark background.
e Atomic Absorption Spectrum: Formed when white light passes through a cool gas. It consists of
dark lines on a bright background where specific wavelengths are absorbed.

Q.NO. 21: What is.1st ionization energy? Give its standard unit.
Answer: First Ionization Energy ( AH;;) is the minimum energy required to remove the most loosely bound
electron from each atom in one mole of gaseous atoms to form one mole of gaseous 1+ ions. Standard Unit:
kJ mol! (kilojoules per mole).
Q.NO. 22: Explain why sulfur has a lower first ionization energy than phosphorus.
Answer: Phosphorus (P) ( 3523p?3) has a stable, half-filled p-subshell. Sulfur (S) ( 3s23p*) has one paired
electron in the p-subshell, introducing spin-pair repulsion. This repulsion makes it easier to remove an
electron from Sulfur than from the stable half-filled shell of Phosphorus.
Q.NO. 23: The ionization energy of Be is higher than that of B. Justify this exception.
Answer: Beryllium (Be) ( 1s22s?) has a stable, fully-filled 2s orbital. Boron (B) ( 1s22s522p?) has a single
electron in the 2p orbital which is higher in energy and further from the nucleus than the 2s. Therefore, it is
easier to remove the 2p electron from B than the stable 2s electron from Be.
Q.NO. 24: Why does ionization energy decrease down a group?
Answer: Ionization energy decreases down a group because:

1. The atomic size increases (valence electrons are further from the nucleus).
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2. The shielding effect of inner electrons increases. These factors weaken the nuclear attraction on
valence electrons, making them easier to remove.

Q.NO. 25: Explain why nitrogen has a higher ionization energy than oxygen.
Answer: Nitrogen (N) ( 2p3) has a stable half-filled p-subshell. Oxygen (O) ( 2p*) contains a pair of
electrons in one of its p-orbitals. The repulsion between these paired electrons (spin-pair repulsion) makes it
easier to remove an electron from Oxygen, giving Nitrogen a higher ionization energy.
Q.NO. 26: Define electronegativity and name the scale used to measure it.
Answer: Electronegativity is the tendency or power of an atom to attract a shared pair of electrons toward
itself in a covalent bond. The scale most commonly used to measure it is the Pauling scale (ranging from 0.7
to 4.0).
Q.NO. 27: How does atomic size affect electronegativity? \
Answer: Atomic size is inversely proportional to electronegativity. As atomic size increases, the distance
between the nucleus and the bonded electron pair increases, reducing the nuclear attractron Therefore
electronegativity decreases as atomic size increases. Q|
Q.NO. 28: Why do noble gases have positive 1st electron affinities? _ :
Answer: Noble gases have positive 1st electron affinities (energy is absorbed) because they have stable,
fully-filled valence shells ( ns?np®). They have no tendency to accept an extra electron any incoming
electron must be forced into a higher energy level against repulsion. . '
Q.NO. 29: Explain why the 2nd electron affinity of oxygen is p0s1t1ve (+844 kJ/mol).
Answer: The 1st electron affinity of Oxygen is negative (exothermic). However, the 2nd electron affinity is
positive ( +844kJ/mol) because the second electron is being added to.an already negative ion ( 07). The
electrostatic repulsion between the negative ion and the incoming ¢lectron requires energy to overcome.
Q.NO. 30: Why does fluorine have lower electron affinity than chlorine despite its smaller size?
Answer: Fluorine is very small, leading to a high electron density. The incoming electron faces significant
repulsion from the existing electron cloud in the s'mall 2p subshell Chlorine is larger, reducing this
Q.NO. 31 What is the shielding effect and how does it influence atomic radlus?
Answer: The shielding effect is the reduction in nuclear attraction on valence electrons due to the presence of
inner shell electrons. As the shielding effect increases (more inner shells), the effective nuclear charge
decreases, allowing the electron cloud to.expand. This increases the atomic radius.
Q.NO. 32: Define ionic radius and-compare the size of Na and Na*.
Answer: Tonic radius is the measure of the size of an ion in a crystal lattice. The Na* ion is smaller than the
neutral Na atom ( 95pm vs 186pm). This is because removing an electron reduces electron-electron repulsion
and allows the nucleus to pull the remaining electrons closer.
Q.NO. 33: Why are anions always larger than their parent neutral atoms?
Answer: Anions are always larger than their parent neutral atoms because the addition of electron(s)
increases electron-electron repulsion within the valence shell. The nuclear charge remains the same, but the
electron cloud expands outward due to this increased repulsion.
Q.NO. 34: Explain why Mg?* is smaller than Na*,
Answer: Mg?* and Na' are isoelectronic (both have 10 electrons), but Magnesium has a higher nuclear
charge ( +12) compared to Sodium ( +11). The stronger nuclear pull in Magnesium draws the electrons
closer, making M g?*( 65pm) smaller than Na*( 95pm).
Q.NO. 35: What happens to atomic radius across a period from left to right?
Answer: Atomic radius decreases across a period from left to right. This is because the number of protons
(nuclear charge) increases while electrons are added to the same shell. The increased nuclear attraction pulls
the electron cloud closer to the nucleus, shrinking the atom.
Q.NO. 36: Identify semi-metals in groups 14, 15, and 16.
Answer: According to the provided text:

e Group 14: Silicon (Si), Germanium (Ge).
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e Group 15: Arsenic (As), Antimony (Sb).

e Group 16: Tellurium (Te), Polonium (Po). These elements are situated along the "stair-step line".
Q.NO. 37: Illustrate how metallic character varies in group 14.
Answer: In Group 14, metallic character increases down the group.

e Carbon (top) is a non-metal.

e Silicon and Germanium are metalloids (semi-metals).

e Tin (Sn) and Lead (Pb) (bottom) are metals. This trend is due to increasing atomic size and shielding,

which makes losing electrons easier.

Q.NO. 38: Why do non-metals have higher electronegativity than metals?
Answer: Non-metals have smaller atomic sizes and higher effective nuclear charges compared to metals in
the same period. This allows their nuclei to attract shared electron pairs more strongly, resultlng in higher
electronegativity values compared to electropositive metals. :
Q.NO. 39: Explain the effect of nuclear charge on ionic size. Answer: Nuclear charge is 1nversely related
to fonic size for isoelectronic species. As nuclear charge increases, the attraction on the electron cloud
becomes stronger pulling electrons inward and decreasing the ionic size (e g., Al3+ < M g*t < Na").
Answer The 3rd ionization energy of Magnesium involves removing an el_ectronfrom the stable, fully-
filled 2p®inner shell (Neon configuration) after the two valence electrons-are lost. Breaking this stable noble
gas configuration requires a massive amount of energy compared to the.2nd IE.

Part 3: Period 3 Elements (Ox1des & Chlorldes)

Answer 9@

e NaCl: Neutral (pH=7). -~

e MgCl.: Neutral (or very slightly acidic due to weak hydrolys1s pH ~6.5).

e PCls: Acidic (reacts with water to form phosphorlc and hydrochloric acid). The nature shifts from

neutral to acidic as the bonding changes from ionic to covalent.

Q.NO. 42: Why are the oxides of Na and Mg -more ionic than the oxides of N and P?
Answer: The difference in electronegativity between Oxygen and Group 1/2 metals (Na, Mg) is large (>1.7),
resulting in ionic bonds ( Na,0, M gO) The difference between Oxygen and Non-metals (N, P) is small,
resulting in covalent bonds. :
Q.NO. 43: Describe the reactlon of NazO with water and identify the product's nature.
Answer: Sodium oxide ( Na,0) reacts vigorously with water to form sodium hydroxide. Reaction:
Na,0) + H,0() = 2NaOH qq).. The product is a strong alkali, so the solution is basic (pH > 7).
Q.NO. 44: Why is AICls considered an acidic halide while NaCl is neutral?
Answer: NaCl dissolves to form hydrated ions without reacting chemically (Hydration), giving a neutral
solution. AlCl3imdergoés hydrolysis because the small, highly charged Al3%ion polarizes water molecules,
releasing H+10ns, A'ICZ3(S) + 3H,0) — AZ(OH)3(S) + 3HCl(aq).
Q.NO. 45: Predict whether PCls and NCl; would be acidic or basic.
Answer:

e PCls5: Acidic. It reacts with water to produce H; PO, and HCL.

e NCl3: Acidic. Covalent chlorides of non-metals generally undergo hydrolysis to form acidic

solutions.

Q.NO. 46: Why is SiO: considered an acidic oxide despite being a metalloid compound?
Answer: SiO, (Silicon dioxide) is considered an acidic oxide because, although it is insoluble in water, it
reacts with hot alkalis (bases) like NaOH to form silicates. SiOy 5y + 2NaOHqq) = Na,Si03(4q) + H2 0.
Q.NO. 47: Give the reaction of ZnO with both HCI and NaOH to prove its amphoteric nature. Answer:
ZnO acts as both an acid and a base (Amphoteric):

e With Acid: ZnO + 2HCl = ZnCl, + H,O(Acts as base).
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e VWith Base: ZnO + 2NaOH - Na,Zn0, + H,0(Acts as acid, forming Sodium Zincate).
Q.NO. 48: What causes the difference in oxidation numbers between SO: and SOs?
Answer:

e S0,: Sulfur uses 4 valence electrons for bonding. Oxidation Number = +4.

e  SO0;: Sulfur uses all 6 valence electrons for bonding (excitation into d-orbitals). Oxidation Number =

+6.
Q.NO. 49: Why is sodium kept under kerosene oil while magnesium is not?
Answer: Sodium is highly reactive and reacts vigorously with oxygen and moisture in the open air to form
oxides/peroxides. It is stored under kerosene to prevent this. Magnesium is less reactive due to a protective
oxide layer and does not require such storage.
Q.NO. 50: Explain why magnesium reacts slowly with cold water but rapidly with steam. Answer:
Magnesium reacts very slowly with cold water to form insoluble Mg(OH),which coats the surface. However,
it reacts vigorously with steam to form Magnesium Oxide ( MgO) and Hydrogen gas
Mg + H;0(g) = MgO(s) + Ha(g).

Q.NO. 51: What is hydration in the context of neutral chlorides like NaCl? -
Answer: Hydration is the process where water molecules surround ions without breakmg the water molecule
itself. In neutral chlorides like NaCl, the ions ( Na*, C1™) become hydrated ( N, a(aq)+) upon dissolving,
leading to a neutral pH of 7.
Q.NO. 52: Compare the pH behavior of aqueous solutlons of MgClz and AlCls.
Answer:

e MgCl,: Slightly acidic or near neutral (pH = 6.5)-as M g : oailses minimal hydrolysis.

e AlCl5: Strongly acidic (pH < 7, typically around 3) due to the hydrolysis of the Al3*ion releasing H*.
Q.NO. 53: Why do sulfur and phosphorus show variable oxidation numbers?
Answer: Sulfur and Phosphorus show variable oxidation numbers (e.g., P: +3, +5; S: +4, +6) because they
have empty d-orbitals in their valence shell. They Gan unpair electrons and promote them to these d-orbitals
to form more bonds. :
Q.NO. 54: Describe the nature of oxides formed by Period 3 non-metals.
Answer: Oxides of Period 3 non-metals (e.g:, Si0,, P,0s, S0,, 503, Cl,0,) are acidic in nature. They react
with water to form acids (e.g., SOz . H,50,) or react with bases to form salts.
Q.NO. 55: Write balanced equations for the reaction of Mg with oxygen.
Answer: Magnesium burns in oxygen with an intense white flame to produce white solid Magnesium Oxide.
Equation: 2M g(5) + Oz(g) = 2MgO ).
Q.NO. 56: Explain.the term "hydrolysis" in the context of acidic chlorides.
Answer: Hydrolysis in the context of chlorides is the reaction of the cation with water to split the water
molecule, typically generating H tions. Acidic chlorides (like AICl5, PCls) undergo hydrolysis to produce
acidic solutions containing HClor other acids.
Q.NO. 57: Why' is the oxidation number of 3rd-period elements in oxides always positive? Answer: The
oxidation number of Period 3 elements in oxides is always positive because Oxygen is more electronegative
than all the elements in Period 3 (Na to S, and even Cl in oxides is often treated with O as negative, though O
is second only to F). The element bonded to O loses electron density.
Q.NO. 58: Compare the reactivity of Na and Mg toward chlorine.
Answer: Sodium reacts vigorously with chlorine with a golden yellow flame to form NaCl. Magnesium also
reacts with chlorine to form MgCl,. Sodium is more reactive (more electropositive) than Magnesium.
Q.NO. 59: What is the important function of the "stair-step line" on the periodic table?
Answer: The "stair-step line" on the periodic table separates metals (to the left) from non-metals (to the
right). Elements adjacent to the line (Si, Ge, As, Sb, Te) are metalloids (semi-metals).
Q.NO. 60: How does electronic configuration help determine the block of an element?
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Answer: The electronic configuration determines the block. If the last (valence) electron enters an s-orbital,
the element is in the s-block. If it enters a p-orbital, it is in the p-block. For example, Na ( ...3s?!) is s-block;
Al (...3p%) is p-block.
Q.NO. 61: Define the rate of a reaction and give its units.
Answer: The Rate of Reaction is defined as the change in the concentration of a reactant or a product
divided by the time taken for the change. Formula: Rate = AC /At. Units: mol dm™>s™
Q.NO. 62: Differentiate between average rate and instantaneous rate.
Answer:
e Average Rate: The rate measured over a specific long time interval.
o Instantaneous Rate: The rate at a specific instant of time, calculated from the slope of the tangent to
the concentration-time curve.
Q.NO. 63: Why does the instantaneous rate of a reaction decrease with time?
Answer: The instantaneous rate decreases with time because the concentration of réactants decreases as the
reaction proceeds. According to the Law of Mass Action/Collision theory, a lower concentrat10n leads to
fewer effective collisions per unit time. -
Q.NO. 64: Define "Activation Energy" and its role in a chemical reactlon
Answer: Activation Energy ( E,) is the minimum amount of energy required by. reactant molecules to form
an activated complex and undergo a chemical reaction. It acts as an energy bamer only collisions with energy
> E,are effective. : :
Q.NO. 65: Explain why wood burns more rapidly in pure oxygen than in air.
Answer: Wood burns more rapidly in pure oxygen than in air because the concentration of Oxygen in pure
form (100%) is much higher than in air (~21%). Higher concentrat10n leads to more frequent collisions
between reactant molecules, increasing the reaction rate. .. .
Q.NO. 66: How does temperature affect the collision frequency of molecules?
Answer: An increase in temperature 1ncreases the klnetlc energy of the molecules This causes them to move
it increases the energy of the collisions.
Q.NO. 67: What is the Boltzmann distribution curve"
Answer: The Boltzmann distribution curveis a graph plotting the number of molecules (or fraction of
molecules) against their kinetic energies. It shows that at a given temperature, a range of energies exists, and
only a small fraction of molecules. possess energy greater than the Activation Energy ( E;).
Q.NO. 68: Explain why a 10-°C rise in temperature approximately doubles the reaction rate. Answer: A
10 °C rise in temperature approximately doubles the reaction rate because it significantly increases the
fraction of molecules possessing energy equal to or greater than the Activation Energy ( E,). This is
represented by the doubling of the area under the Boltzmann curve beyond E,.
Q.NO. 69: Define a catalyst and explain how it affects activation energy.
Answer: A catalyst is a substance that alters the rate of a reaction without being consumed. It works by
providing an alternative reaction pathway with a lower Activation Energy ( E,). This allows more
molecules to collide successfully.
Q.NO. 70: Differentiate between homogeneous and heterogeneous catalysis.
Answer:
o Homogeneous Catalysis: The catalyst and reactants are in the same phase (e.g., both liquid or both
gas). Example: Ester hydrolysis with acid.
o Heterogeneous Catalysis: The catalyst and reactants are in different phases (usually solid catalyst,
gas/liquid reactants). Example: Haber process (Fe solid, N, /H,gas).
Q.NO. 71: What is the "Order of Reaction"? How is it experimentally determined?
Answer: The Order of Reaction is the sum of the exponents (powers) of the concentration terms in the
experimentally determined rate equation. Rate = k[A]*[B]”. Overall Order = x + y. It is determined
experimentally by changing concentrations and observing the rate change.
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Q.NO. 72: Define the specific rate constant ( k).
Answer: The Specific Rate Constant ( k) is the rate of the reaction when the concentration of each reactant
is unity (1 mol dm™). It is a constant for a given reaction at a fixed temperature.

Q.NO. 73: Why is the sum of coefficients in a balanced equation not always equal to the order? Answer:

The sum of coefficients in a balanced equation (stoichiometry) is not always equal to the order because the
order depends on the reaction mechanism (specifically the rate-determining step), which is determined
experimentally, not just by the overall equation.
Q.NO. 74: Give an example of a zero-order reaction.
Answer: A Zero-Order Reaction is one where the rate is independent of the concentration of reactants.
Example: Photochemical reactions or enzyme-catalyzed reactions at high substrate concentration are often
cited (e.g., Rate = k).
Q.NO. 75: Define molecularity and distinguish it from the order of reaction.
Answer: B

e Molecularity: The number of atoms, ions, or molecules colliding in a s1ngle elementary step. Itisa

theoretical whole number (1, 2, 3). : :

o Order: The sum of powers in the rate law. It is experimental and can be fractional or Zero.
Q.NO. 76: What is the role of proper molecular orientation in collision theory"
Answer: For a collision to be effective, molecules must possess sufficient energy ( E,) and Proper
Orientation. Correct orientation ensures that the atoms meant to bond come-into contact directly; otherwise,
the molecules may bounce off without reacting.
Q.NO. 77: How does the surface area of a solid reactant affect the rate of reaction?
Answer: For reactions involving solids, increasing the surface'area (e.g., using powder instead of lumps)
increases the rate of reaction. A larger surface area provides more sites for collisions with reactant molecules.
Q.NO. 78: Why is the rate of reaction highest at the beginning?
Answer The rate of reaction is highest at the beginning because the concentration of reactants is at its
rate.
Q.NO. 79: Give an example of a biologlcal catalyst (enzyme).
Answer: A biological catalyst is called an Enzyme. Enzymes are protein molecules that catalyze biochemical
reactions in living organisms (e.g.; nature's catalysts) by lowering activation energy.
Q.NO. 80: What is a photochemical reaction? How does light affect its rate?
Answer: A photochemical reaction is a chemical reaction initiated by the absorption of light energy
(photons). Light provides the necessary activation energy. The rate of such reactions often depends on the
intensity of light rather than just-¢oncentration.
Q.NO. 81: Calculate the overall order for: rate = kNO? NH,°.
Answer: For the rate law: rate = k[NO]?[NH;]°. The order with respect to NO is 2. The order with respect to
NHsis 0. Overall Order = 2 + 0 = 2(Second order).
Q.NO. 82: Why do chemists need to know the rate constant for a reaction?
Answer: Chemists need the rate constant ( k) because it allows them to calculate the reaction rate for any
given set of concentrations. It is also essential for comparing the speeds of different reactions and
understanding the effect of temperature (via Arrhenius).
Q.NO. 83: How does the nature of reactants (ionic vs. covalent) affect the rate?
Answer: Ionic reactants typically react very fast (often instantaneously) because they involve the attraction
of oppositely charged ions in solution with no bond breaking required. Covalent reactants react slower as
bonds must be broken (requiring energy) before new ones form.
Q.NO. 84: Describe the effect of a catalyst on the "alternative path" of a reaction.
Answer: A catalyst provides an alternative path (mechanism) for the reaction. This new path has a lower
energy barrier (Activation Energy) than the uncatalyzed path, allowing the reaction to proceed faster.
Q.NO. 85: What is meant by "effective collisions'?
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Answer: Effective Collisions are collisions between reactant molecules that lead to the formation of
products. They occur only when colliding molecules have:

1. Energy equal to or greater than the Activation Energy ( E,).

2. Proper molecular orientation.
Q.NO. 86: State the units of the rate constant for a first-order reaction.
Answer: For a first-order reaction, Rate = k[Conc]!. Units of k = Rate/Conc = (moldm™3s71)/
(moldm™3) = s~ Y(per second).
Q.NO. 87: How can color change be used to monitor the progress of a reaction?
Answer: Color change can be used if a reactant or product is colored. The intensity of the color (absorbance)
is proportional to the concentration. By measuring absorbance over time using a spectrophotometer
(colorimeter), the progress of the reaction can be monitored.
Q.NO. 88: Define "Fast Reactions' with an example. S
Answer: Fast Reactions are those that occur almost instantaneously, often within fractlons of a second.
Example: The precipitation reaction between AgN Ozand NaCl(ionic reaction) or an explosmn
Q.NO. 89: Why is pressure important for the rate of gaseous reactions? .*." . e
Answer: For gaseous reactions, pressure is directly related to concentration. Increasmg the pressure pushes
gas molecules closer together, effectively increasing their concentratlon ThiS ingreases the collision
frequency and thus the rate of reaction. ¥ N
Q.NO. 90: Explain why a catalyst is not consumed in a reaction.: -
Answer: A catalyst is not consumed because it is regenerated: at the end of the reaction mechanism. It
participates in intermediate steps (forming complexes) but is released unchanged chemically in the final step.
Q.NO. 91: Define a reversible reaction with a suitablé éxample.
Answer: A Reversible Reaction is a reaction that proceeds i both the forward and reverse directions. It does
not go to completion. Example: N,y + 3Hy(g) = 2N H3(gy.
Q.NO. 92: What are the macroscopic characteristics.of chemical equilibrium?
Answer: Macroscopic characteristics of equilibrium:

1. The concentrations of reactants and- products remain constant.

2. The system must be closed.

3. Forward and reverse rates. are equal

4. No observable change in physl,oal properties (color, density).
Q.NO. 93: Why does a reversible reaction never go to completion?
Answer: A reversible reaction never goes to completion because as products are formed, they react to reform
the reactants. Equilibrium i§-reached when the rate of formation of products equals the rate of reformation of
reactants, leaving a mixture of both.
Q.NO. 94: Explain the term "Dynamic Equilibrium."
Answer: Dynaniic Equilibrium is the state where the reaction continues to occur at the molecular
(microscopic) level, but the rates of the forward and reverse reactions are equal. As a result, there is no net
change in the macroscopic concentrations of substances.
Q.NO. 95: Define the Equilibrium Constant ( K,).
Answer: The Equilibrium Constant ( K,) is the ratio of the product of equilibrium concentrations of
products to the product of equilibrium concentrations of reactants, with each term raised to the power of its
coefficient in the balanced equation. It is constant at a fixed temperature.
Q.NO. 96: Write the expression for: Nz(g) + 3Hz(g) B 2NH(g).
Answer: For the reaction: Ny(4) + 3Hy () = 2NH;jNTHelg¥pression for K_is:

Q.NO. 97: Why does a catalyst have no effect on the value of K.?
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Answer: A catalyst has no effect on the value of the Equilibrium Constant ( K). It increases the rates of both
the forward and reverse reactions equally, helping the system reach equilibrium faster, but it does not change
the final composition of the equilibrium mixture.
Q.NO. 98: State Le-Chatelier’s Principle.
Answer: Le-Chatelier’s Principle states that if a system at equilibrium is subjected to a stress (change in
concentration, pressure, or temperature), the system will shift its equilibrium position in a direction so as to
oppose or minimize the effect of that stress.
Q.NO. 99: Explain the effect of increasing the concentration of reactants on equilibrium. Answer:
Increasing the concentration of reactants shifts the equilibrium to the right (forward direction) to consume
the added reactants and form more products. Increasing the concentration of products shifts the equilibrium to
the left (reverse direction).
Q.NO. 100: How does a change in pressure affect equilibrium if the number of moles of gas is equal on
both sides?
Answer: If the number of moles of gas is equal on both sides of the equation (e.g., H2 —l- I2 ZHI ,An = 0),
a change in pressure (or volume) has no effect on the position of equilibrium. .
Q.NO. 101: Why is temperature the only factor that changes the value of K 2
Answer: The equilibrium constant ( K,) is a temperature-dependent constant deriV:ed from thermodynamics.
While concentration, pressure, and volume changes shift the position.of equilibrium to maintain the ratio
defined by K, only a change in temperature changes the kinetic energy and stability of the reactants/products,
altering the ratio itself, thus changing the value of K_.
Q.NO. 102 In an exothermlc reactlon, in whlch direction dOes the equlllbrlum shift if heat is added?
Accordlng to Le-Chatelier’s Principle, the system will try to consume the excess heat by shifting the
equilibrium to the left (reverse direction), favoring the formation of reactants.
Q. NO 103 Describe the effect of pressure on, the synthesis of Ammonia (Haber’s Process). Answer:
products ( An = —2). Increasing pressure shlfts the: equ111br1um towards the side with fewer moles of gas to
relieve the pressure. Therefore, high pressure fayors the formation of Ammonia (yield increases).
Q.NO. 104: Why are pure solids and liquids excluded from the K_expression?
Answer: The active mass (concentration) of a pure solid or pure liquid is constant and does not change
significantly during a reaction (density remains constant). Therefore, they are incorporated into the
equilibrium constant value and are not written explicitly in the K expression.
Q.NO. 105: Explain the soda water bottle equilibrium: C0,(g) + H,0(l) = HCO03_(aq) + H* (aq).
Answer: In a sealed soda-bottle, high pressure forces C0,gas to dissolve in water, establishing an equilibrium
between gaseous €0y, dissolved CO,, and carbonic acid ions ( HCO3_, H"). The high pressure shifts the
equilibrium to the right, keeping the gas dissolved.
Q.NO. 106: What happens to the equilibrium in a soda bottle when the cap is removed?
Answer: When the cap is removed, the pressure of C0,above the liquid drops drastically. According to Le-
Chatelier’s Principle, the equilibrium shifts to the left to restore the pressure of C 0,gas. Dissolved
C0,escapes as bubbles, and the concentration of HC 0;_decreases.
Q.NO. 107: Differentiate between homogeneous and heterogeneous equilibria.
Answer:

o Homogeneous Equilibrium: All reactants and products are in the same physical phase (e.g., all

gases or all liquid solutions). Example: N,(g) + 0,(g) = 2NO(g).
o Heterogeneous Equilibrium: Reactants and products are present in more than one phase. Example:
CaC05(s) = Ca0(s) + CO,(g).

Q.NO. 108: What does a very large value of K .indicate about the extent of a reaction?
Answer: A very large value of K.(e.g., 102%) indicates that at equilibrium, the concentration of products is
much higher than that of reactants. This implies the reaction has proceeded almost to completion.
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Q.NO. 109: How is the equilibrium constant related to the rates of forward and backward reactions?
Answer: At equilibrium, Rate(forward) = Rate(reverse). Since Rate(f) = k¢[Reactants]and Rate(r) =
k,[Products], equating them gives: k¢ /k, = [Products]/[Reactants]. The ratio of the rate constants (
ks /k;) is equal to the equilibrium constant ( K).

Q.NO. 110: Explain why a closed system is necessary for establishing equilibrium. Answer: A closed
system prevents matter from entering or escaping. If products (especially gases) escape, the reverse reaction
cannot occur effectively, and equilibrium can never be established. A closed system ensures that all reactant
and product molecules remain available to react in both directions.

Q.NO. 111: If Q. < K_, what does it tell you about the concentrations of reactants and products?
Answer: If the Reaction Quotient ( Q) is less than K, it means the ratio of products to reactants is lower than
the equilibrium ratio. To reach equilibrium, the system must form more products. Therefore the reaction will
proceed in the forward direction (net conversion of reactants to products).

Q.NO. 112: Define the "Position of Equilibrium."

Answer: The Position of Equilibrium refers to the relative concentrations of reactants and products at
equilibrium. If products dominate, the position lies to the right; if reactants dominate, it lies to the left. Unlike
K., the position can change with pressure or concentration without changing temperature.

Q.NO. 113: How does the removal of a product affect the yield in.a reversible reaction?

Answer: Removing a product decreases its concentration. According to Le-Chatelier’s Principle, the system
opposes this change by shifting the equilibrium to the right (forward'direction) to replace the removed

Q.NO. 114: Explain the effect of decreasing volume on -the reaction: PCls(g) = PCl;(g) + Cl,(g).
Answer: Reaction: 1 mole gas =2 moles gas. Decreasing volume increases pressure. The system will shift to
the side with fewer moles of gas to reduce pressure. Here, it shifts to the left (reverse direction), favoring the
formation of PCls. o

Answer. In an exothermic reaction (A = B e H eat), heat is a product. Adding heat (raising temperature)
increases the "concentration” of this product.- The system counters this stress by consuming the heat via the
reverse (endothermic) reaction, shifting equilibrium to the left.

Q.NO. 116: Discuss the industrial importance of Le-Chatelier’s Principle.
Al Imp( p

Answer: Le-Chatelier’s Principleis crucial in industry to maximize yields of economically important
chemicals. For example, in the Haber Process ( NH;) and Contact Process ( H,S0,), pressure and
temperature conditions are optlmlzed (e.g., high pressure, moderate temperature) to shift equilibrium towards
the desired products..

Q.NO. 117: Whatiis the response of an endothermic reaction to a decrease in temperature?

Answer: In aneridolthermic reaction ( A + Heat = B), heat acts as a reactant. Decreasing the temperature
removes heat. The system attempts to replace the lost heat by shifting in the exothermic direction (reverse
direction), causing the equilibrium to shift to the left.

Q.NO. 118: In the reaction BiCl; + H,0 = BiOCl + 2HCIl, what happens when HCl is added?

Answer: HCldissociates to provide Cl~and H*ions. Adding HClincreases the concentration of products
(common ion effect). According to Le-Chatelier’s Principle, the equilibrium shifts to the left (reverse
direction), causing the white precipitate of BiOClto dissolve and reform clear BiCl;solution.

Q.NO. 119: Does a catalyst change the position of equilibrium? Explain.

Answer: No, a catalyst does not change the position of equilibrium or the yield. It lowers the activation
energy for both forward and reverse reactions by the same amount, increasing their rates equally. It helps the
system reach equilibrium faster, but the final ratio of concentrations ( K,) remains unchanged.

Q.NO. 120: Explain why K_has no units in some reactions.
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Answer: K has no units when the number of moles of gaseous reactants equals the number of moles of
gaseous products ( An = 0). In the K expression, the concentration units in the numerator cancel out exactly
(motam=3)*

(moldm 3)2—Nounits.

with those in the denominator. Example: H, + I, = 2HI. Units:

Q.NO. 121: Why are halogens called "salt formers"?

Answer: The term "Halogen" is derived from Greek words Aalos (salt) and gennan (to form). They are called
salt formers because they react directly with metals to form ionic salts (e.g., Chlorine reacts with Sodium to
form NaCl, common salt).

Q.NO. 122: Explain the trend of volatility in halogens from fluorine to iodine.
Answer: Volatility decreases down the group from Fluorine to lodine.

e Fluorine and Chlorine are gases (high volatility).

e Bromine is a volatile liquid.

e lodine is a solid (low volatility). This is because intermolecular forces (London dlspers1on forces)
increase with increasing atomic size and polarizability down the group

Q.NO. 123: Why is fluorine the most powerful oxidizing agent?

Answer: Fluorine is the strongest oxidizing agent because it has the highest electrOnegatlwty, small size, and
low bond dissociation energy of the F-F bond. These factors make it extremely eager to accept electrons and
be reduced to F~ions, thereby oxidizing other substances.

Q.NO. 124: Describe the role of London dispersion forces in the phys1cal states of halogens.

Answer: Halogens are non-polar diatomic molecules held together by weak London dispersion forces. The
strength of these forces depends on the number of electrons (polarizability). Down the group (F to I), the
electron cloud size increases, making dispersion forces. strbﬁger: This changes the state from Gas ( F;, Cl,) to
Liquid ( Bry)toSolid (I,). 0o

Q.NO. 125: Why is the F-F bond weaker than the Cl- Cl bond"

lone palrs of electrons on the two fluorine atoms are very close to each other, causing 51gn1ﬁcant inter-
electronic repulsion. This repulsion weakens the bond compared to the C1-Cl bond where atoms are larger.
Q.NO. 126: Explain why HF is a weaker acid than HCl in aqueous solution.

Answer: Acid strength depends on bond strength. The H-F bond is very strong due to the small size of
Fluorine and high polarity (hydrogeri bonding). It does not dissociate easily to release H *ions in water. The
H-Cl bond is longer and weaker, allowing easier dissociation, making HCI a stronger acid.

Q.NO. 127: Whatis a dlsproportlonatlon reaction? Give the reaction of chlorine with water.
Answer: A Disproportionation Reaction is a redox reaction where the same element is simultaneously
oxidized and reduced. Reaction of Chlorine with water: Cl, + H,0 = HCl + HClOHere, Chlorine (0) is
reduced to -1 in HCl-and oxidized to +1 in HCIO.
Q.NO. 128: Why does the reactivity of halogens with hydrogen decrease down the group?
Answer: Reactivity depends on the ability to attract electrons and bond strength. Fluorine reacts explosively
(even in dark). Chlorine reacts in sunlight. Bromine requires heat. lodine reacts slowly and reversibly. This
trend mirrors the decrease in electronegativity and oxidizing power down the group.
Q.NO. 129: Name the halogen used as an antiseptic and explain how it works.
Answer: lodine is used as an antiseptic (e.g., Tincture of lodine). It works by oxidizing the proteins in
microorganisms (bacteria/fungi), disrupting their cellular functions and killing them.
Q.NO. 130: Describe a chemical test to distinguish between Bromide and Iodide ions.
Answer: Add Chlorine water ( Cl,solution) and Carbon Tetrachloride ( CCl,) to the salt solution and shake.
e Bromide ( Br7): Turns the organic layer orange/red-brown ( Br,liberated).
e lodide ( /7): Turns the organic layer purple/violet ( I,liberated).
Q.NO. 131: Why is HOCI a more effective disinfectant than OCI1?
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Answer: Hypochlorous acid ( HOCI) is neutral and can easily penetrate the cell walls of bacteria (which are
negatively charged) to kill them. The Hypochlorite ion ( OCl™) carries a negative charge and is repelled by the
bacterial cell wall, making it a less effective disinfectant.
Q.NO. 132: Write the ionic equation for the displacement of Iodine by Bromine.
Answer: Bromine is a stronger oxidizing agent than lodine. Equation: Br(4q) + 2l(aq)- = 2BT(qq)- + 2(s)-
Bromine displaces Iodine from iodide salts.
Q.NO. 133: Which halogen is the most volatile? Explain based on intermolecular forces.
Answer: Fluorine ( F,) is the most volatile. It has the smallest molecular size and the fewest electrons,
resulting in the weakest London dispersion forces between molecules. Weak forces mean very little energy is
needed to separate molecules into the gas phase.
Q.NO. 134: What are the primary active species in the chlorination of water?
Answer: When Chlorine dissolves in water, it forms Hypochlorous acid ( HOC!) and- Hydrochloric acid (
HCl). The primary active disinfectant species is HOCI, which kills pathogens. The OC l ion also contributes
but is less effective. :
Q.NO. 135: Why is chlorine used in the purification of drinking water?. . .
Answer: Chlorine is a strong oxrdrzmg agent that kills waterborne pathogeris (bacter1a V1ruses) effectively. It
is cheap, easy to apply, and leaves a "residual" effect that prevents re- contamrnatron during distribution in
pipes.
Q.NO. 136: Explain the color change when chlorine gas is passed through a KI solution.
Answer: Chlorine is a stronger oxidizing agent than Iodine. It displaces lodine from Potassium lodide ( KT).
Cl, + 2KI - 2KCl + I,. The solution changes from colorless _to bro_wn (due to dissolved lodine) or forms a
dark prec1p1tate
Answer Electronegatrvrty decreases down the group (F > Cl >Br>1). As atom1c size increases, the valence
shell moves further from the nucleus, and sh1eld1ng increases. This reduces the nucleus's ability to attract the
shared pair of electrons. oo
Q.NO. 138: Why can't iodine displace bromine from its salt?
Answer: Displacement relies on oxidizing power. A halogen can only displace a less reactive halogen below
it in the group. Iodine is less reactive and a weaker oxidizing agent than Bromine (located above it), so it
cannot take electrons from bromide ions{ Br ™).
Q.NO. 139: Write the 0x1dat1011_ s_tate of Chlorine in HC1O and HCIO..
Answer:

« HCIO: H( +1). + Cl(x) + 0( -2)=0>x=+1.

e HCIO:: H( +1)+Cl(x)+30( -2)=0=>14+x—-6=0=x = +5.
Q.NO. 140: What is the physical state of Iodine at room temperature? Why?
Answer: Iodine is a solid with a metallic luster. This is due to its large molecular size, which generates strong
London d1spers1on forces between the I,molecules, holding them in a rigid lattice structure at room
temperature. N
Q.NO. 141: Explain how bond length affects bond strength in halogens.
Answer: Generally, as bond length increases (due to larger atomic radii), bond strength decreases because the
overlap of orbitals becomes less effective. However, the F-F bond is an exception (weaker than CI-Cl) due to
repulsion between lone pairs on the small F atoms. From Cl to I, bond strength decreases as length increases.
Q.NO. 142: What are hydrogen halides? Name the most stable one.
Answer: Hydrogen halides are binary compounds of hydrogen and halogens ( HX). The most stable one is
Hydrogen Fluoride (HF). It has the highest bond dissociation energy due to the strong H-F bond. Thermal
stability decreases from HF to HI.
Q.NO. 143: Write the conditions required for the reaction of Iodine with Hydrogen.
Answer: The reaction between lodine and Hydrogen is slow and reversible. It requires:

1. Heating (high temperature).
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2. Use of a Catalyst (typically Platinum, Pt). H, + I, = 2HI.
Q.NO. 144: Why is fluorine gas extremely reactive even in the dark?
Answer: Fluorine has a low bond dissociation energy (weak F-F bond) and high electronegativity. The low
energy required to break the F-F bond allows it to initiate reactions spontaneously and explosively even
without light energy (unlike CI2 which needs UV light).
Q.NO. 145: Compare the oxidizing power of Cl. and Br:.
Answer: Chlorine ( Cl,) is a stronger oxidizing agent than Bromine ( Bry). Chlorine has a higher standard
reduction potential (+1.36 V) compared to Bromine (+1.07 V), meaning Cl. can more easily accept electrons.
Cl,can displace Br,from bromides, but not vice versa.
Q.NO. 146: How is HCI formed in the lab? Write the reaction.
Answer: HCI gas is prepared in the laboratory by heating Sodium Chloride ( NaCl) w1th concentrated
Sulfuric Acid ( H;S0,). Reaction: NaCl(s) + H,SO4concy = NaHSO, + HCl ().

(At higher temperatures, 2NaCl + H,S0, - Na,S0, + 2HCI).

Q.NO. 147: What is the environmental concern regarding the chlorination of water‘?

Answer: Chlorine can react with dissolved organic matter in water to form Trihalométhanes (THMs) like
Chloroform ( CHC!;). THMs are considered carcinogenic (cancer- caus1ng) 1f present in high concentrations
over long periods. SETER

Q.NO. 148: Explain the ionization of halogen acids in water. .~ . ..

Answer: Halogen acids ( HX) ionize in water to produce Hydronrum ions ( H30+) and Halide ions ( X~ )

only partially).
Q.NO. 149: Why does iodine have a higher melting polnt than other halogens?
Answer: Melting point depends on the strength of intermolecular forces. lodine has the largest number of
electrons and largest surface area among halogens, leading to the strongest London dispersion forces. More
energy is required to overcome these forces to melt the solid.
Q.NO. 150: Describe the reactivity of halogens with cold and hot NaOH.
Answer:

e Cold Dilute NaOH: Cl, + 2Na0H = NaCl + NaClO + H,0(Forms Chloride + Hypochlorite).

e Hot Conc. NaOH: 3Cl, +6NaOH — 5NaCl + NaClO3 + 3H,0(Forms Chloride + Chlorate).

Dlsproportlonatron occurs 1n both but the oxidation state of halogen changes differently (+1 in cold vs
+5 in hot). Q. U

Q.NO. 151: Why do some elements show variable oxidation numbers?
Answer: Elements (especrally Transition metals and p-block non-metals) show variable oxidation numbers
because the energy.difference between their different subshells (e.g., ns and (n-1)d, or ns and np) is small.
They can unpair electrons or use empty d-orbitals to form varying numbers of bonds.
Q.NO. 152: Define the Modern Periodic Law.
Answer: The Modern Periodic Law states that the physical and chemical properties of elements are a
periodic function of their atomic numbers.
Q.NO. 153: What does the period number of an element indicate about its shells?
Answer: The Period Number indicates the principal quantum number ( n) of the valence shell. It tells us the
total number of electron shells occupied in the atom. For example, elements in Period 3 have electrons filling
the 3rd shell (n = 3).
Q.NO. 154: Explain why lithium, sodium, and potassium have similar chemical properties.
Answer: These elements belong to Group 1 (Alkali Metals). They all have the same valence electronic
configuration ( ns?'). Since chemical properties are determined primarily by the number of valence electrons,
they exhibit similar reactivity (e.g., forming +1 ions, reacting with water).
Q.NO. 155: Why are noble gases placed at the end of each period?
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Answer: Noble gases are placed at the end of each period (Group 18) because they possess a completely
filled valence shell ( ns?np®, except He). This stable configuration marks the completion of that period's
electron filling before a new shell starts in the next period.
Q.NO. 156: How can ionization energy data predict the number of valence electrons?
Answer: A large "jump" or sudden increase in successive ionization energies indicates the removal of an
electron from a stable inner shell. The number of ionization energies before this jump equals the number of
valence electrons. (e.g., if IE3 >>IE2, there are 2 valence electrons).
Q.NO. 157: Differentiate between paired and unpaired electrons.
Answer:
e Paired Electrons: Two electrons occupying the same orbital with opposite spins ( Tl). They are stable
and diamagnetic.
e Unpaired Electrons: A single electron in an orbital ( T). They are resp0n51b1e for bondlng and
magnetic properties (paramagnetism).
Q.NO. 158: What is the significance of arrow direction in orbital diagrams?.

Answer: The arrow direction represents the electron's spin. An up arrow ( T) typieally represents spin t3 1

and a down arrow ( |) represents spin — = Opp0s1te directions in the same box 51gn1fy that paired electrons

must have opposite spins (Pauli Exclus1on Principle).

Q.NO. 159: Why does electron pairing occur only after a subshell is half-ﬁlled"

Answer: According to Hund’s Rule, electrons occupy degenerate otbitals singly first to minimize electron-
electron repulsion. Pairing forces two electrons into the same region, increasing repulsion. Therefore, pairing
requires more energy and only happens when no empty orbitals of the same energy are available.

Q.NO. 160: Explaln the role of surface area in solid- gas reactlons

partlcles to the gas phase reactant. This increases. the frequency of collisions between solid and gas particles,
thereby increasing the rate of reaction. =~ .~ .

Q.NO. 161: What is an enzyme? Give an example of its catalytic action.

Answer: An enzyme is a biological catalyst, usually a protein, that speeds up specific biochemical reactions
in living organisms. Example: Urease catalyzes the hydrolysis of urea into ammonia and carbon dioxide.
Q.NO. 162: How does pressure affect the synthesis of SO:s in the Contact Process?

Answer: Reaction: 250,(4) + Oz(gj-= 2505(4). Since 3 moles of gas produce 2 moles ( An = —1),
increasing pressure shifts equilibrium to the right (forward). In the Contact Process, moderate pressure (1-2
atm) is sufficient to achieve high yield; extremely high pressure is not economically necessary.

Q.NO. 163: Define "Macroscopic Events'" in a chemical reaction.

Answer: Macroscopic everits are the large-scale, observable changes that occur during a reaction, such as
changes in color, temperature, pressure, precipitate formation, or pH. These are the cumulative result of
microscopic molecular collisions.

Q.NO. 164: Why is a large jump seen in the successive ionization energies of magnesium?

Answer: Magnesium ( 3s2) has 2 valence electrons. The first two electrons are removed easily. The 3rd
ionization energy shows a massive jump because the 3rd electron must be removed from the stable, full 2p
inner shell ( [Ne]core), which requires significantly more energy.

Q.NO. 165: What is the relationship between group number and valence electrons?

Answer: For main group elements (s and p blocks), the Group Number (using the 1-8 system or A-groups)
corresponds directly to the number of valence electrons. Group 1 =1 ¢, Group2=2¢ ... Group 17 (7TA)=7
e

Q.NO. 166: Explain the term "Effective Nuclear Charge" ( Z.y).

Answer: Effective Nuclear Charge ( Z.) is the actual net positive charge experienced by a valence

electron. It is less than the total nuclear charge ( Z) because inner electrons shield the valence electrons.
Zesr = Z — S(where S is the shielding constant).
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Q.NO. 167: Why do atoms become smaller from left to right in a period?
Answer: Across a period, the number of protons ( Z) increases, increasing the nuclear pull. Electrons are
added to the same shell, so shielding remains roughly constant. The increased Z,sspulls the electron shell
closer to the nucleus, reducing atomic radius.
Q.NO. 168: Define the "Spin-Pair Repulsion' effect.
Answer: Spin-Pair Repulsion is the electrostatic repulsion between two electrons sharing the same orbital.
This repulsion makes the paired electrons slightly less stable and easier to remove (lower ionization energy)
compared to a single electron in a similar orbital (e.g., O vs N).
Q.NO. 169: Why is the second electron affinity of oxygen positive? Answer: The first electron adds to a
neutral O atom (exothermic). The second electron must be added to a negative ion ( 07). The strong
electrostatic repulsion between the negative ion and the incoming negative electron requlres energy input to
overcome, making the process endothermic (+).
Q.NO. 170: How does the shielding effect influence the electronegativity of elements in a group"
Answer: Down a group, the number of inner electron shells increases, increasing the shielding effect. This
screens the nucleus from the valence electrons. Reduced effective nuclear pull on the shared pair of electrons
causes electronegativity to decrease down the group.
Q.NO. 171: Why are elements on the left side of the periodic table conS}dered metals?
Answer: Elements on the left (Groups 1, 2) have low ionization energles low electronegativity, and 1-2
valence electrons. They tend to lose electrons easily to form p0s1t1ve 10ns ‘(¢ations), which is the defining
chemical characteristic of metals.
Q.NO. 172: Compare the reactivity of Na and Mg with oxygen
Answer: e
e Na: Reacts vigorously at room temperature to forrn Sodlum Oxide ( Na,0) and Peroxide ( Na,0,).
o Mg: Reacts less readily at room temperature due to an oxide film; requires heating (burning) to react
brilliantly and form Magnesium Oxide ( M gO) Nais more reactive.
Answer Sodlum is highly reactive. When burned in limited oxygen, 1t forms oxide ( Na,0). In excess
oxygen, the vigorous reaction and hlgh electron density allow it to form the Peroxide ( Na,0,), where oxygen
exists as the O,,_1ion.
Q.NO. 174: Write the formula of the chlorlde of a group 15 element.
Answer: Group 15 elements (like. Phosphorus, Nitrogen) have 5 valence electrons. They typically form
trichlorides ( MCl3) us1ng 3 electfdns or pentachlorides ( MCls, for P, As, Sb) using all 5. Example: PCl; or
Q. NO 175: leferentlate between acidic and basic oxides with reactions.
Answer:
e Acidic Ox1de Non-metal oxide that reacts with bases. E.g., SO; + 2NaOH - Na,S0, + H,O0.
 Basic Oxide: Metal oxide that reacts with acids. E.g., MgO + 2HCl - MgCl, + H,0.
Q.NO. 176: Explain why AICl; is acidic while NaCl is neutral.
Answer: NaClcontains distinct Na*ions which do not hydrolyze significantly. AICl;contains small, highly
charged Al3*ions. In water, Al3*polarizes the water molecules in its hydration shell, weakening O-H bonds
and releasing H *ions (Hydrolysis), making the solution acidic.
Q.NO. 177: How is the oxidation number of a third-period element generally related to its group?
Answer: The maximum positive oxidation number often equals the Group Number (valence electrons).
e Na (Group 1): +1
e Mg (Group 2): +2
e Al (Group 3): +3
e Si(Group 4): +4
e P (Group 5): +5 ... and so on.
Q.NO. 178: Why is the atomic number more fundamental than the mass number?
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Answer: Atomic number ( Z) determines the electronic configuration (number of electrons), which dictates
chemical properties. Mass number ( A) varies with isotopes (same element, different neutrons) but isotopes
share the same chemical behavior. Thus, Zdefines the element's identity.
Q.NO. 179: Find the number of neutrons in *'1sP.
Answer: For Phosphorus-31 (1531 P): Mass Number ( A) =31 Atomic Number ( Z) = 15 Neutrons = A —
Z=31-15=16.
Q.NO. 180: Explain why the CI ion has more electrons than protons.
Answer: A neutral Chlorine atom has 17 protons and 17 electrons. The Chloride ion ( CI7) is formed by
gaining one electron. Total Electrons =17 + 1 = 18. Total Protons = 17. Since 18 > 17, it has a net
negative charge.
Q.NO. 181: Define the term "Orbit." :
Answer: An Orbit (based on the Bohr model) is a well-defined circular path around the nucleus in which an
electron revolves. It is associated with a specific fixed energy level. -
Q.NO. 182: How do the values of ""1" determine the type of subshell (s, p, d, f)"
Answer: The azimuthal quantum number ( [) corresponds to specific subshells

e | =0 — s-subshell

e [ =1 - p-subshell

e | =2 - d-subshell

e [ =3 - f-subshell
Q.NO. 183 Why are px, py, and pz orbltals called degenerate"
possess the exact same energy. They only dlffer in their, dlrectlonal orientation along the X, y, and z axes.
Q.NO. 184: State Hund’s Rule of maximum multiplicity. .
Answer: Hund's Rule states that when electrons occupy degenerate orbitals (orbitals of equal energy), they
fill them singly with parallel spins before pairing up. This minimizes repulsion and maximizes stability.
Q.NO. 185: Explain the importance of the rate law-in chemistry.
Answer: The Rate Law relates the rate of reaction to the concentration of reactants experimentally. It helps
determine the reaction order and pr0V1des 1ns1ght into the reaction mechanism, specifically identifying the
rate-determining step.
Q.NO. 186 Why is molecularlty always a whole number"
step. Slnce you cannot haye a: fraetioh of a molecule colliding, molecularity must be a positive integer (1, 2, or
rarely 3). : A N
Q.NO. 187: How does the remeval of a product affect the direction of a reversible reaction?
Answer: Removing a product lowers its concentration ( Q. < K.). According to Le-Chatelier’s Principle,
the system tries to restore the product by shifting the equilibrium in the forward direction, favoring the
conversion of Teactants into products.
Q.NO. 188: What is the response of an equilibrium system to a decrease in temperature in an
exothermic reaction?
Answer: In an exothermic reaction, heat is released (Product). Lowering the temperature removes heat. The
system shifts to the right (forward direction) to produce more heat, thereby increasing the yield of products
and the value of K.
Q.NO. 189: Why is K .constant at a given temperature?

Answer: K_is a ratio of rate constants ( k¢ /k,). Since rate constants ( k) change only with temperature
(Arrhenius equation), their ratio ( K. ) also remains constant unless the temperature changes. Concentration or
pressure changes affect equilibrium position, not the constant itself.

Q.NO. 190: Describe the effect of volume increase on the reaction: N,(g) + 3H,(g) = 2NH5(g).
Answer: Increasing volume decreases pressure. The system shifts to the side with more moles of gas to
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restore pressure. Reactants: 4 moles. Products: 2 moles. Equilibrium shifts to the left (reverse direction),
favoring decomposition of Ammonia.
Q.NO. 191: Why does a catalyst speed up both forward and reverse reactions equally?
Answer: A catalyst lowers the energy barrier (activation energy) for the transition state. Since the transition
state is the peak for both forward and reverse paths, lowering it facilitates both directions equally. Thus,
equilibrium is reached faster without changing the equilibrium position.
Q.NO. 192: Compare the bond strengths of CI-Cl and Br-Br.
Answer: CI-Cl bond is stronger (242 kJ/mol) than Br-Br bond (193 kJ/mol). Chlorine atoms are smaller,
allowing for better orbital overlap and a shorter bond length compared to the larger Bromine atoms.
Q.NO. 193: What is observed when chlorine reacts with KI solution?
Answer: Chlorine displaces lodine from Potassium lodide ( 2K + Cl, — 2KCl + I,). Observation: The
solution turns from colorless to brown (due to I,formation), and if concentrated, black, 10d1ne crystals may
precipitate. : :
Q.NO. 194: Explain why HF is more stable than other hydrogen halides. A
Answer: HF is the most stable because the H-F bond has the highest bond d1ss0c1at10n energy (567 kJ/mol).
The small size of Fluorine and high polarity create a very strong bond that requlres very high temperatures to
break. : -
Q.NO. 195: How does HCIO act on microorganisms to kill them?. ~.-. -
Answer: Hypochlorous acid ( HCLO) is a neutral molecule that easﬂy diffuses through the cell membrane of
mlcroorgamsms Once inside, it oxidizes essential enzymes and protelns disrupting metabolic processes and
causing cell death.
Q.NO. 196: Write the electronic configuration of an elemelit'm Pérlod 4, Group 2.
Answer: Period 4, Group 2 element is Calcium (Ca, Z= 20) Conﬁguratlon 1s2,2s2,2p®, 3s2,3p%, 4s%0r
[Ar)4s2.
Q.NO. 197 Why does metalllc character increase down a group?
1on1zat10n energy decreases. It becomes easier to lose Valence electrons, so elements become more metallic
(e.g., in Group 14, C is non-metal, Pb is metal). -
Q.NO. 198: Explain why nitrogen has a hlgher ionization energy than oxygen.
Answer: Nitrogen ( 2p?) has a stable half-filled p-subshell. Oxygen ( 2p*) has one paired electron in the p-
subshell. The repulsion between the paired electrons makes it easier to remove one electron from Oxygen than
from the stable configuration of Nitrogen.
Q.NO. 199: What is the significance of the "rate-determining step" in a reaction?
Answer: The rate-determining step is the slowest step in a multi-step reaction mechanism. It acts as a
bottleneck, controllmg the overall speed of the reaction. The rate law for the overall reaction is derived from
this step. AN
Q.NO. 200: Define "Amphoterlc Oxides" with the example of Aluminum Oxide ( Al,03).
Answer: Amphoteric Oxides are oxides that can behave as both acids and bases. Example ( Al,0;):

e With Acid ( HCl): Forms salt AlCl;(acts as Base).

e With Base ( NaOH): Forms aluminate NaAlO,(acts as Acid).

SHORT QUESTIONS: 3

Q.NO. 1: By counting electron pairs around the central atom, explain why xenon trioxide ( XeO3 ) has
a pyramidal shape.

Answer: According to the VSEPR theory, the shape of a molecule depends on the number of electron pairs
(bonding and lone pairs) around the central atom. Xenon (Xe) is a noble gas with 8§ valence electrons. In
Xenon trioxide ( XeO3), Xenon forms double bonds with three oxygen atoms. While the detailed counting of
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electrons in XeOsinvolves considering the valence electrons of Xe (8) and the contribution from Oxygen, the
geometry is determined by the electron pair repulsion. With three bonding domains (double bonds behave as
single domains for geometry) and one lone pair of electrons on the central Xenon atom, the total electron pairs
are arranged tetrahedrally. However, due to the presence of one lone pair, the molecular shape becomes
trigonal pyramidal to minimize repulsion, similar to ammonia ( N Hz).
Q.NO. 2: Explain the difference between the formation of cand wbonds.
Answer: A sigma ( 0) bond is formed by the head-on (or end-to-end) overlap of atomic orbitals. This overlap
can occur between two s-orbitals (s-s overlap), an s and a p orbital (s-p overlap), or two p-orbitals lying on the
same axis (p-p head-on overlap). The electron density in a gbond is concentrated symmetrically along the line
joining the two nuclei. A pi ( 1) bond is formed by the sideways (or parallel) overlap of two p-orbitals ( p,or
p.) that are perpendicular to the nuclear axis. In a wbond, the electron density lies above and below the line
joining the nuclei (the nodal plane), making it weaker than a obond.
Q.NO. 3: Show how the central carbon atom in propanone forms cand wbonds- through hybridization.
Answer: In propanone ( CH;COCHs), the central carbon atom is bonded to an oxygen-atom by a double bond
and to two methyl carbons by single bonds. This central carbon atom is sp?hybridized. It uses its three
sp?hybrid orbitals to form three obonds: one with the oxygen atom and one with each of the two adjacent
carbon atoms. These bonds lie in a trigonal planar arrangement with bond angles of approximately 120°. The
remaining unhybridized p-orbital on the central carbon overlaps sideways with the p-orbital of the oxygen
atom to form a wbond, completing the carbonyl ( € = O) double bend..: -
Q.NO. 4: Predict the shapes of sulfate ( SO,,_), borate ( BH4 ), and tri-iodide ( /3_) ions according to
VSEPR.
Answer:

o Sulfate ( SO,,_): The central sulfur atom has 6 Valence electrons and with the negative charge and

bonds to 4 oxygens, it has 4 regions of electron densitjf (4 bonding pairs, 0 lone pairs). This results in a
tetrahedral shape

el it S (st S 36

charge gives 4 Valence electrons, which form 4 single bonds with Hydrogen. There are 4 bond pairs
and 0 lone pairs, resulting in a tetrahedral shape.

e Tri-iodide ( I5_): The central-iodine atom has 7 valence electrons plus 1 from the charge, totaling 8. It
forms 2 bonds with the other iodine atoms, leaving 3 lone pairs. The 5 electron pairs (2 BP, 3 LP) are
arranged in a trigonal blpyranndal geometry, but the atoms form a linear shape to minimize lone pair

repulsion.
Q.NO. 5: Sketch the hybrld orbltals and bond formation in PCl;, SiCl,, and NH,,.
Answer: :
: (Phosphorus Trichloride) | (Silicon Tetrachloride) (Ammonium Ton)
S brid | 03 hybrid ri’”l sp® hybrid H
Lone pair OL/ orbi als sp® hybri ’ ly' {
orbltals Ol"bl'l'C\lS orbi a s
Cl@ -o <DLl H-N-H
C, \” A 0
r‘"l "’| o bond (Si-Cl) o‘bond (N-H)
- ?:—ol:;r;i(:,f:,) formed with formed with
3p orbital 3p orbital 1s orbital of
Pt Cl of Cl H

Q.NO. 6: Draw the orbital structures of the CO,molecule in terms of Valence Bond Theory (VBT).
Answer: In carbon dioxide ( C0O,), the central carbon atom is bonded to two oxygen atoms via double bonds (
0 = C = 0). The carbon atom undergoes sp hybridization. Its two sp hybrid orbitals form two gbonds with
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the p-orbitals (or sp orbitals) of the two oxygen atoms in a linear geometry ( 180°). The two unhybridized p-
orbitals on the carbon atom overlap sideways with the parallel p-orbitals of the oxygen atoms to form two
separate wbonds. This results in a linear non-polar molecule.

Q.NO. 7: Can you explain why CO has a dipole moment but C 0,does not?

Answer: Carbon monoxide (CO) is a diatomic molecule with a polar bond due to the electronegativity
difference between Carbon and Oxygen, resulting in a permanent dipole moment. Carbon dioxide ( CO,),
however, is a linear molecule ( O = C = 0). Although the individual C = Obonds are polar due to the
electronegativity difference, the linear geometry causes the two bond dipoles to point in opposite directions.

These dipoles cancel each other out effectively, resulting in a net dipole moment of zero for the CO,molecule.

Q.NO. 8: Do you think that individual bonds in CCl,are polar? Explain in terms of electronegativity.
Answer: Yes, the individual bonds in carbon tetrachloride ( CCl,) are polar. Chlorine is more electronegative
than Carbon, which creates an electronegativity difference between the bonded atoms. This difference causes
the shared electron pair to be attracted more strongly towards the Chlorine atom, creating a partial negative
charge ( 6 —) on the Chlorine and a partial positive charge ( § +) on the Carbon.-Although the bonds are
polar, the molecule itself is non-polar because the four bonds are arranged symmetrlcally in a tetrahedron,
cancelling the dipole moments.

Q.NO. 9: Draw the Lewis structures for /F;and /Fsand predict thelr geometry :

Answer:
lodine Trifluoride (IF;) lodine Pentafluoride (IFs)
Lewis Structure Lewis Structure
s okl
T-shaped Molecular Geometry Square Pyramidal Molecular Geometry
F F
4\90° F 90°
F
F / /
«/1 80° — 6
F

energy is low, allowing it to dls_sqma‘te easily into H*and I~. It is a robust reducing agent because the lTodide
ion ( I7) readily loses electrons to.become Iodine ( I,). HF is a weaker acid primarily due to the very strong
bond between Hydrogen and Fluorine and the extensive hydrogen bonding between HF molecules. The
hydrogen bonding’ entraps the Hbetween electronegative Fluorine atoms, making dissociation more difficult
compared to HI.-

Q.NO. 11: leferentlate between s-s overlap and s-p overlap.

Answer:

e S overlap: This occurs when the s-orbital of one atom overlaps with the s-orbital of another atom.
This overlap is always head-on and forms a sigma ( ) bond. An example is the bond formation in the
H,molecule.

e s-p overlap: This occurs when the s-orbital of one atom overlaps with the p-orbital of another atom.
This overlap also takes place along the internuclear axis (head-on) and results in the formation of a
sigma ( ) bond. An example is the bond in HF.

Q.NO. 12: Why are covalent bonds directional in nature?

Answer: Covalent bonds are formed by the overlap of atomic orbitals (like p, d, or hybrid orbitals) which
have specific shapes and orientations in space (except for spherical s-orbitals). To form a strong bond, these
orbitals must overlap effectively, which requires them to be oriented towards each other along specific axes.

03024741124mg}~’5,/£4 UKL . * . SHI LU L




s iwpnils obols JECIX CHEMISTRY 11the I ]

This requirement for specific spatial orientation leads to fixed bond angles and definite shapes for covalent
molecules, making the bonds directional.

Q.NO. 13: Explain the bonding in Cl,molecule using orbital overlap.

Answer: In the chlorine molecule ( Cl,), each chlorine atom has an electronic configuration ending in 3p°®,
with one half-filled 3p orbital. The bonding occurs via the head-on overlap of these half-filled 3p orbitals
from the two chlorine atoms along the internuclear axis. This overlap results in the formation of a sigma ( o)
bond ( 3p — 3pobond).

Q.NO. 14: How does the tbond form in 0,?

Answer: In the oxygen molecule ( 0,), a double bond exists between the two oxygen atoms. One of these
bonds is a sigma ( ¢) bond formed by the head-on overlap of p-orbitals. The second bond is a pi ( ) bond,
which is formed by the sideways (parallel) overlap of the unhybridized p-orbitals (e.g., p,orbitals) that are
perpendicular to the internuclear axis. This sideways overlap creates electron densrcy above and below the
nodal plane of the nuclei.

Q.NO. 15: Why does H,Shave a bent shape instead of linear?

Answer: Sulfur in H,Shas 6 valence electrons. It forms two single bonds with Hydrogen atoms and has two
lone pairs of electrons remaining. According to VSEPR theory, these four’ electron pairs (2 bonding, 2 lone
pairs) arrange themselves tetrahedrally to minimize repulsion. However, the repulsion from the two lone pairs
compresses the bond angle to be less than the ideal tetrahedral angle ( 109 5 ’), resulting in a bent or angular
V-shape, similar to water ( H,0).

Q.NO. 16: Deﬁne sp3hybr1dlzat10n and glve the example of methane (C H4,)

regular tetrahedron with bond angles of 109.5°. In methane ( ¢ H,), the carbon atom undergoes
Sp3hybridization The four sp>hybrid orbitals ove'rlap with the 1s orbitals of four hydrogen atoms to form

Q.NO. 17: leferentlate between sp and sp3hybr1d1zat10n in terms of bond angle and geometry.
Answer:
o sp hybridization: Involves the ,nnxmg' of one s and one p orbital. It results in a linear geometry with a
bond angle of 180°. An example is.BeCl,.
o sp3hybridization: Involves the mixing of one s and three p orbitals. It results in a tetrahedral
geometry with a bond angle of 109. 5°. An example is CH,.
Q.NO. 18: Why is the energy of hybrld orbitals lower than that of unhybridized orbitals?
Answer: Hybrid orbitals are formed to maximize bonding overlap. When hybrid orbitals form bonds (like
sigma bonds), the resulting bonding molecular orbitals have lower energy than the original atomic orbitals,
leading to a more stable system. Spec1ﬁcally, the hybridization process itself redistributes energy, and the
resulting hybrid orbitals (like sp®) are often lower in energy than the pure p-orbitals involved, though higher
than the s-orbital. The primary stability comes from the stronger bonds they form due to better overlap.
Q.NO. 19: What type of hybridization is present in BeCl,?

Answer: In Beryllium chloride ( BeCl,), the central Beryllium atom undergoes sp hybridization. Beryllium
has two valence electrons which form bonds with two Chlorine atoms. The two sp hybrid orbitals are arranged
linearly to minimize repulsion, resulting in a bond angle of 180°and a linear shape.

Q.NO. 20: Why does BF;have a trigonal planar shape?

Answer: In Boron trifluoride ( BF3), the central Boron atom has 3 valence electrons and forms 3 single bonds
with Fluorine atoms. There are no lone pairs on the Boron atom. According to VSEPR theory, the three
bonding electron pairs arrange themselves as far apart as possible to minimize repulsion. This arrangement
corresponds to a trigonal planar geometry with bond angles of 120°.

Q.NO. 21: Define Bond Order.
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Answer: Bond order is defined as half of the difference between the number of electrons in bonding
molecular orbitals ( Nj) and the number of electrons in anti-bonding molecular orbitals ( N,). The formula is
given by:

Nb - Na

BondOrder = —

A positive bond order indicates a stable bond, while a bond order of zero implies the molecule does not form.
Q.NO. 22: Explain why the enthalpy of hydration is always an exothermic process for gaseous ions.
Answer: The enthalpy of hydration is the energy change when one mole of gaseous ions dissolves in water to
form an infinitely dilute solution. This process is always exothermic (negative AH) because it involves the
formation of attractive forces between the charged ions and the polar water molecules (ion-dipole
interactions). The formation of these bonds releases energy, whereas no bonds are broken in the gaseous ions
themselves.

Q.NO. 23: Define standard enthalpy of atomization with an example.

Answer: The standard enthalpy of atomization ( AH;.) is the enthalpy change required to produce one mole
of gaseous atoms from the element in its standard state under standard COl’ldlthIIS (298 K and 1 atm). For
example, the atomization of hydrogen is represented as: :

1
5 H2(9) = H(g)AHqr, = +218k]mol 1

Q.NO. 24: The enthalpy of solutlon can be positive or negative. Explaln what this indicates.
Answer: The enthalpy of solution ( AHg,,) is the net result of twe energy terms: the lattice energy (energy
required to break the crystal lattice, endothermic) and the hydratlon energy (energy released when ions
interact with water, exothermic).
o If AH,,,is negative (exothermic), it indicates that Ihe hydratlon energy released is greater than the
lattice energy absorbed.
o If AH,,;is positive (endothemnc) it 1nd1cates that the lattice energy required to break the solid is

Q.NO. 25: Calculate AH for the formatlon of methane using enthalpies of combustion of C, H,, and
CH,. :
Answer: To calculate the enthalpy of formatlon of methane ( CH,), we use Hess's Law and the combustion
data. Reaction: C(s) + 2H,(g) = CH,(g)Given:
“AH.(€) = —393.5k/ /mol(Combustion of C)
- AH.(H,) = —285.8kJ /mol(Combustion of H,)
- AH.(CH,) = —890.8kJ /mol(Combustion of CH,)
‘Formula: AH 5 = LAH_ (reactants) — £AH (products)
AHy = [AH.(C) + 2 x AH.(H)] — [AH.(CH,)]
AH; = [-393.5+2( —285.8)]-[ —890.8]
AH; =[ —393.5-571.6] +890.8
= —-965.1 + 890.8
= —74.3kJ /mol
Answer: AH; = —74.3kJmol ™"

Q.NO. 26: State Hess’s Law and explain its advantage.
Answer: Hess's Law of Constant Heat Summation states that the total enthalpy change for a chemical reaction
is the same, regardless of whether the reaction takes place in a single step or in a series of steps, provided the
initial and final states are the same.
Advantage: It allows for the calculation of enthalpy changes ( AH) for reactions that are difficult or
impossible to measure directly in the laboratory, such as reactions that are too slow, have side reactions, or do
not occur in isolation (e.g., formation of CO from C and 0,).
Q.NO. 27: Define Bond Dissociation Energy.
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Answer: Bond Dissociation Energy (or Bond Energy) is the average amount of energy required to break one
mole of a particular type of bond in gaseous molecules to produce gaseous atoms. It is a measure of the
strength of a chemical bond. For example, the bond energy of the H-H bond is 436kJmol~1. Bond breaking is
always an endothermic process.
Q.NO. 28: Why is bond energy always positive?
Answer: Bond energy is always positive because energy is required to overcome the attractive forces holding
the atoms together in a bond. Breaking a bond is an endothermic process, meaning heat must be absorbed
from the surroundings to separate the atoms. Therefore, the enthalpy change ( AH) for bond breaking is
always positive.
Q.NO. 29: Define Specific Heat Capacity. What is its value for water?
Answer: Specific Heat Capacity (c) is the amount of heat energy required to raise the temperature of one
gram of a substance by one degree Celsius (or one Kelvin). The specific heat capacity of water is
approximately 4.18/g 1K~ (or 4.2Jg~1K~1). This high value means water can absorb a lot of heat with a
relatively small change in temperature.
Q.NO. 30: Explain the meaning of each symbol in the formula g = chT
Answer: In the formula g = mcAT:
e q represents the amount of heat energy absorbed or released (usually inJ oules D).
« m represents the mass of the substance undergoing the temperature change (usually in grams, g).
 crepresents the specific heat capacity of the substance ( Jg=1K=1). -
e AT represents the change in temperature ( AT = Tfmal — mmaz) usually in Kelvin (K) or Celsius (
°C).
Q.NO. 31: Deﬁne Lattlce Energy.

formed from its constituent gaseous ions. This process is always exothermic (negative AH) because it involves
the formation of strong electrostatic attractions bétween oppositely charged ions. Alternatively, it can be
defined as the energy required to break one mole: of an ionic solid into its gaseous ions (endothermic).

Q.NO. 32: Define Hydration Energy. L

Answer: Hydration energy is the enthalpy change when one mole of gaseous ions is dissolved in sufficient
water to give an infinitely dilute solution. It is a measure of the attraction between ions and water molecules.
Hydration energy is always negatlve (exothermlc) as energy is released when ions are surrounded by water
molecules. . T

Q.NO. 33: Why is lattice breaklng endothermic while hydration is exothermic?

Answer: Lattice breaking involves overcoming the strong electrostatic forces of attraction between oppositely
charged ions in a crystal lattice to separate them. This requires an input of energy, making it endothermic
(positive AH). Hydration involves the formation of attractive forces (ion-dipole interactions) between these
separated ions and polar. water molecules. Forming attractive forces releases energy, making hydration
exothermic (negatlve AH ).

Q.NO. 34: What is a Born-Haber cycle?

Answer: The Born-Haber cycle is a thermochemical cycle based on Hess's Law. It relates the lattice energy of
an ionic solid to other measurable thermodynamic quantities, such as ionization energy, electron affinity,
enthalpy of atomization, and enthalpy of formation. It is primarily used to calculate lattice energies which
cannot be measured directly.

Q.NO. 35: Is electron affinity exothermic or endothermic? Explain.

Answer: The first electron affinity (adding the first electron to a neutral atom) is generally exothermic
(negative) because the incoming electron is attracted to the nucleus, releasing energy. However, the second
electron affinity (adding a second electron to a negative ion) is always endothermic (positive). This is
because energy is required to overcome the electrostatic repulsion between the negative ion and the incoming
negative electron.

Q.NO. 36: Standard enthalpy of combustion of ethanol?
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Answer: The standard enthalpy of combustion ( AH,,) of ethanol ( C;H;OH) is the enthalpy change when one
mole of ethanol is completely burned in excess oxygen under standard conditions.

The reaction is: C,HsOH (1) + 30,(g) = 2C0,(g) + 3H,0(1)

This is an exothermic process. (While the exact value is not explicitly in the snippet text, the process is
described as exothermic combustion).

Q.NO. 37: Why are bond energies different in different compounds for the same bond?

Answer: Bond energies for a specific bond (e.g., C-H) can vary slightly in different compounds because the
bond strength is influenced by the chemical environment of the bond. The presence of neighboring atoms,
their electronegativity, and the overall molecular structure affect the electron distribution and, consequently,
the energy required to break the bond. Therefore, average bond energies are often used.

Q.NO. 38: What happens to energy when a chemical bond is formed? »

Answer: When a chemical bond is formed between two atoms, energy is released. Th1s is because the bonded
state is more stable (lower energy) than the state of separate atoms. Therefore, bond formatlon is always an
exothermic process (negative enthalpy change). 8

Q.NO. 39: Explain the Joule-Thomson effect.

Answer: The Joule-Thomson effect describes the temperature change of a real gas or hqu1d when it is forced
through a valve or porous plug while kept insulated so that no heat is exchanged with the environment.
Generally, when a highly compressed gas is allowed to expand into aregion of-low pressure, it cools down.
This cooling occurs because the gas molecules move apart against the intermolecular forces of attraction,
consuming energy from the gas itself, which lowers its klnetlc energy and temperature.

Q.NO. 40: Why can gases be compressed easily? :

Answer: Gases can be compressed easily because there are large ernpty spaces between the gas molecules.
According to the Kinetic Molecular Theory, the actual volume. of gas molecules is negligible compared to the
total volume of the gas. When pressure is applied, these molecules are pushed closer together into the
available empty space, significantly reducing the Volume

Answer. The molecules of Carbon tetrachlorlde (*CCl,) and Silicon tetraﬂuonde ( SiF,) are non-polar.
Therefore, the only intermolecular forces present between these molecules are London dispersion forces,
also known as instantaneous dipole-induced dipole (id-id) forces. These weak forces arise due to temporary
fluctuations in electron distribution that ereate temporary dipoles.

Q.NO. 42: Differentiate between _lnstantaneous dipole-induced dipole (id-id) and permanent dipole (pd-
pd) forces.

Answer: Instantaneous dlpole 1nduced dipole (id-id) forces, or London dispersion forces, are weak attractive
forces present in all moleciiles (1nclud1ng non-polar ones) due to temporary fluctuations in electron clouds.
Permanent dipole-permanent dipole (pd-pd) forces are stronger attractive forces that exist between polar
molecules where the positive end of one molecule attracts the negative end of another, as seen in HCI.

Q.NO. 43: Can the CHF;molecule make a hydrogen bond? Explain.

Answer: No, the CH F3 (fluoroform) molecule cannot form hydrogen bonds with itself. Although it contains
highly electronegative fluorine atoms and a hydrogen atom, the hydrogen is bonded to a carbon atom, not to
an electronegative atom like Fluorine, Oxygen, or Nitrogen. For a hydrogen bond to form, the hydrogen must
be directly bonded to a highly electronegative atom (F, O, N) to acquire a sufficient partial positive charge.
Q.NO. 44: Show a hydrogen bond between two molecules of ethanol.

Answer: In ethanol ( C,H50H), the hydrogen atom of the hydroxyl group (-OH) is bonded to an
electronegative oxygen atom, creating a partial positive charge on the hydrogen ( § +) and a partial negative
charge on the oxygen ( § —). A hydrogen bond forms between the lone pair of the oxygen atom of one ethanol
molecule and the hydrogen atom of the hydroxyl group of a neighboring ethanol molecule

(C;Hs —0 —H-:0(H) — CyHs).

Q.NO. 45: Explain why the boiling point difference decreases as the size of the alcohol molecules
increases.
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Answer: As the size of the alcohol molecules increases (e.g., from methanol to butanol), the non-polar alkyl
chain becomes larger, making London dispersion forces more significant relative to hydrogen bonding. In
smaller alcohols, hydrogen bonding is the dominant force causing high boiling points. In larger alcohols, the
contribution of hydrogen bonding diminishes in comparison to the growing dispersion forces, leading to a
smaller difference in boiling points between successive members.

Q.NO. 46: Why is the viscosity of honey higher than water?

Answer: Honey has a much higher viscosity than water due to strong intermolecular forces, particularly
extensive hydrogen bonding between the sugar molecules (like glucose and fructose) and water. These strong
attractive forces prevent the layers of the liquid from sliding over one another easily, creating high resistance
to flow.

Q.NO. 47: Which is more viscous: glycerine or hexane? Why?

Answer: Glycerine is more viscous than hexane. Glycerine ( CH,OH — CHOH — CH. OH ) contains three
hydroxyl (-OH) groups capable of forming extensive hydrogen bonds, resulting in very strong intermolecular
attraction and high resistance to flow. Hexane ( CgHy4) is a non-polar hydrocarbon with only weak London
dispersion forces, allowing its molecules to move past each other easily. :

Q.NO. 48: Why does evaporation get faster at higher temperatures?

Answer: Evaporation gets faster at higher temperatures because the average klnetlc energy of the liquid
molecules increases. More molecules gain enough energy to overcome the intermolecular attractive forces
holding them in the liquid phase and escape from the surface into the Vapor phase. This increases the rate of
evaporation.

Q.NO. 49: Why is food cooking difficult in areas with high- altltudes"

Answer: At high altitudes, the external atmospheric pressure is lower than at sea level. Since a liquid boils
when its vapor pressure equals the external pressure, water boils at a temperature lower than 100°C(e.g., at
Murree, water boils at 98°C, and at Mount Everest at 69°C). This lower boiling temperature provides less heat
energy to the food making it take longer to cook -or. remain undercooked.

Answer. A pressure cooker is a closed vessel.that traps steam, causing the pressure inside to rise significantly
above atmospheric pressure. This increased external pressure raises the boiling point of water inside the
cooker (above 100°C). The food is cooked at this higher temperature, allowing it to absorb more heat energy
and cook much faster than in an open pot. -~

Q.NO. 51: Why is the boiling point.of water ( 100°C) higher than that of ethanol ( 78°C)? Answer: The
boiling point of water is higher than that of ethanol because water has stronger and more extensive hydrogen
bonding. Each water molecule has two hydrogen atoms and two lone pairs, allowing it to form up to four
hydrogen bonds, creating a-3D network. Ethanol can form fewer hydrogen bonds per molecule. More energy
is required to break the extensive bonding in water, leading to a higher boiling point.

Q.NO. 52: What i$.meant by the "habit of a crystal"?

Answer: The "habit of a crystal" refers to the characteristic external shape in which a crystal usually grows
under maintained:conditions. If the conditions for growth (such as solvent, temperature, or impurities) are
kept constant, a crystal will always grow in the same specific shape or habit. For example, NaCl typically
grows as cubic crystals.

Q.NO. 53: Name the properties of liquid crystals in which they resemble solids.

Answer: Liquid crystals resemble solids in the following properties:

1. Optical Properties: They show optical properties similar to crystalline solids.

2. Order: They possess a parallel ordered arrangement of molecules.

3. Rigidity: They possess some degree of rigidity compared to pure liquids.

4. Anisotropy: They are anisotropic, meaning their properties depend on the direction of measurement.
Q.NO. 54: Which property of liquid crystals makes them useful in temperature sensing devices?
Answer: Liquid crystals, specifically cholesteric liquid crystals, change color with changes in temperature.
This property allows them to be used in temperature sensing devices like thermometers and for medical
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diagnosis (e.g., locating tumors which are warmer than surrounding tissue). The arrangement of molecules
changes with temperature, altering the way they reflect light.
Q.NO. 55: Why do solids not undergo translatory motion?
Answer: The constituent particles (atoms, ions, or molecules) of a solid are held together by strong cohesive
forces (ionic, covalent, metallic, or van der Waals forces) in fixed positions. They are closely packed and do
not have the freedom to move past one another. Therefore, they only vibrate about their mean positions and
do not undergo translatory motion.
Q.NO. 56: Why does iodine exist as a solid at room temperature?
Answer: lodine ( I,) exists as a solid at room temperature because it has a large molecular size. The large size
of the iodine molecule leads to strong, polarizable electron clouds, which result in relatively strong London
dispersion forces (instantaneous dipole-induced dipole forces) between the molecules. These forces are strong
enough to hold the molecules in a solid lattice at room temperature. :
Q.NO. 57: Why does HFhave a higher boiling point than HCI?
Answer: HFhas a higher boiling point ( 19.9°C) than HClbecause of the presence of strong hydrogen bonding
between HFmolecules. Fluorine is highly electronegative, creating a strong dipole‘that allows for hydrogen
bonds. Chlorine is less electronegative and larger, so HClmolecules 1nterac.t prlmarlly through weaker dipole-
dipole forces, which require less energy to overcome. :
Q.NO. 58: Why do boiling points of halogens increase down the group"
Answer: The boiling points of halogens (Group 17) increase down the group (from Fluorine to lodine)
because the atomic size and number of electrons increase. This leads to greater polarizability of the electron
clouds, which results in stronger London dispersion forces (Van der Waals forces) between the molecules.
Stronger forces require more energy to break, raising the boiling point.
Q.NO. 59: Why is HFless acidic than HC! despite stronger bonding?
Answer: HFis a weaker acid than HClprimarily due to the very strong bond between Hydrogen and Fluorine
and the extensive hydrogen bonding in aqueous solution The hydrogen bonding entraps the H +ion between
compared to HCl, which dissociates Completely _
Q.NO. 60: Define Surface Tension and V1sc0s1ty
Answer:

e Surface Tensmn A propel:ty of 11qu1ds descnbmg the force acting along the surface, causing it to

molecules ( Units: Nm~1).
« Viscosity: The internal resistance of a liquid to flow. It arises from the frlctlonal forces between
adjacent layers of the liquid moving at different speeds ( Units: kgm™1s~tor poise).

Q.NO. 61: Why can insecfs' like mosquitoes walk on the surface of water?
Answer: Insects like mosquitoes can walk on the surface of water due to the high surface tension of water.
The strong intermelecular forces (hydrogen bonds) between water molecules at the surface create a "skin" or
elastic sheet-like effect that can support the light weight of the insect without breaking.
Q.NO. 62: What happens to the surface tension of water when temperature increases?
Answer: When the temperature of water increases, its surface tension decreases. This is because the increase
in kinetic energy of the water molecules weakens the intermolecular forces (hydrogen bonds) holding them
together. Weaker intermolecular forces result in a reduced inward pull on the surface molecules, lowering the
surface tension.
Q.NO. 63: Why does vapour pressure increase with temperature?
Answer: Vapour pressure increases with temperature because heating a liquid increases the average kinetic
energy of its molecules. This enables a larger fraction of molecules to overcome the intermolecular forces and
escape from the liquid surface into the vapor phase. The increased rate of evaporation leads to a higher
concentration of vapor molecules and thus higher pressure.
Q.NO. 64: Explain why vapour pressure is independent of container size.
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Answer: Vapour pressure is an intrinsic property of a liquid at a given temperature and depends only on the
nature of the liquid and temperature. It does not depend on the amount of liquid, surface area, or the volume
of the container. While a larger surface area changes the rate of evaporation and condensation, the
equilibrium pressure reached remains the same.

Q.NO. 65: Why are liquid crystals always anisotropic?

Answer: Liquid crystals are anisotropic because their molecules are rod-like and arrange themselves in an

ordered, parallel fashion. This ordered arrangement causes their physical properties (such as optical, electrical,

and magnetic properties) to have different values when measured in different directions, which is the
definition of anisotropy.
Q.NO. 66: How are liquid crystals used in breast cancer diagnosis?
Answer: Cholesteric liquid crystals are used in breast cancer diagnosis because they are sensitive to
temperature changes. Tumors often have a slightly higher temperature than the surrounding healthy tissue.
When a layer of liquid crystals is applied to the skin, the warmer tumor area causes the crystals to change
color, allowing for the detection of the abnormality. S
Q.NO. 67: Define Crystal Lattice and Unit Cell.
Answer:
e Crystal Lattice: The regular arrangement of atoms, ions, or molecules in a three dimensional space
within a crystal. L
e Unit Cell: The smallest repeating unit of the crystal lattice that shows the complete symmetry and
pattern of the crystal. Stacking unit cells in three dimensions builds the entire crystal lattice.
Q.NO. 68: Why do crystalline solids have sharp melting points?
Answer: Crystalline solids have sharp melting points because their constituent particles (atoms, ions, or
molecules) are arranged in a highly regular and ordered pattern All the bonds holding the particles together

Answer. The habit of a crystal refers to its growth _shape. Pure Sodium Chlorlde ( NaCl) grows as cubic
crystals. However, if an impurity like 1Qurea is present in the solution, the urea molecules selectively interact
with certain faces of the growing crystal. This alters the growth rate of the faces and causes the NaClcrystals
to grow in a needle-like shape instead of cubes.
Q.NO. 70: Why is water more effective in temperature regulation than other liquids?
Answer: Water has a high specific-héat capacity ( 4.18/g~1K~') due to extensive hydrogen bonding. It can
absorb or release large amounts. of heat with only a small change in its own temperature. This property makes
it highly effective at bufferlng temperature changes in the environment and in living organisms, aiding in
temperature regulation.
Q.NO. 71: leferentlate between exothermic and endothermic reactions with examples.
Answer: Q
. Exothermlc reactlons release heat to the surroundings ( AHis negative). The enthalpy of products is
lower than reactants. Example: Combustion of Carbon ( C + 0, —» CO,, AH = —393.7k] /mol).
o Endothermic reactions absorb heat from the surroundings ( AHis positive). The enthalpy of products

is higher than reactants. Example: Decomposition of Calcium Carbonate ( CaC0O3; — CaO + CO,,

AH = +572k] /mol).
Q.NO. 72: What do you understand by the enthalpy of a system?
Answer: The enthalpy of a system ( H) is the total heat content possessed by a substance due to its structure
(types of bonds) and physical state. It is a state function defined as the sum of the internal energy ( E') and the
product of pressure and volume ( PV), though in chemistry it is mainly used to quantify heat changes ( AH) at
constant pressure.
Q.NO. 73: Distinguish clearly between standard enthalpy of reaction and standard enthalpy of
formation.
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Answer:

o Standard Enthalpy of Reaction ( AH,.): The enthalpy change when stoichiometric amounts of
reactants react completely under standard conditions ( 298K, 1atm).

» Standard Enthalpy of Formation ( AHf.): The enthalpy change specifically when one mole of a
compound is formed from its constituent elements in their standard states under standard conditions.
Example: C + 2H, = CH,.

Q.NO. 74: Define and give one example of: Standard enthalpy of solution and hydration. Answer:

o Standard Enthalpy of Solution ( AH,;,): The enthalpy change when one mole of a substance
dissolves in sufficient solvent to form an infinitely dilute solution. Example: N H4C l(s)
NH,,(aq) + Cl~(aq), AH = +16.2k] /mol. . O

o Hydration Energy ( AHp,,q): The enthalpy change when one mole.of gaseous jons dissolves in water
to give an infinitely dilute solution. Example: Na*(g) » N a+(aq)

Q.NO. 75: Explain why the lattice enthalpy of an ionic compound 1s typlcally a large negative value.

Answer: Lattice enthalpy is the energy released when gaseous ions come together to form one mole of a solid
ionic crystal lattice. This process is highly exothermic (large negative AH) because strong electrostatic forces
of attraction are established between the oppositely charged ions ( cation +and anion —) as they form a
stable crystal structure.

Answer: The enthalpy of hydration is always exothermic (negative) because it involves the formation of
attractive forces between the charged gaseous ions and the polar water molecules (ion-dipole interactions).
The formation of these bonds releases energy. Since the gaseous ions are already separated, no energy is
consumed to break bonds, so the net process releases heat.

Q.NO. 77: Define standard entl.l'a_ll::)fy. of atomization with an example.

Answer: The standard erﬁhalpy‘ of atomization ( AHg;,) 1s the enthalpy change involved when one mole of
gaseous atoms is formed from an element in its standard state under standard conditions ( 298K, 1atm).

Example: gHz(g)-i—}E H(g), AHy., = +218kjmol ™.
Q.NO. 78: Thefeothélpy of solution can be positive or negative. Explain what this indicates.

Answer: The enthalpy of solution ( AHy,;) is the sum of the lattice energy (endothermic, bond breaking) and
hydration energy (exothermic, bond forming).

o If AH,,;1s positive (endothermic), it indicates that the energy required to break the lattice is greater
than the energy released by hydration.

o If AH,,,1s negative (exothermic), it indicates that the hydration energy released exceeds the lattice
energy.

Q.NO. 79: Draw energy profile diagrams for the combustion of methane and decomposition of calcium
carbonate.
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Answer:
Combustion of Methane Decomposition of Calcium Carbonate
(Exothermic) (Endothermic)
1 Transition State i\ Transition State
7
> >~
S S g Products:
1 |Reactants: W CaO + (O,
< | CHy + 20, AH E
E (negtxh'de) _é AH fposrl‘we)
e AN 2 Sy L
Products:
€O, + 2H,0
Reaction Coordinate Reaction Coordinate §
Reactants: CO, + 2H,0 Products: CaCO3— Ca0 + o,

Q.NO. 80: Calculate AH for the formation of methane usmg enthalples of combustion of C, H,, and
CH,.
e Answer: Reaction: C(s) + 2H,(g) — CH, (g)Fom'uila: AHf = XAH_(reactants) —
YAH.(products)Data: AH.(C) = —393.5kJ/mol, AH.(H,) = —285.8k]/mol, AH.(CH,) =
—890.8kJ/mol. AH; = [-393.5 + 2(.- —285.8)] —[ —890.8]AH; =[ —393.5-571.6] +

Q.NO. 81: State Hess’s Law and explain its advantage.

Answer: Hess's Law states that the total enthalpy change for a reaction is the same whether it occurs in a
single step or a series of steps, provided-the initial and final states are the same. Its advantage is that it allows
us to calculate enthalpy changes for reactions that cannot be measured directly in the lab (e.g., slow reactions
or those with side products) by using data from other measurable reactions.

Q.NO. 82: Calculate the. enthalpy change for the Haber process using bond energies (N = N, H — H,
N — H).

Answer: Reaction: V, + 3H2 = 2NH3Bonds Broken: 1 X (N =N )+ 3 X (H—H) =945 + 3(436) =
945 + 1308 = 2253kJ/mol. Bonds Formed: 2 x 3 X (N—H) = 6 X 391 = 2346kJ/mol. AH =
BondBreaking — BondForming = 2253 — 2346 = —93kJ /mol. (Note: Using bond energy data from
Table 6.1 in the text) :

Q.NO. 83: Define Bond Dissociation Energy.

Answer: Bond Dissociation Energy is the average amount of energy required to break one mole of a
particular type of bond in gaseous molecules to produce gaseous atoms. It is a measure of the strength of the
bond. For example, the bond energy of the H — Hbond is 436kJmol™1.

Q.NO. 84: Why is bond energy always positive?

Answer: Bond energy is always positive because breaking a chemical bond requires energy to overcome the
attractive forces holding the atoms together. This process is endothermic (absorbs heat). Therefore, by
convention, energy absorbed is represented with a positive sign.

Q.NO. 85: Define Specific Heat Capacity. What is its value for water?

Answer: Specific Heat Capacity ( ¢) is the amount of heat energy required to raise the temperature of one
gram of a substance by one degree Kelvin (or Celsius). The specific heat capacity of water is 4.18/g 1K1
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Q.NO. 86: Explain the meaning of each symbol in the formula g = mcAT.
Answer: In the formula g = mcAT:

e (: Amount of heat energy absorbed or released (Joules, J).

e m: Mass of the substance (grams, g).

 c: Specific heat capacity of the substance ( Jg~1K™1).

o AT: Change in temperature ( Trinai — Tinitiar) in Kelvin or Celsius.
Q.NO. 87: Why is insulation used in a calorimeter?
Answer: Insulation (like cotton wool) is used in a calorimeter to prevent the loss or gain of heat from the
surroundings. The goal of calorimetry is to measure the heat evolved or absorbed by the reaction alone.
Insulation ensures that the heat change is confined to the calorimeter's contents (water/ solutlon) allowing for
an accurate calculation of AHbased on temperature change.
Q.NO. 88: Define the calorie content of food in terms of energetics. e
Answer: The calorie content of food refers to the amount of energy released when the food is metabolized or
"burned" in the body. It is often measured using combustion calorimetry. In energetics; it corresponds to the
enthalpy of combustion ( AH,) of the food substances (carbohydrates, fats, protelns) Wthh provides the
energy required for bodily functions.
Q.NO. 89: Give the combustion equation of glucose with its AH value
Answer: The complete combustion of glucose involves its reaction with-¢ oxygen to form carbon dioxide and
water. The equation and enthalpy change are: CqH;,04(s) + 60,(g) - 6C0,(g) + 6H,0(1)
AH = —2802k]mol L(approx, typlcally around -2800 kJ/mol for glucose combustion).

change for a chemical process depends only on the 1n1t1al and final states, not on the path taken.
Q.NO. 91: Why is Hess’s Law important for reactions that are too slow or have side reactions? Answer:
Hess's Law is important because it allows chemists ta calculate the enthalpy change ( AH) for reactions that
are too slow to measure directly in a calorimeter or those that produce unwanted side products (mixed
reactions). By using AHvalues from other known, fast, and clean reactions (like combustion or formation), the
unknown AHcan be derived mathematlcally
Q.NO. 92: Deﬁne Lattlce Energy
formed from its widely separated gaseous ions. This process is highly exothermic (negative AH).
Alternatively, it is the energy required to break one mole of ionic solid into gaseous ions (endothermic).
Q.NO. 93: Define Hydration Energy.
Answer: Hydration energy is the enthalpy change involved when one mole of gaseous ions dissolves in
sufficient water to give-an infinitely dilute solution. It reflects the attraction between the ions and water
molecules and is a-lW:ayé‘ an exothermic process (negative AH).
Q.NO. 94: Why is lattice breaking endothermic while hydration is exothermic?
Answer: Lattice breaking is endothermic because energy must be supplied to overcome the strong
electrostatic forces holding the ions together in the crystal lattice. Hydration is exothermic because energy is
released when the separated ions form new attractive interactions (ion-dipole bonds) with the polar water
molecules.
Q.NO. 95: What is a Born-Haber cycle?
Answer: A Born-Haber cycle is a thermochemical cycle based on Hess's Law. It allows for the calculation of
lattice energy (which cannot be measured directly) by relating it to other measurable thermodynamic
quantities such as ionization energy, electron affinity, enthalpy of atomization, and enthalpy of formation.
Q.NO. 96: Name the steps involved in the Born-Haber cycle of NaCl.
Answer: The steps involved in the Born-Haber cycle for NaClinclude:

1. Atomization of Sodium ( Na(s) = Na(g))
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2. lonization of Sodium ( Na(g) » Na*(g) + e7)
3. Atomization of Chlorine (5 Cl,(g) = CL(g))
4

. Electron Affinity of Chlorine ( Cl(g) + e~ = Cl™(g))

5. Lattice Energy (Formation of solid: Na*(g) + Cl=(g) — NaCl(s)).
Q.NO. 97: Is electron affinity exothermic or endothermic? Explain.
Answer: The first electron affinity is generally exothermic (negative AH) because energy is released when a
neutral atom attracts an incoming electron. However, the second electron affinity is endothermic (positive
AH) because energy is required to force a negatively charged electron onto an already negative ion against
electrostatic repulsion.
Q.NO. 98: What is the standard enthalpy of combustion of ethanol?
Answer: The standard enthalpy of combustion ( AH,,) of ethanol is the energy released when one mole of
ethanol burns completely in oxygen. Its value is —1368kJ/mol™?. S
Reaction: C,HsOH (1) + 30,(g) = 2C0,(g) + 3H,0(1).
Q.NO. 99: Why are bond energies different in different compounds for the same bond"
Answer: Bond energies for the same bond (e.g., C — H) vary in different compounds because the bond
strength is influenced by the chemical environment, such as the neighboring atoms and the overall structure of
the molecule. The electronic distribution differs shghtly in each molecuie affectlng the energy required to
break the bond. Therefore, "average bond energies" are used.
Q.NO. 100: What happens to energy when a chemical bond is formed"
Answer: When a chemical bond is formed between two atoms, energy-is released. This occurs because the
bonded system is more stable and has lower energy than the independent atoms. Consequently, bond
formation is always an exothermic process (negative enthalpy change).
Q.NO. 1: Differentiate between Aliphatic and Aromatic hydrocarbons.
Answer: Aliphatic hydrocarbons are compounds that are net aromatic; they can be open-chain (acyclic) or
cyclic (cycloalkanes) and may be saturated (alkanes) or unsaturated (alkenes). In contrast, aromatic
hydrocarbons are a special class of cyclic hydrocarboris that have a high carbon-to-hydrogen ratio and are
typically based on the benzene ring ( C4Hg) or resembling compounds, such as toluene and phenol.
Q.NO. 2: Differentiate between Homolytic and Heterolytic Fission.
Answer: Homolytic fission occurs when a covalent bond breaks evenly, with each bonded atom retaining one
electron, resulting in the formation.of free radicals (species with unpaired electrons). Heterolytic fission
occurs when a covalent bond breaks unevenly, such that the shared pair of electrons is gained by only one
atom, resulting in the formation of oppositely charged ions.
Q.NO. 3: Define Electrophile and Nucleophile with examples.
Answer: An electrophile is'a species that acts as an electron pair acceptor (represented by E*), such as the
slightly positive bromine atom in a polarized Bro,molecule. A nucleophile is a species that acts as an electron
pair donor (represented by Nu ™), such as the -bond electrons in an alkene or a bromide ion ( Br ™).
Q.NO. 4: Explain why alkanes do not undergo addition reactions.
Answer: Alkanes are saturated hydrocarbons containing only single sigma ( &) bonds, which are strong and
stable. Because all carbon valencies are fully satisfied with hydrogen or other carbon atoms, there are no
double or triple bonds to "add" reagents to. They generally undergo substitution reactions rather than addition.
Q.NO. 5: Explain why 2-bromopropane is the major product when propene reacts with HBr. Answer:
The reaction follows Markovnikov’s rule, which states that hydrogen adds to the carbon with more hydrogen
atoms to form the more stable carbocation. In this case, the addition of H*to propene forms a secondary ( 2°)
carbocation, which is more stable than the primary ( 1°) carbocation due to the electron-donating inductive
effect of the alkyl groups. The bromide ion then attacks the stable secondary carbocation to form 2-
bromopropane.
Q.NO. 6: Explain how inductive effects from alkyl groups stabilize carbocations.
Answer: Alkyl groups possess an electron-donating positive inductive effect ( +I). They push electron
density toward the positively charged carbon atom of the carbocation. This delocalization or dispersal of the
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positive charge makes the carbocation energetically more stable. Therefore, tertiary carbocations (3 alkyl
groups) are more stable than secondary, which are more stable than primary ones.

Q.NO. 7: Write down structural formulas for 2-methylbutane and 2,2-dimethylpropane.
Answer:

2-methylbutane 2,2-dimethylpropane
CH3 C’H3

|
CH H,C —C —CH
CH3/j\/ 3 3 | 3
CHs

Q.NO. 8: Give two differences between molecules of cyclopentane and pentane
Answer: :
1. Structure: Pentane ( CsH;,) is an open-chain alkane, whereas cyclopentane ( CsHqp) 1s a cyclic
alkane with carbon atoms arranged in a ring.

2. Saturation/Formula: While both are saturated, cyclopenta'ne has two fewer hydrogen atoms than
pentane due to the ring closure.

forces) between the molecules Consequently, less energy is required to overcome these forces, resulting in
lower boiling points (e.g., n-pentane boils at 36.2°Cwhile neopentane boils at 9.5°C).
Q.NO. 10: Explain why alkanes have a tetrahedral shape.
Answer: The carbon atoms in an alkane are sp3hybr1dlzed forming four single sigma bonds with
surrounding atoms. These four electron paits repel each other equally to maximize distance, resulting in a
tetrahedral geometry with bond angles of approximately 109.5°.
Q.NO. 11: Explain why alkanes are highly stable (paraffins).
Answer: Alkanes are called parafﬁnéj (Latin: parum = little, affinis = affinity) because they are inert towards
acids, alkalis, and oxidizing agents.under normal conditions. This stability is due to the non-polarity of the
C — Hand C — Cbonds (¢lectronegativity difference is small) and the strength of the sigma bonds, which
require significant energy to-break.
Q.NO. 12: Explain the mechanism of halogenation of methane.
Answer: Halqgenatien:proceeds via a free radical substitution mechanism in three steps:
1. Initiation: UV light breaks the halogen bond ( Cl — Cl) homolytically to form free radicals ( Cl).
2. Propagation: The radical attacks the alkane to form an alkyl radical, which then reacts with more
halogen to form the product and regenerate the halogen radical.
3. Termination: Two free radicals combine (e.g., Cl" + Cl'or CH;. + Cl’) to form a stable molecule,
ending the chain.
Q.NO. 13: Give the dehydrohalogenation reaction of bromopropane.
Answer: When bromopropane is heated with alcoholic KOH, a hydrogen atom and a bromine atom are
removed from adjacent carbons to form an alkene (propene).
Equation: CH; — CH, — CH, — Br + KOH (alcoholic)heat CH; — CH = CH, + KBr + H,0.
Q.NO. 14: How does an alkane differ from an alkene in terms of stability?
Answer: Alkenes are less stable and more reactive than alkanes due to the presence of a double bond
containing a r(pi) bond. The m-electrons are held less firmly and are further from the nuclei (exposed),
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making them susceptible to attack by electrophiles. Alkanes contain only strong sigma bonds, making them
chemically inert.

Q.NO. 15: Why is the order of stability of carbocations 3° > 2° > 1°?

Answer: The stability of carbocations is determined by the inductive effect of alkyl groups attached to the
positively charged carbon. Alkyl groups are electron-donating ( +/Ieffect). A tertiary ( 3°) carbocation has
three alkyl groups helping to disperse the positive charge, whereas a primary ( 1°) has only one. Greater
charge dispersal leads to greater stability.

Q.NO. 16: Compare the relative rates of addition to alkenes for HCl, HBr, and HI.

Answer: The rate of addition of hydrogen halides to alkenes increases from HFto HI. Therefore, the reaction
is fastest with HI, followed by HBr, and then HC!. This trend is related to the bond strength the H — Ibond is
weaker and breaks more easily than the H — Clbond.

Q.NO. 17: Explain how Markovnikov’s rule is applied in the addition of HBr to 2—pentene Answer:
Markovnikov's rule applies when adding a polar reagent like HBr to an unsymmetrical alkene. The negative
part of the reagent ( Br ™) attaches to the carbon atom of the double bond that has fewer hydrogen atoms. This
pathway proceeds via the most stable carbocation intermediate formed by addlng the proton ( H*) to the
carbon with more hydrogens.

Q.NO. 18: What is a free radical?

Answer: A free radical is a chemical species that contains an unpaired electron It is formed by homolytic
fission of a covalent bond and is extremely reactive because the unpalred electron seeks to become paired.
Q.NO. 19: Why are alkenes called olefins?

Answer: (Text context implies): The term "Olefin" is often used for. alkenes Historically, it refers to "oil-
forming" gas, as lower alkenes react with chlorine to form’ 011y lrQurds (like 1,2-dichloroethane). Alkenes are
unsaturated hydrocarbons containing a double bond. -

Q.NO. 20: Describe geometrical isomerism (c1s-transj 1'n'a'lk'enes

Answer: Geometrical isomerism, or 01s trans isomerism, arises in alkenes due to the restrrcted rotatlon around
arrangement of identical groups "Cis" isomers have. 1dent1cal groups on the same side of the double bond,
while "trans" isomers have them on opposite sides.

Q.NO. 21: How can you distinguish between an alkane and an alkene using bromine water? Answer:
Bromine water (a red-brown solution) is -us.ed'as a test for unsaturation. When added to an alkene (like
ethene), the bromine adds across the-dauble bond, causing the red-brown color to discharge (decolorize)
immediately. Alkanes do not react with bromine water under these conditions, so the color persists.

Q.NO. 22: Which bond is weaker in a double bond: sigma or pi?

Answer: The m(pi) bond is-weaker than the o(sigma) bond. The 1 bond is formed by the lateral (sideways)
overlap of p-orbitals, and its electron density is located above and below the plane of the nuclei, making it less
firmly held and easier to break than the sigma bond formed by linear overlap.

Q.NO. 23: State the bond angle in ethene (120°).

Answer: In ethene, the carbon atoms are sp2hybridized, leading to a trigonal planar arrangement. The bond
angles between the atoms attached to the double-bonded carbons are approximately 120°.

Q.NO. 24: Why is the boiling point of CH3OH (65°C) much higher than CH3CH3 (-89°C)? Answer:
Methanol ( CH;OH) molecules are capable of forming strong hydrogen bonds due to the presence of the
hydroxyl (-OH) group. Ethane ( CH;CH3) is non-polar and interacts only through weak Van der Waals forces.
The significantly stronger intermolecular forces in methanol require more energy to break, resulting in a much
higher boiling point.

Q.NO. 25: Why does CCls have higher viscosity than CHClz but less than ethanol?

Answer: CCl has a higher viscosity than CHCl;because CCl,is a larger molecule with stronger dispersion
forces (Van der Waals). However, Ethanol has a higher viscosity than both because it can form hydrogen
bonds, which are stronger intermolecular forces that resist flow more effectively than the forces in CCly.
Q.NO. 26: Why does evaporation continue even at room temperature?
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Answer: Evaporation is the spontaneous conversion of a liquid into vapor. It occurs at any temperature
because molecules within the liquid have a distribution of kinetic energies. Some molecules possess sufficient
kinetic energy to overcome the intermolecular forces and escape from the surface of the liquid into the vapor
phase.

Q.NO. 27: Why do we feel cool near the bank of a river?

Answer: We feel cool due to the phenomenon of evaporation. High-energy water molecules escape the
surface of the river, leaving behind lower-energy molecules, which causes the temperature of the water and
the immediate surroundings to fall. This absorption of heat from the surroundings for evaporation creates a
cooling effect.

Q.NO. 28: What does the peak in an energy profile diagram represent?

Answer: The peak in an energy profile diagram represents the transition state or the energy barrier that
reactants must overcome to form products. The height of this peak from the reactant energy level is called the
Activation Energy ( E,), which is the minimum energy required for the reaction to occur. .

Q.NO. 29: What happens to the energy of a system when a bond is broken? )

Answer: Bond breaking is an endothermic process. Energy must be absorbed by the system from the
surroundings to overcome the attractive forces holding the atoms together Therefore the energy of the system
increases when a bond is broken. :

Q.NO. 30: What is meant by "indirect route'" in Hess's Law?

Answer: Hess's Law states that the total enthalpy change of a chemical reactron is constant regardless of
whether the reaction proceeds in a single step (direct route) or through multiple steps (indirect route). The
"indirect route" refers to the alternative pathway involving 1nterrned1ates the sum of whose enthalpy changes
equals that of the direct path. A Y .

Q.NO. 31 Define Modern Periodic Law. 9 B

Answer: The Modern Periodic Law states that the "physical and chemical properties of elements are periodic
functions of their atomic numbers." This means that when elements are arranged in order of increasing atomic
number (number of protons), elements with similar properties appear at regular intervals. This law corrected
the discrepancies in Mendeleev's table, which was based on atomic mass.

Q.NO. 32 Why does atomic radius decreasé across a period?

Answer: As you move across a period (from leftto right) in the periodic table, the atomic number increases,
meaning the positive nuclear charge increases. However, the electrons are added to the same principal energy
shell, so the shielding effect remains relatively constant. The stronger nuclear attraction pulls the electron
cloud closer to the nucleus, resulting in' a decrease in atomic radius.

Q.NO. 33 Why does atomic-radius increase down a group?

Answer: Atomic radius increases down a group because, with each successive element, a new principal
electron shell is added. This increases the distance between the nucleus and the valence electrons.
Additionally, the number of inner electron shells increases, which creates a stronger shielding effect that
outweighs the increase in nuclear charge, causing the atom to expand.

Q.NO. 34 Define lonization Energy and give its trend in the periodic table.

Answer: The first-ionization energy ( H;;) is the energy required to remove one electron from each atom in
one mole of gaseous atoms to form one mole of gaseous 1*ions. Generally, ionization energy increases across
a period due to increased nuclear charge and decreases down a group due to increased atomic size and
shielding effect.

Q.NO. 35 Why does shielding effect reduce ionization energy?

Answer: The shielding (or screening) effect occurs when inner shell electrons repel the valence electrons,
effectively reducing the net nuclear attraction experienced by the outer electrons. Greater shielding makes the
valence electrons easier to remove, thereby lowering the ionization energy. This is why ionization energy
decreases down a group where shielding is higher.

Q.NO. 36 Explain why the second ionization energy of Calcium is higher than the first.

Answer: The first ionization of calcium removes an electron from a neutral atom ( Ca —» Ca™® + e~), while
the second ionization removes an electron from a positively charged ion ( Ca® - Ca?* + e™). The remaining
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electrons in the Ca™ion are held more tightly by the nucleus because the protons now outnumber the
electrons, increasing the effective nuclear charge. Thus, removing the second electron requires significantly
more energy ( 1150k/mol™1) than the first ( 590k/mol™1).

Q.NO. 37 Why do noble gases have the highest ionization energies?

Answer: Noble gases (Group 18) have the highest ionization energies in their respective periods because they
possess a stable, fully filled valence shell configuration ( ns?np®). This configuration is energetically very
stable, and the effective nuclear charge is high. Consequently, removing an electron from such a stable system
is extremely difficult and requires a large amount of energy.

Q.NO. 38 Why is the first electron affinity of Oxygen negative while the second is positive? Answer: The
first electron affinity of oxygen is negative ( —141kJmol~1) because energy is released when the neutral
atom attracts an electron to form 0~. However, the second electron affinity is positive ( +798kJmol™1)
because the second electron is being added to an already negative ion ( O7). The electrostatic repulsion
between the negative ion and the incoming electron requires energy to be absorbed to force the electron into
the shell.

Q.NO. 39 Differentiate between Electron Affinity and Electronegativity.

Answer: Electron Affinity is the energy change that occurs when an electron is added toa gaseous atom to
form a negative ion (a measurable thermodynamic quantity). Electronegativity, onthe other hand, is a relative
or dimensionless tendency of an atom to attract a shared pair of electrons.towards itself in a covalent bond.
While electron affinity refers to isolated atoms, electronegativity refers to bonded atoms.

Q.NO. 40 Explain the trend of Electronegativity across a period.

Answer: Electronegativity increases from left to right across a period: Th1s is because the atomic radius
decreases and the effective nuclear charge i increases. A smaller atom with a hrgher posrt1ve charge on the

a value of 1.0 while Fluorine has a value of 4.0.
Q.NO. 41 Why is the ionic radius of a cation smaller than lts parent atom?
allowmg the remaining electrons to be pulled closer to the nucleus by the unchanged nuclear charge. In some
cases, an entire valence shell is lost. Consequently, the ionic radius of a positive ion (cation) is always smaller
than that of the neutral parent atom.
Q.NO. 42 Why is the ionic radius of ani -anion larger than its parent atom?
Answer: An anion is formed When an- atom gains electrons. The addition of electrons increases the electron-
electron repulsion within the valence shell. This increased repulsion causes the electron cloud to expand,
pushing the electrons further apart. As a result, the nucleus holds the electrons less tightly, and the ionic radius
of a negative ion (anion) becomes larger than that of the neutral atom.
Q.NO. 43 Compa-r:'e:the reéctivity of Sodium and Magnesium with water.
Answer: Sodium (Group 1) is more reactive than Magnesium (Group 2). Sodium reacts vigorously with cold
water to form sodium hydroxide and hydrogen gas ( Z2Na + 2H,0 — 2NaOH + H,). Magnesium reacts very
slowly with cold water but reacts vigorously with steam to form magnesium oxide and hydrogen
(Mg + H,O(y) » MgO + H,).
Q.NO. 44 Classify Na,0, Al,05, and SO,as acidic, basic, or amphoteric.
Answer:
e Na,0(Sodium Oxide): It is a basic oxide because it dissolves in water to form a strong alkali (NaOH)
and reacts with acids.
e Al,0;(Aluminum Oxide): It is an amphoteric oxide because it can react with both acids (forming
AlCl3) and bases (forming sodium aluminate).
e S0O,(Sulfur Dioxide): It is an acidic oxide because it reacts with water to form sulfurous acid and
reacts with bases to form salts.
Q.NO. 45 Why does AlCl;behave as an acidic chloride in water?

03024741124mg}~’5,/£;4 UKL . * . SHI LU L




s iwgails koS JEIK CHEMISTRY 11the I ]

Answer: When aluminum chloride ( AICl3) dissolves in water, the high charge density of the Al3*ion causes
strong hydration. The hydrated aluminum ion polarizes the water molecules attached to it, facilitating the
release of H¥ions (hydrolysis). The reaction is: AICl; + 3H,0 — AlL(OH)5 + 3HCI. The production of
H*ions makes the solution acidic.

Q.NO. 46 What happens when sodium burns in excess oxygen?

Answer: When sodium burns in excess oxygen, it produces a pale yellow/golden flame and forms a mixture
primarily containing sodium peroxide ( Na,0,) along with some sodium oxide ( Na,0). The reaction for
peroxide formation is: 2Nacg) + O3(g) = 2Na, 0.

Q.NO. 47 Explain the variation of metallic character in the periodic table.

Answer: Metallic character, which is the tendency to lose electrons, decreases across a period from left to
right due to increasing ionization energy and nuclear charge. It increases down a group because atomic size
increases and ionization energy decreases, making it easier to lose valence electrons. Thus Ces1um is more
metallic than Sodium.

Q.NO. 48 Define Amphoteric Oxides with a chemical equation.

Answer: Amphoteric oxides are oxides that possess both acidic and basic propertles they can neutralize both
bases and acids. Aluminum oxide ( Al,05) is a classic example.

e Reaction with acid: Al,0; + 6HCl — 2AlCl; + 3H,0

e Reaction with base: Al,05; + 2NaOH — 2NaAlO, + H,0.

Q.NO. 49 What is the oxidation state of Phosphorus in PCl;and PC 15

Answer: In PCl;, phosphorus uses three valence electrons for bondlng with chlorine, resulting in an oxidation
state of +3. In PCls, phosphorus expands its octet using Vacant d orbrtals and uses all five valence electrons
for bonding, resulting in an oxidation state of +5.

Answer Chlorides of Group 1 (e.g., NaCl) and Group 2 (e.g., MgCl,) are ionic. When dissolved in water, the
metal cations ( Na*, Mg?*) have relatively low.charge densities compared to smaller, highly charged ions
like AI3*. They do not cause significant hydrolysis of water molecules to release protons. Therefore, the
concentration of H*and O H “remains balanced (pH ~7), resulting in a neutral solution.

Group 2: Atomic Structure

Q.NO. 51 Define Atomic Number and Nueleon Number.

Answer: The Atomic Number (Z) also called the proton number, is the number of protons in the nucleus of
of protons and neutrons present in the nucleus The number of neutrons is given by N = A Z.

Q.NO. 52 Describe the behavmr of protons, neutrons, and electrons in an electric field.

Answer: When passed through an electric field:

1. Neutrons are neutral and are not deflected, traveling in a straight line.

2. Protons are positively charged and deflect toward the negative plate.

3. Electrons are negatlvely charged and deflect toward the positive plate. Electrons are deflected
significantly more than protons because their mass is much smaller ( 1/1836times the mass of a
proton).

Q.NO. 53 What are isotopes? Give the neutron count for CI-35 and CI1-37.
Answer: Isotopes are atoms of the same element that have the same atomic number (number of protons) but
different nucleon numbers (mass numbers) due to a different number of neutrons.

e For Chlorine-35 ( Z = 17): Neutrons = 35 — 17 = 18.

e For Chlorine-37 ( Z = 17): Neutrons = 37 — 17 = 20.

Q.NO. 54 Explain the Principal Quantum Number (n).

Answer: The Principal Quantum Number (n) describes the main energy level or shell of an electron. It can
have positive integer values (n = 1,2,3, ...). As 'n' increases, the size of the orbital and the energy of the
electron increase. The maximum number of electrons in a shell is given by 2n?.

Q.NO. 55 What does the Azimuthal Quantum Number () determine?
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Answer: The Azimuthal (or Angular Momentum) Quantum Number ( [) determines the shape of the orbital.
Its values range from Oto n — 1.

e | = 0: s-orbital (spherical)

e [ = 1: p-orbital (dumbbell)

e [ = 2: d-orbital (double dumbbell/cloverleaf)

e [ = 3: f-orbital (complicated)
Q.NO. 56 Describe the Magnetic Quantum Number (m).
Answer: The Magnetic Quantum Number ( m) describes the spatial orientation of the orbital in a magnetic
field. For a given value of [, mcan take integer values from —Ito +[, including zero. The total number of
values ( 21 + 1) represents the number of degenerate orbitals in a subshell (e.g., for p-subshell, l = 1, som =
—1,0, +1, corresponding to py, Py, Pz)- :
Q.NO. 57 State the Pauli Exclusion Principle.
Answer: Pauli's Exclusion Principle states that no two electrons in the same atom can have the same set of
four quantum numbers. This 1mp11es that an orbital can hold a maximum of two electrons and they must have

opposite spins (represented as + —and — Eor up and down arrows).

Q.NO. 58 State Hund’s Rule of Maximum Multiplicity. :

Answer: Hund's Rule states that when electrons occupy degenerate orbltals (orbltals of equal energy, like the
three 2p orbitals), they will fill each orbital singly with parallel sp1ns before pa1r1ng up. This distribution
minimizes electron-electron repulsion and maximizes stablhty

Q.NO. 59 Explain the Aufbau Principle. "

Answer: The Aufbau (building up) Principle states that electrons fill atomic orbitals in order of i increasing
energy. Orbitals with lower energy are filled before those with higher energy. The energy order is determined
by the (n+0)rule; orbitals with a lower (n+1[)value have. lower energy. If values are equal, the one with lower
nis filled first (e.g., 4s fills before 3d). :

Q.NO. 60 Sketch the shape of a p-orbital.

Answer: A p-orbital has a dumbbell shape consisting of two lobes located on opposite sides of the nucleus.
There are three orientations aligned along the axes: p,(along x-axis), py(along y-axis), and p,(along z-axis).
The node (region of zero electron probability) liés at the nucleus between the two lobes.

Q.NO. 61 Why is the electronic configuration of Chromium (Cr) anomalous?

Answer: The expected configuration of Chromium ( Z = 24) is [Ar]3d*4s?. However, the actual
configuration is [Ar]3d>4s?. This occurs because a half-filled d-subshell ( 3d°®) offers extra stability. An
electron shifts from the 4s orbital to-the 3d orbital to achieve this stable half-filled state.

Q.NO. 62 Why is the electronic configuration of Copper (Cu) anomalous?

Answer: The expected conﬁguratron of Copper ( Z = 29) is [Ar]3d°4s?. However, the actual configuration
is [Ar]3d*%4s'. A completely filled d-subshell ( 3d*?) is more stable than a partially filled one. Therefore, an
electron moves from-the 4s orbital to complete the 3d subshell.

Q.NO. 63 What is.a free radical? Give an example.

Answer: A free radical is a chemical species (atom or group of atoms) that possesses an unpaired electron.
They are typically formed by the homolytic fission of bonds and are highly reactive. An example is the
chlorine free radical ( Cl’), formed when a Cl,molecule is split by UV light.

Q.NO. 64 How are n-type semiconductors formed?

Answer: n-type semiconductors are formed by "doping" a pure semiconductor (Group 14, like Silicon) with a
pentavalent impurity (Group 15, like Phosphorus). The phosphorus atom forms bonds with four silicon atoms,
leaving one extra electron free. This free electron acts as a negative charge carrier, conducting electricity.
Q.NO. 65 How are p-type semiconductors formed?

Answer: p-type semiconductors are formed by doping a pure semiconductor (like Silicon) with a trivalent
impurity (Group 13, like Aluminum). The aluminum atom can only form three bonds, creating a vacancy or
"hole" in the lattice where an electron is missing. These holes act as positive charge carriers.

Q.NO. 66 Define Exothermic and Endothermic reactions with sign of AH.
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Answer: An exothermic reaction is one that releases heat to the surroundings, resulting in a decrease in the
enthalpy of the system ( AHis negative). An endothermic reaction absorbs heat from the surroundings,
resulting in an increase in the enthalpy of the system ( AHis positive).

Q.NO. 67 State Hess’s Law of Constant Heat Summation.

Answer: Hess’s Law states that the total enthalpy change of a chemical reaction is the same, regardless of
whether the reaction takes place in a single step or in several steps, provided the initial and final states are the
same. It is a manifestation of the law of conservation of energy.

Q.NO. 68 Define Standard Enthalpy of Formation ( AH,).

Answer: The standard enthalpy of formation is the enthalpy change involved when one mole of a compound
is formed from its constituent elements in their standard states under standard conditions ( 25°Cand latm).
For example, C5y + 2H;(g) = CHy(gyhas a specific AH,.

Q.NO. 69 Define Standard Enthalpy of Combustion ( AH_,).

Answer: The standard enthalpy of combustion is the enthalpy change occurring When one mole of a
substance is completely burned in excess oxygen under standard conditions. This process is always
exothermic. Example: C(5) + Oy(4) = COy(y).

Q.NO. 70 Define Enthalpy of Atomization ( AH,;,). : -

Answer: The standard enthalpy of atomization is the energy required to form one ‘mole of gaseous atoms from

an element in its standard state. For example, forming gaseous hydrogen atoms ‘from hydrogen gas: = Hz @

Hg). This process is always endothermic.
Q.NO. 71 Define Standard Enthalpy of Neutralization.

Answer: The standard enthalpy of neutralization is the heat energy released when one mole of water is
formed by the reactron of an acid and an alkali under standard condltlons For strong acids and bases, this

a measure of the strength of the ionic bonds n the lattice; a more negatlve lattrce energy indicates a more
stable solid. :

Q.NO. 73 What is the Born-Haber Cycle" :

Answer: The Born-Haber Cycle is.a thermochemical cycle based on Hess's Law used to calculate lattice
enthalpy of formation, ionization energy, electron affinity, sublimation energy, and bond dissociation energy.
Q.NO. 74 Why is bond breaklng an endothermic process?

Answer: Bond breaking requires energy to overcome the attractive forces holding the atoms together in a
molecule. The system must absorb energy from the surroundings to separate the atoms. Since the heat content
of the system increases; AHis positive, making the process endothermic.

Q.NO. 75 Why is-heat of neutralization of strong acid and strong base constant?

Answer: Strong acids and strong bases ionize completely in water. The neutralization reaction essentially
involves the combination of H *ions from the acid and OH ~ions from the base to form water (H* + OH™ —
H,0). Since the ions involved are the same regardless of the specific strong acid or base used, the energy
released per mole of water formed remains constant.

Q.NO. 76 Define Hydrogen Bonding.

Answer: Hydrogen bonding is a strong type of intermolecular force (dipole-dipole attraction) that occurs
between a hydrogen atom covalently bonded to a highly electronegative atom (N, O, F) and a lone pair of
electrons on a nearby electronegative atom. It is stronger than ordinary dipole-dipole forces but weaker than
covalent bonds.

Q.NO. 77 Why does ice have a lower density than liquid water?

Answer: In ice, water molecules are arranged in a regular, open hexagonal lattice structure held together by
hydrogen bonds. This arrangement creates significant empty spaces between the molecules. In liquid water,
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the molecules are packed more closely together as the rigid structure breaks down. Therefore, ice occupies
more volume for the same mass, resulting in lower density.

Q.NO. 78 What are Liquid Crystals?

Answer: Liquid crystals are a state of matter intermediate between a crystalline solid and an isotropic liquid.
They possess the fluidity of liquids but retain the ordered molecular arrangement and optical properties of
solids within a certain temperature range. They are used in display screens (LCDs) and temperature sensors.
Q.NO. 79 Define London Dispersion Forces.

Answer: London Dispersion Forces are weak intermolecular forces caused by temporary fluctuations in
electron distribution within atoms or molecules. These fluctuations create temporary dipoles that induce
dipoles in neighboring atoms. They are the only forces present in non-polar molecules and noble gases, and
their strength increases with atomic size and polarizability.

Q.NO. 80 Why does evaporation cause cooling?

Answer: Evaporation is an endothermic process where high-energy molecules escape from the surface of the
liquid into the vapor phase. The molecules remaining in the liquid have a lower average kinetic energy, which
corresponds to a lower temperature. This reduction in the average energy of the hqurd manrfests as a cooling
effect. :

Q.NO. 81 State the Law of Mass Action.

proportronal to the product of the active masses (molar concentrations) of th_e reactants, raised to the power of
their stoichiometric coefficients in the balanced chemical equatlon \

Q.NO. 82 Deﬁne Chemlcal Equlllbrlum

_ [c°[p)@
~ [4le[B]?

the product of concentrations of reactants, Wlth each raised to the power of their coefficient: K,

Q.NO. 84 Differentiate between Hor_nogeneous and Heterogeneous Equilibrium.
Answer: In a homogeneous equilibrium, all réactants and products are in the same physical phase (e.g., all
gases or all in solution) In a hete'ro'geneous' equilibrium, the reactants and products are present in two or more

Q.NO. 85 What is the relatlon_shlp ‘between K,and K.?

Answer: The relationship is given by the equation K, = K .(RT)"", where R is the gas constant, T is the
absolute temperature, and Anis the difference in the number of moles of gaseous products and gaseous
reactants ( An = molesof gaseousproducts — molesof gaseousreactants).

Q.NO. 86 How does temperature affect the equilibrium constant ( K,.)?

Answer: The value of the equilibrium constant K is temperature-dependent. For an exothermic reaction,
increasing the temperature decreases K.(favors reactants). For an endothermic reaction, increasing the
temperature increases K.(favors products). Changes in concentration or pressure do not change the value of
K., only the position of equilibrium.

Q.NO. 87 Why is chemical equilibrium dynamic?

Answer: Chemical equilibrium is dynamic because the reaction does not stop when equilibrium is reached.
Reactants continue to convert to products and products back to reactants, but they do so at equal rates.
Therefore, there is no net change in the composition of the mixture, but molecular activity persists.

Q.NO. 88 What is Le Chatelier’s Principle?

Answer: Le Chatelier’s Principle states that if a system at equilibrium is subjected to a change in conditions
(concentration, pressure, or temperature), the system will shift its equilibrium position in a direction that
opposes or minimizes the effect of that change to re-establish a new equilibrium.
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Q.NO. 89 Effect of pressure on the synthesis of Ammonia ( N, + 3H, = 2NH;).
Answer: The synthesis of ammonia involves a decrease in the number of moles of gas (4 moles of reactants
—2 moles of products). According to Le Chatelier’s principle, increasing the pressure will shift the
equilibrium toward the side with fewer moles of gas to reduce the pressure. Therefore, high pressure favors
the formation of Ammonia ( NHs).
Q.NO. 90 Does a catalyst affect the equilibrium constant?
Answer: No, a catalyst does not affect the value of the equilibrium constant ( K.) or the position of
equilibrium. It increases the rate of both the forward and reverse reactions equally, thereby allowing the
system to reach the state of equilibrium faster, but it does not alter the final yield.
Q.NO. 91 What are "families" in the periodic table? Name two.
Answer: Families are groups of elements in the periodic table that share common chemical properties due to
similar valence electron configurations. Examples include the Alkali Metals (Group 1); which are highly
reactive metals, and the Halogens (Group 17), which are highly reactive non-metals forr‘ning salts.
Q.NO. 92 Explain the term "Blocks" in the periodic table.
Answer: The periodic table is divided into four blocks (s, p, d, f) based on the subshell belng filled with the
valence electrons. :

e s-block: Groups 1 and 2.

e p-block: Groups 13 to 18.

e d-block: Transition metals (Groups 3-12).

e f-block: Lanthanides and Actinides (inner transition metals)
Q.NO. 93 What is the role of liquid crystals in medicine? . - '. _
Answer: Liquid crystals are used in thermography for medical diagnosis. Since liquid crystals change color
with temperature, they can be applied to the skin to detect areas of abnormal heat, which may indicate
inflammation or tumors (e.g., detecting breast cancer or hlbekages in veins).
Q.NO. 94 Why are sollds 1nc0mpress1ble" :
closely together in a fixed, rigid arrangement w1th very little empty space between them Applying pressure
cannot force the particles 51gn1ﬁcantly closer than they already are.
Q.NO. 95 Define Unit Cell.
Answer: A unit cell is the smallest. repeatlng structural unit of a crystalline solid. When repeated in three
dimensions, it generates the entire.crystal lattice. The properties of the unit cell reflect the symmetry and
structure of the whole crystal,. -
Q.NO. 96 What is hydration energy"
Answer: Hydration energy is the enthalpy change when one mole of gaseous ions dissolves in water to form
an infinitely dilute solution. Tt is always exothermic because of the attraction between the ions and the polar
water molecules. Sinaller and highly charged ions have more negative (higher) hydration energies.
Q.NO. 97 Why is.the second electron affinity of Oxygen endothermic?
Answer: (Repeated concept for clarity) The formation of the oxide ion 0%~ involves adding an electron to the
0~ ion. Since both the electron and the ion are negatively charged, there is significant electrostatic repulsion.
Energy must be supplied to overcome this repulsion, making the process endothermic ( +798kJ/mol).
Q.NO. 98 What is the shape of an ethene molecule?
Answer: In ethene ( C,H,), the carbon atoms are sp2hybridized. Each carbon forms three sigma bonds (two
with hydrogen, one with the other carbon) arranged in a trigonal planar geometry with bond angles of 120°.
The remaining unhybridized p-orbitals overlap sideways to form a pi ( ) bond.
Q.NO. 99 Define Isomerism.
Answer: Isomerism is the phenomenon where two or more compounds have the same molecular formula but

different structural formulas (arrangements of atoms) and properties. Common types include chain isomerism,

position isomerism, and functional group isomerism.
Q.NO. 100 What is the general formula of Alkanes and Alkenes? Answer:
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o Alkanes: C,H,, ,,. They are saturated hydrocarbons containing only single bonds.
o Alkenes: C,,H,,. They are unsaturated hydrocarbons containing at least one carbon-carbon double
bond.

SHORT QUESTION : 4

Question 1: How is the concept of mole derived from Avogadro’s number ( N4)? Answer: According to the
electrolytic method described, the Avogadro constant is the number of atoms, molecules, or ions in one mole
of a substance. It is derived by calculating the total charge required to deposit 1 mole of a substance (1
Faraday ~ 96500C) divided by the charge of a single electron ( 1.602 x 1071°().

N, = 96500C 6.02 x 1023
471.602x10"19¢

Thus, 1 mole is the amount of substance containing 6.02 X 10%3particles. _ .
Question 2: Define: (a) Molar mass (b) Molar volume (c) Molar concentration. -

Answer: : -

« (a) Molar Mass: The mass of one mole of a substance (element.or comp()und) expressed in grams per
mole ( g - mol™1). It is numerically equal to the atomic, molecular,.or formula mass.

« (b) Molar Volume: The volume occupied by one mole of any'ideal gas at Standard Temperature and
Pressure (STP), which is approximately 22.414dm?>(or liters). -

« (c) Molar Concentration (Molarity): The number of moles of solute dissolved per cubic decimeter (
molesofsolute

dm?) or liter of solution. Formula: M = .
volumeofsolutlon(dm3)

Question 3: 39gof Potassium ( K) and 56 gof Iron ( Fe) have equal number of atoms in them. Justify.
Answer: According to the Periodic Table:
 Atomic mass of Potassium ( K) = 39amu-"-"-"-
e Atomic mass of Iron ( Fe) = 56a_m_uThe_:ref0re, 39gof Kequals 1 mole of Potassium, and 56gof
Feequals 1 mole of Iron. Since I mole of any element contains Avogadro's number of atoms (
6.02 x 10%3), both samples contain the exact same number of atoms.
Question 4: 4gof Helium ( He), 17gof Ammonia ( NH3), and 64 gof Sulfur Dioxide ( SO,) occupy
22.414dm3at STP despite different sizes. Explain.
Answer: These masses Corrés'pondj to the molar masses of the respective gases:
e He=4g/mol .
e NH;=1443(1)= 17g/mol
o S0, =32+2(16) = 64g/molSince each sample represents exactly 1 mole of gas, and according to
Avogadro's Law; one mole of any ideal gas occupies the same volume ( V,, = 22.414dm?3) at STP
regardless of the size or mass of individual molecules.
Question 5: Differentiate theoretical and actual yields.
Answer: ‘
e Theoretical Yield: The maximum amount of product that can be calculated from the balanced
chemical equation, assuming 100% conversion of the limiting reactant.
e Actual Yield: The amount of product actually obtained from a chemical reaction performed in an
experiment. It is almost always less than the theoretical yield.
Question 6: What are the factors mostly responsible for the low yield of products in chemical reactions?
Answer: Factors include:
1. Side reactions: Formation of by-products.
2. Reversibility: The reaction may reach equilibrium rather than going to completion.
3. Mechanical loss: Loss during filtration, distillation, or transferring of substances.
4. Impurity: Reactants may not be 100% pure.
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Question 7: Calculate the molar mass of Potassium Permanganate ( KMnO,).
Answer: Using atomic masses from the periodic table: K = 39, Mn = 55, 0 = 16.

MolarMass = 39 + 55 + 4(16)
=39+ 55+ 64
= 158g/mol
Question 8: How many molecules are present in 1.75gof Hydrogen Peroxide ( H,0,)?

Answer:
1. Molar mass of H,0, = 2(1) + 2(16) = 34g/mol.

2. Moles =1é—75 ~ 0.0515mol.

3. Molecules = Moles x N, = 0.0515 X 6.02 x 1023,
~ 3.10 X 10%2molecules
Question 9: How many atoms are present in a 15gGold ( Au) ring?

Answer:
1. Atomic mass of Gold ( Au) = 197g/mol.

2. Moles =— ~ 0.076mol.
197

3. Atoms = 0.076 X 6.02 X 1023,

~ 4.58 X 1022atoms :

Question 10: Determine the volume of 2.5molesof Chlorine molecules (C l ») at STP.
Answer: Using molar volume at STP ( 22. 414d]}n3)

V = 2.5mol X 22. 414dm3/m0l
V =56.035dm®

Question 11: Calculate the molar mass of a gas 'v'v.hich has a density of 1.97g/dm3at STP.

Mass 1 e

For 1 mole, Volume =22.414dm3.
volumensolarMass = Density x MolarVolume

MolarMass = 1.97g/dm3 x 22.414dm3 /mol
~ 44.16g/mol(likelyC0,)

Answer: Density (d) =

Question 12: Calculate the molar coneentration of a solution containing 7.9gof KMn0,dissolved in
1dm3(Molar mass = 158) """

Answer: B
Mass _ 7.99

1. Moles 0fKMn04 = 0.05mol.
MolarMass 158g/mol
_ Moles __0.05mol
2. Molar1ty ( M) Volume(dm3) 1dm3 ° — 0.05M

Question 13: Wheﬁ 3.3molesof Nitrogen react with Hydrogen, how many moles of Hydrogen are consumed
to form Ammonia?

Answer: Reaction: N, + 3H, — 2NH3ﬂmggJy?H§2;iS31'X3Molesosz
= 3 X 3.3 = 9.9molesof H,

Question 14: Define Stoichiometry. Mention its two basic assumptions.
Answer: Stoichiometry is the branch of chemistry that deals with the quantitative relationships between
reactants and products in a chemical reaction. Assumptions:

1. All reactants are completely converted into products.

2. No side reactions occur.
Question 15: Calculate the mass of Aluminum ( Al) needed to react with 32.0gof Iron(IIl) Oxide ( Fe,03) to
produce Iron.
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Answer: Reaction (Thermite): 2Al + Fe,0; — Al,05 + 2Fe.

Molar mass Fe,05 = 2(56) + 3(16) = 160g/mol.

Moles Fe,05 = ﬂ = 0.2mol.

Ratio Al: Fe, 05 = 2: 1. Moles Al =2x0.2 =0.4mol.
Mass Al = 0.4mol X 27g/mol.
= 10.8g

Question 16: What is the mass of 10~ 3molof Magnesium Sulfate ( MgS0,)?
Answer:

1. Molar mass MgS0, = 24 + 32 + 4(16) = 120g/mol.

2. Mass = Moles X MolarMass.

Mass = 1073 x 120 = 0.12g

Question 17: How many molecules are in 1 X 10~®gof isopentyl acetate ( C7H1402)‘?
Answer:

1. Molar mass C7H1402 =7(12) +14(1) + 2(16) =84 + 14 + 32 = 1309/molr

2. Moles =222 ~ 7.69 x 10~%mol.
130

3. Molecules = 7.69 X 1072 x 6.02 x 1023,
~ 4.63 X 1015molecules
Question 18: Calculate the volume of CO,produced at STP when 4._5_dm of Methane ( CH,) is burnt.
Answer: Reaction: CH, + 20, = C0O, + 2H,0. According to. Avogadro's Law, volume ratios match mole
ratios for gases. Ratio CH,: CO,is 1: 1. Therefore, 4.5dm3of CH,produces 4.5dm3 of CO,.
Question 19: Why does 1 mole of Uranium weigh more than 1'mole of Hydrogen?

an 1nd1v1dua1 Uranium atom ( 2380) is approximately 238 times greater than that of a Hydrogen atom (
LH) due to the large number of protons and neutrons in the Uranium nucleus. Therefore, the total mass of
the mole is proportionally higher. "+ o
Question 20: Define oxidation and reductlon in terms of electron transfer with examples.
Answer: e :
« Oxidation: Loss of electrons.'Example: Zn - Zn?* + 2e".
. Reductlon Gain of electrons E'Xarnp'le Cl, +2e™ - ZC I~
Answer: :
o Oxidation: Increase in oxrdatron number (e.g., Fe?t — Fe
o Reduction: Decrease in oxidation number (e.g., Mn*” - Mn
Question 22: Determine the Oxidation Number of: (i) Crin K,Cr,0,(ii) Nin NO5_.
Answer: (i) Crin K,€r,0;:

3+)_
+2)

2( +D)+2(Cr)+7(C =2)=0
24+2Cr—14=0=>2Cr=12=Cr =+6
(i) Nin NO5_:
N+3( -2)=-1
N—-6=—-1=>N=+5
Question 23: Identify the oxidized and reduced species in: Fe,05 + 3C0 = 2Fe + 3CO0,.
Answer:
e Oxidized: Carbon ( C) in CO. Oxidation state changes from +2to +4.
e Reduced: Iron ( Fe) in Fe,05. Oxidation state changes from +3to 0.
Question 24: Define a Disproportionation reaction with an example involving Chlorine.
Answer: A reaction where the same element is simultaneously oxidized and reduced.

Example (Chlorine in cold alkali):
Cl, + 2NaOH - NaCl + NaClO + H,0
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Here, Cl,( 0) becomes Cl™( —1, reduced) and OCIl™( +1, oxidized).
Question 25: Balance the equation by oxidation number method: Mn0O, + HCl - MnCl, + H,0 + Cl,.
Answer:

1. Oxidation: 2Cl™ — Cl, + 2e~(Change of 1 per Cl, 2 total).

2. Reduction: Mnt* + 2e~ - Mn*?(Change of 2).

3. Electrons are balanced. Combine:

MnO, + 4HCl - MnCl, + Cl, + 2H,0

Question 26: Balance the equation: K,Cr,0, + FeS0, + H,S0, — Cr,(S0,)5 + Fe,(S04)5 + K,S0, +
H,0. Answer:

1. Reduction half: C1,0,,_ + 14H* + 6e~ - 2Cr3* + 7H,0.

2. Ocxidation half: Fe?t —» Fe3t + 1e™.

3. Multiply oxidation by 6 to balance electrons: 6Fe?* — 6Fe3t + 6e™.

4. Combine:
K,Cr,0; + 6FeSO, + THyS0, = C13(S04)3 + 3Fey(S0,4)3 + KZ'S'04 +7H,0
Question 27: Explain the construction and function of a Salt Bridge in a galvamc cell
Answer:
A salt bridge is a U-shaped tube containing an inert electrolyte (hke K Clor KN 03) in a gel (agar). Its
functions are:

1. To connect the two half-cells and complete the electrical circuit:

2. To maintain electrical neutrality by allowing ions to migrate into the half-cells to neutralize the

accumulating charges (cations to the cathode side, anions to-the anode side).
Question 28: During electrolysis of aqueous NaCl, why is-Nanot liberated at the cathode?
Answer: In aqueous solution, both Na*and H *ions migrate to the cathode. The reduction potential of
hydrogen ( 0. OOV) is much higher than that of sodlum (—=2. 71V) Therefore, H*is preferentially reduced to
H, gas, and Na*remains in the solution.
Answer: The SHE is the reference electrode con51st1ng of a platinum foil coated with platinum black,
immersed in a 1.0M H *solution, with Hz gas at 1-atm bubbling over it. Its electrode potential is arbitrarily
defined as 0.00V at all temperatures.:.
Question 30: How and why is an electrical double layer formed?
Answer: When a metal is dipped-into a solution of its own ions, a potential difference develops. Metal atoms
may oxidize into ions leaving electrons on the metal (making it negative), or ions from solution may reduce
onto the metal (making it posmve) A layer of oppositely charged ions forms in the solution adjacent to the
electrode surface, creating an "electrical double layer" (Helmholtz layer).
Question 31: Why.is the electrode potential of Cucalled reduction potential?
Answer: According to IUPAC convention, standard electrode potentials are reported as reduction potentials
(tendency to gam electrons) For Co Cpper
Uagq)z+ T 2e” > CU(S) (E° =+40.34V)

The positive Value‘ indicates Cu?*is easier to reduce than H*.
Question 32: Calculate the standard cell potential ( E,.;,) for a Ni-Co cell.
Answer: Given standard potentials (approximate values):

e Ni?* +2e™ - Ni(E° = —0.25V)

e Co%" +2e™ > Co(E° = —0.28V)Nickel has the higher (less negative) potential, so it acts as the

Cathode. Ecello = Lcathodeo — EanodeoEcello = ( —025) - ( —028) = +40.03V

Question 33: What is the effect of variation in ion concentration on the standard electrode potential?
Answer: According to the Nernst Equation, electrode potential depends on concentration. For a reduction
M™ +ne” > M:

e If[M™*]increases ( > 1M), the potential ( E') becomes more positive.

o If[M™*]decreases ( <1M), the potential ( E) becomes more negative.

03024741124mg}~’5,/£;4 UKL . * . SHI LU L




s iwgails oibels JNZIK CHEMISTRY 11the I ]

Question 34: Arrange Ag, Cr, and Fein increasing order of their reducing powers based on E°values.
Answer: Reducing power is the ability to lose electrons (oxidize). The more negative the reduction potential,
the stronger the reducing agent.

e Cr3*t/Cr = —0.74V(Most negative —Strongest Reducer)

e Fe?t/Fe=-0.44V

o Ag*t/Ag = +0.80V(Most positive »Weakest Reducer) Order (Increasing Reducing Power): Ag <

Fe <Cr

Question 35: Describe the redox changes during the electrolysis of molten CuBT.
Answer:

e Anode (Oxidation): 2Bry_ - Bry4 + 2e~ (Bromine gas evolved).

o Cathode (Reduction): Cug,4 + 2e~ = Cus)(Copper metal deposited).
Question 36: What happens if the salt bridge is removed from a galvanic cell? VW .
Answer: The circuit becomes incomplete. Charge accumulation (polarization) occurs immediately in both
half-cells, creating an opposing potential that stops the flow of electrons. The Voltage drops to zero and the
reaction stops.
Question 37: Why is DC used instead of AC in electrolysis?
Answer: Direct Current (DC) ensures constant polarity at the electrodes. The cathode always attracts cations,
and the anode always attracts anions. Alternating Current (AC) reverses polarlty 50-60 times a second,
causing ions to oscillate without being permanently discharged or dep081ted thus preventing effective
electrolys1s :
Answer: Electrolys1s The process of using electrlclty to: dmve a.non- spontaneous chemical reaction.
Refining: .

* Anode: Impure metal (e.g., Impure Copper). Ox1dat10n occurs: Cu = Cu?* + 2e™.

« Cathode: Thin strip of pure metal. Reduction occurs: Cu?* + 2e~ — Cu.

 Result: Pure metal builds up on the cathade, while impurities settle as "anode mud."
Question 39: Calculate the voltage of a cell havmg iron and copper electrodes ( E°Fe = —0.44V, E°Cu =
+0.34V1).
Answer: The cell potential ( Ej;.) 18 calculated by subtracting the anode potential from the cathode
potential. Since copper has a more posmve potential ( +0.34V), it acts as the cathode (reduction), and iron

acts as the anode (ox1datlon)

3 '-:-Ecello = Ecathodes — Eanodes
“Eceno = +0.34V) — ( —0.44V)
’ Ecello = 40.78V

Question 40: Explain why the electrode potential is measured relatively using SHE.

Answer: The potential of a single electrode cannot be measured in isolation because oxidation or reduction
cannot occur withoeut a complementary half-reaction. To measure the potential, the half-cell must be
connected to a reference electrode to form a complete circuit. The Standard Hydrogen Electrode (SHE) is
used as the universal reference because its potential is arbitrarily fixed at 0.00 V at all temperatures, providing
a standard baseline for comparison.

Question 41: Describe the movement of ions through the salt bridge.

Answer: The salt bridge contains an inert electrolyte (like KNOzor KCl). Its function is to maintain electrical
neutrality in the half-cells. Negative ions (anions) from the salt bridge move toward the anode compartment to
neutralize the excess positive charge produced by oxidation. Positive ions (cations) move toward the cathode
compartment to neutralize the excess negative charge left behind by the reduction of metal ions.

Question 43: Calculate the mass of 1.5 moles of Ca(OH),.

Answer:

1. Calculate the molar 2]8)35 o£ Cal dl(l%gllﬁeﬁjie ( g(glg_ofl()lz)) = 40 + 34 = 74g/mol
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2. Multiply moles by molar mass:
Mass = 1.5mol X 74g/mol = 111g
Question 44: Determine the number of molecules in 1.75 g of water.
Answer:
1. Molar mass of water ( H,0)=2(1) + 16 = 18g/mol.

2. Moles of water = 11—;5 ~ 0.0972mol.

3. Number of molecules = Moles X Ny
= 0.0972 X 6.02 x 1023 ~ 5.85 x 10%%molecules

Question 45: How many atoms of Carbon are in 1 mole of isopentyl acetate?
Answer: The formula for isopentyl acetate is C,H;,0,. One mole of the molecule contalns 7 moles of Carbon
atoms. Number of Carbon atoms = 7 X 6.02 X 10?3 = 4.214 x 10%*atoms.
Question 46: Define Molar Volume. What is its value at STP? & R
Answer: Molar volume is the volume occupied by one mole of any ideal gas at Standard Temperature and
Pressure (STP). Its value is approximately 22.414dm3 (or liters) per mole
Question 47: State Avogadro’s Law in terms of gas volumes.
Answer: Avogadro's Law states that equal volumes of all ideal gases, at. the same temperature and pressure,
contain the same number of molecules (or moles). This implies that the molar volume of all ideal gases is
constant at STP ( 22.414dm3).
Question 48: Calculate the mass of sodium hypochlorite produced from 2.25 moles of chlorine.
Answer: Reaction (Cold dilute alkali): Cl, + 2NaOH — NaCl-+.Na€lO + H,0. From the stoichiometry, 1
mole of Cl, produces 1 mole of NaCl0. So, 2.25 moles of Clzproduce 2.25 moles of NaClO. Molar mass of
NaClO = 23(Na) + 35.5(Cl) + 16(0) = 74. 5g/m0l..

Mass = 2.25mol x 74.5g/mol = 167.625g
Question 49: Balance: Mn0, + HCl -» MnCl, +Cl, + H,0.
Answer: Using the oxidation number method or inspection:

MnO, + 4HCl'» MnCl, + Cl, + 2H,0

(Mn is reduced from +4 to +2, and Cl is oxidized. from -1 to 0) .
Question 50: Calculate the Ox. No. of Chromium in Cr,0,_.
Answer: Let the oxidation number of Crbe x. Oxygen is -2.
2x+7( =2)=-—
2x — 14 = -2
2x =+12=>x=+46

The oxidation number of Chromium is +6.
Question 51: List. two reasons for the chemical inertness of N,gas.
Answer:
1. Triple Bond Strength The nitrogen molecule has a triple bond ( N = N) with a very high bond
dissociation energy ( 941kJ /mol), making it extremely difficult to break.
2. Non-polar Nature: The molecule is non-polar, meaning it is not easily attacked by electrophiles or
nucleophiles under normal conditions.
Question 52: Why is ammonia ( NH3) considered a weak base?
Answer: Ammonia is a weak base because it has a lone pair of electrons on the nitrogen atom, which can
accept a proton ( H*) to form the ammonium ion ( NH,..). However, in aqueous solution, this ionization is
incomplete, and the equilibrium lies far to the left, producing a low concentration of hydroxide ions compared
to strong bases.
Question 53: Describe the laboratory preparation of ammonia gas.
Answer: In the laboratory, ammonia is prepared by heating an ammonium salt (like ammonium chloride)

with a strong alkali (like calcium hydroxide).
2NH,CL+ Ca(OH), - CaCl, + 2H,0 + 2NH;(g)
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The gas is dried by passing it over quicklime ( CaO).
Question 54: Why is N,gas used in food packaging?
Answer: Nitrogen is chemically inert and does not react with food components (fats, oils, proteins). It is used
to displace oxygen in packaging (modified atmosphere packaging), which prevents oxidation (rancidity) and
inhibits the growth of aerobic bacteria, thereby extending shelf life.
Question 55: Both CO and N,have triple bonds. Why is CO more reactive?
Answer: Although both are isoelectronic with triple bonds, Carbon Monoxide ( CO) is polar due to the
electronegativity difference between C and O. This polarity makes the carbon atom susceptible to attack,
allowing CO to act as a ligand in coordination compounds and as a reducing agent. N,is non-polar and
therefore inert.
Question 56: Why shouldn't a farmer treat a field with ammonium fertilizer and lime at the same time?
Answer: Lime (calcium hydroxide/oxide) is basic. If mixed with ammonium fertilizers (like ammonium
nitrate or sulfate), a chemical reaction occurs that releases ammonia gas ( N Hz) into- the atmosphere This
results in the loss of nitrogen from the soil, reducing the effectiveness of the fertilizer. -
2NH,, + Ca(OH)Z — Ca** + 2NHs(g) + 2H,0

Question 57: Draw the structures of N,O, NO, and NO,and explain their bonding
Answer:

e N,0(Nitrous Oxide): Linear structure (N = N — 0). It is a resonance hybrid

e NO(Nitric Oxide): Contains an odd number of electrons (paramagnetlc) The bond orderis 2.5 ( N =

0).
e NO,(Nitrogen Dioxide): Bent molecule with an unpauje_d _el'ec_:tron on Nitrogen. It often dimerizes to
N, 0,to pair the electron. It contains coordinate covalent bonding.

Question 58: Explain why sulfur is unreactive at room temperature.
Answer: Sulfur exists as stable Sgring molecules at room temperature. The strong S-S covalent bonds within
the ring structure require signiﬁcant energy to break (high activation energy) before reaction can occur.
Question 59 Determine the oxidation state of S in: H,S 04and S5,03,_.
Answer:

e HyS0,:2( +1)+S+4( #2):O:>2+S—8=0:>S=+6.

e 5 032 (Thiosulfate) Average oxidation state is calculated as 25 + 3( —2) =—-2=25=4> S =

Questlon 60: Explain thejmvolv_em'ent of d-orbitals in the variable oxidation states of sulfur.

Answer: Sulfur is in Period 3 and-has empty 3d orbitals available. It can unpair electrons from its 3p and 3s
orbitals and promote -them to the 3d orbitals. This allows sulfur to expand its valency from 2 (ground state) to
4 (e.g., SO;) and 6 (e.g:, SO3), exhibiting variable oxidation states.

Question 61: What 1s the role of sulfur in the vulcanization of rubber?

Answer: In vulcanization, sulfur is heated with natural rubber. The sulfur atoms form cross-links (disulfide
bridges, —S — S —) between the long polymer chains of rubber. This cross-linking prevents the chains from
sliding past each other, making the rubber harder, more elastic, and resistant to heat and wear.

Question 62: Give the reaction of Sulfur with NaOH.

Answer: Sulfur undergoes a disproportionation reaction when heated with concentrated sodium hydroxide

solution: 35 + 6NaOH - 2Na,S + Na;S05 + 3H,0

It forms sodium sulfide ( Na,S) and sodium sulfite ( Na,S053).

Question 63: What is the function of SO,and sulfite salts in food preservation?

Answer: Sulfur dioxide ( SO,) and sulfites act as antioxidants and antimicrobial agents. They inhibit the
growth of bacteria and fungi in dried fruits, juices, and wine. They also prevent enzymatic browning by
reducing the enzymes responsible for oxidation.
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Question 64: Explain the oxidation of SO,to SO5.
Answer: The oxidation of sulfur dioxide ( SO,) to sulfur trioxide ( SO3) is a reversible, exothermic reaction.
It requires a catalyst (Vanadium Pentoxide, V,05) and an optimum temperature ( 400 — 450°C) to proceed at

a practical rate (Contact Process).
250, + 0, = 2505(AH = —197k] /mol)

Question 65: Why does sulfur show more oxidation states than oxygen?
Answer: Oxygen is in Period 2 and lacks d-orbitals in its valence shell, limiting it primarily to -2 (and rarely -
1 or +2 with Fluorine). Sulfur is in Period 3 and possesses vacant 3d orbitals. This allows Sulfur to expand its
octet and exhibit higher oxidation states like +4 and +6.
Question 66: Compare the reactions of sulfur with metals and non-metals.
Answer:

With Metals: Sulfur acts as an oxidizing agent, reacting with heated metals to form sulfides (e.g.,

Fe+S — FeS, Cu+ S - CuS).
o With Non-metals: Sulfur reacts with non-metals like oxygen and carbon Wlth oxygen it forms

oxides ( S + 0, = S0,). With carbon, it forms carbon disulfide ( C + 25 - C Sz) at high temperatures.

Group: Environmental Chemistry
Question 67: What does PAN stand for? Give its general formula.
Answer: PAN stands for Peroxyacetyl Nitrate. It is a component 0of photochemlcal smog. General Formula:
R — CO — 0 — 0 — NO,(where R is usually a methyl group, CH;, for. Peroxyacetyl Nitrate).
Question 68: Describe the role of a catalyst in a catalytic converter: .
Answer: Catalytic converters use Platinum (Pt), Palladlum (Pd)' én'd'Rhodlum (Rh) catalysts to convert
harmful exhaust gases into less harmful ones.
e Oxidation: Converts carbon monoxide ( C 0) and ﬁﬁbﬁfnt hydrocarbons ( HC) into carbon dioxide (
CO0,) and water ( H,0).
e Reduction: Converts nitrogen oxides (° 1\_/ O ) into nitrogen gas ( N,) and oxygen ( 0,).

Question 69: Write the conversion reaction carried out by Nitrobacter.
Answer: Nitrobacter bacteria play a crucial role-in the nitrogen cycle (nitrification) by oxidizing nitrite ions (

NO,_) into nitrate ions ( N03_). ZNO + 0. - 2NO
2— 2 3-

Answer: Demtrlﬁcatlon 1s performed by bacteria (like Pseudomonas) in waterlogged soils where oxygen is
scarce (anaerobic). These bacteria use nitrate ( NO5_) as an electron acceptor instead of oxygen for
respiration, converting it back into nitrogen gas ( N;) which is released into the atmosphere.
Question 71: Name the four major layers of the atmosphere and their approximate heights.
Answer:

1. Troposphere 0 to 12 km

2. Stratosphere: 12 to 50 km

3. Mesosphere: 50 to 85 km

4. Thermosphere: 85 to 500+ km
Question 72: Why is the Troposphere the most important layer for life?
Answer: The troposphere contains 75% of the atmosphere's mass and almost all water vapor and dust. It is
the layer where all weather phenomena occur and where the air we breathe resides. It maintains the
temperature range suitable for life.
Question 73: Explain why the Stratosphere is warmer than the Mesosphere.
Answer: The stratosphere contains the Ozone Layer, which absorbs high-energy ultraviolet (UV) radiation
from the sun. This absorption releases heat, causing the temperature to rise with altitude in this layer. The
mesosphere lacks ozone and other heat-absorbing gases, so temperature decreases with altitude.
Question 74: Give the equations for the formation and depletion of ozone in the stratosphere.
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Answer:

e Formation: 0, + hv(UV) - 200 + 0, — 04

e Depletion (e.g., by CFCs): Cl + 0; - ClO + 0,ClO + O - Cl + 0,(The Chlorine radical Cl'is
regenerated).

Question 75: Identify three major natural sources of air pollutants.
Answer:

1. Volcanoes: Release sulfur dioxide ( SO,), ash, and dust.

2. Forest Fires: Release carbon monoxide ( CO), smoke, and particulate matter.

3. Decaying Vegetation: Releases methane ( CH,) and hydrogen sulfide ( H,S).

Question 76: Differentiate between Classical and Photochemical smog.

Answer: :

e Classical Smog (London Smog): Reducing in nature. Formed by smoke + fog + sulfur dioxide (
S0,). Occurs in cool, humid climates.

o Photochemical Smog (Los Angeles Smog): Oxidizing in nature. Formed by the reactlon of sunlight
with nitrogen oxides ( NO,) and volatile organic compounds (VOCS) Occurs in warm, dry, sunny
climates. :

Question 77: Name the major Greenhouse Gases (GHGs). How do they cause global warming?
Answer: Major GHGs: Carbon Dioxide ( C0,), Methane ( CH,), Water Vapor ( H,0), Nitrous Oxide ( N,0),
and Ozone ( 03). Mechanism: These gases allow short-wave solar radiation to pass through to the Earth's
surface but absorb and re-emit the long-wave infrared radiation (heat) reflected back from the Earth. This
traps heat in the lower atmosphere, raising the global temperature (Greenhouse Effect).
Question 78: What are the main chemical processes involved in the formation of Acid Rain?
Answer: Acid rain is formed when S0,and NO,react with water-and oxidants in the air.

e Sulfuric Acid: 250, + 0, - 250;3then S03 + H;0 — H,S0,.

« Nitric Acid: 4NO, + 2H,0 + 0, > 4HNO;.
Question 79: How do volatile organic compounds (VOCs) affect air quality?
Answer: VOCs (like hydrocarbons from fuel evaporation) react with nitrogen oxides ( NO,,) in the presence
of sunlight to form ground-level ozone ( O3) and Peroxyacetyl Nitrate (PAN), which are key components of
photochemical smog. This causes respiratory-issues and eye irritation.
Question 80: What is the 1mpact of PAN on human health and plants?
Answer: .

e Humans: PAN is a porwerful lachrymator (causes tearing of eyes) and causes respiratory irritation and
breathing dlfﬁcult_les _

o Plants: It damages.plant tissues by inhibiting photosynthesis ("bronzing" of leaves) and attacks the
enzyme systems, retarding growth.

Question 81: How does. deforestation impact air quality and CO,levels?

Answer: Trees act as-"carbon sinks" by absorbing € 0, for photosynthesis. Deforestation reduces this capacity,
leading to higher atmospheric C0,levels (global warming). Burning cleared forests also releases stored carbon
back as C0,and smoke (particulates).

Question 82: Why is CO called a "silent killer"?

Answer: Carbon Monoxide (CO) is colorless, odorless, and tasteless. It binds to hemoglobin in blood 200
times more strongly than oxygen, forming carboxyhemoglobin. This prevents oxygen delivery to vital organs,
causing suffocation and death without warning.

Question 83: Explain the principle of Winkler’s method to determine Dissolved Oxygen (DO). Answer: The
Winkler method uses the oxidizing property of dissolved oxygen. The DO in a water sample oxidizes
Manganese(II) to Manganese(IV) in alkaline solution. Upon acidification in the presence of lodide ions ( [7),
the Mn(IV) liberates lodine ( I,) quantitatively. The amount of Iodine released is titrated with Sodium
Thiosulfate to calculate the original DO level.

Question 84: Define BOD. How is it carried out?
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Answer: BOD (Biochemical Oxygen Demand): The amount of dissolved oxygen consumed by aerobic
bacteria to decompose organic matter in a water sample over 5 days at 20°C. Procedure: A water sample's
initial DO is measured. It is then incubated in the dark at 20°Cfor 5 days. The final DO is measured. The
difference ( DOjnitiar — D Ofinar) is the BOD.
Question 85: Why are BOD and DO inversely related in polluted water?
Answer: High pollution (organic waste) stimulates the growth of bacteria that decompose the waste. These
bacteria consume large amounts of oxygen during respiration. Therefore, as the waste load (BOD) increases,
the available Dissolved Oxygen (DO) decreases rapidly.
Question 86: What are the anthropogenic sources of NO,?
Answer: The primary man-made sources are high-temperature combustion processes in:

1. Vehicles: Internal combustion engines.

2. Power Plants: Burning of coal and oil.

3. Industrial Boilers: Chemical production (like nitric acid plants).
Question 87: Explain how NO,contributes to the brown color of smog. -
Answer: Nitrogen Dioxide ( NO,) is a reddish-brown gas. When present in high concentrations in
photochemical smog, it absorbs blue light from the solar spectrum and transmlts/reﬂects yellow-brown light,
giving the smog its characteristic brownish haze. :
Question 88: What is the role of sunlight in photochemical smog format10n‘7
Answer: Sunlight (UV radiation) provides the energy to initiate the _br_eakdown of NO,into NO and atomic
oxygen ( 0). This atomic oxygen reacts with O,to form ozone (- O3). Sunlight also drives the reactions
between VOCs, NO,, and Osto form secondary pollutants like PAN. . -
Question 89: How do particulates (Particulate Matter) cause lung damage?
Answer: Fine particulates ( PM, 5) are small enough to.penetrate deep into the lungs (alveoli). They can
irritate the respiratory tract, trigger asthma, cause 1nﬂammat10n and may carry absorbed toxic/carcinogenic
chemlcals dlrectly into the bloodstream :

-_9.03'((_9)'"1'. _HéO(l) - H,50,(aq)

This reaction occurs in cloud droplets, contributing to acid rain.
Question 91: Explain the "Greenhouse Effect" in terms of heat absorption

Answer:

gases (hke C0,,CH,) have.molecular structures that vibrate when struck by this specific 1nfrared frequency.
They absorb the energy and re-emitit in all directions, including back toward Earth, preventing the heat from
escaping into space and keeping the planet warm.

Question 92: What are the effects of SO,on plants and aquatic life?

Answer:

o Plants: Causes ch10r0s1s (yellowing of leaves) by interfering with chlorophyll synthesis. It damages
cell membranes leading to tissue death (necrosis).

o Aquatic Life: SO,causes acid rain, which lowers the pH of lakes and rivers. This acidity can kill fish
eggs, leach toxic aluminum from soil into water (which clogs fish gills), and destroy the food chain
(plankton).

Question 1: Calculate the mass of 0.5 moles of HCI.
Answer:
1. Molar mass of HCl = 1(H) + 35.5(Cl) = 36.5g/mol.
2. Mass = Moles X MolarMass — 05 X 365

= 18.25¢

Question 2: Find the moles in 20 g of NaOH.
Answer:
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1. Molar mass of NaOH = 23(Na) + 16(0) + 1(H) = 40g/mol.

Mass
2. Moles=——
MolarMass

20

40

= 0.5mol
Question 3: How many atoms are in 2.3 g of Sodium?
Answer:

1. Atomic mass of Sodium ( Na) = 23g/mol.
2. Moles = % = 0.1mol.
3. Number of atoms = Moles X Avogadro’sNumber

=0.1xX6.02x 1023
= 6.02 X 10%2atoms

Question 4: Calculate the molar mass of Juglone ( C;oHg03).

Answer: PN
MolarMass = 10(12) + 6(1) + 3(16)
=120+ 6 + 48 )
= 174g/mol

Question 5: Calculate the moles in 0.87 g of Juglone ( ClOH603)
Answer:

Moles = Mass
otes = MolarMass

B 0.87 CT T

T 174

=0.005mol

Question 6: Determine the volume of 4.75 mol of méthane at STP.

Answer: According to Avogadro's Law .1.mole of gas at STP occupies 22.414dm3.
Volume = Moles x 22.414

= 475x 22414
=106.47dm?

Question 7: Calculate the molar maSs of a gas with density 1.34g/dm3at STP.

Answer:
MolarMass = Density X MolarVolume(STP)

. =1.34g/dm3 x 22.414dm3 /mol
= 30.03g/mol

Question 8: Calculate the molar concentration of 27.64 gK,CO03in 1dm3.
Answer:

2. Moles =22 ~ OZmol
138
Moles

3. Molarity = m = T = 0.2M.

Question 9: How much iron can be produced from 160gof Fe,053?
Answer: Reaction (Thermite or Reduction): Fe,05; + 3C0 — 2Fe + 3CO0,.
1. Molar mass of Fe,05 = 2(56) + 3(16) = 112 + 48 = 160g /mol.
2. Moles of Fe,0; = % = 1mol.
3. Moleratio Fe,05: Fe = 1: 2. So, 1molof Fe,0s;produces 2molesof Fe.

4. Mass of Fe = 2mol X 56g/mol = 112g.
Question 10: Define the Law of Conservation of Mass in stoichiometry.
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Answer: The Law of Conservation of Mass states that matter is neither created nor destroyed during a
chemical reaction. In stoichiometry, this means the total mass of the reactants must equal the total mass of the
products. Consequently, chemical equations must be balanced to reflect the same number of atoms of each
element on both sides.
+1
Question 11: What is a Mole-Mole relationship?
Answer: A Mole-Mole relationship is a quantitative relationship between the reactants and products in a
balanced chemical equation. It allows chemists to calculate the number of moles of a product formed from a
given number of moles of reactant, or vice versa, using stoichiometric coefficients.
Question 12: Write the mole ratio for the synthesis of ammonia.
Answer: Reaction: N, + 3H, — 2NH;. The mole ratios are:

e 1molN,:3molH,

e 1molN,: 2molNH4

e 3molH,: 2molNH;
Question 13: Define the Law of Definite Proportions. :
Answer: The Law of Definite Proportions states that a given chemical compound always contains its
component elements in a fixed ratio by mass, regardless of its source or. method of preparation. For example,
water ( H,0) always contains Hydrogen and Oxygen in a 1:8 mass ratlo
+1
Question 14: Calculate the percentage yield if the actual yleld is 2 Skgand theoretlcal is 4.5kg.
Answer:

Question 15: Mention two physical processes that reduce actual yield.
Answer: e

1. Mechanical Loss: Loss of substance durlng filtration, transferring between containers, or washing of

precipitates. N :
2. Incomplete Separation: leﬁculty in completely separating the desired product from the reaction
m1xture (e. g during d1st111at10n or crystalhzatlon)

Answer: In a neutral molecule, the total positive charge from the protons in all nuclei is exactly balanced by
the total negative charge from all.electrons. Since oxidation numbers represent the distribution of these
electrons, the sum of the oxldatlon states of all atoms must equal the net charge of the molecule, which is
Zero.
Question 17: How does electronegativity affect the assignment of oxidation numbers?
Answer: In a covalent bond between two different atoms, the shared electrons are assigned to the more
electronegative atom. The more electronegative atom gets a negative oxidation number (e.g., -1, -2), while the
less electronegative atom gets a positive oxidation number. For example, in HCI, Chlorine is more
electronegative than Hydrogen, so Clis -1 and H is +1.
Question 18: Define Reducing Agent with an example.
Answer: A reducing agent (or reductant) is a substance that donates electrons to another species, thereby
causing the reduction of that species. In the process, the reducing agent itself is oxidized.
Example: In Zn + CuS0, —» ZnS0, + Cu, Zinc ( Zn) loses electrons and acts as the reducing agent.
Question 19: Explain why an oxidizing agent is itself reduced.
Answer: An oxidizing agent accepts electrons from another substance to enable oxidation. By accepting these
electrons, its own oxidation state decreases (becomes more negative). Therefore, the process of accepting
electrons is, by definition, reduction.
Question 20: Identify oxidizing/reducing agents in: CH, + 20, = C0, + 2H,0.
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Answer:
e Carbon in CH,: Oxidation state changes from -4 to +4 (Loses electrons —Oxidized). Therefore,
Methane ( CH,) is the Reducing Agent.
e Oxygen in 0,: Oxidation state changes from 0 to -2 (Gains electrons =Reduced). Therefore, Oxygen
( 0,) is the Oxidizing Agent.
Question 21: Define an Electrolytic Cell.
Answer:An electrolytic cell is an electrochemical device that uses electrical energy from an external source
(like a battery) to drive a non-spontaneous chemical reaction (electrolysis).
Question 22: Where does oxidation occur in an electrolytic cell?
Answer: Oxidation always occurs at the Anode. In an electrolytic cell, the anode is the positive electrode
where anions (negative ions) lose electrons.
Question 23: Where does reduction occur in a galvanic cell?
Answer: Reduction always occurs at the Cathode. In a galvanic cell, the cathode is the posmve electrode
where cations (positive ions) gain electrons. - :
Question 24: Write the half-reaction of Cu?*at the cathode.
Answer:
Cu(aq)2+ + 2e” > Cu(s)
Question 25: Compare electrolytic and galvanic cells (3 points).
Answer:
1. Energy Conversion: Electrolytic converts electrical energy to chemlcal energy; Galvanic converts
chemical energy to electrical energy.
2. Spontaneity: Electrolytic drives non- spontaneous | reacﬁ(')r'is' Galvamc is driven by spontaneous redox
reactions. : : :
3. Electrode Charge: In Electrolytic, Anode 1s Positive '(J'r) in Galvanic, Anode is Negative (-).
(Cathode is reversed).
Question 26: Why do metals like K and Na have hlghly negative electrode potentials?
Answer: Metals like Potassium ( K) and Sodium (.Na) are highly electropositive, meaning they have a strong
tendency to lose electrons to form positive’ ions'( M — M* + e7). A highly negative standard reduction
potential indicates a very low tendency to gazn electrons (be reduced), which corresponds to a high tendency
to lose them (be oxidized). _ :
Question 27: What does a posmve electrode potential indicate?
Answer: A positive standard electrode potentlal ( E° > 0) indicates that the species is easier to reduce than
Hydrogen ions ( H*). It signifies a strong tendency to gain electrons. Elements with high positive potentials
(like Fluorine, Gold) are strong oxidizing agents.
Question 28: Define Standard Conditions for measuring E°.
Answer: Standard ele¢trode potentials are measured under the following conditions:
1. Concentration: 1.0moldm~3for all aqueous ions.
2. Pressure: latm( 101.3kPa) for any gases involved.
3. Temperature: Typically 298K ( 25°C).
Question 29: Describe the structure of a Standard Hydrogen Electrode.
Answer:
The SHE consists of a platinum wire connected to a platinum foil covered with finely divided platinum black.
This electrode is immersed in a solution containing hydrogen ions at 1M concentration ( 1M HCL). Pure
hydrogen gas at 1atmpressure is continuously bubbled over the foil.
Question 30: Why is Cu?*/Cumore "noble" than Zn?* /Zn?
Answer: Copper has a positive reduction potential ( +0.34V), indicating it prefers to remain in the metallic
state and resist oxidation. Zinc has a negative reduction potential ( —0.76V), indicating it easily loses
electrons to form ions. Therefore, Copper is less reactive (more noble) than Zinc.
Question 31: How can E°values predict if a redox reaction is spontaneous?
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Answer: For a redox reaction to be spontaneous, the calculated standard cell potential ( E.;;.) must be
positive.
Ecello = Lreductione (CathOde) - Ereductiono(anOde)

If E.o;;o > 0, the reaction is feasible. If E.;;. < 0, the reaction is non-spontaneous.
Question 32: Calculate E,,;;using Ag* /Ag( +0.80V) and Zn?* /Zn( —0.76V).
Answer:

o Cathode (Reduction): Ag™ (Higher potential, +0.80V)

e Anode (Oxidation): Zn(Lower potenél —0,76V)

cell — Lcathode — Eanode
=( 40.80V)—( -0.76V)
= +1.56V

Question 33: What is the role of a voltmeter in measuring cell potential?
Answer: A high-resistance voltmeter is connected in parallel between the two electrodes of the galvanic cell.
It measures the potential difference (Voltage or EMF) generated by the electron flow from the anode to the
cathode without drawing significant current, thus preventing polarization of the electrordes
Question 34: Explain the feasibility of a reaction using E°values. '
Answer: E°values allow us to determine if a specific oxidizing agent, cai react w1th a specific reducing agent.
If the oxidizing agent has a more positive electrode potential than the reducing agent, the reaction is feasible.
Essentially, electrons flow from the species with the more negat1ve potent1al to the species with the more
positive potential.
Question 35: Why does Zn react with CuS0,but not w1th N aC l'7
Answer:

e With CuS0,: Zinc ( —0.76V) is a stronger reducin'g'agent than Copper ( +0.34V), so it can displace

Cu from solution ( Zn + Cu?* - Zn** 4 Cu).
e With NaCl: Zinc ( —0.76V) is a weaker.reducmg agent than Sodium ( —2.71V). Zinc cannot force
electrons onto Sodium ions ( Na™) to reduce them. Thus, no reaction occurs.

Question 36: Define Displacement Reaction.
Answer: A displacement reaction is a-chemical reaction where a more reactive element displaces a less
reactive element from its compound (usually in aqueous solution). General Form: A + BC — AC + B(where
A 1s more reactive than B). L\ N
Question 37: How is HNO; formed from NOin the atmosphere?
Answer: Nitric oxide ( NO) released into the atmosphere reacts with oxygen and water vapor:

1. 2NO + 0, —» 2N O»(Nitrogen Dioxide)

2. 4NO, + 2H;0.+ 0, » 4HN O5(Nitric Acid) This nitric acid contributes to acid rain.
Question 38: Name the compound added first in the Winkler method.
Answer: Manganese(II) Sulfate ( MnS0,) is added first, followed by an alkaline iodide solution (NaOH +
KI). N
Question 39: Why is starch used as an indicator in DO determination?
Answer: In the final step of Winkler's method, Iodine ( I,) is titrated against Sodium Thiosulfate. Starch is
used as an indicator because it forms a deep blue-black complex with trace amounts of lodine. The
disappearance of this blue color marks the precise endpoint of the titration.
+1
Question 40: Explain the inverse relationship between DO and water pollution.
Answer: Water pollution often involves organic waste. Bacteria and other microorganisms decompose this
organic matter using dissolved oxygen (DO) for respiration. As pollution increases (higher organic load), the
microbial population explodes and consumes more oxygen, leading to a rapid decrease in DO levels.
Question 41: What is the significance of DO for aquatic life?
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Answer: Dissolved Oxygen is essential for the respiration of aquatic organisms like fish, invertebrates, and
plants. If DO levels fall below critical limits (typically < 4—5mg/L), aquatic life becomes stressed, leading to
suffocation ("fish kills") and loss of biodiversity.

Question 42: What is the bond enthalpy of the N = Nbond?

Answer: The bond enthalpy (bond dissociation energy) of the nitrogen-nitrogen triple bond ( N = N) is very
high, approximately 941kJ/mol ( 225kcal /mol). This high energy requirement for bond breaking is
responsible for nitrogen's inertness.

Question 43: Why is nitrogen gas used in preserving edible oils?

Answer: Nitrogen is chemically inert and does not react with lipids. Flushing food containers with nitrogen
displaces oxygen, preventing oxidative rancidity (oxidation of fats/oils) which causes bad odor and taste. It
creates a protective atmosphere to maintain freshness.

Question 44: Explain the non-polarity of the nitrogen molecule.

Answer: The nitrogen molecule ( N,) consists of two identical nitrogen atoms bonded: together Since the
electronegativity difference between the two atoms is zero, the electron palr is shared equally This results in a
non-polar covalent bond and a non-polar molecule with no dipole moment. -

Question 45: Write the equation for the Haber process. :
Answer: The Haber process fgy ‘%hs: qn@wtrl%l éyth??és(g%E Aonia 254 k ] /mo l)

It requires an iron catalyst, high pressure ( 200atm), and optlmal temperature (450°C).

Question 46: What is the K value of ammonia?

Answer: The base dissociation constant ( K) for ammonia at 25 C 1S appr0x1mate1y 1.8 x 10™>mol/dm?.

This low value confirms that ammonia is a weak base. -

Question 47: Why does red litmus paper turn blue in aniniohia'gas?

Answer: Ammonia gas is extremely soluble in water. When it comes into contact with the moisture on the
damp red litmus paper, it dissolves to form ammonium hydroxide ( NH,OH), which dissociates to release

hydroxide ions ( OH™). NH3 + HZO - NHyy +0

The alkaline OH ~ions turn the red litfﬁus papér blue.
Question 48: How is ammonia displaced -from ammonium salts?
Answer: Ammonia is displaced from ammonium salts by heating them with a strong base (alkali) like

Calcium Hydroxide ( Ca (OH)ZER[%L%?(iil_ugbwgrfzxg}ec(dX@ZOﬂ » 1%3301,10211\/ Hy 1

Question 49: Name two neutral oxides of nitrogen.
Answer: :

1. Nitrous’ Ox1de ( Nz 0) - also known as laughing gas.

2. Nitric Oxide ( NO). (Note: Nitrogen dioxide, NO,, and Dinitrogen pentoxide, N,Os, are acidic).
Question 93 What is the common name of N2O?
Answer: The common name of Dinitrogen Oxide ( N,0) is Laughing Gas. It is a colorless gas with a faint,
sweet smell. It is used as a mild anesthetic in dentistry and minor surgeries because, when inhaled in small
quantities, it produces hysterical laughter.
Question 94 Which nitrogen oxide is paramagnetic?
Answer: Nitric Oxide (NO) and Nitrogen Dioxide ( NO,) are paramagnetic. This property is due to the
presence of an odd number of valence electrons (an unpaired electron) in their molecular structures. For

example, NO has 11 valence electrons, leaving one unpaired, which causes it to be attracted by a magnetic
field.

Question 95 Which nitrogen oxide is used in rocket propellants?
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Answer: Dinitrogen Tetroxide ( N,0,) is used as an oxidizer in rocket propellants, often in combination
with hydrazine fuel. It is preferred because it can be stored as a liquid at room temperature and reacts
hypergolically (spontaneously) with hydrazine.
Question 96 List two natural sources of NOx.
Answer:
1. Lightning: The high energy of lightning strikes provides sufficient heat for atmospheric nitrogen ( N,)
and oxygen ( 0,) to combine and form nitric oxide ( NO).
2. Bacterial Action: Denitrifying bacteria in the soil decompose nitrogenous compounds (nitrates) under
anaerobic conditions, releasing nitrogen oxides into the atmosphere.
Question 97 Define Anthropogenic sources of pollution.
Answer: Anthropogenic sources refer to pollution sources originating from human activities. These include
emissions from industrial factories, combustion of fossil fuels in vehicles and power plants,.agricultural
activities (fertilizers), and deforestation. These are distinct from natural sources like Volcanoes
Question 98 What gives the brown color to urban smog? Q
Answer: The characteristic brown haze of photochemical smog is primarily due to the presence of Nitrogen
Dioxide ( NO,). NO,is a reddish-brown gas that absorbs blue light from the solar. spectrum and transmits
yellow-brown light, giving the polluted air its distinct color. :
Question 99 Explain the role of sunlight in smog formation.
Answer: Sunlight (specifically UV radiation) acts as the initiator for photochemlcal smog. It dissociates
Nitrogen Dioxide ( NO,) into Nitric Oxide ( NO) and atomic Oxygen ( 0). This atomic oxygen is highly
reactive and combines with molecular oxygen é 0,) to form Ozone ( 03) a key component of smog.
+hv -> NO +0 -

Question 100 Name the metals used in a catalytic converter.
Answer: Catalytic converters use noble metals such as Platinum (Pt), Palladium (Pd), and Rhodium (Rh)
coated on a ceramic honeycomb structure. These metals catalyze the oxidation of toxic CO and hydrocarbons
to CO,and H,0, and the reduction of NO,to N3. . - . .
Question 101 Define Nitrification and name the bacteria involved.
Answer: Nitrification is the biological OX1dat10n of ammonia or ammonium ions ( NH,. ) into nitrite ( NO,_)
and then into nitrate ( NO5_).

« Bacteria converting Ammenia to Nltrlte Nitrosomonas.

 Bacteria converting Nitrite to Nitrate: Nitrobacter.

Question 102 Write the conversion reaction of NH4+ to NO:-.
Answer: This reaction is. the first step of nitrification carried out by Nitrosomonas bacteria:

ZNH4+ + 30, » 2NO,_ + 4H* + 2H,0 + Energy

Question 103 What is the atomic number and physical state of sulfur?
Answer: :
« Atomic Number 16.
« Physical State: At room temperature, sulfur is a yellow solid. It exists as brittle, crystalline molecular
solids, predominantly in the rhombic form.
Question 104 Define Catenation in sulfur.
Answer: Catenation is the ability of atoms of the same element to link together to form long chains or rings.
Sulfur shows a strong tendency for catenation, forming stable homo-atomic ring structures, most notably the
puckered Sgring (crown shape), due to the strength of the S-S single bond.
+1
Question 105 Which is the most stable molecular form of sulfur?
Answer: The most stable molecular form of sulfur at room temperature is the Rhombic Sulfur ( a-Sulfur). It
consists of Sgmolecules packed in a crystal lattice. It is stable below 95.5°C.
Question 106 Compare oxidation states of sulfur in SOz and H2SOs.
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Answer:

e In SO,(Sulfur Dioxide): Oxygenis-2. S+ 2( —2)=0= S = +4.

e In H,S0,(Sulfuric Acid): Hydrogen is +1, Oxygenis -2. 2( +1)+S+4( —-2)=0= S = +6.

Sulfur is more oxidized in sulfuric acid.

Question 107 Explain the stability of the +6 oxidation state in SOs.
Answer: In Sulfur Trioxide ( SO5), sulfur is in the +6 oxidation state, using all six valence electrons for
bonding (involving d-orbital hybridization). This state is stable because the small, highly electronegative
oxygen atoms effectively shield the central sulfur atom and satisfy its bonding requirements, forming a stable
resonance hybrid structure.
Question 108 What happens when SO?2 is dissolved in water?
Answer: :
Sulfur dioxide is highly soluble in water and reacts to form Sulfurous Acid ( H,S 03) Wthh is a weak,

unstable acid.
S50,(g) + H,0(l) = H,S03(aq)

Question 109 Why is SCI12 unstable in moist air?
Answer: Sulfur dichloride ( SCl,) is unstable in moist air because it undergoes hydroly51s It reacts with the
moisture (water vapor) to produce hydrogen chloride fumes ( HCI) and sulfu‘r d10X1de or thiosulfuric acid
products, decomposing the molecule. : -
Question 110 How is sulfur used in the bleaching of paper? _
Answer: Sulfur dioxide ( SO,) is used as a bleaching agent for delicate materials like paper pulp, wool, and
silk. It bleaches by reduction (removing oxygen from the color piginent or adding hydrogen). However, the
bleaching is temporary because atmospheric oxygen eventually re-oxidizes the reduced pigment, restoring the
color. o
Question 111 Describe the role of sulfur in making dyeé‘ and explosives.
Answer: Sulfur, primarily in the form of Sulfuric Acid ( H,50,), is essential in these industries.

o Dyes: It is used for the sulfonation of organic compounds to make them water-soluble dyes.

« Explosives: It acts as a dehydrating agent in the nitration reactions required to produce explosives like

TNT (Trinitrotoluene) and Nitroglycerin.

Question 112 How is sulfuric acid used in the battery industry?
Answer: Sulfuric acid acts as the electrolyte in lead-acid storage batteries (car batteries). It provides the
sulfate ions ( SO,4,_) and hydrogen i0ns necessary for the electrochemical reactions at the lead anode and lead
dioxide cathode that store.and release electrical energy.
Question 113 What is the physical appearance of sulfur?
Answer: Pure sulfur is a pale-yellow, brittle solid at room temperature. It is tasteless and odorless (though
often associated with the smell of its compounds like H,S). It is insoluble in water but soluble in organic
solvents like carbon’ diSlilﬁde (CSy).
Question 114 Explain the role of sulfur in the vulcanization of rubber.
Answer: (Repeated concept) Vulcanization involves heating raw rubber with sulfur. The sulfur atoms form
cross-links (disulfide bridges) between the polymer chains of the rubber. This process transforms soft, sticky
raw rubber into a harder, more durable material that retains its elasticity over a wider range of temperatures.
Question 115 Which atmospheric layer contains the ozone layer?
Answer: The Stratosphere contains the ozone layer. The highest concentration of ozone ( 03) is found at an
altitude of approximately 25 to 30 km. This layer shields the Earth from harmful ultraviolet (UV) radiation.
Question 116 Why is the Mesosphere the coldest layer?
Answer: The Mesosphere (50-85 km) is the coldest layer (temperatures drop to —93°C) because it lacks
significant concentrations of ozone or water vapor to absorb solar radiation. Unlike the stratosphere below it
(which is warmed by ozone absorbing UV), there is no internal heat source in the mesosphere.
Question 117 Describe how UV radiation contributes to ozone formation.
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Answer: High-energy UV radiation (wavelength < 242 nm) strikes oxygen molecules ( 0,) in the
stratosphere, splitting them into two atomic oxygen atoms ( O). These highly reactive oxygen atoms then
collide with other molecular oxygen ( 0,) molecules to form ozone ( 05).
0, + hv - 20
0+ 0, — 05

Question 118 Name two primary air pollutants.
Answer: Primary pollutants are emitted directly from sources. Examples include:

1. Carbon Monoxide ( CO): From incomplete combustion.

2. Sulfur Dioxide ( SO;): From burning sulfur-containing coal or oil.
Question 119 Give an example of a secondary pollutant.
Answer: Ozone ( 03) (specifically ground-level ozone) is a classic secondary pollutant. It is not emitted
directly but is formed by the chemical reaction of primary pollutants like NO,and VOCs in the presence of
sunlight. Peroxyacetyl Nitrate (PAN) is another example.
Question 120 How are secondary pollutants formed? : :
Answer: Secondary pollutants are formed in the atmosphere through chemical reactions between primary
pollutants and normal atmospheric constituents, usually powered by energy from sunlight (photochemical
reactions). For example, Sulfuric acid ( H,S0,) is formed when S OZreacts W1th water and oxygen.
Question 121 Why are aerosols harmful? :
Answer: Aerosols (minute liquid or solid particles suspended in alr) are harmful because:

1. They scatter sunhght reducing V1s1b111ty and alterlng the, Earth's heat balance (coohng effect)

Answer: Fossil fuels (coal, oil, natural gas) contain carbon, hydrogen, sulfur, and nitrogen impurities. When
burned, they release vast quantities of Carbon Dioxide ( C0,) (greenhouse gas), Sulfur Dioxide ( SO,),
Nitrogen Oxides ( NO,), and Particulate Matter 1nt0 the atmosphere, which are the primary drivers of
smog, acid rain, and global warming. : :
Question 123 How does agriculture release ammonia into the air?
Answer: Agriculture releases Ammonia ( NH;) primarily through the decomposition of livestock waste
(manure and urine) and the application of nitrogenous fertilizers (like urea) to soils. The volatile ammonia gas
escapes from the soil and waste lagoons into the atmosphere.
Question 124 Compare lndustrlal and domestic sources of air pollutants.
Answer:

e Industrial Sources Include power plants, factories, and refineries. They emit large-scale pollutants

like SO,, metallic dust, and chemical solvents.
e Domestic Sources: Include household heating, cooking, and waste burning. They emit pollutants on a
smaller, localized scale, such as COfrom stoves and smoke from burning trash.

Question 125 What is the impact of urbanization on air quality?
Answer: Urbanization concentrates population, vehicles, and industries in small areas. This leads to a high
density of emission sources, resulting in elevated levels of NO,, CO, and particulates. The "Urban Heat
Island" effect also accelerates the formation of photochemical smog.
Answer: Global warming is the long-term rise in the average temperature of the Earth's climate system. It is
primarily caused by the Greenhouse Effect, where increased concentrations of greenhouse gases (like C0,)
from human activities trap heat in the atmosphere that would otherwise escape into space.
Question 127 Which gas has the highest heat-absorbing potential?
Answer: Per molecule, Chlorofluorocarbons (CFCs) and Methane ( CH,) have a much higher heat-
absorbing potential (Global Warming Potential) than Carbon Dioxide. However, CO,is the most significant
contributor overall due to its sheer abundance.
Question 128 How do particulates cause cardiovascular issues?
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Answer: Fine particulates ( PM, 5) are small enough to pass from the lungs into the bloodstream. Once in the
blood, they cause systemic inflammation, oxidative stress, and can lead to plaque buildup in arteries
(atherosclerosis), increasing the risk of heart attacks and strokes.
Question 129 What is the impact of PAN on plant life?
Answer: Peroxyacetyl Nitrate (PAN) is highly toxic to plants. It damages the waxy coating of leaves and
attacks the cellular structure, leading to '""bronzing' or "glazing" of the leaves. It also inhibits photosynthesis,
reducing plant growth and crop yields.
Question 130 Explain the role of NO2 in acid rain.
Answer: Nitrogen Dioxide ( NO,) reacts with water vapor and oxygen in the atmosphere to form Nitric Acid
(HNO5).
4NO, + 2H,0 + 0, —» 4HNO;

This strong acid dissolves in rain droplets, lowering their pH and resulting in acid rain..
Question 131 How can smog formation be reduced in cities?
Answer:

1. Catalytic Converters: Installing them in vehicles to reduce NO,and VOC emrssrons

2. Public Transport: Reducing the number of private cars on the road:

3. Fuel Standards: Using cleaner fuels (unleaded, low-sulfur).

4. Regulations: Controlling industrial emissions and open burmng
Question 132 Define the Greenhouse Effect. o
Answer: The Greenhouse Effect is the natural process by which the Earth's atmosphere traps energy from the
Sun. Greenhouse gases allow short-wave solar radiation to reach the surface but absorb the long-wave
infrared radiation reflected back by the Earth. This trapped heat hiaintarns the planet's temperature at a level
suitable for life.
Question 133 Name one heavy metal pollutant affectlirg hliman health.
Answer Lead (Pb) i isa significant heavy metal pollutant pr1mar1ly from old leaded fuels and industrial
ch1ldren and kidney failure. VU W
Question 134 Why are motor vehicles. cons1dered mobile pollution sources? Answer: They are classified
as mobile sources because they move from place to place while emitting pollutants. This mobility makes their
pollution difficult to contain in one specrﬁc area, as they distribute exhaust gases ( CO, NO,, VOCs) across
vast urban and rural networks. - .-
Question 135 Calculate moles of HC] neutralized by 2.1 g of baking soda (NaHCO3).
Answer: Reaction: NaH603 +HCl'— NaCl + H,0 + CO,(1:1 mole ratio).

1. Molar mass NaHCO; = 23 + 1 + 12 + 3(16) = 84g/mol.

2. Moles NaHCO; = 542/19 = 0.025mol.

3. Since ratio is'1:1, Moles HClneutralized = 0.025 mol.
Question 136 What volume of H2 at STP is produced from 7.0 g of Iron and H2SO4?
Answer: Reaction: Fe + H,50, — FeS0, + H,.
Molar mass Fe = 56g/mol.
Moles Fe = 22 = 0.125mol.

Ratio Fe: H,is 1:1, so Moles H, = 0.125mol.
Volume at STP = 0.125 X 22.414dm3.

= 2.80dm3

Question 137 Differentiate between Actual Yield and Percentage Yield.
Answer:
e Actual Yield: The amount of product experimentally obtained from a reaction. It is a mass quantity
(e.g., grams).
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o Percentage Yield: The efficiency of the reaction, calculated as the ratio of actual yield to theoretical
yield multiplied by 100. It is a dimensionless percentage.

Question 138 Why must electrons lost equal electrons gained in balancing redox reactions?
Answer: This requirement stems from the Law of Conservation of Charge. In any chemical process, electric
charge cannot be created or destroyed. Therefore, the total number of electrons released by the reducing agent
(oxidation) must be exactly accepted by the oxidizing agent (reduction) to maintain electrical neutrality.
Question 139 Define Oxidation Number.
Answer: Oxidation number (or state) is the apparent charge assigned to an atom in a compound, assuming
that the bond is completely ionic. It represents the number of electrons lost, gained, or shared by the atom to
form the bond.
Question 140 Find the Oxidation Number of Mn in KMnO4.
Answer:

Kis Group 1 (+1), Ois usually (-2).
1( +D)+Mn+4( -2)=0

1+Mn—-8=0
Mn = +7

Question 141 Why is the mole used by chemists as a unit?

Answer: Atoms and molecules are incredibly small and react in vast numbers The mole (

6.02 x 1023particles) provides a bridge between the microscopic world: of atoms and the macroscopic world
of grams. It allows chemists to weigh substances in the lab (grams) and know they are working with specific
ratios of atoms.

+1 e

Question 142 How is molar mass related to the perlod_lg tab!e"

Answer: The molar mass of an element (in grams per mole) is numerically equivalent to its relative atomic
mass (atomic weight) listed in the periodic table For example, Carbon's atomic mass is 12.01 amu, so its
molar mass is 12.01 g/mol. .

Question 143 Do 1 mole of glucose and 1 mole of water contain equal molecules?

Answer: Yes. By definition, 1 mole of any-substance contains Avogadro's number of particles ( 6.02 X 10%3).
Therefore, 1 mole of glucose ( C¢H;,04) and 1 mole of water ( H,0) both contain exactly 6.02 X

1023molecules despite having dlfferent masses and sizes. +1

Answer: During electrolysis, a cation (pos1t1vely charged 10n) is attracted to the Cathode (negative
electrode). Upon reaching the cathode, the cation gains electrons (is reduced) to become a neutral atom or
molecule. Example: Cu®* 4 2e™ = Cu.

_LONG QUESTION :5

1. Explain the four quantum numbers with their names, symbols, possible values, and significance. Also
write their formulae where applicable.

2. Draw the shapes of s, p, and d-orbitals. Justify these by keeping in view the azimuthal and magnetic
quantum numbers.

3. Describe Aufbau Principle, Pauli Exclusion Principle, and Hund’s Rule with diagrams.

4. Discuss the variation of first ionization energies across a period and down a group with reasons.

5. Explain the Bohr and Schrodinger models of the atom. How did the concept of energy levels change with
quantum mechanics?

6. Explain the method to determine the number of protons, neutrons, and electrons in atoms and ions, with
the help of suitable examples.

7. Hydrogen bonding is present in H:0, NH;, HF, (CH3):CO and CHCI; molecules. Sketch structures and
discuss briefly.
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8. Compare the hydrogen bonding in water, ammonia, and hydrogen fluoride. How does this bonding
affect their physical states and boiling points?

9. What are London dispersion forces? Give examples, and discuss the factors affecting these forces.

10. Discuss the structural changes when water turns into ice. Justify the empty spaces in its crystals as
compared to H:0 at 4 °C and lower density of ice.

11. Discuss the factors that affect the boiling point of liquids with examples. Explain how intermolecular
forces influence the boiling points of water and ethanol.

12. What are liquid crystals? How are they different from solids and liquids? Explain with their properties
and uses.

13. Compare crystalline and amorphous solids.

14. Describe the following properties of crystalline solids: (i) Geometrical shape (ii) Melttng point (iii)
Cleavage plane (iv) Habit of a crystal.

15. Explain the Ideal Gas Equation (PV = nRT).

LONG UESTION 6

1. What are the postulates of VSEPR model? Discuss the structures of the followmg species with reference
to this theory: (i) CH: (ii) NH; (iii) H;O" (iv) PCls (v) SO: (vi) SFs . .

2. Explain the orbital hybridization for CHs«, NHs, BF, and BeCL. _

3. Describe the molecular orbital diagram of oxygen (0:). Explain its bond order and magnetic behavior.
4. Draw and explain the molecular orbital diagram for nttrogen (Nz) What type of bonding exists?

5. Differentiate between Sigma and Pi Bonds in detail. .. .~

6. Differentiate between sp, sp’ and sp’ hybridization. .

7. Explam the postulates of collision theory. Also describé 'the' terms "effective collision" and "activation
energy'’ w:th the help of dtagrams or examples. o

9 Discuss in detail the five major factors that affect the rate of a chemtcal reaction wzth examples.

10. Explain the difference between order of reaction and molecularity with examples.

11. Define rate law, rate constant, and order ‘of reaction. Derive units of k for first and second-order
reactions. : -

order, first order and second Qrdéi'ji'édétion 2

13. Calculate the reaction rate if the concentration of A is 0.5 M, the concentration of B is 0.2 and the rate
constant k is 4.0M s, Gi'ven th'e- rate law for a reaction: Rate = k[A][B]>

LONG QUESTION :7

1. Define and explam the law of mass action and derive the expression for the equilibrium constant ( K )
for a general reaction: aA + bB = ¢C + dD.

2. State Le-Chatelier’s Principle. Explain its application with respect to changes in concentration,
temperature, pressure, and use of a catalyst.

3. Synthesis of ammonia by Haber’s process is an exothermic reaction. What should be the possible effect
of change of temperature, pressure, and concentration at the equilibrium stage?

4. The change of volume or pressure for the following reactions only changes the equilibrium position.
Discuss how the direction changes for: (i) 2H, + 0, = 2H,0(ii) N0, = 2NO,.

5. Ethanol reacts with ethanoic acid to form ethyl ethanoate and water.

6. Propanone reacts with hydrogen cyanide. At equilibrium, the concentration of the product is 0.0233 mol
dm=3. Calculate K .given initial concentrations were 0.0500 mol dm=3

7. Define pH and pOH. Derive their mathematical expressions and prove that pH + pOH = 14at 25°C.
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8. Define ionization constant ( K ) of acids. Derive the expression for K ,of a weak acid and explain its
significance in distinguishing strong vs. weak acids.

9. What is a buffer solution? Explain the working mechanism of acidic (CH3COOH/CH3;COONa) and
basic buffers with examples.

10. What is the common ion effect? Explain with examples how the addition of a common ion affects the
ionization of weak acids using Le Chatelier’s Principle.

11. The ionic product of water (K,,) is 1.0 x 10~ *a¢ 25°C. If [H"] = 1.0 x 10~ M, calculate [OH],
PH, and pOH.

12. Explain the use of Solubility Product ( K sp) in predicting precipitation vs. solubility.

13. Calculate the solubility of a sparingly soluble salt lead (Il) iodide ( Pbl,) in water. It has K¢, =

1.4x 1078

14. Ca(OH): is a sparingly soluble compound. Its solubility product is 6.5 x 107°, Culculate the solubility
of Ca(OH)..

15. A buffer solution has a pH of 5.0. It is made from a weak acid HA wzth a pK aof 4 8 What is the ratio
of [A"]to [HA]?

LONG UESTION':S

1. Describe the halogenation of methane using the free radtcal cham mechanism. Include initiation,
propagation, and termination steps. e

2. Describe the mechanism of electrophilic addition of hydrogen halides to alkenes. Discuss Markovnikov’s
Rule in the context of hydrogen halide addition. S

3. Describe the important reactions of alkenes mcludmg hydrogenatlon, halogenation, hydration, and
ozonolyszs with equattons

(u) Dehydration of alcohols.
5. Explain the structure and bonding in ethene How does it affect the reactivity of alkenes?

6. What is geometrical isomerism in alkenes9 Tllustrate your answer with appropriate structural examples.
Unit: Environmental Chemistry . ' :

7. Explain the characteristics, helght ranges, and temperature variations of the four main layers of the
atmosphere. ..

8. Write short notes on the followmg (i) CFCs and ozone layer depletion (ii) Greenhouse effect and global
warming.

9. How does fossil fuel burnmg cause acid rain? Discuss in detail with chemical reactions.

10. Discuss the effects of major air pollutants (CO, SOz, NO:, Os, PAN, particulates) on human health and
the environment. .

11. Define primary and secondary pollutants. Explain their sources and harmful effects with examples.

12. Explain the major natural and anthropogenic (man-made) sources of air pollution with examples.

LONG QUESTION :9

1. Describe the industrial and laboratory preparation of ammonia. Also give chemical equations and tests
for its identification.

2. How oxides of nitrogen (NOx) cause the formation of photochemical smog and PAN? Give its
mechanism.

3. Describe the processes of nitrification and denitrification with the help of relevant chemical equations
and bacterial names.
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4. Explain the Bronsted-Lowry basic character of ammonia. How is it converted into NH" ion and what is
the geometry of this ion?

5. Discuss the structures, oxidation states, physical properties, and uses of at least three oxides of nitrogen.

Unit: Sulfur and its Compounds

6. Describe the different oxidation states shown by sulfur and explain their stability with reference to
compounds like H:S, SO, SOs, and Ss.

7. Discuss the important chemical reactions of sulfur with oxygen, hydrogen, chlorine, water, and metals.
Include balanced equations.

8. Describe the uses of sulfur and its compounds in industry, agriculture, and medzcme

9. Explain the trend in oxidizing power of halogens down group 17. Support your answer wzth reactions
and ionic equations.

10. Describe the reactions of halogens with hydrogen. Compare their reaoﬂvtly trend and write balanced
chemical equations.

11. Describe how chlorine purifies drinking water. Include chemical reédctionis and the role of HCIO and
Clo- K o ©

12. Describe the displacement reactions of halogens with haltde ions and relate them to oxidizing strength.
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