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SYLLABUS
Unit I: Solutions (10 Periods)

Types of solutions, expression of concentration of solutdisslids in liquids, solubility of gases in
liquids, solid solutions, Raoult's law, colligative propertieslative lowering of vapour pressure,
elevation of boiling point, depression of freezing point, osmotic pressure, determination of molecular
masss using colligative properties, abnormal molecular mass, Van't Hoff factor.

Unit Il: Electrochemistry (12 Periods)

Redox reactions, EMF of a cell, standard electrode potential, Nernst equation and its application to
chemical cells, Relation between Gibloeryy change and EMF of a cell, conductance in electrolytic
solutions, specific and molar conductivity, variations of conductivity with concentration, Kohlrausch's
Law, electrolysis and law of electrolysis (elementary idea), dryetetitrolytic cells an@Galvanic cells,
lead accumulator, fuel cells, corrosion.

Unit lll: Chemical Kinetics (10 Periods)

Rate of a reaction (Average and instantaneous), factors affecting rate of reaction: concentration,
temperature, catalyst; order and molecularity of a reactaie law and specific rate constant, integrated
rate equations and hdife (only for zero and first order reactions), concept of collision theory
(elementary idea, no mathematical treatment), activation energy, Arrhenius equation.

Unit IV: d and f Blo ck Elements (12 Periods)

General introduction, electronic configuration, occurrence and characteristics of transition metals, general
trends in properties of the firsbw transition metals metallic character, ionization enthalpy, oxidation

states, ionicadii, colour, catalytic property, magnetic properties, interstitial compounds, alloy formation,
preparation and properties 0§®r.0O7and KMnQ. Lanthanoids Electronic configuration, oxidation
stateschemical reactivity and lanthanoid contraction @adonsequences. Actinoid&lectronic

configuration, oxidation states and comparison \ettthanoids.

Unit V: Coordination Compounds (12Periods)

Coordination compoundsintroduction, ligands, coordination number, colour, magnetic properties and
shaps, IUPAC nomenclature of mononuclear coordination compounds. Bonding, Werner's theory,
VBT, and CFT,; structure and stereoisomerism, importance of coordination compounds (in qualitative
analysis, extraction of metals and biological system).

Unit VI: Haloalk anes and Haloarenes. (10 Periods)

Haloalkanes: Nomenclature, nature 6fbond, physical and chemical properties, optical rotation
mechanism of substitution reactions. Haloarenes: NaturéXf0nd, substitution reactions

(Directive influence of halogeim monosubstituted compounds only). Uses and environmental effects
of - dichloromethane, trichloromethane, tetrachloromethane, iodoform, freons, DDT.



Unit VII: Alcohols, Phenols and Ethers (10 Periods)

Alcohols: Nomenclature, methods okparation, physical and chemical properties (of primary alcohols
only), identification of primary, secondary and tertiary alcohols, mechanism of dehydration, uses with
special reference to methanol and ethanol. Phenols: Nomenclature, methods of prephsaicel and
chemical properties, acidic nature of phenol, electrophillic substitution reactions, uses of phenols. Ethers:
Nomenclature, methods of preparation, physical and chemical properties, uses.

Unit VIII: Aldehydes, Ketones and Carboxylic Acids (10 Periods)

Aldehydes and Ketones: Nomenclature, nature of carbonyl group, methods of preparation, physical and
chemical properties, mechanism of nucleophilic addition, reactivity of alpha hydrogen in aldehydes,
uses. Carboxylic Acids: Nomenclature, acidature, methods of preparation, physical and chemical
properties; uses.

Unit IX: Amines (10 Periods)

Amines: Nomenclature, classification, structure, methods of preparation, physical and chemical
properties, uses, identification of primary, secondary arighty amines. Diazonium salts: Preparation,
chemical reactions and importance in synthetic organic chemistry.

Unit X: Biomolecules (12 Periods)

Carbohydrates Classification (aldoses and ketoses), monosaccharides (glucose and fructose), D
configuration oligosaccharides (sucrose, lactose, maltose), polysaccharides (starch, cellulose, glycogen);
Importance of carbohydrates. ProteiBgementary idea ofamino acids, peptide bond, polypeptides,
proteins, structure of proteingprimary, secondary, tertia structure and quaternary structures

(qualitative idea only), denaturation of proteins; enzymes. Hormdakesnentary idea excluding

structure. Vitamins Classification and functions. Nucleic Acids: DNA and RNA.



UNIT I: SOLUTIONS

A solution is a homogeneous mixture of two or more chemically-me@tting substances. Solutions
are the homogeneous mixtures of two or more than two components. A solution

havingtwo components is calledmary solution. It includessolute and solvent

A solution may be classified a®lid, liquid or a gaseous solution

Concentration: It is the amount of solut® given amount of@ution.

1. Mass by mass percentage (wwMass @ the solute dissolved in 1000 solution.

Mass % of component = Mass of the component in the solution ~ x 100

Total mass of the solution

2.  Molarity (M): Itis the numbepf moles of solute present in 1L of solution.

Molarity (M) = Mass of solute (w) x 1000
Molar mass of solute x Volume of solution (ml)
3. Molality (m): It is the number of moles of solute present in 1kg of solvent.

Molality (m) = Mass of solute (w) x 1000
Molar mass of solute x Mass of solvent (g)

Saturated solution: It is a solution in which no more solute can be dissolved at the same temperature and
pressure.

In endothermic process, solubility increases with increase in temperature.

In exothermic process, solubility increases with decrease in temperature.

Solubility is defined as the amount of solute in a saturated solution per 100g of a solvesttiubliey

of a gas in a liquiddepends upon:

(@) the nature of the gas and the nature ofithad,

(b) the temperature of the systeamd

(c) the pressure of thgas is governed by e n r y 6.s P E KmX

Ra o ul t ahe vapoanpressure of a solution containing avaatile solute is directly proportional
to the mole fraction of the solvent £X The proportionality constant being the vapour pressure of the

pure solvent, Pa o Xa
Pa= Pa° Xa
Liquid solutions can be classified into two types; ideal andideal solutions.
Ideal Solution:When a solution obey Raoultés |l aw for all/l
known as an ideal solutiorHere
(i) gHmix =0 mix=0 (i) P=1Pd° Xa (VYPa=Pa° Xa (V) Ps=Ps° Xs

Examples- Benzene and toluene, hexane and hep@r@moethane and Chloroethaate.

Non-ideal Solution:

() When a solution does not obey Raoultdos | aw f
is known as a nordeal solution. A nondeal solution may showgsitive or negative deviatidrom

Raoulawt 0 s

(i) o bhix 1 O

(iii) P Vhix | O

E.g. acetone and benzene, carbon disulphide and acetone etc.
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Colligative properties of solutionsare those properties which depend only upon the number of
solute particles in theolution and not on their nature.
Such properties are:

(@) Relative lowering in vapour pressure,
(b) Elevation of boilingpoint,
(©) Depression of freezing point and
(d) Osmoticpressure.
@ Relative lowering in vapour pressureAc cor di ng t o Ra o lowariigef L aw,
vapour pressure of a solution is equal to the mole fraction sbllée.
Pa®- Pa =Xs
Pa°
Mp = wa Ma

Wa (Pa?—Pa)/P4%)

(b) Elevation of boiling point: Boiling point of a liquid is the temperature at which its vapour

pressurdecomes equal to the atmospheric pressureze 5= Tp- Tp°

Theelevation in boiling pointis found to be proportional to the molality of the solution.
&b Um

2Th=Kom,

2 T=Kom = (Ko X wWg X 1000)/Ms X Wa

Mz = (Kb x wg x 1000)
ATy X Wa f
(c) Depression of freezingpoint: Freezing point is the temperature at which the solid and the
liquid states of the substance have the same vapour press@@¥=T°1 Ty
Thedepression in freezing poin{ ag)Tis proportional to the molality of the solution.
@Tu m
& T= Kim Where Kis molal depression constant)

& T=Kirm = (K x wg x 1000)/Ms X Wa

Mz = (Kt x wz x 1000)

ATsrx wa
(d) Osmosis:Theflow of solvent molecules fromlawer concentratiomto ahigher
concentratiorsolution when th two are separated bysamipermeable membrane.

Osmot i c p isehs grassue which must be applied to the solution side (more concentrated
solution) to just prevent the passage of pure solvent into it through a semipermeable membrane.

= CcRT
Mg = wg RT
'V
where” is the osmotic pressure of the solutidhjs the concentration of solutions is the number of moles

of solute, M is the molar mass of the solutejsthe volume of the solution in liters,
R is the gas constant, and T is the temperature on the Kelvin scale.

Reverse OsmosisThe direction obsmosis can be reversed if a pressure larger than the osmotic pressure is
applied to the solution side. That is, now the pure solvent flows out of the solution through the semi
permeable membrane. This phenomenon is called reverse osmosis
Isotonic solutions - same osmotic pressure.= 2Also, G=C;
Hypertonic solutions- more osmotic pressure thathersolutions.
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Hypotonic solutions- less osmotic pressure than other solutions
Abnormal molecular mass:A molar mass that is either lower or higher than the expected or normal value is called as
abnormal molar mass

VantHofffactor: I n 1880 Vanot Hoif f khotwvhnodescétheaVhaodot o HO
for the extent of dissociation or asgdmn. This factor is defined as:

i = Normal molar mass / Abnormal molar mass

= Observed colligative property / Calculated colligative property

i = Total number of moles of particles after association/dissociation
Number of moles of particles before association/dissociation
Duetovanét Hoff factor modifies the equations for

Relative loweringdf vapour pressure of solvent, Pa°- Pa = iXg
Pa°
Elevation of Boiling point, &p=1Kpm
Depression of Freezing point, &lr=1Kim
Osmoticpressuref solution, =ingRT/V

Values ofi for KCI-- 2, NaCl--2, MgSQ: --3 andK2SOQw --- 3
MCQ
1. Low concentration of oxygen in the blood and tissues of people living at higltitude is due to

() low temperature

(i) low atmospheric pressure

(iii) high atmospheripressure

(iv) both low temperature and high atmospheric pressure

Ans. (i)

Explanation: At high altitude, due to low atmospheric pressure the solubility of oxygen
in blood get decreased.

2. Considering the formation, breaking and strength of hydrogen bondpredict which

of the following mixtures will show a positive
(i) Methanol and acetone. (ii) Chloroform and acetone.

(iii) Nitric acid and water. (iv) Phenol and aniline.

Ans. (i)

Explanation: A-A interaction is greater thahe A-B interaction. Intermolecular

hydrogen bonding in methanol is more than methanol and acetone. So, methanol and

acetone mixtures will show a positive deviation
3. Colligative properties depend on
(i) the nature of theolute particles dissolved in solutlon

(i) the number of solute particles in solution.

(iii) the physical properties of the solute particles dissolved in solution.
(iv) the nature of solvent particles.

Ans. (ii)

4. Which of the following aqueous solutios should have the highest boiling point?
(i) 1.0 M NaOH (i) 1.0 M Na2s0O4

(i) 1.0 M NH4NO3 (iv) 1.0 M KNO3

Ans. (ii)

Explanation: In 1.0 N Na2SO4 solution i> 1. So, thg no. of ions dissociated will be more.



5. The unit of ebulioscopic constant is

(i) K kg moli 1 or K(molality)}1 (i) mol kg Ki 1 dr Ki 1(molality)
(iif) kg moli 1 Ki 1 or Ki 1(molality)i 1 (iv) K mol kgi 1 or K(molality)
Ans. (i)

6. In comparison to a 0.01 M solution of glucose, the depression in freezing point of a
0.01 M MgCI2 solution is

(i) the same (i) about twice (iii.) about three timegiv) about six times
Ans. (iii)
Explanation:vanot . HiavigClh=3Ftratiswhydepression in freezing point will be three times.

7. An unripe mango placed in a conentrated salt solution to prepare pickle, shrivels
because

(i) it gains water due to osmosis. (ii) it loses water due to reverse osmosis.
(iii) it gains water due to reverse osmosis. (iv) it loses water due to osmosis.
Ans. (iv)

8. At a given temperature, osmotic pressure of a concentrated solution of a substance

(1) is higher than that at a dilute solution(ii) is lower than that of a dilute solution.
(i) is same as that of a dilute solution. (iv) cannot be compareslith osmotic pressure of dilute solution.

Ans. (i)

9. A plant cell shrinks when it is kept &

(a) hypotonicsolution (b) hypertonicsolution (c) isotonicsolution (d) purewater

Ans. (b) hypertonic solution

100. The values of vandaCtandkK2$3O4, rdspedively,are _ f or KCIL , N
()2,2and 2 (i) 2,2and 3 (i) 1,1and 2 (iv)y1,1and 1

Ans. (i)

Q11 Determine the osmotic pressure of a solution prepared by dissolving 25 m8@fii 2 litres of

water at 25° C, assuming thiais completely dissociated.

Ans. If Kx2SQyis completely dissociated, then i =3

Molar mass of KSQyw= 174

= i e\BRE=iwsRTMzgV)

=3x25x10°x 0.082 x 298 /174 x 2

" = 5 32ah. x 10

Q12. a) Molal elevation constant for benzene is 2.52 K/m. A solution of some organic substance in benzen
boils at 0.1260C higher than benzene. What is the molality of the solution?

b)Whatarea he val ues of vanét Hoff factor for NaCcCl a
Ans: a) Tb= Kb m , molality=0.05m
b) 2 and 3

Q13. a) State Henryds | aw.

b) Which cold drink you prefer one chilled or other one at room temperature and why?

C)At the same temperature hydrogen is more soluble in water themt&V/hich of them will have higher
value of Ky and why?
Ans: a) Mole fraction of gas in the solution is directly proportional to partial pressure of gas in the vapour phase
b) Chilled as solubility of CO2 is more at low temp.
c) Helium as greater theHKvalue lower the solubility
Q4. Cal cul ate Henryos | aw X5(atodctgasnvith rottdmegy like he s ol u
smell)in water at STP is 0.195 m
Answer: Moles of HS=0.195,Moles of water = 55.55, Mole fraction =0.003K+x, Kn=p/x=0.987
bar/0.0035 =282 bar
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Q15.Find the vapour pressurewhterand its relative lowering in the solution which is 50 g of
urea(NHCONH,) dissolved in 850 gof water. (Vapour pressure of pure water at 288 K i
23.8mmHg)
Answer:  Mole of urea= 50/600.833,
Moles of water=850/18=47.222 Mole fraction of urea=0.0173

PPAT Pa)/PPa= Xa, Pa=23.39
23.39 mm of Hg, the vapour pressure of water in the given solution is 23.39 mm of kg and
relative lowering is 0.0173.

Q16. What is meant by positive deviations from Raoult’s law? Give an example. What is the sign of [ImixH
for positive deviation?

Ans :Positive deviation :For nonideal solutions,if the vapour pressure is higher, therstiis$ toexhibit
positive deviationA Binteractions are weaker thanAor B Binteractions. Due to this,vapour pressure
increases which results in positive deviation. In positive deviation, intermoléordardecreases, volume
increases, vapour preses increases. enthalpy increaseiserefore, [IHmMix= +ve,[1Vmix= + ve.e.g,
ethanol + acetone and carbon disulphide + acetone show positive deviation.

Q17. Define azeotropes. What type of azeotroge i
example.

Ans: Azeotropes are the binary mixtures of solutions that have the same composition in liquid and vapour
phases and that have constant boiling points. It is not possible to separate the compareatsopks by
fractional distillation.shown g a | ar ge posi t i v eatadgewiicaomposition. For o m
example an ethanolwater mixture containing approximately 95%

ethanol by volume

Q18 If 1.202 g mltis the density of 20% aqueous KlI, determine the following:

(a) Molality of KI (b) Molarity of KI (c)Mole fraction ofKI

Ans. 20% solution of KI means 20g of Kl are present in 100g of solution or 80g of water.

(@) Molar mass of Kl =166

Moles of Kl = 20/166 = 0.120 Molality =0.120 x 1000 /80 = 1.5 m

(b) Volume of solution = 100/1.202 = 83.18 Molarity = 0.120 x 1000/ 83.19=1.M

(c) Moles of KI = 20/166 = 0.120 Moles of water = 80/18 = 4.44

Mole fraction of K1 0.120/(4.44+0.120) = 0.0263

Q109. List any four factors on which the colligative propertés solution depend.

Ans: (i) Number of particles of solute

(ii) Association or dissociation of solute

(i) Concentration of solute

(iv) Temperature

Q20. Outer hard shells of two eggs are removed.One of the egg is placed in pure water and the

other is paced in saturated solution of sodium chloride. What will be observed and why?

Ans: The egg placed in pure water will swell because the concentration of proteins is high insideathe egg
compared to water. Theerefore, endosmosis occurs and water difftaesgh the semipermeabieembrane.
The egg which is placed in sodium chloride solution will shrink due to osmosis of water

out of the egg.

Q21. 2 g of benzoic acid @E1sCOOH) dissolved in 25 g of benzene shows a depression in freezing
point equal to 1.6K. Molal depression constant for benzene is 4.9 K kg indlVhat is the
percentage association of acid | fit forms dimer in solution?

Answer: Ms = 241.98 g mot, Molecular mass of §&lsCOOH = 122 g mol
12CsHsCOOHe (CsHsCOOH),
Degree of association benzoic acid in benzene=99.2%
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Q22. 0.6 mL of acetic acid (C3€OO0H), having density 1.06 g i, is dissolved in 1 litre of

water. The depression in freezing point observed for this strength of acid was 0.0205°C.

Cal cul ate t he Van @ariatibhadnstantfobacid. or and t he di s

Answer: Molality=0.0106molkg, 0. 0197 K Vandét Hoff factor (i) =1
Dissociation constant of acid Ka =1.86 ¥10

Q23.Determine the amount of Cai= 2.47) dissolved in 2.5 litre of water such that its osmotic
pressure i§.75atm at 27° C.

Answer:ii= 2. 47, ) RTnec RT = i (n

=0.0308 mol

Amount of CaC dissolved=0.0308x111=3.42g.

Q24.Determine the osmotic pressure of a solution prepared by dissolving 25 ri§@fiK 2 litre of
water at 25° C, assuming that it is completely dissociated.
Answer: IfK>SQuis completely dissociatedierei= 3

5 ¢ RT =i (ns/V)RT =i(wg/ Mg V)RT=5.27 x1Catm.

Q25. How much of sucrose is to be added to 500 g of water such liegisiat 100°C if the mol are
levation constant for water is 0.52 K kg maind the boiling point of water at 750 mm Hg is
99.63°C?
An s wepwl100299.63=0.3%, ws =121.67 g,
The amount of sucrose that is to be added is 121.67 g
Assertion and Reason Typ&uestions
In the following questions two statements are givame labeled Assertion (A) and the other labeled Reason
(R). Select the correct answer from the codes (a), (b), (c) and (d) as given below:
(a) Both Assertion (A) and Reason (R) are correct statesnend Reason (R) is the correct explanation of
Assertion (A).
(b) Both Assertion (A) and Reason (R) are correct statements but Reason (R) is not the correct explan:
of Assertion (A).
(c) Assertion (A) is correct but Reason (R) is incorrect statement.
(d) Assertion (A) is incorrect but Reason (R) is correct statement.

1. Assertion (A) : A mixture of chloroform and acetone forms ait@al solution with positive deviation.
Reason (R) : Acetone is more volatile than chloroform.
2. Assertion (A) :In reverse osmosis, pressure higher than osmotic pressure has to be applied.
Reason (R) : Higher pressure pushes the solution from one side of the semipermeable membrane to tt
other side
3. Assertion (A) : Out of various colligative properties, osmotic pressure is used for determination of
molecular masses of polymers.
Reason (R) : polymer solutions do not possess constant boiling poirezin§r@oint.
4. Assertion (A) : Molarity of a solution in liquid state changes with temperature.
Reason (R) :The volume of a solution changes with change in temperature.
5. Assertion (A) : When methyl alcohol is added to wateiljrigppoint of water increases.

Reason (R) : When a volatile solute is added to a volatile solvent, elevation in boiling point is
observe.

1. (d) 2, © 3. (b) 4. (@) 5. (d)
12



UNIT I _ELECTROCHEMISTRY
Electrochemical cell:A device in which chemical energy of the redox reaction is converted into electrical
energy. e.g., Daniel cell or Galvanic cdlhe overall cell reaction is:

- Galvanometer

s G e Zn(s) + Cu2+ (aq) Y Zn2+ (aq)
Anode - sakt bridge + Cathode The Daniel celis represented as :
Y e H I Zn(s)| Zn2+(aq)(C1) || Cu2+(aq) (C2)| Cu(s)
Oxidation half Reduction half

Salt Bridge and Its Functions:It consists KCI, KNO3 or NH4CIt
helps in flow of ions by completing the circuitcthmaintains electrical
neutrality.
Measurement of electrode potentialPotential of individual hattell cannot be measured but we can
measure the difference between the two-belf potentials that gives the emf of the cell by using SHE
(Standard Hydrogeelectrode).

ECel =E%athode i Earode= EORiint i ECLett
Nernst equation It is an equation which gives the relationship between electrode potential and the
concentration of ions. For an electrode reaction (reduction reaction), Mn+ (afY+ né( s ) ,

Nernst equation can be written as:

ZnSOy, CuSOy,

Zn(s) —* Zn~ +2¢- Cu” + 2¢"— Cu(s)

_ po _RT [M] Where,Quz+m = Electrode potential,
EM”"’,."['-‘I = EMM+IM nF In [M“"'] . ’
i 2 303RT 1 Owme+m = Standard electrode potential
Emntm = Elpe \ —— 108 n=+] R =8.314JK /mol,

T = Temperature in kelvin,
n = No. of electrons gained, F = Faraday constant (96500 C /mol)
Substituting the value of R and F we get
0.0591

Epn+ i :E:ﬂan—Tlﬂgm at 298 K

Thus the reduction potentiahcreases with the increasetite concentration of ions.
Nernst equation can bewritten asfor a general reaction
aA+bBY cC+dD

Ecet=0 i - log

Electrochemical cell and Gibbs Free Energy:
The work done by a reversible galvanic cell is equal to decrease in its free energy.
Mat hemat Ox aitely , or
If concentration of all the reacting species is unity, {@eell ='Ccell
and wel Og eciGycelp
@'O= YWO®d or 1'O= T 2YoBQO3
Measurement of ConductanceThe resistance of electrolytic solution is determined by Wheatstone bridge
method having variable resistan€&l), fix resistance (R3 andR4) and unknown resistance (R2 = R) of
electrolyte solution. A null point detected by P detector such tiaf, Y2 ="Y3/'Y4 or R2 =Y1YA /Y3 The
reciprocal ofY2 gives the conductance (G)of the solution as,
I =1x|
Rx A =Gx G* I/A = G* (called as ceII1 gonstant).




Conductance of Electrolytic solutions:

Resistance (R)Obstruction to the flow of current, R =} | [/ A, Il ts SI uni t 1 s
Resistivity( }- Electrical resistance of a conductor of unit cresstional area and unit length.

} = R A [/ Its,Slunitis ohm metre
Limiting molar conductivity: When concentration approaches zero i.e., at infinite diluti@rtolar
conductivity is known as | imiting molar conduct

Variation of Conductivity and Molar Conductivity with Concentration:
For strong andweak electrolytes:  gareases as
\cH .COOH (Weak electrolyte) concentration decreases but does not reach a constant

\ value evera t infinite dilution.
\

-~ . e N e be determined experimentally.

Ko hl r au s clttstatss thatahe limiting molar

»
400

|

mol")

A (S om’

5 o5 . o% conductivity of an electrolyte can be represented as
s the sum of the individual contributions of the anion
and cationofthe | ect r o | Up_t:°e+.01 _ s C
Applications of Kohlrauschos | aw
(a) Calculation of molar conductivities of weak electrolyte at infinite dilution i.e.,
SA(CH3CO®HAM( CH3COONa) + sAm(HCI) T sAm( Na

(b) Determination of degree dfssociation of weak electrolytes: Degree of dissociation ( & / s & A
(c) Determination of dissociation constani of weak electrolytes: Ka = C 1% 1-7 .
Faradayods f i r s tThéamuntofcheeicatreactiorowhighsoccsrs gtelactrode during
electrolysis is proportional to the quantity of electricity passed through the electrolyte.
m=ZxI|xt where Z = Electrochemical equivalent
Faradayds s ec ondanmoanioifvaridus seibstanceds liberatgd oy the :same quantity of
electricity passed through the electrolytic solution is proportional to their chemical equivalent weights.
W1/E1l = W2/E2
Battery: Combination of galvanic celis series and used as a source of electrical energy.
(i) Primary batteries are neshargeable batteries such as Leclanche cell and Dry cell.
(i) Secondary batteries are chargeable cells involving reversible reaction.
Example, Lead storadgmttery and Nicketadmium cells.
Dry cell (Leclanche cell):The anode consists of a zinc container and the cathode is a graphite electrode
surrounded by powdered MnO2 and C. The space is filled with paste of NH4CI and ZnCl2.
At anode: A0 238 Y Atc@&hede: MnO2 (s) + NH4 +(aq)+2¥ Mn O( OH) +
The netreaction: Zn+NH@ a q) + M*% -ONOOH)Z INH3
Mercury cell: consists of zintmercury amalgam as anode and a paste of HgO and carbon as the cathode.
electrolyte is a paste of KOH and ZnO. The electrode reactions are:
Anode: Zn(Hg) +20HY ZnO(s) # H2O0 + 2e
Cathode: HgO(s) + H20+2¥ Hg (17 + 2 OH
Lead storage battery:Anodei lead . cathode lead oxide
Atanode:Pb(s)¥342(aq) Y PbBO4 (s) +2e
At cathode:PbO2 (s) + 4H+(aq) + SO4@q) +26 Y PbS0O4 (s) + 2H20(!)
Compl ete cell reacti on: Pb(s) + 002 (s) + 2H2
Recharge reactionofcel:Pb SO4 (s) +,2H20(I H2SO4 g (s) + PbO2 (



Nickeli cadmium cellwhich has longer life than the lead storage cell but is costly.

overallreacton Cd(s) + 2Ni (OH)3 (s)Y CdO(s) + 2Ni (OH)?2
Fuel cells:Electrical cells that are designated to convert the energy from ileustion of fuelssuch as
hydrogen, carbon monoxide or methane directly into electrical energy arefaalledlls. the cell reactions
are: Anode:2H2 () +40H( aq) Y 4H2 O (1) + 4e

Cathode: 02 (g) +2H2O(l) +4& 4 ©OHaq) Net reaction: 2H2 (g)

Corrosion: The process of slow conversion of metals into their undesirable compounds

by reaction with moisture and other gases present in the atmosgResting of iron:

. _oeermeswe - OXi dation: FeRs) Y Fe+2 (ag
Fe,0,. xH,O(Rust s TIIN\ W £ 0, de = 2H, . .
Y SEE N Reduction: 02(g) + 4H+(aq) + 4 2 H2 O( | )
b ot ctectrons Atmospheric oxidaon2 Fe +2 (s) + | 02

(9
Fe203 + 4H+(aq),Fe 203 + xH2O Y Fe20

Mechanism of rusting of air.

Prevention of Corrosion: (i) Barrier protection: By covering the surface with paint or a thin 6f grease or

by electroplating. (ii) Sacrificial protection: By galvanization.(iii) Alloying
Nameof cell/ Anode Cathode Electrolyte
battery
i hite MnO2 + NH4CIl+ ZnClI2 hi
Dry cell Zinc E%(r)%%hlfr?gcgt%ode% anoéé) nCl2 (touching
Mercury cell Zinc-mercury Paste of HgO & Paste of KOH &nO
(used in amalgam carbon
watches,hearin
g aids)
Leadstorage P H2S04(38%
pattery Lead Leaddioxide PbO2 (38%)
NGl Cadmium IO KOH solution
H202Fuelcell Porous carbon Porous carbon Conc.Ag. NaOHsolution
containing containingcatalysts
catalystgH?2 (O2passed)
passed)

MULTIPLE CHOICE QUESTIONS (1 MARKS)
Q1. Which metal is used as electrode which do not participate in the reaction but provides surface for

conduction of electrons? (a) Cu (b) Pt (c) Zn (d) Fe

Q2. An electrochemical cell can befedike an electrolytic cell when

(a) Ecell=0 (b) Ecell > Eext (c) Eext > Ecell (d) Ecell = Eext

Q3. Fused NaCl on electrolysis gives éééé.. on
(a) Chbrine (b) Sodium (c) Sodium amalgam (d) Hydrogen

Q4. The charge required for reducing 1 mole of MnQ@d Mn 2+ is

(@) 1.93 x 16C (b) 2.895 x 16C (c) 4.28 x°C (d) 4.825 x 16C

Q5. Which of the following is supplied to the cathode of a fuel cell?
(a) Hydrogen (b) Nitrogen (©) Oxygﬁp (d) Chlorine



Q6. The electrolyte used in the mercury cell is

(a) paste of NH4Cl and ZnClI2 (b) paste of HgO and carbon
(c) paste of KOH and ZnO (d) paste of PbO and H2S0O4
Q7. A device that conver energy of combustion of fuels like hydrogen and methane directly into electrical
energy is known as: (a) dynamo (b) NCd cell  (c) fuel cell (d) electrolytic cell

Q8. If limiting molar conductivity of Ca2+ and iCare 119.0 an@6.3 S cm2 mel, then the value dimiting
molar conductivity of CaCl2 will be

(a) 195.3 Scm2 mel (b) 271.6 Scm2 mdl (c) 43.3 S cm2 mel (d) 314.3 S cm2 mdl

Q9. Charge carried by 1 mole of electrons is

(a) 6.023 x 1023 coulomb (b) 9.65 x 104 coulomb(c) 1.6 x 1019 coulomb  (d) 6.28 x 1019 coulomb
Q10. The potential of a hydrogen electrode at pH 10 is

(a) 0.51 volt (B) O volt (0)591 volt (D) 0.059 volt
Answers :1(b), 2(c),3(b), 4(d), 5(), 6(c), 7(c), 8(b), 9(b), 10(c)

VERY SHORT ANSWER TYPE QUESTIONS (2 MARKS) |

Q11 I n the plot of mol ar conductf‘gm\ VS S
(C1/2), following curves are obtained for two electrolytes A and B sl

Answer thefollowing: g el

() Predict the nature of electrolytes A and B. J—

(ii1) What happens on extrapolation of sm to con
Ans. (i) A is a strong electrolyte whdldtemam® i s a

extrapolation to zero concentration is not possible.Hence, molar conductivity at infinite dilution cannot be
determined.
Q12 . Ca | i60udnalbgenforthe following reaction at 298 K :
2Cr(i) + 3Fe2+(x))  2Cr3+@) + 3Fe() Given:E°cell =0.30 V
Ans. Here n=6, P G A-nEE°cell =6x96500x.3 =1737.7KJ/mol,
E°cell = 0.0590og0ain  or logKc =n x E°cell0.059 = 30.5084
Q13. Three iron sheets have been coated separately with three imetiatk) whose standard electrode
potentials are given below. Identify in which rusting will takes place faster when coating is damaged.

Metal 0 0 0 Iron
QA 10.46 V i10.66 V 10.20 V 0.
Ans. As iron (10.44 V) has |l ower standard reduc

coating is broken, rusting will take place faster.
Q14. Can you store copper sulphate solutions in a zinc pot?
Ans. For this we have to check whether the following reaction will take place or not.

Zn(i) + CuSO4 @) ZnSO4 (M) +Cuf) Ccell=CACu2+/O€Zn2+/ Zn = 0. 3Y 1
As C'cell is positive, the reaction will take place so No.
Q15. Write the cell reaction of a lead storage battery when it is discharge electrolyte change when the batt
is discharged?
Ans. Pb+ PbSO4 + 2H: SO4Y 2PbS04 + 2HO
Density of electrolyte dzweases because water is formed and sulphuric during discharge of the battery.
Q16. Why on dilution theZzm of CH3COOH increases drastically while that of CH3COONa increases gradually?

Ans. CH3COOH is a weak electrolyte, the number of ions increadgution due to an increase in degree of

dissociation.
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Q17. (a) Which type of a metal can be used in cathodic protection of iron against rusting?

(b) Write the name of the electrolyte used in fuel cell
Ans. (a) More electropositive than iron swahAl, Zn, Mg etc.

(b) Conc. Ag. KOH solution

Q18. A solution of CuSO4 is electrolysed for 10 minutes with a current of 1 copper deposited at the cathoc
Ans. t=10 x 60 =600 € =IXt=1.5 A x 600 s=900 C According to the reaction: Cu) fage = Cu(s)

We require 2F or 2x 96500 C to deposit 1 mol or 63 g of Cu. For 900 C, the mass of Cu deposited

= (63 g mol x 900 C)/ (2 x 96500 C mol) =567/ 1930 g =0.2938 g.
Q19. The standard electrode potential for Daniell cell is 1.Cdculate reaction: Zn(s) + Cu? (aq) Zn (aq) +
Cu(s) AmFE'cel TheGdue of n in the above equation is 2, F = 96500 C moll and Ecell
Ther ef or2r1.1V x @BB00Gmel GA =R21236A JI2mMdI3 kJ mol
Q20. (a) What is the role &nCI2 in a dry cdl (b) Unlike dry cell, the mercury cell has a constant cell
potential throughout its useful life. why?
Ans (a) ZnCI2 combines with the NH3 produced to form the complex salt [Zn(NH3)2GZHgrwise the
pressure developed due to NiWBuld crack the seal of the cél) lons are not involved in the overall cell
reaction of mercury cells
SHORT ANSWER TYPE QUESTIONS (3 MARKS)
Q21. (i) State Kohlrausch law
(i) Why on dilution thé n of CH3COOH increases drastically while that of CH3COONa increases

gradually?

Ans: (i) limiting molar conductiity of an electrolyte can be determined by surndividual contributions
of the anion and cation of the electrolyte

(i) In the casef CH3COOH, itis a weak electrolyte, the number of ions increases on dilution due to
an increase in degree of dissociatiut in CH3COONadissociates completely

Q22. The molar conductivity of sodium acetate, sodium chloride and hydrochlatiecB3,127 and 426
mh o ¢ m2 mo kQ rdspeatitely.ZCal€ulate the molar conductivity of acetic soidtion.
Ans . sAm( CH3COOH) = sAm (CH3COONa) + sAm (HCI)
OO sAm( CH3COOH) = 83 + 426 1 127 = 382 mho cm2mo

Q23. The electricalesistance of a column of 0.05 mdtINaOH solutions of diameter 1 cm and length
50 cm is 5.55 x Tohm. Calculate its resistivity, conductivity and molar conductivity.
Solution: 2=0.785M=0.785xr1m>= 3. 14 | 0. 52
|=50cm =0.5m
R = 1 1|/ A
}  (r es iRNk=i[555 % i phm= 0.785 crf] / 50 cm = 87.135 ohm cm
Conductivity (o) ==001148Seh [1 / 87. 135
Molar conductivity,s m= [ @ (x300@ (on¥L)] / Molarity (mol/L)
=[0.01148 x1000]/ 0.05
=229.6 S crimol'?
Q24. What wil |l be the sign of @G for an el ectroc

Ans. @G for an ie=vVecamndctwémical aceeéll ectrol ytic ¢
Q25. Using the E° values of A and B, predict which one is better for coating the surface of iron [E°(Fe2+/Fe
=1 0.44V] to prevent corrosion and why? Given: E°(A2+|AR37 V and E°(B2+|B) ¥ 0.14 V

Answe : OAG6 wi | | prevent iron from rusting. So, w:

negative value
17



Q26. For the given cells:Lead storage cell, Mercury cell, Fuel cell and Dry cell

Answer the following: (i) Which cell is used imearing aids?ii) Which cell was used in Apollo space

programme? (iii) Which cell is used in automobiles and inverters? (iv) Which cell does not have long life?

Ans. (i) Mercury cell (if) Fuel cell (iii) Lead storage cell (iv) Dreell

Q27.Calculate the time to deposit 1.27 g of copper at cathode when a current of 2 A was passed
through the solution of CuSO4. (Molar mass of Cu = 63.5 ¢ mdl F = 96500 C mol)

Ans. Cu' + 2e Cu
63.5 g of copper 1s deposited by 2 = 96500 C.

2 5 2
1.27 g of copper will be deposited by M C=3860C

63.5

I=2A Q=3860C

Q  3g6
f=“T= 3360 _ 1930

-~

Q28. The resistance of a conductivity cell conitagn0.001 M KCI solution at 298 K is 1500 W. What is
the cell constant if conductivity of 0.001 M KCI solution at 298 K is 0.1461>8 Bcni 1?

Ans. Conductivity (k) = 1/ Resistance x Cell constdnt 0.146 x 103Scnmil, R = 1500 Y
0.146x 103 Scnil = 1/1500 X x Cell constar€ell constant=0.146 x18Scnl I 1500 Y
=219 x 103%cmii 1 =0.219 cniil

Q29. The chemistry of corrosion of iron is essentially an electrochemical phenorigptain the reactions
occuring during the corrosion of iron in the atmosphere.
Ans. The redox reaction involvést anode : Fe(B) Y Fe2+ (ag) + 2e

Then net resultant Redox reaction is 2Fe(s) +
Q30. Write the name of the cell which is generalbgd in transistors. Write the reactions taking place at the
anode and the cathode of this cell.
Ans. Leclanche cell is used in transistoReaction at Anod&Z n ( s) Y Zn2+ + 2e

At Cathode: MNnO2 + NH4 + +ieY Mn O( OH) + NH3

LONG ANSWER TYPE QUESTIONS (5 MARKS)
Q31. (i) Define limiting molar conductivity and fuel cell.
(if) Resistance of a conductivity cell filled with 0.1 mdlLKCI solution is 100 ohm. If the resistance of the
same cell when filled with 0.02 mol L KCI solutin is 520 ohm, calculate the conductivity and molar
conductivity of 0.02 mol L1 KCI solution. The conductivity of 0.1 malll KCI solution is 1.29 x Ii®@
ohmi 1 cni 1.
Ans (i) Limiting Molar conductivity-limiting value of molar conductivity when concentmatiapproaches to
zero. Fuel celt device which converts energy produced during the combustion of fuels directly into electrice
energy.
(ii) cell constant = conductivity x resistance = 1.29 ¢mConductivity, k = Cell

constant/Resistance = 0.0&@dhnilcml, sm = k X 1010c@Znmdil= 124 ohm
Q32. (i) State two advantages of 81202 fuel cell over ordinary cell.

(ii) Silver is electrodeposited on a metallic vessel of total surface area 500 cm2 by passing a current of
amp for two hows. Calculate the thickness of silver deposjténen: Density of silver = 10.5 g a8,
Atomic mass of silver = 108 amu, F = 96,500 Cinol
Ans. (i) pollution free, 75% efficiency, continuous source of endiyyn=ZIt = 4.029g, V=m/d = 0.3837
cm3, thtkness of Ag deposited is X, V=A.X=7.67x164cm
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Q33. (i) The following figure, represents variation of (Am) vs vc for an electrolyte. Here Am is the molar
conductivity and c is the concentration of the electrolyte.

—— a) Define molar conduistity

o - b) ldentify the nature of electrolyte on the basis of the

above plot. Justify your answer.
c) Determine the value of Am® for the electrolyte.
d) Show how to calculate the value of A for the
electrolyte using the above graph.

Ans: (i) (a) Molar condctivity ofa solution at a given concentration is the conductance of the volume V of
solution containing one mole of electrolyte kept between two electrodes wittrassssection A and
distance of unit lengtfb) Strong electrolyte, For strong electrelyt Am increases slowly with dilution

(c)s m =idd2m Theref or e-1¢&)Awslope 2 BLE9T BIE.810.00@.022) = 100 Scm'mel

Q34. The conductivity of 0.001028 M of acetic acid is 4.95818 cm1. Calculate its dissociation cstant if
molar conductance for acetic acid is 390.5 S cro2 m

4.95 <10 ~ <1000

AN — < —A8.15 Scrrz-rrzol !
AnS 1.028>=<10 -
. = 1S
o —=25-15 _ o.1i2533
390.5
2 - 3 => 2
. Cexr”  1.028>=<10 ><CO.1233>" 1.78 <105

1 — 1—0.1233
Q35. Q Conductivity of 2.5 x 10 4 M methanoic acid is 5.25 x 10 S cni 1. Calculate its molar

conductivity and degreef dissociation.Given: lo (H+) = 349.5 S cm2 riagéland lo (HCO® ) = 50.5 S cm2
mol 7 1. Ac _ < <1000
Ans. M

R 2 S 2510 " Scm ! X1000cm" L *

2.5 10 *mol L

AL, =—210S cm® mol !

FAN

A (HCOOH) \

Hcoo  ‘hu
S0.5SScm mol " + 3495 S cm™ mol’
400 S cm~ mol !

AC 10 S - 3
= oz 210S cn nol .
Degree of dissociation, o = = cm  mo 0=

4'\:.:, 400 S cm- mol !

J
N
A

or a = S2.5%

Assertion and Reason Type Questions
1. Assertion (A) : The daniell cell becomes dead after some time.
Reason (R) : Oxidation potential of zinc anode decrease and that of copper cathode increases.
2. Assertion (A) : Copper liberates hydrogen from a dilute solution of hydrochloric acid.
Reason (R) : Copper is log¥ hydrogen in the electrochemical series.
3. Assertion (A) : ks stronger oxidising agent thanCl
Reason (R) : Oxidation potential of 5 greater than that of £l
4. Assertion (A) : KT O fuel cell gives a constant voltage throughout its life.
Reason (R) tn this cell, H reacts with OHions, yet the overall concentration of Gbhs doesot change
5. Assertion (A) : Molar conductivity of a weak electrolyte at infiietion cannot be determine@xperimentally
Reason (R) : Kohlrausch law helps to find molar conductivity of a weak electrolyte at infinite dilution.
Ans:- 1. (@ 2. (d) 3. (o) 4. (a) 5. (b)
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UNIT 1l CHEMICAL KINETICS

Chemical Kineticsthe branch of chemistry, which deals with the study of reaction rates and their
mechanisms.
Rate of a Chemical Reactionthe rate of a reaction can be defined as the change in concentfation
reactant or product in unit time. It can be expressed in terms of:
() The rate of decrease in concentration of any one otttants.
(i)  The rate of increase in concentration of any one optbducts.
Consider a hypothetical reaction-R> P
Rateof disappearance of R Decrease in concentration of R / Time takerR/t
Rate of appearance ofPIncrease in concentration of P /Time takeB/t
Units of rate of a reaction The units will bemol L-1s'?,
In gaseous reactions, the urofghe rate equation will batm s'1.
Factors affecting rate of reaction The important factors are:
Concentration of the reactirspecies.
Temperature of theystem.
Nature of reactant arqutoducts.
Presence of eatalyst.
Surface area.
: Exposure taadiation.
Rate Law and Rate Constant:
Consider a general reaction: a4B ----------------- >cC+dD
Where a, b, c and d are the stoichiometric coefficients of reactants and
products. The rate expression for this reaction is Rdts] * [B]Y
Where exponents x and y mayroay not be equal to the stoichiometric coefficients (a & b) of the
reactants. Above equation can also be written as
Rate =k [A]* [B]Y Where exponents x and y may or may not be equal to the stoichionustfiicients a & b
-d[R] /dt = K[A] * [B]¥Y This form of equation is known as differential rate equation,
wherek is a proportionality constant calledte constant

A e o

Order of reaction: Rate =k [A]* [B]Y

X +y in above equation gives the overall order of a readfithrereas< and y represent the order with
respect to the reactants A andeBpectively.

Order of reaction is defined ashe sum of powers of the concentration of the reactants in the rate
law expression is called the order of that chemical reaction.

Order of areaction can be 0, 1, 2, 3 and even a fraction.

A zeroorder reaction means that the rate of reaction is independent of the concentration of reactants.
Units of rate constant:

Zero order rate of reaction: mottls?

First order rate of reactions

Secmd order rate of reaction: L mbs?
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Important points of distinction between order and molecularity

S.No. Order Molecularity

1 | Order is the sum of powers of thg Molecularity is the number of reacting
concentration terms in the rate lay species undergoing simultaneous collision i
expression. the elementary or simple reaction.

2 | Order of a reaction is determined Molecularity is a theoretical concept.
experimentally.

3 | Order of a reaction can Imegativezeroorn Molecuarity of areaction cannot be negative
fractions zero or fractions.

Integrated rate equations:

Zero order reaction : Zero orderreactionmeansthattherate ofthe reaction is
proportionaltozeropowerofthe concentration of reactants.

Consider thereaction, R--------- >P

Rate =-d[R] /dt = k[R]°
k={[R]o- [R]}t
Variation in the concentration Vs time plot for a zerderreaction

(Rl

Concentration of R ——

Exampleof Zero order reaction is the decomposition of gaseous ammonia.

o

Time ——

2NHs (g) > N2(g) + 3 H:(0) Rate =k [NH3]° =k

First Order Reactions: The rate of the reaction is proportional to the first
power of the concentration of the reactantf®r example:

Rate =-d[R] /dt = k[R]

Slope = k/2.303

log (R,/IR]) —

k = (1/¢) In {[R] /[R]}

We know that, In a =2.303 log a
k = (2.303/t) log {[RW/[R]} ’ Time ——>
If we plot a graph between IgR]o/[R] Vs t, the slope is k/2.303 for first order reaction
Half-life of a reaction: The halflife of a reaction is the time in which the concentration of a reactant
is reduced to one half of its initial concentration. It is representég.as
For a zereorder reaction, For a first order reaction
ti2=[R]o/2 k t12=0.693/k
For zero order reactiont129 [R]o.
For first order reaction tizis independent of [R).
Temperature Dependence of the Rate of a Reaction
The rate of a reaction becomes almost doubled for every 10° rise in temperature dugctedie in
number of effective collisions.
The temperature dependence of the rate of a chemical reaction can be accurately explained by
Arrhenius equation.

k= A e Ea/RT
Where A is the Arrhenius factor, R is gas constant and Ea is activation energy measured in
joules/mole (J malY).
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Taking logarithm both side

EH
lnk':—RT +In A
log k = log AT Ea/2.303 RT
Let k1 and k2 are the rate constants for the reaction at two different temperatures T1 and T2 respectively.

logk_Q _ Ea TQ_T]
k, = 2.303R| T,T,

Collision Theory of Chemical Reactions:

Collision frequency: It is defined as the number of collisions per second per unit volume of the
reaction mixture is known as collision frequency (2).

Effective collision: The collisions in which moleculellide with proper orientatigrbreaking of
bonds between reacting spexand formation of new bonds to form products are calleffestive
collisions.

Ineffective collision: The collisions in which moleculellide with improper orientation no products
are formed are called as ineffective collisions.

Rate of reaction is pportional to
(i) the number of collisions per unit volume per secadliion frequency,) between the reactirgpecies.
(i) the fraction of effective collisionsr probability factor (P)

K=P2Z eEa/RT
MULTIPLE CHOICE QUESTIONS (1 MARKYS)
1. Ratelaw for a reaction A+2EC is found to be Rate = k[A][B] Concentration of B is doubled keeping
the concentration of A is constant. The rate of the reaction will get

A. Doubled B. Halved C. Quadruples D. remains same
2. A reaction 2AB, has been found toave rate constant 3.5moll s-1 What is the order of the reaction
Al B.2 C.3 D.0O

3. Half life period of a first order reaction is 4 hours. How many hours will it take for 20g of the
reactant to reduce to 5g

A. 4 hours B. 16 hours C. 8hours D. 1 hour
4.  This graph represents Aetivated complex

NCIEY

A. Exothermic Reaction  B. Endothermic ReactionC. insuficient information D. None of these
5. For the reaction A+BY C+D, the rate of reaction quadruples when the concentratiordofibles,
whereas on making the concentration of B two times.the rate doubles up. \Mrexii$ order of the
reaction?

A 2 B.3 C.4 D.1

6. For a reaction X + 2Y Y zZ ThwhatRse aderddaheweacionp r e
Al B.2 C.15 D.3

7. A first order reaction is 50% complete in 10s.How much time will it take for ldiffpletion?

A. 20s B. 10s C. 100s D. Infinite
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8 A substance 0AO0 -aderceactignstaréng initially with [A]l 5 2r08M and
after200min, [A] becomes 0.15M. For this reactiayetis

@ 53.72 min (b) 50.49 min (c)48.45 min (d)46.45min
9.  Which of the following is altered by atedyst in a chemical reaction?
@ Entropy (b) Enthalpy (c) Internalenergy (d) Activationenergy

10. During different experiments conducted for a reaction it is observed that it takes the same
time to reduce the concentration
i) from 100g to 50q ii) 10g to 5 g iii) 5009 to 250g We can infer from the observations that

(a) It is a slow reaction (b) it is a zero order reaction
(c)itis a first order reaction (d) it is a second order reaction
Ans.1-A 2-D 3-C 4-B 5B
6-C 7-d 8-a 9-d 10c
11.For a reaction, A + B Y Product, the rate | aw
reaction?

Ans. Order of reaction (N) =% +2=3/2=1.5

12. The conversion of molecule X to Y follows second order kinelficancentration of X is increasedto
three times, how will it affect the rate of formation of Y?

Ans rate = K[X]2 rate = k[3X]? rate = 9k

Rate of formation of Y will increase by 9 times.

13. A first orderreaction has a rate constant 1.15 k¥3L§ 1. How long will 5 g of this reactant take to reduce
toi 9? . Given [R],=5g,[R]=3g k= 1.15x10"s™" . As the reaction s of first order,

ns.

2.303 [R], 2303 5
y = - 0g
k SRl 11sx100s e3

e

I:

=2.00 x10° (log 1.667) s

1=

=20x10°x02219s=4438s =444 s

14.Time required to decompose SO2CI2 to half of its initial amount is 60 minutes. If the decomposition is &
first order reaction, calcate the rate constant of the reaction.

ANS. 0.693  0.693
k= ==~ =1.155 x 107 min™
2 60 min

15. What is the effect of temperature on the rate constant of a reaction? How can this effect of
temperature on rate constant be represented quantitatively?
Ans. The rate constant of a reaction increasds widrease in temperature and becomes nearly double for
every 10°C rise of temperature. The effect can be represented quantitatively by
Arrhenius equation K = A€Ea/RT
where Ea is the activation energy of the reaction and A is the frequency factor.
16.What is the effect of adding a catalyst on
(i) Activation energy (Ea), and (i) Gibbs energyf a reaction?
Ans. i) Decreases (i) No effect
17. What do you understand by the rate law and rate cordtaneaction? Identify the order of a reaction if
the units of its rate constant are(i) Lil mol g1 (i) Lmolil g 1.
Ans. An experimentally determined expression which relates the rate of reaction with the concentration of
reactants is callexhte law while the rate of reaction when concentration of each reactant is unity in a rate la
expression is called rate constant.
(i) zero order reaction (i) second order reaction
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18. Define the following terms:

(i) Pseudo first order reaction(ii) Half life period of reaction (i)
Ans. (i) A reaction which is not truely of first order but under certain conditions becomes a reaction of first
order is called pseudo first order reaction, e.g., acid hydrolysis of ethyl acetate.
CH3COOC2H5 + H2G-------- > CH3COOH + C2H50H

Rate® [CH3COOC2H5] as H20 is in excess.

i) The half life (t1/2) of a reaction is the time in which the concentration of reactant is reduced to one half
its initial concentration [R]
For a first order reaction, t1/2kf0.693 , i.e., independent of [R]0.
For a zero order reaction, t1/2 = [R]0/2k i.e., BL/RR]0
19. The rate constant for a first order reaction isi6l Blow much time will it take to reduce the initial
concentration of the reactant to 1/10 th ofnital value?

Ans. R R
_— 2.:203 log [[R]]() as ERE]— [I(])()
R
= 2'3/‘_03 og ER}” = 2':83 <log 10 :iz.:gz» <1 = 3.838x10 s
0
10
20. Considertie reaction R------- P.The change in concentration of R with time is shown in the folloyiong

(i) Predict the order of the reaction.
(if) Derive the expression for the time required for the completion aktheion.
(iif) What does the slope of the above line indicate?

AnS (7)) The reaction R 57 1s ;A zero order reaction.
~
7 R - >
(z7) For the reaction R C 7 (R
e e ————————— <
<dr
a [ R] — Kk dr
Integrating both sides.
IR] =— &z + where C
At z=—0, [R] — [Rlo
Subsutututing this in eguation ()
< = [Rlo
Substituting the value of € Iin eguation ()
[R] =— — kz + [Rlo
Akr = [Rlo — [R]
[Rl, —[&]
== i s
On completion of reactions. [R] — O
T2 S
r — o
(ii7s) From eqguation (ii). we have slope of curve
a  [R]
Slope = - — &K

<Ir

21.For a first order reaction, show that time required for 99% completion is twice the time required for the
completion of 90% of reaction.
ANS.  For a first order reaction,
2.303 [R],
k%R
When the reaction is 99% completed, [R] = [R],— 0.99 [R], = 0.01 [R],
When the reaction is 90% completed, [R] = [R]; — 0.9[R], = 0.1[R],

2.303 [R], )
ooy, k SO001[R], logl0® 2loglo
Lo0os 2303 [R], log 10 log 10 2
k€ 01[R],
Hence, logo, = 2lgge,
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22.(a) Identify the reaction order from each of the following rate
constants. (ik=2.3x10°Lmol'ts? (i) k=3 x 1048t
(b) The rate of the chemical reaction doubles for an increase of 10K in absolute temperature from 298K.
CalculateEa.
Ans. (a)i) Second order reaction (i) first order reaction.
(b) log kz- log ki = Ea/2.303 R [1/Ti 1/T2]
logko/k: =Ea/2.303 R [1/T1 1/Ty]
log2 = (Ea/2.303 x 8.314) [1/2981/308]
Ea =log2 x 2.303 x 8.314 x 298 x 308
308 - 298
Ea =52.898 kJ
23.For a certain chemical reaction variation in the concentration In [R] vs. time plot is given alongside. For
this reaction
AV
(i) what is the order of the reaction?
(i) what are the units of rate constant k? e
(iii) give the relationship between k and t1/2 (Hé# period). T
(iv)what is the slope of the curve?
(v)draw the plot log [R]O /[R] vs timet(s).

—»f(8)
ANS; (i) First order
(i) timei 1 (si 1)
(iii) t12 = 0.693/k
(iv)slope =i k (rate constant)

v)

Time (s)

Assertion and Reason Type Questions

1. Assertion (A) : Order of reaction is never negative with respect to a reactant or product.

Reason (R) : The rate of reaction is always positive.
2. Assertion (A) : Rate constant of a zero order reaction has the same units as those of the rate of reaction.

Reason (R) : For a zero order reaction, Rate = Rate constant.
3. Assertion (A : Greater the halife period, faster is the reaction.

Reason (R) : Half life period depends upon initial concentration as well as order of reaction.
4. Assertion (A) : In the presence of catalyst, enthalpy change of the reaction decreases.

Reason (R) : In the presence of catalyst, activation energy of the reaction decreases.
5. Assertion (A) : According to collision theory, the rate of reaction does not depend on the total number

of collision.
Reaon (R) : The overall rate of reaction depends upon the number of effective collisions.
Answer 1. (d) 2. (@ 3. (d) 4. (d) 5. (¢
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UNIT IV__d- AND f- BLOCK ELEMENTS
d-block elements :The elements of periodic table belonginggtoup 3 to 12are known as -@lock
elements. Because in these elements last electron enters in d sub shell or d orbital
Transition SeriesThere are four series of the transition metals,
3d series(Sc to Zn),
4d series(Y to Cd)
5d series(La to Hg, omitting Ce to Lu).
6d serieswhich begins with Ac is still incomplete
d- Block elements are collectively known as Transition Elements because properties of these elements
vary in between-8lock and pBlock elements.
The general electronic configuration of these elements-B)@i° ns'?
Transition element: A transition element is defined as the one which has incompletely filledl
orbitals in its ground state or in any one of its oxidation states.i.é\ transition element should have
partially filled (n-1) dorbital.

Zinc, cadmium and mercury of group 12 have fifl configuration in their ground state as well as in
their common oxidation states and hence, are not regarded as transiids

High Melting points& Boiling points of transition elements: due tostrongmetallic bonding

High Enthalpy of atomization: due tostrongmetallic bonding

Variation in Atomic Size of Transition Metals along 3d transition seriesThe atomic radii decreases

from group 3 to 6 (i.e. Sc to Cr) because of increase in effective nuclear charge gradually, The atomic
radii of group 7,8 9 &10 elements (i.e. Fe,Co,Ni) is almost same because Screening effect counter
balances increased effective nuclear charge, Group 11 &fifeets i.e. Cu & Zn have bigger size due

to increaseinteelectronic repulsion as result electron cloud expands anthsizases.

Members of second(4d) and the thirdl)(Series in each group of transition elements have similar radii
and shows similar properties becalmahanoid contraction essentially compensates for the expected
increase in atomic size with increasing atomimber.

Zr (160 pm) &Hf (159 pm) and haweery similar physical and chemical properties because Zr & Hf
belongs to same group of second(4d) and the thadgéries ,as a result they have similar radii due to
lanthanoid contraction.

Oxidation States: The transition elements show variabbkddation state due to small energy differenc
between (Fl)d & ns orbital The highest oxidation state of an element is equal to number of unpaired e
present in (rl) d & nsorbital.
Formation of Coloured lons: due tod i d transitions occurringin atransitionmetalions by absorption
of visible light that they appeaploured.
Magnetic Properties: due to unpaired electron
The magnetic moment is determined by the number of unpaired electraesandatedy usingthe
N )

formula € = n(n+2

where n is the number ahpairede | ectrons and € is the magneti.c n
Formation of Complex Compounds:.due tosmaller sizes of the metaions, their high ionic

charges andthe availability of d orbitals for bond formation.A few examplesare: [Fe(CN)]¥,

[Fe(CNXY]% ,[Cu(NH3)4]?* and [PtCH]*

Catalytic Properties: due toVariable oxidation statesand Large surface area

Formation of Interstitial Compounds:.Interstitial compounds are those which are formed when small

atoms like H, C or N are trapped inside the crystal lattices of metals. Transition elements form interstitial
compounds because size of C, N, O, and B is similar to Sinéeostitial voids of transitiometal
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Alloy Formation: Because o$imilar radii

The oxide of transition metalsin lower oxidation states are generally basic while those in the higher
oxidationstatesareacidic.Acidic characteincreasesvith increasan oxidationstateis due to decrease

in size of metal ion and increase in effective nuclear charge .e.g. MnO (B4s8)4 (amphoteric),
Mn207 (acidic).

POTASSIUM DICHROMATE _ K2Cr207

o} Preparation: chromite ore (FeGOs or FeO.CpOg3) — —12-
4, 1 q 0 e‘a?ﬁ\ 0 D
4 FeCr,0, + 8 Na,CO, + 7 0, = 8 Na,CrQ, + 2 Fe,0, + 8 COJ N Ve
Ooy—Cr e LCr— o
2Na,CrO, + 2 H" — Nay,Cr,O; + 2 Na" + H,0 o/ ’6..;;‘7\D

Na,Cr,0, + 2 KCl — K,Cr,0, + 2 NacCl

: . . . Dichromate ion
o} The chromates and dichromates are interconvertible in aqueous

solution depending upon pH of the solution 3 2-
2 CrO,” + 2H" — Cry,0;" + H,O |
Chromate dichromate =
(yellow) (orange) O/ [\

o O
Cr,0.> + 2 OH — 2 CrO,* + H,0 Chromate ion

Potassium dichromate is used as
i)an oxidising agent(Cr.07% + 14H" + 6 Y 2+ 7H,0 )
It oxidize the followingas (@) 21" Y 12+2¢é
(DHS Y 2H" + S +2d
(c) st Y St + 2d
d F& Y Fé + ¢
POTASSIUM PERMANGANATE (KMnO 4)

o} Preparation: From Byrolusite ore( MnQ) %
1.fusion of MNQ with an alkali metal hydroxide and an oxidising agent
2Mn0O, + 4KOH + Oy — 2K;MnO, + 2H,0 f%lf\_og
2. dark green EMnOadisproportionatesin a neutral or acidic solution to give Tetm:dml
permanganate. perma.nganate
3MnO,* + 4H* — 2MnO,” + MnO, + 2H,0 (prrple) fon

Properties of KMnO 4
o} Thermally unstable (cannot act as primary standard)
2KMnO, — K;sMnO, + MnO,; + Oy

Acts asoxidizing agentin acidic as well as basic/neutraledium

MnO, + SH* + Be- — Mn? + 4H,O o
Strongly Acidic medium ) |
6  In Acidic medium 10 [+ 2MnQ)' + 16H" 8 & > 2Mr?* + 8H,0 +5I2 A
In Alkaline medium I' + 2MnQ;" + H:O & & > 2MnQ; + 20H + 103 o L @
o In permanganate titrationdCl or HNO 3 cannotbe used to make the mediun
acidic Tetrahedral
manganate

(green) ion
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LANTHANOIDS
1. The 14 elements after Lanthanum having atomic number 58 to 71 are collectivelydsi@mthanoids.
2. Electronic Configurations: The general electronic configuration of these elements is [X&}, &d! 65 .
3.  Atomic and lonic Sizes (lanthanoid contraction):The overall decrease in atomic and ionic radii
from lanthanum to lutetium is due to poor shietyldf 4f electrons is known d&nthanoid contraction.
Consequence of the lanthanoid contraction
()  Almost identical radii of Zr(160 pm) and Hf (159 pm),
(i)  In separabn of lanthanoid elements
(i) Basic character decreases from La(&d)Lu(OH)s

4. OxidationStatesMost common oxidation state of these elements is +3,Hovwameasionally
+2 and +4 ions in solution or in solidcompounds are also obtained. This irregularity arises mainly from
the extra stability of empty, hafilledor filled f subshell.

1 The formation of Ce(IV) is favoured by it®ble gas configuration, but it is a strangdant
reverting to theommon +3state.

5.  Colour Formation :Many trivalent lanthanoid ions are coloured both in the solid atad@
agueous solutions. Colour thfese ions may be attributedthe presence afnpairedelectrons in f
subshell. Neither L3(f°) nor LU**(f 1%ion shows any colour due to absencempairedelectrons in
f subshell.

6. Magnetic Behaviour. The lanthanoid ions other thantRgype (L&* and Cé") and thef 14 type
(Yb? and L&) are allparamagnetic. The paramagnetism rises to maximuneddymium.

7.  The firstionisation enthalpiesof the lanthanoids are around600 kJ 'dhe seconabout
1200 kJ molt comparable with thoseo#lcium.

8. IntheirChemical behaviour, in general, the earlier members of the seriesarergaittive
similar to calcium but, with increasing atomic number,they behave

more likealuminium. ket >
9.  Chemical reactions of the lanthanoids. :

10. Uses ofLanthanoids:

i Production balloy steels for plates angpes. LN Lato1, + ¢
i A well known alloy ismischmetallvhich consists of a lanthanoid metal(~ 95%) and irds6y
and traces of S, C, Ca and Al. A good deahifchmetall is used in Mbased alloy to produce bullets,
shell and lighteflint.

i Mixed oxides of lanthanoids are employed as catalysts inpetroleum cracking. Some
individual Ln oxides are used as phosphorsin television screens and similar flucsaseogs.

ACTINOIDS
1. The 14 elements after Actinium having atomic nunfifeto 113 are collectively known as
Actinoids Theyare radioactive elements
2. Electronic Configurations: The general electronic configuration of these elemergniss? 14, 691,752
3. lonic Sizes(Actinoid contraction): The overall decrease in atomiadaonic radi
acrosshe seriesdue to poor shielding of 5f electrons is knowkctsoid contraction
4. The actinoidcontraction is, however, greater from element to elementin this series rigsuiting
poor shielding by 5&lectrons.
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5. Oxidation StatesTheactinoids show in general +3 oxidation state.The actinoids exhibit a
larger number of oxidation states, which is in part attributed tothe fact theft Gueahd % levels are
of comparable energies.
SIMILARITIES between Lanthanoids & Actinoids
1) In both,electrons progressively enter f subshell

2) Both have mair0.S +3

3) Both are electropositive &eactive

4) Both show decrease in atomic and ionic siz(thanoids / Actinoidscontraction)
DIFFERENCES between Lanthanoids & Actinoids

Property Lanthanoids Actinoids
1.Oxidation states| Lanthanoids show mainly +3 more variety in O.S+4, +5,
Oxidation state except in a few casey +6,+7
where it is +2 and +3
4. Tendency to Lesser tendency to form complexes.| Greater tendency to form
form complexes complexes.
5.Basic character | Lanthanoid compounds are less bas| Actinoid compounds are morg
basic
6.Tendency to They do not form oxo ions They form oxo ions such as
form oxo ions Uo" ,NpQ*, PUQ*, UG
7.Radioactivity nonradioactive(Except promethium)| All the actinoids are
radioactive
8.Reactivity Relatively less reactive Highly reactive
9.Paramagnetic They are paramagnetic and their They arealso paramagnetic
character magnetic properties can be easily but their magnetic properties
explained cannot be easily explained
A. MCQ TYPE:
1. Zinc and mercury do not show variable valency likelack elementsbecause
A. they are soft B. their dshells are complete

C. they have only two electrons in the outermost subshell D. their dshells are incomplete

2. Lanthanoid contraction is due to increase in

(a) Size of 4f orbital(b) shielding effect by 4f electrongc) effective nucleacharge(d) atomic number

3. The magnetic nature of elements depends on the presence of unpaired electrons. Identify the configurat
of transition element, which shows highest magnetic moment.

(i) 3d’ (ii) 3cP (iii) 38 (iv) 3d?
4. Which of thefollowing oxidation state is common for all lanthanoids?
(i) +2 (i) +3 (iii) +4 (iv) +5

5. Although Zirconium belongs téd transition series and Hafnium &l transition series even then
they show similar physical and chemical properties because

(i) both belong tal-block.

(i) both have same number of electrons.

(iii) both have similar atomic radius.

(iv) both belong to the same group of the periodic table.
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6. Which of the following ions show higher spin only magnetic moment value?

(i) Ti3* (ii) Mn?* (iii) Fe?* (iv) Co**

7. The pair that has similar atomic radii is

A. Mn and Re B. Ti and Hf C. Sc and Ni D. Zr and Hf

8. Colour of transition metal ions are dueatisorption of some wavelengifhis results in

A. d-stransition B. ss transition C. sstransition D. d-d transition
9. Transition metals form complex compound they have

(A)Small size (B) High nuclear charge

(C) A number of vacant orbitals of equivalent energy (D)AIl of these
10. The numbeof unpaired electron in F§Z=26) are

(@) 4 (b) 5 ()6 (d)3
Ans: 1-B 2-b 3-(ii) 4-(ii) 5 (i)
6-(ii) 7-D 8-D 9-D 10-a

11.Why Mn has unusually lower melting point though it possess maximum number of unpaired electron?
Ans Due to halffilled (n-1)c® and full filled ng configuration Mn,is stable which reduce delocalisation of electrons.
12. Why does Cu not repla¢tydrogen from Acid.

Ans. Cu shows Epositive value.
13. Although +3 oxidation states is the characterigkitiation state of lanthanoids but cerium shows +4
oxidation state also. Why?

Ans: It is because after losing one more electron Ce acquires sf&t@edtronic configuration
14. HCl is not used in permanganate titration.Why?

Ans: Permanganatexidizes HCI into chlorine.
15.Most of the transition metals exhibit paramagnetic behavior .Why?

Ans. In transition metals,-gubshell of (Al) shell contain unpaired electrons (exception Zn, Cd and
Hg) Because of the presence of unpaetattrons transition metals exhibit paramagnetic behavior.
16.Why is La(OH3} more basic then Lu(OH?

Ans: La(OH} is more basic then Lu(Okipecause the latter has greater covalent character as compare
to the former on account of lanthanoid contractibhe release of OHon from Lu(OH} is more difficult
and less basic than La(OH)
17.Why Cu+ is coloueless where as Cu+2 is coloured

Ans. Cu+ has 3dconfiguration(no e transition of electron) where as Cu+2 ion has®uhfiguration(
d-d transition of electron possible)
18.Zn, Cd and Hg are soft and have low melting point .Why?

Ans. It is because the have weak metallic bonds due to absence of unpaired electrons.

19. Chrimium is a typical hard metal whereas mercury is a liquid.Why?

Ans.Dueto presence of more no of unpaired electrons from 3d and 4s subshellms#dlinteactions
are strong in Chromium e in mercury all the electrons from 5d and 6s are paired thus metal metal
interactions are weak.

20. Out of CuCl2 and CuCl, which ismore stable and why?
Ans: CuC} is more stable than @@l.. The stability of C&" (aq.) rather than C(ag.) is due to the much
mo r e n enghHhof G (@q.) than Ct(aq)
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21.Scandium is a transition element but Zinc is not. Why
Ans:Scandiums$ a transition because it hasompletely filledd orbitals in its groundtate but Zinc
have fulld*® configuration in their groundate as well as in their commaxidationstate
22.Copper atom has completely filled d orbital {Bdn its gound state, yet it is transition element. Why
Ans:Copper (Z = 29) can exhibit2 oxidation state wherein it will have incompletely filled
orbitals (3), hence a transitioelement
23. (i) Higher oxidation state of Mn with F is +4 whereas with oxygen is +7.WIQP
The highest oxidation state of a metal is exhibited in its oxide or fluoride.Why?
Ans: Ability to form multiple bond by oxygen.
24.Complete and balance the followj equation:
(@) MnQy + I +H" --A
(b) Na2Cr207 + KGH-A
Ans (a) 2MnOs +101" + 16 H" -A 2Mn*2 +5, +8 HO
(b) Na,Cr,O; + 2 KCl — K,Cr,0; + 2 NaCl
25.Give reasons for the following:
(i) The only oxidation state shown by scandium is +3
(ii) [Ti(H 20)]** is colourless.
(iii) MnO is basic while Mn0y7 is acidic.
Ans. (i) Sc(21) has electronic configuration : [Ar['3&. At +3 oxidation state , stablé i¢ obtained.
(i) [Ti(H 20)¢]** is colourless it cannot undergeddransition as it do not have unpaired electrons
(iif) The oxide in the lower oxidation state of a metal is basic and in the higher oxidation state of the me
, itis acidic . That is why , MnO (oxidation staget+2) is basic whereas M@ (oxidation state +7) is acidic.
26. A. The element of 3d transition series are given asSc Ti V Cr Mn Fe Co Ni Cu Zn
Answer the following:
(& Which element has highest mp and bp why?
(b) Which element is a strong oxidizing agenbxidation agent +3 oxidation state and why?
(c) Which element is soft and why?
B.Write the equation involved in the preparation e€kO7 from sodium chromate.
AnsA. (a) Cr, the highest mp of Cr is attributed to the involvement of greater no of electrons from 3d in
addition 4<selectrons in inter atomic metallic bonding.
(b) Mn, because the change from Wi@*) to Mn*?(d®) results in the half filled coiguraion which has
extra stability.
(c) Zn, in Zn (3d° 45 all the electrons present in arbitals are paired and hence metallic bonds present
in it are weak.
B. Chromite ore is treated with alkali in presence of air
4 FeCr,0, + 8 Na,CO, + 7 0, - 8 Na,CrO, + 2 Fe,0, + 8 COJ
Sodium chromatesiacidified with sulphuric acid to give a solution of sodium dichromate.
2Na,CrO, + 2 H" — Nay,Cr,0; + 2 Na* + H,O
sodium dichromate is more staltleen potassium dichromate hence sodium dichromate is treated with
potassium chloride.
Na,Cr,0; + 2 KCl — K,Cr,0O, + 2 NacCl
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27. A. In addition of FeSO4 with KMnO4 in the acidic medium, Why is dil. H2SO4 used instead of dil. HC
B. Give Reason:

(a) Among the transition metals, the highest oxidation state is exhibited in oxoanions of a metal
(b) Ce**is used an oxidizing &t in volumetric analysis.
( ¢) Zn? salts are white while Césalts are blue.
Ans A. Dil. H2S0O4 is an oxidizing agent and oxidize FeSO4 to Fe2(S0O4)3. Dil Hcl is reducing agent and
liberates chlorine gas on reaction with KMnOA4.

B. (a) In oxoanions the oxygen atoms are directly bonded to the transition metal.Since oxygen is highly
electronegative, the oxoanions bring out the highest oxidation state of the metal.

(b) Ce€*has the tendency to attain +3 oxidation states wisichdre stable and so it is used as an
oxidizing agent in volumetric analysis.
(c) Zn?ion has all its orbitals completely filled where as Cu+2 ion there is incompletely filled orbitals.
Therefore ed transition Ct# has a tendency to form colosrsalts
28. A. (a) Transition metals form large no of complex compounds.
(b) The lowest oxides of transition metal is basic where the highest oxide is amphoteric or acidic
(c) B value for the Mn+3/ Mn+2 couple is highly positive (+1.5%% compare to Cr+3/ Cr+2.

B. Write one similarty andree difference between the chetmysof lanthanoids and actinoid elements.
Ans. A (a) The tendency to form complex compounds is due to:Small size and high charge on metal ion.
- The avaibility ofd- orbitals for accommodating electrons donated by the ligands.
(b) In low oxidation of metals, some of the valence electrons of the metalatowt amgolved in bonding.
Hence,it can donate electrons and behave as a base. In case of higher oxide®ofdhe metal, valence
electrons are involved in bonding and are not avaible. Hence effective nuclear is high and it can accept
electrons and behave an acid.
(c) Large third ionization energy of Mn (3d5) is mainly reason for this.

B . Similartyln both,electrons progressively enter f subsaet Both have mair©.S is+3

Differencei Lanthanoids are neradioactive(Except promethiunyvhile Actinoids are radioactive
29. Assign reason for the following:
(@) The enthalpies of atomization wéanisition elements are high.
(b) The transition metals and many of their compounds act as good calalyst.
(c) From element to element , the actinoid contraction is greaterthe lanthanoids contraction.
(d) ) E°value for the Mn+3/ Mn+2 couple is highly positive (+IVJas compare to Cr+3/ Cr+2.
(e) Sc(21) doesnot exhibit variable oxidation states and yet it is regarded as a transition elements.
Ans.
(@) Transition metals have strong metallic bonds as they have large no of unpaired electrons.
(b) The catalytic activity of tran8on metals are due te :
- Variable oxidation states due to which it form unstable intermediate compounds and provide a newps
with lower activation energy for the reactidn.some cases, the transition metals provide large surface area
with free valancison which reactants are adsorbed.
(c) This is due to poorer shielding by &fectrons in actinoidsthan-4lectrons in the lanthanoids.
(d) Large third ionization energy of Mn (3d5) is mainly reason for this.

(e)This is because Sc has partially fillddorbitals in the ground states (3¢
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30. Explain giving reasons:

(i) Transition metals and many of their compounds show paramageétwiour.
(i) The enthalpies of atomization of the transition metal$igte

(i) The transition metals generally form coloutsmmpounds.

(iv)Transition metals and their many compounds act as gatadiyst.

(v) ScandiumZ = 21) is a transition element but zint< 30) is not?

Ans. (i) due to unpaired electrons.

(i) Because of large number of unpaired electrons in their atomsadkeystronger interatomic
interaction and hence stronger bonding between atoms resulting in higher enthalmeszdtion.
(iii) d-dtransition

(iv) Due to the presence of vacant orbitals or their tendency to form variable oxstatmn

(v) On the basis ahcompletely filled @ orbitals in case of scandium atom in its ground stat8,(®
is regarded as a transition element. On the other hand, zinc atom has completelypfbitals (311°)
in its ground state as well as in its oxidised state; heme@dt regarded as a transitielement.

Assertion and Reason Type Questions

1. Assertion (A): Zn, Cd and Hg cannot be regarded as transition elements.
Reason (R) : These elements do not belong to-thkdk of the periodic table.
2. Assertion (A): Thehighest oxidation state of the 3d metals depends only on electronic configuration
the metal.
Reason (R) : The number of electrons irljnd and ns sub shells determine the oxidation states
exhibited by the metal.
3. Assertion (A): Separatioof Zr and Hf is very difficult.

Reason (R) : Zr and Hf lie in the same group of the periodic table.
4. Assertion (A): A solution of ferric chloride on standing gives a brown precipitate.

Reason (R) : Ferric chloride possesses covalent bonds and chtatgesdiructure.
5. Assertion (A): Actinides form relatively less stable complexes as compared to lanthanides.

Reason (R) : Actinides can utilize their 5f orbitals along with 6d orbitals in bonding but lanthanide
do not use their 4f orbitals for bonding.

[Ans: 1. (c) 2. (d) 3. (a) 4. (b) 5. (d).]
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UNIT V COORDINATION COMPOUNDS

Difference betweencoordination compoundand double salt:

Coordination compound Double salt

-containsa centralmetalatomor ion Whentwo saltsin stoichiometriaatio are
surroundedy numberof oppositelycharged | crystallisedogetherfrom their saturated
ionsor neutralmoleculesTheseonsor solution theyarecalleddoublesalts.

moleculesareknownas ligandandarebonded
to themetalatomor ion bya coordinatebond.

Example:KsFe(CN)] Example:FeSQ. (NH4)2SQ. 6H0( Mo h r
Theydo not dissociaténto simpleions Theydissociatento simpleionswhen
when dissolvedn water. dissolvedn water.

Werner's coordination theory: Wernerwasableto explainthe natureof bondingin complexesThe
postulate®f Werner'sheoryare:

a. In coordination compounds metals show two types of linkages (valepieesry andsecondary.
b. The primary valences are normaibyisable and are satisfied by negaiiwes.
c. The secondary valences are fionisable. These are satisfied by neutral molecules or negative ions.

The secondary valence is equal to the coordination number and is fixeahétala

Definitions of Somelmportant Terms Pertaining to Coordination Compounds

(@) Coordination entity: A coordinationentity constitutesa centralmetalatomor ion bondedo afixed
numberof ionsor moleculesFor example[CoCls(NH3)3] is a coordinationentityin which the cobaltion is
surroundedy threeammoniamoleculesandthreechlorideions. Otherexamplesare[Ni(CO)4],
[PtClL(NHa3)2], [Fe(CNX]*, [Co(NHa)e]>".

b) Central atom/ion: In acoordinationentity, theatom/ionto which afixed numberof ions/groupsare
boundin a definitegeometricahrrangemenaroundit, is calledthe centralatomor ion. For examplethe
centralatom/ion in the coordinatioentities:[NiCl2(H20)4], [CoCI(NHs)s]** and[Fe(CN)}]* areNi?*,
Co*" andFe*, respectivelyThesecentralatoms/ionsarealsoreferredto asLewis acids

c) Ligands: Theionsor moleculesboundto the centralatom/ionin the coordinationentity arecalled
ligands. ExampleCl', H,O, NHs, H-NCHCH2NH2 , N(CH2CHzNH,)3 etc.

d) Unidentate ligand: Whena ligandis boundto a metalion througha singledonoratom,as withCI',
H20 or NH3, theligandis saidto beunidentate.

e) DidenatelLigand: Whenaligand canbind throughtwo donoratomsasin H_2NCH.CH2NH: (ethane
1,2-diamine)or C;04? (oxalate),

f) Polydentate-whenseveraddonoratomsare presenin asingleligandasin N(CH.CH2NH>)3, the
ligandis saidtobe polydentate Ethylenediaminetetraacetats (EDTA*) is animportanthexadentate
ligand.It canbind throughtwo nitrogenandfour oxygenatomsto acentralmetalion.

Whenadi- or polydentatdigand usests two ormoredonoratomsto bind asinglemetalion, it is saidto be
achelateligand. The numberof suchligating groupsis calledthedenticity of theligand.Ligand which can
ligatethroughtwo differentatomsis calledambidentateligand. ExamplesNO,' andSCN ions.NO;' ion
cancoordinatesitherthroughnitrogenor throughoxygento acentralmetalatom/ion.
Similarly, SCN' ion cancoordinatehroughthe sulphuror nitrogenatom.
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(f) Coordination number: is definedas the numberof ligand donor atomsto which the metalis directly
bonded For example jn the complexions,[PtCls]* and[Ni(NH3)4]?*, the coordinatiomumberof Ptand Ni
are6 and4 respectively

(9) Coordination sphere: Thecentralatom/ionandtheligandsattachedo it areenclosedn square bracket
andis collectivelytermedasthe coordination sphere Theionisablegroupsarewritten outside the bracket
andarecalledcounterions.Example: in thecomplexKsFe(CN)], the coordinationspherds

[Fe(CN)Y]* andthecounterionis K*.

(h) Oxidation number of central atom: in acomplexis definedasthe charget would carryif all the
ligandsareremovedalongwith the electronpairsthataresharedwith the centralatom.The oxidation
numberis representely a Romannumeralin parenthesifollowing the nameof the coordinationentity.
Example:oxidationnumberof copperin [Cu(CN)]® is +1 andit is written asCu(l).

i) Homoleptic and heteroleptic complexes:Complexesn which a metalis boundto only onekind of donor
groups.e.g.,[Co(NHs)e]**, areknownashomoleptic Complexesn which ametalis boundto more thanone
kind of donorgroups.e.g.,[Co(NHs)4Cl2]*, areknownasheteroleptic.

Formulas of Mononuclear Coordination Entities:

(i) Thecentralatomis listedfirst.

(i) Theligandsarethenlistedin alphabeticabrder.The placemenbdf aligandin thelist doesnot
dependnits charge.

(iii) Polydentatdigandsarealsolisted alphabeticallyln caseof abbreviatedigand,thefirst letterof the
abbreviationis usedto determinethe positionof theligandin thealphabeticabrder.

(iv) Theformulafor the entirecoordinationentity, whetherchargedor not, is enclosedn squarebrackets.
Whenligandsarepolyatomic,theirformulasareenclosedn parenthesed.igandabbreviationarealso
enclosedn parentheses.

(v) No spacebetweertheligandsandthe metalwithin a coordinationsphere.

(vi) Whentheformulaof achargedcoordinatiorentity is to bewritten without thatof the counterion, the
charges indicatedoutsidethe squarebracketsasaright superscriptvith the numberbeforethe sign.
Example: [Co(CNyJ¥, [Cr(H20)e]*", etc.

(vii) Thechargeof the cation(s)is balancedy the chargeof theanion(s).

Naming of Mononuclear Coordination Compounds:

(i) Thecationis namedirst than anion

(i) If complex ion is there than ligand named first.

(i) Theligandsarenamedn analphabeticabrderbeforethe nameof the centralatom/ion.(This
proceduras reversedrom writing formula).

(iv) Namesof theanionicligandsendin i o, thoseof neutralandcationicligandsarethe sameexcept aqua
for H,O, amminefor NH3, carbonylfor CO andnitrosyl for NO. Theseareplacedwithin enclosing marks( ).

(v) Prefixesmono,di, tri, etc.,is used for multiligandsVhenthe namesof theligandsincludea
numericalprefix, thentheterms,bis, tris,tetrakisareusedtheligandto whichtheyreferbeingplaced

in parentheses.

Example, [NiCH(PPh)-] is namedasdichlorobis(triphenylphosphine)nickel(l).
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(vi) Oxidationstateof themetalin cation,anionor neutralcoordinationentityis indicatedoy Roman
numeralin parenthesis.

(vii) If thecomplexionis acation,the metalis namedsameas theeslementForexample Coin acomplex
cationis calledcobaltandPtis calledplatinum.

(viii) If thecomplexion is ananion,the nameof the metalends with thesuffix i ate.ForexampleCoin a
complexanion,Co (SCN)? " is calledcobaltate For some metals the Latin namesareusedin the complex
anions.e.g.,ferratefor Fe.

(ix) Theneutralcomplexmoleculeis namedsimilar to thatof the complexcation.

Examples:

1. [Cr(NH3)3(H20)3]Cl3 is namedas:triamminetriaquachromium(llighloride

2. [Co(H2NCH2CH2NH2)3]2(SQy)z is named astris(ethanel, 2 diammine)cobalt(lilsulphate
3. [Ag(NH3)2][Ag(CN)2] is namedas:diamminesilver(l)dicyanoargentate(l)

A Types of isomerism:

a) Structural isomerism

I. Linkage isomerism
il. Solvate isomerism or hydrate isomerism
iii. lonisation isomerism
V. Coordination isomeristh due to
b) Stereoisomerism
i. Geometrical isomerism
. Optical isomerism
(a) Structural isomerism:lIt arises due to the difference in structures of coordination compounds.
A lonisation isomerism: It arises when the counter ion in a complex salt is itself a potential ligand and can

displace a ligand which cdahen become the counter idixample[Co(NHs)sBr] SOs and [Co(NH)s SQy] Br
A Solvate isomerism It is isomerism in which solvent is involved lagand.If solvent is water it is called
hydrate isomerism, e.g., [Cr§8)s]Clz and[CrCh(H20)4] Cl2. 2H:0.
A Linkage isomerismit arises in a coordination compound containing ambidentate ligand.In the
isomerism, a ligand can form linkage with metal through different atoms.Example: [€eQWD]Cl. and
[Co(NHz)sNO2]Cl>.
A Coordination isomerism:This type ofisomerism arises from the interchange of ligands between cationic
and anionic entities of different metal ions present in a complex.Example: [@e|[IH{C20a)3]
and[Cr(NH)s][Co(C204)3].
(b) Stereoisomerism This type of isomerism arises because of diffespatial arrangement.
A Geometrical isomerism:

It arises in heteroleptic complexes due to different possible geometrical arrangements of ligands.

A Optical isomerism: Optical isomers are those isomers which aresuperimposable mirror
ValenceBond Theory : Themetalatomor ion undertheinfluenceof ligandscanuseits (n-1)d, ns, np or ns,
np, nd orbitalsfor hybridisationto yield a setof equivalentorbitalsof definitegeometrysuchas octahedral,
tetrahedralsquareplanarandsoon . Thesehybridisedorbitalsareallowedto overlapwith ligandorbitals
thatcandonateelectronpairsfor bonding.
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Coordination Type of Distribution of hybrid
number hybridization orbitals in space
4 sp’ Tetrahedral
4 dsp Squareplanar
5 spd Trigonalbipyramidal
6 sp’d’ Octahedral
6 d“sp’ Octahedral

Magnetic properties of coordination compounds:A coordinationcompounds paramagnetin nature, if it
hasunpairecdelectronsanddiamagnetiaf all theelectronan the coordinationcompoundarepaired. Magnetic
moment= [n (n + 2)]¥?> wheren is numberof unpairedelectrons.

A Crystal Field Theory:

a) Itassumes the ligands to be point charges and there is electrostatic force of attraction between ligan
and metal atom or ion.

b) Itistheoretical assumption.

A Crystal field splitting in octahedral coordination complexes:
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A Crystal field splitting in tetrahedral coordination complexes:
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MULTIPLE CHOICE QUESTIONS
1.Which of thefollowing is a complexof metalotherthantransitionmetal?

(a) Haemoglobin (b) Chlorophyll (c) Ferrocene (d) Vitamin B12
2.Which of the followingis notadoublesaltbutacoordinatecompound?
(2)KCI.MgCl».6H.0 (b) FeSQ.(NH4)2SQs.6H.0
(€)K2SQu.Alx(SQy)3.24H0 (d)4KCN.Fe(CN»

3. Thedonoratomsin ethylenediaminetetraacetaba is

(a)two N andtwo O (b) two N andfour O

(c) four N andtwo O (d) threeN andthreeO

4. Thecorrectl.U.P.A.C.nameof thecomplex,Fe(GHbs)2 is
(a)cyclopentadienyliron(ll) (b) bis(cyclopentadienyl)iron(ll)
(c)dicyclopentadienyliron(ll) (d) ferrocene(0)

5. Thegeometricalsomerismin coordinationcompoundss exhibitedby

(a) squareplanarandtetrahedratomplexes (b) squareplanarandoctahedratomplexes
(c) tetrahedrabndoctahedratomplexes  (d) squareplanar tetrahedralpctahedratomp.
6. Which of thefollowing is not optically active?

(@)[Co(eny]*" (b) [Cr(ox)]*

(c) cis[CoCh(en)y]+ (d)trans[CoClx(en}]*
7.Thecomplexion [Cu(NHs)4] *?is

(a)tetrahedrabndparamagnetic (b) tetrahedrainddiamagnetic

(c) squareplanarandparamagnetic (d) squareplanaranddiamagnetic

8. Thehybrid stateof Coin high spincomplex,K3[CoF] is

(@)sp’d? (b) sp’ (c) d’sp’ (d)sp'd
9.In anoctahedratrystalfield, thet2gorbitalare

(a)raisedin energyby 0.4o0 (b) loweredin energyby 0.4 o

(c) raisedin energyby 0.6 po (d) loweredin energyby 0.6 po

10.If gp o< P,thenthecorrectelectronicconfigurationfor d4 systemwill be
(2) t°g* egO(b) t°g° egl(c) t°g° ed (d) t2¢f egf
(@3 (b)6 ()5 (d)4
Answer key: 1b,2d,3b,4b,5b,6d,7¢c,84a,9b,10b
Q11)The spin only magnetic moment of [MnB¥i]& 5.9 BM. Predict the geometof the complexion.
Ans. Coordination No. of Mn2+ion is 4; it has a tetrahedral geometry.
Q 12) CuS04.5H20 is blue in colour while CuSO4 is colourless. Why?
Ans. d-d transition is possible in CuSO4.5H20 , so it shows colour. CuSO4 due to the absertee of wa
(ligand) Crystal Field splitting is not possible, so it is not coloured.
Q13) Write the stateof hybridisation in[Cr(NH3)6]3+ Ans. d2sp3 geometry, octahedral
Q14)Write the formula of the given Coordination compodind :
a)Ni2+ ion is bound to two ater molecules and two oxalate ions.
b) Co3+ ion is bound to one chloride ion and one ammonia molecule and two ethylenediamine molecul
Ans. a) [ Ni(H20)2(C204)2 2 b) [Co(CI)(NH3)(en)2 ]2+
Q15) When 1 mol of Cr(3.6H20 is treated with an excess of AQNO3, 3 mol of AgCl are obtained. Write
structural formula & IUPAC name of the compound.
Ans. [Cr(H20)6 ]CI3
Q16.How can you show that [Co(NH3)5CI|SO4 and [Co(NH3)5SQ4)€ ionisation isomers?
Ans: the former givesvhite ppt with EaCl2 solution, latter does not.
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Q17) Name (a) the metal ion present in vitamin B12 and (b) the compound used for inhibiting growth of
tumours.

Ans:(a) Co3+ (b) ci$ platin

Q18) Draw diagram to show splitting ofidorbital in octahedralrgstal field.
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d orbitals -~ N
T N a,d.d,.
d-_ ~d-~d_ , da_d,. Average energy Splitting of d orbitals
of the d orbitals in in octahedral
Free metal ion spherical crystal field crystal field

Q19) Explain the two patterns of filling d4 ion in octahedral crystal field.
Ans. b) Electronic configuration f2g4eg@4dnd onf iqgbo >
electronic confyration is2g3 ey 1
Q20) Arrange following complex ions in increasing order of crystal field
splitting energy ( O) : [Cr(CI)6]3, [Cr(CN)6]3', [Cr(NH3)6]3+
Ans. [Cr(CI)6]3 , [Cr(NH3)6]3+ [Cr(CN)6]3i
Q21) Discuss the nature of Bonding in metal carbonyls.
[Hint: refer to synergic effect, back bonding andacid ligand CO]
Q22) Arrange the followinggomplexes in theorder of increasing electrical conductivity. Give reason.
[Co(NH3)3CI3], Co(NH3)5CI]|CI2,[Co(NH3)6]CI3, [Co(NH3)4CI2]CI
Ans. [Hint: refer to no. oions resulting from dissociation] [Co(NH3)3CI3]< [Co(NH3)4CI2]Cl
< [Co(NH3)5CI|CI2,< [Co(NH3)6]CI3
Q 23)How many geometrical isomers are possible in the following coordination entities:
(i) [Cr(C0s4) 3]
(i) [CoCI3(NH3)3].
Ans. (i) Nil [Hint: oxalate is a symmetrical didentate ligand]
(i) Two (fac and mer isomer).
Q 24. A solution of [Ni(H20)6]2+s green, but a solution of [Ni(CN)4} & colourless. Explain.
Ans.HO0 being weak ligand forms an outer orbital complex with unpaired electdogagant orbitals. This
facilitates dd transition.
Q 25. Why [Fe(CN}]¥ is weakly paramagnetic while [Fe(CN}' is diamagnetic ?
Ans. In [Fe(CN)6 ]3 Fe is in +3 state having d5 configuration, thus it has one unpaired electron.
Therefore it is paramagnetMhile in[Fe(CN)6 ]4 Fe is in +2 state(d6) and it has nainpaired electrons(
inner orbital complex)
Q 26. Why[ Ni(CO)4] possesses tetmald r a | geometry, while [Pt (NH3)2
Ans. In[ Ni(CO)4] Ni is in ) state,CO being strong ligand pushes 4s electrons to 3d andisgd®@idization
takes place. But in Pt2+ even after pairing of 3d electrons one d orbital is available fo dsp2
hybridisation.
Q 27 Whatis thedifferencebetween (a) homolepticandheterolepticcomplexes
(b) didentateandambidentatéigands

Ans: (a)Homoleptic complexes have only one type of ligand, hetero leptic have mooad¢higpe
(c) didentate ligands have two donor siteslesambident ligands donate alectron pair in two

different ways.
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Q 28) Write the structures and IUPAC names of the
(@) linkage isomer and the (b) ionisation isomer of [Co(NH3)5(NO2)](NO3)2
Ans: pentaamminenitritdd-cobalt(lll) nitrate
a)[Co(NHs)sONO](NGs)2 is linkage isomer.
b) [Co(NHs)s(NO3)] NO2NQgzis ionization isomer
Q29) Discuss briefly giving example in each case the role of coordination compounds in:
a.Biological system b.Medicinialchemistry c.Analytical chemistry
d.Extraction/metallurgy of metals e.Phohtography
Ans:a.Biological systemChlororophyll a pigment helps in phototo synthesis.It is a coordination
compound of magnesium
b.Medicinial chemistry: cis platin acoordinationcompound is used in treatment of cancer.
c.Analytical chemistry:during salt analysis a large no, of coordination copmpounds are made/gsAdCl
is a white ppt forms a soluble complex with excess of ammonia.
d.Extraction/metallurgy of metals:In extraction of gold and siver the metal is treated with Na&Cform a
coordination compound
e.Phohtography. during developing of film in black and white photography AgBr forms a complex when
washed with sodium thiosulphte(hypo)solution.
Name the types aéomerism exhibited by [Co(NH3)5(NO2)](NO3)2 .
Ans: linkage isomerism and ionization isomerism
Q30. Write the name & Using VBT Predict the Magnetic behaviour, hybridization, shape of following. Also

predict whether it is inner or outer orbital complexase of octahedral complexes. (1x5)
a) [CoF6]3 b) [Co(NH3)6]3+
C) [NiI(CN)4]2 d) [NiCl4]2- e) [Ni(CO)4]

Ans: a) hexafluoridocobaltate(lll) ion,paramagnetic,sp3dalwdral
b)hexaamminecobalt(lll) ion,diamagnetic,d2sp3,octahedral
c)tetracyanidonickelate(ll) ion,diamagnetic,dsp2,square planar
d)tetrachloridonickelate(ll) ion,paramagnetic,sp3,tetrahedral
e)tetracarbonylnickel(0),diamagnetic,spp3,tetrahedral
Q31. [Fe (H0)s]%" is strongly paramagnetic whereas [Fe (§/)s weakly paramagnetic.Explain.
Ans. In both the complexes, Fe is in +3 oxidation stalé.is strong field ligand, inner-drbitals
are involved, &p’ hybridization, one unpaired electrovesly paramagnetid20 is weak field
ligand, outer ebrbitals are involved, $g? hybridization, five unpaired electromssiongly
paramagnetic.

Assertion and Reason Type Questions
1. Assertion (A): Linkage isomerism arises in@alination compounds contaigrambidentate ligands.

Reason (R) : Ambidentate ligand like BRas two different donor atoms i.e. N and O.
2. Assertion (A): Complexes of Mgand MXsL type do not show geometrical isomerism.

Reason (R) : Geometrical isomerism is not shown by the compméxesrdination number 6.
3. Assertion (A): Toxic metal ions are removed by the chelating ligands.

Reason (R) : Chelate complexes tend to be more stable.
4. Assertion ( A) :a(NHNEM 6HX sis neta teatrdinatiBrec@pound.
Reason (R) : Thaqueous solution of this salt gives the test éf,A¢Hs* and SG? ions.
5. Assertion (A): The complex [Fe@®)s]?* is paramagnetic in nature.
Reason (R) : It consists of two unpaired electrons.

[Ans: 1. (3 2. (b) 3. () 4. (b) 5. (]
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UNIT VI HALOALKANES AND HALOARENES
Alkyl halides or haloalkanes anaryl halidesor haloarenes are organic compounds obtained by
replacement of one or more-dloms ofaliphatic andaromatic hydrocarbongespectively byalogen
atom(s).
Types of haloalkanes aindloarenes
(1) Monohaloalkanes whether halogen atom is bonded to 1°, 2° or 3ft@n, e.g.,

CH.— CH,—CH,—Cl CH,— CHCI—CH,
% % = 2-Chloropropane (2°)

1:Chictopropans {17) or Isopropyl chloride

?Hz
CH,—(I: —Cli
CH,

2-Chiloro-2-methylpropane (37)
or Tert. butyl chioride

(2) Dihaloalkanes and dihaloarenes

¢
(|3H20I @
CH,CI CH,—CHCI,

1, 2-Dichloroethane 1, 1-Dichloroethane 1, 2-Dichlorobenzene
or Ethylene chloride or Ethylidene chloride or o-Dichlorobenzene
(vic-dihalide) (gem-dihalide)

(3) PolyhaloalkanesCHCIs (Chloroform)CHBrs (Bromoform) CHIz (lodoform), CCl (Carbon
tetrachloride)
(4) Allylic halides: Whenhalogen atom bonded to°dpybridised Gatom next to carbon, carbon double

bond, e.g.,CkV CH CHw CHx¥ CI,CH, CHw CHxw CI

(5) Benzylic halideswhenhalogen atom bonded to*dpybridised Gatomnext to an aromatic ring. For
example GHsv CHyw Cl

(6) Vinylic halides:Whenhalogen atom bonded to’dpybridised Gatom of an aliphatic compound, e.g.,

cl
CH,=CH—CI @/

Chloroethene 1-Chlorocyclopenten
(7) Aryl halides: Whenhalogen atom bonded to’dpybridised Gatom of an aromatic ring. For example
Cl Cl
<
1-Chloronaphthalene (m-Chlorotoluene)
1-Chloro-3-methylbenzene
IUPAC Nomenclature:
7
CHs—CliH—-CHZCI CHB—CIJ—CHQBr
CH, CH,
Isobutyl chloride Neopentyl bromide
1-Chloro-2-methylpropane 1-Bromo-2-2-dimethylpropane
CHB—CH—CIZH—CH3
Cl CH,—CF,—CH,—CH,

2-Chloro-3-methylbutane 2, 2-Difluorobutane (gem)
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Preparation of Haloalkanes
1. (1)From Alcohols:

(a2) CHzCH.OH + HCI(in presence of anhydrous Zagl CH;CH.CI + H.O
(b) By reaction with phosphorus halides: CHsCH.OH + PCy ~ CH3CH.Cl + POC} + HCI
(c) By reaction with thionyl chloride: CHsCH.OH + SOC}  CH3CH:Cl + SG + HCI

2. From Hydrocarbons

(i) CH3v CHs + Cl (in presence of sunlight) CHzv CHCI
(i) CHv CH CH2+HCI CHs¥ CH(CIwW CH3( Mar kovni kovds ru

3. Halogen exchange reactior+
() Finkelstein Reaction): Alkyl chloride or alkyl bromide is treateth Nal in acetonéo give alkyl

iodide in fairly good yield. CHsCHzCI + Nal (in dry acetone) CHzCHal + NaCl
(i) Swarts Reaction HsCi Br + A gCH F¥AgBr

5. FromDiazonium Salt(Sandmeyer reaction)

Wi
NH, NaNO, + HX NX
_
273-278 K

Benzene diazonium
halide

-

N, X X
Cu,X
©/ — ©/ v N:

Aryl halide X =ClI, Br
1. Physical properties of haloalkanes
1. Boiling point orders
1L.RII>RiBr>RiI CI>RT F
2. CH:T (CH)21 CH2Br > (CHs)2 CHCH:Br > (CHs)3CBr
3. CHCH2CH2> CHsCH2X > CH3X
2. Dipole moment decreases aselectronegativity of the halogen decreases
3. Haloalkanes though polar but are insoluble in water asdihept form hydrogen bonding
with water.
1. Reactions of haloalkanes:
I. Nucleophilic Substitution Reactions

N+ & Ao
Nu + ~-C—X —> Nu—C~ + X
/ AN

(a) Substitution nucleophilic bimolecular ($2)
SN2 is asingle step bimolecular reactiorin which the incoming nucleophile attacks thiesfom of
substrate in a directioopposite to the outgoing nucleophile.

H
H o— I S5 /H

HO™ + H/\C—CI D% 5 |G GO | ——% HE— 0y e B
H/ H” NH NH

( Incoming (Substrate) (Transition state) (Product) Outgoing
_nucelophile nucelophile

Reactivity of halidesowards &2 mechanism is 1°>2°>3°
Relative reactivity of alkyl halides for same alkyl group isRI > RBr > RCI > RF
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(b) Substitution nucleophilic unimolecular (Sv1) Sw1 is atwo step unimolecularreaction. The first
step is the slow ionisation of substrate and is thedetiermining step. The second step is the rapid
reaction between the carbocation (formed in the first step) and the nucleophile. SN1 reactions generally

proceed impolar protic solvents such as KO, CHOH, CHsCOOH etc. R X  R"+ X (Step 1)
R*+Nu  Rw Nu (Step 2)

i). Optical IsomerismWhen a compound is non super imposable on its mirror image. The compound
would be chiral and it will exhibit optical isomerism. A&hiral objects rotate plane polarized light.

Br Br

|—C—=Cl Clm—C—m|

X'E Y

= Tl

Non-superimpesable mirrorimages

Chiral and hence X and Y are natentical. They are enantiomers.

i). Chiral Carbonif all the four valencies of carbon are satisfieddbgifferent group the carbon is chiral
carbon or asymmetric carbon. Beace of chiral carbon never ensure the molecule is optically active.
Il. Elimination Reactionsgia | o a | k a n-bBydrogereatoin wigen heated in presence of alc. KOH
undergo dehydrohalogenation forming alkenesCHy(CI)CHz + alc. KOH  CH3CH CH. + HCI

lll. Reaction with Metals( Preparation of Grignard reagent)

(@) CHCl+ Mg  CHsMgCI .In this reactiorpolarity on Cis reversed.

(b) (Wurtz Reaction) 2CHsCl + 2Na (in dry ether) CyHe + 2NaCl

2. Reactions of Haloarenes

I. Nucleophilic Substitution Reactions

Haloarenes are very much less reactive than haloalkanes towards nucleophilic substitution reactions.
Reason (i) The | one pair of el ect r o-electroosrof bbnaenerigge n a
(it acquirespartial double bond character in carbon halogen bordlie to resonanceThus it is more

difficult to break carbothalogen bond in haloarenes.

Il. Electrophilic Substitution Reactions

lll. Reaction with Metals

Fittig reaction: Haloarenes when treated with sodium in presenahlyoé&ther react in a manner simillar

to haloalkanes to give diarenes. This is known as Fittig reaction.

X
2 [ ] + 2na Dot + 2Nax

Diphenyl

Wurtz -Fittig reaction: When a mixture of haloalkane and haloarene is treated with sodium under
identical conditions we get alkyl arene.
e.g.Chloroberene to Toluene

Polyhalogen Compound

1. Dichloromethane (Methylene chloride)&® + Cl.  CH.Cl, + HCI

2. Trichloromethane (Chloroform) CCt H, CHCl + HCI

Chloroform is slowly oxidised by air in the presence of light to an extremely poisonous gas, carbonyl
chloride, als&known as phosgenelt is therefore stored in closed dark coloured bottles completely filled
so that air is kept out.
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3. Triiodomethane (lodofornt)was used earlier as an antiseptic but the antiseptic properties are due to
the liberation of free iodine and not due to iodoform itself.

4. Tetrachloromethane (Cambtetrachloride) CHGI+ Cl,  CCls + HCI

5. -Pichlprédiphenyltrichloroethane (DDT) a

Important questions
1.In Allyl chloride the hybridisation of carbon inCl is
(a) sp (b) sp (c) sp’ (d) None of the above
2. Which of the following alkyl halides will undergayb reaction most readily?
(i) (CHg)3Co F (i) (CH3)3Co CI (i) (CH3)3Co Br (iv) (CHg)3Co |
3. Which of the following is Finkelstein reaction
(a) Halogen+X) is replaced by iodine (b) Addition of hydrogen halide on alkene
(c) Halogen replaces alcoholic group(d) Halogen replaces the hydrogen of benzoic ring
4. The IUPAC name of the compoundCH>=C(CHs)-CH2Br is
(a) 3bromo2-methylpropl-ene (b) 1-bromo3-methylpropl-ene
(c) 2broma2-methylpropl-ene (d) 3-bromo2-methyprop-2-ene
5. Arrange the following compounds in increasing order of their boiling points.

CH,, G
fa) cH,"CH_EH“Er (b) CHCHCH,CHBr () H.C—C—CH,

Br

(i) (b) < (a) <(c) (i) (@) <(b) <(c) (iii)(c)<(a)<(b) (iv)(c)<(b)<(a)
6. Reaction of GHsCH2Br with aqueous sodium hydroxide follows
(A)Sn1 mechanism (B) \2
mechanism
(C) Any of the above two depending upon the temperature of rea¢y8aytzeff rule

7. The following compound is -

a) Allyl Chloride  b) Vinyl Chloride c¢) Benzyl Chloride d) Aryl Chloride

8.The correct IUPAC name of above compound is

(A) 1-Bromo-2-ethyl2-methylethane (B) 1-Bromo-2-ethylpropane
(C) 1-Bromo-2-methylbutane (D) 2-Methyl-1-bromobutane
9. Molecules whose mirror image is non superimposable over them are known as chiral. Which of
the following molecules is chiral in nature?

(i) 2-Bromobuane(ii) 1-Bromobutanéiii) 2-Bromopropangiv) 2-Bromopropar2-ol

10. Toluene reacts with a halogen in the presence of iron (ll) chloride giving ortho and para halo
compounds. The reaction is

() Electrophilic elimination reaction (ii) Electrophilic substitution reaction

(i) Free radical addition reaction (iv) Nucleophilic substitution reaction

Answer: 1( C) , 2(IV), 3(a),4(a),5(iii),6(A),7(b),8(C ),9(i), 10(ii)
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11. Which compound in each of the following pairs will refaster in &2 reaction with OFP

i. CHsBr or CHsl ii. (CHs)3 CClor CHCI

Answer: (i) CHal as | is better leaving group than CI

(if) (CH3)3 CClI due to formation of stable tertiary carbocation.

12. Out of o-and p-dibromobenzene which one has higher melting point and why?

Ans. p-Dibromobenzene has higher melting point thawditsomer. It is due to symmetry of

p- isomerwhich fits in crystal lattice better than thesomer.

13 Why is it necessary to avoid everraces of moisture during the use of a Grignardeagent?
Ans. Grignard reagents are highly reactive and react with any source of proton hydieearbons.

14. When 3-methylbutan-2-ol is treated with HBr, the following reaction takes place:
Hr

CH,- CH = CH=CH, |
I _HBr L CH,-C -CH,-CH,

[
CH, OH .

Give amechanism for this reaction
Answer:The secondary carbocatiomnfied in step Itearranges tmorestable tertiary
carbocation by a hydride ion shift frorff 8arbon atom.

15. Identify A,B,C and D: D
Answer: A = Ethene, [m
B:Ethan0| y c AgCN C,H:Cl alc KOH A
C=CzHsNC,
D= CHsCN lﬂq KOH

B

16. Why is Sulphuric acid not used during the reaction of alcohols with KI?
Ans. Sulphuric acid is an oxidising agent. It will oxidise HI produced during the reactiparid thereforewill
prevent reaction between an alcohntl HI to form alkyl halide.
17. Aryl chlorides and bromides can be easily prepared by electrophilic substitution of arenes
with chlorine and bromine respectively in the presence of Lewis acid catalysts. But why does
preparation of aryl iodides requires presence of an oxidising agent?
Answer: lodination reactions are reversible in nature. To carry out the reaction in the forward direction,
HI formed during iodination is removed by oxidation. Hi®used as an oxidising agent.

18. Why can aryl halides notbe prepared by reaction of phenol with HCI in the presence of ZnG?P
Answer: @ O bond in phenols is more stable due to resonance effect and it has double bond character,
hence breaking of this bond is difficult.
19.Explain the following
(a)Aryl halides have low reactivity.
(b)Organic halogen compounds used as solvents in inglay are chlorides rather than bromide and iodide.
(c) Reactivity of HX with alcohols is in the order HI > HBr > HCI.
Ans. (a)in aryl halides, halogen in attached $p* hybridised carbon. So carbon chlorine bond
dissociation energy is high due to partial double bond character.
(b)As chlorides are more volatile than bromide and iodide so used as solvents in industry.

(c) Reactivity of halogen acids depends upon badisdociation energy and the bond energy is in the
order HI < HBr < HCI. So HI is more reactive than HBr and HCI.



20.a) What is racemic mixture?
(b)The following haloalkanes are hydrolysed in presence of aq KOH.
(i) 2- Chlorobutane (ii) 2-chloro-2-methylpropane
Which of the above is most likely to give a racemic mixture? Justify your answer.
Answer:(a) Equal proportion of dextrmtatory and laevorotatory compound.
(b)  2- Chlorobutane. As it is optically active molecule.
20. Allyl chloride is hydrolysed more readily thann-propyl chloride. Why?
Answer:Allyl chloride shows high reactivity as the carbocation formed by hydrolysis is stabilised by resonance.
21. (i) Out of (CH3)sCiBr and (CHs )sCi I, which one is more reactive towards SNand why?
(i) Write the product formed when p-nitro Chlorobenzene is heated with agueous NaOHit 443 K followed
by acidification.
(iif) Why dextro and laevoi rotatory isomers of Butan-2-ol are difficult to separate by fractional
distillation?
(iv) Same alkylhalides undergo substitution whereas some undergo elimination reaction on treatment
with bases. Discuss the structural features of alkyl halides with the help of examples which are
responsible for this difference.
Answer : (i) (CHs)sCi | is more reactivéowards SN * as | is better leaving group than CI.
(ii) p-Nitrophenol
(i) They are enantiomers, thgyossess identical physical properties like boiling point.
(iv) Primary alkyl halides prefer to undergo substitution reactionN@yn@chanism whereas
tertiary halides undergo elimination reaction due to the formation of stable carbocation.
22.(a) ldentify the chiral molecule in the following pair:
(i) 3-methyl butan-2-ol (i) 2,4dimethyl butan-3-ol
(b) Write the structure of the product when Chlorobenzene is treated with methyl chloride inthe presence
of sodium metal and dry ether.
(c) Write the structure of the alkene formed by dehydrohalogenation ofbromo-1- methylcyclohexane
with alcoholic KOH.
(d) Haloalkanes react with KCN to form alkyl cyanides as main product while AgCN forms
isocyanides as the chief product. Explain.
Answer :(a) 3-methyl butar2-ol
(b) Toluene
(c) 1- methylcyclohexene
(d) KCN is predominantly ioni@and provides cyanide ions in solutidihe nucleophillicattack
takes place mainlyhrough carbon atom and not through nitrogen atom €dc€ bond is more
stable than @ N bond. However, AgCN is mainly covalent in nature and nitrogen is free to
donate edctron pairforming isocyanide as the main product
23.() Write the structur e -dgiminatioa\yhen2Bmarhokentane redcts withacdhobcyKOHI.
(i) Which one of the compounds in the following pairs is chiral:2-bromobutane and 3bromopentane

(iii) Identify A and B in the following: A e BepohanzepeMliduss

(iv) Why are aryl halides less reactive towards
nucleophilic substitution reactions than alkyl halides? How can we enhance the reactivity of aryl halides?

Answer:(i) Peni2-ene

(i) 2-bromobutane

(i) A is Diphenyl ,B is Phenyl magnesium bromide.

(iv) C-X bond in aryl halide is difficult to break due to partial double bond character.
Reactivity can be increased by introduction of electron withdrawing group in ortho and para position.



24. (i) Convert Chloroethane to butl-yne

(iPrimary alkyl halide C sH9Br (a) reacted with alcoholic KOH to give compound
(b).Compound (b) is reactedwith HBr to give (c) which is an isomer of (a). When (a) is reacted
with sodium metal it gives compound (d),CsHiswhich is different from the compound formed
when n-butyl bromide is reacted with sodium. Give thestructural formula of (a) and write the
equations for all the reactions.
Answer : (i) CHsCl+ HC=CNa ¥s@CH
(iDThere are two primary alkyl halides having the formulg;§Br. They aren - butyl bromide and isobutyl
bromide. Therefore, compound (a) is eithdyutyl bromide or isobutyl bromide.
Now, compound (a) reacts with Na metal to give compound (b) of molecular forngika,which is different
from the compound formed whembutyl bromide reacts with Na metal. Hence, compound (a) must be isobutyl
bromide.Thus, compound (d) is 2;dimethylhexandt is given that compound (a) reacts with alcoholic KOH to
give compound (b). Hence, compound (b)-isn2thylpropene.
Also, compound (bjeacts with HBr to give compound (c) which is an isomer of (a). Hence, compound-(c) is 2
bromo2-methylpropane.
25 What happens when
(i) methyl chloride is treated with AQCN
(i) bromobenzene is treated with Mg in the presence of dry ether,
(iif) chlorobenzene is subjected to hydrolysis,
(iv) ethyl chloride is treated with aqueous KOH,
(v) methyl bromide is treated with sodium in the presence of dry ether,
(vi) n-butyl chloride is treated with alcoholic KOH.
Answer :
(i) When nethyl chlorideis treated with AgCN, it undergoes a substitution reaction to give methyl isocyanide
(i) When bromobenzene is treated with Mg in the presence of dry ether, phenylmagnesium bromide is formed.
(iif) Chlorobenzene does not undergo hydrolysis under nownditions. However, it undergoes hydrolysis when
heated in an aqueous sodium hydroxide solution at a temperature of 623 K and a pressure of 300 atm to form
phenol.
(iv) When ethyl chloride is treated with aqueous KOH, it undergoes hydrolysis to form ethanol.
(v) When methyl bromide is treated with sodium in the presence of dry ether, ethane is formed. This reaction
is known as the Wurtz reaction.
(vi). When n- butyl chloride is treated with alcoholic KOH, the formation of but ene takes place. This reaction
is a dehydrohalogenation reaction.
Assertion and Reason Type Questions
(A) Both Assertion and reason are true and reason is correct explanation of assertion.
(B) Assertion and reason both are true but reason is not the correct explanation of assertion.
(C) Assertion is true, reason is false.
(D) Assertion is false, reason is true.
1. Assertion:Aryl halides undergo nucleophilic substitution reactiaith ease.
ReasonThe carbon halogen bond in aryl halides has partial double bdmatscter.
2 Assertioni Treating alcohols with thionyl chloride is the most preferred methqutépare haloalkanes.
Reasori In this method, the byproductse escapable gases.
3. Assertion- When Hydrogen Bromide is added to propenbr@nopropane is the majgroduct.
Reason Br- is added to that double bonded carbon, which has more number of hydrmges bonded to it.
4. Assertion Ci X bond in aryl halides is less polar than thé X bond in alkyl halides.
Reasonin aryl halides, the electron withdrawing inductive effect is opposed by elemteasing resonance
effect.
Answer: 1( D), 2(A), 3(C), 4(A),




UNIT VII ALCOHOLS, PHENOLS AND ETHERS

Compound Common name IUPAC name
Alcohol [ R-OH] Alkyl alcohol Alkanol
Phenol [AFOH] Phenol Phenol

Ether[RO-R 6 ] Alkyl alkyl ether [alphabetical order in alkyl or Alkoxy alkane
dialkyl if two same alkyls are present]
Structures of Functional Group-

142 pm o6 o9 -
N S N S N
H. ¥ O ~ N
ScT08.93 A H—CTT7°c Y
H
Methanol Phenol Methoxymethane

1. Primary alcohols can be obtained by

(i) reduction of aldehydes

i) reaction of Grignard reagents with HCHO

(iii) reduction of carboxylic acids and esters

(iv) hydrolysis of 1" alkyl halides

(v) hydration ofalkenes.

2. Secondary Alcohols can be prepared by

(1) reduction of ketones

(ii) reaction of Grignard reagents with aldehydes

(iii) hydration of alkenes

(iv) hydrolysis of alkyl halides.

3. Tertiary Alcohols can be obtained by

() reaction of Grignard regents on ketones

(i) reaction of excess Grignard reagents with esters

(iii) hydration of alkenes.

4.Alcohols have higher boiling points than corresponding alkyl halides or alkanes due to their ability to
form intermolecular hydrogen bonds.

5. Lower alcdhols are soluble in water. Solubility in water decreases with increase in size of alkyl group.
Among isomeric alcohols straight chain alcohols are less soluble in water than the branched chain alcohols
6. Order of acidic strength among alcohols is1° > 2° >3.

7. Order of reactivity of alcohols in reactions involving cleavage of oxygeinogen bond is: 1° > 2° >3.
8. Order of reactivity of alcohols in reactions involving cleavage of cadxgygen bond in: 8> 29> 1°
9. Order of acidityPhenol > HO > ROH

10. In phenol electrophilic substitution occurs very easily and mainly at ortho and para positions.
11. In Kolbe reaction, electrophilic species involved in,C&ahd in Reimer Tiemann reaction,
electrophilic species involved in CCl

12. 30,209 1%alcohols can be distinguished by Lucas test

13. Phenol can be distinguished from alcohols by reaction with

(i) FeCk solution (i) litmus solution

(iif) NaOH solution (phenol is soluble in NaOH solution) (iv) Bromine water.

ETHERS



16. Ethers are dialkyl derivatives of water or monoalkyl derivatives of alcohols. Ethers can be prepared
by Williamson synthesis reaction = R-X+RONa - R-0O-R'+ NaX

The alkyl halide used in thigaction should preferably be primary because tertiary and secondary alkyl
halides have greater tendency to undergo elimination in the presence of strong base, sodium alkoxide.
17. Aromatic ethers can be prepared by reaction of sodium phenoxide withallkgls and not by

reaction of sodium alkoxide with alkyl halide.

18. GO-C bond in ether is bent and hence polar.

19. Ethers are relatively inert and hence are used as solvents in many reactions.

Ethers can be cleaved by acidsomatic ethers on cleaga with halogen acids give phenol and alkyl
halide. Alkoxy group activates the benzene ring towards electrophilic substitution and directs the
incoming electrophile towards ortho and para positions.

Important questions

1. To get carboxylic aciddirectly from alcohol, which of the following oxidising agents is used?

a) Alkaline KMnQy b) Aqueous KMnQ@

c) Acidified KMnOq d) Anhydrous Cr@

Answer c

Explanation Strong oxidizers, such as acidified potassium permanganate or acidified potassium
dichromate, convert alcohol to carboxylic acid immediately. Usingg@sQhe oxidising agent in an
anhydrous media, however, only aldehyde can be produced.

2. When phenol reacts with bromine water, what is the result?

a) Brown liquid b) Colourless gas
¢) White precipitate d) No reaction
Answer c

Explanation When phenol is treated with bromine water, a white precipitate is formed, which is 2,4,6
Tribromophenol.

3. The Lucas test was carried out on three different compounds: A, B, and C. Compounds \Reaed
turbid at ambient temperature, while compound C did not become turbid until it was heated. Which one of
the compounds is tertiary in structure?

a)A b) B c)C d) can not be determined

Answer d

Explanation It is stated that A and Bxhibit turbidity at room temperature, however, it is not stated whether the
turbidity appears immediately or over a period of time. So compounds A and B may be tertiary or secondary
depending on whether turbidity appears immediately or after 5 minupectieely. Compound C may be primary.
4. Which of the following compounds is formed when secondary alcohols are oxidisaddant
oxygerfO]?

a) Ether b) Aldehyde c) Ketone d) Amine

Answer c

Explanation The oxidation of secondary alcohols by a nasogggen atom [O] yields the ketone
molecule.

5. Which of the following processes does not result in the production of alcohol?

a) Acid catalysed hydration of alkenes b) Free radical halogenation of alkanes

¢) Reduction of aldehydes d) Hydroboratioroxidation of alkenes

Answer b

Explanation When alkanes are halogenated by free radigals,haloalkane not alcohol.

6. The conversion of trialkyl borane to an alcohol does not require which of the following?

a) Sodium hydroxide b) Water c) Diborane d)Hydrogen peroxide



Answer c

Explanation In the presence of aqueous NaOH, trialkyl boranes are oxidised by hydrogen peroxide to
produce alcohol. This conversion does not require diborane, although it is required for the creation of
trialkyl boranes.

7. Etrers may be used as solvents because they react only with which of the following reactants?

a) Oxidising agent b) Bases c) Acids d) Reducing agents

Answer c

Explanation Nucleophiles and bases cannot attack ether. However, because of their capalsigy to s
cations by giving an electron pair from an oxygen atom, they are excellent solvents in many chemical
reactions. Ethers are less reactive than alcohols and react only with acids.

8. An aryl carbon can be found in which of the following compounds?

a) Ebhanol b) Phenol ¢) Vinyl alcohol d) Benzyl alcohol

Answer b

Explanation An aryl carbon is the $fhybridised carbon of an aromatic ring to which the hydroxyl group
is connected. The OH group is connected to an aryl carbon in phenol.

9. Which type okther iscalled when the alkyl groups connected to either side of the oxygen atom in an
ether are different.

a) mixed b) symmetrical c) simple d) diethyl

Answer a

Explanation A mixed or unsymmetrical ether is one in which the alkyl or aryl groupstber side of the

O atom differ.

10. Which of the following alcohols is not polyhydric?

a) Propylene glycol b) Ethylene glycol c) Cyclohexanol d) Benzenel,2-diol

Answer c

Explanation Polyhydric alcohols include two or more hydroxyl groups and assifled as glycols in the
common system or diols and triols in the IUPAC system.

Q11 Give reason for the following

(a) Propanol has higher boiling point than butane.

(b) O-nitrophenol is less soluble in water thanifrophenol.

Ans-(a) Since in proparlanolecules are associated with stronpéhds whereas butane has weak dispersion
forces.

(b) O-nitrophenol shows intramolecular Honding.

Q12 Name the reagents used in the following reactions

a) Oxidation of a primary alcohol to carboxylic acid.

b) Oxidation of a primary alcohol to aldehyde.

Ans-a) KMnQu/H + or K2 Cr2 O7/H * or Dil HNOs

b) CrGs in anhydrous medium dryridiniumchlorochromate PCC

Q13 Give equations of the following reactiens

a. Dilute HNQ with phenol b. Bromine water with phenol.
Ans: OF1 OH Ol OH
O, N NO, Br Br
Conc. HNOg H-O D
I 2 + 3B, —*—» + 3HBr
. N('): Br
‘2'4'(:i,li::;érg;‘;é])("l‘()l Phenol 2.4,6-Tribromophenol

Q14
. Write the suitable test to distinguish the following pair of organic compeunds



(&) Phenol and Benzoic acid
Ans-

(b) nButanol and tert butyl alcohol

Test Phenol Benzoic acid
1. NaCOs/NaHC O test No briskeffervescence of | A brisk effervescence of GG
COQyis seen. is seen.
2. Neutral FeCl A violet coloured complex iy  No violet coloured complex
seen. is seen.
n-Butanol tert butyl alcohol
1. Lucas test [ alcohol+ Turbidity appears onlypon Turbidity appears
concHCI +ZnCH] heating. immediately on adding
reagent.

Q15. Arrange the following compounds in increasing order of their strength.

a) Propanol, enhitrophenol, Gcresol, phenol
Ans- a). Propanol, <@resol, < phenol < @itrophenol.

Q16 (i) Diethyl ether does not react with sodium.
(i) Phenols do not undergo substitution of tl@H group like alcohols.
Ans: (i). Since dethyl ether does not contain an active hydrogen.
ii) The GO bond in phenol has some
double bond character due to resonance and hence cannot be easily cleaved by nucleophile.

Q17.Account for the following

(i) phenol does not react with NaH@®@herea carboxylic acids react
(ii) phenol is more easily nitrated than benzene

b) Propanol, propanoic acid, phenol
b) Propanol,< phenol <propanoic acid.

Such acidbase reaction takes place only if the acid formed is weaker than the reacting@oidH
stronger acid than phenol so it does not react.
(i) nitration involves attac of electrophile nitronium ion N© on benzene ring.Due to +R effectid®dH

group electron density on benzene increases. Therefore , phenol is more easily nitrated as compared to

benzene.

Q18.How are the following conversions carried out?
(i) Ethanol to propafk-ol

(i) Propene tgropanl-ol
Ans:

Q109.

How are



