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UNIT- |
THE SOLID STATE
KEY CONCEPTS
1. The state of matter whose M.P is above room temp is solid state.
2. Solids have definite shape and volume, having high density and constituent particles are held strongly.
3. Crystalline solids have regular arrangement of constituent particles thoutgimelting point is
sharp, Anisotropic (Some Physical Properties Like Refractive Index, Electrical/Condtictance may vary in
different directions) in nature and give clear cut cleavage.
4. Amorphous solids have no regular arrangement, no sharp M.P, isoti@emewRPhysical Properties
Like Refractive Index, Electrical Conductance may not vary in differentidirections) in nature they do not
exhibit cleavage property.
5. Amorphous silica is used in photovoltaic cells.
6. Space lattice is a regular 3D arramgat of constituent particleSuin the crystalline solid.
7. Smallest repeating unit in a space lattice is called unit cell.
8. There are 4 types of unit cells, 7 crystal systems and 14 bravais lattices.
9. Types of unit cell No. of atoms per unit cell
i. Simple cubic unit cell 8 X 1/8=1
ii. FCC (Face centered cubic) 8 X 1/8+6 X 1/2=4
iii. BCC (Body centered cubic) 8 X 1/8+1 X 1=2
10. Hexagonal close packing and cubic cleseypacking have equal efficiency i.e 74% and coordination no.
is 12.
11. Coordingion no.: The no. of nearest neighbour points surrounding a particular (May point is called
coordination no (point may be atomjions & molecules).
12. Packing efficiency(®olume occupied by total spherés 100

Volume of unit cell
MO® C2NJ aAYWLIS OdzoAO dzyAd OStf GKS LI OlAy3a STFFAOA
Mnd® ¢KS LIQIAY3a STTFAOASyOe Ay o600 I'm - nko - ~ Nbk
Mp® ¢KS LI OPAy3a STFTAOASyOe Ay FOO I'm - nko - ~ Nbk
16. Packing efficiency in simple cubic unit cell is 52.4%, bcc arrangement in 68% and fcc is 74%.
17. Unoccupiedsspaces in solids are called interstitial voids or interstitial sites.
18. Two important interstitial voids are (). Tetrahedral void and@t}ahedral void.
19. Radius,ratio is the ratio of radius of void to the radius of sphere.
a. For.tetrahedral void radius ratio =0.225 For octahedral void radius ratio=0.414
20.4No, of tetrahedral void=2 X N (N=No. of closed packed particles)
21. No.of octahedral void=N
22. Formula of a compound depends upon arrangement of constituent particles in the unit cell.
23. Density of unit cell
D=Z X M/a3 X NA
D=density, M=Molar mass, a=side of unit cell, NA=6.022 X 1023
24. The relationship between edégngth and radius of atom and interatomic or interionic distance for
different types of unit cell is as given below
a. Simple cubic unit cell a=2r
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b. FCC a=4r/

c. BCC a=4r/

25. Interatomic distance=2r

26. Interionic distance=®Ra (Rc=Radius of cation, Ra=Radius of anion)

27. Imperfection is the irregularity in the arrangement of constituent particles.

28. Point defect or Atomic defeett is the deviation from ideal arrangement of constituent atom. Point
defects are two typs (a) Vacancy defect (b) Interstitial defect

29. Vacancy defect lowers the density.

30. Interstitial defect increases the density of crystal.

31. Point defects in the ionic crystal may be classified as:

a. Stoichiometric defect (Ratio of cation andamis same).

b. Non Stoichiometric defect (disturb the ratio).

c. Impurity defects (due to presence of some other ions at the lattice sites)

32. Schottky defect arises due to missing of equal no. of cations and anions frem lattice sites in the
crystallne solid and it lowers the density of crystal e.g. NacCl.

33. Frenkel defect is the combination of vacancy and interstitial defects. Cations leave their actual lattice
sites and occupy the interstitial space in the solid. In this defect density remanmesesg. AgCl.

34. AgBr is the compound which shows both Schottky Defect and_Frenkel Defect.

35. Non stoichiometric defect

a. Metal excess defect due to anion vacancy.

b. Metal excess due to presence of extra cation.

c. Metal deficiency due to absence of cation.

36. FCenter- In metal excess defect, trapping of electrons in the anion vacancies which act as color
center. E.g. NaCl gives yellow color in excess of\Nat-ions.

SHORT ANSWER QUESTION (1)

Q1. What do you man by paramagnetic substance?

Ans.:- Substances which are attracted by external magnetic field are called paramagnetic substances.
The paramagnetic property is due to-the presence of unpaired electrons in atoms or ions e.g. Cu2+, Fe3+
etc.

Q2. Which sustance exhibit schettky-and Frenkel both defects.

Ans:- AgBr

Q3. Name a salt which‘issadded to Agcl so as to produce cation vacancies.

Ans.:CdCI2

Q4. Why Frenkel defects not found in pure Alkali metal halide.

Ans:- Due to larger. size of Alkali metahs.

Q5. What is thewuse of amorphous silica?

Ans.: It is used in Photovoltaic cells.

Q6. Analysis shows that a metal oxide has the empirical formula M0.98 O. Calculate the percentage of
M2+ and M3+ ions in the crystal.

Ans;: Let'the M2+ ion in therystal be x and M3+ = 0.98

Since total charge on the compound must be zero

2x+3(0.98&)-2=0

X=0.88

% of M* = (0.88/0.96) X 100=91.67

% of M"=10091.67=8.33

Q7. What is the cordination no. of cation in Antifluorite structure?

Ans:-4

Q8. What is the Coordination Number of cation and anion in Caesium Chloride.
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Ans: 8 and 8

Q9. What is F centre?

Ans.: F-Center- In metal excess defect, trapping of electrons in the anion vacancies which act as color
center. E.g. NaCl gives yellow color in excess of Na+ ions.

Q10. What makes Alkali metal halides sometimes coloured, which are otherwise colourless?
Ans.: It is due to FCenter.

Very Short Answers(1 marks) :

1. How does amorphous silica differ from quartz?

Ans In amorphous silica, SiO4 tetrahedral are randomly joined to each other whereas in quartz they are
linked in a regular manner.

2. Which pint defect lowers the density of a crystal?

Ans Schottky defect.

3. Why glass is called supper cooled liquids?

Ans It has tendency to flow like liquid.

4. Some of the very old glass objects appear slightly milky instead of being transparent. why?
Ans- Due to conversion amorphous glass into crystalline.

5. What is anisotropy?

Ans Physical properties show different values when measured along, different direction in crystalline
solids.

6. What is the coordination number of atoms?

a) in fcc structurdd) in bece structure

Ansa)12b) 8

7. How many lattice points are there in unit cell-of

a) fcc b) bee ¢) simple cubic

Ansa)14b)9c)8

8. What are the cerdination numbers of octahedral voids and tetrahedral voids?

Ans 6 and 4 respectively.

9. Why common salt is sometimes yellowtinstead of being pure white?

Ans Due to the presence of electrons in some lattice sites in place of anions these sites-aenasr§.
These electrons when excited impart'color to the crystal.

10. A compound iormed by two elements X and Y. The element Y forms ccp and atoms of X occupy
octahedral voids. What'is\formula of the compound?

Ans No. of Y atoms be'N No- of octahedral voids N

No. of X atoms be =N Formula XY

HOTS Very ShorttAnswers:

1. Define F cemrs.

2. What type of stoichiometric defect is shown by

a. ZnS

b. AgBr

3. What are the differences between frenkel and schottky defect?

4. Explain the following with suitable examples

o Ferromagnetism

o Paramagnetism

o Ferrimagnetism

012-16 and 1315 group compounds

5. In terms of band theory what is the difference between

o Conductor and Insulator

0 Conductor and Sentgonductor
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Short Answers (2 Marks):HOTS

1. Explain how electrical neutrality is maintained in compounds showerk€rand Schottky defect.

Ans In compound showing Frenkel defect, ions just get displaced within the lattice. While in compounds
showing Schottky defect, equal number of anions and Cations are missing from the lattice. Thus,
electrical neutrality is maintained in both cases.

2. Calcudte the number of atoms in a cubic unit cell having one atom on each corner and two atoms on
each body diagonal.

8 corner X (1/8) atom per unit cell = 1 atom

Ans There are four body diagonals in a cubic unit cell and each has two body centre atems;

So4 X 2=8 atoms therefore total number of atoms per unit cell =1+8=9

3. Gold crystallizes in an FCC unit cell. What is the length of a side of the cell (r=0.144 nm)

r=0.144 nm

FT'H - KHNJ
=2 X 1.414 X 0.144 nm
=0.407 nm

4. Classify each of the followiag either ptype or ntype semiconductor:

a) Ge doped with In

b) B doped with Si

Ans (a) Ge is group 14 elements and In is group 13 element. Therefore, an electron deficit hole is
created. Thus sengonductor is gype.

(b) Since B is group Eement and Si group 14 elementjthere will be a free electron, thus ityipan
semiconductor.

5. In terms of band theory what is the differenceibetween a conductor, an insulator and a semi
conductor?

Ans The energy gap between the valence/band antbagtion band in an insulator is very large while
in a conductor, the energy gap is very small or there is overlapping between valence band and
conduction band. In sentionductor there isr'small energy gap between the valence band and
conduction band.

6. GCI2 will introduce Schottky-defect if added to AgCI crystal. Explain

Ans Two Ag+ ions will be replaced by one Ca2+ ions to maintain electrical neutrality. Thus a hole is
created at the lattice site'for every Ca2+ ion introduced.

7. The electrical conativity of a metal decreases with rise in temperature while that of a semi
conductor increases. Explain.

Ans In metals with,increase of temperature, the kernels start vibrating and thus offer resistance to the
flow of electronswHence conductivity decesss. In case of serndonductors, with increase of
temperature, more electrons can shift from valence band to conduction band. Hence conductivity
increases:.

8. What'type of substances would make better permanent magnets, ferromagnetic or ferrimagnetic,
why?2

Ans Ferromagnetic substances make better permanent magnets. This is because the metal ions of a
ferromagnetic substance are grouped into small regions called domains. Each domain acts as tiny
magnet and get oriented in the direction of magnetic figldnihich it is placed. This persists even in the
absence of magnetic field.

9. In a crystalline solid, the atoms A and B are arranged as follows:

a. Atoms A are arranged in ccp array.

b. Atoms B occupy all the octahedral voids and half of the tetrahedids. What is the formula of the
compound?

PREPARED BY: TEAM GURUKUL www.thegurukulinstitute.in




Ans Let no. of atoms of Abe N
No. of octahedral voids = N
No. of tetrahedral voids= 2N
i) There will be one atom of B in the octahedral void
if) There will be one atom of B in the tetrahedral void ((IX2N)
Therefore, total 2 atoms of B for each atom of A
Therefore formula of the compound =AB2
10. In compound atoms of element Y forms ccp lattice and those of element X occupy 2/3rd of
tetrahedral voids. What is the formula of the compound?
Ans No. d Y atoms per unit cell in ccp lattice=4
No. of tetrahedral voids= 2 X 4=8
No. of tetrahedral voids occupied by X= (2/3) X 8=16/3
Therefore formula of the compound =X16/3 Y4
=X16 Y12
=X4Y3
HOTS Short Answer:
1. How many lattice points are thereame unit cell of the following lattices?
oF.C.C.
oB.C.C.
0 S.C.C. (Simple Cubic Cell)
2. A cubic solid is made of two elements X and Y. Atom'Y are-at the corners of the cube and X at the
body centers. What is the formula of the compound?
3. Silver forms ccp lattice andckay studies of its crystal,show that the edge length of its unit cell is
408.6 pm. Calculate the density of silver (Atomie,mass= 107.9 u).
4. A cubic solid is made up of two elements P'and’Q. Atoms of the Q are preentarners of the
cube and atoms of P at the body centre. What.is the formula of the compound? What are-the co
ordination number of P and Q.
5. What happens when:
0 CsCl crystal is heated
o Pressure is applied on NaCl erystal.
Short Answers (3 masic
1. The density of chromium isy7.2g-@nif the unit cell is a cubic with length of 289pm, determine the
type of unit cell (Atomicimass of Cr=52 u and NA = 6.022 X 1023 atori3.mol
d=zxM
axNy
Z=? , a= 289 pm=28910 cm, M=52g mel ,d=7.2g crd3
Z = dx&8N, =7.2 x[289x 18]3x6.022x16°
M 52
2. An_element crystallizes in FCC structure; 200 g of this element has 4.12 X 1024 atoms. If the density of
A isi7.2 g cA3, calculate the edge length of unit cell.
3. Niobium crystallizes in bcc structure. If its density is 8.55-8,@alculate atomic radius of Niobium.
[At. Mass of Niobium = 92.9u, NA = 6.022 X 1023 atom&lrhol
4. If radius of octahedral void is r and radius of atom in close packing is\R, ttherirelationship
between r and R.
5. Non stoichiometric cuprous oxide can be prepared in the laboratory. In this oxide, copper to oxygen
ratio is slightly less than 2:1 can you account for the fact that the substancetigpa pemiconductor?
6. Theunit cell of an element of atomic mass 50 u has edge length 290pm. Calculate its density the
element has bcc structure (NA = 6.022 X 1023 atomslmol
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7. Calculate the density of silver which crystallizes in face centered cubic form. The distance between
nearest metal atoms is 287pm (Ag= 107.87g-indlA= 6.022 X 1023).

8. What is the distance between Na+ andi@is in NaCl crystal if its density 2.165 g&nNaCl

crystallizes in FCC lattice.

9. Analysis shows that Nickel oxide has Ni 0.98 O 1.@0fndctions of nickel exist as Ni2+ ions and Ni3+
ions?

10. Find the type of lattice for cube having edge length of 400pm, atomic mass = 60 and density =6.25
g/cc.

HOTS Short Answer:

1. Aluminium crystallizes in cubic closed pack structure. Its ntetatlius is 125 pm

o0 What is the length of the side of the unit cell?

o0 How many unit cell are there in 100 cm3 of Aluminium.

2. Classify the following as eitheitype or ntype semiconductors.

Ge doped with In

B doped with Si

3. Zinc oxide is white but it turns yellow on heating. Explain.

Long Answer(3 Marks):

1. In a face centered cubic lattice Edge length of lattice cell is 2A0.<Fhe density of metal is34 g cm
How many units cell are present in 200g of metal.

2. A metédcrystallizes as face centered cubic lattice with edge length of 450pm. Molar mass of metal is
50g moll. Calculate the density of metal.

3. A compound forms hexagonal close packed structure. What is the total number of voids in 0.5 mol of
it? How many bthese are tetrahedral voids?

4. Copper Crystallizes into FCC lattice with edge, length 3.68Xmh0 Show that calculated density is in
agreement with measured value of 8.92 g/cc.

5. Niobium crystallizes in bcc structure with density 8.55 g/cc, @Géécatomic radius using atomic mass
i.e. 93 u.

HOTS Long Answer:

1. The compound CuCl has Fcc structure like ZnS, its density is 331 Yvtrat is the length of the edge

of unit cell?

Hint: d=((Z X M) /(a3 X NA)

a3=(4 X 99) /(3.4 X 6.022/X1023)

a3=193.4 X 124 cm3

a=5.78 X 18cm

2. If NaCl is doped with 1®mol% SrCI2. What is the concentration of cation valancies?

3. If the radius-ofithe octahedral void is r and the radius of the atom in the close packing is R. derive
relationshipdbetween and R.

4. The edge length of the unit cell of metal having molecular mass 75 g/mol is 1 AO which crystallizes
into cubic lattice. If the density is 2g/cm3 then find the radius of metal atom (NA = 6.022 X 1023)
UNFEI

Solution

KEY CONCEPTS

Solution ighe homogeneous mixture of two or more substances. The substances which make the
solution are called components. Most of the solutions are binary i.e., consists of two components out of
which one is solute and other is solvent.

Solute- The component of@ution which is present in smaller quantity.

Solventg The component of solution present in larger quantity or whose physical state is same as the
physical state of resulting solution.
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Solubility- The amount of solute which can be dissolved in 100afreolvent at particular temperature
to make saturated solution.
Solid solutions are of 2 types
1. Substitutional solid solution e.g. Brass (Components have almost similar size)
2. Interstitial solid solution e.g. steel (smaller component occupiestieestitial voids)
Expression of concentration of solution
1. Mass percentage= amount of solute in gm. present in 100 gm. solution.
Percentage =mass of solute \W/ x 100
Mass of solution (\W-W\g)
For liquid solutions percentage by volume is expressed aslame of solute ¥ x 100
Volume of solution (W\pg)

2. Mole fraction it is the ratio of no. of one component to the total no. of moles of alf components. It is
expresS R & WEQ® C2NJ (g2 O2YLiWmywminadaisy YIRS 2F |
XB=(ng)/(natre), Sum of all the components is 1 ; XA+XB =1
3. Molarity (M) =no. of moles of solute

Volume of solution (L)
It decreases with increase in temperature
4. Molality (m) =no. of moles of solute

Mass of solvent (in kg)
No effect of change of temperature on molality.
5. Normality (N) 0. of gram equivalent of solute

Volume of solution (L)
It changes with changes temperature.
6. Partgper million (ppm) concentration of very dilute,solution is expressed in ppm.
Pom= W x 10
Wat W

Vapor pressure It is defined as the pressure exerted by the vapour of liquid over the liquid in
equilibrium with liquid at particdr temperature. Vapour pressure of liquid depends upon nature of
liquid and temperature.
wlk 2dzZ LQa [ &
1. For the solution containing werplatile solute the vapor pressure of the solution is directly
proportional to the mole fraction of solvent at pa&tilar temperature
PAh XA
PA = PA.XA
2. For the solution,consisting of two miscible and volatile liquids the partial vapor pressure of each
component is directly proportional to its own mole fraction in the solution at particular temperature.
PA=PA XA.PB=B .XB
And totalaapor pressure is equal to sum of partial pressure. Ptotal = PA + PB
Ideal solutiong¢ KS &2t dziAzy 6KAOK 20Seéa wl2dZ 6Qa €16 dzy RSN
congentration and during the preparation of which there is hamge in enthalpy and volume on mixing
the component.

Conditionsg
PA = BA XA, PB = BB.XB
kHMix = 0, kVmix =0

This is only possible ifBinteraction is same as/Aand BB interaction.
Nearly ideal solutions are

1. Benzene and Toluene

2. Chlorobenzene and Bromobenzene
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Nonrideal solutiong

oo t! r toduw-tt. rtn. o

L)KHYAE  ndkWAE ¢ n

For nonideal solution the A interaction is different from A and BB interactiors

i. For solution showing positive deviation

PA>PA XA & PB>PB XB

kHMix = positive, k ix=positive (A-B interaction is weaker than-A and BB interaction)
e.g. alcohol and water

ii. For the solution showing negative deviation

PA<PAXA, PB<PB.XB

kHMix= negative, kVmix = negative (A-B interaction is stronger than-A and BB interaction$
e.g. Chloroform and acetone, HCI and water

WVapour pressure M Vapour pressure
I of solution of solution
=

I
=1 =
E 2
@ l)
8 E, 2
=2 o
- )y y) ]
g 2
2 5]
& =
=

x, =0 Mole fraction x =1 X, =0 Mole fraction Xx,=1

=1 x—> X =) Ha=1 x,—> X =0

-— X, <« X,
(a) (b)

The vapour pressures of two component systems as afunction of composition (a) arsthiatishows
positive deviation from Raoult's law and (b) a solutionithat shows negative deviation from Raoult's law.
What is Azeotrope® The mixture of liquids at particular composition which has constant boiling point
which behaves like a pure liquidécannot be separated by simple distillation. Azeotropes are of two
types:
(a) minimum boiling Azeotrope (mixtureywhich shows +ve deviations ) ex. alcohol and water
(b) maximum boiling Azeotrope (which, shogue deviations) ex. acetone and chloroform
Qolligative Properties Properties of ideal solution which depends upon no. of particles of solute but
independent of the nature of particle’are called colligative property
Relative lowering in vapour préssure{PA¢ PA)/ PA = XB
Determination of nolar mass of solute  MB =( WAx MAxR)/WA x(BAcPA)
Elevation in Boiling Pointn¢ 6 I Yo ® Y
2 KSNBE ne¢tho ' ¢ Qo
Kb = molal elevatien constant (Ebullioscopic constant)
m = molality
a. FTOXOPMnnnR2.  0Kkpne¢oPrR2!
Depression.n FreezingPoinp ¢ ¥ I { T Y

2 KSNBE ngeTi m £ motality?

Kf = molal depression constant (Cryoscopic Constant)

unit = k.kg moll
Osmotic Pressure
The hydrostatic pressure which is developed on solution side duement of savent particles from
f 2SN O2yOSY (NI (GA2Yy (2 KAIKSNI O2yOSYldNF GA2Yy (KN dz
expressed as

[ nlv xRT
[ T [/ w¢
n = No. of moles of solute; v =lume of solution (L)
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R =0.0821 L atm-Kmol1; T = temperature in kelvin.
Isotonic solutions have same osmotic pressure and same concentration.
Hypertonic solutions have higher osmotic pressure and hypotonic solutions have lower osmotic
pressure.
0.91% solutions of sodium chloride is hypertonic to blood and RBC swells up or burst.
QL2 KIFG R2 @2dz YSIYy o6& | SYNEBQa [l 86K ¢KS | SyNBQa [
4.34x104 atm at 250 C. If the partial pressure of oxygen is @i2 atm, under atmospheric pressure
conditions. Calculate the concentration in moles per Litre of dissolved oxygen in water in equilibrium
with water air at 250 C.
Ans: Partial pressure of the gas is directly proportional to its mole fraction in@okt particular

temperature.
t! h .1 T YI T 1SyNeEQa Ozyaidl yd
PA = KH xA
KH = 4.34x104 atm
PO2 =0.2 atm

X02 = P02/ KED.2 / 4.34x104= 4.6x1®
If we assume 1L solution = 1L water
n water = 1000/18 = 55.5
X02 =n02 /(nO2+ n H20F) nO2 /nH20
nO2 = 4.6 X 168 X 555 = 2.55 X 14 mol
M=255X1a M
Q.2. What is Vant Hoff factor?
lyad LG Aa GKS NIYdAz2 2FWW2NXYIFE Y2t SOdzZ I NJ YIFaa (2
i = normal m.m / observed m.m
= no. of particles after association'or dissociation / no. of particles before
Q.3. What is the Vant Hoff factor in K4[Fe(CN)6] and BaCl2 ?
Ans 5 and 3 respectively
Q.4. Why the molecular mass becomes abnormal?
Ans. Dudo association or dissociation of solute in given solvent .
Q.5. Define molarity, how it is related with normality ?
Ans. N = M x Basicity or acidity.
Q.6. How molarity is related with percentage and density of solution ? Ans. M = P x d x10/M.M
Q.7. Wrat role does theimolecular interaction play in the solution of alcohol and water?
Ans. Positive deviation from ideal behavior .
Q.8. What is Vant Hoff factor , how is it related wahdegree of dissociation b. degree of association
lyad d1p@mD o s 1) A1/nFld A
Q.9. Why NaCl is used to clear snow from roads ?
Ans. It lowers f.p of snow
Q10. Why the boiling point of solution is higher than pure liquid
Ans, Due to lowering in v.p.
HOTS
Q1. Out of 1M and 1m agous solution which is more concentrated
Ans. 1M as density of water is 1gm/Ml
Q2. Henry law constant for two gases are 21.5 and 49.5 atm, which gas is more soluble .
Ans. KH is inversely proportional to solubility.
Q.3. Define azeotrope , give an exalmof maximum boiling azeotrope.
Q.4. Calculate the volume of 75% of H2SO4 by weight (d=1.8 gm/ml) required to prepare 1L of 0.2M
solution
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Hint: M1 =P x d x 10 /98

M1 V1 =M2V2

14.5ml
Q.5. Why water cannot be cortgtely separated from aqueous solution of ethyl alcohol?
Ans. Due to formation of Azeotrope at (95.4%)
SHORT ANSWERS (2 MARKS)
Q.1. How many grams of KCI should be added to 1kg of water to lower its freezing p8i00IG (kf =
1.86 K kg /mol)
Ans. Since KCI dissociate in water completely i=2

KT f = ikf xm ; m =K T/ ikf

m=8/2X1.86 = 2.15mol/kg.
Grams of KCl=2.15 X 74.5 = 160.2 gm.
Q.2. With the help of diagram: showetelevation in boiling point colligative properties?
Q.3. what do you mean by colligative properties, which colligative property is used to determine
molecular mass of polymer and why?
Q.4. Define reverse osmosis, write its one use.
Ans. When the presse more than osmotic pressure is applied on theisolution side, and the process of
osmosis is reversed this is called reverse osmosis. e.g. Desalination,of water.
Q.5. Why does an azeotropic mixture distills without any change,inscomposition.
Hint: It hassame composition of components in liquid and vapour’phase.
vdc® ! YRSNI gKIG O2yRAGAZ2WV, . HFyld 1 2FFQa FI O02NJ
a. equal to 1 b. less than 1 c. more than 1
Q.7. If the density of some lake water is 1.25 gm /ml‘and contains 92gm of Na+ ions per kg of water.
Calculate the molality of Na+ ion in the lake .
Ans. n=92/23=4

m=4/1 =4m
Q.8. An aqueous solution of 2% reolatile exerts a pressure of 1.004 Bar at the normal boiling point of
the solvent . What is the molar mass-of the selu
Hint; PAc PA/PA = wB XA / mB X wA
1.013¢ 1.004 /1.043=2X 18 /mB X 98
mB = 41.35gm/mol

Q.9. Why is it advised to'add'ethylene glycol to water in a car radiator ingtitirs?
Because it make the aHftieezing solution and lower the freezing point of water.
Q.10. what do you mean by hypertonic solution, what happens when RBC is kept in 0.91% solution of
sodium chloride?
UNITF3
ELECTROCHEMISTRY
CONCEPTS
Electrochemisty may be defined as the branch of chemistry which deals with the relationships between
electrical'energy taking place in redox reactions.
A cell is of two types:
I. Galvanic Cell
II. Electrolytic cell.
In Galvanic cell the chemical energy of a spontaneous redox reaction is converted into electrical work.
In Electrolytic cell electrical energy is used to carry out agpamtaneous redox reaction.
The Standard Electrode Potential for any electrode dipipean appropriate solution is defined with
respect to standard electrode potential of hydrogen electrode taken as zero. The standard potential of
the cell can be obtained by taking the difference of the standard potentials of cathode and anode.
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Ecell = EcathodeF’anode
The standard potential of the cells are related of standard Gibbs energy.

n NDrEcell
The standard potential of the cells is related to equilibrium constant.

n ND-BThk
Concentration dependence of the potentials of the electrodes and the cells are given by Nernst
equation.

' b 6. M O/ b R5
Nernst equation can be written asEe¢= Ecer - RT  In [C[D]°

nF [AIB]
Theconductivity, K of an electrolytic solution depends on the concentration of the electrolyte, nature of
solvent and temperature.
az2fl N/ 2yRddOiGAGAGET pYX Aa RSTAYSR & Yk/ B6KSNB /
Conductivity decrease but molar conductivity increaséth decrease in concentration. It increases
slowly with decrease in concentration for strong electrolyte while the increase.is very sharp in dilute
solutions.
Kohlrausch law of independent migration of ions. The law states thatlimiting molar contjuctign
electrolyte can be represented as the sum of the individual contribution of the anions and cations of the
electrolyte.
CFrNIRI&Qa flga 2F 9f SOUNRI,L&AE
I. The amount of chemical substance deposited at any electrode during electrolysis is pragdaditire
guantity of electricity passed through the electrolyte.
Il. The amount of different substances liberated by the same quantity of electricity passed in same time
through the electrolytic solution is proportional te,their chemical equivalent wisigh
Batteries and fuel cells are very useful forms ofigalvanic cells
There are mainly two types of batteries.
(a) Primary (b) Secondary (Rechargeable)
Corrosion of metals is an electrochemicalyphenomenon
In corrosion metal is oxidized by loSs of etens to oxygen and formation of oxides.
Anoded hEARI GA2Yy0Y HCS640 MHCSHb b nS
Cathode (Reduction): O2(g)'+ 4H+(aq) e | H h

Atmospheric Oxidation:
HCSHbBOIILjOU B WlHhoOtfO b MKHhHOIOMCSHhoO6AD b nl bSOl IoO
QUESTION CARRING 1 MARK
1. What is the effect\of temperature on molar conductivity?
Ans Molar condugctivity of an electrolyte increases with increase in temperature.
2. Why is itnot possible to measure single electrode potential?
Ans (It issnot possible to measure single @®de potential because the half cell containing single
electrode cannot exist independently, as charge cannot flow on its own in a single electrode.)
3. Name the factor o which emf of a cell depends?
Ans emf of a cell depends on following factor
a.Nature of reactants.
b. Concentration of solution in two half cells.
c. Temperature
d. Pressure of gas.
4. What are the units of molar conductivity?
Ans ( cm2 ohml1 mokl or Scm2mel)
5. Write Nernst equation
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For the general cell reacin
Il b0. MO/ bR5
ANs Eo=Beei ¢ RT In [CID]d
nF " [AIBP
6. What is the emf of the cell when the cell reaction attains equilibrium?
Ans Zero
7. What is the electrolyte used in a dry cell?
Ans A paste of NH4CI, MnO2 and C
8. How is cell constant calculated from conductance values?
Ans Cell constant= specific conductance/ observed conductance.
9. What flows in the internal circuit of a galvanic cell.
Ans lons
10. Define electrochemical series.
Ans The arrangement of various electrodes in the decreasing or increasing order of their standard
reduction potentials is called electrochemical series.
QUESTIONS CARRYING TWO MARKS
1. How can you increase the reduction potential of an electrode.?
Ans For the reaction
Mn+(ag) +nelh a 06av
Nernst equation is:
Buns/M = Bynam - 2.303RTlog 1
nF [Mn+]
Eun+ v Can be increased by
a. increase in concentration of Mn+ ions in solution
b. by increasing the temperature.
2. Calculate emf of the following cell at 298K
Ans: Zn/Zn2+ (164 M) || Cu2+ (162M)iCu
Given E@n2+/Zn=0.76V
EOCu2+/Cu=+0.34V,
Cell reaction is.as follows.
“yoao b, Fdznb ol [jOIH %YHBOI IO b [ dz6av
n=2
T=298K
Ecell=(EOCu2+/&0Zn2+/ZrP.0591V log [Zn2+(aq)]
[Cu+(aq)]

= 0.34\¥-0.76)0.02955V log 1@
10-2

= 1.10¥0.02955V log 142

=1.10V + 2 X 0.02955 V

=1.10V + 0.0591 V

=1.1591V
3. Electrolysis of KBr(aq) gives Br2 at anode but KF(aqg) dogvedi2. Give reason
Ans:Oxidation takes place at anode. Now higher the oxidation Potential, easier to oxidize. Oxidation
potential of Br, H20,Fare in the following order.
Br->H20>F
Therefore in aq. Solution of KBr-Bms are oxidized to Br2 in preference to H20. On the other hand, in
ag. Solution of KF, H20 is oxidized in preference.tdlfus in this case oxidation of H20 at anode gives
02 and no F2 is produced.
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4. What happensvhen a piece of copper is added to (a) an aq solution of FeSO4(b) an Aq solution of
FeCl3?

a. Nothing will happen when the piece of copper is added to FeSO4 because reduction potential EO
Cu2/Cu(0.34) is more than the reduction potential EO(Fe2+/Fed\{).4

b. Copper will dissolve in an aq solution of FeCI3 because reduction potential EOFe3+/Fe2+(0.77V) is
more than the reduction potential of EOCu2+/Cu(0.34)

/| dz0a0b HCS/fo O0FIj0 h /dznbdlljo b H CS/ETHOFINO

5. Define corrosion. Write chemical formula oftus

Ans:Corrosion is a process of destruction of metal as a result of its reaction with air and water,
surrounding it. It is due to formulation of sulphides, oxides, carbonates, hydroxides, ete:

Formula of rustFe203.XH20

6. Write short notes on reduitin and oxidation potentials.

7. How are standard electrode potentials measured?

8. What is cell constant? How it is determined?

9. Why it is necessary to platinize the electrodes of a conductivity cell beforeiit/is used for conductance
measurement?

QUESTION CARRYING THREE MARKS

1. Write any three differences between potential difference and €.msf.

E.M.F | POTENTIAL DIFEERENCE
1.It is difference between electrode potential ¢ 1.it is difference,of potential
two electrodes when no current is flowing between electrode in a closed cirduit.

through circuit

2. it is the maximum voltage obtained From ja 2.it.iS less than maximum voltage
cell. Obtained from a cell.

3. itis responsible for steady flow of Current. “3.it)is not responsible for steady
Flow of current.

2. Why an electrochemical cell stops werking after sometime?

Ans:The reduction potential of an electrode depends upon the concentration of solution with which it is
in contact.

Asthecellworks, ® O2 Yy OSYAM NI A2y 2F NBIOGlIyia RSONBI &So
will shift the equilibrium in backward direction. On the other hand if the concentration is more on the
reactant side then it will shift the equilibrium in forward direxti When cell works concentration in

anodic compartment in‘cathedic compartment decrease and hence EO cathode will decrease. Now EMF
of cell is

E°cell= EcathodegE’anode

A decrease in E@.cathode and a corresponding increadeaimoHe it means that EMF of the cell will
decrease and will ultimately become zero i.e., cell stops working after some time.

i. Identify the cathode and the anode as the current is drawn from the cell.
ii. Write the reaction taking place at the electiesl
ii. Calculate the standard cell potential.
Ans (i). From the cell representation

Ag/Ag+ electrode is cathode and Cu/Cu2+ electrode is anode .
Ans(ii} At anode :

/| dz6A0ThH / dzinb o6 F1lj 0ObHS
E'cell = Bcathodec F’anode
= BAg+/Agc E'Cu2+ /Cu
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= +.80 \ (+0.34V)
= +0.80M0.34V
=0.46V
Ans (iii)for the standard cell
Cu(s)/Ct+(aq)|| Ag+(ag)/Ag(s)
EO cell Ci#/Cu =+0.34 V
EO Ag+/Ag =+0.80 V
3. Can we store copper sulphate in (i)Zinc vessel (ii) Silver vessel? Give reasons.
Given EO Cu2+/Cu = +0.34V, EOZn2+@76V) , EOAg+/Ag = +0.80V
Ans: A metal having lower reduction potentiahie displace a metal having higher reduction potential
from solution of its salt.
I. Since standard reduction potential of Zn2+(E0Zn2+/n76V) is less than the standard Teduction
potentialof Cu2+ (EOCu2+/Cu=+0.34V), Zn can displace copper from sajgerte solution. Thus,
CuSO04 solution can be stored in silver vessel.
4. How many grams of chlorine can be produced by the electrolysis of molten.NaCl with a current of
1.02 A for 15 min?
Ans: Hbl/fofuo MHblIboftObH/ T
2 CIly *(g) + 2e
2 mole 1mol
Q=nf
Q= 2 x 96500 C/mol= 1.93 xX°1D
Quantity of electricity used = it
=1.02 A x(1560)sec
=900C
Molar mass of €k 2 x35.5 = 71 gniblx 160G, of'charge mrduce chlorine = 71g
1.93 x10° C of charge produce chloring = 71gm
900 Cof charge produce chlorine 71900 = 0.331gm
1.98 x105
5. What is nderstood by a normal/hydrogen electrode? Give its significance.
6. Define electrode potential. Why ‘absolute value of reduction potential of electrode cannot be
determined?
7. Write the equation showing,the effect of concentration on the electrode paatnt
y® 5SNAGS GKS NBftlFIiA2yaKALl 0SG6SSy DA0O6QA FTNBS Sy
9. How Nernst equation can be applied in the calculation of equilibrium constant of any cell reaction.
10. The cell reaction,as written is spontaneous if the oV&fslF of the cell is positive. Comment on this
statement.
QUESTIONS CARRYING 5 MARKS
1. Explaimthe term electrolysis. Discuss briefly the electrolysis of (i) molten NaCl (ii) aqueous sodium
chloride'solution (iii) molten lead bromide (iv) water.
2. 0S IyR SELXIAY CINIRIFI&Q&a flsa 2F St SOGNRtE@araod
o® 2KIFIG R2 &2dz dzyRSNRAGFIYR o6& WStSOUNRtfEGAO O2yRdz0
conduction depends.? What is the effect of temperature on electrolytidaction?
4. How is electrolytic conductance measured experimentally?
HOT QUESTIONS
1 Mark questions:
1. Why in a concentrated solution, a strong electrolyte shows deviations from Eriglde Onsagar
equation?
Ans: Because interionic forces of adictions are large.
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2. What is the use of Platinum foil in the hydrogen electrode?
A: It is used for inflow and outflow of electrons.
3. Corrosion of motor cars is a greater problem in winter when salts are spread on roads to melt ice and
snow. Why?
4.1s it safe to stir AQNO3 solution with copper spoorf2 (&= 0.80 Volt; &,.,c, = 0.34 Volt)
Ans: No it is not safe because reacts with AGQNO3 Solution ( emf will be positive.)
5. Why is it necessary to use salt bridge in a galvanic cell?
Ans: To complete inner circuit and to maintain electrical neutrality of the solution.
2 mark questions:
1. Why Li is best reducing agent where as Fluorine is best oxidizing agent ?
2. Equilibrium constant is related t8dgll but not to Ecell. Explain.
3. Why sodium metal is not obtained at cathode when ag NaCl is electrolysed with Pt electrodes but
obtained when molten NaCl is electrolysed ?
4. Zn rod weighing 25 g was kept in 100 mL of 1M copper sulphate solution.” After
certain time interval, the rolarity of Cd"was found to be 0.8 M. What is the
molarity of SG, in the resulting solution and what should be the mass of Znw=fod after cleaning and
drying ?
5. Which will have greater molar conductivity and why?
Sol A. 1mol KCI dissolved in 200 tcthe solution or Sol B. 1 mol/K€lI dissolved in 500cc of the solution.
3/ 5 mark questions:
1. What do you mean by ( i) negative standard electrodeypotential and
(ii) positive standard electrode potential ?
2. Which cell is generally used in hearing aids? Name,the material of the anode, cathode and the
electrolyte. Write the reactions involved.
3. Iron does not rust even if Zinc coating is broken'in a galvanized iron pipe but rusting occurs much
faster if tincoating over iron is broken .Explain.
ned W /2NNRPaA2Y AdLlw St SOIGNRPOKSYAOlIfT LKSy2YSy2yQ>
5. Calculate the pH of following cell: Rf/ H¥Sd, if its electrode potential is 0.03V.
6 . A cell contains two hydrogen eléetrodes. The negativerelgetis in contact with a solution of 0
M H+ ions. The emf of the cellis 0.118/V at 298 K. Calculate the concentration of the H+ ions at the
positive electrode.
7. Crude copper containing Fe.and Ag as contaminations was subjected to electro i®finosigg a
current of 175 A for 6.434 min. The mass of anode was found to decrease by 22.260 g, while that of
cathode was increased by 22.011 g. Estimate the % of copper, iron and silver in crude copper.
8 Zinc electrode is constituted at 298 K by plagingod in 0.1 M aq solution of zinc sulphate which is 95
% dissociated-at«this concentration. What will be the
electrode potential of the electrode given that Bf'/Zn=-0.76 V.
9. At what.pH will hydrogen electrode at 298 K show an electrode pealeoiti
-0.118 V, when Hydrogen gas is bubbled at 1 atm pressure ?
10_.Electrolysis of the solution of MnSi® aq sulphuric acid is a method for the
preparation of MnO2 as per the chemical reaction
Mn*+2Hh T a#2H+H
Passing a current of 27fér 24 Hrs gives 1 kg of MpQWVhat is the current
efficiency ? What are the reactions occurring at anode and cathode ?
UNITF4
CHEMICAL KINETICS
CONCEPT
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Chemical kineticsThe branch of physical chemistry which deals with the study of rate of reaction and
their mechanism is called chemical kinetics.
Rate of chemical reactieThe change in concentration of any reactant or product per unit time is called
rate of reaction.
TYPES OF RATE OF REACTION
1. Average rate of reactieMhe rate of reaction measured over the long time interval is called average
rate of reaction.
Avg rate nExkppioweknid ' bpolBkni
2. Irstantaneous rate of reactiofThe rate of reaction measured at a particular instant of time is,called
instantaneous rate of reaction.
Instantaneous rate dx/dt=-d[R]/dt=+d[P]/dt
FACTORS AFFECTING RATE OF REACTION
1. Concentratin of reactant
2. Surface area
3. Temperature
4. Nature of reactant
5. Presence of catalyst
6. Radiation
RATE CONSTANT [ikis equal to the rate of reaction when molécular'concentration of reactant is at
unity.
RATE LAWT he rate of reaction isigectly proportional to the product of concentration of reactant and
each concentration is raised to some power.
For a reaction
1 b506. I O/ bR5
Rate law =k[AP[B]*
MOLECULARIT Y he total no. of reactantstaking part a chemical reaction is called molecularity.
ORDER OF REACTIT# sum of powers towhich the concentrations of the terms are raised in a rate
law expression is called order of reactions:
HALFLIFE PERIODhe time duringWhich the concentration dfe reactant is reduced to half of its
initial concentration is called hglife period.
ACTIVATION ENERGMe minimum extra amount of energy absorbed by reactant molecules so that
their energy becomes equal te.the threshold energy is called activatierggn
Activation energy = Threshold energiinetic energy
TEMPERATURE COEFFICTERN Tatio of rate constant at two temperatures having difference 8fC10
is called temperature coefficient.
Temperature cOefficient = (Rate constant at T*@P/ Rateonstant at ¥C
Arrhenius Equation
K= Aé Ea/RT
K-rate.constant
A-Arrhenius energy
EaActivation energy
R Rate constant
T-Temperature
1 MARKS QUESTION
1. The gas phase decomposition of acetaldehyde
/'1To/ 1 h Th /1 nb/h
It is found that the rateof reaction is proportional to] CH3CHO]
What is the order of reaction
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Ans. Orderis 1.5
2. State the order with respect to each reactant and overall reaction.
H20+31+2HMH HI W b L
Rate = k[H202]1]t
Ans. Order of reaction=1+1=2
3. Giveone example of pseudo first order reaction.
Ans. Hydrolysis of an ester
/'1To/ hh/Hlp B I Hh Th /1 o/ hhl B [/ HI phl
4. The conversion of molecules X to Y follows the second order of kinetics. If concentration of X is
increased 3 times, how will it affect thate of formation of Y.
Ans. Rate = k [A]
= k [3Af
= k [9af
The rate of formation will become nine times.
5. The rate law for a reaction is
Rate = K [A] [BF
Can the reaction be an elemtary process? Explain.
Ans. No, an elementary process would have a rate law with orders-.equal to its molecularities and
therefore must be in integral form.
cd® 2KIG R2 @&2dz dzy RSNRUI YR 08 WNIGS 2F NBIOGA2YyQK
7. Name the factors on which the rate of a particular reactionydepends.
8. Why rate of reaction does not remain constant throughout?
9. Define specific reaction rate or rate constant.
10. What is hatfife period of a reaction?
2 MARKS QUESTION
1. Therate of a particular reaction quadruplesiwhen the temperature changes from 293K to 313K.
Calculate activation energy.
Ans. K2/K1 =4,
T1= 293K T2 =313K
Log [K2/K1].= Ea[d1]
¢tKdza 2y OF f OdALJiXy3 |yR &adzmadAaddziay3a @I fdzsSa ¢S 3AS
Ea = 52.86 KJ nol
2. If the decomposition‘ef nitrogen oxide as
2N20% b,b H4NO2 + 02
follows a first order kinetics.
(i) Gilculate thefrate constant for a 0.05 M solution if the instantaneous rate is108mol/l/s?
Ans. Rate'= K [N205]

K="Rate
[N205]
K=1.5 «0°
0.05
K= 3.0 ®0°

i) What concentration of N20Gould give a rate of 2.453%0° mol L' s*
Rate = 2.45 £0°mol L' s*
[N209 = Rate = 2.45 ¥0°
K  3.0%0°
=0.82 M
3) Write the difference between order and molecularity of reaction.
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Ans. ORDER MOLECULARITY

It is the sum of the powers of concentration It is the number of reacting speci

terms in the rate law expression. -es undergoing simultaneously
Collision in a reaction.

It is determined experimentally it is a theoretical concept

Order of reaction need not be a whole

number

Order of reaction can be zero.

4) Define Threshold energy and activation energy. How they are related?

Ans.Threshold Energy: It is the minimum amount of energy which the reactant molecules must possess
for the effective collision in forming the products.

Activation Energy: It is the excess energy required by the reactants to undergo chiemical reaction.
Activaion energy = Threshold energyAverage kinetic energy of molecules.

5(a). Draw a schematic graph showing how the rate of a first order reaction changes in concentration of
reactants.

Rate j

conc of reaction
(mol/L)

Variation of rate of first of first order reaction with concentration,
(b). rate of reaction is given by the equation
Rate = k [A][B]
What are the units of rate constant for this reaction?
Ans. Rate = k [AB]

K= mol I''s*

(mol LHY?(mol ™)

K= mof ®s*
6. List the factors affecting the rate ofieaction.
7. Explain with suitable example, how the molecularity of a reaction is different from the order of a
reaction.
85STAYS GKS GSNNTWNIGS O2yaillydQ 2F WalLISOATAO NBI
9. What are Pseudo unimglecular reactions? Explain with the help of a suitable example.
10. What is half life peried? /Derive and expression forlifalperiod in case of a first order reaatio
3 marks question
Q1. The rate constant for first order reaction is 60/s. How much time will it take to reduce the
concentration, ofithe reaction to 1/10 of its initial value.

Ans: t,= 2.303log [RO]
K [R]
t=2.303 log [R
K [Roro]
t =2.303 log10
60
t=2.303 = 3.38%0%s*
60

2. The rate of most of reaction double when their temperature is raised from 298k to 308k. Calculate the
activation energy of such a reaction.
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Ans:
LogK2= _Ea {_1c %

K1 2303 R(T1 T2
Ea =2.303 x 8.314 x 298 x 3083010
1000

Ea = 52.89KJ/mol
3. Afirst order reaction takes 69.3 min for 50% completion. Determine the time needed for 80%
completion.
Ans. K=0.693
T1/2
=0.693/69.3min
=10’ min*
T=2.303 log [RO]
K TR]
T=2.303/1C log5
T=160.9min
4. Following reaction takes place in one step
Hbh B hHIb HbhH
How will the rate of the reaction of the above reaction change/ifithervolume of reaction vessel is
diminished to 1/3 of its original volume? Will there be any chang&e order of reaction with reduced
volume?
Ans. Hbhb hHlHDbhH
dx/dt = KINOf[O2]!
[Since it is one step]
If the volume of reaction vessel is diminishedte,1/3; conc. Of both NO and O2 will become 3 time, the
rate of reaction increased 27 times.
In the order of reaction with the reduced volume.
5. The decomposition of NH3 on platinumvsurface is a zero oedetion. What are the rate of
production of N2 and H2. If k= 2/,5%1.0*

Ans. Hbl o MbHS b o0l H
-1 d[NH3] = d[NH2F1 d[H2]
2 dt d 3 dt
-d[NH3] Syrate = k x [NH3]
dt

= 2.5 X 1&1 moll:1secl
d[N2] =-1 d[NH3]
dt 2 dt
= 1/2 x2.520* molL*sec’
d[H2] =-3 d[NHJ = 3/2 x2.5%0*
2 dt
= 3.7540*molL* sec’
Rate = d[NHJ = k ¥NH3f
dt

= 2.5 x10* molL* sec’
Rate of production of N2 2.530* molL* sec¢!
6. How is the rapid change in concentration of reactants/products monitored for fast reactions.
7. What are photochemical reactions? Give two examples,
8. What is the effect of temperata on the rate of reaction? Explain giving reasons.
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10. State the role of activated complex in a reaction and state its relation with activation energy.
QUESTIONS CARRYING 5 MARKS

1. What doyou understand by the rate of a reaction? How it is expressed? How it is the rate of reaction
determined?

2. What do you understand by order of a reaction? How does rate law differ from law of mass action?
Give two example of each of the reactions oé)o order (ii) first order (iii) second order

3. Derive the equation for the rate constant for a first order reaction. What would be the units of the
first order rate constant if the concentration is expressed in mole per litre and time in seconds.

4. Explain why the rate of reaction increases with increase in temperature.

5. Briefly explain the effect of temperature on the rate constant of a reaction.

HOTS

1. The haHife period of two samples are 0.1 and 0.4 seconds. Their initial Concensarer200 and

50 mol ' respectively. What is the order of reaction?

2. What is the ratio ofsl; : ty, for a first order reaction ? 3. Higher molecularityareactions (viz.
molecularity, 4 and above) are very rare. Why?

4. Consider the reaction 2A + BProducts

When concentration of B alone was doubled, half life time does not=change. When conc. of A alone is
doubled, the rate increases by two times. What is the unit of K'andwhat is the order of the reaction?
5. For the reaction, the energy of aation is 75KJ / mol. When the’energy of activation of a catalyst is
lowered to 20KJ / mol. What is the effect of catalyst on the rate of reaction’a.20

6. The gas phase decomposition of CH3OCH3 follows'first'order of kinetics

/'Toh/ 1o I/ HaCl®B@EO b I H/ 63

The reaction is carried out at a constant volumetofthe container alG@dd has; =14.5min.

Initially only dimethyl ether is present at a preSsure of 0.40 atm. What is the total pressure of the system
after 12 min? Assume ideal behavior.

Chapter5 SURFACE CHEMISTRY

POINTS TO BE REMEMBERED:

1. Adsorption:- The accumulation gf'molecules species at the surface rather in the bulk of a solid or
liquid is termed adsorption.

2. DesorptiortRemoval of adserbate from the surface of adsartie known as Desorption.

3. Sorption:When adsorption‘and absorption both takes place simultaneously.

4. Type of adsorption:On the-basis of interaction between adsorption and absorption, adsorbate are of
two types:

(i)Physical adsorption/physisoiipth: - When weak vander waal interaction involve between adsorbate
and adsorbent:

(i) Chemical adsorption/chemisortichiVhen chemical bonds form between adsorbate and adsorbent.
5. Adsorption isothermThe variation in the amount of gas adsorbed by &ldsorbent with pressure at
constant temperature can be expressed by means of a curve termed as adsorption isotherm.

6. Application of adsorption:

(a) Removal of colouring matter from solution using animal charcoal.

(b)Chromatographic analysis is basedadsorption.

7 .Factors affecting adsorption:

(Surface area:Adsorption increases with increases of surface area of adsorbent.

(i)Nature of adsorbate:Easily liquefiable gases are readily adsorbed.

(il TemperaturesLow temperature is favoraelfor physical adsorption and High temperature for
chemisortion.

(iv)Pressure: Pressure increases, adsorption increases.
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8. CATALYSISubstances which alter the rate of chemical reaction and themselves remain chemically
and quantitatively unchanged after the reaction are known as catalyst and the phenomenon is known as
catalysis.

9. PROMOTERS AND POISONS

Promoters are suftance that enhance the activity of catalyst while poisons decrease the activity of

catalyst. Fe
N2+3H2 — > 2NH3(g)
Mo
Fe =catalyst Mo= promoter

10. Homogenous catalygtwhen reactants and catalyst are in same phase.

NO(g)
e.g. 2S02(m+ 02(g) —»  2S03(G)_
11.Heterogeneous catalystthe catalytic process in which the reactants and catalyst-are in different
phase. Pt
e.g. sO02+02 —mMm» 2S03 (9)
12. Adsorption theory of Heterogeneous catalysis explains the mechanism'ef heterogeneous
catalyst.

The mechanism involves 5 steps:
a. Diffusion of reactants to the surface of catalyst.
b. Adsorption of reaant molecules on the surface of catalyst.
c. Chemical reaction on the catalyst surface through formation of an intermediate.
d. Desorption of reaction product from the catalyst surface;
e. Diffusion of reaction product away from the catalyst,surface.
13. IMPORTANT FEATURES OF SOLID CATALYST
Activity - The activity of a catalyst depend on the strength of chemisorption. Catalytic activity increases
from group 5 to group 11 elements of the periedic table.
Pt

2H+Q—> 2K, 0
Selectivityg The selectivity of a catalyst is its ability to direct a reaction to yield a particular product.
Ni

1. CO+3H———>»CH+HO
Cu
2 CO #pl—» HCHO

14. SHAPE SELECTIVE CATALYSIS

The catalytic reaetion that depends upon the pore size of thelysitand the size of reactant and
product moleculesiis called shape selective catalysis.

e.g. Zeolites are good shape selective catalysis

15. ENZYME CATALYSIS

Enzymes are protein molecules of high molecular mass which catalyse the biochemical reaction.
e.g«lnversion of cane sugar by invertase enzyme.

16. Characteristic of enzyme catalysis

a. Enzymes are specific to substrate.

b. Enzymes are highly active under optimum temperature.

c. Enzymes are specific to pH. e.g. Pepsin act in acidic medium

d. Enzymes are inhabited by the presence of certain substance.

Mechanism of enzyme catalygjs

1. Binding of enzyme to substrate to form an activated complex.
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E+S ES —

2. Decomposition of activated complex to form product.

ES E+P —

17. Colloida colloid is a heterogeneous system in which one substance is dispersed(dispersed phase)in
another substance called dispersion medium.

18. TYPES OF COLLOIDS

(1) On the basis of nature of interaction between dispersed phaskdispersion medium.

(a) Lyophobic colloi@olvent hating colloid, these colloids can not be prepared by simply mixing of
dispersed phase into dispersion medium.

e.g. metallic sols.

(b) Lyophobic colloidolvent loving these colloids can be prepabgdsimply mixing of dispersion phase
into dispersion medium.

e.g. Starch sol.

(2) On the basis of types of particles of the dispersed phase

(a) Multimolecular colloigbn dissolution, a large number of atoms or smaller molecules of a substance
aggregateogether to form species having size in colloidal range. The species thus formed are called
Multimolecular colloids.

e.g. Sulphur sol.

(b) Macromolecular colloidsmacromolecules in suitable solventferm’solution in which size of the
particles are in rage of colloidal range.

e.g. starch sol.

(c) Associated colloids (micelleg)me substances in lowconcentration behaves as normal strong
electrolyte but at higher concentration exhibit collgidal,behavior due to formation of aggregates. The
aggregated pdicles are called micelles and also'knewn as associated colloids.

(3) Kraft temperatureTemperature above which,formation of micelles takes places.

(4) Critical micelle concentration (cmaoncentration above which micelle formation takes place is
known as cmc.

(5) PREPERATION OF COLLOIDS

(a) Chemical method8y double decomposition, oxidation reaction or hydrolysis

OXIDATION

e.g. SQ+2H S ——»"3S (SOL)+21D
HYDROLYSIS
e.g. FeG+3H© — Fe (OH) 3+3HCI
(sol)

600 . NB RA'F BQai prapaidiion 6fenét&llz $vl. It involves dispersion as well as condensation.
(c) PeptizationPrecess of converting a precipitate into colloidal sol. By slyakiwith dispersion

medium in the\presence of a small amount of electrolyte.

(6)PURIFICATION OF COLLIODAL SOLUTION :

(a) Dialysist is a process of removing a dissolved substance from a colloidal solution by membrane.
(b)Electro dialysigvhen dialyss is carried out with an electric field applied around the membrane.

(c) Ultra filtrationr Use of special filters which are permeable to all ionic substances except colloidal
particles.

(7)PROPERTIES OF COLLOIDAL SOLUTION:

(1) They show colligative gperties

(2) Brownian movementigzag motion of colloidal particles

(3) Tyndall effeeckcattering of light by colloidal particles by which path of beam becomes clearly visible.
This effect is known as tyndall effect.
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/ KI NBS 2y @#£diddalpaRides catriits MiEckicchagga and nature of charge is same
on all particles.

9 f S O NMoavamanka GoNoidal particles towards opposite electrode iesgnce of external
electric field.

/ 2 | AgFhe piodels\of setting of doidal paticles by the addition of small amount of
electrolyte is called coagulation of the sol.

I I NR& {cC#&addaiing valud oba coagulating ion is directlypprtional to the charge on
the ion.

Eg: Na < C&" < Af* for negatively charged sol.
Cl < C3; < PG, < [Fe (CN)]* for positive sol.

Emulsiong Liquidc liquid colloidal system is known as Emulsion.
o There are two types of Emulsion.
o0 O/W type- Oil dispersed in water. Eg: millanishing cream.
0 W/O type¢ Water dispersed in oil. Eg: Butter & Cream.

9 Y dzf & A E &hk guBstahca hichistabilizes emulsion.
VERY SHORT ANSWER TYPE QUESTION
(2 marks)
1. What are the physical states of dispersed phase and dispersian.medium of froth?
Ans- Dispersed phase is gas, dispersion medium is liquid.
2. What is the cause of Brownian movement among colloidal particles?
Ans- Due to collision between patrticles.
3. Arrange the solutions: True solution, colloidal solution, suspension in decreasing order of their
particles size?
Ans¢ Suspension > colloidal > true solution.
4. Give an example of micelles system?
Ans¢ Sodium stearate (C17 H35 CO@)
5. Why § it necessary to remove CO when‘ammonia is obtained by Hapeocess?
Ans CO acts as poison catalyst for Halseprocess therefore it will lower the activity of solution
therefore it is necessary to remove when NH3 obtained by Habgrocess.
6. Howis adsorption of a gas related/to/its critical temperature?
Ans Higher the critical temperature of the gas. Greater is the ease of liquefaction. i.e. greater Vander
walls forces of attraction and hence large adsorption will occur.
7. What is meant bytape Selective Catalyst?
Ansc On the Shape(Selective Catalyst, the rate depends upon pore size of the catalyst and the shape &
size of the reactant,and products molecules.
8. Of the physiorption & chemisorptions, which type of adsorption has higheagtiof adsorption?
Ans- chemiseorptions.
9. Write, down the Example of Positive Sol?
Ansc.Eerric hydreoxide sol.
10AWrite down the Example of Negative Sol?
Ansg Arsenic sulphid

SHORT ANSWER TYPE QUESTIONR marks)

1. Differentiate between physical & chemical adsorption?
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Ansc Physical adsorption

Chemical adsorption

a) Forces between adsorbate &
adsorbent are week Vander waal
forces.

b) Low heat of Adsorption.

a) Forces between adsorbate &
adsorbent are strong chemical
forces.

b) High heat of Adsorption.

2. Differentiate between Lyophobic & Lyophilic colloids?

ANs¢g

Lyophilic colloids

Lyophobic colloids

a) These are easily formed by direct
mixing.

b) Particles of colloids are not easily
visible even under ultra microscope.
c) These are very stable.

a) These are easily formed by Special
method.
b) Particles of colloids are easily
visible under ultra microscope.
¢) These are unstable.

3. Differentiate between multi molecular, macromolectlar and associated colloids?

Ans:

Multi Molecular Colloids

Macromolecular Colloids

Associated Colloids

(a) They consist of aggregates of

Have diameter less than 1 nm
(b) They are usually lyophobic.

Atoms or molecules which generaligolecules:
(b) They are lyophobic.

(a) Theyconsist of large

(a)Behave as colloidal gize particle

At higher conc.
(b)They have both lyophobjc
Character and & Lyophilic.

6. What is difference between Sol."&Gel?

Ansc. 2 G K |

NBE O2f f 27ARI f

d2fdzir2yasd {2¢

2 KAf S has Im&id as dispersed phase and solid as dispersiafiume

7. Action of Soap is dueyto Emulsification & Micelle formation? Comment.
Ansg soaps are sodium & potassium salts of higher fatty acids.

Eg: C17H35CO0ONa\oil & Grease in dirt adhere firmly to clothing and is undisturbed by washing in tap
water. So@ acts'as an Emulsifying agent and brings the Greasy dirt into colloidal dispersion the
hydrocarbon, chain of soap molecule is soluble in oil or grease. It dissolves in grease and encapsulates. It
to form mieelle. The anionic ends of chain protrude fromplets and interact with water molecules,

preventing coalescence of droplets.
SHORT ANSWER TYPE QUESTION
(3 marks)

KT

8. Discuss the effect of pressure & temperature on the adsorption of gases on solids?
Ans¢ Effect of pressure on adsorptionAt constar temp the extent of adsorption of gas(x/m) in the
solid increases with pressure. A graph between x/m and the pressure P of a gas at constant temp is

called adsorption isotherm.
Freundlich adsorption isotherm

i) At lower range of pressure, (x/m) isetitly proportional to the applied pressure.

kY 'h oL
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i) At high pressure range, the extent of adsorption of a gas (x/m) is independent of the applied pressure
i.e.

S KY Oh L
iii) At intermediate pressure range, the value of (x/m) is proportional to the fractional power of pressure
i.e.

S KY Yoo
Where 1/n is fraction. Its value may be between 0 and 1
X/m = kg"

Log(x'm) =log k + 1/nlog p
Effect of temp on Adsption ¢ Adsorption is generally temp dependent. Mostly adsorption processes
are exothermic and hence, adsorption decreases with increasing temp. However for an endothermic
adsorption process adsorption increases with increase in Temperature.
1. Explainhat is observe when
i) An electrolyte, NaCl is added to hydrate ferric oxide sol.
i) Electric current is passed through a colloidal sol.
iif) When a beam of light is passed through a colloidal sol.
Ans¢(i) The positively charged colloidal partictdd-e(OH)get coagulated by the positively charged Cl
ions provided by NacCl.
(i) On passing direct current, colloidal particles move towards'the positively charged electrode where
they lose their charge and get coagulated.
(i) Scattering of light bthe colloidal particles takes placeiandithe path of light becomes visible (Tyndall
effect).7
2. Describes some features of catalysis by Zeqglites?
Ansg Features of catalysis by Zeolites:
I) Zeolites are hydrated alumino silicates whichyhave a thienlsional network structure containing
water molecules in their pores.
II) To use them as catalysts, they heated se that water of hydration present in the pores is lost and the
pores become vacant.
[Il) The size of pores varies from 260 to 740 pm. Ténlg,those molecules can be adsorbed in these
pores and catalyzed whose size,is'small enough to enter these pores. Hence, they act as molecular
sieves or shape selective catalysts.
An important catalyst used inypetroleum industries in ZaNt convertsalcohols into petrol by first
dehydrating them to form a mixture of hydro carbons.
ZSM¢ 5

Alcohols » Hydro carbons
od /2YYSyYyul 2y (GKS adlradSYSyd GKIFIG aO2ftt2AR Aa yz2i
Ansc¢ The given statement is true. This is because the statement may exist as a colloid under certain
conditions:and as a crystalloid under certain other conditiogsNaCl in water behaves as a crystalloid
while in benzene, behaves as a colloid (called associated colloid). It is the size of the particles which
matters I.e. the state in which the substance exist. If the size of the particles lies in the range 1nm to
1000nm it is in the colloid state.
4. Write short notes on followings:
(a) Tyndall effect
(b) Brownian Movement
(c) Hardy Schulze Rule
Ans (a)Tyndall effeescattering of light by colloidal particles by which path of beam becomes clearly
visible. thiseffect is known as tyndall effect
(b) Brownian movementigzag motion of colloidal particles.
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(c) Hardy Sehulze LayCoagulating value of a coagulating ion is directly proportional to the charge on
the ion.

e.g: Nd < C&" < AF* for negatively canged sol.

Cl < C3;< P3,< [Fe (CN)]* for positive sol.

Chapter:6

General Principles & Process of Isolation of Elements

Important Points :

Md ¢KS OKSYAOIf &adzonaidlyoSa Ay GKS SINIKQa ONMHz i
2. Minerals, which act as source for metal, are called Ore.

3. The unwanted impurities present in ore are called Gangue.

4. The entire process of extraction of metal from its ore is called Metallurgy.

5. Removal of gangue from ore is called Concentnafiressing or Benefaction of ore.

6. Concentration by Hydraulic washing is based on the difference in gravities of,ore"and gangue patrticles.
7. Concentration by Magnetic separation is based on differences in magnetic properties of ore
components. If elter of ore or gangue is capable of attracted by a magnet field; then such separation is
carried out.

8. Concentration by Froth Flotation Process is based on the facts that sulphide ore is wetted by oil &
gangue particles are wetted by water.

9. Concentrdon by Leaching is based on the facts that ore is s0luble’in some suitable reagent & gangue
is insoluble in same reagent. e.g. Bauxite ore contains impurities’of silica, iron oxide & TiO2 .The
powdered ore is treated with NaOH which dissolve Al & im@gitemains insoluble in it.

Al O; +2NaOH + 34D > 2 Na [Al(OH)
10. Calcination involves heating of ore in absence-ef.air below melting point of metal. In this process
volatile impuities escapes leaving behind metaloxide.

Fe O;.xH O > L,0fexik O
ZnCQ > Zn0O +C©
CaC@MgCQ > CaO + MgO + 26O

11. Roasting involves heating of orejin presence of air below melting paimetad in reverberatory
furnace. In this process volatiledmpurities escapes leaving behind metal oxide and metal sulphide
converts to metal oxide.

27nS +30 » 27n0+2SO
2PbS+3 0 » 2 PbO +2 SO
2CuS+30Q » 2Cyu 0 +2 SO

12. Reduction of.metal oxidavolves heating of metal in presence of suitable reagent Coke or CO2.
13. Reactions taking place at different zones of blast furnace in extraction of iron:
(i) Zone of reduction:Temperature range 25@700° C

3Fe O;+ CO » 2Fe O, +CQ
Fe O,+CO » 3FeO+ CO
FeO +CO » Fe+ CQ
(i) Zone of slag formationTemperature range 86651000 C
CaCo » CaO+Co
CaOo+Sip » CaSiQ P, O,g+10G » 4P+10CO,
Sig+2C » Si+2CO, Mng2C » Mn+2CO
(iii) Zone of fusion: Temperature range 118¢-1350C
cag+cC » 2CO
(iv) Zone of fusion: Temperature range 1480-1950°C
C+Q » CQ
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14. FLOW SHEET FOR EXTRACTION GF IRON:
Iron ore(Magnetite FgOy)

Concentration is done by Gravity separation followed by magnetic separation

Calcination &Roasting i.e. Ore +Bit S| i Ma 2 A, BO,dxdE Erhdved
And FeO oxidized to F6&;

Smelting of charge i.e. mixture of ore, coke & Ca@kes place in long BLAST FURNACE.
Following reaction take place at different zonegrefer to point 13)

Pig iron is obtained, which is remelted and cooled then cast iron is obtained

15. Pig lron: It contains Fe 985%, Carbon 2:5%, and Impurities 3%.

16. Cast Iror: It contains Fe 99:89.8%, Carbon 0:0.2% Impurities 0.3%.

17. Spongy iron:Iron formed in the zone of reduction of blast furnace.is galled.spongy iron. It contains
impurities of C, Mn , Si, etc

18. FLOW SHEET FOR EXTRACTION OF -COPPER:
Copper Pyrites CuF£S

Concentration is done by iroth floatation ‘process

!

Roasting is presence of air. followingreactions take place:
S+ Q{ h 4AS+3GITH ! éyi@uFezSQI‘b’ dzn { bHLCS{ b{h

t 26 RSNBR 2NB b 6FLGSNLUBLAYS 2Af bl ANIH { dzf LIKARS

Smelting in small blast furnace of @ mixture of Roasted ore, coke, and silica.

2FeS +30bh H CS'h,, BeO # $SIMHC S {(dlag)
A mixture of Cu2S, FeS & silica is0btained from blast furnace knowmppear @uatte

Bessemerisation of'¢copper matte is done in Bessemer converter in presence of air. Following
reactions take place:

2FeS4 30hH CS h ,HeO { SIIHC S § (Bldg),

2CYS.+ 3QIMHHCL O+2SQ 2CyO+2Cu{ h ¢/ gz b { h

Melted.copper is cooled, and then SO2 is evolved. such copper is known as BLISTER
COPPER(98%Cu+2% impurities)
19.4£LOW SHEET FOR EXTRACTION OF ALUMINIUM:
Bauxite AI0;.2H,0

Concentration of ore is done by leaching .Bauxite is treated with NaOH .
Following reaction takes place:
ALO; +2NaOH + 30— 2 Na [Al (QHand impurities oFe0;,
TiQ &SiQ are remoed. l
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Na [Al (OH] ,then reacts with CO2 then pure Alumina is obtained.
Na [AI(OH] + 2CQIM 4Gk xH O + 2NaHCO

Electrolytic reduction of pure alumi*a takes place in iron box (cathode) with cryolite
(NaAlR) & fluorspar CaF2.Graphite rods act as anode. Following reactions take-place:
At cathode: AF*+3e | £ = 1-8O° My,24&SY

By this process 98.8% pure Aluminum is obtained
20. Vapour phaseefining is used for extraction of Nickel (MOND PROCESS) and Zirconium &Titanium
(VAN ARKEL PROCESS).
21. Zone refining is used for extraction of Si, Ge, Ga, etc.
22. Chromatography method is based on selective distribution of various constituentsixfusie
between two phases, a stationary phase and a moving phase. The stationary phase can be either solid or
liquid on solid support.
22. Column chromatography is based on adsorption phenomenon. Thisimethod is useful for those
elements, which are avaltée in small amounts and the impurities are net much different in chemical
properties from the element to be purified.
VERY SHORT ANSWER TYPE QUESTION
(2 marks)
Q.1 What is slag?
A.l- It is easily fusible material, which is formed when gangue-stillgotas roasted ore combines with
the flux.
e.g. CaO (flux) + SI®3A y 3 dzS ¢(slday I { Ah
Q.2 Which is better reducing agent at 983K, carbon.er CO?
A.2- CO, (above 983K CO being more stable &does not act as a good reducing agent but carbon does.)
Q.3 At which temperature carbon can be used.as a reducing agent for FeO?
A.3 Above 1123K, carbon can reduce FeOito Fe.
Q.4 What is the role of graphite rods<n electrometallurgy of aluminium?
A.4 Graphite rods act as anode, arejattacked by oxygen tm f6©and so to be replace time to time.
Q.5 What is the role of cryolite.in electrometallurgy of aluminium?
A.5 alumina cannot be fused easily because of high melting point. Dissolving of alumina in cryolite
furnishes AT ions, which‘ean e electratgd easily.
Q.6- What are depressants?
A.6- It is possible to separate two sulphide ore by adjusting proportion of oil to water in froth flotation
process by using@ substance known as depressant.
e.g. NaCN is used.\to separate ZnS and PbS.
Q.7 Copper.can be extracted by hydrometallurgy but not Zn. Why?
A.7- The Bof\.Zn is lower than that of Cu thus Zn can displacgiGu from its solution. On other hand
side to displace Zn from Zrion, we need a more reactive metal than it.
Q.&Givename and formula of important ore of iron .
A.8 Haematiteq FeOs;, MagnetitecFe Oy, Iron pyrites FesS
Q.9 Give name and formula of important ore of Copper .
A.9 Copper pyrites CuFg®alachite CuC{ Q Cu (OH), Cuprite CplO.
Q.10 Give name and formula of important ore of Zinc .
A.16 Zinc blende ZnS, Calamin&nCQ, Zincite¢ ZnO .
SHORT ANSWER TYPE QUESTION
(2 marks)
Q.1 Describe the method of refining of nickel.
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A.l- In the Mond Process, Ni is heated in a stream@ff@ming a volatile complex, which then
decomposes at higher temperature to give Ni.
At 330350K:- bA b n/ hy I bA &6/ hv
At 450470K Ni(COIM bA b n [/ h
Q.2 What is Zone Refining? Explain with example.
A.2- Zone refining is a method of obtaining a metal in very pure state. It is based on the principal that
impurities are more soluble in molten state of metal than solidified state.
In this method, a rod of impure metal is moved slowly over circular hed@itex portion of the metal
being heated melts & forms the molten zone. As this portion of the rod moves out of heater, it solidified
while the impurities pass into molten zone. The process is repeated to obtain ultrapuresmetal and end of
rod containing impre metal cutoff.
Q.3 Write the principal of electreefining.
A.3 In this method of purification impure metal is made Anode and pure metal’is made the cathode. On
passing electricity, pure metal is deposited at the cathode while the impuritiesidigaaodution as
anode mud. E.g. electroefining of copper:
At Cathode: CUf*+ 26 / dz
At Anode-/ dz T +Rélz
Q.4 Write difference between calcinations and roasting.
Q.5 Describe the method of refining of Zirconium and Titanium:
A.5 Van Akel process is used for obtaining ultrapure metal. The impure metal is converted into volatile
compound, which then decomposes electrically to get pure metal.
At 850K Zrimpure) + 2 % NL
At 2075K: %BNL [ %N3 0 LJzNBY b H L
Q.6 Out of C & CO, which is better reducing agent-for ZnO?
A.6- Since free energy of formation of CO from'C is'lower at temperature above 1120K while that of CO2
from carbon is lower above 1323K than free energy of formation Of ZHowever, the free energy of
formation of CQfrom CO is always higher than that of ZnO. Hence, C is better reducing agent of ZnO.
Q.7-¢ KS @I {{GUdps CrDifis-540kJ/mole & that of AlO; is-827kJ/mole. Is the reduction of 4B,
possible wih aluminium?
A.7- The desired conversion is
4 Al + 2GrO; h ¢ O+ 4Cr
It is obtained by addition‘ef following two reactions:
4Al + 3G  H3 Ol nfG’=827kJ/mole
2Cp O3 1/ NJpd&’=40540 kJ/mole
CKSNEF2NES n Dn -B24830R&7aak AlBshlt rédiictiodi§ possifle. A &
Q.8:- Why copper.matte is put in silica lined converter?
A.8:- Copper matte consists of ¢hiand FeS. When blast of air isgeasthrough molten matte in siliea
lined converter, FeS present in matte is oxidized to FeO, which combines with silica to form slag.
()2FeS+30H CSh ,bH { h (i) FeO + SIHC S § (Bldm),
@) 2Cy S + 3QIMHHCW O+2SQ (IV)2CpO+2Cu{ h ¢/ gz b { h
Q.9 What is meant by term chromatography?
A.9-Chromato means Colour and graphy means writing because the method was first used for
separation of coloured substance. It is based on seledistribution of various constituents of a
mixture between two phases, a stationary phase and a moving phase. The stationary phase can be
either solid or liquid on solid support.
Q.10Why is reduction of metal oxide easier if metal formed is in liquatkesat temperature of
reduction.
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A.10 The entropy of a substance is higher in liquid state than solid state. In the reduction of metal
2EARST (KS SyidNRLR OKIy3aS gAatt 0SS LRAAGAGS AT YSi
becomes negativand reduction occurs easily.
SHORT ANSWER TYPE QUESTION
(3 marks)
Q.1 Explain the following:
() Zinc but not copper is used for recovery of Ag from the complex [AG(CN)
(i) Partial roasting of sulphide ore is done in the metallurgy of copper.
(i) Extraction of Cu from pyrites is difficult than that from its oxide ore through reduction.
A.1- (i) Zn is more powerful reducing agent in comparison to copper.Zn is also cheaperithan,Cu.
(i) Partial roasting of sulphide ore forms some oxide. @kide then reacts with remaining sulphide ore
to give copper i.e. seleduction occurs.
2Cy S + 3QIMH /, @#2SQ
2Cyp0+2Cu{ h ¢/ dz b { h
. (iii) Though carbon is good reducing agentdwride but it is poor reducingragent/for sulphides. The
reduction of metal sulphide does not have large negative value.
Q.2 Explain the method for obtaining pig iron from magnetite.
A.2- Extraction of iron from Magnetite takes place in following steps:
(i) Concentration of ore: It is done by Gravity separation followed,by-magnetic separation process.
(i) Calcination: It involve heating when the volatile matter escapes leaving behind metal oxide.
Fe2Q.xH h M O+ xHO .
(i) Roastings: It involves heating of ore in presence of-air, thus moisturg, 8@ AsO; removed And
FeO oxidized to F©;.
(iv) Smelting of roasted ore’A mixture of ore, coke '&Cagi® smelted in long BLAST FURNACE.
Following reactia takes place at different temperature zones:
(i) Zone of reduction: Temperature range 28@700°C
3Fe O;+CO ———» 2Fe0,+CQ
Feg O;+#CO ——=—»3FeO+ CO
FeO +CO—F———> Fe+ CQ®
(ii) Zone of slag formationTemperature range 86a-1000°C
CaCO3—— CaO+C02
CaO+Sip ———» CaSiQ P,O,¢+10C —— > 4P+10CO,
SiQ+2C——— Si+2CO, MnO,+2C ——» Mn+2CO
(iii) Zone of fusion:Tempefature range 118¢-1350° C
CQ+C — 2CO
(iv) Zone of fusienTemperature range 148@-1950C
C+Q ——» CO
Thus, Pigtiron is obtained from Blast Furnace.
Q.3 Describe the principles of extraction of copper from its ore .
Q.4 Name the principal ore of aluminium and describe how Al is extracted from its ore.
A.4 Importantores-(i) Bauxite AlO;.xH0 (i) Corrundum ADs. Bauxite is commercially important ore
of Al.
Extraction from Bauxite ore involves the following two stages:
(i) Purification of bauxite to get pure alumindj@s)
(ii) Electrolysis of pure alumina in molten cryolite
Step:1 Bauxite is treated with NaOH .Following reaction takes place:
Al O; +2NaOH + 3H » O 2 Na[AI(OH)
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and impuritiesof Fe O;,TiQ, &SiQ are removed . Na [Al(OH)then reacts with C&xhen pure Alumina
is obtained.

Na [AI(OH]) + 2CQ » A, O.xH O + 2NaHCO
Step:2 Electrolytiaeduction of pure alumina takes place in iron box (cathode) with cryoliteAIRg &
fluorspar Caf-Graphide rods act as anode. Following reactions take place:
At cathode: AP*+3e ! f = At Anode: 207 bh, + 46
By thisprocess 98.8% pure Aluminum is obtained.
Q.5 Describe the principles of extraction of Zinc from zinc blende .
A.5 Important ores of ZRZinc blende ZnS, Calamin&ZnCQ, and Zincite ZnO. ZnS is commercially
important ore of Zn.Various stages invavia the extraction of Zn from ZnS are as following:
(i) Concentration of orelt is concentrated by Froth flotation process followed by gravity separation
process.
(i) Roasting: The concentrated ore is roasted in presence of air. Following readd&agplace:
2ZnS +3p — > 2Zn0O + 2SO
The mass obtained during roasting is porous and is called porous clinkex
(iif) Reduction of ZnO to ZnZnO is made into bricketts with coke andychnd heated ail163K.Zn
formed distills off and is collected by rapid cooling of zinc vapours,
Zn0+C——» Zn +CO
Chapter 7.
p-Block Elements
Points to remembet:
The general valence shelectronic configuration of {plock elements nsnp*®
GROUP 15 ELEMENTS:
Group 15 elements ; N, P, As, Sb & Bi
General electronic configuration: fisp®
Physical Properties:
Dinitrogen is a diatomic gas while all others,are solids.
N &P are noametals. As & Sb metalloids & Bi is a metals. This is due to decrease in ionization enthalpy
& increase in atomic size.
Electro negativity decreases down'the group.
Chemical properties:
o Common oxidation states-3+3 & +5.
o Due to inertpair effect;,thejstability of +5 state decreases down the group & stability of +3 state
increases .
o In the case of Nitrogen all Oxidation states from +1 to +4 tend to disproportionate in acid solution ,
e.gs -3HNQ M HNQ + H O + 2NO

Anomalousdehavior of Nitrogendue to its small size, high electronegativity, high ionization enthalpy
and absence of-drbital.
NoKE A dzyAljdzS @€ xXdz (A 2X §2 B8Ry Ralement & MBS grégup dokcd KS+ GA S
F2NMLILT 0SSOl dzaS GKSANI FG2YAO 2NDAGEHEA FNB a2 I NBS
overlapping.
Nitrogen exists as diatomic molecule with triple bond between the two atoms whereas other elements
form single bond# elemental state.
b OF yy 2 LT T 2RSS Ria¥ailabiitySof dfrBitdls whereas other elements can.
Trends In Properties:

Stability¢ NH>PH>AsH>SbH>BiH

Bond Dissociation EnthalpiH>PH>AsH>SbH>BiH

Reducing charactey NH:>PH>AsH>SbH>BiH
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Basic characteNH>PH>AsH>SbH>BiH
Acidic characteN,O;>P.0;>As0;>ShOs>BpOs
Dinitrogen:
Preparation
I 2YYSNDA I €By thiNli§uefiackidn & fa2tignal distillation of air.
[ 102 NI G2 NBy tleitil)lah ajdedud lytion ME with sodium nitrate .
NH,Cl +NaNg@hb, + 2HO + NaCl
CKSNYEE RSO2YLRAAGARYOGEN | YY2YAdZY RAOKNRY
(NH)LrO; T H+4HO + GO; ) X o
¢CKSNXYIFf RSO2YLRaAuAz2y 2F . I,NAdzY 2N { 2RAdzY | I ARS
PROPERTIES
At high temperature nitrogen combines with metals to form ionic nitride {Mg & with.nornrmetals ,
covalent nitride.
AMMONIA PREPARATION
In laboratory it is prepared by heating ammonium salt with NaOH or limé:
2NH, Cl + Ca(OK)oH bs#2HO + Cagl
Ly t€FNBS aoOltS Al A& YIydzFlI OGdINBR o6& |11 6SNJ QLINROS
No+3H  2NH;
n P=-46.1kJ/mol
I O0OdiG2 [ SOKFGStASNRA LINAYOAWE'S (GKZarekl @2dz2NIF 6f S 02y
Optimum temperature: 700 K
High pressure: 200 atm
Catalyst: Iron Oxides
Promoter: KO & A}O;
PROPERTIES
Ammonia is a colorless gas with pungent edour:
Highly soluble in water.
In solids & liquid states it exists as amasseciated molecule due to hydrogen bonding which accounts for
high melting & boiling points of NH
Trigonal Pyramidal shape of Nidolecule.
Aqueous solution of ammoniais weakly basic due to the formation 6fddH
ZnS@+ 2NHOH Iy Zn(OHy+ (NH).SQ
Ammonia can form coordinate bonds by donatitgglone on nitrogen, ammonia forms complexes.
CuSQ+HANH  Th  [Cu(NH).].SQ

Name Formula Oxidation state] Chemical nature
Nitrous oxide of N,O +1 Neutral
Laughing gas
Nitric oxide NO +2 Neutral
Dinitrogen trioxide N,O3 +3 Acidic
Dinitrogen tetra oxide| N.Osor NG +4 Acidic
Dinitrogen pentaoxidel N,Os +5 Acidic
NITRIC ACID
t wOt! w! ¢LhbY hditishbasédrigda catal|i® cRiGadich of ammonia by atmospheric
oxidation . The main steps are Pt

1) 4ANH + 5@ —— 4NO + 6bD

500k,9 Bar

2)2NO+@ Th 2NG
3) 3NQ + HO —— 2HNQ+NO
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PROPERTIES:
(i) Conc. HN@s a strong oxidizing agentatacks most metals gold & Pt. .
(if) Cr & Al do not dissolve HNO3 because of the formation of a positive film of oxide on the surface.
(iii) It oxidizes nommetals like 12 to HIQC to CQ, S to Hso,
(iv) Brown ring test is used to detect NO
PHOSPHOROUS:
I [he¢wht L/ Chwa{f¥ Cpdeii 3 >~ NBR h
White phosphorous is more reactive red phosphorous because white P exists as digonetedles .
in red P severalgMmolecules are linked to formed polymeric chain.
PHOSPHINE
Preparaton:lt is prepared in laboratory by heating white P with concentrated NaOH solution in an
Inert atmosphere of CO
P,+3NaOH+30— PH+3NaHPQ

Phosphorous halides
Phosphorous forms two types bélides KX; & PX (X=F,I,Br)
Trihalides have pyramidal shape and pentahalides have trigonal bipyramidal structure.
OXOACIDS OF PHOSPHOROUS

The acids in +3 oxidation state disproportionate to higher & lower-exidation.

4H, PQ —— 3HPQ+PH

Acids which contains-R bond have strong reducing properties E G
are ionisable and cause the basicity.

Hydrogen atom which are attached with oxygen i®@Rform are ionisable
GROUR6 ELEMENTS (CHAGEQS)
Group 16 Elements:O,S,Se,Te,Po
Genaal electronic configuration:Asip*

Element Occurrence
Oxygen Caemprises 20.946% by volume of the atmosphere.
Sulphur As sulphates such as gypsum Ca&®0O,Epsom

salt MgSQ.7H0 and Sulphides Such as galena PbS,
Zinc Bende ZnS, Copper Pyrites CuyFeS

UJ

As metal selenides and tellurides are in sulphide ore

Se & Te as a decay product of thorium and uranium minerals
ATOMIC & PHYSICAL PROPERTIES

lonisationenthalpy decreases from oxygerptdonium.

Oxygentatom has less negative electron gain enthalpy than S because of the compact nature of the
oxygen atom.However from the S onwards the value again becomes less negative upto polonium.

Electronegativity gradually decreases from oxytgepolonium, metallic character increases from
oxygen to polonium.

Oxygen & S are nemetals, selenium and telerium are metalloids. Po is a radioactive metal.

Oxygen is a diatomic gas while S,Se&Teata@ atomic §Se&Te; molecules which has puckdS R Q
NAY3IAQ aidNHzOG dzZNB @
CHEMICAL PROPERTIES

Common oxidation state:2,+2,+4 &+6.

Due to inert effect,the stability of +6 decreases down the group and stability of +4 increases.
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Oxygen exhibits +1ate in QF,+2 in OF
Anamolous behavior of oxygetue to its small size,high electronegativity and absenceabidals.
TREND IN PROPERTIES

Acidic characteH,O<HS<HSe<HTe

Thermal stabilityH,O>HS>HSe>HTe

Reducing charactdf,S<HSe<HTe

Boiling pointH,S<HSe<HTe<HO

Reducing property of dioxideSQ>Se@>TeQ
Stability of halided->CI>Br>|

HALIDES

DI HALIDES: ¥ybridisation but angular structure.
TETRA HALIDE Steridisationseesaw geometry
HEXA HALIDESdhoctahedral SF

DIOXYGEN
Prepared by heiing oxygen containing salts like chlorates, nitrates
-heat
2KCIQ — 2KCI+3Q
OXIDES

A binary compound of oxygen with another element is called gxiderOxides can be classified on the basis
of nature

Acidic OxidesNorrmetallic oxides. Aqueous solutions are aeids. Neutralize bases to form saltg.Ex:So
Co, NGs etce.

Basic Oxides: Mallic oxides. Aqueous solutions are‘alkalies. Naize acids to form salts.Ex: )y
Ko0 etc.

Amphoteric oxidessome metallic oxides exhibit a'dual behavior. Neutralize both acids & bases to
form salts.
Ex:ALO;, SbOZ { YhISHIOXX DD

OZONE

PREPARAON

Prepared by subjecting cold, dry.0Xygen to silent electric discharge.
30, M Jsih

PROPERTIES

Due to the ease with which'it liberates atoms of nascent oxygen, it acts as a powerful oxidizing agent.
Foreg-= it oxidises lead sulphide to lead sulphate and iodide ions to iodine.
PbS +4@ h PbSQ@+40G
SULPHUR DIOXIDE
PREPARATION
Burning ef.S\in air

S+Q b SQ
Roasting of sulphide minerals
(Iron pyrites) 4Fe$t1102 Th 2Fe 2G+8SQ
(Zinc blend) 2ZnS+3@ b 2Zn0O+2SP

PROPERTIES
Highly soluble in water to form solution of sulphurous acid

SQ+HO h  .SQ I
SQ reacts with Glto form sulphuryl chloride

SQ+C} b SQCh
It reacts with oxygen to formG in presence of ¥0s catalyst
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2SQ+Q, M 2SQ
Moist SQ behaves as a reducing agent. It converts Fe(lll) ions to Fe(ll) ions& decolourises acidified

potassium permanganate (VII) sban( It is the test for the S{yas).
SULPHURIC ACID
PREPARATION
It is manufactured by contact process which involves 3 steps
1. Burning of S or Suijae ores in air to generate 20
2. ConversionfoSQ to SQin presence of M0s catalyst
3. Absorption of S§n HSQ to give oleum.
PROPERTIES
1. In aqueous soluth it ionizes in 2 steps

HSQ+HO ———» H;O+HSQ

HSQ+HO ——» H0+S3,
2. It is a strong dehydrating agent Etarring action of sugar

H.SQ

C12H2201+—»12C+11KD

3. It is a moderately strong oxidizing agent.
Cu+2HSQ(conc.) My CuSE+SQG+2HO
C+2HSQ(conc.) M CQ+2S@+2HO

GROUP 17 ELEMENTS(HALOGENS)
Group 17 elements: F,CI,Br,l,At
General electronic configuration:ns2np5

Element Occurence
Fluorine Asinseluble fluorides(fluorspar CaF2,Cryolite and
Cl, Br,l fluoroapattie)

14

Sea water contains chlorides, bromides and iodide¢s

Sodium, potassium magnesium and calcium, but fis
mainly sodium chloride solution(2.5% by mass).
Certain forms of marine life(various seaweeds)

ATOMIC & PHYSICAL'PRORERTIES

i. Atomic & ionic radii increase from fluorine to iodine.

ii. lonization enthalpy gradually decreases from fluorine to iodine due to increase in atomic size.

iii. Electron gain enthalpy of fluorine is less than that of chlorine. It is due to small size of fluorine &
repulsion between\newly added electron &elemtis already present in its small 2p orbital.

iv. Electronegativity decreases from fluorine to iodine. Fluorine is the most electronegative element in
the periodic table.

v. The color of halogens is due to absorption of radiations in visible region velsiglts in the excitation

of auter electrons to higher energy level.

vi. Bond dissociation enthalpy of fluorine is smaller than that of chlorine is due to elesl#ommon
repulsion among the lone pair in fluorine molecules where they are much closactoother than in

case of chlorine. The trend:-CI>BfBr>FF>}.

CHEMICAL PROPERTIES

OXIDATION STATESiowever, chlorine, bromine &iodine exhibit +1, +3, +5, +7 oxidation states also.
Fluorine forms two oxides OF2 and O2F2. These are essentiggrofluorides because of the higher
electronegativity of fluorine than oxygen.
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Anomalous behavior of fluorinelue to its small size, highest electronegativity, low Bond
dissociation enthalpy and absence cbibitals.
TRENDS IN PROPERTIES
Oxidizing property, F>C}>Bp>kL
Acidic strengthHF<HCI<HBr<HI
Stability & bond dissociation enthalpF>HCI>HBr>HI
Stability of oxides of halogenks>CI>Br
lonic character of halidesMF>MCI>MB>MI
CHLORINE
PREPARATION
1. MnQ +4HCI —MnCL+C}+2H0
2. ANaCl+Mn@4HSQ  ——WnCL+4 NaHSQ2HO+CJ
3. 2KMnQ@+16HCI —2KCIl+2MnGt+8HO+5C
n® 59!/ hbQ{ twh/ 9{{
Cud]
4HCI+Q ~ ———206}+2H0
5. By eletrolysis of brine solutiorC} is obtained at anode.
PROPERTIES
i. With cold and dilute €produces a mixture of chloride and hypochiorite but with hot and
concentrated alkalis it gives chloride and chlorate.
2NaOH+Gl ~—NaCINaOCI+kD
6NaOH+3GI —5MaCl+NaCK3H0
ii. With dry slaked lime it gives bleaching powder.
2Ca (OHy+2C} —©Sm (OR)+@CH2H0
iii. It is a powerful bleaching agent; bleaching“aetion is due to oxidation
CL+HO —2CI+(O)
Colored substance+(6&)»colorless substance
iv. Action of concentrated 23Q on Na€l give HCI gas
NaCl+e5Q  ———MmHSQ+HCI
3:1 ratio of conc. H& HNQ is knownsas aquaregia & it is used for dissolving noble metals like Au and
Pt.
OXOACIDS OF HALOGENS
Interhalogen compounds are praped by direct combination of halogens.
Ex: CIF, GPBIE, IR

They are more reactive than halogens becauseX A & ¢ S-K boBdNin balodeys (excepER
TYPE STRUCTURE
5 Q Bent Fshaped
5 Q Square pyramidal
2 Q Pentagonal bipyramidadl

GROUP 18 ELEMENTS

GROUP 18 ELEMENTS: He, Ne, Ar,Kr,Xe &Rn

Genaal electronic configuration:fAap°

Atomic radii large as compared to other elements in the period since it corresponds to Vander Waal
radii.

Inert ¢ due to complete octet of outermost shell, very high ionization enthalpy & electron gain
enthalpies are almost zero.
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The first noble compound preyped by Neil Bartlett was XeR&Xenon. O, PtFg.led to the discovery of
XePtE since first ionizatin enthalpy of relecular oxygen (1175 kJrifplwas almost identicatbith that
of xenon (1170kJmd).
PROPERTIES 673K, 1lbar
Xethp ———xoh
873K, 7bar
Xe(9) +2Kg) —Xefx(s)
573K,60670 bar
Xe (g) +3F2 (g) ——— %®F6(s)
Xeg+tMF  —— B [XeFR]
Xel+PE ——XeF][PR]
XeR+2HO —— % QFR+4HF(partial hydrolysis)
SOLVED QUESTIONS
1 MARK QUESTIONS
1. Ammonia has higher boiling point than phosphine. Why
AnsAmmonia forms intermolecular-Hond.
2. Why does P¢flume in moisture?
Ansin the presence of (@), PGlundergoes hydrolysis giving fumes.of HCI .
PCi+3HO — PG+ 3HCI
3. What Happens whensAQ is Heated ?
Anslt disproportionate to give orthophosphoric acid and*Phosphine.
4HPG — 8BHPQ PH;
4. Why HS is acidic and.B is neutral ?
AnsThe S H bond is weaker than QH bond becausthe size of S atom is biggthan that of O atom .
Hence HS can dissociate to givé lans in aqueous solution.
5. Name two poisonous gases which can_beprepared from chlorine gas?
AnsPhosgene (COfltear gas (CONG)
6. Name the halogen which does notexhibit positive oxidation state .
AnsFlourine being the most electronegative element does not show positive oxidation state .
7. lodine forms’{ but K does notform/kjions .why?
AnsDue to the pesence of vacard-orbitals , } accepts &ctrons from lions to form 4 ions , but
because of erbitals F; does net accept electrons fromiens to form kions.
8. Draw the structure of,peroxos ulphuric acid.
9. Phosphorous forms R®Ut nitrogen cannot form NgIWhy?
AnsDue to the availability of vacantatbital in P.
2 MARK QUESTION (SHORT ANSWER TYPE QUESTION)
1. Why is HF acid stored in wax coated glass bottles?
AnsThis.s,because HF does not attack wax buttgeaith glass. It dissolves Si@esent n glass
forming hydrofluorosilicic acid.
SiQ +6HF —— M SikE+2H0
2. What is laughing gas? Why is it so called? How is it prepared?
AnsNitrous oxide (BD) is called laughing gas, because when inhaleidduced hysterical laughter. It
is prepared by gently heating ammonium nitrate.
NHNO; —®,0+2HO
3. Give reasons for the following:
(i) Conc.HNgxurns yellow on exposure to sunlight.
(i) PG behaves as an ionic species in solid state.
Ans(i)Conc HN@decompose to N©which is brown in colour & N@lissolves in HNQo it yellow.
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(ii)It exbts as [PQI [PCY] in solid state.
4. What happens when white P is heated with conc. Na@lttion in an atmosphere of G@Give
equation.
AnsPhosphorus gas will be formed.

Ps+3NaOH+30  — PH+3NaHPG
5. How is ozone estimated quantitatively?
AnsWhen ozone reacts with an excess of potassiund@dolution
Buffered with a borate buffer (pH 9.2), lodide is liberated which can be titrated against a standard
solution of sodium thiosulphate . This is a qutative method for estimating €gas.
6. Are all he five bonds in P£inolecule equivaleri Justify your answer.
AnsPC{ has a trigonal bipyramidal structure and the three equatori@li®onds are equivalent, while
the two axial bonds are different and longer than equatorial bonds.
7. NQis coloured and readily dimerises.Why ?
AnsNG, contains odd number of valence electrons.It behaves as a typical odd'molecules .On
dimerization; it is converted to stable J9, molecule with even number of electrons.
8. Write the balanced chemical equation for the reactirC} with hot andiconeentrated NaOH .Is this
reaction a dispropotionation reaction? Justify:

3Ch+6NaOH ———&NaCl+NaC3HO

Yes, chlorine from zero oxidation state is changed.tand +5 oxidation states.
9. Account for the following.
()Skis less eactive than S
(i) O the noble gases only xenon compounds are known.
Ans. (i)In SRhere is less repsgion between F atoms-than/In,SF
(INXe has low ionisation enthalpy & high polarising-pewer duarger atomic size.
10. With what neutral ma@cule is ClQsoelectronic?Is that molecule a Lewis base?
CIF .Yes, it is Lewis base due to presenceofilone pair of electron.
3 MARK QUESTIONS
1(i) why is He used in diving apparatus?
(ilNoble gases ha very low boiling points.Why?
(iilWhy is ICmore reactive than,®
Ans(l)It is not soluble in blood&ven tnder high pressure.
(ilBeing monoatomic they have weak dispersion forces.
(ii)I-Cl bond is weaker thad bond
2. Complete the followingauations.
0) XegtHQ \ —
(i) CaP+HQ ——m»
(iAgCI(s) tNHaq) ——
Ans(i) 6Xeft12HO————— >  4Xe+2Xe@24HF+3Q
(iCaP,6HO  ——  8Ca (OH)}2PH3
(ii)AgCI(s) +2NHaq) ——————Ag(NH),|Cl(aq)
3. ()How is XeQlprepared ?Draw its structure.
(ilWhen HCI reacts with finely powdered iron, it forms ferrous chloride and not ferric chloride .Why?
Ans(i)Partial hydrolysis of XeQF

XektHO  —XO0R+2HF
Structure-square pyramidal.
(ii) Its reaction with iron produces,H

Fe+2HCH—""" FeCitH

Liberation of hydrogen prevents the formation of ferric chloride.
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5 MARK QUESTION
1. Account for the following.
()Noble gas form compounds with &0, only.
(i)Sulphur shows paramagnetic behavior.
(ii)HF is much less volatile than HCI.
(iv)White phosphorous is kept under water.
(vVAmmonia is a stronger base thphosphine.
Ans()k &0, are best oxidizing agents.
(iIn vapour gate sulphur partly exists as 8olecule which has two unpaired electrons in the
antibonding pi *orbitals like ©@and, hence, exhibit paramagnetism.
(iiHF is associated with intermolecular H bonding.
(iv) Ignition temperature of white phosphorous is very low (303 K). Therefore on explosure to air, it
spontaneously catches fire forming®,. Therefore to protect it from air, it is keptiunder water.
(v)Due to the smaller size of N, lone pair of electrons is readily available.
2. When Conc. $Q was added to an unknown salt present in a test tubeya brown gas (A) was evolved.
This gas intensified when copper turnings were added in to test tube. @img@as (A) changed in to a
colourless gas (B).
OFVOLRSY(GATFE GKS 3ALaSa W' Q yRW. Q
(b)Write the equations for the reactions involved
Ans¢ KS 3| 3,0WSABA HO06M Q A& b
NaNQ+ HSQ  —NaHSQ+ HNQ
Salt (conc.)
Cu +4HN@Conc.) —&u (NQ), +2NQ+ 2HO
Blue Brown (A)
2NQ (on cooling) — N0,

Colourless(B)
3. Arrange the following in the increasing order of the property mentioned.
(DHCIO, HCIDHCIQ, HCIQ(Acidic strength)
(ilAsOs, CIQ, GeQ, GaOs (Acidity)
(ii)NH;, PH, AsH, SbH (H-EH bend angle)
(iv)HF, HCI, HBr, HI (Acidic strength)
(V)MF, MCI, MBr, MI (ioni¢ character)
Ans(i)Acidic strength:HCIO<HGIBICIQ<HCIQ
(i)Acidity: GaO,<GeQ<AsQ@<CIQ
(iBond angle: SkHAsSH<PH<NH
(iv)Acidic strength: HHCI<HBr<HI
(v)lonic character: MI<MBr<MCI<MF
ASSIGNMENTS
Very shat answer type questions:
1) PH has lower boiling point than NHExplain.
2) Why are halogens coloured.
3) What are chalcogens?
4) Which noble gas is Radioactive?
5) Explain why flugne always exhibit an oxidation state-of only.
6) Which compound led to the discovery of compounds of noble gas?
7) Name the most electronegative element.
8) Why is Ofcompound not known?
9) Why N is not reactive?
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10) Ammonia acts as a ligarkkplain.
Short answer type questions:
1) White Phosphorous is more reactive than red phosphorous. Explain.
2) Why do noble gases have comparatively large atomic sizes?
3) Arrange in decreasing order of lonic character
M ¢ F, Mc CI, Mc Br, M¢ |
4) Phosphinic acid behaves as a monoprotic acid
5) Arrange the following in the order of property indicated:
a) AS0;,, CIQ, GeQ, Ga0;__Increasing acidity
b) HO, HS, HSe, HTe__Increasing acid strength.
6) Arrange in decreasing order of bond energy:
R, Ch, Bp, b
7) Complete the following:
i) HNO3 +P4010 —»
ii) O3+ T+ H —
8) Give the chemical reactions in support of following observations:
a) The +5 oxidation state of Bi is less stable than +3 oxidation state.
b) Sulphur exhibits greater tendency for catenation than selenium.
9) How would you account for following?
i) Enthalpy of dissociation & is much less than that of Cl
i) Sulphur in vapour state exhibits paramagnetism.
10) Draw structures of following:
a) Peroxomonosulphuric acid 43Q

b) Xek

Levelc Il

1. Complete and balance:

i) H#HOCold —
i) BrQ+kR+OH E—
iii) Li + Ncold) E—

iv) Ng#+ NaOCl —*

2) Despte lower electon affinity of/k, it'is $ronger oxidising agent than £LExplain.

3) Give reasons:

a) Nitric oxide becomes,brown when released in air.

b) PQdis ionic in nature and exist in the solid state.

4) Which & the two,is more covalent Sk@r SbGJ?

5) Addition of Gte Kl solution gives a brown colour but excess of it turns colourless. Explain.

Chapter:8.Ihe dand #Block Elements

POINT S, TO BE REMEMBERED

1. The\elements of periodic table belonging to group 3 to 12 are knowrBésclt elements.

2. The general electronic configuration of these elements i§)@l-10 ns 12

3. d Block elements are collectively known as Transition Elements because pespdrthese elements
vary in between 8lock and Block elements.

4. A transition element should have partially filled1(nd orbital.

5. Group 12 elements i.e. Zn, Cd, Hg have completely fillé)l ¢orbital in atomic & ionic state & thus
these elenents are considered as Typical Transition Elements.

6. All these elements are metals. They are less electropositive thiotk elements & more
electropositive than ghlock elements.
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7. The atomic radii decreases from group 3 to 6 (i.e. Sc to Cr)dmochincrease in effective nuclear
charge gradually.

8. The atomic radii of group 7,8 9 &10 elements (i.e. Fe,Co,Ni) is almost same because pairing of
electrons take place in {h)d orbital causing repulsion i.e. shielding ofL{d orbital.

9. Group 112 elements i.e. Cu & Zn have bigger size due to strong shielding of completely fil)ed (n
orbital.

10. The transition elements show variable oxidation state due to small energy difference betwEeh (n
&ns orbital as a result both {h)d &ns electons take part in bond formation.

11. The highest oxidation state of an element is equal to number of unpaired electrons presedjinh (n
&ns orbital.

12. Transition elements have high enthalpy of atomization/ sublimation Because of large number of
unpared electrons in their atoms, they have stronger interatomic interaction and hence strong metallic
bonding is present between atoms.

13. Most of transition elements are paramagnetic due to presence of unpairedielectrond)im (n

orbital.

14. Most of tansition elements are used as catalyst. It is due to (i) partiallyfilldd ¢horbital (ii)

Variable oxidation state (iii) Ability to change oxidation state frequently.

15. Most of transition elements form coloured compounds due to_presence of unpaleettons in (A

1) d orbital & thus they can undergeditransition.

16. Most of transition elements form complex compounds dueto (i) small size (ii) high charge (jii)
presence of vacant-drbital of suitable energy.

17. Transition elements have lowealue of Reduction Patential due to high ionization potential, high
heat of sublimation & low enthalpy of hydration.

18. Transition elements form interstitial compounds:because size of interstitial voids is similar to size of
non- metals C, N, O, H.

19. Transition elements form alloys due to similar ionic radii.

20. The oxides of transition metals in lowenoxidation state are BASIC, intermediate oxidation state are
AMPHOTERIC, highest oxidation state are ACIDIC.

LANTHANOIDS:

1. The 14 elements at Lanthanum having atomic number 58 to 71 are collectively known as
Lanthanoids.

2. The general electronic configuratiohthese elements is [Xe] 4t 5d* ,6< .

3. Most common oxidation state of these elements is +3, but Ce shows +4, Eu &by acquire
stable configuration.

4. The size of Kfanthanoids and its trivalent ion decreases from La to Lu due to poor shielding of 4f
electrons. lkis\known as lanthanoids contraction.

ACTINOIDS:

1. The 14 elements after Actinium having atomic number 90 to 113 are collectively known as Actinoids.
2. The\general electronic configuratiohthese elements is [Rn] 5f, 6" , 7<%

3. The size of actinoids and its trivalent ion decreases frono Awtdue to poor shielding of 5f
electrons. It is known as actinoids contraction.

4. The elements after U (92) are man made known as transuranic elements.

POTASSIUM DICHROMATE:

Preparation= It takes place in three steps

(i) Conversion of chromitere to sodium chromate.

(i) Conversion of sodium chromate to sodium dichromate.

(iif) Conversion of sodium dichromate to potassium dichromate
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Following reaction take place:
4 FeCiO+ 4 NaCQ +7G —aMN3CrQ+2Fe0; +8 CQ
2NaCrQ+ 2 H —— MaCrO,+ 2 Na+ HO
Na,CrO; + 2 KCI ———CKLO,; + 2 NaCl
POTASSIUM PERMANGNATE:
Preparation:--
It takes place in two steps:
(i) Conversion of pyrolusite ore into potassium magnate
(i) Conversion of potassium mangnate to potassium permaganate
Following reactions take place:
2MNnG+4KOH+0O —— K MnO,+ 2HO
3 MnQ” +4H ——2MIn0, +MnQ, +2H0

QUESTION ANSWERS
(TWO MARK QUESTIONS)
Q.1-Explain briefly how +2 oxidation state becomes more and more stable‘in the first half ofsthe fir
row transition elements with increasing atomic number.
A.l-In M* ions, 3dorbitals get occupied gradually as the atomic namber increases. Since, the number of
empty dorbitals decreases, the stabifibf cations increases from%tm-Mn* .Mn** is mast stable as all
d-orbitals are singly occupied.
Q.2 Explain why transition elements have many irregularitiesyin their electronic configurations?
A.2In the transition elements, there is a little differencéyin the energy ef)(d-orbitals and nsorbitals.
Thus, incoming electron can occupy either of shell."'Hence, transition elements exhibit many
irregularities in their electronic configurations.
Q.3What are different oxidation states exhibited by Lanthanides?
A.3The common stable oxidation state of lanthanides is +3.However some members also show
oxidation states of +2 & +4.
Q.4How is the variability in oxidationsstates of transition metals different from that of the non
transition metals? lllustrate with exnples:
A.4The transition elements use,its=)d,' ns and np orbital and the successive oxidation states differ by
unity. For example, Mn showsall.the"oxidation states from +2 to +7. On other hand non transition
elements use its ns, np’and nd orbitatelahe successive oxidation séatdiffer by two units e.g. $h
sri*etc.
Q.5 Why do transition elements show variable oxidation states?
A.5 The transition elements show variable oxidation state due to small energy difference betwégn (n
d &ns orbial as‘a.result both @1)d &ns electrons take part in bond formation.
Q.6Why are MA* compounds more stable than #Fe€ompounds towards oxidation to +3 state?
A.6-Theelectronic configuration of Miiis [Ar] 34, i.e. all five ebrbitals are singly occupied. Thus this is
stable electronic configuration and further loss of electron requires high energy .on other hand the
electroni¢ configuration of Féis [Ar] 3d, i.e. Loss of one electron requires low energy.
Q.7-To what extent do the electronic configuration decide the stability of oxidation state in the first
series of the transition elements? lllustrate your answer with an example.
A.7-In a transition series, the oxidation state which lead to exactly higlfl for completely filled orbitals
are more stable.e.qg. the electrontonfiguration of Fe is [Ar] 3¢4<. It shows various oxidation state
but Fe(lll) is more stable than Fe(ll).
Q.8What is meant by disproportionation? Give two examples.
A.8Those ractions in which same substance undergoes oxidation as well as reduction are called
disproportionation reactions.e.g.

PREPARED BY: TEAM GURUKUL www.thegurukulinstitute.in




2C0 M CuZ+Cu

3MNO,+4H T 2MnO,+MnG + 2 HO
Q.9 Which metal in the first series of transition metals exhibits +1 oxidation state most frequently and
why?
A.9 Copper with configuration [Ar] 3t 4s' exhibits +1 midation state. Copper loses4sectron easily
and achéved a stableonfiguration 3d° by forming Cti
Q.10 What are inner transition elements?
A.10 The fblock elements in which the last electron accommodated 68)(Rsubshell are called inner
transition elements. These include atomic numbers 58 to 71 and froro 203.
Q.11 The paramagnetic character in-Bansition series elements increases upto Mn andithen
decreases. Explain why?
A.12- In the 3dtransition series as we move from Sc (21) to Mn (25) the number of unpaired electrons
increases and hence paramagdit character increases. After Mn, the pairing of electrons in toebital
starts and the number of unpaired electrons decreases and hence, paramagnetic character decreases.
Q.12 Comment on the statement that elements of the first transition seriesgggs many properties
different from those of heavier transition metal
A.12The following points justify that the given statement is true:
(i) lonization enthalpies of heavier transition elements are higher(than the elements of 3d series.
Consequentlyheavier transition elements are less reactive in comparison tel8chents.
(i) Melting points of heavier transition elements are higher thare8sments.
(iii) Higher oxidation states of heavier transition elements,arejstable whereas lower oxidaties ate
stable in 3delements.
Q.13What are transition elements? Whichldiock elements are not regarded as transition elements
and why?
A.13 An element which has patrtially filled-{r) d erbital is known as transition elements. Group 12
elements i.eZn, Cd, Hg have completely filledd(nd-orbital in atomic & ionic state & thus these
elements are not considered as Transition‘Elements.
Q.14What are interstitial compounds? Why are such compounds well known for transition metal?
A.14 Compounds ofransition metal with relatively smaller nametals are known as interstitial
compounds. These compoundszare.well known for transition metals because size of C, N, O, and B is
similar to size of interstitial voids of transition metal
Q.15For the first rowof transition metals the EO values are:

Evalues V Cr Mn Fe Co Ni Cu

M2+/M _ -1.18 -0.91 -1.18 -0.44 -0.28 -0.25 +0.34

Explain the irregularity in the above values.

A.15The & ( M*/M) values are not regular which can be explained from the irregular variation of
ionization energy and sublimation energy of Mn due to fifiéd orbitals.

(THREEMARK QUESTIONS)

Q.1 Decide giving reason which one of the following pairs exhibits tbpesty indicated:

()SE€' or €F* exhibits paramagnetism

(ii)\V or Mn exhibits more number of oxidation states

(iii)V** or VP* exhibits colour

A.1- (i) Sc=[Ar] 3ths’ ; SE'=[Ar] ; it has no unpaired electron so diamagnetic

Cr=[Ar] 3d4s"; CF*=[Ar]3 & ; it has three unpaired electrons paramagnetic

(i) V=[Ar] 345" Mn=[Ar] 3d4<’ Thus V exhibit oxidation states of +2, +3, +4, +5
Whereas Mn exhibit oxidation states of +2 to +7.
(iii) V"*=[Ar] 3d Mycoloured V'=[Ar] Mcolourless
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Q.2(a) Describe the general trends in the following properties of the first series of the transition
elements:

() Stability of +xidation state

(i) Formation of oxometal ions

(b) Write steps involved in the prepation of KMnQfrom KkMnO,

A.2- (a) iThe elements of first transition series show decreasing tendency to form divalent cation as we
move left to right in the series. This trend is due to general increase in the first and second ionization
energy. The grater stability of MiA* is due to lalf filled & configuration and that of zinc is due to'Y
configuration.

(ii) All metal except Sc from oxide of type MO which are basic. The highest oxidation number’in all oxide,
coincide with the group number and igain in Se0;to Mn,O,. Formationof oxoanions is due'to high
electro negativity and small size of oxygen atom.

2-(b) It takes place in two steps:

(iif) Conversion of pyrolusite ore into potassium mangnate.

(iv) Conversion of potassium mangnate to potassium permanganate,

Following rections take place:
2MNnG+4KOH+0O —#KMnO,+2H0
3MnO,+4H  ——8 MnO, +MnQy*2H0
Q.3(a) Write the stepsvolve inthe preparation of BCrLO; from chromite ore.
(b) What is the effect of pH on dichromate ion solution?
A.3(a)- It takes place in three steps
(iv) Conversion of chromite ore to sodium chromate.
(v) Conversion of sodium chromate to sodium dichremate.
(vi) Conversion of sodium dichromate to potassium dichromate
Following reactions take place:
4 FeCGiO+ 4 NaCQ +7G ——» NaCrQ+ 2Fe0; +8 CQ
2NaCrQ + 2 H+ — =~ BaCrO,+2 Na+ HO
Na,CrO; + 2 KCI —CrO; + 2 NaCl
(b) Dichromate ion is orange in<acidic solution (pHand turns yellow in basic solution. It is due to
interconversion of dichromate\ion/to’chromate ion. Following reactions take place:
2 Crd, (yellow) +2H1 \Jbh  CrO*; (orange) + kD
CrO?; (orange) +2.0H- ™ 2 CrG, (yellow) + HO.
Q.4 (a) What is lanthanide contraction? What effect does it have on the chemistry of the elements,
which follow lanthanoids?
(b) The chemistry.of actinoid elements is not so much smooth as that of lanthanoids. thestéy
statements.by\giving some examples from the oxidation state of these elements.
A.4 (a)The,size of Lanthanoids and its trivalent ion decreases from La to Lu. It is known as lanthanoids
contraction.
Cause: It'is due to poor shielding of 4f electrs.
Consequences of lanthanide contractiefi) Basic strength of hydroxide decreases from La(OH)3 TO
Lu(OH)3. (ii) Because of similar chemical properties lanthanides are difficult to separate.
(b) Lanthanoids show limited number of oxidation states+2, +3, +4 (out of which +3 is most
common) . This is because of a large energy gap between 4f, 5d and 6s subshell. The dominant oxidation
state of actinides is also +3 but they show a number of other oxidation state also e.g. +4, +5, and +7. This
is dwe to small energy difference between 5f, 6d and 7s orbitals.
Q.5 Give examples and suggest reasons for the following features of the transition metal chemistry:
(i) The lowest oxide of transition metal is basic, the highest is amphoteric/acidic.
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(if) Atransition metal exhibits highest oxidation state in oxides and fluorifles.

(iii) Of thed” species, Ctis strongly reducing while manganese(lll)is strongly oxidizing.

A.5(i) The oxide of transition metals in lower oxidation states are generally basic while those in the
higher oxidation states are acidic. Acidic character increases with increase in oxidation state is due to
decrease in size of metal ion and increasehamge density.e.g. MnO (basic), M0y (amphoteric),

Mn,O; (acidic).

(i) A transition metal exhibits higher oxidation states in oxides and fluorides because oxygen and
fluorine are the most electronegative elements and thus easily can unpair electromstalf atom.

(iii) Because oxidizing ameducing property depends orf #alue. Since ®alue of C¥/Cr** is negative
while that of M#*/Mn?*is positive, as a result Cr(Il) act as reducing agent and Mn(lll) issstrong oxidizing.
Q.6For M'/M and M** /M % systems ,the Bvalues for some metals are as follows:

CP/Cr -0.9v crcet 0.4V
MnZ*/Mn 1.2V Mn%/Mn?* + 1.5V
FE'/Fe 0.4V Fe'Fe? +0.8V

Use this data to comment upon :

(i)the stability & F€*in acid solution as compared to Tor Mn*" and

(ii)the ease with which iron can be oxidized as compared to a similarprocess for either chromium or
manganese metal.

A.6- (i)E for CP'/Cr*is-0.4V i.e. negative, this means®Cons in, the,saltion cannot be reduced to &Er
easily ie. Cf*is stabk. As MA/Mn®*is +1.5V i.e positive means\fican easily reduced to Mn2+ ions

in comparison to Fe3+ ions. Thus relatively stability of these'iens is:

Mn* < Fé* < CF*

(ii) The oxidation potentials for the given pairs will be 0.9V, +1.2V and 0.4V. Thus, the order of their
getting oxidized will be in the order Mn>Cr>Fe.

Q.7Account for the following statements:

(DCobalt (ll) is stable in agueous solution butinthespnce of strong ligands and air, it can be oxidized
to Co (llI).

(il The d1 configuration is very unstable invions.

(ii)One among the lanthanides, Ce(lll) can be easily oxidized to Ce (IV).

A.7- (i) Strong ligands force cobalt (Il) to lose one mdeeteon from 3dsubshell and thereby induced

d? sp’ hybrisation.

(ii) The ion with dconfiguration try to lose the only electron in order to acquire inert gas configuration.
(iii) The configuratio of'Ce is{Xe] 4f5d" ,65". There is no much differeacdetween the energy of 4f, 5d
and 6s orbitals and.thus, Ce can utilize electrons present in these orbitals and hence oxidation state of
+4.

Q.8 Compare, the,chemistry of actinides with that of the lanthanoids with special reference to:

(i) electronie_cafiguration (iii) oxidation state

(i) atomiesand ionic sizes and (iv) chemical reactivity
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Ans: Comparison of Lanthanoids and Actinoids

Properties Lanthanoids Actinoids
Electronic configuration [Xe] 4f114, 5d01 ,6s2 [R5 6,7
Atomic/ionic sizes Size decreases from La to Lt Size decreases from Ac to Ly
and size is more than and size is smaller than
actinides. lanthanoids due to poorer
shielding of 5f electrons
Oxidation states Common oxidation is +3 Common oxidation is +3

where other oxidation state§ where other oxidation states
are +2, +4.Itis due to a large are +2, +4,+5 and+7<duesto
energy gap between 4f, 5d | due to small energy

and 6s subshell difference between:5f, 6d an(
7s orbitals
Chemical reactivity The earlier member quite The actinides highly reactive

reactive but with increasing | ,especiallyyin finely divided.
atomic number they behave

like aluminum.

Complex formation Less tendency to form Mare tendency to form
complex due to less charge|,, complex due to high charge
density. density.

Q.9(a) What is actinoid contraction? What effect does it/have on the chemistry of the elements, which
follow actinides?

(b) Name an important alloy, which contains seme,of the lanthanide metals. Mention its uses.

A.9 (a) The size of actinoid and its trivalention decreases from Ac to Lw. It is known as | actinides
contraction.

Cause: It is due to poor shielding of S5fextrons.

Consequences of actinides contraetiefi)-Basic strength of hydroxide decreases from Ac{D&l)
Lw(OH). (ii) Because of similar chemical properties | actinides are difficult to separate.

(b) An important alloy containing lanthanoid metals is mischmetal, which contains 95% lanthanide metal
and 5% Fe along with traces\of'S, C, Ca and Al It is useebiaskldj alloy to produce bullets, shells and
lighter flint.

Q.10 Complete followingredmns:-

() MNO,+ H+Fé' "\ + +

(i) MnO, + C2G,+H T + +

(i) MNO,+CH+ T b + +

A.10() MNO;+8H + 5 F& Th Mn*+5Fé& +4HO

(i) 2\MnQ, + 5C2Q* + 164" h 2 Mn*"+ 10 C@+ 8HO

(iii) 2’MnO, + HO +1 h 2MnG;, + 20H+ 10,

(FIVE'MARK QUESTIONS)

Q.1-Explain giving reasons:

(i) Transition metals and many of their compounds show paramagnetic behaviour.

(i) The enthalpies of atomisation of the transition metals are high.

(iif) The transition metals generally form coloured compounds.

(iv) Transition metals and their many cpounds act as good catalyst.

(v)Transition metals have a strong tendency to form complexes.
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A.1- (i)Transition metals and many of their compounds show paramagnetic behaviour due to presence
of unpaired electrons in (@) d orbital.

(i) The enthalpiesfaatomisation of the transition metals are high Because of large number of unpaired
electrons in their atoms, they have stronger interatomic interaction and hence strong metallic bonding
is present between atoms.

(i) The transition metals generally forcoloured compounds due to presence of unpaired electrons in
(n-1) d orbital & thus they can undergeditransition.

(iv) Transition metals and their many compounds act as good catalyst It is due to (i) partially-filjedti (n
orbital (ii) Variable oxid#on state (iii) Ability to change oxidation state frequently.

(v) Transition metals have a strong tendency to form complexes Most of transition elements.form
complex compounds due to (i) small size (ii) high charge (iii) presence of vamduitiadi of suitable

energy.

Q.2 Give reasons for the following:

(i) Fe has higher melting point than Cu.

(ii) [Ti (HOX]*"is coloured while [Scgh)] is colourless.

(i The 4d and 5d series of transition metals have more frequent rme¢didl bonding in

their compound than do the 3d metals.

(iv)Transition metals some time exhibit very low oxidation state suchyas +1and O.

(V)Hg is not considered a transition metal.

A.2-(i) This is because Fe {3ds) has four unpaired electrons in@dibshell. While&Cu (3d°, 4s) only

one unpaired electron in 4s shell. Hence metallic bonding is stronger in Fe than those in Cu.

(ii) The oxidation state of Ti in [Ti,(@)]*"is +3 and its cOnfiguration is [Ar] 3ce one unpaired

electron and hence it is coloureWhereas the oxidation,state of Sc in [Sgdl**is +3 and its
configuration is [Ar] 3%i.e no unpaired electron andshence it is colourless.

(iii)In the same group of-Hlock elements, the 4dyand 5d transition elements are larger size than that of
3d dements. Hence, the valence electrons‘are less tightly held and form metall bond more

frequently.

(iv)+1 oxidation state is shown by elements like Cu because after loss of one electron, it acquire stable
configuration. Zero oxidation stateigshowhi Y S I £ O ND-2lgtohsxlonat&l Gy G2zare |
accepted into the empty orbital

(v)The characteristic properties of transition metal are due to partially filledbitals.Hg has completely
filledd2 ND A G F £ 28 & | NB a d= ofitradsition Reafs &nd Aance & Ka? adonsidéxad 43S NI A S
transition metal.

Q.3(a) write electronic configuration of element having atomic number 101.

(b) Which element show maximum oxidation state in 3d transition series?

(c) What is mischmetal?

(d) Exphin why, Cu+ ion is not stable in aqueous solution?

(e) Nametthe transition metal which is well known to exhibit +4 oxidation state?

A.3(a) [Rn] 5F.6d, 7<.

(b)Mn, Which shows +7 oxidation state in KMnO

(c) Itis an important alloy, which contains 95% lanthanide metal and 5% Fe along with traces of S, C, Ca
and Al. It is used in Mgased alloy to produce bullets, shells and lighter flint.

(d) Water is a good complexing agent and thus Cu forms complesibg one more electron from 3d
orbital.

(e)Cerium (Z=58)

Q.4(a) Write the preparation of potassium dichromate from iron chromite. What happens when
potassium dichromate reacts with (i) Hydrogen sulphide (ii) F2SO

(b) Why do Zr and Hf exhibit almasmilar properties?
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(c)Why is La(OHKi$tronger base than Lu(OH)
A.4 (a) Preparation:It takes place in three steps
(i) Conversion of chromite ore to sodium chromate.
(i) Conversion of sodium chromate to sodium dichromate.
(iii) Conversion of sbum dichromate to potassium dichromate
Following reaction takes place:
4FeCyO4+ INa,CQ +70 > 2Na,CrQ+ 2Fe0; +8CQ
2NaCrQ + H' —_— NaCrO; + 2Na +H,0
Na,CrO; + KClI ——»KCrO,; + 2NaCl
Reactions: (i) CrO?,+ 8 + 3,L,S M 2CF"+ H,0 + 3S
(i) CrO%7+ 1M + 6F&* [ 2CF + ™0 + 66,
(b) Because both have similar ionic size
(c)Due to lanthanoid contraction size oflia smaller than Lias a result L bondwillStronger than
LaO bond.
Q.5 Give reasons for the following:
(i) Transition medls have high enthalpy of hydration.
(i) Zn, Cd and Hg are not regarded as transition metal.
(iii) d block elements exhibit a large number of oxidation state thanblock elements.
(iv)The second and third members in each group of transition/€lemerd kimilar atomic radii.
(V) k [PtC}] is well known compound whereas the corresponding Ni compound is not known.
A.5(i) Transition metal ions are smaller and have highericharge, therefore have high erghalpy
hydration.
(ii) Group 12 elements i.e. Z68d, Hg have completely filled-Tih d-orbital in atomic & ionistate & thus
these elements are not considered as transition‘elements.
(i) The difference in the energy of-(r) d orbital’and ns orbital is very small and thus both
sub-shells are used fdvond formation. Whereas.in f block elements2)f orbitals lieunderneath and
hence are not available for bond formation:
(iv) The second and third members imyeach group of transition element have similar atomic radii due to
lanthanoid contraction. It ases dugt@ poor shielding of d and f electron.
(v)The oxidation state of Pt in isy+4twhich is stable for Pt. The +4 oxidation state for Ni is very difficult to
achieve because the sum of first fourionization energies is very high. Hence ,the corragpditt)
compound is known.
UNIT 9 : COORDINATION €OMPOUNDS
POINTS TO REMEMBER:
1. Coordination cempounds
Coordination compounds are compounds in which a central metal atom or ion is linked to a
number of jons or neutral molecules by coordinate bsma which contain complex ions. Examples
K{[Fe(CNE-[CU(NR.JSQ; Ni(CO) - o o ]
HO ¢GKS YIAY Ll2audzAg FaSa 2F 2SNYSNRa UKS2NE 2F 022N
i) Inccoordination compounds metals show two types of linkages or valefi@esary and Secondary.
i) The primary valencies are ionisable and are satisfied by negative ions.
iil) The secondary valencies are n@nisable and are satisfied by neutral molecules or negative ions.
The secondary valence is equal to the C.N and is fixed for a metal.
iv) The ims or groups bound by secondary linkages to the metal have characteristic spatial
arrangements corresponding to different coordination nos.
3.Difference between a double salt and a complex
Both double salts as well as complexes are formed bygdnebination of two or more stable
compounds in stoichiometric ratio. However, double salts such as carnallite, KCIGHgCE a 2 K N a
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salt, FeSQ(NH,), SQ.6H0, potash alum, #6QAL(SQ)s:.24H0, etc. dissociate into simple ions
completely when dissolveia water. However, complex ions such as [FedEN¥ K, [Fe(CNJ, do not
dissociate into Fé and CNions.
IMPORTANT TERMINOLOGY
(i) Coordination entity: It constitutes the central metal ion or atom bonded to a fixed number of ions or
molecules represented within a square bracket.
(ii) Central atom/ ion: In a coordination entity, the atom/ion to which a fixed number of ions/grargs
bound in a definite geometrical arrangement around it, is called the central atom or ion.
i) Ligands: The neutral or negative ions bound to the central metal or ion in the coordinatiomentity.
These donate a pair/s of electrons to the central metam /ion. Ligands may be classified,as
a) Monodentate /Unidentate: Ligands bound to the central metal atom/ion through a single’ donor
atom. Ex CI; HO ; NH; NO..
b) Didentate: The Ligands which bind to the central metal atom/ion through twoidatams.
Ex GO”4(0x); HNCHCHNH,(en)
c¢) Polydentate: The Ligands which bind to the central metal atom/ion threugh.two or more donor atoms
present in a single ligandEx (EDTAY)
d) Chelating ligands: Dor polydentate ligands that &s two or more donor, atoms to bind to a single
metal ion to form ringlike complexes. (Ox); (EDTA)
e) Ambidentate ligand: A ligand that can ligate through two diffexent’atoms, one at a time.
ExNO,; SCN
v) Coordination number: The no. of ligand donor atoms te which the metal is directly bonded through
sigma bonds only. It is commonly 4 or 6.
vi) Counter ions: The ionisable groups written outsidethe square bradketK+ in K;[Fe(CNj OR
Clin [Co(NH)e]Ck
vii) Coordination Polyhedron: The spatial arrangement of the ligand atoms which are directly attached
to the central metal atom/ion. They are commenly Octahedral, Sgpéaear or Tetrahedral
Oxidation number: The charge that the.centrtdra would carry if all the ligands are
removed along with their pairs of eleetrons shared with the central atom. It is represented in
parenthesis.
viii) Homoleptic complexes: Complexes in which a metal is bonded to only one kind of donor groups.
Ex [Co(NH)e|™*
ix) Heteroleptic complexes: Cemplexes in which a metal is bonded to more than one kind of donor
groups. Ex [Co(NH),ChJt
5. NOMENCLATURE OF MONONUCLEAR COORDINATION COMPOUNDS
The following rules are used
i The cation is-Aamed firgt both positively and negatively charged coordination entities.
il The ligands are named in an alphabetical order before the name of the central atom/ion
iii The name\of the anionic ligands end;o those of neutral and cationic ligands are
the same &cept aqua for KO, ammine for Nkl carbonyl for CO and nitrosyl for NO. these are placed
within enclosing marks .
iv When the prefixes mono, di, tri, etc., are used to indicate the number of the
individual ligands in the coordination entity. When the names of the ligands include a numerical prefix,
then the terms, bis, tris , tetrakis are used, the ligand to which they refer being placed in parenthesis.
v Oxidation state of the metal in catiomian, or neutral coordination entity is indicated by roman
numeral in parenthesis.
vi If the complex ion is a cation , the metal is same as the element.
vii The neutral complex molecule is named similar to that of the complex cation.
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6. Names of somedands

NEGATIVE LIGANDS CHARGEH NEUTRAL LIGANDS CHARGE
CN Cyano -1 NH; Ammine 0
ClI Chlorido -1 H,O Aqua/aquo 0
Br Bromido -1 NO Nitrosyl 0
F Fluoride -1 CO Carbonyl 0
Sd, Sulphato 2 PH Phosphine 0
GO, Oxalato -4 CH,NH (1,2-Ethane 0

| diamine)

CHNH,

NH, Amido -1 POSITIVE LIGANDS
NH- Imido 2 NH,NH; | Hidrazinium +1
ONO Nitrito -1 NO Nitrosonium +1
NO, Nitro -1 NO, Nitronium +1
NO; Nitrato -1
SCN Thiocyanato -1
NCS Isothiosiyanato -1
-OH Hydoxo -1
CH(NH)COO Glycinato -1

ISOMERISM IN COORDINATION COMPOUNDS

Two or more substances havitige same molecular formula but different spatial arrangements are
called isomers and the phenomenon is called isomerism. Coordination compounds show two main types
of

isomerism

A) Structural Isomerism B) Stereoisomerism

STRUCTURAL ISOMERI&Mrisesdue to the difference in structures of coordination compounds.

It is further subdivided into the following types

1) lonisation isomerismThis form pfisomerism arises when the counter ion in a complex salt is itself a
potential ligand and can displaedigand which can then become the counter ion. An example is
provided by the ionization isomers [Co(B¥-EQ]Br and [Co(NE)sBr]SQ.

2) Hydrate or solvate isomerisgnT his form of isomerism is known@& & RNJ 6 S A a2 YSNRaAY W
water is involvedas a solvent: This is similar to ionisation isomerism. Solvate isomers differ by

whether or not a solvent molecule is directly bonded to the metal ion or merely present as free solvent
molecules in the crystal lattice. An example is provided by the agumplex [Cr(HO)]Ck (violet) and its
solvate isomer{€r():CI|C}.HO (greygreen).

3) Linkage lsomerismLinkage isomerism arises in a coordination compound containing ambidentate
ligand. Assimple example is provided by complexes containing the thmiatyfigand, NGS which may

bind through the nitrogen to give §NCS or through sulphur to givegBCN.

4) Goordination isomerismit arises from the interchange of ligands between cationic and anionic
entities of different metal ions present in a complex

Example [Co(NHH[Cr(CNj] & [Cr(NH)][Co(CNj]

STEREOISOMERISM: stero isomers have the same cemical émnehi@mical bonds but they have
different spatial arrangement . They are of two kinds

A. Geometrical Isomers

B.Optical Isomers
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GEOMETRICAAQAMERSEThis types of isomerism arises in heteroleptic complexes due to different
possible geometric arrangemen$ the ligands.Important examples of this behavior are found with
coordination numbers 4 and 6.In a square planar complex of formulalfMX

(X and L are unidentate ), the two ligands X may be arranged adjacent to each other in a cis isomers, or
opposite to each other in a trans isomers [MABXhEre A,B,X,L are unidentates Two-csd one

trans¢ isomers are possible.

01,\&“/1\1113 :::1\\\tht NHg
a” TSNHg  NHE g
Cis trans
+ +
cl cl
NH, NH, THL
,\(‘:D/Cl .\{LD/?«.H,_
NH, 7 [ SN, NH, 7 | NH,
NH, cl
cis trans

Another type of geometrical isomerism occurs in octahedral coordination entities of the typd{Ma

like [Co(NR)3(NQy)4]. If three donor atoms of the same ligands occupy adjacent positions at the corners
of anoctahedral face, we have the facial (fac) isomer. When the positions are around the meridian of
the octahedron, we get the meridional (mer) isomer:

o, N NO
Co Co
O, M O, N N,
el
Jfowe— LT
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b) OPTICAL ISOMERISBftical isomers are mirror images that cannot be superimposed on one

another. These are called as enantiomers. The molecules or ions that cannot be superimposed are called
chiral. The two forms are called dexif) and laevo (l).depending upon the direction they rotate the

plane of polarised light in a polarimeter (d rotates to the right, | to the left). Optical isomerism is

common in octahedral complexes involving didentate ligands. In a coordination entitg offie

[CoCl(en)])*, only the cissomer shows optical activity

TYPES OF HYBRIDISATION

Coordination numbef Type of Hybridisation Acquired Geometry
4 *sp Tetrahedral
4 dsp Square planar
5 spd Trigonalbipyramidal
6 sp'd? Octahedral
6 d’sp’ Octahedral
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