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TOPIC - 01

SOLID STATE

The solid state of matter is characterized by strong
interparticle forces of attraction. As a result most solids
have definite shape and volume, which change only
slightly with change in temperature and pressure. The
smallest constituent particles of various solids are
atoms, ions or molecules. All such smallest constituent
particles of solids will be referred to as particles in this
topic.

Q.1 What are the three most common states of
matter?

Ans: The three common states of matter:
i) Solid ii) Liquid iii) Gases

Q.2 How does solid state differ from the other two
states?

Ans: Difference between Solods, Liquids and Gases:

N | Points Solid Liquid Gas

o

i | Volume | Has definite | Has Takes the

volume definite volume of
volume its
container

ii | Shape Has definite | Takes the | Takes the

shape shape of | shape of its
its container
container.

iii | Effect of | Voume Moderate | Volume
a small | change is | effect on | change is
change | small volume significantl
in change y high
tempera
ture

iv | Effect of | Practically | Small Compressi
pressur | non- compress | ble
e compressib | ibility

le

v | Moveme | Particles Particles | Particles
nt of | cannot can move | are in
constitu | move freely | a  small | continuous
ent as they | distance | random
particle | occupy within motion
s fixed the liquid.

positions.
vi | Interpar | Strong Less Very weak
ticle strong
forces

1.2 Types of Solids

Q.3 Give the types of solids.

Ans: Depending on the presence or absence of ordered
arrangement of particles of solids, they can be classified
as follow:

1) Crystalline solids 2) Amorphous solids
Q.4 Define:

i) Crystalline solids

ii) Amorphous solids. Give its examples

Ans: i) Crystalline solids: It is a homogeneous solids in
which the constituent particles (atoms, ions and
molecules) are arranged in a definite repeating pattern.
e.g. Ice, copper, diamond, NaCl, MgO, Fe, 05 etc.

ii) Amorphous Solids /Pseudo solids: The substances
which do not have well developed perfectly ordered
crystalline structure are called amorphous solids.

e.g. Glass, plastic, butter, tar etc.

Q.5 Give characteristic properties of crystalline
solids.

Ans: Characteristic properties of crystalline solids:
i) There is a regularity and periodicity in the
arrangement of constituent particles in crystalline
solids.

ii) The ordeed arrangement of particles extends over a
long range.

iii) The crystalline solids are made up of small crystals
or unit cells which are having definite geometrical
shape.

iv) The Crystalline solids are anisotropic i.e. they
exhibit directional difference in the properties.

v) The physical properties like refractive index,
electrical conductance are anisotropic properties which
has different values when measured in different
directions.

vi) Crystalline solids have sharp melting points.

vii) If we split or break crystalline solids new plains and
smooth surfaces are generated.

viii) Ice, salts such as NaCl, metals such as sodium, gold,
copper and materials such as diamond, graphite,
ceramics are examples of crystalline solids
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Q.63 Explain:

a) Metal deficiency defect

b) Metal excess defect OR

Q.63 Explain metal deficiency defect with example.
Write chemical equation for preparation of sulphur

dioxide from sulphur. Write uses of sulphur.
Feb/march-2022)-4M

a) Metal deficiency defect:

i) This defect is possible only in compounds of metals
that show variable oxidation states.

ii) In some crystals, positive metal ions are missing
from their original lattice sites.

iii) The extra negative charge is balanced by the
presence of cation of the same metal with higher
oxidation state than that of missing cation.

e.g. In the compound NiO, one Ni?* ion is missing
creating a vacnacy at its lattice site. The deficiency of
two positive charges is made up by the presence of two
Ni3+ ions at the other lattice sites of Ni2+* ions.

The composition of NiO then becomes Nig 9704 ¢

Fig: Nonstoichiometric Nig 9704 ¢

0®0®0
i ... Ni®).~ Vacancy i
| )

Nonstolchlometric N

007 ]

b) Metal excess defect:

There are two types of metal excess defects.

1) A neutral atom or an extra positive ion occupies
interstitial position:

i) ZnO presents two ways of metal excess defect. In the
first case, one neutral Zn atom is present in the
interstitial space of ZnO lattice as shown in the figure.
ii) In the second case, when ZnO is heated it
decomposes as:

heating
Zn0 —— Zn?* + 02+2e

iii) The excess Zn2?+* ions are trapped in interstitial site
in the lattice. The electrons also diffuse in the crystal to
occupy interstitial sites. In both the -cases,
nonstoichiometric formula of ZnO is Zn, 401

a -
A - ’ |
| 900 @ 5
| Zn atom @ Q @ O :
© 006 a
; ©®oe a
i Neutral Zn atom at interstitial i
i site E

.............................................................

Zn** ions and electrons at
interestitial sites

2) By anion vacancies (Colour or F-centres):
i) This type of defect imparts colour to the colourless
crystal.
ii) For example, When NaCl crystal is heated in the
atmosphere of sodium vapour, sodium atoms are
deposited on the crystal surface.
iii) CI” ions diffuse to the crystal surface creating
vacancies at their regular sites. These Cl™ ions combine
with Na atoms on the surface to form NaCl, by releasing
electron from sodium atom.

Na+ CI© — NaCl + e~

NN
NN,
PN

| PRE |
5 2\ N |
| ¢>¢s¢x g

=

NS

- An F-centre in a crystal

............................................................

iv) The electrons released diffuse into the crystal and
occupy vacant sites of anions. The anion vacant sites
occupied by electrons are F-centres or colour-centres.
NaCl shows yellow colour due to the formation of F-
centre. The crystal of NaCl has excess Na. The
nonstoichiometric formula of NaCl is the Na;,4Cl;
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Scientific ARTA! TALIHIIT:

WA S0 & HH HH JH THAT Sl 3T,
(RO T2 3T of e e foRbesdl )

ST AT (0A SHYUTEAT FTAa ST0md Wifdeh
T STeegA AN, [aRESeed JTEvm=al Surediges
intermolecular forces of attraction (GTIH@'UEH?I 3TTHYOT
TAER) UROTH B TGl difde OTHHHe  STWEE,
She {95, TMIUTieh STIMUT URTEROT J1d el FHTeY 37,
I fhar atfuss Hewien fosOTRn FEUT S RUME.

HEHAT SHRAHTIR ST T T 3T,

Solutions (STAUT)- T {Sha 31U HTIh UTATEAT THSTTE!
THYOTET solution FEUTAT.

Solutions o QTE[@ﬁ T W1 TeTd.

i) Coarse mixture (¥JeT faSUT)- & WHREAT mixture T
solution TefteT particles =t size NNER HIS 3T, WU
107% cm UST HIE S7Ed. MEYHET & homogeneous
Qt_:h?ﬁa) mixture Wﬁ, RILEIS] particles IMHRE HIS
ST T, STEUTAT TeaTeN i Afeetet feaard.,

33T, Soil (HTAT) v ToRECsT.

ii) Colloidal solution (Feilcl INUWHIU)- BT TSR
FTEvTHE f«‘:@ﬁw particles 9 MHRAME 1077 cm o
107* cm 3T, € solution, heterogeneous @IW%W) 37,
Colloidal particles (Eb_vﬁﬂgf EFUTI_OI'{) positive fepar negative
charge ST, %’JTE@' colloidal solution ©T stability (ﬁ?ﬂ?ﬂ)
fHesd.

3al. ferric hydroxide < FTEUT, arsenic sulphide < T

iii) True solution @ SIAUT)- ST solution e particles
= size G FHHN WU 1078 cm TAH 3T, AT true
solution 3T¥ UM, ¥ solution homogeneous 3, A
I e TESTesT a7Tes el A AN,

IS GEE 0T faaeut,

i) True solution (B ETEUY)- T fohar 21 UHHHHL T
foreerar ugree ot homogeneous mixture f, @
concentration UETE certain limit E=1) SHGLI IS NETIR
TR 19T THHUTEAT true solution 379 TEUTATA.

ii) Solute (§T=)- Solution A [ORESBN-AT TTF AT
TS smaller proportion (Eb":ﬁ YHIOMT) 3THUT-AT EHZhledl
solute FEUTCTC.

iii) Solvent (§1@%)- Solution T foREZUT-AT AH
AT ST large proportion (ST UHIUI) 3THOT-AT
HZhIeTl solvent FEUTCIC.

Concentration of solution (ﬂﬂ“‘ﬂiﬁ ﬁ%?ﬁ)- feetean
solution Tal  solvent (ﬂ]ﬁlvﬂq‘%ﬁ Tehar W‘%ﬁ)
foRgeeed  solute (STAT=A) AT concentration  of
solution 379 FEUTAT,

i) Standard solution (ATAHA TTATT et w9 SIUT)-
7 solution = concentration HIed 319d fhar Iq ?Flﬁﬁ,
3T9M solution T standard solution 378 TEUTATA.

ii) Percent by weight (FEIHTHTITHR WHSART) - 200 gram
ST ST THAe SEJHIAT percent by weight
Y WUEH. @ formula YL fTem E, @@
SFATHT .

iii) Percent by volume (TAHBTTAR ﬁﬂ#ﬁﬂﬁ) - %00 HIT
d1thed 9\|°|U||('|r\|(’1 SIATAT gdhed HIMH TAhed ~?|°|')5°||(“|
RO, T formula SRS T,

iv) Weight volume percent (FEJHTT Thed ﬁa@iﬂ'ﬁ) -
00 cm® TWHIA solute TAT gram WHGT oI Weight
volume percent ¥UTAId. formula HHSTT &41.

v) Mole fraction m 31'91') - UM solute =T mole
fraction TEUSTT T solute W& 3TUMR number of moles
(I YU]) 3T AT solution 3TIUT solute WE THUT IH
%UI AT ratio T Mole fraction (fl":li"’l 31 3TY T,
T formula T,

vi) Molarity (‘le'qi'u'fﬂ')- % fo1e STavTdiet STeaTea number
of mole (UH i‘UEQT JTRITAT)  Molarity (flﬂi'UFIT) Erc)
TEUTAT. aRIeT WAl formula TeT.

vii) Molality (JeterdT) - Ui 2 fhetl (2000 gm) solvent
@'IW%?}J) ToREe3oT-AT solute (STATAT) number of moles
(M| ) Molality (FIeTetdT) TeUTAN, WA formula
TeT.

viii) Normality (THMAAN)- L 72X solution WA solute
=T gram equivalents (¥H FHHST) =T &l Normality
(TETHTIT) TEUTAT, J¥ATATeT formula e,

ix) Parts per million (ppm) (E'STH&*TST) - JSTAT (STEJHH
T TRl TF%es cm® TeH) JTEUIHEGT (T&H 0% U
fohaT BF s 20% cm?) HEeT THIOTGT ppm TEUTATd, WAl
formula Y&T.
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3.6 pH scale

Q.25 What is pH and pOH?
OR
Q.25 Define pH and pOH.

Ans: i) pH: The pH of the solution is defined as the

negative logarithm to the base 10, of the concentration of

H™ ions in solution in mol dm™3.

pH is expressed mathematically as,
pH = —log1o[OH"] or pH = —log;o[H30"]

ii) Similarly, pOH of a solution can be defined as the
negative logarithm to the base 10, of the molar
concentration of OH™ ions in solution.

pOH = — loglo[OH_]

Q.26 Derive the relation pH + pOH = 14.
OR

Q.26 Derive the relationship between pH and pOH.
Feb/March-2022)-2M Feb/March-2024)-2M
Ans: Relationship between pH and pOH:

The ionic product of water is given as:
Kw = [H307][0H7]

Now, K, =1 x 107* at 298 K
Thus, [H;07][OH"] = 1.0 x 10~ *

Taking logarithm of both sides, we write
log,0[H30*] + logo,[OH™] = —14

—logyo[H307] + {—log;o[OH7]} = 14

Now, pH = —log;o[H30*] and pOH = —log;,[OH™]
pH + pOH = 14

Q.27 Explain the pH value of neutral, acidic and

basic solutions.

Ans: pH value of neutral, acidic and basic solutions:

i) Neutral solution: For pure water or any aqueous

neutral solution at 298 K,

[H;0t] = [OH ] =1.0x 107" M

Hence, pH = —log;o[H30%] = —log;,[1 x 1077] =7

ii) Acidic solution: In acidic solution, there is excess of
H;0% ions, or [H;0%] > [OH™]

Hence, [H;0%] > 1 X 1077 and pH<7

iii) Basic solution: In basic solution, there is excess of
OH~ ions, or [H307] < [OHT]

Hence, [H;0%] < 1.0 X 10”7 and pH>7

Q.28 Write a short note on pH scale.

Ans: pH Scale: Instead of writing concentration of
H;0% ions in mol dm3, sometimes it is convenient to
express it on the logarithmic scale. This is known as pH
scale.

i)pH = — 10g10[H30+]

ii) Based on pH value, solutions are classified as acidic
(pH< 7), basic (pH>7) and neutral solution (pH=7).

iii) pH scale is shown in the following figure:

Neutral

{ Acidic | Basic ,
IS O (O, (N G| OO DO (%) ([ N0 WO L0
pH [ | 1 | T A T e S o el
0 1 231 B 4 5 6 7 8 9 10 11 12 13 14
110" 107 107 10* 10% 10° 107 10° 107 10" 10" 10" 10" 107
[H7] N (I MU [N A A A | 1o AJey

| | |
T TN T R SO R N R A RSN ) T ] AN
pH Scale

3.7 Hydrolysis of salts

Q.29 What are the different types of salts? Give
examples of each type.

Ans: Types of salts:

There are four types of salts.

i) Salts derived from strong acid and strong base.
e.g.: NaCl, Na,S0,, NaNO3, KCI, KNOs;.

ii) Salts derived from strong acid and weak bases.
e.g.: NH4C1, CUSO4, NH4N03, Cuclz.

iii) Salts derived from weak acids and strong bases.
e.g.: CHgCOONa, KCN, N32C03.

iv) Salts derived from weak acids and strong bases.
e.g.: CH;COONH,, NH,CN.
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Solved and Unsolved Examples

Ex.01 The molar conductivity of 0.05 M BacCl,
solution at 25°Cis 223 ! cm?mol~!. What is its
conductivity? OR

Ex.01 Calculate molar conductivity for 0.5 M BacCl, if
its conductivity at 298K is 0.01 Q1cm — 1.

Feb/March-2023)-1M

Solution: Given: Molar conductivity (A) of BaCl, =
223071 cm? mol™?

Concentration of BaCl, solution (c) = 0.05M
Conductivity of BaCl, solution (k) =?

1000k

We have Formula: A=

Calculation: Using formula,
A 1000k

C

_Ac
1000

_ 223071 cm? mol™?! x0.05 mol L1
N 1000 cm3 L1

k

=0.01115Q 'cm™!
Ans: The conductivity of the BaCl, solution is
0.011150 ' cm™1.

Ex.02 What must be the concentration of a solution
of silver nitrate to have the molar conductivity of
121.49! cm? mol~! and the conductivity of 2.428x
1030 1ecmtat25°C?

Solution: Given: Molar conductivity (A) of silver
nitrate= 121.4Q~! cm? mo],
Conductivity (k) = 2.428 x 1073 Q" 1cm™?

Concentration (c) =?
1000k

We have Formula: A=
1000k _ _ 1000xk

A

Calculation: Using formula, A=

c= 1000%2.428x1073
- 1214

=0.02mol L™ = 0.02M

Ans: Concentration of the silver nitrate solution is 0.02
M

Ex.03 The molar conductivity of 0.01 M acetic acid
solution at 25 °Cis 16.5 Q™! cm? mol~1. What is its
conductivity?

Solution: Given: Molar conductivity (A) of acetic acid
solution = 16.5Q~* cm? mol~*.

Concentration of acetic acid solution(c) = 0.01 M
Conductivity of acetic acid solution (k)= ?

1000k
We have Formula: A=
. . 1000k
Calculation: Using formula, A=
__ Ac
~ 1000

_16.507! cm? mol~! x0.01 mol L™
- 1000cm3 L1

k

=1.65x107%0 1cm™1

Ans: The conductivity of the acetic acid solution is
1.65x10*Q 1cm™

Ex.04. Calculate the molar conductivity of Agl at
zero concentration if the molar conductivities of
Nal, AgNO; and NaNO3 at zero concentration are
respectively, 126.9, 133.4 and 121.5Q"! cm?mol 1.

Solution: Given: Limiting molar conductivity of Nal =
126.907! cm? mol™?

Limiting molar conductivity of AgNO; =
133.4Q7! cm? mol !
Limiting molar conductivity of NaNO; =

121.5Q07"1 cm? mol ™!

Limiting molar conductivity of Agl =?
We have Formula: Ag= A9 + A2

Calculation:

According to Kohlrausch law,

i) Ag (Nal) = A%+ + A~ = 126.9Q7* cm? mol™?
i) Ao (agN0s)= Aagr + Aoy = 133.4Q7" em?® mol ™

iii) Ag(NaNO3) = A+ + Ao; = 121.5Q *cm?mol ™

Eq. (i) + eq. (ii) — eq. (iii) gives

=A1?Ia+ + )\?— + }\gg+ + )\%O; - )\%a+ - )\%05

=Aag+ + A =/ (Agl)

=126.90"* cm?mol~! + 133.4Q *cm?mol~! — 121.5Q7* cm? mol~?*

=138.8Q" ! cm? mol ™!
Ans: Molar conductivity of Agl at zero concentration is
138.8Q27 ! cm? mol !
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Multiple Choice Questions

i) The value of [H30%] in mol lit-1 of 0.001 M acetic acid
solution (K, = 1.8 x 107%) is ----=------

Feb/March-2022

b)1.34 X 1072
d)1.34 x 10~*

a)1.34 x 1071
0)1.34 x 1073

Ans: d)1.34 x 1074

ii) Which of the following correctly represents
integrated rate law equation for a first order

reaction in gas phase: Feb/March-202

2.303 P; 2.303 P;
k==">=x1 — b)k=="—x1lo !

) 10 ) " 810 2P,—P
2.303 2.303 P;—P

d)k:TXIOglozl_pi

2303 P;
0810 2p,—P

iii) If unit of rate constant is mol dm~3s~1, the order
of reaction would be (Feb/March-2024)

a) zero b) 1
c)2 d)3
Ans: a) zero

1) A - Bis a first order reaction with rate 6.6 x
107> Ms~! when [A] is 0.6 M, rate constant of the
reaction is
a)1.1x 1075571
c)9x10°s7?t

b)1.1x107*s 1
d) 9 x107*s7!

2) The rate constant for a first order reaction is
100s~1. The time required for completion of 50%
of reaction is

a) 0.0693 milliseconds
) 0.693 milliseconds

b) 6.93 milliseconds
d) 69.3 milliseconds

3) A 1st order reaction is 60% complete in 20 min.
How long will the reaction take to be 84%
complete?
a) 54 min b) 68 min ) 40 min d) 76 min
4) Consider the reaction, 2A + B — C + 2D. If the
concentration of A is doubled at constant (B), the
rate of the reaction is doubled. If the reaction is
increased by 4, so rate law of given reaction will be
a) r = k[A] [B] b) r = k[AJ[BJ>2
c) r = k[A]? [B] d) r = k[A][B]?

5) The rate of reaction for certain reaction is
LdjA] _ 1B _ _ dlg

expressed as- — = — the reaction

. 3 dt 2 dt dt

1S

a)3A - 2B+ C b) 2B > 3A+C
¢)2B+C - 3A d)3A+2B>C

6) For the reaction 2N;05.5) — 4NO3g) + Oz in

liquid bromine, which of the following rate
equation is incorrect?

) -2 diN20s] )1 d[NO,]
d d
d[ozz] ’ 1 é}[Noz]t
c) dt d) 2 dt

7) Higher order (>3) reaction are rate due to

a) low probability of simultaneous collision of all the
reacting species

b) increase in entropy and activation energy as more
molecules are involved.

c) shifting of equilibrium toward reactants due to
elastic collisions

d) loss of active species on collision.

8) A+ 2B — C, the equation for this reaction is
given as Rate = k[A] [B]. If the concentration of A is
kept same but that of B is doubled, what will
happen to the rate itself?

a) Halved b)Same c)Doubled d) Quadrupled

9) For a reaction O3y + O(5) — 203, if the law
expression is, rate = k[03] [0], The molecularity
and order of the reactions are respectively
a)2and 2 b)2and1.33 c)J2and1 d)land?2

10) Half life period of a first order reaction, A -
product is 6.93 hour. What is the value of the
constant?
a)1.596h™* b) 0.1 h™! ¢)4.802h™! d) 10h™?
11) Inversion of cane sugar in aqueous solution to
glucose and fructose is an example of

a) fast reaction b) slow reaction

c) spontaneous reaction d) instantaneous reaction

12) Chemical Kinetics is a branch of physical
chemistry, deals with

a) Heat changes in a reaction

b) Physical changes in a reaction

c) Rates of reaction

d) Structure of molecules
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Enthalpy of vaporisation @m"iua'—rrﬂﬁ Wl'aﬁ)- Ush
mole AT liquid 9 gaseous state ey B SeTe o
instant T 3T &1 liquid =AT boiling point ¥ enthalpy
of vaporisation 3" WU, & enthalpy Ay,, @1 3R
ERIEaI

341, Ush mole Qﬁﬁv_ water, vapour Tohall steam T 373K o
convert Id, THsH system J absorb Helelt TP heat
40.7k] IAH STEA. S water o enthalpy of
vaporisation 40.7kJmol? Tl T, Enthalpy of
vaporisation CIREz) liquid TYeT intermolecular forces of
attraction (3TiT'|T 0 3THIT awa?) W 37

Enthalpy of sublimation (F@@=T= T=Ted)- TETEN [RR
AT & mole solid ¥ liquid W& TUR T i, Wes
gaseous state (g TEAT) TR B, TTeSE T solid =
temperature ATAT melting point TeTT T 31'\‘1?\[, 211
enthalpy of sublimation ¥UTdI.

AspH BT 3R f& enthalpy RUCGIGH

Solid = gas T BUR sublimation & TH endothermic
process 3T, UL solid sodium metal =T enthalpy of

o0

sublimation TSt 3T, T 3TeATHT T

Enthalpy of ionization (JAFINEA T=IEd)- 2 mole
(ﬁ":ﬁ'f{[) gas AT Y% atom (el jon FEIT T electron
HIGUATETE! ATTO=AT change in enthalpy T enthalpy of
jonisation 319 UIAId. Tsh mole TART gaseous, sodium
atom o ionisation BISH TH mole TAR gaseous sodium
jons TIR BIUATEIE! ANTUIRY ST 494 k] 3aeh! 318 o
I enthalpy of ionisation & 494 kj/mole TR 3T,

Enthalpy of atomization (W QT'WT"ﬂ)- Teh mole
gaseous TRTTE 9 i’”ﬁf gaseous atoms (SIdT
STUI":W}) dissociation (%!WT) BIUAETE! AN enthalpy
change T enthalpy of atomization 3T TRUTAT.

‘%'U'l@?f gaseous Wﬂ"ﬁ AT gaseous state Y atoms
e ‘Iﬂhﬁ BIUT=AT breakdown & enthalpy of atomization
3T TEUTT. TeATHE Hydrogen molecule kil enthalpy of
atomization TSell 3T, HE TH mole hydrogen 9
hydrogen atoms e breakdown &TATEISH FRTOM=AT energy
ol enthalpy of atomization 3T TEUTAId.

Enthalpy of solution @Wﬁﬁ Q’-‘-’J’I’Fﬂ)- TH mole USTY &T
ST UHTOTHES  solvent W [RESTANAR,  HAleAN

dissolution (%IWT#) T solution =AT enthalpy e a5

I I, ®UH UH mole USTH dissolution HST TRTOM=AT
enthalpy change T enthalpy of solution 3T TRUTAT.

34l. T mole solid crystalline KCl T water T &
T oS STEdn, s HSU=AT AATeAT steps
3foT TS enthalpy value e ot oTed, «me
AT TR .

Thermochemistry (SWRTARM®  IMEA)-  chemical
reactions (TI'H'PJ'&IEF ﬂﬁqﬁhﬂTﬂ@’) heat T S ﬁﬁﬁ, Bl

JWAT dGATAT ARMH DIUIM=AT physical chemistry =T
branch T Thermochemistry 3T TEUTATA,

Enthalpy of chemical rection mﬂ'lﬂﬁ'éb‘ arfufra=n
W?‘ﬂ)- chemical reactions HETeT products 3TfYT reactants
AT enthalpies AT ST Wk ST reaction HEeT T
ST U v physical state (“ﬁﬁﬁb‘ ﬁ@?‘ﬁﬂ) aifor
fAf¥ad moles (I I07) =T ARNTER ST gSATd, ST &I
M balanced equation (H":!?ﬁw '\W’:ﬁib_{'UTIF[) TJTIT:Fﬁ
MEIAAAT  AHIAT &ATd. =l H‘o? HT\%QHW RIS
enthalpy AT SSeT¥ enthalpy of chemical reaction 3
FUTATd.

i) Exothermic reactions Wm?ﬁ WF“WI’)- 7
chemical reaction H& heat ST&Y ZTehedl T“l'l?\f, T reactions

T exothermic reactions 3T w/UaH. & Teh spontaneous
@?\mﬁ) reaction 3T, @1 reaction W& TIR OT=aT
products = enthalpy & reaction AT enthalpy UeT HHT
3T, Reactants 8T products & ST stable 3TET.

ii) Endothermic reactions (3'5'=IT§I'I%3 HF“WT)- 7
chemical reaction W& heat ‘x"ﬁ"}ﬁ Hoell ST, T reactions
0 endothermic reactions 319 wuae, & Th non-
spontaneous reaction 3ME. & reaction TeA products Ell
enthalpy & reactants = enthalpy TeTT ST 3T, products
YTl reactants & ST stable ST

Standard enthalpy of reaction (TFFIWﬁ%‘ arfufspa=i
THTUT TAATeUT)- Reaction HEd 3THIENT STHUR Hieb IS
AT standard states (MHT9T ﬁ?ﬁﬁ—rﬂ GWT'ﬁFf, deeT STem
reactions T& TEITH EIOT=AT enthalpy ST standard
enthalpy of reaction 3T TEUTATd.
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Q.44 Distinguish between rhombic sulfur and

monoclinic sulfur.

Ans:

Difference between rhombic (a-sulfur) and

monoclinic (-sulfur):

iii | Disulfuric acid or ) o)
pyrosulfuric acid, ” I
H25207 07X 0¥

OH HO

iv | Peroxymonosulfuric

acid, H,S0¢ g
HO-0’X
OH

v | Peroxydisulfuric acid, ¢}

H,S;0g I I
07X\ 007"
o N0

vi | Thiosulfuric acid, S

H,S,05 l
«HO//S\O
OH

No | Rhombic sulfur (a- | monoclinic sulfur
sulfur) (B-sulfur)

i It is pale yellow |It is bright yellow
coloured solid. solid

ii If forms orthorhombic | It forms needs shaped
crystals monoclinic crystals

iii | It melting point is | Its melting point is
385.8 K. 393 K.

iv | Its density is | Its density is
2.06 g/cm3 1.98 g/cm3

\ [t is insoluble in water | Soluble in CS,.
and soluble in CS,.

vi | It is stable below 369 | It is stable below 369
k and transforms to - | k and transforms into
sulfur  above  this | a-sulfur below this
temperature. temperature.

vii | It is prepared by |It is prepared from
evaporation of rolls | rhombic sulfur
sulfur in CS,.

7.8 Oxoacids

Q.45 Explain: Oxoacids of sulfur.

Q.45 Draw structures of th

peroxy disulphuric acid

e following compounds
(Feb/March-2023)-1M
(Feb/March-2024)-1M

Q.46 What is the oxidation state of ‘S’ in H,S0,?

Ans: (Oxidation number of H) +
(Oxidation number of S) + (Oxidation number of 0) =
0

2 X (+1) + (Oxidation number of S) + 4 X (—=2) =0
Oxidation number of S+2—-8 =10
Hence, oxidation number of ‘S’ in H,SO, = +6

Q.47 Write the names and structural formulae of
oxoacids of chlorine.

Q.47 Draw structures of the following compounds
chloric acid (Feb/March-2023)-1M

Ans:
Ans: Oxoacids of sulfur: i H hl id 0
ypochlorous acid,
Sulfur forms a number of oxoacids. Some of them are Hocl H— \Cl
un.sta.ble and cannot pe isola.ted. They are knf)wn to i | Chlorous acid, HOCIO o /o
exist in aqueous solutlgns or in the form qf their salts. or HCIO, H/ \Cl/
Some important oxoacids of sulfur and their structures T Chloric acid TCI0 5
are given below: 1 oricacid, 3 o) Yy
H/ \CI<O
i | Sulfurous acid,H,S05 iv | Perchloric acid, HCIO,
@ o \c1==o
S No
HO-/ Xy
Ho” O
ii | Sulfuric acid, H,SO, 0
g
HO /"X
Ho' SO
Dnyanada Publication House Pune Page 9
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Q.47 Draw a flowchart showing the extraction of
iron.

Ans: The flow chart showing the extraction of iron is
given below:

s | Cobingand v Reduction by coke
Reduction by CO
(Concenu'aﬁonH RoastingHR—eductiog Reduction by heat
I Reduction by Al
l l 1 1 Reduction by electrolysis
! Magetic Gravity Leaching Froth flotation =
| separtion separation (Reﬁning J-——* ( Pureiron |

|
| l | |
Liquification  Distillation ~ Oxidation Electro-refining

Q.48 Give the Summary of reactions taking place in
blast furnace at different temperature zones.

Ans:

Temp. | Changes Reaction

K taking
place

500 Loss of | --
moisture
from ore

900 Reduction of | Fe,0; +3C0O — 2Fe + 3CO,
ore by CO

1200 | Decompositi CaCo, % a0+ co,
on of lime

1500 Reduction of Fe,0; + 3C — 2Fe + 3CO
ore by C

2000 Fusion of | Ca0 + SiO, — CaSiO3
iron
Slag 12Ca0 + 2Al,04
formation —> 4Ca3Al03 + 30,

Q.49 What are the factors which govern the choice
of extraction technique?

Ans: The choice of extraction technique is governed
by the following factors:

i) Nature of ore

ii) Availability and cost of reducing agent, generally
cheap coke is used.

iii) Availability of hydraulic power.

iv) Purity of product (metal) required.

v) Value of byproducts. For example, SO, obtained
during roasting of sulphide ores is vital for manufacture
of H,S0,.

Q.50 What are the commercial forms of iron?

Ans: Commercial forms of iron:

Ir(I)n
E I l
Cast Wrought Steel

Q.51 What are the differences between cast iron,
wrought iron and steel?

Ans: Differences between cast iron, wrought iron
and steel:

No | Castiron Wrought Steel
iron
i Hard and | Very soft Neither too
brittle hard nor too
soft.
ii | Contains 4% | Contains less | Contains 0.2 to
carbon. than 0.2% | 2% carbon
carbon
iii | Used for | Used for | Used in
making pipes, | making pipes, | buildings
manufacturing | bars for stay | infrastructure,
automotive bolts, engine | tools, ships,
parts, pots, | bolts and | automobiles,
pans, utensils, | rivets, etc. weapons, etc.
etc.

8.6 Inner transition (f - block) elements

Q.52 What are f-block elements? Give properties of
f-block elements.

Ans: f-block elements: Elements whose f orbitals get
filled up by electrons, are called f block elements.

i) These elements are placed separately at the bottom
of the periodic table. They are a subset of 6t and 7t
periods.

ii) These elements have 1 to 14 electrons in their f
orbital, 0 or 1 in the penultimate energy level and 2
electrons in the outermost orbital.

Properties of f-block elements:
i) Properties are similar to d block elements
ii) Electrons are added to f subshells of (n-2) level

Dnyanada Publication House Pune
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iii) Placed between (n-1)d and ns block elements.

Common names and IUPAC names of some of the
ethers:

Formula Common | [UPAC Name
N Name
o
i CH; — O — CH; | Dimethyl | Methoxymethan
ether e
ii CH;CH, — 0 — Diethyl Ethoxyethane
CH,CHy4 ether
iii | CH3 —0— Ethyl Methoxyethane
CH,CH; methyl
ether
iv | CH; — 0 —CH, Methyl n- | 1-
CH,CH3 propyl Methoxypropane
ether
v | CH3 — CH — CH; Methyl 2-
I isopropyl | Methoxypropane
CH;
ether
vi | CH3CH, — 0 — Ethyl n- | 1-
CH,CH,CH; propyl Ethoxypropane
ether
vii | CH3 — 0 —CH,; — | Isobutyl 1-Methoxy--2
CH — CH;3 methyl methylpropane
| ether
CH;
vii CHs tert-Butyl | 2-Methoxy--2
I lcH—0- (I — CH, methyl methylpropane
| ether
CH;
ix | CH3CH, — 0 - 3- 3-Chloro - 1
CH, — CH, — Chloropro | ethoxypropane
CH, —Cl pyl ethyl
ether
X C,Hs - 1 -Ethoxy -3-
ethylcyclohexa
ne
OC,Hs

Q.15 Draw structures of following compounds.
ii) Prop-2-en-1-ol
iv) Phenylmethanol

i) 2, 5- Diethylphenol
iii) 2- Methoxypropane

Ans: i) 2, 5- Diethylphenol:

12t (Chemistry)

OH
" 1 C,Hs
2
5 3
HsC, 4

2,5-Diethylphenol

3 2 1
ii) Prop-2en-1ol: H,C = CH — CH, — OH

iii) 2-Methoxypropane:

CH; — CH — CH;

I
0 — CH,

iv) Phenylmethanol:
CH,- OH

Phenylmethanol
Q.18 Write the IUPAC names of the following.
i. HO CH; ji. CHs— C|H - C|H - CH,-OH

OH CH

O-CH
iii. QOH iv. O/ 2
NO,

Ans: i) 1-Methylcyclopentanol
ii) 2-Methylbutane-1,3-diol
iii) 2-Nitrophenol
iv) Methoxycyclohexane

Q.19 Write the IUPAC name of following
compounds.
i) CH; ii) CH;

I I
CH; —CH—CH—-CH; CH;—CH-0—CH- CH;

I I
OH CH;

jii. CH; iv. OH

I
CH=CH—(|3—0H H;C - C - CH; - CH;

CH;
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Q.20 Write a note on:
a) Positive deviation from Raoult’s law.
b) Negative deviations from Raoult's law.

Ans: a) Positive deviations from Raoult's law:

i) The above diagram represents a plot of vapour
pressure vs mole fraction for a nonideal solution
showing positive deviation from Raoult’s law.

ii) The solutions in which solute-solvent intermolecular
attractions are weaker than those between solute-
solute molecules and solvent-solvent molecules, exhibit
positive deviations.

iii) The vapour pressures of such solutions are higher
than those of pure components as shown in Figure.

iv) e.g. The solutions of ethanol and acetone, carbon
disulphide and acetone show positive deviations from
the Raoult's law.

Vapour Pressure
of solution

-~
~—
-~

Mole fraction x =1
X —>
«— X3

Negative deviations from Raoult’s law

5 Vapour Pressure
5 N of solution ;
: w S~ TT——_ :
; =] iy T !
. 2 ,
1 ] ~ = !
H et ~ ~ - !
! [=4 ~ - !
. P, P g P, ;
i =} ~ !
H % P - ~ !
E > - - > >~ E
E Pl ~ - E
=0 Mole fraction xn=1
o=l X — =0
: ! X :

i) The solutions in which the interactions between
solvents and solute molecules are stronger than solute-

solute or solvent-solvent interactions, exhibit negative
deviations.

ii) The vapour pressures of such solutions are lower
than those of pure components as shown in figure.

iii) e.g. The solutions of phenol and aniline, chloroform
and acetone exhibit negative deviations from the
Raoult's law.

Q.21 Differentiate between ideal and nonideal
solutions.

OR
Q.21 Give four examples of nonideal solutions.

Ans: Ideal and Nonideal solutions:

No | Ideal solutions Nonideal solutions

i Ideal solutions obey | Nonideal solutions do
Raoult's law  over | not obey Raoult’s law
entire range of | over the entire range
concentrations. of concentration.

ii The vapour pressure of
ideal solution always

The vapour pressures
of these solutions can

lies between vapour | be higher or lower
pressures of pure | than those of pure
components. components.

iii | Solvent-solute, solute- | Solute-solvent
solute and solvent- | intermolecular
solvent molecular | attractions may be
interactions are | weaker or stronger
comparable. than those between

solute-solute
molecules and
solvent-solvent
molecules.

iv | e.g. Benzene + toluene | e.g. Ethanol + acetone
carbon disulphide +
acetone

Phenol + aniline

Chloroform + acetone
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T o W & ifde [ v

e, Oxidising agent &I ugTed R TSI oxidation

3E. AL THREHE IRl 30T TR Aredl REREearen
foga  smmaedt SEuien  AUET  YeRAEREn  difdw

dl, JIT ATEeesd e reduce B,
ii) Reducing agent (&1UTh)- ST U electrons, donates

TOTEETETE! fOER el Sl AT YA R TqEee
. [a (e

arﬁn—en Hedr=a STel ST e Tl el ST

fecar  SUART  feR[@  UEeAter  UvATE

Hlledldl
a:rraqﬁ‘qama% HART HesUITIS! Bicl. ST AUATTE
gTeTaTATe Tead AT HHSI. WA SHIHAes 0T
TR o vl o foepa wrede 0T @t TRt
MWMhaT aTem MR &TuiitRg Tk o1e.  fomga
qEREHS geme faga S enfr I9Ete IS 9

Electrochemistry (%rg?r YQqEA ITEA)- Physical chemistry
=7 3TN branch %b' S 84 chemical changes (TN'I?T&F:F
T8A) 3T electricity (%Iﬂ?f) IS interrelation

(REREEHTET) ST Shedl S,

i) Oxidation (Wﬁ'\qﬁm ST UfhaEE electron loss
(sﬁaaﬁﬁ g2) gid T oxidation U, foham o
process qe OgTeEn foRa HAKAT™T oxidation number
ana?ﬁ, AT process T oxidation 3T TRUTAT.

ii) Reduction (&14UT)- ST UTshaTed electrons HAT ?ﬂFﬁ,
AT reduction TUTAIT, fhal ST process e HeASATT
oxidation number S BIAl. TTAT reduction TUTAT.

Redox reaction (ETCI'U'I'VIﬁW afwl‘a?arr)- ST chemical
reactions T& oxidation 3TITUT reduction ©l e Thld )
AT, T reaction T redox reaction 3T TEUTATA.

i) Redox reaction e UH species (‘ETEi) electron el
MM oxidise B, T g'a'{“r species, electron AT s
reduce &I,

ii) &I reaction e e species 1Y SH=AT species Fe
electrons transfer (U9N) ﬁﬁ, FﬂTﬂ% reaction 11 electron
transfer reaction STHE! TEUTATA.

iii) @I reaction p=15) TSI element T oxidation number
e, W FU=AT element dT oxidation number HHT B,

iv) 3TN oxidation number THIET THUT a1E Toharr w1 &
[RE @A ST redox reaction W& balance (\Cl’:l\_‘ﬁ?f)
e,

i) Oxidising agent (aﬁﬁﬂgﬁm- S UG electrons,
gains (@ﬂm’lﬁ) T =TT oxidising agent feRaT oxidant
TEUTATT., STeel TETat species, oxidising agent Wﬁ, et
AT HHIT-SHHT Tehl atom ©IT @ oxidation number SHHT

(JAT) <1 TETATT reducing agent AT reductant FEUTAT.
Sl TERt species, reducing agent 3T9d, SEIMRIGI
FHHIT-HHT Tehl atom T T oxidation number .
Reducing agent &1 ugTel =T TSI reduction W_Vﬁ, I
ATIAST Wl oxidise BTl

Conductors (ATEH)- AT T electricity (%@Fl‘%‘lﬂ«"ﬁ)
T 3, e I electricity T g &, T TR

conductors FUTAIC.

Conductors = FTHTTT S WSRTHE het ST

i) Electronic conductors (ﬁlg?f dlgeh)- feetean potential
(%@T‘[ WI’E@), 1 conductors HYT electricity T A § I
electrons AT F&ATGT g1d, T conductors AT electronic
conductors UTAId.

ii) Electrolytic conductors (ﬁ'&'&ﬂ' e dalgh)- S0
conductors A& conductors (FB) T positive (&) afor
negative (FUT) ions AT migration (@Fﬁ'{'ﬂ'ﬂﬂ@) ﬁﬁ 21

conductors T electrolytic conductors FUTId.

i) Electrolytes (Fclg?[ 31"1‘6!27-ﬁ)- ST UgTTEAT aqueous
solution (\T'l?ﬁ'q i’lﬁvﬂ?ﬁ) conductivity & oI
conductivity Tt gq S Wﬁ, [IREPIC electrolytes
FUTAT.

ii) Non-electrolytes (&:@H 31=|1T‘5127ﬁ)- T uETATen

aqueous solution =t conductivity & aroaren conductivity

Q_Ol'Gﬁ Wﬁ, CNIRSHBIE non-electrolytes e FUTdTd.

Dissociation (%!WTIEI'{FT) electrolytes I faaH T TSR
B,

a) Strong electrolytes (Udel ﬁﬁ‘gﬁ SI'Q'EIZT-ﬁ)- SR
aqueous solution e Wﬁ ionize (é{lf‘lv-l'\l*-lq“l) gldld, o1
TR strong electrolyte FEUTAId.

b) Weak electrolyte @é?vr 1%@?[ 3W‘€lZ7-ﬁ)- SERCEE)
aqueous solution T ST IS THIOT ionize @?ITH, 21
TR weak electrolyte 3T TUTAT.

i) Resistance (Y1&)- solution T current =T TETAT IO
hindrance (37SI3T) U resistance 819, @ R & 3R
EICGIG]
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Q.42 Explain graphically the effect of temperature
on the rate of reaction.

Ans: Effect of temperature on the rate of reaction:

i) The average kinetic energy of molecules is
proportional to temperature.

ii) At a given temperature, the fraction of molecules
with their kinetic energy equal to or greater thanE,
may lead to the product.

iii) With an increase of temperature, the fraction of
molecules having their energies (E,) would increases.
The rate of the reaction thus would increase.

iv) This is depicted by plotting a fraction of molecules
with given kinetic energy versus kinetic energy for two
different temperature T; and T, (T, > T;). The area is
the same at T; and T;.

v) The entire shaded area which represented a fraction
of molecules with kinetic energy exceeding E, is larger
at T,than atT; (T, > T,).

vi) This indicates that a fraction of molecules
possessing energies larger than E, increase with
temperature. The rate of reaction increases accordingly.

..........................................................................

Kinetic Energy
Comparison of fraction of molecules activated at T; and T,

; ;
: :
: w BB :
' bt 1
' L o '
1 3 8 ;
! g2 :
—
L e E | |
: £ .8 !
. .
E ° 5 T, s
i S 2 / N i
: g & / N :
: S g :
' ~ = e ey, '
! g ~1 | :
: :
. .
. .
. .
. .
. .
. .
. .

6.8 Effect of catalyst on the rate of reaction

Q.43 What is a catalyst? Give an example.

Ans: Catalyst: A catalyst is a substance added to the
reactant that increases the rate of the reaction without
itself being consumed in the reaction.

e.g. MnO, is the catalyst in the reaction;

MnO,

Q.44 How catalyst increases the rate of reaction?
Explain with the help of potential energy diagram
for catalyzed and uncatalyzed reactions.

Ans: i) A catalyst provides alternative pathway
associated with lower activation energy.

ii) The potential energy diagram compares the potential
energy barriers for the catalyzed and uncatalysed
reactions. The barrier for uncatalysed reaction (E,) is
larger than that for the same reaction in the presence of
a catalyst (E,).

Energy

reaction coordinate
Potential energy barriers for
catalyzed and uncatalyzed reactions

iii) Consider the decomposition of H,0, in aqueous
solution catalysed by I~ ions

-
2H202(l) — ZHZO(I) + OZ(g)'

iv) At room temperature the rate of reaction is slower
in the absence of catalyst with its activation energy
being 76 k] mol~1. In the presence of catalyst, iodide ion
(I7), the reaction is faster since the activation energy
decreases to 57 k] mol™ 1.

Q.45 Explain graphically the effect of catalyst on the
rate of reaction.

Ans: Effect of catalyst on the rate of reaction:

.....................................................................

dn '
N in the presence
Fraction of of catalyst

Before use

molecules :
of catalyst |

Energy E. E,
Comparison of fraction of molecules
for catalyzed and uncatalyzed reactions

i) A catalyst lowers the threshold energy.
ii) Consequently, more molecules acquire the minimum
amount of energy and tend to cross the energy barrier.
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Q.45 Explain: Oxoacids of sulfur.

Q.45 Draw structures of the following compounds
peroxy disulphuric acid Feb/March-2023)-1M
Feb/March-2024)-1M

Ans: Oxoacids of sulfur:

Sulfur forms a number of oxoacids. Some of them are
unstable and cannot be isolated. They are known to
exist in aqueous solutions or in the form of their salts.
Some important oxoacids of sulfur and their structures
are given below:

i Sulfurous acid,H,SO4
S
Hgo/ o
ii | Sulfuric acid, H,SO, ﬁ
_~S
Hgo/ o
iii | Disulfuric acid or ) 0
pyrosulfuric acid, ll Il
H,S,0, o7 \\ O/S\\O
OH HO
iv | Peroxymonosulfuric o
acid, H,SO¢ g
HO-07/ "~
OH
v | Peroxydisulfuric acid, O 0]
H,S,04 /Ié g
07 \N0-0" N
OH OH
vi | Thiosulfuric acid, S
H,S,05 g
HO/ "X
OH

Q.46 What is the oxidation state of ‘S’ in H,S0,?

Ans: (Oxidation number of H) +
(Oxidation number of S) + (Oxidation number of O) =
0

2 X (+1) + (Oxidation number of S) + 4 X (—2) =0
Oxidation number of S+2 -8 =10
Hence, oxidation number of ‘S’ in H,S0, = +6

Q.47 Write the names and structural formulae of
oxoacids of chlorine.

Q.47 Draw structures of the following compounds
chloric acid Feb/March-2023)-1M

Ans:
i Hypochlorous  acid, _—0
HOCI H i
ii | Chlorous acid, HOCIO o
’ (0]
or HCIO, H—" \CI/
iii | Chloric acid, HC10,
’ 0]
H/ \Cl/
§O
iv | Perchloric acid, HCIO, o 0
o _
\0

Q.48 How is dioxygen prepared in laboratory from
KCl03?

OR
Q.48 How is oxygen prepared by Laboratory
method.

Ans: Laboratory method: In the laboratory dioxygen
can be prepared very conveniently by heating a mixture
of KC10; (4 parts) in a hard tube to about 420K. The gas
thus produced may be collected by the downward
displacement of water.

2KCl0, 420K 2KCl  + 30,
MnOj,
Potassium chloride Dioxygen

MnO, acts as catalysts. In the absence of manganese
dioxide, the thermal decomposition of KClO;requires
temperature of 670K - 720K. MnO, lowers it to about
420K.

Q.49 How is dioxygen prepared in laboratory from
following compounds?

i) Ag,0 ii) HgO iii) PbO, iv) H,0,
Ans: i) Thermal decomposition of Ag,0:

620K
2Ag2 O(S) — 4’Ag(s) + OZ(g)
Silver oxide Dioxygen
ii) Thermal decomposition of HgO:

720K

Mercuric oxide Dioxygen
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Q.37 Write note on: isomer

enantiomers).

Optical (or

Ans: Optical isomer: Optical isomers are also called as
enantiomers.

i) The complex molecules or ions that are
nonsuperimposable mirror images of each other are
enantiomers.

ii) The nonsuperimposable mirror images are chiral.

v) Optical isomers in octahedral complexes:
e.g. [Co(en);]3*

N
oS

d-form

3+ 3+

en
§‘| A
( ‘To BB
en
/-form
mirror
vi) Octahedral complexes existing as both geometric

and optical isomers. e.g. [PtCl, (en),]**

1) Cis isomer of the complex show optical isomerism.

cl 2 cl g
~| _c a ]
en Pt Pt en
~J
Yl <
d-form I-form

cis mirror
2) Trans isomer of [PtCl,(en),]?*does not show optical
isomerism as it has a plane of symmetry.

2+
Cl

en
\/Tt ~v
Cl
trans isomer
vii) Square planar complexes do not show enantiomers
since they have mirror plane and axis of symmetry.

Q.38 Draw isomers in each of the following
iii) [Cr(en,)Br,|*

Ans: i) Cis and trans isomers of Pt(NH3),CINO,

Cl ~ NH; C\_ _~NH;
Pt Pt
NO;” NNH, HN" o,
cis isomer trans isomer

il) RU(NH3)4C12
Cis and trans isomers of Ru(NH;3),Cl,

cl cl
HsN~_ | -« HN<_ | _~NH;
Ru Ru
HN-" | SNH; HN-" | SNH,
NH; cl

cis isomer

iii) [Cr(en,)Br,]*
a) Cis and trans isomer of [Cr(en,)Br,|*

+ +
en Br
Br\([> enD I /) en
T r
en Br
cis isomer trans isomer

Q.39 Draw geometric isomers and enantiomers of
the following complexes.
i) [Pt(en);]** ii) [Pt(en,)CIBr]%*

Ans: i) [Pt(en);]*" shows only enantiomers as

follows:
en
w(>h2 Sh)a
<

en en
d-form

4+ 4+
en

ii) Geometric isomers of [Pt(en,)CIBr]?*

2+ 2+
en Cl
Cl ANy P[;> en D ll’t Q en
B | > |
en Br
cis isomer trans isomer

iii) Enantiomers of [Pt(en,)CIBr]?*

2+ 2+
€n
a[ >

€n
] 1 _a
Br/ L>
d-fo%

<_|Pt \Br
en

{-form
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Q.8 What are phenols? How are they classified?

Ans: Phenols: Phenols are organic aromatic, hydroxyl
compounds, in which one or more hydroxyl (—OH)
groups are directly attached to the aromatic nucleus (ie.,
benzene like ring). It is represented as Ar — OH.

OH OH OH

Sebds

Phenols are classified as follows:
The classification depends upon the presence of one,
two or three hydroxyl groups attached to aromatic ring.

i) Monohydric phenols: They contain one hydroxyl
groups.

@OE’(CH} @

a-Naphthol 5-Cisol (_C H :
(1-Naphthol) (2-Methylphenol) (4-Mr:th;7;(r:unulj

ii) Dihydric phenols: They contain two hydroxyl
groups.

@ou @ @

Catechol

(Benzene-1,2-diol) _ Resorcinol

(Benzene-1,3-diol) Hyquulnone or Quinol

(Benzene-1,4-diol)

iii)Trihydric phenols: They contain three hydroxyl
groups
OH

O O @,

Phloroglucinol Pyrogallol

(Benzene-1,3,5-triol) (Benzene-1,2,3-triol) Benzene- l 2 4-triol

Q.9 How are monohydric alcohols classified?

Ans: Classification of monohydric alcohols:

Monohydric alcohols are further classified on the basis
of hybridization of the carbon atom to which hydroxyl
group is attached.

— OH bond:

alcohols, -OH group is attached to sp® hybridised
carbon atom of an alkyl, allyl or benzylic group.

i) Alcohols containing Cg 3 In these

They are further classified as primary, secondary
and tertiary alcohols.

a) Alkyl alcohols:

1) In this type o f alcohols, -OH group (hydroxyl group)
is attached to sp® hybridised carbon atom of an alkyl
group.

2) They are further classified on the basis of the nature
of carbon atom (1°,2°,3%) to which hydroxyl group is
attached.

i) Primary (1°) alcohols: The hydroxyl (—OH) group
is attached to a primary carbon atom.

jf/
I

Primary carbon

R—-C—-OH

H

1° alcohol

ii) Secondary (2°) alcohols: The hydroxyl (—OH)
group is attached to a secondary carbon atom.

R
W4

R—-—C—-O0OH
i

2° alcohol

Secondary carbon

iii) Tertiary (3°) alcohols: The hydroxyl (—OH)
group is attached to tertiary carbon atom.

R
W4
R—C—-O0OH
|
R

3° alcohol

Tertiary carbon
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Tertiary alcohols = oxidation TSI BId &l e
strong oxidizing agent CrO; Thal KMnO, =T |I-eamd
T oxidation et ST,

i) ST phenol ¥ zinc dust SRS ATEETE @ TR
benzene TE &I,
ii) Phenol ¥ chromic acid (Na,Cr,0,) SRisX H,S0, =T

TEATAIA reaction HE tert Butyl alcohol = oxidation &
R-methylpropene &I&ﬁ, gl R-methylpropene T oxidation
B3 Acetone THesdl. g%l Acetone T oxidation &S
Acetic acid &Iﬁ, AT tertiary alcohol T oxidation
TEUATA. WEATHeT |l reactions o HIE FRIST0T e HESTIA
1.

i) Phenol = Bromination TUTST T reaction bromine
water SUET AT temperature AT HeTIR R, ¥, §
tribromophenol TAR . aieT U9t reaction T,

ii) Steet phenol = Br, (organic solvent =AT WQFPIFT)
U CS,,CCl, f%ar CHCl; = Sufeda e K
temperature 1 reaction P IE TS ortho-bromophenol
FITuT para bromophenol I 0T TR 2.

iii) Phenol = conc.H,S0, TR Q¢ K & temperature T
reaction IS ortho-phenol sulphonic acid TI g, a9d
phenol = conc. HZSO45|'@3|T 3V3IK T temperature I
para-phenol sulphonic acid TIR &l

iv) phenol =0 dilute HNO; T room temperature Il
reaction  HETITATAT ortho-nitrophenol FITuT para-
nitrophenol I [T AR B,

v) Phenol =T hot 37T conc. HNO3 T conc.H,S0, =T
U reaction HEgA  SUTATER  picric  acid RIS
R,%,&, Tri-nitrophenol T 2.

i) Kolbes reaction (®lea® ATUEHAT): phenoxide ion ST
carbon dioxide JTEATAA electrophilic substitution reaction
T, SqId- ortho-Hydroxy benzoic acid a3, T reaction
T kolbes reaction F&UTCT.

Wl?ﬁw phenol = NaOH SRR reaction &S+ phenoxide
ion TN ﬁﬁ [S2IEEY phenoxide ion TS sodium
phenoxide T carbon dioxide SRIER electrophilic
substitution &I ortho-hydroxy benzoic acid TIN 2.
T reaction .

ii) Reimer-Tiemann reaction (ﬁ'qT-Z'ITI'FFT ﬂfﬂaWT)
Siel phenol & chloroform SR sodium hydroxide =T
Suterdia el 3T@aT, -CHO group & benzene ring =T
ortho position T FITFﬁ, FEI'I'E[@' @l reaction <1 Reimer-
Tiemann reaction 3T U, fHIOT ST Intermediate
9 alkali =T SUfEA hydrolysis HEATER salicylaldehyde

IR BId. UTAIeT reaction &l

AN oxidation HeATEX benzaquinone T 2.

iii) Steet phenol o hot SUT conc. HNO5 T
conc. H,SO, =T SURAT reaction el 3T, Tueresdn
T picric acid U Trinitrophenol TN 2.

= & reactions, P it R e ?FI'I%T‘L e T

BTSSR Ho TTefld e,

T reactions A simple THT mixed ethers =t M &l
1) et methyl iodide 2 alcoholic sodium methoxide SIS
heating FHeATaT dimethyl ether e,

i1) methyl iodide  sodium ethoxide SRR heating FHATE
ethyl methyl ether e

iii) Ethyl bromide & sodium ethoxide SRIST heating
AT diethyl ether e

Williamsons method & alkyl halide YT halogen atom
9 nucleophile g replacement 2, F"Tl'ﬂ@' @l reaction T
Williamsons synthesis FOTId.

?) Anisole = bromine 3707 acetic acid SRR bromination,
FeBr; & catalyst =1 SUNHAT hodlal 3FHH  p-
Bromoanisole 37T O-Bromoanisole TH&dTA.

) Anisole ¥ nitration ¥ nitrating mixture TEOTSIE
conc.HNO; 37T conc.H,S0, WEd HedeR -
nitroanisole 31T ¥-nitroanisole e,

3) Friedel- crafts reaction TEUTSI anisole o alkylation g,
A anisole T methyl chloride (chloromethane) T
anhydrous aluminium chloride (anhy.AlCl,) AT JufErdrd
reaction  ShoATER R-methoxytoluene 3T % -
methoxytoluene T GG

%) Friedel- crafts acylation reaction e anisole oY acetyl
chloride SIS anhydrous AlCl; =BT catalyst =T RIE iG]
reaction eI - methoxyacetophenone T %-

methoxyacetophenone TIX BT,
T e reactions FHST B3 T .

+++
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