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CHEMICAL KINETICS

T ———

S Rate of reaction (ROR) = Rate of disappearance of reactant {appearanceof products)

Stoichiometric coefficient of reactant {products)

> For a reaction :

aA +bB —— cC +dD

> Instantaneotis rate : & :—l dBl =l dic] :l dib]
Tooal dt bl dt el dt dl dt

Relationship between rate of reaction and rate of disappearence of reactant {rate of appearance of product).

o Average rate : 1[3[11\1] _ 1[3[131] _ 1[5[@] _ 1[A[D1]
al At bl At cl At dl dAt

= Graphical method for determining rate :

T—>
=

o B
o
&

of yeacteri

9 :qﬁma_’ v 4 :::Irre—)tE

v

_[[Bl, =R}, |_ (Pl ~[P],}

Avg. Rate = T -t
0A oA’
= = =+ slope of tangent

nstanta te=—|—| = +——
stantanefus rare (OB OB,

> Important kinetic expression for reaction of type A— B -

Order Zero Ist Znd nth
Differential Rate = k Rate= k[A] Rate = 1—{[A]2 Rate = Kk[A]"
rate law
i _ oAb _1__ 1 1 ( 11

Integrated (A -[Al= kt kt =In Al kt = Al AL kt = (n—l)L[A]“‘l A
rate law

_ (Al n2 1 1 e
Helf life {tlxz) Lre = 21 e =T Lo = [Al,k Lie = kin—1) [AO]“‘:L B
(t3/4) t3/1'1=1'5 t1/2 t3/4= 2 t].,-’2 t3/4 = 3 t1/2 t3/4_ (2]1_1 o+ 1) t1/2
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> Graphs of various order

1
Order Rate vs [A] [Al vs t log [A] vs t [_] vs t
F 3 ]
PO
1
Zero order Raie A i S !
A T S
F 3
log (Al
First order Rate A —
A
Al t T t A
; 1
Retie A g lal 1
Second order 7
Al = £ t—»

Where
[A]o = initial concentration
[A] = concentration at time t

t,, = time taken for initial concentration of reactant to finish by 50%

t,,, = time taken for initial concentration of reactant to finish by 75%
» Monitoring Kinetics Experimently :
The kinetics of reaction can be followed {i.e. order, rate constant etc. can be established) by measuring a
property which changes with time.
e.g. (i) Total pressure in a gaseous reaction.
{ii} Volume of a reagent {Acidic, Basic, exidising or reducing agent)
{iiiy Volume of a gaseous mixture (V)
{iv} Optical rotation (R}
For a Reaction -
A —— nB

t=10 C 0 cD:>conc.att=0
e GRS nx ct:>conc.att=t
t=ww ) nc c,—> conc.at t =<0

For any measurable property X proporticnal to the concentration of reaction mixture at various times,
following relations can be expressed.

In terms of -
i) X, and x iy X, and X, fiii) X, and X, ) X, X, and X_
1. X 1 1% - -
o=l —2 = _1nu Kk =lln in-1)X, k =lln Ky By,
b X,-x% t n¥X,-X, t nfX,-X,) B Xe—X%,
where

®x = amount of reactant reacted n time L.
X, = measured property at t = 0

X, = measured property at t =t

X_ = measured property at £t = <
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» Exampies : (For Monitoring Kinetics Experimently}

i) Inversion of cane sugar :

C,H,,0,, fag) + HO = CH 0 faq) * CeH,,0fag)

Sucrose Glucose Fructose
dextro-rotatory dextro-rotatory laevo-rotatory
{+66.5) {+52.5) {—22 )

fLaevo-rotatory)

o 2003 Iog[r, = roj

t L, —if;
r, = rotation at time, t = a
r, = rotation at fime, t = t
r = rotation at time, t = «©

{ii} Acidic hydrolysis of ethyl acetate :
CH,COOCH_+ H,O - CH,COOH + C,HOH

2.303 Vi, -V
k= log| —= f
L =,

DL =Volume of NaOH solution used at time, t = 0
[4 = Volume of NaOH solution used at time, t = t
D‘; = Volume of NaOH soclution used at time, t = e

Note : Here NaOH acls as a reagent. Acefic acid is one of the product the ameount of which can be found by
titration against standard NaOH scolution. But being an acid-catalysed reaction, the acid present originally
as catalyst, also reacts with NaOH sclution.

> Important characteristics of first order reaction :

4 t,, s independent of initial concentration.
* In equal time interval, reactions finishes by equal fraction.

Gl =it t= 2t BBt
Reactant conc. a, a,x a0x2 a0x3 ........

% = fraction by which reaction complete in time 't'.

* Graph of In[A] vs t is straight line with slope =

2.303

* Graph of [A] vs t is exponentially decreasing.
» Zero order :
. t,, of zero order is directly proportional to initial concentration.
. In equal time interval, reaction finishes by equal amount.

t=0 B L=t N R

G, C,-x C-2x C-3k..
. Graph of [A] vs t is shaight line.
Al
A zero order reaction finishes in |t = "

> Temperature dependence -

= Arthenious equation : k = A.g™"™

- E = minimum energy over and above the avg. energy of reactant which must be possesed by reacting
molecule for collision to be succesful.

= A = frequency factor - proportioral to number of collisions per unit volume per second.
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¢ ™™= Fraction of collision in which energy is greater than E.

A and E_are constant i.e. do not vary with temperature

E
hk=IhA -=2
RT
Graph : Graphical determination of E_.

)
- E
t Sper e
nhk 0
T—

Temperature coefficient =—2=

T

By default T = 298 K

Variati f rat tant with t tu | k—z_g L_l__
ariarfion of rare Consm|mnt wi emparnire == In kl R Tl Tz y
Endothermic and exothermic reactions :
LS & F Y
e E. t] &
PE PE B
....... 4
. AH AH \ 1|
(Endo) - Ex0) >

AH=E, E_

B
Parallel reaction : <
. e 8

Rate = {k, + k,} [A] - Wifferential rate law)

k, _[Bl
k, [C]
_ 0.693
e =
ko +k,

k
% of B = L %100 ;% of C= L9 *x100
e, k, +k,

[A] = [A] g™+

Pseudo-order reaction -
Rate law — rate = k [A]" [BI'

Pseudo rate law :

rate = kl [A]™
[Bl assumed constant in two cases :
fiy B inlange excess fiiy B - CATALYST
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NUCLEAR CHEMISTRY
I ——

All nuclear reactions are first order :
Two types of nuclear reaction : fa) Artifical radicactivity {b) Radiocactivity (spont.)
First order

At = 2.303 log% A — Decay constant

t

N, — Initial nuclei
N, - Nuclel at 't

Activity = A, :%: AN, ; Nuclei/sec.
A, = Rate of decay

N A,

Inz
= Bp=—
= A

z

a decay = lHe Particles at high velocity
-4

AX = Y +a

To | size of large nucle

B decay = ‘e at high velocity

A A !
X — faP+ e

#To | % ratio.
# Nuclear change in B decay
éngﬁ P +_§e
y-decay :
Photons from excited nuclei after o — or f — decay

No effect on n/p ratio
High energy e/m radiation.

: i
Mean life |, T =5
Parallel decay :
t=0 N, A B
i N,—=x-y /x
Ay = A+ A, A
11 1 ¥

= -+
ty () Mk

A — No dependence on temp.
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i)
(ii)
(iii)

(iv}

THERMODYNAMICS
LIEEEES————

THERMODYNAMICS :

Study of heat and work interaction between system and surrounding.
A macroscopic science.

Thermodynamic laws are experimentally verified.

Important terms and concepts in thermodynamics.

System - Portion of universe under investigation.

Surrounding - Anything apart from system.

Boundary - Real or hypothetical line or surface between system and surrounding.

Wall - A real boundary.

Rigid wall - Immovable wall {w = 0}

Non-rigid wall - Movable wall {w = 0}

Adiabatic wall - Insulated wal (g = 0}

Diathermic wall - Non-insulated wall g = 0)

State variable - Variable which defines state of system.

State of system - A condition defined by fixed value of state variables.

State of thermodimamic equilibrium - A condition in which state variables do not vary with time.
Extensive state variable : State variable whose value depends upon size of system.

Examples - mass, volume, charge, mole etc.

Intensive state variable : State variable whose value does not depends upon size of system.
Examples - concentration, density, temperature ete.
Path variable :
Heat : Mode of energy transfer between system and surrcunding due to temperature difference.
Work : Mode of energy transfer between system and surrounding due to difference in
generalized force.(Net force).
THE FIRST AW

Energy of universe is conserved
Intemal energy U} of a systemn is state function.
AU=qg+w

AU = Increase in internal energy of system.

q = Heat absorbed by the system
w = work done on the systemn

> AU=0

Cyelic

In a cyclic process

If a cyclic process involves n steps with heat absorbed and work done on the system, q, and w,
respectively, then -

> AU=Y(qg+w)=Xq+2w;=0
Coclic ] s =1
Q.. =-W_ (na cydic process)



JEE-Chemistry Handbook

If two states 1 and 2 are connected by n paths involving g, and w,, heat and work respectively, then

Al =g+ W, =0, 4 Wy S q, +w,
q and w are path dependent quantities {indefinite quantities) but there sum is a definite quantity (AL}
Enthalpy : A state function defined by first law
H=U+7PV
{f} Enthalpy is {pressure volume energy + intemal energy of system)
{ii} Enthalpy is also called heat content of system.

Heat absorbed at constant volume and constant pressure.

Heat absorbead by a systern in isechoric process is equal to change in intemal energy of systemn.

Heat absorbed at constant pressure by a system is equal to change in enthalpy.

Enthalpy change -

For General process -

AH =AU + PV, - PV, ... {i
For Iscbaric change -

AH =AU + PAV .. {if)
For Isochotic change -

AH = AU + VAP UR ///.
For a differential change

dH = dU + PdV + VdP N

ldeal gas processes : (See table page no. 11}
Enthalpy of phase transition

AH“ap = heat absorbed at constant temperature and pressure to convert cne mole liquid into it's vapours.
= molar enthalpy of vapourisation.

AH, = heat absorbed at constant temperature and pressure to convert one mole solid into liquid.
= molar enthalpy of fusion.

AH = heat absorbed at constant temperature aryl pressure to convert one mole sdid into it's vapours.
= molar enthalpy of sublimation.

AH = AU + P{V, - V) since phase transtions are isobaric and isothermal processes.

Relationship between AH and AU for phase transtions.

For vapourisation AH = AU, + RT

= AU

surbiimation

For sublimation AF + RT

cuhlfiia on
For fusion AFf, . =~ = AU,

fusion

Heating curve at constant pressure :

F
E

D}Aanmm {Reversible, isobaric vapourisation at boiling point.}

{Reversible, isobaric, melting at melting point.}
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g

Enthalpy of reaction (A H} : The enthalpy of reaction is heat exchanged at constant pressure and
temperature to convert the stoichiometric amount of reactant into product with specified physical state

according to balanced chemical reaction at constant temperature and pressure.
for aA + bB —— ¢C + dD

AH = q = enthalpy of reaction

AH = {cH. + dH, - aH, - bH,} where H,, H,, H., H, are molar enthalpies of A,B,C and D.

Relationship between AH and AU

ATH ATU + AnQRT {for ideal gas)

AH =AU + P, - V) {for non ideal conditions)

The stoichiometric coefficient of solids and liquids in not considered in calculation of An
(because V, ~ V, << Vg)

Standard state for

(i} Ideal gas : 1 bar pressure ; any temperature.

{ii} Solid / Liquid : 1 bar pressure ; any temperature.

(iif}Solute : Molar concentration of 1 mole/L at P = 1 bar.

Standard enthalpy, intemal energy change for reaction.

AH and AU are change in thermodynamics function of a system under standard cenditions.

SECOND IAW

Spontaneots process :
A process which takes place on it's own without any extermal help.

Spontaneous process = Ireversible process = Natural process.

Second law : During a spontanecus process.

AS >0

univarse

AS. . +.4.8 N5

system
5 is a state function. 8 is measure of disorder of a system.

Change in entropy of system is given by :
9.,
i T
Entropy change for ideal gas process :

V.
AS =nC ]nE +anr172
* 1

T,

Entropy change for system in phase transition :

AH
As =
wap Tb
Asf ) _ AHfusi:m
usicr. Tf
AH, i sion
Assub]imatbn = e
TSub.
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{iii) Entroepy change of systemn for a chemical reaction :

For a reaction -

. aA +bB —— cC+dD

|A8=cS_+dS, -a8, -bS,

8,, 8.,8, and 8 are molar absolute entropies which is obtained by third law.
{B} Entropy change in surrounding :

i) Ideal gas process : AS_ = Zacna
’ T

-AH
{in) Phase trensition : AS_ ==

AH
{iiy ~ Chemical reaction : AS__ =-— :l“
For reversible processes : AS_ .+ AS_ =0
it PP
spmtem surr,

For irreversible processes : AS

AS

s T AT
=0

total T

@ Prediction of sign of A S from inspection :
i KHAn>0;AS>0.
{ii} If Solid —— liquid
AS >0
liquid — gas

{ii) If cyclisation taken place AS < 0.

¥  Gibb’s function : G=H- TS

AG =AH - TAS — For isobaric change
AG=— T(ASTD m}
= AGL =0 =  Process spontaneotis

R

{A} Change in AG for phase tansition :
{i} For reversible phase transitions : AG = 0.
{ii) For irreversible phase transition : AGP,T = AHP,T - TASP,T
(B} Change in AG for chemical reaction :
aA +bB —— c¢C+dD
AG=cG, +dG, -aG, - bG, ... )
AG=AH-TAS . i)
AG=AG +RTh Q Y

Where, Q = Reaction quotient
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>

i}
fii}
fiii}

AG /AG and state of chemical equilibrium :
At equilibrium :
AG = 0 = Gpu'\:u:lu:t = Grea:tant

AG =-RTInK
g,

At equilibrium the system gibb's function is at minimum value.

Difference between AG and AG .

AG = change in Gibb's function when all the reactants and products have atbitrary activities.
AG = change in Gibb's function when all the reactents and products are at unit activities.
All gases at 1 bar pressure.

All solute at molar concentration 1 M.

Factors on which A G depends -
Stoichiometric coefficients of a balanced chemical reaction.
the temperature.

the A G is independent of actual pressure or concentration of reactants or products.

Gibb’s function and non-PV work :

- BG, = W,

Firshd

decrease in Gibb's function at constant temperature and pressure is equal to maximum non-PV work

obtainable from system reversibly.
~AG=-AH + TAS

Decrease in Gibb’s function = heat given out to surrounding + TA S
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IDEAI. GAS PROCESSES -

Process Expression Expression ALY AH Work on
for w for g PV-graph
: v, v, i
Reversible =-nKTih-Z g=nRTin| = ] ]
isothermal ! .
process =- ﬂRT}ﬂi g=nRTIn L&)
P 2 2
Irreversible | w=-P. (V.- V) | ¢=P,(V-V) 0 0
.fsotbe{‘mal o [n RT n R]]
process ext Pz‘ }:1
Lobaric | w=-P. (V- V) | g= AH= nCAT |AU=nCAT| AH=nCAT
process = — nRAT %
Isochoric w=0 g=AU=nCAT |AU=nCAT| AH=nCAT P g
process T ’ 3
v
Reversible w=nCy(T,-T;) g=20 AU= nCAT| AH=nCAT
adiabatic =Lflvl PV —constant
process 4 TV =constant
TP —constant
Trreversible w=nC,(T,-T)
adiabatic i Rt a0
y-1
process
P,V,-P,V, 7
Polytropie | o T2¥2~ 171 q=[ CdT |AU=nCAT| AH=nCAT
process H=id T
Ta R
_R(L,-T7) +[-—drT
(n-D o t-m L

V, = Final volume
P, = Final pressure

V, = Initial volume
P, = Final pressure
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THERMOCHEMISTRY
e R

> AH = g, = Heat of reaction at constant pressure

AE = AU = q,, = Heat of reaction at constant volume.

> For mix. of reacting ideal gases at constant Temperature :
AH =AU + (An} RT.
» Exothermic Reaction :
H, > H, LI, %01
AH> 0
AU > 0
> Endothermic Reaction :
H < H, U < u
AH< O
AU <0
» Reversible Phase Transition
Isothermal and Isobaric
Example -
{a} Mdting or Freezing at MP
{b} Vaporisation or condensation at B.P.
{c} Sublimation at sublimation point.

{d} Interconversion of allotropic forms at Transition temperature.

» 8 >35>s ; VUS>V,
a = a s
\/Q >V, <V, (Water} ; Hg > H,>H ;
U >»>U>u . AH _>» AH > AH
a £ s zub vED fus.

At same Pressure and Temperature
AH.. = AH@ + AH,

> For reversible phase transition.
W= -P_[AV]

_AH
trams. 1}mn5
q=iH,

AU __=AH _ +w

t:

trans

AS

» AH= 3 V.H {product) - SV.H (Reactant)
= V_, V_ - Stoichiometric coefficient of reactants & products
AG =2 V.G {product) — 2 V.G {reactants)
> Determining A H for reaction - 3 methods
B AH = TV, AH, P} - Z V, AH, R)
{b} ATH =2 Vi AHCDmb_ R -2 Vi AHccmb_
fcd AH = 2 AH - Z AH

atomizsticm {Fn

(P
ato iz aticm {P)

e AH, {Element in solid state} = 0.

AH, (CO,, g} = AH {C, grap.)

conﬁ
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=AH__, (H, @
» aA+bB — > cC+dD i AH
AH = change in enthalpy when
a mol of A react ; b md of B react ; cmol of C formed ; d mol of D formed
¥  AG = IV, AG P) - TV, AG, (R) OR AG = AH - TAS
> Gibbs enthelpy is function of P, T.

PT = g7T
TT = gl

» AH H, aq=0
AG, H', aq)= 0

o

EHZI g =0 By convention
S_{(H',aq) = 0
> q= jmsdt
= InCmdt
= [cat
mS = nC = C
4 d d
specific  molar Total
heat heat heat

capacity capacity capacity
> For strong Acid and strong base
AHm = — B7.1 kJ/mol.

uir.

when 1 eq. H" {acid) reacts with 1 eq. OH ({base)

» If acid or base is weak

AH s sibid AH. = FRve
»  Heat evolved in SA + SB titration = {no. of equ. of limiting reagent) 57.1 kJ
> Resonance enthalpy = RE. < 0 = {Enemgy of R.H.} — {Energy of stablest R.S.}
»  AH (Actal — AH (heoretical) = [ T V, RE {P) - = V, RE (R}
O  AH . [CuSO, s

AH___ [CuSO,, 5| - AH

zofuti

[CuSO, 5H,0, s]

zalution

> Enthalpy of atomisation :

AH, (O, g = BE (O = O)

AH, . (GH, &) =AH_ +3e (C=C+ 8e(C-C) +6e(C-H e =Bond enthalpy
AH, . {Fe, sj = AH_

AH L, si=AH  +e -1
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e,

CHEMICAL EQUILIBRIUM

Raa‘slé ma\haasﬁﬂe

Reacticn Reaction

{1). K, nat vay large f1). B >>> 1
or very savell

{2).BcthRand P (2). P >>> R
present at at ecpilibeiun

ecuibilirivm

{3). Rand P sizhility (3). S=hlility P>>> R

comparsable

At equilibrium for reaction mix. properties like P, V, T, n, magnetism, colour, density become constant.

> For gaseous reactions.

K, = K. (RT)™
K > K, if Ang >0
K <K, if Ang <0
K=K i An =0
Units of K = @atm}*™
Units of K, = (M}
Ay

S

K= A,

both K_ & K_ depend only on temperature for given reaction.

—&H" /RT

> For pure solids & pure liquids {solvent) :
Active mass = 1 [Kinetically]
Activity = 1 [thermodynamically]
Density

Molarity = Molar mace Constant

> Reaction Quotient (Q. / Q)
{i} Used to find direction of reaction mixture — Fwd./Bwid.
{ii) QC<KC01“QP<KP = FWD.
QC>B't0rQP>KP = BWD.
Q. =K, orQ =K = Equibriun
(i) Q= Q. (RT)™

>
(1) [K, >>> 1 or K, >> 1]
or

{2} K, <<< 1 or K <<< 1]

no need to solve equation but use approximation.
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[P, =~0

Degree of dissociation, o

An AP Am AV
n B m, Yy
# n, P, m, V —» mols, partial pressure, mass, partial volume of reactant respectively.
% dissociation = % reactant converted to product = 100 o
# o =1 [Equality for irreversible reaction]
P Y Ha

i haE
¥ s — —
= P Vi Ny

For a reacting mixture of 'n' gases :

2D =M = 2 %m,
mix E=8 p
I\/Ia“g & VD__ is a function of mixture composition.
For mixture of reacting gas M, changes & becomes constant at equilibrium.

1

moles of gases n mixture

M__ {or VD_}

g

{VD)] - Mi - Iy e P{
VDy M, n, P

Usead to find 't from Maﬁng or VD data for reactions with Ang 2 (F

On going FWD.
Ifﬂ.nE >0
P nT
M 4 VD!
oy
If An <0 P+ nil
M T vDT
=g,
IfAng=0 P, n, Ma“g, VD = Constant

For a reaction with Ang = 0

o depends on — K or K, Temperature, Initial concentration, hitial moles, Initial pressure, volume of vessel

For a reaction with ﬁng =0;
o depends only on - K_ or K_, Temperature

K_ or K_ depend on the way of writing a reaction :

I R = P;KK
P - R ; 1/K, 1/ K
i c — D ; K., K
= R+C = P+D;KEK, orKK
ir. R-C = P
Ke Kp
or R+D = Pl 0t o
K. Ky
Fiv%4 nR = nP ; (K or (K)
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> Relative Humidity (R.H.)

Partial pressureof water vapour
100

Aqueous tension
If RH < 100% = Partial pressure < Agqueous tension —» Unsaturated air sample

If RH= 100% = Saturated air sample

> Le chetelier Principle
Case {: [R] increased = Forward shift
[P] increased = Backward shift
O If R or P is pure solid / Pure liquid = No effect.
Case Il . Totl P increasal f{or V decreased )

If Ang >0 = backward
If Ang <0 = forward
If Ang =0 =% no effect

Case [l . V Increased

= Same effect as P decreased
fAn >0 = forward
fAn <0 = backward
fAn =0 = no effect

Case IV . T Increasal

If ATH >0 = forward
FAH <0 = backward
T decreased

A H >0 = backward
FAH <0 = forward
Case V : Using Catalyst
No effect on K_, K_ or equilibrium concentration
Only time required to attain equilibrium is lesser.
Case VI : Adding inert gas at constant V.
= No effect
Case VI . Adding mert gas at constant Pressure

=% Same effect as Pressure decrease or volume increase

b

Thermodynamics state of Equilibrium :
G, — Minimum

AG =0 at P, T constant

I V,G,= I V.G

f AG<0= LV,G <ZIVG,
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= Reaction shifts forward to atlmin equilibrium.
FAG>0=XV,G >IVG,
= Reaction shifts backward to attain equilibrium.
If AG = 0 = Equilibrium state
a AG=AG +RT IniQ)
AG = Standard Gibbs energy of reaction {when all Reactants & Products are in standard states)

> Standard State

Gas — Ideal gas
Activitp=Partial pressure=1 bar =~ 1 atm.
Selute — Ideal solution
Activity = concentration = 1M
Solid/Liguid — Pure activity = 1
a Q contains activity of species i.e., partial pressure in bar {or atm} for gas
molarity for solute is unity for solid or liquid.
] At equilibium AG =0 & Q=K

AG = - RT k__

K = g &G/RT
aq.

a For gaseous homogeneous reaction,

AG =-RT In K

T

For homogeneous reaction in solution phase
AG = -RT I K,
O BP, M.P. & Sublimation point all increase in increasing pressure

Exception - M.P. of H Odecrease on increasing pressure

> Von't Hoff Equation :

d[InK;] AH° __AHT A 10g1<p2 _ AW 1 17
ar  RrE ¢ METTRrTL Ky, 2.303R|T, T,
-AH® by
=slope
R A
slope =———
oK. log K, 2.303R
1/T
Exothermic Reactian
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IONIC EQUILIBRIUM

D ——
» ACCORDING TO STRENGTH IONIC CONDUCTORS ARE OF 2 TYPES -

7 Strong electrolyte : Those ionic conductors which are completely ionized in aquecus solution are called

as strong electrolyte.

Ex. Na'Cl', K'Cl', etc.
ia) Strong acd —> H,80,, HOl, HNO, HCIO,, H_8O_, HBr, HI
by Strong base — KOH, NaOH, BafOH), CsOH, RbOH
c) All Salts —> Nadl, K, CuSO,..........
2. Weak electrolytes : Those dectrolytes which are partially ionized in aquecus solution are called as weak
electrolytes. For weak electrolytes the value of o is less than one.
Ex.
(a) Weak acid — HCN, CH,COOH, HCOOH, H,CO,, H.PO,, H.PO,, B{OH),
b} Weak base — NH,OH, Cu{OHj,, Zn{OH}, Fe{OH),, A(OH,

» ACIDS BASES AND SALTS -

Arrhenius concept :

Arrhenius Acid : Substance which gives H' ion on dissolving in water {H" donor)

Ex. HNO,, HClO,, HCI, HI, HBr, H,50,, H,PO, etc.
* H_BO, is not Arhenius acid.

> Arrhenius base : Any substance which rdeases OH {fwdroxyl) ion in water {OH™ ion donor).
* First group elements {except Li.} form strong bases

> Bronsted - Lowery concept : (Conjugate acid - base concept] (Protonic concept}

Acid : substances which denate H' are Bronsted Lowery acids (H* donor)

Base : substances which accept H® are Bronsted Lowery bases {H' acceptor}
> Conjugate acid - base pairs :

In a typical acid base reaction

HX + B —— X + HB'

Conjugebe
pair

Acid Conjugate base Base Conjugate acid
Ex : HCl ar NH, NH,

H,S0, HSO, H,O H,O

= 2o +
HSO, S0, RNH, RNH,
H,O OH"
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LEWIS CONCEPT (electronic concept) :

An acid is a molecule/ion which can accept an dectron pair with the formation of a coordinate bond.

Acid — € pair acceptor

Ex. Electron deficient molecules : BF,, AlQ,
Cations : H*, Fez*, Na*
Molecules with vacant orbitals : B8E; PE,

A base is any molecule/ion which has a lone pair of eectrons which can be donated.

Base — {Omne electron pair donor)

Ex. Molecules with lone pairs : NH,, PH,, HO, CH.OH
Anions : "OH, H, 'NH,
TONIC PRODUCT OF WATER -

According to arrhenius concept

HO —— H +OH so, ioric product of water, K = [H[OH] = 10" at 25 fexp.)
Dissociation of water is endothermic, so on increasing temperature Kw increases.
Kw increases with increase in temperature.
Now pH = —loglH1 =7 and pOH = -log[OH] = 7 for water at 25 C {experimentzl}
pH=7=pOH = neutral
pH<7orpOH>7 = acidic at 25 C
pH>7 or pOH <7 = Basic

¢ Ionic preduct of water is dways a constant whatever has been dissolved in water since its an equilibrium
constant so will be dependent only on temperature.

Degree of dissociation of water :

no. of moles dissociated

HO —— H +OH = «-=
Totalno. of moles initially taken

10_? - 10 -7
= Cogp C18 107 or 18 107% [at 25 C]

Absolute dissociation constant of water -

+ - e
HO = H' + OH googee D IO L, 10 XA0 gy g
E [H, O] 55.55
So, pK = pK = - log{l.8 107 =16 - logl.8 = 15.74
ACIDITY AND pH SCALE -

Acidic strength means the tendency of an acid to give HSO* or H ions in water.

So greater then tendency to give H', more will be the acidic strength of the substance.

Basic strength means the tendency of a base to give OH ions in water.

So greater the tendency to give OH ions, more will be basic strength of the substance.

The concentration of H'ions is written in a simplified form introduced by Sorenson known as pH scale.

pH is defined as negative logarithm of activity of H" ions.
pH= - 10gaH+ {where ag+ Is the activity of H" ions)

Activity of H" ions is the concentration of free H' ions or H.O" ions in a dilute solution.
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fa)

(b}

fc)

(d)

The pH scale was marked from 0 to 14 with central point at 7 at 25 C taking water as solvent.

If the temperature and the solvent are changed, the pH range of the scale will also change. For example
0-14 at 25 C(K_= 10" Neutral point, pH = 7
0-13 at 80 C K =107 Neutral point, pH = 6.5

pH can also be negative or > 14
pH Calculation of different Types of solutions :
Strong acid solution :
{iiy If concentration is greater than 107 M.
In this case H' ions coming from water can be neglected,
so [H'] = normality of strong acid solution
{iy If concentration is less than 107° M
In this case H" ions coming from water cannot be neglected.
So [HT = nommnality of strong acid + H' ions coming from water in presence of this strong acid
pH of a weak acid (monoprotic) Solition -

¢ Weak acid does not dissociated 100 % therefore we have to calculate the percentage dissociation
using K_dissociation constant of the acid.

¢ We have to use Ostwald's Dilution law {as have been derived eadier)

HA — H' + A

t=0 C 0 0

t Cil ) C 15 K 9 | %
e 4 o el s, o

e ) [HA] 1-o

[K
f a<l=>-wsl = K«Co’ o= ?a fis valid if & < 0.1 or 10%)

{K 1
H] =Cu=C ?a =,/Kaxc So pH = E{pKa— logC)

on increasing the dilution = €4 =oT and H] = pHT
pH of a mixture of weak acid {monoprotic) and a strong acid solution :
e Weak acid and Strong acid both will contribute H' ion.

¢ For the first approximation we can neglect the H" ions coming from the weak acid solution and
calculate the pH of the solution from the concentration of the strong acid only.

¢ To calculate exact pH, we have to take the effect of presence of strong acid on the dissociation
equilibrium of the weak acid.

e If the total [H'] from the acid is more than 10 M, then contribution from the water can be neglected,
if not then we have to mke [H from the water also.

Relative strength of weak acids and bases -

For two acids of equimolar concentrations.

Strength of acid {I} _ K
Strength of acid {II} K

-

pH of a mixture of two weak acid (both monoprotic) solition -

¢ Both acids will dissociate partially.

¢ Lot the acid are HA| & HA_ and their final concentrations are C, & C, respectively, then
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+ — +

Ha, =—— H =+ A HA, =—— H + A,
t=0 c, 0 0 o 0 0
Ategq. Cfl-oa} Co +Co, Co, C1- o) Co +Co,  Coa,
K, _ G0 (G0 +C505) _ (Co 0, +C o 1C, 0,
! Cfl—oy) " Cpfl —ay)
{Since o, o, both are small in comparision to unity}
Kal el
Kal = Gy T ooy Kaz = {Go, oo, = =T
Kaz O

ClKal 4 CZKag
JCK, +CK,,  JCK, +GK,,

= [HJ] = \‘ClKal ¥ CZKaz

¢ I the dissoclation constant of one of the acid is very much greater than that of the second acid then
contribution from the second acid can be neglected.

[H.I= G Gt

pH of a solution of a polyprotic weak acid -

¢ Diprotic acid is the one, which is capable of giving 2 protons per molecule in water. Let us take a
weak diprotic acid {HA} in water whose concentration is ¢ M.

In an aqueous solution, following equilbria exist.
If

o, = degree of ionization of H A in presaice of HA Kal = first ionisation constant of H A
¢, = degree of ionisation of HA™ in presence of H A Kaz = second ionisation constant of H A
I step I step

HA + HO == HA~ + HO HA™ + HO == A® + HO'

ateg. ol —o) cofl —ay feo, teopon) ateq. cop{l — o) oo, feon oo o)
[HOTIHA™] [Hs0 A %]
K, H0 = —————— = K, (K ) [HO = ———— = K,
[HaA] * RE [HA ] 8
K = fely +eoyon)coy {1 —do) K = fcoly +co Oz Jct tg )]
e cfl —oy) g oty {10l )

[coy (1 +asillog l—dsil

= o oo {1}

[caq il +ag llon

= 1w, fit)

KEnowing the values of Kal K and ¢, the values of o, and o, can be caleulated using equations {i) and

az

({iiy After getting the values of ¢ and @, [HSO*] can be calculated as
[HSDA]T =

Finally, for calculation of pH

e If the total [H,O] < 10 M, the contribution of H_O" from water should be added.

& If the total [HSOJ] > 107% M, then [HSOJ] contribution from water can be ignored.

Using this [HSOj, pH of the solution can be calculated.

ca, + oo,
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(1)

2)

Approximation :

For diprotic acids, K << Kal and o, would be even smaller than o,

agz
1—0&2% 1and1+0',2s:=1

Cotq ¥ O
Thus, equation {i} can be reduced to E, &rok ok

1 1—(11

This is expression similar to the expression for a weak monoprotic acid.
¢ Heance, for a diprotic acid {or a polyprotic acid} the [HSOJ] can be calculated from its first equilibrium

constant expression alone provided K, << K.

SALTS -
Salts are the ionic compounds formed when its positive part {Cation) come from a base and its negative
part {Anion) come from an acid.

Classification of salts -

{1} Simple salts

{2} Normal salt : 1) Acid salts {iiy Basic salts

{3} Double salts

{4} Complex salts

(5} Mixed salts

TYPES OF SALT HYDROLYSIS

Hydrolysis of strong acid - weak base [SA - WB] type salt —

Ex. Cas0,, NH,Cl, (NH,},50,, CafNO,},, ZnCl,, CuCl,, Cacl

2

NHCl + HO == NH,OH + Hd

—_

NH,+CI" + H,O NH,OH + H" + I

NH,” + HO =— NH,OH + H’
Summary :
K K K
(1) Kp=—% Qb= 2= |
Ky, C K, xC
= K, xC
3) [H ]— = (4) pH = - log [H1

1 1
H=7 —pK, - =logC
P 7 2Pb 5 g

Hydrolysis of {WA — SBJ] type salt —
Ex. KCN, NaCN, K,CO,, BaCO,, K,PO,
NaCN +H,0 ———= NaOH + HCN

Na* + CN + H,0 Na* + OH + HCN

CN" +H,O —— HCN+ OH

Summary :

Ky ,K K
(1) Kh:—K 2) h= -8 = | 2w
a C KaXC
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3) [OH] = h= XC g H‘]-,fLWXKa
{3) [OH] = (Ch = K. 4 [H]= C

{5) pH = - log [H]
H=7 ! K 11 C
p 5 PK, + 5 log

{3} Hydrolysis of (WA - WB} type salt -

Ex. NH,CN, CaCO,, {NH,}, CO,, ZnHPO,

> Summary :

K

KW
1) Ky =—%— 2 hZ-\’K = 1‘
{ ) o KaXKb { ) N Kabe

1 1
H=7+— pK - —
p 7 5 PR zpl’ib

{4} Hydrolysis of [SA — SB] type salt —
Ex. NaCl, BaCl,, Na,80,, KOO, etc.
it  Huydrolysis of salt of [SA — SB] is not possible
{iiy Solution is neutral n nature {pH = pOH = 7}
{iiiy pH of the solution is 7

» BUFFER SOLUTIONS :
A solution that resists change in pH value upon addition of small amount of strong acid or base {less than
1 %) or when solution is diluted is called buffer selution.

The capacity of a solution to resist ateration in its pH value is known as buffer capacity and the mechanism

of buffer solution is called buffer action.
Tvpes of buffer solutions

{A) Simple buffer solution

{B) Mixed buffer solution

> SIMPLE BUFFER SOLUTION -
A salt of weak acid and weak base in water e.g. CH . COONH,, HCOONH,, AgCN, NH,CN.

Buffer action of simple buffer solution

1 1
El Tt ol
B 2pa 2pb

> MIXED BUFFER SOLUTIONS .

{a} Acidic buffer solution :

[AT]

H = pK +1
p pK, +log HA]
[Salt]

H=pK +1
P P o9 [Acid]
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(b} Basic buffer solution :

A basic buffer solution consists of a mixture of a weak base and its salt with strong acid. The best known
example is a mixture of NH,OH and NH,Cl.

¢ Condition for maximum buffer action :
[NH4OH] : [NH4C1]
1 1

1
pOH = pK, +logI

pOH = pK, and pH =14 - pK
» SOLUBILITY (s} AND SOLUBILITY PRODUCT (K ) -

This is generally used for sparingly soluble salts. We will be dealing with the solubilities in the following

type of solution.

Solubility product (K, ;:) is a type of equilibrium constant, so will be dependent only on
temperature for a particular salt.

e Simple solubility
Let the salt is A By, in sclution in water, let the solubility in HO = 's' M, then
AB —— xA" +yB”
- XS ys . fxsy fysi= ¥, . 4sf
¢ Condition of precipitation

¢ For precipitation icnic product [IP] should be greater than solubility product ksp.



>

Note :

JEE-Chemistry Handbook

Hectrohtic cell  Elechrochemical o=l

Electrolytic cell : Converts electrical energy into chemical energy

Ancde (+

Cathode :Nap ,+ e — Nafs)

- 1
Anode :Cl__ ,—> EGZ{Q) te

Deposition of material at any electrode follow faraday’s law of electrolysis.
Faraday's F* Law :
w=Zit
M

~ it
W - factor X9 G500

where w = mass deposite {gm)
M = molar mass
i = current {Amp.}
t = time {sec.}

Faraday's second faw :

e

e

.l‘.‘l‘f“.;.l‘lll i |.l.|l.|ll.|;|.ll.|l "'I

e

W
Wt
ittt

Call — (1) 2 &
At any dectrode for material deposited.

W, _ Wy Wi

E, E, E,
Order of discharge potential.
Cathode : Au” > Ag" > Cu” > Zn® > H,O > Al® > Mg” > Na" > Li

1 2 3

Anode : 804 <NOj <H,0 <Cl” <Br™ <I’
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PRODUCTS OF ELECTROLYSIS OF SOME ELECTROLYTES

S Electrolyte Electrode Product obtained Product obtained
No. at anode at cathode
(il Aqueous NaCl Pt or Graphite Cl, H,
{ii} Fused NaCl Pt or Graphite Cl, Na
it} Aqueous NaOH Pt or Graphite O, H,
{1 Fused NaOH Pt or Graphite 0, Na
Y Aqueous CuSO, Pt or Graphite 0, Cu
i) Dilute HCl Pt or Graphite Cl, H,
{uii Diute H 80O, Pt or Graphite 0, H,
fviii} Aqueous AgNO, Pt of Graphite 85 Ag
» Electrochemical Cell : converts chemicalre.%rgy into electrical energy.
(=
ie_ ! ie_

Zn—>Znt+ 28 Qi+ 2e —>
(Qridation) (Quidation)
Ancde Cathode
e terminal (+ve) terrrinal

B AR 1 Y <

Anode Salttridge Cathede
) ECsII 3 SRPcathods - SRPAnods
= SRP{atﬁodg + SOP&I anode

Half cell reaction -

Anode: Znis) ——  Zn'? + Ze

[aq.)

Cathode : Cu/Z |+ 2e —> Cus

» Cell reaction : Znis) + Cu? ,—— Zn', + Cufs)

[Zn*]
Q: [Cu+2];n:2
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B 0.0591
B ™ gy = —_— 1090 at 298 K
> Max electrical work done = nFE = -AG

glectrical work done = nFE = -AG

DIFFERENT TYPE OF EL ECTRODES/HALF CELL

Tvpe Example Half-cell reaction Electrode potential
{reduction}
o _ 0.0591
Metal - Metal jon M/ M™ + nee —5 Mfs} E=F + fog M)
Gas - ion Pt /Hz (P atm} Hfag) + e
1 .JP
/ H* (XM) —  H, (P atm) E=E - 0.0591 log [H—”]
[Fe™"]
Oxidation - reduction| Pt / Fé* |, F&™* F&* + e — F* E=F — 0.0591 log Fo™]
Metal - Ag/AgCl, CT AgCl (s) + € Eorsascizan = Eor/agei ag
insoluble salt Anion — Ag s} + CF —0.0591 log [Cl]
Calomel electrode Cl{aq)/Hg/Hg,(Cl, Hg,Clfs} + 2e E=E -0.0591 log [CI]
—3 ZHgfl) + 2CT (aq.)

> Gibb's Helmhaltz equation :

OAG
AG = AH + T[?_
OAG
=5 AH = -nFE + nFT {ﬁl
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"THE ELECTROCHEMICAL SERIES’

Element Electrode Reduction Reaction Standard electrode Reduction
potential E°, Volts

Li Li'+e— Li - 3.05

K K'+e 5 K - 2.93
Ba Ba” + 2¢ — Ba - 2.90
Ca Ca* + 26 — Ca - 2.87
Na Na" + e — Na 2.7l
Mg Mg™? + 2¢ — Mg - 2.37
Al Al” + 3¢ - Al - 1.66
Mn Mn* + 2Ze" - Mn -1.18
H,0 Z2H,0 + 2¢ — H,+ 20H - 0.828
Zn /n + 2¢ — /n - 0.76
Cr Cr® + 3¢ - Cr - 0.74
Fe Fe” + 2¢° — Fe - 0.44
Cd oA+ 26 = d - 040
Ni Ni¥ + 2¢ — Ni - 0.25
Sn sn” + 2¢ > Sn - 0.14
Pb Pb™ + 28 > Pb - 013
H, 2H' + 2¢ > H, 0

Cu Cu®+ 2¢ - Cu +0.34

I I +2¢ -2 + 0.54
Hg Hg,” + Ze — 2Hg + 0.79
Ag Ag'+e — Ag + 0.80
Hg Hg™ + 2¢° — Hg + (.85
Br Br, + 2¢ — ZBr + 1.08
0, O,+ 4H' +4¢ - 2H,0 + 1.229
el Cl, + 2e — 2CI +1.36
Au Au” + 3e 5 Au +1.50
F, F, +2¢ — 2F + 2.87
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CONDUCTION IN ELECTROLYTES

Conductance Specific Molar
Conductivity Conductivity

Symbol C x Am

Unit a £r! em? €1 emPmol!

Specific conductance of conductance of conductance of that
volume within unit volume volume which contain
electrode exactly one mole

Change with decrease with Decrease with Increase with in

concentraction | decrease in decrease in decrease in
concentration concentration concentration

F 1 = L o A= K il

ormula %G & Ny =
k=C cel constant] YV = Volume of solution
contain 1 mole of eectralyte
Factors {it nature of {it nature of {1} nature of electrolyte
electrolyte electrolyte {ii} concentration
{ii} concentration {ii} concentration of dectrolyte
of electrolyte of dectrolyte
{iii} Type of cell.

» KOHI RAUSEH'S LAW
AZ(A,B) =xAZ +yA”
AZIK,80, =207 + 47
AZ(Na PO, ) =347 +2°
A%[Fe,(50,),]= 247 + 322

> FORMUILA

1) R= 4
P A
1000
2 A =k —
o M
1000
{B)lm_:kx—ﬁg—

{) for strong electrolyte h_ = A, - b.JE
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(3)

(4)

LIQUID SOLUTION

P —

Vapour Pressure : Pressure of any volatile substance at any given temperature.

TT= vr T
Attractive forces T = VP

Raoult’s law -

Non volatile solute and volatile solvent solution.

¥ B = Non wdatile sdid
P.=0
PA = P;XA

Colligative Properties : Properties depends on no. of partides of Non volatile solute in solution.

No. of partide of T: th@ue‘[

Non wdatile sohute Properties
{1} Relative lowering of V.P. .
P; -P, _— Ng - 1&
P n, +ng Ng

Where n, = mole of Non-volatile sclute.
i = Vant Hoff’'s factor.
{2} Elevation in B.P. :
AT, = (T, -T)=1k m.

RTS

where K, = T000x7,

where T, = B.P. of pure solvent.
£ = latent heat of vapourization per gm
K, = molal elevation constant

M = molar mass

_(AH,, VP,
where £ —[ "] AT, = (T —T)

M

Depression in FP.
AT,=T, -T/ =ik m

RT/
where 1—{{ T A
1000 £,

T, = f.p. of pure solvent

k, = molal depression contsant
£, = latent heat of fusion per gm.
Osmotic presssure -

P.=P_.==

ne (P -Ps) Hbd o
Schaicr sobvert

n=1iC. 8T b sl
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where m = osmotic pressure
C = molarity {mole/lit)
8 = R = const. for solution.

Sol.{1} Sol {2)
If T, = T, Isotenic
If = 1 > m, { ﬁt,(g I S

Van't Hoff factor for different Cases of solutes undergoing lonisation and Association :

Solute Example lonisation/association v* | van'thoff abnormal
{x degree) factor mol. wt. {m;)
Non- urea-glucose, none 1 . normal mol.wt.
electrolyte sucrose etc. {rm,}
Bi NaCl, KCl, HCI | AB——=A"+B" 2 1+ =R
inary all, ] s Y ] { X T )
electrolyte CH_COOH,
AB” FeS30, etc.
A,B——2A*+ B> T
Temary K,80,, BaCl, 2 2 i 3 i1+2x) d+2x)
dectrolyt [Fe{CN) ] AB, —— A%+ 3B" 4 {1+3x) 1
ectrolyte K [Fe s & 5 b X i +3%)
A,B, AB, FeCl,

Associated benzoic acid 2ZA —A

;| ) | =
2 2 2 ) {2—x}
Solute in berzene

—\_Az

forming dimer G —
g (1=x) 2z

I,
1 1 1
any solute nA —— A = 1+|=-1|x 1+|=-1|x
n n n
i A —‘\71}%
forming A ol
polymer A_
m,
General one mole of A——yB Y [1+y-1)x] [ +{y—1)]

solute giving

v mol of products

* number of products from one mole solute
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Raoult’s law -
{1} Volatile binary liquid mix :
Volatile lig. A

Mole fraction XA/YA

V.P. of pure lig.

Binary liquid solution :

B
XB/YA = lig/vapour
B

Pa

By Raoult's law = PT=P;XA
By Dalton’s law = P, = Y, P,
PB = YBPT

Ideal and Non-Ideal solution -

)t

Vr

EZE"F

Ideal solution :
V=V +V}

Non-ldeal solution :
Solution showing +ve deviation -
F<F &F,

H > 0

=olution

Vo>V, + =5

Solution showing —ve deviation :
= F>F &F,

= V<V, )

= AH

=olution

=olution
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DEVIATION FROM RAOULT'SILAW

Positive deviation Negative deviation Zero deviation
(& =+ve) (AH=ve} (AH=0}
{i) ethanol + cyclohexane acetone + chloroform benzene + toluene
{iiy acetone + carbon disulphide | benzene + chlorform n-hexane + rn-heptane
{iif acetone + benzene nitric acid + chloroform ethyl bromide + ethyl iodide
fiv) ethanol + aceton acetone + aniline chlorobenzene + bromo
benzene
v ethancl + water water + nitric acid
fudh carbon tetrachloride diethyl ether +
chloroform chloroform

» Azeotropic mixtures :

Some liquids on mixing form azeotropes which are binary mixture having same composition in liquid and
vapour phase and boil at a constant temperature. Azeotropic mixture cannet be separated by fractional

distillation.
> Tupes of Azeotropic mixtires
{i} Minimum boiling Azeotropic mixtures
The mixture of two liquids whose boiling point is less then either of the two pure components. They are formed

by non-ideal solutions showing positive deviation. For example {95.5%) + water {4.5%) + water boils at
351.15 K.

fii} Maximum boiling Azeotropic mixtures
The mixture of two liquids whose boilling point are more than either of the two pure components. They are

formed by non-ideal sclutions showing negative deviation. For example HNO_ (68%) + water {32%) mixture
boils at 393.5 K.
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> Various type of Criptals :

SOLID STATE

I——

Some Important Characteristics of Various types of Crystals

gases

Characteristics fonic Crystals Covalent Molecular Metallic
Crystals Crystals Crystals
Units that Cations and Atoms Molecules Positive ions in a
occupy lattice anions "sea or pord" of
points electrons.
Binding Electrostatic Shared vander Waals Electrostatic
forces attraction electrons or Dipole- attraction between
between ions dipole positively charged
ions and negatively
charged electrons.
Hardness Hard Very hard Soft Hard or soft
Graphite
Brittleness Brittle Intermediate Low Low
Melting point High Very high Low Varying from
moderate to high
Electrical Semi cond- Non-con- Bad Good conductors
Cordluction uctor due to ductor conductor
crystal impe- Graphite
rfections,con- is good
ductor in fused conductor
state
Solubility in Soluble Inscluble Soluble as Good corductors
Polar solvents well as
insoluble
Heat of NaCl{s Graphite NH,_{s} Cufs)
Vaporisation 170-75 718-43 23.55 304 .59
i mol™)
Heat of Nadll - NH,, (s} Culs}
fusion 28.45 - 5.65 13.016
ki mol™)
Example NaCl, KNO, Diamond, H,Ofs}, Na, Cu, Ag, Fe,
CsCl, Na,80, graphite, CO,fs), Pt, alloys
ZnS Quartz Sulphur,
(S0, }, Sugar,
SiC Iodine noble
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THE SEVEN CRYSTAL SYSTEMS

Name of Axes Angles Bravais Lattices
System
7. Cubic a=b=c o¢=p=7=90° Primitive, Face-centred,
Baody centred = 3
Z. Tetrageonal a=b#c e=p=y=90° Primitive, Body centred = 2
3. Rhombohedral a=b=c a=p=7 = 90° Primitive = 1
or Trigonal
4. Orthorhombic azb# ¢ a=p=7=90° Primitive, Face-centred,
or Rhombic Body centred End centred = 4
4 Monoclinic azbzc a=v=90% Primitive, End - centred = 2
p = 90°
6. Triclinic azb#c a=pPEys 90 Primitive = 1
7. Hexagonal a=b=#c a=p=90 Primitive = 1
v=120 Total = 14
CUBIC UNIT CELL
Unit cell Relation Packing Co-ordinatin Effective number
between fraction number of particle
rand a
Simple cubic r= % 52.4% 6 1
Body centred
3
cubic - 23 68% 8 2
4
ay2
Face centred i 1 74 % 12 4
cubic
Density - d = A ~ gm/cm?
N, a

Where Z = effective number of partide
M= mdar mass
N, = Avogaredro's number
a = edge length {cm)
Three dimensional close packing :
> Hexagonal close packing (HCP) -
Effective number of particle = 6
Effective number of octahedral void = 6
Effective number of tetrahedral void = 12
Packing fraction

= 74% ; co-ordnation number = 12

r 2
o 3
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ABABAB...

6 fold axis
A
B
—_ A |
3
A

or hexagonal close packing (hep) of spheres

Coordination number of hep and cep structure

>

Cubic close packing (CCP) -
Effective number of particle = 4
Effective number of octahedral void = 4
Effective number of tetrahedral void = 8
Packing fraction = 74% ;

co-ordination number =12

av2

4

=r

Different type of voids and their radius ratio :

Limiting radius ratio for various types of sites

Limiting radius Coordination Structural Example
ratio = r/R Number of cation Arrangement
{Geometry of voids)

0.155 - 0.225 3 Plane Trigonal Boron Oxide
0.225 - 0.414 4 Tetrahedral Zn8, 810,
0.414 - 0.732 4 Square planaer -
0.414 - 0.732 (&) Octahedral NaCl, MgO,
0.732 - 1.000 8 Cubic CsCl
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&

Br—R({l &2)

Be—R{Z &3)

HO—Cc—CH,

AL

CH—CH—X[F>OBL
H—~H—ABO0: 38:1]

%QEK

» CH—CH—Br [1600:82: 1]

B>2>1) Ci—ai—SoH« A5G, gt )
a—L—m+c—u—a—L—M<L/u\T’ T

H.5G,400

o gIF

o Cr,0,/AL,0,
Aromatization : C : Cr;05/ AL 0y @_CH
3
P 500 C

Isomerization -

Anh Al Anh AlCI
S
Anh AlCI, )\ CH,(CH,),CH, — —— CHY{CH ), CH

—_—
N TTha i
sooctane

Combustion :
3n+1

{(Triptane) (2,2, 3-trimethyl butane)
Pyrolysis:

0, —*—>nCO, +in+1}H,0 2CH, — CH, — CH, —A—>CH, — CH = CH, + CH, — CH, + CH, +H,

CnHZn*—Z
CH, +20, - CO, +2H,0 CH, — CH, — CH, — CH, —s=—CH, — CH, — CH = CH,

CH, — c1—13+%oz—>2coz+31-lzo AR R Fr
frmertion: L O . Q, Quivbe
-G o= OO O e
1
p— GE-C—H
NL/Stesar » GO
H_o:nqm_/
awidation: CH, KVHO), H,
HO—C-H — = HO—C—an



Nutshell Preparation of
Al KENE
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HSO/A o H,/PdBaSO,
R“.}I_G‘Is — Tirelor Cotahd HC-CC-OH,
CH e (cin Allene)
X Alc, KOH D NG HC-CEC-
R-CH,-CH, TIX / Erd'xBrachdim Ha
0%:Q, Br,)—>Satzeff Ruie R—CHZCHZ H
X X PhP=CEH, {ylides)
! ! “lﬂhReadicn O=C'R
R-CH—CH, H
I |
R-C-O-GO 5 GOFR
O i A
Hoffrrewm Ride (G_B'CHZ)‘*
R—C—C—CK Kolbe _electrolysis BAl pe=ara
R—C-C-0K®
Hao
Himination Reacti
EL 2 &FECB
B ., H
HC-GH-OH-GH,
B Y
l | t
HC GGG, HC QL a=ad
allsane 1s mejor product “mll'odn
A - Hoffrren Rule
LB, Q, OTs, CBS In presence of bullsy base
® in preserce of base Nnmnembﬂygtamq
CH /MO /EO et +
(Alc. KCH) When y; is NMe,/CH/ A
&1 (hars tods) . SR,/B /A
Y : OH/Cone. HSO,/A il
: OH/HPO/A PG
: GH/ALO,/A o
: CH/R,O, or ZrCl,/A : F / Base
: Porclysis of ester
Y: GH/ThQ/A
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Nutshell reaction of Alkene

i a =
O,/800C B T
CH-OHCH, oo TR O CH,
ayatral, «—— B HoQrai— o O-H
HC-GH—CH, e b4 -G
N/ A Br
dy, A1 ackiiion of Br,, a
ALESO) k> o, dbrorrice NeCl ;
Q, *Regicsdectindy I
{Comstion) QOHHO +———
A Merkouriloff Fude (M} . H_,,C-I o
Br
H
B/ THF FLO,NaOF 1
B 8 b [ g @GR rahB ch-c'}l—é}lg
HO- OO — = . H
a - » HC-CH-OEH
x ol
HO-CH-OHy Br +———— oy <!
a P HC-O+aED
l—gc—c-l—a—lz—a—-—n
¢ a—No | |oomso,
HO-OHF N0 |oaaciono, 0, $7 Snaddto)
& & 4 HOC-CH-CH, ds—> mesoida)
HO-CH-CH-Q 4 H-O~d {Beyr's Rengerd) trans — ol ()
1
aH %OyAg/A /N m oH
X e s ux | emempHO GG HO-GHGY,
I—]SC'G—I—G—E H:Bo-a_l-a_ls Her, O H Epcadcadion
Merhcsunikoff Ruis) (Anit addition)
(s reerrengement aoor'gy FHC-CH— ' Q, | 1 HCCH H, —
Rate EAR : R,O~CR, > RO=CHR > RCH=CHR > R—CH=CH,>» GHL=CH, » HC—GH—a cl)_cl)
Ardl Mendaosanileoff Rule ) ; H-Br (o] o
Py TUC O OB S HOCH+ HEH e —
~H
OH O C-CH—CH, o P HO,
I Sy RO, C-C-H + HC-CH +———
HO-CH—CHe—— C;émc ReoHn
I_ml-l-o 2 HC-C-HT HC-OH
NeBH, 5, |, =
HC—a1—ag, oo H oo
t, I
o R oo, HCOFaL
HC-CaHO+AHOY 47 | H
O, Hooa,
ClI_L Le | ] (I:I> . +
I—gC-C=l(I_:l-R—-—- HC- GO+ R-C-CH & =c jese)
O I_lsc.a_l_q_ls—bl—%C'G-l—G-g
B O OH
i NBS
oz pez=lazh HC-OHH,

( )
(H—aar)
«»
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