JEE-NEET Chemistry Formula Book

MOLE CONCEPT

SOME USEFUL CONVERSION FACTORS

e 1A=10"""m, 1nm=10"°m

e 1pm=10"1’m

o llitre=10"3m3 =1dm3

e 1atm= 760 mmor torr
=101325Paor Nm™2

e 1bar=10°Nm=2 =10° Pa

e 1 calorie=4.184J

e 1 electron volt(eV) = 1.6022 x 10719J

e (1J=107 ergs)
e (lcal>1d>1lerg>1¢eV)

ATOMIC MASS OR MOLECULAR MASS
Mass of one atom or molecule in a.m.u.
C - 12 amu

H>O - 18 amu

ACTUAL MASS

mass of one atom or molecule in grams
C->12x16x10"% g
H,O -»18 x 1.6 x 1072* g

RELATIVE ATOMIC MASS OR RELATIVE MOLECULAR MASS

Mass of one atom or molecule w.r.t. 1/12th of 2C atom

C->12
H-O - 18

It is unitless
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GRAMS ATOMIC MASS OR GRAM MOLECULAR MASS

Mass of one mole of atom or molecule
C->12g
H,O - 18 g

It is also called molar mass

DEFINITION OF MOLE
One mole is a collection of that many entities as there are number of atoms exactly in 12 gm of C-12 isotope.

The number of atoms present in exactly 12 gm of C-12 isotope is called Avogadro’s number

[N,= 6.022 x 10%3]
lu=1amu=(1/12" of mass of 1 atom of C1? = ;—g = 1.66 X 107%*g
A

For elements

1 gatom = 1 mole of atoms = Na atoms

+ g atomic mass (GAM) = mass of Na atoms in g.

Mass (g)

» Mole of atoms =
GAM or Molar mass

For molecule

« 1 g molecule = 1 mole of molecule = Na molecule
+ g molecular mass (GMM) = mass of No molecule in g.

Mass (g)

» Mole of molecule =
GMM or Molar mass

For ionic compounds

1 g formula unit = 1 mole of formula unit = Na formula unit.
g formula mass (GFM) = mass of Na formula unit in g.

Mass (g)

» Mole of formula unit =
GFM or Molar mass

1 mole of substance

e Contains 6.022 x 10?® particles
e Weighs as much as molecular mass / atomic mass/ionic mass in grams
If it is a gas, one mole occupies a volume of 22.4 L at 1 atm & 273 K or 22.7 L at STP

Average or mean molar mass

. . . M1nq + Manp + ...
The average molar mass of the different substance present in the container Mg, = %

Here M1, M, are molar mass of substances and n1, nz are mole of substances present in the container.
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DENSITIES

Mass

Density =

Volume

Density of any substance

Relative Density =

Density of reference substance

VAPOUR DENSITY

Ratio of density of vapour to the density of hydrogen at similar pressure and temperature.

Vapour density = M
([ Molariym) ]
V(L) X V(L)
. Ol > { Number‘:)f — 22.7 L mol Volume of gas (in L)
mass in (g) < Mol > at STP
x molar mass \ ones () x22.7 Lmol™"
<N, > N,
[ Number of Particles]
STOICHIOMETRY BASED CONCEPT
aA +bB - cC +dD
. a,b,c,d, represents the ratios of moles, volumes [for gaseous] molecules in which the

reactants react or products formed.
. a,b,c,d, does not represent the ratio of masses.
. The stoichiometric amount of components may be related as

Moles of A reacted B Moles of B reacted _ Moles of C reacted B Moles of D reacted

a b c d
o Amounts may also be related using POAC method. Moles of reactants and products may

be related directly using conservation of suitable atoms.

O [Concept of limiting reagent]

If data of more than one reactant is given then first convert all the data into moles then
divide the moles of reactants with their respective stoichiometric coefficient. The reactant
having minimum ratio will be L.R. then find the moles of product formed or excess reagent
left by comparing it with

L.R. through stoichiometric concept.
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PERCENTAGE YIELD :

In general, when a reaction is carried out in the laboratory we do not obtain actually the
theoretical amount of the product. The amount of the product that is actually obtained is called
the actual yield. Knowing the actual yield and theoretical yield the percentage vield can be
calculate as :

Actual yield x
Theoretical yield
The percentage vield of any product is always equal to the percentage extent of that reaction.

% yield = 100

DEGREE OF DISSOCIATION, (a) :

It represents the mole of substance dissociated per mole of the substance taken.

My—M
(n—-1).M

A = n particles; a =

where, n = number of product particles per particle of reactant

M, = Molar mass of ‘A’
M = Molar mass of final mixture

Dissociation decreases the average molar mass of system while association increases it.
PERCENTAGE PURITY :

The percentage of a specified compound or element in an impure sample may be given as

Actual mass of compound

x 100

% purity =

Total mass of sample

If impurity is unknown, it is always considered as inert (unreactive) material.

PERCENTAGE DETERMINATION OF ELEMENTS IN COMPOUNDS

Mass % of an element in a compound

__ atomicity of an element X atomic mass of an element

x 100

molecular mass of compound

Methods for organic compounds :
(a) Liebig's method : (For Carbon and hydrogen)

(w) Organic Compound %*(Wl)C 0, + H,0(wy)
%ofC="2x2%x100; %ofH="22x2x100
44 w 18 w

where w; = wt. of CO, produced, w, = wt. of H,0 produced,
w = wt. of organic compound taken

(b) Duma's method : (for nitrogen)
(w) Organic Compound _2, N, = (P, V, T given)

CuO
use PV = nRT to calculate moles of Ng, n.
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n X
* %of N = X 100

(¢) Kjeldahl's method : (for nitrogen)

NaOH
(w) 0.C.+H,S0, —» (NH,),S0, = NH; + H,S0, — [molarity and volume (V in L)
consumed given]

MV X2x14

= %of N= x 100

where M = molarity of H:SO4. Some N containing compounds do not give the
above set of reaction as in Kjeldahl's method.

(d) Sulphur :
(w) 0.C.+HNO3; —» H,SO, + BaCl, - (w;) BaSO,
— W1 32
= %ofS—z33><W X 100%

where w; = wt. of BaSO4, w = wt. of organic compound

(e) Phosphorus :
0.C + HNO; - H3;P0, + [NH3 + magnesium ammonium molybdate] =

A
MgNH,PO, — Mg,P,0,

w 2X31
% of P :lex

x 100

w

® Carius method : (Halogens)
O.C. + HNOs + AgNO3; = AgX

If X is Cl then colour = white
If X is Br then colour = dull yellow
If X is I then colour = bright yellow

Flourine can't be estimated by this

wq 1><(At.wt.ofX)><

0 =
hof X (Mol.wt.ongX)>< w

100

EMPIRICAL AND MOLECULAR FORMULA

Empirical formula : Formula depicting constituent atoms in their simplest ratio.

Molecular formula : Formula depicting actual number of atoms in one molecule of the
compound.

The molecular formula is generally an integral multiple of the empirical formula.
ie. molecular formula = empirical formula x n

molecular formula mass

where n = —
empirical formula mass
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EXPERIMENTAL METHODS TO DETERMINE ATOMIC & MOLECULAR MASSES

For determination of atomic mass :
Dulong’s & Petit’s law :
Atomic weight of metal x specific heat capacity (cal/gm°-C) ~ 6.4.

It should be remembered that this law is an empirical observation and this gives an
approximate value of atomic weight. This law gives better result for heavier solid elements, at
high temperature conditions.

Experimental methods for molecular mass determination.

(@)

(b)

Victor Meyer’s Method :
Victor -Mayer’s method is used to determine molecular weight of volatile compound.

Silver Salt Method :

gNO3  Silver Salt Ignite  Ag
(w gm) (x gm)

108xnW

A
Organic acid (H,A) —

108W

Molar mass of acid = —n><108+n><1=n( ”

- 107) gmol ™!

Chloroplatinate Salt Method :

H,PtCl, Ignite

_ B B (H s Pt
O B base cenc. HCl BQ( 2PtC]6)n )
ke Phtinic chibridesalt (xgm

(Acidity=n) (W gm)

Molar mass of base = %(Molar mass of salt — n x Molar mass of H,PtClg)
1(Wx195xn _n(wx195 -1
(22— n x 410) = 2(*22E - 410) gmol

2
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CONCENTRATION TERMS
Concentration Mathematical Concept
Type Formula

Percentage by mass

w Mass of solute X 100
0 (2) - Y

w Mass of solution

Mass of solute (in gm) present

in 100 gm of solution.

Volume percentage

v Volume of solute x 100
%(3) =

Volume of solution

Volume of solute (in cm?®)

present in 100 cm?®
of solution.

Mass-volume
percentage

wy Mass of solute X 100
0(2)- |
Volume of solution

Mass of solute (in gm) present
in 100 cm? of solution.

Parts per million

Mass of solute x 10°
Mass of solution

ppm =

Parts by mass of solute

per million parts by
mass of the solution

Mole fraction

Mole of A

X, =
47 Mole of A+ Mole of B+ Mole of C+..

Mole of B

Xs =
B~ Mole of A+ Mole of B+ Mole of C+..

Ratio of number of
moles of one component

to the total number of
moles.

Mole of solute

Moles of solute

Molarity ™ Volume of solution (in L) in one liter of solution.
. Mole of solute Moles of solute in one
Molality Mass of solvent (Kg) kq of solvent
0O MIXING OF SOLUTIONS :

It is based on law of conservation of moles.

(i) Two solutions having same solute : Final molarity =

(ii) Dilution Effect : Final molarity, M, =

MV
VitV,

Total moles _ M,Vi+M,V;

Total volume Vi+V,
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VOLUME STRENGTH OF H9O9 SOLUTION :

Labelled as 'volume H202’ means volume of O (in litre) at 1 bar & 273 K that can be
obtained from 1 litre of such a sample when it decomposes according to

2H202 i 2H20 + 02

Volume Strength of H2O; solution = 11.35 x molarity

PERCENTAGE LABELLING OF OLEUM :

Labelled as '% oleum' means maximum amount of H.SO4 that can be obtained from 100 gm
of such oleum (mixture of Ho:SO4 and SOs3) by adding sufficient water. For example, 109 %
oleum sample means, with the addition of sufficient water to 100 gm oleum sample 109 gm
H>SO; is obtained.

% labelling of oleum sample = (100 + x)%

x = mass of H,0 required for the complete conversion of SO5 in H,S0,

% of free SO5 in oleum = (%0 X x) %

EUDIOMETRY

Some basic assumptions related with calculations are:

Gay-Lussac's law of volume combination holds good. According to this law, the volumes
of gaseous reactants reacted and the volumes of gaseous products formed, all measured at
the same temperature and pressure, bear a simple ratio.

N, (9) + 3H (9) » 2NH3 (9)

1vol. 3 wvol 2 vol.

Problem may be solved directly is terms of volume, in place of mole.

The stoichiometric coefficients of a balanced chemical reactions gives the ratio of volumes
in which gaseous substances are reacting and products are formed at same temperature and
pressure.

The volumes of solids or liquids is considered to be negligible in comparison to the volume of
gas. It is due to the fact that the volume occupied by any substance in gaseous state is even
more than thousand times the volume occupied by the same substance in solid or liquid
states.

2H9 (g) + O9 (g) = 2H2O())
2 mole 1 mole 2 mole

2 vol. 1 vol. 0 vol.

Air is considered as a mixture of oxygen and nitrogen gases only. It is due to the fact that
about 99% volume of air is composed of oxygen and nitrogen gases only.

Nitrogen gas is considered as an non- reactive gas.

The total volume of non-reacting gaseous mixture is equal to sum of partial volumes
of the component gases (Amagat's law) .

V=V]+Vy 4.
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Partial volume of gas in a non-reacting gasesous mixture is its volume when the entire
pressure of the mixture is supposed to be exerted only by that gas.

The volume of gases produced is often given by certain solvent which absorb contain gases.

Solvent Gases absorb
\KOI-I COg, SO, Cl;
Ammonical CuzClz CO
Turpentine oil Os

Alkaline pyrogallol 0,

water NHs, HCI
FuSO4/ CaCly H2O
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ATOMIC STRUCTURE

IMPORTANT DEFINITIONS

Proton (m,) /anode rays

e mass =167 x 10 kg

e mass=167x10%g

e mass = 1.00750 amu

e e/m value is dependent on the nature of gas taken in discharge tube.

Neutron (my)
e mass=167x10% kg

o mass=167x10" g
e mass = 1.00850 amu

Electron(mg) / cathode rays

e mass=9.1x10" kg

e mass=9.1x10" g
e mass = 0.000549 amu
e ¢/m of electron is found to be independent of nature of gas & electrode used.

REPRESENTATION OF AN ELEMENT

Mass number —= | A Symbol
«— ofthe
X element

Atomic number —3 | Z

Terms associated with elements :

e Atomic Number (Z) : = No. of protons
Electron = Z — C (charge on atom)
e Mass number (A) =Total number of neutron and proton present
A = Number of proton + Number of Neutrons
e Isotopes : Same atomic number but different mass number

Ex. : 6C12, 6C13, 6C14
e Isobars : Same mass number but different atomic number
Ex. 1H3, 2H€3

e Isodiaphers : Same difference of number of Neutrons & protons

Ex. ;B! (C!3
e Isotones : Having same number of neutron

Ex. 1H3, 2H€4

10
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e Isosters: They are the molecules which have the same number of atoms & electrons
Ex. CO., N:O
e Isoelectronic: Species having same no. of electrons

Ex. Cl~, Ar

ATOMIC MODELS

e Thomson : An atom considered to be positively charged sphere where e is embedded inside
it.
¢ Drawback : Cannot explain stability of an atom.
¢ Rutherford Model of an atoms :
Electron is revolving around the nucleus in circular path.
Ry = Ro(A)Y3,Ry =133 x 1073 cm
[A = mass number, Ry = Radius of nucleus]

SIZE OF NUCLEUS

e The volume of the nucleus is very small and is only a minute fraction of the total volume of the
atom. Nucleus has a diameter of the order of 107*? to 10™*® cm and the atom has a diameter of
the order of 10® cm.

e Thus, diameter (size) of the atom is 1,00,000 times the diameter of the nucleus.

ELECTROMAGNETIC SPECTRUM

¢ RW- MW - IR - Visible » UV - X-rays - CR (Radiowaves — Microwaves — Infrared rays —
Visible rays — Ultraviolet rays — X-rays - Cosmic rays)

Wavelength decreases >
e Frequency increases >
c — 1 v
o cc=vA A== V=-=-
1 ‘he roe
-T=- *E=—=hy, h=6.626Xx 107345 * E(ev) =
12400
A(A)

* Total amount of energy transmitted E = nhv = nThC

BOHR’S ATOMIC MODEL

Theory based on quantum theory of radiation and the classical laws of physics

K(Ze)(e) _ mv*
r2 Ty
nh

° mvr=§ormvr:nh

e Electron remains in stationary orbit where it does not radiate its energy.
Z o

e Radius : r =0.529 x %A

e Velocity : v = 2.188 x 106§ms—1

e Energy (KE + PE)

2
= Total energy = —13.6 X %eV/atom

KZe? PE — —-KZe? KE = KZe?

2r r ' 2r

[ ) TE:—




JEE-NEET Chemistry Formula Book

PE = —2KE,KE = —TE,PE = 2TE
Revolutions per sec = —
2nr oy
Time for one revolution = -
Energy difference between n; and nz energy level
1 1 1 1
AE = E,, — E, =13.6Z> (F — P) eV/atom = IE x <P — —2>

n
1 " 1 N2
where IE = ionization energy of single electron species.

Ionization energy = E,, — E;5 = 0— Egg
E; s = Energy of electron in ground state

HYDROGEN SPECTRUM

Rydberg’s Equation : % =V =Ry [ni% — ni%] x 72

Ry = 109700 cm™! = Rydberg constant

For first line of a series nz = ny + 1

Limiting spectral line (series limit) means n, = o

H, line means nz = n+1; also known as line of longest 4, shortest v, least E
Similarly Hg line means nz = ni + 2

When electrons de-excite from higher energy level (n) to ground state in atomic sample, then
n(n-1)

number of spectral lines observed in the spectrum =

When electrons de-excite from higher energy level (n2) to lower energy level (n;) in atomic

sample, then number of spectral line observed in the spectrum = (nz_nl)(;lz_nlﬂ)

No. of spectral lines in a particular series = n, — n,

n=1

KE®

i
PE®

N A
B 7 °

Ground I'E.S 2"E.S 3ES  4"ES
State  (Excited State)

DE-BROGLIE HYPOTHESIS

All material particles posses wave character as well as particle character.
h _h

mv  p
The circumference of the n'" orbit is equal to n times of wavelength of electron i.e., 2rr;, = nd
Number of waves = n = principal quantum number

12
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150 ¢

e Wavelength of electron (1) = V(volts)A
[} /1 = h
ZmKE

HEISENBERG UNCERTAINTY

e According to this principle, “ it is impossible to measure simultaneously the position and
momentum of a microscopic particle with absolute accuracy”
If one of them is measured with greater accuracy, the other becomes less accurate.
h h
o Ax-Ap = an Oor (Ax)(Av) = py—
where Ax = Uncertainty in position
Ap = Uncertainty in momentum
Av = Uncertainty in velocity
m = mass of microscopic particle
e Heisenberg replaced the concept of orbit by that of orbital.

QUANTUM NUMBER

¢ Principal Quantum number (By Bohr)
= Indicates = Size and energy of the orbit, distance of e~ from nucleus
= Valuesn=1,2,3,4,5.........c...........
h
= Angular momentum = n x P
= Total number of es in an orbit = 2n?
= Total number of orbitals in an orbit = n?
= Total number of subshell in an orbit = n

¢ Azimuthal/Secondary/Subsidiary/Angular momentum quantum number (#)

= Given by = Sommerfeld
= Indicates = Sub shells/sub orbit/sub level
= Values=>0,1.............. (n-1)
= Indicates shape of orbital/Sub shell
Value of n Values of £ [Shape] Initial from word
Eg. £ = 0 (s) [Spherical] Sharp
Ifn=4 £ =1 [p] [Dumb bell] Principal
£ = 2 [d] [Double dumb bell] | Diffused
£ = 3 [f] [Complex] Fundamental

Total no. of e” s in a suborbit = 2(2] + 1)

Total no. of orbitals in a suborbit = (21 + 1)

Orbital angular momentum = ,/#(¢ + 1) % = /(£ + Dh
h = Planck's constant

= For H & H like species all the subshells of a shell have same energy.
ie. 2s=2p 3s=3p=23d

Uy

e Magnetic Quantum number (m)
= Given by Linde
= Indicates orientation of orbitals i.e. direction of electron density.
= Valueofm=-¢.............0..............+ ¢
= Maximum no of e's in an orbital = 2 (with opposite spin)

13
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m for p sub shell = p, p, P.

-1 +1 0
L,

m for d sub shell = dxy  dyz  d7° dxz  dx’-y*

Spin Quantum Number (m; or s)
Given by Uhlenback & Goudsmit Values of s = i%

Total value of spin in an atom = i% X number of unpaired electrons

Spin Angular momentum = /s(s + 1) %

RULES FOR FILLING OF ORBITALS

Aufbau principle : The electrons are filled up in increasing order of the energy in subshells.
1522s%2p°3s?3p°4s73d %4 p°55°4d 05 p°6s?4f145d 6 p° 75251 46d 0

(n + #) rule : The subshell with lowest (n + ¢) value is filled up first, but when two or more subshells
have same (n + £) value then the subshell with lowest value of n is filled up first.

Pauli exclusion principle : Pauli stated that no two electrons in an atom can have same
values of all four quantum numbers.

Hund's rule of maximum multiplicity : Electrons are distributed among the orbitals of subshellin sucha
way as to give maximum number of unpaired electrons with parallel spin.

14
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— ——A

CHEMICAL EQUILIBRIUM

REACTION\
Reversible Irreverssible
Reaction Reaction
(1). K. not very large (1). K.>>1
or very smrall
(2). BothRand P (2). A >>>[R
present at at equilibrium
equibilirium
(3). R and P stability (3). Stablility P>>> R
comparable

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 An_> 0
K, <K, if An <0
K, =K. if An =0

Units of K, = (atm)*™
Units of K. = (M)*™

f __AH°/RT
= —e™
KP
b

both K, & K. depend only on temperature for given reaction.
> For pure solids & pure liquids (solvent) :
Active mass = 1 [Kinetically]
Activity = 1 [thermodynamically]

Density

Molarity = Molar mass Constant

»  Reaction Quotient Q. /7 Q)
(i) Used to find direction of reaction mixture - Fwd./Bwd.
(ii) Q. <K, or Q <K, = FWD.

QC > KC or QP > KP = BWD.

Q. =K.orQ =K, = Equilibrium

(i) Q.= Q. (RT)*

> I

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

(2)  [K, <<< 1 or K, <<< 1]

no need to solve equation but use approximation.

www.smartachievers.online
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In 1% case R],, ~0

In 2™ case [P]eq ~ 0

Degree of dissociation, a

An AP  Am AV

Ny - P, - my - Vo
# n, P, m, V — mols, partial pressure, mass, partial volume of reactant respectively.

% dissociation = % reactant converted to product = 100 a

# o < 1 [Equality for irreversible reaction]
P \YJ n

gas gas gas

X P, V. n,

For a reacting mixture of 'n' gases :

2VD,, =M, - 2 xm
’ i=1
. Mavg_ & VD__ is a function of mixture composition.
« For mixture of reacting gas Mavg‘ changes & becomes constant at equilibrium.

1

moles of gases in mixture

e M (or VD

avg. mix

) oc

M, n; P

i

(VD), M,
(VD) M, n, P

i

Used to find 'a' from Mavg or VD data for reactions with Ang #0

On going FWD.

If An, > 0
pT nt
M, ¥ VDI
If An, < 0 P! nl
M, T vw?
If Ang =0 P, n, Mavg, VD = Constant

For a reaction with Ang #0

a depends on - K, or K., Temperature, Initial concentration, Initial moles, Initial pressure, volume of vessel

For a reaction with Ang =0;

o depends only on - K, or K., Temperature

K, or K. depend on the way of writing a reaction :

I. R O P K, K,
P 0 R ; /K, 1/ K,
II. C 0 D ; K., K}
= R+C [ P+D; KK! or KK;
III. R-C [ P-D;
K¢ Kp
or R+D [ P+C; — or —;
KL Kb
V. nR O nP; (K)' or (K)°

www.smartachievers.online
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> Relative Humidity (R.H.)

Partial pressure of water vapour

= - 100
Aqueous tension

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

If RH> 100% = Saturated air sample
> Le chetelier Principle
Case I : [R] increased = Forward shift
[P] increased = Backward shift
a If R or P is pure solid / Pure liquid = No effect.

Case I : Total P increased (or V decreased )

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

Case Il : V Increased

= Same effect as P decreased
If An, >0 = forward
If An, <0 = backward
If An, =0 = no effect

Case IV : T Increased
fAH >0 = forward
fAH <0 = backward
T decreased
fA 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 VII : Adding inert gas at constant Pressure

= Same effect as Pressure decrease or volume increase

Y

Thermodynamics state of Equilibrium :
G,, — Minimum

AG—0 at P, T constant

Z V.G, = Z V.G,

f AG<0=XV,G,<2VG,

www.smartachievers.online
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= Reaction shifts forward to attain equilibrium.
FAG>0=ZXZVG,>Z VG,

= Reaction shifts backward to attain equilibrium.
If AG = 0 = Equilibrium state

a AG =AG + RT In(Q)

AG = Standard Gibbs energy of reaction (when all Reactants & Products are in standard states)

> Standard State

Gas — Ideal gas
Activity=Partial pressure=1 bar » 1 atm.
Solute — Ideal solution
Activity = concentration = 1M
Solid/Liquid — 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.

Q At equilibrium AG=0 & Q = Keq
AG = - RT/n keq
Keq - e—A,G"/RT

a For gaseous homogeneous reaction,

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

Exception - M.P. of H,O decrease on increasing pressure

> Von't Hoff Equation :

d[InK,] AH®° AH° A, Kp, AH°[1 1
—= ; MmK =- +/n— , log = | ———
dT RT? P RT A, Ky, 2303R|T, T,
- AH°
=slope
- AH°
slope =
K, log K, 2.303R
T N 1T
FEndothermic Reaction Exothermic Reaction

www.smartachievers.online



JEE-NEET Chemistry Formula Book

IONIC EQUILIBRIUM
I ——

> ACCORDING TO STRENGTH IONIC CONDUCTORS ARE OF 2 TYPES :

1. Strong electrolyte : Those ionic conductors which are completely ionized in aqueous solution are called

as strong electrolyte.

Ex. Na'Cl', K'CI', etc.
(a) Strong acid — H,SO,, HCl, HNO, HCIO,, H,SO,, HBr, HI
(b) Strong base — KOH, NaOH, Ba(OH), CsOH, RbOH
(c) All Salts — NaCl, KCl, CuSO,..........
2. Weak electrolytes : Those electrolytes which are partially ionized in aqueous 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(OH),, 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,, HCIO,, HCI, HI, HBr, H,SO,, H,PO, etc.
. H,BO, is not Arrhenius acid.

> Arrhenius base : Any substance which releases OH™ (hydroxyl) 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 donate 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 g X + HB'

HX + B = HB" + X

acid base Conjugate  Conjugate
| add Base
Conjugate
pair

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

H,SO, HSO, H,0 H,O"

- 2- +
HSO, SO, RNH, RNH,
H,0 OH"™

19
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> LEWIS CONCEPT (electronic concept) :

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

Acid - e pair acceptor

Ex. Electron deficient molecules : BF,, AlCl,
Cations . H', Fe*', Na'
Molecules with vacant orbitals : SF,, PF,

A base is any molecule/ion which has a lone pair of electrons which can be donated.
Base — (One electron pair donor)
Ex. Molecules with lone pairs : NH,, PH,, H,0, CH,OH
Anions : OH, H', 'NH,
> IONIC PRODUCT OF WATER :

According to arrhenius concept

H,0 B3 H + OH so, ionic product of water, K, = [HOH] =10"at 25 (exp.)
Dissociation of water is endothermic, so on increasing temperature KW increases.
Kw increases with increase in temperature.
Now pH = -log[H'] = 7 and pOH = -log[OH] = 7 for water at 25 C (experimental)
pH =7 = pOH = neutral
pH<7 or pPOH >7 = acidic at 25 C
pH>7 or pOH <7 = Basic

¢ Jonic product of water is always 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

H,0 BB H +OH = a-=
Totalno. of moles initially taken

1077
S e 18 10 or 1.8 107% [at 25 C]
> Absolute dissociation constant of water :
A H')OH"] 1077 x107/
H,0 B H + OH K =K= - =18 107°

° [H,0] 55.55
So, pK =pK,=-log(l.8 107° =16 - logl.8 = 15.74
a ACIDITY AND pH SCALE :
Acidic strength means the tendency of an acid to give H3O+ 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 = - log ag (where ag+ is the activity of H' ions)

Activity of H' ions is the concentration of free H" ions or I—ISO+ ions in a dilute solution.
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The pH scale was marked from O 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 :
(i) If concentration is greater than 10° M.
In this case H" ions coming from water can be neglected,
so [H'] = normality of strong acid solution
(i) If concentration is less than 10°M
In this case H' ions coming from water cannot be neglected.
So [H'] = normality of strong acid + H' ions coming from water in presence of this strong acid
pH of a weak acid (monoprotic) Solution :

¢ 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 earlier)
HA BEfE H + A
t=0 C 0 0

. oo c :[hl*][m:c(x2
8 e ¢ ¢ = [HA] 1-o

K
fo<l=>l-0r1 = K~Cd® o= ?a (is valid if o < 0.1 or 10%)

. /K 1
[H]=Ca =C ?a = JK, xC So pH = E(pKa— logC)

on increasing the dilution = cl =al and [I—I+]~L = pI—IT
pH of a mixture of weak acid (monoprotic) and a strong acid solution :
e Weak acid and Strong acid both will contribute H" ion.

o 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.

If the total [H'] from the acid is more than 10° M, then contribution from the water can be neglected,

L 4

if not then we have to take [H'] from the water also.

Relative strength of weak acids and bases :

For two acids of equimolar concentrations.

Strength of acid (I) &

Strength of acid (II) K

az
pH of a mixture of two weak acid (both monoprotic) solution :

¢ Both acids will dissociate partially.

¢ Let the acid are HA; & HA, and their final concentrations are C, & C, respectively, then
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HA, B0 H  + A Ha, OB, H + A
t=0 C, 0 0 C, 0 0
Ateq. C(1-a) Coa, +Cua, Ca C(l-a) Cuo, +Cua, Cy,
K, _Cy0y (Cyay +Chay) K = (Cooy +Craq)Cyh0,
! Ci(l-0y) a2 Cy(l-0y)
(Since a;, a, both are small in comparision to unity)
_ _ Kal _ 9
I/(a1 = (Ca, + Ca)a, ; Ka2 =(Ca, + Ca)a, = K_ = E
az

C,K C,K
[H] = Ca, + C,0, = Lo 222 = [H1]= \JCK, +C,K,,

+
JCiK,, + CK,,  [CiK,, +CoK,,

¢ If the dissociation 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.

(e) 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 (H,A) in water whose concentration is ¢ M.
In an aqueous solution, following equilbria exist.
If

a, = degree of ionization of H,A in presence of HA Ka1 = first ionisation constant of H,A
a,, = degree of ionisation of HA™ in presence of H,A I/(a2 = second ionisation constant of H,A
I step II step
H,A + H,0 00 HA +  HO' HA* + H,O 00 A* +
ateq. ol -a,) co,(l1 -a,) (ca,+caa,) ateq.ca, (l-a,) co,o, (co, +ca o)
[H30¥]HA] [H30*]1A]
K,), H0l = == - K, K,), [H,0] = —2- 0 1 =g
o [HyA] 1 2 [HA™]
K= (coy+eajop)leay(l-op)] K = (coq +coqag)lcogag)l
aj — ag 1 _ )
cl-oyq) coy (1-oap
eoy (L +ag)log (1-ay)] 0 oy +ag)lay
1 _ al ....... 1 1 _ az ......

Knowing the values of K, , Ka,
(ii) After getting the values of a, and a,, [I—I3O+] can be calculated as

H,0]; = ca, + co,a,
Finally, for calculation of pH
¢ If the total [H30+] < 10° M, the contribution of H30+ from water should be added.
¢ If the total [H,O] > 10° M, then [H,O] contribution from water can be ignored.

Using this [H30+], pH of the solution can be calculated.

www.smartachievers.online
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Approximation :

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

az

l—oczz 1and1+oc2z1

_Coy xoy

Thus, equation (i) can be reduced to Ka1 1

This is expression similar to the expression for a weak monoprotic acid.
¢ Hence, for a diprotic acid (or a polyprotic acid) the [H30+] 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 : (i) Acid salts (ii) 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. CaSO,, NH,CI, (NH,),SO,, Ca(NO,),, ZnCl,, CuCl,, CaCl,

NH,Cl + H,0 H8%  NH,0H + HCl
NH,+CI' + H,0 B9 NH,0H + H' + I

NH,” + H,0 HE%)  NH,0H + H'

Summary
K K K
(1) Ky=-* @) h= = =
n Ky, xC X
(3) [H J=Ch: K, (4) pH = - log [H']

1 1
H=7 ——pK, —=logC
P 213b 2 g

Hydrolysis of [WA - SB] type salt -
Ex. KCN, NaCN, K,CO,, BaCO,, K,PO,

NaCN +H,O HUH) NaOH + HCN
Na"+ CN + H,0 S} Na"+ OH + HCN
CN + H,0 A HCN + OH

Summary

K K K
1) Kn=-—* 2 hz,/—h: w
tH Ka @ C K, xC
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1=Ch = Ky xC 4) H7 = Ky XKy
(3) [OH] = Ch = K, @) [H1= 4 C

(5) pH = - log [H]

1 1
=7+ — pK + — 1
pH=7 213a 2ogC

(3) Hydrolysis of (WA - WB) type salt :
Ex. NH,CN, CaCO,, (NH,), CO,, ZnHPO

> Summary

Kw
1) Kp =—% 2 h=JKp = o
() h KaXKb () h KaXKb

K
(3) H1=,—%— =K.h @4 pH=-log H]

pK

b

H=7+ = pk - =
p 5 PK, -5

(4) Hydrolysis of [SA - SB] type salt -

Ex. NaCl, BaCl,, Na,SO,, KCIO, etc.
(i) Hydrolysis of salt of [SA - SB] is not possible
(ii) Solution is neutral in nature (pH = pOH = 7)

(iii) 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 solution.

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

of buffer solution is called buffer action.
Types 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
pH =7 +§Pka _Epkb

> MIXED BUFFER SOLUTIONS -

(a) Acidic buffer solution :
[A]
H =pK +1
p PH, 0g HA]
[Salt]

H=pK +1
PELT PR 98 A6
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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,CIL

Condition for maximum buffer action :
(INH,OH]  : [NH,Cl]
1 1

1
pOH = pK, HOQI

pOH = pK_ and pH =14 - pK,
SOLUBILITY (s) AND SOLUBILITY PRODUCT (Ksp) :

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

type of solution.

Solubility product (Ksp) is a type of equilibrium constant, so will be dependent only on
temperature for a particular salt.
¢ Simple solubility
Let the salt is A By, in solution in water, let the solubility in H,O = 's' M, then
AXBy B xA" + yB™
- XS vs Ksp= (xs)* (ys)’ = x*, v".(s)"

¢ Condition of precipitation

¢  For precipitation ionic product [IP] should be greater than solubility product ksp.
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THERMODYNAMICS
—

»  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.

3 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 wall (@ = 0)
Diathermic wall - Non-insulated wall (@ # 0)

23 State variable - Variable which defines state of system.

X3 State of system - A condition defined by fixed value of state variables.

. State of thermodynamic 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 etc.

> Path variable :

*

Heat : Mode of energy transfer between system and surrounding due to temperature difference.
* Work : Mode of energy transfer between system and surrounding due to difference in
generalized force.(Net force).

THE FIRST LAW

(i) Energy of universe is conserved
(ii)  Internal energy (U) of a system is state function.
(iif) AU=q+w

AU = Increase in internal energy of system.

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

D> AU=0

Cyclic

(iv) 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 -

Z AU = i(qi +Wi)=2qi +2Wi =0
i=1 i=1

Cyclic i=1

= Q. =-W_ (ina cyclic process)

net
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If two states 1 and 2 are connected by n paths involving q, and w, heat and work respectively, then
AU =q, +w, =q,t+ W, = ..ccooounnnn. q +w
q and w are path dependent quantities (indefinite quantities) but there sum is a definite quantity (AU).
Enthalpy : A state function defined by first law
H=U+PV
(i) Enthalpy is (pressure volume energy + internal energy of system)

(ii) Enthalpy is also called heat content of system.

Heat absorbed at constant volume and constant pressure.

Heat absorbed by a system in isochoric process is equal to change in internal energy of system.

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 Isobaric change -

AH = AU + PAV . (ii)
For Isochoric change -

AU + v(@pr) (iii)
For a differential change

dH = dU + PdV + VAP ... (iv)

>
s
I

Ideal gas processes : (See table page no. 11)

Enthalpy of phase transition

AHvap = heat absorbed at constant temperature and pressure to convert one 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.

fusion

= molar enthalpy of fusion.

AH = heat absorbed at constant temperature and pressure to convert one mole solid into it's vapours.

sublimation

= 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 AHVap = AUVap + RT
= AU + RT

sublimation

For sublimation AH

sublimation

For fusion AH =AU

fusion fusion

Heating curve at constant pressure :

£

D]AHrapoﬂsaﬂon (Reversible, isobaric vapourisation at boiling point.)

—>

(Reversible, isobaric, melting at melting point.)

. T—.
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Enthalpy of reaction (AH) : 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 —— cC + dD

AH = g, = enthalpy of reaction

AH = (cH.+ dHD - aH, - bHB) where H,, H,, H,, H, are molar enthalpies of A,B,C and D.
Relationship between AH and AU

AH =AU + AngRT (for ideal gas)

AH =AU + PV, - V) (for non ideal conditions)

The stoichiometric coefficient of solids and liquids in not considered in calculation of Ang
(because V, = V << V)

Standard state for

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

(ii) Solid / Liquid : 1 bar pressure ; any temperature.

(iii) Solute : Molar concentration of 1 mole/L at P = 1 bar.
Standard enthalpy, internal energy change for reaction.

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

SECOND AW

Spontaneous process :
A process which takes place on it's own without any external help.

Spontaneous process = Irreversible process = Natural process.

Second law : During a spontaneous process.

AS >0

universe

AS +AS._>0

system surr.

S is a state function. S is measure of disorder of a system.

Change in entropy of system is given by :

d
dS — qrev.

system T

Entropy change for ideal gas process :

Ve

AS = nC lr1&+r1RlnV
v T 1

1

Entropy change for system in phase transition :

as,, =2Hw

vap

Tb
S — AH fusion
fusion.
Tf

AS — AH sublimation

sublimation T

Sub.

www.smartachievers.online

28



JEE-NEET Chemistry Formula Book

(i)  Entropy change of system for a chemical reaction :
For a reaction -

aA+bB —> cC+dD

|AS =cS,_+dS, —aS, —bS,

S,; Sg:S. and S are molar absolute entropies which is obtained by third law.

(B) Entropy change in surrounding :

(i) Ideal gas process : AS_ :%
-AH
(ii) Phase transition : AS,,, =7
(ili)  Chemical reaction : AS_ = _A:[‘H
For reversible processes : AS ., + AS,, =0
ASsystem = _Assurr,
For irreversible processes : AS_ . + AS_ >0
AStotal 20
* Prediction of sign of AS from inspection :
(i) If An >0 ; AS > 0.
(ii) If Solid — liquid
AS>0
liquid — gas
(iii) If cyclisation taken place AS < 0.
> Gibb's function : G=H - TS
AG = AH - TAS — For isobaric change
AG = - T(AS,,,)
= (AG)T’P <0 — Process spontaneous
(A) Change in AG for phase transition :
(i) For reversible phase transitions : AG = 0.

(i) For irreversible phase transition : AGRT = AHP,T - TASRT
(B) Change in AG for chemical reaction :

aA + bB—— cC +dD

AG = ¢G_ + dG, -aG, - bG, . (i
AG=AH-TAS L (i)
AG=AG +RThQ .. (i)

Where, Q = Reaction quotient
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AG /AG and state of chemical equilibrium :

At equilibrium :
AG = 0 = Gproduct = Greactant

AG = RT h K

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

All solute at molar concentration 1 M.

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

the AG is independent of actual pressure or concentration of reactants or products.

Gibb's function and non-PV work :

- (AG)T, P = Wma

X

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 + TAS.

www.smartachievers.online
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IDEAL GAS PROCESSES :

2

P =

2

Final pressure

www.smartachievers.online

P. =

Final pressure

Process Expression Expression AU AH Work on
for w for q PV-graph
v S
Reversible | w = —nRTIn 2 q =nRTIn [V—z) 0 0 TP :
isothermal ! ! EP ...........
process =-nRTIn P q =nRTlIn Py 2
P2 P2
Irreversible | w=-P,,(V,-V;) | a=P,(V,-V;) 0 0 Tpl e
isothermal o nRT nRT %P .
process T e, P, T : %
-
VAR VA
Isobaric w=-"P_,(V,-V;) | a=AH =nC,AT |AU =nCyAT | AH =nC,AT 4
process = - nRAT % .........................
a: %
\A Vi
Isochoric w=0 q =AU =nCy AT |AU =nCyAT | AH =nC,AT Fz
process T 4
[N
v
Reversible w =nCy(T, - Ty) q=0 AU =nCyAT | AH =nC,AT
P,V, —P,V
adiabatic =L111 PV'=constant
Y- _
process TV =constant
TP "'=constant
Irreversible w =nCy(T, - T;)
adiabatic PV, -P,Vy
y-1
process
P,V, -P,V : 4 >
Polytropic =22 11 q= ICvdT AU =nCyAT | AH =nC,AT =1
n-1 v P E Y
process T S
o, o 1y
Ty R
_R(T, -Ty) + I dT |
(n-1) T I-n A v,
V, = Final volume V, = Initial volume
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THERMOCHEMISTRY
I —

> AH = q, = 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, U,>U
AH >0
AU >0
> Endothermic Reaction :
H, < H, U, < U
AH <0
AU <0
> Reversible Phase Transition
Isothermal and Isobaric
Example :
(@) Melting or Freezing at MP
(b) Vaporisation or condensation at B.P.
(c) Sublimation at sublimation point.
(d)

d) Interconversion of allotropic forms at Transition temperature.

> 8 >8>S ; V>V, >V
Vg >>V, <V (Water) ; Hg > H,>H_ ;
Ug >> U/ > Us ; AI_Isub >> AI_Ivap > AI_Ifus.

At same Pressure and Temperature
AH_, = AH __+ AH
su vap fus.

> For reversible phase transition.

W=-P_ [AV]

ext
AH
AStrans =
) Ttrans
q = AI_Itrans
AU = AH +w

trans trans

> AH =2 V.H (product) - 2V .H (Reactant)

trans

= V,, V, - Stoichiometric coefficient of reactants & products
AG = X V.G (product) - 2. V.G (reactants)

> Determining AH for reaction :- 3 methods

() AH =XV, AH, (P) - X V, AH, R)

(b) ArH = Z VR AHcomb‘ (R) - Z VP AHcomb‘ (P)
(C) ArH = Z AI_Iatomisation (R) - Z AI_Iatomisation (P)
> AH, (Element in solid state) = 0.
AH, (CO,, g) = AH__, (C, grap.) 32
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AH, H)O, §) = AH_  (H,, g

» aA+bB ——> cC+dD  ;AH

comb.

AH = change in enthalpy when

a mol of A react ;
» AG = YV, AG, (P) - 2V, AG, R)

> Gibbs enthalpy is function of P, T.
PT = G7T
TT = Gl

» AH, H,aq=0
AG, (H', aq) =0

[e]

Ep, v = 0 By convention
S, (H', ag) =0
> q= J.ms dt
= InCmdt
- [cat
mS = nC = C
\2 \2 \’
specific ~ molar Total
heat heat heat

capacity  capacity capacity
> For strong Acid and strong base
AH = - 57.1 kd/mol.

neutr.

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

> If acid or base is weak

AH = -57.1+ AH = + ve

neut. ionisation

O V V V

AH [CuSO v Sl

hydration

AH_,  [CuSO,, s] - AH

solution solution

> Enthalpy of atomisation :

AH_ (O, g = BE (O =0)
AH, . . (CH, ) =AH_ +3e(C=0+
AH, . (Fe, s) = AH_,

AH, igaion (1 8) = AH e ([-1])

www.smartachievers.online
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[CuSO4 SHZO, s]
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c mol of C formed ; d mol of D formed

AG =AH - TAS

Heat evolved in SA + SB titration = (no. of equ. of limiting reagent) 57.1 kJ
Resonance enthalpy = R.E. < 0 = (Energy of R.H.) — (Energy of stablest R.S.)

AH (Actual) - AH (theoretical) = [ 2 V, RE (P) - X V. RE (R)

3e C-C)+6e€ (C-H) € =Bond enthalpy
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LIQUID SOLUTION
I ——

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

TT= vp?
Attractive forces T = VP {

Raoult’s law :

Non volatile solute and volatile solvent solution.

B = Non voletile solid

e _o

P, = P.X,
Colligative Properties : Properties depends on no. of particles of Non volatile solute in solution.

No. of partide of T Cdlligative T
Non volatile solute Properties

(1) Relative lowering of V.P. :

P, -P n . n
A" YA _y B ils

P, n, +ng n,

Where n, = mole of Non-volatile solute.
i = Vant Hoff’s factor.
(2) Elevation in B.P. :
AT = (T, -T) =ik, —m

RT?

where K, =000 %7,

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

M = molar mass

AH,, P
where /7 —(ij ---------- AT, = (T,-T)

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

RT/
1000 x ¢,
T, = f.p. of pure solvent

where kf =

k. = molal depression contsant

{, = latent heat of fusion per gm.

(0] ti :
smotic presssure P.=P_,.=n
. \AMY
re (P -P,) s
Solution<€=== solvent
n=iC. S.T. =
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where 7 = osmotic pressure

C = molarity (mole/lit)
S = R = const. for solution.
Sol.(1) Sol (2)
f = = ) Isotonic
o N sdl'(1) hypertonic

2 { sdl'(2) hypotonic

JEE-NEET Chemistry Formula Book

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

solute giving
y mol of products

Solute Example lonisation/association y* van'thoff abnormal

(x degree) factor mol. wt. (m])
Non- urea-glucose, none 1 1 normal mol.wt.
electrolyte sucrose etc. (m,)

+ - my

Binary NaCl, KCl, HCl | ABHU@E A*+B 2 1+ x) —

1-x X X (1 + X)
electrolyte CH,COOH,
A'B- FeSO, etc.

A.BOPH 2AT+B? m,
Ternary K,SO,, BaCl, 2 o . 3 (1+2x) 1 +2x)
lectrolyt K,[Fe(CN) ] AB,H0H A**+3B 4 | (1+3x) w
electrolyte 4[Fe o \Ba 3 B X 1+ 3%)
A,B, AB, FeCl,

. - 1 x| (2 2m,
Associated benzoic acid 2 A GAE A2 E ( ZJ_( 2 ] 2-x)
Solute in benzene

A 1
forming dimer (1‘6) [l EAz
* x/2
m,
1 1 1
any solute nA Al A, - 1+ =-11x 1+ =-11x
n n n
A 1
forming A OB —A,
(1-x) nsx/2
polymer A
m,
General one mole of AGHHE yB y [1+(y-1)x] Ltv-1)x v —1)x]

%*

number of products from one mole solute
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Raoult’s law :

(1) Volatile binary liquid mix :

JEE-NEET Chemistry Formula Book

Volatile lig. A B
Mole fraction X/Y, X,/Y, = lig/vapour
V.P. of pure lig. P; P};
P,
P
Binary liquid solution :
X 1

By Raoult’s law = P =P, X, + P;X, =P, +P, ... (i)
By Dalton’s law = P, =Y P . (ii)

p=yp. . (iii)

> Ideal and Non-Ideal solution :

Solution-A

A..B
Vi
Ideal solution : F-F-F = AH_ =
V=V, +\,
Non-Ideal solution : T P I L
(1) Solution showing +ve deviation : VPl
F<F &F, P :\PA P
::"‘\ P
V.>V, +V, = AH_ >0
solution ST
% P, )
X >1
I ><B (0}
(2) Solution showing -ve deviation :
P.

=>F>F &F, || 74

ve| T
= V<) P

P P,

U
= AH_ 5
solution N T
® P~
X >1
I ><B (0}
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DEVIATION FROM RAOULT'S LAW

JEE-NEET Chemistry Formula Book

Positive deviation
(AH=+ve)

Negative deviation
(AH=-ve)

Zero deviation
(AH=0)

ethanol + cyclohexane

acetone + chloroform

benzene + toluene

(ii)

acetone + carbon disulphide

benzene + chlorform

n-hexane + n-heptane

(iii)

acetone + benzene

nitric acid + chloroform

ethyl bromide + ethyl iodide

(iv)

ethanol + aceton

acetone + aniline

chlorobenzene + bromo

benzene

ethanol + water

water + nitric acid

carbon tetrachloride

chloroform

diethyl ether +

chloroform

(i)

(ii)

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 cannot be separated by fractional

distillation.

Types of Azeotropic mixtures

Minimum boiling Azeotropic mixtures

The mixture of two liquids whose boiling point is less than 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.

Maximum boiling Azeotropic mixtures

The mixture of two liquids whose boiling point are more than either of the two pure components. They are
formed by non-ideal solutions showing negative deviation. For example HNO, (68%) + water (32%) mixture
boils at 393.5 K.
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> Various type of Criptals :

JEE-NEET Chemistry Formula Book

SOLID STATE
I —

Some Important Characteristics of Various types of Crystals

gases

Characteristics Ionic Crystals Covalent Molecular Metallic
Crystals Crystals Crystals
Units that Cations and Atoms Molecules Positive ions in a
occupy lattice anions "sea or pond" 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
Conduction uctor due to ductor conductor
crystal impe- Graphite
rfections,con- is good
ductor in fused conductor
state
Solubility in Soluble Insoluble Soluble as Good conductors
Polar solvents well as
insoluble
Heat of NaCl(s) Graphite NH,(s) Cu(s)
Vaporisation 170-75 718-43 23.55 304.59
(kj mol™?)
Heat of NaCl - NH, (s) Cu(s)
fusion 28.45 - 5.65 13.016
(kj mol™?)
Example NaCl, KNO, Diamond, H,0(s), Na, Cu, Ag, Fe,
CsCl, Na,SO, graphite, CO,(s), Pt, alloys
ZnS Quartz Sulphur,
(Si0,), Sugar,
SiC Iodine,noble
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THE SEVEN CRYSTAL SYSTEMS

Name of Axes Angles Bravais Lattices
System
1. Cubic a=b=c o=p=y=90° Primitive, Face-centred,
Body centred = 3
Tetragonal a=b#c a=B=y=90° Primitive, Body centred = 2
3. Rhombohedral a=b=c a=B=y #90° Primitive = 1
or Trigonal
4. Orthorhombic azb# c a=B=y=90° Primitive, Face-centred,
or Rhombic Body centred End centred = 4
5. Monoclinic azb#c o=y=90% Primitive, End - centred = 2
B = 90°
6. Triclinic azb#c oazPB=y=90 Primitive = 1
7. Hexagonal a=b=#c a=p=90 Primitive = 1
y =120 Total = 14

CUBIC UNIT CELL

Unit cell Relation Packing Co-ordinatin Effective number
between fraction number of particle
r and a

Simple cubic r= g 52.4% 6 1

Body centred

cubic r= 68% 8 2
4
av2
Face centred r= 2 74% 12 4
cubic
Density : d = gm /cm?

N, Xa3
Where Z = effective number of particle
M= molar mass
N, = Avogarodro'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-ordination number = 12
-~ .b=4 \/gr
aT g 3
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6 fold axis :
/\

l |

Al D

ABABAB... or hexagonal close packing (hcp) of spheres

Coordination number of hecp and ccp 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

r

4
> 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 ) Tetrahedral ZnS, SiO,
0.414 - 0.732 4 Square planaer -
0.414 - 0.732 6 Octahedral NaCl, MgO,
0.732 - 1.000 8 Cubic CsCl
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ELECTRO CHEMISTRY
I ——

I
v v

Hectrolutic cell Hectrocherrical cell

> Electrolytic cell : Converts electrical energy into chemical energy
.

Cathode :Na, ,+ e —— Nal(s)

_ 1
Anode : Cl_ ,—> EClz(g) +e

> Deposition of material at any electrode follow faraday's law of electrolysis.

Faraday's I** Law :
w=2Zit
M

A n — factor x96500 it

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

Faraday's second law :

Cell—> (1) @ &)
> At any electrode for material deposited.

Wy _ W, W5
El E2 E3
Note : Order of discharge potential.

Cathode : Au™ > Ag" > Cu® > Zn"* > H,0 > AI”® > Mg” > Na" > Li

Anode :  SO% <NO; <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
(i) Aqueous NaCl Pt or Graphite Cl, H,
(i) Fused NaCl Pt or Graphite Cl, Na
(iii) Aqueous NaOH Pt or Graphite O2 H2
(iv) Fused NaOH Pt or Graphite o, Na
(v) Aqueous CuSO, Pt or Graphite O, Cu
(vi) Dilute HCI Pt or Graphite Cl, H,
(vii) Dilute H,SO, Pt or Graphite O, H,
(viii) Aqueous AgNO, Pt of Graphite o, Ag
> Electrochemical Cell : converts chemical %gy into electrical energy.
N
e I e
Salt bridge
Zn
Inert dectraolyte KA
KNGO, NH, A etc. with
. Geélatin or Agar-Agar
> Zn
nS0O,
Zn—7n"+ 2e Qu*+2e - Cu
(Oxidation) (Oxidation)
Anode Cathode
(—ve) terminal (+ve) terminal
+2 4
7n(s) /Zn?, // Qi /Ouls)
Anode Saltbridge Cathode
> ECell = SRPcathode - SlapAnode

= SRP_, .. + SOP

at anode
Half cell reaction :

+2
(aq.

Anode: Zn(s) —> Zng ,+ 2e

Cathode : Cu/%, + 2e —> Cus

> Cell reaction : Zn(s) + Cul’ ) —> ZnZ, +Culs)

(aq.)
[Zn™?]

= ——5.;n

[Cu+2] 5
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> Nearest equation :

Cell

£ 0.059

Cell

logQ

> Max electrical work done = nFE = -AG

electrical work done = nFE = -AG

DIFFERENT TYPE OF

JEE-NEET Chemistry Formula Book

at 298 K

ELECTRODES/HALF CELL

Type Example Half-cell reaction Electrode potential
(reduction)
o - _ 0.0591 -
Metal - Metal ion M/M M™ + ne” —— M(s) E = + log [M™]
Gas - ion Pt/ H, (P atm) H (aq) + e”
1 /P
/ H (XM) —> S H, (P atm) E=E - 0.0591 log ﬁ
2+ 3+ 3+ 2+ [F92+]
Oxidation - reduction| Pt / Fe* , Fe Fe®™ + e —— Fe E=E - 0.0591 log @
Metal - Ag/AgCl, Cr Agcl (S) + e EC]_/AgCl/Ag :E(():l_/AgC]/Ag
insoluble salt Anion ——> Ag (s) + CI —0.0591 log[CI7]
Calomel electrode Cl'(aq)/Hg/Hg,Cl, Hg,Cl(s) + 2e” E= E -0.0591 log [CI]
—— 2Hg(l) + 2Cl(aq.)
> Gibb's Helmhaltz equation :
OAG
AG=AH+ T aT
OAG
= AH = -nFE + nFT aT |,
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'THE ELECTROCHEMICAL SERIES'

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

Li L' +e— Li - 3.05

K K'+e -5 K - 293
Ba Ba” + 2¢" — Ba - 2.90
Ca Ca” + 2¢ — Ca - 2.87
Na Na" + e — Na - 271
Mg Mg + 2¢” — Mg - 2.37
Al Al® + 3¢ — Al - 1.66
Mn Mn'? + 2¢° — Mn -1.18
H,O0 2H,0 + 2¢” - H, + 20H" - 0.828
Zn Zn* + 2¢° > Zn - 0.76
Cr Cr® + 3¢ - Cr - 0.74
Fe Fe” + 2¢° — Fe - 0.44
Cd Cd? + 2¢ — Cd - 0.40
Ni Ni”? + 2e— Ni - 0.25
Sn Sn? + 2¢— Sn -0.14
Pb Pb” + 2¢” — Pb - 0.13
H, 2H + 2¢ > H, 0

Cu Cu? + 2¢ — Cu +0.34
I [, +2¢ — 2I + 0.54
Hg Hg,” + 2e — 2Hg +0.79
Ag Ag" +e — Ag + 0.80
Hg Hg”? + 2¢° - Hg + 0.85
Br, Br, + 2e° — 2Br + 1.08
o, O,+ 4H'+4e” —» 2H,0 + 1.229
Cl, Cl, + 2¢° - 2CI + 1.36
Au Au” + 3e - Au + 1.50

F F, + 2¢ — 2F + 2.87
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CONDUCTION IN ELECTROLYTES

Conductance Specific Molar
Conductivity Conductivity
Symbol C K AN
Unit ot Q1! cm™ Q! cm?mol™!
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

concentration

decrease in

concentration

decrease in

concentration

1
Formula C=E k=Ap=K V
k=C cell constant V = Volume of solution
contain 1 mole of electrolyte
Factors (i) nature of (i) nature of (i) nature of electrolyte
electrolyte electrolyte (i) concentration

(ii) concentration
of electrolyte

(iii) Type of cell.

(ii) concentration

of electrolyte

of electrolyte

KOHLRAUSEH'S LAW :
AL (AB,)=xA7 +yA\”

AZ(K,S0,) =207 + 17

AZ(Na,PO,) = 317 +1*

AZ[Fe,(SO,);] = 217 + 31"

> FORMULA

Q) R-p —
P A
1000
@ A =k —o
m M
1000
(3) keq' =k XT

(4) for strong electrolyte = Ay, - b./C

00
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CHEMICAL KINETICS
I —

> Rate of reaction (ROR) - Rate of disappearance of reactant (appearance of products)

Stoichiometric coefficient of reactant (products)

> For a reaction :

aA+bB —> cC+dD

> Instantaneous rate : — l[%j =- l(@j = l[ﬂj = l(@j
al dt bl dt c\ dt d{ dt

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

. Average rate : — l(Mj =— l[A[B]j = l(A[C]j = l[A[D]j
al\ At b At c\ At d\ dAt

= Graphical method for determining rate :

A
.“‘.»/
T P, y
T P
i
5B
. =1
g Pl o
T s
time —>
[ R, =[RI]; | _ (P, =[P])
Avg. Rate = ( t,—t, t,—t,
Instant t(%j+O—A,+l ft t
nstantaneous rate = - OB oB * slope of tangen
> Important kinetic expression for reaction of type A —— B :
Order Zero 1st 2nd nth
Differential Rate = k Rate= k[A] Rate = k[A]? Rate = Kk[A]"
rate law
Integrated (A ]-[A]= kt kt=I[A]O kt=i—L kt =— {1 —1}
regrate 0 Al [A] [A] (-1 A" AL
rate law
. [A], In2 1 1 |2 -1
Half life (tl/z) t,, = 2k te :T t,, = [A],k t,, = k(n —-1) [AO]"‘1
(t;q) t,,,=1.5 1t , ty,,= 2t , tyy =31, ts0= 2"+ 1) te
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> Graphs of various order

1
Order Rate vs [A] [A] vs t log [A] vs t E vs t
N 1
log [A] ; |
Zero order Rate [A]\ : % :
EE—— 1
A —t It :
log [A
First order Rate : [A]L %
Al t t
: t
. (A log [A] 1
te —_
Second order S
(Al t— ; 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, oxidising or reducing agent)

(iii) Volume of a gaseous mixture (V)
(iv) Optical rotation (R)
For a Reaction -

A —> B

t=20 c 0 c,= conc. at t =0
t=1t c-X nx ct:conc.att=t
t= o0 0 nc c,=> conc. at t = o

For any measurable property X proportional to the concentration of reaction mixture at various times,

following relations can be expressed.

In terms of -
(i) X, and x (i) X, and X (i) X and X (iv) X, X, and X
1 X - _ _
k= —In—%— k= 1,0=DX, g =l oDX, k L[ BezXo
t X, -x t nX,-X, t n(X,-X,) t X, -X,
where

X = amount of reactant reacted in time 't".
X0 = measured property at t = 0
Xt = measured property at t =t

X = measured property at t = oo
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> Examples : (For Monitoring Kinetics Experimently)

(i) Inversion of cane sugar :
H
c121_122011 (aq) + Hzo celeoe(aq) + Csleoe(aq)
Sucrose Glucose Fructose
dextro-rotatory dextro-rotatory laevo-rotatory
(+66.5 ) (+52.5) (-92)

(Laevo-rotatory)

K < 2.3:[03 log[r‘” - ro]

r, = rotation at time, t = 0
¥, = rotation at time, t =t
r = rotation at time, t = o
(i) Acidic hydrolysis of ethyl acetate :

CH,COOC,H, + H,0 —'"— CH,COOH + C,H,OH

 _ 2:303 log(vw —voj

t vV, -V,
V, =Volume of NaOH solution used at time, t = 0
V, = Volume of NaOH solution used at time, t =t
V = Volume of NaOH solution used at time, t = o

Note : Here NaOH acts as a reagent. Acetic acid is one of the product the amount of which can be found by
titration against standard NaOH solution. But being an acid-catalysed reaction, the acid present originally
as catalyst, also reacts with NaOH solution.

> Important characteristics of first order reaction :

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

t=20 t=1t t =2t t=3t...
Reactant conc. a, a,x a0x2 aox3 ........

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

k
h of In[A t is straight li ith sl = —
* Graph of In[A] vs t is straight line with slope 2303

. Graph of [A] vs t is exponentially decreasing.
> Zero order :

. t, , of zero order is directly proportional to initial concentration.

/2

. In equal time interval, reaction finishes by equal amount.
t=0 t=1t t =2t t=23t ...
C, C,-x C,- 2x C,— 3x....
. Graph of [A] vs t is straight line.
e | (Al
A zero order reaction finishes in |t = T

> Temperature dependence :

- Arrhenious equation : k = A.e™""
- 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 - proportional to number of collisions per unit volume per second.
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e ™®'= Fraction of collision in which energy is greater than E.

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

lnk=lnA—Ea
RT

Graph : Graphical determination of E .

_ =
f Sore” g+
Ink 0
1/T—>
kT+10

Temperature coefficient =
T

By default T = 298 K

P . k2 — Ea 1 1
Variation of rate constant with temparture = In k, R |:T1 T2:|

Endothermic and exothermic reactions :

PE PE E,

k _[B
k, [C]
. _ 0693

% of B = Ky x100 ; % of C = ks
1k, k, +k,

[A] = (A}, e

x100

Pseudo-order reaction :
Rate law — rate = k [A]" [B]"

Pseudo rate law :

rate = k, [A]"
[B] assumed constant in two cases :
(i) B in large excess (i) B — CATALYST
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NUCLEAR CHEMISTRY
I —

»  All nuclear reactions are first order :
Two types of nuclear reaction : (a) Artifical radioactivity(b) Radioactivity (spont.)
First order

At = 2.303 log% A — Decay constant

t
N, = Initial nuclei

N, = Nuclei at 't'

—dN
Activity = A, = :

= AN, ; Nuclei/sec.

t

A, = Rate of decay

N A

2
A

= t, =
z

» o decay = %He Particles at high velocity
SX = Y +a
To { size of large nuclei
» B decay = Seat high velocity
X = b.P+ e
n
# To 4 P ratio.
# Nuclear change in B decay
tn——> 1P+ Je
»  vy-decay :
Photons from excited nuclei after o — or § — decay
No effect on n/p ratio

High energy e/m radiation.

Mean life | t g=l
ave 7\‘

»  Parallel decay :

t=20 N, Ay B
t= N,—x-y <X
Mg = Ay + 4y >

A — No dependence on temp.
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