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. Short Formula (Chemistry)

CHEMISTRY

ATOMIC STRUCTURE

SHORT FORMULA (GYAN SUTRA)

4KZe?
Estimation of closest distance of approach (derivation) of a-particle : R= m.vV
oo
The radius of a nucleus : R=R, (A)"*cm
hc
Planck's Quantum Theory : Energy of one photon=hv = N
. 1
Photoelectric Effect : hv=hy, + 2 m_v?
Bohr’s Model for Hydrogen like atoms :
h o
1. mvr=n o (Quantization of angular momentum)
E a z2 —2n®me*
2. E,=— —3 22=2178x10-® = Jatom = 136 eV ; E, = o
n n n n
n2 h? 0.529 x n? 2nze? _ 2.18x10°xz
3. r,=— x 7 2 =— A 4. v= =
Z 4n°e“m Z nh n
De-Broglie wavelength :
h_h

A= mc  p (for photon)
Wavelength of emitted photon :

1 2 1

T=Vv= RZe| — — ——

A n12 n22
No. of photons emitted by a sample of H atom :

An(An+1)

2

m/s
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Heisenberg’s uncertainty principle :

h h h
AX.Ap > = or m AX.Av > s or AX.AV > gy

Quantum Numbers :
* Principal quantum number (n) =1, 2, 3,4 .... 10 .

nh
Orbital angular momentum of electron in any orbit = o

* Azimuthal quantum number (¢) =0, 1, ..... to(n-1).
* Number of orbitals in a subshell = 27 + 1
Maximum number of electrons in particular subshell =2 x (27 + 1)

" . h ._h
Orbital angular momentum L= - Jeer) =n [ e(e+1) = on
STOICHIOMETRY
Mass of one atom of an element
Relative atomic mass (R.A.M) = 1 = Total Number of nucleons
2 xmass of one carbonatom
Y-ma
«_~ [Volume at STP
X I
& +
N b(\\‘
Y fiig
| Mole |
N
<+ mol. wt.| | X mol. wt.
+At. wt. || xAt wt.
Density :
B ) density of the substance
Specificgravity = density of water at 4°C
Forgases:
Molar mass of the gas PM
Absolute density (mass/volume) = = p= 55—

Molar volume ofthe gas

. dgas PMgas/RT Mgas Mgas
Vapour density  V.D.= dy, = PMygr = My, = 2

M =2 VD.
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Mole-mole analysis :

Mole-mole

+ At. wt. / Mol. Wt. . » | telationship ..._.,;

of equation o
S

x2241t

o
o<

Concentrationterms :
Molarity (M) :

] w x 1000
Molarity (M) =101 wt of solute) x Vi

Molality (m) :

) number of moles of solute
Molality = mass of solvent in gram

1000 = 1000w, / M.w,

Mole fraction (x) :

n N
Mole fraction of solution (x.) = —— Mole fraction of solvent (x)) = ——
) n+N (%) n+N

X, +x,=1
% Calculation :

mass of solute in gm %100
f [ =
@ T WIW = ass of solution ingm

mass of solute in gm <100

i 9 =

(ii) AN = e e o SBIGET i Tl

S i Volume of solution in mI><100
(i °VIV=""Volume of solution

Derive the following conversion :

) ) ) ) X,px1000
1. Mole fraction of solute into molarity of solution M = —x1M1 My,
o ) MM, x1000
2, Molarity into mole fraction x, = —px 1000 — MM,
X, x1000
3. Mole fraction into molality m = T M.
1
4. Molality into mole fraction x, = 1000 + mM,
mp %1000

5. Molality into molarity M = 1000 + MM,
2
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¢

o ] Mx1000
Molarity into Molality m = 10000 — MM, 000 p— MM,

M, and M, are molar masses of solvent and solute. p is density of solution (gm/mL)
M = Molarity (mole/lit.), m = Molality (mole/kg), x, = Mole fraction of solvent, x, = Mole fraction of solute
Average/Mean atomic mass :

A aXq+asXy +..... +a@,X,
% 100
Mean molar mass or molecular mass :

Calculation of individual oxidation number :

Formula : Oxidation Number = number of electrons in the valence shell — number of electrons left after bonding

Concept of Equivalent weight/Mass :

Atomic weight

For elements, equivalent weight (E) = Valency -factor

M

E=-— Where M = Molar mass
Basicity / Acidity

For acid/base,

For O.A/R.A, E= M
no. of moles of e~ gained/lost

Atomic or moleculear weight
v.f.

Equivalent weight (E) = (v.f. = valency factor)

Concept of number of equivalents :

) Wi w_ W
No. of equivalents of solute = W: E M

No. of equivalents of solute = No. of moles of solute x v.f.

Normality (N) :

Number of equivalents of solute
Volume of solution (in litres)

Normality (N) =
Normality = Molarity x v.f.

Calculation of valency Factor:
n-factor of acid = basicity = no. of H* ion(s) furnished per molecule of the acid.
n-factor of base = acidity = no. of OH-ion(s) furnised by the base per molecule.
At equivalence point :

NV, =NV,

nMV =nMV,
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%
Volume strength of H.O,:

20V H,0, means one litre of this sample of H,O, on decomposition gives 20 It. of O, gas at S.T.P.

Valume,strength ofH,O,
56

Normality of H,O, (N) =

Volume strength of H,0,
11.2

Molarity of H,O,(M) =

Measurement of Hardness :

mass of CaCO;

Hardness in ppm = Total mass of water

Calculation of available chlorine from a sample of bleaching powder :

3.55xxxV(mL)
% of Cl, = W where x = molarity of hypo solution and v = mL. of hypo solution used in titration.

Temperature Scale :

c-o_ K23 F3 _ RRO . _ ) |
00 373 212-32 ROD0p-Roy Mo k= IRy, on urinew sodle.

Boyle’s law and measurement of pressure :
1

At constant temperature, Va )
I:>1V1 = F>2V2
Charles law :
Vi_ Ve
At constant pressure, Vo T or B = T
1 2

Gay-lussac’s law :

At constant volume, PaT

Pr_P
T, T, —tempon absolute scale
1 2

Ideal gas Equation :
PV =nRT

d
pv= Y RTorP= 2 RTorPm=dRT
m m

Daltons law of partial pressure :

_MRT o npRT
v ’ 2 v ’

Total pressure =P + P, +P_+ ...

n, RT
P, P; = —=—— and so on.
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Partial pressure = mole fraction X Total pressure.

Amagat’s law of partial volume :
V=V +V +V + ..

Average molecular mass of gaseous mixture :

Total mass of mixture nyM;+n, M, +n; My
Mr = Total no. of moles in mixture ~ Ny +nNy +nN3
Graham’s Law :
i 4 :
Rate of diffusion r /d d = density of gas
r2 V. D1

Kinetic Theory of Gases :

1 prm—
PV = 3 mN U? Kinetic equation of gases

2

1 Uiz 3
Average K.E. for one mole = N, Em = 5 KN, T = 3 RT

Root mean suqare speed

3RT

u.= W{T molar mass must be in kg/mole.

Average speed
=U +U +U + . U,
8RT 8KT .
K is Boltzmman constant
™M

Most probable speed

_ [2RT _ [2KT
BT M T m

Vander wall’s equation :

2
[P +ﬂ] (v—nb) =nRT

Critical constants :

V, = 3b, P.= W’ T.= 27Rb
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Vander wall equation in virial form :

RSN a o fpoa), B e
Z= Vm V2 V3 --------- _VmRT _1+Vm ‘ RT +V2+V3+ .................

m m

Reduced Equation of state :

5,3
HYE |GV - =BT,

Thermodynamic processes :

1. Isothermal process: T = constant
dT=0
AT =0

2, Isochoric process : V = constant
dv=20
AV=0

3. Isobaric process : P = constant
dP =0
AP =0

4, Adiabatic process: q=0
or heat exchange with the surrounding = 0(zero)

IUPAC Sign convention about Heat and Work :

Work done on the system = Positive
Work done by the system = Negative
1t Law of Thermodynamics

AU=(U,-U)=q+w

Law of equipartion of energy :

f
U= 5 nRT (only for ideal gas)

f
AE = o nR(AT)

where f = degrees of freedom for that gas. (Translational + Rotational)
f=3 formonoatomic
=5 fordiatomic or linear polyatmic
=6 fornon - linear polyatmic

Calculation of heat (q) :
Total heat capacity :
Aq dq

= —=—=]/°
Cr= T ar-UC
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Molar heat capacity :

_ Ag dg _ e

= MAT nar _JmoleTK

_ R __R
CF’_ v-1 CV_ v-1

Specific heat capacity (s) :

= Aq _ dg = -1 K-1
=AT  mdT 29K

WORK DONE (w) :
Isothermal Reversible expansion/compression of an ideal gas :
W=-nRTIn (V/V)

Reversible and irreversible isochoric processes.
Since dv=0
So dw=-P_ .dV=0.

Reversible isobaric process :

W=P (. -V)
Adiabatic reversible expansion :

= TV, "= TV,

Reversible Work :

PV, =PV, nR (T, -Ty)
T oy=1 v—1
Irreversible Work :

PoVo -PiV _ IR(Tp—T) Py _ PV,
W= v - — nC,(T,-T)=-P_ (V,-V) and use T T,

Free expansion — Always going to be irrerversible and since P_ = 0
S0 dw=-P_ .dv=0

If no. heatis suppliedq =0

then AE=0 SO AT =0.

Application of Ist Law :
AU = AQ + AW = AW = —P AV
AU = AQ -PAV

Constant volume process

Heat given at constant volume = change in internal energy
< du=(dqg),
du=nCdT

_tdu_f

v ndT 2
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Constant pressure process :
H = Enthalpy (state function and extensive property)
H=U+PV

= Cp —-C, =R (only for ideal gas)
Second Law Of Thermodynamics :

AS =AS + AS >0 foraspontaneous process.

universe system surrounding
Entropy (S):

B
dq rev

ASsystem = -1- T

Entropy calculation for an ideal gas undergoin a process :

Ir

State A T State B
P,V T, PV, T,
T Vs
AS e =NC,IN T+ NRIn - (only for an ideal gas)
1 1

Third Law Of Thermodynamics :
The entropy of perfect crystals of all pure elements & compounds is zero at the absolute zero of temperature.

Gibb’s free energy (G) : (State function and an extensive property)

Gsystem = system - TS system
Criteria of spontaneity :
() IfAG - is(-ve)<0=> process is spontaneous
(i) IFAG ., i1s>0 = process is non spontaneous
(i) If AG =0 = system is at equilibrium.

system

Physical interpretation of AG :
— The maximum amount of non-expansional (compression) work which can be performed.
AG =dw =dH - TdS.

non-exp
Standard Free Energy Change (AG°) :
1. AG®*=-2.303 RT log,, K

2. At equilibrium AG = 0.
3. The decrease in free energy (-AG) is given as :

Vs
-AG=W,, =2.303nRTlog,,

4. AG; for elemental state = 0

[ o 0
3. AGf - Gproducts_ GReactants
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Thermochemistry :
Change in standard enthalpy AH® = Hom,z - H&,1

= heat added at constant pressure. = C_AT.

|f Hproducts > Hreadants
- Reaction should be endothermic as we have to give extra heat to reactants to get these converted into
products
and If Hproducts < Hreactants
— Reaction will be exothermic as extra heat content of reactants will be released during the reaction.
Enthalpy change of a reaction : AH cion = Horoauets = Hreactants
AHoreactions = Hoproducts - Horeactants
= positive - endothermic
= negative - exothermic

Temperature Dependence Of AH : (Kirchoff's equation) :
For a constant volume reaction

AHS=AH°+AC_ (T, -T)

where AC_= C_ (products) — C_ (reactants).

For a constant volume reaction

AEY = AE? + JACV dT

Enthalpy of Reaction from Enthalpies of Formation :

The enthalpy of reaction can be calculated by
AH® =X v AHS —-ZV,AH?® v is the stoichiometric coefficient.

f ?products f reactants

Estimation of Enthalpy of a reaction from bond Enthalpies :
Enthalpy required to Enthalpy released to

H = | break reactants into || form products from the
gasesous atoms gasesous atoms

Resonance Energy :

AHoresonance = AHof, experimental - AHof, calclulated
= AHOC, calclulated AHOC, experimental
CHEMICAL EQUILIBRIUM
At equilibrium ;

(i) Rate of forward reaction = rate of backward reaction
(i) Concentration (mole/litre) of reactant and product becomes constant.

(iii) AG = 0.



