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Physical Chemistry Cheat Sheet

Thermodynamics

First Law:
AU =q+w

For an infinitesimal change: dU = dqv — pdV
Expansion Work:

Va
w = _/ pexth
|41
* Isothermal Reversible Expansion:
w=—nRTIn (V2> = —nRTIn (291)
%1 D2
* Free Expansion (pext =0): w =0
Enthalpy (H):
H=U+pV = dH =dU +d(pV)

At constant pressure: dH = g
Heat Capacities:

oU OH
= (aT)V’ &= ( aT>p

For ideal gases: Cp, — C, = nR
Second Law Entropy (S5):

ASuniv = ASsys + ASsumr > 0

_ ey
T

* Phase Transition: ASi .. =
perature Dependence:

T
AS =nCpln (T)

1

ds

AHyans % Tem_

trans

Gibbs Free Energy (G):
G=H-TS = AG=AH-TAS

Comprehensive Formulas, Laws, and Constants

* Spontaneity Criteria (at constant T,p): *
AG < 0 (Spontaneous) * AG = 0 (Equilibrium) *
AG > 0 (Non-spontaneous)

Chemical Potential Equilibrium:

AG = AG° + RTInQ
AG® = —RTIm K

Chemical Kinetics

Rate Law: For aA + bB — Products, Rate =
KA B

Integrated Rate Equations:

* Zero Order (z =0):

[A]; = —kt + [A]o

Half-life: t,/, = 2o

* First Order (z =1):
In[A]; = —kt +1n[A]y < [A]; = [AJoe™ "

Half-life: ti)2 = In2 . 0.693

k k
* Second Order (z = 2):
1 1
— =kt + —
(Al [Alo
Half-life: t1/2 = ﬁ

Arrhenius Equation:

k= Ae~Fe/ BT

Linearized form:

E, (1

Two-temperature form:

k) R Ty

Collision Transition State Theory: * Acti-
vation energy FE, is the threshold energy. * Eyring
equation: k = %e*AGi/RT

Quantum Chemistry

Fundamental Postulates:
Schrodinger Equation:

* Time-independent

Hy = Ev

* Momentum Operator: p, = —ih% * Hamiltonian
Operator: H = —%VQ +V

Particle in a 1D Box (0 <z < L): * Wave-
function:

2
Yn(x) = \lzsin($), n=123,...

* Energy Levels:

nZh?
"7 SmL2

Harmonic Oscillator (Vibrational):
1
kb, = <v+2) hw, v=0,1,2,...

Zero-point energy (v =0): Ey = $hw

Hydrogen Atom: * Radial and angular sepa-
ration of variables. * Energy levels depend solely on
principal quantum number n:

B mee _ 13.6eV
" 8ehn? n?
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Electrochemistry

Faraday$ Laws of Electrolysis:

M-Q
— 7. [ t=1 %
m n-F
Nernst Equation:
RT
E=FE°—-—1
nF ne
At 298 K:
0.0591
E=E°— log Q ext(inVolts)

Electrochemical Cells:
AG = 7TLFEC911
At equilibrium (Q = K, Ecen = 0):

_ nk°
©0.0591

log K

Conductivity Molar Conductivity: * Resis-
tivity p, Conductivity k = % * Molar Conductivity:

K - 1000
C

Ay =

* Kohlrauschs Law:

As =D ALY v N

Solutions Colligative Prop.

Concentration Terms: * Molarity
: Moles of solut . .
(M) Volum(:ee(:fosofgt};r? (L) MOlahty (m)

Moles of solute
Mass of solvent (kg)
Raoult$ Law:

* Mole Fraction (z;): Z;Lnj

pa =2aP%; Protal =pa +pB

Colligative Properties (with vant Hoff fac-
tor i): * Relative Lowering of Vapour Pres-
sure:

PA —Pa

o

Py

:i'iL’B

* Elevation of Boiling Point:
ATy =1-Kp-m

* Depression of Freezing Point:
ATy =1i-K;-m

* Osmotic Pressure (II):II =i- CRT

(Gases Statistical Basics
Ideal Gas Law:

PV =nRT

Van der Waals Real Gas Equation:

2
(p+ ﬁ;) (V — nb) = nRT

Kinetic Theory Speeds: * Root Mean Square
Speed:

3RT
Urms = 77‘[
* Average Speed:
S8RT
Vavg = 7777\{

* Most Probable Speed:

2RT
ome =\ T

Physical Constants Reference: * Gas Con-
stant (R): 8.314 Jmol 'K™' * Faraday Con-
stant (F): 96485 C mol™' * Planck$ Constant
(h): 6.626 x 1073* J s * Boltzmann Constant (kp):
1.381 x 1072 J K~
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