CHE-2C2Y PHYSICAL CHEMISTRY FORMULA SHEET

Lecture 1
Entropy change when heat is supplied, assuming temperature is constant:
qT'E'U
AS = —
T
Entropy change through change in temperature, assuming heat capacity remains constant with temperature:

AS = Cl (Tz)

Lecture 2
Entropy change through change in volume, assuming constant temperature and pressure:
V
AS = nRin <—>
Vi
Entropy change through change in pressure, assuming constant temperature and volume:

AS = nRI (Pl)
= nnn P2

Entropy change at a state function:
AH,qp

ASyap = Toan

Trouton’s Rule:
ASyqp = 85 JK 'mol™!

Lecture 3
Entropy of a crystal with a set number of microstates (W):
S = kglnW  Wherekg=1.38x107

Lecture 4

Entropy of surroundings in an isolated system:
AH
ASgyrr = _?

AStot = AS+ ASsurr

Lecture 5
Gibbs free energy definition:

G=H-TS
Calculating G through G standard at different pressures:

. P
G=G +RTln( )
latm

Calculating change in G through equilibrium constant:
AG" = —RTInK,

Other weird functions | don’t understand but need to try and learn to at least have a small shot of getting a first:
AG
o(7)|_ an
aT | T?

dlnkK,\ AH’
aT | RT?

K, AH /1 1
() -4 G-
K, R\T, T,
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Topic 1: Single component mixtures
For a one-component system, chemical potential is equivalent to molar Gibbs energy
dG = (hz — pyddn
dG =0 if w=p
(), - (), -
ar /, T/, m

aaG,, dp
(dP)T_(ﬁ)T_V’" Vm >0

Clapeyron Equation

(dP) _ASy
ar/), AV,

Gradient of phase coexistence lines for plastic crystals

Clausius Clapeyron Equation

Topic 2: Thermodynamics of liquid mixtures
Raoult’s Law
Pr= P, + P
Pr = x,4P; + xpP5
Dalton’s Law

Pa _ xAP)
Pr  Ph+(Pi—Pg)xa

Ya = Yye=1—y,

P — PiPs
T B+ (B — BDya

Topic 3: Thermodynamics of non-ideal liquid mixtures

Derivations from ideality (Raoult's Law) are defined with reference to pressure-composition diagrams
and the sign of AHmix

Henry’s Law

Py = XpKg
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Topic 4: Two and Three component mixtures
Gibbs phase rule

F=C—-P+2
Topic 5: Colligative Properties

Elevation of a boiling point

; RT;2
AT, =Ty =Ty = Xsolute

AH,q)
Lowering of a freezing point

*2
RT}

AT, =Ty —Tf = | —————
! 4 ! (AHfreeze

Lowering of vapour pressure

— *
AP = xsolutepsolvent

Dilute solution approximation

ATb = Kbmsolute ATf = Kfmsolute

MM _ Kfmasssolute
solute —
ATf7nasssolvent
Osmotic Pressure
RT
s

T = RT Csopute

!

c

Csolute = J737
sonue MMsolute

=75y Xsolent
(Vm)solvent sotven
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Lecture 1

The steady state approximation (SSA)

Lecture 2

The Lindemann mechanism and the SSA

Activation Energies

Lecture 3

Lecture 4

kyk [ M}

o
rate—W— k;[A «] —m[fl]

kzkl AlAZ _Ea1+Ea2—Ea_1
= = e R

koo k_4 A, '
SSA vs. QEA
k
A——B_°C
K.q
[B] — short lived intermediate Rate _M_ k [E]
+ The rate law for [C] ? Codr
SSA QEA
8] o ey [Bl _& _g
T—.{,[A]—A_,[B]hi:[.ﬁ‘]—ﬂ [A] k_] 4
k, ¥
()= (81= 1141
Ru.l’c'=@=i[ﬂ] R:a:¢'=ﬂ=ﬁ[d]
dr k+k, die kg
d[M] 2k 2 1
— K, (2Kr)? z
- = e () e

number of monomer units consumed
" number of activated centres produced

_ rate of propagation of chains
" rate of production of radicals

<n>=2v=2k[M][I]?
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Relaxation Kinetics

1
Tpert << ——
per kfast

Diffusion Controlled Reactions in Solution

_dal

A+B-C
dt

= kp[A][B]

kD = 47TLDABdAD

_8RT
D — 377

P kpk,
OBS ™ kp + k,

S5
k{) = 4nLDABdeff deff = dAB (m)

2
dAB

~ 6D.p

TE

Activation Controlled Reactions and Transition State Theory

ZAZBeZ
4megerdapkpT

A+B o AB* > P = k(4B (o= Ktand - = k)
$— kp $ — kT kBT 14
K* = P K* = N so krsr = KhCOK
¥ H¥
kT (%), (57)
kTST = K hCO e R e RT
ast
— kB o ZAZBezL I _ _ ZAZBeZ i
A=c¢ex nCo e( R ) AGps = s Inkrgr = Inkrgr prv— (Sr)
i C.ZaZge?L
ASps=—7————7—
4meye,dag

I(DH)

k
log (i) = 247,71

I
kTST

FORMULA SHEET



CHE-2C2Y PHYSICAL CHEMISTRY FORMULA SHEET

Introduction

AG= AA-y
V (volume of bigger surface area)
v (volume of smaller surface area))

AA=<

Liquid Gas Surface
Surface tension as Force per unit length

Ey
2x2mr

—_— Fx ; —_—
Y =57 or forring y=

Laplace Equation
2
AP = ld
r

Pcapillary = ;

(B Y2y
PYy) RT T
P Vim?2
”Oap = e(RT )
Pvap

Kelvin Equation

Gibbs absorption equation

1

__+ar . . .
= T RT dInc (for ionic solution: half the result as both ions count)

Micelle equation
AGmicelle = RTlnxCMC
Area per molecule adsorbed

1
“ T BNy

Solid Gas Surface
Langmuir Isotherm for Chemisorption

KP

O=1vxp
g = v

Vmon

Linear representation to determine Vo,
P 1 +
V KVmon Vmon
Unimolecular
KP,
Rate = kB, 0, = TKPA
Bimolecular
KP,
Rate = kP30, 04 = m
BET Model
g, = vV _ cz _ _{AHI_AHL} _ P _
= = c=e¢e z=—-— Px=FB,y,

RT
Vinon (1 - Z){l + (C - 1)2} P x



