
Constants and units

R = 8.3145 J K−1 mol−1

= 0.082 06 L atm mol−1 K−1

kB = 1.381× 10−23 J K−1

= 1.381× 10−16 g cm2 s−2 K−1

NA = 6.022× 1023 mol−1

c = 2.998× 108 m s−1

h = 6.626× 10−34 J s

h̄ =
h

2π
= 1.055× 10−34 J s

1 N = 1 kg m s−2

1 J = 1 N m = 1 kg m2 s−2

1000 L = 1 m3

ln N! ≈ N ln N − N
ln (M− N) ≈ ln M if M� N

Quantum mechanics

E = hν =
hc
λ

E1D PIB =
n2h2

8mL2 , n = 1, 2, 3, · · ·

ERR =
h̄2 J (J + 1)

2I
, J = 0, 1, 2, · · ·

EHO = h̄
(

k
µ

)1/2 (
v +

1
2

)
, v = 0, 1, 2, · · ·

Molecular transport

J(x) = −D
[

∂c(x)
∂x

]
∂c(x, t)

∂t
= D

∂2c(x, t)
∂x2

D =
kBT

f
fsphere = 6πηr

fdisk, random = 12ηr〈
r2
〉1/2

3D
=
√

6Dt

Kinetic molecular theory, gas collisions

σ = πd2; zAA =
√

2ρσ 〈v〉 ; t =
1

zAA

l =
〈v〉
z

=
1√
2ρσ

ZAA =
σ 〈v〉 ρ2
√

2

µ =
m1m2

m1 + m2

Maxwell-Boltzmann speed distribution

P(v) = 4π

(
M

2πRT

)3/2
v2e−Mv2/2RT

〈v〉 =
(

8RT
πM

)1/2

〈
v2
〉1/2

=

(
3RT
M

)1/2

〈
vmp

〉
=

(
2RT
M

)1/2

Kinetics

k = Ae−
Ea
RT

t1/2 =
ln 2

k
first-order only

v(t) = −1
a

d [A]

dt
= · · ·

= − 1
V

dξ

dt

Kc =
k1

k−1
=

[B]eq

[A]eq

∆ [B] = ∆ [B]0 e−t/τ ; τ =
1

k1 + k−1

k =
kBT
hc◦

e
∆‡S◦

R e−
∆‡ H◦

RT

=
kBT
hc◦

e2 · e
∆‡S◦

R e−
Ea
RT

Ea = ∆‡ H◦ + 2RT

yieldi =
ki

∑n kn

d [I]
dt ss

= 0; [I]ss =
k1

k2
[A]0 e−k1t

[ES]ss =
k1 [E] [S]
k−1 + k2

=
[E]0 [S]

KM + [S]

KM =
k−1 + k2

k1

d [P]
dt

= k2 [ES]ss

= k2 [E]0
[S]

KM + [S]

= vmax
[S]

KM + [S]
1

d [P] /dt
=

1
vmax

+
KM

vmax [S]

v =
vmax [S]

KM + [S]



Chemical and phase equilibria

µ =

(
∂G
∂n

)
p,T

dp
dT

=
∆S
∆V

=
∆H

T∆V

ln
p2

p1
= −

∆vap H
R

(
1
T2
− 1

T1

)
ln

Kp(T2)

Kp(T1)
= −∆rxn H

R

(
1
T2
− 1

T1

)
∆rxnG◦(T) = −RT ln Kp(T)

∆rxnG = ∆rxnG◦ + RT ln Q

Q =
pνY

Y pνZ
Z · · ·

pνA
A pνB

B · · ·

Kp =

(
pνY

Y pνZ
Z · · ·

pνA
A pνB

B · · ·

)
eq

Kc =

(
cνY

Y cνZ
Z · · ·

cνA
A cνB

B · · ·

)
eq

=

( qY
V
)νY
( qZ

V
)νZ · · ·( qA

V
)νA

( qA
V
)νA · · ·

Kp = Kc

(
c◦

p◦
RT
)νY+νZ+···−νA−νB−···

q
V

=
qtrans

V
qrotqvibqelec

=
q◦

V
eD0/kBT

qvibqelec =
1

1− e−θ/T · g · e
D0/RT

q◦

V
=

NA p◦

RT
e−(G◦−H◦0 )/RT

Thermodynamics

δw = −pextdV; w = −pext∆V

wiso-T = −
∫ V2

V1

nRT
V

dV = −nRT ln
V2

V1

CV =

(
∂U
∂T

)
V

; Cp =

(
∂H
∂T

)
p

∆H =
∫

dH =
∫

Cp(T)dT

Cp = CV + nR

∆U = w + q

∆S =
qrev

T
= nR ln

V2

V1
+ CV ln

T2

T1

∆S =
∫ Cp

T
dT + ∑

i

∆trsH
T

p
S
R

=
7
2
+ ln

[(
2πmkBT

h2

)3/2 V
N

]
+ ln

[
T

σθrot

]
. . .

. . .+
θvib
T

(
1

eθvib/T − 1

)
− ln

[
1− e−θvib/T

]
+ ln [ge1]y

p2

p1
=

(
V1

V2

)γ

V2 =
V1

γ

[
γ− 1 +

p1

p2

]
γ = Cp/CV

H = U + pV; A = U − TS
G = U − TS + pV = H − TS = A + pV

dU = TdS− pdV;
(

∂T
∂V

)
S
= −

(
∂p
∂S

)
V

dH = TdS + Vdp;
(

∂T
∂p

)
S
=

(
∂V
∂S

)
p

dA = −SdT − pdV;
(

∂S
∂V

)
T
=

(
∂p
∂T

)
V

dG = −SdT + Vdp;
(

∂S
∂p

)
T
= −

(
∂V
∂T

)
p(

∂ (∆G/T)
∂T

)
p
= −∆H

T2

µJT =

(
∂T
∂p

)
H
=

T
(

∂V
∂T

)
p
−V

Cp

Statistical mechanics

an

am
= e−β∆E; β =

1
kBT

pj =
e−βEj

∑i e−βEj
=

e−βEj

Q

Q (N, V, β) = ∑
i

e−βEi =
qN

N!

qtrans =

(
2πmkBT

h2

)3/2
V

qrot ≈
T

σθROT
; θROT =

h̄2

2IkB
, I = µr2

qvib =
e−θVIB/2T

1− e−θVIB/T

θVIB =
h̄
(

k
µ

)1/2

kB
=

hν

kB

〈E〉 = U = −
(

∂ ln Q
∂β

)
N,V

= kBT2
(

∂ ln Q
∂T

)
N,V

〈p〉 = 1
Qβ

(
∂Q
∂V

)
N,T

= kBT
(

∂ ln Q
∂V

)
N,T

S = kB ln W = −kB ∑
i

pi ln pi

S = kBT
(

∂ ln Q
∂T

)
N,V

+ kB ln Q

H = kBT

[
T
(

∂ ln Q
∂T

)
N,V

+ V
(

∂ ln Q
∂V

)
N,T

]
A = −kBT ln Q

G = kBT

[
V
(

∂ ln Q
∂V

)
N,T
− ln Q

]

µ = −RT
(

∂ ln Q
∂N

)
V,T

W(M, N) =
M!

N!(M− N)!
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