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1 Thermodynamics
ξ ≡ ni−ni0

νi
= −XAnA0

νA
ξe ≡ −XenA0

νA
ξ̆ ≡ ξ

V
nA = nA0 + νAξ = nA0(1−X) = 1− ni

ni0

Ka =
∏
i

aνi
i = e−

∆G

RT KP =

∏
i

pνi
i

d ln k
dT = E

RT 2
d ln k
dT−1 = −E

R ∆rG
◦ =

∑
i

νi∆G◦
i

∆G◦ =
∑
i

νiµ
◦
i = −RT

∑
i

νi ln ai = −RT lnKa[
∂(∆G◦/T )

∂T

]
P
= −∆rH

T 2

1.1 Properties of Gases

Ideal: ai = pi Real: ai = f⋆
i

f⋆◦
i

ai = fi = yif
⋆
i = yiPϕi

Ka = KpKϕ KP = KyP
ν̄ ν̄ =

∑
i

νi

1.2 Properties of Liquids
Ideal: ai = xi Real: ai = xiγi(
d lnKa

dT

)
P
= ∆H◦

RT 2 →
[
d lnKa

d(1/T )

]
P
= −∆H◦

R

2 Rate Law
k = Ae−

Ea
RT r̆ = r̆fwd − r̆rev r̆ = k

∏
i

cαi
i α =

∑
i

αi

Order Rate Formula
0 r̆ = k cA0 − cA = kt
1 r̆ = kcA ln cA0

cA
= kt

2-I r̆ = kc2A c−1
A − c−1

A0 = kt
2-II r̆ = kcAcB ln cA0

cB0
+ ln cB

cA
= (cA0νB − cB0νA)kt

3-I r̆ = kc3A c−2
A0 − c−2

A = 2νAkt
3-II r̆ = kc2AcB c−1

A − c−1
A0 + (cA0 − cB0

νA

νB
)−1 ln cBcA0

cAcB0

= (cA0νB − cB0νA)kt
3-III r̆ = kcAcBcQ νA(νQcB0 − νAcQ0) ln

cA
cA0

+νB(νAcQ0 − νQcA0) ln
cB
cB0

+νQ(νBcA0 − νAcB0) ln
cQ
cQ0

= kt(νAcB0 − νBcA0)(νAcQ0 − νQcA0)
×(νQcB0 − νBcQ0)

n r̆ = k
∏
i

cαi
i (cn−1

A )−1 − (cn−1
A0 ) = (1− n)νAkt

εA ≡ V |XA=1−V |XA=0

V |XA=0
=

nT|XA=1−nT|XA=0

nT|XA=0

r̆ = [V0(1 + εAXA)]
−1
(
−nA0

νA

dXA

dt

)
= − cA0

1+εAXA

1
νA

dXA

dt

r̆ = 1
V

dξ
dt = 1

V νi

dni

dt = 1
νi

dci
dt + ci

V νi

dV
dt

N(t) = N00.5
t

t1/2 = N0e
− t

τ = N0e
−λt

Order 0 1 2 3 n

t1/2 − cA0

2νAk
ln 2
k − 1

νAkcA0
− 3

2νAkc2A0

2n−1−1
(1−n)νAkcn−1

A0

3 Molecular Kinetics

Z̆AA = 2(ρN,A)
2σ2

A

√
πkBT
m̌ Z̆AB = ρN,AρN,Bπσ

2
AB

√
8kBT
πµAB

σAB = σA+σB

2 µAB = m̌Am̌B

m̌A+m̌B

r̆AB = ρsZ̆ABe
−Ea
RT = kρN,AρN,B

4 Multiple Reactions
Ke =

kfwd
krev

= cBe
cAe

r̆e = kfwd − krev = 0

A
kfwd
⇌
krev

B : r̆ = kfwdcA − krevcB

−(kfwd + krev)t = ln
KecA − cB

KecA0 − cB0
= ln

cBecA
cA0

− cB
cBecA0

cAe
− cB0

A+B
kfwd
⇌
krev

R+ S : r̆ = kfwdcAcB − krevcRcS

0 = Ke(cA0 − ξ̆e)(cB0 − ξ̆e)− (cR0 + ξ̆e)(cS0 + ξ̆e)
ζ ≡ kfwd(cAe + cBe) + krev(cRe + cSe)

∆ξ = ξ̆ − ξ̆e

t = ζ−1 ln
(
kfwd − krev − ζ

∆ξ

)
A+B

kfwd
⇌
krev

R : r̆ = kfwdcAcB − krevcR

ξ̆e =
Ke(cA0 + cB0) + 1 +

√
ζ

2Ke
ζ ≡ K2

e (cA0 − cB0)
2 + 2Ke(cA0 + cB0 + 2cR0) + 1

∆ξ = ξ̆ − ξ̆e
[kfwd(cAe + cBe) + krev]t =

ln
ξ̆e [Ke∆ξ − (Ke[cAe + cBe] + 1)]

∆ξ[Keξ̆e +Ke(cAe + cBe) + 1]

A
k1
Ù
k2

R
T

: ξ̆1 = k1cA0

k1+k2

(
e−[k1+k2]t

)
ξ̆2 = k2cA0

k1+k2

(
e−[k1+k2]t

)
cA = cA0

(
e−[k1+k2]t

)
cR−cR0

cT−cT0
= k1

k2

5 Catalysis
Kcat =

kad
kde

θv = 1−
∑

i θi

5.1 Single Species
r̆ad = kadpA(1− θA) r̆de = kdeθA
θA = kadpA

kde+kadpA
= KcatpA

1+KcatpA

5.2 Multiple Species

A+B
kad
⇌
kde

R+ S θv = 1−
∑
i

θi

kad,AθAθB = kde,AθRθS θA = θRθS
Kcat,AθB

kad,BpBθv = kde,BθB θB = Kcat,BpBθv
θR = Kcat,RpRθv θS = Kcat,SpSθv

“r = kad,A

(
pAθv − θA

Kcat,A

)
5.3 Dissociation Occurs on Adsorption
r̆ad = kad,ApAθ

2
v = kad,A(1− θA)

2 r̆de = kde,Aθ
2
A

θA =

√
Kcat,ApA

1+
√

Kcat,ApA

Only A dissociates: θA =

√
Kcat,ApA

1+
√

Kcat,ApA+Kcat,BpB+Kcat,CpC

6 Reactor Design
6.1 Batch Reactor

t = cA0

XA´
0

dXA

−r̆A
= −

cÁ

cA0

dcA
−r̆A

t = nA0

XA´
0

dXA

−r̆AV0(1+εAXA) = cA0

XA´
0

dXA

−r̆A(1+εAXA)

cA = cA0(1−XA) cZ = cZ0 + cA0XA

6.2 Plug Flow Reactor

V
FA0

=
XA,out´
XA,in

dXA

−r̆A
τ = V

V̇0
= cA0

XA,out´
XA,in

dXA

−r̆A

{ε = 0} : τ = −
cA,out´
cA,in

dcA
−r̆A

Gas: cA = cA0
1−XA

1+εAXA

tm =
XA,out´
XA,in

FA0dXA

−r̆AV̇0(1+εAXA)
= cA0

XA,out´
XA,in

dXA

−r̆A(1+εAXA)
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6.3 CSTR
V

FA0
=

XA,out−XA,in
−r̆A,out

τ = cA0

−r̆A,out
(XA,out −XA,in) =

cA0

−r̆A,out

XA,out´
XA,in

dXA

τ = 1
−r̆A,out

(cA,out − cA,in) =
1

−r̆A,out

cA,out´
cA,in

dcA

6.4 PFR Recycle Reactor

V
FA0

= (R+1)
XA,PFR out´

RXA,PFR out/(R+1)

dXA

−r̆A
XA,PFR in = R

R+1XA,PFR out

R ≡ volume of fluid returned
volume of fluid leaving in net product

7 Temperature and Energy Effects
Batch: Q̇ = r̆V∆rH+

∑(
niC̄P,i

dT
dt

)
T = T0+

∆rH(T0)nA0XA

νA

∑
(niC̄P,i)

CSTR: Q̇ =
FA0(XA,out−XA,in)

−νA
∆rH(T0) +

∑(
Fi

Tout´
T0

C̄P,i dT

)

Tubular reactor:
XA,out´
XA,in

U∆T 4
�FA0

dXA

−r̆A
=

∑(
Fi

T́

T0

C̄P,i dT

)
− FA0∆rH(T0)

νA
(XA,out−XA,in)

8 Deviation from Ideal Flow

tm = t =
t=∞´
t=0

t
(

dF (t)
dt

)
dt
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