
∫ ∞

0
e−ax2

dx =
1
2

√
π

a
,

∫ ∞

0
xe−ax2

dx =
1
2a

,

∫ ∞

0
x2e−ax2

dx =
1
4

√
π

a3∫ ∞

0
x3e−ax2

dx =
1

2a2
,

∫ ∞

0
x4e−ax2

dx =
3
8

√
π

a5
,

∫ ∞

0
x6e−ax2

dx =
15
16

√
π

a7

σx =
(
〈x2〉 − 〈x〉2

)1/2
, c = (AT A)−1ATb, a =

x̄y − x̄ · ȳ
x̄2 − x̄2

, b =
x̄2 · ȳ − x̄ · x̄y

x̄2 − x̄2

PVm = RT, P =
RT

Vm − b
− a

V 2
m

, Z =
PVm

RT
= 1 +

B(T )
Vm

+
C(T )
V 2

m

+ · · · , w = −P∆V

∆U = q+w = CV ∆T, H = U+PV, ∆H = qP = CP ∆T, CP−CV = nR, CP =
(

∂H

∂T

)
P

∆H(T2) = ∆H(T1)+
∫ T2

T1

∆CP dT, ∆S(T2) = ∆S(T1)+
∫ T2

T1

∆CP

T
dT, ∆S =

∫ f

i

qrev

T
dT

A = U − TS, G = H − TS = A + PV, dU = TdS − PdV, dA = −SdT − PdV

dH = TdS + V dP, dG = −SdT + V dP +
∑

i

µidni = −SdT + vdP +

(∑
i

νiµi

)
dξ

dG′ = −S′dT +PdV +
∑
i6=H

µ′dn′+nC(H)RT ln 10 pH, ∆fG′◦
i = −RT ln

∑
j

e−∆f G′◦
j /RT

W (n0, n1, n2, ...) =
N !

n0!n1!n2!...
, lnx! ∼ x lnx− x,

ni

N
=

e−βεi∑
j e−βεj

, β = 1/kBT

q =
∑

i

e−βεi =
∑

j

gj e−βεj , 〈ε〉 = −1
q

dq

dβ
, q = qT qRqV qE , CV =

(
∂〈ε〉
∂T

)
V

qR =
∞∑

J=0

(2J + 1) e−βhcBJ(J+1), B =
~

4πcI
, qR =

T

ΘR
, qR =

1
σ

(
kBT

hc

)3/2(
π

ABC

)1/2

qV =
1

(1− e−hνβ)
=

kBT

hν
, ΘV =

hν

kB
, ΘR =

σhcB

kB
, qT =

V

Λ3
, Λ =

h√
2πmkBT

Q = qN , Q = qN/N !, U(T, V ) = U(0, V )−
(

∂ lnQ

∂β

)
V

, S = kB lnΩ

S =
U − U(0)

T
+ kB lnQ = NkB ln

(
e5/2V

NΛ3

)
, SΘ

m =
Um − Um(0)

T
+ R

(
ln

qΘ
m

NA
+ 1
)

∑
i

νiBi = 0, K =
∏

i

aνi
eq,i, KP =

∏
i

(
Pi

P ◦

)νi

, KC = KP

(
P ◦

c◦RT

)ν

, Q =
∏

i

aνi
i

Kx = KP

(
P

P ◦

)−ν

, KP =
(

P/P ◦

n0 + νξ + ninert

)ν ∏
i

(ni0 + νiξ)νi

∆rG
◦ =

(
∂G

∂ξ

)
T,P

= −RT lnK, ∆rG = ∆rG
◦ + RT lnQ, µi = µ◦i + RT ln ai

∆rH
◦ = RT 2

(
∂ lnKP

∂T

)
, ln

K2

K1
=

−∆rH
◦

R

(
1
T2

− 1
T1

)
, lnK = −∆rH

◦

RT
+

∆rS
◦

R



E◦ =
RT

|νe|F
lnK, E = E◦ − RT

|νe|F
lnQ, ∆rG

◦ = −|νe|FE◦, E = ER − EL

µi = µ◦i + RT ln ai, ai = γi
mi

m◦ , γ± = (γν+
+ γ

ν−
− )1/ν± , I =

1
2

∑
i

z2
i (

mi

m◦ ) =
m

2m◦

∑
i

νiz
2
i

∆fG◦
i (I) = ∆fG◦

i (I = 0) + RT ln γi, ∆fH◦
i (I) = ∆fH◦

i (I = 0) + RT 2

(
∂ ln γi

∂T

)
P

log γ± = Az+z−
√

I, log γ± =
Az+z−

√
I

1 + B
√

I
, log γ± = Az+z−

( √
I

1 +
√

I
− CI

)

A =
1

ln 10

(
2πNAms

V m◦

)1/2( e2

4πεkBT

)3/2

= 0.509,
dA

dT
= −0.00256, B = 1.6, C = 0.30

∆V = IR, R =
L

κA
, κ = F

∑
i

|zi|ciui =
∑

i

λici, u =
vE

E
, Λm =

κ

c

f(vx) =
(

m

2πkBT

)1/2

e−mv2
x/2kBT , F (v) = 4π

(
m

2πkBT

)3/2

v2e−mv2/2kBT

〈v〉 =
(

8kBT

πm

)1/2

, 〈v2〉1/2 =
(

3kBT

m

)1/2

, vmp =
(

2kBT

m

)1/2

, 〈v12〉 =
(

8kBT

πµ

)1/2

z12 = ρ2πd2
12〈v12〉, Z12 = ρ1ρ2πd2

12〈v12〉, z = 21/2ρπd2〈v〉, Z = 2−1/2ρ2πd2〈v〉

λ =
1√

2ρπd2
, JN =

ρ〈v〉
4

=
∆w

mtA
, χ(b) = 2 arccos

b

d
, η =

5π

32
ρmλ〈v〉, F = −η∇u

D =
3π

4
λ〈v〉, J = −D∇ρ,

∂ρ

∂t
= D∇2ρ,

∂c

∂t
= D∇2c, D =

kBT

f
, D =

kBT

6πηr

c(x, t) =
n0

A
√

πDt
e
−x2

4Dt , 〈x2〉 = 2Dt, 〈x〉 = 2
(

Dt

π

)1/2

, P (x, t) =
(

2τ

πt

)1/2

e
−x2τ

2tλ2 , D =
λ2

2τ

[A] = [A]0e−kt, t1/2 =
ln 2
k

,
1

[A]
− 1

[A]0
= kt, t1/2 =

1
k[A]0

, [A]0 − [A] = kt, t1/2 =
[A]0
2k

[A] =
k−1[A]0
k1 + k−1

(
1 +

k1

k−1
e−(k1+k−1)t

)
, k = Ae−Ea/RT , Ea = RT 2 d ln k

dT
,

kf

kb
= Kc(c◦)ν

v =
vmax[S]0

[S]0 + KM
, KM =

k−1 + k2

k1
, vmax = k2[E]0, kcat =

vmax

Nc[E]0

v =
vmax[S]0

[S]0 + KM

(
1 + [I]

KI

)
V (r) = D

(
e−2α(r−rb) − 2e−α(r−rb)

)
P (~x,~v) d~xd~v = A e−E(~x,~v)/kBT d~xd~v, ZS =

∫
S

e−V (~x)/kBT d~x

kTST =

√
kBT

2πµ

Z‡

ZR
, kHTST =

ΠD
i νR,i

ΠD−1
i ν‡,i

e−(VSP−Vmin)/kBT


