
CHEM∗2820 Fall 2024 Midterm Exam Equation Sheet
Professor L. D. Chen, Department of Chemistry

Constants and Conversions
R = 8.3145 J ·mol−1 ·K−1, T (K) = θ(◦C) + 273.15

1 m = 10 dm = 100 cm, 1 atm = 1.01325× 105 Pa

∆fH

 (SiH2(g)) = 274 kJ ·mol−1

∆fH

 (SiH4(g)) = 34.3 kJ ·mol−1

∆fH

 (Si2H6(g)) = 80.3 kJ ·mol−1

∆fusH

 (H2O) = 6.01 kJ ·mol−1

Cp,m(CO2(g)) = 37.11 J ·K−1 ·mol−1

Cp,m(H2O(l)) = 75.3 J ·K−1 ·mol−1

Cp,m(H2O(s)) = 37.6 J ·K−1 ·mol−1

MH = 1.008 g ·mol−1, MHe = 4.003 g ·mol−1

MC = 12.011 g ·mol−1, MO = 15.999 g ·mol−1

Mathematical Relations
exeyez · · · = ex+y+z+···

lnx+ ln y + · · · = lnxy · · · , lnx− ln y = ln
x

y

d (fg) = fdg + gdf, d

(
f

g

)
=

1

g
df −

f

g2
dg∫

1

x
dx = lnx+ C∫

1

ax+ b
dx =

1

a
ln (ax+ b) + C

The Properties of Gases
The Perfect Gas

pV = nRT or pVm = RT

pJ = xJp, xJ =
nJ

n
, n =

∑
J

nJ

The Kinetic Model

f(v) = 4π

(
M

2πRT

)3/2

v2e−Mv2/2RT , vrms =

(
3RT

M

)1/2

vmean =

(
8RT

πM

)1/2

, vmp =

(
2RT

M

)1/2

Real Gases

Z =
Vm

V 

m

, pVm = RTZ

p =
nRT

V − nb
− a

n2

V 2
or p =

RT

Vm − b
−

a

V 2
m

The First Law

Internal Energy

dU = dq + dw or ∆U = q + w

dw = −|F|dz, wrev = −nRT ln
Vf

Vi

dw = −pexdV or w = −pex∆V

CV =

(
∂U

∂T

)
V

, ∆U = CV ∆T, ∆U = qV

Enthalpy

H = U + pV

Cp =

(
∂H

∂T

)
p

, ∆H = Cp∆T, ∆H = qp

Cp − CV = nR or Cp,m − CV,m = R

Thermochemistry

∆rH

 =

∑
products

ν∆fH

 −

∑
reactants

ν∆fH



∆rC


p =

∑
products

νC

p,m −

∑
reactants

νC

p,m

∆rH

 (T2) = ∆rH


 (T1) +

∫ T2

T1

∆rC


p dT

State Functions and Exact Differentials

dU =

(
∂U

∂V

)
T

dV +

(
∂U

∂T

)
V

dT

πT =

(
∂U

∂V

)
T

, α =
1

V

(
∂V

∂T

)
p(

∂U

∂T

)
p

= απTV + CV

κT = −
1

V

(
∂V

∂p

)
T

, Cp − CV =
α2TV

κT

Adiabatic Changes

ViT
c
i = VfT

c
f , c =

CV,m

R

piV
γ
i = pfV

γ
f , γ =

Cp,m

CV,m

The Second and Third Laws
Entropy

dS =
dqrev

T
, S = kB lnΩ

∆Ssur =
qsur

Tsur

η = 1−
|qc|
|qh|

, η = 1−
Tc

Th

Entropy Changes for Specific Processes

∆S = nR ln
Vf

Vi

∆trsS =
∆trsH

Ttrs

Measurement of Entropy

∆rS

 =

∑
products

νS

m −

∑
reactants

νS

m

∆rS

 (T2) = ∆rS


 (T1) +

∫ T2

T1

∆rC

p

T
dT

Concentrating on the System

A = U − TS, G = H − TS

∆rG

 = ∆rH


 − T∆rS



∆rG

 =

∑
products

ν∆fG

 −

∑
reactants

ν∆fG



Combining the First and Second Laws

dU = TdS − pdV,

(
∂T

∂V

)
S

= −
(

∂p

∂S

)
V

dH = TdS + V dp,

(
∂T

∂p

)
S

=

(
∂V

∂S

)
p

dA = −pdV − SdT,

(
∂p

∂T

)
V

=

(
∂S

∂V

)
T

dG = V dp− SdT,

(
∂V

∂T

)
p

= −
(
∂S

∂p

)
T(

∂G

∂p

)
T

= V,

(
∂G

∂T

)
p

= −S(
∂ (G/T )

∂T

)
p

= −
H

T 2
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