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V = bT V = cn

pV = nRT Ptotal = p1 + p2 + p3 + ... Vtotal = V1 + V2 + V3 + ...
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1 atm = 760 mm Hg 1 torr = 1 mm Hg 101.3 kPa = 1 atm
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pH = � log [H+] pOH = � log [OH�] pH + pOH = 14

pH = pKa + log
✓

[A�]
[HA]

◆
pOH = pKb + log

✓
[BH+]

[B]

◆

KaKb = Kw Kp = K (RT )�ng pKa + pKb = 14

Polyprotic acid titrations

Point in the titration Major Species Expression

No base added H3A,H2O Ka1
=

[H+][H2A�]
[H3A]

Base added

Before first equivalence point H3A,H2A�, H2O Ka1
=

[H+][H2A�]
[H3A]

At the first equivalence point H2A�, H2O pH =
pKa1

+ pKa2

2

Between the first and second equivalence points H2A�, HA2�, H2O Ka2
=

[H+][HA2�]
[H2A�]

At the second equivalence point HA2�, A3�, H2O pH =
pKa2

+ pKa3

2

Between the second and third equivalence points HA2�, A3�, H2O Ka3
=

[H+][A3�]
[HA2�]

At the third equivalence point A3�, H2O Kb =
Kw

Ka3

=
[HA2�][OH�]

[A3�]

Beyond the third equivalence point OH�, A3�, H2O pH determined by excess OH�

Species pKa pKb
HCN 9.11
C6H5CO2H 4.202
HC2H3O2 4.74
NH3 4.74
HSO�

4 0.921
C5H5N 8.75
CH3NH2 3.36
HF 3.14
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�E = q + w w = �pex�V

�H = qp �H = �E + p�V H = E + pV

(KE)avg =
3
2

RT CV =
3
2

R p�V = nR�T

Cp = CV + R �E = nCV�T �H = nCp�T

q = nC�T q = Ccal�T �E = qV

�E = 0 q = �w (isothermal)

wrev = �nRT ln
✓
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qrev = nRT ln
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�S = nR ln

✓
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V1
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�S =
qrev

T
�S = nCp ln

✓
T2

T1

◆
�S = nCV ln

✓
T2

T1
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�Strs =
qtrs

Ttrs
�Suniv = �Ssys +�Ssurr �Ssurr = ��H

T

�G = �H �T�S

�rxnH
� = Â�fH

�(products)�Â�fH
�(reactants)

�rxnS
� = ÂS

�
f (products)�ÂS

�
f (reactants)

�rxnG
� = Â�fG

�(products)�Â�fG
�(reactants)

G = G
� + RT lnP �G = �G

� + RT lnQ �G
� = �RT lnK

lnK = ��H
�
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+
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R
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= ��H

�
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w
useful
max = �G qp = T�S

g = Cp/CV P1V
g
1 = P2V

g
2 (Adiabatic)

P1V1 = P2V2 (Isothermal)

F = 96485 C/mol e� �G
� = �nFE�

A⇥ t = charge

E�
cell = E�

(cathode) �E�
(anode) Ecell = E�

cell �
0.0591

n
log Q E�

cell =
0.0591

n
lnK
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