ACID-BASE EQILIBRIUM SYSTEMS

For all the acid base equilibrium systems we can
write down

— Mass balance equation
— Charge balance equation



Mass Balance Equation

Mass Balance Equation

The quantity of all species in a solution containing a
particular atom (or group atoms) must equal the
amount of that atom (or group atoms) delivered to

the solution.
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So the equilibrium involves the following reactions:
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Nu3pos (initial) = MH3Po4 inal) T MH2Po4 HPOA4 PO4

1 mole
[H3PO,] (initial) ~ [HsPO,] (final) T [H,PO, ]+ [HPO,#] + [PO,]
1M

Call [H3PO,] initiary = TOTPO,

TOTPO, = sum of the concentrations of all the species in
solution that contain the chemical group PO,.

TOTPO,= [H;PO,] + [H,PO,] + [HPO,*] + [PO,*]



Mass Balance Equation

Mass Balance Equation
The quantity of all species in a solution containing a

particular atom (or group atoms) must equal the
amount of that atom (or group atoms) delivered to the

solution.

TOTPO,=[H,PO,]+ [H,PO,] + [HPO,#] + [PO,*]



Charge Balance Equation
Charge balance equation of any aqueous solution is:

n[C, ] +n,JC ]+ ... = my[A]+ M)A ]+ .........

C’s are the concentrations of all the (+)'ly charged ions.
n is the magnitude of the (+) charge.
A’s are the concentrations of all the (-)’'ly charged ions.
m is the magnitude of the (-) charge.



EX.
Write down the charge balance of the previous system.

Hint: Consider all the equilibrium species. Do not
forget the dissociation of water.

H,O —— H* + OH-

1[H*] = 1[H2PO4] + 2[HPOs2] + 3[PO43] + 1[OH]



EX.

1 mol of Na,SO, Is added into 1 L DI water. Write down the mass
balance and charge balance equations.

NazS0u4is) —> 2Nat*(ag) + SO4%7(aq)
initial 1 mol - -

after - 2 mol 1 mol
dissoc.

We start with 1 M Na,SO, —— 2 M Na*and 1 M SO, *
INa*] = 2 [SO42]

Mass balance between Na* and SO,*



Charge Balance Equation

To write down the charge balance equation we have
to consider the dissociation of water also.

H,O —— H* + OH

[H*] + [Na*] = 2 [SO,%]+ [OH]



EX.

Add 1 mol of Na,CO;into 1 L DI water. Write down the mass
balance and charge balance equations for this solution.

Equilibrium reactions are

Na2COszisy —> 2Na*ag) + CO3%(aq)

H2CO3aq) T—= H* + HCO3aq)

H.O == H*' + OH



Mass Balance Eg’'n

[Na*] = 2 [CO3%](initial)
[CO3%] (initian = TOTCO3

TOTCOa= [CO22] (finaiy + [HCO37] + [H2CO3]
MB: [Na*] = 2 {[CO32] + [HCO3] + [H2CO3]}

Charge Balance Eg’'n

CB: [H] + [Na*] = 2 [CO32] + [HCOs] + [OH]



Equilibrium reactions are
Na:COs3zis) ——> 2Nat@aq) + CO3%(aq)

H2CO3(aq) <— H* + HCO3zaq)

H2O <= H* + OH



EX.

Add 1 mol of Na;PO, into 1 L DI water. Write down the mass
balance and charge balance equations for this solution.

Equilibrium reactions are
NasPOsis) — 3Na*(ag) + POs3aq)

H3PO4 (ag) {_s H* + H2PO4 (ag)

HoPO4 (aq) €—— H* + HPQO4? (aq)

HPO42 (aq) {_5,, H* + POa4* (aq)

H20O <— H* + OH



MB:

CB:

Mass Balance Eg’'n

[Na*] = 3 [PO43(initial)
[PO4*(initian = TOTPOa4
TOTPQO4=[H3PO4] + [H2PO47] + [HPO427] + [PO43]

[Na*] = 3{ [HsPOu4] + [H2PO4] + [HPO42] + [PO43] }

Charge Balance Eg’'n

[H*] + [Na*] = [H2POx«] + 2[HPO4%] + 3[PO4>] + [OH]



Equilibrium reactions are

NasPOsis) — 3Na*(ag) + POs3aq)

H3PO4 (ag) {_s H* + H2PO4 (ag)

HoPOus (aq) «— H* + HPO4Z (aq)

HPO42 (aq) {_5,, H* + POa4* (aq)

H20O <— H* + OH



EX.

Add 1 mol of Na,HPO, into 1 L DI water. Write down the mass
balance and charge balance equations for this solution.

Equilibrium reactions are
NaHPQOass) —— 2Na‘aq + HPO4Z(aq)
H3PO4 (ag) {_s H* + H2PO4 (ag)
HoPOus (aq) «— H* + HPO4Z (aq)

HPO42 (aq) {_5,, H* + POa4* (aq)

H20O <— H* + OH



MB:

CB:

Mass Balance Eg’'n

[Na*] = 2 [HPO4%](initial)

[HPO4% ](iniiay = TOTPO4

TOTPO4=[H3PO4] + [H2PO4] + [HPO42] + [PO4*]
[Na*] = 2{ [H3PO4] + [H2PO«] + [HPO42] + [PO43] }

Charge Balance Eg’'n

[H*] + [Na*] = [H2POx«] + 2[HPO4%] + 3[PO4>] + [OH]



EX.

Add 1 mol of NaH,PO, into 1 L DI water. Write down the mass
balance and charge balance equations for this solution.

Equilibrium reactions are

NaH2PO4is)y —— Na*aqg) + H2POu4aq)
H3PO4(aq €—— H" + H2PO4 (aq)

HoPOus (aq) «— H* + HPO4Z (aq)

HPO42 (aq) {_5,, H* + POa4* (aq)

H20O <— H* + OH



CB:

Mass Balance Eg’'n

[Na*] = [H2POa4initial
[H2PO4](initiay = TOTPO4

TOTPO4=[H3P Q4] + [H2PO4] + [HPO42] + [PO43]

MB:  [Na’] = [HsPOu] + [H2PO4] + [HPO4?] + [PO#2]

Charge Balance Eg'n

[H*] + [Na*] = [H2POx«] + 2[HPO4%] + 3[PO4>] + [OH]



