Acid-base systems Ii



Polyprotic acids

e Carbonic acid
H,CO;* = HY* 4+ HCO;~ = 2H* 4+ C0,*”

pK,,=6.3 pK,,=10.3 (at 25°C)

H,CO;* = sum of true H,CO, and CO,(aq)

* Phosphoric acid

H,PO, = H* + H,PO,” = 2H* + HPO,*~ = 3H* + PO,

pK,,=2.1 pK_,=7.2 pK_,=12.7 (at 25°C)



Analyzing polyprotic acid/base system

Let’s work with a diprotic acid, H,A:

Species involved (5):
H*, OH", H,A, HA", A*

Equilibrium constants:
[H*][HA™] _ [H*][4%]

K, = [H+][0H_] Kq = [H,A] a2 — [HA™]

Mass balance:
Cr = [HA] + [HA™] + [A%7]

Charge balance:



Analyzing polyprotic acid/base system

From equilibrium constants & mass balance, we get
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Analyzing polyprotic acid/base system
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=  p[H,A] = pCr — pKgs + pH  slope: 1
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Analyzing polyprotic acid/base system

N -1
[HA™] = Cr X (521] +14 [I;“f]>
PH<pK,;: p[HAT] = pCr + pKqgq + pH slope: -1
PK,1<pH<pK,,: p[HAT] = pCr slope: 0
PKaa<ph: plHA™] = pCr — pKap + pH slope: 1
_ [H*]  [H*]2\™
[4%7] = C X <1 + K, + KalKa2>
pH<pK,;: p[A*7] = pCr + pKyy + Ky — 2pH  slope: -2
PK,1<pH<pK,,: p[HA™] = pCr + pK,, — pH slope: -1

PK,,<pH: p|[HA™] = pCr slope: 0



Analyzing polyprotic acid/base system

H,CO,,
C,=103M
pK,; =6.3
pK,, = 10.3

o5 -1 h th £ W K = O

Charge balance:
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Analyzing polyprotic acid/base system

o5 -1 h th £ W K = O
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Open vs. Closed system
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Open & Closed systems in natural waters

Large surface area,
rapid mass transfer

o, (g)

Open system
Rain drop PER Sy

Ground surface

CO, (g)
Water table | Slow mass transfer

10



Open & Closed systems for carbonates

* Closed system: C; = constant
(we have a solution already!)

* Open system (ex: rain drop)

— Equilibrium between gas & aqueous phase:
Co, (g) “Henry’s Law”

[H2603*] = KHPC02

Ky = Henry’s law constant (M/atm)

constant P,
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Open system for carbonates

pH-pC diagram for an open system

Equilibrium constants:
[HT][HCO3™]
[H2C05]

Ky = [H+][0H_] Ka1 =

Mass balance:

Cr = [H,CO3] + [HCO;™] + [€05%7]

a2 —

[H*][C0;°7]

[HCO;™ ]
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Open system for carbonates

WV a0 - & A £ W k) = O
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Carbonate buffer

* So, rainwater pH = 5.6 in uncontaminated areas

* Carbonate species (H,CO;, — HCO, — CO,?%)

— Most of the time, exist in the highest concentration among weak acids
in natural waters

—> Controls the pH (others adjust to that pH)

Freshwater pH range: 6-8; seawater pH range: 7.5-8.5

— Much more complicated than we calculate in the class
* Other equilibriums involved: dissolution of carbonate minerals (ex: CaCO,)

* Py, may not be 103> atm (atmospheric partial pressure) because of
biological activities (photosynthesis, respiration)

* Equilibrium may not be established
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