Class 6.3
Acids and Bases

CHEM 102H
T. Hughbanks

Hydrolysis of Salts made from
Weak Acids or Weak Bases

m When salts like NaCl or KNO, are dissolved
in water, the pH is not much affected. But
when NaCN or NH,ClI are dissolved, the pH
is changed. Why?

m CN-is a base and NH,* is an acid:
CN-(aq) + H,O <> HCN(aq) + OH-(aq)
NH,*(aq) + H,0 «~ NH;(aq) + H;0*(aq)

Hydrolysis of Salts - Example

m For NH;, pK, = 4.74. What is the pH of a
10-2 M solution of NH,CI?
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Acid name Name

Strong acid Yery weak base

hydrolodic acid HI [l indide ioh

perchloric acid HZIOg CiDg - perchlorate ion

hydrabrormic acid e o= tearmide ian

hydrochloric acid NO ACidS S-h-on ger th an H30 + Jloride ion

sulfuric acid . «drogen sulfate ion

chlatic acid HCIO CI0z— chlorate ian

nitric acid HMNO= MOz~ nitrate ion

7 Earrr dr Hz0 HzC EEr

hydrogen sulfate ion HS04~ S04 - sulfate ion

hydrofluoric acid HF = fluoride ion

hitrous acid HMOz MNOz— hitrite ioh

acetic acid CHaCOOH CHzCOz~ acetate ion

carbonic acid HzZ0s HCOz— hydrogen carbonate ion

hydrosulfuric acid Has Hs- hydrogen sulfide ion

arrmonium ion MHg *+ MHz arnmania

hydracyanic acid HZM M- cyanide ioh

hydrogen carbonate ion HCOs— COze- carbonate ion

rmethylamirmonium ion CHaMHz + CHzMHz methylarmine

[ERe = Haio OH- 7 e

armmonia MHz MHz — armide ion

hydrogen . e hydride ion

rethane No Bases Stronger than OH™  merhide ion

hydroxide ion p v oxide ion

- Yery weak acid Strong base

ST
Composition vs pH
HA +H,0 — H;0*(aq) + A~(aq)

_ [H;07][AT]

“ [HA]
when HA is half deprotonated,
[HA]=[A"] = pH = pK,

Composition

[HA]
vs pH

[HA];

HA A-
[HA]=[A] HA +H,0 <=
| H,0%(aq) + A~(aq)
0

pKa pH

m Composition changes dramatically when pH
is close to the pK,, of the acid.
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Polyprotic Acids

As we have seen, several common acids can
potentially donate more than one proton.
Sulfuric (H,SO,) and phosphoric (H;PO,)
acids are particularly prominent examples:

H,SO,: pK,, <0; pK,,=1.92
H,PO,: pK,; =2.12; pK,, =7.21; pK,; = 12.68

What are the concentrations of all species in a

0.1 M phosphoric acid solution?

N
Features of Polyprotic Acids

H;PO, is a representative example:
PK,; =212, pK,,=7.21; pK,;=12.68

At what pH are the concentrations of
H,PO, and H,PO,” equal?

At that pH, what the concentrations of
HPO,2” and PO,*?

Tough type to answer directly: What is the pH of
a H,PO, or HPO,? salt solution? (e.g.,
K;HPO, or KH,PO, solution)

Easier: what'’s the pH when [H,PO,] = [PO,%1?

_ [H;0*][HPO,* ] _ [H30*1[PO, 7]

~ [H,pO,1 T T [HPO,*]

when [H,PO, 1=[PO,*],

[H;0*][HPO,* ] _ & [HPO ]

a3
K, [H,0%]

But at this pH, [HPO,2] >> [H,PO,] = [PO,*]

Ka2

= pH: %(pKaZ +pKa3)




pH = (1/2)(pKa1 + PKyo)

2 1‘?_5";,&”?‘-?_ : L pH = (1/2)(pKy + PKoo)

[HsPO,] = [H,PO,]
[H,PO,] = [H,PO,*]
[H,PO42] = [PO,¥]

g 0.5

pH and
| composition in
T ooal e polyprotic systems

pH




