% POLYPROTIC ACIDS

A \7H ofF OJ0 M HQ,POL{

... what's special about phosphoric acid? _
~ + o
D H 2 (:)OL1 « H0= Ho Pl + H&o Phosphoric acid has THREE

N acidic protons!
@ H'Lp()ul“ + H‘LO = H POV‘Q’— + "(30

3= +
@ HPOLY + Hpo Foy7 T30

—

2 The first dissocation is dominant here, and for
N = 6.9% 10" simple calculations of phosphoric acid in water,
I we will simply use the first ionization and ignore
Kq»;_, — 6,1~ 10" the other two.
KM 3, = H,¥ +10 'S Remember: This is a weak acid. It exists in water mostly
as undissociated phosphoric acid molecules.
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Solving the equilibrium of phosphoric acid's first proton:
_ +
HqPo, + HO = Ho POy~ +HgO
Kov - (‘) ,9‘ % IO‘Z = EF\L‘JOWA} [P\f50+1

C"\‘BPOUJ
sPECEs | cone| CHANGE| cone
R0 O |+ X X
H.00," | O |+ X X
HaPoy | Odo | =K 0,lo-x
X’L 2 ITrlwis fime, Iefr's solve the qgodro’ric equation.
=6.9%10 x'<<0.10 might not be valid here

00 - X -
= (6.9 I0'5)(D»io) — (€8x 19 3>x

X1+ (6,‘77\ ID'?’)K‘—(B,C}H{)AJ - O
o=\ Jb: 6,9110'3) C=—=6.9v10

- -
¥ > L.304 Dy Lo “ oR ”’1M

w21, 3043%l0 5= Crigo So‘pH = .64

of




" Find the pH of a solution prepared by dissolving 3.00 g of ammonium nitrate solid into enough
water to make 250. mL of solution.

<% NHy VO N 2xiH 9]

560 ¢ LR rl 2H x ook

NH4ND; O 13 xlb00
156 wle %o0.0SL g MHyNOy 2 1L mel NHyNO3

Find out what kind of salt we have - acidic, basic, neutral:

NH MO, —> MHy™ "/03_
' H- Nitric acid is a STRONG ACID, so nitrate

NOy ™ HoO = ion is a NEUTRAL ion

NHy ™ =+ Hlb ~ Ammonia is @ WEAK BASE, so ammonium ion
should be ACIDIC

So, we solve the equmbrlum between ammonium ion and water:

NHy™ + o0 < NHq + HzO™ Kot
K - E‘UMS—‘L[%O{] Ny iy = 1 8 Il (\p A"H,Eb‘a;}\@)
@ IUHH"’ e
[' NH(IJf] (I\/u‘; Nl’f[ﬁ*j (l’\/b! Mﬂd\ = 110 A4 }0
So L(O\INH%'F = §8.56y 107"
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_ Cwd, 1L Ug0%] o
Ka/rVH;,f” 5 ’ =S S6wl0”
C it d
INITIAL EFQUILIBRIUM Figure out the initial ammonium ion
SPECIES CONC CHANGE CONC concentration (same as the nominal
ammonium nitrate concentration)
R0t o |+ ¥ X
3,00, W tidy x mol - 0,0325w)
MH3 o + X ¥ g T3 So,oglg
—_ —X
NHL,,'* ©.14 49 X 0.9 00,0375 msl - O.M?‘?Olse:ﬁ h
0.2s0L.
Solve ... .
% _ = 9 |3xlp °=LW0"
% e Sl lp %= 9. 3 g
0147 \ H=S,04
\L g4 0 MI9 P

1 (This pH seems reasonable for a salt we expect
X ~$,6(y Io-'h? to be acidic!)
= 4

O.149%7¢




THE COMMON-ION EFFECT

- is the effect on the ionization of a compound caused by the presence of an ion
involved in the equilibrium

- is essentially Le Chateleir's Principle applied to equilibria involving ions

ex. NHz Lag )+ Hoo(t) = « OW Cog) 5 K= %007

From previous calculations, we know that an 0.10 M solution of ammonia
hasapHof 11.13.

What would happen to the pH if we dissolved ammonium chloride
into the solution?

N Hy Uty — £ 0l lag)

What would happen to the pH? Let's find out!



Calculate the pH of a solution which contans 0.10 M ammonia AND 0.10 M ammonium
chloride.

NHz Cag Y+ Ko (1) == WHy “lag) « OF Cog ) § K =1 %4007
INITIAL EQUILIBRIUM
SPECIES conc | CHANGEL cone
M~ X
MHS | oo |+ % OAQ +X Ty
Coro+x ) (%) egn S | X1 Li07S = Cou]
= /8%
(0:l0-x) POH':HJQ
If we assume 'x'<<0.10, then:
04D X = 0,10 pH > 14,00~ 77
o0 +¥% %O | H=9.06
\V F
(O‘ "O) ¥ S -S The common ion effect suppresses the
= Lo X ionization of ammnoia, LOWERING the
CD !'D) pH relative to the original ammonia
solution!




0 BUFFERS
- resist pH change caused by either the addition of strong acid/base OR by dilution
Made in one of two ways:
HC7_H301_ NO\C'Z-LI%O’L
@I\/Ioke a mixture of a weak acid and its conjugate base (as the SALT)

) NH3 . . A}HHC\ .
@ Make a mixture of a weak base and its conjugate acid (as the SALT)

For a weak acid, you would:
MA+ H, 0 = Hgo™+ A”

- Add HA (weak acid)
- Add a salt containing A (example: NaA)

- This solution actually contains an acid and a base at equilibrium, with a
significant concentration of BOTH.

- The acid in the buffer can neutralize bases, while the base can neutralize acids.



" HAx M= Aot A
kqi El'\goﬂﬂ%*]
LHA]

@ Take log of both sides

() Multiply by -1

@ Rearrange, solving for pH

\
C A“] ) ‘ Henderson-

PL\ Z }\/Q * 103[ CHAT | Hasselbalch

Equation
[A‘:I . .. from the salt

[HA] ... from the weak acid

- We ASSUME that the initial concentrations of both

the acid and its conjugate are equal to the equilibrium
concentrations. Valid IF there are significant amounts
of both species initially.



PL\: P\\/Q + o

) CA,C-\ ()\,1‘ L

C Bosic species’) | Henderson-
D

— , Hasselbalch
[m&lr)\\b SQQC\N] | Equation

ex s acidic buffer

[ M10,7 ]
~ o\ | o St
F H r\\M/H(.'LHs(}L—‘V \() ([:\’\C-LH;%OL]

oV : \ooLSiC_ \ou??‘er‘

_ ( C MK )
PH ” PJ\MH\W\L{r N lo\(} ( EI\JH(,|*:[>

PVQ * (‘\(b ~ | ,00 ...is’rhe-logof}\ro\‘d‘(b 1l\rw




% Calculate the pH of a buffer made from 30.2 grams of ammonium
chloride and 29 mL of 18.1 M ammonia diluted to 150. mL with water.

K \\ [ C bosic s(eues: A Henderson-
P - P <, o»cw)% 3 motc)\\b SQQC\&] Hasselbalch

Equation
Neds NE? Busetiy  NH,*+ 1 = Vg + Hyo®
We need to find the concentrations of both ammonia (base) and ammoniu,m ion (acid)
CNH Y MWV =MV,
(1% m)(-z,c;mq m, (150, mL )

ENH:{*’I“, Nl 0 Nilo) % |

i 5 1.008 Y NH (| —> VT tC1
Cy 235,48 ]
SE-H?'Lglmoi
W\b\ -i,a
# % =73,764Y m NH
30.1g Myl 491, 0.150L oA My

Ky 43 =1 .S vip-$ ) p}(bw H.74 P“ﬂ“- L. 00-4-79 = G.2§

376‘*!




