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0160 NalHi0r Tind pH
Nea (o Hz0, — Na¥+C130,-

Check the ions formed by the salt to see if they're acidic, basic, or neutral:
-+ ., Nof a B-L acid, since it has no H+ fo donate. Nof likely to be a B-L base
N&\ * either due to its positive charge. Sodium ion should be neutral (no effect on

PH)

-, Has H, so this could theoretically be B-L acid ... BUT it's more likely (with
C ?,H'):O'L v its negative charge) to be a B-L base.

Clwso,{‘\ulo ?" \\'\ C'Z. H] Oq_/"" OH

L This is ACETIC ACID ... a WEAK ACID.
It's stable in water, so we expect
acetate ion to function as a BASE.

— Kb for acetate ion isn't in our chart on

S o] ‘( b = [ M ['L HS 0‘2,1 EOH ] - 7 page A-14, but on the previous page
_ we can find the Ka for ifs
E (: 1 H:\ 0 1 ] conjugate - acetic acid.
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HYDROXIDE concenftration.

POH = ~log [D(_'LLU\LJUJ])

p O > <. \1
P A Y- At~ \%.g%‘




167

For comparison:

0.100 M sodium acepate, pH = 8.88
0.100 M ammonia, pH=11.13

0.100 M NaOH (strong base), pH = 13.00

The acetate ion is basic, but it's a very weak base!
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O,\()ON\ I\/m[,|,‘:fnl)\ PH
/\/o\,C| ﬁ Na\*"'("ﬂ

Check the ions formed by the salt:
Iy Not a B-L acid, since it has no H+ to donate. Nof likely to be a B-L base
/\/ ¢~ ' either due fo ifs positive charge. Sodium ion should be neutral (no effect on

PH)

C \ ', NotaB-Lacid, but might be a B-L base due to its negative charge.
(|t 0= | (] + OH

— This is hydrochloric acid ... a STRONG ACID. It
completely ionizas in water (it's unstable), so
that means that chloride ion is NOT able to
act as a B-L base in water!

Since neither ion has acidic or basic properties, the pH is set by the water
equilibrium, and the solution has a pH of 7.00




“” POLYPROTIC ACIDS

Fiad pH of OJdOom Ha POy

... what's special about phosphoric acid? —
~ + i~ o
©) H 2 POH « H0= }.}lpOH + |_,(30 Phosphoric acid has THREE

acidic protons!
@ H'Lp()q‘~ + H‘LO : H POU‘Q’— + H30+

3 - +
@ HPoLY + Hypo = FOq7 7+ H30

3 The first dissocation is dominant here, and for
i\/o\ 1 =~ 6.,9% 107 simple calculations of phosphoric acid in water,
% we will simply use the first ionization and ignore
Na, = 6,1~ 10" the other two.
K(,\ 3, = H,¥+10 'S Remember: Thisis a weak acid. It exists in water mostly
as undissociated phosphoric acid molecules.

—



" Solve the equilibrium of phosphoric acid's FIRST proton:

H:;)POH + H 0= H-LP(JH“ +H30+ ) J\/ml'; c.9% ’O_—2
A Pt )
K(A:’:CHIWHIE 30° L0y 3

LusPo, |
Speves, | [Tabiel} | O [L€quitibrivm)
3 POy O.lo |=¥ | ono-¥
W POY O X ¥
Wao¥ O + X ¥
}&’L _2 This fime, we'll solve the quadratic equation. We're not quite
= 6910 as confident that 'x'<<0.10 as we were in previous examples.
O A0 —¥ (The equilibrium constant is a good bit larger herel)
4L = 0,0006%-0,006%y gz —0,0069%0.0$2986%55L
{L*O‘Obgq* —~0.00069 =0 | 'L
_ 00069 Discard the negative roof. X' can't be
o\ b20.00 b$ ¢ = - 0. less than zero (it's equal o two of the

o1 - 9 concentrations!) .
- ~0-p0b% T I\JTO-OUB‘?)H-V\U\L-"U.UOD 9 L= 0.0L20 = E\ftbﬁ j

*...-
(1) YOH:\,M




"' Find the pH of a solution prepared by dissolving 3.00 g of ammonium nitrate (FW=80.052 g/mol) solid
info enough water to make 250. mL of solution.

Find out the nature of the salt ... acid, base, neutral?

My WUy =7 My A w0q -

) Nitric acid is stfrong
NO o MOy Tt Ho 2 % 0 K™ (unstable), so NITRATE
should be NEUTRAL

+ . . = | Ammonia is a weak base,
NH% : M"l,l * Hyo < NH} \+ SN s0 we expect AMMONIUM

ION to be acidic.
/\/Hbﬁ"‘ L‘I"},O = NH] + Hgo* \(cn,rvw t* ( ]!awﬁ(bf"u*“f”")

A
- - ~<
|‘(54‘ [A/MZJ{M;;O*\] )\(brwﬁb_ Ly 10
H,7T 1Y
L MH, J Jo It 2 L0010
To set up the equilibrium, we need | R E
molar concentrafion of the ammonium 1,6y 0 -5

3.003 NHw/UﬁJ |'n 1SD.ML{oro,1S

OL- SO‘U +"|-6h

L
3,06 o Wy Mgy 2 VIO VDS 90y Gtog MMy ey
%Oros’l?Nt’qubs

ﬁNH{/I*:)nunm;_'\ ~ O,O'}?L‘tﬂ}S[,!‘iU%\mu‘\ Nplb}UbBT, C)IL{QQO/]/\

0.250 L
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D/VHHAﬁLh;DZ?.MH3+ H,0

|‘(o\“‘ [ NMZ]{HSO*\]

= S.Shy 1t
[ viyt]
Species [ Toadia ) A iqudll

VAR O +X ¥

Ayof O v f

Nuyt 0.14990 — % 0,149%0 —%

'8 - LS&le”” x< 9, 1380 ::[LHUTJ
0,14 990 ~Y PH?Q.OH

el 0.u9ds
X/

TALEAR ~\ X 013“1‘?95

\Q’L
0.34990

25 sy o

This pH seems reasonable for a weakly
acidic salt...
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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 )+ Roo(p) = « 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 Ho L sy —= 0L g

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



g

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

/\/[/\& *‘th/O p— /\/M%f’t OH~ | kb: \, &y (0~°

.S(]e(;\c(' iIn:J 1 0 CG‘I \,1"_-]
Myt O.,10 ~+ Y | O\oT¥ CNHL'T](OH’J ”
OH’F O _(_}( \f\ [NH33 - L—%\ﬁl[}
N Hq O,\0 — ¥ | O\ ¥
( 020 4% ) () | x= LSy S e Ton)
= 1.§x o Ny
(.10 =¥ ) Ly Fouwl.m(i,wu )= 4-
Asgume ¥ 10 —
0,10 —~f % 0.10 PH = 9,04

0 10‘1‘\( ~ . L0

The common-ion effect suppresses

the ionization of the ammoniaq, resulting
O ¥ . < in a lower pH relative to the 0.10 M

- |, &N N ammonia solution.




7 BUFFERS
- resist pH change caused by either the addition of strong acid/base OR by dilution

Made in one of two ways:

HC'LH3OL NO\("Z-H%O’L
@I\/Iake a mixture of a weak acid and its conjugate base (as the SALT)
MH4C\

NVH
@ Make a mixture of a weak base and its conjugate acid (as the SALT)

For a weak acid, you would:
MA+ H, 0 =— R0« AT

- 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.



N HR < Mo — Hg0+'VA__
kq - C"\g)O*DU%”]
LHA]

@ Take log of both sides

(M) Multiply by -1

@ Rearrange, solving for pH

\V N
. CA- Henderson-
D H = D ‘\o\ ~* 105( [H/—\jj | Hasselbalch

Equation
[A‘:’ . . from the salt

[HA] ... from the weak acid

- We ASSUME that the initial concentrations of both

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



