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To find out if NaCl is acidic, basic, or neutral ... look at the ions.

+ . Not a B-L acid (no H+ fo donate), Not a B-L base (noft liekly to atfract H+ due to
Mi\ » positive charge). Neufral.

-

C \ > Not a B-L acid (no H+ to donate). How about a base? Let's check.

CI'JFH,LO\:“’HCI / + OF

HCI (hydrochloric acid) is a STRONG ACID. This means that
choride ion can't hold onto a H+ and is therefore NOT a base.

Chloride ion is also neutral.

The pH of the solution is 7.00, since the water equilibrium itself is setting the pH. J




" POLYPROTIC ACIDS

FiAad pH of OJdOom Ha POy

... what's special about phosphoric acid? —
~ + i~ o
O H 2 POH « H0= H?..OOH + HBO Phosphoric acid has THREE

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

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

The first dissocation is dominant here, and for
i\/o\ 1 =~ 6,9 10'3 simple calculations of phosphoric acid in water,
we will simply use the first ionization and ignore
3 the other two.

—

KO\L — 6 12—"‘" lo"
'3

K(,\ 3, = H,¥ + 0 Remember: This is a weak acid. It exists in water mostly
as undissociated phosphoric acid molecules.
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Solve the equilibrium of phosphoric acid's FIRST proton:
~ ~ + . -~ aL)D
HaA P04 « HLO = Ho POy~ «H30™ 5§ I = 6.9% 70

3

l{c\ = L R POy jtbfgo"f’l: .Y X 10”7

[ HyPoy]
SPQC{PS EIVHI"-‘JI A [GQUIL))/IWH_J
'H’J_PO‘-;_ O X %
oot O ~+ X b
HSPO\-I O, 10 — X 0,0 ¥
i Iy Iy S
- 6.9 10 o pHz-log (00062678
010 % .10 J
o ¢t U -
L?: oamf‘f" 0.0 pR=1.56

\AQ - 6.9 10
0,10
N T 0.0 L6Lb! o1 = [."[3(;‘5]




' 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 whether this salt is acidic or basic? AMHy M0y > MHy+ + M0~

NHy T2 Acid? (has H+) NHy, T +H70 \fﬁfii]Jr Hzo0™
S|

nce AMMONIA is a WEAK BASE, it's
stable in water. Ammonium, then,
shoule be able to act as an acid.

A/os' » Base? A/OZVHII@O;\WI% OH™

STRONG ACID (like HCI), so nitrate ion won't act as a base.
The pH will be set by the equilibrium of AMMONIUM ION (an ACID equilibrium)
NAG + Hy o VH3 < Ha0t 5 K = Che 9 ¢} TAY )
CNHq f}

We need a value for Ka. Consult chart on p A-13 to A-14. We don't find a Ka for AMMONIUM
ION, but we *do™ find a Kb for AMMONIA (the conjugate of ammonium ion). We can make
use of this since for any conjugate pair, Ka*Kb=Kw ...

(Kﬁlwq+ (K, ) T Logl0™

-1y

- < l,oxiv

(Ka,NHf)("c‘\l\wg) . o
}\/O\INHH-{-—, g,gé*/\’D




164 /\/Hb'_‘('* H’LO? /\/l/}’s < H%O'(' '/“ /(0\: EH%O"GJ(NHZJ

~1
= g.g 'S 1D ©
Now solve this acid equilibrium as usual ... CNHL{ f;\
SPQ(I’CS EI/\\{'FAI :) D Céqwllk/h/l"'j
Let "x" equal the change in
ot O + Y X hydronium ion concentration.
VHy O + X X
Ny b | 2199025635 1— x 0.:49902€673 - X

MR, Mbq > NHt M0y~
y MVa ol 3 0
mol NH4MOS 5 5374756406 mol N3

0 .05t 9 "’”‘1"/03

0.0 MISEU0§ mol NHy MOy — 0,14990tS63y m NHy NU%
0.250C

Plug into expression for Ka ... X=9, 10" é/"\ B CH%0+3

0 = SSexin”C |BHLS, 04
0.4q9q0256%3 ~ X

e oudd

2
X - g.géxw—lu
00499015633
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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

e%:. NHa Lag )+ KO (4) = & OHFC%) ; Kb‘wl.%do‘S

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!



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

chloride.

= LA HAIToH ) __|,w-s
LVHS S

NH, +H, 0= /\/)’/L/ +0H ™ I\/g:l,xsﬁ(/o“g (p A-14, €+6)

Let "x" equal the change in
S pLc | ¢ [Ih\'l’\é‘l ] A [E’ﬁm | 'L(l\)\’“l ammonium ion

A)Hq+ O.l0 tX | O.io+y

concentration.

OH™ O +X X
/\}\’\2 O.l0 _Y O .10-X
0.1+ D _
(0-10+4) (X :lﬂ‘fa'y(lo_< X=1,%x/0 g’—EOH’]
(O-10=%)
\LAssume X is small compared to 0.10, so P 6H=H > 7L|
0.10 x=0.10,and 0.10 + x = 0.10 /
PHT“lM"’OU—'/i"7L,
O .1b ¥
* _ —< — g 1
= |,%x/0 H cLb
oo s N;

(The pH of the 0.10 M ammonia-only
solution was 11.13...)



" 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\(‘ZH%O’L
@I\/Ioke a mixture of a weak acid and its conjugate base (as the SALT)
MH,C\

H
@ Make a mixture of a weol'gbBose and its conjugate acid (as the SALT)

For a weak acid, you would:
MA+ H, 0 — HgoT+ 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.



" HRA =+ o= ROt v AT
qu E"\go*Diﬂs”]
LHA]

@ Take log of both sides

(M) Multiply by -1

@ Rearrange, solving for pH

\L
C !%‘3 j ‘ Henderson-
|

PL\ Z 0 KQ -+ 105( THAT 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 to the equilibrium
concentrations. Valid IF there are significant amounts
of both species initially.
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PI-'\:'. P\\/O\ -‘,JV\'OB[

C basic s@eaies}) | Henderson-

— , Hasselbalch
Lacidic Speclegd | Equation

e acidic buffer
HL’L‘A}OZ/ NACQ_HSOl

Clatq0," ]
- ol Lo i
? H f}\v\,mm?)a,_* y (E‘\CLHst]

ox: bhasic hoffer

_ / C MK
PH - P}\O\H\IP\HJr N [057 ( EI\JH(,|*:[>

PL(Q x ()\(5 > 1,00 .isthe Hogof Ne Ny 2 K




70 Calculate the pH of a buffer made from 30.2 grams of ammonium
chloride (FW = 53.492 g/mol) and 29 mL of 18.1 M ammonia diluted to 150. mL with water.

) }\ [ C bosic stedess: A ! Henderson-
P - P <, CA.[,\()\‘L 5 o\u‘)\\b SPQC\QQ-J HCISSG!bCIlCh

Equation

First, calculate concentrations of ammonium and ammonia.
L s 0=V (a9m)(5.0n) = M (150, mt )
M,z 5499333353 N N

ol NHy (|
Lwnigt)2 30,15 vHul] Xz 4975 MMyl |

—= 0.564C0 040 Y| vy NP|\4(.|

sze o\ N”\,’H = ol NHL,
0.8618) 0403 ml VAT 3 51 ag0a g m vyt

O-150 L
[ wh Kb,/\/bl - LSS
P)(V\ N |u© 33 K }(%_,\ w1 <
/A/M(,,‘f E,\}Mb"{'] YN 2V, 0% / ) |
s gque, (3499933333 > lop CréyipS) T Loxiv 10
| I\ 365507 6% K, ~ .56 %10

|92 | Pl 9.2L




"' BUFFER SELECTION

- Buffer pH is controlled by the pKa of the acidic species in the buffer.

bu.S\P(,s(’QU‘e\T'
PF\: \\/O\ -,+l03[c '3)

I Lok [acidiC Speciegd

- Choose a buffer system so that the desired pH is within +/- 1 pH unit of the pKa

- You also need to ensure that the components of the buffer do not interact with your
chemistry!

BUFFER PREPARATION

- many buffers are prepared by mixing specific amounts of both components
of the Buffer system (acid / conjugate base or base / conuugate acid)

Some buffer "recipes" call for making the conjugate ion FROM the weak
acid or base ... by adding a STRONG acid or base!

The reaction of the strong
acid with the weak base

N H g‘% 4 NOZ) } NHH+ A /\/03“ goes essentially to

completion!

If you have more ammonia than nitric acid, you will end up with
a solution containing a significant amount of both ammonia and ammonium
ion ... a buffer!



& BUFFER CAPACITY

- A buffer is good only as long as there is a significant concentratfion of both the acidic and
basic species

- buffer capacity; how much acid or base can a buffer resist before losing its ability to buffer

- Buffer pH depends on the RATIO of acid to base!
_ / l C Bosic sfecias: 3 ‘ Henderson-
P l‘\ — & - 05 | Hasselbalch
I L (M[, mol()\ WO S(JQC\Q\S]

Equation

— Ratio determines pH; the
actual concentrations don't!

- S0, if you make a buffer with 1.0M HA and 1.0M A-, it will have the same pH as a buffer
with 2.0M HA and 2.0M A- .... but the 2M buffer will have a higher BUFFER CAPACITY -
it will resist more additions of acid or base.



