' Take 100. mL of the previous buffer (0.05 M ftris / 0.075 M tris-HCI), and add 5.0 mL of .10 M HCI.
What is the pH of the mixture?

The HCl reacts with the tris base, converting it to tris-HCI

Teis + MO —> Fevg-H(|

We need to find the new concentrations of the species in this buffer system. Remember
that we also DILUTED the solution by adding 5.0 mL of the HCI.

S ()Q.(,\Qg lnli’ual mmo) A V. YA F‘m,l mmaol | Concen “/‘4. '}'s_on
Q,8 mmo]
+evg 100mL X 0. OSM=S.0mnol| ~0.¢ nm]| | H:Gmmol | Toomp - 0-04L%STIM
- % .0 mao) S
Yerc-ug) | toomlx0.00SM= 1S mml| 40 gumgy | €0 mmol Tod L - 0.0761705 M
M A CwL X 0.10M = 0.€ mme —0, S mmpl | O mpy &

Now, find the pH using the Henderson-Hasselbalch equation:

il

g 06 X 103 (0.0%‘657[

0.0761%0%

\:

7.6 |

/’]

The pH of the original buffer was 7.88, so the pH
here decreased by 0.07 pH units!



%5 Compare this 0.07 unit pH change with adding 5.0 mL of 0.10 M HCI to 100. mL of pure water.
- V
(010 W) (S.oml ) = My (logml )
0.00u761Y N HCI = THqo*

P H '2_ 3] .. whichisa change of 4.68 pH
units from water's original
pH of 7.00!
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INDICATORS

-Instead of using a pH meter to monitor acidity, we may choose to use an acid-base
INDICATOR.

- Acid-base indicators are weak acids or weak bases which are highly colored.

- The color of the undissociated indicator MUST BE DIFFERENT than the color of the
dissociated form!

H]\ ~ \’\LO: I‘\30++ /5\_

The indicator must be present in very low concentrations -
so that the indicator's equilibrium DOES NOT CONTROL
the pH of the solution!



HI % Mo == R0+ AT

Look at the Henderson-Hasselbalch equation - we want 1o know how much of the red form
and how much of the blue form are present!

IR ‘1, Cnd
pri = Pfong I\ Cunaz

When does the color of the indicator change”?

IF the pH is << pKa, then the log term above must be both large AND negative!

- What color is the solution?

Cu Pr] >>[ A7) o the SOLUTION I8 RED!

If the pH is >> pKa, then the log ferm above must be both large AND positivel

- What color is the solution?

[ Pgull =2 E 1 Al ... 50 the SOLUTION IS BLUE!

- S0, the color changes when the pH of the solution is near the pKa of the indicator, BUT
we can only DETECT the change when enough of the other form is present.



18 Titration
- also called volumetric analysis. See the end of Ebbing chapter 4 for more details.

- frequently used to determine concentration of unknown acids or bases.

- typically react a basic sample with a STRONG ACID, or an acidic
sample with a STRONG BASE

Example:
Titrate 20 mL of vinegar (acetic acid) with 0.35 M NaOH. Let's study this titratfion.
What happens to the pH of the solution during the titrafion”? How does an

indicator work?

—

0.3S M\ MNaOH

NN\

S

Reaction:
NMOH -+ H('LH";O-L —y I\/a\,('), H}U'L A H’LO

—

———

<

X

)' 10 wl



" Vinegar is typically about 0.88M acetic acid. What would the EQUIVALENCE
POINT (the point where we react away all of the acetic acid) be?

NULOH * HC‘L”'gO—L ~Y NAL’LH:BU'L e H«ZO
20,0ml of O0,58M HCLH;O  w/ 0,35 m NnOY

|
20,0 mL ~ O'%zma = | 7.6 mmo\ Hl My Or
| NMyOH &
. H( me % =1$0.% mL
17.6 wwmol 130 9 — H(y My 0y 0.25 mel Naoy 2t 0. 35
e 04

But how do we tell the ftitration is over if we don't already know
the concentration of the acid?

In the lab, we have used phenolphthalein indicator for vinegar titrafions.
Phenolphthalein changes from colorless to pink over the range of about pH 9
to pH 10. How does this indicator show where the endpoint is?

Let's look at the pH of the solution during the titration- that may show us what's
going on!
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Titration curve for the ftitration of 20 mL of 0.88 M acetic acid with 0.35 M sodium hydroxide

14

N

e

|

(i

|®

4= 9,04
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=

/

20

up 60 50 o)

Volume base a\AiM CML)

110

buffer region: With a moderate amount of NOOH added, we have a solution
that contains significant amounts of both acefic acid and its conjugate
base (acetate ion). We have a buffer.

NULOH —* H('LH’SO-L -y M;\('),H-}O.L A H-’&O

WQ/OL\’ COV\IUS (}T-e
oG\, base



The equivalence point:

4T
[ —
1 (/
|o
pH= 9,09

pH ®

6 )

Wt

/~L—"T buffer HQUIVALENCE
% region BOINT
oO 20 up (0.3 66 §0 (0o X

Volum e \DMC O\AAQA (ML)

Equivalence point: We're reacting away more and more of the original acetic
acid and converting it to acetafe ion. At the equivalence point, all of the acetic
acid has been converted, and we have only a solution of acetate ion.



172 Let's calculate the pH at the equivalence point.
NU\OH -+ H('LH";O-L -y I\/p\,(.'), H-}().L A HILO

20.0ml ofF 0,%8M HC(2LH;O

W/ 0,35 M NNnOY

|
20.,0mL 0 .88 mo = | 1.6 WIM()\ HCU’{30'L
| NMaOH L
" H( mo ~% =150.% mL

7.6 wwo) LHa 0 9 X ol ALy My 0 5 15 mel Naon o
At the equivalence point, we have 17.6 mmol of ACETATE ION in V o0k
70.3 (20+50.3) mL of solution.

C Uy ) = 106 . 0,150 M Cak30,”

703
CygUqO, T HL O 0Oy~ + HCLH,0
T S N 8- | Once you figure out the
tn A equt concentration of acefate
{ CqHq0,- L | O.L30 — % 0. LS0 ¥ ion, this is simply the
calculation of the pH of
- -+

Copy~J © X r a salt solution!

C HUz0, ) © + ¥ >

-9
g = |.7+l0O

L V% Ko mii30, -

0. Lo X Kb, aHy0y = Gabbnid” TR Kv>
x b -10

— = G, 8§+ /0

0.L50

T lax1073  poM=

4,97 \m
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What about that phenolpthalein indicator?

]

4T
[ B—
1 (//
PINK
|0
L 9,08

¢
pH CLEAR )

6] —

Y /:;)

/~L—" buffer HQUIVALENCE
. region /F’O!!\JT
Oo 20 up (0,3 606 §0 K%

\/o\ume \DMC O\(UM ("’\L)

110

phenolphthalein
color change

Near the equivalence point, a very small volume of base added (a drop!)
will change the pH from slightly over 6 fo near 12. Since phenolphthalein
changes colors at about pH 9-10, we can stop the titration within a drop of

the equivalence point,



174 Another interesfing point: The halfway point

4T
o
1 (/
|o j phenolphthalein
pg=9,0% color change
pH *
0 /)
R e
/~L—"T buffer HQUIVALENCE
2 region BQINT
Oo 20 up (50.3) 60 g0 (oo 110

Volume base added (mL)

What's special about it? It's the point where we have added half the
required acid to reach the equivalence point
NaOH + HG V30, = NalaHy0, + Ha O

|’7,G nmo | HCLH)()‘L A’A(A‘ LS. 1S L base

"h“\-l'ﬁ\.“y LS/\S V"\L\f '3‘5’3‘”\‘/) 2 %,%O'LS W\V\UlN(AUH

8.8 millimoles is also the amount of acid left, and the added base gets converted to
acetate ion!
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L
1 (//
|o ] phenolphthalein
pH=9,0% color change
PH
O /}
, _ — )
4 77!—1 —
/~L—"{blffer FQUIVALENCE
. region BQINT
Oo 2025.15) up (€0.3) 60 g0 (0O 120

\/0\qu \Do\SC_ o\(liQA (ML)

The total volume is 45.15 mL, and both the acid and base are present at
the same concentration. We have a BUFFER.

Find the pH of this buffer using the Henderson-Hasselbalch equation.

H > \r\/(/\ I A [ E CLM% OL-J
P P HG) e U304 * Lo g S
|

- O, swviLe the (‘o\'t‘-b = i

Useful for finding acid

At the halfway point, the pH = pKa of the acid!
way pol P P | ionization constantsl!
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Solubility as an equilibrium process

SOLUTION: Homegeneous mixture of substances Solutions contain:

SOLUTE: Component(s) of a solufion present in small amount
SOLVENT: Component of a solution present in greatest amount

We usually call water the solvent in aqueous mixtures, even
if the water is present in smaller amount than another component

SOLUBILITY: The amount of a solute that will dissolve in a given volume of solvent

SATURATED SOLUTION: Contains the maximum amount of solute that it is
possible o dissolve in a given volume of solvent!

A SATURATED SOLUTION is a solute where dissolved solute exists in an
EQUILIBRIUM with undissolved solutel
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@) o)
{K o]
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~N + -
/\3{\(5); P‘S (%) + C| (%)

= E|\3+J[C|*} :/\L%xlO—w

Example: Consider a saturated solutfion of silver
chloride;

~ + —
Ao (1 (s) Pg (ag ) TCI Cag)

At equilibrium, the rate of dissolving equals the
rate of crystallization!

... what does this equilibrium constant tell us? That silver chloride isn't very soluble!



178 - + _
Ao CV(s)= g lag) TCT Cag)

.| ['\f][élu}

/Q, This equiliorium constant is given a special name - the
SOLUBILITY PRODUCT CONSTANT - because the equilibrium
expression for the dissolving of a salt always appears as
a PRODUCT of the concentrations of the ions in the
compound!

Remember, Ksp is an equilibrium constant, so everything that applies to equilibrium
constants applies to the solubility constant - including what to do with coefficients:

What is the solubility product constant expression for calcium phospho’re’?
Cot# POH

(PO(,‘) (S) BC ,L—\.(,a%) +(LPOL'3_.CQ1

Ksp = Lear) [Fo,f’]



