"1 Take 100. mL of the previous buffer (0.050 M tris / 0.075 M tris-HCI), and add 5.0 mL of 0.10 M HCI.

What is the pH of the mixture?

The HCI should react with basic component of the buffer (fris), and change
it to its conjugate acid

Feis #/HS()JF —> Y —H+ + H'LD
((rGNMHﬂ)

... SO we need to find out the NEW concenftrations of each species in the system.

Seecies| Takial mumol | A ryn | Bl memd] [ onc])
$ g ]__ng-:)O:i:\m ~0.Smmo) LG pnmo) %T; 0.04LESIY W
teig-HT TDSL; c;:lg,,, A0S merd | €0 mmo) ?;—:1} 0-07BV I M
HC SmL¥ 00N | o O ol O
= 0.5 nmd]

¥ Solution volume is now 105 mL (100 mL of buffer plus § mL of HCD

PHt %,O€+\03<

0.04LE57) M

0.076V90S M

)=]7. ¢

The original pH was
/.88, so the pH
dropped by

0.07 pH units.



72 Compare this 0.07 unit pH change with adding 5.0 mL of 0.10 M HCI to 100. mL of pure water.

(We're just diluting the acid...)
m\\/l P m'L \/'L
(040 m) (S.0m1) = My (10SmL)

.00 6 1Y m = Mq

Since this is a strong acid, hydronium ion concentration equals
nominal acid concentration:

[Hy01) 2 0.0047(19

Y

~ ... which is a change of 4.68 pH units
|O H - L. ’5 L 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!

BLUE
RED

]4\]\ Jv \“\Lb: l‘\30++ A_

The indicator must be present in very low concentrations -
so that the indicator's equilibrium DOES NOT CONTROL
the pH of the solufion!
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]“\]\Av \‘\LO: l130++ /\_

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

S ‘1, Cnd
pri = PRejna I\ Cunal

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?

CHA 1 =2 TA™] . and ihe solution is RED.

If the pH is >> pKa, then the log term above must be both large AND positfive!

- What color is the solution?

[Ps—] >> [H ’AY] ... and the solution is BLUE

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



" Solubility as an equilibrium process

SOLUTION: Homogeneous mixture of substances Solutions contain:

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

We usually call water the solvent in agqueous 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 solution where dissolved solute exists in an
EQUILIBRIUM with undissolved solutel
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Example: Consider a saturated solution of silver
N chloride:

+ —
~
M~ A — ) (6\ —+ C | (e )
o ]\3C\(S)Yf \3 @) 4
o o
’R ° 7[ At equilibrium, the rate of dissolving equals the
DO0DDDODODD rate of crystallization!
Q000 o0oD ©
D0 DODODODD
O0DOPHPDOODDO
Q00D 600D

~N + -
/\%Q\(S); )333 (%) +C| (%)

‘ }\/L: \:|\€)+J[C|':\ :JL%MO—M

... what does this equilibriumn constant tell us? That silver chloride isn't very soluble!
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Ao V()= Rg (ag) LT Cag)

.| ['\3+MC|'J

t This equilibrium 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 solubilit produc’r constant expression for CC1|Clum phospho’re”?

Kg() — (:o\(H:l CPOH'S'—)



" Solubility calculations and Ksp

You can calculate the solubility of a compound if you know Ksp!
Calculate the solubility (in g/L) of leaddly iodide at 25C.(see p A =19 1n Toosle)
KSQZQ,S\AH)_? ) FW:HQLO mol
=~ % -
Pl:)—_r—z_(g) < {7h (“Q)+ZI C&B

Ko = CpLt)(177] %= (.Syin

‘K - Let "x" equal the change
SPQC\QS Elm lo»| ) - CC“VI“[’FIUME in lead(ll) ion concentration!
Pyt O +X X
1~ O LUK L %

() ()= 6.5<l077
L|X—S sl (,,S;Uo_q
X < O,[)OII7§6673/1\: tpb2+1:[p511‘33\1§30|ud

The dissolved lead concentration equals the dissolved lead(ll) iodide concentration, but
we need to convert to GRAMS per liter instead of MOLES per liter! / 7

gt
0.6011756673 mel PY 32 yila0gPbIq :E‘SH 6}_};21

N Aol PbTq -
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7QPreCipi’ro’rion - also known as the reaction quotient

To predict whether a salt at a given concentration will precipitate out, calculate the
reaction quotient Q and compare it to the Ksp

Example: HSC\ [s) ? ﬂré*ffnq) ~+ CI_(&LZ)J kSP: e & x/0'°

Q= Cf*3+:(ECI_,j

Q < Ksp ; the reaction proceeds to produce more products (dissolved
¥ ions), so more solid is able to dissolve: NO PRECIPITATION

Q > Ksp ; the reaction proceeds to produce more reactants (solid),
e so solid falls out of solution: PRECIPITATION OCCURS

¥ Q = Ksp ; the reaction is at equilibrium. PRECIPITATION IS JUST BEGINNING
Would a solution with (Ag+) = 0.014 M and (CI-) = 0.00042 M precipitate?

—C
Q'.’, Cf*3+3((|‘3 = (O,DI‘—l)(O.OGOL(’ZJ = Sg%YIO

C.gkxip ® > LExioT °
> Ksp

‘ Since Q > Ksp, precipitation occurs. /




180Le Chateleir's Principle

The "common ion effect" affects the solubility of a compound in solution. The presence of
one of the ions in a salt in the solution will REDUCE THE SOLUBILITY of that salt!

Ag) Cligy = AO*(M) + uﬁébq)

Silver chloride is much less soluble in a solution of 0.1 M NaCl than it is in
distilled water. Why? The presence of CHLORIDE ION forces the

solubility equilibrium back to the left, meaning less silver chloride can
dissolve!

Solubility can also be affected by pH - depending on the acidic or basic properties of
the salf!

A second example: Salicylic acid in the characterization lab
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Calculate the solubility of AQCI (FW = 143.35 g/mol) in distilled water. Then, calculate the
solubility of AgClin 0.10 M NaCl solufion. Report both answers in parts per million (mg/L)

P\‘j sYy= ()‘jﬂfML) 017 (ug) 5 Kep= ) 8 tp "
thj*l ey =gxroe

For distilled water ...

Specles| C1AVY ) D U6 ulibriva )
a 0 % X

as 6 Y X
(Y ) =2 .S yip'®

\U= g™

T TR T TR Rt B . Pull i WP AT PO

LY Lb M0 86 v 0 ma By (1 10,35 Ay (]
_ F ot Py

- 0.0049 9/L:_ \9rrm

A—&C\|
diostilled
H'LD




- A"j Cl (S) = ()15_{_[0‘1) "'CIf{ai] ) l(sp: Lgx'o'm
Eﬁj*] fCl'J': L,gx 107"

For solubility in 0.10 M NaCl solution...

S(ch feS EIwIT o) ] A EG@"”!'B"‘CIVM_)
/)r_q"P O + X X
C!F O.10 1 % O.l0+YX

(ﬂ(o,iwﬂ 2\ &xlp™
,l,We know that 'x' << 0.10,s0 0.10 4% % 0.1V

e

O, 10yl gxlo
I AR R SR PAEA Y
-
% v 107 mo) Pg Cl N R LT T Y A P SRRV [T {\N'j
- wxu\&gc\ ln O.lom Ng(ld

Compare:
1.9 ppm AQCl in distilled water
0.00026 ppm in 0.10 M NaCl

(_D-OU 026 f}pﬂ}

Conclusion: The presence of a common ion greatly DECREASES solubility!
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PH AND SOLUBILITY

t -
MSCUH)-L[() _;f mgL CO"Z,) + L OW (mcv)'JksP“—l.‘J*lo""

This compound's solubility is pH dependent. How?

* In a BASIC solution, the concentration of hydroxide ion in solution is high.
, $0 solubility is LOWER than in pure water.

* In an ACIDIC solution, we have a significant amount of hydronium, which
can react with hydroxide. This lowers the hydroxide concentration and makes
magnesium hydroxide MORE SOLUBLE

Generalizing

If a compound is BASIC, then it will be LESS SOLUBLE in basic solutions, and MORE SOLUBLE
in acidic solufions!

If a compound is ACIDIC, then it will be MORE SOLUBLE in basic solutions, and LESS SOLUBLE
in acidic solutions!

If a compound is NEUTRAL (neither acidic nor basic), then its solubility will be
UNAFFECTED by pH



