Acid Base Calculations with Salts

=
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Anions

. Anions of weak acids will react with water, 1.e. will hydrolyze to a significant

extent and produce OH- ions thus increasing the pH of the solution, i.e_, are basic
anions. Example:

CH,CO(ag) + HyOXD) > CH,CO,H(ag)+ OH (ag)

Amnions of strong acids will not hydrolyze to a significant extent and will, therefore,
have no effect on the pH. 1.e., are neutral anions.

Cations

Cations that vield weak bases and produce H30™ lower the pH of the solution,
i.e., are acidic cations. (example: NH, (aq))

Cations that are small and highly charged and extensively hydrated undergo
hydrolysis by the loss of H+ from the bonded water and lower the pH of the

solution, i.e.. are acidic cations. (Example: AP and Pes’_)

Cations of the IA familv and the larger ions of the IIA family do not hydrolvze and
will, therefore, have no effect on the pH. i.e.. are neutral cations.
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Definition of pKa :
(pK for short). The negative logarithm of the acid dissociation constant, Ka.

Just like the pH, the pKa tells you of the acid or basic properties of a substance.
pKa <2 means strong acid

pKa >2 but <7 means weak acid

pKa >7 but <10 means weak base

pKa =10 means strong base
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oH=pK_ +log, [[r:onjugate base]}

|conjugate acid |

—pK_ +log,, ([proton acceptor]]
[proton donor |
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When dealing with weak acids and weak bases, you also might
have to deal with the "common ion effect".

This 1s when you add a salt to a weak acid or base that
contains one of the ions present in the acid or base.

To be able to use the same process to solve for pH when this
occurs, all you need to change are your "start" numbers.

Add the molarity of the ion, which comes from the salt, and
then solve the K, or K, equation as you did earlier.
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Question:

Find the pH of a .100 mol of HC,H30, with a K, of 1.8 x 10%in a
total volume of 1 Liter

Answer:

HC,H;0,(aq) — H7(aq) + C,H;0,(aq)
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Question:

Find the pH of a .100 mol of HC,H30, with a K5 of 1.8 x 108 in a
total volume of 1 Liter

Now lets add a salt...we are going to add .200 moles of NaC,;H3z0

What are the parents of this salt?

Do you predict the pH to become more
basic, acidic or remain the same? How

would you know?



Acid Base Calculations with Salts

Note the common ion...all that does to
your problem is....

Answer:

HC:HSO:':aQ) — H'(aq) ~ C:HSOE'(aq)
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Acid-Base Titrations

An acid-base titration is when you add a base to an acid until the
equivalence point is reached which is where the number of moles
of acid equals the number of moles of base. For the titration of a
strong base and a strong acid, this equivalence point is reached
when the pH of the solution is seven (7) as seen on the following

titration curve:

/ T xlow starting point
*gradual inital rise

pH L ] *when near eq. point,
of /| a long steep rise
solution P g *eq. pointis at center of rise

— equivalence point
e

mL of sirong base added to strong acid
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For the titration of a strong base with a weak acid, the
equivalence point is reached when the pH is greater
than seven (7). The half equivalence point is when half
of the total amount of base needed to neutralize the
acid has been added. It is at this point where the pH =

pK, of the weak acid.
. * higher starting pH
8.8 4 ghet starting pr
PH ] *more immediate rise
of /| *steep ascent near eq. point
solution 5 / is not as long or as vertical

P | *eq.pointisatcenter of rise
o but it's greater than 7

12 equivalence point |
/ | equivalence point

mL of sirong base added to weak acid
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In an acid-base titration, the base will react with the weak acid
and form a solution that contains the weak acid and its conjugate
base until the acid is completely gone. To solve these types of
problems, we will use the K, value of the weak acid and the
molarities in a similar way as we have before. Before
demonstrating this way, let us first examine a short cut, called
the Henderson-Hasselbalch Equation.

This can only be used when you have some acid and some
conjugate base in your solution.

If you only have acid, then you must do a pure K, problem and
if you only have base (like when the titration is complete) then
you must do a K;, problem.

[ bme] Where:
' e pH is the log of the molar

lacid] concentration of the hydrogen
e pK, is the equilibrium dissociation
constant for an acid
e [base] is the molar concentration

of a basic solution
e [acid] is the molar concentration

of an acidic solution

pH=pK -+ log
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Example Problem:
25.0 mL of 0.400 M KOH is added to 100. mL of
0.150 M benzoic acid, HC;Hs0, (K,=6.3x107).

Determine the pH of the solution.

Answer:
Determine where in the titration we are:
0400 Mx0.025L =0.0100 mol KOH added
0.150 M x 0.100 L = 0.0150 mol HC-H0O, originally

because only 0.100 mol of base has been added. that means the thitration is not
complete; this means there are two wavs to solve this problem: the normal wav
and the wayv using the Henderson-Hasselbalch Equation.
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Normal wav:

HC.HO,- op =
before reaction: 0.015 mol  0.0100 mol
change: -0.0100 -0.0100
after reaction:  0.0030 0
g = IGHOT 5 _ (3)0.0100)

* THC-H.0,] Y T 0.0050

x=[H]=32x10"M
pH = -log(3.2x107) = 4 49

C.H,0, +H,0

() mol --
+0.0100 -
0.0100 --
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Henderson-Hasselbalch Way:

[HC,H,0,) = 2202089 _ 040\
[C-H.0,] = o_g 11'?2’2"1 =0.0800 M
pH=pK_ + [base]
[ac1 d]
0.0800

pH = -log(6.3x10° )+logoo400‘4"’0 030=4350
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This equation 1s used frequently when trying to find the pH of
buffer solutions .

A buffer solution is one that resists changes in pH upon the
addition of small amounts of an acid or a base.

They are made up of a conjugate acid-base pair such as
HCzHgOz/C2H302- or NH4+/NH3.

They work because the acidic species neutralize the OH™ ions while
the basic species neutralize the H' ions.

The buffer capacity is the amount of acid or base the buffer can
neutralize before the pH begins to change to a significant degree.
This depends on the amount of acid or base in the buffer. High
buffering capacities come from solutions with high concentrations
of the acid and the base and where these concentrations are similar
in value.
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Practice weak acid problem:

CcHsCOONa 1s a salt of a weak acid CdHsCOOH. A 0.10 M
solution of C¢dHsCOONa has a pH of 8.60.

e (Calculate [OH] of CdH;COONa
e (alculate Ky, for: C¢qH;COO™ + H,0O <---> C¢dH;COOH + OH"
e (Calculate K, for CqH;COOH
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Solution:
) 14.00- pH = pOH
1400-860 = 54

54 = -log[OH]
[OH 1=3.98x107°
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2) GH.COO™ < C,H.COOH + OH
Start 10 M 0 M oM
Change -3.95107° +398x10°  308x10°

Equilibnum  10-3. 081070

[C6H5COOH][OH_ ]
[C6H5COO_]

Kb =

308x10C  398x10°

-6 -6
- (3.98x10 ](3.9&{:50 ) - 16x10-10
(.10 -3.98xl07~)
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Kw _ 100x10714

) Ka= o =
Kb 1ex10°-10

= 63x10
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Practice titration problem:
20.00 mL of 0.160 M HC,H;0, (K,=1.8x107) is titrated with
0.200 M NaOH.

What is the pH of the solution before the titration begins?
What is the pH after 8.00 mL of NaOH has been added?
What is the pH at the equivalence point?

What is the pH after 20.00 mL of NaOH has been added?
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1) The titration hasn't started yet so this is just the standard Ka problem.
HC2 H302 > A 4 CZHBOE_

start 160 M OM 0O M
Change -X +X +X
Equilibrium 160-x X X
Kaz 181005 - (R %

160-x 160

x=[H*]=0017 M
pH=-log.0017=2.77
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2) 160 M x 020 L =00320mol H62H302 in solution

200 M x 0080 L=.0016 mol NeOH added
We are in the middle of the titration . The 0016 mol of NeOF will react with (0016 mol of

HCZHSOZ producing .0016 mol of the conjugate base, CZHSOZ—' and leaving 0016 mol of
HC,H,Q,. Because the solution has both the acid and the conjugate base, we can use the

27372
H- H equation.
0016 mol 0016 mol
HOH O |=—7———=0571M O H O =————=057IM
[HC50)] 028 L [ 56,7] 028 L

0571
H=-log 18x10™> +lo
P 8 80571

-474
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Equilbrium 089-x --
_Kw _10oxio~14

Kb==W _ =556x10-10
Ka  |gxi0>
_ 10 RER 2
Kb=556x10"10 = 222 s =

x=[0H"]=7.03x10""M

pOH=-10g7.03x10°0 =515
pH=1400-515=885

3) At the equivalence point, the mols of /G, 4,0, equals the mols of NaO/ (both are .0032 mol).

All of the NaOH reacts with all of the & C‘2H3Oz to produce .0032 mol of CEHB Oz‘. Because
there is no acid remaining, this is the standard Kb problem.

=016 L of NaOH must be added total to reach the egpoint

CH,0,~ + H0 < HCHO, +

0032 mol
200 M
0032 mol .
————— =089 M of C. A, O, ~ 15 produced
036 L 2137 P
2°372 2
Start 089 M --
Change -X b
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4) We are past  the equivalence point so this becomes an excess problem .

200M x 0200 L = 00400 mol NaOH added total
0032 mol of NaOH will react with the 0032 mol of HC. H

2372
50 there will be 000800 mol of NaOH remaining

(NaOH=[OF 1= .000800mel 0000 M
040 L

23
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