DETERMINATION OF THE K, OF A WEAK ACID

Iniroduction:

Acids and bases are olien described as being “weak™ or “strong”. While ths
classification scems somewhat wbitrary, other more quantitative descriptors exast. For
acids, Ka values are commaonly used. The winzation of an acid can be shown by the

following cquation:

HAg <3 Wy + A (Fq. 1)
Sinee an equilibrium exists, an equilibrium constant, Ka, can be written:
K. LA {Fy. 2)
[TTA)

The K, vatue ts an indication of acid strength, The larger the value of the Ka, the
stronger e acid. This value is characteristic of the acid and can be used to help identily
an unknown acid. A simular systemn exists for bases (Ka).

Two methods may be used 1o determine the K, vatue, Both methods reguire the
use of o pli meter. huthe Grst method, o sample of acid is ttrated with base. The pll
values are plotted vs. e valume of base added. The equivaleace point is delermined
fram the graph. Next, the valwne of base halfway 1w the cquivalenee poing is fonnd, wd
the pll at s volume is noted. The [ carresponding to this pH s cqual (o the K, for
the acid. At a point balfway t the equivalence point, [H7] = [HA] A | fora
monopralic ackd. Canceding out [A ] and [1TA] in Equation 2 gives Ky - [,

The second method tor determining K, values involves o halt volume™ method,
A solution of the acid is prepared and divided in hialf as accurately as possible. One
portion is titrated 1o 1ts endpoint with phenolphthalein. The two partions are then
recombined, and the pll ol the resuling solution is measured. Since halt ol the acid has
been ttrated, [117] = [TEA] [A | Again, i TA T and [HA] are canceled i Bguaiion 2.
K, [ The pHvadue of the combined selutions can be convertad to |1 Togivew K,

witline



urposc:

The purpose of (his experiment is (o determine the K, vidue for a weak acid by

two methods: potentiometrie ttration and “half volume™ methods.

Fyguipment/Materials

pH meter acid sample
huret standard hase solution (.10 M NaOH)
bulter solutions beakers
destilled water phenolphthalein
Lirfenmeyer {lask gradualed evlinder
Safely:

* Anapron and goggles should be worn at all times in the lab.

faila]

Procedure:

Par(1: Potentiometric Titration

Note: The prasedure for standardizing pH meters varies trom medel 1o modcl.
For this reason, specific instructions for that step have not been included. Foliow your

mnstruetor’s directions for this step or refer (o the manual {or the instrunment.

L. Rinse a burel with tap water and then wath distifled water, [De boret draies
without leaving drops ol water bebimd, 11 clean. 1ot wash the buret with
a ditute deterpent solution. Rinse the buret severad Limos with Lap waler and

then witl distilled water,



n

0.

%

Pour sema of the sodium hvdroxide solution into a beaker. Pour a small
amount of this mio the buret and let it drain tirough info a “waste” beaker.
#i11 the buret with the sodium hvdroxide solution. Make sure that the tip of
the buret has been completely filled. Drain the sodium hydroxide solution to

the .00 ml. line or below.

Place half of the unknown acid in a beaker and add enough water so that the
end of the pH electrode will be covered. Usually a Utration is done m a flask.

In this experiment, room {or the pH electrode is needed.

Note the juitiat reading of the sodium hydroxide in the burcel. Record the

value,

Rinse the pH eleotrode and place it in the beaker with the acid, Adjust your
sei-up so that the buret containing 1he sodium hydroxide is over the beaker. 1f
you are using i magnetic stirer and a stirring bar, make sur¢ that the pH
clectrode is above the stirring bar. The tips of the clectrodes are fragile and

break casily.

Begin adding small pertions of the sodivm hydroxide to the acid sample.
Adler cach addition, record the total volume of sodium hydroxide added and

the pH of the solution.

When the pH begins to rise rapidly, add smalier portions of the sodivm
hydroxide. Kinse the sides ol the beaker oceasionally with distilled water
from the wash bottle, Cantinue to add the sedinm hydroxide until e pH is i

the basic region ANTY has leveled off.

Piscard the Qirated acid sample in the heaker, und repeat the tinton



Part11:

[5%]

For each inial, plot pli (v axis) as a function of volume of hase added (x-axis).
Deternune the equivalence point on cach graph. Find the volume of base tha
corresponds o the equivalence poit. Divide Uns value by two Lo deternune

the amount of base needed to reach half way (o the equivalence poimt. The pll

at this volume ol base Is converted to [ 117 o give the Ky ol the acid.

“Half Volume” Methad

1 is assumed that the pld meter and buret are ready for use. 10 not, refer to

Steps 1 and 2 from Part L

Obtain a sample of the unknown acid. Measure out 100 ml of distilled water
with a graduated eylinder and pour into a 25¢ mL Erlenmeyer ask. Dissolve

the sample ot acid n the water, and stir to mix thoroughty

Invide the selution you have prepared into two equal portions. Use a
graduated eylinder, and do so as accurately as possible. The portion i the
sk should be titrated 1o a phenolphthalein endpoint with sodium hydroxide
solution. Add the sodium hydroxide slowly while swirling (he flask. As the
cnddpaint approaches. add the saduum hvdroxide solution drop by drop until

the soluCion has 4 pemaneit pink color.

Mix the ttrated selution with the other hait of the acid solution and deteninine
the pll of the resulting solution. Apain, since hall of the acid has been
wrated. [H'] [HA]  [A ] Using Bquation 2 and eanceling, out the values
tor fHAT and [A ], the K, value is onee again determined from the {H]

value. From the observed pH, culeulate e K of the nnknowr: acid.

-l



DETERMINATION OF THE K, OF A WEAK ACID

Data:

Part 1: Potentiometric Titration

Tral 1 Frial 2

Initial Buret Reading: Tnitial Buret Keading:
ml. Base Added pH ml. Base Added pil

HEE



Part IL: Half Volume Mcethod

Trial Pl of contbined solutions

Trial 2 pH ol combined solutions

Calculations:

PartL: Potentiometric Titration

Trial |

ml. of base at equivalence point

base volume V) distance to

cquivalence point

pH al ¥ distance to equivalence point

K, of acid

Part 11: aif ¥Volume Method

Tvial |

K, (pH converted to (17}

b

Trial 2

Trial 2



Quoestions:

[, What are seime sources of error in cach of the methods used 1 this

cxperiment?

2. What is the accepted value for the K, of the acid you used?

3. Which method gave betler resulis?
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Lab Time:

Preparation:

DETERMINATION OF THE K, OF A WEAK ACID

TEACHER NOTES

ither method could reguire 80 minutes o complete. The mstructor might
decide o have the class use only one of the metheds. The half volume

miethad works well i the number of pli nieters is linted.

Tane: 3 nunutes Samples of the unknown acids should be placed in
vials. Formic and acetic acids work well {or tlns tab. Any weak

monaprotic actd conld be used.

010 M NaOH Solution  Add 4.0 grams of the solid 10 a volumetric

flask, and add water to the line.

1: Provide a set of materials to cach fab groug.
A Any materials, especially pH meters and bulfer solutions, can by

provided by the va

Answers to Questions:

1. What are sone sources of error in each of the methods used i this

cxperinient?

Errars mav result if the equivalenee point is not determined correctly i Paii 40 e

Part B, error will vesudt i the sconple s ot evendy divided or if the sample s over

titrated.

20 What is the aceepted valuz dor the K of the acid youw used?
Acetre dend K IR Formic deid K, - TNV 07
A Tch method seeee beoer resuls” Sovedent s



