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Figure 1: Titration
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Titrations: Stoichiometry in Action!

A substance in a solution of \[\'ﬂ © Wn  concentration (the + | +Mn’l’ , usually in

buret a buret) is reacted with another substance in a solution of unknown concentration (the
analyte, usually in a flask or beaker)

e Equivalence point: the point at which the moles of each reactant are
stoichiometrically equal to each other in solution: moles(H") = moles(OH)
because the acid and base have completely neutralized.

e End point: the point of the titration where an _| ndi ¢ ﬁ"i'Df" changes color

How to Choose an Indicator

Setup

o K,of the indicator = 1 x 10

o Choose an indicator with _P K % =pH at the equivalence point

—pH @ eq pt

o Indicator is a weak Oc) G\J where HA and A™ are different colors!

If pH < pK, mostly HA (one color), if pH > pK, mostly A™ (different color)

Quick Reminder: How to Read a Buret

Burets, unlike most glassware, are read from the ’\'02 down, not the bottom up!

Example: The image to the left shows a buret of NaOH before titration begins (leftmost) and at the end point

(rightmost).

Beginning of Titration

End of Titration

1. What volume of solution was initially

s
present in the buret? b.4y §mL

E ﬁf :%__ i 2. What volume was present at the end
g/ . % : . point of the titration? >+.30mL
%\ WEW—:-" ;/ — 3. How much NaOH solution was added to
= S = R the flask? R
C = 33,30 - 5,05 =[3LLS L]
Potential Titration Lab Errors
Error Cause Effect

1. Over-titration

Going past equivalence point by adding
too much titrant

Calculated moles of titrant and thus calculated
moles of analyte are too large.

2. Under-titration

Not reaching equivalence point by
adding too little titrant

Calculated moles of titrant and thus calculated
moles of analyte are too small.

3. Water added to
titrant (buret)

Buret still wet from rinsing when it is
filled with titrant

Actual concentration of titrant is lower than
marked, so more volume was added, thus
calculated moles of analyte are too large.

4, Water added to
analyte (flask)

Flask or beaker is still wet from rinsing
when analyte is added

Moles of analyte don’t change, so no effect on
calculated moles of analyte.
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Titrations Types to Know, Part I: Strong/ Strong

Strong Acid Titrated w/ Strong Base Strong Base Titrated w/ Strong Acid

pH -

7 o o o 0 0 1

7
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VOLLIME OF BASE ADDED

Titvabion curve of 8 stroneg awckd HCR
itk i pteoeg Base (RalkE)

WL LIBAE OF ACIDE ADTED
Thtwatior: cuews of 2 strong base (MuH}
il o steorg el (HCT

Strong Acid + Strong Base (in either direction)

e At equivalence point,pH_= 7
¢ Netionic will always be: H"r (aq) + OH (aq) - H, O )

e Use M,V, = M,V, to calculate volume needed to reach equivalence point

Titrations Types to Know, Part Il: Weak/ Strong

Weak Acid Titrated with Strong Base Weak Base Titrated with Strong Acid
Adding NaOH to Acetlc Acid Adding HCl fo N3
etuivalence buffer
)/ point

e e e 14-pKp &
pH 7| buffer

pKa

pH7

uuuuu

\ equivalence

i
1
1
' point

L

ibase}ws 172 farld] [acid] = 142 {base]
[base] = facid} facidl = Hase}

pH at Equivalence point

e Wegk acid + strong base: pH 2 7

e Weak base + strong acid: pH < 7

rana
¥ Equivalence point (midpoint}. A perfect buffer! EHA/X - LA 3 .

. Weak acid + strong base: [HA] = [A7], thus [H20"] = Ka and PH = PK@ o
e Wegk base + strong acid: [B] = [BH'], thus [OH] = Ky and %H =14~ ‘PKb = PKP\ ( Coni.

aad)

*Note: We can still use MV, = MV, to calculate volume needed to reach equivalence point!



How Increasing Ka Affects the Titration Curve 14.0

Notice the effect of increasing the K, value of the titrated acid on the 2oy : R
titration curve in the image to the right. 100]... .. Ba=¥
Things to note: _

8 - a0l

1. The equivalence point vofume does NoT change, regardless of pH

the Si(en 3¥h

2. Equivatence point ?H does change.

3. The initial steep increase (at the very beginning of the titration
curve) decreases and ultimately disappears as the strength of the

acid increases.

of the acid (always VaMa = VaMag).

Equivalence polm-—,

i

e s e AL

_ % Btrong agld
0 i 20 B0 40 5H) 80O
Mumber of milliliters B0 MNalM
added to 50.0 mL, 090 AMacid

How to Determine pK./pKy of Weak Acid or Base from Titration Data

\
1. Calculate location of V. -equivalence point by dividing volume at equivalence point in halfl

2. Use titration curve to determine the Q‘ H at the half-equivalence point.

a. Analyte a weak acid? pH = EK a ,Ky=1x107PH

b. Analyte a weak base? pH=_p Ko {of BHY), 50 pKp = 14 — pH, Kp = 1 x 10-114-PH)

Let’s Practice! Assume the acid and base solutions for each of the following graphs are equimolar.

Graph 1

pH

f=23

B N Z

Y S TR NI
Wolmie (mi)

1) What type of titration? __ S A w/ SB

2) At the equivalence point, pH = &+ .

3) If possible, determine the pKa or pKy of the analyte
(and identify if your value is pKa or pKp).

‘n/m

Graph 2
12 e < Rk I .
“mk.: 1 "
84
pH G-
4
o S NS -

Volume (ml.)

W8 w/ SA

2) At the equivalence point, pH = 5

1} What type of titration?

3) If possible, determine the pKs or pKy of the analyte
{and identify If your value is pKa or pKp).

oKy =M-42=4.28

Klp.:_ lX"OJL"%




Graph 3
14

pH

9O op B G e

T R
Volumie (ml.)

(N

1) What type of titration? S W/_ SA

2) At the equivalence point, pH = F

3) If possible, determine the pKs or pKp of the analyte
(and identify if your value is pKa or pKp).

v la

Graph 4

E T T

pH

[=r I v+

o S T

- S /A T
Volume (mb)

1) What type of titration? _ WA w/ §B

2) Ai the equivalence point, pH = 1

3} If possible, determine the pKa or pKp of the analyte
(and identify if your value is pKa or pKy).

qu" 1.5

Multiple Choice Practice
Use the following information to answer guestions 1--5.

- b
Kq I xlo

The following curve is obtained during the titration of 30.0 ml of 1.0 M NHs, a weak base, with a strong acid.

pH

¥ J | J
50 10.6 150 200 25D

Yetune (mk)

1. Why is the solution acidic at equilibrium?

a. The strong acid dissociates fully, leaving excess [H"] in solution.
The conjugate acid of NHs is the only jon present at equilibrium.
¢. The water which is being created during the titration acts as an acid.

d. The acid is diprotic, donating two protons for every unit dissociated.




2. What is the concentration of the acid?

a. 0.50M b, 1.0M c. 15M a 2.0M
MV, = MUV .
)
x (15ml)= (Mo w) 7 X7 G

3. What ions are present in significant amounts during the buffer region?

NH; and NH.* b. NHsand H ¢. NHe"and OH d. HsO"and NHs

l
eq. pt

: L
4, Which velume on the titration curve corresponds with the region ofmaximur buffer efficacy}' = 2
a. OmL (&) 75mt c. 15ml d. 225mL

5. The titration is completed using an indicator which changes color at the exact equivalence point of the titration, The
protonated form of the indicator is Hin; and the deprotonated form is In~. At the equivalence point of the reaction:

[Hin] = [In'] b. [HIn] =1/ [In"] c. {Hin]=21In"] d. [HIn]=[In]2

How to Sketch A Titration Curve

1. Shape of curve
a. Acid titrated with a base {i.e. base added to acid, [acid] unknown): start lowr and end ‘N'jl\ P H
b. Base titrated with an acid (i.e. acid added to base, [base] unknown): start hi g]ﬁ and end |ow EH
2. Starting pH (initial plateau)
a. Starting pH_< 7 if acid titrated with a base (‘_“S"""“‘j PH N L[)
b. Starting pH _> 7 if base titrated with an acid (h\ri‘mllﬂ pH 7z 'O)

3. Equivalence point _V olume. (ml): steepest part (inflection point)

a. Make sure you are using the volume of the solution being added (your '%"H'\(c\v\t )
b. UseViMa=VaMa
4. Equivalence point *YL
a. Strong acid + strong base:pH_— 7
b. Strongacid + weak base: pH_< 7
c. Weak acid + strong base: pH_> 7
5. Ending pH (final plateau)
a. EndingpH > 7 ifacid titrated with a base (5w lly PH 7 lo}
b. Ending pH _& 7 if base titrated with an acid (\AS‘« ‘\Uv) PH ¢4



Let’s Practice! Jn f’(&h‘t kL OH

6. A30.0mlsample of 0.215 M hydro:odlc aud completely neutralized 21.2 mL of aqueous rubidium hydrexide
solution in a titration experiment.

a. Calculate the molarity of the initial rubidium hydroxide solution.

MaVa= MV : 0.215 x30.0 5W3|(al"t
M, = =
(0,21'5 M)(Z‘)D.ani,\: ML (Z\ZMQ L €N, e
b. Sketch the curve that would resutt from this titration experiment on the grid below.
14+
R S@ W/ SA l

12 \
Hi _

pH 4

-
"}

Eot -~

; SUMPRESI s

6 00 400 &0E  EOD

foeed

Yolmmne of Tiinnt Added {mL) HA
2. Itis found that 24.68 ml. of 8.1165 M NaOH is needed to titrate 0.2931 g of a solid,’'unknown monoproti(}\acid‘to the
end point. Calculate the molar mass of the acid. Wealkk
N

a. Calculate the moles of unknown acid in your sample.

moleS acid = Mol boale C@ei {’ﬁ
=MV, = (0.11,5 MYo.024(8 ) [O 00 2875 ol H/%

b. Determine the molar mass of the unknown acid.

‘ 0.2431 4 u
= T =L 01T g,
MM(HM 0.0028%5 Mol el

c. Sketch the curve that would result from this titration experiment on the grid below.

12 ao

0 | WA w/ §R

0 200 4B 608 800
Vodwme of Thrant Added (mbd



