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Acid-Base Titrations

» In an acid-base titration, the concentration of an acid (or a base) is
determined by neutralizing the acid (or base) with a solution of

base (or acid) of known concentration.

» The equivalence point of the reaction occurs when the number of
moles of added titrant (OH™ or H;0% ) are exactly sufficient for

stoichiometric reaction with analyte.

» The endpoint occurs when the indicator (HIn) changes color.

» The indicator should be selected so that
its color change occurs at a pH close to 14

that of the equivalence point — apply the
pH = pK, ) £ 1rule.

equivalnce point (Indicator

» The endpoint and the equivalence point
for a neutralization titration can be best
matched by plotting a titration curve, a 1
graph of pH versus volume of titrant.
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Acid-base
titration curve:
pH
VS.

volume of
titrant added

[
»

Volume of titrant (mL)
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10-1 Titration of Strong Base with Strong Acid

FIGURE 10-1 Titration of 50.00 mL of 0.02000 M KOH with 0.1000 M HBr
: : - - +
Titration reaction: OH~(aq) + H;0%(aq) — 2H,0())

=
Excess OH- Excess H,O" 9
. o e . 14 ;E/
T,he initial PH 1S Solution is basic prior =]
hlgh, and decreases 13|  cquivalence point = HBr(aq)
gradually when the 1 g/
acid is added. . =
10 Equivalence point %
g [H]=[O0H7] = (K,)'/? =
The pH drops very 9| OH = 7.00 =
rap|.dly at ’rhe. ol
equivalence point, = Solution is neutral at
which occurs at "1™ "~ équivaiencs point
PH = 7.00. or Steepest point
5H (maximum slope)
4 - Equivalence volume
The pH decreases V.= (M,V)/M,
gradually when 3T ;
excess acid has 2 \
been added. N I O R U P ¥ PO S S N B
0 2 4 6 8 10 12 14 16 18 20

Vacid (ml—)
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10-1 Titration of Strong Base with Strong Acid

Calculating the pH During This Tltratlon

» The titration reaction between strong base and strong acid is merely

OH™ (aq) + H;0%(aq) 100% 2H,0() K. = 1 _ L = 1014
from KOH( K 10~
aq) w

> Because the equilibrium constant for this reaction is 1014, its fair to
say that it “goes to completion”.

» Prior to the equivalence point, any amount of H* added will consume
a stoichiometric amount of OH™.

» A useful starting point is to calculate the volume of HBr (V,) needed
to reach the equivalence point:

(V, mL)(0.1000 M) = (50.00 mL)(0.02000 M) =

Y

Y
mmol of KOH
being titrated

> Besides calculating V., there are four kinds of pH calculations during
strong base-strong acid titrations.
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10-1 Titration of Strong Base with Strong Acid
Region 1: Before Acid Is Added

Titration of 50.00 mL of 0.02000 M KOH

1. Before acid is addEd, we have Slmply with 0.1000 M HBr
a strong base problem: ——— ——
100% '
KOH(aq) — K*(aq) + OH (aq) 25
F F F A

[OH™] = [OH™ ];itia1 = Fon- 10
pH = —log(K,/Foy-)

Equivalence

'/ point

pH

Before we add any HBr acid from the buret,
the flask of base contains 0.02000 M KOH, so:

- N W H» N1 O N 0

[OH-] = Fopy— = 0.02000 M

pH = — log (1.00 x 10-™/0.02000) = 12.30 ’ \ 0 e e
or pOH = —log [OH"] = — 10g(0.02000) = 1.70 50 +[(§)H:_]§Q mL
pH =pK, — pOH = 14.00 — 1.70 = 12.30 (basic)
pH=12.30
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10-1 Titration of Strong Base with Strong Acid
Region 2: Before the Equivalence Point

Titration of 50.00 mL of 0.02000 M KOH

2. Before the equivalence point, the pH is
determined by excess OH™ in the solution:

initial mol OH- =M, ., X V..
mol Ht added = M4 X V.4
mol OH™ o paining = Mol OH7;;, — mol HY 4.4
[OH™] = (mol OH™ e aining) / (Voase T Vacia)
pH = —log(K,/[OH7])

init

with 0.1000 M HBr

Excess OH™ Excess H*

N

-
w
I

.\
4
»

Equivalence

/ point

pH

For example, after adding 4.00 mL of HBr:

100%
Titratonrxn  OH (aq) + H*(aq) — H,0()
0.02000 M 0.1000 M
X 50.00 mL X 4.00 mL
Initial moles  1.000 mmol 0.400 mmol

Final moles  0.600 mmol —

[OH~] = (0.600 mmol)/(54.00 mL) = 0.0111 M

Ch10-6

P IR R T R A
10 12 14 16 18 20
Vacid (mL)

- N W M 1 OO N o ©
I

P T Y I T |
0o 2 4\6 8

50 + 4 = 54 mL
[OH-]>>[H*] pH=12.04
(basic)

pOH = — log [0.0111] = 1.96
pH = 14.00 — 1.96 = 12.04

CHEM 3369



10-1 Titration of Strong Base with Strong Acid
Region 3: At the Equivalence Point

Titration of 50.00 mL of 0.02000 M KOH

3. At the equivalence point, added H™ is just with 0.1000 M HEr
sufficient to react with all the OH- to make H,0. | 11—t =
The pH (or [H*]) is determined by dissociation 3L
of water: K. ::
HZO(I) = H+(aq) * OH_(GQ) \10_ Equivalence
K,=[H*][OH"]=1.0X10"* @ 25°C I point
[HY] = (K,)V2 = 10X 10-7 M; pH = 7.00 j

After 10.00 mL (V,) of HBr have been added, the
titration is complete:

(50.00mL)(0.02000 M) = (10.00mL)0.1000M) = = F /5 e

\ J \ J
Y Y

1.000 mmol of OH~ 50 + 10 = 60 mL
being titrated [H*] = [OH] KBr(aq)
(neutral)

» The pH at the equivalent point of any strong acid titrated
with a strong base, or any strong base titrated with a strong PH=7.00

acid is 7.00 at 25°C, so no pH calculations is required.
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10-1 Titration of Strong Base with Strong Acid
Region 4: After the Equivalence Point

Titration of 50.00 mL of 0.02000 M KOH

2. After the equivalence point, the pH is with 0.1000 M HBr
determined by excess H* in the solution: | Lo ST SRR
initial mol OH™ = M, ;. X Ve 1
mol H* added = M4 X Vg 1}
mol H+excess = mol H+added — mol OH_init > Equé\;?ﬁnce
[H+] — (mOl H+excess)/(Vbase + Vacid) 5 ° /
pH = — log [H"] 6
For example, after adding 14.00 mL of HBr: ;‘:
100%
Titration rxn OH (aq) + Hf(aq) — H,0() 12— N e
0.02000 M 0.1000 M cre <>/ o e
X 50.00 mL X 14.00 mL PP,
Initial moles ~ 1.000 mmol 1.400 mmol pH=2.20  [OH]<<[H]
Final moles — (acidic)
[H*] = (0.400 mmol)/(64.00 mL) = 0.00625 M pH = —1og [0.00625] = 2.20
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Titration of strong base OH~ with strong acid H;0*

13 —
OH™(aq) + H;0"(ag) — 2H,0())
12
11
10 1. Initial point 3. Equivalence point
pH = — log(K,,/Foy-) [H*] = [OH"] = (K,,)1/?

9 |- pH=7.00

= =
8 -

:5_ 7 - 2. Excess OH~
H=-—1 OH-
6 P 0g( K/ D 4. Excess H*
pH = —log [H]

5 |
4 >
3+ :
, Ve=WMV)/M, |
1.|.|.|.|.\I.|.|.|.|.|

o) 2 4 6 8 10 12 14 16 18 20
Volume of acid added, V, (mL)
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10-1 Titration of Strong Acid with Strong Base

Titration of 50.00 mL of 0.02000 M HNO, with 0.1000 M NaOH
Titration reaction: H;0%(aq) + OH=(aq) — 2H,0())

The pH increases
gradually when
excess base has
been added.

The pH rises very
rapidly at the
equivalence point,
which occurs at
pH = 7.00.

The initial pH is
low, and increases
gradually when the
base is added.

Ch10-10

Excess H;0*

Excess OH~

Solution is neutral at

equivalence point

Solution is basic after
equivalence point

Equivalence point
_[H*] = [OH™] = (K,)'/?
pH =7.00

Steepest point
(maximum slope)

Equivalence volume
Ve=(M,})/ M,

8 10 12 14 16 18 20

Vbase (ml—)

(o) © @

T T e O T T

NaOH(aq)
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10-1 Titration of Strong Acid with Strong Base

Calculating the pH During This Titration

» The titration reaction between strong acid and strong base is merely

H,0(aq) + OH (aq) 100% 2H,0(n = 1 _ L = 1014
from KOH( K 10-1
aq) w

> Because the equilibrium constant for this reaction is 1014, its fair to
say that it “goes to completion”.

» Prior to the equivalence point, any amount of OH~ added will consume
a stoichiometric amount of H;07.

> A useful starting point is to calculate the volume of KOH (V) needed
to reach the equivalence point:

(V, mL)(0.1000 M) = (50.00 mL)(0.02000 M) = I, = 10.00 mL

Y

Y
mmol of KOH
at equivalence point

» Besides calculating V, there are four kinds of pH calculations during
strong base-strong acid titrations.
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13 — Titration of strong acid H;O0* with strong base OH~

. H;0%(aq) + OH (ag) — 2H,0())
11
4. Excess OH™
10 pH = —log(K,,/[OH7])
9 - - >
81" 2. Excess H*
L7+ pH = —log [H7] o\
6 : .
- o 3. Equivalence point
5 - [H*] = [OH"] = (K,)"/2
H=7.00
4 - 1. Initial point P
3 [ pH == log [FH+]
Ve= (M,V))/ M,

1 T I T N TR S T R /| - v 4 I 4 |

0 2 4 6 8 10 12 14 16 18 20
Volume of base added, V|, (mL)
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10-2 Titration of Weak Acid with Strong Base

FIGURE 10-2 Titration of 50.00 mL of 0.02000 M MES with 0.1000 M NaOH

NCH,CH,S0,~ + H,0

/ \ +
Titration reaction: O NHCH,CH,SO;- + OH- — O
\__/ HA( ) ___/
Buffer region Excess OH~
13
12 - Equivalence point
pH > 7.00
11
Q- """ """

pH
\l

Ch10-13

V,/2

Maximum slope

—— Minimum slope

.................. T Strong acid-strong

base curve
I

Ve
A T N
8 10 12
Vbase(ml—)

14 16

18 20

A-

(=]

—| NaOH(aq)

(o) © |

& )
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10-2 Titration of Weak Acid with Strong Base

FIGURE 10-2 Titration of 50.00 mL of 0.02000 M MES with 0.1000 M NaOH

» " " +
Titration reaction: O NHCH,CH,SO;= + OH~ — O NCH,CH,SO5;~ + H,0
\_/ HA( ) \__/ A -
pH > 7 at the V, . Buffer region Excess OH~- ;I;lllieil-sles

point because the

weak base A~ reacts |- 12|~ slowly

NaOH(aq)

o

. beyond %

with water to produce | =l
P on- | F - the V, %/

ol point as =

— Solution is basi¢ Equivalence point excess =

o, PH=pK, at the | oo e point @ ~—  Lh>7.00 OH- is =

midpoint of the buffer Maximam slope added =

region. e ' i

pH = pK,
The curve rises
gradually in the buffer -
region prior the steep | % —— Minimum slope
rise to the V, point. |

The initial pH is higher /3_ Vo2

than for the strong | /71 & "~ Strong acid-strong

acid solution because |/ 24 e v, e e

the weak acid supplies ? AP AR R B R R R

much less H;0* than O 2 4 6 8 10 12 14 16 18 20 u)
does the strong acid. Vpase (ML)
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10-2 Titration of Weak Acid with Strong Base

Calculating the pH During This Titration

» First we write the titration (neutralization) reaction:

100%
HA(aq) + OH(aq) % H,0() + A" (aq) Ke= ; N 11{(
b W

Strong base Weak base

» The equilibrium constant is so large that we can say that the reaction
“goes to completion” after each addition of OH".

» To calculate the pH, we must consider partial dissociation of HA, the
presence of an HA/A~ buffer, and the reaction of A~ with water.

> A useful starting point is to calculate the volume of NaOH (V,) needed
to reach the equivalence point:

(V, mL)(0.1000 M) = (50.00 mL)(0.02000 M) = I, = 10.00 mL

Y

Y
mmol of NaOH
at equivalence point

> Besides calculating V., there are four kinds of pH calculations during
weak acid-strong base titrations.
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10-2 Titration of Weak Acid with Strong Base Titration of 50.00 mL of0.0%OOO M MES
E with 0.1000 M NaOH
Region 1: Before Base Is Added

Buffer region Excess OH~

1. Before any base is added, the solution 121
contains just HA in H,0—a weak-acid problem: "
HA(aq) = A"(aq) + H*@aq) K,=107PKa | [ P1Z9%~
F — o o T | d
K _ [H+] [ A—] _ x2 , Equri)\:)ai\rlﬁnce
) [HA] F—x o |
x = [H;0%]; pH=—logx 5 V,

1
PR AT R R M NR R

Before we add any NaOH from the buret, the flask 0 2 wﬁmﬁ 4 16 18 20
of acid contains 0.1000 M MES with pK, = 6.27, so:

50 + 0 = 50 mL
Weak acid MES
x? _ 10-627 = x=1.03%10"* (acic;ic)
0.02000 — x pH = 3.99

pH = — log x = — log(1.03 X 10~4) = 3.99
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10-2 Titration of Weak Acid with Strong Base Titration of 50.00 mL of 0.02000 M MES

E i with 0.1000 M NaOH
Region 2: Before the V, Point : .
Buffer region Excess OH™
2. Before the equivalence point, there is a '3
mixture of HA and A, a buffer (Aha! A buffer!), 121
which is created by the titration reaction: "
HA(aq) + OH (aq) — A™(aq) + H,0(D LT

The Henderson-Hasselbalch equation can be used |z,
to find pH once we know the quotient [A~]/[HA]:

pH = pK, + log ([A7]/[HA]) o

Equivalence
point

For example, after adding 3.00 mL of NaOH: 44

N

Titrationrxn HA(aq) + OH (aq) — A7 (aq) + H,0(]) SRR e&asﬁms)z 14 16 18 20
0.02000 M 0.1000 M

X 50.00mL  x 3.00 mL il SISO
[HA] > [A-]
Initial moles  1.000 mmol  0.300 mmol — (acidic)
Final moles — 0.300 mmol pH =5.90

pH =pK, + log ([A~]/[HA]) =6.27 + 10g(0.300/0.700) = 5.90
The H-H equation needs only mol because V,,,,; cancels in the quotient [A~]/[HA].
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10-2 Titration of Weak Acid with Strong Base Tiation of 50.00 mL of 002000 M MES
Region 2: Landmark Point at V,/2 Wih 01000 M NaOf

Buffer region Excess OH~

2a. When the volume of titrant is 42V, [A"] = [HA] | ©
and pH = pK, for the acid HA: 12

pH = pK, + log ([A7]/[HA]) = pK, + log(1) = pK, | .|

Advice. As soon as you recognize that you are half-way 9
to the equivalence point, no pH calculation is needed! E\

Equivalence
point

After adding 5.00 mL of NaOH to the flask of acid, R

half of HA will be converted to A™: ,
Ve

Titrationrxn ~ HA(aq) + OH7(aq) — A7(aq) + H,0(]) *

0.02000M  0.1000 M I \ PRI
x 50.00mL X 5.00 mL
Initial moles 1.000 mmol  0.500 mmol — By
Final moles — 0.500 mmol (pK, < pK,, so acidic)
pH = pK, + 10g(0.500/0.500) = 6.27 PH = 6.27

NOTE: Having the experimental titration curve allows to find the pK, by reading
the pH when V, ., = %V, where V, ., is the volume of added base.
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10-2 Titration of Weak Acid with Strong Base
Region 3: At the Equivalence Point

Titration of 50.00 mL of 0.02000 M MES
with 0.1000 M NaOH

Buffer region Excess OH™

3. At the equivalence point, the solution contains '3

“just” A~ in H,0. This is a weak-base problem: k&
A™(aq) + H,0() = HA(aq) + OH (aq) "
FF—x X X o pH=025
_[HAJOH] _ ® K, B
i [A_] F'—x Ka ] Equiva_llence
! point

init 6

) 3 mol of HA..... | bre .
where F' = [A7]giluted = 5

total volume 5
pH = —log(K,/x) *

0 2 4 6 8 10 1 14 16 18 20
Vbase(ml-)

50 + 10 = 60 mL
Weak base A~
(basic)

(a) Calculating K, of A™ from pK, = 6.27 of HA:

K =10PKo = 107 (PKw PR — 1o~ (1800 =620 _ 4 8. x 108
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10-2 Titration of Weak Acid with Strong Base Titration of 50.00 mL of0.0%OOO M MES
. - . with 0.1000 M NaOH
Region 3: At the Equivalence Point

Buffer region Excess OH™

(b) Calculating [A™]g; after all HA;;; has reacted:

init

~ (0.02000 M) (50.00 mL) s
A7) = = 0.01667 M = F’
A a (50.00 + 10.00) mL oF  oH =925
(c) Solving for [OH™] and calculating the pH: z 8:
x2 x2 , Equ;)\gai\rI]etnce
:Kb:1.86x10_8 6 :

F—x 001667 —x

x=176x10"M = [OH"] R x L

K 1.00 x 10714 Vhase (L)

pH=—10gx—=—log1.76x10_5=9,25 50 + 10 = 60 mL
Weak base A~
or pOH = —logx = —1og(1.76 X 107°) =4.75 (basic)
pH = pK, — pOH = 14.00 — 4.75 =9.25 pH = 9.25

» The pH is higher than 7 at the equivalent point in the titration of weak acid

with a strong base.
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10-2 Titration of Weak Acid with Strong Base
Titration of 50.00 mL of 0.02000 M MES

Region 4: After the V, Point with 0.1000 M NaOH
Buffer region Excess OH™
4. After the equivalence point, the pH is 7
determined by excess OH™ in the solution: 12\
initial mol H* = M4 X V .4 T
107 pH=9.25
mol OH- added = M, ;.. X V| g
mol OH_excess = mol OH_added — mol H+init 58 Equivalence
[OH_] = (mOl OH_excess)/(Vacid + Vbase) T\ pOint
pH = — log(K,,/[OH]) .
For example, after adding 11.00 mL of NaOH: : T T
Tiratonxn  HA(aq) + OH™(aq) — AT(aq) +H,00) ‘e |
0.02000 M 0.1000 M 50 + 11 = 61 mL
[OH™] >> [H*]
x 50.00mL X 11.00 mL )
Initial moles  1.000 mmol ~ 1.100 mmol pH=11.21
Final moles — 0.100 mmol

pOH = —log [0.01639] = 2.79
[OH~] = (0.100 mmol)/(61.00 mL) = 0.01639 M pH =14.00 — 2.79 = 11.21
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13

12

11

10

Ch10-26

Titration of weak acid HA with strong base OH~

Volume of base added, V|, (mL)

HA(ag) + OH (aqg) — A~ (ag) + H,0())
- Buffer region Excess OH-
[A7] pH = —log(K,,/[OH"]
H=pK +1
B p PR,Ha) T 108 [HA] -
P .
B V./2 point : Equivalence point
u PH = pK, | A~ + H,0 2 HA + OH-
I FF—x X X
: x?
= | K= pH =~ log(K,/x)
! -X
n Initial point: HA & HA- + H* !
, F—x «x X !
1(4 = X ; pH = — log(x) : I/e = (Ma I/al)/Mb
F-x ! /
S K T A TR R 7 S RN TR R T
2 4 6 8 10 12 14 16
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10-3 Titration of Weak Base with Strong Acid

Titration of 50.00 mL of 0.02000 M NH; with 0.1000 M HCI
Titration reaction: NH;(aq) + H*(aq) — NH,*(aq)

13

12

11

10

pH
\l

Ch10-27

Buffer region

Excess H;0*

pH = pK, (BHY)

\

Strong base-strong

] / acid curve

/ Minimum slope

Equivalence point

/

pH < 7.00

Maximum slope

(TS @

HCl(aq)

T T e O T T

10 12 14 16 18

Vacid (mL)

20
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10-3 Titration of Weak Base with Strong Acid

Titration of 50.00 mL of 0.02000 M NH; with 0.1000 M HCI
Titration reaction: NH;(aq) + H*(aq) — NH,*(aq)

The initial pH is lower
than for the strong
base solution because ;3
the weak base supplies b
much less OH~ than 1
does the strong base.

Buffer region Excess H;0*

HCl(aq)

(TS @

Strong base-strong

] / acid curve

pH = pK, (BH™) 3
\ / Minimum slope

8 | Equivalence point
: pH < 7.00

T T e O T T

pH
\l
[

T

Maximum slope

T S I I T R R T B
0 2 4 6 8 10 12 14 16 18 20
Vacid (mL)
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10-3 Titration of Weak Base with Strong Acid

Titration of 50.00 mL of 0.02000 M NH; with 0.1000 M HCI
Titration reaction: NH;(aq) + H*(aq) — NH,*(aq)

The curve drops
gradually in the
buffer region prior
the steep drop to
the V, point.

Ch10-29

Buffer region

Excess H;0*

pH = pK, (BHY)

A\

Strong base-strong
acid curve

/ Minimum slope

Equivalence point

5///// pH < 7.00

Maximum slope

10 12 14 16 18

Vacid (mL)

20

(TS @

T T e O T T

HCl(aq)
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10-3 Titration of Weak Base with Strong Acid

Titration of 50.00 mL of 0.02000 M NH; with 0.1000 M HCI
Titration reaction: NH;(aq) + H*(aq) — NH,*(aq)

Buffer region Excess H;0*

(TS @

13

HCl(aq)

1 2 : ---------------------- Strong base-Strong
----------------- acid curve

pH = pK, of BH*
at the midpoint of
the buffer region.

Minimum slope

T T e O T T

i Equivalence point
| : pH < 7.00

T 7 ;
6_

Maximum slope

1 1 I 1 I 1 i 1 I 1 I 1 I 1 I 1
0 2 4 6 8 10 12 14 16 18 20
Vacid (mL)
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10-3 Titration of Weak Base with Strong Acid

Titration of 50.00 mL of 0.02000 M NH; with 0.1000 M HCI
Titration reaction: NH;(aq) + H*(aq) — NH,*(aq)

=)
2|
Buffer region Excess H;0* §
13 —| HCl(aq)
.................. Strong base-strong =]
12 — . =
.......... . acid curve = /
1T pH=pK, (BHY) ™ =
10k \ / Minimum slope =
o : 5
8 | Equivalence point
: : pH < 7.00
I 7= !
Q I
pH < 7 at the V, 6L !
point because the [ - _ " TTC-
weak acid BH" reacts 5| . Maximum slope
with water to produce ,| |
HT. V,/2
3+ |
2 :
1 | I I IR B |

0 2 4 6 8 10 12 14 16 18 20
Vacid(ml—)
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10-3 Titration of Weak Base with Strong Acid

Titration of 50.00 mL of 0.02000 M NH; with 0.1000 M HCI
Titration reaction: NH;(aq) + H*(aq) — NH,*(aq)

Ch10-32

13

12

11

10

Buffer region Excess H;0*

Strong base-strong
acid curve

PH = pK, (BHY)
\ / Minimum slope

— | Equivalence point
. : pH < 7.00

-/

Maximum slope

10 12 14 16 18
Vacid(ml—)

20

(TS @

HCl(aq)

The pH
decreases
slowly
beyond
the V,
point as
excess HT

T T e O T T
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11 Titration of weak base B with strong acid H*

B(agq) + H"(aq) — BH"(aq)
1017 V./2 point
9 pH = pK, (for BH*)
— . : Equivalence point
8 I~ | Initial point: B + H,0 = BH* + OH- BH* = B + H* K = K,/K,
F—x x x F—x ¥ ¥
A= x? ¥2
K =gy PH="log(K/x) K,=—"— pH=—log(x)
I 6 ' —X
o = !
5F - - >
Buffer region
[B] | E H+
- H= +1 ! XCess
4 PH = PRy +108 Tpim . pH = — log [H*]
3 _ log(K/v/Kb) :
2 : Ve = (Mb Vb)/Ma :
: A R B S B .\\I A B B

o) 2 4 6 8 10 12 14 16
Volume acid added, V|, (mL)
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10-4 Using Indicators to Find the End Point

O
o) Phenolphtalein (pK,=9.7 @ 25° C)
Colorless in acid one of the most commonly used
z|-|+" LZOH‘ iIndicators

Pink in base
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10-4 Using Indicators to Find the End Point

Base (pK, = 5.00, 100 mL, 0.0100 M)

titrated with 0.0500 M HCI.
Bromocresol purple
Yellow (Y) oy e
Bromocresol green Bromocresol green transitionrange
19 transition range
"o | IR e
Choose an o
indicator whose -
- urple
color change 71 | _ pH=35.54at P
| equivalence point
occurs as closeas < =
_ 6 | Blue
possibletothe @ }F———————— |————— — — —%
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The slope of the slope (the second
derivative) is 0 at the end point.
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