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2+ Neutralization Titration Curve of a Weak Acid with a Stro
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The principal limitation to using a titration curve to locate the
equivalence point is that an inflection point must be present.
Sometimes, however, an inflection point may be missing or difficult to
detect. Consider the influence of the acid dissociation constant, K,, on
the titration curve for a weak acid with a strong base titrant. The
inflection point is visible, even if barely so, for acid dissociation
constants larger than 10-°, but is missing when K is 101,

(e) Titration curves for 50.00 mL of 0.100 M
(d) weak acid with 0.100 M strong base. The
(c) pK, of the weak acids are (a) 1, (b) 3, (c) 5
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Titration Curves for Weak Acids
HOAe + Na®™ + OH™ — HoO 4+ Nat 4+ QAo
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— /,/  before the equivalence point, the reaction
0= | vessel contains the buffer constituted by
B Fhenolptthalein |]| the mixture of the remaining acid HA and of
o | its conjugate form OAc™ resulting from the
B 4 titration reaction. The pH value can be

pH

| Midpoint: pH = pga — Methyl red calculated from Henderson’s relation:

""""""" pH = p&, + log([AT]/[HAD,
rH = p &, + log[CV AChVa — SV,

DL L] « at the equivalence point, all of the acid
20 40 B0 80 100 120 140 exists in its conjugate basic form OAc™.

il 0.4 M MWadH
o [A7] = Co Vo /UVa + Vg
Titration curve for 100mL 0.1 M HOAc
versus 0.1 M NaOH. Note that the PHe=1/2pK+1/2pK,+1/2 GE[CDVWWD"‘VEPJL

equivalence point pH is 8.73. - after the equivalence point, two bases remain:

The pH at the equivalence point is OH- and A-. The latter, which is a weak base, is

indeed located in basic medium. Its of little importance with respect to the former

value depends on the Ka value: because of the repression of the ionization of the|
P - P weak base by the strong base OH-.
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Curve for the titration of acetic acid with
sodium hydroxide. Curve A: 0.1000 M acid
with 0.1000 M base. Curve B: 0.001000 M
acid with 0.001000 M base.
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the initial pH values are higher and the
equivalence-point pH is lower for the
more dilute solution (Curve B).

At intermediate titrant volumes, however,
the pH values differ only slightly because
of the buffering action of the acetic
acid/sodium acetate system that is
present in this region.

bromocresol green is totally unsuited

| for titration of 0.1000 M acetic acid.

Bromothymol blue does not work either
because its full color change occurs
over a range of titrant volume from
about 47 mL to 50 mL of 0.1000 M
base. On the other hand, an indicator .
exhibiting a color change in the basiclt
region, such as phenolphthalein,
provides a sharp end point with a
minimal titration error.
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e ﬁ/_ Obviously, phenolphthalein could not be
Equivalence a__— used as an indicator for solutions as dilute

10 — N
peint pr 1:873 as 102 M (curve 3). Note that the

oog 29 Fhenaslphthalein . .

B equivalence point pH decreases as the

o weak acid system becomes more dilute
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Curve 1: 0.1 M HOAc and 0.1 M NaOH. 4.0 transtion range
Curve 2: 0.01 M HOAc and 0.01 M NaOH. . E,= 107
Curve 3: 0.001 M HOAc and 0.001 M NaOH. ' g avid
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. Volume of O, 1000 M NaOH, mL

Generally, for fitrations at significan |
concentrations (ca. 0.1 M), acids with Ka ‘y
values as low as 10° can be titrated g

accurately with a visual indicator.

I TR s

¢ The effect of acid strength (dissociation
constant) on titration curves.



We see that
« each acid has its own curve. Since titration conditions are identical
from one acid to the next, their different behavior is necessarily due to
their difference in strength (pK,);

» the pH-change intervals at the equivalence point are not identical.
The change is weaker with the weaker acid;

« for all acids, the equivalence point is located in basic medium. Its
accurate pH value depends on the acid. The weaker the acid is, the
higher the pH value will be at the equivalence point;

« after the equivalence point, the curves can be superimposed,

* the identical part of curves, located after the equivalence point, can
be superimposed onto that obtained in the titration of a strong acid by a
strong base under the same conditions of concentration and volume;

» before the equivalence point, the curves exhibit an S shape with an
inflection point. This one is located at the half-neutralization, for which
it appears that pH = pK,.
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Practical Conclusions: Choice of the Indicator

We must use indicators whose color-change interval is located in
basic pH values. Their choice depends on the pK, value of the acid.
For example, for the titration of acetic acid in the above conditions,
pH=8.7 at the equivalence point. Using phenolphthalein,
thymolphthalein, and thymol blue is satisfactory. For the second acid
(pK, 7.00), pH = 9.9 at the equivalence point, only thymolphthalein is
satisfactory. (Recall that in this second example, the color-change
interval is narrower than in the first one—see the curve’s shape). For
very weak acids (pK, > 7), no simple indicator can be used. Only
some mixtures of judiciously chosen indicators can be used. This is
due to the fact that the pH change at the equivalence point is very
weak.
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Titration of a Weak Base with a Strong Acid

12

10
ﬂPhenalphthalein

pH

|] M ethryl red

[
120 140

410 B0 80

mL 0.4 M HCI
Titration curve for 100mL 0.1 M NH; versus
0.1 M HCI.

The indicator for the titration must have a transition
range within about pH 4 to 7. Methyl red meets this
requirement. If phenolphthalein had been used as the
indicator, it would have gradually lost its color
between pH 10 and 8, before the equivalence point
was reached.

100

NH, + H* + Cl~ — NH,+ + Cl-
B+ HyOF — BEH* 4+ H,O

» before the equivalence point, the buffer
BH+/B is present. This explains the S
shape of the curve and the long flat portion
about the half-neutralization;

« at exactly the equivalence point, the
solution in the titration vessel is that of the
weak acid BH+. Therefore, the pH value
can be calculated by the relation

pHey = 1/2 pE. — 172 log [Co Vo /[ Vo + Vag) ]

 beyond the equivalence point, the
solution contains an excess of
hydroxonium ions and the weak acid
BH*. Hydroxonium ions predominate due
to the ionization repression of the weakﬂ

acid.



strong base

In titrations involving significan

Phanolphthalsin concentrations (ca. 0.1 M), on
transition rangs can accurately titrate a bas
Bromothymaol hius with a K, of 1076 using a visu
transition range AT

indicator.

Eromaocrzsol graen
transition ran g

0 10 20 30 40 0 &0
Valume of 01000 K HC, ml

The effect of base strength (K,) on titration curves.

When you titrate a weak base, use an indicator with a mostly acidic transition range.
When titrating a weak acid, use an indicator with a mostly basic transition range.
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v“’ Titration of a Weak Acid with a Weak Base .

14| acld] + base; = base) + acids,

=

These titrations are seldom practice
because of the pH change near th
equivalence point, which is ver

equivalentpoinf gradual. There is no sudden p
change . Because of this, the titration
error may be high with neutralization
indicators. They do not exhibit a
sharp endpoint.
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If it is the ratio K_,/K,, higher than 10°
0 0,5 1,0 1,5 4 that the titration’s success.
b= PP,

Titration curve of 0.1 mol/L acetic acid with 0.1
mol/L ammonia

pH-metric detection of the equivalence point i
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Complex Amd/Base Systems

§2+ - We define complex systems as solutions made up of (1) two acids or
two bases of different strengths, (2) an acid or a base that has two or
more acidic or basic functional groups, or (3) an amphiprotic
substance, which is capable of acting as both an acid and a base.

Mixtures of Strong and Weak Acids or Strong and Weak Bases

The composition of a mixture of a strong acid and a weak acid can be
determined by titration with suitable indicators if the weak acid has a
dissociation constant that lies between 104 and 10® and the
concentrations of the two acids are of the same order of magnitude.

pH changes that occur during the titration of mixtures
containing hydrochloric acid and several weak acids with
different dissociation constants. Note that the rise in pH at
the first equivalence point is small or essentially nonexistent
when the weak acid has a relatively large dissociation
constant (curves A and B). For titrations such as these, only
the total number of millimoles of weak and strong acid can be
determined accurately. Conversely, when the weak acid has
a very small dissociation constant, only the strong acid
content can be determined. For weak acids of intermediate *
strength there are usually two useful end points.

Curves for the titration of strong/weak acid mixtures wit
0.1000 M NaOH. Each titration curve is for 25.00 mL of
0o o 20 a0 40 30 &0 solution that is 0.1200 M in HCI and 0.0800 M in the weak

Yolume of Q1000 M MaCH, ml acid HA. j
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The stronger acid will titrate first
and will give a pH break at its
equivalence point. This will be

T L " /I HOMe followed by titration of the weaker
u ep I | =P acid and a pH break at its
4 | i equivalence point.
|
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mLo.1 & MaoH
Titration curve for 50mL of mixture of 0.1 M HCI

and 0.2 M HOAc with 0.1 M NaOH.
At the equivalence point for HCIl, a solution of HOAc and NaCl
remains, and so the equivalence point is acidic. Beyond th
equivalence point, the OAc—-/HOAc buffer region is established, an
e this markedly suppresses the pH break for HCI, leading to only a
ssmall pH change in the equivalence point of HCI, compared to when
f«'f HCI is titrated in the absence of HOAc. The remainder of the titratio
Wi / er is identical to the titration of HOAC. ’,
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If two strong acids are titrated together, there will be no differentiatio
between them, and only one equivalence point break will occur,
corresponding to the titration of both acids. The same is true for two
weak acids if their K, values are not too different. For example, a
mixture of acetic acid, K, = 1.75 x 107>, and propionic acid, K, = 1.3 x
107>, would titrate together to give a single equivalence point.

The construction of titration curves for mixtures of bases is analogous
to that for mixtures of acids.

Polyfunctional Acids and Bases

There are several species of interest in analytical chemistry that have
two or more acidic or basic functional groups. These species are said
to exhibit polyfunctional acidic or basic behavior. Generally, with a
polyfunctional acid such as phosphoric acid (H;PO,), the protonated
species (H;PO,, H,PO,, HPO,%) differ enough in their dissociation
constants that they exhibit multiple end points in a neutralization
titration.
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138 _| Maleic acid 120 Succinic acid
10.0 H 10.0 H
8.0 T 8.0
8 60— Q 6.0+
4.0 - 4.0 5
2.0 - 2.0
0.0 | | | | 0.0
0.00 20.00 4000 60.00 80.00 0.00 20. OU 40 00 60 00 80 00
Volume of titrant Volume of titrant
(a) (c)
150 ] Malonic acid H,A(aq) + OH(aq) — HA(aq) + H,0(¢)
10.0 - |
T 28 - HA=(ag) + OH (ag) — A*(aq) + H O(/)
40 - Two distinct inflection points are seen if
2.0 reaction 1 is essentially complete before
0.0 reaction 2 begins. |
0.00 20. 00 40 00 60 00 80 00 !
Volume of titrant In general, separate inflection point
are seen when successive aci

(b) Titration curves for
(a) maleic acid, pK,,=1.91, pK_,=6.33; (b)malonic dissociation constants differ by a factor

acid, pK,;=2.85, pK,=5.70; (c) succinic of atleast 500 (a DpKa of at least 2.7).
{ acid,pK,;=4.21, pK,,=5.64. Titration curves are ‘!'

for 50.00 mL of 0.0500 M acid with 0.100 M
titrations occur at 25.00 and 50.00 mL of titrant. %

‘strong base. Equivalence points for all three



pK, =125 APRa=302 0 o 407
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H2C204 + NaOH — NEIHC204 + H20

K, =212 APKa=309 g — 70

+/\+

H3PO4 + NaOH — N&H2PO4 -+ H20
=



LllaBeneBan kKucsorta -
Muaukartop « TuMONoBbLIN CHHUA; 2-W nepexoa>» 8 -9.6

CunbHas KMCnoTa
LLlaBeneBaqa kucnota




®ocdopHan (oprTo) kKucnora -
NMuaunkarTop « TuMmonoBbin CMHUA; 2-W nepexoa» 8-9.6

CunbHas KucnoTa
®ocdopHasa (opTo) KMCNOTa

.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
5 —Z@ ) 4 =

//"y




[H,O% [H,PO,"]

H.PO, + H,O = H, PO, + H.O7 =
3 o 2 2 o ) "'ﬂl [HE‘PD{E]

=711 % 107*

[Hy O] [HPOS ]

H,PO,” + H,O = HPOZ™ + H,OT K, = PO ]
2 g

= 3,32 % 107"
[H,OP [PO7]

HPO2™ + H,O = PO2™ + H,O" i, PO
4

=45 % 10712

The differences between the pK, values permit us to
detect clearly and successively the ends of

» the neutralization of H;PO,,

* the neutralization of H,PO,",

at the first point (V =0ml), the solution present in the reaction
vessel is that of a monoacid, with pK,,=2.23. pH=1.60. before the
first equivalence point the buffer H;PO,/H,PO,” appears. At the
first equivalence point, present only species H,PO,~, which is an
ampholyte. pH=4.7. Than the couples H,PO,/HPO,>~ At the
second equivalence point, the only species existing in the
solution is the amphiprotic one: HPO,?~. pH=9.8.
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Titration of 50 ml of 0.10
mol/L phosphoric acid with
0.10 mol/L potassium

hydroxide

LB Y T % R W A T i R S I = I

-+
-
(a8

s
i

120 140 era®



WING e Y e ] €

Titration of Polyproticz\cids

Buffar |
_ H&71f < ee—_—_
P =2 10 [53) _
ool HA -
I[H’f];.’is:m1 Kﬂ} ]
([H+] =|-=+.|E.g1 Il EHE.u) | | | | | | |
o0 40 50 20 100 120
L MNadH

H,t = H" 4+ HA™

HA™ + H,O = Hyh + OH™
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Equations Governing Diprotic Acid (HzA) Titration

BRI R

Fraction § Titrated Present Equation
f=0{0%) H, A K Cr,a (Example 7.7)
for BEq. 720, BEx. 7.17, quadratic, 1 f ~strong acid)
o =
0=f=1(=0t0 = 100%) H, A /HA™ pH=pK, + log Cm (Eq. T7.45)
H. A
(of Cya- + [HY] and Cy, o-[H] if 2 strong acid)
F=10100%)(1st aq. pt.) HA - = JE K, (Eq. 7.84)
for Eq. 783 1fHy A ~ strong acid)
i
l«f=2(=100t0 < 200%) HA ™ fA%- pH=pK_, + log CAE (Eq. T.45, Ex. 7.16,7.24)
Ha -
2— - - K'l"-:"
f=20200%) (2ndeq. pt.) A [CH™] = . Cy2- (Bq. T.32)
Az
(or Eq. 7.29, BEx. 7.20, quadratic if AT strong base)
fo=2 (= 200%) CH™ fA%- [OHT] = [excess titrant]

&
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f Titration of Sodium Carbonate—A Diprotic Base
Sodium carbonate is a Bronsted base that is used as a primary

standard for the standardization of strong acids. It hydrolyzes in two
steps:

W

CO5 4+ H,0 = HCO, -+ OH™ Ky =K, = - =21x 10~
3L

X
HCO;™ +HoO = COy + HyO 4 OH™ EPE:KM:K—W — 23 107"

al

where Ka, and Ka, refer to the K, values of H,COj, HCO;™ is the "l-
conjugate acid of CO,;?~ and H,CO; is the conjugate acid of HCO,™;




pH 14 Indicator
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9 } phthalein
8 NaHCO3 \
\ Thymol blue
7 "'"\
™
P —
6 Bromo-
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0 10 20 30 40 50 60 70 80 90 100
Acid added, mL

Titration curve for 5O0mL 0.1 M Na,CO; versus
0.1 M HCI. Dashed line represents a boiled
solution with CO, removed.
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At the start of the titration, the pH s
determined by the hydrolysis of the
Bronsted base CO,%". After the titration Is
begun, part of the CO.;%" is converted to
HCO;™, and a CO;?~ /HCO;~ buffer region
Is established. At the first equivalence
point, there remains a solution of HCO,7,
and |[H*]= /K, K, Beyond the first
equivalence point, the HCO;™ is partially
converted to H,CO,4(CO,) and a second
buffer region is established, the pH being
established by [HCO;7)/[CO,]. The pH at
the second equivalence point is etermined
by the concentration of the weak acid CO..

CO%~ + H* = HCO;
HCO; +H+ - H2CO3
CO%- +2H* = H,CO,

v . : .
... Phenolphthalein is used to detect the first end point,
. and methyl orange is used to detect the second one.



Yonth -
vmg e
MaOH
Vo = 0
Ve -
MaHCO

(=)

0
y

May (0

‘i-’hcg -
MaOH and Ma, C05

{d

Volume Relationships in the Analysis of Mimures Containing Hydrozide,

Carbonate, and Hydrogen Carbonate Ions

Relationship between V), and Vi _ inthe

Constiments in Sample Titeation of an Equal Volme of Sample*
NEI.':'H If_phﬂ'; = I"I’I;-:g

Nazﬂlﬂ'a V_phﬂ'l. = 14 I'"LE
MaHCZO, Vpn =0 Fp = 0
NaCH, MNa,CO, Vopw = 11,
Ma,Cidy, NaHCO, Vipw = 121,

* ohh = Yolumne of scid needad for 4 phenolphthalein end point V. = volurmne of acid needed for
s bromocresol green end point

Yoty ——
T"'?t-:g -
MaHC 05 and Ma, C0.
(=)
Phenclphthalzin ransition rangs

Bromocrzsol green fransiion rangs

the Winkler method for the
analysis of carbonate/hydroxide
mixtures, both components are
titrated with a standard acid to the
end point with an acid-rang
indicator, such as bromocres
green. An unmeasured excess

neutral barium chloride is then
added to a second aliquot of the

sample solution to precipitate thi

carbonate ion, following which th
hydroxide ion is titrated to
phenolphthalein end point.



changes color differs from the pH at the equivalence point. This type of
. error can usually be minimized by choosing the indicator carefully or by
making a blank correction.

2. indeterminate error that originates from the limited ability of the
human eye to distinguish reproducibly the intermediate color of the
indicator. The magnitude of this error depends on the change in pH per
milliliter of reagent at the equivalence point, on the concentration of the
indicator, and on the sensitivity of the eye to the two indicator colors. On
average, the visual uncertainty with an acid/base indicator is in the
range of £0.5 to = 1 pH unit. This uncertainty can often be decreased to
as little as 60.1 pH unit by matching the color of the solution being
titrated with that of a reference standard containing a similar amount of
indicator at the appropriate pH.
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Titration Errors Associated with Choice of Indicator
Demands to indicators choice:

1) is necessary to have a sharp colour distinction of indicator in acidic
~ and alkaline environment;

2) colour transition interval of indicator must lie near equilibrium point;
3) an indicator must be sensible uses 1-2 drops. If to add richly up
indicator, the titrant expends on titration of indicator itself;

4) always necessary titrate to appearance of one hue of solution,
making the same volumes of titrated solution;

5) get such indicator, that pT is coincided with titration interval.

As a rule, the end point do not coincided with equivalence point.
Because of analysed solution is over or short titrated. Or, another
words, the analysed solution have any surplus of acid or base.

If pT value is less then pH in equivalence point, titration error is caused
H* ions surplus and called hydrogen error.

If pT value is more then pH in equivalence point, titration error is
caused OH-ions surplus and arise hydroxyl error.




0O = N whHh ;o w0

Equivalence point

MethylRed | |

g

Q= NUW&dho N8 9D

0 10 20 30 40 50
mL 0.100M HaOH added to 50.00mL 0.100M HCI

8

. R L
[HT] ettror = NV, A100%
10—(144*'1‘] T
o [OH]error = 2.100%
] N-¥,

N — normality of titrant;
V, — volume of used titrant, ml;
V, — volume of sample after titration, ml.
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mL 0.100M NaOH added to 50.00mL 0.100M HC2H309

When is titrated weak acids or weak
bases, in solution present unionised
electrolytes. In these cases arise
acidic error or alkaline error.

pH
1 }'J-I:' T_i'd'
alkaline ertor = 1077

F'Hh = —lﬁgﬁh

acidic error = (0P FT
pKa = -logk,
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