Acid-base Titration
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Titration diprotic base using HCI

Titration of 10.00 mL of 0.100 M base B with 0.100 M
HCI:

B + H,0 S BH* +OH- K=K /Ky
BH* + H,0 & BH2*, +OH" K, ,=K,/K_,
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Before acid Is added — point A

 The weak diprotic base dissolves In the
water and can be treated as monoprotic

base
B + S BHY K=K /K41

0.100-x X X
X/(0.100-x)x=Ky,;
pH=11.49
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Before the first equivalence point
(point A-C)

 The majority ions are B and BH*, the

solution can be treated as buffer between
the two 10ons.

pH = pKg,+logi[Bl/[BH];

Ka2 — KW/ Kbl
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The amount of NaOH needed

* For the first equivalence point:
Vx0.100=10.00x0.1000
V,=10.00 mL

e To reach the second equivalence point,
another 10.00 mL is needed
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First equivalence point

B has totally converted into BH*, which is the
Intermediate form of the diprotic acid.

KK, F+KK,
K,+F

[H°]=

F = total mole of BH*/total volume
mole of BH*= mole of B = 0.01000 x 0.1000=1.000 x 10 mole
total volume is 10.00 + 10.00 mL = 20 mL
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Between 15t and 2" equivalence points

« Buffer solution based on equation:

BH*+ Ht* S BH2+2 K=K, /K1
pH = pK,; + log{[BH*]/[BH,"]
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2"d equivalence point and beyond

« At the second equivalence point B is all
converted into BH,?":

BH,2* 5 BH* + H* K 1=K, /Ky,

« Beyond 2" point:
control by the excess amount HCI| added
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pH

1st Derivative

2nd Derivative

Determine the end point

 The end point is determined the pH changes.

Using derivatives to find the end point.
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Determine the end point

e Using a Gran Plot to find
end point
weak acid is titratedby strong acid 0.012

V, 107 = THA K (V, - V,)

?/A7 - 0.008

D
weak base is titrated by strong base ; i

4
—pH
V,-107" <:>(K LBV, -V) 0.004
a /BH" 0.002
. L1 111111 ? o
V,: the volume of titrant needed to 80 8 84 86 8 90
reach equivalence. Vp (uL)

V,,V,: the amount of titrant added
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Using indicator

An acid-base indicator itself is a weak acid or base, the
color changes at different stages of protonation.

L ~

e OH 0. O] :
O O i “"*1 R ra s Uﬂh_.l% s U
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o et e By |
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Red (R) Yellow (¥ Blue (B2-}

K, a1
R= Y- +H+  pH=pK, + log

pH [Y]:[R] Color

o —

0.7 1:10 red
) Lil orange
2.7 10:1 yellow

e ——— = i
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Complexometric Titration
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Terminologies

Complexometric titration: A titration based on complex formation.

Lewis acid: accepting electron pairs from electron donating
ligands.

Lewis base: donating electrons to Lewis acid.

Monodentate ligand: the ligand binds to a metal ion through only
one atom e.g. Cyanide (CN).

Agt + 2 C=N: = [[N=C—-Ag—C=N]"
. : ; Complex ion
Lewis acid Lewis base geilbls
(electron pair (electron pair
acceptor) donor)

Multidentate Ligand: a ligand attaches to a metal ion through more
than one ligand atoms: chelating ligand.

R | H.N NH

: \ , o4 2 2
HN - NH, TO — RN T
Ethylenediamine | .

Bidentate coordination
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The Chelate effect

 The ability of chelate
ligands to form more stable
metal complex than those
formed by similar
monodetate ligands

 Thermodynamic
explanations for the
Chelate effect:
AG=AH-TAS
AS: order

Cd(H,0)2* + 2H,N NH, =

H
N2
[ l’;“ 5
/
H

O
Cd

Ethylenediamine

L
K=p,=8 X 10°

(dH,0)2* + 4CH,NH, = ey

Methylamine

K=B,=4 X 106

H,

2 OHz Hz

7 H 5
o
.“‘\\
Y
N

g

+ 4H,0

+ 4H,0
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The most important chelator -
EDTA

« EDTA can form strong complex with almost all metal
lons, blinding through for oxygen and two nitrogen
atoms. The complex is 1:1 six coordinate geometry.
(alImost all chelate complexes are 1:1, due to the space
limitation)

i —C0;,
[ ~—C0; + Mn** -Q
,—C0, N \/A_
N /‘/__
N—CO,
EDTA"
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Chemical properties of EDTA

« EDTA is a hexaprotic system (HsY?*, remains as salt, most common
Na,H,Y H,0)

HO.C— ., N »—CO;, 02CCH2\ /CH?.COT" ply = K0

) HN NH _' i’CH)CHZItJ"--- pK, = 1.5
0,6— \—CO,H HO,CCH,—~ " CH,COH  pKy= 20
A" pK, = 2.66

EDTA pKs = 6.16
Ethylenediaminetetraacetic acid pK, = 1024

(also called ethylenedinitrilotetraacetic acid)

 When EDTA will lost 6 protons, and Y# react with metal ions and form
complex.
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EDTA In solution

0= .
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e Fraction of EDTA in the form of Y4
o,4y=[Y*1/[EDTA](total concentration of EDTA ions which
are not complex with metal ions)

Oy 4y =K Ko KA [H]PH[HPK +.... ... [HT]K Ky Kst K Ky-Kg,

* |0y, IS determined by pH
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Equilibrium constant

* For the reaction
MM*+Y4 5 MYn-4 Ki = [MYP-4]/[M™][Y#]
K called formation constant or stability constant.
[Y*]=0y 4, [EDTA]

Kf Oy (4. Kf [MY” 4]/[|\/|n+][EDTA] (ocY(4)constant at fix pH )
MM+EDTA S MY

Conditional formation constant or effective formation constant

EDTA can be treated as if it IS In one form
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BEnOILN Using the Conditional Formation Constant

The formation constant in Table 13-2 for CaY?~ is 101069 = 4.9 X 100, Calculate the
woncentrations of free Ca2* in a solution of 0.10 M CaY?~ at pH 10.00 and at pH 6.00.

S0LUTION  The complex formation reaction is
Ca2* + EDTA = CaY?~ Ki = oys- K

Lvhere EDTA on the left side of the equation refers to all forms of unbound EDTA
(= Y4, HY3", H,Y2~, HyY , etc.). Using ays- from Table 13-1, we find

AtpH 10.00: K; = (0.36)(4.9 X 1010) = 1.8 X 10°
AtpH 6.00: K;= (2.3 X 10-5)(4.9 X 1019 = 1.1 X 10°

Because dissociation of CaY2~ must produce equal quantities of Ca** and EDTA, we
tan write

it 4" BDTA = “LaYsr

Initial concentration (M) 0 0 0.10

Final concentration (M) X X 0.10 — x
cay> 0.10 — ,
{ l__ ¥~ K. =1.8X 1010 at pH 10.00

[Ca2*][EDTA] %
= 1.1 X 10% at pH 6.00

Solving for x (= [Ca?*]), we find [Ca2t] = 2.4 X 107 M at pH 10.00 and 3.0 X
10~ M at pH 6.00. Using the conditional formation constant at a fixed pH, we treat
lhe dissociated EDTA as if it were a single species.

Properties of Umass Boston m



pH effect

 From the example, we can see that the metal-EDTA
complex becomes less stable at lower pH. It is due to the
fact that the less pH, the lower [Y4].
(Table 13-1 | Values of ays- for

EDTA at 20°C and p. = 0.10 M

=]
s

Q‘.Yq_

01 W ko — O

— ot
B WMo = C

1.3 X 10
1.9 X 10
3.3 X 10
2.6 X 10
3.8 X 10
3.7 X 10
2.3 X 10

50 x 1074

sex o J0.040 v 2 mL

0.36
0.85
0.98
1.00
1.00

=23

=11
—9

=

14

Potential

7

Volume added (mL)
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Auxiliary complexing agents

e |In order to ensure accurate titration using
EDTA, pH should be higher. However, many
metal ions will precipitate as hydroxide, e.g.

~e(OH), at high pH, heterogeneous reaction is

nard to be completed.

» Hydrolysis is unavoidable, especially for > 2+
metal ions

« Auxiliary complexing agent is a ligand that
binds to the metal ions strong enough to
prevent the formation of hydroxide by weakly
enough to give up the metal to EDTA.
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The amount of free metal 1on
Fraction of free metal ion

e For complexing reaction (K equilibrium constant; B:cumulative
formation constant

M+L S ML K,=B,=[ML}/[M]|L]
ML+L 5 ML, K,=[MLJ/[M][L

M+2L S ML, B, = [MLZ]/:I\/I:[L]Z:KlKZ
M+nL S ML,  B. =K.K,......

. Fractlon of metal lon o = [M]/C
(the total amount of M) = [Mn]+[ML]+[ML2]

—W1+ﬁ1[M][L]+ PaIMILY
/(L By[L1+ BoILP)

In general a,, = 1/(1+ Bq[L]+ BZ[L]Z"" ﬁn[l—]n)

n

m
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Example of using auxiliary complexing agent

« At high pH, hydrolysis can happen to Zn(2+) and
form Zn(OH), "2 or Zn(OH), or ZnO

« Using NH; as complexing agents to form Zn(NH,)?*,
Zn(NH,)?*,, Zn(NH),%*
Ozn2n=1/(1+ B1[NH3]+ B,[NH,]* + B3[NH3]*+ B, [NH3]?)

free Zn(2+): [Zn]=C,(total Zn)x XZn@+)|Assumption: all Zn2*ions
« Using EDTA to titrate the Zn in NHj: e from 2n(NHy),™ Cy

excluding the Zn already
Zn?t + Y45 ZnY#% become ZnY#

Ki = [ZnYZ)/[Zn#*][Y#] where [zn2=C,, 0znez4) ; [Y*]= Cepra Ovia.

)
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A EDTA Titration in the Presence of Ammonia
Consider the titration of 50.0 mL of 1.00 X 10~3 M Zn2* with 1.00 X 10*M EDTA
@ipH 10.00 in the presence of 0.10 M NH;. (This is the concentration of NH;. There

saso NHY in the solution.) The equivalence point is at 50.0 mL. Find pZn2* after
aidition of 20.0, 50.0, and 60.0 mL of EDTA.

SLTION  In Equation 13-17, we found that Qz,2~ = 1.8 X 1073, Table 13-1 tells us
fiat o+~ = 0.36. Therefore, the conditional formation constant is

Kr = agpioys Ky = (1.8 X 1075)(0.36)(101650) = 2,0, x 1011

(8) Before the equivalence point—20.0 mL: Because the equivalence point is 50.0 mL
tie fraction of Zn?* remaining is 30.0/50.0. The dilution factor is 50.0/70.0.
Therefore, the concentration of zinc not bound to EDTA is

il

30.0 50.0
== (100 x 1073M) (== ) = 4. ~4
G (50.0)(1 0 X 10 M)(mo) 43 X 10-4M

fowever, nearly all the zinc not bound to EDTA is bound to NH;. The concentration
iffree Zn2+ is
[Zn?t] = Q72+ Cpze = (1.8 X 1075)(4.3 X 1079 =77%X10M
= pZn?t = —log[Zn2+] = 8.11
#U's try a sanity check. The product [Zn?+][OH- P is [107811][10~400]2 = 10-16.11
thich does not exceed the solubility product of Zn(OH), O 107002,

VAt the equivalence point—50.0 mL: At the equivalence point, the dilution factor is
10/100.0, so [ZnY?~] = (50.0/100.0)(1.00 X 10-3 M) = 5.00 X 1074 M. As in
ction 13-3, we write

Cy+ + EDTA = ZnY2-

Initial concentration (M) 0 0 5.00 x 104
Final concentration (M) 5 X 5.00 X 1074 — x
, Zny?*- 5.00 X 10~4 —

Ki =205 x 101 = — A1 _ 500X 104 —x

[Czo»][EDTA] e
= X = Czoe =49 X 10°8M
[Z0%*] = 07,2+Cppo- = (1.8 X 1075)(4.9 X 10-8) = 8.9 X 10-13 M
= pZn’t = —log[Zn2*] = 12.05

(¢) After the equivalence point—60.0 mL: Almost all zinc is in the form ZnY?~. With
a dilution factor of 50.0/110.0 for zinc, we find

50.0° ¥ -
2= —— (1.0 X 1073 M) =45 X 104 M
ot (110.0)(
We also know the concentration of excess EDTA, whose dilution factor is 10.0/110.0:
[EDTA] = (‘%%%)(LOO X 1073M) =91 X 105 M

Once we know [ZnY2~] and [EDTA], we can use the equilibrium constant to find
[Zn?*]:
[ZnY?"]
[Zn**EDTA]
[4.5 X 107¢]
[Zn2]9.1 X 109]

= oy K; = Kj = (0.36)(10'650) = 1.1 X 10'6

= 1.1 X 10" = [Zn¥*] =43 X 10-6M

= pZn’T = 15.36

Jote that past the equivalence point the problem did not depend on the presence of
1H,, because we knew the concentrations of both [ZnY?~] and [EDTA].

16—
121
'\:N[ —
o 10— 0.10 M NH,
8_
- 0.02 M NH,4
RN

0 10
Volume of EDTA added (mL)

20 30 40 50 60 70
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End-point detection

Metal ion indicators

— Color change when bind to the detect ion
Mgin + EDTA — MgEDTA + In
red colorless colorless blue

— The binding between indicator and metal has to be
weaker than metal-EDTA, so indicator will release
the metal to EDTA

Mercury electrode e.g. Hg drop
lon selective electrode
pPH electrode
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Mg®* |-
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S12* Ba?*
SCB‘
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Mn2<
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R T |
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= [ ] 1
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- 0 pH region in which reaction
X0, MT, PV with EDTA is quantitative
= — . pH reg-o_n in Whlch.auxlllary
complexing agent is necessary
“PAN to prevent hydroxide precipitation

8 9 10 1 12 13
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EDTA Titration techniques

Direct titration
— Control pH, in buffer solution
— Auxiliary complexing agent to prevent hydrolysis

Back titration
— HOW: adding known excess amount of EDTA, the excess
EDTA will be titrated by the second ion solution with know
concentration (standard solution)
— WHY:
« The ion will precipitate without EDTA
* The reaction is slow under normal titration condition
* No good indicator

— Conditions: the bond between the second ion and EDTA has
to be weaker than that of analyte ion with EDTA.
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EDTA Titration techniques

Displacement titration

— How: adding known amount of EDTA complex
solution, the analyt metal ion can replace the metal
lon bonded with EDTA.

Hg?* + MgY?2 — MY"™* + Mg?* Mg is then titrated
with EDTA.

— Why: no good indicatior.

Indirect titration: determine anions

Masking: to prevent the interfering between
lons. Cyanide (CN) is the typically used to
mask (caution!!). Demasking
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