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Acid and base equilibriumds sl g dimiall 30 g8 5 (el gal) 31 55

Acid and base equilibrium is:

1 - strong electrolytes (A —strong acid B —strong base ~ C — salt very soluble in water)

2 — weak electrolytes(A — weak acid B —weak base C — salt weak soluble in water)

3 — Non — electrolytes (Undissociated substance)
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strong electrolytes al Js&

strong acid
HA—> H + A

Before dissociation x 0 0
After — dissociation 0 X X
[HA]=[H"]=[A]
pH=-Log[H"]

C.cia = [ HA ] = concentration of the acid
pH =- LOg cacid

strong base
BoH—— B+ OH’
before — dissociation X 0 0
after — dissociation 0 X
BOH =[ oH ] =[B"]
POH =-Log [OH ]

X

Cbase = [ BOH ] = concentration of the base.
[ OH ] =- LOg cbase

weak electrolytesali & &sis

weak acid
HA «——> H + A
Before — dissociation(Initial) Ca 0 0
After — dissociation(Equilibrium) Ca-x X X
Ka = HHA-]
[HA]
_ X*X
Ca—X

Jags 8 s alial) AX
Cra B e dda S Gaalad) 58 55 13K, 8 xJeags alial) A

X=+VKa * Ca = [H']=[A]]
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weak base
BOH<«—» B" + OH’
Before — dissociation(Initial) Cb 0 0
After — dissociation(Equilibrium) Cb-x X X

[OH-] [B+]

Kb = [BOH]

X*X
Kb =
Cb-X

Jag B _hua aliall EX
a8 ga Ada ) Bas i) 38 55 1K) O xJags alial)

X=+VKb * Cb = [H'|=[B]

(PH) s 5 el 81 lal 22308 e S Alslas & :(Henderson-Hasselbalch equation) lblula-¢y gu dia Lslas
S5 sh eyl Anael ) il Gaaal 35S 55 dunsi s (pKa) Giaasdl lSE Cull a5 s el ol o Alsbaall o34 s
sl Lemen ) digeazal) ac il

Acidic Basic

[salt] OH = pKe +1 [salt]
[acid] PEH =P T 08 Thase]

pH = pK, + log

7 0 B QS pH S ol 7 oa ) 058 pHD olady)
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B) Titration of weak acid versus strong base: Acetic acid with sodium hydroxide
HOAc + NaOH < NaOAc + H,0

Example (1): Calculate the pH at 0, 10, 25, 50, and 60mL titrant in the titration of 50mL of
0.1M acetic acid (Ka=1.75%10") with 0.10M NaOH?
(1) At OmL titrant (0.1M NaOH): HOAc solution only
H*] = /KaCya = v/1.75 X 1075 x 0.1 = 1.32 x 1073M
pH = —log[H*] = —log1.23 x 1073 = 2.88
(2)At 10mL titrant (0.1M NaOH):before equivalence point (buffer formation region)
HOAc + Na*OH™ & Na*OAc™ + H,0
mmol NaOH added = M XV = 0.1 x 10 = 1.0 = mmol of NaOAc (salt) formed
mmol of HOAc (total) = M XV = 0.1 X 50 = 5.0
mmol of HOAc remaining (unreacted) = 5.0 — 1.0 = 4.0

alt] 1.0
TAcid] = 4.7 6+logﬁ—416
(3) At 25mL titrant (0.1M NaOH): before equivalence point (buffer formation region)

mmol NaOH added = M X V = 0.1 X 25 = 2.5mmol = mmol of NaOAc (salt) formed

mmol of HOAc remaining (unreacted) = 5.0 — 2.5 = 2.5mmol

alt]
[Acid]
(4) At 50mL titrant (0.1M NaOH): equivalence point

mmol NaOH added = M X V = 0.1 x 50 = 5.0 = mmol of NaOAc (salt) formed
All NaOH reacted with all HOAc and converted it to its salt sodium acetate.
OAc™ + H,0 & HOAc + OH™

—14-
[0H] = /Ky Cope- = / Copc- = Jl =g X 0.05 =535 x 10™°M

pOH = —log[OH™] = —log 5.35 X 1076 = 5.27
pH =14 —5.27 =8.73
(5) At 60mL titrant (0.1M NaOH): after equivalence point (NaOH solution alone)
mmol NaOH added = M XV = 0.1 X 60 = 6.0mmol
mmol of NaOH remaining (excess) = 6.0 — 5.0 = 1.0mmol
1.0mmol

OH = —1 = 2.04
P °850mL + 60mL
pH = 14 — 2.04 = 11.96

pH = pKa + log

2.5
pH = pKa + log =476 + logﬁ = 4.76 pH = pKa (mid — point)
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Example (1): Calculate the pH at 0, 10, 25, 50, and 60mL titrant in the titration of 5S0mL of
0.1M acetic acid (Ka=1.75x10") with 0.10M NaOH?




Analytical Chemistry Acid-Base2 Dr. Ruba Fahmi Abbas




Analytical Chemistry Acid-Base2 Dr. Ruba Fahmi Abbas




Analytical Chemistry Acid-Base2 Dr. Ruba Fahmi Abbas




Analytical Chemistry Acid-Base2 Dr. Ruba Fahmi Abbas

Construction (plotting) titration curve of weak acid versus strong base:-
The sharpness endpoint decreases as the concentration decreases.
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Titration curves for 100mL 0.1M weak acids of different Ka value versus 0.1M NaOH.

14

a3

S I T T Y O A O O O
0O 20 40 60 80 100 120 140

mL 0.1 M NaOH

The sharpness of the endpoint decreases as Ka decreases.
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C) Titration of weak base versus strong acid:-Titration of ammonia solution versus
hydrochloric acid.

Example (2): Calculate the pH at 0, 10, 25, 50, and 60mL of titrant of 50mL of 0.1M NH;
(Ky=1.75x10") with 0.1M HCI?
(1) At OmL titrant (0.1M HCI): NH; solution alone

[OHT] = /KpCg- = V1.75 X 105 x 0.1 = 0.00130M
pOH = —1log[OH™] = —log 0.00130 = 2.88
pH =14 -2.88 =11.12
(2) At 10mL titrant (0.1M HCI): before equivalence point (buffer formation region)
mmol HCl added = M x V = 0.1 X 10 = 1.0 = mmol of NH,CI (salt) formed
mmol NH; total =M XV = 0.1 x50 = 5.0
mmol NH; remaining (unreacted) = 5.0 — 1.0 = 4.0
[Salt]
[Base]
pH = 14 — 4.15 = 9.85
(3) At 25mL titrant (0.1M HCI): before equivalence point (buffer formation region)
mmol HCl added = M X V = 0.1 X 25 = 2.5mmol = 2.5mmol of NH,Cl (salt) formed
mmol NH; remaining (unreacted) = 5.0 — 2.5 = 2.5
[Salt]
[Base]
(4) At 50mL titrant (0.1M HCI): equivalence point region
mmol HCl added = M X V = 0.1 X 50 = 5.0mmol
The all HCI added converted all NH; to its salt NH4Cl
NHf + H,0 & NH,OH + H*

/KW 10-14 .
[H+] = ‘/KaCBH+ = K—bCBH+ = \/W X 0.05 =5.35x 107°M

pH = —log5.35 x 107 = 5.27
(5) At 60mL titrant (0.1M HCI): after equivalence point
mmol HCl added = M X V = 0.1 X 60 = 6.0mmol

mmol HCIl remaining (excess) = 6.0 — 5.0 = 1.0

My = —ommol o 909M
HCL ™ 50mL + 60mL ~

pH = —10g0.00909 = 2.05

1.0
pOH = pKj, + log =475+ logm = 4.15

pOH = pK,, + log

2.5
=475+ logﬁ = 4.75 pOH = pKy mid — point
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Example (2): Calculate the pH at 0, 10, 25, 50, and 60mL of titrant of SOmL of 0.1M NHj;
(Ky=1.75%10") with 0.1M HCI?
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Construction (plotting) titration curve:
Titration curve for 100mL 0.1M weak base of different K, values versus 0.1M HCIL.The
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sharpness of the endpoint decreases as Ky, decreases of weak bases.

Back titration
Sometimes a reaction is SIOW to go to completion, and a sharp end point cannot be

obtained. A back titration will often yield useful results. In this technique, a measured
amount of the reagent, which would normally be the titrant, is added to the sample so that
there is a slight excess. After the reaction with the analyte is allowed to go to completion, the
amount of excess (unreacted) reagent is determined by titration with another standard
solution. In back-titration, a known number of millimoles of reaction it is taken, in excess of
the analyte. The unreacted portion is titrated.

mmol reagent reacted = mmol taken — mmol backtitrted

Jelall glgs dhass e J panll (K 5 slows o delall () 6 lavie €8 g ) pradl) aladiu aly e 3w
back titration = s>l sl alasiul oh saa A0 e Jsasll A sharp end pointsals

Cra Bl by Ly pdlual) maadl) 48y jb (o CALAS AN aadl) (G b gaaf (A 1S s ) el
Sl Jadd aladiiody Al Sala ae g Bl 1 Aast) g Wy i ) yall Balad) ae Jelily o) CAELSY

Example(3):A 0.50 g sample containing Na,COs plus inert matter in analyzed by adding
50.0mL of 0.1M HCI, a slight excess, boiling to remove CO,, and then back-titrating the
excess acid with 0.1M NaOH. If 5.6mL of NaOH is required for the back-titration, what is
the percent Na,COj; in the sample? (MWt Na,CO;= 106 g/mol)

Solution:

1mmol Na,CO4

2 mmol HCI
wt 1
(WXlOOO)NaZCO3 =M XxVx i)HCI — (M X V)naon

mmol Na,CO5; = (mmol HCI x ) —mmol NaOH



Analytical Chemistry Acid-Base2 Dr. Ruba Fahmi Abbas

(Wt ><1000)—(01><50><1> 0.1 % 5.6
W —_ . 5 (. .)

WtNa2C03 = 0.205 g

wt Na,CO4
%N32C03 = m x 100
~0.205

~0.500

X 100 = 41.128%

sla s (NayCO3) (il o spasaall iy S e (5 a3 Ahe Jalat e a1z pdd) da a9 agdll JUal) 7 5
Al 238 (B a5 eall 5 ST giall Al aaa3 s Jalaill (e Caagll (Dol V) dlals

oa ilille 50,0 Ll Casal 5 o1y 0.50 03 e 331 25 1(HCT) sl 5 suel) man ilal 5 1 dalan
NayCOs a2 small i1 U8 Jelds lanal HCI (5o 550 AueS i) o5 50 0.1 33 HCI
ao delii al HCL Gianla (00 3301 ) 43S @llia () Ly 1(Back-titration) dsSall 3 jlaall 3 sha 4 2 dala
138 3 el ¥ 50 0.1 38,55 (NaOH) s seall 2008 5 )28 J slase alasind &5 « Na,CO3p 50 saall Clis S
el 1S5 0 e sl 5.6 8 el Alee ESlgiul X1 sl
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Example(3):A 0.50 g sample containing Na,COj5 plus inert matter in analyzed by adding
50.0mL of 0.1M HCI, a slight excess, boiling to remove CO,, and then back-titrating the
excess acid with 0.1M NaOH. If 5.6mL of NaOH is required for the back-titration, what is
the percent Na,COj; in the sample? (MWt Na,CO;= 106 g/mol)
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Example(4):-Chromium (III) is slow to react with EDTA (H,;Y) and is therefore determined
by back-titration. A pharmaceutical preparation containing chromium (III) is analyzed by
treating a 2.63 gm sample with 5.00 mL of 0.0103M EDTA. Following reaction, the
unreacted EDTA is back-titrated with 1.32 mL of 0.0122M zinc solution. What is the percent
chromium chloride in the pharmaceutical preparation? (MWt CrCl;= 158.4 g/mol)

Solution: mmol CrCl; = mmol EDTA — mmol Zn?*

wt
(—X1000)Crc1 = (M X V)gpra — (M X V)7,2+

(158 7X1000) = (0.0103 x 5) ~ (0.0122 X 1.32)

wt
————X1000 = 0.0515 - 0.016
158.4

wt
leOOO 0.0355

wt = 0.0058 g CrCl;

0.0058
% CrCl; = X 100 = 0.221% CrCl;

2.63

pazive & (1) (CrCls) ps Sl 4uaS juail 45 yda JUWN 12 Jlihy oz pdl) B (ualg agdll JUal) 7y
Alaaiul 8 cad) (EDTA) i) el ael) A8 )] paes ae dnSall 5 el alasinly Yana
st EDTA ge CrCly Jelés o) s dpuall 5 pleall

5.00 = Wisllaes ol ya 2,63 s Y amall jumaiuall (e die 331 5 3030 ) 4 EDTA 4] 1 dalaw
e 8 gl IS Jeldi Glaval EDTA (e 82303 40aS 48l o3 )Y 30 0.0103 S5 EDTA Jislae (e ilille
Jsall WiSay dansne JSy | Al S ja (1 5S5 auialy g diae EDTA 5 (11D) 508V 0 Jel@ll (TID) (CrCls)
A3 EDTA O & Jeldyy aal g (TIT) pS Ol o

sdae &3 (EDTA g (II1) (CrCly) a8V Jeléi JWiS) 2ay :8diall EDTA A 4uSall 3 ladll 2 dalaw
0.0122 3854 (Zn™?) il Gl e dslae aladias (TIT) a8l ae Jeliti ol il el EDTA 4aeS
1:1 Ay EDTA e il sl Jeléhy il Jslae o silile 1,32 8 pslanll oda cSleinl Y 5a
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Example(4):-Chromium (III) is slow to react with EDTA (H;Y) and is therefore determined
by back-titration. A pharmaceutical preparation containing chromium (III) is analyzed by
treating a 2.63 gm sample with 5.00 mL of 0.0103M EDTA. Following reaction, the
unreacted EDTA 1is back-titrated with 1.32 mL of 0.0122M zinc solution. What is the percent
chromium chloride in the pharmaceutical preparation? (MWt CrCl;= 158.4 g/mol)
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Example (5):-A 0.200 gm sample of pyrolusite is analyzed for manganese content as
follows. Add 50.0 mL of a 0.100M solution of ferrous ammonium sulphate to reduce the
MnO, to Mn*". After reduction is complete, the excess ferrous ion is titrated in acid solution
with 0.0200M KMnOQy,, requiring 15.0mL. Calculate the percent manganese in the sample as
Mn;0, (only part or none of the manganese may exist in this form, but we can make the
calculations on the assumption that it does). (MWt Mn;0,= 228.8 mg/mmol)

Solution:mmol Fe?* reacted = mmol Fe?* — 5 X mmol KMnO,
mmol Fe** reacted = (M X V)ge2+ — 5 X (M X V)gmno,
= (50X 0.10) — 5 X (0.02 X 15) = 5 — 1.5 = 3.5

1
mmol MnO, = 3.5 mmol Fe?*t X 5 (mmol MnO,/mmol Fe?*) = 1.75 mmol

1
mmol Mn3;0, = 1.75 mmol MnO, X 3 (mmol Mn;0,4/mmol MnO,)

= (0.583 mmol
Wtpmp,0, = 0.583 mmol X 228.8 mg/mmol = 133.390 mg
133.390

% Mn304 = W

x 100 = 66.7% Mn0,

gl e dle (B Saitiall (g gina paSil A% gl JUal) 10 J U 1z ) Bda (g agdll QU 7 4

Cra 815 AaS aladinly (TM) Jniide ) cujslgmd) (B (V) Jpiadal) JISEA) e 48y k) saiai (MNO2)
Jstaay (320130 Aial)  gapant) il gl 5 psbaa AT (J) FAY) JUaIS) duy . (g 9aand) g el iy 8 J slae
J8d o Al (A Saitiall 4 gial) sl Gilean 9 ciagl) uaala b g (2 (KMNO4) p saal gal) cilinda
(02 A IR e quad LISY (g AT JISEL 29 59 B Saiial) o (e ) o) Mn304
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Example (5):-A 0.200 gm sample of pyrolusite is analyzed for manganese content as
follows. Add 50.0 mL of a 0.100M solution of ferrous ammonium sulphate to reduce the
MnO, to Mn**. After reduction is complete, the excess ferrous ion is titrated in acid solution
with 0.0200M KMnOQy,, requiring 15.0mL. Calculate the percent manganese in the sample as
Mn;0, (only part or none of the manganese may exist in this form, but we can make the
calculations on the assumption that it does). (MWt Mn3;0,= 228.8 mg/mmol)
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Exercises

1- Calculate the pH of a solution prepared by adding 45.0 mL of a 0.213 M HCI solution
to 125.0 mL of a 0.150 M solution of ammonia. The pKj, of ammonia is 4.75.

2- What is the pH of the solution after 25.00 mL of 0.200 M NaOH is added to 50.00 mL
0f 0.100 M acetic acid?

3- Calculate the pH for solution prepared by mix two solutions equal volume first
solution has pH = 3 and the second solution has pH = 4.

4- What the pH of (1x 10-° M) HCI solution?




