Chapter Seven

Acid-Base Titration Curves

Generated by CamScanner from intsig.com



Chapter seven / Acid-Base Titration Curves

[ ~"J"' A {2

se Tltratlon Curves

N‘a({b C)‘&J’/

Hed-also neutralisation ti_tration curves since H' that comes from

T

acids or acidic solutions is neutralised with OH ~ which comes from bases or
_ ) OV ~OL

basic solutions to from @ryfslightly ionised water:

H+O0OH — H,0

Titration : It is/graduill addition of titrant which is always standard

solution to the titrand which is always the analyte (the solution under test

Vel S

or unknown), in the presence of/c/;'tain indicator. The titration is finished
by the sudden change of indicator colour.

Titrant : It is the solution which/f{contained in the burette and it is always
the standard solution, but in some cases it refers to the analyte or unknown.
Titrand : It is the solution which is always contained in a conical flask and
it is alwa{,s the analyte, but some times it refers to standard solution. The

burette/i(d'plpette and volumetric flasks are used to measure and transfer A

the exact volumes of solutions. Beakers, conical flasks and cylinders are

used to measure or transfer the approximate volumes of solutions.

In acid-base titrations, there is a change in [H'] concentration or pH of

the solution by increasing or decreasing the pH of the solution unt__ilfr/_j rm/"h/(

equivalence point where a sudden change in pH is indicated by a sudden

change in a certain acid-base mdlcator colour.
This chapter includes the m#{r of acid-base titrations involving strong /\

acids with strong bases, weak acids with strong bases, strong acids with

Weak bases and weak acids with-weak bases. The titrations are followed by
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| Dl K\ calculation/{he pH during the process befor(}/addition of titran¢ o~ |

A «\«addition of titrant till exceeding (f?t;quivalence point.

The data obtained are used to set up the titratiop Curyeg

. r‘ /< identifyi% the pH at equivalence point.

[

A 7.1 Titration of strong acid);vith/{trong base,
Example: 25ml of 0.1 M HClI solution is titrated with 0.1 M NaOH Soluti, |

amr

ang

: Calculate the pH of this titration at the following stages:
| /\ (a) before/addition of NaOH .

| ; i /\ (b) after/é%‘('lition of NaOH till e the equivalence point.

(c) at equivalence point. (d) after equivalence point.

The solution:

( : /\ (a) Before ilbc‘l'ition of NaOH:
i HCl —H"+CI
0.1IM 0.IM 0.IM
PH=-log[H'] =-1og 10" = 1
K (b)) Attev/addition 15ml of NaOJ. The addeel paot/ seledio—

s i3 yeacksd with an b |

SE X = X : A 7 e ff ‘;4)'2

‘ o V?{Cl o V)NaOH \ﬁb'f\&'m‘[ 7 H I(&aj/jﬂ |
0.1xV  =0.1x15 [

Vet = 15ml the volume of reacting acid.

: . g
unreacting acid =25 - 15 = 10ml, A‘}JJ -

/\ But this volume is present in

]total volume £quals = 25 + 15 =40ml.

0.5 x10 = 40xM ¥
; HCl

0.1x10

Myc = =0.025M

HCl —— H'+¢r

0.025M 0.025M  0.025M

e
s |
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. pH=-log[H']=-10g 0.025 = 1.6
. .
(b) After add}%ﬂ 24ml of NaOH: /\

= 49xM
O'IXI i HCI

0.1x1
=—=0.002M
MHuci 49

gcl — H +Cr
0.002M 0.002M  0.002M
- pH=-1log[H'] = - log 0.002 =2, 7

() After add}fibf 25ml of NaOH: A
MxV) = (MxV)

NaOH HCI
25x0.1  =25x0.1
This is the equivalence point where 25ml of 0.1 M HCI is completely

neutralised into NaCl: HCI + NaOH NaCl + H,0

NaCl is a salt derived from strong acid and strong base. It is

Na'+ClI~

completely ionised into Na* and CI " : NaCl
Any ion of this salt do/s not subject to hydrolysis and the action of

water molecules is to isolate Na' ions from ClI ~ ions. Water is slightly

ionised into H" and OH .

H,0 === H'+OH" or 2H,0 = H;,0"+OH".

In this solution, [H'] = [OH ]=10" M . Therefore, pH = pOH =7

(d) After add; 30ml of NaOH: A

25ml of 0.1 M NaOH reacts with 25ml of 0.1 M HCI, which means that HCI

is Completely neutralised. oyt A /<
30-25 = 5m1 wiivEicting (ofo 1 M NaOH

Tota) Volume =30 + 25 =55ml.
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5x0.1 = 55xM
NaOH

5x0.1 _ 000091 =9.1x10°M

55
NaOH —> Na'+OH’

Mpyaou =

9.01x10°M  9.1x10°M 9.1x10°M ‘
pOH =- log[OH | = - log 9.1x10°=2.04 .. pH=14-2.04 = 11,96 ~ 1,
Therefore, we get the following titration data:
miNaOH 0 15 24 25 30
pH 1 1.6 2.6 & 12
/< wes
A plot of pH values against ml of NaOH, \é&—g‘erﬂ_/__the following cyry,

which shows equivalence point at pH = 7 and the curve has S-shaped.

S ——

14

[l i |
! pH , pH=7 at equivalent point i

0 510 15 20 25 3 IS5 40 45 |
ml NaOH |

Fig(7-1): A titration curye of stron |

P g acid with strong base.
7.2 Titration of strong base with strong acid

ution is titrated with 0.1 W HCI solution

A (@) betoremition o0 MHC|

. (b) after/addition of HCI til]
s ‘ @re the equivalence oint
o7 point.
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(© at equivalence point. (d) aftey equivalence point

The solution: o
(a) pH value befort{a/addition of HCI: /<

£
NaOH —_— Na - OH -
0.1M 0.IM 0.1m

pOH=-1og[OH | =-1log 10" =1

SpH=14-1=13
#e h
(by) AftcrfldditionASml of HCI: &

MxY)  =(MxV)

NaOH HCI
0.1xV  =0.1x15
NaOH
o _8axis
COYNOHTE T o - = 15mi reacting volume of NaOH.
0.1

i Uiireacting yoinme of NaQH = 25- 15 =10ml.

= Tote] volume = 25 + 1% = '40ml.

10x0.1 = 40xNF
INali
My.0m L
40

ot R
T\JC}[{ -— i NR a7 U}i

- = 0.525M

0.025Mm 0.025M  8.025M

- Coff:{

- POH = 100|H'T = Tlog 0,022 = 1.6 A
CPH=141,6~12.4

" (aleatioe addifthi: 24im; of HC! sofution:

Fixy) = (=Y}

NuCH S le

R R E0Y:
NaOH
v 0.1x24 ; y
“Naoy 3'--—-\-—-—?:;24;“: ? ‘FlC!’lﬂg voluzme of NaOH.

0.1
U"l‘eat:ting volume = 25 — 24 = Iml, Total volume =25 + 24 = 49 mi,
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1x0.1 = 49xM
NaOH

0.1x1

49
NaOH—> Na'+OH"

0.002M 0.002M 0.002M ‘
pOH =- Iog[OH 1=- log 0.002=2.7. . pH=14-2.7=11.3

MNHOH = — 0.002M

(c) After addition 25ml of HCI:

(MxV)  =MxV)

NaOH HCI
25%0.1  =25x0.1

This is the equivalence point where 25ml of 0.1 M NaOH is com

pletely
altered into NaCl:

NaOH + HCl

NaCl + H,0

NaCl is a salt derived from strong acid and strong base. It js

completely dissociated into Na* and C1": NaCl —— Na* + (|-

Any ion of this salt does not react with water (no hydrolysis) and the

significance of water molecules is to isolate Na* ions from Cl-
slightly jonised into H* and OF - |
H,0

ions. H,0 is

H'+OH" or 2H,0 =~ H,0"
In tiii'sAéolution, [H'] = [OH ] =
L (@) After addifish 30ml of HC:

25ml of 0.1 M HCI reacts with 25m] of (.1 M NaOH, which means that
NaOH is completely altere@ into NaCI.

>
30-25=5m] unreactmg{of 0L.IMHC] — Total volume = 30 + 25 = 55n

5%0.1 = 55xM
HCl

5x0.1

+O0H ",
10"M, Therefore, pH = pOH = 7

Myc= =0.00091 = 9'1"‘19~3M
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H" + -

HCI

%10~ M 9.1x10°M  9.1x10° ; +
9.1x10 MPACM - — pH = log[H"] = - log 9.1%10" = 2.04

Therefore, we get the following titration data:

mlHCl 0 15 24 25 3

pH 13 124 113 7 2.04

: Ve
A plot of pH values against ml of HCl, ch‘getsthe following curve which /<

shows equivalence point at pH = 7 and the curve is an inverse S-shaped.

pH=7 at equivalent point

Fig(7-2): A titration curve of sireng base with sirong acid,

7.5 Titration of weak acid with strong base.
Examaple: 25mi of G.7 1 i CH;COOH seiution is titvated with 0.2 M NaQ®E

solution. Calculate the pE of this titration at the following stages:

('1) belOi‘C/l/(' ]1"‘0“ uf r\ﬂ\);l N /<
: i S i1 before the equivaicnee point. ;
(i) after ..mhtmn of MaQH till before the equivaicnee ol /<

5 . CIY AN v pre ..} ML} -.?c
[ 5‘(.‘:}'13.{ quuyqlcupe !-H)“'_x.” "J."’_h ;.i(r_L‘.‘ C{?_lll" ence pon

The solution: %’) &

(2} pH valne hots vi/adaicion of NaOF:

H,CO0 + 1 = 186107 at 23°C
CH3CO0H me=== CH;CO0 +H K, = 1.8
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CH;COOH is a weak mono protic acid which dissociates pﬁrti
/L CH;COO ~ and H' ions which reach/fJ an equilibrium steady sta¢,,

Therefore, the following relation is used to calculate the PH 4 thg

ally inq

stage:
PH = 1/2pK, — 1/2log C, pK, =-log K,
= -log 1.85x10°
= -(-5+.026)

(A4T4) —= =474
=1/2x4.74 - 1/2log 0.1

=237+0.5=2.87

/\ (b)) After@?ﬁ 15ml of NaOH:

(MxV) =(MxV)

CH;COOH NaOH

0.1xV =0.1x15
CH;COOH

=15ml reacting volume of acetic acid which is changed into its salt
CH;COOH

CH3COONa
CH;COOH + NaOH ——— CH,COONa + H,0
unreacting volume of CH;COOH =25_15= 10ml.

o
/{_ Therefore, we have/ﬂuffer solution of CH;COOH and its salt CH;COONa.
Total volume = 15 + 25 = 40m.

15x0.1 =40xM —M A5
/ CH;COONa CH;cOONa 40
Bavoa . ‘ _ 10x0.1
SEe 10%0.1 =40xM — M N
S CH;COOH cH;cooy 40 SN

[salt]
H = pK +1lo
P =iy g[Acid]
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0.0375
0.025 =474+0.176] =

=4.74+1log
49161

(bs) After addiBig 24m) of NaOH: s

0.1x24) = (0.1xV)

NaOH CH,COOH

=24ml reactino v
CH;COOH eacting volume of acetic-acid which is c} d int 1
changed into its salt

CH3;COONa .

unreacting volume of CH3;COOH =25 54 Tl
~24=1ml.

Total volume =25 + 24 = 49ml.

24x0.1 =49xM — M =.24%0.1
CH;COONa CH,cOONa 49 0.049M
1X0.1 =49xM — M =20l
/CHJCOOH cucoon 49 S
Thus, ye navc buffer selvtion of CH3COOH and its salt CH.COONa
. O s alt] 3 B
pH = pk 41.._: T ‘
.;‘/'cfd]
0.04¢
= a r —_ s 4 1
“.ﬂ ' logG'GO_} =4 7’\L t-39:6l£3

ey Aller ;‘;iidi'{}j} 1 Z5mi ol 0.1 i NaOH:

MXVE = (M%)
Ci;COGH NaOH

Z5%0.1  =25x%0.1
- This is: the -ecuivalence peint where ali CH;TOOK i aliered into it

L )

Sale CH;COON, This s a saltwvhieh s derived from weak seid and sirong

A iy kA

" & " 4 Cy nf W QG et
* base; The folloving relotionis used to-caleulate the pit of this saic sointion,
AT AAN Y ey

P aag
™~ p'—"‘“—r —_ _l ,):f\, = _:, n ;: Ao — |f,£‘_ r'
2 A ~ It [ :) e
But totat velme = 25 + 25 = 50ml
_ - L 2200 g 0s5m
25&0 { zsﬁ\:rv{ z ST i COO\;,‘ 5{)
CU,COON ERRRE
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1 1 1
H=—pK,+—pK, +=logC,
p ZP w 2p 2 g

1
= —;—x 14+%x 4.74+-§log0.05 =7+2.37+0.65 =8.72

/( (d) After add}}?prf 30ml of 0.1 M NaOH:

At equivalence point, 25ml of CH;COOH reacts with 25ml of Naoyg fo
form CH;COONa .

30 - 25 =5ml of NaOH is added after equivalence point

Total volume = 30 + 25 = S55ml

5%0.1 =55xM — M = 2%0.1
NaOH NaOH 55

OH ~ is obtained from the hydrolysis of CH3;COONa, but this

=9.1x10°>M

)
K concentration is very little compared with add:eﬂ/Sm] of 0.1 M NaOH after

equivalence point.

NaOH —> Na*+ OH"

9.1x10°M  0.1x10°M  9.1x107M 7

POH = - log[OH ] = - log 9.1x10° = 2.04 . pH = 14 — 2.04 = 11.96 ~ 12
Therefore, we get the following titration data:

mINaOH 0 15 24 25 30

pH 287 492 613 872 12
A plot of pH values versus ml of NaOH, will give a titration curve
showing equivalence point at pH = 8.72 which means that the equivalence

) . . . b .
/( point occurs at basic medium since sodium acetate/’subjec/l,?}to hydrolysis

into CH;COOH (weak acid) and strong base (NaOH).
CH;COONa + H,0 === CH,;COO0H + NaOH

o 132
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Equivalence point at pH = 8.72.

T . A hofR
herefore, an indicator whieh—its

colour is changed in basic medium is

A used such as phenolphthalein.
0 5 10 15 20 25 30 35 40

ml NaOH

Fig(7-3): A titration curve of weak acid with strong base.
7.4 Titration of weak base with strong acid.

Example: 25ml of ammonia (0.1 M) solution is titrated with 0.1 M HCI

A

f ST T Fan : Boalamue mnint A
(b) after/addition of T 61 beiere the equivalence point.

solution. Calculate the pH of this titration at the following stages:

3 ""[...v TP
(a) beforg/ddition of 8.1 M HCI.
g

(¢) af eguivaience poini. {( » affer eguivaience pomt

N
Term

K, =1.85xi07at25°C
NH,OH
The solution: /<
Ao

" i e———
(a) before/addition ¢ HClk

cey YLy mIT==iE Y '.‘,“"‘ Y o
NH, + [L,0 === NiOR = M+ O

s weaxys orouDd hase.
- Ammonia solitiosn -is'*.\’(;;-’.:h_ ﬂ'is}!‘-‘O-,"i‘_‘;mOZ‘:‘ »group
s Diia SO VLU &
g .
b 3

: i ; oy
e El | ..." 13y AR .t Ny
) ,UOH = e I-'K"L. s ;Qg[,a
£ g >
L / , B ;
o ; b o 1 X ; ‘
) 1 et L
po[!"—-}(d?d}- ---1\:-:”) |
2 2

=2.37% 0.5 = 2.87

“oH=14.-72.87 = 1143
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(b)) pH after addition 15ml of HCI:

MxV) = (MxV)

HCI NH,

15x0.1  =0.1xV
N

HCI H;

Vi = 15ml reacting volume of ammonia which is changed into its sa

NH,CI

NH,OH+ HCI == NH,Cl+H,;0

unreacting volume of NH;=25-15= 10ml.
Therefore, we have buffer solution of the weak base and its salt NH,CL.

Total volume = 15 + 25 = 40ml.

. 15"00‘1 = 0.0375M

e =40xMNH4CI s MNH,,CI |
__i_?ﬁl.l =40xMNH4OH ——M NH,OH el
[salt]
pOH = pK, +lOg[Base]
_ 474 +1og 00'%32755 _4.74+0.67 = 541

pH = 14 - 5.41 =8.59

(b;) pH after addi‘;}%ﬁ 24ml of HCI:
x0.1) = (0.1xV)

(24 )HC| . ( NH;3

Vs = 24ml the reacting volume of ammonia .

unreacting volume of NH3= 25 -24=1ml
Therefore, we have 1ml of NH,OH and 24ml of its salt NH,Cl

NH,OH+ HCl = NH,CI + H,0

Therefore, we have buffer solution of the weak base and its salt NH,CL

Total volume = 24 + 25 =49ml.
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? 24x0.1
= =0.049M
M . 49
1x0.1
= =0.002
o 49 M
[salt]
OH =pK, + log
P £ Base]
0.049
_474+log0002 =4.744+1.39=6.13 “pH=14-6.13="7.87
(c) After addition 25ml of 0.1 M HC]:

MxV) = (MxV)
HCI NH;
25%0.1 =25x%0.1 e é/fnlj

‘Therefore, all ammonia reacts{w:th HCl to form the salt NH,C1 which
is derived from weak base and strong acid. This sal;/subjecl‘;{ {6 hydroiysis A
~to form vreak base and strong acid. The.solution then is anticipated {¢ be af

NH,OH+ HCE

- equivaience “point. MNH,Ci + H,O
© v Total volunie == 25 + 25 =50ml
25%0.3

" M = 20 15 05N
25%0.1 = SOAlJINH_‘Cl > NH,CI 50

1
B, “El?fkh -—Eiogcs

S X

Loald N _
eE e :

" A
(d) After addi,tﬁﬁ 30ml of 0.1 M HCL: L_Q it u&m
ith 25mb of NH,OH to forim NRC iuﬁm‘;m a1 3

- Z5mlof HCE reacts w

"M HC}: = 30 — 25 = 3mi Total volume = 30 + 25 = S5m!

5x0.8 ¢ xinm

55

fx(" ‘:55;«}5 b e W =
s iICH HCl

135
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pH = - log[H'] = - log 9.1%10° =2.04 Y
Therefore, we have collected the following titration data: ."ij
mlHCI 0 15 24 25 30 I
pH 11.13 895 7.87 528 2.04 é,
§ It is worthing to note here that equivalence point occurs at pH = 5.28 i
, which is acidic medium as a result of hydrolysis of NH/CI :
NH,Cl + H,0 NH,OH+ HCI f
1': /< I‘S:’ﬂ - Which gives weak base and strong acid. A plot of pH values against ml J
3';,‘ of HCI shows a titration curve of equivalence point at pH = 5.28 (acidic ]
4 12 . - "
Eg 10 Equivalence point at pH =5.28.
’ } 8 & Therefore, i
' pH L /ﬂ which it§ colour is changed in
SI ! acidic medium is used such as i
\”: i methyl red or methyl orange. ]
i. ml HC ‘
¢ $15 B : .
E Fig(7-4): A titration curve of weak base with strong acid. |
‘Lr{j;
g 7.5 Titration of weak acid with weak base.
| -

Example: 25ml of 0.1 M CH3;COOH solution is titrated with 0.1 M NH,OH

solution. Calculate the pH of this titration at the following stages:
A (a) beforefgddition of ammonia solution.
L (b) after add‘i\‘;ﬂ% 15ml of 0.1 M ammonia solution.
A (c) at equivalence point. (d) after addimﬁr 30ml of 0.1 M ammonia solution.

136
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_ -5
=1.85x10 Ky  =185x10"

’ CH,COOH NH,0H
PK:I =4.74 pr =4.74
The solution:
’ A
(a) before/ﬁddition Oﬁélmmonia solution.
(a) pH value bcfor%ddition of 0.1 M NH,OH: "<
CH;COOH =——== CH;CO0" + H*
1 1
H=—pK, -=logC
PH 5 PR, = logC,
1 1 05
i 4.4 = Elogo-l =2.37+05=2.87
(by) after addifipfi 15ml of 0.1 M NH,0H. 2
- MxV)  =(MxV).
NH,OH C. 14CO COOH
15x0.1 =0.1xV
NH,0H Cii;CO0H

chcoqu = 15mi i'eactirig-volume of CH;COOH which is changed into
CH;COONH; .
tnreacting voiume of CHLCO0H =25-15=10mi

~ Therefore, we have buffe: solution of CH;COOH and its sait CILOOON NH L

Totai volume = 15 + 25 = 40ml.

ISXU.] =4{]){r'/f b .‘-..—: -__4*_ M .’ ::——lb D.1 = ()‘_037:’}‘:(
: CHLC00MN, ciyeoont, 40
10x0.2 -
!IUXO 1 =40xvi- e VR = ‘—";5"‘" = 0.025M
| uuwm ul 78 CHCGOH

- Ysait)
PH = gk +1o -H——%;
o 0. 0.37’*
h 4 7A v lob“—‘__ = 7:?. - 0.18 = 4.9?»

0.0725 T '
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{
]

. it /( (by) after addﬁ?ﬁﬁ’ 24ml of 0.1 M NH,OH.

; MxV) = (MxV)
* NH,OH CH,COOH
3 NH,OH CH;COOH

Verscoon = 24ml reacting volume of CH;COOH which is altereq into
CH;COONH, .

unreacting volume of CH;COOH =25 —24 = 1ml.
Total volume =24 + 25 = 49ml.

v s it ey R > SIS Ly AN ol T e A
PR AE,  T £ Mo e - v i

: 24x01=49xM = — . = =2401_ .0 0m
; CH;COONH; CH;COONH, 49
1x0.1 =49xM — M =20 h00Mm
B CH;COOH CH;cooH 49
" [salf] 0.049
PH = pK_+log =474 +log—— — =
p 8 i 8500, =474+139=6.13
/\ (c) pH at equivalence point (after addifigr 25ml of 0.1 M NH,OH):
(MxV) = (MxV)

CH;COOH  NH,OH
25x0.1 =25x0.1

Thereforg, all CH;COOH is changed into its salt CH;COONH,.
Total volume =25 + 25 = 50m]

25x%0.1 =50xM — M = 22701 = 0.05M
CH;COONH; CH;cooNH, S0

\ 7
CH;COONH; is a salt deriveld from weak acid and weak b'aér? The

following relation is used to calculate its pH.

S 1 1 1 1
H=—pK,+—pK, ——pK, =—x14+~xa74_1 .u
PH = PR+ 5 PK, =2 PK, =2 x144-x4.74 X474 =7
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I
() After addWﬁ 30ml of 0.1 M NH,0H: , /\
The reacting volume of NH,OH

CHJCOOH to form CH;COONH;,

_Chapter seven / Acid-Base Titration Curves

= 25ml which reacts with 25ml of

Unreacting volume of NH;OH =30 — 25 = Sml.

: Thlg,we have another buffer solution which is NH,OH and its salt. ;l\
Total volume = 30 + 25 = 55m]

25%0.1 =55xM — M = 2001 0.045M
) CHJCOONH_; CH]COONH4 55
5x0.1 .
1=55M ———= M - = = 9x10°>
5x0.1 NH,OH NH,OH 55 sk
[salt] 0.045

pOH = pK, +log =474 +log——=4.74+0.7=5.44
] 0.009

[Base
.. pH =14 - 5.44=8.56
- Therefore, we get the foliowing titration data:
mi NH.Od ¢ is 24 25 30
pHE 287 49 613 7.6 &30

o Arplot off pE values versus mbof NHyOh, will give a titration curve

showing equivalence point at pH=7.0
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Analytical Chemistry Chapter seven / Acid-Base Titration Curve_s_

It is clear from the above titration data and titration curve that:

1- pH at equivalence point equals 7.0 . This is a special case where K,=K,
But if K,>Ky, the pH of solution is less than 7.0 . When K;<Kj, the pH of
solution is more than 7.0, W}"d ?

2- The change in pH around equivalence point is not sharp and is not clear.

/< For example, the change in pH is less than one unit/when the volume
increases from 24 to 25ml. Therefore, it is difficult to fmd/clfémical
/\ indicator to ideqtify the equivalence point. As a conclusion, f;ﬂ{)ther

methods are used for this titration such as potentiometric titration.
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W Chapter seven / Acid-Rase Titration Curves
plems
7.6 Pro Hlak

| Cale ulate the pH of a solution /c
K,HPOs in 100ml. pK; for phosphoric acig = 7.7

ontains 2,72 g of KH,PO, and 3.48g of /<-

;. Calculate the weight of NH,CI that shoylq pe added to 100ml of 1 M

NH,OH to get pH 9.3 . Consider no change in volume.

3. 50ml of 0.1 M HCl is titrated with 0.2 M NaoOR. Calculate the pH in the

following stages:
s
befOr(?/addlthll of NaOH.
-~ ot
b) afterﬁddntmrylSml of the base.
the i
¢) after/addition,25ml of NaOH.

X)) afterﬁ.d.d.l;;aﬁ_‘lﬂ_mLOf the_ base. o w s

%
2

A
A

)plot the tltratlon data to get the titration curve and locate the

equl\{nlcnce, pomt.

4 50ml of 0.1 M NaOH is titrated with 0.2 M HCL. Calculate tie pH at the

-

“following stageé:

'a)mﬁﬁmtibﬁﬁf acid.

b) after add{)‘ﬁp{ 15ml of 0.1 M HCI.
¢) after addl);gl{ 25ml of the acid.

d) after addh%ﬁ 40ml of the acid.

) Dlot the titration curve and focate the equivalence point.

A

A
o
&

3 30m] of ammonia (0.1 M) is titrated with 0.1 M HCL Calculate the pH at

the follo w-ng stages:
) beforefaddition of HC
l’) aftei-add@ﬁeﬁml_eéthe aCld
¢) aftey add:f@i 30ml of the acul
4) aftey. addiﬁ%ﬁ 40ml of the acid. .

: _ :
) blot the titration curve and locate the equivalence point.
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Chapter seven / Acid-Base Titration Cuirve

Analytical Chemistry

/( 6- Calculate the pH of titrat\: 25ml of 0.1 M acid with 0.1 M base afte,

A addb?;rﬁ the following volumes of the corresponding base. Sml, 12-5ml,
17.5ml and 30ml:
a) HCI with NaOH .
b) Benzoic acid with NaOH .
¢) HCl with NH,OH.
7- 20ml of acetic acid (0.1 M) is titrated with 0.1 M NaOH. Calculate the
pH data at the following stages:
/\ a) beforeﬁtgtjition of base.
A B after additigit 10ml of NaOH.
/< c) after ad(‘ii\t%ﬁ 20ml of base,
k d) after add%ﬁ%ﬂ 25ml of the base.
e) plot the titration data to get the titration curve and locate the
equiifaleﬁce point.
f) Mention the indicator which is convenient in this titration.
8- 50ml of 0.1 M formic is titrated with 0.1 M KOH. Calculate the pH after
L the additio’n/til&; following volumes of KOH: (a) 20ml . (b) 40ml .
(c) 50ml. (d) 60ml .
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Table ( 6-2): Some acig base indicators,

Its colour ip Its colour in

Indicator acid medium basic medium
Cresol red red yellow
Cresol red yellow red
Methyl orange red yellow
Methyl red red yellow
Chlorophenol red yellow red
Bromothymol blue yellow blue
Phenol red yellow red
Phenolphthalein colourless red
Thymolphthalein colourless blue
Alizarin yellow yellow purple

Extent of

pH change

0.2-1.8
7.2 -8.8
2.9-4.0
4.2 -6.2
4.8-6.4
6.0-7.6
6.8 -8.4
8.3-10.0
9.4 -10.5
10.1-12.1
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