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61‘ Neutrahsatlon Reactmns. i

//‘JL; i tle :‘f;
They are reactions bet\[veen acldénd base or jt§ salt’and the reactions
Sa 4
between basq and acndl ori /t§ salt; accompanied with a change in pH.

Examples :
HCl+NaOH —— NaCl + H,O
2HCI + N32CO3

2NaCl_+ CO,; + H,0
KOH + HCl — KCIl+ H,0

KOH + NH4Cl — KCI + NH; + H,0
As shown above, one of the products is water (H,O) and the reactions

i~
can be expressed as/reaction between H* from acid and OH ~ from base /Q |

H +OH " H,0

i e, 51 FF le [
/né' arrow is used which--means that/the reaction is complete and

haLa ns

replaced completcly&o'the products. /<
Aci/g;jr{]ay be strong such as HCl, HNO; and H,SO, , or weak such as
» CH3;COOH, C¢HsCOOH and C¢HsOH which are respectively acetic acid,-
benzoic acid and phenol. Bases 71/1_;5@ either strong such as NaOH and /(
KOH or weak such as NH; and émin‘es. Solutions of some salts are basic
such as Na,CO; and borax solution%idic such as NH4CgI and NH,NO;,
solutions. The medium of the neutralization reaction is O\va\tti;fyg\queous
solution), thercfore} it is necessary to study the ionisation of water and /(
derive its ionic product constant.
6.1 Ionic product constant of water:
Pure water is very slightly ionised and has little ability for electrical

conductivity according to conductivity experiments done by Kolrawsh in

1894, Thus, water is slightly ionised into:
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FLOH™ sl D)
Hy0 === H +
0"+ OH " e (2)
or H0 + H,0 == H;

The first equation is used for simplicity.

Law of mass 3ct]0n is 'lppllC(‘ jll{ this reversible reaction:
f,. (0] £ [OH]

K ————— i @
HO
“20[ 10]

I'=1in very dilute solutions, therefore:
[H'] [OH ]

l\eq= T R — .@
v

@jery small quantity of water is ionised, therefore, [H,0] is constan¢

and equation (4) becomes:

Ky=HTOHT v (5

Where K, |s the ionic product constant of water which e

1.01x10™ at 25% ‘Ifomc product constant of water (K,),

quals

is temperature

dependent which mcreasc{d with increasing temperature as a result of
increasing of ionisation with increasing temperature

Table (6-1): The effect of temper

as shown in table (6-1).

ature on ionisation
product constant of water

-1

Temp. °C x10™ Temp. °C x10™"
0 0.12 35 2.09
5 0.19 40 2.9
10 0.29 45 4.02
15 0.45 50 5.47
R 0:68 55 7.30
25 - 101 60 9.61
30 1.47 100 10.01

From equation (5):

[H'] = [OH"] = V107 = 17 M.
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+ ) .
When [»qu],”r 107, the solution is acidic, ):‘\?hen [H'] = 107, the solution L
neutral:t‘lehe“ [H'] <107, the solution is basic.

Also, from equation (5):

[H+] = and [OH ] = Kw

[H)
6.2 Hydrogen-Ion Exponent (pH):

[OH ]

It is prefeired to express hydrogen ion concentration as hydrogen-ion
exponent or/ function of hydrogen ion (pH)/ instead of using negative ;<

exponents.

pH = _log[H+] — log or [H+] =10 pH

and
pOH = -log[OH | = log

. or [OH ] =10 POH
Therefore from equation (5): [H'] [OH =K,
Flog[H"]F¥[OH ]=%FlogK, - pH+pOH=pK, =14
pH=14 - pOH and pOH = 14 — pH and pH = pOH=7
Thus, when pH = 7, the solution is neutral.

When pH < 7, the solution is acidic. When pH > 7, the solution is basic.

Therefore, the pH range is from zero to 14
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

neutral > basic

acidic =<
6.3 Calculations of pH of acidic and basic solutions.

6.3.1 The strong acids.
They are completely ionised such as HCl, HNO; and H.SOy ........etc.

Ex: Calculate the pH of 0.01 M HCI and calculate its pOHﬁ "

The solution:
BHCl. .o . H . +. CL
0,01 M 0.01 M 0.01 M
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=- =] 2
S [H'1=001M=10"M —> pH=-log [H']=-log 102 =

POH = 14-2 = 12 . The solution is acidic.
6.3.2 The strong bases.

They are also completely ionised such as NaOH and KOH_
& Ex: Calculate the pH and pOH of 0.01 M NaOHL?(‘ _

-

The solution:

NaOH ___ ., N + om-
0.01 M 0.01 M 0.01 M
~[OHT=001M=10" — POH =-log [OH ] = -log 107 = 5
PH=14-2=12 . The solution is basic,

6.3.3 The weak acids.

They are partially ionised such as CH;COOH, HCOOH and H,C,0,
(oxalic acid).

‘ Ex: Calculate the PH of 0.01 M CH;COOH, where its ionisation constant
A (5 1.85x10% at 25°C,

The solution:

CH3COOH =— CH;CO0 "+ H*

[CH3CO0 ) [H ]
[CH3COOH] ............. @

From relation (1), [{] = [CH;COO |
2

K, =

CH,COOH js appronmatelv equal 10

=0.01=C,anda=

= -log 1.85x10”
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= -(-5+.026)

2
L] s = (-4.74) —> =474

[H'] = (Ka.Ca)'? ®

------------

Taking log of both sides:

Flog[H"]= ;yzlogKa ¥ yzlogcﬂ

PH=12pK,-12l0gC, ... ®

=1/2 x4.74 - 1/2 log10™

=2.37+1=3.73 _ (b=
The solution im, but it is less acidic than 0.01M HCI wp%h itspH=2 A
6.3.4 The weak bases. '

They are also partially ionised such as NH; in solution:
Ex: Calculate the pH of 0.01 M NH,OH, K, = 1.85x107° at 25°C.

The solution:

NH,OH + H,0 NH, + OH " oo O
_ [NH,'] [OH] o)
b _— . ssssserrecii
[NH4OH]
[OH ']2 C, concentration of NH; in
b Ch solution.

[OH J* = K}-Cp

[OH]=(Kp.Cy)'? e '©
J -1 pKp = -log K,
+ -1=F=logKk, F=logC
Flog[OH ] +2Iog b T gC, e e P
-(-5+.026)

-

pOH = 1/2pK;, — 1/210gCy (-4.74) — =4.74

— 1/2%4.74 — 1/2logl0? —= 2.37+1=337 pH=14-3.37=10.63

The medium is basic, but it is less basic than 0.01 M KOH or NaOH

where pH=12.
101
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6.4 Calculation of pHs of salts solutions. ‘
6.4.1 pH of salts solutions/mw from strong acids and g
bases such as NaCl, NaNO;, KCl, KNO;, K,SO,, Na,S0,
4 Ex: Calculate the pH of 0.1 M NaCl solution/;},};}

The solution:

r0ng
b ] ‘-.-,.etc.

NaCl is a salt derived from strong HCI and Strong Nag

k (Lois completely jonised:
NaCl — Na*+Cl~-

/\ lNeitherpf'Na* nor/ff/Cl B react/{writ!j—’wilter which means tha¢ th

ere js
/( no effect of water on these jons and@’;{ction is to isolate Na* jons from ¢y

H and

ions. The equilibrium attains between water and its
H,0 H'+OH"

[H']=[OH =107 M

ions (no hydrolysis).

PH=pOH =

7. Then the solution is neutry,
6.4.2 pH of salts solutions derjy

ed from weak
bases such as CH;COONa and HCOOK.
Ex: Calculate the

acids and strong

PH, pK, and degree

K = 1.85x10°5 at 25°C

of hydrolysis of 0.01 M CH;COONa,
“cuycoon

The solution:
CH3;COONa =———~

CHyCOO " +Na* ... ©
4 L0010 == cucoom + o+ ©
g l-a o Q
v v TN
_[CHyCOOH) [oH
f.f q [HZOI [Cl‘I3COO -] ....................... @
K= equilibrium constant.
[H,0] is constant, d £ hydrolysis
U= degree of hydrolysis.
- [CI{3C00H] [OH ) . ’
= [CH;C00 | RN - @ V= volume of solution.

K= hyq rolysis constant.
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derolysm' It is the combination of salt with water to form weak acid’ or

weak base’ orﬂoth weak-acid-and-wenk-base. The above example gives an
Qnstm for/form'ltlon of/ﬁ eak acid(CH;COOH)

+
Multiply the denominator and numerator of equation (4) by [H+]
[H']
- _ CH;COOH| [OH] [ur]
"TTICH;c00T T
K 10714
- Kh L = = -10
o “,K 1.85x m-s 5.40x1071" ......... ) : <
Flog pK, =+log K, +logK
PKn=pPKy-PKy s )

pKy=14-4.74=9.26
Return to equation (4) and substitute

v
o a i
v v a
K= e oy T @
v
R
But C= < 2
C.
Kh"—" =
1-a
ont

t, thus it can be rejected from -\«
« is small compared w:w i

denominator to get:

A
I(h=cs-(12 and a = ("—Ig'll' & s

Cs
. 1 -5
Ky 3 _ 54100 53 232007 ) 5104 = 0.0232 %
o= ) =4 2 10!
C, 10

From equation (2): [CH;COOH] = [OH ], Also [CH;COO 7] » salt

concentration = C; .

i K
[OH ] ..
s
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-2 s W -
K, _[OH ] But [OH ] = (0]
e T K G Ve
o ’ (———[I:I‘II . o M e
i ool Tk WHTG
a K 3 + Kw ‘K ed
( [H+]2 =__lv_:5__ —_— [H ]=( ) %
s c

S
Ky 1 I
T e oS DS S S
A +lOg[H ]=5{{‘: +5108Ka + 2 long P 2 L PL, > lOgCJ
= 1/2x14+ 1/2%4.74 + 1/2l0g10™
=17+ 2.37 -1=8.37. Therefore, the solution is basic since pH = 837"
A 6.4.3 pH of salts derived from weak baiéfand strong acig)guch 2
NH4CI, NH4NO3 and (NH)zSO4 .
Ex: Calculate pH, pK, and degree of h
Ky, =1.85x10° at 25°C.
NH,OH

The solution:

NHCl s===NHS+c" ©)
NHS+H0 <== NHOH+H' .. @
- a o
¥ v
[NH,OH] [H']
T [H,0] |NHT)

Kh _ [NH4OH] [H +]

[NH 4+] ........................ @

Multiply denominato and nemoinatoy by [OH]

Py +
f ke NOMmY oy |
K[NH4 ] [OH ]
14
Kh = A__
Kb 1.85x195 ~S40x10710
a o 100 RO @
==V _ 0‘.2 5
-ml;a (I-a)y ~& C;

S -uw
57, 1
E e

by

[

ydrolysis of 0.01 M NH,C] gy

i
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Kn o5 _, 5.4x1070 L r
C, e ) S — 2320t 00232 %

According to equation (2): [H+] = [NH;OH] and [NH,'] = C,,
Apply equation (3):

H+]‘.’.
h= [ And Kh= Kw
C, K,
i
H+2= W 5
[H'] K,
K,.C, -+
13 i I Al L -
[gh ) -(5)
1 Hpo
?10g[H+]=—-KW_-FllogCS-T-llogKb , &
22" 9 D) e
pH =1/2 pK, - 1/2pK}, - 1/210gC; cr...{(6)

=1/2x14 - 1/2%4.74 - 1/210g10™

=7-237+1=8-237=5.63

Therefore, the pH is less than 7 and the solution is acidic.
6.4.4 pH of salts derived from weak acids and weak bases such as
CH;COONH, and HCOONH; .

Ex: Calculate pH, pK; and degree of hydrolysis of 0.01 M CH;COONH,

K, =1.85x10% K, = 1.85x107
CH;COOH NH,OH

The solution:

CH;COONH; — CH3;CO0 "+ NH;" oo ©)
CH;COO" + NH;" + H,0 === CH3;COOH + NH4OH ... @
l-a 1-a o o
A4 Y ) Y A%
[CH;COOH] [NH,OH ]
" [CH;COO ] [NH4'| [H,0) .
- .__——a — 2
{CH,COOH| [NH,OH _ —v v . AL
" [CH;COOT| [NH,'] l-a  l-o 1-a
\ 4 A\ 4

1
a: (Kh) B s uremalfif o onEe sessessasesdtirspRResTlNsdtRLIRIIR IR teshesenstiny @
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(CH,COOH] [NH,0H] X [H'] [OH] _ K‘I‘é ...... (@
—
%4 =cH,Co0T NHy ] x[H'][0HT KKy
- 10" =2.92%107

" (1.85x10°%)x(1.85x10°)

L
o= (Kh)-;_= (2.92x10°5)?=5.4x10" = 0.54%

According to equation (2):
[CHyCOOH)” g,

[CH;CO0}? K. Kp i
[CH;COO] [H]
Ka
[CH;COO ] [H']?
z 1)
Ky Ka
K, K, [CH5C00 K,

But [CH;COOH] =

1ghy
-T-log[H*]:$§K“_ +-2—IogKa +ElogKb

pH = 172 pK,, + 122 pK, - 12K}y e ()

1/2x14 + 1/2%x4.74 — 1/2%4,74 = 7 Therefore the solution is neutral .
Another example: Calculate pH, PK}, and degree of hydrolysis of 0.01 M

of NHyCN where K, =7.2x101", Ky =1.85%x10°
HCN NH,OH

The solution:
_ Ky _ 10" ~
KaKp (7210 ")x(1.8510%)

a=(Ky)'"?=(0.8)""=0.8944, Ka= 7.210™ - pK. =916

K, 0.8

pH=1/2pK,, + 1/2pK, - I12pK, =1/2x14+ 1/2%9,16 — 1/2x4.74 = 9.21

The medium is basic because Kp > Ka by 10° times.

6.5 Acid-base indicators,
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on the properties of the indicator. These indicators are also called
neutralisation indicators since theijr colours are changed in the
neutralisation point of acid with base or base with acid.

Examples: Methyl red and methyl orange which are weak organic
bases and their colours are changed in acidic medium (pH 4.4 - 6.4).

Phenolphthalein, thymolphthalein and para nitrophenol are weak
organic acids and their colours are changed in basic medium (pH 8.3 - 10.0).
6.5.1 Theories which explain the action of acid-base indicators.
6.5.1.1 Ionic theory. -

Since these indicators are weak organic acids or weak organic bases,
therefore, there are two different formula ol'.thc indicator; one oﬁts ionised

: : o '
form with special colour and/bther form of unionised which has another

colour.

Examples: Phenolphthalein indicator is a weak organic acid which may be

expressed as InH where In means indicator:

InH 0}1 In+H"

Colourless H Pinkish

acidic medium basic medium

Another example is methyl orange which is a weak organic base and

may be expressed as InOH:

+

H

InOH In"+OH"

Yellow OH Pinkish

basic medium acidic medium

107
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6.5.1.2 Chromophoric theory.

dies o
based on the Spectrﬂph"tomemc studies on a Rumbg;. .
A This theory is 7L 7 tat d that the indicator is present j in mg,
/~. organic compounds. Thsﬂwry statg "

than one ot}{automeric forms which is followed by res'onance arrangement.
/\ : Tt is a process of transferring atoms within the moleculeg,
I:::::: Transferring of electrons within the molecule. Therero,.e, the
colour of organic compounds is due to the presence of groups which exhibjt
colours called Chromophores such as NOz, NO, -N=N-......... etc.
These colours become sharper in the presence of electron- donatmg
groups such as NH,, OH, CHj; ...... etc./ by Ch ane (M{L’/KQLLYOC //

/‘
Example: Para nitro phenol.

o5

Benzenoid form

Tautomeric change Quinoid form
acidic medium with resonance basic medium
colourless Yellow

6.5.1.3 Ionic chromopiiboric theory,

) ¢
/\ It is clear from chromophoric theory that the change in colour is
related to the cha

5+va{gv~/o4’ "ge@md:cator?composxtlon»(g’ £ its_moleettle- The

2
!\ composition change of indicator molecules i i

is attained by addition of/bast

/ or acid to its solution.
\ . e
Therefore, the chromophoric theory s combined to/lomc theory 0

,\ offer/élnalﬁg)ﬂlamatmn to the actiop of acid-base indicators as shown in the
following diagram of change ip colon

I of JDara nitro tro phenol in basic and
acidic medija: e

ﬂ/ /’\ Q 'I‘/?’I
108
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o 0
\Q o} OH =
\N/ \N/ O\N/O
| |
0}1- OH"
C i H*
: 0

(o]
(A) (B)

’ (©€)
lf};i{l;'cnmd form Quinoid form Quinvid form
aci ;c medium basic medium basic medium

colourless Yellow Yellow

6.5.2 pH range of acid-base indicator behaviour.

The dissociation reactions of indicators are accompanied by internal

structural rearrangement of the molecules ’\yhﬂ?’fre/ responsible for the
colour change:

InH In"+H" O
or InH + H,0 ==—==1n"+ H,;0"
In+H,0 =—=InH"+OH " ............... @

where InH and In are weak organic acids and bases respectively.
Law of mass action is applied to ionisations@and@

_ ][]

e ©)

K =ionisation constant of the acidic indicator

InH'] [OH ']
. [:n] ................. @
K=ionisation constant of the basic indicator

Equations@and@can be rearranged to get:

[In7] B K,
GnB] L] eeumemne ()
[In1{+] _ Ky s
[In] - {OH -] ............. O

The colour of the indicator is changed at equivalence point, Therefore,

in order to distinguish the change in colour, the human eye could not sense
109
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ntration is at least tep times i
l¢

_ this change unless the basic form conce

the acidic form and vice vers
inguish the acidic indicator colour when :

) a.
concentration of g

Thus, it is possible to dist

Bei [InH] 10 eeeeeeseenreeens @
And the basic indicator colour is distinguished as: |
[In] 10
S canll S SN0
[InH] 1 i

Substitution in equation@instead of acidic and basic forms we get:

[H;0%) [In ]

= + 1
= [H;0"] x5 =K,

[InH]
L H0T1=10K, e O]
o i
“;__'.J: [HSO ] [In ] - + x_ﬂ
o T

K

[H;0%] S sAR .

’l;ake logarithms of equations (9) and (10) :
+log[H"]=Flogl0Flogk

pH=pKa-1 @

Tlog[H"]=FlogK, Flog10

PH=pKa+1 @

Therefere, the indicator PH change ext
ge exte
/\ of pH to get sudden colour change
S pHr ithin 1 .
PH range tat withip }(the colour of the ind
1

PH=pKa+1 et @

If Ka Of the indicatOr iS 10_5
110
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.'.pH-‘:pKail‘—‘S:hl

- pH range = 4-6 sucl ;
p €1 as methyl-orange—amd methyl red which subjects

colour change in acidic medijum o
If K, of indicator is equal 10 (PK, = 9)
a— 7).
SpH=pK,21=94+ 1=
umd2Q0 ¢$
oot _ ‘
_subjec s colour change in basic medium. The following table (6-2) contains

. =

8-10 such as phenolphthalein indicator which

a number of acid-base indicators with their pH change extent:

Table (6-2): Some acid base indicators.

Its colour in Its colour in Extent of

Indicator acid medium basic medium pH change
Cresol red red yellow 0.2-1.8
Cresol red yellow red 7.2-8.8
Methyl orange red yellow 2.9-4.0
Methyl red red yellow 42-6.2
Chlorophenol red yellow red 4.8 -6.4
Bromothymol blue yellow blue 6.0-7.6
Phenol red yellow red 6.8-84
Phenolphthalein colourless red 8.3-10.0
Thymolphthalein colourless blue 9.4 —-10.5

Alizarin yellow yellow purple 10.1-12.1

6.6 Calculations of pH of buffer solutions.

Buffer solution: It is a solution of weak acid with its salt or weak base

with its sali which has the ability to resist
ase are added or by dilution.

important since there are many reactions WS /& j

the change in pH when little

amounts of strong acid or b

Buffer solutionﬁ are very

occur inside the living cells at certain pH values. Also, many chemical

111
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o\ldatmn -reduction reactions angq Comp,
ex

reactions such as precipitation,
% he pH is stabili
: : . unless the p ilised
/< formations reactions .gﬁ'é not occured at Certyj,

values. These pH values are determmed experimentally.

Common ion: It is the ion which is liberated from weak anq Stmng

electrolytes and its role is to reduce the ionisation of the weak electmlyte

Example :
: CH;;COOH ===='Eﬁ3coo P H (D)
| CH3COONa}——~CH,CO0 "+ Na* ()

e * I { -----

Buffer solution common ion

_ [CH;C00 7] [H'] @
5 (CH,COOH] o
gives
Rearrangement of equation (3), we-get:
[CH3;COOH]
[CH3;COO 7] 4

[H'] = K,

/< [CH3;COOH] is approximately equa}/t‘he concentration of original acid
because the ionised species is very little because of the effect of/common ion
(CH;CO0 ). Fie

Also,[CH3;COOQ] is equal to the concentration of the salt (CH;COONa).
Therefore, [CH;COOH] = C, = the concentration of acid and
[CH3COO0] = C, = the concentration of salt.

C
e A
H=Kx—~ . (o

S

Flog[H*]=FlogK, ¥ log%

5

C,
PH = pK, ~log 2t or pH = pK, +10g =5

s
A

112
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Salt]

H = pKa+lo |

or PP & dcid) Acid)] = 4‘"—10'?

alculate pH solutions of weak acid and its salt.
Another example : Deri lvatlon tﬁk

........

Equation (3) is used to ¢

-------------

NH4OH *==‘—=.‘ NH‘1 -+ OH"

------------

nnnnnnnnnn

Buffer solution common ion

[NH,'} [OH ]

a7 S ®
Rearrangéﬁfg’flt;f /equation (3), we get: /\
. NH4OH
(OH] =K [NH, - ]
[NH, | i,
[NH4;OH] =~ the concentration ol;/{)riginal base = C,. A
[NH,'] = the concentration of the salt = C;.
Cyp
- T O
S

. C
Flog[OH ]=FlogK, + logc—b

s

C -
pOH = pK, — 1ogEf’- or POH = pK,

5 B
[salt]
= log——" i
pOH = pK, +lo [Base] - @
[Salt]
=14 — —log——=  reeeeces
et gl L TA L [Base] @

Equation (5) and (6) are used to calculate the pH of buffer solutions

Vol
formed fromAveak base and its salt.

Note: The high concentrated solutions of acids and bases are considered

buffer solutions.
. o ot 113
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- |
uffer solution because 1t resists the by |

A Therefore, 1 M NaOH is ﬁ)
of strong acid or strong base are addeq, Byt |

change when little amounts
( their pH is changed by dilution by

value. Table (6-3) contains some stand

gLJdition of water which changeg PH

ard buffer solutions.

Table (6-3): A group of standard buffer solutions.

Buffer solution pH value
1 0.01 M potassium tetra oxalate 1.48
2 0.0l M potassium dihydrogen citrate 3.72
3 0.01 M CH;COOH + 0.01 M CH3;COONa 4.64
4 0.01 M K,HPO, + 0.01 M Na,HPO, 6.85
5 0.05 M Na,B,0,.10H,0 9.18
6 0.1 M NH,OH + 0.1 M NH,CI 9.26
7 0.025 M NaHCO; + 0.025 M Na,CO; 10.00
8 0.01 M Na;PO; 11.72

o~ -

K Example: Calculate pH of/guffer solution formed by addif;%/n 10ml of 0.1M

CH;COOH to 10ml of 0.1 M CH;COONa. Also, calculate the change in pH
NI I

< when 1ml of 0.1 M HCl and 1ml of 0.1 M NaOH@%\gded separately to this

mixture of buffer solution. K, = 1.85x10™ 0
"cHycoon 10"at25°C

The solution:

Concentrations of the acid and its salt ar¢ reduced to 0.05 M as a result
of dilution effect.

.. [CH;COOH] = 0.05 M and [CH;COON3] = 0.5 M
[salt] | .

[Acid]

pH = pK, +log
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0.05
pH =474 + logm =4 744 0=4.74

when 1ml of 0.1 M HCl is added to this buffer:
1x0.1 =21x MHC

M yci=0.005 M
HCOl— "Y'+ 1
0,005 M 0.005M 0.005M

.............

C T—=ICH;C00 '+ K" .. ©)
CH3;COONa n_"—"'"CH:;COO !+Na

....... gt S

Buffer solution common ion

Therefore, the added acid will increase the concentration of unionised

CH3;COOH according to Lechatelier principle, but decrease the
i

concentration of the salt as a result of/combination of [H'] with [CH;COO 7] &

to form CH;COOH.
~. [CH;COOH] = 0.05 + 0.005 = 0.055 M

[CH3;COONa] = 0.05 - 0.005 = 0.045 M

- pH =474 +log 222 = 4.74-0.09 = 4.65
0.055

nﬂ/v\- ey
Therefore, the pH value is reduced by the unit of 0.09 by ftddm{m/oif- A

1ml of 0.1 M HCI which 1s,very little change. ,< /(

Now, when 1ml of 0.1 M NaOH is added.

1x0.1=21x MNnOH

S M NaOH = 0.005 M
NaQOH——— Na®+OH"
0.005 M 0.005 M 0.005M

OH " is combined with H' to form water.

Therefore, the equilibrium (1) will be replaced to the right with

increasing the ionisation of CH;COOH. Thus, a decrease of [CH;COOH]ﬁ

¥15

s




N

Neutrql isatj :
on Re
ac;,-o

ot I '_ Chapter six /
“Analytical Chemistry

U,dd‘éﬂh b oan

[ { comrimmme o oS st f st
FA to the solution.

. [CH;COOH] = 0.05 - 0.005 = 0.045 M

[CH;COONa] = 0.05 + 0.005 = 0.055 M

S PH=474+10 ggoi§—474 +0.09 =4.83

R Therefore, a little increase in pH value/i)é/occun&é which equals ¢, 09unig,
Example: A buffer solution of 0.1 M NH;OH and 0.08 M of NH4Cl)t§ had 4
volume= 100ml. Calculate the pH of thls solution. Also, calculate the chang,

2

in pH when Iml of 1 M HCl and 1ml of 1 M NaOH is added sep

this solution. K =1.85x10 at 25°C )
NH,OH :

arately to

The solution:

NH,OH NH +oH™ ... (V) |
NH,CIl ——NH+C )
pOH = pK, +logL2%]

[Base]

PpOH =474+ 1og%‘91§ =4.74-0.1= 4.64
~pH=14-4.64=936

Now, when 1ml of 1 M HCl is added:
1x1=101x M
HCI
M HCQ = 10-2 M 5
HCl— H' + CI- |
10° M 10°M 102 M

g H' will combine with OH -
/< replaced to._.@t with ionisatig
there will be a decrease in [NH;,OH] which equals =

% 0.1-0.01=0.09 M
On other hand, there wil] pe an increase jp gq [NH,CI):
. 008+0.01=009M U 4

to form water and the equilibrium (1 s

0~
o Of/;lew amount of NH,OH. Therefor

a3
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0.09
.-_ OH - 4-74 + lO s
P g 0.0 4.74

~pH=14-4.74=92¢

Therefore, a little decre

added.

ase in pH occurs when 1ml of 1 M HCI is

When 1ml of 1M NaOH is added:

1x1=101x M
NaOQOH

M naon =102 M

Thzrefore, OH ~ is combined with NH,* to form NH,OH accompanied
n

. - - (1
witlyincrease in [NH;OH] andfdecrease in [NH,Cl] . /Q
- [NHOH]=0.1 +0.01=0.11 M

[NH,CI] =0.08 — 0.01 = 0.07 M

pOH =474+ log%%)—z- =4.74-2=4.54

pH=14-4.54=9.46
Here, a little increase in pH value occurs which confirms

approximately the constant value of pH of buffer solution.

,ﬁl'u_,
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6.7 Problems.
1- Calculate the pH of the
(b) 0.0093 N H;S04. (¢) 0.
2- Calculate the pH of the followin
(b) 0.25 M Ba(OH), . (¢)1 N KOH .

3- Calculate the number of millimoles of H

following acidic solutions: (a) 0.0036 M HNo,

0153 M HCI .
g basic solutions: (a) 0.036 N NaOQy,

C1 which should be addeq ¢,

250ml of water to get the following values of pH: (a) 2.43 . (b) 0.64, (©)

4.33.(d)11.2.
4- Calculate the number of millimoles of NaOH which should be added to

333ml of water to get the following values of pH: (a) 1.49. (b) 4.73. (¢)

6.10 . (d) 0.50 .

5. Calculate the molar concentrations of HCI solutions that give the
following pH values: (a) 1.23. (b) 2.34. (c) 3.45.(d) 5.67 .
6- Calculate the molar concentrations of NaOH solutions that give the
following pH values: (a) 7.89 . (b) 13.0. (c) 8.97. (d) 10.12.
~ 7- Calculate the pH of the following salt/s/ solutions: (a) 0.025 M
CH;COONa. (b)0.2134 M potassium benzoate. (¢)0.105 N NaCl.
/( 8- Calculate the pH of the following salt?/rsolutions: (2)0.1 M NHyNO; .
(b)0.01 M NH,CI. ()0.125 M (NH),S04. (d)0.125 M AgNO;.
&\ 9- Calculate the pH of the following salts solutions: (a)0.25 M NaHCO;-
(b) 0.074 M NaH;POy . () 0.1 M Na,HPO, . (d) 0.125 M Na,-EDTA.

10- Calculate the pH of the following buffer solutions: @ |

NaH,PO,. (¢) 0.01 M CqH;COOH + 0.01 M CeH: C OONa
11- Calculate the pH of the following solutions:

a) 400ml containing 7.5g Na,CO, + 62 NaHCO
(43§ 3.

1

4

AE
f:
o
B
B
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0.25 M NH,OH + 0.05 M NH,CI . (b) 0.15 M Na,HPO, + 025 M
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b) A solution prepared by ad(;ﬂ%ﬁ 50ml of 0.15 M NaOH to 50m] 0.15
M H;PO,.

©) A solution prepared by adalfién 10ml of 3 M HCI to 90ml M
NH,OH.
12- Calculate the percentage of hydrolysis of 0.005 M CH;COOK.
13- Calculate the increase in hydrolysis of 0.1 M NaNO, if it is diluted 10

times.

14- Calculate the pH of 0.1 M KHCO,,

15- Calculate the number of g.rams that should be dissolved in 100ml
solution from the following chemicals to get pH value = 9.
(a)NH; . (b)NaOH. (¢)KNO;.

16- Calculate the pH of the following buffer solutions:

a) 0.0405 M NH,OH + 0.02 M (NH,),SO,.
b) 0.0176 M phenol + 0.0254 M sodium phenolate.
¢) 1 M CI;CCOOH + 0.5 M CI;CCOONa.

d) 0.164 M ethylamine + 0.272 M ethylamine hydrochloride.

[salt] [salt]
17- Calculate the ratio of [Acid] or [Base] for the following buffer

solutions which give pH=9.8:
a) NH;, NH,CI. (b)CH3NH,,CH;NH;CI . (c)HCN, NaCN.

b) HOCI, NaOCl .
[salt] [salt]

18- Calculate the ratio of [Acid] or [Base]

for the following buffer

solutions to give pH value =4.75:

a) HNO,,NaNO, .

b) CH,CH,COOH,CH;CH,COONa.

¢) CsHsN,CsHsNHCI. d). CHNH,,CeHNH;CI

119
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o~
/\ 19- A litre of Aolution contains 0.25 M HCOOH and 0.3 M HCOON,,

calculate the pH of this solution. Calculate the change of pH of tp;;

solution when 10ml of 0.1 M HCI and 10ml of 0.1 M NaOH are aqqeq

separately to this solution.

K, =175x10"
HCOOH A

A 20- A mixture of 0.123 M NH,Cl and 0.246 M NH,OH has/éolume of 20m),
calculate its pH value. 1ml of 1 M HCI and 1ml of 1 M NaOH are

added separately to this solution. Calculate the change in pH value,

1
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