Unit 4 ACID — BASE EQUILIBRIUM Subjects

Upon completion of this unit I am pretty sure that the student will be

able to :

1-Realize the relationship between pH and pOH in the aqueous ﬁ?“
solution . Acid -fj- Base
2- Distinguish between strong acids and weak acids and between
strong base and weak base . pH — @ — pOH
3- Calculate the pH of the solution of all sorts of acids , bases and
salts .

4- Understand the concept of the hydrolysis of salts .

5- Have some ideas on the acidity of some common foods , drinks
and various other stuffs that you use in your daily life .
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Introdution:

What exactly is pH, why is it so important, How it can be calculated ? This unit has
all the answers. Acidic and basic are two extremes that describe chemicals, just like
hot and cold are two extremes that describe temperature. Mixing acids and bases
can cancel out their extreme effects; much like mixing hot and cold water . A
substance that is neither acidic nor basic is neutral.

The pH scale measures how acidic or basic a substance is. It ranges from 0 to 14. A
pH of 7 is neutral. A pH less than 7 is acidic, and a pH greater than 7 is basic. Pure
water is neutral, with a pH of 7.0. When chemicals are mixed with water, the
mixture can become either acidic or basic. Vinegar and lemon juice are acidic
substances, while laundry detergents and ammonia are basic.

PH Is a vital component of a plant’s surroundings. As the pH changes, the ability
of a plant to absorb nutrients changes also . Many biological reactions that occurs
In the human body are pH dependent .
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lon- product Constant for Water( K, )

Water partially dissociate according to the equation :
H,O > H* + OH

At room temperature , Water Dissociation constant

(Keq) Isequalto:

RSy e Cul

[H,0]
[H*][OH ] = 1.82X10 X [H,O] =K,

Where K, Is the 1on product constant for water . Since
the

density of water i1s 1 g / mL at room temperature , the
molar concentration of water can be easily calculated :

Lower pH more acidic Higher pH more alkaline
¢ ) Neutral ¢ ")
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lon- product Constant for Water( K, )

[H*][OH] = 1.82X1016 X [H,O] =K,

Where K, Is the ion product constant for water . Since the density of water is 1 g/ mL at
room temperature , the molar concentration of water can be easily calculated :

¢H0 /L) 1000 (/L)

MW 2 5 18

Water lonization

H0]=-

=336 M



http://www.youtube.com/watch?v=o2Df3K6Qd2Q#t=163
http://youtu.be/X8B2XWyLqGI
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lon- product Constant for Water( K, )

Substituting for [H,0O] : Solving
for

[H*][OH ] = 1.82X101® X 55.6
= 1X10% = K, , pH, pOH, [H30O ] and [OH]

Values of
Acids and Bases

[ H[OH]=1X10%=K, }

3 x|
- ; w»'

Multiplying both sides of this equation
by -log :

[ﬁH_ pOH= 14=ﬁ5§-] | VIDEO ‘
You Tube My Channel |



http://www.youtube.com/watch?feature=player_detailpage&v=R22rmT-fGgU#t=299
http://youtu.be/2FIsyDKu614
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lon- product Constant for Water( K, )

If we add acid to the water then [H*] > [OH]
but the product of [H*] [OH] will stay
constant 1x1014 . So from the last two
equations we can calculate [H*] , pH , [OH"]
and pOH by knowing any one of these as
shown In the table on your right .

The Table on your right shows The
relationship between [H*] , pH , [OH] and
POH in the agueous solution .

More basic

More acidic

NaOH, 0.1M

Household bleach ---+
Household ammonia-

Lime water

Milk of magnesia ----

Borax
Bakin

% ne sea water_|
L an

blood. tears _~

Black coffee
Banana
Tomatoes

Wine
Cola, vinegar
Lemon juice

Gastric juice

Subjects

[OH]

1 x 100

1x107
1x10°
1x103
1 x 104
1 x 105
1 x 106

1.x107
1 x 108
1 x 109
1 x 1010
1 x 101
1 x 1012
1 %1013
1 x 1014
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Strong Acid Solution

The strength of the acid is determined by
how far the equilibrium lies to the right.
Qualitatively, this may be judged by the
K, of the acid. A large K, indicates a strong
acid; a small K, indicates a weak acid.
Strong acids, such as HCI, have K, values in
the vicinity of infinity.

pH Scale: < 7.0 = Acidic

_I_ —_
o T

ad

= undefined
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Strong Acid Solution

ORANGE
JUICE TOMATO

LEMON
JUICE  SODA  JUICE g ek

VINEGAR 3 4 COFFEE
2 5

STOMACH URINE |
ACID 4 SALNA | 7-365BLOOD pH

6

ACID o @7

14 \ve
ACID pH PURE
WATER
SEA B8 13
12

9
BAKING SOAPY
SODA 10 " WATER

MILK OF AMMONIA
MAGNESIA SOLUTION
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Strong Acid Solution

This implies that the dissociation of HCI is virtually complete,

HCl - H + CI

C; 0 0 Before dissociation

0 Ca Ca  After complete dissociation

and the equilibrium lies completely to the right, therefore, the concentration of the acid
equals the concentration of H* ions produced. For instance, a 0.01 M HCI solution will
completely dissociate into 0.01 M H* and 0.01 M CI-. The concentration of HCI after
"equilibrium™ will be zero! Analogously, strong bases, such as NaOH, will dissociate
completely. The concentration of OH- in solution will be equal to the concentration of the
strong base.
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Subjects

Strong Acid Solution

Strong Acids

White Bread

-
/
= .
ﬂ

Colas/Sodas

)

Sugar

Mild Acids

Meat/Fash

Legumes

Mild Alkaline

-

Fruits

(IESt

Vegetables

Strong Alkaline

Lg

Asparagus

- -

Cayenne Pepper

g

Melons

h
- ”
-

Kelp
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Strong Acid Solution

A typical strong acid problem might be: What is the pH of a C, M HCI solution?
Since HCI is a strong acid, the H* 1on concentration will be equal to the HCI
concentration:

[H1=C, (M)

The pH can be found by taking the negative log of the H* ion concentration :

pH and pOH

| VIDEO “

S



http://youtu.be/Fw4UMjinzXA
http://www.youtube.com/watch?v=tS2YJPmKOFQ#t=16
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Strong Base Solution

A typical strong base problem might be:
What is the pH of a C, M NaOH solution ?

MEMORIZE STRONG ACID!

Since NaOH is a strong base, the hydroxide Hydrobromi
~1on concentration will be equal to the NaOH Hydroiadi
~concentration: Perchlori
| [OH-] = Cb M Chloric L’f\;\)
The pH can be found by first finding the Salfuric -

pOH by taking the negative log of the Nitrie
hydroxide 1on concentration, and then
converting the pH to pOH. To find the pOH:

[pOH - log [OH ] =-log C, ]



http://www.youtube.com/watch?feature=player_detailpage&v=-M5xuzSJCjs#t=0
http://youtu.be/mPMQhfROt80
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Strong Base Solution

POH = -log[OH"] = -10g(0.010) = 2.00

The pH can then be calculated from the
eguation :
pH + pOH = 14:

The above rules apply to most strong acids
and strong bases exceptions are for example
Ca(OH), where one mole of Ca(OH), will
produce two moles of OH- , therefore , instead
of C, we use 2C, . Also H,SO, is a special case
( see right video )

| VIDEO
You Tube ' My Channel



http://www.youtube.com/watch?v=iNibHKrZktg#t=2
http://youtu.be/kzYLsr977Vk
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Examples for the calculatins of pH of strong acids and bases

Example : Calculate [OH] ina 0.01 M solution of HCI ?

Solution :
pH =-logC, = -1log0.01 = 2
pPOH =14-2=12
[OH- ] = 1X107?
Or
[H"][OH]= 0.01 [OH]= 1X104
[OH] = 1X10%2

Example : Calculate [H*] in a 0.005 M solution
of Ba(OH), ?

Subjects
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Examples for the calculatins of pH of strong acids and bases

Solution :

POH =-log2 X 0.005 =2

pH = 14-2 =12

[H] =1 X101 M

Or

[H"][OH]=[H*] X2 X 0.005= 1X10%
[H*] = 1X1012 M

Example : Calculate the pH for the following
mixture :
100 ml 0.02 M HCI + 100 ml 0.03 M NaOH

You Tube



https://www.youtube.com/watch?feature=player_detailpage&v=4dIr_5Qrx18#t=480
http://youtu.be/-2thPcVaBoE
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Examples for the calculatins of pH of strong acids and bases

Solution :

NaOH + HClI —» NaCl + H;0
Before reaction (mmoles)  0.03X100=3 0.02X100=2 0 0
After reaction (mmoles) 1 0 2 2

The limiting reactant is HCI and the excess reactant is
NaOH , Therefore , the solution is basic :

1
OH = — log = 23
= - 200

pH =14 — 23 =117

Example : Calculate the pH of the following mixture :
2mMIHCI (pH=3)+3mlNaOH (pH =10)



https://www.youtube.com/watch?feature=player_detailpage&v=q04bCihM5kM#t=273
http://youtu.be/stDADfy7DxM
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Examples for the calculatins of pH of strong acids and bases

Solution :

Forthe HCI: pH =3
[H* ] = 1X103 M

no. of mmoles of H* = 1X103 M X 2 (ml)

= 2X103
for the NaOH :
pH =10 .. pOH=4
[OH] = 1X104 M
no. of mmoles of OH- = 1X104 M X 3 (ml)
= 3X10* = 0.3 X103

Subjects
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Examples for the calculatins of pH of strong acids and bases

NaOH + HCI — NaCl + H)0O

Before reaction (mmoles) 0.3 X103 2X103 0 0
After reaction (mmoles) 0 1.7 X103 0.3 X103 0.3 X103

Note that : no. mmoles H* (excess ) =2x10° - 0.3x10° = 1.7x1073

b _3
pH = — log 1"'1;[] = 3.5
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Weak Acids and Weak Bases

Weak acids and weak bases do not dissociate
completely. An equilibrium exists between the
weak acid, water, H*, and the anion of the weak
acid. The equilibrium lies to the left hand side of
the equation, indicating that not much H* Is being
produced. The fact that very little H* Is being
produced Is the definition of a weak acid. The
K, for a weak acid is small, usually a number less
than 1.The less value of K, or K, the weaker the

: . | VIDEO |
acid or the base respectively . \ Mv Channel ‘
ou 1ube ” :



http://www.youtube.com/watch?v=9sDdIaBhtgk#t=18
http://youtu.be/d3oXqad10qs
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Weak Acids and Weak Bases

There are three types of problems
encountered with weak acids or bases:

dissociation, buffers or hydrolysis. We'll
look at each type in detail.

In this type of problem, you will be asked to
find the H* 1on concentration and/or the pH
of a weak acid whose initial concentration is
known. A typical problem may be: what is
the pH of C, M solution of HA (K, = ......

) ?



http://www.youtube.com/watch?feature=player_detailpage&v=T679W7VjFAw#t=228
http://youtu.be/OgmPiy5u8YM
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Weak Acids and Weak Bases

HA < H + A
before dissociation C; 0 0
after dissociation C, -X X X

The  equilibrium may be  expressed
mathematically by setting the K, equal to the
mass action expression:

(A4 () LAy

Lﬂ: [“AJ ] [Iﬂ ~(1) 2 . | VIDEO |



http://www.youtube.com/watch?feature=player_detailpage&v=eYa_xpzxToE#t=13
http://youtu.be/rMF0eWKI94o
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Weak Acids and Weak Bases

The solution for x becomes simplified because the x can be neglected as we
discussed in the equilibrium unit . This x can be neglected because it will be
negligibly small compared to the concentration, C, M. To determine whether X
IS negligible C, must be more or equal to K, X100 .This simplifies the
equation as we saw above . Multiplying both sides by C, yields:

[H']? =K, XC, ..[H']=,K,XC,
Multipling both sides by —log we get :
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Weak Acids and Weak Bases

Strong Acids Mild Acids Mild Alkaline Strong Alkaline
) Sugary Sodas & Coffee Cheese Apples & Oranges Dark leafy greens

like kale or spinach

PN
—

-~

Broccoli & Carrots
Watermelon

w

All alcohol Awvocados

b Genesis Today's
\ - Acai Berry Juice
‘ Kelp
—

Da—iry Almonds Alkaline Water
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Weak Acids and Weak Bases

A typical weak base problem may read: Fon Examples of
. . _ ) Concentration Solutions
What is the hydroxide ion concentration - A
. Ui ol o Hydrochloric acid
and pH of a C, M solution of NH,, K, = |, — oy
1.8 x10°7? - T Lamman o '
- . : 1ore — 3 Vinegar, cola, beer
Again, note that K, is small. We will | . 00 oo
follow the same format as we used for jos— — — s — suackcomes = =
weak acid solutions ,bearing in mind that: |° — T ° 7 sal water
llgg water —‘d-
C, > K, x100 fios — [l — & — seowater
and we will end up with the following 10° Tl ° — Bekingscda o
- "N s — 10 —— Great Salt Lake
general equation : Milk of magnesia
— 11 — Household ammonia

— 12 —— Household bleach

—— 13 —— Owven cleaner

14 Sodium hydroxide
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Weak Acids and Weak Bases

Then subtract the pOH from 14 to find the
PH:

* oH = 14.00 - pOH

A typical weak base problem may read:
What Is the hydroxide ion concentration

and pH of a C, M solution of NH,, K, =
1.8 x 10?

The following tables show some common
weak acids and weak bases .

| VIDEO ‘
You Tube My Channel!



http://www.youtube.com/watch?v=gDJtOIxDu78#t=10
http://youtu.be/4xiDyT07z_U
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Weak Acids and Weak Bases

Some common weak acids .

Acetic acid HC,H;0,

Phosphoric acid H;PO,

Carbonic acid H,CO,

Hydrofluoric acid HF

Fluosilicic acid H,SiFg
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Weak Acids and Weak Bases

Some common weak bases .

I
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What are salts ? Salts are the product of an acid
base neutralization. There are four possible acid
base reactions that produce salts. They are the
reaction of :

1) A strong acid with a strong base.

HCI + NaOH --> Na* + CI + H,O
2) A weak acid with a strong base.

CH,COOH+NaOH --> Na* + CH,COOH + H,0

Subjects

Hydrolysis ( Salts of Weak Acids or Weak Bases )
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Hydrolysis ( Salts of Weak Acids or Weak Bases )

3) A weak base with a strong acid.

NH, + HCI --> NH+ + CI
4) A weak acid with a weak base. Salt Hydrolysis
CH,COOH + NH, --> NH,* + CH,COOH

VIDEO |

-

The salts produced in the above four types have
a characteristic pH range in water solution by
themselves:



http://www.youtube.com/watch?feature=player_detailpage&v=U8LhFSVQHlw#t=224
http://youtu.be/GqToBMxTSaY
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Hydrolysis ( Salts of Weak Acids or Weak Bases )

1) Asalt of a strong acid and a strong base will produce a solution with

pH =7 e.g NaCl salt because neither Na* nor CI- affect the equilibrium of
water :

H,O < H* + OH

That means , Na* will not react with OH- to form NaOH because NaOH is a
strong base which i1s completely dissociate in aqueous solution and can not
exist in the form of NaOH .




Unit 4 ACID — BASE EQUILIBRIUM Subjects

Hydrolysis ( Salts of Weak Acids or Weak Bases )

Likewise Cl- , will not react with H* to form the strong acid HCI
therefore , when we dissolve NaCl in water the solution will stay
neutral and one can say neither Na* nor Cl- hydrolyze .

Tons of Neutral Salts

| Cations

_ _ : : Na® K™ Rb"™ Cs”

2) A salt of a weak acid and a strong base will produce a basic solution 1.2+ 02 52+ g
e.g CH;COONa because CH,COO ~ will react with H* to form the Anions

weak acid CH;COOH which can exist in water in the molecular JCI' Br T,
ClO4 BrO4 ClOs” NOs

formula :
CH,COO- + H,0 « CH,COOH + OH~-

So, [OH -] will be more than [H*] in the agueous solution of the salt .
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Hydrolysis ( Salts of Weak Acids or Weak Bases )

The dissociation constant of the above reaction is :
[CHHC{}DH][{}H_] (0HT (OHT

K,

Calculating the pH of a Basic Salt

ca,coo]  [CHC00T1 C,
3

1 contaims Co40, the conjugate base of WCM0, (et 8 x 350
HOHO. 4 weak 200

Na'is the conpugatie ackd of N3O and does oot farm. MaOM s 4 strong

Note that the salt dissociate completely, so - A SO
Salt concentration (C,) = [CH;COO ]

We can treat this kind of salt as a weak base and
calculate its pH from the following equation :

pOH = —log II'(KE:'"CJ

VIDEO ‘
You Tube My Channel



http://www.youtube.com/watch?feature=player_detailpage&v=P3Qi25CIbyA#t=4
http://youtu.be/9W8jaSCleGA
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Hydrolysis ( Salts of Weak Acids or Weak Bases )

The value of & __ Is not available but we
can get it from the dissociation constant of
the mother weak acid thus :

CH,COOH « CH;COO0- + H*
12, Predict the products when KCN/s/ is added towater. Will the pH of the solution
[CHH (:‘.:j.:j_ ] [ H + ] formed when the salt is added to water be greater or less than 77

E =
. [CH.COOH ]

3

Ka X K,_ = Kw

‘EE;"-:?_ —_ "EE:-1 -
K You Tube



http://www.youtube.com/watch?v=z0-bMcKdhik#t=5
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Hydrolysis ( Salts of Weak Acids or Weak Bases )

Substituting for X.- .

pOH = — log \/Kb—'Cs

From this equation we can tell that the weaker the acid ( the smaller K, ) the more
basic will be its salt solution ( pOH is directly proportional to 1/K, ) .
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Subjects

Hydrolysis ( Salts of Weak Acids or Weak Bases )

Basic lons
F CH3;COO  NO; PO/

- The last equation is used to calculate the pH of the solution
of a salt of weak acid and strong base .Note that Na* from the
salt does not hydrolyze as we mentioned above . The table on
the right shows some ions that behave exactly like CH,COO -

3) A salt of a weak base and a strong acid e.g NH,CI will
produce an acidic solution with pH less than 7. We can
repeat the discussion above concerning the salt of a weak
acid and strong base with the salt of a weak base and strong
acid and we will end up with following equation which is
used to calculate the pH of a solution of weak base :

CN" COs® &%

Acidic lons
NHs* AP*  Pb?* Sn
Transition metal ions
HSO4 HoPO4
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Hydrolysis ( Salts of Weak Acids or Weak Bases )

K
w. C
H=-lo S
{p 9\/Kb }

Where C. s the concentration of the salt and K, Is
the dissociation constant of the mother weak
base. Also from this equation we can tell that the
weaker the base ( the smaller K ) the more acidic
will be its salt solution ( pH is directly

proportional to 1/K;) .
Notice, the mention of a strong acid or strong base

will be usually omitted and the phrases "salt of a
(] ] (A ] - (] ] - | VIDEO
weak base" or " salt of a weak acid" will be used. \_\M Channel\



http://www.youtube.com/watch?feature=player_detailpage&v=Lb5wnArOAew#t=168
http://youtu.be/-KtKsyJY3m0
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Subjects

Hydrolysis ( Salts of Weak Acids or Weak Bases )

Notice, the mention of a strong acid or strong base
will be usually omitted and the phrases "salt of a
weak base" or " salt of a weak acid" will be used.

4) A salt of a weak acid and a weak base produces
a solution whose pH depends on the strengths of
the acid and base which made the salt. Since we
are not going to deal with this type of salt in this
course ( we will know why later) we will not
discuss it farther . The second and third types of
salts mentioned just above are very important in
chemistry .

Acids, Bases and
Salts - 07

Salt Hydrolysis



http://www.youtube.com/watch?v=zukxqNaHaAw#t=657
http://youtu.be/keMCFNI9Rnc

Unit 4 ACID — BASE EQUILIBRIUM Subjects

In this unit we discussed the neutralization reaction and the
relationship between pH , pOH , [H*] and [OH- ] In the agueous
solution . The behavior of strong and weak acids and bases and
their salts is explained . The calculations of the pH of all sorts of
solutions , acids , bases and salts are investigated . The concept of
the hydrolysis of salts has been cleared . We briefly pointed out
about the acidity of some common foods , drinks , and various
other stuffs that we use in our daily life.




Tutorial

Exercise 1 : Calculate the pH of 0.2 M solution of Na,CO; ,

H,CO, : K, =43X107 , K, =4.7X 101

Your answer :

Our answer
next slide




Answer 1 :

K, X C, 1X10™ 0.2
log — = 2.2
4.7 X10

pOH (Na,CO,) = - Iog\/

a,

pH (Na,CO,) = 14-2.2=118




Tutorial

Exercise 2 : Calculate the pH of 0.5 M solution of NH,CI ?
K, (NH;) =175 X 10°

Your answer :

Our answer
next slide




Answer 2 :

= 4.8

K, XC _ \/mo“ X05

H(NH,Cl) =-I
PH (NH,C1) Og\/ 1.75X10°°

b
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Tutorial

Exercise 3 : Calculate the pH of 0.1 M solution of Na,HPO, ?
HPO, K, =7.11X103 , K, =6.34 X108 K, = 4.2 X 1013

Your answer :

Our answer
next slide




Last update : 1/1/2016 ACID — BASE EQUILIBRIUM

Answer 3 :

pH (Na,HPO,) = - log /K, . K, = -log /6.34X10° x 4.2X 10"
= 9.8
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Tutorial

Exercise 4 : Calculate the pH of 0.2 M solution of Ba(OH), »

Your answer :

Our answer
next slide
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Answer 4 :
POH =-log[Ba(OH),] X2 = —-1log 0.2 X 2 =04
pH =14 - 04 =13.6




ACID — BASE EQUILIBRIUM [

Tutorial

Exercise 5 : Calculate the pH of the solution resulting from adding 30 mL of
0.1 M HCI solution to 20 mL of 0.2 M Ca(OH), solution ?

Your answer :

Our answer
next slide
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Answer 5 :

2HCI + Ca(OH), —» CaCl, + 2H,0
30x0.1=3.0 20x0.2=4.0 0 0 (mmole )( 1)
0 2.5 1.5 3.00 (mmoles ) (C)
Suppose the reaction is complete . The final solution is basic because HCI is the
limiting reactant and Ca(OH), Is the excess reactant .

23X
pOH = -log =10 - pH=14-10=13
20+ 30

Note that we multiplied the concentration of Ca(OH), by 2 because one mole
of the later gives 2 moles OH- -
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Tutorial

Exercise 6 : Calculate the pH of the solution resulting from adding 400 mg of NaOH
(mw =40) to 50 mL of 0.1 M NH,CI and the volume is completed to 500 mL with
distilled water ?

Your answer :

Our answer
next slide
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answer 6 :

NH,Cl + NaOH — NH; + NaCl + H,O
50X0.1=5 400/40=10 0 0 0 (mmole) (1)
0 5 5 5 5 ( mmole) (C)

After the reaction is complete , the final solution contains H,O , NaCl ( neutral salt ) ,

NH; and excess NaOH . To simplify the calculations we will ignore NH; ( weak base )
and calculate the pH of only a strong NaOH solution

H
OH=-log — =1 . pH=14-1=11
b 0g 500 L

-
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Tutorial

Exercise 7 : Calculate the pH of a solution resulting from adding 25 mL of 0.1 M of NaOH
to 25 mL of 0.15 M HCI solution ?

Your answer :

Our answer
next slide
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Answer 7/ :

NaOH + HC — NaCl + H,0
25X0.1=2.5 25X0.15=3.75 0) 0 (mmoles) (I)
0 1.25 2.5 2.5 (mmoles) (C)

The resulting solution after the reaction is acidic because NaOH is the limiting reactant
and HCI is the excess reactant ( 1.25 mmoles of HCI is remaining ) therefore the pH can
be calculated as such




ACID — BASE EQUILIBRIUM [

Tutorial

Exercise 8 : Calculate the pH of a solution resulting from adding 25 mL of 0.1 M of
NaOH to 25 mL of 0.05 M HCI solution ?

Your answer :

Our answer
next slide
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" Answer 8 :

NaOH + HCI — NaCl + H,0
25X0.1=2.5 25X0.05 =1.25 0) 0) (mmoles) (I)
1.25 0 1.25 1.25 (mmoles) (C)

The solution after complete reaction is basic because HCI is the limiting reactant and the

remaining mmoles of NaOH is 1.25 mmoles as shown in the above reaction .
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Tutorial

Exercise 9 : Calculate the pH of a solution resulting from adding 25 mL of 0.1 M of
NaOH to 25 mL of H,O ?

Your answer :

Our answer
next slide
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Answer 9 :

There is no reaction but the solution of NaOH will be diluted :

25 X01 =50XM .. M=0.05

POH = - log 0.05 =13 .. pH =127
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Tutorial

Exercise 10 : Calculate the pH of a solutions resulting from adding 50 ml 0.08 M HCI
to 40ml 0.1 NH; ?

Your answer :

Our answer
next slide
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Answer 10 :

HCI + NH; - NH,CI
0 0 4 (mmoles) (C)

The result is a solution of a weak base salt ( NH,CI ) so we will apply the equation
for the calculation of pH of this kind of salt :

pH :—lmgx
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Tutorial

Exercise 11 : Calculate the pH of a solution resulting from adding 200 ml 0.1 M HCI
to 50 ml 0.1 M NH; ?

Your answer :

Our answer
next slide
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Answer 11 ;:

HCI + NH,; — NH,CI
15 0 5 (mmoles) (C)

The final solution after complete reaction composes of weak base salt NH,Cl (acidic)

and the remaining of HCI while NHj; Is finished . To facilitate the calculations we will
Ignore the effect of NH,CI and calculate the pH of the remaining HCI

.{
pH = —log 15(mmoles)
250( mi)

=12
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Tutorial

Exercise 12 : Calculate the pH of a solution resulting from adding 100 ml 0.025 M NaOH
to 100 ml 0.025 HA? K, for HA = 1.75X107

Your answer :

Our answer
next slide
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Answer 12 :

HA + NaOH — NaA + NaCl + H,O
0 0 2.5 2.5 2.5 (mmoles) (C)

All of acetic acid HA and NaOH have been converted to products . The final
solution consists from H,O , NaCl ( neutral ) and weak acid salt ( NaA ) . We

will apply the equation that used for the calculation of such salt :

75
X107 X _;;
POH =~log |———o50 =56 . pH =84
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Tutorial

Exercise 13 : Calculate the pH of a solution resulting from adding 100 ml 0.2 M NaOH
to 100 ml 0.1 HA?

Your answer :

Our answer
next slide
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| Answer 13 :

HA + NaOH — NaA + NaCl + H,O
0 10 10 10 10 (mmoles) (C)

After the reaction is completed , the solution is consists of H,O , neutral salt (NaCl) ,
weak acid salt (NaA ) and the remaining of NaOH . We will ignor the effect of the
weak acid salt and calculate the pH from the remaining NaOH thus :

10(mmoles)

—13 - pH=127
200(m]) 7
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Exercise 14 : Calculate the pH of a solution resulting from adding 10 mL of
Ba(OH), solution ( pH = 10 ) to 15 mL of HCI solution (pH =5 ?

Tutorial

Your answer :

Our answer
next slide




ACID — BASE EQUILIBRIUM

Answer 14 :
pH=10 .. pOH =4 . [OH]=1X 10* .. [Ba(OH),] = 1 X 10*/2
mmoles Ba(OH), = 10 X 1042 = 5 X 104
pH =5 .. [H*]=1X105
mmoles HCI = 15X 1 X 10> = 1.5 X 104
2HCI + Ba(OH), —» BaCl, + 2H,0

1.5X104 5X104 0 0 (mmoles)(l)
0 4.25X10*4  0.75X10%  1.5X10* (mmoles ) (C)

I I =
pOH = - log 24D 45 pH =9.5

—

25 (ml)
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Exercise 15 : A solution of a weak acid HA has a concentration of 0.5 M and pH =4,
calculate the dissociation constant of this acid ?

Tutorial

Your answer :

Our answer
next slide




ACID — BASE EQUILIBRIUM

Answer 15 :

pH=—log/K XC

——log, /K. X05 . K.=2X10°

~ VIDEO
K, of an acid ~ Librar



http://www.youtube.com/watch?feature=player_detailpage&v=OA-f_8F5iNU#t=116

Last update : 1/1/2016 ACID — BASE EQUILIBRIUM

Look at the following videos which will clear some of the subjects that have been
previously discussed .

' VIDEO |
Salt hydrolysis ? Library

—



http://www.youtube.com/watch?feature=player_detailpage&v=VdlJ1x4Gfl0#t=6
http://www.youtube.com/watch?feature=player_detailpage&v=cZftblLcXbk#t=3
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