Chemistr

1 .ﬁl .. . Illl_l..- ’;.:Qj _.,..-: = '\.. -.,I_IIlI
AL-MAARIF e, % g 2
UNIVERSITY COLLEGE

1ecture3

First Year
Medical Laboratory Techniques Department
Subject Lecturer
Dr. Sameer A. Awad
2023-2024




Dilution of Solutions

In a dilution, a solvent, usually water, is added to a solution, which increases its volume and
decreases the concentration of the solution while The mass of solute in the solution remains the
same. For example. making orange juice from concentrate is an example of a dilution.

— Mark

Volumetric
pipette

l

4
\\) )
</
o !
- Stock —+ | '
solution ||
(a) A volume (V) containing the desired
1 can of orange + moles of solute (M,) is measured from a
jUiCC concentrate stock solution of known concentration.
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(b) The measured volume of stock solution
is transferred to a second volumetric flask.
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(c) The measured volume in the second

flask is then diluted with solvent up to the
volumetric mark [(V)(M;) = (V4)(My)].



Dilution of a Solution

When water is added to a concentrated solution, there is no change in the number of particles. The

solute particles spread out as the volume of the solution increases.




Dilutions and Molarity

e Use this formula to make a more dilute solution
from a concentrated solution
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Example 1

How many liters of 2.5 M HCl are required to make 1.5 L of 1.0 M HCI ?

The solution:

Applying the law of the dilution: M1 . V1 _ MZ o« VZ
M, =25M <
V1 — ? 2 I/L Vl_ 1 0 I/L 1 L 2 QL ——
M, =1.0M Snoiol/Ex Vi=1.0mol/kx 1.5
V2 ) 1.5 L 1.0L
1.5Lx%1.0
V 1 — = (. L 1.5 L of 1.0M HCl
2.5 0.6




Example 2

250.0 mL of a 0.500 M HCI solution needs to be made from concentrated HCl. What
volume of the concentrated solution is needed if its molarity is 12.0 M ?

How much water would you

M. = 12.0M add to make the final solution?
. :
V.= 7
M,V,=M,V,
M, = 0.500M
V, = 250.0mL

12 mol/L x V= 0.5 mol/L x 250 ml

Vi=10.4 ml



Example 3

How to prepare 500 mL of 1.54 M NaCl solution ?

M w1000
— X
MWt~ Vi, ﬁ
500 mL
W = MXMWEXVy  154x58.5¢x500 mark

1000 1000

W of NaCl =45.0 g.

45.0 g NaCl
solute

500 mL
volumetric
flask



Example 4

Initial Solution —

What volume of water must be added to 150.0 mL of 0.200 M NaCl solution to change
its concentration to 0.0250 M ¢

MV, = M,V

2" 2

(0.200 M)(150.0 mL) = (0.0250 M)(V,)

V, = 1200mL

Volume of H,O added = 1200 mL

— 150.0 mL
= 1050 mL



Example 5

What volume of 0.200 M CuSQO, solution must be diluted to 500.0 mL to produce a
0.150 M solution?

MV, = M)V,

(0.200 M) (V,) = (0.150 M) (500.0 mL)

V, = 375mL



Example 6

1.53 g of NaCl is dissolved in 100.0 mL of water. Calculate the molarity. The solution is
concentrated by evaporating off 60.0 mL of water. Calculate the new molarity. To your knowledge
that the molar mass of NaCl= 58.5 g/mol.

Solution:

m 1
M Vl
1.53 g 1

585 g/molXO.l L: 0.262 M

100.0 mL - 60.0 mL

M,V, = M,V, S

(0.26153 M)(100.0 mL) = M,(40.0 mL)

The molarity of NaCl mmss) M, = 0.654 M



Example 7

How much water should be mixed with 5000ml of 85% alcohol to make 50% (v/v) solution ?

Solution:
S Ci1V1=C2V2
5000ml x 85% = 50% x V2
V2 = 8500ml

8500 — 5000 = 3500ml of H20.

Note

Standard solution is a solution of known concentration (normality, molarity and molality)
or its concentration is exactly measured.

Standardization is determination of the molarity or normality of the solution



Example 8

If 500ml of 15% v/v solution are diluted to 1500ml. What will be the percentage strength ?
Answer:

C1V1 = C2V2

15% x 500ml =C2 x 1500ml

C2=5%

Example 9

How many mls of a 1:5000 (w/v) solution of potassium permanganate can be made from
50ml of a 5% solution ¢
1:5000 = 0.02%
C1V1=C2V2
50ml x 0.5% = 0.02% x V2
V2=1250ml




In the early days of chemistry chemists were organizing physical and chemical properties of
substances. They discovered that many substances could be placed in two different property
categories:

Substance A

Substance B

1. Sour taste .
1. Bitter taste

2. Reacts with carbonates to make

CO Reacts with fats to make soaps

2
3. Reacts with metals to produce H, Do not react with metals

4. Turns blue litmus pink Turns red litmus blue

EEEE S S

Reacts with A substances make

5. Reacts with B substances to make

salt and water salt and water






What if the acids and based are not dissolved in water

The Arrhenius definition for acids and bases only refers to
compounds dissolved in water.

Does this mean that acids and bases cannot exist out of water?
Not quite, that’s where the Bronsted-Lowry definition comes in.

Bronsted Lowry




Johannes Bronsted and Thomas Lowry revised Arrhenius’s acid-base theory

to include other solvents besides water. They defined acids and bases as

follows:

An acid is a hydrogen containing species that donates a proton.

A base is any substance that accepts a proton”

HCl(aq) + H,O()™ Cl'(aq) + H3O+(aQ)1

Quiz Question: In the above example,
what is the Bronsted acid ?
what is the Bronsted base ? 7




In reality, the reaction of HCI with H,O is an equilibrium and occurs in both directions,
although in this case the equilibrium lies far to the right.

HCl @) + H,O () ——Cl " (ag) + H;0* (aq)

For the reverse reaction Cl - behaves as a Bronsted base and H,0O" behaves as a Brensted
acid. The ClI  is called the conjugate base of HCI.

Bronsted acids and bases always exist as conjugate acid-base pairs. Their formulas differ

by only one proton.

*A conjugate acid is any hydrogen containing material (molecule or ion) that can release a
proton or hydrogen ion to any other substances.

*A conjugate base is any substance (molecules or ions) that can accept a proton to any
other substances to form the conjugate acid base pair.



https://www.priyamstudycentre.com/2020/03/hydrogen.html
https://www.priyamstudycentre.com/chemistry/molecule

conjugate pair
conjugate pair

HCO; (aq) + H0(f) <= H30*(ag) + (C05*(aq)
Acid Base Acid Base

A A=A




Conjugate acid-base theory can not explain the conjugate acid base phenomena in terms
of electronic structure by the formation of the coordinate covalent bond between the
vacant orbital and the orbital which contains lone pair of electrons. This can be
explained by the Lewis acid base theory.

Conjugate Acid Base Pair

Release of a proton

|
! “Lake up a proton |
FHCI +NH,—— NH," + CHj
Aeid Base, Aeid Base,

r r |

Kelease of a proton



https://www.priyamstudycentre.com/2020/09/covalent-bond.html
https://www.priyamstudycentre.com/2019/09/quantum-number-orbitals-diagram.html
https://www.priyamstudycentre.com/2020/12/electron.html
https://www.priyamstudycentre.com/2019/01/lewis-concept-of-acids-and-bases.html

a )
HCl + OH- — Cl + H,0

Hzo + H2504 — HSO4- + H3O+







" These are the strong acids. What makes
them 'strong' is that they completely
dissociate into their ions when they are
mixed with water.

As the strong acids become more

concentrated, they may be unable to fully
dissociate.

The rule of thumb is that a strong acid is
100% dissociated in solutions of 1.0 M or
less.

Strong and Weak Acids and Bases
Topic8.4

V¢

¢ OQ <

Vb

0o
m:m zm 1o dissoclate completely

)
m‘

Weak acids dissoclate only slightly in aqueous solution,
The majority of molecules remain undissoclated.






6 Strong Acids

6 Strong Bases

HCIO, perchloric acid

LiOH lithium hydroxide

HCI hydrochloric acid

NaOH sodium hydroxide

HBr hydrobromic acid

KOH potassium hydroxide

HI hydroiodic acid

Ca(OH), calcium hydroxide

HNO, nitric acid

Sr(OH),  strontium hydroxide

H,SO, sulfuric acid

Ba(OH), barium hydroxide




( H,O0() +H,0() —H,0*(aq) + OH (aq) W

For pure water [OH-| = [H+]



K is called ionization constant of

ALY

water and is very small. As with all Kw
values, it is temperature dependent.

K, =1.0x10 ' @25°C

Ky = [H*][OH]
K,=(1x2107)(1x107")

K, : depends on temperature

T(°CQ) K, (mol? dm*®) pH

0 0.114 x 10°14 7.47
10 0.293 x 1014 7.27
20 0.681 x 10°14 7.08
25 1.008 x 10°%4 7.00
30 1471 x 1014 6.92
40 2916 x 10-14 6.77
50 5.476 x 10-14 6.63
100 51.3 x 104 6.14

I

This only means that the neutral
value for pH is getting lower, it does

not mean that the solution is
becoming more acidic as the
temperature increase.




We define an aqueous solution as being

neutral when the [H*] = [OH]
acidic when [H*] > [OH"]

basic when [H*] < [OH"]

CHECK THIS OUT !
[H*] = 0.0000001 = 107

How can this be abbreviated further?

By just describing the power called the POWER OF H
pH=7




The pH scale is a way of expressing the strength of acids and bases.

1 =g [HIS10%  [H<[OH]

1 [OH ] = 100 basic
_ B H+ :10-12 .
basic + pH=12 EOI—]I 1= 102 [H*] < [OH]
basic

oH=7 [H1=10" " [H]=[OH]
[OH T=10" neutral

acidic [H*] = 1072 [H*] > [OH 7]
T PH=2 [OH=107%2 acidic




To calculate pH or pOH

pH = -log [H*], or pPOH = -log [OH"]
pH + pOH = 14 for water solutions

Find the pH of these:
1)  0.15 M solution of Hydrochloric acid
2) 3.00 X 107 M solution of Nitric acid




This is the

calculator
button

M= 2"]og =10 PH M= 2" Jog = 10 POH

The number of decimal places in the log answer is equal to the number
of sig figs in the original Molar [ |

Question: Find the Molarity:

A solution has a pH of 8.5. What is the Molarity of hydrogen ions in the
solution ?




Note: to be able to determine all the values
associated with acids and base, you only
need one piece of information.

H+

= 10"

H']

pH

-log[H"]

pH =

[OH]=1x10%

Ll
«
[H]=1x10%
[OH]
pOH=14-pH

pH= 14 - pOH

OH

[OH] = 107"

POH

Buffered solutions — resists a change in its pH even when a strong
acid or base is added to it

- A solution is buffered in the presence of a weak acid and its
conjugate base

Example: Calculate the pH or pOH

a. [H']=1.0x10° M b. [OH]=1.0x10°%M

EI% pH = - log [H*] POH = - log [OH]
i pH=-log (1.0x10°M)  pOH = - log (1.0 x 106 M)
@)

pH =19.00 pOH = 6.00




Example — Calculate the pH and pOH if the concentration of OH! is1.0x 103 M

/pOH = - log [OH] h m - [H][OH] \
pOH = -log (1.0 x 10~ M) 1 x 1014 = [H*][1.0 x 103 M]
pOH = 3.00

\_ J [H]=1.0x 101 M

pH = - log [H"
pH = - log [H"

\ oH = 11.00 /




Example — Calculate the pH and pOH if the concentration of

a. [H]=1.0x10° M b. [OH]=1.0x10°%M
PH = - log [H"] POH = - log [OH"]
pH =-log (1.0 x 10° M) POH = -log (1.0 x 10° M)

pH = 9.00 pOH = 6.00




Methods for measuring the PH of an aqueous solutions.

Indicators, including: (A) Litmus paper, are used for less accurate measurements; an indicator is one color in its

acid form and another color in its basic form.
pH meters are used for accurate measurement of pH; electrodes indicate small changes in voltage to detect the pH.




Section Quiz.

3. Diluting a solution does NOT change which of the following?
A. concentration
volume

B.
C. milliliters of solvent
D. moles of solute




The End of Lecture

,:‘#:h i

Acid Base

Blue litmus turns red Red litmus turns blue
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