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General chemistry

Chapter one



1.1 The Study of Chemistry

 What chemists do? Chemistry is largely an experimental science, and
a great deal of knowledge comes from laboratory research.



* In addition, chemist may use a computer to study the microscopic
structure and chemical properties of substances or employ electronic
equipment to analyse pollutants < sl from auto emissions <lxsY!
Nlor toxic substances 4l 3l 541l in the soil.




 What’s more, they are seeking solutions to the problem of
environmental pollution 2l & dillglong with replacements for
energy sources. And most industries, whatever their products, have a
basis in chemistry.



* For example, chemists developed the polymers < el ss(very large
molecules) that manufacturers use to make a wide variety of goods,
including clothing, cooking utensils 4 % <!, artificial organs, and
toys. Chemistry is often called the “central science.”



1.1.1 How to Study Chemistry

* At first, studying chemistry is like learning a new language.
Furthermore, some of the concepts are abstract. Nevertheless, with
diligence ialyou can complete this course successfully—and
perhaps even pleasurably g JS50

. You will find that chemistry is much more than numbers,
formulas, and abstract theories. It is a logical discipline s Sall < il
brimming 2 ¢l 25 ¥with interesting ideas and applications.



1.2 Scientific Method

SCIENTIFIC METHOD

OBJECTIVE- The question or problem

RESEARCH-Gathering background information

EXPERIMENT- Observing, measuring and recording data

RESULTS- The data you collect and analyze

CONCLUSION-The claim, evidence and reasoning




* The scientific method a systematic approach to research. For
example, a chemist interested in measuring the heat given off when
hydrogen gas burns in air follow roughly the same procedure in
carrying out their investigations. First step is defining the problem.
Secondary includes performing experiments, making careful
observations, and recording information, or data, about the system.




* The data obtained in a research study may be both qualitative,
consisting of general observations about the system, and quantitative,
comprising numbers obtained by various measurements of the
system. Chemists generally use standardized symbols and equations
in recording their measurements and observations.

* When the experiments have been completed and the data have been
recorded, the next step in the scientific method is interpretation,

meaning that the scientist attempts to explain the observed
phenomenon.



1.3 Classifications of Matter

* Matter is anything that occupies space and has mass, and chemistry is
the study of matter and the changes it undergoes. All matter, can
exist in three states: solid, liquid, and gas, without changing the
composition of the substance. Solids are rigid objects with definite
shapes (for example, ice). Liquids are less rigid than solids and are
fluid (for example, water), gases are fluid, but unlike liquids, they can

expand indefinitely. is the temperature at
which a solid form will transition to form a liquid. The is

the temperature at which a liquid form will transition to form a qgas.




1.3.1 Substances and Mixtures

* A substance is matter that has a definite or constant composition and
distinct properties. Examples are water, silver, ethanol, table salt
(sodium chloride), and carbon dioxide. Substances differ from one
another in composition and can be identified by their appearance,
smell, taste, and other properties.

A mixture is a combination of two or more substances in which the
substances retain their distinct identities. Some examples are air, soft
drinks, milk, and cement. Mixtures do not have constant composition.
Therefore, samples of air collected in different cities.




* Mixtures are either homogeneous or heterogeneous,

* 3 homogeneous mixture the composition of the mixture is the same
solution such as sugar dissolves in water,

* a heterogeneous mixture which the composition is not uniform such
as oil to water creates another heterogeneous mixture because the
liquid does not have a constant composition.




1.3.2 Elements and Compounds

* A substance can be either an element or a compound.

* An element is a substance that cannot be separated into simpler
substances by chemical means. At present, 114 elements have been
positively identified.

* Chemists use alphabetical symbols to represent the names of the
elements. The first letter of the symbol for an element is always
capitalized, but the second letter is never capitalized.



* For example, Co is the symbol for the element , whereas CO is
the formula for , Which is made up of the elements
carbon and oxygen.

* Table 1.1 shows some of the more common elements. The symbols
for some elements are derived from their Latin names for example,
from ), Fe from and
—although most of them are abbreviated forms of their
English names.



Table 1-1 .Some Common Elements and Their
Symbols

Name Symbo Name Symbo Name Symbao
Aluminum Al Fluorine F Oxygen O
Arsenic As Gold Au Phosphoru P
Barium Ba Hydrogen H Platinum Pt
Bromine Br lodine I Potassium K
Calcium Ca Iron Fe Silicon Si
Carbon C | ead Pb Silver AgQ
Chlorine Cl Magnesiu Mg Sodium Na
C.hromiu Cr Mercury Hg Sulfur S
Cobalt Co Nickel Ni Tin Sn

Copper Cu Nitrogen N Zinc Zn



* Most elements can interact with one or more other elements to form
compounds.

* We define a compound as a substance composed of two or more
elements chemically united in fixed proportions. Hydrogen gas, for
example, burns in oxygen gas to form water, a compound whose
properties are distinctly different from those of the starting materials.
Water is made up of two parts of hydrogen and one part of oxygen.
This composition does not change.




1.4 Physical and Chemical Properties of
Matter

e A can be measured and observed without changing
the composition or identity of a substance. For example, color, the
melting point, boiling point, freezing, and density. For example, we
can measure melting point of ice by heating a block of ice and
recording the temperature at which the ice is converted to water, we
can freeze the water to recover the original ice.

* On the other hand, a can be measured and
observed with a chemical changing the composition or identity of a
substance. For example, “Hydrogen gas burns in oxygen gas to form
water”. After the change, the original substances, hydrogen and
oxygen gas, will have vanished and a chemically.




1.5 Measurement

e Chemists use measurements to compare the properties of different
substances and to assess ~dthanges resulting from an experiment. JeA
simple measurements of a substance’s properties:

* The meter stick measures length;

* the buret, the pipet, the graduated cylinder, and the volumetric flask
measure volume;

* the balance measures mass;
e the thermometer measures temperature.

* These instruments provide measurements of macroscopic properties,
which can be determined directly. Microscopic properties, on the atomic or
molecular scale, must be determined by an indirect method,



1.5.1 Sl Units

* The international authority on units, proposed a revised ==l metric
system called the International System of Units (abbreviated SI, from
the French System International d’Unites).

. Table 1.2 shows the seven Sl base units. All other S| units of
measurement can be derived from these base units.



TABLE 1-2. Sl Base Units

Length meter m
Mass kilogram kg
Time second S
Electrical current ampere A
Temperature kelvin K
Amount of substance mole mol
Luminous intensity candela cd

Measurements that we will utilize frequently in our study of
chemistry include time, mass, volume, density, and
temperature.



1.5.2 Mass and Weight

e Mass is a measure of the quantity of matter in an object.

* The terms “mass” and “weight” are often used interchangeably 4olis
although, strictly speaking, they refer to different quantities. In
scientific terms,

« weight s the force that gravity exertsdi<on an object.




An apple that falls from a tree is pulled «Xxiidownward by Earth’s gravity 4udall,
The mass of the apple is constant and does not depend on its location, but its
weight does. iz )5l OS5 Lgad ga e adiad Y ¢ 450 dalail) A0S
For example, on the surface of the moon the apple would weigh only one-sixth
what it does on Earth, because of the smaller mass of the moon.

At the Earth’s Surface Apples on the

Newton knew that the
on the apple equals the apple’s
where g = 9.8 m/s2.

J




 This is why astronauts <Lxdll 3l 5 )were able to jump about rather
freely on the moon’s surface despite their bulky suits and equipment.

 The mass of an object can be determined readily with a balance, and
this process, oddly, is called weighing.
The Sl base unit of mass is the kilogram (kg), but in chemistry the
smaller gram (g) is more convenient:
1kg=1000g=1X10°g




1.5.3 Volume

* Volume is length (m) cubed, so its Sl-derived unit is the cubic meter
(m3). Generally, however, chemists work with much smaller volumes,
such as the cubic centimeter (cm?) and the cubic decimeter (dm?):

e 1cm3=(1X10?m)3=1X10%m3

e 1dm3=(1X101m)3=1X103m?3

 Another common, non-S| unit of volume is the liter (L). A liter is the
volume occupied by one cubic decimeter. Chemists generally use L

and mL for liquid volume. One liter is equal to 1000 milliliters (mL) or
1000 cubic centimeters:




1L =1000 mL
= 1000 cm?

=1dm?3

and one milliliter is equal to one cubic centimeter:

1mL=1cm?3

Volume: 1000 em*;
1000 mL;
1 dmm?;
1L

| —| |=— 1 cm
10cm =1 dm

Volume: 1 em?;

1 mL

—| |=— 1 cm

i N
7\ .



1.5.4 Density

* Density is the mass of an object divided by its volume:

* density = vn;;f; or d=m/V

. Where d, m, and V denote density, mass, and volume, respectively.
Note that density is an intensive property that does not depend on the
quantity of mass present. JleThe reason is that V increases as m does, so

the ratio of the two quantities always remains the same for a given
material.

* The Sl-derived unit for density is the kilogram per cubic meter This
unit is awkwardly 2 e JSiilarge for most chemical applications.
Therefore, grams per cubic centimeter and its equivalent, grams

per milliliter (g/mL), are more commonly used for solid and liquid densities.



1.6 Handling Numbers

* Having surveyed some of the units used in chemistry, we now turn to
techniques for handling numbers associated with measurements:

e scientific notation. 4xlall ) g )l
e significant figures. 3 el JKIY)



1.6.1 Scientific Notation 4xalall j ga

602,200,000,000,000,000,000,000

0.00000000000000000000000166 g
0.0000000056 x 0.00000000048 = 0.000000000000000002688

N x10"



(D Express 568.762 in scientific notation:

568.762 = 5.68762 x 107
Note that the decimal point is moved to the left by two places and n =2.
(2) Express 0.00000772 in scientific notation:

0.00000772= 7.72x10°



1.6.1.1 Addition and Subtraction

(7.4x 10%) + (2.1x 10%) = 9.5 x10°
(4.31x 10%) + (3.9x 10°) = (4.31x 10%) + (0.39x 10%
=4.70x 10*
(2.22x 107?) - (4.10x 10®) = (2.22x 10)-(0.410x 10

1.81x 1072



1.6.1.2 Multiplication and Division

(8.0 x 10%) x (5.0 x 10%) = (8.0 x 5.0) (10**?)

=40 x 1067
=0.4x 10
(4.0 x107°) x (7.0 x 10%) = (4.0 x 7.0) (10°*3)
=28 x 1072
=2.8x 107
6.9x107 _ 69, 107-(5)
3.0x10™> 3.0
= 2.3 x10%?
8.5x10* _ 85 4-9
50x109 5.0 10

=17 x 107



1.6.2

* The number of significant figures, which are the meaningful digits in a
measured or calculated quantity. When significant figures are used,
the last digit is understood to be uncertain.



* For example, we might measure the volume of a given amount of
liquid using a graduated cylinder with a scale that gives an uncertainty
of 1 mL in the measurement. If the volume is found to be 6 mL, then
the actual volume is in the range of (5 to 7) mL. We represent the
volume of the liquid as (6 = 1) mL. In this case, there is only one
significant figure (the digit 6) that is uncertain by either plus or minus
1 mL

lUI

I




* For greater accuracy, we might use a graduated cylinder that has finer
divisions, so that the volume we measure is now uncertain by only 0.1
mL. If the volume of the liquid is now found to be 6.0 mL, we may
express the quantity as (6.0 £ 0.1) mL, and the actual value is
somewhere between 5.9 mL and 6.1 mL.



* Accuracy tells us how close a measurement is to the true value of the
quantity that was measured. To a scientist there is a distinction
between accuracy and precision.

* Precision refers to how closely two or more measurements of the
same quantity agree with one another




Student A  Student B Student C

1.964 g 1.972 ¢ 2.000 g
1.978 ¢ 1.968 g 2.002 g
Average value 1.971 ¢ 1.970 g 2.001 g

The true mass of the wire is 2.000 g.

Therefore, Student B’s results are more precise than those of Student A (1.972 gand 1.968 g
deviate less from 1.970 g than 1.964 g and 1.978 g from 1.971 g), but neither set of results is
very accurate.

Student C’s results are not only the most precise, but also the most accurate, because the
average value is closest to the true value. Highly accurate measurements are usually precise

too. On the other hand, highly precise measurements do not necessarily guarantee accurate
results.



1.8 Dimensional Analysis in Solving Problems

* The procedure we use to convert between units in solving chemistry
problems is called dimensional analysis (also called the factor-label
method). A simple technique requiring little memorization,
dimensional analysis is based on the relationship between different
units that express the same physical quantity.

Dimensional Analysis

Dimensional Analysis — The process of
solving problems using conversion
factors to convert measurements from
givens to usable quantities.

This process is sometimes called the
Factor-Label method.



For example, let us consider the conversion of 57.8 meters to centimeters. This

problem can be expressed as

?7cm =57.8m
By definition,

1 cm= 1x10-2 m
Because we are converting “m” to “cm,” we choose the conversion factor that has meters

Iin the denominator: 1 cm
1 X 10 *m

and write the conversion as

1 cm

?7cm = 57.8m X
1 < 10 *m

= 5780 cm
= 5.78 % 10° em



given quantity X conversion factor = desired quantity

and the units cancel as follows:

desired unit

givennit X — = desired unit
givenrunit




Thanks for listining

p/
/9
\:‘l‘:.
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2.1. ATOMIC MODEL

The atom Is thought as a tiny solar
system In which there is a central core
(like the sun) with other particles
traveling in circular path or orbits.







2.2. THE NUCLEUS

The central core from the solar system model
is called the nucleus. The nucleus contains
two types of particles, proton and neutron.

1- The Proton is a particle that has a mass (or

weight) of one amu (atomic mass unit) and a

positive one (+1) electrical charge. The
symbol for the proton is p* or H*.

2- The Neutron has a mass of one amu (atomic




2.3. The outer structure

The particles that orbit the nucleus are called
electrons. These particles have an electrical
charge of negative one (-1) but their mass Is so
small that it I1s considered to be zero. The
symbol for the electron is e~




Mass number (A): iIs the total number of
neutrons and protons present in the nucleus of
an atom of an element. Except for the most
common form of hydrogen, which has one
proton and no neutrons, all atomic nuclei contain
both protons and neutrons. In general, the mass
number is given by:




2.4. Atomic Number, Mass Number, and Isotopes

Atomic number(Z) of an atom of an element Is

equal to the number of protons in the nucleus of the
atom. In a neutral atom the number of protons Is
equal to the number of electrons, so the atomic
number also Indicates the number of electrons
present In the atom. For example, the atomic
number of nitrogen Is 7; this means that each




Isotopes: are atoms of an element that have the same
atomic number or the same number of protons and
the same number of electron but different numbers of
neutrons .

forexample : C-12 and C-13

Different isotopes always have the same atomic number
and different mass numbers. *




2.5. The Periodic Table

The periodic table is a chart in which elements having similar
chemical and physical properties are grouped together. The
periodic table i1s a handy tool that correlates the properties of
the elements In a systematic way and helps us to make
predictions about chemical behavior.

Figure 2.1 shows the modern periodic table, in which the
elements are arranged by atomic number (shown above the
element symbol) in horizontal rows called periods and In

vertical columns known as groups or families, So A period is a
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2.5.1. Classification of groups

Some element groups have special names.

The Group 1A elements (LI, Na, K, Rb, Cs, and Fr) are
called alkali metals.

Group 2A elements (Be, Mg, Ca, Sr, Ba, and Ra) are
called alkaline earth metals.

Group 7A (F, CI, Br, I, and At) are known as halogens.




2.5.2. Metals, Nonmetals, and Metalloids

The elements can be divided into three categories—metals,
nonmetals, and metalloids.

Metal 1s a good conductor of heat and electricity.
Nonmetal Is usually a poor conductor of heat and electricity.
Metalloid has properties that are intermediate between those of
metals and nonmetals.

the majority of known elements are metals; which are on the left
line in the periodic table except for hydrogen. only seventeen
elements are nonmetals, which are on the right line in the




2.6. Molecules and atom
2.6.1. Molecule

IS an aggregate of at least two atoms in a definite arrangement
held together by chemical forces (also called chemical bonds). A
molecule may contain atoms of the same element or atoms of two
or more elements joined in a fixed ratio.

A molecule is not necessarily a compound, which, by definition, is
made up of two or more elements. Hydrogen gas, for example,
IS a pure element, but it consists of molecules. Water, on the
other hand, is a molecular compound that contains hydrogen




Other elements are nitrogen (N,) and oxygen (O,),
as well as the Group 7A elements—Afluorine (F,),
chlorine (Cl,), bromine (Br,), and iodine (l,). Of
course, a diatomic molecule can contain atoms of
different elements. Examples are hydrogen chloride
(HCI) and carbon monoxide (CO). The vast
majority of molecules contain more than two
atoms. They can be atoms of the same element, as
In ozone (O,), which is made up of three atoms of
oxygen, or they can be combinations of two or more




2.6.2. lon

Is an atom or a group of atoms that has a net
positive or negative charge. The number of protons
In the nucleus of an atom remains the same during
chemical reactions, but electrons may be lost or
gained. The loss of one or more electrons from a
neutral atom results in a cation, an ion with a net

positive charge. On the other hand, an anion is an
lon whose net charge iIs negative due to an increase




2.7. Chemical formula

A molecular formula shows the exact number

of atoms of each element in the smallest unit of a
substance. For example, H, is the molecular formula for
hydrogen, O, Is oxygen, O, Is ozone, and H,O Is water.
The subscript numeral indicates the number of atoms
of an element present. Note that oxygen (O,) and ozone
(O,) are allotropes of oxygen. An allotrope is one of two




Empirical Formulas

The molecular formula of hydrogen peroxide, is H,O.,.
This formula indicates that each hydrogen peroxide molecule
consists of two hydrogen atoms and two oxygen atoms. The ratio
of hydrogen to oxygen atoms in this molecule iIs 2:2 or 1:1. The
empirical formula of hydrogen peroxide is HO.
Empirical formula; tells us which elements are present and the
simplest whole-number ratio of their atoms, but not necessarily
the actual number of atoms iIn a given molecule.
As another example, the compound hydrazine (N,H,), The
empirical formula of hydrazine is NH,. Although the ratio of




Formula of lonic Compounds

The formulas of ionic compounds are usually the

same as their empirical formulas because ionic
compounds do not consist of discrete molecular units.
For example, a solid sample of sodium chloride
(NaCl) consists of equal numbers of Na* and CI- ions
arranged in a three-dimensional network.




2.8. Naming compound

Chemists have developed a system for
naming substances on the basis of their
composition. First, we divide them Into
three  categories: I1onic  compounds,
molecular compounds, and acids and bases.
Then we apply certain rules to derive the




2.8. 1. lonic Compounds

Many ionic compounds are binary compounds, or compounds
formed from just two elements. For binary ionic compounds the first
element named is the metal cation, followed by the nonmetallic anion.
Thus, NaCl is sodium chloride. The anion is named by taking the first
part of the element name (chlorine) and adding “-ide.” Potassium
bromide (KBr), zinc iodide (Znl,), and aluminum oxide (Al,O;) are
also binary compounds. The “-ide” ending is also used for certain
anion groups containing different elements, such as hydroxide (OH)
and cyanide (CN-). Thus, the compounds LIOH and KCN are named
lithium hydroxide and potassium cyanide. These and a number of




2.8. 2. Molecular Compounds

The prefix “mono-” may be omitted for the first

element. For example, PCIl; Is named phosphorus
trichloride, not monophosphorus trichloride. Thus, the
absence of a prefix for the first element usually means
that only one atom of that element iIs present in the
molecule. « For oxides, the ending “a” In the prefix IS
sometimes omitted. For example, N,O, may be called




2.8. 3. Acids and Bases

Naming Acids: An acid can be described as a substance

that yields hydrogen ions (H*) when dissolved in water. (H* is
equivalent to one proton, and is often referred to that way.)
Formulas for acids contain one or more hydrogen atoms as
well as an anionic group. Anions whose names end in “-ide”
have associated acids with a “hydro-” prefix and an “-ic”
ending. In some cases two different names are assigned to the
same chemical formula. For instance, HCI is known as both




When it is dissolved in water, the molecules break
up into H* and CI ions; in this condition, the
substance Is called hydrochloric acid. Acids that
contain hydrogen, oxygen, and another element (the
central element) are called oxoacids. The formulas
of oxoacids are usually written with the H first,
followed by the central element and then O, as
Illustrated by this series of common oxoacids:
H,CO, carbonic acid, HCIO; chloric acid, HNO,
nitric acid, H.PO, phosphoric acid, H,SO, sulfuric




2.8. 4. Naming Bases

A base can be described as a substance that yields
hydroxide ions (OH- ) when dissolved in water. Some
examples are NaOH Sodium hydroxide, Ba(OH), Barium
hydroxide, KOH Potassium hydroxide. Ammonia (NH,), a
molecular compound in the gaseous or pure liquid state, Is
also classified as a common base. At first glance this may
seem to be an exception to the definition of a base. But note
that as long as a substance yields hydroxide ions when
dissolved in water, it need not contain hydroxide ions in its




2.8. 5. Hydrates

Hydrates are compounds that have a specific

number of water molecules attached to them. For
example, In its normal state, each unit of copper(ll)
sulfate has five water molecules associated with it. The
systematic name for this compound is copper(ll) sulfate
pentahydrate, and its formula is written as CuSQO,.
5H,0. The water molecules can be driven off by heating.
When this occurs, the resulting compound is CuSO,,




Example:

BaCl, Barium chloride

FeCl, Iron (111) chloride

ZnCl, Zinc chloride

Al,O, Aluminum oxide

N,O Nitrous oxide

Cu(NO,), Copper(ll) nitrate

KH,PO, Potassium dihydrogen phosphate

NH,CIO, Ammonium chlorate







3.1 General Properties of Aqueous Solutions
dgilall Sallaal) b dalad) (yal oAl




Solute: The substance present in a smaller amount (we will assume the

solute is a liquid or a solid).
(Pl 5 ala (6 QI (1a 3383) jrial 4y 63 6 a0 03la g8 Al

Solvent: The substance present in a larger amount (agueous solutions

such as water). A solution may be gaseous (such as air), solid
(such as an alloy),or liquid (seawater, for example).

358 O ae Jstaal (elall i Aall J slaall) S0 ey 03 g ga 03la 52 crsial
‘);..\J\;:\.AS&MJ\AS:\MQMJ\ ;:\}@J\d.m)\.c

(mass)units: The masses of substance in unit of; gram (g), milligra

(mg), microgram (ug), nanogram (ng).



3.1.1 Concentration of Solutions
Jullaal) 3.8
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Average Atomic Mass
@Jﬂ\ Al Jaza
* When you look up the atomic mass of carbon you will find that its value
is not 12.00 amu but 12.01 amu.

ﬁ‘.— I.... - 3 o~
C 12.01 oS1s 12.00 ol 4wl o) ani oy g KW 6 A1 AR Nl Lanie
12.01——.

The reason for the difference is that most naturally occurring elements (including
carbon) have more than one isotope. For example, the natural abundances of
carbon-12 and carbon-13 are 98.90 percent and 1.10 percent, respectively. The

atomic mass of carbon-13 has been determined to be 13.00335 amu...




Thus, the average atomic mass of carbon can be

calculated as follows:
ol LS Lba Sy (5 s LU g )3 ABS Jama 1A

average atomic mass
of natural carbon = (0.9890)(12.00000 amu) + (0.0110)(13.00335 amu)
= 12.01 amu




2(atomic mass of H) + atomic mass of O

2(1.008 amu) + 16.00 amu = 18.02 amu




For example:

B mass
(14+(2%1))xX2+12+16

Number of moles of (NH,),CO

formula mass of NaCl = 22.99 amu + 35.45 amu
= 58.44 amu

and 1ts molar mass is 58.44 ¢.










Calculation of equi\{alent mass (eg.mass)
;uéls.a A4S Gl

* The equivalent mass of acid, is that mass of acid which contains one —gram atom of
replaceable hydrogen.

Jlatn U sl s gyl (e ) g0l e 53 e L..g)f\;:\ggﬂ\ UAAM‘\BSGA oasall ¢ _alSal) 41
M.mass of acid

Eq.wt of acid =

number of replaceable(hydrogen)

adall 4yl gal) Al

T T Sy gl ol oo — el s AlSall 4l

Example:
M.mass of acid M.mass of acid
eq.wt of HCl = ! = !
number of replaceable(hydrogen) g - = =
M.mass of acid M.mass of acid r
eq.wt of H,S0, = s = el '

number of replaceable(hydrogen)

M.mass of acid ass of acid

3

eq.wt of H;PO, =

number of replaceable(hydrogen)









3.1.2 Percent Composition of Compounds
LS yall A G Sl s




X mass
percent composition of an element = i enolex s of cloment X 100%

molar mass of compound




2 X 1.008 g
N 3402 ¢

2 X 16.00 g
- 3402 ¢

X 100% = 5.926%

X 100% = 94.06%




Percentage Composition (mass%):

Gl gSall 4o glall dsul)




Volume percent (vol %)




Mass- Volume percent%




of solutions:
Jallaall Ge gl 48Us]| 4 436




Parts eerlllon m):

O salal







Dilution of Solutions
Jullaal) Ciudas




1.00 mol B 0.400 mol
l1Lsoln 0.400L soln

moles of solute

liters of soln
—_—

M V

X volume of soln (in liters) = moles of solute
N — pe——

MV = moles of solute




M;V;
moles of solute moles of solute
before dilution after dilution




Homeworks Ay Glald g

* 1) How many grams of potassium dichromate (K,Cr,0-) are required
to prepare a 250-mL solution whose concentration is 2.16 M ?

* 2) What is the molarity of an 85.0-mL ethanol (C,H:OH) solution
containing 1.77 g of ethanol?

* 3) In a biochemical essay, a chemist needs to add 3.81 g of glucose to
a reaction mixture. Calculate the volume in milliliters of a 2.53 M
glucose (C,H,,0) solution she should use for the addition.

* 4) How would you prepare 500 mL of a 1.75 N H,SO, solution, starting
with an 8.61 N stock solution of H,SO,?

* 5) How would you prepare 250 mL of a 4 x 103 ppm NaOH solutlon?

* 6) In a titration experiment, a student finds that 25 mL of NaOH
solution are needed to neutralize 0.6 g of K,HPO,. W at is the
concentration (in ppm) of the NaOH solutlon?

e 7) Calculate the volume required to prepare 500
solution. (Sp. er. =1.18. % = 36 %).

L of 3650









Homeworks

1) How many grams of potassium dichromate (K,Cr,0-) are required to prepare a
250-mL solution whose concentrationis 2.16 M ?

2) What is the molarity of an 85.0-mL ethanol (C,H.OH) solution containing 1.77 g
of ethanol?

3) In a biochemical essay, a chemist needs to add 3.81 g of glucose to a reaction
mixture. Calculate the volume in milliliters of a 2.53 M glucose (C;H,0¢)
solution she should use for the addition.

4) How would you prepare 500 mL of a 1.75 N H,SO, solution, starting with an
8.61 N stock solution of H,SO,?

5) How would you prepare 250 mL of a 4 x 103 ppm NaOH solution?

6) In a titration experiment, a student finds that 25 mL of NaOH solution are
needed to neutralize 0.6 g of K,HPO,. What is the concentration (in ppm) of the
NaOH solution?

7) Calculate the volume required to prepare 500 mL of 3650 ppm HCl solution.
(Sp. gr. =1.18, % = 36 %).



Homework

1) How many grams of potassium dichromate (K,Cr,0,) are required to prepare a

250 mL solution whose concentrationis 2.16 M ?

mass? X
Vol.=250 ml. V
M=2.16 M V

_ (mass) % 1000
- (M.mass) Vol.(mL)

M.mass of K,Cr,0,=2%39+2%52 +7*16 = 294.185 g/ mol.

mass 1000
216 M = 551785 g/ mol. ~ Z250mL

mass = 158.86 g




Homework

2) What is the molarity of an 85.0 mL ethanol (C,H;OH) solution containing1.77 g
of ethanol?

mass=1.77g V
Vol.=85.0 ml. v
M= ? X

_ (mass) « 1000
_(M.mass) Vol.(mL)

M.mass of C,H;OH = 2*¥12+ 6*1 +1*16 = 46 g/ mol.

1.77 . 1000
46 g/ mol. 85.0mL

M=0.452 M

M =




Homework

3) In a biochemical essay, a chemist needs to add 3.81 g of glucose to a reaction mixture.
Calculate the volume in milliliters of a 2.53 M glucose (C,H,,0) solution she should use
for the addition.

mass=3.81g V
Vol.=? X
M= 253 V

_ (mass) % 1000
- (M.mass) Vol.(mL)
M.mass of CH,,0= 6%12+ 12*1 +6*16 = 180 g/ mol.

_ 3.81 1000
2.53 = 180 g/ mol. X Vol(mL)

Vol. = 8.366 ml.




Homework
4) How would you prepare 500 mL of a 1.75 N H,SO, solution, starting with an 8.61 N

stock solution of H,S0O,?

V,=500ml. V
N,=1.75N V
V,=? X

N,=8.61N V

1.75 N * 500 ml.=8.61N* V,
V,=101.62 ml.



Homework

5) How would you prepare 250 mL of a 4 x 10 ppm NaOH solution?

ppm=4x 103 v
Vol.=250ml. Vv
mass = ? X

M.mass = 23*1+ 16*1+1*1 =40 g/ mol.
ppm = M* M.mass * 1000

4 x 103=M* 40 * 1000

M=0.1M

(mass) X 1000
(M.mass) Vol.(mL)lO

mass 00
01 M= 40 g/ mol. ~ 250 mL

mass=1g
That mean, we weight 1 g of NaOH and dissolve in 250 ml. of H,Oin volumetric flask.




Homework

6) In a titration experiment, a student finds that 25 mL of NaOH solution are needed to neutralize 0.6 g of

K,HPO,. What is the concentration (in ppm) of the NaOH solution?

number of moles of solute (NaOH) number of moles of solute

M = SM=

Volume of solution in liter 0.025 L.

First, we need to find the number of moles of NaOH:

K,;HPO, being "monoprotic" means that one mole of K,HPO,is one equivalent. Basically, 1 molecule
of K,HPO, onlydonates 1 H* ion.

We also know that NaOH is a monoprotic base, because there's only one OH™ ion in its chemical formula.

Therefore, 1 mole of K,;HPO, will correspondto 1 mole of NaOH in a neutralisation reaction.
In other words, 1 mole of NaOH will neutralise 1 mole of K,HPO,.
M.mass for K,HPO, =2*39+ 1*1+1*32+4*16 =175 g/ mol.

mass 0.6 g

— Number of moles for K;HPO, = 175 g/ mol

Number of moles for K,HPO, = — 0.003429 mol.

Molar mass

Because the mole ratio of K;HPO,to NaOH is 1:1,0.003429 moles of NaOH

number of moles of solute (NaOH) S M= 0.003429 mol.
Volume of solution in liter - 0.025 L.

ppm =M * M.mass * 1000 - ppm =0.13716 M * 40 * 1000 - ppm = 5.486

M = - M=0.13716 M


https://socratic.org/chemistry/the-mole-concept/the-mole

Homework

7) Calculate the volume required to prepare 500 mL of 3650 ppm HCl solution.
(Sp. gr. =1.18, % = 36 %).

Vol.4; =500 ml. Vv

ppm= 3650 V

Sp. gr.=1.18 V

% =36% V

Vol..one. = ? X

Molar mass=1*1+ 1*35.5 =36.5 g /mol.
_density X% x 1000

M =
conc. Molar mass
_ 1.18 %x361100 X 1000
IVlconc. - 36.5

M, =11.63 M
ppm= Mgy, * M.mass * 1000

3650= M, *36.5* 1000 > My =0.1 M
Mait.* Vair. = Mcone. ™ Veone.

0.1 M *500 ml.=11.63 M*V_,

Voo = 4.299 ml.
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Acid-Base Properties

Review chapter4,-Acids, Bases, and pH
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Volumetric analysis

lonization Constants

pH-A Measure

Acids, Bases, and pH

Acids produce protons or the H™ ion while
bases accept protons or generate OH™

pH is a measure of the hydrogen ion (H™)
concentration in an aqueous solution.

Strength of Acids and Bases

Acid-Base Properties

NaOH = NH,OH
KOH CH,NH,




The Acid-Base Properties of Water

« Water is a very weak electrolyte and therefore a
poor conductor of electricity, but it does undergo
ionization to a small extent

H,0(l) = H*(aq) + OH™ (aq)

» This reaction is sometimes called the autoionization
of water

H,0 | H,0 _ H0% OH-

acid; = base, = acid, base;

pH-A Measure

Practice Exercise
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The lon Product of Water

In the study of acid-base reactions, the hydrogen ion
concentration is key; its value indicates the acidity or basicity
of the solution. Because only a very small fraction of water
molecules are ionized, the concentration of water,[H,0],
remains virtually unchanged.

K. = [H307][OH™] = [HT][OH ]
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pH-A Measure

To indicate that the equilibrium constant refers to the
autoionization of water, were place Kc by Kw

Ky = [H30"][OH"] = [HT][OH ]

In pure water at the concentrations of H™ and
OH~ ions are equal and found to be [H*] =1 x 107'M
and [HO"]=1x107"M .

Thus, from Equation at
K, =(1.0%x1077)(1.0 x 1077 ) = 1.0 x 10~ 1*

Whether we have pure water or a aqueous o=
solution of dissolved species, the follow Q_
relation always holds at :

K, = [H;0*][OH"] =1.0x 10~1*

Whenever the aqueous solution is said
to be neutral. In an acidic solution, there is an
excess of H+ ions and [H™] >[HO"] In a basic
solution, there is an excess of hydroxide ions, so
[HT] < [HOT].

Acids, Bases, pH
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pH—A Measure of Acidity

Because the concentrations of H+ and OH ions in aqueous
solutions are frequently very small numbers and therefore
inconvenient to work with. The pH of a solution is defined as
the negative logarithm of the hydrogen ion concentration (in

mol/L): pH = —log[H;0*] or pH = —log[H*]
and also pOH = —log[OH™]

pH scale

&

pH-A Measure

[y
(=)

s
e
o
S
N

Acidic solutions Basic solutions

Neutral soluTion>

[Ht]= 107PH [OH™ ]= 107P9H
Note:
pH + pOH = 14 Relation between Ka and Kb :
Ka x Kb = Kw

Acids, Bases, pH

[72)
.9
—
|
(0}
o
o
1
o
(0}
(7]
O
o
2
(0}
<




Acid and Base Ionization Constants

Acid Ionization Constant K, Base Ionization Constant, K,

H*(aq)

CH3COOH(aq) =+ +
CH; CO0O™ (aq)

NHj (aq)
NH;(aq) + H, O(l) = +
OH™ (aq)

K. = [H'] [CH3c007]
a [CH3COOH]

lonization Constants
pH-A Measure

Practice Exercise
Volumetric analysis
Acid-Base Properties

Acid-Base Pr

[H'] = JK,.C,

Percent ionization

ionized ( concentration at equilibrium

Percent ionization= —————————————————————— X 100%
initial concentration of




Volumetric or Titrimetric analysis

An important method for determining the amount of
particular substance which is based on measuring the
volume of reactant solution.

Term used Term used

Conical
flask

M T————p—

completion

Burette | Titrant « | o
% z 5 0 b
oﬂ Z\ = | . E
; 4 W 3
wTha, X O | . @ =
L = c || =
2 — o) (0]
_ ) (0} T e < n
2 Colour 5 - 0
G h = N T 5
s change on B o 5
a reaction > o 5
[ ‘]

-~ ,U Indicators

R Methyl orange
Phenolphthalein
Methyl red




Volumetric or Titrimetric analysis

An important method for determining the amount of
particular substance which is based on measuring the
volume of reactant solution.

Classification
of Volumetric

Practice Exercise
pH-A Measure
Acid-Base Properties




Example(1):Calculate the pH of
(a) a 1 x 1073M HCI solution and (b) a 0.020 M Ba(0H), solution.
Notes: a means Initial concentrations

Strategy: Keep in mind thatHC! is a strong acid and Ba(0OH),is
a strong base. Thus, these species are completely ionized and
noHCl orBa(OH),will be left in solution.

Solution(a) The ionization of HCl is
HCl(ag) - H'(agq)+ Cl™ (aq)

2 The concentrations of all the species (HCl, H" ,and :fz 0 &

. g Cl™) before and after ionization can be represented E § “g’.
R 1 H |
s Initial (M): 1.0x107% 0.0 0.0 5 i 3
o Change(M): —1.0x10"3 +1.0x1073  +1.0x 1073 2 a 3

= Final (M): 0.0 1.0 X 1073 1.0 X 1073 < <

A positive (+) change represents an increase and a
negative (-) change indicates a decrease in
concentration. Thus, [H*] =1.0x 1073M
pH = —log(1.0 x 1073)
= 3.00




Example(1):Calculate the pH of
(a) a1 x 1073M HCI solution and (b) a 0.020 M Ba(OH), solution.
Notes: a means Initial concentrations

Strategy: Keep in mind thatHC! is a strong acid and Ba(OH),is
a strong base. Thus, these species are completely ionized and
noHCl orBa(OH),will be left in solution.

Solution(b) is a strong base; each Ba(0OH),unit
produces two OH™ ions:

Ba(OH),(aq) » Ba*?(aq) + 20H (aq) - o
The changes in the concentrations of all the species ES 2 -
can be represented as follows: w—— g 5 o
: 5 g
Ba(OH),(aq) —» Ba*?(aq) + 20H~(aq) P - £ i 2
Initial (M):  0.020 0.000 0.000 5 = I
Change (M): —0.020 +0.020 +2(0.020) > 2
Final (M): 0.00 0.020 0.040
[OH"]= 0.040M
POH = —l0og0.040 = 1.40
Therefore, from PH + POH = 14

PH= 14 — POH
\ PH=14-14-> PH= 12.60 /




Example(2): The pH of a 0.10 M solution of formic acid
(HCOOH) is 2.39. What is the Ka of the acid?

Strategy: Formic acid is a weak acid. It only
partially ionizes in water. Note that the
concentration of formic acid refers to the initial
concentration, before ionization has started. The
pH of the solution, on the other hand, refers to
the equilibrium state. To calculate K,, then, we
need to know the concentrations of all three
species: [H*], [CHCOO™],and [HCOOH] at
equilibrium. As usual, we ignore the ionization of —
water. The following sketch summarizes the
situation. Major a-

species at \
equilibrium

—

H* CHCOO~
HCOOH = H*+ HC00~  HCOOH

pH-A Measure
Acids, Bases, pH

Acid-Base Properties
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[HCOOH], = 0.1M

N




Example(2): The pH of a 0.10 M solution of formic acid
(HCOOH) is 2.39. What is the Ka of the acid?

Solution: We proceed as follows.

Step 1:The major species in solution are HCOOH,
H™, and the conjugate baseHCOO~.

Step 2: First we need to calculate the hydrogen ion

concentration from the pH value
pH = —log[H"] = 2.39 = —log[H"] r

Taking the antilog of both sides, we get
[H*] = 107239= 4.1 x 1073M P

HCOOH (aq)= H'*(ag)+ HCOO0 (aq) Q_
Initial (M):  0.10 0.000 0.000
Change (M): —4.1 x 1073 +41x 1073 +4.1x 1073 |
Final (M): 0.10 —-4.1x 1073 41x1073  4.1x 1073
Step 3:The ionization constant of formic acid is
givenby . _ [H"] [HCOOT]
“ [HCOOH]
(41x1073) (4.1 x1073)

(0.10 — 4.1 X 1073)

=18x10"*

=

pH-A Measure
Acid-Base Propertie
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Practice Exercise

1.Calculate the hydrogen ion concentration in moles per litre for
each of these solutions: (a) a solution whose pH is 5.20, (b) a
solution whose pH is16.00 ;(c) a solution whose hydroxide
concentration is 3.7 x 10~°M.

2. Calculate the pH of each of these solutions: (a) 0.0010MHCI,
(b)0.76MKOH, (c) 2.8 X 10~*Ba(0H),, (d) 5.2 X 10™*M HNO;.
3.The pOH of a solution is 9.40 Calculate the hydrogen ion
concentration of the solution.

4 Calculate the number of moles of KOH in 5.50 mlof

a 0.360 m KOH solution. What is the pOHof the solution?” ==

5. A 0.040M solution of a monoprotic acid is 14 perc-
-entionized. Calculate the ionization constant of the acid.

6.(a) Calculate the percent ionization of a 0.20 M solution

of the monoprotic acetylsalicylic acid (aspirin)(K,=3.0 x 10~%).
(b) The pH of gastric juice in the stomach of a certain
individual is 1.00. After a few aspirin tablets have been
swallowed, the concentration of acetylsalicylic acid in the
stomach is 0.20 M. Calculate the percent ionization of the acid
under these conditions.

pH-A Measure
Acid-Base Properties

(72
‘'
=

O

C

O

O
‘=

h—

()

S
=2

O
>

Acids, Bases, pH
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Practice Exercise |

1.Calculate the hydrogen ion concentration in moles per litre for each o
these solutions: (a) a solution whose pH is5.20, (b) a solution whose
pH is 16.00;(c) a solution whose hydroxide concentration is 3.7 x 107°M.

2. Calculate the pH of each of these solutions: (a) 0.0010MHCI,
(b)0.76 MKOH, (c) 2.8 X 10™*Ba(0H),, (d) 5.2 x 10~*M HNO;.

3.ThepOHof a solution is9.40Calculate the hydrogen ion concentration of
the solution.

4.Calculate  the number of moles of KOHin550ml of
a 0.360 m KOH solution. What is the pOHof the solution?

5. A 0.040M solution of a monoprotic acid is 14 percentionized. Calculate
the ionization constant of the acid.

6.(a) Calculate the percent ionization of a 0.20 M solution

of the monoprotic acetylsalicylic acid (aspirin)(K,=3.0 x 10~*).(b) The pH
of gastric juice in the stomach of a certain individual is 1.00. After a few
aspirin tablets have been swallowed, the concentration of acetylsalicylic
acid in the stomach is 0.20 M. Calculate the percent ionization of the acid
under these conditions.




HW1.Calculate the hydrogen ion concentration in moles per litre for each
of these solutions: (a) a solution whose pH is 5.20, (b) a solution whose
pH is 16.00;(c) a solution whose hydroxide concentration is 3.7 x 107°M.

Strategy: We are given the value of pH and asked to calculate the concentration of [HT]per litre for
both (a) and (b), While from (c) we given the concentration by moles and asked to calculate the
concentration ofof[H"]per litre. What is the definition of pH? and also ,what is the relationship
between [H*]and [HO™] ?

Solution: We use Equation [HT ]= 107PH in order to solution (a) and (b), while we use
Equation [HT] [OH™] = 1.0 X 107 1* in order to solution( c).

(@) [H']= 107°2% we need to take the antilog of -5.20 Therefor for [H™ ]=6.3X 10°m

Or(s_A 4a jhay dall (Say)

we can changelO_S'ZO to became 1078 X 10198 (notes:iebioe cilulay) cul 131 Laud) gani @ yuall ic) Therefor
we need to take the antilog of +0.8 Therefor for [H11=6.3% 10°M.

(b) [HT]= 10"16m.

—-14
(c) [1—]+]=1'(E>0<;O_] Therefor for [H+]=

1.0x10~14
3.7x10~°

[[—1+ ]=0.270 X 107° (notes :igliie Hlulul! CuilS 13 Gun) 7 ki andl) xie)



HW2. Calculate the pH of each of these solutions: (a) 0.0010MHCI,
(b)0.76MKOH, (c) 2.8 X 10™*Ba(0H),, (d) 5.2 X 10~*M HNOs.

Strategy: Keep in mind thatHCl, and HNOzare strong acid while KOH, and Ba(OH),are strong base. Thus,
these species are completely ionized and noHCl,and HNO;0rKOH, and Ba(OH),will be left in solution.

Solution (a) The ionization of HCI is HCl(ag) - HY(agq)+ Cl™ (aq)

The concentrations of all the species (HCl,H* ,and Cl~) before and after ionization can be represented

as follows:
HCl(aq) - H%'(aq)+ Cl™ (aq)

Initial (M): 1.0x 1073 0.0 0.0
Change(M): —1.0x1073 +1.0x1073  +1.0x1073
Final (M): 0.0 1.0 x 1073 1.0 x 1073

A positive (+) change represents an increase and a negative (-) change indicates a decrease in concentration.
Thus,
[HT]=1.0x1073M
pH = —log(1.0 X 1073)
= 3.00



HW2. Calculate the pH of each of these solutions: (a) 0.0010MHCI,
(b)0.76MKOH, (c) 2.8 X 10™*Ba(0H),, (d) 5.2 X 10~*M HNOs.

Strategy: Keep in mind thatHCl, and HNOzare strong acid while KOH, and Ba(OH),are strong base. Thus,
these species are completely ionized and noHCl,and HNO;0rKOH, and Ba(OH),will be left in solution.

K’Solu‘rion (b) The ionization of KOH is KOH(aq) - OH (aq)+ K7 (aq) \

The concentrations of all the species (KOH,K*,and OH~) before and after ionization can be represented as
follows:

KOH(aq) - OH (aq)+ K7 (aq)

Initial (M): 0.76 0.0 0.0
Change(M): —0.76 +0.76 +0.76
Final (M): 0.0 0.76 0.76

A positive (+) change represents an increase and a negative (-) change indicates a decrease in concentration.
Thus,

[OH™] = 0.76M
pOH = —log(76 x 107%) Therefore, from PH + POH = 14 PH= 14 — POH

k = 0.12 PH=14-0.12—-> PH= 13.88/




HW2. Calculate the pH of each of these solutions: (a) 0.0010MHCI,
(b)0.76 MKOH, (c) 2.8 x 10~*Ba(0H),, (d) 5.2 x 10~*M HNO;.

Strategy: Keep in mind thatHCl, and HNOzare strong acid while KOH, and Ba(OH),are strong base. Thus,
these species are completely ionized and noHCl,and HNO;0rKOH, and Ba(OH),will be left in solution.

ﬁoluﬁon(c) is a strong base; each Ba(OH),unit produces two OH™ ions: \

Ba(OH),(aq) » Ba*?(aq) + 20H (aq)

The changes in the concentrations of all the species can be represented as follows:
Ba(OH),(aq) » Ba*?(aq) + 20H (aq)

Initial (M): 2.8x 107* 0.000 0.000
Change (M): —2.8x 107 +2.8x107* +2(2.8x107%)
Final (M): 0.00 2.8x107* 5.6 x 107*
[OH"]= 5.6x107*M Equation [H*][OH™] = 1.0 x 10~ 1*
4+ 1lox1071 41 loxi07 1 —10
[H™ |= "Or-] Therefor for [H ]—5.6X10_4M, [H" ]=0.17 x 10

pH = —log(0.17 x 107*) =—log(17 x 1071%)

\ pH =10.77 /




HW2. Calculate the pH of each of these solutions: (a) 0.0010MHCI,
(b)0.76MKOH, (c) 2.8 X 10™*Ba(0H),, (d) 5.2 X 10~*M HNOs.

Strategy: Keep in mind thatHCl, and HNOzare strong acid while KOH, and Ba(OH),are strong base. Thus,
these species are completely ionized and noHCl,and HNO;0rKOH, and Ba(OH),will be left in solution.

Solution (d) The ionization of HNO;is HNOs;(aq) - H(aq)+ NO;~ (aq)

The concentrations of all the species (HNO3;, H* ,and NO;™) before and after ionization can be represented
as follows:
HNO3(aq) — H'(aq)+ NO;™ (aq)

Initial (M): 5.2x107% 0.0 0.0
Change(M): —52x10"* +52x10™* +52x10~*
Final (M): 0.0 5.2 % 1074 5.2 X 107%

A positive (+) change represents an increase and a negative (-) change indicates a decrease in concentration.

Thus,
[Ht] = 5.2 x 107*M

pH = —log( 5.2 x 107%)
= 3.283

N




HW3.The pOHof a solution is 9.40, Calculate the hydrogen ion concentration of

the solution.
Strategy: We are given the value of pOH and asked to calculate the concentration
of [H*], therfore we have two way to solution due to we have two Equation

pH + pOH =14 or [HY][OH"] =1.0x 107
And also [H* 1= 10"PH or [OH™ |= 107PCH

Solution : POH=9.40 therefore PH=14-9.40 PH=4.6

[H*]=10"%°

[H*]=107%0X 10"°X 107> (notesisiiie lulul) ColS 13 puu) gass o ol sic)
[H*]=10%%x 107>

therefore[ H ]=2.5 X 107>



HW4.Calculate the number of moles of KOHin550ml of
a 0.360 m KOH solution. What is the pOH of the solution?

Strategy: We are given the value solution 5.5ml and the initial concentration 0.360 and the equation of

wt 1000

the calculate mole =———x —— and also Mwt=( 4l O15¥) & seme 5 s o) 0551),K=39,0=16 ,H=1

Mwt =K+O+H Mwt =(39 x 1) + (16 x 1) + (1 x 1) ,Mwt=56, mole=0.360M,v=5.5ml

_wt 1000 1000 _0.36X56X%5.5 _
Solution:mole = X T l,O 36 =— o~ Wt= 500 Wt=0.11088
N of Mole=—— N of M -1.98>< 10—3
Mwt
KOH(ag) - OH (aq)+ K™ (aq)
Initial (M): 0.36 0.0 0.0
Change(M): —0.36 +0.36 +0.36
Final (M): 0.0 0.36 0.36
A positive (+) change represents an increase and a negative (-) change indicates a decrease concentration.
Thus, [OH"] = 0.36M

pOH = —log(36 X 1072%)
= 0.444



HW5. A 0.040M solution of a monoprotic acid is 14 percentionized. Calculate the
ionization constant of the acid.

Strategy: Keep in mind equation

tonized acid concentration at equilibrium

Percent ionization = — : : X 100%
initial concentration of acid

+
Solution:14% = ”; O]M x 100% ,[H*] = 56 x 10~*
HA(aq) - A (aq)+ HT(aq)
Initial (M):  0.04 0.0 0.0
| 0.04 — X X X
Change(M): 04 56 % 10+ 56 x 10~ 56 x 104
Final (M): 0.0344 56 X 1074 56 X 104

X1 [x] _ [56x107*] [56x107*] _
K, = K, = 0.04—5ex 10— K, = 91162.79



HWé6.(a) Calculate the percent ionization of a 0.20 M solution of the monoprotic
acetylsalicylic acid (aspirin)(K,=3.0 x 107*).(b) The pH of gastric juice in the stomach
of a certain individual is 1.00. After a few aspirin tablets have been swallowed, the
concentration of acetylsalicylic acid in the stomach is 0.20 M. Calculate the percent

ionization of the acid under these conditions.
Strategy: Keep in mind equation

S lonized acid concentration at equilibrium
Percent ionization = —— , , X 100%
initial concentration of acid
And also [Ht]=10"PH

Solution(a): CoHgO4 (aq) = CoH,0; (aq) + H™ (aq)
Initial (M): 0.20 0.0 0.0
Change(M): 0.20 — X +X +X
Equilibrium (M): 02—-X X X
_ Ix] [x] —a_IX] [X] . o . .
K, = 3.0 X 107*= Because K , is very small and the initial concentration of the base is

[0.20—-XT [0.20—X]
large, wecan apply the approximation0.20 — X = 0.20:

2
30x107%= —X _~30x10*= OX—ZZO,X:O.77 x 102

[0.20—-X]
ionized acid concentration at equilibrium

Percent ionization = X 100% ,Percent=3.85%

initial concentration ofacid



HWé6.(a) Calculate the percent ionization of a 0.20 M solution of the monoprotic
acetylsalicylic acid (aspirin)(K,=3.0 x 107*).(b) The pH of gastric juice in the stomach
of a certain individual is 1.00. After a few aspirin tablets have been swallowed, the
concentration of acetylsalicylic acid in the stomach is 0.20 M. Calculate the percent
ionization of the acid under these conditions.

Solution(a): [H*]1=10"P" [H*]=0.1
CoHgO4 (aq) = C9H,04 (aq) + HT(aq)

/nitial (M): 0.20 0.0 0.0
Change(M): —X +X +X
Equilibrium (M): 02—-X X 0.1+X
K,= XI55 q10-4 =B 014X % 60 x 1074

[0.20—X] [0.20-X]

ionized acid concentration at equilibrium

Percent ionization = X 100%,

initial concentration ofacid

-4
Percent= 6'02120 X 100% , Percent= 0.30%




CHAPTER 5

Introduction

1o

Organic Chemistry



5.1 Introduction to Organic Chemistry

The branch of chemistry that deals with carbon compounds is
Organic Chemistry. The hydrocarbons are used as fuels for domestic and
industrial heating, for generating electricity and powering internal
combustion engines, and as starting materials for the chemical industry.
Biomolecules such as proteins, carbohydrates, fats, and nucleic acids are
organic compound. Wool, cotton and silk, in addition to nylon and
acrylates, ...etc. ( the raw materials in cloths and furniture industry), are
organic compounds. All plastic materials, and some dyes and paints are
organic compounds. Detergents, drugs, and deferent pharmaceutical
products and perfumes are basically organic compounds. Furthermore,
some organic compounds with special structural properties, are recently

incorporated in the industry of deferent electronic devices.



Hydrocarbons

The simplest type of organic compounds is the hydrocarbons, which contain only
carbon and hydrogen atoms. Carbon can form more compounds than most other
elements because carbon atoms are able not only to form single, double, and triple
carbon-carbon bonds, but also to link up with each other in chains and ring
structures. All organic compounds are derived from the /ydrocarbons because
they are made up of only /Aydrogen and carbon. On the basis of structure,
hydrocarbons are divided into two main classes—aliphatic and aromatic. A/iphatic
hydrocarbons do not contain the benzene group, or the benzene ring, whereas
aromatic hydrocarbons contain one or more benzene rings.

Hvdrocarbons

Atiphatic Aromatic

Alkanes Cwcloalkanes Alkenes Alkvnes



Aliphatic Hydrocarbons

Aliphatic hydrocarbons are divided into alkanes, cycloalkanes, alkenes, and
alkynes

Alkanes

Alkanes are hydrocarbons that have the general formula C H,, ,,, where n =
1, 2, 3. .. The essential characteristic of alkanes is that only single covalent bonds
are present. The alkanes are known as saturated hydrocarbons because they

contain the maximum number of hydrogen atoms that can bond with the number
of carbon atoms present.

i il iy
H H H H H H
Methane Ethane Propane
i

|5 —{——J5

oo x| x
i i i

H H H H H H H



Table 5.1 shows the melting and boiling points of the straight-chain
Isomers of the first 10 alkanes. The first four are gases at room
temperature; and pentane through decane are liquids. As molecular
size Increases, so does the boiling point.

Table 5.1
Number of

Name of Molecular Carbon Melting Boiling
Hydrocarbon Formula Atoms Point (°C)  Point (°C)
Methane CH, 1 —182.5 —161.6
Ethane CH;—CH; 2 —1833 —BE.6
Propane CH;—CH,—CHj; 3 — 1897 —42 1
H CH;—(CH,),—CHj 4 —1383 —0.5
pERT CH;—(CH,);—CHj 5 —129.8 36.1
e CH;—(CH,),—CH; 6 —953 68.7
T CH;—(CH,)s—CH; 7 —90.6 98.4
Trie CH;—(CH,)s—CHs g —56.8 125.7
[smems CH;—(CH,)—CHj 9 —535 150.8
e CH;—(CH,)s—CH; 10 —29.7 174.0



Alkane Nomenclature

The nomenclature of alkanes and all other organic compounds is based on the
recommendations of the International Union of Pure and Applied Chemistry (IUPAC).
The first four alkanes (methane, ethane, propane, and butane) have nonsystematic
names. As Table 5.2 shows, the number of carbon atoms is reflected in the Greek
prefixes for the alkanes containing 5 to 10 carbons.

Table 5.2
Number of

Name of Molecular Carbon
Hvdrocarbon Formula Atoms
Methane CH, 1
Ethane CH;—CH; 2
Propane CH;—CH-.—CH; 3
Butane CH;—(CH-,)-—CH3, 4
Pentane CH;—(CH-,);—CH3, >
R CH;—(CH,)s—CHa 6
Heptane CH;—(CH-,)s—CH; Fi
Octane CH;—(CH,)s—CHa 8
Nonane CHi;—(CH-,)-—CH; 9
Decane CHy;—(CH-,)g—CH; 10




The IWPAC Rules for Alkane Nomenclature
Q) 3] ja aa C J) Q\JS@ﬁﬂé&AJ(@j@l\éQﬁJ&i Gﬁ‘JMMMdJLi‘;AJ) e‘i\M‘ a1
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CH;

2
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CH,—CH,—CH,—CH—CH,—CH,—CH,
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chday ) ) 1Sy L ethyl e C 03 (e 0SS 19 methyl (e Baalg C 503 e (S OIS
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CH; CHj CH;
1 2| 3 4 5 1 2 3| 4 5 6
CHy— CH—CH—CH,—CH,—CH;  CH;—CHy— r|_ — CH,—CH,—CH,
CHj
2 5-dimethylhexane 3,3-dimethylhexane

-
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3-bromo-2-nitrohexane NGOz Br

1 2 | 3 | 4
CH;— CH—CH—CH-

Common Alkyl Groups Names of Common
Substituent Groups

1 2
CH;—CH,

Name Formula
Functional

Methwvl —CH;, (ro up MName
Ethwl —CH->—CH3; _
n-Propyl —(CH,),—CHs —INH- Arnino
n-Butyl —(CH,)s—CHs —F BT

CHS, —1 Chloro

| —Br Bromo

Isopropvl —C—H —T71 Ilodo

|
CH- —INO> Nitro



Reactions of Alkanes

Alkanes are generally not considered to be very reactive substances. However,
under suitable conditions they do react.

1. Combustion Reaction: Natural gas, gasoline, and fuel oil are alkanes that
undergo highly exothermic combustion reactions:

CHy(g) + 20,(g) —> COy(g) + 2H,0(l)  AH® = —890.4 kJ/mol
2C;He(g) + 705(g) — 4C0O5(g) + 6H,O)  AH® = —3119 kJ/mol

These, and similar combustion reactions, have long been utilized in industrial
processes and in domestic heating and cooking.

2. Halogenation of alkanes: The replacement of one or more hydrogen atoms by
halogen atoms. When a mixture of methane and chlorine is heated above 100°C or
irradiated with light of a suitable wavelength, methyl chloride is produced:

CHy(g) + Cla(g) —— CHiClig) + HCl(g)
methy]l chlonde
If an excess of chlorine gas is present, the reaction can proceed further:

CHzCl{g) + Cla{g) —— CH->C1>(/) + HC1{=)
myethyvlens chilormide

CH-Cl-(l) + Cla(g) — > CHCIls(D + HClig)

chilorofiorm
CHCl3(l) + Cla(g) —— CCLly(N + HCl(g)

carion tetrachlomde



Alkenes

The alkenes (also called o/efins) contain at least one carbon-carbon double bond.
Alkenes have the general formula C H,,, where n =2, 3, . ... The simplest alkene
is ethylene C,H,, in which both carbon atoms are sp-hybridized and the double
bond is made up of a sigma () bond and a pi (7r) bond.

H H
~ / ~
v u < g ‘Q =D
Ethylene

Geometric Isomers of Alkenes (<liusSPU Luwigh il sag Y

Molecules containing carbon-carbon double bonds (that is, the alkenes) may have
geometric Isomers, which have the same type and number of atoms and the same
chemical bonds but different spatial arrangements. The molecule dichloroethene,
CIHC=CHCI, can exist as one of the two geometric isomers called c¢/s1,2

dichloroethene and 7rans-1,2-dichloroethene:
H -

\ / AN /

C—C C—0C

7/ N / AN
P F =

trans-1_2-dichloroethens cis-1_2Z-dichloroethens

— s |



CIS means that two particular atoms (or groups of atoms) are adjacent to each
other. GRS AL (e dal g s o 2l dguldda (e gana 9 (Y CFS
[rarns means that the two atoms (or groups of atoms) are across from each other.
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Alkene Nomenclature
Al ) gl da ga jall 5_ua¥) 34U o Jeb¥) Aadid) ad 5 die o) g CULSY) dtand a0 g8 udl ald
A 0A gl yaag i) £ g8 Maad caang, (-ene) ahalally G and dilgs LB (-ane) adalal) Jadien g
Ay AiaY) A Las | SN A S frans o) cis

CH»—CH—CH»—CH;  H3;C—CH=CH—CH;

1 -butene 2-butens
. 1
CH; | H,C H
1 4 5 & », 2 37
H5C ~ CH—CH->—CHj; C=C ) _
N2 3/ / N4 -\ o
CC H CH—CH,—CH;
% N\ |
H H CH;

cis-4-methyl-2-hexene
- irans-4-methyl-2-hexene



Properties and Reactions of Alkenes

Ethylene is an extremely important substance because it is used Iin large quantities
In manufacturing organic polymers (very large molecules) and in preparing many
other organic chemicals. Ethylene and other alkenes are prepared industrially by
the cracking process, that is, the thermal decomposition of a large hydrocarbon
into smaller molecules. When ethane is heated to about 800 °C in the presence of
platinum it undergoes the following reaction. Other alkenes can be prepared by
cracking the higher members of the alkane family.

» CH>»—CHas,(g) + Halg

A

CoHeglg)

catalyst

Alkenes are classified as wnsaturated hydrocarbons, compounds with double or
triple carbon-carbon bonds. Unsaturated hydrocarbons commonly undergo
addition reactions in which one molecule adds to another to form a single product,
as follows:

1. Hydrogenation: addition of hydrogen gas to C=C
2. Halogenation: addition of halogen X, (X =F, Cl, Br, or I) to C=C
3. Addition of HX (X=F, Cl, Br, or I) to C=C



Hydrogenation

Hy(=CH, + X, —> CHX—CH,X  Halogenation
Hy(=CH, + HX — CH;—CH)X Addition of HX

The addition of a hydrogen halide (HX) to an unsymmetrical alkene such as
propene is obey Markovnikov’s rule ((the addition of unsymmetrical (that is,
polar) reagents to alkenes, the positive portion of the reagent (usually hydrogen)
adds to the carbon atom in the double bond that already has the most hydrogen
atoms)).

H,H T T
f{:'=l:'a + HBr — H—C {lj CH4 + H (lj (l:' CH4
H CHs H Br Br H
propenes 2-bromopropane 1-bromopropane

g Jad) Ciliay)) dua i gSid oS jla Bac B cana i B & S da g3 3al) B el Jdo HX 4dL)
(X)) il g3l ciliayg H il (pa 23 S dldlald) 4y gajal) 3 ) C 33 Ao (HY) agall
2-bromopropane st s hié aa) gm0 ey HBr g propene J) Jelii didl (A C 5,3 e



Alkynes

Alkynes contain at least one carbon-carbon triple bond (== . They have the
general formula CH,,_», wheren=2,3, .. ..
53 AU ¢ Ao diyjad) b Al Johl a8 59 il B dalad) dpandl) 3o g8 (il il (sl drandd
il B (-ane ) Y& (-yne) adabally G and gl Aadad) A a8 Y aual A 5 Y C
. . . . _ . . . < Y B LS, JA8al) sty
HC=C—CH,—CH;  H;C—C=C—CH; o s sl

1-butyne 2-butyne

trans s cfs ssiad ¥ Gl of (o cllah) & duaiy <l ya gl a8 Y Ak
Reactions of Alkynes

.o _ . Hyad l
CoHy(g) + Halg) — CoHy(g) 7o0emon

2 CH=CH(g) + Xs(g) — CHX=CHX(g)  Halogenation
CH=CH(g) + 2X5(g) —> CHX,—CHX()

ij\\ H

CH;—C=(C—H + HBr — C=
/ N

Br H

propyne 2-bromopropene

3. Addition of HX (Markovnikov’s

rule)
(X=F CI, Br,orl)

5



Aromatic Hydrocarbons

Benzene (CzH,) is the parent compound of this large family of organic substances.
It is best represented by both of the following resonance structure:

H H
= e | |
= H. . _H H. C. H
T T e R N
‘ — ‘ C C C C
o . I “«—> | |
e e, e {:-,;:.., - C ':‘-\. .__.-‘:.{:1
S i g~ cT g - ¢ SH
|
H H

Benzene is a planar hexagonal molecule with carbon atoms situated at the six
corners. All carbon-carbon bonds are equal in length and strength, as are all
carbon-hydrogen bonds, and the CCC and HCC angles are all 120.

Benzene is a colorless, flammable liquid obtained chiefly from petroleum and coal
tar. Perhaps the most remarkable chemical property of benzene is its relative
Inertness. Although it has the same empirical formula as acetylene (CH) and a
high degree of unsaturation, it is much less reactive than either ethylene or
acetylene. The stability of benzene is the result of electron delocalization.




Nomenclature of Aromatic Compounds

 The naming of monosubstituted benzenes, that is, benzenes in which one H
atom has been replaced by another atom or a group of atoms, iIs quite

straightforward, as shown next:

EH ~CH; j‘l x NO,
gt i,
] () )
-ﬂfl H:;—;j’i x}-— *"". R__.{L
ethvlbenzene chlorobenzene aminobenzene nitrobenzene
(aniline)

If more than one substituent is present, we must indicate the location of the second
group relative to the first. The systematic way to accomplish this is to number the
carbon atoms as follows: (The prefixes o- (ortho-), m- (meta-), and p- (para-) are
also used to denote the relative positions of the two substituted groups)

1 Br fl‘ Br
_/__,..-f’:'“*-h_ﬂ - Br
O O ) ®
\ N/ \__/ \__/
_ o e —
J ""w-hIHH"— "; 3 g Br H‘]
4 Br
1.2-dibromobenzene 1.3-dibromobenzene 1 4-dibromobenzene

{o-dibromobenrene) (m-dibromobenzene) {p-dibromobenzene)



« Compounds in which the two substituted groups are different are named

accordingly. Thus, NO- IS named 3-bromonitrobenzene, or -

bromonitrobenzene. #Jx i
TN
= i\l

S,
Br

* Finally we note that the group containing benzene minus a hydrogen atom
(C¢Ho:) Is called the pheny/group. Thus, the following molecule is called

2-phenylpropane



Some Reactions of Aromatic Compounds

H - H H -
4 o3P, — T Hydrogenaton
- catalyst H_.-"'". H
H H e 7 H
9 H H
cyclohexane
H Br
H H H H
+ Bry —2> + HBr  Halogenation
H H ‘ H H
H H
bromobenzene
CH,CHj;
+ CH;CH,Cl ——» 1+ HCI
324 catalyst Alkylation

ethyl chloride ethylbenzene



Homework (3)/ Introduction to Organic Chemistry

Q1) Give the IUPAC name of the following compounds:

CH; CH;
| | Br
CH;—C—CH,—CH—CH>—CHj; |

[lng EH:ZCH_CH_CHJ_CHJ
NO-

;}

2 ‘ﬂ C|‘.H3 C,Hs C,Hs

)Y | 1 \

7 cnycn, CH;—CH—CH,—CH—CH,—CH—CH,—CHj;

Q2) Write the structure for each of the following compounds:
(@) 2,3-Dimethylpentane (b) 1-Bromo-3-methylbenzene

(c) cis-2-Butene

Q3) Complete the following chemical equations:
(a) CH3CH3 + Brg —
(b) CHz— T=Cc-H+HCI —=
AlCI,

(c) + CHCI
catalyst



Biochemistry
Biochemistry is the study of chemical processes that relating to living
organisms
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1. The chemical elements of life:
Although more than 25 types of elements can be found in biomolecules, six

elements are most common. These are called the CHNOPS elements; the letters
stand for the chemical abbreviations of carbon, hydrogen, nitrogen, oxygen,

phosphorus, and sulfur.
W, I
Hydrogen Oxygen Sulfur

Carbon Nitrogen Mhosphorus
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2. Structure and composition of the cell:
The cell is the basic structural, functional, and biological unit of all known
organisms. A cell is the smallest unit of life. Cells are often called the "building
blocks of life". Cells consist of cytoplasm enclosed within a membrane, which
contains many biomolecules such as proteins and nucleic acids. Most plant and
animal cells are only visible under a microscope, with dimensions between 1
and 100 micrometers.
Organisms can be classified as unicellular (consisting of a single cell such as
bacteria) or multicellular (including plants and animals). Most unicellular
organisms are classed as microorganisms.
Plant Cell Animal Cell Qewus
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3.Biomolecules
The main classes of biomolecules are:
Carbohydrates , Lipids , Proteins , Nucleic acid
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3-1. Carbohydrates
Carbohydrates are polyhydroxy aldehydes or ketones. Carbohydrates consists of

Carbon, Hydrogen and Oxygen. The general formula of carbohydrates is
C,H,,0,.

H O
N
C CH,OH
| 1
H C OH =0
I l
HO C H HO C H
| l
H C OH H COH
| I
H C OH H C OH
| l
CH>,OH CH,OH
D- Glucose D - Fructose
(&b Ui g S A gana 5 5) sulgeal) JSa (ol s Jigo S A sana o (5 9an) (A S0 S



There are three major classes of carbohydrates that based on the number of
forming units:

1) Monosaccharides: contain a single unit of polyhydroxyketone or aldehyde such as
(glucose)

2) Oligosaccharides: contain 2-10 of monosaccharide units such as(succharose)

3) Polysaccharides: contain hundreds of monosaccharide units such as (starch)

3t 5 S0 .1-3
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3-2. Lipids:
In biology and biochemistry, a lipid is a biomolecule that is insoluble in aqueous
solutions but soluble 1in nonpolar solvents such as benzene.
Classification of lipids:

1) Simple lipids: are fats /oils & Waxes.

2) Compound or Complex lipids: are Phospholipid, Glycolipid & Lipoprotein.
3) Derived lipids are fatty acids, glycerol, fat soluble vitamins,etc.

Glycerol Fatty Acid
H H H saturated fatty acid
| | I 0. HHHHHHKEHHHHHHHH
Moo C 6 6C-C-C-C-C-C-C-C-C-C-C-C-C-H
H C C C H O RAHAAHARHHBAAAAR
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3-3. Proteins

Proteins are large size molecules . The basic units of protein structure is called
amino acids. An amino acid consists of an a- carbon atom attached to
an amino group( —NH,), a carboxylic acid group(-COOH), a simple hydrogen
atom, and a side chain commonly denoted as (—R). The side chain (R) is
different for each amino acid. A total of 20 amino acids exist in proteins. Amino
acids can be released from proteins by hydrolysis. (Hydrolysis is the

cleavage of a covalent bond by addition of water in adequate conditions.)
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3-4. Nucleic acids

The two main types of nucleic acids are deoxyribonucleic acid (DNA) and
ribonucleic acid (RNA). DNA is the genetic material found in all living
organisms. RNA, is mostly involved in protein synthesis.

- .
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4. The chemical origin of life:
The chemical origin of life refers to the conditions that might have existed and

therefore promoted the first replicating life forms. It considers the physical
processes and chemical reactions that could have led to early replicator
molecules.

slall Ll sl 4

3 Sl slall JISEY cmg )y Mallg ¢ g 8l Gl ) sball Sles) Ja¥) iy
Gliall o cual Al e 3l eolelall y 460 5l cllead) s ol cSaall e A5V
BoSaall 5 Al

Questions:

Q1/What is Biochemistry?

Q2/How can classify organisms according to their cell?

Q3/ What are the main classes of biomolecules?

Q4/ Write the types of carbohydrates and give example of each type.

Q5/ Is lipid soluble in water? What are the main classes of it? write examples for
each one.

Q6/ What is an amino acid consists of ?and how can release it from protein?

Q7 What are the types of nucleic acids?



