ATOMS, PERIODIC TABLE
AND ENERGY

Learning Objectives:

l. Abbreviated name of the element

. Periodic Table

M. History of Atom

V. Basic components of an atom

V. Isotopes and Atomic Weight

VI. Electrons arrangement around an atom

VII. Rules to determine the Electronic Configuration of an atom

VIIl.  Location of element in the periodic table related to its number of valence electrons
IX. Electron dot symbol

X. Periodic Trends

Xl Energy

Xll. Specific Heat



I. Abbreviation of elements

Elements are chemically the simplest substances and hence cannot be broken down using
chemical reactions. Each element has a name. The name of an element is abbreviated by a one or
two-letter symbol, called chemical symbol. The first letter of the chemical symbol is a capital
letter, while the second letter (if there is one) is a lowercase letter. Some elements have symbols
that derive from earlier, mostly latin names, so the symbols may not contain any letters from

English name.
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In any formula of a chemical, always symbols are used to identify the element present in that
chemical. Most cases, number of unit of a particular element (atoms) are written as subscript.
For example, most people take caffeine in every day. Caffeine has chemical formula:
C14H18N4Oo and the structure of caffeine looks like the structure below:

For a descriplion of the data, visit physics nistgovidata
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Caffeine Content of Beverages

reneaaox ymi-tsomg - Imaneo 27 70mg

Drip (8 oz, 237 mL)~100 m
: 9 - Decaffeinated (8 oz, 237 mL)~5 mg

Coffee

Energy drink  Cola Tea Hot chocolate
(8 oz, 237 mL) (120z,355mL) (8o0z 237 mL) (8 0z, 237 mL)
~80mg ~40 mg ~40 mg ~5mg

It means that a caffeine molecule is made of four different elements, carbon, hydrogen, oxygen
and nitrogen. There are 14 carbon atoms, 18 nitrogen atoms, 4 nitrogen atoms and and 9 oxygen
atoms are present in one unit of caffeine.

The definition of atoms and molecules will be discussed in later section of this chapter.



https://www.youtube.com/watch?v=rz4Dd11_fX0

To know the names of each element please visit:
https://www.flickr.com/photos/mrspugliano/5351057718/in/photostream/

Question:
1. Identify the elements in each chemical formula and tell how many atoms of each are
present?
a. KoCr2 07,

b. CsHsNNaO4 (MSG, flavor enhancer)
c. CioH16N203S(Vitamin B7)

Ans: a. Potassium, Chromium, Oxygen
Potassium-2, Chromium-2, Oxygen-7

b. Carbon, Hydrogen, Nitrogen, Sodium, Oxygen
Carbon-5, Hydrogen-8, Nitrogen-1, Sodium-1, Oxygen-4.

c. Carbon, Hydrogen, Nitrogen, Oxygen, Sulfur



Carbon-10, Hydrogen-16, Nitrogen-2, Oxygen-3, Sulfur-1

Chapter Objectives

I1. Features of Periodic Table

Dmitri Mandeleev, a Russian Scientist, organized all the known elements according to atomic
weight. He realized that certain properties of elements recur periodically, the table is known as
Periodic Table.

In most Modern Periodic Table, elements are listed in order of increasing atomic number.
The vertical columns are assigned group numbers using two different numbering schemes I-VIII
plus the letter A or B or 1-18.

The periodic table is divided into main group elements (Group 1A-8A) or representative
elements, Transition metals (Group IB-8B) and the inner transition elements or rare earth
elements are located in the two rows below the main table. Group IA, IIA are on the left hand
side of the periodic table, group IITA-VIIIA are on the right hand side of the periodic table. In
between ITA and IIIA, group B elements or transition elements are present.

Elements that have similar physical chemical properties are grouped in columns called groups or
families. Some of these groups have special names, for example group I-alkali metals, Group II-
alkaline earth metal, halogens: second last column, and noble gases (the last column of
elements).

Not only do the elements in any particular column of the periodic table share similar properties,
properties can also vary in some similar away down the column or across the period. For
example: elements Fluorine (atomic number 9), chlorine (atomic number 17), Bromine ( atomic
number 35) and lodine ( atomic number 53) all fall in the under the same column on periodic



table. They are all colorful substances and the color gets deeper down the group. This group of
elements is called halogen. Boiling points of halogens regularly increase down the group.

Each row of elements on the Periodic table is called a period. Periods have different lengths.
There are three classes of elements, metals, nonmetals and metalloids. The majority of element
are metals. Metals are shiny materials that are good conductor of heat and electricity. All metals
are solids at room temperature except Hg (liquid). Metals have malleable and ductile property.

Nonmetals do not have a shiny appearance and they are generally poor conductor of heat and
electricity. They can be solid (Carbon, sulfur), liquid (Bromine) or gas (Nitrogen, oxygen). With
the exception to the hydrogen, they appear to the right side of the periodic table.

The Periodic table contains a step line from Boron to Astatine. All metals are located to the left
of the line. All nonmetals except Hydrogen are located to the right of the line. The eight elements
located along the line are metalloids. Metalloids have properties intermediate between metals
and nonmetals. Eight elements that are categorized as metalloids: Boron, Silicon, Aresinic,
Germanium, Antimony, Tellurium, Polonium(Po) and Astatine(At).

Each box on the periodic table represents one element. For example in the diagram below, the
element hydrogen is represented by its symbol H, atomic number 1 and atomic weight 1.008
amu.

Below is an example of how melting and boiling point change acorss the period or down the
group.
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Interactive simulation on Periodic Table:

TRY THIS OUT!

Here is the magnified view of the one of the boxes of periodic table and their meaning

Atomiie Number
Element
Symbol

Widghted- average
Afomic Mass

1

H

1.00724
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Activity:
http://www.chemeddl.org/resources/ptl/

Click on each element on the above simulation site and get information about that element. For
example click on 1) Hg, 2) Cs and 3) He, which one is solid, liquid and gas?

Also, look at the color classification of the metals, nonmetals and metalloids. Can you name one
transition metal, one nonmetal solid and one Nobel gas?

Here are some examples of elements from periodic table:




Boron Bismuth
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The following activity has been taken from AACT

Periodic table puzzle

Lucky Seven
Directions

First, use the periodic table and the clues provided below to determine the seven element names
that are hidden in the puzzle below. Then try to find the letters of each of the element names in
the puzzle. The names are organized in circles, with one letter from the name placed in the center
of the circle and the rest of the letters surrounding it.

Note: The letters may not be organized in the order that they appear in the name! An example for
Lithium is shown below for reference:



Clues

1. This toxic element is a metalloid found in the 4™ period.

2. This metal is slightly heavier than potassium, and readily gives up two electrons to form
bonds with non-metals.

3. This element has 92 protons and is located in the Actinide series.

4. This metalloid has the same number of valence electrons as carbon, and is approximately
double the mass of nitrogen.

5. This transition metal is commonly known as Quicksilver, and is the only metal that exists
as a liquid at standard temperature and pressure.

6. This noble gas is heavier than 35 other elements on the periodic table.

7. This very reactive halogen is more than double the mass of the halogen that is located in
the period before it.




Answer Key: Lucky Seven
Directions

First, use the periodic table and the clues provided below to determine the seven
element names that are hidden in the puzzle below. Then try to find the letters of
each of the element names in the puzzle. The names are organized in circles, with
one letter from the name placed in the center of the circle and the rest of the
letters surrounding it.

Note: The letters may not be organized in the order that they appear in the name!

Clues
1. This toxic element is a metalloid found in the 4™ period. Arsenic

2. This metal is slightly heavier than potassium, and readily gives up two
electrons to form bonds with non-metals. Calcium
3. This element has 92 protons and is located in the Actinide series. Uranium

4. This metalloid has the same number of valence electrons as carbon, and is
approximately double the mass of nitrogen.

5. This transition metal is commonly known as Quicksilver, and is the only metal
that exists as a liquid at standard temperature and pressure. Mercury

6. This noble gas is heavier than 35 other elements on the periodic table.
Krypton

7. This very reactive halogen is more than double the mass of the halogen that
is located in the period before it.



Questions:

1. Identify the following elements in the periodic table and give 1) element’s name and
symbol, 2) metal, nonmetals or metalloids 3) classification (transition, rare earth, main
group etc.)

a) Period 4, group 1A
b) Period 3, group 8A
c) Period 5, group 12

2. Write metals, nonmetals or metalloids to match the following:
a) Ductile:

b) Poor conductor of heat and electricity:

c) Only eight elements of periodic table:

Ans: 1. a) Potassium K, metals, alkali metal
b) Argon Ar, nonmetal, noble gas
¢) Cadmium Cd, metal, Transition metal

2. a) metal
b) nonmetal



c)metalloids

Chapter Objetives

III. Concept of atom

All matter, such as solids, liquids and gases, is composed of atoms. Any material that is
composed of only one type of atom is called a chemical element, a basic element, or just an
element. An atom is the smallest particle of any element that still retains the characteristics of
that element. A piece of an element that we are able to see or handle is made of many, many
atoms and all atoms are the same...they all have the same number of protons. Protons and other
subatomic particles will be discussed a little later. The atoms of different elements are different
from each other because they have different numbers of protons. The graphic below illustrates
this point by showing the atoms of two elements in the containers of oxygen and hydrogen.

\.

Hydrogen Oxygen

The atoms in oxygen are identical to each other. The atoms in hydrogen are identical to each
other. However, the atoms of oxygen are different from the atoms of hydrogen. Elements can be
monoatomic like Al, Na, diatomic like H2, N2 or polyatomic like Ss or Pa.

Compounds, like water, are formed by combining the atoms of different elements together
according to some chemical formula. The fundamental unit if compound is a molecule. Molecule
is a tightly bound combination of two or more atoms that acts as a single unit.

According to modern scientific theory, any matter is made of atom that consists of subatomic
particles. The theory of atom was developed over the time. The word "atom" comes from the
ancient Greek word "atomos," which means "indivisible."
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Atoms visible through spetroscope
Watch the video:

GPB: Development of Atomic Theory

The modern atomic Theory was proposed by English Chemist John Dalton is a
fundamental concept that that states
1) all elements are composed of atoms.
2) An atom is defined as the smallest part of an element that maintains the identity of that
element. Individual atoms are extremely small.
3) Atoms are indivisible and indestructible.
4) Compound is made of specific ratios of atoms. If the ratio changes, different compounds
are formed.
5) Chemical reactions are interpreted as rearrangement of atoms. In other words, atoms are
neither destroyed nor created in a chemical reaction, only their connectivity with other
atoms changes.

Some elements exist as diatomic molecules such as Hydrogen (Hz2), Oxygen (Oz), Nitrogen (N2),
fluorine (F2), Chlorine (Cl2), Bromine (Br2) and Iodine(I2).

Up to this point, atoms were believed to be the smallest units of matter. In 1897, J.J. Thomson
discovered the electron. He believed atoms could be divided. Because the electron carried a
negative charge, he proposed a plum pudding model of the atom, in which electrons were
embedded in a mass of positive charge to yield an electrically neutral atom.

Ernest Rutherford, one of Thomson's students, discarded plum pudding model in 1909.
Rutherford found that the positive charge of an atom and most of its mass were at the center, or
nucleus, of an atom. He described a planetary model in which electrons orbited a small, positive-
charged nucleus. Modern structure of atoms was established from Rutherford’s experiment.



Observation from Rutherford’s experiment: A very thin metal foil was aimed a beam of
positively charged particles from a radioactive source toward the foil. Most of the particles
traveled straight through the foil, but some alpha particles were deflected off one side. Some
were even deflected toward the source. He proposed the planetary model of atom.

Detecting screen Gold foil

Alpha particle
emitter

Please find below the diagrams for Rutherford’s Observation
Top: Predicted, Bottom: Actual



Go to the following link and Perform Rutherford’s experiment as well as Plum Pudding model
experiment. What difference do you notice when you perform both experiments?

https://phet.colorado.edu/sims/html/rutherford-scattering/latest/rutherford-scattering_en.html

Atom
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Rutherford Scattering “ u t ] :
Rutharford Atam .
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Questions:



1. What postulate of atomic theory is partially correct and needs to be modified?
Why?
2. What is the main discovery of Rutherford’s experiment?

Ans: 1. Isotopes, atoms of same elements but not identical
2.Nucleus in an atom

Chapter Objectives

IV. Structure of Atom

Now that we have talked about how atoms are combined to make other substances, let's talk about the
particles that make up the atom. Particles that are smaller than the atom are called subatomic particles.
The three main subatomic particles that form an atom are protons, neutrons, and electrons. The center
of the atom is called the nucleus. First, let's learn a bit about protons and neutrons, and then we will talk
about electrons a little later.

An atom is composed of two parts: a dense nucleus containing positively charged protons and
neutral neutrons. And an electron cloud containing negatively charged electrons. These are called
subatomic particles. Most of the mass of an atom resides in the nucleus, while the electron cloud
contains most of its volume. Electrons are massless, protons and neutrons have their own mass of
1 amu. Protons have one positive unit of charge and electrons have one negative unit of charge.
Neutrons are neutral in charge.

The atomic number(Z) of a neutral atom tells the number of protons and the number of
electrons. The mass number (A) is the sum of the number of protons (z) and number of
neutrons. General symbol of an element:

A

X
z



- Nucleus: protons+ neutrons

Electrons
Subatomic Symbol location Charge Mass
Particle
Proton pt nucleus +1 1 amu
Neutron n or n’ Nucleus 0 1 amu
Electron e- Outside -1 0
nucleus

/ Nucleus

—
10 m

10%m

If an atom could be expanded to the size of a football stadium, the nucleus would be the size of a
single blueberry. (credit middle: modification of work by “babyknight”/Wikimedia Commons;

credit right: modification of work by Paxson M/

TRY THIS OUT!
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https://phet.colorado.edu/en/simulation/build-an-atom

1) Go to the above activity and hide the mass number box and net charge box
2) Drag and drop 7 protons and 7 neutrons from the bucket and put in in the nucleus

3) Which element is this?

4) What is the atomic number and mass number of the element?
5) Now put 6 electrons and predict the charge
6) Open the Mass number box, net charge box, click on the element and compare your result
7) Add some more neutrons and observe the simulated picture. Can you predict when the

atom will become unstable?

There is a difference between mass number and atomic mass. Atomic mass is a weighted
average of all the isotopic masses and it has a fractional value; whereas mass number is an

integer number and only indicates total number of protons and neutrons in an isotope of an
element. Please watch the following video.
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For more videos,
check out:

www.video
chemistry

textbook.com

https://www.youtube.com/watch?v=m15DWkkGe 0

Questions:

1. Determine the number of neutrons in each atom of the following element:
a) Carbon-14
b) Magnesium-25

2. Complete the table below:

Atomic Mass Number of Number of Number of Symbol/Name
number Number Protons Neutrons Electrons of the element
11 23 12
25 Mg
Deuterium
(2H)
238
160 79
30 28
19 9

Ans:



b)13
2.

Atomic Mass Number of Number of Number of Symbol/Name

number Number Protons Neutrons Electrons of the element
11 23 11 12 11

12 25 12 13 12 BMg

1 2 1 1 1 Deuterium

(*H)

92 238 92 146 92 28y

79 160 79 81 79 160 Ay

30 58 30 28 30 B37n

9 19 9 10 9 °F

Chapter Objectives

V. Isotopes and Atomic Weights

Although John Dalton stated in his atomic theory of 1804 that all atoms of an element are
identical, the discovery of the neutron began to show that this assumption was not correct. not all
atoms of a given element are identical. Specifically, the number of neutrons can be variable for
many elements.

The element carbon (C) has an atomic number of 6, which means that all neutral carbon
atoms contain 6 protons and 6 electrons. In a typical sample of carbon-containing
material, 98.89% of the carbon atoms also contain 6 neutrons, so each has a mass
number of 12. An isotope of any element can be uniquely represented as zX, where X
is the atomic symbol of the element. The isotope of carbon that has 6 neutrons is
therefore 6'2C. The subscript indicating the atomic number is actually redundant
because the atomic symbol already uniquely specifies Z. Consequently, C612 is more
often written as '>C, which is read as “carbon-12.” Nevertheless, the value of Z is
commonly included in the notation for nuclear reactions because these reactions
involve changes in Z,

Isotopes are atoms that have the same number of protons but a different number of neutrons.
Isotopes are chemical similar in nature since they have same number of electrons. Isotopes have
identical atomic number but different mass number.

Addition to '*C, a typical sample of carbon contains 1.11% C613 (*3C), with 7 neutrons and 6
protons, and a trace of C614 ('*C), with 8 neutrons and 6 protons. The nucleus of '“C is not
stable, however, but undergoes a slow radioactive decay that is the basis of the carbon-14 dating
technique used in archaeology. Many elements other than carbon have more than one stable



isotope; tin, for example, has 10 isotopes. The properties of some common isotopes are in Table
2.5 "Properties of Selected Isotopes".

Carbon-12 Carbon-13 Carbon-14
98.9% 1.1% <0.1%
6 protons 6 protons 6 protons
& neutrons 7 neutrons 8 neutrons

Another example,

1e” 1e”
O
1p* Yo 1p%,1n° 1 ph2dn®
(a) Hydrogen (b)  Deuterium (c) Tritium

Atomic Mass:

Most elements occur naturally as a mixture of two or more isotopes. Table below shows the
natural isotopes of several elements, along with the percent natural abundance of each.

The atomic weight is the weighted average of the mass of the naturally occurring isotopes of a
particular element. To determine the atomic weight of an element, two quantities are required,
the mass of each isotope in atomic mass unit (1.6 *102* g) and the abundance with which each
isotope occurs.

Calculation of Atomic Weight:

To calculate the atomic weight or atomic mass of an atom, each exact isotopic mass is multiplied
by its percent abundance (expressed as a decimal). Then, results are added together and rounded

off to an appropriate number of significant figures. Values of each isotopic abundance is usually

expressed in percentages and converted to decimal during calculations.

Example:



Carbon has two isotopes C-12 and C-13. The mass values of C-12 isotope C-13 isotopes are
12.00 and 13.003355 amu with abundance values 98.90% and 1.10% respectively. Determine
the average atomic mass of Carbon.

(12.000000) (0.9890) + (13.003355) (0.0110) = 12.011 amu

Find below the percent abundance values of Copper element.

Copper, ,,Cu

Isotopes in terrestial samples:

69%

A; stq = 63.55

https://www.youtube.com/watch?v=ZtKuHxJXH6I
To practice calculation of atomic mass, watch this out!

\ ':G'r\w.r"r all |@ 0.005E00 0L S GD_,/;
N o Percentoaes  to s 0 L8607
\ i cimals by dividiag “ 'Eﬁ{ 000 ,f;
! 82, 98 =
gloo. & |
Adownic Mass= (24 « wass) + ..

@
Wiomic Mass ghiisc0 ~ 85.907;

TRY THIS OUT!




https://phet.colorado.edu/en/simulation/isotopes-and-atomic-mass
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1) Go to the above activity and click on the mixture.

2) Pick the element Nitrogen.

3) Drag and drop one atom of each isotope of Nitrogen and then click on Nature’s mix.

4) Hide the percent composition and average atomic mass boxes.

5) Now estimate percent abundance from the visual represented and calculate average
atomic mass.

6) Open the Percent composition and average atomic mass boxes.

7) Compare your value with the values provided in the boxes.

Table 2.5 Properties of Selected Isotopes

Atomic Mass Isotope Mass Isotope Masses Percent Abundances

ElementSymbol Number (amu) (%)

1 1.007825 99.9855
hydrogenH 10079, 2.014102 0.0115
boron B 051 10 10.012937 19.91

11 11.009305 80.09



ElementSymbol Atomic Mass Isotope Mass Isotope Masses
(amu) (amu)
12 12 (defined)
carbon C 12.01113 13.003355
16 15.994915
oxygen O 15.999417 16.999132
18 17.999161
54 53.939611
. 56 55.934938
iron Fe 55.84557 56.935394
58 57.933276
234 234.040952
uranium U 238.03235 235.043930
238 238.050788

(“o)

Percent Abundances

99.89
1.11
99.757
0.0378
0.205
5.82
91.66
2.19
0.33
0.0054
0.7204
99.274

Sources of isotope data: G. Audi et al., Nuclear Physics A 729 (2003): 337-676; J. C. Kotz and
K. F. Purcell, Chemistry and Chemical Reactivity, 2nd ed., 1991.

Questions:

1. Hydrogen has three isotopes that contain 0, 1, 2 neutrons. Write the isotope symbol of

each isotopes of Hydrogen.

2. Calculate the atomic weight of Chlorine atom with the following information:

Atom Mass(amu) Isotopic Abundance
Cl-35 34.97 75.78%
Cl-37 36.97 24.22%

Ans: 1. 1H, 2 H, 3 H

2.35.45 amu

Chapter Objectives




VI. Electronic Arrangement in an Atom

The goal of this section is to understand the electron orbitals (location of electrons in atoms),
their different energies, and other properties. The use of quantum theory provides the best
understanding to these topics. This knowledge is a precursor to chemical bonding.

The chemical properties of an element are determined by the number of electrons in an atom.
Inside the atom, electrons do not move randomly in space, instead an electron is confined to a
specific region giving it a particular energy. The energy of the electrons is quantized. It means
that it can be equal only to certain specific values and can jump from one energy level to another
but not transition smoothly or stay between these levels.

The shells of an atom can be thought of concentric circles radiating out from the nucleus. The
electrons that belong to a specific shell are most likely to be found within the corresponding
circular area. Electrons occupy discrete energy levels (numbered 1,2,3 and so on) that contain
subshells (s,p,d and f) and subshells consist of orbitals with the same name. These discrete
energy levels are called principal energy level or shells. The further a shell is from the nucleus,
the larger the volume becomes and more electrons it can hold and it contains more energy.

The lowest possible energy level is called ground state. Also, shells farther from nucleus are
higher in energy and are called excited state. An orbital is a region of space within the subshell
shell where the probability of finding electron is maximum.

Any s subshell contains only one “s”orbital, p subshell has three “p” orbitals, d subshell has five
“d” orbitals and f subshell has 7 “f” orbitals. Each orbital can hold 2 electrons.

n=3

Increasing
energy



An s orbital has a sphere of electron density. It is lower in energy than other orbitals in the same
shell. A p orbital has a dumbbell shape. A p orbital is higher in energy than a s orbital in the
same shell, consequently d is higher in energy than p and f is higher in energy than d.(d and f
orbitals not shown here). Any orbital can hold maximum two electrons of opposite spin. Since p
subshell comes in set of three orbitals, they can hold maximum 6 electrons.

Find below the diagrams of different types of orbitals
S P

https://www.youtube.com/watch?v=J-DiEllynjE




Questions:

1. How many total electrons can stay in n=4 level

2. [1s orbital is larger than 2s orbital.
a) True
b) False

Ans: 1. 2.4%= 32 electrons
2.b) False

Chapter Objectives

VII. Rules for Determining Electron
Configuration of Atom

Rule #1: To write the ground state electronic configuration of an atom, electrons are added to the
lowest energy orbitals, giving each orbital two electrons. This is called Aufbau Principle. The



lowest energy arrangement of electrons is called Ground State. Each electron is shown by an
upward arrow.

According to Aufbau principle, electrons first occupy 1s orbital, then 2s and 2p. Next come, 3s
and 3p orbitals. Electrons go to 4s before filling up 3d because 4s orbital energetically lower than
3d orbital. After 4s and 3d, electrons are filled up in 4p , 5s and then go back to 4d orbitals. The
above figure helps us to find the order by which electrons are filled up in te orbitals..

Rule#2: Each orbital hold maximum of two electrons of opposite spin, this is called Pauli
exclusion principle.

||

He 1s orbital




Violates Pauli
exclusion principle!

Rule#3: When orbitals are equal in energy, one electron is added to each orbital until the orbitals
are half filled, before any orbital is completely filled. This rule is called Hund’s rule.

correct mcorrect
i R 1 A
I I

1¢ 28 2p? 1¢ 24 2p?

—_—
—

Since 2p orbitals are energetically degenerate, always they are half filled first then completely
filled up.

The atomic number of the element tells us how many electrons must be placed in the electron
configuration. Electron configuration is shown using superscripts to indicate how many electrons
an orbital contains. For example, the electron configuration of the six electrons in a carbon atom
is 1s?2s?2p?. This is called spectroscopic notation.

Shell Sublevels Orbitals Electrons in each Subshell Maximum number of Electrons
1 S Is 2*%1=2 2

2 s 2s 2*1=2

2 p 2p 2*3=6 8

3 S 3s 2*1=2

3 p 3p 2*3=6

3 d 3d 2*5=10 18

4 S 4s 2*¥1=2



4 p 4p 2*3=6

4 d 4d 2*5=10
4 f 4f 2*7=14 32

Electron configurations are written as energy level followed by sublevel with a superscript that
indicates the total number of electrons in that sublevel.

For example, Hydrogen has 1 electron; that should be placed in level 1 and sublevel that contains
s orbital. So the configuration is 1s'

Since s orbital can hold max. 2 electrons, in case of Li, the 3™ electron goes to level2 s orbital
giving configuration 1s°2s!

Atomic number of Boron is 5, 5™ electron of B will go to the next sublevel p of energy level 2.
Electronic configuration of Boron: 1s?2s'2p!

Orbital Diagram: A box is used to represent each orbital and arrows to represent electrons.

Single electron is called unpaired electron 1, two electrons in an orbital have paired spin. 1.
Below some of the configurations and orbital box diagram of period 2 elements are shown.

o s (][] [

1s 2s 2p

In case of Nitrogen, there are three electrons in 2p sublevel. Following the Hund’s rule each
electron occupies one of the three 2p atomic orbitals, from the next element, oxygen, elctrons
start pairing up with opposite spin following Pauli’s exclusion principle.



Nitrogen

11 [ty [t

1s 2s 2|¢.3“F pr 292
Oxygen

t+ (T4 el | 8

1s 2s va pr sz

Here is the orbital box diagram chart of most common elements.

Element Atomic No. Electronic configuration

= No. of elections 1s 2s 2p is
Hydrogen 1 -@
Helium 2 -@
Lithium 3 a0 ()
Beryllium 4 -@ @
Boron 5 -@ @ @ O O
Carbon B -@ @ @ @ O
Nitrogen 7 -@ @ @ @ @
oven 8 @ @ OO
Fluorine 9 @ @ @ @ @
Neon 10 @ @ @ @ @
Sodium 1 @ ® OO® @
Magnesium 12 @ @ @@@ @

Sometimes, for larger atomic number atoms, previous noble gas configuration is used as core
electrons followed by configuration of outermost shell. It is called noble gas notation. For
example, Sodium (Na) is written as [Ne] 3s'



Watch the following video:
https://www.youtube.com/watch?v=tISICG5Dgzl

\Tr Khan Academy

Ions are formed when neutral atom loses or gains electrons. When an element loses electrons,
the element has positive charge and it is equal to the number of electrons lost. Similarly, when an
element gains electrons electron, the element is negatively charged and charge of the element is
equal to the electrons gained.

Fluorine H H N H T

s 2s 2px  2py  2p;

Flouride ion
ayrecs [ [ () [0 [0

§ 2py 20y  2p,



Here are some examples of period 2 elements’ electronic configuration in different format. Z
represents the atomic number of the element.

(Z=6) C 15%25%2p? T J 1 * T f |He|2p?
ls 2s 2p

(Z=7) N 1s225s22p’ T i T l f T 1 [He]2p*
ls 25 2p

(Z=8) O 15s22522p* 1 1 T * 1 ‘ f T |He|2p*
ls 2s 2p

e=9r1272p° (M ]| ez
ls 2s 2p

z=10)Ne 1s252p6 |4 | [ 44|44 [44 (4] [He|2p
ls 2s 2p

EOS

In period 4, Potassium is the first element with atomic number 19. Following the Aufbau
principle, 4s orbitals are filled up before 3d orbitals. Below id te electronic arrangement of
Potassium atom.

e
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For transition metals, following the Aufbau principle, d orbital s are filled up. Some
discrepancies are observed due to Hund’s rule. For example: Chromium( atomic number 24).
Should have configuration: 1s?2s*2p®3s23p®4s?3d*. But since half filled orbital sare more stable
than full filled, Cr configuration: 1s22s*2p®3s23p%4s'3d°. Same trend follows for Copper (atomic

number 29).

Below is the chart for transition metals.

FeiL
CDiL

4s

Ni 1)
as

Cu T
ds

Zn_TL

1

|

1

14

T T T [Ar]3d®4s2
3d

1

i

1

-

[Ar]3d74s2
3d

1

1l

T l T T [Ar]3d34s2

3d

[l 1] 1L [A3dwoast

I

3d

Questions:

T l T l TL [Ar]3d10452

1. Draw an orbital diagram for each element (a) Magnesium, (b) Aluminum, (¢) Bromine

2. What element(s) have each electronic configuration?

a. 1s%2s22p*3s?3p?
b. 15225?2p®3s?3p®4s23d!

c. [Ne]3s?3p*

d. [Ar]4s23d'°

[98)

How many electrons does C1'- have? Can you write its electron configuration (1s2...)

4. Name some elements that have partially filled d orbitals.



Ans: 1. See your instructor

2.a. Si
b. Sc
c.S

d. Zn

3. 18 electrons, 15*2s?2p®3s?3p°
4. Fe, Co, Ni

Chapter Objectives

VIII. Location of element in the periodic
table related to its number of valence
electrons

Valence electrons are the outermost shell electrons in an atom. Elements in the same group have
the same number of valence electrons and similar electronic configurations. The group number
(1A-8A) is equal to the number of valence electrons for main group elements (except

Helium). The chemical properties of a group are similar because they contain same number of
valence electrons and configurations.

In the table below, we are trying to see electronic configuration of alkali metals.



Table Types of elements : Electronic configuration of alkali

metals
::::::; Symbol Electronic configuration

3 Li [1s2s' or [He] 2s’

11 Na |[1s"25%2p®3s' or [Ne] 3’

19 K [1s™252p"3s” 3p°ds'or [Ar] 4s'

37 Rb 1512522P*3 s° 3p°4s” 3d'"4p"ss' or
[Kr] 5s

55 Cs is.l].gsﬂ%p"%f 3p°as’ 3:{1’“411“5 'S
4d5p76s’ or [Xe] 65

It is evident from the table that all elements in group IA end with s1 configuration for the valence
electrons (outermost shell). Similarly, all halogens valence configuration end with s2p5
configuration.

The Halogens

= 18%,2s2,2p°
18.9984
17
Cl 152,252 2p® 3s2,3p°
35 453
35
Br | [Ar], 452,307 4p°
79.904

| [Kr], 5s2,4d'° 5p°
126.9045
85

At | [Xe], 6s2 414 5d'° 6p°
(210)

Considering electronic configuration, the periodic table can be classified in four blocks. The
blocks are named according to the subshells that are filled with last electron of that element.

s block: Group IA and 2A, filling up s1-2 electrons.



p block: Group 3A-8A: filling up p1-6 electrons.
d block: 10 columns of transition metals, d1-10 electrons are filled up.
f block: two groups of 14 inner transition elements, f1-14 electrons are filled up.

Electronic configuration of any element can be determined from the following table.

Blocks of Elements

[ s h!nck:
p! p? p? p? p® p®

:”_' J [ D_u block:

d'd? d° a* d® a® d” d® d” aV? | ]|

f]l r-,? f.'J" rd J.-E r-lS f? fﬁ fg fmi‘”f'r?f?jfm

Using the periodic table, write the

electron configuration of N, Ca, Ti,
Se, Cl, and He.

Here is the complete block diagram of periodic table.



Watch the following video.

https://www.youtube.com/watch?v=ououF9nHUhk

Vanadium
50.94



TRY THIS OUT! (Adobe Flash Required)

http://employees.oneonta.edu/viningwj/sims/periodic_table.html

e e |
- o @ iy et ks % O
Periodic Table B Vet
I Metalioids

Each element has a name and a symbol. Nonmabals Periodic
Notice that only the first letter of an Trends
element’s symbol is capitalized - cobalt is

1A Co, not CO. Chemists have arranged the

elements in a table that depicts the symbols Periodic Table

8A
4 :
W S e WS e
NENE 5 25 55 68 78 — 88 — 18 28 JARISE cl Xr
1ic. G2l 82 il 7 G i e Gl il Gl 2 Bl Ge s se mr kr
Rb Sr Y Zr NbMo T RuRh Pd Ag Cd In Sn T Xe

<" Ce Pr Na PmSm Eu Gd Tb By Ho Er Tm Yb Lu

Series
Actinide™*
Series

n O Type here to search

Go to the above simulation and click on the electronic configuration of different elements. Click
on any element from 1) main group, 2) Transition metal 3) Lanthanides and actinides and answer
to the questions below.

1) How the valence electrons number changes from left to right across the period?
2) Which part on Periodic table have electronic configurations ending with “f” sublevel?

3) Look at the orbital box diagram of Nitrogen. How many unpaired electrons are present?
4) What is the noble gas notation for the electronic configuration of Ba?

Questions:

1. What is the generic configuration of alkali metals and halogens?
2. An element has 5 valence electron. What is the group number of the element?

3. Anelement is in group four and atomic number is 14. What block of elements does it
represent?



4. Where are the transition metals located on the periodic table?

Ans: 1. Alkali metals: ns1, halogens: ns2np5

2. VA or 15.
3. p block element.
4. In the middle, d-block element

The following activity has been taken from AACT

Electron Configuration and The Periodic Table
Pre-lab Questions

1. What is the Aufbau Principle?

2. How is bonding related to electron configuration?

Objective

You will learn how the periodic table can be used to predict the electron configuration of an
atom and predict the reactivity of an atom based on its configuration and placement on the
periodic table.

Procedure



1. In the table below, write the electron configurations of the following atoms using the
aufbau principle according to your teacher’s instruction: H, Xe, Rb, Fe, Si, I, Hg, Ra,
Mg, Eu, Zn, Ta, Ba, N, S, Co, He, Am, Y, Pd.

2. Check your electron configurations for accuracy with your shoulder partner.

3. For your assigned atom, write largely and legibly the valence shell configuration on a
post-it note. Place the post-it note on top of your assigned atom on the periodic chart on
the wall.

4. Make note or your observations of patterns on the chart indicated by the post-it notes and

placement on the chart. Consider changes as you go up and down the periodic table or

left to right on the periodic table in the total electrons, valence electrons, energy levels,
periods, sublevels, blocks, and groups/families by considering the following questions.

Complete post-lab questions.

6. Prepare to discuss findings and explain trends to the class.

9]

Data

Element Symbol Electron Configuration

H

Xe

Rb

Fe

Si

I

Hg

Ra

Mg

Eu

Zn

Ta

Ba




Co

He

Am

Pd

Analysis

1. What trends do you see when considering total electrons, valence electrons, energy
levels, periods, sublevels, blocks, and groups/families.

2. Explain how you can determine the electron configuration of an atom simply by looking
at the periodic table:

3. What is the connection between the patterns you observed and the historical reasons for
grouping elements in families?

4. Why is the periodic table shaped the way it is?

5. Which electron configurations are the most stable configurations? Why?



6. The most common reaction pattern for transition elements (d block) is losing two
electrons. What does this fact suggest about how these elements lose electrons? A few
sample electron configurations may be useful to reference in your answer.

Conclusion

Summarize your findings in your own words. In your summary, include your explanation for
how you think the electron configuration of an atom is related to its reactivity.

Chapter Objectives

I1X. Electron dot symbol

We know that valence electrons of elements can be determined from the periodic table. The table
below indicates valence electrons of each group element.



Valence Electrons in Each
Group

w(SNISNIN (N
0O (00 |CO |00 CON

| e | | e | e | e | e
NININININN
NN
I

An electron-dot symbol uses a dot to represent each valence electron around the symbol for an
element. Each dot represents on electron. The dots are placed on the four sides of an element
symbol. For one to four valence electrons, single dots are used. With more than four electrons,
the dots are paired.

Recall, it is the valence electrons that are involved in most chemical reactions. Therefore, these
Lewis electron-dot symbols should help us understand the chemical properites of these elements.

Watch this out!




'
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&
For more videos,
check out:
www.video

chemistry
textbook.com

https://www.youtube.com/watch?v=yADrWdNTWEc

Questions:

1. locate the valence electrons of Aluminum. How many valence electrons are present?

2. Locate the valence electrons and name it!!



6 pt

6 n°

3. How many unpaired valence electrons are present in Nitrogen?
Ans: 1. 3 valence electrons
2.4 valence electrons and atomic number is 6. The element is carbon.

3. Three unpaired electrons.

Chapter Objectives

X. Periodic Trend: Atomic Size and
Ionization energy related to location in
the periodic table

1) The Size of an atom depend on the distance from the nucleus and valence electrons
(outermost shell). As atomic number increases across the period, electrons are added to
the same principal shell. So the distance between the valence electrons and nucleus
doesn’t change but more protons are added to the nucleus. Therefore, the degree of
electrostatic force of attraction between negative and positive charges increases.
Electrons are pulled strongly towards nucleus and size decreases.

Down the group, elements have higher atomic number. Valence electrons are added to
the last principal shell which are further from the nucleus. So the distance between the
nucleus and the valence electrons increases. Overall, atomic radius decreases across the
row and increases down the column.



2) Metallic character: It is defined in terms of tendency to lose electrons. It follows the same
trend as atomic size i.e. decreases across the period and increases down t he group. .

3) lonization energy: The energy needed to remove the valence electron; usually metals
have low Ionization energy, they tend to lose electrons. Nonmetals have high ionization
energy. They have tendency to gain electrons. increases across the period and decreases
down the group.

The following figure shows atomic size trend and summary of all the periodic trends.
Increasing atomic radius

-
-
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Increasing atomic radius

Rb Sr In Sn Sb Te 1 Xe

v 248 215 166 140 141 143 133 131
Cs Ba Tl Pb Bi Po At Rn
265 222 171 175 155 164 142 140

Here is the trend for ionization energy.



lonization-Energy

-5 He noble gases:
Ne alkali metals: He
_ ; Li Ne
3 20 Na Ar
& Ar K Kr
E 15 ' Kr Rh Xe
p ' Xe Cs Rn
S : Rn
‘% 10 f J I-lg b 4 Fr
5 II- r r 3 ' Yy
Li Na K Rb Cs Fr
0 [ [ [ [ [
0 20 40 60 80 100

Atomic Number

Here is the summary of all the periodic trends.
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Try this out!

Chemistry Solutions

MARCH 2016 | BIMULATION
Periodic Trends: Ionization Energy, Atomic Radius & lonic Radius

Periodic Table of Blements

Cheoso olemonts from the table 1o compars.

LCRESl Y I+ Nb Mo Tc Ru Rh Pd Ag Cd I Sn Sh

H Ta W Re Os F Pt A Hg T Pb B Po
Fr  Ra R Db Sg Bh Hs Mt Ds Rg Uub Uut A Uup v WUus Uuo

Drag slectrans off the cutsrmast shall to romeve them.

n O Type here to search

https://teachchemistry.org/periodical/issues/march-2016/periodic-trends-ionization-energy-
atomic-radius-ionic-radius

1) Go to the above activity and click on Na and Ar; what do you notice about their size?
2) Click on Ca and O. Do you notice the same trend?
3) What is your overall conclusions based on the above observations on atomic radius

across the period and down the group.
4) Record the Ionization energy displayed at the bottom in both 1) and 2)
5) What do you notice about the trend?
6) Click on Na and I and record their trend in size and Ionization energy.
7) What do you predict about size trend if you click on Be and Sr?

https://www.youtube.com/watch?v=0h8q1GIQ-H4
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Questions:

1. Which element in the following pair is larger?
a. Bromine
b. Iodine

2. Which of the following elements is most metallic? Na, Cu, Cs

Ans: 1. b. lodine

2.most metallic: Cs

Chapter Objectives

XI. Energy

Energy is the capacity to do work. There are two types of energy

1) Potential energy is stored energy
2) Kinetic energy is the energy of motion



The Law of conservation of energy states that total energy of the universe is constant. Energy
can neither be destroyed nor created. Energy can be converted from one form to another.

Unit: There are two different units, calories(C) and Joules.(J) Calorie is defined as amount of
energy required to raise the temp of 1 g of water by 1°C. metric prefixes can be applied to both
calorie and Joule. The relationship between Cal and Joule can be written as 1 cal=4.184 J

Two important forms of energy are chemical energy and heat energy which are very closely
related to chemical science and reactions. Most reactions either release heat or absorb heat. If the
reaction releases heat, it is called exothermic reaction. If the reaction absorbs heat, it is an
endothermic reaction. Similarly, most chemicals have stored energy called chemical energy.
When the substance is burned or allowed to react, chemical energy is converted to heat or other
enerhy.

The amount of stored energy in food is measured using nutritional Calories ( C) where 1 Cal= 1
kcal= 1000 cal.

Caloric value of three classes of compounds present in food

Cal/g
Protein 4.0
Carbohydrate 4.0
Fat 9.0

Example: A baked food contains 5.0 g of protein and 15 g of carbohydrates. Estimate the amount
of energy in Cal.

5.0 g Protein x 4.0 Cal =20. Cal
1 g protein
15.0 g Carbohydrate x 4.0 Cal =60. Cal

1 g Carbohydrate

Total energy= 80. Cal



Nutrition Facts

8 servings per container
Serving size 2/3 cup (559)
|

Amount per serving

Calories 230

% Daily Value*

Total Fat 89 10%
Saturated Fat 1g 5%
Trans Fat Og

Cholesterol 0mg 0%

Sodium 160mg 7%

Total Carbohydrate 37g 13%
Dietary Fiber 4g 14%

Total Sugars 12g
Includes 10g Added Sugars 20%

Protein 3g

e —
Vitamin D 2mcg 10%
Calcium 260mg 20%
Iron 8mg 45%
Potassium 235mg 6%

* The % Daily Value (DV) tells you how much a nutrient in
a serving of food contributes 10 a daly det. 2,000 calores
a day s used lor general nultrition advice

The effect of heat energy on matter can be seen when a substance changes state, i.e., solid to

liquid or liquid to gas.

Melting | Freezing

Evaporation

Condensation

Sublimation

Deposition

Solid | x
to
lilquid

Liquid X
to solid

Liquid
to Gas

Gas to
Liquid

Solid
to Gas

Gas to
Solid




Sublimation

Melting Boiling/Evaporation
Y Yy v
Solid Liquid Gas
Freezing Condensation
Deposition

Below is the heating curve of water that shows how phase occurs when temperature stays
constant. Amount of heat required to melt or freeze a substance is same and it is called heat of

fusion.(AHY)

Amount of heat required to boil or condense a substance is same and it is called heat of
vaporization. (AHv)
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temperature 1
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melting

solid
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liquid
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https://www.youtube.com/watch?v=w69RRvZer9Y

A matter is solid, liquid or gas can be determined by the amount of kinetic energy of the
particles and strength of the interactions between the particles. Attractive force between the
molecules in solid, liquid or gas is called intermolecular forces. Higher the magnitude of
intermolecular forces, higher the boiling point and melting point.

Try the simulation below!

https://teachchemistry.org/periodical/issues/may-2015/heating-curve-of-water

Following activity has been taken from AACT.

Heating Curve of Water

Background

The three states of matter are solid, liquid, and gas. To change from one state to another, energy
is either added to or removed from the system. In this investigation, you will look at heating up
water. Does that involve adding or removing energy? Explain.



In the squares below, draw how you think particles are arranged in the three states. Use spheres
to represent the particles and label each box with the state it represents.

When changing from one state to another, what happens to particles in terms of energy?

Procedure

1. Visit teachchemistry.org/heating-curve. You should see this on your screen.




Step 1 Step 2 Step 3

Click on Click second

blue line point on blue line Ca ] cu | ate @

Energy Required =

2. On the heating curve above, label the states of matter. Include the state changes.

3. Choose an initial point on the graph. This is your starting temperature/state. Choose a
second point that is the same state. Draw the two particle diagrams in the squares. Explain
why the diagrams look the way they do.

4. Calculate the energy required to heat up 65.0 mL of the sample. Show your work.

Verify your answer by clicking “Calculate.”

The following part is optional. It requires heat of fusion and and heat of vaposrization.



Choose an initial point on the graph. This is your starting temperature/state. Choose a
second point that is a different state. Draw the two particle diagrams in the squares.
Explain why the diagrams look the way they do.

Calculate the energy required for 30.0 mL of water to undergo this state change.

Verify your answer by clicking “Calculate.”

Pick a point on the ice part of the heating curve. Click on a point about

|- 75 °C warmer. What state is this? Record the T1 and T2
" —— | values. How much energy is required to heat 15.0 g ice to T2? Show
T — your work.

Verify your answer by clicking “Calculate.”

Pick a point on the liquid part of the heating curve. Click on a point
about 75 °C warmer. What state is this? Record the T1 and
T2 values. How much energy is required to heat 15.0 mL of water to T2?
Show your work.




9. Why are your answers to questions 7 and 8 not the same? Explain.

Questions:

1. A chemical reaction releases 35.9 kJ of heat. Convert the heat energy into calorie unit.

Ans: 8580 cal

XII. Specific Heat

A special physical property of a substance is Specific heat. (SH). It is defined as the ability of a
substance to absorb heat. Specific heat can be determined using the mass(m), energy€ and
temperature difference(AT).

Since specific heat is the measure of absorb or releasing heat by a substance, higher the specific
heat values, smaller the temperature change for a substance.

Specific heat(SH)= Heat (H) . = cal or Joule
mass(m) *AT( T2-T1) g’C

Metals have low specific heat, water has high specific heat.

Aluminium

Metal Sludge



Specific heat of water is 1 cal/g’C or 4.184 J/ g°C. It is considered to be very high compared to
all other liquids and solids. That means water can absorb or release a lot of heat energy without
much change in temperature. All other specific heat values of substances are given at the end of
the section:

Each material has different heat capacity and heats up differently. The following figure can help
you to understand. For example, gold has lower heat capacity than Al. Therefore gold absorbs
heat quicker than Aluminum.

Observation:

Different materials heat up at differentrates.

090°C ‘ | |
1 kg of Aluminum 920°C

1 kg of Gold
\ f
200C t (

Gold heats up about 7 times faster than Aluminum

200C

Can you predict which substance will require more heat and why?



specific heat=1 J/g K specificheat =2 J/g K

mass: 50 g mass: 50 g
initial temp: 293 K initial temp: 293 K
final temp: 303 K final temp: 303 K

Watch the following video to determine the heat using specific heat capacity.

https://www.youtube.com/watch?v=Hs5x0-IU2F4

An iron has an aluminium plate with a mass of 1.5
kg. Calculate the thermal energy stored in the plate
when the temperature rises from 20°C to 200°C. The

specific heat capacity of aluminium is 913 Jfkg°C.

AE = 15 x ¢ x A6

change in mass {kg) specific  temperature

thermal heat change (°C)
energy (J) capacity
(Jkg oC)

Calculate the heat required in Joule to change the temperature of 25.0 g of water from 25.0°C to
75.0°C?

Heat=m* SH * AT



=25.0 g x 4.18 J x ( 75.0-25.0) °C
g’C

=523 x 10°J=5.23kJ

https://www.youtube.com/watch?v=c2NaAHEusm4

|
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Standard Specific Heat of common substance at 20 C

in cal/gm K or Molar C
Substance cinlJ/gmK cin cal/gm K or |Molar

Btu/lb F J/mol K
Aluminum 0.900 0.215 243
Bismuth 0.123 0.0294 25.7
Copper 0.386 0.0923 24.5

Brass 0.380 0.092



Gold 0.126 0.0301 25.6

Lead 0.128 0.0305 26.4
Silver 0.233 0.0558 24.9
Tungsten 0.134 0.0321 24.8
Zinc 0.387 0.0925 25.2
Mercury 0.140 0.033 28.3
Alcohol(ethyl) 2.4 0.58 111
Water 4.186 1.00 75.2
Ice (-10 C) 2.05 0.49 36.9
Granite .790 0.19

Glass .84 0.20

Ref: http://hyperphysics.phy-astr.gsu.edu/hbase/Tables/sphtt.html

Questions:

1. How much energy is required to heat 28.0 g of Lead from 20°C to 150°C? Report your
answer in Joule.
2. On the heating curve below, draw the composition of substance at each level.



D - liquid gas /E -gas

condensation

vaporization

J
(C)

freezing C - liquid

Iti
melting S
B - solidlliquid
/& - solid
Heat added o

3. How many Calories are contained in a sample of olive oil that has 20.0 g of fat?

Ans: 1. 655
2.see your instructor

3. 180. Cal.



PRACTICE QUESTIONS: Chapter 2

1. Which of the following is true of the atomic weight of an element?
a. It is the weight of heaviest isotope.

b. It is the weight lightest isotope.
c. It is the weight of the most abundant isotope.
d. It is a weighted average obtained from the weights and abundances of the isotopes.

2. Which of the following is true when comparing two electrons which are in different shells of an atom?
a. The electron in the higher numbered shell is closer to the nucleus and is easier to remove.

b. The electron in the higher numbered shell is closer to the nucleus and is harder to remove.
c. The electron in the higher numbered shell is further from the nucleus and is easier to remove.
d. The electron in the higher numbered shell is further from the nucleus and is harder to remove.

3. How many unpaired electrons are there in a nitrogen atom in its ground state?
a.2  b.3

c.4 d. 5

4. Which of the following has the highest ionization energy?
a.Cl Db.F

c. N d.O

5. Which element accounts for nearly half the mass of the earth’s crust?
a. carbon b. iron

c.oxygen  d.silicon

6. Atoms of which of the following elements are smallest?
a. Ca b.K

c. Mg d. Na

7. How many electrons can be accommodated in the fourth shell of an atom?
a.2 b. 8

c. 18 d. 32

8. Which of the following has the lowest ionization energy?
a. Ba b. Ca



c. Mg d. Sr

Consider the periodic table given below.

9. Which number represents an element classified as a transition metal?
a. 1 b. 2

c.3 d. 4
e.5 f. 6
g7 h. none of these

10. Which of the following contains only transition metals?
a. Ca, Cr, Fe, Ni, b.V, W, Xe, Zr
c. Cr, Mo, Ni, Pt d. none of these

Consider the periodic table given below.

11. Which number represents an element that is not classified as main-group?
a. 1 b. 2

c.3 d. 4
e 5 f. 6

g7 h. All are main-group elements.

12. How many orbitals are there in the 4p subshell?



a. 1l b.2
c.3 d. 4

13. Which of the following sequences gives the correct order as we move from left to right across a row
of the period table?
a. metal, metalloid, nonmetal b. metal, nonmetal, metalloid

c. nonmetal, metal, metalloid d. nonmetal, metalloid, metal

14. In the region of the periodic table associated with the transition elements which type of orbitals are
being filled?

a.s b.p
c.d d.f

15. The mass of a neutron is approximately which of the following?
a. 12 g b.1g
c. 12 amu d. I amu

16. The mass of an electron is approximately which of the following?
a. 1 amu b.1g

¢. 0.0005 amu d. 0.0005 g

Consider the periodic table given below.

]
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17. Which number represents an element classified as a metalloid?

a. 1 b.2
c.3 d. 4
e 5 f. 6

g7 h. none of these

18. Sodium chlorate, an ingredient in many common herbicides, has sodium, chlorine and oxygen atoms
in the ratio 1:1:3. What is the correct formula for sodium chlorate?

a. NaCO3 b. SoC103



C. NaClO3 d. none of these

19. How many valence electrons are there in an oxygen atom?
a.2 b. 4

c.6 d. 8

20. What are the horizontal rows of the periodic table called?
a. cycles b. periods
c. families d. none of these

21. Which of the following elements is named for a city?
a.B b. Be
c. Bi d. Bk

Consider the periodic table given below.

22. Which number represents the element with the largest atomic weight?
a. 1 b.2

c.3 d. 4
e 5 f. 6
g7

23. What are the elements in the “A” columns of the periodic table called?
a. main group elements  b. inner transition elements
c. metalloids d. transition elements

24. Which of the following is the correct order of filling orbitals?
a. 1s, 2s, 2p, 3s, 3p, 3d, 4s b. 1s, 2s, 2p, 3s, 3p, 4s, 3d
c. 1s, 2s, 3s, 4s, 2p, 3p, 3d d. none of these

25. What are the vertical columns of the periodic table called?
a. families b. periods



c. eitheraorb d. neither anor b

26. How many electrons can be accommodated in the 4p subshell?
a. 4 b. 6

c.8 d. 18

27. Which of the following is not a proper symbol for an element?
a.C b. Ca

c.CO d. Co

28. How many electrons can be accommodated in the 2d subshell?
a.2 b.5

c. 10 d. None, there is no 2d subshell.

29. Which of the following statements, all of which were part of Dalton’s atomic theory, was later shown
to be false?

a. All matter is made up of very tiny indivisible particles called atoms.

b. All atoms of the same element have the same chemical properties.

c¢. Compounds are formed by the chemical combination of two or more elements.

d. A molecule is a tightly bound combination of two or more atoms that acts as a single unit.

30. The symbols for the elements in the period table are derived from three languages. Which of the
following is not one of those languages?

a. English b. French
c. German d. Latin

31. When potassium loses an electron to form K, which electron is lost?
a.1s  b.2s
c.3s d.4s

32. The word atom is derived from a word in which language?
a. Arabic b. Greek

c. Hebrew d. Latin

33. Which of the following contains only nonmetals?
a. C, Si, Ge, Sn b. P, As, Sb, Bi
c.F,Cl Br, 1 d. none of these

34. When comparing the boiling points of the halogens with those of the noble gases which of the
following is true?
a. The boiling points decrease as the elements get heavier, and the boiling point of the halogen is
higher than that of the noble gas adjacent to it.



b. The boiling points decrease as the elements get heavier, and the boiling point of the halogen is
lower than that of the noble gas adjacent to it.

c. The boiling points increase as the elements get heavier, and the boiling point of the halogen is
higher than that of the noble gas adjacent to it.

d. The boiling points increase as the elements get heavier, and the boiling point of the halogen is
lower than that of the noble gas adjacent to it.

Consider the periodic table given below.
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35. Which number represents an element classified as a noble gas?

a. 1 b.2
c.3 d. 4
e 5 f. 6

g.7  h. More than one is a noble gas.

36. Electrons can sometimes fill orbitals in a manner other than according to the rules we have specified.
If they do so we say the atom is in an excited state. Which of the following represent(s) the excited state
of an atom?

a. 15%2522py> b. 15225 2px2py 1 2p;!
c.bothaandb d. neither a nor b

37. Which of the following has the highest ionization energy?
a. Ba b. Ca

c. Mg d. Sr

38. Which of the following is the correct Lewis dot picture of the oxygen atom?

a. » b. **
8 - 0
c. ik d. 552

< 8 L 5



39. Which of the following elements is named for a country?
a. Fr b. Ge
c. Po d. all of them

40. Which of the chemical elements has the highest ionization energy?
a. F b.H
c. He d.U

41. Which of the following statements describe a compound?
a. A compound is a pure substance.
b. A compound obeys the law of constant composition.
c. bothaand b

d. neither anor b

42. Sodium is a highly reactive metal and chlorine is a toxic gas, but when they come together the
resulting material, sodium chloride, is essential for life. Which of the following is true when sodium and
chlorine are brought into contact with one another?

a. They form a heterogeneous mixture. b. They form a homogenous mixture.
c. They neutralize each other. d. They form a compound.

43. Atoms of which of the following elements are smallest?
a. Al b. Mg
c. Na d. None, they are all the same size.

44. How many unpaired electrons are there in a carbon atom in its ground state?
a. 1 b. 2

c.3 d. 4

45. The neutron got its name because which of the following is true?
a. it neutralizes protons b. it neutralizes electrons

c. it does not have an electrical charge d. it has no effect on any atomic properties



Answer Key

1.d

10. ¢

11.a

12.¢c

13.a

14.c

15.d

16.¢c

17.b

18.¢c

19.¢c

20.b



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.



41.¢c

42.d

43. a

44.b

45. ¢





