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3CL4.4.01.091.02 Apply the Law of conservation of mass

© 0% — ‘.
‘ Compound composed

Atoms of Element A Atoms of Element B of Elements A and B
Total mass = 4(Mass A) Total mass = 8(Mass B) Total mass = 4(Mass A) + 8(Mass B)

Figure 3 When atoms of two or more elements combine to form a compound, the number of atoms of each
element is conserved. Thus, the mass is conserved as well.

Conservation of mass

The law of conservation of mass states that mass is conserved in any process. Dalton’s
atomic theory explains that the conservation of mass in chemical reactions is the result
of the rearrangement of atoms during the reaction. They are not created or destroyed.
The formation of a compound by combining elements is shown in Figure 3. Notice that
the mass ratio for the compound consists of 1 atom of element A and 2 atoms of
element B, a 1:2 ratio. The total number of atoms of each element is the same before
and after the reaction.

Dalton’s convincing experimental evidence and clear explanation of the composition of
compounds, and conservation of mass, led to the general acceptance of his atomic
theory. However, not all of Dalton’s theory was accurate. As our undertanding of atoms
evolved, new information was learned, leading to the revision and improvement of
Dalton’s atomic theory by later scientists.

SCL44.01.090.02 Explain why atoms are electrically neutral

Electron cloud

Nucleus containin £ :
\ protons and neutions 1201 3 Properties of Subatomic Particles
Relative "
Particle | Symbol | Electric R:,Il‘;g:e Acm?l)Mass
Charge 9
Electron e 1- ﬁ 9N x 102
Proton P | | 1 [1emxwo=x

Figure 14 Atoms are composed of a nucleus —
containing protons and neutrons, and surrounded | Neutron n 0 1 | 1675 %107
by a cloud of electrons.

Most of an atom consists of fast-moving electrons traveling through empty space around
the nucleus. The electrons are held within the atom by their attraction to the positively
charged nucleus. The nucleus, which is composed of neutral neutrons (hydrogen’s
single-proton nucleus is an exception) and positively charged protons, contains more
than 99.97% of an atom’s mass. It occupies only about one ten-thousandth of the
volume of the atom. Because an atom is electrically neutral, the number of protons in
the nucleus equals the number of electrons around the nucleus. The typical atom is
shown in Figure 14, and the properties of the subatomic particles are summarized in
Table 3.




SCLAA01.084.16 Define the neutran

neutron. A neutron is a subatomic particle that has a mass nearly equal to that of a
proton, but carries no electric charge.

SCEAA0L0B0.0T Caloulate for & newtral atom, given the mass number and atomic number, the number of subatomic particles

5CL4.4.01.090.09 Determine the atomic number, mass number, and subatomic particles for different isotopes

Atomic number

atomic number = number of protons
= number of electrons
The atomic number of an atom equals its number of protons and its number of electrons.

Mass number

mass number = atomic number + number of neutrons

The mass number of an atom is the sum of its atomic number and its number of neutrons.

Potassium-39 Potassium-40 Potassium-41
Protons 19 19 19
Neutrons 20 21 22
Electrons 19 19 19

19e~

N

©

19p & 19p

20n 2In

39
19 K

Figure 17 Potassium has three
naturally occurring isotopes,
potassium-39, potassium-40,
and potassium 41. The table
lists the number of protons,
neutrons, and electrons in each
potassium isotope.




EXAMPLE Problem 1

ATOMIC NUMBER Complete the following table,
Composition of Several Elements

a. Pb 82 '

b. | | 8 | |
c. | 30 J
1 ANALYZE THE PROBLEM

Apply the refationship among atomic number, number of protons, and number of electrons to
complete most of the table. Then, use the periodic table to identify the element.

Known Unknown

a. element = Pb, atomic number = 82 a. number of protons (N ), number of electrons (N) =7

b. number of protons = 8 b. element, atomic number (2, N, =7

¢. number of electrons = 30 c. element, Z N =7

2 SOLVE FOR THE UNKNOWN

a. number of protons = atomic number Apply the atomic-number relationship.
N, =82 Substitute atomic number = 82,
number of electrons = number of protons
N, =82
The number of protons and the number of electrons is B2.

b. atomic number = number of protons Apply the atomic-number relationship.
Z2=8 Substitute number of protons = 8,
number of electrons = number of protons
N =8
The atomic number and the number of electrons is 8. Consult the periodic table to identify
The element is oxygen (0). the element,

¢. number of protons = number of electrons Apply the atomic-number refationship
N° =30 Substitute number of electrons = 30.
atomic number = number of protons
Z=30
The atomic number and the number of protons is 30. Consult the pericdic table to identify
The element is zinc (Zn). the alement.

3 EVALUATE THE ANSWER
The answers agree with atomic numbers and element symbols given in the periodic table,



EXAMPLE Probiem 2

USE ATOMIC NUMBER AND MASS NUMBER A chemistry laboratory has analyzed the
composition of isotopes of several elements. The composition data is given in the table beiow.
Determine the number of protons, electrons, and neutrons in the isotope of neon. Name the
isotope and give its symbol,

Isotope Composition Data

‘ Element Atomic Number Mass Number
a. Neon
b. ‘Cak:ium : 20 | 45
c.  Oxygen | 3 | 17
- d. lron 26 | 57
e. .Zinc | 30 | 64
. Mercary 80 204

1 ANALYZE THE PROBLEM

You are given some data for neon in the table. The symbol for neon can be found on the
periadic table. From the atomic number, the number of protons and electrons in the isotope are
‘known. The number of neutrons in the isotope can be found by subltracting the atomic number
from the mass number,

Known Unknown

element: neon number of protons {N). etectrons (N ), and neutrons (N ) = ?
atomic number = 10 name of isotope = ?

mass number = 22 symbol for isotope = ?

2 SOLVE FOR THE UNKNOWN
number of protons = atoemic number = 10
number of efectrons = atomic number = 10
, Use the stomic number and the mass number
number of neutrons = mass number — atomic NUMber 1 o it the number of neatrons

Apply the atomic number relationship,

Sulistitote masa number = 22 'and atomic

N =22-10=12

number =10
The name of the isotope is neon-22 Use the element name and mass number 1o write the
sotope’s name.
: Pore Use the chemical symbol, mass numbes; and atomic numbes
The symbol for the isotope is %Ne.

to write out the Isotope M symboiic notation form.

3 EVALUATE THE ANSWER
The relationships among number of electrons, protons, and neutrons have been applied
correctly. The isotope’s name and symbol are in the comrrect format. Refer to the Elements
Handbook to learn more about neon.



SCL4.4.01.090.10 Explain why isotopes have similar chemical properties

Isotopes and Mass Number

All atoms of an element have the same number of protons and electrons,
but the number of neutrons might differ. For example, there are three
types of potassium atoms that occur naturally and all three types contain
19 protons and 19 electrons. However, one type of potassium atom
contains 20 neutrons, another 21 neutrons, and still another 22 neutrons.
Atoms with the same number of protons but different numbers of neu-

Mass number
trons are called isotopes. / \
Mass of isotopes While isotopes that contain more neutrons have a 63Cu 55Cu
greater mass, all isotopes of an atom have the same chemical behavior. The 22
mass number identifies each isotope of an element and is the sum of the \ /

" s Atomic number
atomic number (or number of protons) and neutrons in the nucleus.
Figure 16 Cuisthe

For example, copper has two isotopes. The isotope with 29 protons and 34 chemical symbol for copper.
neutrons has a mass number of 63 (29 + 34 = 63), and is called copper-63 Copper, which was used to
2 8 Cu-63). The i ith 29 d make this Chinese gong, is
(also written ®*Cu or Cu-63). The isotope wit protons an composed of 69.2%
36 neutrons is called copper-65. Chemists often write out isotopes using a copper-63 and 30.8%
notation shown in Figure 16. copper-65.
8

SCL4.4.01.090.11 Define atomic mass unit (amu)

EXAMPLE Problem 3

CALCULATE ATOMIC MASS Given the data in the table, calculate the atomic mass of unknown
Element X. Then, identify the unknown element, which is used medically to treat some mental
disorders.

1 ANALYZE THE PROBLEM
Calculate the atomic mass and use the periodic table to confirm,
Isotope Abundance for Element X

Known Unknown
abundance = 7.59% = 0.075% undance
’X: mass = 7.016 amu element X =7 . 6.015 . 7.59%

abundance = 92.41% = 0.9241 % 7016 | 9241%




EXAMPLE Problem 3 (Continued)

2 SOLVE FOR THE UNKNOWN
5X: mass contribution = (mass)(percent abundance) Calculate ®X’s contribution.

mass contribution = (6.015 amu)(0.0759) = 0.4565 amu  Substitute mass = 6.015 amu
and abundance = 0.0759.

’X: mass contribution = (mass)(percent abundance) Calculate 7X’s contribution.
mass contribution = (7.016 amu)(0.9241) = 6.483 amu Substitute mass = 7.016 amu
and abundance = 0.9241.
atomic mass of X = (04565 amu + 6.483 amu) = 6.939 amu Total the mass contributions to
find the atomic mass.
The element with a mass nearest 6.939 amu is lithium (Li). Identify the element using the
periodic table.

3 EVALUATE THE ANSWER
The result agrees with the atomic mass given in the periodic table. The isotope masses have
four significant figures, so the atomic mass needs to have four significant figures.

Mass of Atoms
Recall from Table 3 that the masses of both Table 4 Masses of Subatomic Particles

protons and neutrons are approximately
1.67 x 10 g. While this is a small mass, the Electron [ 0.000549

mass of an electron is even smaller—only about
1/1840 that of a proton or a neutron. B L.t L
Neutron ‘ 1008665

Atomic mass unit Because these extremely
small masses expressed in scientific notation
are difficult to work with, chemists have developed a method of measuring the mass of
an atom relative to the mass of a specific atomic standard. That standard is the
carbon-12 atom. Scientists assigned the carbon-12 atom a mass of exactly 12 atomic
mass units. Thus, one atomic mass unit (amu) is defined as one-twelfth the mass of a
carbon-12 atom. Although a mass of 1 amu is nearly equal to the mass of a single
proton or a single neutron, it is important to realize that the values are slightly
different. Table 4 gives the masses of the subatomic particles in terms of amu.

Atomic mass Because an atom’s mass depends mainly on the number of protons and
neutrons it contains, and because protons and neutrons have masses close to 1 amu,
vou might expect the atomic mass of an element to always be nearly a whole number.
However, this is often not the case. The explanation involves how atomic mass is
defined. The atomic mass of an element is the weighted average mass of the isotopes of
that element. Because isotopes have different masses, the weighted average is not a
whole number. The calculation of the atomic mass of chlorine is illustrated in Figure 18.

Calculate the Weighted Average Atomic Mass of Chiorine

17e~ 330

™

17e™ 3';0

b

Atomic mass: 34.969 amu Atemic mass: 36.966 amu
e Percent abundance: 75.78% e Percenl abundance: 24.22%
1Tp Mass contribution: 17p Mass contribution:
180 (34.969 amu)(75.78%) = 26.50 amu 20n {36,966 amu)(24.22%) = 8.953 amu

Weighted average atomic mass of chiorine = {26.50 amu + 8.953 amu) = 35.45 amu

Figure 18 To calculate the weighted average atomic mass of chicrine, you first need to calculate the mass
contribution of each isotone.



Investigate nuclear radiation while illustrating the characterestics of the alpha, beta particles and gamma rays in terms of mass, ability to penetrate and
impact on humans,

CHM.5.1.03.007Investigate the different types of spontancous radivactive decay, with their characteristics and the changes that accompanied m terms of
atomic and mass numbers

Radioactivity

Nuclear reactions In the late 1890s, scientists noticed that some substances
spontaneously emitted radiation in a process they named radioactivity. The rays and
particles emitted by the radioactive material were called radiation. Scientists discovered
that radioactive atoms undergo changes that can alter their identities. A reaction that
involves a change in an atom’s nucleus is called a nuclear reaction. Prior to this
discovery, it was not known that a reaction could result in the formation of a new
element. Radioactive atoms emit radiation because their nuclei are unstable. Unstable
systems, whether they are atoms or people doing handstands, as shown in Figure 20,
gain stability by losing energy.

Radioactive decay Unstable nuclei lose energy by emitting radiation in a
spontaneous process called radioactive decay. Unstable atoms undergo radioactive
decay until they form stable atoms, often of a different element. An atom can lose
energy and reach a stable state when emitting radiation.

Types of Radiation

Scientists began researching radioactivity in the late 1800s. By directing radiation from a
radioactive source between two electrically charged plates, scientists were able to identify
three different types of radiation based on their electric charge. As shown in Figure 21,
radiation was deflected toward the negative plate, the positive plate, or not at all.

Alpha radiation The radiation that was deflected toward the negatively charged plate
was named alpha radiation. It is made up of alpha particles. An alpha particle contains
two protons and two neutrons, and thus has a 2+ charge, which explains why alpha
particles are attracted to the negatively charged plate as shown in Figure 21. An alpha
particle is equivalent to a helium-4 nucleus and is represented by jHe or a. The alpha
decay of radioactive radium-226 into radon-222 is shown below.

**Ra — *ZRn + Qa
radium-226 radon-222  alpha particle

Note that a new element, radon (Rn), is created as a result of the alpha decay of the
unstable radium-226 nucleus. The type of equation shown above is known as a nuclear
equation. It shows the atomic numbers and mass numbers of the particles involved.
Note that in a nuclear equation, although elements are not conserved, the total number
of protons plus neutrons is conserved.

Beta radiation The radiation that was deflected toward the positively charged plate
was named beta radiation. This radiation consists of fast-moving beta particles. Each
beta particle is an electron with a 1- charge. The negative charge of the beta particle
explains why it is attracted to the positively charged plate shown in Figure 21. Beta
particles are represented by the symbol 3 or e” . The beta decay of carbon-14 into
nitrogen-14 is shown below. The beta decay of unstable carbon-14 results in the
formation of the new element, nitrogen (N).

HC > HN + B

carbon-14 nitrogen-14  beta particle




Beta Figure 21 An electric
Hole Positive plate Rarecins fisld will deflect

(1~ charge) :
(s i s radiation in different
o locl " .
s = directions, depending
Gamma 1ays on the electric charge
b :
il >y of the radiation.
E e
Radicactve Negative plate {2+ charge)
source
Zinc-sulfide-

coated cereéen

Gamma radiation The third common Table 5 Characteristics of Radiation

type of radiation is called gamma
radiation, or gamma rays. A gamma ray is

high-energy radiation that has no mass Symbol ;He ora e orf3 S|

and is denoted by the symbol y. Gamma Mess (amu) 7 1
rays are neutral, and so are not deflected ]

0
by electric or magnetic fields. They often Mass (kg) | 6.65 %10 | 911 x 10 0
accompany alpha and beta radiation, and 0

Charge 2+ 1-
account for most of the energy lost during 9

radioactive decay. For example, gamma
rays accompany the decay of uranium-238.

U — %iTh F o + 2y
uranium-238 thorium-234 alpha particle gamma rays

Because gamma rays are massless, the emission of gamma rays by themselves cannot
result in the formation of a new element. Table 5 summarizes the characteristics of
alpha, beta, and gamma radiation.

>

!

Alpha

Beta

i
11
-
I L B

|
2
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CHM.5.1.01.001.04 Describe Bohr's model of the hydrogen atom

Bohr's Model of the Atom

The dual wave-particle model of light accounted for several previously unexplainable
phenomena, but scientists still did not understand the relationships among atomic
structure, electrons, and atomic emission spectra. Recall that hydrogen’s atomic
emission spectrum is discontinuous; that is, it is made up of only certain frequencies of
light. Why are the atomic emission spectra of elements discontinuous rather than
continuous? Niels Bohr, a Danish physicist working in Rutherford’s laboratory in 1913,
proposed a quantum model for the hydrogen atom that seemed to answer this question.
Bohr’s model also correctly predicted the frequencies of the lines in hydrogen’s atomic
emission spectrum.

Energy states of hydrogen Electron @
Building on Planck’s and @ Eiectron

Einstein’s concepts of quantized

energy, Bohr proposed that the [ @
hydrogen atom has only certain Nucleus Nucleus

allowable energy states, as
illustrated in Figure 10. The lowest
allowable energy state of an atom
is called its ground state. When an

atom gains energy, it is said to be S stte Excited state

in an excited state. Figure 10 The figure shows an atom that has one electron. Note that the
illustration is not to scale. In its ground state, the electron is associated with
the lowest energy level. When the atom is in an excited state, the electron is
associated with a higher energy level.

Table 1 Bohr's Description of the Hydrogen Atom

Corresponding

?::J?:L";T Orbi;l:f]dius Atomic Energy F:;:Z:g:
' Level 2

First n=1 0.0529 ] E,
Second n=2 0.212 2 E,=4E
Third n=73 0.476 3 E; =9E
Fourth n=4 ] U.EES B} 4 E, = 1BE,
Fifth - n=>5 I 1.32 5 E, = 25E,
Sixth n==6 1.90 (3] E,=36E&
Seventh n=7 259 ? E,=43E

Bohr suggested that the electron in a hydrogen atom moves around the nucleus in only
certain allowed circular orbits. The smaller the electron’s orbit, the lower the atom’s
energy state, or energy level. Conversely, the larger the electron’s orbit, the higher the
atom's energy state, or energy level. Bohr assigned a number, n, called a quantum
number, to each orbit. He also calculated the radius of each orbit, Table 1 shows data
for the first seven energy levels of a hydrogen atom according to Bohr's model.




11

CHM.5.1.01.003.02 Explain the Aufbau principle

The aufbau principle

The aufbau principle states that each

electron occupies the lowest energy
orbital available. Therefore, your first

step in determining an element’s

ground-state electron configuration is

learning the sequence of atomic

orbitals from lowest energy to highest
energy. This sequence, known as an
aufbau diagram, is shown in Figure 18.
In the diagram, each box represents

an

atomic orbital.

Table 3 Features of the Aufbau Diagram

e T e

All orbitals related to an energy sublevel are of
equal energy.

All three 2p orbitals are of equal
energy.

In @ multi-electron atom, the energy sublevels
within a principal energy level have different
energies.

The three 2p orbitals are of higher
energy than the 2s orbital.

In order of increasing energy, the sequence of
energy sublevels within a principal energy level is
s, p, d, and f.

If n =4, then the sequence of energy
sublevels is 4s, 4p, 4d, and 4f.

Orbitals related to energy sublevels within one
principal energy level can overlap orbitals related
to energy sublevels within another principal level.

The orbital related to the atom’s 4s
sublevel has a lower energy than the
five orbitals related to the 3d sublevel.

Table 3 summarizes several features of the aufbau diagram. Although the aufbau
principle describes the sequence in which orbitals are filled with electrons, it is
important to know that atoms are not built up electron by electron.

12

CHM.5.1.01.003.02 Explain the Hund’s rule




Hund’s rule

The fact that negatively charged electrons repel each other affects the distribution of
electrons in equal-energy orbitals. Hund’s rule states that single electrons with the same
spin must occupy each equal-energy orbital before additional electrons with opposite
spins can occupy the same orbitals. For example, the boxes below show the sequence

in which six electrons occupy the three 2p orbitals. One electron enters each of the
orbitals before a second electron enters any of the orbitals.

O] 200] s Eedrd
airr] s[mjr] eMjnjm

13

CHM.5.3.01.004.01 Calculate the number of representative particles present in given moles of an element (atomic or molecular) or a compound and vice
versa, conversion of a given mass to particles

15

CHM.5.1.01.002.03 Relate the principal quantum number to the total number of orbitals of the principal energy levels and the number of orbitals in sub-
energy levels

Table 2 Hydrogen's First Four Principal Energy Levels

Total Number of

Principal Sublevels (Types Number of ;
Quantum of Orbitals) Orbitals Related Oprz'r’:z::;eé::t:rz;o
Number (n) Present to Sublevel Level (n?)
1 s 1 1
S 1
2 o 3 4
S 1
3 p 3 9
d 5
3 1
P 3
4 d 5 16
f 7

Hydrogen's first four principal energy levels, sublevels, and related atomic orbitals are
summarized in Table 2. Note that the number of orbitals related to each sublevel is
always an odd number, and that the maximum number of orbitals related to each
principal energy level equals n’.

At any given time, the electron in a hydrogen atom can occupy just one orbital. You can
think of the other orbitals as unoccupied spaces—spaces available should the atom’s
energy increase or decrease.
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CHM.5.1.01.003.05 Write the electron configuration, noble gas notation of different elements

Table 5 Electron Configurations for Elements 11-18

= Complete Electron
Atomic ; :
Element Nimber Electron Configuration
Configuration | Using Noble Gas

|

Sodium | M | 1s72s%2p3s’ [Nej3s' LD DT ] ] aetectrons
Magnesium | 12 | 1522322;55352 ‘ ‘[Ne]35’ |

' ' , d | | | | |1oetectrons
Aluminum 13 1s22522p°3s?3p' [Ne]3s23p' »
Siicon | 14| 19252p°33p)  [NeB'3p? | p [ [ ] seectons
Phosphorus 15 15?25?2p®3s?3p? [Ne]3s?3p?
Sulfur 16 | 1s225%2p%3s23p* [Nej3s3pt | © [ 2etectrons
Chlorine 17 | 1572s?2p°3s73p® [Ne]3s?3p°®
w Argon 18 1s?25%2p®3s?3p*® | [Ne]3s?3p® or [Ar]
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CHM.5.1.02.001.04 Represent the electron dot structure of atoms

Electron-dot structures

Because valence electrons are involved in forming chemical bonds, chemists often
represent them visually using a

simple shorthand method, called Table 6 Electron Configurations and Dot
electron-dot structure. An atom’s Structures

electron-dot structure consists of the -

element’s symbol, which represents m Coﬁlf?;:u:::':ion E‘gf{t‘;gt':z o
the atomic nucleus and inner-level | |
electrons, surrounded by dots Lithium 3 1s72s! Li-
representing all of the atom’s valence  Beryllium 4 152252 Be-
electrons. In writing an atom’s Baian . 1572572p' 8
clectron-dot structure, dots repre- -
senting valence electrons are placed Carbon 5 1s°25%2p* %
one at a time on the four sides of the Nitrogen 7 1s?2572p° N
symbol (they may be placed in any Oxygen 8 18725720° o}
sequence) and then paired up until T — T
all are shown. Table 6 shows exam- eI 3 Wesen: | F
ples for the second period. Neon 10 1s%2s°2p* Ne:

EXAMPLE Problem 3

ELECTRON-DOT STRUCTURES Some toothpastes contain stannous fluoride, a compound of tin
and fluorine. What is tin's electron-dot structure?

1 ANALYZE THE PROBLEM
Consult the periodic table to determine the total number of electrons in a tin atom. Write out
tin's electron configuration, and determine its number of valence electrons. Then use the rules
for electron-dot structures to draw the electron-dot structure for tin.

2 SOLVE FOR THE UNKNOWN
Tin has an atomic number of 50. Thus, a tin atom has 50 electrons.

Write out tin's electron configuration using noble-

[KriSs?4d'*5p? gas notation. The closest noble gas is Kr.

The two 5s and the two 5p electrons (the electrons in the orbitals related to the atom’s
highest principal energy level) represent tin's four valence electrons. Draw the four valence Sn .
electrons around tin's chemical symbol (Sn) to show tin's electron-dot structure.
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CHM.5.1.01.004.07 Explain why the properties of the elements in the same group are similar

Valence electrons

Recall that electrons in the highest principal energy level of an atom are called valence
electrons. Each of the group 1 elements has one valence electron. The group 1 elements
have similar chemical properties because they have the same number of valence elec-
trons. This is one of the most important relationships in chemistry: atoms in the same
group have similar chemical properties because they have the same number of valence
electrons. Each group 1 element has a valence electron configuration of s'. Each group 2
element has a valence electron configuration of s*, Groups 1, 2, and 13 to 18 all have
their own valence electron configurations.

Table 3 Electron Configuration for the Group 1 Elements

Period 1 hydrogen 18! 18!

Period 2 lithium 152s! [He]2s'

Period 3 sodium 1s?25%2p°3s’ | [Nej3s!

Period 4 potassium 15%2572p%35?3p64s’ | [Ar]4s'

18

CHM.5.1.01.010.03 Describe the general properties of alkaline earth metals and their uses

Alkaline Earth Metals The alkaline earth metals are in group 2. They are also highly
reactive. Calcium (Ca) and magnesium (Mg), two minerals important for your health,
are examples of alkaline earth metals. Because magnesium is strong and relatively
light, it is used in applications in which strength and low mass are important, as shown
in Figure 6.

Figure 6 Because magnesium is light and strong,
itis often used in the production of safety devices
such as these caribiners used by climbers,
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CHM.5.1.01.008.02 Use the electron configuration notation, orbital notation, and noble gas notation of an element (Z 1 - 36) to identify the location of an
element in the periodic table (perjod. eroup and block)

EXAMPLE Problem 1

ELECTRON CONFIGURATION AND THE PERIODIC TABLE Strontium, which is used to produce
red fireworks, has an electron configuration of [Kr]Ss?. Without using the periodic table, determine
the group, period, and block of strontium.

1 ANALYZE THE PROBLEM

You are given the electron configuration of strontium.
Known Unknown

Electron configuration = [Kr]5s? Group =7

Period = ?
Block = ?
2 SOLVE FOR THE UNKNOWN
i -] For representative elements, the number
The s? indicates that strontium’s valence electrons fill of valence electrons can indicate the group
the s sublevel. Thus, strontium is in group 2 of the s-block. & e
The 5 in 5s? indicates that strontium is in period 5. The number of the highest energy level
indicates the period number.
3 EVALUATE THE ANSWER
The relationships between electron configuration and
position on the periodic table have been correctly applied.
20 CHM.5.1.01.004 Explore the location of elements in the periodic table based on their electron configuration and predict their chemical and physical properties
25

CHM.5.1.02.001.02 Determine the number of valence electrons in atoms

Valence Electrons

Only certain electrons, called valence electrons, determine the chemical properties of an
element. Valence electrons are defined as electrons in the atom’s outermost orbitals—
generally those orbitals associated with the atom’s highest principal energy level. For
example, a sulfur atom contains 16 electrons, only six of which occupy the outermost 3s
and 3p orbitals, as shown by sulfur’s electron configuration, [Ne]3s*3p*. Sulfur has six
valence electrons. Similarly, although a cesium atom has 55 electrons, it has just one
valence electron, the 6s electron shown in cesium'’s electron configuration, [Xe]6s'.




Figure 8 The figure shows the electron-dot
structure of most representative elements.

Observe How does the number of valence
electrons vary within o group?

Valence electrons and period

The energy level of an element’s valence electrons indicates the period on the periodic
table in which it is found. For example, lithium'’s valence electron is in the second
energy level and lithium is found in period 2. Now look at gallium, with its electron
configuration of [Ar]4s*3d""4p!. Gallium's valence electrons are in the fourth energy
level, and gallium is found in the fourth period.

Valence electrons of the representative elements

Elements in group 1 have one valence electron; group 2 elements have two valence
electrons. Group 13 elements have three valence electrons, group 14 elements have
four, and so on. The noble gases in group 18 each have eight valence electrons, with the
exception of helium, which has only two valence electrons. Figure 8 shows how the
electron-dot structures you studied previously illustrate the connection between group
number and number of valence electrons. Notice that the number of valence electrons
for the elements in groups 13 to 18 is ten less than their group number.
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CHM.5.1.01.009.06 Explain the periodic trend of atomic radii across a period and down a group

Atomic Radius

For metals such as sodium, the atomic radius is defined as half the distance between adja-
cent nuclei in a crystal of the element, as shown in Figure 11. For elements that commonly
occur as molecules, such as many nonmetals, the atomic radius is defined as half the
distance between nuclei of identical atoms that are chemically bonded together. The atomic
radius of a nonmetal diatomic hydrogen molecule (H,) is shown in Figure 11.

Bonded metallic
sodium atoms In Bonded nonmetal hydrogen
acrystal lattice atoms In a molecule

74 pm

Radius

Radius
The facius of & metal atom is one-hall The radius of & nonmetal atom isoften Figure 11 Atomic radii depend on the type
the distance between two adjacent determined from a molecule of two
somsinthe cryil oritou sk of bonds that atoms form.




Chemical symbol
Atemic radius

Relative size

~

w

Figure 12 The atomic radii of the
representative elements, given in
picometers {107 m), vary as you
mave from teft to right within a
period and down a group:

Infer why the ctomic radii increase
s you move down & Group.

Trends within periods

In general, there is a decrease in atomic radii as you move from left to right across

a period, This trend is illustrated in Figure 12, It is caused by the increasing positive
charge in the nucleus and the fact that the principal energy level within a period
remains the same. Each successive element has one additional proton and electron,
and each additional electron is added to orbitals corresponding to the same princi-
pal energy level. Moving across a period, no additional electrons come between the
valence electrons and the nucleus. Thus, the valence electrons are not shielded from
the increased nuclear charge, which pulls the outermost electrons closer to the
nucleus.

Trends within groups

Atomic radii generally increase as you move down a group on the periedic table.
The nuclear charge increases, and electrons are added to orbitals corresponding to
successively higher principal energy levels. However, the increased nuclear charge
does not pull the outer electrons toward the nucleus to make the atom smaller as
vou might expect. Why does the increased nuclear charge not make the atom
smaller?

Generally decreases Moving down a group, the outermost orbital
g increases in size along with the increasing
g i principal energy level; thus, the atom becomes
i R _ B larger. The larger orbital means that the outer
8 t l; L tf electrons are farther from the nucleus. This
3 o increased distance offsets the pull of the
increased nuclear charge. Also, as additional
Figure 13 Atomic radii generally orbitals between the nucleus and the outer
decrease from left to right in a period electrons are occupied, these electrons shield the
and generally increase as you move outer electrons from the nucleus. Figure 13
down a group.

summarizes the group and period trends.



EXAMPLE Problem 2

ELECTRON CONFIGURATION AND THE PERIODIC TABLE Which has the largest atomic radius;
carbon (C), fluerine (F), beryllium (Be), or lithium (Li)? Answer without referring to Figure 12. Explain
your answer in terms of trends in atomic radii.

1 ANALYZE THE PROBLEM

You are given four elements. First, determine the groups and periods the elements occupy.
Then apply the general trends in atomic radii to determine which has the largest atomic radius.

2 SOLVE FOR THE UNKNOWN
From the periodic table, all the elements are found to be in period 2. petermine the periods.

Ordering the elements from left-to-right across the period yields:

Li,Be,C,and F.
Apply the trend of decreasing

The first element in period 2, lithium, has the largest radius. radii across a period.

3 EVALUATE THE ANSWER

The period trend in atomic radii has been correctly applied. Checking radii
values in Figure 12 verifies the answer.
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CHM.5.1.01.011.02 Explain the periodic trend of electronegativity across a period and down a group of the periodic table

Electronegativity

The electronegativity of an element indicates the relative
ability of its atoms to attract electrons in a chemical bond.
As shown in Figure 19, on the next page, electronegativity
generally decreases as you move down a group. Figure 19
also indicates that electronegativity generally increases as
you move from left to right across a period. Fluorine is the
most electronegative element, with a value of 3.98, meaning
it attracts electrons more strongly than any other element
in a chemical bond. Cesium and francium are the least
electronegative elements, with values of 0.79 and 0.70,
repectively. In a chemical bond, the atom with the greater
electronegativity more strongly attracts the bond’s elec-
trons. Note that because the noble gases form very few
compounds, they do not have electronegativity values.



Figure 19 The electronegativ-
ity values for most of the
elements are shown. The
values are given in Paulings, a
unit named after American
scientist Linus Pauling
(1901-1994).

Infer why electronegativity
values are not listed for the
noble gases.

Decreasing electronegativity

Electronegativity Values in Paulings

23
CHM.5.1.01.009.10 Explain the trend of first ionization energy across a period (Exceptions between Groups 2 & 3 and 5 & 6 are included}), and down a group

of the periodic table

Trends within periods Generally increases

As shown in Figure 17 and by the values in Table 5,
| E T

first ionization energies generally increase as you

move from left to right across a period. The increased

nuclear charge of each successive element produces

an increased hold on the valence electrons. Trends in First lonization Energies

Generally decreases

g Figure 18 lonization energies
Trends within groups generally increase from left to right in
First ionization energies generally decrease as you a period and generally decrease as
move down a group. This decrease in energy occurs ~ YOU move down a group.
because atomic size increases as you move down the group. Less energy is required to
remove the valence electrons farther from the nucleus. Figure 18 summarizes the group
and period trends in first ionization energies.
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CHM.5.1.01.009.13 Explain the difference in size between an atom and its ion (anion or cation)

lonic Radius o

Atoms can gain or lose one or more elec-
trons to form ions. Because electrons are — w om
negatively charged, atoms that gain or lose

electrons acquire a net charge. Thus, an ion

is an atom or a bonded group of atoms that Sodium atom (Na) Sodium fon (Na™)
has a positive or negative charge. [Nej3s' [Nej

You will learn more about ions later, but for
now, consider how the formation of an ion @
affects the size of an atom. =

—
pm
Losing electrons
When atoms lose electrons and form Chiorine atom (C1) Chiorine ion (CI-)
positivelv charged ions, they always [Nej3s?3p5 [NeJ3s23pPor [Ar]

become smaller. The reason is twofold, The
electron lost from the atom will almost
always be a valence electron, The loss of a
valence electron can leave a completely
empty outer orbital, which results in a
smaller radius. Furthermore, the electro-

Figure 14 The size of aloms varies greatly when they
form ions.

a. Positive ions are smaller than the neutral atoms from which
they form,

b. Negative ions are larger than the neutral atoms from which

static repulsion between the now-fewer
they form.

number of remaining electrons decreases.

As a result, they experience a greater

nuclear charge allowing these remaining electrons to
be pulled closer to the positively charged nucleus,

Figure 14a illustrates how the radius of sodium decreases when sodium atoms form
positive ions. The outer orbital of the sodium atom is unoccupied in the sodium ion, so
the sodium ion is much smaller than the sodium atom.

Gaining electrons

When atoms gain electrons and form negatively charged ions, they become larger. The
addition of an electron to an atom increases the electrostatic repulsion between the
atom'’s outer electrons, forcing them to move farther apart. The increased distance
between the outer electrons results in a larger radius.

Figure 14b shows how the radius of chlorine increases when chlorine atoms form
negative ions. Adding an electron to a chlorine atom increases the electrostatic repul-
sion among its valence electrons, The increased repulsion causes the electrons to move
farther apart and results in the radius of a chloride ion being almost twice as large as
that of a chlorine atom.

CATION ANION
e ‘Q\ /e
/ =% / N
/ plPlP
é 000
NES s
V' Positively charged, V7 Negatively charged

Vv wmore protons than elegtrons. /' More sloctrons than protons.




Practice

Questions




Which of the following is correct regarding the ions

shown in the two figures below?

0,“’“ (0]

Salial 3N qs dangal) CiliaVL Bl Lg!c.n.a V:‘;" Laa Ié[

J_' - G.. 6.~
Sodium atom (Na) Sodium ion (Na*) ~ Chlorine atom (Cl) ~ Chloride ion (CI7)
(Na)pwss= 552 (Na™)esass ol (CFyssis osf

[Nel3s' [Nel [Nel3s3p® or LAr]

Learning Outcomes Covered

o CHM.5.1.01.009

Chiorine atom gains an electron, electrostatic repulsion
between the atom’s outer electrons increases, the lon
size increases

Sodium atom gains an electron, electrostatic repulsion
between the atom’s outer electrons increases, the ion

size increases

Sty Y1 Sl a8 U 360 10 855 s
) paa 2338 5 an AT liy GCNT e

Sl SN atall a3 By 281 gaigaall B3 cadSs
Qi) s oyl 500 A i) ilsy SN Gy

Chlorine atom loses an electron, electroslatic repulsion
between the atom’s outer electrons decreases, the ion

size decreases

Sodium atom loses an electron, electrostatic repulsion
between the atom’s outer electrons increases, the ion size
increases

(o Salueg ST A0 Jid 50 S 55 i
Qs paa i 5 A lal) il S

Sy S gl wd Lp ) apaageall 553 222
G s 138 53 dplal il ST oy



Determine the period and group of an element which ool g BN il Al paial de panallp5 gl aa

has the electron configuration shown below.

[Ar]4s23d194p°

Period 4 5)9.Jl

Group 15 dcgoxall



Which of the following is correct regarding fomgall Gl (e Lad e b Lea (g

positive ion?

Learning Outcomes Covered

o CHM.5.1.02.022

A neutral atom loses one or more valence Bl g gl e A8 ) U sl Alalenal) 5,31 a

"
'
i
i
i
]
'
§
' : s ; St 2 i i
. electrons, and this requires gain of energy a8lh 5 las) allh bl
1
:
]
1
| ]

B e o -

A neutral atom gains one or more valence S iy fY e ST S U Sl Alslanall 531 ConSs
electrons, and this requires gain of energy A M las] wlld by
A neutral atom loses one or more valence Bl clg Sl e fl gl g K0 Alalenad) 5,3 s
electrons, and energy released ke,
A neutral atom gains one or more valence Sl g g€l e B G G Sl Alsbandl 53 s

electrons, and energy released il ey



The figure below shows the orbital notation of sulfur. friaia J{L Low gl o Cupell peciad Gl uain slial JE201 s

Which of the following is correct? e b e e s
i O
i e

1s  2s 2p 3s 3p

Learning Outcomes Covered

o CHM.5.1.02.022

a.
Sulfur atom loses two electrons, and positive 87 Vinga Upl 015855 oty 780 canp€H B3 i
ion §*" is formed

b.
Sulfur atom gains two electrons, and negative 827 Wl g 55855 (s pSN Canysll 533 s
ion 8% is formed

C.

Sulfur atom loses two electrons, and negative 8% L. L‘wi 0555 (g RSl oSl 3y Sa

ion 8 is formed

Sulfur atom gains two electrons, and positive S Linga Ul 05y g Sl Cupsll 5)) cudS

L |

i

1

1

]

| |

1

]

on s e 1
§% is formed -
L]
]
1
]

PR EE - [



Scientists created this robot that looks and swims A delin 5y ASaudl 4ud 3 iy 1 elaball L
like a real fish, its body is made of a silicon resin. 00sSlad) Lol s N jealiall £4i La L sSiland) a3y e

What type of elements does silicon belong to?

Learning Outcomes Covered

o CHM.5.1.01.008

Transition metals A bl

Metalloids Skl aledd

Noble gases Al ealylalt

Nonmetals calylad




Whal explains the increase in the first ionization Oe JEY) s 01 o) B8l LA el ad (63 e

energy when moving from left fo right across a period? 85500 8 AR Gsadl 0 SLll

Learning Outcomes Covered

o CHM.5.1.01.009

r L]
' '
a.l 1
£ i
: Increasing the positive charge of nucleus Al Laapall L2 2 5005 :
: i
H ]
H i
I O . o, o o o
b.
Increasing the number of energy levels Bl Sibgies 33e 82l
c.
Increasing the number of valence electrons Blsall Silig A8l 2ae B0L)
d.
The increased distance between the outer Blilly Samplal) sy AW o 28l B0L)

electrons and the nucleus




What is the correct ascending order of the following
elements according to their electronegativity values?

(All the elements are in the same group)

Al il ol A0 peabiall gmunaall (sacloail il L
Pl JS 220

(Resanl i 3 g5 seslial guns)

Te o] Se

s eaiall Gy
Element symbol

16 i
Atornie numbor

Learning Outcomes Covered

o CHM.5.1.01.009

a.
(Lowest) S » Se » O » Te(highest)
b.
[Lowesl) Se—» 5 —»Te —0 (highest)
€.
(Lowest) Te—» O —» Se — S (highest)
d.

(Lowest) Te —» Se——» 5 —— O (highest)

(dlnsfl) Te«— 0O «— Se«— S »(4Y)

(se¥) O «— Te «— S «—Se 5 ()

(V) S «—Se «—0 «— Te » ()

(V) O «—S «—Se «—Te s (B

B o o o el



The atomic number of zinc equals 30, and its electron A il alg 30 g feaylall 550 sl
configuration is 1522522p®3523p4523d"° 1522522p®3s23pt4s23d™®
Which of the following is the Pseudo-noble gas % alall 1aa Oa¥ Jutll el G caip g Sh Leas gl

configuration for this element’s ion?
earning Outcomes Covered

o CHM.5.1.02.022

15*2s°2p%3s%3p %4s*3d®

1522522p3s3p°3d!”

1s*2s*2p°3s*3p°4s'3d’

1s%2s°2p®3s?3p®3d°

ol



Whal is the sublevel thal can hold a lotal of 6 T8 6 2aad sy M) (gl ia la

eleclrons?

Learning Outcomes Covered

o CHM.5.1.01.008

- -

P

d




Which of the following figures shows the trends of the Om S A il el Cead Zilaladl s 20 Jesin ‘_;t

atomic radius through both a penod and a group? e gageally 35l

Learning Outcomes Covered

o CHM.5.1.01.009

a.
Generally increases
[ gt J‘.‘i};l
9 N =94 ~
W
L1 |
L N
i A
E 3
=
5 1
5 -
G
|

Generally decreases

[+

Generally decreases
A4S ekl
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Generally decreases

=

Na.n 11.

saseanu A|jesauan

u_,ab J‘J)'.a

Generally increases

=

0 v

S9SeaI09p A||RIaua



What is called the state of the atom when it gains energy
according to Bohr’s model?

o9 Easa by A el Lasle g 330 (95 2D A1 e ke

A. Ground state Lo N Ada A
(_B. Excited state i D) B
C. Inert state e
D. Radiation-emitting state R —
Which of the following orbital diagrams violates Hund's rule? | ‘s sast i 4 D) cllia Jeii e of

1s 2s

il 11

1s 2s

2s 2p




Which of the following is true related to the orbital diagrams below?

Colaal SN Cillabadas 3laty O Uﬁh las t‘;i
I

3p
, 2p ——y . 7 _
Matches all electron configuratiol 3s il el (€ aa ol
2s | )
principles UER-L
2p .h_A_.3p
3s sl e pa allay
Matches Pauli exclusion principle 9 ———— i T d .
. e
Matches Hund's rule 9 ———— - I:] Ls 5B pa il
3.0
Matches aufbau principle --- sl fase e il
= ---
g

Which of the following is true related to the orbital diagrams below?

ool MY Cilladaiay Blay Lad iana T Las g

3
—2_ %
Matches Hund's rule 2s T T 1T UgA bl aa sy
1s
e O phoest
9 3p 45
—— & ) i b e
Matches Aufbau principle 2s gl Ve e 3ylaiy
1s D ELET) & B3
2 >
Matches Pauli exclusion 8
s 28 1 = Same gk Lo aa peldany
principle ls R
B 8t
Matches all electron 3s 1 i ol S e il
2s ¢ 3
configuration principles D S



APPLICATIONS

8. Without using the periodic table, determine the group, period, and block of an atom with
the following electron configurations.

a. [Ne|3s2 b. [He]2s? c. [Kr5s24d195p5
9. What are the symbols for the elements with the following valence electron configurations? |
a. s’d? Q\\\ﬂyﬂ'—" '3-) b. s?p? <P;\\ G ’S) c. 7% ( A\ oo 19 evcegt heli VH)
10. Challenge Write the electron configuration of the following elements.
a. the group 2 element in the fourth period ¢. the noble gas in the fifth period
b. the group 12 element in the fourth period d. the group 16 element in the second period

L
Lo . Yo Z 3.~ Guug Z $-C- Frevm W1 O-ev — ].&,au\i "
Teoiel Pevial T Y 16- Y. JAVIUS 3

oleck S Vileckt & Ylec\Kp w —C 3‘2(«&] o
6 - A- [ie] LS 2P



What is the period, group, and block for an il 3 pealall Lol by Al jasally desanalls 55000 L
element with the following electron configuration? £ g Sy

[Ne] 3s? 3p°

Group 4c seadll Period 3l Block gead!

Group 4 geaall Period 552l Block gesll

17 6 p

Group 4e saaull Period 35 Block gl

15 3 p

Group Ac sl Period 8 5 Blo_c@

17 3 p
Which of the following arrangement represents ek yaic Jid 400 sl
an element in group 4, period 4 and block d? ¢d gaxally 4 5915 4 dcganall

[Ne] 3s* 3p*

[Ar] 4s 3d'° 4p*

[Ar] 4s? 3d'° 4p?



Which of the following table represents an atom with ) g S o 5 s A gl ()
the following electron configuration: [Ne] 35 3p' [Ne] 35" 3p'
| s 490
s 3 1
s | depadd 50
P 3 3
block group | period
s 3 3
i ] 2% | 2
‘Where is located the element with the electron [Kr] 587 4" 5p7 o SN il 45 puaiell g 0o
configuration [Kr] §s* 4d'® 5p®in the periodic table? gl Josadl
/A - Period 5 and group 2 2 Zoganally 5 iyl A ~ A
'B - Period S and group 12 12 Zegapally S 550 3 ~ B
:T;ri—odSandgr@ 14 Zoganddly 5 50l 3 —C
|D — Period 5 and group 4 4 Gogeadlly 5 5 A-D




Which of the following diagrams represents the

ionization energy trend of the periodic table elements

across periods and groups?

On IS A Al 50 il 25 i A cllalasdll

fgaadl Jaoadl ealial do pandly 5302l

15 16 17

e i ias sl 4 A g e

o -A
N -B
L -c

FF -D

sl )
e peaa )

17 16 15 1

Which lsmecomctascendlngorderofx atomic radlusﬁ
for the period 4 elements shown in the

$asal e Gon O A il il e el Ll 0
alial gl (b Adal) day) )

K |Ga|Ge| Ca

% N G~ Ge Element symbol
O & = = paind)

1A — Lo — I\ =22 Atomic number
Al saad)

1931 (32| 20

A. (lowest) Ga — Ge — Ca — K (highest)

—

(9) K « Ca«— Ge « Ga (&) .A

¢

B. (lowest) Ge - Ga — Ca — K (highest) —

(Y) K « Ca« Ga « Ge (M) .B

C. (lowest) K — Ca — Ga — Ge (highest)

() Ge « Ga — Ca — K(J) .C

D. (lowest) Ca — Ga — Ge — K (highest)

(5) K « Ge — Ga « Ca () .D




Using the figure below, if A represents an atom and B il bl G e By 538 Jay A CAS 13 byl JSAD Ui
represents an ion of the same element ¢ daans A0 G el 4
Which of the following statements is TRUE?

4 osd
A. The ion is positive as the ionic diameter becomes G Gl e ) gV kil el Sua i e Y1 LA

larger when an electron is lost

. The ion is negative as the ionic diameter becomes QA Sl e 1 ) R sl S e (g B
) larger when an electron is
C. The ion is negative as the ionic diameter becomes A 5 b G ey s ) R el S e s LC

smaller due the decrease in the electrostatic repulsion S 3 SN
D.The ion is positive as the ionic diameter becomes A 5 9833y 5 ey S g R sl S i ga 91 D
larger due the increase in the electrostatic repulsion S 3 AN
Which of the following is true regarding electronegativity Jgaall 5 bl 2Ll le L s S Las (g
[r— in the periodic table? RS0 J—
PERIODIC TABLE OF ELEMENTS 2He
8'c N 'T) F Ne.
e e
AP IS |CAr
3 (% (m (W (@ [® (» (2 (3 M 15 %
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Why sodium ion Na® is smaller than its atom Na?
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Sodium atom (Ma) Sodium ion (Na*)
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186 Vi 102 pm
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1 Quter orbital is lefi completely empty.
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The effective nuclear charge
increases for the remaining electrons

11 Rl iy FETY1 3 3 Bsad ibsiyy | W

IO | Increase in number of energy levels
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Why CI” ian is bigger than its atom CI?

-G

I 511

o @

[
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Which one of the following elements have $28LyeS dadla el 1) 430 paliall (e s
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the highest electronegativity?
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Which of the ions below has the following o 2g RS gl al slal Sligdll e s
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Describe how ions (cations and anions) form to fulfill the octet rule

aal) i3 SO i ) sl (03] 0 3G g O gD R

The Group 13 elements of the periodic table tend to g ) (I 98 gl (a 13 46 gl s i
lose valence electrons to attain a stable outer electron | &gl ‘Uika juaal 2 S8 g SV o 8 I J guagll g3
configuration and form ions.

What is the charge of the formed ions? $A 3K S ) Ala e

+2

£ e

What is the pseudo-noble gas configuration for Cd
atom when it loses 2¢?
(Cd: 1s* 25 2p* 3¢* 3pf ds® 30" dp’ 5¢° 40'7)

$2e" il Lasls C pgsaadsl 31 Jld) 4 JAL g SOV S
(Cd: 15° 2°2pF 3¢ 3pF ds? 3aVgpf S 4a)

[Ar}4s?3d"®4p®

[Kr]5s*4d®

[Ar]4d*®

The electronic configuration of sulfur atom (S) is
1s® 28* 2p°® 3s* 3p*.What is the electron configuration

of the ion formed by this atom?

L. 187287 2p° 367 3p* 5 (S) ) 3 5 <Y Gzl
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How the atoms of group 15 elements become stable? 15 ogand) sl Chd s AS
A — By losing two electrons

ol ik - A
B — By gaining two electrons
Syl Gl - B
C — By losing 3 electrons
S
D — By gaining 3 electrons
g il 3 sy, - D

Which of the following is incorrect regarding the basic  Jpaall 3 L&) Cajuaall, 3las Lad ;e o e sSbotee S

features of the modern periodic table? Flapaadl (g9l
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 arranged in ascending order of atomic mass A,a0 RS
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properties appears
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table and are good conductors of heat and Claallls jaaag olsygSily 551l
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Group 17 consists of chemically active elements Loale  3llal Woliad 3lads joalic e 17 3c geaad calls

called halogens el gl




What period, group and block does the element with  uaill 52 jeaiall L) iy I psnally de ganally 351 Lo
the following electron configuration belong to? [Kr] 5 32 4 d 10 5 p2 f Al i STy

ganad Ac ganall ST
Block Group Period
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the group and the explanation of this trend?
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increasing nuclear charge

First ionization energies generally decrease as
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What is the electronic configuration of the element sl Alall 3 (Cr) ag S0 juaial g S Caill Lo

chromium (Cr) in the ground state by the noble gas
il juei slassuls

notation?
Atomic number of chromium = 24 24 = 55 Al G sl
[Ne]3s°3p°4s?3d*
[Ne]3s-3p°4s'3d°®
Which of the electronic configurations below does not € syl s e 3y Y oliod A Y gl e ol

agree with Aufbau principle?
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1. In Bohr’s model of the hydrogen atom, electrons revolve around the
nucleus in:

a) Elliptical orbits

b) Fixed circular orbits with quantized energy

c) Random orbits

d) Parabolic paths

3. The ground state of the hydrogen atom corresponds to:
a) n=0
b) n=1
c) n=2
d) n=3

4. An excited state of an atom means:

a) The electron has been removed completely

b) The electron is in the lowest possible orbit

c) The electron is in a higher orbit than the ground state
d) The nucleus gains energy

13. When an electron jumps from higher orbit to a lower orbit, it:
a) Absorbs energy

b) Emits energy in the form of photons

c) Remains unchanged

d) Loses a proton

Which one of the following sublevels maximum fits up el o il aim A3 Lol Slagiaall Ca vl

to 10 electrons? by i<l



Regarding the figure below, which of the following is

correct?
Uecwon @
® thesvon
& W
Youcdeun b
1 2
A Figure 2 represents the lowest allowable energy

state of an atom

B

Figure ] represents the excited state of the atom
C ] _—

The atom gains energy until it reaches figure ]
D

The atom gains energy until it reaches figure 2

Which of the following statements is correct?

A | Principal energy level 3 consists of three
sublevels, they are 3s, 3p and 3f

B Principal energy level 3 consists of three
sublevels, they are 3s, 3p and 3d

e
Principal energy level 2 consists of two
sublevels, they are 2s, 2d

D

Principal energy level 2 consists of two

sublevels, they are 2s, 2f




Practice :

Q4: Write valence electron for each electron configuration :

1- 1s2 2s2 2ps 3s2 3ps
3- 1s2 2s2 2p¢ 3s2 3ps 452

2- 1s2 2s2 2ps 3s2
4-1s2 252 2ps 3s2 3ps 4s2 3d04ps

Q5: Match each element with its electron dot-structure :

Element

1s? 2% 2p°® 3s*

1s? 252 2p°

1s2 22 2p° 3s% 3p*

1s? 2% 2p°

Why do elements in the same group have similar
chemical properties?

Because they have the same number of valence electrona

Becauso thay have the same mass numbear

Because they have the same atomic number

Becaluse they have the same number of iIaolopes

Electron-dot Structure
oo
:Ne:
ee
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L J

Al

Na-
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13. Which of the following correctly orders the atomic radii from largest

to smallest?

a)Li>Na>K>Rb
b) Rb > K > Na > Li
c) Na>K>Rb > Li
d) Li>K>Rb > Na

Which of the following figures shows the trends of the

atomic radius through both a period and a group?

A Generally decreases . Generally increases
§ Lopas iy g Uy iy
§ o n - ® = b =
Wl I5s L] ==
§4 £
§ 5 g 3
é
B D
§ Generally increases § Generally decreases
g G o g Lopas iy
g i us i 9 55 b
2 =
® i
2 3 i 51 §~~'
é




Which of the following is correct regarding

negative ion?

'u_;ugxﬂlb&\dghglwq&;w__gl

A neutral atom loses one or more valence

electrons, and this requires energy

SN g 7S e ST o Bg ) bl 5,0 S

ﬁl'aﬂﬁwalhhj

A neutral atom gains one or more valence

electrons, and this requires energy

S sy K e ST o Gy Y Al 301 s

ﬂ'\i\.'ac’.ﬂbu,.\lh&')

A neutral atom loses one or more valence

electrons, and energy released

B iy S e 28§ G s bl 531

Wl ) ay

A neutral atom gains one or more valence

electrons, and energy released

S clag KU o ST o Ug 7N Alstanal 5,0 s

m‘))n'i_,

Which of the following is correct regarding

positive ion?

toangall Gl Blals Led proaea ol Laa

A | A neutral atom loses one or more valence

electrons, and this requires gain of energy

C A neutral atom loses one or more valence

electrons, and energy released

B A neutral atom gains one or more valence

electrons, and this requires gain of energy

D | A neutral atom gains one or more valence

electrons, and energy released

How the atoms of group 15 elements become stable?

A — By losing two electrons

B — By gaining two electrons

C - By losing 3 electrons

D - By gaining 3 electrons




Objective-1

Q1. What does the Law of Conservation of Mass state?
A} Mass can be created
B} Mass is neither created nor destroyed
C) Mass 15 lost as heat
D) Mass changes in a reaction

Q2. f 10g of substance A reacts completely with 5g of substance B, what is the tolal mass
of the products?

A) 5g

B} 10g
C) 15g
D) 50q

Q3. Why must chemical equations be balanced?
A) To change the producls
B} To show that mass is conserved
C) To make it look neat
D} To change the states of matter

Q4. In a closed system, a physical change occurs. What happens to the total mass?
A) It increases
B} It decreases
C) It remains exactly the same
D) It doubles

Q5. Which of the following iIs always conserved in a chemical reaction?
A} Volume of gases
B} Number of molecules
C) Total mass
D) Color



Objective-2

Q1. Why is an atom considered electrically neutral?
A} It has no particles
B) Protans and electrons are equal
C) Neutrons block the charge
D) Electrons have no charge

Q2. What is the electrical charge of a proton?
A) +1
B) -1
C)0
D) +2

Q3. What is the electrical charge of an electron?
A) +1
B) -1
C)0
D) -2

Q4. If a neutral atom has 6 protens, how many electrons must it have?
A)O
B) 3
C) &
D) 12

Q5. Which two particles must be equal in number for an atom to be neutral?
A) Protons and neulrons
B} Neutrons and electrons
C) Protons and electrons
D) Mueleus and empty space



Objective-3

Q1. Where is the neutron located in an atom?
A) Electron cloud
B) Mucleus
C) Oulside the atom
D) Energy levels

Q2. What is the electrical charge of a neutron?
A} +1
Bj -1
C) Neutral (0}
D) 42

Q3. What is the approximate mass of a neutron?
A0 amu
B) 1 amu
C) 2 amu
D) 0.0005 amu

Q4. Which particles make up the dense nucleus of an atom?
A} Protons and electrons
B) Electrons and neulrons
C) Protons and neutrons
D) Only protons

Q5. Which subatomic particle has no effect on the charge of the atom?
A} Proton
B} Electron
C) Neutron
D) lon



Objective-4

Q1. An atom has an atomic number of 11 and a mass number of 23. How many protons
does it have?

A) 11

By12

C) 23

D) 34

Q2. How many neutrons are in an atom with a mass number of 14 and an atomic number
of 67

A) 6

B) &

C)14

D) 20

Q3. How many electrons are in a neutral atom of Oxygen (Atomic Number = 8)?
A) 4
B) 8
C) 16
D) 24

Q4. If an atom has 15 protons and 16 neutrons, what is its mass number?
A) 1
B)15
C) 16
D) 31

Q3. Which value tells you the exact number of protons in an atom?
A} Mass number
B} Neutron count
C) Atomic number
D) Atomic weight



Objective-5

Q1. Which type of radialion has the highest penetrating power?
A) Alpha

B} Beta

C) Gamma

D) X-ray

Q2. What is an alpha particle identical to?

A} A helium nucleus
B) An electron

C) A photon

D) A hydragen atom

Q3. Which type of radialion is easily stopped by a single piece of paper?
A} Alpha

B} Beta

C) Gamma

0 Neutron

Q4. What charge does a beta particle carry?

A) 42
B +1
C)0
D) -1

Q5. Which of the following has NO mass and NO electrical charge?

A} Alpha particle
B) Beta particle
C) Gamma ray
D) Proton



Objective-6

Q1. Isotopes of an element have different numbers of which particle?
A} Protons
B) Electrans
C) Neutrons
) MNuclei

Q2. Carbon-12 and Carbon-14 differ in their:
A} Atomic number
B) Number of protons
C) Mass number
D) Electron count

Q3. How many neutrons are in Hydrogen-3 (Tritium) if its atomic number is 17
A} 1
B} 2
C)3
D) 4

Q4. Do isolopes of the same element always have the same atomic number?
A) Yes, always
B} No, never
C) Only in solids
D) Only if radioactive

Q5. An isolope of Uranium has an atomic number of 92 and a mass number of 235. How
many protons does it have?

A) 92

B) 143
C) 235
D) 327



Objective-7

Q1. Why do isolopes of an element react chemically the exact same way?
A) They have the same mass
B} They have the same number of neutrons
C) They have the same number of electrons
D) They have no charge

Q2. Which subatomic particle is primarily responsible for chemical behavior?
A} Praton
B} Neutron
C) Electron
D) Quark

Q3. Do isotopes have the same electron configuration?
A} Yes
B) Mo
C) Only some of them
D) Only if heated

Q4. What physical property differs between isotopes of the same element?

A} Chemical reactivity
B} Number of electrans
C) Mass

D) Atomic number

Q5. If Oxygen-16 reacts with hydrogen to form water, how will Oxygen-18 react?
A} It will explode
B It will also farm waler
C) It will not react
D) It will form acid



Objective-8

Q1. What standard reference atom is used to define the atomic mass unit (amu)?
A} Hydrogen-1

B} Oxygen-16

C) Carbon-12

D) Nitrogen-14

Q2. 1 amu is defined as what fraction of a Carbon-12 atom?

A) 1/2
B) 1/6
c) 1110
D} 1/12

Q3. Which of the following particles has a mass of approximately 1 amu?
A} Electron

B} Proton

C) Photon

D) Gamma ray

Q4. Why do scientists use amu instead of grams to measure atomic mass?

A} Grams are too small

B} Grams are foo large and inconvenient
C) Amu is metric

D) Atoms don'l have true mass

Q5. The mass of an electron measured in amu is closest to:

A) 1 amu
B) 2 amu
C) 0 amu
D) 12 amu



Objective-9

Q1. What happens to the mass number of a nucleus during alpha decay?
A} Decreases by 2
B) Decreases by 4
C} Increases by 1
D) Stays the same

Q2. What happens to the atomic number of a nucleus during beta decay?
A} Decreases by 2
B) Increases by 1
C) Decreases by 1
D) Stays the same

Q3. Which type of decay does not change the atomic or mass number at all?
A} Alpha
B) Beta
C) Gamma
D) Positron

Q4. Uranium-238 (Atomic number 92) undergoes alpha decay. What is the new atomic
number?

A) 90
B) 91
C) 93
D) 94

Q5. Carbon-14 (Atomic number 6) undergoes beta decay. What is the new atomic number?
A)4
B) 5
C)6
D)7



Objective-10

Q1. According to Bohr's model, how do electrons move?
A} In random clouds
B} In fixed circular orbits
C) In straight lines
D) They do not move

Q2. What happens when an electron drops from a higher energy orbit to a lower one?
A) [t gains mass
B} It emits a photon of light
C) It becomes a proton
D) It stops moving

Q3. Which specific element was Bohr's model primarily based upon?
A} Helium
B} Oxygen
C) Carbon
D) Hydrogen

Q4. The lowesl possible energy state of an electron in Bohr's model is called the:
A} Excited stale
B) Ground state
C) Quantum state
D) Vacuum state

Q5. In Bohr's model, the energy levels of electrons are:
A} Conlinuous
B} Random
C) Quantized (fixed amounts)
0} Infinite



Objective-11

Q1. What is the main rule of the Aufbau principle?
A) Electrons repel each other
B) Electrons fill lowest energy levels first

C) Electrons pair up immediately
D) Orbitals hold 8 electrons

Q2. According to the Autbau principle, which orbital is filled first?
A) 15
B) 2s
C) 2p
D) 3s

Q3. After the 3p orbital is completely filled, which orbital gets filled next?
A) 3d
B) 4s
C) 4p
D) 5s

Q4. The word 'Aufbau’ is German for:
A) Building up
B) Energy
C) Orbitals
D) Electrons

Q5. If an electron enters the 2p level, which energy level must already be full?
A) 3s
B) 2s
C) 3p
D) 1p



Objective-12

Q1. What does Hund's rule aim to maximize within a subshell?
A) Paired electrons
B} Unpaired electrons

C) Protons
D) Meutrons

Q2. In a p-sublevel with 3 available orbitals, how are 3 electrons arranged?
A} All 3 in one orbital
B) Two in one, one in the second
C) One in each of the three orbitals
D) They go to the s-orbital instead

Q3. According to Hund's rule, single electrons in separate orbitals must have:
A) Opposite spins
B) Parallel spins
C) No spin
D) Variable spin

Q4. Why do electrons stay unpaired in equal-energy orbitals if possible?
A) To increase gravity
B) To minimize electron-electron repulsion

C) To change the atomic number
D) To move faster

Q5. Which action would violate Hund's rule?
A) Filling 1s before 2s
B) Pairing electrons in a p-orbital before all three have one electron
C) Having 8 valence electrons

D) Spinning in opposite directions in the same orbital



Answer Key

Objective Mumber Q4
Objective 1 B c B c c
Objective 2 . B | A : B c c
Objective 3 I B c I B c c
Objective 4 [ A B B D [ c
Objective 5 1% A A D c
Objective & c c B A A
Objective 7 c c A c B
Objective B c o B B c
Objective 9 B B c A D
Objective 10 B B b B c
Objective 11 l B | A B - A B
Objective 12 - B | c : B - B B

Figure 4 Periodic Table of the Elements

Aomic number




