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17 Texas Chemistry Standards Review

  2.C.6.A  Chemistry

Atomic Structure And nucleAr chemiStry

The student will demonstrate an understanding of atomic theory and nuclear chemistry.

(C.6) Science concepts. The student knows and understands the historical development of 
atomic theory. The student is expected to (A) understand the experimental design and con-
clusions used in the development of modern atomic theory, including Dalton’s Postulates, 
Thomson’s discovery of electron properties, Rutherford’s nuclear atom, and Bohr’s nuclear 
atom;

StAndArd reVieW

When they develop an explanation for observations about the natural world, scientists 
begin by proposing a hypothesis that is consistent with recorded data. The hypothesis is 
a testable explanation that must be supported by additional evidence. If  the hypothesis 
is well-supported, it is expanded into a theory; if  it is not supported, scientists look for 
other explanations. Even when a theory is well-established, a new type of experiment 
may provide data that are not consistent with the theory. Scientists then propose new 
hypotheses to explain the inconsistency and begin to modify, or even replace, the theory.

The development of the modern atomic theory has followed this course, beginning with 
Dalton’s original theory and model of the atom. Over time, new observations have caused 
scientists to review the atomic theory and make changes. The modern model of the atom, 
consistent with the current observations, is very different from Dalton’s model. At each 
step of the process, new hypotheses were needed. 

John Dalton, a British chemist and schoolteacher, published his atomic theory in 1803. 
Based on how elements combine with one another, Dalton’s theory stated that atoms are 
small particles that cannot be created, divided, or destroyed. Dalton imagined atoms as 
solid spheres.

In 1897, a British scientist named J. J. Thomson discovered evidence of particles within an 
atom. Thomson discovered the negatively-charged particles that are now called electrons. 
Because the electrons have a negative charge, but atoms are electrically neutral, Thomson 
proposed a new model of the atom. This model, sometimes called the plum-pudding 
model, represents the atom as a mass of positively-charged material embedded with small 
negatively-charged electrons.
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18 Texas Chemistry Standards Review

2.C.6.A Chemistry

In 1911, British physicist Ernest Rutherford determined that the positively-charged part 
of the atom is a tiny, extremely dense nucleus. He proposed a new atomic model in which 
most of the volume of the atom consists of electrons moving rapidly around this nucleus. 

In 1913, Niels Bohr, a Danish scientist, studied the way that atoms react to light. Bohr’s 
results led him to propose that electrons move around the nucleus in certain paths, or 
energy levels. In Bohr’s model, there are no paths between the levels. But electrons can 
jump from a path in one level to a path in another level with the emission or absorption of 
energy as light. 

In the 1920s, an Austrian physicist named Erwin Schrödinger and a German physicist 
named Werner Heisenberg developed the theory further, determining that electrons do not 
travel in definite paths. The exact path of an electron cannot be determined. According to 
the current theory, there are regions inside the atom where electrons are likely to be found. 
These regions are called electron clouds.

The models below represent the historical development of atomic structure. James 
Chadwick discovered the neutron in 1932. Scientists then realized that the number of 
neutrons in an atom’s nucleus was what distinguished an element’s different isotopes.

Plum-pudding model Rutherford’s model Bohr’s model Electron-cloud model

NucleusElectron Nucleus
Electron 
clouds

Proton

Neutron

Electron

Nucleus
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  2.C.6.A  Chemistry

StAndArd PrActice
 1 Why did Thomson’s discovery of the electron mean that new hypotheses needed to be 

developed to explain atoms?

 A It showed that the atom was made up of smaller particles.

 B It showed that the atom has an electric charge.

 C It showed that atoms are not the basic component of an element.

 D It showed that atoms have a nucleus surrounded by electrons.

 2 What causes an atom to emit the light that is detected in its emission spectrum?

 A Raising an electron to a higher energy level

 B Rearrangement of the particles in the nucleus

 C Loss of an electron from its highest energy level

 D Movement of an electron from a higher energy level to a lower level

 3 What major change in understanding the atomic structure could have led to the 
difference between Thomson’s model and Rutherford’s model?

 A The atom has a dense, negatively-charged nucleus.

 B The atom has a dense, positively-charged nucleus.

 C Electrons are located at discrete locations far from the nucleus.

 D Electrons are not negatively-charged particles orbiting the nucleus, but rather 
they are cloudlike. 

 4 An atom of potassium has 19 protons and 20 neutrons. According to the current 
atomic theory, how many electrons does the potassium atom have?
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2.C.6.B  Chemistry

Atomic Structure And nucleAr chemiStry

The student will demonstrate an understanding of atomic theory and nuclear chemistry.

(C.6) Science concepts. The student knows and understands the historical development of 
atomic theory. The student is expected to (B) understand the electromagnetic spectrum and 
the mathematical relationships between energy, frequency, and wavelength of light;

StAndArd reVieW

Waves transfer energy as they travel, and waves can do work. For a long time, scientists 
thought that the universe was filled with a medium that carried light waves, just as matter 
carries sound waves. We now know that the energy of an electromagnetic wave is carried by 
the interaction of magnetic and electrical fields. The amount of energy carried by a wave 
is related to its frequency (the number of cycles in a period of time) and to the wavelength 
(distance from crest to crest of the wave). For a particular type of wave, an increase in 
frequency increases the amount of energy that the wave carries. Since an increase in the 
frequency of waves also means a decrease in the wavelength of waves, the shorter the wave, 
the more energy it carries.

Science Spectrum Student Edition 2008
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The speed of a wave is its frequency multiplied by its wavelength. The speed of light (c) is 
300,000,000 meters per second (3.00 × 108 m/s), so wavelength (λ) and frequency (f) can be 
calculated using the formulas.

λ = c/f

f = c/λ

Units for wavelength are meters, and units for frequency are reciprocal seconds (1/s) or  
hertz, (Hz).
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  2.C.6.B  Chemistry

StAndArd PrActice
 1 Which of these types of waves carries the most energy?

 A Gamma rays

 B Microwaves

 C Ultraviolet light

 D Visible light

 2 Which of these colors of visible light carries the least energy?

 A Violet (λ = 420 nm)

 B Blue (λ = 475 nm)

 C Green (λ = 540 nm) 

 D Yellow (λ = 580 nm)

 3 What causes a wave of light to propagate?

 A Disturbance of a medium as energy passes through it

 B Interaction of a magnetic field and an electrical field

 C Conversion of matter into energy

 D Effects of an electrical field on a vacuum

 4 What is the wavelength, in meters, of an electromagnetic wave that has a frequency of 
1.5 × 105 Hz?
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2.C.6.C  Chemistry

Atomic Structure And nucleAr chemiStry

The student will demonstrate an understanding of atomic theory and nuclear chemistry.

(C.6) Science concepts. The student knows and understands the historical development 
of atomic theory. The student is expected to (C) calculate the wavelength, frequency, and 
energy of light using Planck’s constant and the speed of light;

StAndArd reVieW

As with any wave, light waves transfer energy. The amount of energy carried by light 
is a function of its wavelength and frequency. Because the speed of light (in a vacuum) 
is constant, these properties are directly related to one another. The energy of light is 
calculated using wavelength, frequency, the speed of light, and a factor, known as Planck’s 
constant, which relates energy and frequency. The following values and equations are used 
to calculate the energy of light.

Constants and variables:

Frequency of light (Hz or s–1)  v
Wavelength of light (m) λ
Energy (J) E
Speed of light (m/s) c = 3.00× 108 m/s
Energy (electron volts) eV (1 eV = 1.60 × 10–19 J)
Planck’s constant h = 6.63 × 10–34 J•s

Equations: 

Energy of a Quantum of Light: Ephoton = hv
Light Wave Speed Equation: c = fλ

Combined Quantum of Light and  
Light Wave Speed Equation: E = hc/λ

DO NOT EDIT--Changes must be made through “File info”
CorrectionKey=B

MC_CTXEAN060456_RP2C.indd   22 10/17/13   8:33 AM



Name	 	 Date	

© Houghton Mifflin Harcourt Publishing Company

23 Texas Chemistry Standards Review

2.C.6.C  Chemistry

STANDARD PRACTICE
	 1	 A photon of UV light has an energy of 3.94 eV. What is its frequency?

	 A	 7.61 × 107 Hz

	 B	 9.51 × 1014 Hz

	 C	 3.83 × 1032 Hz

	 D	 5.94 × 1033 Hz

	 2	 Radiation emitted from a hot object reaches its peak at λ = 850 nm. What is the 
frequency of this radiation?

	 A	 1.5 × 100 Hz

	 B	 3.5 × 105 Hz

	 C	 5.3 × 1012 Hz

	 D	 3.5 × 1014 Hz

	 3	 This figure shows the energy-level diagram for the first five energy levels for mercury 
vapor. The energy of E1 is defined as zero. (Note: The figure is not to scale.)

E5 E = 6.67 eV

E = 5.43 eV
E = 4.86 eV
E = 4.66 eV

E = 0 eV

E4
E3
E2

E1

	 	 What is the frequency of the photon emitted when an electron drops from energy 
level E3 to E1 in a mercury atom?

	 A	 4.83 × 1013 Hz

	 B	 1.12 × 1015 Hz

	 C	 1.17 × 1015 Hz

	 D	 1.61 × 1015 Hz

	 4	 To three significant figures, what is the energy, in eV, of a photon of red light whose 
wavelength is 667 nm (1 nm = 10–9 m)?
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2.C.6.D  Chemistry

Atomic Structure And nucleAr chemiStry

The student will demonstrate an understanding of atomic theory and nuclear chemistry.

(C.6) Science concepts. The student knows and understands the historical development of 
atomic theory. The student is expected to (D) use isotopic composition to calculate average 
atomic mass of an element;

StAndArd reVieW

Atoms of the same element that have different numbers of neutrons, and therefore 
different atomic masses, are called isotopes. The calculation for the average atomic mass of 
an element uses both the mass and the relative abundance of each isotope of the element. 
The atomic mass of each isotope is multiplied by the decimal that represents the isotope’s 
relative abundance. The products of all of these calculations are then added to find the 
weighted average value, which is the average atomic mass of the element. 

Some isotopes are more stable than others. In general, light elements have about the same 
number of protons as neutrons. Heavier elements, however, generally need more neutrons 
than protons to provide stability to the nucleus. The number of stable isotopes varies from 
one isotope for a few elements to ten stable isotopes for tin. In addition many elements 
have unstable isotopes. Unstable isotopes are radioactive and decay over time. 

To find the average atomic mass, multiply the mass of each isotope by the decimal fraction 
of its abundance. For example, copper has two stable isotopes, with masses of 62.9 u and 
64.9 u. The relative abundance of copper-63 is 69.15%, or 0.6915, and the relative 
abundance of copper-65 is 30.85% or 0.0385. The average atomic mass of copper is:

(0.6915 × 62.9) + (0.3085 × 64.9 ) = 43.5 + 20.0 = 63.5 u
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2.C.6.D  Chemistry

STANDARD PRACTICE
	 1	 Chlorine has two natural isotopes, chlorine-35 (34.97 u) and chlorine-37 (36.97 u), 

whose relative abundances are 75.8% and 24.2%. What is the average atomic mass of 
chlorine?

	 A	 26.5 u

	 B	 35.5 u

	 C	 36.0 u

	 D	 36.5 u

	 2	 Magnesium has three stable isotopes, magnesium-24 (23.99 u), magnesium-25 
(24.99 u), and magnesium-26 (25.98 u), whose relative abundances are 78.9%, 10.0%, 
and 11.1%. What is the average atomic mass of magnesium?

	 A	 24.3 u

	 B	 24.8 u

	 C	 25.0 u

	 D	 25.7 u

	 3	 Potassium has three stable isotopes, potassium-39 (38.96 u), potassium-40 (39.96 u), 
and potassium-41 (40.96 u), whose relative abundances are 93.26%, 0.012%, and 
6.73%. What is the average atomic mass of potassium?

	 A	 38.9 u

	 B	 39.1 u

	 C	 39.8 u

	 D	 40.1 u

	 4	 Gallium has two natural isotopes, gallium-69 (68.93 u) and gallium-71 (70.92 u), 
whose relative abundances are 60.1% and 39.9%. What is the average atomic mass of 
gallium?
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  2.C.6.E  Chemistry

Atomic Structure And nucleAr chemiStry

The student will demonstrate an understanding of atomic theory and nuclear chemistry.

(C.6) Science concepts. The student knows and understands the historical development 
of atomic theory. The student is expected to (E) express the arrangement of electrons in 
atoms through electron configurations and Lewis valence electron dot structures.

StAndArd reVieW

The arrangement of the electrons around the nucleus can be shown using electron 
configuration notation. The number of electrons in a sublevel is shown by adding a 
superscript to the sublevel designation. The hydrogen configuration is represented by 1s1. 
The superscript indicates that one electron is present in hydrogen’s 1s orbital. The helium 
configuration is represented by 1s2. Here the superscript indicates that there are two 
electrons in helium’s 1s orbital. 

As more electrons are added, the notation is extended. Because the energy of the 3d 
orbitals is slightly higher than the energy of the 4s orbitals, the order in which the orbitals 
are filled is as follows: 

1s < 2s < 2p < 3s < 3p < 4s < 3d

For example, sulfur has sixteen electrons. Its electron configuration is written as 
1s22s22p63s23p4. This line of symbols tells us about these sixteen electrons. Two electrons 
are in the 1s orbital, two electrons are in the 2s orbital, six electrons are in the 2p orbitals, 
two electrons are in the 3s orbital, and four electrons are in the 3p orbitals. Each element’s 
configuration builds on the previous elements’ configurations. To save space, one can 
write this configuration by using a configuration of a noble gas. The noble gas electron 
configurations that are often used are the configurations of neon, argon, krypton, and 
xenon. The neon atom’s configuration is 1s22s22p6, so the electron configuration of sulfur 
can be written [Ne]3s23p4.
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  2.C.6.E  Chemistry

The electrons above the noble gas configurations are valence electrons. Valence electrons 
are important in chemical reactions. They are often shown in Lewis structures as shown on 
the table.

Element Electron Number of Lewis structure 
configuration valence electrons (for bonding)

Li 1s22s1 1

Be 1s 22s2 2

B 1s22s22p1 3

C 1s22s22p2 4

N 1s22s22p3 5

O 1s22s22p4 6

F 1s22s22p5  7

Ne 1s22s22p6 8 Ne

F

O

N

C

B

Be

Li
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2.C.6.E  Chemistry

STANDARD PRACTICE
	 1	 Argon is the third period noble gas. What is the electron configuration of argon?

	 A	 1s22s22p63s2

	 B	 1s22s22p63s8

	 C	 1s22s22p63s23p6

	 D	 1s22s22p63s23p8

	 2	 The electron configuration of an element is 1s22s22p63s23p3. How many valence 
electrons does this element have?

	 A	 2

	 B	 3

	 C	 5

	 D	 11

	 3	 The Lewis structure for chlorine is shown below. What do you know about chlorine 
based on this structure?

Cl
	 A	 The atomic number of chlorine is seven.

	 B	 Chlorine has seven valence electrons.

	 C	 Chlorine has seven electrons in its level 4 orbital.

	 D	 Chlorine does not have any electrons in p suborbitals

	 4	 How many electrons can be contained in the second energy level of an atom: 2, 6, 8, 
or 18?
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2.C.12.A  Chemistry

Atomic Structure And nucleAr chemiStry

The student will demonstrate an understanding of atomic theory and nuclear chemistry.

(C.12) Science concepts. The student understands the basic processes of nuclear chemis-
try. The student is expected to (A) describe the characteristics of alpha, beta, and gamma 
radiation;

StAndArd reVieW

Certain isotopes of many elements undergo a process called radioactive decay. During 
radioactive decay, the unstable nuclei of these isotopes emit particles, or release energy, 
to become stable isotopes. After radioactive decay, the element changes into a different 
isotope of the same element or into an entirely different element. The table shows four 
kinds of radiation that can be emitted during nuclear decay.

Radiation
type

Symbol

2
4He

¯1
0e

γ

0
1n

Alpha particle

Beta particle

Gamma ray

Neutron

Mass
(kg)

Charge
(electronic
charge)

+2

-1

0

0

6.646 x 10-27

9.109 x 10-31

none

1.675 x 10-27

Alpha particles are the most massive form of radiation resulting from nuclear decay. They 
consist of two neutrons and two protons. Some reactions emit neutrons. These particles 
have only one fourth of the mass of an alpha particle and have no charge. Beta particles 
are the same as an electron in charge and mass. When a beta particle is emitted, a neutron 
in the nucleus is simultaneously converted to a proton. Gamma rays have neither mass nor 
charge.

Although nuclear radiation has many uses, there are also risks, because nuclear radiation 
interacts with living tissue. Alpha and beta particles, as well as gamma rays, can ionize 
molecules in the cells and tissues of living things. This process may form substances 
that are harmful to life. The risk of damage from nuclear radiation depends on both 
the type and the amount of radiation exposure. The ability to penetrate matter differs 
among different types of nuclear radiation. A layer of clothing or an inch of air can stop 
alpha particles. Beta particles are lighter and faster than alpha particles. Beta particles 
can penetrate a fraction of an inch in solids and liquids and can travel several feet in air. 
Several feet of material may be required to protect you from high-energy gamma rays.
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2.C.12.A  Chemistry

STANDARD PRACTICE
	 1	 Based on the information in the table on the previous page, which type of radiation 

can be considered identical to the nucleus of a helium atom?

	 A	 Alpha particle

	 B	 Beta particle

	 C	 Gamma ray

	 D	 Neutron

	 2	 Which of the following is identical to a beta particle?

	 A	 Proton 

	 B	 Electron

	 C	 Helium nucleus

	 D	 Neutron

	 3	 Which electromagnetic waves are produced during some nuclear reactions?

	 A	 Gamma rays

	 B	 Microwaves

	 C	 Radio waves

	 D	 Ultraviolet radiation

	 4	 An atom of barium-140 has 56 protons and 84 neutrons. If  the atom emits a beta 
particle from its nucleus, it becomes an atom of lanthanum. What is the mass number 
of the lanthanum atom?
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  2.C.12.B  Chemistry

Atomic Structure And nucleAr chemiStry

The student will demonstrate an understanding of atomic theory and nuclear chemistry.

(C.12) Science concepts. The student understands the basic processes of nuclear chemis-
try. The student is expected to (B) describe radioactive decay process in terms of balanced 
nuclear equations;

StAndArd reVieW

The symbol for the nuclear structure of an element consists of the element’s symbol with 
a subscript and superscript to its left, representing the nuclear charge (number of protons) 
and the nuclear mass (number of protons + number of neutrons) of the atom. The 
nuclear symbols for all of the isotopes of an element have the same subscript but different 
superscripts. For example, carbon-12 is represented as  12

   6 C while carbon-14 is represented 
as  14

   6 C.

Equations representing nuclear reactions show the atomic numbers and mass numbers, the 
total of which must be equal on both sides of the equation. For example:

 9   4 Be +  4   2 He →  12
   6 C +  1   0  n

The symbol  1   0  n represents a neutron with a mass of one and a charge of zero. The total 
masses on the left and on the right sides of this nuclear equation are 13; the total charges 
are 6. Therefore, the equation is balanced. 

Notice that when the atomic number changes, the identity of the element changes. Identity 
is determined by the charge number, because this is the number of protons in the nucleus. 
These equations represent reactions that take place in the nucleus, so the electronic charge 
on the atom is not indicated. That means the symbol  4   2 He is used both for a helium atom 
and for an alpha particle, which is a helium nucleus with no electrons and a double positive 
charge. The symbol for a beta particle, identical to an electron, is   0   –1 e. This symbol indicates 
that the beta particle has no mass (relative to the mass of a neutron or proton) and a –1 
charge.

DO NOT EDIT--Changes must be made through “File info” 
CorrectionKey=A



Name	 	 Date	

© Houghton Mifflin Harcourt Publishing Company

32 Texas Chemistry Standards Review

  2.C.12.B  Chemistry

StAndArd PrActice
 1 Which of the following correctly completes the nuclear equation?

 87
   37 Rb →  87

   38 Sr + 

 A  0   1 e

 B   0   –1 e

 C  1   0 n

 D  0   1 n

 2 Which of the following is a correctly balanced nuclear equation?

 A  212
   84 Po +  4   2 He →  208

   82 Pb

 B  238
   92 U +  1   0 n →  237

   92 U

 C  13
   6 C →  12

   6 N +  1   0 n

 D  43
   19 K →  43

   20 Ca +   0   –1 e

 3 Which of the following is a product when the nucleus of  135
   55 Cs undergoes beta decay?

 A  131
   55 I

 B  134
   55 Cs

 C  135
   56 Ba

 D  136
   55 Cs

 4 How many neutrons are produced in this fission reaction?

 235
   92 U +  1   0  n →  93

   36 Kr +  140
   56 Ba + ? 1   0  n
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2.C.12.C  Chemistry

Atomic Structure And nucleAr chemiStry

The student will demonstrate an understanding of atomic theory and nuclear chemistry.

(C.12) Science concepts. The student understands the basic processes of nuclear chemistry. 
The student is expected to (C) compare fission and fusion reactions.

StAndArd reVieW

Nuclear fission and nuclear fusion are changes that involve the nucleus of the atom. 
During nuclear reactions, nuclei change into more stable forms. At the same time, a very 
small amount of the mass of the nucleus is converted to energy. This conversion releases 
enormous amounts of energy – enough to run nuclear power plants and to keep stars 
burning for billions of years.

The process of splitting heavier nuclei into lighter nuclei is called fission. The combined 
mass of the two lighter nuclei is slightly less than the mass of the original nucleus. When 
the nucleus splits, both neutrons and energy are released. A released neutron can cause 
another nucleus to split. One reaction triggers another fission reaction, causing a nuclear 
chain reaction. Nuclear reactors use the energy produced by nuclear chain reactions, and 
are used in dozens of countries to generate electricity. Uranium is a common fuel for 
nuclear fission.

 236
   92 U →  144

   56 Ba +  89
   36 Kr + 3 1   0  n + Energy

The sun uses the nuclear fusion of hydrogen atoms into helium atoms to produce energy. 
Hydrogen nuclei come together to form a helium nucleus. Because the helium nucleus is 
slightly less massive than the original hydrogen nuclei, the reaction releases large amounts 
of energy. In the cores of stars, conditions exist that cause nuclei larger than hydrogen to 
fuse together. Scientists think that all of the elements with nuclei larger than helium were 
formed inside stars by nuclear fusion. Because fusion requires that the electric repulsion 
between protons be overcome, these reactions are difficult to produce in the laboratory. 
However, scientists are conducting many experiments in the United States, Japan, and 
Europe to learn how people can exploit fusion to create a clean source of power that uses 
fuels extracted from ordinary water. Some scientists estimate that 1 kg of hydrogen in a 
fusion reactor could release as much energy as 16 million kg of burning coal. The fusion 
reaction itself  releases very little waste or pollution. In the equation below, the Greek  
letter ß represents a positron, a particle with the mass of an electron but having a positive 
charge.

4  1   1 H   4   2 He + 2 + 0   1  ß + energy
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  2.C.12.C  Chemistry

StAndArd PrActice
 1 What is a major advantage of using hydrogen fusion for energy generation?

 A It takes place at extremely high temperatures.

 B It is a very advanced and complex scientific process.

 C Its major byproduct is helium, a safe and stable element.

 D It decreases the amount of hydrogen on Earth.

 2 What is the source of the energy produced by the fission of uranium in a nuclear 
power plant?

 A Mass is converted to energy as the uranium nucleus and the neutron combine.

 B Energy is released as heat, because the products have more particles than the 
reactants.

 C Protons and electrons release energy as they come together to form the three 
neutrons.

 D Due to the mass defect, the reactants have more mass than the products, and the 
difference is converted to energy.

 3 What is the source of energy emitted by the sun?

 A Nuclear fusion

 B Nuclear fission

 C Nuclear radiation

 D Nuclear chain reaction

 4 Hydrogen nuclei fuse into larger helium nuclei in the sun’s core. How would a similar 
process explain the formation of all the other chemical elements?

 A Larger elements can fuse with each other, creating even larger new elements.

 B Fused elements can break apart by a process called fission, creating new elements.

 C Other elements are generated as byproducts of the fusion of hydrogen into helium.

 D Helium and hydrogen can be mixed in chemical compounds to create new 
elements.
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1 Texas Chemistry Standards Review

Matter and the Periodic table

The student will demonstrate an understanding of the properties of matter and the  
periodic table.

(C.4) Science concepts. The student knows the characteristics of matter and can analyze 
the relationships between chemical and physical changes and properties. The student is 
expected to (A) differentiate between physical and chemical changes and properties;

Standard reVieW

A physical change is any change in which the physical properties of a substance change but 
the identity of the substance does not. Changes of state, for example, are physical changes 
because the chemical nature of the substance remains the same and the substance can be 
returned to its original form by another change of state. Physical properties and changes 
can be used to separate a mixture of the solids sulfur and sodium chloride (table salt). 
Water is added to the mixture. The salt dissolves in water, while the sulfur floats on top. 
The salt can be recovered by evaporation of the water.

Chemical changes happen when bonds between atoms are broken, or when new bonds are 
formed to make new substances. These changes are called chemical reactions. An example 
is the burning of wood, which has the chemical property of flammability. As wood and 
oxygen react, they change into new substances that have different properties from the 
original wood and oxygen. A variety of clues indicates chemical changes. 

To know for certain that a chemical reaction has taken place requires evidence that one or 
more substances have undergone a change in identity. Absolute proof of such a change can 
be provided only by chemical analysis of the products. However, certain easily observed 
changes usually indicate that a chemical reaction has occurred:

• Release of energy as heat and light. A change in matter that releases energy as both 
heat and light is strong evidence that a chemical reaction has taken place. Heat or 
light by itself  is not necessarily a sign of chemical change, because many physical 
changes also involve either heat or light.

• Production of a gas. The evolution of gas bubbles when two substances are mixed is 
often evidence of a chemical reaction.

• Formation of a precipitate. Many chemical reactions take place between substances 
that are dissolved in liquids. If  a solid appears after two solutions are mixed, a 
chemical reaction has likely occurred. 

• Color change. A change in color is often an indication of a chemical reaction.

1.C.4.A  Chemistry
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  1.C.4.A  Chemistry

Standard Practice
 1 Carbonated seltzer water is a solution of water and carbon dioxide gas. A glass of 

seltzer water is left on a table. Bubbles of carbon dioxide leave the water, and the 
seltzer goes flat. What kind of change is this an example of, and how do you know?

 A It is a chemical change, because a gas was formed.

 B It was a chemical change, because two substances were mixed.

 C It was a physical change, because there was no change in color.

 D It was a physical change, because the water and carbon dioxide did not change.

 2 A solid that forms in a solution during a chemical reaction is called a(n)–

 A element

 B precipitate

 C mixture

 D bond

 3 Which of the following is an example of a chemical change?

 A Nitrogen and oxygen mix to form air.

 B Hydrogen and nitrogen form ammonia.

 C Salt dissolves in a glass of water.

 D A liquid changes into a gas when it is heated.

 4 Which of these observations would likely be an indication of a chemical change?

 A A change in odor when two substances are mixed

 B A change in temperature when a hot substance is left standing in air

 C A change in volume as a substance is heated

 D The disappearance of a liquid as it boils
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3 Texas Chemistry Standards Review

  1.C.4.B  Chemistry

Matter and the Periodic table

The student will demonstrate an understanding of the properties of matter and the  
periodic table.

(C.4) Science concepts. The student knows the characteristics of matter and can analyze 
the relationships between chemical and physical changes and properties. The student is 
expected to (B) identify extensive and intensive properties;

Standard reVieW

The physical properties of chemical substances can be described as extensive properties 
or as intensive properties. An extensive property is one that is directly proportional to 
amount of material. Examples of extensive properties include mass, number of atoms or 
molecules, and volume under given conditions. You can identify extensive properties by the 
behavior of the material when the amount changes. If  you double the amount of gas in an 
expandable container, but keep the pressure and temperature constant, the volume of gas 
will double. If  you triple the number of molecules of gas, the volume will triple, as will the 
mass. Therefore, volume and mass are extensive properties.

Intensive properties are those that remain constant when the amount of material changes. 
Many intensive properties can be used to identify a substance. Melting point, freezing 
point, specific heat capacity, concentration of a solution, and ductility of a metal are 
intensive properties. If  you double the amount of water in a container, it will freeze at the 
same temperature, 0°C. Another intensive property is density. Doubling the amount of 
material changes its extensive properties, mass and volume. The intensive property of the 
material, density, is mass per unit volume. As mass and volume both double, the density 
remains constant. 

You know that heat and temperature are different because you know that when two 
samples at different temperatures are in contact, energy can be transferred as heat. Heat 
and temperature differ in other ways. Temperature is an intensive property, which means 
that the temperature of a sample does not depend on the amount of the sample. However, 
heat is an extensive property, which means that the amount of energy transferred as heat 
by a sample depends on the amount of the sample. So, water in a glass and water in a 
pitcher can have the same temperature. But the water in the pitcher can transfer more 
energy as heat to another sample because the water in the pitcher has more particles than 
the water in the glass. 
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  1.C.4.B  Chemistry

Standard Practice
 1 Which of the following is an example of an intensive property?

 A Mass

 B Density

 C Weight

 D Volume

 2 How can you determine whether a measured value of a substance represents an 
extensive property?

 A Its value will double as the density of the material doubles. 

 B Its value is directly proportional to the specific heat capacity of the material.

 C Its value is constant even though the volume of material is changed.

 D Its value will be reduced as the number of moles of the material is reduced.

 3 Which of the following is an example of an extensive property?

 A Density

 B Color

 C Length

 D Freezing point

 4 Molar heat capacity is an intensive property of a material. If  the molar heat capacity 
of 1.0 g of silver is 25.3 J/K•mol, what is the molar heat capacity, in J/K•mol, of 2.0 g 
of silver?
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5 Texas Chemistry Standards Review

  1.C.4.C  Chemistry

Matter and the Periodic table

The student will demonstrate an understanding of the properties of matter and the  
periodic table.

(C.4) Science concepts. The student knows the characteristics of matter and can analyze 
the relationships between chemical and physical changes and properties. The student is 
expected to (C) compare solids, liquids, and gases in terms of compressibility, structure, 
shape, and volume;

Standard reVieW

Matter is generally found in three different states. The kinetic molecular theory is based on 
the idea that particles of matter are always in motion. The theory can be used to explain 
the properties of solids, liquids, and gases in terms of the energy of particles and the forces 
that act between them.

Gases do not have a definite shape or a definite volume. They completely fill any container 
in which they are enclosed, and they take its shape. A gas transferred from a one-liter 
vessel to a two-liter vessel will quickly expand to fill the entire two-liter volume. Gas 
particles move rapidly in all directions without significant attraction between them so, gas 
particles glide easily past one another. The density of a gaseous substance at atmospheric 
pressure is about 1/1000 the density of the same substance in the liquid or solid state 
because the particles are so much farther apart. Gases are compressible, which means the 
volume of a given sample of a gas can be greatly decreased by increasing the pressure, 
or forcing the particles closer together. Gases spread out and mix with one another, even 
without being stirred, due to the random and continuous motion of atoms or molecules. 
This mixing process is called diffusion.

A liquid has a definite volume and takes the shape of its container. As in a gas, particles 
in a liquid are in constant motion, but the particles in a liquid are closer together than 
the particles in a gas. Attractive forces between particles in a liquid are more effective 
than those between particles in a gas. This attraction between liquid particles is caused 
by intermolecular forces: dipole-dipole forces, London dispersion forces, and hydrogen 
bonding. Liquids are more ordered than gases because of the stronger intermolecular 
forces and the lower mobility of the liquid particles. The particles are not bound together 
in fixed positions so they move about constantly. Liquids are much denser than gases 
because of the close arrangement of liquid particles. Liquids are much less compressible 
than gases because liquid particles are more closely packed together. The constant,  
random motion of particles causes diffusion in liquids, as it does in gases, but at a much 
slower rate.
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6 Texas Chemistry Standards Review

  1.C.4.C  Chemistry

The particles of a solid are more closely packed than those of a gas, and usually more 
closely packed than those of a liquid. Intermolecular forces such as dipole-dipole 
attractions, London dispersion forces, and hydrogen bonding exert stronger effects in 
solids than in the corresponding liquids or gases. These attractive forces tend to hold the 
particles of a solid in relatively fixed positions, with only vibrational movement around 
fixed points. Because the motions of the particles are restricted in this way, solids are more 
ordered than liquids and are much more ordered than gases. Unlike liquids and gases, 
solids can maintain a definite shape without a container. Solids have definite volume 
because their particles are packed closely together. For practical purposes, solids can be 
considered incompressible.
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7 Texas Chemistry Standards Review

1.C.4.C Chemistry

STANDARD PRACTICE
 1 Which process could cause a material to change state from gas to liquid?

 A Removing energy from the molecules

 B Reducing the pressure on its molecules

 C Increasing the distance between molecules

 D Increasing the temperature of the molecules

 2 Which of these substances is a liquid at room temperature and standard pressure?

 A Gold

 B Oxygen

 C Table salt

 D Water

 3 In the figure of molecules below, what is occurring?

sp08irsols02007a 
first pass 9/25/06 
Steve Toole 

 A Nitrogen and oxygen mix to form air.

 B Hydrogen and nitrogen form ammonia.

 C Sugar dissolves in a glass of water.

 D A liquid changes into a gas when it is heated.

 4 About how many times as much volume does a gas occupy compared to the same 
substance as a liquid or solid under normal conditions?
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8 Texas Chemistry Standards Review

  1.C.4.D  Chemistry

Matter and the Periodic table

The student will demonstrate an understanding of the properties of matter and the  
periodic table.

(C.4) Science concepts. The student knows the characteristics of matter and can analyze 
the relationships between chemical and physical changes and properties. The student is ex-
pected to (D) classify matter as pure substances or mixtures through investigation of their 
properties.

Standard reVieW

A pure substance is matter that has a fixed composition and definite properties. Pure 
substances include elements and compounds. An element is a substance that cannot be 
broken down into simpler substances by chemical means. A compound is a pure substance 
composed of two or more elements that are chemically combined. Elements combine 
by reacting, or undergoing a chemical change, with one another. A chemical change, 
or reaction, happens when one or more substances are changed into one or more new 
substances that have new and different properties and different arrangements of atoms.

A mixture is a blend of two or more kinds of matter, each of which retains its own 
identity and properties. The parts, or components, of a mixture are simply mixed together 
physically and can usually be separated. Because mixtures are not chemically combined, 
each part of a mixture has the same chemical makeup that it had before the mixture 
was formed. Elements and compounds are pure substances, but mixtures are not. A 
mixture can be physically separated into its parts, while the parts of a pure substance are 
chemically combined and cannot be physically separated. 

Pure substance 

Water 
molecule

Homogeneous mixture

Water 
molecule

Acetic acid
molecule

Mixtures are defined by how well their substances are mixed. The vegetables in a salad are 
not evenly distributed. One spoonful may contain tomatoes. Another spoonful may have 
cucumber slices. A mixture such as a salad is a heterogeneous mixture. The substances in a 
heterogeneous mixture are not evenly distributed. In a homogeneous mixture, the components 
are evenly distributed. The mixture is the same throughout. For example, vinegar is a 
homogeneous mixture of evenly-distributed water molecules and acetic acid molecules. 
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  1.C.4.D  Chemistry

Standard Practice
 1 Which of the following materials should be classified as a mixture?

 A Air

 B Carbon

 C Salt

 D Water

 2 A bottle of dish washing detergent contains a clear, viscous liquid. The label has a 
long list of ingredients, including water, sodium lauryl sulfate, fragrance, and Yellow 
dye #5. What can you infer about the material in the bottle from this label and the 
appearance of the liquid?

 A It is a pure substance.

 B It is a compound.

 C It is a heterogeneous mixture.

 D It is a homogeneous mixture.

 3 How can you determine whether nitrogen dioxide is a compound or a mixture?

 A Nitrogen, oxygen, and nitrogen dioxide are gases, so nitrogen dioxide is a 
mixture.

 B Nitrogen, oxygen, and nitrogen dioxide are gases, so nitrogen dioxide is a 
compound.

 C The properties of nitrogen dioxide are different from nitrogen and oxygen, so it 
is a mixture.

 D The properties of nitrogen dioxide are different from nitrogen and oxygen, so it 
is a compound.

 4 In a mixture, which of the following is always true?

 A It is a liquid.

 B It contains dissolved solids.

 C It is composed of two or more pure substances.

 D It cannot be separated into individual components.
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10 Texas Chemistry Standards Review

1.C.5.A  Chemistry

Matter and the Periodic table

The student will demonstrate an understanding of the properties of matter and the   
periodic table.

(C.5) Science concepts. The student understands the historical development of the Periodic 
Table and can apply its predictive power. The student is expected to (A) explain the use of 
chemical and physical properties in the historical development of the Periodic Table;

Standard reVieW

Dmitri Mendeleev, a Russian chemist, made a scientific contribution by discovering a 
pattern to the elements in 1869. Mendeleev saw that when the elements were arranged in 
order of increasing atomic mass, those that had similar properties fell into a repeating 
pattern. That is, the pattern was periodic. Periodic means “happening at regular intervals.” 
The days of the week are periodic. They repeat in the same order every seven days. 
Similarly, Mendeleev found that the elements’ properties followed a pattern that repeated 
every seven elements. His table became known as the periodic table of the elements. The 
elements were arranged based on increasing atomic mass, starting with the most abundant 
(in the universe) and least massive element, hydrogen.

An important confirmation of the table occurred as new elements were discovered that fit 
into gaps that Mendeleev left in the table and whose properties matched those predicted by 
Mendeleev. Chemists found the periodic table very useful for predicting properties, because 
elements that are in a column share similar properties.

The structure of the atom was not known when Mendeleev developed his periodic table. 
Although the modern table, shown below, is different from Mendeleev’s original table, it 
follows the same principle—the periodic repetition of physical and chemical properties. As 
scientists learned more about atoms, they discovered that the properties of elements are 
related to the arrangement of electrons around an atom’s nucleus. The number of electrons 
in the outer shell increases across periods 1, 2, 13, 14, 15, 16, 17, and 18. There is a similar 
correlation to valence electron structure in the center of the table, periods 3–12.

H

N O F

Cl

He

Ne

Ar

Kr

Xe

RnAtAt

II

PoPo

TeTe

SeSe
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BiBi

SbSb

LiLi

NaNa
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RbRb

CsCs

FrFr

BeBe

MgMg

CaCa

SrSr

BaBa

RaRa

ScSc
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CrCr
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CuCu

AgAg

AuAu
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  1.C.5.A  Chemistry

Standard Practice
 1 Why did scientists accept the periodic table as a useful way to organize information 

about the elements?

 A Mendeleev was a well-respected scientist.

 B The table was demonstrated to have predictive value.

 C There was no other way to organize the information, and so chemists used the 
table.

 D The description of atomic structure was presented better in the table than in 
other tools.

 2 How did Mendeleev decide which elements should be placed in the same group of the 
periodic table?

 A He grouped elements with similar chemical and physical properties.

 B He grouped together elements with the same number of valence electrons.

 C He ordered the elements by atomic number, and the pattern appeared.

 D He arranged the elements across the table from most reactive to least reactive. 

 3 Calcium is a metal. On the periodic table, calcium is in Group 2 and Period 4. Which 
of the following elements is most likely to have properties similar to calcium?

 A Scandium, in Group 3 and Period 4

 B Potassium, in Group 1 and Period 4

 C Aluminum, in Group 13 and Period 3

 D Magnesium, in Group 2 and Period 3

 4 The noble gases were not known when Mendeleev made his periodic table, so a new 
group had to be added when they were discovered. Which group number on the 
modern table includes the noble gases?
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  1.C.5.B  Chemistry

Matter and the Periodic table

The student will demonstrate an understanding of the properties of matter and the   
periodic table.

(C.5) Science concepts. The student understands the historical development of the Periodic 
Table and can apply its predictive power. The student is expected to (B) use the Periodic 
Table to identify and explain the properties of chemical families, including alkali metals, 
alkaline earth metals, halogens, noble gases, and transition metals;

Standard reVieW

The elements are organized into a chart called the periodic table of elements. Each 
horizontal row of elements on the periodic table is called a period. The physical and 
chemical properties of elements in a row follow a repeating pattern across the period. Each 
vertical column of elements on the periodic table is called a group. Elements in the same 
group generally have similar chemical and physical properties.

12
2B

13
3A

14
4A

15
5A

16
6A

17
7A
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8A

10 11
1B

He

Hg
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  1.C.5.B  Chemistry

Elements are classified as metals, nonmetals, and metalloids, according to their properties. 
The zigzag line on the periodic table indicates which elements are metals and which are 
nonmetals or metalloids. Metals are found to the left of the zigzag line on the periodic 
table. Atoms of most metals have few electrons in their outer energy level. Most metals 
are solid at room temperature. Nonmetals are found to the right of the zigzag line on 
the periodic table. Atoms of most nonmetals have an almost complete set of electrons in 
their outer level. More than half  of the nonmetals are gases at room temperature. The 
elements that border the zigzag line on the periodic table, except aluminum and astatine, 
are metalloids. Atoms of metalloids have about half  of a complete set of electrons in their 
outer energy level. Metalloids have some properties of metals and some properties of 
nonmetals. All of the elements in groups 3–12 are known as transition metals. 

The most reactive metals are found in the first group of the periodic table. These are 
elements that easily lose one electron. The most reactive nonmetals are in group 17.  
These are the elements that easily gain a single electron to fill their outer energy levels.  
In general, reactivity of elements tends to decrease moving inward from these groups.  
The least reactive elements are the noble gases, group 18. These elements have outer  
energy levels that are complete, so they do not tend to react with other atoms except  
under extreme conditions.

DO NOT EDIT--Changes must be made through “File info” 
CorrectionKey=A



Name	 	 Date	

© Houghton Mifflin Harcourt Publishing Company

14 Texas Chemistry Standards Review

1.C.5.B  Chemistry

STANDARD PRACTICE
	 1	 Based on its position on the periodic table, which of these atoms has three electrons 

available to share with or to transfer to other atoms?

	 A	 Helium

	 B	 Lithium

	 C	 Boron

	 D	 Oxygen

	 2	 Based on the arrangement of elements in the periodic table, what can you predict 
about the properties of a synthetic element that has an atomic number of 118?

	 A	 Element number 118 would be very reactive and have metallic properties.

	 B	 Element number 118 would be a nonmetallic element that readily forms salts 
with metallic elements.

	 C	 Element number 118 would be a nonmetallic gas whose atoms are unlikely to 
react with other atoms.

	 D	 Element number 118 would be a metalloid with some properties of both metals 
and nonmetals. 

	 3	 Which of these features of an atom determines how it reacts with other atoms?

	 A	 The number of electrons

	 B	 The number of valence electrons

	 C	 The number of protons in its nucleus

	 D	 The number of protons and neutrons in its nucleus

	 4	 What is the atomic number of aluminum?

DO NOT EDIT--Changes must be made through “File info”
CorrectionKey=B

MC_CTXEAN060456_RP1C.indd   14 10/17/13   7:40 AM



Name	 	 Date	

© Houghton Mifflin Harcourt Publishing Company

15 Texas Chemistry Standards Review

1.C.5.C  Chemistry

Matter and the Periodic table

The student will demonstrate an understanding of the properties of matter and the   
periodic table.

(C.5) Science concepts. The student understands the historical development of the 
Periodic Table and can apply its predictive power. The student is expected to (C) use the 
Periodic Table to identify and explain periodic trends, including atomic and ionic radii, 
electronegativity, and ionization energy.

Standard reVieW

The arrangement of the periodic table reveals trends in the properties of the elements. 
Ionization energy tends to decrease down a group. Each element has more occupied energy 
levels than the one above it has. Therefore, the outermost electrons are farthest from the 
nucleus in elements near the bottom of a group. Inner electrons shield the outermost 
electrons from the full attractive force of the nucleus. This causes the outermost electrons 
to be held less tightly to the nucleus. Ionization energy tends to increase as you move from 
left to right across a period. 
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Atomic radius increases as you move down a group because the addition of another level 
of electrons increases the size. Because of electron shielding, the effective nuclear charge 
acting on the outer electrons is almost constant as you move down a group. As a result, 
the outermost electrons are not pulled closer to the nucleus. As you move from left to right 
across a period, the effective nuclear charge acting on the outer electrons increases. This 
increasing nuclear charge pulls the outermost electrons closer and closer to the nucleus and 
thus reduces the size of the atom.

Electronegativity values generally decrease as you move down a group. Electronegativity 
usually increases as you move left to right across a period. As you proceed across a period, 
each atom has one more proton and one more electron—in the same principal energy 
level—than the atom before it has. Therefore, the effective nuclear charge increases across 
a period. As this increases, electrons are attracted much more strongly, resulting in an 
increase in electronegativity.
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16 Texas Chemistry Standards Review

  1.C.5.C  Chemistry

Standard Practice
 1 Bromine, which is located in the same period as calcium, has an atomic number that 

is greater than calcium’s. How does the ionization energy of bromine compare with 
that of calcium?

 A Bromine has the same ionization energy as calcium has, because for elements in 
the same period, an increase in atomic number has no effect on the ionization 
energy.

 B Bromine ionizes more easily than calcium does, because when elements are 
located in the same period, an increase in atomic number corresponds to a 
decrease in ionization energy.

 C Bromine has a higher ionization energy than calcium has because, within a 
period, ionization energy increases as atomic number increases.

 D The relationship cannot be determined from the information provided, because 
the two elements are in different groups on the periodic table.

 2 Which of the following corresponds to an increase in the shielding of outer electrons?

 A Increase in the number of protons

 B Increase in the number of valence electrons

 C Increase in the period number of the periodic table

 D Increase in the ionization energy of the atom

 3 An arsenic atom is more massive than a phosphorus atom is, and the elements are 
located in the same group. Which of the following statements about arsenic and 
phosphorus is true?

 A Arsenic and phosphorus have the same number of valence electrons. 

 B The diameter of an arsenic atom is smaller than the diameter of a phosphorus 
atom.

 C Because they are in the same group, the two elements have the same ionization 
energy.

 D More energy is required to remove an electron from an arsenic atom than to 
remove an electron from a phosphorus atom.

 4 What is the radius, in picometers, of an atom of titanium (atomic number = 22)?
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