Unit 1 - Atomic Concept
Chemistry Review

Unit 1 - Atomic Concept

The Nature of the Atom, Subatomic Particles, Atomic Structure, Energy Levels, Valance Electrons
1. The modern model of the atom has evolved over a long period of time through the work of many scientists.
v Dalton’s Model:
= Elements are made of atoms
= Atoms of an element are the same.
= Compounds are formed from combinations of atoms.
v Rutherford Experiment
= Bombarded gold foil with alpha particles. Showed atoms were mostly empty space with small, dense
positively charged nucleus.
v Bohr Model
= Small, dense, positively charged nucleus surrounded by electrons in circular orbits.
v" Wave-Mechanical Model (Modern Atomic Theory)
= Small, dense, nucleus positively charged nucleus surrounded by electrons moving in “electron cloud”.
“Orbitals” are areas where an electron with a certain amount of energy is most likely to be found.
2. Each atom is made of a positively charged nucleus with one or more orbiting, negatively charged electrons.

3. Protons and neutrons are found in the nucleus.
4. Protons have a positive charge, neutrons no charge, and electrons a negative charge.

5. The number of protons in an atom equals the number of electrons.
v" The positive charges of the protons are cancelled by the negative charges of the electrons, so overall an atom has a
neutral charge.

6. The mass of a proton is 1 amu. The mass of a neutron is 1 amu. The mass of an electron is almost 0 amu.
v The amu is defined as 1/12 the mass of a Carbon atom.
v" The atomic mass of an atom is equal to the total number of protons and neutrons.

7. Each electron in an atom has its own distinct amount of energy.

v" When all electrons are at their lowest possible energy, it is called the “ground state.”

v’ Electrons fill in energy levels and orbitals starting with the one that requires the least energy (1s) and progressively
move to those levels and orbitals that require increasing amounts of energy.

8. When the electron gains a specific amount of energy, it moves to a higher orbital and is in the “excited state”.

9. When an electron returns from a higher energy state to a lower energy state, it emits a specific amount of energy
usually in the form of light. This can be used to identify an element (bright line spectrum).
v The instrument used to see the bright line spectrum is called a spectroscope.

10. The outermost electrons are called valence electrons. These affect the chemical properties of the element.

v Atoms with a filled valence level are stable.

v" Most elements can have up to 8 electrons in their valence level. The exceptions are H and He, which can have only 2
valence electrons.

Atoms form bonds in order to fill their valence levels.

You can use orbital notation or Lewis structures to show the configuration of the valence electrons.

<]

. Atoms of the same element all contain the same number of protons.
Changing the number of protons changes the atom into a different element.
The atomic number is the number of protons in an atom of an element.
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12. Isotopes are atoms with equal numbers of protons but different numbers of neutrons.
v'Isotopes of an element have the same atomic number (protons only), but different atomic masses (protons + neutrons).

13. The average atomic mass of an element is the weighted average of its naturally occurring isotopes.
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1 What was concluded about the structure of the 3 How do the energy and the most probable
atom as the result of the gold foil experiment? location of an electron in the third shell of an
(1) A positively charged nucleus is surronnded atom cotnpare to .thE ENEeTgy .emd tl.w most
by p ositively ch arged particles probable location of an electron in the first shell
4 (s .
£ ° ags i . L L ‘p
(2) A positively charged nucleus is surronnded of the same atomi
by mostly empty space. (1) In the third shell, an electron has more
(3) A negatively charged nucleus is surronnded energy and is closer to the nucleus.
by positively charged particles. i2) In the third shell. an electron has more
(4) A negatively charged nucleus is surronnded energy and is farther from the nucleus.
by mostly empty space. i3) In the third shell, an electron has less
2 An atom is electrically neutral because the | energy and is closer to the nucleus.
o ] : ; (4] In the third shell, an electron has less
(1) number of protons equals the number o energy and is farther from the nucleus.
electrons . ) )
(2) number of protons equals the number of 51 Fhﬂt 13 t};e net charge '[{]t]-l{}ml ton ﬂ;&t has
T Y protons, 1 nentrons, and 10 electrons:
(3) ratio of the number of neutrons to the (1) 1+ (3 1-
number of electrons is 1:1 (2) 2+ (4] 2—
(4) ratio of the number of neutrons to the . . . -
. - - 32 Which two particles make up most of the mass
number of protons is 2:1 1. 3 5
of a hydrogen-2 atom?
(1) electron and neutron
(2) electron and proton
(3) proton and neutron
(4) proton and positron
52 Write an electron configuration for an atom of aluminum-27 in an excited state. [1]
o2
Base your answers to questions 54 through 56 on the information below.
The accepted values for the atomic mass and percent natural abemdance of each
naturally aceurring isctope of silicon are given in the data table below.
Maturally Gecurring Ilsotopes of Silicon
34 lsotope Atomic Mass Percent Matural
P (atomic mass units) | Abundance (%)
55 Si28 27.98 oo 22
229 28.98 4.69
k30 29.97 3.09
54 Determine the total number of neutrons in an atom of 5i-28.  [1]
55 In the space in your answer booklet, show a correct numerical setnp for calenlating the
atomic mass of 51, [1]
56 A scientist calculated the percent natural abundance of 5i-30 in a sample to be 3.28%.
36 g Determine the percent ervor for this value. [1]
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Base your answers to questions 67 through 89 on the information below,

b

L]

Elements with atomic numbers 112 and 114 have been produced and their ITUPAC
names are pending approval. However. an element that would be put between these two
elements on the Periodic Table has not yet been produced. If produced, this element will
be identified by the symbaol Uut until an TUPAC name is approved.

67 In the space in your answer booklet, draw a Lewis electron-dot diagram for an atom of
Uut. [1]

65 Determine the charge of an Uut muclens.  Your response must include boih the
numerical value and the sign of the charge. [1]

69 Identify one element that would be chemically similar to Unt.  [1]
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According to the wave-mechanical model of the
atom, electrons in an atom

(1) travel in defined circles

(2) are most likely found in an excited state

(3) have a positive charge

(4} are located in orbitals outside the nucleus

What is the total charge of the nucleus of a
carbon atom?
(1) -6

(200

(3) +6
(4) +12

Which two particles each have a mass approxi-
mately equal to one atomic mass unit?

(1} electron and neutron

(2} electron and positron

(3) proton and electron

i) proton and neutron

When an atom loses one or more electrons, this
atom becomes a

(1) positive ion with a radius smaller than the
radins of this atom

(2) positive ion with a radius larger than the
radius of this atom

(3) negative ion with a radius smaller than the
radins of this atom

(4) negative ion with a radius larger than the
radins of this atom

January 2007

1

i)

Which subatomic particles are located in the
nucleus of a neon atom?

(1) electrons and positrons
(2) electroms and neutrons
(3) protons and neutrons
(4) protons and electrons

The total mass of the protons in an atom of
gold-198 is approximately

(1) 7Y atomic mass units

(2) 119 atomic mass units

(3) 195 atomic mass units

(4) 277 atomic mass units

31 Which electron configuration could represent a

33

35

strontium atom in an excited state?

(1) 2-5-18-T-1 (3) 2-8-158-5-1
(2) 2-5-18-T-3 (4) 2-5-15-5-2

What is the total number of neutrons in an atom
57

of SFe?

(1) 26 (3) 37

(2) 31 (4) 83

What is the total number of electrons in a
Mg+ jon?

(1) 10 (3) 14

(2) 12 (4) 24

37 Compared to an electron in the first electron

shell of an atom, an electron in the third shell of
the same atom has

(3) more mass
(4) more energy

(1) less mass
(2) less energy

In a calcium atom in the ground state, the
electrons that possess the least amonnt of energy
are located in the

(1) first electron shell
(2) second electron shell
(3) third electron shell
(4) fourth electron shell

Which group of atomic models is listed in

historical order from the earliest to the most

recent?

(1) hard-sphere model. wave-mechanical model,
electron-shell model

(2) hard-sphere model, electron-shell model,
wave-mechanical model

(3) electron-shell model, wave-mechanical
model, hard-sphere model

(4) electron-shell model, hard-sphere model,
wave-mechanical model

-5-
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5 Which isotopic notation represents an atom of

carbon-147 22
(1) §C (3) SC
(2) &C (4) %C

15 Compared to a phosphorus atom, a P* ion has

(1) more electrons and a larger radins
(2} more electrons and a smaller radius
(3) fewer electrons and a larger radius
(4} fewer electrons and a smaller radius

28 Given the structural formula:
H—C=C—H

What is the total number of electrons shared in
the bond between the two carbon atoms?

(1) 6 (3) 3
(2) 2 4) 4

Which isotopic notation identifies a metalloid
that is matched with the corresponding number
of protons in each of its atoms?

(1) **Mg and 12 protons
(2) ¥8i and 14 protons
(3) ™Asand 75 protons
(4) ®Br and 80 protons

I Which Lewis electron-dot Lliag_lrum correctly

represents a hydroxide jon?
:0:H] :0:tH|
(1) (3)
10t ] [:0tH:|
(2) (4)

51 Naturally occurring boron is composed of two isotopes. The percent abundance and

the mass of each isotope are listed below.

+ 19.9% of the borom atoms have a mass of 10013 atormic mass units.

¢ 80.1% of the borom atoms have a mass of 11,009 atomic mass units.

In the space in your answer booklet, calculate the atomic mass of boron, Your response

must include both a correct mumerical setup and the calculated result.  [2]

atomic mass unils
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Base your answers to questions 67 through 70 on the information below, which describes the proposed

discovery of element 118,

G7

68

G

In 1959, a nuclear chemist and his team announced they had discovered a new
element by crashing krypton atoms into lead. The new element, number 118, was
assigned the name nnunoctium and the symbol Uno. One possible isotope of
unnnoctivm could have been Uno-291.

However, the discovery of Uno was not confinned because other scientists
could not reproduce the experimental results ]l:-nl:]ishf-d by the nuclear chemist and
his team. In 2006, another team of scientists claimed that they produced Uao. This
claim has yet to be confirmed.

Adapted from Discover January 2002

67 Based on atomic nmmber, in which group on the Periodic Table wonld element 118 be
placed? [1]

65 What would be the total number of nentrons present in a theoretical atom of Uno-2917

[1]

6% What would be the total nmber of electrons present in a theoretical atormn of Uno-2917

[1]

70 Explain why being able to reproduce scientific results is an important component of
scientific research.  [1]
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1 Which statement correctly describes the charge
of the nucleus and the charge of the electron

clond of an atom?

(1) The nuclens is positive and the
clond is positive.

(2) The nuclens is positive and the
clond is negative.

(3) The nuclens is negative and the
clond is positive.

(4) The nucleus is negative and the
clond is negative.

electron
electron
electron

electron

31 What is the mass mumber of an atom that has six
protens, six electrons, and eight neutrons?

(1) 6 (3) 14
(2) 12 (4 20

32 Which diagram represents the nucleus of an atom

of Z7AIY
(1) (3)
(2) (4)

33 A student constructs a model for comparing the

45

masses of subatomic particles. The student selects
a small. metal sphere with a mass of 1 gram to
represent an electron. A sphere with which mass
would be most appropriate to represent a proton?

(1) 1g (3) ﬁ g
(2) 3¢ (4) 2000 g

A 10000-gram sample of naturally occurring
horon contains 19.78 grams of boron-10 (atomic
mass = 10.01 atomic mass units) and 80.22 grams
of boron-11 (atomic mass = 11.01 atomic mass
units). Which numerical setup can be used to
determine the atomic mass of naturally oceurring
boron?

(1) (0.1975)(10.01) + (0.5022){11.01)
(2) 10.8022)(10.,01) + (0.1978)(11.01)
(0.1978)(10.01)
(0.8022)(11.01)
(4) (0.8022)(10.01)
0 {0.1978)(11.01)

(3)
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1 Which notation represents an atom of sodium

with an atomic maumber of 11 and a mass number
of 247

(1) EI'TN':I (3] ﬁ'Nﬂ.
i2) zl.iNal i) ﬁNﬂ.

4 Atoms of different isotopes of the same element
differ in their total number of

(1) electrons (3) protons
(2) neutrons (4) valence electrons

12 Which changes occur as a cadminm atom, Cd,
becomes a cadminm ion, Cd*?

(1) The Cd atom gains two electrons and its
raclins decreases.

(2) The Cd atom gains two electrons and its
raclius increases.

(3) The Cd atom loses two electrons and its
racins decreases.

(4) The Cd atom loses two electrons and its
raclins increases.

What is the total mumber of electrons in a
S ion?

(1) 10 (316

(25 14 (4 18

Compared to an atom of phosphorus-31, an
atom of sulfur-32 contains

(1) one less nentron (3) one more neutron
(2) one less proton (4} one more proton
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50 Given the table below that shows students” examples of proposed models of the atom:

Proposed Modals of the Atom

Model Location of Protons Lecation of Electrons
A in tha nuclaus specific shells
B in the nuclaus reg:i;cl';i;f-lmust probabile
c dispersad throughout the atom | specific shells
D dizpersad throughout the atom reg:i;giimast B

Which model correctly describes the locations of protons and electrons in the
wave-mechanical model of the atom?

{ I_I A |3I N

Base your answers to questions 53 and 54 on the information below.

Anatom has an atomic number of 9, a mass number of 19, and an electron configura-
tion of 2-6-1.

33 What is the total number of neutrons in this atom®  [1]

34 Explain why the number of electrons in the second and third shells shows that this atom
is in an excited state. [1]
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iG]

Which two nuclides are isotopes of the same
element?

i1y 20 20
\ -
(1) ]Na and JiNe

() AR ] 400
(2) {5K and 3Ca

foh B0pr e
\ .

(3) {oK and 5K

(4) 1C and N

An atom of oxygen is in an excited state. When
an electron in this atom moves from the third
shell to the second shell, energy is

(1) emitted by the nucleus
(2) emitted by the electron
(3) absorbed by the nucleus
(4) absorbed by the electron

The charge of a beryllinm-9 nucleus is
(1) +13 (3) +5
(2) +9 (4) +4

Which sequence represents a correct order of
historical developments leading to the modern
model of the atom?

(1) the atom is a hard sphere — most of the
atom is empty space — electrons exist in
orbitals outside the nuclens

) the atom is a hard sphere — electrons exist
in orbitals ontside the nuclens — most of
the atom is empty space

(3) most of the atom is empty space — electrons

exist in orbitals outside the nuclens — the
atom is a hard sphere

(4) most of the atom is empty space — the atom

is a hard sphere — electrons exist in orbitals
outside the nuclens

11 Compared to a calcinm atom, the calcium ion

51 What is the total number of nentrons in an atom of alnminm-277

Ca* has

(1) more protons
(2) fewer protons

(3) more electrons
(4) fewer electrons

26 Which Lewis electron-dot diagram is correct for

CO,?
:C:0*  0::C::O;
(1) (3)

When an atom becomes a positive ion, the radius
of the atom

(1) decreases

(2) increases

i3) remains the same

- Which electron f_-tmﬂgu ration represents the elec-

trons in an atom of chlorine in an excited state?
(1) 2-7-7 (3) 2-8-7
(2) 2-7-8 (4) 2-5-5

34 The atomic mass of element A is 636 atomic

mass units. The only naturally oconring iso-
topes of element A are A-63 and A-65. The per-
cent abundances in a naturally occurring sample
of element A are closest to

(1) 31% A-63 and 69% AG5
(2) 50% A-63 and 50% A-G5
(3) AY% A-63 and 31% ABS
(4) 100% A-B3 and 0% AR5

51

32 Explain, in terms of atomic structure, why the atomic radius of iodine is greater than

(=L

=]

the atomic radins of fluorine.  [1]

-11 -
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54 Explain, in terms of atomic structure, why liquid mercury is a good electrical conductor: [1]

54

August 2005

1 Which subatomic particle has a negative charge?
(1) proton
(2) electron

(3) neutron
(4) positron

2 Which statement best deseribes the nuclens of an
alnmimim atom?

(1) It has a charge of +13 and is surrounded by a
total of 10 electrons.

(2) It has a charge of +13 and is surrounded by a
total of 13 electrons.

(3) It has a charge of —13 and is surrounded by a
total of 10 electrons.

(4) It has a charge of =13 and is surrounded by a
total of 13 electrons.

3 The atomic mass of an element is the weighted
average of the

(1) number of protons in the isotopes of that
element

(2) number of neutrons in the isotopes of that
element

(3) atomic numbers of the naturally oceurring
isotopes of that element

(4) atomic masses of the naturally oceurring
isotopes of that element

4 In which pair do the particles have approximately
the same mass?
(1) proton and electron
(2) proton and neutron
(3) neutron and electron
(4) neutron and beta particle

15

32

33

£

What ocours when an atom loses an electron?

(1) The atoms radius decreases and the atom
becomes a negative ion.

(2) The atoms radins deecreases and the atom
becomes a p{}sitiﬁ;e 1011

(3) The atom’s radius increases and the atom
becomes a negative ion.

(4) The atom’s radius increases and the atom
becomes a positive ion.

Which symbol represents a particle with a total of
10 electrons?

(1) N
(2) N3+

i3) Al
(4) AP+

Which electron confignration represents an atom
of aluminum in an excited state?

(1) 2-7-4 (3) 2-8-3
(2) 2-7-7 (4) 2-5-6

Which Lewis electron-dot diagram is correct for

a S jon?
- 2—
Bl

(1) (3)
I

(2) (4)

-12 -
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Base your answers to questions 59 through 61 on the information below.
Tiwo isotopes of potassium are K-37 and K-42,
39 What is the total number of neutrons in the muecleus of a K-37 atom?  [1]
G0 How many valence electrons are in an atom of K-42 in the ground state? [1]

Gl Explain, in terms of subatomic particles, why K-37 and E-42 are isotopes of potassium. [1]

G0

Gl

63 In the space in your answer booklet, draw a Lewis electron-dot diagram for a molecule
of phosphorus trichloride, PCL,.  [1]

63

-13-
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In the modern wave-mechanical model of the

atom, the orbitals are regions of the most prob-
able location of

(1) protons
(2) neutrons

(3) electrons
(4) positrons

Compared to a proton, an electron has

(1) agreater quantity of charge and the same sign

(2) a greater quantity of charge and the opposite
sigmn

(3) the same quantity of charge and the same sign

(4) the same quantity of charge and the opposite
s1am

Which two notations represent atoms that are

isotopes of the same element?

1) 121Gy o] 119 [ 190 ] 19
(1) 121Sn and 1235n (3) 20 and B5F

oy 121, .o 1121 Ay 39 .o Y
(2) 155 5n and 'Z;5n (4) 12Cland [JK

As a chlorine atom becomes a negative ion, the
atom

(1) gains an electron and its radius increases
(2) gains an electron and its radius decreases
(3) loses an electron and its radins increases
(4) loses an electron and its radins decreases

33

34

An electron in an atom moves from the ground
state to an excited state when the energy of the
electron

(1) decreases
(2} increases
(3) remains the same

Which symbol represents a particle that has the
same total number of electrons as §%7

(1) 0% (3) Se*

(2) Si (4) Ar

-14 -
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Base your answers to questions 51 and 532 on the diagram below, which represents an atom of magnesinm-26

in the ground state.

MQ-26 nucleus

51 What is the total number of valence electrons in an atom of Mg-26 in the pround state? [1]

52 On the diagram in your answer booklet, write an appropriate number of electrons in
each shell to represent a Mg-26 atomn in an excited state. Your answer may include
additional shells. [1]

52 Mg-26 nucleus

G5 In the early 1800s, experiments were conducted to detenmine the structure of the
atom. One of these experiments involved bombarding gold foil with alpha particles.
Most alpha particles passed divectly through the foil. Some, however, were deflected at
various angles. Based on thisalpha particle experiment, state #wo conclusions that were
made conceming the structure of an atom. 2]

65 Conclusion 1:

Conclusion 2:

-15 -
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As an electron in an atom moves from the

around state to the excited state, the electron

(1) gains energy as it moves to a higher energy
level

(2) gains energy as it moves to a lower energy level

(3) loses energy as it moves to a higher energy
level

(4) loses energy as it moves to a lower energy level

Which subatomic particle will be attracted by a
positively charged object?

(1) proton i(3) electron

(2) neutron (4) positron

Which conclusion is based on the “gold foil

experiment” and the resulting model of the
atom?

(1) An atom is mainly empty space. and the
nucleus has a positive charge.
JAn atom is mainl}' emply space, and the
nucleus has a negative charge.
(3) An atom has hardly any empty space. and
the nucleus has a positive charge.
(4) An atom has hardly any empty space, and
the nueleus has a negative charge.
Which two particles have approximately the
sane mass?
(1) proton and neutron
(2) proton and electron
(3) neutron and electron
(4) neutron and positron

When a lithinm atom forms an Lit ion, the lithinm
atom

(1) gains a proton
(2} gains an electron
(3) loses a proton
(4) loses an electron

14 Which Lewis electron-dot diagram represents a
boron atom in the ground state?

(1) *B (3) :B
(2) :B (4) :B

31 What is the total number of neutrons in the
nucleus of a neutral atom that has 19 electrons
and a mass mumber of 307

(1) 19 (3) 39
(2) 20 (4) 58
36 How many electrons are in an Fe** ion?
(1) 24 (3) 28
(2) 26 (4) 56

42 For most atoms with an atomic number less
than 20, nuclear stability occurs when the ratio
of nentrons to protons is 1:1. Which of the fol-
lowing atoms would be most likely to have an
unstable nucleus?

(1) tHe (3) BN
(2) 2C (4) UMy

-16 -
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Base your answers to questions 66 and 67 on the information below.

Maiurally ocourming elemental carbon is a mixture of isotopes. The percent composition

of the two most abundant isctopes is listed below,

* 05.93% of the carbon atoms have a mass of 12,00 atomic mass units.
* 1.07% of the carbon atoims have a mass of 13,00 atomic mass units,

G6 In the space provided in your answer booklet, show a correct numerical setup for

caloulating the average atomic mass of carbon.  [1]

67 Describe, intenms of subatomic particles found in the nucleus, one difference between
the nuclei of carbon-12 atoms and the nuclei of carbon-13 atoms. The response must

include both isotopes.  [1]

August 2004

1

Which of these phrases best describes an atom?

(1) a positive nucleus surrounded by a hard
negative shell

(2) a positive nucleus surrounded by a clond of
negative charges

(3) a hard sphere with positive particles uni-
formly embedded

(4) a hard sphere with negative particles uni-
formly embedded

Which statement is true about a proton and an
electron?

(1) They have the same masses and the same
charges.

(2) They have the same masses and different
charges.

(3) They have different masses and the same
charges.

(4) They have different masses and different
charges.

3

10

The atomic mass of an element is the weighted
average of the masses of

(1) its two most abundant isotopes

(2) its two least abundant isotopes

(3) all of its naturally occurring isotopes
(4) all of its radioactive isotopes

Given the Lewis electron-dot diagram:

H
Hi:CH
L]
H
Which electrons are represented by all of the dots?

(1) the carbon valence electrons, only

(2) the hydrogen valence electrons, only

(3) the carbon and hydrogen valence electrons
(4) all of the carbon and hydrogen electrons

-17 -
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353 When f;{}mpﬂred with the energy of an electron in
the first shell of a carbon atom, the energy of an

34 What is the total number of electrons found in an

Base your answers to questions T0 through 72 on the information below.

electron in the second shell of a carbon atom is
(1) less

(2) greater

i3) the same

atom of sulfur?

(1) 6 (3) 16
(2) 8 (4) 32

35 Which electron configuration represents the

electrons of an atom in an excited state?

(1) 2-5-1 i3) 2-5-17-6
(2) 2-5-6 4) 2-85-15-5

36 The nuclens of an atom of cobalt-38 contains

(1) 27 protons and 31 neutrons
(2) 27 protons and 32 neutrons
(3) 59 protons and 60 neutrons
(4) 60 protons and 60 neutrons

Potassium ions are essential to human health. The movement of dissolved potassium
ioms, K‘nj':tq]. in and out of a nerve cell allows that cell to transmit an electrical impulse.

70 What is the total number of electrons in a potassium ion®

71 Explain, in terms of aiomic structure, why a potassium ion is smaller than a potassinm

atom. 1]

72 What property of potassium ions allows them to transmit an electrical impulse®  [1]

70 electrons

71

T2

June 2004

1 The modern model of the atom is based on the

work of

(1) one scientist over a short period of time
(2) one scientist over a long period of time
(3) many scientists over a short period of time
(4) many scientists over a long period of time

Which statement is true about the charges
assigmed to an electron and a proton?

(1) Both an electron and a proton are positive.
(2) An electron is positive and a proton is nega-
tive.

An electron is negative and a proton is posi-
tive.

(4) Both an electron and a proton are negative.

(3)

In the wave-mechanical model, an orbital is a
region of space in an atom where there is

(1) a high probability of finding an electron

(2) a high probability of finding a neutron

(3) a circular path in which electrons are found
(4) a circular path in which neuntrons are found

What is the charge of the nucleus in an atom of
oxygen-177

(1) 0 (3) +8
(2) -2 (4) +17

-18 -
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1=

e

Which change oceurs when a barium atom loses
two electrons?

(1) It becomes a negative ion and its radius
decreases.

(2) It becomes a negative ion and its radius
Increases,

(3) It becomes a positive ion and its radius
decreases.

(4) It becomes a positive ion and its radins

Increases.

How many electrons are contained in an Au®* ion?
(1) 76 (3 82
(2) 79 () 197

Which electron configuration represents the

electrons of an atom in an excited state?

36 In comparison to an atom of 1JF in the ground

state, an atom of '2C in the ground state has
(1) three fewer neutrons

(2) three fewer valence electrons

(3) three more nentrons

(4) three more valence electrons

(1) 24 (3 272
(2) 2-6 (4) 2-8-2
Base your answers to questions 59 through 61 on the data table below, which shows three isctopes of neon.
Atomic Mass Percent Matural
Isotope {atomic mass units) Abundance
Hipla 10.99 90.9%
HNg 20.99 0.2%
Zhla 21.99 2.8%

G0

Gl

a8

G0

In tenms of aéomic particles, state one difference between these three isotopes of neon, [1]

Based on the atommic masses and the natural abundances shown in the data table, in the

space provided in your answer booklet, show a correct numerical setup for caleulating

the average atomic mass of neon.  [1]
Gl
[1]

whole number?

Based on natural abundances, the average atomic mass of neon is closest to which
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1 A neutral atom contains 12 neutrons and
11 electrons. The number of protons in this

37 What is the correct Lewis electron-dot structure
atomn is

for the compound magnesium fluoride?

i1 (3) 12
e f AN o e .-i.— +.--.—
o e vg:f:  [EY MRS
2 Isotopes of an element must have different ..
(1) atomic numbers (1) (3)
(2) mass numbers
{3) numbers of protons . ss  ss s
(4) numbers of electrons Mg*I} F ﬂ -_E . "';"1_'9 . _E .
15 Which statement best explains why most atomic (2) (4)
masses on the Periodic Table are decimal num-
bers® 45 Which electron configuration represents an
(1) Atomic masses are determined relative to an atom of chlorine in an excited state?
H-1 standard. (1) 2-8-7 (3) 2-8-6-1
(2) Atomic masses are determined relative to an (2) 258 4) 2-8-7T-1

0-16 standard.

(3) Atomic masses are a weighted average of the
naturally eccurring isotopes.

(4) Atomic masses are an estimated average aof
the artificially produced isotopes.

33 What is the total number of electrons in a Cr®*

ion?
(1) 18 (3) 24
(2) 21 (4) 27

62 In the space provided in your answer booklet, draw a Lewis electron-doet structure for
an atom of phosphorus. 1]

62
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Base your answers to questions 63 and 64 on the information and the bright-line spectra represented below,

63

iz

Many advertising signs depend on the prodoction of light emissions from gas-filled
glass tubes that are subjected to a high-voltage source. When light emissions are passed

through a spectroscope, bright-line spectra are produced.

Gas A

Gas B

Gas C

Gas D

Unknown
mixture

63 Identify the fwe gases in the unknown mixture.  [2]

G4 Explain the production of an emission spectrum in terms of the energy states of an

electron, 1]
anicl

August 2003

1

b

[

Which electron transition represents a gain of
energy?

(1) from 2nd to 3rd shell

(2) from 2nd to 1st shell

(3) from 3rd to 2nd shell

(4) from 3rd to 1st shell

Which particles are found in the nucleus of an
atom?

(1) electrons, only

(2) neutrons, only

(3) protons and electrons

(4) protons and neutrons

What is the total number of valence electrons in
an atom of sulfur in the ground state?

(1) 6 (3) 3

(2) 8 (4) 4

An electron has a charge of

(1) —1 and the same mass as a proton

(2) +1 and the same mass as a proton

(3) —1 and a smaller mass than a proton

(4) +1 and a smaller mass than a proton

13

Which Lewis electron-dot stucture is drawn
correctly for the atom it represents?

(1) :N (3) :0:
(2) :F: (4) :Ne:

What oceurs when an atom of chlorine forms a

chloride ion®

(1) The chlorine atom gains an electron, and its
racinsg becomes smaller.

(2} The chlorine atom gains an electron, and its
raclius becomes larger.

(3) The chlorine atom loses an electron. and its
raclius becomes smaller.

(4} The chlorine atom loses an electron, and its
raclins becomes larger.
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36 What is the total number of neutrons in an atom 44 Which is an electron configuration for an atom
of an element that has a mass number of 19 and of chlorine in the excited state?
an atomic number of 97 (1) 2-8-7 (3} 2-8-6-1
(1) 9 (3) 19 (2) 2-8-8 (4) 2-8-7-1
(2) 10 (4) 28

40 Which particle has the same electron configura-
tion as a potassium ion?
(1) flnoride ion (3) neon atom
(2) socdinm ion (4) argon atom

Base your answers to questions 63 and 64 on the diagram below, which shows bright-line spectra
of selected elements,

Bright-Line Spectra

. | | ||
: | | ||

He
Ma
Unknown Ll HEIEE

63 Identify the fiwo elements in the unknown spectrum. 2]

G4 Explain how a bright-line spectrum is produced, in tenms of excited state, energy
transitions, and ground state.  [2]

63 and

4
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B3 The table below gives information about two isotopes of element X.

lzotope Masgs Relative Abundance
X0 10,04 19.91%
XA1 11.04 80,09%

Caleulate the average atomic mass of element X,

» Show a correct mumerical setup in the space provided in your answer booklet.  [1]
* Record your answer.  [1]
= Express your answer to the correct number of significant figures.  [1]

G5

Average atomic mass of element X: amu

June 2003

1 The atomic number of an atom is always equal
to the number of its

5 The region that is the most probable location of
an electron in an atom is
(1) protons, only
(2) nentrons, only
(3) protons plus neutrons
4] protons plus electrons
9 W . . 5 11 What is represented by the dots in a Lewis
2 Which subatomic particle has no charge: ) :
electron-dot diagram of an atom of an element
in Period 2 of the Periodic Table?

(1) the nucleus (3) the excited state
(2) an orbital (4) anion

(1) alpha particle (3) nentron
(2) beta particle 14l electron o : _
(1) the mumber of neutrons in the atom

(2) the number of protons in the atom

(3) the number of valence electrons in the atom
(4) the total number of electrons in the atom

3 When the electrons of an excited atom return to

a lower energy state, the energy emitted can
result in the production of

(1) alpha particles (3) protons . i [ KA _
(2) isotopes (4) spectra 36 The macleus of an atom of K-42 contains

. - \ (1) 19 protons and 23 neutrons
4 The atomic mass of an element is calculated o 16 I ) .
. (2) 19 protons and 42 neutrons
using the

(3) 20 protons and 19 neutrons

(1) atomic number and the ratios of its naturally (4) 23 protons and 19 nentrons

occurring isotopes
(2} atomic number and the half-lives of each of

its isotopes 37 What is the total number of electrons in a
(3) masses and the ratios of its naturally oecur- Cu* ion?

ring isotopes (1) 28 (3) 30
(4) masses and the half-lives of each of its iso- (2) 20 (4) 36

topes
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Base your answers to questions 51 and 532 on the electron configuration table shown below,

Element Elnmmn_
Configuration
X 2882
2-8-7-13
Z 288

51 What is the total number of valence electrons in an atom of electron configuration XP - [1]

52 Which electron configuration represents the excited state of a calceium atom?  [1]

52

G0

G0 As a neutral sulfur atom gains two electrons, what happens to the radins of the atom?

Gl After a neutral sulfur atom gains two electrons, what is the resukting charge of the ion® [1] 61

[1]

67 John Dalton was an English scientis¢ who proposed that atoms were hard. indivisible
spheres. In the modem model, the atom has a different internal stmcture.

@ ldentify one experiment that led seientists to develop the modem mode] of the atom.  [1]

b Describe this experiment.  [1]

¢ State one conclusion about the intermnal structure of the atom, based on this experi-

ment.  [1]

67 a
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]

-]

Which statement hest deseribes electrons?

(1) They are positive subatomic particles and
are found in the nucleus.

(2) They are positive subatomic particles and
are found surronnding the nucleus.

(3) They are negative subatomic particles and
are found in the nucleus.

(4) They are negative subatomic particles and
are found surronnding the nucleus.

During a flame test, ions of a specific metal are

heated in the flame of a gas burner. A charac-

teristic color of light is emitted by these ions in

the flame when the electrons

(1) gain energy as they return to lower energy
levels

(2) gain energy as they move to higher energy
levels

(3) emit energy as they return to lower energy
levels

(4) emit energy as they move to higher energy
levels

From which of these atoms in the ground state

can a valence electron be removed using the

least amount of energy?

(1) nitrogen
(2) carbon

(3) oxygen
i4) chlorine

An atom of carbon-12 and an atom of carbon-14
difter in

(1) atomic nmmber

(2) mass number

(3) nuclear charge

(4) number of electrons

14

36

Given the equation:
'F + 16~ — [ F:

This equation represents the formation of a

(1) fluoride ion, which is smaller in radius than
a fluorine atom

(2) uoride ion, which is larger in radins than a
flnorine atom

(3) fluorine atom, which is smaller in radins
than a fluoride ion

(4) fTuorine atom, which is larger is radins than
a Muoride ion

Hydrogen has three isotopes with mass num-
bers of 1, 2, and 3 and has an average atomic
mass of 1.00794 amu. This information indicates
that

(1) equal numbers of each isotope are present

(2) more isotopes have an atomic mass of 2 or 3
than of 1

(3) more isotopes have an atomic mass of 1 than

of 2 or 3
(4) isotopes have only an atomic mass of 1
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Base your answers to questions 62 through 64 on the information and diagram below,

Umne model of the atomn states that atoms are tiny particles composed of a nniform mix-
ture of positive and negative charges. Scientists conducted an experiment where alpha par-
ticles were aimed at a thin layer of gold atoms.

Most of the alpha particles passed dirvectly through the gold atoms. A few alpha particles
wete deflected from their straight-line paths. An illustration of the experiment is shown

below,
apha OO0 N
parficles O ¢ T -
)0 — .
e
[Ty =
: 1'2":'{1‘1 — -
e | T >
Deflected  ~ U0 .
alpha Gold
particle atoms

62 Most of the alpha particles passed directly through the gold atoms undisturbed. What
does this evidence suggest about the structure of the gold atoms?  [1]

B3 A few of the alpha particles were deflected. What does this evidence suggest about the
structure of the gold atoms?  [1]

B4 How should the orginal model be revised based on the results of this experiment?  [1]

62

63

i3 3
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