The section of the general chemistry course that deals with atomi 5
qualitative terms the current understanding of the fundamental structure of all matter. “ﬂ: describe :
the basic building blocks of matter. The composition of the atom is described. the -
experiments that led to the discovery of electrons, protons, and neutrons are laid out in Frequently, fundamental
The development of g mechani bled chemists to descril some detail.
the nucleus more accurately than was possible with the planetary model for :ﬁ“ﬂl“h*“‘
implications of quantum numbers, photons, electromagnetic radiation, and radial .Im-‘" meanings o
central to describing the atom in terms of quantum mechanics. Other central ideas include .“'-
the uncertainty principle. the aufbau principle and
Symbolic representations of atomic structure and three-dimensional representations of electron probabilit

regions enable chemists to deal with the behavior of atoms in terms of current atomic theory and to communicate
chemical information more clearly.

Study Questions

AS-1. An atom of strontium-90, 3 Sr, contains
(A) 38 electrons, 38 protons, 52 neutrons.
(B) 38 electrons, 38 protons, 90 neutrons.
© 52 electrons, 52 protons, 38 neutrons.
@) 52 electrons, 38 protons, 38 neutrons.

Knowledge Required: (1) The symbolic representation of isotopes, with the atomic number of an element written

as a left-hand subscript, the mass number written as a left-hand superscript, and the ionic charge (if any) written as
a right-hand superscript. (2) The fact that the mass number is the sum of the number of protons and neutrons.

Thinking it Through: The atomic number of 38 indicates 38 protons, eliminating choice (C). This is a neutral
atom, so there are also 38 electrons, eliminating choice (D). The mass number of 90 for strontium eliminates
choice (B), which corresponds to a mass number of 128. The correct number of neutrons is found by subtracting
the atomic number (38) from the mass number (90) giving a value of 52, which is found in choice (A). Note: There
is redundant information in this question; the term “strontium-90" gives the same information as the symbolic
representation, 5 Srif you know the symbol for strontium and can find its atomic number on the periodic table.

AS-2. ‘What do these have in common?
"Ne e Mg
(A) the same number of protons (B) the same number of neutrons
© the same number of electrons D) the same size
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& wuﬁon of isotopes, with the atomic number of an element writtep

Knowledge Required: (l)~ The symbolic written as a left-hand superscript, and the ionic charge (if any) written a5
as a left-hand subscript mw‘lhel fact that the mass number is the sum of the number of protons plus neutrons,

5 . dic table contains the atomic number

number . i ;:wbns and the number of electrons for a neutral ato i
of protons in - e jons are short by one or more electrons. Also, subtracting the atomic number

additional electrons. -Pm::‘number of neutrons. These three species have different atomic numbers (10, 9,
hh”-ﬁﬂg‘m be the same, eliminating choice (A). Subtracting each atomic number
and 12), so the pumber me xmg, mdc 24) gives different numbers of neutrons in each case (10, 10, and 12),

wﬁ-b : choice (B). Considering the number of electrons, the neutral atom neon has 10; fluorine has 9 in a
neatral atom—and 10 in a fluoride ion; magnesium has 12 in a neutral atom—and 10 in a +2 magnesium ion. The
three. Such species are called isoelectronic. Note that Na*, O*, and

i the same for all ;
number of electrons S mvmh the given species. Choice (D) cannot be true; because, given equal numbers of

of each element, which indicates both the
m. Negative ions have one or more

AF* are also i with greater positive charge will attract electrons more strongly than those with less positive
charge.

AS-3. Which pair represents isotopes?
(A)  3iCrand JFe
©  'aCdand'gSn

(B) Z5Uand U .
D) 2 Np and *;Pu

Knowledge Required: The definition of “isotope,” and the associated symbolic representation.

same element that differ only in the number of neutrons in their

Thinking it Through: 1sotopes are forms of the
nuclei. The identity of an element is determined by the number of protons (the atomic number), which is
represented by the left-hand subscript. Choice (B), the only choice with the same element symbol for both atoms,
also has the identical atomic number (92). The other three choices have identical mass numbers, which simply
means that the sum of protons plus neutrons is the same for each one. Note: The similar terms, isotope, isomer, and
allotrope are often confused.
AS-4. Which particle, if lost from the nucleus, will not result in a change in the atomic number?

(A) proton (B) alpha particle

©) beta particle (D) neutron

[Knowledge Required: (1) The general composition of atomic nuclei (numbers of neutrons and protons). (2) The
modes of radioactive decay available to nuclei. (3) The meanings of the terms alpha particle and beta particle.

Thinking it Through: Any of these particles could be lost from the nucleus during a nuclear (not chemical)
u‘. Since the atomic number is determined by the number of positively charged protons in the nucleus,
emission of any charged particle would change the atomic number. A proton, choice (A), has one unit of positive
charge. An alpha particle, choice (B), has two units of positive charge. A beta particle, choice (C), has one unit of
uﬁ'nm. The only remaining choice is the neutron, which has no charge, and therefore does not change the




AS-5. When alpha particles were shot at a metal foil target to probe the
particles passed through without any deflection in path. Some particles
This indicated to Rutherford that

(A) the metal foil was continuous matter.

(B) the mass of the metal atoms was spread out evenly.
(©) the atoms of the metal were mostly empty space.
D) the alpha particles had great penetrating power.

Knowledge Required: The general features of Erest Rutherford’s m* et

Thinking it Through: Prior to Rutherford’s classic scattering experiment, atoms were. rht 1
of positive charge with electrons embedded throughout. Rutherford discovered that some alpha
scattered at large angles. The only explanation was that most of the mass and all of the p 2 ¢
concentrated in a tiny fraction of the volume of atom. The rest of the atom had to be mostly
(B) describes atomic theory before Rutherford’s experiment. Choice (A) suggests that atoms do
Choice (D) does not bear directly on Rutherford’s experiment. The large scattering angles ¢
were only consistent with an atomic model in which the positive charge lﬂm“m
concentrated in a small, dense center. The rest of the atom had to be mostly ex pace, choice

AS-6. An atom has a valence shell electron configuration of ns'. To which group of €
table does it belong?

(A) transition elements ®) lanthanides
©) alkaline earth metals D) alkali metals

Knowledge Required: (1) The symbolic representation of electron configuration. (2)
“yalence shell.” (3) The names associated with particular families or periods in
to correlate symbolic representations with locations in the Mﬁ.

Thinking it Through: Elements having ns' as the valenc confi
s orbital. Such elements include H (1s*), Li (25Y), NlM d [m The

Group IA of the periodic table, choice (D). The alkaline earth
of ns?, choice (C). Transition elements, choice (A), and lanthanides,
electrons. Their characteristic valence electron configurations are
The maximum value of x is 10 and the maximum value o 14,

AS-7. The energy of a photon is greatest in the case of

(A) X-rays.
(C)  visible light.
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i : b iated with regions of th
Knowledge Required: (1) The meaning of the term ‘photon.” (2) The names associate gions of the
d speclm(n:. (3) The qualitative knowledge of the relationships between energy, frequency, and
electromagnetic
he
wavelength (E=hv = 5 )

» i ich is related to the frequency of th
Thinking Through: A photon is a packet of energy, the quantity of whic : °q y of the
g ic radiation. Higher frequencies (V) and shorter wavelengths (4) correlate with higher photon
energies. All electromagnetic radiation travels at the velocity of light (c). The labels associated with regions of the
shown in the schematic diagram. Visible light and infrared radiation, choices (©)

and (D), are relatively low energy. Ultraviolet radiation, choice (B), is higher in energy, but X-rays, choice (A), are
highest.
Electromagnetic Spectrum
uency, sec™'
J0 0T 10 16N 10 10 102 10" 109 10° 10* 107 10¢

Radio

10-° 10®° 10®* 107 10¢ 10° 10* 103 102 0'l L0102 9108
Wavelength, m
Decreasing Energy e

AS-8. Which ground-state electron configuration is possible for an atom in the second period?
(A) 15%25'2p" (B) 1525°2d" © 15725 D) 1s%2p*

Knowledge Required: (1) The symbolic representation of electron configuration. (2) The meaning of the term
“second period.” (3) The allowed values for principal and angular momentum quantum numbers. (4) The order of
filling of electron orbitals. (5) The ability to correlate symbolic representations with positions in the periodic table.

Thinking it Through: For the second period, the principal quantum number, n, is equal to 2. For a principal
quantum number of 2, the angular momentum (shape) quantum number, /, has allowed values of 0 or 1. The letter
5 is associated with / = 0, and the letter p is associated with / = 1. Choice (B) cannot be correct, since only s and p
orbitals are possible when n = 2. Choice (D) is eliminated because the 2s orbital must fill before the 2p orbital. The
2s orbital has room for two electrons, which must be occupied before the 2p orbital begins to fill. Choice (A) is
eliminated because the order of filling is incorrect. Choice (C) has the correct orbitals present for a second period
element, and also displays the correct order for filling orbitals. It is the electron configuration for lithium.

AS-9. The number of unpaired electrons in a gaseous selenium atom is
A 2 )3 ©) 4 (D) 5 J




Knowledge Required: (1) Hund’s rule. (2) The order of filling of electron orbitals, ability 1 correlate
symbolic representations with positions in the periodic table. - "

Thinking it Through: Selenium is in Group VIA, the fourth column of the p-block. Lower energy orbitals
completely filled. Hund's rule specifies that electrons in orbitals of the same energy do not pair until ﬁy:e..
Initially, there are three equal-energy p orbitals. The order of filling first places a single electron in each p orbital,

and then forming one pair with the fourth electron. This leaves fwo electrons unpaired in equal-energy orbitals.
Here is a symbolic representation of the same information.

‘Se [Ar]'*34"%4s%4p* IE][]
34" 45 4p*
Note: Paramagnetism is an experimental phenomena associated with atoms having unpaired electrons. Such
substances are attracted to a tic field.

AS-10. Which electron transition in a hydrogen atom is associated with the largest emission of energy?

(A) n=2ton=1 (B) n=2ton=3
©) n=2ton=4 D) n=3ton=2

Knowledge Required: (1) The nature of quantized energy transfer between energy states. (2) The relative spacing
of energy levels from n = 1 to n = =. (3) The interpretation of energy level changes.

Thinking it Through: Atomic line spectra provide evidence that the energy state of an electron in an atom is
quantized. Only transitions between discrete energy states can take place.

Energy must be absorbed by the atom for an electron to move from one energy state in gl
an atom to another energy state that is more remote from the nucleus. This observation n=3
eliminates both choices (B) and (C). The transitions in (A) and (D) both emit energy, and 5 I
involve movement to the next lower energy state. Examining the relative spacing of o 2_'1
energy levels reveals that n = 2 to n = 1 is the greater of the two.

21

Practice Questions

1. In all neutral atoms, there are equal numbers of
(A) protons and neutrons. B) positrons and electrons.
© neutrons and electrons. D) electrons and protons.
2. Which element is represented by 3 X ? .
(A) iron (B)  germanium (©)  barium (D)  chromium
3. Which statement concerning the structure of the atom is correct?
(A) Protons and neutrons have most of the mass and occupy most of the volume of the atom.
(B) Electrons have most of the mass and occupy most of the volume of the atom.

©) Electrons have most of the mass but occupy very little of the volume of the atom.
) Protons and neutrons have most of the mass but occupy very little of the volume ¢
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10.

11.

The number of neutrons in the };C1™ ion is

(€] 17 (B) 20 © 21 (D) 37
An argon atom is isoelectronic with
(A) cl (B) Ca © i (D) N>
Which pair of particles has the same number of electrons?
@ F.Mg* (B)  Ne Ar
© Br, Se (D) AR
Which ion has twenty-six electrons?
(D) Cu*

(A) (> g (B) Fe® ©) Ni**

Which statement is true?
(A) The nucleus of an atom contains neutrons and electrons.

The atomic number of an element is the number of protons in one atom.

(B)
©

The mass number of an atom is the number of protons in the nucleus plus the number of
electrons outside.

(D) The number of electrons outside the nucleus is the same as the number of neutrons in the

nucleus.

In what respect does an atom of magnesium, Mg, differ from a magnesium ion, Mg**?

The ion has an inert gas electron configuration; the atom does not.

(A)
greater than the nuclear charge on

(B) The positive charge on the nucleus of the ion is two units
the atom.

(© The ion has two more protons than the atom.
D) The ion has two more planetary electrons than the atom.

A sodium ion differs from a sodium atom in that the sodium ion

(A) has fewer eln:ctrons.

(B) is an isotope of sodium.

(] exists only in solution.

(D) has a negative charge on its nucleus.

Which term best characterizes the relation of hydrogen to deuterium?

(A) allotropes (B) isomers (©) isotopes (D) polymers

The element X occurs naturally to the extent of 20.0% 12% and 80.0% ""X. The atomic mass of X is

nearest

(A) 12.2 : (B) 12.5 (© 12.8 (D) 13.0



13.

14.

15.

16.

17.

18.

19.

20.

21.

In which pair arc the two species both isoclectronic and isotopic?

(A)  3Ca™ and fAr ®) 2K asd
©  fiMg*and ®)  %Fc*and.

An atom of the element of atomic number 84 and mass number 199
residual atom after this change has an atomic number of ___ and &

(A) 82,195 (B) 84, 203 © 85,195 (
In effecting nuclear changes by bombarding target nuclei with positively d
necessary Lo accelerate these particles to high speed because it is necessary to
(A) drive the positive particles through the electron cloud.

(B) overcome the force of repulsion of the nucleus.

(©) focus the bombarding particle more accurately.

(D) strip electrons from the atom.

What significant information about atomic structure came from the Millikan experiment using
charged oil drops? i i
(A) Millikan showed that cathode rays were identical o a stream of electrons coming from an

atom.
(B) Millikan confirmed that the neutron and proton were of about the same mass.
(@) Millikan determined the magnitude of the charge on an electron.
(D) Millikan proved that the mass of an atom was concentrated in the nucleus.
What is the valence electron configuration for the element in Period 5, Group 3A?
@A) sssp! ®) 383 © 3¢ ®

Which electron configuration is impossible?

(A) 1525%2p%35 ®B)  19252p%2d4°
(©) 15°25%2p%3573p® O  15292p%3
The ground-state electronic configuration of the manganese atom.

(A) 1522522p°35%3p%4s* 4d° (B)

(©) 1572572352 3pt4s*4p* D)
Which species has this ground-state electron arrangement?

(A) Ni ®  Ni*
The maximum number of electrons that can occupy an

(A) 1 (B) 2



! ‘ ~~¢hum«wuﬁuum How many unpaired electrons would there
the Fe™ ion?

- bein

A  ome B  two
‘23, Which of these species (is/are) paramagnetic?

o Fe®

(A)  Fe™only
(©  Ti*and Fe™ only

24. Which of these electron diagrams could represent the ground state of the p valence electrons of

carbon?
. .
Qo "
25. The existence of discrete (quantized) energy levels in an atom may be inferred from
A experiments on the photoelectric effect.
(B) diffraction of electrons by crystals.
(©  X-ray diffraction by crystals.
(L) atomic line spectra.
26. Which emission line in the hydrogen spectrum occurs at the highest frequency?
(A) n=3-n=1
© n=7-n=35
27. Which set of quantum numbers is correct and consistent with n = 47
@ I1=3 m=3 m=+1%
© I=1 my=43 m=+Y

©) three
ul
(B) Zn° only

(D)

()  Fe™ and Zn® only

(B)

S
® 1

(B) n=4—-n=2
(D) n=10->n=8

® =4
D) =3

28. When an atom of an electropositive atom becomes an ion it
(B) becomes larger.

A

gains electrons.

© emits an alpha particle.
29. The orbitals of 2p electrons are often represented as being

(A) elliptical.
(C)  dumbbell shaped.

30. Helium, He, has two electrons in the 15 orbital. When it becomes singly ionized, forming He,

CRGEC RS

(D) does none of these.

(B) tetrahedral.
(D)  spherical.

its spectrum resembles that of the hydrogen spectrum.
the remaining electron is easier to remove.

the nuclear charge has decreased by one.

it has lost one atomic mass unit.

four
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Molecular Structure and Bonding ;

Understanding molecular structure requires knowledge of the spatial arrangement of atoms in a2 molecule. The
geometric arrangement of atoms in molecules can be determined by experiment, but bonding theories and properties
such as dipole moment, which is a measure of molecular polarity, can help predict and rationalize molecular shape
and chemical behavior. This section of most general chemistry courses deals with valence-shell electron-pair

repulsion (VSEPR) models, prediction of bond angles, valence bond theory, hybrid orbitals, and molecular orbital
theory.

Study Questions

MS-1. Which molecule has exactly two unshared (lone) pairs of electrons on the central atom?
(A) BF; (B) OF, (C) NF; (D)  XeF,

Knowledge Required: (1) The rules for drawing Lewis structures. (2) The exceptions to the octet rule.

Thinking it Through: Start by finding the total number of valence electrons that are available. The group
number for the main group or representative (A group) elements gives this number. Fluorine, for example, is a

member of Group VIIA and has 7 valence electrons. Distribute the electrons to satisfy the octet rule, keeping in
mind the common exceptions.

i

BE; 3 + 3(7) = 24 valence electrons F ‘Bt F No unshared pairs on boron.
«FiO:F. :

OF, 6 + 2(7) = 20 valence electrons sl Ssiiere Exactly two unshared pairs on oxygen.
NF, 5 + 3(7) = 26 valence electrons : 5 .: N : E : One unshared pair on nitrogen.

F: )'(' «F

e

XeF, 8 + 2(7) = 22 valence electrons AR Three unshared pairs on xenon.

Note that there are two common exceptions here. Boron has too few valence electrons to form a full octet, and
xenon can form an expanded octet, making both choices (A) and (D) incorrect. NF, has only one lone pair, so
choice (C) is also incorrect. Only OF, has exactly two unshared pairs of electrons on the central atom, making
choice (B) the correct answer.

MS-2. Consider the Lewis structure for CH,Cl. What is the best description H
of the molecular shape? HIC: e :
H
(A)  bent (B)  square

(C) square pyramidal (D) tetrahedral
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Knowledge Required: (1) The interpretation of Lewis structures. (2) The valence-shell-electron-pair-repulsion
(VSEPR) model for predicting molecular shape.

Thinking it Through: The first step in applying the VSEPR method is to count the number of electron
regions around the central atom. In this case, the Lewis stru
the carbon atom. These electron pairs are all used to form bonds, and there are no lone pairs. Electron pair
repulsion is minimized when the four electron pairs form a tetrahedron around the carbon atom, choice (D).
Observe the similarity to methane, CH,, which was probably the first tetrahedral molecule you studied.
Note: In other questions you may be asked about the retrahedral bond angle, which is 109.5°.

cture is given, showing four pairs of electrons around

MS-3.. The fact that BC, is a planar molecule while NCl, is pyramidal can be explained several different

ways. Which statement is the best rationalization?

(A) Nitrogen is more electronegative than boron.
(B) The nitrogen atom in NCl, has a lone pair of electrons, whereas the boron atom in BCl, does
not.

(C) The nitrogen atom is smaller than the boron atom.

(D) The boron atom in BCl, is sp* hybridized, while the nitrogen atom in NCl, is sp* hybridized.

Knowledge Required: (1) The valence-shell-electron-pair-repulsion (VSEPR) mcdel for predicting molecular
shape. (2) The valence-bond theory for predicting hybridization of orbitals.

Thinking it Through: Choices (A) and (C) are both true statements, but neither provides the reason for the
difference in geometries. The VSEPR model does provide a rationalization for the differenc.e..Choice (D) has the
hybridization reversed. NCl, has an sp® hybridized nitrogen atom, and BCl, has an sp? hybridized boron atom. )
Choice (B), the correct answer, recognizes that boron has only enough valence electrons to form three bonds, with
no lone pairs. The six electrons arrange themselves to have 120° CI-B~CI bond angles. On the other hand, when
NCl, forms three bonds it has an electron pair left over to complete the octet. The fO}lr electron pairs arrange
themselves in the shape of a tetrahedron around the nitrogen atom. Here are the Lewis structures and their three-
dimensional representations:

ol N,

S Gl Cl ee e e )|
es o0 oo I 120° - ’ . . \ .
ZeIsB = cls CI,B)C] rerNicl aSah,

MS-4. According to the VSEPR model, the geometric structure of H,O is
(A) bent at an angle of 104.5% because of the greater repulsion of two lone pairs relative to
that of the two bonding pairs.

(B) bent at an angle of 120° because of the mutual repulsion of the six valence electrons on
oxygen. .

(C) bent at an angle of 90° because of the perpendicular relationship of the oxygen p orbitals
relative to each other.

(D) linear with a bond angle of 180° because of the mutual repulsion of the bonding pairs of
electrons.




Knowledge Required: (1) Valence-shell-electron-pair-repulsion (VSEPR) model for predicting
(2) Effect of lone pairs on predicted bond angles.

Thinking it Through: Recall or write the Lewis structure for the water molecule.

HIO0!H o H:O!
H

A Lewis structure by itself does not provide information about geometry. Use VSEPR 1o predict geometry by
counting bonded and nonbonded electron pairs. If there are four bonded pairs to identical atoms, the exact tetrahedral |
angle of 109.5° can be expected. That is the case with CH,. In NH, there are three bonded pairs and one noubonded |
pair, so the bond angle closes slightly (to 107°) as the result of the lone pair requiring more space than the bonded
pairs. In the water molecule, with two nonbonded pairs, the H-O-H bond angle closes to 104.5° because of
repulsion from the lone pairs. (A) is the correct choice. Choice (B) has the bond angle larger, rather than smaller,

than the tetrahedral angle. Choice (C) treats the orbitals as if they had the geometry of atomic orbitals. Choice (D)
fails to recognize the three-dimensional nature of molecules. ]

MS-5. Sulfur dioxide can be described by the structures shown. as mw w ee oo ws
This symbolism indicates that the 10iisi0tl & ‘0isit -~

(A) two bonds in SO, are of equal length, and the electronic distribution in the two sulfur-to-
oxygen bonds is identical.

(B) single bond is longer than the double bond, and the electronic distribution in the two sulfur-
to-oxygen bonds differs. i

(C) electron pair in the SO, molecule alternates back and forth between the two sulfur-oxygen
electron pairs, so that the two different bonds seem to exchange positions.

(D) SO, molecule revolves, so that the two different sulfur-to-oxygen bonds seem to exchange
positions.

Knowledge Required: (1) The meaning of resonance structures. (2) The interpretation of Lewis str

Thinking it Through: A single Lewis electron-dot formula cannot always adequately describe bon
atoms. If two (or more) formulas satisfy the octet rule, the Lewis structures are both written and resc

indicated with a double-headed arrow. This does not mean that the molecule oscillates between th
Rather, it means that the actual structure is intermediate between (or among) the resonance forms.
(D) suggest movement of electrons or atoms, which does not occur. Choice (B) suggests tha
bonds are not equivalent, but they are. Correct choice (A) recognizes that the two bonds are

draw two forms reflects a limitation of the Lewis-dot model.

MS-6. A compound consisting of an element having a low ionization energy and a s¢
high electron affinity is likely to have

(A) covalent bonds. (B)
(C) coordinate covalent bonds. (D)
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4 ing of the terms ionization energy and electron affinity. (2) Theﬁ
’ T"‘ i ( l)t:rpﬁs of chemical bonds. (3) The relationship between types of chemical bonds and
e of ionization coergy and electron affinity
) < aTh ily lose electrons to form positive i
: s with low ionization energy readily lose el : b o
Phinking it Through: Elemen ily accept electrons to form negative ions. lonic bonds, correct choice (D)

Elements with high ¢ Sheng> dec,,gm, Covalent bonds, choice (A), result when atoms each contribute an electrop
result when at c:;dmm covalent bonds, choice (C), are similar except one of the two atoms furnishes both
::emn h::lhc bonds, choice (B), result when atoms free one or more valence electrons to the metal lattice,
MS-7 The compound CF,CHCIF is being considered as a replacement Bond Bond E"ergy,leol"
3 for CBrF, as a fire-extinguishing agent because CBrF; has been c-C YR

shown to deplete stratospheric ozone. What are the most p.robable c—Cl 327

products if a molecule of CF;CHCIF is bombarded with high- C-F 485

energy photons? C-H i

(B) CF,CHCIF +F

(A) CF,+CHCIF
(D) CF,CCIF +H

(C) CECHF+Cl

Knowledge Required: (1) The knowledge of the interaction of photons with covalent bonds. (2) The

interpretation of bond energy data.

Thinking it Through: High-energy photons, such as those in the ultraviolet part of the electromagnetic

spectrum, have enough energy to disrupt covalent bonds. In choosing from the set of possible products resulting
from breaking at least one covalent bond, it may be helpful to consider the Lewis structure. Choice (A) requires
breaking the C-C bond, which would require 346 kJ per mol. Choice (B) requires breaking one of the C-F bonds,
but that would require 485 kJ per mol. The correct choice (C) results from breaking a C—Cl bond, the bond
requiring the least energy of the choices given, 327 kJ per mol. Choice (D) could result if 2 C-H bond were
broken, but that is less favorable at 411 kJ per mol. Note: Halon compounds contain bromine covalently bonded
to carbon. This bond is even more easily broken by high-energy photons. The C-Br bond energy is 285 kJ-mol™.

MS-8. A simple method of showing experimentally that a solid substance may be ionic is to show that it
(A)  has a high melting point.
(B) is soluble in polar solvents.

(C)  depresses the-freezing point of water.
(D) conducts current when dissolved in water.

Knowledge Required: (1) The nature of ionic bonding and properties of ionic compounds. (2) The attributes of
solutions of ionic compounds in water.
Thinking ll‘ Mugk Choice (A) could be true, but melting point is not a valid criterion for establishing the
presence of ionic bonds. Several covalent network solids have melting points of several thousand degrees Celsius.
,qm“ (B) is true for ionic compounds, as it is for polar covalent compounds that do not react with water to form
ions. Alcohols, for example, are miscible with water, but they are not ionic compounds. Choice (C) is true for
bo?h ionic and covalent compounds. In fact, any nonvolatile solute that is dissolved in water depresses its freezing
point. E‘hyl"” glycol, a covalent c_on?pound. is used as antifreeze in automobile radiators. Choice (D) is true

only for ionic compounds. (Some liquid and gaseous covalent compounds react with water to form ions; hence,

the necessity of including the word “solid” in the stem.)




MS-9. Which of these is a nonpolar molecule?

(A) H (B) U-OH
£=0
H

c &K F (D)  Br
Cc=C
/ A\
F F

Knowledge Required: (1) The relative electronegativity of atoms. (2) The
(3) The molecular geometry of molecules. (4) The relationship of dipole moment to

Thinking it Through: For a molecule to be nonpolar when it has polar bonds, it :
that all the bond dipoles cancel each other out. For choice (A), the pull of the oxygen on
carbon is not cancelled from the other side, and the molecule is polar. The same is true
Choice (C) contains polar carbon-fluorine bonds, with the polarity of each one c:
bond on the opposite side of the molecule.

MS-10. For which molecule can the bonding be described in terms of sp® hyk
(A)  SFq (B) BF, (C) PCl

Knowledge Required: (1) Geometry of hybrid orbitals. (2) Number of valence elec

Thinking it Through: To form sp® hybrid orbitals, valence-bond theory uses one
to produce four equivalent orbitals oriented toward the comers of a tetrahedron. Each
capacity of two electrons, for a maximum of eight electrons in the wvalence shell. ¥
bonds with each of six fluorine atoms, as in choice (A), the sulfur must form a hy
orbitals rather than four. Similarly, the phosphorus atom in choice (C) for
orbitals. Boron, with only three valence electrons, cannot place one in each of

to form sp? hybrid orbitals, except when a bonding partner provides both ;
hybrid in BE,, choice (B). A nitrogen atom, with five valence electrons, ’

There are eight valence electrons, enough to fill four sp® hybrid orbit

Practice Que
1. NH, (pyramidal geometry) reacts with BF, (planar ge
What is the geometry around the nitrogen and
(A) Both centers are tetrahedral. ’
(C)  Nitrogen is pyramidal; boron is planar.
2. The molecule of the type ML, consists sing
expected to assume?
(A) square planar
(C) trigonal pyramidal



e Stractare and Bonding

10.

11.

3. The shape that most closely describes the NF,; molecule is
A octahedral

(C) 3 (B) trigonal planar,

(€} ‘wigonal pyramidal (D) tetrahedral.

In which pair are the molecules geometrically similar?

(A) SO,and CO, (B)  PH,and BF,

(€C)  CO,and OF, (D)  SO,andO,

‘Which is planar?

(A) NH, @) - SoX* (@) "oy (D) CEll

. Which is linear?

(A) H,S (B) NH, (C) NO, (D) co,

Consider the given Lewis structure for BrF;. What is the predicted shape SN

for the molecule as a whole? S ORIHO &
- -F\ | _E®
0 /Br\ 2
“E]..F:

(A) square pyramidal (B) trigonal bipyramidal

(C) trigonal pyramidal (D) octahedral

What is the shape of the XeF, molecule?

(A) square planar (B) trigonal bipyramidal

(C) tetrahedral (D) trigonal pyramidal

. What set of species is arranged in order of increasing O-N-O bond angle?

(A) NO,, NO,, NO,* (B) NO,, NO,, NO,*

(C) NO,*, NO,, NO, (D) NO,, NO,*, NO,~

Which has the largest bond angle?

(A) angle O-S-0 in 807 (B) angle CI-C~Cl in HCCl,

(C) angle F-Be-F in BeF, (D) angle H-O-H in H,0

The structure of the CO,* ion S IS yoy ar |2~ aee bl 2-

can be described in the Lewis 0.0’ “95c-0: Osc-Q-

formulation by these e % 0 7 0:

structures. This means that ve v

(A) two carbon-to-oxygen bonds are single bonds; the third is a double bond.

(B) three independent forms of the CO,” ion coexist in equilibrium.

(C) the electrons must be rapidly exchanging among the three forms,

(D)

the CO,” ion exists in only one form: an average of the three principal structures shown.




w

12.

135

14.

155

16.

17

19.

20.

Which concept describes the formation of four equivalent, single, covalent bonds by carbon in its
compounds that resemble methane, CH,?

(A) hydrogen bonding (B) hybridization
(C) sigma bonding (D) coordinate covalent bonding
Which type of hybrid orbital is used in CO,?

(A) % B) s <)y sp (D) dsp?
Which compound would be expected to have the largest dipole moment?

(A) CO, (linear) (B) SO, (bent)

(C) BF, (trigonal planar) (D) CF, (tetrahedral)

The O-Si~O bond angles in SiO, (quartz) are closest to

(A) 180° (B) 120°
(C) 110° (D) 100°

The molecule : 0=C=N—H has been detected in gas clouds between stars. The predicted C-N-H
bond angle is about

(A) 90° (B) 109° (©) 120° (D) 180°
Knowing that F is more electronegative than either B or P, what conclusion can be drawn from the
fact that BF, has no dipole moment, but PF, does?

(A) BF, is not spherically symmetrical, but PF, is.

(B) The BF, molecule must be trigonal planar.

(€ The BF; molecule must be linear.

(D) The atomic radius of P is larger than the atomic radius of B.

. How many valence electrons are represented in the Lewis electron-dot structure for S0,?

(A) 6 (B) 8 (&) 18 (D) 32
Molecules of which compounds violate the octet NO, CH,Cl, XeF, NCl,
rule? 1 2 3 4
(A) 1and 2 (B) land 3 (C) 2and 3 (D) 2and 4
The boiling point of H,0, compared with Boiling Points of G VIA

the other members of the series, can be H,0 H,S H,Se H.Te
explained by 100 °C =61 °C —45°C =2°C
(A) London dispersion forces. (B) dipole—induced dipole forces.

(C) hydrogen bonding. (D)  nonpolar covalent bonding.

. R -



(B)  square planar.
(D) trigonal planar.

and ionic bonds?
e DS (D) Mg(en),
ds in ethane (C;Hy), ethene (C;H,), and benzene (C¢H), ;
st bonds first), what is the correct order? oHlo. are amangeg i

(B) C2H4 < C2H6 < C6H6
(D) CH, < CgH; < CH,

srmulas for carbon dioxide both 5 :
one is preferred over the other. s0:ciio 10::C::08
2o .n-; oy S

1 is preferred because the triple bond is stronger than the double bond.
is preferred because the formal charge on carbon is negative.

2 is preferred because the formal charge on each atom is zero.

eferred because the bonds are equal.

fikely to form a triple bond?
(C) N D) S
1
-o-c'—cl:—a?
(B) H H
H—-C—0—-C—H
&
H_



27. How many sigma bonds and how many pi

represented in this structure?

Sig
(A) 6
(B) 7
(c) 8
(D) 9

28. Sodium chloride, NaCl, crystallizes in a face-centered cubic
lattice of chloride ions, with the smaller sodium ions occupying
holes between the chloride ions. How many CI” ions are in
contact with any single Na* ion?

(A) 4 (B) 6 ©)
29. Resonance structures describe molecules that have

(A) hybrid orbitals.

(B) rapid equilibria.

(C) resonating electrons.

(D) multiple electron-dot formulas.

o
1
30. The complete Lewis structure of ‘will have
p! G’C‘G

(A) at least one lone pair on each atom.
(B) at least one double bond.

(C)  both polar and nonpolar bonds.
(D)  resonance forms.
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Chemical stoichiometry is the area of study that considers the guantitics of muterisls
equations. Quite simply, it is chemical arithmetic. The word itsclf is derived from saicheion,
element and metron, the Greek word for measurc. When based on chemsical formulies,
convert between mass and moles, to calculate the number of atoms, o calculme pescest o
interpret the mole ratios expressed in 2 chemical formula. Most topics in chemscal
interpretation of balanced chemical equations. Mass/mole conversions, calculstion of

yield, and various relationships among reactants and products arc commonty iciuded &

Study Questions

(A) Na,BO, (B) Na,B.O, ©  NaBO,

1
[
| Knowledge Required: (1) The meaning of empincal formula. (2) The &

3 Thinking it Through: An empirical formula is aiso called the sa
whole number ratios of atoms in 2 molecule or formula aait. and
| yield the relative percentage of clements in 2 compound, &
| ratio of each element in the compound, so the first siep S #0.0 v
| It is easiest to do by assuming 100 g of the compound. Thesefore, in each
| be 54.0 g of sodium, 8.50 g of boron, 2nd 37.5 g of oxygen. The o
| number of moles.

! 2
| 540 g Nax 22N _ 5 35 i e s50gBx 1NN
‘ 23.0gNa 108gB

i These values correctly represent the ratio of sodiam,
usual practice to write formulas such as Nag yBe O o 1
' formula, divide each value by the smaliest number of #
1 0.787 mol B.

I 235mol Na _299molNa _3
0.787molB 1.00meolB 1
‘ This whole number ratio shows that the

Note: The percent composition values
the mole ratios are more than one of two §
inleger to comvert 10



meaning of mass percent. (2) The interpretation of chemical formulas.

Knowledge Required: (1) The

- This type of question starts with a chemical formula and uses it to determine the mass
“.l :‘ in a compound. Mass percent is a comparison of the mass of the element being considered
'.'l.i molar mass of the compound. The ratio is then multiplied by 100 to make it a percent, which is the same as
pasts per hundred. In this case, the mass of oxygen present must be compared to the molar mass of the compound,

l6.00g)
12mol0 x2>DE
( . 1 malO

% 0= %100
( 55.85g) ( 32.06g) ( 16.00g)
3 mol SX————= |+| 12 mol OX
AR mol Fe A o 1 mol S e mol O

1
% 0= 192.0g 0O
399.88 g Fe,(SO,),
% O =48.01% O by mass
This is choice (D). Errors arise if the formula is misinterpreted and an incorrect number of atoms are counted,
leading to an incorrect value for either the mass of oxygen or the mass of the total compound.

Mass percent questions are often part of a practical application, such as choosing an ore with the highest
percentage of the metal desired or choosing a hydrocarbon fuel with the highest percentage of carbon. Note also
that if a mass percent is given, it would be possible to work back to determine the mass of an element or a group of

elements within a compound.

ST-3. A typical silicon chip, such as those in electronic calculators, has a mass of 2.3 x 10 g. Assuming the
chip is pure silicon, how many silicon atoms are in such a chip?
(A)  49x10" ®)  14x107 © 39x10” D)  26x107

Knowledge Required: (1) The method for carrying out mass to mole conversions. (2) The application of
Avogadro’s number.
Thinking it Through: Avogadro’s number, 6.02 x 107, gives the number of silicon atoms in each mole of silicon.
This means that calculating the number of moles of silicon present is an essential first step before using
Avogadro’s number to find the number of silicon atoms.

2 P 5
1 mol S.l 6.02x10 alfyms Si _ 4.9%10" atoms Si
28gSi 1 mol Si

23x10™ g x

Note the two factors used to make the conversion from grams of silicon to atoms. The first factor is the molar mass
of silicon. Such values will always be available to you from the periodic table that accompanies all ACS exams.
The value of Avogadro’s number will also be given in a table of useful information; or, sometimes it is included
with the question itself. Since you use this value so often, you probably already know it. These two conversion
factors are arranged so that the units cancel in making the change from grams through moles to atoms. If the
conversion were desired in the reverse direction, then both factors would be inverted.

ST-4. A hydrocarbon with general formula C,H, was burned Formula Molar Mass
completely in air, yielding 0.18 g of water and 0.4 g of H.0 180 g-mol”

carbon dioxide. Which formula could give such data? 2 : i

CO, 44.0 g-mol

A) GCH, B GH, © CH (D) C¢Hy




Knowledge Required: (1) The expected products of combustion reactions of hydrocarbons. (2) The interpretation
of experimental data. (3) The determination of mole ratio in a formula.

Thinking it Through: This is the general equation for the complete combustion of a hydrocarbon.
CH, + (x + y/4)0, — xCO, + y/2H,0

What is needed in this problem is the mole ratio of carbon to hydrogen in the hydrocarbon. The given masses of
the products of complete combustion, water, and carbon dioxide, can be used to determine the needed mole ratio.
By inspection, it can be seen that 0.44 g of CO, (M = 44.0 g-mol™) is 0.010 mol of CO,. Similarly, in

0.18 g of H,0 (M = 18.0 g-mol™), there are 0.010 mol of H,0.

Note: In this problem there has been an attempt to simplify the number for you to save unnecessary calculation. if
the shortcut is not clear to you, you can always do the formal calculation.

1 mol CO. 1 mol 0-
0.44 g CO, x - B01C0; @ 0010 moi CO 0.18 g H,ox P H0 _ 5 010 mol
& X 0g o, : O s 0g R0 "o,

All of the carbon in the product carbon dioxide came from the original hydrocarbon; this means there is 0.010 mol
Cin CH,. All of the hydrogen in the product water also came from the original hydrocarbon. The formula shows
that there are two moles of hydrogen atoms in every mole of water molecules, so there are 0.010 mol of H in CH,.

Putting these observations together, there are twice the number of moles of hydrogen as carbon, fixing the formula
as C,H, which is choice (B).

The most common error in this type of problem is overlooking important subscripts, such as the “2” in the formula
for water. If you make this error, however, you should be able to recover in this case, for there are two choices,
both C,H, and C¢Hg, that have a one-to-one mole ratio of carbon to hydrogen. Since there is no further information
given that would enable you to differentiate between these two responses, you are alerted to check for an error.

ST-5. Calculate the mass of SbF; needed to produce 1.00 g of Freon—12, Formula Molar Mass
CCL,F,. Th ion i i ion.
,F,. The reaction is represented by this equation SbF, 179 -
3CCl,+ 2SbF; — 3CCLF, + 2SbCl, CCLF, 121 g-mol”
(A) 0.667 g (B) 0.986 g © 148¢ D) 222g

Knowledge Required: (1) The method for carrying out mass to mole conversions. (2) The interpretation of a
balanced chemical equation.

Thinking it Through: The coefficients in a balanced chemical equation give the relative number of moles of each
reactant and product. The first step is to change 1.00 g of CCI,F; to moles of CCL;F,, using the given molar mass.
An inspection of the coefficients in the balanced equation reveals that two moles of SbF; are needed to produce
every three moles of CCL,F,. The last step is to use the molar mass of SbF, to change the moles of SbF, to grams
of SbF;. Here is the mathematical solution.

1 mol CCLF,  2mol SbF, _ 179 g SR,
121 gCCL,F, ~ 3mol CCLF, 1 mol SbE,

The correct answer is in choice (B). You should realize that other possible answers have been carefully crafted to
detect likely errors in solving this problem. For example, if you neglect the 2:3 mole ratio from the balanced
equation, you will incorrectly calculate the mass of SbF, required to be 1.48 grams, choice (A). If you neglect to
change grams to moles, but apply the mole ratio correctly, you will calculate the of SbF, required as 0.667 g;
this is also wrong but it is choice (A). If the mole ratio is inverted in error, you will think 2.22 g is the correct
answer, choice (D).

1.00 g CCL,F, x




Stoichiometry —

B PR
uation

(§T6 What volume of 0.100 M SO, (ag) is needed to titrate 24.0 mL of 0.200 M Fe*'(ag)? This eq
represents the reaction that takes place during the titration.
2Fe™(ag) + SO:>(ag) + HyO() — 2Fe™(ag) + SO (aq) + 2H*(aq)

(A) 48.0 mL (B) 24.0 mL © 12.0 mL (D) 6.00 mL

Knowledge Required: (1) The definition of molarity, M. (2) The interpretation of a balanced chemical equation.

Thinking it Through: Often chemical arithmetic is based not on a mass measurement, but on a volume

measurement. The molarity of a solution expresses the number of moles of solute in a liter of solution. It is
straightforward in this case to predict the volume of SO, (ag) that will be required. The SOy (ag) is half as
concentrated as the Fe>(ag) solution, but only half the number of moles are required according to the balanced
equation. Therefore, 24.0 mL of the S0, ag) will be required for the titration to be completed. This is choice (B).
You may need the full mathematical solution in other cases where the numbers are not so simple. It is equally
correct and often more convenient for laboratory work to interpret molarity as the number of millimoles of solute
in a milliliter of solution; the ratio of solute to solution remains constant. The coefficients in the balanced ionic

equation give the relative number of moles of each reactant and product; this ratio can also be expressed in
illimol
0.200 mmol Fe* (ag) _ 1 mmol SO, (ag) 1 mL SO, (ag)
24.0 mL Fe™ (ag) X X 3 X 2 =24.0 mL SO,
o mL Fe™ (ag) 2 mmol Fe* (ag) _ 0.100 mmol SO, (ag) i

Note that if you omit the 1:2 ratio of S0, (ag) to 2Fe**(ag), you will erroneously calculate choice (A). Choices (C)
and (D) do not meet a standard of reasonableness. It cannot possibly take less than 24.0 mL of 0.100 M S0,*(ag) to

react with 24.0 mL of the more concentrated Fe*(ag).

ST-7. If a 17.0 g sample of impure nickel metal reacts with excess carbon F 1 Molar M
monoxide, CO, forming 6.25 L of Ni(CO), gas under standard ormwa glar a8y
temperature and pressure conditions, what is the percent by mass of

Ni 58.7 g-mol™

nickel in the impure nickel metal sample? Ni(CO), 171 g-mol™
Ni(s) +4CO(g) — Ni(CO)4(2)
(A) 24.1% (B) 25.0% © 96.3% (D) 100%

Knowledge Required: (1) The relationship between the volume of a gas at standard conditions and the number of
moles present. (2) The interpretation of a balanced chemical equation. (3) The criteria for distinguishing essential
information from nonessential information.

Thinking it Through: It is not a common practice on ACS exams, but do not assume that all information provided
in a question is actually essential to its solution. Rather, decide on a route to the solution that will be the most
expedient. Given that 6.25 L of Ni(CO)4(z) form at standard temperature and pressure conditions, the molar
volume of 22.4 L can be used as a conversion factor to find the number of moles of Ni(CO), present. Then the

coefficients in the balanced chemical equation can be applied, observing that one mole of Ni(CO), reacts to
produce one mole of Ni. The atomic molar mass for nickel can then be used to find the number of grams of Ni

present.
1 mol Ni(CO) ImolNi _58.7gNi :
6.25 L Ni(CO), % 4 % X =16.4 gN
(C0)s X s AL NI(CO), atSTP 1 mol Ni(CO), 1 mol Ni b

The final step is to find the percent by mass of nickel in the original sample.

; 16.4 g pure Ni ;
% Nickel = 100 = 96.3% N
0 s o N sk gt oo

Note you do not need to use the molar mass of Ni(CO),. Because it is a gas at standard temperature and pressure
conditions, the molar volume is a useful conversion factor to change volume to moles.




ST-8. The combustion reaction of C,H,0 with O, is represented by this Formula  Molar Mass
balanced chemical equation.
2C,H,0 +90, - 6CO, + 8H,0 AP :';"‘
When 3.00 g C;H,0 and 7.38 g O, are combined, how many moles of which reagent remain?
(A) 0.006 mol O, (B) 0.024 mol C;H,0
(©) 0.24 mol O, (D) 0.18 mol C;H,0

Knowledge Required: (1) The identification of the limiting reagent. (2) The method for carrying out mass to mole
conversions. (3) The interpretation of a balanced chemical equation.

Thinking it Through: Stoichiometry problems often give an exact mass of one reactant and then either explicitly

state or implicitly assume that the other reactant is present in excess, The reactants given in this problem are not
assumed to be present in stoichiometric amounts; this identifies the question as one involving a limiting reagent.
The balanced chemical equation shows that O, with C3H40 will react in a 9:2 mole ratio. The first task becomes
identification of which material will be completely used up, and therefore which one is present in excess. Although

there are several approaches to finding the limiting reagent, they all involve the conversion of grams to moles so
that the mole ratios can be compared.

1 mol O, 1 mol C,H,0
o —0231molO, and 3.00gC,H,0x————2"£" _ 0499 mol &}
320g0, - O S 1gC,0 GH

Now these ratios must be compared to the 9:2 mol ratio given in the balanced equation. This can either be done by
inspection, or if the ratio is quite different from the stoichiometric ratio, by actual calculation. By inspection, note
that there are approximately 0.23 mol of O, and 0.05 mol of C;H;0. Is this greater or lower than a 9:2 ratio? This is
a good time to actually calculate the ratio, for the ratio will be close to 9:2.

0231molO, _ 4.63mol0, e 926 mol O,

7.38g0, x

0.0499 mol C,H,0 ImolC;H,O  2mol C,H,0

Now itis clear that there is more than enough O, to react with the G3H;O that is present. This identifies C,;H;0 as
the limiting reagent, and means that some oxygen will be left over, eliminating choices (B) and (D) from
consideration. There will not be a great deal of O, left over, which makes choice (C) seem unlikely. To be sure,
you can calculate the amount of O, that will exactly react with the 0.0499 mol C;H,0.

0.0499 mol C;H O X % =0.225 mol O, required for a complete reaction with all available CH,0
mol C;Hy

The difference between the available moles of O, (0.231 mol) and the moles of O, required for a complete reaction
with the available C;H;O (0.225 mol) is what will remain after the reaction goes to completion. Subtracting gives
0.006 mol, confirming choice (A) as the correct response.

ST-9. What is the maximum mass of (NH,),SO, that could be formed Formula Molar Mass
from 17 kg of NH; and 200 kg of solution containing 49% H,S0,
by mass? This equation represents the reaction. NH, 17 g-mol
2NHy(p) + H,S0,(a0) = (NHQ,SO0) m& e "”'! :

(A) 217 kg (B) 132 kg © 115 kg D  66kg




Stoichiometry

Knowledge Required: (1) The identification of the limiting reagent. (2) The method for carrying out ‘1
mass—to—-mole conversions. (3) The interpretation of a balanced chemical equation.

Thinking it Through: There are two reactants given, so the first step is to determine if there is a limiting reagent.
There is no need to change kilograms to grams. The molar mass can be interpreted either as the number of grams
per mole or the number of kilograms per kilomole. Compare the number of kilomoles of each reactant, either by

inspection or by calculation.
1 kmol NH
17 kg NH, x ———— = 1.0 kmol NH
kg NH, 17 kg NH, 0| 5 and
BRI, rotuionx—2 8859, 0 kmol Hy8O, _, 0 kmol H,S0,

100 kg H,SO, solution 98 kg H,SO,

The chemical equation shows that there is a 2:1 mol ratio, NH, to H,SO,. Therefore for 1.0 kmol of NH,, only
0.5 kmol of H,SO, is required, making it the reactant present in excess. NH, is the limiting reagent.

1 kmol (NH,),SO, _ 132 kg (NH,),SO
1.0 kmol NH; X e 4727 -4 =66 kg (NH,),SO
s X kmoINH, . 1kmol (NH,),SO, ARG

This is choice (D). If you incorrectly choose the sulfuric acid as the limiting reagent, you will obtain 132 kg, which
is choice (B). Choice (A) is just the direct sum of the two given masses; not a correct approach. Choice (C) might

be obtained by adding the mass of both NH, and pure H,SO,, an incorrect use of the Law of Conservation of Mass.

ST-10. What is the percent yield of Pbl, if 5.00 g of Pbl, results from a Formula Molar Mass
solution containing 10.0 g of Pb(C,H,0,), with a solution PbI BeTh enol
containing an excess of KI? This is the equation representing the 2 e m01_1
reaction. Pb(C;H;0y)(ag) + 2Kl(ag) = Pblys) + 2KC,H;05(aq) Pb(C;H;0,), 3253 gmol
A) 17.6% (B) 35.3% © 50.0% (D) 70.5%

Knowledge Required: (1) The meaning of percent yield. (2) The method for carrying out mass—to—mole
conversions. (3) The interpretation of a balanced chemical equation.

Thinking it Through: The percent yield of a chemical reaction is a ratio of the experimental yield to the maximum
amount that could theoretically be produced. This is the relationship.

Poroent Yiekd = Experimental Yield %100

Theoretical Yield

In this problem, the experimental yield of 5.00 g Pbl, is given. Before finding the percent yield, it is necessary to
determine the theoretical yield, which is the maximum amount of product that could be produced. The theoretical
yield is based on the given amounts of reactants, taking into consideration the mole ratios of reactants to products
revealed in the balanced chemical equation. There is an excess of KI solution. The 10.0 g of Pb(C;H;0,), is the
limiting reagent and determines the maximum amount of Pbl,(s) that could be produced. Observe that there is a
one-to-one mole ratio between the reactant Pb(C,H,0,),and the product Pbly(s).

1 mol PH(C,H,0,) 1 mol Pbl 461.0 g Pbl
10.0 g Pb(C,H,0,), X i e 1 B 8200 -142 g Pbl
1% 3753 g P(C,H,0,), 1 mol Pb(C,H,0,), 1 mol Pbl, il

Now there is enough information to compare the experimental yield of 5.00 g to the theoretical yield of 14.2 g.

Experimental Yield 5.00 g Pbl
Percent Yield = g A c :
BT A g pu, 00 =353 percent ylold

P s
this case, the balanced equation is given. In other cases, you may have to provide the equation or bal a given skeleton equation




Practice Questions .

L

10.

A compound is found to consist of 34.9% sodium, 16.4% boron and 48.6% oxygen. What is its
simplest formula?

(CY) NaBO, (B) NaBO, (C©)  NaBO, @)  NaBO,

Upon analysis, a compound is found to contain 22.8% sodium, 21.8% boron, and 55.4% oxygen.
What is its simplest formula?

(A) NaBO (B) NaB,0; (©)  NaBO, @)  NaBO,

A 4.08 g sample of a compound of nitrogen and oxygen contains 3.02 g of oxygen. What is the
empirical formula?

(A) NO (B) NO, © N;0 ®) N,O,4

What is the percent by mass of oxygen in Ca(NO,),?

(A) 293 % (B) 471 % © 58.5 % ™) 94.1 %

Which of these compounds contains the greatest Formula Molar Mass

percentage of nitrogen? CH.N:O, 229. g-mol™
CHN,0 60.1 g'mol™
LiNH, 23.0 g-mol™
Pb(N,), 291. g-mol™

(A CeHaN;0, (B) CH.N,0 (©) LiNH, ® PNy

What mass of carbon is present in 0.500 mol of Formula Molar Mass

?

sucrose (C;Hy;0¢)? CHz0¢ 342 g-mol ™

(A) 60.0 g (B) 720¢g © 90.0¢g ()] 120.g

How many atoms are in 1.50 g of Al?

A) 0.0556 (B) 18.0 © 335x% 10" (W) 244x 19'

A sample of a compound of xenon and fluorine contains molecules of a single type; XeF,, where n
is a whole number. If 9.03 x 10% of these XeF, molecules have a mass of 0.311 g, what is the
value of n?

A) 2 (B) 3 o A ®m 6
What mass of carbon is present in 1.4 x 10% Formula Molar Mass
molecules of sucrose (Cj;H3;0¢)? CHy04 342 g-mol™

A) L7x10%g @ 20x10%g (© 13x10%g @) 28x10%g

A 2.000 g sample of an unknown metal, M, was completely burned in excess O, to yield
0.02224 mol of the metal oxide, M;0;. What is the metal?

A ® Ca © A ® S




(c) NHJ (D) H,O

(B) molecules in one mole of O,.
(D) all of the above.

g of aluminum {s the same as the number of atoms in
; (B) 9.0 g of magnesium.
(D) 18.0 g of magnesium.

g. Which value comes closest to

Ciuuinmmpoundhns-massofs.ntx 102
le of this compound?
’ ®  100gmol ©

150 g'mol” M) 200 g:mol!

= will 48.0 g of oxygen Formula Molar Mass
e decomposition of KCIOs is complete? KCIO, 122.5 g:mol™
®) 1458 (© 1225g D) 2450¢
+um mass of aluminum chloride Formula Molar Mass
gined f barium
 be ob ﬁw&wm"';’ A e BaCl, 2083 g-mol™!
and excess * ﬁ‘-'” " AlCl, 133.3 g'mol™*
+3BaCl,— 3BaSO, + 2AICl,
®) 80lg © 534 g D) 134 ¢
i breathing apparatus uses potassium superoxide, KO,, to convert the carbon dioxide

exhaled air into oxygen, as shown by this equation.
4KO,(s) +4CO5(p) + 2H,0 (g) —> 4KHCOq(s) + 30,(g)

es of oxygen gas will be produced from the 0.0468 g of carbon dioxide that is
reath’

» . (B) 64x10” (©  85x10® ®  19x10*

nol of F; and 4 mol of S is allowed to react. This equation represents the

X 3F,+S - SF,
emain after 3 mol of S have reacted?
® 3 © 1 ® 0

oxide is reduced with excess hydrogen, 1.054 g of the metal is produced.

) R e K0 o MO

act with 1,75 mol of oxygen gas? The equation for the reaction is:
30,(g) + 4Fe(s) —2Fe,04(s)

M 1.75 mol (€ 233 mol ®)  525mol



21.

22,

23.

26.

27.

The limiting reagent in a particular reaction can be recognized because it is the reagent that
(A) has the smallest coefficient in the balanced equation.

(B) has the smallest mass in the reaction mixture.

©) is present in the smallest molar quantity.

(D) would be used up first.

Consider this reaction used for the production of lead. Formula Molar Mass
2PbOs) + PbS(s) —3Pb(s) + SO,(g) Pb 207.2 g'mol™
What is the maximum mass of lead that can be PbO 2232 g-mol™
obtained by the reaction of 57.33 g PbO and 33.80 g g
of PbS? g o
SO, 64.07 g-mol”
(A) 4348 ¢g (B) 7275¢ © 7983 ¢g ™) 8780¢g

What volume of 0.131 M BaCl, is required to react completely with 42.0 mL of 0.453 M Na,SO,?
This is the net ionic equation for the reaction.

Ba™(ag) + SO, (ag) = BaSOs)
(A) 12.1 mL (B) 726 mL ©) 145 mL D) 290 mL

In acidic solution, the dichromate ion, Cr,0,*(ag) will oxidize Fe** to Fe** and form Cr**. This net
ionic equation represents the reaction that takes place during the reaction.

Cr,0,* (ag) + 6F¢* (ag) + 14H"(ag) = 2Cr*(ag) + 6Fe> (ag) + TH,OM
What volume of 0.100 M Cr,0,*(ag) is required to oxidize 60.0 mL of 0.250 M Fe*(ag)?

(A) 25.0 mL (B) 42.0mL © S84 mL (1)) 17SmL

Consider this reaction. CaCOs(s) = CaOxs) + CO4(g) Formula Molar Mass

What mass of CaCO, will produce 8.0 L of CO,, measured CaCoO, 100. g-mol™
at standard temperature and pressure conditions?.

(A) 45g ®) 125g © 36g ™  280g

When FeCl, is ignited in an atmosphere of pure oxygen, this reaction takes place.
4FeCly(s) + 30,(g) = 2Fe;04(s) + 6Cly(g)

If 3.00 mol of FeCl, are ignited in the presence of 2.00 mol of O, gas, how much of which reagent is
present in excess and therefore remains unreacted?

(A) 0.33 mol FeCl, remains unreacted (B) 0.67 mol FeCl, remains unreacted
© 0.25 mol O, remains unreacted (L) 0.50 mol O, remains unreacted

Ammonia, NH,, reacts with the hypochlorite ion, OCI', to produce hydrazine, N,H,. How many moles
of hydrazine are produced from 5.85 mol of ammonia if the reaction has a 78.2% yield?
2NH, + OCI" = N,;H, + CI' + H,0

(A) 2.29 mol (B) 2.92 mol © 4.57 mol ()] 9.15 mol



Stoichiometry
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28. Ammonia can be prepared by the Haber process, shown in this equation.
N, + 3H, = 2NH,

If 2 mol of N, and 3 mol of H, are combined, the amount of NH, that would be formed i
limiting reactant were used up is known as the g medifal aring

[EN) limited yield.  (B)

percent yield.

29. Antimony reacts with sulfur according to this

equation.

2Sbys) + 3S(s) = Sb,Sy(s)

What is the percentage yield for a reaction in which

©) product yield. (D) theoretical yield,

Formula Molar Mass
Sb,S, 339.7 g'mol™!

1.40 g of Sb,S; is obtained from 1.73 g of antimony and a slight excess of sulfur?

A  809% ®)  58.0% ©  405% ®)  29.0%
30. When 4.50 g of Fe,0, is reduced with excess H, in a
furnace, 2.60 g of metallic iron is recovered. W}zlat is Eoule MolarMass
the percent yield? This is the equation representing e 159.7 g-mol*
the reaction.
Fe,04(s) +3H,(g) = 2Fe(s) + 3H,0 (g)
(A) 82.6% (B) 70.0% (©) 57.8% (D) 31.5%
Answers to Study Questions
5B 9. D
6. B 10. B
7L 2
8. A
Answers to Practice Questions
1. A Ay
12. D 2280
13. A 23. C
14. D 24. A
15. C 2s. C
16. C 26. A
17. A 27. A
18. C e
19. B ol
2. C 30. A
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The three common states of matter—solids, liquids, and gases—are considered in m
Both qualitative generalizations and quantitative laws are part of this stud
temperature/pressure relationships among the three states. The relative physical
studied, including diffusion and compressibility. For solids, other topics may inclu
solubility rules. For liquids, properties such as miscibility and vapor pressure are

mathematical relationships such as the ideal gas laws are either explicitly taught or
knowledge. Topics considered with solutions are units of concentration, preparation and d
associated with the number of solute particles dissolved.

Study Questions

liquid, and solid phases of a pure substance, what
phase or phases can be present at point X?

SM-1. According to this phase diagram showing the gas, I
Tl

O @)  Niguidand g oily
©) solid and gas only D) liquid and solid only

Regquired Knowledge: (1) The states of matter. (2) The interpretation of phase diagrams.

Thinking it Through: A generalized phase diagram shows how
the solid, liquid, and gaseous regions vary with temperature and
pressure. The three phases are always in the same relative
positions; the slopes of the lines vary considerably. The lines
show the boundaries between phases and under those conditions,
both phases occur together. Point X is located on the phase
boundary between liquid and gaseous states, so choice (B) is
correct,

SM-2. What is the normal melting point of the pure
substance Z?

@A) +18°C ® -




States of Matter/Solutions

Required Knowledge: (1) States of matter. (2) Interpretation of
phase diagrams. (3) Definition of melting point.
Thinking it Through: The normal melting point of a substance is
hwuwhi:hlhesolidmdliquidpbascsmin
equilibrium at standard atmospheric pressure, 760 mmHg. From
ummmconaspondingto%OmmHg is
approximately +4 °C, making choice (B), the correct answer.
Choice (A) gives the approximate boiling point, not the melting
point. Choice (C) is the triple point for this substance, the

and pressure at which all three states occur in
equilibrium. Choice (D) has no significance but just appears to be

the left end of the curve.

SM-3. Which substance meets the requirements: cubic solid; poor electrical conductor in the solid state; —‘
good conductor when fused?
(A) sodium chloride B) diamond
© sulfur D) chromium

Knowledge Required: (1) The bonding in solids. (2) The properties associated with bonding types.

Thinking it Through: Solids exhibit a variety of bonding types, each of which can be associated with different
properties. This table summarizes the expected relationships.

Type of bonding Structure Expected Conductivity Expected Conductivity
in solid of solid of solid if solid is fused
Tonic crystalline low high
Covalent amorphous low low
or crystalline
Network covalent crystalline low low
or amorphous
Metallic crystalline high high

Of the solids given, ionically bonded sodium chloride is expected to be crystalline, a poor electrical conductor in
the solid form, and a good conductor when fused. Diamond, formed of covalently bonded carbon atoms, isa
network substance that does not form cubic crystalline patterns, and does not conduct electricity either when solid
or fused. None of the allotropic forms of sulfur is expected to conduct electricity. Choice (D), the metal chromium,
could possibly form a cubic solid crystalline form, but can be eliminated because it is expected to conduct

electricity both when a solid and when fused. The correct choice is (A), because sodium chloride is a crystalline
solid that is a poor conductor in the solid state and a good conductor when fused.

SM-4. Two pure solid substances, A and B, each melt at 87.5 °C. An unknown pure solid substance X also
melts at 87.5 °C. Melting points are obtained for mixtures of X with A, X with B, and A with B. The
melting point of each mixture tested is found to be below 87.5 °C. Which conclusion is justified by
these data?

(A) X is the same as A but different from B.
(B) X, A, and B are all the same substance.

©) X is different from both A and B.

D) A and B are the same, but X is different.




States of Matter/Solutions
Knowledge Required: (1) The relationship of melti

e ng point with purity. (2) The interpretation of experimental

Thinking it Through: Pure substances can be differentiated based lemperature at which 1 liguid
phases are in equilibrium. This temperature is termed the melting p:mh&dl of the ;e -u:;.-r:‘-ux
has the same melting point. If these were different samples of the same substance, then any mixture dA..I and X
would also have the same melting point. This is not consistent with the given observations, so choice (B) c;be
eliminated. So can choice (D), because the question states that substance A and B are different. If different
substances are mixed, even if they have the same melting point when pure, the melting point of the mixture is
expected to be lower than the melting point of the pure substance. None of the three combinations produces 2
melting point of 87.5 °C, so all three substances must be different. This eliminates choice (A) and again eliminates
choice (D). This leaves choice (C), in which X is different from both substance A and substance B.

SM-5. The vapor pressure of four different substances at Substance V.
20 °C is given in the table. Which statement about 1 0.0012
these substances is correct? 2 18
3 175
4 442

(A) The normal boiling point of 4 should be greater than that of 2.
(B) The heat of vaporization of 3 should be greater than that of 2.

©) The intermolecular forces between molecules of 2 should be greater than those between
molecules of 1.

D) The surface tension of 2 should be greater than that of 3.

Knowledge Required: (1) The meaning of term vapor pressure. (2) The correlation of vapor pressure data with
other physical properties.

Thinking it Through: Substances with a lower numerical value of vapor pressure have little tendency to change
from liquid to gas. Such substances have strong particle-to-particle interactions and/or high average molecular
mass. These substances can be expected to have relatively higher heats of vaporization, higher boiling points, and
greater surface tension. Larger values of vapor pressure indicate substances with low average molecular mass
and/or with very little interaction among the particles. These substances will have relatively lower heats of
vaporization, lower boiling points, and less surface tension. Choice (A) is not reasonable based on the given trend
in vapor pressure, because substance 4 has a higher vapor pressure than substance 2, indicating it will have a lower
boiling point. Choices (B) and (C) are also reversed from the expected trend. Choice (D) is the most reasonable.
Substance 2 with its lower vapor pressure than substance 3, is expected to have a greater surface tension. |

SM-6. A mixture of 0.5 mol of CH,, 0.5 mol of H,, and 0.5 mol of SO, is introduced into a 10.0-L container
at 25 °C. If the container has a pinhole leak, which describes the relationship between the partial
pressures of the individual components in the container after 3 hours?

(A)  Pso,>Pcu,> Pu, (B)  Pso,<Pci, <Py,
©) Pso, < Pcy, > Py, ()] Pso, = Pcy, =ﬁlz

Required Knowledge: (1) The behavior of gases. (2) The kinetic-molecular theory. (3) The qualitative
understanding of Graham's Law of Effusion.

Thinking it Through: Equal amounts of each gas are present, so the partial pressure of each gas remaining in the
container after 3 hours will depend on the rate with which each escapes. The lightest gases will escape most| -
quickly through a pinhole leak. The molar mass of CH, is 18 g-mol™, of H, is 2 g-mol™, and of SO, is 64 gd‘.i

Hydrogen will escape most quickly, followed by methane, and then sulfur dioxide. The partial pressure of the each|
gas remaining in the container will therefore be in reverse order, Pso, > Pci, > Py, This is choice (A). |




j_“@ﬂvohmﬁdCl‘Lme,gmsntZO °C and 1 atm pressure? \1
The CH, sample has a mass that is one-half that of the O, sample.
The number of O, molecules is twice as large as the number of CH, molecules.
The average kinetic energy of the O, molecules is one-half that of the CH, molecules.

CRCRCR

The average velocity of the O, molecules is one-half that of the CH, molecules

Knowiedge Required: (1) The understanding of Avogadro's Principle. 2) The relationships of average molecular
speed and kinetic energy to temperature and pressure conditions.
Thinking it Through: The two gases, CH, and O,, are at the same temperature and pressure conditions.

Avogadro’s Principle states that equal volumes of any gas under the same temperature and pressure conditions will
contain the same number of molecular particles. Although this straightforward answer is not given as one of the
choices, it does eliminate choice (B). If the molar masses of the two gases are considered, 16 g-mol™! for CH, and
32 g-mol™! for O,, the 1:2 ratio is revealed. This means that even though an equal number of particles are present,
@y hlfﬂz m_ass.of CH, is present, making choice (A) the correct answer. Choice (C) is incorrect as the average
.hmnc energy is directly proportional to the temperature, which is the same for both gases. Choice (D) is also
incorrect for the average velocity is inversely proportional to the square root of the mass of the molecules, an
application of Graham’s Law. '

SM-8. Which microscopic representation best represents a solution?

(A)  § (B) 14 © I (D) v

Regquired Knowledge: (1) The definition of a solution. (2) The particulate representation of particles forming
solutions.

Thinking it Through: Solutions are homogeneous mixtures of two or more substances. They may exist in all three
phases, aithough often in general chemistry solutions are aqueous solutions meaning that the solvent is water.
Choice (A) cannot represent 2 solufion, as there is only one type of molecular particle represented. Choice (B) has
two different types of particles, but they appear to be in distinct layers. Choice (C) again has only one type of
particle. Choice (D) is the best representation as it shows two types of particles distributed relatively

| homogeneously

SM-9. ‘A solution is made by dissolving 60 g of Na
300 mL of a stock solution. What volumes o
in a solution that is approximately 1 M NaOH?

OH (M = 40 g-mol™) in enough distilled water to make
f this solution and distilled water, when mixed, will result

mlL stock solution mL distilled water
(A) 20 80
(B) 20 100
© 60 30
D) 60 90




Knowledge Required: (1) The definition of molarity. (2) The knowledge of vocabulary associated with solutions.
(3) The procedures for preparing dilute solutions.

Thinking it Through: Molarity is commonly used to express the concentration of 2 solution.
M=molesofu?lulc= grams of solute
L of solution  molar mass of solute x L of solution

The molarity of the solution first prepared can be calculated by substituting the given values. The volume of
solution, 300 mL, should be expressed in liters, 0.300 L.

[60 g NaOH X (1 mol NaOH)
e 40¢g _Smol _

0.300L L

This solution, called the stock solution, will now be used to prepare a solution that is approximately 1 M NaOH.

The number of moles of NaOH in the diluted solution will be the same as it was in the stock solution; it will just
be dispersed in a larger volume. Since we are seeking a volume in milliliters, it is more convenient to express the
molarity as millimoles per milliliter (which is exactly the same as moles per liter).

SM

millimoles NaOH in stock solution = millimoles of NaOH in diluted solution
Assuming 20 mL of stock solution,
(20 mL)q X (5 mmoVmL) 4y = Ve sotutioe X (1 mmolV/mL) ., wciosicn

v _(ZOmL X S mmol/mL

: = =100 mL
e 1 mmol/mL )

The total volume of the new solution is approximately equal to the volume of stock solution (20 mL) plus the
water added (x mL) to produce 100 mL. That comes out to 80 mL of water added, which is intended to be the
correct choice.

xmL =100 mL — 20 mL =80 mL

You’ve probably noticed that we use the word approximately when describing the concentration and volume of the
new solution. In fact, adding 80 mL of water to 20 mL of stock solution produces slightly less than 100 mlL of
solution. The concentration of NaOH in the diluted solution is slightly greater than 1 M. This is because the
densities of NaOH solutions are greater than 1 g/mL. As the NaOH solution is diluted, the density of the solution
approaches that of water, which is 1 g/mL. Nonetheless, 80 mL, choice (A), is still the best. This is a 1:5 dilution.
Choice (B) gives a 1:6 dilution, but you may be drawn to it if you neglect to consider that it is not just the water
added, but the rotal volume of the solution that must be used. Choice (C) results in 2 60: 90 or 2 2:3 dilution, and
choice (D) results in a 2:5 dilution. None of these produce a 1 M solution.

States of Matter/Solutions g

SM-10. Given the cooling curve of one gram of a pure liquid,
the length of the line AB depends on

Temperature —>
/
o

(A) the specific heat of the pure solid.

(B) the specific heat of the pure liquid.

© the heat of melting of the pure substance.
D) the melting point of the pure substance.

Py




States of Matter/Solutions

Knowledge Required: (1)The meaning of specific heat, heat of melting, and melting point. (2) The inlerpl‘elalioﬁ
of experimental data.

Thinking it Through: As a pure liquid cools undisturbed in a clean container, the temperature usually dips briefly
below the melting point of the solid. When solid crystals begin to form, the temperature rises to the melting point

of the solid (point A), where it remains until all the liquid has finally been converted to solid (point B). Neither A

por B are reasonable choices, because both liquid and solid are present from point A to point B. Choice (C)
recognizes that the heat being removed from the liquid goes into changing the potential energy of the molecules.
Kinetic energy remains the same. Choice (D) is an intensive property (temperature) rather than an extensive

property (heat). The cooling curve interprets heat being removed from the liquid.

Practice Questions

1. In the phase diagram, which transition represents the
condensation of a gas to a liquid? Ae
B
g L]
a; D
T.:°C —_
(A) BtoA (B) DtoB © CtoD (D) AtoD

2. Consider the phase diagram of a pure compound.
Which statement applies?

(A) The path A — C represents sublimation.
B) Following the path A = B — C, the compound would first liquefy and then vaporize.

(C) If the compopnd is in state A, continued reduction of the pressure (at constant temperature)
will cause it to melt.
(D) None of these statements is correct.
3. A particular solid is soft, a poor conductor of heat and electricity, and has a low melting point.
Generally, such a solid is classified as
(A) ionic. (B) molecular.

(©) metallic. (D) network covalent.
4. Carbon dioxide, CO,, in the form of dry ice would be classified as

(A) an ionic solid. (B) a molecular solid.

© a polymeric solid. (D) a metallic solid.



States of Matter/Solutions

5. The melting point of an impure compound is generally
(A) higher than that of the pure solid.
(B) the same as that of the pure solid.
©) lower than that of the pure solid.
(D) a function of the vapor pressure of the impurity.

6. What is the vapor pressure of a solution with a Vapor Pressure at 50 °C
benzene to octan lar ratio of 2:1?7
nzene ctane molar ratio of 2 SR 280 mmHg
octane 400 mmHg

(A) 120 mmHg (B) 320 mmHg © 400 mmHg D) 680 mmHg

7. Lithium crystallizes in a body-centered cubic unit
cell. What is the mass of one unit cell? Report your
answer in grams.

0 = lithium atom

(A) 1LI5x10%g (B) 230x10%g (O 575x10%g (D) 104x 10%g

8. Copper crystallizes in a face-centered cubic lattice. If
the edtge of the unit cell is 351 pm, what is the radius
of the copper atom?

@ = copper atom

(A) 128 pm (B) 171 pm ©) 181 pm (D) 255 pm
9. Which factor affects the vapor pressure of a liquid?
(A) temperature (B) atmospheric pressure
© volume of the liquid o) surface area of the liquid
10. A gas or vapor may be liquefied only at temperatures

(A) equal to the normal boiling point.
(B) above the normal boiling point.
(©) above the critical temperature.

(D) at or below the critical temperature.
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g

11. The graph shows how the vapor pressure of a liquid
changes with temperature. Select the choice that best 900
indicates the degree of correctness of this statement:
“The normal boiling point of the liquid is IRCH

Vapor Pressure, mmHg

0 10 20 30 40 50 60 70 80 90100
175e

(A) The statement is true.
(B) The statement is probably true; additional data would be needed for a final decision.
© The statement is probably false; additional data would be needed for a final decision.
(D) The statement is false.
12. What is the molar mass of an ideal gas if a 0.622 g sample of this gas occupies a volume of 300. mL
at 35 °C and 789 mm Hg?
(A) 448 g-mol™ (B) 48.9 g-mol™ (©) 50.5 g:mol™ (D) 54.5 g:mol™

13. Which set of temperature and pressure conditions will cause a gas to exhibit the greatest deviation

from ideal gas behavior?
(A) 100 °C and 4 atm (B) 100 °C and 2 atm
© —100 °C and 4 atm (D) 0 °C and 2 atm
14. A 500 mL gas sample is collected over w.ater ata Vapor Pressure of H,0 at 25 °C
pressure of 740 mmHg and 25 °C. What is the volume ‘
of the dry gas at STP? (STP = 1 atm and 0 °C.) 24 mmHg
(A) 740+24 298 (B) 740-24 273
500% == 500X ———— X ——
760 273 760 298
TS S 1£) 1 S L]
740-24 298 740424 273

15. Which diagram represents the most concentrated solution?
Note: . represents a solute particle and &; represents a water molecule.

v
(A) 1 (B) n © m o) v



16.

17

18.

19.

20.

21.

22,

What is the molarity ofuolunonmadcbym
8.56 g of sodium acetate in water and diluting to
750.0 mL?

(A)  530M B)  0139M (©

A student wants to prepare 250. mL of 0.10 M NaCl
solution. Which procedure is most appropriate?

(A) Add 5.84 g of NaCl to 250. mL of H,0.
(B) Add 1.46 g of NaCl to 250. mL of H,0.
(©) Dissolve 5.84 g of NaCl in 50 mL of H,0 and dilute to 250. mL.
(D) Dissolve 1.46 g of NaCl in 50 mL of H,O and dilute to 250. mL

What volume of 12 M HCI solution is required to prepare exactly 500. mL of 2 0.6
(A) 10.mL ®  14mL © 25mL ®)

In which set are the substances arranged in order of decreasing solubility in water?
(A) Al(OH), > Mg(OH), > NaOH (B)
(C)  CaCO,> NaHCO, > Na,CO, )

The solubility of a substance is 60 g per 100 mL of water at 15 °C. A solution of
prepared by dissolving 75 g in 100 mL of water at 75 °C. The solution is then cc
without any solid separating. The solution is

(A) supersaturated at 75 °C. (B)
© unsaturated at 15 °C. D)

A mixture of 100 g of K,Cr,0, and 200 g of water is
stirred at 60 °C until no more of the salt dissolves.
The resulting solution is poured off, leaving the
undissolved solid behind. The solution is now cooled
to 20 °C. What mass of K,Cr,0, crystallizes from the
solution during the cooling?

A)  24g ® g

What mass of water is needed to dissolve 292.5 g of
NaCl to produce a 0.25 m aqueous solution? %

(A)  20kg @) S50kg

What is the molefncdonofmhmt
(by mass) ethanol, C;H;OH?

(A) 0050 (B)
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s m.umc.u,ou was added to 8.0 X

10°g Freezing Point Depression Constant
K, for water = 1.86 °C:m™!

dv‘.!-lovmhwouldthislowthefreez.ing

point?
A 32°C (B) 431 °C (C) 8.2°C (D) 16 °C
ns two atoms per unit cell) of an element Y

The edge of 2 body-centered-cubic unit cell (which contai
m~’. What is the approximate

was found to be 3.16 x 107" cm. The density of the metal is 19.35 g
molar mass of Y?
(A) 6S4gmo (@ 920 gmol (C) 184 gmol" (D) 238 g:mol”

What is the number of nearest neighbors in a body-centered-cubic lattice?

@ " ® 8 (&) i D 4

. Carbon dioxide, CO,, in the form of dry ice would be classified as

(A) an ionic solid. (B) a polymeric solid.
© a molecular solid. D) a network solid.
Which diagrams represent pure
substances? ° L ] 'S P ®
(o] Q) ®
3 (o) & 8 (]
L ] @ (]
(A) 1and2 (B) land3 ()] 2and 3 (D) 2 and 4

Which diagram best represents the final system, if the
pressure of the gas in this cylinder were doubled and the 0 5 jo
t:mpaamreincrmedfmmZOOKto‘tOOK? 1l

L]
SR moveable piston

° L
(A) 0 5 10 0 5 10
® A e ] e T o |
) .
moveable piston '.- «| moveable piston
.
C) 0 5 10 0
( o laaaaley ® lllllsulllLo
s o @ '”b] . 4 . L]
RN moveable piston A moveable piston
P .




30. An open-ended mercury manometer is used »
the pressure exerted by a trapped gas as shown i
figure. Atmospheric pressure is 749 mmHg. W
pressure of the trapped gas?

(A) 292 mmHg
(C) 749 mmHg
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Answers to Practice Questions

11.
12
13.
14.
15.
16.
17.
18.
19.
20.

Answers to Study Questions

oP o

CR-Nol-A-Noll-NoNoN 4

[l - Noll-"Nol- AN/



Energetics is a broad area that considers the nature of energy and relationship ‘chemical :

changes. Basic definitions of the vocabulary and units to exp‘:u elﬁﬁy changes u.h“ - J
and must be mastered before building conceptual understanding. Heat flow under different conditions
and temperature, calorimetry, use of tabulated enthalpy data for standard heats of formation, bond
Hess's Law are typical topics that surround the First Law of Thermodynamics. An examination of
processes and a molecular interpretation of entropy lead to an understanding of the Second

Thermodynamics. Gibbs Free Energy and its relationship to equilibrium are the last areas included in the
energetics. :

EN-1. A 10.0 g sample of silver is heated to 100.0 °C and then § m ;
added to 20.0 g of water at 23.0 °C in an insulated H00 41843 T
calorimeter. At thermal equilibrium, the temperature of the =

system was measured as 25.0 °C. What is the specific heat of silver? e
@ oos3rgloc' B  o:iglec' (©  asyglect D) 84Jgloct

Knowledge Required: (1) The principles of heat flow. (2) The meaning of the term specific heat. (3) The n
for carrying out calorimetry calculations.

Thinking it Through: When the warmer silver is added to the cooler water in an insulated calor
will take place from the silver to the water until thermal equilibrium is reached. Energy is cons:
process and the heat lost by the silver is gained by the water, an illustration of the First Law of T
This law is also known as the Law of Conservation of Energy. The quantity of heat
is dependent on three factors—the amount of material, the heat exchanging capacity of the m
by the specific heat, and the temperature change the material undergoes. This is the general relatic

heat = mass X specific heat x change in temperature: J = g x :{i_-x(!f.-m

Given that the heat lost by the silver must be gained by the water, and assuming no heat lo
be expressed in this manner. The symbol s represents the specific heat.
heat lost + heat gained = 0
10.0g xsx(100.0 °C-25.0 “C)+20.ng4;—m;;-lx(ﬁ.0 “C =251

4.184])
20.0gx————x2.0
gX— < b

10.0gx75.0 °C

022]
g°C

This is choice (B). Note that this is a reasonable value for silver cc
know from experience that a silver spoon in a cup of hot coffee will ¢
with its large value for specific heat, warms and cools more slowly. If
step and divide 750 by 167 rather than the correct 167 by 750, you
choice (A), you have neglected to use the specific heat of water.
temperature change of 77 °C for both the silver and the wate

sS=

3

EN-2. During the part of the cycle when heat is removed
refrigerator, the refrigerant undergoes a change froma

(A) liquid to a gas. :
liquid to a




Energetics T

inciples of heat flow. (2) The energy changes during phase changes,

1) The
Ww Q) % from the food compartment, it must b.e absorbed by the refrigerant, g
Thinking .w If heat "“"d.m state that are endothermic. Both choices (A) and (D) describe changes j
“ddnnﬂiﬁ those | (B) and (C) both involve condensation reactions that release heat so they cap l:n
) and (D) depends on the fact that it is far easier to circulage 4
eliminated from ¢ " 1o engineer an electric refrigerator based on the phase change from solid to liquid
and compress fluids than it is to engine usedelin an old-fashioned icebox or your picnic cooler if you load it up with ice
This is, however, the Mﬁmwmw that generally the heat of vaporization for a substance is considerably highe
blocks or cubes. You may ing the phase change from liquid to gas energetically favored. .

EN-3. What is the net energy released in this reaction? Bond Energies, kJ*mo"
CH,(g}+ Clyfe) > CH:Clier HCl(g) H-H 431 c-€l 3

GIEGI 239 CH 419

H-Cl 427 c-C 235

A) 105KJ (B) 188 kJ © 754 kJ ®) 1403 K

Knowledge Required: (1) The meaning of bond energy. (2) The energy changes that take place when bonds are

broken and formed.

Thinking it Through: Bond energy, also called by the more descriptive name of bond-.dissociation energy, is the
energy required to break a bond when the substance is in the gas phas‘e. It .always requires energy to break bonds,
so values for bond energies are always tabulated with a positive sign 1mp11eq. Hovyever, when a given bond forms
in the gas phase, it will always release that same amount of bond energy. It is the mtf:rplay between the bonds
broken and the bonds formed that will determine if the reaction overall is endothermic or, as is the case here,

exothermic.

HIC:H + :C:Ci — HIC:CI + H:Ck
i 3

Break one  Break one Form one Form one

C-Hbond CI-Cl bond C—Clbond H-CI bond

There are two bonds to be broken. For the C—H bond, 410 kJ of energy are required per mole. For the CI-Cl bond,
239 kJ are required per mole. The total energy that must be used is 649 kJ.

There are two bonds that are formed. For the C-Cl bond, 327 kJ of energy are released. For the H-CI bond, 427 kJ
are released. The total energy released is 754 kJ.

Overall, more energy is released in forming bonds than was absorbed in breaking bonds. This defines an
M reaction and there is a net energy release of (754kJ — 649 kJ), which equals 105 kJ. This is choice (A).
Choosing (C) means that only the energy released was considered, not the net energy released. Choice (B) has
only focused on the energy required for breaking the CI-CI bond relative to that released in forming the H-CI
Mmmww changes have been ignored. Choice (D) is the inappropriate combination of both the
energy required and the energy released.
Notes: Bond energies are average experimental values and there is some variation in their values in different questions. Asking for the

Py change or AH,, is equivalent to asking for the energy change for this gas phase reaction. Remember, however, that values of AHn,

A is associated with an endothermic reaction and a negative sign with an exothermic reaction. _J
hl;;:dm t:: e, must be burned Thermodynamic Data
raise its temperatu ol
20T re by AH i (CsHo(D) -41.9 kJOg 3
Calorimeter Constant 1.259 kJ-°C__|

&—-—L‘;
045 — B 28g ) 352 (D) 358 —




- =

Knowledge Required: (1) The principles of bomb calorimetry. (2) The meaning of heats of combustion.

Thinking it Through: A bomb calorimeter is an insulated container that contains a reaction i
‘ : chamber designed
withstand high pressures. The reaction chamber, or bomb, is surrounded by water that absorbs the heat of the 2
reaction. This experimental device is often used to study reactions at constant volume, particularly the combustion
reactions of organic compounds. A sample of the compound being burned is placed in the reaction chamber that is
then sealed and pressurized with oxygen. An electric current is passed through a thin wire that gets hot enough to
initiate the combustion reaction. Heat is given off during the reaction and that heat is absorbed by the
surroundings, causing the measured temperature of the water to rise. In this case, the heat capacity of the
calorimeter is given, having been previously determined experimentally. This is called the calorimeter constant. It
means that it takes 1.259 kJ of energy to raise the temperature of the reaction chamber’s surroundings by one
degree Celsius. The value of the heat of combustion is also given, showing that benzene will give off 4.19 kJ of
heat energy for every gram of benzene burned. The heat lost by the benzene burning is equal to the heat gained by
the surroundings, assuming no heat loss. Let x be the number of grams of benzene.
heat evolved + heat gained = 0
i 41.9kJ 1.259K
g P
x=045g
This is choice (A). If you neglected to use the calorimeter constant, you might choose choice (B) in error. If you

solved this equation incorrectly, you might choose choice (C). Choice (D) could be chosen incorrectly if the 15°
temperature change was ignored.

X +15°Cx

0

Notes: Often problems of this type will involve the heat of combustion in units of kJ per mole rather than per gram. The molar mass of the
substance undergoing combustion can be used to make the necessary conversions.

EN-S5. Use the. heats of for?:nalion,. AH, in the table to Compound AH} , kJ-mol”
determine AH for this reaction. CHy») 227
2C;H,(g) + 504(g) = 4CO,(g) + 2H,0(g) H,O(g) —242
CO,(g) —393

(A) —1602 kJ (B) -1829kJ © -2283 K D) 2510k

Knowledge Required: (1) The meaning of standard heats of formation. (2) The methods of using heats of
formation to calculate heats of reaction.

Thinking it Through: The enthalpy change for any reaction occurring at constant pressure can be calculated from
the given or tabulated values of standard heats of formation for both reactants and products. It is necessary to
the heats of formation for all reaction products, being sure to multiply each molar heat of formation by the
coefficient of that substance given in the balanced chemical equation. From this total, it is necessary to subtract the
sum of the heats of formation for all of the reactants, again multiplying by the coefficients in the balanced
chemical equation. This is the generalization for the process.
AH®, = 3 n AH{ (products) — ¥ m AH{ (reactants)

The symbol ¥ (sigma), means “the sum of”* and n and m are the total of the coefficients of the products and
reactants, respectively. To apply this generalization in this question, use the given values from the table and recall
that the standard enthalpy of formation for any element in its standard state is zero. Oxygen gas is an element in its
standard state, so no value is given in the table.

AH?, = [(4AH; (CO,) + 2 AH; (H,0)] - 2 AH}(C;Hy) + 5 AH{ (0)))

AH,, =[(4 X (<393 kJ) + 2 X (242 kJ)] - [2 X (+227 kJ) + 5 x (0 kI)]

AH,, =-2510K)

This is choice (D). Common errors in this type of question are forgetting to use the coefficients or reversing the
signs and subtracting the products from the reactants. Various coefficient and sign errors lead to the incorrect

answers in choices (A) through (C).




i

AH = +300 kJ

1: SOyg) = Ss) + Oq(s)
Equation 2: 2804(x) + Oal®) 2 2804() AH =-200 kJ

calculate the heat of formation of SOx(&):

A _500 kJ-mol* ®)  —400Kk)mol’ (©  +100kimol’ (@ +200 kJ:mol*

Required: (1) The definition of enthalpy change, AH. (2) The definition of heat of formation, AH{

Q'!hﬂ'lldlhs'suv. L
Thinking Through: change in enthalpy for a chemical reaction 1s equ to the heat 'al is absorbed or
released - a-inl::thnnhng place at constant temperature and pressure. Enthalpy is an example of a state
function i that depends only on the initial and final states of the reactants and products. Enthalpy changes also
depend ‘: amount of material present- Equations for two chemical reactions and their accompanying enthalpy
”: given in this question. However, what is asked for is the heat of formation, AH{, for SOs(g).

Sts) + %01(:) 5SOyp AH{=? kJ-mol”

B ;ated with the formation of SO, from its elements, all in their standard states
" _ Often it is difficult to carry out such a seemingly straightforward reaction

and measure its heat. 1t is often more convenient to algebraically combine equations and their enthalpies. Chemical
and the enthalpy changes that accompany them can be combined algebraically only because AH does not
to a set of products. Rather, it only depends on the change from initial to
carried out in a series of steps, AH for the overall reaction can be
for the individnal stens Given exnerimental data can he chanoed

wmnnmofmeenmﬂuvchanm

Equation 1: SO,(z) — S(s) + Oa(3) AH =+300 KJ becomes S(s) + O,(g) = SOx(8) AH =-300 kJ

Equation 2: 25045+ Ofg) 2504  AH=-200kJ  becomes SO () + -;—Oz(g) — SOyg) AH=-100KI
Adding the transformed equations together gives:
Sis) + Oyfg) + SO4) + %o,m SOyg)+ SOy  AH=(-300KJ) + (100 k) =400 KJ
Combining like terms and uncehng substances that appear on both sides of the equation gives the target equation.
S(s) +%0ﬂ) — S04z AH, =-400 KkJ-mol*

This is choice (B). Y.ou might pick choice (A) in error if you forget to reverse the sign of the enthalpy for Equation
2,0- la'n the sign revuul-but also neglemd to cut the enthalpy associated with the second equation in half,
you might have chosen choice (C). Choice (D) might be selected if the second equation were correctly cut in

|, bt aso reversed and added 1o Equation 1.




EN-7. Which change is likely to be accompanied by an increase in entropy? !
(A) Ny(g) + 3H,(g) — 2NH,(g) at 25 °C (B) Ag'(ag) + Cl (ag) — AgClis) at 25 °C

©) CO,(s) = COyfg) at =70 °C D) H,0(g) = H;000) at 100 °C

Knowledge Required: (1) The meaning of the term entropy. (2) The interpretation of chemical equations.

Thinking it Through: Entropy is a thermodynamic quantity that expresses the disorder or randomness in & system.
Considering whether the reactants or the products are more randomly arranged can identify the change
accompanied by the greatest increase in entropy. In choice (A), all of the particles are present in gas phase and
there is a change from four moles of gas of diatomic gases to only two moles of more complex ammonia
molecules. This system is becoming more ordered, a process likely to produce a decrease in entropy. Choice (B) is
forming a highly ordered crystal from ions in solution, so once more the process is predicted to be accompanied by ‘
a decrease in entropy. Choice (C), the correct choice, will have an increase in entropy, for solid carbon dioxide is
changing to gaseous carbon dioxide, a highly disorganized state. CO, molecules in the gas phase have many more
opportunities to vibrate and will have much higher entropy than the condensed solid phase. Choice (D) represents
a condensation from the gas to the liquid states; this again will be a decrease, not an increase in randomness. Do
not be misled by the temperatures that are given. Although the term TAS gives the total energy contribution in 2

chemical change from the temperature multiplied by the change in entropy, it is only the change in entropy that is
asked in this question.

EN-8. Under which circumstance would the free energy change for a reaction be relatively temperature
independent?
(A) AH is negative. (B) AH is positive.
© AS has a large positive value. D) AS has a small value of either sign.

Knowledge Required: (1) The meaning of the term free energy. (2) The relationship of enthalpy and entropy to
free energy.

Thinking it Through: The thermodynamic function known as the Gibbs free energy is the relationship that
predicts whether a chemical reaction is spontaneous. It depends on two values, the enthalpy of reaction and the
product of the temperature and the entropy change for the reaction. For a reaction taking place at constant
temperature, the relationship becomes AG = AH — TAS. In general, the values of AH are in kJ and the values of AS
are in joules per Kelvin, J-K™'. This means that unless the temperature is very high, so that the product of TAS
becomes larger than the magnitude of AH, the spontaneity of a reaction is controlled by the sign of AH. If the sign
of AG is negative, the reaction will be spontaneous in the forward direction. If AG is equal to zero, the reaction is
at equilibrium because there is no driving force in either direction. If the sign of AG is positive, the reaction as
written will be nonspontaneous. This question asks for the relationship of the size of AH to that of TAS in order to
make a qualitative judgement about the value of the free energy. In choice (A), even if AH is negative, the value of
AG might become positive if the temperature were high and/or the entropy change were large enough. In choice
(B), AH is positive, which usually predicts a nonspontaneous reaction unless there is significant entropy change
and high temperature conditions. In choice (C), there is still the possibility that the value of TAS could control the
reaction, even if the value of AH were negative. Only choice (D) gives the possibility of a relatively temperature
independent value for the free energy change. If AS has a small value, no matter what the sign, then the product of
the temperature and the entropy change will be a small number compared to the size of the enthalpy change. |
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¥hich of he relaonshifs | iling | Relationshi

- is(are) true about water boiling in ps\‘
..n::. hat is open to the atmosphere? I ¥
: u AS =0

I AG =0
(B) 111 only ————

s ::yll only ()  Iand IXonly
© e

: ing of the thermodynamic functions of enthalpy, entropy, and free energy,
Required: (1) The ™4 :elau!' onships during change in state.
&3 . samid i hich the vapor 3
% iling point of a liquid is the temperature at whic vapor pressure of the
Thinking i Through: The "‘:nl“"zowg;: pressure. When water is boiling, there is equilibrium between the
liquid is equal t0 760 mmHg s ing the surface and the rate at which molecules are condensing.
which water £ g ¢ its molecules to have enough energy to escape the surface of

‘G “I ble energy must be S to water foi
liquid, so AH cannot be equal to Zero. This eliminates both choices (A) and (C) from consideration. The
- e the more ordered molecules in the liquid state, so AS also

in the vapor state are more random than . ! :
molecules in ‘o gero, This climinates choice (C) again, and now also choice (D). Choice (B) is correct because
f’__*,hq': chamgd .in free energy as Ze10, characteristic of an equilibrium state.
it identifies

rfuo For this reaction at 25 °C, AH’ —_1854KJ and AS° =-236 J'K". ﬁ
CH,COCHs(g)+ 404(2) = 3C0,(g) + 3H,00)

What is the value of AG® for this reaction?

A) -1784K ®)  -1848KJ (€ 1924k (D) 68500 kJ

calculation of free energy from enthalpy and entropy data. (2) The correct use of

Knowledge Required: (1) The
units.
Thinking it Through: The free energy change for any reaction can be calculated using AG = AH — TAS. To do this
mﬂy,ukcwefulnoteofdnnnits.
AG=-1854 - 298 K x 2L 1
K 1000J

AG=-1854kJ +70 k]
AG=-1784 kJ

ing to change the temperature from
the second part of the expression,
this produces the incorrect choice (C).
and obtain the large value in
bustion reactions, the

This is choice (A). Common errors in this type of calculation include forgett
25 °C to 298 K, resulting in choice (B). It is also easy to make a sign error in
| carelessly making the product of two negatives values still a negative value;
If you neglect lodﬂp)ulu 1o kilojoules, then you will combine 70,000 J with kJ
choice (D). This careless error should be easy to spot, for remember that for most com
 magnitude of the enthalpy term provides the driving force for the reaction.




. When a 45.0 g sample of an alloy at 100.0 °C is
dropped into 100.0 g of water at 25.0 °C, the final | Heat Data
temperature is 37.0 °C. What is the specific heat of
o H,0n 4.184 J-g*~C*

(A) 0423 )-.g'-eCc’ (B) LT yglec' (©  g9gg)giec’ M) 488 )-g'oC!

. When 68.00 J of energy are added to a sample of D e —
gallium that is initially at 25.0 °C, the temperature . -
rises to 38.0 °C. What is the volume of the sample? specific heat 0372 3-g'~C*
density 5.904 g-cm”
(A) 2.38 cm’ (B) 428cm’ © 14l M 310cw’

. A student mixes 100 mL of 0.50 M NaOH with 100 mL of 0.50 M HCl in a Styrofoam® cup and

observes a temperature increase of AT,. When she repeats this experiment using 200 ml of each
solution, she observes a temperature change of AT,. If no heat is lost to the surroundings or absorbed
by the Styrofoam cup, what is the relationship between AT, and AT,?

(A) AT,=4 AT, (B) AT,=2AT, (©) AT,=05AT, (D) AT, =AT,

. When a material in the liquid state is vaporized and then condensed to a liquid, the steps in the
process are, respectively,

(A) exothermic and exothermic. (B) exothermic and endothermic.
(© endothermic and exothermic. D) endothermic and endothermic.

. When Na,S,0;-3H;0 dissolves in water, the solution gets cold. Which diagram best represents the
change in enthalpy for the contents of the flask?

(4) I (B) 1
2 z
g £
5 ] R
Solution Process — Solution Process —
© I D) I
Ea)
[=¥
Solution Process — Solution Process —
. Calculate AH® = for the chemical reaction Bond Energies, kJ'mol™
F-F 159
Cly(g) + Fylg) = 2CIF(®) aQ 23
(A) ~147kJ (B) -108 kKJ ©) +H71K o 912k




]

p 3

10.

Mnnulhuiwdm-eooﬁuomgnmofmmu 100 °C to wateralSO °C than from
cnhan'-ol&pidmuulw’(:mso%beause
(EV) &sa-'shol—'mmem.

B hsu-occqisayumvolunmhmthewam
© mclmityofm‘sgmmdmmatofsmm.
o the heat of condensation is evolved.
Calculate AH for this gas phase reaction. Bond Energies, kJ*mol"
NH;(er+ Chi®) HCl(g) N-H 389 HCl 427
= 3 N-Cl 201 CI-Cl 243
A 632K (B) 188 kJ © + K (D) +431 kJ
Use the bond energies in the table to determine AH Bond Energies, kJ*mol"
for the formation of hydrazine, N,H,, from nitrogen N-N 159 H-H 436
and hydrogen according to this equation. N=N 201 H-N 389
Ny(e) + 2Hyle) - N:Hile) N=N 941
(A) 711K B) 98 kJ © +98 kJ D) +711 kJ
Al.mgsampleole-LNO,isdeco ina Table of Data
bomb calorimeter. The temperature increases by Molar mass, NH,NO; 80.0 g-mol”
6.12 °C. What s.me molar heat of decomposition e lbeimeter Constant 123 13-°C"

for ammonium nitrate?

A  -en2kmol’ ®) 398 kJ-mol’ (O 753 kJ-mol’ (D) 164 kJ-mol™

lntmbulainl:u.macﬁonsmwﬂedoutat

(A) constant pressure. (B) constant volume.
© 1 atm pressure and -~ T (D) 1 atm pressure and 06,
The standard enthalpy of formation, AH7, for nitrogen(IV) oxide, NO,, is the enthalpy change for
which reaction?
A) Nig) +20(g) =N 1
)+ 200) -¥NO4p o 2@+ Ote) = NOo)

1
© ;N, 0, (g) = NOf») ®) NO(g) + —;‘02(3) — NO,(g)

The combustion of ammonia is represented by this equation. Enthalpy of Formation Data
4NH,{¢J+50{)-+4N0()+6H AH? =-904.
s ' g 4 r’o‘" R gatada NOG  +90.4 kJ:mol'
What is the enthalpy of formation of NHy(z)?
¢ H,0)  -241.8 ki-mol’

(A)  449Kimol! B  461kimol’ (O -184 kI'mol’ (D) 227 kJ-mol’’



B

14. The standard enthalpy change for the formation of

silver chloride from its elements is than the
enthalpy change for the formation of silver bromide.

(A) more exothermic B) il
(©) more endothermic ) bos .
15. What is the value of AH® for this reaction? | Enthalpies of Combustion
C.Hy(g) + 2H;(g) = CHsle) CHp) -2341 KJ-mol™
Hye) 286 kKJ-mol”
CHse) ~2775 KJ-mol™
A) ~158 kJ-mol” B - S
( mo! (B) 128K-mol’ (©)  +128kImol’ M)  +158 Ki-mol’
16. Given these values of AH e
CSy(l) + 304(g) = COfe) + 250;(g) AH® =-1077KJ
Ha(g) + Os(g) = H:0:() AH® =188 KJ
1
Hy(g) + ;Oz(g) - H,00 AH® =-286K
What is the value of AH® for this reaction?
CS,(1) + 6H,0,() - COs(e) + 6 H,00) + 2S0,g
(A) -1175k-mol’ (B 1151 Wgmo!  (© -1665K-mol’ (@) 3921 Ki-mol®
17. Use the standard enthalpies of formation in the table r Substance AH?, kJmol”
to calculate AH® for this reaction. O 8812
4 \ag
2CrO,* (ag) + 2H%(ag) = CI‘;Of‘(aq) +H,00) &;ovz-(q) -14903
H'(aq) 0
H.0 —285.8
(A) +272.1K) (B) +13.7K © -137k ) 271214
18. What is the value of AH® for this reaction? Reaction AH, KJ
3H,(g) + Os(e) = 3H00 Hye + 1205 2> H00 286K
30,(p) = 2040 4271k
(A) -15KJ (B) -558 K1 © -122d ® 9K
19. Calculate the enthalpy of combustion of ethylene, ‘ Compound AHP .M
CH, at25°C and one atmosphere pressure. CHue) 4523
C,H(g)+ 304(s) = 2C0y(e) + 2H:00) H,0 -2858
-39335
A) 1411k ®)  -1254K © -NBW ® -&nd




L ]

20.

2

Use the given heats of formation to calculate the Compound AH;, kJ*mol
SRS AR S W v B,04(s) -1272.8
B,0ys) + 3COClyg) — 2BClyg) + 3COy(») COCly(g) -218.8
BCly(g) —403.8
COy(g) -393.5
A) 43K (B) 3549 K1 © -589KkJ D) -3917.3 kJ
Using the given thermochemical data, what is Compound AH? , kJ*mol™
AH" for this reaction? CH,OH() 238
2CH,OH® + Oy(g) = HCH,0,0) + 2H,00) HC,H,0,() —487
H,0() —286
A sBY B) 535 kJ © 583 KJ D) -535kJ
What is the enthalpy change for this reaction? Compound AH?, kJ'mol*
Hg() + 2Ag (ag) — Hg '(ag) + 2Ag(s) Ag'(ag) +105.6
Hg**(ag) +171.1
(A) 655K (B) +40.1 K (o) —40.1 kJ (1)) —65.5 kJ

For which of these processes is the value of AS expected to be negative?
L  Sugar is dissolved in water.
IL.  Steam is condensed.
HOI. CaCO, is decomposed into CaO and CO,.

(A) Ionly (B) I and III only

©) I only D) II and ITI only

For which process is the entropy change per mole the largest at constant temperature?

A) H,00) - H,0(g) (B) H,0(s) - H,0(g)

© H,0¢s) - H,0) (D) H,0) - H,0(s)

In which process is entropy decreased?

(A) dissolving sugar in water (B) expanding a gas

©) evaporating a liquid D) freezing water

When a liquid evaporates, which is true about the signs of the enthalpy and entropy changes?
(A)  AH is positive, AS is positive (B) AH is positive, AS is negative

(©)  AH is negative, AS is positive (D) AH is negative, AS is negative

A particular chemical reaction has a negative AH and a negative AS. Which statement is correct?
(A) mmhmumnmmm.

(B) ‘l‘hwnﬁonhnomponunemuuallwmperm.

©) mmbeeomlpomnmuumpumeincmm‘

(D) Tiereﬂonbacomucponmeomulmwmmdecmm.




28,

29.

30.

When solid NH,NO, is dissolved in water at 25 °C, the temperature of the
true about the signs of AH and AS for this process? :

(A) AH is negative, AS is positive

(©) AH is positive, AS is positive

For the process O,(g) — 20(g), AH® = +498 kJ. What would be
conditions under which this reaction would be spontaneous?

AS. Spontaneous
(A) positive at low temperatures only
(B) positive at high temperatures only
(© negative at high temperatures only
D) negative at low temperatures only

For which reaction, carried out at standard conditions, would both the enthalpy and e
drive the reaction in the same direction?

A) 2H,(g) + Oy(g) = 2H,00)) AH=-571.1KJ
(B) 2Nafs) + Cly(g) = 2NaCl(s) AH=-820Kk]
© N(g) +20,(g) = 2NOy(g) AH=+677K

(D) 2NH;(g) = Ny(g) + 3Hy(e) () AH =+92.4Kd
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A puzzling aspect of chemical reactions to many beginning students is the fact that many
large thermodynamic driving force take place slowly or not at all. On the other hand, ‘many o
have very little thermodynamic driving force take place rapidly. The change in Gibbs o
energy) of a chemical reaction is the measure of the thermodynamic driving force. The ., :
about the relationship of the initial and final energy states. It tells us nothing about the
from reactants to products. The study of reaction dynamics (also called reaction kinetics or
reveals something of the energy topography in moving from reactants to products. i

Once the rate of a chemical reaction has been thoroughly studied, reasonable conclusions can be dr
concerning the sequence of events (collisions, attractive interactions, repulsive interactions, bond -al
making) that lead to the observed products. Developing the chronology of intermediate event Y
reaction mechanisms, are the ultimate goals of studies of reaction dynamics. 7

The basic experimental techniques for studying reaction dynamics involve cither (1) insta ;
determinations at various known concentrations of reactants, usually when the reaction is just
(2) determining the relationship between concentration and time. mRg

Study Questions

DY-1. The rate law for the reaction

A+B—>C+D

is first order in [A] and second order in [B]. If [A] is halved and [B] is doubled,
reaction will ‘

(A) remain the same. ®) be increased by fa
© be increased by a factor of 4. (D)  beincreased by a

Knowledge Required: (1) The meanings of the terms rate law, first order, and V
of the rate equation.

Thinking it Through: For this reaction, the rate equation is
rate = k [AJ(B)’ ;
rate (rate,), and

Here, we are comparing an initial rate (rate,) with a later _
the two rates. The problem also specifies that [A], = 12{Al, and [B); =
. X
rate, e A - m : ;'
rate,  kK(A), Al

The correct answer is choice (B). Choice (A) results if the

the numerator. Choice (C) results when the 172 term is
denominator rather than the numerator.




Dynamics

DY-2. Which line in the diagram represents the
activation energy for a forward e ] ) Seihe) Wl
T
E
1\
reaction coordinate
(EV] A (B) B © C (D) D
Knowledge Required: (1) Interpretation of energy vs. reaction coordinate plots. (2) Meaning of activation energy
for forward and reverse reactions.

Thinking it Through: Reaction energy diagrams are drawn to represent energy change for the forward reaction as
moving from left to right along the reaction coordinate. The energy change for the reverse reaction is interpreted as

moving from right to left.
Energy changes are always measured relative to the initial energy of reactants, which is the beginning point of the
energy profile. The activation energy is the height of the energy barrier relative to that base line, which is choice
(B) in the diagram. Choice (A) is a meaningless distance, since the y intersection with the x axis is not defined.
Choice (C) is the activation energy for the reverse reaction. Choice (D) is the net energy change for the reaction.
DY-3. Initial rate data for the reaction Experiment [N,04] [0,] Rate in M-s™
2N,04(g) = 4NO,(g) + O4(8) 1 0.15M 030 M 46
are given in the table. What is the . g g 61
rate law for this reaction? 3 020M 030M 61
(A) rate = k [N;0s] (B) rate = k [N;05]*
(©  rate=k[N,0,0 [0 (D)  rate =k [N;04) [O,]

Knowledge Required: (1) The meanings of the terms rate law, first order, and second order. (2) The algebraic form
of the rate equation. (2) How to use the method of initial rates to determine the rate law.

Thinking it Through: The data represent cases where concentrations of reactants are varied and the corresponding
rates of reactions are measured. Nofice that experiments 1 and 3 represent cases where [O,] is held constant while
[N;O4] is varied. Experiments 2 and 3 represent cases where [N,O;] is held constant and [O,] is varied. The next
thing to notice is that the initial concentration of oxygen in experiment 2 is twice what it was in experiment 3, yet
the rate was the same in both experiments. This tells us that [O,] does not affect the rate of the reaction,
eliminating choices (C) and (D). The task now is to ascertain whether the reaction is first order in [N,0O4], choice
(A), or second order in [N,0;], choice (B). If the reaction is first order in [N,O5], the increase in rate will be
directly proportional to the increase in concentration. If the reaction is second order in [N,0;], the rate will
increase as the square of [N,O].

Checking first for a first order reaction by calculating the expected rate:.

e, _KN,0,,

r“‘I k[NIOS lI
020M
= 46 =
i 0.15M i e
Since the predicted rate is that for a reaction that is first order in N,O,, choice (A) is confirmed as the correct
answer.

MR i



For the reaction

which plot confirms that the rate is first order wi
(A) ®)

[H;0,]

©) D)

[H,0,)*

time

meanings of the terms rate law, first order, and second order. (2 :

Knowledge Required: (1) The
(2) How 1o use the graphical method to determine the rate law.

of the integrated rate equation.
Thinking it Through: The integrated form of the first-order rate equation is

equation in the form of a straight line (y = mx + b) yields
In[A] =k +In [A)y

A plot of In [A] (the concentration of hydrogen peroxide, which corresponds to y)
oompondstox)yieldsasuaightlinefornﬁntadu:uﬂimﬁh 0ic
there the common logarithm of concentration, rather than the natural

is the same, however. Since common logarithms and natural logarithms
cither will produce a straight line plot for a first order reaction, confi
Choice (A) results for zero order reactions. Choices (B) and (D) do

Note: Choice (B) would correspond to the plot for a second-order reacho




L -

" The activation energy for a particular reaction is 83.1 kJ-mol™". By what factor will the rate constant
mhumnwmmso.wc to 60.0 °C?
A 10.0 (B) 253 © 0.927 (D) 0.395

Knowledge Required: (1) The meaning of activation energy and rate constant. (2) How to use the Arrhenius
Thinking it Through: The equation that relates activation energy, rate constant, and temperature is the Arrhenius
equation:

k= Ae”S/T

E Y1
k=|[-=2)=|+InA
m ( R Xr) 8
The problem asks for the ratio of ky/k;, which can be obtained by subtracting the equation at the first temperature,
T,, from that at the second temperature, T, and solving for kyk,.

mactn [ Ff}CRE] oo

h_kl_(f‘_ 1 1)_(83.1K-mol™)1000J 1 i 1
B \RAL T, 83141.K' \ 1k A (273.15+500) K (273.15+60.0) K

LY
lnkl 0.927

This equation is easier to use in the form

kolk, = €7 =2.53
This is choice (B), the correct answer. Choice (C) results from forgetting to take the antilog. Choice (A) reflects
confusion with the notion that a 10 °C rise in temperature results in an approximate doubling of the reaction rate.
Choice (D) is the ratio ky/k;.

The half-life for the radioactive decay of P is 14.2 days. How many days would be required for a
sample of a radiopharmaceutical containing *p 1o decrease to 20% of its initial activity?

(A) 33.0d (B) 49.2d © 71.0d (D) 286d

DY-6.

Knowledge Required: (1) The knowledge that radioactive decay is a first-order process. (2) The integrated form of
the first-order rate equation. (3) The relationship between half-life and rate constant.

Thinking it Through: For radioactive decay, ,, = 0.693/k, so for this reaction

0.693
dimigutons. a5 () -1
= 1.2 days 0488 days

Now we can use the rate equation to find the time required to reach the ratio [AJ/[A], = 0.20.

: 7 .
)

___In(0:20)
0.0488 days "

The correct answer is choice (A). Choice (C) is five half-lives, which would leave 1/32 of the original material.

I= =33.0 days

| Choice (D) s tweny half-lives. Choice (B)is five halfives mltiplied by 0,693




DY-7. Consider the reaction

2NOy(g) + Fyfg) =
A proposed mechanism for this reaction is WOF@

NO, +F, & NOF + F (slow)

NO, +F & NOF (fast)
What is the rate law for this mechanism?
(A) rate = k__[ﬁ(_)f]’_
[NO,J* [E,) ®B)  rate =k [NO,J Fy

(C)  rate=k[NO,] [F;] ® - b

Knowledge Required: (1) The fact that the slowest step in a reaction X )
algebraic form of the rate law expression. mechanism determines the rate law. (2) The

Thinking it Through: The slow step is the reaction of NO, with F; to form NO. o
herefore expected to contain both NO, and F, with the concentration of each oF '"‘:m equation is
choice (C). Choice (D) contains a product (here, 2 fluorine atom) of the ,on"“‘d i wypwer.‘lu- 4

(B) is a commonly chosen wrong answer, since it is derived from the stoichi f . g
(A) is the equilibrium constant expression rather than the rate-law ex i DLy o e o S

DY-8. This mechanism has been proposed for the formation of ethylbenzene:
1 CH,CH,Br + AlBr; — AlBr,” + CH,CH,"
2 CH,CH," + CH¢ - CHCH,CH,"
3 C¢H(CH,CH," + AlBr,” = AlBr, + HBr + C;H,CH,CH,
Which substance serves as the catalyst?
(A) AlBry (B) AlBr,

(C)  CH,CH ®)  CHCHCH,

Knowledge Regquired: (1) The role of a catalyst in chemical reactions.

Thinking it Through: Catalysts are substances that increase the rate of chemical reactions without themselves
being consumed in the reaction. What we're looking for in the sequence of steps is a substance that is used in one
step and regenerated in a later one. Step 1 uses CH,CH,Br and AlBr;. AlBr, is produced by step 3, so there is no
net loss of AIBr, in the overall reaction. It serves as the catalyst. Choice (A) is the correct answer. Every other
choice is a reaction intermediate.

DY-9. Consider this equilibrium: ;
250,(g) + Oxe) :;‘ 2804(s)

The forward reaction (1) is proceeding at a certain rate at some mmmmwnu
pressure is increased, what might we expect for the forward reaction?

(A) a greater rate of reaction and a greater yield of SO, at equilibrium
(B) a greater rate of reaction and the same yield of SO, at equilibrium
© a lesser rate of reaction and a smaller yield of SO, at equilibrium
{ D) a lesser rate of reaction and a greater yield of SO, at equilibrium




Dymamis —
e ) How 0 use LeChatelier's principle. (2) The qualitative understundm‘
Knawiedge g LeChatelier's principle first, we see from the chemical equation that three
w.mw | mol of O react to produce two moles o(t; ;()g;duct. The equilibrium will shift o
moles of gas ing more SO;. Choices (B) an are therefore eliminated from
= of the change, produc
‘minimize the effect
the concentration of SO, and O,, and one or the other (or both) are

Increasing “ pressure ":m rate equation for this reaction. Increasing their concentrations is expected to increase
involved in orrect answer. Choice (D) correctly recognizes the greater yield

£ mmmm(,\)asmec

the rate of

but not the ate.
Y-10. In a chemical reaction involving the formation of an intermediate activated complex, which step must
DY- 3
always be exothermic?

(A)  reactants — products (B) products — reactants

(C)  reactants — activated complex

D) activated complex — products

- (1) The general understanding of multi-step reaction mechanisms. (2) The general shape of
‘-'? wn(rd)im!e diagrams. (3) The meaning of the terms exothermic and endothermic.
3 i i thermic, but not always. Choice (A)

it Through: Spontaneous chemical reactions are usually exo T ) ys. Ch cannot
m reverse reaction of an exothermic reaction must be endothermic, so choice (B) is eliminated for the
same reason as choice (A). The activated complex exists at the top of the energy barrier isolating reactants and

. speaking, it is downhill from the activated complex to either reactants or products. Choice

othermic. The remaining choice, (C), is always endothermic.

(D), is the correct answer, is always cx

Questions

+ B, — 2AB, proceeds by bimolecular collisions between A, and B,
and B, are doubled, the reaction rate will change bya

1. The gas-phase reaction, A,
molecules. If the concentrations of both A,
factor of
A) n (B) 2 © 2 (D) 4

2. For the reaction of chlorine and nitric oxide,
2NO(g) + Cly(g) = 2NOCl(g)

doubling the concentration of chlorine doubles the rate of reaction. Doubling the concentration of both
reactants increases the rate of reaction by a factor of eight. The reaction is

A) first order in both NO and Cl,.

(B) first order in NO and second order in Cl,.
(C)  second order in NO and first order in Cl,.
(D)  second order in both NO and Cl,.

3. Under certain conditions, the average rate of appearance of oxygen gas in the reaction

204(5) = 3043)
is 1.2 % 107 atm:s™', What is the average rate, expressed in atm-s”", for the disappearance of 0,?
(A Box10* (B) 1.2%10” (©) 1.8 %107 (D) 53% 107

&

b

R
et

2
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4. Which reaction coordinate diagram represents a G g ;
50 J-mol™* and the AH,,, is -15 Kdmol? reaction in which the activation energy, E, is

(A) 100
90 (B) 100
90
2 3 55 %
>
g e
=
(53]
\ \ =
0 0
—reaction coordinate—s __reaction coordinate—
©) 100 o) 100
85
2 jé
z 50 z 50 50
3 5
@ &
\ 20
15
0 0
__reaction coordinate—> —reaction coordinate—
5. The rate law for the reaction
H,0, +2H" +2I" - 1,+2H,0
is rate = k [H;0,] [I'). The overall order of the reaction is
(A) five. (B) three. © two. ») one.

6. The activity of a radioisotope is 3000 counts per minute at one time and 2736 counts per minute 48
hours later. What is the half-life of the radioisotope?

A) 831 hr (B) 521 hr © 361 hr ) 144 hr

7. The half-life for the first order conversion of cyclobutane to ethylene,
C.Hye) = 2CH®

{s 22.7 s at a particular temperature. How many seconds are m&dfuﬂnpﬁﬁdmﬁ
cyclobutane to decrease from 100 mmHg to 10 mmHg?

(A) 520s (B) 754 © 90.0s ) 21s

8. A plot of reactant concentration as a function of time gives & Wﬁn&mhmemhdﬁ
reaction for this reactant?

(A) zero (B) first © second (L) third




T

0100 12x10*
040 0050 0200 32x10*

rate = k [CH,OCH,)' [Br,)’ [H,0")!
rate = k [CH,OCH,]' [Br,)' [H,0")°

0.2 N
N
0.1 Sy
\\
0.0
0 10 20 30 40 50
Time, s
0.008 ® 0005




14, Which

w m -

15, The Arrhonius
activation, E,
b S 41 o et B e
(A) i constant lemperature, reactions ‘
(B)  al constant temperature, reactions with
© al constant energy of activation, reactions at
) al constant energy of activation, reactions with

16. What will be the effect of increasing the temperature of
endothermic reaction?

(A)
(B)
©
)

17. A change in temperature from 10 °C to 20 °C is found to double
reaction. How did the change in temperature affect the reacting molecules?

(A)
(B)
©
D)

18. The value for the mwdn.ﬁ.nw_- 5

(A)
(B)
©
m)

19. mmmm ctiv
statement correctly describes the r

(LY
(B)
©
)

Both the rate of reaction and the value of the equilibrium constast increase.
“The rate of reaction increases and the value of the equilibrium constam decresses.
mmdmu-duvucsmcm
mfm«mmuum«-qﬂ-m

The average velocity of the molecules doubled.
The average energy of the molecules doubled.
The number of collisions per second doubled.

decrease with increasing temperature.
increase with increasing temperature.
increase with increasing



oﬁmumomofthepmducts.

Clafag) + HaS(ag) = S) + 2H'(ag) + 2C1"(aq)

:lm is
| rate = k [CL] [H:S]
ms is (or are) consistent with this rate equation?

(slow)
(fast)

(fast equilibrium)
(slow)

(B) II only

© 90 kJ
rse (k,) reactions?

®) K=k,
D) K. =k— k.

second order I zero order

. hmeurgy of the reactants and products.

D) Neither I or IT

®)

iindependent of concentration, the reaction can be

(B) II and III only.

a AH =75 kJ and an activation energy of 40 kJ. A catalyst is found that lowers
the forward reaction by 15 kJ. What is the activation energy of the reverse

100 kJ

between the equilibrium constant (K) of a reaction and the rate constants for

(D) I only.
[ Experiment___[H, ) [Cllums _ Ratein Ms"
1 0.0020 M 0.0050M 2.5 x10°
2 0.0020 M 0.0025M 13 x107
3 0.0015 M 00025M 13 x10°
4 0.0050 M 0.0010M 05 x 107

(B) rate=k[Cl,)

(D)  rate =k [H,] [Cl,]




26.

27.

28.

29.

30.

The rate of conversion from cyclopropane to
propene in the gas phase at constant temperature
is a first order reaction. From the information in

the graph, which statement about the half-life of
the conversion reaction is true?
E m - \¥
= ’ ‘
i 0 100 200 300 400
Time, s
(A) It is approximately equal to 150 s. (B) It is approximately equal 10 270 s.
©) It is approximately equal to 420 s. D) It cannot be determined.

Consider this reaction.
4NH;(g) + 30,(g) = 2N(g) + 6H,00)
If the rate of formation of N, is 0.10 M-s™, what is the corresponding rate of disappearance of 0,7

(A) 1.5Ms™ (B) 030 M=s™
© 0.15 M-s™ ®)  0.10Ms™
Which line segment represents the activation
energy for the reaction between C and D to form
A and B?

T

:

&3]

| e

(A) 1-4 (B) 23 © 24 o) 34

The decomposition of hydrogen peroxide in the presence of iodide ion is believed to occur via this
mechanism.

H,0,(aq) + I(ag) = H,01) +107(ag)

H,0,(ag) + I07(ag) = H;00) + Ox(g) + I'(ag)
In this mechanism, I7(ag) is

(A) a catalyst. (B) a reactant in the overall reaction.
© the activated complex. D) a product of the overall reaction.

Which statement most accurately describes the behavior of a catalyst?

(A) A catalyst increases the AG of a reaction and hence the forward rate.

(B) A catalyst mducestheAHohmcﬁonandhmmewwum
products.

©) A catalyst reduces the activation energy for a reaction and increases the rate of a reaction.
D) A catalyst increases the equilibrium constant and final product concentrations.
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When doing stoichiometric calculations, the assumption often “ﬁ“”* 3
This is a convenient assumption when focusing on calculations involving mole ratios and ’
there are many examples of c ially and biologically important chemical reactions that do no
completion. Rather, appreciable amounts of reactants and products remain in the reaction mi 228 :
is reached. When viewed macroscopically, the concentrations of all reactants and products remain cons
necessarily equal, over time. ;s

What is happening at the molecular level is far from static. To emphasize this, the term
often used. The rate at which reactants form products is balanced by the rate of the reverse reaction,
statement does not imply equal amounts of both reactants and products, only that the rates are the same.

In this part of your study of general chemistry, it is typical to explore how & chemical system co:
equilibrium and how that equilibrium is represented. Interpretation of equilibrium constants, i
concentrations in equilibrium systems, equilibrium in gas phase reactions, relationship of enthalpy to. ;
acid-base equilibria, and solubility equilibria all fall into this area of study. 3

Study Questions

EQ-1. When the reversible reaction N,(g) + O4(g) = 2NOg) has reached a state of equilibrium,

(A) no further reaction occurs.

(B) the total moles of products must equal the remaining moles of reactant.
(©) the addition of a catalyst will cause formation of more NO.

D) the concentration of each substance in the system will be constant.

Knowledge Required: (1) The nature of a reversible reaction. (2) Understanding of the e

Thinking it Through: When a reaction has reached equilibrium, it does not mean that
stopped. Rather, at equilibrium, the macroscopic view indicates constant (but seldol al)
each substance, making Choice (D) the correct response. Choice (A) is a commonly held m
you will not choose if you remember the concept of dynamic equilibrium. It is also )
products must equal the remaining moles of reactant, choice (B). ‘The relative

equilibrium will depend greatly on the position of the equilibrium, revealed in
of the equilibrium constant. Choice (C) is based on another common misconc

Addition of a catalyst, while it may increase the rate at which libri
of equilibrium.

Note: The reversible reaction of nitrogen and oxygen to form nitrogen
from combustion engines, for NO serves as the trigger for the forr

EQ-2. Xenon tetrafluoride, XeFy, can be prepared by |
equation,
Xee) +
What i the equilibrium constant expression for th

| [XeR)
@ K= xam

© x.-ﬁ%’—('-‘g‘;




e ——

Jgebraic form of the equilibrium expression.
tion aA +bB= ¢C + dD representing a reversible reaction

Through: For the " per liter, the equilibrium expression, K, is written as

a4 2 _[cry’
< [AF (BF

Mass Action. Note that the equilibrium constant, K, always placeg

expressioni sometimes called the l:n"":ﬁ reactants in the denominator; this criterion alone eliminates chojce
in the numerator of MHMF‘Mm jents in the chemical equation become exponents in the
note is coeff the 2 in front of the reactant F, molecule, and that becomes the

(D). The second feature t0 el
wmha&éﬁmm Choice (A) d

; :plier rather than as an exponent.
coefficient as 3

the s are used with the ilibrium constant. When all reactants or products that appear in

Several different Mm gases, and pressures are used instead of molarity, the symbol for the equilibrium

expression under investigation, the equilibrium constant symbol is written as K, o

-um constant refers to the autoionization of water, the symbol X, is used. Solubility product

the ion concentrations of partially soluble salts. The equilibrium constant symbol K is used for

oes not include the coefficient, and choice (B) uses

EQ-3. water at 60 °C, these relationships hold.
s [H,0°]=[OH] =3.1 X 10"M
Juis reported that an aqueous solution at 60 °C has [H,0"] equal to 1.0 X107 M. Such a solution is

(A)  neurral. (B) basic. © acidic. (D) impossible.
Knowledge Required: (1) The meaning of the ion-product constant, K, for water. (2) Interpretation of K, at
conditions other than 25 °C.

Thinking it Through: The ion- product constant for water, also called the dissociation constant for water, refers to
the autoionization of water. This is the equilibrium reaction that defines the pH scale at 25 °C.
2H,0() = H,0%(ag) + OH(aq)

K,=[H;0] [OH]=[1.0X 1071 [1.0x 107 = 1.0 x 107"
AL60°C, K, = [H,0"] [OH] = 3.1 X 107] [3.1 X 107)=9.6 x10™"

We are used to having the concentrations of the H,0"(ag) ion and the OH (aq) ion being expressed at 25 °C, but this

fundamental relationship is true at any temperature.
If [H,07] > [OH"], the solution is acidic.

If [H,0"] = [OH ], the solution is neutral.

If [H,0%] < [OH "], the solution is basic.

Autoionization is an endothermic reaction, so the reaction at higher temperatures must shift to the right, and that
shift is reflected in the larger value for K, at 60 °C. If [H,0"] is 1.0 x 10”7 M at 60 °C, and [OH ] = K,/[H,0"], then
m-o.lx 1079 1.0 % 107 M) = 9.6 x 10”" M. Hydroxide ion concentration is almost ten times greater than
hydronium ion concentration. The solution is basic, which is choice (B). Choice (A) may be selected if you do not
understand that the position of equilibrium will shift with increasing temperature. Choice (C) does not seem
:“)‘ mistakenly think the equilibrium shifts in the opposite direction at higher temperatures.

(D), and responses such as this, are usually (but not always) incorrect. Infrequently a test writer may want

1o determine if a student can w:‘:hn additional data will be needed for solving a problem, but experienced
- . ___‘._._k<——_—————————_‘




rEQA. A mixture of 2.0 mol of CO(g) and 2.0 mol of H,0(g) was allowed umn.ﬁi—ﬁfm—]

flask at a high temperature. If K, = 4.0, what is the molar concentration of Hyg) equilibrium
mixture? The equation for the reaction is this. " i

COrg) + H,0(g) = COs(g) + Hofg)

(A) 0.67M (B) 040M © 020M ) 013M

Knowledge Required: (1) Algebraic form of the equilibrium expression. (2) Substitutions into the equilibrium
expression to calculate equilibrium concentrations. (3) Alternative approaches to solving equilibrium probiems.
Thinking it Through: In this gas-phase reaction, carbon monoxide and water vapor are allowed to come o
equilibrium, forming carbon dioxide and hydrogen. The equilibrium expression for the reaction is this.

K = LC&].[&).

* [co][H,0]
Substituting into this equilibrium expression, and letting x represent the molarity of carbon dioxide that forms, x
will also represent the molarity of hydrogen gas that forms because the mole ratio in the chemical equation is 1:1.
This same variable x will represent the molarity of carbon monoxide that has reacted and the molarity of water
vapor that has reacted; all mole ratios in the balanced chemical equation are 1:1. Subtracting this value from the
original 2.0 mol will give the concentration at equilibrium for both CO and H,O. The reaction takes place in a

10.0-L container, so the initial concentrations of CO(g) and H,O(g) are each 0.20 M. K, can now be expressed
showing these relationships.

s (x)(x) RaESt
e (020-x)0.20-x) (0.20-x)*

Now x can be found by solving the quadratic equation. It is much quicker to simplify the algebra, in this particular
case, by taking the square root of each side.

2
By P S S
(020-x)° 020-x

Then solve for x: 2.0 x (0.20 — x) = x, so 0.40 - (20 X x) = x, and 0.40 = 3.0 X (x). This makes

x = 0.13 M. This is the correct choice (D). Be sure to do a quick check by substituting the value for x into the

original equilibrium expression. The calculated K, should agree reasonably well with the value given in the
statement of the problem.

0.13)[0.13
K.=
[020-0.13][0:20-0.13]

Another way to check the possible responses without really solving the problem is to substitute each response
value into the equilibrium expression. Then evaluate the expression to see if it yields the value of K. Only one will
be near the correct response. Do not expect exact agreement even then. Rounding errors, particularly when
subtracting, can affect the calculation. Remember that negative concentrations, although mathematically possible,
cannot oceur in the real chemical world.

=34=40

Considering the other responses that were offered, choice (B) might have been selected if you thought all four
concentrations had to be equal. Choice (A) is the difference between 0.20 and 0.133. This is the molar

concentration of each reactant at equilibrium, not that of hydrogen, which is a product. Choice (C) would be the
concentration of hydrogen if the reaction went to completion.

Note: ninknbou(sinmllfylmwmmeﬁm—imﬁmhm for you. The faculty who write ACS Exams know
you have  limited amount of time and are seeking to help you display your knowledge in the time availsble. __




Equilibrium _ —

T

W ample of NO, is placed in a container, this equilibrium is rapidly established.
2NO,(g) = NyOy(g)

If this equilibrium mixture is a darker color at high temperatures or at low pressures, which statement
about the reaction is true?
@ The reaction is exothermic and NO, is darker in color than N;O,.

B The reaction is exothermic and N,O, is darker in color than NO,.

© The reaction is endothermic and NO, is darker in color than N,O,.

D) The reaction is endothermic and N,0, is darker in color than NO,.

How temperature and pressure affect chemical equilibrium (LeChatelier’s Principle).

R S l) . .y .
; p between enthalpy of reaction and point of equilibrium.

(2) Qualitative relationshil
Thinking it Through: Initially, there may not seem to be enough information to answer this question. The
enthalpy of the reaction has not been given for the reaction as written, anq fhgre is “f) state_menl about whether the
reaction is endothermic or exothermic. The key to understanding this equilibrium mixture is to note that *high

" both give the same macroscopic effect; the mixture becomes darker. Notice

" and “low pressures 1
that there are two moles of gas on the reactant side and only one mole of gas on the product side. If the pressure in

the reaction vessel is lowered, the equilibrium position must shift to favor the side with the larger number of
moles, which is the left side for this reaction. NO, must be the dark-colored gas. This observation eliminates

hoices (B) and (D), which identify the darker-colored gas as N,0,. Deciding between (A) and (C) rests on the
observation that the equilibrium mixture becomes darker at high temperatures, meaning the reaction is exothermic
in the forward direction. Increasing the temperature forces the equilibrium to the left. Choice (A) is correct.

EQ-6. Consider this reaction at equilibrium.
250.(g) + Oy(g) = 2S04(z) AH =-198 kJ
Which of these changes would cause an increase in the SO; / SO, mole ratio?
(A) adding a catalyst (B) removing O,(g)
© decreasing the temperature (D) decreasing the pressure

Knowledge Required: (1) How temperature and pressure affect chemical equilibrium (LeChatelier’s Principle).
(2) How the sign of the value for enthalpy change indicates heat flow in a chemical reaction. (3) Qualitative

relationship between enthalpy of reaction and point of equilibrium.

Thinking it Through: In this case, the enthalpy change for the reaction is negative, meaning that the reaction as
written is exothermic. If the goal is to increase the SO, / SO, mole ratio, anything that shifts the position of the
equilibrium to the right will be of help. Adding a catalyst, choice (A), only affects the rate at which equilibrium is
achieved, not the concentrations of reactants and products. A catalyst has no effect on the mole ratio. Removing
oxygen gas, choice (B), drives the reaction to the left, so it affects the mole ratio of SO,/ SO, in the wrong
direction. Decreasing the temperature, choice (C), drives the reaction to the right, which increases the ratio of
50,/ SO; this is the correct response. In an exothermic reaction, think of the heat given off as a product. The
equation itself may be written to emphasize this idea.

250,(g) + Oy(g) = 2804(g) + heat

If the temperature of the reaction is decreased, the effect is similar to that observed when removing a product from
the equilibrium mixture. The reaction will proceed to the right, increasing the concentration of SO, relative to that
of 8O,. Decreasing the pressure decreases the concentration of SO, relative to that of SO,. Observe that there are
three moles of gas on the left side of the equation as written and two moles on the right hand side. Decreasing the

_pressure, choice (D), shifts the equilibrium to the left.




EQ-7.  The solubility of solid silver chromate, Ag,CrO,, which has List of Solutions Used
K, equal t0 9.0 x 10" a1 25 °C, is determined in water and 1. pure water
in two different aqueous solutions. Predict the relative IL 0.1 M AgNO,
solubility of Ag,CrO, in the three solutions. L 0.1 M Na,CrO,

(A) I=I=1II
(©) H=I<I

(B) I<ll<m
(D) H<m<I

Knowledge Required: (1) The interpretation of solubility-product constants, K. (2) Common-ion effect.
(3) Qualitative understanding of solubility equilibria. 74
Thinking it Through: When partially soluble crystalline solids dissolve in pure water to form an aqueous solution,

a dynamic equilibrium is established between the solid that separates into hydrated ions and the reforming of the
solid phase from the hydrated ions. For silver chromate, this is the equilibrium reaction.

Ag,CrO,(s) & 2Ag*(ag) + CrO,*(ag) Equation 1

The equilibrium constant, K, is also known as the solubility product constant or simply the solubility product.
Since the solid silver chromate does not affect the equilibrium position, it is omitted from the K, expression. The
ion concentrations are those found in a saturated solution. This is the solubility product expression for Ag,CrO,.

K, =[Ag'T [CrO>] =9.0 102 Equation 2

Notice that the value of this solubility product constant is small; there are relatively few silver or chromate ions in
aqueous solution at 25 °C. If changing the solution composition shifts the equilibrium in Equation 1 to the right,
more solid will dissociate and the solubility will increase relative to the solubility of silver chromate in pure water

at 25 °C. If the equilibrium shifts to the left as different solution compositions are used, then the solubility relative
to that in pure water will decrease.

Consider first the AgNO; solution. 0.1 M Ag'(ag) ions are already present in the solution, which would inhibit the
addition of Ag*(ag) from dissolving Ag;CrO,(s). The solubility equilibrium reaction is pushed to the left. Using &
0.1 M Na,CrO,, solution has a similar effect. With 0.1 M CrO,*(ag) ions already present in the solution, the
addition of chromate ions is suppressed. Both solutions illustrate the “common ion” effect, an often-used
experimental method for precipitating, or “salting out,” the maximum amount of a precipitate from solution. As it
is now established that both solutions decrease the solubility of the silver chromate, choices (A) and (B) can be
eliminated. In focusing on the remaining choices, note that both the AgNO, and the Na,CrO, solutions are 0.1 M
solutions, so they each contribute 0.1 M of a common ion, either silver ion or chromate ion. Before picking choice
(C), however, remember that the equilibrium expression shows that the concentration of the silver ion is squared,
giving silver ion concentration in the dissolving solution greater effect on the position of equilibrium. Silver
chromate is least soluble in 0.1 M silver nitrate solution, followed by 0.1 M sodium chromate, and then pure water,
choice (D).

EQ-8. Typical “hard” water contains about 2.0 X 10~ mol of Ca® Substance K BT
per liter. Calculate the maximum concentration of fluoride CaFy(s) 40x10"
ion that could be present in hard water. Assume fluoride is

the only anion present that will precipitate calcium ion.
(A) 20x10°M B  14x10°M  (© 10x10°M @) 20x10*M

ST

AT Y,
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(1 .
sofubility equilibrium to calculate ion concentration.
Thinking it Through: For calcium fluoride, this is the equilibrium reaction.
CaFs(s) & Ca™(aq) + 2F (aq)

) The interpretation of solubility equilibrium constants, Ky;. (2) Quantitatively usiﬁ

formula shows there are (wo fluoride ions per formula unit. That value affgc!s the K,p'expression in two ways.
1.‘ 5 two fluoride ions for every calcium ion, so the concentration of fluoride ions from dissolving
Nﬂ" be twice that of calcium jons. The statement of the problem does not, however, suggest that the

calcium ion and fluoride jon present in the solution come only from dissolving calcium fluoride. The problem asks

what concentration of fluoride ion can be present, regardless of where either ion comes from.
K,=40x 10" = [Ca*] [F )

Substituting the given values and solving for the fluoride ion conce{ltmion is the next step. The volume is one
I'-'.:othemmba‘ofmolﬁcanbeusedas well as using the molarity.
40x10"=[20x10° ] [FT*

,_ 40x10™"

FT=Zox10°
Solving for [F] gives a value of 1.4 x 10~* M, which is correct choice (B). Forgetting to take the square root of
[F I leads to incorrect choice (D). Choice (A) fails to use the equilibrium constant expression at all, and assumes
that calcium ions and fluoride ions are present in equimolar concentrations. Choice (O) results from squaring the
on before dividing it into the value for the solubility-product constant.

EQ-9. At 298 K, the equilibrium constant for this reaction Compound and State AG?, kJ-mol™
Ha(g) + 1050g) = H,00)
gl : H,0() -237
H,0(s) -229

(A) is larger than the K, for Hy(z) + %O,(g) < H,0()

(B) has a value of 1.0 at equilibrium.

©) can not be computed since data on O, and H, are not provided.
(D) will have the same value as the K, for Hy(g) + %01{3) = H,0)

Knowledge Required: (1) The relationship of the change in Gibbs Free Energy, AGy, and the equilibrium
constant. (2) Interpretation of AG data to determine relative values of equilibrium constants.

Thinking it Through: The mathematical relationship between AG” for a reaction and the equilibrium constant is
given here. R is the gas constant in units of J-K'mol" and T is the Kelvin temperature.

AG® =-RTn (K,,)

For this problem, it is not necessary to solve the free energy equation, only to determine qualitative relationships.
The negative sign means that the larger the negative value for AG”, the larger the positive value for In(Ky,) and
thus for K., itself. Therefore, the value of AG; for liquid water, being more negative that AGy for gaseous water,
indicates a larger equilibrium constant for the formation of liquid water from its elements in their standard states.
This is the correct choice (A). Choice (D) is eliminated because the equilibrium constant for the formation of
liquid water and gaseous water cannot be the same at the same temperature since the values of AG; differ. Choice
(C) is eliminated because the standard free energy for any element in its standard state is defined as equal to zero.
| Choice (B) expresses a misconception that all equilibrium constants for spontaneous reactions are equal to 1.0.




EQ-10.

Given these acids and their K, values, which sequence lists

the corresponding anions in order of increasing
strength? ot

(A) CN,CH0,  F B)
(©) F, C,H;0,",CN" D)

F,CN. GH,0,

Knowledge Required: (1) The interpretation of acid equilibrium constants, Meaning of terms associated
with weak and strong acids and bases. (3) Brgnsted—Lowry acid-base deﬁmfl:u:z ¢ .

Thinking it Through: Strong acids are completely ionized in water, so equilibrium constant expressions are not
used for them. A weak acid is only partially ionized. The value of the equilibrium constant for 2 weak acid gives
information about the degree of ionization.

HA(ag) + H;00) & H,0%ag) + A(ag)
The equilibrium constant, K, is defined to include the concentration of water, which does not change within the
limits of error for weak acid-base equilibria in dilute solutions. Since the constant concentration of water
molecules does not affect the point of equilibrium, water is omitted from the expression.

o |

* [Ha]

A small numerical value for K, means that there are very few ions formed relative to the number of molecules
present. Of the three acids in the problem, HCN is by far the weakest, followed by HC,H,0, , and then HF. The
anions that form in the ionization are themselves conjugate Brgnsted—Lowry bases of the respective acid. The
strongest base will be best at reacting with water and pick up a proton to reform the acid. The strength of these
anions as bases are in reverse order of the strength of each weak acid. The general equation is

A(ag) + H,O1) & HA(ag) + OH (ag)
Choice (C) correctly lists the anions in their order of increasing base strength, based on decreasing acid streagth.
The only other choice that represents a common error is choice (A), which might indicate that you were choosing
based on the acid strength, not the base strength. Both choices (B) and (D) are ineffective in this question, because

they are based on nothing except possibly the order (or reverse order) of the acids as listed in the table of
equilibrium values.

Practice Questions

1. Which is a proper description of chemical equilibrium?
(A) Thcﬁequenduofwumundofmnwm“ihﬁd
(B) The concentrations of products and reactants are identical.
© The velocities ofmdﬁnndlucﬂn(nﬂmhmw.

D) Reactant molecules react to form products as fast as product molecules are reacting to form
reactants.




[P ][cr]
p][cL]
[Pc1,]
) 2504(g) = 2504(8) + Ox(8)
(B) K, = .Ps_oliol_
/3
S0,
2
® g2k
2Pso,
2C(s) + O,(g) = 2CO(g)

1 expression for this reaction?

(B) K .[%QE_]

~[cP[o,
2
® =%_LC°
K. 03]
h hydrogen gas at elevated temperatures to form methanol according

CO(g)+ 2Hyg) = CH;0H(p)
) mol of H, are allowed to reach equilibrium in a 1.0 L container,
. What is the value of K.?
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12.

The value of an equilibrium constant can be used to predict each of these except the
(A) direction of a reaction.

(B) extent of a reaction.

(©) quantity of reactant(s) remaining at equilibrium.
D) time required to reach equilibrium.

Chemical equilibrium is the result of

(A) formation of products equal in mass to the mass of the reactants.

(B) the unavailability of one of reactants.
©) a stoppage of further reaction.
D) opposing reactions attaining equal speeds.

Consider this gas-phase reaction.

Hy(gh+ Lg) < 2Hl(p) AH=53KkJ
Which reaction characteristics will be affected by a change in temperature?

1. value of equilibrium constant 2. equilibrium concentrations

(A) 1 only (B) 2 only © 1and2 D) neither 1 nor 2

Which factors will affect both the position of equilibrium and the value of the equilibrium constant for
this reaction?

Ny(gr+ 3Hyg) = 2NHy(p) AH=-921J

(A) increasing the volume of the container
(B) adding more nitrogen gas

(©) removing ammonia gas

(D) lowering the temperature

. The reversible reaction

2H,(g) + CO(g) = CH,OH(g) + heat

is carried out by mixing carbon monoxide and hydrogen gases in a closed vessel under high pressure
with a suitable catalyst. After equilibrium is established at high temperature and pressure, all three

substances are present. If the pressure on the system is lowered, with the temperature kept constant,
what will be the result? 1

(A) The amount of CH,OH will be increased.

(B) The amount of CH,yOH will be decreased.

(©) The amount of each substance will be unchanged.
(D) The amount of each substance will be increased.

Consider this reaction, carried out at constant volume.

250,(e) + Oy(p) & 2S04(® AH =-198 kJ
The concentration of Oy(g) at equilibrium increases if
(A) S0, is added to the system. (B) SO, is added to the system.

(©) the temperature of the system is lowered. ) an inert gas is added to the system.
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17.

Consider this reaction, carried out at constant temperature and volume.
250,(s) + Os(8) = 2S0s(®)

‘What is the effect of removing some SO, from a system initially at equilibrium?
A The concentration of SO, decreases more than the concentration of O,.
(B) The concentration of SO increases more than the concentration of O,.
© The concentration of SO, and O, remain the same.
(D)> The concentration of SO, and O, decrease equally.
Consider this reaction, carried out at constant temperature and volume.
PCly(g) = PCly(g) + Cly(g)

How can the position of equilibrium for this reaction be shifted to the right?
A) addition of a catalyst
(B) removal of Cl,
© addition of an inert gas at constant volume
D) removal of PCls
Consider this reaction.

heat + CaSOy(s) = CaOrs) + SOx(g)
increase in the pressure of SO,(g) when equilibrium is re-established?

What change will cause an
decreasing the volume of the container

(A) increasing the reaction temperature (B)
© adding some more CaSO, D) removing some of the CaOrs)
In which reaction would an increase in pressure at constant temperature have no effect on the relative
amounts of the substances present in the equilibrium mixture? All substances are gases.

(A) 2NO + 0, & 2NO, + heat (B) heat + N, + O, = 2NO

© N, + 3H, & 2NH, + heat (D) 2CO + 0, = 2CO, + heat

ical change is affected by changing the

The numerical value of the equilibrium constant for any ch

(A) nature of the catalyst. (B) concentration of the products.

© the pressure.
Solid carbon and gaseous carbon dioxide are placed in a closed vessel and allowed to come to

equilibrium at a high temperature according to this equation.
heat + C(s) + CO,(g) = 2CO(g)

If the pressure on the system is increased and the temperature kept constant, what will be the result?
(A) The amount of CO will increase and that of C and CO, will decrease.

(B) The amount of CO will decrease and that of C and CO, will increase.

(©) The amount of each of the three substances will increase.

(D) The amount of each of the three substances will decrease.

(D) the temperature.
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20.

21.

22.

23.

24.

26.

Consider this reaction.

ABy(z) & Adp) + 3B(g)
What is the equilibrium constant ex ion i initi
atis pression if the initial concentration of i
equilibrium concentration of A is ini AB;BQJ g
Tl represented by x? Assume the initial concentrations of A and B

x-3x
Mdnin. ® S
(©) x-x e ‘I)‘
®) x-(3x)°
(0.1-3x)° BRI

At 0 °C the ion plOdUCl constant of water, K, is 1.2 x10 pure water at this lemperature
K, . The of
pH

(A) 6.88 (B) 7.00 © 7.46 D) 7156

What is the correct equation for the ion product constant of water at 25 °C?
(A) [H;0*][OH] = 107
©  [u0°]

[ow]

(B)  [H0']+[OH]=10"

— 10 ®  [H0Jon
(1,0]

= m-u

What is the solubility product, K, of Mg(OH), if its solubility in water is 1.6 x 10 mol-.L™?

A) 1.6 x10™" (B) 2.6x10° © 32x10* D) 41 %107

A saturated solution of MgF, contains 1.6 x 10~ mol of MgF, per liter at a certain temperature. What
is the K, of MgF, at this temperature?

(A) 2.7 x10°¢ (B) 1.6x10* © 3.1x10% D) 62x10°

Substance _Kg,25°C

added to 50 mL of 0.06 M Na,C,0,? Assume the reaction is MgC,0,(s) 8.6 x10~°

taking place at 25 °C.

What will be the result if 100 mL of 0.06 M Mg(NO,), is (

(A) No precipitate will form.

(B) A precipitate will form and an excess of Mg™ ions will remain in solution.
© A precipitate will form and an excess of C;0," ions will remain in solution.
(D) A precipitate will form but neither ion is present in excess.
. The addition of solid Na,SO, to an aqueous solution in Substance x,is e, 7

equilibrium with solid BaSO, will cause

BaSO,(s) 15x10°

(A) no change in [Ba™"] in solution.
(B) more BaSO, to dissolve.
(©) precipitation of more BaSO,.

(D) an increase in the K of BaSO,.

1n 2 0.050 M solution of a weak monaprotic acid, [H') = 1.8 x10™. Whatisits K.?
A 36x10? ®  9oxl0* G . IR ®  16x107
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27. A solution of sodium acetate in water is observed to become more alkaline as the temperature is

raised. Which conclusion can be drawn? This is the equation for the reaction.
Na'(aght C:H 0, (ag) + H,0) & HC;H;Ox(aq)+ Na'(ag)+ OH" (ag)

A) The forward reaction proceeds with evolution of heat.

B The forward reaction proceeds with absorption of heat.

© Acetic acid is less soluble in hot water than in cold water.

D) At higher temperatures, Na'(ag) + OH (ag) — NaOH (aq) will occur.

A 0.15 M solution of a weak acid is found to be 1.3% ionized. What is its K,?

@ 13x10° ®  20x10° (G ' x10° @  26x10°
What is the value of the equilibrium constant K, for a reaction for which AG* is equal to —5.20 kJ at

50°C?
A 0.144 (B) 0.287 ©) 6.93 D) 86.4

For the reaction
NH,Cl(s) = NHy(g) + HCl(g)

AH° = +176 kJ and AG® = +91.2 kJ at 298 K. What is the value of AG at 1000 K?
(A) -109 kJ (B) 64 KJ ©) +64 kJ (D) +109 kJ

Answers to Study Questions

s A 9. A
"€ 10. C
%D

8. B

Answers to Practice Questions

1. B 21 A
12. B Z2. A
13. A

14. B ﬁ g
15. A 28. C
16. B 26. C
17. D 27. B
18. B 28' D
19. D 29- (o]
2, C 30. A



Electrochemistry and

Electrochemistry is an important area of study for its applications o e% :
and batteries and processes such as corrosion are examples of mﬂfydlmy M:-I‘m“" I "-’l.met

electrochemistry, there is interchange of chemical and electrical energy either through spontaneous chemical
change or by adding energy to force a nonspontaneous change to take place. Qualitative predictions and
quantitative calculations of cell potential are included in '

; this unit. Fundamental to understanding topics
electrochemistry are the ability to describe the movement of electrons during chemical reactions m:‘w ;
assigning oxidation states and identifying chemical species responsible for observed changes. Thc Nemst equation
provides a way for understanding the relationship between cell potential and the concentration of the cell

components. The stoichiometry of electrolytic processes and the relationship of cell potential to free energy are also
considered in studying electrochemistry.

Study Questions

ER-1. What is the oxidation number of phosphorus in H,PO,?

(A) +1 (B) +2 (©) +3 D) +4

Knowledge Required: (1) The rules for assigning oxidation numbers.

Thinking it Through: Oxidation numbers are always assigned for each atom, not for groups of atoms. For a
monoatomic ion, the oxidation number is equal to the charge on the ion. In covalent compounds, oxidation
numbers are assigned to atoms even though they do not have an actual charge. The oxidation number assignment
is simply a method of keeping track of electron movement in chemical reactions. The most common oxidation
number for hydrogen is +1 in its compounds, and the most common oxidation number for oxygen is —2. These
values can be predicted from each element’s position on the periodic table. Hydrogen is in Group IA; it tends to
lose one electron in forming compounds. Oxygen is in Group VIA, and usually forms bonds in which two
additional electrons are shared or transferred to the oxygen, giving it the stable octet of valence electrons. The
oxidation number of phosphorus is not as easy to predict, but in this neutral compound it is the value needed for all
the oxidation numbers to sum to zero. (If the species being asked about had been a polyatomic ion, the sum of
oxidation numbers would have added up to be the charge on the ion.) H,PO, is neutral, s0 3(+1) + x + 2(-2) = 0.
Solving this equation: x = +1, which is choice (A).

Note: The term oxidation number is also referred to as oxidation state because an oxidation number represents an oxidation state of an clement.
ER-2. Nickel is a transition element and has a variable Data
valence. Using a nickel salt, 2.00 faradays plate out | Atomic Molar Mass, Ni 58.7 gmol™
39.2 g of nickel. What form of nickel ion is in the 1 faraday (F) 96,485C
solution of this salt?
(A) Ni* (B) Ni** © Ni* ) Ni*

Knowledge Required: (1) The stoichiometry of electrolytic processes. (2) The relationships among coulombs,
faradays, and moles of electrons.

Thinking it Through: 1f 39.2 g of nickel plate out, this eonwondt 10 0.668 mol of nickel, or roughly two-thirds
of a mole of nickel. If 2.0 F were used to plate out 0.6678 mol of nickel, then 3.00 F (3.00 mol of W‘
be required to plate out 1.00 mol of nickel. This means the reaction for the reduction must be Ni*(ag) + 3¢ -o
Ni(s), making choice (C) the correct response. Choice (B) may be incorrectly chosen (f the fact that 2 faradays are
used is misinterpreted. Ni** is also the most common oxidation state for Ni, also making this incorrect response
very attractive. Choices (A) and (D) represent oxidation states that do not exist for




Blectrochemistry and R
W ﬁ
2Fe™(ag) + 2 (aq) 2Fe (ag) + 1y(aq)

mwumfumwﬁm

20 : s
(B) Fe* increases in oxidation number,

© R reduced. ) I" is reduced.
Knowledge Regquired: (1) The definitions of oxidation and reduction. (2) Interpretation of changes in oxidation
number from a balanced chemical equation.

idati ction or redox reaction, at least one substance must be losing
mdmm ‘must be gaining those electrons; both processes are occurring simultaneously.
ion state will be evident in the equation when comparing the oxidation numbers of the reactants
to the products. Fe'* changes t0 Fe**. This can only happen through thq gafn of electrons, which defines the
process of reduction; the axidation number decreases. The correct choice is (C). The accompanying change is the
loss of electrons from the iodide ion in forming iodine, L. The [oss of electrons defines the process of oxidation;
the oxidation number increases from negative one (o Zero for each mole of iodide ion. Be very sure that you have
these definitions straight, because analysis of more complex equations will depend on these ideas. The basic
veahllyolmdoxmctionsissummmzedinuﬁsdiagrm.
2 R+ — Fe?t)

[ process of reduction; gain of ¢

FeM(ag) + 21 (aq) - 2Fe**(ag) + I,(aq)

process of oxidation; loss of e~ }
I3 12 I e
Discarding the other choices is a matter of comparing the statements to the definitions. Choice (A) is not correct
because Fe™* did not lose electrons to form Fe**; it gained electrons. Choice (B) is incorrect for a similar reason;
the oxidation number did not increase, it decreased from +3 to +2. Choice (D) is incorrect because I” is not
reduced, it is oxidized, and loses electrons in this reaction.

ER4. What time is required to plate 2.08 g of copper Pertinent Data
at a constant current flow of 1.26 A? Atomic Molar Mass,Cu 63.5 g-mol”
Cu**(ag) + 26 = Cu(s) 1 faraday (F) 96,485 C
(A) 41.8 min (B) 83.6 min (©) 133 min (D) 5016 min

e

lhnum gs) o’lit.:l:o;od:l:muy of electrolytic processes. (2) The relationships among amperes,

MI mmg‘c) is ';‘;_::l:z;nb (C) of electric charge passing a point each second. A mole of
depends on the number of moles of = y (F). The tlfne required to plate a given amount of copper
required to change every mole of copper mnl and its ionic cha.rgg. In this case, two moles of electrons are
special attention to the cancellati Coplm(f II' ) ion lo copper metal. This is the relationship to solve the problem. Pay
on of units, which can help you reason through a problem in electrochemistry.

2085 Cux 1 mol Cu _ 2 mol electrons & 96,485 C \ 1s 1 min
L 63.5gCu 1 mol Cu 1 mol electrons  1.26 C A 60 s
(B). Incorrect choice (A) fails to take into account the fact that fwo moles of electrons are

required to make the conversion from Cu?*
divi to Cu, Choice (C) has incorrectly multiplied by 1.26 A rather than
is the number of seconds required, not minutes. R ec Y R

=83.6 min




ER-5. Which statement about this redox reaction is correct?

2MnO, (ag) + SH,0fag) + 6H"(ag) = 2Mt™ (ag) + 504p) + BH,O¢g)
(A) O, acts as the oxidant in this reaction.
(B) H;0, ac15 as a reducing agent.
Ounly oxidation has 1aken place.

(©) H,0; acts as an oxidizing agent. )

Knowledge Required: (1) The definitions of oxidizin, t and reducing :
oxidation number from a balanced chemical equal.iou.g . St (2 Wmpustion of changs s

Thinking it Through: You can recognize this reaction as a reaction i

Manganese in MnO," has an oxidation number of +7. (The all‘::b; sx+ «bZZ.) ‘:?GM’J-& smmbess.
side of the equation, Mn*" is produced. This means that each manganese atom has — *&'Lﬁ “!ﬂhﬂ
process of reduction. If manganese in MnO,” is reduced, it has enabled the oxidu'mzfd :—' ." ke
equation, and is called the oxidizing agent or the oxidant, Checking the other o T

the products formed is free oxygen gas, with an assigned oxidation state of zero, as is the ca::u“‘ =~d

elements. Hydrogen peroxide does not contain oxygen in its usual oxidati -2. Assuming

hydrogen retains its usual +1 oxidation state, t.henyf(i»l) +2(y)=0 andld;ﬂ:n_:t:::fxyzﬂ atom in .,“‘:
peroxide. You may need this information for other problems, but it is not essential for this probiem. It is essential
to note that the only way that oxygen can change from a negative oxidation state to zero is by releasing electrons,
which is the process of oxidation. H,0, enables the reduction of MnO," in this reaction, making H,O,the reducing
agent or reductant. This is correct choice (B), and eliminates choice (C). Choice (A) identifies one of the products,
but redox vocabulary only labels the reactants. The products are used to identify changes in oxidation state. Choice
(D) violates the basic tenet of redox reactions. Both oxidation and reduction must happen together.

Note: Hydrogen peroxide is one of a number of substances that can act as either an oxidizing agent or a agent, ling on the
relative tendency of other reactants to gain or lose electrons. Here H,0; is being used to as a reducing agent that has the effect of decolorizing.

The MnO, ion is an intense purple, but the Mn* ion is a very pale pink and appears colorless at low concentrations.
ER-6. An oxidation-reduction reaction in which 3 electrons Data
are transferred has AG® = +18.55 kJ at 25 °C. What is 1F = 96,485 C-mol™
the value of E°? 1V = 1}t
(A) +0.192V (B) -0.064 V © -0.192V D) -0S7T7V

Knowledge Required: (1) The relationship of free energy to cell potential. (2) Meanings of units.
Thinking it Through: Standard free energy is related to standard cell potential, as shown by this equation.
AG® = -nFE°
The free energy change is a function of the number of moles of electrons exchanged, the value of the faraday
constant, and the standard cell potential, In this case, the value of the faraday constant and the relationship between

volts and joules per coulomb are both given in the problem. In some cases, these constants will be located together
in a table of useful information rather than specifically given in the question itself.

The value given for AG® is positive, an indication that the reaction is not spontaneous. This means the value of E°
will be negative, also indicative of a nonspontaneous cell. This eliminates choice (A) tn- further consideration.
To choose among the negative cell potentials, the value of £° can be calculated by substituting into the free energy
and cell potential relationship.

96,485 C

= X ——————— X E°
+18.55 kJ = -3 mol electrons e
kJ _1000)
o L= =00642V
E°=641x10" ot

Choice (B) is correct. Choice (C) results from omitting the number of moles of electrons in the calculation. Choice
| (D) results from multiplying by the number of moles of electrons rather than dividing.




[ER7. Which reaction will occur if each Standard Reduction Potentials B 3
| m‘shinmdm? Ni*(ag) + 2¢” = Ni(s) -0.28V

Assume potentials are given in Waler Sn**(ag) + 2¢"—> Sn™'(s) +0.15 V
"yc Bry() + 2¢”— 2Br(ag) +1.06 V

@ Nl oxidize Sn* 0 give so* B) Sn** will oxidize Br™ to give Br,

© B, will oxidize Ni() t© give Ni**

reduction potentials. (2) The use of standard reduction
tandard reduction potentials to the Activity Series.

D) Ni2* will oxidize Br, to give Br-

MW-(l)mmminsofsmdm{ ¢

pnnﬁlhhpmﬁctehmiml change. (3) The relationship of §

Thinking it Through: Standard reducti i i icti ther or not a redox
2 tion potentials are convenient values for predicting whe

reaction ':Il take place. If a half-reaction hl:t: high positive value of E°, it will be most likely to be reduced and

therefore the best oxidizing agent. In this sequence of three half-reactions, the change from Bry()) to 2Br (ag)

e i nly listed in choice (C), so consider that

i i electrons highest positive potential. It is 0 ce (( nsi
Caveogre e from nil::sel solid to nickel ion is a process of oxidation, so this is promising.

mg:. wl: M‘s o Mnm. it is useful and will be essential to calculate the full cell potential in other
cases. It is done here to show the process.
BryD) + 26— 2Br(ag) +1.06 V
e 4
+1.34V

Bryf) + Nigs) = Ni**(ag) + 2Br(ag)
This high positive cell potential is associated with a spontaneous reaction that will take place, so choice (C) still is
check that Br, is indeed reduced, and can serve as the oxidizing agent to change
nickel solid to nickel ion. Note that if you reverse the order of the chemical half-reaction, as was done with the

nickel half reaction, the sign of the potential is also reversed. The general relationship is this.

E:' R ==
(A) combining cell potentials for Ni** as an oxidizing agent with that of Sn**

Checking the other possible choices,

will give this result.
Ni**(ag) + 2¢— Ni(s) -028V
Sn®() - Sn*'lag) 015V

Ni**(ag) + Sn(s) > Ni(s) + Sn¥(ag) 043V’

This is a negative cell potential and confirms the original observation that Ni**(ag) is the poorest oxidizing agent on
this particular short list. Checking choice (B) is not necessary if you observe that it will be intermediate in cell

ial between choices (A) and (€). (It does give a negative cell potential as well.) The reaction in choice (D) is
impossible for both changes suggested, Ni* to Ni(s) and Bry()) to Br™ are reductions.
Note: Try to avoid leaming some arbitrary mlealchulhsbenoxidizinglgepl is on the bottom left. That will not serve you well if the list of

pﬁbh_‘dv‘ﬂﬁemﬂﬂwﬁmwﬂoﬁkmm y p ials also can be d to
calculate cell Cell jals can then be related to the ion of equilibrium for redox reactions, a skill we will practice shortly.
ER-8. Cak:ulm the standard cell potential, E°, for this Standard Reduction Potentials E°
feaction. p Ce*(ag) + & — Ce*(ag) +1.61V
Bry(l) + 2Ce*(ag) = 2Br (ag) + 2Ce*(ag) Bry(l) + 2¢” —> 2Br(ag) +1.06 V
(A) 261V ® 216V © 055V D) 4261V

Knowledge Required: (1) The meaning of standard reduction potentials. (2 i i
SAKin o it el polensial o  chemical resction. po s. (2) How to combine standard reduction

Thinking it Through: Standard cell potentials for redox reactions inati
. : , can be calculated from the proper combination
of half-cell standard reduction potentials. Looking at the target equation, the liquid bromine in changing to




aqueous bromide ion through the process of reduction. The reducti :
accompanying change is from cerium in the +3 oxidation state to m::‘:u step will be 2.?;“

process of oxidation. The potential for the oxidation will be -1.61 V "
from the listed reduction potential reverses the sign, ﬁxw in ml d]‘ m‘ ob l;,“i‘. of clectron flow

Combining these two half-reactions gives the cell potential for the reaction.
Bry(l) + 2" — 2Br(ag) +1.06 V
2Ce* (ag) — 2Ce*(ag) + 2¢ -161V
2Ce*(ag) + Bry(l) = 2Br (ag) + 2Ce*(ag)

-0.55 V This is choice (C).

The most common misconception in combining cell potentials is to think that when the coefficients change for a
half-reaction, the potential changes. If you observed that fwo Ce* changed to two Ce* ions with the loss of two
electrons, you may have the idea that the potential should be doubled as well. This assumption will lead to
incorrect choice (B). Although this process is essential for functions such as free energy changes that depend on
the amount of material present, it is not true for standard reduction potentials. Cell potentials are directly
proportional to the free energy change per electron. The potential is independent of the number of moles present
Another possible error is simply to add the two half-cell potentials, failing to analyze the problem for oxidation

and reduction changes. This will lead to either incorrect choices (A) or (D), depending on what sign assumption is
made.

ER-9. During the electrolysis of a dilute aqueous solution of K,SO,, the solution around the cathode
(A) becomes slightly acidic. B) becomes slightly alkaline.
© remains neutral. (D) becomes more dilute.

Knowledge Required: (1) The electrolysis of aqueous solutions. (2) Definitions of anode and cathode in
electrochemical cells.

Thinking it Through: The cells considered so far in this study guide have been spontaneous or galvanic cells. This
questions deals with an opposite process, electrolysis, in which electrical work is added to the system to cause a
nonspontaneous redox reaction to take place. Overall, if a direct electric current is passed through water, in the
presence of enough ions to carry the current, water will undergo a nonspontaneous redox reaction to produce
hydrogen and oxygen gases. As long as the ions dissolved do not undergo oxidation or reduction more easily than
water itself, any dilute aqueous solution will have the same electrolysis reaction as water itself. K*, being the ion
of an active metal, will not easily pick up an electron to form K(s). Hydrogen from water is far more easily
reduced. The sulfate ion, containing sulfur in its highest oxidation state of +6, cannot be oxidized further. It is
energetically easier to oxidize the oxygen from water to oxygen gas. This is the overall electrolysis reaction.
2m,00 —Smtemet B, o4 5)+ Oxe)
The redox changes that take place can be identified in the usual manner. Note that the sum of the two half
reactions is equivalent to the overall chemical reaction just given.

4H,0 +4e—— 2H; +40H"
process of reduction; gain of e~
|
2H,0() - 2H,(») + Os(g)
| iy
process of oxidation; loss of ¢~
2H,0 0, + 4H* + de”

In any cell, the process of oxidation takes place at the anode and reduction takes place at the M Nnn'eu.
that in the half reaction of reduction, hydroxide ions are a product, accounting for the observation that the solution
around the cathode becomes more alkaline, correct choice (B). If the anode and cathode were reversed, incorrect
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the anode. Choice (C), while it is accurate for the solution as

3 x woand ‘
“.I ) @ ool h.mm..d ::eun mﬂ ;: the half-reactions that are taking place. Choice (D) is untrue, for no
.m“*m ':;hxhs are being produced to dilute the nonreactive solute, K,SO,. If anything, the salt
concentration will be increasing as water is being consumed in the electrolysis reaction to produce hydrogen and
Note: hwm-mwhd‘nwaonmuﬂm&c or on a CD-Rom. This is often used to show the 2:1 mole
© that is
"ER-10. Consider this reaction. The Nernst Equation
Cu™(ag) + Fetn) = Cuis) + Fe™(aq E°=0.78V i E=E° - .0592 log(Q)
Whl'ulhnvalneofb‘when[()n"]isequalloO.MOMnnd[Fe‘] n
is equal to 0.40 M?
(EV) 02V (B) 075V © 081V (D) 084 V
—

Knowledge Required: (1) Use of the Nernst Equation to calculate cell potential under nonstandard conditions.

Thinking it Through: The Nernst equation expresses the dependence of cell potential on concentration of the cell
components. The equation itself may be given in the problem, or may be found in a general table of useful
equations in other ACS exams. There may also be questions where you are expected to know the relationship, or
derive it from changes in free energy. The value of @ is defined in the same manner as an equilibrium constant, but
remember that these cell concentrations are not standard state concentrations.. For this problem, Q is evaluated by
this 3
Fe1¢
g lE=T] naom
Cu™| 0.040M
Before substituting this value into the Nernst equation and calculating the cell potential, it is worthwhile to predict
how this Q value will affect the potential of the cell. The given voltage at standard conditions is 0.78 V, and this
term will be modified by the expression — a0 log O with Q being equal to 10 and n, the number of moles of
n

electrons being exchanged, equal to 2. The log of 10 is 1, so the standard cell potential will be decreased by
0.0592 divided by 2. This the cell potential must be less than the standard cell potential, eliminating choices
(C) and (D). A quick calculation using the Nernst Equation confirms that the answer is choice (B), since the cell
potential is reduced by 0.03 V.

0.0592
2

You might choose (A) in error if you neglected to divide by n = 2. Both (C) and (D) are the result of adding, rather
than subtracting the nonstandard cell potential term, — L
n

E=0.78V- log(10)=0.78 V-0.0296 V=0.78 V-0.03 V=075 V




Practice Questions

1.

In whichpairdoest.henmmdebmemhavellnmmm

(A)  sulfur in H,S,0, and in H,S0, (B)  mercury in Hg* and in Hg,*

(©) oxygen in Na,0, and in H,0 D)  cobaltin * and i

In which compound does vanadium have the lowest oxidation state? pki..
(A) V,04 (B) V,0, © Yo, o) vo

What is the oxidation number of chromium in Na,Cr,0,?

(A) +12 B) +6 © +3 ® =2

Which of these elements can display the largest number of different oxidation states?
(A) aluminum (B) magnesium © manganese D) mercury
Which statement is true for this reaction?
Fe(s) + Cu™(ag) — Cu(s) + Fe*(ag)
(A) Cu® is oxidized. (B) Cu™ gains in oxidation number.
(© Cu* is reduced. D) Fe is reduced.
Which change requires an oxidizing agent to produce the indicated product?
(A) $,0:7 = 5,04 (B) Zn* - Zn

©) ClO- —» CI D) S0, - S0.*

Which statement is true for this reaction?
Zn(s) + CuSO,(ag) = Cu(s) + ZnSO,faq)
(A) Metallic zinc is the reducing agent. B) Metallic zinc is reduced.
(©) Copper ion is oxidized. ) Sulfate ion is the oxidizing agent.

In this reaction, which substance behaves as the oxidizing agent?
Pby(s) + PbO,(s) + 2H,SO,(ag) = 2PbSOys) + 2H,0)
(A) Pb (B)  PbSO, ©  PbO, D)  HSO,
Under certain conditions, H,O, can act as an oxidizing agent; under other conditions, a reducing
agent. What is the best theoretical explanation for this?
(A) H,0, is a good bleaching agent.
(B) Peroxides are stronger oxidizing agents than are oxides.
©) H,0, will decolorize KMnO, solutions in the presence of an acid and will tum black lead
sulfide to a white compound.
(D) An atom within a compound can sometimes attain a more stable electronic structure either by
gaining or by losing electrons.
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10. Balance

&inbmﬁvlfoundmmcﬁon. using only whole nul
? MoO, g+ ? Feag) + ? H\O%aq) = ? Mn**(agq) + 7 Fe

mh&mhﬁ"iﬂmuhn(:edeqmﬁon?

B 3

(E\) 1

mm‘smemfﬁciuﬂﬁx&:)?

When this oxidation-reduction equation is balanced in acidic solution,

© 4

2 Cr,0; (ag) + ? HoS(eg) > ? Cr*(ag) + ? S(»)

mber coefficients.
M(ag) + ? HyO(1)

(D) 5

using only whole number

(LY 4 (B) 3 © 2 (D) 1
12. Which of these ions is the best Standard Reduction Potentials E°
reducing agent? Fe(ag) + & — Fe*'(aq) +0.77V
Cu**(ag) + e — Cu'(aq) +0.15 V
VS ® Fe (@ Cu @ e
13. A quantity of a powdered mixture of Standard Reduction Potentials B
zinc and iron 5 added txo a solution Fe™(ag) + € — Fe*(ag) 077V
m N .lons,.each at Fe**(ag) + 2¢" > Fe(s) 044V
unit activity. What reaction will occur?
Zn*(ag) + 2¢” > Zn(s) -0.76 V

A) Zinc ions will oxidize Fe to Fe*". (B) Fe?* ions will be oxidized to Fe**ions.
© Zinc ions will be reduced to zinc metal. (D) Zinc metal will reduce Fe’* ions.
14. Two metals are represented by the Standard Reduction Potentials E?
symbols L and Z. Wh:Ch is the best L*(ag) + 2¢”— L(s) +0.76 V
oxidizing agent listed? Z'(ag)+ & > Z(s) +0.80 V
A) L (B) )15 © Y/ (D) z
15. Which combination of reactants will Standard Reduction Potentials E°
produce the greatest voltage based on Cut(ag) + €
i SoRials? u “{aq) e — Cu(s) +0.52V
7 Sn*(ag) + 2¢”— Sn*(ag) +0.15V
Cr*(ag) + e — Cr*(ag) 041V
(A) Cu*and S™*  (B) CutandC*  (O) Cu and Sn** D) Sn* and Cr**
16. What i‘s the mnthni electrode Standard Reduction Potentials E>
?oumnlfornvolmcoellconstmcted Cr**(ag)+ 3¢ — Cr(s) 074V
in the appropriate way from these two 2 ; :
half-cells? Co™(ag) + 2¢"— Co(s) -0.28 V
@  -Le2v B) 046V (€ 064V ™ 102V
17. What is the standard cell potential, £°, [ Standard Reduction Potentials E°
for this reaction? M (o) + 22 — M
ag - —1.18V
3Mn(s) + 2AuCl, (ag) = AuCl, (ag) + 3¢ — .:(J) 4CI7 ¥
3Mn"(q)+ 2A0i) + 8CF ag) 4 (aq, u(s) + 4Cl (aq) +1.00V
A) -018V <
®) 218V © +218V D)  +554V




18.

19.

20.

21.

22,

Whal is the standard cell potential, E°,
for this half-reaction?

Pd*(aq) + 26 — Pdus)

(A)  +0987V ®) 091V

© #0313V D) 0313V
The standard cell potential, E°, for this reaction is 0.79 »

6I"(ag) + Cr;0,*(ag) + 14H"(aq) — 3ljag) + 2CC" (ag) + THLOM
What is the standard potential for I

: zlnq)beingm‘hleedwnq)m' that the standard reduction
potential for Cr,0," (ag) changing to Cr*(ag) is +1.33 V2

(A) 4054V B) 054V ©

+0.18V ) 018V
During the electrolysis of an aqueous solution of CuSO, using inert electrodes,

(A) the anode loses mass and the cathode gains mass.
(B)

(©)

the mass of the anode decreases but the mass of the cathode remains constant.
the mass of the anode remains the same but the cathode gains mass.
(D) the anode and the cathode neither gain nor lose mass.

Fluoride ion in aqueous solution are difficult to oxidize at the anode of an electrolytic cell because
(A) the aqueous solutions of fluorides are nonconducting.

(B) it is impossible to find the proper material from which to build the electrodes.
© the fluorides are not very soluble.

D) oxygen is released from water in preference to fluorine.

Which products are formed during the electrolysis of a concentrated aqueous solution of sodum
chloride?

L Cly(g) I1. NaOH(ag) I Hyig)
(A) 1 only B) 1 and II only
©) I and III only D) L II, and I

What mass of platinum could be plated on an electrode from the electrolysis of a PNO,), solution
with a current of 0.500 A for 55.0 s?

(A) 27.8 mg (B) 45.5 mg © 53.6 mg ® 90mg

A current of 5.00 A is passed through an aqueous solution of chromium(m nitrate for 30.0 min. How
many grams of chromium metal will be deposited at the cathode?

(A) 0.027 g (B) 162¢ © 485g o 633g

A vanadium electrode is oxidized electrically. If the mass of the elemo(h decreases by 114 mg during
the passage of 650 coulombs, what is the oxidation state of the vanadium product?

TR | ® © ¥ o™y
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26.

Atomic Molar Masses

In which case would the Jeast number of faradays of electricity be
required for the liberation of 1.0 g of free metal? K 39.1 gmol"
Na 23.0 g:mol™!

Cu 63.5 g-mol!
Ag 107.9 g:mol™!

(A) K from molten KOH (B) Na from molten NaCl
© Cu from aqueous CuSO,
uired to deposit 1.00 g of chromium metal from an aqueous CrO,*-

D) Ag from aqueous AgNO;

How many minutes will be req
solution using a current of 6.00 amperes?

(EN) 186 min (B) 30.9 min © 15.4 min (D) 5.15 min
Consider this reaction. The Nernst Equation |
+ 4+ 2+ =

Sn**(ag) + 2Fe**(ag) — Sn"(aq) + 2Fe*(aq) E°=0617V E—E° - 0.0592 e
What is the value of E when [Sn**] and [Fe*] are equal to 0.50 M and n
[Sn*] and [Fe™] are equal to 0.10 M?
A) 0.069V (B) 0.679 V © 0.658 V D) 0.576 V
Consider this reaction. The Nernst Equation

de" +4H'(ag) + Osfe) = 2H,00) E°=123V £ g 00592

Which statement is true if the hydrogen ion concentration is initially at e log(Q)

1.0 M and the initial pressure of oxygen gas is 1.0 atmosphere?
(A) Addition of a base should result in a value of E which is less than 1.23 V.
(B) 1 = 1, since one mole of oxygen is being considered.

© E is independent of the pH of the solution.
o- [HOL

® [0,)H"]

Which of these changes will produce the most positive voltage for this half reaction in the direction

written?
Co*(ag) + 2¢ — Co(s) E°=-028V V

(A) increasing the amount of solid Co
(B) decreasing the amount of solid Co
(€) increasing the concentration of Co™
D) decreasing the concentration of Co**
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Descriptive Chemistry /

Thi§ section of the general chemistry course deals with a variety of
Developing a general sense of color, odor, solubility, melting and boilingy i

will be addressed throughout the course but ma hasized
] nolf , y be empl together
trend that is emerging in general chemist :

physical and chemical properties.
points for common chemical substances
: with the study of periodic properties. A
v try exams is the inclusi more descripti . : 4

there are applications to consumer chemistry, environmenmllmorm industrial ck ik chemistry, particularly if

much about the physical properties and chemical reactions expected for the elements

As you work through this section, please use the periodic table found in the Appendix is study guide
reference. g e g5

Study Questions

DP-1. n[l;act ;);ﬁ]p;ny of aluminum makes it particularly useful as a lining for steel tank cars transporting
(A) It forms an amphoteric hydroxide.
(B) It is a metal with a very low density.
(© It is below hydrogen in the activity series.
D) It forms an adherent and insoluble oxide coating.

Knowledge Required: (1) The properties of aluminum metal. (2) Understanding how properties are related to
particular uses.

Thinking it Through: Aluminum is a metal familiar to all, but you may not have considered this particular use for
aluminum. There will be a chemical reaction if steel, which is mainly iron with varying amounts of carbon and
other elements, were to come in contact with nitric acid. In considering each statement about aluminum, it is first
necessary to decide if each statement is true. If so, the next question to consider is whether or not that statement
gives a reason that aluminum can effectively keep the steel and nitric acid from coming into contact and therefore
reacting. Although choice (A) is a true statement based on aluminum’s position in Group ITIA on the periodic
table, it does not offer a reasonable explanation for this industrial use. Aluminum’s amphoteric hydroxide, one that
is capable of acting as an acid or a base, must not be present for it would act as a base and react with the nitric
acid. Choice (B) also is a true statement. Aluminum does have a high strength-to-mass ratio, and that is helpful in
this and other uses but this property is not explanation of the primary reason that aluminum is used to line steel
tank cars. Choice (C) is not a true statement. Aluminum is above hydrogen in the activity series, but does not often
act as such an active metal for the reason given in correct choice (D). Aluminum finds wide use in consumer and

Lindustrial applications because it has the | ability to protect itself with a tough and adherent oxide coating. |
DP-2. Which gas is most soluble in water?

(A) ammonia, NH; (B) hydrogen, H, (C)  methane,CH, (D) nitrogen, N,

Knowledge Required: (1) The solubility of common gases. (2) Prediction of solubility based on the principle that
“like dissolves like”.

91
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e ion can be answered quickly based on the recall of the solubility properties of the
Thinking it Through: This quest recall seeing the “‘ammonia fountain” demonstrated or perhaps you

Choi : i
have medmf in (t:e) Il:m.y'r‘;isn::pulu chemical demonstration depfapds on the hig'h. solubility of
ammonia in water. Another approach is to look at the underlying cause of solubility. The solubility of a gas in
water is based on the extent of the interactions of the gas molecules with highly polar wale.r molgcgles. of Fhe
gases given in this question, only ammonia is a polar molecule, and thcmfore only ammonia exhibits the “like
dissolves like™ interactions that bring it into solution. The other three choices can be eliminated because H,, CH,,
and N; are all nonpolar molecules, limiting their solubility in water. Any solubility is due to the weak, temporary
dipoles that can form even in nonpolar molecules.

perties of gases, such as their ability to burn,

N*thmmmmipﬁvemisuy may ask about other important pro|
or take i

DP-3. Which is a characteristic property of transition elements?
(A) colorless ions (B) variable oxidation number
© formation of strong bases D) non-metallic behavior

Knowledge Required: (1) The meaning of the term transition elements. (2) The general properties of transition
elements, based on their position on the periodic table.
Thinking it Through: Between the main groups IIA and IIIA o
containing the transition elements. The transition elements are te
designations recommended by the International Union of Pure an
your consideration, although this numbering system is not yet in widespread use in most texts a
that the transition elements are found in groups 3-12 in this system.

n the periodic table, there are ten vertical columns
rmed the B subgroups in most texts. The 1-18
d Applied Chemistry (IUPAC) are also given for
nd exams. Note

1 18
A VIDA
= B 14 15 16 n—j
A A IVA VA VIA VIA
8 9 10
SR IR vine U 12
IVB VB VIB VIB——'—\ IB IIB

Th'e tn.msition elements have electronic structures in which the d subshell is only partially filled in any common
oxidation state. This group of elements has a number of characteristic properties that set them apart from the main-
group elements. Most of the compounds of the transition elements are colored, and many are paramagnetic,
meaning there are unpau'ed d electrons. Both of these are the result of the partially filled d subshell. Most of the B
group elements h§ve variable oxidation states, although there are exceptions particularly in the IIB and IIIB
groups. In the main group el‘e'ments, only the heavier elements display a variety of oxidation states in common
compounds. All of tife msmon e.lement.s are metals; the B groups are sometimes called the transition metals.
They are all hard solids with relatively high melting and boiling points, compared with the main group elements.

Given thfe choices m !his_quest’ion: (A) is ir!correcl because most ions of transitions are colored. Choice (B) is

ofcmme t‘; ﬂ(;r :i:: ﬁ:emanm!:; l:f(:;:d::oa: :t]alt; isa comr:on characteristic of most transitions. Choice (C) is a property
ry groups, but not of the transition metals. Choi is i

the transition elements all exhibit metallic rather than nonmetallic cham‘:teristicss e

Note: Strictly defined the term transition elements may be d-block
t g or f-block elements. H iti
d-block elements as the transition el . ey lowever, it is common to refer to the
L m 1
= A0 to'iae the Lo finice for the f-block transition elements.




DP-4.

Which statement best describes why soap forms a ipitate in hard
scummy precipitate in water?

(A) Soap cannot hydrolyze in hard water, 5o it precipitates

(B) Soap forms a precipitate with the metallic ions in the water

(©) Soap requires an acidic solution to dissolve, but hard water is alkaline.
(D) :

Soap removes the dirt in the hard water in the form of 2 precipitate.

Knowledge Required: (1) The meaning of the term hard water. (2) The chemical behavior of soap in hard water

Thinking it Through: Hard water contains dissolved ions of Ca™

may be dissolved iron as well. There are several potential pm(l:laemsmg' :gg»numh ml cmm: ;?y < m
including the interaction with soap to form a undesirable curd-like precipitate that setties on clothin : ‘:‘-:
you. Soap is the sodium salt of the long-chain organic acid, stearic acid. Perhaps you have even made {n:l
lye, a source of sodium hydroxide, and animal fat, a common source of stearic acid. This is the mnqo)fuoq

(o)
CH:(CHz)lsg—O' Na*

The cleaning ability of soap can be explained by the presence of both a charged region and 2 nonpolar
hydrocarbon region on the stearate ion. The charged region of the ion is soluble in water and the nonpolar
hydrocarbon rest of the ion is soluble in grease and oils. These are both examples of “like dissolves like” and both
are taking place on the same ion. Therefore the charged region drags the nonpolar end of the molecule together
with grease and oils into solution, at least for long enough to be carried away with the rinse water. However, if the
stearate ion finds Ca2* and Mg* ions in the water, the ions will precipitate, forming calcium stearate and

magnesium stearate. The precipitate often is quite slimy because residual grease and oil are still attached to the
hydrocarbon end of the stearate ion, even when it precipitates.

O (0]

Il o 1l
2CHy(CH,)s C—O ™ + Ca?* ——Ca(CH3(CH2),6 c—o)zm

Correct choice (B) describes this process. Choice (D) is an incorrect variation. It is not the “dirt” in the hard water
that is precipitating with the soap, it is previously dissolved ions. Choice (C) gives incorrect assumptions about the
both the acidic nature of solutions required by soap and the basic property of hard water. Choice A a
somewhat familiar term, hydrolysis, but it is used incorrectly in this case. Hydrolysis for the stearate ion describes
the interaction of the ion with water to produce the conjugate acid and release hydroxide ions, not a factor in
forming the observed precipitate.

FP-S. Which is a result of the process of photosynthesis?

(A) Nitrogen is changed to ammonia.

(B) Carbohydrates and oxygen gas are formed.

©) The carbon in decaying organic matter is released as carbon dioxide.

(D) Energy from sunlight is converted to heat given off by growing green plants.

Knowledge Required: (1) The meaning of the term photosynthesis. (2) Connecting meaning to the chemical
equation representing photosynthesis.

Thinking it Through: There are many processes from organic and biochemistry that may be discussed in a general
chemistry class, but the most likely is the process of photosynthesis. ‘You. have likely already wud the
process in your biology courses, but in studying chemistry, the egnguon is often balanced for practice and the
energy changes discussed in the energetics unit of study. Tt also is likely to be presented as an example when
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discussing changes in entrop; i iderati i i the overall reaction

in y or during consideration of environmental issues becmfsz?
removes the major greenhouse gas, carbon dioxide, from the atmosphere. Although it is actually a far more
complex process involving many steps, this is the simplest representation of the overall process of photosynthesis.

6COyg + OH,O —Sbeehbewmimmbews , CH;O4aq) + 60s(s)
carbon dioxide gas + water - glucose + oxygen gas

The result of the process of photosynthesis is to change carbon dioxide and water intf) gl'ucose. wh.ich isa _simplc
carbohydrate, and oxygen gas. This is correct choice (B). Choice (A) can be easily dismissed, as nl.l.rogen' is not
directly involved in photosynthesis. You might be incorrectly remembenng.some other processes involving
nitrogen from a previous biology course if you chose (A). Choice (C) describes a reverse process from
photosynthesis, aerobic decay of organic matter. Choice (D) may attract your attention l?ecause energy from the
sun is used to power this reaction. It is incorrect overall, however, because this process is not exothermic but rather
endothermic. The sunlight's energy is continually needed to fuel the photosynthetic process. P.hotosynthesis cannot
take place in the absence of this energy. Another proof of this is that the reverse process described in choice (C) is
exothermic. You may know from experience that considerable heat is released as the organic material in your

compost pile undergoes decomposition.
DP-6. If the formula of an oxide of element X is X,0,, what is the formula of the chloride of X?

A) XCl, (B) XCl © X,Cl (D) XCl

Knowledge Required: (1) Using the periodic table to predict a chemical formula. (2) Review of Mendeleev's
original organization of the periodic table.

Thinking it Through: Although the arrangement of elements in the modern periodic table can be explained by the
periodic nature of ground-state electron configurations, Mendeleev had no such knowledge in 1869 when he
proposed his organization of the elements. His table was based on increasing atomic weights and the elements
were grouped by their ability to form oxides with similar formulas. Even though we now organize the table based
on increasing atomic number, there have been very few changes in Mendeleev’s original organization except to
include new elements as they have been discovered. It is this proven predictive power of the periodic table that is
used in this problem. If the unknown element X forms a compound with the formula X,0,, the oxidation state of X
must be +3 so that 2 atoms will equal the total negative charge of 3(-2) contributed by the oxygen. Therefore when
the more metallic X is combined with chlorine in a binary compound, it will take 3 chlorines, each with a —1
oxidation number, to equal the +3 of element X. The correct choice is (A). The incorrect choice (B) does not
appear to have been based on any real reason for the 1:1 ratio of X to Cl. Incorrect choice (C) has misinterpreted
the meaning of the +3 oxidation state, and incorrect choice (D) may have been picked if chloride, CI-, was
confused with chlorine, Cl,.

Note: The only thing we can definitely conclude about X is that it has an oxidation state of +3. Element X is not necessarily in group I1IA,
::mg.h nfhunz(hm in this particular problem to make that assumption. That could mean X was a transition metal or even a nonmetal with

DP-7. When the three elements S, Se, and Cl are arranged in order of increasing atomic radius, which is the
correct order?
(A) Se <8 <(C] (B) S <Cl < Se
(©) Cl < S <iSe (D) S < Se <Cl

Knowledge Required: (1) The periodic trends in atomic radii within groups and periods.

Hilnking' it """"‘Sh-' Even though clect'ron density extends far beyond the nucleus of an atom, the usual limit for
measuring the size of the electron cloud mclude:s .abopt 90% of the total electron density. Then, rather than giving
the volume, atomic size is often expressed by giving its atomic radius, which is proportional to the volume. There




table expresses the expected trends. Your texthook ~ the periodic table. This
function of atomic number, another good way to co::z:ﬁ:‘“ 'pb‘ Mln:fl:: alomic radius varies as a
petiodic nature atomic radius.
< Increasing atomic radii
1A
.
LA IIA IVA VA VIA VIIA
sla
Se

Increasing atomic radii

4

Looking first at the trend within any vertical column or group,
electrons at successively greater energy levels, the atomic radi
found in the 4th period of Group VIA, has a larger atomic rad
This eliminates choice (A), for Se is indicated as being small

itisquitceasymundetmnddmifmdanmthas
us of an element will be larger. Selenium, being

ius than S, found in the 3rd period of Group VIA.

er than §, which cannot be correct.

Looking at the trend within any horizontal row or period, it is perhaps not as intuitive to understand the trend. The
atomic radius increases from right to left through the main groups of the same period. This may seem
counterintuitive because the elements are getting heavier going left to right. Balancing that line of reasoning is the
fact that electrons are being added at the same energy level, not successively higher energy levels as was the case
with the trend within groups. Within a period, the most important determinant of atomic radius will be how
effective the positively charged nucleus can attract electrons. The effective nuclear charge increases from left to
right within a period, as the number of protons increases steadily. Electrons being added to the same subshell are
not very effective at shielding the pull of the positively charged nucleus. Therefore, the electrons can be pulled
more tightly to the nucleus in chlorine (17 protons, electronic distribution [Ne] 35*3p®) than will be the case for
sulfur (16 protons, electronic distribution [Ne] 35*3p®). This makes the atomic radius of chlorine smaller than the
atomic radius for sulfur. Choices (B) and (D) are now eliminated for they both show the opposite trend. The
correct response is (C) with chlorine smaller than sulfur, which is smaller than selenium.

DP-8. In which pair of species is the first member larger than the second member?

(A) Li* and Be* (B) Li* and Na* ©) Li* and Li D) Be and Mg

Knowledge Required: (1) The periodic trends in atomic radii. (2) The periodic trends in ionic size.
(3) The relationship of the size of an ion to its atom.
Thinking it Through: This question asks about several different size trends. Atomic size trends were addressed in
study problem DP-7, so choice (D) can be discarded because Be (group IIA, Period 2)is .vna‘llerﬂnn Mg (gmup
IIA, period 3). Choice (C) requires consideration of how the size of a metal ion compares with the eouupondmg
atom. Lithium atom has 3 protons and 3 electrons but lithium ion has 3 protons and only 2 elecuolfs. Thxs
the constant nuclear charge of +3 will be more successful in pulling electroys close to the Pmleus in the lithium
ion, making it smaller. All metal ions will be smaller than their conespondm.g atoms for snmilar reasons,
eliminating choice (C) from further consideration. Choices (A) and (l}) require comparison of ion sizes. Again, it
is useful to compare the relative number of protons and electrons available.

Li* 3 protons 2 electrons

Be?* 4 protons 2 electrons
If 4 protons are pulling on 2 electrons, the ion will be smaller than if only 3 protons are attracting the same number
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of electrons. This makes choice (A) the correct answer. Species with the same number of electrons are termed
isoelectronic, and this may be the term used in other questions. In choice (B), this is the comparison of the relative

number of protons and electrons available.
Na* 11 protons 10 electrons

Lit 3 protons 2 electrons

Lithium and sodium atoms are both in group IA, making the sodium atom larger than the lithium atom. This same
trend is repeated in the ions, for each has lost just one electron in forming the ion. Choice (B) is also incorrect.
Note: Although not used in this question, all ions of Is will be larger than their corresponding nonmetallic atom. The constant nuclear
charge will be pulling on a greater number of electrons in the negatively charged ion, always making the ion larger than the corresponding
atom.

DP-9. Which of these elements is predicted to be the Unknown Elements  Electronegativity Values |
most active nonmetal? Q 0.9
R 1.0
1 2.8
X 3.0
(£Y) Q (B) R © g (D) X

Knowledge Required: (1) The definition of electronegativity. (2) The relationship of electronegativity values to
chemical behavior.

Thinking it Through: Electronegativity gives an indication of the relative ability of an atom to attract the electrons
in a chemical bond. Being a relative value, it has no units and the values range between 0 and 4. Metals typically
have rather low values of electronegativity because they tend to lose electrons in a chemical reaction, not attract
additional electrons. Nonmetals tend to have higher values, for they are more effective in attracting electrons in a
chemical bond. The element with the highest electronegativity value of 4.0 is fluorine in period 2 of group VIIA.
The lowest values are expected in period 7 of group IA. Electronegativity is not defined for the noble gases, group
VIIIA; they do not commonly form bonds and so the relative ability to attract bonded electrons is not given. The
general trends are shown with this periodic table. A few key values have been indicated to emphasize the trends.

Increasing electronegativity
IA VIIIA
B ] =
= IA IIA IVA VA VIA VIA
s Li F
-]
] 1.0 4.0
g
i)
At
é 2.2
Fr
= 0.7

Of these unkl'lown elements, X has the highest electronegativity (3.0), making it most likely to attract electrons and
behave chemically as a nonmetal. This is choice (D). Both nitrogen (group VA, period 2) and chlorine (group
VIIA, penod 3) have an electronegativity of 3.0, and both are nonmetals. Element Q with the lowest
electronegativity of the group, is definitely a metal and probably in group IA. While it is not necessary to identify
the particular element, the electronegativity matches that of sodium (group IA, period 3) with a value of 0.9. The
other two unknowns, being intermediate values, should not be considered as possible answers.

the m;bng! e gativity values run in the opposite directions from the trends observed for atomic radii; values are undefined for




Arrange the elements Li, Ne, Na, and Ar in incress
electron from their respective gaseous atoms.

(A) Na < Li < Ar < Ne ® u
(©) Na < Li < Ne < Ar > he

Knowledge Required: (1) The definition of ionization ener; periodic
within groups and periods. S

Thinking it Through: Ionization energy is the amount of energy required to remove ‘
atom or ion. This process always takes energy, for it separates a Wb_u
charged nucleus. The first electron to be removed will be the one requiring the least expenditure of ¢
will be the one furthest from the nucleus of the atom. It always takes more energy 1o remove an electron froma.
smaller atom, so the trends in first ionization energies within a group or period naﬂy&mm
previously observed for increasing atomic size. Within a group, the size of the atom increases from top to bottom,
so first ionization energy increases from bottom to top. Within a period, size of the atom increases from right to >
left. The first ionization energy increases from left to right and closely follows the change from metals to
nonmetals. Remember that nonmetals tend to gain electrons in forming a stable chemical bond, so the amount of
energy required to separate the electron from the nucleus rises sharply across 2 given period. The maximum first
ionization energy value will be for the group VIII noble gas in each period. These atoms require a very large
amount of energy to remove an electron from the stable octet of outer electrons. These trends are summarized in
this table, which includes the atoms under consideration in this question.

Increasing first ionization energy

IA VIOA

)

A IIA IVA VA VIA VIA
Li Ne
Na Ar

Increasing first ionization energy

Of the four gaseous atoms under consideration in this problem, neon will require the most energy to remove an
electron. It 1gs both to the right of lithium in period 2 and above argon in group VﬂIA. Tlns observation llo!n
eliminates choices (C) and (D) from further consideration. In choice (C), argon is identified as the atom wnh tl:
largest first ionization energy, indicating inaccurate knowlenlige.of the tn-.nd within a group. In choice (D), hthm
is listed as the atom with the largest first ionization energ.y,.mdn_:aung inaccurate kpowledge of the z wﬂhl. ina
period. To decide between (A) and (B), remember tlfat htlm}m is smaller than sodium mﬂ that K mand a
group is for increasing ionization energy being associated with smaller atoms. ';:e ::;: is true mﬁnﬂg £
neon, making the correct choice (A). Choice (B) has reversed the trend within metals,

gas atoms correctly ordered.
thesimohhamuluunhmnwﬂlmm_n

Note: Trends in successive ionization energies are also related to e G = a1 oY Smalle

energy, for example to remove the second electron from a sodium atom
than the sodium atom.
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Which metal reacts with concentrated NaOH to produce hydrogen gas?
A) aluminum (B) copper (&) iron (D) magnesium

Which is the most satisfactory solvent for alumina, Al,O,, in the electrolytic process for the
preparation of aluminum?

A) liquid water, H,O (B) molten cryolite, Na;AlF,

© molten bauxite, Al,O, with other oxides (D) molten sodium chloride, NaCl

. Which of these gases can be most efficiently collected by the displacement of water?

(A) ammonia (B) carbon dioxide (C) oxygen (D) hydrogen chloride

‘Which gas is least soluble in water?

A H, (B) CO, ©) NH, (D) SO,
Which gas is the predominant nitrogen-containing pollutant in the atmosphere?

(A) N, (B) NH, © NO, (D) N,O;
Helium is preferable to hydrogen for filling balloons because helium is

(A) less dense. (B) less expensive.

(© easier to obtain. (D) chemically inert.

Transition metals typically have all of these characteristics except

(A) forming colored compounds.
(B) showing a variety of oxidation states.
(C) having individual atoms with one or more unpaired electrons.

(D) having low melting points in the elemental state.
Which compound is not expected to be colored?

(A) CuCl, (B) K,Cr,0, © TiO, (D) NiSO,

. The members of which pair are most similar in color?

(A) chlorine, Cly(g), and bromine, Br,(1)

(B) silver chloride, AgCl(s), and silver sulfide, Ag,S(s)

(©) copper(il) chloride, CuCl,(s), and calcium chloride, CaCly(s)
(D) potassium permanganate, KMnO,(ag), and iodine, I,(g)

Which natural process tends to change the free nitrogen of the air into “fixed”” nitrogen?

(A) lightning storms (B) photosynthesis
© respiration of animals (D) rusting of iron
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(A) H,0, and CO,

(B) and
(&) H,0, and CO D) g and 3
Which ion may form a scummy precipitate with ordinary soap?
(A) HCO, (B) co*> © Nz m c*

Which statement best reflects the organization of the modern periodic table?

(A) Elements are always arranged in order of increasing atomic weights

(B) Metallic properties increase going from bottom to top in a family of elements

(©) Nonmetallic properties tend to predominate for elements at the far right portion of the table.

(D) Each transition element is placed in the col

umn of the main group element that it most
closely resembles, g

If gallium, atomic number 31, combines with selenium, atomic number 34, what is the most likely
formula based on your knowledge of the periodic nature of the elements?

(A)  GaSe (B)  GaSe, (©  GasSe D)  GaSe,

An element forms a basic oxide with the formula XO and a hydride with the formula XH,. The
hydride reacts with water to give hydrogen. The element X could be

(A) K (B) Ca © N ® o

The elements X, Y, and Z form these compounds: XCl,, XZ,, and YO. What formula would you
predict for the compound formed between Y and Z? Assume normal oxidation states for chlorine and
oxygen.

(A) YZ (B) YZ, © Y,Z D) YZ,
The size of metal atoms

(A) generally increases progressively from top to bottom in a group in the periodic table.
(B) generally increases progressively from left to right in a period.

(©) are smaller than those of the corresponding ions.

(D) do not change upon losing electrons.
Which of these elements has the smallest atomic radius?
(A) fluorine (B) chlorine © bromine D) iodine

Which of these atoms will be the smallest?

@A) sig=14 @ P@=15 (€ GoE=SOEEEE—
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21.

b Ton Tonic Radii

The radii of the ions in this series d
Na* 0.095 nm

Mg*  0.065 nm
NP 0.050 nm

(A) the elements are in the same period.

(B) the effective nuclear charge is increasing.

© the atomic radius of Na decreases from Na to Al.

(D) the first ionization energies increase from Na to Al

The species F', Ne, and Na* all have the same number of electrons. Which is the predicted order when
they are arranged in order of decreasing size (largest first)?

(A) F >Ne >Na* (B) Ne >Na* >F

(©) Na*>F >Ne (D) F >Na' >Ne

Which isoelectronic ion is the smallest?

(A) Ar* (B) Na' (©) K (D) 0’
What happens when a bromine atom becomes a bromide ion?

(A) A positive ion is formed.
(B) The bromine nucleus acquires a negative charge.
(©) The bromide ion is larger than the bromine atom.

(D) The atomic number of bromine is decreased by one.

Which ion has the largest radius?
(A) (o2 (B) F (©) K* (D) (61t
Which of these elements has the highest electronegativity?

(A) oxygen (B) iodine (C) cesium (D) lithium
Which element is more electronegative than arsenic and less electronegative than sulfur?

(A)  chlorine  (B)  phosphorus  (C)  tin (D)  oxygen
List the elements Ca, Si, and K in order of increasing electronegativity.

(A) Ca <K <8i (B) K <8Si < Ca
() Si<Ca<K (D) K < Ca <Si

Which pair of elements is listed in order of decreasing first ionization energy?
(A)  NaMg (B)  MgAl © ALSi ™)  Si,P



electron, what is the
(A) F <Na' <Ne
(©) Na*<Ne <F

30. The first three ionization enetgiuohﬁlﬁniﬁ
likely formula for a stable ion of X' i
(A) x* (B)
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Laboratory Chemistry =~

The laboratory is a place where we focus on i periments, erification of theories. Resuits
laboratory investigations help answer the qucl:g::fq:l}e;;:‘da we W:;: -vnm mdm e g
techniques, measurements, significant figures, interpretation of data, and safet; Ahhouﬂm mm"
experiences may be quite different, the general topics addressed hcre'lllonld emyble ou 1o xmu

knowledge of chemistry as practiced by chemists in the laboratory. 4 o

Study Questions

LC-1. The mass spectrometer may be used to

(A) detect the presence of isotopes.

(B) increase the mass of atomic nuclei.
(©) electrolyze water.

(D) separate different wavelengths of light.

Required Knowledge: (1) Nature of a mass spectrometric data. (2) Definition of isotopes.

Thinking it Through: Mass spectrometers separate particles based on their charge/mass ratios. Particles having
identical charges, but differing in mass, produce separate peaks. Knowing that isotopes differ in mass, because of
differing numbers of neutrons in their nuclei, provides the key to choosing (A). Choice (B) could only be
accomplished by altering the nucleus of an atom, and would require an instrument that can change nuclear
structure, such as a particle accelerator. Choice (C) only requires a direct electric current, and choice (D) might be
incorrectly chosen because of possible confusion with optical spectrographs that contain prisms or diffraction
gratings to separate light into its component wavelengths.

Note: It is not necessary to have used a mass sp to be ful with this question. Texts often contain a schematic
diagram of this instrument, usually in the section where evidence for the existence of isotopes is first di d
LC-2. Which laboratory measurement is expressed to the appropriate number of significant figures?

(A) 6.12 °C on a thermometer graduated in degrees

(B) 35 s on a timer graduated in tenths of seconds

©) 0.782 cm on a ruler graduated in millimeters

(D) 22.57 mL in a buret graduated in tenths of milliliters

Required Knowledge: (1) Limitations of interpolation between graduations in measuring instruments. (2) Correct
use of significant figures in reporting measurements.

Thinking it Through: Measurements should always be reported with the nun'.lb_er of significant figures W
to the measuring device. In general, it is possible to estimate and report one digit beyond marked graduations.
Therefore, it is possible to read a buret that is graduated in tenths of milliliters to the nearest hundredth of a mL.
Choices (A) and (C) overstate the precision of the measuring device; Choice (B) understates the precision that can
be achieved with each measuring device.
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~Fam object was determined four fimes using four different balances: 7.613 g, 7.618 |
35 ;1;5 g and 7.618‘.:1130 accepted mass of the object was 7.433 g. Which statement best describes

the results of the experiment?
(&)  poot precision and poor accuracy (B)
© poor precisi and good accuracy D) good precision and poor accuracy

good precision and good accuracy

Required Knowledge: (1) Qualitative comparison of experimental results to accepted values. (2) Meaning of the
Thinking it Through: Precision is a measure of how close experimental results are to each other. Accuracy is a
measure of how closely either a single measurement or the average of a group of measurements agrees with the
accepted or “true” value. Inspection of the given experimental results shows they are quite close to each other,
differing only in the last digit. This observation of good precision eliminates choices (A) and (B). However, the
experimental values are not centered on the true value of 7.433 g, leading to the conclusion that the results do not
to be very accurate. This makes choice (D) the correct response, rather than (C). In other questions, you
may be asked to make a quantitative comparison of the experimental values to the true value. This is called the
percent error or the percent difference. This requires finding the average result and comparing the absolute value
of the difference between the average result and the accepted value with the accepted value, multiplying by 100 to

change the ratio to a percent.

| (accepted value — experimental value) l] %100

% error =
- ( accepted value

Note: If a much larger number of measurements were taken for the mass of an object, these experimental results might be part
of 2 more accurate average value.

LC4. The relationship between the volume of a liquid
contained in a graduated cylinder as a function of the 'é 25 i
number of submersible glass spheres added to the g 20 :
cylinder is shown in the graph. What is the average E ;
volume of one sphere? 15
g :
2 10 :
g ;
ENE
ol
& 0 10 20 30 40 S50
Number of Glass Spheres
@ 33mL @B 20m ©  050mL ®)  030mL

Required melcdgc (1) Interpretation of experimental data in graphical format. (2) Processing graphical data to
draw a conclusion.

Muag it Through: There is 10 mL of a liquid in the cylinder before any spheres are added. The volume of the
liquid rises as spheres are added and the line shows a direct proportion between the number of spheres and the
change in volume. After 50 spheres have been added, the volume has changed by 15 mL, from which you can
.alanlnlz tlm'lhe average volume of the sphere is 15 mL / 50 spheres = 0.30 mL, which is choice (D). Both
Wchmm (B)'ufd (C) have used the fotal volume of 25 mL, rather than the change in volume, 15 mL.
'Chotce (A) can be eliminated based on its size. Note: Assuming the liquid is water, how would this graph change
if sugar cubes were used rather than glass spheres?




1.CS. In an experiment to determine the molar mass of ‘
an unknown solid acid. the acid is tirated witha

standard solution of NaOH. Which i
taiat procedural error(s) will result in 2 calculated molar mass that is

1

' Procedural Mistakes
1 using 2 NaOH solution that has absorbed CO,

I rinsing the buret wimdinﬂledﬂ,cl“ﬂmm-ﬁ-&&
g
I allowing some of the solid acid to stick to the side of the flask

(A)  Tonly () MW oaly
(C)  Tand I only )  and I only

Required Knowledge: (1) The laboratory procedures for acid-base titrations. mathematical effect each
possible mistake will have on the calculated result. pof i

Thinking it Through: The starting points of this procedure are to weigh out a sample of the solid acid and to
prepare a buret containing standardized NaOH solution. Titration continues until the end point is reached. using an
appropriate indicator. The number of moles hydroxide ion used in the titration is equal to the number of moles of
ionizable hydrogen ion in the acid. This is the mathematical expression, assuming the solid acid is monoprofic.

Buoiigacia
‘solid acid

Inspection of this equation shows that both volume and molarity of the base are inversely proportional to the molar
mass, M. Conditions that would produce a calculated molar mass that is too low include having either the volume
or the molarity of the sodium hydroxide solution too large. Factor I will a larger volume of NaOH must be
used to reach the endpoint as some of the NaOH has reacted with the CO,. Factor II will also mean a larger t
volume of NaOH must be used to reach the end point for the NaOH is not as concentrated as anticipated. Choice >
(C) correctly identifies both factors. This eliminates choice (A), which only identifies the first factor. The error in =
Factor I1I has the opposite effect, eliminating choices (B) and (D). If not all of the acid has been titrated because | 4
some is left in the flask, the volume of NaOH used will be too low, resulting in a molar mass that is higher than the |
true value.

Vison XMyyon =

LC-6. A student dissolves 60. g of solid NaOH in enough distilled Mictr b
water to make 300. mL of a stock solution. What volume of = e =
this solution and distilled water, when mixed, will result g-mol :
in a solution that is approximately 1 M NaOH?

mL stock solution mL distilled water
(A) 20 80
(B) 20 100
©) 60 30
D) 60 929

Regquired Knowledge: (1) Solution vocabulary. (2) Procedures for preparation of solutions in the labor:
M= mOlye _ _ Belwe

& L uion M e X Liciuion
Jution contains 1.5 mol of NaOH (60. g divided by the give:
therefore a 5.0 M (1.5 mol dividedbyomuanhi_l Fo
solution that is approximately 1 M, a 1:5 dilution will be mqumed: This v nl.d:p M‘“@l
of stock solution are mixed with 80 mL of water, forming R gy o
(B) produces a 1:6 dilution as the total volume is now 120 (C) produces

dilution.

Molarity calculations.

Thinking it Through: The stock so
g:mol~! ) in 300 mL of solution. It is
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trogen gas can be collected by displacing mercury from a

i o s:st tube, as indicated by this apparatus. If the room
is?_S'Cundthebammeu'ic pressure is 760 mmHg,

what additional information is most essential in order to calculate

volume of nitrogen under standard conditions?
::u"l‘his Ofn: is no longer ly performed in the gcneml
du:;islry l:-bonmty Using mercury in an open container in this manner
creates health and safety concerns. However, the principle illustrated is the
Jumn of mercury for measuring the

mninmy.ppnrlnlsthnmaco
pressure of a trapped gas.

(EV] the height AC

B) the height AB

© the vapor pressure of mercury in region G
D) the density of nitrogen in region G

Regquired Knowledge: (1) Factors affecting the pressure of gases collected by displacing fluids. (2) Molar volume
of ideal gas at STP.

Thinking it Through: The measured volume of trapped nitrogen must be converted to the vol.ume it would occupy
at standard temperature (273 K) and pressure (760mmHg or 1 atm). The level of the mercury in the tube is higher
than the level of mercury in the beaker. Atmospheric pressure is pushing on the mercury in the open beaker, and
the trapped gas is pushing on the mercury remaining in the tube. The relative positions of these two levels
indicates that the pressure inside the tube must be less than the atmospheric pressure. Since the fluid is mercury,
the difference in levels measured in millimeters of mercury can be directly subtracted from atmospheric pressure
to determine the pressure of the gas trapped inside the tube. This is correct choice (B). It now is possible to convert

the volume of this sample of nitrogen to standard conditions of temperature and pressure (273 K and 760 mmHg).
Choice (A) cannot be the height needed, for it will vary with the size of the container, not with atmospheric
pressure. Choices (C) and (D) give physical properties of the trapped gas, but do not lead to the pressure of the gas
that is needed for conversion to standard conditions.

LCS. Three experiments were performed.

(1) A strip of copper metal was placed in a solution of HCL. No reaction was detected.

(2) A strip of zinc metal was placed in a solution of HCI. The zinc disappeared and bubbles of
gas formed.

(3) A strip of zinc was placed in a solution of Mg(NO5),. No reaction was detected.

Rank the activities of copper, zinc, hydrogen, and magnesium from most active to least active.

(A) copper > zinc*> hydrogen > magnesium
(B) magnesium > zinc > hydrogen > copper
© zinc > magnesium > hydrogen > copper
(D) magnesium > copper > hydrogen > zinc

Regquired K.mmldge: (1) Evidence for chemical reactions. (2) Interpretation of experimental results to write an
activity series.
Ihﬂntolt 17mmgl|. Each of the three experiments gives some information about the relative ability of the
element d;plf:: an ion in a.smgle-mplaccmcnt (_:hemjcal reaction, When a free metallic element reacts with a
oompumd.m = eleme'nt will replace the metallic ion in the compound, but only if the free element is more
reactive element it replaces. Here are the two possibilities represented symbolically.

If the activity M, > activity M, : M, + M,X — M, + M, X

If the activity M, <activity M, : M, + M, X — no reaction
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There was no evidence of chemical reaction in the first experi i
xperiment. This indicates that hydrogen is a more active

this point you know that the activity of zinc is greater than that drogen, which i is more

copper. These observations eliminate choices (A) and (D). ’l'heo;::i experiment fi mn'ln.llu et n“h'.'
There is no reaction. Zinc was not successful in replacing magnesium; magnesit Im“ more mﬂoe m::l s
zinc, which is choice (B). This also eliminates choice (C). Note: A lil;lillf expmm:;l procedure can be'::dﬁx

nonmetals, which will replace Is in compounds if the free element
LC-9.

is more reactive.

A student combined 1 mL of 0.1 M solutions of nitrate salts of barium, calcium, magnesium, and

strontium with several different testing reagents. The observati e
(ppt = precipitate, rxn = reaction.) are recorded in this table.

Reagent Ba(NO,), Ca(NO,), Mg(NO,), Sr(NO,),
H,SO, white ppt no rxn no rxn white ppt
Na,CO, white ppt white ppt white ppt white ppt
(NH,),C,0, white ppt white ppt no rxn white ppt
K,CrO, yellow ppt no rxn no rxn no rxn

A solution contains equal concentrations of barium, calcium, magnesium, and strontium ions. Using

the same reagents as in the tests performed, which procedure would best separate the ions by
precipitation, followed by filtration?

(A) Add K,CrO,, then H,SO,, then (NH,),C,0,, then Na,CO,
(B) Add H,S0,, then K,CrO,, then Na,CO,, then (NH,),C,0,
(© Add Na,CO;, then H,SO,, then (NH,),C,0,, then K,CrO,
D) Add K,CrO,, then (NH,),C,0,, then Na,CO;, then H,SO,

Required Knowledge: (1) Factors governing precipitation formation. (2) Filtering processes. (3) Interpretation of
experimental results.

Thinking it Through: Tons can often be separated by a sequence of precipitation reactions. The goal is to have
only one metal ion precipitate at a time, so that it can be separated by filtration. Then the filtrate be treated with the
next reagent. The data indicates that barium ion will be the only ion to precipitate with K,CrO,, so it is a logical
place to start, eliminating choices (B) and (C). The next reagent to precipitate only one ion is H,SO, which, of the
ions remaining, will only precipitate strontium ion. You now have eliminated choice (D). To be eertain that (A) is
correct, check that (NH,),C;0, can be the next reagent added; it will precipitate the calcium ion. This makes
Na,CO, the last reagent added, precipitating the magnesium ion. Note: This question only depends on the
interpretation of reported data, not on the knowledge of any qualitative analysis separation scheme. This is 2
qualitative problem, so it is also not necessary to know or use equilibrium expressions for K, which may be
required for a quantitative solution.

LC-10. What should be your response, and what is the reason for it,
if you enter a laboratory workspace and see this sign?

(A) Wear your safety glasses; there are corrosive materials in the area.

(B) Avoid any sudden movement; explosives are stored in the area.

© Do not store organic materials in this area; there are oxidizers present.
L (D) Do not use any open flames; there are flammable materials in the area.
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—

;w (1) Laboratory safety signs. (2) Implications for action.

q i i i itten, oral, and graphical warnings
Mhinking it Through: Working safely in a laboratory requires nlltenuon to wri arnings,
[here :..gu signs that are in common use in general chemistry laboratories. You need to know what implicit
o ate response on your part to harm. This sign represents the presence of

Jangers they represent, and the appropri
;u"::l_!';_'!‘:w (D), so it is appropriate not to use open flames.

1. The percentage of water in an unknown hydrated salt is to be determined by weighing a sample of the
salt, heating it to drive off the water, cooling to room temperature, and re-weighing. Which procedural
mistake would result in determining a percentage of water that is too low?

Procedural Mistakes

L  heating the sample in a closed, rather than an open, container
IL.  re-weighing the sample before it has cooled to room temperature

(A) 1 only (B) II only
© both I and I (D) neither I nor IT
2. When an acid solution is titrated with a standard base solution, separate burets are sometimes used for

each solution. Which mistake would necessitate emptying and refilling burets, and starting the
titration over?

(A) overshooting the endpoint
(B) starting with less acid than called for by the procedure

© adding distilled water to the titration flask after a solution was measured into it from the
buret

(D) allowing drops of distilled water to stay in the burets while filling them

3. To prepare 100.0 mL of a 0.100 M copper(il) chloride solution from 0.500 M copper() chloride,
pipet into a volumetric flask
(A) 10.0 mL of the 0.500 M solution and then add water until the total volume is 100.0 mL.
(B) 20.0 mL of the 0.500 M solution and then add water until the total volume is 100.0 mL.
(© 20.0 mL of the 0.500 M solution into 80.0 mL of water.
(D) 40.0 mL of the 0.500 M solution into 60.0 mL of water,

4. w;:‘g' correctly reported mass of water based on Experimental Data
Mass of beaker and water ~ 29.62 g
Mass of beaker only 28.3220

. 13 B 130g © 1298 ®)  12980g




5. What is the correct reading for the liquid in this buret?

(A) 32mL (B) 322mL © 3226 mL ) ﬂﬂl‘-

6. To deliver a 25.00 mL liquid sample most precisely, which piece of glassware would you use?
(A) volumetric flask (B) volumetric pipet 235
(©)  graduated cylinder ®)  eye dropper =

7. A student determined the percent water in a sample. In four trials, values of 16.145% 16.160%,

16.156%, and 17.279% were obtained for the percent water in a sample. What value should be used
for the reported percent water? o

(A) 16.154% (B) 16.435% © 16.145% D) 172719%

8. Two students use the same standard mass of 1.0000 g to calibrate the same balance by taking three
readings each. g

Reading Mike’s Data Jean’s Data
1 1.0004 g 0.9996 g
2 0.9998 g 0.9994 g
3 0.9992 g 0.9995 g
Comparing the two sets of data,

(A) Mike's is more accurate, but Jean's is more precise.
(B) Jean's is more accurate, but Mike's is more precise.
(©) Mike's is both more accurate and more precise.
(D) Jean's is both more accurate and more precise.

9. Which procedure can be used to demonstrate experimentally that this reaction ob
Conservation of Matter?

2Mg(s) + Oy(g) — 2MgO(s)

(A) Take a mass of 1.0000 g of Mg ribbon, burn it in pure O,, and comp
product with the original mass of the Mg.

(B) Show that the sum of two atomic molar masses of Mg plus one
is equal to two formula molar masses of MgO. <4

(©) Detemﬁnethemlssohmledﬂnh-bulbeonhiliﬂr i
mixmle,cool.nndcompmt_heﬁnﬂmmofwbphm
bulb plus contents. =

(D) Buml.OOOOgofMgﬁbboninlhllhlkﬂﬁlMﬂﬂ;_

andcompmwimmeoﬁglmlmmofhm.
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10. In which case could the given gas be identified by the reaction given?
Gas Reaction
A chlorine will turn starch blue
(B) ammonia will turn moist red litmus paper blue
© nitrogen will support combustion
(L)) hydrogen chloride will etch glass

GlsAenﬂsmembe‘leMUghlhccomems of
B, and emerges as gas C. If gas A is a mixture of
arbonmnoxihandcarbondioxide.andgasCis
carbon monoxide, what is most likely substance in
the tube?

A concentrated HCl(ag) (B)
© phospharous pentoxide D)

pure water

sodium hydroxide solution

A 1.0 M solution of an acid is used to titrate several

different samples of a 1.0 M base solution. The graph O em
shows the volume of acid needed to neutralize a -E] g
given volume of base. Which reaction is consistent ~ 40
with the data? 2

a 30

St

=)

E 20

e 10

0

0 10 20 30 40 50
Volume of base, mL

(A)  HCl + KOH-KCl + H,0

(B)  2HCI + Ba(OH), - BaCl, +2H,0
(©  H,S0,+2KOH - K,S0, +2H,0
(D) H,SO, +Ba(OH), — BaSO, +2H,0

Which experimental evidence clearly illustrates the oxidizing property of chlorine, Cl,?

(A) its liberation at the anode during the electrolysis of sodium chloride solution

(B) the reaction of chlorine with sodium bromide solution, resulting in the displacement of

bromine

© the use of chlorates as oxidizing agents in the manufacture of matches

(D) its moderate solubility in aqueous solution




14. Consider this table of experimental data. In each case 1wo aqueous solutions
A were

15,

16.

17.

and a small amount of i \
v iy organic solvent was then added, forming a separate layer in the reaction
Solution A Solution B
Color of Organic Layer
Nal(ag) Cly(aq) purple
Nal(ag) Bryfag) purpie
NaBr(ag) ly(ag) purple

What conclusion can be drawn from these observations?

(A) lodine is able to displace bromide ion, but not chloride ion.
(B) Chlorine is able to displace both bromide and iodide ion.
(C) Both chlorine and bromine are able to displace iodide ion.

(D) Neither chlorine and bromine are able to displace iodide ion.

The best method of transferring a coarsely-powdered solid to a six—inch test tube is to

(A) pour it through a thin-stemmed glass funnel.

(B) pour it from the lip of an evaporating dish.

©) pour it from the bottle originally containing the solid.

(D) pour it from a creased square of paper.

A student combined 1 mL of 0.1 M solutions of nitrate salts of barium, calcium, magnesium. and

strontium with several different testing reagents. The observations are recorded in this table.
Note: ppt = precipitate, rxn = reaction

Reagent Ba(NO,), Ca(NOy), Mg(NO,), Sr(NO;),
H,SO, white ppt no rxn no rxn white ppt
Na,CO, white ppt white ppt white ppt white ppt
(NH,),C,0,4 white ppt white ppt no rxn white ppt
K,CrO, yellow ppt no rxn no rxn no rxn

An unknown solution contains fwo of these four ions: barium, calcium, magnesium, and strontium.
The unknown solution forms a white precipitate with H,SO, and it does not react with K,CrO,. What
conclusion about the two ions in the unknown can be drawn from this evidence?

(A) It contains only strontium and barium ions.

(B) It contains only barium and calcium ions.

(©) It contains barium ion and either magnesium or calcium ions.
(D) It contains strontium ion and either magnesium or calcium ions.

You have a beaker nearly full of gasoline on your laboratory table and it catches on fire. What should
you do?

(A) Pour water into the beaker.

(B) Throw it into the sink.

(©) Cover the beaker with a wet cloth.

(D) Blow out the flames.
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18. Which of these pieces of

containing hot liquids?
N ® /\
o4

When diluting concentrated H,SO0,, the acid should be added to water because

appanatus would be best to use if you want to safely pick up a beaker

19.
A concentrated sulfuric acid is a strong acid and can only be added to water.
(B) concentrated sulfuric acid is such a good oxidizing agent that it is able to oxidize water.
© concentrated sulfuric acid must be protected from air by a layer of water.
D) sconcentrated sulfuric acid and water generates considerable heat when in contact.
20. What should your response be if you enter an unfamiliar
laboratory workspace and see this sign?

(A) You should immediately evacuate the premises and then call for OSHA.
(B) You should put on full protective clothing, including goggles, respirator, and body suit.
© You should be aware that chemical waste is being processed in the immediate area.

D) You should pay careful attention to your surroundings for potential hazards.

Answers to Study Questions

L A S C ey

i 6 A 10. D

30 i e

%D 8 B

 Answers to Practice Questions

e L 1. D 16. D

i In) ;’ : 12. 17, ©

4. B 9' c 13. B 18. B

{ AR i 14. C 19. D
10. B 15. D 20. D
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GENERAL CHEMISTRY DATA SHEET

ACS Examinations Institute
ABBREVIATIONS AND SYMBOLS
amount of substance n | equilibrium constant K | molal P m
ampere A | Faraday constant F | molar M R = 8315 J-mol” K
atmo§pher§ o atm | free energy G | molar mass M E =0.0821 L-atm-mol” K
atomic mass unit u | frequency v | mole ol
atomic molar mass A ght ool P [ x 1 F = 96,500 C-mol”
Avogadro constant A | sram g | pressure P 1 F = 96,500 3.V~ .mol™
Ccl:lius lcr;\peralurc s h | rate constant k N, =6.022 x 102 mol
centi- prefix c |
coulomb ‘ & 'L(::‘lﬁn !g z:zdndof light : h=6626x 10 )5
electromolnvrt forcc E kilo— prefix k | temperature, K T ©=2.998 x 10* m-s
energy of activation E, liter L | time ¢
enthalpy H | measure of pressure mmHg | Volt enIBEh
entropy S| milli— prefix volume 4
PERIODIC TABLE OF THE ELEMENTS
1 18
0 V. SA
1 2
H 2 13 14 15 16 17 He
SN 2A 3A _4A SA 6A 7A | em
3 4 -] 6 7 8 9 10
Li Be B G N o F Ne
6941 | 9.012 1081 1 1201 | 1401 | 1600 | 1900 | 2018 |
11 12 13 14 15 16 17 18
Na Mg &) 4 5 6 7 8 9 10 11 12 Al Si P S a Ar
2299 | 2431 3B 4B 5B 6B 7B 8B 8B 8B 1B 2B 309 | 309 | 3207 | 35as | ey
19 20 2] 22 23 24 25 26 27 28 29 30 32 33 34 35 36
K Ca Sc Ti \Y Cr | Mn [ Fe [ Co | Ni | Cu | Zn | Ga | Ge As | Se | Br | Kr
3900 | 4008 | 4496 | 47.88 | 5094 | 5200 | 5494 | ss85 | ssos | sseo | eass | 6539 | o072 | 1261 | 49 | 7mo6 | %0 | wamo |
37 38 39 40 41 42 43 44 45 46 47 48 49 50 s1 52 53 54
Rb | Sr V¢ Zr [ Nb | Mo | Tc | Ru | Rh | Pd Ccd Sn | Sb | Te I | Xe
8547 | 8762 | 8891 | 9122 | 9201 | 9594 ©8) | 1011 | 1029 | 1064 | 1079 | 1124 | 1es | ns? 1218 { 1276 | 1269 | 1313 |
55 56 57 72 73 74 75 76 71 78 79 80 81 82 83 84 85 86
Cs [Ba | La | Hf | Ta | W | Re | Os | Ir | Pt | Au Hg | T | Pb | Bi | Po | At | Rn
1329 | 1373 { 1389 M1 1785 | 1809 | 1838 | 1862 | 1902 | 1922 | o84 | 1970 | 2006 [ 2044 | 2072 | 2090 | oom) | 1) | (@oa) |
87 88 89 104 | 105 [ 106 | 107 | 108 | 109 | 110 | 111
Fr | Ra [ Ac | RE | Db | Sg | Bh | Hs | Mt
Cx) | @6 | @ || ey | @sy | @) | @) [ @ss) | @6 | @) | @)
58 59 60 61 62 63 64 65
Ce Pr [ Nd [Pm [ Sm [ Eu | Gd | Tb
1401 | 1409 | 1442 | (145) [ 1504 | 1520 | 1573 | 1589
90 91 92 93 94 95 96 97
Th | Pa U Np | Pu | Am | Cm | Bk
2320 | 2310 | 2380 | (237) | (44) | 43) | 47 | @an)
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