Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

CHAPTER 2

Knowledge and Comprehension Problems:

2.1 How was the existence of electrons first verified? Discuss the characteristics of
electrons.

Answer 2.1: Joseph J. Thompson using cathode ray tube experiments concluded that
atoms in all matters are made of smaller particles that are negatively charged. The
negatively charged plate (cathode) emits an invisible ray that is attracted by the positively
charged plate (anode). The invisible ray is called a cathode ray and is made up of
electrons. He also calculated the ratio of mass to charge of these electrons to be 5.60 X
10-19 g/C where Coulomb, C, is the unit of electrical charge. Robert Millikang, in his oil-
drop experiments, determined the fundamental quantity of charge or the charge of an
electron (regardless of the source) to be 1.60 X 10™"? C. For an electron, this quantity of
charge is represented by -1. Using the ratio of mass to charge of the electron measured by
Thompson and the charge of the electron measured by Millikan, the mass of an electron
was determined to be 8.96 X 1028 g.

2.2 Describe the laws of (a) multiple proportions and (b) mass conservation as related to
atoms and their chemical properties.

Answer 2.2: (a) The law of multiple proportions states that atoms of one pure substance
are different from the atoms of other pure substances and when combined, in specific
simple fractions, form different compounds. (b) The law of mass conservation states that
a chemical reaction is explained by separation, combination, or rearrangement of atoms
and that a chemical reaction does not lead to creation or destruction of matter.

2.3 How did scientists find out that atoms themselves are made up of smaller particles?
Answer 2.3: Henri Becquerel and Marie and Pierre Curie showed that some atoms
spontaneously emit rays and named this phenomenon radioactivity. The radiation was
shown to consist of a (alpha), B (Beta), and y (gamma) rays. It was also shown that o and
B particles have both charge and mass while y particles have no detectable mass or
charge.

2.4 What are the similarities and differences among protons, neutrons, and electrons?
Compare in detail.

Answer 2.4: Using the information in Table 2.1, one can summarize that protons and
neutrons significantly higher mass and basically constitute the total mass of the atom (the
mass of electron is minimal in comparison). On the other hand, charge of the atom comes
equally from its electrons (negative) and protons (positive). Neutron is not charged.

. Charge
Particle Mass (g) Coulomb (C) Charge Unit
Electron 9.10939 X 107%® -1.06022 X 107" -]
Proton 1.67262 X 10°% +1.06022 X 107 +1
Neutron 1.67493 X 10 0 0
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2.5 How was the existence of protons first verified? Discuss the characteristics of
protons.

Answer 2.5: Ernest Rutherford, bombarded a very thin foil of gold with positively
charged a particles. He noticed that many of the a particles pass through the foil without
deflection, some are slightly deflected, and a few are either largely deflected or
completely bounce back. He concluded that 1) most of the atom must be made up of
empty space (thus most particles pass through without deflection) and 2) a small
neighborhood at the center of the atom, the nucleus, houses positively charged particles
of its own. He suggested that those alpha particles that deflected intensely or bounced
back must have interacted closely with the positively charged nucleus of the atom. The
positively charged particles in the nucleus were called protons. It was later determined
that the proton carries the same quantity of charge as an electron but opposite in sign and
has a mass of 1.672 X 10* g (1840 times the mass of the electron). For a proton this
quantity of charge is represented by +1. Also, since atoms are electrically neutral, they
must have an equal number of electrons and protons.

2.6 One atom of oxygen has a mass of 16.00 amu, without any calculations determine the
mass in grams of one mole of oxygen atoms. :

Answer 2.6: One mole of oxygen corresponds to the number of atoms needed to create a
mass in units of grams (16.00 grams) numerically equal to the atomic mass in amu of the
substance under consideration. Thus one atom of iron has an atomic mass of 16.00 amu.

2.7 Define a) atomic number, b) atomic mass, ¢) atomic mass unit (amu), d) mass
number, €) isotopes, f) mole, g) relative atomic mass, h) average relative atomic mass,
and i) Avogadro’s number.
Answer 2.7:
a) atomic number — the number of protons in the nucleus of an atom is the atomic
number (Z).
b) atomic mass — the mass of one atom of a substance expressed in amu.
¢) atomic mass unit (amu) - one amu is defined as exactly 1/ 12" the mass of a
carbon atom with 6 protons and 6 neutrons.
d) mass number - the sum of protons and neutrons in a nucleus of an atom.
e) isotopes — atoms with the same atomic number but different mass numbers.
f) mole - one mole or gram-mole (mol) of any element is defined as the amount of
substance that contains 6.02 x 10> atoms.
g) relative atomic mass - the mass in grams of one mole of an element is called the
relative atomic mass, molar mass, or the atomic weight.
h) average relative atomic mass
i) Avogadro’s number — number of atoms in one mole of an element.

2.8 One mole of titanium atoms has a mass of 47.88 grams, without any calculations
determine the mass in amu of one iron atom.

Answer 2.8: One mole of titanium corresponds to the number of atoms needed to create a
mass in units of grams (47.88 grams) numerically equal to the atomic mass in amu of the
substance under consideration. Thus one atom of titanium has an atomic mass of 47.88 amu.
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2.9 What is the nature of visible light? How is the energy released and transmitted in
visible light?

Answer 2.9: Light is in the form of electromagnetic radiation. Energy is released and
transmitted in the form electromagnetic waves.

2.10 (a) Rank the following emissions in increasing magnitude of wavelength:
microwave oven emissions, radio waves, sun lamp emissions, x-ray emissions, and
gamma ray emissions from the sun. (b) Rank the same emissions in terms of frequency.
Which emission has the highest energy?
Answer 2.10:
(a) Increasing wave length : Gamma Ray — x-ray — sun lamp — microwave — radio
wave
(b) Increasing frequency of emission: Gamma Ray— x-ray— sun lamp — microwave —
radio wave. The highest frequency emission, gamma ray, has the highest energy
(E=hv).

2.11 Explain the law of chemical periodicity.
Answer 2.11: State that the properties of elements are functions of their atomic number in
a periodic manner.

2.12 Describe the Uncertainty Principle. How does this principle contradict Bohr’s
model of the atom?

Answer 2.12: The uncertainty principle states that it is impossible to simultaneously
determine the exact position and the exact momentum (product of speed and mass) of a
body. Any attempt at measurement of for instance position would alter the velocity and
vice versa. For Bohr’s theory to work, he needed the knowledge of position and
momentum of an electron simultaneously.

2.13 Describe the following terms (give a diagram for each): a) electron density diagram,
b) orbital, ¢) boundary surface representation, and d) radial probability.

Answer 2.13:

a) Electron density diagram - An array of dots representing the probability of finding an
electron (electron density) of a given energy level in a given region of space (see Figure
2.7 a).

b) Orbital — not to be confused with Bohr’s “orbit” is a wave function that is the solution
to the wave equation. An orbital has a characteristic energy level as well as a
characteristic distribution of electron density (expressed geometrically in Figure 2.8).

c¢) Boundary surface representation - Another way to probabilistically represent the
location of an electron with a given energy level is by drawing the boundary inside which
we have a 90% chance of finding that electron (see Figure 2.7 b).

d) Radial probability - radial probability also called total probability, considers the
probability of the electron being at a spherical layer with respect to the volume of that
layer (see Figure 2.7 ¢).
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2.14 Describe the Bohr model of the hydrogen atom. What are the shortcomings of the
Bohr model?

Answer 2.14: Bohr suggested that electrons travel in circular paths around the nucleus
with discrete angular momenta (a product of velocity and radius). Furthermore, he
suggested that the energy of the electron is restricted to a specific energy level that places
the electron at that fixed circular distance from the nucleus. He called this the orbit of the
electron.

Bohr’s model worked very well for a simple atom such as hydrogen but it did not explain
the behavior of more complex (multi-electron) atoms and left many unanswered
questions. Also, Bohr’s model required that we know the position and speed (momentum)
of a particle at a given instant. However, Werner Heisenberg proposed the uncertainty
principle stating that “it is impossible to simultaneously determine the exact position and
the exact momentum (product of speed and mass) of a body, for instance an electron.
Heisenberg also rejected Bohr’s concept of an “orbit” of fixed radius for an electron; he
asserted that the best we can do is to provide the probability of finding an electron with a
given energy within a given space.

2.15 Describe the terms a) metallic radius, b) covalent radius, c) first ionization energy,
d) second ionization energy, e) oxidation number, f) electron affinity, g) metals,

h) nonmetals, i) metalloids, and j) electronegativity.

Answer 2.15:

a) Metallic radius- is a measure of the size of an atom equal to half the distance between
the nuclei of two adjacent atoms in a solid metallic element.

b) Covalent radius - is a measure of the size of an atom equal to half the distance between
the nuclei of the identical atoms within the covalent molecule.

c) First ionization energy (IE1)- the energy required for the removal of the outermost
electron in an atom.

d) Second ionization energy - the energy required for the removal of the second
outermost electron in an atom after the first outermost electron has already been removed.
e) Oxidation number - the number of outer electrons that an atom can give up or receive
through the ionization process.

f) Electron affinity — the tendency to easily accept an outermost electron.

g) Metals — those elements with atoms that have low ionization energies and little to no
electron affinity (Groups 1A and 2A are exclusively metallic).

i) Nonmetals — elements with atoms that have a high ionization energy and very high
electron affinity (Group 6A and 7A are exclusively nonmetallic).

k) Metalloids — elements that can behave either in a metallic or a nonmetallic manner
(some elements in group 3A, 4A, and 5A; see the periodic table).

1) Electronegativity - indicates the degree by which an atom attracts electrons to itself.

2.16 Describe (a) the nucleus charge effect and (b) the shielding effect in multi-electron
atoms.
Answer 2.16:

(a) The higher the charge of the nucleus (more protons), the higher is the attraction
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force on an electron and the lower the energy of the electron (a more stable system);
this is called the nucleus charge effect.

(b) The shielding effect takes place when there is more than one outer electron. In
this case the outer electrons repel each other because of their charge similarity. This
repulsion energy works against the attraction energy between the nucleus and the
electrons. As a result it is easier to remove these electrons from the nucleus compared
to a situation where only one outer electron exists.

2.17 Explain the Pauli’s exclusion principle.

Answer 2.17: No more than two electrons can occupy the same orbital of an atom, and
the two electrons must have opposite spins. In other words, no two electrons can have the
same set of four quantum numbers.

2.18 What can the values of spin quantum number be? Explain the meaning of these
numbers.

Answer 2.18: The spin quantum number can take on either +1/2 or —1/2.

The electron can have only two directions of spin and no other position is allowed.
According to Pauli’s exclusion principle, no more than two electrons can occupy the
same orbital of an atom, and the two electrons must have opposite spins, i.e. m="2 for
one, and m=—" for other.

2.19 Describe the factors that control packing efficiency (number of neighbors) in ionic
and covalent solids. Give an example of each type of solid.

Answer 2.19: In ionic solids, the number of cations that can pack around an anion
(packing efficiency) is determined by two factors: 1) their relative sizes and 2) charge
neutrality. Example six CI anions can pack around one Na' cation.

In covalent solids the number of neighbors (packing efficiency) around an atom will
depend on the bond order (the number of shared pairs). The number of neighbors can not
be greater than four.

2.20 Compare and contrast the three primary bonds in detail (draw a schematic for
each). Explain what the driving force is formation of such bonds or in other words why
do atoms want to bond at all?

Answer 2.20:

Ionic Bonds - metals and nonmetals bond through electron transfer and ionic bonding.
Ionic bonding is typically observed between atoms with large differences in their
electronegativities; for instance atoms of group 1A or 2A (reactive metals) with atoms of
group 6A or 7A (reactive nonmetals). In short, one atom loses an electron and forms a
cation, another atom gains the electron lost by the first atom and forms an anion. After
the electron transfer process is completed, both atoms will have completed their outer
electronic structure and take on the structure of a noble gas. The electrostatic attraction
forces between the two ions will then hold the ions together to form an ionic bond.
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Covalent Bonds - is typically observed between atoms with small differences in their
electronegativities and mostly between non-metals. At first, the nucleus of one atom
attracts the electron cloud of the other; the atoms get closer to each other. As they get
close, the two electron clouds interact and both atoms start to take ownership of both
electrons (share electrons). The atoms keep getting closer until they reach the equilibrium
point in which the two atoms will form a bond by sharing their electrons, both completing
their outer electronic structure, and reaching the lowest state of energy.

Metallic Bonds — during solidification, from a molten state, the atoms of a metal pack
tightly together, in an organized and repeating manner. All the atoms contribute their
valence electrons to a “sea of electrons” or the “electron charge cloud”. These valence
electrons (free electrons) are delocalized, move freely in the sea of electrons, and do not
belong to any specific atom. The nuclei and the remaining core electrons of tightly
packed atoms form a cationic or a positive core. What keeps the atoms together, in solid
metals, is the attraction force between the positive ionic core (metal cations) and the
negative electron cloud.

The driving for atoms to bond with other atoms through primary bonds is to lower their
potential energy levels and become more stable.

2.21 Describe a) Hess law, b) lattice energy and c) heat of formation.
Answer 2.21:
(a) Hess Law states that the total heat produced during formation of an ionic solid is
the sum of the heats required in each five stage: AH’= AH' + AH? + AH® + AH*
+ AR,
(b) The total heat, AH?, is called the heat of formation.
(c) Lattice energy, AH’, is the energy released when gaseous ions form solid ions due
to electrostatic attraction forces.

2.22 Describe the terms a) shared pair, b) bond order, ¢) bond energy, d) bond length, ¢)
polar and non-polar covalent bonds, and f) network covalent solid.

Answer 2.22:

a) shared pair — the pair of electron active in the bond between two covalently bonded
atoms.

b) bond order — the number of shared pairs between cavalently bonded atoms (maximum
of four)

c) bond energy — the energy required to break the bonds between covalently bonded
atoms.

d) bond length — the distance between the nuclei of two covalently bonded atoms at the
equilibrium point (point of minimum energy).

e) polar and non-polar covalent bonds — if the difference between the electronegativities
of the cavalently bonded atoms is zero, the bond is non-polar (no dipole). As the
difference in electronegativity between the atoms increases, the bonds become polar. This
means the shared electron will lean toward the more electronegative element thus
creating a dipole. )

f) network covalent solid — when all atoms in a solid are bonded through covalent bonds
in the form of an ordered network (example diamond).
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2.23 Describe the five stages leading to formation of an ionic solid. Explain which stages
require energy and which stages release energy.

Answer 2.23:

Stage 1: Solid metal to gaseous metal (atomization) — requires energy — AH'

Stage 2: Nonmetal molecules to nonmetal atoms — requires energy — AH?

Stage 3: Metal atoms, removing outer electrons — requires energy — AH>

Stage 4: Nonmetal toms, adding outer electrons — produces energy — AH*

Stage 5: Formation of ionic solid from gaseous ions — produces energy — AH’

2.24 Describe the properties (electrical, mechanical, etc. ) of materials that are
exclusively made up of a) ionic bonds, b) covalent bonds, and ¢) metallic bonds. Name a
material for each type.

Answer 2.24:

a) ionic solids — will be hard (difficult to indent), strong (difficult to deform permanently
or fail), stiff (difficult to deform elastically), brittle (deform little before they fail),
electrical insulators (in the solid state), and high melting temperature. Examples, MgO
and CsCl.

b) network covalent solids — will be hard (difficult to indent), strong (difficult to deform
permanently or fail), stiff (difficult to deform elastically), brittle (deform little before they
fail), low thermal conductivity, and high melting temperature Examples, quartz and
diamond.

c) metallic solids — in a pure state, generally more malleable (soft and deformable) and
less stiff than ionic or covalent networked materials. Strength can be increased through
alloying. Highly conductive (both heat and electricity). Example, copper and aluminum.

2.25 What are primary bonds? What is the driving force for formation of such bonds?
Give examples of materials in which such bonds exist.

Answer 2.25: The primary bonds are stronger than secondary bonds. Three different
types of primary bonds are found in solids — ionic, covalent and metallic. The driving
force arises from the tendency of the atoms to assume stable electron structure by
completely filling the outermost electron shell.

2.26 Explain the hybridization process in carbon. Use orbital diagrams.

Answer 2.26: The full 2s orbital is promoted to a 2p orbital to form 4 partially occupied
hybrid sp® orbitals. Each hybrid orbital will be available for bonding with another atom
for a maximum of 4.

Hybridization

HH L (] — 14 Lt Ut i

Is 25 Two half-filled Iy Four equivalent halt-tilled
2p orbitals sp* orbitals
Ground-state orbital sp* hybridized orhital
arrangement arrangement
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2.27 Define the following terms: a) dipole moment, b) fluctuating dipole, c) permanent
dipole, d) van der Waals bonds, and e) hydrogen bond.

Answer 2.27:

a) dipole moment — a moment produced to temporary or permanent separation of
positive and negative charge centers in an atom or a molecule (moment = q*d).

b) fluctuating dipole - Fluctuating dipole bonding is a secondary type of bonding between
atoms which

contain electric dipoles. These electric dipoles, formed due to the asymmetrical electron
charge distribution within the atoms, change in both direction and magnitude with time.
This type of bond is electrostatic in nature, very weak and nondirectional.

c) permanent dipole - Permanent dipole bonding is also a secondary type of bonding
between molecules possessing permanent electric dipoles. The bonds, formed by the
electrostatic attraction of the dipoles, are directional in nature. They are slightly stronger
than the fluctuating dipole.

d) van der Waals bonds — all bonds involving dipoles are collectively called van der
Waals bonds (forces).

e) hydrogen bond — a special class of permanent dipole bonds forming between polar
molecules containing hydrogen.
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Application and Analysis Problems:

*2.28 The diameter of a soccer ball is approximately 0.279 m (11 inches). The diameter of the moon is
3.476 x 10° m. Give an “estimate” of how many soccer balls it will take to cover the surface of the moon

(assume moon is a sphere with a flat terrain). Compare this number to Avogadro’s number. What is your
conclusion?

Answer 2.28:
228
_.—_‘—.-
K+
Suxate. ara op the woon = 3&-11 R R=wmdic os moon

/I3 o
6
Acmoon = £ T (3H4Z x10"m) =[26%10 m

-8
Cross -sc'c‘(‘l‘awaﬂarm o4 soccer lbbodl =~ T

A
Aot = T (F) = 008 m-

# @,F_ Soccer foq”&
(/‘-r.ed "{'a cover—

the Svrpace 4 6-061l

the wveoo+

6/\'/08 = 1%
/2 M o~ 2eozxip blls

A\fdgca.c!ro(-‘- nvmber 1s &3 1,.‘/} ror ‘/'i;nej }a@cr-,

2.29 Discuss various types of mixed bonding.

Answer 2.29: Although different solids may be more inclined to form predominantly by
a certain type of bond, other types of bonds will also be normally present. For instance, it
is possible to have i) ionic-covalent, ii) metallic-covalent, and iii) metallic-ionic
combinations.
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2.30 Sterling silver contains 92.5 wt% silver and 7.5 wt% copper. Copper is added to silver to make the
metal stronger and more durable. A small sterling silver spoon has a mass of 100 grams. Calculate the
number of copper and silver atoms in the spoon.

Answer 2.30:
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*2.31 There are two naturally occurring isotopes for boron with mass numbers 10 (10.0129 amu) and 11
(11.0093 amu); The % abundances are 19.91 and 80.09 respectively. (a) Find the average atomic mass
and (b) the relative atomic mass (or atomic weight) of boron. Compare your value with that presented in
the periodic table.

Answer 2.31:
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*2.32 Each quarter produced by the US mint is made up of a copper and nickel alloy. In each coin, there
is 0.00740 moles of Ni and 0.0886 moles of copper. (a) What is the total mass of a quarter? What
percentage of the mass of a quarter is nickel and what percentage is copper?

Answer 2.32:

2-32

——————

In each coin:

0.00740 moles of Ni

0.0886 moles of Cu

The masses of Ni & Cu are

6.02 x 1023 63.55 gr 63.55 gr
0.0074 moles X X 0.0074 moles X —————— =0.470 gr Ni
mole mole mole
58.96 gr
0.0886 moles X ——— =5.22 gr Cu
mole

Total mass = 0.470 + 5.22 = 5.69 gr

. 470 22
0p N1 = O'T'Gg X100 =89% % Cu = 5.?.69 X100 =920

6.02 X 10%®>  63.55gr 63.55 gr

0.0074 moles X X 0.0074 moles X —————— =0.470 gr Ni
mole mole mole

58.96 gr , 470

0.0886 moles X —————— =5.22grCu % Ni= 0.—.69 x100=8%
mole 5
22
% Cu = 5.?.69 X100 =92%
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2.33 In order to raise the temperature of 100 grams of water from room temperature (20°C) to boiling

temperature (100°C), an energy input of 33,440.0 J is required. If one uses a microwave oven (A, of
radiation of 1.20 cm) to achieve this, how many photons of the microwave radiation are required?
Answer 2.33:
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.34 For problem 2.33, determine the number of photons to achieve the same increase in temperature if
(a) ultraviolet (A = 1.0 x 10®* m), visible (A = 5.0 x 107 m), and infrared (A = 1.0 x 10* m) lights were
used. What important conclusions can you draw from this exercise?

Answer 2.34:

2-34

Pepm‘/‘rj prob 233 gor UV and wisible ved 7H's

Euv photon = (663% 15 JS)(3-ooxm /s )

A Ul‘wvidle"‘ 1-0 X 1072 |
(3 Evv phoﬁM = 20 XIO-H;J—

A= Ix10

2

33,440 J - 16 x10

7 o UV photong =
l-95 no'*T

£
EVI'.S ph"v - {6'63 )(lastf J.S)Cj-oo;qo M/J;‘)

S0 5.0 4\'!0—? A
b) Vls.tlo(t
- Ewvvs pk‘b\"ﬂk = 40 X lé,qJ
ﬂ :g'o’f,o M o2
of vis photons 330 J __3g4 xi0
Fover 40 x1397

3

- (6-03 xaBgcf ;r.;) (300 XxI0 Mf_r)
E1r photon —

C) .Inﬁml’f"l )0 X10” T m

-2

T 25
w—-‘?_ = 1.6 X/10

IR ph tv £ =
# of et -gc.oxm‘z{-j

rote  Euy )y Evis ) E 7 Emw
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.35 A monel alloy consists of 70 wt % Ni and 30 wt % Cu. What are the atom

percentages of Ni and Cu in this alloy?
Answer 2.35: Using a basis of 100 g of alloy, there are 70 g of Ni and 30 g of Cu. The

number of gram-moles of each element is thus,

30g

No. of gram - moles of Cu = ———=—— = 0.472 mol
63.54 g/mol
; 708
No. of gram - molesof Ni = ——=—— =1.192 mol
58.71 g/mol

Total gram - moles = 1.664 mol
The atomic percentages may then be calculated as,

0.472 mol

Atomic % Cu = (100%) = 28.4 at%
1.664 mol

1.192 mol

Atomic % Ni = L : }(100%) =171.6 at%

64 mol

*2.36 What is the chemical formula of an intermetallic compound that consists of 37
wt % Tiand 63 wt % Al? Use a basis of 100 g of intermetallic compound.

Answer 2.36: The chemical formula, Ti Al may be determined based on the gram-
mole fractions of titanium and aluminum.

37¢g

No. of gram - moles of Ti = ————— = (.773 mol
47.88 g/mol
63 g
No. of gram - moles of Al =———— =2.335 mol
2698 g/mol —
Total gram - moles = 3.108 mol
[0.773 mol|
x = Gram - mole fraction of Ti =| ——— 2" | = (.25
| 3.108 mol |
~ T
y = Gram - mole fraction of Al = Zits ol =0.75
| 3.108 mol |

Thus we have Ti, Al . or, multiplying by 3, TiAl,.
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.37 Represent the wave length of the following rays by comparing each to the length of a physical object
(example: a ray with a wavelength of 1 m (100 cm) would be approximately that of a baseball bat) : a) rays

from a dental ray, b) rays in a microwave oven, c¢) rays in a sun lamp, d) rays in a heat lamp, and €¢) an FM
radio wave.

Answer 2.37:

R-37

e

ﬂ“+aj )(_..,,a‘j . A ~ ,0"] N C}oo fimes Yhe Jrhme‘hr of an aton

M'ft,rb wae ! A v dmy foIm (‘Ms’clfmss of (Osheets op puper—
to He fenj‘”q of ay\éd’)
basc bal

Heat (amp DAy 150nm to Lamm

(';’Fm‘m&) (ﬂL év’ac{en'a/cell o Yhckness oe
16 s heets of paper,

S’un lﬂmp : O\ 4, E%Onw) to I@y‘w\i C Size oL A uirus.)

(Uv)
‘FM V“Jf'd , q U i m 7‘0 j0”") (Eucé«f/ Adt?" fo
Crﬂh/!? wa_) A f—/&;/)oje )
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.38 For the rays in problem 2.37, without any calculations, rank them in increasing order of the energy of
the radiation.
Answer 2.38:

A-3% As wave /qub /'ncrcaffg y cner47 a/ecﬂcdcs

As  wave /ﬁr\?Ha c/ecreﬂr;/ eneny U creayef

FM mdf'c? —> Mt wave —s> heot /CImP—>v Sun !ﬂmp

( Low energy )
z Y‘m 7
( fn‘qlq energy )
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

*2.39 In order for the human eye to detect the visible light, its optical nerves must be exposed to a
minimum energy of 2.0 x 107 J. (a) Calculate the number of photons of red light needed to achieve this
(A =700 nm). (b) Without any additional calculations, determine if you would need more or less photons
of blue light to excite the optical nerves?

Answer 2.39:

239

oJ) 5%9:*97 fovr de‘l'tﬂr‘on a.f "'?h_f— 197 °P""’- herve - 2°0xJ-Z-JH:]'
# of Pha‘#ﬂﬂg O.F }’E(J A’?L]'/’_HﬂleJ C 3 = 760 nm)

(663 )“0-3 g‘LJ.S)C.E&-chD xm? “/sa)

gred = = 2. X"?X!E{"J

200 x16° 7 nn

- o xislF
.-fo{;_rca, era'lmS = >0Xx10 J A % Plﬂo']vn_f.
2-&%x 16013

Cvcm] [i¥le cnergy 1 needed (F>~ pbo‘kfns)).

b) Rlve I,ql«,"’ has o lower waveligMy 4#50-495 nen .
Thvs , each photon o4 bloe ligld will have  more onergy
Yov u/m/’i need less plﬂcﬂlﬂﬂi to dedeet b,ue {"anL
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.40 A hydrogen atom exists with its electron in the n = 4 state. The electron undergoes a
transition to the n = 3 state. Calculate (a) the energy of the photon emitted, (b) its
frequency, and (c) its wavelength in nanometers (nm).

Answer 2.40:

(a) Photon energy emitted is:

AE = A[“lf"s] = [“12‘6]—["12'6] =0.66 eV =1.06x107"" J
n 4 3
(b) Photon frequency is found as:

=19
y==22 10019 ] g 6x10M B2
b 6.63x10% J-s

(c) The wavelength is given as:

42 he _ (6:63x10% 1-5)(3.00x10° mis)
AE (1.06x10™" 1)(10° m/nm)

=1876 nm

*2.41 A hydrogen atom exists with its electron in the n = 6 state. The electron undergoes
a transition to the n = 2 state. Calculate (a) the energy of the photon emitted, (b) its
frequency, and (c) its wavelength in nanometers.

Answer 2.41:

(a) Photon energy emitted is:

AE = A[_lzﬁ] = [‘13‘6]—[_13'6} =3.02eV =4.84x10"" J
n 6° 2?

(b) Photon frequency is found as:

-19
=22 480 T 53104 B2
h o 6.63x10% J.s

(c) The wavelength is given as:

P (6.63x107* J-5)(3.00x10® m/s)

R =410nm
AE (4.84x10™ 1)(10° m/nm)
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.42 In a commercial x-ray generator, a stable metal such as Cu or W is exposed to an
intense beam of high-energy electrons. These electrons cause ionization events in the
metal atoms. When the metal atoms regain their ground state they emit x-rays of
characteristic energy and wavelength. For example, a M atom struck by a high-energy
electron may lose one of its K shell electrons. When this happens, another electron,
probably from the W L shell will “fall” into the vacant site in the K shell. If such a 2p —
Is transition in W occurs, a W K, x-ray is emitted. A W K,, x-ray has a wavelength A of
0.2138 nm. What is its energy? What is its frequency?

Answer 2.42:
-34 8
_he _(6.63x107 ] s)(3.090x10 5) _ g 3010715 J
A (0.02138 nm)(10™° m/nm)
E_ 930x107°
—2 250X T g 40x10" Bz
h 6.63x107"J-s
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

*2.43 If the value of the principal quantum number, n, is 3, write down all possible quantum

numbers for / and m,
Answer 2.43:

243 -
~1
e
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.44 Using the information given in Examples 2.4 and 2.5 determine the uncertainty associated with the
electron’s position if the uncertainty in determining its velocity is 1%. Compare the calculated uncertainty

in the position with the estimated diameter of the atom. What is your conclusion?
Answer 2.44:

A
667 % o speed of /r'eiﬂté

speed of clectron
ol66F x 3-0x10 =50:0x10 ",

l% l/ﬂCEr;{z:rf‘H?% {‘m m¢0(fhr€men'/ o4 _cpeeoi 6‘ e
00l X s0-0x10 =500 X110,

o
—

—=
662 X0 1

rfj-m"
s

Uer\‘qM"’j [ Pas}']‘fon/ Ax = h -
“rimbu H4TT(AN x153) Kgr)

¥ (soo x10” k€9r)

CL!‘QMC"{'{(— at d‘(*cm SN -1 nm
Un Ce/‘{a I‘n‘(—b’ = "Hv( pﬂfl‘%bh of e (<o ”{‘U‘Un
will be Close to Hlﬁ Size of e ateim.

note
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.45 Repeat problem 2.44 to determine the uncertainty associated with the electron’s position if the
uncertainty in determining its velocity is 2%. Compare the calculated uncertainty in the position with that
of problem 2.44. What is your conclusion?

Answer 2.45:

245 2% Uncerfarhvl-«/ ascocrated  with speed

6 3
02 X sooxip™ = (000 X0

=  Vhe carms@odneff’y_@ uy;(e”(q(l«,,l,j L pd.S’ﬂLfdr]
u/f‘l/ b&
~ 3 2
Asx > 662 XI10 1 kﬂs'“"
o i
-7 (ﬂcl{xfo'3' ;cjr)(roooxm?‘ "”@")

-]
AX,)/ j'?!z? XlOl m A 0-05FF nm

note: the l/VlCey‘La(‘n“'\{ % puf‘F\‘c/w decrease
10 the Vac!ftxﬁ oL q“‘e/m I uylcgy'lq.'y,l-‘{ ('v,

SpCt’c( 0f efecl\'vn \Mereajes o 2% .
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.46 Determine if the following combinations of quantum numbers are acceptable.
(@ n=3, F0,m/=+1

(b)n=6, =2, m/=-3

(c)n=3, 3, m/=-1

dn=2, =1, m=+1

Answer 2.46:

246
—a) n=3 _,D:CJ s, My ::—t-| s ho+ POS‘SiL—_,lf} My =o
-2
b> n:6//0:‘2/ m,ﬂ =-3 N no'l—.aossilgle /_z<ml<_,_z_

C) n=3, ,D—..:B/ Mp=-| na+ po&sib(a) b="0,1,2

Lfor na3
(l) )’\:2/,0;1/ W\/Q-‘—‘l'l Cpossible
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.47 In each row (a through d) there is only one piece of information that is wrong, highlight the
information that is wrong (explain why).

n /4 m Name
(a) 3 0 1 3s
(b) 2 1 -1 2s
(c) 3 3 +2 3d
() 3 3 0 af
Answer 2.47:

Cno-l-c: onle one thlm( S W yyne )

N KL ML Name
O

Ef_] 3 5

b) = O I

3 @ + 2 3d ;

=1
N’
W
W
S
_F_
Ak

since -—Q =0

Sin € /0”1

UBE

name » 2

J - 2 Siice. my YT
and V\a.m.cisgd-

n.._zva}- 51‘HC€ —-(=3 ‘L”J-
name 15 ‘”‘f
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.48 For each pair of 7 and / given below, give the sublevel name, possible values of m,, and the
corresponding # of orbitals.

@n=1, 0

(byn =2, =1

(c)n=3, 2

(d)yn=4, =3

Answer 2.48:

A-4Y sublevf

m
name. Q2

b nez, A-1= 2P -vos =

# o4 orbikedg

O) n= ,P-.-—?_? 3d -2,-1,0,tH+2 5

d) n=4) /p::3%z+'f "3/"77'“'10/+‘/+2’+3 kB
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.49 Determine the electron configuration and group number of the atom in the ground state based on the
given partial (valence level) orbital diagram. Identify the element.

i A .

4s 3d 4p
Answer 2.49:

AL 5
61# e o\A-e\f e(ﬁQ’&\’c’w S%"VUL‘/VG \'S U< Lf-Pl

Tﬁ{g ynean g 2.5 SUbValm+ eledm-/ns,
Totad # &4 elechos wil] be 3.
The e(emcn’lLr‘_c - Ga Cgalh‘uw\)

(All'?\’na'l‘tbvcl\j ‘e C}emrﬂ+ Xy |‘Vi "Mle Svd go/umn

gince 3 o\/'l"erelu.&runs d\vrcl \C"W’H/\ pen‘aA Since

L"Squf’ioq_ —2> @4)
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.50

Write the electron configurations of the following elements by using spdf notion:
(a) Aluminum, (b) Titanium, (c) Iron, (d) Tungsten.

Answer 2.50:

(a) Al (Z=13), [Ne] 3s?3p' (b) Ti(Z=22), [Ar] 4s°3d*

(c) Fe (Z=26), [Ar] 453d° (d) W(Z=74), [Xe] 4/**5d*6s*
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

*2.51 Determine the four quantum numbers for the 3™, 15" and 17" electrons of the Cl atom.
Answer 2.51:

;\-ff# Ch  hae 7] electronsg

3 ¢ leetron d{ Ve (0 alom © n=2, d=o0s, m=0, ms=sh
i elechom of the Latms n=5, A=1,P, my=g], me=t L
{7%’1 e!{((’Y‘Un @-f-r\f_(llf FJQ’(\’m: Nn=3, ,P—.:]_JP ) Mf=0, M$=-1

e
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

*2.52 Rank the following atoms in (a) increasing atomic size and (b) decreasing first ionization energy,
IE1. Use only the periodic table to answer the questions. Check your answer using Figures 2.10 and
211,

i) Ar,Li,F,0,CsC

ii) Sr, H, Ba, He, Mg, Cs
Answer 2.52:

\5 N . by
SR a) fnCﬂfﬂU’"”‘? q',‘an/u(_ < 1EC

i) Ar - period 3, grove ¥

L . Pen'c}é 2-/ ?N‘/(? 1

- pew'oflzf
Pen‘dcll, L o

(s peﬂ‘ad 4, 5'@‘791
a , éfc;/t’dcl 2/ 9’””‘//” L}L

%qn pQVf‘()Clg
" éc 5m6{1/('/
pcn'ocl 2 elements will o

,Hhan period 6

g rdp 7_
6

Ll‘/ F/ C)/C’ ‘ dws\v\b\
A-r \V\
Cs

pe nod 2

St .
ANl 'Ham erl'ac’ 5
1 09 A ;ﬂen'dcl &
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Uffﬂfm each period s size  decreases maw‘wa(d Yhe vight

}hd aqﬂn;&s‘+"“ ” Ll Fr

;V\O’cmiM‘
g 12C

V

Prr, [M%eﬂom(/;% )\n PO)Q?JC{ 3/
oy Lo Lol ,ar@rr Hiom
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.53

Write the electron configuration of the following ions by using spdf notation:
(a) Cr**, Cr*F, Cr*"; (b)) Mo®", Mo*", Mo®™; (c) Se**, Se®', Se?".

Answer 2.53:
(@)Cr  [Ar]3d°4s' (b) Mo [Kr]4d®5s' (c) Se [Ar]3d'’4s%4p*

ct [Ar]3d* Mo’  [Kr] 4d? Se*" [Ar] 3d'%4s?

crt [Ar]3d? Mo*"  [Kr] 4d? Se®™ [Ar]3d"

cr* [Ar] Mo®  [Kr]4d® Se?~ [Ar] 3d'% 4s%4p®
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.54 Rank the following atoms in (a) increasing atomic size and (b) decreasing first ionization energy,
IE1. Use only the periodic table to answer the questions. Check your answer using Figures 2.10 and
2.11.

i) K, Ca, Ga

i) Ca, Sr, Ba

iii) I, Xe, Cs
Answer 2.54:

-S4 R) A"I‘e)ml‘c Cize Cl'hcrcad r‘wq‘)

i) as we wove to /"'—’F+ i & period , atomi'c size  Increages

Ga : period 4 grevp3
Ca @ pered ¢+ grovpZ = @a, C&, < éiuc;iif:z
|£ ¢ peried grevel

b) Tonitatim Sversy (decreusiag )

05 we move Yo \e.{—+ in & period y Ehn;?-q‘Ll'un enevgy inereales

== é‘ﬂ; Ca J |< é c/e.m;f,,, 07’c{¢/ )
0-) Altemic Cize C!'Mrms.‘m))
U) Ca : penbo’ & ja"avroL
Sr: pen'aJS ﬁr—dv}al
Bq 3 perr‘acl. é qno.,p’z_
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nS wWe move down M a  grevpy, Ve ‘?'LJM"C_ St2-e InCrease).

= (a,Sr, RPa ( inerusiag siz)

b) Ton i%ﬁ\“'l‘dn Gnemy CCICCmS('mj)

fon f%ﬂ“A'CM \f’ntrqv u/i” hwc %t’ dppen.t:{{%g
rf‘h_‘n(i a9 \qu"{“ 0} o(‘LJMt'Q S17€,

( as we move dodn V4 & Grovp jani zation enerq™y

TV\\/S decreases \
C A gr‘j B A

/
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Problems and Solutions to Smith/Hashemi
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2.55 The first ionization energies of three atoms with electronic configurations (a) [He]2s?, (b) [Ne]3s',
(c) [Ar)4s' and (d) [He]2s' are given to be 496 kJ/mol, 419 kJ/mol, 520 kJ/mol and 899 kJ/mol.
Determine which IE1 belongs to which electronic structure and explain your answer.

Answer 2.55:

>56

[He ] 25 [HeJ2s [ Ned3<'  and [Ae

= all Lelors to grovp L. The ol
CHt]M| Voot i ?aca\t\‘ic( (v e }OMEJ'F
[NI3s period,  will have  the

[_-Fcy]%.l lowest _IEI . Thug

Iz, r:m;m: ~ 44 K3 g
Ig, [NeTzc =496 FIZog

CHe] T L»eﬂonj} + Ue 5@.&-’1,:1:),
groJp 1 pevpd I . Thus V75

TE, must be h(jl«er I"H”"‘ [HJ).C' ’
Ths, T6 [Hed™ = 899 ¥3,. 4
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2.56 Sm'ular to Figure 2.15 use (a) orbital diagrams and (b) Lewis symbols to explain the formation of
Na* and O” ions and the corresponding bonding. What is the formula of the compound?
Answer 2.56:

ACE A) 01 brYa X cu'agruM

— Na,

L |
1S s 25 3¢ 2 >

on l:LT_\ AR 1& 25 2P .
o+ A (1Y U\J, N
M AU ARAN - | J

A (AW JAJJA A

+ R [ ALK

AW [414] {i\_MM;

Chemiod Sormoy = NQQ_O
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2.57 The first ionization energies of two atoms with electronic configurations (a) 1s*2s2p°® and (b)
15*25%2p°3s' are given to be 2080 kJ/mol and 496 kJ/mol. Determine which IE1 belongs to which
electronic structure and justify your answer.

Answer 2.57:

[ £ 2>¢ >2p . Qs Alom lodo.\jg 1o cﬁwuho'ﬂﬂ.
Lhs ouvler eleciton shrvctue i
66»1,0,&49- T+ will be ci'e‘\cpt'cul"”
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2.58 Calculate the attractive force (¢ —« o) between a pair of Ba>* and S> ions that just

touch each other. Assume the ionic radius of the Ba** ion to be 0.143 nm and that of the
S% ion to be 0.174 nm.

Answer 2.58:

The attractive force between the ion pair is found by applying Coulomb’s law,

attractive 47(801202

Where Z; =+2 for Ba**, Z,=-2 for S*, and
a, =T +re =0.1431m +0.174 nm = 0.317 nm =3.17x10"" m

Substituting,

- (+2)(-2)(1.60x107" C)? -9
Foricrive = =9.16x107° N
HE T 47(8.85%10712 C?/N-m?)(3.17x107° m)>

2.59 Calculate the net potential energy for a Ba®>* S* ion pair by using the b constant
calculated from Prob. 2.58. Assume n = 10.5.
Answer 2.59:

The repulsive energy constant b is:

~ Frepuisive®s”" _ ~ (~Fpursctive )0 _—(9.16x107" N)(3.17x 10" my
n n 10.5
=5.045x10""° N.m"
Thus the net potential energy between the ions is,

b=

_*ZZye® b

Bapsz— -

E

dre,a, a)

~ +(#2)(-2)(1.60x107"° C)? 3 5.045%107""° N.m'°
47(8.85%1072 C? /(N-m?))(3.17x10 m)  (3.17x107'" m)'%?

=(-2.905x107"® 1)+ (2.765x107™"° J) =-2.63x107% J
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2.60 If the attractive force between a pair of Cs” and I ions is 2.83 x 10 N and the ionic
radius of the Cs" ion is 0.165 nm, calculate the ionic radius of the I" ion in nanometers.
Answer 2.60:

From Coulomb’s law,

" - VA —(+D)(-1)(1.60x107™" C)?
47e,, Fopractive | 47(8.85%107'% C?/(N-m?))(2.83x10™° N)
2.852x107'% m = 0.2852 nm

The ionic radius of iodine is thus,

- =a, —rq. =0.2851m —0.165 nm = 0.120 nm
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Problems and Solutions to Smith/Hashemi
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2.61 Calculate the lattice energy for the formation of solid NaCl if the following information is given.
What does the calculated lattice energy tell you about the material?

109 kJ is required to convert solid Na to gaseous Na

121 kJ is required to convert gaseous CI° to two monatomic CI atoms
496 kI is required to remove the 3s' electron of Na (form Na+ cation)
-570 kJ of energy (energy is released) to add an electron to the ClI

-610 kJ of energy to form gaseous NaCl (heat of formation of NaCl)
Answer 2.61:

261 N (A

*;;mi%q%oa of Na, AH:I'—_ 1109 ¥3 (eney iapit)
alemization 04 CHQZ) AHL—— + 12 ] ( erergy ""PU*{
Removing 35" eleetyoms, A= 4496 J (eneay fapot,

ﬁiéf*ﬁ electom TO C—Q/ AH%: ~ 570 EJ (3"“5’7“1 ""(“3‘{

To 8] |uuic g0 li(! from Cuseaus Nacd y AHI—_; [q‘(‘[{;e energy (_Unlcwown")
Meat of gormatian (o Ne(d = — 600 KJ CAHOJ

" 1 2 2
PH = AR+ AH +AH + A 4 AT

S
— &0 = 4D % 12 + 496 —570 + AH
— AR = — 636 k]

as solid Nuc ¥ s formed 636 kJ O enemy

1S Y"e\eﬂdté,
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*2.62 For the each pair of compounds presented below, determine which has the higher lattice energy
(more negative). Explain your answer. Also, which of the six ionic compound do you think has the
highest melting temperature and why? Verify your answers by checking Table 2.5.

(a) LiCl and CsCl

(b) Cs Cl and RbCl

(c) LiF and MgO

(d) MgO and CaO
Answer 2.62:

._i-.—f-?: ¢l ¢ common +o Lot wmpoyude.

&) Licd sk b oat Yhe sime of Hhedtion

t‘v\c,re.aSe__; CCS >Ll) ) Hne la‘Ht'c,ﬂ {mergj elecrtases
Thve il will have Lu’qlner et ce vaergj Yan U

L) CgC,Q RL, C_.JQ ; (_’—'g (2 Common Yo Lot COM(‘J-KL
Size ot Cg \.S Lovﬁe_f \HMU/L QL; CC5> ij

The eLc Al hag a h{?her laH ice energ y
an C_;C,Q. |

C) L F M70 : Mﬂ-H cmd O__ L\ave.
hfﬁLe.f 10u('c d"q'ﬁc Han L[T dmcI F . Thus

!VBO will ave ,kl,u'ﬁfqe/ M\Hr‘ce M0’97
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Problems and Solutions to Smith/Hashemi
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2.63 For each bond in the following series of bonds, determine the bond order, rank bond length, and rank
bond strength. Use only the periodic table. Explain your answers.

(a) S-F; S-Br; S-Cl

(b) C-C; C=C; C=C

Answer 2.63:

263
&) 9—F ) -.S—BY/' < A

N6+ﬂ S S ‘(JM_ oMMy e(cmeﬂ"]'. N( (oonig ‘(10(&/6_

order 'ohe’  since all have one Chaved PV

Sinee. the diameter of  Br is lager tha A

and ¢ ic arger Han F,  the boad length
Of S-8- will be 3r‘¢q{er Hagn C-C A léj-{*e,q‘(ﬂ’
Yha, ¢-F.

Bond MW will have an  (nverce velation
chip wit  loond length .

T‘ﬁ’us, $-F Sh‘nnaer ‘HA&V\ g-C-Q S{Yvr\gfr qufh S-Br.
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The bond order (< ({{'m&q m(qi,,(l o nx/M{aer O~
shared pairs .
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¢=C, ( bond order 043
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*2.64 Calculate the lattice energy for the formation of solid NaF if the following information is given.
What does the calculated lattice energy tell you about the material?

109 kJ is required to convert solid Na to gaseous Na

243 kJ is required to convert gaseous F, to two monatomic F atoms

496 k] is required to remove the 3s1 electron of Na (form Na+ cation)

-349 kJ of energy (energy is released) to add an electron to the F (form Na- anion)
-411 kJ of energy to form gaseous NaF (heat of formation of NaF)

Answer 2.64:

2-b4+ Na

Adomization of N, A - toq ¥J (erergy impvh)
atomization of F, AM=i243 k5 (enemy irpod)
Pemosing 35" clechans, AN’ _1496 k] (eremy inesh)
Prdding electron 4o F, AH'- -349 KT Cemryy velosed
o form jaic svlfcl fom Gusears Ny F/ AH‘I:. loﬂ{ce eneryy Lu»\lcnowﬂ'}
Heat= o @amation ror NaF = - Il €T CAR®)

0 2 5
DU = AU+ A4+ AR 3 AN+ A Y

s
4| =+109 + 243 w6 — 349 T 4N
= AH" = —0 KT
as solid  NaF g tomed G0 KJ voleased.
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2.65 List the number of atoms bonded to a C atom that exhibits sp3, sp2 , and sp

hybridization. For each, give the geometrical arrangement of the atoms in the molecule.
Answer 2.65:

sp® hybridization: Four atoms are bonded to a central carbon atom in a tetrahedral arrangement. An
example is methane, CH,.

sp” hybridization: Three atoms are bonded to a carbon atom in a planar arrangement. An example is
ethylene, CH,: CH,.

sp hybridization: Two atoms are bonded to a carbon atom in a linear arrangement. An example is

acetylene, CH:CH.

Methane Ethylene Acetylene
Pl N Y H—C=C—H
L~ NH
Tetrahedron / s : Linear
—Plane

2.66 Is there a correlation between the electron configurations of the elements potassium
(Z = 19) through copper (Z = 29) and their melting points? (See Table 2.7).

Answer 2.66:

A possible correlation between the melting points and the electron configurations of the elements from

scandium (Z = 21) to copper (Z = 29) is that unpaired 3d electrons cause covalent hybridized bonds, and
hence give higher melting points to these transition metals.
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2.67 Rank the following covalently bonded atoms according to the degree of polarity:

C-Cl; C-Ge; C-B; C-C.
Answer 2.67:

2--67

oi— Cl AE?‘ pa/@rﬁ/‘y — c/enﬁm 564‘/35;/ Here éy </t
X 3.0

Cc —6Ge AJ-A /”/ﬂr/él —  elechvn shares more f)r e
oS /8

- A A /;o/qnf — elechon shores’ mere Ly
oS 0 ﬁ /

C~C nm,oa/e/ , Mo ofFeesce o e/ec;v‘ra'qyﬁfsy;f
DvS oS /

JA éré 79/ €,

C-Ge > c-L > cc-ct >c—-¢C
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Problems and Solutions to Smith/Hashemi
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*2.68 Most modern scanning electron microscopes (SEMs) are equipped with energy
dispersive x-ray detectors for the purpose of chemical analysis of the specimens. This x-
ray analysis is a natural extension of the capability of the SEM because the electrons that
are used to form the image are also capable of creating characteristic x-rays in the
sample. When the electron beam hits the specimen, x-rays specific to the elements in the
specimen are created. These can be detected and used to deduce the composition of the
specimen from the well-known wavelengths of the characteristic x-rays of the elements.
For example:

Wavelength
Element of K, x-rays
Cr 0.2291 nm
Mn 0.2103 nm
Fe 0.1937 nm
Co 0.1790 nm
Ni 0.1659 nm
Cu 0.1542 nm
Zn 0.1436 nm

Suppose a metallic alloy is examined in an SEM and three different x-ray energies are
detected. If the three energies are 7492, 5426, and 6417 eV, what elements are present in
the sample? What would you call such an alloy? (Look ahead to Chap. 9 in the textbook.)
Answer 2.68:

The elements may be identified by calculating their respective wavelengths.

(@) A=t (6:63x107"1:5)3.00x10° m/s)
E (7492 eV)(1.60x10™"° J/eV)

=1.659%x10"° m=0.1659 nm = Ni

From the table provided, a wavelength of 0.1659 nm corresponds to nickel, Ni.
4 ke (6.63x107** J-5)(3.00x10® m/s)
E (5426 eV)(1.60x107° J/eV)
=2291x10"" m=02291nm = Cr

(b)

From the table provided, a wavelength of 0.2291 nm corresponds to chromium, Cr.

© 1=2_ (6.63x107* J-5)(3.00x10° m/s)
E  (6417eV)(1.60x10™ J/eV)

=1.937x10"" m=0.1937nm = Fe

From the table provided, a wavelength of 0.1937 nm corresponds to iron, Fe.
The elements present, nickel, chromium, and iron, are the primary constituents of the
austentic stainless steels.
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*2.69 Compare the percentage ionic character in the semiconducting compounds CdTe
and InP.

Answer 2.69:
Applying Pauling’s equation to CdTe and InP compounds,

For CdTe (2—6), % lonic character = (1 — e *0529")100%) = 6.1%

ForInP (3-5), % lonic character = (1 — g tas(S=2 s )(100%) = 8.6%

While a 2 — 6 compound typically has a higher ionic character than a 3 — 5, the relatively high
electronegativity of phosphorous causes InP to be more ionic in nature.
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*2.70 Both K and Ca are group 2A metals. Why is the melt temperature of Ca higher
than the melt temperature of K?

Answer 2.70:

In metals, as the number of valence electrons increases, the attraction force between the
positive core and the electron cloud also increases. In group 2A metals, for example, K
with one valence electron has a melt temperature of 63.5°C compared to considerably
higher 851°C for Ca with two valence electrons.

2.71 Of the noble gases Ne, Ar, Kr, and Xi, which should be the most chemically
reactive?

Answer 2.71:

Xenon should be most reactive since its outermost electrons (5s°6p® ) are further away from the nucleus
than the other noble gases, and thus easier to remove.
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Synthesis and Evaluation Problems:

2.72 *k, “k,and "'k are the three isotopes of potassium. If *’4 has the lowest %abundance, which

other isotope has the highest?
Answer 2.72:

272

Note—  prom Hie periodic tabl \had Yhe elrfive adowmic

macs o |- ke s 39 /0 grans. TOGie avmber 18
mvelh close Yo 39 VHgn Yo pr . Thus, gt'\/en Vhat

EY s Yhe Jemet abumdant, 37}4 pvst be He waet abudadt
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2.73 According to section 2.5.1, in order form monatomic ions from metals and nonmetals, energy must
be added. However, we know that primary bonds form because the involved atoms want to lower their
energies. Why then do ionic compounds form?

Answer 2.73:

273

Althogh  eneryy s added clur«‘»j a(amflaa%‘af‘ £
metals and  non mehu@s, when colid 1onic

M&d‘frrajg are .Jcarmeol/ q. _;,'5,”*{;,*@,4—(— qmawt’/‘

of €nergy s released tatlice eneray) , The ouc*H\/ILt( wil
yesu| T in we veleasc of energy. Thes, Hie e:ne@\f
O Hie q‘{dm,(’ mvolved 1S lowered.
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2.74 Cartridge brass is an alloy of two metals: 70 wt% copper and 30 wt% zinc. Discuss the nature of the
bonds between copper and zinc in this alloy.
Answer 2.74:

Q1

__——-—"—__.-

BoW copper and Ziac cre p pemba/ VAP
Y‘&t pﬁ/r'dclf'c 45[&,(19

The e(ea“ﬁﬁom'c S+r“ud‘\1r‘€ of copper (S

2> s 6 > 10 '
1S 28 2P 35 34 U8

a.V\é %+ O+ %y\ ,‘S
1€ 28 2% 35 5p° 5d0 us”
The 3&. and WS ovbitads ot Zwml  are F,u”.
Thve t hed g.itjv\i‘.[—l“cavlw \eed \lende"lct/ {or"
CO‘v¢t|eﬂ+ 'bcm&'i-/\ﬂ. (,U'ﬂ&l‘/\ LU (\_Q r‘epquf'i
10\1 %n/ %c OUQVaﬂ_Q ()«erc«enﬁge of qul€4+
lﬂdn@]g dryPS Thve bmgs C‘_?O uh“%,CLk —-SOuJ’I'%b
will have a higher pereentage metallic bonde  whe n
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

*2.75 The melt temperature of Li (180°C) is significantly lower than the melt temperature of its neighbor
Be (1287°C). Can you explain this in terms of the differences in electronic structure?
Answer 2.75:
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.76 The melting point of the metal potassium is 63.5°C, while that of titanium is 1660°C. What
explanation can be given for this great difference in melting temperatures?
Answer 2.76:
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.77 Regardless of the type of primary bond, why does this tendency exist for atoms to bond?

Answer 2.77: ‘
The tendency of an atom to bond with other atoms lowers its energy level and enables it to
exist in the most stable state after bonding.
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

*2.78 Pure aluminum is a ductile metal with low tensile strength and hardness. Its oxide Al;O; (Alumina)
is extremely strong, hard, and brittle. Can you explain this difference from an atomic bonding point of
view?

Answer 2.78:
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.79 After ionization, why is the sodium ion smaller than the sodium atom? After
ionization, why is the chloride ion larger than the chlorine atom?

Answer 2.79:

After ionization to the Na’, the Na atom becomes smaller because the electron-to-proton
ratio of the Na atom is decreased when the Na' ion forms. Also, the outer third shell no
longer exists once the 3s ' electron is lost by the Na atom.

After ionization, the C1 ™ ion is larger because the electron-to-proton ratio of the chlorine
atom is decreased by the ionization process.
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.80 Silicon is extensively used in the manufacturing of integrated circuit devices such as transistors and
light emitting diodes. It is often necessary to develop a thin oxide layer (SiO,) on silicon wafers. a) What
are the differences in properties between the silicon substrate and the oxide layer? b) Design a process
that produces the oxide layer on a silicon wafer. c) Design a process that forms the oxide layer only in
certain desired areas.

Answer 2.80:
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Pﬁf';l'—c'/ DK[‘C/OL‘HOA/ De_ cCcan expPosc

Cer‘Lal‘h Vesfcng ‘)rt’_) C,L\CMFCJ ‘E"(‘F-LMVI S
Yhe oxide nq %Vr‘a_f . This

qn& yremduve
a_ mas |

IS 01{_4-6:/\ done bt/ a\p,«dlyfnj
with & Specific pc{“f‘fem b Hhe Swirace o

<) Cf«ee jﬁt’gdr& V+-4-‘/->.

PROPRIETARY MATERIAL (c) 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be 61
displayed, reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond

the limited distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student

using this Manual, you are using it without permission.



Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.81 Explain, on average, the melting points of pure metals are lower than ceramics. In
general, alkali earth metals have higher melting points than alkali metals. Why?

Answer 2.81:

The pure metals do not require to break the bond between the ionic core and the electron
cloud. Thus, on average, ceramics (most are ionic and covalent bond materials) have
higher melting temperatures because they require breakage of the bonds for melting.

In general, alkali metals (group 1A) have only one valence electron and possess almost
exclusively metallic bonds. As a result, these metals have lower melting temperatures than
alkali earth metals (group 2A) that have two valence electrons and a higher percentage of
covalent bonding.
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.82 Graphite and diamond are both made from carbon atoms. a) List some of the physical characteristics
of each. b) Give one application for graphite and one for diamond. c) If both materials are made of
carbon, why does such a difference in properties exist?

Answer 2.82:
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.83 Methane (CH,) has a much lower boiling temperature than does water (H,0).

Explain why this is true in terms of the bonding between molecules in each of these two
substances.

Answer 2.83:

The methane molecules are bonded together by weak ~C—H dipoles. The water molecules are bonded
together by the much stronger —O-H hydrogen bonded dipoles.

2.84 Describe fluctuating dipole bonding among the atoms of the noble gas neon. Of a choice between the
noble gases krypton and xenon, which noble gas would be expected to have the strongest dipole bonding
and why?

Answer 2.84:

A fluctuating electric dipole exists in the atoms of noble gases, such as neon, because there is, at any
instant, an asymmetrical distribution of electrical charge among their electrons. The noble gas xenon
would be expected to have a stronger fluctuating dipole moment than krypton since it has an additional
electron shell; the krypton atom has four electron shells while the xenon atom has five. The electrons of

this fifth shell, being further away from the xenon nucleus, and are able to fluctuate more and thus create
greater asymmetry of charge.

2.85 Carbon tetrachloride (CCly) has a zero dipole moment. What does this tell us about
the C—Cl bonding arrangement in this molecule?
Answer 2.85:

Since the molecule CCl, has a zero dipole moment, the C—CIl bonding arrangement must be symmetrical
about the carbon nucleus.
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2.86 Stainless steel is a corrosion resistant metal because it contains large amounts of chromium in its
composition. How does chromium protect the metal from corrosion?
Answer 2.86:
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.87 For each of the following compounds, state whether the bonding is essentially

metallic, covalent, ionic, van der Waals, or hydrogen: (a) Ni, (b) ZrO,, (c) graphite, (d)

solid K, (e) Si, (f) BN, (g) SiC, (h) Fe;0s, (i) MgO, (j) W, (k) H,O within the molecules,

(1) H,0 between the molecules. If ionic and covalent bonding are involved in the bonding

of any of the compounds listed, calculate the percentage ionic character in the compound.

Answer 2.87:

(a) Ni Nickel bonding is primarily metallic.

(b) ZrO,: From Pauling’s equation, the Zr—O bond is 73.4% ionic and
26.6% covalent, where x, and x5 are the electronegativities of
zirconium and oxygen, respectively.

(c) Graphite: The bonding is covalent within the layers and secondary
between the layers.

(d) Solid Kr: The bonding represents van der Waals due to fluctuating
dipoles.

(e) Si: Silicon bonding is covalent.

(ff) BN: The B-N bond, from Pauling’s equation, is 26.1% ionic and
73.9% covalent.

(g) SiC: The Si—C bond is 11% ionic and 89% covalent.

(h) Fe,Oa: The Fe-O bond is 55.5% ionic and 44.5% covalent.

(i) MgO: The Mg-O bond is 70.2% ionic and 29.8% covalent.

g w: Tungsten bonding primarily consists of metallic bonding with
some covalent character.

(k) H,0 within the molecules: The H-O bond is 38.7% ionic and 61.3% covalent.

(1) H,O between the molecules: Hydrogen bonding exists between H,O molecules.
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*2.88 In the manufacturing of a light bulb, the bulb atmosphere is evacuated and then filled with argon
gas. What is the purpose of this?
Answer 2.88:
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.89 A certain application requires a material that is lightweight, an electrical insulator, and has some
flexibility. a) Which class of materials would you search for this selection? b) Explain your answer from

a bonding point of view.
Answer 2.89:
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

2.90 A certain application requires a material that is electrically non-conductive (insulator), extremely
stiff, and lightweight. Which classes of materials would you search for this selection? b) Explain your
answer from a bonding point of view.

Answer 2.90:
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2.91 Robots are used in auto industries to weld two components at specific locations. Clearly, the end-
position of the arm must be determined accurately in order to weld the components at the exact position.
a) In selecting the material for the arm of such robots, what factors must be considered? b) Select a proper

material for this application.
Answer 2.91:
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