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Section 2.1 — Atomic Structure

PP 2.1 Calculate the number of atoms contained in a cylinder 1 um in
diameter by 1 wum deep of (a) magnesium and (b) lead. (See
Example 2.1.)

% bk 516 atoma a5 (174 91200y
PP 2.1] ) Ny i, bbduro”a " 1293 3 7e7) G

x 3559 Cu /Wy atoes Gt
24309 My /Ky adoee Ay

= 338 x/0® athus My

- » (/.34 o /:-’2 74
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R G /Ny atoms C
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= 2.59 x 10® atha Pl
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PP 2.2 Using the density of MgO calculated in Example 2.2, calculate
the mass of an MgO refractory (temperature-resistant) brick with
dimensions 50 mm X 100 mm X 200 mm.

PP 2.2 mepl = (3.60 3 /e N107 confom?)

x (50X(700)(:200) mm 3
= 3.60 xlo"_j 3.4 =0£1

PP 2.3 Calculate the dimensions of (a) a cube containing 1 mol of copper
and (b) a cube containing | mol of lead. (See Example 2.3.)

63.55 9/met \ U3

(1) edoe = [(207.2 8/ ime! %
Jﬁ fAJ*J /e x fﬂhh/-g- =24.34 m
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Section 2.2 — The Ionic Bond

{a) Make a skewch similar to Figure 2.4. illustrating Mg and O

PP 2.4 atoms and ions in MgO. (b) Compare the elecronic configurations
for the atoms and ions illuscrated in pan (a). (c) Show which
noble gas atoms have electronic configurations equivalent to those
llustrated in part (a). (See Example 2.4.)

PP 2.4 (a)

(1) M E 15*;5=;£‘3, 0: .f.s‘.?s’...?:*
—MJH 1s2ast .2; 0> _[5-1_?‘,.1_??;

(c) Ne and Ne

(a) Using the ionic radii data in Appendix 2, calculate the coulombic
PP 2.8  force of attraction between the Mg>® — O ion pair. (b) What is
the repulsive force in this case? (See Examples 2.5 and 2.6.)

PP 2.5 | Whemdppadiy 2,

\’-‘?‘f = E.". G?fnn

raﬂ‘- = -ﬂ. !32#“

Then,
ﬂn- P wm o078 amAt C.l32nm= O.2/0nn

e ox
Foa- (9x0 Ve JC )4 2 X0t xs6™ " ) (-2 ) 0.1k x10~*C )
(o.a10 x/t0~ %)%

= 20.9x0" TN

(5) F;?- —_ Ft‘ = -.lﬂ.?rfﬂ"ﬁ'
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PP 2.6 Calculate the minimum radius ratio for a coordination number of
(a) 4 and (b) 6. (See Example 2.7)

%L

6= '0‘5 (see Fiqure. 2.19)

PP 2.6

Sin .L—-“ 3 )- =
r+

C.7Ibbr + 0.816LR = R
C.1834 R = 0.81kb r

JNMJ J Iﬁu”a_

%= 0.2a5

) .ﬂ r+R
% R
B=45"°
Sim 45':-;3?

0.707r +0.7207R =R
erj, ‘F-\ul‘ta_

r
== 0.414-

a
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In the next chapter we shall see that MgO, Ca0, FeQ, and Ni0O
PP 2.7 all share the MaCl crystal sructure. As a result, in each case the
metal ions will have the same coordination number (6). The case
of MgO and CaO is treated in Example 2.8. Use the radius rauo
calculation to see if it estimates the CN = 6 for FeO and NiQ.

PP 2.71 Fro— Appendix 2,
r‘rt,,.,. = 0.087nm , l-H;;,*-: 0.078hm, rpa-= 0.132nm

ﬁ"‘ F‘G}

R = 2ol o r which Table 2.1 givee
R Bsane = 0ve o whick Tlle 21 g

CN=6
Fﬂ?’ MFEJ

L= 0008 _ 5,59 givi CN= b
‘R 0132 mma

Section 2.3 — The Covalent Bond

In Figure 2-14 we see the polymerization of polyethylene

PP 2.3 +CiHs, illustrated. Example 2.9 illustrates polymerization for
poly(vinyl chloride) +C;H3Cl-,, Make a similar sketch to
illusirate the polymerizaton of polypropylene 4—C;Hi;R—-,,
where R is a CH; group.

H H
PP 2.8 é=é* P"F:]}"'L melecule

1 |
H R

PR Y LN pelypreglee

I B
HR HRHR HR
—gl #—ank«t mer
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PP 2.9 Use a sketch to illustrate the polymerization of polystyrene
{C,H;3R9,;,, where R is a benzene group, C¢Hs.

PP 2.9 I:I !il
c=C s+br¢-¢. wolecule
J I
H R
H H HHW W H HH
|
“"‘ctl-— é- (l!-lc— él.-cl- ?l'—cl.-— (11 F.lb‘b!mt
HR H 1!1 HR H R melecule
——4 ]&—stjre-e me -
whew R= cﬁHS

PP 2.10 Calculate the reaction energy for polymerization of (a) propylene
(see Practice Problem 2.8) and (b) styrene (see Practice Problem 2.9).

PP 2.10 (a) The baclboe reactom is Hie Saome. T heutwe, He
Caletofion in e dame :

(140 680) L T/iel = GO K T/imel
(bJ A’Jlﬂ'\,
(740-680) ATfial = 60 4T fimsl

PP 2.11 The length of an average polyethylene molecule in a commercial
clear plastic wrap is 0.2 wum. What is the average degree of polymer-
ization (n) for this material? (See Example 2.11.)

PP 2.11 As llostrated m Examble 2.1,

L= ‘2"\-‘(
er 2

he E
o.axnbm __ _ 794
2Ax0./26 xt0= T =

Section 2.4 — The Metallic Bond

N Dscuss the low coordination number (= 4) for the diamond cubic
PP 2.12 stucture found for some elemental solids, such as silicon. (See
Example 2.12.)

PP 2.12 A Jrni'tr diljrﬂ' Jfﬂl"-f@ t He Si=S;
Aowﬂ ‘pr‘tar;‘t‘fld €vida S"'Ulr d‘rmﬁha{j ﬂ-\j

bwer Coordhatin number

5
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PP 2.13

Domestic Student Solutions Manual

The Secondary, or van der Waals, Bond

The bond energy and bond length for argon are calculated (as-
suming a “6-12" potential) in Example 2.13. Plot E as a
function of a over the range 0.33 to 0.80 om.

PP 2.13

From Examble . 13:

E =|_ Ceo3 7510" WT- ") + (1676 w’ﬂ-_" ‘..7; ”~ H)

-
X 0-60a3x% 162% mel

or Mjﬂ"nmvf -fl:

a £ Bond &
0.33x/6" s + 2. ‘H"’:‘ TSimel
0.35% » - o517 v

0.382x%x » -0.999 © (Arre Examdie .13 )
0.4 x v - 0,945 w

0.5 = " Lo a- !‘a "
C.bx » -0./29 =
0. 7x = -0.05a "
0.8x w —-0.024 u
~ i (o]

T L

a (Jnu)
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'
[
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g
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Using the information from Example 2.13, plot the van der Waals
bonding force curve for argon (i.e., F versus a over the same range

covered in Practice Problem 2.13).

PP 2.14 HE _ LA _ 12k

F da a’ a’?
F . = (6 Cro.37x00°" T ") _ 120016 %10 27 m")
Mg l 7 23

PP 2.14
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Instructor’s Solution Manual

J.F. Shackelford, Introduction to Materials Science for Engineers,
9th Edition

Chapter 2 End of Chapter Problems

Section 2.1 ¢ Atomic Structure

2.1 A gold O-ring is used to form a gastight seal in a
high-vacuum chamber. The ring is formed from a
100-mm length of 1.5-mm-diameter wire. Calculate
the number of gold atoms in the O-ring.

Mw ) 6 -3
2.1 ME ' VC;- o e 19.28x10 5/4%9 % 100 #10™ " rn

< /.S'xfo'gm)a
&

< (o 4023 %103 %a e
196.97 3§ Auw

=10.4x 10%" atoms

2.2 Common aluminum foil for household use is nearly
pure aluminum. A box of this product at a local
supermarket is advertised as giving 75 ft* of material
(in a roll 304 mm wide by 22.8 m long). If the foil
1§ 0.5 mil (12.7 pm) thick, calculate the number of
atoms of aluminum in the roll.
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2.2 Mh' P Vm_'%ﬁ_)’ < 70%/0 ‘_’ 4%" x k2 7%06"bm

?. 24 4
x 304 l,o-'l" X a8 m '(;"J”f;"‘f
= 5 3/x 0% atbms
—_— =

2.3 In a metal-oxide-semiconductor (MOS) device, a
thin layer of SiO, (density = 2.20 Mg/m”) is grown
on a single crystal chip of silicon. How many Si atoms
and how many O atoms are present per square mil-
limeter of the oxide layer? Assume that the layer
thickness is 150 nm.

23 V=150mmx 1mm?=1.5x 10°mx(10°m)?=1.5x 10"°m?

¢ 2 -/3 2 _ -7
Jns_%g_?.;zouo _,/,.. x1.5x0""m"=3.30%0""3

L mel Si0, hoe (2r.09 f:/_'/s.oo]); = 40.09 3 “r

A{.,n:‘a—u S O-J -?/(4',174-—- 0

= 3.30xz0" ’; v 0.6023x103% athmus
S/ arme 60.0?3

2 3.31x/0"5 arhs
IEy
/Va.y&... = 2x /Vg‘..‘ = 0.62x/0 "a

2.4 A box of clear plastic wrap for household use is poly-
ethylene, - C;H,3}, with density = 0.910 Mg/m’. A
box of this product contains 100 ft* of material (in
a roll 304 mm wide by 30.5 m long). If the wrap is
0.5 mil (12.7 pm) thick, calculate the number of car-

bon atoms and the number of hydrogen atoms in
this roll.
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2.4 V=127 pm x 30dmm X 36.5m = /2750 b0, x 0.204 m x305m

=Ligxto"%,.3

-4 3

- - O.WOKM‘J/u’xﬂ-’fw _ o= {9‘73.

Gty
1 mel CoHy haa (-?[/-?-01_7440“:_7)0, - 22053 -
24, whes. C ok -H W)y, adhsa H

. - 107
.o A{, i :rg} x .?xﬂ.msn/o#n#-a.
=4 60x fo “l?‘-d-

N#lh= R’MCM

= ?.30 Ilﬂ=+‘$—.

2.5 An Al,O; whisker is a small single crystal used to
reinforce metal-matrix composites. Given a cylindri-
cal shape, calculate the number of Al atoms and the
number of O atoms in a whisker with a diameter of
1 um and a length of 25 pm. (The density of Al O, is
3.97 Mg/nr’.)

25 V=7 ‘éaﬂ)zx LSpem = 7(0_5“0-{-&")2-‘25 10 Cpe

= 19.6 xio™t "

g, = 3T xi0by /ot ¥ 19,6507 = 7.79 107 4

Lol 41,0, hee (2[2091] ¢ 3Lt00]) 3 = /0L 96 §
far N, atres 4] a-d 3M[,, ahma O

24 )
"M, . = T.ROu0"g x 2 (0boa8x /0™ aFme
. ¢ /o1, 963.

=0.921x 10" atoms

Naa'!{h—c- = 3//2)‘ "Udfﬂ.*m-q..
= 3/ (/.f/xfo"‘aa‘nu-...)z’]_.'ﬁ& x/o"zaﬁm-
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2.6 An optical fiber for telecommunication is made of
Si0, glass (density = 2.20 Mg/m*). How many Si
atoms and how many O atoms are present per mil-
limeter of length of a fiber 10 um in diameter?

2.6 For L mm sechon of Lidon:
V= aw é.?é‘.:)zgimu = ?}'{Sﬂn-"m)ls 1x10" %

= 7.95x/04,.3

"‘"‘3_.03 = :?.30:!0‘_5/1“‘3 K‘Z?fi!d—!tn’s £L73 x/o-§
L mol S5:0, hae (2.01+ .?[ib.ooﬂj = éo.orj
1‘.- M‘vdfb-. -sa'l-JzﬂfN atrme O

-7
;. N, afeema = .‘%@‘_“;.E’_lyo.&usxfo:tﬁw L .
’ 2.0 J —]

A’" e = 2#)\.;‘3”9.5 = 3.46 X/ﬂ’rqﬁn-n.-

2.7 Thirty grams of magnesium filings are to be oxidized
in a laboratory demonstration. (a) How many O;
molecules would be consumed in this demonstra-

tion? (b) How many moles of O, does this represent?
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25 @M+ 40, > MC;O

e, 1 ;,,,_47&... /’\7} As oxfd:‘jeo/ J_:j 0.5 mel 0,
or __30gMyg
A4. 319/5-:#—-1

=1.2342-m(m /’?j will be

oxidged by 1234,/ 0 = 0.617 mel 0,

‘. ho. e leculea 0'? = 0.617 me/x 0.50-?33'(/0:;0!«. Aa/
=372 A 707 melec.
2 0.372 x16*sslec.

(b) no.molea = 0.372 k02 %mslec ximof/o.ao.zsm-"’m.(-;.
= 0.617 msl0,

2.8 Naturally occurring copper has an atomic weight
of 63.55. Its principal isotopes are **Cu and *Cu.

What is the abundance (in atomic percent) of each
isotope?

> 8 ot ‘BCM J‘J &65 - G:!.C{

or

63~ + 654 = £3.55
e J

63% + 65(1-x)=63.55
or
(5- 2% = £3.55

or

Qx = (£5.00 ~63.55

or
X=0.725

e
3,.-. J-x= 0.275

JJV:’E? s
72.5 % 0. all 27.5% C**
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2.9 A copper penny has a mass of 2.60 g. Assuming pure
copper, how much of this mass is contributed by (a)
the neutrons in the copper nuclei and (b) electrons?

2.9 (a) (W'ﬁ M:ﬁm&j/noﬁu, He save of am
elechon e ngfa ble. The mase n" heurrar
Can be dettrmmed 437'-1 #a avernge num ber

of neufrona in 8= isetope ¢
”mf"_. a#,"( M‘-,?Lf -"Q—;‘C ﬂbh‘fl‘"

—
—

= {155 - 29.00= 34.55

, 455  o.¢o0
.mx.lhm:: 3'55:: C;

=/.‘H&

(1) 5 o ‘avtnsge cppir o,
Wsschma ﬁm hmiﬁ)(’me‘)

=29 % O-WA’KID"?}
=2-‘4’¥(0'=‘

- 63‘ 5’5; f_“!ﬁfﬂ-"“j
= 056 F(ﬂ""&.

é
" = 2.64xr0™2
. Wi Fraction elecTivne = """"Ji?

= Z.50 xro~ ¥

P -2 ¥ &0
"M':lgﬁ;' 2 Sox FJ&J
=¢.Sox /p"t?
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2.10 The orbital electrons of an atom can be ejected by
exposure to a beam of electromagnetic radiation.
Specifically, an electron can be ejected by a photon
with energy greater than or equal to the electron’s
binding energy. Given that the photon energy (E)
is equal to hc/A, where h is Planck’s constant, ¢ the
speed of light, and A the wavelength, calculate the
maximum wavelength of radiation (corresponding
to the minimum energy) necessary to eject a 1s elec-
tron from a >C atom. (See Figure 2.3.)

2.10 Frova FJ‘M 2.3, [E|]= 223.9¢ V.

Them, AJ%

— (066261073 7.5X0.2998x10%m /5)
(283.9evX1T/6.242010% V)

= 4.37%/0 Y x L Sr07 07
= 4.%37 hm

Note : &/e,uu He s 74«& a/M zﬁn‘m Jhlm

‘?ﬂh fuo‘»{ mi@j :%

2.11 What is the difference between a gram-atom and a
mole?

2.11

The gram-atom is Avogadro’s number of atoms of a given
element. The mole is the corresponding term for a compound.
For example, a mole of NaCl contains Avogadro’s number of Na
atoms and Avogadro’s number of Cl atoms.

Solutions Manual for Introduction to Materials Science for Engineers 9th Shackelford


https://textbooktestbanks.com/products/9780135650127-solutions

2.12 What is the common feature of the electronic con-
figuration of the group IVA elements in the periodic
table?

2.12

All have two s-shell electrons and two p-shell electrons
associated with their 4+ valence.

One might also note that, as one goes to higher atomic
numbers, the shell numbers increase:

Element Atomic Number OQOuter Shell Electrons

C 6 2s and 2p
Si 14 3sand 3p
Ge 32 4s and 4p
Sn 50 5sand 5p
Pb 82 6s and 6p

Finally, one can also note that sp3 hybridization corresponds to
the uniform (tetrahedral) bonding configuration of elements
such as C and Si.

Section 2.2 * The Ionic Bond

2.13 Make an accurate plot of F. versus a (comparable
to that shown in Figure 2.6) for a Mg>—0O* pair.
Consider the range of @ from 0.2 to (.7 nm.
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2.13 Fo= — ( 9%00 7V /€ Y 2X0. 1t x10™ )2 )0, lerio™ e )

a-ﬂ.
2 _Fe_f_
0.2:10";... 23.0x10= "N
0,3' " 0.2 x "
25 d.+” i L Tex 1
0‘5-— " 2.69 x
0 r 0.6"‘ & :.5‘.-_ f
F: 0'7' 0" ,.rrg "
g 15|
x 10
(V) 1o = O\
= - O\Q\Q\_o
0 1 | 1 1 1 1 1
© o0.] o2 0.3 04 05 o6 o7
a Cnm)

2.14 Describe the electron transfer involved in making an
Mg**—0? ionic bond.

2.14

The two electrons in the outer (3s) shell of magnesium are
transferred to the outer (2p) shell of oxygen.
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2.15 So far, we have concentrated on the coulombic force
of attraction between ions. But like ions repel each
other. A nearest neighbor pair of Na™ ions in Figure
2.5 are separated by a distance of "V’EHG, where a; is
defined in Figure 2.7 Calculate the coulombic force
of repulsion between such a pair of like ions.

y (Z. g (&
315 ] A= - 2 nﬂ’z( ag)

= (92007 Vo /) G 1 X016 x00™"C) (o 1 )(0.16 x10~ )
(2)(e.278 0~ m) ?

= /490" N

2.16 Calculate the coulombic force of attraction between
Ca’" and O* in CaO, which has the NaCl-type
structure.

216 | Frm Appmdin 2,

Fe 2= 0.106 hm ,! Yoa- =0. 132 5

Then,
Q= Yo ar # 1 s = 0.L0bamt 0133 nm = 0238 e

F == (95009 Ve /)12 X0. e ¢ )(-2) (0. le xs0™%C)
(0.238 x10-%. )2

= .3 %0 -9/\:’
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2.17 Calculate the coulombic force of repulsion between
nearest-neighbor Ca®* ions in CaO. (Note Problems
2.15 and 2.16.)

As neted in Problem 3,15,
a= Y2 a,
Us»:j He Caledation for Prblem 216,
o= VZ (0.238nm)= O 337 am

Then,
F.=- (9xs0? V...fc)(fz)(a e xso~C)
(0.337 X 10~7,,)°

=~ g3x0~7 N

2.18 Calculate the coulombic force of repulsion between
nearest-neighbor 0% ions in CaO. (Note Problems
2.15,2.16,and 2.17)

E As m Froblem 2. 17,
0= yTa,=12 (0.238nm)=0.337 am

And,
. (%00 Ve e ) 2) (0. te 200 €
e

(0.337x10-7,. )%

= -!.J.‘a‘:ua'fN
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2.19 What is the relationship between bonding force and
bonding energy?

2.19

The bonding force is the derivative of bonding energy. The
bonding force is zero when the bonding energy is a minimum.

2.20 Why is the radius of a positively charged cation smaller
than the radius of its corresponding neutral atom?

2.20

The loss of an electron (or electrons) in forming the cation
means that the positively charged protons in the nucleus are
attracting a smaller number of electrons more tightly.

2.21 SiO, is known as a glass former because of the
tendency of SiO; tetrahedra (Figure 2.17) to link
together in a noncrystalline network. AlLO; is
known as an intermediate glass former due to the
ability of AI’* to substitute for Si* in the glass net-
work, although Al,O; does not by itself tend to be
noncrystalline. Discuss the substitution of AI** for
Si*" in terms of the radius ratio.
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@ As discussed m 3“-1"}-1 3, He radive
rafio 1%\' SI"""‘ C-':' -

7 = O-Giﬁh-u
aoi's:hl"l.

He Nange Jor d=RUl cosrdmatn.
For A1Y-0%, 4Za m Appendin .?d.‘..-u :

r-/R = 0.057n .
7&' - oy Hﬁn F .rfl‘t{h
Wl\z‘?‘#é J /4'&03 Aa O mm

,u-,-& /:-Z«:Iﬁm ; viked Wik

2.22 Why is the radius of a negatively charged anion
larger than the radius of its corresponding neutral
atom?

= 0.295 , well Lt

= 0.932, jmf abeve

2.22

The gain of an electron (or electrons) in forming the anion
means that the positively charged protons in the nucleus are
attracting a larger number of electrons less tightly.

2.23 The coloration of glass by certain 1ons is often sensi-
tive to the coordination of the cation by oxygen ions.
For example, Co*" gives a blue-purple color when in
the fourfold coordination characteristic of the silica
network (see Problem 2.21) and gives a pink color
when in a sixfold coordination. Which color from
Co®" is predicted by the radius ratio?
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233 ] Usmy #edite R Appondin 2,

rfn"r O.082 s 1mq

= = 0.62al
ra;- O./32nm
tobith ae o Ntan ,4.-- b-fold coodimabdn
in Tﬂ# Z.L _-;—t', a E:h—l‘ Cs!or
A h-utf:'(.anJ.

Note : The rick n’.iu-— color _,.é-q-m ag
“to jﬂa—&&a&d“ a.mcin.-;ﬁ with 4—fild
!"n#rJnkai‘l‘ﬂn a'rc (‘ﬂ a? A‘,'A{d-\, !{J‘Mﬂm)\.‘ﬂ
é st Ko Simple iomic Considinatdve .

2.24 One of the first nonoxide materials to be produced
as a glass was Bel.. As such, it was found to be simi-

lar to Si0; in many ways. Calculate the radius ratio
for Be® and F, and comment.

224 | Ar 8o - FT, Appendin ﬂafm'.

¥ ] . 54!\1-1 - ‘4 ‘.JJ\;&A .
4?’ = %0 /0.133h-q i -~

s Heo range Lo 4-hld coordimation. As a
Mw”) -}ehkﬂ.Jnfb—CuarJ-W Be” [eads

10 hetwork MM Sowmilen o He can -
S;# s S.‘OJ .
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2.25 A common feature in high-temperature ceramic
superconductors is a Cu—0 sheet that serves as a
superconducting plane. Calculate the coulombic
force of attraction between a Cu** and an O* within
one of these sheets.

2.25 Fromm APM s 5

Vet = 0.072nm § Fpa-= 0.132nm

Then,

Qﬂ = at 'B:-: 0.072nm +0.132nm = 0.20F rpn,

Cu

,F-; = — (F0?vom fe )Xot 007" Y= 2)(0. 16 x107¥C)
(o0.204 x 10 -2 M)"

= 2a./x0" T N

2.26 In contrast to the calculation for the superconduct-
ing Cu—0 sheets discussed in Problem 2.25, calcu-
late the coulombic force of attraction between a
Cu"* and an O™,
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2.26 | Fom Appendix 2,

A= Vo p * 7o = 0.09 hm+0. 132 nm= 0.228 nm

¥y g— € ?x.fo’v.-./c)(sr-!)(ﬁ.fé xm""c.')ﬂ-ﬂ){'b.!é x/a"“fc.)
¢ (0.228 x/0=9 m)?

= g8 xw0” N

#2.27 For an ionic crystal, such as NaCl, the net coulom-
bic bonding force is a simple multiple of the force of
attraction between an adjacent ion pair. To demon-
strate this concept, consider the hypothetical, one-
dimensional “crystal” shown:

ap
>

aCIOICICIOICICIOICION

Reference
ion

(a) Show that the net coulombic force of attraction
between the reference ion and all other ions in

the crystal is

F = AF,,
where F_ 1s the force of attraction between an
adjacent 1on pair (see Equation 2.1) and A 1s a

series expansion.

(b) Determine the value of A.
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227 | (a) Bor He “cryhd,”

E sFa-kx(2-2 22 4.
net = F =k 3 "Gyt Gay T daayt

= 2K (p1-F+4-%+")

For aw m-:(/'amJ' i pair,
=-XK (of covrse , K For He 49'4&7_
par is n{j:ﬁt M’ :?m.)

3
O FeF2(r-drd-ret)
=AF wh A,.?(x-éff-';f'*“‘)

L) One Cam evabuatk A by campng oud- 4o Series  a
( svlbicieat. /wye »J..muaq@lfsw wmp/ e net

value vergea.
One Caw ale nete Had

jmv.'
Z
A= 2;2 = /445

2.28 What is meant by the ionic bond being nondirectional?

2.28

The positively charged cation will attract the negatively
charged anions equally in all directions, and vice versa.
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Section 2.3 * The Covalent Bond

2.29 What is meant by the covalent bond being directional?

2.29

The cooperative sharing of the bonding electrons is
concentrated along a line between adjacent nuclei.

2.30 Natural rubber 1s polyisoprene. The polymerization
reaction can be illustrated as

H H CH; H HHCH;
[

”-:cc-': CCCC
I
H

Calculate the reaction energy (per mole) for polymerization.

2.30 AIK‘VJA #:‘ rm:‘:‘u lr’ﬂﬁ ot c’_fb‘:‘ -Mﬁad"

eflbd is (as i Exambie 2.10):
I C=C —» R C=C
Jn'\fhj a Hu!“m ‘"‘:1:7 g{:'

(740 = 680) KT fousl = 60 A Thal

2.31 Distinguish the role played by valence electrons in
covalent bonding in contrast to ionic bonding.

2.31

The valence electrons in covalent bonding are involved in the
highly directional sharing between two adjacent nuclei. In
ionic bonding, the valence electrons are transferred from one
atom to another, leaving behind a positively charged cation
and creating a negatively charged anion.
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232

Acetal polymers, which are widely used for engineer-

ing applications, can be represented by the following
reaction, the polymerization of formaldehyde:

H
of |
C=0) — C—0D 5
4 I
H
H

Calculate the reaction energy for this polymerization.

2.32

In Hie Cace, #ﬂ nel Kathom Aa L C=0-> 2¢C-0
J,WJ a Acaction gy of :

2 (b0 AT Vst )~ 535 K Tfowsl = 185 AT fonl

2.33 The first step in the formation of phenolformal-

dehyde, a common phenolic polymer, is shown in
Figure 12.6. Calculate the net reaction energy (per

mole) for this step in the overall polymerization
reaction.

2.33

In FHine (et He net reaction 4o :

1 0=0 + 20-H —» AC-C + 20-H

jM’J a reaction ij d/ 5

2(3701‘.7/1»9!) +2(So0 JJ’/MM’)
2 (435 AT mst) = 1 (535 RBTfust) = 335 4T /imsl
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2.34 Calculate the molecular weight of a polyethylene
molecule with n = 500.

2.34 USU He dats. of Appondin 1, e obfaic.

2ol T -{Ca H‘-_}:usba = J'OO[:‘{}AM_)!- ‘?(}1#03)} Doamid,

= /4,030

—

2.35 The monomer upon which a common acrylic poly-
mer, polymethyl methacrylate, is based 1s

H CH;
| |
C=C
| |
H C=0
|
O
|
CH;

Calculate the molecular weight of a polymethyl
methacrylate molecule with n = 600.

2.35 Using the chemical formula and the data

of Appendix 1, we obtain
. )
el LT -‘é Cj- Hg oQ—Zﬂw

= 600 [ 5(120)+ 8002 )+ 2(%6.00) Jgomon.
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2.36 Bone “cement,” used by orthopedic surgeons to set
artificial hip implants in place, is methyl methacry-
late polymerized during the surgery. The resulting
polymer has a relatively wide range of molecular
weights. Calculate the resulting range of molecular
weights if 200 << n < 700. (Note Problem 2.33.)

236 | Fr: £CH0,

00 mLT 00

ol wt. = 200 [ §(12.01)+ 2(loot)s 3(16.00)] ain 7o

7‘30 C " &~ " - o8 J [ Ty

= 29020 @wum To 70,080 arat

2.37 Orthopedic surgeons notice a substantial amount
of heat evolution from polymethyl methacrylate
bone cement during surgery. Calculate the reaction
energy if a surgeon uses 20 g of polymethyl meth-
acrylate to set a given hip implant. (Note Problems
2.35 and 2.36.)

. Note M 1 ol 1& o Py ) jl-& ConTame
237 1 wael of C=C Zufuﬁfﬁ ’«“ﬂ

1 el CsHe 02 hae [5012.01)# :?(fi.dar)} J(/b.aa)b = /00. /j
As CA,R-JAM Amdnaws hmed. M i 520‘.6?‘\-\) ‘}"E

reachon énﬂjj -j—’o- 1 C=C - 2 cCc-c Awu:’
(140 680) AT/ ol = 60 AT/ imol
Them, Ha hofal rtaction emingy Ha oplont oot Aa”

= G0AT 1l bonda =12.04
E renction ol bonda 10019 ¥20g ——-—i
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2.38 The monomer for the common fluoroplastic, polytet-

rafluoroethylene, is
F F
| |
C=C
||
F F

(a) Sketch the polymerization of polytetrafluoroeth-
ylene. (b) Calculate the reaction energy (per mole)
for this polymerization. (¢) Calculate the molecular
weight of a molecule with n = 500.

2.38 (a) FF a s
c=¢C Jefratluoe el
r‘: '1_- hnfﬂﬁuﬂf_*’v
FF F F F F F F
_.C_'c_c—é_(':_é_c'_é_.,. Po{_-j-k"!’mﬂuovon"f\:jf'sac
T R T T T S Amolecnde
F FFFF FFF

(b) Reachrn bnstnauy= (140-68§0) LT/l
%7: éﬂij/hnul

() U:.'.U %MJA;M S
weh T, = Soafﬂf}a.ol)-!- 4(19.00) ) o

= 50,010 @rman_
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2.39

Distinguish the role played by valence electrons in
metallic bonding in contrast to ionic and covalent
bonding.

2.39

2.40

Like covalent bonding, the valence electrons in metallic
bonding are shared among adjacent atoms. Similar to ionic
bonding, the valence electrons are shared in a nondirectional
manner.

How is the silica tetrahedron shown in Figure 2.17
consistent with both ionic and covalent bonding?

2.40

For ionic bonding, the radius ratio of Si** to 02- (0.039
nm/0.132 nm = 0.295) falls within the range associated with 4-
fold coordination (0.225 < r/R < 0.414). For covalent bonding,
silicon (element 14) exhibits sp3 hybridization, consistent with
the 4-fold bonding characteristic of group IVA elements.

Section 2.4 * The Metallic Bond

241

In Table 2.3, the heat of sublimation was used to
indicate the magnitude of the energy of the metal-
lic bond. A significant range of energy values is
indicated by the data. The melting point data in
Appendix 1 are another, more indirect indication
of bond strength. Plot heat of sublimation versus

melting point for the five metals of Table 2.3, and
comment on the correlation.
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Ushg Todle 2.3 adfppondic 1, e obtmen.

Adowiic Mo. Metnd T g (°C)  Heatof Subl (LTfinel)

/2 M 641 148
/3 .4‘; béo 32
22 7 /660 473
2¢ Fe /538 416
29 G /ar3 338

Soo

o]
~ oo O
3 o
o

s

Joo
3
3 =t
- O
£ T

o N . Y T R VR |

Sbo /ooo /500 2000
?:..g. i

Ol Thave s % a posiht Comelafion behoeon
M ﬁﬂo :hn‘;rq, d?a M&ﬁ"n M t‘;‘m;
He nathos of He Fom proceeate Csvbiimatnn ank
heh‘:y)m sue Heowd P pruved

QA more pLLSE rabat; .

2.42 In order to explore a trend within the periodic table,
plot the bond length of the group II A metals (Be
to Ba) as a function of atomic number. (Refer to
Appendix 2 for necessary data.)
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2.42 u’y F‘:)Hl'ﬂ :-3 (—i“f Frw'; fl”g) “”MAffMX ‘2

nve ob 7&3! b=

Emd

TA elemesd Abmic hmber Atomic mdislr) (=2r

Be e O. 1/ Erm ©O.228nm
Mj /2 O.l6Osm  O-330am
Ca 20 0.197am  ©.394 nm
Sr 3 O. RIS nm 0. 430 Am
Ba 56 O.217 am 0.434 nm
OI5 ==
o}
';; 0.4
b el
.3 F
%
‘,g C.dpr
o 0.l +
é T T T O

o Ao 30 4o So 60
Aformic number

2.43 Superimpose on the plot generated for Problem 2.42
the metal-oxide bond lengths for the same range of
elements.

2.43 D!sy }fjm a.42 MJ{MI ,?mem:
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TA elewmsn]  Afrmic number Imic rod s Fa- (6.13200)= Bond lewgth

Be 4 0.05 % am O, /86 hm

My /2 0.07€hm O. 210 nm

Ca 20 0. 106 nan O.238 Am

Sr =5 O./27am 0. 259 A

Ba 56 O. /43 nm 0. 275 nm
osr metal

- O—0 b, |
? 0.4 / ' .'.‘fu':
x 0.3 metal-oxide
; Q/ bond lc-J-H'-s
P

“m ﬂ-l‘t-

' T T I B |
o Ao 30 40 Se &0
ATrmic nomber

2.44 To explore another trend within the periodic table,
plot the bond length of the metals in the row Na to
Si as a function of atomic numbers. (For this pur-

pose, Si is treated as a semimetal.)

2.44 | Using Figue 2.2 and Appendiy R g/res ans:
Element  Afrmic Afumber Atvmic Radiua (r) Bemd il—_ngg 2r)

Na. n 0.186 M 0.372 nm
Fisi 12 0.0 ke 2,120
4‘? /3 O %43 nwn O.2F6 npm
Si 14 Cu 117 him 0,334
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9.3—\\

Bond 0.df=

I'.Erﬂ‘H'l 0.1 =

(nm) oLl L1 L . Afpmic Mmber
I iz 13 14

2.45 Discuss the role played by the valence electrons of

metallic bonding in the electrical conductivity of
metals.

2.45

The delocalized valence electrons correspond to an electron

“gas.” This mobile electron gas is the basis of the typically high
electrical conductivity of metals.

2.46 Plot the bond length of the metals in the long row of
metallic elements (K to Ga).

Us‘s_hj Fgw e MA,,&J&-?J:& At :

EJemtal Afrmic mamben Atrmic radie (P) Bond /h,}“(ﬂ.‘?r)

A 19 0.23/nm 0. 462 nm
Ca 20 O0./197nm .39 nm
Se al 0. /b0 hm 0.320 nm
Tz 22 0. 147 nan 0. 294 hm
v 23 2./32 nm 0. 264rm
Cr 24 0. /25 nm 0. 25 O0nm
Mn as 0.112 nm 0. 224 nim
Fe 26 0.124 nm. 0. 248 hm
Co 27 0.125 nm 0.250 hm
Ni 28 0./25 hm 0.250 hm
Cu 29 e MV -7 0. 256 hm
Zn 30 0.733 nm 0.266 hm
Gra 3/ 0.735 am 0.270hm
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LY
1

013 u

o
X
1

Bond !&-3#{ (nm)

g1 0111 )3 111y Afmic avmber
9 a1 a3 a5 a7 21 3l

°
—

2.47 Why is the bond length for metal oxides generally

smaller than the bond length of the corresponding
pure metal?

2.47

The ionic radius of a metal cation is smaller than the
corresponding neutral metal atom’s radius due to the force of
attraction of the positively charged nucleus to the smaller
number of electrons in the cation.

©248 The heat of sublimation of a metal, introduced in
Table 2.3, is related to the ionic bonding energy
of a metallic compound discussed in Section 2.2.
Specifically, these and related reaction energies are
summarized in the Born—Haber cycle, illustrated
next. For the simple example of NaCl,

Na (solid) + :I'Clg (g) —— Na(g)+Cl(g)

||

NaCl (solid) «— Na* (g)+CI" (g)
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Given the heat of sublimation to be 100 kJ/mol
for sodium, calculate the ionic bonding energy of
sodium chloride. (Additional data: ionization ener-
gies for sodium and chlorine = 496 kJ /mol and
—361 kJ /mol, respectively: dissociation energy for

diatomic chlorine gas = 243 kJ/mol; and heat of
formation, AH,, of NaCl = —411 kJ/mol.)

2.48 | Nofe #at ab's DEsufun + 32E e, c1y

J'AE;"",N! L AEHQ,G'-J'
+ SE o s,..z.:,,d. c/
e A
or, Aﬁf‘ﬂ}& HJ! ,l)l‘?' d'ff -dﬁs“bd‘--;a‘{my ('!‘_
—BE Mo - BE (0, Cl

= (~4i1-r00 —‘-’-%—3--4?6 fﬂ!}lﬂd

= = 7654 Tl
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Section 2.5 * The Secondary, or van der Waals, Bond

249

The secondary bonding of gas molecules to a solid
surface is a common mechanism for measuring the
surface area of porous materials. By lowering the
temperature of a solid well below room temperature,
a measured volume of gas will condense to form a
monolayer coating of molecules on the porous sur-
face. For a 100-g sample of fused copper catalyst, a
volume of 9 x 10° mm® of nitrogen (measured at
standard temperature and pressure, 0°C and 1 atm)
is required to form a monolayer upon condensation.
Calculate the surface area of the catalyst in units of
m’/kg. (Take the area covered by a nitrogen mol-
ecule as 0.162 nm* and recall that, for an ideal gas,
pV = nRT, where n is the number of moles of the

gas.)

2.49

.Pj/—me or n= "PV (/“t‘)(?"a il ’)m;u

BT (rsuJm)(275£)

x ¥/ ‘0_5”3,;;0:"'.-“/&:.
8,069 wo™taZee mol

= 2. 42%,02° molec. Ay

2
Ara (M: o0./é2 r/ﬂd’.ﬂ.- v J42x /0 20 e/ec.

Ml&‘

= 372 M"(fﬂl /oo g G.)

r,S= -j;;” -Ié'-r: 3920 Y 2
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2.50 What is the difference between an induced dipole
and a permanent dipole?

2.50

An induced dipole is a distortion of the charge distribution in
an atom due to the influence of an adjacent atom. A permanent

dipole is the result of asymmetrical charge distributions in a
molecule.

2.51 Small-diameter noble gas atoms, such as helium, can
dissolve in the relatively open network structure of
silicate pglasses. (See Figure 1.8b for a schematic of
glass structure. ) The secondary bonding of helium in
vitreous silica is represented by a heat of solution,
AH, of —3.96 k] /mol. The relationship between
solubility, S, and the heat of solution is

g = Sﬁe—&ffﬁﬂﬂﬂ?

where §; i1s a constant, R is the gas constant,
and T is the absolute temperature (in K). If
the solubility of helium in vitreous silica is

5.51 x 10* atoms/(m® - atm) at 25°C, calculate the
solubility at 250°C.
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2.51 USU HeJxmn Sxprssitn o solu 6;/;57,,;,;13 have

— AHg /R (aso+273)K
“-S'-'too'r_ i -SO e

- S, e —AHs /R(25 r273)K

535'6.

ar
- 45
= R
‘S.,:’oa"c = s.zs'*c =

= (5:5/x00° %atowea M3 0 o)

(-390 T/mol) ([ 10”3k
Gl = (stm,j,d:.,/.g)) C1.44xs0

/ _ )
523 K 298 K

= 2,77 x (0% artbmea /(o aZor)

2.52 What role does secondary bonding play in our com-
mon observation that water expands upon freezing?

2.52

Upon freezing, the water molecules become aligned. The
resulting open structure of the frozen state is less dense than
the random packing of H20 molecules in the liquid state.
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