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Chapter 2: Atomic Bonding

Section 2.1 — Atomic Structure

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

63.55 9/met \ U3
PP 2.3] (2) edje = (z 93 9/on3 x fokm = [9.23 mm

() edpe = (&2-.-34&")%, lownf = 2634 mm

/.34 9 leom
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PP 2.1 Calculate the number of atoms contained in a cylinder 1 um in
diameter by 1 um deep of (a) magnesium and (b) lead. (See
Example 2.1.)
(174 9/a?)My
ta) N = .64 510" atpme Cu x J

x 63559 Cu /Wy atoa G
24309 My /Wy, e My

= 338 w/0” atoea e

N =7 » C11.38 9 [em?) P4
ﬁ) ""‘_‘ (“m aTbwa cc X (z,"‘,/‘.") o

L 6255 Co /N,y atre Cu
:07-2\} a‘/ﬁ" e P

= .?.5, xmblﬁu p‘
= ——— ———— — ]

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 500 mm %X 100 mm X 200 mm.

(3.60 3 Vem® X107 em"foum?)
x (50X(100)(200) mm >

= 3.60x0”y = 3.640 43

PP 2.2 mepV =
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2.1 A pold O-ring is used to form a gastight seal in a
high-vacuum chamber. The ring is formed from a
100-mm length of L5-mm-diameter wire. Calculate
the number of gold atoms in the O-ring.

//‘V ) [
— — - - “‘/ 4 -3
2.1 ._/a V( ¥ e /9.22x/0 3’4/‘“3 %100 %/0™ "

w7 /.s';(/a‘:".-\);K
2

0. 6023 x40 244/0-4

196. 97 3 A

A'/am

X

=10.4x 10?" atoms

22 Common aluminum foil for bousebold use is nearly pure
aluminum. A box of this at a Jocal supermarket is
advertised as giving 75 ft* of material (in a roll 304 mm
wide by 22.8 m long). If the foil is 0.5 mil (12,7 um)
thick, caiculate the aumber of atoms of aluminum in the

roll.
2.2 A/.:b..'f V(:r‘.{'—%?)' 270%10%9 AILS x k2 7x06™"m
24
X 304 % /0™ m x 22.8 m x(:;‘;%’,:’/ol/m
= 5.3/x0°% atms
3
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2.3 In u metal-oxide-semiconductor (MOS) device, a
thin laver of SiO; (density = 2.20 Mg /m’) is grown
onasingle erystal chip of silicon. How many Si atoms
and how many O atoms are present per square mil-
limeter of the oxide laver” Assume that the layer
thickness is 150 nm.

2.3 V=150nmx 1mm?=1.5x10°mx(10°m)?=1.5x 10 "°m°’

Ing g = 22010 b/ 1.5%0™"5% =3.30%0"7 3

2 ol 50, hoa [.zr.an:[/ua])J = 0.0 3 bor
N, athms Si 8l 24, atrea O

SN a5_.§Q__ﬂ/0‘7‘;._, 0.6023 x102% arrme
S. athme éo.oQJ

= @1;/0"¢i~.:_

/5
A/OIL‘ = 2x A/S.‘a-‘—‘. = ______6.62K/0 e

2.4 A box of clear plastic wrap for household use is golyuhy-
lene, <C3Hy)-,, with density = 0.910 Mg/m®. A box
of this product contains 100 f 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 carbon atoms
and the number of hydrogen atoms in this roll.

2.4 V: 12.7 pm X 30d imm X 30.5m = /2750 b0, x 0.304 0 x305m
= /-Ifﬁfo.‘m"

™~ = 0.9/ XIO‘J/:“":: /-/’ND";.’- /073,

Gy
1 el CiHy haa (2[/-?.«:044[/;0:]);. 2%o5g /.

24, aha Coad 4H), ata H
o> %.*‘- ::o‘-—% x .?xo.‘ai’Sx/a“aﬁ-«—
= 4.60x /0?* athra

N”.MS R,A/Cl'ﬁ-‘

= 920 x/02F o Forea
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2.5 An ALO, 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 & whisker with a diameter of
| um and a length of 25 um. (The density of ALO. s
3.97 Mg/m’,)

2.5 V=7 lﬁa:)", 25/'1.0-\ = W(O.leo-‘—m)z'x25 «10" ¥m
= 19.6 xiot 2?

’M4/~.05= 3‘97“06-3 YA x19.6x0"% 3= 779 ”0-”3'

Lmol 41,0 s @[za.n] + s[la.oo])J = /0L 96 g
far N, otrea Al ad 3N, ama O

24- )
© M = 7.80x0""g x 2 (0.box8x /0" ate
Al @hee ¢ 701963

0.921x 10" atoms

3/;: x Ay, aftwe
= 34 (111%10" afpee ) =1.38 x10'? atrma

i

o

2.6 An optcal fiber for telecommunication is made of SiO;
glass (density = 2.20 Mg/m’). How many Si atoms and
bow many O atoms are present per millimeter of length
of a fiber 10 um in diameter?

2.6 For L mm sechon of ;4/&\
V= Vg (i?;:.ﬁ:)zx Lmmz= W(leo-b—-..)zx 1x10" %

7 85x/071%,,3

-7
g0, = 220w 93 28510 3 [ T3 xs0 3

L ol S:0y haa (22034 2[16.00]) )g = 6o.01 4
for A, atoma Si and A4, aFrme O

-7
T M, afoma = LM 10.6023¥Io:tﬁ~ = L73%lo u:l?‘om
S 60.09 4

A/o abee = 3:‘/\/3'. " = 3.46 x/olraﬁ'—:
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2.7 Thirty grams of magnesium filings are to be oxi-
dized in a laboratory demonstration. (a) How many
0, molecules would be consumed in this demonstra-
tion? (b) How many moles of O, does this represent?

27 | @M+ 30~ M30
eyt /,.,476,—. My s oxidized 4y 0.5 mol &,

or _ 90g9Mg
A4. 3/3/&4#—\

=7.254;~m‘- /’fj will de

Giidg(d fy 1—'-—5141'»/ % =2 0.617 el 0;

Sy ne. e /eu»&a. 02 = 0.617 me/x0. 60-?3)(/0‘?1;-\0/“- Au/
= 3,72 k1077 smelec.
2 0.372 x16°*selec.

(6) no-molea= 0.372 x02%ilec 1 Mol/o-éoJSx/o""m(ac.
= 0.617 mol0,

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 cach
1sotope?

2.8 at 0 Y NS g2t
er

63~ + 655 = (3.55

0237: + 65(1-x)=63.55
or

(5- 2% = £3.55
or

A~ = (500 ~63.55

or
X' 0-725

ol
5; J-x= 0.275

Jl\hy H
72.5 % “%C. ol 27.5% C**
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2.9 A copper penny hasa mass of 2.60 g. Assuming pure
copper, how much of this mass is contributed by
(a) the neutronsin the copper nuclei and (b) electrons?

2.9 (a)Wﬁ M?‘vchfaoﬁMy %Ma;c-«
elechon e :ﬁ/g:ﬁ/e,. The maee =2 A
Lan be determmed Brm aversge number
010 neafrona n an :':o?l!pe, H

= afbmic b-:r]l-/ = aPeit number

= 63155 —-R%.00= 34.55

. 455  o2.¢o0
o n MUIY hing LA EE J

=/.4/;

”M-fh-o

([) o aw .QM&‘COPM 4/»-«/
W&Schmz &79""* ’W""“)[Mc’)
=29 x 0.9/x 0727
82.‘4)110-:‘

= 43.55x Lbb/xwo % g
= [.o56 x0™**

é
. = 2.64x02t 4
AR, & fncﬂn_ elecTrrne T 05602

= .50 xro= T

: = 2Soxe* x2.60
X2 /wn:se/" ; x J

=é.5o0x /0'4;7
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2.10 The orbital electrons of an atom can be gjected by
exposure to a beam of electromagnetic radiation.
Specifically. an electron can be ejected by a photon
with cnergy greater than or equal to the clectron’s
hinding energy. Given that the photon encrey (£)
is equal to fic/A. where /i 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 o Iy elec-
tron from a *C atom. (See Figure 2.3.)

2.10 Frova Fgm 2.3, [E]= 2239 V.

Thew, ;\""‘:AEL

— (06626 x/0™*% 7.sX0.2992x10 % /3)
(283.9evX17/6.242510% ¢ V)

= 4.37%/0',4-‘ x .Iu....//o"u\
= 4.37 nm

Nete : a/( Al 7“. ,l,é: 7‘-4& ofvul &‘n’hn ‘.m/m

s 76 Pafﬁ';’: J@%

r/m’u
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2.11 Once the 15 electron is ejected from a ‘2C awm. as de-
scribed in Problem 2.10, there is a tendency for one of the
2(sp) electrons to drop into the 1s level. The result is
the emission of a photon with an energy precisely equal
to the energy change associated with the elecron transi-
tion. Calculate the wavelength of the photon that would
be emitted from a ‘*C atom. (You will note various ex-
amples of this concept throughout the text in relation to
the chemical analysis of engineering matenals.)

2.11 P Fisone 2.3 a-d asain sammg Ko
%Toﬂé:“:f /{(, %\w/ﬁ,
[cE] = [-203.9 - (~6.5)[eV
= 2774 eV

=(0.66 9{%/0"‘3_7-:)@.??77 k0 /5)
(277 4ev)(1T/k.242¢10% V)

= 4.47x0" s x Lnm /1077
= 4.47 nm

2.12 The mechanism for producing a photon of specific en-
ergy is outlined in Problem 2.11. The magnitude of
photon energy increases with the atomic number of the
atom from which egussion occurs. (This is due to the
stronger binding forces between the negative electrons
and the positive nucleus as the numbers of protons and
electrons increase with atomic number.) As noted in
Problem 2.10, E = hc/A, which means that a higher-
energy photon will bave a shorter wavelength. Venify that
higher atomic number materials will emit higher-energy,
shorter-wavelength photons by calculating £ and A for
emission from iron (atomic number 26 compared to 6
for carbon), given that the encrgy levels for the first two
electron orbitals in iron are at =7,112eV and —708eV.

2.12 /4;/: /-‘7,//.1 -(-703)/el/ = 6404 eV

or A= he _ (ob26x10737. s)(0.299¢ x0 I /5)
BE " (4404 ev)(1T/6242 x107% V)

= /.94a</o"°—...x1.»..//o"~ = 0./94 hm

Section 2.2 — The lonic Bond

9
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(a) Make a skerch similar to Figure 2.4, illustrating Mg and O

PP 24 atoms and ions in MgO. (b) Compare the electronic configurations
for the atoms and ions illustrated in pan (a). (c¢) Show which
noble gas atoms have electronic configurations equivalent (o those
illustrated in part (a). (See Example 2.4.)

PP 2.4

e
Mqaf
(4) 15?252 ‘3.: 0: Ls? 23’.?:‘
%#

l! 2% 13325 ,-z: 0* ls‘-?s’—?f‘

(¢) Ne aod Ne

(a) Using the ionic radii data in Appendix 2, calculate the coulombic
PP 2.5 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 (A)ﬁulffu-d'g 2,

""Bgf = 0,078 nm

roa- = O0./32nm

Thon,
Qm Fy 2y s ™ O.078nm+= O.1320m= O-2/0nn

M
J
F oo (30" /0 )2 N0 L5167 ) C2) 0.1 x10™C)
E (o.200 x/0~%)?

= 20.9x0" "N

(6) Fk' - f: = —20.9’/0-,”
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PP 2.6 Calculate the minimum radius rato for a2 coordination number of
¥ (a) 4 and (b) 6. (See Example 2.7.)

o
&) &
B= 'O;‘s. (see F:'Jun. 2.19)

w1085 o
Sin i%_) .r_.E’TR

O.71bbr + 0.816LR = R
O.I834R = 0.81b6 r

PP 26| (a)

‘,o\»ﬁ, -Aulla
%: 0.225
(5) ﬁ r+R
R
B=4s5"
S 45.3%

0.707r +0.7207R =R
.9""‘_1' #hlla_

% = 0.414-

© 2015 Pearson Ec
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In the next chapter we shall see that MgO, Ca0, FeQ, and NiO
PP 2.7 all share the NaCl 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 wreated in Example 2.8. Use the radius rauo
calculation to see if it estimates the CN = 6 for FeO and NiO.

PP 2.7| Pro— Appendix 2,
rr‘;, = 0.087 nm , r-N'.;,.- 0.07& hm, raa-: 0.132nm

ﬁl" FQO}

w 0.087 n — ; 2-’ Jved.
.R'aj—s—z:i‘-.—o.bé 4r which Table g

CN =6
Fer NiO,
.&s _O._O_'?lnz\_.s 0.59 ‘7;\’1 CN= b

O. 132 nm

12
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2.13 Make an accurate plot of F. versus a (comparable to
Figure 2.6) for an Mg?* — O*~ pair. Consider the range
of a from 0.2 to 0.7 nm.

213 | F.= - ( 9%00 7 Ve /€ )+ 2Xo. 1t x10™ " )(2) (0. téxro™""C.)

al
a e
O.2x/0" ;,., 23.0 xt0=T N
0.3[ “ /0.2 x "
:5 ~ o.*‘ " .5.7" "
0.5x * 2.69 x
F, T O.bx " 256x
c 0'7‘ " /.?‘l' "
9 IS5~

X 10

o 1 1 1 1 1 1 = |
© o0.!] p.2 0.3 04 0.5 0.6 0.7
Q (hm)
13
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2.14 Make an accurate plot of F. versus a for a Na'—0O*
pair.

2.14 Fe_ (T ? Vim 10) (41 Xo b x10™TC)(-2) (0. téxio ¢.)

c a-’-

a Fe
0.2x10~% m /. 5xi0=9 N
0.3% v ALY
0‘4‘ " 2-" L ~
O.5x « lr4 "
O.bx v /.arx “
0.7’ " 0.940‘ »

/5

Fe
x/0!
(N) S

1 1 1 1 1 X—0
o o0 02 03 04 o0.5 0.6 0.7

a(am)

2.15 So far, we bave concentrated on the coulombic force of
atraction 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 v2ag, where ag is defined in
Figure 2.7. Calculate the coulombic force of repulsion
berween such a pair of like ions.

E.
e - - ACCLED

= — (92107 Vom /0) G1 Y01 00 ) G 1 )(0.16 x20™ ")
4
(2)(0.278 0= m)

= — /490" N

14
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2.16 Calculate the coulombic force of attraction between Ca?™
and 0%~ in CaO, which has the NaCl-type structure.

2.16 | Frem ,9,,,.‘/,;,,7,
rC."’= 0.106 nm ; Ypa- = 0. 132 hrn

Then,
a,= rgar +rpa-= 0. 10k nwm # 0,132 nrm = O.238 e

Fc e (95007 Verm /C)(fJYO.Kﬂd'"C)[’-?)(a""’o-ac)
(0.238 x10-%. )%

= /6.3 x/o'9/\/

2.17 Caiculate the coulombic force of repulsion between
nearest-neigbbor Ca®* ions in Ca0. (Note Problems 2.15
and 2.16.)

217 | As noted in Problem 2.15,
a= Y2 a,
US,U He Caledeton for Prblem 2-16,
o= V2 (0.238hm)= O 337 hm

Then, ; .
F o = (93007 Vo feX22) (0.4 x10™" C)
- (0.337 x 10=7,)?

=-813x0~T N

15
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2.18 Calculate the coulombic force of repulsion between
nearest-neighbor O~ ions in CaO. (Note Problems 2.15,
2.16, and 2.17.)

218 | A5 o Problem 2. 17,
o= a,f'z"q'=1/2 (0.23(»-.).—- 0.2337nm

A, 9 2 2
. (Ox00 Vim/e )(-2) "(o./e 07" €)

¢ (0.337x10-9 )%

= -8./3:/0”N

2.19 Calculate the coulombic force of repulsion between
aearest-neighbor Ni™ ions in NiO, which has the NaCl-
type structure. (Note Problem 2.17.)

2.19 A= V_z_:a. =ﬁ(rNi2* + ro;-)
P nids 2,

a2 (o.a'nm- + 0.132nm) = 0.297 hm

Thew, = z
£ . (30t V-v-/c)(“—)t[“" xw0™'"¢) - —/0.4xi0"1 N
& (0. 297 1079 )&

220 Calculate the coulombic force of repulsion between
nearest-neighbor O?~ ions in NiO. (Note Problems 2.18
and 2.19.)

2.20 | As m Problew 2.19,

O NTZ (0.0 nwma +0.13Lwm ) = 0.297 nm

o4, 2 -1, \2
E . _ (et vafc)E) (0lexto™C)" o o 57N/
T (o.2aTxiomTm)*

16
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221 SiO; is known as a “glass former” because of the ten-
dency of SxO" tetrahedra (Figure 2.17) to link together
manonaymumnnemk Al;Oy nknownuanm-
termediate ghss former due 1o the ability of AP* to
substtute for Si** in the glass network, although Al;O3
doesuotbymd!mndtobcnonwymﬂim Discuss the
substitution of A+ for Si** in terms of the radius ratio.

2.21 As discussed m Sechnn 2.3, He rdiva
refo for Si*t- 0% L

0.039
/R = : ,32:: = 0.295 , well vk,

He A"’j" 74’»' 4'7611 Coomf:\u?‘%.
For AlY-0%7, dita m Appondx 2 gaa :
r/R = 0.057nms
CLI00 codison e
4“ ) Coo A 1Ca
Wﬂz‘mé o Ah 03 4e Om mm

sistend wird
B e s taarlly i o

= 0.432, just abore

222 Repeat Probiem 2.21 for TiO;, which like Al;03, is an
intermediate glass former.

2.22 | For Titr-0%, Appemdin -Z‘jivu.:
% = 0.064..../0.,34"“ = 0.485
As with A1, Ti¢* Jivee a vadut Jhd‘t‘/rd #a
nge Jor 4-fold coordinatrn cmsisted Loith
its mfermediocte role.

17
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223 The coloration of glass by cerwin ions is often sensitive
1o the coordipation 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?

2.23 Using He Dbts Fr Appedin 2,

r(o"" _ O.022 s,
ro:- o-/32"M

C-JA;U{ o) S ,4, é—;clj Coodinata
m 72/‘4 2-’. ,—:r-(J a EIM Co/or-
Aa l\'\l:'(.nfﬂ/.

Mote : The rmek bdie- o P AN
"(05#5104" Mciavﬁjﬁ% 4—,4[&7
rﬂerlkd":#dV\ a1£ Co a* A‘-o/#b\/ fl#f/?/m:k.tj
é vt o &»«7»4 /onic cm.r:aﬁm;aﬁ'hu--

= 0.62/

224 One of the Grst nonoxide materials to be produced as a
glass was BeF;. As such. it was found to be similar to
SiO; in many ways. Calculate the radius ratio for Be?*
and F™ and comment.

2.24 | Ar BT FT, pppondin A(jim.:

Y/ - 0.054nm - 0.4 twhith A
/ﬂ- 0.0 h/o.l33h~s 0.406 , 7~

s Hee /\‘~2‘ fvr 4-fold coordastion. As a
M/ +efhk¢Jnlb-CoorJ:MJd Bez* [eads

fo retwork Lomadin Swilan o He cant dor
S; ¥ S;OJ,

18
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2.25. A common feature in high-temperature ceramic su-
perconductors is a Cu-O sheet that serves as a su-
perconducting plane. Calculate the coulombic force
of attraction between a Cu®* and an 0% within one
of these sheets.

225 | s

e 3t = 0.072nm § Fpo- = 0.132nm

Then),

Qo = VC‘qa'* + %3-7- 0.072nm +0.137nm = 0.20F n nr,

FZ_.—.- — (G0 vrm e )2 Xo. 16167 Y- 2)(0. 16 x107“C)
(0.204 x10~Tm)*

= 22./xw0-"? N

2.26 In contrast to the caleulation 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

2.26 | Frow Appendix X,

qu,'fz 0.096 nm ;1',03--‘:0./33"»\.

Then,

A= r. 4, + o = 0.09 he+0.132nm= 0.238 nm

o (P o~

F = — (Gno?v /0)-1)0.16 xto~ ) (2) 046 x10™)
= (0.228 x/0= % m)*

= 886 xn0"'N

19
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©2.27 For an ionic erystal, such as NaCl, the net coulom-
bie bonding force is a simple multiple of the foree of
attraction between an adjacent ion pair. To demon-
strate this concept, consider the hypothetical. one-
dimensional “crystal”™ shown:

()

QOO0 OOOEO

Reference
on

(a) Show that the net coulombic foree of attraction
between the reference ion and ail other ions in
the crystal is

F= Af',.

where F, is the force of attraction between an
adjacent ion pair (see Equation 2.1) and A is a
series expansion.

(b) Determme the value of A,

2.27 (a) For He ”c‘rjtﬁ[, "

B au Pkl ol 8 2. g
éynet = F ==K ( a* (.n')"" (39)* (4-a,)‘+

-2—6-:-_(+/’3L*§L-7£*”.

For an n{/am.f ion par,
Fcz-—_g.‘ (Of(ome,xic' He ‘\/‘d-
pair is n‘ljnk M :7».

Or Fo 2(/-3+3-75+")

‘-'Af;_ whid A= 20-F1-% Z*)

L) One Com (sz“:é A Carmying o % Serics a
( solbiciena . /Aye q&hu- bl e net

value vergea.

One Can abo nete Had

-k Looid gk
/ 3" 4‘+ 72

JIVA:'] .

A= 2/;’ 1445
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228 In Problem 2.27, a value for A was calculated for the

2.28

simple one-dimensional case. For the three-dimensional
NaCl structure, A has been calculated w be 1.748, Cal-
culate the net coulombic force of amraction, F, for this
case.

F=AF.

Prom Examble 2.5,
FC. : 1.98 x 10'91\/

“ Fz (1748)(298 xi W)= 5.2ixi0" N

21
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Section 2.3 — The Covalent Bond

In Figure 2-14 we see the polymerization of polyethylene
+CiHe-, illustrated, Example 2.9 illustrates polymerization for
poly(vinyl chioride) +C;H3Cl9~,. Make 2 similar sketch to
illustrate the polymerizaton of polypropylene 4-C;H3R--,,
where R is a CH; group.

PP 2.8

PP 2.8

Prepy |ewe. molecule

‘i’ ",‘1 F'{?P”P:] IC«C
c molecale

Use a sketch to illustrate the polymerization of polystyrene

PP 2.9 +C;H3R3~,, where R is 2 benzene group, C¢Hs.

PP 2.9 H H
C‘. sibme. wolecule

|
R

b

- r-n-
p—n T "

::-n—::
I

b =4

R
N R
__" k— Stjm mer-

whene R= C6H5

_2_“‘ Pobsbmt
melecule

I—D-

z—0~
A-p-x

22
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Calculate the reaction energy for polymerization of (a) propylene
PP 2.10 (see Practice Problem 2.8) and (b) styrene (see Practice Prob-
lem 2.9).

PP 2.10 | (2) The backbme reachim is He Saoms. Theute, Hie
C&lc«&w‘m s 1“04.4.@ s
(140-680) L T/imel = GO K Tfimel
(k) A‘JCM,
(7140-680) AT ial = 60 KT fimsl

The length of an average polyethylene molecule in a commer-
PP 2.11 cial clear plastic wrap is 0.2 um. What is the average degree of
polymerization (n) for this material? (See Example 2.11.)

PP 2.11 As illostrated m Examble 2.11,
L= 2And

or L
Sy
- 0.2)‘/0—64-\ = 774_

2x0.026 xt0~ T =

229 Calculate the total reaction energy for polymerization re-
quired to produce the roll of clear plastic wrap described
in Problem 2.4.

From Probltia 2.4, we obfay ¢
== 4.60x10%% Cakua in He sheet o/f.}nqj/ue

From Examble R0, e nete How 4ie a
Nlachon c«w 7 604 T/l (of dovhle bonds ).

T‘)‘u/ J‘l -ﬁa‘lmdh Mﬂ 3& #& po?r-u Ur‘f gy 5

24
Er&uém = % X 4.6ox10 ats C
 Lomel Catms . - bond

0.6023 %10 %atres & R atomee
= 229 kT

23

© 2015 Pearson Education, Inc. Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be obtained from
the publisher prior to any prohibited reproduction ,storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying,
recording, or likewise. For information regarding permission(s), write to : Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ
07458.



Domestic Instructors Solutions Manual

230 Natral rubber is polyisoprene. The polymerization re-
acuon can be illustrated as

o I
H H H H

Calculate the reaction energy (per mole) for polymerization.
2.30 A H‘N A M:J rm#m n,,ur: more &\..r/oxj .,M‘_ net

efbct is (as in Examile 2. 10):
1 C=Cc —» &K C-C
Jivng e reaction Mdy oz

(740 = 620) KT Vsl = 60 KT /sl

24
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231 Neoprene is 2 synthetic rubber, polychloroprene, with a
chemical structure similar to namral rubber (see Prob-
lem 2.30) except that it contains a Cl atom in place of
the CHj group of the isoprene molecule. (a) Skeich the
polymerization reaction for neoprene, and (b) calculate
the reacton energy (per mole) for this polymenzaton.
(c) Caiculate the total energy released duning the poly-
merizauon of 1 kg of chioroprene.

2.31 | (a) Siwilar Fo Hhe rtaction i Problaem 2.30:

iy iy gy ) G Y
h c'=c.—c=c e«({_—C_-C—C
H

i i
Lll H H /n

) AJm'n (25 m Examble 2:10), Fhe
net reachm 2o 3 LC=C—>» 2 C-C
;in)a a reaction J«% avf:

(T40-680) 4 T fins] = 60 A T/imel
(c) The mer molecutan wa‘ il
(4x(2.0) + 5 x/.00f 35'.45)07 = &8 53J

As Hew o one bomd reaction [as shown
Lo F""" (1’)] ,5r each men, we Cam write:
[eesed = 1.4 xl‘no/ xjoaaj_
Mﬂ a 3;.5;3] /g
x bo Ty =678 AT

25

© 2015 Pearson Education, Inc. Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be obtained from
the publisher prior to any prohibited reproduction ,storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying,
recording, or likewise. For information regarding permission(s), write to : Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ
07458.



Domestic Instructors Solutions Manual

232 Aceul polymers, which are widely used for engineering
applications, can be represented by the following reac-
uon, the polymerization of formaldebyde:

H H

n \ I
C=0|— C—0—t,

7 |

H H

Calculate the reaction energy for this polymerization.

2.32 | /n Hio Cace, He net pochm 4a :1C=0-5 2c-0
J,v.v a nzaction o0y of :

2 (bOMT st )~ 535 KT fosl = 185 AT fonsl

26
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2,33 The first step in the formation of phenolformal-
dehyde, 8 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 dhia cast, e net reaction i :
1C=0 + 2C-H —» HC-C + 20-H

J””‘ a. reaction ij '/ :

20370 AT fiwsl) 4 2 (500 AT/ mol)
2 (425 LT mst) = 1 (535 RBTfot) = 3354T/imal

2.34 Calculate the molecular weight of a polyethylene
molecule with 1 = S(K.

2.34 USU W dota. of Appendin 1, st sbtain

2ol T -fCa H‘%‘:\nﬁo = .5'00[.7(/.?.0:)} 4[/-000)} Qrmra,

= ,4:030 [- PR

~
w
wm

The monomer upon which a common acrylic poly-
mer, polvmethyl methacrylate, is based is

H CHi

Caleulate the molecular weight of o polymethyl
methacrvlate molecule with n = 600,

2.35 Using the chemical formula and the data
of Appendix 1, we obtain

T ‘{ R

" =500

= 500 [ 5(12.00)+ 8(1.002) + 2(76.00) ] @omnn

= 50,060 2wsn.

27
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2.36 Bone “cement.” used by orthopedic surgeons to set
artificial hip mplants in place, 18 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 20K} < 1 < 7(¥). (Note Problem 2.35.)

2.36 For : £ CoHy 0,3

P00<wLT00

el 1t. = 200 [ Sl2.01)+ lﬂ“l)f 2(14:00)] aren 7o
J0L & & @ v Jamu

20,020 @ To 70,080 @t
e

2.37 Orthopedic surgeons notice a substantial amount
of heat evolution from polymethyl methacrylate
bone cement during surgery. Calculate 1he reaction
energy if a surgeon uses 20 g of polvmethyl meth-
acrvlate to set a given hip implant. (Note Problems
2,35 and 2.36.)

* Note #ut 1 mol of /ﬂ& CoTamae
— 1 el of C=C aa,u ufjt:i’f M/“‘t’

1 el CsHpOy hae [5012.01)4 & (Loar)t :[/a.oo)]j = /00. /j

As caladated tht hireg. t Hia kc‘/ﬁvv *“4
reactiom e»\l/:ij 1 C=C = 2C-C Ae!’

(140 - 680) 2 T/ mel = b0 AT/l
Them, Ha htal Ataction teingy Hae oplond Cosnd” 2a:

= 60AT 1wl boda =12.04
E renchon ™ o b 700, 1 ¥20g li—_J-
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238 The monomer for the common fluoroplastic, polytet-
rafluoroethylene. is

F o1
i |
C=C
|
F F

228 » z: g 'fd’mflumt%h«t
‘F lF holt&«-‘l_
..._Z_z_g—g_z_z_z z_... Poljkfnffwro&" et
FE L L AR et Y

(b) Calculate the reaction energy {per mole)
for this polymerization. (¢) Caleulate the molecular
weight of a molecule with = 500,

(L) Ceactom M‘H: (7“-6;0) ’-A-T/h.l
= 60£J o

(e) U:-U Hoe lits. of fppedin 1,
wel. it = 500 [2(12.01)+ 4 (19.00)] 2un.

= 50/0l0 Lnnn_

2.39 Repeat Problem 2.38 for polyvinvlidene fluoride, an
ingredient in various commercial fluoroplastics, that
has the monomer

FoH
L )
=

G
FoH

29
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239 | @) T A
C=0 'v"‘a[ilﬂ»c -ﬂluonzﬂp molecto
(.
F H

FHTHFHTH
|

| 1
Vo — Cl - c::-—cl—-C— - C‘_C_ Cl:.—... Pclj‘ln‘ha[i&—o #{UW&Q_
E 3 1 3
FHFHFGMNFH maltate.

(B) e Lt.‘avs&»q/\aa = (_740—630)—&— o |
e = bo LJ‘/Mc' J/

(C) Us.lv%ﬂdd-oiw.t)

ol it = 500 [2(12.00) + :z(l.oa:)+.2(m.oo)]M

= 32, 020 Armmna_
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2.40 Repeat Problem 238 for polybexsfluoropropylene, an in-
gredient in various commercial fluoroplastics, baving the
monomer:

F
|

aO—m

nm m-

F—C—
F

2.40 | (=)

m

E

c‘_ =c:‘ henﬂwnprn‘anlmg 'l: :

( F ‘ho!eowlq,é repusd oe: C=C
|

:

R F

£ B E F F F F
| ‘l:F ! é é é f°l3 ‘wta.ﬁluorv—
cti == C=C=C—=C=C=C—=C— *=-
Coror L] Prapylene
RFRFRFRF H——

(L) Keaition WJ =(14‘0-(930).A. T/wl = wﬂf/hul

(&) Usmy Appomdin 1,
sl wh. 2S00 [3(12.00) + & ( ltoo)] Qs = 75020 Grman

Section 2.4 — The Metallic Bond

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

PP 2.12

A Jrn'/cr ciejrﬂ JCOV‘/‘Iy i e Si=S;
bond ,Mow‘du evem sﬁv:jer dfm-ﬁ)n‘/ﬁ P/

bhwer Coordhaton number,
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2.41 In Table 2.3, the heat of sublimation was used to indi-
cae the magmitude of the energy of the metallic 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 Gve metals of
Table 2.3 and comment on the correlation.

2.41 | Using Tadle 2.3 adfppodic 1, i obtnn.
piic Mo, Mebd T g (°C)  Heatof Sobl. (4T iwol)

/2 M 649 148

/3 A7 béo 226

22 v &5 /é6o 473
2¢ Fe /535 416
29 Cax 083 338

So0 -
(@]

~ o .2

3 o

S ]

L

300

N

3 aof

= (o]

* rok

$

o e 4 N L 1 2 1 ~ T —§
Soo /ooo /500 2000
Tt (€D

Crmed: There so a posihve Comchabon beAreon
Haat 7‘100 At[i(q, of bond stren 4. %M,
#l )}7‘7‘3‘4 l; ﬁﬂm OMM;Z*-% a-ul
Mel are Suv/he ‘ P‘M
a wgf/wisc rebets .
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2.42 In order to explore a trend within the penodic table. plot
the bond length of the group IIA metals (Be w Ba) as
a function of atomic number. (Refer to Appendix 2 for
necessary data.)

2.42 usy F‘:.]RFC 2.2 (#l Frldﬂ.c *‘/C) UiMA,’lex 2
we obtam :
Bond lo
LA elemes? Atmic nmber Atomic mdislr) (=2r
33 4 O. /4 nrm ©O.228nm
Mg /2 O.l60mm  ©.320am
Ca 20 0.1974m ©.394 am
Sr 38 OC.RISnm 0O.4304m
Ba 56 O.217 nime 0. 434 nm
0.5
o]
30
0.3
Y,
\3 0.ar
‘2 0./ |
Q aE SRR o ) S
lo 20 30 <0 So 60
Adomic nomber
2.43 Superimpose on the plot generated for Problem 2.42 the
metal-oxide bond lengths for the same range of clements.
2.43 U&.)j l(-'yw 2.2 a~d J/p../ix .?me.«c..'

33
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___IA elewsnT Afrvic number Iommic rﬁf'u..'f‘ aa- {OI”OQ).M A«ﬂ

Be 4 O.05 4 am
Mg /R 0.078Am
Ca 20 0. 106
Sr =27 O.727am
Ba S6 C. /43 nm

o5

00/’6”"'—

o, RO »n e

O.238 4m
0. 259 Am

0. R75 nm

metal

o—0
0. 4 — bﬂd laﬂ#\s
‘ /

(o)

~ O.lF

el (I O Y W DEN SN L TR A TR
10 R 30 40 So éo
Atomic nomber

2.44 To explore another wend within the periodic table, plot
the bond length of the metals in the row Na to Si as
a function of atomic pumbers. (For this purpose, Si is
treated as a semimetal.)

2.44

T 0.3F metnl-oxide
;E' o/ bond lc-a#\s
0-2

US,):J Fia‘.,q, 2.2 o Jd A’M:, ZJ/V“ And :

Element Afrmic Number Atomic Radiua (r) Bond LA?,/‘ Gar)

Na. /] 0.126 hwm

m 12 0./60 nwa

A; /3 C./43 mwa

Si /4‘ Co N7 nva
34

0.372 wnn

0.320 wwa
0.286 Wi
0,234 nm
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Bond 0.2}

Lenjfh 0.1

C) ol L 11 Atoic Mimber
In iz 13 14

2.45 Superimpose on the plot generated for Problem 2.44 the
metai-oxide bond lengths for the same range of elements.

2.45 USi:\J F.:jun. 2.2 a~d Apﬂ%ljim:
Element At. Mo, Ienic Qn/iu.‘.'.f roa‘(=0.l32 wm) = Bond /.c..zvf

Ma /1 C.098 nm 0.230 »n»
mM /4 0.078 hm 0,210 nr
A/j 13 0.05’7n-—. 0./‘9 "o
Si 14 0039 nwn 0.17/] =

» s He most Grmmen Valewce , a5 noted o mside, back cover

0.4~
0.3 F
807'|J 0.2 -0'\0\0.‘0 MC+4I
lenjf/) metal oxide
o.l
(nim)
o 1 1 1 L s Atowic Number
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2.46 Plot the bond length of the metals in the long row of
metallic elements (K to Ga).

2.46 u’fj Fgw 2.2 and A,,(.&—?JM PR

EJemtn] Afomic namben Afrmic radiua (r) Bomd /lu’/((tﬁr)

A
Ca
Se
Vi
4
Cr
Mn
Fe
Co
'
Cu
Zn
G

0.5
0.4
0.3

o2

Bond /&ﬂ# /h'ﬂ)

0.l

19
20
2/
22
<3

24
a5

2
27
A8

29
30
3/

0.197nm

O0.147 nan
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2.47 Superimpose on the plot generated for Problem 2.46 the
metal-oxide bond lengths for the same range of elements.

2.47

{/sg Figure 2.2 o fippendin A g

Eltumsnd= Al M. Iomic n/:‘vs"‘ ot~ = (0./32nm) = Bond /ﬂ

K /9 0./33 A 0.265 hr
Ca p-T 0./06 A~ 0,238 nr
Se Al 0.003 num 0.2/5 him
7 A2 0.064 b e 0. 1% am
74 23 0.06/ men 0.193 nm
Cr 4 0.064 0./96 nm
Mn 2( 009/ M 0.223 s
Fe 26 0.087 1 on 0.2(9 nm
Co 27 0.082 hm~ 0.2 14 nm
N p-i 4 0078 nm 0.2/0nm
C“ 29 0.096 nm 0-228 1y
2n 3o 0083 e 0.2/ b
bo. 3/ 0.062nvn 0 14 nr
* vy Ha wostCormmon wnlowcs_as noted on miide, beck covtn
0.5 r
~
£
E o4}
E} 0.3 ¢+ ht‘hl
‘g 0.2 pn‘h/ oxide.
0
Q I [ v e SN R MR IR Il P T I | -
T TR TR ] W Adewic rmber
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® 2.48 The beat of sublimaton of a metal, inwroduced in Ta-
ble 2.3, is related to the 10nic bonding energy of a metallic
compound discussed in Section 2.2. Specifically, these
and related reaction energies are summanzed in the Born-
Haber cycle, illustrated below. For the simple example
of NaCl

Na (solid) + $Cl, (§) — Na(g) +Cl(g)
|55 o

NaCl (solid) ~— Na™ (g)+Cl™ (g)
Given the heat of sublimation to be 100 kJ/mol for sodium.
calculate the ionic bonding energy of sodium chioride.
(Additonal data: ionization energies for sodium and chlorine =
496 kJ/mol and —361 ki/mol, respectively: dissociation
energy for diatomic chlorine gas = 243 kJ/mol: heat of
formadon, AH;. of NaCl = —-411 ki/mol.)

2.48 | Nofe Hat aH'= DE sulun + 34 dise, c1
+~DE pn,Na * SE el

+ BE i 5:-/.:1,;4/0 ¢/

or,

2 4
BE i lr-{-y, WaCl = 4’1{ = DE il o= 5 Fdisse, €1y
- BE jp o - BE o, C

= (41 -re0 —'3“-;—:"-—4%*—.%/%3/"-/

= = 7654 Tfbwl
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Section 2.5 — The Secondary, or van der Waals, Bond

PP 2.13 The bond energy and bond length for argon are calculated (as-
suming a “6-12" potential) in Example 2.13. Plot £ as a
function of a over the range 0.33 to0 0.80 am.

PP 2.13 Frow Examble R-13:
" Ces7xie" 0T mb) + (lhtb 210~ F:r"?)

Eh-?.[ a‘ - a'?

-y
X 0.boasx 162% el

ﬁrMJMn»u-’e-fod

a E fond
0.33xs0" Y, + 0. 1??':4 T/mel
0.35% - 08517

0.38ax » 0,999 # (forme Exambie 2. 13 )
004 8o -0, 445' "

0.5 x » -0.360 w
C.ox » -0./29 «
0. 7Tx » -~-0.05a «
0.8x = -0.024 n
N - (o]
Q !
N .
Q{_ L
K aé o7 ar

S o —— == a ()
§ L ai a2 a3 |a4 os
') [ '
g

i b
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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

PP 2.14 , !
covered in Practice Problem 2.13).
PP 2.14| F=-4E _ CX _ 124
da a’ a’®
-/35
F . = \'6 (10.37210" " T s ®) _ 12(V.tbx 10 'y
dod l P PR

X 0.6023 % 10%* mel ~!

For /ﬂ(c.‘Jlrh/u:ye cf a3

a Fuz :

0.33#10-’3-‘ - (R x /0”4//&./
0-35.- ~ -—40-5 » o
0.3’31 ” o

0.4 = S5 F7x &
0.45" “ ~6.26 x =~
0.5x * F3 04 x u

0.6 x « /A5 x w

0-7 x - + 0.44’ ~

o.&8x -+~ O0./8 x v

+20 E-
(o) + + }

. 01 a2 o3 [o4 0.5 0b 07 0%
< -20 Alhm)
N !

I 4o}

L: -60 [~

Q -

x -850

v .

3 -l

.’ o

i -120 | L
-l40 L
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2.39 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 the gas will condense to
form a monolayer coating of molecules on the porous surface. 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 | 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 molecule 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 PV-nk'T or n= 4"/ (/ade Y 9x003x 10 ...-’)

KT (rsugk(273K) “
x ¥/ ? *obugx/o‘wmolec.
9.869 xo™ a2 mol

= 2 42%/02° molec. M,

Des covadl= 0.062x10™ 22w 2.42x 267 molec.

melec.

= 392 m* (pon 1009 Co)

o 3%2-7 é :
r,S M"j 7—4 392 m
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2.50. Repeat Problem 2.49 for a highly porous silica gel
that hasa volume of 1.16x 10" mm® of N; gas (atSTP
or Standard Temperature and Pressure) condensed
to form a monolayer.

2.50 | /n #io csce,

ns L V _ (Voo X te xt0 " /a'z.’)( UM/ 3 )(0.6023% 107 $slec. foo))
RT ~(r3uT/)223 kX506 §xvo~eZon)

=3/2 XIOJB melec. A/a
Aren C‘ml[" .06 2 x10™ »
”~

olec.

t 3 /2x70" e

= 505 X/0% m = (fer /af] s"[‘cuc/)

R
v, $o St} 0L 5 sy
[

/0g J’
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251 Small-diameter noble gas atoms such as heliom, can

dissolve in the refatively open network strscture of

silicate glasses (See Figure 1L8b for a schematie of

plass structure,) The secondary bonding of helium in

vitreous silica is represented by a heat of solution,

AH,, of —3.96 kJ/mol. The relationship between sol

ubility, S, and the heat of solution s

§ = S ANAT

where §, s a constant, R is the gas constant,
and T is the absolute temperature (in K). I
the solubility of helium in vitreous silica |s
5,50 > 107 atoms/(my’ « ntm) at 25°C. cakculate the
solubility at 250°C.

2.51 Us,‘):J He(),wn SxptsSidn #/:ola 6.‘/,'\)&,@{ have
— AHg /R(aso+273)K
S.‘loo't. e SO

T S, e —9Hs/R(as ran3dK

525'('.

or

Ak L)
i 29%E
T o & B (523:(

= (5:5/x/07 %atrma o3 st

—(-3%0T/mel) [ -3 _ -
o~ ey 144k

2.77xt0? ’qvé»—‘/f». %aZen)

252 Due o its larger atomic diameter. neon has a
higher heat of solution in vitreous silica than
hehium. If the heat of solution of neon in vitreous
silicy is ~6.70 k) /mol und the solubility at 25°C is
907 % 107 atoms/(m' - atm), calculate the solubil-
ity ut 250°C. (See Problem 251.)

2.52 USU Ha 5o lué.‘/,‘-._ly 2xpeision fro Problem 2.5 | ,

B 3 @ =45 /& (250 + 273)K
o
8 N - S. e —aHs /R(38 +273) K=
as'c
or
_ AHs [ T )
‘S.'Loo°c. = Sas-c = ik B

(.07 %0 atrns /O3 ateY)

_ (6700 Thail ) (. 1.44 xlo"K')
Xe (8314 T/limel-k)

= 2.83xi0%° m-./(»- Sa8.)
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