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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
ﬂ) -I'me ‘-Hl’f# AThas r’.h L 4 (ﬁfjdfh') o

R G /Ny atoms C
2072 9 G/ N, e Pl

= 2.59 x 10® atha Pl
e

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(100)(:200) mm 3

=3.60x0”g = 3.60 42

PP 23 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! %
dape 11543 /3 x Wby =2634mm
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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.

Y
2.1 /\/E = p V%{%—): /‘7.24?%/06‘34%3 X 100 #/6” >

/-Sx/o'gm -

op (LSx07m

<7 > )
0.6023x/03 % e

196. 97 § Auw

=10.4x 10?" atoms

12 Common aluminum foil for bousebold use is nearly pure
aluminum. A box of this 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 is 0.5 mil (12.7 um)
thick, calculate the pumber of atoms of aluminum in the
roll.

2.2 Mﬁ_-f‘/ Hav )-.ﬂ?aum‘_jﬁ%’xﬂ?xm"m

/]
aft wit 24
-J 0.6033x/0 = " arhms

= E.3/x/0 “nﬁ'-q
1§

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.

2.3 V=150mmx 1mm?=1.5x10°mx(10°m)?= 1.5 x 107"°m?
o, 32200 b9/u3 x 1.5 %043 =3.30x00"7

‘ ?
L mel Sida Aoe ﬁ!-d’f-‘t‘[/‘.ao]); = 60.07& -
”‘"& .91' J J”‘y ‘745“ 0

Y 74 = Mx 0.6023 x10%* atmes
S:l#l‘ ‘0.0,J

2 3.31x00'% arhus

M

5
Wyska = 2 Ny, = 02510 EuA

e
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2.4 A box of clear plastic wrap for household use is polyethy-
lene, 4~ CaHyd-y, 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 carbon atoms
and the number of hydrogen atoms in this roll.

2.4 V=127 pm x 30dmm X 30.5m = [27xpp b0, x 0.304m x30.5m
= L18x07%,.3

1wl CoHy hae (-?[f-?-w];#{r.m;})a,. 2r0sy 4r

24, ahea Cod 44, athue H

= 0.9/ xxa‘JA.sx l/ex0" ",..’. fo '?3.

LM - 07 . 24
C atbee. 220 J ® X0 $023x/0 ‘?5'--‘_

= 4. 60x [0 7% athrus

Mf.‘h—g= R’k’;:m

= zpﬂ' HJﬂ"‘* qﬂk—l-

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 a whisker with a diameter of
1 pm and a length of 25 pum. (The density of AL,O;is
3.97 Mg/m’.)

2.5 V=7 é.‘z&')a" 2'5/'“"" = 7(0.5110_‘4'-)2}25 <10 6me

= 19.6 xio=* »3

%Alq,os= 3,‘77“0‘_5 A x19.6x0"%m > = 7.79"’0—”3-

Lomol 41,0, k“@[u.vrj“s[/goa})j = /0196 g
for 2N, afree A avd 3A[,, afrea O

2 (0.6or8 x 103 % atms)
/0/, %J.

0.921 x 102 atoms

Lt /1.4” y = 7.5&)‘10_”2 x

3/2)‘ UAI d.‘/“ﬂh-‘.
= 34 (/.//x/o"‘aﬁ»..) =1.38 x/0'? atoma

Nc:aﬁ.....
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1.6 An optcal fiber for telecommunicaton is made of 5i04
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 sechion of fJﬂ.
V= w (..'Efﬁﬂ)?'g 1 e = ?r(ssm"’—-..)lu [x107 %

= 7 Pfﬂfﬂ-ﬁ‘m 3

50, " 2.20% 0% 9 /o3 x72e5x10'8.32 (73 x!ﬂ-§
L mel S:0, Aue (22094 .?[fﬁ.aaﬂj = Go. 07 4
7{'- qumsf-—-fgﬁfﬁﬂmo

-7 s
T M. afowa = Mra-ﬁﬂﬂﬁﬁf#;tﬁﬂ= L73x/o ! A
S £0.09 4

N; e = ﬂjt,luj; " = 3.45 Ifﬂ'ﬂ—ﬂ)‘&—-:_

2.7 Thirty grams of magnesium filings are to be oxi-
dized 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?

2.7 @M+ 10, M30
e, L ;,,,_.-,6,., ﬁ?j Ae axidgeo/ {7 0.5 mel 0,

or __909Mg
A4. 3/9/5mim

=7.234ﬁ--ﬂh—- /37 will de

oxidized !7 7'—‘-2-2i4mo/. % a2 0.617 »nel 0,

.'s o, Mo /!Cu—&a. 0'7 = 0.6717 me/xo0. 60-?32(/0'71;-“/«./.«4[
=372 1102 e loc.
2 0.372 x16**smslec.

(b) no-molea= 0.372 51034 ulec wc_Z»noI/O-éoJ.ixlo”mbc.
= 0.617 mol0O,
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2.8 Naturally occurring copper has an atomic weight
of 63.55. Tts principal isotopes are *“*Cu and ®*Cu.
What is the abundance (in atomic percent) of each
isotope?

2.8 o 43Cu +Y L = L5
or

63~ + 453 = 63.55

023-x + é5(1-x)=63.55
Oor

(5- 2x = £3.55
or

A~ = (£5.060 ~63.55

or
X=0.725
e
Ur. =% = 0.275

J:Vﬂg :
725 % 0. ol 27.5% C**°

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 (ﬂ) G!-Pvdjﬁ Mﬁfmlvj}pdaﬁm‘, ‘J‘%m a:rfn..q
tlechon e rﬂfi?ayﬁ- The maee of newrra
Can be dettrmimed A aveuge number
a‘F neafrona i G a'n?"lpe. H

7 = afhmic MJAJ‘ = aZmic number

Freme
. =§$155 -2%.00= 34.55

. 455 2.60
o PSS trna £3.85 cﬂ

=£*H%
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(j) for aw av-ta.je. C‘appm q‘/wk
hass olnome = {;M’Imhﬂ)(‘m )
=29 % 0.9 Ix0™27
=2..‘4‘F{§-=‘

m‘:.s‘ﬁ_' = (;'-6\-4;: ijo{-fyw)
= 43.55x Leb/x0 %4
= [.o5é acrp""c?,.

=24

. - ol d xiO
. wt Praction elecTie = E;;—-:-?

= J.50 EJ'#'JF

SIS e 2.5ome* x.ﬂ.éﬂJ

=L.5ox fﬂ’t}

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 & 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 From Fgww. 2.3, [E|= 283.9¢ V.
P AFE

— (0.66 26 x/0™%3 7.5 X0.2998x10 'm /)
(83.9evX1T/6.242: /0% ¢ v)

= 4.37:/0"4—- x Jm-./lo"b—\
= 4.37 nm

Note : lue A.ul 7«4 7‘44& a/-/lr l—é{.‘)‘hﬂ ‘:h m

,zcz, o Bt 7

Ph/w( L
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2.11 Once the 15 elecron is ejected from a ¢ awom. as de-
scribed in Problem 2.10, there is a tendency for one of the
2isp?) electrons 1o drop into the 15 level. The result is
the emission of a photon with an energy precisely equal
to the energy change associated with the elecron wansi-
tion. Caleulate the wavelength of the photon that would
be emined from & '2C awm. (You will note various ex-
amples of this concept throughout the text in relaton to
the chemical analysis of engineering materials.)

211 | Ao Faeld 3 a-d asain aamg Ao
g aj %%ﬁw!ﬂ,
|aE|= [-203.9- 6.9V
2774 eV
or
_ he
A AE

= (0.6 2% 10" "3_?15)(5‘???? '&nﬂ'?‘“ fs)
(277 4ev)(1T/6. 2422 0% V)

]

= 4.47xw~ s x .Im./m"'s-.
= 4-4’?hm

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
alom from which emission occurs. (This is due o the
stronger binding forces between the negative electrons
and the positive nucleus as the numbers of protons and
electrons increase with atomic number.) As ooted in
Problem 2.10. £ = he/), which means that 2 highes-
energy photon will bave a shorier wavelength, Verify that
higher atomic number materials will emit higher-energy.
shorter-wavelength photons by calculating E and A for
emission from iron (atomic oumber 26 compared to &
for carbon), given that the energy levels for the first two
electron orbitals in iron are at —=7,112eV and —T08eV.

2.12 l'agf: /-‘,-_',.u;.: —(—?af]/gp’ = b4o4eV/

or A= he _ (oéb2exio™3T. s)0. 2997 %0 ?MJF.T)
BE T (404ev)(L1T/ 6242 k10 V)

J"-?*Fﬁa'”msim_/m‘k = 0.194 nm
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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,
ﬂ?nl r . OO0 et O.[3dam= C.2/0nw

e ox
Foa- (9x0 Ve JC )4 2 X0t xs6™ " ) (-2 ) 0.1k x10~*C )
(o.210 xt0=%)*

= 20.9x0" TN

(&_) F;?- —_ F‘:_ = -Jﬂ.?rfﬂ"”
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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.)

(a) i

B= L"’i-'s-—. (see Fiqure. 2.19)

Sin .E‘L—'L')- R_
2 r+R

C.7l1bbr + 08ILR = R
C.1834 R = 0.81kb r

JNMJ J Iﬁu”a_

PP 2.6

—_—= p.2a5

R

G’) ‘ r+R

B=45"°
S 45'=_.L

r+R
0.707r +0.707R =R

Jrva:j ; Fra I‘ta_

r
== 0.414-

9
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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"r‘;.,. = 0.087nm , t—H;;*-: 0.078hm, rpa-= 0.132nm

Fer FeoO,

r

R = Sl o r which Table 2.1 givee
r Eﬁﬁ_a‘“ for which ble g

CN =6
Fer Nio,
_&;_ﬁﬂl&“_"_._-p,sﬁ i CN= b

0132 mma

2.13 Make an accurate plot of F. versus a (comparable to
Figure 2.6) for an Mg2* — O~ pair. Consider the range
of a from 0.2 to 0.7 nm.

213 | F.=-— (Tx0 TV m /€ )20 i xt0™"c )e2) (0. loxro )

az
N S S —
O.2x0" 7, 23.0x/0= TN
O3x 16.2x
25 ﬂ_'fﬁ " ETex
0.5« * 2.69 x
lp'a - o.é" T ;.5‘“ i
% 0.7x =  Lekx
9 I5p~

o 1 ] 1 1 1 1 1
o 0.0 o2 03 04 0.5 0.6 07
a (hn‘l
10
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2.14 Make an accurate plot of F, versus a for a Na*—0>~
pair.

2.14 E=- (9xt0? Vim 1€ ) (1 X0 6 20577C)(-2) (0. tex1074 )

aﬂ
a Fe
0.2x/0~7 m 1. E5xi0=? N
0,3x w SR o
0.4‘ (] R.rf x "
b5x . s
o.bnw  LAFX
O.7w w0940k
5r

F

¢ 10+
Hfa?

(N) 5

o 1 1 i 1 1 H
e o/ o0a 03 o4 0.5 O.& 0.7

a (-ll-l}

2.15 So far, we have concenmated on the coulombic foree of
attraction berween ions. But like ions repel each other.
A nearest-neighbor pair of Na* ions in Figure 2.5 are
separated by a distance of /2ay, where ag is defined in
Figure 2.7. Calculate the coulombic force of repulrion
berween such a pair of like ions.

L (2.2 )2
215 ] F= - % aﬁn" 23
_ (9% Vem /) G1 X016 x10™%C) (1 )o0.16 x10""C)
(2)(o.278 xm"thz

= = /4900~ N

11
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1.16 Calculate the coulombic force of attraction between Ca?*
and ©*~ in Ca0, which bas the NaCl-type storucture.

r&”-’- O./06 hm ; rﬂ" =0, 132 hm

Then,
a, = ranr :"P"a',_ = 0./0bnm ¥ 0132 A = O3 ne

FI': = _ (e ?Vim fC)(h?Yﬂ.# wﬂ"‘d}f—.‘?)fd#ﬂp‘“’d}
(0.238 x /o= )%

= J6.3 xs0 -?N'

2.17 Calculate the coulombic force of repulsion berween
nearesi-neighbor Ca?* ions in Ca0. (Note Problems 2.15
and 2.16.)

217 | As poted m Froblem 2.15,
a=vYa a,
Usfrj e caledaton Lo Prblem 218,
o= V2 (0.238nm)= O 337 am

Them, ) )
F == (9xr0” Vom /e Xr2)(0.06 x67" C)
¢ (0.337 x 10=7m)?

= - &!Jna'?i

12
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218 Caleulate the coulombic force of repulsion berween
nearest-oeighbor 0%~ ions in CaO. (Note Problems 2.15.
2.16, and 2.17.)

2.18 | As a Froblem 2. 17,

o= ﬁa.:ﬁj)z (b.}jf#h)-’-‘- 0.337 am

And, 9 2 2
F - (9%10 'Vemle )(=2) (0. /6 x1067% €)
x

(0.337x10-9,.)%

= -z.xsx;a"N

2.19 Calculate the coulombic force of repulsion between
nearest-neighbor Nit™ ions in NiO, which has the NaCl-
type sructure. (Mote Problem 2.17.)

2419 a = ﬁqn = ﬁ(r'”‘_“. o t“ﬂ;-)

Froa Appady Z,
02y Z (0.07F me + 0. 132 mma) = G 29T hm

Thew, _ z
1= (Axi0? b.f.-...,fc){'*l)tf"-“' xi0 ﬂﬂ} R <i0=1 A/
e T T oAt - )

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 Problem 2.19,

O™ 2 (ﬂaﬂ"?nm fﬂa]!r—hm'}= 0. 297 nm

G—-ﬂ.__, i =if L
F .o (Gx10? Vo /C ) (-2) (o.text0™"c) - 0. 4w~ I N
c (0.297x407 T m)*
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121 8i04 is known as a “glass former” because of the ten-
dency of SO} tewabedra (Figure 2.17) to link wgether
in a noncrystalline petwork. Al;Oy is known as an in-
termediate glass former due 1o the ability of A
substitute for Si** in the glass network, although AlyOy
does oot by iself tend to be poncrystalline. Discuss the
substwtion of APT for 5i*" in 1erms of the radius rado.

2.21 As dffcr...;:fd’ n Sectma 3, He radiva
refs for Si4T- 0% L
r— 553'? LA ]

‘/Je ) ﬁ+ IPERHII'\.

e /U-»j.( .,l;,. 4*:‘3&? fourc;.-h.n.f[-h.
For Al¥_0%, Ada i Appendiy R gaes :

r/e = C057h

RS D ook

7&-4+ ld coordinatpn mdicarn

M/\Z( 44’1:1,53 da O .r‘i-i*n-lj'l&-
QM,JIM Mﬂ‘q

Mv-f-& ;m;cwm .

= 0.295 , well vikel

] 2. ¢3‘¢2J j“‘f -ﬂé"’f

222 Repeat Problem 2.21 for TiOy, which like Al;On, is an
intermediate glass former.

2.22 | For Ti%r -0, Appemdix 2 givea:
R= A i3 dme = 0.485
As with 413, Ti*" givea a vadae Juad atort #4
mge dor A-fold coordimatra consistnd Lot
its fermediote role.
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223 The coloration of glass by cerain ions is often sensitive
1o the coordinaton of the cation by oxygen wons. For
example, Co®* gives a blue-purple color when in the
fourfold coordination characteristic of the silica nerwork
{see Problem 2.21) and gives a pink color when in a
sixfold cobrdination. Which color from Co®* is predicied
by the radius rato?

2.23 | Usimg #e dite R Appendin 2,

Feot  0.082 am
r-ﬂ-" - O./32nm
tohich ae pm o Aan - b - fld coondinaditn
e 7:'-41& 2.1. ";z.-.!.-h-f, a E:M Color

Aa mdicated.

Mete : Tie n'df a{gﬁq.-’p calor _.-,rg-n.n...rvx aa
"o boldd bt " caceciad ittt 4—fold
roordmaton of Co3t e ,Hon, dettrsmmid
g et -.if(l-w 5,»»74-@ Fhast wimm.

= 0.6/

2.24 One of the first nonoxide materials to be produced as a
glass was BeF;. As such, it was found to be similar to
5i0; in many ways. Calculate the radius ratio for Bed+
and F~ and comment

224 | For Be* - F, hppondix p’lcgim.:

¥/ _ 0.054mnwm - 0.4 tohich «
‘/é_ 0.0 h/o.l';shw, 0.406 Ad

S Hee Navde Lo 4-fold coordmation. As a
M‘, 'f‘E‘th.EJnffj-Cmrd{r\-M .Eﬂuh f’etfs

0 hetwerk Mﬂw Somilen 1o $Le cans dor
3:‘# he' Si'ﬂ‘:.

15
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2.25. A common feature in high-temperature ceramic su-
perconductors 15 a Cu=0 sheet that serves as a su-
perconducting plane. Calculate the coulombic force
of attraction between a Cu?* and an O within one
of these sheets.

2.25 | From Appoeddin 2,

Ve ot = 0.072nm § Fpa- = 0.132nm

Then,

a,= eyt T Tpa-=0:072nm+0.132nm = 0.30% n e,

F{::: - r?ﬂo?v.l—-ff.‘)t-fﬂjl(a.mno' c%—z}éxa’é#m' c)
(o.204 x 10~ m)*

= 22./x0-T A

2.26 In contrast to the calculation for the superconduct-
ing Cu—0O sheets discussed in Problem 2.25, calcu-
late the coulombic force of attraction between a
Cu?* and an 0%,

2.26 | Fow Arpedix K,

Fa‘:r= 0.096 nin ;‘ @;-=G.J3&?nm.

Then,

q¢= —"E.“-!- -+ r;l"'_' O.G‘}\G-HM.}.::,H;HH;Q‘;_?J:,,M

(ot f0)(1)(B. 16 x06-C ) 2)(0-16 x10 )
(0.228 x/0=9 m)™

2

g5 #m-?ﬂ

16
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¢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:

‘ ‘

2 OCICIOICICIOISIOIOR

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

(b) Determine the value of A.

2.27 (2) For He ”c:jn‘al, “

FoooFo-k( B2 42 = 2 4.
et = F = K (G g+ Ty ~ iyt

For aw dt{/a{(.vr ) Fa:’r,
Fo==X  (cfcourse, K for #e ,J o

y F..\— is h‘f;n‘vc h :74-.
Or  F=F. 2(/-4+4-7%7+")

=4 F. whn A=20-F+1-%*)

L) One cam Nnﬁméﬁ‘ Carmpmg oud" Y22 Stries  a
( svlbicieat. / vtizl"b-u-ﬁ'/ e net

vadae mjw

One Cam alse nete Hai

—-J' +—--L+"'=.2:
d =TT
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228 In Problem 2.27, a value for A was calculated for the
simple one-dimensional case. For the three-dimensional
NaCl stucoure, A has been calculated to be 1.748, Cal-
culate the net coulombic force of atraction, F, for this
case.

2.28| F=AF.

From Examble 5,
Fi.'.'..' 2.9¢ x 10~ N

" F=(1748)(29¢ xi0 W)= 5, 210" N

18

© 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

Section 2.3 — The Covalent Bond

In Figure 2-14 we see the polymerizaiion of polyethylene

PP 2.3 +CiHa+, illustrated. Example 2.9 illustrates polymerizaton for
poly(vinyl chloride) +C;H3Cl3-,. Make a similar sketch to
illusirate the polymerization of polypropylene —C:H;R—-,,
where R is a CH; group.
H H
PP 2.8 ot propy lewe. molecule
1 |
H R
H H H H HH
D O O O O S Ly
R A U S S A S melecals
HR HRHR HR
—gl #——ank«t ey

PP 2.9 Use a skewch to illusrate the polymerization of polystyrene
+C;H3iR-5-,, where R is a benzene group, CsHs.

PP 2.9

g-}n rewe wolecule

Tr-R-I
I
A-0-=

Hu Bh wp HH
|
redobe gt geimgt T
"R bR HRH melecule
_,.l l.e—:tjme me -
hene R = CEHS

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 2101 (2) The kectboe reackom is He Saums. Thaute, e
Coletatiom in e doue :
(F40-680) L T/smel = GO K T fimol
f£) .‘b'm'h,
(7140-680) AT fal = 60 L T/imsl

19
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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 :llostrated m Examble 2.1,
L= 2An4L
eor {:.;
Sy’
2 0.2x0 6 m = 794
2v0./26 xto~ 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 Probltss 2.4, we ocbfam @
— 4.60x10°% C atma M He sheel ';F.?'%M

Frow Examble 2190 we nofe Mo ie a
Naachon enirgy 7 604 T/val (of dovile bonds).

Thﬁj e Ahkd Agachion Mcﬂ ;4- He fn?)-umnf o
24
E, idon = f:?f‘i_. x 4.boxio” athus C

K infc‘*': ) i M
0.6023 %10 atrms € 2 atrms

= 229 kT

230 NMNarural rubber is polyisoprene. The polymerization re-
action ¢an be illusorated as

H H CH, H H H CH, H
Jr b b |l é

Calculate the reaction energy (per mole) for polymerization.
330 | AlHogh His reaction eppears wort Complex, Ha net

efbict is (s in Examile 2.10):
lCc=c —» R C-C
givng reachon tnsray of:

(740 - 626) AT Sl = 60 K T /o]

20
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131 Neoprene 15 a syntbetic rubber, polychloroprene. with a
chemical sructure similar to namral rubber (see Prob-
lem 2.30) except that it contains a C| atom in place of
the CHy group of the isoprene molecule, (a) Sketch the
polymerization reaction for neoprene, and (b) calculate
the reacuon energy (per mole) for this polymerizaton.
{e) Calculate the wtal energy released during the poly-
merization of | kg of chloroprene.

2.31 | (a) Siwiles Fo Hhe reachion i Problae 2.30:

Hu o H oW oG
| 1 !
nle=c-c=¢ | %-—c—-c—-;
H H H /n

1
H

() Again (o5 Examle 2:10)s  Hhe
net reaction 2ot lC=C —» 2 C-C

giveg @ reaction etigy of :
(740-680) AT fiwsl = 60 A T/imol
(c) The mer moleada MJH ie !
(4x/2.0) + 5 xlo0Pr 35‘.45); = .&’3‘.536?

As Hea io one bomd reaction [as showan
fm Pad" f’i)_? ggr exch met , we Cawn write:

= L hgy dmol  J0009
Mﬂ releesed Ojr?!-ffj fg
x bobTY ) =678 AT

232 Acenal polymers, which are widely used for engineering
applications, can be represented by the following rese-
tion, the polymerization of formaldebyde:

H H

A \ |
cC=0|— C—0—F,

s |

H H

Calculate the reaction energy for this polymerization.

2.32 In ﬁ{q Cace, 14!{. nel Hection e 1l C=0— 2C-0
JMU a Adaction oy of :

2o MT it )~535 KT fowsl = 185 AT /sl

21
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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 e cact, & net reaction 4o :
10=0 +2C-H —» H2C-C+ 20-H

JMU a. reaction ij ﬂ/ :

2(370}:/&-\9/) + 2 (500 J‘-T/Jn#f)
2 (435 AT/msl) = 1 (535 RTfoel) = 3354T/mel

2.34 Calculate the molecular weight of a polyethylene
molecule with n = 500.

2.34 UsU He data. of Appedin 1, ot sbtain

ol T —FC'J H*‘-a:uﬁa = .S'OD[:?ﬁ.?.m)J- 4(/»"-903')] Bamia,

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

H CH;
c=¢
H =0
I
o)
I
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

Amel. T %Cb’ HS’O —9‘

‘z =500

= 500 [ 512003+ 2(l.002) + 2(%6.00) ] 2omnn

22
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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 2.35.)

2.36 For : £ (Hg0, 3

M00< LT o0

ol wt. = 200 [ 5(12.00)+ 2(loot )+ 2(1600)] ans o
200 L » + « + o Jawmu

20,020 Qi To 70,080 arat
L ]

]

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.)

2.37 Note Hat 1 mol of polymotbgl meHasrmlede. Comtama
1- ol alc C=C adﬂu“l{‘]‘ewﬂl-o

1 mel CsHpOs hae [501a.01)# & (Laot)+ Jﬁa.ao)]j = /00. /j
As calidated nomsros Fimta i Hia Sechra, +Ha

reacfion W for 1 C=C > 2c-c Ae:
(140 680) AT/ el = 60 AT/ ol
Then, e bofal 2action My 1‘& IWMMA:‘.:

=60A&T 1ol boda =12.04
EFCAC#M ol bonda /oo, /j yzog —\—T—

23
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2.38 The monomer for the common fluoroplastic, polytet-
rafluoroethylene, is

F F
I
Cc=C
I
F F

2.38 (a) F F

i
c==¢C 4 etrafluors eHulewe
'l_- '!: .hafwn-ﬂf_%
rEEErEE " ,
R e T L R
|

%pf‘aujL

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

() Reachm e.m%?z (741—6;0) BT el
= 4o T/ el

(e) US-U Ho dits. of Appedin 1

S R 509[2{'!.2.0:)-# 4-(!'?.003:]0...,.4.

= 50,010 @rman

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

F H
I
C=C
[
F H

24
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i

2.39 | ) %

|

C=0r Ma‘ha—?iafﬂ-{ -ﬂ{h’ﬂ'ﬁ-‘ﬂ? molocede

[

F H

ff H F: H I;'- H f H
I 1
Cea— C—C-—C‘-{I"_—C— C_C_é__..., Pnljv.ha!mft..a fgfumcf.e,
I T R T N R mnoltec o

F HF HF W F H

(L')I?xt..m -'—I_,'T'dﬂ-fuf .)«-E_;..wl
R AT L o £ o 7/

() Usang He At of ppodi 1

Soo [qu.m)-f- :Ir_’.'.m:)-ir.'.‘.{!‘i.anjjdm

"H\ﬂi- I'...-'f'*

2.40 Repeat Problem 238 for polybexafluoropropylene, an in-
gredient in varicus commercial flooroplastics, baving the

mOonomer:
8
I='7|3
| F
F—C-F
1
F
240 | (=) & F
|
| P olewted repustani (=8
F—C~F | ;:
; R
F F F F F F F
I T ‘l: P cl: | folﬂhw&ﬂwm—
cee=C=C=C=C—C=C=C—=C— -
b |y prupylene
RFRFRFRF olewde

[Lj Keaction w;j =(1H-fcfﬂ).‘.7/wl = M..LI/M‘

{r.} UHI'\d Jq'pr-lh}'w. 1;
el 2S00 [ 3 (1200) + 6 ( 19.00)] G = T5PRO armss

25
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Section 2.4 — The Metallic Bond

5 Diiscuss 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 | 4 Jrrn{tr d;l;rﬂ ﬂz’fﬂ"""!f‘:? tw He Si=S;
bond Pﬂaw‘d’u eviem :ﬁtjcr d;'mﬁh.f:ﬁ P/

lower Coordination number

241 In Table 2.3, the heat of sublimation was used wo indi-
caie the magnimude of the energy of the metallic bond.
A significant range of energy values is indicated by the
data. The melting point data in Appendix | are another,
more indirect indicaton of bond strength. Plot heat of
sublimation versus melting point for the five metals of
Table 2.3 and comment on the correlation.

2.41 U.s.y Todle 2.3 addppodsl, e obtmem:

Araiic Mo, Motk _"':-.FF (°c) Heatal Svbl (4T mot)

/2 M; 649 148
'3 A béo 3226
22 7 fééo 473
s A Fe 535 4l&
29 Cu foF = 33z
_;'bn —
O
—_ oo ©
3 o
S 20f o
N
3 ol
b - (e}
£
n " § n 3§ l P | " N - N ]
Sba fooo /S0 2000
T (€D

Crommed: There 4o % a posihirt Comelafion behreen
Haat Fro mdcallos of bond stremgtd. Hhueier
e Auﬁuju of ‘!&:{lﬁﬁw stladts ?z.'l'u;fl-nn.:ﬁn
el aAf Sushel .r?%‘U-J PR PR,
a w@ﬂcfx A ~.
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2.42 In arder to explore a trend within the perjiodic table, plot

the bond length of the group [LA metals (Be o Ba) as
a function of atomic number. (Refer to Appendix 2 for

necessary data)

we obtam :

A elewment

a’:v Figure 2.2 (H#e peridic Fable) with Appadix 2

Eond

Atmic nomber Atomic mdis(r) (=2r

Be 4 Q. lldam ©O.228nm
M j /2 O./60nm ©.320am
Ca 20 O.197am  ©.394 am
Sr- S5 O RIS hm O 430 am
Ba YA 0.217 nm 0. 434 nm
ﬂ- 5 =
o

I BT AR B B
o Ao 30 <0 Lo 60

A Ffrmic nomber

27
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2.43 Superimpose on the plot generated for Problem 2.41 the
metal—oxide bond lengths for the same range of elemeno.

2.43 (;ky {-Tjw 2.2 a4 Jpp«ﬁ ,?prﬁm."

TA elemen™  Afrmic number Iomic radivet Tpa- (0.1320n)=Bond ﬁnj#

Be 4 O.05 4 am O. /P& hm

Mj /2 0. 078 Am O. RI0 ne—

Ca 20 O.106 nan O.238 hm

Sr =27 O./27am 0. 259 Am

Ba 56 C. 143 nm 0. 275 nm
osr metal

n O—0 b |
? 0.4 // . ‘ﬂ'“’-‘
3 0.3-/ metnl-exide
bond lewgths
IS
d

o ' B B B B T |
0 Ao 30 4o So b0
ATomic number
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2.44 To explore another wend within the periodic wable, plot
the bond length of the metals in the row Na to Si as
2 function of atomic pumbers. (For this purpose, 5i is
treated as a semimetal.)

2.44

Using Figune 2.2 od Appendy R g/res st
Element  Atrmic Nmber Atomic Radiva (r) Bond Legh (2r)

Na. i1l 0./186 hm 0.372 nen
Fisi 12 D0 0,320 W
.475 13 0./43 0.286 Wi
Si 14 Ou 1177 Ao 0,234 hi
04
0.3
LE':?'H’I 0. ] =
(mm) ol L 1 1 o Atemic Abmber

I 2 13 14

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

2.45

U-Sr'ﬂ Fl:jurf.ﬂ,ﬂ- amd ﬁpfhﬁv':’ﬂjfrﬁd-:

*
Elemimt At Mo  Lonic Radiua * 1pa-(:0.132m) = Bond Lengs
Ma "

C.O098 Am 0. 330 ne
Fad| id 0.078 hmn .20 ne
A-Ij 13 .09 ni 0./19 nwm
SJ‘ 14' ﬂﬂ:?nm [0 b B B

* us.-:J- He most Gramen Valemce , a5 noted on mside, back cover

0.4

Bond 9

meta |
z’.ErH:"-h 0-2 h&-o\%o

metal oxide
Dilr =
(nm)

o) 1 1 1 1

> Atemic 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

Hsy wa 22 aud '4”"‘1‘?"":]"“" i :

EJemtat  Advmic mamber Atrmic radiva (v) Bond lowgH (c2r)

A /19 0.23/nm
Cq 20 O.197nm
Se 2l 0. lbo him
T 2a 0. 147
Vv 23 O./32 nre
Cr M o, 1'35 1y
Mn A5 8.112 nim
Fe 26 0./24 na
Co 27 0.125 nm
Ni 28 0./25 hm
Cu 29 O. /2 h
zﬁ ja 0./33 am
Gra =2/ O.735 am

0-5]-
0.4+

.3+
:{m

- 02
£

H (nw)

Be

19 a1 a3 25 a1 29 31

30

O. 462 hm
& 3 Q4#Iln
0. 320 hm

G’- F'?-‘# L L
O. 2bGrm
[ =T -T Y
O, 224

0. R4E hm
0.250hm

0. 250 hm
0. 256 hm

O.26b hm
0. 270 nm

op Ll 1 1111111011 L Afomic number
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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

Us::j Figure 2.2 ol Appendex 2 g

Eltmsd= At b, Immic radivs # Fot-= (0./32m) = Eond legth

K

/ J", /33 Min
Ca Fh 0./06 Ao
Se Al 0,003 num
7 Al 0.064 i v

"4 '23 006/ i
Cr A4 0.06 4 i
Mn a5 0.09/ h
Fe 26 0087 nm
Co 27 0.0£2 nm~
A A 0078 hme
E« 21 0.096 nmm
}h 3o 0003 hon
Go 3/ 0.062nv~

“w—d Po wost Cormmn wh«..r,-:mirﬁ on

0.265 nr
0.238 nm
0.2/5 hem
C.1%% »m
0./93 nim
0.196 nm
0.223 n
0.219 nem
0.2 14 nw
0.2/0 nmm
0. 228 nm
'ﬂ'-;i‘s'hh-
o HJ‘J‘II‘!'H'

Jh.l‘.u‘ocf, Jr{.f Covt

__ osr

i

\: o

"g 0.2 metal oxide

0

h:. [ N N T N T T R . - -2 be
T R VRN TR VT BT R 7 > Aimic pmber
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® 2,48 The heat of sublimadon of 2 metal, inroduced in Ta-
ble 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 cyecle, llustrated below. For the simple example
of NaCl

Na (solid) + 1Cl, (g) — Na(g) + Cl(g)
o4 |

NaCl (solid) ~— Na™ (g) +Cl™ (g)
Given the beat of sublimation w be 100 kJ/mol for sodium,
calculate the ionic bonding energy of sodium chloride.
{Addidonal data: ionization energies for sodium and chlorine =
496 kl/mol and =361 ki/mol, respectively: dissociation
energy for diawmic chlorine gas = 243 klfmol; heat of
formaton, &.H;. of NaCl = —411 kl/mel.)

. A
2.48 | Nofe Had 2H'= JEsujun + 22 Edissec, ¢
fAEJ;wﬂrﬂ. + dEﬂn,ﬂJ‘

+ SE i in.f.:;,,d. ¢/

[ ]
er, AE.«hF:b—l&;,daﬂ' d”:f -dﬁiﬂﬂﬂt'jﬁﬂ"w:ﬂ"ﬁ.

_AEM - AEMCJ

= (=41 -re0 —-'3."-;-'3-—4?; + % I)U/'Lf

= - 75?45-:}'/“3'
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Section 2.5 — 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 | /7o Examile R.13:

E, , =[- Ge37xe"Tmb) o (ke w0~ 25 7.m")
J-u:? 3 72

PP 2.13

a a

-/

X 0-boasx 162% mel

or Mjlmmvf -fl:

a E fond
0.33x/6" s + 0. ‘H"’:‘ T/mel
0.35% n - 0517

0.382x » -0.999 ~ (Prrms Examble 2. 13 )
0.4 x ¥ - 0,948 =n

0-5 = " -a-:‘a "
C.bx » -0./29 =
at.?l " —ﬂ-#:ﬂ "
0.8x w —-0.024 u
~ 1 r- (o]

a (hu)
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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’?

~/38
F , = [6 (10.37x10" 7 Toa®) _ 12Vt x 10 2 m’)

&ni':y l a bl nu

X O0.b0a3 xfa“ml =1

PP 2.14

e

Fer #tmeMoyc '1" a .

a, F sz

0.83xs0~7 .., —lRFE x 207 Afiue!
0.35x =« —_—-fg. 5 u ”
5“-3::# i o

5-4 - A T o~
0.45x « $6.26 x «
0.5x = AI PR = w

0.6 x « + /25 x

ﬂ'-?ﬁ - +a|-”# o~

o.5x = +~o./ 8 x

—loo |-

-l20 | &

Bondng force %10™'2 (K fhurt)
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2.49 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 o
form a monolayer coating of molecules on the porous surface. For a 100 g sample of
fused copper catalyst, a volume of 9 % 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 molecule as 0.162 nm® and recall that, for an ideal gas,
pV = nRT where n is the number of moles of the gas.)

2.29 | pV=rnRT or n= V()0 o)
BT~ (rsuJi)(a73k)

x I «Oba3xI0"  malec.
9.069 xro baZen mol

= 2 42%/02° molec. N,

2
Am FM: d.fi.?rfdd:.ﬁ‘._- v 42x 2028 mefec.

melec.

= 3?; ML(M fﬂi’ lﬂl)
_39.2m% x (0009 _ 2
r,S==2 7 C?‘., 392m é‘“‘,t

2.50. Repeat Problem 2.49 for a highly porous silica gel
that hasavolume of 1.16x 10" mm? of N; gas (atSTP
or Standard Temperature and Pressure) condensed
to form a monolayer.

2.50 | /n Hao cuae,

fl/ ff-ﬁ-)(}fsm w /0 h-!.)(?”fn J(ﬂ MJ!!N‘E Mﬁ'f/{-mD
RT (7314 T/k)(2I3 KX 5B IxvrobuZon)

= 3./2x7073 milec. My
%ayﬂj- Gfi?lfﬂ # ﬂifJXIﬂ JHM’IC

= 5. 05 xm-‘- ot L (ffr fﬂfj r;'(f:vtf)

'
or, §'= S5.05x/0Tm [000 8- _ 5:‘,53,,:“%

1004 é}“
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2.51 Small-diameter noble gas atoms, such as helium, can
dissolve in the relatively open network structure of
silicate glasses. (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 kJ /mol. The relationship between sol-
ubility, S, and the heat of solution is

S = S[)efAH:/(RT)‘

where S, is 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 % 107 atoms/(m*- atm) at 25°C, calculate the
solubility at 250°C.

2.51 Us,:j Me(j:ww Sxprvessitn o 5ol 6.’/,‘117,wc have
— AHs /R (as0+273)K
\s.‘zao'c. _ 50

Saxse S, o ~Hs/R(as+a73)K
or
_ Aks ( i _ >
- 298 K
S;Zoo’c = S.zsoc e R 523K

= (s S/x/o”qﬁm/(f, 3,4

—_ (-3 960.7/1-40/) . / 'SK"
b (:./314J,(t.,/.z)) (14400

= 2.77 % (02> ot flmn3 aZe)

2.52 Due to its larger atomic diameter, neon has a
higher heat of solution in vitreous silica than
helium. If the heat of solution of neon in vitreous
silica is —6.70 kJ/mol and the solubility at 25°C is
9.07 X 10% atoms/(m* - atm), calculate the solubil-
ity at 250°C. (See Problem 2.51.)

2.52 USI:j 7“4@ Solué:‘/fﬁ Lxpessioa #aw Problown 2. SIJ

Saeee S e—st/g(250+275)l<
[+
S - Soe—oHS/R(2$¢)73)L
as°c
or
_ AaH | _
S = 2 (5a5x -2%’!)

200°C. — 257 c

= (9.0’7)«023 s /(»«.3-@3)

(67005 /ea) (-1.48 xi07 )
X e (8314 T/limel k)

= 2.83%(0% oo /(m3.aZ)
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