Eelu; Lo @QS{«

P
D
218 atm |— C
i ey |
1 9 |
| |
Solid Liquid l . ‘
| } 10
1 l i
it [rem———= o - l |
R
|
4.6 torr |- |
| A | Gas |
! 4 |
| | |
0 torr 0 il | |
-273.15 0.00257 N 0.01 99.974 374
(a) t/°C
Melting-point
106 |- line Boiling-point curve
4

N . ¢ TN
T nU meve 8o «%‘(éé\\. A Lherla
Cvg/vlav\za)[ gl o Lw suSlewa
;U‘a{u;\{l&clo e\ vumere < varahl
— ; . 0"
lnleweve clx\e, L.ng.oég,ma SF—ca%tg‘rQ ?Q‘r-

T

A\L%\a\m{ 1\ svo <lalg



é\g\/u\lwc:g_vv\o <AL RVN \\ wus{JQvan

.K-. a -
vV n gxsle_ma <lo\/9. w.own avw\/\gauo teazLowm

C—\«;w“c,\/uz_ 2 c,\/\( 8Yv\: g‘g&c/\\L S.a
Fve_s/;vx\fa L1 oagvd ga%c.

< ce \

_&/\I\Q\CC\A«"A_W\O <own C ;\ Nywnae o <:L\,’

%P«C%‘L c',\/vv.w\_:;a‘/\e_ e Cow ”‘:\\ ‘t( WY uieyvo

oLL' %48: QU'\:\A<L\ {m 0%\,\( %agc o

Sowv0 -

-~

?C Jg\rcg 21 e u \MOLEL‘{“;

5OV\§\‘<\,0_ %\‘on év\cl/\rz_ lg_ TQU\AQ)QV'Q-?UV’Q

o la \>'\‘a$g\:ovxt

PC+Z



P!Z.V' (2 Te lAZL\O’V\Q clxte_ l&&/é

(e_ QTQZL&V\: Mofak‘t‘f

« o o
*Ka“f&ﬁ t .. . +x =4

o
aC 2 .

4

— . \
Ql‘/éslﬂ &‘Yua&m%{ vale erYr D&r/\—

cls.(r
621/"1\/\4\: PC t 2 nLow oo TLHQ
. . . . o i_\.
V‘Q‘V‘Ll‘ot[,\- LMCL\\YQV\CLG.M.]V _

\ A

AUQ Z:{uﬁ&\owt A.e,“l ngaaouu wo[Q\rL]

;\alzcavvto duche (»‘L fouzz-:ewu. cL‘-‘
u%uagtama ol (PSYQU\&QQU bl v ed

| B &
ﬂéﬁ}{iﬂf-’ki—' e & o o
ALl o e PR R

—
—

U
//(,Cc//(c'://\c: o . o



v N

SvCemmie SLauno  [u PreSem 20 A P as1

AVreuwo

P-& U%UA&QA19M2¢
F" S LT LMCL‘\@&MJQ&\‘

TR

le S‘f-&&»\e_ 4l/u:m\‘¢|/\e Soun o C

Qvrewuro

CCF’S'B §u28«Q»9m2¢ Sud

Pe News'ald c,\/uML(,\\
QULV\A_,:
= pev2-p-cle-y

g:C"F*Z



A ?\’zgau\zé <L: ‘rQaz—:o'u.: CLV\‘w\x‘o(/\Q
Q:C—P%Z - ¥

ol Tre g,”a (W3 ZZJOVL\‘ Cl/v:mtc(/t&

\ 0 c\ ) o \
P_ogg,s'\/\-o €.3S3e\ Vi neola S(cc‘/uovv\dr;cu

2, 2 N, t 3K,

g:C~‘>+2~&’~Q
C\.Mcl:C~(~8

QQ: Cind — Pt 2



E’é«é-vu\?m\a

Find f'in a system consisting of CaCO;(s), CaO(s), and CO,(g), where all the
CaO and CO, come from the reaction CaCO;(s) = CaO(s) + CO,(g).

A phase is a homogeneous portion of a system, and this system has three
phases: CaCO5(s), CaO(s), and CO,(g). The system has three chemical species.
There is one reaction-equilibrium condition, fe,co () = Bcao) T Meo,gy SO =
1. Are there any additional restrictions on the mole fractions? It is true that the
number of moles of CaO(s) must equal the number of CO, moles: nc,q, =
Neo ) However, this equation cannot be converted into a relation between the
mole fractions in each phase, and it does not provide an additional relation be-
tween intensive variables. Hence

Cq=c—r—a=3—-1-0=2
J =D S e RSO

The value f'= 1 makes sense, since once 7 is fixed the pressure of CO, gas in
equilibrium with the CaCO; is fixed by the reaction-equilibrium condition, and
so P of the system is fixed.
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An approximate rule for relating enthalpies and entropies of liquids to those of
gases is Trouton’s rule, which states that A, /S, ;. for vaporization of a liquid at its

normal boiling point (nbp) is roughly 105R:
AvapSm,nbp = Avapl-lm.nbp/Tnbp = 10% R = 2] cal/(mol K) = 87 J/(mOl K)

Trouton’s rule fails for highly polar liquids (especially hydrogen-bonded liquids) and
for liquids boiling below 150 K or above 1000 K (see Table 7.1). The accuracy of
Trouton’s rule can be improved substantially by taking

A vapSmabp = 4.5R + R In (T, /K) (7.12)

vap!

_TABLE 7.1

Enthalpies and Entropies of Fusion and Vaporization?

Tnmp AfusHm Af“sSm Tnbp Avaplim Avapsm AvapSLHE

Substance  — " \J/mol J/(molK) K  ki/mol J/(molK) J/(molK)
Ne 245 0.335 13.6 27.1 1.76 65.0 64.8
N, 63.3 0.72 114 77.4 5.58 72.1 73.6
Ar 83.8 1.21 14.4 87.3 6.53 74.8 74.6
C,H, 89.9 2.86 31.8 184.5 14.71 79.7 80.8
(C,H5),0 156.9 7.27 46.4 307.7  26.7 86.8 85.1
NH, 195.4 5.65 28.9 2397 1233 97.4 83.0
CCl, 250. 2.47 9.9 349.7 30.0 85.8 86.1
H,O 273.2 6.01 22.0 373.1 40.66 109.0 86.7
I, 386.8 15.5 40.1 457.5 41.8 914 88.3
Zn 693. 7.38 10.7 1184. 115.6 97.6 96.3
NaCl 1074. 28.2 26.2 1738. 171. 98.4 99.4
“ Ay, and A, S, are at the normal melting point (nmp). A, A, and A, are at the normal boiling

point (nbp). A, STHF is the normal-boiling-point A, S, value predicted by the Trouton-Hildebrand-

vap™ m
Everett rule.



Eﬂ . AL C[c;u LLUL - C[QPQ,\:&\‘OV\

4° . _AH
AT T AV

32 33
ar 103(K/T)



Eau» NN

solido - 50[;3 9,

P/atm

102 |-
£ |00 -
é Rhombic

10—2 -

10-4 |-

1076 -

| | | | | |
40 80 120 160
tin°C
(@)

Figure 7.9

24000 —

20000 ~

16000

12000

8000

4000

I

I

-80 —40 0 40 80 120

(a) Part of the sulfur phase diagram. The vertical scale is logarithmic. (Orthorhombic sulfur is
commonly, but inaccurately, called rhombic sulfur.) (b) A portion of the H,O phase diagram at high

pressure.
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