EXAM 3
November 5, 2018

~

IMPORTANT: Write neatly and lay out solutions clearly. Make sure that you give some

reasoning or working for each answer. Full marks will NOT be awarded for the final answer by

itself, UNLESS it is supported by a rtet Justification or explanatzon
Give units for all quantities!

YOUR NAME -?O"U Tlo VS

Some data: R’"—* 8314 J K mol" Na=6.022 x 10% mol"! 1 atm = 101325 Pa
dU = dq + dw dS = dpes/ T ,» v=Co/Cy  Cp-Cv=nR
dw = -pex dV Heat engine € = (Tp-Tc)/Th | adiabat: pVY = const
H U-+pV  G=H-TS A=U-TS
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() 30points ) :

i) Starting from the Clausius equation dp/dT = AS/AV for a phase transition, deduce the
approximate Clausius-Clapeyron relation dp/dT = p AvapH/(RT?). AvapH is the enthalpy of
vaporization. Hence prove that for two temperatures Ty and To, the corresponding vapor
pressures pi and p2 obey the relation In(p2/p1) = -(AvapH/R) (1/T2 ~ 1/T1). Show wortk.

ii) Use the results above to deduce the temperature at which the vapor pressure of
water is 2 X 10* Pa, given that it is 105 Pa at 373 K and AvapH is 41 k] mol-L. You may

treat water vapor as a perfect gas and assume that AvapH does not vary with
temperature. ’

iif)  Water is part of an ideal solution with a mole fraction of 0.7 at 373 K. What partial pressure
of H20(g) do you expect? Suppose instead this solution is non-ideal and exhibits a negative
deviation from Raoult’s Law. What would be the effect on the partial pressure of H20(g)?
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2) 40 points
i) Starting with the definition of A, and through consideration of A as'a function of T and V,
show that |

(8S/0V)r = (0p/0T)y. Be sure 1o justify each step. ;
if) Hence determine AS for the isothermal compression of 1 mole of a non-ideal gas
accompllshed by increasing the pressure from p; to p and decreasing the volume from V,

to Va. The equatlon of state for 1 mole of this gas is p=@RT/V)+aT¥V? where ais a
constant.
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(3)' 30 points
i) For 1 mol of a perfect gas, p=u°+RT In (p/p°). \
Imagine making a mixture of na mol of gas A with ng mol of gas B, with a total amount n
=na +ng of the two combined, from pure components. The initial pressures of the separate
components are both p and the total pressure of the final mixture is also p. Show that the
change in G upon mixing is AmixG =nRT(xalnxa+xzIn XB), where X4 is the mole fraction
of A in the mixture, etc. for XL. _
ii) What value of xa makes AmixG most negative? HINT: xao+xg = 1.
iii)  Knowing ﬂixat the entropy of mixing AmixS =- nR(xa In xa+xz In xB), deduce AmixH.
) for e A, e onL presiiss o g i e e e N
etune Wi At . J
O T e e n (o oguens O
. v
= et (n Pt = I PP
S C ?'ﬁr/P) : L
- : Y,
(r= %P <o AL = AT &«(K«?/P) = p R M Y¥e
g&.\dm&a‘ Abg = aghT haxg .
: ba ¥
DGz 05 18Rg T MgRT bxp v g RT e
' - ((—r(n,,_k\x,\_,—engb«m) )
- y\ﬂ_"' ( ﬁ'_f’ L"\‘Fk Il 23;& u‘\l(&}
l?) Toro f’ai.fué’{-ﬂ- e MJ:; T | ' o , &:a j o5
‘ < ¥, = - 6 Crppori .
B) Q& aminped Ao ¥, lxy T rglapg b RS
Rz xy = (k) w0 g \R
| 5 W Weo = w,) 4 b & ["’()--:-]-' -l /"Y)
v\)&”m’: % G&AK‘ .(,Q\A) LuCl—f)),'o =+ ( e (

It bawe =1 —A«(“;) = bay ,h\(’—"\f')

W

_ h A
oL o ] s xziex S xzo0 S, éxf)‘)
. "")‘ i
il"\) A6~ AH-TAS aﬁ:ac\ +TOS. = O here ,

Page 4



