Chemistry 231 Assignment #7 (due Tuesday 10 November, in class)
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LiH melts at 961.8 K and 1 bar with an enthalpy of fusion of 22.6 kJ mol™'. The heat capacities
of the solid and liquid are Cpm(s) = 62.6 J K™ moi " and Cp(J) = 68.0 J K™ molI™". Calculate g,
w, AH, AU, AS for the reversible heating of one mole of LiH from 900 to 1000 K. Why is one of
these five quantities negligibly small (i.e. zero within the precision of the calculations)?

a) The change in the internal energy of any closed system is the sum of the heat absorbed by the
system and the work done on the system: dU = dg + dw. Combine this First Law expression
for dU with the Second Law to derive the fundamental equation of thermodynamics

dU = 1dS - pd¥V
[Hint: Any path can be used to calculate dU (why?). Take a convenient reversible path!]
b) Use dU = TdS — pd¥ and the definition of the Helmholtz energy (4 = U - TS) to derive

d4d = -8dT - pdV

¢) Why are T and ¥ sometimes called the “natural” variables for the Helmholtz energy?

Use the differential dG = —SdT + Vdp of the Gibbs energy to prove:

a) (8G/oT),=-S b) (6G/dp)r =V ¢) (BVIdT), = —(8S/dp)r

Calcium carbonate (CaCQs, 100.1 g mol ) is found in nature in two different crystalline forms:
aragonite (mined in Aragon, a province of Spain) and calcite.

Data at 25 °C and 1 bar: aragonite calcite
AHg*/(kJ mol™)  -1207.13 -1206.92
Su/( K mol™) 88.7 92.9
density /(g cm™) 2.93 2.71

a) Which form of calcium carbonate is stable at 25 °C and 1 bar? Justify your answer.

b) At what pressure would the two forms of calcium carbonate be in equilibrium at 25 °C?
[ Hint: Use (8G/0p)r =V to calculate (OAG/Op)r = AV. ]

¢) At what pressure would the two forms of calcium carbonate be in equilibrium at 500 °C?
[ Hint: Use (0G/0T), =-S5 to calculate (GAG/OT), =—AS. ]

Relate (05/0¥)r to quantities “easily” measured in terms of p, T"and V. (Hint: A partial
derivative with respect to volume at constant temperature suggests looking at the Maxwell
relation for the Helmholtz energy, whose natural variables are 7 and V.)

1



e b e

. '"f;'f_"_'f___k_w_- Liner CR iy G

_ Chemisty 231 fééﬁisnmeﬁ_fi_... =71

. ﬁéa’f Afﬁjm-. 900 K —fa 7000 Kot [ dan.

- L'Ha)__@ _ Ae_. .H (V7
oo K Thaseld  Gergk 9618 K Fa ligud s000 K

S 2615 £ . e B7.%. -} S .
1 = )( Cafs)dT _+. 4% . 5 CoWAT

e QYO i l—————— _L?sl KL e -

= 626 (76+8-90) + 22,600 + _68-0( /000~ %6r-%)

= 3869 t 22,600 + 254¢%

9 = 29067 J

= 4#

_Mgwmmq_mwﬂ o .@6;;)@%? = (10 fa.)(fo

> ;_ e
o 40 =4

Y =9 = 29067J ! _altins do
- Mo tor Sow'ce.
968K /va of AS

................... 4s = Wp,,.(s) dT_+ A”ﬁaw = SéﬁﬁfﬁJT :

P73

A 23 EO A 20 65—

= 6% Q) {1000 _
_ MSJJ:(9?00)+ e+ Bk lﬂ( _%__‘(3,.0_‘_3 s Jr)




= —pdV
ey TTAS L dw,, = = pdV

dyv_= Ay A

b) . dh = AU-TY - %cﬁjznf‘fsﬁt____




I a)__<_0"6 Yoomm S ﬁA)

o €9l andk 9.2 provide

\Nevr/y




25 %
Ca C03 (S)_Maﬁawtz) "9 CcLCO_g (.S' caﬁc?’fz))

AH= A4S o (cade) = %”(mjm@
~1206:92 ( 1207- 13)

OZIH

=20 Gear])
_ A8S° = S?(leits) =SS ‘(;;.gma; o

_ = 92.9— 887 J k™
= 429k

AR
L5 ),__411' ~7S) = An ~ 7ABS

-
C Z‘Vﬂ'z— ~ /042 J




e e o oo n i orm e e e - - ._‘ é_ __.._‘.ﬂe.,__..__.___.
46 = G(caleity) ~ G (armqonle)  postes dniwhic

 eanags

.. - 1QO0- 1 amd’  t00- lﬂmf"




cont -) (9 A") — A4S (‘iﬁf | _d V

@ AT+ (—S’—GL)JV = ~SdT+ Vdp

_ dAG = 94‘5) ar (3'44 dv = —ASAT +A4vdp

A= —m042 J & 298K _awd [ _ban

e (723 KD
_La = 0 (frrequilibniom) ot 50O avel pussrep

o - 104.2_!5._}7 Gas) 15 B) + av(p-10B)

o 4“?-J ("4 Z—JI‘ )@’75K) (278x/o _M)@“/D
p-0 SPa.—-- 2037d o sossso’ A
278%5° W
B p.= 017‘f0? + /o‘r A _ﬁ— j“
- e 5 o —_— -







