Exam 2
CHM 3400, Dr. Chatfield

Read through the questions thoroughly, set up the answers carefully, show your work,
and be neat. There are 5 questions; each is worth 20 points. Partial credit will be given
when the instructor can follow your train of thought. Credit will not be given for answers
without work or reasoning. If you have difficulty with a question, go on and return to it
later. Check your work.

GOOD LUCK!

1. Provide descriptions or definitions of the following. Employ graphs and equations
where helpful.

a) 2* Law of Thermodynamics

The entropy of the universe increases in a spontaneous process.
b) 3™ Law of Thermodynamics

The entropy of a pure crystal at 0 K is zero.

c¢) Below is a phase diagram proposed for pure compound X. Is it plausible (i.e., can it
possibly be correct)? Why or why not? [Reasoning must be given for credit. ]

2 Not plausible. At most three phases of a single, pure compound

/ . can co-exist at equilibrium. This phase diagram has a

quadruple point, i.e., a point at which 4 phases are in equilibrium.
/! This would predict -1 for the number of ‘degrees of freedom’ from
A ; the Gibbs’ phase rule, which is impossible:

1 f=c—-p+2=1-4+2=-1

P IS

d) When we discussed properties of neutral solutes, we often ignored activity
coefficients. We recently began discussing properties of ions in solution, and we are not
ignoring activity coefficients. Explain why.

It is the strong, coulombic forces between charged ions, and between charged ions
and the diple of water, that leads to large activity coefficients that cannot be ignored.
The interactions between neutral species are much smaller.

e) We have described the ideal gas law, Raoult’s law, and Henry’s laws as “limiting
laws.” Explain why.

Each of these laws describes an ‘ideal’ that real systems approach more and more
closely in a particular /imit, but never reach. For a gas, this is the /imit as the pressure
approaches zero [ideal gas law]. For a solvent, this is the /imit as the solvent’s mole
fraction approaches 1 (i.e. infinitely dilute in terms of the solute) Raoult]. For a
solute, again, it is the /imit as the solution approaches infinite dilution[Henry].
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2.

(a) An aqueous solution of an unknown compound is prepared by dissolving 0.125 g of
the unknown in water so that the total volume of the solution is 100.0 mL. The
osmotic pressure at 298 K is measured to be I1 = 58.0 Torr. Determine the molar mass

of the unkown.
v
T = L‘b] RT = ~n= AT _
! - R e T
n  olfyg o of206
\
" " o AT —L7FK
= -/ = TV
’ - \/0&,0 bk = O [000 L
SR Jore
= ‘--"“"5\;‘ c;"LWI
7¢é°



3. :

(a) The standard boiling point is the temperature at which a substance boils when the
pressure is 1 bar. The standard boiling point of water is T, = 373 K. Determine the
vapor pressure of water at T = 323 K (this is also the pressure at which water would boil
at a temperature of T =323 K). Given: AypH (H,0) = 4Oi7 kJ/mol.
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(b) A person heated water in a closed bottle in a microwave oven for tea. After removing
the bottle from the oven, she added a tea bag to the hot water. To her surprise, the water
started to boil violently. Explain what happened, making use of a phase diagram.
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4.

(a) Calculate A,G for the reaction below at 25 °C, using the thermodynamic data given.
The data pertain to 25 °C.

205(g) -->304(g)

AHC (kJ/mol) 8% J K mol™) Com (K mol™
0,(g) 205 29.4
Os(g) 143 239 39.2

AH = 3An“ (o) =2 ApHCe) = 3(°)~1(/</%) 2 8L hT Jwent
.

“ -5 (2e5)~20( 1LY :/37?;4‘1«4*/
ApS =25 COL)fzs *(e,) =2 (205)~2(139)

e = =327 hd/mm.A

)

A L= 4, He~TA,$

{
298 K

(b) Calculate A;G at (b) 100 °C. The heat capac1ty can be treated as mdependent of
temperature up to 100 °C. 373K <29 1, = 75K
e
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D H (0, 273K) = dpt1°(0,, 276 Kk) HAp AT| = 142, 6 hT/i

(39,2 -2224) J‘kﬁ
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= 9852 b\T/mJ 2o, =
- 373k | ~, (77
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(a) Thé' Helmholtz energy, A, is defined as A = U —TS. The fundamental equation for a

change in A, dA, is: dA =-SdT - pdV. Use this expression to determine AA for the
isothermal expansion of one mole of a perfect gas at 298 K from Vi=25L to Vg= 50 L.
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= =172 hT/nedt

(b) Beginning with the fundamental equation for dU

» derive the corresponding
fundamental equation for dA given above. :

(A+dA) = (U ) — CHJ;‘*)(WJQ

14 = Jue-SJ/T“wFLJ;\}j
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