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4 x 6 note card Last, First

100 points in 8 questions on 4 pages + Tables 2.3 and A.5
For full credit show all work and put correct units on final answers. Note: information that is not

needed may be present in some problems.

(12 pts) 1. Suppose that 15 J of heat flow from the surroundings to the system while the system does
20 J of electrical work on the surroundings. During this process the system pressure is
constant and is equal to the external pressure, and the volume is also constant

Find AU, AH, q, and w, using the First Law of Thermodynamics and the definitions of

AH, q and w used by our text book. If there is insufficient information to find any of

these, then say what is missing. AP Vzo0)
nsT
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12 pts) 2. (a)Define enthalpy (H not AH)
M= U r PV

(b) Give the general equation for AH that comes from the definition of H
AH = AU+ 2V -FRy,
w bU + APV

(c) What 3 conditions must be met for a closed system so that AH=q ?

F=/0@tf= Cenystan? and or)fy PVL‘]ah(’
(ﬂjd'nsf Qfméﬁ/’/)ere)
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(12 pts) 3. What are q, w, AU, AH, and AT and AS for an adiabatic compression in which 10 J of
work are done reversibly on a system containing 2 moles of ideal gas if the Cym=2.5 R?
Put a question mark for any item for which there is not sufficient information to calculate

w:Au-‘: V?C\/MAT:-|DJ

AT = 1o T - w_ D 3
—-— — -t !
2. 2,5 BaBI45 Tmol K
ey AT D24 K
A= n CamaT = nCent) AT e
AU o 37
_ +r1 R AT
or Avi= MY+ Apv = A0 *7 13,99 7
= [5- 7?
o A O
As= [igre - o
= ASsurr O
ASuniverse O
(8 pts) 4. (a) For an isothermal compression with constant external pressure pext = 4.0 bar, of 2 mols
of ideal gas from V1 =30 L to Va=10 L at 300 K. Cy =20 Jmol' K and C, =29 J mol"' K.,
Calculate q, w, AU, AH, AS, and ASqur. If there is not enough information to calculate any of the
properties, indicate what is missing for these.
- ‘ J
bl = = e N= (- frar)(-20L) C’DOL—,;N @ = BoooT
_ <+ 8ooo I
i - —w bee guse /deal 9as5 W + Booo J
. Z AU=AR=0 av O
A g Surv - g — + Boed AH <
- - 200 <late _p\,,,“j—)a';
/ a8 =/8:3 "7y

B 26.67 T K-‘
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(8 pts) 4.(b) Now consider an reversible isothermal compression of 2 moles of ideal gas with the same
initial and final states as in 4(a). Calculate q, w, AU, AH, AS, ASsur and ASuniverse for this process. If
there is not enough information to calculate any of the properties, indicate what is missing for these.

- h g
W= —ART In Va :'2(6'3'“)@”)/”3% g ~5¢8/
v w S5¢+&87 J
= ) stk
% = = AU O ﬁic,‘/;%
AH O

xs /83 Tk

NS = Frev — —5481 . _ 8.3

b
T 37 NS F/BD JK

Agu;—:-\/ = 0O Lre\reﬂl‘\&\_g) <, 97u:/:_/)ru/m

ASuniverse

A

0O
(12 pts) 5. Write the balanced chemical reaction whose AH® = AHO for formamide (g). /U\
2 He+ C(ka) + "/2 0,9 + ’é“zm = Hco NHy ) H NH,
2

(12 pts) 6. Using the Bond Dissociation table below,_set up the calculation to estimate the heat of
formation of formamide (g). (Write down the numbers, but don’t add them up to get a

final answer.)

F DCge +'/.ZD<O=O>*'/ZD<NEN)

37 D(HD
/2‘ s [ D (7)) + D (c=0)+Dl-N) +2 DCA/"#)

= 3,*43b0 + U7 + 83 4 (4S9
—[ f) o+ Tog # Bo3 + 2(3%)1
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(12 pts) 7. (a) If the partial pressure of N2 =0.8 atm and the partial pressure of O2=0.2 atm in a
closed vessel containing liquid water at 100 °C, where the vapor pressure of water is 1 atm, what is the
total pressure in the vessel at equilibrium?

Fﬁs‘t’o.\ = D:Q-I—U:Z -+ lLoo = 2.0 a?»

(b) Suppose the volume of the vessel is decreased so that the volume of vapor is cut in half.
What is the partial pressure of each gas when equilibrium is reached?

o= ZXxD.8 = l.b atr

pm= 2% 02 -~ o

pzo= 1O ( Con denses “+o ei.,{h'lowu/w\>

I
Totd = B O atm

(12 pts) 8. Liquid water is converted reversibly to vapor at a constant temperature while the applied
pressure is equal to the vapor pressure of water at that temperature. Tell whether q, w, AU, and
AH are positive, zero, or negative, and briefly explain why.

' & (g \O«-\'M
q = + E\)O\‘PO"“’f‘OV\ s endo Therm:c (he f/;ee{:W\S‘ier at

w = — (BAV) Jv= + Connd” T )
4 Uz povalion reguires @rergy K—PA\/ s ;ma/[_g*ﬁx

AH = + = c& m this Case .

1)

AU
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TABLEA.5 Inorganic Compounds* (cont,) ' _ _ Table 2.3 Bond
H (kJmol " 1 \G (kdmol Dissociation Energies

=

S0,(p) 39572 256.87 an.zn

* Standard thermodynamic vatues at 25°C (298.15 K) and 1 bar pressure. Values for ions refer to an aqueons sojution at unit
activity on the molarity scale. Standard enthaipy of formation, A H°, third-law pies. 5°, and standard Gibbs free epergy of
formation, 8;G°, are given,.

1 The standard state for all jons and for species labeled (ag) is that of a solute on the molarity scale.

(Data from 7he NBS Tables of Thermodynamic Properties, D. D. Wagrnan et al, eds., J. Phys. Chem. Ref Data, 11,

Suppl. 2 (1982), corrected to | bar pressure.)
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