Chemistry2720Fall 2001 Assignment Solutions

1. If we addthefour reactionggiven,we getthe reverseof the desiredreaction. The enthalyy
changdor thedisproportionatiomeactionis therefore

AH® = —(914 515+ 41.8+4 36kJ/mol) = —220kJ/mol.

2. (a) Theenthalpy of comhustionrefersto thereaction
CH20(g) + Oz(g) = COxg) +H20).
The enthaly of comhustionis therefore
AHZ = AH{ o, +AH h,0) — (AH?(CHzo)"‘AH?(oz))-
NotethatAH? o, = O.
S BHf cho) = BHfco,) +AHE 1,00 —AHC

— —39351+ (—285830) — (—570.78) kJ/mol
—10856kJ/mol.

(b) Forthecomlustionreaction,

ArTgas = 1—2:—1

~AE° = AH° —RTAnRgas
= —57078kJ/mol— (8.314510x 10 3kJK *mol~1)(29815K)(—1)
= —56830kJ/mol.
1.0045g
NcH,0 = W—O.O?ﬁﬁmol.

~.qy = (~56830kJ/mol)(0.03345mol) = —19.01kJ.

3. Theoverallreactionis

H@q) + OH(_aq) — H20(|).

Theenthally changdor thisreactionis
AH° = AH ) — AH{ op-) = —55.815kJ/mol.

We have (0.080L)(0.50mol/L) = 0.040mol of hydrogernionsand(0.045L)(0.85mol/L) =
0.038mol of hydroxideions. The hydroxideions arethereforelimiting. The heatgenerated
is therefore

g/p = (—55.815kJ/mol)(0.038mol) = —2.1kJ.
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Sincethereactionproducesheat— thisis the meaningof the negative sign— the 80+ 45=
125mL of watergains2.1kJ, which will causethetemperatureo rise. Sincethe densityof
wateris aboutl g/mL, we have about125g of water Thechangean temperaturés therefore

q 2.1x 10%J
AT = —% = = 4.1K.
mCp  (125g)(4.184JK-1g-1)

4. (a) Weneedto warmtheiron from 20°C andthenmeltit. The numberof molesof iron is
10g

~ 55.85g/mol

Warmingtheiron to its melting pointrequires

g1 = (0.18mol)(25.1JK ~*mol~1)(1808— 293K ) = 6809J.
To melt10g of iron, we need
g2 = (109)(267J/g) = 26700.

NEe = 0.18mol.

Thetotal heatrequiredis
Ctotal = Q1 + 02 = 9479J.

Thereactionis written permole of Fe,O3 sothe numberof molesof Fe,O3 requiredis
o0, = 9.479kJ
852kJ/mol
Thenumberof molesof aluminiumis twice aslargeasthis, sowe havenay; = 0.0223mol.
The masse®f thetwo reactantare
Mre,0, = (0.0111mol)(159.70g/mol) = 1.78g.
ma = (0.0223mol)(26.98g/mol) = 0.600g.

Thetotal massof thermitereagentis therefore2.38g.

(b) The standardenthalfy of reactionis for a fictitious reactionoccurringat 25°C. Thus
we imaginethatthe heatreleasedy the reactiongoesinto heatingthe productsfrom
2510 3000 C. Heatingliquid iron from 25to 3000°C takes

OFe = (46.024JK "*mol~1)(3000— 25K) = 136.9kJ/mol.

Therearetwo molesof iron in a stoichiometricmixture of the resultsfor the reaction
aswritten, so heatingthesetwo molestakes273.8kJ/mol of aluminiumoxide. From
the original 852kJ/mol producedby the reaction this leaves578kJ/mol. If all of this
is usedto heatAl 0z, thenwe have

~ _ 578kJ/mol
P~ 3000- 25K
Thisis of courseavery crudeestimate.

=0.0111mol.

= 194IK "Imol1.



