Chemistry2720Fall 2002Test1 Solutions
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Thework is positive, which indicatesthatwork is beingdoneon the systemwhich makes
sensesincethe gasis beingcompressed.

2. Thereactionis

Caqs) + COz(g) — CaCQ,(S).

Theheatat constantvolumeis AE. To getAE, wefirst calculateAH.

AH

Afgas
~.OE

Ncao

AHf cacay) — (AH f(cao TAHF (coz))

—12069 — [-634.92+ (—39351)] kJ/mol= —1785kJ/mol.
0—1=-1.

AH — RT Afgas

—1785kJ/mol— (8.314472x 10~2kJK ~tmol~1)(29815K)(—1)
—176.0kJ/mol.
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(0.32mol)(—176.0kJ/mol) = —56.5kJ.

g is negative, thereforeheatis producedn the courseof this reaction.



3. Thereactionis
CaHg(g) +502(g) — 3C0y(g) +4H20(g).

At 25°C, we have

AHzs = 3AH{(cq,) +48H{ 11,0) = AHf cyhg)
_  3(—39351)+ 4(—241826) — (—10385)kJ/mol = —204398kJ/mol.

To calculatethe heatat 400°C, we imaginethefollowing sequencef steps:

CaHg(g) +505(g) at400°C 5 CaHg(g) + 505 at25°C
2 3COyq) + 4H20g) at25°C > 3COyg) + 4H20(g) at400°C.

We cancalculateAH for eachof the steps:

AH; = (CP(C3H8)+5CP(02)) ATy
= [73.645(29.35)JK 'mol 1] (25— 400°C)
= —8263kJ/mol.

AH, = AHys= —204398kJ/mol.

OHz = (3Cp(coy) +4Cp(H,0)) AT2
= [3(37.1) +4(33.58) JK 'mol '] (400-25°C)
= 92.11kJ/mol

~.DHao = —8263+4 (—204398) + 92.11kJ/mol = —203450kJ/mol.

The reactionliberateslessheat(Al—T is lessneggative) at 400°C.

4. At leastsomeof theice will melt. This will cool the dichloroaceticacid (DCA). We first
needto determineif the DCA will reachits freezingpoint. The thermodynamiaatafor
DCA is givenonamolarbasis,sowe will needto determineghe numberof molesof DCA:

150g

12894g/mol

Nbca

To getfrom its initial temperaturéo its freezingpoint,the DCA will release

Q293152865 = NpcACp(DeA)AT

= (1.16mol)(207JK ~*mol~1)(286.5— 29315K)
—1601J.

Ontheotherhand,50g of ice canabsorb

Omelt 50g ice = (3334J/9)(50g) = 16670J
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while melting. The DCA will clearlyreachits meltingpoint. Will it all freeze?
Ofreeze150g DCA = (1.16mol)(—12.34kJ/mol) = —14355J.

The sumof the heatsreleasedy coolingandfreezingthe DCA are

diiquid DCA@29315° —ssolid DCA@2865 = — 16014 (—14355) J= —15957J.

Thisis justslightly less thantheamountof heatabsorbedy melting50g of ice. Thismeans
thatall the DCA will freeze. However, it now seemdikely thatall of theice will melt as
well. To verify this, we calculatethe heatrequiredto cool all of the DCA down to 0°C from
its freezingpoint:

Ocool 150gsolid DCA to 0° = nDCAEP(DCA(S))AT
= (1.16mol)(18230JK 'mol1)(27315—- 2865K)
= —2831J.
.. Oiiquid DCA@29315°—solid DcA@27315 = —16014-(—14355) + (—2831) J= —18788l.

Thereclearly isn’t enoughheatto be liberatedby melting the ice to cool the liquid DCA,
freezeit, andthencool all of the solid DCA to zero. This meansthat all of the ice will
melt. The final stateof the systemwill consistof 150g solid DCA and50g liquid waterat
atemperaturdetweenhe freezingpointsof waterandDCA. We just needto solve for the
final temperaturd;. The heatbalancesquationto be solvedis

4=0 = { quu?;gCA }+{ freezeDCA }+{ soli(ijolgl(ZA }
warm }
liquid water
= —1601]+ (—14355J) + nDCAC_p(DCA(S))(Tf — 2865K)
+ 166703+ mHzoép(Hzo(l)) (Tt —27315K).
- 421T; = 117189
Tt = 278K.
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