Chemistry 2720 Fall 2003 Test 2 Solutions

1. For this reaction,
ap

Q= :
aa aH,0
Note thatan,0 = XH,0. Adding an inert salt to the solution decreases the actofityater,
which increase®). Since

AG = AG® +RTInQ,

increaseQ can only make the free energy change more positive, and #usot make the
reaction spontaneous.

2. The process is-s> g. Forice at 0C, we have

T, = 27315K,
andk, — 29— Pro_ (0.006025atm(101325kPgatm)
as  P° 100kPa

= 6.105x 103,

T, = 26115K. We have all the data we need to solve this problem:

n(ke) _ a1 1
Ki/ R \T1 T/
Ko 50920 Jmol 1 1
n( ——— ) = — = —1.03025
- (6.105>< 1crs> 8.314472JKmol-1 (27315K 26115 K)
Ko = (6.105x 1073)e 193025_ 2 1795 1073,

~.Po = 2179x 10 3bar

3. Everything begins with a balanced reaction:

— Ha? -
HG2Cly(s) = Hbp g +2Cl -

We can calculate the equilibrium constant for this reactiom
2
Ksp= (aHg§+)(aC|—) -

To do this, we need the concentrations (in mol/L) of the twasid=irst, convert the solubility

to these units:
0.0020g/L

_ 22009 _ 45510 Smol/L.
S= 27209g/mol ~ 2> 10 "mol/



According to our balanced equation, this will be the conitn of mercurous ions, while
the concentration of chloride ions will be twice as largeuSwe have

g = 4.2 x 107,

andac- = 85x10°°.
- Kep = (42x10°)(85%x10°2=3.0x10 16
~AG° = —RTInK
= —(8.314472JKmol"1)(29815K)In(3.0 x 10719
= 886kJ/mol.
AG® = AG{ )+ 20Gi ¢y — B rg,ciy)-

AG?(HQ%+) == AGO — ZAG? (C|7) + AG?(Hgng)
= 88.6—2(—131218) + (—21072) kJ/mol= 140.3kJ/mol.
4. We aren't given any free energy data for the mercury (i), &0 we’ll have to proceed in a

slightly different way. The exam does give a table of staddaduction potentials. From
this table, we extract

Hg) — HoTh, +2e £° = —0.851V

HG5 5y +26 — 2Hgy) £° = 0.7973V

(a
Adding these two reactions, we get
Hg%@q) — Hg(ziqg +Hay) E° = —0.0537V.

Note thatn = 2. The standard free energy for this reaction is therefore

AG® = -nFE°
= —2(96485342C/mol)(—0.0537V) = 10.4kJ/mol.
LK = e AG/RT)

C e —10.4 x 103J/mol
~ P\ (8:314472KImol-1)(29815K)

) =0.0153

This value oK implies that the reaction is reactant favored, i.e. thagthéll be more Hg"
than Hg+ at equilibrium.

1
Caqs) + Clz(g) — CaCb(S) + 502(9)

We want to know ifAG is positive or negative under the stated conditions. To @ the
needAG* at 85 C. We start by calculatingG® at 85°C:

AG3s = AG¥ cacy) — AGY(cag)-

2



In the tables, we havAé?(Cao), but notAéﬁ(CaCb). However, we have the enthalpy of for-

mation of calcium chloride, along with some relevant enyrdpta. The formation reaction
IS

Ca(s) + C|2(g) — CaCb(S).

Thus,
AS{cach) = Stach — (Rat )
= 10462—(41.6+223081) JK *mol 1= -1601JK tmol 1.
2 BGcacy) = BHfcacy) — TASt (cacy)
= —79580kJ/mol— (29815K)(—0.1601kJK tmol~1)
= —74808kJmol.
DGy = —74808— (—60330)kJ/mol= —14478kJmol.

To adjust the free energy to 85, we need the standard enthalpy and entropy changes for
the reaction:

AH® = AHf(cacy) —AHf(cag
— _79580— (—63492)kJ/mol = —16088kJmol.
~ AH® — AG®°
AS = —w—

_ —16088— (—14478)kJ/mol _ L
_ 20815K = —0.05401kJK *mol ™.

DGy = AH°—TAS
= —16088— (35815K)(—0.05401kJK mol 1) = —14154kJmol.

We will now use the formula L
AG=AG’+RTInQ

to determine whether the reaction is spontaneous or not.

0.2)Y/2
AG = -—14154k)mol+ (8.314472x 10‘3kJK‘1mol‘1)(35815K)'”(( 0)8 )

= —14327k¥mol.

SinceAG is negative, the reaction will be spontaneous.



