PHYSICAL CHEMISTRY

EXAM I (6/12/2014) Dept. Chem. & Biol. Eng., Korea Univ. Prof. D. J. Ahn
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2[10]. An et al. investigated the liquid-liquid coexistence curve of N,Ndimethylacetamide and heptane.
Mole fractions of N,Ndimethylacetamide in the upper (X;) and lower (X;) phases of a two region are

given below as a function of temperature:

T/K 309.820 | 309.422 | 309.031 | 308.006 | 306.686 | 304.553 | 301.803 | 299.097 | 296.00 | 294.534

X, 0.473 0.400 0.371 0.326 0.293 0.255 0.218 0.193 0.168 0.157

Xo 0.529 0.601 0.625 0.657 0.690 0.724 0.758 0.783 0.804 0.814

(a) Plot the phase diagram. (b) State the proportions and compositions of the two phases that form
from mixing 0.750 mol of N,Ndimethylacetamide with 0.250 mol of heptane at 296.0 K. To what

temperature must the mixture be heated to form a single mixture?

3[10]. Starting from the equilibrium between a solvent (A) and a solution (A+B) separated by a
semipermeable membrane, derive the van't Hoff equation II = [B]RT, where Il is the osmotic pressure

and [B] is the molar concentration of the solute B.

4[10]. The degree of dissociation, a, of CO,(g) into CO(g) and O,(g) at high temperatures was found

to vary with temperature as follows:

T/K 1395 1443 1498
/1074 1.44 2.50 471




Assuming A H%to be constant over this temperature range, calculate K, A G ,A,H° and A,6S°
Make any justifiable approximations.

5[30]. Given the cell, Zn(s)|ZnCls(aq) Il CuClz(ag) | Cu(s) at 25C, of which electrolyte concentrations

are m(CuCly,)=1.0x10"% mol/kg and m(ZnCly)=5.0x10"° mol/kg (m is the molality),

answer the
followings:

(a) the half—cell reactions at cathode and anode, and the overall cell reaction.
(b) the standard cell potential (E9) and the equilibrium constant K.
(c) the ionic strengths (/) of the two electrolyte solutions.

(d) the mean ionic activity coefficients (y+), using the Debye—Hiickel limiting law.
logys = —0.509|z_z, | I'?, I= %sz (b,/b7).

(e) the reaction quotient (&) and the cell potential (£).
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Table 10.7 Standard potentials at 298 K. (a) In electrochemical order

Reduction half-reaction E°|V Reduction half-reaction E*{V
Strongly oxidizing Cu?+e~—s Cu* +0.16
H,XeO, + 2H" + 2e- — XeO, + 3H,0 +3.0 Sn'* + 2" —— Sp* +0.15
Fy+ 20 —2F +2.87 AgBr+e —— Ag + Br- +0.07
0y +2H" +2¢— 0, + H,0 +2.07 Ti* + " —> Ti** 0.00
$,0% +2e" — 2507 +2.05 2H"+2¢"——H, 0, by definition
Ag*t e — Agt +1.98 Fe™ +3e”—— Fe -0.04
Co™ + e —— Co*' +1.81 0, +H,0+2¢— HO; + OH -0.08
H,0, + 2H" + 2¢- — 2H,0 +1.78 Pb* +2e"— Pb -0.13
Au'+e —— Au +1.69 In*+e ——In -0.14
Pb#* +2e —s Pb* +1.67 Sn** +2¢"—>Sn -0.14
2HCIO + 2H" + 2e” — Cl, + 2H,0 +1.63 Agl+e ——Ag+ -0.15
Ce* +e — Ce?* +1.61 Ni% + 2¢” —— Ni -0.23
2HBrO + 2H* + 2e” — Br, + 2H,0 +1.60 Co* +2¢-— Co ~0.28
MnO; + 8H" + 5e” — Mn?' + 4H,0 +1.51 In* + 3¢ ——In -0.34
Mn* + e — Mn* +1.51 T +e — Tl -0.34
Au? +3e"—— Au +1.40 PbSO,+ 2¢” — Pb + 503" -0.36
Cly+2¢—2CI" +1.36 Ti* + ¢ — Ti™ -0.37
Cr, 0%+ 14H' + 60~ — 2Cr¥ + 7H,0 +1.33 Ca* + 20— Cd -0.40
03+ H,0+2e"—— 0, + 20H" +1.24 In*+e"—In' -0.40
0, +4H" +4e” — 2H,0 +1.23 Cr* + e — Cr* -0.41
ClO;+2H" + 2¢- — ClO; + H,0 +1.23 Fe** + 2" ——Fe -0.44
MnO, +4H" + 2e” — Mn* + 2H,0 +1.23 In** +2e"——In* -0.44
Br, + 2e” —— 2Br +1.09 S+2¢ — 5+ -0.48
Pu*' +e"—= Pu?! +0.97 In*+e ——In* -0.49
NO; +4H" + 3¢ — NO + 2H,0 +0.96 U™ 4+ em—— U -0.61
2Hg* + 2" —> He¥' +0.92 Cr* +3e-—Cr -0.74
ClO™+H,0 + 26— Cl" + 20H" +0.89 7n* +2e ——Zn -0.76
Hg* + 2¢- — Hg +0.86 Cd(OH), + 2e” —— Cd + 20H -0.81
NO; +2H + e* — NO, + H,0 +0.80 2H,0 +2e"—— H, +20H" —0.83
Ag +e —Ag +0.80 Cr*' +2e-——Cr -0.91
Hg}" +2¢e” — 2Hg +0.79 Mn*" + 2e” —— Mn -1.18
Fe?* + e — Fe?* +0.77 V#4200 —V =119
BrO™ + H,0 + 2" — Br + 20H" +0.76 Ti* +2e” — > Tj -1.63
Hg,S0, + 2e- — 2Hg + SO~ +0.62 AP+ 3¢ —— Al ~1.66
MnO;™ + 2H,0 + 2e” — MnO, + 40H" +0.60 U +3e—U -1.79
MnO; + e —— Mn0O3 +0.56 Sc* + 3¢ — Sc -2.09
I +2e —>2I +0.54 Mg® +2e" ——> Mg -2.36
Cut+e—Cu +0.52 Ce?* 4+ 3¢ —— Ce -2.48
[ +2e —3I +0.53 La*"+3e"—1a -2.52
NiOOH +H,0 + e~ — Ni(OH), + OH~ +0.49 Na*+e —— Na -2.71
Ag,CrO, +2¢- — 2Ag + Cro%- +(.45 Ca**+2e ——Ca -2.87
0, +2H,0 +4¢" — 40H" +0.40 Sr* 4+ 2" —— Sr -2.89
ClO; + H,0 + 2 —— ClO; + 20H- +0.36 Ba** +2e”—Ba -2.91
[Fe(CN)y| + e — [Fe(CN),|* +0.36 Ra®" +2¢"— Ra -2.92
Cu* +2¢”—— Cu +0.34 Cst+e —Cs -2.92
Hg,Cl, + 2 —— 2Hg + 2CI +0.27 Rb*+ e —— Rb -2.93
AgCl+e— Ag+Cl +0.22 K'+e —K =293
Bi* + 3" — Bi +0.20 Li* +e"—— Li -3.05



