Chem 102 - PS #6 solutions.

From Whitten:

Graders P21 (a) and (c) may be in the form of partial pressures b that® work
too.

, 4
|Cu‘+ Icr |

17-21 (@) K. = [Cl,] ®) Fe = =
[Cuc14-°]
 [oF o [Me?] )
© Ko =3 @ K= o
[0:] [H 3o*'] [cr]'
17-33 2NO + (o)) —_— 2NO> (all are gases)
init ~ 0.0200 M 0.0300 A 0
change -2.2x 103 M  -1.1x103M  +22x103M
equl  0.0178 M 0.0289 M 22x 103 M
@@ [NO] = [0.0178 M (b) [02] =[0.0289 M
[NO,J? (22x107)°

K= —— - - =[053
(© % = oo (0.0178)*(0.0289 [053]

17-49  3Fe(s) + 4HyO(g) ___ Fe3O4(s) + 4Ha(g)
1 mol H, 1

]=65gHyx X =021 M
=6 e X S e, » 150L
5 4 0.21 - 4 ¥ 21 -
K, = 2] o= (021 _4"‘) =46; 021 -4x 46
[H,0] (4x) 4x
0.21=9384x x =0.0213 (round for final answer); [H20] = 4(0.0213) = |0.085 M|

17-55 (a) Decreasing the temperature of an exothermic reaction favors products, so the amount of B
present at the new equilibrium will be less than before the temperature was decreased.

(b) Adding more & will favor the forward reaction so the amount of B will decrease.
(c) Addng more C will favor the reactants so the amount of B will increase.
(d} Bemoving small amounts of D favors the forward reaction, decreasing the amount of B.

(g) Increasing the pressure will favor the side of the equation that has the fewer number of moles of

gaseous species. In this reaction, the increased pressure will favor the reactants so the amount of
B will increase.



85.  Condde
H,q+ Bryg! 2HBr, Ke=16x10 a 1297 K
Kc=35x10"a 1495K
a Is! HOpostive or negative?
The reaction is exothermic (AH<0) — it is less product favored at high Temp.
b. Wha isKcfor:" H,p+ " Bryg! HBrga 1297 K?
This will be the square root of the K reported above = (1.6 x 10°)"* = 400

C. If you gart with pure HBr a 1297 K, what percentage will remain a equilibrium?
| [HBr] [H,] [Br)
I 100% 0% 0%
C -2X X X
E 100-2x X X

(100 - 2x) /x* = 1.6 x 10°

Assume 2x << 100, and we get: 100/x* = 1.6 x 10°
x = 0.025%

So basically, 0.05% will decompose (2x, eh?)

By theway, thisiskind o a lareweay d framingthe quetion (in paraatsthet ig). It alywaks
beausethesamenunbe o nderlesareadt asgoin.

1. Condgde the following reaction
20,45+ Oy ! 204, K.= 900 M™ a 400(C
a What is the equilibrium congtant for the reverse reaction?

K, = UK .= /900 M* = 00011 M

Which way will the reaction run (forwardsor backwards) under the following conditions?
b. [SO,] = [0,] = 010M,[SO,]=0M

forward Bno productsinitidly.

c.  [90,]=[0,]=010M,[SO]=10M

Q= (F)sos)2 :1.02
T} 2 0 3
APeo) (Ro) g O

d.  [90,]=[S0]=0.10M,[O,] = 0.0010 M

=1000M™; Q > K, rxn goes backwards



(F)sq)2 _ 0.7

Q== = =100C; backweards
ﬂpsoz)z(poz) fg/f 0.7 (0.0010

2. The lactose repressor (LacR) is a protein from E. ai that bindsto a specific stretch
of DNA cdled the lacoperaor (lacO). The resulting protein¥DNA complex dissociates with
the following equilibrium congtant (indicating tha thisis avery tight interaction):

LacRMacO ! LacR+ lacO K=10x10"M
There are 10 molecules of LacR and one lacO sequence in each E. di cdl. Assume a
garting condition in which you have 9 free molecules of LacR and one molecule of LacR
bound to lacO (LacR¥acO). Thevolumeof an E. di cel is1.0" 10%°L.
a Wha concentration of lacO will be free a equilibrium?

Initia concentration of LacR;,.:

9 molecllélesx 1 rr;ole —15x10"M
1.0x10™L  6.023x10* molecules

Initia concentration of LacRMacO complex:

1 molecule 1 mole
" =1.7"10"*M
1.0" 10"°L  6.023' 10* molecules

| [LacR¥acO] [LacR, ] [lac O]
I 1.7" 10®M 1.5" 10°M oM
C -X X X
E 1.7" 10"¥M-x 1.5" 10 M +x X

(1.5" 10°M +x)(X) .. (1.5" 10”M)(x)
1.7" 10%M - x 1.7" 10°°M

=1.0" 10" (if x << 1.7" 10®M)

x = 11x10% M

b. Wha fraction of the totd operator sequences in apopulation of E. coli cels will be
free?

1.1" 10**M

oo =6.7" 107
1.7" 10°"°M

C. If you started with only one molecule of LacR¥acO and no free LacR or lacO in the
cdl, what fraction of lacO would befree & equilibrium?



| [LacR¥acO] [LacR, ] [lac O]

1 |17710%m oM oM
C -X X X
E 1.7" 10®M-x X X
2
(X)(X) X - 1.011 10#11

1.7" 10°M -x ~ 1.7" 10°M
X = 4.1x10™

fraction would be = (4.1 x 10" M)/ (1.7 x 10® M) = 0.024

3. Condde the following reactions a equilibrium. Predict the response of the sysem
to the specified disturbances. (In which direction will the equilibrium shift?

a COy + 2H,, ! CHLOH I HO=-18kJ
i. increase pressure# nmekemareCH,OH (repondstomekefener ndes
ii. increase temperature /'  mekeless CH,OH (exahamicreadian)
iii. add more CO # mekenmoeCH,OH (Q<K)

b. 2NO, + Cl,, ! 2NOCI, ' HO=-77kJ
i.remove NO # mekenmaeNO (Q > K)
ii. increase volume # MakemureN O (repondstomekenorendes
iii. add catdyst # Nodfat (tayts dndaffet eopilibrium)

C. 2C4y + Oy ! 2CO, I HO= -220 kJ
i.addmore O, # MakemureCO (Q < K)
ii. addmoreC# Nodfeat (dids donDaffet Q)
iii. increase pressure# MakenmreO, (sgem respondsto mekefene ndesd g9

4, Consider the following reaction:
Nog + 3 Hzg ! 2 NHzg Kp=0.0011 atm™ at 4500C

a. Starting with 1.00 atm of N, and 1.00 atm of H, at 4500C, how much NH3
will be produced at equilibrium?

PNg(atm) Puxo (atm) Pnh3 (atm)

initial 1.00 1.00 0
I -X -3x +2X
final 1-x 1-3x +2X

| 098 0.95 0.034 |




5.

(2x)? " 4x?
"9 3x° 1
X =0.017 atm

=0.0011 atm™

What is the theoretical yield in part @Gand what is the percent yield?
Limiting reagent is H;

Theo Yield = (1.00 atm H,)(2 atm NHs/3 atm H,) = 0.667 atm NHs;
% Yield = (0.034 atm/0.667 atm) x 100% = 5.1%

Let® say the equilibrium mixture you calculate in part ®Ois compressed
by 100-fold. What will ! G for the reaction be?

Pn2 =98 atm, Pyo = 95 atm, Pynz = 3.4 atm
Q = (3.4 atm)?/(98 atm)(95 atm)* = 1.38 x 10"’

| G =! GO+ RTINQ = -RTIn(0.0011) + RTIn(1.38 x 107) = -54000 J/mol

Calculate ! HxGfor this process. What is the equilibrium constant for this
reaction at 6000C?

| HiynO= (2 mol)(! HiNH3) = -92.2 kJ

m Ky ((92,20(1]/mo|)" 1 ( 1% g
§K450& 8.3145/molK #298 K' 723 K&

Kogg = K45()e_2'64: 3.5 x 10+6 atrn_2

The indudtrid synthesis of anmonia uses high pressures. Why?

At high pressure, equilibrium mixtures will be shifted more towards
products than at low pressure (see Odabove).

The indugtrid process dso takes place a high temperatures. |stha favorable from
an equilibrium point of view? Explain. How about from akinetic point of view?

Equilibrium does not favor ammonia at high T (see Od)) but the
reaction to produce ammonia will proceed more rapidly at high T, so
if you do it at high Pressure as well, things tend to be not so bad in
terms of yield.

For eech of the following reections, (i) cdculae ! G0 usng free energies of

formation from Appendix K in the textbook, and (ii) use those vdues to determine an



equilibrium congant for the reaction, the (iii) sate explicitly whether the reaction is product
or reactant favored.

Notein ! Glcacs, one can omit elemental compounds which have a! G.lof zeroE

a 2NO,,! N,O,, - tofinaly seehow good your leb result wasE

(i)  AG =AG;(N,0,) - 2AG; (NO,) = 97.8 kJ /mol — 2(51.3 k] /mol) = -4.8 kJ /mol
(i) K= exp(-AG"/RT) = exp[(+4800 J/mol)/(8.3145 J /molK)(298 K)] = 6.9

(iii)  Product favored

b. Cyaptie ¥ 2H,0!  COyy + 2H, Dan ideafor generaing H, gas?
(i  AG = AG/(CO,)-2AG,;(H,0) =-394.49/  —2(-228.6"/_)=+62.89/
(i) K= exp(-AG"/RT) = exp[(-62800 J/mol)/(8.3145 J /molK)(298 K)] = 9.8 x 10

(iii) Reactant favored

C. 2HI o # Hyg+ 1,4 Dyet another idesE

@) AG® = -2AG; (HI) = -2(-1.729/ ) = +3.449/

(i) K =exp(-AG’/RT) = exp[(-3440 J/mol)/(8.3145 J /molK)(298 K)] = 0.25
(iii)  Reactant favored... time to keep looking for better ideas...



