CHM 1311 -E Second Midterm Nov 25 -2015

(Prof. S. Gambarotta)

Your Name: Student #:

1. The solution key will be posted today on the web. Solutions will be worked out in
the next DGD.

2. Data sheets and Periodic Table and important values are at the end.

3. A few scratch sheets are at the very end. Report in the booklet the minimum amount
of calculations to show your reasoning.



1. (3 points) Phosgene is a toxic gas prepared by the reaction of carbon monoxide with
chlorine:

CO(g) + Cly(g) — COCl,(g)

These data were obtained in a kinetics study of its formation:

Initial Rate Initial [CO] Initial [Cl;]
Experiment (mol/L-s) {(mol/L) {(mol/L)
| 1.29 x 107 1.00 0.100
2 133 x 107" 0.100 0.100
3 1.30 x 107* 0.100 1.00
4 1.32 x 1073 0.100 0.0100

a. Write the rate law for the formation of phosgene.
b. Calculate the average value of the rate constant.

a) To find the order for CO, first identify the reaction experiments in which [CO] changes but [Cl,] is constant.
Use experiments 1 and 2 to find the order with respect to [CO]. Set up a ratio of the rate laws for experiments 1
and 2 and fill in the values given for rates and concentrations and solve for . the order with respect to [CO].

ratey, | _ [CO]expl "
[Co]exp2

1.29x10™° mol/Lsmin _ ( 1.00 mol/L )m
1.33x107>° mol/Lemin 0.100 mol/L

9.699 = (10.0)"

log (9.699) = m log (10.0)

m=0.9867=1

The reaction is first order with respect to [CO].

To find the order for Cl,, first identify the reaction experiments in which [Cl,] changes but [CO] is constant. Use

experiments 2 and 3 to find the order with respect to [Cl,]. Set up a ratio of the rate laws for experiments 2 and 3

and fill in the values given for rates and concentrations and solve for 7. the order with respect to [Cl,].

l.ateexp 3 _ [Clz ]exp 3 "
rate , [C1, ]ap 5

1.30x107%° mol/Lemin _ [ 1.00 mol/L ]"

1.33x107*° mol/Lemin 0.100 mol/L

9.774 = (10.0)"
log (9.774) = n log (10.0)
n=0.9901=1
The reaction is first order with respect to [Cl,].

Rate = k[CO][Cl,]

b) k = rate/[CO][C],]
Exp 1: k; = (1.29x107> mol/Les)/[1.00 mol/L][0.100 mol/L] = 1.29x107** L/moles
Exp 2: k> = (1.33x107°° mol/L+s)/[0.100 mol/L][0.100 mol/L] = 1.33x107>® L/moles
Exp3: k3= (1.307{10_29 mol/Les)/[0.100 mol/L][1.00 mol/L] = 1.30x10% L/moles
Exp 4: ky = (1.32x107" mol/Les)/[0.100 mol/L][0.0100 mol/L] = 1.32x107>® L/moles

Favg = (1.29x107°° + 1.33x107° + 1.30x107* + 1.32x107>*) L/mol+s/4 = 1.31x107°° L/mol°s

ratey,




2. (1 point) For the following reaction, Eywd) = 125 kJ/mol and E,evy = 85 kJ/mol:

A2 + 82 — 2AB

Assuming that the reaction occurs in one step,
(a) draw a reaction energy diagram;

(b) calculate A.H®;

(c) sketch a possible transition state.

Solution:

a)

Energy

2AB

A2+BZ

Reaction coordinate

b) AH = E ygug) — Eagreyy = 125 kI/mol — 85 kJ/mol = 40 kJ/mol

3. (2 points) For the following reaction, K = 0.262 at 1000°C:
C(s) + 2Ha(g) == CHul(g)

At equilibrium, PHa is 1.22 bar. What is the equilibrium partial pressure of CHu(g)?



C(s) + 2H,(g) = CHa(g)
k=2 ‘:2“4 =0.262
Ph,

Peu, = K - p&, =(0.262)(1.22)* = 0.38996 bar = 0.390 bar

4. (3 points) Nitrogen dioxide decomposes according to the following reaction, where K
=4.48 x 10" at a certain temperature:

2NOs(g) == 2NO(g) + Oa(g)

I£ 0.75 bar of NOs is added to a container and allowed to come to equilibrium, what are
the equilibrium partial pressures of NO(g) and O»(g)?

2NO,(g) = 2NO(g) + 0i(2) There is a 2:2:1 mole ratio between reactants and products.

Pressure (bar) 2NOs(2) = 2NO(g) + Oy(g)
Initial 0.75 0 0
Change —2x +2x +x (2:2:1 mole ratio)
Equilibrium 0.75-2x 2x X
2 2
2
K= 448510 = PNoPor _ (%) (x)

Pro,  (0.75-2x)
Assume 0.75 bar — 2x =~ 0.75 bar

4.48x107"2 = (4X2XX) = (4x3)
075y  (0.75)

X =3.979x107 bar = 4.0x10°° bar O, (assumption is justified)
Pro =2xX =2(3.979x107 bar) = 7.958x10™ bar = 8.0x10"° bar NO

5. (3 points) Compound A decomposes according to the following equation:
A(g) = 2B(g) + C(g)

A sealed 1.00-L container initially contains 1.75 x 10~ mol of A(g), 1.25 x 10~ mol of



B(g), and 6.50 x 10~* mol of C(g) at 100°C. At equilibrium, [A] is 2.15 x 10> mol/L.
Find [B] and [C].

Initial concentrations:
[A]=(1.75x107 mol)/(1.00 L) = 1.75x10~> mol/L
[B] = (1.25x10~° mol)/(1.00 L) = 1.25x10™ mol/L
[C] = (6.50x107* mol)/(1.00 L) = 6.50x10~* mol/L

Concentration (mol/L) A(g) — 2B(g) + C(g)
Initial 1.75x107° 1.25x10°° 6.50x107*
Change —X +2x +X
Equilibrium 1.75x107° —x 1.25x107% +2x  6.50x107* +x
[Al,,=2.15x10" = 1.75x10™ —x

x =-0.00040

[B]., = 1.25x107 +2x = 4.5x10~* mol/L
[Cleg = 6.50x107* +x = 2.5x10™" mol/L

6. (1 point) What is the pH of a solution 0.75 mol/L of NaF? [K.(HF) = 6.8 x 10™*]
'The fluoride ion. F. acts as the base as shown by the following equation:

F(aq) + H,O(/) = HF(aq) + OH (aq)

Because NaF is a soluble salt, [F ] = [NaF]. The sodium ion is from a strong base: therefore, it will not
affect the pH. and can be ignored.

Concentration (mol/L) F(aq) + H,0() =  HF(aq) + OH (aq)

Initial 0.75 — 0 0
Change —X +x +x
Equilibrium 0.75-x X X
X ‘ —14
Kyof F= 2w 1 0"104 =1.470588x10™"!
K, 6.8x10
» [HF][OH‘]
K, =1.470588x10 " = ———
]
u__[x][x] :
K, ==1.470588x107" = W Assume x is small compared to 0.75.
TI5-x

Ky = 14705885107 = (X))
(0.75)

X =3.3210558x10™° mol/L OH™

Check assumption: (3.3210558x10_6/0.75) x 100% = 0.0004% error, so the assumption is valid.
[H]" =K, /[OH] = (1.0x107%)/(3.3210558x107%) = 3.01109x10~° mol/L H"
pH =—log [H] = —log (3.01109x10™%) = 8.521276 = 8.52

7. (5 points) Sodium hypochlorite solution, sold as chlorine bleach, is potentially
dangerous because of the basicity of CIO , the active bleaching ingredient. (Assume that



d of solution = 1.0 g/mL.)

a. What is [OH ] in an aqueous solution that is 6.5% NaClO by mass?
What is the pH of the solution? K,(HCIO)=2.9 x 10™

Plan: First, calculate the initial concentration (mol/L) of C1O™ from the mass percent. Then. set up reaction table

with base dissociation of CIO™. Find the K, for C1O™ from the equation K, =K, x Ky. using the X, for
HCIO from Appendix C.

Solution:
Concentration (mol/L) of C10O™ =

1 mL solution |( 1.0 g solution |[ 6.5% NaClO 1 mol NaClO 1 mol C1IO™
107> L solution )| 1 mL solution )| 100% Solution )| 74.44 g NaClO }| 1 mol NaClO

=0.873186 mol/L C1O™
The sodium ion is from a strong base; therefore, it will not affect the pH. and can be ignored.

Concentration (mol/L) ClO(aq) + H,O() = HCIO(aqg) + OH (aq)

Initial 0.873186 — 0 0

Change —X +x +x

Equilibrium 0.873186 —x X X
K .0x107

Ky of ClO”= X = L1 R 3.448275862x107

[HCI0][ OH |
[cio™]

x|[x
Ky = 3.448275862x107 = L Assume x is small compared to 0.873186.
[0.873186 — x|

K, =3.448275862x107 =

K, = 3.448275862x107 = )
(0.873186)

x=15.4872x10"* = 5.5x10* mol/L OH~
Check assumption that x is small compared to 0.873186:

4872x107* ST
Lz (100%) =0.006% error. so the assumption is valid.
0.873186
. K —14
= = L0y 652405107 molL HY
[OH-] 5.4872x10

pH = —log [H'] = —log (1.82242x107"") = 10.73935 = 10.74

(4 points) A buffer that contains 1.05 mol/L B and 0.750 mol/L BH* has a

pH of 9.50. What is the pH after 0.0050 mol of HCl is added to 0.500 L
of this solution?



Determine the pK, of the acid from the concentrations of the conjugate acid and base and the pH of the solution.
This requires the Henderson-Hasselbalch equation.

_ [base]
PH=pK, +10g([acid]]

_ [B] _ [1.05]
9.50 pK3+10g[[BH+]] Pk, +l°g[[o.7so])

9.50 =pK, +0.1461280357
pK, =9.353872=9.35
Determine the amount (mol) of conjugate acid (BH") and conjugate base (B).
amount (mol) of BH" = (0.500 L)(0.750 mol BH/L) = 0.375 mol BH"
amount (mol) of B =(0.500 L)(1.05 mol B/L) =0.525 mol B
The reaction is:
B(aq) + HCl(ag) — BH(aq) + CI'(aq) + HO()

Initial 0.525 mol 0.0050 mol 0.375 mol
Change —0.0050 mol —0.0050 mol +0.0050 mol
Final 0.520 mol 0 mol 0.380 mol

HCl is the limiting reagent. The addition of 0.0050 mol HCI will produce 0.0050 mol BH" and consume
0.0050 mol of B.
Then

pH=pK, + log( Dbase J
.44

[0.520]

[0.380]

pH=19.353872 + log[ ] =9.490092 = 9.49



Gas Laws
PV = nRT

LY
4

BV
T

PT = P1+P2+P3+

d="2
\%

P-MM
RT

1 2

E, =5mv

urmx

Rate A _ |MM
Rate B \ MM ,

3RT
MM

n2a

(mv) (V—nb) =nRT

Equilibrium
Kp = Kc(RT*

Acid/Base
pOH = -log[OH!
pH = -log[H']
pH +pOH = 14
K.x Ky =Kw

pH=

pH

pKa+ log [AT/[HA]
- pKal +pKa2
2

Thermochemistry

AU=q+W

Weystem = -PAV =- AnRT

AH = AU +PAV

qp = AU +PAV

q=msAT

AH° = Y nAH(pdts) - Y nAH (rxts)

The atom
E=hv
c=vVA

E=-B/n’

Kinetics
[Ali=[A]o—kt
In[A]; = In[A],—kt

1/[A]:= 1/[A], + kt
k= AetERD

In(ko/ki) = (-Ea/R)(1/T; - 1/Ty)



Data For Water

Density =1.00 g/mL (at 25°C)

s=2137g'K

(solid)

s=4.184 T ¢ K™ (liquid)

s=2.01J g’ K" (gas)

Constants and Conversion Factors

AHCg, = 6.02 kJ mol ™
AH®,,, = 40.7 kJ mol™

Il mmHg=1torr 760 mmHg =1 atm 1 atm = 101.325 kPa 1l atm =1.013!
lem’=1mL 1000mL =1L 1000L=1m’
Avogadro’s Number N 6.022x10% mol™
Boltzmann’s constant k 1.30866x107 I’ K™
Faraday’s constant F 96.485 C-mol™
Gas constant R 8.31451 J'’K ™ :mol
R 0.08206 atm-L-K"mol
R 8.31451 m’Pa-K"-mol
R 0.0831451 bar LK mol™
Planck’s constant h 6.62608x107* Is
Speed of Light c 2.99792458x10°  m-s’
Table of Ionization Constants
Acid K, =
lodic acid HIO; + H,0 == H;0" + 105~ 1.6 X 107!
Chlorous acid HCIO, + H,0 == H;0" + ClO,~ 1.1 X 1072
Chloroacetic acid HC,H,CIO, + H,0 < H,0" + C,H,Cl0,~ 14X 1073
Nitrous acid HNO, + HyO == H;0* + NO,~ 7.2 X 1074
Hydrofluoric acid HF + H,0 == H;0" + F~ 6.6 X 1074
Formic acid HCHO, + H,0 == H;0" + CHO," 1.8 X 1074
Benzoic acid HC;H50, + H,0 &= H307" + C;H50,~ 6.3 X 1073
Hydrazoic acid HN; + H,O == H;0" + N3~ 1.9 X 1073
Acetic acid HC,H;0, + H,0 == H;0™ + C,H;0,~ 1.8 X 1073
Hypochlorous acid HOCI + H,0 == H30™ + OCI~ 29 %1078
Hydrocyanic acid HCN + Hy0 == H;0" + CN~ 6.2 x 10710
Phenol HOC¢Hs + HyO == H;0" + C;H;0~ 1.0 X 10710
Hydrogen peroxide H,0, + H,O == H;0™ + HO,~ 1.8 X 10712

Table of Solubility Product Constants

Compound Ko

Mg(OH), 12x 10"
AgCl 1.8x 1070
CaSOy 9.1x10°
Agl 1.5x 107
BaF, 1.0x 10°

Compound Ks
PbL, 7.1x 107
PbCl, 19x 107
Ag,COs3 8.5x 107"
ZnS 20x10%
FePO, 1.3x 107
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