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Chemistry 1220 - Sul7
Solutionsfor Practice Midterm 1

This material is copyrighted. Any use or reproduction is not allowed except with the expressed written
permission of Dr. Zellmer. If you are taking Chem 1220 you are allowed to print one copy for your own use
during the quarter you are taking Chem 1220 with Dr. Zellmer. Y ou are not allowed to disseminate this
material to anyone else during the quarter or in the future.
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1)

Remember: “LikeDissolvesLike”
Polar solvents dissolve polar & ionic solutes

Nonpolar solvents dissolve nonpolar solutes

a) Na,CO, in CeHyo INSOLUBLE
ionic molecular
(ionic bonding) (LF only - nonpolar; only C and H in the molecule)

CH,, isaNONpolar molecular compound and forms LF only between like moleculesin the pure
substance. The Na,CO; is an ionic compound with ionic bonding. In order to dissolve Na,CO; in CH,,
theionic AF between theionsin Na,CO, have to broken and the LF between C,H,, molecules have to be
broken. The only AF that can form between the ions of Na,CO, and nonpolar C;H,, moleculesis LF.

So you are trying to replace very strong ionic AF with very weak LF. Thiswill NOT happen and
Na,CO,isINSOLUBLE in CiH,,.

b) CH,CN in C,H;OH CH,CN: ----- H-OC,H;
molecular molecular
Polar Polar
(LF, DD) (LF, DD, H-bonding)

CH,CN isvery solublein C,H;OH. Both are polar. Breaking LF and DD between CH,CN molecules.
Breaking LF, DD and H-bonds between C,H;OH molecules. Forming LF and DD IAF between CH,CN
and C,H;OH molecules. Also, while CH,CN can not form H-bonds between solute moleculesin the
pure substance it can form H-bonds to the C,H;OH solvent molecules (between the lone-pair € on the N
atom of a CH,CN molecule and the H atom on the O of a C,H;OH molecul€e). Breaking similar AF
between solute molecules and between solvent molecules and forming same type of AF between solute
and solvent molecules.

0 HF in H,0 F-H ----- :0-H
molecular (polar) molecular (polar) |
(LF, DD, H-bonding) (LF, DD, H-bonding) H

Both are polar and form H-bonds between like molecules in the pure substances. So when HF dissolves
in H,O you are breaking LF, DD and H-bonding between HF molecules and H,O molecules and
reforming the same AF between solute (HF) and solvent (H,O) molecules. So replacing AF between
like molecules (solute-solute and solvent-solvent) with the same AF between the unlike molecules
(solute and solvent). So HF isvery solublein H,O. In addition some of the HF moleculesionize and the
resulting ions form ion-dipole AF to the H,O molecules.

***%% continued on the next page *****
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1) (cont.)
d) Br, in ccl,

molecular molecular

e

>

(nonpolar - LF only) (nonpolar - LF only)

Both are nonpolar and have only LF between like molecules. So breaking LF between like molecules
and reforming LF between unlike (solute-solvent) molecules. Similar AF are being broken and then
reformed between solute and solvent molecules.

KCl in H,O
ionic molecular (polar)
(ionic bonding) (LF, DD, H-bonding)

For KCI to dissolvein H,O ionic AF have to be broken between K*and Cl" ions and LF, DD and H-
bonding AF have to be broken between H,O molecules. Thenion-dipole AF are formed between the
ions (K*and CI') and the H,0 molecules. Thisisavery strong AF, slightly weaker than ionic bonding
but stronger than the H-bonds between H,O molecules. So forming similar AF between solute and
solvent that were broken to separate the solute particles (ions) and solvent molecules (H,O).
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Identify the important solute-solvent attractions

D (Fase)

LF & DD AF between CH;NH, & CHCI,. However, these molecules
can not form H-bonds to each other in solution. The CHCI; molecules
can not form H-bonds. The H on the CHCI; will not form an H-bond to
the N atom of CH;NH, and the Cl atoms can not form H-bonds to the

H atoms on the N of CH,NH,.

CH;NH, in CHCI,
polar polar

(No H-bonding)

a) CsCl in NH;
ionic polar

When CsCl dissolvesin NHj it dissociates into ions which get surrounded by NH, molecules (solvated)
and form lon-Dipole AF. The most important AF is lon-Dipole,

Qu Q: chargeonion
Fpo - w: dipole moment of solvent molecule
d d: distance between centers of ions & usually determined

by adding radii of theion and the molecule.

b) CH,CN in C,H.OH LF, DD & H-bonding between CH,CN & C,H.OH. Even though
polar polar CH,CN can't form H-bonds in the pure substance (between like
molecules) it can form H-bonds between the lone-pair e- on the N
and the H atom on the O atom of the C,H;OH molecules.

LF only. Since CCl,isnonpolar the only AF it can form are LF,

c) CH.Cl, in CcCl,
either to other CCl, molecules or the CH,Cl, molecules.

polar nonpolar
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For 3-5 ook at the following diagrams. Remember these pictures.

separated solute & separated solvent particles

sep. solvent part form solute-solvent AF

AH, >0 (0r AHgy gvent)
AHB <0 (Or AHsolvalion)

sep. solute & solvent

sep. solute part

H
AH; >0 (0r AHgp giine)
solution
AHg,,>0

solute + solvent
AHg,,> 0 (endothermic); product (solution) has a higher energy than reactants (solute & solvent).

Attractive forces between solute and solvent (unlike particles) are not as strong as solute-solute and
solvent-solvent AF (like particles).

separated solute &  separated solvent particles

sep. solvent part form solute-solvent AF

AH, >0 (or AHsepmem)
AH3 < O (Or AHsmlvalion)

sep. solute & solvent

sep. solute part

H

AH, >0 (0r AHgy 1)

solute + solvent

AHsoln < 0
solution

AHg,, <0 (exothermic); product (solution) has alower energy than reactants (solute & solvent).

Attractive forces between solute and solvent (unlike particles) are stronger than solute-solute and
solvent-solvent AF (like particles).
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separated solute & separated solvent particles

A\ sep. solvent part form solute-solvent AF

AHZ > 0 (Or AHsepsalvem)
AHS < 0 (Or AHsnlvallon)
sep. solute & solvent
sep. solute part
H
AH; >0 (0r AHgy iine)
solute + solvent AHg,=0 solution

AHg,, =0 (ideal); product (solution) has same energy as reactants (solute & solvent).
Attractive forces between solute and solvent (unlike particles) are similar to solute-solute and

solvent-solvent AF (like particles). Generaly, particleswith only LF are the most likely to form
ideal solutions.

For ideal solutions (AH,, = 0) and endother mic (AHg,, > 0) solutions to form the change in entropy
(disorder) must be positive (AS,, > 0, disorder must inc.). Generally, AS,, > 0 for mixing.
Remember, as givenin class:

AG = AH - TeAS and AG <0 (negative) for a spontaneous process
AG > 0 (positive) for a nonspontaneous process

If,
AH>0(+) or  AH=0
then,

MUST have AS> 0 (+), increasein disorder, to have AG < 0 (-), at some temperature
(i.e. a spontaneous process).
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3) AHg,, = - 10.5kJ/mol exothermic soln. process (see two previous pages) - rel eases heat 4) AHg,, <0 exothermic soln. process (see pp. 3-4 above) - releases heat

separated Na,SO, (Na™ & 8042' ions) & separated H,0O molecules

separated solute & separated solvent molecules 1\ AH 10 (580 H,0)
AHg s = LE AH
AH%DSO\Vem (gep S)lvent) >0 H sepion v
(k) (sep. Na* & SO,% ions)
H AHso\va\on =7?kJ Na,sO, + H.,O AH <0
(k‘]) AHﬁpsolule >0 aZ N 2 =in
(sep. solute) solution
AHg,, = AH + AH + AH
solute + solvent \l/ AHg,, < 0 soin sepions sepH20 hyd
solution The solubility of Na,SO, decreases as Temp inc. (30°C: 60g/100 mL H,O; 100°C: 409/100 mL H,0)
This means added heat (inc T) must cause adec in solubility (less solution & more solute + sovent)
AHgn = AHggions ¥ AHgpro + AHgguaion - heat must be a product
AHgvaion = AHgyuionn — (AHW. o F AHsep. Solvem) NaSO,(s) + H,O0() = NaSO,(aq) + Heat (heat is product - rel eased)

(actudly, 2 Na" + SO ) exothermic, AHg,, <0)

AHgaion = -10.5 - (155.0+210.0) = - 375.5 kJ/mol Add heat, shiftsto left (<) toward reactns - get less solution

(@)

a) T: AHg,, < 0, heat isreleased as a product, exothermic

b) T: get more energy out in solvation (hydration) process when solute-solvent interactions (unlike
forces) are mor e favorable (stronger) than solute-solute & solvent-solvent interactions (like
forces). Solute-solvent AF are stronger. This makes the process exothermic (AHg,,, < 0) which
tends to lead to a spontaneous dissolution process (solution formation).

¢) T: lonic solutes dissolve in H,O & form ion-dipole AF between ions and polar H,O (solvent).
d) T: AHg,, < 0 (exothermic) - see above explanations.
e) F: Aninc.inentropy (AS>0) isNOT necessary when AH < 0.
Remember, AGg,, = AHg,, - T*AS;,, < 0 AG <0 (negative) for a spontaneous process

An exothermic soln process, AH < 0 (-), tends to lead to a spontaneous dissolution process
(solution formation) since thisleadsto aneg. AG (AG < 0). The entropy does not have to
increase in this case to make AG < 0. You could have adec in entropy (AS < 0) and still get a
spontaneous process (AG < 0) long as T islow enough (below some temp).

For an endothermic soln process (AHg,,, > 0) & ideal soln process (AHg,, = 0) aninc. in entropy
(ASy,,> 0, inc. in disorder or randomness) is necessary to make AG,,, < 0 (at “high” temp)
(i.e. increase in randomness (disorder) is an important factor for these solutions to form.)

m
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5)
See the explanations above on pages 5-6.

a) T:  Solubility of most ionic solidsin H,O inc w. inc T. For most ionic substances dissolving in
H,O the processis endothermic. Use Le Chatelier’'s Principle to see the effect of temp.

ionicsolid + H,O + heat = solution

Inc. T (add heat), shiftsright (away from added heat), forms more solution (inc solubility)

b) T: Solubility of gasesin H,0O inc w. inc P of that gas above the solution. True for all gases. When
pressure above a solution is increased more gas molecules are forced into solution. Y ou can see
this by looking at Henry's Law:

Sg = ky Pg (S, = solubility of gas, k,, = Henry's Law constant, P, = pressure of gas)
This equation shows that the solubility of agasincreases asit’s pressure increases.

c) T:  Solubility of solidsor liquidsin H,0 isNOT affected by Pressure.

d) F:  Solubility of gasesin H,O decw. inc T. Truefor ALL gases. For gases dissolving in H,O the
process of dissolution process is exothermic.

exothermic, AHg,, <0 (heat released as product)
Gas + H,O = Solution + heat
Inc. T (add hest), shiftsleft (away from added hezt), less solution ==> Solubility Dec
- rxn shifts to use up added heat and proceeds in the rever se direction
- shiftsto left to use up added product - away from what was added (heat).

As this happens you get |ess solution and more gas and water (solubility dec).

Can also think of thisin terms of kinetic energy and temperature. If T inc the KE inc making it
easier for the gas molecules to escape the solution, thus decreasing the solubility.

w)
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6) Use mass % as a conversion factor between mass of solute and mass of solution.

mass CgH,,04 5.31 g CsH,,04
mass % CgH,,05 = ----------=---"=-—- x 100% 531 % CgHp,Op ==>  -mmmmommmmomemiieeee
mass solution 100 g solution

180.16 g C,H,,04 < 100 g soln

? g CH,,O, =0.0109 mol C,H,,O, x
& S T T ol CHL0, 531 g C.H,L,0,

get g of C{H,,0Oq

get g of solution
- Use % as parts
per 100

= 36.981 g soln
= 37.0 g soln

(@)
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7)

[0
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Want mass % of glycerol, C;H;O,. For mole fraction we have

mol substance A

total moles

_ 0.258 mol C;HgO; _
Xeamgos = . want mass %:  ---------------m-m--- x 100%
1 total mol solution mass solution

Assume 1 mol soln ==> 0.258 mol C,H,O, (assume what’sin denominator of given
quantity)

Thus, have 1 - 0.258 = 0.742 mol H,O (mole fractions add to 1)

Xeomos = 0.258; Xipo = 0.742
92.09 g CH0,
29 CHO; = 0.258 MOl CiHgO, X ooimeimiem i b2 = 23.759 g CH,0,
1 mol C;H O,
18.02 g H,0
?9gH,0 = 0.742mol H,O X ----mmmmocmeoee- = 13.370gH,0
1 mol H,O
23759 g C;H,0
mass % C,H 0, = L2799 2alles x 100% = 63.98%
23759 g C.H,0, + 13370 g H,0
= 64.0%
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8) moldlity, m, is (mol solute)/(kg solvent)

4.26 mol (NH,),SO, _ mol (NH,),SO,
4.26 m (NH,),SO, = ----mm--mmmmmmmoemmeeeeee Want molarity, M = o HZTTR
kg solvent 1L soln

Must get mass solute and then mass solution: mass soln = mass solute + mass slovent

Assume 1 kg solvent ==> 4.26 mol (NH,),SO, (assumewhat'sin denominator of given
quantity)

132.14g (NH,),S0,
1 mol (NH,),SO,

2 g (NH,),S0, = 4.26 mol (NH,),SO, x = 562.92 g (NH,),SO,

? g H,0 = 1000 g H,0 (assumed 1 kg of H,0)

? gsoln = 1000 g H,0 + 562.92 g (NH,),SO, = 1562.92 g soln

1 mL soln 1 L soln
? L soln =1562.92 g soln X X = 1.2941 L soln
1.2077 gsoln ~ 10° mL soln
mol (NH,),SO,  4.26 mol (NH,),S0,
? 2 = 2 =
I L soln 12041 Lsoln  — >29 M(NH,),50,

Im




Copyright RJZ 6/22/17 13

9)

[co

[I =iMRT, where]=osmotic pressure
i =#ionsin the formulafor an ionic cmpd or ionizing molecule
=1 for nonionizing or nondissociating cmpds
M =molarity (iM =M, molarity of particles)

R = 0.0821Leatm/molsK; T = tempinkevin

1 =M RT

greater conc of particles ==> greater I1; higher T ==> greater I1

Thefirst thing to do isto calculate the conc of particlesin each case and then compare those with the
sametemp. Thisiseasily done by determining the # particles you get from each compound.

At the same temp the solution with the higher conc of particles will have the higher T1.
For those with the same conc of particles the one with the higher T will have the higher I1.

Do NOT haveto actually calculate IT for any of the solutions to do this problem.

a) 0.012M NaSO, at 25°C; (NH,),SO, > 2Na" + SO =3
Mios = 3(0.012M) = 0.036M ions  a 25°C
b) 0.020 M AICl, a 50°C; AlCl, > AI¥* + 3ClI" i=4
Migs = 4(0.020M) = 0.080M ions &t 50°C
c) 0.020 M AICl,at 25°C; AlCl, > AIF* + 3CI” =3
Miys = 4(0.020M) = 0.080M ions &t 25°C
d) 0.030M KCl at 25°C; KCl -—->K* + CI i=2
Mioss = 2(0.030 M) = 0.060 M ions  at 25°C
€) 0.030M KCl a 50°C; KCl -—--> K* + CI i=2
Mioss = 2(0.030 M) = 0.060 M ions  at 50°C

Looking at the solutions at 25°C the 0.020 M AICI, (0.080 M ions) would have the highest IT.
Looking at the solutions at 50°C the 0.020 M AICI; (0.080 M ions) would have the higher I1.

Then looking at the two AICl, solutions, both have the same conc., 0.020 M AICl, (0.080 M ions) so
the one with the higher T will have the higher osmotic pressure, I1.

no unauthorized use allowed
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10) Want molefractions of two volatile substances in asolution - both will contribute to the vapor
pressure above the solution. Assume that both follow Raoult’s Law and the gas mixture follows

(ve

Dalton’s of Partial Pressures.

Pa= XaP. Py = XgPs

P, = vapor pressure of A above solution

Raoult’s Law

Pg = vapor pressure of B above solution

X, = molefractionof A inliquid phase Xz = molefraction of B in liquid phase

o
P, = V.P.of pure A
P =P, + P Dalton’s Law

Pr = X\Py + XgP;

(9]
P; = V.P.of pure B

P; = total vapor pressure above the solution

for two volatile substances

0 (o]
Pr = X Poris + Xcaris Pearis

Xerms + Xeguis = 1

66.31 = (Xcpe) (91.96 torr)
66.31 = (Xc7ne) (91.96 torr)
66.31 = (Xczme) (91.96 torr)
15.39 = (Xcpye) (41.04 torr)

Xems = 0.375

+

+

+

Weant X c716

(X cgng) (50.92 torr)
(1 - Xcm16)(50.92 torr)

50.92torr - Xcp16(50.92 torr)

Xegi = 0.625
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11) Want MW from boiling point elevation, AT,,.

Whenever you want MW think of g/mol: ~ MW = ---------

have mass of 12.0 g, need moles (get from molality)
AT, = iKym = m,, K, K, = freezing point depression constant (depends on solvent)
i = 1 for nonelectrolyte (nondissociating- stays as asingle particle in solution)

Normal f.p. of H,O0=100.000 °C  b.p. of soln=100.533 °C  K,=0.512 °C/m

AT, 100.533°C - 100.000°C
m = = = 1.0410 mold
Ky 0.512 °C/m
1.0410 mol
mol solute = 0.0800 kg C;H,Cl, X ------mommmmmmeee- = 0.083281 mol solute
1kg CH,Cl,
1209
MW = cemecoommemmeccoeeee = 144.09 g/mol = 144 g/mol
0.083281 mol

[co
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12) & T: Volatilesustancesin an idea solution follow Raoult's Law:
P, = X, P° Raoult’s Law

X, = molefraction of solvent (CH,OH) in the solution
PAO = vapor pressure of pure solvent
P, = vapor pressure due to the substance in the solution.

b) T: The Tyndall effect distinguishes a colloidal dispersion (suspensions) from atrue solution.

-truesoln:  particlesize s 10 A
- heterogeneous mixture: particle size > 2000 A
- colloid: 10 A s particle size < 2000 A

In acolloid the particles are large enough to scatter light - can see alight beam in the colloidal
dispersion (Fig. 13.27 & 13.28)

c) T:  Hydrophilic (“water loving”) colloid particles have polar or charged groups that allow them to
stay dispersed in water.

d) F:  Boiling point elevation. The b.p. of asolutionis HIGHER than that of the pure solvent.

e) T: Colligative properties depend on the quantity (concentration) but not the nature (kind or identity)
of solute particles. Colligative means “depending on the collection”.

w)
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13) BrO, + 91" + 6H"  —oooee- > 31, + Br + 3H,0
ra%e 1 -A[BrO;] 1(-A[I’] 1 -A[HY | 1 (A[I;] ) 1 A[Br] 1 (A[HZO]
0 = - = - = - = -- = - = -
rxn 1 At 9 At 6 At 3 At 1 At 3 At
relate the rate of reaction to the rates in terms of disappearance of reactants or formation of products
by using the reciprocal of the coefficientsin the balanced eqn as multiples of the various rates.
1 -A[HT . 1 -All]
TR e
+
( Al ]) = -(?( ALl ) = ° (54x10*M/s) = 36x10*M/s
At 9 At 9
A
14)
r = k[A]**[B]*[C]"
3/2 order in A, 2™ order in B, 1/2 order in C
Treat this like any other math equation.
Given theinitial rate of reaction, conc of A, B and C.
Want the rate constant, k. Solve the rate law above for k.
K= r ) =( 1.0x 10° Ms? ) = 250M%!
= = = . - S'
[A]¥]B]qC]Y? (0.0100M)**(0.0200M)?(0.0100M )2
B
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15)
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initial rate problem

Write the rate law and useinitial rate method to find the order with respect to each substance:
r = [A]"[B]"

Y ou can find the exponents by inspection. However, thisisn’t the most general way. To find all the
exponents, except the “last” one, you need to find reactions in which the concentrations of all
substances are held constant except for one substance. Y ou don’t have to do this for the last exponent
since by that time you will know all the other exponents (i.e. you don’t have to look for two reactions
in which the conc of all substances, except the one of interest, are held constant). However, this could
be difficult to do by inspection.

| am showing the general way of doing these problems. Y ou start by taking the ratio of the rates for
two different experiments. Thiswill give the following general relationship that can be used for any
set of reactions.

N

LI VN : T

m n
P ([A],-) ([B]i)
, [A] [B],

It doesn’t matter which exponent is determined first as long as you can find 2 experiments in which the
concentrations of all but one substance are held constant. Y ou will notice that there are no experiments
inwhich [B] changes while[A] is held constant. Y ou have to start with finding m.

—

]

Step 1: determine order, m, with respect to A ([B] held constantinexp 1 & 2)
m n
oo ([A]z) ([B]z)
I [A] [B],
m n
8.0x10° £ 0.20 0.10
2.0x10%  \ 0.10 0.10

4=02)" m=2

**xx% continued on next page*****
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15)

m

16)

>
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(cont.)
Step 2: determine order, n, with respect to B

No sets of experimentsin which A isheld constant. That's okay since we know its exponent in
theratelaw. Just have to make sure [B] changessoweneedtouseexp1& 30r2 & 3.

2
o [A]g) ([BL \
I [A], [B],

2 n
2.6 x 107 _ [ 0.40 0.20
2.0x10* 0.10 0.10

130 = @)% (2)" = (16) )" 8.125=(2)"

log (8.125) =log 2" =>log (8.125) =nlog 2 =>
n=(log 8.125)/(log2) => n=3.02 => n=3

Thefina ratelaw is:

r = [A]*[B]

A — B + C zeroorderinA, r = K[A]° = k
r=k[A]° = k

0 (zero) order in A

Therateis constant as long as there is some reactant and the rate equals the rate constant. Once the
reactant goes to zero the rate will be zero.

r = k = 50x10?

Y ou can check to see what the conc. is after 5.0 seconds to make sure you still have some reactant left.
Use the zero-order integrated rate law.

[Al, = -kt + [A], = - (5.0x 102M/s)(5.05) + 1.OM = 0.75M

Since there is still reactant, the rate will be what it was at the start of the reaction (constant).
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17)

(v
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Integrated rate law problem.

r=(1.0x102min") [A,] (1¥orderinA))

Need to use 1%-order integrated rate law:

1% order reaction  r = k[A;]  where, k=1.0x 10" min*

In(--é---) = -kt or  [A]l, = [Al,e or In[A], = -kt + In[A],

Want time it takes for [A,] to decreaseto 60% of itsinitial value (60% remains). Thisisthe same as
saying the reaction is 40% complete (means 40% of the reactant has reacted, 60% remains).

[A;]. = 0.60[A,],
Not given [A,] , but don’t need to have [A,] , for a 1¥-order reaction. Asyou see below, the[A)] ,

cancels. If you didn’t think to use this form of the equation you can assume avalue for [A], and it will
work out.

[Azl; 0.60 [A,],
In (-2 = [Eaatact) = -kt In(0.60) = -kt
n([AZ]o) ( [Azlo ) n (050
In(0.60) = -(1.0x10%t t = 51x10min

Theintegrated rate laws for 0 and 2™ order rxn are;

Oorder: [A], = -kt + [A],
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18) Integrated rate |aw problem.

>

A — B

r = k[A]? (2™ order in A)

Find the conc of A after 74.4 sec., given the initial and rate constant.

Need to use 2™-order integrated rate law:

Given theinitia conc: [A], = 0.300 M

1 1
------- = (3.86x 102M7s?) (74.48C) + ----om---m--
[AlL 0.300 M

1
------- = 6.205M™*
[Al,

[A], = 0.16115 = 0.161M
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where, k = 3.86x 102 M1 s?
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19) Second Order

oo

successive half-lifes decr ease (each is half of previous)
(takes shorter & longer time for conc. to dec. by % each period)

Half-lives (similar to #50 on Ch 14 extra practice problems handout)

10.0 min, 5.0 min, 2.5 min

Half-lives (similar to #50 on Ch 14 extra practice problems handout)

Zero-order 1%-order 2"-order
¢ [A], - 0.693 - 1
172 2 k 1/2 k 1/2 k [A]O
DECREASES CONSTANT INCREASES
asrx. proceeds as rx. proceeds as rx. proceeds

(successive Y2 lifes (successive Y2 lifes (successive Y2 lifes

get smaller - ¥ previous are same get larger - double

eg.ty,,=40s eg.ty,,; =40s eg.ty,, =10s
ty,, =208 ty,,=40s ty,,=20s
typ3=10s) typ3=40s) typ3=405)

Determine the 1% half-life by using the equation for half-life for a 0" order reaction using the first half-
life of 20 min and theinitial conc. at the beginning of the reaction, 0.10 M.

[Al, _ (0.10M)

ty, = —-teroe : k = = :
2k 21y, 2 (10.0 min)

= 50x 1073 Mes?
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20) Find the rate constant, k (Ms™), from the following plot of /[A] vst

1[A]vst

23 no unauthorized use allowed

3.500

3.000

2.500

2.000

UIA] (M)

1.500

1.000

0.500

0.000 T
0.0 20 4.0 6.0 8.0 10.0 120

t(s)

Thisisthe plot for a 2™ order reaction (1/[A] vstisastraight line - tellsyou it is 2™)

Equation of astraight linewithy = 1/[A], x = t, slope = k, y-intercept = 1/[A],
Slope = k = (2.100 - 0.900 M?)/(8.0 - 2.0s) = 0.20 M"'s*
U[A], = y-intercept = 0.500 M* [A],=2.00M

1 1
For 2™ order: t,,, = = = 25s
: K[Al, (020 Mis)(2.00 M)

A

*%X%%% gpanext p@e*****

14.0
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20) (cont.)

24

no unauthorized use allowed

Half-lives (similar to #50 on Ch 14 extra practice problems handout)

Zero-order

DECREASES

as rx. proceeds

(successive Y2 lifes

get smaller - ¥ previous

eg.t,;=40s
ty,,=20s
ty,3=105)

CONSTANT
asrx. proceeds
(successive Y2 lifes
aresame
eg.ty,; =40s
ty,=40s
typ3=40s)

INCREASES

as rx. proceeds

(successive Vzlifes

get larger - double

eg.ty,,=10s
ty,,=20s
to3=40s)
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21) Thetrue statements are bolded and the false statements have been corrected. 21 (cont.)

E (1, 3& 4aetrue) 3) T: Enzymesare catalystsin living organisms. They speed up the reactions in organisms.

4) T: Adctivation energy is required for both exothermic and endothermic reactions.
1) T: Thefactors effecting the rate of areaction are: concentration of reactants (and maybe products), ) gyisred

structure of reacting molecules, temperature and the presence of catalysts. 5)F:  The concentration of acatalyst (gaseous or in solution) can appear in aratelaw. It getsit's

biggest effect by lowering the E, but it’s concentration can affect the rate by appearing in the rate

2) F.  Catalysts do not shift the equilibrium toward products. Catalysts speed up therate at which law.

equilibrium is reached but do not effect the position of equilibrium (i.e. Amounts of reactant
and product at equilibrium). Catalyst inc rxn rate by lowering Ea so that at the same temp
more molecules have KE > Ea. A catalyst lowersthe “hill” (rxn barrier) so it takes less energy to
get over (through the transition state, TS). Can use the Arrhenius egn to seethis. The Eais
lowered by the same amount for both the forward and reverse reactions so both speed up by the
same amount and thus the position of equilibrium is not affected.

Aside: You can see how Temp effects rate by looking at the Arrhenius egn.
k = A g®RD Arrhenius egn.

AsTinc., E/RTdec, e®™Minc, inc., rateinc(re«k)
T

kinc.,
E/RTinc, e®"Ndec, kdec, ratedec(r«=k)

dec,
k = A RN Arrhenius egn. - -
. . _—— Aninc.inT causesaninc. in K.E. so more molecules have KE > Ea and may therefore react
AsE,inc, EJ/RTinc, e®"Ndec, kdec, ratedec(r«=k)
E,dec, E/RTdec, €e®®Dinc, kinc, rateinc(re=k)

h some KE

TS Transition State

E
Ea, < Ea

ncat

E < E

@
2
3
2
S
g
e
bt
s

a, cat a, uncat

E

fraction of molecules with some KE

KE

Therate of areaction depends ONL Y on E, and not whether areaction is exothermic or endothermic or
how exothermic or endothermic the reaction is. An endothermic reaction will be faster than an
exothermic reaction if the E, for the endothermic reaction is smaller than the E, for the exothermic

reaction.
Reaction 1 Reaction 2
AH =-30kJ AH =20kJ
E,=20kJ E,=10kJ

faster

**xx% continued on next page*****
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22) TheE,istheactivation energy. Thisis the difference in energy between the reactants and the transition
state (the top of the “hill”). The overall energy change, AE, is the difference in energy between the
products and reactants.

E, = 40kJ AE = -100kJ exothermic - products lower in energy than reactants

Eay, 40 40 Ea
(a) 100 (b) 100 ©)
AE = - 100 AE =100 AE = - 60
Exothermic Endothermic Exothermic
40 Ea,,
@ b © o
Aer A This one really doesn’t make sense.
AE =60
Endothermic 40

>
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23)
Find the correct rate expression (rate law) from the following mechanism:
20, — 30, (balanced equation)
0O,=0,+0 (fast)

O, +0 — 20, (dow)
Therate law is based on step 2 (the slow step is the rate deter mining step)
r = k,[Of] [O] can't have an intermediate, [O], in the rate law

Solve for [O] by using the previous fast step. Since the fast step isin equilibrium the rate of the forward
reaction is equal to the rate of the reverse reaction.

n=r,

k [Od = k4 [0 [O]

[Q] = 11 -[[gj substitute this expression for [O] into r from step 2
r = k,[Of] [O] - rate law from above

r=k[O] { [[gj}

- O

= k{gj

oo
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24)

A,+B, > X+Y rate =k [A,][B,]¥? (experimentally determined rate law)
The rate law is written based on the slow (rate determining) step
a) 1st step isthe slow step
B, - 2B (slow)
B+A, » C (fast)
C+B > X+Y (fast)

r = k,[B,] Thisdoes not agree w. exp. rate law given - NOT the proper mechanism

b) 2™ step isthe slow step
A, 2 C+ X (fast)
B,+C —~ Y (dow)
r = k,[B,] [C] Cisanintermediate - try to replace it using conc. of reactants &/or product
Use 1* fast equilibrium step to determine [C]
r,=ry

ki [Ad = ki [C][X]

ki [A] . . . .
[C] = o .[X] substitute this expression for [C] into r from step 2
r = k,[B,] [C] - rate law from above
, L
r =k [BJ{ kN }
_ o kek o [BI[A]
TR
(B2l [Al

This does not agree w. exp. rate law given - NOT the proper mechanism

**xx% continued on next page*****
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24) (cont.)
c) 2™ step is the slow step

A,+B, 2 C (fast)

C~> X+Y (dow)
r =k, [C] Cisanintermediate - try to replace it using conc. of reactants & /or product
Use 1 fast equilibrium step to determine [C]
ro=r,

ki [AJ] [B] = k4[C]

[C] = (--Ef-) [A,] [BJ] substitute this expression for [A] into r from step 2
r =k, [C]

ky K, ky
1= ki (--I;--) [Ad [B]} = (----k----) [A2 [B] = k[A,] [B,]

This does not agree w. exp. rate law given - NOT the proper mechanism

d) 2™ step is the slow step
A, = 2A (fast)
B,+A = C (slow)
C+A — X+Y (fast)
r = k,[B,] [A] A isan intermediate - try to replace it using conc. of reactants &/or product

Use 1% fast equilibrium step to determine [A]

rforward‘l = rre»/ase‘l

ki [Ag] =k, [A]?
ks 12 12 i i ; i

[A] = k) [A)] substitute this expression for [A] into r from step 2
-1

**xx% continued on next page*****
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24) (cont.)

E

ko [Bo] [A]

r

k,
=k, [B] { ()" [A)")

_‘
1

Ky
r=k ("IZ")M[BZ] [A]" = K[B] [A]"

This does not agree w. exp. rate law given - NOT the proper mechanism

€) 2" step isthe slow step
B, = 2B (fast)
A,+B > C+X (slow)
B+C — Y (fast)
r =k [AJ][B]
Use 1* fast equilibrium step to determine [B]
r=r,

ki [BJ] = k[B]*

no unauthorized use allowed

B isan intermediate - try to replace it using conc. of reactants &/or product

k
[B] = (--If-)”2 o[B,]Y? substitute this expression for [B] into r from step 2
-1
r =k [Aj][B]

q
1

k
ke [Ad { (=¥ +[B )

ks
ke ()7 A (B = K[A] [B]"

_‘
1

experimental rate law - correct mechanism

**xx% continued on next page*****
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24) (cont.)
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Note: Anything that appearsin the rate law must appear as areactant in the slow step or asareactant
and/or product in the fast equilibrium steps which precede the slow step.

The fast steps which follow the slow step have no effect on therate law. They are only there to
make sure all steps add up to the balanced equation.

This brings up agood point that makes this type of problem easier to approach.

First look a mech. w. slow step 1 - easy to determine these rate laws (only the reactantsin this step will
appear in the rate law).

Then look at remaining mech.

To get arate law with a¥%s power (e.g. [A,]*?) there would need to be the following type of elementary
step as afast step preceding the slow step.

A, = 2A (fast)

rforwardd = rrevevse‘l

ki [A;] = ky[A]?
Al = kg V2 o[ A V2
[A]= ("IE_:) (Al

Look at (b): Get B, intheratelaw based on step 2. Then if you look at step 1 you will get something
for [C] involving A, and X (aproduct). X will appear in the denominator in the rate law. X does not
appear intherate law. Y ou really shouldn’t have to go through the math to see you will wind up with X
intheratelaw. In order to get a product in the rate law the first step can't be the rate determining step.

Look at (c): B, and A, will appear in the rate law but not to the %2 power. Thereis no coefficient in

front of Cin the balanced equation.

Also, look at the following mechanism: Get C in the rate law based on step 2. Then if you look at step 1
you will get something for [C] involving A and X (aproduct). X will appear in the denominator in the
rate law. You really shouldn’t have to go through the math to see you will wind up with X in the rate
law. In order to get a product in the rate law the first step can’t be the rate determining step.

A= C+X (fa)

B+C —~ Y (dow)
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25)  Use Arrhenius equation in its two point form (given on last page).

k E 1 1 .

IN(2-) = e (v - oo ) TinKELVIN, R =8.314 Jmol+K
K, R T, T,

K, T,=20.0°C = 203.15K

k,=3k, T,=40.0°C = 313.15K

Ea= ?

ek - E, 1 S
k, T 8314JmoleK  29315K 313.15K

In(3) = (2620 x 10° J*smoal) E,

E, = 41924 x 10* Jmol = 41.9 kJ/mol

(@)

26)
Al(SO);(5) + 6H"(a0) = 2AI (ag) + 3H,0() + 3S0,(9)

Pure solids and liquids do NOT appear in the equilibrium constant expression (or in Q).
[AIF)?[SO,°
Al(SO);(s) & 3H,0(0) do NOT appear in K
- gases & agueous solutes do appear.

While equilibrium constants do not technically have units we can “ pretend” they do. In this case
what would it be?

Ke = (MAM)(M)° = (M)

(@)
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27)
At equilibrium:

forward rate = reverse rate

concentrations are constant & Q. = K (equil. constant expression is constant)
The rate constants of the forward and reverse reactions are NOT necessarily equal .
Remember the demo in class involving the aquariums (one empty and one full). Equilibrium was reached when
the same amount of water was transferred from one aquarium to the other during the same period of time (rate

of transfer from one aquarium to the other was equal). The amount of water in each aguarium was NOT the
same. However, the amounts of water in each aquarium remained constant once equilibrium was reached.

C

28) BR; (9 = B(9 + 32F(9)
use K, = K,(RT)*"  (An = changein moles of gas)

An=3/2-1= 12 Do NOT include the solid (if you do An = 3/2)

R =0.0821 Leatm/molsK NOT 8.314 Jmol«K
T = 1100°C + 273 = 1373K (must beinkelvin)
K, = 1.56x 10

K, = K, (RT)*2

OX
1

-1/2
K, (RT)

(1.56 x 107°Y) {(0.0821) (1373)} V2

K, = 1.47x 1072

w,
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29)
(1)  CH(g + HO(@ = CO(@ + 3Hyg)
co] [Hy®
U 1
[CH,] [HO]
(2 2CO(@ + 6H) g = 2CH( + 2HO()
[CHJ? [H,0]?
* 7 [COPH,°
Rx 2 isthe reverse of rx 1 and then multiplied by 2
K, for rev. rx is /K, (reciprocal of K, for the forward rx)
Also, when multiply arxn by some factor the K for the new rxn is equal to origina K raised to the factor
the rxn was multiplied by (multiplying by -1 reverses the rxn)
K, = K, 72 = /K2 = (255x10)%2 = 1.5378x 1073 = 1.54x 1073
D

Multiply by n
(@n)A + (ben)B 2 (Xen) X + (yen)Y

XPove XYY
(A" [B]™ [Al*[B]"

K, =

)n = Kln

Multiply by -1 reverses rxn.

-aA + -bB & -xX + -yY

want (+) coeff - like in math switch reactants & products to other sides
xX +yY =2 aA + bB

**xx% continued on next page*****
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29) (cont.)
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When you add reactions together to get another reaction the K for the overall reaction equalsthe K’s
from the added reactions multiplied together.

Rxnl + Rxn2 = Rxn3

Ky * K, = Kg

Proof

(1) aA + bB =2 xX + yY and (2 cC +dD =2 rR + sS
A _ RSP

ORGE * " [Cr[D)

Add the two equations (reactions) to get athird equation (reaction)

aA + bB + ¢cC + dD = xX + yY + rR + sS

‘ = XFIYPIRFIS® ([X]X[Y]y)*([R]’[S]S
’ [A]*[B]"[C]°[D]* [Al*[B]° [CI°[D]*

K; = K, * K,
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30) Determine reaction quotient, Q, and compareto K. 31
For temperature changes you treat heat as areactant or product. Also, changes in temperature are the
Q=K system at equlibirium only changes that cause a numerical change in the equilibrium constant, K.
Q<K not at equilibrium - not enough product & too much reactant Remember:

shiftstoright (------ >) toward product to reach equil. (when Q = K)
AH<O0(-); exothermic; heatisaproduct

Q>K not at equilibrium - too much product & not enough reactant -inc T (add heat, a product), shift left (K dec)
shiftsto left (<------ ) toward reactant to reach equil. (when Q = K) - dec T (remove hesat, a product), shift right (K inc)
CO,(g) + C(s) = 2CO(9) AH>0(+); endothermic; heat isareactant
-inc T (add heat, areactant), shift right (K inc)
[CO]2 (0_312)2 - dec T (remove heat, areactant), shift left (K dec)
K, = = = 0.97344 = 0.973 (to3sf.)
[CO, (0.100) AH<0 AH>0
Q.=0973 K, =117 T1,<,K! T1,-,K1
QC<KC T!, -, KT Tl,<,KI
rxnisNOT at equilibrium: Too much reactant and not enough product so T & K movein T & K movein
the reaction shiftsto the right toward product (forward direction) opposite direction same direction
A Product favored by Product favored by
A LOWT HIGHT

Dec. Temp. (remove heat) rxn shiftsleft - if remove areactant (heat) shift left (toward reactants).

1) heat + CO,g) + C(s) = 2CO(g) AH =1725kJ Cmmmmmmen
2) Ny(@) + 3Hx, g = 2NHy g + heat AH=-918kJ = - >
3) CO(@) + 2H, g = CHOH(@ + heat AH=-217Kk] —eeeee- >
4) heat + Ng) + OLg = 2NO(g) AH=181kJ S
5) heat + 2H,0(Q) = 2HJ(g) + O4g) AH = 484.6 kJ S —

C @45
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32) 33) (cont.)
Want product formation favored (shift right) by high PAND low T

NOTE: Adding or Removing Pure SOL DS of LIQUIDS (aslong as some is present) does NOT
When changesin Pand T are applied at the same time do temp. part first (easier than P changes). affect the equil. (adding water to an agueous rxn involving water can cause an affect due to
dilution - changing the conc. of agueous substances).

Low T, favors product (shiftsright) for EXOthermic (AH < 0)
Thisis because the conc. of pure solids and liquids are essentially constant and do NOT appear
Only (1), (3) & (5) are exathermic (AH < 0). Only need to apply pressure rule to these reactions. inK (or Q).

However, | will do them all.
Y ou can see how Le Chatelier’ s Principle works by looking at the following:
High P favors fewer moles gas
Changing conc. changes the value or the reaction quotient, Q. We can see how it changes and compare

High P Low T it to K (qualitatively) to see which way the reaction shifts. See example below.
2 mol gas 3 mol gas When thereaction is at equilibrium Q =K.
P— 1) 2NO(g) = Nyg + 20,g) + heat AH= -66.4k]  -mms >
For example: Removeareactant: (conc. of reactant dec.)
1 mol gas 2mol gas (7
------ 2) h = 2 AH = 1725k
< ) heat + COLg) + CO ) Sk < Q= - denominator dec, so Q inc and Q > K (too much prod, not enough react to be at equil.)
[R] !
2mol gas 2 mol gas rx must shift to |left to make Q = K again (inc. denominator & dec. numerator)
NC  3) Hyg) + I,(g) = 2HI(g) + heat AH= -94kJ  -------- >
Shift |eft to make morereactant and use product to reestablish anew equil. (in which conc &
2mol gas 2mol gas amounts of reactants and products will be different than in the original equil. but the value of K will be
NC  4) heat + N)(g) + Ofg = 2NO(g) AH = 181kJ Semmeenes the same).
4 mol gas 2 mol gas [P
------ > 5 CO(@ + 3H(@ = CH(@ + HO(Q + heat I LY S — ) COfg + G = 2C0Q  add COg). readtant, Q= Q<K shiftright
Only #5hasBOTH T and P shifting toward product. [Pl
2) CO(g) + 3H,)g) = CH,g) + H,O(g) remove CO(qg), reactant, Q= [R]l Q> K, shift |eft
E
[P 1
3) 2CO,(g = 2CO(@ + Oyg  addCO(g), product, Q= T Q>K, shift left
33) -
Reactant Product Shift Pl T
Add Remove Right 4) Nyg + 3Hy g = 2NHyg)  add N,(g), reactant, Q= R Q <K, shiftright
Remove Add Left

5) CO(g) + 2H,(g = CH,OH(?) remove CH,OH(¢), liquid product, NO shift

Move AWAY from what is ADDED

Move TOWARD what is REMOVED B azs

NOTE: K remainsconstant (Q changes) for changesin conc. & pressure (numerical value of K
changes only for temp. changes)

**x%% continued on next page*****
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34)

HT:

2 F

3 F

HT:

5T:
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The Haber processis the reaction of N, and H, to form NH, It is one of the most used industrial
processes worldwide. It isused to make NH3 for the use in fertilizers and explosives. Thereactionis
exothermic (AH = -92 kJ/mol) with alarge equilibrium constant (K = 3.8 x 10°) at 25°C.

(exothermic)

Nxg) + 3Hy (9 = 2NH4(g) + heat

Ko = -eormemeneee = 38x 10° (at 25°C)

Raise T, add heat ==> add product ==> shift left, lessproduct (NH,)

changing temp., changes value of K

shift |eft (reverse) ==> dec. product (inc. reactant)

[Product] !
K = oo K dec
[Reactant] 1

Remember:

Exothermic rxn (AH <0) Low T favors products (High T favors reactants)

T1 Kl ad T! K1

Endathermic rxn (Low T favors reactants)

(AH>0) High T favors products

Tt Kt eand Tl KI

Catalysts speed up the reaction (this part istrue) but do NOT change the position of equilibrium (just
reach equilibrium faster).

Raising the total pressure by adding a non-reactive (inert) gas (such as Hein this case) does not affect
the partial pressures of the gasesin the equilibrium so it has no effect on the equilibrium. When we
speak of pressure changes these are changes due to volume changes.

In order for the reaction (balanced egn) to be a single step mechanism 4 molecules (1 N, and 3 H,)
would have to collide simultaneously. Thiswon’t happen. Termolecular reactions (3 molecules
colliding) are rare (low probability of 3 things colliding at the same time) so 4 molecules colliding
simultaneously would be nearly impossible.

Decreasing the volume (inc. pressure) at constant temp. will cause the reaction to shift to the side with
fewer moles of gas. There are 4 moles of gaseous reactants and 2 moles of gaseous product so the
reaction will shift to the right (toward the product) and thus result in more NH,.

D @45
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35)
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Set up an equilibrium table (in molarity). Initialy 1.000 mol of Cisplacedin a2.000 L flask to give an initial
concentration 0.5000 M for C. The reaction is allowed to reach equilibrium and 0.7500 mol of C remains

(0.3750 M).
2A  + B = 2C
initial 0.00 0.00 0.5000 (1.000 mol/2.000 L)
change +2x +X - 2X
equil 2x X 0.5000 - 2x
At equilibrium [C] = 0.5000- 2x = 0.3750 M
2x = 0.1250
X = 0.06250 M
cl? 0.5000 - 2x)? 0.3750)?
= [2] - 5 )y - ¢ 5 ) = 1440 = 1.440x 107
[AI’[B] (2¥)% (%) (0.1250)? (0.06250)

m

36)

A

Set up an equilibrium table (in molarity): [A], = [B], = 5.00 mol/10.00 L = 0.500 M

A + B = 2C

initial 0.500 0.500 0.00
change -X -X +2x
equil 0.500-x  0.500- x 2x
[cr (2x)? (@ - 110
[A][B] = (0500-x)(0.500-x)  (0.500-x)?* -
(29" 110 perfect (tek t of both sides)
---------------- = erfect square (take sguare root of both sides)
(0.500 - x)? = periet s =
9 _ v _
-------------- = (110)? = 10.488
(0.500 - X)

2x = (10.488) (0.500-x); 2x = 5.244-(10488)x; x = 0.4199 = 0420 M
[A] =[B] = 0.500- x = 0500-0.420 = 0.080M; [C] = 2x = 0.840M

(0.080, 0.840)




