Dr. Zellmer Chemistry 1220 Thursday

Time: 40 min Summer Semester 2017 June 22, 2017
Quizll
Name KEY Rec. Instr.

1 (8 pts) Therate law for the decomposition of AB, (AB, -~ AB + ¥%2B,)is
r = (0.630 M™es™) [AB,]? 2" orderin AB,; k=0.630 M es?

a) (5 pts) If theinitial concentration of AB, is3.00 M what will the concentration of AB, be (in M)
after 1.00 minute?

Want [AB,] after 1.00 min (60.0 seconds) given [AB,], = 3.00M
- use the integrated rate equation for a 2™ order reaction

Need to know the order of reaction; look at the rate law above - it is 2™ order in AB,

U[A]: = kt + U[A]

1/[AB,], = kt + U[AB,],

1/[AB,]50s = (0.630 M s (60.05) + 1/3.00M
1/[AB,]g0s = 38.13 = 381 M

[AB,]50s = 2.622%x10°M = 2.62x10%M (3sf)

b) (3 pts) What isthe half-life (in min) for the reaction based on an initial concentration of 0.0100 M?

half-life, t,,, isthetimeit takesfor conc. to dec. to ¥z of the previous conc.
For a2™ order reaction: t,, =1U(k[A],) (dependent of theinitial conc)
t,, = 1/{(0.630 M*s%(0.0100 M)} = 158.6 s = 2.65 min (takes 2.65 min for conc to dec. by %)
1% order: t;, = 0.693/k Oorder: t,, =[A]/(2k)

Both 0 (zero) and 2™ order half-lives depend on theinitial conc of reactant, while 1% order does not.
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2. (3 pts) Explain how raising the temper atur e increases the rate by using the Arrhenius Equation.
(Show thisequation and useit in your explanation!)

Arrhenius egn: k = A e®RD = A/(gFRD)

Inc. T inc KE (KE « T). At ahigher temp there are more
moleculesw. KE > Easo rxnisfaster (get to the top of the
“hill” faster to form transition state). We can see thisusing
the above egn

fraction of molecules with some KE

Higher T => smaller E/RT => &% => gmaller # =>
1/(smaller #) => BIGGER # => larger k

Tinc=>kinc=>raeinc and T dec=>k dec =>rate dec

(r = k; the rate is directly proportional to the rate constant, k; if k doubles rate doubles, etc.)

3. *kkkk*k %next p@e*****

4, (3 pts) Draw a*“reaction coordinate diagram” (energy profile or potential energy diagram) for an
exothermic reaction. L abel the axes, activation energy, E,, and the transition state (activated
complex) and AE on the diagram. Also, show the effect of acatalyst on this graph (i.e. what isthe main
way in which a catalyst speeds up areaction).

TS Transition State

___——————,————__)\!-

AE <0

R Rxn P

Thisisa*“reaction coordinate diagram” (energy profile or potential energy diagram are other common
names given to thisdiagram). The transition state (activated complex) is at the top of the hill (barrier to
reaction). |I’ve labeled the activation energy, E,, for both the uncatalyzed and catalyzed reaction. This
reaction is exothermic since the products are lower in energy than the reactants (AE <0). The AE for a
reaction isrelated to the Ea, and Ea,,,. To get the proper sign of AE for both exothermic and
endothermic reactions you would find, AE = Eg, - Ea,,.

A catalyst speeds up areaction. It'sconc. CAN appear in arate law so that is one way it could speed up
areaction. However, it'sconc. isn't awaysin arate law. The main way the catalyst speedsup a
reaction isto lower the activation energy, E,, the “hill” or reaction barrier. In general, the lower the E,
the faster the reaction.
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3. (9 pts) The following mechanism has been proposed for the gas-phase reaction of bromoform, CHBr,,

and bromine. y
Br,(g) <——’1 2 Br(g) (fast, equilibrium)
Ky
Br(g) + CHBry(g) — HBr(g) + CBry(g) (slow)
Br(g) + CBry(g) — CBry(9) (fast)

Bry(g) + 2Br(g) + CHBry(g) + CBry(g) — 2Br(g) + HBr(g) + CBry(g) + CBr,(9)

(&) What isthe overall reaction?

Bry(g) + CHBry(g) — HBr(g) + CBr,(9)

(b) What are the inter mediates in the mechanism?

Br(g) & CBr(g) Things that don’t appear in overall egn., but appear in mechanism are either
intermediates or catalysts. Intermediates appear for the first time as a product
and used in following step(s) as a reactant.

(c) What isthe molecularity of each elementary step? # reactant moleculesin astep

Step 1 Step 2
unimolecular bimolecular
(1 reactant molecules) (2 reactant molecules)

(d) What istherate-determining step (explain why)?

Step 2 - Sowest step rate for entire rxn can NOT be faster than SLOWEST step in mech.)

(e) What istherate law predicted by this mechanism?

r = k, [Br] [CHBr,] based on reactants in step 2 (slowest, rate-determining step)

Shouldn’'t have intermediate, Br, in the rate law - use step 1 (fast equilibrium step) to find [Br]
Forstep 1
rat€owadr = lA€evaser r

Writerate law for each rate

k, [Br] [CHBr,]

k, { (ki/k) [Br,] }*?[CHBr,]
k, (K,/k)Y? [Br,]** [CHBr,]
k [Br,]¥2 [CHBI,]

where,  k=k, (k/k,)"?

1
1

k, [Bra] = k,[Br]*

1
1

solvefor [Br]

[Br] ={ (k/k,) [Bry] }*

Substitute thisinto rate
egn base on step 2

1
1
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5. (3 pts) You are given the general rate law r = k| A]", and concentration and rate data. Convert thisto a
linear equation and explain how you graphically obtain k and n (i.e. what do you plot as x and y and how
do you obtain n and k from the graph)?

r = k [A]" k = rate constant n = order
Convert thisto alinear equation.

Take the log of both sides, use the rules of logarithms and rearrange to make it ook like an equation for
astraight line. Y ou can use either log or In.

log(r) = log{k[A]"} = log(k) +log{[A]"} = log(k) + nlog[A]
log(r) = n*log[A] + log(k) oo In(r) = n*In[A] + In(k)

y = m*x + Db

Using the equation from (a) how do you graphically obtain k and n (i.e. what do you plot as x and y and
what are n and k related to on the graph)?

The data you have is concentration, [A], and the corresponding rate. Y ou take the log of each and plot
log(r) vslog[A] (i.e. log(r) ison they axisand log[A] is on the x axis) or In(r) and IN[A].

if using log: log(k) = y-intercept k = 10v-n
if using In: In(k) = y-intercept k = v

n=9g ope (The slope can be either positive or negative depending on the order.)
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6. (6 pts) For the following reaction K, = 48.5 at 480.0 °C

6HClI(g) + 320,(g0 = 3Cl, (g9 + 3H,0(0) Rxn 1
a) (3 pts) What is the value of K, for the following reaction? Show all work or explain.

2Cl,(@ + 2HO(@ = 4HCI(9 + O, (9 (rxn 2)

When multiply arxn by some factor the K for the new rxnis equal to original K raised to the factor the
rxn was multiplied by. Remember if you multiply areaction by a-1 that’s the same as reversing it since
you need to flip the action around to get rid of the negative coefficients you would get by multiplying by
-1. (multiplying by -1 reverses the rxn)

Based on thisK ,, for rev. rx is UK, (K, *, thereciproca of K, for the forward rx)

To get reaction (2) you need to reverse the original reaction (rxn 1) and multiply it by 2/3. Thisisthe
same as multiplying reaction (1) by -2/3 .

K, = K, 2 = (K% = (48.5)%% = 0.075192 = 0.0752 (3sf.)

b) (3 pts) What is the value of K. for reaction 1 at 480.0 °C? Show all work or explain.

Kp = K¢ (RT)™
An =changein molesof gas Do NOT include pure solids or liquids when calculating An.

= (moles of gaseous products) - (moles of gaseous reactants)

R =0.08206 Leatm/moleK  NOT 8.314 JJmol+K

T = 480.0°C + 273.15 = 753.15K (must bein kelvin)
Kp = 485
An =6 -75=-15 Do NOT include solids or liquids

Ke = K, (RT)™"
K = 48.5{(0.08206)(753.15K)} 19

Ke = 2.3564 x 107
Ke = 2.36x 107
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7. (8 pts) For the following reaction K. equals 7.10 x 10°%, at 25 °C.

CaCrO,(s) = C&'(ag) + CrO7 (an)

a) (5 pts) What are the equilibrium concentrations of Ca?* and CrO,> if solid CaCrO, is placed in
water to form a saturated solution at 25 °C? (Show the I CE table. When appropriate, state any
assumptions made and check your percent error.)

Use I CE (equil.) table (in Molarity when dealing w. K)

CaCrO,(s) = Ca&'(ag) + CrO7Z (an)

initial C oM oM
change -X + X + X
equil constant + X + X
K. = [Ca] » [CrO,*] = 7.10x 10* CaCrO, (s) doesn't appear in K
(pure solids and liquids do not
x? = 7.10x 10™ appear in K)

X = (7.10x 10%¥? = 2.6645x 102 M
[C&'] = [CrO2] = 2.66x 102M  (3sf)

b) (1 pt) For the system at equilibrium, what happens when CaCl,(s), a soluble compound, is added??
(i.e. does the equilibrium shift and if so in what direction? If no shift then why not.) EXPLAIN!

CaCl (s) dissolvesto give Ca?" and 2 CI" ions. The Cl™ does nothing since it’s not part of the
equilibrium. The C&" is an agqueous product. Adding aproduct shiftsthereactiontothe LEFT.

Shift: AWAY from ADDED TOWARD what's REM OVED

This means the CaCrO, (s) will be less soluble in the presence of C&?".

*AxFE cont. on next page **x**
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c) (1 pts) Assume the above reaction is endothermic. For the system at equilibrium, what happens to the
reaction when the temperature increases? (i.e. does the equilibrium shift and if so in what direction? If
no shift then why not.) EXPLAIN!

CaCrO,(s) + Heat = Ca&'(ag) + CrO/ (aq)

For temperature changes you treat heat as areactant or product. Also, changesin temperature are the
only changes that cause a numerical change in the equilibrium constant, K.

Since the rxn. is endothermic heat isareactant. You inc. temp by adding heat. Move AWAY from
ADDED. That means the reaction shiftsto the right (forward direction). Asit does, the conc. of
products increases and conc. of reactants decreases. These changes cause the numerical value of the
equilibrium constant, K, to increase.

Remember:

AH<0(-); exothermic; heatisaproduct
-inc T (add heat, a product), shift left (K dec)
- dec T (remove heat, a product), shift right (K inc)

AH>0(+); endothermic; heat isareactant
-inc T (add heat, areactant), shift right (K inc)
- dec T (remove heat, areactant), shift left (K dec)

AH<O0 AH>0
T1,<,K!I T1,-,K1
Tl,-, K1 T!,<,K!

T & K movein T & K movein
opposite direction same direction
Product favored by Product favored by
LOW T HIGHT

d) (1 pt) For the system at equilibrium, what happens when part of the CaCrO, isremoved? (i.e. does
the equilibrium shift and if so in what direction? If no shift then why not.) EXPL AIN!

No shift. Normally if you remove something the equil. would shift toward what’s removed. However,
thisisasolid. The conc. of asolid is constant so adding some or removing part of it does not change
it's conc. so it has no affect on the equil. The solid does not appear in Q or K so it has no affect on the
equilibrium if some moreis added or some is removed (aslong as some is present). The amount (mass)
of the solid changes but it’s conc. doesn’'t so the reaction doesn’t shift.
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