(5 points)
a) Write the equilibrium constant expression (K,) for the iollowm/g—ﬁta{ctlon /

Py(s) +Ch(e) === PCiy() K - ﬁ;?/‘*_? , Ke - [, 3°
p

b) If the equilibrium concentrations of the reactants and products are 14.5 M, 0.250 M, and 11.4 M for P4, Cl,,

and PCls, respectively, what is the value of K, at 25 °C.

i

-¢) Are products or reactants favored based on your value of K.? /D’Z s J’ ve %5

2) (3 points) Which of the following would NOT have an effect on the rate of a reaction?

a) pressure, if the reaction involved gaseous reactants at a constant temperature /? o f @
b) concentration of products

¢) mass of reactants —2? ase Tl Ly Yo A{é < /Lw‘% con <<“+?' i ot ““W"[’
d the order of a reactant concentration
the energy of the bonds broken minus the energy of the bonds formed

Briefly explain your answer.
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3) 10 po}nts, 5 extra credit points if all correct) . k< f lace 7 7&0—1 s ot C%f
Data for the reaction A + B + 3C -——--- > D are given below. _%‘ Lot ‘74'2’»% 5.

a) Which of the following experimental rate laws (a-j) is correct?

. - a) k[A][B][C] 1) K[B][C]*
Trial [A], M [B], M [C], M Initial Rate,_SM/s b) k[A]Z[C] 2) k[A]Z[B]

1 0.030 | 0.060 | 0.030 4.0x 10 @ KAF[B]?  h) K[AJ[C] answer
2 0.030 | 0.030 | 0.030 2.0x 107 k[B]2 i) k[Al[B]Z[C] D
3 0.060 | 0.060 | 0.030 40x 107 e) klA] DR
4 0.030 | 0.060 | 0.015 4.0x 107

b) What is the overall order of the reaction? ;

-1
¢) What are the units of the rate constant, k? )

d) Sketch a plot of the [C] vs. time. Please label your axis and identify the slope and the intercept.

2] A= »,QZ
b G, ME\\ -

{
e) Symbolically, what is the rate of formation of D in terms of C?
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,‘}L(IO points) Using the blank reaction coordinate shown below, draw the reaction coordinate for an

‘endothermic reaction (A -=--- > B) with 2 intermediates whose first step is rate determining. Clearly
~ identify the intermediates, transition states and relative energies of all species.
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5) (10 points) The reaction and experimental rate law for the gas phase reaction of nitric oxide with
chlorine to produce nitrosyl chloride (used to bleac 1 fle -

2NO(g) + Cly(g) ---------- >2NOClg)  and(

a) One proposed mechanism begins with the following chementarys
Q NO(g) + Clx(g) NOCly(g). If this step is a fast step, propose a second rate limiting sStgp
that is consistent with the overall stmchmmetry Show that the two step mechanism is consistent with the,

overall stoichiometry. ,&(
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/) Now propose a mechanism that is consistent with the overall stoichiometry and experimental rate law that
would have the fewest elementary steps.

£, | i
INO+ C‘Q — zNocl, i "/é, IZANER

d) How could one distinguish, experimentally, between the mechanism in part a and part ¢? Be sure to
consider transition state theory in your response.
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e) Is it possible to discuss the reasonableness of each mechanism based on the molecularity of each elementary
step? If so, discuss this explicitly.
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f) (extra credit, 2 points) Propogt one mechanism that is consistent with the stoichiometry of the overall

reaction but not with the experimental rate law (regardless of slow and fast steps).

A) 0, = 2ci
Ci + NO — pNocf

A€

@ NO + Q/"Z/ — MNOC¢] + ¢

C+NOo — pock



») (12 points) The following data is obtained for the reaction 2C4Hg () -------- > CgHyz g at a given

temperature.
a) Determine the order of this reaction and calculate the rate constant

t=0s [ C.Hglp=0.01000 M 7 value (with units)?

1000 0.00625 “b)"* S renction i

at is the rate of reaction when

1800 gogg’;g 1 [CyHe] = 0.00100 M?

2800 .0 Zmi A

3600 0.00313 ¢) Calculate the half-life of this reaction if the [C,Hg], is 10.0 M.
4400 0.00270 Calculate the half-life of this reaction if the [C,Hq]o is 5.0 M. Compare
3200 0.00241 _ J your results and explain any similarities or differences.

6200 0.00208 d) What factors wi 11 hanoe the value of the rate constant k?
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e) What factors will change the energy of activation, E ?
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