, (14 points, 2 each) Circle the one best answer.

(2)

(b)

(©)

(d)

(e)

Which of the following correctly describes the equilibrium constant expression for the reaction
between gaseous H; and O, to form gaseous H,O?
é Ke = [MO)/[H] [Oo] | b) K= [H0]/[H] [O;]
K. = [H0]/ [H] [0,]' dy Ko = [H][0:]/[HO]
€) K. = [H,0O] H) [ don’t know. Please give me a half point.
Given the following equilibria : Y
K = ?“' o (K\)l f—o;}‘/,_\
1) 4Cu@s) + Oxg) === 2Cu0(s) v el K= fo R e
2) 2 CuO(s) === Cuy0O(s) + Y2 0s(g) K, = (o, " “ & .(['_o‘._‘l "z)
Ky A
What is K, in terms of K; and K, for the equilibrium: 2 Cu(s) + Oy(g) <=—— 2 CuO(s)?
2) K % K b) KD % K, KN 1K, (0.3 (0.3
d) (K" 1K, e) K x(K)"? D I don’t know. Please give me a half point. L
N - (3
If K > 1 for an equilibrium reaction, this indicates that
a reactants are more stable than products.
b AH=0.
C. forward rate of reaction is faster than the reverse rate of reaction. [T Y
d. the forward rate constant is equal to the reverse rate constant. R g i BH<L O
@ the products are more stable than reactants. N I
f. I don’t know. Please give me a half point.
Choose the incoirect statement.
a. A reaction intermediate is produced and used up during a reaction.
@ The transition state and a reaction intermediate are the same.
c. An activated complex has partially formed bonds.
d. A reaction intermediate has fully formed bonds.
e. The reactants have lower energy compared to that of the activated complex.
£ I don’t know. Please give me a half point.
If a catalyst is added to a reaction
I the value of k is increased
1) the value of k is decreased
1) the rate is increased
V) the rate is decreased
V) neither rate nor constant is changed, only order

a [ and IV N
b.  IlandIV /’(& 1
c.  Iandll ik, = D\

@  landII
€. V only
f. [ don't know. Please give me a half point.




J A reactant R is being consumed in a first order reaction. What fraction of the initial concentration of
: ) S . _
R is consumed in 3 half-lives® y Y, v

l — ,b— _z':) ; 2~$———£—) 25 Cemains 0. g?_{(,cnsu .w

a. 0.963 p

@ 0875 ot - f
c. 0333 (0.5) s BT or | -(o. s’j

d. 0.003

e [ don't know. Please give me a half point.

(g) For a reaction with the rate law: rate = k\{A][B]’, what factor will NOT affect the rate?

lowering temperature
adding a catalyst
decreasing [A]
increasing [B]

a
b
c
d.
@ none of these
f [ don’t know. Please give me a half point.

2 (10 points) A commonly stated "rule of thumb" is that the rate of reaction doubles for a
temperature increase of 10 °C. (This rule is very often wrong.)

a) Consider a reaction at room temperature (25 °C). Apply the rule above and calculate the activation
energy (E,) for this reaction.

frer the same rin roan ock d(ﬁce:rru‘{ ‘*‘EMPrra‘(‘uF(S (UJ-fLi'h‘l(mﬁL)

'“At F‘A"(t la,w is sim;lmj net e same since K will be
AcFFercnt :f‘[‘ ﬂ(\‘gtcren‘(’ ‘l‘Uw—PS .
QA a“+ ¢ = -‘- —& ]
I~ <,_; (_;\ QA ¢ 357 ¢C ﬂ <2h F& I I
Zx ku‘“ Dﬂ - /kh LD‘:& T 2?8 Jog
4 #l
Paile”
szasﬁ s Z)L k?j’“u [Aj ,,ekz " EQ‘ -L_ . _!__
| EA (8307700 ) (296K 308K
JL 2 h ] +1 mel- K
b) Using no more than two brlef sentences define activation energy.
43 I\C QC‘(.V&‘(‘\o« ”VU:_F:)lj a’F & r(‘*—c“kﬁ‘on
lb ‘ﬂ/(qh Winiwyw cm.rjj o\c‘aoue ‘Hr\t mean {Ur\c‘ht_
2ne O'F a 5'(1+ c:‘F i CC.V fS fﬂ. _0 vd et _FcT‘ rno{(cu(ar
—~ ’31 ‘ ?‘(AQ'L}OV\-

C"—cuﬁicnb J(’o reso H" jb\ Qa CLQ;M.(;‘»




) (10 points) In the decomposition reaction A ---> products the following data were obtained.

Time (min) [A] (M)
0 1.00
5 0.63
10 0.46
15 0.36
25 0.25

a) The decomposition is either zero[h, first, or second order. Determine the order of the reaction. Clearly

demonstrate your method and give evidence against the other possibilities.

Nﬂf fsrora/rr ; 51‘/,4‘/,&/’,/' oot —> 0. 4L }om'”g /{A/P[Aﬁ /5 ko'chcmS}(z t

2 pUF I Fe (o4 —2p. Lgfl))

Mot Or‘ko?‘&ﬂ h "D[AI ;s m%r,ems?tmf “(0-63-100) H _ 00‘?4”% b 250}

AE (5-0©) min Elf 'fo)m“;f
/ =0.04 A
o B (’/{rmﬁa?zlﬂh The. J{cm/pos:‘tém of y 7[ 71 > =0.0lY
st be second ordcr. 'So, apply 2" sder i cqgrale Z‘,j '(
' ( . 1\ | 7 “Solke or k&
AL be | de gy e (Goh)A |
Dt] f&l - : = 0, 1,7_ H "
7 € 5_}11:')\
b) Calculate k (an average k is not required). [ i | 4732
0y (1) ol it
(1/& = @ /j /’[v{ m;a‘" +2 IS Mmin

¢) Calculate the half-life.

14, |

1 - —

TA71 ) / " (o) (roony
2

iﬂ Cﬁl ﬂltv té{/ = T Anin] *+=

Lﬁ& =) {:L Ja[kk

d) Determme the value of the reaction rate when [A] =0.10 M

gt = T2 o i )(0- 10 1)

(o.oou il +z




.) (15 points) The reaction below was studied and the following initial rate data were obtained.

2CI02uq + 20H ()

> ClO; g + ClO2 g + H20y)

[C10;], (mol/L) [OH], (mol/L) Initial Rate (mol/Lss)
/ 0.0500 0.100 5.76 x 10~
2 0.100 0.100 2.31x 10"
3 0.100 0.050 1.15x 10"

a) Determine the rate law for this reaction.

C,—,«fuu_ A A / [C{Ol__l (s dfaulfcg(f ;'a'([( 20&:@:}//{5 @HJ Cmﬁé ?()
C-:».rf-ﬂe 2 )éo 3 EO” ’] /s ij/ /( ""#LIL(’ joax‘/es éIUB "—*a-;l(u-f)
b b Moo ipw /ﬁﬁf A [eto, 3" [on"]

Y
Jule” Ceio.JCor " .
b) What is the order of [C10,], [OH ], and the overall reaction? 2 ( 3

43 [CI0;] [OH] RXN

¢) What are the units of the rate constant"

o oubs = ko0, Lo {=> U kb [W][H]

d) Which plot would indicate the order of [C1O,] determined in part b? /:&/ _ /b{ -z s -

1) In[Cl1O,] vs. time 3) -(A[ClO.)/At) vs. time
2) 1/[CIOg] vs. time 4) [C10,] vs. time

2 Z
PLOT #

5) (6 points) Answer the questions below using the given reaction coordinate.

Po'+( n{‘; -.(
Eue f‘lj
—_‘ reaction CocV‘ch'na“,"e
a) Identify, using a letter, the intermediate(s). C E + T

b) Identify, using a letter, the activated complex(es). 8 j D ; F +3

¢) Identify the rate determining step (as in X---->Z7). Q = F !




,) (20 points) The reaction and experimental rate law for the gas phase reaction of nitrous oxide and
oxygen to produce nitric oxide are:
INO g + Oy -Kas> 2NO,(,, and rate = Kopservea NOJ2[ O3],

The following four mechanlgsms (a-d) have been proposed:
2NO g + Oz -~------- > 2NO; (¢

) 200 0u 2o stk D,

(2~ Same &> (.')L’!"'“Qf( 5?4?'(/“0,14 ‘/f
(i‘, :\‘iht-]
_ O ‘
szife = A, [Mo, 7o, ]

Nzo'z/(,g) + O, (g) ~— > ZNOZ() slow

k
C-LJ fw) b) 2No(g) —lee> NQ,QQ (9 fast
kel ———— N0, C/LW?{;LIC#/fy steps add to puerall sfoiclome ffj '

7
C) 2NO () ‘T_» N}é) + /Q{(g) fast ~
L ids 40,V Fe, T
Na () + 20y > 2NO; g slow

7”0 + Oy 72 MO, g'/mﬁné/y 5{75 add TZUK—’M“Z/ S)(ﬂf"£A£Mf_ 7[7 (/

d) NO() + O (® '—> W(u) fast
b s = A, [Hos STn0]
NO?Z;)“’ NO (g - > 2NO, (@ slow

2N0 €O, = 2 NO, e/\,men\éfz Sv/os tmtﬂoa Lo sk ra /‘/lé'éihﬁé"me./f]t/

1) Identify the mechamsm(s) that is(are) cons1stentw11:h the rate law and overall stoichiometry? Show all

work to justify your answer. %Qi’)

Loichion
a ja‘/s ‘s /‘A‘([e /auu + sTvi €
A Selisties sYosc &'m(z{;] bo't ne ]JN”[ /owu/ no sobst toli o a?CN o, m“k;»::kb [ Lote

< ’54,( f(S 5’43:(& & el 0 d Sf.‘l‘s'ﬁ(j s‘\-c-- L\ccwfhi

st I 7 auj rate /m/ .
* = z,DJOS [(mo
Folo- o, [0, 300, () & Dﬁ\, k, e,

- | /‘ INCACHEL RS
40T e B3 A Tt bk G0 0 ) Doy LG,

ii) For each consistent mechanism consider its molecular1 arid briefly discuss its re sonableness i
o Li4s 13 & "(((‘Mc[cc u/af‘ i Un [kl e :J[LLQL\ L_N?] [NI?}I_G)]

‘ﬂuj 55 ahimolceolen rein ’meﬂ a fe#ma/f . /1, vnlke BN
BZ Thisisa seto )u«& =N CMUI_L[G._X

xtra Credit (3 points), please put on back of exam. )b i ma/c’w/f-/? Sﬁfi /;Jﬁ'
.~ Areaction between A and B has the following stoichiométry: 3A + B -—-- > Products.

™

code |ew sedisties
The initial rate of reaction is 1.00 x 10" M/s with [A], = 5.0 M and [B], = 2.0 M. After 10 0s what is the ch« *«h‘

| ) - te
‘ concentration of A? V' }'r“a_J(e c.{ Fxw = 00k fts_ = 15 gg %\%] ‘ "hi_w
afder 10s . lLooxw' M . jp 0s = |.00 M

Since A RTS los‘(' 2. 54; Lt as B i D\\Sle‘ost SOM —_ (3 ~ LOO% gat 20 M

2%




