AP Rates f’vobLLM,A =y

” In an experiment, all the air in a rigid 2.0 L flask is pumped out. Then some liquid ethanol is injecteq into the
sealed flask, which is held at 35°C. The amount of liquid ethanol initially decreases, but after five rrunutgts tl?e
amount of liquid ethanol in the flask remains constant. Ethanol has a boiling point of 78.5°C and an equilibrium

\
@D\ vapor pressure of 100 torr at 35°C.

(a) When the amount of liquid ethanol in the flask is constant, is the pressure in the flask greater than, less than,
or equal to 100 torr? .h;?y your answer.

Since the amount U'guad ethanrl rempins (onstaat; e amount rf
ethanst Vapp must sso be costant, So the Miquid [Vopy must
be ad 2quilibrivm. so the Vapo pressuce iS [equel to 100 torr,

(b) The flask is then heated to 45°C, and the pressure in the flask increases. In terms of kinetic molecular theory,
provide TWO reasons that the pressure in the flask is greater at 45°C than at 35°C.

® As Hmp increasts, a lager Number f the Usud moleade will
Rave enough pnetic eneqy #o Vapii#€, So mote ethansf molecules
Wil eaile the Gps phast.” qas preSwre is /owpo/‘hMﬁ-p'}"' The Numbt-
ﬂ‘anLe(,u-Lﬂa, o )JHJ..S'WC wif; fncrfm_ _m‘u oo A
A,) S o molecdes are at a bu‘f)u’r -}'fmpt’r & 2y navt
O zflﬂﬁzja hehc eney and fastr Speed. So the ethan ot yas)

molecdes will At a guen swiawe mo< hmes P&s—f(ord, ‘
and, siice they e f25M, they will exert morctorce witha g1ves Collisin

In a second experiment, which is performed at a much higher temperature, a sample of ethanol gas and a copper
catalyst are placed in a rigid, empty 1.0 L flask. The temperature of the flask is held constant, and the initial
concentration of the ethanol gas is 0.0100 M. The ethanol begins to decompose according to the chemical
reaction represented below.

CH,CH,0H(g) —=*— CH,CHO(g) + H,(g)

The concentration of ethanol gas over time is used to create the three graphs below.
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(c) Given that the reaction order is zero, one, or two, use the information in the graphs to respond to the
following.

(i) Determine the order of the reaction with respect to ethanol. Justify your answer.

The reachon must be Zerpeth f'_Ze_,_n_o_ __o_rd_ef.'-': |
mim h Shows that fhe Conceatahion rf ethanst 5 d(crtwmj
PR f(oy\ﬁw\* rate, which Mmeans that the rate of reach

IS not Mp(’.ddé’ﬂ_f o the ConuA taho ofe Wﬂ"p 5

, . ' _(:_ u L{ uMa(’ M(”'}Sﬂ-".
(Mo &%Wgﬁ%ﬂtﬁ!}%ﬁfjvsfﬁw be LN, and (+isnt)



(41 contid ) .
(i) Write the rate law for the reaction. r= k Ee#\aﬂ 0’?] or r = k
(ili) Determine the rate constant for the reaction, including units. -—J
The slope i Cethansl] vs time would Show ts€The rafe
of change of ¢+hanef. USing the 18 hoo prints 0€ (0 seconds £.0ICOM)

ad (S5p05s, 6.0050 M), b S/ope = (-0050 M- -Oloaﬂ)‘: = 0000040'%1_
0S -~ Os

So r=K=,0000040 Mfc o ‘I.of_f_Qj’M/_S-)

. 2 NO(g) + 2 Ha(g) = Nu(g) + 2 HoO(g)
Experiments were conducted to study the rate of the reaction represented by the equatiori above. Initial concentra-
tions and rates of reaction are given in the table below.

Initial Concentration | Initial Rate of Formation
(mol/L) of N;
Experiment [NO] [H,] (mol/L-min)

00060 | 00010 Yx7  18x10% ) x

0.0060 | 0.0020 3.6 x 107 J*2
b 00010 | 0.0060 030 x 10°*

¥2(| 00020 | 0.0060 *"*C 12 x 1074

PN -

(a) (i) Determine the order for each of the reactants, NO and H,, from the data given and §how your reasoning..

(ii) Write the overall rate law for the reaction. . .‘-nnf Caw. _H\‘e
In expts | and 7, dowbling (H,] while [NO] 1S Cons

ra¥ of rxnto double. . Run is ficst order W'}”"”‘Pfoff? Ha

In Lxpts 3 ad 4, dOwaMj(NOJ while [Hy] is tonstant carses
e rale fo INCrease & a foctr of 4 o 2%
So the rxnis _g_'t”' orddr pnth f'fJ/”’Cf*DA/O,

S0 [:,: k [No]zflr{z]j

(b) Calculate the value of the rate constant, k, for the reaction. Include units.
oot 12 r= KONGT*[H,]
-y ’ - 2 . ’ -
[§x107 M/min = Kk (p060m)* (.00l0) co K= 5000 M

ot M 12%10™ M = k (.0020m)* (.gosOM) ¢ K= 5000 M7 mia”

~ . < =/
k - 3 M2min L (iwstchecking”)
l ; 5.0 x|0° M™min J ” Mdz mmn J




(—.H 2  Coatd )

(c) For experiment 2, calculate the concentration of NO remaining when exactly one-half of the original amount
of H; had been consumed.

Expt 2 stackd with (NOT = posom o [l = .0020 M
so when half of the H, has been (orsumed, % (.0026) & +0010M hao tcaded)

0060 M NO - Coo;o moVH;){E’_":L’L’Q) - lﬁ.0050- M NO remauns
L |

2 mole H 2,
(d) The following sequence of elementary steps is a proposed mechanism for the reaction. <
fron lagh page L NO +NO==NO, g \mh;ﬁ i”fifsi
2 I N0, + Hy, = H,0 + N0 g, 59131 nf

ZNO + 22 — ZHa20+Nz

Based on the data presented, which of the above is the rate-determining step? Show that the m hanism is

consistent with

(1) Ltrw observed rate law for the reaction, and

i) the overall stoichiometry of the reaction:
(0 \Skf T must be the rake- d@{:@rm:ﬁ&l}_ (sTow) 5#‘7’7
and S-}-(F Tl must be relahve lj T;:zlslf‘.

I SkP T IS the ro € dﬂ"'efm,h"fy (*CP, hen the rake 3
fewr would be r= k, CN2OJCHT.  but N, is an intemedak,
So 1t cant be 10 the ovtald rate la.
but o I stp T s fash it will reestablish 2quu b quuckly
as N0y is used up. st equibrivm , Cagud = Veevene,
so kF fNO]z = kr [N;Oz_]
Thar matthy

So [N202]= K¢ 2 oUr rake [pw
y = ol from et (4)!
we (an subshtule pnas tato ouU” ratelaw S stp 2: ¥
r= ke Kf [n0J2 CH,] o 7 KINOVTH]
(e) Explain why an increase in temperature increases the rate constant, k, UOM ¢ k= )s; kE
As Hmpeatue 1Crawes, o lager ke
fachin o molecl® will haye gnongh kinehc
ontigy o meet the achvahon veuvenmuat.
( moce tbdhe collisions will be enerqgehc Lnovwgh
fo braak ponds!) so the rate and K, yoill incr<ase,

(molecules will aluo collidde shyhﬂj more 1%7,,@4%{7)




| Answer the following questions regarding the kinetics of chemical reactions.

(2) The diagram below at right shows the energy pathway for the reaction O + NO — NO, + O,.

j activahon endryy

Clearly label the following directly on the diagram.

(i) The activation energy (E,) for the forward reaction 2
(ii) The enthalpy change (AH) for the reaction E (E‘-)
' m
3 AHerxn
=
2
L NO, +0,
e

Reaction Coordinate

' [
(b) The reaction 2 N,O5 — 4 NO, + O, ig(first order with respect to N;O5™ g so, r = I< [N 2 05]

(i) Using the axes atright, complete the graph that
represents the change in [N,O5] over time as the

reaction proceeds.
(ii) Describe how the graph in (i) cou«{d be used to find the
reaction rate at a given time, f.

Draw o tangent liae af that time,t, M09
Find the <lopc it the tangeat Line,

bsolude value o e Slope 1S eqmue | i
'p\c_fn' 1'2\{“ fa&ﬁ dJ‘Sa;ﬂp -AnLe 0‘(’\)105‘, o Time |
| or= k D\’zOS]

(iii) Considering the rate law and the g‘raph in (i), describe g ¢
how the value of the rate constant, k, could be N 3
determined. IN€ A€ o Id 1h 'H“l.ﬂ ?M? I$ GKS’)‘ dff-ﬂf, ) 4o (o0 C(,J.AJ'e
use the Concentraton of N2os at the point s
te rate in(ii). plug in: rake = KIN,Os] and Solve for K.
(iv) If more N,O5 were added to the reaction mixture at
constant temperature, what would be the effect on the

rate constant, k ? Explain. ' 5
t n__toa”}E ech. the rake Constant s nofdﬂ,of’f'd"/ﬂ‘é" Contatremon

——

Data for the chemical reaction 2A — B + C were collected by measuring the concentration of A at 10-minute

Initial

(c)
intervals for 80 minutes. The following graphs were generated from analysis of the data.
A
1 ’ "
— o d o
[Al & In[A] a
o
a ® o n
g © . a
O 20 40 60 80 O 20 40 6 80

Time (minutes) Time (minutes)

Use the information in the graphs above to answer the following.

(i) Write the rate-law expression for the reaction. Justify your answer. -
e rxn must be

r= KCA]'| sine nCAT vshme is Lintar, Y
(storder,

(ii) Describe how to determine the value of the rate constant for the reaction.

Codctak Yhe slope of e gagh o In(AT Vs time.
The absolule valune of the Slope Is €4uued 4o K.




2A+B - C+D
The following results were obtained when the reaction represented above was studied at 25°C.

Initial Rate
of Formation

[nitial Initial
Experiment [A] [B] of C (mol L' min™")
1 0.25 0.75 43 x 10 ¥ 3, 02
2 ¥3 ( 0.75 ) 075 ) CI.B x 1073 M,
3 1.50 1.50 f 53 x 1073
4 1.75 ? 8.0 1073
x4d.08 °

(a) Determine the order of the reaction with respect to A and to B. Justify your answer. .
2, CBJ s ConSton,

I is fict order withrespeck 1o [A]. In fepls | and
and whea Cp] ‘Mp)a,' e rate INCreasts by & bactow f 302, so
The rate a//nx:mal-f/ triples. Sing [A] andThe rafe ioredee

by ~ tle Same facto, It is hstordtr A A.
In tqts 2 ard 3, CK] and [B] both double, and the fa\/'f aon
ady know i1 1S Rrct ocdlr

by a foachy it sbod 4 (H08). We olre f
with respectto LAJ, o fmm::y‘o szfM%Zﬁgéz
X s¢ the re ' ’
s adone waomld (au te mustH be caused by

vemamnin ﬁ—dvfr/ hoo Intrigse 1Nra
. [B] causts The rate to double,

CB] dowbling, sina dowbli
1 must e ficst ordlr with respect o EEZ
(A) (8 x
rake) o 5350 Mmg - k C Lsom) EI-S‘om]x Y08 = ;(2)

rae (z) L. 3"‘/0-; M/min (A) (8)
) pT Tmin A e B = On (20V) - |03
late the value of the rate constant, specifying units. Ln( 2) /\

- (b) Write the rate law for the reaction. Calcu
03] !

r= k[p7]'[8] -
UaxipHL = k (2SM)(.T5M) B=.0023 M~ minT]

(c) Determine the initial rate of change of {A] in Experiment 3: “‘] P
= (0/ 0023 £ el Z)

sixﬁjmuC)/%t“-f-)(J) :% ? w oo2d bl 3]
SRR T T D e ﬂ .

r= k(aJ(8] 1 LM_ s

8.0x107% % (.go23 mr) (175 M) (8] 8] =19 =20 M|

M




on+‘d ) _ I I
(. C n pact (b, we gob = KCAT'(B]
(e) Identify which of the reaction mechanisms represented below is consistent with the rate law developed in
art (b). Justif hoice. '
p ustify your choice wém ch r= k[Mj[A} ﬂan‘)
X UaiR 25 Thae o way oswshiie M
i SiAle thertis no -fa.S'l- eqw}:bnm
=M Fast equilibrium
A > C+X  Slow befor e the Slow sﬁ’/a.
2 = 1D Fast So this doesntwork,
+B =M Fast equilibrium
+A - C+X Slow
X - D

Fast

This sne Wworla ’ . '
based o0 the Slow step, = Keppy IMICA]

. ; , . A 3
but The P écedung S‘kp s ﬁsh the hest X :Mus
establish equiilibrium quickly as M r€achs in step 2.
ot Eqw‘libn'um, fud rale = revérse ralc

l(forwad [B]= Krevese [M]

= \ | .
PR L’M]-r _155_[5]) emcmgﬁ;%k.

\  § -  rade !
\f'= kslowr[Mj}[A]‘ - kslo % [A] P‘]

wor ¢, .
| (3) AoeSnt wor \\ r= ,( CBJEA']
fstow = Kl [MILA] whore K= K ne:

@ equ H?Yium,

ke
i e Yr \\ is Makhey +Hhe rafe lw—
ke CAJCB) = ke TM] " wefouad!
(M= ke ¢alrB] .
ke

So rs"DW - ks\ka [_'R}E'B} EP(] = \KERj’L{B]IpJWCh doa'{* W‘JTJ”_
-



Problem “R” BN . ' L

Agt B <----- > Xg tYg _ EE

AHpn = <10.0 kJ/mole Ea= ‘30 0 kJ/mole

In the above reversible reaction, the forward reaction involves a collision
of an “A” with a “B”, and the reverse reaction involves a collision of an “X”
with a “Y”. (Both the forward and reverse reactions occur in a single
elementary step).
Therefore, the forward reaction has the rate law, ravg = kewa [A]'[B]*

and the reverse reaction has the rate law, ryey = Krey [X]..l-[Y]1

la. Usethe AH, and E, of the forward reaction to sketch th gy i
profile for this reaction on the graph. Use a scale o l square = 5 kJ

b. What is the value of AHy, for the reverse reaction? ¥ 10.0 ET/ m D|C
¢. What is the value of Ea for the reverse reaction? _fn, 0 KT /mole Axn pNIress

2. At 20.°C, this rxn has a forward rate constant of 0.0185 M s and a reverse rate gbnstant of 0.000350 M's!
a. Write an expression for Kc, in terms of the appropriate concentrations.

- Ox30y] o cakalysT
[A] 8] — Wwh Ptj(daly_ff

b. Use the rate constants for the forward and reverse reactions to calculate Kc at 20. °C

Po}(a‘h‘d enéay

Keq = k(forward) = .0185 M"f'_____' = 52 ?5-‘} > s'a_a——‘
k (reverse) .000350 M"S -l Y

3. Now we will raise the temperature from 20°C to 40°C!!!!
At 40.°C, this rxn has a forward rate constant of 0.0688 Mls and a reverse rate constant of 0.00169 M's!
a. Use the rate constants for the forward and reverse reactlons to calculate K¢ at 40. °C

K ke = 068 _T,
“- . 00169

b. How did increasing temperature affect the value of the forward rate constant (and, therefore, the forward
rate of reaction)? (did r(forward) and k(forward) increase or decrease? it \A LY

¢. How did increasing temperature affect the value of the reverse rate constant
(and, therefore, the rate of the reverse reaction)? 1t hCrraaed
P—

d. How did increasing temperature affect the value for Keq? |+ A€ Cré a'.A-CA
e. To explain why Keq was affected this way; which rate consta t increased/decrgased by a larger factor: the ?& Cfﬂ
for(vard or the reverse rate constam" The reve€rs€ rq f ¢ st ﬁﬂf !hdta-da{ 0/70

Ke increaded by x 3.32 O g inorcpsed by X4.83)
xpam

f. Does the effect on Keq seem conslstenl with the fact that the reaction is exothermlc

o) EXothermic (xns are ﬁvoradbj Jow ﬂm/p j Keg increasests
-}fmf; ACCIE4.5€5S




(Pmblé/n ﬁ', CMM)

g. Explain, using collision theory, why the rates and rate constants increased as temp increased.

As temp Yacreases, e reactmt moleculls (ncrepse nspeed (So Jsocreade
ia Linehe eneay). So the collisions between teacimt mole gy will ocew
more Frequently, Andy more importantly, +he reackants will collide withmoce
'6160 ingd enegy ( "hards "' Coll'lfi'm.r.)) se a loamgtr Fachsy o trecollisigawill -

Aoy Lnough kKiaehc enégy +o meet the achvahm enégy requitements
a lage fachm of colhsima— we be hod enough o break reactant-bods

5. Now we will go back to 20. °C, but we will add a platinum catalyst, which changes the activation energy for
the forward reaction from 50 kJ/mole to 35 kJ/mole! When catalyzed with Pt at 20.°C, the forward rate
constant is &3 M's, and the reverse rate constant is 0.165 M''s™.

. a. Show the energy diagram for the catalyzed +xn. (use the same graph that you used for llfuug;gmlymd_mi

b. What is the activation energy for the reverse reaction, when catalyzed with Platinum? 45 ET /mo\e
c. Use the rate constants to calculate Keq for the catalyzed rxn at 20.°C.

ey = Ke . o (gaamse) - 5239?—)

Ke (0165 m-s~')

d. How did adding a catalyst affect the value of the forward rate constant? k ..c i ne /_(4&J
e. How did adding at catalyst affect the value of the reverse rate constant? I{ Y Y44 14.;eJ
f. How did adding a catalyst affect the value for Keq? 4+ < +A,$4¢J m _fdm (4 ” .,

g. Explain, using collision theory, how/why a catalyst increases/decreases the rate of reaction.

A caxlyst lowts the achvahin neqy (4uated. So, oventhough the
Kaehe enegy rf the ¢ tactars hasnt chnged (since Hmp IS Hho Same),

a lorgtr fachn o tre oSG oy pave trough Kinehe eneqy To
meet Yhe Ea reqw'red/a ager fachm af oollisima wlll favolve
KE=> Ea. 5 a lagr numby # collgina will be successhd !

h. Why did the catalyst affect/not affect the Keq?

Hincreants the Lotrood od réverse rates (and mit (pstmly) by e
Same 1@14-{1, Sinee the fwd and revetse Ea are lowered bJ Hee Same 1t
of lﬁ‘lo)oﬂ&h S50 Kog , the mho ot ke, sWys the Same.

(For pxample, dathis ren, the fwd K md revese K each (n(rtpsed
}‘37 afacty "# 4%17)





