14.2 Consider the following graph of the concentration of a sub-

\
% 9\ stance over time. (a) Is X a reactant or product of the reaction? ( 4) X MUs + b‘c a PM ! Sin e
(b) Is the reaction speeding up, slowing down, or not changing ; = e 7
its rate as time progresses? (c) Why is the average rate of the its cm f(f'h’l hUVI Vs facread Mj
reaction different between points 1 and 2 than betweén points ovVér ‘h me.,

2 and 3? [Section 14.2] . i ‘
(b) the reachm is shwing doon
a hme progresse (1he rate

3 of formahm of X iSdecreobing);
the slope is becomeng |ecs positive

= ’ (f’kc.slopc /5 ﬁ\eraklrjeﬁ/m‘hn
of X; &0 )
1 bt
() The vate is less betwtin 2o 3 thn
Time b»d'wfen o 2 btcause poirts 2/3 a<

ﬁv‘fkraiu} ( Mot hme m,mdd) thae

points 1/2. The rate «f reachm
is decreasing oV hiv, probably bt cause

reackant [meeatrations ace Accreasing
a fe reachm procetde,

@4.3 You. study the rate of a reaction, measuri.ng both the concen-

tration of the reactant and the concentration of the product as

a function of time, and obtain the following results:
A ‘\ Change in

wintehm e A

So A IS MmCseaa

ad iy Hhe m’?{ ot

\ckw\a,e in which Bis dfu“‘“.'j-
crecn d B s-\-oichw;hj must be
B . 2. molw A

Time \ molu B,

Which chemical equation is consistent with these data: (a

A——>B,(b)'B—>A,(c)A—>23, & PMS one.

Explain your choice. [Section 14.2]

Since [A] VS increasin ad (B) s dcreasing, A pust be o produd,

ad B muat bt a readant. run (d) alse gww e 2 o |
chichipmgue who ([ 2milwh pr 1mie B) shown ;nn~e3myh.

Concentration




4.4 You perform the reaction K + L — M, monitor the produc-
tion of M over time, and then plot this graph from your data:

(a) No. Tre ren is OCCurnr?
of a costant vatt yati

= abst 12 mnute have
= passed, (the slopeis
cmsint sothecabe Is CMSW
_ , i ; | _ bud then the S]oFc, changts~
0 5 '_}Ol ;- 1t5min 20 25 30 1o ‘ zeo at aoud 12 minuie,

(a) Is the reaction occurring alt a constant rate from ¢t = 0 to which means 'H'\ﬂd' 'TM.
t = 15 min? Explain. (b) Is the reaction completed at ¢ = 15 ryn has ¢ 'Mf]ﬁ'ed ‘? thon
min? Explain. (rate dwpsto zero

(b) Yoo, HSComPu’rc sme  abod 127 minute have
passed.

.5 You perform a series of experiments for the reaction X
A —> B+ C and find that the rate law has the form = k EA}

rate = k[A]*. Determine the value of x in each of the following
cases: (a) There is no rate change when [A]p is tripled. (b) The
rate increases by a factor of 9 when [A]o is tripled. (c) When [Alg

is doubled, the rate increases by a factor of 8. [Section 14.3] — "
= "Zeweth ordin )

(o £ bripling (A) doont affect the rate, [ X = O (

Y P r-ejam“tﬂﬂo (AT,

e wn will sccurat a constont raie,

(of cowrse if no A i€ p’fSh‘} dhe ma o't ocax...)

(b) W -hriP\A'(tj [AJ cuts the ratt to intresse by factor ot ‘I,l X:1§
(*2nd ordpt with respeet Fo k1)
o kB e (B0 () xo2
" k TA) r cAl, B
Ce) T duiding TAJ coumes the rott to incresst by factr of &,

| X253 (3 i with respectioh)
f—"—’(@_]_")x—-? g = (Q)x-e X = 3

i ChY, —




N  Chapke 14

@ () The f_mphlm rate is the Specd at whith e rn occurs,
A oC 1, txample M,M,
bt 5 Min

[b) Factos +hat affect ate 6 rxn [a+l(04+3)

)

3l

cusually dore in uats

Tempooturc (rate jntregasw a0 T Inceegoe) |
Concentahor of veactaats (rate (ncrease go mcmhcrr@)
presence £ a catalyst (catalysts increase the cate 1)
prestace  an inhibifo- (1nhibitvs Aflreace P‘ffa'}'ff'fvr)

parkicle Size (4 solid phase /1 o clonts; decreasin parhcie
Saze / INCreaSing furface Grea” InCr{ade
e ratt HP rxn

(() Is rate ffd).snfpen’aﬂa cf/fadnnh always same Mra'}'(.ﬂ"f
opperanis o frduc? g

for (Yamlp]{. , Inthe reach'm QNO:' — Nzo'f

He rate o Increset of (Vo04] Ts only Ralf ag lacge
a0 He rale of deCreaec £ [NO] .

|
! (@) In solution , the rate 35 usunﬂy Lxpressed ao Chaage " Concorhahm
i “chang in" hme, |

So He uub wold be Mmok/L o M o M osle
s LS

s S
o M fmun, Mﬁ'\f voo bat Mg Is \/efy ¢ onam 6.
(b) Two W(g da] Lxpenenes o ke T-{’Mp{rafu/«c aftects rate it n,

| . .
| Food s moe quickly whea it s at kz-/ﬂ(. worm Heap
| ?’f\m Sﬁ'ﬂ(’/\ at cold ?I-Cm,fj

H, ¢ = ( 4+ H10 a warm Soda frze moe
(A 031'1)& ozfg) 1Ye) qwrcklj Wk?n W_’W N a COId Soda

CHy+ 0O =S (o, + Hoo <1 rate ofis mn IS

y 2 2 z ﬁsﬁﬁaﬂ Zeo 4me |
aleehelr aud — ol + H0 mp, buk M i+ Ts heated

. ¢ (SP, witha Hame from amateh)

We heated the reactants b i/ :
iacrease ren rote when Wt Madle esis e rxn rate [ncressto—

Yeast malies bread rnse mot ?WCZI it heated ‘
( Coz is pmd.uc-ea) ot o {bw\—vm\-cj



Chapte 1 ) ;
n—
w-C-N= ¢ _.H—C"'CEN:
O‘-\ 14.21 The isomerization of methyl isonitrile (CH3NC) to acetoni- ! )
& trile (CH;CN) was studied in the gas phase at 215 °C, and the il n

following data were obtained:
(a)

Time () cnclm  Raterfrmehin i CHa(N ( M)
0 0.0165 ~-b
2,000 . 0.0110 > 2.8 ”O..‘, te) wem
5,000 ooos0r? I+ F %10 ch"“‘ i
8,000 0003142 1:23%10°% sec Wk below. =228 b
12,000 000137 & 4:4D% 1077 T calculated the rate
15,000 000074 2 2.10 % |0 " of- ¢ hang< L e rtadhaant
e —— -
(a) Calculate the average rate of reaction, in M/s, for the time ¢ HB NC. the ratt FP .
interval between each measurement. (b) Calculate the average ¥ ma -}-. " ’—f E,od,ud-m ]
rate of reaction over the entire time of the data from ¢ = 0 to he P° s1Hve

t = 15,000s. (¢) Graph [CH3NC] versus time and determine
the instantaneous rates in M/s at t = 5000 s and ¢t = 8000 s.

(a) Fom Os+o 2000s  /[atfC> ALcHNC] N0 MZ016SH -7 iy ®
At 2 000Ss - 0S5 ’l‘d
Fem 2000510 50005, r= (0pS9ImM=-.010M) = [ T xip-bm/s
(5 0005 - 2000 5)
Fom. 50005 b §000s .- (. 003144 ~.00541M) _ -4 235157V
. ( §opos - 5000's ) .
+o 12000 s
Pom 000 s r= (.00,‘31-_00314,44) - - 44 9*’0'?M
120005 - 80003 g
Froyw. 12000S 1o IS000s _ -
r= (.00074- .00137,) - _2)¥%)p’* M
(isooos - 120008 ) =
avg
(b) .000F4M-.016SM = _|psixip°M/s . rate iErn,
150008 - OS e rat
Ar mah mn f‘f wditt
€) 1f we waaked T we cotd plot s [+1.1xp* Y l
Cerpne] vs e, and fnd 1he S10pe o+ it 5000 s ecands
& e fangeadt LinG ot 50005 o 000S. | st

t ling Caka the f + deavahves)
e Slopes of The 140 wold eIl s e instme e

0s o4 0005 )
“:afﬁ”,p M af Hhosc hmts. fhe +angert lnts

have peqahve slope po reackmt (Ha3NC
’/X:“f n(jah»}{ rart of fymahm, Certane)

1ime



22-141 50 SHEETS

L . Chagked
| Hch) + 02"3) — 2 Hzozgj

(a) What 13 the ratc of (MSuM,oHM vt O, 1€ Hy s
| bum/hj alta rate of 0.48 msle /s Also findl ’“*‘H‘C"’””Q‘Lhcffi)

| (ang mole HL) “:;lfu?,{t> N \—5'24 mol ¢ Ol/ske-m{-cr\eduqam

ee | [.L{? mole H‘L/S)( Z;\A.::{‘H O) - qu mole H20 /Skérdcr@&rmu.
(?5 by 2 NOU_D + Clygy— 2 NOUcg)y
2 /1 F N%) is decrtasing at 56 torr /min, whatis the rate
gf‘z | of change £ the foinb presSuct ~ He vessel ?
I BCNOY L -56 torr /mun
e | 7
&CCHJ: (’3b+¢>ﬂ NO )[ Lmole Clo . ~2¢%¢ Ioe? dincia
Dt Mun 1mile NO
ACNOA) - *56 tore /min ¢ 2 mee NOU form G
(%4 Z mele NO  thatreact)
Tofpl presswe’ vate R chongt = -56 torr + —28 forr - 56 Yorv /i
Min M

| =|-238 hrr/,muﬂ




Chaphe 14

4.33 The iodide ion reacts with hypochlorite ion (the active
ingredient in chlorine bleaches) in the following way:
OCI™ + I” — OI” + CI". This rapid reaction gives the

following rate data:

_[OCI“] M) . [] (M) Initial Rate (M/s)_

[1.5 x 107 I 5% 1073 136 X 1074 X2 _ e b —13
\('L£ 0% 10 1.5 X 107 2.72 X 107* a r" k EOCQ 3 [1

L5 x 13‘3 \ 3.0 X 1073 2.72 X 107 xi

(a) Write the rate law for this reaction. (b) Calculate the rate
constant with proper units. {c) Calculate the rate when
[OCI] = 2.0 X 103 Mand [I'] = 5.0 X 107* M.

(@) 1 ol | a2, TT s costodt at .o0is M. [0Ce-1]
Aowb\ts Fam .00ISM to 0030 M, which (ass He rate

of ryn 1o dowble fam po0I36 M/s fo 0002F2 MIS.
Dasblng Cowtr] make He rate doubly So mxa QS fst ovdm

wrt [P”], so X =|

intiads [ ad 3, Cou-]is conshantad 00ISM. R
Dunbling [T from 0015 M +o 0030 M Causts the ratt
\%m.ooolaé Mls to 000292 MIs, So 1he is ﬁ:!*’ or A
wrt [17), so j:\

=k fon) (]
() (@ used ik 1) (L3e~i0 2) = k (oo M)‘(.OO'S"")l

k= L36xI0MM gy 5/ 60 M5!
y oo s
(0OISM)(.DOISM) o 0. L/wol.s

€ y= (pou4d Ms)(2.0x lo"’M)' ls.O*ID'"M). i \ 6.0 *I0° M
s




14.36 The following data were collected 7 [ di e
‘0 of NO in the reacliorlZ NO(g) + Oa(g) — 2 NO(g):

Experiment [NO] (M) [O2] (M) Initial Rate (M/s)

1 0.0126 0.0125 141 X 1072
2 0.0252 00125  5.64 X 107
1.13 X 107"

3 0.0252 0.0250

(a) What is the rate law for the reaction? (b) What are the units
of the rate constant? (c) What is the average value of the rate
constant calculated from the three data sets? (d) What is the
rate of disappearance of NO when [NO] = 0.0750 M and
[0,] = 0.0100 M ? (¢) What is the rate of disappearance of O,
at the concentrations given in part (d)?

() K hpawaits o (M5 o] L2

Chaph 14

(a) 'n expts | od 2, (0,7 is
(onstont at .012S M,
when INOJ doubles frem 01264
#0 .0252 A, the rate [nCr tasto
by ot fache cf 4, Fiom o141 B+, psey
(Z)x =4 So K=72, 1:
secumd ordm withespectto NO.

in 8KPB Zanl 3, (NO1IS LMSW{'
at D252 M. e [0J doubles

mol®: S Lom 0176 1o .0150 , themte
© also doublti Rom 056437, 135
K = e o The xni$ |st ordta With
Cvol? Coq) (tspect 1o o,].
expt 1 k= .0 M - F105.06™™ |r= k [NoJ*Cod]
Z(.o12sM
(.oinem)*(.0125M)  sapatlg 1+ 101859 b
-CKP"’Q \C = .—_.1564 M[s = 7“05.06 M-'ls-l a (:aghv 2.004.
(ors1wy? (012S M)
agr3 = oAl mis = FIFEb Mg

“Lorszm)? (.02S0M)

(©)

avy k- 5 ( 310506 + Hosobs 1A bb) sl = F109.26 - 7“r\/\o-"s"

(d) rare + disappegrantt £ NO (which is He rate rc)wm in Hhe chad)
(lodate whin [NoJ= 0750M a4 [0]= .0100 M

r= #109.26 25 )(.p750M) (0100 M) = 0.399§9¢ —[o0.460 MJs|@)

(€) (.399%46 mole NO [ mole O
( L. s‘Mo : )[ ZMmole NLO

Mol.e rah‘o

te rfdis ale
MGy (b

= M
O-ZOO .TS- (e)

rate rf disapptarnc "t O,

fom blanced qushn
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{14.38] Consider the reaction of peroxydisulfate ion (8,04%7) with io-

dide ion (I7) in aqueous solution:
@ 52082'(aq) + 31 (aq) — 2 5042_(aq) + I37(aq)

Ata particular temperature the initial rate of disappearance of
sioaz" varies with reactant concentrations in the following
manner:

Experiment [S;052"]1 (M) {I-] (M) Initial Rate (M/s) & 3\,”,, n Yorms

1 0.018 0.036 2.6 X 107 0‘,@_ S 0%—2
2 0.027 0.036 3.9 X 107° 2

3 0.036 0.054 7.8 X% 107¢

4 0.050 0.072 14 X 107

(a) Determine the rate law for the reaction and state the units
of the rate constant. (b) What is the average value of the rate
constant for the disappearance of $,04>” based on the four
sets of data? (c) How is the rate of disappearance of $,05%"
related to the rate of disappearance of ["¢ (d) What is the
rate of disappearance of I~ when [5,06%7] = 0.025 M and
[I"] = 0.050 M?

(a) In &p‘h land 2, [‘I’J IS ¢onstaal at . 036 M.
w h4a CSzOE"'J 10 O e ‘L‘f a ﬁndrﬁ"f JAS [an,o;gMb 077 M),
the rxn rate olSo Mcrcases by a factr if IS) Fom 2.6x107% b 34x,0¢4
% He e is frstordts vith respect fo 5:06%); X211 in = kCswd [T
3 +he rate increases Aam 2.6x10°M/s +o 1.89%10°®
'fi’; al Z:Har ot 3. [S205%] doublea, olich in Tself Lopud gauie H/:/I’
raferf rxa 4o dowble. 3 _ |5, so Hee e Vs mrcasing by o
Fudvﬁ \'S dwe o e r_kaa\?& i [."I'J. [:T-j change by a factr ot
55 (fam 036 M Ho.03%M), te same fact by which i e iPtecpded
(due +» T- alwme), so rxn is fiest ordu Lith cespect o [x3; y=1

r=¥X [&Og”']‘[ 17) i () €) the rate of ausa-fpﬂ;a_-"a_"‘? S:08%
- : 'S one Hurd o the rate rf dissapp.of
(b) K= I (o Yre mlt ot IS R T” s 3himg

[‘sw'-J [Ij -’M(a'\'_ed‘e ws. d* S?.O%‘z).
Kiz 2bxi0*MIs _ -~ 0040l 23 M5~
(.01% M)Co36M) (&) r= (0~003W‘.\ M-kﬂ)(-OZ‘.;M)(.DSOM)
k2= 3axigemls . = .opjojzp M 74,9368 x0T M

(o1 m)(.036M0) ,
et PisTs for SL0¢%, pot T

k3= 25x10°Ms - poqoina mis .
(036 MY U5HM) ('-I_P]_?b‘grlo“iMSz.of‘) 3~ ) lSX)DA;

ky = v -
% % L0 MIS 0035889 M'sH —= V5208 s

(050m)(.06F2M) rate rf JSoppeaarce

aveaqe kK = .00%4g1y — | 0040 M*S"J (b) ot T




- I R CW wpole 14
ca) A— B |
_ debine CAjo ) t'lz ] EA}& ) Kk !

(A], = +he Stachng (eciatmhen of veactod “A7
(e Cmncen-liu-hon £ A whn Zeo hime \/\Mapasseal)

t, = the half- life. the amount oF hme it takes o
half e e A to veadt 1o form B; e amount
Tme 1} takes ¥ concerbahm 1 A e deercace
o oe half its orn:/mnaﬁ ameuil”

!Cﬁ T, = te coerbahsn o2 A after T Sfc%hﬁ:fpagffo{
' (0 mMinwt€y, €1r)
! I = the vate (mstont Ty the veach'sn, that velates
‘ He (meeabahon o veactant o He rate of rn,

| ~for exa.m,bu, r= K [:p('_}x
S

; ‘Ua) Tor o At ocdta v, a f\o'\' H@;EPLL vs £ woill be Laoneor,
() He rate (_u\s\-ew\—___\_a_can be delmind loj finding The
I SIUP‘Q 0"@ e T\\\' L = _S\OPQ‘ J

(40 For o Secen) order veachin, a F\oi-r?(—'\@”)vs e willke li
(b) the Slope o4 Tis gqragh will be L

eqaol o k. TiL= slope| |
(c)  Fiest ordm rons have o Constont hadflife (¢ so \MjM‘t@W

is CW\SW)' 'tl - 212 | edine ot Ufe deloemblml |

/2 K on Hhe rate Constant, Ax

M'H\Q SM;y [MC@A ) .

Second orgin Vs % do _f_l_g_)r J'\th A CmﬂS'}dﬂ'f' i

holf-life, jn fact He habf Iife s fnv‘er.s’{lj pw,aor'h'm
o He Sw‘a«-h?y L o atahyn

1 . k&, I

LK, " Cie = CAJ, Kk

@; 50205, = S 03,0% daigy
(@) ab 600 K, by = 2.310°S. hed K.

_ . 22 - 242 _[30x)07%s| at booKeus

k"qn_ = fn L e TP _L } \ 00 Xelvi

(b) atr 320°C (533 K) (Noke: 0aTemp (-84,

frd by, ® K = 2250%70 k inctawsd, od

ti, = a2 . JSaZ :[E.i-f)o“s ’ tin a\f’c,r{aual) |

——— |

k 20+10"%"!

50 SHEETG
100 SHEETS
00 SHEETS

22-142

22-147

>
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31\/?/0 at ©bo Lelvin, k=4sxog?s-* . \(‘-—'—KfSOZClz—l.

(ﬂ) V£ We Stort VO/ PSOZCIZ 0"\(2 Hso -)'off +-e um‘bﬂ‘# k oa L\JQU)
Cab Cudate Psozcia abter 60O Seconds—,

250 SHEETS

2R AAA

22-14% 50 SHEETS
22-142 100 SHEETS

Sinc

cwe vetold iy ts Astovden -
ool you con e\l Fus Hann

|
_xt
it 15 Aist ok, [S0:Cl 3¢ CSOzC\zL €

Sine He uarks Cancd, [ Sozcuit>
o

W dott lgue wee 2 ( [S0.c1, |
molonntes. We o
Cold Lae Molm-)—_y & moles or jrams o 'P/-CSSWC 6 B af}m’“f"

-kt I
So We (owld Say (PSozc.h_): (Ps‘n“z)o
~H.5%07%1)(Co )
Psorcia = (450 'h’") € |
= fiso torr ) e~ *? = (1o tow) (L0672 2302
Y Psozciz = 30 tore :

(L) At whattime  will By, deorcas o Lt it or{ginsd voline ?

!

©. 1

(PSOZCIz )¢ - e—-\‘t'
(PSOZC‘:)O
| - ekt

o

Lo ()= L0n(e*t)= -kt

Lalo.) . -2.3025% . _ 5117 Secwds —| 5 seconds
-K 4s»)02s"!

aSSuM-"-ﬂj ‘H~( “W"“V!IH\”
hod ot \cost 2 SF |
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@ S02Clyyy —> SOregy+ Clag

(Given) (Glven (Calculated) (Calculated) . i :
Time Pressum In(P) \ 1/ / Tha's IS'ﬁr:f’ Ofd(/
(seconds) (atm) (-) \{m’\))/ use the data Q@ IVEn
0 1.000 0 i
2500 0.947 . || -0.054456191.055%66209 7e AM’ The et 0oy
5000 0.895 -0.11093156 | 1.117318436 rate (ostant, k.
7500 0.848 ~0.16487464 | 1.¥79245783
10000 0,803 -0.21940057 | /24533001

< T Judat actullyneed

do Yiis Since they +ell ws

In p vs time
i i ‘...
y = -0.0000219688x - 0.0000886735 ')’N M \S -F.rﬂ- ordd

000 4000 6000 8000 10000 12000 Sinte He M IS ﬁr‘.'_w&,,

-kt
[SOzClzlt = ESOzC'Llo e

of (Psozuﬂt - LPS"‘M)., C’kt

-0.05

In of pressure
o

=T
;.

-0.2
-0.25 d
time (seconds) - - - ,Qn Psoze
5 ,‘\ 3 " /014 (%ozdz)t k\t ( - n)o
note fnplsu:éﬁ’ ~ % N
§o~ NSE"‘K \/ m ' L

ve time

So 6\. 9mfk f‘e I P907-a7.

choud ke Lineor, ond The Slope.
will  be €qual fo - k.

I Cl.«o(wodf'(a’ ,@n P for tach Psozc“_ j)v?n
and did The graph. The Line of best A1 wad-

Y = =.000021969 X ~.00008%6735
slope = -k = - ,000021969

k = ,0000220 s-q




@ ANOz gy —> INOyy + Ouy

(Calculated)

(Calculated)

[NO2

Time IN[NO2] 1/[NO2]
(seconds) (mole/L) (-) L/mole
0 0.1000 -2.30258509 10

5 0.0170 -4.07454193 | 58.82352941

10 0.0090 - -4,7105307 [111.1111111

15 0.0062 -5.08320599(161.2903226

20 0.0047 -5.36019277 | 212.7659574

o dn CNOZ vs time - 250, CNOZ3 ( _ o
0 5 10 15 20 25 |y = 10.159974x + 9.198442 :
4 | 200 :l - 2 :
!! Unear K |
s ) . 150 - :
not lineac | e slape il have
g B i Elwo '. + 'M" o)
P . -2 Q/ Uarissr M7 o M7
— -4 ¥ ) ) ! S
) : 50 -
< * ) %
-5 - ¥
s : 0
P R . e 0 5 10 15 20 25
Aime (s) time 6s)
- 4 me S U ‘" IS S€
4) Since The flo" ot CNO2] vs hme S Unea; thercachon |

witheespecdt o NO;.

v time | o 10,1597 4

(y) The rate (onstont = $opt of [vo,]
() fingd the inhald roate o wail (NO),= .2Z00M,,100M, 08 .0SOM
r= kCNOJ? = (lo.w MAg- | ) (260 M)% = 0,406 — o4\ M/
r= K (Cioie ms)(1oom)? = 01016 MIs —
r= ¥ (1016 45 (Losom)? = 0254 mis =

(1) ciledate TN after 2osecongs i€ TNO Yl = 0200 M

\ - |
CNO,T = ; * B

200 M

' _ 0.003728 —]0.0032 M

5.00 M-! r‘ﬁot\.% M

(¢) MAs rxn 1S second order, So it dok nol
e a (onstant hatf-Iife.

-« (\o.\bu-‘s")[Bo.os)




| Chaptc I
@ Cm.szOu ¥ \"\20 —odd C(,leoe -~ CGH\LOQ

Suerose 3\uc oS¢ Suctose

(Calculated) (Calculated)

T In[sucrose] 1/[sucrose]
(minutes) (mole/L) (-) L/mole dd}ﬂ

0 0.316 -1.15201307 ] 3.164556962 \
0,
39 0.274 -1.29462717 ] 3.649635036 aj— Qa C \n P/{_SeﬂCL

80 0.238 -1.43548461 [(4.201680672
140 0.190 -1.66073121]5.263157895 0{ 0.5 A H (’(
0.146 -1.92414866 | 6.849315068

1 9aTsucrose]l Vs time

. \ . s
y ("] 50 100 150 200 25%0 7.5 __bﬁf_\ﬁ
& [swcrssc]
1.2 7

h \\\\ y = -0.0036736x - 1.1488152 . .
-1.3 | 3
-1.4 \ JA(]'CW |' 6

'E‘ Lrm}
o @ 5.5
o - 0
% 1.5 \ E ¢
T 16 S s :
1.7 : \ 45 N)‘t .404 7N
\ *
-1.8 \ 4
*
-1.9 3.5
(O] +
-2 3
0 50 100 150 200 250

time (minutes)

Time(minutes)

(d) Since the ﬂthH .ananH-uOn} vs Time s lineor, the veachm
1S Hest or wWith respectto Ciataa0y (Sucrose)

fb) ‘ﬁ\e .Slopc rP‘H\-L .Q/IE j Vs time 3ra')\n. = I~ \(. _ S ’QnH[jS‘H*
K = -.0036%36 K= .00367 min”' prope oo unds
MAan~

(¢) cadedate Usucrese] o 75 munutes  if CSucose], = 0.400M
CSucroscjt-: Cgu_(_m“]oe-kt'_; (HOOM) 66.003641\'\'“\-.)(2;”‘;“)

- ) . = 0' b
) oo, twis a1 0400 MY (. 23) = 0.36 M

fistordn So 1% Qoo have & Constant holffife (ah agien ttapradwe)

Kt, = 2 L= _’_Q_Qz'_ S In2 = |$9 minutes~
K 0036736 mn”!
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(

whet factas determane whethe- q collSim behveen Two molew, |
will lead 45 & chenfead rxn:

1) Whea the molewle (ollide, thty must have Lavugh
Kinehe mery tvo break ’bonde (brukoh bonds-

[ €quicto !), o Yom conld Jhe m'cd Laough
kfnyehc Pnf?yj ﬁz meet fiLe au‘wﬁ‘f{ Xffﬂ_yf-f—yw/fmﬁd.

(2) +he molelules Mmust be anem‘w/ So that 7The

new boads able 4o form [ the atems That
W‘jo”‘j 4o 7Eo(m bonds must he nedr each othe ! )

For example, in this mn, NO and 03 collide -

03 + NO —> /\/02 -+ Oz

O Zone ",'" ":}jgf; ‘ n mmc 0 {yj(n |
©0—0: ‘N=0O. — N=o + 0=c&.
/;, .o . / .o
[ ) (KE)

O3 aad NO must Collide with €20 ugh kinehc €n€7yvﬁ

breall the O—0 bond (KE can be ansfomed o the
Poi nhalb 01&,} needed H brealc a bmd)

ad e O Aom O3 must collide with #he /\/'ﬂom NO,

net e O fom NO, so that 7he new -0 bod (in N

Can form.

b) lncrms;?j Tém)pfm}ur{ causw a rate € ms%a,,f [ k ) to MCr ¢ psd
Mghor Ftm z‘wf a dz?e co/m/ng
/‘Cﬂ

404
will occur w:fh Ju#ﬁc: At egy lc Ao-wb / mtet
The actvahon ¢ne cegLubinels to- the rn,

Eaehc ¢ choal +o alSo lit-
al{?&n g nf?t?aﬁ-r.buvﬁd TA?M avi ° /«Gmi;g /?a@
but e i affm(jy the frachon” +f molecults with

KE above KEm,.h Merepoes ao e BDHZMM Dastrbud

slhide, fo the nght

1

)>)

2!

cold ¢) do mp,;hmcd w ), k¢ rateCons t
. gfflemlj mcMM&aMT&uP 1G4,
M
moluly t .
Wil n
ot 40;4: Cffﬂﬂez w'ﬂ”mmﬁﬂ
bpced E ormar,
<"*a'} W Hap, i ly fach e

speed \Y; moleady Aaw -S’u cieit KE
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) CHyN=¢: —> CHi(=EN: Ea= 160 KT /moe
(@) What fach'on of molewle have at least 160.0 kT Imde at 500

7['= e -Ea /RT = ¢ —160.0 KJT lmolc ._3?,491
( OOFBIU’QEKI;ODK)
£ =192 x)p7'* !
(b calculate at 520 K 0

N - 160.0 1T Innle |
F = oxp /-0083'4,{;‘;-520.& = exp (- 37.009)

J L= gH <1077 at 520 K
—

rah'o ot fachoa :

fozor _ 8H5Fxp7? | 439
o0 k [.92 4 =07

So, the rate will be = 44 +me fastt-at 520 k

than a1500 K, assusung the preexponental facter
(A) in the Arrh&ins gfmhm IS )cn{r:/y [Nhl?"
ove That Hwp range,

[,4 will 'fvnw intragae by o Lot prunt ove




’mpwf ILFJ & REpaE

@ CA ‘g)a—nsqs-)% HCP,”’r B"cg) T
Ea =7 kT, A =-66¥7

(a) Daw energy Magram .

(b) The Ea of the revése
r  (Hel+8r-> RBr+cl)

IS bp kg~ T kT =(?3 KT

®

potestiad enecqy (KTImale)

TR
A NN ]ach\mﬁm én egy
- ::\ '_____.- | 15 F KT /mole
R -
ESgmmam mameREs | square =2 7
eEEkFEgEE) SRUEEd)
v S R AT | AHea=-bb KT /mele
N
9 NEN) BN
\. 24 | N S
N 1 ::_2
& A
S HHHHTE +
& [ |
i Dl . |

React'm pro j/e %)

I square =5 KT

|
T e r—
|
|

activahon enegy

- 54 KT [mole

DAnn= 136 ¥T/mole

- - N205 - NOZ,’)+N03:7;

‘4)

(b) the EBa ot the reverse rxn

Ren p gress is |str-136€T=| |9 kT

(NOy + NO3 > Nz0s)
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59

@) (4) Ea = 4S ¥Tlnele, AE = ~25 KTlmole

f

35502

> Trine / Falsc (cericet if false )

Rassuming all collision factas art the same,

(4) € two rxas have Similas collisim factas, the mewith the
phe activah’'sn entgy Wil be faste.

False The me with highe activaho endpy wold

be Slower (at a giea -f-Pm/a{’m'fwc') Sice a Sma !){r
o of colliding” molecule, wonld haye su AL reat
KE o meet ﬂ“e Ea f-lq'u-c'/{ﬂ’l@'lﬁ.

(KE = Knhehe dn€gy.  Egy = achvahm €a€zy)

(b) A reachon with g small cate (onStant must have
a Small frequency factfs.

False k = Ae " Ea/RT

hﬂl/c't.\j a snall 'ﬁfeyuﬁac facto /“A") Conld
be the cause DE +he /0740 value for K,

but the fow k Conld also be dre+o the Ea
value being lacpe, o the temptatiue bewy
low (cold) )

(€) Tncreasing the rxn #empentue jacrease he Cacha,
of Sucéesstul Collisions betweea cea. tants, |

77146 Dat ’

(h) Ea="35 KT Imie, AE = ~l0 ETImole
(c) Bp= S5 kTlmile, DE = |0 T/mole

whied rxn 1S kaﬁ; WWicn is slowéT?

Seems like W<e also ned) 7o assume temp batuce
s the same 7 IF so,

e (L) 7S The fastes? Since Ea Is lowed (3567) |
ren (c) isthe slowat Since Ea 5 Wphat (55 k1)
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@) K =275 x107%s-! at zo*C
Ea = 75.5 kT /msle

find Kk ot O°C !
N -E T
K= Ae=/k _ 75500 T/msle 30,903
235%07%s = Ae @E3TY2a3k) = Ae
A= 275*07s"' . 7,9359 x0" s"!
- 30.993

€

i€ we asSume A s the sam< ai'éo"C as 1tis at20°C

(even thowgh it is Probab‘lju S‘I,‘jub higher at 60°C ... )
- 75500

k- 79359x10"™ € (z314:¢333) = [.13§ )
333‘5(’%;0
(b) Anvtherwn has v 60 k=(14s"
k=29SnpYg-1 at 60°C

by Ex =125 kT Imole
find k at 60°C,

in pawrt @) we solved fv A and then pligged buce in s
the Prrheaivs €quatn [ |c . fg~E/RT) with the new-

we dmt have 4o .Q)Zauc;-}—l Solve for A o olo Hmpoatu.

Fhe ,nbl(m - Thong e (s another way fo do s

k. = A, 6-‘&/'21" « k af Temp 1
Kl = Aa_ e’.EA/RTz & k at T?Mlo 2

K, A, o &/RT o - E/RT: Ea , Ea

. - - , BT
W% A g-EBe/RTi g-eesn T € TF i

X

assumy pli';ﬂl So ‘H\f} cancel
v (-& (& ..._:_)) B -:z«;oooT[J__ ks
22 - ot R\ T1/)) = € "g3i4z (333K 293
k, -

k, = 4752 k, = Wis2 (2955

kIL = blégg-—
¥, € s k,= 13.069 - }—l'?:_.l?’_[ at b

Y

’

e

¢y weassumed B was hdopendect of Hmpecatuce



I B | ‘ Chagk /4
@) Q.NO(?) — N:Z.zep i 02(_9)
Mutent .odum!

a'f‘ l;}\ ‘)“\’MP-efﬁ'f'H/'C [ yow’ car -?Ajln(-/

HDM/I] most of Hhe NO  will Huen back witr Ny ad O,
In gBuc cars cah:lyhc ¢ mvete!

r= kCNOD?

k=.0796 u's" 44 33%°C l calculate
k = .081S Mrs ar qyF °C g o fo the M.

¢ = A*e'E“/KT

k —EG/KTZ . -Ea /RT2
K . Bee - S
k. A e,Ed /RT- e-— a ]
N Ewe asSume Az =A, -H\wc will cancel.
A— is m\j Wca.\d_‘y +CMP dﬂP(ndIn‘I‘-
: ~Bayz _ L
‘<z = ,@ffz’ = —2(1‘2 T,
": e.,za/RT; e '
- -E S
"on(\f:') - _‘f(T‘L T-)
' k
"Eé = /Q"‘ (%) so Ea= - R .Qfl (f—
- L Iz = 5
(Tz 'T‘> (:?;, Tl
Ea’-*?quwiﬁ“(wmb> = 1507 T JmolgX
(ﬁm - rono Kelvin ) j

U.]‘i KT/Molej




@ Calendate En ws-n‘nj te nfh E@ J

k (rate constanty .

(Calculated)

(Calculated)

C/LW/LF

(Calculated)

| Temperature

1/Temperature In of k
L/(mole-s) Kelvin Kelvin ~-1 (-)
0.0521 288.15 0.003470415 | -2.95459033
0.101 | 298.15 0.003354016 | -2.29263476
308.15 0.003245173 | -1.69281952
318.15 0.003143171 | -1.10262031

In (k)

-2.5

-3.0

-1.0

Inkvs 1/Temp

\/\/

-2.0

\\

\

N

\

n K= —E“ jﬂ
j\/ L)

b

acct Loﬁw/

Fro,

Fnis wald have &

Line rf best it with

{?\AahM/

y= ~gpd x +16b3

s In K = ‘564"}(._.}_—) +16.63

0.0030 0.0032 0.0034

0.0036
1/Temperature (KelvinA-1)

The Slope of Lok vs I/Temf s —Ea/R
“Ea . -SeuK  Ea - SEHER= Séqqg(ggmml )
R
7
jn k /s um'l'l(.r.s §o the LI qul‘} j—/m
51"?‘“"“’“*’4 - . Kelvin

(V)



(Calculated)  (Calculated) —Ea/RT

, emperature [k (rate consan /Temperature In of k /< A e

(Kelvin) L/(mole-s) Kelvin ~-1 (-)

600 0.028 0.001666667| -3.575550769

650 0.22 0.001538462( -1.514127733 | f, k = Uah - Ea

700 1.3 0.001428571| 0.262364264 RT

750 6.0 0.001333333| 1.791759469

In of k

800 23 0.00125 | 3.135494216 jn k= -Eg /1 + DA
Ea (1)

) In k vs 1/Temperature \/ o\ \
y m X b

2 o \ine o bet fit hasthe
\ 2o h o

° it Ly?—léuox +23.2J
| \\ 5)0\06 = ~\b110 Kelvin

- - Ea/R

Y s lope
\ -Ea . -lblO K

' ‘ 1/Temperature (KelvinA-1) Ea_ _ (\ b\IO K )[8 3 )L‘ l(>
y 2 =2%2 .
y-inteceyt = £nh i Ea® 123939 T/mole

[ 2%.2% 0 = 122,939 ET/mle

e = |27 x10
Co st ' Ea,'-" 130 kT/ma]Cl
k=Re""

EZ/\& A MWJ" I’\AV‘( fke SAMme W’\I‘,‘S. k Wad 9\\/(/\ ;‘Y\ L/Y\M{S

v M7'§-




| Chaple 14

© A reachon mechanism IS the sequence o#d(menﬁy Stepb)
that add up o the oOVeall reachon. The mechaaiSm showa
' ’ﬂ\e.f-kp Vg .s‘Jc mu.n‘ accw‘ as rtastads l’fumc,
products, mcl afl SB orinfrmediale., each
elemen J?hnw ﬂuz Col iS/0ns that must-occur
as € m Pro
fo that ppg:'mla/ S€queacey
‘ Some rxs halt Mot Than e
@) b) termolecular elemen rms '

35502

(b) a “unimolecular”’

Definitins , ¢t

() an elemetary (tachon (alse knoin as oan €lemétny sle, )
s a chéaq;-/d ceachsn  wWhich Javelveas a Co”:.&'}m
betweon all 7€actents shown (the reachon ©ccurs va
& collidion betwea any, o atl molepde ) 1'ons Shoon on
the rtactant-sile sf eqahon,)

o0ne o Mmore elcmenw Stepy /rcachbns will mahcu,u
the mLechanilSm e f{achm

For example, NO + O3 — NO, + Oz IS ancelemeq
reachon because 1his rxn occurs wheq
O3 moleude collide.

but zcg H,

rtach M zc(auf—c i+ doesnt OCCUr M A s,a le

CthSlM betvesn 2F moleenlea (2 +25), "7/7L OCcus
m Seveal Smalle S‘}-ZJ, Cach ml/o/wnj ﬁwcr
ma)(ouIa_«' [2. o may 3) m Any e Cslli5/0n.

NO ool

él(’mmf‘ﬂy rxn vs a “bimolecwla”
elfmen-bly ren -

a uaimole cular elem(n-)-alj reacthor hag MIJ \
or molecule on the rcactent side; 0&::10‘}‘
rkcqm({ o colhisive. B bimolecwlor e’lt’mm xn

2 two molinleo o 103 m m}:.ﬂf sile; s The

reach'tn occurs vhla these hoo fons /mole cals collide
with ¢ach pther.

poscible mechanisn and ﬂua,vr
(L Ve rare because wort always be me really

mole ed® /Ims must colhdz Slmul‘fﬂm"aaj “dondat “me.
for the N o occu.

teee moleule collis’vs occur much less ﬁreyum‘ij
than +wo  molecwde collis ns

Ry

+ 2S00, —> [6C0+ 183MO s not ane/emﬁﬂy




50 SHEETS

22-141

T
Taternmediake

Ren prGress —S

%% (a) There are two intermediates in the rxa  Seguonce
e Bt C.

g (b) There are three “hranshm states.

. The top of ach peale Veprsats a Pansihoam Sihate;
< o IS one £ach J"I'goﬂﬂﬂe veach' s,

s .

5 ¢y swp(l A — B [shep 3 _is the fastet]
- S‘kp B — C sinee 4 has the hbwet
| 5‘.)-('0 cC —™ D activahon 4nergy

| ovenl] A—> D cas Suming the. A" velite

ﬂftJ'MIIW n k: AC-E"/K@

i‘('a!) The svendl ren s endpthdmc . |
| frec 1o the groph, D hao move Pottntiod €ntgy fha Ay

D INS }Vl\ju/ m ern/a/\ |
(a) The ra//a shows oo aw‘wahr;g
pn};;j palid, So 1+ mugt

|
have two_elementory steps. ‘
|

7 N— (L) There is one intermejiate

presnt hrc (ASSUmndng onb pe s produced
i _ i sdep 1

Rxn pregress

| (c) s¥p A s whably  rade limihng . 1V the hugher
 G&chvahm Ji?f@fg , 50 I+ pyolo&«b\p how He lowf’frZR’.

ot v xn (2SS uming Mo A vawe pre Similr in Fhe
Prvrheniie- ea}tm’n(m!)

d) theran s gxotumic oveal|.
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78) Delomposthdm o He0r , when catalyzes by jodue ron!
(51010)  Hz0s (a9 + Teagy = IO oy

cay)
[‘&5‘}') IO;“I”"' HZOZ(‘,) - I-;aq) + HZOZE’)

+@fo)
(a) ovenll chemical nt QA H 04 — 24,0 + O,
| : , ) caq) 43
() To (h poiodite”)
s the m+(?rmzou‘a+€-.

(c) Assuming the fis? s¥p Is rate determiniag
(Siace _1this the Slow step)

|r= k L"Hz'oljfr-ﬂj

YU HBr + 0, -32H,0 +2Br, r= kCHBA'(0:] (9ien)
proposed Mecharsm : ® HBr+ O, —> HoOOBe

® BOooBc+ HBr —> 2 HOBr

@ Hobc+ HBr — tho + Br,

(a) 1T do& addzf‘h? the oveall rxn, but yyou have 4o double

) k _
st 3 +o makk if wa ) e gy -5
B0 + HBr — Z/BO‘B'r

AYoBF+ ANBr—> 210 VBrz

YHB+ O — 2HO0+2Br |V

(b) Sinte the rate lawr (acc 4o <Lxperimént)

s r= k[HBITO,] , 1t wold make Sense that
J‘kp@ is the rate determining fkpj 1* does involire
acolltsim of e HBr ad ane 0, , which wald cause
o st ovdtn deporclonce on CHBJ ot [02]

(¢) The intermediatcs are HOOBr and HOBr

ck) No. fnabl/tp 1o detect HooBe oo HoOBr amony 1%e products

doe not Al pave the mechaasre ; thiee dre (nftrmefdiatto—

S they ook awry as poduch fom. I€ Slep 2l 3 acc Very
“ﬁoﬂurzmﬁw s)frﬁl, 1he Hﬁgﬁe% fﬁgg ;w'ug_u;

signihi ca ccumulare will r<La oon

aftte ﬁowu?; 7 J |

=Tors.

35502




@

z2-141 50 SHEETS
100 SHEET
200 SHEETS

22142

22744

HzS removat waz Wastewate
(HzS 1S Poisonouss asd smells Lilce roten €544)

HZ (D‘-’) —+ (./pZ[a-?) —_—> 5.[5)"!‘ ZH/M} -+ 2(-/’-[’&7)
givea:  r=k CH.sTCct,]’ k= 35x 275" aF 78

!

T
Fndeate sf (0] $rmapra tor P dis oppearance 0F Hz S,

(F CH 8T = 2. 0%1p07" M
CcClp7= 6025 M

r=K CH.ST[cl,] = /5 5x1p2u ) (2.0510U) (025 M) = 175 %) s

/?’5‘*/0 *mu st) 2 male (0 ’ 3,5 %1077 Mys  rate of
[ malo H2S frmat m A Cl’

H€03 caq) H—:a,_q) & L(‘%uu;) < HZO/’(,) -t COZc7)
EQVIL BriuM [ies+o The nght (towod CO» aol heD) , budt #he xn |
Aves not  occur Very guclely wifhout & catalyst,

Carbonirc anAyp{m catalyzes fle roL 5o that we can
remove (62 fom o blood (ael 'exhale ), Of'Le/w/_pé
COy Cwold accumuldde , sine we procluce H+ in
cellulo resp jrats.

The eN1Tyme Cata lyzes tlo deh d/zu‘;m [ff/cgue +o a.:r)

|07 C molecw (arw( ldeatty, 1o €nZgme,

fud[;ﬁ%’ﬁ'}c ' fUurn pve- num :9

Cﬂf}?b"“c a 1 e {’f?}umc {ﬂ’l 'f"lEymC 'S o
F:«o*’dh functions as'a Catalyst)

HoCOs s the Subshule . 7he subshate is the reactant

inthe cn catalyzed b %Lef/t me, od 5 tHheSubstaqc
-waw'lf t+ IVHZD Me “acv‘?vtzysv}c ' of The 4427m14

The tymovtr Numbsr s |07 . molealss po- second,

o~ 107 s-l ,sina /07f,31‘otem are pyoatuf&(,
arf-(a”y, sinw (07 H,C03 molewly react po Seod




Problem “R”

Ag+ B <------ > K@ + Y AHnn =-10.0 k)/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, rava = Kewa [A] [B]

and the reverse reaction has the rate law, Irey = krey [X]'[Y]'

In the forward direction, the Arrhenius parameters for the rate constant
are as follows: A =1.52x10" M's" Ea = 50.0 kJ/mole

In the reverse direc.tion, the Arrhenius parameters for the rate constant
are as follows: A=1.74x10" M's’! Ea= 0660.-0 kl/mole

poteatial n ey (KT Imole )

la. Use the AHy, and E, of the forward reaction to sketch the energy
profile for this reaction on the graph. Use a scale of 1 square = 5 kJ

b. . What is the value of AHy, for the reverse reaction? + 10.0 KT

c. What is the value of Ea for the reverse reaction? 6 0.0 KT
(fill this in on the blank above, also.) KC&&H on PIO 97¢SS -

2. a. Use the Arrhenius parameters (A and Ea) to calculate the rate constant for the forward reaction at 20. °C.

Eag i = - Soovo
- A,,c e faf)-_lszno’M st e ("T-?"T,i‘—f,.}jm

=|S2% lo? M-l_s-l 6'10'515 = 0,0' g5 251

L@jaon%s s at20°C |

b. Use the Arrhenius parameters (A and Ea) to calculate the rate constant for the reverse reaction at 20. °C.
A = Eade) 17Y * 0% m-ts- (w
ko P 7 - IO M €XP (314t (293 K)

=134 % 10?5 exp (-2, 6309)

e

= 00034966 —> MOsSOM"SigE‘L

c¢. Write an expression for Kc, in terms of the appropriate concentrations.

K = [XopllVel
CAlijBla)

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

Keq = k(forward)_ = . 0185251 52.9199 ——-»Bc =53.0 @0t
k (reverse) Ow‘yjﬁ b6 !

e. Does equilibrium lie “to the left” 0@1& nght" t 20°C? KC il S50 e‘fl‘" \AU to ‘H"Q n‘?}*
(produmcts e favored /1t is Spontaneomo i3




“Poblem K" (ontd

4. Now we will raise the temperature from 20°C to 40°C!!!!
We will assume that A and Ea remain constant as the temp changes.
a. Use the Arrhenius parameters (A and Ea) to calculate the rate constant for the forward reaction at 40. °C.

\< _ ~Ea/RT oL ( -»—-50090 T/md
fuwed - Ae = [S2*|D M5! e"l’ (8214 T/me K ) (313 X)

Kook = - 068762 - \o.oess Mm's™ _aijgicj

b. Use the Arrhenius parameters (A and Ea) to calculate the rate constant for the reverse reaction at 40. °C.

_boooo T /msle )

- -Ba/RT _ F ot —
t<\r¢v Ae [.74%10°M"s e"l’(@.sw%d,g(smu)

}i{i\l = ,00168F1F MS ——3[ 0.00169 M~ attoC

¢. Use the rate constants to calculate Keq at 40. °C. -
Keq= {_ = . 008162 _ yp 75y, —%\ 4o.§ = Keg &t HO°C ?

.00l6E T
d. 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?) ¥ aad. K \norepse T \ncrcaso

(0638 M's™ > . OI8S M's
e. How did increasing temperature affect the value of the reverse rate constant (and, therefore, the fate of the
reverse reaction)? ¥ ond K inCrtpse ao T 1A citasto

(ool6a 7 ,000350) \
f. How did increasing temperature affect the value for Keq? |leg decveasesr ao T intreases

g. Does the effect on Keq seem consistent with the fact that the reaction is exothermic? Explain. [ 4o.g L 530 )

y,@), Fof &0 Hhermuc  rxns, Kq Aewr Coalo Ao (prtant
Lempeatire 17Ctdaed, hecause The reveose m*‘f 1A Crepsts
by A /ﬂfj[r Ffactr than the forwadd rate [ pstoat I Clrasto—

h. A (the “frequency factor”) is actually slightly temperature dependent, though we assumed it is not.
As temp increases, does A increase or decrease? (which onc?)l‘\‘ \ N L O08LL—
Explain (on a molecular level) why A increases/decreases as T increases.

AS M, +twre lhcrawm/) molelaw g/oftot /th( , So
Hhe reackos collide Mare fequaatly,

i. The main effect on the rate as T increases is due to the e”(-Ea/RT) part of the Arrhenius equation. With this
in mind, explain how/why increasing temperature increases the rate of reaction.

He fachm
He o-E2/RT ouct of the €quatn rep(ﬁen-!s
¢ mole(ul@/owHn Kineht €n&gy 3((.414*'}4\13«—0/‘{?1,«}01‘0 Hee

“less negahve So
A -Ea/RT becom@
As Hmp In creasts 9 3
RN ST i A
[;u;“ occur with Suth'c et ?ﬂﬂ:zy

actvafi; ey r2quAYemerrs.




prablem "R fontd

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! bo. IS * Y4s . kT /mele

a. Show the energy diagram for the catalyzed rxn. (use the same graph that you used for L!muu:z.!aly:.uch.uJ_]
b. What is the activation energy for the reverse reaction, when catalyzed with Platinum?l HS T Imsle
c. Use the A and the new Ea to calculate the rate constant for the forward reaction, when catalyzed, at 20. °C.
_€a [RT 3 t 35000
g A HAYAS ~ig !
k € [SZr10"MY™ e\ 3314. 293

“152x )07 e“'q'%w = g.7F4Has

e = 8.7 W's” catalyzed at 2ot

d. Use the A and the new Ea to calculate the rate constant for the reverse reaction, when catalyzed, at 20. °C.

Ea -4s5000
k= Ae ™/%7= [ FUxp’ms-! e (3314)(243)
~13.4%29

|3 |0 M%7 € = 0165148

ke = 017 M5~ cotalyzed at 0% |

e. Use the rate constants to calculate Keq at 20. °C, in the presence of a catalyst.

A R s
4 k, 0.16SI49 coaxalyzed
d. How did adding a catalyst affect the value of the forward rate constant? k \N Cltade 3.37. 0\85)

e. How did adding at catalyst affect the value of the reverse rate constant? ‘< e [ inex<€ Mj ( At 2, 0003§>

f. How did adding a catalyst affect the value for Keq? Keq LGL/‘\G'- not Chﬂﬂgzl! ,']
(the forwor od veERSe vales b%gg ncrcgsed by lockr o 473 !)
of re

g. Explain, on a molecular level, how/why a catalyst increases/decreases the rate action.
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