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EXPERIMENT

Chemistry 0330 Laboratory Report

How Do Certain Factors Affect the Rate of a Chemical Reaction?

1. Present all the data for runs 1-6 in the table below. The rate ratio called for in the table is the inverse of the ratio
of reaction times. The rate ratios will be used to find reaction orders and activation energies. Subscript i refers to the
individual reactions (do not fill in the shaded areas). Atlav is the average At for mixture 1a and 1b.

lkevap
la 1b 2 3 4 5 6
T (°C) 212°c |20.2°C | 2\.U4°C |2(5°C | 22.6°C BY4.3'C|224°C
At (sec) \077 10”1 242 \ZS L['b Y\ 5 (
Atlav \D%
Ratei/ratelav
US| oG 2.7 263 212
=Atiav /Ati

2. Calculate the concentration of each reactant in reaction mixtures 1a and 1b, and the concentration in the reaction

mixgyre in which it differs (do not fill in the shaded areas). 2AA vd\ung
"
& Reagent Mixture # | Stock Conc (M) | Vol Taken (mL) | Final Vol (mL) | Final Conc (M)
5 $203% 1-6 0.0062S .80 10 2.38 x 167
H202 1 l. © 0. 50 | o .05
H202 6 .O (.00 o) A
KI 1 0.0 - S6 | D .o31S
KI 2 0- 05 0.715 (o .0037S
CH3COx 1 0-0%15 150 \O .o 625
CH3CO:H 1 6.03758 1.S0 \0 .00 5625
CH3CO:H ?j‘;fjk:) 3] 0.3 3. 60 \ . o4
CH3CO2H 3 ko) 045625
Mo(VI) 4 0. bO| 0.59 1\ O sxld™

3. The dissociation constant of acetic acid (CH3COz2H) is 1.8 X10-5.

CometVsraet = Chual Vy ta|

recctent cpmcet,



a. What is the [H+] in mixture 1? Show calculations below.

Ka= CH¥ICAC]

ChAc]
4xl0S = cv+d(.00% @) _ Cr(‘JCCKsCOZj
(.oosers) Ccusto v
LA%I0 S =Cq+] [H+] = . 8%(O0~S M

b. What is the [H+] in mixture 3?! Show calculations below.

Cue] (oostes)  credCCHac02]
(- 025625) T Cc#atoaHT

L exloS=

CrirJ=3.60x|0 i [H+]='5.0(oi<10_q

4. Using the rate equation, rate =k[H202]a [I-]o [H*]c, the reaction orders a, b, and ¢ can be obtained from the rates at
two different concentrations of each reactant. (Refer to the ratio of rates in question 1.) Answers should be rounded
to the nearest integer. Show your calculations.

a. What is the reaction order a in H202? \
le 2:\2
a= _malziy =(,0% ’}:,\
toaC )
b. What is the reaction order b in I-? I
Lo U5
IMC .007% )
C. What is the reaction order ¢ in H+? (Refer to [H+*] in question 3) D
4o (%0 ) a0
= 300s0t\ = -, 09X
C 40’[ Goxos
d. What is the overall reaction order? d
(o] €
2 p 2ndov r
¥l ¥O =0
e. Write the rate law for the reaction of H202 with I- under these conditions.

rate= W [(#0.] (T7]

d[H,O;] dH:0;) _  AH,0;]  1A[S05]
5. Rate (mol L-1s-1) = at and ek = g

4

a. Knowing that all the thiosulfate is consumed at the end point when the starch-I2 complex first appears, calculate

1 For reaction 3, [CH3CO>] remains the same as for reaction 1, but [CH3CO,H] includes both the CH3CO,H present in reaction 1 plus the extra
CH3CO,H added.



the rate in mol L-1s-! for mixture 1. (Refer to the concentrations listed in question 2.) Show calculations.

-Ymol
,éﬁszo-’a’j.m : =+ _";""_"‘_"__“_'14: Y. 3qx[o‘°_£;ﬁ_
L.

2.
St lay (04 sec

Rate Y- 34x107 o - L

b. From the rate law, compute the rate constant k for the conditions in reaction 1. Be sure to include units. (Refer to
the concentrations listed in question 2.) Show calculations.

rate=k LwoJC17]
Y3 xio™ @ MUEST o Log mol - L= * ) (-0 mek- L")
kL= .006(20\"-L -5

c. Compare your value of k with the reported value of 0.0115 L mol-!s-1 at 25°C. Calculate the percent error. Show
calculations.

-\

L -OUET L-mal ™ s

.0Us? -.0o1 .
J. = ous > s (06 .Gl

errol

LGl

% error

6. By what factor did the catalyst in mixture 4 enhance the reaction rate? (Refer to rate ratio in question 1.) Briefly
explain the effect of the catalyst on the rate of the reaction.

ivation enerqy required for a waction to
2.7, a catalust lomem fle wetivation 4y <9
procecd Wlo 1w catalst rtselé qefting consttimed, as a resuit, e raieof wachm yoeeds

up € v'nthvs case th e catalyst sped fle reaction up by a Factorot 2.7 \

7. From the ratio of reaction rates for mixtures 5 and 1 in question 1, calculate the energy of activation Eain kJ

mol-!. T L2¥1DHY 2942
= 3672.3k
S Inkg -Ank =slnk = Temawe an =2
“Ea (L) Alae= knl2es)= .11
*’E’ ’l’é By
_-Ea (_\__, ,‘,—\
AT = ANl i \so1a%  Zauzk E_©%.7&JImel
- . L3 = | wJ]) 0\'
€z 650584 3 Imo) 3= ”

8. Is the rate law experimentally determined in 4e consistent with the one-step mechanism shown below?




H202+ 2I-+ 2 H*— I2+ 2 H20
Explain why or why not.

Nl O , e C\C?’CV\'MH"GHH A‘C‘\'BYVVH'nfd vake |av o Ue s V‘°+COY\3‘S\'CY\+ w/ T

sCnie ks s(ngle slep, ovecon

ohe siep mechanism in this alven rechansM,
> " onts( Flaoy, T HHT]S

delermme (t5 rate (2~ fom Tk sio(chiometnc roefllcrentS of e veact
VﬁeC/‘.:\LCHlol_'j CI']ZC H*]zu‘nicﬂa doesnt ¢quel fie YGK\MMfgw . rake ® kcﬂioljcx_']

9. A possible mechanism is given by
H202 + I- — HOI + OH-

H++ OH- =H20
HOI + H*+ I-— I+ H20

Show that this mechanism gives the correct stoichiometric reaction. If this mechanism is correct, which step is rate

determining according to your experimental rate law? Explain your reasoning.
Wverall stoichio metnce

- - yYeockion
“'IGL ] \ —b\jﬁfi'w - 2H102 +2HT +2I-_>2K10
Y+ AT 10
|-}m tHY+(TOI; ¢ 190
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Vate aw . vate: k[(thd)( I’J

10. Given the following errors, briefly explain the effect on the given component of the reaction.

a. Not enough starch was added to the reaction mixture and only a slight blue color appeared. What effect

would this have on the order of the reactants? o
W16 wowd have wo effecton teovder of e eactants because i+ devts as onin teatov
{we-color com ple X d\sevvclde OV |

e exact fine. e golutien

n.formma a de=piblve onpex
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A0 eon‘t af fect tis time Gnd docs

b. The acetic acid concentration was not correctly stated on the label. What effect would this have on the order
of the acetic acid?



c. The concentration of the sodium thiosulfate was twice as concentrated as intended. What effect would this

have on the time of each reaction? ot NMe reaction
Yre time 35 catn macton would be hstce as \onq beauuss vaic

tron (o) doesn't
‘1 determved by %Cbzbsz'j /A'C _sime Ne contentra 0-93:-( Y e
on
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to qet Ne =ane vate os before ;cuten 32031 douwed, +nve Wl bedoubted

d. The temperature in the laboratory was 10°C higher than the typical room temperature. What effect would
this have on the time of each reaction?

e tine of cach veaction would decrease Pecausg a
inccases Oe Leatavlorbed by pevirtcles (9ifin Ne eachion . consequenth)
Yre awevege bimehz ez of Ne pavhicles (necases and geakr propor Vo ot Tem
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