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CHAPTER 12: KINETICS
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Chemical Reaction Rates [12.1]

aA + bB — cC + dD

— dA) —Jus t oLl +dto
R i

)
RAC RAC RAC ROC

.. for example...

2Hy05(aq) — 2H0(l) + O2(g)
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Rates of Reaction vs. Rates of Change

aA + bB — c¢C + dD

1 d[A]
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... for example...

2NHs(g) — 2Na2(g) + 3Ha(g)

+ All 3 species appear/disappear at different rates, but there is only one rate of reaction
(after all, we are talking about a single reaction)

There may be several ROC’s for any given reaction, but always on one ROR




7 g

Analogy 2 bread + 1 slice meat + 3 pickles — 1 sandwich
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« Can monitor what is happening in the kitchen by merely observing what is happening in the
dining area...

+ can monitor what is happening with the entire reaction by merely observing what is happening
with any one of the reagents
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(EX) Calculate Rate of Reaction from Rate of Change [12.2, modified]
¢, Based on the following reaction (associated with FIG 12.3), the instantaneous reate of decomposition of

H202 @ t = 11.1 hr is determined to be 3.20E-2 M/hr. What is the rate of reaction?
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Five Factors Affecting Reaction Rates [12.2]

s Chemical nature

Ls Physical state Fachi- o;qnz«-_—ﬁ-ﬂ«g

Ls Temperature “ oyeke” vaisw ) | owar g
s Concentration 9 *o

Ls Catalyst

The Chemical Nature of the Reacting Substances

* Fe much less reactive than same amount of Na

+ Ca reacts with water to produce H2 at much slower rate than Na
(actually, Na reacts explosively



The State of Subdivision of the Reactants

* Physical state which affect surface area, effectively the concentration

(EX) Affect on Rxn Rate: Qualitative
¢ Arrange the following in order of decreasing reaction rate, assuming an equal mass for each?
course-ground Zn vs. Zn chunks vs. powdered Zn
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Temperature of the Reactants

TREND: T Temp T Reaction Rate

RULE OF THUMB: Reaction rate doubles for about every increase in 10 °C




Concentrations of the Reactants
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Rate Laws [12.3]
Rate Law Expression (RLE)

* Determined experimentally

Atbb — ped Vlﬁw
/ (<]
rate = k[A|*[B)Y
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fo & L ra_ law comrdants

- overall Reaction Order = sum of the individual reaction orders

* recall earlier,

1 d[A]
rate = ————
a dt



(EX) Determination of ROR and ROC
¢ For the following reaction, answer the following:

2 Na0s — 4400, 40,
(@) What is ROR in terms of ROC for each reactant

RoR = _ | AL _l_.AU'Dzl _ ACo,]
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(b) What is the equation for the general RLE?

i P
vite = Kk C,O,_os-]x

(c) If the RLE is known to be: rate = K[N205], what is the Order wrt [N20O5]?

x=1 .t Jst Ovda,

/

(d) If the RLE is known to be: rate = K[N205], what is the Overall Order?

Sum of all superscripts = 1, therefor, 1st Order overall



(EX) cont’d
(e) If we observed NO2 forming at a rate of 0.0072 M/s ...what is the ROC for N20O5?

A MWes) | 0.0072 MWD | ~2nd p0os - 0003( M W)
s s | 4 wel wop S

(e) ...what is the rate of reaction, as calculated from [N205]?
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(f) ...what is the rate of reaction, as calculated from [NO2]?
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e
(EX) Write Rate Law Formula from Eq [12.3]
¢ For the following equation and associated rate law, what are the Orders for each component, and the
overall Order?

Hj(g) +2NO(g) — N20(g) + H20O(g)

rate = k[N&O]2 [Hs]



Determining Rate Law from Initial Rates

A x> o e o A Kd 3
rate = k[A]*[B]Y
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(EX) Method of Initial Rates
¢ For the reation: A+B-C

[TV N TN

write the “full” rate law expression, including correct values and units for “x”,
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Reaction Order and Rate Constant Units

(I would know this, if | were you)
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Integrated Rate Laws [12.4]

Integrated Rate Law (IRL) expressions will only be considered for one-significant-reactant-only
reactions in this course... reactions with two or more significant reactants are too math intensive

aA — bB
f’-oga L4
1 d[A]
te = ———— = k[A]*
rate p— [A]

$ three solutions provided: x=0, x=1, x=2
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Equations and Their Actions

> |RLE eececcccccccccccccccccnce conc-to-time
» RLE esecccccccccccccoccccccccens conc-to-rate
> Arrhenius .................... tem p_to_rate

Determine Reaction Order via Graphing

aA — 7
A = —kat+ A, > Oth order
InA = —kat+InA, +— 1storder
1/A = +kat+1/A, +—— 2ndorder

IRLE
conc time

rate temp

Arrhenius

k= Ae Be/RT

NOTE: determination of Reaction Order by graphing will be taught in the lab




(EX) Calculate Decay Time from IRLE
¢lodine-131 is a radioactive isotope that is used to diagnose and treat some forms of thyroid cancer.
lodine-131 decays to xenon-131 according to the equation below.

The decay is first-order with a rate constant of 0.138 d-1 . All radioactive decay is first order. How
many days will it take for 90% of the iodine-131 in a 0.500 M solution of this substance to decay to

Xe-1317? k
(IR0
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@ At odo N ae
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T3 =- kk o+ L3
o 4
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(EX) The Integrated Rate Law for a Second-Order Reaction

¢, The reaction of butadiene gas (C4H6) with itself produces C8H12 gas, per below eq. The reaction is second order
with a rate constant equal to 5.76 x 10—2 L/mol/min under certain conditions. If the initial concentration of butadiene is
0.200 M, what is the concentration remaining after 10.0 min?

QCq.He(g) - C@Hq(g)

2

1 l(.+ + 4 - S-‘f‘x(z;zl D P
[.Aj zAlo M wa | 0.200 M
053¢ , _| - 053 Seo Ss#
M 0- 200 M M M M

L;‘}_: 5378 aQ s ;i:“]:;/f\_é -Q;U]: 0. 179 m
m T




Summary of Rate Laws for Zero-, First-, and Second-Order Reactions

Zero-Order First-Order Second-Order
rate law rate = k rate = k[A] rate = k[A]
units of rate constant Ms? 7 Mist
i [Al=—kt + In[A] = —kt + e 1
integrated rate law 1Al Al wW= kt+ ([—A_]‘;)
plot needed for linear fit of rate data [Alvs.t InfA] vs. t [%] vs. t
relationship between slope of linear plot and rate = e 2!
k=-slope =-slope k = +slope
: _[Alp — 0.693 1
half-life fp=5 Hp™ "% 127 [Algk




Collision Theory [12.5]

Collision Theory Postulates
o collisus
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Ea and Transition State (TS)
4t
+ ATRANSITON STATE (TS) is very unstable and cannot be isolated... Transition state

* Not to be confused with an INTERMEDIATE
+ ATS is, in a loose way, a morph somewhere between a reactant and a product

+ A TS will define the height of the Energy of Activation (Ea)

Potential energy

Ea is mathematically described by the Arrhenius Equation

» The Arrhenius Equation is an important equation which
arises a number of times in general chemistry... you should Eont of reaction
know it’s basic forms, and be able to solve them

* the Arrhenius equation relates RATE (k) to TEMP

. A = 'Qvﬂguwj —G.d‘u/
Exponential form - £ Coliyen Qg oviqﬂﬂ;uﬂ
~Ea/RT

k= Ae
Sg Ratio
Linear form
k Ca (l_ \
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Why Increasing Temp increases the Rate of Reaction

& Lower

3 activation

%’ energy, E4

E Higher

o activation
_ng energy, £,
=]

5 f

Kinetic energy

@

Number of molecules

v can Ju_w\_‘p He UJJ\.

Kinetic energy

(b)



(EX) Calcuate ‘k’ at for a temperature change
;If ‘K’ for a 1st order reaction is 0.00916 /s at 0.0 °C and Ea = 88.0 kd/mol, what is the value at 2.0 °C?

Casier  math

L Ea /1 | 4 high femp
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y“w L §8,000 | wat & L _ L \zoe282
200110 wle [ 134T 23y 275
k_ 0.23%L = [32_
0.0l e
k = (32)Co.60q16) = | 06121 /s
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Reaction Mechanisms [12.6]

Some Basic Terms
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Unimolecular Elementary Reactions
4 - step vancioom
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Bimolecular Elementary Reactions

Twe types: Qaco —c D 2A—> <
vda = e Ao e = k AL

porat Lo A-skp Crlonede, ™) vanckions | Xy = codlfends L,
bq:k IMH ko A-Sj«-p ; £ WM. one Can AT
Ll just by lookmy oo e agoadon-,

A ND, > + DD — w0 &> 40, ¢s)
287 @) > &) ~T,06)



Termolecular Elementary Reactions
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Relating Reaction Mechanisms to Rate Laws
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NO(g) + CO(g) = COx(9) + NO(9g)

? 225% \l, obs o.vv-‘tlk ‘L < 225°%¢ w ()/(}
cite = kLao, 1L <53 ke = b CaoT" W‘
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NO, + MO, —2 puwkb

puopz Mackh. b ind b
His Skp

lows
comedk (Lrvaks —= NO, g0, °

B = g

_ CBL < NO‘I_

covredk 24,. — NO 2 + & — o, + Mo

o TARGST -
Key Question: Is the RDS the first step?

<]

In general, when the rate-determining (slower) step is the first step in a mechanism, the rate law for the overall

reaction is the same as the rate law for this step. However, when the rate-determining step is preceded by a step
involving an equilibrium reaction, the rate law for the overall reaction may be more difficult to derive.
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(EX) Determine the reaction mechanism
¢, Given that the rate for the reaction: 2 O; = 3 O,
derive a mechanism which is described by rate = k[O3]%/[0,]?
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[see next page
for derivation]



Derivation with the second step being the RDS (or slow) step . . .
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(EX) Identify the Correct Mechanism
¢ Which mechanism(s) is consistent with the following reaction:

NO + 03 - N02 + 02 rate = k[03][NO]

S
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Energy

Catalysis [12.7]

Transition state
Uncatalyzed pathway

Activation energy
of uncatalyzed reaction

Activation energy
Catalyzed pathway

of catalyzed reaction
8
(1]
p=4
]
Products
H,C = CHy + Hp AH <0
exothermic
Reactants
H3C—CH3
—— Extent of reaction ——

Reaction coordinate
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Catalytic Convertor (Pt/NiO)
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Enzymes — Nature’s Catalysts

Contd  wmost  bo kg visc s

— Sawm=z phae
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Classes of Enzymes and Their Functions

oxidoreductases redox reactions
transferases transfer of functional groups
hydrolases hydrolysis reactions
lyases group elimination to form double bonds
isomerases isomerization
ligases bond formation with ATP hydrolysis
Table 12.3

Substrates
Active Substrate
site is complex

)

Enzyme Enzyme
(a) Lock-and-key model

\lo m( q

-3 de(‘w—c(s

(O(_% H(_O 7

Substrates
Active Substrate
site complex

changes formed

-

Enzyme Enzyme

(b) Induced fit model
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Relative Reaction Rate Questions

* These are typically “Before—After” type questions:

Ls“If this happens, then that occurs?”

Ls”If | change this, then the new value is ?”

Ls”If this is the old value, then the new value will be ?”
« Often, they can be easily solved using simple ratios.

(EX) Relative Reaction Rate
¢ For the reaction described by: rate = k[A][B]?
what happens to the reaction rate it...

Before-After type question

(@) “A” is tripled? ey . k3072
vake A

(b) “B” is tripled? e o k13T ]
vale o kot [
ke, _ k3.3 L

(c) both “A” and “B” are tripled? vale T e




(EX) Calc Rate of Disappearance at different concentration
¢ The rate of decompostion of NO, = 5.4E-5 M/s when [NO,] = 0.0100 M.

(@) If the rate is given by: rate = k[NO,], what is the rate of disappearance at [NO,] = 0.00500 M?
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{
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(cont’d next page)



(b) What would the new rate be if: rate = [NO,]2?

[ T S (0-00560)* G_ o
vk, (oviy) k (e-ote0)™ ’-) "
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(EX) Calc relative reaction rates for concentration change

¢ Given the rate expression: rate = k[NOJ?[0,]

Two experiments were carried out at the same temperature. In EXP#2, the original EXP#1 concentration of
NO is halved, and the concentration of oxygen doubled. This initial rate of EXP#2 is how many times that
of EXP#17?
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