Electrochemical series

Stronger
oxidizing
agent

standard potentials

A a measure of the
tendency of a half-reaction
to occur as a reduction
(gain of electrons) relative
to the standard hydrogen
electrode (SHE) under
standard conditions (25°C,
1 atm pressure, 1 M
concentration of ions).

Fa(g) + 2 ~—> 2 F(aq) 2.87
H,O0,(aq) + 2 H*(ag) + 2 ¢~ > 2 H,O(I) 1.78
MnO; (aq) + 8 H*(aq) + 5e¢~ —> Mn?*(ag) + 4 HO() 1.51
Cla(g) + 2 ¢~ —> 2 Cl™(aq) 1.36
Cr,O;%(aq) + 14 H*(aq) + 6 e —> 2 Cr**(aq) + 7 H,O()) 1.33
O,(Q) + 4 H*(aq) + 4 ¢~ —> 2 H,O() 1.23
Bro(l) + 2 ¢ ~> 2 Br(aq) 1.09
Ag*(agq) + e~ —> Ag(s) 0.80
Fe**(ag) + e~ —> Fe?*(aq) 0.77
Oy(g) + 2H*aq) + 2e¢” —> H,0,(aq) 0.70
I)(s) + 2 ¢ —> 2 I7(aq) 0.54
0,(8) + 2HO() + 4 ¢ —> 4 OH(aq) 0.40
Cu*(aq) + 2 ¢~ > Cu(s) 0.34
Sn**(aq) + 2 e —> Sn?*(aq) 0.15
2H*aq) + 2e¢” —> Hy(Q) 0

Pb**(aq) + 2e~ —> Pb(s) -0.13
Ni**(aq) + 2 ¢ ~——> Ni(s) -0.26
Cd?*(ag) + 2 e~ —> Cd(s) -0.40
Fe**(aq) + 2e~ —> Fe(s) -0.45
Zn**(aq) + 2e” —> Zn(s) -0.76
2H,O(l) + 2e~ —>» Hy(g) + 2 OH™(ag) -0.83
Al**(ag) + 3 e —> Al(s) ~1.66
Mg?*(aq) + 2 e~ —> Mg(s) -2.37
Na*(aq) + e~ —> Naf(s) -2.71
Li*(aq) + e~ —> Li(s) -3.04

otronger
reducing

agent




Electrochemical series |
standard potentials

Stronger Fa(g) + 2¢™ ~—> 2 F'(aq) 2.87 Weaker
oxidizing H,O,(aq) + 2H*@aq) + 2e~  —> 2 HO()) 1.78 reducing
agent MnO; (aq) + 8 H*(ag) + 5¢~ —> Mn?*(aq) + 4 H,O()) 1.51 agent

Clyg) + 2¢~ —> 2 Cl™(aq) 1.36

CryO;* (aq) + 14 H*(aq) + 6 e~ —> 2 Cr**(aq) + 7 HO()) 1.33

Os(g) + 4 H*(aq) + 4 e~ —> 2 H,O()) 1.23

Bry(l) + 2 ¢ > 2 Br(aq) 1.09

Ag*(aq) + e~ —> Ag(s) 0.80

Fe**(aq) + e~ —> Fe?*(aq) 0.77

O,(8) + 2H*(aq) + 2 ¢~ —> H,Os(aq) 0.70

I)(s) + 2 ¢ —> 2 I7(aq) 0.54

O, + 2H,O() + 4¢™ —> 4 OH (aq) 0.40

Cu®*(aq) + 2 ¢ > Cu(s) 0.34

Sn**(ag) + 2 ¢ —> Sn®*(aq) 0.15

A2 P S S5 2 AN e S
2H%aq) + 2e”

-

Pb?*(ag) + 2~ —> Pb(s) -0.13

Ni**(aq) + 2 ¢~ —> Ni(s) -0.26

Cd**(aq) + 2 e~ —> Cd(s) -0.40

Fe’*(aq) + 2e” —> Fe(s) -0.45

Zn**(aq) + 2e” —> Zn(s) -0.76

2 H,O(l) + 2 ¢~ ——> Hy(g) + 2 OH(aq) -0.83

APP*(ag) + 3 e —> Al(s) -1.66
Weaker Mg?*(aq) + 2 e — Mg(s) —2.37 Stronger
oxidizing Na*(aq) + e~ —> Na(s) -2.71 reducing

agent Li*(aq) + e~ —> Li(s) -3.04 agent
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Equilibrium constant calculation

cell reaction 2Cu’(aq) = Cu(s) + Cu*(aq) A disproportionation reaction

R: Cu(s)|Cu’(aq) Cu'(aq) + e — Cu(s) E°(R)=+0.52V
L: Pt(s)|Cu”(aq),Cu’(aq) Cu”"(aq) + e — Cu'(aq) E°(L) =+0.16 V



Equilibrium constant calculation

cell reaction 2Cu’(aq) = Cu(s) + Cu*(aq) A disproportionation reaction

R: Cu(s)|Cu’(aq) Cu'(aq) + e — Cu(s) E°(R)=+0.52V
L: Pt(s)|Cu”(aq),Cu’(aq) Cu”"(aq) + e — Cu'(aq) E°(L) =+0.16 V

E° =0.52V —-0.16V=+0.36V

cell



Equilibrium constant calculation

cell reaction 2Cu’(aq) = Cu(s) + Cu*(aq) A disproportionation reaction

R: Cu(s)|Cu’(aq) Cu'(aq) + e — Cu(s) E°(R)=+0.52V
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Equilibrium constant calculation

cell reaction 2Cu’(aq) = Cu(s) + Cu*(aq) A disproportionation reaction

R: Cu(s)|Cu’(aq) Cu'(aq) + e — Cu(s) E°(R)=+0.52V
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Equilibrium constant calculation

cell reaction 2Cu’(aq) = Cu(s) + Cu*(aq) A disproportionation reaction

R: Cu(s)|Cu’(aq) Cu'(aq) + e — Cu(s) E°(R)=+0.52V
L: Pt(s)|Cu”(aq),Cu’(aq) Cu”"(aq) + e — Cu'(aq) E°(L) =+0.16 V

EC;, =052V —0.16V =+0.36V E. =E - 1nQ
ce ce V_F
= RT
Eag=3FnK

RT/F=0.025693V



Equilibrium constant calculation

cell reaction 2Cu’(aq) = Cu(s) + Cu*(aq) A disproportionation reaction

R: Cu(s)|Cu’(aq) Cu'(aq) + e — Cu(s) E°(R)=+0.52V
L: Pt(s)|Cu”(aq),Cu’(aq) Cu”"(aq) + e — Cu'(aq) E°(L) =+0.16 V

E°. =052V -0.16V =+4+0.36V s —RT
1= 0.52V —0.16 0.36 E.=E—57InQ
0.36V
_ _ -~ RT
InK =5 025603v = 140 Eaw=FhK -

K=1.2x10° RT/IF=0.025693V



Focus 17: Chemical Kinetics
The rates of chemical reactions
Integrated rate laws
Reactions approaching equilibrium
The Arrhenius equation

Reaction mechanisms

Photochemistry



Monitoring a chemical reaction

2- + *’F“i:j 3+
JRCHLOH + 20, +10H = 3R-C +2Cr™ +8H O
H
R=[CH;-0-CH;-]



Monitoring a chemical reaction

monitor using UV-VIS as a function of time

I o |

2- + 5 T+
SEGHE'DH + EGIC'4 +10H = 31:!-'31% + ST +EHEC'
H
R = [[:3H5 -0 - GHE—]



Flow method

Mixing

chamber Movable
spectrometer

Fixed ]

spectrometer

Driving
pistons




Monitoring very fast chemical reactions
Kinetics of the Reaction, CN + C,H, — HCN + C,H.



Monitoring very fast chemical reactions
Kinetics of the Reaction, CN + C,H, —> HCN + C,H. (at 50 K)

* CN radical was produced by 193
nm photodissociation of BrCN.
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Monitoring very fast chemical reactions
Kinetics of the Reaction, CN + C,H, —> HCN + C,H. (at 50 K)

* CN radical was produced by 193
nm photodissociation of BrCN.

 HCN was quantitated using the
integrated signal intensity
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Monitoring very fast chemical reactions

Kinetics of the Reaction, CN + C,H, —> HCN + C,H. (at 50 K)

HCN, J=1-0
(88.631 GHz)
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CN radical was produced by 193
nm photodissociation of BrCN.
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Monitoring very fast chemical reactions
Kinetics of the Reaction, CN + C,H, —> HCN + C,H. (at 50 K)

* CN radical was produced by 193

HCN, J=1-0 BrCN, J=11-10 nm photodissociation of BrCN.
(88.631 GHz) (90.126 GHz) . :
l \  HCN was quantitated using the
e 1 st = s~ S integrated signal intensity
e — e
- = — —— Integrated
°  signalintensity
51 of HCN

0 50 100 150 200 250
Time (us)

1 1 1
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Monitoring very fast chemical reactions
Kinetics Data Fitting

Performed 7 kinetics runs at CN limited
conditions (pseudo 1%t order)

C,Hs [C.He]/10"
Kinetic flow rate C,He (molecules
run (SCCM) (%) cm™’)
1 10.0 0.074 7.4
2 20.0 0.15 14
3 30.0 0.22 22
4 40.0 0.30 29
5 50.0 0.37 37
6 60.0 0.44 44
7 70.0 0.52 51




Monitoring very fast chemical reactions
Kinetics Data Fitting

Performed 7 kinetics runs at CN limited
conditions (pseudo 1%t order)

C,Hs [C.He]/10"
Kinetic flow rate C,He (molecules
run (SCCM) (%) cm™’)
1 10.0 0.074 7.4
2 20.0 0.15 14
3 30.0 0.22 22
4 40.0 0.30 29
5 50.0 0.37 37
6 60.0 0.44 44
7 70.0 0.52 51

N (arb)

Best-fit curves and experimental data points

Ethane flow rates
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Monitoring very fast chemical reactions
Kinetics Data Fitting

Performed 7 kinetics runs at CN limited
conditions (pseudo 1%t order)

C,Hs [C.He]/10"

Kinetic flow rate C,He (molecules k/10°

run (SCCM) (%) cm™’) (sH

1 10.0 0.074 7.4 8.82

2 20.0 0.15 14 12.9

3 30.0 0.22 22 17.9

4 40.0 0.30 29 22.9

5 50.0 0.37 37 23.7

6 60.0 0.44 44 26.9

7 70.0 0.52 51 30.8
Pseudo 1st
order rate

constants

N (arb)

Best-fit curves and experimental data points

Ethane flow rates

® 70 SCCM

® 60 SCCM

® 50 SCCM
40 SCCM

® 30 SCCM

® 20 5CCM

® 105CCM //
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Monitoring very fast chemical reactions
Bimolecular Rate Constant

1
C.Hs I [C2Hs)/10"
Kinetic flow rate C,Hs : (molecules k/10°
run (SCCM) (%) ) cm™) (s
1 10.0 0.074 1 7.4 8.82
2 20.0 0.15 I 14 12.9
3 30.0 022 | 22 17.9
4 40.0 0.30 I 29 22.9
5 50.0 0.37 ! 37 23.7
6 60.0 0.44 : 44 26.9
7 70.0 0.52 | 51 30.8

k(s?)

40000

30000

20000

10000 *

1st-order rate constants vs ethane densities

3 4
Ethane density
( 10 molecules cm3)



Monitoring very fast chemical reactions

Bimolecular Rate Constant

— o o e o o o -y

|
C.Hs I [C2Hs]/10"
Kinetic flow rate C,Hs : (molecules k/10°
run (SCCM) (%) I cm™) (s
1 10.0 0.074 1 7.4 8.82
2 20.0 0.15 ! 14 12.9
3 30.0 022 | 22 17.9
4 40.0 0.30 | 29 22.9
5 50.0 0.37 ! 37 23.7
6 60.0 0.44 : 44 26.9
7 70.0 0.52 : 51 30.8

4.80 + 0.82 x 1011 ¢cm3 molecule ! st

This work (50 K)

mmW rotational spectroscopy

k(s?)

40000

30000

20000

10000 |

1st-order rate constants vs ethane densities

3 4
Ethane density
( 10 molecules cm3)



Monitoring very fast chemical reactions

Bimolecular Rate Constant

— o o e o o o -y

|
C.Hs I [CoHe]/10%
Kinetic flow rate C,Hs : (molecules k/10°
run (SCCM) (%) I cm™) (s
1 10.0 0.074 1 7.4 8.82
2 20.0 0.15 ' 14 12.9
3 30.0 022 | 22 17.9
4 40.0 0.30 I 29 22.9
5 50.0 0.37 I 37 23.7
6 60.0 0.44 : 44 26.9
7 70.0 0.52 | 51 30.8

4.80 + 0.82 x 1011 ¢cm3 molecule ! st

mmW rotational spectroscopy

1st-order rate constants vs ethane densities

40000

30000

k(s?)

20000

10000

3 4
Ethane density
( 10 molecules cm3)

This work (50 K) Sims et al. (49 K)?

Laser induced fluorescence (LIF)

4.81 x 1011 ¢cm3 molecule® s1

Reference 1: 1. R. Sims, J.-L. Queffelec, D. Travers, B. R. Rowe, L. B. Herbert, J. Karthduser, and I. W. M. Smith, Chem. Phys. Lett. 211, 461 (1993)
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New “airfoil” equipped
CPUF design

Airfoil-shaped sampling chamber

Airfoil
aperture,
5mm
diameter




III

New “airfoil” equipped
CPUF design

Airfoil-shaped sampling chamber

Sampled flow
(T=9.8 K at the
probing region)

Airfoil
aperture,
5mm
diameter

A
1
1

mmW horn antenna




Uniform supersonic flow sampling for
detection by chirped-pulse rotational
spectroscopy
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ABSTRACT

Chirped-pulse Fourier transform microwave (CP-FTMW) spectroscopy is a powerful near-
universal detection method finding application in many areas. We have previously coupled it
with supersonic flows (CPUF) to obtain product branching in reaction and
photodissociation. Because chirped-pulse microwave detection requires monitoring the free

induction decav on the timescale of microseconds, it cannot be emploved with good

sensitivity at the high densities achieved in some uniform supersonic flows. For application

to low-temperature kinetics studies, a truly uniform flow is required to obtain reliable rate
measurements and enjov all the advantages that CP-FTMW has to offer. To this end, we
present a new setup that combines sampling of uniform supersonic flows using an airfoil-
shaped sampling device with chirped-pulse mmW detection. Density and temperature
variations in the airfoil-sampled uniform flow were revealed using time-dependent
rotational spectroscopy of pyridine and vinvl cvanide photoproducts, highlighting the use of
UV photodissociation as a sensitive diagnostic tool for uniform flows. The performance of
the new airfoil-equipped CPUF rotaticnal spectrometer was validated using kinetics
measurements of the CN + C;H, reaction at 530 K with detection of the HCN product. Issues
relating to product detection by rotational spectroscopy and airfoil sampling are discussed.
We show that airfoil sampling enables direct measurements of low temperature reaction
kinetics on a microsecond timescale, while rotaticnal spectroscopic detection enables highly

specific simultaneous detection of reactants and products.
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rate of reaction, v, = @ —
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Rates of reactions A+2B—3C+D

rate of reaction, v, = @ —

,d[C] _ d[A]
dd > dt  dr @ ?* dt

— — 1

d[B]



Rates of reactions A+2B—3C+D

d[D] . d[C] d[A] d[B] _1d[J]

rate of reaction,v, = - -~ —1-"t—“ "t 4 __ 1717 V=——7—

1 — — —
dt ~°® dt dt 2 dt v, df




Rates of reactions A+2B—3C+D

rate of reaction,v, = -~ —

Molar concentration, [J]

(a) Tangent, rate = slope

(b) Tangent, rate = —slope

Reactant

Time, t

_1dll
Sy dt




Rates of reactions A+2B—3C+D

d[D] d[B] _1d[j]

rate of reaction,v, = - -~ —1-"t—“ "t 4 __ 1717 v —

,dIC]_ dA] _ 1
dt ~ 3 dt dt 2 dt v, dt

— — 1

rate of reaction, v,

For solution phase reactions (mol dm™ S_l)



Rates of reactions A+2B—3C+D

. d[D] d[C] d[A] d[B] _1.dJ]]
rate of reaction, v, = F=%—t=_F=_%T U—?JF
rate of reaction, v,
For solution phase reactions (mol dm™ 3_1)

For gas phase reactions (molecules cm” S_I)



Rates of reactions A+2B—3C+D

rate of reaction, v, = d([i[t)] — éd[(t:] - — d([;:d - — é(:lc[l?]
rate of reaction, v,
For solution phase reactions (mol dm™ 3_1)
For gas phase reactions (molecules cm 5_1)

2 -
For heterogeneous reactions (molm S )

_ 1d[J]

Ty, dt




Example

The rate of formation of NO, d[NO]J/dt, in the reaction
2NOBr(g) »2NO(g) +Br,(g) isreportedas 0.16 mmoldm s .



Example

The rate of formation of NO, d[NO]J/dt, in the reaction
2NOBr(g) »2NO(g) +Br,(g) isreportedas 0.16 mmoldm s .

_ 1 d[J]
v, dt

U



Example

The rate of formation of NO, d[NO]J/dt, in the reaction
2NOBr(g) »2NO(g) +Br,(g) isreportedas 0.16 mmoldm s .

1 d[J}
v, dt

/=

= 1d[NOJ/dt = 0.080 mmoldm™s™



Rate Laws

Mathematical expressions that describe the rate of a chemical reaction as a
function of the concentrations of reactants or products.
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Rate Laws

v=k,[A][B] v=f([AL[B],...) v=f(prPs )

l

rate constant

Independent of concentration

H,(g) + Br,(g) — 2HBr(g)

k,[H,] [Bl‘z]m A complicated rate law!
Br, ]+ k, [HBr]

"
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Reaction order

=k [A]H[B]b The power to which the concentration of a species is raised
r o in a rate law of this kind is the order of the reaction with
respect to that species

overallorder = g+ b+---

= kr[A] [B] First order in A and first order in B.
Overall order = 1+1 =2
“second-order”

U= k Zeroth order

r

U= kr [ A]lfz [B] is half order in A, first order in B, and three-halves order

overall.



Reaction order H,(g) + Br,(g) > 2HBr(g)

_ k,[H,][Br,]"”
Y= Br,]+ k,[HBr]




Reaction order H,(g) + Br,(g) > 2HBr(g)

k. [H,][Br, ]

d

[Br, ]+ k, [HBr]

I}:

Reaction is first order in H,



Reaction order H,(g) + Br,(g) —> 2HBr(g)
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Reaction is first order in H,

Reaction has an indefinite order with respect to both Br, and HBr



Reaction order H,(g) + Br,(g) —> 2HBr(g)

k. [H,][Br, ]

d

[Br, ]+ k, [HBr]

I}:

Reaction is first order in H,

Reaction has an indefinite order with respect to both Br, and HBr

Reaction has an indefinite order overall
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Determination of rate law

effective rate constant

1
| kr,eﬁ: kr[B]S
v = k,[A][B]

r

rate law



Determination of rate law

effective rate constant

1

- kr,eff — kr [B]S
v =k[A][B] =——————— U=k gA]



Determination of rate law

effective rate constant

1

- kr,eff — kr [B]S
v =k[A][B] =——————— U=k gA]

rate law pseudofirst-order rate law



Method of initial rates

The instantaneous rate is measured at the beginning of the reaction for several
different initial concentrations of the isolated reactant

Gen Chem 2 — Read!



Method of initial rates
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different initial concentrations of the isolated reactant

Suppose the rate law for a reaction with Aisolatedis 1) = kr [A]a



Method of initial rates

The instantaneous rate is measured at the beginning of the reaction for several
different initial concentrations of the isolated reactant

Suppose the rate law for a reaction with Aisolatedis 1) = kr [A]a

initial conditions — a
I/,{] — kr,eff[A] 0



Method of initial rates

The instantaneous rate is measured at the beginning of the reaction for several
different initial concentrations of the isolated reactant

Suppose the rate law for a reaction with A isolated is U= kr [A]a
initial conditions _ a
I/,{] — kr,eff[A] 0

logv, =log (k, .[A]))

logy, = logk, . +alog [A],



Method of initial rates

Find the orders of reaction with respect to | and Ar, and the rate constant

21(g) + Ar(g) — 1,(g) + Ar(g)

[1],/(10”° moldm™) 1.0 2.0 4.0 6.0

v,/(moldm™s™") (a) 8.70x 10" 3.48x10° 1.39x10~ 3.13x 107
(b) 435x10° 1.74x107 6.96x10~° 1.57x10"
(c) 8.69x107° 3.47x107° 1.38x10" 3.13x 107"

Ar concentrations

1.0 X 10° moldm™

5.0 X 10" moldm™
1.0 X 10”"moldm™



Method of initial rates

Find the orders of reaction with respect to | and Ar, and the rate constant

21(g) + Ar(g) — 1,(g) + Ar(g)

Ar concentrations
[1],/(10”° moldm™) 1.0 2.0

v/(moldm™s™) (a) 8.70x 10 3.48x 107 1.0 X 10~ moldm™



Method of initial rates

Find the orders of reaction with respect to | and Ar, and the rate constant

21(g) + Ar(g) — 1,(g) + Ar(g)

Ar concentrations
[1],/(10”° moldm™) 1.0 2.0

v/(moldm~>s") (a) 8.70x 10" 3.48x10” 1.0 X 10°moldm™

v=k[I];[Ar]}]




Method of initial rates

Find the orders of reaction with respect to | and Ar, and the rate constant

21(g) + Ar(g) — 1,(g) + Ar(g)

Ar concentrations
[1],/(10”° moldm™) 1.0

v,/(moldm~s™") (a) 8.70x10™ 1.0 X 10° moldm™
(b) 4.35% 10 5.0 X 10”° moldm™



Method of initial rates

Find the orders of reaction with respect to | and Ar, and the rate constant

21(g) + Ar(g) — 1,(g) + Ar(g)

Ar concentrations
[1],/(10”° moldm™) 1.0

v,/(moldm~s™") (a) 8.70x10™ 1.0 X 10° moldm™
(b) 4.35% 107 5.0 X 10" moldm™

V= kr[I]é[Ar]

ﬂ.




Method of initial rates [1],/(10° moldm™) 1.0 2.0 4.0 6.0
v,/(moldm™s™) (a) 8.70x 10" 3.48x10° 1.39x107 3.13x 10~

(b) 435%x10° 1.74x107° 6.96x107% 1.57x 10"
logv, = logk, +alog [ 1], (c) 8.69x107° 3.47x107 138x10" 3.13x10"



Method of initial rates

logv, = logk, +alog [ 1],

log([1],/moldm™) -5.00 —4.70 —4.40
log(v/moldm™s™)  (a) —3.060 —2.458  —1.857
(b) -2.362  -1.759  -1.157

(c) -2.061 —1.460 —0.860

[1],/(10° moldm™) 1.0 2.0 4.0 6.0

v,/(moldm™s™) (a) 870x 107" 3.48x 10~ 1.39x107 3.13x10°°
(b) 435x 107 1.74x107 6.96x10° 1.57x10"
(c) 8.69x10° 3.47x107° 1.38x10" 3.13x10"

—4.22

—-1.504
—0.804
—0.504



Method of initial rates

logv, = logk, +alog [ 1],

log([1],/moldm™) -5.00 —4.70 —4.40
log(v/moldm™s™)  (a) —3.060 —2.458  —1.857
(b) -2.362  -1.759  —1.157
(c) -2.061 1460  —0.860

[1],/(10~° moldm™) 1.0 2.0 4.0 6.0
Y a) 8.70x 10" 3.48x107° 1.39x10” 3.13x 10
3 -1 ( ) 4 3 2 2

v,/(moldm™s

—4.22

—-1.504
—0.804
—0.504

(b) 435%x10° 1.74x107° 6.96x 107 1.57x 10"
(c) 8.69x10° 3.47x107 1.38x10" 3.13x10°"

5

log(v,/mol dm=s7)

-5 -4.8 -4.6 4.4 4.2 -4
(a) log([l],/mol dm=)



Method of initial rates [1],/(10° moldm™) 1.0 2.0 4.0 6.0
v,/(moldm™s™) (a) 870x 107" 3.48x 10~ 1.39x10™° 3.13x 107

(b) 4.35x10° 1.74x10° 696x 107> 1.57x 10"
logv, = logk, +alog [ 1], (c) 8.69x107° 3.47x10° 1.38x10" 3.13x10"

k. .=k|Ar]

r,e



Method of initial rates [1],/(10° moldm™) 1.0 2.0 4.0 6.0
v,/(moldm™s™) (a) 870x 107" 3.48x 10~ 1.39x10™° 3.13x 107

(b) 435x107° 1.74x107° 696x107% 1.57x 10"
— -3 -2 -1 -1
logvo — logkr,eff+a10g [ ]0 (c) 8.69x10° 347x107° 1.38x 10" 3.13x10

kr,eff — kr [Ar]g
logk, ;= logk, + blog[Ar],



Method of initial rates [1],/(10° moldm™) 1.0 2.0 4.0 6.0
v,/(moldm™s™) (a) 870x 107" 3.48x 10~ 1.39x10™° 3.13x 107

(b) 435x107° 1.74x107° 696x107% 1.57x 10"
— -3 -2 -1 -1
logvo — logkr,eff+a10g [ ]0 (c) 8.69x10° 347x107° 1.38x 10" 3.13x10

kr,eff — kr [Ar]g
logk, .= logk, + blog[Ar],

[Ar],/(moldm™) 1.0x 107 50x 10 1.0x 10
log([Ar],/moldm™) —3.00 —-2.30 —2.00
log(k, ../dm’mol 's™) 6.94 7.64 7.93



Method of initial rates
logv, = logk, +alog [ 1],

kr,eff — krlAr]gi
logk, .= logk, + blog[Ar],

[Ar],/(moldm™) 1.0x 107 5.0x 107
log([Ar],/moldm™) —3.00 —2.30
log(k, ../dm’mol 's™) 6.94 7.64

[1],/(10° moldm™)

v,/(moldm™s™)

1.0x 107
—2.00
7.93

1.0
(a) 8.70x 107"
(b) 4.35x 10~
(c) 8.69x%x107

2.0 4.0 6.0
1.39x 107 3.13x 10
1.74X 107 6.96 X 10
1.38x 107" 3.13x 10"

3.48 x 10°°
1.57 x 107"
3.47 X 107*

mol' s7)
~J
[$]]

~J

Q

log(k ,./dm?

o
o

|
w

(b)

-2.8

-2.6 -2.4 -2.2 -2
log([Ar] /mol dm™3)



Method of initial rates
logv, = logk, +alog [ 1],

kr,eff — krlAr]{E]}i
logk, .= logk, + blog[Ar],

[Ar],/(moldm™) 1.0x 107 5.0x 107
log([Ar],/moldm™) —3.00 —2.30
log(k, ../dm’mol 's™) 6.94 7.64

logfk, .«/(dm’mol s ™)} = 9.94

[1],/(10° moldm™)

v,/(moldm™s™)

1.0x 107
—2.00
7.93

1.0
(a) 8.70x 107"
(b) 4.35x 10~
(c) 8.69x%x107

2.0 4.0 6.0
3.48 107 1.39x 1072 3.13x 107
1.74%x 10 6.96x10° 1.57x 10"

347107 1.38x 107" 3.13x 10"

mol' s7)
~J
[$]]

~J

Q

log(k ,./dm?

o
o

|
w

(b)

-2.8

-2.6 -2.4 -2.2 -2
log([Ar] /mol dm™3)



Method of initial rates
logv, = logk, +alog [ 1],

kr,eff — krlAr]{E]}i
logk, .= logk, + blog[Ar],

[Ar],/(moldm™) 1.0x 107 5.0x 107
log([Ar],/moldm™) —3.00 —2.30
log(k, ../dm’mol 's™) 6.94 7.64

logfk, .«/(dm’mol s ™)} = 9.94

k., = 8.7 x 10°dm°mol s,

[1],/(10° moldm™)

v,/(moldm™s™)

1.0x 107
—2.00
7.93

1.0
(a) 8.70x 107"
(b) 4.35x 10~
(c) 8.69x%x107

2.0 4.0 6.0
3.13x 107
1.57 x 107"

3.13x 107"

348 x 10 1.39x 107
6.96 X 10~

1.38 x 107"

1.74 x 107
3.47 x 107

mol' s7)
~J
[$]]

~J

Q

log(k ,./dm?

o
o

|
w

(b)

-2.8

-2.6 -2.4
log([Ar] /mol dm™3)

-2.2



Method of initial rates
logv, = logk, +alog [ 1],

kr,eff — kr[Ar]{E]}i
logk, .= logk, + blog[Ar],

[Ar],/(moldm™) 1.0x 107 5.0x 107
log([Ar],/moldm™) —3.00 —2.30
log(k, ../dm’mol 's™) 6.94 7.64

logfk, .«/(dm’mol s ™)} = 9.94

k., = 8.7 x 10°dm°mol s,

[1],/( 10~ moldm™)

v,/(moldm™s™)

1.0x 107
—2.00
7.93

1.0
(a) 8.70x 107"
(b) 4.35x 10~
(c) 8.69x%x107

2.0
3.48 x 10°°

4.0

1.74 x 107
3.47 x 107

v =k [[2[Ar],

1.39 x 10~
6.96 X 10~
1.38 x 107"

6.0
3.13x 107
1.57 x 107"
3.13x10™

mol' s7)
~J
[$]]

~J

Q

log(k ,./dm?

o
o

-2.6 -2.4
log([Ar] /mol dm™3)

|
w

(b) -2.8

-2.2 -2



Method of initial rates

However, products could participate in the reaction!



Method of initial rates

However, products could participate in the reaction!

k. [H,][Br, ]

d

H, (g) + Br, (g) -------- >2 HBr (g) Y= Br,]+ k,[HBr]



Focus 17: Chemical Kinetics
The rates of chemical reactions
Integrated rate laws
Reactions approaching equilibrium
The Arrhenius equation

Reaction mechanisms

Photochemistry



