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- QUICK REVIEW OF

REACTION MECHANISMS

AND

REACTION KINETICS

RULES

- 1ST , 2ND AND

MORE COMPLEX

REACTION KINETICS



CONSIDER AN APPARENTLY
SIMPLE REACTION

( GAS PHASE)
WOULD
YOU EVER

Cz Hy t Ha → ↳ He DO THIS
For $ ?

BUT ACTUALLY !

Elementary
{HIT It

↳ GH; t H
.

REACTIONS H
'

t catty
↳
↳HI

- -

↳ HE + Hz → Cette TH
'

-4HI TH ' → ↳ He
=



IF YOU KNOW ELEMENTARY
STEPS OR INTERMEDIATES , THIS

COULD ENLIGHTEN KINETICS .

( most ? )
IN MANY

,
CASES

,
YOU WON 'T

KNOW MICH ABOUT THIS AND

JUST WILL USE THE DATA

YOU HAVE .

IN SOME EXTREME SENSE
. . .

TRACKING DOWN INTERMEDIATES

OR SURFACRE SPECIES

BECOMES ! ZOOLOGY . . .



BASIC
' ' RULES " OF RATES

OF SINGLE REACTIONS

• REACTION RATE DECREASES

A- S REACTANTS ARE USED UP

( AT CONST T. )

• IRREVERSIBLE REACTION RATE

EXPRESSION

r=hCDEC4;T)



• EXPECT
"

ARRHENIUS
"

BEHAVIOR

k= A- exp f- EE)



• FEC.ci ) = IT g.
di ← or more

COMPLEX

FUNCTION n. .

n -- hcatcsb
CONSIDER HztB~ - 2HB~

WOULD WE EXPECT '

.

A- blitzes.. ?



NO ! ! You HAVE SEEN SEQUENCE

OF ELEMENTARY STEPS . . .

Hzt Bra- 2HBr 1/2

Bra t "LIGHT" → 2.Bi r =
hi (Hz↳~
-

Bitar → HB- TH
.

he
,
t CHI

A. + Bn
,
→ Hbr TB: C Bez

2B: → Bn



• REVERSIBLE REACTIONS

CAN BE WRITTEN AS A

FORWARD AND A REVERSE

RATE \ /
1=1*-1-

A = ht # Cci )

r - = h- E- Cci )

IF THE FORWARD t REVERSE

RATES ARE EQUAL, THEN

THE REACTION IS IN EQUILIBRIUM

IN AN IDEALIZED CASE :

Kc -_ ht
→ k-

"
EQUILIBRIUM

"

CONSTANT

BUT ONLY IF THE
' ' RATE

"

EXPRESSIONS ARE
"SYMMETRIC

"



CHEMCCAL.tt#--TCS
CONCEPTUAL IDEA !

QVANITFY RATE OF

SPECIFIED CHEMCAL

REACTIONS
. .

A → PRODUCTS

ATB → M

CAT

Atb → M



ADDRESS A SPECIFIC
GAS IN A

CASE SPECIFIC
VOLUME

IT .

- l
.¥÷÷

START WITH MASS

BALANCE :

MOLES OF A → M
A- IN]
REACTOR RATE AT WHICH

I# V) A IS CONSUMED

⇒
= A
£ BY reaction



dear,t.co#nrIdt---kCaV
-

RATE OF
VOLUME

A X

REACTION
-

VOLUME

FOR THIS CASE , WE WON 'T

ADD ANYTHING SO V oust

✓dd¥= -RCAF
COULD ALSO WRITE

r=¥d¥i=-fdff=hCa
AND SINCE f- = I - CE

A Ao

CA = Cao ( l - FA )

-



dfa
at
=L ( I - fa)



SOME OBSCURE DATA
-

DECOMPOSITION OF DIB ROMOSUCCINIC

ACID

↳ Hs Briz ( COOH)z

T ( MINI MASS Acid ( g) f
-

O 5 . 11 0

i:/ : fi:30 2.02 . 60

40 I . 48 71

start
WITH 50 1.08 79

MASS .
- .

\
dm
Id =

-
km m=m°( I -f)

wpoawactiow
" daff - k( I- f ) f - o @ toCONVERSION
in# .

- ht



daff - k( I- f ) f - o @ to

df

⇒ = halt

f-

%T¥=fiit
CORRECTED

,
f=0

- h -

-
et

WE in# .

- ht

F-Xf ECT

DATA TO /
FOLLOW

THIS



ALWAYS PLOT RAW DATA

LOOK'SGOOD

PLOT I - f ON

(EFFECT
LOG SCALE !

Is ORDER

MODEL TO

work)
E



dnt Ff)

T
y= . 031 X

TIME (MIN

THIS ONE WAS EASY ! !



SOME MORE DATA
-

Hz soy t DIETHYL SULFATE

⇐Hs), soy

→ ZCZHSSQ, It



L



/

DOESN'T LOOK LIKE 1ST

ORDER WILL WORK ! !



HOW ABOUT 2ND ORDER

dCAzso4
If

= - k(Hzsoy (Disa,

dcpisoy
- = - k Cttzsoy (Disa,
It

CLEARLY :

d Cassa
,
= d (

bisoy

Cao
'

:
""

- G,⇒.
-
- c.iii.

"
- Casa

,

SO YOU CAN SUBSTITUTE

FOR Cybo, IF YOU
NEED

TO n - n



LETS CONSIDER

Choosy = Edison
,

d↳soul

If
= - k Gtasoy

Gtfo-i
t

-4¥÷÷=! "
Gtisoy

(¥
.

-

c!÷ ) -- et



x

/
t
C 20540

k= SLOPE

= 6.05×10
min)



SUPPOSE A CATALYST
,
E

IS USED

A → M

ki lez
A t E I AE → Mt E

ha
CORRECTIONS

d CA
→ Td =

- k
, CA CE t kn CAE £

just df = - KCA CE thecae thecae
NEED

2 Fees DCAE
→ def

= heG-CE - lidar - katana

dcm
-df =

kzftr

ASSUME KAE = 0
It

AND CEO = Ce t CAE



DCAE
O = def

= heG-CE - hrcae -henna

(AE =
k

, CA CE
-

ha t Mz

sowf- {
Ceo = CE t CAE

CAE = hfa
Ceo
-

k
,
CA t hat la

CE = Chatter) CEO
Father

THUS For DCI
dt

DCA
Idf =

- hikaCAC
hiCA that he



DCA
Idf =

• hikaCAC
MCA that her

SOME LIMITS EXIST . . .

FOR CA SUFFICIENTLY SMALL . .

HCA LL hzorhn

dg¥ E - hakC Ca
Chater)

FIRST ORDER

= -K CA

FO R CA SUFFICIENTLY LARGE

la
, CA > 7 better

ZERO DCA
order q :

- hzceo = -K
FIRST ORDER IN E ?



THIS FORM OF RATE EXPRESSION

ARISES WHEN THERE IS

AN INTERMEDIATE THAT

COULD BE PRESENT IN

LIMITED AMOUNTS

( INDEPENDENT OF CA )

he DOESN'T CHANGE

THE FORM



ARRHENIUS TEMPERATURE
DEPENDENCE

ONE OF THE BASIC RULES

OF KINETICS WAS TO EXPECT

ARRHENIUS BEHAVIOR

f- A- exp FEE )
s p

IDEALLY OFTEN VERY
NOT

A FUNCTION SIGNIFICANT
OFT TEMP

DEPENDENCE

2 Neos I 2h04 toe



AN OBVIOUS REASON FOR E

TO VARY IS INTERNAL

BONDING OF MOLECULE

WHILE A CAN ALSO CHANGE

FOR DIFFERENT SYSTEMS ,

A SUFFICIENT T IS NECESSARY

TO MAKE RIEACTCON OCCUR
AT FINITE RATE .


