2. The Rxn Order and the Rate Law VIII

o Reversible rxns 1
- Gas-phase rxn, elementary & reversible 1
2C.H, < — >C,,H,,+H,

or in symbolic g, o »D+H,

* benzene (B) is depleted by the forward rxn
2CH, —=—>C_H, +H,

* the rate of disappearance -1z pard = k,Ca

 benzene (B) is produced by the reverse rxn
C,H,, +H,—2>2CH,

* the rate of production r, =k sCpCy,

reverse



2. The Rxn Order and the Rate Law I X

o Reversible rxns 2

- Gas-phase rxn, elementary & reversible 2

* net rate of formation = (forward + reverse) rate

Ig = rB,net =I5 forward T rB, reverse
ry = —kgCg +kCpCyy,
 or the rate of disappearance of benzene
K
—1, =k C? — keCpCy, = kB(Cé —k;BCDCsz
B

e or with in equilibrium constant

C,C
-1, = kBECé — j Where:—B = K. Conc eglm const

C -B




2. The Rxn Order and the Rate Law X

o Rate Law Test

- What is the reaction rate law for the reaction
A+%B —C
if the reaction is elementary? —r, =k,C,Cg"

. 1 1
What is rg? ==, = - k,C,CL2
What is r.? r.=—r, =k,C,CY?

Calculate the rates of A, B, and Cin a CSTR where
the concentrations are C, = 1.5 mol/dms3, C; =9
mol/dm3 and k, = 2 (dm3/mol)2(1/s).

mol

m3-s

—Ia = kACACé/Z = (2)(1-5)(9)1/2 =9 g

Mar/14 2011 Spring



3. Rate Constant, k (p 91)

o Specific reaction rate
- k is the specific reaction rate (constant) and Is glven
by the Arrhenius Eauation: |

k:Ae—E/RT
Towo koA

T—->0 k=0
A~10"
=

Where: E = activation energy (cal/mol)
R = gas constant (cal/mol*K)
T =temperature (K)
A = frequency factor (units of A, and Kk,
depend on overall reaction order)

Mar/14 2011 Spring




3. Rate Constant I

o Activation energy 1

- The height of the energy barrier separating two
minima of potential energy of the reactants and

products of a reaction)

; .

Energy

Reactants —— Product

Eg =

EfABC

(E%a +Ec)

Mar/14

CH,I+Cl< CH,Cl+1
1.9 21 2.3 25 27 29 31 3.3
-23 T T
-25 - Cl=mCH—1
By -27 &
£ 51 Transition State CH,Cl+1
B4
o -31 1
& -33-
T .35
% -37 1
(5 _39 -
41 =CH;I+Cl
-43
CH,—1 Bond Distance in Angstroms
5

2011 Spring




3. Rate Constant 111

o Activation energy 2
- Collision theory
T 1, E, of reactant 1 , molecular collision 1
= internal energy (stretching, bending) 1
= causing them to reach an activated state

= bond breaking & rxn

flE,T)

(kcal)’ Fraction of collisions

at TE that have snergy
E, or greater

[

Eﬁ. \‘ Fraction of collisions at T1 that
(kcalimol) have energy E, or greater

Mar/14 2011 Spring



3. Rate Constant IV

o Activation energy 3
- Rearrangement k = Ae E/RT

Ink, =In A—E(ij
R\T

Low E
(legs than 25 kealfmole)

Ink

E(i_lj
High E k(T):k(To)eR ol
(greater than &0 keallraole)

H|,_.



3. Rate Constant VV

o Activation energy 4 (p 132 p 3-4)

- The following sound of chirping crickets was
recorded in the woods during the summer evening

T(C) 14.2 20.3 27.0
Chirps/min 80 126 200
Ln{Chirps/Min) vs 1/T

54 -
_ 52 1
[l
= 50
2 48 -
5 46 -
[ 44 T
-

472 -

40 . ; .
000330 000335 000340 000345 0.00350

1T (K~-1)

¥ =-6173. 2+ 253868




3. Rate Constant VI

o Activation energy 5
- Consider the following elementary reactions

1)A—4>B )

2)A—2 5D T

In k
3
ALY VG
HA—>U \1
The higher activation energy? T
The same activation energy?

Virtually temperature insensitive?

Which reaction will dominate (i.e. take place the
fastest) at high temperatures?

Mar/14 2011 Spring




3. Rate Constant VI

o Examples of Rate Laws
- First order reactions

CgHﬁ HC2H4+HE

-ty =k Coop,

§2heal{ 1 17
with L=0072 ¢! o mol 1000 T/

M7 = NCl ——4¢Cl + 1,

C 28T kealf 1 15

“ta =% Cononct| with k=000717 57 . R wel\IE T/

CH,COCH ;——CH,CO +CH,

—tp =k Cog.cocHs|with In ko= 3434 —

34, 524




3. Rate Constant VIII

o Examples of Rate Laws
- Second order reactions

s
L | 2
+ 2NH 3 —» 0 + ITH 41
IV
g
—rp =k ConepCnH;| with k=00017 —= 4 188°C
limal - tmn
cal
and E=11273——
ol

This reaction is first order in ONCB, first order In
ammonia and overall second order



4. Reactor Sizing & Design

Design Equations

dX x dX

Batch NAOE__rAV t=Nyo|, Y
F.. X

CSTR V=—"°

dX x dX
PFR Fro o =T V =Fy "

dX . x dX
R Fagy = WeRel

Mar/14 2011 Spring 12



5. Batch Systems (p.100)

o Limiting reactant A
- Basis of calculation

A+2B 5 Cci9p
a a a

- Define

5:9+E—E—1
a a a

N, = N;q +8N X

Mar/14 2011 Spring

13



5. Batch Systems ||

A

B

C

D

Inert

Totals

Mar/14

_(NAOX) NA — NAO - NAOX
b

o (NagX) Ng = Ng, - ZNAOX
C C
g(NAoX) NC — Nco 3 Non
d d
— (N, X N, =N — N, X
a( AO ) D DO 2 A0

T N, =Ny

d ¢ b
N =N+ —+———=1|N,X
T TO (a a1 a j A0

2011 Spring 14




5. Batch Systems 111

o Eqns for batch conc’n

- Concentration of batch system (= number/volume)

N
CAZTA
- Define 0. — Nio _ Cio _ VYio
_Na _ Ny@-=X) N C.
C,= v Y A0 A0 Yao
C. — Ng _ Ngo —(b/a)N o X C. — Nol®g —(b/2) X]
v V 5 V
C.= Nc _ Nco_(C/a)NAoX C. = NAO[®C_(C/a)X]
Vv V - V
c - No_ Npo —(d/a)N o X c - Naol®p —(d/a)X]
D= = D~

V vV — vV



5. Batch Systems IV

o Constant Volume Batch
- if the reaction occurs in the liquid phase or

If a gas phase reaction occurs in arigid (e.g., steel)
batch reactor

N, (1= X

Then V=V, C,= AO(V ):CAO(l—X)

_ (
c. - Naul®—0/)X] (o (o b

v . a

_ ( )
. - NAO[@CV(c/a)X] ¢ o, -Cx

\ a )

c. - Nal®; :/(d/a)X] =CAO(®D—%><j



