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Home works:
Chapter 8: Potpourri (variety) of Multiple Reactions

Chapter 8:1,2,3,4,7,9, 13, 19, 20, Due to

A+B—R

A—R—S§
R+B—S NN
A—=R—S§5—T S+B—T T U
Series Series parallel, or Denbigh system
consecutive-competitive
P A
£
AZR—S AT RZES R=Z=S
Reversible and Reversible Reversible
irreversible network

We develop or present the performance equations of some of the simpler systems
and point out their special features such as maxima of intermediates.

8.1 IRREVERSIBLE FIRST-ORDER REACTIONS IN SERIES

For easy visualization consider that the reactions
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Figure 8.1 Concentration-time curves if
the contents of the beaker are irradi-
ated uniformly.
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Figure 8.2 Concentration-time curves for the contents of the beaker if
only a small portion of the fluid is irradiated at any instant.
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1‘:':.-’MII
CR kl & k
LR eyt — gk (3.49) or (7
Cao Ky I“"'ll[ ‘ or

Co=Chn—Cy—Cy

The maximum concentration of intermediate and the time at which it occurs is
given by

|,| o ky\ Rtk
‘ S = (—) (3.52) or (8)
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1 In(k,/k,)
Toom = = (3.51) or (9
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Figure 8.3a, b Behavior of unimolecular-type reactions
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Cs is found by simply noting that at any time
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hence
Cs kika7h, (14)

Cao - (1+ kg7, )(1 + kyr,y)

The location and maximum concentration of R are found by determining

dCgldt, = 0. Thus

dCy _ 0= Cacki(1 + ki1, )(1 + ky7,) = Caokymulki(1 + ko7,) + (1 + ky7,) Ko
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H H
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0\ B oe B B o * O« CH,—CH,OH),
\H '\“ decthylene glycol
cthylene glycol
ky -
A+B—R
R +B—%>§
S
) (30)
kq
S+B——T
etc. o

B,k +B, ks +B, ky
=R -+ 5 T

T

where A is the compound to be attacked, B is the reactive material, and R, §,
T, ete., are the polysubstituted materials formed during reaction. Examples of
such reactions may be found in the successive substitutive halogenation (or
nitration) of hydrocarbons, say benzene or methane, to form monohalo, dihalo,
trihalo, etc., derivatives as shown below:

CoHy— s CHCl — 2. % ),
CoHy— CHNO, —— .. J0%5 € HL(NO,),
CH, — > CH;Cl — > s — 5 CCl,
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+C, +Cl, +Cl

CH, ——> CHCl — > e — 2> C,Cl,
+HNO +HNO +HNO.

CeH; > CH:NO, e = CH;(NO,),
+Cl, +Cly +Cly

CH, CH,Cl — 25 ... -CCl,

Another important example is the addition of alkene oxides, say ethylene oxide,
to compounds of the proton donor class such as amines, alcohols, water, and
hydrazine to form monoalkoxy, dialkoxy, trialkoxy, etc., derivatives, some exam-
ples of which are shown below:

fH xﬂx CH,—CH,0H Um
“CH.—CH *CH,—CH
N—H —-— N—H e —=— N=(CH,—CH,0H),
\H \H iriethanolamine, TEA
monoethanolamine, MEA
H /D“m CHE — CHEDH __,fDm.“_
/' +cH,—cu, / *CH,—CH,
0 O —— 0= (CH,—CH,0H)
2 2 2
\H \H diethylene glycol
ethylene glycol
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:j\

dC
ra = d_tA = —kchCB (YA)
rp = "2 = —k; C,Cp—k;CpCp (Y4)
rg = " = k; CaCp—k;CrCp (v
s = % = kZCRCB (V)

8.2 FIRST-ORDER FOLLOWED BY ZERO-ORDER REACTION

Let the reactions be

k k —ry =k C kol C
AR oA where K = -2-A"  (17)
| "~ Fp = k'] CA — kl k]
For batch or plug flow with Cyy = Cg, = 0 integration gives
Ca "
— =g (18)
Cho
and
Cy kK,
—=1—e*—- ==t 19
Ca Cao ®
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Slope = ky— e, {Eq. 21) Get this ¢ from
| Ak kz har
m I+ e =1

Figure 8.7 Product distribution for the reactions A ——»R —~—>§

The maximum concentration of intermediate, Cy .., and the time when this
occurs is found to be

Eﬁﬁ:]—x{l ~1nK) (20)
C.-\JZI

and
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Graphically we show these findings in Fig. 8.7.

8.3 ZERO-ORDER FOLLOWED BY FIRST-ORDER REACTION

Let the reactions be

—r, =k
k,
=R >S =k, —k,Cy Apresent; K= — (22)
2 e
*l= -k, Cy A absent

for batch or plug flow with Cgy = Cy, = 0 integration gives

=l-= (23)
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L
- Cwo Ch max (EQ. 26)
Initial slope '
:—k:—_
Initial slope
:k-l ]
!
Iﬂl::l
Initial slope = 0 'R max LEQ. 27)

. re=l =]
Figure 8.8 Product distribution for the reactions A —R 5

and

1 k Cao
=— (] —eg"! r=— 24
o |mxa-e . 4
Cao 1 Kkt —kyf _C""'-'-*
= Lt emy 155 (25)
|

The maximum concentration of intermediate, Cg,,,,. and the time when this
occurs is found to be

ER.mu — 1—e*

Cio K (26)
and
c
s = @7)
1

Graphically we show these findings in Fig. 8.8,



