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Mechanisms: Haloform Reaction
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Figure 4-25. Reaction scheme for production of chioroform from acetone by the classic
haloform reaction.
Figure 1. The reaction pathway of the haloform reaction.
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Haloform reaction:

01 Three potential pathways to enolate

Reaction with water (Ky), hydroxide (K5,), and proton (K)

m k=Kgy+Koy[OHT+K [H*]

u For acetone, the OH pathway dominates above pH 5.5

Table I. Rates of Ionization of Ketones®*

initial step

Kon

KH

Substance pPKg Kq sec! 1/mol, sec 1/mol, sec
Acetone 20 47 x 1071° 0.25 2.9 x 1078
Chloroacetone 16.5 5.3 x 10® 93 6.3 x 10°°
as-Dichloroacetone 15 7.3 x 10°¢ 450 L1 x 1078
Pyruvic acid® 4.5 x 107
Ethyl pyruvate® 16 4.7 x 107
Acetylacetone 9.0 1.1 x 107 kf [H +][A_] R
Ethyl acetoacetate 10.7 1.2 x 107 a = What is kre
Malonic acid 1.7 x 107 kr
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Haloform: Doré’s diagram

o1 Doré (1989)
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0 21C, ultrapure
water

(Nikolaou et al.,
2001)

Loss of intermediates in lab water
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Profile of TCP in water systems
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Reckhow & Singer, 1985

“Mechanisms of Organic Halide Formation During Fulvic
Acid Chlorination and Implications with Respect to
Preozonation”, In Jolley et al., Water Chlorination;
Chemistry, Environmental Impact and Health Effect,
Volume 5, Lewis.

Figure 6. Chlorination of 1,1,1-trichloroacetone (TCAC). Conditions: 20.4 mg/L applied
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TCP (cont.)
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Figure 8. Pseudo first-order reaction rate constants for the hydrolysis of 1,1,1-trichloro-

acetone as a function of ioni¢ strength. Conditions: pH 7.0, 20°C, no added chlo-
rine.
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Psaudo first-order reaction rate constants for the disappearance of 1,1,1-trichloro-
acetone as a function of chlorine dose. Conditions: pH 7.0, 20°C, [PO,}; = 0.0145
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Figure 7. Pseudo first-order reaction rate constants for the chlorination of 1,1,1-trichloro-
acetone as a function of phosphate concentration at pH 7.0.
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Putting it together «{fw =il
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Figure 12. Hypothetical mechanism for the decomposition of trichloroacetone to chloroform
in the presence of intermediate concentrations of phosphate at pHT.
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Catalysis

1 Homogeneous Catalysis
Definition

u Liquid-phase substances which react with the main reactants or
intermediates thereby providing an alternative pathway to products
with a lower activation energy or a higher frequency factor.
Catalysts are often regenerated over the course of the reaction.

2A% +B" 5> 2A"+B*®

termolecular reaction? — be skeptical

What A+2+C+—)A++C+2

w2 w2 . 3 “C” serves as a sort of charge-
really A +C”" > A +C transfer facilitator, since “B” does
happens: C*4+B*>C"+B* not exist in a divalent state

2A7? +BY 5>2A" +B*®
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0 Summary

Table 4-1.

Mechanisms of Acid-Base Catalysis

Type

c

Rate exp

I
Specific
H

n
General
acid

.
General
acid

.
Specific
OH-

V.
General
base

VI.
General
base

3
S+ HAT== SH* + A

Ky
SH +HO —  P+HO"
o

S+HA > SH- 4 A-
Ky

'
SH +HO — P+HO
-

)
S+HA —= SH +A"

L
Ky

SH+A~ — P+HA
L

HS+B =— § +BH*
iy

i
S +HO P P4+OH

X
HS +B = $-+BH-

[

ks
S +HO — P+OH
fast

K
HS+B — S +BH"
ks

£
S +BH - P4+B

P = kK [S]HAVK [A]
= (k kyfk K )SIH]

where
K, = [H][AJ[HA]

P = [SKEK[HA}}

kk,[STHA]
CEDS)

or
P = KS]HA]

P

P = k k(S [B]A,(BHY]

For protalytic case,
expression applies
when k, <<k,[A7]
whether initial H-
transfer is from
Bronsted acid (HA)
or HO"

Expression applies
when k, >> k,[A];
rate-controlling
step is formation of
intermediate SH*. P
written for presence
of several Bronsted
acids in system.

Prototropic mecha-
nism yields general
acid catalysis re-
gardless of relative
sizes of k, and k;.

For protalytic case,
expression applies

= (k,k kK )STIOH]  when k, <<k [BH']

P = kHS][8]
P = [HS](ZK[B]}

p_ki[STHA]
(k; +kq)

ar
P = K[SIHA]

regardiess of nature
of proton acceptor
in first step.

Expression applies
when k, >> k,[BH*);
rate-controlling
step is formation of
S, P written for
presence of several
Bronsted bases.

Prototropic case
yields general base
catalysis regard-
less of relative
sizes of k, and k,.
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Adapted from Laidler, K. J., Chemical Kinetics, McGraw-Hill, New York, 1965.
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