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Mechanisms: Haloform Reaction
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Figure 4-25. Reaction scheme for production of chloroform from acetone by the classic
haloform reaction.
Figure 1. The reaction pathway of the haloform reaction. :690K Lecture #09
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Haloform reaction: initial step

Three potential pathways to enolate

Reaction with water (K), hydroxide (K5,), and proton (K,
k=Ko +Koy[OH]+K,[H']
For acetone, the OH pathway dominates above pH 5.5

Table I. Rates of Ionization of Ketones>:*

Kon Ky tso pH 7, t5,, pH 8.3

Substance PK,y KQ sec™ 1/mol, sec 1/mol, sec hr hr
Acetone 20 4.7 % 1019 0.25 2.9 x 10°° 7500 385
Chloroacetone 16.5 5.3 x 1078 93 6.3 x 107° 21 1.0
as-Dichloroacetone 15 7.3 x 107° 450 1.1 x 10°° 3.7 0.21
Pyruvic acid® 4.5 x 107 :
Ethyl pyruvate® 16 4.7 x 1077 k H + A
Acetylacetone 9.0 1.1 x 1072 f [ ][ ] H 2
Ethyl acetoacetate 10.7 1.2 x 1073 a k - [HA] tht s kr.
Malonic acid 1.7 x 107! I
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uthrie & Cossar Pathway
s
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Hydrolysis of 1,1-DCP

The many
forms of

1,1-DCP

The product
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DCP equilibria |
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DCP equilibria
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DCP equilibria IV
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Loss of intermediates in lab water

0 21C, ultrapure
water

o (Nikolaou et al,,
2001)

1.1D0P
a
u a5
14 @ R BT R ey eyt T
. ¥ ot
g s
1
i
1]
L]
a F L L] ] 10 1F 1% ] Sl
m} £
1..1.1'”

niZ
oh-mubul

a 2 & a a m AH4 iLd mw "=
ik} i
1,300
B
4
]
]
gz -
1 " L I T r
" L - = ¥
o NI
ﬂ} x a 4 C it 12 W oW T



chlorine
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Model

I 1 —
11 Guthrie model for 1,1-DCP degradation
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LFER Analysis

Baiyang Chen analysis o Log(ky)=3.79Es-8.44 5-1.07, RMSE=0.53, n=5, m=7
pH7-7.5 ] Abiterature Data
20-25C o vt %
Predicted hydrolysis B o0} 1}
rate constant for 1,1- g % )} o {
DCP is 10719 hr! & ““’é'% ' %
Half-life of 31.7 hr 201 %
6.1 x 107 sec g
(Chen, 2011). 0

Data point estimated from
Nikolaou et al., 2001

CICCO)C
BICC(0)C
CLCCO)C
CIBICC(O)C
Br,CC(0)C
CLCCO)C
CLBrCC(O)C
CIBr,CC(O)C
Br,CC(O)C

FIG. 4. Comparison of predicted (*) and literature (A, Q)

data for hydrolysis rate constant (ki) of haloketones. “n”

denotes the number of DBP species for model calibration;

“m” denotes mumber of literature data for model calibration

and validation (see Table 1 for details); error bars indicate the
CEE¢ 95% confidence intervals of calibrated model.
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Comparison with Chen 2001
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Loss in water heaters

17—

o Liv et al,,

2013
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Profile of 1,1-DCP in Water Systems

1 1,1-Dichloropropanone concentrations compared to the corresponding
TTHM concentration for all samples
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1,1-Dichloropropanone concentrations compared to the corresponding

TTHM concentration for all samples: focus on free chlorine plants

1,1-dichloropropanone (Cig/L)
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Profile of TCP in water systems
o

7 1,1,1-Trichloropropanone concentrations compared to the corresponding
TTHM concentration for all samples
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Lab 2

15 Oct 2013 experiment

Absorbance at 292 nm
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Lab 2

1" order plot
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Lab 2

2"4 order plot
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1 Guthrie model
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O To next lecture
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