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Xk INTRODUCTION
A
This research project was established to investigate the mechanisms

by which aqueous bromine solutions react with polyhydric phenols to form
brominated methane compounds. An analytical procedure was successfully
established, based on procedures developed at the U.S. Environmental
Protection Agency,! to determine the methane compounds. In spite of the
increasing work load from other projects, a few significant preliminary
experiments were performed before this project had to be terminated.

This report is a summary of the significant 1iterature accumulated
for the research protocol, the detailed methodology employed in conduct-
ing the bromination test and gas chromatographic analyses, and the
results of reactions between bromine and dimedone and between dibromo-
dimedone and water. -It is hoped that even such a 1imited summary report
may be of value to future research at USAMBRDL in the areas of halogena-
tion and trace organic analysis.

Recent papers of Rodk§;3 and Stevens et al.,* have implicated humic
substances in natural waters as one type of precursor to trihalomethane
(THM), i.e., haloform compounds, found in drinking waters after chlori-
nation (Table 1).5-9

TABLE 1. PRINCIPAL TRIHALOMETHANE COMPOUNDS FOUND IN
EPA NORS DRINKING WATER STUDY?

Median Concentration in

Compound Finished Water (ug/1)
Chloroform, CHC13 21.0
Bromodichloromethane, CHBrC'I2 6.0
Dibromochloromethane, CHBrZCl %2
Bromoform, CHBr3 <5.0

Trihalomethane compounds are known to result from the classiﬁal halo-

)
form reaction (Fig. 1 (a)) between a halogen and an acetyl (CH -é-) group
attached either to carbon or hydrogen. The reaction can also 8ccur with
groups which are oxidizable to the acetyl structure by the halogen. Even




these descriptions are apparently too strict, because as Booth and
Saunders!? have denonstrated, the iodoform reaction also occurs with
quinones, catechol, resorcinol, and dimedone (Fig. 2), compounds that do
not possess an acetyl group bound to carbon or hydrogen. Since all of
these compounds resemble one or another of the aromatic, polyhydric and
polyketo building blocks of humic acids, their participation in the halo-
form reaction supports the thesis of Rook and of Stevens et al., that
humic substances may be precursors of THM in drinking water.

slow fast fast

fast l OH®

o

e

CHGO0 ~ + CHX_ <— CH,COOH +:cxf<ﬂ'_cu,$cx,
(THM) on

b) Oxidation of halogens during chlorination

HOCI+ X2_, HOX + CI®

x% B?or I,e but not FO

Figure 1. Haloform Reaction.

The initial empirical basis for this thesis was provided by Rook,?
who found chloro- and bromo-THM compounds after treating peat extract
and lake water from a peaty region with chlorine in the presence of
bromide ion. To demonstrate that the humic acid building blocks could
form THM, he reacted chlorine with resorcinol, dimedone, 1,3-cyclo-
hexanedione and 1,3-indandione at pH 7.5 and 10°C and got 50 to 75 per-
cent yields of chloroform. Furthermore, at pH 11, yields of 71 to 100 per-
cent were obtained. Such enhancement in yield would be expected since
the initial, slow step in the haloform reaction (Fig. 1) is an enoliza-
tion or removal of an o proton, which occurs more rapidly at pH 11 than
at pH 7.5. Chlorination of catechol, hydroquinone, pyrogallol, phloro-
glucinol (Fig. 2) and acetone produced traces of chloroform at pH 7.5
and yields of only 1 to 26 percent at pH 11. Apparently, the presence
of meta hydroxy or keto groups provides sites for the haloform reaction.
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At high pH this reaction is catalyzed by base and the polyhydric phenols
are converted into phenoxide anions, which are known to be very reactive
toward electrophilic attack by chlorine in water.!!

In a more recent paper, Rook!2 reported the formation of chloroform
in high yields from chlorination of hesperetin, rutin, and phlorizin,
three small natural glycosides all of which contain two meta hydroxyl
groups. Chlorination of hydroxybenzenes as model substances showed that
the carbon atom between two adjacent hydroxyl groups (i.e., meta-dihydroxy)
is probably the active site for CHC]3 formation. For resorcinol and fulvic

acids the probable reaction pathway for the reaction includes: a) fast
chlorination of carbon atoms activated by ortho-OH or 0° (at high pH),

b) opening of the ring to form a terminal carboxyl and a terminal chloro-
carbanion and, c) further chlorination of the carbanion end followed by
oxidative and/or hydrolytic fission, leading to formation of CHC13,

highly chlorinated acetones, chloral, and di- and trichloroacetic acids
(Fig. 3). Protonation of the carbanion should lead to methylene chloride
instead of chloroform. The early work of Zincke and Kegell3 showed that
the reaction of bromine or chlorine and phloroglucinol produced an
octabromo- or octachloro-acetylacetone and CO, among the early products

of the reaction, in agreement with the steps outlined by Rook.}2 Hence,
bromine in aqueous solution may react by mechanisms similar to those
shown for chlorine.

The work of Stevens et al.,* showed that the rates of THM production
from chlorination of 5 mg/1 tota] organic carbon (TOC) as humic acid at
pH 7 and chlorination of raw Ohio River water with 3 mg/1 TOC at pH 6.6 -
6.9 are similar. The observed rates for THM production from humic acid
and river water were higher than the rates observed with acetone, acetal-
dehyde, and acetophenone at the same pH.

Initial observations by Rook? that mixed bromo- and chloro-haloforms
were produced during chlorination of humic substances in the presence of
bromide was supported by the work of Bunn et al.,!“ who found chloroform,
bromodichloromethane, dibromochloromethane, and dichloroiodomethane in
chlorinated Missouri River water. Bunn et al., then added 1 mg/1 of
fluoride, bromide, chloride, or iodide ions to river water before chlori-
nation. They found that fluoride or chloride additions did not affect
the relative concentrations of T compounds, while bromide and iodide
additions reduced the relative yield of chloroform and increased the
proportions of bromo- and iodo-haloforms, respectively. Figure 1 (b)
shows how other halogen oxidants may be formed during chlorination as
precursors of mixed THM compounds.
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MATERIALS AND METHODS

Phosphate Buffers (0.05 M), pH 6.0-7.5. The following quantities of
ACS grade reagent salts were dissolved in chlorine demand-free water and
diluted to 1 1iter: pH 6 -- 5.98 g KH2P04 + 1.045 g K2HP04; pH 7 -- 2.86 g
KH2P04 + 5.05¢g kZHP04, pH 7.5 -- 1.272 g KH2P04 +7.072 ¢ K2HP04.

Bromine Solutions. A concentrated stock bromine solution was pre-
pared by diluting 1 ml of reagent grade bromine with chlorine demand-free
water or with pH 7 buffer to 1 liter. The approximate bromine concentra-
tion was found by iodometric titration according to the Standard Methods!®
procedure for chlorine. From the approximate titer of the stock solution,
a dilution was prepared in water at approximately twice the desired test
reaction concentration. The bromine concentration at this dilution was
determined at pH 4 by amperometrically titrating 200 m1 of the solution
to which had been added 1 gram of potassium iodide, with 0.00564N phenyl-
arsine oxide solution on a Fischer-Porter titrator (total chlorine mode).
The true concentration value of the dilute solution and the volume of
stock solution taken for dilution were then used to calculate the dilution
of stock bromine required for exactly 2X the desired test reaction concen-
tration. The exact dilution was prepared in pH 7 buffer.

Dimedone Solutions. 5,5-Dimethyl-1,3-cyclohexanedione (Eastman 1259)
was dissolved in phosphate buffer at 2X its desired concentration for
reaction.

Bromination Reaction Protocol. Equal volumes (150 m1) of dimedone
and bromine solutions at 2X their desired concentrations in pH 7 buffer
in the reaction were incubated in a water bath at 25°C for 30 minutes.
The solutions were quickly mixed together to start the reaction.

Samples were prepared for reaction for various time intervals, by the
procedure of Stevens et al.,* where duplicate 30 m1 bottles for each
reaction time period were filled to overflowing with reaction mixture
and capped headspace-free with Teflon-lined septa and aluminum crimped
sealers. The bottles were stored at 25°C in a water bath, generally for
30, 60, and 120 minutes.

To stop the reaction, the contents of the 30 m1 bottles were trans-
ferred to 10 m1 serum bottles containing 0.2 m1 of ascorbic acid solution
(8 g/100 m1 H,0). These bottles were capped headspace-free and stored at
4°C_until gas chromatographic analyses were done.

A zero-time control was prepared by mixing equal volumes of dimedone
solution, pH 7 buffer, and ascorbic acid solution. For a 1 minute reac-
tion time, samples were prepared by shaking a mixture of dimedone and
bromine solution for 1 minute, then pouring the mixture directly into
10 m1 serum bottles containing ascorbic acid solution.




Stripping Apparatus. The apparatus described by Bellar and Lichtenberg!
for stripping volatile compounds from 5 m1 of water was used in these
studies. As shown in Figure 4, a water sample could be introduced with
the 5 m1 syringe and later withdrawn completely by means of the Teflon
tube which extended down to the glass frit of the stripping apparatus.
The "open-close" valve of the syringe prevented escape of stripping gas
back through the syringe during sample purging. A1l gases were thus
routed through the foam trap and into the Tenax GC porous pulymer trap.
The entire apparatus was maintained intact for several samples. Only the
Tenax trap was connected and disconnected for purging and backflush,
respectively, of each sample. The trap was sealed into the 1/4-in. to
1/8-in. Swagelok reducing union on the foam trap by means of a 1/8-in.
Swagelok nut, reversed 1/8-in. front ferrule and 1/8-in. ID 0-ring.

Figure 5 shows the construction of the Tenax trap used to collect the
volatile organics and to pass most of the water vapor stripped from the
sample. The Speedaire Quick Connect (QC) stem was modified by boring out
the pipe thread-Swagelok union to allow the trap tube to pass through the
union.

The backflushing of trapped organic materials from the Tenax GC poly-
mer trap onto the analytical column of the gas chromatograph (Hewlett-
Packard 5750B) was accomplished with a small 1/4-in. diameter tube oven
connected to the inlet port of the gas chromatograph (Fig. 4). A 1/8-in.
port connector seated in a Swagelok 1/8-in. nut (soldered to the septum
retainer nut, leak-tight) passed the gas stream from the backflushing
oven through a hole in the rubber septum. A Nupro valve was used to open
the gas chromatograph column inlet to the backflushing gases and to seal
off the inlet after the backflushing step, during the GC analysis.

A leak-tight seal was formed by locking the Tenax trap QC stem into
the QC body assembly attached to the backflushing oven. To allow passage
of the trap through the QC body, the check valve and spring normally in
the QC body were removed. The backflushing oven was heated with heating
tape, which was wrapped around the tube oven. A thermister probe was
inserted under the tape to provide temperature control signals to a Cole-
Parmer Model 2157 temperature controller, which supplied current to the
heating tape.

Gas Chromatography. To analyze a sample, the 10 m1 serum bottle was
first warmed to 25°C in a water bath. Part of the sample was used to
rinse the 5 ml syringe, then the syringe plunger was removed and the
barrel was filled to the top so the plunger could be replaced without
trapping bubbles. Excess volume was displaced from the syringe until
5 ml remained. The syringe was then connected to its needle on the
stripping apparatus, the helium purge gas was connected, and the Tenax
trap was vented with a miniature QC stem inserted into the QC body at
the top of the trap. The sample was injected into the stripping apparatus,
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the syringe valve was closed, and the sample was purged with helium for

11 minutes at 20 cc/min flow. After purging, the solution was sucked out
of the apparatus and discarded, using the same syringe. The Tenax trap
was disconnected, its vent stem removed, and the trap was locked into the
backflush tube oven. The GC column oven control was turned off to cool
the column to about 30°C. The helium gas 1ine was then connected into the
QC body on the top of the trap, the Nupro valve was opened, and backflush-
ing of adsorbed organics was performed, at 20 cc/min and 130°-150°C, for

3 minutes. The Nupro valve was then closed, the trap disconnected from
the backflush oven, and the GC column was rapidly heated to 40°C by turn-
ing on the oven control. After the initial temperature of 40°C set on the
GC programmer had been reached, the "start" button on the GC was pushed to
begin the analysis. Peak areas were compiled with an AutoLab System IV
integrator (Spectra-Physics, Inc.).

The GC conditions were:

Column: 0.2% Carbowax 1500 on 80/100 mesh Carbopack C,
6 ft by 2 mm ID glass column (Supelco, Inc.)

Carrier Gas: Ultra high purity helium, 22 cc/min
Column Temperature: 40° to 200°C at 15°/min
Inlet Temperature: 170°C

Detector: Tracor Model 700 Hall Electrolytic Conductivity
Detector in halogen mode, with n-propanol-water
(50/50 by vo]ume? electrolyte

Range: 100 (X1 attenuation on AutoLab module)

New Tenax GC traps were conditioned at 300°C for about 24 hours
before use, with carrier gas flowing through them. Before use each
day they were backflushed at 130-150°C for 10 minutes with 20 cc/min
of helium flow.

Quantitative combined standards were prepared from pure liquids
(Chemservice kit) by diluting 100 u1 of bromoform (CHBr3) and 100 ul
of dibromomethane (CHZBrz) to 100 m1 with absolute ethanol. One ml
of this combined CHBr3-CHZBr2 1,000 u1/1 stock solution was diluted
to 10 m1 with ethanol to give a 100 ul1/1 stock solution. Then 5 to

400 ul stock were diluted to 100 ml in nitrogen-stripped, boiled
distilled water to give 0.005 to 0.400 ul/1 concentrations of CHBr3

and CHBr2 in water (the solubilities of these compounds in water are
greater than 1,000 mg/1). The standard water solutions were poured into

12




10 m1 serum bottles containing 0.2 ml of ascorbic acid solution
(8 g/100 m1) and refrigerated pending analysis.

Synthesis of Monobromodimedone (2-Bromo-5,5-dimethyl-1,3-cyclohexanedione)

Method #1. Dimedone (5 g, 0.036 moles) and 1 ml of water were trans-
ferred to a mortar and triturated while 5.7 g (0.036 moles) of 1iquid
bromine were added dropwise. The reaction was highly exothermic yielding
a brownish red, tacky mixture. After about 5 minutes the mixture was
washed copiously with water and partially dried to give about 9 g of
crude material. The crude material was recrystallized from aqueous
ethanol (1:1). After the first crystallization, the product melted at
168—17?°C and after the second, it melted at 170-172°C. Yield 8.0 g (75%
theory).

Method #2. Dimedone (5 g, 0.036 moles), 25 m1 of absolute ethanol,
25 m1 of water and 1.91 g (0.018 moles) of Na2C03 were mixed in a 200 ml

round-bottom flask and equilibrated in an ice bath. A bromine soluticn,
made by mixing 5.7 g of bromine, 25 ml of water and enough ethanol to
give a clear solution, was gradually added to the ice cold mixture.
(Absorption of bromine was very rapid -- the reaction occurred 1ike a
titration using a sharp indicator). After removal of water and ethanol
by using a flash evaporator at about 15 mm of Hg, the residue was taken
up in chloroform, washed with water and filtered. The chloroform was
removed by evaporation, and the residue was treated with acetic acid,
washed with water and recrystallized from absolute ethanol. After a
second recrystallization, the product was collected and dried; m.p. 172-
173°C, yield 8.9 g (84% theory).

Synthesis of Dibromodimedone (2,2-Dibromo-5,5-dimethyl-1,3-cyclohexanedione )

This compound was prepared by Method #2 above, except 11.4 g (0.074
moles) of bromine and 3.92 g (0.036 moles) of Na2C03 were used per 5 g of

dimedone. At the end of the addition of bromine, the reaction mixture

had a pale amber color. Evolution of gas was vigorous. Crystals sepa-
rated immediately. These were recrystallized from aqueous ethanol (1:2)
yielding 12 g (74% theory), m.p. 143.5-144°C. This is a new synthesis.
Literature values for melting points of monobromodimedone and dibromo-
dimedone are 175°C and 144°C, respectively (Gupta and Thorpe).l® The
structures of the synthesized compounds were verified by mass spectrometry.

Reaction of Dibromodimedone with Water

Phosphate buffers (0.05 M) of pH 6, 7.0, and 7.5 (300 m1) were incu-
bated at 25°C for at least 1/2 hour, and then spiked with 0.3 m1 of a

solution of 2,980 mg/1 (1 x 10'2 M) dibromodimedone in acetonitrile to

give a final concentration of 1 x 10'5 M. After 1 minute of mixing, sam-
ples were taken for quenching the reaction with ascorbic acid or for fur-
ther reaction at 25°C in a water bath, by the same procedures described

13




above for dimedone bromination reactions. GC analyses were performed for
CHzBr and CHBr,. Parallel runs were made in which the solutions were
poures into a 1 cm thermostated cuvette (25°C) in a Beckman Acta V record-
ing spectrophotometer. UV scans from 260 to 300 nm were taken to follow
the production of monobromodimedone at 292 nm with time. Solutions of
monobromodimedone in water were used to calculate the molar absorptivity
at each pH, for use in calculating monobromodimedone concentrations,
assuning Beer's Law.

RESULTS AND DISCUSSION

Dimedone at pH 7 showed an absorbance maximum at 280 nm (Fig. 6).

When equal volumes of 1.25 x 10'4 M bromine and 1 x 10 ° M dimedone were
mixed, the absorbance maximum immediately shifted to 292 nm, and showed
no further change between 2 minutes and 1.4 hours of reaction at 25°C.
Attempts to follow the decrease in absorbance at 280 nm with time showed
that the reaction was so rapid that the absorbance dropped to a constant
level in less than 3 seconds after mixing the two reagents. The UV
absorbance of dimedone (I) is due to two equivalent enolization struc-
tures (Equation 1).

Q 0 OH '
H H
TR —— (1)
CH; 0 CH; OH CH;
|

CH, CH, CH,

Replacement of a single hydrogen by a bromine to give monobromodimedone
(IT), would still allow two enolization structures to be drawn (Equation 2).
Consequently, some UV

0

0 OH
Bp a' .r
—l i (2)
c 0 c OH c 0
CH CH3 CH3
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absorbance, although at a different wavelength, would still exist for
monobromodimedone. Pure monobromodimedone did in fact show an absorb-
ance peak at 292 nm, in agreement with the absorbance of the bromination
reaction product shown in Figure 6.

When excess bromine was added by placing two drops of 2,800 mg/1
bromine solution into the cuvette, the absorbance at 292 nm was reduced
markedly (Fig. 7). There was no absorbance maximum between 220 and
340 nm, as is true for the absorbance spectrum of pure dibromodimedone,
indicating that the monobromodimedone had been converted into the dibromo-
dimedone, or that the reaction had opened the dimedone ring. The lack of
a strong UV maximum in dibromodimedone (III) could be explained by the
inability of this product to form a conjugated enone because both
enol-forming hydrogens were replaced by bromine atoms (Equation 3):

0
B
<L ——> no enolization (3)
CH; 5
CH3
(1R

GC analyses of bromine-dimedone reaction mixtures by the stripping-
trapping procedure rather than by direct injection onto the GC column
provided quantitation of actual trihalomethane concentrations in solution
at 25°C, without interference from possible secondary production of THM
compounds in the hot injection port of a GC during direct injection.

Such positive interferences have been noted by other workers at USAMBRDL,
who found that trichloroacetic acid produced chloroform upon direct
injection.17 Figure 8 shows typical standard curves for bromoform and
dibromomethane by the stripping-trapping method. The curves were fitted

using a second order polynomial y = bo + b] x + bzx2 program on a desk
calculator.

Figure 9 shows the rate of production of vo;atile compounds at pH 7,
25°C, and 1:1 ratio of bromine to dimedone (1072 M). The concentration

of bromoform was essentially unchanged after 30 minutes, at about 0.05 ul/1.
Assuming a bromoform 1iquid density of 2.89 mg/ul, this is a concentration
of only 0.144 mg/1 or 5.7 x 10°7M (mw = 253), giving a production of bromo-

form of 0.057% of theory. It should be noted that 1073 M bromine is
160 mg/1, hence quite a high concentration compared to what might be
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Figure 6. UV Spectrophotometric Scans of Dimedone
and Brominated Dimedone

16




*auLwoag JO Ssjunowy SSaOX3 pue jud|earnb3
A193ewLxouddy YiLm pajeau] auopawig JO sueds diujawoloydou3dads An °Z d4nbiL4

(wu) y3buajaney
(1) 2% 0ce 00€ 08¢ 092 ove

A
-

B3
-
L

W o OL X 529 0 lenby 4

L132 wo | 2,62 °/L = Hd
(W g-O0L X G) auopawlq + x(L/bw QL) SuLwoug

SL°0

0€°0

S¥°0

09°0

SL°0

06°0

S0°1

02°1L

(1199 wd |) 3duequosqy

17




1"642qualydLy pue ue||ag jo poyraw ayy Aq
) SURYISWOWOJQLQ PUR WU0J0WOUG 4O SLSA|RUY Y} JO04 SIAUN) PaRpURIS °8 3nbL4

(1/11) uotyeazuasuo)
o 5€°0 0€°0 52°0 02°0 51°0 0L°0 50°0

+ + $ } 3 —+ J 0

+ 00L
L. oSt

T 00¢

+ 0S2

+ oot

+ o0s¢

18

s e

¢ 0L X eauy Yeaq
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0.101.
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2 /A
©
__A A
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Figure 9. Trihalomethane Produced in the
Reaction of Bromine and Dimedone

at pH 7 and 25°C.
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expected in wastewater disinfection (approximately 10 mg/1 bromine). The
low yield of bromoform and even lower yield of dibromomethane indicated
that most of the reaction was probably the replacement of an enolic hydro-
gen by bromine to form monobromodimedone as demonstrated by UV data

(Fig. 5). When the ratio of bromine to dimedone was increased to 2:1,
the bromoform production increased by about 300-fold (Fig. 10). Assuglng
a final concentration of 14 ul/1 or 40.5 mg/1, the yield was 1.6 x 10 " M
or 16 percent (assuming 1 mole of bromoform produced per mole of dimedone).
When reaction samples required for the analysis of bromoform were diluted,
the concentrations of dibromomethane were reduced to undetectable levels

in the analysis and could not be plotted in Figure 9. Since the 2:1 ratio
of bromine to dimedone should have resulted in very rapid production of a
dibromodimedone intermediate, production of bromoform, as expected, was
also very rapid.

Figure 11 shows a proposed mechanism for the breakdown of dimedone in
the presence of bromine, based on the mechanism proposed by Rook!2 for
chlorination of fulvic acids and resorcinol (Fig. 3). In this mechanism,
bromine adds to the ring at the carbon ortho to the two keto groups in two
successive steps. Upon attack by OH, the dibromodimedone ring then opens
to form an intermediate (IV) with a carboxyl end and a dibromgcarbanion
end. Depending upon the relative concentrations of H and Br , IV might
form VI or V, respectively. Final alkaline hydrolysis at line a of these
intermediates would result in CHzBrz or CHBr3, respectively.

To test this mechanism, dibromodimedone solutions in acetonitrile were

diluted into pH 6, 7, and 7.5 aqueous solutions to give 10'5 M concentra-
tion. Instead of the expected shift to higher ratios of CHBr3/CHZBr2 as

the pH increased, no CH,Br, was seen at any of the pH levels tested and no

bromoform was seen at pH 6 (Fig. 12). Referring to Figure 11, apparently
the rate determining step in trihalomethane formation from dibromodimedone
(II1) was the base attack. Since at pH 6 the OH™ concentration was very

Tow (1077 M) the intermediate IV was not formed in significant amounts, and
consequently the reaction pathways branching from this intermediate were
also slowed significantly. As the pH increased, the production of CHBr3

(from reaction of IV with Br' produced by dibromodimedone itself) increased
and the CH28r2 remained undetectable, as expected from the low levels of

H' available for reaction to form VI. At higher pH, VI would of course
be subject to proton loss to form the anion, IV. Consequently the proto-
nation pathway could not even be reached at low pH values, and at higher
pH values it would not be important because of formation and removal of
the anion [V to form CHBr3 by bromination. The very low levels of CHZBr2

found at pH 7, when dimedone was brominated at a 1:1 molar ratio of
bromine:dimedone support this thesis (Fig. 9).
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Figure 10. Bromoform Produced in the Reaction

of Bromine and Dimedone at pH 7
and 25°C (2:1 ratio of Bromine to

Dimedone).
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Figure 12. Bromoform Produced from 10'5 M Dibromodimedone
at pH 6.0 to 7.5.
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Calculations of monobromodimedone concentrations from UV absorbance
data taken during dibromodimedone stability tests are presented in
Figure 13. These data show that dibromodimedone is unstable in water and
exists in equilibrium with monobromodimedone, as reported also by Norris
and Thorpe,1® and shown by positive reaction with potassium iodide:

0
L Br + HoBr
Ton = © TR 12 (4)
CH A 0 (CH A o + Kl

The HOBr would be able to react with anion (IV) to produce CHBr3.

The higher concentration of monobromodimedone in equilibrium at higher pH
values would be explained by Equation 4.

CONCLUSIONS

The bromination of a model compound, dimedone, which contains a carbon
atom between two keto groups, readily produces bromoform at pH values
expected for drinking water disinfection. The formation of dibromomethane,
however, is much less likely to occur. These studies have demonstrated
that compounds similar to dimedone or which are readily oxidized to
dimedone-type compounds (such as resorcinol) would be expected to produce
more bromoform at high pH than at low pH because of the increased insta-
bility of the dibrominated compound at high pH. Accordingly, humic sub-
stances containing resorcinol or dimedone structures would produce more
bromoform at high pH than at 1ow pH. The results of this study support
the mechanism proposed by Rook!2 for fulvic acid chlorination, except
that the protonation of a dibrominated intermediate should be considered
a minor reaction pathway in the pH range 6 to 7.5.
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Figure 13. Monobromodimedone Produced from 10'5 M

Dibremodimedone at pH 6.0 to 7.5.
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