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A new procedure to produce the BrO, transient species allowed
time-resolved UV-vis spectra that show a structured band 0‘25'_ N
(Amax = 502 nm) in dichloromethane to be obtained. In water, 0.20 oooégA
because of the increase of the dielectric constant, the Anax presents © 1L OAA
a blue shift to 474 nm and the species decomposes much faster. § 0154 oL .
The time-resolved spectra show evidence for its equilibrium with -g 0.10_' oa
a nonidentified colorless form. This route opens new possibilities 2 OOA
to the study this species in solution. < o0s{ O o
] DDEIDEUDD M
0.00
Treinin and YaacoBiwere the first to suggest that the o 200 400 600 80 1000
transient speciesifax = 460 nm) formed during the flash Timels

photolysis of aqueous b_romate SOIUtiOn should l_)e ass_ignedFigure 1. Appearance of Br@by the increase of temperature up to
to BrO,. Buxton and Daintohwere the first to estimate its  25°C and its decay at 25C, in dichloromethane solutiori (= 502 nm).
molar absorption coefficient, as 1x 10° L mol~* cm™? See text for additional experimental conditions. Symliibsnd A indicate
_ . two similar experimentsO indicates an experiment in which the solution

(/lmax = 475 nm)' Since ther_1, many auth%mbs_erved the initial temperature, at the time it was transferred to the cuvette, was
same spectra generated, in aqueous solution, by pulsepproximately 15°C; for A the initial acquisition temperature is ap-
radiolysis or flash photolysis of bromate solutions or by proximately 20°C. Decay of BrQ in water ¢ = 474 nm) is shown by the
reacting bromate with bromite or €ein acidic solutions. Ve
In this Communication we show the formation of this  the addition of three parts (by volume) of 2.5 motisodium
transient species during the decomposition of acidic bromateromate solution to five parts of 70% HCI®@ith stirring
Solution, its UV-vis Spectra in diCh|OI’0methane, acetonitl’ile, at, approximately,_lo °C. This mixture is then extracted
and water, the evidence for its equilibrium with a colorless ith 30 parts of dichloromethane and transferred to a round-
form, and its decay in solution. bottom flask in which argon is bubbled to reduce the volume

To produce this very unstable and elusive transient speciesuntil approximately half of the initial. All these steps take
we have followed an experimental procedure that comprisesno more than, approximately, 10 min. The dichloromethane
solution is then transferred to a standard size quartz cuvette
* Author to whom correspondence should be addressed. E-mail: faria@ (1 cm path length) tightly closed by a Teflon plug and

iq.ufrj.br. . inserted in the UV-vis single beam diode-array spectro-
Universidade Federal Fluminense.

*Universidade Federal do Rio de Janeiro. photometer HP 8452A. The sample compartment was
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(2) Buxton G. V.; Dainton F. SProc. R. Soc. London, Ser.1068 304, . L e

427, reagents were used without any additional purification.
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Commun1969 1485. (b) Amichal O.; Czapski G, Treinin Asr. J. solution presents a characteristic pink color that after some

Chem.1969 7, 351. (c) Amichai O.; Treinin AJ. Phys. Cheni97Q . . .
74, 3670. (d) Barat F.; Gilles L.; Hickel B.; Lesigne B.Phys. Chem.  time disappears completely. This can be followed by-UV
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Schreiber HZ. Naturforsch.198Q 35a, 1354. (g) Faesterling H. D.; 502 nm, which can be seen in Figure 2, allow this pink color

Lamberz H. J.; Schreiber K. Naturforsch198Q 35z 329. (h) Field to be attributed to Brg) as all other known bromine species
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Figure 2. Time series spectra for the formation and decay of BirD ) ) .
dichloromethane (same experiment indicatedyn Figure 1). Broken Figure 3. Time series spectra for the decay of Brd water (same

lines indicate that the band at 502 nm is increasing as the time is running. €xPeriment indicated bl in Figure 1). Spg(itra were taken at eacﬁ130 s.
Full lines indicate that intensity of the band is decreasing as time goes. Initial concentrations: [Br@] = 0.5 mol L™, [HCIO4] = 5.8 mol L%
Spectra were taken at each 30 s. See text for experimental conditions.
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gas does not change the speed of disappearance of the color. 0304 | gﬁecrl
When the dichloromethane solution was concentrated under 025 | CHCN
vacuum, the same behavior was observed. 8 502

The initial increase of the color intensity observed for the § 0207
O data in Figure 1 (and only for the first and secandata § 0.15-
points) can be explained if we postulate an equilibrium b 010
between a colorless species and the pink transient species. '
As the dichloromethane solution warms to 2&, the 0054 .o
equilibrium position shifts from the colorless species to the 0.00
pink species (notice that the dichloromethane evaporation 350

by argon bubbling decreases the temperature). This proposi-_ _ _“'?m _

tion is confirmed by the fact that the solution loses its color E;]?f‘t”gf‘th eun\]/ a;}’rfusr:]’egf‘hgf 3;?e'théﬁigigttjgi"iﬁgi}issgc;"’"'”9 the blue

when it is cooled below-10 °C and the pink color reappears

when the solution is warmed again to room temperature. \omethane to acetonitrile, we observe a band without

Otherwise, maintaining the reaction mixture at low temper- strycture with maximum absorbance at 488 nm. This shows

ature for a long time reduces the color intensity observed that A, presents a blue shift with the increase of the

when the solution is warmed. This shows that the colorless gielectric constant of the solvent (78.30 for water, 37.5 for

transient species is not stable, even at low temperature.  acetonitrile, 9.08 for dichloromethane), as shown in Figure
If the transient species formed in the initial aqueous acidic 4.

solution is not extracted with dichloromethane, the pink color Comparison of the Br@spectra in Figure 4 with the UV

is fainter and after some time a colorless gas starts to bubble, ;¢ spectra for CI@ shows some similarities. Despite the

from the solution. After a further few minutes the solution 5t that thelmax for ClO, is at lower wavelength (in a range

becomes light yellow, indicating bromine formation, which ot 357 i 360 nm depending on the solvent), the IO

is confirmed by the increase of a band withein the range  gpectrum has a similar sequence of small maxima which is

of 390 nm to 400 nm (Figure 3). After some additional ime  1,4re visible in solvents with low polarityThe Amax for CIO,

a huge amount of gas and bromine starts to be released. ghqs a blue shift with the increase of the dielectric constant
The solution of BrQ in dichloromethane does not show of the solvent but at much less extension than for BrO
any evolution of a colorless gas, but the solution goes to a changing solvent from acetonitrile to water causes a blue

light yellow color, indicating bromine formation, which is  ghift of 14 nm for BrQ but only 0.9 nm for CI@. This shows
confirmed by the UV-vis spectra. that the difference between the polarity of fundamental and
In Figure 2 we can see the UWis spectra of the  excited states for CIgis significantly lower than for Br@
dichloromethane solution at several times as the pink color Considering the maximum absorbances shown in Figure
is forming, reaches a maximum intensity, and then disap- 1 equal to 0.25 and 0.055, in dichloromethane and water,
pears. These spectra show a maximum at 502.0 nm and gegpectively, and using thevalue determined by Buxton
sequence of small maxima at 474.4, 489.0, 502.0, 514.4, andy g painton in aqueous solution, we found that the maximum
526.9 nm. In aqueous solution (Figure 3), the pink color I00kS qncentration we were able to obtain is, approximately,
the same but the UMvis spectra showmax = 474 nm and 25 % 104 mol L-* and 5.5x% 105 mol L~ in dichlo-
a band without structure. From Figure 1 it is clear that the
stability of this species is much lower in water than in (4) Dunn R. C.. Flanders B. N.: Simon J. D. Phys. Chem1995 99,
dichloromethane. If we change the solvent from dichlo- 7360.
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romethane and water, respectively. It is worth mentioning As shown in Figure 1, the decomposition of Br@
that this calculated concentration in dichloromethane was dichloromethane solution presents a profile similar to some
made supposing that theis the same as in water. autocatalytic decaysOtherwise, this profile can be explained
The experimental procedure we have used to obtain theby the simultaneous processes of its formation (from a
bromine dioxide in solution has some similarities with the colorless form) and decomposition. In this way, no auto-
procedure used by Noszticzias$ al® to produce bromine-  catalytic decomposition process can be assured by this time.
free HOBr (method b) by reaction 1. In their case, probably =~ The decomposition of Br@©in alkaline and neutral
because of the lower bromate concentration and highersolutions was established by Buxton and Daidton the
temperature, the concentration of intermediate Br@s too basis of reactions 6 and 7 being always second order in
low and no pink color could be seen, only oxygen formation. [BrO,].
2BrO,=Br,0, (6)
BrO,” + H" — HOBr+ O, 1)
2BrO, + H,0=BrO, + BrO;” + 2H" 7
_ The huge amo_unt _of gas and bromlr_1e, WhICh is observed  Reaction 6 has an equilibrium consta@t= 1.9 x 10¢ at
if the water S(_)Iutlon is not extracted _W|th dichloromethane, 5 °C, based on the ratdg = 1.4 x 10° L mol~* s* and
can be explained by the accumulation of HOBr, followed ks = 7.5 x 10* s~1.8 Reaction 7 is understood as the sum

by the reaction 2, again proposed by Noszticztsl? of reaction 6 with reaction 8 and has an equilibrium constant
K7 =1 x 10f and rate constants = 4.2 x 10’ L mol~*s™*
andk-; = 42 L? mol2 5718

The abrupt formation of Brcan be explained by the Br,0, + H,0=BrO, + BrO, + 2H" (8)
reaction between bromine and bromate, reaction 3, studied
by Fasterling et al,® which does not allow bromine
accumulation while there is bromate in the medium, only
oxygen formation. After bromate is exhausted, HOBr which
has been accumulating will decompose by reaction 2.

4HOBr— 2B, + 2H,0 + O, o)

From these reactions, it is quite natural to suppose that
the colorless species in equilibrium with Br@ the BgO,4
species. Otherwise, until now, there is not any experimental
evidence for the existence of the By, dimer} leaving this
proposition as a matter to be verified in the future.
2Br, + HBrO, + 2H,0 — 5HOBr ©) Our r_esults show, for the first time, the evidencg for an
equilibrium between Br@and some colorless form, reinforc-

Concerning the formation of BrQit can be explained by ~ Ing the initial Buxton and Dainton proposition for reaction
the reactions 4 and 5. Reaction 4 is similar to reaction 1 and 6, but the existence of the dimer BY has still to be

determined.
BrO,” + H" — HBro, + 11,0, 4) As the maximum Br@concentration we obtained is much
higher than the concentrations until now reported in the
BrO, -+ HBrO, + H" — 2Br0O, + H,0 (5) literature, it makes this procedure a new better option for

anyone who intends to study this species in solution.

can be the first step of reaction 1. Reaction 5 is very well-  Acknowledgment. This work was sponsored by CNPq,
known and has been employed byr§erling et al3 to FAPERJ, and FUJB.
produce BrQat a concentration 10 times less than we were
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able to produce, in aqueous solution.
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