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Abstract

The heterogeneous kinetics of the catalytic bromination of anthracegl;gr on silica gel has been investigated in situ as a function
of temperature in a static mode using a dual beam absorptiospectrophotometer and a spectrofluorophotometer. The surface of the silica gel
was treated by Brdiluted to CC} solvent. Adsorption rate of the reactants or the products of the reaction on pure silica gel surfaces, and
a liquid phase bromination reaction of the reactants were very slow compared to the overall kinetics measured. The reactions were studied
under first-order conditions. Anthracene was brominated catalytically fast to produce 9-bromoanthracene as the only aromatic product of the
reaction. Arrhenius activation energy of the 9-bromoanthracene formation was determined to ke G@3BJ mot?! at temperature range
from 294 to 345 K. Furthermore, 9-bromoanthracene was brominated catalytically relatively fast to produce 9,10-dibromoanthracene, which
was not possible brominate any further at the experimental conditions used. The rate of the 9-bromoanthracene formation was by a factor of
4.2+ 2.8 higher than that of the 9,10-dibromoanthracene formation. The kinetics of the substitution reactions were investigated by measuring
the increase of the 9-bromoanthracene absorption signal at 392 nm or the 9,10-dibromoanthracene absorption signal at 405 nm, or the decreas
of the anthracene fluorescence signal at 386 nm or the 9-bromoanthracene fluorescence signal at 397 nm. The heat of the overall brominatior
reaction of the anthracene to yield the 9-bromoanthracene was measured calorimetricalybthbe 2.4 kI mot?! at 293.6+ 0.8 K.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the reaction at all. The kinetics of anthracene bromination
reaction has been studied in some extent by Altshuler and
One of a well known straight forward syntheses, which Berliner, but at different experimental conditions as those
does not require any special laboratory technique, is used in the current studg].
bromination of anthracengl—-4]. Nowadays, typically, This study represents an experimental kinetic, thermo-
9-bromoanthracene is prepared from it by a brominating dynamic and spectroscopic investigations of anthracene
agent or by adding bromine to a solution of anthracene molecules with bromine in a non-polar liquid. The bromi-
in ethyl acetate. The reaction is catalysed by anhydrousnation reaction is catalysed by hydrated silicon—oxygen,
iron(lll) chloride and by heating the reaction mixture i.e. silica gel. The kinetics of the catalyzed reaction has
gently. The addition product of the reaction formed is later not previously been studied. The dynamics of the reaction
dehydrohalogenated by refluxing the solution over several is re-investigated here in order to examine intramolecular
hours[5]. Quite recently, Ghiaci and Asghari studied a series electronic effects which affect the extend of the bromination.
of silica gel catalysed bromination reactions of aromatic
compounds at room temperature and observed the reaction
of anthracene with bromine to be relative fast and to produce
only 9,10-dibromoanthracene and HBr with high yigd.
They did not investigate the kinetics or the dynamics of 2.1, Description of experiments

2. Experimental

* Tel.: +358 919150284; fax: +358 919150279. Kinetic experiments were measured in situ by means of
E-mail addressseetula@csc.fi. spectroscopic methods. Two different techniques were used.

1381-1169/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
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Table 1

Recorded absorption and fluorescence signal maximums in nm of anthracene, 9-bromoanthracene, and 9,10-dibromoanthracene in CCl

Molecule Absorption signals Fluorescence signals

C14H10 265, 311.5, 326.2, 342.2, 359.5, 378.8 386.8, 406.8, 429.2, 455, 490
9-Ci4HoBr 266, 321.3, 336.3, 353.2, 371.7, 392.3 397.2,421.6, 444, 471
9,10-G4HgBr2 267, 313.3, 328.3, 345.7, 363.2, 383.2, 405.2 412.8,437.2,461.2, 490

Firstly, the absorption spectra were recorded by use of aCi4H1p-containing (or 9-G4HgBr-containing) CCJ liquid

dual beam Cary 100 spectrofotometer with a resolution of was placed in a Dewar and varying amounts of @tuted in

0.5 nm. The quartz absorption cells of 10 mm light path length 5.0 ml of CCl, liquid was placed into a rotating cell, made of
used with a thermostattable cell holder were coupled to a a Teflon Dish and class walls, of the calorimeter. After the re-
thermostatting bath to maintain a constant temperature ofactants came to thermal equilibrium, the reaction was started
294.0+ 0.5Kinthe cells. The sample cell contained typically and the temperature change was measured in situ by a ther-
2.0ml 0.0004 M anthracene in CCbr 2.0ml 0.0004 M 9- mistor. The thermogram was recorded for further analysis.
bromoanthracene, completely brominated silica gel in vary- The solvent of the solution was evaporated and the solid prod-
ing amounts and a special kind of cuvette stir bar, which uct was later dissolved into CDEAnd analyzed by measur-
provided efficient horizontal and vertical mixing by means ing its 'TH NMR spectrum. The nuclear magnetic resonance
of a magnetic stirring of the reactants with a minimum vor- measurements were done by means of Varian Inova 300 MHz
tex formation or aeration. For further bromination reactions NMR spectrophotometer.

typically 1.0 ml 0.004 M Bs in CCl, was added to the sample

cell. .

One set of experiments were also measured as a functionz'z' Data analysis
oLtempera]\ctu_:_e ' Thelz formation of ?et?-bromo?nthracene]i N A general rate law of a competitive adsorption of the var-
ggiigcg 4053 |cahge Wﬁs measulr_e rattem dpera ure r;mbge hronﬂous components of the system under first-order conditions

- >, W ere the upper limit was determined by the on the saturated catalyst can be written as shown in(Bq.
boiling point of the solvent. [9]:

For kinetic experiments the 9-bromoanthracene ab- """
sorption signal was recorded as a function of time at . [ br[R]
392nm and the 9,10-dibromoanthracene absorption signalv = ]
at 405 nm, respectively. The recorded UV absorption spectra 1+ bRIR] + bel P] + bS]

of the anthracend/] the 9-bromoanthracene and the 9,10- HereRis a reactantP andSare the products anlg stands

dibromoanthracene were also compared to the spectra of theor the adsorption coefficient of the species. The equation is

pure compounds found {7,8]. based on the Langmuir isotherm. In the case were all species
Second, the fluorescence spectra were recorded by uséave very small affinity for the catalyst, the Edj) simplifies

of Shimadzu RF-5000 spectrofotometer with a resolution of andb;[i] are very small and can be neglected in the denom-

emission radiation of 1.5nm. The fluorescence spectrum ofinator. Then the rate law appears to be first-order respect
the anthracene starts at 387 nm. For the 9-bromoanthracengo the reactantv = kbg[R] = k’[R], and the apparent rate

it starts at 397 nm and for the 9,10-dibromoanthracene, atcoefficient is the product of the true rate constant and the

413 nm. For producing last two compounds, the surface of adsorption coefficient. The rate coefficients in the current
the silica gel was brominated before the anthracene or the 9-Study were obtained from a first-order exponential decay of
bromoanthracene was added to the cuvette. There wasno Br [R], = [R]o exp(—k't) of the reactant or a first-order exponen-
containing CCJ present. The reactants were efficiently mixed tial rise of [P]; = [Plo{1— exp(=Kt)} of the product. Magni-
during the kinetic experiment. Temperature in the cell dur- tude of thek' depends on the surface area of the brominated
ing the reaction was 3Qt 1 K. For the kinetic experiments,  catalyst. Moreover, no intermediates were detected during the
the fluorescence decay signal of anthracene was obtainedeactions, no liquid phase bromination reaction was present,
by exciting the anthracene at wavelength of 359 B5nm.  the solvent did not react with reactants or products, and did
The emission radiation at 3861.5nm was recorded at & not poison the catalyst used.

right angle compared to the exciting radiation at the peak of  The heat capacity of the empty Dewar of the calorimeter
the reactant fluorescence signal. In separate experiments, thg/as determined by calibrating it with a known amount of
kinetics of the 9-bromoanthracene decay was monitored atihe sample of tris(hydroxymethyl)aminomethane. The molar

397.24+ 1.5 nm by exciting the 9-bromoanthracene at wave- heat of the bromination reaction was calculated by means of
length of 336.Gt 1.5 nm (sedable J). Eq.(2):

The heat of the reaction was studied calorimetrically.
These measurements were done by means of Parr 1455, ,, =~ ATE

AH = )

Solution Calorimeter. Typically 100ml of a concentrated m

1)
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HereAT isthe temperature change of the reaction determined2.4. Reagent sources

from the recorded thermogramm the mass of the GH1o

(or 9-C14H10Br) andE includes the energy equivalent of the Anthracene (99%), 9-bromoanthracene (94%), 9,10-

Dewar flask and the specific heat capacity of the soljdit dibromoanthracene (98%), and,B09.99%) were obtained
from Aldrich, CCly (99.9995%) was obtained from Riedel-
deHan, and silica gel 60 (230—400 mesh, Bet surface area

2.3. Accuracy of measurements 480-540 M g~1 for column chromatography) was obtained
from Merck. The silica gel was kept at 100 at least 24 h

The error limits stated in kinetic expressions are pefore using it, all other reagents were used as provided.
1o + Student’st and based only on the statistical uncertain-

ties. The conditions of the reactions were pseudo-first-order,

where it was needed to known as accurately as possible the3: Results

amount of brominated silica gel present. This was, however, o ) )

difficult to measure more precisely than with accuracy of 3-1. Kinetic and calorimetric results

2mg. Moreover, the ratio of activated/deactivated silica gel ) o .

surface sites may make this accuracy worse than expected. 1he chemical kinetics of the following heterogeneous cat-

To minimize the amount of deactivated surface sites of the alytic reactions were studied separately:

catalyst, the silica gel was kept at constant temperature of

373K at least 24 h before using it in the experiments. The

other errors during the reaction including the accuracies in S

concentrations of anthracene and bromine, and the accuraC)?'Cl“HgBr(l) +Bra()) = 9, 10-Cr4HgBr2(1) + HBr(g) (4)

of temperature, were small and thus ignored. The results obtained from the experiments to mea-
The walls of the Dewar catalyzed the bromination reac- syre reactions(3) and (4) are given in Table 2 and

tions in the calorimetric measurements. The reactants wererjg. 1 The slopes of the plots in the figure are

weighted with accuracy of 2mg and the solvent was mea- (1.79+0.11)x 10 3mg-1s! for the 9-bromoanthracene

sured volumetrically with accuracy of 0.5 ml. During the re-  formation and (0.46-0.03)x 10-3mg~1s~! for the 9,10-

action the initial and the final temperatures of the reactions dihromoanthracene formation.

were recorded with accuracy of 0.00001 K, whereas atypical  Before kinetic experiments both absorption and fluores-

temperature change was about 0.43K. cence spectra of the compounds were measured. Absorption

CaaHao(l) + Bra(l) 22 9-C1aHeBr(l) + HBr(g) @3)

Table 2
Measurements of the rate coefficiéhbf the catalytic bromination reactions

Silica gel (mg) K (9-C14HgBr)? (x1072s71) K (9,10-G4HgBr2)? (x10~2s71) K (C14H10)? (x1072s71) K (9-C14HgBNP (x1072s71)

0 <0.001 <Q0001
7 170+0.03 Q2744+ 0.005 1.108t 0.004
7 0.158+0.003 0.37'#0.002
10 151+0.06 Q0306+0.011
15 191+0.01 1.81'#0.009
16 185+0.01
17 2354+0.05 0528+ 0.006 1.593:0.015
18 04504+ 0.001
18 0455+ 0.005
20 239+0.05 Q4224 0.007
23 0576+ 0.006 0.702t0.003
25 453+0.07 0693+0.011
26 465+0.10 3.69+:0.02
27 0.9574+0.005
31 440+0.04 138440.007
33 62+0.2 Q971+0.011
38 6414+0.10 1308+ 0.006 5.26+0.03
41 1.277+0.053
41 1.247+0.006
43 78+0.3 14440.02
44 175+0.02
48 714+0.10 175+£0.02
55 9.91+0.06
57 2.331+0.014

2 Arise coefficient, errors limits are standard errors from the curve-fitting algorithms.
b A decay coefficienk/, errors limits are standard errors from the curve-fitting algorithms.
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Fig. 1. Plots of first-order rise constakitvs. mijca gel for the set of ex-
periments to measure the catalytic bromination of anthracene (open circles)
or 9-bromoanthracene (solid triangles) on the silica gel at 294 K from ab-
sorption measurements. The first-order decay constant values of anthraceng
or 9-bromoanthracene from fluorescence measurements are shown as ope | | | | | | | |
diamonds and open triangles. The inset in the upper left corner is the ab- 305 315 325 335 345 355 365 375 385 395 405 415
sorption signal profile of 9-GHgBr recorded during one of the experiments
shown as a solid circleriica gei= 31 mg) in the linear regression fit. The line
through the data in the inset is an exponential function of the product fitted
using the Marguardt-Levenberg algorithm. The inset in lower right comner Fig- 2. UV absorption spectra of anthracene, 9-bromoanthracene, and 9,10-

is the fluorescence signal ofgH1o recorded during one of the experiments dibromoanthracene_ isolated in GCIThe resolutic:ns of the spectra were
shown as a solid diamondniica gei= 38 Mg). The line through the datain  0-5nm. Concentrations of the samples wese 10~ M.

the lower inset is an exponential decay function of the reactant fitted using

the Marquardt-Levenberg algorithm. between the rate equation and the data points. Correlation

coefficients of these fittings were in the range from 0.98 to

spectra of the anthracene, the 9-bromoanthracene, and th®.99. The relative rates for reactiof® and (4)were obtained

9,10-dibromoanthracene were recorded from 220 to 420 nmfrom the slopes of the plots of the exponential rise (or decay)

with a spectral resolution of 0.5 nriiy. 2). All the spectra constank’ versusiiilica get

measured had a very Strong absorption at2d6 m and a In the calorimetric measurements the heat of the over-

much weaker electron vibration band of 5 or 6 peaks exist- all catalytic bromination of the GHaq(l) to yield the 9-

ing from 311 to 405 nm. Fluorescence spectra were recordedC14HoBr(l) was obtained to be.59.1+ 2.4 kI mot *. Table 3

between wavelengths of 380 and 600 nm with a spectral res-gives the results and experimental conditions for the calori-

olution of 1.5 nm, respectively. The fluorescence spectra hadmetric experiments. For the 91@HoBr, the 'H NMR:

four emission bands. Spectral information is givefaible 1 8(CDClg) 8.54 (d, 2H), 8.45 (s, 1H, t), 8.01 (d, 2H),
The kinetic data was collected as a function of time by 7-64-7.49 (m, 4H), and for the 9,10rgBr2 the'H NMR:

means of spectroscopic methods. All of the absorbance sig-6(CDCls) 7.66-7.62 (m, 4H), 8.61-8.58 (m, 4H).

nals in kinetic experiments were recorded at conditions where

the concentrations of reactants were low enough to obey the3.2. Temperature dependency of the 9-bromoanthracene

Beer—Lambert law. A typical kinetic data point, as shown formation

in Fig. 1in the inset, is an average of absorbances regarded

0.5s at the peak of the product absorbance signal. The de- Temperature dependency of the 9-bromoanthracene

lay between the data points collected was typically 1.0s. In formation was investigated in a sample cell in the absence

a similar manner the fluoresencense signals were recordedf the silica gel at temperatures from 294 to 345K. Only

at 0.6 s time interval at the peak of the reactant fluorescencethe windows of the cell catalysed the reaction. The rate

signal. Furthermore, the first-order rate laws of the decay of the 9-bromoanthracene formation in this temperature

or rise signals were fitted to the set of data points collected range increased by a factor of 10. The surface coverage

by the Marquardt—Levenberg algorithm to obtain the best fit was kept constant throughout the temperature range by

Wavelength / nm
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Table 3 Table 4

Temperature dependencies of the rise coefficients of thesBHBr at ab- Conditions and results of experiments used to measure the heat
sence of silica gel of the catalytic reaction GHio+Brp— 9-Ci4HgBr+HBr and 9-
T2 (K) k’(9-C14HgBI')b (x 104 S_l) C14HgBr + Bro — 9,10-G4HgBro + HBr

2042 <01 ST (111s)) ngr, (Mol) ArH (kJmot1) T(K)
307.9 070+ 0.05 1.756 1.846 -59.1 294.8
3135 179+ 0.04 1.734 1.734 —55.7 293.6
3154 156+ 0.02 1.779 1.833 —58.7 293.5
320.2 223+0.02 1.790 1.840 -59.9 292.6
325.9 233+0.15 1.767 1.783 —62.3 293.5
330.5 433+0.05

331.9 413+0.03

336.7 728+0.05

bromoanthracene formation on the catalyst as having strong

222:3 ;g?ig:g; temperature dependency and being chemical in nature. A
344.1 103+ 0.04 vigorous constant agitation of the solution prevented the pos-
344.7 101+0.03 sibility of mass-transport limitation of the catalysed reaction.
345.0 860+ 0.04 Because of the formation of the 9,10-dibromoanthracene,
a Temperature uncertainty was0.5 K. the uncertainty of thek'(9-Ci4HgBr) increased in the
® Temperature dependency Ef(9-C1aHgBr) is 50.33+0.23kImot™. temperature range from 343 to 345 K. At these temperatures,

The error limits are & + Student's and based on statistical uncertainties. the possibility of a quuid phase bromination reaction was

ruled out by adding IBr to a solution of Blanthracene in
maintaining an excess amount of:Bn the solvent. In these  CCly, forming no iodinated aromatic producttaple 4.
conditions, a true activation enerdy, may be obtained
by the Arrhenius expression. It was fitted to the rate
coefficientsk’ measured at different temperatures to yield 4. Discussion
E, to be 50.33+ 0.23kJ mot?L. This value indicated the 9-

4.1. Kinetics

As shown inFig. 1, the rate of the 9-bromoanthracene for-
mation per H atom is by a factor of 2.1 higher than that of the
9,10-dibromoanthracene, indicating Br as an electronegative
substituent to diminish the rate of further bromination reac-
tion. This conclusion is in accord with the results of another
experiments, where 9-cyanoanthracene was not brominated

| | | | | | | j at all in similar experimental conditions. By considering a
380 395 410 425 440 455 470 485 500 mesomeric effect at thpara position of an aromatic ring,

397 the Br substituent has stronger ability to donate electrons to
the ring than the cyano group has. It is actually an electron
acceptor, which ability to attract electrons is large because of
large electron affinity valugl1]. Of the CN, Br, and H sub-
stituents, the cyano group has the largest and the H atom the
smallest electron affinity valug2]. The operative electron

| | | | | | ) transmission mechanism is conjugative in nature and stabi-
390 405 420 435 450 465 480 495 510 lize the open shell structure via the Br substituent more than
the CN substituent does after thara-C—H bond is ruptured.

The kinetics of the 9-bromoanthracene formation ob-
served seemed to follow the first-order rate law, because the
kinetic experiments were measured under first-order condi-
tions, and the rate coefficient was linearly proportional to the
catalyst weight. The kinetics measured resemble heteroge-
neous first-order wall reactions of the reactant in a tubular
flow reactor{13].

For the beginning of the anthracene bromination reac-

Wavelength /nm tion, the conditions were pseudo-first-order. The vacant sil-
Fig. 3. UV fluorescence spectra of anthracene, 9-bromoanthracene, andIca gel Sl.tes were not rebrominated during the r.eaCtlon'. AS
9,10-dibromoanthracene isolated in @CThe resolutions of the spectra the reaction proceeded’ the Br atom Concentrat!on (_)n _S”K?a
were 1.5nm. gel surfaces as well as anthracene concentration in liquid

412

! ! ! ! ! ] ]
410 425 440 455 470 485 500 515 530
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phase decreased. Results from the other experiments, howthe reactor, which makes it difficult to compare their kinetic
ever, have indicated the adsorption of anthracene on pure sil-results to those of the current study.
ica gel surfaces negligible. Furthermore Fag. lindicates,
the 9-bromoanthracene molecules did not adsorb during the4.2. Reaction mechanism
reaction on vacant adsorption sites of silica gel surfaces.
The kinetics of the heterogeneous anthracene+BB8- Bromination of the anthracene or the 9-bromoanthracene
bromoanthracene + HBr reaction was monitored in situ either occurred at silica gel surfaces having only neutral or polarized
by use of the product formation signal or in similar conditions species. Because of alarge number of pores of molecular size,
by the reactant decay signal. Both of these methods yieldedthe surface area of silica gel is high. A large Bet surface area
very similar kinetic results, as shown Bgble 1 It can thus of the silica gel suggests that the smallest amount of silica
be concluded that the side reactions may not be of an extentgel used equals 33 600 émf surface area compared with the
measurable by these kinetics. window surface area value of 12 émf the sample cell. The
Bromination of the 9-bromoanthracene occurred under windows of the cuvettes were quartz, which is i@us re-
pseudo-first-order conditions, because during the reaction thesembling the hydrated silicon—oxygen compound built from
solvent contained a great excess of Brhis ensured thatthe ~ SiO4*~ tetrahedras. Both of these may be insulators, which
silica gel used was constantly and completely saturated as thecan neither oxidized nor reduced. The ratio of the surface
reaction proceeded by Br atoms, [Br]. A large;Exdsorp- area values agrees with the ratio of the rate in these surface
tion coefficient on the silica gel and high [Brin solution areas of bromination reactions (s&gble 2. The bromina-
caused the equilibrium of the Badsorption to be clearly  tion reactions are very slow (at 294 K) when the silica gel is
on the product sidfl4]. The adsorption with dissociation of absent. This is indicated iRig. 1 by a small positive value
Br, on silica gel seemed to follow the Langmuir adsorption of the intercept of the fitted straight line and thaxis. The
isotherm, where the equilibrium was obtained in seconds un-kinetics of the brominations reactions were not affected by
der these experimental conditions. ThejdBn liquid phase the changes in bromine concentrations in solution, as also
was large enough that the rate was zero-order in Bhis demonstrated previous|g].
corresponds to the fully covered catalytic surface, so thatthe Anthracene can be brominated completely to produce 9-
rate was determined by the amount of brominated surfacebromoanthracene as the only aromatic product of the reac-
sites. In these conditions, the rate law may still appear to tion. This product can in a similar manner be brominated
be first-order in respect to the reactant 9-bromoanthracene:completely to yield 9,10-dibromoanthracene. Another prod-
v = k”[R], wherek” equals tdk x br x bg; [Br] 1. The ab- uct in these reactions was indicated to be an acid by use of
sorbance signal profile of the 9,10-dibromoanthracene mea-a litmus paper. This implies it to be HBr. The difference be-
sured as a function of time was similar as the signal profile tween the rates of brominations of the anthracene and the
of the 9-bromoanthracene (déig. 1). This indicates thatthe  9-bromoanthracene makes it possible to isolate the native 9-
9,10-dibromoanthracene did not adsorb on the brominatedbromoanthracene molecules from the solution. In general,
silica gel surfaces. Moreover, compared with the catalytic the bromination reaction, which are substitution reactions,
bromination reactions, liquid phase bromination reactions requires B to have a dissociative adsorption on clean silica
had showed negligible rates. On the other hand, the rate ofgel surfaces. The Brmay initially be attracted on the sur-
adsorption with dissociation of Bron silica gel compared  face by an electron transport from the solid to the molecule
with the overall kinetics of the 9,10-dibromoanthracene for- making it polarized. This is followed by an adsorption reac-
mation, was very fast. tion of anthracene on the brominated silica gel. After this,
In the fluorescence kinetics of the 9-bromoantracene, thethe heterogeneous reaction proceeds by replacing the H at
precursore was brominated at similar conditions as the an-the 9 position by a Br atom. HBr may be formed by an-
thracene bromination. The silica gel was brominated before other Br-atom abstracting an H-atom from the precursore.
the 9-bromoantracene was added to the cuvette. The magniThis mechanism was explored by the following set of ex-
tudes of the rate coefficients obtained from absorption or flu- periments: (1) the silica gel was completely covered by Br
orescence experiments were at similar conditions very closeatoms, (2) the remaining Bitontaining CCJ in the cell was
each other (se®ble 3. This means that the closeness of the replaced by 2.0 ml of IBr-containing Cgland (3) 1.0 ml of
rate coefficients calculated from the signals of the reactant orthe G 4H10-containing CCJ liquid was added to the cell un-
the products indicates thatthere was only one parallel reactionder constant mixing. No indications of iodinated anthracene
presenfl15]. Thus, the anthracene or the 9-bromoanthracene were detectable in the reaction cell. This result indicates that
did not have any side reactions at a measurable level. the H-atom substitution reaction occurs only at silica gel sur-
Previously Altschuler and Berliner have studied a set of faces, notinthe liquid phase. The liquid phase did not contain
bromination reactions of aromatic hydrocarbons at various 9-anthryl free radicals. Onthe other hand, if IBr dissociatively
concentrations of acetic acid in waf@f. The reactions they  adsorbs onthe silicagel surface, it may brominate anthracene,
measured were electrophilic substitution reactions with bro- but not iodinate it. This is because the energy barrier of the
mide ions present. The authors did not consider, however, theH-atom abstraction reaction by an | atom is typically twice
presence of catalytic bromination reactions on the walls of as large as that of a Br atom reaction. The Br atom is more
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reactive than the | atom. Both the bromination reactions of 100 cnt! smaller value because of the vibrational deactiva-
the current study reveal that the-B bonds at the 9 and 10  tjon at the excited state of the molecule.

positions of the anthracene and at the 10 position of the 9-
bromoanthracene were weaker than the othdd Gonds of
these molecules. 5. Summary

4.3. Heat of the reaction The heterogeneous kinetics of the catalytic bromination
of anthracene and 9-bromoanthracene on silica gel have been

Inthe calorimetric measurements the bromination reaction characterized. The rate per H-atom of the 9-bromoanthracene

was catalyzed by the glass walls of the Dewar flask. The formation from the anthracene is by a factor of 2.1 higher

surface area (about 180 éyof the walls was large enough  than the 9,10-dibromoanthracene formation from the 9-

to complete the anthracene bromination reactionin 200 s. Thebromoanthracene. Arrhenius activation energy and the heat

number of moles of Brand the anthracene were eq[#|At of the reaction of the 9-bromoanthracene formation were 50.3

these conditions only 9-bromoanthracene was formed. Thisand—59.1 kJ mot?L.

was ensured by comparifti NMR spectra of the reaction

product to those of the 9-bromoanthacene and of the 9,10-

dibromoanthracene. Acknowledgements
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