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The oxidative addition of Br2 to the imidazoline-2-selone de- the hypervalent 10-Se-3 selenium compounds 3a2c contain-
ing the Br2Se2Br group. The crystal structure of 1,2-bis(3-rivatives 1a2c has been studied by spectrophotometric and

conductometric techniques. The experimental results clearly methyl-4-imidazolin-2-ylium dibromoselenanide)ethane (3c),
a new stable hypervalent 10-Se-3 compound, is also re-indicate that this reaction involves the dications 2a2c, con-

taining an Se2Se bond, as intermediates in the formation of ported.

Introduction tometric and a conductometric study of this reaction has
been undertaken. The X-ray crystal structure of 1,2-bis-In recent years, a great deal of synthetic and structural
(3-methyl-4-imidazolin-2-ylium dibromoselenanide)ethanecharacterization work has been carried out on the products
(3c) is also reported.of the reactions of the donors 1a2c, containing the imida-

zoline-2-selone ring, with acceptors such as diiodine, [1] in-
Results and Discussion

terhalogens (IBr and ICl) [2] and unsaturated polynitriles
Upon reaction of 1a2c with 0.5 equiv. of molecular bro-(TCNQ).[3]

mine in CH3CN, ionic compounds consisting of dications
containing the Se2Se bridge and Br2 counterions (2a2c)
are obtained. When 1 equiv. of Br2 per selenium atom is
used, hypervalent selenium compounds featuring the
Br2Se2Br group (3a2c) are produced.

A variety of products has been obtained including neu-
tral adducts, dications containing the Se2Se bridge, and
hypervalent 10-Se-3[4] compounds containing the I2Se2I
group.

While addition of I2 to 1a and 1c quantitatively produces
the I2Se2I insertion derivatives, the corresponding reac-
tion of Br2 with 1a has recently been reported[5] to give the
analogous Br2Se2Br insertion derivative 3a with a 1:1 1a/
Br2 molar ratio and an ionic compound with a 1:0.5 1a/Br2

molar ratio. This latter has been hypothesized to be 2,29-
diselenobis(1,3-dimethyl-4-imidazolinium) dibromide (2a)
on the basis of previous studies carried out by Arduengo
and Burgess[6] on the oxidative addition complexes of the
sulfur analogue of 1a with Br2. However, we have pre-
viously obtained 2a by reacting 1a with IBr in a 1:1 molar As mentioned above, we have previously obtained com-

pound 2a by the reaction of 1a with IBr and have reportedratio and have reported its structural characterization.[2] In
order to ascertain whether 1b and 1c show the same be- its X-ray structural characterization.[2] The crystal structure

of 3a was recently determined by Williams et al. [5] whilehavior as 1a in the reaction with bromine, and whether di-
cations containing the Se2Se bridge are intermediates in this study was being carried out. The reported data are con-

sistent with the crystal data of the sample isolated by us.the formation of the hypervalent compounds, a spectropho-
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Table 1. Crystallographic data of 3c: C10H14Br4N4Se2Single crystals suitable for X-ray studies have also been

obtained for 3c. The crystallographic data are given in
formula C10H14Br4N4Se2Table 1, the geometrical parameters are listed in Table 2.
molecular mass [g/mol] 667.78The structural data of 3c are in good agreement with those crystal system monoclinic
space group Ccof the corresponding iodo derivative.[1] [7] [8] In fact, the mol-
a [Å] 21.399(5)ecule (Figure 1) shows a pseudo two-fold axis and a gauche
b [Å] 10.619(6)

conformation [N(11)2C(41)2C(42)2N(12) 59(1)°]; the c [Å] 8.090(7)
β [°] 90.72(2)Br2Se2Br fragments are asymmetric [Se(11)2Br(11)
U [Å3] 1838(2)2.662(2), Se(11)2Br(21) 2.521(2), Se(12)2Br(12) 2.650(3), Z 4

Se(12)2Br(22) 2.531(4) Å], essentially linear [Br(11)2- dc [g cm23] 2.413
diffractometer Philips PW 1100Se(11)2Br(21) 175.7(1)°, Br(12)2Se(12)2Br(22) 172.1(1)°],
radiation graphite-monochromatedand roughly perpendicular to the corresponding imidazo- wavelength Mo-Kα (λ 5 0.71073 Å)
F(000) 1240line ring [the values of the Br2Se2C2N torsion angles are
T [K] 295in the 2101(1) to 78(1)° range]. The dihedral angle between
crystal size [mm] 0.11 3 0.56 3 0.62

the two imidazoline rings is 46.6(5)°. The Se atoms show a µ [cm21] 127.13
scan mode θ-2θroughly square-planar coordination due to the very appreci-
scan speed [° min21] 329.6able interactions Se(11)···Br(21) (x, 2y, z 2 1/2) 3.344(3) scan width [°] 1.20 1 0.345 tan θ

Å and Se(12)···Br(22) (x, 2y, 1/2 1 z) 3.754(3) Å. These θ range for intensity collection [°] 3230
data collected ± h, k, linteractions are responsible for the formation of chains in
no. of measured reflections 2844the directions of c through the axial glide plane. The chains no. of reflections with I $ 2σ(I) 2090
no. of refined parameters 180are held together by weak interactions of the type Br···C
min./max. height in final ∆ρ map [eÅ23] 20.51/1.70and C···C (Figure 2). The structure shows considerable
R 5 Σu(∆F)u/uΣFou 0.0549

similarities with those of 2a [5] and SeBr2tmtu[9]. wR 5 [Σw(∆F)2/ΣwFo
2]1/2 0.0692

k, g(w 5 k/[σ2(Fo) 1 gF2
o]) 1.5042, 0.001495

Figure 1. ORTEP view of 3c; thermal ellipsoids are drawn at a 30%
probability level

Table 2. Bond lengths [Å] and angles [°], with e.s.d.’s. in parenthe-
ses, of 3c: C10H14Br4N4Se2

bond lengths [Å]

Se(11)2Br(11) 2.662(2) N(21)2C(51) 1.45(2)
Se(11)2Br(21) 2.521(2) N(12)2C(12) 1.30(2)
Se(11)2C(11) 1.95(1) N(12)2C(32) 1.39(2)
Se(12)2Br(12) 2.650(3) N(12)2C(42) 1.47(2)
Se(12)2Br(22) 2.531(4) N(22)2C(12) 1.39(2)
Se(12)2C(12) 1.88(1) N(22)2C(22) 1.40(2)
N(11)2C(11) 1.37(2) N(22)2C(52) 1.45(2)
N(11)2C(31) 1.37(2) C(21)2C(31) 1.34(2)
N(11)2C(41) 1.43(2) C(41)2C(42) 1.56(2)
N(21)2C(11) 1.35(2) C(22)2C(32) 1.34(2)
N(21)2C(21) 1.39(2)

bond angles [°]

Br(21)2Se(11)2C(11) 88.2(4) C(22)2N(22)2C(52) 127.8(12)Figure 2. Projection of the structure of 3c along [001]
Br(11)2Se(11)2C(11) 88.1(4) C(12)2N(22)2C(52) 127.0(12)
Br(11)2Se(11)2Br(21) 175.7(1) C(12)2N(22)2C(22) 105.1(10)
Br(22)2Se(12)2C(12) 88.8(4) N(11)2C(11)2N(21) 107.2(11)
Br(12)2Se(12)2C(12) 83.3(4) Se(11)2C(11)2N(21) 126.0(9)
Br(12)2Se(12)2Br(22) 172.1(1) Se(11)2C(11)2N(11) 126.8(9)
C(31)2N(11)2C(41) 125.1(11) N(21)2C(21)2C(31) 107.4(12)
C(11)2N(11)2C(41) 126.4(11) N(11)2C(31)2C(21) 108.4(12)
C(11)2N(11)2C(31) 108.5(10) N(11)2C(41)2C(42) 111.9(10)
C(21)2N(21)2C(51) 125.7(12) N(12)2C(12)2N(22) 108.7(11)
C(11)2N(21)2C(51) 125.8(12) Se(12)2C(12)2N(22) 124.5(8)
C(11)2N(21)2C(21) 108.4(10) Se(12)2C(12)2N(12) 126.7(11)
C(32)2N(12)2C(42) 124.6(11) N(22)2C(22)2C(32) 109.8(13)
C(12)2N(12)2C(42) 124.8(11) N(12)2C(32)2C(22) 105.6(11)
C(12)2N(12)2C(32) 110.6(11) N(12)2C(42)2C(41) 111.5(10)

In the low-frequency region, the FT-Raman spectra of
3a2c each show two strong peaks at 187 ± 6 and 152 ± 6
cm21, attributable to υas and υs of the Br2Se2Br three-
body system, respectively.[5] [9] [10] Similarities are also ob-
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served in the FT-Raman spectra of 2a and 2c; thus, the tivities of CH3CN solutions of the free ligands were moni-

tored during stepwise Br2 addition. Figure 4 shows plotspeaks at 248 and 189 cm21 for 2c must be in part associated
with the υ(Se2Se) vibration, in accordance with the find- of the molar conductivities versus the Br2/L molar ratios;

formation of an ionic species is clearly evident from theings for 2a and other dications. [2] The FT-Raman spectrum
of 2b is more complicated and, in addition to the peaks increase in the conductivity values up to a 1:1 Br2/L (1:0.5

for 1a) molar ratio. This species disappears upon the ad-at 250 and 187 cm21 (the intensities of which are reversed
compared to those found for 2a and 2c), shows one strong dition of further Br2 and conductivity reaches a minimum

value at a 2:1 Br2/L (1:1 for 1a) molar ratio. The UV/visiblepeak at 176 cm21. This spectrum could be explained by
hypothesizing that in 2b some dication units interact spectra of the solutions at the 1:1 and 2:1 Br2/L (L 5 1b,

1c) molar ratios, respectively, showed the corresponding di-strongly with Br2 ions forming an Se2Se2Br three-body
system, which could be vibrationally described as a Br2

3 cations and hypervalent compounds to be the only species
present. The conductometric titration of 1a, on the otherunit. In fact, for an only slightly asymmetric Br2

3 anion, the
symmetric stretching vibration υ1 is found near 160 cm21 hand, indicates an equilibrium reaction between the three

species 1a, 2a and 3a, in line with the spectrophotometricand the antisymmetric υ3 near 190 cm21. [10] [11] From this,
it follows that the peak at 176 cm21 could be assigned to evidence.
the υ1 mode of the Se2Se2Br group, while the increased
intensity of the peak at 187 cm21 is most likely attributable Figure 3. 3a: UV/Vis spectra at 293 K in a 0.1-cm silica cell of
to the contribution from the υ3 antisymmetric vibration of CH3CN solutions containing fixed amounts of 1c ([1c] 5 2.5 3

1024 mol l21) and variable Br2 concentrations in the ratios: (a) 1:0;the Se2Se2Br group.
(b) 1:0.2; (c) 1:0.4; (d) 1:0.6; (e) 1:0.8; (f) 1:1; (g) 1:1.2; (h) 1:1.4; (i)

In order to ascertain whether the aforementioned dicat- 1:1.6; (l) 1:2. 2 3b: Plot of the absorbances of the same CH3CN
solutions of 1c and Br2 as in (3a) versus [1c]/[Br2] molar ratios ations are intermediates in the formation of the hypervalent
λ 5 260 nm. The increase in absorbance over the 1:2 1c/Br2 molarselenium compounds, we have investigated the oxidative ad- ratio could be attributed to the presence of Br2

3 in the Br2 solution
dition of Br2 in CH3CN solution by UV/visible spec- used for the titration. In fact, in Br2 solutions with concentrations

ranging from 1 3 1023 to 2.5 3 1023 mol l21, about 122% oftroscopy and conductometric measurements.
Br2

3 is observedThe addition of increasing amounts of Br2 to CH3CN
solutions of 1a, 1b or 1c produces a drastic change in the
electronic spectra of the free ligands; the main features are
similar in the three cases and, as shown in Figure 3a for 1c,
two well-defined isosbestic points are observed at 291 and
301 nm indicating an initial conversion of the free ligand
into a new species up to a 1:1 1c/Br2 molar ratio and sub-
sequent transformation of this species once its formation is
completed. A spectrum identical to that recorded for the
1:1 1c/Br2 solution is obtained from a CH3CN solution of
2c; thus, the formation of the dication is unequivocally pro-
ven when working at this molar ratio. The dication un-
dergoes a further transformation upon increasing the
amount of bromine to a 1:2 1c/Br2 molar ratio, leading to
3c as shown by the UV/Visible spectrum of 3c compared
with that recorded on the 1 :2 1c/Br2 solution. The spectral
features of 3a2c are very similar to those of a tribromide
due to the great similarity of the chromophores Br2Se2Br
and [Br2Br2Br]2. [12] In Figure 3b, a plot of the ab-
sorbance at 260 nm versus the 1c/Br2 molar ratio is de-
picted; it shows that the formation of 2c and subsequently
of 3c is quantitative. A similar plot is observed for 1b,
whereas for 1a less evident equivalence points at the 1:0.5
and 1:1 1a/Br2 ratios might suggest that the formation of
the dication and of the hypervalent compound are equilib-
rium reactions. In order to further support the hypothesis
that dications 2a2c are intermediates in the formation of
the hypervalent compounds 3a2c, another experiment was
carried out in which increasing amounts of Br2 were added
to CH3CN solutions of 2a2c; the resulting UV/visible spec-
tra indeed showed that the hypervalent compounds were
formed.

The oxidative addition of bromine to 1a2c has also been
investigated by conductometric measurements. The conduc-
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ConclusionsFigure 4. Plots of the molar conductivities recorded during the ti-

trations of 1a2c {[1a] 5 2.16 3 1023 mol l21 (h); [1b] 5 1.06 3
In this paper, we have reported the structure of the hyper-1023 mol l21(s); [1c] 5 1.99 3 1024 mol l21(r)} with Br2 ([Br2] 5

9.61 3 1023; 1.04 3 1022 ; 1.93 3 1023 mol l21 for 1a2c, respec- valent Se compound obtained by oxidative addition of Br2
tively) versus the [Br2]/[L] molar ratios to 1c (3c). Hypervalent 10-Se-3 compounds of this type are

quite uncommon, 3a, [5] 1,3-diisopropyl-4,5-dimethyl-4-im-
idazolin-2-ylium diiodoselenanide[7] and the diiodoselenan-
ides obtained from 1a and 1c [1] being the only such com-
pounds structurally characterized to date. We have also
demonstrated that the reactions of 1a2c with bromine lead-
ing to the hypervalent compounds are two-step oxidation
processes involving as intermediates the dications (2a2c),
which contain Se2Se bridges. It is relevant that such dicat-
ions are not formed in the reaction of 1a2c with diiodine, [1]

neither in solution nor in the solid state, whatever the molar
ratio of reactants used. Only in the case of the reaction
of diiodine with the saturated analogue of 1a, i.e. N,N9-
dimethylimidazolidine-2-selone, was formation of the corre-
sponding dication observed; the solid product was found
to be a mixed-valence compound containing equimolecular
amounts of the CT complex and the dication having two

The observed reactions of 1a2c with Br2 are in good triodides as counterions. [13] Finally, while 1a2c show the
agreement with their electrochemical behavior. To confirm same behavior in the reaction with bromine, the reaction
the tendency of the three ligands to undergo oxidation we with diiodine is more selective since different products are
also carried out an electrochemical study in CH2Cl2 solu- obtained from these rather similar donors.
tion (2a2c and 3a2c are also obtained using CH2Cl2 as the

The Ministero della Università e Ricerca Scientifica e Tecnologicasolvent instead of CH3CN; the electrochemical measure-
of Italy (MURST 40%, Reattività e Catalisi) is acknowledged for

ments were performed in CH2Cl2 for solubility reasons). In support in this research.
fact, cyclic voltammograms scanned in the anodic direction
and reversed at 11.0 and 20.2 V to the starting potential Experimental Section
(0.0 V), show two irreversible oxidations and one irrevers-

Materials: Reagents and solvents of reagent grade purity wereible reduction for 1a and 1c, while only one broad oxidation
used as received from Aldrich. The compounds 1a2c were pre-peak and one reduction peak are observed for 1b (see Table
pared as described previously. [1]

3). When the scans are performed in the cathodic direction,
Compounds 2a2c and 3a2c: The compounds 3a2c were pre-the reduction peak does not appear for all ligands. This

pared by leaving to stand CH3CN solutions of the ligands and Br2peak could therefore be attributed to the reduction of the
in a 1:1 (for 1a) or 1:2 (for 1b and 1c) molar ratio at room tempera-oxidation products. The two oxidation peaks may be related
ture. After several days, well-shaped yellow-orange crystals of 3cto a two-step process involving the initial oxidation of one
suitable for X-ray diffraction studies and yellow-orange crystals of

Se atom, which then interacts with either the unoxidized Se 3a and 3b were obtained. Yields of each compound were typically
atom of the same molecule in the case of 1b and 1c, or 70%. The compounds 2a2c, obtained as yellow microcrystals, were
with the Se atom of a different molecule in the case of 1a. prepared analogously using a 1:0.5 (for 1a, yields 88%) or 1:1 (for
Subsequently, according to a simplified molecular orbital 1b and 1c, yields 90%) molar ratio. Elemental analysis data and
description for the Se2Se bond formation, this intermedi- FT-Raman spectra for 2a and 3a have been reported previously. [2]

ate has one electron in the antibonding molecular orbital, 2a: Electronic spectrum (2502550 nm): λmax (ε) 5 275 (22280),
which is removed in the second oxidation step to give the 312 nm (20480 l mol21 cm21).
Se2Se dication.

2b: C9H12N4Br2Se2: calcd. C 21.88, H 2.45, N 11.34; found C
22.09, H 2.52, N 11.39. 2 Raman (500250 cm21): ν̃ 5 290 (2.0),
250 (5.2), 218 (1.9), 187 (7.6), 176 (10), 135 (3.0), 128 (5.0), 92 (3.4),

Table 3. Anodic peak (Epa) and cathodic peak potentials (Epc) 74 (3.4). 2 Electronic spectrum (2502550 nm): λmax (ε) 5 292 nmdetermined by cyclic voltammetry in CH2Cl2 for 1a2c ( 1 3 1023

(28200 l mol21 cm21).mol l21). Pt electrode vs. SCE (saturated calomel electrode) in the
presence of Bu4NBF4 ( 1 3 1021 mol l21). Scan rate: 100 mV s21

2c: C10H14Br2N4Se2 3 0.5 CH3CN: calcd. C 25.00, H 2.96, N
11.93; found C 25.19, H 3.15, N 12.06. 2 Raman (500250 cm21):

L Epa1 (V) Epa2 (V) Epc (V)[a]
ν̃ 5 282 (1.0), 248 (10.0), 189 (1.3), 87 (1.1). 2 Electronic spectrum
(2502550 nm): λmax (ε) 5 310 nm (19900 l mol21 cm21).

1a 10.57 10.75 10.08
1b 10.60 10.73 10.24 3a: Electronic spectrum (2502550 nm): λmax (ε) 5 260 nm
1c 10.50 10.66 10.04 (32600 l mol21 cm21).

3b: C9H12Br4N4Se2: calcd. C 16.54, H 1.85, N 8.57; found C[a] These peaks do not appear when scanning is started in the
cathodic direction. 16.77, H 1.90, N 8.64. 2 Raman (500250 cm21): ν̃ 5 193 (10.0),
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153 (7.5), 137 (3.0), 107 (2.8), 85 (2.7). 2 Electronic spectrum 1:2.5; 1:3; 1:4; 1:5), was prepared. Spectra were recorded at T 5

20°C, in the 2502550 nm range, using 1-cm path length silica cells.(2502550 nm): λmax (ε) 5 262 nm (58000 l mol21 cm21).

Conductiometric Titrations: Conductometric titrations were car-3c: C10H14Br4N4Se2: C 17.99, H 2.11, N 8.39; found C 18.11, H
ried out at T 5 25°C in a standard thermostatted cell using solu-2.17, N 9.26. 2 Raman (500250 cm21): ν̃ 5 184 (10.0), 146 (9.4),
tions in CH3CN (freshly distilled from CaH2), with a Model 12064 (2.5). 2 Electronic spectrum (2502550 nm): λmax (ε) 5 260 nm
microprocessor conductivity meter “Analytical Control”. The k cell(56400 l mol21 cm21).
(1.23 cm21) was determined by measuring the conductivity of three

X-ray Data Collection and Structure Refinement: Crystallo- solutions of kiln-dried (12 h) KCl (0.1, 0.01 and 0.001 mol l21,
graphic data are given in Table 1. The diffraction measurements respectively) in doubly-distilled deionized water at T 5 25°C. The
were made on a Philips PW 1100 diffractometer with graphite- conductivity values were corrected for the dilution error using the
monochromated Mo-Kα radiation (see Table 1); the data were col- multiplicative factor f 5 (V 1 Vo)/Vo, where Vo is the starting vol-
lected using the θ22θ scan technique. During the data reduction, ume (30 ml) of the 1a, 1b and 1c solutions and V is the volume of
intensities were corrected for Lorentz and polarization effects. A the added Br2 solution. Conductivity was recorded 5 minutes after
correction for absorption was applied: maximum and minimum each Br2 addition in order to let the temperature equilibrate to
values for the transmission factors were 1.000 and 0.514.[14] [15]

25°C.
Solution by direct methods (SHELX-86), [16] full-matrix least-

Electrochemistry: Cyclic voltammetry experiments were per-squares refinement, and anisotropic thermal parameters for all
formed using a conventional three-electrode cell, consisting of a Ptnon-hydrogen atoms were used. The H-atoms were introduced in
counter electrode and a Pt micro-working electrode vs. SCE (satu-calculated positions and refined “riding” on the corresponding
rated calomel electrode). The experiments were performed at roomatoms with unique isotropic thermal parameters [U 5 0.0725(166)
temperature in anhydrous CH2Cl2. The solution was 1 3 1023 molÅ2]. The weighting scheme w 5 k/[σ2(Fo) 1 gFo

2] was applied, with
l21 in L (1a, 1b, 1c) with Bu4NBF4 ( 1 3 1021 mol l21) as thek 5 1.5042 and g 5 0.001495. Scattering factors were taken from
supporting electrolyte. A stream of argon was passed through theref. [17]. The final difference density map showed a minimum peak
solution prior to the scan. Data were recorded on a computer-of 21.40 Å23 and a maximum peak of 1.29 Å23. Structure refine-
controlled EG&G (Princeton Applied Research) potentiostat-gal-ment and final geometric calculations were carried out with the
vanostat model 273 EG&G, using Model 270 electrochemicalSHELX-76[18] and PARST[19] programs. The drawing was pro-
analysis software. The scan rate was 100 mV s21.duced using ORTEP[20] and PLUTO.[21]

Spectroscopic Measurements. 2 FT-Raman Spectra: FT-Raman [1] F. Bigoli, P. Deplano, F. A. Devillanova, V. Lippolis, M. L. Mer-
spectra (resolution ± 4 cm21) were recorded on a Bruker RFS100 curi, M. A. Pellinghelli, E. F. Trogu, Gazz. Chim. Ital. 1994,

124, 4452454.FTR spectrometer fitted with an indium-gallium arsenide detector
[2] F. Bigoli, F. Demartin, P. Deplano, F. A. Devillanova, F. Isaia,(room temp.) and operating with an excitation frequency of 1064

V. Lippolis, M. L. Mercuri, M. A. Pellinghelli, E. F. Trogu,
nm (Nd:YAG laser). The power level of the laser source was tuned Inorg. Chem. 1996, 35, 319423201.
between 20240 mW. The solid samples, in the form of powders or [3] F. Bigoli, P. Deplano, F. A. Devillanova, A. Girlando, V. Lip-

polis, M. L. Mercuri, M. A. Pellinghelli, E. F. Trogu, Inorg.crystals, were packed into suitable cells and then fitted into the
Chem. 1996, 35, 540325406.compartment designed for use with a 180° scattering geometry. No [4] 10-Se-3 means that 10 electrons are formally associated with Se,

sample decomposition was detected during the experiments. The to which 3 ligands are bonded: C. W. Perkins, J. C. Martin, A.
values given in parentheses represent the intensities of the peaks J. Arduengo, W. Lau, A. Alegrie, J. K. Kochi, J. Am. Chem.

Soc. 1980, 102, 775327759.relative to the strongest, which is given a value of 10.
[5] D. J. Williams, private communications.

UV/Visible Measurements: Electronic spectra were recorded of [6] A. J. Arduengo, E. M. Burgess, J. Am. Chem. Soc. 1977, 99,
237622378.solutions in CH3CN (freshly distilled from CaH2) using a Cary 5

[7] N. Kuhn, T. Kratz, G. Henkel, Chem. Ber. 1994, 127, 8492851.spectrophotometer equipped with a temperature probe accessory [8] W.-W. du Mont, Main Group Chemistry News 1994, 2, 18226.
connected to a thermostatted multi-cell block. The CH3CN solu- [9] K. J. Wynne, P. S. Pearson, M. J. Newton, J. Golen, Inorg.
tions of Br2 were standardized with a standard aqueous Na2S2O3 Chem. 1976, 15, 144921451.

[10] M. Bodelsen, G. Borch, P. Klaeboe, P. H. Nielsen, Acta Chem.solution (0.1000 mol l21) according to traditional methods.
Scand. 1980, A34, 1252139.

[11] W. Gabes, D. J. Stufkens, H. Gerding, J. Mol. Struct. 1973,1a: A set of 11 solutions containing a fixed concentration of the
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