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The reaction of [Cr(NCCH;)sJ?* with dioxygen in acetonitrile (MeCN) solution acidified with HBF, gave red crystals
of the binuclear complex [(CH3CN)sCr(OH)Cr(NCCHs)s](BF4)s (1). From the X-ray crystal structure of 1, the Cr—
O—Cr angle was found to be 147.5(2)°. Magnetic susceptibility measurements of 1 showed an antiferromagnetic
coupling between the two chromium(lll) centers with a triplet energy J = 35.9(1) cm~L. On redissolution of 1 in
MeCN, the hydroxo bridge was deprotonated, and a green solution of the complex [(CHsCN)sCrOCr(NCCHa)s]**
formed. The electronic absorption spectrum of this solution is very similar to the spectrum of the classical complex
[(HaN)sCrOCr(NHs)s]** with intense bands in the UV and near-UV region. From the temperature dependence of the
absorption spectrum near 12900 cm™, the triplet energy J was found to be 1067(19) cm~1. The acidity of the
hydroxo bridge in 1 is very high with an acid dissociation constant K, > 1 M.

Introduction compound [(CHCN)sCr(OH)Cr(NCCH)s](BF4)s. The cation

in this salt is an MeCN analogue to the classical complex
[(H3N)sCr(OH)Cr(NH)s]Cls (the so-called “acid rhodo”) first
prepared by Jgrgensen in 188@/e report in this paper the
synthesis, crystal structure, and magnetic, optical, and acid/
base properties of the title compound along with spectro-
scopic studies of its corresponding base, [§CN)sCrOCr-
(NCCHg)s]**.

The substitution of the acetonitrile (MeCN) ligands by
other ligands, either charged or neutral, occurs fast in the
homoleptic MeCN complexes of the divalent metals in the
first transition serie$,and MeCN complexes have accord-
ingly found extensive use as synthetic precursors for novel
coordination compounds, especially if nonaqueous conditions
are required.

The present contribution deals with the chromium(ll) Experimental Section
complex [Cr(NCCH)g]?". This complex has been isolated
in the solid state as a tetrakis[3,5-bis(trifluoromethyl)phenyl]
borate (tfpb) salt by Miller? In another report,Kiihn used
tetrafluoroborate as an anion and isolatgd the compound [Cr-over molecular sieves (resulting in a water content of 18 ppm
(NCCHs)4(FBFs),] with the two BR™ anions coordinated  ,ccording to a Karl Fischer titration) and purged with dinitrogen
trans We discovered that a blue MeCN solution of [Cr-  prior to use. The reaction flasks were flame-dried prior to use.
(NCCHg)g]** acidified with HBF, turned red on exposure  synthesis of [(CHCN)sCr(OH)Cr(NCCH 3)¢](BF.)s (). Method
to dioxygen at room temperature and that red crystals 1.To a suspension of [@{O,CCHs)4] (0.45 g, 1.3 mmol) in MeCN
subsequently formed. A crystal structure determination (4 mL) was added HBF(1.0 mL, 7.3 mmol) under stirring and

revealed that the oxidation had led to formation of the title under a dinitrogen atmosphere in a Schlenk tube. The stirring was
continued until all [C§(O,CCHs),] was dissolved. The resulting
*To whom correspondence should be addressed. E-mail: dossing@kiku.dk.blue solution was then without stirring exposed to dioxygen (no
T Department of Chemistry. stirring or bubbling). During 23 h, the color of the solution

(1¢)ngércigogc{:y?tﬁl?g;i%hi; Sé:?jiyeslh org. Chem 1995 42, 1 changed to red, and red crystals suitable for X-ray crystallography

(2) Buschmann, W. E.; Miller, J. SShem—Eur. J. 1998 4, 1731.

The compounds [Cr(NCCHl(FBF;),] and [Cr(O,CCH),] were
prepared according to literature meth8ds:1BF, in diethyl ether
(54%, d = 1.18) was purchased from Merck. MeCN was dried

(3) Henriques, R. T.; Herdtweck, E.;"Kn, F. E.; Lopes, A. D.; Mink, (4) Jegrgensen, S. M. Prakt. Chem1882 25, 321.
J.; Roma, C. C.J. Chem. Soc., Dalton Tran$998 1293. (5) Ocone, L. R.; Block, B. Plnorg. Synth 1966 8, 126.
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formed. The mother liqguor was decanted off, and the crystals were
washed with MeCN acidified with a few drops of HBllowed

by diethyl ether. The crystals df were dried under a dinitrogen
flow. The yield was 0.50 g (40%). Anal. Calcd for,¢El3,Bs-
CrFogN1gO: C, 24.88; H, 3.24; Cr, 10.77; N, 14.51. Found: C,
24.50; H, 3.49; Cr, 10.49; N, 14.20%. The product is very moisture-
sensitive and should be kept a0 °C.

Method 2. Under a dinitrogen atmosphere, [Cr(NCGKFBF;)]

(1.0 g, 2.6 mmol) was dissolved in MeCN (5 mL), and HREOO

ul, 1.4 mmol) was then added. The solution was exposed to
dioxygen, and product was isolated as described in the same
yields.

X-ray Crystallography. Crystal data fod: [(CH3CN)sCr(OH)-
Cr(NCCH)s)(BF4)s, formula weight= 965.60, monoclinic, space
group C2/c (No. 15),a = 13.9060(3) Ab = 15.4350(6) Ac =
19.0080(17) AB = 97.201(43, V = 4047.7(4) R, Z = 4,D. =
1585 g cm?®, u(Mo Ka) = 0.662 mntl, 63447 measured
reflections, 5912 independent reflectiof,, = 0.0725,R(F? >
20(F?) = 0.0712,R,(F? = 0.2042. Single-crystal X-ray data
collection was performed at 122(1) K with Mookradiation ¢ =
0.71073 A) with a Nonius Kappa-CCD area-detector diffractometer
employing @ and ® scan modes t®max = 30.C°. The cell
parameters were determined from 118 reflections with 4.@ <
21.6. Data collection was performed using COLLE€Unit cell

runs were performed on a Perkin-Elmer Lambda 40-Wis
spectrophotometer equipped with a thermostated cell holder.
Elemental analyses of C, H, and N were done at the Microanalytical
Laboratory at our Department of Chemistry. The magnetic suscep-
tibility was measured by the Faraday method in the temperature
range 4.6-300 K. A description of the instrument is given
elsewheré?

Results and Discussion

Synthesis. In the synthesis ofl, strictly anhydrous
conditions were necessary in order to obtain reasonable
yields. Compound was prepared from [Cr(NCCH]?+ by
the reaction with dioxygen in MeCN solution in the presence
of acid according to eq 1:

4[Cr(NCCH,)*" + O, + 2H" —
2[(CH,CN)sCr(OH)Cr(NCCH)]°"+ 4CH,CN (1)

An acidic MeCN solution of the complex [Cr(NCGH]?*
can be prepared either by dissolving {(@,CCHz)4] with
excess of HBEin MeCN (method 1) or by dissolving the
compound [Cr(NCCH)4(FBFs),] in MeCN followed by

refinement and data reduction were performed using the programsaddition of HBR (method 2).

DIRAX” and EvalCC® Absorption correction was not applied.
The structure was determined by direct methods using the SHELXS97
program? and the refinement was carried out by full-matrix least-
squares refinement agaiiStusing SHELXL97? All non-hydrogen
atoms were refined anisotropically, and all methyl hydrogen atoms
were included in idealized positions with fixed-El distances and
isotropic thermal parameters constrained toUkgof the parent
atom. The hydroxo hydrogen atom was identified as a peak in the

Attempts to redissolve solitl in MeCN resulted surpris-
ingly in an immediate formation of a green solution. Addition
of HBF, to the green solution caused an immediate color
change to red and a reprecipitationloét sufficiently high
complex concentration. These reactions are therefore pro-
tolytic, and the identity of the green species is accordingly
[(CH3CN)sCrOCr(NCCH)s]**. In support of this, the ab-

difference electron density maps, and its positional parameters weresorption spectrum of the green solution (Figure 1b) resembles

refined with a fixedUeq 0f 0.03 A2 In the space groug@2/c, the
cation lies on a crystallographic 2-fold axis, and the bridging oxygen
lies off the axis and is thus disordered with half occupancy at each
site. In this description, the anisotropic displacement parameters
of the hydroxo oxygen are comparable to those of the surrounding
non-hydrogen atoms and do not suggest any further disorder. Two
of the BF;~ anions display disorder, which is not unusual in,BF
groups. In one, the B atom lies on a special position, and the
occupancy of the two conformations of the anion is 0.5. In the
other disordered anion, the occupancies of the two conformations
are 0.65(2) and 0.35(2). Attempts to refine the structure in the
subgroup<Cc, C2 andP1 resulted in disorder of the bridging oxygen

the spectrurit of the so-called “basic rhodo”, [@)sCrOCr-
(NHs)s)#t, first prepared by Jgrgensen in 188Exposure

of a MeCN solution of [Cr(NCCHh)4(FBF;);] to dioxygen
without previous addition of HBFgave a green solution with
the same spectrum as in Figure 1b:hHKualso noted that
solutions of [Cr(NCCH)4(FBFs),] turned greenish upon
exposure to dioxygen, but the nature of the oxidation product
was not commented ohit should also be mentioned here
that Miller? published an absorption spectrum of a solution
made by air oxidation of an MeCN solution of [Cr(NCgk}l
(tfpb).. The spectrum is qualitatively identical to the spectrum

and strong correlation between the parameters related by noncrysin Figure 1b, but the values efin Miller's spectrum are a

tallographic symmetry.

Other Physical Measurements.Absorption spectra were re-
corded on a Varian Cary 5E UWis—NIR spectrophotometer. Low
temperature absorption spectra were performed applying a DN-
type liquid nitrogen cryostat from Oxford Instruments to the
spectrophotometer. The temperature was set manually via an
ITC502 T-controller. The thermal expansion coefficiant for
MeCN was found in the literatutéto be 1.389x 1073 K1, Kinetic

(6) Collect, data collection softwarélonius BV: The Netherlands, 1999.
(7) (a) Duisenberg, A. J. M.; Hooft, R. W. W.; Schreurs, A. M. M.; Kroon,
J. J. Appl. Crystallogr.200Q 33, 893. (b) Duisenberg, A. J. M.

Appl. Crystallogr.1992 25, 92.
(8) Duisenberg, A. J. M. Ph.D. Thesis, University of Utrecht, 1998.
(9) Sheldrick, G. M. InSHELXS-97and SHELXL-97 University of
Gottingen: Gitingen, Germany, 1997.
(10) Ponomarenko, S. M.; Mushtakova, S. P.; Demakhin, A. G.; Faifel, B.
L.; Kal'manovich, D. G.Zh. Obshch. Khim1995 65 (2), 190.

factor of 2 lower probably owing to decomposition of the
product. The nature of the oxidation product was not
discussed.

Crystal Structure. As shown in Figure 2, the Cr atoms
in 1 are octahedrally coordinated to five MeCN ligands and
one bridging hydroxo ligand. The €N distances and the
Cr—N—C angles fall in the range 1.994¢32.011(3) A and
170.6(3)-178.2(3}, respectively. These values are normal
for this type of compound. The crystal structure of the
classical “acid rhodo” complex has most recently been
reported by Harris et @F In this structure, there are two

(11) Josephsen, J.; Pedersen|rierg. Chem 1977, 16, 2534.

(12) Glerup, JActa Chem. Scand 972 26, 3775.

(13) Harris, P.; Birkedal, H.; Larsen S.;"@el, H. U. Acta Crystallogr.,
Sect. B1997, 53, 795.
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Figure 3. Magnetic susceptibility  ob9 in cgs units and the effective
magnetic momentuer) of [(CH3CN)sCr(OH)Cr(NCCH)s](BF4)s vs the
temperature. The lower graph shows the difference between the observed
and calculated values ¢f. The irregularities of the lower graph in the
temperature range 2600 K could be due to loss of coordinated MeCN
ligands due to the low pressure in the cell( mbar).

and 1.998(5) A, respectively. The asymmetrylircan be
explained by the formation of an intramolecular hydrogen
bond between ©H1---N5. The O-H1 distance is 1.06(6)
Figure 1. Absorption spectraT = 298 K) with the maxima given as A’ the_O_NS dIStanC.e IS 2'943(6? A' and t_he—@ll---NS
described in parenthese,a/10° cm™L, ¢/M~1 cm?) and the assignments ~ angle is 130(6). In “acid rhodo”, this type of intramolecular
in Oy single-ion notation. (a) [(CECN)sCr(OH)Cr(NCCH)s]°* in MeCN hydrogen bond cannot occur, and instead, the bridging
?Ncglcﬁﬁlg)s\]’mnHSE'cr(\ll,g(ilz'_57;?'59%g)rjd(l(é_az',3535?_353')?)('2(;_)3,{(%’;',)5((2:25?2(,:r1_83), hydroxo groups form intermolecular hydrogen bonds with
(27.7, 2080), and (31.8, 17000). chloride ions. The intramolecular hydrogen bondlimay
also explain why the CGfrO—Cr' angle at 147.5(2)is smaller
s than the two angles of 154.8&nd 154.38 found in “acid
. rhodo”, and as a consequence, the-Cr' distance inl of
c21 3.7455(9) A is shorter than the two CrCr2 distances in
B N2 “acid rhodo” of 3.8638(14) and 3.8789(15) A, respectively.
Apart from the intramolecular hydrogen bond, all remaining
hydrogen bonds id are of the type €H---F.
Magnetic Properties.A plot of the magnetic susceptibility
of 1 versus temperature is shown in Figure 3. A least-squares
fit of eq 2 which is bas€e'd on the van Vleck Hamiltonian
H = JSS, where the triplet, quintet, and septet energies
areJ, 3J, and @, respectively, gavé = 35.9(1) cm?, g =
1.966(4), TIP= 89(3) x 1074, andx, = 0.0528(1).

V—0-@
ciz cir N

Figure 2. Molecular structure of the [CHCN)sCr(OH)Cr(NCCH)s]>" ¥ =1—-x)x
cation. The two halves of the molecule are related by a crystallographic *p
2-fold (Cy) axis. Atoms marked by prime§ @re related to the corresponding Ngz/th 2 expJKT) + 10 expE3J/KT) + 28 exp6I/KT)

unmarked atoms by th@; axis. The bridging hydroxo ligand is disordered
over two sites with half occupancy each. Only one site is shown here. The KT 1+ 3 expJKT) + 5 exp(3JKT) + 7 exp6I/KT)

thermal ellipsoids are shown at the 50% probability level. For clarity, the |\|gzﬂB2
methyl hydrogen atoms have been omitted. 2xp 3T

SS+ 1)+ TIP (2)

independent molecules in the asymmetric unit, and theNCr
distances fall in the range 2.052.096 A, which is
systematically higher than those foundlincorresponding

Here,x, is the fraction of Cr(lll) present as mononuclear
species $ = %,). Several attempts to prepare samples with
to the lack of delocalization of orbitals in “acid rhodo” a lower content of mononuclear impurities were unsuccessful.
In "acid rhodo”, the C+O bond lengths were found to be Values ofJ in other singly hydroxo-bridged cPromium(III)
slightly asymmetric, with Cr+O and Cr2-O of 1.985(3) dimers have been found in th? range—ms cnt, and there
and 1.975(3) A in one molecule and 1.973(3) and 2.006(3) appears to be some correlation with the value of the Cr

A in the other. This asymmetry is even more pronounced in (14) Veal, J. T.: Jeter, D. Y.. Hempel, J. C.; Eckberg, R. P.; Hatfield, W.
1, where the C+O and Ct—0O bond lengths are 1.904(5) E.; Hodgson, D. Jinorg. Chem 1973 12, 2928.
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O—Cr angle!* 17 In “acid rhodo”, J has by susceptibility
measurements previously been found by Hodgsamd
Glerupg®to be 31.5 and 32.3 cm, respectively. This is close
to the value ford, which is not surprising since the €0—
Cr angle differs by only 7.

Electronic Absorption Spectra. The room temperature
absorption spectrum df recorded in MeCN acidified with
HBF, is shown in Figure 1a. The spectrum is typical for a
weakly coupled chromium(lll) diméf The energy of the
4T, <A, (Oy) transition (19100 cmt) is lower than in “acid
rhodo” (20000 cm')!® in accordance with the relative
position of the MeCN and ammonia ligand in the spectro-
chemical serie®’ Single excitations are located in the range
14000-15000 cn1!, and double excitations are seen as
shoulders in the range 280829300 cnmt. The transition
at 38000 cm?, also seen in other hydroxo-bridged chro-
mium(Ill) dimers?! is likely to be a Cr— O CT.

The spectrum of [(CECN)sCrOCr(NCCH)s]*" in MeCN??
shown in Figure 1b is very similar to the spectrum of “basic
rhodo” which has been assigned by Gléfupnd Gidel 23

M
4.0 4.2
7'710°K!

12600

12800 13000

~ -1
v/cm

Figure 4. Absorption spectra of [(CECN)sCrOCr(NCCH)s)*t in MeCN

in the range 1260813300 cn1! at the temperatures 229.0 (lower), 234.2,
239.2, 244.2, 249.2, 254.2, 259.2, 264.2, 269.2, and 274.3 K (upper). The
inset shows a plot of the natural logarithm of the integrated absorption
intensity" = fA(¥)»~1 d¥ in the range 1260813200 cni! vs T-1. The
markers Q) represent the experimental data and the line represents a least-
squares fit of a straight line to the data yielding a slope of 1535(28) K
corresponding to a triplet energyof 1067(19) cm™.

of thet, orbitals O) is lowered as a result of the acidity

13200

The most notable features are the intense transitions in theof the MeCN ligands thereby lowering the energy gap

near-UV and UV range. A very intense bardX 10* M1
cmY) in the UV range is typical for complexes containing

between the oxygen p orbitals and the met@Dy,) orbitals.
The band at 12900 cm (f ~ 2 x 1079 is a hot band,

alinear C'OCH"' chromophore (in the present case located originating from transitions from th& = 1 state, with an

at 31800 cm® with f &~ 0.2), and it has been propogégf
to be of mainly Cr— O CT (LMCT) character probably
with some Cr— Cr CT (MMCT) character. The remaining

intensity proportional to the Boltzmann factor ex(kT),
wherel is the triplet energy®2?” A study of the temperature
dependence of the integrated absorption intengitywill

transitions in the UV and near-UV range are single and accordingly give the value of] in [(CHsCN)sCrOCr-
double excitations. The single and double excitations in (NCCH;,)s]4t. This is shown in Figure 4 where the spectra

[(CH3CN)sCrOCr(NCCH)s]*t are 1406-2200 cmt (8—

recorded in MeCN in the temperature range 2294 K are

12%) lower in energy than the corresponding excitations in shown. At higher temperatures, the rate of the decomposition

“pbasic rhodo”. The transitions from tH&, (Oy) ground state
to the?E and?T; (Oy) states occur within the same electron
subconfigurationt®, O), and their energies are (to a first
order) equal to B + 3C, whereB and C are the Racah
interelectronic repulsion parametétsThe lower repulsion
in 1 compared to “basic rhodo” is attributed to a delocal-

of the complex was too high. The spectra have been
corrected for background, and a second-order polynomial
baseline has been subtracted. Furthermore, the absorbances
were corrected for the thermal expansion of the solvent. From
a plot of In(C) vs T-* (Figure 4, inset),) = 1067(19) cm*

was calculated from the slope of the straight line, obtained

ization of the electrons. As noted earlier, the MeCN ligands from a least-squares fit. In the “basic rhodo”, Dubicki,

possessr orbitals in contrast to the ammonia ligandssA
overlap between met&l orbitals and emptyr* orbitals on

Martin, and GdeP328 found by the same method that=
400-500 cnT?, a value in agreement with a later determi-

the nitrogen atoms could therefore result in such a delocal- nation of J by Pedersef from magnetic susceptibility

ization. The energy of the LMCT transition is 4100 ¢m
(12%) lower than in “basic rhodo”. Part of the explanation

measurements (458 2 cnt1). The much stronger exchange
coupling in [(CHCN)sCrOCr(NCCH)s]** compared to

could again be the reduction of the interelectronic repulsion “pasic rhodo” is noteworthy. Weihe, @el, and Toftluné®

on the metal center. Another contribution to this reduction

have for a chromium(lll) dimer found a correlation (eq 3)

could be attributed to the fact that the one-electron energy betweenJ and the LMCT and MMCT transition energies,

(15) Glerup, J.; Weihe, Hnorg. Chem 1997, 36, 2816.

(16) Hodgson D. J.; Pedersen, IBorg. Chem 1980 19, 3116.

(17) Cline, S.; Glerup, J.; Hodgson, D. J.; Jensen, G. S.; Pederdeoy .
Chem 1981, 20, 2229.

(18) McCarthy, P. J.; Gdel, H. U.Coord. Chem. Re 1988 88, 69.

(19) Sch#fer, C. E.J. Inorg. Nucl. Chem1958 8, 149.

(20) Dgssing, AActa Chem. Scand 994 48, 269.

(21) Glerup, J.; Larsen, S.; Weihe, Acta Chem. Scand 993 47, 1154.

(22) The complex [(CHCN)sCrOCr(NCCH)s]*t is unstable in MeCN. A
first-order decay with a half-life of~20 min at room temperature was
observed.

(23) Gidel, H. U.; Dubicki, L.Chem. Phys1974 6, 272.

(24) Kahn, O.; Briat, BJ. Chem. Soc., Faraday Tran® 1976 72, 268.

(25) Lever, A. B. P. Inlnorganic Electronic SpectroscopyElsevier:
Amsterdam, 1968; p 182.

hereafter called\ and U, respectively.

J

—5\/;"’4(1 ) 3)

9 A2 Uu' A
Here, V,, denotes the hybridization matrix element de-
scribing the one-electron interaction betweett @nd CP*.

(26) One referee pointed out that transitions from$he 2 state are more
intense. Calculations performed as shown in ref 27 show that the
oscillator strength of the transitions from tBe= 2 state is a factor of
3 higher than transitions from tt&&= 1 state. However, fod > 200
cm1, the thermal population of tie= 2 state is so low that transitions
from this state are not observed.

Inorganic Chemistry, Vol. 42, No. 19, 2003 6053



A lower value ofA for the LMCT transition will accordingly
give a higher value o8, and this is in agreement with the
observation that the value ol in [(CHsCN)sCrOCr-
(NCCHg)s)*" for the above-mentioned reasons ~€10%
lower than the value in “basic rhodo”. The valueldis the
energy of the MMCT transition G ,C?t < Cr¥*, CrP*
(%% — 18,19, and this can be calculated fo+ 10B +
5C.3! Lower values of the Racah interelectronic repulsion
parameters will also lead to an increasd.ok 12% reduction
of U andA will according to eq 3 thus account for a factor
of ~1.5 increase ad. Finally, a shorther CrO bond length
in [(CH3CN)sCrOCr(NCCH)s]*" than in “basic rhodo”,
which results in a higher value ., could also contribute

Andersen et al.
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to the increased exchange coupling. Efforts to grow crystals Figure 5. Molar absorption coefficiente(per Cr) at# = 31800 et (A

suitable for X-ray crystallography of a salt of the complex
[(CH3CN)sCrOCr(NCCH)g]** in order to determine the

Cr—0 bond length have so far been unsuccessful. It should

be mentioned that the shoulder at 24000 &im Figure 1b

almost disappears on cooling to 229 K, and it is thus
originating from another hot transition. It is, however, not
possible to obtain a value dffrom these data because the

spectrum in this range could not be satisfactory resolved into

single Gaussian curves. Noteworthy is that the crystal
structure of the analogous molybdenum complex [{CH
CN)sMoOMo(NCCH)s](BF4)4 has been reported by Wilkin-
son?2 The complex contains a linear Md—Mo core and

is diamagnetic, which shows that the antiferromagnetic
coupling is stronger than in the chromium complex. How-
ever, no electronic absorption spectrum was reported.

Acid/Base Properties of the Hydroxo/Oxo Bridge.As
already mentioned, the intense band at 31800 cntin
the absorption spectrum of [(GEN)sCrOCr(NCCHy)s]**
is characteristic of the linear €OCr" chromophore, and it
is absent in a Ct(OH)Cr" chromophore (see Figure 1). As
shown in Figure 5¢ of this band is high in 1.0 M aqueous
HCIO,. The oxo bridge is apparently not protonated even in
this medium, which means that the hydroxo bridgéd is a
strong acid with the dissociation constaqt> 1 M. The
complex [(CHCN)sCrOCr(NCCH)s]*t is, however, unstable
in 1.0 M aqueous HCIQ and the CFOCr" chromophore

disappears in a first-order decay as shown in Figure 5 with

a half-life of 18 s at 299 K as a result of bridge cleavage
and/or substitution of MeCN ligands with water ligands
followed by protonation of the oxo bridgé.

In “acid rhodo”, the value oK, for the hydroxo bridge
has been found by Schwarzenb#do be 10762 M. This
remarkably high acidity for a hydroxo bridge between two

(27) Ferguson, J.; Guggenheim, H. J.; Tanabe].\Phys. Soc. Jpri966
21, 692.

(28) Dubicki, L.; Martin, R. L.Aust. J. Chem197Q 23, 215.

(29) Pedersen, EActa Chem. Scand 972 26, 333.

(30) Weihe, H.; Gdel, H. U.; Toftlund, H.Inorg. Chem 2004 39, 1351.

(31) Griffith, J. S. InThe Theory of Transition metal lon€ambridge
University Press: Cambridge, U.K., 1971; p 234.

(32) McGilligan, B. S.; Wright, T. C.; Wilkinson, G.; Motevalli, M;
Hursthouse, M. BJ. Chem. Soc., Dalton Tran$988 1737.

(33) The rate of the first-order decay was found to be independent'df [H
in the range 10°to 1 M. This shows that the reaction observedas
an acid-catalyzed bridge cleavage.

(34) Schwarzenbach G.; Magyar, Belv. Chim. Actal962 45, 1425.
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= 314.5 nm) vs time of a solution prepared by addition ofi&0of 4.24

x 1073 M solution of [(CHCN)sCrOCr(NCCH)s)** in MeCN to 3.00 mL

of 1.0 M aqueous HCI®Q(T = 298.9 K). The measurement was started 13
s after mixing. The markers)) represent observed valueséff), and the
curve represents a least-squares fit of the expres$tpr= (eo — €.)exp-
(—kt) + €. with the values ok, €, ande. being 0.03922(9) ¢, 16110-

(33) Mt cm, and 571(3) M1 cm™1, respectively. At other wavelengths

in the near-UV and UV range, a similar behavior was observed with values
of € in agreement with the absorption spectrum in Figure 1b.

chromium(lll) centers has been explained in terms of-d
pr—dsr overlap in the CFOCH" core resulting in a delo-
calization of the electron lone pairs on the oxo bridge toward
the metal center®. This also explains the linear geometry
of the core. The acidity of the hydroxo bridge iis,
however, more than 7 orders of magnitude higher than in
“acid rhodo”. This dramatic difference may have its origin
in the above-mentioned possibility @ifrther delocalization

of the lone pairs on the oxo bridge toward the antibonding
7t orbitals of the N=C groups leading to a stabilization of
the linear CYOCY" core as a result. The MeCN ligands are
thus acting asr acceptor ligands. In a series of dinuclear
chromium(lll) complexes [(tpa)(X)Cr(OH)Cr(X)(tp&)] [tpa

= tris(2-pyridylmethyl)amine] prepared by Holwefavith

X = NCS, NCO, CN~, and N, values ofK, of the
hydroxo bridge fall in the range 16®>to 107°% M. The
high acidity of the hydroxo bridge is also here explained in
terms of the pyridine and X ligang acceptor capability.

Conclusion

This work represents a study of the influence of the nature
of the ligand L on the spectral and other properties of the
binuclear compound [CrOCrLs]**. For L = CH3CN, the
antiferromagnetic coupling between the two metal centers
is more than a factor of 2 stronger than for=£ NHa.
Furthermore, the acidity of the hydroxo bridge ir(lt(OH)-
CrLg]®", for L = CHsCN, is more than 7 orders of magnitude
higher than for L= NHs;. Both of these observations can be
attributed to ther acid properties of the MeCN ligand.
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