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Abstract

Thefac-Re(CO}(bipy-COOH)CI complex (bipy= 2,2-bipyridine) bears a carboxylic function in the 5-position of the bipy ligand: due
to the kinetic inertness of the Reenter, the complex behaves as a R-COOH carboxylic acid. In aqueous solutions, it coordiRates Cu
according to pH-dependent equilibria, to give the dimeric speciemGRE (CO)s(bipy-COO)CIh and{ Cu[fac-Re(CO}(bipy-COO)Clp
(OH),}2~, whose formation constants have been determined by means of potentiometric titration experiméatsRE{@O}(bipy-R)ClI
core is luminescent, and interestingly, its emitting properties are pH-dependent. In particular, its luminescence intensity increases with
the formation of the{Cu[fac-Re(CO}(bipy-COO)CIb(OH),}?~ species, visually signaling the formation of this hydroxo-containing
multicenter complex.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction the absorbing, emitting and electrochemical properties of
the Ré core have also been studied as a function of pH, and
Published studies on the solution chemistryfat-Rée correlated with the polynuclear Re&CU' complex species

(COR(L-L)CI compounds (in which L—-L is a bidentate lig- ~ existing in the pertinent pH range.
and with sp N donors, e.g. bipy (bipy= 2,2-bipyridine))
tend to exclude water as a solvefit-5], despite their
solubility, kinetic inertness and thermodynamic stability.
We recently described6], however, that it is possible
to work in aqueous solutions where it is easy to con-
trol, by changing the pH conditions, the electrochemical, - N\
spectroscopic and photochemical properties of a series of HOOC Re
. - . LTt -
fac-Re (COX%(L-L)CI and [fac-Ré(CO)(L-L)L]T com Cl/’ ~co
CO

plexes, where L-L and’Lare 2,2-bipyridine or pyridine

ligands bearing ester or carboxylic functions. In this work,

the complexac-Re(CO}(bipy-COOH)CI @) itself has been

used as digand in aqueous solution for G ions. Thanks

to the kinetic inertnesfl—6] of the Ré center, compound

1 behaves as a R-COOH function and it has been possibley  Experimental
to study its pH-dependent coordinative tendencies towards

Cu?t ions by means of potentiometric titrations. Moreover, 2 1. Materials
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2.2. Potentiometric titrations and data fitting agreement among the experimental and calculated data:
Potentiometric titrations were carried out in wa- CU' + 2[facRe&(CO)3(bipy-COOCI]~

ter/dioxane mixtures (1:4v/v) 0.1 M of sodium perchlo- = Culfac-R€ (CO)3(bipy-COOCI]»

rate. In a typical experiment 50c&mof solvent were

used, containing Ix 1073M Cu(CIOs)2, 2 x 1073M

fac-Re(COX}(bipy-COOH)CI (i.e. Cét:ligand = 1:2) and

excess perchloric acid. Standard NaOH was added, under = {Cu[fac-Re(CO)3(bipy-COOCI]2(OH)2}2~ + 2HT

a nitrogen atmosphere, in a cell thermostated at@5 )

50-70 points were recorded, spanning the 3-11 pH range

(prior to each experiment, the pH scale was calibrated A much poorer agreement was instead observed when the

(1)

CUWt + 2[fac-Re(CO)3(bipy-COOCI] ™ + 2H,0

by the Gran method7]). Potentiometric data (e.m.f. vs.

formation of complexes of 1:fac-Re(CO}(bipy-COOH)CI/

volume of added base) were then refined using the Hy- CU?" stoichiometry and of the monohydroxyCuffac-

perquad packag¢8,9]. A value of 5.39 was used for
pKa in the equilibrium fac-Re(CO}(bipy-COOH)CI =
[fac-Re(CO)3(bipy-COOCI]~ + H™, as determined in ref-

Re(CO}(bipy-COO)CIp(OH)}~ species were taken into
account. As a consequence, we discarded the hypothesis that
these species can form in solution under these experimental

erence 6 under experimental conditions identical to those conditions.

employed in this work. Fit between calculated and exper-

imental e.m.f. data was evaluated through theand x°

The values obtained for the association constants of
Egs. (1) and (2)and the already known value of the dis-

parameter§9d], whose values, in each treatment, were found sociation constant of féc-Re(CO}(bipy-COOH)CI] [6],

to be 1 &0.2) and<8%, respectively. The calculated I&g

allowed us to draw the complete distribution diagram of the

values, which are reported in the text, bear an uncertainty various species present in solutidfid. 1).

lower than40.02.

2.2.1. Physical and spectroscopic measurements

This diagram shows that different trimetallic species ex-
ist at pH > 4. In particular, the neutral species g
Ré (COX(bipy-COO)CIp reaches 70% of relative abun-

Mass spectra (ESI) were obtained on a Finnigan LCQ ion dance at pH 5.9, while the molar fraction ¢Cuf[fac-
trap instrument, using negative ions mode (trace quantities ofRe(CO}(bipy-COO)CIL(OH).}?~ becomes grater than

NaCl were added to favor negative ions formation). UV-Vis

0.95 at pH > 8.6. A residual percentage of uncom-

absorption spectra were taken with a Hewlett-Packard HP plexed fac-Re(CO}(bipy-COO)CI[” can be found be-
8453 diode array spectrophotometer or with a Perkin EImer tween pH 4 and 8, reaching a maximum of 18% at pH
lambda 16 spectrophotometer. Uncorrected emission and6.1. The formation constant that we have calculated for
corrected excitation spectra were obtained with a Perkin Cu[fac-Re(CO}(bipy-COO)CIp is fully consistent with

Elmer LS 50 spectrofluorimeter. The fluorescence life-
times (uncertaintyt-5%) were obtained with an Edinburgh

the data reported in literature for &€u complexes with
carboxylate anions bearing substituents of similar shape

single-photon counting apparatus, in which the flash lamp and properties. For example, benzoic acid displays &log

was filled with D».
Spectrophotometric and fluorimetric titrations were car-
ried out as elsewhere describdd].

3. Results and discussion

Cwt ions can form 2:1 or 1:1 copper:ligand com-
plexes, which could b§l1] of square planar (or distorted

value of 3.24 for 1:1 complexation in 1:1 v/v water:dioxane,
and similar values are found for a series of carboxylates
bearing aromatic bulky groupgll]. Unfortunately, we
were not able to grow crystals of this species suitable for
X-ray diffraction studies, so that its structure can only
be hypothesized. However, the 2:1 ligand:metal molar ra-
tio and the typical d—d band in the absorption spectrum
(690 nm, very broad) suggest a tetragonal geometry. To
further support the hypothesis of an authentic 2:1 complex

tetragonal) geometry, with carboxylate groups acting ei- instead of an oligomeric mixture with 2:1 stoichiometry,
ther as bidentate or monodentate ligands; in the latter casemass spectra experiments were carried out with ESI tech-

with water molecules completing the coordination sphere.

nigue on solutions containinigc-Re(COX(bipy-COOH)CI

For potentiometric titration experiments on the system and C#' in a 2:1 stoichiometric ratio at pH 5.9, i.e. when

fac-Re(COX¥(bipy-COOH)CI+ Cl?t, we chose a 2:1 rhe-
nium complex:copper cation molar ratio, in order to allow

Cu[fac-Re(CO}(bipy-COOH)CIp reaches its maximum
percentage. Beside a peakmfz = 505, relative to the

the system to observe complexes of the above mentionedfree [fac-Re(CO}(bipy-COO)CI}]~ species, which is still

stoichiometries. From potentiometric data, two different
fac-Re(COX¥(bipy-COOH)CI/C#+ complexes have been
identified, according t&qgs. (1) and (2)and their formation
constants have been calculated (l6g= 5.36 and logk =
—5.44 for equilibrium 1 and 2, respectively), with a good

present at pH 5.9, the main peak was founghat = 1108,

as expected fofCu[fac-Re(CO)3(bipy-COOCI], + CI7}
(less intense peaks at 1106, 1110 and 1112%cwere also
found, due to the isotopic distribution of Cu and Re). No
peaks were observed at higher mass values.
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Fig. 1. Distribution diagram (percentage of species vs. pH) for the syktefRe(CO}Cl(bipy-COOH)/C&+, molar ratio 2:1, in water:dioxane 1:4 v/v:
(a) fac-Re(CO}Cl(bipy-COOH); (b)fac-Re(COXCl(bipy-COO)I"; (c) Cuffac-Re(COXCl(bipy-COO)b; (d) {Cu[fac-R€é (CO%Cl(bipy-COO)b(OH),}2.
Black triangles:Az72 vs. pH, relative scale (right vertical axis). White squargss vs. pH, relative scale (right displaced axis).

The second trimetallic, copper containing species existing the { Cu[fac-Re(CO}(bipy-COO)CI|(OH)}?>~ complex re-
in solution, { Cu[fac-Re(CO}(bipy-COO)CIL(OH),}2—, is mains not completely defined. As a matter of fact, for this
obtained by coordination of two OHions to Cu[R&CO)s species both a definite Réu and a multicenter oligomeric
(COO)CIp or by deprotonation of two water molecules structure with OH acting as bridging ligand can be pos-
already coordinated to the copper center. The obtainedtulated, this latter being not uncommon for ucom-
complexation constants allowed us to calculate aKlog plexes in agueous solution. In this latter case, the formula
of —13.02 for the process 2 (coordinategd = {Culfac-Re(CO}(bipy-COO)CI|(OHY}?—, determined
20H (coordinategl+ 2H™. Mass spectra carried out at pH through potentiometric titration experiments, would give
9.5 revealed a more complex nature for this species, since theaccount only of the stoichiometry of this complex and not
expected molecular peak f¢Cu[fac-Re(CO}(bipy-COO) of its real structure.
Cl|(OH)2}?~ (m/z = 554, i.e. molecular ion mass/2) was Coupled pH-metric and spectrophotometric or spec-
missing, while peaks were found at highev/¢=1033) and trofluorimetric titrations were carried out with the same
lower masses. These latest peaks, anyway, did not match anyac-Re(COX¥(bipy-COOH)CI/CEt molar ratio (2:1), fol-
rational fragmentation pattern forCu[fac-Re(CO}(bipy- lowing the changes of the MLCT banf8-5,12-14] of
COO)CI)(OHy}?~. Significantly, the isotopic distribu- the rhenium complex. As far as the absorption is con-
tion of the peak at 1033 excludes the presence of Cucerned, we observed a shift afax from 390 (neutral
atoms, while it suggests the presence of two Re centers.fac-Re(CO}(bipy-COOH)CI, ¢ = 3150Mtcm1) to-
Moreover, this peak does not appear if mass spectra arewards shorter wavelengths upon addition of base. The
carried out on solutions at pH 9.5 which contain only maximum of MLCT band reached its minimum value of
[fac-Re(COX(bipy-COO)CII™ (i.e. with no C§*), this in- 372nm ¢ = 3590M1cm ! at pH 6.2 and did not
dicates: (i) that the species responsible of the 1033 peakshift further on addition of more base. Superimposition
is reasonably formed during the ionization process in the to the distribution diagram of the profile of th&s7o vs.
mass spectrometer; (ii) that it is not due to the high energy pH (Fig. 1, black triangles) indicates that the variation
reaction of the OH ions which are present in the bulk of the MLCT band maximum follows exactly the depro-
with the [fac-Re(CO}(bipy-COO)CII™ molecule; (iii) that
it comes from an intramolecular reaction of the hydroxy 1 The molar extinction coefficient is here calculated taking into ac-
anions coordinated to Gt on the Re centers coordinated tcr‘]’e“r,“_t_he total concentration of the rheniu ém‘ccg’)‘gtgjhingcégﬁ;zsl' i.e.

. initial analytical concentration of thfacR ipy-

through —COO to the same cppper cation. species. Thes zalues for the dimeric Ctdc-Rée §CO)3(biE§—COO)CI}Z

Unfortunately, on the basis of these data, due to the ang {cuffac-Re(CO(bipy-COOROH),}2~ species can then be calcu-
lack of the appropriate molecular peak, the structure of lated as the double of the reported values.
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tonation of the —COOH group, being complete when all trix that makes difficult to compare luminescence intensity
fac-Re(CO}(bipy-COOH)CI is in its deprotonated form, values.
both as a free species or coordinated t6 CThe blue shift
of the band is a consequence of the more energy-demanding
transition of an electron from the rhenium center to the 4. Conclusions
negatively charged (instead of neutral) bipy-COOH frag-
ment, while the deprotonation of the water molecules According to our results, it has to be stressed that
coordinated to C#F with the consequent formation of absorption, emission and coordination properties of
{Cu[fac—Re'(CO)30I(bipy-COO)]g(OH)2}2* does not fur- fac-Re (CO)(bipy-COOH)CI indicate that this complex
ther significantly affect the MLCT band. can be an useful ligand for the signaling (e.g. through

A different behavior was instead observed for the emis- coupled UV spectrum and fluorescence changes) of the
sion band of the Re fluorophore, which has its maxi- pH-dependent formation of multicenter complexes with
mum at 625nm. We have recently reportfg] that the transition metal cations.
fac-Re(COX(bipy-COOH)CI is very weakly luminescent
(@ = 1 x 1074 in its protonated form, while a 10-fold
more intense luminescence bard & 1 x 107%) is ob- Acknowledgements
served at pH values above 6.5, where this complex is
deprotonated. Superimposition to the distribution dia-  Thiswork has been supported by Ministero dell’'Universita
gram of the profile of the emission intensity at 625nm e della Ricerca Scientifica e Tecnologica (Solid Super-
(Fig. 1, white square symbols) vs. pH clearly indicates molecules Project), the University of Bologna (Funds for
that Cufac-Ré (CO)(bipy-COO)CIL does not contribute  Selected Topics) and by the University of Pavia (FAR).
at all to the overall luminescence intensity at 625nm. The
increase of luminescence expected from the presence of the
free deprotonated form in the pH range 5-7 is in fact coun- References
terbalanced by the lack of luminescence from this trimetallic _
complex. A global luminescence increase is only observed E} LA'JS'GVi\nggga?'SDK/IT xg;Z?;CJk'SA&“'SCC;?'hi%C'S’?_ (ﬁ’;i)e Q?SAm
when the {Cu[fac-Re (CO)(bipy-COO)CIL(OH)}*~ Chem. So. 101 (1678) 2287 e
species is obtained at higher pH. The intensity value in [3] j.v. Caspar, B.P. Sullivan, T.J. Meyer, Inorg. Chem. 23 (1984) 2104.
the plateau region (pH above 9), such as the excited state [4] C. Kutal, M.A. Weber, G. Ferraudi, D. Geiger, Organometallics 4
lifetime, is very similar to that observed in the absence of (1985) 2161.
copper ions. This finding can only be explained suppos- [5] P. Ashton, V. Balzani, O. Kocian, L. Prodi, N. Spencer, J.F. Stoddart,
. . . J. Am. Chem. Soc. 120 (1998) 11190.
ing that th.e luminescence of _the Re complex is Str?”gly [6] Costa, M. Montalti, P. Pallavicini, A. Perotti, L. Prodi, N. Zaccheroni,
quenched in Cidfic-Re (CO)(bipy-COO)CI}, and not in J. Organomet. Chem. 593-594 (2000) 267.
{Culfac-R€é (COX(bipy-COO)CIL(OH),}?~. The observed  [7] G. Gran, Analyst 77 (1952) 661.
guenching can be ascribed in theory to an energy transfer [8] E-KGigZ,ZData Fitting in the Chemical Sciences, Wiley, Chichester,
process to the d—d states centered on the copper atom Or[9] Sat;atini, A. Vacca, P. Gans, Coord. Chem. Rev. 120 (1992) 389.
to an electron trar!Sfer process from the F\_)e cpmplex to the[10] (a) M. Montalti, L. Prodi, N. Zaccheroni, G. Falini, J. Am. Chem.
Cu center. Formation of the hydroxy species is expected to ~ soc. 124 (2002) 13540;
make both processes slower, unfavoring them from a ther- (b) L. Prodi, M. Montalti, N. Zaccheroni, G. Pickaert, L.
modynamical point of view by making more negative the Charbonniére, R. Ziessel, New J. Chem. 27 (2003) 134.
reduction potential of the copper center and by rising the [11] R_. Malini-Balakrishnan, K.H. Scheller, U.K. Haring, R. Tribolet, H.

e Sigel, Inorg. Chem. 24 (1985) 2067.

energy of the Cu centered state. Unfortuna}tely, no |Qd|cat|on [12] B.P. Sullivan, T.J. Meyer, J. Chem. Soc., Chem. Commun. (1984)
could come from low temperature experiments, since the 1244,
large change in temperature shifts all the equilibria involved [13] K. Kalyanasundaram, Photochemistry of Polypyridine and Porphyrin
in an unpredictable way, being the pH window for the pres- Complexes, Academic Press, New York, 1992.
ence Of{Cu[faC-Rej(CO)g(pry—COO)Cl]z} very small. In [14] D.J. Stufkens, Comments Inorg. Chem. 13 (1992) 359.
addition, the dioxane—water mixture forms an opaque ma-



	pH-dependent absorption and emission properties of a ReI complex working as a carboxylate ligand for Cu2+
	Introduction
	Experimental
	Materials
	Potentiometric titrations and data fitting
	Physical and spectroscopic measurements


	Results and discussion
	Conclusions
	Acknowledgements
	References


