This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

vmeeumene | Journal of Coordination Chemistry

Journal ) Publication details, including instructions for authors and subscription information:
COORDINATION http://www.informaworld.com/smpp/title~content=t713455674
CHEMISTRY

ELECTROCHEMICAL GENERATION OF AN ASYMMETRIC COPPER

st | MIXED VALENCE COMPLEX
o - o o Delsahiit S. Ivonne?; Loeb L. Barbara®
et 1 2 Faculty of Chemistry, Pontificial Catholic University of Chile, Santiago, Chile

#
p
-
-
I
.
Fresee

To cite this Article Ivonne, Delsahiit S. and Barbara, Loeb L.(1994) 'ELECTROCHEMICAL GENERATION OF AN
ASYMMETRIC COPPER MIXED VALENCE COMPLEX', Journal of Coordination Chemistry, 33: 1, 33 — 37

To link to this Article: DOI: 10.1080/00958979408024259
URL: http://dx.doi.org/10.1080/00958979408024259

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958979408024259
http://www.informaworld.com/terms-and-conditions-of-access.pdf

17:01 23 January 2011

Downl oaded At:

J. Cvord. Chem., 1994, Vol 33, pp. 33-37 © 1994 Gordon and Breach Science Publishers S.A.
Reprints available directly from the publisher Printed in Malaysia
Photocopying permitted by license only

ELECTROCHEMICAL GENERATION
OF AN ASYMMETRIC COPPER MIXED
VALENCE COMPLEX

IVONNE DELSAHUT S. and BARBARA LOEB L.*
Faculty of Chemistry, Pontificial Catholic University of Chile, P.O. Box 306, Santiago, Chile.

(Received February 8, 1994, in final form February 14, 1994)

Mixed-valence copper complexes have not been extensively studied in solution, probably due to their
instability in this media. Nevertheless, the study of this type system acquires special relevance in
relation to materials science (superconductors) and biochemistry (hemocyanin). The electrochemical
feasibility of generating different mixed valence copper complexes has been reported recently.! In this
paper we analyze the changes observed in the electronic spectra during the course of the electrolytic
generation of a Cu(I)-Cu(Il) complex from the fully reduced [Cul{Br)(bpy)], precursor,
(bpy = 2,2’bypiridine). The relevance of the results obtained in regard to hemocyanin is discussed.

KEYWORDS: copper, mixed valence, bimetallic, electrochemical, hemocyanin

EXPERIMENTAL

All solvents used (Merck, p.a.) were dried according to conventional techniques.’
The CuBr needed to synthesize the precusor was obtained according to literature
procedures.’ The reagents 2,2’bipyridine (Merck, p.a.) and tetrabutylammonium
tetrafluorborate (TBATFB, Aldrich 99%) were used as purchased. The precursor
Cu(I)-Cu(l) complex was synthesized according to literature procedures.*® The
corresponding mixed valence complex was obtained by controlled potential elec-
trolysis at the first oxidation peak of the precursor, in an acetone (TBATFB 0.1M)
solution, using a conventional three electrode cell. (Working clectrode: reticulated
vitreous carbon, counter electrode: platinum wire, reference electrode: Ag/AgCl
clectrode, adjusted to the SCE potential). The equipment used consisted of a
Wenking EVI-80 Voltage Integrator and a Wenking HP-72 Potentiostate. The
clectronic absorption spectra were recorded with a Hewlett Packard 8452A diode
array spectrophotometer, connected to a Vectra C5 computer. The solutions used
were 1 x 107*M in acetone.(*)

RESULTS AND DISCUSSION

The crystal structure of [Cul(Br)(bpy)], has been reported.*c It proves the dimeric

* Author for correspondence.
(*) The use of other solvents was avoided because of insolubility of the precursor (dichloromethane)
or dimer dissociation (acetonitrile and THF).
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nature of the complex and the bridging properties of Br. The environment for both
Cu(l) atoms corresponds to distorted tetrahedral, with a short Cu-Cu distance
(2.86A°). Figure 1 shows a diagramatic sketch, adapted from reference 4c, of the
local geometry around the Cu centers. The electronic spectrum of the brown
solution obtained by dissolving the reduced precursor [Cul(Br)(bpy)], in acetone
shows a band at 442 nm and a shoulder at 540 nm, (Figure 2), assigned to MLCT
transitions.*®® The dimeric nature of the complex in acetone solution has been
extensively discussed in the literature.*® By conductivity measurements we observed
that it remains indefinitely as a dimer under inert atmosphere, while in the presence
of air it slowly decomposes. In agreement with this observation, the corresponding
cyclic voltammogram exhibits two oxidation processes.’ Controlled potential
electrolysis at the first oxidation peak (0.8V) shows, at first, the generation in
solution of a light green complex with an absorption at 732 nm, (Figure 3a), as
expected for tetrahedral Cu(ll).’> However, during the course of the electrolysis, the
solution turns violet and a new band appears at 508 nm. There is also a blue shift
of the 732 nm band. The spectrum recorded after the passage of one electron is
illustrated in Figure 3b. The cyclic voltammogram of this violet electrolytic product
does not exhibit the first oxidation peak (0.8V) shown by the reduced precursor.
Controlled potential electrolysis at the second oxidation peak of the precusor
(1.36V) results in the gradual disappearance of the band at 508 nm. After the
overall passage of two electrons a green solution remains, in which the low energy
band (with an enhanced intensity) is the only one that persists. A green solution

Figure 1 Diagramatic sketch, adapted from reference 4c, of the local geometry around the copper
centers.
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Figure 2 Electronic spectrum of the reduced precursor [CuBrbpy], in acetone, 1 x 107*M.
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Figure 3 Electronic spectra of :

a) Product obtained at the beginning of the electrolysis at 0.8V. of the reduced precursor [CuBrbpy],
in acetone, 1 x 107M.

b) Product obtained by the same electrolysis as in a) after the passage of one electron.

with the same spectrum is obtained by air oxidation of the violet electrolytic
product.

On the basis of the observed behavior, and since the ligands experience no
electrochemical reactions in the region analyzed.*” we assign both oxidations to
copper centered processes:

[bpyCu(l)Br,Cu(l)bpy] — [bpyCu()Br,Cu(Il)bpy]* + e~
[bpyCu(I)Br,Cu(Il)bpy]* — [bpyCu(Il)Br,Cu(ll)bpy}** + e~
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Therefore, the band observed at 508 nm is associated with the mixed valence
species {bpyC(I)Br,Cu(Il)bpy]” . A similar band has in fact been reported for several
mixed valence complexes, with distinctly different ligands, and in different
solvents.!® Moreover, this same band has also been observed in half-met(*)
derivatives of deoxygenated hemocyanin,’®? and in some oxygenated models of this
protein.” Since this band is not observed in either the fully reduced precursor or
in the fully oxidized electrolytic product, it can be attributed to the mixed valence
species. Morover, the transition of 508 nm can be assigned to a high energy
intervalence transfer band in the mixed valence complex. The unprecedented high
energy of this intervalence transition is probably associated with the environment
of the metal centers. Indeed, the change in electronic spectra during the course of the
electrolysis at E = 0.8V could be indicative of a geometrical rearrangement around
the copper center while it is undergoing oxidation. The species formed initially
(Figure 3a) would be a symmetrical Type I (non-interacting) copper mixed valence
complex, while the violet complex (Figure 3b) would reflect the rearrangement of
Cu(I]) to acquire a more appropriate geometry. This conformational change allows
some interaction among the copper centers, thus generating a Type II copper mixed
valence complex, consequently, an intervalence transfer band.® Moreover, a visible
band at 510 nm with similar spectroscopic characteristics has been reported in the
literature for a Cu mixed-valence complex with a comparable Cu-Cu distance.®?
This transition was also assigned to an intervalence transfer band, based on the EPR
spectrum of the complex in solution at room temperature, which showed a
seven-linc pattern, consistent with the interaction of the electron with both Cu
centers.®® The high energy of these intervalence transfer bands would therefore
reflect the different geometries around Cu(l) and Cu(Il), (“heteronuclear” mixed
valence complex) through the additional contribution, E,, to the transition energy.?
As mentioned above, the crystal structure of [Cul(Br)(bpy)], has been reported*
(see Figure 1) as well as other halogen-bridged Cu(l) analogues.**? These studies
indicate that the CuX,Cu plane is approximately perpendicular to the Cubpy plane,
resulting in a distorted tetrahedral geometry around each Cu(l) centre. The
geometry around the Cu center being oxidized would change during the course of
the electrolysis tending to a more square planar distribution. This assumption is
consistent® with the blue shift observed for the low energy band after the
one-electron oxidation (Figure 3). A similar structural change as a consequence of
a redox electrolytic process on a Cu complex has been reported.'® It is important
to mention that the description of the copper mixed valence specics here obtained
as “‘heteronuclear” or asymmetric is also supported by a compilation of X-ray
crystal structure data for mixed valence copper complexes.!? It can be seen that
more than 95% of these complexes are asymmetric. Unfortunately, due to the high
instability of the complex and the media from which it was obtained, it was not
possible to obtain crystals in our case.

Interestingly, an asymmetric copper center has been postulated recently for
hemocyanin.'? Also a band at ~500 nm has been observed in half-met derivatives
of deoxygenated hemocyanin’®® and in oxygenated models of this protein.”® In
both cases the assignment of the band has been to CT transitions related to

(*) Half-met: semi-oxidized, i.e. Cu(I)-Cu(1l) hemocyanin.
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exogenous ligands (N5~ and O,, respectively). In the system described herein, the
assignment of the band to a low energy Cu(l) — > bpy CT should not be dismissed.
Nevertheless, the appearance of a similar band in a variety of different copper
mixed-valence complexes!*®7!! merits the search for a more gencral assignment,
such as the one postulated in this paper. We believe that a knowledge of the origin
of this band would aid our understanding of the relationship betwcen structure and
function in hemocyanin. Future work is aimed at this objective.
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