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Abstract

Phosphine ligands determine the excited state properties of a variety of coordination compounds. Phosphines not only influence
metal-centered excited states, but participate directly in charge transfer transitions owing to their electron donating and accepting
ability. Moreover, intraligand excited states are accessible if the phosphine carries suitable substituents. This diversity is illustrated
by selected examples. The excited state behavior is discussed on the basis of spectral (absorption and emission) and photochemical

properties of appropriate phosphine complexes. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Organic phosphines (or phosphanes) PR; play an
important role as ligands in coordination chemistry in
general and organometallic chemistry in particular [1,2].

* Corresponding author. Tel.: + 49-941-943-4485; fax: + 49-941-
943-4488
E-mail address: arnd.vogler@chemie.uni-regensburg.de (A. Vogler).

Phosphines are well known to stabilize transition metals
in low oxidation states but their versatility as ligands is
also documented by their ability to coordinate to tran-
sition metals in higher oxidation states including metals
with a d° electronic configuration [1-3]. In view of their
general importance it is quite surprising that relatively
little is known about the excited state behavior of
phosphine complexes. This notion applies to the direct
participation of phosphine ligands while the spectral
and photochemical properties of numerous mixed-lig-
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and complexes with phosphines as spectator ligands are
well known [4,5]. Of course, a strict distinction between
phosphine ligands with an active and passive role is
certainly not possible. In this account the excited state
properties of mixed-ligand complexes with phosphines
as spectator ligands are largely neglected. Frequently,
our discussion is restricted to homoleptic phosphine
complexes in order to avoid any interference by other
ligands.

The majority of phosphine ligands PR; carry alkyl
and aryl substituents at the phosphorus atom. In a
more general sense, R may be also a halogen atom
(phosphorus halides, PX;) or, for example, an OR
group (phosphites, P(OR);). While in this article alkyl
and aryl phosphines as ligands are emphasized, com-
plexes with other phosphines are occasionally included
in order to provide a more complete picture. In some
cases relevant data are only available for complexes
which contain isoelectronic arsine (AsR;) ligands.

In the following sections the electronic spectra (ab-
sorption and emission) as well as the photoreactivity
are discussed. The complexes are classified according to
the nature of the excited states:

metal-centered (MC): dd (or ligand field, LF), ds, dp,

ligand-to-metal charge transfer (LMCT) with phos-

phines as donors,

metal-to-ligand charge transfer (MLCT) with phos-

phines as acceptors,

ligand-to-ligand charge transfer (LLCT) with an ar-

sine as acceptor,

metal-to-metal charge transfer (MMCT); e.g. with

phosphines as bridging ligands, and
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Fig. 1. Qualitative MO diagram of PR, (C;, symmetry) and sche-
matic representation of the interaction of PR; with a transition metal.
Adopted from Ref. [70].

intraligand (IL) or intraligand charge transfer (ILCT)

at phosphines.

Generally, this classification applies to the lowest-en-
ergy excited states, although the excited state behavior
is occasionally also determined by higher-energy excited
states.

Our short review does not cover this topic compre-
hensively. The different types of excited states are illus-
trated by selected examples. Frequently, our own
observations are emphasized, but some relevant obser-
vations by other groups are also included in order to
demonstrate the diversity of this subject.

2. Metal—phosphine bonding

Phosphine ligands provide a lone pair at the phos-
phorus atom which is used for the formation of a
M-PR; o-bond. In the case of d° complexes, only this
o-bond exists. However, for electron-rich d” metals in
low oxidation states, m back bonding becomes impor-
tant. In classical concepts empty phosphorus 3d or-
bitals are used for this purpose. However, it is now
generally recognized that these d orbitals which are
very high in energy play only a minor role. For m back
bonding the P-R antibonding o orbitals are utilized
[6-10] (Fig. 1).

The strongest m-acceptor is apparently the PF; lig-
and. This notion is supported by the chemistry of PF;
complexes which resembles that of carbonyl complexes
[11,12]. In particular, homoleptic PF; and CO com-
plexes share many chemical and physical features.

3. Metal-centered states

3.1. Absorption spectra

In this section the discussion is restricted to homolep-
tic phosphine complexes in order to exclude any ambi-
guity which is based on the presence of other ligands.

Frequently, important spectral parameters such as
the ligand field strength are derived from the absorp-
tion spectra of octahedral d® complexes. Unfortunately,
the spectra of such homoleptic phosphine complexes
have not apparently been studied [13]. Accordingly,
little information is available on the ligand field
strength of phosphines [14,15]. On the contrary, the
absorption spectra of a few homoleptic arsine com-
plexes have been investigated [16—18]. For example,
[Fe'(edas);]* * with edas = cis-1,2-bis(dimethyl-
arsino)ethylene displays long-wavelength LF bands at
Jmax = 680 nm (A, —»3T)), 465 nm (*A, - 'T,) and 365
nm (A, —=!T,) [17].
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Much more information is available on the absorp-
tion spectra of square-planar phosphine complexes of
d® metals [19-21]. In these complexes the metal (n +
1)p orbitals of m symmetry are stabilized by the interac-
tion with m acceptor orbitals of the phosphine ligands.
As a consequence MC d — (n + 1)p transitions occur at
relatively low energies. However, since these transitions
terminate at MOs which are of mixed metal and phos-
phine parentage they can be also viewed as MLCT
transitions. This ambiguity has been emphasized by
Crosby et al. [21]. MC/MLCT bands of this type have
been identified in the absorption spectra of various
homoleptic phosphine complexes [19-21], e.g.:
[Ir'(diphos),]* Amax = 326 nm
diphos = 1,2-bis(diphenylphosphino)ethane
[Pt'Y(diphos),]**+ Jmax = 307 nm [19]

[19,21]

These longest-wavelength bands are assigned to spin-
forbidden singlet—triplet transitions which gain inten-
sity by spin-orbit coupling.

In analogy to d® complexes, low-energy MC dp/
MLCT transitions occur also in phosphine complexes
of d'° metals such as Pd° Pt° [22-24] or Au' [24-26]
which have been studied in great detail. In these cases,
LF transitions cannot exist.

P{[P(¢-Bu),], Ay = 384 nm [24]
[Au/(PEt,),]* Jimax = 251 nm [25]

‘max

Again, the longest-wavelength absorptions belong to
spin-forbidden d — p(n) transitions.

In polynuclear phosphine complexes of d'° metals a
direct metal-metal interaction may exist. In such cases
the HOMO is frequently an antibonding c(M—-M) or-
bital which is generated by an overlap of d-orbitals
while the LUMO is a bonding o(M—M) orbital derived
from (n+ 1)p orbitals. In particular, the p orbitals are
affected by the phosphine ligands. The lowest-energy
transitions are then of the o} — o} type. Corresponding
absorption bands have been detected in the electronic
spectra of various bi- and polynuclear d!° complexes
[22,23,26-30], e.g.:

Pt3(dppm); Amax = 488 nm 23]
dppm = bis(diphenyl- =592 nm (spin-

phosphino)methane forbidden)
[Aul(dppm),]** Jmax = 293 nm  [27,29]
[Aui(dmpm),]** Amax = 269 nm  [30]
dmpm = bis(dimethylphosphino)methane
[Aul(dmpm);]** Amax = 256 nm  [28]
[Aui(dmmp),]**+ Amax = 315 nm  [30]
dmmp =

bis(dimethylphosphinomethyl)methylphosphine

3.2. Emission spectra

Various homoleptic phosphine complexes of d®
and d'° metals have been reported to emit from MC dp
excited states. As outlined above these excited states
are of mixed MC and MLCT parentage. The emitting
states are the lowest-energy triplets. The phos-
phorescence (¢ = quantum yield, 7= lifetime) of the
d® complexes appears at low temperature [19,21,31],

e.g.

[Rh'(diphos),]* Apa. =614 nm ¢ = 0.05 ¢ =21 ps [19]

[Ir'(diphos),]*  Apax = 585 nm ¢ = 0.25 7= 10 ps [19]

Many phosphine complexes of d'® metals show this
phosphorescence, which originates also from MC dp
(+ MLCT) triplets even at r.t. [22,23,26,32,33]:

PA*(PELy); in A, = 646 nm ¢~0.01  t~5ps [22]
THF

PAY(PPh,), in /. =660 nm $~0.02  t~4 ps [22]
THF

Pt’(PPhs), in A, =740 nm ¢p~4x 104 t~1 ps [22]
THF

[Au(PPh;);] " 4,..c = 512 nm =10 ps [32]
in CH;CN

[AUNTPA);] " Ay = 547 nm t~1ps [33]
in H,O

TPA = 1,3,5-triaza-7-phosphaadamantane

The complexes with coordination numbers three and
four have trigonal-planar and tetrahedral structures,
respectively.

As described above, the lowest-energy excited states
of various polynuclear phosphine complexes of d!°
metals are MC (o} o or 83 o) triplets. The phospho-
rescence from these states is frequently observed at r.t.,

e.g.

PdS(dppm), Amax =740 nm ¢p~0.02 T~5 s [22]
in THF
Pt(dppm); in 4
2-Me-THF
(at 77 K)
[Aui(dppm),** Ay =593 nm ¢p~0.3 7~20 pus [27]
in CH;CN
[Aui(dmmp),]** 4
in CH,CN

— 787 nm 1<0.02 ps [23]

max

— 580 nm t~Tus  [30]

max

It is quite interesting that in the emitting state a metal -
metal bond exists which is absent in the ground
state.
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Fig. 2. Electronic absorption spectrum of PPh; dissolved in TiCl,
under argon at r.t.,, 1 cm cell.

3.3. Photochemistry

LF (or dd) excited states of complexes with d” metals
are well known to initiate photosubstitutions of ligands.
This photoreactivity is largely based on the population
of M-L o-antibonding d-orbitals. In analogy to a
variety of metal carbonyl complexes which release CO
upon LF excitation [4,5,34], phosphine complexes are
expected to show the same photochemical behavior.
Surprisingly, mixed carbonyl—phosphine complexes ap-
parently undergo a photosubstitution of CO but not
PR, ligands [4,5,34]. The most promising candidates for
the observation of a phosphine photosubstitution are
homoleptic complexes. Indeed, such a photolysis has
been observed [11]:

hv
Fe(PF,); + 2PPh, — Fe(PF5),(PPh,), + 2PF, (1)

Although the reactive excited state has not been iden-
tified, there is little doubt that this photosubstitution is
initiated by a LF state in analogy to Fe(CO)s [4].

A few homoleptic d'° phosphine complexes also pos-
sess photoreactive MC excited states. In the case of
Pd(PPh;), a dp state seems to induce an oxidative
addition [22]:

hv
Pd°(PPh,), + C.HCl — trans-Pd"(PPh,),(Ph)(Cl)
+ 2PPh, )

Details have not been reported. It is conceivable that
this reaction is initiated by an excited state electron
transfer from Pd(0) to chlorobenzene. Unfortunately, it
is not known if a concomitant luminescence quenching
takes place.

Binuclear d'° complexes with lowest-energy c* o
states are also photoreactive, e.g. [22]:

b
p

hv
PdY(dppm), + CH,Cl, - Pd}(n-CH,)(dppm)Cl,
+ 2dppm 3)

Both metal centers are affected by this oxidative addi-
tion. In the case of [Aul(dppm),]**, an excited state
electron transfer mechanism has been confirmed. The
emission from the o} o} triplet is quenched by electron
donors (e.g. tetramethyl—p-phenylenediamine) as well
as acceptors such as paraquat’* and organic halides
[29,35]. In the primary photochemical step, mixed va-
lence compounds with the formal oxidation states
Au'Au® and Au'Au" should be generated. However,
persistent photoproducts are not formed because the
initial electron transfer is completely reversed by ther-
mal recombination.

In the presence of oxygen the trinuclear complex
[Aul(dmmp),]®* induces the photochemical cleavage of
DNA [36]. It is assumed that the excited triplet under-
goes an electron or energy transfer to oxygen. Superox-
ide or singlet oxygen which are thus generated could
then attack and oxidatively cleave DNA.

4. Ligand-to-metal charge transfer states

It is quite surprising that despite their well known
reducing ability, very little is known about phosphines
as donor ligands for CT interactions. Jensen and
Jorgensen estimated the optical electronegativity of
PEt; (~2.6) on the basis of ligand-to-metal charge
transfer assignments of absorption bands in the elec-
tronic spectra of Co(PEt;),X, with X = Cl and Br [37].
However, these complexes may not be well suited for
an unambiguous detection of LMCT absorptions, as
Co(II) is hardly oxidizing. It follows that complexes of
oxidizing metals should be much better candidates to
identify LMCT transitions. In order to avoid any inter-
ference by LF transitions, oxidizing d° complexes
would be most suitable to investigate CT spectra of
complexes with phosphines as donor ligands. Unfortu-
nately, such complexes are not very common [1,2].
Nevertheless, several compounds of the type TiCl,(PR5)
and TiCl,(PR;), have been described [38—41]. They are
brightly colored. Since TiCl, is colorless, the colors of
the phosphine complexes should be attributed to the
presence of long-wavelength phosphine — Ti'V LMCT
absorptions. Since these compounds are extremely sen-
sitive to solvolysis, in particular to water even in traces,
it was not possible to record reproducible spectra.
When PPh, is dissolved in neat TiCl,, a red color
appears owing to an absorption at 4., ~ 480 nm (Fig.
2). It seems quite reasonable to assign this band to a
LMCT absorption of a complex with the composition
TiCl,(PPh;), (n=1 or 2).

More reliable results were obtained with the complex
MeReVO,(PPh;) [42]. MeReY!O, is a pseudo-tetrahe-
dral d° complex that easily expands its coordination
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sphere by accepting a further ligand [43,44]. The excited
state properties of such adducts of the type
MeReY"0O; x L have been studied in some detail [45].
The yellow color which instantly develops when solu-
tions of MeReO; and PPh; are mixed is attributed to
the complex MeReO;(PPh,) [42]. The new absorption
maximum (Fig. 3) at 380 nm (¢=85) is logically as-
signed to a LMCT transition from the reducing phos-
phine to the oxidizing d° metal center. This assignment
is supported by additional evidence. When PPh; is
replaced by P(p-Cl-phenyl);, the LMCT band is shifted
to a shorter wavelength (/... ~ 315 nm) in agreement
with the decreased donor strength of this phosphine.

At r.t., MeReO,;(PPh;) is not stable but reacts ther-
mally according to Eq. (4) [46]:

MeRe""0,(PPh,) - MeReVO, + O=PPh, @)

This oxidation of the phosphine ligand apparently takes
place as an oxygen transfer process. The primary reduc-
tion product MeReO, is coordinatively unsaturated,
but can be stabilized in the presence of MeReO, and
PPh;:

MeReVO, + 2PPh, + MeReVO,
— MeReV(PPh;),0, x MeReVO, (%)

0.0

T T T T T 7T am
350 400 450 500

Fig. 3. Electronic absorption spectra of 1.25 x 10 =2 M MeReO; and
1.25 x 102 M PPh; in CH,Cl, as separate solutions (a, —) and as
a mixture (b, ---) under argon at 5 °C, 1 cm tandem cell.

A
yaRS
2.0 a e/ \
/ \
i / \
/ \
/ \
1.0 / \\
// \
- / \
/ \
//
0.0——— T T T T T T T T
300 500 700 ™

Fig. 4. Electronic absorption (a, —) and emission (e, ---) spectra of
Ni%PPh;),(CO), under argon at r.t. Absorption: 5.04 x 10~°> M in
CH;CN, 1 cm cell. Emission: solid state, 4., = 380 nm, intensity in
arbitrary units.

The binuclear mixed-valence compound is formed as a
final product.

At 0 °C this thermal reaction proceeds slowly enough
to allow the examination of the photoreactivity of
MeReO,(PPh;) [42]. Upon LMCT (PPh; — Re"™) exci-
tation the complex undergoes the same transformation
as thermally at r.t. The quantum yield of product
formation was ¢ =0.09 at 4. =405 nm. Although the
optical LMCT transition is a one-clectron transfer, the
LMCT excited state should easily find a deactivation
channel which leads to an oxygen atom transfer from
MeReO; to the phosphine ligand. In agreement with
the general reactivity of LMCT states, the metal finally
undergoes a reduction while the ligand is oxidized.

5. Metal-to-ligand charge transfer states

Owing to the presence of empty acceptor orbitals at
phosphine ligands (see Section 4), MLCT transitions
may occur. Phosphine complexes should show such
MLCT absorptions at long wavelength if the metal is
reducing. Generally, this reducing character is provided
when the metal exists in low oxidation states. Neverthe-
less, little is known about such MLCT transitions ter-
minating at phosphine ligands.

As discussed in Section 3, in phosphine complexes of
various d® (Rh!, Ir' and Pt") and d'° metals (Au'), the
interaction of metal p, and phosphine m-acceptor or-
bitals generates low-energy empty © orbitals which are
available as acceptor orbitals for MLCT transitions.
However, the lowest-energy transitions are then of
mixed MLCT/MC character since the acceptor orbital
is of mixed metal and phosphine parentage. These
transitions are discussed in the section on MC transi-
tions (see Section 3).

Under favorable conditions a distinction between
MLCT and MC transitions can be made. For example,
the complex Ni°(PPh;),(CO), shows its longest-wave-
length absorption (Fig. 4) at 4., =356 nm [47]. This
band is assigned to a Ni’° - PPh; MLCT transition. The
assignment is based on a comparison with the spectrum
of Ni(CO),, which displays its longest-wavelength
MLCT absorptions at 270 and 230 nm. The MC ds and
dp transitions of Ni(CO), occur at much higher ener-
gies. While Ni(CO), is light sensitive, Ni(PPh,),(CO), is
luminescent (Fig. 4) at r.t. in the solid state (4,,,, = 650
nm at A..=380 nm) and weakly in solution. It has
been concluded that this emission originates from the
lowest-energy Ni° —PPh, MLCT triplet.

The d° complex W°(CO),(diphos), shows a phospho-
rescence in methyl—tetrahydrofuran at 77 K [48]. This
emission which appears at 4,,, =568 nm (¢ =0.14,
7=0.14 ps) was also assumed to come from a W°—
phosphine MLCT triplet. However, in view of its high
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Fig. 5. Electronic absorption (a, —) and emission (e, ---) spectra of
3.23 x 10 ~°> M Re(binap)(CO);Cl in ethanol at r.t., 1 cm cell. Emis-
sion: Aq. = 340 nm, intensity in arbitrary units.

energy the phosphorescent state may also be of the
phosphine IL type (see Section 6).

A very promising acceptor ligand for low-energy
MLCT transitions is the well-known binap (2,2'-bis-
(diphenylphosphino)-1,1’-binaphthyl) ligand. It con-
tains the binaphthyl substituent with an extended
n-electron system. Accordingly, the phosphine should
have available low-energy mn* acceptor orbitals for
MLCT transitions. A first example has been reported
by Tsubomura et al. in 1995. The complex Pt°(binap),
shows a longest-wavelength absorption at 530 nm
which was assigned to a MLCT transition [49]. The
MLCT triplet emits at A,,, =730 nm (z=1.5 ps) in
benzene at r.t. Unfortunately, this emission is very close
to that of Pt°%(PPh;), (An. =740 nm) and Pt°(PPh;),
(Amax = 705 nm) [22,23]. In these cases, the ©* orbitals
of the phenyl substituents are certainly located at much
higher energies compared to binap. The phosphores-
cence of Pt(PPh;), (n =3 and 4) has been assumed to
come from MC dp (+ MLCT) triplets (see Section 3).

The d° complex Rel(binap)(CO);Cl (structure 1) is an
example which is less ambiguous [50].

e

P.
AN
=
Ph,

This complex shows its longest-wavelength absorption
(Fig. 5) at 4. =338 nm. It is attributed to a MLCT
transition terminating at the binap ligand. The MLCT
triplet is emissive (4,,,x = 570 nm, Fig. 5) under ambient
conditions. The MLCT assignment is based on a com-
parison with the spectra of the free binap ligand and
the complex Re(diphos)(CO);Cl.

Re(CO),Cl

6. Ligand-to-ligand charge transfer states

Complexes which simultaneously contain donor and
acceptor ligands are characterized by LLCT transitions

at relatively low energies [51,52]. Since phosphines are
donor as well as acceptor ligands they could participate
in LLCT transitions, but corresponding examples are
not yet known. However, AsPh; has recently been
shown to function as an LLCT acceptor. The complex
Cu'(Tp)(AsPh;) (structure 2) with Tp~ = hydrido-
trispyrazolylborate displays a Tp~ — AsPhy; LLCT ab-
sorption at A, =400 nm [53].

a
N—N
7
H—B\N—N-——Cu'AsPh3

\_~

N—N

W
The complex shows an emission (4,,,, = 606 nm) which
originates from the LLCT triplet. This assignment is
consistent with MO calculations and supported by
comparison with the spectra of Cu(Tp)(NEt;) and
Cu(Tp)(PPhj).

7. Metal-to-metal charge transfer states

Two types of MMCT transitions may occur in bi- or
polynuclear metal complexes, which simultaneously
contain reducing and oxidizing metal centers [52]. If
both metals are connected by a direct but polar metal—
metal bond, a co* transition occurs which can be also
viewed as MMCT transition because the ¥, ,, orbital
is predominantly localized at the reducing metal while
the corresponding o* orbital has a large contribution
from the oxidizing metal. The Au'PPh, moiety forms
polar M—M bonds with various reducing metal centers.
This type of polar M-M bond exists in
PPh;Au'-Co ~(CO), and PPh;Au'-Sn"Cl;, which are
characterized by Co ! and Sn' to Au! MMCT absorp-
tions at A,,, =305 and 290 nm, respectively [54,55].
Both complexes are light sensitive. MMCT excitation
of the cobalt complex leads to the reduction of Au(I)
and oxidation of Co ' [54]:

hv
PPh,Au' Co ~{(CO), - PPhs + Au® + 1/2Co}(CO)s
(6)

The binuclear complex disappears with ¢ = 0.1 at 4, =
333 nm. The photolysis of the tin complex also yields
metallic gold with ¢ =0.41 at 4, =282 nm [55].

The second type of MMCT transition exists in com-
plexes with bridging ligands which mediate the interac-
tion between reducing and oxidizing metals [13,52].
Recently, it has been shown that this electronic interac-
tion is also provided by phosphine bridges. The binu-
clear complex ion [Fe™(CsH,PPh,),Re'(CO);CI]"
(structure 3) shows a broad absorption at A, = 700
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nm (Fig. 6) which is assigned to a Re!' - Fe™ MMCT
transition [56].

@-w\hz _\®

Fell Re'(CO),CI

@-Pth

The trinuclear complex Pd°[(PPh,CsH,),Fe'], (struc-
ture 4) does not show a MMCT absorption since both
metal centers, Fe™ and Pd° are only reducing [57].
However, Fe' can be photooxidized to Fe™ by charge-
transfer-to-solvent (CTTS) excitation [57] in analogy to
ferrocene itself [4,5]. The resulting Fe!'!/Pd® complex
would be expected to display a Pd° to Fe™ MMCT
absorption in its electronic spectrum. This MMCT
transition requires so little energy that it takes place as
a thermal electron transfer [57]. As a consequence, Pd°
is finally oxidized to Pd"™ while Fe™ is reduced to Fe'.

8. Intraligand and intraligand charge transfer states

8.1. Electronic spectra

Aromatic amines and phosphines are characterized
by low-energy transitions which involve a shift of elec-
tron density from the lone pair at N or P to the =n*
orbitals of the aromatic substituents [58,59]. This nn*
transition can be also viewed as a CT process. The

0,7
0.6
05

0.4

Absorbance

0.3

0.2

0.1

longest wavelength absorptions of aromatic amines and
phosphines are frequently assigned to such n* or 1-a,
(lone pair to antibonding m orbital) transitions. The
emission from these 1-a, states consists of a r.t. fluores-
cence and a low-temperature phosphorescence.

Upon coordination of aromatic amines or phosphi-
nes, the lone pair at N or P is used for o-bonding to the
metal. The 1-a, transition is now converted to a c—a,
transition. This c—a, transition which may be also
labeled as ILCT should be shifted to higher energies in
comparison to the l-a, transition of the free ligands
owing to the stabilization of the lone pair by the metal.
Such a shift is indeed observed for Pt'(2,2’-diamino-
1,1’-binaphthyl)Cl, [60]. The longest-wavelength ab-
sorptions of various Cu' arylphosphine complexes are
also assumed to be of this o—a, type [59], e.g.

[Cu'(PPh;);]Cl in CH,CL,/ A, = 290-300 nm [59,61]
cyclohexane

[Cu'(prophos)(BH,)] in Amax = 300-320 nm [59,62]

cyclohexane

prophos = 1,3-bis(diphenylphosphino)propane
Cu'(PPh;),(NO,) in Amax = 275 nm [63]
CH,CN

However, the spectral shifts of the c—a, absorptions of
Cu! arylphosphine complexes do not follow a simple
pattern. Several explanations including copper—phos-
phine m-back bonding and steric effects have been given
to account for these observations [59].

Various phosphine complexes of d!'° metals show an
emission which originates from oc—a, triplets, e.g.

Cu'(prophos)(BH,) in A, =593 nmt~4 ps [62]
benzene, r.t.

Cu!(PPh;)(NO,) in
ethanol, 77 K

[Auy(dmpm),J** in
CH;CN, r.t.

Amax = 450 nm [63]

max

Jax =455 nm t~1 ps  [30]

Fig. 6. Electronic absorption spectrum of 1.8 x 10 =% M [Fe!'{(CsH,PPh,),Re!(CO);Cl|BF, in argon-saturated CH,Cl,, 1 cm cell.

550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
Wavelength
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[Hg(PPhs),** Jox =490 nm [64]

Some arylphosphine complexes show a luminescence
which seems to come from =nrn* triplets of the aryl
substituents [59]. Occasionally, a phosphorescence from
nn* and o—a, triplets is observed. This dual emission
appears when the nn* state is located at higher energies
than the o—a, state. In other cases only the nn* state
emits, provided it occurs at lowest energy. A few d!°
phosphine complexes emit either exclusively or in addi-
tion from such nn* states, e.g.:

Cu'(PPh;),(BH,) in A,,,=395nm t~2pus [63]
toluene, 77 K
AuY(PPhMe,),Br, /

dmax = 300 nm  7~200 ps [66]
solid, 1.4 K

8.2. Photochemistry

The oc-a, states of coordinated arylphosphines do
not seem to be intrinsically reactive [59]. Of course,
these ILCT states can undergo deactivation to lower
excited states of different origin, which may initiate a
photoreaction. For example, the photolysis of
Cu(PPh;),NO; is induced by a Cu' - NO; MLCT state
which can only be populated via initial ILCT excitation
of the coordinated PPh, [63]. Moreover, c—a, states are
also able to transfer their excitation energy to sub-
strates. This leads to a sensitized photolysis. The energy
transfer is accompanied by quenching of emissive ILCT
triplets [59,62].

Finally, substituents at phosphines may be photore-
active too. Olefin complexes participate in a variety of
photochemical reactions including trans/cis isomeriza-
tion of the olefin ligand [67]. Frequently, these isomer-
izations are induced by mm* IL excitation. Binuclear
gold(I) complexes of the type Au,X,(dppe) with X =
halogen and dppe = bis(diphenylphosphino)-ethylene
undergo a cis to trans photoisomerization at the olefinic
double bond [68]:

g"z Ph,
N P;
H°| AUX Ty H(|.‘|/ Naux
HC AuX
\P/ XAu\P/CH
Ph;, Ph,

In the ground state the cis isomer is apparently stabi-
lized by an aurophilic interaction between both Au™
ions. The photoactivity seems to originate from a mr*
IL (ethylene) excited state which is strongly modified by
the complex fragments [69]. Interestingly, there is no
ethylene IL contribution to the lowest-energy excited
states of the trans isomer. This explains the absence of
any trans — cis photoisomerization of the complex.
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