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A Novel Bimetallic Sulfur Cluster. Crystal and
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Abstract: The title compound, 1, is formed from [(CgHs),PCH3]4Ag, WS, (11) with loss of phosphine in polar solvents. The
crystal and molecular structure of | has been determined from three-dimensional X-ray data collected by counter methods.
The molecular compound | erystallizes in the monoclinic space group P2,/n with Z = 2 and cell dimensions @ = 11.901 (4)

A, b =12233(5)

,c=20.375(10) A, 8 =92.25(3)°. The observed and calculated densities are 2.04 and 2.08 g/cm3, re-

spectively. The structure has been refined to a final R factor on F of 0.049 for 2096 observed reflections. The structure of 1 con-
sists of a 12-atom cluster containing four silver atoms, two tungsten atoms, and six sulfur atoms; the cluster possesses a crystal-
lographic center of symmetry. Based on 3'P NMR data for 11 and the structures of the closely related [(C¢Hs)a2-
PCH;],Au,;MS, compounds (M = Mo, W), a mechanism for the formation of 1 from 11 is proposed.

Introduction

The chemistry of molecular metal sulfides is currently a
subject of much interest. Iron-sulfur aggregates, in particular,
have been closely studied because of analogies to biological
electron-transfer components.2-4 Sulfur-bridged molybdenum
compounds have been scrutinized in order to learn about the
role of this group 6B metal in nitrogen fixation® and in
redox-active molybdoenzymes such as xanthine, aldehyde and
sulfite oxidases, and nitrate reductase.®’

Following the development of a general synthesis for bi-
metallic sulfur arrays of the type L,M,M’S, (L = tertiary
phosphine; M = Cu, Ag, Au; M’ = Mo, W), systematic X-ray
crystallographic studies have been carried out to obtain further
insight into the structure and bonding of these materials. This
paper reports the crystal and molecular structure of
[(C¢Hs),PCH;3]4AgsW1Sg, a novel bimetallic sulfur cluster
with surprisingly different architecture from that of the stoi-
chiometric gold analogue, [(C¢Hs)>,PCH3]3Au,WS,.8

Experimental Section

Preparation of {(CeHs):PCH;3}4AgsaW2Ss (I [(CeHs),PCH3)s-
Aga WS, (11) was prepared as previously described.® A solution of 0.58
g (4.4 mmol) of 11 in 50 mL of 1:1 acetone-1,2-dichloroethane was
degassed by two freeze-pump-thaw cycles and allowed to stand at
room temperature. After 7 days 0.11 g (22%) of crystalline | had
separated. The crystals were washed with a small amount of 1,2-di-
chloroethane and vacuum dried. Anal. Calced: C, 33.62; H, 2.80; Ag,
23.27;P,6.68;S,13.79; W, 19.83. Found: C, 33.64; H, 2.82; Ag, 23.24;
P, 6.67;S, 13.81; W, 19.81. Recrystallization from acetonitrile yielded
small, orange crystals suitable for X-ray analysis.

Unit Cell and Space Group. Precession photographs of the #1017, A1/,
and 0k/ zones indicated monoclinic symmetry with systematic ab-

sences 0k0, k # 2n,and A0/, h + 1 = 2n, uniquely establishing space
group Cy43-P2,/n [equivalent positions: £(x, y, z), £ (o + x, ' =
v, Y2+ 2)). The cell dimensions, obtained using Mo Ka radiation (A
= 0.7107 A) by centering 15 reflections on an automated diffrac-
tometer, area = 11.904 (4) A, 5= 12233 (5) A, ¢ =20.375 (10) A,
B =92.25 (3)°. The observed density of 2.04 g/cm? obtained by flo-
tation agrees with the calculated value of 2.080 g/cm? assuming Z
= 2 on the basis of the dimeric structure subsequently determined.
A crystallographic center of symmetry thus is imposed upon the metal
cluster 1.

Collection and Reductlon of the Intensity Data. A small crystal of
approximate dimensions 0.05 X 0.06 X 0.08 mm was mounted parallel
to the [100] direction. Diffractometer data were obtained using
graphite-monochromated Mo Ka radiation by the bisecting mode,
-20 scan technique. The peaks were scanned from 1.0° on the low-
angle side of the Kay peak to 1.1° on the high-angle side of the K,
peak using a variable scan rate; background counts were taken at each
end of the scan with the ratio of total background time/scan time =
1.0.

A unique data set was collected to 28 = 40°. Three reflections,
monitored periodically, showed no significant change in intensity
during data collection. The intensities were corrected for background,
and standard deviations were assigned according to the equation o(7)
= [I + (KI)?]"/2, where the value of 0.017 13 used for K was obtained
from a statistical analysis of the intensity distributions of the three
standard reflections.? The data were also corrected for Lorentz and
polarization effects. Because the crystal faces were poorly defined and
the absorption cocfficient was 59.2 cm™', no absorption correction
was applied. Transmission coefficients ranged from 0.62 to 0.74, Of
the 2786 unique data collected, 2096 reflections were considered to
be observed with / = 34(7), although all data were used in the final
structure refinement.

Solution and Refinement of the Structure. Conventional Patterson
and Fourier techniques readily yielded the positions of all nonhydrogen

This article not subject to U.S. Copyright. Published 1979 by the American Chemical Society
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Table L. Positional and Thermal Parameters for [(CgHs);PCH3]4AgsW;Ss

atom? X Yy z Uiy Uz Uss Urz Us Uss
W 0.484 41 (6)* 0.370 64 (6) 0.596 62 (4) 33.3(4) 24.9 (4) 29.8 (5) —-0.6 (4) 4.1(3) 2.6 (4)
Ag(l) 0.33201(12) 0.34135(12) 0.47880(7) 45.0(9) 45.4 (10) 499 (10) -28(7) =747 -=9.7(@)
Ag(2) 0.43540(12) 0.61379(12)  0.597 58 (7) 63.3(10) 33.8(9) 55.2(10) 3.9(8) 12.0(8) —10.4(8)
S(1) 0.4898 (4) 0.2639 (4) 0.6794 (3) 69 (4) 46 (3) 43 (3) -0(3) 10 (3) 15(3)
S(2) 0.5274 (4) 0.2696 (4) 0.5108 (2) 46(3) 42 (3) 37 (3) 7(3) 2(2) -1(3)
S(3) 0.3103 (4) 0.4403 (4) 0.5857(2) 37(3) 42 (3) 53(3) 1(2) 8 (2) -7(3)
S(4) 0.6152 (4) 0.4972 (4) 0.6138(2) 41(3) 38 (3) 63 (3) =11 (2) -8(3) 4(3)
P(1) 0.1844 (4) 0.2649 (4) 0.4097 (2) 42 (3) 35(3) 36 (3) -3(2) -3(2) 2(2)
P(2) 0.3481 (4) 0.7357 (4) 0.6746 (3) 59 (3) 35(3) 42 (3) -0(3) 15(3) -1(3)
C(n 0.1544 (16) 0.3392 (15) 0.3327(9) 78 (14) 47 (13) 30 (12) =911y =9(10) 13 (10)
C(2) 0.2292 (16) 0.6680 (16) 0.7129(9) 61 (13) 63 (15) 51(13) =31 (1) 701 5(11)
atom¢ x y z atom X y z U
Phenyl Ring 1 Phenyl Ring 3
C(n 0.0500 0.2581 0.4474 34 (5) C(n 0.4414 0.7802 0.7416 38 (5)
C(2) 0.0148 0.1617 0.4766 60 (6) C(2) 0.5547 0.7942 0.7295 47 (%)
C(3) —-0.0880 0.1581 0.5067 95 (8) C(3) 0.6282 0.8336 0.7788 58 (6)
C(4) —0.1558 0.2508 0.5074 77(7) C(4) 0.5883 0.8590 0.8403 67 (6)
C(5) —-0.1206 0.3472 0.4784 85 (7 C(5) 0.4749 0.8449 0.8525 69 (6)
C(6) -0.0177 0.3508 0.4483 72 (7 C(6) 0.4014 0.8055 0.8032 54 (6)
Phenyl Ring 2 Phenyl Ring 4

C(1) 0.2103 0.1270 0.3815 37 (4 C(1) 0.2960 0.8657 0.6450 43 (5)
C(2) 0.1416 0.0776 0.3332 44 (5 C(2) 0.1899 0.9052 0.6591 68 (6)
C(3) 0.1644 —-0.0285 0.3129 58 (6 C(3) 0.1572 1.0094 0.6386 79 (7)
C(4) 0.2558 -0.0852 0.3408 60 (6 C(4) 0.2307 1.0742 0.6040 74 (7)
C(5) 0.3244 -0.0357 0.3892 63 (6 C(5) 0.3368 1.0347 0.5899  73(7)
C(6) 0.3016 0.0704 0.4095 48 (5) C(6) 0.3694 0.9305 0.6104  53(5)

“ x, y, and z are fractional coordinates. The U;; are the mean-square amplitudes of vibration in A2 (X103) from the general temperature
expression exp[=2m2(Uy1h2a*2 + Upkb*2 + Ussl2c*%2 + 2U shka*b* + 2U ) shla*c* + 2U;3klb*c*)]. ? The standard deviations of the
least significant figures are given in parentheses. ¢ The fractional coordinates of the group carbon atoms have been derived from the refined
group parameters. The atoms are numbered so that C(1) is attached to P; C(4) is para to C(1). The isotropic U is in A2 (X 103).

atoms. All atoms were refined with anisotropic thermal parameters,
cxcept that the phenyl rings were treated as rigid groups of Dg, sym-
metry (C-C = 1.392 A) with individual isotropic thermal parameters.
The hydrogen atoms were not located or refined, but phenyl hydrogen
atoms were included in fixed positions in the final refinement assuming
C-H = 1.0 A and an isotropic U of 0.08 A2

The model was refined to a conventional R, based on F, of 0.049
and a weighted R, of 0.048 for the observed reflections, where

R = ||Fs|l = [Fell/ZIFol

and

Ry = [ZW('FU' - 'Fc')z/ZWFuz]l/z

The weights, w, were taken as 1/[o(F,)]? where o(F,) = [F,2 +
a(1)/Lp]"/2 — F, and the function minimized was ¥ w(]F,| — |F¢[)2
The scattering factors for H were taken from Stewart et al.;'0 the
scattering factors for C, P, S, Ag, and W were computed from nu-
merical Hartree-Fock wave functions.!! Anomalous dispersion factors
Af and A for P, S, Ag, and W were taken from the International
Tables for X-ray Crystallography.!2 On the final cycle of least-squares
refinement the average and the maximum shift/error were 0.004 and
(0.036, respectively, for all nongroup parameters and 0.003 and 0.010
for group parameters. A difference Fourier map showed several peaks
between 1.3 and 2.0 e~ /A3 in the vicinity of the heavy metal atoms;
all other residual peaks were below 1.1 e=/A3, approximately 25%
of the height of a carbon atom. No evidence of extinction was ob-
scrved.

The final positional and thermal parameters are presented in Table
1. Table 1 also gives the positional parameters for the group carbon
atoms which may be derived from the refined group parameters. A
table of the final values of | Fo| and | F.] is available as supplementary
material,

Description of the Structure

The crystal structure consists of discrete 12-atom clusters
containing four silver atoms, two tungsten atoms, and six

bridging sulfur atoms. Each tungsten atom is additionally
bonded to a terminal sulfur atom, while each silver atom is also
bonded to a methyldiphenylphosphine ligand. Figure | presents
a stereoscopic view of the cluster, omitting the methyl and
phenyl groups; in Figure 2, the methyl and phenyl carbon
atoms have been included. The numbering of the atoms is in-
dicated in Figure 1.

A crystallographic center of symmetry is located in the
center of the molecule; each molecule can thus be considered
to be formed by the dimerization of two identical (C¢Hs)o-
(CH;3)PAg(WS4)AgP(CH;)(C¢Hs), moieties. Bond lengths
and angles are given in Table II; the primed atoms are related
to the unprimed atoms by the symmetry center.

It can be seen from Table 11 that the WS4 group retains
tetrahedral geometry, with S-W-S angles ranging from 106
to 113°, The terminal W-S bond length of 2,131 (5) A is
similar to previously reported WV!-S distances, such as 2.165
A in (NH4),WS4!13and 2.098 (8) and 2.08 (2) A in WSCly and
WSBr,, respectively.'4 The bridging W-S bond lengths, in
which the sulfur atoms bridge one tungsten and two silver
atoms, range from 2.213 to 2.244 (5) A and are comparable
to those of 2.217-2.222 (3) A found in the closely related
compound [(C¢Hs)2PCH3],Au; WSy, in which the sulfur
atoms bridge two tungsten atoms.%!3

The geometry about the two crystallographically indepen-
dent silver atoms is also basically tetrahedral, but quite dis-
torted; the S-Ag-S and P-Ag-S bond angles range from 92
to 127°. The Ag-P distances of 2,398 and 2.427 (5) A are close
to the sum of the covalent radii of 2.44 A,'6 and are similar to
the distances reported in other tetrahedral silver complexes,
such as 2.369 (6) A in AgNO;-P(C¢Hs)3!7 and the average
Ag-P bond lengths of 2.382-2.458 A reported for the
(R3P)4Ag4X4 series (R = C(,H5, C2H5; X =Cl, BI', I).IS The
bridging Ag-S distances range from 2.514 10 2.820 (5) A,
comparable to those reported for AgsAsS; of 2.45-2.76 Ao
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Figure 2. Stereoscopic view of [(CsHs)2PCH;3]4AgsW2Ss (1).

The P-C distances and the angles about the phosphorus atoms
are normal for phosphine complexes.

The 12-atom cluster can be viewed in two ways. Figure 2
shows the two six-membered rings (each consisting of one
tungsten and two silver atoms, with three bridging sulfur
atoms) in an approximate chair conformation, joined by
metal-sulfur bridges. The intra-ring angles, ideally tetrahedral,
range from 106.0 to 123.9 (2)°. However, it is chemically more
reasonable to consider the cage as being formed by the di-
merization of two (PAg)> WS, units (see Discussion and Figure
1). The Ag(1)’-S(4) and Ag(2)-S(2)’ distances of 2.820 and
2.680 (5) A, respectively, joining the two units, are somewhat
longer than the other four Ag-S distances (2.514-2,598 A);
see Figure 3. Figure 3 also presents bond lengths and angles
for the three crystallographically independent four-atom faces
of the cluster. These faces are not strictly planar (Table I11).
The two AgWS; faces have average displacements from the
plane of 0.03 A for the atoms defining the plane, while for the
Ag,S, plane the average displacement is 0.16 A. The acute
angles about the sulfur atoms range from 74.5 to 78.0 (2)°,
presumably a consequence of geometric constraints due to cage
formation. The W-Ag distances of 2.973 and 3.031 (2) A are
approximately 0.33-0.39 A greater than the sum of the cova-
lent radii'® of 2.64 A; similarly, the Ag-Ag distance of 3.275
(2) A isabout 0.60 A greater than the calculated value of 2.68
A. Whereas metal-metal interactions are not precluded in this
and similar compounds, a detailed analysis will be deferred
until more structural data are available.

Discussion

Two questions arise naturally from the structure of
[(C¢Hs)2PCH;3])4Ag4W1Sg (I): (1) what is the relationship of

2514
Agy 2598 2.680
S5 s A i
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~ nr NG
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76.8 12.0 . ~
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2219 w \\75&0
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Ag,-W 2873 Ag, -W 3.031 Ag, -Ag, 3275

Figure 3. Bond distances and angles for the four-atom faces of the
AgsWaSe cage.

I toits precursor [(CoHs),PCH;3]4Ago WS, (11); (2) why does
a silver-tungsten-sulfur cage form, rather than the open,
net-like structure found for [(C¢Hs)>,PCH3]>,Au, WS, and its
isostructural molybdenum analogue?

The precursor 11 is formed by deoxygenation of W0,S,2-
with excess methyldiphenylphosphine in the presence of Ag™;
dissociative loss of methyldiphenylphosphine in polar solvents
such as acetone or acetonitrile leads to crystallization of the
much less soluble I.

We have not yet succeeded in obtaining crystals of 11 suit-
able for X-ray diffraction work, and therefore structural de-
ductions must be based on less direct considerations. A per-
vasive theme in thiatungstate and thiamolybdate chemistry
is tetrahedral coordination about the group 6B metal. This has
been found, for example, in [(C¢Hs),PCH;3]2AusMS4 (M =
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Figure 4. {' H}3'P NMR spectrum of [(C¢Hs),PCH3]4Ag; WS, (11).

Table L. Selected Interatomic Distances (A) and Angles (deg) for
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Figure 5, Possible mechanism for rearrangement of [(CgHs)2PCH3]s-
/\ggWS4 ( 1 ])

Table [II. Least-Squares Planes for the Ag,sW,S¢ Cluster

[(CeHs)oPCH3laAgs WSy plane | plane 2 plane 3
atoms? dist atoms dist atom dist atom dist atom dist

W-S(1) 21310 P(1)-R(1)C(1)< 1.80 v 003 W —003  Ae(2) 0.16

W‘SE” 2.219 PEI;—RE2;CEI; .81 S =003 S(3) 003 S(4) =016

W-S(3) 2244 P(2)-R(3)C(1) 1.81 Ag(l) 002 Ag(2)  -002 Ag(l) 0.16

W-S(4) 2213 P(2)-R(4)C(1) 1.80 SG)  -003  S@) 003 SQ) —0.16

Ag(1)-5(2) 2.547 W-Ag(1) 2.973 planes dihedral angle, deg

Ag(1)-S(3) 2.514 W-Ag(2) 3.031

Ag(1)-S(4)’ 2.820 Ag(1)-Ag(2) 3.275 I and 2 60.4

Ag(2)-S(2) 2.680 W-Ag(l) 4.451 2and3 53.2

Ag(2)-S(3) 2.598 W-Ag(2) 4111 1 and 3 66.4

Qig;:gg?; gggg A\;/g_(\lhgl—AgQ) gé;é a dist = distance from plane, A.

Ag(2)-P(2) 2.427 Ag(l)-Ag(l) 5.616

P(1)-C(1) 1.84 Ag(2)-Ag(2) 5.139

P(2)-C(2) 1.84 J(31P-107Ag) are 422 and 378 Hz, respectively. The room
atoms angle atoms angle temperature spectrum is simply a singlet (W/2 = 25 Hz), in-

y ; dicating rapid ligand exchange. This phosphine dissociation,

gé:; w g(g) }gg? Awg(sl)gs(i)‘?g(z) ;;? in fact, makes molecular weight data unreliable for the char-

S(l)—W:SE4; 1077 W:SE3;:A§2; 771 acterization of thpse coinage metal derivatives. The silver-

$(2)-W-S(3) 1120 Ag(1)-S(3)-Ag(2) 1133 phosphorus coupling constants may be compared with a value

S(2)-W-5(4) 109.4  W-S(4)-Ag(2) 780 of 420 Hz found by Muetterties et al,?>* for the noncon-

S(3)-W-S(4) 1130 W-S(4)-Ag(1)y 123.9 ducting, anion-bound complex [(p-tolyl);P].AgBoH2S. A

S(2)-Ag(1)-S(3) 93.9  Ag(2)-S(4)-Ag(l) 74.5 1 X 1073 M solution of 11 in nitromethane exhibited a molar

S(2)-Ag(1)-S(4y 100.8  Ag(1)-P(1)-C(1) 115.0 conductance of 7.6 €7 mol~! ¢m?, which excludes an ionic

S(2)-Ag(1)-P(1) 131.0  Ag(1)-P(1)-R(1HC(1) 114.2 formulation. These data indicate a tetrahedral geometry about

S(3)-Ag(1)-S(4)”  106.0  Ag(1)-P(1)-R(2)C(1) 114.8 silver and are entirely consistent with the structure proposed

S(3)-Ag(1)-P(1) 126.8  C(1)-P(1)-R(1)C(1) 103.9 for 11 in Figure 5.

28;,_228;_};8) 1?313 EE:;EI?(]]);TI(QEE;C( 3 :83; The 3'P NMR and molecul:ar w.eight data esta})lish lability

S(2)-Ag(2)-S(4) 1037 Ag(2)-P(2)-C(2) 1107 of thq methyldiphenylphosphmg ligands, and th1§ suggests a

S(2)-Ag(2)-P(2) 1071 Ag(2)-P(2)-R(3)C(1) 114.0 plausible route for the conversion of 11 to th_e dlmerlc cage

5(3) Ag(2)-S(4) 91.7  Ag(2)-P(2)-R(4)C(1) 118.4 structure I (Figure 5). Loss of one phosphine ligand and

S(3)-Ag(2)-P(2) 107.7  C(2) P(2)-R(3)C(1) 105.9 breaking of one of the Ag-S bonds, shown by the dotted line,

S(4)-Ag(2)-P(2) 129.1  C(2)-P(2)-R(4)C(1) 106.2 permits rotation about the Ag-S bond as indicated by the

W-S(2)-Ag(l) 76.9  R(3)C(1)-P(2)-R(4)C(1) 100.4 arrow. Re-formation of an Ag-S bond and displacement of a

W-S(2)-Ag(2) 113.8 second phosphine ligand results in the conversion of I1, in which

@ The primed atoms are related to the unprimed atoms by the
crystallographic center of symmetry. ? Standard deviations are 0.005
A for W-S, Ag-S, and Ag-P distances; 0.002 A for W-W, Ag-Ag,
and Ag-W distances; 0.02 A for P-C distances. ¢ R(i)C(1) refers to
C(1) on phenyl ring i. 4 Standard deviations are 0.2° for angles about
W, Ag, and S; 0.7° for angles about P.

Mo, W) 820 [(p-C7H7)3P]4CusW10,S¢,%" and [(C,Hs)3P]»-
PtWS4,22 as well as in I, so it is reasonable to expect this
feature in 11. The {'H{3'P NMR spectrum of II in dichloro-
methane at —90 °C (Figure 4) consists of two doublets cen-
tered at 11.3 ppm downfield from H3POy; J(3'P-19%Ag) and

the WS, tetrahedron is bridged by silver on alternate edges,
into Ia, in which adjacent edges are bridged. Dimerization of
la forms I. Factors which may favor the formation of the
AgsW,Sg cage include (1) increase in the coordination number
of silver by formation of additional Ag-S bonds, and (2) the
relative insolubility of the cage compound 1.

The reasons are less obvious why the stoichiometric gold
analogue of I, [(CeHs),PCH3],Au; WSy, does not adopt a cage
structure, and why [(C¢Hs)2,PCH;3]4Au, WSy, the gold ana-
logue of 11, was not isolated. Four-coordinate Au(I) com-
pounds, e.g., the ClO4~ and (C¢Hs)4B™ salts of [(C¢Hs)3P]4-
Au*, have been reported;25 however, studies of gold-phosphine
complexes in solution?3:2¢ indicate that the ligands are labile
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and undergo exchange. This behavior reflects the tendency of
Au(l) to form structures with linear or trigonal coordination,
The exceptions occur in cases where chelate structures, for
example, [(diars),Au]T1~,27 or unusual cage structures, such
as [(C¢Hs)sPC=CP(C¢Hs),]3(Aul),?® or [(CeHs)sP]-
7Au;1X3,2% are involved.30 We suggest, then, that the failure
to isolate [(C¢Hs),PCH3]4Au; WSy is a consequence of the
preference of Au(l) for trigonal coordination and the lability
of the phosphine ligands. The net-like structure of [(C¢Hs),-
PCH;],Au>WS,, as opposed to a dimeric cage structure
similar to that found for I, may be explained by the same
considerations.

Supplementary Material Available: Final values of | Fo] and F. (in
clectrons) for [(CgHs),PCH3]4Ags WSy (19 pages). Ordering in-
formation is given on any current masthead page.
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Abstract: Flash photolysis and luminescence techniques have been used to investigate the properties and the behavior of the 2E
excited states of Cr(111) complexes of 2,2’-bipyridine (bpy), 1,10-phenanthroline (phen), 2,2’,2”-terpyridine (terpy), and some
of their methyl, phenyl, and chloro derivatives. The specific complexes used in the study have been the CIO4~ salts of
Cr(bpy)s**, Cr(4,4-Me;bpy);**, Cr(4,4-Phybpy)s3+, Cr(phen);?*, Cr(5-Clphen);3*, Cr(4,7-Meyphen);3+, Cr(4,7-
Phyphen);3+, Cr(3,4,7,8-Mesphen);3+, and Cr(terpy)»3*. The following aspects of the nature of the metal-centered 2E states
have been examined and comparisons made with the behavior of the MLCT excited states of analogous polypyridyl complexes
of Ru(11) and Os(11): (a) excited-state absorption and emission spectra; (b) excited-state lifetimes in aqueous solution at room
temperature and in methanolic ice at 77 K; (¢) solution medium effects on the excited-state lifetimes; (d) relative phosphores-
cence quantum yields; (e) quenching by Oy, Fe,q?*, and [, O, quenches 2E predominantly via energy transfer and Feaq?* and
I~ quench via reductive electron transfer. An estimate of the (?E)Cr(NN)33* -Cr(NN);2* self-exchange rate yields the value

of 4 X 107 M~'s=1in | M HCl at 25 °C.

Introduction

Investigations in recent years have demonstrated that ex-
cited states of transition-metal complexes can engage in elec-
tron transfer and energy transfer in solution.? The lowest ex-
cited states of polypyridyl complexes of Ru(II) and Os(II) can
undergo oxidative and reductive electron transfer reactions and
are phosphorescent.# These complexes are viewed as having
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potential applicability in solar energy storage and conversion
schemes.>®

The lowest excited state of Cr(bpy);3* (bpy = 2,2’-bipyri-
dine) (?E) is phosphorescent,” is remarkably long lived (63 us)
in deaerated aqueous solution at room temperature,® and is
highly reactive toward redox quenchers.®-!2 In this paper we
examine in detail the excited-state behavior of polypyridyl
complexes of chromium(II1), Cr(NN);3*, containing substi-
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