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are similar to isotropic values, so the transition is certainly not 
z polarized. Polarized data could only be obtained for the I42d 
polymorph of Ru2But4C1 (Figure 12). 

The band appears to be of roughly equal intensity (c N 2) both 
/ I C  and IC. Again, it is clearly not z polarized. If it were mo- 
lecular x,y polarized, we would expect in the oriented gas ap- 
proximation that the absorption intensity IIc would be just twice 
that IC. Since the site symmetry is low, we consider our ob- 
servations to be consistent with an xppolarized transition. Note 
that the temperature dependence of the band (Figures 11 and 12) 
is consistent with a dipole-allowed transition. 

We therefore assign the band in question to a transition to one 
of the 2E, excited states. The v(Ru2) appears to be slightly larger 
than in the ground state, so the one-electron assignment .rr* - 
S* is reasonable. If we take the excited- and ground-state v(Ru2) 
frequencies to be 340 and 330 cm-’, respectively, then the Ilo/Ioo 
intensity ratios of N 1 are consistent‘‘‘‘ with an excited-state RuRu 
distance that is -0.06 A shorter than that in the ground state. 

The temperature dependence of this absorption band is very 
different from that of the S - 6* transition. While limiting 
low-temperature vibronic line widths are about twice as large as 
for 6 - d*, much less broadening occurs at higher temperatures. 
Perhaps this reflects opposite excited-state metal-metal bond 
distance changes; metal-halide deformations are probably involved 
in the 6 - 6* temperature dependence, and the chromophore may 
be insensitive to these modes if it does not increase its metal-metal 
bond length in the excited state. 

Factor group splitting was not observed for the ?r* -+ 6* ab- 
sorption of the 142d form of Ru2But4C1 (Figure 12). This is 
reasonable, in view of the extreme weakness of the transition, 
according to electric dipole coupling models.37 

There are two absorptions that are candidates for spin-flip 
transitions. One of them is a sharp line a t  5048 cm-’ (Figure 12). 
There is no analogous line in the near-infrared absorption spectra 
of the other compounds; most importantly, the spectrum of the 
4/m polymorph of Ru2But4C1 does not show it. The single-crystal 
spectra establish that it is completely polarized [ I C  (c N 2); this 
result suggests that the absorption is attributable to a forbidden 
electronic transition that has become allowed in the low site 
symmetry lattice of the I42d polymorph, as pure polarization IIc 
is not explicable on the basis of an oriented gas model in this lattice. 
I t  also shows high-temperature broadening (Figure 12b,c) that 
is much more drastic than that of absorption features attributable 
to vibrational overtones such as the N 1750-nm cluster of lines 

(the third overtone of v(C02), methylene deformation funda- 
mentals at - 1450 cm-l). While some of the absorptions to higher 
energy of the 5048-cm-’ line might be due to vibronic side bands, 
they are clearly much weaker than the origin; the transition in 
question is vertical. 

Among the various spin-flip transitions, two of them become 
allowed IJc (parallel to the site C2 axis) in the I42d lattice; these 
are the transitions to ZB2u and 2Alu excited states, which are 
therefore possible assignments for the 5048-cm-I absorption. 

A second spin-flip transition is suggested from the Raman work 
of Clark et a1.,I8 who observed Raman peaks at (low-temperature 
valueslSb) 1582 cm-l for Ru2But4C1 and 1591 cm-I for Ru2Prop4C1. 
Our present vibrational analysis does not place CO stretching 
fundamentals near 1600 cm-l. More importantly, the observed 
“u(C0)” bands have half-widths of 100-200 cm-I (see Figure 3 
of ref 18a and Figure 7 of ref 18b). This is extraordinarily broad 
for a vibrational transition but reasonable for a vertical electronic 
transition. We therefore suggest reassignment to an electronic 
Raman transition.50 

The proposed spin-flip Raman peak shows resonance en- 
hancement,18 indicative of a totally symmetric transition. The 
simplest assignment would then be the 4Bh, - ZB2u spin flip. There 
is a complication, however. Other ruthenium carboxylates do not 
show strictly analogous Raman features: while R U ~ ( A C O ) ~ C I  
reportedly exhibits a weak - 1600-cm-I line at  room temperature, 
the feature vanishes a t  low temperature.Isb This suggests that 
the transition is not inherently allowed (perhaps it is allowed at  
high temperature by a vibronic mechanism) but becomes totally 
symmetric in the Ru2But4C1 and Ru2Prop4C1 lattices. Clark et 
a1.I8 appear to have studied the I42d polymorph of the butyrate. 
The propionate was presumably the material that crystallizes from 
propionic acid, whose structure has not been established. For the 
I42d butyrate, the 4B2u - ZB2u and ZAlu transitions become totally 
symmetric; thus, we place one of them at 1582 cm-I and the other 
a t  5048 cm-’. 
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The electronic spectrum of the tetranuclear rhodium complex Rh4be6+ (b = 1,3-diisocyanopropane) has been studied as a function 
of medium and temperature. The intense absorption at -600 nm is attributed to a u - u* transition within the linear Rhd6+ 
unit. Both band-moment studies and a simple Hiickel model for the metal-metal bonding indicate that the excited-state distortion 
is confined to an elongation of the central metal-metal bond. 

A tetranuclear rhodium complex, Rh4bs6+ (b = 1,3-diiso- 
cyanopropane), has been found’ to react photochemically with 
protons to produce H2. The C0cl4~-  salt of Rh4bs6+ contains a 

Rh46+ linear chain with a central Rh-Rh length of 2.775 A and 
outer Rh-Rh distances of 2.932 and 2.923 A.Z The central bond 
length is similar to single-bond distances found in binuclear R h j +  
(d7-d7) complexes of isocyanide ligands, whereas the outer bond 
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k i n d  

Figure 1. Absorption spectra of Rh4bs6+ in 1:l saturated LiCl(aq1-1 N 
H,SO,(aq) at 300 (--) and 70 K (-). 

lengths are intermediate compared to those observed for d7-d7 
and d8-d8 complexe~ .~  

The Rh4b{+ complex exhibits an intense visible absorption that 
has been attributed to a u - u* transition of the four-atom 
system,lb analogous to well-established u - u* transitions of singly 
bonded d7-d7 c ~ m p l e x e s . ~  The excited state associated with the 
observed transition is presumably responsible for the observed 
photochemistry and photophysics.' 

In this paper we report the results of extensive spectroscopic 
studies of Rh4b{+ in the presence of several different anions. 
Interpretation of these spectra has been facilitated by comparisons 
with data obtained previously for binuclear d7-d7 and d8-d8 
 analogue^.^,^ 
Experimental Section 

Preparation of [Rh2b4](BF4),. A 10-fold excess of [Bu4N]BF4 was 
added to a concentrated filtered CH,CN solution of [Rh2b4] (BPh4),.la 
Cooling in a refrigerator overnight gave a precipitate, which was collected 
and recrystallized from hot CH3CN. The resulting gray powder was 
air-dried. Anal. Calcd (found) for [Rh2b4](BF4),.H20: C, 31.04 
(30.08); H, 3.38 (3.31); N, 14.48 (14.40). If a smaller excess of BF, 
is employed in the reaction, a mixed (BF,)(BPh,) salt is obtained. Use 
of [Rh2b4](BF4), in the preparation of the tetramer is desirable, as the 
presence of BPh, can lead to side reactions in the oxidation. 

Preparation of [Rbbs](PF6)6. Excess solid [NH4]PF6 was added with 
stirring to a concentrated 1 N H2S04(aq) solution of the cation, which 
was obtained by dissolving [Rh2b4](BF4), in the presence of air.la When 
the mixture was allowed to stand in the dark, a blue powder settled out. 
Filtration, washing with CHBCN, and vacuum drying gave a blue solid. 
Anal. Cakd (found) for [Rh,b,](PF6)6: c ,  23.61 (24.00); H, 2.38 
(2.55); N, 11.02 (1 1.00). Salts with BF4- and ClO,- could be similarly 
prepared. Solutions of freshly prepared material yield electronic ab- 
sorption extinction coefficients similar to those obtained by in situ oxi- 
dation of Rh2b4,+. 

Spectroscopic Measurements. Procedures followed those previously 
described.),' Low-temperature spectra were corrected for solvent con- 
traction. All reported extinction coefficients are per Rh, unit, in order 
to facilitate comparisons to binuclear systems. Many attempts were 
made to obtain low-temperature electronic absorption glass spectra of the 
aquo complex of Rh4bs6+. Some results were eventually obtained in a 
3:2 mixture of 1,3-dihydroxypropane and 1 N H,SO,(aq). Although this 
solvent forms a stable glass in the temperature range 50-150 K, it is 
metastable in the range 150-260 K, unpredictably starting to crystallize; 
thus, adequate data could not be obtained in the latter range. Limited 
data were obtained in the lower temperature range. 
Electronic Absorption Spectra 

Absorption spectra for the tetramer in the presence and absence 
of chloride are presented in Figures 1 and 2. In both cases the 
spectra are dominated by an extremely intense absorption system 
that shows drastic thermal effects. The band also shifts in the 
presence of chloride, which is consistent with axial ligation of the 

(4) Miskowski, V. M.; Smith, T. P.; Loehr, T. M.; Gray, H. B. J .  Am. 
Chem. SOC. 1985, 107, 7925-1934. 
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Figure 2. Absorption spectra of Rh4bs6+ in 3:2 1,3-dihydroxypropane-l 
N H2S0,(aq) at 300 (--) and 70 K (-). 
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Figure 3. Correlation between u - u* maxima for Rh4b8Lt+ and 
Rh2b4L;+ complexes in 1 N H2S04(aq), L = OH2, Cl-, Br-, and SCN-. 
The straight line is the linear least-squares fit, u,,,(Rh~+) = 0.25 
u,,(Rhj+) + 9950 cm-I. 

Table I. Data for the u - u* Absorptions of Rh4bRL,6+ 
L medium A, nm 10%, cm-I c/Rh2 

CHlCN CH$N M O~S-C~HS 548 18.2 42100 
H 2 0  1 N H2S04(aq) 558 17.9 44400' 
Cl-a 1 N H2S04(aq) 573 17.5 57900d 
Br-' 1 N H,SO,(aq) 589 17.0 66900 
SCN-E*b 1 N H2S04(aq) 614 16.3 75800 
I- a b  1 N HzSOdaq) 622 16.1 83300 

OHalide or pseudohalide concentration -0.1 M, achieved by adding 
sodium salt. Higher halide or pseudohalide concentrations produced 
negligible changes in A,, and em,. bExtremely air sensitive. cf = 
0.43/Rh2; f = oscillator strength. df = 0.45/Rh2. 

Rh:' unit? Data in the presence of high concentrations of several 
potential axial ligands are set out in Table I .  

The trend in peak maxima is similar to that observed4 for the 
u - u* transition of d7-d7 Rh2b4L2* complexes: as demonstrated 
quantitatively in Figure 3; there is a roughly linear correlation 
of absorption maxima. Two things are notable from the corre- 
lation. First, absorption maxima for the tetramers are about 
10000 cm-' lower in energy. Second, the dependence on the axial 
ligand is much less dramatic for the tetramers. The latter effect 
accords with the relatively long rhodium-chloride bonds observed 
in the known tetramer structure.2 The shifts for the Rh2b4L2"+ 
complexes are attributable to axial ligand-to-metal charge-transfer 
mixing into the u - u* excited state, and the strong correlation 
for the tetramers (Figure 3) suggests a similar mechanism, which 
is attenuated because of the longer bonds and the larger energy 
gap between Q - u* and the charge-transfer excited states. 
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Figure 4. Second-moment fits for Rh4bs6+ in LiCl glass (0) and 1,3- 
dihydroxypropane glass (A). 

Table 11. Best-Fit Moment Parameters for Rh4b8L:+ 
L moment" A B hw,  cm-' 

OH2 1st -582 18 885 250 
2nd 2.98 x 105 o 179 

c1- 1st -675 18 730 250 
2nd 2.29 x 105 o 175 

'Units for A and B are cm-' for the first moment and cM2 for the 
normalized second central moment. See ref 4. 

Band-Moment Analysis 
Analyses of the temperature-dependent data are shown in 

Figures 4 and 5. The parameters obtained from fits to eq 1 (see 
ref 4) are given in Table 11. In eq 1 plw is an effective 

A coth (&) + B 

ground-state vibrational frequency along whose vibrational co- 
ordinate the excited state distorts, with a magnitude of distortion 
related to A. Values of B have been set q u a i  to zero for the second 
moment fits. Unconstrained fits gave small negative values of 
B, which do not have physical significance. As evidenced in Figure 
4, the B = 0 fits are adequate for the second moments. The fits 
for the sparse data we have in the absence of chloride should only 
be taken to show that very similar parameters suffice. Since the 
derived effective frequencies in the presence and absence of 
chloride are so similar, attribution of the active mode to a met- 
al-axial ligand vibration seems unlikely. 

The effective frequencies h w  that arise from the first- and 
second-moment fits are different, but not unreasonably so. It may 
be concluded from these multiparameter fits that h w  = 210 f 
50 cm-l; both the possibility of temperature-dependent medium 
effects4 and the inherently broad5 least-squares minima associated 
with eq 1 should be considered. 

The -210-cm-' frequency seems reasonable for a Rh-Rh 
stretching mode. It is similar to (but somewhat higher than) those 
of - 130-160 cm-' obtained4 for similar fits to n - n* data for 
Rh2b4L2"+ complexes, where the effective frequency was identified 
as v(Rh-Rh) from Raman data. It is noteworthy that the A terms 
in the second-moment fits are only about 70% as large for the 

( 5 )  Markham, J. J. Reu. Mod. Phys. 1959, 31, 956-989. 

'-''I I7 5 

I I I I I I 

0 100 203 3 0  

T(K1 

Figure 5. First-moment fits for Rh4bs6+ in LiCl glass (0) and 1,3-di- 
hydroxypropane glass (A). 

Table 111. Calculated Symmetric Rh-Rh Stretching Frequencies for 
L-Rh,-Rhb-Rhc-Rhd-L with d(Rh,-Rh,) = 2.775 A and 
d(Rh.-Rhh) d(Rh,-Rhd) = 2.923 A 

none 235 95 
OH2 229 90 
c1- 224 86 

tetramers as for the d7-d7 Rh, complexes, suggesting smaller 
excited-state  distortion^.^ The absence of significant B terms 
moreover indicates that the excitation is localized; no high-fre- 
quency modes can have significant Franck-Condon factors or else 
B terms would arise. It is also of interest that the first-moment 
A terms are considerably higher for the tetramers. 
Estimation of Rh-Rh Vibrational Frequencies 

Attempts to measure low-frequency vibrational spectra of 
Rh4bs6+ compounds were uniformly unsuccessful. Both photo- 
sensitivity (Raman) and a pronounced tendency of all isolated 
solid compounds to smear and sinter when ground (IR) doomed 
these experiments. Thus the v(Rh-Rh) values were estimated 
from Woodruff's correlation of metal-metal stretching frequencies 
and bond distances.6 For 4d metals, Woodruffs equation is 

(2) 
where k is the metal-metal force constant in mdyn/A. 

The structure2 of Rh4bs6+ yields predicted force constants of 
1.16 (inner Rh-Rh bond) and 0.79 mdyn/A (outer Rh-Rh bonds). 
By the use of a linear four-atom force field,7 symmetric Rh, 
vibrational frequencies were obtained (Table 111); the effect of 
axial ligation was roughly simulated by adding the mass of the 
ligand to that of an outer rhodium. 

The potential energy distribution shows that v1 and v2 are 
out-of-phase and in-phase combinations, respectively, of inner- 
and outer-Rh2 bond stretching. For vl, the inner-bond distortion 
is 3.25 times as large as that for the outer bonds, so v, is reasonably 
designated as the inner-bond stretch (similarly, v2 is the outer-bond 
stretch). 
Excited-State Distortion 

The predicted v1 of -230 cm-I is in reasonable agreement with 
the effective frequencies obtained from the band-moment analysis 
of the dominant electronic absorption. Furthermore, the moment 
data exclude the possibility of an active mode with a frequency 
near that predicted for v2, as considerable band-moment tem- 

dM2 (A) = 1.83 + 1.51 exp(-k/2.48) 

( 6 )  Woodruff, W. H., to be- submitted for publication. 
( 7 )  Herzberg, G .  Infrared and Raman Spectra of Polyatomic Molecules; 

New York, 1945; pp 180-181. 
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Figure 6. Molecular orbital diagram for linear [Rh,-Rhb-Rhc-Rhdl6+. 
Only the dz2 orbitals (h’s) of the rhodium atoms are considered. Des- 
ignations are given in terms of D4h symmetry. 

perature dependence would otherwise result below 100 K. Ac- 
cordingly, we conclude that the excited state of the electronic 
transition shows a large distortion only in the central Rh-Rh bond. 
The large first-moment A terms observed are also consistent with 
a distortion in the unbridged central bond; it has been suggested 
that anharmonicity, presumably larger for unbridged structures, 
is involved in determining the magnitude of the A terms.4 
Molecular Orbital Model 

A Huckel-type molecular orbital model for the tetramer that 
includes only the o levels derived from metal dzz orbitals is shown 
in Figure 6. In the model the orbitals of a central d7-d7 Rh2 unit 
are perturbed by two d8 Rh “ligands”. The central and outer bond 
orders (neglecting overlaps) are 1/(1 + p2) and j3(1 + p2),  re- 
spectively. The total bond order (26 + 1)/(1 + p2) reaches a 
maximum at  an  intermediate j3 of ( 4 5  - 1)/2 = 0.618, so full 
delocalization (B = 1) is not energetically favorable. 

At j3 = 0.618, the central and outer bond orders are 0.724 and 
0.447. Thus the observed structure, with a very short central bond 
and outer bonds that are considerably shorter than d8-d8 Rh2 
distances, is consistent with the simple M O  model. 

Consider now the lowest energy electronic transition, 2al, - 
2a2,. Although fully allowed, this transition is not equivalent to 
u - o* in d7-d7 complexes, which formally reduces the metal- 
metal bond order to zero. Assuming a = j3 in the M O  scheme 
(Figure 6), excited-state bond orders of (1 - p2)/2(1 + p2) (central 
bond) and j3/( 1 + /f2) (outer bonds) are obtained. Thus, the outer 
bonds are unaffected by the electronic transition in this approx- 
imatioa8 The inner bond is weakened but not broken; its bond 
order is 0.22 for j3 = 0.618. Note also that a = p = 0.618 
corresponds to Rh, and Rhb possessing 1.72 and 1.28 dz  electrons, 
respectively, in the ground state. In the excited state these 
populations are both 3/2. Thus, the excited state is formed by outer - inner rhodium-rhodium charge transfer, and its electronic 
structure is completely delocalized. 

The ground-state description accords well with the structural 
results.2 The excited-state distortion is both predicted and observed 
to be confined to the central Rh-Rh bond and to be smaller than 
for the d7-d7 Rh2 complexes, consistent with smaller electronic 
absorption bandwidths. Furthermore, the M O  model is consistent 
with the finding that the quantum yield for the photochemical 
dissociation of the tetramer into Rh23+ units in aqueous sulfuric 
acid solution is only 0.01, which is much lower than the -0.3 yield9 
of Mn(CO)S radicals from o - o* excitation of Mn2(CO),o. 
Other Electronic Excited States 

Several relatively weak absorptions due to transitions to other 
electronic excited states are also evident in Figures 1 and 2. 

(8) The explanation is that the outer bonds are weakened by population of 
2a2, but are simultaneously strengthened by depopulation of 2al,. 

(9) (a) Wrighton, M. S.; Ginley, D. S. J .  Am. Chem. SOC. 1975, 97, 
2065-2072. (b) Freedman, A.; Bersohn, R. J .  Am. Chem. SOC. 1978, 
100, 4116-4118. 
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Figure 7. Absorption spectrum at room temperature of a concentrated 
(2.46 X M) solution of Rh4bE6+ in 1 N H2S04(aq). 
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Figure 8. Absorption spectrum at room temperature of a concentrated 
(1.1 X lo4 M) solution of Rh4bE6’ in concentrated HBr(aq). The so- 
lution was prepared by reaction of [Rh2b4] (BF4)2.H20 with degassed 
concentrated HBr(aq) and was triply freeze-pump-thaw degassed to 
remove evolved hydrogen gas. The absorption shoulder at -370 nm 
could conceivably be due to trace contamination of the sample with 
Rh2b4Br2+.4 

Spectra in aqueous sulfuric acid and HBr(aq) solutions that better 
reveal these weak bands are shown in Figures 7 and 8. 

Detailed assignments of analogous weak absorption systems 
of Rh2b4LZn+ complexes have been suggested. They involve 
transitions from d a  levels and/or excitations into d,z,;-derived 
orbitals. Although the spectra are difficult to analyze, it is clear 
that the observed absorptions occur a t  energies similar to those 
of d7-d7 Rh2 complexes (features attributable to a*, 6* - U* 

transitions at -22000-25 000 cm-’, for example). Furthermore, 
there do not appear to be any bands similar to those of d8-d8 Rh2 
or mononuclear d8 Rh complexes. (In particular, intense (t/Rhz 
-20 000-40 000) and extremely sharp features observed3b near 
320 nm for the d8 Rh complexes have no analogues in these 
spectra.) Interpretation of most of these weak bands as d a  
transitions to 2a2,(do*) therefore seems likely. The number of 
electronic transitions of this type should roughly double for the 
tetramers (relative to the Rh;+ compounds), and this prediction 
is not incompatible with the data. 

I t  has been observed previously for d7-d7 complexes that d a  - do* absorptions lose intensity a t  low temperature: whether 
or not the transitions in question are formally dipole allowed, 
presumably because much of the transition intensity is obtained 
by vibronic coupling with d o  - do*. Most of the weak bands 
of the tetramers show this sort of temperature dependence. 

One feature that should not lose intensity a t  low temperature, 
because it is inherently molecular z dipole allowed, is a second 
do  - do* transition, lal ,  - 2a2, (Figure 6). Notice that a band 
at  326 nm (t 14 500) in the room-temperature chloro-tetramer 
spectrum narrows sharply at  low temperature while increasing 
its peak intensity (Figure 1); this is the behavior expected for a 
do  - du* transition. The aquo and bromo axial complexes show 
analogous bands at 320 (c 4930) and 330 nm (c 13 200). The 
higher energy u - o* transition is expected to have lower intensity 
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Figure 9. Molecular orbital diagram for linear [Rh,-Rhb-RhJS+. See 
the Figure 6 caption for details. 

than the lower energy one, according to Mulliken.lo If this 
assignment is correct, the lalg-2ah, splitting is similar to the a lga2 ,  
separation in d7-d7 Rhz compounds: which is consistent with the 
strong central-bond description for the tetramer. 
Comparisons to Related Systems 

Longer-chain oligomers [Rh2b4]n(2n+2)+ have been characterized 
in solution." The electronic structural model for these complexes 
closely follows that of the tetramers; a single metal-metal anti- 
bonding level is empty in the stable species, and an intense u - 
u* transition appears at progressively lower energy as n increases. 

An interesting additional case is Rhn("+2)+ with n odd, in 
particular, the Rh35+ unit characterized by Balch and Olmstead12 
in the complex [(C6H5CH2NC)12Rh312]3+. The M O  diagram for 
Rh35+ is shown in Figure 9, where the orbitals are energetically 
ranked according to the number of nodes (just as for Rh,6+). The 
Rh-Rh bond order is 1 / d 2  (neglecting overlap), which is con- 
sistent with the observed12 d(Rh-Rh) = 2.796 A. The only allowed 
u -+ u* transition is a2u - 2alg: a nonbonding-to-antibonding 
transition that can also be described as outer - inner rhodium 
charge transfer. The observed wavelength (525 nm)I2 for the 

reported intense visible absorption seems reasonable for this de- 
scription. (It is intermediate between the wavelengths of the bands 
observed for the I- adducts of Rh46+ (Table I) and Rh24+.4) 

A final comparison of interest is odd-electron linear-chain 
systems such as the platinum blues. The intense visible absorption 
exhibited by these materials is likely to be closely analogous to 
the bands under scrutiny here. A detailed experimental and 
theoretical studyI3 of one of these materials, that containing 
cis- [Pt(NH,)2(C5H4NO)]45+, is in essential agreement, although 
the much lower symmetry, which allows mixing among u, a, and 
6 symmetry orbitals, complicates the analysis. An intense 
chain-polarized band at  680 nm can be assigned to a u - u* 
transition corresponding to 2alg - 2a2, (Figure 6) in a hypothetical 
Rh45+ analogue. It is noteworthy that the geometry of the 
platinum tetramer, with central and outer bond lengths of 2.877 
and 2.775 A, respectively, implies p > 1 in our simple M O  scheme. 
However, the fact that both Pt-Pt distances in the platinum 
tetramer are considerably longer than that of a d7-d7 analogue, 
[Pt2(NH3)4(C5H4N0)2C12](N03)2 with d(Pt-Pt) = 2.568 
indicates that the Pt-Pt bonds are relatively weak. The platinum 
compounds appear to fall into a class of inherently shorter 
metal-metal bonds (for a given bond order) discussed by us 
e1~ewhere.l~ Accordingly, the small inner-outer bond length 
differences found in the tetranuclear platinum ion may not be 
relevant to the metal-metal bonding situation that prevails for 
the Rh46+ compounds. 
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Polarized electronic spectral measurements have been made on single crystals of (~-BU,N)~[P~~(P~O,H~)~], and the solution 
photophysical properties of the 'A2,(da* - pa) excited state have been studied. The 's3A2,(da* - pu) excited states have closely 
comparable excited-state distortions (largely a metal-metal contraction). Absorptions near 35 000 cm-l attributable to transitions 
to singlet and triplet da* - dX2-y2 excited states have been identified by their polarizations and large half-widths. Bands assigned 
to triplet components of dXl,dyz - pa excitations are at slightly higher energy; the extreme narrowness (500 cm-l for the transition 
to EJ3EU)) of these absorption systems indicates that the excited states in question are not distorted. 

Numerous spectroscopic and photophysical studies on Pt2- 
(P205H2)4e (D4* Pt2P8 coordination unit) have appeared re- 
~ent ly . ' -~ Of primary interest has been the long-lived (9.8 w s  for 
room-temperature aqueous solutionIb) and highly emissive 
3A2,(du* - pu) excited state with some attentionlc,d also given 
to the weakly luminescent 'A2,(du* - pu) state. Remarkable 
photochemistry has been observed3s4 for the 3A2u excited state of 
this d8-d8 Pt2 species. 

With the aim of elucidating the IA2, and other upper excited 
states, we have prepared and characterized the n-Bu4N+ salt of 
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Pt2(P205Hz)44-. Extremely thin crystals of this compound are 
readily obtained, and polarized electronic absorption measurements 
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