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Variable temperature magnetic studies of the Ru,®* guanidinate compounds Ruz(hpp)sCl> (1) and Ruy(hpp)s(CFs-
S03), (2) show that they are paramagnetic with two unpaired electrons at room temperature and that they appear
essentially diamagnetic at 2 K. In neither compound do the Ru—Ru distances vary by more than 0.008(1) A from
27 t0 296 K. This argues strongly that the ground state electronic configuration remains constant over this temperature
range and that the decrease in magnetism as the temperature is lowered must be attributable to zero-field splitting
of the Ay ground state arising from the electronic configuration o%t*d27*2. The Ru-Ru distance in 1 is about
0.04-0.05 A longer than that in 2 which indicates that the Rux(hpp)s2* core is quite sensitive to the nature of the
axial ligands. The electronic spectra show three absorption bands for each compound.

Introduction
Compounds having two roughly square-planarMhits R ‘j.\
joined to each other by metametal multiple bonds have ME==M"
been known for four decades starting with the structural ]
characterization of the RElg? ion, I.* To date, a vast
cl g G _;‘2_ I
F\Jé\“gée‘cl preparations were publishédlhe appearance of the first
o | CI/ | structure determinatidnand the first detailed studies of
c= magnetism and electrochemistry proviélediruthenium
I chemistry with structural and physical foundations, and the

. . field has expanded steadily ever since. Today, several
amount of information has been accumulated for such hundred compounds are known, and structural data are
compounds as well as for those of the paddlewheel-type with ;-2 b1 for about 200. Most of these compounds have

bridging ligands, |l 2 This chemistry of compounds with o yqiewheel structures], with a formal charge on the
metal-metal multiply bonded cores was extended to embrace central Rg™ unit which may be 4, 5, or 6.

the element ruthenium in the late 1960s when the first
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Table 1. Possible Choices for the Electronic Configuration and Spin
Degeneracies for R Complexes Assuming That th¥ and z*
Orbitals Are Nearly Degenerate

value ofnin electronic symmetry

Ru"" Core configuratior label
5 Qsé* 27.[* ZEg
5 QSé*H*Z ZBlu
5 QSJI*B 2Eg
4 QB(S* 27.[*2 3A2g
4 QBé*n*S 3Eu
4 QBJI*A lAlg
6 QS(S*Z 1Alg
6 Qsé*ﬂ* 3Eu
6 QSJT*Z SAZQ

aQB - 027[452.

Efforts to understand both the molecular and electronic
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close in energy that their populations will change signifi-
cantly with temperature. This will make both structural and
magnetic properties temperature dependent.

(4) For all triplet and quartet states, zero-field splitting
(ZFS) due to spirorbit coupling can cause the magnetic
properties to be strongly temperature dependent. This is fairly
prominent in the relatively few variable temperature (VT)
magnetic studies of mainly R species, where the magnetic
moment at room temperature is generally aboutu.Qy T
of 2.0 emu K mot?, if gis about 2.0) and can drop to about
3.0up (T of 1.125 emu K mol?, if g is about 2.0) near 0
K. Similar behavior is observed for carboxylates having
Rw** units!?

Itis clear from this introduction that a complete explana-
tion of the properties of the entire range of,Rupaddlewheel

structures of these compounds are nontrivial because of thecompounds is still to be achieved and will result only from

uncertain order, and at times near degeneracy, abttand
a* orbitals” The first class of Rg™ compounds to be
discovered and the most numerous are those miths. Of

the accumulation of extensive experimental data combined
with the application of appropriate (i.e., sufficiently sophis-
ticated) theory. This report makes a modest but significant

the 11 electrons occupying the metal-based molecular orbitalscontribution which is concerned with compounds of the

of a Ry®" core, eight are generally accounted for in the lower
four MOs, namely as the partial configuratiofir*9?, which

will be an invariant in the following discussion. Taken alone
it would correspond to the formation of a quadruple bond,
and it will be convenient to represent it compactly b§. Q
On the assumption that th# and s* orbitals may differ
little in energy, three possible choices for the ground state
electronic configurations, which may have different spin

Rw?* class with relatively weak axial ligation. We offer here
some experimental results, including structural data of a type
never presented before, for compounds so chosen that an
entirely unambiguous interpretation is straightforwardly
obtained. In a nutshell, the work described here proves
unequivocally that, in both R(hpp)Cl,, 1, and Ry(hppy(CF:-
SG;),, 2 (hpp = the anion of 1,3,4,6,7,8-hexahydréi2
pyrimido[1,2-a]pyrimidine, 11 ), the electron configuration

degeneracies, are possible as seen in Table 1. Such variabilityys;x2 (5= 1) persists from 2 to 300 K even though both

is also possible for Rét and Ry®" species, as also shown
in Table 1.

Unfortunately, the discussion so far (while correct as far
as it goes) is so superficial as to be completely insufficient
to provide satisfactory interpretation of the experimental facts
in many of the real cases. The following additional factors
may come into play.

(1) Interaction of both filled and empty orbitals on the
paddlewheel ligands may vitiate the assumption of near
degeneracy of thé* and &* orbitals. The importance of
this may change a great deal over a range of ligands from
RCO, at one extreme to guanidinate anions at the dtfer.

(2) The presence of strongly bound axial ligands may
vitiate the assumption of an invarianf et of electrons?

(3) Even if neither 1 nor 2 comes into play, two (or even
three) states based on different configurations may be so

(7) See for example: (a) Aquino, M. A. Eoord. Chem. Re 1988 170,
141. (b) Miskowski, V. M.; Hopkins, M. D.; Winkler, J. R.; Gray, H.
B. In Inorganic Electronic Structure and Spectroscpfplomon, E.
I.; Lever, A. B. P., Eds.; John Wiley & Sons: New York, 1999; pp
343-402. (c) Cotton, F. A.; Feng, Xnorg. Chem 1989 28, 1180.
(d) Miskowski, V. M.; Gray, H. B.Inorg. Chem 1988 27, 2501. (e)
Miskowski, V. M.; Loehr, T. M.; Gray, H. Blnorg. Chem 1988 27,
4708.

compounds are essentially diamagnetic at 2 K.

NN
11

Experimental Section

Materials and Methods. All reactions and manipulations were
performed under a nitrogen atmosphere, using standard Schlenk
line techniques. Commercial grade solvents were dried over
appropriate drying agents, and deoxygenated by reflux for at least
24 h under an Blatmosphere. They were freshly distilled prior to
use. Compound was prepared as described in the literafdre.

Mass spectrometry data (electrospray ionization) were recorded
at the Laboratory for Biological Mass Spectrometry at Texas A&M
University, using an MDS Series Qstar Pulsar with a spray voltage
of 5 kV. Elemental analyses were performed by Robertson Microlit
Laboratories, Inc., Madison, NJ. Infrared spectra were recorded in
a Perkin-Elmer 16PC FT IR spectrophotometer as KBr pellets.

(8) See for example: (a) Cotton, F. A.; Falvello, L. R.; Ren, T,
Vidyasagar, Klnorg. Chim. Actal992 194, 163. (b) Cotton, F. A;;
Ren, T.Inorg. Chem 1991, 30, 3675. (c) Cotton, F. A.; Yokochi, A.
Inorg. Chem 1997, 36, 567. (d) Cotton, F. A.; Yokochi, Alnorg.
Chem 1998 37, 2723.

For effect of guanidinate ligands on dimetal complexes, see: Cotton,
F. A;; Gruhn, N. E.; Gu, G.; Huang, P.; Lichtenberger, D. L.; Murillo,
C. A.; Van Dorn, L. O.; Wilkinson, C. CScience2002 298 1971.

(10) See for example: Chen, W.-Z.; Renliiorg. Chem2003 42, 8847.

9)

8374 Inorganic Chemistry, Vol. 43, No. 26, 2004

(11) See for example: (a) Barral, M. C.; GoteaPrieto, R.; Jireez-
Aparicio, R.; Priego, J. L.; Torres, M. R.; Urbanos, F.Eur. J. Inorg.
Chem 2003 2339 and references therein. (b) Liao, Y.; Shum, W.
W.; Miller, J. S.J. Am. Chem. So2002 124, 9336.

(12) See for example: Maldivi, P.; Giroud-Godquin, A.-M.; Marchon, J.-
C.; Guillon, D.; Skoulios, AChem. Phys. Lettl989 157, 552.

(13) (a) Cotton, F. A.; Murillo, C. A.; Wang, X.; Wilkinson, C. @norg.
Chim. Acta2003 351, 191. (b) Bear, J. L.; Li, Y.; Han, B.; Kadish,
K. M. Inorg. Chem 1996 35, 1395.



Structural Evidence for Zero-Field Splitting

Table 2. Crystallographic Data for RthppxClz (1) and Ru(hpph(OsSCHR)2 (2) at Selected Temperatufes

1 2
formula GgHasCloN1RW CaoHagFeN1206R WS,
fw 825.82 1053.06
T (K) 27 296 27 100 296
space group 14/m (No. 87) 14/m (No. 87) P2;/c (No. 14) P2;/c (No. 14) P2;/n (No. 14)
a(A) 9.8910(9) 10.060(3) 15.4770(9) 15.5202(9) 9.4194(8)
b (A) 9.8910(9) 10.060(3) 15.4839(9) 15.4928(9) 15.515(1)
c(R) 15.845(1) 16.021(4) 17.003(1) 17.030(1) 13.613(1)
o (deg) 90 90 90 90 90
p (deg) 90 90 110.4650(10) 110.4930(10) 95.326(2)
y (deg) 90 90 90 90 90
V (A3) 1550.1(2) 1621.3(7) 3817.5(4) 3835.6(4) 1980.8(3)
z 2 2 4 4 2
eatca(g/cn®) 1.769 1.692 1.832 1.824 1.766
w (mm1) 1.190 1.138 0.991 0.986 0.955
radiation Mo Ka (A = 0.71073 A)
R1PWRZ 0.031, 0.067 0.027,0.070 0.068, 0.154 0.068,0.154 0.049, 0.128

*For data at other temperatures, see Supporting Informatia.= 3 [|Fol — [Fell/3|Fol. “WR2 = [Z[W(Fo* — FA)Z/ IW(FATM2 w = 1[o%(Fe?) +
(@P)? + bP], whereP = [max(0 orFo?) + 2(FA))/3.

Electronic spectra was recorded on a Shimadzu UV-2501 PC A phase transition was observed fdrat temperatures below
spectrophotometer. Variable temperature magnetic susceptibility 213 K. The unit cell at low temperature is related to that at higher
measurements were obtained with the use of a Quantum Designtemperatures by the transformation matrix (10110, 10—1).
SQUID magnetometer MPMS-XL at 1000 G, from 300 to 2 K, As a result, the unit cell volume is doubled at lower temperature,
and the data were corrected for diamagnetism. Cyclic voltammo- and the space group, determined from systematic reflection condi-
grams (see Supporting Information) were recorded using a BAS tions and statistical tests, ®2,/c for the data sets collected between
100 electrochemical analyzer wita 2 mm Ptdisk working 27 and 100 K andP2;/n for the sets collected at 213 K and room
electrode, Ag/AgCI reference electrode, and Pt wire auxiliary temperature. Determination of the space groufdfdd/m, has been
electrode using dichloromethane solutions that were 1 mM in discussed previoush?. The structures were solved readily in their
analyte and 0.1 M in BINPF; supporting electrolyte. respective space group choices by Patterson map interpretation. All
Synthesis of Ru(hpp)4(O3SCF;),, 2. A solution of1 (0.100 g, non-hydrogen atoms were refined with anisotropic thermal param-
0.121 mmol) in 20 mL of CHCI, was transferred to a Schlenk eters. The hydrogen atoms bound to carbon atoms were placed in
flask containing silver triflate (0.055 g, 0.242 mmol). The dark green idealized positions. The structures were refined (weighted least
solution turned deep blue, and a colorless precipitate was observedsquares refinement de) to convergencé® The carbon atoms in
The mixture was stirred fol h and then filtered through Celite  the periphery of the bicyclic ring system as well as the nitrogen
into a Schlenk tube and layered with hexanes. Crysta?sasfdeep atoms bonded to ruthenium inwere disordered (50/50) over two
blue needles were harvested after 10 days. Yield: 0.079 g (66%). positions and were modeled with distance restraints. Z-dhe
IR (KBr, cm™1): 3323 (m), 3246 (m), 2961 (m), 2883 (m), 1635 carbon atoms on the periphery of the bicyclic ring system appear
(s), 1534 (s), 1468 (m), 1444 (m), 1425 (m), 1382 (m), 1324 (m), to be disordered (50/50) over two positions and were modeled
1261 (s), 1227 (s), 1156 (s), 1097 (m), 1065 (m), 1029 (s), 901 accordingly. Selected structure parameters at different temperatures
(w), 877 (w), 801 (m), 758 (w), 638 (s), 575 (w), 519 (w), 460 for 1 and2 are given in Table 2.
(w). Elemental analysis. Calcd forHssFsN1,0sRWS,: C, 34.21;
H, 4.59; N, 15.96. Found: C, 34.06; H, 3.94; N, 15.78. Mass Results and Discussion
spectrum (ESI): 1054.1 (M+ H)*, 904.2 (M— [OsSCR])™,

main peak). UV-Vis (CH,Cl,) Auax, NM ew, L-mol-tcmL): 730 Magnetism: BecaL_Jse of the paucit_y_c_)f variab!e temper-
(11000), 586 (sh), 389 (4900). Cyclic voltammetry (potential vs ature magnetic studies and the possibility of various ground
Ag/AgCl): 0.869 V Epa RFHRUT), —0.262 V E1jp, RET/RUY). state electronic configurations of Bt complexes, the VT

X-ray Crystallography. Single crystals of and2 were mounted study of the magnetic properties of Ropp)Cl, and
on a glass fiber with cyanoacrylate glue (“super glue”) and Ru(hppy(CRSGs), was undertaken. The results, presented
transferred to a goniometer head. Data were collected &ord 2 in Figure 1, showyT values at room temperature of about
at 27, 50, 100, and 296 K. For each compound, one crystal wasq 1 emu K mot?, which correspond to 2 unpaired electrons.
used in data collection at all temperatures, except for the room This is consistent with the room temperature measurement

temperature data collection Bf* A BRUKER SMART 1000 Xray ot the magnetic susceptibility dfreported earlier. However,
three-circle diffractometer equipped with an Oxford Helix cooling
system for low-temperature measurements was employed for crystal

. . I d . dd lecti Th . (14) Use of a second crystal @fwas necessary because some decomposi-
screening, unit cell determination, and data collection. The goni- tion was observed at room temperature while collecting data on the

ometer was controlled using the SMART software stht&or crystal used for the low temperature data collections.
comparison, data were also collected at 213 KXosing a second ~ (15) SMARTV5.625, Program for Data Collection on Area Detectors
BRUKER SMART 1000 diffractometer. No significant differences Bruker AXS Inc.. Madison, W1.

. ) ) . (16) SAINTV6.45,Program for Reduction of Area Detector Datruker
were observed upon solution of the structures. Integrated intensity AXS Inc.: Madison, WI.
information for each reflection was obtained by reduction of the (17) SADABSVZi(OS.Program for Atésorption Correction of Area Detector

; ; ; Frames Bruker AXS Inc.: Madison, WI.

data frames with t7he program SAIN¥.The ahsorption Correctlon (18) Sheldrick, GSHELXL-97 Program for Crystal Structure Refinement
program SADABS was employed to correct the data for absorption Instititt fiir Anorganische Chemie der UnivergitaGottingen, Ger-

effects. many, 1997.
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1.2 distances have been reported to vary from the unusual and
e ' very short unsupported bond of 2.166(1) A in a corrole
- 1 _'__,,_,;.'.."5 homodimer, Rpg(hedmc) where hedmc is the trianion of
g o 2,3,8,12,17,18-hexaethyl-7,13-dimethylcorrie distances
¢ 0.8 {‘- as large as about 2.5 A in a growing number of complexes
5 r of the type Ru(amidinate)X,, where the groups X are-
g 06 -4 C=N or —C=CR?2226The number of unpaired electrons in
() / 1 2 .
=~ o4 if g Rw®" species has been documented to vary from 0 to 2 to
. ) eo| 2.185(3)| 2.165(8) . . . .
I;Q J o 22| 2020 4. Diamagnetic complexes are those with either extremely
02| o Diem') long or extremely short metaimetal distances, e.g., Ru
. ! R| 0.99989| 0.99931 - ;
'!' (hedmc) and Ruy(amidinate)X,;, X = acetylides. The
0 diamagnetism in the former can be straightforwardly ex-
0 50 100 150 200 250 300 plained by assigning ground state electronic configurations
Temperature (K) of Q% *2. The electronic configuration of the latter is still

Figure 1. Variation of the magnetic susceptibilities b{blue) and2 (red) SUbJeCt to depate' blj't a proposed Conf'guratlon_ of the type
as a function of temperature showing the presence of two unpaired electronso®*020*%* 4 is consistent with the long RtRu distances
atroom temperature and a steady decrease in magnetism as the temperatuggnd diamagnetisrif. For Ry®* complexes with 2 unpaired
's lowered to 2 K. electrons, such as those of the typeapuX,, where Yap
as Figure 1 shows,T decreases steadily as the temperature IS @ Substituted aminopyridinate group, orfmidinate)X,

and X is a weakr donor group, it has been suggested that

is lowered to values of essentially zerb2aK which make : ) o o
the compounds essentially diamagnetic at that temperature e ground state electronic configuration i&@.1° These

Variable temperature magnetic data for the more common COMPounds generally have R&u distances slightly above
RS+ species have shown that a lowering of fflevalues  2-3 A. The compound §Rux(SOs)«(Hz0)z], with a Ru-Ru

with decreasing temperature is often found but such valuesdistance of 2.3052(4) A, has 4 unpaired electrrand a
never approach zef82° Such decreases have always been o%m*om*%0* configuration has been proposed to account for

attributed to zero-field splitting, the essence of which lies in this. ) ) )
weak interaction of the spins mediated by spimbit Two explanations for the magnetic behaviorloand 2
coupling. can be considered. The first is that the ground state derives

Modeling of the magnetic data by employing the equation from a_Qgé*? configuratio_n but that there is a the_rmally
previously used for a dimetal system with*a ground accessible triplet state derived from &@®r* configuration.

stat@@indicates that for these two compounds a satisfactory YVere this the case, the RiRu distance shoul'(&:j\ be temper-
fitting is obtained with isotropiq values of 2.185(3) and  ature-dependent, increasing by roughly 0.05 A from 0 to 296

_2-165(8) forl and2, respectively. The equation employed 51y For a system with aS= 1, theD parameter is defined as shown in

is part a, while that of ais = 3, is given in part b asR. Thus, Ry>*
systems withS = 3/2 are usually fitted with an equation which has a
D parameter which is half of that used in this equation.

s 8.(e—D/kT+ (%')(1 _ efD/kT)) 1t

NB%g — £3/2
xX= — S=1 S=312
3KT (1 + 2e KT blzes /
- — 2D|ZFS

whereD is the ZFS parametétk is the Boltzmann constant,
N is Avogadro’s number, anf is the Bohr magneton. The
resultingg values are within the range found in other,Ru
specie$:8222The values for the ZFS parameferof 227(1) +1/2

and 242(3) cm! for 1 and 2, respectively, are similar to a b

those in RW(O,CCH),,22 which has aD value of 244(10)

cm L, but they are much larger than those previously reported (22) See also: (a) Bear, J. L.; Han, B.; Huang) SAm. Chem. S0.993

my=%1, 0 mg=0 m=£172, +372

in Ru* specieg? or for that matter in most transition metal éi%;fl.fg%ét??gg;z\]-. L.; Han, B.; Huang, S.; Kadish, K. INorg.
complexes? (23) Cotton, F. A.; Miskowski, V. M.; Zhong, Bl. Am. Chem. S04989

i i 111, 6177.
It should be kept in mind that even though compounds (24) For arecent review, with 266 references, referring to zero-field splitting

with 10 core electrons and an Rt unit are the smallest in metal complexes, see: BacR.Coord. Chem. Re 2004 248

group of diruthenium paddlewheel species, they offer a 757. » _ _
(25) Jedbme, F.; Billier, B.; Barbe, J.-M.; Espinosa, E.; Dahaoui, S.;

remarkable variety and range of behavior. The—Ruw Lecomte, C.; Guilard, RAngew. Chem., Int. E@00Q 39, 4051.
(26) (a) Ren, T.; Xu, G.-LComments Inorg. Chen2002 23, 355 and

(19) Note that gT value of 0 is not possible for a system with= /5, references therein. (b) Ren, Drganometallics2002 21, 732. (c)
because the splitting due to ZFS results in Kramer doublets mdth Xu, G.; Ren, T.J. Organomet. Chen2002 655 239. (d) Xu, G.-L,;
values of£Y/, and4-%/,. Jablonski, C. G.; Ren, Tnorg. Chim. Acta2003 343, 387.

(20) See for example: (a) Jimez-Aparicio, R.; Urbanos, F. A.; Arrieta, (27) (a) Cotton, F. A.; Datta, T.; Labella, L.; Shang, Morg. Chim. Acta
J. M. Inorg. Chem 2001, 40, 613. (b) Barral M. C.; de la Fuente, |.; 1993 203 55. (b) Kuzmenko, I. V.; Zhilyaev, A. N.; Fomina, T. A;
Jimenez-Aparicio, R.; Priego, J. L.; Torres, M. R.; Urbanos, F. A. Porai-Koshits, M. A.; Baranovski, |. BRuss. J. Inorg. Chen1989
Polyhedron2001, 20, 2537. 34, 1457.
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Table 3. Selected Distances fdrand?2 at Various Temperaturés

Rup(hppyCl2 (1)
TIK Ru(1)-Ru(1A) Ru(1)-Cl(1) RU(L)-Nay
27 2.3233(9) 2.679(2) 2.046[3]
50 2.3250(9) 2.680(2) 2.05[2]
100 2.3238(9) 2.682(2) 2.05[2]
CATA) 213 2.3167(6) 2.705(1) 2.04[2]
) 296 2.3242(9) 2.697(2) 2.05[1]
Rup(hpph(OsSCHR)2 (2)
TIK Ru(l)-Ru(2) Ru(1}0(3) Ru(2-0(6) Ru(1}-Nay RU(2)-Nay
27  2.2831(5)  2.371(3)  2454(3)  2.05[1]  2.04[2]
50 2.2824(5)  2.374(3)  2.454(3)  2.05[1]  2.04[2]
100  2.2805(5)  2.382(3)  2.455(3)  2.04[1]  2.04[2]
213  2.2804(7)  2.434(3) 2.05[1]
206 2.2763(6)  2.453(3) 2.03[1]

a Except for the data at 213 K, all data were collected on a BRUKER
SMART 1000 diffractometer equipped with an Oxford Helix cooling system.
b See ref 13a¢ Data collected on a different SMART diffractometer.

T Mg

1o, 1, 1
A1g, B1g, BZg E———— B1g! B2g

Qaﬂ-z AES-T
S=1 SA:zg—v----— Eg Msg=t1
_ ~ 4D
Figure 2. The structures ofl (top) and2 (bottom), at 100 K, with —— Aig Ms=0
displacement ellipsoids at the 50% probability level. Figure 3. Diagram of the states arising from @74027*2 (QBr*?)

. . . . configuration and the splitting of the ground stai&pq.
K.28 A second explanation is that a8? configuration s

prevails over the entire temperature range, with the changings, electronic configuration of @*2 that persists from 2 to
magnetic susceptibility attributable to ZFSf> 0 causing 300 K. Therefore, the drop in magnetism as the temperature
a nonmagnetic state to lie below a state with two unpaired jecreases must be attributed to ZFS in a way described in
electrops. I_n this second case, the structure sho_uld beFigure 3, which shows that the degeneracy ofthg ground
essentially independent of temperature even thogBfis state is partially removed by splitting into,fand E; terms.
changing a great deal. To bring this decisive structural These arise from the microstatéds = 0 andMs = +1
criterion into play, we have determined the structured of  yerived from theS= 1 state. The splitting pattern is similar
and2 from 27 K (the lowest temperature attainable with our g that in Ru(O,CCHy)s, an Ru*t species which also has a
helium cryostat) to 296 K. 3A,4 ground staté?

Structures at Various Temperatures.Structures ofl. and There are also minor changes in the weak-Rly, bond
2 (Figure 2) were determined at 27, 50, 100, 213, and 296 i, 1 for which the distances are in the range 2.679(2)
K, and a selected number of data are provided in Table 3.5 705(1) A. For2, the crystal undergoes a phase transition
The Ru-Ru distances are essentially invariant at all mea- (see Experimental Section) somewhere between 100 and 213

sured temperatures for bothand 2, and the maximum  k \yhich modifies the bonding to the axial triflate ligand. In
variation is less than 0.008(1) A. Such small variations can the high temperature range, the two triflate anions are

be accounted for by the expected changes in thermal motion
as the temperature drop5A change in the ground state
electronic configuration would have led to significant

changes in RuRu distances (vide supra). The invariance cantly with temperature for either compound, there are

of the metai-metal distances indicates unambiguously that o rant differences in those distances from one compound
the electronic configuration does not change and SUPPOItS ) the other. The RuRU distance inl is about 0.045 A
longer than that ir2. This provides an excellent example of
the fact that even when axial interactions are relatively weak,
the metat-metal distance is quite sensitive to changes of
the axial ligand. However, in the Rinpp)?* core the Re-N
distances are the same within the error of the measurement
in both1 and2 (Table 3). Similar behavior has been observed
before in Ry(DMBA) 4X, compounds, X = BF4, NOs, N3,

crystallographically equivalent, but they are inequivalent in
the low temperature range (Table 3).
Even though the RuRu distances do not change signifi-

(28) Changes in metaimetal distances of about 0.68.05 A are com-
monly observed by removal of electrons frénor 6* orbitals, whereas
a larger increase, 0.69.08 A, would be expected by populating
orbitals. See for example: Cotton, F. A.; Daniels, L. M.; Murillo, C.
A.; Timmons, D. J.; Wilkinson, C. CJ. Am. Chem. So2002 124
9249.

(29) (a) Cruickshank, D. W. Acta Crystallogr.1956 9, 1005. (b) Bugi,
H. B.; Capelli, S. CActa Crystallogr.200Q A56, 403. (c) Capelli, S.
C.; Fatsch, M.; Birgi, H. B. Acta Crystallogr.200Q A56, 413.
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2.5 (SOy)4(H20),] with 4 unpaired electrons gives a spectrum
1 with only one peak at 490 nAf,while those diamagnetic
2.0 compounds with long RuRu bonds of the type Ru
o (amidinate)X, show a peak at around 56650 nm and what
g 15 appears to be a charge transfer band with the onset at around
'g 800 nm3326aThe diamagnetic species Rcorrole) with a
2 10 short Ru-Ru bond has a band at 336 nm with a shoulder at
< 2 393 nm and no major bands in the visible regi6ihus,
05 the limited data available for R& compounds show
significant differences in the electronic spectra which is

0.0 . . .. . . . .
300 400 500 600 700 800 900 consistent with variations in electronic COﬂfIgUFathﬂ.
Wavelength (nm)
Figure 4. Electronic spectra showing 3 absorption bands in the visible Summary Remark

region of 460uM and 190uM CHCI, solutions ofl (blue) and2 (red),
respectively. It has been shown that the drop in magnetism as the

temperature is lowered in RinppuCl, and Ru(hpph(CFs-
N(CNJ I, Cl, and DMBA= N,N-dimethylbenzamidinat®?* 50, that makes them essentially diamagneti@ & is not
and also in other compounds with substituted aminopyridi- gye to a change in electronic configuration but is due to zero-
nate anions? field splitting.

Electronic Spectra. Little effort has been devoted to the

electronic spectra of R compounds. As shown in Figure Acknowledgment. We thank the National Science Foun-
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