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New alkynyl complexes [Pt,M,{ C=C(3-OMe)CgsHq} s] (M = Ag 1, Cu 2) have been synthesized and their structures
and properties compared to those of related [Pt,M4(C=CPh)s] compounds. For the Pt—Ag derivatives, the X-ray
structures of the discrete yellow solvate monomer, [Pt,Ags{ C=C(3-OMe)CsH,} ¢]-2THF ([1-2THF]), and the dark
garnet unsolvated polymeric form, [Pt,Ags{ C=C(3-OMe)CsHa} g] ([1]), are presented. The yellow form ([1-2THF])
exhibits a distorted octahedral geometry of the metal centers with the platinum atoms mutually trans and the four
silver atoms in the equatorial plane. Pairs of Ag atoms are weakly bridged by THF molecules [u-Ag:--O(THF)].
The garnet form ([1]») has an unprecedented infinite stacked chain of octahedral clusters linked by short Pt---Pt
bonds (3.1458(8) A). In both forms, different types of weak C—H+-+O (OMe) hydrogen bonds are observed. For
comparative purposes, we have also provided the crystal structures of the yellow monomer form, [Pt,Ags-
(C=CPh)g]-CHCls, and the red dimer form, [Pt,Ags(C=CPh)g], (Pt—Pt 3.221(2) A). These clusters display intense
photoluminescence in both solution and the solid state, at room temperature and 77 K. The emission observed for
the yellow form [1-2THF] in the solid state is assigned to a 3MLM'CT [Pt(d)/7z(C=CR) — Pt(p,)/Ag(sp)/7*(C=CR)]|
state modified by Pt---Ag, Ag...Ag, and Ag--+(THF) contacts. However, in the garnet form [1], and in 2, the emissions
are related to the axial Pt—Pt bonds and are assigned as phosphorescence from a metal—metal-to-ligand charge-
transfer ((MMLCT) excited state ([1].), or an admixture of a metal-metal (Pt—Pt) centered ¥(do*p,0) and SMMLCT
excited state (2). For 1, a remarkable quenching and a shift to higher energies in the emission is observed on
changing from CH.Cl, to THF, and for both 1 and 2, the emission spectra at 77 K varies with the concentration,
showing their tendency to stack even in glass.
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[Pt;M4{ C=C(3-OMe)GH4}g] (M = Cu, Ag) Clusters

num(ll) complexes to form stacking structures controlled by physical properties associated with metaletal and#n?-

metat--metal andz---7r ligand interactions, which leads to
characteristic luminescence, is now well-establisied The

bonding interactions, have been prepared. A similar synthetic
strategy has been also employed by Yam &¢-&lland more

more common structural types are linear chain structures withrecently by Chen et &£>3to form luminescent heteropoly-

a constant Pt-Pt ors---;r separation or dimer structures that
exhibit emissions generally assigned®s¥MLCT or that are
excimericszzr* in nature.

nuclear platinum-copper or silver complexes.
Several years ago, we described the preparation of several
Pt—group 11 alkynyl bridging complexes of stoichiometry

Our group has long been interested in homo- and het- [Pt;M4(C=CR)] (R = Ph,t-Bu; M = Cu, Ag, Au)3®> More

eropolymetal alkynyl platinum complexés2* and one of

recently, we reported, together with Yam et al., the rich

our current research interests is the use of alkynyl platinate-polymorphism and interesting luminescence properties ex-

(1) substrates such as the homoleptic [PHCR)]%>~ deriva-
tives®®3¢ as building blocks in molecule-based ma-
terials32:358741 Diverse P+M with closed (M= Cu, Ag,
Au, Cdy>*247 or subclosed shell (TI(1¥$4° heteropoly-

hibited by the phenylethynyl derivativé3®° We observed
that for [PtAg4(C=CPh}], yellow (monomer) and red (a
dimer formed by two clusters linked by a-PPt interaction
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cluster, violet-green crystals, which were found to be
formed by discrete trimers connected by two unsupported
Pt---Pt interactions (2.995(1) A and red crystals (dimers)
with a longer P+-Pt separation of 3.116(2) &, were ob-
tained depending on the concentration. A third, yellow form
easily separates upon treatment of the green and red solids
with acetonitrile*® Considerable experimental wgPk248:49
and theoretical calculatiof&indicate that the metallophilic
Pt(1)—TI(l) interaction and the final structures and properties
of alkynyl thallium—platinates can be fined-tuned by varying
the ligands and substituents on the alkynyl ligands. In the
same line, we now report the synthesis and luminescence
behavior of [PiM{C=C(3-OMe)GH4}g] (M = Ag 1, Cu

2). X-ray structures are reported for a discrete yellow solvate
monomer [PiAg.{ C=C(3-OMe)GHa} g] :2THF, [1-2THF],

and an unprecedented dark violet polymer of Agk-
{C=C(3-OMe)GHa}g], [ 1], Which is formed by an infinite
stacking of clusters linked by relatively short Pt bonds

of 3.1458(8) A. For the purpose of comparison, we have
also included the crystal structures of JRj,(C=CPh}]-
CHCI; and [PtAg4(C=CPh}], (see the Supporting Informa-
tion).

Experimental Section

General Considerations All reactions and manipulations were
carried out under a nitrogen atmosphere using Schlenk techniques
and distilled solvents, purified by known procedures. IR spectra
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Table 1. Crystal Data and Structure Refinement Details for the Complexes

Gil et al.

[1-2THF] [1]e [Pt,Ags(C=CPh}]-CHCl3
empirical formula @oH72Ag40;|_oPt2 C144|'|112A98016PT4 C55H41Ag4C|3Pt2
fw 2015.04 3741.66 1749.99
T (K) 173(1) 173(1) 150(2)
wavelength (A) 0.71073 0.71073 0.71073
cryst syst triclinic orthorhombic triclinic
space group P1 Pnaa PL
a(A) 10.7620(2) 14.87300(10) 11.6956(13)
b (A) 14.6654(3) 16.7280(2) 15.1811(8)
c(A) 23.8645(6) 24.5610(3) 16.858(2)
o (deg) 73.7330(10) 90 91.544(14)
p (deg) 77.5840(10) 90 108.992(14)
y (deg) 78.9990(10) 90 91.305(11)
V (A3) 3496.73(13) 6110.67(11) 2827.6(5)
z 2 2 2
deaica (Mg/nP) 1.914 2.034 2.055
abs corr (mm?) 5.144 5.876 6.468
F(000) 1952 3584 1652
cryst size (mr) 0.10x 0.10x 0.10 0.30x 0.05x 0.05 0.40x 0.30x 0.30
26 range (deg) 2.6026.37 2.91-26.37 2.24-24.98
index ranges & h=<13,-17< k=18, —-18<h=<18,-20< k =< 20, 0<h=<13,-18<k=<18,
—28=<1=<29 —-30=<1=<30 —-19=<1=<18
no. of refins collected 14222 59872 10417
no. of independent reflns 14222 [R(inrt)0.0000] 6192 [R(int)= 0.0676] 9887 [R(int)= 0.0150]
data/restraints/params 14222/0/765 6192/0/225 9878/6/697
GOF onF?22 1.034 1.097 1.174

final R indices [ > 20(1)]2
R indices (all dat&®)
largest diff. peak and hole (e &)

R1=0.0511, wR2= 0.0938
R1=0.0910, wR2=0.1084
1.562 and-1.709

R1=0.0710, wR2= 0.1544
R1=0.0947, wR2=0.1638
2.108 ang-1.804

R1= 0.0406, wR2= 0.0871
R1= 0.0565, wR2= 0.0970
2.069 and-2.013

aR1 = Y(|Fo| — [Fcl)/3|Fol; WR2 = [SW(Fo? — FA¥yWFAY2 goodness of fit= {3 [W(Fo? — FA4/(Nobs — Nparan)} Y% w = [03(Fd) + (G1P)? +
0P 7% P = [max(Fo%0) + 2F:2)/3.

were recorded on a PerkitElmer FT-IR 1000 and on a Nicolet Synthesis of [:2THF]. A similar reaction carried out in THF,
Nexus FT-IR Spectrometer as Nujol mulls between polyethylene starting from (NBuy),[P{ C=C(3-OMe)GH.,}4] (100 mg, 0.084
sheets. NMR spectra were recorded on Bruker ARX 300 and mmol) and AgCIQ (34 mg, 0.166 mmol), generatek2THF] as
Bruker AVANCE 400 spectrometers and chemical shifts are a yellow microcrystalline solid (54 mg, 58%). Anal. Calcd for
reported in parts per million relative to external TM$i(13C) or CgoH72Ag4Pt01 (2010.06): C, 47.68; H, 3.60. Found C, 47.41;
NaPtCk in D,O (3°5Pt). Elemental analyses were carried out with H, 3.82. IR (cnTl): #(C=C) 2039s.
a Perkin-Elmer 2400 CHNS/O microanalyzer, and mass spectra Crystals of [1].. Garnet crystals ofl].. were grown by slow
were recorded on a Microflex MALDI-TOF Bruker spectrometer diffusion of n-hexane into a concentrated g8, solution of1 at
operating in the linear and reflector modes using dithranol as matrix. room temperature. IR (cm): #(C=C) 2029s.
UV —visible spectra were obtained on a Hewlet Packard 8453  Synthesis of [P§Cus{ C=C(3-OMe)CeH 4} 4]« (2). (NBuy,),[Pt-
spectrometer. Emission and excitation spectra were obtained on & C=C(3-OMe)GHa}4] (150 mg, 0.124 mmol) was added to a
Jobin-Yvon Horiba Fluorolog-311 Tau-3 spectrofluorimeter, with  suspension of CuCl (25 mg, 0.249 mmol) and NaC{@ mg,
lifetimes measured operating in the phosphorimeter mode or in the 0.374 mmol) in acetone (20 mL). The mixture was stirred for 2 h
phase-modulation mode. Phase shift and modulation were re-at room temperature, and the solvent was then evaporated in vacuo.
corded over the frequency range of 8110 MHz and data were ~ The addition of cold EtOH gave a very dark garnet precipi-
fitted using the Jobin- Yvon software package. The precursor tate, which was filtered off, washed successively with cold EtOH
(NBuy)[P{ C=C(3-OMe)GH4}4] was prepared as previously and cold acetone, and air-dried (89 mg, 85%). Anal. Calcd for
described® C72Hs6CwPL0g 3/4 CH,Cl, (1757.29): C, 48.48; H, 3.27. Found
Synthesis of [PtAg.{ C=C(3-OMe)CsH4}¢] (1). AgCIO, (34 C, 48.06; H, 3.01. MALDI-TOF{): m/z 1757 [M + Cu]* 33%.
mg, 0.166 mmol) was added to a solution of (NB[Pt{C=C- IR (cm™1): #(C=C) 2014s.)H NMR (CDCl;, 300.13 MHz, 298
(3-OMe)GHg} 4] (100 mg, 0.084 mmol) in acetone (10 mL), and a K, ¢): 7.01-6.91 (m, H5 16H, GH,); 6.85 (s, H, 8H, GHy);
yellow solid immediately began to precipitate. After 30 min of 6.74 (d,J = 7.3 Hz, H, 8H, GH,); 3.50 (s, 24H,—OCHj).
the solution being stirred, the solid was filtered off, washed with 3C{1H} NMR (CD,Cl,, 100.62 MHz, 298 K©): 159.4 (s, C);
cold acetone, and air-dried (52 mg, 56%). Anal. Calcd for 129.2 (s, €4); 125.2 (s, @); 124.6 (s, €%); 116.5, 115.3 (s, &)
C7:Hs6Ag4P10g (1870.90): C, 46.22; H, 3.02. Found C, 45.86; H, [(3-OMe)GH.]; 112.6 [s,2J(C—Pt) = 288.3 Hz,=Cy]; 86.4 [s,
2.98. MALDI-TOF (+): m/z 1978 [M + Ag]* 8%; 1872 [M] LJ(C—Pt) = 933.9 Hz, G=]; 55.0 [s, OMe, (3-OMe)gH,4]. 9Pt
10%; 1739 [M{C=C(3-OMe)GH4}]" 14%. IR (cn1') yellow (CD.Cl,, 86.02 MHz, 298 K0): —4119.4 (s).
form: #(C=C) 2033s.!H NMR (CDCl;, 300.13 MHz, 298 K, [Pt2Ag4(C=CPh)g].3% C{1H} NMR (CD.Cl,, 100.62 MHz,
0): 7.05-6.90 (m, H45 24H, GHy); 6.79 (d,J = 7.3 Hz, H, 298 K, 0): 132.5 (s, @); 128.3 (s, ©); 128.2 (s, @); 123.7 [s,
8H, GeHy); 3.66 (s, 24H,~OCHg). 13C{'H} NMR (CDCl3;, 100.62 3J(Pt—=C) = 18.2 Hz, C] (Ph); 113.1 [s,2)(C—Pt) = 298.1 Hz,
MHz, 298 K, 0): 159.7 (s, ©); 129.5, 125.8 (s, &"); 125.1 =Cg]; 79.3 [s,1J(C—Pt) = 900.3 Hz, G=]. %Pt (CD,Cl,, 86.02
(s, @); 117.5, 115.5 (s, &) [(3-OMe)GsH4]; 113.8 [s,2J(C—Pt) MHz, 298 K, §): —3793.9 (s, vbr).
= 295.8 Hz, =C4]; 79.2 [s, WJ(C—Pt) = 908.1 Hz, G=]; X-ray Crystallography. Table 1 reports details of the structural
55.6 [s, OMe, (3-OMe)gH,]. 195Pt (CDC}, 86.02 MHz, 298 K, analyses for complexedRTHF], [1]., and [PAg4(C=CPh}]-
0): —3792.8 [q,1J(*Pt-10710ng) A~ 85 Hz]. CHCls. For complex [P#Ags(C=CPh}],, deep red crystals were
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[Pt;M4{ C=C(3-OMe)GH4}g] (M = Cu, Ag) Clusters

grown by slow diffusion of hexane into a GEl, solution at room
temperature. Unfortunately, the poor quality of all crystals studied
precluded a good characterization by X-ray diffraction and only
the connectivity is given (see the Supporting Information, Figure
S1). Deep red crystals ofl]., and yellow crystals of [BAgs-
(C=CPh}]-CHCI; were obtained by slow diffusion of hexane into
a dichloromethane or chloroform solution, respectively, at room
temperature, whereas yellow crystals ®fJTHF] were obtained

by allowing a tetrahydrofuran solution of this complex to evaporate
at room temperature. ComplexdsZTHF] and [PtAg4(C=CPh}]:
CHCI; crystallize, each with two independent but very similar half
molecules per asymmetric unit and a molecule of THF and
chloroform, respectively. For complexe2THF] and [1]., X-ray
intensity data were collected with a NONIUWECD area-detector
diffractometer, and for [BAg4(C=CPh}]-CHCls;, with a Enraf-

clusters, 1].., connected by axial PtPt interactions (3.1458-
(8) A). The related platinumcopper derivative2 was
prepared as a very dark garnet (nearly black) solid by treating
(NBug)[P{ C=C(3-OMe)GH4} 4] with CuCl in the presence
of an excess of NaClQin acetone.2 is only soluble in
chlorinated solvents such as gE, or CHCk. All attempts
to obtain crystals oR suitable for X-ray diffraction were
unsuccessful, but its color and optical properties (lumines-
cence) suggest it forms an infinite chain of hexanuclear clus-
ters [PtCu{ C=C(3-OMe)GH4} 5] Similar to that of []...
Yellow monomerl shows#(C=C) stretching at 2033
cm 1, shifted to lower frequency in relation to that of the
homoleptic precursor (2078 cr), consistent with coordina-
tion of silver centers to the alkyne unit. Interestingly, in the

Nonius CAD4 diffractometer using graphite-monochromated adduct [-2THF], this band occurs at 2039 cfy suggesting

Mo—K, X-radiation. Images were processed using the DENZO and

SCALEPACK suite of program¥, carrying out the absorption
correction at this point for compleX{2THF]. For complex L],

the absorption correction was performed using SORF2ahd for
[P, Ag4(C=CPh}]-CHCIs, it was applied based on 720 azimuthal
scan dat® (maximum and minimum transmission coefficients were

a weakern?-alkynyl bonding as a consequence of the
Ag---(u-THF) contacts, whereas in garnet forti, the band

is slightly shifted to lower frequencies (2029 ch The
related platinum-copper clusters show(C=C) at 2014
cm™1, pointing to a stronger Cy?(alkyne) bonding interac-

0.933 and 0.697). The structures were solved by direct methodstion. The MALDI-TOFH) spectra of both clusters reveal

using the SHELXL-97 progratfor complexes]-2THF] and [1],
and by Patterson using the SHELXL*83%rogram for complex
[P, Ags(C=CPh}]-CHCIs; structures were refined by full-matrix
least squares oR? with SHELXL-97 or SHELXL-93. All non-

the presence of heptanuclear|®§C=CR)]™ cationic enti-
ties (n/z 1978,1; 1757,2) in the gas phase. THEC NMR
spectra reveal that upaji-coordination to the ¥ metal ions,
the G, and G signals of precursor [PC=C(3-OMe)-

hydrogen atoms were assigned anisotropic displacement parameter%GHA} 4% (6 119.4,J(Pt—Cy) = 990.2; 102.62)(Pt—Cy) =

The hydrogen atoms were constrained to idealized geometries

fixing isotropic displacement parameters of 1.2 timeslhgvalue

of their attached carbons for phenyl and methylene hydrogens and

1.5 for the methyl groups. For [f2g4(C=CPh}]-CHCls, the carbon

'286 Hz, & acetone) shift upfield for £(79.2,1; 86.4,2)

and downfield for ¢ (6 113.8,1; 112.6,2). Only coupling
to 1°Pt is observed, th&J(Pt—C,) coupling being notably

atom of the chloroform solvent molecule lies an inversion center Smaller in both clustersJ(Pt-C,) 908.1 Hz,1; 933.9 Hz,

and thus the chlorine atoms show a disorder over two positions 2) than in the precursor. For the purpose of comparison, we
(0.5/0.5 occupancy) related by this inversion center. For the have also recorded tHéC{*H} NMR spectrum of [P#Ag4-

disordered chloroform, the -©Cl distances were constrained to
idealized geometries. For complexd$.f and [PtAg,(C=CPh}]-
CHCI,, residual peaks bigger thal e A2 have been observed in

(C=CPh}]. The values ofA¢d for both acetylenic carbons
and the variation im\J(Pt—C) are comparable to those seen
in 1 (0CA(Pt—C)(Hz) 79.3/900.3 (¢); 113.1/298.1 () in

the final map but are located very close to some metal atom and [PtAg,(C=CPh)] vs 120.9/989.8 (§); 104.1/287.4 (G) in

have no chemical meaning. For complex@2THF] and [1].,

common sets of thermal anisotropic parameters were used for som

atoms.

Results and Discussion

Synthesis and Characterization.Compound [P#Ags-
{C=C(3-OMe)GH4}s] (1) was obtained as a yellow
solid by reaction of (NBy),[Pt{ C=C(3-OMe)GH,} 4] with
AgCIlO,. Subsequent recrystallization from THF or, alter-
natively, carrying out the reaction in THF solution, afforded
the adduc{1-2THF] as a yellow microcrystalline solid, as
confirmed by analytical and X-ray crystallographic data.
Slow diffusion ofn-hexane into a dichloromethane solution
of 1 gave garnet crystals identified as an infinite chain of

(54) Otwinowski, Z.; Minor, W. InMethods in Enzymologgarter, C. V.,
Jr., Sweet, R. M., Eds.; Academic Press: New York, 1997; Vol. 276A,
p 307.

(55) Blessing, R. HActa Crystallogr., Sect. A995 51, 33.

(56) North, A. C. T.; Phillips, D. C.; Mathews, F. &cta Crystallogr.,
Sect. A1968 24, 351.

(57) Sheldrick, G. MSHELXL97, a Program for the Refinement of Crystal
Structures University of Gdtingen: Gdtingen, Germany, 1997.

(58) Sheldrick, G. M.A Program for Crystal Structure Determination.
University of Gdtingen: Gitingen, Germany, 1993.

JPt(CECPh)l]Z*). The most remarkable difference is ob-

served in the!®*Pt NMR spectra. Thus, whereas JR.-
(C=CPh}] exhibits a broad singlet centered at3793.9
ppm, the signal is seen as a quintuplet in clustesee Figure
1) because of coupling to the four actiV&-1*Ag nuclei
(J(*9P1t—-10710ng) ~ 85 Hz). In bothl (6 —3792.8) and?
(0 —4119.4), the platinum resonance is slightly shifted
downfield in relation to the anionic precursor (NBiPt-
{C=C(3-OMe)GH4} 4] (6 —4167, CDC}, 298 K).

Crystal Structures. Crystals of [l-:2THF] were grown
by slow evaporation of a THF solution @fand crystals of
[1]. were obtained by slow diffusion af-hexane into a
CH.CI, solution of 1. Diffusion of n-hexane into a con-
centrated solution of [RAg4(C=CPh}]3%**3in CHCI; or
CH,CI, simultaneously forms yellow and red crystals. The
X-ray crystallographic study of a yellow crystal obtained
from CHCk confirms the presence of one CH@®@holecule
per cluster interacting with one of the platinum centers
(Figure 2, Table 2). Despite many attempts, the crystal data
of the red form of [P#Ags(C=CPh}], were not good enough
for a complete X-ray study. The best results were obtained
from a red crystal obtained in GBl,/n-hexane and at least
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Figure 1. 19Pt{'H} NMR spectra of [PiAgs{ C=C(3-OMe)GHa}g] 1 in
CD3COCD; at 298 K

Figure 2. ORTEP view of [PtAgs(C=CPh}]-HCCI; (molecule A) with
50% thermal contours, showing the interaction with the GH@blecule.

enables us to confirm that only two clusters are linked by a
Pt---Pt contact of 3.221(2) A (see the Supporting Informa-
tion, Figure S1). Two crystallographically independent
molecules A and B but with similar structural details were
found in the unit cell of I-2THF] and also in that of the
yellow form of [PtAg4(C=CPh}]-CHCl;. An ORTEP draw-
ing of the structure of molecule A ofl{2THF] is shown in

Gil et al.

The term employed in the literature to define two forms
of a compound, the unsolvated and solvated forms with
different crystal structures, is still a topic of debate. In many
occasions, such systems have been considered “pseudopoly-
morphs®®%1 because of the fact that they are different
chemical entities and, therefore, are not real polymorphs.
However, Seddon and oth&sargue that a compound and
its solvate must necessarily have different crystal structures
and they are not chemically identical. They prefer using the
term solvate and not polymorph or pseudopolymorph.

The basic skeletons of the yellow form &f-2THF] and
[Pt:Ag4(C=CPh}]-CHCI; are similar. Both exhibit a dis-
torted octahedral geometry of the metal centers with the
platinum atoms in a mutually trans disposition and the four
silver atoms in the equatorial plane. The two square-planar
Pt(C=CR), fragments are found to be almost eclipsed with
torsional angles &-Pt—Pt—C,' of 0.6° in [1-2THF] and
0.5° in [PttAgs(C=CPh}]-CHCL. In [1:2THF], two mol-
ecules of tetrahydrofuran are weakly contacting with the
silver centers in au-(OC4Hg)Ag, bridging fashion with
Ag(1)—0(10) and Ag(2)>0O(10) distances of 2.816 and
2.764 A, respectively. These values compare to the-Qy
distances found in [AgHPB)(CIQy)2(THF),]% (HPB =
hexaphenylbenzene) andp*{benzene)f’-benzene)-Ag
[1-H—CBgBrg][NO3](THF).8* By contrast, the acidic proton
of the HCCE molecule in [PiAg4(C=CPh}]-CHCl; is
directed toward the basic platinum centép(p-c =
168.43) with a Pt--H separation of 2.719 A. This distance
is similar to that seen in [PEl(C=Ct-Bu)g]-CHCl;*® (2.725
A) and in the range in which these types of:-MH
interactions have been reported in the literafaré® Two
short (2.9652(9) and 3.0162(9) A) and two long (3.2323(9)
and 3.2833(9) A) PtAg distances are found in [gs-
(C=CPh}]-CHClL. In [1-2THF], the corresponding distances
are all similar (3.0268(7)3.1864(7) A) and shorter than the
sum of van der Waals radii (3.45 A), demonstrating, in
accordance with thé®P{'H} NMR spectrum ofl, the
presence of Pt-Ag bonding interactions. The presence of
u(THF) contacting molecules as a bridging ligand be-
tween silver centers causes a remarkable difference between
the Ag--Ag separations in I-2THF] (3.0304(9) vs 3.
2563(9) A). In the phenylethynyl derivative, however, the
Ag--+Ag separations (3.1686(11) and 3.2319(10) A) are
identical within experimental error. The silver alkynyl
bonds are asymmetric with AgC, distances shorter than
Ag—C; bonds A 0.127-0.387 A) and comparable to those

(59) Desiraju, G. RCryst. Growth Des2004 4, 1089.

(60) Mondal, R.; Howard, J. A. K.; Banerjee, R.; Desiraju, G.Ghem.
Commun2004 644.

(61) Nangia, A.Cryst. Growth Des2006 6, 2.

(62) Seddon, K. RCryst. Growth Des2004 4, 1087.

(63) Ning, G. L.; Munakata, M.; Wu, L. P.; Mekawa, M.; Suenaga, Y.;
Kuroda-Sowa, T.; Sugimoto, Knorg. Chem.1999 38, 5668.

(64) Tsang, C. W.; Yang, Q.; Sze, E. T. P.; Mak, T. C. W,; Chan, D. T.
W.; Xie, Z. Inorg. Chem.200Q 39, 3582.

Figure 3. Selected bonding parameters together with those(65) Canty, A. J.; van Koten, Gicc. Chem. Res.995 28, 406.

of [Ptz Ag4(C=CPh}]-CHCI; (molecule A) and of I].. are
listed in Table 2. Data and figures for molecules B are given
in the Supporting Information (see the Supporting Informa-
tion, Table S1, Figures S2 and S3).

7792 Inorganic Chemistry, Vol. 45, No. 19, 2006

(66) Casas, J. M.; Forfse J.; Martn, A. J. Chem. Soc., Dalton Trans.
1997 1559 and references therein.

(67) Martn, A. J. Chem. Educl999 76, 578.

(68) Casas, J. M.; Diosdado, B. E.; Falvello, L. R.; Fosni&; Martn, A.
Inorg. Chem.2005 44, 9444.

(69) Brammer, L.Dalton Trans.2003 3145.



[Pt;M4{ C=C(3-OMe)GH4}g] (M = Cu, Ag) Clusters

Table 2. Selected Bond Lengths (A) and Angles (deg) for ComplexesAR{ C=C(3-OMe)GHa} g]:2THF [1-:2THF] (molecule A),

[PtAgs{ C=C(3-OMe)GHa} gl [1], and [P#Ags(C=CPh)]-CHCI; 2:CHCI3 (molecule A)

[1-2THF]2 (molecule A) e [Pt2Aga(C=CPh)g]-CHCI 3¢ (molecule A)
Ag—Cqy Ag(1)—C(10) 2.231(8) Ag(1)yC(1) 2.205(11) Ag(1)yC(9) 2.209(10)
Ag(1)—C(19) 2.259(7) Ag(1)-C(19) 2.210(11) Ag(1)-C(17) 2.226(10)
Ag(2)—C(1) 2.258(8) Ag(2)-C(10) 2.220(12) Ag(2yC(1) 2.210(9)
Ag(2)—C(28) 2.249(8) Ag(2)-C(28) 2.215(11) Ag(2)-C(25) 2.248(9)
Ag—Cy Ag(1)—-C(11) 2.479(8) Ag(1)yC(2) 2.410(12) Ag(1)yC(10) 2.496(9)
Ag(1)—C(20) 2.426(8) Ag(1)-C(20) 2.404(12) Ag(1)y- C(18) 2.365(9)
Ag(2)—C(2) 2.502(8) Ag(2)-C(11) 2.391(12) Ag(2yC(2) 2.597(9)
Ag(2)—C(29) 2.440(9) Ag(2)-C(29) 2.418(14) Ag(2)-C(26) 2.375(9)
Co—Cp C(1)-C(2) 1.215(11) C(1yC(2) 1.227(19) C(1yC(2) 1.221(13)
C(10)-C(11) 1.216(10) C(16)C(11) 1.197(19) C(9yC(10) 1.198(13)
C(19)-C(20) 1.202(11) C(19)C(20) 1.211(18) C(1AHC(18) 1.200(13)
C(28)-C(29) 1.227(11) C(28)C(29) 1.23(2) C(25)yC(26) 1.230(12)
Ag—Ag Ag(1)—Ag(2) 3.2563(9) Ag(1yAg(2) 3.2657(16) Ag(1yAg(2) 3.2319(10)
Ag(1)—(2) 3.0304(9) Ag(1)y-Ag(2) 3.2580(13) Ag(1yAg(2) 3.1686(11)
Pt—Ag Pt(1)-Ag(1) 3.1631(7) Pt(1yAg(1) 3.1346(10) Pt(yAg(1) 3.2323(9)
Pt(1)-Ag(2) 3.0268(7) Pt(1yAg(2) 3.1544(11) Pt(3yAg(2) 3.2833(9)
Pt(1y-Ag(1) 3.1444(7) Pt(2yAg(1) 3.1539(10) Pt(TyAg(1) 3.0162(9)
Pt(1)-Ag(2) 3.1864(7) Pt(2rAg(2) 3.1570(11) Pt(yAg(2) 2.9652(9)
Pt—Pt Pt(1)-Pt(1) 4.407 Pt(1)-Pt(2) 3.1458(8) Pt(yPt(1) 4.317
Pt(2)-Pt(1) 4.291
Pt=Cy—Cs Pt(1)— C(1) —C(2) 174.6(8) Pt(:yC(1)-C(2) 176.6(13) Pt(£yC(1)—C(2) 176.4(8)
Pt(1)— C(10)— C(11) 175.7(7) Pt(3yC(10)-C(11) 179.1(14) Pt()C(9)—C(10) 179.8(8)
Pt(1)-C(19)-C(20) 175.8(7) Pt(2yC(19)-C(20) 178.3(14) Pt(1)C(17)-C(18) 179.1(8)
Pt(1)-C(28)-C(29) 178.4(7) Pt(2yC(28)-C(29) 178.7(13) Pt(£)C(25)-C(26) 173.7(8)
C—Cs—C, C(1)-C(2)-C(3) 173.2(9) C(1yC(2)-C(3) 163.2(13) C(HC(2-C(3) 171.8(10)
C(10y-C(11)-C(12) 169.8(9) C(16yC(11)-C(12) 164.3(15) C(9yC(10)-C(11) 172.0(10)
C(19)-C(20)-C(21) 171.0(9) C(19yC(20)-C(21) 164.4(15) C(1AHC(18)-C(19) 168.7(10)
C(28)-C(29)-C(30) 172.9(9) C(28yC(29)-C(30) 165.6(18) C(25)C(26)-C(27) 168.9(10)

a Symmetry transformations used to generate equivalent atemst 1, —y + 1, —z+ 1; —=x + 2, =y + 1, —z + 2. P Symmetry transformations used
to generate equivalent atomg; —y + Y, =z + Yo X + Yo, =y + Yo, 7 X + Y, y, =z + Yo X — Y, y, —z + Y. ¢ Symmetry transformations used to
generate equivalent atoms:x, —y + 2, —z— 2; —x+ 1,y + 3, -z — 1.

Figure 3. ORTEP view of [PiAg{ C=C(3-OMe)GHa} g]-2THF [1:2THF]
(molecule A) with 50% thermal contours.

found in related Ag(l)-z bond alkynyl bridging com-
plexes?®4042455553 The remaining structural details are
unexceptional. However, im-methoxyphenylalkynyl deriva-
tive [1-2THF], three different types of weak-€H---O(OMe)

(dho = 2.363(6)-2.667(7) A;0c—1—o0 = 132.72(73-179.16-
(6)°) hydrogen bonds are observed in the extended lattice.
As seen in Figure S4 (see the Supporting Information), the
hydrogen bonds connect type A cluster molecules, affording

chains of rectangular assemblies, and also molecules A with
molecules B, giving rise to a final 3-D network.

The garnet form of [BAg.{ C=C(3-OMe)GHa} g], [1]«,
crystallizes in orthorhombic needles of space gréumaa
with two formula units in the unit cell. The structure consists
of a stacked chain of hexanuclear clusters linked by short
Pt(1)-Pt(2) interactions (3.1458(8) A) (Figure 4a) running
parallel to thea axis of the unit cell (Figure 4b). As far as
we know, this is the first example of a supramolecular array
in which cluster units are connected only byt bonds.
The Pt-Pt distance is slightly longer than that reported in
the trimer derivative [RBCuy(C=CPh}]s** and comparable
to that seen in the corresponding dimer{Riy(C=CPh}],>°
(3.116(2) A) and in the low range of P#t contacts
previously found in crystal structures of dimers and chains
(d < 3.5 A)7° As can be seen in the projection given in
Figure 4c, the platinum atoms are superimposed, giving a
nearly perfect linear chain. It is noteworthy that the individual
clusters are rotated with respect to their neighbors, with a
torsional angle C(LyPt(1)-Pt(2)-C(19) of 43.8(5), result-
ing in optimal stacking interactions by decreasing the steric
repulsions of them-methoxyphenyl substituents. It should
be noted that within the cluster, thel BEC(3-OMe)GHa} 4
units are also staggered with a smaller torsional angle
C(1)-Pt(1)-Pt(2)—C'(19) of 19.6. This structural disposi-
tion contrasts with the orientation of the clusters found in
the trimer [PtCuy(C=CPh}]s, in which two eclipsed external

(70) Poater, A.; Moradell, S.; Pinilla, E.; Poater, J.; Sola, M.; Mevz|
M. A.; LLobet, A. Dalton Trans.2006 1188 and references given
therein.
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Figure 4. Molecular structure of [BAgs{ C=C(3-OMe)GHa} gl [1]«. (@) ORTEP view of molecule A, with 50% thermal contours. (b) Schematic view
of three units of the chain. (c) Perspective view of the chain alon@thes. (d) Part of the chain showing the hydrogen bonds (dashed lines).

clusters are connected to a central staggered on®, (38 Chart 1
suggesting a remarkable flexibility of the tetraalkynylplati-

nate(ll) entities. In this trimer, [REw(C=CPh}]s;, the

resulting P{Cu, octahedra are also successively twisted by

44°,

Interestingly, as can be observed in panels b and d ofatoms of one [P{(Z)C=C(3-OMe)GHa}4] unit as accep-
Figure 4, tham-methoxy substituents are oriented away from tors and the €H protons of the methyl groups (acting as
the cluster and the four silver atoms. A close inspection of H donors) of the ligands bonded to the fourth platinum
the extended chain reveals the presence of she#l GO (Pt(1#6)) down the chain from that whose substituents act
contacts @ho = 2.426(13) and 2.755(15) Abc y o = as acceptors. These extended hydrogen bonding contacts

127.24(11)-139.31(119)"* 73 between the methoxy oxygen ~€ngage the external platinum entities of alternate clusters
in a way shown in Chart 1, thus contributing to the stability
gg gtesiraju,T %hRCheCm- COT{SB’?%%? 2995. of the chain and probably also to the axiaHPt bond. In
einer, I Chem. Commu A . . . .
(73) Braga, D.: Grepioni, F.; Desiraju, G. B. Organomet. Chem997 fact, each axial PtPt bond is reinforced by two sets of four
548, 33. C—H---O contacts.
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[Pt;M4{ C=C(3-OMe)GH4}g] (M = Cu, Ag) Clusters

In [1]., the Pt--Ag (3.1346(10%-3.1570(11) A) and
Ag--*Ag (3.2580(13) and 3.2657(16) A) distances are
rather symmetrical, whereas the Agj?(alkyne) bonds are
asymmetrical, with Ag-C, lengths shorterX 0.171-0.205
A) than the corresponding Ag¢Cs;. The angles at &
Pt—C,=C;, are nearly linear, whereas those gtae clearly
distorted from 180 (163.2(13)-165.6(18}).

Photophysical Properties Absorption and emission data
of compoundsl and 2 together with those of [PAQs-
(C=CPh}],*350 which has been included for comparative
purposes, are summarized in Tables S2 and S3 (see the
Supporting Information). Dissolution of garnet fordjJ and
the related extended, very dark garnet platintaopper chain , _ : .

. . Figure 5. Normalized electronic absorption spectra of (NB[Pt-
derivative2 (N5 x 107° M) leads to a loss of their colors {C=C(3-OMe)GHa}4] A (blue), [PbAgs{ C=C(3-OMe)GHa}¢] 1 (red),
yielding yellow solutions, indicating that their colors came and [PtCu{C=C(3-OMe)GHa}g] 2 (black) in 5x 105 M CHCl; at
from solid-state effects due to the presence efftbonds. 298 K.

In the solid state, these PPt bonds in both stacked clusters

are observed as a broad absorption centered at 633 nm in

[1]. and at 680 nm ir2 (see the Supporting Information,

Figure Sb). This band is assigned as a matabtal-to-ligand

charge transfef{IMLCT). The remarkable red shift in the

platinum—copper derivative is suggestive of a shorter and

presumably stronger PPt bond relative to that found ih

This tendency is in agreement with the longer—Pt

separation that we have found in the red form obA®L-

(C=CPh}], (3.221(2) A, see the Supporting Informa-

tion, Figure S1) with respect to the analogous red form of

[Pt,Cw(C=CPh}], (3.116(2) A)5° Presumably, the stronger

n?>-M—alkynyl metal interactions with the copper centers,

which are reflected in the lowe{C=C) stretching vibrations

(2014 cm'%, 2; 2029 ¢, [1].), play a key role in the final

strength of the axial PtPt bond between clusters. Thé

alkynyl metal d° linkages seem to enhance the—@, Figure 6. Normalized solid-state (powder) emission spectra Bf [
m-acceptor bonding component, which decreases the electrodl2THF], and [l] at 298 K.

density on platinum. As a consequence, the electronic repul- . . . .
sion between the platinum centers presumably is reduced,[l'ZTHF] (Figure 3). Following previous assignmerits, ™

favoring the formation of axial PtPt bonds between clusters.  © atiribute these low-energy absorptions to an _admixture
The ngture of the axial Ptt bond has recently been of MIIC.T (Ptlyf.(c=§_Rl\)/l,_> ”;(C=CR)) a?d L';ACTC(lF;gaT
examined by theoretical calculations (ADF) in the trinuclear ('\)/lr, (gl‘?);mug:t_ulr%zg b Ptc.'v?,rg:n;r?/r’].s"?\;, ir:('fract)ions
compound [PYMgBpy)p][PICl(MeBpy)LIPFel, which ex- AIternati\i)er the trar?/sition may be viewed as a MIGT .
hibits a trinuclear Pt Pt—Pt backbone with a PtPt distance ’

_ 0y i A
of 3.474(6) A7 This study indicates that the relatively strong (M = Pt, M' = d%) mixed with mtrall-gand chgracter..

Pt—Pt metallic bond £40 kcal mot?) has similar covalent These clusters are strongly emissive both in solution and
and ionic contribution& in the solid state. The emission spectralpfl-2THF], and

. . . [1]« in the solid state at room temperature and at 77 K are
Room-temperature absorption spectra of dilute solutions

. : . . shown in Figure 6 and the Supporting Information, Figure
of 1and2 (Figure 5) show high-energy intraligand absorp- S6, respectively. As can be observed, the yellow monomer
tions and two low-energy spin- and orbital-allowed bands ' '

. . : ' 1 produces an intense green-yellow luminescence centered
notably red-shifted in relation to the precursor (NB[Pt- at 550 nm Lex 480 nm, 3.414s), which is slightly blue-

{C=C(3-OMe)GHa}4],* which are characteristic of the  gpitaq 1o 537 nm and visibly less intense in the solid
hexanuclear cluster core fRt,{ C=C(3-OMe)GHa}el- The 1y qialline adduct I-2THF] (Aex 450 nm, 3.47us). These
lowest absorption occurs at ca. 424 nm in the platifum o issions are notably enhanced and slightly red-shifted at
copper derivative2, being notably blue-shifted in the -7 (560 nm,z 24.3us [1]; 540 nm, 7 11.2us [1-2THF])
platinum-silver compound (401 nm). Curiously, this band (see the Supporting Information, Figure S6), but at this

is unaffected by the solvent in cluster and is slightly  emperature, a small low-energy shoulder is also observed
blue-shifted (398 nm) in THF fol, presumably reflecting

the e).(IStence of Ag-O. (THF) contacts in this donor sol- (74) Fornies, J.; Fuertes, S.; Mar) A.; Sicilia, V.; Lalinde, E.; Moreno,
vent, in accordance with the crystal structure of the adduct M. T. Chem—Eur. J. 2006 in press.
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Figure 8. Emission spectra of [PAgs{ C=C(3-OMe)GHa}g] 1 in 1 x
104 M CHCl; and 1x 104 M THF at 298 K, showing the difference of

. . o . intensity and quantum yields.
Figure 7. Normalized excitation and emission spectra of ;(Rk-

{C=C(3-OMe)GHa4}g] 2 in the solid state (powder): at 298 Keyc 630
nm (black solid line) andem 815 nm (black dotted line); at 77 Kexc 680
nm (grey solid line) and.em 830 nm (grey dotted line).

550 cml) and shifts to lower energiedfax 823 nm). The
emissions have lifetimes in the microsecond regime. At
77 K, the maximum of the excitation profile shifts to
(~620 nm,1; ~600 nm, [L.2THF]). The excitation spectra  higher energies, giving rise to a larger Stokes shift than at
are similar and resemble the solution absorption spectra,298 K. This emission resembles that of the trimer derivative
indicating that the emissive states are also characteristic of[Pt,Cu,(C=CPh}]s (806 nm), in which the axial PPt

the hexanuclear cluster core JMiu(C=CR)]. They are
assigned to emissive states derived from®NLM'CT
(Pt(d)fzr(C=CR)— Pt(p)/Ag(sp)fr*(C=CR)) state modified
by Pt--Ag and Ag--Ag contacts. In accordance with this

separation is shorter than that found j.{ (2.995(1) vs
3.1458(8) A in [l].), pointing to the presence of a similar
axial Pt--Pt bond in the proposed extended chain structure
of 2. On this basis and assuming a stronget-Pt interaction

assignment, these yellow-greenish emissions are very closehan that for 1].., the excited state is likely to have a greater
in energy to those found for the yellow monomer - Pt-+Pt character. We tentatively propose that the emission
(C=CPh}] (545 nm (298 K), 565 nm (77 K) solief, 570 originates from an admixture of metametal-centered
nm (298 K) KBr pellet$’). The emissions in these arylethy-  3(do*p,0) and*MMLCT excited states.
nyl derivatives are considerably red-shifted in relation to that |t should be noted that when crystals of the polymetic [
of the previously reportettbutylacetylide cluster [BAgs- are crushed or exposed to THF vapors, their color and the
(C=Ct-Bu)g] (dem 476 nm);> which is consistent with the  corresponding emission band does not change. However, by
presence of better*(C=C-aryl) accepting orbitals (R Ph crushing crystals of the yellow solvatéPTHF], we obtain
and 3-MeC-CgHa). an orange-red powder; the luminescence peaks occur at 560
Crystalline and powdered samples of the garnetfdiffm [ and 650(max) nm. The color and the low-energy peak are
show a bright red emission with /an,.x of 660 nm and an  suggestive of the presence of clusters connected hyPPt
excited-state lifetime of 0.15s (Figure 6). Upon the samples interactions. For this solvatel-RTHF], the THF molecules
being cooled to 77 K, the emission maximum red-shifts to are relatively well trapped in the crystal lattice. In fact, the
707 nm, whereas the excited lifetime increases to 13.1  elemental analyses of several old samples are consistent with
(see the Supporting Information, Figure S6). As can be this formulation, and we have not observed its spontaneous
observed in Figure S6, the excitation spectrum of this transformation to the red form. The yellow solvate;/Rjs-
emission has a structured excitation profile with peak max- (C=CPh}]-CHCI; shows a similar behavior.
ima at 550 and 615 nm, reflecting the solid-state absorp- In solution, the luminescence of these clusters depends
tion features. This emission is assigned, as in other stackedon the solvent and concentration. Thus, as can be observed
chain platinum systems, mainly as phosphorescence from an Figure 8, while the platinum silver derivativieexhibits
SMMLCT excited state. According to recent theoretical in CH,Cl, solution (1x 10°to 1 x 103 M) a bright yellow
calculations on Pt-Pt bonding system;’° the transition emission with a very high quantum yield (0.39) centered at
presumably involves a platinum-based HOMO corresponding 570 nm, in THF solution (1—10"2 M), the emission is
to a do* function formed by overlappinggorbitals, which blue-shifted to 557 nm and its intensity drogs € 0.019)
are antibonding with regard to the axiaHRt bond, whereas  so that it is scarcely visible to the naked eye. Both the
the LUMO should be located on Pifpand the ligands remarkable quenching and the shift to higher energies are
(m*C=CR). In the solid state, the related platinticopper presumably related to the interaction of the silver centers
derivative2 exhibits (Figure 7) a near-infrared luminescence with solvent molecules. It should be mentioned that although
with an emission maximum at 803 nm and a shoulder at the observed emission is essentially nondependent on the
783 nm, whose Gaussian deconvolution suggests the conconcentration, the monitored excitation spectra do depend
tribution of two different bands, with maxima at 783 and on it. The emission (570 nm) in a £ 103 M solution is
815 nm, respectively (see the Supporting Information, Figure related to an excitation feature centered at 475 nm, whereas
S7). At 77 K, the spectral profile narrows considerably (fwhm monitoring the emission at a lower concentration<(1.0*
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the d° metal centers to the emissive excited state. This
tendency (Cu< Ag) has been previously observed in other
heteropolynuclear?-alkynyl d'® complexes; we note that
the measured radiative quantum yield (see the Supporting
Information, Table S3) decreases by more than 2 orders of
magnitude for the platinumcopper cluster in CECl, with
respect to the analogous platinuisilver cluster and by more
than 1 order in THF solution for both clusters. Following
previous work on heteropolynuclear Pt(l1)*°dalkynyl
bridging complexes, we associate the emission withyfihe
coordination Pt C=CR — d* and tentatively assign it to a
SMLM'CT (Pt(d)fr(C=CR) — Pt(p)/M'(sp)tr*) state, strongly
modified by Pt--M' and M---M’ interactions.

When the sample is cooled to 77 K, the emission in the
phenylethynyl platinumsilver derivative [P#Ag4(C=CPh}]
shifts slightly to lower energy~575 nm) but the emission
does not change with the concentration in the 10°to 1
x 1072 M range. In contrast to this, the emission spectra of
1 and2 are significantly altered upon their solutions being
cooled. As can be seen in Figure S8 of the Supporting

Figure 9. Variation of the excitation spectra of f@tw{ C=C(3-OMe)-
CsHa}g] 2 in CHCI3 (298 K) with the concentration & 107> M (blue), 1

x 1074 M (green), 5x 1074 M (red), and 1x 103 M (black) (lem = 700

nm in all cases). The emission spectrum (right) is independent of the
concentration and th&y used.

M) gives rise to an excitation profile with three blue-shifted
maxima (344, 373, and 432 nm). Similar behavior is found Information, it was found that at a concentrati@f x 103

for [Pt,Ag4(C=CPh}] in fluid solution. In a 1x 10* M M, the glass ofl turns red and a new unstructured emission
CH.ClI, solution, this cluster exhibits a structureless band centered at 680 nm develops at the expense of the high-
centered at 570 nm, which is related to several energy energy emission due to the cluster monomer, which occurs
excitation peaks (445, 378, and 338 nm). However, the between 570 and 580 nm. This low-energy feature, related
emission in a concentrated solutiord x 102 M, Aem = to an excitation feature centered at 522 nm, is likely due to
566 nm) is related to a low-energy excitation feature at 511 the formation of aggregates through axiat-Pt bonds and
nm. Interestingly, a similar behavior is also observed for the is therefore attributed, as in the solid garnet forth.[ to
platinum—copper derivativ. In fluid CHCI; solution (298 ~ phosphorescence from states 6GMMLCT character. The

K), this cluster exhibits a broad emission centered at ca. 700m-methoxyphenylethynyl platinurrcopper derivative seems

nm (see Figure 9). As in the platinussilver derivatives,  t0 have a higher tendency to stack; in the range of
although the emission is not dependent on the concentrationconcentrations examined, betweex 1L0°to 1 x 1073 M,
employed in the 5¢< 105to 1 x 1073 M range examined, the CHCkand CHCI, glasses are green (see the Supporting
the excitation spectra change remarkably with the concentra-Information, Figure S9). At 77 K, the CHglglass also
tion (Figure 9). At low concentration (% 10°° M), the exhibits two emission maxima at 695 nm and ca.-8885
excitation spectrum resembles the absorption spectrum,nm. The emission at 695 nm resembles that seen at room
indicating that the cluster monomer is the absorbing species.temperature and has an excitation spectrum with a maximum
As the concentration increases, a new low-energy peak atat 540 nm, whereas the low-energy emission (8385 nm)

535 nm emerges; however, the high-energy feature decreaseBas an excitation maximum at 630 nm. The low-energy
and shifts slightly, being seen as a shoulder at 480 nm usingémission, which is very near to that observed in the solid
a concentration of & 103 M. The reason for these changes state (823 nm, 77 K) is also ascribed to aggregate formation
in the excitation spectra are not completely understood but, via Pt=Pt axial bonds3MMLCT), whereas the high-energy
presumably, could suggest the presence of different absorbingdand (695 nm) is tentatively attributed, as in the fluid room-
species when the concentration increases. In fact, thetemperature solution, to emissions derived frofiviaM 'CT
solutions do not follow Beer’s law at high concentratierb( ~ emissive state.

x 1075 M). When the concentration increases, the yellow
(1) or yellow-orange %) solutions turn orangelj or very
dark orange Z) and very weak low-energy absorption
features at ca. 550 and 600 nm fioand?2, respectively, are
discernible. Presumably, cluster monomergVRtare the

Conclusions

In summary, this work shows the remarkable role of
the weak noncovalent metelsolvent (Pt--HCCl; or
Ag---O(THF)) and hydrogen (€H---O) bonding interactions

absorbing species at low concentrations, but as the concenin the structures of the [NI,(C=CR)g] clusters. Axial
trations increase, the absorbing species are dimers of cluster®t—Pt bonding between clusters is favored for arylethynyl

or higher oligomers, which relax to a similar emissive state
following photon absorption. The fluid solution emission of
them-methoxyphenylethynyl derivativie (CH,Cl,, 570 nm)

is similar to that of [P#Ag4(C=CPh}] (CH,Cl,, 570 nm),
but it is notably red-shifted in the platinuatopper derivative
(700 nm, CHCJ or CH,Cly), reflecting the contribution of

derivatives (R= Ph, (3-OMe)GH,) in nondonor solvents
such as CHCI, or CHCE, and is particularly enhanced in
the platinum-copper derivatives, presumably by the stronger
n?-alkynyl—Cu bond, as revealed by larg&y(C=C) shifts

to lower wavenumbers. We propose that #fiealkynyl (M

= d') bonding within the clusters enhances thePIC=R
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m acceptor bonding component, decreasing the electronsolvent contacts. The extended forrik,[and2 with strong
density at the Pt centers. This decrease of the electron densityxial Pt-Pt bonds are less emissive and exhibit phospho-
at platinum centers seems to favor the formation of axial rescence, which is tentatively thought to come from an
PtPt bonds. Thus, whereas jty(C=CPh}] forms dimers SMMLCT excited state ({]) or an admixture of metal

and trimers, the related [Ptg,(C=CPh}] only forms dimers, metal (Pt-Pt)-centered®(do*p.0) and SMMLCT excited
which coexist with the yellow monomer, exhibiting an states. In frozen solution, the tendency to stack increases,
extended chain of monomers separated by chloroformas expected, in the platinuntopper derivatives vs the
molecules due to short RICCl; contacts. In then-methoxy platinum-silver clusters:2 > 1; [P,Cu(C=CPh}]* >
derivative [PtAg.{ C=C(3-OMe)GHy_} ¢], for the garnet form [P, Ag4(C=CPh}]. Substituents also play a role in the
[1]«, the presence of extended-E---O(OMe) hydrogen tendency to stack. Thus, whereas only one emission
bonds between alternate clusters clearly seems to be con{CH,Cl,, 77K, 575 nm) due to monomers is observed for
tributing to the axial Pt-Pt bonding, giving a final 1-D [Pt,Ags(C=CPh}] in the 1 x 10°5to 1 x 102 M range,
extended network. In the yellow forld RTHF], the solvent two emissions at 570580 nm (monomer) and 680 nm (due
molecules interact easily with the silver centers, weakening to Pt-Pt stacking) are found for [PAg.{ C=C(3-OMe)-

the »?-(alkynyl)—Ag. This fact and the cooperative effect CgHs}g] 1 at a concentratior1 x 103 M.
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