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Three new platinum complexes containing’&8soquinoline {-biq), [Pt(CN)(i-biq)] (1), [PtCh(i-biq)] (2), and
[Pt(i-big).](PFs)2 (3), have been synthesized as orange-red, yellow, and colorless crystals, respectively. Their
crystal structures and luminescence properties are reported. Crystal datd:0f6kF,O, PtQ sN4CooH13,
orthorhombic,Pbcm a = 13.989(2) Ab = 18.304(1) Ac = 6.682(3) A,V = 1710.9(6) B, Z = 4, and finalR

= 0.039 Ry = 0.033) for 970 independent reflections; IIDMF-H,0, PtChO,N3CiH>3, triclinic, P1, a =
11.047(1) Ab = 12.397(3) A,c = 8.000(2) A,a. = 106.56(13, 8 = 100.15(1y, y = 76.15(1}, V = 1012.8(3)

A3, 7 =2, and finalR = 0.058 Ry = 0.077) for 4219 independent reflections; B32DMF, PtRF;,0;NeCsoHss,

triclinic, P1, a= 10.795(2) Ab = 13.511(2) Ac = 8.281(1) A,a = 105.22(13, B = 112.17(1}, y = 85.02(1},

V = 1079.2(3) B, Z = 1, and finalR = 0.038 R, = 0.042) for 3606 independent reflections. Square-planar
complexes ofl are stacked in the crystal to form a columnar structure with thePPtlistance of 3.34 A. The
crystal emits strongly, even at room temperature, and the emission spectrum is similar to that for thex{Pt(CN)
(bpy)] crystal (bpy= 2,2-bipyridine), which is due to &dlz*[d o*(Pt) — *(i-biqg)] transition. The single crystal
emission spectrum at 77 K is, however, observed as a superposition oftindamhd sharpzz*(i-big) emissions.

The crystal structure & has a completely different stacking structure from that.ofThe stacking occurs on the

i-biq ligands, and the Pt atoms are separated more than 6 A. The complex exhibits only a structured emission
component assigned to tRex*(i-big) transition in the crystal at 77 K, in agreement with the crystal structure
with no Pt-Pt interaction. In the crystal &, the [Pt{-biq),]>" complexes are stacked but offset, being in close
contact between parts of adjacediiq ligands. There is no PPt interaction also in this case. Twabiq ligands

in the complex are distorted to adopt the bowed conformation due to the steric crowdingoehttigogens on
opposite ligands. Neverthelessprovides almost the sanfaz* emission spectrum asand?2 in dilute glassy
solution at 77 K. Théaza* emission spectra observed in the crystals of these Pt(Il) complexes are red-shifted
compared with those in dilute glassy solution. The fact is attributable tarthe intermolecular interactions
between the ligands in the crystals. The factors controlling the crystal structures for these complexes are also
discussed.

Introduction it is interesting to explore the factors determining significant
) ) features of this kind of platinum complex and to control them.
Itis well-known that square-planar platinum complexes have 3 3-Bjisoquinoline {-big) is an a-diimine with a larger
a tendency to stack in solid state and to show characteristic ;-system than 2!2bipyridine, while it has comparabtedonor
optical and electrical properties. Wherdiimines such as 2;2 ability to bpy® [Ru(i-big)s]>* was reported to be the first
bipyridine (bpy) are used as ligands, a variety of intermolecular

interactions are expected, for example, metaktal interaction

and ligandr—u interaction. In fact, polymorphism often occurs _ —
for platinum complexes, and the color and the emission behavior N\ 7 N\ 7
depend on the crystal structure and thus the intermolecular N N
interaction? [PtCl(bpy)] is a typical complex, taking two i-big

crystal forms which are called yellow and red fortnhe red

form has a stacked structure with platintpiatinum interaction example of ruthenium(ll) complexes exhibiting triplet ligand-
(Pt--Pt= 3.45 A), while the yellow form has no PPt stacking centered ¥rr*) emission’ In contrast to the shargrz*

but has a stack on one pyridine ring of the bpy ligdn@hey emission spectrum in dilute glassy solution, we observed a broad
are interconverted to each other under various condifidisis, and red-shifted emission spectrum of the complex in the crystal
state at 77 K On the basis of the X-ray crystal structure and
the concentration dependence of the emission spectrum, the
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Table 1. Crystallographic Data

[Pt(CN)y(i-big)]-0.5H,0 [PtCh(i-big)]-DMF+H,0 [Pt(-big)2] (PFs)2- 2DMF

formula PtQ.sN4CooH13 PtCbO,N3Cr1Ho1 PtPF150,NgC4oH3s
fw 513.45 613.41 1143.82
crystal system orthorhombic _triclinic _triclinic
space group Pbcm(No.57) P1 (No.2) P1 (No.2)
a, 13.989(2) 11.047(1) 10.795(2)
b, A 18.304(1) 12.397(3) 13.511(2)
c A 6.682(3) 8.000(2) 8.281(1)
a, deg 90 106.56(1) 105.22(1)
S, deg 90 100.15(1) 112.17(1)
y, deg 90 76.15(1) 85.02(1)
V, A3 1710.9(6) 1012.8(3) 1079.2(3)
VA 4 2 1
T,°C 25 25 25
A A 0.71073 0.71073 0.71073
Pobsa grCmM 2 1.99 2.01 1.75
Pcalca grCcm 3 1.99 2.01 1.76
u(Mo Ko, cmr? 81.81 71.87 34.09
no. observnsl(> 3.00(1)) 970 4219 3606
no. variables 174 253 358
R, R 0.039, 0.033 0.058, 0.077 0.038, 0.042
2R = J||Fol — IFell/ZIFol; Ru = [ZW(IFol — [Fel)¥XwWIFo|*2 w = Llo%(Fo).
characteristic emission of the crystal was attributedrtar refluxed for 5 h. After cooling to room temperature, the solution was

interactions between thebiq ligands of the adjacent complexes. filtered, and then an agueous solution of excess amounts aPRH

Thus,i-big would be a useful ligand in particular for investigat- Was added to the filtrate. Deposited yellowish white precipitate was
ing the effect of ther-system. collected; yield 50%). Colorless needle crystals were obtained from

In this work, we have prepared three new platinum(ll) tzhgl\lr(e;:'{s(tglgzDa,\t/:g; fgnlf%'.:'HAg 2'5 Eal;%;ar':%ﬁfﬂfcéeHﬁ.18.

complexes, [Pt(CNJi-big)] (1), [PtCkL(i-biq)] (2), and [Pt- H. 3.39: N, 7.33.
(i-biq)](PFs)2 (3), and their X-ray crystal structures and  cojiection and Reduction of X-ray Diffraction Data. The X-ray
luminescence properties have been investigated. On the basigjiffraction data were obtained on a Rigaku AFC-7R four-circle
of the results, we discuss the variation of the crystal structures diffractometer with graphite monochromated MaKadiation and a
constructed with the square-planar platinum complexes contain-18 kW rotating anode generator. An orange-red plate crysta| af
ing such an extended-system and the effect of intermolecular yellow prismatic crystal o2, and a colorless plate crystal 8having
interactions on the emissive state. appropriate dimensions of 0.18 0.10 x 0.02 mm, 0.22x 0.20 x
0.14 mm, and 0.2% 0.16 x 0.04 mm, respectively, were mounted on
glass fibers. The data were collected usingdhe26 scan technique
to a maximum 2 value of 55 at a speed of 8, 16, and Ufin (in w)
_ Materials. ~3,3-Biisoquinoline was prepared according to the tqr 1 2 and3, respectively. The weak reflections€ 10.05(1)) were
literature? mp 205-206 °C. K[PtCl] and NHPF; were purchased  yescanned (maximum of four scans), and the counts were accumulated
from Wako Pure Chemical Industries Ltd. Spectroscopic grade solvents 1o ensure good counting statistics. The intensities of three standard
was used for solution spectra. reflections were monitored at 150-reflection intervals. For all the
Preparation of [Pt(CN)(i-big)] (1). The complex was prepared  complexes, fluctuations for the, values were less than 1% during the
by the method similar to that of the corresponding bpy complex, [Pt- §ata collection. Index ranges are as follows18 < h < 0, —19 < k
(CN)x(bpy)]:*® A 20% aqueous ammonia solution (40 mL) of 0659 <0 0=<| =< +8forl; —14<h = +14,—15=< k < +15,-10 < |
of Pt(CN)-xH-O, which was obtained by thermal decomposition of < gfor2;: —14<h<0,-17<k=< +17,-9< 1< +9for3. A
(NH4)2[Pt(CN)],** was added dropwise to a refluxingN-dimethy!- total of 2289 reflections was collected fr Of the 5004 reflections
formamide (DMF) solution (40 mL) of 0.5 g of-big (2 mmol). which were collected foR, 4667 were uniqueR,; = 0.010), and of
Orange-red solid began to precipitate soon. The solution was further the 5241 reflections measured ®r4980 were uniqueR;,; = 0.036).
refluxed for 4 h. After cooling to room temperature, the orange-red an empirical absorption correction based on azimuthal scans of several
product was collected; yield 60%. Orange-red plate crystals were reflections was applied, which resulted in transmission factors in ranges
obtained by the recrystallization from DMF. Anal. Calcd for 41-1.00, 0.75-1.00, and 0.751.00, for1, 2, and3, respectively.
PtN,Co0H12°0.5H,0 (1:0.5H,0): C, 46.88; H, 2.56; N, 10.93. Found:  The data were corrected for Lorenz and polarization effects. A2, for
C, 46.30; H, 2.51; N, 10.89. a correction for secondary extinction was applied (coefficient
Preparation of [PtCl(i-big)] (2). K2[PtCly] (5 mmol) was dissolved  1.47616€°). Pertinent crystallographic parameters are summarized in
in water (130 mL). To the solutigr2 N HCI (10 mL) and then a Table 1.
suspension afbiq (5 mmol) in acetonitrile (130 mL) were added. The Solution and Refinement of the Structures. All the structures were
mixture was heated with stirring for 1.5 h. The color of the suspended ggjyed by direct methodand expanded using Fourier techniques. The
solution changed from red-orange to yellow. After cooling to room npon-hydrogen atoms were refined anisotropically. For the analysis of
temperature, deposited yellow product was collected and recrystallized 1, )| atoms are initially located on the mirror plare=t 0.25). As
from DMF to give yellow needle crystals; yield 50%. Anal. Calcd  the refinement proceeded, however, it turned out that a thermal ellipsoid
for PtCEN2CigH12ONGeH7 (22DMF): C, 42.47; H, 3.15; N, 7.28.  of several atoms became extraordinarily elongated along the normal
Found: C, 42.36; H, 3.22; N, 7.06. to the mirror plane. Thus, C+4C17 atoms were refined without a fix

Preparation of [Pt(i-bid)2](PFe)2 (3). A solution of 2 (1 mmol) on the mirror plane as disordered atoms with the occupancy factors of
and i-big (1 mmol) in acetonitrile/water (1:1 (v/v), 500 mL) was

Experimental Section

(12) For1, MITHRIL90: Gilmore, C. J. An integrated direct methods
(9) Belser, P.; von Zelewsky, A.; Juris, A.; Barigelletti, F.; Balzani, V. computer program. University of Glasgow, Scotland, 1990. Zor
Gazz Chim lItal. 1985 115 723. SAPI91: Fan, H.-F. Structure Analysis Programs with Intelligent
(10) Che, C.-M.; He, L.-Y.; Poon, C.-K.; Mak, T. C. Wnorg. Chem Control, Rigaku Corp., Tokyo, Japan, 1991. F&r SHELX86:
1989 28, 3081. Sheldrick, G. M.Crystallographic Computing ;30xford University
(11) Avshu, A.; Parkins, A. WJ. Chem Res (S) 1984 245. Press: Oxford, U.K., 1985; Vol. 3.
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Table 2. Selected Atomic Coordinates and Isotropic Temperature Table 3. Selected Atomic Coordinates and Isotropic Temperature

Factors for [Pt(CNYi-biq)]-0.5H.0 Factors for [PtCXi-big)]-DMF-HO
atom X y z Bq? A2 atom X y z By A2
Pt 0.64418(5) 0.24778(5) 0.25 5.59(2) Pt 0.26988(4)  0.37609(4) 0.37682(7) 2.71(1)
N1 0.521(1) 0.1889(6) 0.25 4.0(4) Cl1 0.4589(3) 0.3302(3) 0.5394(5) 4.33(8)
N2 0.701(1) 0.1432(7) 0.25 7.8(6) CI2 0.2926(3) 0.1878(3) 0.2181(5) 5.31(9)
N3 0.530(2) 0.3920(8) 0.25 5.1(6) N1 0.2393(8) 0.5420(8) 0.516(1) 2.8(2)
N4 0.839(2) 0.328(1) 0.25 16(1) N2 0.1007(9) 0.4268(8) 0.256(1) 2.8(2)
C1 0.434(1) 0.2143(8) 0.25 3.8(5) C1 0.314(1) 0.597(1) 0.626(2) 3.3(3)
Cc2 0.354(1) 0.1704(8) 0.25 3.9(5) Cc2 0.281(1) 0.709(1) 0.735(2) 3.4(3)
C3 0.260(2) 0.199(1) 0.25 5.9(7) C3 0.363(1) 0.768(1) 0.851(2) 4.5(4)
C4 0.183(2) 0.155(1) 0.25 8.6(9) Cc4 0.323(2) 0.875(1) 0.950(2) 5.9(5)
C5 0.192(2) 0.077(1) 0.25 8(1) C5 0.199(2) 0.929(1) 0.935(2) 4.9(4)
C6 0.286(2) 0.049(1) 0.25 5.8(7) C6 0.116(1) 0.877(1) 0.822(2) 4.9(4)
c7 0.366(1) 0.0940(9) 0.25 3.9(5) Cc7 0.153(1) 0.766(1) 0.709(2) 3.4(3)
Cc8 0.460(1) 0.0664(7) 0.25 3.6(5) Cc8 0.071(1) 0.709(1) 0.575(2) 3.2(3)
Cc9 0.532(2) 0.1144(9) 0.25 3.1(5) Cc9 0.112(1) 0.602(1) 0.474(2) 2.8(3)
C10 0.634(1) 0.0889(8) 0.25 3.3(4) C10 0.039(1) 0.535(1) 0.333(1) 2.6(3)
C11 0.659(1) 0.0173(8) 0.25 4.7(5) Cl11  —0.086(1) 0.576(1) 0.269(2) 3.0(3)
C12 0.757(1) —0.0014(9) 0.25 5.5(6) Cl2  —0.150(1) 0.509(1) 0.131(2) 2.8(3)
C13 0.786(2) —0.076(1) 0.25 7.0(8) C13  —0.277(1) 0.544(1) 0.069(2) 3.7(3)
Ci14 0.883(2) —0.091(1) 0.313(4) 5(1) Cl14  —0.332(1) 0.476(1) -0.071(2) 4.2(4)
C15 0.951(2) —0.036(1) 0.334(5) 5(1) Cl15 —0.268(1) 0.367(1) —0.153(2) 4.3(4)
C16 0.920(2) 0.033(1) 0.339(6) 7(1) C16  —0.145(1) 0.327(1) —0.091(2) 3.5(3)
C17 0.823(2) 0.054(1) 0.315(6) 5(1) C17  —0.085(1) 0.399(1) 0.049(1) 2.8(3)
C18  0.791(2) 0.126(1) 0.25 11(1) c18 0.040(1) 0.363(1) 0.117(2) 3.0(3)
C2o 07m1®)  osoom) 025 se(9)  "Bu="er(Un(aa)?+ Unbb)? + Usfec)? + 2Usaabiy cos
y + 2Uzaa*cc* cosf + 2U,sbb*ccr cos ay).
3 Beg = &am?(U1y(aa*)? + Uxo(bb*)? + Usg(cc?) 2 + 2U .aa*bb* cos
y + 2Ugzaa*cc* cosp + 2Uxsbb*cct cos o). Table 4. Selected Atomic Coordinates and Isotropic Temperature
Factors for [Ptibiq),](PFs)2-2DMF
0.5. Though the N4 atom of a cyanide ligand and the oxygen atom of atom X y z Byt A2
crystal water also have elongated thermal ellipsoids, they were fixed Pt 0 0 0 2 466
; . ) ) .466(7)
on the mirror plane and 2-fold axis, respectively, because trials of the N1 —0.0780(4) 0.0117(3) 0.1897(6) 2.8(1)
Fourier peak separation for the atoms gave worse results on the thermal > —0.0517(4) —0.1471(3) —0.0459(6) 2.8(1)
parameters and the bond lengths and angles. Then calculations of full N3 —0.3500(6) —0.3344(5) —0.5727(9) 5.3(2)
matrix least-squares refinement under the situation converged nicely C1 —0.0606(6) 0.0860(4) 0.3355(8) 3.2(1)
with normal bond lengths and angles. The hydrogen atoms were C2 —0.1389(6) 0.0956(4) 0.4420(8) 3.1(1)
included but not refined. The refinement of the structure2ofias C3 —0.1215(7) 0.1786(5) 0.5933(8) 3.8(1)
performed with anisotropic temperature factors for non-hydrogen atoms C4 —0.2012(8) 0.1857(6) 0.688(1) 4.8(2)
except for disordered atoms M,N-dimethylformamide (C21). The C5 —0.2992(9) 0.1105(6) 0.641(1) 5.2(2)
hydrogen atoms of 3;3iisoquinoline were included but not refined. gg _8%22(2) 88282(? gggggg gg(?
It is supposed that there exist two water molecules in the unit cell of cs _0'2459( ) A ©) ; ©) 7(1)
. . X " . (6) 0.0632(5) 0.2432(9) 3.6(1)
the crystal on the basis of the measured density, but their positions c9 —0.1653(6) —0.0689(4) 0.1504(8) 3.0(1)
cannot be assigned because they are probably highly disordered. All <19 —0.1473(5) —0.1598(4) 0.0221(7) 2.8(1)
the non-hydrogen atom coordinates3ivere refined anisotropically. Cc11 —0.2020(6) —0.2534(5) —0.0130(9) 3.5(1)
The dimethylformamide molecule in the crystal®fvas also refined Cc12 —0.1584(6) —0.3419(4) —0.1104(8) 3.3(1)

with disordered positions. Further difference Fourier syntheses permit- C13 —0.2136(7) —0.4405(5) —0.151(2) 4.5(2)
ted location of the hydrogen atoms of biisoquinoline ligands, and their C14  —0.1611(9) —0.5220(5) —0.242(1) 5.5(2)
coordinates were refined but isotropic temperature facgs, were C15  —-0.0538(8) —0.5103(5) —0.290(1) 4.9(2)
held fixed. Natural atom scattering factors were taken from the €16 0.0005(7) —0.4171(5)  —0.2529(9)  4.0(2)
literature’®* The final R indices are listed in Table 1. Positional Clg _8'0352(2) _0'3395(4) _8'1233(3) 3.0(1)
parameters for significant atoms of the completes3 are in Tables Ci —0.0036(6) —0.2309(4) —0.1292(8) 1(1)
2—4, respectively. All calculations were performed using the teXsan  2Beq= #3m3(U11(aa*)? + Uxy(bb*)? + Uss(ccr) 2 + 2U aa*bb* cos
crystallographic software package of Molecular Structure Corp. y + 2Uzaa*cc* cosf + 2U,sbb*ccr cos ay).

Other Physical Measurements. Absorption spectra were recorded
on a Shimazu UV-240 spectrophotometer. Emission spectra were values of® of the samples were calculated according to eq 1, where
obtained on a Hitachi 850 spectrofluorimeter. Low-temperature
emission measurements were performed using an attachment for
phosphorescence with a liquid nitrogen dewar. Emission decays were
measured on a Horiba NAES-500 or a system constructed with an

excimer laser (XeClIi = 308 nm), a monochromator (Nikon G250),  p s the integrated area under the corrected emission specisn,
and a digital memory (lwatsu DM-7200). Quantum yield 6fglassy the absorbance per centimeter at the exciting wavelengthi, @ithe
solution were determined by the optically dilute measurements accord- paih |ength of the cell. The subscripts x and s refer to the unknown
ing to the literaturé? The concentrations of the samples in ethanol 54 standard, respectively. [Ru(bgdl. was used as a standard (
methanol (4:1 (v/v)) were a_ldjusted so as to show the absorbance of 0.38)15 As a test sample, the quantum yield measurement on
ca 0.01 at 360 nm, the excited wavelength (band pathnm). The [Ru(phen)]2* (phen= 1,10-phenanthroline) gave the value of 0.533,
in good agreement with the literature value (0.58Emission intensity
(13) Cromer, D. T.; Waber, J. Tnternational Tables for X-ray Crystal- data for the estimation of the quantum yields were corrected with respect
lography, The Kynoch Press: Birmingham, England, 1974; Vol. IV.

(14) (a) Parker, C. A.; Rees, W. T. Analys®6Q 85, 587. (b) Demas, J.
N.; Crosby, G. AJ. Phys Chem 1971, 75, 991. (15) Demas, J. N.; Crosby, G. A. Am Chem Soc 1971, 93, 2841.

@, = d(D,/DJ(1 — 10 /(1 — 1077 (1)
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Figure 1. ORTEP drawing of [Pt(CNJi-biq)] (1). Thermal ellipsoids
are depicted at the 50% probability level.

Table 5. Relevant Bond Lengths (A) and Angles (deg) and
Nonbonded Distances (&) of the Platinum(ll) Complexes

[Pt(CN(i-big)]- [PtCL(i-big)]- [Pt(i-big)](PFe)2:
0.5H,0 DMF-H,0 2DMF @ ~ A

_ o= KO 7 e . A NA
Pt—N1 2.03(1) PtCl1 2.296(3) PtN1 2.012(4) ) D5 7{)_ )
Pt—N2 2.07(1) PtCI2 2.295(3) PN2 2.011(4) O__/\?@):V?\/szy < N UTO
Pt—CI9 1.98(2) P+N1 2.020(9) L/~ :
Pt—C20 2.02(3) PtN2 1.993(9) :
N1-C1 1.30(2)

N1-C9 1.37(2)

N1-Pt-N2 80.5(6) Cli-Pt-C12 89.3(1) NEPt-N2 79.4(2)
N1-Pt-C19 90.8(7) CI+Pt-N1 93.2(3) NL-Pt-N2' 100.6(2)
N1-Pt-C20 176.3(7) CI+Pt-N2 174.7(3)

N2-Pt-C19 171.4(8) CI2Pt-N1 176.7(3)

N2—-Pt-C20 95.8(8) Cl2Pt-N2 95.2(3)

C19-Pt-C20 92.9(8) NEPt—N2 82.2(4)

Pt-C19-N3 179(2)

Pt-C20-N4 179(2)

Pt--Pt 334  NB-C1l  3.40(2) N2-C4  3.310(9) o4 P peya
0-+-N4 3.02(2) Ni-ClZ  340(2) Ci-C2  3.538(8) =g = - Q:@{C\/ N
Cl--Cl 359(1) N2-C8  3.46(2) Ci-C7  3.589(9) o | ,@%@ A

C4-Cl4' 327(3) Ct-Cl2z  3.55(2) C3-CY  3.491(9)

C5--C13'  3.355(4) C1--C13  3.51(2) C3--C10  3.457(8)
C5--C14'  3.11(3) C?-C17  3.47(2) C4--C18 3.40(1)
C6---C12' 3.505(8) C8-C18 3.35(2) Figure 2. Stacking structure of [Pt(CM(j-big)]-0.5H:0: (a, top) top
C9---C19 3.484(8) C9--C10 3.43(2) view; (b, bottom) side view.
C9--C11  3.50(2)
C10--C10  3.33(2)

Co--C15  3.49(2) because of the extended benzene rings in comparison with the

C9--C168'  3.52(2) bpy Iigar}d. As shown in Figure 2, the platinum complexes are
C10--C16" 3.42(2) stacked in the crystal to form a columnar structure. TheHRt
C10--C17'  3.53(2) distance is found to be 3.34 A. The distance is almost the same
Cl1--C18"  3.53(2) as that for the corresponding bpy complex (3.33RHowever,

Cl2-Cl8"  3.4002) the stacking pattern differs considerably. In the case of the bpy

complexes with metatmetal interactions, two types of stacking

to th itivity of the detector by observing the standard tra of . . .
0 e SEnsiivity 01 the Cetecor by abserving e siancard spectra o pattern are known. One is a columnar stacking of superimposed

m-(dimethylamino)nitrobenzene and 4-(dimethylaminG)i#rostil-

benelé monomeric units for [Pt(CNJbpy)], and another is an alternat-
ing arrangement of monomers for [PiIpy)].** The stacking
Results and Discussion of 1 is unique in that it takes an intermediate form between

Structural Description. Table 5 lists relevant bond lengths them. Only half of the ligandsi.e., isoqui_nol_yl units)_ are
and angles and nonbonded contacts. arranged closely. The stacked part of the ligainal, (the right

[Pt(CN)4(i-biq)] (1). Figure 1 shows an ORTEP drawing side of the complex in Figure 2b) is ordered, while the other

of 1. The coordination geometry of platinum is essentially part_@.e., the left side of the complex in Figure 2b_) is disordered
square-planar. Most of atoms in the complex just lie in a vertically. The unstacked part seems to flutter in the extended

crystallographic mirror plane. However, several atoms of the free space. It_|s worth noting that a water molecule is Ipcated
i-biq ligand disorder by displacing from the mirror plane, and near thg CN ligands bridging .between the complexes in the
a tendency of disorder is noticed for a cyanide ligand (see St"’_‘Ck (Figure 2b). The ON4 dlstan_ce of3.02Asuggest§ the_
Experimental Section). In the case of [Pt(Gpy)], it has existence of weak hyd_roger_\ bonding. The thermal ellipsoid
been reported that all the atoms are exactly on the mirror pfane. €/ongated along the axis is likely to relate to that of the N4

Such a difference reflects that biisoquinoline is easy to deform a0ms of CN'. However, as the occupancy factor of the oxygen
atom is 0.5, the interaction between the crystal water and the

(16) Lippert, E.; Nagele, W.: Seibold-Blankenstein, I.; Staiger, U.; Voss, CN~ ligand Wou!d not be so strong as it affects the electronic
W. Z. Anal. Chem 1959 17, 1. state of the platinum complex.
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on Figure 4. ORTEP drawings of [Pifbiq)2]>". Thermal ellipsoids are
a depicted at the 50% probability level: (a, top) top view; (b, bottom)

side view.
O=CED=ECBO Sy IO . o o .
D_COD_OO/\/\D : - is the bowed conformation in which each ligand is bent in

opposite directions, and the other is the twisted conformation
in which the opposing bpy ligands are twisted and the

o-@O;—'—CQQ:J—éj"\ 63‘-?@63—(@@-0 coordination plane is deformed tetrahedrally. For more rigid
b I H phenanthroline complexes, almost all the complexes of this type
P i P take the twisted conformation to relieve the steric hindrance
P P . though a unique conformation with tilted ligands from the
O'COD_CQ()Q%Z\' O‘@’CQOJ"QD-O idealized coordination plane has been reported ontrénes
P O N [Ru(phen)(py)2]2* complexi™ In the case of3, the more
& ot Q Bof flexible i-biq ligands take on a bowed conformation (Figure
| Nyl B 4b). The angle between two isoquinolyl groups is found to be
om O =R D=0-0 25°, though each isoquinolyl group in the ligand is aimost planar.

Figure 3. Stacking structure of [Pt@i-biq)] (2): (a, top) top viewof ~ This angle is larger than any other value reported for this type
two adjacent complexes, PPt= 6.387(1) A; (b, middle) top view of of deformation intrans-(bpy), complexes. In the crystal, the
another pair of adjacent complexes;-FRt = 8.394(1) A; (c, bottom) complex adopts a slipped-stack structure, keeping van der Waals
side view, dotted lines denote the interatomic distances shorter thancontacts between parts of adjacetiq ligands (Figure 5 and
35A Table 5). Itis clear that there are noHRt interactions also in
this case: The Pt atoms occupy the lattice points.

Emission and Absorption Properties in Solution. Emission
and absorption spectra of complexes3 in ethanol/methanol
(4:1 (v/v)) dilute solution provide information about electronic
states of the monomeric complexes. The spectral data-8f
and other photophysical data are summarized in Table 6. The
lowest electronic absorption bands of these complexes are
essentially the same, and they are independent of solvents
(chloroform, acetonitrilelN,N-dimethylformamide, ethanadtc).
Thus, the bands are assigned téra* transition of thei-biq
ligand. Relatively strong emission was observed for the dilute
glassy solutions of these complexes, although the emission at
room temperature is too weak to detect as is the case for many

[PtCIL(i-biq)] (2). The complex is almost planar with normal
bond lengths and angles though it does not have any crystal-
lographic symmetry such as a mirror plane. In this complex,
there cannot be seen any disorder in itheqg ligand differing
from the case ofl. It is because of a completely different
stacking structure from that of the dicyano complex. As shown
in Figure 3, the stacking occurs on thbiq ligands and the Pt
atoms are separated morerit@A in thecrystal (see the caption
of Figure 3). Two kinds ofz-stacking geometries are found
alternately in the stack. As shown by dotted lines in Figure
3c, among the adjaceirbiq ligands in both geometries, many
interatomic distances are shorter than 3.5 A, which is the sum
of the van der Waals radius of aromatic carbon. The data are p|4tinum complexes in solution. Figure 6a shows emission and

listed in Table 5. . , excitation spectra of in ethanol/methanol glass at 77 K. The
[Pt(i-big)2](PFe)2 (3). Figure 4 shows ORTEP drawings of  excitation spectrum is consistent with the absorption band at

[Pt(i-big)z]*". The most characteristic point in the structure of 5o temperature. The emission spectrum has a typical profile
the bis complex is the distortion from planarity of thdbiq

ligands, as shown in Figure 4b. Itis due to the steric crowding (17) (a) Hazell, A.; Mukhopadhyay, Acta Crystallogr 1980 B36, 1647.
of thea-hydrogens on opposite ligands. The same phenomenon  (b) Hazell, A.; Simonsen, O.; Wernberg, Bcta Crystallogr 1986

C42 1707. (c) Cordes, A. W.; Durham, B.; Swepston, P. N.;
has been report_ed for the (bpynd (_phe_n)ﬁcomplexes of the Pennington, W. T.; Condren, S. M.; Jensen, R.; Walsh, J. Coord
trans geometry {.e., coplanar coordinatiody. For thetrans Chem 1982 11, 251. (d) Bonneson, P.; Walsh, J. L.: Pennington,

(bpy), complexes, two conformations have been observed. One W. T.; Cordes, A. W.; Durham, BInorg. Chem 1983 22, 1761.
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ligand in 3 as mentioned above, the sameness in the emission
spectra for these complexes indicates that the ligand distortion
due to the steric crowding of the compl&hardly affects the
emissive’zzr* in appearance. It is interesting to note that both
guantum yield ¢) and the emission lifetimer) for 3 are about

half of the corresponding values fdr Assuming that the
efficiency of populating the emitting state of these complexes
is unity, as is the case of Ru(ll) and Os(ll) photosensiti?&rs,
the radiative l) and nonradiative kg,) rate constants were
calculated fromk, = ®/r andk, = (1 — ®)/z, respectively
(Table 6). Thusk, of 3 is estimated to be about twice that of

1, while their k’'s are comparable. The increase in the
nonradiative rate constant f8would be explained in terms of
the deformation of thebiq ligands. The photophysical features
of the dichloro complex?, are different from those of the other
complexes (relatively largk andk,). Complex2 is the first
example of a dichlorax-diimine complex, [PtGL)] (L =
o-diimine) having the lowestrr* emission state. Most of the
dichloro complexes show a broad, Gaussian-shaped emission
spectrum which is assignable to the emission originating from
a3dd state because of the weak ligand fildThe 0-0 energy

for [PtCly(bpy)] is estimated at 18 900 crij which is compa-

Figure 5. Slipped-stack structure of [P#0iq),]>".

Table 6. Emission and Absorption Data for the Platinum(ll) rable to the energy of th&zz* emission for2 (Table 6). As
Complexes the ligand field splitting oR is expected to be similar to that of
aliSOLPtiOH emissiof [PtClx(bpy)], the lowesfdd state for2 would occur at almost
max NM
OFM dnad 1l K kol the same energy as that for [Pi®lpy)]. Therefore, thedd

state would lie just above therz* state very closely, which

— brings about the thermally activated decay, and thus the larger

%Eﬁgg?li?zt()li;;ﬁ)z])(l) g;g gégg ggg 1§g(1) 8:33% Zgg 2??3% kar for 2. As for largek; for 2, it is suggested that there is an

[Pti-big)](PR)» (3) 376(2.25) 530 685 0049 72 1390 Increase in the mixing of thérz* emissive state ywth singlet
states. The phenomenon could be explained in terms of the

#In DMF at room temperaturé.In ethanot-methanol (4:1 (V) heavy atom effect of chloride ligands in addition to that of the
at 77 K.k and k,, were calculated fromd/r and (1 — ®)/r, platinum ion

respectively. o . .

Emission Properties of the Crystals. As is the case for
many platinum complexes with metainetal interactions, the
dicyano complex,1, emits intensely in the solid state. The
structureless emission spectrum with a maximum at 627 nm at
room temperature, which is not observed in solution, is similar
to that of the corresponding bpy complex, [Pt(Gldpy)], which
is due to the emission from3dz*[d o*(Pt) — z*(i-biq)] statel®
Itis the result that a platinum to bipyridine charge transfer state
is considerably lowered in energy by the—fAt electronic
interaction. The similarity in the emission spectra of tHeq
complex and the bpy complex is consistent with the fact that
(b) they have similar PtPt distances (3.34 A fot; 3.33 A for
[Pt(CN)(bpy)])*° and thus, similar metalmetal interactions.
The emission maximum and the spectral width are sensitive to
the quality of the crystal and temperature. For good crystals
of [Pt(CN)(bpy)], we observed the large red-shift of the
emission maximum from 599 nm at room temperature to 647
nm at 77 K following the shift of the onset from 520 to 565
nm. The result suggests that a shortening of theFRdistance

S/ nm followed by an increase in the PPt interaction occurs with

Figure 6. (a) (A) Emission fe. = 373 nm) and (B) excitationin = lowering temperature. In the case];fhowever, the emisgion
595 nm) spectra of [P{CM)-big)] (1) in ethanol/methanol (4:1 (viv)) ~ SPectrum of a single crystal at 77 K is much more complicated,
at 77K; (b) (A) emission Aex = 308 nm) and (B) excitation spectra  as shown in Figure 6b. Itis obvious that the spectrum consists
(Aem= 567 nm) spectra and (C) the longest lifetime emission component of the sharp and broad emission components because the
of the [Pt(CN)(i-big)] crystal at 77 K. behavior of the emission decay at each peak is different. In

o ) o .. fact, as shown with the broken line (C) in Figure 6b, the
containing a relatlvely sharp structure, which is characteristic gmission component with the longest lifetime exhibits a typical
of the 3zx* state and is almost the same as those reported for profile of the 3z*(i-big) emission. The emission spectrum

[.Ru.(i-biq)3]2.+.7v8 However, as shown in Tgb!e 6, the emission appears to have mainly two origins of ther* emission @max
lifetime of 1 is much longer than that of [Riubiq)s]?" (ca. 100

7 .o o )
us at 77 K)! The emission spec_tré:(n ) in glassy solutlo_n (18) Demas, J. N.; Taylor, D. Gnorg, Chem 1979 18, 3177,

for 2 and3 are almost the same in both energy and profile as (19) Miskowski, V. M.; Houlding, V. H.; Che, C.-M.. Wang, Yinorg.
those ofl. Considering the distorted conformation of fhieiq Chem 1993 32, 2518.
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Figure 7. (A) Emission fex= 375 nm) and (B) excitatiomm = 608 Figure 8. (A) Emission flx = 380 nm) and (B) excitationitm = 580
nm) spectra of the [Pt@l-big)] crystal at 77 K. nm) spectra of the [Ftpiq).] crystal at 77 K and (C) emission spectrum

in ethanol/methanol (4:1 (v/v)).

= 569 and 596 nm). The broad peak around 630 nm o o
corresponds to th&dz* emission band. The existence of the ~Of thei-big ligands as well as between the emptyorbitals is
3dz* emission as well as thézz* emission is also confirmed  heeded. Observed interatomic distances between the adjacent

by comparison with the emission spectrum of the crysta2,of ligands, though they are the data at room temperature, suggest

which exhibits only shargzzz* emission gide infra). Thus, such strongz—z interactions forl and2.
the single crystal emission df has multiple origins. Their In contrast to the cases @fand2, the emission spectrum of
lifetimes were roughly estimated to lse. 300us for the3zz* the crystal of3 exhibits a fairly broad profile, though it is also

emission andta. 40 s for the3dz* emission by means of the  red-shifted compared with that of the glassy solution (Figure
analysis of emission decays at several wavelengths. For someB)- The spectral features are similar to firer* emission of
Pt(diimine)(dithiolate) complexes in rigid glasses, Eisenterg  the [Rug-big)s]** crystal, in which the close contact between
al. reported similar multiple emission from*az* state of the the adjacent ligand planes has been also found by X-ray
diimine ligand and a metal-to-ligand charge transfer state analysis® Miskowski and Houlding reported the broad and red-
contributed |y a p orbital of sulfur of the dithiolate ligard?. ~ shifted emission spectrum for the crystal of [Pt(pla) which

As the emitting3dr* state for 1 arises from the interaction ~ Was assigned to the excimefigz* emission due to ligand
between platinum metals in the crystal, the situation differs from ligand interactions in the excited state on the basis of the long
the case of the Pt(diimine)(dithiolate) complexes. However, distance (3.7 A) between the [Pt(phgf) complexes in the
the phenomenon fdr indicates that thézz* state and théd* crystal?! Furthermore, excimer formation in fluid solution has
state are energetically very close in this crystal structure. The Peen reported for the related complexes, [Pt(&dmine)]

%d* band does not shift so much from that at room temperature (diimine = 4,7-diphenyl-1,10-phenanthroline, 4gi-tert-butyl-

in contrast to the [Pt(CNjbpy)] crystal. However, thézz* 2,2-bipyridine) which have high solub|l|t|e%§:23 The_ emission
bands occur at longer wavelengths compared with that of the SPectra of these complexes are red-shifted with increasing
glass state, and a corresponding peak can be seen at 532 nm ifoncentration, though the excitation spectra do not change. For

the excitation spectrum (Figure 6b). The point will be discussed Such dimerization between the excited and ground state com-
in the succeeding paragraph. plexes in solution, the contribution of the-FRt interactio?

or 7—x interactiod® was suggested. In the case &f the

complexes in the crystal form a slipped-stack structure overlap-

ping with a part ofi-biq. Though there are several van der

Waals contacts between the adjacebtq ligands also in the

d crystal of3, as listed in Table 5, the structure seems to generate
eaker interactions than those feirand 2. The excitation

spectrum (Figure 8B) consistently with the almost colorless

feature of the crystal fol3 supports that little interligand

d interaction takes place in the ground state. Thus, the emission

may be regarded as the excimeric one in the sense that it arises

from the interaction between the excited complex and the

d adjacent ground state complex in the crystal. It is interesting

to note that complex, [Ru(i-big)s]2", and [Pt(phen)?" are

all dicationic complexes in contrast 1,and2, the neutral ones.

| The tendency exhibiting such broad spectra in the crystal of

distortion that cannot be detected by X-ray diffraction) could :hihcomp(ljexes folu:ﬁ belreltatecti ttc_> the C'I‘?fge of thglcomplextfs.
be excluded from the cause of the spectral shift because the" € ngid crysta, the electrostatic repuision possibly prevents

emission spectrum fd in glassy solution is the same as those the'stro'ng' Interaction among the. complexes, but the wgak
for 1 and 2 in the glasses in spite of the essentially distorted excimeric interaction COL_“d oceur |nstead_, although, n fluid

structure due to the intramolecular steric crowding3ofThe solution, it seems to be important for excimer formation that

peak positions ofzz* in the excitation spectra corresponding the complex is neutral.

to those in the emission spectra indicate that the interaction is. F_actors Controlllng the Crystal Structureg. Arole of water
not the excimer-type but a stronger one that occurs also in the" dimorphism of [P{CNXbpy)] has been pointed out by Gillard

5 g
ground state. For this, the overlap between the fittearbitals etal> The red form of [P{CNybpy)], which has a columnar

Figure 7 shows the emission and excitation spectra of the
crystal of 2 at 77 K. As mentioned above, the emission
spectrum (Figure 7A) consists of only a structured component
being assignable to tier*(i-big) emission. Difference in the
emission spectral profile from that in the glassy solution coul
be ascribed to the effect of the reabsorption because it depend
on the measuring conditions. The lifetime is roughly estimated
to be about 12@s. As the yellow color of the crystal suggests,
the excitation spectrum shown in Figure 7B extends to aroun
500 nm, which is not observed in the glass state. A peak at
524 nm is assignable to%az* band. Thus, théxa* state in
the crystal of2 as well asl is lowered in energy as compare
with those in the glassy solutions. This fact is attributable to
the intermolecularr—s interactions on the basis of the crystal
structure. Ligand distortion in the crystal (including such loca

(21) Miskowski, V. M.; Houlding, V. H.Inorg. Chem 1989 28, 1529.

(20) (a) Zuleta, J. A.; Bevilacqua, J. M.; Rehm, J. M.; Eisenbergnég. (22) Kunkely, H.; Vogler, AJ. Am Chem Soc 199Q 112, 5625.
Chem 1992 31, 1332. (b) Bevilacqua, J. M.; Eisenberg, Rorg. (23) Wan, K.-T.; Che, C.-M.; Cho, K.-CJ. Chem Soc, Dalton Trans
Chem 1994 33, 2913. 1991, 1077.
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structure with PPt interaction'® changes to the yellow form
by hydration. The color indicates the weake+Pt interaction

in the form though the crystal structure has not been known
yet. Itis suggested that the water molecule in the yellow form
interacts with the CN ligands through a hydrogen bond. Herber
et al. have recently reported the hydration behavior of the [Pt-
(CN),L] complexes (L = bpy and substituted bpy) and
confirmed the hydrogen bonding between theGigands and
water molecules for the hydrated forms on the basis of the red-
shift of the CN stretching band$. The hydrogen bonds weaken
the ligand-field strength of CN which causes a decrease in
the Pt-Ptinteraction. The relationship between the ligand field
strength and the PPt interaction is also understood by
comparison ofl with 2. In the case oi, the red form is stable
and can change to yellow powder only in nitric acid. On the
other hand, foR, the yellow form {.e, the form with no Pt Pt
interaction) has been obtained exclusively. Thus, comflex
containing the strong cyanide ligands, prefers the red form, while
complex2, containing the weak chloride ligands, prefers the
yellow form. Similar tendency can be seen for the bpy
complexes, though they can take both forms more easily.
Consistent with this tendency, the-FRt distance in the red
form for the [Pt(CN)(bpy)] crystal (Pt--Pt= 3.34 A) is shorter
than that for the [PtGlbpy)] crystal (Pt-*Pt = 3.45 A).
However, the larger distance in the [Pi®py)] crystal is
probably due to the larger Coulombic repulsion of Clit is

Inorganic Chemistry, Vol. 35, No. 1, 199423

stability between the red and yellow forms is likely to expand
because the intermolecular-sr stacking interactions are easy
to occur on the extended-system compared with the bpy
ligand. As aresult, in the case Bfwith the weak ligands, the
m—am stacking structure would be more stable rather than the
Pt—Pt stacking structure.

Conclusions

The characteristic stacking structures of the platinum(ll)
complexes containingbiq and the emission behavior deeply
connected with the crystal structures have been clarified.
[Pt(CNX(i-big)] (1), which contains strong-field ligands, favors
the formation of a columnar structure with-FRt interactions
in the crystal. The emission of the crystal at 77 K originates
from both 3zz*(i-big) and3drz*(do*(Pt) — z*(i-biq)] states.

On the other hands, [Ptgi-big)] (2) is arranged to form a
z-stacked structure on thiebiq ligands and [Pt¢big):]2" (3)
takes a slipped-stack structure. Ther* emission spectra
observed for these complexes in the crystal state are red-shifted
compared with those in glassy solution. This is attributable to
the r—z intermolecular interactions between thbiq ligands,
though their strength is dependent on the crystal structure. Thus,
thei-biq ligand with largerr-system than bpy has revealed the
effect of the intermolecularr—x interactions definitely and
allowed the systematic study of the emission spectroscopy
because of the lower-lyingr* state.
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