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SUMMARY

A series of Pt(diimine){dithinlate) complexes has been synthesized and
characterized spectroscoplcally. The dilmine ligands include 2,2'-hipyridine
(bpy), I,ld-phenanthroline (phen}, 4,4 -dimethyl-2,2Z"-bipyridine (dmbpy}, 4, 4°-
diphenyl-2,27 -bipyridine {dpbpy) and 4,7-diphenyl-1,10-phenanthroline {dpphen)
while the dithiolaves are maleonitriledithlolate (mni), 2,2-dicyano-1,1-
ethylenedithiclate (i-mnt} and ethyl-Z-cyano-3,3-dithiolatoacrylate (ecda). The
complexes are solvatechromic showing A linear correlation of absorbance with
solvent polarity. The most notable featute of the complexes is that they
luminesce in fluid selution. The lumipescence differs depending on the nature
of the dithiolate - mnt complexes show structured emissions whilg i-mnt and
ecda complexes do not - but the emitting state appears to be d-n (dithlolate)
for all complexes. The relative guantum yields for emission have haen
determined, as have lifetime measurements at 298 K and 77 K in both rigid and
tluid media. OQuenching studias have been done for Po{dpphen){mnt} and
Pri{dpphen){ecda) using dimethylaniline (DMAY ax a donor and o-nitrobenzaldehyde
{CNE) as an accepror. Good Stern-Volmer behavior 1s observed for both reductive
and oxidarive guenching.

IRTRODUCTION

Square planat complexes are among the eariiest studied transition meral
Luminophores. Most of the attention in this regard has focused on complexes of
Pt{Il} such as Ptxéz" {f = C1, CN}, Pt(Nuszz* {N-M = bpy, phen, diimine} and
Pt{N—N)XZ, and has ifzolved Tuminescence in the s0lid s;fte or in rigid media
at low temperature. The earliest studies ol the PtX&
revieved.l In more recent work, Webb, glﬁgl;,z have observed luminescence for

systems have been

the platinum diimine complexes Pt(N—-N)Cl2 but no emission maxima, structural
information, quantum yields or lifetimes were repovted. For a series of charged
and neutral Pr{II}) complexes, Camassei studled the effect of counter ion and
molecular geometry on emission spectra, and [ound lenger emizsion lifetimes for
trans isomers over ¢iz and for those complexes with ligand n systems.3 In none
of these reports vere the Pt complexes observed 10 be solution luminescent.
Other square planar complexes have also been found to be luminescent in

the solid state. These systems lnclude 2 number of Rh{I) and Ir{I) complexes
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with chelating di{phosphine} and diimine ligands, and the emitting states in

theze systemg have Leen ascribed to MLCT transitians.s'?

In 1983 Eisenberg, et
al., reported the synthesis and characterization of a series of luminescent
square planar complexes of general formula [HLL'(mnt)]n' {n =1, M==E8h, Ir;jnax
0, M= Ft; L, L* = CO, PRE’ P(OR)3; mnt = maleonitriledithiolate).8 These
complexes exhibited highly structured emission and excitation spectra in the
so0lid state and in freozen solution. The similarity of the vibronic structure
among the Ir, Rh and Pt complexes, together with shifts in the emission maxima
as a function of electron donating ability of L and L', supported assignment of
a common emitting state as MLCT involving the dithiclate ligand. Since measured

7

lifetimes were on the order of 107 sec with samples exhibiting single exponen-

H mnt)'
Luminescence from d° complexes in Eluld solution is a relative rarity. One

tial decays, the emitting state of these complexes was designated as 3(d—n

set ot ds complexes which do emit are binuclear systems exemplified by Plz(u—
P205H2)44_ and ha(1,3—diisocyanapr0pane)42*.9 Fur mononuclear complexes of
square planar geometry, the absence of luminescence in fluid solution arises
because of efficient radiationless decay via collisions with selvent in the
open coordination sites of the square plane. For the few mononuclear Ft{1I)
complexes that do emit in flujd solution, the state responsible for the

emission has been assigned in most cases to a n-m* intraligand state.m'l1 T

]
date the only reported case of a Pt(II) complex that emits in sclutien from a
state showing metal invelvemsnt is that of the cyclometallated species
Pr(thpy), (thpy = 2,2'-thiophenylatopyridine.'?

In the present study, a new series of platinum complexes containing a
diimine and a dithiclate has been prepared having the general formula
Ft(N-N)(5-5}. Prior to this work, only a few compleres of this type had been
reported13’14 vith one example showing evidence of luminescence. Unlike the
phosphine and carbonyl mnt complexes, these new systems exhibit intense
absotption in the visible region of the spectrum and luminesce detectably both
in the solid state and in fluid selution at raom temperature. These new
complexes are alse found to undergo electron transfer quenching with doncr and
acceptor molecules, opening up the possibility of utilizing these systems as
phetocaralysts.

EXPERIMENTAL
Materials and Methods

The reagents KZPtCIﬁ (Johnzon-Hatthey), 2,2 -bipyridine (bpy), 1,10-
phenantreline {phen}, 4, 4’dimethyl-2,2’-bipyridine (dmbpy), 4,4’diphenyl-2,2’-
bipyridine (dpbpy} and 4,7-diphenyl-1,10-phenanthroline (dpphen) {Aldrich)} were
used as received without further purification. All solvents were of spectral

grade quality and, except where noted, vere dried and distilled before use.
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Drying agents are specified in parentheses for the following solvonts:
acetonitrile and benzenitrile {PEOS); benzene and THF (scdium-benzophengne
ketyl); acetone, DMF, DMS0, choroform and methylene churide (CaSO&).
Cyclohexanone, chlorobenzene and 1,2-dichloroethylens were used as received.
For luminegcence measurements, solvents were distillad under wacuum and
degassed using 3 Freeze-pump-thaw c¢ycles. The compounds Pt(bpy)clz,
Pt(phen)Ciz, Naz(mnt), Kz(i~mnt) and Kz(ecda) vere prepared according te
literature mathods; 313 other PtLC‘I2 compounds where L= dmbpy, dpbpy and
dpphen were prepared by analogous procedures. Syntheses were performed under N2
using standard Schlenk and inert atmosophere technlques. Yields of
Pr{diimine}(dithlolate) complexes were typleally 30.80%.

Pr{bpy}{mnt), la. 0.106 g (0.25 mmol) of Pl(bpy)Cl2 was dissolved in 40 mL
of hot acetonitrile to which was added 2.047 g {(0.25 mmol} of Naz(mnt) in 10 mL
acetopitrile. A red precipitate formed which was collected by filtration,
vashed with acetonitrile and acetone, and vacuum dried. The IR spectrum (Ebr,
cm_l) contains peaks assignable to coordinated bpy by comparison with a
spectrum aof Pt(bpy)()l2 and to mnt: 2203 (&, C=W), 1471 (s, C=C) and 1157 (m).

Pr{phen){mnt), lh. This complex was prepared by an analogous procedure
using 0.111 g of Pt(phen)cl2 and 0.047 g of Naz(mnt). The yellow-orange solid
obtained waz filtered and washed with acetonitrile and acetone. The IR spectrum
(RBr, cm'l) contalns peaks due to coordinated phen by comparison with a
spectrum of Pt(phen)Cl2 and to mnt: 2206 (s, C=N) and 1496 (s, C-C). 4nal.
Caled. for PtclBHBNﬁ52= c, 37.28; n, 1.56; N, 10.87; 5, 12.43. Found €, 37.24;
W, 1.36; M, 10.74; S, 12.17.

Pr(dmbpy)(mnt), le. 0.083 g {0.15 mmol) of Pt(dmbpy)Cl2 was dissolved in
0 mL of DMS0 and 0.054g (0.3 mmol) nf Naz(mnt) in 5 mL of methanol was added.
The mixture was gtirred for 10 min upon which a red-orange precipitate formed
which was filtered and washed with water, ethaocl and ether. The IR spectrum
{kBr, cm“l) contains peaks due to coordinated dmbpy by coompacison with a
spectrum of PttdmbPY)CIZ and to mnt: 2201 (s, CeN} and 1447 (5, C=C), 1155 {m).
1R HHR (CDZClZ): & B.B4 (d, 2H), 7.92 (s, ZH}, 7.41 (d, 2H), 2.34 (s, BH)

Fridpb mnk 1d. 0.143g (9.25mmol) of Pt(dpbpy)Cl2 vas dissolved in 30
mL of degassed THF and 0.03 g of Naz(mnt} in Me(l was added. The solution was
stirred at room temperature for 2 hr during which time the solution became red.
Upon addition of 20 nL of water, a dark red precipitate formed which was
eollected by centrifugation. Hore precipitate formed after the supernatant
liguid was evaporated to ~20 mL. Both precipitates were washed 3 times with
ethanol/acetone {1:1 v/v) and ether, and wvere tound to be spectroscopically
identical. IR {KBr, cm'l): 2205 (3, CaN}, 1495 (s, C=C), and 1157 {m}; lﬂ HHR
(002012): 5 9.06 {d), B.40 (s}, 7.83 (d}, V.63 {5}

Pt{dpphen}(mnt), le. This complex was prepared by an analogous procedure
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to that for Pt{bpy}{mnt) using 0.148 g of Pt(dpphen)Cl,. The IR spectrum {KBr,
) contains peaks due to coordinated dpphen by comparison with a spectrum of
Pt(dpphen)cl2 and peaks assignable to mnt: 2206 (s, C=N} and 1476 {5, C=C}. 1H
NMR (CD,Cl,): § 9.35 (d, 2H), 8.10 (s, iH), 7.89 (d), 7.64 (s).
Pt{bpy}(i-mnt), Za. U.UEBIg of ‘Pt(bpy)Cl2 was dissolved in MW mL of hot

acetone to vhich was added .70 g of Kz(i—mnt) in 10 ml of methanol. The bright
orange-red precipitate was collected by centrifugation, washed with acetone,
ethanol and ether, and vacuum dried. IR (KBr, cm_l): 2207 (=, CaNjy, 143l (s,
C~C¥, 1160 (m).

Pt{phen){i-mnt), 2b, This complex was prepared using a procedure analogous
to that used for Pt(dmbpy)(mnt} using 0.10 g of Pt(phen)Clz and Q.08 g of KE(i_

mt}. The resulting red solution was refrigerated for 8 h during which time a

yellov precipitate formed. The precipitate was separated by centrifugation and
washed with acetone, ethanol and ether. IR {(KBr, cm_l): 2209 (=, C&l) and 1451
{s, CaC), 1145 (m).

Pt{dmbpy)}{i-mnt), 2e. 0.125 g (3.7 mmel) of Pt(dmbpy)Cl2 vas dissolved in

30 ml of acetone to which was added 0.8 g of Kz(i—mnt) in 10 mL of methanol.

The bright orange precipitate was separated by centrifugation, washed with
acetone, ethanol and ether, and vacuum dried. IR (KBr, cm“l): 2207 {=, CsN) and
1487 (s, C=C).

Pr{dpbpy){i-mnt}, 2d. This tan yellow complex vas prepared in the same
manner as the mnt analog 1d. TR {KBr, cm“l): 2207 (s, CeN) and 1472 (s, C=C),
1157 (m).

Pt{dpphen)(i-mnt), 2e. This tan-orange complex was prepared in the same
manner as the mnt analog le. IR {KEr, cm_l): 2205 (5, CeN) and 1476 (s, C=C},
1157 (m). 1H WHR (CD Clz): & 9.91 (d, 2H), 8.10 (s, 2H), 7.8% (d, IZH), 7.64 (s,
10K, C H5) Anal. Caled. for PtCZSHIGNASE €, 50.37; H, 2.42; N, 8.30; Found C,
49.29; H, 2.18; N, 7.90.

Pt{dmbpy){acda), 3e. This complex was cbtained by a procedure identical to

that used for Pu(dmbpy){i-mnt), 2c. The red precipitate obtained was washed
with methancl and acetone and recrystallized from methylene chloride as a
yellow povder. IR (KBr, cm'l) shows peaks due to coordinated dmbpy by
comparison with Pt(dmbpy)Cl2 and to ecda:r 2203, 1449 and 1153. lH NMR (Cchlz):
& 8.31 (d, 18y, 8.21 {d, 1H), 7.92 (s, 2H), 7.3% {d, 2B), 4.22 (4, %.5Hz, 2H),
2.59 {=, BH), 1.33 {t, 5.5 Hz, 3H). Mass spectrum: parent peak at m/e 366,
Anal. Calecd. fer PtC18 1?N30252 Cy 38.16; H, 3.02; N, 7.42; Found C, 37.H2; H,
2.89; N, 5.90.

Fr{dpphen){ecda}, Ie. This complex was prepared by an identical procedure

to that used for Pt(dmbpy)(ecda), 3c. The orange powder was washed with
methanol and ether and recrystallized from methylene chloride. ln HME {CD. Clz):
8 8.65 (d, 1H), 8.57 {d, 1H), 8.08 (s, 2H), 7.77-7.65 (m, 12H), 4.09 (q, 2H),



1.23 (t, 3HM}. Anal. Calcd. for PtC3OH21N30252: G, 30.42: H, 2.96:; H, E.88:

Found C, 50.01; H, 2.84; R, 5.60.

Spectroscopic Characterization

Infraced spectra were obtained from EBr pellets on g Maltson Sirvius 100
FTIR spectrophotometer. 1H NMR =pectra (400 MHz) were recorded on a Bruker WH-
400 spectrometer, Chemical shifts are reported downfield from internal solvent
peaks (CDZClZ' &H=5.32; acetone—dﬁ, 6H=2.04). Absorption spectraz were recorded
on a Perkin-Elmer diode array UV-visible specirophotometer intecfaced Lo an IBM
PC computer. Solid state luminescence measurements vere recorded on a Perkin
Elmer MWEF-444 Flugrimeter. Samples were prepared by smearing a small amount of
the compound on a glass microscope slide and covering it with a plastic slide
cover. The luminesecence was measured using the front surface and was maximized
by manually aligning the sample. Fluid solution luminescence measurements were
performed on a Spex Fluorclog fluorescence spectrophotometer. A gquartz devar
with flar windows was used for the lov temperature measurements. Temperalure
was lowered by adding the appropriate solvent/coolant combinatisn to the dewar.
Relative guantuw ylelds were measured un Lhe same equipmenl used for selution
luminescence measurements with [Ru(bp:.r)31012 emnploved as the emission standacd.

Emission curves werse corrected for pholotube resvonse and the formula

Isample % wstd x ﬂstd
sample T T TTTTTTTTTTTTTTTTTTTTT
L A
std © 2ample
vas used where I and T are the integrated emission intensiries and
sample std
A and & are the absorbances at the excitation wavelength of the sample
sample std

and the standard, respectively.

Lifetimes in the solid state were measured by exciting the zample with a
PRA Nitremite N, laser pumping on stilbene 420. System response vas adjusted to
Q.15 ps for mnt complexes and ~4 ns for i-mnt and ecda. The signal was filtered
though a Corning 3-73 glass cutoff filter and American I3A Monochromator with
(.3 pm slitz, was detected with a RCA 931C phetomultiplier tube at 1200V, and
vas analyzed with a Tektronix 7912AD programmable digitizer with 74lép or 7422
amplifier vertical plug and 713%0p horirzontal plug. Data analysis was performed
on an IBM %000 series computer. 4 least squares routine was used to fit the
lifetimes tor single exponential decays and a simple deconvelution technique
vas used to resolve the components of double exponential decay after which
liferimes were fitted with the same least squares routine.

Solution lifetimes were detzrmined using 2 time correlated zingle photon
counter with a Nd-YAG Quantronics 116 pumping laser operating at 8 watrs and 76
Mz to produce 100 ps pulses. The 1064 nm YAC autput was frequency doubled

using a KTP crystal and the 532 nm radiation was used to excite a Coherent 700
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cavity dumped dye laser producing BO ps pulses of 534 nm radiation. The 1064 nm
tadiation and the dye cutput were mixed in a LiII’J3 crystal to obtain 381 nm
radiation used tn excite the sample. The emission was passed through a Spex 1681
monechromator and collected on a PR TE2TIRP multichanne]l plate phatomultiplier
tube, amplified using a Bertran 315 amplifier and an EG&G time-to-amplitude
converter., The resulting data were processed on an IBM PC using a multiple
exponential fit routine to minimize XZ and distribute the residwals uniformly
along the axis.

Electrochemical measurements were done in degassed benzomitrile or UMF
using a Princeteon Applied Research 173 poteoliostiat and 173 PAR sweep generator
and a Houston 200 xy recorder. Cyclic voltammograms were measured usiog a
single-compartment three electrode cell containing a glassy-carbon electrode, a
platinum gavze auxiliary electrode and a 4g/igCl reference electrode. (TBA)PF6
(0.1M} was used az the supperting electrolyte, A1l oxidatlon and reduction
waves ate reportsd vs NHE using the ferrocenesferrocenium couple (0.4 V) as an

internal standard.

RESULTS AWD DISCUSSION
411 of the Pt complexes described here are readily prepared by the
reaction of the dichlorodiimine complex Pt(N—N)Cl2 in acetone, DMSO or

acetonitrile with an excess of the dithiolate ligand as shown in eq. 1.

cl N 5

/N\ / Me?CO ( \ / )

23 +  Na,(3-5) S Pt
0.2-5 hr 2N

\N/ \m N

N-N 5-5
ia bpy mnt
1b phen mn t
le dmbpy mnt
id dpbpy mnt
le dpphen mnt
2a bpy I-mnt
2b phen i-mnt
2c dmbpy i-mnt
2d dpbpy i-mnt
2e dpphen i-mnt
3c dmbpy ecda
3e dpphen erda

bpy = 2,2’-bipyridine, phen = 1,10-phenanthroline

dmbpy = 4,4 -dimethyl-2,2*bipyridine

dpbpy = 4,4/ -diphenyl-2,2'bipyridine

dpphen =4,7-diphenyl-1,10-phenanthroline

mat = maleonitriledithislate = 1,2 dicyano- 1,2-ethylenedithiolate
i-mnt = ?,2-dicyana-1,1-ethylenedithiolate

ecda = ethyl-2-cyanc-3,3-di(thiclato)acrylate
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Chavacterization was done by electronic, infrared and 1H HME spectroscopies,
field desorptlon mass spectrometry, and in geveral cases, by elemental
analyses. The spectrocscopic data show the compounds to be mononuclear square
planar complexes of rthe tormuta Pt{N-N){5-5) vhere (N-N) iz a diimine and {5-5)
is a dithiolate ligand. Compound 3c shows two crystalline forms depending oo
the solvent of erystallization; a red form from acetone and s yellow form from
methylene chleride. The conversion herveen these two forms is completely
reversible by recrystallizatiun, and they shov ideutical zolution spectra and
the same parent ion paak in the mass spectrum at m/e 566. However, the two
faorms of 3¢ exhihit significant differences in their seolid state emission and
excitation spectra (vide infia}. The twe {ouns of 3¢ are undoubtedly related
to solid state structural effects as has been seen for red and yellow
Pt(bpy)cl2 in which the red form possesses a stacked structure in the solid.
Unlike the starting compounds of formula Pt(Nhﬂ)Clz, the diimine
dithiclate complexes exhibit an intense absorption in the visible region of the
spectrum with molar extinction ceefficients in the range of 12,000 16,000
H-lcmxl. For each diimine ligand, the transitien for the mnt complex nccurs at
lower energy than those of the i-mnt and ecda analogs. In all cases, the
absorption is broad {average width at half maximum of -3500-4000 cm'l) and
highly selvatochromic. Due to the low zolubility of the complexes containing
mnt and i-mnt in most common salvents, a complete study of the solvatochromic
behavior was pussible only for the ecda derivatives and for one of the mnt
systems. For these complexes, Tthere exists an excellent correlation between the

observed tranzition energy and the E solvent polarity scale developed by

MLCT 71

Lees.20 This is illustrated in Figure 1. Dong‘s Py solvent scale”™  also gave

good correlation with the observed transition energies, but pther solvent

Figure 1. Correlation between transition energy and E* for
(2) Pr(dmbpy)(ecda), (b} Pt{dpphen){ecda) and (c) Pr(diBREN)(mnt).
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polarity scales - splvent dielaectric censtant, Kosower’s 2 scale,22 and
Reichhardi's ET(SO)23 - yielded much pourer agreement.

The successful correlation nf the absorption band energy with Lees’ E*HLCT
scale and the lack of correlation with the other solvent scales can be
understood based on the facts that: (1) dielectrie constant is a bulk property
of the solvent and does not reflect aceurately the behavior within the
solvation shell; (2) both the Z and ET{30) =scales are based on compounds that
show a high degree of hydrogen bonding, a property absent in the present series
of complexes; and (3) the Lees’ E*HLCT scale uses as its basis electronie
transitions similar te those observed here.

411 of the compounds of formula Pt(N-N)(5-5) luminesce detectably at room
temperature in the splid state. For a given dithielate, a change in the diimine
ligand leads only to a shift in the energy and a small change in the intensity
of the emission. In vontrast, changing the dithiplate ligand leads to
completaly different emigsive behavior. The difference is particularly
naticeahle upon changing from the 1,2-dithiclate (mnt) to the 1,1-dithiclates
{i-mnt and ecda). The compounds containing mnt as the dithielate show weak but
structured luminescence at 298 K. At lower temperatures, there is a gradual
position of

The

increase in intensity with a sharpening of the structure, but the
the emission maximum remaing unchanged in going Exom 298 to 77 K.
previously

vibrational structure appears r1emackably similar te Lthat reported

for the phosphine and carbonyl mnt complexes for

n* excited state has been assigned.B Although

mn L
resalved in some of the Pt compounds, a vibronie
can be assigned. This is illustrated in Figure 2
excitation spectra of Fr{dmbpy){mut}, le.

wvhich a metal-to-ligand d-
the emission maxima are less
progressiaon of 1300-1400 cm"1

with the emission and

For the mnt complexez, the intensirty

1
i
?ﬁﬁf --
dgr S i i
J: * R ] EER
LA : \I
S
l lﬂf_‘f‘w'
300 100 00 [T 700 FoG)
wistlpegth [0y

Figure 2. Excitation (---) and emission (-~—-) spectra of

Ptidmbpy){mnt), le, in the solid state at

77 ¥.
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of the luminescence and the emission maxima vary with the nitrogen donor, being
weakest for Pu(bpy)(mnt) and strongest for PFt{dmbpy)(mnt).

The i-mnt and ecda compounds show 2 more intense but unstructured
luminescence at room temperature in the solid state. At lover temperatures,
there is a small increase in intensity, although proportionately much smaller
than that observed for the mnt analagz, and there is no appreciable structure
even at 77 K. However, the emission maximum shifts to lower energies by ~10-30
mm when copled from 298 to 1%6 K, followed by a Eurther 10-30 nm shift upon
cepling to 77 K. Figure 3 shovs the temperature dependence of the emissiaon
maximum for Pt{dmbpyi{i-mnt), 2c. For the red and yellow forms of 3e, different
kem's are seen which shift Lo lonper wvavelengths at 77 £, as 1llustrated in
Fig. 4. Absorption, emission and excitation maxima of the different complexes
are llsted in Table I.

411 of the compounds tested show luminescence in solution at room tempera-
ture. In all cases, the luminescence maximum 1s blue shifted by 10043-1500 crn_1
relative to the splid state samples. In contrast with the zbsorptlon spectra,
there is little solvent dependence ot the energy of the emission bands, but the
intensity of the emission increases with decreasing solvent polarity. A1l of
the mnt complexes show some structure even at room temperature. For the i-mnt
and ecda compounds, the emissions are broad apd asymmetric without discernible
vibrenic structure. Thls ig illustrated in Fig. 5 for the dpphen derivatives le
and 3e. These observations regarding solution emission structure are consistent

with the solid ztate emission spectra of these compounds.

TABLE I

Bnergies of the Absorption, Emissicn and Execitation Haxima for
the Ft(diimine){dithiolate) Complexes

Compound E E E

abs em ene
la 20.00* 16.056 (15.87) 19,08
1b 19. 60+ 15.87 {16.00) 17.79
le 21,19% 16.26 (16.13) 20.908
1d 19.49 14.64 15.38
le 19.03 14.83 15.77
2a 14.70 {15.87) -
2b 23.64% 15.80 -
2c 23.98(20.66sh) 14,70 (15.87) -
24 22.30 14.64 20,40
2e 22.52 15,38 19.23
e 20,33 13.89 {15,15) 16.95
15.65 {16.18) 20.83
e 20,33 15,24 (15.24) 19.61

® All values are reported in cm_l x 103. Absorption spectra were
measured in methylene chloride or benzonitrile solutionm (marked *).
Emission and excitarlen values are from data at 77 ¥; values in
parentheses are at 298 K.
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wT-m3g-=-a3—
4 e =2 -
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wavalangth [nm) wava'Bigth inm}

Figure 3. Solid state emission spectra Flgure 4. Emission spectra of 3c in the
of Zc at (a) 298 K, ¢(b) 196 K and (c) solld state: yellow form, 298 K{-—]

77 K. Intensity scale is not the same @nd 77 K {---}; and red form at 298 K
for all spectra. G and 77 R )

A& more detailed temperature study of the emission of de in CHZClszHFKHeOH
shows a shifv to lower energy upon cooling to a glass and the emergence of new
bands at higher energy below 30 K attributable to a dpphen-based u—ﬂ* excited
state (Flgure 6). The excitation spectrum of 3e differs with kem used for

cellection; at 540 and 580 nm it appears characteristic of the dpphen n-n*

stzn:n::.zf4 but at 660 nm il is broad and less structuced (Fig. 6).
Excitation specira of both the mnt and i-mnt cases show large Stokes

shifts (-2000-4000 cm-l), indicative of distorted excited state geometries. The

Fridpoaher;iecda}

FIldpghenpimnr;

00 o a0
wave englh inm)

Figure 5. Solution emission spectra of le and 3e in CH2C12 at 298 K.
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kb i drey

Figure 6. (a) Excitarion spectra ot Pt{dpphen}{ecad), 3e, at 77 K in
DHF/CH, €L, /HeOH collected at 340 om (——) and 640 nm {---}. (b)
Emigsion Spectra at BO E(——), 140 K(---), 163 K(--- ) and 210 BE&---).

low resplution of the aexcitation spectra of the i-mnt and ecda complexes makes
difficult the assignment of vibronic progression. For the mat complexes,
however, a vibronic progression of -1200 r:m‘1 can be discerned (Figure 2} which
agrees with those seen for the carbonyl and phosphine mnt complewxes reported
previously. The similarity in the absorptien and excltarvien spectra within each
series of complexes is indicative of a common electronie transition for all the
componnds containing A cammon dithiolate.

The nature of the excited states in these complexes has not been
unambiguously determined, nor has it been established whether the axcited
states of complexes containing different dithinlate ligands have in faet the
same orbital parentage. Foir the mnt complexes, the similarity of the vibronic
progressions with those of the previcusly reported cacbonyl and P-donor analogs
strongly sugpests a similar emitting state involvipg a d—n*mnt WMLCT trangition.
For the i-nmnt and ecda complexes, the lack of vibrational structure makes more
difficult the excired state assignment, and necessitates consideration of other
possible transitions.

A literature survey reveals that for d8 square planar complexes of Ir and
Rh containing bpy as a ligand, zolid state emissions were observed at 77 ¥
which showed a vibronie pregression characteristie of the diimine 1:'|.gal'1d‘;Ir The
excited state was thus assigned as a MLCT iovolving the diimine ligand. For a
saries of Wi{N-M}{5-5) complexes, interiigand n—u* transitions were assigned in
the absorption spectra of these systems based on electrochemical and
spectroscopic data for related bis diimine and bis dithielate complexes‘25 The
same assigoment of n-r" states vas extrapolated for the low energ- absorption
and emission of Pt(BABA)(:dt) and Pt{BABA)(mnt) (BABA-biacetil-bis-anil,
tdt=3,4 tolutnedithiolate).lga Becently, a LF transition was proposed for the
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gsolid state emigsion of Pt(N-N)Cl, complexes vhich are closely related to the
systems under consideration here.

At this paint, despite the differences in the emissions nf the mnt and
1,1-dithiolate complexes, we favor for the latter a MLCT state involving the
dithiplate ligand based on the feolloving conslderaticns: (1) the similacity of
the emizsion within a series of complexes containing a common dithinlatve; {2)
the marked differences in emission characteristies hetween 1,1- and 1,2-
dithiclate complexes, even [or the same diimine ligand; {3} Lhe facl that ne
emisgion iz obzerved for Pd and Ni i-mnt and ecda analogs, providing evidence
against intra- or interligand excited states;z? (4} the fact that Pt{N N)Cl2
complexes do not show a strong absorption band in the visible spectrum as is
seen for the corresponding dithiolate complexes and that they emit only as
selids at lowv temperature even though chloride is simillar in ligand field
strength to dith'inlates;28 (5} the excellent correlation which is observed
solvent scale; and

*
MLCT
(b) rhe photochemical behavigr of the complexes including the observation of

betwean abzorpticn energy for 3¢, 3e and le¢ and Lees’ E

electron transfer quenching (vide infrald.

The multiple lifetimes found for the 1,1-dithiclate complexes and the
temperature dependence of their emission maxima suggest the possibility of more
than one emitting state for these systems as seen for Je (Fig. 4). Multiple
state luminescence has been reported for a number of metal complexes,zg but in
only cne case are complexes of dithislate ligands involved.zgh In most of the
reparted cases, the excited states ave thermally eguilibrated and expressians
have been derived by Crosby for emission quantum yield, lifetime and relalive
intensity for a given state as a Eunction of temperature.2 4 fev cases of non-
equilibrated multiple state luminescence have been reported recently,zga and
this possibility must alse be considered for the present series of complexes.

Relative quantum yislds for solution emission were measured uging
[Ru(bpy)3]2+ in DMF as a standard (wem = 0.068].3U Heasurements were done in
rigorously dried, distilled and degassed solvents. In all solvents, the
relative quantum yields followed the trend ecda > mnt > i-mnt. The wvalues of

MLCT
In mixtures of CH2C12 and DMF, the quantum yleld varies as a funetion of the

*
'em vary with solvent polarity and show good correlatien with the E scalu.

solvent ratio. Table Il lists the relative emission quantum yields in three
solvents.

Emigsion lifetimes In the solid state range from 13 ns to 1 us at coem
temperature and from 0.% to 12 us at 77 K. The complexes containing mnt shov a
single exponential recay vhereas the i-mnt and ecda complexes exhibit double
exponential decays with a short-lived component that is predominant at shorter
vavelength, and a long-lived component predomipant at longer wavelength.
Deconvolution results in two single exponential decays. The lifetimes at 298 K



Compound

la
1b
lc
1d
le
2a
b
e
24
le
3e
e

TABLE II

Relative guantum yield {x lOé)

DHF

1.

D

o

Lak = Lak b

E

[ e =R

Lcetone

(¥ Rl

CHZCI2

2.7
26,

=}

i3]

and 77 K including the deconvoluted values are presented in Tables ITII. The twa

components in the emission of the i-mnt seriex with lifetimes which differ by

factors of 2 te 30 give further evidence for the notion of multiple emitting

statas in these systems. The magnitude of the lifetimes at 77 K suggests that

in all cases a significant degree of spin forbiddenness is involved in the

emitting state transitions, although for the i-mnt complewes the higher energy

component appears to have more singlet character. However, due to the large

spin-orbit coupling constant for Pt{II), the labeling of singlet and triplet

states has only relative significance.

TABLE IIT

Emission Lifetimes of Flatinum Dilmine Dithioclate Complexes

Compound

la
1b
1le
1d
1d
le
le
b
e
2d
le
kide's]
3e(R)
Ic
Je
Je

T (298 K)

1040
670
600

89

11,22
130

75.3%

40, 150

18, B6

26, 300

16, 109

12, 78

13.5, 2.4%

Apeasured in CHzcl2 zalution.

7, 26
21.2%

1 (77 K)

6100
2040

190, 80Q
400, 80
§00, 27000
630, 1740
436, 1390
3100
407, 2300
1800

bHeasured in DHFXCHZClzfﬁeOH glass.
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The FL{N-N){5-5) complexes were also examined electrochemically. From
cyclic voltammograms, E];z values were determined for reversible reductions and
E_ values were measured for irreverzible oxidation and reduction waves. The
trend observed for the reduction waves is the same in both the mnt and i-mnt
series. The oxidation wave, however, is constant within a common dithiclate for
the bpy, phen, and dmbpy complexes bul appears at less positive potentials for
the complexes containing pheny! suhstituted diimines. The c.v.'s ftor 3c and 3e

are chown in Figure 7.

TABLR 1V

Electrochemical Data for Platinum Diimine Dithiolate Complexes

red(1) B red(2}

Compound El.—"Z 1/2 F‘.pnx
la -1.21 -1.73 1.06
1h -1.23 ~1.70 1.07
lc -1.29 -1.78 1.07
1d -1.18 1.68 0.70
le -1.15 ~1.72 0,72
2a -1.21 -1.75 1.15
2b ~1,22 -1.73 1.15
2c -1.28 -1.83 1.14
24 -1.11 -1.71 Q.72
e -1.18 -1.73 (.75
Je 1.28 -1.77 .83
e -1.12 -1.68 0.75
Fridmbpy){ecda}
Pi(dpphen)(ecda)
- - ———— .
e oo - n -20

Figure 7. Cyclic voltammograms of (a) Pt{dmbpy¥({ecda), 3e,
and {b) Ft{dpphen){ecda}, le.



Avenching studies of 3e in CH have been performed using the electyon

2t
donor N,N-dimethylaniline (DMA) and the electron acceptutr o-nitrobenzaldehyde
(ONBY. From Lhe Stern-Volmer pluls such as is shown in Fig. 8, KSV was
determined to be 24.8 for ONB and 188 and for DMA, The corresponding kq values
caleulated from KSY and the solution excited state lifetime ot Je are 6.8 x 108
and O x ll']9 I"I_1 s 7, respectively. Since the triplet energies of both ONB (61
kcalfmole)31 and DMA (74 k:alrmule)32 are significantly larger than that
estimated for 3e from its emission (52 keal/mole), rhe quenching was determined
to be poccuring via electron transfer. &s is shown in Figure 9, irradiation of

3e in the presence of DHA (1.6 x 10‘2

M} yields ne change in ab=sarption
spectrum after 24 h whereas in a sample containing ONB (1.1 % IO 2 #), there is
bleaching of the 454 nm band over 5 h indicating degradation of the complex by
irreversible oxidation. This is consistent with the reversible reduction and
irreversible oxidation of 3e in the cyclic voltammogram.

The guenching of Pt{dpphen){mnt}, le, in CHZCI2 vas also studied using o-
nitrobenzaldehyde (ONB) and N,N-dimethylaniline (DMA). The =znergy of the
excited state of le is 45 kecal/mole, which is again substantially less than the
lowest triplet energies of DMA and ONE, Az with 3e, good Stern-Volmer plots
vere obtained with [le] = 1 x 10_5 H and quencher concentrations in the range
.01 - 0.08 M. The Stern-Yolmer constants determined from the plots were 11.2

and 23.6 for DM4 and ONB, respectively, with caleulated kq values of 4.57 x 108

and 1.1 x 10° 1 571,

Vhen quenching studies of 3e were performed using methylviologen (MV2+)
as the acceptor in DMF, good Stern-Volmer plots were nnt obtained. However,
after irradiation of the samples with X » 350 nm for 6 h, the occurrence of
electron transfer was obzserved by disappearance of the band at 497 om due to
the starting complex 3e and appearance of a band at 3B7 nm corresponding to
¥, The intensity of the 287 nm band and the decrease in the 497 band are
functions of the concentration of HVE+ and are absent in a control sample

containing no quencher.

15- :
3}/ i
I
r _£
“ |
15r
| N
9% a2 ca o5 0@ @ 12 14 16

{ ora ] x 107 K

Figure B. Stern-Volmer plot of Pt(dpphen){ecda) with DM4.
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Figure 9. Absorption spectrum of Pr{dpphen){ecda), 3e, after
photolysis in the presence of (a) DMA and {b) ONB.

CONCLUSIONS

& novel class of luminescent PH(TI) complexes has heen prepared. The most
distinctlve features of these compounds are their fluid selution luminescence,
their solvatochromic absorptien spectra, and the emission thermochromism and
dual lifetimes of the i-mot and ecda series. The photochemical and phato-
physical properties of the compounds suggest most strongly that the emitting
states are of the MLCT d—n*(dithiolate) type, although the possibility of an
interligand transition cannot be uneqivecally eliminated at this point. Selec-
ted members of the series undergo electron transfer guenching. Unlike
Ru(bpy)32+ and its d6 analogs, the compounds described here are coordinatively
unsaturated, making them good candidates as both photoreceptors and catalysts
for light driven redox chemistry. Their low-lying CT spectra and electron
transfer behavior suggest that these systems may have significant petential for

use in the reduction of H' and £0,. Studies oriented in this direction are

undervay.
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