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Results and Discussion

Introduction The title compound,1, is one of several related Pt(ll)

Transient direct current photoconductivity (TDCP) is an complexes displaying an intense visible-region charge transfer
experimental technique capable of providing information about (CT) absorption and a long-lived, emissive photoexcited state
the sign and magnitude of differences in dipole momentor at ambient temperature in soluti®hThe CT transition has been
the ground state versus an excited state of an unchargeddssigned as an allowed singlet mixed metal/ligand-to-ligand
molecular chromophore in so|utic§nBrieﬂyl the technique transition®> We found via electronic Stark effect spectroscopy
utilizes a static, external electric field to achieve partial at 77 K that the visible-region absorption induces an absolute
orientation of dipolar molecules, as shown in Scheme 1. If change inu of ca. 7 D, consistent with a charge-transfer
photoexcitation leads to a change in dipole moment, the assignment (see Supporting Information). The complex was then
molecules will become either more completely (increasg)in ~ €xamined via TDCP at 295 K in a 1:1 toluene/Cki€blution.
or less completely (decreasesihoriented by the field. In either ~ In contrast to Stark-effect spectroscopy, which probes the
case, the change, together with the accompanying rotational€lectronic structural changes accompanying initial light-induced
motion (see Scheme 1), is equivalent to a transient flow of excited-state formatioh! TDCP generally reports on the
positive charge toward a negative electrode and vice versa. Thechanges associated with the lowest accessible excited state, since
charge flow will persist until the rotational reorientation is it probes excited-state properties in roughly thelD ns time
finished, and then it will reverse when the molecule returns to regime. Like other Pt(diimine)(dithiolate) compoundsjnder-
its ground electronic state. The reorientation and associateddoes rapid intersystem crossing from the singlet state to a lower
buildup of charge can be tracked by monitoring the transient lying, evidently triplet, emissive state or staté$,*> Evidence
photovoltage generated across the TDCP cell. Braun andfor intersystem crossing comes both from the enormous red shift
Smirnov, in particular, have shown how the TDCP methodology in the luminescence spectrum relative to the absorption spectrum
can be utilized to (a) evaluate the degree of photoinduced chargeand from the comparatively long lifetime of the emissive state
transfer, (b) measure net electron-transfer distances, and/or (c}68 ns).
monitor excited-state rotational correlation times for various
light-absorbing organic compouné3.o the best of our knowl-
edge, however, the technigue has yet to be applied to inorganic
systems. An illustrative application to a representative diimine,
dithiolate complex of Pt(ll) is the focus of this Note.

Experimental Section

Pt(dpphen)(ecda) was synthesized as described by Zuleta®et al. I
Solutions of Pt(dpphen)(ecda) in 1:1 toluene/chloroform were filtered NC™ 7C00CH,CHy

through a 0.22«m filter prior to use. ) )
The cell is identical to cell Il in ref 4. The solutions of Pt(dpphen)- Figure 1 shows the TDCP response engendered by formation

(ecda) were excited with 532 nm light from a Quantel YG-270 Nd: of the emissive excited state. The signal is expected to look
YAG laser. The laser has a pulse width of about 7 ns as monitored by roughly like d[l*]/dt.2 Since the luminescence lifetime is
an Electro-Optics Technology silicon PIN detector ET-2000. The pulse re|a‘[ive|y |0ng Compared to the laser pu]se' the Signa| should
power hitting the sample is 120)/shot. A 1000 V field was applied  resemble the laser excitation pulse intensity vs time profile, plus
in the cell. The distance between the electrodes was 0.46 mm. The o oo rrection for excited-state relaxation (radiative or nonra-
path length of the cell is 8.5 mm. No change in the absorption spectrum diative decay, net photochemistry, etc.). As shown by the
was observed after TDCP measurements. . BRRNLAN ; . -
simulation in Figure 1, the experimental curve indeed is fit well

by the independently determined derivative of the integral of

* Author to whom correspondence should be addressed. E-mail: jthupp@
chem.nwu.edu. Fax: (847) 491-7713.
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Figure 2. Plot of TDCP signal vs amount of optical absorbed energy

Time (nsec) by solutions ofl.

Figure 1. TDCP response frorth (0.5 mM solution). A least-squares
fit (dots) gives—120+ 5 D? for sex — g If ugris as large as 11.0 D, then the experimental fit yields an
excited-state dipole moment of#t 2 D and, of course, Au-
the ca. 7 ns Nd:YAG laser pulse. Similar results were obtained (exc—gr) of =10 D or—2.1 e A (or if ug is, say, 11.5 DAu
in pure toluene as solvent. The observation of a finite TDCP is —8 D).X3 These estimates of the change in dipole moment
signal is significant: it shows that a net charge transfer, with upon formation of thériplet excited state are smaller than what
respect to the ground-state charge distribution, must exist in one might naively expect for transfer of a unit electronic charge
the emissive excited state. Two interpretations concerning thefrom the metal ion or the sulfur atoms to the center of the
nature of the emissive state @fcan be found in the extant  diimine ligand (ca. 2.8 or 4.4 A, respectively e A~ 4.8 D).
literature. On the basis of low-temperature luminescence studiesThey are consistent, however, with tig:| value inferred above
in a solvent glass in a magnetic field, Crosby and Kendrick from Stark experiments for formation of the corresponding
concluded thafl exists as a weakly associated dimer and that singletCT excited state. In any case, there is now considerable
1* emits from a triplet @*po excited state encompassing two €vidence from other studies that self-polarization, partial
platinum centers. In essence, the excited state is-®Fbonded electronic delocalization, and other effects can conspire to make
state featuring a bond order of 0.5. Relaxation to the ground effective one-electron-transfer distances much smaller than
state changes the bond order to zero, not unlike the photophysi-simple “geometric” charge-transfer distanéé$
cal behavior of the well-known RP,Os)4*~ complex? Zuleta As shown in Figure 2, at low concentrations the TDCP signal
and co-worker$,on the other hand, concluded that, at least at increases linearly with the number of absorbed photons, as
room temperature, emission in liquid environments comes from expected from theor§/At the highest accessible concentrations,
three triplet states in thermal equilibrium: a diimine-centered however, the signal plateaus and ultimately decreases. Because
a—a* state and two mixed metal/dithiolate-to-diimine CT the intensity depends on the number of excited-state molecules
stated? Since only the charge-transfer states (or admixtures with present during the roughly 10 ns interval comprising the
these states) will yield a change inupon relaxation to the  experiment, any concentration-dependent phenomenon that
ground state and, therefore, only these states will yield a finite results in a substantial decrease in the lifetime of the excited
TDCP signal, the CT states must be responsible for the observedstate could lead to a signal attenuation effect. At the highest
solution-phase emissidh. chromophore concentration examined (1.5 mM), we find that
A more guantitative evaluation is possible based on measure-the lifetime of1* is indeed slightly shortened (= 56 ns), but
ments of the TDCP signal amplitude. The signal should scale by too little to account for the observed loss of TDCP signal
as the dipole difference quantityex® — ug?, Where exc and intensity16-17 A second interpretation is that dimers form in the
gr denote excited and ground electronic states. As implied above ground state and that the emissive state is nowdbi#po state.
the signal also should scale with the number of photoexcited The fraction emitting from this state would experience zero
molecules generated or the number of photons absdrBed. change in dipole moment and would contribute zero intensity
the closely related complex Pt(dpphen)(tbcda), Cummings etto the TDCP signal. The roll off in signal intensity with
al*?report thaugr is 9+ 1 D, a not unreasonable finding given  increasing chromophore concentration would be attributed
the formal dipositive charge on the platinum atom and dinegative
charge on the sulfur-containing ligand. In order to fit the data (13) Note that (10.95— 0?) = (112 — 1?) = (11.% — 3.%) = 120.
in Figure 1, we require a ground-state dipole moment of at least (14) See, for example: Shin, Y. K.; Brunschwig, B. S.; Creutz, C.; Sutin,
10.95 D; this then yields an excited-state dipole moment of zero. (15) N. J. Phys, Chem1996 100 8157-8169,

See also: Vance, F. W.; Karki, L.; Reigle, J. K.; Hupp, J. T.; Ratner,
M. A. J. Phys. Chem. A998 102, 8320-8324.

(8) Croshy, G. A.; Kendrick, K. RCoord. Chem. Re 1998 171, 407— (16) The shorter lifetime can be interpreted as being due to an excited-
417. state self-quenching reaction (see: Connick, W. B.; Geiger, D.;
(9) Roundhill, D. M.; Gray, H. B.; Che, C. MAcc. Chem. Red4.989 22, Eisenberg, R.norg. Chem.1999 38, 3264-3265). Assuming a
55—61 and references therein. diffusion-limited quenching rate constant of<110*° M~* st and a
(10) Itis known that the closely related complex Pt(dpphen)(tbcda) (tbcda concentration of 1.5 mM, self-quenching is anticipated to give an
= 1-(tert-butoxycarbonyl)-1-cyanoethylene-2,2-dithiolate) emits from additional decrease of excited-state population of only 15% after 10
an exciplex state at low temperatures, whereas monomer emission is ns. However, the observed TDCP signal is at least 60% lower than
observed at room temperature (See: Paw, W.; Cummings, S. D,; expected.
Mansour, M. A.; Connick, W. B.; Geiger, D. K.; Eisenberg,Guord. (17) Excessive absorption of laser light before it reaches the detection region
Chem. Re. 1998 171, 125-150). of the cell would also cause a roll off in the signal. However, the
(11) The solution-phase TDCP findings do not rule out the alternative solution with the highest concentration has an absorbance of 0.6, well
assignment in solid-state environments. below a desired optical density of 1 (see ref 2). Therefore the roll off
(12) Cummings, S. D.; Cheng, L.-T.; Eisenbergem. Mater1997, 9, and decrease of the TDCP signal are not attributable to an absorption

440-450. “artifact”.
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Scheme 2 this interpretatiod® If changes inr are neglected, the data in
Figure 2 yield a monomer dimer equilibrium constant of 1.5
o \‘ mM~1; if changes inr are included (assuming SteriWolmer
— behavior), the data yield an equilibrium constant of 1.4 T8
T B J— ‘//' To summarize, the TDCP technique has been successfully
— employed to corroborate the charge-transfer assignment for the
pe=11D Mg =0D emissive excited state dfat ambient temperature in solution.
We are currently seeking to extend the methodology to related
compounds with the aim of understanding relationships between
hv hv effective one-electron-transfer distances and molecular structural
properties.
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simply to shifts in the monome#= dimer equilibrium. This available free of charge via the Internet at http://pubs.acs.org.

explanation by itself, however, is incapable of accounting for
the decreasdn TDCP signal at yet higher concentration. 1C9911670

A third explanation, which could, in principle, account for gy A crystal structure showing the postulated antiparallel stacking for a
both the roll off and the decrease, is again a ground-state dimer Pt (diimine)(dithiolate) complex has been reported: Zuo J.-L.; Xiong,
formation, but with retention of the charge-transfer character Ré-G-: You, X.-Z.; Huang, X.-YInorg. Chim. Actal995 237, 177~
of the, emISSIVe, state. As I”,UStrat,ed in Scheme 2, a d,lmer (29) Coﬁnick et al® report that aggregation of several analogueg &f
adopting an antiparallel configuration would possess a dipole undetected via absorption or emission spectroscopy at concentrations
moment of zero in the ground state, but e&lO D in the upto 5x 104 Min CTChN orf CHzC|2r<]'=lS solfvent(-]I These findingS(

iaqj i _ i i are not inconsistent with the inference here of modest association (ca.

emissive excited state. The valueh: — sigr for.thpf dlmerlc 45%) of 1 at the same concentration; the lower polarity of the solvent
species, therefore, would be equal but opposite in sign to the  ysed in the TDCP studies (toluene/CHCEhould favor greater
value for the monomer. While admittedly speculative, we favor association ofl.






