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Excited state interactions of luminescent ruthenjum (II)
complexes with laser dyes are being studiec. Novel
experimental tools incluaing an ultra high accuracy quantum
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H
risetime boxcar integrator , a luminescent wavelength shifter
method for correcting for the wsvel•ngth dependence of
phototube transit times in decay time measurements, and a step
excitation method for studying reversible excited state
electron transfer have been developed to facilitate these
studies. Energy transfer from the tris(2,2’—bipyridine )—
ruth.nium(II) complex to a variety of rhodamine and oxazine
laser eyes have been demonstrated in both homogeneous
soAutions and in aicellar assisted ones. In favorable oases
energy transfer efficiencies from the charge transfer (CT)
sensitizing state of the Ru (II) complex to the singlet state
of the laser dyes, exceed 80~I. To date energy transfer appears
to be dominantly by a Forater resonance mechanism. In the
micellar cases the aye and complex are brought so closely
together that contact quenching of the excited dye singlet
state can occur. Applications of these systems to new binary
laser dyes are under stucy.
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b. ~esea rch Objectives.

‘I. To study exci ted—state properties 01’ luminescent transition

metal complexes and their excited state interactions with laser dyes.

~~~. To study tne mecflantsms of energy transfer between metal

complexes anu laser dyes.

j . To utilize energy transfer between metal complexes and laser

ayes in order to develop new anc improved binary laser dye systems

with enhanced stability , efficiency and narrower line widths.

C. status of tne Research Ufort.

I4tne paperJ lind one Pn.~~. thesis have been completed W h i ch

ac~nowieuge AFdS~
( support. A bibli orraphy is attached anä manuscript

copies or reprints of the papers have alreaay becn forwardec to the

AFU.it~.

‘i~ ese paper~ incluae ti’e followinr .: oevelop~Ient 01’ a lart~e

area bolometer and recaliorat ion of t~ie rhodanine ~3 quantum counter

(i); development ol’ a new ‘iesi~ n of Id nual bi~ h accurac y rela ti ve

quantum yield coinparat.or and prelim inary calibration 01 5 series of

new luminescent quanturn counters ( 3 ) ;  design an~ cons truc ti on of a new

subnanosecono risetin~e microcomputer con trolled nanosecond boxcar

integrator for luminescence decay time tieasurements (~~);

ir~plementation of a new experil’Iefltal w~~~~o~~ qua titatively stuUyinr .
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reversidie excited—state electron—transfer processes (J~); a review of

the experimental approaches used to study reversible exc ited— state

electron—transfer reactions (1). We have also developed a new approach

to correction of phototube transit time artifacts in fast decay time

measurements, an d we have used it to show that the slow r ise t imes of

i~h(IlI) complexes reported in the literature are in error by over

three oroers of magnitude (6); and we have discovered and

characterized a novel excited state inversion in the excited—state

acid—base reactions 01’ ruthenium (1I) complexes (6). We have also

demonstrateu the reniaricabla result that only the ~C.—diimine

functionalIty is required in the ligands to yield charCe t ransfer  (CT )

lu~ inescence 01’ platinum metal complexes (s ) . Tnis wori~ provides

impetus for our continuec deve lopment of an entirely new class of CT

photosensitizers . Using our newly aeveioped quantum counter

comparator , we nave answere c definitively tne Incorrect sugvestions

that the “intersystem crossing ” yields of ruthenium (II)

photosensitizers are aubunity (7) .  These works supply us with the

experimental tools and new cne~ ical systems for carrying out our

project as well as elimin ating from consiceration the potentially

bothersome slow “intersysten crossing” relaxation pathway in our

work.

i~ priu~ary thrust of our project is the energy transfer fron

luminescent Mu (11), us(1I), and Ir (lIL) photosensitizer to orpanic

laser oyes. ~e nave suoceeaeu in de ionstratinr efficient energy

t ransfer quenching of tne charge transfer excited state of

tris(2,V—oipyrjdine)rut.henium, (Ru(bpy ). ]~~ , by a variety 01’ 
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oxa zine and rnodamine laser dyes. This transfer has been shown to

occur at low uonor—acceptor conce ntrations in aqueous solutions of the

micelle forming surfactant sodium iaury~. sulfate (NaL .S) and at higher

concentration in nomogeneous alcohol solutions . In the micelle

experiments both (Ru(bpy )3J” and dyes are 1O~~ 14 and the

micelle forming IaL~ is required to bring th~ donor and acceptor

together. In favorable cases very efficient (>8O~ ) singlet energy

transfer from tne (Hu(bpy 3
)2~ to the dyes occurs. This result

also justifies our original proposition that these metal complexes

would be efficient optical energy receivers for pumping of laser dye

systems.

Currently our work is devoted primarily to determining the

mecnan isi~(s) ana efficiencies of’ this singlet energy transfer between

metal complexes ana ayes. because of the strong absorbances of the

u yes , these measurements have been exceptionally difficult and have

necessitatea the design and construction of a very efficient computer

con trol lea qu~pj~4.n counter comparator . Un the basis of the results ,
• wulcu we are currently evaluatinc, long range F~rster transfer is the

dominant enercy transfer mecnanis~ in f&omo~eneous solutions.

~~iffusional t iotion is , however , useful in aiding the transfer by

bringin g otherwise non—interacting molecules close enough together for

transfer.

t icelles can exhibit contact phenomena which is clearly shown by

the weak quenching of some dyes by the ruthenium(II) complexes.

because exothermic energy transfer is not possible , we believe that

this quenching may arise from micellar catalyzed contact excited—state

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ,~ — 
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electron transfer. Our excited state electron transfer measuring

instrument may be useful for resolving and quantitating these

effects.

Once we have characterized the best systems for efficient energy

transfer and minimization of electron transfer quenching, we wil l  be

prepared to carry out actual laser dye teats. For nitrogen laser

pumping the more concentrated homogeneous mixture will be most

appropriate. For flash lamp pumped lasers, either some of the more

efficient homogeneous systems or low concentration micellar assisted

ones are likely candidates.

‘1
,

______ —. -~~ . — . .~ ~~~~~~~~~~~~~~~~~~~~ 
‘ ‘



Pa ge 5

U. Technical Publications.

1. 11. A. be~raf f, J. N. Demas , and D. G. Taylor , “Revers ible
~xcited—~tate Electron—Transfer Reactions of’ Transition
Metal Com plexes ,” Solar Energy Conversion and Storage,
Ed. by i~. B. King, C. R. Kutal , and R. R. Hautala , TheHumana Press , Cl ifton , U. J., in press.

�. D. G. Taylor and J. U. Dernas, “Light—Intensity Measure-
ments I. Large Area Bolometers with Microwatt Sensi—

• tivitles and Absolute Calibration of the Ithodamine B
Quan tum Coun ter ” , Anal. Chem. 51 , 712 (1979).

3. D. G. Taylor and J. U. Demas, “Light Intensity
Measurements II. Luminescent Quantum Counter Comparator
and Evaluation of Some Luminescent Quantum Counters”,
Anal. Chem. 51 , 717 (1979).

*1. D. G. Taylor and J. il. Demas , “The Step Excitation Method
for StudyinC Reversible Excited—State Electron—Transfer
I~eactions: Experimental Realization ” , J. Chem . Phys.
in press (about July 1~~, 1979).

~~. ~~. F. t~ru g  and J. U. Demas , ~‘Charge Transfer Luminescencefrom an ~~—bilmine Complex of huthenium (II)” , J. Am .Chem Soc. 101 , 4394 (197~ ).

b. S. ti. Peterson and J. U. Uemas, “Exc ited—State Acid—Base
heactions of Dicyanobis(2,2 ’—bipyriaine)ruthenium (II) and
Dlcyanobis(1 ,10—phenanthroline)ruthenium(II)” , J. Am.
Chem . Soc., acceptea.

7. U. ~~. Taylor and J. ~.. Deiaas , ‘On the In te r sy s tem
Crossing !ields of i~utheniun(II) and Osmium (II) Photo—
sensitizers ” , Inorg. Chem., accepted.

o. .. ,. ii. Peterson , J. U. bemas , T. Kennelly, hi. Gafney , and
U. P. ~ova k, “On the Measurement of Luminescence
hisetimes. A Case Study of the kisetimes of Fthodium(III)
Complexes ”, submitted.

• 9. D. G. Ta y lor , T. J. Turley, 14. Rodgers , S. H. Peterson ,
and J. ~. Dema s, “A Microcomputer Controlled boxcar
Integrator with Subnanosecond Risetime ”, submitted.

10. D. G . Taylor , “Excited—State ~lectron—Transfer Processesof Trans ition Metal Com plexes ”, Ph.D. Thesis , Un ivers ity
of’ Virginia , 1979.
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E. Professional Personnel Involved in Work.

Poatdoctora]s:
S. H. Peterson
W. F. Krug
I~. Mandel

tiraduate Students:
• I). ~~. Taylor

S. Buell
T. J. Turley
U. Pearson

Undergraduates:
• h. (ireer

£. Cetron

F. Interactions (talks presented by 1. II. Demas) .

1. “New Laser Uye Systems” at “Meeting on Laser Dye
Lifetime Studies ”. Wright—Patterson Air Force Base.

-; September 7, 19Th. A meetinr of’ Air Force and Navy
researchers In laser dyes sponsored by the AFOSR .

2. “Excited—State Electron—Transfer Reactions of
Transition Metal Complexes ”, with B. A. DeGraff and
U. G. Taylor. Savannah ACS , November 10 , 19Th. In-
vited talk in the section on Chemical Conversion and
Storage of Solar Energy.


