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And God said: “"Let there be light!"™;
and there was light.

And God saw that the light was good.
(Genesis, 1, 3-4)

SUMMARY

After an induction period lasted up to the early 1960s, the pholochemistry of
coordination compounds has exhibited an autceatalyric develasment for about two
decacdes and continues to be a rapidly growing Eield. Tr the past fifteen years
there has been a progressive digplacement of interest from intramclecular photo-
reactions (c.g., ligand photosubstitution and photoredox decomposition) towards
intermnlecular processes (e-g., energy and electron transfer). Presently there
iz a growing interest towards the study of supramolecular systems, and I1b seems
likely Fo expect Fhat in the next few years there will be a strong development
Lo investigulions concemning photonic molecular devices (i.e., assemblies of
melecular components capable of performiang valuable light-induced functions).

INTRODURCTION

Photochemistry is a branch of wedern science that deals with the interaction
of light with matter and lies at the crosscoads of chemistry, physies, and
bislogy. But Zefore being a branch of sodern science, photochemistry was, and
still is, an extrewmely important natural phenomencn. Since God said: "Ler there
be light", pholochemistry began to operate helping Ged to create the world as
now we know it. Photochewistry was likely the key for the origin of life on the
earth, played a fundamental role irn 1life evolution, and 4t i responsible,
through rhe photosynthetic process thac takes place in green plants, for the
maintenance of all living organisms. Photochemistey caused the accumulatian in
the geological past of the deposits of coal, oil, and natural gas that we now
use as fuels. Phortochemistey is invelved in the control of ozone in the strato-
sphere, and in 2 great number of environmental processes that oceur in the
atmosphere, in the sea, and on the s0ll. Photochemistry is the essence ofF the
process of wislorn and causes a variety of behavioral responses in living

organisms.
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Photechemistry as a science is quite young since, a5 it will pe shown later,
we only need to go back less than one centary te find i:s‘early plonsers. In an
attempt te have a look at past, present, and future of the photochemistry of
coordinaticn compounds, we have arbitrarily divided Lhe perived examined into
eight ages: 1) earlietr observations (before 1900); 2) realization of the
potential of phetechenmistry (19€0-1920); 3) the vceoncepe of gquantun yield
(1920-1950%: 4) renaissance: spectrogsceopic—photoehemicaz relationships
(1950-3965); 5) intramolecular photochemistry (1965-1975); 6) intermolecular
photochemistry  (19795-1985}: 7) towarda & supramolecuiar  photochemistry
{1985-1989}; A) fulure Lrends.

1t should be pointed out that this overview is by no means exhaustive. It is,
in faet, a shert glance an a broad research fielé. A glance which reflects, of
e¢curse, the azuthers' interest and thus Iz mainly focussed on elassical coordl-
nation compounds in homogeneous solution. Organometallic complexes and hetero-

geneous systems, in spite of their great impcrtance, are largely ignored.

E4ARLTZR DBSERVATICONS (BEFORE 18Q0)

The first paper cxhibiting some scientific character is that of Scheele
{1772} on the effect of light on AgCl, and photecgraphy was becoming established
in several countrics in the 1830's (ref. 1). The light scrsitivity of eother
meral complexes {particularly, NaﬁlFe(CN)ﬁ}), was alseo observed very early {ref.
23, but in papers of wvery limited scientific meaning., The so-ealled first law of

photochemistry {only li{ght absnrbed by the rTeacting system can induce a photo-

chemical change) was put forward by Crotthus in 1817 and then by Draper inm 1841
(ref. 2}.

Before the end of the last century electric lamps were already available for
house lightening, hut their light was too faint acd roo "red" to be effective
for photoexcitation. Therefore, the only light source available for phote-
chemical investigations was the sun, as shown by the very famous pleture of one
of the first photochemical laboratories, that was situated on the roof of the
Chemical Tnstiture at the University of Balogna (ref. 3). As a consegquence, the
prograss of photochemiscry was strictly dependent on the weather conditions.
Thia clearly appeara from a series of papers published by 8 French scientist., G.
Lewoine, on the pholochemi{stry of Farric uxalate {ref. 4}. He complained of the

bad climate of Paris

"J'al dii me contenter de la lumiére solaire; comme sous
le climst de Parie le belles jeurnées son Lres rares, ces

recherches on été tres laborieuses et tres longues".
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and eventually moved to the Swiss Alps to [ind more intense (and ultraviclet)
ight. The expecimental sectione of Lemsine's papers report detziled moteor-

ological infermation, c.g.,

"3l podt 1886: ciel trés pur: l'une dea plus belles
journées et la plus chaude de I'année. Temperature maximz

1taprés-midi 339 5,"

but no useful photughamical result.

REALIZATION UF THE POTENTLAL OF PHOTOCHEMISTRY (1400-1920)

Ar the bDeginning of this century the lemportance of photochenistry bolh as a
natural phenomencn and as & sclence became move wldely recognized. This was
mainiy due to the work and the ideas of Giacomo Ciamician, professor of
Chemistry at the Universicy of Bologna frow 1889 to 1922, Ciamician worked
essentially on organic molecules, but his {deas were fundamental for the
development of the wheole photochemical research. Ciamician realized that an
imporrant difference hetween natural and artificlal chemical synthesis was the
much milder conditions of natural synthecic processes, cue to the abilicy of
plants to make use of solar light which is a form of energy much move effective
and "neoble'" than heat. As a rconsequetce, he decided to carry oubt systematie
investigations te reproduce natural pholocheaival reactions '"in vitro" (see,
¢.g., ref. 5). He also realized the wide scope of photochemistry and the great
impertance of a correct exploitation of sclar energy. Most of his bkeilliant
idpas were presented i1 a famous lecrure entitlec ''The Photochemistry of the
Future"” {ref. &), delivered in New York at the VIiI Internacional Congress of
Applied Chem{istry (1912). In that leeture, Cismician diseussed in detail the
problem ot the utilization of solar energy and pictured, at the time of the apex

of voal technology, 3 future soclely based on the sun as direct energy source:

"So far, human civilization has made use alwost
exclusively of fossil solar emergy. Would ir net he

advantageous to make better use of radiant energy?”

He also realized that a civilization based on sclar energy could r@equilibrate
the economlic gap, already existing at thak time, brrween northern and southern

regions of the world:

"Solar energy is not evenly dlstributed over the surface
of the earth..... The troplcal countries would be
conguered by c¢lvilization which would in this manner
return to its birth-place. Lven new the strongest nations

rival each other in the conguest of the lands of the sun,
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as though uncenseisusly foreseeing the future.... On the
arid lamds there will spring up industrial colonies
without swmoke and without smokestacks; [orests of glass
tubes will extend cver the plains and glass builiings
will rise everywhere; inside of these will take place the
photachemizal processes that hitherto nhave bLeen the
guarded secret of the plants, bur that will have heen
mastered by human industry which will xnow how to make
them bear even more abuncant fruit than nature, for

rature s nant in a hurcy and mankind 13"

The final, wery famous sentence of chat paper prescots a  concept  guite

meanitgful even today:

"It our black and nervons civilirzation, hased an real,
snail be foliowed by a quieter eivilization based on the
wtilization of solar energy, that will not be hazaful to

the progress and to the human happiness.”

Ciamician wzs indeed a breoad-minded photachemist. He oredicted the use of

photosensitizers f(that he called catalyzers),

"By using suitable catalyrers, lc should be possivle to
rranaform the mixture of water and carvbon dioxide into
orygen and methanc, or te causc other endo-cnergetie

processes."
the corstruction of pheteelectraochemieal batteries,

"It is conceivable Lhat we might wake photoelectrical
batteries or battaries based on phetochemical

PrOCESEESaan.’

the iwportant rele of phutoinduced eleclron transler processes,

"The action of light is especially favorable to processes

of oxidation and reduction....”
the usge of photochemistry in indusirial processes,

"The reactions caused by light are so many that it shoulid
not be difficult to find some which are of practical
value, MHany syntheses might become the ohiect of

industrial photochemical processes.’

and alsu the use of phototropic {(photochromic) substances Eor fashion purposes:
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"Fhototropie substances might well attraet the attention
of fashion.... The dreess of 2 lady, so prepared, would
change its ealor accordiog to the intensity of light.
Tassing from darkness to idght the celors waunld brighten
up, thus conforming astomatically tn the envlrvonwent: Lle

last word of fashion for the future.”

"The Photochenistry of the Future" had an extrevely [arge echo zmoug chemists
from all cver the world and marked the begiarning of systematic photachemicat
studies, especially in the field of organic chemistry.

Tn the same peciod, nost exinent sciepllsts like Planck and Elnsteio
eigbarated the quantum model of lighr which, a few years later, allowed
photochenistry Lo emerge from itls enmpirizal stsge to answer the guestlion "how

has it oecorred?” that Ciamician could not tackle,

THE CONCEPT OF QUANTUM YIELD (1920-195C)

The first fundamental econcept introduced inte photochenistry by modcen
phycsics waes that light absorption ecorresponds to the "caprture” of a photon by a
molecule, with this cencept in mind, Stark (l908-12) and Einstein {(1912-13)

rroposed that there should be & 1l:l equivalence between the number of molecules

decompoded and the number of quants absorbed {second law of photochemistry). On

this hyporhesia, the quantum yield of a photochemical reaction obeying the "one
molecule per photon law should be unity. With the aim of testicg this hypo-
thesis, several scientists undertoak the experimental determination aof the
quantan ylelds of wany photolnduced rceactions: the results sprezd from 172 o
]D+G. Then Bodesteln realized that the absorption of a photon could be followed
by secondary chemical reactlons and proposed thac rthe photo-processes should be
termed "primazv", while any subsequent chemleal reaction initfated by the
primary photo-products zhould be termed “"secondary” (ref. 7). A few years larter,
the concept of electronically excired state began Zo be used by phorochemiscs.
After these discoveries, the attention of wmost scientists was mainly attracted
by the measurement and the understanding of quantum vields, especially upen
photofragmentation of small nmelecules. Mercury lamps, equipped with mono-
chromators or light filteors, hecame the usual source for light cxcitation.

In this period the mailn studles in the fizld of the photuchemistry of
coordination compounds congerned Fe3* and U022+ complexes because oI their
interest as chesical actinometers (see, e.g., ref. A). Several quantitative
works also appeared on the photochemical behavior of Fe{CN)éh_ and Co(ITT)-
amine cowplexes {ref. 2). The lack of a theory on the absorptlon specrra and on

the nature of the excited states preveuted any mechanistic interprecation of the
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results obtaiced. Some isolated study oo the luminescence of melsl conplexes

began to appear, but this field developed only several years later.

RENAISSANCE: SPECTROSCOPLC-PUOTOCHEMICAL RELATIONSHIPS (1950-1565}).

& Lrue growth of the research on the photochemistry of coordination cosmpounds
could not take place ocntil some rationalization was achieved conceraing thermal
reactivity ard spectroseopy. After the second werld war, an interse accivity
began in both such relatod ficlds and, by the late L950s, a reasonably large
rumber of substitution, isomerization, and redox rcactions of "robust'" coordi-
nation compounds had been studied and some gereval primciples gaverning such
processes became available {refs. 9-11)., At the same time, the interpretation of
the rlectronic ahsorption spectra starfed, rhanks to the develnpment of the
Ligand Field theory (refs. 12-13} and the first attempes to rationalize the
charge transfer bands (refs. 13-14). Fullowing these developments, the photo-
chemistry of ccordination coampounds could move 1ts [irst steps as a2 modern
seience, and in a time span of twe years four important laborateries published
their first photochemical paper (refs. 13-18). Mueh of rthe atrention was
initially focussed on Cr{lll) complexes, whose luminescence was also investi-
gated in some detail {ref. 19). Latcr, Co(lil) complexes atbracted a great deal
af interest becausc thoir photochemical behavier was found to change drastically
with exeitation wavelength (refs. 20-21}. In the best photochemical papers of
that period, the aims of the research were well defined {elucidation of the
photochemical mechanisms and of the role played by the excited states), a
variety of analytical techniques were used, both the nature and the quantum
yield of the photoreaction{s) were investigared on excitation with Llight
corresponding to the various absorption hands, and rhe results were discussed on
the basis of kinetic and spectroscople theories, Some isolated flash photolysis
investigations also appeated (sse, e.g., refs. 22 and 23), bet thls rechnique
remained nob available to mosc inorganic photochemists feor several years. Ao
intense activizy in the leld of carbonyl complexes began, mainly for

preparative purpoges {see, e.g., ref. 24).

INTHAMULECULAR PHUTOCHEMISTRY (1965-1975)

An autocatalytic growth of research on the photochemistry and photophysies of
coprdination compounds took place during that decade. The main reasons for such
a growth were: i) the full realizatisn that electronically excited states are
new chemical species since they exhivit different chemical properties compared
tns the rorresponding ground state molecules {refs. 25,26); ii) the success of
the "localized" wolecular orbital approach to describe the electronic structurc
of the ground and excited states of coordination compounds {refs. 2,27}; 1iii)

the increasing conaclousness that photochemistry and luminescence give
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complementary pieces of informarion concerning rhe excited state behavior (ref.
283; iv) the great development of photochemical arnd lumineacenece studiss in the
field of c¢rpanic chemistry, with the cansequent publizaticn of several books
which illustrated tundamental photochemical concepts (see, e.g., refs. 29-32).

An cxhaustive monograph on the "Photochemistry of Cooréipation Compounds™
(ref. 2} was published in 1970 and presumably helped several inorganic and
physical chemists tn enter the field and ta enrich and diversify the tesearch
activities. An autheritative multi-author book on "Inorganie Photochemistry”
algc appeared a few years later {ref. 33). Llooking at such two books, the
following picture emerges of the 1965-1975 decade:

1. Most of the 4interest was focussed on incramolecular zeacticns, 1i.e.
ligand phetoesubstitution reactions, photoredox decomposition reactions, and
photoisomcrization rcactions.

Z. The use of guenching and sensitizatlion technigues {almust sxclusively
via an wenergy transfer mechanism) hecame ecxtended, aimirg Az the identification
of the excited state resporsible for the observed photoreaction.

3. The compleses wosl extensively studied were thuse of cobalt (48 pages
in the above guoted moncgraph), chromfum (4% pages), and ivom {30 page=s),
whereas ruthenium complexes were scarcely investlgoated {rogerher with osmium
complexes, 1 page only).

4, 4vallable information concerning lurinescence was rapidly increasiog,
particularly for Cr(lII)} complexes.

5. The availability of a large nurber of experimental results concerning
homogeneous Iamllies of complexes encouraged the firsc attempts to systematize
and predict the phutochenical behavior (e.g., adamson's rules) and to identify
the excited state respansihle for the observed photareaction (e.g. douhlet vs
quarter excitved state in Cr{1Il} complexes).

This picture, however, was destlned to change profoundly in a [ew years,
following the first observation of clectron transfer guenching of the
luminescent excited state of Ru(bpy)32+ by Cafnev and Adsuwson (ref. 34), the
growing interest towards intermolecular processes {ref., 35}, and the heginning
of research on photochemical conversion of solar energy (ref. 36).

We would also like to note Lhat 1974 marks the beginning of the series of the
International Symposia on the Photochemistry and Photophysics of Coordipation

Compounds.

INTERMOLECDLAR PHOTDCNEMTSTRY (1975-1985)

The previcusly mentloned report on the electron transfer quenching of the
luminescent excited stale of Ru(bpy)32+ by pentaammine Co{II1l) complexes (ref.
34} was .followed in a few years by a series of papers trom differemt labora-

toriee which gave definitive evidence of the reducing and oxidizing properties
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of *Ru(bpy)jzi. In the mpeantime, the extenslve work carrvled out by several
research groups on the Tuminescence nf coordinatior componnds (refs. 37-343
showed that the lowest excited srate of a number of Cr{11I}, Ru{lIl), and Os{IL)
complexcs exhihits a snfficiently long excited state Jifetime in fiuld solurion
{micro- to nano-second time scale) ta be able to interveac as a reactant in
himolecular processes. Energy and clectron transfer processes involwving elec-
tronically excited states had already been the object of numercus studies in the
fielé of organic chemistry {ref. 40), but the use of coordination compounds led
tc an putstanding development Zn this field. Lln particular, it was sogn vealized
thar Ru{ll) aund 0s{I1) polypyridine complexes, because of their reversible redox
behavier, are excellent reactanta and/ar wediaters in light induced {rets.
41-65) and light generating {refs. 45-46) elccbron transfer processes.

It should alsu be nuted Lhat the enerpy crisis of the early 1970s led several
rhotochemists to become invelved in the problewm or solar energy conversion and
sterage. Particular interest arcse around the photosensltlzed water splitting
{refs. 47-51) and it was saon realized {ref. 52) that Ru{bpy)32+ and related
complexes, hecaise of their excited sbtate redox properties, might funetion as
photocatalysts for such s procoss.

The prufound change oceurced in those years appears clearly o comparing the
rontents af the previcusly wenrioned molri-auther hook of 1973 {ref. 42) with
the special iseue on inorganie photochemistry published by the Jouraal of
Chenical FEducation in 1933 {ref. 533, While in the 1975 book much of the
chapters concern intramclecular processes, ir the 1983 . Uhem. Educ. issue many
articles are (directly or indirectly) dealing with erergy and electron transfer
precesses and an entlre artlele is dedicated to Ru(bpy);“’, which was certalnly
the most studied compound of that decade.

A few fipures are sufficient ko understand the revolution occutred in thar
period: (i) a review article (updated to middle 1986) ovu the photochemistry and
photophysics of Ru(lT)-polypyridine complexes (ref. b%4) is about 200 pages long
{cempare with the single page dedicated to rutheniun and osmlum in ref. 2J,
covers more than 330 refereuces, and lisls the properties of wove than 300
complexes; (ii} a coopilation {npdated to 19B&) of rare econstants for the
quenching of excited states of metal complexes In fluid solution (ref. 55} is
325 pages long, covers about 500 papers, reports data for excited states of 261
complexes of 26 wmetals guenched by more than 400 inorganic and 600 organic
quenchers.

It should be perinted out that in that decade an extensive use began to hbe
made of pulsed technigues (for a history of photochemistry frem the point of
view of flash teechniques, see ref. 56). Such techniques were needed to deteraine
the rate constatts of bimolecular processes as well as to idenrify the nature of

the rcransient products generated by photolnduced electron tracsfer processes.
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The hign exergonicity of excited state electron transfer reactions (or of their
back reacrions) cffered a unique oppporturity to investigate some fundamental
aspects of eleetron transfer theories {(refs. 57,587, with partieclar actention
to the problem of the Marcus inverted region {see, v.g., ref. 59). The growing
knowledge in the fields of luminescence and electron transfer also led to a
noticeable development of investigations on chemi- and electrochemi-lupinescence
(see, e.g., rafs. B0,61).

Again related to the problem ot water splitting, and more generally of sclar
energy conversion and storage, extensive iavestigztions were carried outb on
photochemical processes involving senlconductors (refs. 62-63) and nicro-
heterogensous systems {(ref. #4)., Other rapidly growing fields were photo-
chemiscry {refs. 65,68) and luminescence (ref. 67) of orgaucwetallic cooplexes,

and theorelical treztments of excited state reactivity (refs. 68,69).

TOWARDS & SUPRAMOLECULAR PHOTOCHEMISTRY (1985-1989)

Seme traditional toplcs of inorganic photochemistry, such as the ligand
substitution reactions of Cr{lIl) ecomplexes (see, e.g., refs. 70-Y2), have
continued to attract the attention of aseveral researc¢h groups becauge investi-
gations on suitable designed ¢omplexes have always vevealed new interesting
facets. However, there has been an increasing interest towards processes taking
place between excited atates and appropriate reactlon partners. Numerous and
very accurate investigations have been performed on suitabily chosen families of
complexes with the aim te abtair the parameters which govern the electron
transfer processes (ref. 73). Detalled studies on the lumirescent properties
(particularly, on thelr Lemperature dependence) of several complexes have also
been reported (see, e.g., refs. 74-76), The extensive use of complexes as
luminescent species, electron transfer photosensitizers, and chemiluminescence
induocers has evidenced the need for compounds that, while exhiblting the desired
spectroscopic properties, do net underge dissoclation when they are photo-
excited, oxidized, and/or reduced. Much effeort has therefore been devoted to
build up luminescent and/or redox active cage-type complexes (refs. 76-79).
While attempts aimed at the splitting of water by solar light have continued
with limited success (refs, 73,80), much attention has been devoted to the
photoraduction of carban dioxide {ref. 81).

The mort noticeable trend in current years is a progressive displacement of

interest from iIntra- and inter-molecular photochemical processes taowards

processes oeceurring in supramolecular systems ({.e., assemblies of two or wore
molecular components) (refs. 52,8%). This has heen made passible by the extra-
ordinary progress of chemical synthesis and the extensive knowledge reached in

the Fleld of molecular photochemistry.
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A prominent research line in the tield of supramelecular photochemistry is
that concercing luminescent and/or redox active polymetaliic complexes, where
the varicus meolecular cemponerncs are assembled to ebtain vecterizal electron or
energy migration. The most common "buildicg blocks" to deskign such polynueclear
systems are pelypyridine complexes of RL\2+, 052+, and Cr1+, while the bridging
ligands may range from simple anmions 1like CN- to mulcichelaring aromatic-type
walecules (for detatls, see refs. 33 and 84, ard references therein).

The field of supramolecular photechemistry includes another important
research line. In several problems of practleal interest, there iIs a need to
modify the excited state behavior of a moleeule. This can be done by perturbing
the molecule via appropriate muclear and/or glectronie mechanisms {(ref. 85). In
most cases, such a petturbakion can be perforned oy asseadling the molecule with
a perturber in appropriate supramelecular structures via ion-pairing (refs.
B5-87), second-gphere coovdiration (refs. B5,88), and host-gucst inkeractlon
(refs. 78,89,90},

Several other branches of inorganic photochemistry and photophysics continue
to attract increasing interest. These include photochkemistry of clusters {see,
e.g., rtef. 081), photochemislry own sesiconductors (refs. B0,92), detailed
luminescence problems (see, e.y., refs. 93-95), photochemisrry in lignid xenen
{see, e.g., ref. 96), pressure effects oun photochemical reactlons fref. 97),
photoehemistry in liquid membrames (ref., 98), plcosecand iime tesolutlon (ref.
993, and application of enzymes in arvificfal photosynthetlc systems {see, e€.g.,
ref. 100)}. Parcicularly worth mentioning are the targeting and the selective

photocleavage of DNA by intercalatien of luminescent and/or photoreactive

complexes (sce, e.g., ref. 101).

FUTURE TREWDS

The preceding gsections have shown the cxtracrdinary gquantitarive development
as well as the profound qualitative changes occcurred from time to time in the
field of the photochemistry and photephysics of coordination compeounds. Im such
a rapidly growing field, future krends are difficult te prediet. ln LS70 no one
would have predicted the dramatic change occurred a few years later tollowing
the discovery of excited state electron transfer reactions.

Investigations on the excited stale propertles of simple coordination
compounds will certainly continue, to arrive at =z better understanding of the
faetors that control the photochemical behavier. 411 the rceseatch lines
mentioned in the previcus section (particularly, the use of lumlnescent and/or
photoreactive complexes as labels and probes In bdlological problems) will alsc
develop., We believe, however, that most of the activity 1in the next few years
will be econcentrated on supramoiecular species with the dual aim of making

progresa towards the clucidation of photobiological nprocesses and the
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corstrocitlen of artificial photochemical systens ecapable of performing useful
functions. Along these ways, we expect that wuch =£fort wllli be copcentrated on

the design, synthesis, and characterization of photonie woleculsr devices

[P¥Ds), L.e. assemblies of molecular componeants capable of performing wvaluable
light=-induced functions such as charge =separation, energy migration, and
conformational changes (refs, 102,103}, Some examples of FMDs have already begun
to appear (refs. 82,83,102-105). Ranges of possible applications span Erom solar
energy conversion o signal processing, from spectral sensitization Lo
rhotocontrolled membrane permeability, etc.

?MDs are present, of course, ln nature whers they perform funciions essential
te life as pholosynthesis and vision. Examiration o oatural PMDs shows that
they are extremely complex svstems where Lhe varigus oulecular coaponents ate
suitably vrganized in Lhe diwensions of space, eunergy, and time, Artificlal PMDs
do not need to (and cannot) be as cobnlex as the patural ones; their melecular
compenents, however, must be sulitably chosen and connected so ae to yield the
space—energy-tine organizaticn which allows a corrcet elaboratian of the photon
input (refs. 102,103),

The devcloprpent of PMDs is strictly related the problem of their utilization.
In mast cases, utilizarion of PMDs wiil require sealing—up by several orders of
magnitude to pass From wolecular {or supramclecular) dimenslons to the
dimensions of wmicrodevices of the macroscepic world. The golutiep ro this
problem, which is alsc encountered in the small-upward approach of micro-
electronies (ref. 106}, requires the assembly of a great number of supra-
melecular species in ordered arrays that carn be handled and interfaccd with
electrodes or other termwinals {e.g., heteragesesus catalysts) capable of
cotleeting, and making use of, the energy and/ar signals penerated by lighr.
This f§s indeed a wery difficult ctask that will require a largely inter-
disciplinary effort. Current approaches to the macro-tn-melecular connections
include (1) the use of the Langmoulr-Blodgett techrique to produce molecular
layers ot controlled cowpesition and thickness (ref. 107}, {ii} s=self-crgani-
zation of special types of chain molecules araund weral ions {ref. 78), (iit)
electrode derivativization {ref. 104), and (iv) fabrication of mieroelectro-
chemical devices (ref. 108), For a suecessful utilizarion of PMDs all thase
techniques need to be greatly developed anéd hopefully new omes have teo be

discovered.
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