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A b s t r a c t  

C o o r d i n a l i o n  che,mb;try is m u c h  m o r e  thou: the  coo.'-'dina~,.h;~a o f  tra;~sifion-meu_d ~or~s b)  
orgai f ic  o[I inorgm3ic  l igands .  I',s ~cop¢ e x t e n d s  to  the  b i n d i n g  o f  at] k inds  o f  subs~ra tes  
(ca t ion ic ,  ~mionic. a n d  neum~l  m o l e c u k : r  spec,,esL ThereCore  c o o r d i n a d o ~  ci-.,emistr) me rges  
in to  the  big field o f  s u p r a m o l e c u l a r  c~emis t r} ,  C o o r d i n u ' d o n  c o m p o u n d s  O.vith o r  withcu-~ 
m e u J s }  e xh ib i t  by de f in i t i on  a h igh  1eve! o f  org~miza~ion a n d  d~erefl:'u'e ~.he: ure qu i t e  su i t ab le  
to  exploi~ the  e n e r g y  mid i rd 'o rmalJo~  c o n t e n t  o f  p h o t o n s ,  h3 zi3i.~ p a p e r  v,e i l lus t ra te  specif ic  
e x a m p l e s  c o n c e r m n g  d~e s imi!ar i ty  b e t w e e n  the  pho ;~cb .emica l  be>m,, ior  o f  c~assica! c o o r d i n a -  
tion3 compound , - .  {i.e. m e t a l  c o m p l e x e s }  a n d  supramolecu1:~r  spec ies  n o t  c o n t a i m n g  meta ls .  > ? 

f l 0 t ) - S S ~ 5  ~?S $ 3 2  ~)0 ~' 9,4X Fb,  c;:-c-r S c i e n c e  S . A .  ~ : • . ,~ ~ - i £D tx  r~" ,<4F ' - ,~2d.  
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also describe coordi~ation compounds :lot containing metals that undergo photocbemically, 
electrochemically, or chemically reduced mechanical movements (molecularqevel machines) 
and behave as logic gates. , 19)S ~:-2!sevier Scier~ce SA. 

Ke)'words." Supramolecular system'< Cage-lype compo;md~ Azobenzene: Charge-transfer 
complexes; Photochemi~|ry; Photophysics 

1. Introduction 

The birth year of coordination chemistry is assumed to be 1892, when Alfred 
Wemer conceived his theory of metal complexes [ ! ]. Since then, the term coordina- 
tion chemistry has mostly bcc~,~ used with reference to the chemistry of transition- 
metal complexes and it has been considered as a part of the reahn of inorganic 
chemistry. This is the reason why in 1970 a monograph on the photochemistry 
of transition-metal complexes was entitled Photochemistry of Coordination 
Compounds [2]. 

In the last 20 years it has become clearer and clearer that coordination chemistry 
is, in fact, much more tkan the coordination of tran:dtion-metal ions by organic or 
inorganic iigands. Pedc~ ~ Cram and kehn (Nobel Prize winners in 1987) and 
several other scientists have extended the scepe of coordination chemistry to the 
binding of a[i kinds o( substrates: cationic, anionic, and neutral molecular species 
of either organic, inorganic, or biologica! nature [3]. Nowadays coordination chemis- 
try merges into ~.!~e big field of supramolecu!ar chemistry. An extended view of 
coordination chemistry within the fiame of supramotecutar chemistry allows one to 
discover interesling analogies between apparently different chemical systems and can 
therefore suggest ideas for the design of novel compounds and the development of 
systems capable of performing usefu! functions. This is particular!y true as far as 
photochemistry is concerned, since *he possibility to exploit the i~teraction of light 
with matter for energy or in(ormation purposes depends o~ ttle degree of organiza- 
tion of the receiving matter [4---7]. Coordination compounds ~,with or without metals) 
exhibit by definition a high level of orgarfization and therefore they are quite usefui 
as components of mo~ecular~ieve! photochemical de'vices [8]. 

In this paper we iIlustrate specific examples concerning the similarity bet':, :en the 
photochemical behavior of ck~ssica! coordi~ation compounds : i.e. m~tal comple~es) 
and supramolect~lar specms not containing me~a!s. We also describe some new 
supramolecu!ar species where ciassica[ transition-metal complexes are ~tsed as com- 
pone:~{s of larger, functionally integrated supramolecu[ar systems m a~ attempt to 
achieve specific functions. 

2° Cage-type eoordir~ation compounds 

2.1. Caged metal ions 

When a metal ion is encapsuk~ted in a cage-type ligand, quite pecufiar properties 
may appear. As far as the ~mot.cne~mcal and photophysicat oeha~,ior ~s concerned. 
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t h e r e  a r e  a! ieast  t h r e e  ~ery  m. te res t ing  cases  < Fie .  t ) o f  cu .ge- type  t~.ela coatmtexc~ 
[!3]. 

C o b a l t  s e p u l c h r a l e  [9. !01 is a c a g e d  ver.,don o f  [Co(Ni--i~}~j: . The~c  ~v~o c o m -  

p L . . c s  . . . .  ,~-'~h,o,~,' ~t q u i t e  s,,m, d a r  " a b s o r p t i o n  spec t ra°  bu'~ ; c G  dff~'eren.~ p h o t o c h e m i c a d  

p r o p e r t i e s .  W h i l e  [Co(NI-,~3)e,] :+  u n d e r g o e s  a~ e fSc ieu t  f ¢ ) = 0 .  !b  ) r e d o x  d e c o m p o s i -  

t i o n  o n  e x c i t a t i o n  in t h e  ] i g a n d - t o - m e t a l  c h a r g e  i r a n s f e r  { L M C T )  b a n d s .  

[Co(sep t ] - '  is c o m p ! e t e l y  p h o t o i n e r t  ( q 5 < i 0 - %  {14]. Tt~e reaso~.~ *br ~his , ,cry 

d i f f e r e n t  p h o t o c h e m i c a l  b e h a x i o r  is q u i t e  s imp le :  in t he  ' . . . . .  ; - "  ~exaaam!u~; comple~¢, t h e  
fo r rna l ]y  C o ( l I )  e x c i t e d  s l a t e  u n d e r g o e s  i;?,st a n d  irre~.ersibie {i,a ac id  >olut ion} 

d i s s o c i a t i o n  o f  the  a m i n e  ,~gands.' "" - w h e r e a s  h~ :me s e p u i c h r a t e  ~he i i g a n d  "a~ts  a r e  

k e p t  a r o u n d  the  r e d u c e d  m e t a l  by the  c a g e d  s t r~ tcmre ,  so  ti-ac b a c k  elec~-::o.n, l r a n s f e r  

f r o m  C o (  ,~T~ ) to  t he  o x i d i z e d  ligand, t akes  p~ace°= gix. ing  b a c k  the  g r o u n d  s la te  .,,-"-.%,.....~., '-~- 

[ n  the  c a s e  o f  [ R u t  bpy)>]:"* a t i gand  d i s s o c i a t i o n  p h . o i o r e a c [ i o ~  . . . . .  ~,.i~,e_, p l ace  {with 

l o w  q u a n t u m  y ie ld}  in a m e ~ a l - c e m e ~ e d  t M C l e . c i t e d  ~ ...... . . . . . .  ,.... [~5. i 6  i Kcr  the  ~.an:e 

r e a s o n  d e s c r i b e d  a b o v e ,  t h e  q q a n t u m  y i d d  o f  i i g a n d  " < ' -  ' " -  - p[]OtOdISaoC~ad©h d e c r e a s e s  b',. 

a b o u t  f o u r  o r d e r s  o f  m a g n i t u d e  . . . .  in  [ R u .  1 ]: ( F ie .  I }. ~vhi.ch is t he  c a e e d  ~d.J,o,~<>,* o;" 

[ R u ( b p y ) s ]  -~# [ l ]  ], B e c a u s e  o f  the i r  g r ea t  s t ab i l i ty  ~ ;ovards  phou.'.;decoml~oSiGC)r. 
c a g e d  C o ( I H  ) a n d  R u ( H  ) comp!e :~es  c~n  be used  as p h o t c , : e ~ : d t i z e r s  {} 3}. 

T h e  case  o f  Eu:-'* c r v p ~ a i e s  i~ co,n,p~,e~e~, differen* s :nce  it d.oes ~o', c o n c e r ~  

p h o t o c h e m i s t r y ,  b u t  l u m i n e s c e n c e  ~,_.r~'~ ,'7.. 18]. Theo ~o,~cst M C  ¢ , c i t e d  s~ate ,of 

' < ¢_ ~., ~. . :-:> e , '~ve .  _ _ E u  s~ exh imt , ,  an  i m e n s e  a n d  l o n g - l i v e d  pho~pi- ,o-e~c - -  w h i c h  in }{~O s ,oh~ion  is 

" ~ . . . .  ~ " " ~  _. , . e  c o o r d i n a t e d  s t r o n g l y  q u e n c h e d  by co~Ip lmg  wide_ the  m g h  ~a~.~y  L,r~ v~bra i io ; : s  ~'*'-" 

w a t e r  m o b c u b s  ¢ ~ i9 ) .  ~ . . . . .  , ..... LI . . . .  .%nun Eu  >- is e ;~capsu!a ted  i ,~: ,  a c a g e < ) ' p e  h g a ~ d  <see 
e . g  [ E u - 2 ]  > F ~ .  i, it is s h i e l d e d  h ' o m  m,~er?.ct;on ".i~i, >.~'ber m<)lec~.]e5~. As  ~i 

c o n s e q u e n c e ,  i is  p h o s p b o : " e s c e n c e  b e c o m e s  . . . .  " " m c c n  m o r e  m[er ,  se ;.ine~ k m E e r  Uved [ i ~'~ , .  ~ j -  

W h e n  the  c a g e  con tah~s  su i t ab ]e  c h r o m o p h o r i c  ur~its, it ca~ a b s o r b  i:ight a ~ d  t r a n s f e r  

the  ' - _ = . .  . ~_ . ._ r e s u : l n l g  e l e c t r o n i c  e n e r g y  to  the  .>_t,~,,..,~" ;~;,'+~_ me.ta~-cep.tered te'<.e~ q~,.,C~':':rc'--. ' ~!a~, {n,,_~ 

the  ro l e  o f  " ' a n t e n n a ' "  ...... <>" ]iehv._ harvesfine~ [ ~ _. ~ i 7. t 8 .20] .  Such  c~.m~es~ '~ j ~- in abe- . . . .  ~mh'v"> . . . . .  

ohvsica] .  . g,~op.': :; • .: imeo r t a r .~  &>r ti':.e, use  o f  Eu  ~ - ~omf.~¢.,,~.~-" ", ........ " . . . .  a ,  l~0n,nescel]*' 

. 'abels..P::~:- :. . . . . . . . .  , :  . . . .  "nunoas.ray ~I, L i g i .  b. sn,:}v~!.,~ a~>o be _noleo t h a i  "*tqe° 
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Eu s + ion ptays the rote of  a "reporter" about the interior of  the cage through its 
luminescence properties, since some features o~" ~he phosphorescm~ce spectrum 
depend on the coordination symmetry. 

2.2. (i~geU motecule.v 

The development of supramolecular chemistry has ted t o  the synthesis of several 
cage-type species capable o_r hostine neutral molecules i,~ their cavities [~i "~1 
Particularly interesting hosts are the so-called hemicarcerands synthesized by Cram 
and co-workers [23,24i. Hemicarcerands are cage-type molecules with large voids 
and with "'portals" throug,h which lsqolecules having the right size can enter at high 
temperature and then remain imprisoned at room temperature ("constrictive bind- 
ing"). Biacety! (2,3-butanedione} has been imprisoned into a hemicarcerand 
[Fig. 2(a)} with the dual purpose of (i) improving its h~minescence properties, and 
(ii) obtaining informatio~ on the cavity of the hemicarcerand [25]. 

A very interesting feature of biacet)l is its strong and strnctured phosphorescence 
bard  ( / . ~ = 5 1 8 n m  i n  CH2CI:) which originates from the lowest triplet excited 
state T~ [271. The lifetime of the T: excited state is imrinsicaNy long {millisecond 
time scale), but it is strongly affected by oxygen quenching. M fact, the phosphores- 
cence band ca~t hardly be observed i_n air equilibrated solutions. In carefully deaer- 
ated CH:C12 soiutions tI~e lifetime o! the T~ excited stave is 0.43 ms. 

When biace~,yl is imprisoned into the hemicarcerand shown in Fig. 2in} [251, its 
spectroscopic and excited state properties do not depend on the sob, eni nature. 
Furtherraore. the N~'etime of the T~ excited state and the phosphorescence quantmn 
yield of imprisoned biacetv! are unaffected by *he presence of dioxygen. "These results 
show that inc!~sio~, into the hemicarcerand ( i ] shields biacetyl frown i~teraction wi~h 
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Vig. 2. C 4 g d  mo~ec~i~.s: fi.t~ b[acoL~ ! nnprb :ond  iu a hemicarcorund [25 ]: (b~ file w,~, di i ] 'cre~ oricnt_mor~s 
o f  the g-te.q !-meP> h2-p> rr<~]~dhl,rm~.: m-. lde,  I>n - - }mmc[ r i~ . :  mdiq4];,_rcnc-ba_.c,J h,.£micvrcerand [26j. 
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T a b l e  I 

EllliSSioI1 p i o p e r l i e : ~  o f  i¥ce  atlld cncap . . , u}ed  .~pecies '  

[ u '  h Biacc l , - i "  

l r c e  ( , q ~ ¢ d  In 2 F r e e  C,~*ged it~ 3 

• ,. . . . .  ; r i m )  58~i '~ 5~I) '~' 51 s 5 3 3  
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F-or r e f e r e n c e s ,  s ee  te~¢I: t h e  ['~_~i nlL!!;te o l  c~lge,  2 m i d  3 ; i re  "~ho~.s n in [ : te ' -  ] a n d  2{~1)_ rc-,pccli~-eJ 3 

H e O  solu~. ion ,  2 9 g  K .  
A i r  e q u i | i b r a t e d  t-'}~ ,C ] ,  sofutk~-_.. 298 K .  

e. ~l . ) , , -~-F, ,  l a ' a n s i l i o n .  

c Exc i t a i . {on  p e r f o r m e d  on lhe i i g t m d  2 

the solvent moJecules and {ii) prevents deactivation of i~s !o~g-Deed T~ excited stale 
by energy ~.ransI~," to dioxygen. A systemaiic invest{g.a~ion has recemly shown tha~t 
the T~ excited stale of  imprisoned biacetyi ca;~= undergo energy- and eiectt"on-lransfer 
processes with suitable species preseq¢ in the solution, but -'.he tale  constants  o f  such 
processes are orders o f  magni tude smaller than those of  the processes i,qvohing fiee 
biaeetyl [28]. 

Since imprisoned biacetyt molecules are shielded f rom interaction with the solvenL 
iheir spectroscopic and excited sm~.e propert ies  mus*. reflect it~e e~'.,vironme~4 consti- 
treed by the internal cavity of  *he hemicarceplex. Compar i son  of  t.he posi{ion of  the 
phosphorescence m a x i m u m  ibr d~e imprisol~ed molecules with the values obtaip.ed 
in a varieLv of  solvems suggests that  ~.he pei-turbaiio~ provided by ti~e cavity is much 
smaller than that  provided by even the most  "'innocen'J" solvent [25]. 

C!early. encapsuIa~ion o~. Eu -~- and biacety~ gives rise to very similar effects 
t Table | ). in spite o f  ~he different nature  o~" the two systems. Such simi]ari~.ies may 
well extend to appIic0.tions, since the Jack of  oxygei~ quenching on the ' , trong alld 
long-lived phosphorescence of  {ncarcerated biace'~yI could open the way to a ~ew 
family of  lmainescent  labels for immunoassay .  

An impor tan t  difference be~.ween caged metal  loess and caged molecuies should 
be emphasized.  Whereas  metaI  ions are species with high symme~r} ~. n~otecu!es may 
have a varieD' of  shapes. The t-elatio~sh~p between zhe shape of  the g,._',es~: mo!ecuL: 
and the characteristics of  the hosting cage may  p]ay a~_ in~pertz~n~ ru,2 . . . .  -~qning 
the propert ies  of  the s~,'stem and may aIso beeon~e ,-: means 1o e>-~ ~. ~; ive,, ~m~et{o~s. 

t~ . ; ..... ,-:,~-. ,- i ~:he v_~ - sub.~.tliue!-.,t In the case o f  9-cyanoan~hracene iaosted, in a ~,e n~.~t,~c, ;_~, ~. 
leans out o~" a wi~dow of  ~he cage and pre~en',s ~he hos! fi.:-~r~ ~'oiating [29]. h~ a 
hemicarcerand based ot~ catix[4]a~-ene~ ~.he cavi'~y is no:>centros>mme~r}c ~nd @.e:'e- 
fl-~re guests like l-methyi-2-pyrroJidi:~one [Fig. 2{b }] <v: ethbi methyl su~>~{de can 
e×hibit ~,wo different orientat ions,  giving rise to a pair of-carceroisor '~ecs  ~" [26.30]. 

c.ct;~hcdraJ, i chrahcdra l ,  and <qaarv pk'4>J~ <>~10-~ 
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This phenomenon may offer a basis for inlbrmation recording on a molecular scale 
[22,3t-34] .  

3. Compounds contai.,iing the azobenzene unR 

It is well known that crown ethers can play the role of ligands lor alkaline metal 
ions [35.36]. Linking such ligands to pho~oisomerizab!e azo groups has led to a 
variety of systems where ',he coordinat ion ability can be controlled by light [3Z3fi]. 
A classical example is shown in Fig. 3(a) [39]. In the t rans configuration o f  the 
azobenzene chromophore ,  the system exhibits a weak coordinat ion ability for large 
cations. Light excitation causes the t r c m s - , c i s  isomerization yielding a configuration 
sukabte to enclose large cations between the two crown ethers, with a strong increase 
in the coordinat ion ability. The trat~s l\~rm exlracts Na*  5.6 times more efficiently 
than the cis form, whereas the cis form extracts K ~ 42.5 times more efficiendv than 
the lrems form. Such a device offers a means of  controll ing the rate of  ion transport  
through membranes.  

A non-metal-containing supramolecular  system working on the same principle 
has recently aeen repor*ed [40]. Such a system is il!ustrated in Fig. 3(b) .  
Amidoadenosin~: and l>nitrophenyl esver can react to give at, amide. The two 
reactants (schematized by shaded areas in the figure) can be linked by H-bonds to 
receptor units mounted on an azobenzene moiety. The t r a , s  form of  the receptor is 

r--~o ~ d ~ - - k t . A >  ° b 
_o - '~_F- '  "---k o 3 hv 

\ o  / "  

b 

o.?..  . . . . . .  . . . . . . . .  . . . ,  

,f ',:=J7 "~,-~-,:=:'/ ~, or .,,-~ k>'-,,, 
\ / 

Fig. 3. ta} A photoresl-~Onsi~e croton oliver capable of perl ' , , ,ming photoswitd 'mig of mctubc;~ordimiUon 
abifily 139]. t b t  A photorespons i ;e  ho.~t c~q~able of performing pho~ocontrcfi!ed I.ernpk~Ae catalysis. Fhe 
two reactants.  ~¢:hemalized bi~ l.i~c: <chu;led area~, are amil~_oadel~;;sine and p-nitropher~yl osier [40 [. 
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a b c 

Fig. 4, Schematic representation> of pseudorotaxanes {aL roLaxax~cs (h). and calcnanes {c). 

not able to catalyze the reaction. Light excitation at 365 nm causes the t r a n s .  ~c i s  

isomerizat ion o f  the azobenzene-based ditopic receptor,  thereby bringing the two 
substrates close together.  At the pholos ta t ionary  state, a nearly ~en-fold enhancement  
of  the coaplin C rate has been observed. This system provides an example o f  photo-  
controlled tcL@iate catalysis. 

4. Pgeudoretaxanes, retaxanes agtd cate~anes as coordination c,~mpeunds 

In the last few years, Stoddar t  and co-workers  [41 ] have shown tha~ self-assemb]y 
o f  a macrocyclic  ring and a thread- type species containing suitabIe electron donor  
or acceptor  units can lead to format ion  of supramoi¢cular  species calicd pseudorotax-  
anes [  Fig. 4{a)]. Addit ion of  two bulky groups at ihe end of  the threaded componen t  
or cyclization of  this c o m p o n e n t  can lead to rotaxanes [Fig. 4{ b)] and, respectively, 
catenanes  [Fig. 4{c1]. A variety of  pseudorotaxanes ,  rotaxanes and ca~,enanes have 
been prepared  by several research groups. Particularly worth ment ioning are those 
reported by Sauvage and co-w,wkers [42], which are obtained by the t empladng  
action of  Cu + ions. 

For space reasons, we will oraly deal with p.~e,tdorotaxane,: ! ' :~ed on electron 
donor /accep tor  interactio~s. Such pseudorotaxanes  cart certain})' be considered c o o l  
dination compounds  even whm~ they do not coe~tain any metal. This is clearly shown 
by the analogy between Eq. {1) [43] and Eq. {2} [X4]: 

,q 1"~'~, :! tl  F ~ ' X  t !  

II \ . _ ~ /  It II R.~Z H 

® 

b--.- -J 
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The similarity between such pseudorotaxanes and transition<netat complexes is 
not only formal, but extends ~o important properties. 

4.2. E.vcha~;ge re,aetionx 

In a metal complex, the metal or ligand(st can be replaced by another metal 
{Eq. (3) [45]} or ligand(s} ',Eq. (4) [46p,: 

I-I:E / ' ~  ( H ,  l l <  /"-"~ ( I I .  c'"D C'-" 
~"=74 "£I "N + ( t l  ' ~ %2t t! " ~ ~ %= 

tt,~ ~. . .1 ( l ]  I t i  "%.._/ ( i t :  

i i ~ i  i i I - - '~  !i C "3 
H ,,""% f~ 

C ( ~j N • ~i X \ i l  Ni l  Nil _) , MA 
11 X ..,,g" II 

!;imilarly, in a pseudorotaxane the thread or the cycle can be replaced by another 
tl~read [Eq. (5)] or cycle [Eq. (6)] [47]: 

L~v__J k.,,,_~+,-7 

L _ ~  " 

4. 3. A bsotj~!ion and hm Hne.'<'e, we .v)ectrJ. 

Metal complexes may exhibit metal-centered, figal~d-centered, and charge-transfer 
{either metabtg-ligand or ligand-to-memt) absorption %P.ds. The metal-centered 
and ligand-cemered bands are more or less perturbed by coordination. Emission 
takes place #om the t.owest excited sta'.e, but it can only occur when such an excited 
sta~e is not distorted compared to the grotmd s: ~te. Similarty, in pseudorotaxanes 
we can find absorption bands concerning the t~ o separated components (thread- 
centered or cycle-centered} more or less pertu:bed by association, and charge- 
transfer bands (either thread-to-cycle or cycle-to-thread). Fig. 5 shows the spectra 
of a pseudorotaxane and its two components [48]. Emissk)n, if any. can again occur 
only fl'om ~.he lowest excited sm~e. Since in pseudo,otaxanes based on donor- accep- 
tor interactions the charge-transfer excited states lie at very low energy and are 
distorted by t~eir own nature~ fast radiationless decay to tee ground state usua~,ly 
prevents the occurrence of luminescence. 
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Fig. 5. A b s , r p l m n  spectra of  av, elect~ ol)-,'"..'eptor c).cI,Yphane (dol~.ed line ~. the tclr:tt}'fia~'ub.tllcnc cbcctrol; 
do~or tdashvd line). ;1,.~] IhqH- p.,,eudv}~-ota,.~nic-t:,pc ~!(Id~-~c[ (f~dt !ine) [4S.49 i 
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4. 4. Electrochemis'tr.v 

Several transition-metal eompiexes undergo reversible outer-sphere redox reactiotas 
[50]. For example: 

[Ru( bpy}3] a- + e -  ~ [Ru( bpy)3] ~ (7) 

Other complexes undergo irreversible ligand dissociation upon electrochemical 
reduction or oxidation. Classical exampfes are Co(II I )  complexes of amine-type 
ligands [51]. e.g.: 

Co{en)~ + + e  --+Co -'++3en (8} 

The electrochemical behavior of pseudorotaxanes based on electron donor/acceptor 
interactions is, in some way, a combination of the two types of behavior exhibited 
by metal complexes. An interesting example is shown in Fig. 6 [48.49]. Reduction 
of the electron-acceptor moiety or oxidation of the electron-donor one destroys the 
charge-transfer interaction which is at the basis of the threading process a~,~d therefore 
causes dethreading~ a process similar to !igand release from Co(enid* shown in 
Eq. (8). However, the reduction and oxidation processes of pseudorotaxane compo- 

Co2  aqj 5 NH 

hvf~'- " '"' ~" > [Co tN Hs)s.o[ ] 

+ CI 

b 

r o-~-,--(~', • ~A, ',J °, , e ~ / /  
hxe f 

Fig. 7. Electron-translier photosensit ization: (a~ decomposit ion of a racial complex [52.53]: ~ b } delhre~idmg 
of a pseudorotaxane [54}. 
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b 

Fig. R. Phoiochemica|13-drixen delh~eading of  pseud,',rolaxat3¢~. ~ hcrc lhc ph~,l,-3se,qsitizer i> incorpora!eo 
(a) in the d~,read and {hi in the cycle. 

nents, like those shown in Fig. 6. are reversible as happens l\~r oute>sphere  redox 
reactions of  metal complexes [Eq. (7}]. so that ,.lpon back oxidation or reductima 
rethreading takes place. The threading, dethreadii3g, and rethreading processes are 
accompanied by strong changes in the absorpt ion spectrum of  d3e system. 

4.5. Pl, oloinduced pr,~cesses 

From the above discussion on the e!ectrochemical properties it is ciear that 
e lectron4ransfer  photosensitization can be used ~o decompose a mere! cornpIex as 
well as to dethread a pseudorotaxane.  In the last few years, the expertise gathered 
with catalytic systems based on transition-metal comp}exes !'or v, ater splildng [52.531 
has been profitably used to perforrn photoinduced ded3reading of  pseudorotaxanes 
[54] by means of  a bimotecular electron-transfer reaction ( Fig. 7 ). Second gm,eration 
systems, based on integrated structures ~hat incorporate  d3e photosensitizer and the 
thread [55] [Fig. 8(a}] or the photosensitizer a~ld the cycle [56 t [Fig, 8(b)] have 
recently been developed. 

4. 6. MogecMar-te3"ef mec/;mdca/ mv.chi;~es ur:d i~g'ic <~ages 

As we have seen above, the dethreading re threading  processes of  pseudorom×anes 
can be induced by photons or electrons. Lu some cases, these processes can also 
be induced by suitable chemical reactions [57]. These photochemicatly-.  



+ ~ . 

> 2 
+ 

Lo o~ 
L~o.J 

O - (CH3CH2CH2CH2)3N (~ ~ CF3SO3H k/~) 

Fig. 9. Acid- alnd base-driven unthreadmg retiweadmg oF a pseudorc, taxane. Fhe input (chemical ~ omp~.~t 
( luminescence~ characteristic> of  1his system c~orrcspo,ld ~.o tho ,c  of  a XOR logic gMc [58]. 

electrochemically-, or chemically-driven processes are interesting for two reasons: 
(i) they represent a simple example of a mechanical n~.ovement in a mo|ecular-level 
system that can be controlled by an external stimulus: t ii} the input (photon, 
electron, proton, etc.)/output (absorption spectrum, emission spectrum, elc.)charac- 
teristics of these moiecular-level systems often correspond to those of a logic opera- 
tion. For example, the behavior of the system shown m Fig. 9 corresponds to that 
of a XOR logic gate [58]. 

MechanicaMike movements under the action of photochemical, electrochemical, 
or chemical stimuli can also be obtained in rotaxanes [59 61] and catenanes 
[59,62-681. 
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