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Spec t~o~copic  ~u,,d l i[~tim¢ !~mdic-, ~ l  hmf iucs~ ,c~  cxcm~. r  [ 'cumal imt  m , , o t v m g  ~1tc lowest  
~.riple~ exc i l ed  stvdc o f  P | ( 4 , 7 - d i p h c n y l . - l , l O q , h c v t a n t h r o l u l c l ( ( ' N  )e in di~:t ' . lorome~hane s~lu-  
~io~s at r o o m  t e m p e r a t u r e  a r e  ~ ' cpe r t ed . . Such  experirnc.,~ts yield i!~t'o,',w~.ht{o~ re la ted  t,~ the  
/rate cor~su.w~ts c h a r a c t e r i z i n g  e x c i m e r i c  f 'ormtltJolt alt~| dt:c;ay. H'~e 1)~ 1~ ,taF~ter PI-2( P;O.;,}[:)'~ 
u>gethcr  w i | h  A u I C N  ):. in d e o x y g e n a t e d  aqu~:ous s o l u | i o u  e×hibit.,~ a low ene rgy  h u n i ~ e s c c n c e  
b a n d  A n  c, ;ciplex rcsulth~g f ?om dm' ,A Pt ~) At~ ) intet 'ac{ions bcl,,vcci~ t],~he ]t:,~,~ J:~ po~;iul~ttcd 
~o be ~'esp(:m:~ible for  ~.l~e o b s e r v e d  lumme.~cencc  Th i s  appeal'e- lo he the  fir:>t excipk'.~ ~'ep<~rlcd 
bctwee~a squt : re  p!ar~ar d ~* a~'~d ] iuear d u' ious,  ~s well as  the first b e t w e e n  i ike-cha~'ged io~s, 
c ,  199g Etsevier  Scimu.'e ,~'; A .  

Neyw<:rd.w |.!b~cip]cx; Exc imcr ;  Lu)~inc~,ce.-qce: Mct~;bu)eta[  ) > ~ d U ; g  ~.ch~livL~).ic effe<:)s 

A st'cadily Jncvear, ing nun)be) ami v:)ri,'I,< ol cxciplcxes and ~,::'~cimers <.:)i" co,;r<.iina~ 
~.ion -ompouud:~ havc m)w beeu reported [I,2], Among these, coordina(ion corn,- 
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l:~o~snd~ ~ff ~-'I. ~ sbow ;~ !emit 'hey I~_~ form ]umi,lc?;cem cxcJmerD [3 6] arid exciplexes 

:t,;~,l~es ~i' a prcvi,~t~edy rcportcd excimcr o[ Pt{bphen)(( 'N)<. (bpherl .... 
4.7--d~phc~wt-I. !f)-pl~euar~lhroihtel [3j. We also report the l iu 'matiou of  a new lumi..- 
~escc'm excipiex from ~P'.~a PeO~H. .e)~l '~ a~:d Au{CN. ~,~ i~ aqueous  so!utiou. Lwesuma~, . 
bly a consequence of  direc~ P t~ -Au  ~ interactions.  

The ability of  coordinatively unsaLurated compounds of  d -':~ and d u~ d-block metals 
to ¢'-perie,~ce allractive me ta ! -memt  i~:_e:actions is becoming increasingly wetl- 
recogmzed [7 I, These h'~teracnons are a m o n g  the strongesl o~es observed R)r closed- 
~hc!! m,.fiecule-: [g]. Vv'c bzl",,'e h~ket~ adv~ttltage of the facl lllat, light cam "crack opeil" 
',ucl~ dos~:d<&dl mc{~.ds and lead to enhanced  lrleia] F~~ctaI irileraotiosts ilt lb rming  
I umi~,e.~;om! <.,,cipk..,e,,'" ~,' {2 I. Fc, r ex.ample. Pt:~( t>S)>I !a)71 forms'ltll-il~htt::~oefit . . . . .  exciplcxes 
with "Yl" ic,~s i,~ aqt,'cl)us ~4oIutb.~n [2]. We have cx~_eiid,zd lhesc :.,hidtm; lo it/clutk: 
Au{CN L which, hive T! '~ resulls m ihc forrnat ion or' at lower et~ergy iunlh~escence 
b,md in dcox)ge:~a:~cd aqueous  s, , lulions elf thi~ l>t ~ dimer. This appear:~ to be the 
firs¢ ~eport of a hmd;2,¢scc:~{ e~:ciplex fbrmed belwcet~ square ph!riar U ~ at~d tit~ea|' 
d m J-'.'*~IS, {~,S weJl 2,S tf]~,S {},~'S{" . . . . . . . .  _ ~,~. ,~,,,.n iikeocharged h-ms ill soILIlh)Fi. 

The compounds Pl(bphcn)(( 'N h and K.~[Ptj P,()f l ] ,)~]- f l i l ;O were prepared as 
dc;.crib~..'d previouqy lref,< {31 and [ 2j. respecfivelyL K [Au(CN )::], 2t 1.,O ( Au',m('rgic, 
'~9.,:<ii-) wa:; recrys¢:..,.ilized I]om v,'a~.cr. At] sob.'ent~; were ol spc~,,~::('or:ic or I]PL(" 
gr .de  aud wcrc uwd aq received, 7c:rc..:t~d c:':::i::q:.l specira were ob iamed  w~th a 
Spcx ~6gO 0.22 m double mor~:och,',.mm',or lumi~esomcc ~pectrometer interfaced ~.o 
-'a!f IBM-P(" com.puter, A 450 W xcm,n lari-q~., siii width,; ,.~i i or 2 ram, am:i al~ 
hlt ff~" ' ........ o 

obtained r;.:hm~c io q u m m c  su, lfalc [9, i0]. [.lu-!mlc:~ccl: x: hl)lin".e.s were obtah~cd 
f rom ~ttl:;tlysb; tq" lt>,)itoqxpc, He~lt~al decay curves  pl'odt|c(x,J irolB excitation of  
.',~ d+. e ....... d .... '<m 1,.-. with 337 nm ti~zht from gin. [..SI ptflscd r: ihogen laser and 
<b.:t.::,.:lcd with u phoh>mtil~iptic~ ~,a!',<: cmmcc~cd ~.<; a l+¢('roy <]ig{tal oscillosc~.pc. 

3. / A'w'inter o/Pt,' DH~,.'~ : (('~\'," 

T h e  coI'r~'c~c-d , r a m ( s e m i t e  ;~)cclr, i  (~:~c:ilalit~t ~( 300 nn i l  o l  d t c i i ] o r o m c | h ~ r l c  
qm~m~, ,~i !'hf bphen) ( ( 'N  t.~ al bao d~ff-:.~rcut concemr~t io~s  are shown in Fig. i. 
,\t Iow coucc~ra-;ion~ of P~(bphen)fCN L IFig. l i b )  1 there is a relatively struc- 

u!rcd high<l~ergy iumme~;ccnc,: cenl, crcd near 525 rim (19 000 cm t ) a n d  as.%igned 

uquat ty  ~qm,c~'d • oou i  11'~()cu~ ~ al;q.lri, "I'i~<: ht~'~;~h~l:qccm, ce dccrca:,;cs irl h~terk<di, y a,s 
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6~,5 nm ~ i 5 000 cm ~ ) ;~{tribtHed to Ihe excimcr o f  P1 ( bp!'tt:n){CN ):, become.'; increa.,-~- 
ingly p rominem ai higher c~m':cmra~ion:~; [ Pi!.,,. l la)l. l:ig. 2 provid(:'s an example  of. 
how an emission spectrum a~ i ~ e r m e d i a t e  conccnEralion Call be resolved illto lhrec 
o v c r J - ~ . p p m g  ~:xci tcd  . q ~ l c  m,,)n, .~mcr b a n d ~  a n d  a ~ing]C cx~:imc:" h a n d .  ~nLgt..t,~.la of 
thc,~e c o m p o n e n !  b a n d 5  | h u n  y icLb,  th~  r c ] a l i v o  mlcn . , ; i t i c s  ~fi" f h c  h . m m ~ e s c e ~ c e  a l t r i !>-  

? 

3 7 

..-.L . . . . . . . . . . . . . .  ~. . . . . . . . . . . . . .  L ................. .A . . . . . . . . . . . . .  A ,- 

I I . . : : '  ('~,II~F.o.q,z~It ( i ,HVU,hHi I"~;H~d~. ~ f  h,' I~iII~',~,.',~.'~'!~'~." ~,I~O. bH~n ~ I  i'~lI l~[~hrr~I I ( 'N i, ~ii .{i~:.~'~'~!~:' l ied  



tff,.'.cl {t) i}~? !rioriOlt!~N ~tfld tlinit~r i~;_'-;~¢ii.m.!r) excittx[ ~Lli.C 7pt~t:i,,t$, A piol  o [  ihi:s t'~itJo 
as a S-tll3ctior! o} cont;'ct!{!'~.¢io.*~ (It,D. 3} i'cvc~tle~ i.hc prcdk: ted tmear rcl~lior~ship t2) 
with :dope (2.69 7; 0.06)x !0a ! mot ~.  This slope is a crude mea!~t~re of ihe oquitib- 
rh.~m co~tstant fbr eadme~" B.~rr¢la~kni. 

Tb.e luminescence decays of P~{bphenKCN )> produced by excitation at 337 nm 
with a pulsed nitrogen ]aser, were observed to be monoe×ponentiat under ~;hc prese~t 
ccmdilions. The ~'eciprocal el ° ff~e tit?l;mes obiaii,ed are shown in Fig. 4 :~s a fundion 
el" co~cenlral io~i.  TJtc l{!;:'tim,.' de!;'reases st larply w i i h  increa:dn~k c<.mce~lratior~ I tem 
!l'e c.xtt'.-'q'Jolc~ed hmit  ,:ff 150 :L i0 ~:4 ~i{ zero cotlc~tl 'dr4tion. A pie){ el h let jmc vel'st~, 
the r~:cG)l'ocal o [  cc,,~]ccnmitiop ~ll the highest ccmcerllraliorl.~ eased (nol  s i lown)  
p ITJ~ j i . [ L ! .  ~, ;:L l-~.'~tetZ!] CS{.irFt~ffltY 4 i i '  '~'i) ~-" ] }~5 i'Ot.' [ h c  t i f ~ [ i F t l e  t ) l "  l i l t . "  t.~)d,;~iI~ll2r. ,vJ i l { 'h  i ) c ] ' l { } v l , t ) l '  

is p.redJ,.4cci by ;a,.,4dy-,s~atc kinet ic scht.'mc:~ a~;.st.it!tt~iltj two hlmiilesc.'etlt species 
{i~ l I. i2t  IS:he ine l ). the slot,.e o [d3e hne irt Fig. 4 (5 .-< 10~~ 1 rrml I s t} co r reqxmdo 
hlg to {he ratio k;(k~ ~-k,,~,'k~. 

t~v., scheme the stot'~. ~ o f  the ]me ill Fig..> (3 >. l{}+~ ] illoJ t) /\1:~o ~!.ccc)rr,.iir~g, to ~" , , 
st>'mtd cor~'e,~pottd {o the r. ,;., ' " '  - .,t~,O +'%k?, Dri(]';4-bk..+t~-e.,) I ~:tt'~d iS v¢ry api:i~oxil:~ai.cly 
r ek,_~ed h', l.he equ i l ib r ium corlt~.;a~, [t;r 0,¢cq4ex l'orm~{i,t)lt, } : (ka.  The qtmt l t t im yield 

° L . :  ]<~f" ] t4~YliYIC'. ' ,COKICt: t } t  !OV ,  t e o t l t 2 e l t l r a { i t ) l l S ,  A~(k~,ikd, w~ls determined to be 
0,0g0 :7 0.009. Thi'-" ta lue.  ]~t comb ina t ion  w i lh  tl,.e hm i lmg  tif'~etmw value ~tl low 
c<ic:e.~,..1~;.!t.}c~l~ -, ( i30 its), y~clds v;.tlues of  6.9ff: l . t  10- s i and 6 ,9J;0 .6  103 s t f'or 
1~ ;rod !,:> rc:spcclJvdy, The qtJ~l'~{tffn y{dd and iJ[efime 3':.th.leS, tire col!sistcl~t w i !h  
11.'.,~: ,:alc~es ot 0 0 9 7  4rid 223 Vs. respecilve!y, repro'led rece~]tty l\3~ t13o l°c!4lcd colYl-. 
peered Pt4 5-Ph-pI3c,,3)iCN )~ m ( ' { ]~t ' !~ j i31. ~vlor,, ~lcct,'~ue ! i let imc meast,romeitts 
<tr,;.' i locdcd gel l~i{;}3 co!!Cell!ratlom, 1[ 4 ~eliablc lov,c% tim{| to the lil'~;lmtc L~ to be 
e~4gibii~.,ltt.d. 5;tic!~ tlailc~, 41~,g v,~{h lilt: -q)cclio~c,>pic d;Jl4. '~v,.}til{J eil,~!i3ic t.-:4t.!tH~llC~ 
for lh~ r4q~la!ll!il~}.~ ~ul,.'.c" ,,;o~b4iH)l,~ to !;x7 l~Xtctt" 
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energy absorption and emission bands of Pt(bphen)(CN )2 and its excim.:r. O,ar data 
do not help to distinguish among these various possibilities. 

3.2. Excip/ex qf Pt2(P2OsH2) 4- wid~ Au(CN) 2 

We have obsmwed luminescent exciplex formation between a square planar Pt ~ 
and a linear Au: coordination compound for mixtures of  Pt2(P2OsH2)~- and 
Au(CN);- in aqueous solution (Fig. 5). 

In addition to the usual Pt2(P2OsH2)]- fluorescence and phosphorescence bands 
at 400 and 514 nm (25 000 and 19 500 cm-*), respectively, Gaussian resolution of 
the observed emission spectrum at 0 .10mol l  -~ Au(CN)£  (Fig. 6) reveals 
new luminescence bands centered at 440 and 571 nm (22 700 and 17 500cm-~). 
The band at 440nm is presumably due to fluorescence from an excited 
Pt2(P2OsH2)44--Au(CN)£ ground state ion pair. While there are no noticeable 
changes in the absorption spectr~m of Pt2(P2OsH2) 4- at this concentration, even 
otherwise insignificant absorbance originating from such an ion pair would account 
for the weak fluorescence at 440 nm. The 571 nm band is attributed to a phosphores- 
cent exciplex of formula [Pt2(P2OsH2)4--Au(CN)y]. By analogy to the exciplexes 
involving T1 + [2], this exciplex presumably involves direct Ptn-Au I interactions at 
one of the axial Pt -Pt  sites. 

Although only preliminary results have been obtained to date, the resemblance 
to the welt-established exciplex luminescence of  Ptz(P2OsH2) 4- with T1 + is striking 
[2], the most notable difference being the much higher concentrations of 
Au(CN)~ needed to form an exciplex. For example, large changes in the emission 
spectrum of Pt2(P2OsH2) 4- are observed below T1 + concentrations of 
10 -s moil  -~, while such effects are only found above 10 -2 mol 1-1 for Au(CN ).7. 
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Fig. 6. Corrected emiss ion spec t rum of  a solution of  i × !0 s m o l l - ~  Pte(P2OsH2)a 4- in the presence of  
0.l m o l l  - ~ A u ( C N  L~ in deoxygenated water,  a long wi~h the four  resolved Gauss ian  band components .  

This is reflected in a plot of the 57t nm to 5!4 nm integrated band intensities for 
the spectra shown in Fig. 5 (not shown: similar to the plot in Fig. 3) which yields a 
slope of 4.2 1 tool-~, This can be compared to the value of 1.2 x l0 s I mol -~ for the 
analogous Pt2(P2OsH2)44--T1 ÷ exciplex. Additional spectroscopic and lifetime meas- 
urements are being made to better characterize the Pt2(P2OsH2)4--Au(CN)2 
exciplex. 

Since Hg is isoelectronic with TI",  the excited state dimer Hg* can serve as a 
simple gas-phase model for such metal-meta! bonded exciplexes. This excimer exhib- 
its fluorescence at 335 nm and .has been proposed as a candidate for an excimeric 
laser [19,20]. Similarly. tig~, can serve as a simple model for understanding the 
nature of the attractive forces between such heavy metals in their closed shell 
electronic ground states. Although relativistic effects undoubtedly play a contributing 
role in such metal-metal interactions [8,21 ], correlation efl?cts apparently play the 
dominant role in making these atoms "'stick" to each other [8]. Parenthetically, Hg* 
also serves as a model [22] for the iqteresting atom abstraction reactions exhibited 
by the lowest triplet excited state of Pte(P2OsH2) 4-- [23], 

4. Conclusions 

A!tkough direct, relativistically enhanced Ptn-Au ~ interactions are undoubtedly 
responsible for exciplex fo,lrmtion in aqueous solutions of Ptz(PzOsH2)~- with 
Au(CN )~, excimer formation in CHeCI e solutions of Pt(bphenI(CN )2 most likely 
results fi:om either (or both) rt-~ interactions of the phenanthroline ligand~ or direct 
Pt-Pt  orbital overlap [14]. This illustrates the dimculty in making generalizations 
about the nature of excited state interactions of square planar compounds of Pt"L 
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