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,% I ) s t r ac t  

Room temperature pho,,plmrc~,ce,lce ( RTPI of 6-1)rumo-2-naphlhol ( BNI. ) is in~e,.,iga,cd in an ,tqueou,, disper~io,~, of polv~,t~ rcn¢ latex 
and Oll the dried tater, par, icier, ~,s well a', m an aqucour, ,,oltJlion. RTP of BNL i,, tllarkedly enhanced on going I'roll! the aquetm,~ ~otution to 
,he latex nubst:';tlc,, t,ndcr dcacratcd condilio,ln. Thi,, in attribuled to cllecti~ c atl,,orpl,ot| of the pho,,phoroptu~r tmto Ihc lalcx nurfacc,., resulting 
in .,,uppressioi~ of non-radiative dcacliva,ion t~l the pho,,phoresccnl Mate. t' 191)7 I'l,.e~ ier Science S.A. 

K,'~ ,, ,,td~." I,h,otu Icmt~'r.durc pho,pht~rc,,ccucc 6-1~ronu~-2-naphthtd: Ih,13,,l~ teu¢ late\  

!. I n t roduc t i on  

M:mv slutliex [laVe been carried out on room temperature 
pho~,phorescellce (RTPI .  because: (a)  phosphorescence 
spccm)scopy is a t,sdful tool for elucidating photochemical  
and pht~lophysical procc,,ses in tile triplet states of  molecules 
[ I 1. I b) RTP affords so|he kinetic parameters of  molecular  
d, 'llamics I c.g. exil late o1" ~olutes from micelle.,, 121 I. and 
~c) i,1l'P ,llca.,,t|re,llcnt is a selective aud conventional ana- 
I%lical nicthod for ;.1 xvidc range of  or~.al l iC iHId inorganic 
ctm,ptmnds [ 3-5  ]. Since it i,, t,suallv diflicuit to obxcr~,c RTP 
in Immogenctms soh,tions 161, ,'a,iot;s microhclcrogeneous 
'~,'Mcm.,, ( M H S )  ha~c been employed i,x st, bxtratcs for 
enhancil lg RTP. The M t IS so far employed include miccllc,, 
[7 ] .  cyclodextr ins 18 ], cellulose I t ) l .  silica 1 I01. and their 
combined systems I I I 1. The main roles of M H S  are: I i ) lo 
hinder the , n o t i o n s  o f  phosphorophors to suppress illlr~,llnO- 

lectllar non-radiati~ e dcactivi,tion in the triplet states, and I ii 
Io  protect phosphtmq~hors from intermolccularq!mnching by 
molecular  oxygen a,ld other quenchers.  

The st, rface o f  latex particles is a member  of  MHS which 
has a unique structure consisting of  a continuous hydrophobic 
domain embedded sparsely with ionic ft,nctional groups. The 
st, rh,ce of  typical polystyrene ( PS ) latices, for example,  con- 
sisls of  a ctmtintmus PS area embedded with still'ate groups. 
Thtns the latex surl'ace hits a contint,ot,s adsorption domain 
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for hydmphobic  species and various discrete adsoq~tion ..,ires 
for cationic species. Such a feature is not fimnd in other solid 
surfaces. Thcrelb,-c. it is expected that the latex particles can 
bc employed as nova. micro-sttbstratcs tl)r photopr~x:ess~.s 
including RTP. 

We ha~c invc,,ti~ated several photorcactions on the sur- 
Iaccs of  PS ;.nKl pot 3 { butyl mcthacrylate)  latex particles in 
aquet+u.,, disper,,ion.,,: energy tnmsfcr I 12 I. electron transfer 
1 131. and cxcimcr  formation [ 14I. In this stt,dy, we inves- 
tigated the RTP of6-bromo-2-naphthol  I BNL + and twoother  
,,imilar CO,IIpOHIIO>, in an ;.ltlt,Cous di.,,persien of  PS latex and 
on the dried latex particles its ,,,,ell as in an aqueous solution. 
bcci,.u.,,e RTP is at tl.-.,,.'|'t!! to,~! for moni todng !riplet-sta,te pho. 
tomact io.s .  The RTP of  BNL is dramatically enhanced on 
going from the aqueous sulutitm to the latex dispersion and 
also to the dried latex particles. To our knowledge,  this is the 
lirst report on st,ccessful observation of  RTP in latex systems. 

2. E x p e r i m e n t a l  

BNL {Tokyo Kasei Kogyo Co.. Ltd.) ~vas sublimed in 
,'acuo. 2-Naphthol (Wako  Pure Chemical  Industries. Ltd.) 
and I-bromo-2-naphthoic acid I Tokyo Kasei Kogyo Co.. 
Ltd. ) ,',"ere used a.,, received. The PS latex was synthesized 
by standard emulsion polymerization in the presence o f  
sodium dtxtccyl sulfitte 1121. and purilied by successive 
dialysis. 

An aliquot of  a phosphorophor stock I ! mM methanolic 
solution) was tranM'crred to a 10 ml volumetric flask, l'ol- 
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lowed by gentle ev;.,poration of the solvent. Then. I ml ~" the 
PS latex stock i i 1.4 g I ' aqueous dispersion) was added to 
the volumetric flask. The mixture of the phospllt,roi,l~,~r a,~d 
lat,:x was sonicated for 5 min after diluting to 10 ml with 
,~ater. A part of  the latex dispersions containing the phos- 
phorophor was dried under vacuum at n ,om temperature for 
preparing the samples of dried latex particles. 

Adsorption isotherms of  the phosphon~phors onto the latex 
surface ~vere measured by ultracentrifugation. Aliquots of the 
latex dispersion containing known amounts of the phospho- 
rophor were placed in ultracentrifug,; tubes, and then centri- 
fuged '.~ith a Beckman Avanti 30 uhracentrifugc for 60 min 
at 26 (XX) rpm 157 430g).  Concentration of the phosphoro- 
phor in the supernatant atier centril'ugution was determined 
by UV absorption measurements. The amoun, of the phos- 
phoroph(,r adsorbed wa~, calculated from the tt,tal concentra- 
tion in the dispersion and the equilibri,un c:,ncentn,tion in 
the serum. 

Phospht)rcscence and fluorescence spectra were recorded 
on a Hitachi F-41I(X) spectmlluoromcter equipped with a 
Hamamatsu R928 photomuhiplier  tube. As the latex samples 
,,,,ere not transparent, a cell holder in the front-face centigtt- 
ration wa~, employed. A sharp cut-t~ff filter ( Toshiba L-39) 
,,'. a~, set between the ~,aluple and the emission monochromator 
to remove the interference of excitation light with emission 
spectra. The s:..mples were deaerated, if necessary, by nitro- 
gen purging for 15 rain (for aqueous striation,, and lalex 
dis,~rsions) or by continuous Ilo~' of nitrogen ga~, stream 
(for dried latex parlicles). The emi,~sitm spectra were cor- 
rected l\~r the ~,t'n:ctral re,,lm)nse of the .spectrotluoromctcr 
by using a ,,tandard tung,,len hunp ~ith a known colt)r 
temperature. 

3. Results and discussion 

in Fig. I we sho'.~, emission spectra of BNL in PS latex 
dispersions a~. room temperature. The spectra of BNL in aque- 
ous solutions are also shown in Fig. 2 for comparison. The 
emission ranging from 360 to 460 nln can be assigned to the 
fluorescence and that ranging from 46(1 to 7(Xl nm to the 
phosphorescence I ! 5 I. The assignment for the phosphores- 
cence is supported by the fact that the corresponding emission 
is completely quencl,ed by oxygen in the aerated samples. 
Since we put a L-39 sharp cut-off lilter between the sample 
and the emissi~n monochromator Io prevent the interference 
by the excitation light, the fluorescence in Figs. I and 2 is 
reduced to some ex!cnt in inten.,,ity compared to the phos- 
phorescence. We realize from Figs. I and 2 that RTP is 
dramatically enhanced on going from the aqueous solution to 
the latex dispersion. This is ascribed to effective adsorption 
of BNL onto the latex surface, resulting in suppression of 
non-radiative decay of ~.he lowest triplet state. The marked 
enhancement of RTP in the latex dispersion suggests the 
usefulness of this material as a novel substrata for enhancing 
RTP. 
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Recently. Hamai reported the,, by c,uployiug ¢~-cyclodex- 
trin. RTP of BNL ;:'as observable even in aerated condition.,, 
! 15 I. Therefore. it is worthwhile examining if we can observe 
the RTP of BNL in an aerated PS latex dispersion. In the 
latex dispersion, however, we '.,,,ere not successtid in detect- 
ing RTP under aerated condition as .~een from Fig. 1. It is of 
note that the fluorescence as well as phosphorescence is heav- 
ily quenched by oxygen in the latex dispersion (compare 
Figs. I and 21. This suggests that oxygen molecules arc 
highly solubilized around the surface of PS latex particles. 
As the solubility of oxygen is generally increased with 
decreasing polarity of the solvent, it is inferred that oxygen 
molecule.,, are also effectively adsorbed onto .'., hydrophobic 
area of the latex surface in the aerated dispersion. The high 
local concentration of t}xygen on the latex surl:ace may be the 
cause of the disappearance of RTP in the aerated latex sample. 
in contrast to the case of oe-cyclodextrin solutions. 
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Fig. 4. Emission spectra of BNL on dried PS latex panicles at room temper- 
ature. See Fig,. 1 for notations and experimental conditions. 

It is important to estimate the amount of  BNL molecules 
adsorbed onto the latex surfaces. We measured the adsorption 
isotherm at 22°C (Fig. 3).  The horizontal axis of Fig. 3 
indicates the total concentration of  BNL, and the vertical axis 
indicates the concentration of adsorbed BNL expressed as 
the difference between the total and supematant concentra- 
tions. Therefore, the slope of  the line in Fig. 3 corresponds 
to the fraction of  BNL on the latex surface. As we can see, 
the slope is 0.70, indicating that 70% of BNL is adsorbed 
onto the latex surface. 

Fig. 4 shows RTP of  BNL on the surface of  dried PS latex 
particles. As in the latex dispersion, we note remarkable 
enhancement of  RTP of  BNL on the dried latex particles. 
This suggests that the dried latex particles can also be 
employed as substrates for stabilizing RTP. It is of  interest 
that the fluorescence specrz;l of  BNL show blue shifts on 
going from aqueous solu:?on (Am.,,~=415 nm) to the latex 
dispersion (Am..,~ = 4 0 5  nm) and to the dried latex particles 
(h  ... .  = 393 rim). This indicates ;.hat the polarity sensed by 
BNL decreases in this order, because the fluorescence of  BNL 
is originated from ~-'n" transition which is generally known 
to show a blue shift in non-polar media. 

Table I 
i,.11~, values of BNL, 2-naphthol and l-bromo-2-naphtho!c acid in aqueous 
solutions and on PS latex substrates 

Medium lellv" 

BNL TM NL'IAgNOx J BNA" 

Aqueous solution 0.05 0 0 
PS latex dispersion 3.4 0 0 
PS latex dried particle 1.3 0 0 

J Measured under deaerated conditions. See text for details of calculation of 
the Ip/ Iv values. 
" [BNLI =O.! mM. 
• NL. 2-naphthol; [NLI =0.1 mM. 
d I AgNO~ I = 0. I mM. 
" BNA. I-bromo-2-naphtMfic acid; [ BNA I = O. I raM. 

We extended our investigation to other similar lumino- 
phors, 2-naphthoi and l-bronm-2-naphthoic acid. For 2- 
naphthol, we employed sih, er cation as a perturber for 
inducing external heavy atom effect [ 1,3,7 ]. ~ results are 
summarized in Table !, where a peak height ratio between 
phosphorescence and fluorescence (/p/IF) is introduced as a 
measure of  yield of RTP. The Ip/lv values are corrected for 
the transmittance curve of  the L-39 cut-off filter. 

As can be seen from Table 1, neither 2-naphthol nor 
l-bromo-2-naphthoic acid do not emit RTP in the latex sub- 
strates. The absence of  RTP of  l-bromo-2-naphthoic acid is 
attributed to the fact that this luminophor is not effectively 
adsorbed onto the latex surfaces, as confirmed by the meas- 
urement of  adsorptio,1 isotherm (data not shown).  The ion- 
izable nature of  l-bromo-2-naphthoic acid might be the cause 
of inefficient adsorption of  this iuminophor onto the latex 
surfaces. On the other hand, the absence of  R T P o f  2-naphthol 
appears to be ascribed to another reason because this 
compound is efficiently adsorbed onto the latex particles. It 
seems that 2-naphthol ( luminophor)  and silver cation ( RTP 
enhancer) are adsorbed onto different regions of  the latex 
surface, i.e. 2-naphthol is adsorbed to the PS domain due to 
hydrophobic interaction whereas silver cation to the sulfate 
group due to electrostatic attractive interaction. Such different 
behaviors of  adsorption might result in no observation of  RTP 
of 2-naphthol. 

4. Conc lud ing  r e m a r k s  

in the present study, we have found that BNL emits strong 
RTP both in an aqueous PS latex dispersion and on the dried 
latex particles. These findings will open the use of  the latex 
systems as novel substrates for stabilizing the triplet states of  
various photochemical reactants. In order to establish the 
usefulness of  the latex systems, we have to examine a wide 
range of  compounds under a variety of  conditions. Such 
investigation is now in progress. 
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