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Abstract 

Intense room temperature phosphorescence of 1-bromonaphthalene (1-BrN) induced by p-octylpolyethylene glycol 
phenylether was studied in aqueous fl-cyclodextrin solution. The mode of inclusion complex formation was 
approached. The optimal conditions were obtained. Interferences of foreign substances with phosphorescence were 
examined. The phosphorescence intensity is proportional to the concentration of 1-BrN in the range 0 ~ 5.18 pg 
ml-~. The recovery is 90-102% and the relative standard deviation is less than 4.5%. The proposed method is simple 
and convenient. © 1997 Elsevier Science B.V. 
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1. Introduction 

Micelle-stabilized room temperature phospho- 
rescence (MS-RTP) and cyclodextrin-induced 
room temperature phosphorescence (CD-RTP) 
have been proposed for analytical purposes in the 
eighties [1-5]. Good  spectral selectivity was ob- 
tained because a majority of organic species do 
not show phosphorescence at room temperature 
and the substrates have little or lower background 
emission in the proximity of the phosphorescence 
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wavelength. For MS-RTP, deoxygenation is 
needed for the attainment of RTP. However, oxy- 
gen removal from micellar solutions by the nitro- 
gen-purging technique results in plentiful bubbles. 
It has an effect on the precision of  analysis. For  
CD-RTP of polycyclic aromatic hydrocarbons 
(PAHs) without an internal heavy atom, a 
bromonated alkane or alcohol was required as an 
external heavy-atom perturber, sometimes com- 
bined with deoxygenation by nitrogen [6-9]. Al- 
though no bubbles appear, a phosphoroscope was 
required for phosphorescence measurements be- 
cause serious emulsification of the solutions 
causes strong scattering lights. 
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Bromonated naphthalenes are a series of in- 
teresting compounds which normally exhibit 
weaker fluorescence than their parent naph- 
thalene due to their internal heavy atom effect 
[10,11]. In the presence of  acetonitrile or an al- 
cohol, the intense RTP of  l-bromonaphthalene 
(1-BrN) has been observed from aqueous cy- 
clodextrin solutions without deoxygenation on a 
conventional spectrofluorimeter [12-15]. Since 
the microcrystals of  the inclusion complex con- 
taining an alcohol absorb onto the inner walls 
of glassware, the phosphorescence intensity is 
usually unstable at a fixed concentration of 
phosphors. In this work, p-octylpolyethylene 
glycol phenylether (OP), a detergent, was em- 
ployed for the attainment of  stable phosphores- 
cence. It can induce intense RTP of 1-BrN in 
aqueous fl-cyclodextrin (fl-CD) solution like an 
alcohol and enables the complex precipitate to 
disperse in solution due to the complex with the 
polar head group of OP. As a result, the accu- 
racy and the precision were improved. Further- 
more, the interaction of OP with fl-CD and 
1-BrN and the potential application were also 
discussed. 

emission slits of 3 nm were employed. The scan 
speed of  the monochormators was maintained at 
240 nm min ~. The quartz cell was washed with 
ethanol to guarantee the thorough cleaning of  
organic species that absorb onto the inner walls of 
the glassware. It was carefully washed with dis- 
tilled water prior to use. 

2.3. General procedures 

An aliquot of 2.33 x 10 -2 mol 1 - 1 0 P  solu- 
tion containing 1-BrN was transferred into a 10 
ml volumetric flask and an appropriate amount 
of fl-CD was added. After dilution to the mark 
with water, the samples were allowed to stand 
for at least 45 min. The samples were intro- 
duced into the cell, which was later capped with 
a Teflon stopper. The RTP signal was moni- 
tored at 492 nm when the samples were excited 
at 290 nm. 

3. Results and discussion 

3.1. R T P  spectra o f  a ternary inclusion complex 

2. Experimental 

2.1. Reagents 

1-BrN, purchased from Shanghai Reagent 
Co., was distilled under reduced pressure. A so- 
lution of 200.7 tag m l - i  1-BrN was prepared by 
dissolving it in 2.33 x 10 _2 mol 1 l OP solution 
in an ultrasonic bath. fl-CD, purchased from 
Suzhou Gourment Factory, was dissolved in dis- 
tilled water and recrystallized three times. OP 
was purchased from Shanghai Reagent Co. and 
was used as received. Twice demineralized water 
was distilled. 

2.2. Apparatus 

All steady-state luminescence spectra were per- 
formed on a Hitachi 650-10S fluorescence spec- 
trophotometer equipped with a 150 W xenon 
lamp as the excitation light source. Excitation and 

In aqueous solution, 1-BrN exhibits weak 
fluorescence with an excitation wavelength of 
277 nm and emission wavelength of  337 nm. 
Upon addition of  fl-CD to the solution, the 
fluorescence intensity slightly increases due to 
the formation of the f l-CD:I-BrN inclusion 
complex but no RTP appears. In the presence 
of both fl-CD and OP, 1-BrN gives rise to in- 
tense phosphorescence emission at 492 nm and 
525 nm at room temperature in aerated aqueous 
solution, accompanied by the emulsification of  
the solution. The excitation wavelength red- 
shifts to 290 nm (see Fig. 1). These phenomena 
suggest that OP has a significant effect on the 
microenvironment surrounding 1-BrN because 
phosphorescence is highly sensitive to the prop- 
erties of  environment. A favorable microenvi- 
ronment is provided in the apolar cavity of 
fl-CD upon addition of OP. It is reasonable to 
attribute the appearance of  RTP to the forma- 
tion of a ternary complex among fl-CD, 1-BrN 
and OP. 
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Fig. 1. RTP spectra of  inclusion complexes. OP ( ' - %  fl- 
C D + O P ( ' ' %  I - B r N + O P ( -  - )  and f l - C D + t - B r N +  
OP( ). 1-BrN: 20.70 lag ml - i; fl-CD: 8.0 x 10-  a mol I -  i. 
OP: 2.33 x 10-3  tool ~ 1 ~. Photomultiplier, gain: 1.0. Slit 

width: 3 x 3 mla. 

3.2. Effect of #-CD on RTP 

The influence of fl-CD on the RTP of 1-BrN 
was examined at a fixed concentration of 1-BrN 
and OP. As shown in Fig. 2, the phosphorescence 
is too weak to be observed at a fl-CD concentra- 
tion below 1 . 0 x l 0  3 m o l l  ~ in the presence of 
2.33 x 10 3 tool 1-~ OP. Subsequently, the phos- 
phorescence intensity rapidly increases with the 
increasing concentration of fl-CD. Although the 
higher fl-CD concentration results in more in- 
tenseRTP,  f l - C D o f 8 . 0 x l 0  3mo l l  ~wasused 
in the experiment due to the limit of its solubility 

in water. 
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Fig. 2. Dependence of  RTP on fl-CD concentration. I-BrN: 
20.70 l a g m l - ~ : O P : 2 . 3 3 x 1 0  3 m o l l  -~. 
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Fig. 3. Fluorescence spectra of  OP. OP( ° • "); f l-CD + OP( - 
) and f l - C D +  I-BrN + O P ( - - ) .  I-BrN: 20.70 gg ml t: 

fl-CD: 8 .0x  10 3 m o l l  L:Op: 2 . 3 3 x 1 0  -3  m o l l  ~ 

3.3. Effect of OP on RTP 

OP is a nonionic detergent with a tert-octyl 
group as its hydrophobic part and a polyethylene 
glycol group as its hydrophilic one. It contains 
ether groups, a phenyl group and a hydroxyl 
group. Surface tension measurements suggest that 
the micelles are not present in aqueous solution 
containing excess fl-CD since the fl-CD molecule 
includes an OP molecule. Fig. 3 shows the fluores- 
cence spectra from a micellar solution of OP in 
the absence and presence of excess fl-CD. The 
fluorescence at 307 nm (2ex = 287 rim) and 360 nm 
(2ex=297 nm) can be attributed to the OP 
monomer and OP aggregates, respectively. 

Upon addition of OP to the solution containing 
1-BrN and 8 x  10 3 m o l l  t fl-CD, R T P c a n b e  
observed at 1.54 x 10 -4 tool 1 I OP. This is 
accompanied by the slight emulsification of the 
solution, in which the micelles are not present in 
aqueous solution due to the inclusion of fl-CD 
with OP. As shown in Fig. 4, the addition of more 
OP to the solution leads to more intense RTP. In 
the presence of 2 .33x 10 3 m o l l  ~ OP, the 
phosphorescence maximum is obtained. Since OP 
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Fig. 4. Dependence of RTP on OP concentration. 1-BrN: 
20.70 lagml-I ; f l -CD:  8.0x10 3 mol l  ~. 

is an amphiphilic molecule, the complex precipi- 
tate homogeneously disperses in aqueous solution. 
Consequently, the phosphorescence intensity ap- 
pears stable and good precision was achieved. 
After the highest phosphorescence intensity, a fur- 
ther increase in OP concentration results in a 
decrease in the phosphorescence intensity. RTP 
completely disappears and the solutions become 
transparent in the presence of more than 1.24 x 
10 -2 mol 1 -~ OP (more than 8.0 x 10 3 mol 
I ~). The spectral changes indicate that the com- 
plex has completely dissociated. In terms of the 
surface tension of the solutions, the micelles oc- 
curs in the presence of excess OP. Since the spec- 

tral properties of 1-BrN in the solutions are 
similar to those of 1-BrN in the micellar solution 
of OP, it is possible that the I-BrN molecule 
transfers from the fl-CD cavity to the micellar 
core. 

The phosphorescence enhancement upon addi- 
tion of OP indicates that OP is also a micorenvi- 
ronment regulator in the apolar cavity of fl-CD 
like an alcohol. The hydrocarbon part of OP is 
incorporated into the apolar cavity of fl-CD 
through the hydrophobic interaction. This result 
is analogous to those reported by Park and Song 
[16] and Li and Purdy [17]. By the Benesi-Hilde- 
brand method [18], the stoichiometry of the 1:1:1 / 
fl-CD:I-BrN:OP complex was obtained with 
phosphorescence measurements. The apparent in- 
clusion constant was estimated as 1.80 x 10 5 
tool- 2 12, which is much greater than the value of 
720 tool - J 1 of the fl-CD:I-BrN complex. On the 
other hand, it is seen from Fig. 3 that the ternary 
complex formation results in a greatly decreased 
fluorescence of OP at 307 nm. One plausible 
explanation is that 1-BrN and the phenyl ring of 
OP locate close to each other in the cavity and 
1-BrN seriously quenches the fluorescence of OP 
due to its external heavy-atom effect. For this 
reason, most of water molecules in the cavity are 
replaced by the 1-BrN molecule and the hydrocar- 
bon part of the OP molecule. The rotation of the 
1-BrN molecule in the cavity is restricted and the 

Table l 
Analytical results of the synthetic samples 

Components (lag ml- l )  Added (lag ml-1) Found (lag ml-I)  Recovery (%) RSD (%) 

l -BrN 1.24 
1 -BrN 1.66 
l-BrN 3.31 
naphthalene: 5.13; anthracene: 7.13; biphenyl: 6.16 4.14 
naphthalene: 1.28; acenaphene: 1.54; biphenyl: 1.54; l- 4.14 

naphthol: 1.44 
naphthalene: 1.28; anthacene: 1.78; phenanthrene: 1.78; 4.14 

acenaphthenel: 1.54; fluorene: 1.66; biphenyll: 1.54; 1- 
Naphthol: 1.44; chrysene: 2.28 

naphthalene: 2.56; anthacene: 3.56; Phenanthrene: 3.56; 4.14 
acenaphthene: 3.08; fluorene: 3.32; biphenyl: 3.08; 1- 
naphthol: 2.88; chrysene: 4.56 

1.26 102 1.4 
1.68 101 1.8 
3.35 101 4.1 
3.76 91 4.2 
3.89 93 1.9 

3.86 93 1.9 

3.71 90 1.6 

RSD relative standard deviation. 
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rigidity o f  the 1-BrN molecule is promoted.  Fur-  
thermore,  the longer phosphorescence lifetime of  
1-BrN (3.62 ms) also indicates that  the excited 
triplet state o f  the 1-BrN molecule in the f l -CD 
cavity is shielded f rom efficient triplet state 
quencher oxygen molecules in the solution to 
some extent. As a result, the probabil i ty o f  a 
radiationless transit ion greatly decreases and the 
phosphorescence intensity dramatically increases. 

to-noise ratio o f  three, the limit o f  detection was 
estimated as 4.04 ng m l -  ~. The analytical results 
o f  synthetic samples are listed in Table 1. The 
recovery is 90 -102% and the precision is good  
(n = 11). It is suitable for  the determination o f  
1-BrN in a mixture o f  PAHs.  
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