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Room temperature phosphorescence
In cyclodextrins. Analytical applications
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At room temperature, it is usually very difficult
to observe phosphorescence emission of com-
pounds in fluid solutions. The reported methods
for the obtention of phosphorescence at room
temperature in solution, generally imply an orga-
nization of the reagents at the microscopic level.
The term “organized media” defines a category
of molecules, which arrange, in solution, at the
molecular level to form aggregates, whose micro-
scopic properties are different from the proper-
ties of the bulk solvent.

Introduction

Surfactants which form micelles and cyclodextrins are twt
of the most common forms of organized media. Surfactan
are known for their ability to self-assemble in water and/o

guenching by dissolved molecular oxygen, a characteristic
previously not observed in fluid solution at ambient tem-
perature.

Cyclodextrins are composed of D-glucose residues joinec
by a(1-4) linkages.a-, 3- andy-CDs, which are made up
of six, seven and eight D-glucose residues, are the mos
common members of a CD family. These CDs are shapec
like a truncated cone with a hollow, hydrophobic cavity in
which a hydrophobic guest can be incorporated.

Molecular encapsulation by means of molecular inclusion
complex formation offers a new approach in analytical
chemistry. Generally, the inclusion complex involves the
spatial entrapment of a single guest molecule in the cavity
of the host molecule, without the formation of any covalent
bonds. Cyclodextrins, cyclic non-reducing oligosaccharides,
have been extensively used to obtain these inclusion com
plexes. In particular, many studies have focused on the abil
ity of CDs to include guests of varying sizes in different sto-
ichiometric ratios and several analytical applications of these
complexes have been reported [15-30].

organic solvents and form normal/reverse micelles above tt It is well documented that, depending upon the host CD
critical micelle concentration (CMC). Micellar solubilization (i.e. a-, - or y-CD) and the size of the guest, different
in surfactant solutions has been widely exploited in analyi

ical chemistry. The formation of inclusion compounds, b
using cyclodextrins as hosts, has been also frequently us
to enhance the analytical responses of analytes by incorg

ration of guest molecules into the cyclodextrins hydropho
bic cavity [1].

The first observation of room temperature phosphores
cence (RTP), using a microscopically organized media, usé
sodium dodecylsulfate (SDS) micelles in the presence of te
lium [2]. Since then, several media have been investigate
to stabilize the triplet-state in fluid solution at room tem
perature. Normal micelles, mainly sodium dodecylsulfate [3
6], cetyltrimethylammonium bromide (CTB) [7-9] and
Triton X-100 [10] micelles, have been used in RTP analyt
ical applications. As an alternative to the use of norma
micelles, microemulsions, formed in heptane-SDS-1-pe
tanol, have been also reported for RTP obtention [11-14].

Cyclodextrins (CDs) can form complexes with phosphor
and heavy atom containing additives and these host-gug
aggregates serve to populate and stabilize the fragile triplg
state, producing characteristic room temperature phosph o _ _
rescence. These inclusion complexes induce an intense phFigure 1. CPK model for the inclusion of pyrene in  B-CD. Side
phorescence emission which is partially insensitive t'€" Showing only part of the pyrene inside the — B-CD cavity.
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host/guest stoichiometries are possible. As an example, fisufficient interaction between the analyte and the heavy
ure 1 shows the Corey-Pauling-Kolton (CPK) space-fillingatom compound to produce effective population of the triplet
model for the inclusion of pyrene BxCD. On the basis of states of the analyte. For this, both the lumiphor and the
molecular size, it is apparent that pyrene (8.2 A wide anheavy atom need to be in close proximity at the same time,
10.4 A long) is too bulky to fit entirely in the cyclodextrin i-e. inside the CD cavity [32].
cavity (7.8 A). Because of that, only part of the pyrene actt
ally enters the CD, being noticed that the internal diamete
of B-CD severely limits the ability of pyrene to totally enter
the cavity. Since approximately half of pyrene is located ii
the cauvity, it was inferred that the other half (outside the cax
ity) is equally amenable to complex formation with anothe The hydrophobic CD cavities need to allow sufficient inter-
B-CD. In consequence, a 2f3CD:pyrene stoichiometry is actions with the heavy atom compound to produce effective
obtained [31]. population of the triplet states of the sequestered analytes.
In addition, the cavities must be sufficiently protective to the

A consequence of the rigidity of cyclodextrin conforma-gycited states of the occluded guest molecules that RTP can
tion is that the guest is generally disordered when it dogyg generated.

not fill the cavity, the Van der Waals forces being too loose

Indeed, the strength of interactions varies with the shape In table I, the series of halogenated guest compounds that
the guest. The guests that fit the cavity best give the maphosphoresce at room temperature when included in CDs
stable compounds. In addition, in the case of a polar guehave been summarized.

?ydrogenr—]bondbformatior {reqtjently stabilizes the orienta 1,1, et 41.[33] were the first authors to report host-guest
lon as shown by crystal structures. associations of different cationic surfactants wghand

The observation of RTP in the different organized mediy-CDs. No evidence for association could be detected for
needs to fulfil two main conditions. Firstly, the presence oa-CD. Phosphorescence measurements were made on solu-

heavy atoms, internal or external, in the environment of thtions, which were purged 5-10 minutes with. N

pggentlal pkr‘losprr:or IS necegsaryl to lg)bt.alanR'I'_f em'ssh'.on' The phosphorescence of the 4-bromo-1-naphthoyl group
'?h '“Ofﬁtvt_p ots_plotre:[scten%e IS on”y 0 talnta ef::j_quelncdlng s readily quenched by molecular oxygen in homogeneous
€ emitling triplet-state, by small amounts ot diSSOIVed 0XYqyents. However, when this lumiphore is complexed with
gen, is prevented. y-CD its phosphorescence is observed even under 1 atom of
The two conditions are common to micelles ancoxygen [34]. In the presence a@f- and 3-CD, oxygen
cyclodextrins but, to obtain significant RTP emission inquenches the phosphorescence, even though the compounds
cyclodextrins, the hydrophobic CD cavities need to allowform complexes witl3-CD.

RTP from halogenated guest molecules

Table I. Halogenated guest molecules showing RTP in CD solutions.

Compound CD used Reference
p-benzoyl [5-(4-bromo-1-naphthoyl)-1-pentyllbenzoate y-CD 34
1-bromo-5-(4-bromo-1-naphthoyl)pentane y-CD 34
[1-(4-bromo-1-naphthoyl)methyl]-trimethylammonium bromide B and y-CD 33
[5-(4-bromo-1-naphthoyl)penthyl]-trimethylammonium bromide B and y-CD 33,34
5-(4-bromo-1-naphthoyl)--1-pentanol y-CD 34
[10-(4-bromo-1-naphthoyl)decyl]-trimethylammonium bromide B and y-CD 33
1-bromonaphthalene B-CD and glucosyl modified B-CD  35-37,40,43-53,77,83
2-bromonaphthalene B-CD 36,38,39,83
4-bromobiphenyl a-, B-, methyl B-CD and y-CD 63
6-bromo-2-naphthol a-CD 58-60
bromocyclohexane B-CD 55
1-chloronaphthalene B-CD 35,54
2-chloronaphthalene a-CD 61
2-chloroquinoline B-CD 56,57
4-chloroquinoline B-CD 56,57
4-ethyl-4’-iodo(1,1-biphenyl) B-CD 62
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Similarly, 1-bromo and 1-chloronaphthalene phosphores3-CD as the second guest molecule, and a 1:1:1 ternan
ing in nitrogen purged solutions containig-D were stud- complex is formed. The addition of ethanol further enhances
ied. Addition of acetonitrile enhances both the phosphorethe RTP of the ternary complex whereas 1-propanol and
cence intensity and life-time, because of the formation of 1-butanol greatly attenuate RTP. Similarly, in the presence
complex composed d8-CD, 1-halonaphthalene and one orof cyclohexane the RTP from 1-bromonaphthaleng-{@D
more acetonitrile molecules, which fill the CD interior suf-is enhanced [45].
ficiently enough to exclude quenchers, including oxyget
[35]. Scypinskiet al.[36] reported on RTP from 1-bromon-
aphthalene and 2-bromonaphthalenepi€CD solutions.
Although the solutions show RTP in the absence of an ext
nal heavy atom, 1,2-dibromoethane was used to enhan
RTP emission.

Other alcohols investigated wenebutanol, propan-2-ol,
isoamylalcohol and cyclohexanol, in the presence-aiD,
B-CD, y-CD, methylB-CD, hydroxypropyl- B-CD and
malto- 3-CD. Intense RTP signals from 1-bromonaphthalene
were observed without deoxygenation [46]. Results sugges
that the alcohol bonds to the rim of the cyclodextrin cavity

In all the above-mentioned studies, the procedure fcvia hydrogen bonding between their hydroxyl groups and the
deoxygenation of the solutions was consisting to purginaliphatic chains of the alcohol cover the top and bottom of
with N,. Diaz Garcia and Sanz-Medel [37] proposed the usthe cavity by hydrophobic interaction, shielding the
of sodium sulfite for deoxygenation in RTP studies in fluidlumiphore from oxygen and preventing RTP from quench-
solution, both for micelles and for CDs. They reported oring.
1-bromonaphthalene RTP BiCD in the presence of sodium

sulfite. Du et al.[47] reported on the RTP of a complex of inclu-

sion of 3-CD:1-bromonaphthalene in the presence of naph-

RTP of 2-bromonaphthalene was also obtained in mixthalene and 1-butanol. Naphthalene and 1-butanol are als

tures of SDS an-CD. The solutions were deoxygenatedincluded in the cyclodextrin cavity, enhancing the protection

by using 0.04 M sodium sulfite [38]. Sodium bromide wasof the lumiphor against quenchers and, consequently,
used as external heavy atom to enhance the RTP signal. increasing RTP emission from the system.

Wei et al. [39] reported on RTP from 2-bromonaphtha- A solution of sodium dodecylbenzenesulfonate was
lene included ir3-CD, using 0.05 M Kl or 7.5 mM T8O, employed by the same group [48] to enhance the RTP sig
as external heavy atoms, and sodium sulfite as deoxygenanal from 1-bromonaphthalene. Similarly, [49] aliphatic alco-
After 5 minutes (or 20 minutes for the, 30, system) the hols (from ethanol tam-octanol) were studied as potentially
RTP was measured. The Kl system was more sensitivenhancing molecules. The maximum signal was obtainec
quicker and less susceptible to changes in cyclodextriwith n-pentanol. The systef+CD:1-bromonaphthalene:terc-
heavy atom concentration and pH than th&®] system. butanol was found to give an intense RTP emission without
The calibration graph was rectilinear from 1 to gM  deoxygenation.
2-bromonaphthalene. The method was simpler than tr
method which used halide alkanes as a heavy atom soul
and N deoxygenation [36].

Intense RTP of 1-bromonaphthalene induced by anionic
surfactants was studied in aerated aqugb@D solutions
[50]. Analyses of spectral structure and surface tension of

Intense phosphorescence was observed when alcoholssolutions, suggested that the hydrophobic hydrocarbon chail
different sizes and lengths were introduced in aqueous solof surfactants was partly included in the apolar cavity of
tions containing 1-bromonaphthalene and a glucosyl3-CD and the part with the polar head group of hydrocar-
modified3-cyclodextrin [40]. The association of the bon chain located outside the cavity, coiled over the top of
bromonaphthalene to the CD was increased in the preserp-CD, providing an effective protection for RTP. Since it
of alcohols by formation of ternary complexes. This is simcontained a surfactant with a polar head group, the comple»
ilar to a previous report on ternary complex formation oprecipitation was homogeneously dispersed in agueous solt
pyrene included ir-CD [41] ory-CD [42] in the presence tion and stable RTP was obtained.
of alcohols. The phosphorescence enhancement induced
alcohol is related to its effectiveness in shielding photoex
cited 1-bromonaphthalene from oxygen. The rate constan
for oxygen quenching decrease generally as the bulkiness
the alcohol increases. Tert-butyl alcohol and cyclohexanc
give rise to the smallest oxygen quenching rate constants a
the highest emission quantum yields. Deoxygenation ¢
solutions is not necessary for the observation of the pho
phorescence emission. Later on [43] the RTP of this syste
was enhanced by an external magnetic field.

As an alternative, Xiet al.[51] employed a series of sur-
factants as sodium dodecylsulfate, cetyltrimethylammonium
bromide or chloride, Triton X-100 and Tween 20, to study
the phosphorescence of 1-bromonaphthaleng-@D solu-
tions, without deoxygenation. Intense RTP signals were
obtained in the cases of non ionic or anionic surfactants.
However, for the cationic surfactants the RTP signal was
very low. Duet al. [52] suggested that the presence of sur-
factants produces an effective protection of the triplet states
of the analyte. Similarly, they employ p-t-octylpoly-

Also in aeratedB-CD solutions, an intense RTP was ethylenglycol-phenyl-ether to enhance the RTP from
observed from 1-bromonaphthalene in the presence of Tritcl-bromonaphthalene i3-CD and proposed a determination
X-100 for surfactant concentrations below the CMC [44]method in the range 0-fg.mL™, reporting a LOD of
Triton X-100 is incorporated into the hydrophobic cavity of4 ng.mL? [53].
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Hydrogen and CQgenerated respectively from the sys-forces. That is why the analyte is shielded fropn decreas-
tems of solid Zn/HCI and N&O,/HCI were also proposed ing the collision quenching of oxygen. Moreover, there is a
for deoxygenation in RTP studies. The method was appliedecrease of the micropolarity of the CD cavity, and the for-
in the determination of 1-chloronaphthalene3#€D in the  mation constant of ternary inclusion complex increases.

presence of 1,2-dibromoethane [54]. ) )

The same authors [63] studied the CD induced RTP of 4-

The RTP emission from bromocyclohexang3i€D solu-  bromobiphenyl without deoxygenation. Some cyclodextrin

tions in the presence of ethanol, methanol and tetrderivatives were tested including,-, methyl - andy-CD,
chloromethane was reported. The deoxygenation of the solbut the most effective was the last one. THeD solution
tions is not necessary and the presence of turbidity was mixed with acetonitrile, which provided the required
observed. The addition of benzene or bromobenzene did rsolubilization of the CD, giving a transparent solution.
produce such an effect [55].

Scypinski et al. [56] reported on the obtention of RTP
emission of nitrogen heterocycles such as 2-chloroquinolir
and 4-chloroquinoline. Although other reports of RTP of
nitrogen heterocycles on solid surfaces have appeared, the
has been little work on RTP of these molecules in fluid solu ) o
tion. Chloroquinolines exhibed weak emission of RTP irln this case, the presence of heavy-atom species is necessary
deoxygenate®-CD which could be ascribed to the triplet- because the analytes do not contain halogen atoms in thglr
state induced from this internal atom effect. Upon additioiStructures. Such types of compounds are represented in
of 1,2-dibromoethane (1,2-DBE) showed only RTP and ntable II.

fluorescence. In CD/1,2-DBE solution, nitrogen heterocycle In 1983, Cline Love and Weinberger [64] studied the

alr:g( gﬁ??hagkgg s;?nthoggtri]atllltoi;?r;%nae ttgmﬂgﬁzlﬁi; Ccgrphosphorescence characteristics of some polynuclear aro-
Pnolecular ox er; 9p y q 9 DYmatic hydrocarbons (PAHS) including phenanthrene, naph-
ygen. thalene, 1-phenylnaphthalene and acenaphthene in the pres-
Femiaet al. [57] made use of synchronous wavelengtheénce ofp-CD solutions and 1,2-DBE as the external heavy
scanning luminescence for the compared study of 2 aratom. Cyclodextrin selectivity based on size can be observed
4-chloroquinoline in cyclodextrin and micellar media.With a mixture of 1-phenylnaphthalene and naphthalene dis-
Synchronous wavelength scanning of D mixture Solved inB-CD and excess 1,2-DBE. Intense RTP was
required background Substraction’ which was a tediouobta|ned for the smaller naphthalene, which fits neatly Into
process imposing constraints on the selectivity and sensitithe B cavity, and no phosphorescence is detectable from the
ity. However, synchronous wavelength scanning of thdarger molecule. It should be noted that 1-phenylnaphthalene
micellar mixture did not require background correctioniS Phosphorescent and that this is a size exclusion effect.

which made micellar media to be superior to the cyclodexWith regard to the oxygen quenching of phosphorescence, it
trin medium. was found, when studying the acenaphthene, that the aerated

solutions presented RTP, but when using deaerated solutions
The complex of inclusion betweenrCD and 6-bromo-2- the intensity was doubly increased.

naphthol in aerated aqueous solutions was found to prese o . ) )
RTP emission [58]. The phosphorescence is due to the fc Scypinskiet al. [36] obtained RTP by the inclusion of
mation of a 1:2 (6-bromo-2-naphtrmCD) complex [59]. SOome PAHSs in cyclodextrins using 1,2-DBE as the external
Later on, Escandaet al. [60] studied the influence of dif- Nheavy atom. The phenomenon of cyclodextrin room temper-
ferent factors on the phosphorescence emission. The sigiature phosphorescence (CD-RTP) is highly selective accord-
is enhanced by previous irradiation of the solutions with thing to molecular geometry of the lumiphor and cyclodextrin
xenon lamp of the spectrofluorimeter, and is 13 times morcavity. Besides, it is partially insensitive to oxygen interfer-

intense when the solutions are deoxygenated byukging. ~ €nces. From the studied PAHSs, it was noticed that the phos-
phorescence of anthracene, fluoranthene and pyrene was

In the 2:1a-CD:2-chloronaphthalene complex, in the higher iny-CD than inf-CD. In the case of chrysene, phos-
presence of D-glucose in aqueous solutions, the RTP phorescence was observed just witD solutions.

2-chloronaphthlene was observed. The RTP emission wi , , .
further enhanced in the presence of KI. Deoxygenation ¢ Two- and three-ring nitrogen heterocycles and the bridged

the solutions was not necessary [61]. biphenyl heterocycles were studied by Scypiretkal. [56].
The RTP was due to the formation of a trimolecular inclu-

Zhu et al. [62] studied the effects of alcohols on RTP ofsion complex composed of lumiphor, cyclodextrin and an
3-CD:4-ethyl-4’-iodo-(1,1’-biphenyl):bromocyclohexane. external heavy atom,1,2-DBE. Nitrogen heterocycles exhibit
The presence of a fourth component, the alcohol, enhancphosphorescence if-CD because of their unprotonated
the RTP intensity. This component acts as a lid for the Ciforms. Their CD-RTP is partially immune to quenching by
cup because of the alcohol hydroxyl bonds to the rim of thmolecular oxygen depending on the water solubility of the
CD by hydrogen-bonding and the alkyl end of alcohol fliplumiphor. More water-soluble molecules exit from the CD
over the two tops of the CD due to hydrophobic interactioicavity at a faster rate and they spend more time in the bulk

RTP from non-halogenated guest molecules
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Table 1l. Non-halogenated guest molecules showing RTP in CD solutions.

Compound

acenaphthene
acenaphthylene
1-naphthyacetic acid
2-naphthyloxyacetic acid
acridine
1-aminoquinoline
anthracene
5,6-benzoquinoline
7,8-benzoquinoline
biphenyl

carbazole

chrysene
dibenzofuran
dibenzothiophene
1,3-dimethylnaphthalene
1,4-dimetylnaphthalene
fluoranthene
fluorene

isoquinoline

lepidine
1-methylnaphthalene
2-methylnaphthalene
7-methylquinoline
naphthalene
1-naphthylacetamide
1-naphthol
2-naphthol

naproxen
phenanthrene
phenanthridine
1,7-phenanthroline
1,10-phenanthroline
4,7-phenanthroline
phenazine
1-phenylnaphthalene
pyrene

quinazoline

quinoline

TNS'

triphenyle
triphenylene

CD used

B-CD and y-CD
B-CD
B-CD
B-CD
B-CD
B-CD

B-CD and y-CD
B-CD
B-CD
B-CD
B-CD
y-CD
B-CD
B-CD
B-CD
B-CD

B-CD and y-CD
B-CD
B-CD
B-CD
B-CD
B-CD
B-CD
B-CD
B-CD
B-CD
B-CD
B-CD
B-CD
B-CD
B-CD
B-CD
B-CD
B-CD
B-CD

B-CD and y-CD
B-CD
B-CD
B-CD
B-CD
B-CD

* 6-(p-toluidino)-2-naphthalenesulfonic acid potassium salt

Luminescence spectroscopy

References

36,57,64,71-73,75,76,79,80,84
75,83
66-69
68-70
56,57
56
36,57
56,57
56,75,76,83,84
36,56,57
56,57,75
36,57
56,57
56,57
36
36
36,56,57
36,56,76,83,84
56,57,75
56,57
36
36
56,57,74,75,83
32,36,57,64,75
70
36,81
81
32
32,36,54,57,64,65,75-78,83,84
56,57
56,57
40,56,57
56
56,57
64
36,41,42,57,75
56
54,56,57,75,82
38
36
57

solution where they are quenched more effectively. That phosphorescence emission remaining after aeration. Bridge
the reason why the less soluble molecules such as quinolibiphenyls, in which a five-member ring serves to induce pla-
and phenazine show < 10 % unquenched phosphoresceinarity in the molecule, exhibit more intense CD-RTP than

in the presence of oxygen, while the more soluble analytebiphenyl.
such as 1,10-phenanthroline and acridine show little or n
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Cline Love and Grayeski [32] carried out some additionamicelles provide freedom from the spectral interference due
phosphorescence studies using deaerated solutions wto turbidity produced by the heavy-at@¥CD complex.
high-purity nitrogen passed through oxygen trap sealed wi
a teflon stopper, in the presence of 1,2-DBE as the hea
atom. When usingi-, 3-, andy-CD, it is observed again the
size exclusion effect, which leads just the analytes include
within the CD cavity, at least partially, to be induced to
phosphoresce. Molecules too large to fit into frR€D cav- 2-Naphthyloxiacetic acid (NOA) and 1-naphthylacetic
ity (e.g.,1-phenylnaphthalene) will not emit, whereas naphacid (NAA) were studied by Mufioz de la Pedtaal.[68,69]
thalene fits easily into the cavity and emits strongly. In ordewith stabilization by usin3-CD as a host system. 2-bro-
to explain the effect of cavity size, it was checked thamoethanol and 2,3-dibromopropanol were evaluated as
phenanthrene phosphorescesBh€D but does not in the external heavy atom perturbers to enhance the rate of inter-
smaller a-CD, which canno't'lnclude the molecule. On 'thesystem Crossing and, Consequenﬂy, popu|ating the trip|et
other hand, the hydrophobicity of the compound establish¢state for phosphorescence emission. Sodium sulfite was used
the strength of the complex, more hydrophilic species forras chemical deoxygenant. Later on, the same authors [70]
weaker complexes producing faint emission signals. In thiperformed an experience with NOA in order to demonstrate
way, naproxen, a relatively non-polar drug, shows lower RTlthat the emission intensity is much higher in the presence of
intensity compared to that observed in micellar mediahromoalkanes (1,3-bibromopropane) than in the presence of
because of the weak inclusion in cyclodextrin. bromoalcohols. The solutions deoxygenation was achieved

by a combination of flowing nitrogen and addition of

A mixture of organized media consisting of cyclodextrinsodium sulfite. It was also noticed a turbidity formed in the
and SDS was also used to obtain RTP from phenanthrepresence of the bromoalkane, which seems necessary to
[65]. It was studied the differences between the phosphiobtain phosphorescence.
rescence spectral profiles of phenanthreng-€@D:1,2-DBE

complex and in Na/TIDS (70:30) micellar solution. Besides 1ne complex acenaphthefeCD has been studied by
this work documents the effects of surfactant concentraticSeveral authors. The room temperature phophorescence [71]

both below and above the CMC, on the triplet state propeof acenaphthene was observed when using 2-bromoethanol
ties of the trimolecular complex. Surfactant concentrationS €xternal heavy atom, thanks to the formation of the
well below the CMC produce an enhancement of phenaf€ary complex acenaphthefe€D:2-bromoethanol. The
threne’s phosphorescence intensity, which is thought to [Solutions were deaerated by nitrogen purging.

the result of sequestering of the open ends of the CD tor The same complex was studied by Mufioz de la Pefia
by hydrophobic tails of the surfactant monomers. Additiorg; g1 [72]. The deaeration was made by using a chemical
of more surfactant, above the CMC, caused migration of thyeoxygenant, sodium sulfite, in the same way as the proce-
lumiphor from theB-CD to the micellar aggregate. In this gyre "performed for obtaining RTP in micellar media [36],

way, it was postulated that the surfactant monomers aggrang the formation constant of the ternary associate was also
gate at the open ends of tBeCD torus, effectively “cap- yetermined.

ping” the system and reducing the degree of lumiphor-wate
interaction. Shuanget al. [73] compared the RTP signal of the com-

plex acenaphtherf®CD in the presence of epibromohydrin

Another study [57] was performed using the same corras the atom perturber, as opposed to the one formed when
pounds as the ones used by Scypinski [53] and some orusing 1,2-DBE. It was found that the heavy atom effect of
more, including naphthalene, triphenylene, phenenthren€pibromohydrin was superior to that of 1,2-DBE.

chrysene, fluorantane, anthracene and pyrene. Synchronc g macyciohexane was used to replace straight chain
wavelength scanning was employed in order to compare tlalkane halides, such as 1,2-DBE and 1,2-DBP, as the heavy

RTP signals of different compounds using micellar media Catom perturber foB-CD induced RTP of 7-methylquinoline,

B-CD, in deaerated solutions. Such experiments wer,,: ; : ; P
achieved using thallous nitrate and 1,2-DBE as heavy ato without nitrogen purging [74]. Linear ranges, detection lim

Tits and relative standard deviation were similar to those

In both cases, second derivative synchronous spectra We piinad for the system using 1,2-DBP and nitrogen purg-
performed to enhance the spectral resolution. It was notice

the appearance of turbidity due to fBCD:1,2-DBE com- ng.

plex, which can be reduced by using lower concentration ¢ It was observed RTP of some polyaromatic hydrocarbons
1,2-DBE, but with a concomitant reduction in RTP intensityand nitrogen heterocycles [75] included in fx€D:cyclo-

In the same way, micelle induced RTP was found to be behexane:haloalkane system and using nitrogen purging as
ter than cyclodextrin-induced RTP for the analysis of mix-deoxygenant. The addition of an excess of 1,2-DBE caused
tures. In the case of the drugs, propanolol and its 4-hydroy‘cloudy precipitations”, which provided strong RTP signals.
metabolite were resolved in micellar media; however, thit was seen from microscopy that the precipitations sus-
drug did not exhibit RTP if8-CD. The surfactant medium pended in solution were microcrystals@CD and its inclu-
offered several advantages over the CD, particularly whesion components. The formation of microcrystals benefited
analytes are too large to be included in the CD cavity. Alsthe stability of the triplet-state and the enhancement effect

The determination of 1-naphthylacetic acid3h€D solu-
tions was reported by Zhargt al. using as heavy atoms
1,2-DBE [66] and 1,2-dibromopropane (1,2-DBP) [67]. In
both cases the solutions were deaerated by passing N

ANALUSIS, 2000, 28, N° 8 675
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on RTP. Therefore, in these systems, rigid processes migTable lll. Halogenated cyclodextrin derivatives inducing
be completed in two steps: complexation and forming sufRTP from several included analytes.

pension microcrystals. Compound CD used Reference

In 1996, Gaoet al. [76] determined several PAHs by
B-CD RTP with 1,2-DBE as heavy atom using the chemiczacenaphthene heptakis(6-bromo-6-deoxi--CD) 85
deoxygenation technique. Results were comparable wildibenzofuran
those obtained by using,eoxygenation. dibenzothiophene

. fluorene
Using chloroform as external heavy atom, Nazarov [77

studied the phosphorescence of phenanthrefledD solu- naphthalene
ti phenanthrene
ions.

pyrene

The traditional deoxygenation techniques in CD induce
RTP, including nitrogen purging and chemical deoxygena
tion by using sodium sulfite, were compared to the neve-bromo-2-naphtol 6-deoxi-6-iodo-a-CD 87
techniques proposed by Zhaegal. [78]. Phenanthrene was 3-bromoquinoline
studied in B-CD solutions with 1-bromocyclohexane as per-
turber. The authors concluded that the methods in whicnaphthalene 6-deoxi-6-iodo-B-CD 88
oxygen was eliminated by hydrogen gas and carbon dioxic
in the measuring media (new techniques) are easy to use;
not need any complicated supplementary equipment; a
rapid because deoxygenation time needed was only 1-2 m
have a wider acidic condition which is a supplement o .
chemical deoxygenation by sodium sulfite; can maintait RTP from halogena'ged cyclodextrin
RTP signal without decay for 10 minutes and finally, have derivatives
good analytical characteristics.

2-cloronaphthalene 6-deoxi-6-iodo-3-CD 86

Carreteroet al. [79] carried out a multivariate optimiza- “Functionalization” of CDs by including heavy atoms in its
tion approach, using a central composite blocked cube-stmolecular structures allows the observation of phosphores:
design, to optimize the RTP of a ternary complex betweecence of several compounds. The cyclodextrins modified anc
acenaphthen@:CD:bromoalcohol, two alcohols, including the compounds included into them are summarized in
2-bromoethanol and 2,3-dibromopropanol being studied. Tttable |Il.
comparative study of the effect of both of them in the phos
phorescent response showed that the highest emission sig The “heavy atom” serves to enhance the radiative rate of
was obtained with 2,3-dibromopropanol. The same expertriplets without a comparable enhancement of triplet quench-
ence was performed by Escandar and Mufioz de la Pefia [fing. The result is an enhanced quantum yield of phospho-
with the difference that they usedCD, with comparable rescence.
results.

) , Femia and Cline Love [85] were the first in using a mod-
. The effect of small molecule organic compounds includifieq cyclodextrin, heptakis(6-bromo-6-deo@icCD), in
ing methanol, ethanol, propan-1-ol, propan-2-ol, butan-1-Olorger {0 obtain RTP from several polynuclear aromatic

ethylene glycol, acetonitrile, acetone and 2-butanone on RThydrocarbons, such as acenaphthene, dibenzofuran, diber
of two ternary complexes d-CD:analyte:1,2-DBE was ,qthiophene, fluorene, naphthalene, phenanthrene anc

investigated by Zhang [81]. The studied analytes were 1 Alpyrene (with no heavy atoms in their structures).
2-naphthol. Nitrogen purging was used to eliminate the d'prpreciabIe phosphorescence only occurs when the

solved oxygen. lumiphor is shielded from quenchers by the cyclodextrin

Quinoline was determined i3-CD solutions and in the g)rulz cinr? irﬁe\’\ggh;n tr;?orrﬁa'moo; Ipﬂggncoes'(t)'fogec?rmhaetogs.
presence of 1,2-BDE as the heavy atom. The elimination Y Ing vy ! Xed postt

dissolved oxygen was performed by chemical deoxygenatic™oleculé. the observed phosphorescence and dynamic inte
[82] actions depend primarily on the entrance and exit rate con

stants of the lumiphor from the CD. The samples were

Bai et al. [83] carried out the determination of a mixture Shaken vigorously, causing the solution to become cloudy a:
of seven polycyclic aromatic hydrocarbons which wagdhe inclusion complex forms. They were also deaerated

treated with epibromohydrin iB-CD solutions. Sodium sul- 15 min with N. It was made clear that the heavy atom effect
fite was added to remove the.O is capable of exerting its influence either through attachment

of bromine to the fixed carbon skeleton of D com-
Gao et al. [84] studied four of the previous compoundsplexed to a lumiphor or from the close approach of the
in the same conditions except that the external heavy atclumiphor to the bromo-substituted, narrow end of the
was 2-bromoethanol. cyclodextrin.

676 ANALUSIS, 2000, 28, N° 8
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Some years later, Hamat al. dealt with another kind of 14.

modifications on the cyclodextrins, investigating 6-deoxi-6-
iodo-a-CD (a-CDI) and 6-deoxi-6-iod@-CD (3-CDI). The
author reported that, in aqueous soluti@rCDI formed a

1:1 inclusion complex with 2-chloronaphthalene (2-CN)16.

[86]. AlthoughB-CD also induces the RTP of 2-CN on for-
mation of an inclusion complex with this compoufeCDl,

containing a heavy atom perturber in its structure, is morl7.

than 1.2 times as effective in enhancing the RTP fhéb.

Later on [87] the external heavy atom effecbie€DI on
the RTP intensity of 6-bromo-2-naphthol and 3-bromo-q
quinoline inclusion complexes was also examined. The RT
for the 2:1a-CDI: compound inclusion complex was com-
pared with the 2:1 inclusion complex composed of the pa
ent a-CD, indicating the enhancement of the signal, due t
the external heavy atom of the cyclodextrin. Finally, the
same author [88] studied the luminescent behaviour of nap,,
thalene in aqueous solutions of D-glucose ugngDI.
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