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ABSTRACT: Fluorescence and UV–visible absorption spectra of HPTS (8-hydroxy-1,3,6-pyrenetrisulphonic acid
trisodium salt, pyranine) were measured in a variety of solvents. Fluorescence maxima (in kcal mol-1) can be
correlated with the KosowerZ parameter (r = 0.901), the Dimroth–ReichardtET(30) parameter (r = 0.900) and the
Winstein Y parameter (r = 0.916) using one-parameter fits. Good correlations (r = 0.98) were obtained for HPTS
fluorescence in ethanol–water mixtures using theY, YOTsandZparameters. Fluorescence maxima of HPTS in aqueous
sulphuric acid solutions gave an excellent correlation withYOTs (r = 0.991). Multi-parameter correlations, indicating
the significance of specific solvent interactions, were also studied. In addition, fluorescence maxima correlate well
with maximum/minimum ratios obtained from UV–visible absorption experiments. Results can be applied in the use
of HPTS as a molecular probe of solvent environments and for extension of theYOTsscale in acidic solutions. HPTS is
a unique molecular probe, not only because of its photoacidic properties and its widespread use as a pH-sensitive
biosensor, but also because of its relative stability in acidic environments. 1998 John Wiley & Sons, Ltd.
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INTRODUCTION

The fluorescence of HPTS and its application have been
studied for nearly half a century.1–14Förster,1,2 Weller3,4

and co-workers first measured the pH-dependent fluor-
escence of HPTS, due to its ROH* and ROÿ* forms, and
established indirect methods of excited state proton
transfer rate determination. Excited state proton transfer
from HPTS has since been studied directly.5,6 HPTS
fluorescence has been used in scientific, medicinal and
commercial applications. For example, HPTS has been
used to study the process of carbon monoxide binding to
haemoglobin;7 as a pH probe of liposome interiors and
surfaces;8 and in sensors of pH,9,10 carbon dioxide11 and
ammonia.12

In addition to the pH dependence of HPTS fluores-
cence, the maximum of the ROH* fluorescence is
solvent-dependent. However, there have been only a
few studies of this solvent dependence. Kondoet al.13

used the solvent dependence in order to understand
reversed micelles, and Wolfbeis9 noted it (using a crown
ether) in applications to pH measurements. Yuqing and

Longdi14 have proposed that HPTS may be used as a
polarity probe owing to its solvent dependence.

Because of the widespread use of HPTS, we felt that a
more complete study of its solvent dependence was
necessary. Therefore in this study we report preliminary
results on the correlation of HPTS fluorescence and UV–
visible absorption spectra with the KosowerZ15 (refer-
ence numbers indicate the source of values used),
Dimroth–ReichardtET(30),16,17 Winstein Y,15 YOTs

18

and Py19 solvent polarity parameters. Multi-parameter
correlations with the SwainA andB scale,15 the Kamlet–
Taft scale16,20 and the Krygowski–Fawcett (ET�DN)15

scale are also presented. Results for 30 solvents are given.
The effect of added salt on HPTS fluorescence is
discussed in a separate publication.21

Macroscopic solvent parameters such as the dielectric
constant or the index of refraction have limited use in
understanding solvent-dependent properties of a particu-
lar solute or reaction, since they do not measure specific
solute–solvent interactions such as hydrogen bonding or
electron pair donor–acceptor interactions.15,22,23 Par-
ameters such as the KosowerZ value or the Dimroth–
Reichardt ET(30) value are frequently used in-
stead.15,22,23These parameters measure both non-specific
and specific solvent–solute interactions of a particular
probe molecule and thereby permit one to discern which
solvent–solute properties are of primary importance for
the process of interest.
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RESULTS AND DISCUSSION

Fluorescence spectra

One-parameter correlations. Fluorescencespectraof

HPTSin acetonitrile(containing1%methanolby volume
to improve solubility), ethanol and 30 w/w% hydro-
chloric acid areshownin Fig. 1. The spectraarisefrom
fluorescenceof ROH* and typify the positive solvato-
chromismobservedfor the HPTSfluorescence.A more
extensivelist of fluorescencedata is given in Tables1
and2.

The Kosower Z value scale is basedon the inter-
molecularchargetransfertransitionof 1-ethyl-4-(meth-
oxycarbonyl)pyridinium iodide.A graphof theenergyof
HPTSfluorescencemaximaversusZ is givenin Fig.2(a).
(HPTShaslow solubility in non-polarsolventsaswell as
in somepolaraproticsolvents,soseveralsolutionswere
preparedby mixing HPTSin asmallamountof methanol
andthenaddingthe mixture to the solventof interest.Z
valuesand ET(30) valuesfor the correspondingmetha-
nol–acetonitrile and methanol–acetonemixtures were
calculatedaccordingto informationgivenin Refs15 and
17. The data set also includesseveraldata points for
which solventparametersareunavailable.)The correla-
tion coefficientusingall possiblepointsis 0.901.Owing
to thesizeof thedataset,uncertaintiesin datadueto low
solubility, andselectionof appropriatevaluesof polarity
parametersfor mixtures and for water, the correlation

Figure 1. Fluorescence spectra of HPTS in: acetonitrile (with
1% methanol by volume added to improve solubility), full
line; ethanol, broken line; and 30% HCl solution (by weight),
dotted line

Table 1. HPTS ¯uorescence and UV±visible absorption data

Solvent

Fluorescence
maximum

(kcalmolÿ1)
Absorptionratio

(max.min.)
Large

dataset
Small

dataset
Y value
dataset

Acetic acid (1:200MeOH:aceticacid) 66.4 1.45 � �
Acetic acid (glacial) 66.8 1.80 � �
Acetone(1:50MeOH:acetoneby volume) 70.6 2.35 � �
Acetone(neat) 73.6 – �
Acetonitrile (1:100MeOH:MeCN) 70.6 2.38 �
Acetonitrile (1:150MeOH:MeCN) 70.6 2.31 �
Acetonitrile (neat) 71.3 2.46 � �
CF3SO3H 61.2 1.07 � �
DMF (N,N-dimethylformamide) 70.1 2.21 � � �
DMSO 69.6 2.32 � �
Ethanol 68.0 1.99 � � �
Ethyleneglycol 67.3 1.81 � �
Formicacid 65.3 1.64 � �
H2SO4 (98%) 62.1 1.08 �
H3PO4 (85%) 63.4 1.53 � �
H3PO4 (88%) 63.4 1.40 �
HCl (30%) 64.0 1.54 � �
HClO4 (70%) 62.7 1.52 �
Methanol 67.9 2.00 � � �
1-Propanol 67.9 1.92 � �
2-Propanol 68.7 – � � �
Pyridine 74.2 – �
t-Butanol 68.5 – � �
2,2,3,3-Tetrafluoropropanol 66.6 1.56 � �
2,2,3,3-Tetrafluoropropanol (1:150 MeOH:TFP) 66.3 1.57 � �
2,2,3,3-Tetrafluoropropanol (1:300 MeOH:TFP) 66.6 1.56 �
THF 75.2 – �
2,2,2-Trifluoroethanol 67.3 1.70 � �
2,2,2-Trifluoroethanol(1:150MeOH:TFE) 66.6 1.70 � �
Water(averageof solutionscontaining
0.5–1.5M acid, to detectROH fluorescence)

64.5 1.62 � � �
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coefficient is dependent upon the choice of data.
Correlationwith a smallerdataset (of 17 points,which
excludesseveralsolventsin which HPTSdid not easily
dissolveor thatgavepoorercorrelations;seeTables1 and
2) givesa correlationcoefficientof 0.946.

Dimroth–ReichardtET(30) values, which are based
upon the probe molecule 2,6-diphenyl-4-(2,4,6-tri-
phenyl-1-pyridinio) phenolate,are affected by solvent
Lewis acidity and polarity.15 A graphof the energyof
HPTSfluorescencemaximaversusnormalizedET(30) is
given in Fig. 2(b). For all points the correlation
coefficient is 0.900. With the smaller data set the
correlation coefficient is 0.938. As can be seenfrom
Figs 2(a) and2(b), correlationswith Z andET(30) give
similar results;this canbe expectedsinceZ andET(30)
are correlatedtogetherwith r = 0.978.15 For HPTS,fits
with Z weretypically asgoodasor betterthanthosewith
ET(30).

The original Z scalehasthe limitation that in highly
polarsolventsits solvatochromaticintermolecularcharge
transfertransitionoverlapswith thep → p* transitionof
the pyridinium cation. ET(30) values were originally
limited to non-acidicsolventsowing to spectralchanges
arising from protonationof the betainedye in acidic
solvents.15 However, both scalescan be expandedby
linear correlation with other parameters.Potentially,
HPTScould be usedto extendthesescalesowing to its
solubility and relative stability in acidic solutions. In
order to further investigatethe suitability of HPTSasa
solvent probe of strong acidic solvent environments,

correlations of fluorescencemaxima with the YOTs

parameterwere performed,as describedbelow; YOTs

values are available for sulphuric acid solutions of
concentrations0%–70%by weight24.

Since correlation coefficientsof HPTS with Z and
ET(30) for a variety of solventsare highly dependent
uponthe selectionof data,the useof thesecorrelations
shouldbe consideredas an approximation.We plan to
continueto expandour data set in order to determine
which conditions,including solventdryness,leadto the
optimum data set for theseevaluations.As described
below,HPTSfluorescencealsogivesa bettercorrelation
for ethanol–watermixtures; in this correlation the
problem of solvent drynesshas beeneliminated,since
thepercentageof wateris knownaccurately.

The Winstein Y scale, originally basedon rates of
solvolysisof t-butyl chloride,is oneof theearliersolvent
polarity scales. It is a measureof solvent ionizing
power.15 Z values were originally proposedowing to
difficulties in the measurementof Y in a variety of
solvents.25 Fluorescencemaxima of HPTS correlate
slightly better with Y values,15 r = 0.916; however,the
data set is limited owing to the lack of Y values.For
the sameset of data points for which Y is available

Table 2. One-parameter correlations with ¯uorescence data

Parameter Dataseta Correlationcoefficient

ET(30) Large 0.900
Small 0.938
Y 0.863
Protics 0.823
Aprotics 0.888

Z Large 0.901
Small 0.946
Y 0.805
Protics 0.790
Aprotics 0.880

Y Large 0.916
Small 0.982
Protics 0.915
Aprotics b

YOTs Large 0.885
Small 0.926
Y 0.932
Protics 0.923
Aprotics b

Py Protics 0.830
Aprotics 0.961

DN Protics 0.863
Aprotics 0.165

a Datasetsasindicatedin Table1.
b Insufficient data.

Figure 2. Correlations of HPTS ¯uorescence energy with (a)
Kosower Z scale and (b) normalized Dimroth±Reichardt
ET(30) scale
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(nine points), the normalizedET(30) correlationcoeffi-
cient was 0.863 and the Z correlation coefficient was
0.805. In order to investigatethe correlation further,
normalized ET(30),26 YOTs,

18 Y18 and Z (obtained by
extrapolationof datain Ref. 25) valueswerecompared
for ethanol–watermixtures(adatasetof ninepoints);for
acetonitrile–water mixtures (a data set of six points),
normalized ET(30)26 and YOTs

18 correlations were
compared;andfor sulphuricacid–watermixtures(a data
setof 11 points),YOTs

24 valueswerecorrelated.Dataare
presentedin Table3. As canbeseen,whereothervalues
are available,Y correlationcoefficientsare the sameor
higher.

The YOTs scale,which is similar to the Y scale, is
based on solvolysis of 2-adamantyl tosylate.18 2-
adamantyltosylate was originally utilized becauseits
structurepreventsnucleophilic solvent participation in
solvolysis. For the HPTS fluorescencedata, YOTs has
more consistentcorrelation coefficientsthan the other
parameters.Thereforecomparisonsof the quality of the
fits with thosefor otherparametersdependon thechoice
of dataset.

The fluorescencedata of HPTS in ethanol–water
mixtures correlate well with ET(30) (r = 0.940), Y
(r = 0.981),YOTs (r = 0.979)andZ (r = 0.979),asshown
in Table 3. While the latter correlationsare very good,
they are insufficient for extension of the parameter
ranges.16 (Repetition of these experimentsat higher
resolutionmayimprovethecorrelation,sincetheenergy
rangeof thefluorescencedatais narrow.)

For sulphuric acid mixtures, correlationsof HPTS
fluorescencewith YOTs are excellent (r = 0.991; see
Figure3). Valuesof YOTs areaffectedby protonationof
thesubstratein H2SO4 concentrationsof 70%or more.24

However, the fluorescenceof HPTS correlates well
enoughthat it could be usedto extendthe YOTs scale.It
is describedby theequation

YOTs� �77:20� 3:16�
ÿ �1:139� 0:050�EHPTS �kcal molÿ1�

with a standarddeviation of 0.0963.(However,HPTS
cannotbe left for extendedperiodsof time in concen-

Table 3. Fluorescence data for mixtures

Acetonitrile–watermixtures Ethanol–watermixtures Sulphuricacid–watermixtures

XMeCN

Fluorescencemax.
(kcalmolÿ1) XEtOH

Fluorescencemax.
(kcalmolÿ1) XH2

SO4

Fluorescencemax.
(kcalmolÿ1)

0.05 65.79 1.0 68.07 0.369 62.45
0.101 66.24 0.9 67.90 0.349 62.51
0.150 66.24 0.8 67.90 0.329 62.67
0.201 66.50 0.7 67.59 0.296 62.67
0.241 66.19 0.6 67.59 0.213 63.34
0.250 66.24 0.5 67.59 0.155 63.56

Correlations 0.4 67.36 0.130 63.59
ET(30), r = 0.719 0.3 67.24 0.109 63.76
YOTs, r = 0.728 0.2 67.10 0.0732 63.82

CorrelationsET
N, r = 0.940 0.0443 63.93

YOTs r = 0.980,SD= 0.254 0.0206 64.05
YOTs= (242.27� 18.76)
ÿ (3.587� 0.278)EHPTS (kcalmolÿ1)

Y, r = 0.981,SD= 0.269 Correlation
Y= (265.46� 19.90)ÿ

(3.929� 0.294)EHPTS (kcalmolÿ1)
YOTs, r = 0.991,SD= 0.0963
YOTs= (77.20� 3.16)ÿ

(1.139� 0.050)EHPTS (kcalmolÿ1)
Z, r = 0.979,SD= 0.726
Z = (760.38� 53.62)ÿ

(10.00� 0.79)EHPTS (kcalmolÿ1)

Figure 3. Correlation of HPTS ¯uorescence energy in
sulphuric acid±water mixtures with YOTs
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trated sulphuric acid solutions, presumablyowing to
further sulphonation.Similar instability was noted in
glacial aceticacid,presumablydueto esterification.)

Theseresultsclearly indicatethe utility of HPTSasa
molecularprobeof strongacidicsolventenvironments.In
comparisonwith otherprobes,HPTSis uniquebecause
of its relative stability in acidic environments; in
addition,it is readily availableandsafeandeasyto use.

Multi-parameter correlations. A variety of multi-
parameterapproachesfor thetreatmentof solventeffects
are available. Thesemethodsutilize unique empirical
parametersfor distinct interactionmechanismssuchas
hydrogenbonding,electronpair donor–acceptorinterac-
tions and dipole–dipole interactions.22 The results of
threeof thesecorrelationswith the HPTS fluorescence
energyaregiven in Table4.

The SwainA andB scaleis a measureof a solvent’s
ability to solvateanions(‘acity’) and cations(‘basity’)
respectively.15 For HPTSthe correlationcoefficientwas
0.904andtheparametercoefficientsindicatethatsolvent
acity hasa greatereffect on HPTSfluorescence.

The Krygowski–Fawcett correlation utilizes the
ET(30) scale along with the Gutmann donor number
(DN). TheseparametersmeasuresolventLewis acidity
and basicity respectively.15 Once again, for HPTS
fluorescencethe correlationindicatesthat solventLewis
acidity is more effective (r = 0.941, ET(30) coeffi-
cient= 0.793,DN coefficient= 0.207).

Kamlet–Taftcorrelationsincludeseparateparameters
for solventhydrogenbond donor acidity (a), hydrogen
bond acceptor basicity (b), solvent dipolarity and
polarizability (p*) anda polarizability correctionfactor
(�). For HPTS the parametercoefficients from the
correlation (r = 0.873) indicate that solvent hydrogen
bond acidity/basicity and polarizability have a similar
influenceon the fluorescencespectra.Differencesin the
coefficientsfrom multi-parameterfits mayarisefrom the

Table 4. Multi-parameter correlations

Normalizedcoefficientsa Correlationcoefficienta

Correlation Equation Largedataset Small dataset Largedataset Small dataset

Swain A = Ao� aA� bB a = 0.914 a = 0.872 0.904 0.951
b = 0.086 b = 0.128

Krygowski–Fawcett A = Ao� aET(30)� bDN a = 0.793 a = 0.856 0.941 0.960
b = 0.207 b = 0.144

Kamlet–Taft A = Ao� s(p* � d�)� aa� bb s= 6.02 s= 5.67 0.873 0.991
a = 5.67 a = 4.39
b = 6.06 b = 3.77
d =ÿ0.363 d =ÿ0.363

a Datasetsasindicatedin Table1.

Figure 4. UV±visible absorption spectra of HPTS in (a)
acetonitrile containing 1% methanol, (b) ethanol and (c)
30% HCl
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separationof solventpolarizability in Kamlet–Taftfits;
polarizability is includedin theSwainB parameter27 and
in ET(30). We are continuing to study theseand other
results in order to gain a better understandingof the
solvationof HPTS.

UV±visible absorption spectra

UV–visible absorptionspectrafor HPTS in acetonitrile
(containing1% methanolby volume), ethanol and 30
w/w% HCl areshownin Fig. 4. As canbeobserved,the
relative position and heights of peaksA and B (the
longest-wavelength bands)changewith the solvent. In
addition,thewidth of peakA varies.In orderto compare
spectralfeatures,wecalculatedtheratioof themaximum
of peakA to thelongest-wavelengthminimum(pointC in
Fig. 4(a)).Thisempiricalmeasureappearsto besensitive
to all threeeffects.Fluorescenceof HPTSwascompared
with this ratio, asshownin Figs 5(a) and5(b). The cor-
relationcoefficientfor theentiredatasetwas0.939,while
r = 0.937with thesmallerdataset.Fromthis correlation
it is apparentthatdifferentialsolvationof thegroundand
excitedstatesof HPTSproportionallyinfluencesits UV–
visible absorptionandfluorescencespectra.15

Fluorescenceversus UV–visible absorption curves
were also plotted by grouping acidic and non-acidic
solventsseparately(see Fig. 5(b)); by doing this, the
correlationcoefficient improvesfor the non-acidicsol-
ventsto 0.974,while for acidsit is 0.784.With exclusion
of apointfor aceticacid(with 0.5%methanolby volume)
thecorrelationcoefficientfor acidsbecomes0.900.From
theseresultsonecandiscernwhethera solventprovides
an environmentthat is moresimilar to that of an acidic
solutionor to that of a non-acidicsolution.

In orderto testwhetherthe spectralshifts, in general,
areprimarily dueto gradualprotonationof thesulphonate
groups,we havedonepreliminary fluorescenceexperi-
mentson 1,3,6,8-pyrenetetrasulphonic acid tetrasodium
salt in threesolvents(methanol,waterandconcentrated
sulphuric acid). The shifts observedfor the 1,3,6,8-
pyrenetetrasulphonate fluorescenceare not as large as
thoseobservedfor HPTS.For example,1,3,6,8-pyrene-
tetrasulphonatehas a fluorescencemaximum of � =
394nm (72.6kcalmolÿ1) in sulphuricacid and 385nm
(74.3kcalmolÿ1) in methanol,which is a differenceof
1.7kcalmolÿ1. In comparison, HPTS fluorescence
maximaareat� = 461nm (62.0kcalmolÿ1) in sulphuric
acid and 423nm (67.6kcalmolÿ1) in methanol,corre-
spondingto a much largerdifferenceof 5.6kcalmolÿ1.
From theseresultswe may concludethat protonationof
the sulphonategroupsdoesnot contributesignificantly
to the solvent-dependentfluorescencespectralchanges
seen with HPTS. In addition, the fluorescencedata
obtainedin sulphuricacidsolutionscorrelateexcellently
with YOTS, beyondthepH rangewhereprotonationof the
sulphonategroups2 could occur(pKa = 0–1).The differ-

encein theabovecorrelationsof theHPTSspectraldata
in acidic and non-acidicsolvents,therefore,appearsto
originatefrom smallchangesin theabsorptionspectraof
HPTS.Apparently,thespectralchangesobservedaredue
to a unique combinationof HPTS structural features,
arising from the influence of the pyrene ring, the
hydroxyl groupandthesulphonategroups.

Correlationof HPTSUV–visible absorptiondatawith

Figure 5. Fluorescence maxima versus UV±visible absorption
ratios for HPTS in a variety of solvents. Full squares are non-
acidic solutions and open squares are acidic solutions. Graph
(a) has all data points included in the ®t and graph (b) has
acidic and non-acidic solutions ®tted separately. Note that
the acidic solutions which lie close to the non-acidic solution
®t are for HPTS in acetic acid and acetic acid with 1%
methanol by volume

Table 5. Correlations of UV±visible absorption spectral data

Parameter Dataseta
Correlation
coefficient

ET(30) normalized Large 0.916
Small 0.919

Z Large 0.860
Small 0.899

Y Large 0.906
Small 0.982

a Datasetsasindicatedin Table1.
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polarity parametersyieldedsimilar fits with Y (r = 0.906)
andwith ET(30) (r = 0.916).For the smallerdataset,Y
gavean excellentcorrelation(r = 0.982;however,there
areonly four pointsin thedataset;seeTable5). We are
continuingto explorethepossibility that theUV–visible
absorptionof HPTS could be used as an additional
measureof solventpolarity.

Additional categorization of solvents

Fluorescencedataobtainedin protic andaproticsolvents
werestudiedby separationof thecorrelationsobtainedin
the two typesof solvents.(Absorptiondatacouldnot be
correlatedseparately,since only three data points are
availablefor UV–visible absorptionspectraof HPTSin
neat,aprotic solventsowing to its low solubility.) For
fluorescencedata, best fits were obtainedwith the Py
polarityparameter(r = 0.961,aprotics;r = 0.830,protics;
seeTable 2 and Fig. 6). The Py polarity parameteris
basedon relativeemissionintensitiesof thep*→p band
of pyrene.Similarities in solvationof pyreneandHPTS
may give rise to the excellent correlation in aprotic
solvents.Here too, as with the UV–visible absorption
data describedabove,one can use the information in
order to discernthe type of environmentin which the
HPTSis found.

CONCLUSIONS

HPTS is a unique molecular probe. Not only can its
photoacidicqualitiesbe usedto measurepH,9,10 but its
fluorescenceshift and UV–visible absorption band
changescan be used as measuresof solvent polarity.
HPTS is uniquely stable, and protonation of the
sulphonategroupsat pH valueslessthanone2 apparently
does not greatly affect the continuity of correlations
obtained.

Thehigh correlationof HPTSfluorescencemaximain

sulphuricacid solutionswith YOTs indicatesthe useful-
nessof HPTSasa polarity probein acidicenvironments.
In addition, the HPTSfluorescenceshift canbe usedto
determinewhether a solvent environmentis protic or
aproticin nature(whencorrelatedwith Py) or whetherit
resemblesthatof anacidicsolution(whencorrelatedwith
its UV–visible absorptionratio).

Multi-parameter correlations indicate that HPTS
fluorescenceis mainly influencedby the Lewis acidity
andpolarizability of the solventof interest.UV–visible
absorptionand fluorescencespectraare affectedby the
unique solvation of the HPTS pyrenering, sulphonate
andhydroxyl groups.

EXPERIMENTAL

Materials

Solventswere typically the highest commercialgrade
available.HPTS was typically Kodak laser grade,and
1,3,6,8-pyrenetetrasulphonic acid tetrasodiumsalt was
purchasedfrom Molecular Probes.All materialswere
usedasreceived.

Fluorescence

Spectrawere recordedon one of two instruments.The
first was an SLM InstrumentsInc. fluorimeter with
excitation at 340nm and slit width varied in order to
improvesignalandresolution.ThesecondwasanSLM-
Aminco-BowmanSeries2 luminescencespectrometer
with excitation at 353nm, slit widths of 4 nm, data
collection every 1 nm and averagingof three spectra.
Computersolventcorrectionswere performedwith the
secondspectrometerwhen necessary;however,instru-
mentalcorrectionswereomitted.Owingto similaritiesin
data, results obtained from both fluorimeters were
averagedtogether.Experimentsin sulphuricacid solu-
tionswereperformedwith higherresolutionowing to the
narrower range of energy values. Excitation was at
380nm with 16nm excitation bandpassand 0.5nm
emissionbandpass;data were collected every 0.2nm,
eight spectrawereaveragedtogetherandan instrument
correctionwasperformed.

UV±visible absorption spectra

UV–visible absorption experiments were performed
using a Hewlett-Packard8452A diode array spectro-
photometer.Experimentswere performed either with
solvent blank subtraction or with estimation of the
solvent baseline. Results from both methods were
averagedtogether.

Figure 6. Correlation of HPTS ¯uorescence energy with Py
for protic (open squares) and aprotic (full squares) solvents
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Errors

Standarddeviationsfor the spectroscopicmeasurements
are illustrated by the following examples.UV–visible
absorptionandfluorescencespectraof HPTSin acetone
(containing1:50 v/v methanol)andin water(containing
acid) were eachmeasurednine times. Standarddevia-
tions for the HPTS fluorescencemaxima were �0.14
kcalmolÿ1 with the acetonemixture as the solventand
�0.11kcalmolÿ1 with waterasthe solvent.Absorption
ratios had standard deviations of �0.097 (acetone
mixture) and�0.024(water).Factorscontributingto the
error includeHPTSsolubility andsample concentration.

Errorsindicatedfor correlationsarestandarderrorsof
fit with equalweightingfor all points.

Data analysis

One-parameterfits andinterpolationof literaturepolarity
parametersfor mixtureswereperformedusingtheOrigin
Microcal 4 plotting package.Polarity parameterinter-
polationswereeithercubicor linear,dependinguponthe
quality of the fit. Multi-parameter correlations were
performedusing Matlab 4 software,written by Dr. D.
Pines.
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