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The effect of native cyclodextrins (a-, b- or g- with six,
seven or eight glucose units, respectively),
hydroxypropyl-b-cyclodextrin, b-cyclodextrin solubilized
in urea, soluble starch and glucose in water solution on
the fluorescence behaviour of tryptamine
[3-(2-aminoethyl)indole] (T) was determined. In addition,
the effect of methanol and propanol with and without
b-cyclodextrin or hydroxypropyl-b-cyclodextrin was
ascertained. From the fluorescence changes with pH and
with b-cyclodextrin or hydroxypropyl-b-cyclodextrin, the
values of the pKa of the ground and excited states and the
association constants of T and TH
[3-(2-ammoniumethyl)indole] with the two hosts were
determined. The values are pKa = 9.5 ± 0.2 and pKa

* =
8.4 ± 0.2; KAssoc

TH = (1.6 ± 0.3) 3 102 mol21 dm3 and
KAssoc

T = (2.8 ± 0.3) 3 102 mol21 dm3 with
b-cyclodextrin, KAssoc

TH = (1.8 ± 0.5) 3 102 mol21 dm3

and KAssoc
T = (4.9 ± 0.9) 3 102 mol21 dm3 with

hydroxypropyl-b-cyclodextrin. The ratio of the
fluorescence quantum yields for the bound and free
substrate (Fb/Ff) were in the range 1.25–1.33. The
detection limit for the better conditions where the
host–guest interactions produce fluorescence enhancement
was 0.454 ± 0.002 ng ml21 for the complex
T–hydroxypropyl-b-cyclodextrin in water. The method is
simpler than others reported previously.

Keywords: Tryptamine determination; fluorescence;
cyclodextrin complexes

Supramolecular chemistry has seen intensive development in
recent years with the use of receptors such as polysilicates
(zeolites), polysugars (cyclodextrins), polyethers (crown ethers)
and other derivatives. In this area we have studied several
aspects of the chemistry of cyclodextrins,1–4 which are
doughnut-shaped molecules formed by six, seven or eight
glucose units (a, b and g, respectively) and are able to form
inclusion complexes with a great variety of compounds.5,6

Frequently, these supramolecular species enhance the lumines-
cence properties of some compounds and this has been reported
to have analytical implications.7,8

In this paper, we report on the influence of different hosts and
reaction media in the absorption and fluorescence spectra of
tryptamine [3-(2-aminoethyl)indole] (T), which was chosen as

the model for a series of compounds of biological interest and
whose analytical determinations might be improved. Trypt-
amine is a precursor of serotonin [5-hydroxy-3-(2-aminoethyl)-
indole], a hormone carried in the blood by platelets which

functions as a neurotransmitter. Other compounds containing
the indole nucleus are used in pharmacy and agriculture and
sensitive analytical methods are necessary for their monitor-
ing.

Native cyclodextrins (a-, b- and g-CD), hydroxypropyl-b-
cyclodextrin (HP-b-CD) and urea-solubilized-b-CD (U-b-CD)
were used as receptors. For comparison, soluble starch and
glucose were employed. The possibility of co-inclusion of
methanol and propanol in the presence of b-CD and HP-b-CD
was also investigated, taking into account that enhanced
fluorescence detection has been reported in several cases in the
presence of this host system9 and also their analytical
application.10

Experimental

Apparatus

UV/VIS and spectrofluorimetric determinations were carried
out with Shimadzu UV 260 and Jasco FP-777 instruments,
respectively. pH was measured with an Orion Model 720 A pH
meter at 25.0 ± 0.1 °C using a Ross combination pH electrode.
The pH meter was calibrated using standard buffers prepared
according to the literature.11 Data analysis was performed with
Sigma Plot (Scientific Graph system) Jandel Scientific, version
1.00.

Reagents

High-purity water was obtained from a Milli-Q apparatus
(Millipore, Bedford, MA, USA). Tryptamine (Sigma, St. Louis,
MO, USA), native cyclodextrins and hydroxypropyl-b-cyclo-
dextrin (Roquette, Lestrem, France), urea (Timper, Cap. Fed.,
Bs. As., Argentina), a-d-glucose (dextrose, Anedra, San
Fernando, Bs. As., Argentina) and soluble starch (Reidel-de
Haën, Seelze, Germany) were used as received. All constituents
of the buffers were commercial reagents of analytical-reagent
grade. The buffers used were hydrochloric acid (pH 2.70–1.00),
acetic acid–sodium acetate (pH 4.70),12 monopotassium dihy-
drogenphosphate–disodium hydrogenphosphate (pH 7.00),11

borax (pH 8.30–10.68),12 disodium hydrogenphosphate–triso-
dium phosphate (pH 10.70 and 12.00)12 and sodium hydroxide
(pH 11.00–13.00). Methanol and propanol were of HPLC grade
(Sintorgan, Villa Martelli, Bs. As., Argentina).

Procedure

A concentrated solution of tryptamine (2 mg in 10 ml) in water
was kept in a refrigerator for about 2 weeks and checked
periodically before preparing the adequate dilutions for the
fluorimetric determination. Solutions were prepared by adding
the T solution to 95% v/v of the appropriate buffer solution
prepared as indicated above and diluting to volume with water.
The photomultiplier gain was low for emission fluorescence
spectra and very low for excitation with 10 nm emission and
excitation bandwidths. The fluorescence emission spectra were
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taken with excitation wavelength lex = 279.0 nm. All the
determinations were made at 25.0 ± 0.1 °C and the temperature
of the cell compartment was controlled with a Haake circulator.
The solutions were not de-gassed. A solution of T ≈ 4.6
mmol dm23 at pH 7.00 was used as reference for the
fluorimetric measurements. The ionic strength (m) of all
solutions was 0.124 mol dm23, adjusted by adding NaCl. For
the determination of association constants, two solutions of the
same substrate concentration (one without receptor and the
other with the maximum concentration of receptor used) were
mixed in suitable proportions for the variation of receptor
concentration in order to minimize the changes in fluorescence
by changes in substrate concentration.13 For spectrofluorimetric
determinations, the total area below the fluorescence spectrum
(F) [eqn. (1)] and the fluorescence intensity at a fixed emission
wavelength (Fl) [eqn. (2)] were measured:

F = B∑eiFi[i] (1)

Fl = B∑eiFigi[i] (2)

where B is a constant which depends on the instrumental set-up,
ei is the molar absorptivity, Fi is the fluorescence quantum
yield, gi is the fraction of the total emission intensity at a given
wavelength and [i] indicates the concentration of each fluor-
escent species i. In all cases the absorbance of the solution was
< 0.050 where eqns. (1) and (2) are valid.

Results and discussion

Effect of pH and buffer concentration

The UV/VIS spectra of the substrate (not shown) presented a
maximum at 278.6 nm (pH 2.00) and 280.5 nm (pH 12.00) and
it did not change significantly in the presence of the receptors
studied. The molar absorptivity of the reference solution (pH
7.00) was (55 ± 1) 3 102 dm3 mol21 cm21 at 279.0 nm.

The fluorescence emission spectra (Fig. 1) show a red shift in
the maximum emission wavelength (lmax

em) and an increase of
about 20% in fluorescence intensity when the pH changes from
7.00 to 10.70. These differences are attributed to the acid–base
equilibrium shown in eqn. (3). The values of F and Fl were

measured as a function of pH† and a value of pKa = 9.5 ± 0.2
was calculated. This value is slightly higher than that corre-
sponding to tryptophan (pKa = 9.39)14 and is consistent with
the electron-withdrawing effect of the carboxylate group.
Similar differences in pKa have been reported for phenylalanine
(pKa = 9.13) and phenylethylamine (pKa = 9.78).14

Spectral shifts between an acid–base pair can be attributed to
the excited state deprotonation. The difference in pKa between
ground and excited species can be calculated using the Förster
cycle,15,16 giving a value for the excited state (pKa

*) of 8.4 ± 0.2.
This value indicates that excitation increases the acidity of the
emitting species. Similar results were obtained with other indole
derivatives.17

There is no change in fluorescence between pH 7.00 and 3.00.
Quenching of fluorescence is observed (compare the spectra in
Fig. 1 at pH 2.00 and 12.00) below pH 3.00 and above pH 11.00,
in agreement with the decrease in fluorescence quantum yields
reported for indole derivatives.18–22 In most cases neither the
identity nor concentration of the buffer produces any change in
the emission spectrum. At pH 12.00 with Na2HPO4–Na3PO4,

some quenching is observed when the total buffer concentration
changes from 0.010 to 0.074 mol dm23. This effect is attributed
to the increase in phosphate trianion, since no effect is observed
at pH 7.00 with KH2PO4–NaH2PO4 buffer.

Fluorescence in cyclodextrins and related media

The effect of the addition of native CD (a-, b- or g-) on the
fluorescence of TH (pH 7.00) and T (pH 10.70) was
investigated (see Table 1). The lmax

em of a solution of TH (pH
7.00) shifts from 355 to 353 nm when b-CD (10 mmol dm23) is
added, along with an increase in the total emission intensity (F).
On the other hand, there is no change when a- or g-CD is added.
In the case of T, native CD (a-, b- or g-) produces a blue shift
in the lmax

em and an increase in fluorescence intensity, but a
stronger effect is observed with b-CD.

Since some b-CD derivatives are more water soluble and
have been reported to be more effective in fluorescence
enhancement,9 the effect of HP-b-CD (0.85 average molar
substitution) was investigated. At 10 mmol dm23 concentration
it produces a shift in lmax

em of 4 nm for TH and of 13 nm for T.
For both substrate species, T and TH, the changes in lmax

em and
F induced by HP-b-CD are greater than those produced by b-
CD. Based on literature data for compounds of similar
structure,17,23 we suggest that an inclusion complex of 1 : 1

† Available as supplementary material (SUP 57386; 3 pp.) deposited with the British
Library. Details are available from the editorial office.

Fig. 1 Fluorescence emission spectra of 4.6 mmol dm23 tryptamine in
water at pH (a) 10.70, (b) 7.00, (c) 2.00 and (d) 12.00. Excitation
wavelength, 279 nm.
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stoichiometry is formed. The association constants (KAssoc,
Scheme 1) for the 1 : 1 complex were determined from the
values of the fluorescence at different receptor (host) concentra-
tions from non-linear regression analysis of the data (Table
2).17,24 The same values of  KAssoc were obtained using F or Fl.
Further, the data plotted according to a linearized equation24,25

(Fig. 2, inset) also gave the same values of KAssoc within
experimental error. The results confirm that the stoichiometric
ratio of the complex is 1 : 1.26

The values of KAssoc determined in this study are similar to
others reported for indole derivatives.9,17 The higher KAssoc for
the neutral substrate (T) indicate a better interaction with the
hosts, probably owing to its greater hydrophobicity. (A referee
suggested that another explanation for the greater binding of T
than TH might be that the free primary amino nitrogen in T can
hydrogen bond better to the hydrogen atom of the hydroxyl
group on the rim of the CD cavity. We think that this effect
should be at least partially compensated for by the better
hydrogen bond from the ammonium group to the oxygen at the
rim of the CD cavity.) The ratios Fb/Ff, determined as reported
in the literature,17,24 were > 1 in all cases, indicating the more
protected environment of b-CD or HP-b-CD for the correspond-
ing excited state of the bound substrate (TH or T).

The pKa values for the complexed substrate with b-CD or
HP-b-CD (Table 2) were determined from the thermodynamic
cycle shown in Scheme 1. Since the KAssoc

T > KAssoc
TH, an

increase in acidity for the complexed substrate is expected. In
both cases the acidity of the bound substrate shows this trend.

The use of more concentrated solutions of HP-b-CD (0.12 or
0.24 mol dm23) results in higher blue shifts of the lmax

em (18 or
21 nm, respectively) of T without the fluorescence enhance-
ment expected for the greater concentration of bound substrate
(98 or 99%) with respect to the more dilute solutions (83% with
10 mmol dm23 HP-b-CD). These effects could be produced by
some absorption of the HP-b-CD used in this study at the lex,
which is as high as 0.100 at 0.24 mol dm23.

It is known that the aqueous solubility of b-CD (15
mmol dm23) increases in aqueous urea (U), reaching concentra-
tions of 100 mmol dm23 (b-CD) in 4.0 mol dm23 U and of 200
mmol dm23 (b-CD) in 8.5 mol dm23 U. The binding constants
of some analytes are higher and others are lower in U–b-CD
than in b-CD.9 Also, enhanced fluorescence was observed in U–
b-CD compared with b-CD.9 This system is also used in
analytical applications as a more convenient concentrated stock
of b-CD solutions.26 The systems 10 mmol dm23 b-CD in 0.8
mol dm23 U or 100 mmol dm23 b-CD in 4.5 mol dm23 U
produce the same (for T) or smaller changes (for TH) in
fluorescence intensity as b-CD alone. The smaller changes in
fluorescence intensity for TH may be due to a decrease in the
binding constant of this species in the presence of urea.
Quenching by urea is discarded, since the addition of 0.8 or 4.5
mol dm23 U has no effect on fluorescence intensity or lem

max of
T or TH.

The effect on the fluorescence of T and TH of glucose and
starch in an equivalent mass of 10 mmol dm23 b-CD was
studied for comparison with that of b-CD. Glucose produces a
small blue shift of about 1 nm in the lmax

em of T or TH without
changes in fluorescence intensity. Soluble starch produces a

Table 1 Fluorescence parameters of tryptamine in different aqueous
media*

TH (pH 7.00)† T (pH 10.70)‡

Medium lem
max/nm§ F¶ lem

max/nm§ F¶

—∑ 355 1.00 364 1.27
aCD** 355 1.00** 359 1.27
gCD** 355 1.00** 359 1.27
b-CD** 353 1.18 355 1.49
HP-b-CD** 351 1.19 351 1.61
* Tryptamine concentration ≈ 4.6 mmol dm23 at 25 °C and ionic
strength 0.124 mol dm23. † Buffer prepared as in ref. 11. ‡ Buffer
prepared as in ref. 12. § lex = 279 nm. ¶ Relative fluorescence calculated
from the integrated areas of the uncorrected emission spectra divided by the
corresponding value for TH at pH 7.00. ∑ Aqueous buffer. **In the
presence of 10 mmol dm23 of the corresponding compounds.

Scheme 1

Table 2 Calculated relative fluorescence quantum yields and equilibrium constants for TH and T*

TH T

KAssoc/ KAssoc/
Host 102 mol21 dm3† Fb/Ff‡ 102 mol21 dm3† Fb/Ff‡ pKa

THCD§

b-CD 1.6 ± 0.3 1.29 ± 0.03 2.8 ± 0.3 1.25 ± 0.01 9.3 ± 0.2
HP-b-CD 1.8 ± 0.5 1.30 ± 0.04 4.9 ± 0.9 1.33 ± 0.02 9.1 ± 0.2

* Tryptamine concentration ≈ 4.6 mmol dm23 at 25 °C and ionic strength 0.124 mol dm23; the substrate is indicated as TH at pH 7.00 and as T at pH
10.70. † The values of KAssoc are the averages of the values obtained using Fl and F as in refs. 17 and 24, with standard deviations no higher than 6%. The
errors are the averages of those calculated by the fitting program. ‡ Values calculated as in refs. 17 and 24; the errors are given by the fitting program. § Values
calculated from Scheme 1.

Fig. 2 Relative fluorescence intensities of 4.6 mmol dm23 tryptamine at
pH 10.70 as a function of b-cyclodextrin concentration. Inset: plot
according to a linearized equation as in refs. 22 and 23.
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blue shift of about 7 nm in the lmax
em of T but acts as quencher

of fluorescence of both species of the substrate (27% for TH and
43% for T). Both results contrast with those found with b-CD
and HP-b-CD, indicating that there is some specific interaction
with the last two receptors.

Influence of the presence of alcohol in the medium

The addition of increasing concentrations of methanol to water
or water–b-CD solutions of T (Fig. 3) enhances not only the
fluorescence intensity of T, but also that of the complexes T–b-
CD and T–HP-b-CD. The fluorescence of T and T–b-CD
reaches the same value at 25% v/v methanol and the
fluorescence of T–HP-b-CD is slightly higher; in all three cases
no important changes were observed at higher percentages of
methanol.

Solutions containing more than 55% v/v methanol could not
be used owing to the low buffer solubility. The effect of
propanol is clearly different (Fig. 4), since at 5% v/v propanol
an increase in the fluorescence of T but decreases in the
fluorescence of T–b-CD and T–HPb-CD are observed. At this
propanol concentration, all solutions have the same fluores-
cence intensity. The dissimilar behaviour of methanol and
propanol may be interpreted as a competition of propanol with
the substrate for the cavity of the host,23 which produces the
displacement of T, whereas methanol stabilizes the binary
complexes27 probably because it is co-included, forming a
ternary complex.28 These results are in agreement with the
higher affinity of b-CD for propanol (KAssoc = 3.7
mol21 dm3)29 than for methanol (KAssoc = 0.32 mol21 dm3).29

The formation of a ternary complex with methanol is suggested
because the calculated fluorescence of the solution taking into
account the amount of free and complexed substrate is always
lower than the measured value.

Analytical parameters

Taking into account the experimental results described above,
pH 10.70 was selected for the determination of T. The solvent
chosen was water or methanol–water (20% v/v) in the presence
of b-CD or HP-b-CD at 25 °C.

Determinations carried out at 15 °C showed no improvement
in the detection limit, which became worse at 40 °C.

The calibration graph obtained by plotting relative fluores-
cence intensity versus T concentration was linear in the range
studied (0.04–6.00 mmol dm23) with good correlations (at least
0.998). Therefore, the data can be represented by the equation

F = FB + m[T] (4)

The slope of the line is the analytical sensitivity m and FB is the
blank measure. The detection limits, expressed as a concentra-
tion cL, were determined as defined by IUPAC.30,31 The values
of cL given in Table 3, were calculated with the equation

c
ks

mL
B= (5)

where sB is the standard deviation of the blank calculated as the
square root of eqn. (6) for a number of observations  n (n! 20)
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and k = 3 for a confidence level of 99.86%. The dynamic linear
range is between cL 3 10/3 and 6.00 mmol dm23.

The value of m (Table 3) increases in aqueous solutions with
b-CD and HP-b-CD as receptors, being higher with the latter.
The best cL determined is 0.454 ± 0.002 ng ml21 for T
complexed with HP-b-CD in water, followed by T complexed
with b-CD in water (0.509 ± 0.002 ng ml21) or complexed with
HP-b-CD in methanol–water (20% v/v) (0.51 ± 0.01 ng ml21).
Although the values of m obtained in methanol–water (20% v/v)
are higher than those corresponding to the aqueous solution, the
values of sB are also higher so the values of cL are similar in both
solvents.

The precision of the method was determined by analysing 10
replicate samples containing 0.5 mg ml21 of analyte and the
relative error was not greater than 3%.

Other fluorescence determinations for T have been published
but they are indirect methods, since several reaction paths are
necessary,32 or require drastic experimental conditions, such as
high temperature32 or strongly acidic media,33–35 to produce the
adequate fluorophore. The detection cL limits are similar or
higher, i.e., 0.5,32 1.033,34 or 4.0 ng ml21.35 The method
described here is direct and simpler, requiring only a solution of

Fig. 3 Relative fluorescence of tryptamine at pH 10.70 as a function of
methanol–water composition: (5) without host; (/) in the presence of 10
mmol dm23 of b-CD; and (:) in the presence of 10 mmol dm23 of HP-b-
CD.

Fig. 4 Relative fluorescence of tryptamine at pH 10.70 as a function of
propanol–water composition: (5) without host; (/) in the presence of 10
mmol dm23 of b-CD; and (:) in the presence of 10 mmol dm23 of HP-b-
CD.
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receptor in a suitable buffer and addition of an aliquot of
substrate to be determined. The receptor can be prepared from
a more concentrated aqueous solution in the case of HP-b-
CD.

This research was supported in part by the Consejo Nacional de
Investigaciones Científicas y Técnicas (CONICET), Argentina,
the Consejo Provincial de Investigaciones Científicas y Tecno-
lógicas (CONICOR) Córdoba, Argentina, and the Secretaría de
Ciencia y Tecnología de la Universidad Nacional de Córdoba
(SECyT-UNC). R.E.G. is a grateful recipient of a fellowship
from CONICET. The gift of the cyclodextrins by the pharma-
ceutical company Ferromet (Villa Martelli, Bs. As., Argentina)
is also acknowledged.

References

1 De Rossi, R. H., Barra, M., and de Vargas, E. B., J. Org. Chem., 1986,
51, 2157.

2 Veglia, A. V., and de Rossi, R. H., J. Org. Chem., 1988, 53, 5281.
3 Veglia, A. V., Sanchez, A. M., and de Rossi, R. H., J. Org. Chem.,

1990, 55, 4083.
4 Veglia, A. V., and de Rossi, R. H., J. Org. Chem., 1993, 58, 4941.
5 Bender, M. L., and Komiyama, M., in Cyclodextrin Chemistry, ed.

Hafner, K., Rees, Ch. W., Trost, B. M., Lehn, J.-M., von Rague
Schleyer, P., and Zahradnik, R., Springer, Berlin, 1978.

6 Bartolus, P., Kohler, G., and Monti, S., Coord. Chem. Rev., 1993,
125, 261; Eaton, D. F., Tetrahedron, 1987, 43, 1551.

7 Kalyanasundaram, K., Photochemistry in Microheterogeneous Sys-
tems, Academic Press, Orlando, FL, 1987, ch. 9.

8 Balzani,V., and Scandola, F., Supramolecular Photochemistry, ed.
Kemp, T. P., Ellis Horwood, Chichester, 1991.

9 Frankewich, R. P., Thimmaiah, K. N., and Hinze, W. L., Anal.Chem.,
1991, 63, 2924.

10 Li, S., and Purdy, W. C., Chem. Rev., 1992, 92, 1457.
11 Analytical Chemistry: The Working Tools, ed. Strauts, C. R. N.,

Gilfillan, J. H., and Wilson, H. N., Oxford University Press, London,
1958, vol. I, p. 228.

12 CRC Handbook of Chemistry and Physics, ed. Lide, D. R., CRC
Press, Boca Raton, FL, 72nd edn., 1991, pp. 8-34–8-36.

13 Patonay, G., Rolie, M. E., and Warner, I. M., Anal.Chem., 1985, 57,
569.

14 CRC Handbook of Biochemistry and Molecular Biology, Fasman,
G. D., CRC Press, Cleveland, OH, 3rd edn. 1977, vol. 1, p. 305.

15 Grabowski, Z. R., and Rubaszewska, W., J. Chem. Soc., Faraday
Trans. 1, 1977, 73, 11.

16 Marciniak, B., Kozubek, H., and Paszyc, S., J. Chem. Educ., 1992,
69, 247.

17 Sanramé, C. N., de Rossi, R. H., and Argüello, G. A., J. Phys. Chem.,
1996, 100, 8151.

18 Schang, J., and Laustriat, G., J. Chim. Phys. Phys.-Chim. Biol., 1975,
72, 1291.

19 Lehrer, S., J. Am. Chem. Soc., 1970, 92, 3459.
20 White, A., Biochem. J., 1959, 71, 217.
21 Styrer, L., J. Am. Chem. Soc., 1966, 88, 5708.
22 Vander Donckt, E., Bull. Soc. Chim. Belg., 1969, 78, 69.
23 Örstan, A., and Ross, J. B. A., J. Phys. Chem., 1987, 91, 2739.
24 Connors, K. A., Binding Constants, Wiley, New York, 1987.
25 Cramer, F., Saenger, W., and Spatz, H., J. Am. Chem. Soc., 1967,

89, 1.
26 Muñoz de la Peña, A., Salinas, F., Durán-Merás, I., and Moreno,

M. D., Anal. Lett., 1994, 27, 1893.
27 Muñoz de la Peña, A., Ndou, T. T., Zung, J. B., Greene, D. H., Live,

D. H., and Warner, I. M., J. Am. Chem. Soc., 1991, 113, 1572.
28 Huang, J., Catena, G. C., and Bright, F. V., Appl. Spectrosc., 1992, 46,

606.
29 Matsui, Y., and Mochida, K., Bull. Chem. Soc. Jpn., 1979, 52,

2808.
30 IUPAC, Anal. Chem., 1980, 52, 2242.
31 Long, G. L., and Winefordner, J. D., Anal. Chem., 1983, 55, 712A.
32 Lisy, J. M., and Gerstein, B. C., Anal. Chem., 1973, 45, 1536.
33 Iizuka, H., and Yajima, T., Chem. Pharm. Bull., 1985, 33, 2591.
34 Nakamura, H., and Pisano, J. J., Arch. Biochem. Biophys., 1976, 172,

98.
35 Hojo, T., Nakamura, H., and Tamura, Z., Chem. Pharm. Bull., 1982,

30, 189.

Paper 7/08814K
Received December 8, 1997

Accepted April 27, 1998

Table 3 Analytical parameters*

Solvent Species sB/1024† m/105 mol21 dm3‡ cL/ng ml21§

Water¶ T 3.4 2.86 ± 0.01 0.570 ± 0.002
T–b-CD 3.2 3.02 ± 0.02 0.509 ± 0.003
T–HP-bCD 3.4 3.60 ± 0.01 0.454 ± 0.002

20% Methanol–water¶ T 4.3 3.65 ± 0.02 0.572 ± 0.003
T–b-CD 5.0 3.68 ± 0.02 0.653 ± 0.004
T–HP-b-CD 4.3 4.04 ± 0.08 0.51 ± 0.01

* At 25 °C and ionic strength 0.124 mol dm23, tryptamine concentration from 0 to approximately 4.6 mmol dm23, pH 10.70. † Calculated as the
square root of eqn. (6), see text. ‡ Calculated as the slope of a plot according to eqn. (4). The errors are those calculated by the fitting program. § Calculated
from eqn. (5). The error is calculated by error propagation. ¶ The solutions in water and in methanol have 95% and 65%, respectively, of the buffer solution
prepared as in ref. 12.
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