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Abstract

The heterocyclic amines, 2-, 3- and 4-aminopyridine, 2-amino-4-methylpyridine and 2-aminobenzylamine, were intercalatiéanintm
hydrogenphosphate and characterized through infrared spectroscopy, X-ray diffractometry and thermogravimetry. On intercalation, thes
heterocyclic amines expanded the original 760 pm interlayer distance to 1338, 1177, 1262, 1577 and 1060 pm, for the same sequence
amines. The change inrH®H and amine group frequencies clearly indicated cyclic amine intercalation. From the combination of batch
intercalation and calorimetric titration, the variation in enthalpy was calculated at 28801& K. The exothermic enthalpic results for the
intercalation process gave the sequence of valug6:75+ 0.78;—20.42+ 0.28,—35.22+ 0.70,—14.024+ 0.10 and-29.77+ 0.29 kJ mot?,
respectively. The calculated negative Gibbs free energy and the majority of the positive entropic values are in agreement with the favorabls
intercalation of these guest molecules inside the cavity of the host inorganic crystalline lamellar compound.
© 2004 Published by Elsevier B.V.
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1. Introduction a large number of alkylamines, alkanol diamines, glycols,
urea, hydrazine, piperidine, pyridines, amides, amino acids
Layered phosphates are of great interest as ion exchangand some organometallic compourjiis4].
ers, precursors for molecular sieves and pillaring materials ~ The intercalation behavior depends, among other factors,
[1]. Among these phosphates, in particwtazirconium phos- directly on the size and pyof the guest moleculd$]. Cor-
phate, a large number of investigations in recent years wererelations between the interlayer distances with the aliphatic
directed to applications in ion-exchange processes, inter-chain sizes were observed in intercalation studies involving
calation and catalytic propertigd—4]. Some studies on aliphatic amine§7—11]. The majority of these investigations
titanium(lV) phosphate reactivity have been carried out on deals with intercalation in zirconium hydrogenphosphate,
layered microcrystalline phases that present low external however, amine intercalations inte-titanium hydrogen-
surface and high internal arrangement, as can be expecteghhosphate have recently been repofteB,11-14].
from the systematic correlation between surface area and The intercalation of these species is of interest to further
crystallinity in this kind of materia[5]. The main charac- clarify the intercalation chemistry of layered metal phos-
teristics of these compounds are related to their property phates and also because the process leads to the preparation
of intercalating a great variety of polar molecules in the and characterization of new intercalated phases. These new
cavity between the inorganic backbones formed by the phos-phases are suitable for studying the interlayer organization
phate layers. The host—guest interaction has been shown foof the intercalated species and the host—guest interaction,
as well as for their potential use in the field of storage of
* Corresponding author. active species, phase-transfer catalysis and drug-release. In
E-mail addressairoldi@igm.unigm.unicamp.br (C. Airoldi). addition, quantitative data on guest—host interactions in typi-
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cal intercalation processes can be followed through efficient 20 mg of the host material was suspended in 2.9 afulou-

calorimetric techniques. Such adirect method enables obtain-ly distilled water in a stainless steel ampoule. The solid was

ing the enthalpy of acid—base interactions on acidic solids. In suspended by stirring in the thermostated calorimetric cell at

spite of the great number of favorable systems that could 298.15+ 0.20 K. After baseline stabilization, the amine solu-

be explored, only limited thermochemical data have been tion was incrementally added through a microsyringe coupled

reported5,7,8,13-16]. to a stainless steel needle. The thermal effect caused by the
The aim of this investigation is to obtain calorimetric reaction was recorded after each addition. The same proce-

data for the intercalation of 2-, 3- and 4-aminopyridine dure was used to follow the thermal effect of the host and the

(2, 3, 4amp), 2-amino-4-methylpyridine (ammp) and 2- guest solutions in watdf.0,15,16].

aminobenzylamine (abza) inta-titanium hydrogenphos-

phate. Such data can contribute to better understanding of the

intercalation process and to establish a relationship betweens  Results and discussion

the basicity center of the guest molecule and the thermochem-

ical data. The series of aromatic amines, 2-, 3- and 4-aminopyridine,
2-amino-4-methylpiridine and 2-aminobenzylamine, shown
in Scheme 1, was intercalated into theTi(HPOg4)2-H,0

2. Experimental matrix. With exception of 2-aminobenzylamine, all other
intercalated phases have previously been structurally studied
2.1. Reagents via X-ray diffraction [14], as illustrated inFig. 1. A rela-
All chemicals were reagent grade. Titanium trichloride, NH,
15% in hydrochloric acid solution (Carlo Erba), 85% phos- G
phoric acid (Nuclear), and cyclic amines of 99% purity A NH s NH,
(Aldrich) were used. Crystalline titanium hydrogenphos- | P 2 ’ N | N
phate, in alpha form (TPH), was obtained through the oxida- N NZ NH, =
tion reaction of titanium trichloride and the aromatic amines
were distilled before usg 3]. A ® ©
. Scheme 1. Structural formulae for 2-, 3-, 4-aminopyridine (A), 2-amino-4-
2.2. Intercalation methylpyridine (B) and 2-aminobenzylamine (C).
The intercalation procedure was performed by a batch
method in which 100 mg of TPH compound was suspended
in 15.0cn? of an amine aqueous solution in several dif-
ferent concentrations, which varied from 2:0 10~ to
0.50 moldnT3. The solution was mechanically stirred for
12 h at 298+ 1K. The time required to reach equilibrium
was previously established in a series of intercalations with %&. (@)
differenttimes. The amount of amine inserted into the lamella
(nint) was calculated bynin: = (nj — ng)/m, wheren; is the
initial number of moles of amine in solutiong is the number (®)
of moles of amine in the supernatant amdhe TPH mass
[10,13]. ©
2.3. Characterization \/\,/LMJ\/\«J @
Intercalated materials were characterized by thermo- W
gravimetry (TG) with a DuPont model 1090B at a heating (e)
rate of 1.67x 102K s~1in argon flow, X-ray diffractometry

with Cu Ka radiation in a Shimadzu model XD3A diffrac-
tometer from 3 to 5026, infrared spectrophotometry with
a Bomem model MB with a resolution of 4 crh ! . L h ®

. 1 . 1 .
10 20 30 40 50

2.4. Calorimetry 2

. L . . Fig. 1. X-ray diffraction patterns of Ti(HP£),-H,O host (a) and the respec-
Calorimetric titrations were performed in an LKB 2277 ijye intercalated compounds with guest amines: 4amp (b), 2amp (c), 3amp

differential isothermal microcalorimetry system. About (d), ammp (e) and abza (f).
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Table 1 8.0
Maximum intercalated amine valug{;), interlamellar distance (d¥,andy
values in the formula-Ti(HPOy4)2-xamine-yHO obtained from volumetric
titration, Xitr, and thermogravimetrynerm, and the moles of water 6.0 /A//A +®
Guest Nint (mmol g1) d (pm) Xiitr Xtherm e &
2amp 3.37 1338 084  0.79 0.47 g . .
3amp 3.37 1177 082 076 034 B 409 _/
4amp 6.40 1262 1.65 1.47 1.00 Z / / /”——_° ©@
ammp 4.52 1577 1.16 in
abza 1.70 1060 0.44 0.42 0.61 2.0 é/ o
; Q/O/V v (b)

i /6 /

J((w
tive decrease in crystallinity of the intercalated phases was 0'00_0 ' 02 ‘ 04 ' 08
observed and the interlamellar distances are always higher Cs / mol dm”

than the original value of 760 pm found for TPH, as listed

in Table 1. Only the guest molecule 4amp did not present Fig. 2. Isotherm ofintercalati_on of'gugst amines: abza (b), 2amp (c), 3amp
the characteristic peak associated with the original matrix, (1d)’ ammp (€) and 4amp (7) inta-titanium hydrogenphosphate at 238
located at 26= 11.6 [14]. In this case incomplete intercala-

tion caused matrix mixture phasigst]. ) o

Accommodation of the molecules into the free space of & 1631 and 1538 ct. These three arylamines exhibit
the cavity has been previously discus§gd,17]. The guest tautomeric eqU|I|brle{14],_the canonical forms chang_e the
molecules 2amp and ammp are oriented in an inclined posi-character of the aromatic bonds of the ring, affecting the
tion in relation to the inorganic layers, caused by the steric Mode of vibration of the pyridinium catiofi4,19]. The
hindrance of the 2-amino group attached to the ring and 3ampPresence of both bands is in agreement with formation of the
and 4amp assume a perpendicular position into inorganic lay-°rganic cation, giving clear evidence of intercalation. The
ers[14]. An expansion of the lamella of 300 pm was observed addltlpn bands related to the protonation of the nltrqgen pyri-
for the 2-aminobenzylamine molecule, which suggests an dineringare at 1482, 1531, and 1486Thand are attributed
arrangement in a parallel position inside the inorganic lay- 0 the vibration mode of the 2- and 4-aminopyridinium
ers. The largest interlamellar distance expansion, more than@"d 2-amino-4-methylpyridinium cations, respectively. The
800 pm for 2-amino-4-methylpyridine is consistent with an characteristic band for the Nfi group may also be due
inclined position in a double layer arrangement inside the
cavity [14].

The intercalation of amines was quantitatively followed by
fitting the experimental data to a modified Langmuir equation (a)

[10,14,15]. The number of intercalated aminegjrinside

the crystalline matrix was plotted against the amount of amine

in the supernatant solution (Cs), the maxima values of inter- (b)

calated amines are given Table 1. The amount of amine

intercalated is lower than the expected 7.76 mmd| gnaxi-

mum ion-exchange capacity of this inorganic majtti), 15]. ()

The isotherms presentedhig. 2showed that the host matrix
exhibits a preference for the guest 4amp. The amount of inter-
calated amine decreased in the sequence: 4amp > ammp :
2amp~ 3amp > abza.

The mechanism of intercalation of a heterocyclic amine
into the inorganic layers presumes the protonation of the
basic centers by the acidic-PH groups located in the
inorganic matriq7,8], which is supported by infrared spec-
trophotometry[14]. The infrared spectra ifrig. 3 indicate
that the amines interacte strongly with the proton of the
P—OH group. The OH banfL8] at 1250 cnm? in all spectra
except indicates partial amine saturation of the host. For the40'00 ' 35'00 : 30'00 : 25'00 : 20'00 . 15'00 000
intercalated 2amp, 4amp and ammp compounds absorptior
bands may be associated with: iNH2 bending vibration
mOde;(") py“dm_lum ion, or (iii) symmetric and asymmetric Fig. 3. Infrared spectra of Ti(HPQ»-H>0 host (a) and the respective inter-
—NH3" deformation. For 2amp these bands are at 1623 andcalated compounds with guest amines: abza (b), ammp (c), 2amp (d), 3amp
1551 cnm1; for 4amp at 1655 and 1581 crk and forammp  (e) and 4amp ().

Wavenumber / cm ™
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to the participation of the canonical form located at 1670,
1655, and 1664 cmt for the same sequence of cations. = e A A —A—A—aA
The guest 3amp molecule showed one band at 1637 cm ] A am—m—a—EH
assigned to the Nigroup[18,19] and two others at 1560 =& A n— "
and 1487 cm? are attributed to the protonated nitrogen of ]
the aromatic ring in the interlayer region of the phosphate
structure. The absence of the BHyroup could be explained
by the absence of such tautomerism.
The intercalated abza compound showed bands at 1560
and 1656 cm?® associated with: (i-NH» bending vibra-
tion mode, or (ii) symmetric and asymmetritNH3* defor-
mation [18,19]. Another band at 1399 crh is assigned — "I"*f‘f—f—f——-gf :—9 9 o o
to NHs* bending, while the weak band at 1614ch 0 20 40 60 80 100 120 140
could be attributed to angular water deformation or topNH Vad /uL
deformation. The stretching vibration of this group in the
3400-3250 cmit region is masked by the OH stretching Fig. 4. The experimental curve represents the sum of the thermal effects
vibration mode of the inorganic matrix. EA_mh (-)_, E_Ad”h_ (@), = Ach (A) for calorimetric titration of 3-
The number of intercalated organic molecules determined aminopyridine into Ti(HP@)2-H0.

from the titration data is in agreement with the thermogravi- .
metric results listed ifable 1and ammp did notshow defined  ©f the host (Ayah) and that related to dilution (¢h) should

stages of decomposition. The thermogravimetric curves pre- /S0 be considered. Thus, the netenthalpy change of the reac-

sented four steps of decomposition for 2, 3, 4amp and abzation (Arh) can be calculated by means of the expression:

intercalated compounds, corresponding to 2.5, 1.8, 5.5 and> Arh = £ Aiith — T Aqih, due to the fact that a null effect
4.2% of loss of mass, to give 0.50, 0.30, 1.0 and 0.60 mol WWas found for hydration of the host mat{t0,15,16]. These
of water of hydration, respectively. The intercalated ammp Values are represented as a function of the volume added
molecule presented overlapped stages in the curve that didVad): @S exemplified for Samp iRig. 4. o
not permit the quantification of the decomposition. The sec- From the th_ermal effects related to d|r_ect titration and
ond and third steps, from 373 to 700 K corresponding to the the recorded dilution, the enthalpy of reaction (3H4) and
release of amines, gave 23.0, 20.0, 35.0 and 17.0% of weigh@/SC the enihalpy of intercalation (%4H) can be calcu-
for 2, 3 and 4amp and abza. These data give 0.79, 0.76, 1.473t€d (Jmot ™) by the modified Langmuir equatig@0]. The
and 0.42 mol of amine intercalated per each mole of the hostcalorimetric data enable the calculation of the enthalpy of
matrix, respectively. The last loss of mass is attributed to the intercalation to.form a_ monolayer per unit mass of the host,
release of 1 mol of water, due to the condensation of the vic- 2mond- For this modified Langmuir equation was adapted
inal hydrogenphosphate groups of the inorganic structure to 10 déscribe heterogeneous systgi15,21-25].
form thg pyrc;)phosphfate as residu(ra]. o SX 1 N X

To obtain better information on the energetics of the inter- =
calation processes for cyclic amines, represented here as ArH (K= 1)AmonoH — AmonoH
N~NHa, calorimetric titrations were carried out in aque- whereXisthe fraction, in moles, of the amine in solution after
ous solution. On entrance of the amine into the lamellar the interaction ARH is the integral enthalpy of interaction
cavity, it interacts with the monohydrogenphosphate group, for one gram of the matrix (J¢), K is a proportionality
(O3P—0H), enabling proton transfer to the base to form the constant that includes the equilibrium constant, aRgnH
organic cation. This species is electrostatically bonded to theis the integral enthalpy of interaction to form a monolayer
inorganic sheets with the aromatic amine in the original free for a unit of mass of the matrix (Jg). For each incremental
interlamellar space. Thus, the overall reaction is related to thesolute addition, a correspondingvalue can be calculated.
protonation of the amine basic centers by the acidic groupsThus, a plot of£X/Z AfH versusxX gives Amondd andK
of the inorganic layer, in a typical acid—base interacfitin values from the angular and linear coefficients, respectively,
represented by the following series of reactions: using the linearized form of the equation, as showhi@ 5.
The calculation oiAj,;H was based on the expressian;H
= AmondH/Nint Wherenint is the number of intercalated moles,

mJ

— =301

/

-20

0-%—e- — 0 —g__

)

O3P-OH = O3P-O~ + H*

N~ NHz + Ht = N ~ NHz" ) after establishing calorimetric equilibrium in the solid/liquid
O3P—O~ + N ~ NH3* = O3P-O~ + H3N ~ N interface[21-25]. The enthalpic results for the intercalation
O3P— OH+ N ~ NHy = OsP— O~ + HsN ~ N _Io_;tt)Tee;e heterocyclic amines are exothermic, as shown in

In the course of the calorimetric titration, the thermal effects ~ The presence of a substitute group on pyridine ring affects
observed (4:h) are related to overall reaction in the preced- the effectiveness of heterocyclic nitrogen atom through
ing scheme. For completeness the thermal effect of hydrationa Bronsted acid—base interacti¢t3,14]. Such energetic
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Fig. 5. Isotherm of the integral enthalpy of intercalatia(H) of 2-amine-4-methylpyridine guest given ByA/H vs. £X plot. The linearized form is
represented bEX/T Ay vs. X plot.

effects of monoamine groups when intercalated in monolayer large lamellar expansion to 1577 pm, in a proposed double
should be related to features associated with the structuralguest layer formation inside the lamellar cavity. The lowest
arrangement of the active group bonded on ring. However, enthalpic value-14.02+ 0.07 kJ mot?, can be interpreted
the enthalpy of interaction listed ifable 2gave very close by considering the unfavorable thermal effect caused simul-
values for amine groups on carbons 2 and 4. These valueganeously as the interlamellar space is expanded, during bond
suggested that: (i) the inclined arrangement of 2amp favorsformation. Such endothermic effects on lamellar expansion
the interaction of amino group with the acidic center beyond decrease the expected favorable exothermic value.
that one with the heterocyclic nitrogen atom, (ii) the amino The entrance of abza molecules in parallel position within
group on position 4 of the ring causes also a favorable canon-the lamellar space gave the lowest number of moles inter-
ical condition[14] to intercalate as demonstrate through the calated, 1.70 mmolgt. When this molecule is bound the
partial saturation of acidicFOH groups on each lamella,and available acidic centers are covered and the reactivity of the
(i) neither of these favorable conditions were available for neighborhood sites is obligatorily blocked, to give the small-
3amp, which gave the smallest enthalpic value. Based on theestinterlamellar distance of 1060 pm. This aromatic molecule
restricted thermodynamic data on such systems, comparisordoes not contain a heteroatom in the ring and both amine
with aminopicoline moleculg4d.3] can be done. Forexample, primary basic centers differ in coordinating behavior from
the aminopyridine molecules showed a relative dependencythe other molecules. Consequently, the obtained enthalpy,
of intercalation on the attached amine groups on hetero- —29.77+ 0.29 kJ mot?, is not comparable with that of the
cyclic ring in bond formation. Such behavior contrasted with other guest molecules, which contain a heteroatom nitrogen
that observed with picoline molecules, in which the methyl basic center.
steric hindrance can superimpose on the favorable inductive The Gibbs free energy was calculated from the expres-
effect for bond formation, as observed with 2-aminopicoline, sion AG = — RTInK and the equilibrium constant value
to give the smallest adsorption and thermodynamic valueswas obtained from the calorimetric dafs3-16] by Eq.
[13,26,27]. (2) and the results are shown Table 2. The negative val-
The association of the favorable methyl inductive effect ues for all systems indicate that the reactions are sponta-
on the amine heterocyclic ring of 2-amino-4-methylpyridine neous in nature. The entropic values were calculated from
caused a high degree of adsorption, 4.52 mmd)| gvith a the expressiomG = AH — T AS. With the exception of

Table 2
Integral enthalpy of intercalation to form a monolayer per unit mass of the Aggt,(H), enthalpy (AntH), Gibbs free energy (AG) and entropy (AS) for the
intercalation

Guest —AmondH (3 g71) —AintH (kJ mol1) InK —AG (kJ mot1) AS(IK-1mol 1)
2amp 123.84+0.07 36.75+ 0.78 12.42 30.8+0.3 —20+1
3amp 68.81+0.01 20.42+ 0.28 12.02 29.8+0.1 32+1
4amp 225.76+0.87 35.23+ 0.07 10.29 255+ 0.1 —33+1
ammp 63.37+0.01 14.024+ 0.07 10.33 25.6+0.1 39+1

abza 50.61+ 0.02 29.77£0.29 14.28 354+ 04 19+1




L.M. Nunes, C. Airoldi / Thermochimica Acta 435 (2005) 118-123 123

2amp and 4amp, the heterocyclic amines presented unfa-References

vorable entropic contribution taAG values. However, this

effect is compensated by the large favorable enthalpic val- [1] A. Clearfield, Inorganic lon Exchange Materials, CRC Press, Boca
ues. The positive favorable entropic results are in agreement __ Raton, FL, 1982. .

. e [2] G. Alberti, U. Costantino, in: J.L. Atwood, J.E. Davies, D.D. Mac-
with the rep_lacement of the W_ater mo_leCUIe |n|t|aIIy _bond?d Nicol (Eds.), Inclusion Compounds, Oxford University Press, New
to the matrix or those associated with the aromatic amine York, 1991.
through hydrogen bonding, which causes a disorganization [3] A. Clearfield, U. Costantino, in: G. Alberti, T. Bein (Eds.), Com-
of the system, and are free as the intercalation takes place grg%féensive Supramolecular Chemistry, vol. 7, Pergamon, New York,

[28,29]. . . .
[4] D. O’Hare, Inorganic Materials, John Wiley, England, 1992.

[5] I. Dekany, L. Szirtes, J. Radioanal. Nucl. Chem. 190 (1995) 167.
_ [6] K. Kakiguchi, Y. Baba, T. Yanagida, M. Danjo, M. Tsuhako, H.
4. Conclusion Nariai, S. Yamaguchi, I. Motooka, Phosphorus Res. Bull. 5 (1995)
131.

The series of aromatic amines intercalated into crys- [7] C. Airoldi, S.F. Oliveira, Structr. Chem. 2 (1991) 41.
[8] C. Airoldi, S. Roca, J. Mater. Chem. 6 (1996) 1963.

talline o_L-tlta_nlum hydrogenphosphate causes interlamellar [9] M. Suarez, M.L. Rodguez, R. Liavona, L.M. Barcina, A. Veja, J.
expansion in accord with the stru_ctural fea_\tures of each Rodiiguez, J. Chem. Soc., Dalton Trans. (1997) 2757.
polar molecule. The non-heterocyclic aromatic molecule, 2- [10] C.B.A. Lima, C. Airoldi, Thermochim. Acta 400 (2003) 51.
aminobenzylamine, was arranged in a position parallel to the[11] C. Airoldi, L.M. Nunes, R.F. Farias, Mater. Res. Bull. 35 (2000)
inorganic layer. Such disposition of the organic ring restricts ___ 2081 _ .
int lati flect i | b fi ted | | [12] H. Nakayama, T. Eguchi, N. Nakamura, M. Danjo, M. Tsuhako, H.
Intercalation r,e e'c Inalow nlflm ,er .0 Inserte mo e_Cu es. Nariai, S. Yamaguchi, I. Motooka, Bull. Chem. Soc. Jpn. 70 (1997)
When the basic nitrogen atom is within the aromatic ring the 1053.
set of molecules is intercalated in inclined or in perpendicu- [13] L.M. Nunes, C. Airoldi, Chem. Mater. 11 (1999) 2069.
lar positions in relation to the inorganic backbone. However, [14] L.M. Nunes, C. Airoldi, Mater. Res. Bull. 34 (1999) 2121.
due to the favorable condition established for both basic nitro- [15] L-M. Nunes, C. Airoldi, Thermochim. Acta 328 (1999) 297.

ters. supported by an increase in the methvl inductiv 16] C.B.A. Lima, C. Airoldi, Int. J. Inorg. Chem. 3 (2001) 907.
gen centers, supp Yy : y V€17] P. Capkova, H. Schenk, J. Incl. Pehenom. 47 (2003) 1.
effect, as n 2-am|no-4-_m(_athylam|ne, a _dOUble layer of this [18] A. Espina, E. Jaimez, S.A. Khainakov, C. Trobajo, J.R. Gard.
molecule is arranged within the free cavity, as shown by the Rodfiguez, J. Chem. Mater. 10 (1998) 2490.
largest interlamellar distance. [19] A.R. Katritzky, C.W. Rees, Comprehensive Heterocyclic Chemistry,

The thermochemical data reflect the facility of interca- vol. 2, Pergamon Press, Oxford, 1984.
|ati " h | | t db 20] C. Airoldi, E.F.C. Aléntara, J. Chem. Thermodyn. 27 (1995) 623.
ation ot such molecules as spontaneous as expressed DY gy 5 roca, C. Airoldi, . Chem. Soc., Dalton Trans. (1997) 2517.

negative Gibbs free energy and exothermic reactions. Thep22] EF.s. Vieira, J.A. Simoni, C. Airoldi, J. Mater. Chem. 7 (1997)
lowest enthalpic value for 2-amino-4-methylamine molecule 2249,
may be related to the endothermic contribution of the expan- [23] C. Airoldi, L.M. Nunes, Langmuir 16 (2000) 1436.

sion of the |ayerS as the intercalation takes place [24] M.G. Fonseca, C. Airoldi, J. Colloid Interface Sci. 240 (2001) 533.
) [25] M.G. Fonseca, C. Airoldi, J. Therm. Anal. Calorim. 64 (2001) 273.

[26] S.F. Ashcroft, C.T. Mortimer, Thermochemistry of Transition Metal
Complexes, Academic Press, London, 1970.
Acknowledgments [27] M.A.V. Ribeiro da Silva, M.A.R. Matos, M.J.S. Monte, J. Chem.
Thermodyn. 22 (1990) 609.
The authors are indebted to CAPES and CNPq for [28] C. Airoldi, A.P. Chagas, Coord. Chem. Rev. 119 (1992) 29.

fellowships and FAPESP for financial support. [29] C. Airoldi, L.N.H. Arakaki, J. Colloid Interface Sci. 249 (2002) 1.



	Thermochemical data on intercalation of aromatic amines into crystalline alpha-titanium hydrogenphosphate
	Introduction
	Experimental
	Reagents
	Intercalation
	Characterization
	Calorimetry

	Results and discussion
	Conclusion
	Acknowledgments
	References


