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Polycrystalline (PbS)1.18(TiS2)2 , a composite misfit layer sulfide, reacts directly with ethylenediamine (en) and
propylenediamine (pn) to form intercalation complexes of compositions (PbS)1.18(TiS2)2(en)0.44 and
(PbS)1.18(TiS2)2(pn)0.37 , respectively. Attempts at preparing pure intercalate phases with n-alkyldiamines of longer
chains failed. These novel intercalation compounds were examined by various techniques including XRD, FTIR,
XPS, TG and TPD measurements. The XRD results are consistent with an intercalation model where the organic
molecules are present at every TiS2–TiS2 interface, as monolayers with the alkyl chain almost parallel to the sulfur
layers. Deintercalation of the diamines occurs at about 250 °C and releases H2S simultaneously. The formation of
H2S has been associated to a direct attack on the lattice by water molecules since the complexes, as revealed by IR
and XPS, readily absorb water under ambient conditions. Moreover, N 1s spectra of intercalated samples, prepared
either bringing the host into contact with the liquid diamine or by dosing with diamine vapors in the spectrometer∞s
preparation chamber, revealed the presence of two types of organic molecules differently bound to the chalcogenide.
This behavior departs from that observed in the in situ deposition of diamine vapors onto an oxidized aluminium
surface. In this case, the N 1s spectrum exhibits a single peak of lower binding energy indicative that the amine
molecule is weakly bound to the surface.

The aim of this work has been contribute new data for theIntroduction
interaction of nitrogenous bases molecules with these layer

Misfit layer sulfides of formula (MS)1+d(TS2)2 (M=Ln, Pb, sulfides. Based on the above described behavior, we chose
Sn, Bi; T=Ti, Nb, Ta) are a new class of composite layered (PbS)1.18(TiS2) as our prototype. This paper reports the
compounds whose structures consist of two successive TS2 preparation of novel intercalates with linear aliphatic diamines
sandwiches alternating with an MS double layer and their characterization by using various analytical tech-
–MS–TS2–TS2–MS–TS2–TS2– stacked along the c-axis. Owing niques. Results concerning the electronic modifications in the
to the slightly different dimensions of sublattices MS and TS2 , host introduced by the guest molecules, and their influence on
these phases exhibit incommensurate structures. An excellent transport properties, will be published in a subsequent paper.
review that includes a detailed structural and physical descrip-
tion based, among others, on electrical and magnetic properties
(e.g. superconductivity) was recently published by Wiegers.1 ExperimentalIn addition to these relevant properties, this family of com-
pounds features van der Waals gaps at the interface between Polycrystalline samples of (PbS)1.18(TiS2)2 were prepared by
two adjacent TS2 slabs. Within these gaps, octahedral and heating mixtures of the corresponding elements (supplied by
tetrahedral interstitial positions are created that can be occu- Strem Chem.) in appropiate amounts in evacuated silica tubes.
pied by different guest species. This property has attracted our Further details concerning heating steps and temperatures are
group’s attention in the last few years; investigations have given elsewhere.4,6 The compound, obtained as small plate-
shown that these composite systems can act as intercalation like crystals with a metal luster, was manually ground in an
lattices towards both atomic and molecular guest species.2–5 agate mortar. All amines were of reagent grade (supplied by

Among these misfit layer sulfides, the (PbS)1.18(TiS2)2 Aldrich); they were further purified by distillation under argon
compound, whose structure has been fully characterized from and stored with molecular sieve 0.3 nm (supplied by Merck).
X-ray single crystal studies,6 possesses an unusually high About 100 mg of the starting sulfide were sealed with 1.5 ml
structural flexibility despite the presence of PbS layers interca- of n-alkyldiamine in a Pyrex tube and heated at 60 or 90 °C
lated between two consecutive TiS2 slabs. Although this for pn (1,3-diaminopropane) and en (1,2-diaminoethane)
increases layer thickness in this compound, which changes intercalates, respectively, for 24 h. The absence of (00l ) reflec-
from three planes of strongly bonded atoms in the binary tions from (PbS)1.18(TiS2)2 was taken as the criterion for
sulfide, TiS2 –(S–Ti–S)–, to seven planes –(S–Ti– thorough intercalation. Products were filtered and washed with
S–Pb–S–Ti–S–)– in (PbS)1.18(TiS2)2 [thus increasing rigidity pure acetonitrile. All these manipulations were carried out in
against transverse layer distortion7], the region bound by the a dry-glove box, where the intercalates were dried and stored.
TiS2–TiS2 interface in this ternary sulfide can accommodate Elemental analyses were conducted on a Fisons CHNS ana-
guest molecules such cobaltocene,4 n-alkylamines lyzer. Thermogravimetric analyses (TG) were performed on a
(C

n
H2n+1NH2 with n up to 9);5 also the sodiated phases8 can Cahn 2000 thermobalance under a dynamic argon atmosphere.

cointercalate propylene carbonate thus causing a lattice expan- Temperature programmed deintercalation (TPD) measure-
sion that exceeds by 12.4 Å the dimensions of the repeating ments were carried out on a quartz reactor coupled to a

quadropole mass spectrometer (on sensorlab model VG). Theunit PbS–TiS2–TiS2.
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gas carrier used was argon. IR spectra were recorded on a
Bomem MB-100 FTIR system using KBr pellets containing
about 1% of product. Powder X-ray diffraction ( XRD) pat-
terns were recorded on a Siemens D-5000 Instrument using
graphite monochromated Cu-Ka radiation and operating at
40 kV and 30 mA. For identification purposes, intensities were
collected at 0.02 (2h) intervals using 0.06 s per step. For
broadening analyses of reflection lines, intensities were
recorded in the same scan step at a time of 3.6 s per step.

XPS spectra were recorded on an ESCALAB 210
spectrometer operating in the constant pass energy mode
(50 eV ) and using unmonochromatized Mg-Ka (1253.6 eV )
radiation as excitation sources. The pressure in the analysis
chamber was always below 10−9 mbar. Samples, made into
pellets by compressing the powdered compounds at about 3
tonnes under an argon atmosphere, were stuck onto a copper
holder with the aid of a low vapor pressure epoxy resin
(Torr.Seal from Varian) and transferred to the spectrometer∞s
preparation chamber (P#10−7 mbar). Prior to analysis,
samples were scraped with a corundum file for several minutes
to remove surface contamination and to expose clean, fresh
surfaces. Because of the epoxy resin layer, all samples exhibited
charging effects of 2–3 eV. The binding energy (Eb) reference
was taken at 161.7 eV for the S 2p core level, since this element
was present in all the compounds studied. These binding
energy values were consistent with those previously reported
for S2− species.9

Results and discussion
The synthesis of (PbS)1.18(TiS2)2 provided a pure material
consistent with the reported X-ray diffraction pattern.4,6 On
treatment with the n-alkyldiamines, particles swelled (see

Fig. 2 XRD patterns for (a) (PbS)1.18(TiS2)2, (b) (PbS)1.18(TiS2)2-(en)0.44, (c) (PbS)1.18(TiS2)2(pn)0.37, (d) (PbS)1.18(TiS2)2(bn)
x

and
(e) (PbS)1.18(TiS2)2(en)0.44 heated at 400 °C.

Fig. 1) and preserved their black colour but lost their metallic
luster. The XRD patterns for the en and pn intercalates
showed the disappearance of the starting material and the
formation of new compounds whose particles were strongly
oriented along the c-axis. Thus, the XRD patterns (Fig. 2)
only contained peaks associated with (00l ) reflections, thus
preventing a comprehensive evaluation of the unit-cell con-
stants for these intercalates. The periodic length values calcu-
lated from these reflections, d, which define the thickness of
the PbS–TiS2–TiS2 unit stacked along the c-axis, are shown in
Table 1. We failed to synthesize pure intercalates of diamines
of longer chain length. In fact, two diamines viz. butyldiamine
(bn) and heptyldiamine, tested as guest compounds led to
partial intercalation [see Fig. 2(d)], even when the synthesis
temperature was raised to 200 °C in the case of heptyldiamine.

It is worth noting the small difference in interlayer expansion
(e.g. Dd changed from 3.62 Å in en to 4.32 Å in heptyldiamine)
exhibited by the four intercalates despite the increased chain
length. These values are quite similar to those obtained in the
intercalation of n-alkylamines5 and reveal the little influence
of the hydrocarbon chain length. Moreover, the increase in
interlayer spacing is slightly larger than the van der Waals
diameter of the amine group (ca. 3.4 Å). These results suggest
that the M(CH2)

n
M axis in the diamine molecule is nearly

parallel to the sulfur layers. In fact, excellent correlation
between the interlayer distance and the number of carbon
atoms in the alkyl chain (nc) was observed for en, pn and bn
intercalates. The straight line obtained fits the equation [Dd=
3.16+0.23nc (r=1.000)]. Since the alkyl chain length incrementFig. 1 SEM image of (a) en complex and (b) pn complex. The crystals
in the all-trans conformation is estimated to be 1.27 Å perare predominantly oriented with their layers parallel to the view

direction. additional carbon atom, it is reasonable to assume that the
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Table 1 Analytical and structural data for pristine (PbS)1.18(TiS2)2 and diamine complexes

Analysisa (%)

Compound C N H S Periodic length/Å P.D.

(PbS)1.18(TiS2)2 — — — 33.0(32.8) 17.45 —
(PbS)1.18(TiS2)2(en)0.44 2.04(1.98) 2.30(2.31) 0.71(0.66) 30.8(29.8) 21.11 0.894
(PbS)1.18(TiS2)2(pn)0.37 2.52(2.49) 1.87(1.94) 0.71(0.69) 32.6(32.3) 21.37 0.890

aCalculated values are given in parenthesis.

diamines are present as monomolecular layers with their as reflected by an increase in the slope. Second, the intercept
longitudinal axis tilted by an angle of arcsin (0.23/1.27)=10° values hardly change, thus suggesting that the amine intercal-
relative to the sulfur layers.10 ation does not alter significantly the size of the coherent

In addition to changes in the positions of the diffraction diffraction domains. This means that the main contribution to
peaks observed upon intercalation, the originally rather sharp line broadening is that of local strains probably due to the
lines for the pristine compound broaden, thus indicating the expansions required to accommodate the amine in the
formation of smaller crystallites and/or an increase in elastic interlayer spacing.
strains in the host lattice. In order to quantify the microstruc- The amine contents in the intercalates, obtained by C,H,N
tural changes induced by the intercalation process, (00l ) analyses, are shown in Table 1. It is worth noting the acceptable
profiles were analysed by the integral breadth method11 for agreement between experimental and calculated figures.
separation of size and strain broadening. The analysis was Interestingly, these intercalates have amine contents higher
based on eqn. (1) than those in n-alkylamine complexes of the same hydrocarbon

length. This differential stoichiometry is consistent with the(d2h)2 cos2h=16e2�sin2h+(k2l2/L 2) (1)
much stronger basic properties of dialkylamines and their

where d2h is the integral breadth after correction of the better coordination ability relative to n-alkylamines. Available
instrumental broadening obtained for a highly crystalline information on the reactivity of TiS2 towards n-alkyldiamines
silicon powder, <e2> denotes local strains (defined as Dd/d, for comparison with the intercalation properties of the ternary
d being the interplanar spacing), L is crystallite size and k is sulfide is scarce. In fact, the sole reference found was published
a near-unity constant related to crystallite shape. The slope very recently.12 For this reason, we undertook a study of the
16<e2> and intercept k2l2/L 2 were used to determine the intercalation with en by direct reaction of TiS2 under the same
distortion and size parameters. experimental conditions used in the preparation of misfit layer

Fig. 3 shows plots for different reflections of original and intercalates. Surprisingly, only partial conversion was achieved
intercalated samples. The crystallite sizes and strains calculated after the same reaction time. In fact, the product was a mixture
from these plots are given in Table 2. These data warrant of a new c-axis expanded phase and the pristine compound.
several comments. First, the plot for the pristine layer sulfide The c-axis separation, Dd=4.08 Å, is slightly greater than that
had a negligible intercept and slope, thus indicating that the in the (en)

x
(PbS)1.18(TiS2)2 intercalate and smaller than the

size of coherently diffraction domains, L, was large and the calculated interlayer separation (16 Å) for an all-trans chain
microstrains content, <e2>, low, both of which are consistent orientation. Partial intercalation was also obtained with heptyl-
with a highly crystalline powder. After the amine intercalates, diamine; however, the interlayer expansion observed, 6.14 Å,
the microstrain content increases significantly (about 50 times) was much greater than that in the (PbS)1.18(TiS2)2 intercalate.

Our results contrast with those recently reported by Ogata
et al.12 in two main points. First, these authors obtained
complete reaction by heating at 120 °C for 20 h. Second, they
found a clear loss of sulfur. The composition determined was
TiS1.761(en)0.296 and TiS1.385(en)0.271 for powder and crystal
samples, respectively. Our complexes prepared hardly changed
in sulfur content of the pristine (PbS)1.18(TiS2)2 as the differ-
ences between experimental and calculated percentages were
within the experimental error of the analytical method (see
Table 1). In any case, the dramatic decrease in sulfur content
found by Ogata et al.12 questions the preservation of the host
structure.

We have no clear explanation for the smaller tendency of
TiS2 to intercalate en directly. Particle size as a factor for this
differential behavior can be discarded since the average particle
size of TiS2 , as revealed by SEM, is at least one order of
magnitude smaller than that of the ternary sulfide.

Fig. 3 Plot of (d2h)2cos2h vs. sin2h of ($) (PbS)1.18(TiS2)2, (&) Alternatively, the smaller tendency of TiS2 to undergo a direct
(PbS)1.18(TiS2)2(en)0.44 and (+) (PbS)1.18(TiS2)2(pn)0.37. reaction with the organic compound should be a result of the

difficulty in preparing highly stoichiometric TiS2 . In our case,
Table 2 Crystallite size and microstrain contents for pristine the real composition of the sample used, as determined from
(PbS)1.18(TiS2)2 and diamine complexes TG measurements, was Ti1.028S2 . This means that some inter-

stitial positions located at the van der Waals gap are occupiedCompound L /Å 106 <e2>
by the additional titanium atoms, which affect the same
positions available for amine intercalation. In any case, this(PbS)1.18(TiS2)2 2500 0.004

(PbS)1.18(TiS2)2(en)0.44 2388 11.6 behavior is nothing special since intercalation of n-alkylamines
(PbS)1.18(TiS2)2(pn)0.37 2077 7.8 into TiS2 is only feasible if the disulfide is pretreated with
En complex (400 °C) 359 12.2 hydrazine.13
Pn complex (400 °C) 457 36.0

In contrast to TiS2, TaS2 either in 2H or 6R polytype,
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intercalates en fairly well.14,15 The reported stoichiometry for ation17 and, among the different models that account for H2Srelease,18 spectroscopic data support a direct attack on theboth systems is TaS2 [en]1/4 . If we adopt this system as refer-
ence, the amine content per transition metal atom measured lattice by water molecules according to the following reaction:
in (PbS)1.18(TiS2)2 is smaller than that found in binary H2O+S2−(lattice)AH2S+O2−(lattice) (2)
chalcogenides. These differences in amine stoichiometry were
also found with ethylamine as the guest species and were The origin of this water, which could not be detected by

MS owing to the water background, can be inferred from theascribed to the electron donation of MS layers to the TS2sublattice, which reduces the electron accepting ability of suggestion of Joy and Vasudevan19 concerning the feasibility
of an exchange reaction between physically adsorbed waterTS2 and thus decreases the amine uptaking capacity of the host.

The packing density of the amine intercalates (P.D.) was picked up during the transfer of the intercalated material to
the TG or TPD apparatus, and the intercalated amine mol-determined by combining the amine content with the cross

sectional area of the amine molecule16 and the area of the ecules. In our samples, the wate uptake is favoured by the
empty sites in the interlayer space owing to the low packingbasal plane of TiS2 sublattice unit cell.6 The results thus

obtained are shown in Table 1. Both intercalates have a similar density. In this context, IR spectra provide valuable infor-
mation on this hydration reaction in spite of the poor reso-packing density that is less than unity. This reveals the

existence of a significant fraction of empty sites in the interlayer lution of the absorption peaks resulting from the high
absorbances of the samples. Fig. 5 shows the Fourier transformspace. These sites should be accessible to other molecules and

dictate the ease with which water is absorbed by these interca- IR spectra. A broad, strong band centered at 3450 cm−1 is
consistent with OH stretching and a weak, broad band at ca.lates as shown below.

The stability of the intercalates was studied from TG data 1630 cm−1 associated to H2O bending. The strong band has a
shoulder centered at ca. 3220 cm−1 that can be ascribed toobtained under a dynamic argon atmosphere and the analysis

of evolved gases by mass spectrometry. Fig. 4 shows TG and NH stretching (free diamines exhibit two sharp peaks at 3350
and 3209 cm−1 20 corresponding to asymmetric and symmetricTPD curves recorded over the temperature range 25–400 °C.

The total weight loss from en and pn intercalates was 5.0 and NMH stretching, respectively). The shifts towards lower fre-
quency might be indicative of bonding interactions of the6.4% respectively, and hence somewhat greater than that

corresponding to the amine release (especially from the propy- amine molecules within the layers, probably with the Ti via
the nitrogen lone pair. The presence of the amine is furtherlenediamine complex). The main weight loss occurred over a

wide temperature range, viz. 150–400 °C, and corresponds to confirmed by the appearance of bands at 2960, 2855 and
1442 cm−1 that correspond to stretching and bending of thethe appearance of the amine base peak. The peak profiles are

fairly broad and asymmetric as the likely result of differences CH2 groups. On heating the pellet at 100 °C in vacuo, the IR
spectrum in air maintained basically the same features exceptin bonding interactions between the organic molecules and the

sulfur layers. In fact, the en complex is somewhat more stable for a significantly increased intensity in the broad band at ca.
3250 cm−1 , ascribed to the amine groups. Simultaneously, thethan the pn complex (peak temperature 280 and 245 °C,

respectively) and the deintercalation temperatures clearly band close to 3500 cm−1 decreased in intensity. These spectro-
scopic data are consistent with the ease of water uptake byexceed those of the n-alkylamine complexes.5 This means that

diamines are more strongly bonded within the layers owing to the amine intercalates and, together with the simultaneous
release of amine and H2S, suggests strong association betweenthe presence of two donor groups in the molecule. Indeed,

above 400 °C the product still exhibits very weak reflections amine and water molecules.
Further evidence of the interaction of water with the hostof the intercalate [Fig. 2(e)] and the residual amine content is

further confirmed by elemental analysis. One other interesting lattice was obtained from XPS data. Table 3 lists the binding
energies of the emission peaks for the host and intercalates.finding is the appearance of H2S simultaneously with diamine

release. This is a common feature in thermal amine deintercal- Minimal changes were observed in the S 2p and Pb 4f profiles.
In fact, the binding energy and full width at half maximum
(fwhm) of the Pb 4f peak were found to remain constant upon
the amine intercalation, whereas the width of S 2p broad peak
increased slightly during the process (see Table 3). By contrast,
the Ti 2p spectra underwent significant changes (see Fig. 6).

Fig. 4 Thermal deintercalation data for the en complex.
Fig. 5 FTIR spectra recorded in air for (a) (PbS)1.18(TiS2)2(en)0.44 as(a) Thermogravimetric curve, (b) temperature programmed deintercal-

ation spectra for amine (m/z 30) and (c) H2S (m/z 34) base peaks. prepared and (b) heated at 100 °C for 24 h.
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Table 3 Binding energies and fwhm in eV for the main core level spectra of diamine complexes; values for the pristine compound have been
included for comparison

Binding level

Compound S 2p Pb 4f7/2 Ti 2p3/2 N 1s C 1s O 1s

(PbS)1.18(TiS2)2 161.7(2.49) 138.1(1.62) 456.9(2.3) — — —
(PbS)1.18(TiS2)2(en)0.44 161.7(2.55) 137.9(1.62) 457.0 402.3(2.07) 285.8(2.80) 531.7(2.9)

459.0 400.3(2.50)
(PbS)1.18(TiS2)2a 161.7(2.55) 137.9(1.60) 456.9 402.3(2.02) 285.8(2.95) —

400.3(2.40)
Al2O3–Ala — — — 399.3(2.57) 285.8(2.80) 531.5(3.1)
(PbS)1.18(TiS2)2(pn)0.37 161.7(2.55) 138.1(1.63) 457.1 402.2(2.14) 286.5(3.12) 532.2(3.6)

458.8 400.5(2.37)

aIn situ en deposition on different substrates.

Fig. 6 Ti 2p core level spectra: (a) (PbS)1.18(TiS2)2,
(b) (PbS)1.18(TiS2)2(en)0.44 and (c) (PbS)1.18(TiS2)2(pn)0.37. Fig. 7 N 1s core level spectra for intercalate samples in a liquid

medium: (a) (PbS)1.18(TiS2)2(en)0.44 and (b) (PbS)1.18(TiS2)2(pn)0.37;
and for in situ en deposition on (c) (PbS)1.18(TiS2)2 pellet and (d) anIn addition, a pronounced Ti 2p3/2 signal coinciding with that
oxidized aluminium surface.for the pristine compound, a new component appeared at

Eb=459.0 eV in the intercalated phases. Based on its energy
position, this component corresponds to titanium with an temperature by in situ dosing with en vapor. Second, the test

was extended to an Al surface that was actually oxidized. enoxygen environment such as TiO221 probably reached via a
process such as reaction (2). Moreover, the O 1s peak in the was indeed adsorbed onto Al2O3 . The N 1s spectra obtained

are shown in Fig. 7, and Eb and fwhm results are collected inspectrum for these samples was clearly observed as a broad
signal centered at 532.0 eV that is quite consistent with Table 3. Two differences are worth special comment. Thus, a

broader, more asymmetric peak toward the higher Eb isreported data for OH groups and/or H2O molecules.
Other interesting results are provided by the profiles of C 1s observed when the substrate matrix was the sulfide. The

spectrum can be also fitted to two components centered atand N 1s spectra, the latter of which are shown in Fig. 7. In
both intercalates, the broad, asymmetric C 1s core lines are 400.3 and 402.3 eV with an intensity ratio of 80/20. This

difference in peak profiles, somewhat less pronounced, wasaccompanied by tails at the high binding energy side. This
feature is more prominent for the N 1s line, which has at least also observed in the C 1s spectra. Furthermore, the Eb of the

amine adsorbed on the Al2O3 surfaces is about 1 eV smallertwo components indicative of either two oxidation states
and/or two different environments for nitrogen. Application than that of the amine deposited on the sulfide surface.

These findings suggest differential interaction mechanismsof a standard fitting procedure revealed that both components
have their maxima centered at 400.4 and 402.3 eV in both for en molecules with the substrates. The similarity between

the spectral profiles for the amine, whether intercalated in theamines. The lower binding energy line is slightly more intense
and accounts for roughly 60% of the total intensity. liquid phase or deposited on the sulfide in the vapor phase,

particularly in the Eb values, suggests that, notwithstandingIn order to acquire a better understanding of the origin of
these complex profiles, two different experiments were per- the differential interaction procedure, the organic molecule

adopts a similar coordination geometry. This is not surprisingformed in the XPS spectrometer∞s preparation chamber. First,
en was deposited over fresh surfaces of the host at room since treatment of a host material with the amine in the vapor

J. Mater. Chem., 1998, 8(10), 2281–2286 2285



phase is a commonplace intercalation method particularly severely deteriorate the host lattice as revealed by the release
of H2S and a decrease in the intensity together with a increaseuseful with layered phosphate.22

The main difference lies in the relative intensity of the two in the broadening of the diffraction lines. The microstructural
parameters calculated from eqn. (1) support this assumptioncomponents (the low energy component is more intense in the

vapor deposition systems). A tentative explanation for the (see Table 2). Moreover, these data reveal that thermal deinter-
calation ruptures the diffraction domains along [001], theorigin of these two components based on the Eb involves

assuming that the N lone electron pair in the core levels plays stacking layer direction, and significantly decreases crystallite
size as a result. On the other hand, the lattice preserves itsa significant role. The highly symmetric N 1s and C 1s peaks

found for the Al2O3–amine system [see Fig. 7(d)] are indicative heavy distortion because, in addition to the amine release,
sulfur, in a minimal amount, less than 1% of the total content,of one type of organic molecule; also, the low Eb of the N

emission suggests that the molecule is weakly bound to the is replaced by oxygen, according to eqn. (2). In fact, the
propylenediamine intercalate which uptakes water readilysurface. In fact, the value is quite similar to that reported for

free diamines (398.8 eV ), which increases to 400.3 eV upon showed the more significant change in the <e2> parameter.
coordination to a metal ion and to 401.8 eV if the nitrogen is

The authors gratefully acknowledge support from CICYTprotonated.23,24 Although this model cannot be extended to
(Project PB95-0561) and Junta de Andalucı́a (Group FQMthe diamine intercalation complexes studied in this work, N 1s
0175).Eb values are quite consistent with the above described
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