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Abstract Molecular mechanics simulations using Cetimmdelling environment combined with vi-
brational spectroscopy (IR and Raman) have been used to study the host-guest interactions in zirco-
nium and vanadyl phosphate intercalated with ethanole. The strategy of investigation is based on the
comparison of vibrational spectra for the host compound, intercalate and guest species. This compari-
son confirmed the rigidity of VOP@and Zr(HPQ),-layers during the intercalation and provided us

with the basis for the strategy of modelling. Molecular mechanics simulations revealed the structure of
intercalates and enabled to analyse the host-guest interaction energy and bonding geometry. The bi-
layer arrangement of ethanole molecules in the interlayer space with two differently bonded ethanole
molecules has been found in both interemlaThe averagmteraction energy ethanole-layer for two
differently bonded ethanole molecules is : 127.5 and 135.7 kcat-mar(HPQ),),-2CH.OH, respec-

tively 94.0 and 104.4 kcal-mdlin VOPQ,-2CH.OH. The Coulombic contribution to the ethanole-

layer interaction energy is predominant in all cases, but the hydrogen bonding contribution is much
higher in Zr(HPQ),-2CH,OH than in VOPQ2CH_.OH. Present results of modelling enabled the
interpretation of vibrational spectra and explanation of small changes in positions and shapes of spec-
tral bands, in infrared and Raman spectra, proceeding from the host structure to intercalates.

Keywords Vanadyl phosphate, Zirconium phosphate, Molecular mechanics, Vibrational spectroscopy,
Host-guest interaction, Intercalates
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spectroscopy for this study. The combination of molecular
mechanics simulation using Cerlusith infrared (IR) and
Polar organic molecules can be intercalated in the Iayeﬁe%f“an spectroscopy, has been used in the present study of

structure ofa-zirconium and vanadyl phosphate. These In_os:t-guest interaction in vanadyl and zirconium phosphates,

tercalates are attractive materials, promising a large s igé@rcalated with ethanole. The strategy of investigation is
trum of applications, based on their catalytic and sorpti ﬁsed on the comparison of vibrational spectra for host com-

. e o . .pound, intercalate and guest species. This comparison is a
properties, ionic conductivity, and ion exchange behaVlggod starting point for the modelling strategy. On the other

(For the Qetalled review see CIeayﬂeId [1]). The phosphaﬂaﬁ-nd the results of molecular simulations enable the inter-
alkanole intercalates can be considered as very good starti 19_tion of changes in spectral bands. broceeding from the
materials for the intercalation of other, larger polar orga 9 P ' P 9

. : . rational ra of h mpoun n st species to
molecules. Intercalation of organic molecules into the lay- ational spectra of host compounds and guest sp

ered structure of phosphates has been studied by Clear &%ctra_ of |nt.erc'atas. Tus the combination of molecular
[1], Alberti [2]. Costantino [3] andtapkova [4,5]. All these simulations with infrared and Raman spectroscopy represents

studies showed the key role of the host-guest interactio?is\:/c;a%/ ptzj\{verfgl tpol for |nve|st|gat|on of changes in structure
ruling the position of the guest molecules, their ordering gid bonding during intercalation.

the interlayer space and the stacking of layers. Due to the

strong relationship between the structure and properties-in

intercalates, the study of the host-guest interactions is vépgctroscopic measurements and modelling strategy
important for the understanding and prediction of their prop-

erties. _ o The method of sample preparation has already been described
Present work is a continuation of our recent structure angfy-qr previous papers [4,5]. Infrared measurements were

sis of two intercalates: Zr(HPD-2CGH,OH [4] and carried out using a NICOLET IMPACT 400 Fourier trans-
VOPO,-2GH:OH [5], based on the combination of molecutorm infrared (FTIR) spectrophotometer in gQHpurged

lar mechanics simulations and X-ray difftion. These re- environment. Anambient-temperature deuterated triglicine
cent works present the detailed structure analysis, '”C|Ud§mphate (DTGS) detector was used for the wavelenght range
the characterization of structural disorder. Results of strégsm 400 to 4000 cr. A Happ-Genzel apodization function
ture analysis confirmed the significance of the host-guest jp55 used in all region and the spectral resolution was2 cm

teraction for the structure-properties relationship in intercene Baseline Horizontal Attenuated Total Reflection (HATR)
lates and showed also the importance of vibrational

Introduction
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A o« W)W« 4

Figure 1a Packing of ethanole molecules in the interlaydfigure 1b Packing of ethanole molecules in the interlayer
space of vanadyl phospate. The VQR®ers are green. One of a-zirconium phosphate. The partial overlap of Zr(HPO
half of the total number of ethanole molecules is anchoredaters (purple color) with ethanole layers is evident
vanadium to complete V-octahedra
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Table 1 The \alues of Van
derWaals (VDW), Coulombic Energy ( kcal ) VDW COuUL H-B Total
(COUL) and hydrogen bond-
ing (H-B) contributions to the Z'(HPQ,),2CGH,OH  ethanole 1 4.6 119.9 3.0 127.5
total interaction energy ethanole 2 1.6 124.0 10.1 135.7
ethonole-layer in both inter-
calates

VOPQ,. 2 CH.OH ethanole 1 0.9 102.8 0.6 104.4

ethanole 2 3.9 89.5 0.6 94.0

accessory with ZnSe crystal was used for measurementgtefs for zirconium and vanadium, we add Zr- and V-param-
infrared spectra of host structures, intercalates and paters for VDW term those taken from the Universal force
ethanole. field. (For the detailed description of the Dreiding force field
FT Raman spectra were collected using a Fourier trasse work Mayo et al. [6] and Universal force field is described
form near-infrared (FT-NIR) spectrometer Equinox 55/ [16]). Hydrogen bond term was CHARM-like angle de-
(Bruker) equipped with FT Raman module FRA 106/fendent potential, with Dreiding coeficients. The Ewald sum-
(Bruker). Thesamples were irradiated by the focused laseration method is used to calculate the Coulombic energy in
beam with a laser power 100mW of Nd-YAG laser (106&crystal structure [7]. Ewald sum constant was 65Mini-
nm, Coherent). The scattered light was collected in back seatim charge taken into Ewald sum was 0.00001e. All atom
tering geometry. Quartz beamsplitter and Ge detector (liquigirs with separation less than 10 A were included in the
N, cooled) were used to obtain interferograms. 128al-space part of the Ewald sum and all reciprocal-lattice
interferograms were co-added and then processed by wtbetors with lengths less than 0.5'Avere included in the
Fourier transformation Blackman-Harris 4-term apodizatiorciprocal part of the Ewald summation. Charges in crystal
a zerofilling factor 8 to obtain final FT Raman spectra in tlage calculated in Ceridsising QEg-method (Charge equi-
range 4000 — (—1000) ciwith 4 cm® resolution. librium approab). This methods is described in details in
Strategy of modelling is described in details in [4,5]. Thie original work [8]. The external pressure 99 kbar has been
replacement of the water molecules with ethanole inathe applied for the first minimization of the initial model and
ZrP interlayer during intercalation leads to the assumptidhgen the external pressure was removed and new minimiza-
that the host-guest interactions in this intercalate can be til@s started.
scribed by the non-bond terms only, that means the Crystal
Packer Module in Ceriésnodelling environment can be used.
Using Crystal Packer we have to assume the rigid layers mq'
rigid ethanole molecules. Both these assumptions are sup-
ported by the vibrational spectroscopy and by the fact, that
the water molecules can be replaced by ethanole reversiiiye complete structure ayais of VOPQ:-2GH;OH and
Crystal Packer is a computational module which estima@$HPO,),-2GH;OH based on combination of molecular
the total sublimation energy and packing of molecular cry§echanics simulations and X-ray diffraction has been car-
tals. Energy calculations in Crystal Packer take into accoti§d out in our previous works [4,5], in which the detailed
the non-bond terms only, i.e. valer Waals interactions description of structure has been presented including: posi-
(VDW), Coulombic interactions (COUL), hydrogen bondtions and orientations qf ethanole molecules with respect to
ing (H-B), internal rotations and hydrostatic pressure. THYers, the crystal packing of ethanole molecules in bilayer
asymmetric unit of the crystal structure is divided into rigiffangement in the interlayer space and including the stack-
units. Non-bond (VDW, COUL, H-B) energies are calculatddd of_ layers. .Molecy!ar S|mulat|0.ns alsp enabled to describe
between the rigid units. During the energy minimization, tBe disorder in positions and orientations of ethanole mol-
rigid units can be translated and rotated and the unit cell ggules and disorder in layer stacking in both intercalates.
rameters varied. In all initial models built in the present work, The present work will be focused in more details to host-
the rigid units were ethanole molecules and Zr(p)R@yer guest interactions, i.e. to the anchorlng of ethanole molecu'les
resp. VOPQHlayer. to the host layers and to the bonding layer-ethanole, with
For VDW we used the well known Lennard-Jones fun8Pecial attention to hydrogen bonds, affecting the IR spectra.
tional form, with the arithmetical radius combination rulelhe results of modelling will be used for the interpretation of
The non-bond cut-off distance for the VDW interactions w#rational spectra of both intercalates, that means for the
7.0 A. From the 3 force fields available in Crystal packéhanges in spectral bands (their positions and shapes), pro-
module: Dreiding, Univesal and Tipos, the Dreiding force ceding from the host structure to the intercalate.
field [6] has been found as the best one for the description of80th intercalates exhibit certain common structural fea-
VDW forces between the rigid units in our model. As tH#res, which can be summarized in following items:
Dreiding force field available in Ceritthas no VDW param-  Bilayer arrangement of ethanoles in the interlayer.

eling results
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Figure 2a Positions of two differently bonded ethanole mokigure 2b Position of water molecules in cavities on the
ecules in the pseudohexagonal cavities on the Zr(jiPOzr(HPO,), layers (purple) in the host structure the
layers (purple) in the intercalate Zr(HRY)-2CHO found Zr(HPO,),-H,0, accoding to Toup & Clierfield [10]. All

by molecular mechanics simulations. Cavities I. and Il. haweater molecules are linked via 3 hydrogen bridges to P-OH
differently oriented P-OH groups and consequently differegitoups and via one hydrogen bridge to the shared oxygen
hydrogen bonding scheme of ethanoles (ethanole oxygenszat©-p

red). Two distinct P-OH groups exhibit different hydrogen

bond geometry with ethanole: (a) hydrogen bridges 2 and 3

pointing to the first P-OH group and (b) hydrogen bridges 1

and 4 pointing the second P-OH group

In both intercalates there are two distinct types of ethanblended ethanole molecules reside in both cavities. Ethanole 1
molecules, which are differently bonded to the layers.  (yelow) in cavity | is bound by one hydrogen bond to the
In both intercalates we observed certain degree of disOiH-group of Zr(HP(), layer. Ethanole 2 (green) in cavity Il
der in positions and orientations of ethanole molecules, ceeates 3 hydrogen brigdes to OH-groups of adjacent {HPO
sulting in the certain degree of disorder in layer stacking.tetrahedra. The values of interaction energy etnanole-layer
The difference in crystal packing, arrising from the difor both ethanole molecules are in table 1, where one can see
ferent structure of VOPGand Zr(HPQ), layers can be seenthe Vander Waals, Coulomb and hydrogen bonding contri-
in figures 1a,b. In case of VOR@e layer surface is flat andbutions to the total interaction energy and the differences for
the ethanole layers touch upon the VQR®ers only via the ethanoles in cavitiy | and Il. The energy values presented in
ethanole oxygens. (See figure 1a, note that only one half frible 1 represents the average values calculated from the se-
the total number of ethanole molecules is anchored to thes of minimizedmodels.All these minimized models ex-
VOPQ, layers!). In case ofx-zirconium phosphate, thehibited the behaviour characteristic for disordered structures,
ethanole molecules sit in the cavities in Zr(HRQayers i.e. slightly different positions and orientations of ethanole
and the ethanole molecules are slightly immersed in the awlecules and nearly the same sublimation energy [4].
jacent host layers and one can see the closer packing in thEigure 2b illustrates the arrangement of water molecules
interlayer space of Zr(HP®-2C,H.OH. in the host compound Zr(HRY-H,O, according to the struc-
Two different PQ groups in the lgice of a-zirconium ture data published by Troup & Clearfield [10]. Comparing
phosphate reported already by Clearfield & Smith [9], restifte figures 2a and 2b, we can see the similar way of anchor-
in two different types of cavities in Zr(HRY) layers, de- ing to layers for water and ethanole molecules. Both are sit-
noted as | and Il (see figure 2a). In cavity | all OH-groups fimg in the cavities, with different hydrogen bonding scheme
three adjacent (HPQtetrahedra are pointed out of the cavn the cavity | and Il. As the water molecules are arranged in
ity, while in case of cavity Il, two OH-groups are directedne layer in the interlayer space of Zr(HP@H,0, each water
inside the cavity. As one can see in figure 2a, two differenthylecule is involved in 4 hydrogen bonding to both adjacent
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Figure 3a Two differently bonded ethanole molecules (pirfkigure 3b The arrangement of water molecules in the
and yellow) in the interlayer of VORQCH.OH. The first interlayer of the host structure VORQ@H,O. The network of
ethanole (pink) is attached to vanadium to complete V-octydrogen bonds is marked with dotted lines

hedron, the second ethanole (yellow) is hydrogen bonded to

the attached one. Both ethanoles create only sporadicaly

hydrogen bridges with layer oxygens ( hydrogen bridges are

marked with blue solid lines 1*, 2*)

layers: in cavity |, three hydrogen bonds to lower Zr(E)BO low in comparison with Zr(HP),-2CH,OH intercalate. As
layer and one to the upper layer, in cavity Il the hydrogénis evident from table 1, predominat Coulombic contribu-
bonding scheme has opposite orientation, (i.e. one hydrogien to host-guest interaction is characteristic of both inter-
bond to lower and three to upper layer). As it is evident fraralates, however ethanole molecules are more loosely bonded
comparison of figures 2a and 2b, the hydrogen bondimgVOPQO,-2CH,OH than in Zr(HPQ),-2CH.,OH. Figure 4
scheme is very similar in case of the host structushows the view along the direction perpendicular to VOPO
Zr(HPQ)),-H,0 and intercalate Zr(HPQR-2CH.OH. Any- layer, illustrating the arrangement of adjacent ethanole mol-
way the geometry of hydrogen bonding is of course slightiules.
different and the main difference is between the bonding of Figure 3b shows the crystal packing in the interlayer space
P-OH groups to interlayer molecules. In the intercalaté the host compound according to structure data of Tachez
Zr(HPQ,),-2CH-OH, both distinct P-OH groups are involvect al. [11]. The network of hydrogen bonds is marked with
in two hydrogen bonds with ethanole molecules, whereagdtted lines. One can see the regular system of hydrogen bonds
the host structure Zr(HRR.H,O one P-OH group is involved between the second more loosely bonded water molecule and
in two hydrogen bonds and the second one only in one B3, oxygens. Thesecond hydrogen bond system between
drogen bond. Water molecules are hydrogen bonded alsdato distinct water molecules is pointed along the direction
shared Zr-O-P oxygens, as one can see from the figurep2bpendicular to the plane of projection and is hidden in in
(H-bridge no.4). figure 3b. Comparison of figures 3a and 3b shows clearly the
In VOPQ,-2C,H,OH, two differently bonded ethanolecommon features and difference between the bonding of water
molecules are shown in figure 3a. Ethanole 1 (pink) is land ethanole molecules to the VOR@yers:
cated above and below the vanadium atom to complete theéhe oxygen of the first water molecule is bonded to vana-
vanadium octahedra. Ethanole 2 (yellow), which is mod&um atom (the bond distance O-V ~2.2335 A fgOH12]
loosely bonded in the interlayer space (see table 1) is hydind 2.50 A for DO [11] ). The same way of anchoring to the
gen bonded to the ethanole 1. Both ethanole molecules &®PO,layer occur in case of ethanole 1, with the average V-
ate only sporadicaly the hydrogen bridges to VQR@ers O dlstance obtained from modelling ~2. 38A Both molecules,
(either to PQ oxygens or toV=0 oxygens), consequentlywater and ethanole, involved in the vanadium octahedron are
the average hydrogen bonding energy ethanole-layer is vieygdrogen bonded to neighbouring interlayer molecules.
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Table 2a Positions of the main spectral bands in Raman spectrum of ZrHPED and Zr(HPQ),-2CH,OH. Vibraion
mode symbols have been used in agreement with the book of Ross [13]

Vibration modes : V,(A) - symmetric V,(F,) - antisym. 0,0, - Out of plane
Raman streching HPQ streching HPQ, deformation mode
Zr(HPQ)), . H,0 1078 cmt 1138 cmt 985 cmt
1053 cmt 960 cmt
Zr(HPQ,)), . 2CH.OH 1065 cmt 1147 cmt 978 cmt
1053 cmt 952 cmt

The difference is in the bonding of the second water maharacter for the host structure and intercalate, with the small
ecule and ethanole 2 to the VOR&yers. While the secondor negligible shift of band positions and small changes of
water molecule is hydrogen bonded equally through bdilnd profiles due to the intensity redistribution in the spec-
hydrogens to the PQetrahedra, the ethanole 2 (yellow) isrum of intercalate. These small changes are consistent with
hydrogen bonded only to the ethanole 1. The analysis afh& frequency shifts, observed in Raman spectra of
series of minimized models showed, that both ethanoleZr{HPQ)),-2CH.OH, as a consequence of different hydro-
and 2 may sporadically create hydrogen bridges either o B®n bonding between P-OH and ethanole molecule in the
oxygens or to V=0 oxygens. Consequently the average ciotercalate and between P-OH and water molecule in the host
tribution of hydrogen bond energy to the total interaction estructure, as it is evident from comparison of figures 2a and
ergy ethanole-layer is very low in VORQCH,OH com- 2b.
pared with Zr(HPQ),-2C,H.OH, as one can see in table 1. ~Comparing the position of ethanole bands in IR and Ra-
man spectra of intercalate Zr(HP®2C,H.OH with those
for pure ethanole (figures 5a and 5b), we can see a slight
shift of ethanole bands to lower wave numbers in case of
intercalate. This slight shift is due to the anchoring of ethanole
molecules in the layer cavities, resulting in closer crystal
packing and stronger host-guest interaction energy for
Zr(HPQ,),-2C,H.OH than for VOPQ2CH.OH, especially
in case of hydrogen bonding (see table 1). This ethanole peak

Vibrational spectra and their relation to the structure
of intercalates

a-zirconium phospate intercalated with ethanole

Figure 5a shows the comparison of Raman spectra of the host
structure Zr(HPQ),-H,0, ethanole and intercalate Zr(HPO
2CH.OH. It is evident, that all spectral bands correspo
ing to the vibrations of Zr(HP, layer observable in Ra-
man spectrum of the host structure are observable also in
spectrum of intercalated structure. The difference in po
tions of correspnding bands in host structure and intercal
is very small (see table 2a). That means, the Zr(jiFay-

ers are rigid during intercalation and the assumption of rig
layers in modelling represents a reasonable approximat
in case ofx-zirconium phosphate, intercalated with ethanol
The small peak shifts and intensity redistribution in Ram
spectra of Zr(HPQ),-2CH,OH in comparison with host com-
pound are due to the replacement of water by ethanole
cavities | and Il. This replacement will affect both: stretcl
ing HPQ, modes and deformation P-O-H modes, due to t
different scheme of hydrogen bonding between P-OH a

and 2b). The rather pronounced change in shape of two b
corresponding tov,(A,)-HPO, symmetric streching can be
partialy attributed to the overlap with the ethanole bands (:
the lowest spectrum in the figure 5a). .

The IR spectra of Zr(HPQ,-H,O, Zr(HPQ),-2C,H.OH € i

and ethanole are compared in figures 5b and band positi’g 4 Th f ethanol lecul h
are summarised in table Zihe IR spectra exhibit the samg,%%rg Iayere arrangemerof ethanole molecules above the
2
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Table 2b Positions of the main absorption bands in IR spectrum of Zr({RQO and Zr(HPQ),-2CH.OH

Vibration modes : IR v,(A,) HPO, v,4(F,) HPO, Opoy - In plane 8o - Out of plane
symmetric streching antisym. streching deformation mode deform. mode

Zr(HPQO,),-H,0 1070 cm* 1162 cm? 1249 cm?* 967 cm?
1045 cm?! 1122 cm* 957 cm!
1032 cm?

Zr(HPQ,),-2CH.OH 1059 cm? 1162 cm?* (w) 1249 cm* 964 cm?
1045 cm? 1122 cm? (vw) 946 cm?!
1037 cm?!

w - weak band, vw - very veak band

shift is not observable in case of VOPBCH.OH, where As a result of this subtraction we have got the spectrum of
the host-guest interaction energy is lower than in Zr(pPQintercalate without ethanole bands, (see figure 6a), which is
-2CH.OH (see table 1). more convenient for the comparison of bands corresponding
to VOPQ, layers in host and intercalated structure. Table 3a
summarises the positions of the main spectral bands in both
Vanadyl phospate intercalated with ethanole Raman spectra and one can see in the table 3a and figure 5b,
that the Raman spectrum is almost the same for the host struc-
Comparison of Raman spectra for the host structutge and intercalate. Three bands observable at 1035, 1014
VOPO,2H,0 and intercalate VOPC,H.OH in the figure and 985cmt in the Raman spectrum of the host structure
6a illustrates the ridity of VOPO, layers during intercala- correspond to the V=0 stretching mode. The vanadyl stretch-
tion. Theethanole bands in the Raman spectrum of interdag band is especially sensitive to the local coordination of
late VOPQ-2CH.OH were exactly in the same positions aganadium and three peaks indicate the presence of anhydrous,
in the spectrum of pure ethanole. Consequently the ethamsdially and fully hydrated form of VOPQOThis partial es-
spectrum can be subtracted from the spectrum of intercalaggpe of water is due to the laser beam during the measure-

Figure 5a Raman spectra of
the host structure Zr(HPQ,
-H,0, intercalate Zr(HPQ),
2CH;O and ethanole

T
| Zr(HPO JH,0 I

PO,

Zr(HPO ), 2Et I
Plflll‘1
Ethanole

1300 1200 1100 1000 900 800
-1
Wavenumber [cm ]

{P-O-H) 0.0.p.

Intensi

{(P-O-H) 0.0.p.

Et.
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Table 3a Positions of the main spectral bands in Raman spectra of the host structure, 26D and intercalate
VOPQ,-:2CH.OH

Vibration modes: v V=0 V,(A,) PO, v,(F,) PO, V,(E) PO,
Raman stretching symmetric streching symmetric bending  antisym. bending
VOPQ,-2H,0 1035 cmt 945 cm (s) 579 cm! 460 cm?
1014 cm? (vw) 929 cm? (sh) 541 cmt
985 cmt
VOPOQ,-2C,H.OH 1029 cm! (b) 937 cnl(s) 572 cm! (vw) 460 cm?
990 cm? 529 cmt

b- broad, s - strong, sh - shoulder, vw - very weak band

ments. (for more detailed explanation see [17]).In caseR®, oxygens. Results of modelling showed, that the regular
intercalate VOPQ2CH.OH these bands are slightly shiftechetwork ofhydrogen bonds observable in host compound (see
and very broaden. This broadening of V=0 bands reflects fiygire 3b) is never present in the intercalate. Only few ir-
disorder in positions of ethanole molecules found by meegularly arranged hydrogen bridges between ethanole and
lecular simulations. Due to the slight disorder in positioMOPQO,-layer have been observed in the series of calculated
and orientations of ethanole molecules in the interlayer spatreicture models (see figure 3&his irregularity in hydro-
of VOPQ,-:2C,H.OH, described in our previous work [5], thegen bonding of ethanoles to POxygens affects the BO
bond distance V-Q, ... varies within the range 2.26 — 2.50 Astreching and bending modes, as one can see in table 3a and
giving the average value ~2.38 A. These fluthaV-O,; ;. figUre 6a. In spite of the small differences in Raman spectra
bond distances exhibit different effect on adjacentV=0 bond$ host structure and intercalate VOPZL,H.OH discussed
resulting in broadening of spectral bands. above, the character of both spectra remain the same sup-
The second consequence of the disorder in the ethampmeting the assumption of rigid VOEGayers and rigid
arrangement in the interlayer of VOR@CH,OH is the ir- ethanole during intercalation.
regularity in the hydrogen bonding of ethanole molecules to

Figure 5b IR spectra of the

host structure Zr(HPQ), PO
-H,0, intercalate Zr(HPQ), PO \
2CGH.O and ethanole PO
4
(P-O-H} 0.0.p.
9 PO, Zr(HPO,),.H,0 I
c PO 4 ’
o
=
o PO
g (P-O-H) in.pl (P-O-H) o.0.p.
<C Zr(HPO,),.2Et
(P-O-H) in.pl.
1 1 I 1 i | L ] .
1300 1200 1100 1000 900 800

Wavenumber [cm™]
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Table 3b Positions of the main absorption bands in IR spectra of the host structure ¥ZHBO and intercalate
VOPQ,-2CH,OH

Vibration modes: IR v4(F,) PO, v V=0 Mixed: v, (PO,), lattice vibr.
antisymm. stretching stretching O(P-O-V), p(H,0)
VOPOQ,:2H,0 1143 cm? 995 cnrt cg = 920 cmt 681 cntt

1076 cm? (w)

VOPOQ,-:2CH.OH 1143 cm? 995 cnrt (w) cg = 920 cmt 681 cnrt
ethanole band overlap

vw - very weak band , cg - center of gravity of mixed absorption band

IR spectra of the host structure, intercalate and ethanoled(P-O-V) deformation bands are supressed in the interca-
are in figure 6b. One can easily identify the bands correspolade due to the small amount of hydrogen bridges between
ing to the ethanole molecules. In contradiction to Zr(E)POethanole and layers, in comparison with the network of hy-
2CH.O, the ethanole bands keep the same positions indmegen bridges in host structure see figures 3a,b.
tercalate VOPQ2CH_OH as in the pure ethanole. This is
due to the very weaker bonding ethanole-layer. Comparing
the IR spectrum of VOPERH,0 and VOPQ2CH,OH we
can see all the bands occuring in host structure, also in

intercalate even in the same positions, see table 3b. The

broaden band in the spectrum of host structure with the cefté§Sent results showed, that the combination of molecular
of gravity at ~920 cm contains the mixture of overlappingSimulations with IR and Raman spectroscopy is very useful
bandsv,(PQ,), 8(P-0-V) andp(H,0). It is evident, that this IN analysis of structure and bonding in intercalates. The main
band should change it's profile, proceeding from the hd§@sons for the use of vibrational spectroscopy in complex
structure to intercalate,because of: structure analysis can be summarized in the following two

p(H,O) are absent in the intercalate main points:

(%Iplgclusions

Figure 6a Raman spectra of
the host structure VOPO oo e
-2H,0 and intercalate
VOPQ,-2CH.OH , where the
ethanole spectrum has been
subtracted
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Figure 6b IR spectra of the T T I T T T I T T T I
host structure VOPD2H,0, PO

intercalate VOPQ 2CH,OH
and ethanole

lattice
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1200 1100 1000 900 800 700
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First of all, the comparison of IR and Raman spectra f#r Capkova, P.; Benes, L.; Melanova, K.; Schenk) Hppl.
the host compound, intercalate and guest species is very imCryst.1998 in print.
portant support of the modelling strategy. Rigid units can be Capkova, P.; Janeba D.; Benes, L.; Melanova, K.; Schenk,
assigned in the initial model on the base of this comparison.H. J. Mol. Model 1998 4, 150.

The results of modelling enable the interpretation of \6= Mayo, L. S.; Olafson, B. D.; Goddard IlI, W. AJJ Phys.
brational spectra and the explanation of changes due to theChem.1990Q 94, 8897.
intercalation, such as the changes in hydrogen bonding schémé&arasawa, N.; Goddard Ill, W. A. Phys. Cheml989
in the interlayer and disorder in interlayer structure. This dis- 93, 7320.
order is manifested by the broadening of spectral bands, & d&Rappé, A. K.; Goddard I, W. Al.Phys.Cheml991,95,
result of bond distance fluctuations for certain bonds. 3358.

Present results showed that the diffraction method a&d Clearfield, A.; Smith, D. Ginorg. Chem 1969 8, 431.
vibrational spectroscopy (IR and Raman) represent com@de- Troup, J. M.; Clearfield, Anorg. Chem1977, 16, 3311.
mentary experimental method to molecular simulations 14. TachezM.; Theobald, F.; Bernard, J.; Hewat, A. Re-
complex structure analysis of intercalates and all partially vue de Chemie Minale 1982 19, 291.
disordered structures. 12.Tietze, H. R. AJ. Chem 1981, 34, 2035.
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