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AssrRAcr

A comparative structural study of "Lucin-type" (VL) and "Messbach-type"
(VM) variscites by X-ray difiraction and infrared spectroscopy has been per-

fomed.
Like "Lucin-type", "Messbach-type" variscite crystallizes in the orthorhombic

system, probably with the same sp&ce grottp Pcab. The lattice constants found

for VM: a,9.90,,b,9.65r, c, 17.1& A are, however, sufficiently different from those

assigned to VL (a,9.S& b,9.63s, c,8.55u A), as to presume the existence of net

structural differences. Infrared spectra zupport this assumption showing the

existence of two different types of water molecules, which are present in both

structures in different proportion. Some differences in the symmetry of POn*

anions between both va.riscite types were also found.

INtnonucrrow

From X-ray, TDA, TGA, and infrared data of a great number of
AIPO+'2HzO natural samples from several localities, eech and

SlS,nskj' (1965, 1968) conclude that such a compound occurs in

nature under three modifications: monoclinic metavariscite (syn.

"clinovariscite"), orthorhombic variscite (Lucin-type), and variscite
Messbach-type (syn. "redonditett, tttangeite" and "peganitett). The
symmetry of Metavariscite is P21/n, and its structure has been studied
by Borensztajn (1966), Fanfani and Zanazzi (1966), and Moore
(1966). Lucin-type variscite symmetry is Pcab (Stmnz, 1957) and it
is considered isostructural with scorodite (Fe AsOa'2HzO), which
structure was determined by Kyriyama and Sakurai (19a9). The
symmetry and unit cell of the latter modification is hitherto unknown,
although its X-ray powder pattern and infrared spectrum show a
close resemblance to the Lucin-type variscite, suggesting the existence
of a close structural relationship between them.

The purpose of the present paper is to investigate the structural
differences between both variscite types, in the light of X-ray powder

diffraction and infrared spectrum analysis.
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Maronr,us

The samples used in this work occur from Pala,zuelo de las Cuevas, Zamora
(Spain). A previous study of this mineral deposit made by Arribas et al. (1971),
revealed that they are contaminated with meta,variscite (15 percent for VL and
7 percent for VM) and with a small quantity o! a-quartz. Electron probe
microanalysis showed the presence of small quantities of Fe, Cr, Ou, and Ni in
substitution for Al (VL sample: Fe 0.26, Cr 026, Cu 0.02, Ni 0.03 percent.
VM sample: Fe 0.12, Cr 0.08, Cu 0.11, Ni 0.Ot percent).

Rnsur,rs AND DrscussroN

X-rag difiraction

Despite the similarity between VM and VL X-ray patterns, the
cell constants obtained by adjusting VL parameters to the VM dif-
fractogram, do not allow a complete indexingl. After different attempts
based on trial and error methods, we concluded that this is only pos-
sible by duplicating the unit cell dimensions along c axis. Table 1
shows the parameter so obtained. Those corresponding to the VL
cell are added for comparison. Indexed VL and VM diagrama are
given in Table 2. Contamination of metavariscite (M) and a-euartz
(Q) was taken into account for VM diagram.

fABLE 1! IrNIT CEI,L DATA rOR U,CIN AND MESSBACH Ty?E VARISCIIES
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trperinental values go fr@ ZrZ to 2r5 (palachel Beru qd Frondelr 194&).

Because of the VM diagram complexity, assignment of the space
group is rather difficult. However, attending to the analysis of the
systematic extinctions among isolated reflexions, Lhe Pcqb space group
seems to be probable.

lFrom the cell constants so obtained (o,9.898 b, 9.668 c,8.d89 A), reflections
corresponding to 3.74, 2.45, 2.21,2.18, 2.A1, and 1.78 A interplanar spacings cannot
be indexed.
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Infrared, Spectra

Figure 1 shows infrared spectra of both variscite types between
400 and 4000 cm-1. The spectra of a pure synthetic metavariscite
have been included for comparison. The wave numbers (cm-l) of the
most significant bands are given.

The differences in resolution of the spectra are due to the different
degree of crystallinity of the samples. Powder diffractograms and
petrographic microscopy observations indicate that VL sample is
more crystalline than VM.

In OH stretching vibration region (2500 to 4000 cm-l), the spectra
are very similar. The most significant differences between them are
in the relative intensities of their bands, especially for those at 3580
and 3100 cm-1.

The bands of this region indicate the existence of hydrogen bonds
of different energy. By considering a linear relationship between dis-
tances and infrared stretching frequencies in O-H-O bridges, and
taking into account the data of Pimentel and Sederholm (1g56),
together with the obtained from the metavariscite's structure (Boren-
sztajn, 1966), the observed frequencies indicate variations in O-H-O
distances from2,55 L (2520 cm-1) to 2.70 L (3340 cm-r). The sharp
band at 3580 cm-1 represents a distance too long (2, g A) to denote
the existence of an hydrogen bridge.

In the water deformation region both samples present two wide
bands at about 1630 and 1570 cm-1, indicating the existence of two
different types of water molecules tr21 andWzr.If it is assumed that
the lowest bending frequency band (1570, 1555 cm-l) is associated
together with the highest stretching one (3580 cm-1) to the same water
molecules W2, Lhese molecules must possess at least one of its two
hydrogen atoms not bonded to the structure. On the other hand, tr21
type (associated to the 1630, 1635 cm-1 frequencies) would be bonded
to the structure through its two hydrogen atoms.

The relative intensity of the bands at 3580 and near 1570 cm-l is
lower in VM than in VL spectrum. This must be a consequenee of
the lower proportion of. W2 waLer type in the VM structure. Consider-
ing the existence of two independent water molecules per asymmetric
unit in VL and four in VM (Table 1), the water proportionW;W2
should be 1:1 for "Lucin" variscite against 3:1 for "Messbach,,
variscite.

P-O stretching and bending vibration contribute bands from 1200

'Two endothermic effects about 185 and,225.C in their TDA diasrams
(Arribas et al., l97l) , favor this conclusion.
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to 400 cm-l, which interfere with those due to rotation and transla-
tion movements of water molecules; therefore, a complete assign-
ment in this region proves difficult. Adler (1964, 1968), studying the
P-O vibrations on POas- group of natural phosphates, emphasizes
the influence of the group symmetry on the number of infrared-active
modes. Table 3 shows such a correspondance. According to this scheme
both samples present differences in the symmetry of their PO+3- groups.
In fact, while VM spectrum present only two bands at 1145 and 1050
cm-l, assignable to the v3 mode, VL shows three absorptions at 1150,
1070, and 1040 cm-1. On the other hand, the existence of one unique
band at 905 cm-1 in VM spectrum, assignable to the v1 mode, shows
that one at least of the two independent PO+'- anions of the asym-
metric unit must possess C3e slmmetry. Through a similar reasoning,
it may be seen that the unique PO+ts anion of the asymmetric unit in
VL structure must possess eilher Cz, or Cu symmetry.l

The absence of bands near 2600 .*-t (P-OH vibrational region),
shows, in agreement with Arlidge et aL. (1963), that OH structural
groups are absent in both structures.
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Cowcr,usroNs

Powder X-ray diffraction results seem to indicate that "Messbach-
type" variscite, like "Lucin-type", is orthorhombic with space group
Pcob. However, the small difference between their X-ray patterns

t Since V. vibration modes do not provide additional information, a more
precise assignation is not possible in the absence of data aboul Vz vibrations
modes.
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involve a change in the unit cell dimensions. Accepting that the VM
cell possesses doubled length along the c axis, conserving VL specific
gravity, a close structural relationship can be expected between both
variscites. Thus, the VL cell might be considered as a VM pseudocell
in which both two independent molecules belonging to the asym-
metric unit become equivalents. Laueite and Stewartite is an anologous
case of polymorphic phosphates [MNFez(OH)z(PO+)z'8H2O], in
which the structure of the former is a substructure of the second with
period a/2 (Peacor, 1963).

Infrared spectra support the above conclusions showing net dif-
ferences between both samples: there are two types of water molecules
Wr andWz.Wr possesses its two hydrogen atoms bonded to the struc-
ture through O-H-O bridges from 2.55 to 2.70 A, while W2 only
possess one of them bonded to the structure, the other one being free.
The WiWz proportion is 1:1 for VL against 3:1 for VM. No O-H
structural groups are present in both structures. The symmetry of
the PO+ s anion in the VL structure is different from VM.

Summarizing, the results herein seem to confirm the existence of
two polymorphic variscite species, "Messbach" and "Lucin" types,
closely structurally related. The known fact that "Messbach-type"
variscite always occuts in form of cryptocrystalline aggregates, the
only single crystals so being of "Lucin-type" (often coexisting with a

cryptocrystalline mass of VM), suggests that "Messbach-type" varis-
cite is a metastable crystalline state of the orthorhombic AIPO+'2HzO',
formed under natural conditions which do not allow a greater struc-
tural order.
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