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Hydrogen bonding in the crystalline state.
Structure of talmessite, Ca2(Mg, Co) (As04h. 2H20,

and crystal chemistry of related minerals
by MICHELE CATTI, GIOVANNI FERRARIS and GABRIELLA IV ALDI,

lstituto di ~lincralogia, Cristallogratia e Geochimica G. Spczia, Fniversit,\ di Torino (I).

Abstract. - The crystal structure of a talmessite from Bou-Azzer, Ca2 (MgO.65' COO.35)(As04)2' 2H20,
was solved and refined (R = 0.081) in space group PI by 979 Ieflections measured on an automatic
single-crystal diffractometer (MoKat radiation). The unit-cell parameters are: a = 5.874 (7), b = 6.943 (I I),
C = 5.537 (6) A, at = 97.3 (I), ~ = 108.7 (I), Y = 108.1 (2)°; Z = 1. The structure is built up by alter-
nating (fIO) layers of Ca and Mg coordination polyhedra, and is characterized by two unusually short
L2.S62 (IS) and 2.613 (14) A] hydrogen bonds donated by the H20 molecule, which account for the high
dehydration temperature (460° C) of this mineral. The triclinic minerals Ca2Me (X04)2' 2H20 (X = P or
As), regarded as isostructural, are divided in two subgroups (fairfieldite and messelite; collin site,
cassidyite, talmessite and ~-roselite) characterized by a closer isostructurality and distinguishable by
the cell parameters. Thermal studies were performed on collinsite, fairfieldite and talmessite, showing a
dehydration temperature increasing with the strength of hydrogen bonds.
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Liaison hydrogene dans l'i!tat cristallin. Structure de la talmessite Ca2 (NIg, Co) (AS04)2' 2HP et cristallo-
chimie des mineraux conn exes .

Resume. - La structure cristalline d'une talmessite cobaltifeIe de Bou-Azzer, Ca2 (Mgo,65' COO,35)
(As04)2' 2H20, a Me resolue et affinee (R = 0,(81) dans Ie groupe spatial PI par 979 reflexions mesurees a

l'aide d'un diffractometre automatique (radiation MoKat). Les parametres de la maille sont : a = 5,874 (7),
b = 6,943 (II), c = 5,537 (6) A, at = 97,3 (I), ~ = 108,7 (I), Y = 108,1 (2)°; Z = 1. La structure estfonnee
de couches (lIO) alternee de polyedres de coordination de Ca et Mg, et montre deux liaisons hydrogene
tres courtes [2,562 (15) et 2,613 (14) A], donnees par la moJecule H20, qui expliquent la temperature de
deshydratation elevee (460° C) du mineral. Les mineraux tricliniques Ca2Me (X04)2' 2H20 (X = P ou As),
consideres isostructuraux, sont divises en deux groupes (fairfieldite et mess elite ; collinsite, cassidyite,
talmessite et ~-roselite) qui sont caracterises par une isostructuralite plus etroite et peuvent se distinguer
par les parametres de la maille. Des etudes thermiques sur collinsite, fairfieldite et talmessite ant montre
que la temperature de deshydratation de ces mineraux augmente avec la force des liaisons hydrogene.

Mots des: talmessite, structure, fonnule chimique, liaison hydrogene, deshydratation.

INTRODUCTION.

The general formula Ca2Me (X04)2 .zHp, where X
is P or As and Me2+ is a divalent cation, represents a
number of minerals with monoclinic or triclinic sym-
metry. The terms of the latter family, which will be
dealt with in this work, are messelite, collinsite, fair-
fleldite, cassidyite (X = P and Me2+ = Fe2+, Mg2+,
lVIn2+, Ni2f-, respectively) and talmessite, ~-roselite
(X = As and Me2+ = Mg2+, Co2+) ; two or more vica-
riant cations are normally found for l\fe2-J-, and the
discovery of Ni-rich (Cesbron et al., 197Z) and Zn-
rich collinsite (Hill et al., 1974) presumes an even
larger family.

However, in the literature, there is no unanimity in
writing the chemical formulae of these minerals as
bihydrated compounds. In particular, for talmessite
Cesbron et al. (197Z) suggest a formula containing
both OH- ions and acidic H atoms on the basis of the
high dehydration temperature (about 5000 C) and
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following previous works (Yakhontova et al., 1956;
Bariand et al., 1960; Yakhontova et al., 1967) ; if, on
the contrary, all the hydrogen is contained in water
molecules, as proposed by Pierrot (1964), then these
must be very strongly bonded in the crystal so as to
account for the high dehydration temperature.

In the frame of our studies on hydrogen bonding
(last paper published : Catti et al., 1977), we have
accepted with pleasure the suggestion of Professor
F. Permingeat to perform a structural investigation on
a sample of Co-talmessite which was kindly supplied
by himself.

PROBLEMS OF NOMENCLATURE.

The name talmessite was proposed by Bariand
et al. (1960) for the mineral with ideal formula
Ca2lVIg(As04)2' zH20. Subsequently, Pierrot (1964)
proved its identity with the mineral prevIOusly named
belovite by Nefedov (1953) and arsenate-belovite by
Yakhontova et al. (1956) [in order to distinguish It
from the mineral belovite of the apatite group described



Fractional coordinates and vibrational parameters (A2) with the significant figures of the e.s.d.'s.

x y z B11 B B33 B B
13

B
22 12 23

Mg 0 0 0 1. 09(16) 1. 76(18) 1. 32(16) O. 72(14) 0.37(13) - o. 22(13)
As 0.3341(2) 0.2460(2) 0.6703(2) O. 21 (7) O. 65(8) O. 31 (7) O. 13(6) o. 10(6) - O. 19( 6)
Ca 0.2949(5) O. 7622(4) 0.6529(5) o. 75(8) 1. 27(9) 0.77(8) O. 5 7( 7) 0.43(7) -0.13(7)
0(1) 0.3420(19) o. 1272(15) 0.9217(18) 1.02(34) 1. 42( 35) 1. 09( 31) 0.59(28) 0.56(27) 0.33(27)
0(2) 0.2385(19) 0.0504(16) 0.3986(18) 0.89(,1) 1. 48(37) O. 73( ,I) O. 70( 28) -0.10(25) - O. 64( 26)
0(3) 0.1550(18) o. ,916(15) 0.6412(19) 1. 06( 33) O. 90( 32) 1. 43(33) 0.63(27) 0.49(28) 0.10(26)
0(4) 0.6,95(19) 0.3864(16) 0.7149(20) o. 90()4) 1.41(,6) 1. 52( 35) O. 16( 29) O. 75 ( 29) -0.29(29)
w 0.95)3(17) 0.2778(14) O. 0745( 16) o. 70( 34) 1. 08( 35) 0.40(36) O. 45( ,0) O. 31( 30) - o. 02( ,0)
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by Borodin et at. (I954)J and proposed to name the
calcium-magnesium arsenate belovite instead of tal-
messite on priority grounds. In recent works, the
name belovite is left to the mineral of the apatite
group, and talmessite is used for the arsenate (Strunz,
1970; Povarennykh, "I97z; Cesbron et at., I97z;
Feraud et at., 1976), with some exceptions (Fleischer,
1975; Luzgin, 1975). .

The 1. M. A. Commission on New Minerals and
Mineral Names has now accepted talmessite and belo-
vite for the arsenate and the phosphate, respectively.

CRYSTAL DATA.

A sample from Bou-Azzer (Morocco) with a deep
pink colour was used and the value 0.35 was assumed
for the ratio Co/(Co + Mg), according to a chemical
analysis (Bariand et at., 1960) on material of the same
locality, studied by Cesbron et at. (I97z) as well; this
value appeared consistent with the structure ana-
lysis. By least-squares refinements of Z3 6 values
measured on a single crystal diffractometer, with
f..(MoKIX)= 0.71069 A, the following parameters of the
reduced cell were obtained: a = 5.874 (7), b = 6.943
(n), c = 5.537 (6) A, IX = 97.3 (I), ~ = 108.7 (I),

Y = 108.1 (z)o; the transformation to the cell pre-
viously used in the literature is 100 /1I0 /001. Other
data are: space group PI (on structural basis), MW =
404.5, V = 196.7 A3, Dm = 3.57 g cm-3 (Bariand
et at., 1960), Do = 3-4z g cm-3, Z = I, F(ooo) = ZOI,
P.(MoKIX) = 109 cm-1.
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gular, shape of the crystal; as for secondary extinction
effects, no reasonable correction was shown by least-
squares fitting of the function 10/10= K (I + gIo)'

SOLUTION AND REFINEMENT OF THE STRUCTURE.

Intensity statistics suggested the absence of symme-
try centre and, indeed, a solution of the structure was
found in the space group PI both by direct methods
with the program MULTAN (Germain et at., 1971)
and by Patterson function. A least-squares isotropic
refinement, however, showed that the acentric struc-
tural model was crystal-chemically and statistically
not different from the centro symmetric one obtained
for collinsite by Brotherton et at. (1974). A full-matrix
refinement of talmessite was then carried out aniso-
tropically in space group PI, and convergence was
reached (R = 0.081) with unitary weights; a reaso-
nably constant behaviour of W/),.2/VS. iFni and sin 6
was obtained, except for very high IFol and very low
sin 6 values. However, the anisotropic thermal factors
of Ca and of 0 of the water molecule became definite-
positive only by rejecting some strong reflections (1)
affected by a remarkable Fo/Fo discrepancy. ThIs
effect should not be ascribed to a possible substitu-
tion of Ca by Co, since the thermal factor obtained
for the (Mg, Co) position (Mg hereafter) is regular;
on the other hand a number of electrons different
from that (17.z5) assumed for the Mg position, would
have caused a too large or too small (even negative)
thermal factor, already in the isotropic refinement.

TABLE 1.

INTENSITY MEASUREMENTS.

An irregular fragment of single crystal, approxima-
tely elongated [ZOIJ and 0.10 X 0.13 X 0.85 mm
large, was used for the data collection with a four
circle Philips P\V 1I00 diffractometer. The measure-
ment conditions were : graphite monochromatized
MoKIXradiation, 6 <: 30°, 6/z 6 scan, scan width /),.6 =
2.5°, scanning speed 0.05° S-l, background time =
10 S on both sides of each scan, three reference reflec-
tions (300, 040, 003). By rejecting the 181 weakest
reflections [IFol <: 4 (J (Fo)], a set of 979 independent
observations was obtained. An absorption correction
was unsuccessfully tried because of the strongly irre-

Scattering factors for neutral atoms (International
Tables for X-ray Crystallography, I96z) and the pro-
grams of the X-ray System (Stewart et at., 1970)
were used. The final atomic fractional coordinates
and the B;j coefficients of the expression:

exp ! ~
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are reported in Table 1.

(1) Such reflectiolls (52) are marked by E in the list of structure

factors a\'a;lable from the authors.



TABLE II.

Interatomic distances and an~les (O-Ca-O)
for the Ca coordination polyhedron.

The e.s.d.'s are o.oro and 0.015 A for Ca-O and 0---0
distances, respectively; 0-40 for the angles.

Ca 0(1)1 2. 656 A

Ca o(d 2. 633

Ca O( 3) 2.431

Ca O( 1,)II 2.446

Ca O( 2,)III 2. 769

Ca O( V)IV 2.412

Ca 0(41)III 2. 361

Ca (WI)III 2. 398

0(3) O( 1")II 3.600 A 95. Z'

0(3) O( V)IV Z. 917 141. 7

0(3) 0(41)III Z. 978 76. 8

0(3) (W1)III Z. 963 75. 7

O(Z,)III 0(1)1 3. 857 90.6

O(21)III O( 2)1 3. 243 73.7

O( Z,)III O(lI)II Z.969 69. 1

0(21)III O(41)III Z. 636 61. 2

O(41)III O( Z)I
3. 356 84. 3

O(41)III O(l1)II 4. 085 116.4

0(41)III O( 31)IV 3. 173 83. 3

O(!)I O( Z)1 2. 706 61. 5

0(1)1 O(l1)II 2.953 70. 6

0(1)1 (WqIII Z. 815 67. 5

o(d O( ,,)IV
3. 146 77. 0

(WI)III O(lqII 3. 193 82.4

(WI)III 0(31)IV 2. 876 73. 5
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TOPOLOGY OF THE STRUCTURE.

The structural features of talmessite are the same as
those reported for collinsite (Brotherton et al., 1974) ;
some substantial differences from fairfieldite (Fanfani
et al., 1970) will be discussed below. However, by
considering the structures of this group of minerals
from the point of view of connection among Ca coor-.
dination polyhedra, their topology can be better
emphasized (Fig. I). Eight oxygen atoms are coordi-

FIG. r. - Projection of the crystal structure of talrnessite onto the
(no) plane. Black rods and dashed-dotted lilIes represent Ca-O
coordination bonds and hydrogen bonds, respectively.

nated by Ca and form a very irregular trigonal prism
with two pyramided faces (Table II), which shares
three of its 17 edges with three different Ca poly-
hedra; (110) layers of linked Ca coordination poly-
hedra are then built up, according to a network with
stretched pseudo-hexagonal meshes formed by the
Ca - Ca lines. This network can also be described in
terms of circumferences determined by eight Ca and
containing two other Ca atoms : every circle is in
contact with four ones, so that the arrangement is
not close packed.

Slightly distorted Mg coordination octahedra
(Table III) lie on (110) planes between adiacent Ca
layers. The As tetrahedra (Table IV) share two ver-
tices with the Mg polyhedra, so as to build up a system
of parallel [OOIJ chains in (110) planes; adjacent
chains are tied by one of the two independent hydro-
gen bonds, W- - - - 0 (4')IX (1). The linking between
Mg and Ca layers is provided by each Ca polyhedron
sharing two edges with two Mg octahedra [WIII- - --
o (1')1 and 0 (I')" - - - - 0 (Z')IIIJ and two edges

(I) Symbols with a prime denote atoms subjected to the trans-

fonnation x, y, z; ro~nan nun1erals represent the translations:
I, +b; II, -I a +b +2c; III, +a +b +c; IV, -lob +c; V,--c;
VI, +c; VII, --a; VIII, +a; IX, +2a +b +c; X, +a -c;
XI, --a -c.

with two As-tetrahedra [0 (1)1 - - - - 0 (z)" and
o (Z')III - - - - 0 (4')IIIJ, respectively.

No cleavage plane breaking hydrogen bonds only
is possible, so that no one of the cleavages observed
for minerals of the group [e. g., {OIO} and {OOI} for
fairfieldite (Wolfe, I940)J seems to be preferred on
structural grounds.

HYDROGEN BONDING AND CHEMICAL FORMULA.

Although the positions of the hydrogen atoms have
not been determined, the results of the structural
analysis confirm the formula given above for talmes-
site, Ca2 (Mg, Co) (As04)2' zH20, and no evidences
seem to support the alternative formula Ca2 (Mg, Co)
(HAs04)2 (OHh. The only oxygen atom in the anio-
nic group which could carry a hydrogen atom is 0 (4),
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Mg O(l)V I, As 0(1) 1. 702 i\

0(1')
VI 2. 135 A i As 0(2) I. 699Mg

I

~/)}.s O( 3) I. 659
Mg 0(2) I As 0(4) I. 672

2. i 15

I

Mg 0(2')
0(1) 0(2) 2. 706 A 105.40

VII
Mg W

I

0(1) O( 3) 2. 807 II 3. 3

(W,)VIII
2.04] 0(1) 0(4) 2. 731 ] 08. ]

Mg
0(2) O( 3) 2

82'_Jill
0(2) 0(4) 2.636 102.9

WVII 0(1) V 0 O( 3) 0(4) 2.755 ]]1.6
3. 086 A 95. 30

VII 0(2) 2. 994 92. 2W

VII
0(1')

VII
2. 815 84. 7W

VII
0(2') 2. 882 87. 8 TABLE V.W

(W ,) VIII O(I)V 2. 815 84.7 Interatomic distances (A) and angles (0) in the

(w ,) VIII 0(2) 2. 883 87. 8
hydrogen bonds of (a) talmessite (b) collin site
(c) fairfieldite.

(W,)VIII 0(1 I) VII
3.086 95. 3

(w')
VIII

0(2')
For the labelling of the atoms see foot-note (2) p. 234.

2.994 92.2

0(1) V 0(2) 2.969 88. 7

0(1) V
0(2') (a) V . IX

3. 040 91. 4 0(4) ---W---0(4')
. 2.6 J3(14) 2.562(15) 102.9(5)

O(1I)VI
(b) V IX

0(2) 3. 040 91. 4
0(4) ---W---0(4') 2.571 (7) 2.6]3(7) 105.7(3)

'0(1')
VI

(c) 0(4)V___W___0(3,)III
2.713 (9) 2. 650( 12) 100.3 (4)

0(2') 2. 969 88.7

TABLE VI.

Ca Me W L

O. 17 o. 26 o. 30 1. 90
O. 22 O. 2] O. 30 I. 95
O. 24 O. 23 O. 27 I. 9]

O. 18 O. 13 O. 32 I. 8]
O. 19 O. ] 5 O. 33 1. 86
O. 25 O. 15 O. 38 I. 97

O. 27 O. 28 I. 9]
O. 29 O. 25 1. 84
O. 34 o. 26 I. 94

O. 32 O. 28 O. 35 2. 25
O. 30 O. 28 O. 31 2. 15
o. 26 O. 25 O. 20 I. 93

O. 29 O. 37 0.7Z 0.65 2. 03
0.30 0.41 0.72 O. 69 2. 12
O. 27 O. 34 O. 80 0.74 2. 15

1. 90 0.99 2. 00 9. 90
1. 91 1. 04 2. 00 9.92
1. 99 0.99 2. 00 9. 90

HYDROGEN BONDING IN THE CRYSTALLINE STATE... 233

TABLE III.

Interatomic distances and angles (O-Mg-O)
in the Mg coordination polyhedron.

The e.s.d.'s are O.oro and 0.015 A for Mg-O and 0 ---0
distances, respectively; 0.4° for the angles.

TABLE IV.

Interatomic distances and angles (O-As-O)
in the As04 group.

The e.s.d.'sare 0.010 ando.oIS A for As-Oand 0---0
distances, respectively; o.So for the angles.

Calculated individual and total (E) bond strenghts for each atom in ihalf for-
mula unit in the crystal structure of talmessite (top j X = As, Me = Mg), col-
linsite (middle j X = P, Me = Mg) and fairfieldite (bottom j X = P, Me = Mn).

x

1. I 7
0(1) I. 22

I. 17

I. 18
O( 2) I. 19

1. 19

1.36
0(3) ]. 30

I. 34

1. 30
0(4) I. 26

I. 22

w

5. 01
4.97
4.92



a b c it ~) r
Fairfieldite (1) 5.79(1) 6. 57(]) 5. 5 J( I) 102. 3( 3) 108. 7( 3) 9 o. 3(3)
Messelite ( 2) 5. 95( 2) 6. 5 2( 2) 5. 45( 2) 102. 3(4) 107. 5(4) 90.8(2)
Collin site (3) 5.7344(8) 6. 780(]) 5.4413(9) 97.29(1) 108. 56( I) 107. 28(1)
Tal"11essite (4) 5. 884(4) 6.995(4) 5.564(4) 97.69(9) 109.69(12) 107.9J(J0)
I) -roselite (4) 5.884(6) 6.963(8) 5. 581 (9) 97.72(8) 109. 24(9) 107.53(10)

Cas sidyite ( 5) 5. 71 3(] 3) 6. nO(1 5) 5.430(1]) 96. 7( 2) 107. 3(3) 104. 7(2)

234 M. CATTI, G. FlmRARIS AND G. IVALDI

which is involved with W in the only two O. . .0 con-
tacts shorter than 3 A and is coordinated by a Ca
atom only; the other anionic oxygens are coordinated
by two Ca atoms [0 (I) and 0 (2) by Mg as well] and
show no 0...0 short contacts. However, the As-
o (4) distance (Table IV) is definitely too short for an
As-OH bond. Besides, owing to the close isostructu-
rarity of talmessite with collinsite, where the hydrogen
atoms were located (Brotherton et aZ., 1974), it can
be concluded that all the hydrogen is carried by the
oxygen W which acts as donor of two hydrogen bonds
towards 0 (4) (Table V). One of these is extraordI-
narily short for a H20 molecule, and is probably res-
ponsible for the peculiar thermal behaviour of tal-
messite. The only comparable hydrogen bond studied
by neutron diffraction [2.S46 (S) A at 4.2 K] was

Some kind of weak interaction could be supported
by the slight underbonding of 0 (3) (Table VI) ; on the
other hand, inclusion of multiple 0 - H - - - 0 inter-
actions in spite of their configurations improved the
bond strengths balance at least in the peculiar case
of perchloric acid hydrates (Brown, 1976 b).

RELATED MINERALS.

By considering the unit-cell parameters of the tri-
clinic Ca2Me (X04)2 .2H20 minerals (Table VII), two
distinct subgroups can be recognized, owing to the IX
and y values: at least: fairfieldite (1) and messelite on
one side, and collinsite, talmessite, ~-roselite, cassidyite
on the other; this division is confirmed by a closer

TABLE VII.

Lengths (A) and angles (0) for the reduced unit cell of the triclinic minerals
with general formula Ca2Me (X04)2.2H20.

The refinements are based on partial sets of reflections from the quoted powder spectra.

(1) Fanfani e( al. (1970). - (2) Refinemen( of the powder data given by Fronde 1 (1955); several lines of this
spectrum are due (0 p radiation or (0 impurities. -

(3) Brotherton e( al. (1974). - (4) Refinement of the
powder data given by Pierrot (1964) for (almessite from Talmessi (Iran) and for ~)-roselite from Schnee berg
(Germany), -

(5) Refinement of the powder data given by White et al. (1967).

found in ludlamite, Fe3 (P04)2' 4H20 (Abrahams,
1966); as for X-ray studies, similar bonds were
found in compounds isostructural with metavariscite,
AlP04. 2H20 (Kniep et aZ., 1973), where the bond
length is 2.S98 (2) A [d. also Kitahama et al. (I97S)
and papers therein quoted]. A tetrahedral environ-
ment LL::: (Ca')III - - - W - - - MgVIII is IOS.S (4)0;
the angle between the CaWNIg and OWO' planes is
800J, typical for most water molecules, is shown by
W, which belongs to class 2, type B according to Fer-
raris et al. (1972). The reliability of the proposed
hydrogen bonding scheme is confirmed by a calcula-
tion of bond strengths according to the universal
formula of Brown et al. (1976) (Table VI) and to the
curves for the hydrogen bond of Brown (1976 a) ; it
should be remarked that 0 (4) is overbonded, so that
it could not act as donor of a hydrogen bond.

W shows a third contact which is shorter than
3.2 A and is not an edge of a coordination polyhedron,
W - - - 0 (3)x = 3.084 (14) A; however, owing to the
great strength of the recognized hydrogen bonds and
to the unfavourable orientation of the W - - - 0 (3)X
direction, which forms angles of about 700 with the
directions of both hydrogen bonds, the possibility of
bifurcated hydrogen bonds should be excluded.

similarity of powder spectra within each subgroup of
minerals. An analysis of the known structures (fair-
fieldite in the first subgroup and collinsite and tal-
messite in the second one) shows that some limited
but interesting structural differences correspond to
the differences of cell : the atomic positions (2) of
collin site and talmessite appear to be very similar,
whereas they differentiate clearly from fairfieldite
in the x coordinate particularly for 0 (3), 0 (4) and W.

Therefore a different hydrogen bonding scheme is
observed (Table V) : W donates a hydrogen bond to
o (4')IX in the first two structures, but to 0 (3') lTT in the
third one. Fanfani et al. (1970) considered the contact
W - - - 0 (3)x = 2.942 A instead of W - - - 0 (4)V=
2.713 A as hydrogen bond in fairfieldite ; this assump-
tion does not seem to be justified since, contrary to

(I) The quite different unit cell given for this mineral by

Hawthorne ct at. (1977) has been erroneously deduced by compa-
rison with that of cassidyite (Hawthorne, 1977; private com-
munication).

(2) The numbering of atoms in collinsite (Brotherton et at.,

1974) and talmessite are the same, while the atoms 0 (I), 0 (2),
o (3), 0 (4) of fairfieldite (FanfaEi et at., 1970) have been renamed
here as 0 (3), 0 (4), 0 (2) and 0 (1\, respectively, in conformity
with the former strnctures.
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Fanfani et al. (1970) description, W - - -
°

(4)V is not
an edge of the Ca coordination polyhedron: moreover,
o (4) would be clearly underbonded without the hydro-
gen bond received from W (Table VI).

However, the existence of a bifurcated hydrogen
bond cannot be excluded in this case, in view of the
reasonable values of the angles [L.

°
(3)X- - - W - - -

o (3')1II = 102.8° and L. °
(3)X - - - - W -- - - °

(4)v

= 72.8°].
The triclinic minerals with formula Ca2Me (X04)2'

zH20 should then be considered to be is0structural
to a first approximation only; more properly, a
fairfieldite subgroup and a collinsite subgroup could
be defined,,, showing a much closer internal iso-
structurality.

THERMAL STUDY.

Thermal analyses of talmessite (Bariand et al.,
1960; Cesbron et al., 1972) showed an unusually high
temperature of dehydration, about 5000 C, which can
be accounted for by the very short hydrogen bonds of

%
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FIG. 2. - TGA curves for (a) fairfieldite, (h) collinsite, (e) tal-
rnessitc. Percent weight loss is plotted vs. temperature; heating
speed 10° C TIlin-1; salnp]es of about lOIng'.

the water molecules, as discussed above. Since no
such studies were found in the literature for other
minerals of the group, we decided to fill the gap, so as
to investigate the relations between hydrogen bonding
and dehydration behaviour more thoroughly in this
peculiar class of minerals. TGA (Fig. 2) and DSC
(Fig. 3) analyses, and powder spectra with a high
temperature Guinier camera (from 20° to 8000 C,
CuKa; radiation) were performed on the available
material: talmessite from Bou-Azzer (Morocco), collin-
site from Lake Franyois (Canada) and fairfieldite
from Foote Mine (King's lVI.t, N. Carolina).
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FIG. 3. - DSC (differential scanning calorimetry) curves for (a)

fairfieldite (0.102 mg), (h) collin site (0.092 mg), (e) talmessite
(0.104 mg).

With a good accord of the three thermal techniques,
the dehydration process is shown to start at tempe-
ratures of 325, 390 and 460° C for fairfieldite, collinsite
and talmessite, respectively; the trend is then clear:
the stronger (shorter) the hydrogen bonds are, the
higher is the dehydration temperature. By comparison
of the powder spectra results with data reported for
whitlockite-type compounds (ASTM 9-169; Calvo et
al., 1975), the products of dehydration should cor-
respond to (Ca, Me2+)3 (X04k The previous thermal
studies of talmessite are substantially confirmed,
except for the early weight loss observed by those
authors in TGA experiments, which should be due to
absorbed water as already suggested by Cesbron et
al. (1972).

Two different stages in the dehydration process
can be observed more (fairfieldite, DSC and TGA
curves) or less (collinsite, DSC) clearly; for talmes-
site only a slight asymmetry in the DSC endothermic
peak occurs. The interpretation of these phenomena
is not very simple, because the two water molecules
in the chemical formula should be expected to get
out of the crystal lattice simultaneously, owing to
their crystallographic equivalence. However, two
hypotheses at least can be put forward: 1) during the
dehydration process, a slight structural rearrange-
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ment occurs, which involves the hydrogen bonding
mainly and can then hardly be detected by X-ray
spectra (e. g., a transition between collinsite- and fair-
fieldite-type structures) ; the activation energy of the
dehydration reaction would therefore change, account-
ing for the two-stages process; 2) the solid-state dehy-
dration is coupled with a boiling effect of a « solu-
tion» formed by the freed water. _

The small exothermic DSC peak (5700,C) of fair-
fieldite corresponds to that found for talmessite by
Cesbron et al. (1972) at 6900 C ; it should be present
for collin site as well, at a temperature higher than
6000 C. Such effect ought to be related to a process of
crystallization of the whitlockite-type phase, since in
the Guinier powder spectra of all the three minerals
a large region of low crystallinity is present, extending

from the temperature of starting dehydration up to
the temperature where the exothermic phenomenon
appears.

We would like to thank warmly F. Permingeat
(University of Toulouse) and V. de Michele (Museo
Civico di Storia Naturale, Milano) for supplying, res-
pectively, the samples of talmessite and of the other
minerals studied in this work. The X-ray intensities
were measured at the Centro di Studio del C. N. R.
per la Cristallografia Strutturale, Pavia. Research
supported by the Consiglio N azionale delle Ricerche,
Roma.

Re/(u le 26 janvier I977.
Accepte le IO mars I977.

REFERENCES

ABRAHAMS, S. C. (1966). - ]. Chem. Phys., 2230-2237.
BARIAND, P. and HERPIN, P. (I960). - Bull. Soc. fro

Mineral. Cristallogr., 8], II8-12I.
BORODIN, L. S. and KAZAKOVA, M. E. (1954). - Doh-

lady Akad. Nauk. S. S. S. R., 96, 613-616.
BROTHERTON, P. D., MASLEN, E. N., PRYCE, M. W. and

WHITE, A. M. (1974). - Australian]. Chem., 27,

653-656.
BROWN, 1. D. (1976 a). - Acta Crystallogr., Danem.,

A 32, 24-3I.
BROWN, 1. D. (1976 b). - Acta Crystallogr., Danem.,

A 32, 786-792,
BROWN, 1. D. and Wu, K. K. (1976). - Acta Crystallogr.,

Danem., B 32, 1957-1959.
CALVO, C. and GOPAL, K (1975). - Amer. 1\/lineralo-

gist, 60, 120-133.
CATTI, M., FERRARIS, G. and FILHOL, A. (1977). -

Acta Crystallogr., Danem., B 33, 1223-1229.
CESBRON, F., PALLIX, G., PERMINGEAT, F. and VACHEY,

H. (1972). - Notes Servo geol. Maroc, ]2, 67-72.
FANFANI, L., NUNZI. A. and ZANAZZI, P. F. (1970).

- Acta Crystallogr., Danem., B 26, 640-645.
FERAUD, ]., PILLARD, F. and VERNET, J. (1976).

Bull. Soc. fro Mineral. Cristallogr., 99, 331-333.
FERRARIS, G. and FRANCHINI-ANGELA, M. (1972).

Acta Crystallogr., Danem., B 28, 3572-3583.
FLEISCHER, M. (1975). - Glossary of Mineral Species.

Min. Rec. Inc., Bowie.
FRONDEL, C. (1955). - Amer. JVJineralogist, 40, 828-

833.
GERMAIN, G., MAIN, P. and \VOOLFSON, M.]VI. (I971).

- Acta Crystallogr., Danem., A 27, 368-376.

HAWTHORNE, F. C. and FERGUSON, R. D. (1977). -
Canad. Mineral., IS, 36-42.

HILL, R.]. and MILUES, A. R. (1974). - Mineral.
Mag., G. B., 39, 684-695. International Tables for
X-ray Crystallography. Vol. III, Kynoch Press,
Birmingham (1962).

KITAHAMA, K., KRIYAMA, R. and BABA, Y. (1975). -
Acta Crystallogr., lJanem., B 31, 322-324.

KNIEP, R. and MOOTZ, D. (1973). - Acta Crystallogr.,
Danem., B 29, 2292-2296.

LUZGIN, B. N. (1975). - Zap. vsesojuzn. mineral. obsh-
chest. S. S. S. R., I04, 101-106.

]\;"EFEDOV, E. 1. (1953). - Zap. vsesojuzn. mineral. obsh-
chest. S. S. S. R., 82, 3II-317.

PIERROT, R. (1964). - Bull. Soc. fro Mineral. Cristal-
logr., 87, 169-21I.

POVARENNYKH, A. S. (1972). - Crystal Chemical Clas-
sification of Minerals. Plenum Press, ]\;"ew York.

STEWART, ]. M., KUNDELL, F. A. and BALDWIN, J. C.
(1970). - The X-RAY System. lJniv. of Maryland.

STRUNZ, H. (1970)' - Mineralogische Tabellen. Leip-
zig, Geest and Portig.

\VHITE, ]. S., HENDERSON, E. P. and MASON, B. (1967).

- Amer. Mineralogist, 52, II90-II97.
\VOLFE, C. W. (1940)' - Amer. J\Ilineralogist, 25, 738-753.
YAKHONTOVA, L. K. and PORTILYA KEVEDO, V.1.

(1967). - Geokhimiya, 6, 703-7°7.
YAKHONTOVA, L. K. and SmoRENKo, G. A. (I956). -

Zap. vsesojuzn. mineral. obshchest. S. S. S. R., 85,

297-3°2.
X-Ray Powder Data File, American Society for Testing

Materials, Philadelphia.

Le Directeur de la publication: Mme LAGACHE.
-----

IMPRIMERIE PROTAT FRERES, MACON, NO 7895. - JUIN 1977. - MASSON EDITEUR, PARIS, NO5023.

DEPtrr LEGAL: 2"
TRIMESTRE 1977. - COMMISSION PARITAIRE NO 33.333. - OJD DIFFUSION, 1974 (3-7-75) 1436.


	page 1
	Titles
	Key words: talmessite, structure, chemical formula, hydrogen bonding, dehydration. 
	Mots des: talmessite, structure, fonnule chimique, liaison hydrogene, deshydratation. 
	INTRODUCTION. 
	(I) Via S. ~[assimo 24, 10123 TorirJO, Italia. 
	PROBLEMS OF NOMENCLATURE. 


	page 2
	Titles
	HYDROGEN BONDING IN THE CRYSTALLINE STATE... 
	CRYSTAL DATA. 
	231 
	SOLUTION AND REFINEMENT OF THE STRUCTURE. 
	TABLE 1. 
	INTENSITY MEASUREMENTS. 
	exp 
	! ~ 
	~ B..h.h.a.*a.* 
	)) 
	are reported in Table 1. 

	Tables
	Table 1


	page 3
	Images
	Image 1

	Titles
	Z3Z 
	1\1. CATTI, G. FERRARIS AND G. IVALDI 
	TOPOLOGY OF THE STRUCTURE. 
	HYDROGEN BONDING AND CHEMICAL FORMULA. 

	Tables
	Table 1


	page 4
	Titles
	HYDROGEN BONDING IN THE CRYSTALLINE STATE... 
	233 
	TABLE III. 
	in the Mg coordination polyhedron. 
	TABLE IV. 
	in the As04 group. 
	1. I 7 
	I. 18 
	1.36 
	1. 30 

	Tables
	Table 1
	Table 2


	page 5
	Titles
	234 
	M. CATTI, G. FlmRARIS AND G. IVALDI 
	RELATED MINERALS. 
	TABLE VII. 
	with general formula Ca2Me (X04)2.2H20. 

	Tables
	Table 1


	page 6
	Images
	Image 1
	Image 2
	Image 3
	Image 4
	Image 5
	Image 6

	Titles
	HYDROGEN BONDING IN THE CRYSTALLINE STATE... 
	THERMAL STUDY. 
	20 
	(a) 
	(b) 
	20 
	20 
	235 
	ca 1/ °C 
	(a) 
	0.01 
	(b) 
	i 
	I 
	(c) 
	0.01,- 


	page 7
	Titles
	M. CATTI, G. FERRARIS Al'iD G. IVALDI 
	REFERENCES 
	Le Directeur de la publication: Mme LAGACHE. 
	----- 



