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The new un named nickel antimonide tel lu ride, Ni2SbTe2,

was founded as 6 mm grain by Vavøín and Frýda (1998) at
the Kunratice Cu-Ni de posit. This ter nary phase is in close
as so ci a tion with melonite; this as sem bly is in cluded in
pyrrhotine. The crys tal struc ture was de ter mined from syn -
thetic an a logue pre pared us ing sil ica glass tube method.
The stechiometric amounts of Ni, Sb and Te were loaded
into sil ica tubes and sealed un der vac uum. They were then
heated in a pro gram ma ble fur nace at 400 °C, 800 °C for
three weeks. The ex per i ments were ter mi nated ei ther by
quench ing in a cold wa ter bath or by slow cool ing.

The crys tal struc ture of Ni2SbTe2, pre pared at 800 °C
(ter mi nated by quench ing), de ter mined from X-ray sin gle
dif frac tion data, is hex ag o nal, NiAs type with lat tice pa -
ram e ters a = 3.9108(2) C, c = 5.2489(3) C, space group
P63/mmc. The an ti mony and tel lu rium at oms oc cupy the
crys tal lo graphic po si tion 2c; the po si tion 2a is oc cu pied by
nickel at oms. 

The crys tal struc ture of Ni2SbTe2, pre pared at 400 °C

(ter mi nated by slow cool ing to 50 °C within the in ter vals of 
22 hours), orig i nally de scribed by Reynolds et. al. (2004),
re fined from X-ray sin gle dif frac tion data, is hex ag o nal
with lat tice pa ram e ters a = 3.9110(2) C, c = 15.696(1)C ,
space group P63/mmc. The an ti mony and tel lu rium at oms
oc cupy dif fer ent crys tal lo graphic po si tions, an ti mony 2c
and tel lu rium 4f.   

The sit u a tion in the case of crys tal struc ture of

Ni2SbTe2, pre pared at 400 °C (ter mi nated by quench ing) is
more complicated. The X-ray pow der dif frac tion pat tern
cor re sponds to the dis or der (high tem per a ture) phase, nev -
er the less dif frac tion pro files of 201 and 110 lines are asym -
met ri cal. This asym me try dis ap pears in pow der pat tern of

Ni2SbTe2 pre pared at 800 °C (Fig ure 1,2). It was pos si ble
to ob serve weak re flec tions near 1/3 and 2/3 of the dis tance
be tween the sharp dif frac tions on the pho to graphs of re cip -
ro cal planes h0l ob tained from elec tron dif frac tion
(SAED). These weak dif frac tions sys tem at i cally shifted
from 1/3 to the left and from 2/3 to the right, i.e. closer to

the sharp dif frac tions. The phase Ni2SbTe2 forms at 400 °C
a solid so lu tion with end mem bers hav ing the com po si tion
of 42.1 % Ni, 13.0 % Sb, 44.9 % and 43.0 % Ni, 28.4 % Sb,
28.6 % Te (at. %).
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Fig ure 1: Dif frac tion profil 110 line of Ni2SbTe2 pre -
pared at 400 °C (above) and at 800 °C, Co rad.                   

Fig ure 2: Dif frac tion profil 210 line of Ni2SbTe2   pre -
pared at 400 °C (above) and at 800 °C, Co rad.
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The term illite, in tro duced by Grim in 1937 [1], re fers to an
alu mi num-po tas sium mica-like, non-ex pand ing, diocta -

hedral min eral, pres ent in the clay frac tion (un der 4 mm).
To gether with kaolinite, clorite and illite-smectite
mixed-lay ers (I-S), illite is one of the four ma jor con stit u -
ents of ar gil la ceous sed i men tary rocks. Illite gen er ally
crys tal lizes in the monoclinic sys tem, like other micas. Its
struc ture is very sim i lar to 2:1 mica struc ture, with two tet -
ra he dral sheets and one oc ta he dral be tween, to build up the
T-O-T sheet [2].

Ac cord ing to Rosenberg [3], an ap prox i mate for mula
for illite can be writ ten as:

K0.88Al2(Si3.12Al0.88)O10(OH)2

de duced both by ex per i men tal stud ies [4, 5], and by stud ies
on nat u ral ma te ri als [6] With re spect to mus co vite, in illite
there is a lower K con tent, due to the lower sub sti tu tion of
Si with Al in the tet ra he dral site.

Illite pres ents ex ten sive struc ture dis or der likely due to
shifts and ro ta tions be tween the lay ers: this con trib utes to
the anisotropic broad en ing of peaks width in the dif frac tion 
pat tern. One of the ma jor prob lem con cern ing illite stud ies
is find ing of a pure sam ple. The sam ple uti lized in this
work is pure and oc curs in a mine from the Tokaji moun -
tains re gion, Hun gary. The aim of this study is to in ves ti -
gate the struc ture model and struc ture dis or der of this pure
illite sam ple. In or der to do this, DIFFaX [7] has been uti -

lized for the pre lim i nary sim u la tion of the XRPD pat tern,
and DIFFaX+ [8] for the re fine ment of the struc ture. The
re sult ob tained with DIFFaX+ will be cross checked with
WILDFIRE© [9]. Fig ure 1 shows the ob served XRPD pat -
tern of the pure illite sam ple.

We are ac tu ally in the pro cess to test a num ber of dif fer -
ent mod els and to ob tain the best re sults for our sam ple.
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The main ob jec tive of this study is to spec ify the hydration
mech a nism of soil clays com ing from Tu ni sia, in par tic u lar
ac cord ing to their min er al og i cal char ac ter is tics  and stress
his tory and to com pare these clays with that from clay de -
posit such as Wy o ming mont mo ril lo nite. The frac tion < 2
µm of these clays was sep a rated and was then sub jected to a 
cy cle of des ic ca tion (3,2 to 105 kPa) then to a con trolled
rehydration up to 3,2 kPa. The study of their or ga ni za tion at 
high wa ter con tents was car ried out with TEM by re plac ing 
wa ter with an expoxy resin on the sam ple ini tially hy -

drated. The struc tural and tex tural char ac ter is tics dur ing
dry ing and rewetting was de ter mined by mean of Small
An gle X-ray Scat ter ing (SAXS). Ob ser va tions with the
MET in di cated that soil clays pres ent an or gani sa tion in ag -
gre gates with dif fer ent lev els of solid phase as sem bly (lay -
ers, crys tals, ag gre gates). The par ti cles had dif fer ent
fa ci es es ac cord ing to their min er al og i cal na ture and their
layer charge and lo ca tion. The par ti cles were more rec ti lin -
ear when their layer charge in creased. SAXS re sults
showed that their size evolved dur ing dry ing-wet ting cy -



cles so that it was not pos si ble to de fine a par ti cle which
was char ac ter is tic of the clay in de pend ently of its stress
his tory. This ob ser va tion re mained valid for the Wy o ming
mont mo ril lo nite but, in this case, the par ti cles had ho mo ge -
neous hy drated layer spac ing and were eas ily curved as -
sem blies on con tact with wa ter. The com par i son of SAXS
re sults and MET ob ser va tions showed that in the range of
high wa ter con tents, the main part of wa ter was re tained
inter par ti cle pores and its amount and lo cal isa tion var ied
con sid er ably as a func tion of the stress his tory. Con trary to

Wy o ming mont mo ril lo nite, in interstratified clays, the
interlayer hydration is partly re vers ible. This study dem on -
strates that for un der stand ing and pre dict ing the be hav iour
of clays, in par tic u lar those in soils de vel oped from sed i -
ments, it is nec es sary to re fer to the layer charge lo cal isa -
tion and to the en ergy his tory of the ma te rial, which
de ter mine a part of the swell ing mech a nism, es pe cially for
clays ex posed to nat u ral con di tions.
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From the X to VI cen tu ries B.C., the incrustations of pre -
cious stones in den tal ap a tite were com monly prac ticed in
an cient Mex ico. Ac cord ing to sev eral au thors [1-3] py rite,
he ma tite, jadeite and tur quoise were typ i cally used for this
pur pose. The tech nique prob a bly con sisted in prac tic ing a
cav ity on the tooth sur face (of an te rior teeth) by mean of a
drill-like tool and per haps the help ing of pow dered quartz
with wa ter as an abra sive.  The stone was then fixed by us -
ing an ad he sive like copal [2] or cal cium phos phate-based
ce ment [3].  With re gard to this, Swed ish sci en tist S. Linné
cited by Fastlicht [1, 4] pointed out the fol low ing: “It is no
con cern of mine to judge if this is praise wor thy but I have
heard prom i nent spe cial ists ex press their sur prise when ob -
serv ing that this ce ment has kept its pur pose af ter 1,500
years. While to day, de spite of our ad vanced tech nol ogy, it
does not even last the life of a pa tient.”  At pres ent, den tal
in lays (sil ver-based al loys) can last al most 8 years, and de -
spite that one do not ob tain a real ad her ence be tween these
in lays and the den tal tis sue; al loys in lays are fre quently
used to day be cause of their cheap ness and lon gest per ma -
nence in the mouth.  On the con trary, in the case of ce ramic
in lays (i.e. metal free por ce lain) an in ter face be tween tooth
and the in lay is cre ated us ing phos pho ric acid, ad he sives
and, for in stance, dual ce ment.  Both sur faces are joined to -
gether cre at ing an UV-poly mer ized thin hy brid layer (i.e.
polymethyl-methacrylate). Ce ramic metal free in lays pres -
ent an ap prox i mate life of 10 years [5] and have the ad van -
tage of be very aes thetic and cos metic; but they are not very 
re sis tant to rup ture and are very ex pen sive.  

In this work, we con sider that a com pos ite ad he sive
made-up by copal and pow dered ap a tite (from tooth or
bone) was used in an cient Mex ico for den tal incrustations. 
Two facts sup port this state ment: first, the work re ported
by Fastlicht and Pompa y Padilla [1, 2] where the pres ence
of pow dered ap a tite has been de tected by X-ray dif frac tion
ex per i ments, also they con sider very se ri ously the pres ence 
of copal even if it has not been com pletely con firmed and
iden ti fied yet [1].  The sec ond fact is nar rated in the amaz -
ing book writ ten by F. Martínez Cortés en ti tled Sticky-ma -

te ri als, Gums and Res ins in Prehispanic Mex ico [3].  In this 
book one can read that copal was the ba sis of the
sticky-ma te ri als em ployed to elab o rate sev eral won der ful
pieces such as the gran ite mask dis cov ered in Malinaltepec, 
Guerrero, Mex ico, and dec o rated with small frag ments of
tur quoise platelet-like stones.  We have con sid ered the last
as an ev i dence that copal would be known as a sug ges tive
sticky-ma te rial to stick pre cious stones such as tur quoise or 
oth ers to the den tal tis sue.  We have re pro duced our as -
sump tion in mod ern den tal pieces us ing copal, pow dered
ap a tite and some pre cious stones such as tur quoise.  The
pre ferred crys tal ori en ta tion of ap a tite crys tals was char ac -
ter ized by X-ray pow der dif frac tion data.  With the knowl -
edge of the rel a tive ori en ta tion of ap a tite crys tals with
re spect to the sur face to be in con tact with the in crus ta tion
sur face by mean of the copal-based ad he sive, we have tried 
to in ves ti gate the mech a nism in which the ad he sive prop er -
ties of copal works.  For this pur pose, we have also per -
formed some anal y ses with FTIR (in fra red spec tros copy)
and LVSEM (low vac uum scan ning elec tron mi cros copy). 
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Fig ure 1. Ob served pat tern of the Hun gar ian illite in the range

3-80 °2q.
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