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Al coordination in bulk Al ,Te;_, glasses from solid-state NMR
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Magic-angle-spinning NMR spectroscopic studié®\() have been undertaken to probe the local structure
of Alin Al-Te glasses and stoichiometric and nonstoichiometric crystalline Al-Te samples. The chemical-shift
values obtained clearly indicate that there are two different Al environments in Al-Te glasses, corresponding to
fourfold and sixfold coordinated Al. The relative proportions of the two sites vary with the composition.
Though known to occur in oxide glasses, the sixfold coordination of Al has been found for the first time to our
knowledge in the present study in a nonoxide, chalcogenide glass. In stoichiometric crystalline composition,
only an octahedral coordinatiofhexagonal structujeis found, where as the nonstoichiometric crystalline
sample obtained by crystallizing the glass contains both sixfold and fourfold coordinated Al.
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I. INTRODUCTION II. EXPERIMENTAL

Bulk, semiconducting glasses of Alejgo_x (17<x
<30) were prepared by conventional melt quenching
Fethod. As-prepared glassy samples were characterized by
x-ray diffraction and differential scanning calorimetiySC)
to determine the amorphous and glassy nature, respectively.
¥he stoichiometric crystalline sample was formed by slow
cooling of the melt and a representative nonstoichiometric
Erystalline sample (AkTe;;) was prepared by first forming
the glass and subsequently annealing it inside an evacuated
artz ampoule (1C° Torr) at the crystallization tempera-
ure (300 °Q for about 2 h. Crystallized phases were identi-
Tied by x-ray diffraction analysis.
Room temperaturé’Al MAS NMR spectra of crystalline

The local molecular structure of different chalcogenide
glasses has not been fully understood, in spite of the techn
logical applications of these materials Techniques such as
Fourier transform infraredFTIR), Raman, and Mssbauer
are routinely used to probe the local structure of amorphou
materials*—® However, it is usually difficult with these meth-
ods to deduce the coordination environment of a particula
atom in a material. Although x-ray and neutron-diffraction
techniques are used to elucidate the short-range order
amorphous materials, they provide only a partial structur
information and are usually insensitive beyond the first co
ordination shelf. This problem is exacerbated for materials

containing more than a single type of atom. The solid state, 4 glassy samples were recorded with a Bruker DSX-300

mag|c-§1ngle-sp|nn|nQMA$) .NMR teqhnlque .prowdes.a_l spectrometer operating at 78.206 MHz. Compared to zeo-
convenient means of obtaining direct information pertammgmes, 3 sialon, and other oxide systems, the chemical-shift

::])air;?iallrggnedlate local molecular environment in a glassydistribution in Al chalcogenides is substantially wider, ne-

. 10 1 s cessitating the use of extremely high spinning speeds to
There are many structural investigatithis liquid alloys 9 y figh spinning Sp

f i el ¢ ih chal id H tachieve the required resolution in chemical shifts. In this
0 groutpd_ ehemert;s Wi dc talfogenl tﬁs.l 0\;vetver,t NOLyork, a cylindrical rotor with a spinning rate of 5—8 KHz
many studies have been undertaken on the local SWUCWUre las sed to record the spectra. Chemical shifts were re-
l1I-VI chalcogenide glasses. In the present wotldl MAS

) corded with respect thAl(H,0)¢]3" as an external refer-
NMR experiments have been undertaken at 78'2.06 MHz, ®nce. Recorded spectra clearly indicate that difference be-
probe the coordination of Al in Al-Te glasses of widely vary-

! - O . tween the glassy and crystalline samples.
ing compositions. Investigation on crystalline Al-Te samples glassy y P

have also been undertaken to compare the coordination en-
vironment of Al in the crystalline state of the same system. Ill. RESULTS AND DISCUSSION
It is widely believed that Al coordinates only tetrahedrally
in chalcogenide glasséSthough octahedral coordination of
Al is known in oxide glasse¥ The present results clearly ~ Figure 1 shows the MAS NMR spectra of crystalline
indicate that in Al-Te glasses, Al resides in two different Al Teso and AbsTe;; samples. In both cases, substantial im-
environments corresponding to tetrahedrally and octaheprovement in quality of the spectrum has been observed on
drally coordinated sites. In this sense, the present study urgoing from a low field of 5 KHz to a high field of 8 KHz.
derscores the ability of solid state MAS NMR chemical The improvement involves the increase in intensity as well
shifts to provide an important site differentiation in alumi- as the reduction in the width of the peak. These effects are
num chalcogenide glasses and provides insight into the urexpected and are due to the reduction in the second order
derstanding of the local structure of these glasses. Also, thguadrapolar effects at high fields.
dual coordination of Al revealed in the present investiga- Figure 1 indicates that in crystalline Ale;;, there are
tions, is likely to play a major role in various properties of two coordination environments for Al, namely, sixfold and
Al-Te glasses. fourfold coordinations, respectively. The chemical-shift val-

A. NMR studies of crystalline model compounds
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FIG. 1. Representative 76.206 MHZAI MAS NMR spectra of
crystalline compounds AdTe;7 and Al,gTezo Samples with spinning
speed 8 KHz.

ues of tetrahedrally and octahedrally coordinated aluminum
have been found to vary between 62—66 ppm and between
5-7 ppm, respectively, on varying the field from 5 to 8 KHz.

: : : ki i . | , ,
The maximum error involved in the chemical-shift measure 50 1000 <60 —200

ments is less thart 1 ppm. ppm
It is interesting to note from the present NMR results that
in the stoichiometric AlyTeg crystalline sample, only octa- FIG. 2. Compositional dependence of the 76.206 MHal

hedral coordination of Al is foundFig. 1). X-ray structural MAS NMR spectra of AjTe;oo_» (17<x<30) glasses. The chemi-
reports® on a crystalline AJTe; sample also indicate that cal shifts near 0 and 60 ppm are assigned to octahedral and tetra-
this compound has an hcp structure, in which all the Al at-hedral coordinations, respectively. Other minor peaks in the spectra
oms can reside in an octahedral environment. NMR experiare spinning side bands. Spinning speed: 7 KHz.

ments on crystalline AD; also indicates that only sixfold

coordinated sites are possible for Al in this compotihd. The number of Al atoms in tetrahedral and octahedral

As mentioned earlier, in AtTe;; samples formed by enyironments are estimated from the area under the peak for
crystallizing the glass, both tetrahedrally and octahedrally,,chy composition. Table | gives the ratio between the sixfold
coordinated Al atoms are present. In this sense, the crystalig fourfold coordinated Al atoms, estimated from the area
line ph_ases formed from th_e nonst0|ch!ometrlc glas;es bYinder the peaks, for different compositions. In Fi¢g)3the
annealing, are structurally different. Earlier x-ray studies on,griation of glass transition temperaturd j of Al-Te

g

thermally annealed Al-Te glasses also suggest the formatiogiasses with composition has also been given as a reference
of a crystalline phasp-(Al-Te)] which does notlgorrespond for the reader. Figure(B) shows the variation with compo-

to the equilibrium crystalline compound Ale;.™ Though  tion of the number of fourfoldxAl (4)/[Al (4)+Al(6)]} and

the complete structure solution of this phase is not available,
it is clear from the present NMR results that this phase is

”7 . . . L
characterized by tetrahedral as well as octahedral coordina- 'ABLE I. “/Al NMR chemical shifts and site quentitation in
tion of Al Al Te oo «(17<x=<30) glasses and crystalline compounds. Chemi-

cal shifts 5 are in ppm with respect tpAl(H,0)g]3", within the
error of =1 ppm.

B. NMR studies of Al-Te glasses

Atom % Al S8(%"Al) ppm Area ratio %
Figure 2 shows the composition dependent NMR spectra

of Al,Te g0« (17=x=30) glasses at 7 KHz. It is interesting 17 61+-2 47:53
to note that in all the Al-Te glasses studied, both fourfold20 62/9 40:60
and sixfold coordinated Al atoms are present. The chemical3 595 48:52
shifts values vary between 59-62 ppm for(#lsites and 25 59/-6 42:58
+9 to —6 ppm for Al(6) sites, which are consistent with the 28 62/-2 46:54
values obtained for crystalline sampléBig. 1) and also 30 591 53:47
those reported in literaturéfor zeoliteg.®~* The small  Crystalline AbsTe,, 63/5 4555
humps on the base line of the spectra are the spinning sidexrystalline AlgTes, 5

bands arising due to chemical-shift anisotropy.
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initial state in which the ionic species will reside depends on
(@) the base glass, environmental factors, and the species itself.
L . In the Al-Te system, in the entire composition range of glass
formation (15=x=<30), we have the coexistence of sixfold

250 T T T T

__ 200 and fourfold coordinated Al atoms. Nonstoichiometric crys-
& talline phases obtained from the glasses also have dual coor-
= dination for Al. However, in the stoichiometric crystal, only

150 octahedral Al sites are found. It may be concluded that there
is some connection between the glass formation and the dual
coordination of Al, in the Al-Te system. This aspect has to
be investigated in more detalil, in the future. Also, the com-
position dependence of relative populations of the sixfold
and fourfold coordinated sites, is determined by the energy
factors and their dependence on composition. Further theo-
15+ . retical investigations are required to understand the variation
with composition, of the concentrations of tetrahedral and
i { i octahedral Al sites in Al-Te samples.
10k 4 The fourfold and sixfold coordination of Al in Al-Te
glasses results from the formation of a coordinate type of
- 1 bonds between Al and Te, with the Al atom taking an elec-
5 L tron from one of the neighboring Te atoms. The"Twhich
10 15 20 25 30 35 has given the electron becomes threefold coordinated. For
Al content (at.%) fourfold coordination of Al, one neighboring Te becomes a
C; center C=chalcogen). For octahedral coordination of
FIG. 3. (@) Compositional dependence of glass transition tem-Al, three suchC; centers have to be created. The higher
perature in AfTe;_, glasses.(b) Compositional dependence of coordination of Al necessarily means that there will more
fraction of fourfoldN(4) and sixfoldN(6) coordinated Al sites in C, charged defect centers in Al-Te glasses, which are likely

Al,Te,_, glasses calculated by area under the peakq play a crucial role in all the defect controlled properties
XAI(I[AI(4)+Al(6)] andxAl(6)/[Al (4)+Al(6)], respectively. including the electrical conductivity.

100
20

Concentration of sites

sixfold {xAl(6)/[Al(4)+AlI(6)]} coordinated Al atoms, in
Al-Te glasses. It can be seen from this figure that in the
composition range of glass formation &%<30), the num- The 1l group additives in chalcogenide glasses are gen-
ber of fourfold coordinated AlN4) increases continuously. erally believed to be in tetrahedral coordination. However,
However, the sixfold coordinated Al atom#6) increase the present MAS NMR studies clearly indicate the coexist-
with concentration and saturates arou28. ence of octahedral and tetrahedral Al sites in bulk Al-Te

It is interesting to note here that the ratio(#tAI(6) is  glasses and nonstoichiometric Al-Te crystalline phases. Such
nearly the same in crystalline and glassy Al-Te samfi@s  a high coordination is not encountered in any other metallic
example, 45:55 for crystalline and 48:52 for glassy/A&,;  additive so far(e.g., Cu, Ag, Ga, Tl, etfin a chalcogenide
samples This indicates that the local structure is similar in matrix and it is likely to play a major role in the properties of
glassy and crystalline structures. However, the bond anglthese glasses.
distortions in the glassy states, results broadening of the line-
width.

The theoretical mod&l on the dual coordination of an
ionic species in a glass reveals that there exists a critical The authors are thankful to P. T. Wilson, Sophisticated
concentration above which only the coexistence of two colnstruments Facility for recording thé’Al NMR spectra.
ordination states can occur. However, this critical concentraT he financial assistance of BRNS Department of Atomic En-
tion may be too small to measure in certain systems. Thergy, is gratefully acknowledged.
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