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As more and more pro tein struc tures are de ter mined from
sin gle crys tal x-ray dif frac tion data, the mo lec u lar re place -
ment method [1] be comes a more at trac tive method for
struc ture so lu tion, due to the avail abil ity of suit able search
mod els. For a sig nif i cant num ber (35% [2]) of small pro -
tein struc tures there is only a sin gle amino acid chain to be
lo cated in the unit cell, mean ing that only the po si tion and
ori en ta tion of a sin gle mol e cule within the unit cell need to
be found. Thus, solv ing such a struc ture only means find -
ing the po si tion and ori en ta tion of the or i gin of the unit cell
with re spect to the pro tein mol e cule. We will dem on strate
that pow der data are suf fi cient to solve these sim ple mo lec -
u lar re place ment prob lems, with a se ries of real ex am ples.

The dif fi cul ties en coun tered in the more gen eral case of 
mo lec u lar re place ment meth ods de pend on both the qual ity 
of the search model and the qual ity of the ex per i men tal
data. For sin gle crys tal data, this es sen tially re duces to a
ques tion of model qual ity as the data can be con sid ered as
er ror free. For pow der data the peak over lap prob lem can
be so se vere that sig nif i cant gains should be pos si ble if
peak over laps are ac counted for. The in flu ence of data

qual ity for pow der dif frac tion in terms of both count ing
sta tis tics and in stru men tal res o lu tion are in ves ti gated.
Meth ods for ac count ing for the peak over laps are de vel -
oped and the ef fects of model qual ity with pow der data
com pared to sin gle crys tal data are ex am ined.

If the rou tine ap pli ca tion of mo lec u lar re place ment
meth ods were pos si ble with pow der data then this method
can of fer new op por tu ni ties when there are dif fi cul ties in
ob tain ing sin gle crys tals. While these re sults are un sur pris -
ing con sid er ing the com plex ity of small mol e cule struc -
tures that can be solved from pow der data, the ap pli ca bil ity
to much larger mol e cules seems worth dem on strat ing. 

[1] M. G. Rossman “The Mo lec u lar Re place ment Method”
Acta., Cryst.. (1990) A46, 73-82.

[2] 9240 of 25760 en tries in the PDB da ta base con tained a sin -
gle amino acid chain when ac cessed on 1 June 2004 via
http://www.rcsb.org. “The Pro tein Data Bank”, H.M.
Berman, J. West brook, Z. Feng, G. Gilliland, T.N. Bhat, H. 
Weissig, I.N. Shindyalov, P.E. Bourne; Nu cleic Ac ids Re -
search (2000) 28, 235-242.
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The crys tal struc ture of the b polymorph of the pure
triacylglycerol C15C17C17 (2,3-diheptadecanoyl- 1-penta -
decanoylglycerol), has been de ter mined us ing high res o lu -
tion syn chro tron pow der dif frac tion. The sim u lated
an neal ing ap proach, as im ple mented in the pro gram FOX
[1], was used to ob tain the ini tial model. The model was re -
fined with the Rietveld re fine ment pro gram GSAS [2].
Bond- an gle- and plane group re straints have been ap plied.

The crys tal struc ture model shows that the b polymorph 
of C15C17C17 crys tal lizes in the tun ing-fork con for ma tion.
The zig-zag planes of the acyl chains are par al lel packed. 

The methyl end groups of two ad ja cent lay ers form a plane
but the hy dro car bon chain ends are not in line.

[1] Favre-Nicolin V. and Cerny R. (2002). J. Appl. Cryst. 35,
734-743.

[2] A.C. Larson and R.B. Von Dreele, “Gen eral Struc ture
Anal y sis Sys tem (GSAS)”, Los Alamos Na tional Lab o ra -
tory Re port LAUR 86-748 (1994).
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3Freiberg Uni ver sity of Min ing and Tech nol ogy, In sti tute of Min er al ogy, Brennhausgasse14, D-09599
Freiberg i.Sa., FR Ger many; 

4Charit’e Berlin, Friedrichshain Hos pi tal, Lab o ra tory of Uroliths, Landsberger Allee 49,D-10249 Berlin, FR
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From a nat u rally formed am mo nium hy dro gen urate, also
called uroliths, X-ray pow der dif frac tion mea sure ments,
in dex cal cu la tions and force-field-con strained Rietveld re -
fine ment in clud ing an anisotropic char ac ter iza tion of peak
width broad en ing were per formed by the BGMN(reg.) pro -
gram. The am mo nium hy dro gen (acid) urate crys tal lizes in
a triclinic unit cell with a = 0.3650(3), b = 1.0215(4), c =
1.0597(5) nm, al pha = 113.9(1), beta = 91.1(1) and gamma

= 92.3(1)°. The sym me try was de ter mined as P1 (Space
group No. 2). The re li abil ity pa ram e ter Rwp could be ob -
tained to 7.43% by in tro duc ing an anisotropic pa ram e ter
set as a sym met ric ten sor of rank 4 for peak width broad en -
ing. In side of the unit cell an ad di tional am mo nia mol e cule
was placed with a prob a bil ity of 0.40. The anisotropic peak
width broad en ing and the am mo nia mol e cule with re duced
prob a bil ity hints to a strong de pend ence of nat u ral urolith
for ma tion from the for ma tion con di tions. These are the
tem per a ture and the con cen tra tion of uric acid and am mo -
nia in side of the urolithic tract. In ves ti ga tions of ar ti fi cially
crys tal lized uroliths has been shown peak splittings. There -
fore, we as sume that in com men su ra ble struc ture were per -
formed dur ing nat u ral crys tal li za tion. Un til now, we were

not able to in ves ti gate them by lab o ra tory x-ray pow der
dif frac tion. But we are sure, that these struc ture prob lems
may be solved by syn chro tron X-ray in ves ti ga tions.

[1]  Bergmann, J., Friedel, P. and Kleeberg, R. CPD News Let -
ters 1998. 8, 5-8 

[2] Bergmann, J. and Taut, T. Rietveld Anal y sis Pro gram
BGMN . Seifert-FPM GmbH Freiberg/Sa, AmSt. Niclas
Schacht 13, 09599 Freiberg/Sa, Ger many 1999

[3] Friedel, P., Tobisch, J., Jehnichen, D., Taut, T., Rillich, M., 
Kunert, C. and B"ohme, F. J. Appl. Cryst.1998. 31,
874-880 

[4] M.W.Schmidt, K.K.Baldridge, J.A.Boatz, S.T.Elbert,
M.S.Gordon, J.H.Jensen, S.Koseki, N.Matsunaga,
K.A.Nguyen, S.Su, T.L.Windus, M.Dupuis and J.A.Mont -
gom ery. J. Comput. Chem. 1993. 14, 1347-63.

[5] Tettenhorst, R. T. and Gerkin, R. E. Pow der Dif frac tion
1999. 14, 305-307.

[6] Van Gunsteren, W. F. and Berendsen, H. J. C. Angew.
Chem. 1990. 102, 1020-1055.

[7] Weiner, S. J., Kollman, P. A., Case, D., Singh, U. C., Ghio, 
C. and Alagona, G. J. Amer. Chem. Soc.1984. 106, 76.
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The fol low ing crys tal struc tures have been de ter mined
by pow der X-ray dif frac tion tech nique:

2-(4-nitrophenyl)-1-methylimidazo[1,2-a]pyridin-1-ium
chlo ride (1),
2-(4-nitrophenyl)[1,3]thiazolo[3,2-a]pyridin-4-ium per -
chlor ate (2),
3-(trifluoroacetyl)[1,3]oxazolo[3,2-a]pyridin-4-ium-2-ola
te  (3)

2-(4-nitrophenyl)-5-methyl[1,3]oxazolo[3,2-a]pyridin
-4-ium per chlor ate (4),

2-chloro-1-[2-(4-nitrophenyl)-2-oxoethyl]pyridinium
bro mide (5), 

[Cu(TMEDA)(OH)]2Cl              (6).
 Pow der dif frac tion data were col lected at room tem per -

a ture in trans mis sion mode in a Guinier cam era. The struc -
tures were solved us ing grid search method and re fined
with MRIA pro gram pack age [1, 2].

mailto:albov@biocryst.phys.msu.su


1. Chernyshev V.V., Schenk H. Z. Kristallogr. 1998. B. 213.
S. 1.

2. Zlokazov V.B. Chernyshev V.V.  J. Appl. Cryst. 1992. V.
25. P. 447.

T1 - P5

STRUCTURE DETERMINATION OF CYCLOHEXANE-DIOLS
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Pachuca-Tulancingo, km. 4.5. 42184. Pachuca, Hidalgo, México

2Centro de Investigaciones Químicas, Universidad Autónoma del Estado de Hi dalgo. Carr.
Pachuca-Tulancingo, km. 4.5. 42184. Pachuca, Hi dalgo, México

We have de ter mined the struc tures of dif fer ent
cyclohexanes pre sent ing two OH groups in dif fer ent po si -
tions: trans-cyc lo hex ane-1,4-diol; trans-cyc lo hex -
ane-1,2-diol; cis-cyc lo hex ane-1,2-diol. Sev eral mo lec u lar
con fig u ra tions have been con sid ered for each com pound.

These struc tures have been de ter mined by pow der
X-ray dif frac tion, com bin ing en ergy minimizations and
rigid-body Rietveld re fine ment. In or der to ob tain the
struc ture be fore the re fin ing pro cess we have used a global
op ti mi za tion method based in sim u lated an neal ing al go -

rithm. The cost func tion of this method is a com bined ex -
pres sion be tween po ten tial en ergy (de pend ing on the
pa ram e ters de fin ing a lat tice en ergy) and the R value, in
this case the RB, that com pares ex per i men tal and cal cu lates
in ten si ties I(hkl) val ues from the ex per i men tal dif frac tion

pat tern. The pa ram e ter a (Pareto pa ram e ter) weights the in -
flu ence of en ergy or struc ture in the fi nal so lu tion.

The dif fer ent hy dro gen bonds (geo met ri cal and en er -
getic char ac ter is tics) are stud ied as com par a tive man ner.
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STUDY OF THE MOLECULAR DISORDER IN 1,3-DIPHENYLTHIOUREA

Marius Ramírez Cardona1, Iván Barajas Rosales2 ,Carlos Gómez Aldapa2

1Centro de Investigaciones en Ciencias de la Tierra, Universidad Autónoma del Estado de Hidalgo. Carr.
Pachuca-Tulancingo, km. 4.5. 42184. Pachuca, Hidalgo. México
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The poly mor phism in 1,3-diphenylthiourea de pends di -
rectly from the ro ta tional de gree of free dom of the two
phenyl groups. Two phases oc curred within this
compound. The sta ble phase is an orthorhombic form and
the other (monoclinic) shows dis or der in the mo lec u lar
con for ma tion. The orthorhombic phase crys tal lizes in
Pnma group with a = 7.951(2) C, b = 25.576(9) C and c =
5.689 (2) C, Z = 4. The monoclinic phase crystallizes in
P21/n with a = 7.860(1) C, b = 9.295(1), c = 16.410(1) and

b = 92.44(1)°, Z = 4. In orthorhombic form, the hy dro gen
bonds link the mol e cules along the a axis as zig zag chains.
This form pres ents a cis-cis con fig u ra tion of the sub stitu -
ents (phenyl rings) that al lows the one-di men sional chains
of N-H···S hy dro gen bond. On the other hand, the cis-trans
con fig u ra tion of the phenyl groups in monoclinic form

leads to the for ma tion of two-di men sional lay ers of
thiourea de riv a tives. The N-H···S hy dro gen bond formed
by the cis-ori ented NH group is al ways stron ger than that
formed by the trans-NH group in the trans-cis mol e cule of
thiourea de riv a tives.

The two struc tures have been de ter mined by pow der
syn chro tron X-ray dif frac tion, com bin ing en ergy
minimizations and rigid-body Rietveld re fine ment. The
struc ture was solved us ing a global op ti mi za tion method
based in sim u lated an neal ing al go rithm. The cost func tion
of this method is a com bined ex pres sion be tween po ten tial
en ergy (de pend ing on the pa ram e ters de fin ing lat tice en -
ergy) and an R value. A rigid-body Rietveld re fine ment
was per formed with the struc ture de rived from the sim u -
lated an neal ing pro cess.
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STRUCTURE DETERMINATION OF 1-PENTANOL (C5H12O) AT 183.15 K

Marius Ramírez Cardona1, Miquel Ángel Cuevas-Diarte2, Carlos Gómez Aldapa3, Iván
Barajas Rosales3
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3Centro de Investigaciones Químicas, Universidad Autónoma del Estado de Hi dalgo. Carr.
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We have de ter mined the struc ture of the 1-pen ta nol
(C5H12O) at 183.15 K com bin ing lat tice en ergy
minimization cal cu la tions and Rietveld re fine ment us ing
pow der X-ray dif frac tion with con ven tional ra di a tion
(Debye-Scherrer ge om e try). A rigid body ap proach was
con sid ered in the Rietveld anal y sis.

The struc tural model used in the Rietveld method was
ex tracted from the sim u lated an neal ing pro cess, where we
con sid ered a com bined global op ti mi sa tion (“Pareto op ti -
mi sa tion”) based in the next cost func tion:

                C E Rpot B= + -a a( )1

where Epot is the po ten tial en ergy and RB de notes the

so-called R value. a is the Pareto pa ram e ter which weights
the con tri bu tions of the two parts of the cost func tion.

The pre ferred ori en ta tion is ana lysed as size ef fects in
the broad en ing of the peaks of pat tern by means of a lin ear
com bi na tion of spher i cal har mon ics. That helps us to reach
a greater good ness-of-fit in the struc ture de ter mi na tion.
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STRUCTURE DETERMINATION OF THREE SYMMETRICALLY SUBSTITUTED
ORGANIC MOLECULES: A POWDER AND SINGLE-CRYSTAL DIFFRACTION STUDY.

S. Y. Chong1, B. M. Kariuki1, M. Tremayne1, C. C. Seaton2

1School of Chemistry, University of Birmingham, Edgbaston, Birmingham B15 2TT, UK
2School of Phar macy, Uni ver sity of Brad ford, Brad ford BD7 1DP, UK

An es tab lished ap proach in crys tal en gi neer ing is to in ves -
ti gate a se ries of ma te ri als with one or more char ac ter is tics
in com mon, such as a func tional group or sym me try el e -
ment. A com bi na tion of tech niques may then be re quired
for the struc ture de ter mi na tion of these ma te ri als, as each
char ac teri sa tion method has dif fer ent lim i ta tions. Sin gle
crys tal X-ray dif frac tion is a pow er ful tech nique, but re -
quires the growth of crys tals of suf fi cient qual ity and size.
Pow der dif frac tion data is an im por tant al ter na tive source
of struc tural in for ma tion where the ma te rial is avail able
only as a microcrystalline pow der.

The de vel op ment of di rect space struc ture so lu tion
meth ods is a ma jor fac tor in the in creas ing num ber of crys -
tal struc tures de ter mined from PXRD [1]. These tech -
niques in volve the gen er a tion of trial struc tures
in de pend ently of the ex per i men tal pow der data. The struc -
tures are char ac ter ised by a set of vari ables rep re sent ing

po si tion (x, y, z), ori en ta tion (q, j, g) and mo lec u lar con for -

ma tion (t1…tn). The ‘fit ness’ of each struc ture is as sessed
by com par i son of its cal cu lated pro file to the ex per i men tal
pow der pat tern. A global op ti mi sa tion al go rithm, such as
Monte Carlo or dif fer en tial evo lu tion, is ap plied to lo cate
the global min i mum cor re spond ing to the set of vari ables
de scrib ing the cor rect crys tal struc ture.

The Dif fer en tial Evo lu tion (DE) al go rithm is sim ple to
im ple ment, yet of fers ro bust search ing of min ima [2]. It re -
quires only three con trol pa ram e ters and has achieved ef fi -
cient struc ture so lu tion even in cases where the sam ple is
af fected by pre ferred ori en ta tion [3]. This poster de scribes
the suc cess ful ap pli ca tion of the DE al go rithm in the struc -
ture so lu tion from PXRD of three sym met ri cally sub sti -
tuted or ganic mol e cules (Fig ure 1), each with
conformational flex i bil ity in the alkyl side chains. Sin gle
crys tal dif frac tion was em ployed to aid the pro posal of hy -
dro gen-bond ing net works and to ex am ine cases where iso -
tro pic dis place ment fac tors of the pow der so lu tion sug gest
pos si ble dis or der.

1. K.D.M. Har ris, M. Tremayne & B.M. Kariuki (2001).
Angew. Chem. Int. Ed., 40, 1626-1651.

2. K.V. Price (1999). New Ideas in Op ti mi za tion, ed ited by D. 
Corne, M. Dorigo & F. Glover, pp. 77-158. Lon don:
McGraw-Hill.

3. M. Tremayne, C.C. Sea ton & C. Glidewell (2002). Acta
Cryst. B58, 823-834.
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CATION DISTRIBUTION IN Li2M(II)Sn3O8, M(II)=Mg, Co, Fe

T. Trendafilova1, D. Kovacheva1, K. Petrov1 and A. Hewat2

1Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences, Acad. G. Bonchev street,
bl.11, 1113 Sofia, Bulgaria

2In sti tute Laue-Langevin, Grenoble, BP 156, F-38042 Grenoble Cedex 9, France

New com plex ox ides with gen eral for mula Li2M(II)Sn3O8

(M = Mg, Co, Fe) have been syn the sized. The crys tal struc -
tures were ob tained from the re fine ments of both X-ray and 
neu tron pow der dif frac tion data. The com pounds crys tal -
lize in the orthorhombic sys tem, space group Cmc21, Z =
12. The struc ture con sists of a hex ag o nal close packed ar -
ray of ox y gen lay ers stacked along <c> di rec tion in a se -
quence (ABCB) in which cat ions oc cupy 1/8 of the
tet ra he dral and 1/2 of the oc ta he dral in ter stices. Two dif -
fer ent cat ion lay ers are formed: one, con tain ing tree cat ions 
with oc ta he dral co or di na tion Kagomé layer – (Oh3), and
other with two cat ions in tet ra he dral and one in oc ta he dral
co or di na tion – (T2O). The poly he dral rep re sen ta tion of the
struc ture can be seen on Fig.1. The cat ion dis tri bu tion of
these phases can be re garded as the in ter me di ate be tween
that of the dis or dered Li1.6Zn1.6Sn2.8O8 and LiFeSnO4 (S.G.

P63mc)[1-3] and the com pletely or dered Li2MnSn3O8

(S.G. Cmc21)[4].
The more im por tant fac tor that de ter mines the dis tri bu -

tion of cat ions is the elec tro static fac tor. From this point of
view, the mu tual re pul sive elec tro static force be tween
high-va lence cat ions oc cu py ing two ad ja cent edge-chair -
ing octahedra is rel a tively high and leads to the lat tice in -
sta bil ity. 

The sec ond fac tor is geo met ri cal, or ion size fac tor. 
From this as pect the mixed oc cu pa tion of one in ter stice by
ions with dif fer ent ionic ra dii would in tro duce high lo cal
dis tor tions. As greater the size dif fer ence as high is the en -
ergy of the lo cal strains and mixed oc cu pancy is un fa vor -
able. 

The fac tor usu ally called “site pref er ence” is a com plex
one and ac counts for the dif fer ent char ac ter of chem i cal
bond ing and the crys tal field ef fect con nected with the
elec tron con fig u ra tion (es pe cially for the 3d-metal ions).
The ionic char ac ter of the bond ing cor re sponds to a higher
co or di na tion num ber thus ions with higher ox i da tion state
should oc cupy more eas ily an oc ta he dral site. For ions with
pre dom i nant co va lent or par tially co va lent type bond ing
the tet ra he dral co or di na tion is more fa vor able. 

The bal ance be tween the above-men tioned fac tors may
de pend on phase com po si tion and syn the sis con di tions. We 
sup pose that in the case of a com pact struc ture, the geo met -
ri cal fac tor should play a dom i nant role in the cat ion dis tri -
bu tion.

1. J. Choisnet, and B. Raveau, Mat.Res.Bull., 14, 1381
(1979). 

2. J. Choisnet, M. Hervieu, B. Raveau, and P. Tarte, J. Solid
State Chem. 40, 344 (1981).

3. P. Lacorre, M. Hervieu, J. Pannetier, J. Choisnet and B.
Raveau, J. Solid State Chem. 50, 196 (1983).

4. D.Kovacheva, T.Trendafilova, K. Petrov and A. Hewat, J.
Solid State Chem . 169, 44 (2002).
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 Fig.1. Sche matic pre sen ta tion of the (T2O) and (Oh3) lay ers in
the crys tal struc ture of Li2M(II)Sn3O8 (M = Mg, Co, Fe). Black
poly he dra have mixed oc cu pancy by lith ium and di va lent metal
ions. The unit cell is outlined. 
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CRYSTAL STRUCTURE OF THE MONOCLINIC Ba2MgSi2O7 PERSISTENT
LUMINESCENCE MATERIAL

T. Aitasalo1,2, J. Hölsä1, T. Laamanen1, M. Lastusaari1, L. Lehto1, J. Niittykoski1,2, F. Pellé3

1University of Turku, Department of Chemistry, FI-20014 Turku, Finland,
2Grad u ate School of Ma te ri als Re search, Turku, Fin land,

3Laboratoire de Chimie Appliquée de l’Etat Solide, CNRS, UMR 7574, ENSCP, 11, r. P. et M. Cu rie, F-75231 
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Sil i cates with rigid and sta ble crys tal struc tures are well
known for their use as lu mi nes cent ma te ri als. For ex am ple,
SrMg(SiO4)2:Eu2+ and Zn2SiO4:Mn2+ are em ployed in dis -
plays, whereas al ka line earth disilicates such as
(Sr,Ba)2MgSi2O7:Pb2+ are used in lamps [1].

Ba2MgSi2O7 was found to be a po ten tial per sis tent lu -
mi nes cence ma te rial (Fig. 1) us able e.g. in exit sign age. It
has been re ported to crys tal lize in two dif fer ent struc tures.
The first one is melilite type tetragonal with the space
group  (No. 113), Z =2 [2], while for the sec ond one only an 
ex per i men tal dif frac tion pat tern has been re ported [3]. The
aim of this work was to solve this struc ture from X-ray
pow der dif frac tion data.

The Ba2MgSi2O7 sam ple was pre pared by a solid state
re ac tion of stoichiometric amounts of bar ium car bon ate,
mag ne sium ni trate and sil i con di ox ide heated at 1250 oC
for 5 hours in a re duc ing N2 + 12 % H2 at mo sphere. The
X-ray pow der dif frac tion pat tern was col lected at room
tem per a ture by a Huber 670 Guinier cam era us ing cop per

Ka1 ra di a tion (l = 1.5406 C). 
The Ba2MgSi2O7 sam ple, pos sess ing the un re solved

crys tal struc ture [3], was ob served to crys tallize in the
monoclinic sys tem with C2/c (No. 15), Z = 4, as the space
group (Fig. 2). The unit cell pa ram e ter val ues were: a =

8.419, b = 10.723, c = 8.449 C , b = 110.8o. The ox y gen po -
si tions could not be found by us ing the lab o ra tory X-ray
pow der dif frac tion data. How ever, this struc ture with one
Ba2+ site (CN = 8, C1 sym me try) was found to be sim i lar to
that of Ba2CoSi2O7 [4], whose atomic co or di nates could be
used as the start ing val ues in the struc ture re fine ment yield -
ing good agree ment fac tors: RB = 8.9 and Rwp = 1.9 %. Fi -
nally, the two struc tural types of Ba2MgSi2O7 sam ple were
com pared by bond va lence cal cu la tions [5].

1. S. Shionoya and W.M. Yen (Eds.), Phos phor Hand book,
CRC Press, Boca Raton, FL, USA, 1999.

2. M. Shimizu, M. Kimata, and I. Iida, N. Jb. Miner. Mh. H1
(1995) 39.

3. H.A. Klaesens, A.H. Hoekstra, and P.M. Cox, J.
Electrochem. Soc. 104 (1957) 93.

4. R.D. Ad ams, R. Layland, C. Payen, and T. Datta, Inorg.
Chem. 35 (1996) 3492.

5. I.D. Brown and D. Altermatt, Acta Cryst. B41 (1985).
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Fig ure 1. Thermoluminescence glow curve.

Fig ure 2. Unit cell of monoclinic Ba2MgSi2O7.
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ZnSe based solid so lu tions are com po nents of
heterostructures which are of in ter est in op to el ec tronic
tech nol o gies as com po nents of blue-green la sers and
UV-vis i ble photodetectors. The oc cur rence of crys tal de -
fects leads to struc ture deg ra da tion of Mg-con tain ing lay -
ers. Stud ies of polytypism in this kind of crys tals may lead
to a better un der stand ing of phase re la tion ships and de fect
na ture.  

Higher polytypes oc cur for those tetra hed rally bonded
semi con duct ing com pounds, for which the for ma tion en er -
gies of wurt zite (2H) and sphalerite (3C) poly morphs do
not dif fer much. For semi con duct ing solid so lu tions, the
polytypes ap pear close to the tran si tion point be tween the
wurt zite and sphalerite phases, and their for ma tion may be
in flu enced by the ther mal his tory of the crys tal (in an nealed 
crys tals, the con tri bu tion of higher polytypes is mark edly
re duced). At the vi cin ity of the tran si tion, an en hanced ten -
dency to form stack ing faults is ob served. An X-ray and
elec tron mi cro scopic study [1] has al lowed for sys tema tis -

ing the con di tions at which the higher polytypes (4H and
8H) form in bulk Zn1xMgxSe crys tals. Ad di tional sub sti tu -
tion of Zn at oms by Be at oms was ex pected to cause an in -
crease of the bandgap value as well as to im prove the
re sis tance against de fect prop a ga tion.

In this work, Rietveld re fine ment was per formed for
Bridgman-grown (ZnSe based) crys tals ex hib it ing higher
polytypic struc tures 4H and 8H and for polytypic mix tures
in volv ing these phases. Phase anal y sis[1] has in di cated the
polytypes oc cur ring in some of those crys tals. In
Zn0.83Mg0.17Se and Zn0.84Mg0.12Be0.04Se crys tals 8H phase
with a con tri bu tion of 3C phase have been iden ti fied, while
for Zn0.82Mg0.18Se a ‘pure’ 4H polytypic struc ture has been
found. For (Zn,Mg,Be)Se, the polytypism is ob served for a
spe cific Mg and Be con tent.

[1] W. Paszkowicz, P. Dlu¿ewski, Z.M. Spolnik, F. Firszt, and
H. Mêczyñska, J. Al loys Compds 286 (1999) 224.

[2] M. Aoki, H. Yamane, M. Shimada, T. Kajiwara J. Al loys
Compds. 364 (2004) 280.
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SYNTHESIS AND AB INITIO STRUCTURE DETERMINATION FROM 
POWDER DIFFRACTION DATA OF K2ZrSi3O9.2H2O

A. Ferreira1, Z. Lin2, M. R. Soares3, J. Rocha2

1ESTGA, University of Aveiro, Apartado 473, 3754-909 Águeda, Portugal
2De part ment of Chem is try, Uni ver sity of Aveiro, 3810-193 Aveiro, Por tu gal

3Laboratório Cen tral de Análises, Universidade de Aveiro, 3810-193 Aveiro, Por tu gal

The crys tal struc ture of a new po tas sium zirconosilicate
K2ZrSi3O9.2H2O has been de ter mined ab in itio from pow -
der X-ray dif frac tion data. The unit cell is orthorhombic,
space group C2221 (no. 20), Z=4 with cell di men sions a =
8.1051(3), b = 10.6842(5), c = 12.0300(5) C, V =
1041.76(7) C3. The struc ture is made up of ZrO6 octahedra
(MO6) and SiO4 tet ra he dra (TO4) by shar ing cor ners. The
SiO4 tet ra he dra form a he lix chain, pe ri od i cally re peat ing
ev ery six tet ra he dral (step of 12.03 C), along [001] in ter -
con nected by ZrO6 octahedra, form ing a three-di men sional 
MT frame work struc ture with chan nels de lim ited by seven
and eight mem ber rings. The po tas sium ions and wa ter
mol e cules are lo cate in this chan nels. The wa ter mol e cules
are re vers ibly lost on heat ing that is typ i cal of zeolites and
mo lec u lar sieves.

Ex per i men tal Sec tion
Syn the sis. This phase was syn the sised by cal ci na tion of

Umbite [1] in air at 910 °C for 30 hours.

Ma te ri als Char ac teri sa tion. Pow der XRD data were col -
lected on an X’Pert MPD Philips difractometer (CuKa

X-ra di a tion) with a curved graph ite mono chro ma tor, a fix

di ver gence slit of 0.25°, and a flat plate sam ple holder, in a
Bragg-Brentano para-fo cus ing op tics con fig u ra tion. In ten -
sity data were col lected by the step count ing method (step

0.02 and time 20 s) in the range 2q 12–140°.
Re sults and Dis cus sion

The pow der X-ray dif frac tion pat tern was in dexed with the
PowderX pack age [2] us ing the first 20 well re solved lines.
The orthorhombic a = 8.110, b = 10.695, c = 12.038 C was
in di cated by the TREOR90 in dex ing pro gram [3] with high 
fig ures of merit M20 = 40 and F20 = 68. The space group was 
ob tained with the programme Chekcell [4] that sug gested
C2221 (no. 20).

The ab in itio crys tal struc ture de ter mi na tion from pow -
der XRD data was car ried out with Fullprof [5] and EXPO
[6]. Firstly, the struc ture fac tor am pli tudes were ex tracted
by the Le Bail method [7] from the pow der pat tern in
Fullprof and, sub se quently, the struc tures were solved by
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di rect meth ods with Expo. Al though all at oms were lo cated 
at once, re-la bel ling of at oms was re quired, cou pled with
changes in bond dis tances and bond an gles. This mo dus
ope randi was al ter nated with least-squares re fine ments.
The co or di nates of at oms ob tained from di rect meth ods
were used in the Rietveld re fine ment of the struc ture by the
FullProf programme. The fi nal pro file anal y sis re fine ment

was car ried out in the range 12.00 – 140 2q.. The fi nal pro -
file fit is shown in Fig. 1. The struc ture of K2ZrSi3O9.2H2O
are pre sented in Fig ure 2.

[1] Z. Lin et al, J Phys.Chem, 1999, 103, 957-963.

[2] C. Dong, J. Appl. Cryst., 1999, 32, 838.

[3] P.E. Werner, L. Eriksson, M. Westdahl, J. Appl. Cryst.,
1985, 18, 367.

[4] J. Laugier, B. Bochu, Programme d’affinement des
paramètres de maille à partir d’un diagramme de poudre,
Laboratoire des Matériaux et du Génie Phy sique, Ecole
Nationale Supérieure de Phy sique de Grenoble (INPG),
Domaine Universitaire BP 46, 38402 Saint Mar tin d’Heres.

[5] J. Ro dri guez-Carvajal, FULLPROF Pro gram for Rietveld
Re fine ment and Pat tern Match ing Anal y sis; Ab stracts of
the Sat el lite Meet ing on Pow der Dif frac tion of the XVth

Con gress of the In ter na tional Un ion of Crys tal log ra phy,
Toulouse, France, 1990, p. 127.

[6] A. Altomare, M.C. Burla, M. Carmalli, B. Carrozzini, G.L.
Cascarano, C. Giacovazzo, A. Guagliardi, A. Moliterni, G.
Polidori, R. Rizzi, J. Appl. Cryst., 1999, 32, 339.

[7] A. Le Bail, H. Duroy, J. L. Fourquet, Math. Res. Bull.,
1988, 23, 447.
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Fer rites with spinel struc ture have a gen eral for mula
AB2X4 with cat ions oc cu py ing two sites, tet ra he dral 8a (A
site) and oc ta he dral 16d (B site) in the space group (S.G.)
Fd-3m. Some spi nels pos sess or dered struc ture with pos si -
ble cat ion or der ing at tet ra he dral or/and oc ta he dral sites,
where this or der ing causes for ma tion of two new
sublattices in one (or both) A/B sublattice [1]. Nanosize
fer rites are im por tant mag netic ma te ri als both for ap pli ca -
tion in tech nol ogy and in ba sic re searches, as con ve nient

sys tems for stud ies of nanomagnetism. It is well known
that prop er ties of nanomaterials strongly de pend on the
prep a ra tion con di tions. One of the most in ter est ing meth -
ods for prep a ra tion of ultrafine pow ders is from com plex
com pounds as pre cur sors. Most met als make com plexes

with b-diketonato lig ands: acetylacetone (AA),
benzoylacetone (BA), dibenzoyl-meth ane (DBM),
trifluoracetone (TFA), etc. [2]. Pre pared com plex com -
pounds have rel a tively low tem per a tures of ther mal de -
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Fig. 1: Ob served, cal cu lated, and dif fer ence X-ray dif frac tion
pat terns of K2ZrSi3O9.2H2O

Fig. 2: Pro jec tion of the struc ture of K2ZrSi3O9.2H2O



com po si tion, giv ing ultrafine pow der as a prod uct [2].
Nanosize Li-La fer rite sam ple was syn the sised by ther mal
de com po si tion of ap pro pri ate mix ture of com plex com -
pounds with acetylacetone – (2,4 pentadione) lig ands
([M(AA)x]; M = Li, La and Fe) in mo lar ra tio

1(Li):0.1(La):4.9(Fe) at 500 °C. crys tal struc tures of ob -
tained phases were de ter mined by the Rietveld method.
Mag netic prop er ties of fer rites are sen si tive on the
microstructure. Con se quently, one of the aims was
microstructure de ter mi na tion.

X-ray dif frac tion data for fer rite sam ple was col lected
at a Philips PW 1830 (CuKa ra di a tions) difractometer. The

scan ning range was 10-110° in 2q, with the step of 0.02°
and scan ning time of 10s per step. The el e ment anal y sis
(microanalysis) was per formed by in duc tively cou pled
plasma op ti cal emis sion spec tros copy (Spectroflame ICP,
2.5KW, 27MHz). Scan ning elec tron mi cro scope (SEM)
mea sure ment on the sam ple was per formed on JEOL
JSM6460LV. The sam ple has been sput tered un der vac -
uum with gold metal.

The crys tal struc ture of as-pre pared sam ple was
checked by X-ray dif frac tion. Pre vi ously in ves ti ga tion of
Li fer rites pre pared by the same method has shown that this 
method leads to multiphase con tent [3].  ICP el e ment anal -
y sis data show La con tents larger than in ex pected phase
Li0.5La0.05Fe2. 45O4. To choose an ap pro pri ate struc ture
model, we have con sid ered the lit er a ture data on the for ma -
tion of multiphase sam ples of the Li-fer rites to gether with
the ICP re sults. Crys tal struc ture re fine ment for the Li-La
fer rite sam ple, based on three-phase model
(Li0.5LaxFe2.5-xO4+ LaxFe3O4+ LiFeO2) has given the best
re sults. The re fine ment was per formed with the Fullprof
com puter pro gram [4]. The chem i cal com po si tion of the
pres ent phases was de ter mined by the re fine ment of the oc -

cu pa tion num bers. The ob tained re sults show good agree -
ment with the ICP el e ment anal y sis data: 63±3 % of Fe
(66±1 % from ICP), 2.2±0.2 % Li (1.73±0.05 % from ICP)
and 4.9±0.3 % of La (4.86±0.08 % from ICP). The par tial
re sults of the Rietveld re fine ment listed in Ta ble 1.  Dif -
frac tion pat terns for three phases sam ple is shown in the
Fig ure 1. 

In the crys tal struc ture of Li0.5La0.08Fe2. 42O4 Li+ and
Fe3+ ions dom i nantly oc cupy 4b sites and 12d sites, re spec -
tively, while  La3+ ions preferently oc cupy oc ta he dral 12d
site. How ever, be side lith ium in 4b sites a sig nif i cant quan -
tity of iron is pres ent, and vice versa for 12d sites. Phase
La0.14Fe3O4 was pro duced by lan tha num in ser tion into
Fe3O4. The mech a nism of lith ium in ser tion in fer rite with
spinel struc ture was sug gested in ref er ence [5].

Microstructure pa ram e ters (crys tal lite size of ~ 11 nm
and strain of ~ 1.2 x 103) were de ter mined by the Rietveld
re fine ment of the TCH-pV pa ram e ters. To sim plify model
for the pro file Rietveld re fine ment it was as sumed that
size-strain X-ray line broad en ing is the same for all three
phases. The par ti cle size de ter mined from SEM mi cro -
graph (Fig ure 2) is ~ 50-60 nm. Thus, the par ti cles are com -
posed of few crys tal lites.

1. C. Hass: J. Phys. Chem. Sol ids 26, 125 (1965).

2. A. S. Nikoliæ, N. Cvetkoviæ, S. Djuric, J. Puzovic and M.
B. Pavlovic: Mat. Sci. Fo rum 199, 282 (1998).

3. M. Vuèiniæ-Vasiæ, B. Antiæ, J. Blanusa, S. Rakiæ, A.
Kremenoviæ, A. S. Nikoliæ and A. Kapor, sub mit ted to Ap -
plied Phys ics A.

4. J. Ro dri guez-Carvajal, FullProf com puter pro gram, 1998,
ftp://charybde.saclay.cea.fr/pub/divers/fullprof.98/windows
/winfp98.zip.

5. L. A. de Picciotto  and  M. M. Thackeray: Mat. Res. Bull.
21, 583 (1986).
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Fig ure 1. X-ray dif frac tion pat terns of Li-La fer rite sam ple. Dots
de note ex per i men tal val ues, line rep re sents cal cu lated val ues.
The dif fer ence be tween ex per i men tal and cal cu lated val ues is
given in the bot tom. The ver ti cal bars in di cate re flec tion po si tions 
for all three phases separately.

Fig ure 2. SEM mi cro graph of par ti cles for Li-La fer rite sam ple

ftp://charybde.saclay.cea.fr/pub/divers/fullprof.98/windows/winfp98.zip
ftp://charybde.saclay.cea.fr/pub/divers/fullprof.98/windows/winfp98.zip
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Hy brid organo-in or ganic sol ids pro vide nu mer ous com -
pounds whose frame works are built from the ionocovalent
con nec tion of in or ganic moi eties via or ganic mol e cules
functionalized by complexing groups such as
phosphonates. One of the pos si ble strat e gies fol lowed to
pre pare these sol ids has been the use of alkyl and/or aryl
diphosphonates. These phosphonic ac ids act as cross-link -
ing agents bridg ing co va lently the metal in or ganic lay ers.
There fore, their use could al low ma nip u la tion of the length
of the car bon chains to in cre ment and mod u late the size of
the pores. In gen eral, microporous ma te ri als are of great
im por tance as mo lec u lar sieves, ca tal y sis, ion-exchangers,
and sen sors ma te ri als [1].

Here, we pres ent the syn the sis and struc tural char ac ter -
is tics of a new bisphosphonic acid, 4-(4’-phospho -
nophenoxy)phenyl phosphonic acid, [H2O3P-C6H4]2-O, as
well as a new fam ily of hy brid ma te ri als with tran si tion
met als (Mn, Fe, Co, Ni, Cu and Zn) us ing this
bisphosphonic acid as a complexing agent. The struc ture of 
the phosphonic acid was de ter mined by sin gle crys tal
X-ray dif frac tion. Nine new com pounds were iso lated de -
pend ing on the syn the sis con di tions. Some ma te ri als
showed low crystallinity, but the Cu and Zn de riv a tives had 
high crystallinities.

Cu2(O3PC6H4OC6H4PO3) crys tal lizes in an
orthorhombic unit cell and its struc ture was solved by ab
in itio pow der dif frac tion meth od ol ogy and re fined by the
Rietveld method to RF = 0.042. Its struc ture, see Fig ure 1,
shows a pil lared layer frame work with highly dis torted
CuO5 groups shar ing edges to give iso lated dim mers. The
struc ture of Zn[HO3PC6H4OC6H4PO3H], could be re fined
by the Rietveld method, RF = 0.054, since it is isostructural
with the known com pound, Zn[HO3P(C6H4)2PO3H] [2].
The syn thetic con di tions as well as the struc tural de tails of
the pre pared hy brid ma te ri als will be pre sented and dis -
cussed.

[1] A. Clearfield, Prog ress in In or ganic Chem is try, 1998, vol.
47, ed. K.D. Karlin, John Wiley & Sons, p. 371-510.

[2] D.M. Poojary; B. Zhang; P. Bellinghausen; A. Clearfield,
Inorg. Chem. 1996, 35, 5254.
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Fig ure 1: Three di men sional pack ing of
Cu2(O3PC6H4OC6H4PO3).
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Sil i con nitride form two groups of solid so lu tions based on

b-Si3N4  and a-Si3N4  where Si could be re place by Al and
N for O. Each group con tains en gi neered ma te rial for spe -
cial ap pli ca tions like con struc tion ce ram ics that ex hib its
ex cel lent strength, tough ness, hard ness and high tem per a -
ture prop er ties. The term SiAlON was orig i nally coined to
de scribe ma te ri als con tain ing mainly Si, Al, O and N, of
very wide com po si tions and dif fer ent crys tal struc tures [1]. 
Now a days the mean ing has been more re stricted to

solid-so lu tion phases with the a- or b-Si3N4 crys tal struc -

tures, named a and b-SiAlONs. Struc ture of a-Si3N4 must
be sta bi lized by dif fer ent ions, e.g. by Li+, Mg2+, Ca2+, Sr2+

or rare earths. The gen eral for mula is

MxSi12-m-nAlm+nOnN16-n,.a-SiAlONs are isostructural with

a-Si3N4 where m Si-N bonds are re placed by lon ger m
Al-N bonds and n Si-N bonds by sim i lar n Al-O bonds. In
re cent years there have been sev eral in ves ti ga tions in the

field of a-SiAlONs re gard ing phase re la tion ships and the

sta bil ity area of the a-SiAlONs with dif fer ent rare earth
cat ions [2-4]. These in ves ti ga tions were made in the clas si -
cal way by de ter min ing the phases by X-ray dif frac tion and 
in some cases by ad di tional anal y sis of the microstructure. 

Y-a-Sialon was pre pared us ing the start ing pow ders :

71.95% a-Si3N4 (Permascand S95P, con tain ing 1.4 wt. %
O), 15.48% AlN (HC Starck Grade C, con tain ing 1.6 wt. %
O), 9.55% Y2O3 (HC Starck 99,99 %), 3.02% La2O3

(Merck 99,5%). The o ret i cally cal cu lated com po si tion is
Y0.42Si9.63Al2.37O1.12N14.88. This com po si tion takes into ac -
count the ox y gen con tent in Si3N4 and AlN pow ders,  a
small amount ex tra liq uid phase con tain ing 1.0 mol% of
Y2O3 and 0.4 mol% La2O3 was also con sid ered. All start ing 

pow ders were ho mog e nized in isopropanol with Si3N4

balls for 12 h. Pow ders were dried and pressed into cu bic
shape un der a pres sure of 100 MPa, fol lowed by cold iso -
static press ing with 250 MPa. Sintering was car ried out in a 
gas-pres sure-sintering fur nace (GPS, KCE GmbH, Ger -
many) at 1670 °C for 2 hours in 3 MPa ni tro gen us ing fast
cool ing re gime (>100 °C/min) and again at same con di -
tions at 1750 °C for 2 hours us ing slow cool ing re gime (7
°C/min).The rea son for this tem per a ture re gime was to
avoid for ma tion of kinetically pro moted metastable phases. 

Fi nal pow ders were chem i cally treated in the hot H3PO4  to
dis solve amor phous  phase . 

Phase com po si tions of sintered and chem i cally cleaned
sam ple were an a lyzed by X-ray dif frac tion (Stoe STADI P) 

us ing CoKa1 ra di a tion. Ex cept for the main Y-a-sialon

phase the sam ple con tained de tect able amount of a-Si3N4.
Time-of-flight neu tron pow der dif frac tion data were col -
lected for 3 hours us ing the Gen eral Pur pose Pow der
Diffractometer (GPPD) at the In tense Pulsed Neu tron
Source (IPNS), Argonne Na tional Lab o ra tory [5].  For this
mea sure ment, the sam ple was sealed in a 5 cm^3 va na dium
con tainer. Time-fo cussed and summed data in de tec tor
banks cen tered at 2-theta = ±145°, ±125°, ±107°, ±90° and
+60° were avail able for Rietveld anal y sis. Un re strained
struc ture re fine ment was done with the GSAS pack age [6] 
us ing all dif frac tion data. The ini tial po si tions of the at oms
were taken from [7]. The list of re fined atomic pa ram e ters
in cluded atomic po si tions, in di vid ual tem per a ture pa ram e -
ters and the oc cu pancy pa ram e ter of Y. All at tempts to re -
fine Si/Al on O/N oc cu pan cies (con strained) led ei ther to
oc cu pancy pa ram e ters > 1 or to neg a tive tem per a ture pa -
ram e ter(s).
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Fi nal in ter atomic Si-N dis tances in [SiN4] tet ra he dra
var ied from 1.722 to 1.770 C. Those val ues are  in good

agree ment with 1.704-1.767 C found for b-Si3N4 from
X-ray sin gle crys tal data [8]. The Y-atom is ir reg u larly co -
or di nated by seven N-at oms (1x2.27, 6x2.66 C). 

The unit cell con tents cal cu lated us ing re fined Y-oc cu -
pancy is Y0.58Si12N16. 

This work has bene fited from the use of the In tense Pulsed
Neu tron Source at Argonne Na tional Lab o ra tory. This fa -
cil ity is funded by the U.S. De part ment of En ergy un der
Con tract W-31-109-ENG-38.
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CRYSTAL STRUCTURE STUDY OF THE SEMICONDUCTING SYSTEM Ag-In-VI (VI =
S, Se, Te) BY X-RAY POWDER DIFFRACTION
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In tro duc tion
The ter nary sil ver chalcogenides of the type Ag-In-VI

(VI = S, Se, Te) form very sta ble stoichiometric com -
pounds with po ten tial ap pli ca tion in non-lin ear op tics and
so lar cells [1,2], due to its elec tro-phys i cal prop er ties in de -
pend ent of im pu ri ties [2]. Stoichiometric com pounds with
three com po si tions can be found: AgInVI2, AgIn3VI5 and
AgIn5VI8. These ma te ri als be long to the nor mal struc ture
com pounds (I III VI2) and the de fect struc ture com pounds

(I III3-VI5,     I III5�2VI8), re spec tively [3]. Com po si tions
of the type AgIn3VI5 has not been re ported in the lit er a ture.
In this work, we pres ent the struc tural char ac ter iza tion of
some mem bers of the sys tem Ag-In-VI, us ing X-ray pow -
der dif frac tion.
Ex per i men tal

The sam ples were syn the sized by the melt and an neal -
ing tech nique. Stoichiometric quan ti ties of Ag, In and X (S, 
Se, Te) were evac u ated in sealed quartz am poules and de -
pos ited into an one zone fur nace, and then sub mit ted to di -
rect fu sion. Chem i cal anal y sis of the re sul tant in gots were
car ried out with a Hitachi S-2500 SEM equipped with a
Kevex EDX ac ces sory. Small quan ti ties of each the sam -
ples were ground me chan i cally in an ag ate mor tar and pes -
tle. The re sult ing fine pow ders were mounted on a flat
zero-back ground holder. The X-ray pow der dif frac tion

data were col lected at room tem per a ture, in q/q re flec tion
mode us ing a Siemens D5005 diffractometer
(Bragg-Brentano) equipped with an X-ray tube (CuKá ra -
di a tion; 40kV, 30mA) and a dif fracted beam graph ite
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a)

AgInS2

(orthorhombic,
Pna21) AgIn5S8 (cu bic, Fd-3m)

Fig ure 1. (a) Fi nal Rietveld re fine ment plot for the three phases
of the Ag-In-S sys tem. (b) Unit cell di a gram of AgInS2

(orthorhombic) and AgIn5S8 (cu bic) phases.



mono chro ma tor. All the Rietveld re fine ments were car ried
out us ing the Fullprof pro gram [4] avail able in the soft ware 
pack age WinPlotr [5].

Re sults and dis cus sion
In the Ag-In-S sys tem, three phases were si mul ta -

neously char ac ter ized from a sin gle X-ray pow der dif frac -
tion pat tern us ing the Rietveld method [6]. The X-ray
pow der pat tern was com posed of AgIn5S8 (42.7%), AgInS2

tetragonal phase (32.7%) and AgInS2 orthorhombic phase
(24.6%) [7]. The AgIn5S8 crys tal lizes in the cu bic space
group Fd3m, Z = 8, with a = 10.8265(2) C, in a spinel-type
struc ture. The de scrip tion of the struc ture of AgIn5S8 in this 
space group im plies a ran dom dis tri bu tion of the Ag and In
at oms among the tet ra he dral sites. The AgInS2 ter nary
com pound crys tal lizes in two poly morphs: a tetragonal
chal co py rite-type phase (I42d), Z = 4, with unit cell pa ram -
e ters a = 5.8760(2) C, c = 11.2007(7) C, and an
orthorhombic wurt zite-like phase (Pna21), Z = 4, with a =
6.9972(6) C , b = 8.2733(6) C, c = 6.6939(6) C. These
struc tures can be de scribed as a de riv a tive of the sphalerite
struc ture and the wurt zite struc ture, re spec tively. Ag-S and
In-S av er age dis tances in both struc tures are 2.58(5) C and
2.44(5) C, re spec tively.

For the Ag-In-Se sys tem, a chal co py rite-type struc ture
was found with com po si tion AgInSe2. This com pound
crys tal lizes with tetragonal sym me try (I42d) and unit cell
pa ram e ters: a = 6.1010(8) C, c = 11.708(2) C. The Ag-Se
bond dis tance is 2.621(2) C and In-Se 2.593(2) C.

For the Ag-In-Te sys tem, AgIn5Te8 is isostructural with 
the AgIn5Se8 com pound [8]. Crys tal lize in the tetragonal
space group P42m with a = 6.1952(2) C, c = 12.419(4) C,

and con sists of a three-di men sional ar range ment of dis -
torted AgTe4 and InTe4 tetrahedra con nected by com mon
faces [9]. The Ag-Te [2.890(6) C] and In-Te [2.764(7) C]
bond dis tances agree well with those ob served in other
adamantane struc tures such as AgGaTe2, LiInTe2,
CuInTe2, MnIn2Te4 and CdIn2Te4.
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Fig ure 2. Fi nal Rietveld re fine ment plot for AgInSe2 and unit
cell di a gram Fig ure 3. Fi nal Rietveld re fine ment plot for AgIn5Te8 and unit

cell di a gram show ing the tet ra he dral co or di na tion around the
cations


