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ON THE CRYSTAL STRUCTURE OF BARYlJITE

RIASSUN"TO. - J.ll bllrJlit.e ~ un Kilkato <Ii formula ehimica BaB60Si.O, cite
cristallizza Hel ~ist('l1ln rombieo, gruppo spllziale PlUlla. La cellll elementa:re, i eui
lati l:\OUO; a = 9.79 AJ b = Il.65 A, c = 4.63 A, oontic'll: qualtTo delle unitA ste·
chiolllotriehe 80pra. riportate.

"La. st.ruttur:l. eri8talJina di queslo mineralc ~ stab dot.ermlllll.ta da Abra.shev,
llyukhin e Balov lIel 1964, basnndosi su dnt.i bidimeuaiollllli. E!J.Sll. COIl.Si8te di gruppi
Si.O, collegat.i Ira. loro da tctraedr; BeO, in modo l1a formure un' impaleatura trio
dimensionale di tot.ra.cdri, Ilell(~ ravila dclla qunlc SOlJO posti gIL alom; di bario.

L'atferillazionc di AbrashCI' a ColI. chI'. In barylite ~ !ortClilonUl piczoolcttrie.1. e
la constll.tazione eho 10 coordillflte degli alom!' pubblieate si diseosl:wo poehissimo
tl .... queUe di uun St.I·UttUra. eenlrosimlllet.riea, lllwno fatto dienere utile WI rl.e8aJne
della strutturll. bll&llo .~u d1lti rOlllgCllografiei tridimel\~iollnli. }o]' risult.1lto cho In
lItruttura. prollosta dn ."obrashov c ColI. t!J "elle graml; lu.oo. corretla, lIUl e1J.e i
dati bidimensionali raceolti dll. 'Iuesti Autori nOll bRuno permcSl:lO loro di nceorgersi
elw In posizione di alew,i atomi e lIolc\"olmentc di\"crsR. Poiehe u'olt.re il test di
piozoelott.ricitA, U'legllito sui carnpiono <1a lIoi ulilizzato, e stalo IIcgnlil'o, it rnffi·
namCllto ~ stulo cOlldotto nI'.l gruppo ~pllziale Pllmn. II futtore di dil;CordnJIza. fi
1Ia.le ~ 0,071.

8i confronln.llo i parumetri finali ri~n\"lIli ua qUei!ta HJIlJ.iisi COil quelli deg-Ii
Auklri russi e si diseutono crit.iCfllllcntll Ie disCOl'JlIIIZC osscrvute,

Introduction.

Barylite Ba13t12Si207 has been recently studied from a structural
point of view b~' Abrashev, Tlyukhin and Belov [1J. The interest of this
laboratory in the field of silicates as well as some unsatisfactory state
ments found in the paper of Abrashev et al., persuaded the authors of
this work that a re-examination of the crystal structure of barylite was
desirable. Fudhermor<', at least a refinement based on three-dimensional
data was necessary in order to obtain mOI'e precise values of the bond
distances and angles.

The following is a sl1Ol't outlinc of thc crystal structure analysis
outde by the Russian Authors and of their results.



ii4

c A very marked piezoelectric effect, greater than that for quartz Jo

led them to the adoptioll of the emihedral Pn21& space group instead of
the more ob,·ious Puma. The X-ray data used were hkO and Okl ref
lexiolls measured on MoK .. Weisscnberg photograph!>. Pltttersoll S)'ll

theses permitted to locate the Ba atoms and from successive l"ourier
syntheses the coordinates of all the remaining atoms but Be were ob
taille<1. The positions of Be were detennilled by means o[ a difference
Pil.tterson synthesis. The final I"'f'liability [actors were R"kO = 11.4%
and ROkl = 11.7%. The coordinates of this acentric structure are shown
in Table I, free of somc evidcnt misprints oecurring in both the Russian
lind English version of the paper. As one can see these coordinates are
vcry close to celltrosymmetry. It should be not far from true to say
that the differences from 1111 actual ecntrosymlllctl'y of these coordinates
al'e of the same ol·del" of Illagnitudp. of the probable standard devia
tions (not given in the paper).

Experimental.

The sample of harylite llSed for this work has been kindl)' fur
nished by Prof. C. Fronde!. A crystal fragment was choscn and reduced
to 8. suitable spherical shapt' (r = 0.018 em). lntegrated Weisse.nberg
photographs (rotation axis c, t from 0 to 4) were takcn by using the
CuK. radiat.ion and the multiple films teehnique. Of the about 640
reflexiolls pre:;c.ut in the CuK. limiting sphere, 562 were inspected
(87%); 400 out of them were measured photometrically IUld 157 were
either too faint to be conveniently measured or did llot give any black
ening on the films. The intensities were corrected for absorption
(I' = 618 cm- I ) using thc eun'es for crystals of spherical Khape publi
shed by Weber [2]. '1'he lattice pllrnmeters measured on the rotating
crystal and Weissenberg pictures arc in good ngreemcnt with those
published by Ito alid Frondel [3] for synthetic barylitc. So the follow
ing values quoted from these Authors werc used:

a = 9.82, b= 11.67, C = 4.69 A.

Also th{' correction for the incomplete al - a~ spot doubling was
applied, taking into account the integration technique, which compli
cates the splitting effect for its diagonal direction with respc.et to !J1C

sides of the films.
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A test fOl' piezoelectricity gave negative results. 'Ve must say that
the amount of crystal fragments we used was small. However we made
the same test on a comparable amount of quartz crystal fragments: the
piezoeleetl'ic effect was in this case unequivocally detected.

Crystal Structure Analysis.

An attempt w refine by means of the least-squares method the
coordinates of Abrashev ct at. with our experimental data was com
pletely unsuccessful. The discrepancy factor did not decrease, the stand
al'd deviations of at.omic coordinates were high and the temperature
facwrs of several atoms became negative or extremely high. An exa
mination of the observed and calculated structure factors showed that
the greatest disagrecment (lecun-ed for the reflex ions with h = 2n + 1;
more pl'ecisely the values of the calculflted structure factors were too
low. At this stage tIle three-dimensional Patterson synthesis was exa
mined; the pseudo-acentric coordinates of Abrashev et al. seemed to be
roughly cOllsistent with it. A «spread-out» of some Patterson maxima
ill the direction of the c axis att.racted our attention. Tn the Puma space
group if an atom has a z-coordinllte e<lual to 1/4 its contribution W the
structure factor of the rcflexions with II = 2n + 1 is zero j obviously
this limitation is effective also for the pseudo-acentric structure of the
Russian Authors. In fact the Ba atoms are in this situation and the
Patterson maxima are in perfect agreement with this assumption. Fur
thermore t.he position of Bn is centric also for the space gl"OUP Pn2 l a.

On the basis of all these considerations several at.tempts were made
to find an alternative structure that could justify better the «strong
piezoelectric effect.. than the pseudo-acentric one of Abrashev et at.
All these attempts led to the more obvious centl"ic structure. Several
doubts remained on the z-coordinates of some atoms because just these
coordinates i!etcnnine the more or less good agreement of the structure
factors of the reflex ions with k = 2n + 1. In order to solve the ques
t.ion a three-dimensional Patterson synthesis using only this group of
reflexions was computed. Also with these new informations we were
not able to find a ¢ t.ruly » acentric structure. On the other hlUld from
this Patterson synthesis clenrly emerged that the z·coordinates of
silicon, of berillium a.nd of some oxygens were considerably different
from those deduced by Abrashev et al. on the basis of the Patterson
projections. We deduced a consistent set of centric coordi.Jl!;J.tes (Table I)

R."dicont/ S.I.M.P..
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TABLE 1.

Left: finaL parameter. rcfltUing from this Icor~'; the ?lumbers 'll
part:1lthe.u are the .tandard deviation•. Right: atomic coordinates of
the work of Abrasht.'v et at., corrected for some evident misprints and
arranged in. .tuck a ICay to .how Ihe differt1lu. from ce1ttrosymmetry.

.1092(17) .3873(14) .8584(38) 1.27(30)

.1861(]5) .4701(13) .3579(33) 0.53(24)

A2!l7(13) .3S~i'i(11) .2J31(37) 0.73(24)

.250

.250

-.250

.220
-.290

.405
-.452

.871'
-.814

.310

.750

-.750

rib

.750

.380
-.315

.397

-.3!l0
.475

-.470

.385
-.385

.250

.605
-.175 -.499

.142

.096

-.100
.'127

-.430

.185
-.181

.087
-.090

.130

.170

.1·Alom

..
Si(l)

Si(2)

0(1)

0(5)
0(6)
0(3)

0(2)

0(7)
0(4)

Be(2)

Be(I)

8

0.09(29)

0.90(45)

.2983(46)

.6988(71)

.2473 (6)

.1930(14)

.1431(18) .2500

.1624(29) .5021(24)

.1515 (2) .7500

.0886 (6) .37i9 (5)

Atom

0(3)

0(2)

0(1)

8.
S.

0(4)..
(0) Ba was treated ~li.olrol)ie~lI,. in r.be least·sqUlU"eI rerinemeul,; tbe ..alue

of 8 listed in thill Table ill that of the f!lI.uivaient iIoh"ople lemperatunl factor
after lIamilton [6J.

which mantained the I:eneral features of the structure or the Russian
Authors and at the same time gavl" a better agreement for the re
flexions with It = 211. + 1. These coordinates were submitted to a CCD
trosymmetrical least-squares refinement. The R factor dropped in few
cycles to 0.09. A three-dimensional LlF Fourier synthesis showed Il.

marked llnysotl'OPY for Bn atom. Two successivc IClUlt squares cycles
carricd out with anisotropical temperature factor for Bfl lowered the
R factor to 0.08. The nppliclltion of the 1l1l01ll1l!OUS dispel'sion correc·
tion for barium (Llf'lIlld Llf" given by CrOlllCI' [4]) and of the
cxtinction correction (Zl1chltriasen [5]) led, after two more least
l>quares cycles, to a finsl dil>Crepllllcy factOl' of 0.07J. At this stage
we were very puzzled; the centrosymmetrical crystal structure of a
mineraJ which showed a c strong piezoelectric effect:t gave a disa.
greement factor that can be considered quite satisfactory.
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In Table T our final centric atomic coordinates are compared with
the acentt'ic olles of Abrashev et aL. The analysis of the anisotropic
thet'mal parameters of Bn is reported in Table II; their significance
is lessened by the fact that not all the atolllS were treated aniso
tropically and that the structure factors are scaled level by level.

TABLE II.

Analysis of the anisotropic thermal parameters.
(root mean square thermal vibra.tion along tho ellipsoid aXel! (A), magnitndes ol
the principal "xes CA') and anglea (0) between the crystallographic axes :wd ti,e

principal axes ol the \'ibratioll ellipsoid)

Angle.'! with respect to
Atom r.m.s. B • b ,

B' 0.12 1.08 9;; 90 5

0.13 L31 90 0 90

0.05 0.20 5 90 "
In Table HI the final observed and calculated structure factors are
compared. The calculated structure factors are computed with the
following formula, which takes illto account the secondary E'xtinetion
and the anomalous dispersion:

The final value of the extinetion coefficient is y = 3.17.10-8 ; the
tenns due to the absorptil)n wel'e neglected in computing P(20l'

Discussion.

The structural model of barylitc resulting from this work does
not diffcl', in its general aspect, from that of Abrashev et al. 'fhe main
feature of this silicate is the three-dimensional tetrahedral network
built up by Si20 7 groups COllUcctcd by chains of Be-tetrahedra (l<'ig.l
and 2). Howevcr the differences in thc z-coordinates of some atomS
modify significantly the structural details.



TABLE ill.

Structllre factors of Barylife.
Rene:rioD8 marked with IlD lL!Iteri;;.k were ullobsernll,)ly WC(ll: iu IbiA Calle jo'o derives
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Fig. 1. - SclJematic drawing of the crrstaJ ::;lruetUl' o,f ba.rylite projected along
[OOIJ. The large ciI'cl represent barium atoms; the Si·tetralledl'Q are dotted,
the Be-tetrahedra are uashed. The munbers are referred to the four independent

oxygen atoms.

Fig. 2. - Partinl projeetion (1/4 < 1/ < 3/4) of the crystal structure of barylite.
:Barium atoms are omitted in order to 'show clearly the chains of Be-tetrahedra

and their connootions with the Si-tetrahedra (for lcgenda see Fig. 1).
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The interatomic distances and nngles from our work are listed in

'Table IV. Those computed from the eoordinates of Abrashev et al. are

given ill Table V and are surprisingly quite different from the dis

tlUlees published by the same Authors in Table 3 of their paper. From

the comparison of TRble TV with Table V the differences between the

sets of coordinates are eviilent in their effects on the bond distances

and Rngles of the tetrahedra. Following OUl' set of coordinates barium

has a niue-fold coordination forming a sort of cube with a centered

face. 'fhe twelve-fold coordination of barimn proposed by the Russian

Authors is not achieved not only because some Ba.-O distauces are too

great, but also because some oxygens are screened and their negative

charge cannot reach bnrium.

TABLE lV,

Interatomic distances (A) and angles (0) and their slanda1'd deviat,iolls
(in parentheses).

A sigu ' is IlMd to distingui~h equivalent atoms. Tho disl~lnces preeeded by oue
asterisk oceur twice.

Atoms Boud lelJgths Atoms llolld augle<!

S; -0(2) 1.65(2) 0(2)--8i-O(3) 109.6 (')
-0(3) 1.59(2) 0(2}-Si-0(4) 104,4 (')
-0(4) 1.67(1) 0(2)--8i-0(1) 114.2 (8)
-0(1) 1.60(2) 0(3)--8i-O(4) 107,9' (')

0(3}-Si-O(1) 113,7 (')
O(4}-Si-0(1) 106.3 (9)

Be -0(3)' 1.62(3) 0(3)'-Bo-O(2) 107.7(1.8)

-0(2) 1.66(4) 0(3y-Bo-O(1) 118.70·9)
-0(1) 1.60(3) 0(31-Bo-O(2) 103.7(1.9)

--0(2)' 1.70(3) 0(2}-Bo-O(1) 107.8(1.9)
O(2)--Be--O(2) .110.1(1.8)
O(l}---Bo-O(2) 108.6(1.9)

Ba.-O(1) "2.80(2) Si-O(4)--8i' 12i.5(1.2)

-0(31 "2.89(2) Be-O(2)--Be> 120.3(1.7)
-0(4) 2.92(2)
-0(1)' "3.06(2)
-0(3) "3.l}6(2)
-0(2) "3.25 (2)
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Several other interesting considerations about the structure of

barylite are made in the final part of the cited paper. Now we can
only make some conclush'e rc:markl'l about this puzzling silicate: 1) we
did not detect piezoelectricity in barylite, but we did not exelude it
• a priori'; 2) our opinion is that the c acentric:t structure proposed
by Abrashev et ai. does not give an acceptable account of c the strong
piezoelectric effect:t; 3) we cannot say that barylite is without any
doubt centrosymmetric. Our centric structure is at least more accep
table than that of the cited Authors beeause it has a better discrepancy
factor, better bond distances and allgles and is based 011 three-dimen
siousl datil; 4) it is possible that two' forms' of barylite exist.

TA8LE V.

Interatomic distanccll for tire Si and Be tetrahedra eO»tpl,ted frorn the
atomic coordinates fJl,blulted by Abrashev et at.

Alomll Bond lengthl Atoms Bond lengtbll

8i(I)--o(I) 1.61 Be(l}-O(3) J.4.2

--0(2) 1.76 --0(1) 1.5'
--0(4) U7 --0(7) 1.61
--0(6) 1.58 --0(6) 1.58

81(2)--0(3) I.M Be(2}-O(2) l.11
--0(4) I~I --0(5) 1.58
--0(5) "68 --0(3) l.i6

--Q(7} 1.1;'1: --0(6) 1.64

Abrashev et al. write: c In the first stage of thc X.ray structure
ftnl\lysis we were hindercd by the lack of single crystals due to the cha
racteristic and unifonn polysynthetic twinning of the mincral on (010).
No less than 4.50 Laue photographs of the available spccimen were
necessary in ordcr to find a crystal fragment which did not give dif·
fuse. reflexiolls or double (somctimes four- or fivefold) rcflexions:..
The first crystal fragment we picked up and reduced to a spherical
shape was a single crystal fragment. In effect U1C sample sent us by
Prof. Frondel was formed by a 'granular' barylite (mixed with
calcite) and by a 'layered' barylite (with calcite). X.ra:ys powder
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photographs did not show all:" differenee between the fractions, but
it is possible that one was twinned and the other untwillned. In any
way, owing to the errors ill the cited paper, it is impossible to know
whether some structural diffcrt'llces correspond to the obsen-ed mor
phological differences; 5) the fact that the Russiflll Authors based
their structure Rnal,vsis only 011 OkL and JtlrO reflexions prevented
them from getting valuable infornll!.tions on some z coordinates. This
one is anoUler significallt eXlllnple of the mistake!> which elUl be made
lIl. soh,jug el·,ystll.l sll'uelures only with bi-dimcllsiOl.1al data.

A,knowledgcnt61J/s. - We are much indebted to Prof. C. }o"'rondel
who sent us 8. fine s,'UIlple of bar~dite.
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