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The com pound Tb1+xRe4B4 was pre pared by di rect re ac tion 
of the el e ments. Pieces of ter bium and crys tal line bo ron
were placed in rhe nium con tainer (in ap prox i mate ra tio
Ti:Re:B = 1:3.4:3.4) in ar gon-filled glove box and
arc-melted. 

Sin gle crys tal dif frac tion data were col lected on a
Rigaku AFC7 diffractometer equipped with a Mer cury

CCD de tec tor ap ply ing MoKa ra di a tion (l = 0.71073 C).
The struc ture re finement was per formed us ing the WinCsd
pro gram pack age [2].  Main re flec tions were in dexed on
the ba sis of the tetragonal lat tice with a  = 10.500(1) C, c =
4.238(1) C. All ob served re flec tions were in dexed with
four in te ger in di ces (hklm) with re spect to the lat tice of the
[Re4B4] sub struc ture ap ply ing mod u la tion vec tor q = [0 0
1.209]. The lat tice pa ram e ters of the com pos ite mod u lated
struc ture were fi nally re fined on the pow der dif frac tion
data:  a = 10.5033(4) C, c1 = 4.2356(2) C, c2 = 3.5038(3) C, 
q = [0 0 1.20885].

The to tal sym me try was de scribed by the tetragonal

superspace group I41/amd(00g)00ss. The atomic co or di -
nates in the host sub-struc ture Re4B4 in the space group
I41/amd were found pre vi ously [1] and were con firmed by
sep a rate elu ci da tion of this sub-struc ture with di rect meth -
ods. The so-ob tained co or di nate val ues were used as start -
ing for least-squares re fine ment. For the guest sub- 
sublattice, the non-stan dard sym me try group F4/mmm,
with the Tb at oms at the or i gin. For the ad di tion of the two
groups (I41/amd + F4/mmm) into the superspace group

I41/amd(00ss) a shift of the or i gin for the host struc ture by
1/4 0 1/4 was ap plied. Fi nally, the crys tal struc ture of
Tb1+xRe4B4 (Fig ure) was suc cess fully re fined as a mod u -
lated com pos ite one. This is the first struc ture of this fam ily 
re fined and ver i fied with the true sat el lite re flec tions. 

1. P. Yu. Zavalij, S. I. Mykhalenko, Yu. B. Kuzma, J. Al loys
Compd., 203 (1994) 55.
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The ti tle com pound was pre pared by an in duc tion melt ing
of a mix ture of el e men tal com po nents in a glassy car bon
cru ci ble un der ar gon at mo sphere fol lowed by the ther mal
treat ment in en closed tan ta lum tube. The crys tal struc ture
was de ter mined by us ing sin gle-crys tal dif frac tion tech -
nique (Rigaku AFC 7 diffractometer, Mer cury CCD de tec -
tor, MoKa ra di a tion, WinCsd pro gram pack age [1]). The

superspace group Ama2(00g)0ss with wave vec tor com po -

nent of g = 1/2 and a = 4.38065(6) C, b = 18.5019(3)  C, c =
4.29379(8) C, V = 348.01(2) C3,  Z = 2 was used for the
struc ture de ter mi na tion and re fine ment (RF  = 0.044 for
1749 unique re flec tions hklm.

The re fine ment of the struc ture was per formed for two

mod els with a ra tio nal wave vec tor of g = 1/2 (com men su -

rate mod u lated) and re fined wave vec tor of g = 0.5009 (in -
com men su rate mod u lated). 

De scrip tion of the struc ture as a mod u lated one gets rid
of the split po si tions of the at oms Rh, which are pres ent in

the 3D com men su rate su per struc ture. The crys tal struc ture
of Eu2Rh1-xGa5 (x ~  0.21, Fig ure) is a non- centro sym -
metric de riv a tive of CeNiSi2 type [2] with de fect po si tions
of tran si tion metal atoms.

1. L. Akselrud, Yu. Grin, J. Appl. Cystallogr., 47 (2014) 803.

2. O. I. Bodak, E. I. Gladyshevsky,  Sov. Phys. Crystallogr.,
14 (1970) 859.
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Stron tium bo rates and borosilicates at tract a great in ter est
as lu mi nes cent ma te ri als for tech ni cal ap pli ca tions. In
SrO–B2O3–SiO2 sys tem, prop er ties of glasses and crys tal -
line com pounds have been stud ied ex ten sively [1, 2]. In -
com men su rate mod u lated crys tal struc tures of
Sr3B2+xSi1–xO8–x/2 solid so lu tions (x = 0.28, 0.53, 0.78) in

the Sr3B2SiO8–Sr2B2O5 sec tion of the SrO–B2O3–SiO2 sys -
tem are re fined  us ing sin gle-crys tal X-ray dif frac tion data
(Fig. 1). Ba sic orthorhombic struc tures of the solid so lu -
tions are sim i lar to that of Sr3B2SiO8 (Krzhizhanovskaya et
al., 2010). Crys tals of the Sr3B2+xSi1–xO8–x/2 solid so lu tions

(x = 0.53, 0.78) were re fined in the Pnma(0bg)000(0g)000
superspace group with JANA2006 pro gram [3] start ing
from the po si tional pa ram e ters of Sr3B2SiO8 [4]. Un for tu -
nately, the mixed sat el lites (h, k, l, ±1, ±1) can not be ob -
served be cause of their low in ten si ties. Since no strong

Fig ure 1. The h = 6 plane of the re cip ro cal space for
Sr3B2+xSi1–xO8–x/2, x = 0.78 (a). Par tially over lapped pro files of
60–410 and 60–401 sat el lites are pre sented in the left lower cor -
ner. Mod u lated crys tal can be de scribed in the superspace ei ther as 
a (3+2)D orthorhombic sin gle crys tal (b, left) or a (3+1)D
monoclinic twin (b, right) which re cip ro cal lat tices are turned
around the c* axis through 180°.

Fig ure 2. Pro jec tions of the av er age crys tal struc ture of
Sr3B2.78Si0.22O7.61 onto the ab (a), ac (b) planes in com par i son to
the pole fig ure of ther mal ex pan sion co ef fi cients and a part of
boro sili cate pseudo-chain (c). The pole fig ures for 400 and 1300
K are shown in solid and dashed lines, re spec tively. Dis place -
ments of Sr and O1 at oms from their av er age po si tions are shown
in en cir cled frag ment of the ac-pro jec tion. Italic num bers near the 
atom la bels are the site oc cu pan cies. El lip soids of Sr at oms are
drawn at 94 % probability level.
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ev i dence was pro duced for two-di men sional mod u la tion,
an other model should be ex am ined. The crys tals can be de -
scribed as twin formed by monoclinic com po nents, each of
them cor re sponds to the (3+1)D sym me try group

P21/n(0bg). Twin do mains are turned to each other through
180° ei ther around the b or around the c axis. How ever
struc ture re fine ment in the monoclinic group does not im -
prove sig nif i cantly the re li abil ity fac tors. Thus the pref er -
ence is given to the (3+2)D sym me try group.

Crys tal struc ture is com posed by cor ner-shar ing dis or -
dered BO3 tri an gles and SiO4 tet ra he dra. Struc ture mod u la -
tion is mainly as so ci ated with (B,Si)-poly he dra in var i ous
ori en ta tions (Fig. 2). Pre sum ably, the B2O5 groups, same as 
in Sr2B2O5 struc ture con trib ute to the solid so lu tion con -
struc tion. Dif fer ent ori en ta tions of these groups can lead to
the structural strains and modulations.

Ther mal ex pan sion of Sr3B2+xSi1–xO8–x/2 solid so lu tions

is strongly anisotropic: aa = -8, ab = 21, ac = 8×10-6 K-1 at

303 K for x = 0.78. Ani so tropy de creases on heat ing: aa =

7, ab = 33, ac = 2×10-6 K-1 at 1300 K for x = 0.78. The ani -
so tropy also de creases with de creas ing of the bo ron con -

tent: aa = -4, ab = 19, ac = 10×10-6 K-1 at 303 K for x = 0.28. 
The rea son for the strong ani so tropy of ther mal ex pan sion
is the pref er a ble ori en ta tion of the BO3 tri an gles. The ex -
pan sion is min i mal or close to zero within the tri an gle
plane. 

1. Golubkov, V. V., Tyurnina, N. G., Tyurnina, 
Z. G. & Stolyarova, V. L. (2009). Glass Phys. Chem. 35,
455–462.

2. Tyurnina, N. G., Belousova, O. L., Domanskii, A. I.,
Doronina, L. A. & Ugolkov, V. L. (2010). Glass Phys.
Chem. 36, 294–303.

3. Petricek, V., Dusek, M. & Pa lati nus, L. (2014). Z.
Kristallogr. 229, 345–352.

4. Krzhizhanovskaya, M. G., Bubnova, R. S., Krivovichev, 
S. V., Belousova, O. L. & Filatov, S. K. (2010). J. Solid St. 
Chem. 183, 2352–2357.
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Schee lite (CaWO4) re lated com pounds (A’,A’’)n

[(B’,B’’)O4]m with B’, B’’=W and/or Mo are prom is ing
new ma te ri als for red phos phors in pc-WLEDs (phos -
phor-con verted white-light-emit ting-di ode) and solid-state 
la sers. Re cently a new ap pli ca tion field has emerged for
these ma te ri als due to their abil ity to vi su al ize tem per a ture
gra di ents with high ac cu racy and spa tial res o lu tion, mak -
ing them ex cel lent thermographic phos phors [1].
Scheelites can be pre pared with a large con cen tra tion of va -
can cies in the A sublattice, giv ing com po si tions char ac ter -
ized by a (A’+A’’):(B’O4+B’’O4) ra tio dif fer ent from 1:1.
The cre ation of cat ion va can cies in the schee lite-type

frame work and the or der ing of A cat ions and va can cies are
a new fac tor in con trol ling the schee lite-type struc ture and
prop er ties. Very of ten the sub sti tu tion of Ca2+ by M+ and
R3+ (R3+ = rare earth el e ments) in the schee lite-type struc -
ture leads to switch ing the struc ture from 3D to (3+n)D (n = 
1,2) re gime.  

The cre ation and or der ing of A-cat ion va can cies and
the ef fect of cat ion sub sti tu tions in the schee lite-type
frame work are in ves ti gated as a fac tor con trol ling the
schee lite-type struc ture and lu mi nes cent prop er ties. For
ex am ple, the MoO4–based CaGd2(1-x)Eu2x(MoO4)4(1-y)

Fig ure 1. Over view of the crys tal struc tures of CaEu2(WO4)4 (a) and CaEu2(MoO4)4 (b).  



(WO4)4y (0 £ x £ 1, 0 £ y £ 1) solid so lu tions have (3+2)D
in com men su rately mod u lated struc tures with superspace

group I41/a(a,b,0)00(-b,a,0)00, while the struc tures of all
tung states are (3+1)D in com men su rately mod u lated with

superspace group I2/b(ab0)00. The re place ment of the
smaller Gd3+ by the larger Eu3+ at the A-sublattice does not
af fect the na ture of the in com men su rate mod u la tion, but an
in creas ing re place ment of Mo6+ by W6+ switches the mod u -
la tion from (3+2)D to (3+1)D re gime [2].  

The in com men su rately mod u lated crys tal struc tures of
the schee lite-based CaEu2(BO4)4 (B = Mo, W) red phos -
phors have been re fined from high res o lu tion syn chro tron
pow der X-ray dif frac tion data [3]. In both cases the mod u -
la tion arises from or der ing of the Ca/Eu cat ions and the cat -
ion va can cies at the A-sublattice of the par ent schee lite
ABO4 struc ture. The cat ion or der ing is not com plete and
better de scribed with har monic rather than with step-like

oc cu pa tional mod u la tion func tions. The struc tures re spond 
to the vari a tion of the ef fec tive charge and cat ion size at the
A po si tion through the flex i ble ge om e try of the MoO4

2- and
WO4

2- tet ra he dra dem on strat ing an al ter na tion of stretch -
ing the B-O bond lengths and bend ing the O-B-O bond an -
gles. 

1. K. W. Meert,V. A. Morozov,A. M. Abakumov, et al., Opt.
Exp. 22 (S3), (2014), A961–A972.

2. V. A. Morozov,A. Ber tha,K. W. Meert, et al., Chem. Ma -
ter. 25, (2013), 4387-4395.

3. A. M. Abakumov,V. A. Morozov,A. A. Tsirlin, et al.,
Inorg. Chem. 53, (2014), 9407-9415  

This re search was sup ported by FWO (pro ject G039211N,
Flan ders Re search Foun da tion) and Rus sian Foun da tion
for Ba sic Re search (Grants Grants 12-03-00124 and
15-03-07741).
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Mod u lated struc tures are char ac ter ized by dis tor tion of
atomic po si tions from the orig i nal (pe ri odic) struc ture. As a 
con se quence, a set of sat el lite reflexions ap pear in the dif -
frac tion pat tern along with the main ones [1]. The in dex -
ation of such pat tern is pos si ble if the ad di tional vec tor in
re cip ro cal space (called mod u la tion vec tor) is used. If the

mod u la tion vec tor is given by the ir ra tio nal num ber (e.g. t

» 1.618) we deal with in com men su rately mod u lated struc -
ture. Har monic modulation takes place if the mod u la tion
func tion is given by a trig o no met ric func tion (e.g. sine
func tion). In fact, any kind of mod u la tion can be ap prox i -
mated by Fou rier ex pan sion [2]. For in com men su rate mod -
u la tion vec tors the dif frac tion pat tern is aperiodic. In case
of sin gle mod u la tion com po nent, ev ery atomic po si tions
can be ex pressed as 

x na A q nan = + sin( )0  (1)

where xn - atomic po si tion with re spect to n-th unit cell; a -
unit cell size (pa ram e ter of the un der ly ing pe ri odic lat tice);
A - mod u la tion am pli tude; q0 - mod u la tion vec tor.

The most suc cess ful way of a proper char ac ter iza tion of 
the dif frac tion pat tern and the struc ture anal y sis of MS is
the mul ti di men sional (superspace-, n D-) de scrip tion [3].
This the ory is now also widely used for other types of
aperiodic sys tems, like com pos ites or quasicrystals. In the
pre sen ta tion we use the sta tis ti cal ap proach. It can be used
for struc tural in ves ti ga tion on both pe ri odic and aperiodic
sys tems, as an al ter na tive to higher-di men sional de scrip -
tion. Its equiv a lence to the lat ter was an a lyt i cally proved
[4,5] and suc cess fully ap plied to de rive the struc ture fac tor

for mu lae for decagonal [5-7] and, more re cently,
icosahedral [8] quasicrystals based on model til ings. This
ap proach ap plies also to aperiodic struc tures with sin gu lar
con tin u ous com po nent in the dif frac tion pat tern, e.g. based
on the Thue-Morse sequence [9] and overlapping clusters
[10].

We show that the struc ture fac tor for mula for 1D har -
mon i cally mod u lated struc tures de rived within sta tis ti cal
ap proach is given by or di nary Bessel func tions of the first
kind with kA be ing the ar gu ment of the func tions, where A
is the mod u la tion am pli tude and k - the scat ter ing vec tor.
Scat ter ing vec tor can be ex pressed by for mula 

k nk mq= +0 0                 (2)

where in te gers n and m de note main and sat el lite peaks, re -
spec tively. Vec tor k0 is char ac ter is tic for the un der ly ing pe -

ri odic struc ture (k0 =2p/a). 
The en ve lopes of main peaks are de scribed by Bessel

func tion of or der m = 0, whereas for the sat el lite peaks the
en ve lopes are given by Bessel func tions of higher-or der
(see Fig. 1). For each en ve lope the po si tions of dif frac tion
peaks form a se ries with pe riod k0. The com plete dif frac -
tion pat tern can be fully de scribed by us ing two ‘pe ri o dici -
ties’: en ve lopes given by Bessel func tions and de fin ing the
peaks’ in ten si ties, and pe ri odic se ries of peaks de fin ing the
po si tions of peaks within the en ve lope. Fi nally, we per -
formed a de tailed stud ies on sim i lar i ties be tween
quasicrystals and mod u lated struc tures. We show that 1D
quasicrystal, mod elled by the Fibonacci chain, can be un -
der stood as a mod u lated struc ture with mul ti ple mod u la -
tion vec tors be ing the higher-or der Fou rier ex pan sion of
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the ba sic mod u la tion term (see Fig. 2). The full ex pres sion
for nodes po si tions of the Fibonacci chain in terms of
sine-modulation functions is the fol low ing

( )x n
j

jq nn
j

= + + +
=

¥

å( / ) sin ( / )1 1
2 1

1 12
0

2

1

t
pt

t  .     (3)
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Fig ure 1. The dif frac tion pat tern with first four en ve lopes of in te -
ger or ders m marked. The en ve lopes are drawn as squared Bessel
func tions. En ve lopes m = 0, 1,2,3,4 are marked with red, green,
blue, ma genta and light blue lines. Pa ram e ters in eq. (1) cho sen: A

= 0.05, a = 1.0, and q0 =2p/at.

Fig ure 2. The evo lu tion of the dif frac tion di a gram from 1D har -
mon i cally mod u lated struc ture with one mod u la tion term (green
di a monds), nine mod u la tions terms (blue cir cles) and fifty mod u -
la tion terms (red crosses), as de fined by eq. (3), to quasicrystal
(black bars).
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RELATION BETWEEN CHEMISTRY AND MODULATION IN MOLECULAR
MATERIALS

Kirsten E. Christensen and Am ber L. Thomp son

 Chem i cal Crys tal log ra phy, De part ment of Chem is try, Uni ver sity of Ox ford, Chem is try Re search Lab o ra -
tory, 12 Mansfield Road, Ox ford, OX1 3TA, United King dom

Un til re cently mod u lated mo lec u lar crys tals have largely
been ig nored by small-mol e cule crys tal log ra phers. Al -
though chem i cal crys tal log ra phers are now be com ing in -
creas ingly aware of the Devil that lurk in the de tails of the
dif frac tion pat tern, the ma jor ity of chem i cal crys tal log ra -
phers still ei ther close their eyes (i.e. solve the av er age
struc ture) or throw the crys tals away when faced with the
in di ca tions of an aperiodic struc ture.  With new higher in -
ten sity in-house X-ray sources and eas ier ac cess to syn -
chro tron ra di a tion, more and more mo lec u lar struc tures are
show ing fea tures be yond the realms of con ven tional crys -
tal log ra phy.

Here we pres ent a study of a phase tran si tion through an 
in com men su rately mod u lated phase and how the tran si tion

can be af fected by chang ing the chem is try. On cool ing,
Barluenga’s Re agent (bis(pyridine)iodonium(I)tetra -
flouro borate) goes through two phase tran si tions. In the
high tem per a ture phase the an ion ro tates freely, but on
cool ing the an ion partly or ders and an in com men su rately
mod u lated phase oc curs. The low tem per a ture phase is a
fully or dered su per struc ture. Sys tem at i cally ex chang ing
the an ion and halo gen showed that mod u lated phases in
these ma te ri als are ob served with tet ra he dral shaped an ions 
though the phase tran si tion tem per a ture var ied. Ex chang -
ing pyridine with collidine show sim i lar be hav iour though
the phase tran si tion now hap pens be low 100 K.
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TEMPERATURE-PRESSURE PHASE DIAGRAM OF FERROELECTRIC Sn2P2S6
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The tem per a ture-pres sure phase di a gram of the ferro elec -
tric semi con duc tor Sn2P2S6 sin gle crys tal has been in ves ti -
gated by neu tron and X-ray scat ter ing tech niques. The
pro posed phase di a gram was rich in phases, and a spe cial
crit i cal point where paraelectric, ferro elec tric and in com -
men su rate phases meet was pre dicted there [1]. We in -
tended to prove the pres ence of the in com men su rate phase
by in ves ti gat ing tem per a ture-pres sure de pend ence of sat el -
lite and Bragg re flec tions as well as (quasi)elas tic dif fuse

scat ter ing. There fore we have un der taken neu tron and
X-ray scat ter ing ex per i ments at LLB and ESRF, re spec -
tively [2,3]. We found that the H00 Brillouin zones are sen -
si tive to the or der pa ram e ter (po lar iza tion) and its
fluc tu a tions (see Fig ure 1). How ever we have ob served
only a di rect paraelectric-ferro elec tric phase tran si tion
with out any in com men su rate phase in the whole in ves ti -
gated pres sure range (up to ~1.2 GPa) [3]. These re sults are
in a clear dis agree ment with phase di a grams as sumed in
nu mer ous ear lier works, ac cord ing to which a hy po thet i cal
in ter me di ate in com men su rate phase should be pres ent in
this re gion of the tem per a ture-pres sure phase diagram.

1. A.G. Slivka et al, Condens. Mat ter Phys. 2, 415 (1999).

2. P. Ondrejkovic et al, Phys. Rev. B 86, 224106 (2012); 

3. P. Ondrejkovic et al, J. Phys.: Condens. Mat ter 25, 115901 
(2013).
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Fig ure 1. Tem per a ture de pend ence of crit i cal dif fuse scat ter ing
and Bragg scat ter ing near a phase tran si tion in the tem per a -
ture-pres sure phase di a gram of Sn2P2S6 sin gle crys tal.
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Sr2MnO2Cu1.5-dS2[1] is a con stit u ent com pound of the
wider class A2MO2X2Ch2 (A = Sr, Ba; M = 1st row tran si -
tion metal, X = Cu, Ag; Ch = S, Se). Pre vi ous work on this
com pound has in cluded in ves ti ga tion of its po ten tial as a
Li+ ion host in bat ter ies [2] and ex am i na tion of the solid so -
lu tion Sr2MnO2Cu1.5S2-xSex [3]. This work ex plores
topotactic ox i da tion of the man ga nese ions to syn the sise
metastable com po si tions with larger cop per de fi cien cies
[4].

Sr2MnO2Cu1.5S2 was pre pared via solid state syn the sis,
and then cop per was deintercalated us ing vary ing con cen -
tra tions of I2/MeCN so lu tion. The high mo bil ity of cop per
in this com pound meant that a range of cop per oc cu pan cies
could be ob tained be tween 1.5 and 1.33 with a phase gap in
the re gion 1.39 - 1.35.

Re duc tion in cop per con tent led to changes in the cop -
per va cancy or der ing pat tern from that de scribed by Ad am -
son et al. [3], which only ap pears at tem per a tures be low an
or der ing tem per a ture of c. 250 K, to an in com men su rately
mod u lated or der ing pat tern, which is pres ent in room tem -
per a ture sam ples. This in com men su rate or der ing pat tern
was solved us ing a (3 + 1)D model ap proach, with mod u la -

tion vec tor q = 0.2418 a0* and space group Xmmm

(a00)00s. It was found that, as well as oc cu pa tional mod u -
la tion of the Cu at oms, there was also sig nif i cant po si tional
mod u la tion of the ox ide lay ers, which moved closer to the
[Cu2-dS2] lay ers to en sure that the S at oms did not be come
underbonded in low Cu re gions (fig. 1).

The pre sen ta tion will also de scribe the ef fect of tun ing
com po si tion and struc ture on phys i cal prop er ties.

1.    W. J. Zhu and P. H. Hor, J. Solid State Chem., 1997, 130,
319-321.

2.    S. Indris, J. Ca bana, O. J. Rutt, S. J. Clarke and C. P. Grey,
J.  Am. Chem. Soc., 2006, 128, 13354-13355.

3.    P. Ad am son, J. Hadermann, C. F. Smura, O. J. Rutt, 
G. Hyett, D. G. Free and S. J. Clarke, Chem. Ma ter., 2012,
24, 2802-2816.

4.    J. N. Blandy, A. M. Abakumov, K. E. Christensen, J.
Hadermann, P. Ad am son, S. J. Cassidy, S. Ramos, D. G.
Free, H. Co hen, D. N. Wood ruff, A. L. Thomp son and 
S. J. Clarke, APL Ma te ri als, 2015, 3, 041520.
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Fig ure 1. A rep re sen ta tion of the mod u lated struc ture ob tained from anal y sis of the sin gle crys tal dif frac tion data.
The oc cu pa tional mod u la tion of the Cu sites is de picted us ing the size of the green cir cles.
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Sin gle crys tal X-ray dif frac tion ex per i ments of
Cs3ScSi6O15 showed in tense Bragg re flec tions that can be
in dexed on an R-cen tred hex ag o nal cell with a = 13.861(1), 
c = 6.992(1) C. In spec tion of the dis tri bu tion his to grams of
the re main ing unindexed re flec tions re vealed them to be
sat el lite re flec tions of up to the third or der in c*-di rec tion;
the sat el lite re flec tions are pres ent for h – k – l + m = 3n.
The mod u la tion wave vec tor was sub se quently de fined and 
re fined to q = 0.14153(2)c*. This is close to, but dis tinctly
dif fer ent from 1/7 = 0.142857. The crys tal struc ture of
Cs3ScSi6O15 was solved in (3 + 1) di men sional superspace
group X3m1(00g)0s0 from 1838 ob served re flec tions by
charge flip ping with the pro gram Superflip [1] and re fined
with the pro gram JANA2006 [2]. Re fine ment of three
mod u la tion waves for po si tional and ADP val ues for all at -
oms con verged to Ro val ues for all, main, and sat el lite re -
flec tions of first, sec ond and third or der of 0.0200, 0.0166,
0.0181, 0.0214 and 0.0303, re spec tively

Cs3ScSi6O15 has a mixed octahedral-tet ra he dral frame -
work struc ture with six-membered rings of sil i con tet ra he -
dra and reg u lar ScO6 octahedra form ing in fi nite chains
along the [0001] di rec tion. Ac cord ing to bond va lence cal -
cu la tions ten in ter atomic dis tances up to 3.5 C have to be
con sid ered as bondiCng for Cs. All at oms apart from Sc
show very large po si tional mod u la tions with max i mum

atomic dis place ments of up to 0.93 C. [ScO6]-octahedra
and [SiO4]-tet ra he dra re main rigid with mi nor vari a tion of
in ter atomic dis tances. How ever, as a func tion of t the
[ScO6]-octahedra and [Si6O18]-rings ro tate around the 3
-axis by over 38° and inter-tet ra he dral an gles within the
Si6O18 ring di ver sify greatly. The co or di na tion en vi ron -
ment of Cs is very com plex with ox y gen at oms mov ing in
and out of the Cs co or di na tion in or der to main tain the bond 
va lence sum around Cs at a con stant level of ca. 1.075.

Cs3DySi6O15, a = 13.996(1), c = 7.1775(6) C, R3m1 [3]
has been de scribed with the same ba sic struc ture. How ever, 
the state ment of po si tional dis or der for Si, O and Cs at oms
with out fur ther spec i fi ca tion leads to the sug ges tion, that
Cs3DySi6O15 has a mod u lated struc ture sim i lar to
Cs3ScSi6O15.

The only an other Cs-Sc-sil i cate know to date,
Cs3ScSi8O19 [4], has a microporous frame work struc ture
with an un usual high [TO4]:[MO6] ra tio of > 6:1. 
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A new type in com men su rate mod u lated struc ture of bo -
rates was dis cov ered in Cs2TB4O9 (T = Ge, Si) us ing sin -
gle-crys tal X-ray dif frac tion tech niques. The struc ture
were solved by the charge flip ping al go rithm [1-3] in the

superspace group of I2(ab0)0 [4-6]. The re sult strongly
sug gests that the struc ture mod u la tions are mainly as so ci -
ated with the or der ing of O5a and O5b at oms, which is con -
trolled by the xs4. And such or der ing of O5a and O5b at oms 
may in tro duce or dered 3D an ionic net work of Cs2TB4O9 (T 
= Ge, Si). It is the first time of dis cov er ing such kind of
mod u lated bo rates which ap pear be cause of the or der ing of
bo rate an ions.
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Fig ure 1. hk0 and hk1 plan dif frac tion pat terns of Cs2GeB4O9 (a-b)
and Cs2SiB4O9 (c-d). Some main re flec tions are marked in blue
while some sat el lite re flec tions are noted by arrow.


