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The crystal structure of Ba,JCu(OH)¢] has been determined by Patterson and Fourier synthesis with
data collected on an automated four-circle diffractometer. The crystals are monoclinic, space group
P2,/c with a=6-030 (2), b=6-440 (2), c=10-115 (2) A, f=124-03 (1)°. The structure was refined by
full-matrix least-squares techniques to a conventional R index of 0-028 for 955 independent reflexions.
Corrections were made for absorption, anomalous dispersion and isotropic secondary extinction. The
structure contains isolated highly distorted [Cu(OH)s]*~ octahedra which appear to be held together
primarily by barium ions. The structure may also be described as built up from close packed layers
(011) consisting of Ba?* and OH~ ions, the Cu?* ions occupying distorted octahedral sites between
every two of these layers. Thus, it represents a strongly distorted version of the well known cubic
K,PtClg-structure, which is built up from layers containing K* and Cl~ with Pt** at octahedral sites
in a quite similar way. Average values for the Cu—O distances are 1965 A for four equatorial ligands
and 2-805 A for two axial ligands. The configuration of the barium-oxygen polyhedron can best be
described as a distorted di-capped trigonal prism with Ba—O distances ranging from 2:642 to 2-954 A.
Single crystals of the isomorphous compound Sr,[JCu(OH)s] have also been prepared; a=5-786 (1),
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b=6154 (1), c=9-744 (2), f=124-15 (1)°.

Introduction

As part of a study on correlations between crystal
structures and thermal-decomposition behaviour of
hydroxy complexes we have determined the structure
of barium hexahydroxocuprate(II). Several hydroxo-
metallates are well known (Scholder 1962), but until
now there has existed little information about the
structural details of these compounds. We have grown
single crystals of Ba,[Cu(OH)s] and Sr,[Cu(OH)s] by
interdiffusion of aqueous Ba?*— or Sr?*- and Cu**
solutions in a 50% NaOH solution.

Crystal data and experimental

Preliminary Weissenberg and precession photographs
showed the crystals to be monoclinic, space group
P2,/c. Accurate unit-cell dimensions were calculated
from X-ray powder photographs registered on a
Guinier-de Wolff focusing camera using Cu Ko radia-
tion and high purity KCI as an internal standard.
These lattice parameters were refined by the method
of least squares. The calculated densities for 2 formula
units per cell are in agreement with the pycnometrically
measured values.

Crystal data for both compounds are listed in Table
1. An investigation of the powder X-ray patterns of
Ba,[Cu(OH)s] and Sr,[Cu(OH)s] confirms that these
salts are isostructural.

A Ba,[Cu(OH)4] single crystal with approximate
dimensions 0-19 x 0-10 x 0-08 mm was chosen for data
collection onanautomated four-circle Pickerdiffractom-
eter using Mo Kua radiation (pyrolytic graphite mono-

Table 1. Crystal data

Ba,[Cu(OH)s] Sry[Cu(OH)s]
Crystal system Monoclinic Monoclinic
Systematic absences hol, | =2n+1 hOl, 1 =2n+1
0k0, k=2n+1 0kO0, k=2n+1
Space group P2,/c P2/c
a 6030 (2) A 5786 (1) A
b 6-440 (2) 6-154 (1)
¢ 10-115 (2) 9744 (2)
B 124-03 (1)° 124-15 (1)°
deare 451 gem™3 394 gcm™3
dobs . 440 384
zZ 2 2
u (for Mo Ko) 153 cm~—1! 225cm™!
Colour Blue Blue

chromator, 002). Intensity data were collected by a
conventional moving-crystal moving-counter 6-20
scan over a 26 range of 2° (plus the «,—«, dispersion)
with a scan speed of 0-5°/min. Background counts of
40 s were taken at each side of the peak.

Two selected standard reflexions were measured
after every 10 reflexions and used for an internal
scaling of the data by least-squares methods. Intensities
were collected up to 20<60°, Of the 1263 reflexions
measured (including standards), 955 remained after
averaging equivalent reflexions and 907 were judged
to be observed according to the criterion > 3a(1), o(I)
being the estimated standard deviation in the net
intensity based on counting statistics. The intensities
were reduced to F, in the usual way by applying
Lorentz and polarization factors. Absorption correc-
tions were made by an enlarged version (Schwarzen-
bach, 1972) of the program ORABS 2 (Busing, 1966)
and resulted in a significantly better agreement between
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intensities of measured equivalent reflexions. The cal-
culated transmission varied from 0-25 to 0-44.

All the computations, including subsequent refine-
ment of the structure, were performed using the pro-
gram system XRAY 67 (Stewart, Kundell & Baldwin,
1970), which was enlarged and modified for use on a
CDC 6400-6500 computer system by Schwarzenbach
(1972).

Structure determination and refinement

Approximate positions of the heavy atoms could be
deduced from a three-dimensional Patterson map. The
four barium atoms are situated in a fourfold general
position 4(e) of P2;/c, with z~1; the two copper
atoms are in the special position 2(¢). Structure factor
calculations based on refined positions of these heavy
atoms yielded a conventional R (3||F,| — |F.||/ZI|F,|) of
about 0-20. A difference electron density map showed
the positions of all the oxygen atoms, which were in-
cluded in the subsequent cycles of full-matrix least-
squares refinement. The function minimized was
Sw(|F,} —|F.|)?, where w is the weight derived from
counting statistics and defined as w=1/¢*(F,). Struc-
ture factors were calculated with the atom scattering
factors tabulated in International Tables for X-ray
Crystallography (1962) including real and imaginary
parts of anomalous dispersion corrections for barium
and copper.

After several cycles of least-squares refinement in
which individual isotropic temperature factors were
used, R decreased to 0-059 and the weighted R,{=
[Zw(F,l — | F)}/ ZwIF,I*1*?} to 0-079. Anisotropic tem-
perature factors were then introduced and the isotropic
secondary extinction was included as a parameter in
the least-squares refinement (Larson, 1967). A final
cycle of full-matrix anisotropic refinement gave R=
0-028 and R,,=0-029 for 955 reflexions (including those

Table 2. Atomic positional coordinates in Ba,JCu(OH)g]

Standard deviations in the last digit calculated in the final
least-squares refinement are given in parentheses.

Position x y z
Ba 4(e) 0-2821 (1) 0-0674 (1) 0-2489 (1)
Cu 2(¢) 0-00 0-00 0-50
o(l) 4(e) 0-4327 (8) 0-2575 (6) 0-0586 (4)
0(2) 4(e) 0-1956 (8) 0:7629 (5) 0-0393 (4)
0@3) 4(e) 0-1387 (8) 0-4750 (6) 0-2267 (4)
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not observed). The resulting fractional positional coor-
dinates are listed in Table 2 and vibrational parameters
in Table 3. The corresponding observed and calculated
structure factors are presented in Table 4.

Discussion of the structure

The crystal structure of Ba,[Cu(OH),] contains highly
distorted octahedra of [Cu(OH)¢]*~. These octahedra

z-0

O-0
O-Ba

®:Cu

O\

Fig. 1. Arrangement of discrete, distorted [Cu(OH)]*~ octa-
hedra in Ba,[Cu(OH)s], projected along [010].

Fig. 2. Three-dimensional view of the Ba,[Cu(OH)] structure,
showing the di-capped trigonal prismatic coordination of
barium by oxygen.

Table 3. Mean-square amplitudes of vibration (A% x 10~%)

The temperature factors were calculated from the expression:

exp [— 273U hPa*? + Upk?b% + Ussl?c*? + 2Uy hka*b* 4+ 2U shla* c* + 2Uysklb*c*)] .

Ul 1 UZZ U33 Ul 2 Ul 3 U23
Ba 138 (1) 123 (1) 126 (1) 3(1) 69 (1) 7()
Cu 133 (4) 128 (4) 104 (3) 24 (4) 61 (3) 1(3)
o(1) 197 (19) 181 (19) 148 (16) —~30(17) 94 (15) —14 (13)
0(2) 178 (19) 145 (17) 166 (16) —49 (16) 104 (15) —36 (13)
0(3) 142 (18) 128 (16) 119 (14) 5(15) 66 (13) 18 (12)

Extinction factor g=4-93 (5) x 10~ (Larson, 1967).



ERICH DUBLER, PETER KORBER

do not share any edges or corners and appear to be
held together primarily by barium ions. The arrange-
ment of the isolated copper polyhedra within the struc-
ture is shown in Fig. 1.

The coordination of the barium ion may be described
as a polyhedron of eight oxygens forming a distorted
di-capped trigonal prism (Fig. 2). These prisms are
linked together into chains parallel to [010] by edge-
sharing of the trigonal base.

The crystal structure can also be described in terms
of close-packed hexagonal layers (011) consisting of

Table 4. Calculated and observed structure factors for
Ba,[Cu(OH),]

The columns are /, F,, F.. Unobserved reflexions are those less
than 30(/) and are marked by *.

e Gl s 789 76 2 1066 1074 -2 290 20 -l 12 1
S0 33 sn I L Ot 103 -1 25 i
2 e s to2er 2ee -3 t3e seu © a9 20 [ S B R
© otetu  iria FR e Y S R Y 5 ow  bSe A o130 188 -1 ie  aed
o 94 s yoar 7 o103 1189 5 oeas 798 ¢ a0 WY a7 ae 2w
[EETICRTer [OT w2 es? T 3128 10 s s 10
G oz e e 238 > e res 5 s 13z P e e YA Y]
v el o [T 3 30 e 5 120 ue v sl es
I 7oa3e 432 -3 a87> kv 10 803 368 o 60 . - oser 318
o ub 105 =z wrz 6w Poose 1y e e am
TR TR 5 tes a3 -1 vy 88 e -1 1123 3ves
¢ et e 0 ez 613 [ voosie soc
FRT T 51 siea 1oaedc 1eud 11 187 166 1o 305
PR 1 2 7ooe0 2 215 e 128 19 2 a1l
5 sk e woers el 3 el ez -3 Ml 163 -7 wa w2 5 ewd e
6 1ot 32 Loesz el © dco 360 -8 Sus Juu e 18y 190 « w1
7 ozee 2 i sou  ser 5 a.b9 1280 =7 22k <30 -5 306 0k s a5z qes
I TR 3 osee sie R s S T L 53] o e 22
¥ oal ae « ser et Toosv 630 s> 26s 276 -3 a8 45u s wn
00 ae PV s 30 v s eer e 21 202 o it 19
1o 1w Looein swe 9 mew 8% <5 5w 205 =1 w32 3020 ot w
7wz e6s 10 239 e -2 308 S ooy
FENY s 3 sk “1 o ey PO TR T 20
Ten [ TR T ¢ e w2
vo120 s 0 1 a0 208 F T S U T L )
1o e stz e z n 65 a2 -2 see e
2 s a0 Loz a1 als s 3 ey 2m > 320 s1 e Lus e
3 oaere a0 ¢ v 10 s e oo [ T IOV RS NI 1Y
Ry s a7 -3 aee 108 5 e e RS TE)
5 ess a7 P I LA 1] o 3 ou e - eeh oo
[TV 52w 2as =7 19e a9 7w 1 RE I
7o e o in se oy azs e B 5 2a cw Wt wb en lin¢ 1398
6w w33 [V VY B S e 2 DY O O T L T
3 e <n e s 3 R R
10 5t e v -y omes s YT S5 Tas ws es g9 9w
nowe en -z 5o 5w Se w0 -r e 1323
[ S O T s L IS S L 2 S S P
[T Loz 2 6 s15 L8d -3 uyS  sas vooear 22 . TR
PR TR P T R SR T V) 1 Twee 2 T ]
1w e s 2ei 235 e bee B3 a7 o ged PR 3 ¢ sus> 1ces
¢ e s « her s FRD 2T D M S R 0 3ok 5 oers ek
3o s e dee v w3 st s s e © e s Vo s
« aza o er s ase e W 903 > ree s
5 36 36> Bt PR T R TR ST A 1] 119 o w13
o s 7189 133 ez 3y 96e foLew s
roaroas Lo gy R Y O S LI T AT L R X o gl cww
s 3 as [ M uowe ses s s
a7 o o te a0 s Vosee sn 2o
Wi e e v3s ¢
nooanoar 1 s sz 13 3769 e caz wsh asb,
PR TR o 701 700 -ie o ans 1108 e e 3s)
e LI U ¥ T E ST B S 2w cwd  -e 732 607 1 so o1
ST Y ST S E VR 11y 6 r3e 726 -0 3321 16l T
o wer s -e sor  3ea iy Ter 738 Toossr ses e 1133 aurs s ses sy
1. uw -2 804 a5 e3 2 13 8 a36 b1> ez 1501 195 LR TUREST
2 s ke Vo1 as s 8w ses voa02n aoes T IYT
s 10z e PR TR BT S A P [T 2 1398 1b6 b ues Lol
o ey 201 i 5 110w 114 © rez a5 ey ves  see
5 oaus e s s0s A8 a0 v 01 2 o a6 991 PO
6 263 313 A3 e a3 1168 -8 1 8 s 532 9
7 e 825 Wooae 28 -y es?  en -7 w2z 9 ¢ sl el
w3 -2 a3 a3 6 s sa i 1wz wr
s 722 18 T -1 1w 130 -5 00 102 v e v
10 161 1a3 2 1872 1308 L8> s a1s w0 36 1w aw
EIEENES B 1Y 1ot 12y 3oy are ar o N
s “3 2L MBI sk kel A7 a1l aSe es ey 4S8 aw9 s w1 T
-2 852 w8 =3 €3 701 -10 Z6y 261 -w 102 97 RTINS
:oess e PR sy FER S S B Y I 3T N ) . T4
FER S ) U908 88e -1 a2ew i35 -8 A% i -< 15 w3 » 13
P YT 1o e booe2% 253 7 eed bl 1 w50 s wee se
5 s v 2 wsr O T T R L 1) o 1w 135 SR
6 18 17 PR L BT FRE Y P Y TS G N 1oe8s  bow ¢
rocer  2u s 7 asy 3 oause 1 - 128 a8 PRI I 17 RYE
¢ o1 e 5 3 3w T oes s -3 nd s 3o st Deow
o i s 5 a0 w16 -2 38 e 12 2
P s Zes 230 .1 a8 bIs e T
PN 7ore 7. o & 9 RS
12 o s 0 a3 1% sel -y 512 w9b [T Y
-1 ey biZ o B 2 zer e se sy 5 ser s
“10 10e  1es vt wt Sien S TS I % o PR PP
s 037 2u 3 O N T Y
-a s s 13 tee 13 sz 2 L L A T It [
-7 791 e o7 60 <42~k eeg o 20 1 -1 vz
-6 aed ay 7 YT I S M O N O T ATt
-5 wes  wiz [ O Rt LI 2o sie
v s s (¥ B T S “o PITRE ORI
-3 e e % s 59 Bl a1 w25 el Sioownosn
-z “a 0 ade et B Y U T N N £
sl 143 a3l > L es d12 ms e AT 369 =12 722 et e cbr i)
o I Y D v B Y S B S Y T T R YRR I
1owse D It L IR R TR T ST T SR A 2
H e P T P Y S S £ 2 S P S Y]
3w o R T L T S T L S T T P G YRS
o e 3en 2 Sl eaz  edd s wed 8IS e yer 358 ey ned  SH
5 e 73 PR Y T B S R P T 2 aws
O T R M - PO I Y TR B T Y] 79 e sy
Toeee  Gor - il 1w FE TE TR G LAt 1Y “ ey s o ocav b
6 ar s D 3o el [ ] o s 200 Uowss w
-5 ien ase “oseesec 1oste st RIS T I
2 i wac wes DR I e st bes m 3
c1 a0 e R 13 3ok a2 ©essene
“1oes 23 o reonr oz S I ST ORI P ITY PRI
100 de a3 1o e PO LA T R T S
s e PR TN St 6 w2y Wz -1 200 190 [
e 11 ese oie
LI FIPN c1s e e Sont Slu 269 26l a1 aee 26
e ey sz wn o asz T ) R TRy B
S5 ey ST +lz edb el -kl 73 0 <10 wbs  wss -8 76 392 e 22e 22w
Se w55 wad sl 297 B3 slv Tw 751 ~3 L8 Zes =1 109 1128 9 L2 38
s3 w36 w5 9¢h 315 -3 36 386 s 236 238 - ¢80 E S M
2 188 17 su 23 233 -3 w12 633 -7 289 200 = o039 o> -1 iyl 6id
S1oasl den e 1020 12 =2 55 &0 b >% 535~ asb s b 0 22
@ 39 S3e s Jeo w3 =» 9% 988 > M1 3w -5 1167 1152 > oo1 887
1 ese wde U800 839 s> 36 SuI e ¢bs  Zed  ~c 322 2w e 1t a8
2 sy 20 FRE S R L R T T | I L LS W T S DO S DA V)
3o e “ eat edr =3 W) 33 -z o088  el> o 30 38 e Jow 2
el PO T T R S ¥ R A L 51 1oe a9 o 733 719
583 s PR S R e ) o ase ¢ as v e
Lokl 25a 0 9 99 voas osse e 1 uez s
¢ e 4 st P I 2 o0 e « o2 20 ¢ she st
FEEET ) 32 2o > »e3 10 3 ses  sez
20050 “1t 76 sen 3 s sus o aesass o ars 186 o oae
O a3 ees s 28w 5 sso wat
S0 s NE el 30 3 5 e 61 wa
R R Y B YR TR Y boosts s 5t wrat
-8 ebb  wbd -3 sue 908 1o s -is o2z 299
ST S73 36 -s 528 551 9 39 855 -1¢ ez w2 en o o
IO 1t B TR 141 St LI T G T S T e D O
S R T 3 s 7 oevd vl ety 172 13k a3 e es?
W ee/ 88 -, 1181 2% 12 90 o 6 105 1us o a7

AND HANS R. OSWALD 1931

Table 4 (cont.)
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Ba?* and OH~ ions. The cupric ions then occupy
octahedral sites between every two of these layers.

A model of the structure shows that it bears a close
relationship to the well known K,[PtClg-type. The
copper atoms define a highly distorted cubic face-
centered pseudocell which corresponds to the arrange-
ment of platinum in K,[PtClg]. The edge lengths of this
deformed cube (880 x 8-80 x 8-40 A) are equal to the
diagonals of the planes ab and to the short diagonal of
the plane ac of the Ba,[Cu(OH)4] structure. In com-
parison, K, [PtClg] has a cubsic cell constant of 9-755 A.
It is possible to describe K,[PtCls] in terms of a cubic
close-packed assembly of layers containing the K as
well as the Cl atoms, with the Pt atoms occupying one
half of the octahedral holes between six Cl. In fact,
corresponding layers (011) of Ba and OH are observed
in the Ba,JCu(OH),] structure too, as was mentioned
above. The formation of close packed layers is favoured
by the similarity of the ionic radii of Ba?* and OH-.
The marked distortion of the structure compared with
K,[PtClg], connected with a decrease of the ideal coor-
dination number of 12 Cl atoms around K to 8§ OH
groups around Ba can be explained by the known
crystal chemical behaviour of bivalent copper.

The stereochemistry of copper and barium

The coordination polyhedron of the cupric ion in
Ba,[Cu(OH),] is formed by four equatorial and two
much more distant axial oxygen atoms completing a
highly distorted octahedron. Interatomic distances and
bond angles of the [Cu(OH)g]*~ octahedron are given
in Fig. 3.



Ba,[Cu(OH)s] AND Sr,[Cu(OH)]

Table 5. Copper(Iy-oxygen bond lengths (A) of selected (4+2) or (4+1+1)

1932 THE CRYSTAL STRUCTURES OF
distorted octahedra in recently
Compound Reference
Ba,;[Cu(OH)] This work
CuO Asbrink & Norrby (1970)
Cu;As0,(OH); Ghose, Fehlmann & Sundaralingam

(1965)

CuHPO;.2H,0 Handlovi¢ (1969)

CuMoO, Abrahams, Bernstein & Jamieson
(1968)

CuUO, Siegel & Hoekstra (1968)

Cu,P,0;, Laligt, Guitel, Tordjman & Bassi

(1972)
Kierkegaard & Nyberg (1965)
Kihlborg & Gebert (1970)
Zahrobsky & Baur (1968)

CU2SO3 . CUSO; . 2H20
CUWO4
CuSO, 3H,0

This coordination is commonly referred as to (4+2)
and is explained as a consequence of the Jahn-Teller
theorem. In Ba,[Cu(OH),], however, the elongation of
the axial bonds is considerable and it could be argued
that the coordination is actually square planar. Table
5 contains bond lengths in recently published (4+2)
and (4+1+1) distorted copper(II)~oxygen octahedra.
It shows that the mean of the four equatorial bond
lengths of 1:965 A is in very good agreement with other
structure determinations. The axial bonds of 2-805 A
are at the upper limit of what usually is called a (4 +2)
coordination; but since these axial atoms lay very
close to the expected octahedral positions, as evidenced
by the O,,;,—Cu-O,, angles of 91-7, 88-3, 93-1 and
86-9° (Fig. 3), it is reasonable to describe the coordina-
tion of the cupric ion as tetragonal distorted octa-
hedral.

The configuration of the barium-oxygen polyhedron
can be best described as follows: six of the coordinating
oxygen atoms form a distorted trigonal prism with the
barium at its centre; the remaining two oxygen atoms
lie just outside the centres of two of the prism faces.
For interatomic distances see Table 6.

Table 6. Barium—oxygen interatomic distances in
Ba,[Cu(OH)g] less than 3-20 A

Bal-0O(1}) 2:826 (5) A

Bal-O(1'11) 2642 (3)

Ba'-O(1") 2:954 (4)

Bal-0(2") 2:716 (4)

Ba'-0(2') 2:931 (3)

Ba'-0O(2'1) 2:922 (3)

Ba!-0(3}) 2:733 (4)

Ba'-0(3!!!) 2:749 (5)

Mean value 2-809
Symmetry code
i X, ¥, oz iii %, 3+y, 31—z
ii —-x, =y, —2z; iv X, =y, t+z

As shown in Table 7, this coordination number of
eight for barium is rather common, and the mean

published crystal structures
Average of 4

equatorial  Average of 2

Coordination bonds axial bonds
Central atom  number (A) A)
Cu 4(+2) 1-965 2-805
Cu 4(+2) 1-956 2-784
Cu(l) 4+1+1 1942 2:917
Cu(2) 4+1+1 1-974 2-642
Cu(3) 4+1+1 1-964 2:576
Cu 4+1+1 1-980 2-695
Cu(l) 4+1+1 1-950 2:416
Cu(2) 4+2 1956 2-313
Cu 4+2 1-955 2-590
Cu(l) 4+2 1-948 2471
Cu(2) 442 1-954 2:369
Cu 4+2 1979 2:467
Cu 4+2 1-976 2:395
Cu 442 1-961 2:424

barium-oxygen distance of 2:809 A compares well with
recently reported values.

Hydrogen bonding and infrared spectra

The positions of possible hydrogen bonds were inferred
from an examination of the distances between oxygen
atoms which do not belong to the same coordination
polyhedron of copper or barium. The infrared
spectrum of Ba,[Cu(OH)e] in the 3u region consists
of a sharp peak at 3520 cm~! and a broader band at

Fig. 3. Interatomic distances (A) and bond angles (°) of the
[Cu(OH)s]*~ polyhedron. The standard deviations o are
0-004 A for Cu-O bond lengths and 0-15° for O-Cu-O bond
angles.



ERICH DUBLER, PETER KORBER AND HANS R. OSWALD

1933

Table 7. Mean Ba-O distances as a function of coordination number in recently published crystal structures

Central Coordination Mean Ba-O

Compound Reference atom number distance (A)
Bai(VO.), Siisse & Buerger (1970) Ba(l) 6 2:760
BaTeO;. H,0O Nielson, Hazell & Rasmussen (1971) Ba 7 2-743
BaFe,04 Mitsuda, Mori & Okazaki (1971) Ba(l) 7 2:807
BaNaP;O, Martin & Mitschler (1972) Ba 8 2-801
Ba,[Cu(OH)] This work Ba 8 2:809
y-Ba[A10(OH);], Glasser & Giovanoli (1972) Ba 8 2-893
a-Ba[A10(OH),l, Ahmed & Glasser (1970a) Ba 9 2912
Ba;(VO,), Siisse & Buerger (1970) Ba(2) 10 2-865
Ba,[AlL(OH),0} Ahmed & Glasser (1970b) Ba 11 2911
BagTiy; 04 Tillmanns & Baur (1970) Ba(l) 11 2-937
Ba(2) 11 2:939
BaFe,0, Mitsuda, Mori & Okazaki (1971) Ba(2) 11 2:968
BagTi;7040 Tillmanns & Baur (1970) Ba(3) 12 2-925
BaC,0,.H,C,0,4.2H,0 Dusausoy, Protas, Mutin & Watelle (1970) Ba 12 2-948
BaTisOy; Tillmanns (1969) Ba 12 2:966

3320 cm~!. The sharp peak at 3520 cm~! indicates a
practically free OH group, while the peak at 3320 cm~!
shows the presence of an OH group which is influenced
by a weak hydrogen bond. There is one reasonable
hydrogen-bonding distance of 2:902 A in the structure
between O(1') and O(3'"Y). This distance is in reason-
able agreement with the hydrogen bonded O-O length
of about 2-85 A which may be deduced from the infra-
red peak at 3320 cm ! (Schwarzmann 1962). The coor-
dination of O(1) including the hydrogen bonding to
O(3) becomes approximately tetrahedral, O(1) being
surrounded by three barium atoms and one oxygen
atom.

No definite hydrogen bonds seem to exist between
O(1)-0(2) and O(2)-0O(3).
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Schnering, University of Miinster, B.R.D., for valuable
discussions. Financial support from the ‘Schweize-
rischer Nationalfonds zur Férderung der wissenschaft-
lichen Forschung’ under project Nr. 2.691.72 is grate-
fully acknowledged.
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