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The structure of CsLuWzOs was determined from single-crystal X-ray diffraction data with a = 
9.322(3), b = 5.132(6), c = 7.277(4) A, and /3 = 95.66(4)“, in the space group P2/c. It is composed of 
double chains of distorted W06 octahedra that share an edge across the chain and share opposite 
comers along the chain in the c direction. The tungsten-oxygen chains are interconnected via the 
lutetium and cesium atoms which are in eight- and twelve-coordination with oxygen. A comparison 
with the related structure of KYW208 is made. The compounds CsLnWzOB (Ln = Y, Gd) have a similar 
structure. The three tungstates (Ln = Y, Gd, Lu) exhibit an intense luminescence at room tempera- 
ture, whereas KYW208 does not luminesce at all. The luminescence of the compounds with Ln = Eu, 
Tb are also reported. 0 1987 Academic Press, Inc. 

Introduction CsPrW20s to CsTbWzOs to have mono- 
clinic symmetry (the space group was de- 

Various structural modifications of the termined to be P2,/m on the basis of pow- 
CsLnWzOg compounds (Ln = La to Lu) der X-ray diffraction data). They found the 
have been reported by Trunov and Ryba- Er to Lu compounds also to have mono- 
kov (2). These authors found that revers- clinic symmetry, and assigned P2/c or PC 
ible structural transformations occur be- as the space group. Because of the many 
tween 350” and 410°C in all but the La structural phase transitions in these com- 
composition. The Er to Lu compounds pounds, they could only obtain single crys- 
show an additional transformation between tals for CsYbWzOs. The crystal structure 
800” and 1000°C. In the low-temperature was not determined, however. Also there 
modifications, they report CsLaW20s to are no luminescent properties reported on 
crystallize with tetragonal symmetry and these compositions. 

We have prepared several of these ce- 
* Contribution No. 4244. sium rare-earth tungstates (viz., La, Sm, 
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Eu, Gd, Tb, Lu) and report here on the 
crystal structure of CsLuWZOs and the Ra- 
man spectra and the luminescence of these 
compounds. 

Experimental 

Samples were prepared by heating a mix- 
ture of milled Cs2C03 (Johnson Matthey, 
99.9%), Ln203 (Res. Chem., 99.9%), and 
W03 (Fisher, purified) in recrystallized alu- 
mina crucibles to 900-1050°C. After firing, 
samples were reground and reheated to en- 
sure homogeneity. Except for CsSmWzOs , 
which is pale yellow, the products are 
white, homogeneous powders. 

We also found CsCl to be an effective 
flux for the preparation of single crystals of 
CsLuWZ08. For these experiments a pow- 
der sample of a-CsLuW208 was mixed with 
50 wt% of CsCl and sealed in a platinum 
tube. The tube was held at 1100°C (which is 
below the reported (1) melting point of y- 
CsLuWZ08) for 30 min and then slowly 
cooled at 6”C/hr to room temperature. The 
flux was removed by water washing. Crys- 
tals up to several millimeters in length had a 
needle- or lath-shaped habit. 

The optical measurements were per- 
formed as described before (2). 

Information on the single-crystal X-ray 
data collection and structural refinement is 
given in Table I.’ The data were treated for 
Lorentz and polarization effects, and then 
averaged in 2/m symmetry. Heavy atom po- 
sitions were found by using MULTAN (3), 
and oxygen atom positions were located 
from difference Fourier maps. A correction 
for absorption was applied using DIFABS 
(4) after a full isotropic refinement was 
made. Only the W, Lu, and Cs atoms were 
refined anisotropically. It was clear from 

’ All crystallographic calculations were performed 
on a Digital Equipment Corp. VAX 1 l/780 computer 
using a system of programs developed by J. C. Cala- 
brese. 

TABLE I 

SUMMARY OFCRYSTAL DATA,~OLLECTION DATA, 
ANDREFINEMENTOFTHESTRUCTURE CsLuWrOs 

Dimensions (mm) 
Diffractometer 
Radiation 
Monochromator 
Crystal system 
Cell constants 

Calc. density (g cmm3) 
Scan mode 
20 range 
Octants 
CL (cm-‘) 
Absorption correction 
Total reflections 
Independent reflections 
Space group 
Data/parameters 
R 
RW 

0.033 x 0.067 x 0.233 
CAD4 
MoKol 
Graphite 
Monoclinic 
a = 9.322(3) A 
b = 5.132(6) A 
c = 7.277(4) A 
p = 95.66(4) 
7.09 

L” 
HKL, HKL 
531.0 
DIFABS” 
972 
431 (I > 3u) 
P2ic 
11.6 
0.089 
0.086 

a Ref. (4). 

the start of the X-ray work that the crystal- 
line quality of CSLUW~OS had suffered as a 
result of the low-temperature structural 
phase transition which occurs at -500°C 
(I). This is reflected in the agreement fac- 
tors, in the overall standard deviations, and 
in the residuals peaks present in a final dif- 
ference Fourier map with values up to 3.6 
e/A3. Refinement of the structure in the 
acentric space group PC made no improve- 
ment in the R-factors. The occupation num- 
bers for Lu and Cs were also checked by 
including them in a final refinement. They 
confirmed the full occupancy of the respec- 
tive sites. 

Atomic positional and thermal parame- 
ters for CSLUW~OS are given in Table II and 
important interatomic distances are listed 
in Table III. Structural figures were drawn 
with the assistance of the ORTEP program 
(5). 
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TABLE II 

POSITIONAL~ AND THERMALS.’ PARAMETERS FOR THE ATOMS OF CsLuWzOs 

Atom x Y Z Bll B22 B33 B12 Bt3 B23 

W 0.1869(2) 0.5205(4) 0.9922(3) 0.57(8) 0.65(8) 0.63(8) 0.04(7) 0.08(6) -0.04(5) 
Lu 0.00 0.0282(5) 0.75 0.66(11) 0.55(10) 1.08(12) 0.00 0.13(9) 0.00 
cs 0.50 0.9081(9) 0.25 I .4(2) 1 S(2) 1.8(2) 0.00 0.3(2) 0.00 
01 0.2198(38) 0.8340(55) 0.8939(44) 0.3(4) 
02 0.1652(54) 0.6349(76) 0.2325(58) 2.0(7) 
03 0.3572(50) 0.3972(71) 0.0580(54) 1.4(7) 
04 0.9541(44) 0.7329(62) 0.9687(50) 1.0(6) 

n Space group P2ic (No. 13). 
b exp[-0.25(B,,h2a*’ . + 2(B,&a*b* .))I. 
c Oxygen atoms are isotropic. 

Results and Discussion 

a. Crystallographic Data 

X-ray powder diffraction data were taken 
with a Philips APD 3600 unit. The data for 
CsLaWzOs agree with those in Ref. (1). For 
CsLnW208 (Ln = Sm, Eu, Gd, Tb) the pat- 
terns agree well with the data published (1) 
for CsPrW208, suggesting a monoclinic cell 
and P2,/m space group. A comparison of 
the lattice parameters of CsPrWzOs and 
CsLuWZOs suggests a close structural rela- 
tionship, viz., a = 9.160, b = 7.505, c = 
5.357 A, p = 91.9” for CsPrWzOs and a = 
9.322, b = 5.132, c = 7.277.&p = 95.7”for 
CsLuWZ08. Our X-ray data for the Lu 
compound are close to the pattern given by 
Trunov and Rybakov (1) for y-CsYbWzOs . 

TABLE III 

INTERATOMIC DISTANCES&FOR CsLuWzOs 

w-01 1.80(3) cs-01 3.20(3) (x2) 
w-02 1.87(4) Cs-Ola 3.51(3) (X2) 
W-02a 2.04(4) cs-02 3.41(3) (X2) 
w-03 1.73(5) cs-03 3.11(4) (X2) 
w-04 1.89(4) Cs-03a 3.14(4) (X2) 
W-04a 2.42(4) Cs-03b 3.20(4) (X2) 
Lu-01 2.42(4) (X2) W-Wa 3.504(4) 
Lu-02 2.33(4) (x2) W-Wb 3.645(2) 
Lu-04 2.27(3) (x2) 
Lu-04a 2.39(4) (x2) 

b. Structural Description of CsLuW20~ 

The structure of CsLuWZOs contains 
double chains of distorted Won octahedra 
that share edges across the chain and share 
opposite corners along the chain in the c 
direction. A section of the unit cell viewed 
along the c axis is shown in Fig. 1. Lute- 
tium and cesium atoms form chains that are 
oriented parallel with the tungsten-oxygen 
double chains. Lutetium atoms form a con- 
nection between the double chains in the b 
direction, whereas the cesium atoms inter- 
connect the double chains along the a axis 
direction. 

Figure 2 shows a section of one tung- 
sten-oxygen double chain. Within a W06 
unit, the average W-O bond length is 1.96 

FIG. 1. A portion of the unit cell of CsLuWzOs 
viewed along the c axis. The edge-shared pairs of dis- 
torted W06 octahedra, which are segments of the dou- 
ble chains running along the c axis, are shown. Metal 
atoms are shaded. 
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FIG. 2. A section of one tungsten-oxygen double 
chain in CsLuWzOs showing the shared octahedral 
edges across the chain and the shared corners along 
the chain. 

A, which agrees quite well with the sum of 
ionic radii (6), 1.98 A. Five of the six W-O 
bond lengths range from 1.73 to 2.04 A but 
one bond, W-04a, is very long with a value 
of 2.42 A. If this weak bond were to be 
ignored, the tungsten atom would be sur- 
rounded by five oxygen atoms in a square 
pyramidal configuration. As expected, the 
shortest tungsten-oxygen bond length, W- 
03, is trans to the long W-O bond. Related 
double chains composed of W06 octahedra 
are found in the compound KYW20s (7). 
However, the short and long tungsten-oxy- 
gen bond lengths occur along the chains 
via the corner-shared oxygen atoms in 
KYW20s, while the long W-O bond in the 
present compound involves the two edge- 
shared oxygen atoms. This means that the 
bonding along the double chains is stronger 
for CsLuWZOs , and that the bonding across 
the chains (i.e., between edge-sharing pairs 
of W06 octahedra) is stronger for KYW208. 

Along the double chain in CsLuW20s, 
the pairs of edge-shared octahedra are al- 
ternately tipped to form a zigzag pattern in 
the bc plane. This gives rise to a bent bond 
angle for W-02-W of 137(2)“. The analo- 
gous W-O-W bond angle in the related 
compound KYW208 (7) is almost linear at 

FIG. 3. The square-antiprismatic coordination 
around the lutetium atom in CsLuWz08. 

172”. Similar double chains of NbOh octahe- 
dra in cu-PrNb309 exhibit an average Nb- 
0-Nb angle of 145” along the chains (8). 

Lutetium atoms are bonded to eight oxy- 
gen atoms in a distorted square-antipris- 
matic arrangement (Fig. 3). The average 
Lu-0 bond distance is 2.35 A and com- 
pares very well with the value of 2.36 A 
obtained from the sum of ionic radii (6). 
Cesium atoms are twelve-coordinated (Fig. 
4), with six of the 0 atoms roughly located 
in a plane and three 0 atoms above and 
three 0 atoms below the plane. This atomic 

FIG. 4. The twelvefold coordination around the ce- 
sium atom in CsLuWzOs. 
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configuration is very similar to that found in 
perovskite, AB03, for the large A cation 
environment. However, the AO12 site is dis- 
torted in the present compound. The Cs-0 
bond lengths range from 3,ll to 3.5 1 A with 
an average value of 3.26 A to be compared 
with the sum of ionic radii, 3.19 A. In 
KYW208, yttrium and potassium are also 
eight- and twelve-coordinated, respec- 
tively, with approximately the same coordi- 
nation symmetry as Lu and Cs in 
CsLuW20*. 

The major difference between CsLuWZ08 
and KYW208, in addition to the differences 
between the tungsten-oxygen double 
chains discussed above, is the manner in 
which the polyhedral “building blocks” are 
assembled. Both may be viewed as consist- 
ing of alternating “layers” oriented in the 
UC plane with one layer composed of tung- 
sten-oxygen double chains and its adjacent 
layer composed of cesium-lutetium or po- 
tassium-yttrium polyhedra. However, 
every other W-O layer in KYW20s is 
shifted by a/2 resulting in a doubling of the 
b axis for this compound (7). Also, within 
the polyhedral layers of KYW20s, potas- 
sium and yttrium atoms alternate along 
chains oriented parallel with the tungsten- 
oxygen double chains. In CsLuWZOs, the 
parallel polyhedral chains contain only ce- 
sium or only lutetium. All of the oxygen 
atoms are four-coordinated in both com- 
pounds. 

c. Raman Spectra 

The Raman spectra of CsLnW20s are 
characterized by one strong and sharp line 
at -950 cm-’ and a line of medium intensity 
at -820 cm-l. These values are to be com- 
pared with, for example, 935 and -800 
cm-’ for KLa(WO& (9). However, for this 
disordered scheelite several other peaks are 
observed in the spectral regions involved 
due to the disorder between K+ and La3+ 
(9). Our results show, therefore, that the 
crystal structure of the compounds 

CsLnWzOg does not contain a disordered 
sublattice. This confirms the results of the 
structure determination of CsLuWZ08 pre- 
sented above. 

Whereas the Raman spectra are very 
simple in the tungstate stretching frequency 
region, the region below 600 cm-’ is very 
complicated and characteristic of the struc- 
ture type. Here we find the tungstate defor- 
mation vibrations and the lattice vibrations. 

It is interesting to note that the lines ob- 
served in the tungstate stretching frequency 
region seem to indicate tetrahedral coordi- 
nation for tungsten in contrast with the 
results of the structure determination. We 
return to this point below. 

d. Luminescence 

The compounds CsGdWZOg, CsYW208, 
and CSLUWZOS show an efficient green lu- 
minescence at room temperature. 
CsLaWzOs does not emit at this tempera- 
ture. CSEUW~O~ shows an efficient red 
emission, CsTbWzOs a green emission of 
medium intensity, and CsSmWZOs no emis- 
sion (300 K, ultraviolet excitation). It has 
been observed that the corresponding tung- 
states MLnWzOg with M = Li, Na, K do 
not emit under these circumstances (11), 
which makes the Cs family exceptional. 

First we consider the green luminescence 
of CsLuWzO* . Figure 5 presents some 
spectral data. The spectra show broad 
emission and excitation bands with maxima 
at 490 and 290 nm (7 K) and 480 and 290 nm 
(300 K), respectively. Between 7 and 300 K 
practically no temperature quenching was 
observed. These spectra are indicative of 
the tetrahedral tungstate group (12), espe- 
cially the value of the Stokes shift. The 
transitions involved are of the charge-trans- 
fer type. 

A weak blue emission consisting of sev- 
eral lines could be excited by long-wave- 
length ultraviolet excitation. This emission 
can be assigned to jD3 and 5D2 emission of 
Eu3+, which is probably present as an impu- 
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FIG. 5. The emission and excitation spectra of the 
luminescence of CsLuWzOs at 7 K. Left: emission 
spectrum; @ denotes the spectral power per constant 
wavelength interval in arbitrary units. Right: excita- 
tion spectrum; qr denotes the relative quantum output 
in arbitrary units. 

rity in low concentration. No sD1 or 5D~ 
emission is observed for this excitation. 
Nonradiative transitions between the 5D~ 
levels of Eu3+ have therefore only a low 
probability. This excludes coupling to the 
tungstate stretching vibrations. 

The luminescence properties of 
CsGdWzOs and CsYW208 are very similar 
to those of CSLUWZO~ . There is no temper- 
ature quenching up to 300 K. The maximum 
of the emission band is at 500 (7 K) and 490 
nm (300 K). The corresponding excitation 
bands peak at 3 15 and 3 10 nm, respectively. 
On the other hand, the luminescence of 
CsLaWz08 is quenched at room tempera- 
ture . 

It is interesting to note that the spectral 
data point to tetrahedral coordination for 
tungsten, whereas the structure determina- 
tion shows clearly that this is not the case. 
This may serve as a warning if one uses 
spectral data to derive the tungsten coordi- 
nation in tungstates. 

However, this observation is not unique 
and has some precedence. In HgW04, for 
example, vibrational as well as electronic 
spectra point to tetrahedral coordination 
(20, I.?), whereas the structure determina- 
tion shows it to be octahedral (14). Since 
this octahedral cooordination consists of 
four oxygen neighbors at shorter and two at 

longer distances, it was assumed (10, 13) 
that the spectral observations were deter- 
mined by the nearest oxygen neighbors 
only. The situation in CsLuWzOs seems to 
be similar. It is clear that the only way out 
of such a rough approximation is a calcula- 
tion of the energy level structure of the 
tungstate double chain in CsLuWzOs . This 
formidable task lies clearly outside the 
present investigation. 

It is striking that KYW20s does not lumi- 
nesce whereas the cesium compounds do. 
The structural differences in the double 
chains of tungstate octahedra are not large. 
However, in KYW20s it also is possible to 
distinguish four 02- ions which are clearly 
at shorter distances than the remaining two. 
A possible reason for the absence of lumi- 
nescence in KYW208 is delocalization of 
electronic charge in the tungstate double 
chain. In this way we explained the differ- 
ence in luminescence of the a! and p modifi- 
cation of LaNb309 (2). The larger W-O-W 
angle in KYW208 mentioned above might 
be an indication in this direction. 

Let us now turn to CsEuWzOs. In spite 
of the high Eu3+ concentration the Eu3+ 
emission is very efficient and the role of 
concentration quenching is only small. Un- 
der whatever excitation wavelength, the 
emission consists of Eu3+ emission only. 
The excitation spectrum of the Eu3+ emis- 
sion consists of the characteristic Ed+ lines 
and a band corresponding with the tung- 
state absorption band. These observations 
are made at all temperatures. Therefore, we 
have to conclude that excitation in the tung- 
state group is followed by efficient energy 
transfer to the Eu3+ ions. Since every tung- 
state group will have a number of nearest 
Eu3+ neighbors, this efficient transfer is to 
be expected and should be temperature in- 
dependent (25). 

The Eu3+ emission contains only the sDo 
4 7FJ transitions, whatever the excitation. 
The higher-level emissions are obviously 
quenched by cross-relaxation. The spec- 
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trum is given in Fig. 6. The sD0-7F0 transi- 
tion is extremely weak, the 5Do-7F1 transi- 
tion contains two lines, and the 5D0-7F2 
contains three lines. This suggests one 
crystallographic site for Eu3+. It is, once 
again, clear that the crystal structure is 
completely ordered. The site symmetry 
which accounts most satisfactorily for this 
emission spectrum is &. It yields: O-O 
zero, O-l two, and O-2 three lines. Since 
the O-O intensity is not completely zero, S4 
can only be an approximate site symmetry. 
It is interesting to note that these results 
agree with the structure of CsLuWZOB, 
which is further evidence that these struc- 
tures are related. 

Concentration quenching of the Eu3+ 
emission occurs by energy migration within 
the Eu3+ sublattice to quenching sites (16). 
Our results indicate that the migration 
probability is relatively low for the case of 
CsEuWzOs. For low temperatures, this is 
obvious in view of the forbidden character 
of the 5D0-7F0 emission and absorption 
transitions (16). At higher temperatures 
thermal activation of the ‘F, level may lead 
to migration. However, if the compound is 
pure, this does not necessarily lead to 
quenching, as has been observed for 
EuA13B40i2 (17). In EuA13B40n the short- 
est Eu-Eu distances are about 6.0 A. Using 
the crystallographic data of CsLuWZOs , the 
shortest Eu-Eu distance in CsEuWzOg is 
even longer, viz., 6.2 A. Although this 
value may be incorrect, it illustrates that it 
is unlikely that the Eu3+ ions in CsEuW20s 
are on a sublattice with short internuclear 
distances. 

The emission spectrum of CsTbWZOs 
shows the well-known sD4-7FJ transitions 
of the Tb3+ ion. The emission is of medium 
intensity and is temperature and excitation- 
wavelength independent. For tungstate ex- 
citation the Tb3+ output is one order of 
magnitude lower than the Eu3+ output. 
However, no tungstate emission could be 
observed, not even at 4.2 K. The lower in- 

660 640 600nm 

FIG. 6. The emission spectrum of CsEuWzOs at 7 K. 
Excitation wavelength 310 nm. The figures denote the 
value of J in the transitions 5D0-7F,. 

tensity is ascribed to the occurrence of 
quenching by electron transfer (18, 19). 
The absence of luminescence in the case of 
the Sm3+ compound is ascribed to cross- 
relaxation between Sm3+ ions (20). 

Finally, we note that under X-ray excita- 
tion the luminescence efficiency is con- 
erably lower than under ultraviolet ex- 
citation. The most efficient emission 
under X-ray excitation was observed for 
CsGdW208, for which the luminescence ef- 
ficiency is only one-fourth that of CaW04. 
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