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La,WO&I, is representative of a group of rare earth chlorotungstates, where Ln can also be Ce, Pr, 
Nd, Sm, Eu, and Gd. The structure was determined and refined to an R value of 3.5%. The space 
group is P6.&n with La in IO-coordination and W in an unusual trigonally prismatic &coordination. The 
local site symmetry for W is D,, . Powder diffraction data are reported for LasWOsCla. Diffuse reflec- 
tance, ir, Raman, and luminescence spectra are reported for pure LaaWO&, as well as for the 
activators Sm, Eu, Tb, Dy, and Tm incorporated into this host. 

Introduction 

In most ternary oxides, such as in 
CaW04 (I ), W is either tetrahedrally coor- 
dinated or octahedrally coordinated, as in 
the ordered perovskite BazMgWOG (2). 
Poeppelmeier et al. (3) recently described 
the structure of Ba,W,09, where W06 octa- 
hedra share faces thus creating indepen- 
dent W,0c6 groups. Corner-sharing of octa- 
hedra has been described for such 
oxyhalides as WOCl, by Hess and Hartung 
(4). Ternary halotungstates such as La 
W04C1 have been described by Karchenko 
et al. (5), and YWO&L was reported by 
Yocom and Smith (6), without giving any 
structural detail. The only structurally char- 
acterized ternary halotungstates are those 
of the type Ca3WOsC12 described by 
Zikmund (7), where we find W in unusual S- 

t Contribution No. 2960. 

* Dedicated to Professor A. F. Wells on his 70th 
birthday. 

coordinated symmetry with the oxygen 
atoms surrounding the tungsten in the form 
of a trigonal bipyramid, and Pr3W06C13, 
characterized by Polyanskaya (8), with 
tungsten in a trigonally prismatic arrange- 
ment. 

The present paper reports on the optical 
properties of such rare earth halotungstates 
and alSO on the StrUCtUR Of La3w06c13. 

Experimental 

A. Preparation 

Karchenko et al. (5) employed a compli- 
cated hydrothermal technique to prepare 
LaWO,Cl and Pr3WO&i3, and Yocom and 
Smith (6) used YC13 for the preparation of 
YWO,Cl. We found that the simple stoi- 
chiometric interaction of LnOCl with W03 
constitutes a reliable method for preparing 
a variety of halotungstates. For La,WO&l, 
the reaction is 

99 
3 Laocl + woS + La3w06c13 
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and can be best carried out in a sealed 
quartz tube to eliminate the potential vola- 
tilization of any W halides or oxyhalides. 
One needs to prepare the appropriate 
LnOCl precursor for this route. To obtain 
the oxyhalides, the rare earth oxides (gen- 
erally of 99.99% purity, from Research 
Chemical Corp.) are dissolved in a mini- 
mum quantity of hot HCl, and the solution 
is taken to dryness. At this state one has 
essentially pure LnC&. To convert to the 
desired oxyhalide, the chloride is first 
heated in air to 300°C for 8-10 hr, re- 
ground, and then slowly taken to 900°C for 
another 8-10 hr. It is important to raise the 
temperature slowly to avoid the formation 
of any eutectic melts. After the 900°C treat- 
ment, the pure oxyhalide is obtained as a 
powder. This powder is then blended with 
the stoichiometric amount of WOs (Fischer, 
analytical grade) and sealed under vacuum 
into a quartz tube (1 cm diam by 20 cm 
long). The tube is heated to 900°C for lo- 14 
hr. One generally obtains single-phase rare 
earth halotungstates after this treatment. 
Only on rare occasions was the reaction 
product reground and refired. Single crys- 
tals were grown from a LiCl flux by slow 
cooling at 5”/hr in a sealed evacuated Pt 
tube. 

B. X-Ray Studies 

1. Powder examination. The X-ray pow- 

der diffraction pattern for crystals of La, 
WO&la was obtained with a Guinier- 
Hagg-type focusing camera (radius = 40 
mm). The radiation was monochromatic 
CuKa, (A = 1.5404 A), and Si (a = 5.4305 
A) was used as an internal standard. Line 
positions on the film were determined to f 5 
pm with a David Mann film reader (a preci- 
sion screw, split-image comparator). Inten- 
sities were estimated by oscilloscopic com- 
parison of film density with the strongest 
line of the pattern. Refined cell dimensions 
were obtained by a least-squares procedure 

(local computer program). 
2. Single-crystal studies. La3WOsCls 

tends to grow into small flat plates with the 
hexagonal c axis along the long direction, 
The single crystal used in the data collec- 
tion was a thin plate of 0.15 x 0.066 x 0.033 
mm3, and its c axis was mounted perpendic- 
ular to the spindle of the goniometer head. 
Using 25 reflections, the hexagonal lattice 
parameters at room temperature were re- 
fined to a = 9.410(l) and c = 5.427(l) A. 
Intensity data were collected in the w-scan 
mode using a P3 Syntex diffractometer with 
MoKa radiation. The only nonextinction 
condition was 001:l = 2n, indicating 
P&(173) or P&/m(176) as possible space 
groups. The centric space group P63/m was 
confirmed by the structure refinement as 
well as by the absence of a second har- 
monic generation signal. Data were col- 
lected for the hemisphere of (-+A, +k, 1) in 
the range 213 I 55”. An empirical absorption 
correction was applied to the intensity with 
the q-scan data of three reflections with 28 
ranging from 5 to 35”. Because of a high 
concentration of heavy atoms, the absorp- 
tion effect was severe and highly 28 depen- 
dent. The transmission coefficient varied 
from 10 to 100% of the maximum with the 
highest absorption occurring at the smallest 
213 angle. After averaging in the space group 
P6Jm, there were a total of 359 indepen- 
dent reflections. 

C. Optical Studies 

The fluorescent emission spectra were 
run with a Perkin-Elmer MPF spectropho- 
tometer. Diffuse reflectance data were ob- 
tained with a Cary 17 spectrophotometer. 
The Raman spectrum was recorded on a 
J-Y laser Raman Microprobe. Spectral 
slitwidths were 3-4 cm-’ and the 5145-A 
line from an argon ion laser was used. De- 
tection was made with an RCA C3 1034 pho- 
totube operated in the photon counting 
mode. 
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Results and Discussion 

A. Structure 

The indexed powder pattern for Las 
WO,Cl, is reported in Table I. For this data 
set the refined cell dimensions are a = 
9.4048(5) and c = 5.4252(3) A, and the fig- 
ures of merit (9, 10) are MzO = 97 and F,, = 
77(0.010,27). 

The structure was solved by the direct 
method (Multan) for the heavy atoms and 
by difference Fourier map for the Cl and 0 

TABLE I 

POWDER DIFFRACTION DATA FOR LalWOsCIs 

- 
10.894 60 
18.870 2 
19.662 15 
21.818 15 
25.048 60 
27.369 70 
28.987 55 
32.988 85 

8.1141 
4.6988 
4.5112 
4.0701 
3.5520 
3.2558 
3.0777 
2.7130 

33.442 100 
36.983 5 
39.879 20 

2.6772 
2.4286 
2.2586 

43.340 5 
44.470 60 

2.0859 
2.0355 

47.651 10 
48.685 10 
51.365 25 

1.9068 
1.8687 
1.773 

51.691 

52.679 
54.300 

55.550 
56.449 

59.210 

60.066 

61.538 

45 

15 
15 

15 
10 

30 

5 

2 

100 
110 
101 
200 
1 1 1 
201 
210 
002 
300 I 
211 
301 
310 
202 I 
311 
212 
400 I 
401 
320 
410 
222 I 
321 
103 J 
312 
113 
41 I I 
203 
500 
402 I 
213 
501 I 
322 
420 I 
331 

1.7669 

1.7360 
1.6880 

1.6529 
1.6287 

1.5592 

1.5390 

1.5056 

8.1447 
4.7024 
4.5152 
4.0724 
3.5534 
3.2569 
3.0784 
2.7126 
2.7149 
2.6774 
2.4279 
2.2590 
2.2576 
2.0854 
2.0352 
2.0362 
1.9064 
1.8685 
I .7773 
1.7767 
1.7667 
1.7654 
1.7359 
I .6879 
1.6890 
1.6528 
1.6290 
I .6284 
1.5592 
1.5602 
1.5388 
1.5392 
1.5059 

Note. M2,, = 97, F,, = 77 (0.010, 27). 

atoms, and refined with the Enraf-Nonius 
SDP full-matrix least-square programs (II ). 
With 359 reflections and 25 variables, in- 
cluding anisotropic thermal parameters for 
all atoms and the extinction coefficient, the 
agreement factors were R = 0.028 and R, = 
0.036, where the weighting scheme was 
based on u(F*) + 0.02 Ez (12). The final 
difference Fourier map showed maximum 
residual peaks of less than 0.7 e/A3 occur- 
ring approximately 0.8 A from the W atom. 
The residual electron density at (0, 0, 0) and 
(0, 0, i) was less than 0.1 e/A3. The posi- 
tional and thermal parameters of the four 
independent atoms are listed in Table II, 
and the interatomic distances between 
metal and nonmetal atoms in Table III. 

The structure of La3WO&13, projected 
along the c axis, is shown in Fig. 1, and it is 
isostructural with Pr3WOsC13 as reported by 
Polyanskaya (8). It features a two-dimen- 
sional hexagonal close packing of columns 
of six Cl atoms in an octahedral arrange- 
ment sharing faces along the c axis and tri- 
gonal columns of 0 atoms along (4, 4, z) and 
(8, 6, z). The W atoms are located at the 
centers of the trigonal columns in alterna- 
tive positions and are not directly bonded to 
any Cl atoms. 

The W atoms are in a rather unusual W06 
trigonal prismatic coordination with DSh 
symmetry as shown in Fig. 2. All six W-O 
bonds are 1.940 aA. The La atoms are in 
IO-coordination with six 0 atoms on one 
side and four Cl atoms on the other side, as 
seen in Fig. 3; The unique trigonally pris- 
matic WOs configuration, not found in any 
other W-O compound, prompted us to do 
an extended Hiickel molecular orbital cal- 
culation (13) for W in this D3,, symmetry and 
compare it to the more common Oh arrange- 
ment of W06 in such compounds as Baz 
CaWOG. The energy difference was found 
to be 1.5 eV or 35 kcal in favor of the octa- 
hedral symmetry. This finding actually sug- 
gested that La,WO&I, might be metastable 
and indeed we found it to decompose in air 



102 BRIXNER, CHEN, AND FORIS 

TABLE II 

POSITIONAL AND THERMAL PARAMETERS AND THEIR ESTIMATED STANDARD DEVIATIONS 

Atom X Y z u,, uu u, VI* UlS us3 

W2cl 0.3333(O) 0.6667(O) 0.2500(O) 0.0017(2) 0 0.005q2) 0 0 0 
La 6h (m) 0.09062(5) 0.6864q5) 0.7500(O) 0.0042(2) 0.0044(2) 0.0075(2) 0.0021(l) 0 0 
Cl 6h (m) 0.2402(2) 0.0484(2) 0.75ml(O) O.Ollo(7) 0.0088(7) 0.0118(9) 0.0048(5) 0 0 
0 I2i (1) 0.3635(4) 0.8381(5) 0.0216(7) 0.006(1) 0.009(l) 0.010(2) 0.0042(9) O.wo(l) O.OOl(2) 

at 950°C according to LhWO&l, -% 
L&W06 + LaOCl + Cl,. The fact that W is 
rather restrained in the &, symmetry was 
further supported by the calculation of the 
Madelung energy contribution to the lattice 
energy (MAPLE) (14) shown in Table IV. 

If we look at La,WO&L, in the context 
of the LaOCYW03 phase diagram, we find 
that it constitutes a new compound on the 
LaOCl-rich side. Little, if any, solid solubil- 
ity was experienced on either side of the 
two halo compounds LaWO,CI and La, 
WOaC13. 

Although the structure clearly indicates 
that W is totally surrounded by oxygen 
atoms and effectively shielded from the 
halide ions, we considered the possibility 
that an observed excitation band could 
arise from a Cl 3 W charge transfer. This 
possibility was effectively eliminated by 
studying the LasWOsCls-rBr, system. 
Even significant substitution of Br for Cl 
did not move the excitation band toward 
lower energy as would be expected. In the 
course of this study we found that the pure 
bromide La,W06Br3 could not be prepared. 

TABLE III 
INTERATOMIC DISTANCES IN 

La3W0,CI, 

W-O 6 

La-O 2 
2 

2 

La-Cl 2 

1.940(2) A 

2.436(2) 

2.534(3) 
2.672(2) 

2.965(l) 
3.061(l) 

The observed parameters are summarized 
in Table V, and Fig. 4 gives a graphic repre- 
sentation of the La,WO,CI,-,Br, system. 

The cell dimensions for the other 
Ln3W06Cl~ compounds are summarized in 
Table VI. Figure 5 shows the cell volumes 
as a function of the lo-coordinated rare 
earth ions. Gd3+ is the smallest ion which 
will maintain this structure. So far we have 
been unable to prepare Tb3W06C13 and, in 
fact, this compound may not exist at all. 

W% also prepared the MO analog of 
La3WO&L3 and obtained the following pa- 
rameters: 

a = 9.4024(4) A, 
c = 5.1498(3) A, 
v = 414.935) 813, 
p = 5.722 g * cmS. 

AW Ot Z=1/4 0 0 at ZzO,1/2 
AW at Z=3/4 OCI at Z=1/4 
0La at Z=1/4 l CI at Z=3/4 
ml-0 at Z=3/4 

FIG. 1. LaSWOeCls structure projected along the c 
axis; depicting CL octahedra and trigonal prisms of 0 
atoms. 
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FIG. 2. W coordination sphere. 

The cell volume of LqMoO& is slightly 
smaller than that of La3WOsClS, suggesting 
that Mo6+ in this particular sixfold coordi- 
nation is smaller than W6+. 

B. Luminescence and Optical Spectra 

The combination of three La and one W 
atoms in La3W0& should make this com- 
pound particularly appealing from the ab- 
sorption point of view in its application as 
an X-ray intensifying screen phosphor. 
Both Kcz absorption edges fall well within 
the generally used energy region in radiog- 

FIG. 3. La coordination sphere. 

raphy of 30 to 80 keV. These two absorption 
edges, combined with a density of 6.416 
g * cmP3, yield substantially improved X- 
ray absorption over CaWO*, as can be seen 
in Fig. 6. Absorption, although extremely 
important, is, however, only one necessary 
parameter in making a useful X-ray phos- 
phor. At room temperature La3WO&13 flu- 
oresces blue under both uv and X-ray exci- 
tation, but the fluorescence is quite weak. 
At liquid nitrogen temperature this fluores- 
cence is brilliant blue/white, suggesting that 
severe luminescence quenching occurs as 
the phosphor is heated. This is consistent 

TABLE IV 

MAPLE FOR La3WO&13 COMPARED WITH LaOCl AND WOa 

kcaYmole for: 

Ions 
Binaries 
wo, + 3 

LaOCl 

Ternary 
La3WO,CI, 

A LA 

W6+ 
Las+ 
Cl- 
02- 

O’- 

4,304.5 
3 x 953.5 
3 x 94.4 
3 x 642.5 

WO3) 
3 x 462.2 
(LaOCI) 

4,033.9 -271.4 -271.4 
3 x 957.9 +4.4 +13.2 
3 x 69.3 -25.1 -75.3 
3 x 588.0 -54.5 - 163.5 

3 x 588.0 +125.8 +377.4 

10,762.3 10,642.7 -119.6 = 
1.1% 
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TABLE V 

LATTICE CONSTANTS OF THE La3WOaC13-,Br, 
SYSTEM 

Composition 

LasWO.sC~3 0 9.405(2) 5.424(l) 415.6 1.81 
LaaWO,CIzBr 1.0 9.483 5.468 425.9 1.86 
L&WO&lBr, 2.0 9.543 5.507 434.3 1.91 
LaaWO&lo.aBrp,s 2.5 9.811 5.384 448.9 1.935 
LasWOeBrs 3.0 Does not form; mixture 1.96 

of LaWO,Br + LaOBr 

with the relatively small Stokes shift of 
8.758 cm-l, which is less than one-half that 
of CaWO,. The excitation, emission, and 
diffuse reflectance spectra are shown in 
Fig. 7. Essentially the same spectral con- 
tent is observed for the emission when the 
phosphor is excited with 30 kV MO radia- 
tion. The charge transfer band peaking at 
315 nm is practically coincident with the 
absorption edge as determined via diffuse 
reflectance. 

Raman and infrared spectra were re- 
corded on La,WO&l,. The infrared bands 
occurred at 624, 526, 422, 355, and 233 
cm-l. Bands were observed in the Raman 
at 777, 558, 550, 484, 364, 225, and 204 
cm-‘. For a WOs unit in Dsh symmetry, 
there should be seven Raman active modes 
(2A; + 2E” + 3E’), and in the infrared, five 
modes (2Ag,+ 3E’). Subject to a somewhat 

6.0 6.5 7.0 

,ONlC RADII, I’* P 

FIG. 4. Cell volumes vs. avg rs of halogens for the 
LasW06Cls-1Brz system. 

FIG. 5. Cell volumes vs. 9 for the LnsWO&l,-type 
compounds. 

arbitrary decision on the frequency of lat- 
tice modes, the observed spectra are con- 
sistent with the proposed structure and are 
considerably different from the spectra of 
tetrahedral WO, groups in CaW04 and oc- 
tahedral WOs groups in Ba,MgWO,. The 
Raman spectrum of pure La,WO&l, is 
shown in Fig. 8. 

Since pure La3WO&ls exhibited only 
weak luminescence at room temperature, 
we used this compound as a host for other 
rare earth activators, such as Sm3+, Eu3+, 
and Tb3+. The spectrum of La2.9, 
Sm,,WO&l, is shown in Fig. 9. The 
strongest emission at 567 nm can be as- 
signed to the 4G,12 --, 6H9,2 transition, while 
the 600-nm line is due to the Gs12 + ‘%,,2 
transition, and the weak 64%nm peak arises 
from the 4G5,2 + 6HB,2 transition. Eu3+ in- 
corporated into La3WOsC13 yields the char- 

TABLE VI 

CELL DIMENSIONS OF THE HEXAGONAL LnsWOsCls 

COMPOUNDS 

Composition 

X-Ray 
density 

(g. cm-9 

LasWO&lJ 9.4048(5) 5.4241(3) 415.56 6.416 
CerWO&l, 9.3541 5.3950 408.81 6.55, 
Pr*WO&ls 9.2968 5.3641 401.51 6.690 
Ndz,WO& 9.2566 5.3434 3%.51 6.859 
SmlWO&& 9.1802 5.3003 386.84 7.18, 
Eu~WOsCls 9.1497 5.2818 382.94 7.30, 
GdsWO$& 9.1272 5.2681 380.07 7.49, 
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30. 40. 50. 60. 70. 80. 
ENERGY, KEV FIG. 9. Excitation and emission spectra of 

FIG. 6. X-Ray absorption of 200-pm La3WOsCL3 Lh&-h.eW06Ch. 

F z 320nm 6OOnm 

ni 
% 
s 
k- 

: I- 
z 

/I,,,L: 

250 300 350 400 450 500 550 Go0 650 
WAVELENGTH. A. nm 

and CaWO,. 

1 for the 9, + ‘F,,, 
acteristic red emission. Because of the low 
local site symmetry (m) of the host ion La, 3 for the jDO + ‘F,, 

essentially every electric and magnetic di- and 
pole transition is allowed by Eu3+. In the 
region of the spectrum shown in Fig. 10 for 5 for the VI,, + 7F, 

La2.9,Eu0.03W06C13, these would be: transition. Since not all of these transitions 
are observed, they are either degenerate or 
too weak to show up at room temperature. 

r ’ I , , Figure 11 represents the excitation and 

WAVELENGTH, k. nm 

FIG. 7. 300°K excitation, diffuse reflectance, and p 
emission spectra of La3WO&13. 3 

VJ t 
: 

3 

f 
g _ 

i 
‘- 
i 
‘i! 
z 

4’ 

t 

I 1 I 4 
300 350 400 430 500 530 600 800 700 600 500 400 300 200 lco 

~12!un 

I 

FREOUENCY Y , cm-’ WAVE LENGTH A.nm 

FIG. 8. Raman spectrum of La3WO&13. The fre- FIG. 10. Excitation and emission spectra of 
quencies are indicated on the spectrum in cm-‘. La2,,Eu~.mW0.4&. 
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I 
250 300 350 400 450 500 550 Go0 

WAVELENGTH. A. nm 

FIG. il. Excitation and emission spectra of 
LadIb.0~ WOBCls . 

5m 410 44G 455 05G5m 
wAvELENGm, & nm 

1 

FIG. 13. 3&kV (MO) X-ray-excited emission spec- 
trum of La2.&IhwrWOaC13. 

emission characteristics of Laz.so 
Tb0.01W06C13. There is a slight shift of the 
charge transfer band used for excitation to 
330 nm, and essentially all of the emission 
arises from the 5D4 + ‘Fj manifold. Spectra 
were also run for La,.90Tb,01W06C1Br, and 
La2.90Tb0.01WOBC12Br without observing 
any shift in the location of the excitation 
peak. This shows that, as previously sug- 
gested, the charge transfer process is from 
0 to W and does not involve the halogen. 
We also obtained X-ray excited spectra us- 
ing MO radiation. The two examples illus- 
trated in Figs. 12 and 13 demonstrate the 
highly concentration-dependent shift of the 

+ /I:,, 
410 440 470 MO 5% 550 

WAVELENGTH. X. nm 

FIG. 12. 30-kV (MO) X-ray-excited emission spec- 
trum of L+.,TbO.~WO&lS. 

5D, + ‘Fj to the ‘Da + ‘Fj emission as the 
concentration decreases. The most efficient 
phosphor in the Las-,Tb,WO&, system 
was that with x = 0.1, and it had an X-ray- 
excited efficiency of 1.2 relative to Hi-Plus 
CaWO, of 1 .O. This is far slower than .more 
efficient green-emitting phosphors such as 
GdzOz: Tb. Finally, we also introduced 
Tm3+ into the La3W06C13 host and ob- 
served the spectrum shown in Fig. 14. The 
strongest line at 483 nm is most likely due to 
the ‘Dz + 3H, transition of Tm3+. All Tm3+- 
doped phosphors were less efficient than 
their TV+ counterparts under both uv and 
X rays. 

d 

320 nm 483nm 

n,lc 

300 350 400 450 500 550 
WAVELENGTH, A. nm 

FIG. 14. Excitation and emission spectra of 
La,.,Tmo.osWOaCls. 
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