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Abstract 
Comparison of the isotypic solid-state structures 
of disodium zinc diphosphate (Na2ZnP2OT) and 
disodium zinc diphosphate doped with europium 
(Nal.94Euo.02ZnP207) shows the europium to share a 
sodium site and to exist at the intersection of two 
mirror planes in the layer-like structure. The emission 
characteristics of this rare-earth-containing material are 
reported. 

Comment 
In the interest of understanding the influence of crystal- 
lographic symmetry elements upon the emission of Eu m 
in an oxide environment, we have prepared Na2ZnP207, 
(I), and Na2ZnP207 doped with Eu m, (II) (refined for- 
mula: Nal.94Eu0.o2ZnP2OT). 

The doped crystal glows red under excitation with 
287 nm radiation, whereas the undoped crystal displays 
no emission. Both samples crystallize in the tetragonal 
space group P42/mnm and refinement shows the two 
forms to be isotypic. 

The structure of Na2ZnP20: may be compared with 
the structures of members of the family A2[BHP2OT. 
Gabelica-Robert (1981) has reported that compounds 
of this family, with A = Na and B = Zn or Co, 
are isotypic and are found in a tetragonal form (a = 
7.6 and c = 10.2 ,~). We have previously reported the 
structures of two different forms of Na2CoP207 (triclinic 
and orthorhombic space groups; Erragh et al., 1991), 
distinguished by their differing colors which reflect the 
presence of octahedral (rose) or tetrahedral (blue) cobalt 
coordination. The blue form is a layer structure with 
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bands of cobalt and diphosphate groups alternating with 
planes of Na + ions. 

Na2ZnP207, (I), is similar to the blue form of 
Na2CoPeOT, with zinc- and phosphate-containing layers 
alternating with planes of Na + ions (Fig. 1). 

Fig. I. Projection view of Na2ZnP207. Open spheres represent Na 
atoms, whereas spheres with diagonal lines represent Zn atoms. 
Eu III is localized in the Na2 site in structure (II). 

A comparison of the ionic radii of six-coordinate 
sodium and zinc (Na ÷ 1.02 and Zn 2÷ 0.74A) with that 
of six-coordinate europium (Eu 3+ 0.947,4,) (Shannon, 
1976) suggests that europium should replace sodium in 
the structure of Na2ZnP207. 

Refinement of the occupancy factors of sodium and 
zinc alone in the sites of the doped structure showed an 
occupancy of greater than 1 for Na2, but occupancies 
close to 1 for Na3 and Znl. Europium was introduced 
into the Na2 site with the restraint of 1 being applied to 
the charge at the site (final result: 0.97 Na, 0.01 Eu and 
0.02 vacancy). 

Valence-bond calculations (VALENCE; Brown, 1996) 
show 2.195 for Znl,  0.982 for Na3 and 1.160 for Na2 
in structure (I), and totals of 2.207 for Znl,  0.981 for 
Na3 and a weighted value of 1.017 for the Na2/Eu2 site 
of (II). 

The P2Ov group shows normal bond angles and 
distances. The bridging O13 atom is disordered about 

Acta Co'stallographica Section C 
ISSN0108-2701 ©1998 



1374 Na2ZnP207 AND Nal.94Euo.02ZnP207" 

the mirror plane passing through O 11 and the P atoms. 
In both structures, Na2 shows distances of  2.4-2.9 * 
to O13 in both disorder positions. The disorder of  the 
O13 position results in a slight disorder of  the O12 
position which manifests itself in a somewhat elongated 
displacement ellipsoid. 

Both structures show Znl  to be on a 2~ tetrahedral 
site, with Z n - - O  bond lengths of 1.926 (3) .A for (I) and 
1.924 (4),~ for (II). The Na3 sites (mm) show eightfold 
coordination to oxygen [average N a - - O  2.619 (4 )A in 
(I) and 2.618 (6) A in (II)]. The Na2 site (mm symmetry)  
is eightfold coordinated [average N a - - O  2.614 (5 )A  in 
(I) and 2.626 (8),~ in (II)]. 

The literature (Blasse & Grabmaier, 1994) reports 
that Eu m displays emission bands due to 5Do-TFj (j = 
0-6)  transitions with the greatest intensities for 5Do-VF~ 
(three bands, 590 nm) and 5Do-7F2 (five bands, 610 nm) 
in the visible region. The relative intensities of  these two 
sets of bands are affected by the crystallographic sym- 
metry at the site of the rare earth ion. If the rare earth 
ion occupies a crystallographic site with inversion sym- 
metry, the 5Do-7F~ emission dominates in intensity. For 
Na(Lu,Eu)O2, for example, Eu m occupies a site with in- 
version symmetry and the intensity centered at 590 nm 
dominates,  a desirable characteristic for luminescent ap- 
plications. If  Eu Iu occupies a crystallographic site of no 
symmetry, the 5D0-7F2 band dominates. Na(Gd,Eu)O2 
is an example of  this situation, displaying peaks in the 
610 nm region which dominate in intensity. 

Nal.94Eu0.02ZnP207, (II), in which Er m exists on an 
mm site, displays a greater emission intensity in the 
5Do-7F~ bands (Fig. 2), inconsistent with the pattern 
reported in the literature. Further work is underway to 
examine the effects of mirror planes and rotation axes 
upon the emission characteristics of rare earth ions in 
oxide environments.  
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Fig. 2. Emission spectrum of Na~.9aEuo.02ZrlP207. 

Experimental 

A stoichiometric mixture of NazCO3, ZnO and (NH4)2HPO4 
was ground together and heated to 423 K, followed by further 
grinding and progressive heating to 1023 K. The molten 
material was subjected to slow cooling (3 K h- i), whereupon 
transparent crystalline material was observed. The Eu-doped 
crystal was prepared in the same manner with the addition of 
Eu203 according to the equation: 

(l-3x/2)Na2CO~ + x/2Eu203 + ZnO + 2(NH4)2HPO4 -~ 
Na~2_3,~Eu,Zn2P207 (x = 0.05). 

Compound (I) 
Crystal data 

Na2ZnP207 Mo Kc~ radiation 
Mr = 285.29 A = 0.71073 ,~ 
Tetragonal Cell parameters from 49 
P42/mnm reflections 
a = 7.656 (1) ,~ 0 = 5.32-21.78 ° 
c = 10.233 (2) .~, /~ = 4.762 mm- 
V = 599.80 (16) .~3 T = 293 (2) K 
Z = 4 Chunk 
D, = 3.16 Mg m -3 0.2 x 0.2 x 0.2 mm 
D,, not measured Transparent 

Data collection 
Syntex P4 four-circle 

diffractometer 
0/20 scans 
Absorption correction: 

~, scan (XEMP', Sheldrick, 
19901 
Tmtn = 0.13, Tma× = 0.39 

1293 measured reflections 
503 independent reflections 

403 reflections with 
1 > 2or(/) 

Ri,t = 0.045 
0 . . . .  = 29.99 ° 
h = - 1 0  --~ 1 
k = - 1 0  ---* 1 
l = - I - - - ~  14 
3 standard reflections 

every 97 reflections 
intensity decay: none 

Refinement 
Refinement on F 2 
R[F 2 > 2or(F2)] = 0.039 
wR(F 2) = 0.102 
S = 1.113 
503 reflections 
45 parameters 
w= l/[o'2(F,~) + (0.0534P) 2 

+ 0.4146P] 
where P = (F,~ + 2F,?)/3 

(A/cr)ma~ = 0.041 

z21Pma× " 0.728 e ~-3  
z21pmin = -0.995 e ,~-3 
Extinction correction: 

SHELXL97 
Extinction coefficient: 

0.0000 (13) 
Scattering factors from 
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Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,42)for (I) 

Ueq = (l/3)~,~jUtJaiaia,.aj. 

X v 2, Ueq 
Zn l  0 I/2 1/4 0.0187 (35 
Na2 0.6977 (35 (5.6977 (3/ 1/2 0.0287 (71 
Na3 0.6404 (3) 0.6404 (3) 0 (I.0251 (7) 
PI 0 .13630(121 (I.1363(51125 (I.21145(111 0 .0169(35 
OI1 0.1348 (31 0.1348 (31 (I.3575 (31 (5.0235 (81 
O 12 0.0776 (51 0.3029 (41 (1.1485 13 ) (5.(1543 ( 12 ) 
O 1 3 ]  0 .5319(6 )  (5.5319(61 (5.658(5/61 0 .024 (2 )  

t Site occupancy = 0.50. 
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T a b l e  2 .  Selected bond distances (A) f o r  (I) 
Zn I - - O l T  1.926 (3) Na3--Ol  I x' 2.563 (3) 
Z n l - - O l  2 1.926 (3) Na3--O11 ~'' 2.563 (3) 
Znl - -O12"  1.926 (3) Na3---Ol I' 2.563 (3) 
Zn l - -O l2" '  1.926 (3) Na3--O11 '~ 2.563 (3) 
Na2--Ol  1" 2.328 (4) Na3--OI 2 x"' 2.675 (4) 
Na2--O1 I '  2.328 (4) Na3--OI  2' 2.675 (4) 
Na2--OI3  '~ 2.416 (7) Na3--O12 x'' 2.675 (4) 
Na2--Ol  3 2.416 (7) Na3--O12 ~' 2.675 (4) 
Na2--Ol  2 TM 2.720 (4) PI--O11 1.494 (3) 
Na2--O 12'"' 2.720 (4) P I ~ O I  2 1.498 (3) 
Na2--O12 'x 2.720 (4) PI - -O12 x'' 1.498 (3) 
N a 2 ~ 1 2  x 2.720 ( a , )  P l - - O l  3 x''' 1.611 (3) 
Na2---OI3" 2.965 (7) PI---OI3 ..... 1.611 (31 
Na2--O 13' 2.965 (7) 

S y m m e t r y  codes: (i) { - v, 4 +x ,  4 - z; (ii) - x ,  1 - v, z; (iii) v -  ~ ' - . . . ~,~  
x, 4 - z ; ( i v )  l - x , l - y , l - z ; ( v )  l - x , l - y , z ; ( v i ) x , y , l  - z ; ( v i i )  

- x ,  i + v ,  ~ - - ' ( v i i i )  ~ - x , ~ + v , ~ + z : ( i x )  4 + v ,  4 - x , { - z ;  ~ , .~ . _ . 
( x ) ~ + V ,  4 - - x , ~ + Z ; ( x i )  4 - - v , } + x , z - -  ' ' ( x i i )  J + v , '  --x,z--  t. . . s ,  ~ . .~ _~, 
(xiii) 1 -- y, 1 -- x,Z,; (xiv) 1 -- 3', I -- x, - - : ;  (xv) 1 -- x, 1 -- y, --Z; (xvi) 
V,X,Z;(xvii){--v,x-- ~ " - -  I . (xv i i i )  v _  4, ~ - - x , z - -  ' . . ~ ' ~  "~ . "~ 5 .  

C o m p o u n d  ( I I )  

Crystal data 

N a l . 9 4 E u o . 0 2 Z n P 2 0 7  M o  Ko~ r a d i a t i o n  

M r  = 2 8 6 . 7 2  A = 0 . 7 1 0 7 3  

T e t r a g o n a l  C e l l  p a r a m e t e r s  f r o m  64  

P 4 2 / m n m  r e f l e c t i o n s  

a = 7 . 6 6 4  (2)  k, 0 = 5 . 6 8 - 2 3 . 4 5  ° 

c = 10.241 (2)  ~, /1 = 4 . 9 2  m m -  
V =  6 0 1 . 5  (3)  ,~3 T =  2 9 3  (2)  K 

Z = 4 C h u n k  

D~ = 3 . 1 6 8  M g  m - 3  0 .2  x 0 .2  x 0 .2  m m  

Dm no t  m e a s u r e d  T r a n s p a r e n t  

Data collection 
S y n t e x  P 4  f o u r - c i r c l e  

d i f f r a c t o m e t e r  

0 / 2 0  s c a n s  
A b s o r p t i o n  c o r r e c t i o n :  

~b s c a n  (XEMP; S h e l d r i c k ,  

19901 

Train = 0 .15 ,  Tmax = 0 .37  
1222  m e a s u r e d  r e f l e c t i o n s  

4 8 2  i n d e p e n d e n t  r e f l e c t i o n s  

3 5 2  r e f l e c t i o n s  w i t h  

I > 20-(/)  

Ri,, = 0 . 0 9 7  

0 m a x  = 2 9 . 9 6  ° 
h = - 1 0 - - - ~  1 

k = - I - - - - ,  10 

1 = - 1 4 - - +  1 

3 s t a n d a r d  r e f l e c t i o n s  

e v e r y  97  r e f l e c t i o n s  

i n t e n s i t y  d e c a y :  n o n e  

T a b l e  3 .  Fractional atomic coordinates and equivalent 

isotropic displacement parameters  (A 2) f o r  (II) 

Ueq = ( 1 / 3 ) Z , ~ j U % ' a J a , . a ) .  

x ~,' z Ueq 
Zn I 0 112 114 0.0176 (4) 
Na2'[ 0.6979 (4) 0.6979 (4) I/2 0.0323 (16) 
Eu2{ 0.6979 (4) 0.6979 (4) I/2 0.0323 (16) 
Na3 0.6406 (4) 0.6406 (4) 0 0.0233 (I 0) 
PI 0.13641 (17) 0.13641 (17) (I.21157(17) 0.0154 (5) 
OI1 0.1351 (6) 0.1351 (6) (I.3564 (5) 0.0239 (12) 
O 12 0.0800 ( 101 0.3042 (6) 0.1489 (4) 0.0523 (18) 
OI 3§ 0.5310 (9) 0.5310 (91 0.6573 (101 0.020 (31 

t Site occupancy  = 0.948 (14). { Site occupancy  = 0.017 (5). § Site 
occupancy  = 0.50. 

T a b l e  4 .  Selected bond distances (,~) f o r  (I1) 
Z n l ~ ) 1 2 '  1.924 (4) N a 3 ~ ) l  1 ~' 2.575 (5) 
Z n I ~ O I  2 1.924 (4) Na3--OI I x'` 2.575 (5) 
Z n l ~ O I 2 "  1.924 (4) Na3~OI  I' 2.575 (5) 
Znl- -O12" '  1.924 (41 Na3~O11 ~ 2.575 (51 
Na2/Eu2--Ol I" 2.331 (7) Na3~Ol  2 ~''' 2.662(7) 
Na2/Eu2--Ol 1' 2.331 (71 Na3---OI2' 2.662 (7) 
Na2/Eu2--OI 3" 2.422 (101  Na3---OI 2 ~'' 2.662 (7) 
Na2/Eu2--O13 2.422 1101 Na3~O12 ~' 2.662 (7) 
Na2/Eu2--OI2 '"  2.743 (7) P I - - O I  1 1.484 (51 
Na2/Eu2---~, 12 .... 2.743 (7) P1--OI2  1.501 (4) 
Na2/Eu2--OI2 'x 2.743 (71 P I - - O I 2  ~'' 1.501 (4) 
Na2/Eu2--O12 x 2.743 (7; P l - - O I  3 x''' 1.615 (4) 
Na2/Eu2--OI 3" 2.958 (10) P I - - O I 3 '  .... 1.615 (4) 
Na2/Eu2--4) 13' 2.958 ( I 0~ 

S y m m e t r y  codes: (i) 4 - Y ,  4 +x,  4 - z :  ( i i ) - x ,  1 - y ,  z: ( i i i ) y -  ½, ½ - 
x, 4 - z; (iv) 1 - x ,  1 - y ,  1 - - ( v )  1 - x ,  1 - y , - "  ( v i ) x , y ,  1 -z:(vii) 

- x ,  ' + v , '  - z ; ( v i i i )  4 - x ,  4 + v .  ½ + z ; ( i x )  4 + v ,  4 - x ,  4 - z ;  "~ . ~ . , _ 

_ _  I .  (xI½+Y, 4 - x ,  4+z;(xi) 4 - y ,  ½+x,z-4",(xii)~+y, ½ - x , z  ~, 
(xiii) 1 - y, 1 - x ,z :  (xiv) 1 - 3", 1 - x, - z :  (-xv) I - x, 1 - y, - z ;  (xvi) 

- -  " ( x v i i i )  v -  B J - x , z -  ~. y , x , z ; ( x v i i )  4 - y , x -  ~ , ,  ~, . .~,_~ _ 

F o r  b o t h  c o m p o u n d s ,  a v a r i a b l e  s c a n  ra t e  w a s  u s e d ,  w i t h  a 

0 / 2 0  s c a n  m o d e  a n d  a s c a n  w i d t h  o f  0 .6  ° b e l o w  Kc~l a n d  0 .6  ° 

a b o v e  K e ~  to  a m a x i m u m  20  v a l u e  o f  6 0  ° .  R e f i n e m e n t  w a s  

c o m p l e t e d  u s i n g  f u l l - m a t r i x  l e a s t - s q u a r e s  m e t h o d s .  

F o r  b o t h  c o m p o u n d s ,  d a t a  c o l l e c t i o n :  XSCANS ( S i e m e n s ,  

19911;  ce l l  r e f i n e m e n t :  XSCANS; d a t a  r e d u c t i o n :  XSCANS; 
p r o g r a m ( s )  u s e d  to  s o l v e  s t r u c t u r e s :  SHELXS97 ( S h e l d r i c k ,  

19901;  p r o g r a m ( s )  u s e d  to  r e f i ne  s t r u c t u r e s :  SHELXL97 
( S h e l d r i c k ,  19971; m o l e c u l a r  g r a p h i c s :  XP ( S i e m e n s ,  19901;  

s o f t w a r e  u s e d  to  p r e p a r e  m a t e r i a l  f o r  p u b l i c a t i o n :  SHELXL97. 

E M H  a c k n o w l e d g e s  t h e  c o n t i n u e d  s u p p o r t  o f  t h e  N a -  

t i o n a l  S c i e n c e  F o u n d a t i o n  a n d  t h e  M o r o c c a n - A m e r i c a n  

C o m m i s s i o n .  

Refinement 

R e f i n e m e n t  on  F 2 
R[F 2 > 2or(F2)]  = 0 . 0 5 9  

wR(F 2) = 0 . 1 3 7  

S = 1 .229  
4 8 2  r e f l e c t i o n s  

4 7  p a r a m e t e r s  

w =  1/[o-2(F,~) + ( 0 . 0 5 3 4 P )  2 

+ 0 . 4 1 4 6 P ]  
w h e r e  P = ( F 3  + 2F,2) /3  

( A / o ' ) m ~ x  = 0 . 0 9 2  

Z~pmax = 0 . 3 0 4  e A -3 
Z~pmin = - - 0 . 5 9 5  e , ~ - 3  

E x t i n c t i o n  c o r r e c t i o n :  

SHELXL97 
E x t i n c t i o n  c o e f f i c i e n t :  

0 . 0 0 0  (4)  

S c a t t e r i n g  f a c t o r s  f r o m  

International Tables for 
Cr?,'stallography (Vol .  C)  

Supplementa ry  data for this paper  are avai lable from the IUCr  
electronic archives  (Reference:  BRI194) .  Services  for accessing these 
data are descr ibed at the back of  the journal .  
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Abstract 

Potassium pentasilver trisulfide, KAg,sS3, was synthe- 
sized in supercritical ethylenediamine using previously 
reported techniques [Wood et al. (1992). J. Am. Chem. 
Soc. 114, 9233-9235]. Dark-red crystals of KAgsS3 
crystallize in the hexagonal space group P62c. The com- 
pound has an open-channeled structure composed of Ag 
and S atoms, with K + cations sitting in the middle of 
these channels. 

Comment 

The anionic framework of KAgsS3 crystallizes as infi- 
nite columns composed of Ag and S atoms. The chan- 
nels created by the silver sulfide network contain the K* 
cations. The unit-cell view of this compound is shown 
in Fig. 1. Ag and S atoms form planar 12-membered 
rings which reside on mirror planes. The unit cell con- 
tains two unique 12-membered rings, with a distance 
between them of approximately 4A. As a result of 
this, the unit-cell c-axis length is approximately 8 A,. 
As shown in Fig. 2, the Ag 1 and Ag4 atoms are coordi- 
nated in a distorted trigonal-planar fashion by S atoms. 
The angles about these Ag atoms range from 142.8 (2) 
to 101.1 (2) °. The interconnected 12-membered Ag-S 
rings form layers which stack along the c axis. The 
layers are connected diagonally by Ag atoms between 
the sheets. These Ag2 and Ag3 atoms are linearly 
coordinated to S atoms in adjacent silver sulfide sheets. 
The linearoAg--S bond distances range from 2.397 (3) to 
2.403 (3) A. This is in agreement with the general trend 
of shorter bond distances with lower coordination num- 
ber. All close Ag. . .Ag contacts range from 2.948 (2) to 
3.001 (2) ,~,, but these are probably not indicative of for- 
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mal single bonds (Jansen, 1987). In this compound, all 
of the Ag atoms are formally + 1, and the S atoms have 
an oxidation state of -2 .  All the distances within the 
anionic framework are very close to those found in the 
Rb analog (Wood et al., 1994). However, as expected, 
the average K--S distance of 3.187 (8) A is shorter than 
the average Rb---S distance of 3.283 A,, due in large 
part to the decrease in the radius of the cation on going 
from Rb ÷ to K ÷. Each of the two unique K + cations 
sits along threefold rotation axes at the center of the 
channels created by the 12-membered Ag-S rings. Each 
K ÷ cation is six-coordinate to S atoms, with a slightly 
distorted octahedral geometry. We wish to note that dur- 
ing the investigation of KAg5S 3, it was determined that 
RbAgsS3 (Wood et al., 1994) can also be successfully 
refined in P62c, not P6 as reported. Thus, the K and Rb 
members are isostructural. Details of the heavier analog 
are available from the authors. 

Fig. 1. Unit-cell view of KAgsS3. Ag atoms are open circles, S atoms 
are cross-hatched circles, and K atoms arc lined circles. 

° 
Ao4 S2i~ Ag4 - ~  

Fig. 2. View of the silver sulfide rings. Ag atoms are full displacement 
cllipsoids, S atoms arc principal cllipsoids, and thc K ÷ cation is a 
boundary ellipsoid: all are at the 70% probability level. 

The space group P63/mmc (No. 194) was also con- 
sidered. Given the atomic positions reported here in 
P62c, space group No. 194 would result in Agl and 
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