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Ca--OW 2.441 (9) I--H ~' 3.10(4) 
Ca---O'"' 2.454 (3) I--H ~'' 3.10 (4) 
Ca-43' 2.454 (3) I--H 3.10 (4) 
Ca--O 'x 2.454 (3) I--H x'" 3.10 (4) 
O~H 0.92 (2) 

Symmetry codes: (i) -x ,  - y ,  -z ;  (ii) - x + y ,  - x ,  z; (iii) - y ,  x - y ,  z; (iv) 
x -  y ,x ,  - z ;  (v) y, - x  + y, - z ;  (vi) 1 - y , x -  y, z; (vii) 1 - x + y, 1 - x, z; 
(viii) l + x - y , x , - z ; ( i x ) l - x , l - y , - z ; ( x ) ~ - x , ~ - y , . ~ - z ; ( x i )  
~ + x - y ,  ~+x, ~ - z ; ( x i i ) y -  ~, ~ - x + y ,  ~ -z;(xi i i )  I - y ,  l + x - y , z ;  
(xiv) - x  + y, 1 - x, z. 

Table 3. Hydrogen-bonding geometry (.4, °) 

D - - H .  • .A D - - H  H. • .A D. . .A D--H.  . .A 
O--H---I 0.92(2) 3.10(4) 3.911 (3) 148(5) 
OW---HW...I 0.95(2) 2.78(8) 3.620(3) 148(11) 

The structure was refined in the R3 space group. Attempts to 
refine the model in the non-centrosymmetric R3 space group 
did not lead to a better fit. The H atoms of the hydroxy group 
and water molecule were located from a difference Fourier 
map and allowed to refine subject to an O- -H  DFIX restraint 
of 0.95,g,, with a fixed individual isotropic displacement 
parameter Ui~o = 1.2Ueq(O). The O atom (O141) of the water 
molecule was located on a special site, 6(c), whereas its H 
atoms occupy the general site, 18(/), with an occupancy factor 
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Data collection: C A D - 4  So f tware  (Enraf -Nonius ,  1989). 

Cell refinement: C A D - 4  Sof tware .  Data reduction: D R E A M  
(Blessing, 1987). Program(s)  used to solve structure: S I R 9 2  

(Altomare et al. ,  1994). Program(s)  used to refine structure: 
S H E L X L 9 7  (Sheldrick, 1997). Molecular  graphics: A T O M S  

(Dowty, 1995). 

The authors are grateful to the Service Commun de 
Diffractom6trie Automatique of the Universit6 Henri 
Poincar6 and to Alain Rouiller from CRPG for his help 
in the preparation of the hydrothermal syntheses. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BR1245). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The reaction of Cu and V in a K2Se5 melt yields black 
crystals of potassium dicopper vanadium tetraselenide, 
KCu2VSe4. The structure is comprised of [Cu2VSea]- 
layers within the (010) plane separated by K ÷ cations. 
The layers consist of a network of edge- and corner- 
sharing [VSe4] and [CuSe4] tetrahedra parallel to (010). 

Comment 
The structure determination of the title compound was 
undertaken as part of a project on the systematic inves- 
tigation of the A/Cu/V/Q system (A - K, Rb, Cs; Q = 
S, Se). Recently, a number of one- and two-dimensional 
compounds were synthesized and characterized within 
this system, e.g. K2CuVS4 (Dtirichen & Bensch, 1996), 
K2CuVSe4 (Rumpf, Tillinski et al., 1997) and KCu2VS4 
(Bensch et al., 1996). 

K f u 2 V S e 4  is i s o s t r u c t u r a l  w i t h  K C u 2 V S 4 ,  NaCu2- 
NbS4 (Rumpf, N~ither et al., 1997) and KCu2NbS4 (Lu 
& Ibers, 1991). The structure is built up by chains 
of corner-sharing [VSe4] and [CuSe4] tetrahedra. These 
[CuVSe4] 2n- chains are linked into layers by [CuSe4] 
tetrahedra which share edges between [VSe4] tetrahedra 
on neighbouring chains. The [Cu2VSe4] -  layers are 
within the (010) plane and are separated by K ÷ cations. 

The shortest interlayer Se. . .Se distance is 3.783 (2)~,. 
There are three crystallographically distinct metal atoms, 
i.e. Cul, Cu2 and V. All have a distorted tetrahedral 
coordination of four Se atoms. The average M--Se  
distances are 2.399 (2)~, for M -  Cu and 2.324 (2)~, 
for M = V, and lie within the normal range. The 
Se - -Cu- -Se  angles about the two independent Cu 
atoms indicate stronger distorted tetrahedral environ- 
ments [105.09 (4)-112.22 (3) ° for Cul and 104.32 (4)- 
119.17(4) ° for Cu2] than for the WSe4 tetrahedron, 
with S e - - V - - S e  angles deviating less from ideal values 
[108.09 (3)-110.36 (5)°]. Because the [MSe4] tetrahedra 
are connected via common edges, the large differences 
in the Cu--Se and V--Se bond lengths must lead to se- 
vere distortions which primarily affect the [CuSe4] tetra- 
hedra. The V. . .Cu distances are 2.777 (1), 2.788 (1) and 
2.775 (1) ,~ [average 2.779 (2) ,~,], which are far too long 
for bonding interactions. As expected, the distances are 
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1960 KCu2VSe4 

slightly lonser than those observed in K C u 2 V S 4  (av- 
erage 2.70 A). Each K + cation is coordinated by nine 
Se atoms and the resulting polyhedra may be described 
as distorted tricapped trigonal prisms. The K . . .Se  dis- 
tances range from 3.361 (2) to 3.822 (1)~,, with an av- 
erage of 3.599 (2) ~,, which is just the sum of the ionic 
radii. 
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Fig. 1. The crystal structure of KCu2VSe4 viewed along the c axis. 

E x p e r i m e n t a l  

KCu2VSe4  was  p repa red  b y  the reac t ion  o f  K2Ses,  Cu and V 
in the rat io 6:2:1.  K2Se5 was  p repa red  f rom s to ich iomet r ic  
a m o u n t s  o f  K and Se in l iquid a m m o n i a  under  an argon 
a tmosphere .  The  start ing mater ia ls  w e r e  m i x e d  tho rough ly  in 
a d r y - b o x  and sea led  into a Py rex -g l a s s  ampou le ,  wh ich  was  
e v a c u a t e d  at 1.0 x 10 -3  m b a r  (1 bar  = 105 Pa).  The  a m p o u l e  
was  hea ted  at 673 K for  6 d and then c o o l e d  to 293 K at a 
rate o f  3 K h -~ . The  resul t ing mel t  was  w a s h e d  with d ime thy l -  
f o r m a m i d e  and die thyl  ether. Finally,  the res idue  was  dr ied in 
a vacuum.  

Crystal data 

KCu2VSe4  M o / C a  radia t ion 
Mr = 5 3 2 . 9 6  A = 0.71073 ,~ 
O r t h o r h o m b i c  Cel l  pa ramete r s  f r om 11 
A m a 2  ref lec t ions  
a = 7 .5803  (8) ,~, 0 = 1 0 - 2 4  ° 
b = 18 .4838 (12) ,~, # = 25 .674  m m  -~ 
c = 5 .5653  (5) A T = 293 (2) K 
V = 779 .77  (12) ,~3 Po lyhedra l  
Z = 4 0.05 x 0 .03 x 0 .02 m m  
Dx = 4 .540  M g  m -3  B lack  
Dm not  m e a s u r e d  

Data collection 

Stoe  A E D I I  four-c i rc le  
d i f f r ac tome te r  

~ / 0  scans  
A b s o r p t i o n  correc t ion:  

empir ica l  (XEMP in 
SHELXTLIPC; Siemens ,  
1990) 
Tram = 0.407,  Tmax = 0 .598  

2108  m e a s u r e d  ref lec t ions  
670  independen t  ref lec t ions  

(plus  411 Fr iede l - re la ted  
ref lec t ions)  

Refinement 

R e f i n e m e n t  on  F 2 
R[F 2 > 2or(F2)] = 0 .020  
wR(F 2) = 0 .047  
S = 1.036 
1081 ref lec t ions  
46  pa ramete r s  
w = 1/[cr2(F,~) + (0 .0240P)  2] 

whe re  P = (Fo 2 + 2F,?)/3 
(A/o')max = 0.001 
Apmax = 0 .594  e .~-3  
APmin = - -0 .672  e ~ - 3  

925 ref lec t ions  wi th  
I > 2or(/) 

R,nt = 0 .027 
0max = 30.01 o 

h = 0 ---, 10 
k = - 2 6  ---, 26 
l =  - 7 - - - , 4  
4 s tandard  ref lec t ions  

f r equency :  120 min  
in tens i ty  decay :  

neg l ig ib le  

Ext inc t ion  correc t ion:  
SHELXL93 

Ext inc t ion  coeff ic ient :  
0.0056 (2) 

Scat te r ing  fac tors  f rom 
International Tables for 
Crystallography (Vol. C)  

A b s o l u t e  structure:  
F lack  (1983)  

F lack  pa rame te r  = 0.03 (2) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2 ) 

Ueq = ( 1 / 3 ) ~ i E j l _ f l J a i a J a i . a j .  

x y z Ueq 
V I/4 0.39050 (5) 0.2500 (2) 0.0129 (2) 
Cul 1/4 0.39107 (5) 0.75 l0 (2) 0.0200 (2) 
Cu2 I/2 1/2 0.22943 (15) 0.0204 (2) 
Sel 1/4 0.49517 (2) 0.49423 (10) 0.01578 (12) 
Se2 0.50193 (4) 0.38821 (2) 0.01146 (8) 0.02095 (10) 
Sc3 I/4 0.28918 (3) 0.4836 (2) 0.0329 (2) 
KI I/4 0.68415 (8) 0.4905 (4) 0.0422 (3) 

Table 2. Selected geometric parameters (3i, o) 
V--So3 2.2797 (13) Cu2--Se2 2.3961 (6) 
V--Se2 2.3262 (8) Cu2--Sel 2.4023 (7) 
V--Sel 2.3644(11) KI--Sel 3.493(2) 
V---Cu2 2.7750 (7) K 1--Se3"' 3.361 (2) 
V--CuI' 2.7773 (12) KI--Se3 i' 3.425 (2) 
V--Cu I 2.7881 (12) KI--Se2' 3.526(2) 
Cu l--Se 1 2.3966 (10) K I--Se2" 3.706 (2) 
Cul--Se2" 2.3982 (7) K1--Se3'" 3.8222 (4) 
Cu 1--Se3 2.4003 (10) 

Sc3--V--Se2 108.09 (3) Se2"---Cu 1--Se3 110.94 (3) 
Se2'"'--V--Se2 110.36 (5) v"---Cul--V 179.57 (7) 
Se3--V--Sel 110.14 (5) Se2---Cu2--Se2"" 119.17 (4) 
Se2--V--Se 1 110.06 (3) Se2--Cu2--Se 1TM 109.744 (14) 
Sel--Cul--Sc2 'i 112.22 (3) Se2--Cu2--Sel 106.459 (14) 
Se2"---CuI--Se2 ix 105.56 (4) Sel"ii---Cu2--Sel 104.32 (4) 
Sel---Cul--Se3 105.09 (4) V----Cu2--V TM 175.27 (5) 

Symmetry codes: (i) x, y, z - I ; (ii) x, y, 1 + z; (iii) x, ~ + y, ½ + z; (iv) 
x , t + v , z - ½ : ( v ) x - _  . ~,l 1 - y , z ; ( v i )  l - x ,  l - y ,  l +z; (vii) l - x ,  l - v, z; 
(viii) ½ - x, y, z; (ix) ½ - x, y, I + z. 

Da ta  col lec t ion:  DIF4 (S toe  & Cie,  1 9 9 1 a ) .  Cel l  ref inement :  
DIF4. Data  reduct ion:  REDU4 (Stoe  & Cie ,  1991b).  Pro-  
g ram(s)  used  to so lve  s tructure:  SHELXS86 (Sheldr ick ,  1990).  
P rog ram(s )  u sed  to refine structure:  SHELXL93 (Sheldr ick ,  
1993). S o f t w a r e  used  to p repare  mater ia l  for  publ ica t ion:  
CIFTAB in SHELXL93. 
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This work is supported by the state of Schleswig- structure. There are N - - H . . - O  hydrogen bonds between 
Holstein. the vanadium oxide layer and the NI-Ig cations. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SK1321). Services for accessing these 
data are described at the back of the journal. 
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Comment 

NH4V308 was first prepared by Norblad (1875) and is 
one stable solid phase in the NH3-V2Os-HzO system 
at 303 K (Kelmers, 1961a). Based on X-ray powder 
diffraction, Kelmers revealed that NH4V308 was prob- 
ably isostructural with KV308, RbV308 and CsV308 
(Kelmers, 1961b). The crystal structures of KV308 and 
CsV308 were described by Block and Evens (Block, 
1960; Evens & Block, 1966). However, powder diffrac- 
tion techniques were inadequate for revealing the de- 
tailed structure or for confirming the possibility of 
hydrogen bonding in the title compound. We report 
herein the hydrogen bonding in the crystal structure of 
the title compound and two new synthetic routes for its 
preparation. 

As illustrated in Fig. 1, the structure of NH4V308 
consists of layers fused by VO5 square pyramids and 
VO6 octahedra, with ammonium cations occupying the 
interlayer positions. The VO5 square pyramids are 
connected in pairs by sharing an edge to form a V208 
group. In the V208 group, the two apices of the two 
square pyramids point away from each other (Fig. 2). 
The V208 groups are joined through comers (04) into 
a twisted zigzag chain along the b axis. One VO6 
octahedron and two V208 groups are linked by sharing 

Acta Cryst. (1999). C55, 1961-1963 

Ammonium trivanadate(V), NH4V308 

BI-ZHou  LtN AND SHI-XIONG LIu 

Department o f  Chemistry, Fuzhou University, Fuzhou 
350002, People's Republic o f  China. E-mail: sxliu@fzu. 
edu. cn 

(Received 23 February 1999; accepted 4 June 1999) 

Abstract 
The structure of the title compound is made up of 
vanadium oxide layers, with NI-Ig cations intercalated 
between the layers. Each pair of VO5 square pyramids 
is bridged by an edge to form a double V208 group. 
The V208 groups are connected by sharing comers to 
produce a twisted zigzag chain. Each VO6 octahedron 
is connected to two V208 groups by two edges and to 
another two V208 groups by two comers. Hence, the 
twisted zigzag chains are held together through VO6 
octahedra by sharing comers and edges to form a layer 
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Fig. 1. The structure of NH4V308 viewed along the a axis, showing 
the buckled layers and the interlayer hydrogen bonds (dashed lines). 
The N and H atoms are represented by large cross-hatched circles 
and small open circles, respectively. 
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