
1932 C12H13C13OTe 

Monoclinic 
P21/n 

a = 12.269 (2)o,~, 
b = 6.081 (1) A 
c = 20.176 (2) ,~, 
/3 = 102.629 (9) ° 
V 1468.9 (4) A 3 
Z = 4  
Dx = 1.841 Mg m -3 
Dm not measured 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

w-20 scans 
Absorption correction: 

scan (North et al., 
1968) 
Tmin -- 0.469, Tma~ = 0.629 

2807 measured reflections 
2726 independent reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2or(F2)] = 0.030 
wR(F 2) = 0.086 
S = 1.047 
2726 reflections 
156 parameters 
H atoms constrained 
w = 1/[trZ(F 2) + (0.0477P) 2 

+ 2.6277P] 
where P = (Fo 2 + 2Fc2)/3 

Cell parameters from 25 
reflections 

0 = 9.56-18.12 ° 
# = 2.552 m m -  
T = 293 (2) K 
Irregular 
0.35 x 0.20 × 0.20 mm 
Yellow 

2387 reflections with 
F 2 > 2o-F 2 

Rint -- 0.015 
0m~ = 25.46 ° 
h = - 14 ~ 14 
k = - 7  ---~ 0 
l = 0 ----~ 24 
3 standard reflections 

frequency: 30 min 
intensity decay: 0.4% 

(/~/O')max < 0.001 
Apmax = 0.797 e ,~-3 
Apmin = -0 .844  e ,~-3 
Extinction correction: none 
Scattering factors from 
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faci l i ty  at the Ins t i tu to  de  Q u f m i c a - U S P  was  es tab l i shed  
wi th  the ass is tance  o f  F A P E S P  (94/2061-4) .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: FG 1570). Services for accessing these 
data are described at the back of the journal. 
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Table  1. Selected geometric parameters  (,4, °) 

Te----C 1 2.119 (4) Te--CI2 2.4870 (13) 
Te----C10 2.122 (4) Te---CI 1 2.5096 (12) 
C1--Te--CI0 97.59(17) C 1--Te--CII 86.28(11) 
CI--Te--CI2 88.07 (11) C10--Te--CII 87.17 (15) 
C10---Te---CI2 87.68 (15) CI2--Te---CII 171.78 (5) 

H atoms were p!aced in calculated positions with fixed C - - H  
distances (0.93 A for Csp 2 and 0.96 ,~, for Csp3), each riding 
on their carder atoms with an isotropic displacement parameter 
of 1.5 (for methyl H atoms) or 1.2 (for the other H atoms) 
times the equivalent isotropic displacement parameter of the 
attached atom. The highest peak and the deepest hole in the 
final difference Fourier map are 0.90 and 0.88 A, respectively, 
from the Te atom. 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: MoIEN 
(Fair, 1990). Program(s) used to solve structure: SHELXS97 
(Sheldrick, 1990). Program(s) used to refine structure: 
SHELXL97 (Sheldrick, 1997). Molecular graphics: ZORTEP 
(Zsolnai, 1995). Software used to prepare material for publi- 
cation: SHELXL97. 
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Abstrac t  

In the s t ructure  o f  the title phospha te ,  4C3H8N+-P4OI4~ - .- 
4 H 2 0 ,  the (P4OI2) 4 -  cyc l i c  an ions  are l inked  t h rough  
O H . . . O - - P  h y d r o g e n  bonds  to bu i ld  layers  para l le l  to 
the ab plane.  These  layers  are t hemse lves  i n t e r c o n n e c t e d  
by m e a n s  o f  N - - H . - . O  h y d r o g e n  bonds  o r ig ina t ing  

f rom the (C3HsNH3)  + cat ions .  
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Comment 
The structure of the title compound, (I) (Fig. 1), is 
unusual compared to what was observed in earlier 
homologous condensed phosphates (Soumhi & Jouini, 

[ [  ,O 4H O 
(I) 

1996; Soumhi et al., 1999). It can be described as a 
succession of two types of layers parallel to the ab 
plane. The first layer is formed solely by the organic 
cation containing N1. The second layer is composed 
of (P4012) 4- cyclic anions, water molecules and the 
second independent organic cation containing N2. This 
type of structural sequence has been seen already in the 
diphosphate (CaHsNH3)EHEPEO7.H20, using the same 
organic cation (Soumhi et at., 1998). 
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Fig. 1. The asymmetric unit and equivalent second half of the anion, 
with 50% probability ellipsoids. 

Within the mixed layer, each P4012 ring is surrounded 
by four organic cations. The (P4012) 4- anions lie 
on inversion centres located at (½,0,0) and (0,½,0). 
They contain two independent PO4 tetrahedra. As is 
commonly observed in condensed cyclotetraphosphates 
associated with organic molecules in which the P40~2 
rings are centrosymmetric, the ring is significantly 
distorted (Durif, 1995). This type of internal symmetry 
generally leads to a large deviation of the P - . .P . . .P  
angles from the ideal value (90°). Indeed, the P . . . P . . . P  
angle in this case is 96.17(2) ° . An even larger value 
(98.89 °) was observed in [NHa(CH2)3NHa]EP4OIE.- 
2H20 (Bdiri & Jouini, 1990). The values for the title 

compound are close to those observed in (C6HI8N2)2- 
P4OIE'4H20 (Thabet et al., 1997). Furthermore, the P ~  
O distances within the P4012 ring vary from 1.478 to 
1.609 ,~,, while the P - - O I p  angle values are 132.93 (8) 
and 134.16(7) ° . Such values agree with those reported 
previously for other phosphates (Bdiri & Jouini, 1989). 

Two crystallographicaUy independent cyclopropyl- 
ammonium groups are present in this structure, with 
different orientations (C--N bond directions). For one 
of them, containing N1, this bond is almost parallel to 
the [100] direction and located approximately at z - ~, 
while the second is located approximately at z - 0 and 
oriented to the [001] direction (Fig. 2). The water mol- 
ecules are interconnected as pairs. Each pair is linked 
by hydrogen bonds to two different phosphate groups 
to build layers parallel to the ab plane. The hydrogen 
bonds involving the H atoms of the N1H3 group of 
the cyclopropylammonium cation are responsible for 
the cohesion between the layers, leading to a three- 
dimensional network. With the exception of two of 
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Fig. 2. Projection along the b axis. By order of decreasing size, the 
circles represent water molecules, N, C and H atoms. Hydrogen 
bonds are shown. 



1934 4C3H8 N+ • P 4 0  4~ - . 4 H 2 0  

t h e m ,  i n v o l v i n g  i n t e r a c t i o n s  b e t w e e n  the  o r g a n i c  c a t i o n s  

a n d  w a t e r  m o l e c u l e s ,  all t he  h y d r o g e n  b o n d s  i n v o l v e  

t e r m i n a l  O a t o m s  o f  t he  (P4012)  4 -  an ions .  T h e  h y d r o g e n  

b o n d  c o n n e c t i n g  the  N 2  c a t i o n  to t he  p h o s p h a t e  g r o u p  

is b i f u r c a t e d  ( A v e r b u c h - P o u c h o t  et al., 1989).  In  t he  

s t ruc tu re ,  o n l y  o n e  h y d r o g e n  b o n d  is c o n s i d e r e d  as 

r e l a t i v e l y  s t rong ,  w i t h  O - - . O  = 2 .722  (2),~,; the  o t h e r s  

a re  w e a k e r ,  w i t h  N . . . O  a n d  O . . - O  d i s t a n c e s  r a n g i n g  

f r o m  2 .734  (2) to  3 .069  (3),~, ( B l e s s i n g ,  1986; B r o w n ,  

1976) .  

Tab l e  1. Selected geometric parameters  (A, °) 

PI---OI 1 1.479 (2) P2---O12 
P1---O21 1.481 (2) P2--O22 
PI---OL21 1.599(2) P2--OLI2 
PI---OL12 1.604 (2) P2---OL21 ' 

O1 I--P1---O21 119.42(8) OI 2--P2---OL12 
O I I--P I------OL21 111.52(7) O22--P2---OL 12 
O21--P1--OL21 106.07 (7) OI 2--P2---OL2 I' 
O11--PI--OLI 2 105.75 (7) O22--P2---OL211 
02 I--PI--OLI 2 109.64 (8) OL12--P2---OL21' 
OL2 I--PI---OL12 103.31 (6) P2-~OL12--Pl 
OI 2--P2-~022 121.00(8) PI-~OL2 l--P2' 

Symmetry code: (i) - x ,  1 - y, -z .  

1.478 (2) 
1,480 (2) 
1,604 (2) 
1,609 (2) 

105.83 (7) 
110.97 (7) 
106.66 (7) 
110.52 (7) 
99.64 (7) 

132.93 (8) 
134.16(7) 

Experimental 

The title compound  was prepared by neutralization of  H4P4OI2 
with cyc lopropylamine  (Fluka Chemicals ,  >97%)  in a 4:1 
molar  ratio. The H4P4O12 solution was prepared using an 
aqueous solution o f  NanPaOI2.4H20 and an ion-exchange resin 
(Amberl i te  IR120). Colourless single crystals appeared after 
evaporation of  the solution at room temperature for a few 
days. 

Crystal data 

4C3H8N÷.P404/ .4HzO Mo Ka radiation 
Mr = 620.36 ,k = 0 .71069 /k  
Monocl inic  Cell parameters  from 25 
P21/ a reflections 
a = 8.045 (2) ,~, 0 = 10.5-14.0 ° 
b = 18.037 (2) .~, # -- 0.333 m m - i  
c = 10.056 (1) A T = 293 (2) K 
fl = 99.27 (1) ° Plate 
V =  1440.1 (4),~3 0.7 x 0.6 x 0.3 m m  
Z = 2 Colourless 
Dx = 1.431 Mg m -3 
Dm not measured  

Data collection 

Euraf -Nonius  CAD-4  
diffractometer  

w/20 scans 
Absorption correction: 

empirical  correct ion by ~, 
scans (North et al., 1968) 
Tmin = 0.882, Tmax = 0.905 

3356 measured  reflections 
3132 independent  reflections 

2729 reflections with 
I > 2o( / )  

Rint = 0.008 
0m= = 26.97 ° 
h = 0 ----~ 10 
k - -  - 2 3  --o 0 
l = - 1 2  ~ 12 
2 standard reflections 

frequency:  120 min 
intensity decay: 5.2% 

Refinement 

Refinement  on F 2 
R[F 2 > 2o'(F2)] = 0.034 
wR(F 2) = 0.091 
S = 1.058 
3132 reflections 
244 parameters  
All H atoms refined 
w = l/[o.2(Fo z) + (0.0446P) 2 

+ 0.7448P] 
where  P = (Fo z + 2F~)/3 

(A/o.)max = 0.001 

Apmax = 0.629 e ,~-3 
Apmin = - 0 . 4 0 5  e ,~-3 
Extinction correction: 

SHELXL97 (Sheldrick, 
1997a) 

Extinction coefficient: 
0.030 (2) 

Scattering factors f rom 
International Tables for  
Crystallography (Vol. C) 

Tab l e  2. Hydrogen-bonding geometry (A, o) 

D--H--  ,A 
OWl--H1W1. • .O12 
OWI--H2WI. • .O12 i 
OW2--HI W2...O21 
OW2--H2W2. • . O W l "  

NI--HINI. - -O21 
N1--H2NI. -OI I i'i 
N I--H3N1- .OW2" 
N2--HIN2. .OWl' 
N2--H2N2. .O11 ~ 
N2--H2N2. .022 ~' 
N2--H3N2. .022 

D--H H. • .A D. • .A D--H. • -A 
0.86 (3) 1.88 (3) 2.722 (2) 168 (3) 
0.83 (4) 2.06 (4) 2.855 (2) 160 (4) 
0.92 (5) 1.88 (5) 2.758 (3) 158 (5) 
0.85 (4) 1.97 (4) 2.811 (3) 172 (4) 
0.90(2) 1 . 8 9 ( 3 )  2.790(2) 178(3) 
0.94(3) 1.81 (3) 2.734(2) 171 (3) 
0.86 (3) 1.91 (3) 2.759 (3) 170 (3) 
0.90 (3) 2.05 (3) 2.914 (3) 162 (3) 
0.89 (3) 2.27 (3) 2.969 (2) 135 (3) 
0.89 (3) 2.32 (3) 3.069 (2) 141 (3) 
0.86 (3) 1.93 (3) 2.787 (2) 178 (3) 

Symmetry codes: (i) ½ + x, ~ - y, z; (ii) ½ - x, 3' - ½, - z ;  (iii) - x ,  1 - 
y , l - z ; ( i v )  l - x , l - y , l - z ; ( v ) l + x , 3 ' , z ; ( v i ) l - x , l - y , - z .  

Data collection: CAD-4 EXPRESS (Duisenberg, 1992; 
Macf~,ek & Yordanov, 1992). Cell refinement: CAD-4 EX- 
PRESS. Data reduction: MolEN (Fair, 1990). Program(s)  used 
to solve structure: SHELXS97 (Sheldrick, 1997b). Program(s)  
used to refine structure: SHELXL97 (Sheldrick, 1997a). Molec-  
ular graphics: ORTEPII (Johnson, 1976). Software used to 
prepare material for publication: SHELXL97. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: CF1294). Services for accessing these 
data are described at the back of the journal. 
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