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The 

Table 2. Bond lengths (t~) and angles (°) 

M--O distances are on the diagonal; above it are the O...O 
distances and below it are the O---M--O angles. 

P(1) O(1) 0(2) 0(3) 
O(1) 1.503 (5) 2-517 (7) 2.517 (7) 
0(2) 112.5 (3) 1.524 (5) 2.467 (7) 
0(3) 112-9 (3) 108.5 (3) 1.517 (5) 
P(4) 109-2 (3) 108.6 (3) 104.7 (3) 

P(2) 0(4)  0(5)  0(6)  
0(4) 1-610 (5) 2.541 (7) 2.500 (7) 
0(5) 109.1 (3) 1.509 (5) 2.469 (7) 
0(6) 106.2 (3) 109.5 (3) 1.515 (5) 
0(7) 101.5 (3) 113.7 (3) 116.1 (3) 

v(1) o(1 ~) 
O(P) 1.956 (5) 
O(l") 102.3 (3) 
0(2) 88.4 (2) 
O(2 iii) 166"4 (2) 
0(6) 91.0 (2) 
O(6 iii) 84.9 (2) 

O(1") 0(2) 0(2 ~") 0(6) 

0(4) 
2.522 (7) 
2.528 (7) 
2.460 (7) 
1-589 (5) 

0(7) 
2"419 (7) 
2"529 (7) 
2.568 (7) 
1.512 (5) 

O(6 iii) 
3.048 (10) 2.792 (7) 3.977 (10) 2.864 (7) 2.712 (7) 
1.956 (5) 3.977 (I0) 2.792 (7) 2.712 (7) 2.864 (7) 
166.4 (2) 2.049 (5) 2.699 (10) 2.817 (7) 3.109 (7) 
88.4 (2) 82.4 (3) 2.049 (5) 3.109 (7) 2.817 (7) 
84.9(2) 86.6(2) 98.4(2) 2.059(5) 4.112(10) 
91.0 (2) 98.4 (2) 86.6 (2) 173.4 (3) 2.059 (5) 

V(2) O(Y v) 0(3) 0(5") 0(5 v') 0(7 v~) 0(7 ~"~) 
O(Y0 1.984 (5) 3.968 (8) 2.929 (8) 2.647 (7) 2.944 (7) 2.717 (8) 
0(3) 180.0 (0) 1.984 (5) 2.647 (7) 2.929 (8) 2.717 (8) 2.944 (7) 
O(Y) 95.8 (2) 84-2 (2) 1.964 (5) 2.928 (8) 2.637 (8) 2.990 (7) 
O(Y i) 84-2 (2) 95.8 (2) 180.0 (0) 1.964 (5) 2.990 (7) 2.637 (8) 
O(T") 94.6 (2) 85-4 (2) 82.8 (2) 97-2 (2) 2.022 (5) 4.044 (8) 
0(7 ~") 85-4 (2) 94.6 (2) 97.2 (2) 82.8 (2) 180.0 2.022 (5) 

Ba--O(2 iii) 2-799 (5) Ba--O(5 v"~) 2.953 (5) 
Ba--O(2 a) 2.799 (5) Ba---O(6 ~) 3.062 (5) 
Ba--O(Y") 2.933 (5) Ba---O(6 v~) 3.062 (5) 
Ba---O(3 ~) 2.933 (5) Ba--O(7) 2.841 (5) 
Ba---O(5 ii) 2.953 (5) Ba--O(7 x) 2.841 (5) 

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

to approach it in a time limited to 60 s. 1023 reflec- 
tions with I/~r(1)> 3 used to solve and refine the 
structure. Correction made for Lorentz, polarization, 
secondary extinction and absorption (Tmin = 0"04, 
Tmax = 0" 13. Structure solved by heavy-atom 
method. All subsequent calculations on a MicroVAX 
II computer with the SDP System (B. A. Frenz & 

.... ::? !?!i!?:?:: 

i:: } 
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Fig. 1. Structure of BaV2(P207)2 onto the ac plane. 

Associates, Inc., 1982). All atoms refined anisotrop- 
ically on F. Atomic scattering factors from Interna- 
tional Tables for X-ray Crystallography (1974, Vol .  
I V ) .  (A/o 'max)  = 0"05,  S = 0.994, Apmax = 0"93 e A-3, 
R = 0.038, wR = 0.044, w =f(sinO/A). Atomic 
parameters in Table 1, bond distances and angles in 
Table 2.* 

A view of  the structure of BaV2(P2OT)2 onto the ac 
plane is shown in Fig. 1. 

Related literature. Title compound is isostructural 
with BaTi2(P2OT)2 (Wang & Hwu, 1991). 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 54309 (7 pp.). 
Copies may be obtained through The Technical Editor, Interna- 
tional Union of Crystallography, 5 Abbey Square, Chester CH1 
2HU, England. 
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Refinement of the Structure of S i 2 N 2 0  
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Abstract. Silicon nitride oxide, Mr = 100.18, ortho- 
rhombic, Cmc21, Z = 4, A(Cu Ka)= 1.54178 A,  a = 

* To whom correspondence should be addressed. 

0108-2701/91/112438-04503.00 

8.8717(6), b = 5 . 4 9 0 9 ( 1 6 ) ,  c = 4 . 8 5 0 4 ( 7 ) • ,  V =  
236"28(12)dk 3, D x = 2 " 8 1 6 g c m  -3, / . t , = l l 4 c m  -1, 
F(000) = 200, R = 0.0222 for 24 parameters and 192 
unique observed reflections at T =  296 K and a = 
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8.8742 (10), b = 5.4894 (15), c = 4-8464 (14) ~ ,  V =  
236-09 (16) A 3, Dx = 2'818 gcm -3, /,1, = 114 cm-1, 
F(000) = 200, R = 0.0205 for 24 parameters and 136 
unique observed reflections at T = 123 K. The crystal 
structure of Si2N20 has been refined from X-ray 
diffraction data obtained by a rotating anode X-ray 
source. Our results confirm the structure determined 
by earlier X-ray work [Idrestedt & Brosset (1964). 
Acta Chem. Scand. 18, 1879-1886] and provide an 
improved precision in the determination of the 
atomic coordinates. The influence of temperature on 
coordinates and temperature factors is negligible. 

Experimental. Single crystals of SizN20 were grown 
from a gas-phase reaction between SiO and N2 at 
1723 K according to the procedure described by 
Idrestedt & Brosset (1964), with minor modifications. 
The low 02 partial pressure needed was maintained 
by the equilibrium between Si(1) and SiO2. In the 
heterogeneous product, colourless elongated crystals 
were found, which by H/igg-Guinier film techniques 
were identified as Si2N20. A rectangular prism 
crystal with dimensions 0.112 × 0.025 x 0-025 mm 
was selected for data collection at 296 and 123 K on 
a Rigaku AFC6R diffractometer using graphite- 
monochromated Cu Ka radiation from an RU200 
rotating anode operated at 9 kW (50 kV; 180 mA). 
Because the space group is polar, data were collected 
for Bijvoet pairs h, k, l and h, k, l, giving a total of 
223 unique reflections (Rint =0"012) at room tem- 
perature, out of 252 measured using the w/20 scan 
mode with an w-scan rate of 16 ° min-1 and a scan 
width of (1.70 + 0.30tan0) °. The experimental condi- 
tion only permitted 187 reflections to be measured at 
123 K, of which 164 were unique (R~nt = 0-015). Of 
the 223 reflections, collected at room temperature 
with 1 0 < 2 0 <  124 °, 192 had I>3o-(1) and were 
considered observed. At 123 K, the number of 
observed reflections was 136. Because of the high 
linear absorption coefficient (# = 114 cm-1), an ana- 
lytical absorption correction was applied (de 
Meulenaer & Tompa, 1965) which resulted in trans- 
mission factors ranging from 0-79 to 0.90. Cell con- 
stants from refinement of setting angles for 25 
reflections in the range 80 < 20 < 100 ° for the data 
collected at 296 K, while those for the 123 K data set 
were determined by refinement of setting angles of 11 
reflections with 15 < 20 < 65 °. 

As a starting point for refinement, coordinates 
from the previous determination (Idrestedt & 
Brosset, 1964) were used. Atomic scattering factors 
and f '  and f "  values were taken from International 
Tables for X-ray Crystallography (1974, Vol. IV). All 
refinements were carried out with the TEXSAN 
(1989) crystallographic programs. The least-squares 
refinements were carried out on F and the weights, w, 
were calculated a s  w=4FoZ/o-2(Fo2). Refinements 

including anisotropic thermal parameters for all 
atoms gave final R = 0.022, wR = 0.031 and S = 1.72 
for 24 parameters and 192 reflections for the data set 
collected at 296 K (as compared to wR = 0.032 for 
the reversed polar direction). Max. and min. heights 
in the final Ap map were 0.26 and - 0 . 3 0 e  A, -3, 
respectively, and max. A/o. was less than 0.002. For 
the refinement based on data collected at 123 K, the 
corresponding values were: R = 0.020, wR = 0.029 
and S = 1.69 for 136 reflections; max. and min. 
residual electron densities were 0.28 and 
-0.31 e A -3, respectively; max. A/o. < 0.03. 
Throughout the data collection, the intensities for 
three standard reflections (112, 310, 310) remained 
constant within 0.8% at room temperature and 
within 2.1% at 123 K. 

The results of the refinements for both tempera- 
tures are given in Table 1.* The atomic positions are 
almost identical for the two temperatures. The 
difference in temperature factors for the two tem- 
peratures is, at most, just outside the e.s.d.'s. Atomic 
distances and angles are given in Table 2. The struc- 
tural features of Si2N20 are confirmed, including the 
distorted SiON3 tetrahedron and the almost planar 
NSi3 unit, see Fig. 1. 

Related literature. In the phase system A1N-Si3N4- 
SIO2-A1203, only a few structures of nitrogen- 
containing compounds determined from single crys- 
tals, other than Si2N20, have been reported, viz A1N 
(Schulz & Thiemann, 1977), a-Si3N4 (Kato, Inoue, 
Kijima, Kawada, Tanaka & Yamane, 1975) and 
/3-Si3N4 (Grfin, 1979). Powder techniques are 
becoming increasingly important, allowing not only 
for structure solution and refinement of complex 
phases, but also for studies of structural changes 
under varying external conditions, e.g. high- 
temperature and high-pressure studies. Such 
information is available for Si2N20 (Srinivasa, Cartz, 
Jorgensen, Worlton, Beyerlein & Billy, 1977; Billy, 
Labbe, Selvaraj & Roult, 1980; Baraton, Billy, 
Labbe, Quintard & Roult, 1988). In general, good 
single-crystal data are required as references to the 
structural refinements based on powder data. 

Since the previous determination of the structure 
of Si2N20 (Idrestedt & Brosset, 1964), technical 
improvements have made further refinement 
possible, enabling extended and more precise deter- 
mination of structural parameters. In particular, 
anisotropic temperature factors have been added. 
Calculated isotropic temperature factors (B) for data 
collected at 296 K, 0.74 (7), 0-44 (3) and 0.46 (7)/~2 

* Lists of structure factors and least-squares planes have been 
deposited with the British Library Document Supply Centre as 
Supplementary Publication No. SUP 54297 (7 pp.). Copies may be 
obtained through The Technical Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CH1 2HU, England. 
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Table 1. Positional and equivalent isotropic 
displacement parameters (A 2) 

B~q = ( 8 7r2 / 3 ) Y.~Y.jUoa,* aj* a~.aj. 

x y z B~q 
T = 296 K 
O 0-000 0.2127 (7) 0.2300 (0) 0.8 (2) 
Si 0.1767 (1) 0.1511 (2) 0.2815 (8) 0.41 (4) 
N 0.2191 (4) 0.1228 (5) 0.6267 (12) 0.5 (2) 

Ull U_,2 U33 Ul: U~3 U23 
O 0.004 (2) 0.009 (2) 0.016 (3) 0.00 0.00 0.001 (2) 
Si 0-004 (1) 0-006 (1) 0.006 (1) 0.000 (1) -0.001 (1) 0.000 (1) 
N 0.004 (2) 0.011 (2) 0.006 (3)-0.001 (1) -0.003 (2) 0.001 (2) 

x y z B~q 
T = 123 K 
O 0.000 0.2128 (8) 0.2300 (0) 0'7 (2) 
Si 0.1768 (1) 0.1512 (2) 0.2813 (11) 0.41 (6) 
N 0.2192 (4) 0.1227 (6) 0.627 (2) 0.5 (2) 

Ull U22 U33 Ul~ Ul3 U2.~ 
O 0-001 (2) 0.008 (2) 0.016(4) 0.00 0.00 0.000 (3) 
Si 0.003 (1) 0.006 (1) 0.006 (1) 0.001 (1) -0.001 (I) -0.001 (1) 
N 0.002 (2) 0.012 (3) 0.005 (3) 0.002 (2) 0.001 (2) 0.001 (2) 

Table 2. Interatomic distances (A) and bond angles i °) 
for Si2N20 

T =  298 K T = 123 K 
Si--O 1.623 (1) 1.624 (2) 
Si--N ~i 1.720 (3) 1.718 (4) 
Si--N ~ 1.723 (3) 1.724 (4) 
Si--N ~ 1.723 (3) 1.709 (4) 

N - - N / O  N - - N / O  
distance distance 

N~--Si--N "~ii 111.8 (1) 2.852 (3) 11 !.8 (1) 2.850 (4) 
N~--Si--N iv 107-3 (2) 2.775 (3) 107.2 (2) 2.772 (4) 
N~v--Si--NVii 108"8 (1) 2"800 (2) 108"9 (2) 2.799 (2) 
N~----Si----O 107"6 (2) 2"698 (4) 107"6 (2) 2.697 (4) 
N~--Si---O 112.3 (2) 2.778 (5) 112"3 (2) 2"781 (6) 
N~v--Si--O 109.0 (2) 2.725 (4) 109.0 (2) 2.725 (5) 

Si--Si  Si--Si  
distance distance 

Sii--N--Si i~ 117.0 (2) 2.939 (I) 117.0 (2) 2.938 (1) 
Sii--N--Si " 118.4 (2) 2.958 (1) 118.3 (2) 2.956 (1) 
Si'~--N--Si '~i 123"8 (2) 3"038 (1) 124.0 (3) 3.037 (1) 
Si~---O---Si" 150"0 (3) 3"136 (2) 150"0 (3) 3"138 (2) 

Symmetry  code: (i) x, y, z; (ii) - x ,  y ,  z; (iii) - x ,  - y ,  ~+  z; 
(iv) x, - y ,  ½ + z; l , ( v ) ~ + x , ~ + y , z ;  i - x ,  ½ + y, z; (vii) J - x ,  (v )I I I "." - y, ~ + z; (vm) i 1 t ~ + x ,  ~ - y ,  ~ + z .  

$i v siviii 
Nviii ~ N'viii 

x ~ z  siii ~ ~ ~ . . .  
I ~ ... ~ i i  /7 

O~fi 

siiv ~ Nvi 

0 0  v 
Fig. 1. An ORTEP (Johnson,  1976) drawing o f  a fragment o f  the 

structure o f  Si2N20. The thermal ellipsoids are drawn for a 98% 
probabil i ty level. Equivalent  positions are given as in Table  2. 

studies on phases where A1 and O replaces Si and N, 
not to be restricted to Si--N bonds (Gillott, Cowlam 
& Bacon, 1981; Lindqvist, Sj6berg, Hull & Pompe, 
1991). While the situation of possible contribution 
from zr bonds between silicon and nitrogen (e.g., 
Morgan, 1977;  Domashevskaya, Timoshenko, 
Terekhov, Desyatirikova, Bulycheva & Seleznev, 
1989) is not clear (e.g. Robertson, 1981), the electron 
density on either side of the plane - a result of the 
nitrogen Pz orbital not taking part in the o- bonds - 
would have some influence on the stability of the 
configuration, especially when a substantial fraction 
of the N atoms are replaced by oxygen as in 
Si6-zAlzN8-zOz, 0 < z < 4 (Ekstr6m, K/ill, Nygren & 
Olsson, 1989), or, to a lesser extent, as in Si2-x- 
AlxNE-xOx- l, 0 < x < 0.2 (Trigg & Jack, 1987). The 
configuration may also be influenced by non-bonded 
Si...Si interactions (O'Keeffe & Hyde, 1978). 
Expected distances between Si atoms in contact are 
=3.06/~, as compared to the range 2.93-3.14/~ 
observed for SiEN20. 

for O, Si and N, respectively, differ somewhat from 
the previous results for S i 2 N 2 0 ,  but both isotropic 
and anisotropic temperature factors can be com- 
pared to those found in studies on Si---O--Si bridges 
in silicates (Liebau, 1985) and on SiaN4 (Griin, 1979; 
Kato, Inoue, Kijima, Kawada, Tanaka & Yamane, 
1975). The largest and most directed atomic dis- 
placements are found for oxygen, as expected. 

The nearly planar configuration of the NSi3 unit is 
a characteristic feature of structures containing 
Si--N bonds, as in the A1N-Si3N4-SiOE-A1203 
system, which seems, from powder-diffraction 
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Structure of trans-IRh(CO)CI{P(C6Hs)3}21: a Centrosymmetric Triclinic Phase 

BY YIH-JIUN CHEN, JU-CHUN WANG* AND YU WANGt 

Department of Chemistry, Soochow University, Taipei, Taiwan 

(Received 12 November 1990; accepted 8 May 1991) 

Abstract. trans-[Rh(CO)Cl{P(C6H5)3}z], Mr = 690"96, 
triclinic, P i ,  a=9"182(3 ) ,  b=9"640(2) ,  c =  
10"384 (2),~, a = 107"56 (2), /3 = 89-70 (2), y =  
110"48 (2) °, V = 815-7 (9)/~3, Z = 1, Ox = 
1.41 g cm -3, A(Mo Kce) = 0"71069 ,~, /z = 7.2 cm-1, 
F(000) = 352, T = 298 K, R = 0"036 for 2878 reflec- 
tions with I >  3o-(1). The molecule lies at an 
inversion center with a disordered C1 atom and CO 
group. Rh--C(10) = 1.759 (1), Rh--C1 = 2.380 (2), 
R h - - P = 2 . 3 2 8 ( 1 ) , ~ .  The molecular structure is 
similar to the previously reported noncentrosymme- 
tric triclinic (P1) structure. However, unlike the pre- 
vious report, the distance between C(10) and O(10), 
C - - O  = 1"14 (1)/~, is well defined and reasonable. 

Experimental. Yellow crystals of trans-carbonyl- 
chlorobis(triphenylphosphino)rhodium(I), trans- 
Rh(CO)CI(PPh3)z, were grown from CH2C12/Et20. A 
suitable column-like crystal with dimensions 0.15 × 
0.17 × 0-32 mm was mounted on a glass fiber on an 
Enraf-Nonius CAD-4 diffractometer equipped with 
monochromated Mo Ka radiation. Cell constants 
were derived from least-squares refinement of 25 
reflections having 19 < 20 < 24 °. Intensity data were 
collected at room temperature using the 0/20 scan 
technique w i t h 2 < 2 0 < 5 5  ° ( h = - l l t o  l l ; k = 0 t o  
12; l = - 1 3  to 12). Three standard reflections were 
monitored every 3600s, and only small ( < 2 % )  
random variations were observed. A total of 3728 
unique reflections were measured, of which 2878 

* To whom correspondence should be addressed. 
t Department of Chemistry, National Taiwan University, 

Taipei, Taiwan. 

0108-2701/91/112441-02503.00 

were observed [I > 30"(/)]. Lorentz and polarization 
corrections were applied. An empirical correction 
based on a series of ~O scans was applied to the data; 
Tmi n = 0"87, Tma x = 0-99. 

The atomic position of Rh was fixed at (0,0,0). 
The remaining non-H atoms were located in succes- 
sive difference Fourier syntheses. H-atom positions 
were calculated using ideal geometry but were not 
included in the least-squares refinements. Atomic 
scattering factors including anomalous dispersion 
were taken from International Tables for X-ray 
Crystallography (1974, Vol. IV). The structure was 
refined by full-matrix least squares using Personal 
SDP (Frenz, 1989) on an 80386-based IBM compa- 
tible PC. All non-H atoms were refined anisotrop- 
ically. Y,w(IFol- IF~I) 2 was minimized, where w =  
4Fo2/[tr2(I) + 0"02(Fo)2]. A secondary-extinction coef- 
ficient refined to a value o f x  = 5.21 × 10 -7, at which 
point the correction factor (1 + 2"1)-~ was applied to 
F~. Based on the centrosymmetric space group P1, 
final R = 0-036, wR = 0.045, Ral I = 0"059 and S = 
1.617 obtained using 206 variables. The largest shift/ 
e.s.d, was 0.02; maximum and minimum residual 
electron densities in the final difference Fourier map 
were 0.52 and -0 -40  e ,~-3. 

The atoms C1--Rh--C(10)--O(10)  are almost col- 
linear [angle of C1--Rh--C(10)  is 179-7 (3)°]. The 
disordered model in P1 leads to three atom sites for 
these ligands on each side of the Rh. The sites are 
sufficiently well resolved that atomic positional and 
anisotropic displacement parameters can be refined 
satisfactorily. Refinements based on the non- 
centrosymmetric space group P1 were also carried 
out. CO and C1 remained disordered, and the 

© 1991 International Union of Crystallography 


