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The structure of [Cr(H~O)s]SiF6, a chromium(II) compound with homoleptic coordination, is reported. 
Hexaaquachromium(II)  hexafluorosilicate crystallizes in space group R3 with a = 9.406(3) ,~, c = 
9.762(5) A, V = 748.0(7) ,~,  and Z = 3. The [Cr(H20)6] > cation has 3 symmetry and is essentially a 
regular octahedron, therefore showing no Jahn-Teller  distortion, The relationship of the [Cr(H:O)6] 2+ 

ion in this compound to other [M(H20)6] 2+ ions (M = Cr, V, Mn) is briefly discussed. �9 1992 Academic 
Press, Inc. 

Introduction 

It is generally observed that when a metal 
ion is in a cubic environment and its e2g 
orbitals have an odd number of electrons, 
there is a distortion of the geometry of the 
molecule to break the degeneracy of such 
orbitals. This is accounted for by the 
Jahn-Teller theorem (1). An abundance of 
examples are known for the high spin d 4 and 
d 9 systems in an "octahedral" environ- 
ment, with compounds of C r  2+ and Cu 2+ 
being the most common (2). 

In our laboratories, we have been inter- 
ested in the effects of crystal packing forces, 
especially rigid networks of hydrogen 
bonds, on ions subject to the Jahn-Teller 
effect. We have investigated the changes in 
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the geometry of C r  2+ when Z n  2+ is added 
over various composition ranges to the (Cr, 
Zn) saccharinate hexahydrate (3) and the 
(Cr, Zn) nicotinate tetrahydrate systems (4). 
However, in those cases, there is only a 
pseudo-octahedral arrangement of atoms 
around the chromium atom with four Cr-O 
bonds and two Cr-N bonds. Nevertheless, 
in the pure chromium compounds, there is 
a major difference in the lengths of the two 
sets of Cr-O bonds (close to 0.35 A). For 
the (Cr, Zn) saccharinate, over the whole 
range of composition this difference is pro- 
gressively reduced and the chromium atom 
is finally forced to occupy a nearly "undis- 
torted" position within the crystal. For the 
nicotinate systems, introduction of Cr into 
the pure Zn compound up to 75% causes 
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only a slight discrepancy in the two M-O 
distances. However, the pure chromium ni- 
cotinate shows a large difference, namely, 
0.428 .&. 

These results have prompted us to look at 
some homoleptic complexes of chromi- 
um(ID. Even though the aqueous chemistry 
of this metal ion has been studied for years, 
the number of crystal structures containing 
the hexaaquachromium(II) ion is rather 
small. One of the few examples is the struc- 
ture of the Tutton Salt (5), in which the 
expected distorted octahedron was ob- 
served. 

In an effort to provide more insight into 
these systems, we decided to look at the 
structures of other compounds containing 
the hexaaquachromium(II) ion. One of them 
is the focus of attention in this paper, namely 
the one with the hexafluorosilicate anion. 
Several other crystal structures containing 
this anion and M(II) species had been inves- 
tigated, namely those for M = Mg (6), Mn 
(7), Fe (8), Co (9), Ni (9), Cu (10), and 
Zn (9). 

The structures of many of them are 
closely related, showing columns built up of 
alternating [M(H20)6] 2+ and SiF 2 octahe- 
dra, with both being essentially regular. 
However, static and dynamic crystal-field 
effects have been reported (11), as well as 
the formation of other phases (12). 

The structure of the copper compound 
(10) deviates from the rest in that it shows 
both regular octahedra for the [Cu(H20)6] 2+ 
ion as well as tetragonally distorted octa- 
hedra. This appears to be the first well- 
documented example of an undistorted 
Cu 2 + ion in an octahedral environment, the 
allegedly undistorted case of KzPbCu(NO2)6 
(13) being open to question. 

Experimental 

In all cases in which chromium(II) solu- 
tions were used, standard Schlenk proce- 
dures where employed with nitrogen used 

as the inert gas. Solvents were deoxyge- 
nated and kept under nitrogen. 

Preparation of Hexafluorosilicic Acid 

In a polyethylene flask, 60 mL of 40-45% 
HF (Merck) was diluted to a volume of 240 
mL. To this solution was added an excess 
(50 g) of silica gel, TLC grade (Merck). This 
was stirred at room temperature for two 
days, filtered and concentrated under vac- 
uum to two-thirds of the original volume. 

Preparation of Hexaaquachromium(II) 
Hexafluorosilicate 

To 1.70 g chromium metal powder was 
added 5 mL of hexafluorosilicic acid and 20 
mL of water. The mixture was stirred for 4 
h at ca. 60 ~ Then it was filtered with silica 
gel on the fritted funnel. The solution was 
concentrated to 50% of its original volume, 
and a layer of 10 mL of ethanol was carefully 
added. After one week at 0 ~ blue crystals 
were collected. 

Diffraction Analysis 
A block-shaped crystal of [Cr(H20)6]SiF 6 

was removed from the Schlenk tube under a 
continuous stream of argon and was rapidly 
encased in epoxy cement at the end of a 
glass fiber. Although exposure to air was 
thus limited to a few seconds, we observed 
the rapid adsorption of water on the surface 
of the crystal. In the first hours after mount- 
ing the crystal, we observed on diffraction 
photos the presence of a small amount of 
powder in addition to the strong diffraction 
pattern from the principal crystal. After a 
period of approximately half a day, the sec- 
ondary diffraction pattern had disappeared, 
leaving the strong single-crystal pattern as 
the only observable diffraction of X rays 
from the sample. We observed by visual 
inspection at this point that the layer of ep- 
oxy about the crystal had contracted during 
its final setting. We concluded that a surface 
layer of powder or amorphous material had 
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been  formed following deliquescence during 
the mounting and that the surface material  
had been absorbed or otherwise dispersed 
by the epoxy as it set. In any event ,  we 
began the diffraction studies for the purpose  
of structure analysis after the diffraction 
pat tern f rom the sample was clearly seen 
f rom photographs to be a single-crystal pat- 
tern of  excellent  quality. 

The crystal  structure of  [Cr(H20)6]SiF 6 is 
essentially identical to the c o m m o n  struc- 
ture found for many  other hexafluorosili- 
cates repor ted previously.  Never theless ,  we 
conducted this structure analysis f rom the 
beginning, without prejudice f rom the struc- 
ture reports  already in the literature. 

We used well-established procedures  for 
the determination of the geometrical  param- 
eters of  the crystal  structure (14). The lattice 
was found to be metrically rhombohedral .  
We took normal-beam partial rotation pho- 
tos of  6 axes: a, b, c, [210], [120], [111] 
(using the triply primitive hexagonal  set- 
ting). All of  the photos displayed clearly an 
absence of mirror  symmetry ,  consistent  
with the Laue  group 3. In addition, we used 
the photographs  to verify the lattice repeats  
along the axes photographed.  Crystal  data 
are summarized  in Table I. 

For  intensity data collection, we first 
gathered a hemisphere  of  data in the bisec- 
ting position (tO = 0). In addition, the same 
hemisphere  of  data was gathered again at 
tO = 5 ~ We saw no indication of important  
changes either in the data set as a whole or in 
any individual reflection from one azimuth 
setting to the other. Full azimuthal  scans 
of  five reflections were  made for use in an 
absorpt ion correction.  

For  data reduction,  the application of ab- 
sorption corrections (15) was followed by 
the averaging of equivalent data and the der- 
ivation of  structure factors.  Since there 
were  six independent  measurements  of  each 
unique reflection, we discarded any obser-  
vation that was inconsistent  with the re- 
maining five. A total of  36 measurements  

I 
FIG. 1. Non-perspective ORTEP drawing of the dis- 

ordered congeneric SiF26 ions in the crystal structure 
of [Cr(HzO)6]SiF 6. The view direction is along the c- 
axis. All atoms are represented by their 50% probability 
ellipsoids. Atom F(1) and its symmetry relatives are 
drawn with boundary and principal ellipses as well as 
front principal axes. For atom F(2) only the boundary 
ellipse is drawn. Lines represent the form of axes (210). 

(out of  2785) were  thus omit ted during this 
stage. The residual for the averaging of  data 
was 0.024 (16). 

The structure was solved by inspection of  
a Pat terson map and was developed rou- 
tinely. The SiF~ anion was found to be 
disordered with a single Si position sur- 
rounded by two sets of  fluorine atoms.  We 
refined a population pa ramete r  during iso- 
tropic refinement; its value at convergence  
gave a population of 0.533(15) for F(I) .  In 
the final, anisotropic refinement,  we fixed 
the populations of  F(1) and F(2) at 0.55 and 
0.45, respect ively.  The structure of  the 
anion is shown in Fig. 1. 

The hexaaquachromium(II )  ion was 
found to be fully ordered;  its structure is 
depicted in Fig. 2. The hydrogen a toms were  
located in a difference Fourier  map.  They 
were refined initially with loose geometr ical  
restraints on the O - H  distances.  In the final 
refinement,  the geometrical  restraints were  
removed.  A single isotropic displacement  
paramete r  was refined for the two crystallo- 
graphically independent hydrogen a toms.  
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FIG. 2. Non-perspective ORTEP drawing of the cat- 
ionic complex [Cr(H20)6] 2+ from the crystal structure 
of [(Cr(H20)6]SiF 6. All atoms are represented by their 
50% probability ellipsoids. The view direction is from 
the positive c-axis to the origin. Lines are drawn along 
the form of zone axes (100). 

does not call for equality of  all of  the bond 
angles, it can be seen in Table I I I  that they 
are all very close to the ideal value of  90 ~ 
This is in clear contrast  with the usual occur- 
rence of  highly distorted high-spin Cr 2+ 
compounds  in accordance  with the 
Jahn-Te l l e r  effect (2, 5). 

We have shown before that this distor- 
tion, normally manifested as a descent  to 
tetragonal symmet ry  with an elongation of  
one pair of  t r a n s  metal  to ligand bonds,  can 
be tempered  in the solid state by changing 
the envi ronment  around the Jahn-Te l l e r  ac- 
tive species. We have done it in the past  by 
addition of  non-active species. Such is the 
case in the format ion of  solid solutions in 
the aqueous (Cr, Zn) saccharinate  (3) and 
the (Cr, Zn) nicotinate (4) systems.  It  was 
found there that the hydrogen bonds play a 

In the final refinement,  a total of  39 param- 
eters were fitted to 472 unique data for a 
da ta- to-parameter  ratio of  12: 1. The final 
residuals are given in Table I. There  were  
no significant variations of  residuals as func- 
tions of  ]Fobs[, sin 0/X, or indices. We found 
that unit weights gave the best  distribution 
of error  as a function of  [Fol, and so unit 
weights were used for the final refinement. 

Results and Discussion 

Positional parameters  along with equiva- 
lent isotropic displacement  parameters  are 
listed in Table II.  The general features of  
this structure have been discussed above  
and in an earlier report  (9). Figure 3 depicts 
a port ion of  the extended structure showing 
the hydrogen-bond pattern.  

The most  remarkable  feature of  this struc- 
ture is the appearance ,  for the first time, of  
an almost  perfect  octahedron around a high- 
spin six-coordinate chromium(II)  ion. The 
symmet ry  of  the space group requires that 
all Cr-to-O distances be identical. While it 

TABLE I 

CRYSTAL DATA FOR [Cr(H20)6]SiF 6 

Formula CrSiF606H12 
Formula weight 302.2 
Space group R3 
Systematic absences (hkl): h + k + I ~ 3n 
a, h 9.406(3) 
c, A 9.762(5) 
V, ~3 748.0(7) 
Z 3 
dcalc , g/cm 3 2.012 
Crystal size, mm 0.77 • 0.77 • 0.74 
/z(MoK~), cm- 1 14.21 
Obsd. transmission factors, max., rain. 1.00, 0.98 
Data collection instrument P3/F Equivalent 
Radiation (monochromated in incident MoK~(,k~ - 0.71073 A) 

beam) 
Orientation reflections: number, range 25, 23.3-34.5 

(20), deg. 
Temperature, ~ 20 + 1 
Scan method r 
Data col. range, 20, deg. 4.0-60.0 
Reflections collected (+h, § +l) 
No. unique data 481 
No. data with F~ > 3 o- (Fo) 472 
Number of parameters refined, final cycle 39 
Weighting scheme unit weights 
R a 0.0389 
Quality-of-fit indicator b 1.176 
Largest shift/esd, final cycle 0.03 
Largest difference peaks, e/A 3 0.443, -0.427 

aR ~ ~llFol - [Fclj/~lFo]. 
b Quality-of-fit = [Ew(I For - [e~l):/(Nobs -- Np . . . . .  ters)] 12. 
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TABLE II 

POSITIONAL PARAMETERS AND EQUIVALENT ISOTROPIC DISPLACEMENT PARAMETERS AND THEIR ESTIMATED 
STANDARD DEVIATIONS FOR [Cr(H20)6]SiF 6 

Atom x y z B(-~ 2) 

Cr(1) 0.000 0.000 0.000 1.789(9) 
St(l) 0.000 0.000 0.500 2.36(2) 
O(1) 0.1748(3) 0.1880(2) 0.1260(2) 4.21 (5) 
F(1) ~ 0.1662(4) 0.0693(4) 0.4001(3) 4.43(8) 
F(2) a 0.1534(5) 0.1366(5) 0.3996(4) 4.8(1) 
H(1) 0.206(6) 0.158(6) 0.228(4) 8(1) b 
H(2) 0.138(6) 0.274(6) 0.118(5) 8(1)b 

a Multiplicities for F(1) and F(2) are 0.55 and 0.45, respectively. 
b A single isotropic displacement parameter was used for the two hydrogen atoms. Anisotropically refined 

atoms are given in the form of the equivalent isotropic displacement parameter defined as: (4/3)[a2/311 + b2/~22 + 
c2/333 + ab(cos gamma)/312 + ac(cos beta)/313 + bc(cos alpha)/3,3]. 

ve ry  i m p o r t a n t  ro le  in the  o b s e r v e d  modif i-  
ca t ion  o f  the  M - O  d i s t ances .  W e  have  no 
d o u b t  tha t  t hey  mus t  a l so  be  v e r y  i m p o r t a n t  
in fo rc ing  the  o b s e r v e d  s t ruc tu re  o f  the  t i t le  
c o m p o u n d .  

One  can  p o s s i b l y  a rgue  tha t  the  a p p e a r -  
ance  o f  a un ique  C r - O  b o n d  l eng th  is the  

FIG. 3. ORTEP perspective drawing of a portion of 
the extended structure of [Cr(H:O)6]SiF 6, showing the 
hydrogen-bonding pattern. The crystallographic c-axis 
is vertical in the plane of the paper. The chromium 
complex in this drawing is centered at (000). The SiFt- 
ion above it (Si at (001/2)) is drawn with F(1) bonded 
to Si. The SiF26 - anions to the left (Si at (2/3,1/3,- 1/6)) 
and to the right (Si at ( 1/3,1/3, - 1/6)) are drawn with 
F(2) bound to the Si atom. 

resu l t  o f  the  a v e r a g e  o f  two  o r  m o r e  unre-  
so lved  d i s t ances .  I t  is c o n c e i v a b l e  tha t  t he re  
is a d y n a m i c  d i s to r t i on  o f  the  c o m p l e x  in 
the  c rys t a l .  H o w e v e r ,  the  d i f f rac t ion  d a t a  
ana lys i s  s t rong ly  s u p p o r t s  the  c onc lu s ion  
tha t  the re  is a un ique  C r - O  b o n d  length .  T h e  
d i s p l a c e m e n t  p a r a m e t e r s  a re  i n c o n s i s t e n t  
wi th  the  idea  o f  m o v e m e n t  in the  d i r ec t i on  
o f  the  b o n d ,  and  in fact  sugges t  tha t  the  
l a rges t  m o t i o n  o f  the  o x y g e n  a t o m  is p e r p e n -  
d icu la r  to the  b o n d ,  as  seen  in Fig .  2. A 
p o s s i b l e  e longa t ion  o f  the  C r - O  b o n d  w o u l d  
a lso  be  v e r y  d e t r i m e n t a l  to the  e x t e n d e d  
a r r a y  o f  h y d r o g e n  bonds .  

The  p r e s e n c e  o f  a ful ly  o r d e r e d  c a t i o n  
is a l so  s u p p o r t e d  by  the  a p p e a r a n c e  o f  the  
h y d r o g e n  a t o m s  on  a d i f f e rence  F o u r i e r  m a p  
and  the i r  succes s fu l  r e f inement .  C o n c l u s i v e  
e v i d e n c e  for  the  s ingle o c c u p a t i o n  o f  the  
o x y g e n  a t o m  site c o m e s  f rom the  d i f f e r ence  
F o u r i e r  map ,  a s e c t i on  o f  w h i c h  is s h o w n  in 
Fig .  4. The  d i f f e rence  F o u r i e r  m a p  s h o w n  

in the  f igure was  m a d e  wi th  Fca~c t a k e n  f rom 
a m o d e l  in wh ich  the  o x y g e n  and  h y d r o g e n  
a t o m s  had  b e e n  r e m o v e d .  (All  o t h e r  s i tes  
had  the i r  final re f ined  p a r a m e t e r  va lues) .  A s  
the  f igure s h o w s ,  the  o x y g e n  si te  has  no  
m o r e  ex t en t  in the  d i r ec t i on  o f  the  C r - O  
b o n d - - t h e  d i r ec t i on  o f  p o s s i b l e  J a h n - T e l l e r  
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Covalent distances and bond angles 

Cr(1)-O(1)  2.106(2) c i s - O ( 1 ) - C r (  1)-O( 1 ) 90.66(9) 
89.34(9) 

Si(1)-F(1)  1.673(3) c i s - F (  1)-Si( 1 ) - F (  1 ) 90.5(2) 
89.5(2) 

Si(1)-F(2)  1.685(3) c i s - F ( 2 ) - S i ( 1 ) - F ( 2 )  90.4(2) 
89.6(2) 

O(1) -H(1)  1.11(5) Cr (1 ) -O(1 ) -H(1 )  120(2) 
O(1) -H(2)  1.02(7) Cr (1 ) -O(1 ) -H(2 )  101(2) 

H ( 1 ) - O ( 1 ) - H ( 2 )  120(4) 

Hydrogen bonds 
A - B  . �9 �9 C A �9 �9 �9 C Angle at B C coords. 

O(1)-H(1)  . - .  F(1) 2.885(4) 157(4) x , y , z  

O(1)-H(2)  �9 �9 . F(1) 2.758(3) 137(4) y - x + 113, - x  + 2/3, z - 113 
O(1) -H(1)  . - .  F(2) 2.704(4) 143(5) x , y , z  

O(1)-H(2)  �9 - �9 F(2) 2.720(4) 118(4) y - x + 1/3, - x + 2/3, z - 1/3 

distortion--than it has in any other di- 
rection. 

The presence of a configuration which 
does not allow the chromium(II) atom to 
reach its normal energy minimum is proba- 
bly the cause of the highly efflorescent be- 
havior, briefly discussed in the Experimen- 
tal Section, of the hexaaquachromium(II) 
hexafluorosilicate compound. When ex- 
posed to water, even in the form of ambient 
humidity, the system rapidly takes on water; 
undoubtedly the molecules in the liquid 
phase have the configurational energy min- 
ima prescribed by the Jahn-Teller theorem. 

It is remarkable, considering their great 
importance, that there is only very limited 
structural information on the hexaquo ions 
of the divalent transition metals, 
[M(H20)612+; meaningful comparisons of 
the present results with those of other re- 
lated compounds is thus nearly impossible. 
It is not possible to compare the Cr-O bond 
length in [Cr(HzO)6]SiF6 with those in the 
analogous V and Mn compounds to see 
whether it is, as expected, approximately 

1A 
I 

\\\\ //J 
L/---- 

/I//" \\\ 
. . . .  -x\.  

/ / ~ x \  

f _ -  . . . . .  

FIG. 4. Contoured difference Fourier section from 
the X-ray diffraction analysis of  [Cr(H20)6]SiF6. The 
conditions under which the map was calculated are 
described in the text. The plus sign ( + )  in the upper 
section of the plot represents the Cr atom position, and 
the ( + ) in the lower portion of the plot represents the 
final refined coordinates of the oxygen atom. Contours 
are drawn at increments of  0.65 e /A  3. 
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halfway in between because the structures 
of the V and Mn compounds are unavail- 
able. It seems clearly risky to attempt to 
compare dimensions from one type of  struc- 
ture to another. For the Cr Tutton salt, the 
average Cr-O distance is 2.167 .~ as com- 
pared to 2.106 A in [Cr(HzO)6]SiF 6. This 
discrepancy could mean that the averaged 
value for a Jahn-Teller distorted 
[Cr(H20)6] 2+ ion is truly greater than that 
for the undistorted case, but more likely it 
means that the strong forces in [Cr 
(HzO)6]SiF6 that suppress the Jahn-  
Teller effect also cause a net compression 
of the [Cr(H20)6] 2+ ion as a whole.  

One more interesting aspect of  this com- 
pound that remains to be examined is how 
its electronic properties (magnetic and spec- 
troscopic) will differ from those of  com- 
pounds in which the [Cr(H20)6] 2+ ion exhib- 
its its usual tetragonal distortion. With the 
aid of crystal-field theory, the relationship 
between the two cases can be at least ap- 
proximately predicted. The degree to which 
these will be experimentally confirmed 
should be of  interest. 

Acknowledgments 

We are grateful to The Robert A. Welch Foundation 
under Grant A-494 for support of work at Texas A&M 
University, and to Vicerrectorfa de Investigaci6n, 
U.C.R. (Grant 115-87-006) for support at the University 
of Costa Rica. We also thank Dr. Richard Staples for 
assistance with the reduction of X-ray data. 

References 

1. (a) H. JAHN AND E. TELLER, Phys. Rev. 49, 874 
(1936); (b) H. JAHN AND E. TELLER, Proc. R. Soc. 
London, A: 161, 220 (1937). 

2. (a) F. A. COTTON AND G. WILKINSON, "Advanced 

Inorganic Chemistry," 5th ed., Wiley, New York 
(1988); (b) J. B. BERSUKER, "The Jahn-Teller Ef- 
fect and Vibronic Interactions in Modern Chemis- 
try," Plenum Press, New York (1984). 

3. F. A. COTTON, L. R. FALVELLO, C. A. MURILLO, 
AND G. VALLE, Z. Anorg. Allg. Chem. 540/541, 67 
(1986). 

4. F. A. COTTON, L. R. FALVELLO, E. L. 
OHLHAUSEN, C. A. MURILLO, AND J. F. 
QUESADA, Z. Anorg. Allg. Chem., in press. 

5. B. N. FIGGIS, E. S. KUCHARSKI, AND P. A. 
REYNOLDS, Acta Crystallogr., Sect. B: Struct. Sci. 
B46, 577 (1990). 

6. S. SYOYAMA AND K. OSAKI, Acta Crystallogr., 
Sect. B: Struct. Crystallogr. Cryst. Chem. B28, 
2626 (1972). 

7. E. KODERA, A. TORII, K. OSAKI, AND T. 
WATANABE', J. Phys. SOC. Jpn. 32, 863 (1972). 

8. W. C. HAMILTON,Acta Crystallogr. 15,353 (1962). 
9. S. RAY, m. ZALKIN AND D. H. TEMPLETON, Acta 

Crystallogr., Sect. B: Struct. Crystallogr. Cryst. 
Chem. B29, 2741 (1973). 

10. 8. RAY, A. ZALKIN AND D. H. TEMPLETON, Acta 
Crystallogr., Sect. B: Struct. Crystallogr. Cryst. 
Chem. B29, 2748 (1973). 

11. D. C. PRICE, Can. J. Phys. 65, 1280 (1987). 
12. F. A. BOIKO, G. Yu. BOCHKOVOVAYA, A. M. 

BYKOV, V. L. KOVARSKY, N. E. PISMENOVA, 
V. G. KSNOFONTOV, I. V. RUBAN, R. YA. SUKH- 
AREVSKY, E. O. TSYBULSKY, AND G. E. SHATA- 
LOVA, Ferroelectrics 75, 431 (1987). 

13. (a) H. ELLIOT, B. J. HATHAWAY, AND R. C. 
SLADE, lnorg. Chem. 5,669 (1966); (b) D. REINEN, 
C. FRIEBEL, AND K. P. REETZ, J. Solid State 
Chem. 4, 103 (1972). 

14. F.A.  COTTON, B. A. FRENZ, G. DEGANELLO, AND 
A. SHAVER, J. Organomet. Chem. 50, 277 (1973). 

15. A. C. T. NORTH, D. C. PHILLIPS, AND F. S. 
MATHEWS Acta Crystallogr., Sect. A: Cryst. Phys. 
Diffr. Theol'. Gen. Crystallogr. A24, 351 (1968). 

16. Computing was done on a Data General Eclipse 
computer with the SHELXTL package, and on 
a Local Area VAX cluster (VMS V5.2) with the 
program SHELX-76 and with the commercial 
package SDP/V VD.0. 


