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fitted with Teflon valves and purified by passing fluorine at atmos- 
pheric pressure through the liquid until all the Sr, and BrF, had re- 
acted. After degassing several times, the BrF, was vacuum distilled 
and stored over dry sodium fluoride in a Kel-F storage trap. 

Chlorine pentafluoride was prepared according to the method of 
Pilipovich, et by reaction of excess fluorine with cesium chloro- 
tetrafluoride and stored in a previously passivated stainless steel con- 
tainer. The purity of both ClF, and BrF, was checked by recording 
their "F nmr spectra at 26". 

Preparation of XeF,+SbF,-, XeF,+Sb,F,,-, XeF,+AsF,-, and 
XeF,+BF,-. The adduct XeF,+SbF,- was prepared by addition of 
an excess of XeF, to SbF, in HF solution. Anal. Calcd: F, 45.23; 
Sb, 26.35; Xe, 28.42. Found: F, 45.34; Sb, 26.13; Xe, 28.26. The 
XeF,+Sb,F,,- and XeF,+AsF,- adducts were prepared by addition of 
an excess of SbF, or AsF, to an HF solution of XeF,. Anal. Calcd: 
F,  50.33; As, 18.04; Xe, 31.64. Found: F,  50.48; As, 18.20; Xe, 
31.36. The solutions were pumped on, first at -60" and then at room 
temperature, until constant weight yas achieved. The XeF,+BF,- 
adduct was prepared by direct combination of XeF, with excess BF, 
in a Kel-F trap at room temperature and pumped to constant weight 
at-78'. 

Preparation and Analysis of F,XeSO,F. In a typical preparation 
1.293 g (5.27 mmol) of XeF, was transferred to a Kel-F reaction 
vessel and dissolved in 3.642 g (36.39 mmol) of HSO,F, and excess 
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HS0,F was removed under vacuum at 40'. The resulting white 
crystalline solid was volatile and slowly pumped off at room tempera- 
ture. Analytical results are consistent with the formulation F.XeSO,F. 
Anal. Calcd: F, 35.04; S, 9.85; Xe, 40.35. Found: F, 34.i3; S, " 

9.56; Xe, 39.92. 
Sample Reparation. Stoichiometric samples were prepared by 

transferring some of the solid adduct from a Kel-F storage trap to a 
preweighed Kel-F or glass sample tube in a drybox. Fluorosulfuric 
acid and antimony pentafluoride were syringed into preweighed Kel- 
F or glass nmr tubes in a drybox. Sample tubes were attached via a 
Kel-F adapter and Teflon valve to a vacuum line with standard 0.25- 
in. Teflon Swagelok fittings, frozen at liquid nitrogen temperature 
and evacuated. Xenon hexafluoride, HF, BrF,, and ClF, were 
distilled directly from their storage vessels into preweighed Kel-F 
sample tubes through an all Kel-F and Teflon system. Kel-F sample 
tubes were sealed by immersing in liquid nitrogen, evacuating, and 
allowing the tube to collapse by heating with a small electrical heating 
coil. 
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The crystal and molecular structure of [bis(triphenylphosphe)imminium]tetracarbonylcyanoion(0), [ PPN] [Fq(CO),CN], 
has been determined from three-dimensional X-ray data collected by counter methods. The gold-colored salt crystallizes 
in space group P2,/c of the monoclinic system with 4 formula units per unit cell of dimensions a = 10.749 (4), b = 12.909 

matrix least-squares methods to a weighted R factor on F of 4.55% for the 2314 independent reflections with F Z  > 30(FZ). 
The thermal motion of all nonhydrogen atoms has been treated as anisotropic. The phenyl carbon atoms have been treated 
as rigid groups with a benzene ring geometry. The [Fe(CO),CN]- ion is a distorted trigonal bipyramid (C3, molecular sym- 
metry), isoelectronic with Fe(CO),, with the cyanide in an axial position as predicted from a simple n-bonding model which 
is proposed. The three equatorial iron-carbon bond lengths are 1.769 (8), 1.754 (8), and 1.781 (8) A. The bond length 
from the iron to the carbon of the axial carbonyl is 1.723 (8) A and to the cyanide carbon is 1.928 (8) A. The axialequa- 
torial difference in the F e C  carbonyl bond lengths is 0.045 (12) A ,  which agrees well with the latest Fe(CO), structural 
data. The difference between axial cyanide and carbonyl Fe-C bond lengths, 0.205 (12) A ,  is largely due to the difference 
in covalent radii of CN- and CO. The ions pack in layers with parallel close approach (3.50 A) of one equatorial carbonyl 
oxygen and the inversion-related oxygen. The PPN cation has a cisoid conformation with a PNP bond angle of 134.6 (3)". 

(6), C = 26.801 (9) A, and p = 97.98 (5)"; Pobsd = 1.31 (I), Pcalcd = 1.32 g/Cm3. The Structure has been refined by f d -  

Introduction 
Although the stereochemical lability of five-coordinate 

complexes is of interest for several reasons, our interest 
has remained focused on the use of the high sensitivity of 
the geometry of these complexes to changes in the bonding. 
The change in structure of a series of complexes as individual 
ligands are changed allows a systematic investigation of the 
various components of the bonding. We have used this tech- 
nique previously in studying the relative importance of the 
metal d-electron configuration in determining the geometry 
of a ~o rnp lex . ?~~  Often the difference in energy between 
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two geometries for a five-coordinate complex is very small 
and in some cases can be determined by changes as small 
as crystal or solution 
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of the trigonal-bipyramidal complex,8 raised the question of 
what factors determine the equatorial vs. axial preference 
for such closely related ligands. The greater availability of 
metal d orbitals of the proper symmetry to form n bonds 
with the ligands in equatorial YS. axial sites would lead to 
the expectation that the more strongly n-bonding ligand 
should preferentially occupy equatorial positions. To test 
this hypothesis we have prepared and determined the struc- 
ture for the title compound, a salt of another member of the 
series of complexes isoelectronic with iron pentacarbonyl. 
Experimental Section 

fvst prepared by Ruff in a reaction which also produced the PPN 
c a t i ~ n , ~  the reaction gave more than one product and in our hands 
did not yield crystals suitable for structural studies. The following 
procedure was used in the synthesis of the crystals used here. The 
salt [PPNJCl was prepared by the reaction 

3Ph,P + 2Cl, + NH,OH*HCl+ (Ph,P),NCl + Ph,P=O + 4HC1 

Preparation of Crystals. Although the [Fe(CO),CN]- anion was 

A solution of [Fe(CO),CN] - was prepared by combining, under 
nitrogen, 0.536 g (1.47 mmol) of Fe,(CO), with 50 ml of CH,CN 
and 5 g of KCN. The solution was stirred and heated to 5040'.  
After filtering off the excess KCN under nitrogen 0.852 g (1.48 
mmol) of [PPNICI was added. This was filtered again to remove KCl 
and placed under vacuum to remove the solvent. The product was 
extracted with 10 ml of CH,Cl, and 75 ml of diethyl ether. After 
fdtering and washing with pentane, 0.49 g of [PPN][Fe(CO),CN] 
was collected. Anal. Calcd for [((C,H,),P),NJ[Fe(CO),CN]: C, 
67.2; H, 4.14; N, 3.82; P, 8.46; Fe, 7.62. Found: C, 65.9; H, 4.33; 
N, 3.94; P, 8.40; Fe, 7.69. The density measured by flotation in a 
carbon tetrachloride-pentane solution is 1.31 g/cm3. 

Determination of the Unit Cell and Collection of Intensity Data. 
A series of precession photographs (Mo Ka, Zr-fiitered radiation) for 
a large crystal exhibited Laue symmetry 2/m and the systematic ab- 
sences OkO, k # 2n; h01,1# 2n. These absences are consistent only 
with space group c,h5-P21/c. 

The four lattice constants and the data crystal orientation angles 
were determined by least-squares refinement using the setting angles 
of 11 reflections carefully centered at a takeoff angle of 1.0" with 
monochromatic radiation from a highly oriented graphite crystal." 
The lattice constants (Mo Ka1, h 0.70926 A) were found to be Q = 
10.749 (4), b = 12.909 (6), c = 26.801 (9) A, and cos p = -0.1388 (4) 
at 22". For 4 formula units per unit cell the calculated density is 
1.32 g/cms, which agrees closely with the observed density of 1.31 
g/cm" 

Intensities were collected in the 0-20 scan mode as previously de- 
scribed." The takeoff angle was changed to 2.0" for data collection. 
The crystal was intentionally not oriented along a symmetry axis in 
order to minimize the effects of multiple diffraction.12 The scan rate 
was 2'/min and the scan was from 0.6" below the Ka, peak to 0.6" 
above the Ka, peak. Backgrounds were counted for 10 sec at both 
ends of the scan. No fiiters were used. Copper foil attenuators were 
used when the count rate exceeded 10,000 cps. Two mirror-related 
equivalent forms (ih,+k,+l and th,-k,+l) were collected. The first 
set was collected to a Bragg 20 angle of 50"; the second, to 40". The 
full width at half-height of w scans of reflections on each of the three 
axes averaged about 0.12", which indicates an acceptable mosaic 
spread. Three standard reflections, the 200,020, and 006, were 
measured periodically to check crystal and instrument stability. A 
total of 10,773 reflections were observed. These were reduced to 
values of F z  and u(F2)  as described p r e v i ~ u s l y . ' ~ ~ ' ~  A value of 0.04 

(8) B. A. Frenz, J. H. Enemark, and J. A. Ibers, Inorg. Chem., 
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6600, and 7600 computers, local modifications of the following 
programs were employed: Zalkin's FORDAP Fourier Program; 
Ibers' NUCLS group least-squares program based on Busing and 
Levy's ORFLS; Busing and Levy's ORFFE error function program; 
Johnson's ORTEP thermal ellipsoid plotting program; Dewar's FAME 
structure factor normalization program; Long's REL phase deter- 
mination program for centrosymmetric structures. 

was assigned to the parameter p as a lower bound for u(F2)/F2.11 
The standards showed a total loss of intensity of 1.7% in the Q *  

direction, 6.4% in the b* direction, and 4.8% in the c* direction. 
The intensities were corrected for this anisotropic decay based on 
the projection of the diffraction vector on the three standard~. '~ No 
absorption correction was applied, since for the absorption coef- 
ficient of 5.5 cm-' maximum absorption effects are no larger than 
a few per cent. The two equivalent forms were averaged resulting in 
6525 independent reflections of which 2313 had F2 > 3u(F2). 
These data were described as being above background and were used 
in the refinement of the structure. The standard deviation of the 
average was chosen as the maximum of that estimated from the 
range or by averag$g individual standard deviations. The R factor 
for averaging is 9.1% based on F2.  
Solution of the Structure 

The position of the iron atom was easily determined from a 
Patterson synthesis, but the phosphorus atoms did not stand out 
clearly. Since the structure was not well phased by just the iron 
atom, direct methods were used to determine the remaining struc- 
ture. 

Structure factors for the 1187 reflections with highest normalized 
structure factors were normalized according to the equation 

r 1 112 

L J 
in which F hl is the observed structure factor and has been corrected 
for thermafmotion. The factor E adjusts for the degeneracy of Fhkl 
for reflections at symmetry locations in reciprocal space, N is the 
number of atoms in the unit cell, and the atomic scattering factor 
for the jth atom at the scattering angle 0 is f i  . Scattering factors 
for neutral Fe, C, 0, N, and P were those tab3ated by Cromer and 
Mann.'' Those of Stewart, et ~ l . , ' ~  were used for H. Real and imag- 
inary anomalous dispersion factors for Fe and P were those of 
Crome~.~'  Phases were determined for 233 reflections by iterative 
use of Sayre's equation."*'* The initial sign set consisted of seven 
reflections of which three were necessary to fix the origin. In the 
iterative process newly calculated phases with probability greater 
than 0.95 were used in the next cycle to determine phases of the 
unphased reflections. Of the 16 solutions the correctly phased 
solution had the highest consistency index (0.960) and required the 
least number of cycles (6) to phase all reflections. The consistency 
index is given by 

where the summations are over all pairs of reflections h ,  and h ,  
for which h = h ,  + h ,  and where the angular brackets indicate 
an average over all values of h.  The last parts of the structure 
were determined by standard difference Fourier and least-squares 
techniques. The function minimized is Cw( I Fo I - IFc1), 
where F, and Fc are the observed and calculated structure 
factors. The weighting factor, w, is 4 FOZ/u2( Fo2). During 
the final refiiements the phenyl rings were refiied as rigid groups 
of D,h (6/mmm) symmetry with C-C and C-H bond lengths of 
1.392 and 1.084 A, respectively. 

Several least-squares refiiements were carried out for vari- 
ous models of the [Fe(CO),CN] - anion in order to determine 
which one of the atoms bonded to carbon was a nitrogen atom. 
A combination of thermal parameters and observed bond lengths 
clearly indicated the axial cyanide location and implied little if 
any disorder, since, for example, disorder between the two axial 
ligands would tend to give apparently equal F e C  bond lengths 
in contrast to what is observed. 

A difference Fourier showed the largest 15 peaks to be in 
the plane of the phenyl carbons and on lines which bisect carbon- 
carbon bonds which are across the ring from the phosphorus. 
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Table I. Atomic Positional and Thermal Parameters for [PPN] [Fe(CO),CN] 

Atom 

Fe 
- 
'1 
p2 

R l  
02 
03 
4 
05 
'1 
'2 

c3 
c4 
'5 
PllCl 
'11% 

le 

'11'3 
'11'4 
'11'5 
'11'6 
'K'1 
'KC2 
p 4 3  
p 4 4  
'12'5 
'$6 
'13'1 
P13c2 
'1?3 
'13'4 
'13'5 
'13'6 
P 2 P l  
4 1 c 2  
'21'3 

'21'4 
'21'5 
'21'6 
'dl 
P22'2 
PnC3 
p n c 4  
w 5  
'nC6 
'23'1 
P C  
23 2 

'23'3 
'2jC& 
'23'5 
'23'6 

P l P 2  

'11% 

'15% 
PlzH3 
' 2 4  

'llH3 

'llH5 
'11'6 

'195 
' 2 6  
'13% 
'1jH3 
'13'4 
P H  13 5 
'UH6 

'21% 

'21'5 

p a 4 2  

P21H4 

PZl% 
P d 2  

'223  
P n H L  
p2#5 
P& 
P23% 

P23% 

P d :  
'23% 

'23% 
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This was interpreted as anisotropic thermal motion. The phen- 
yl carbons were allowed anisotropic thermal motion in the final 

refinements, although positional parameters were still constrained 
to a rigid group. 
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Table 11. Calculated Bond Lengths and Angles 

C1-Fe-Cg 

3 Cl-F*-C 
Cl-Fe-C4 
C Fc-C 1- 5 

C -Fe-C 2 4  
C -Fed4 3 
C4-FbC5 

N1-Cl-Fe 
02-C2-Fe 
0 C -Fa 3- 3 
04-C4-Fe 
0 C Ft 5- 5- 
C -Fed7 e 5  
C Fe-C 3- 5 
"P1-Pl1C1 
W-P1-P12C1 
w-P1-Pl3Cl 
w-PiP21c1 
"P2-PnC1 
"PpPe3C1 

C*-?e-C3 

P1-lp-Pe 

P-C-C we. - m.0(4)* PiP11C1-P11Ce 121.8 
P1~PUc1~P11c6 118.2 
P1-P12cl-P12c2 El.; 
P1-P12c1-P12c6 l la.  9 
p1~pUc1~p13c2 m. 5 
pI~p17cI~p17c6 117.2 
P;.P;;c;-P& m.2 
pe~p21c1~peic6 l19 .8  
P2-PnC1-PnCs 1W.3 

119.7 
Pe-Pncl-Pnc6 u 9 . 6  

I b e  a tandud Aaviatiolu for the C-P-C urd P-C-C .ngla l  u e  ~pproxlmrtely .3* M 

eatlxute.4 frm the w I U I O ~  of the atomic cwrdiruter. 

Table 111. Rms Amplitudes of Vibration (A) along Principal Axes 

Atom 
Fe 
PI 
p2 
NP 

Axis 1 
0.244 (1) 
0.205 (2) 
0.197 (2) 
0.189 (7) 
0.275 (8) 
0.269 (7) 
0.266 (7) 
0.252 (9) 
0.272 (7) 
0.260 (10) 
0.252 (10) 
0.268 (12) 
0.238 (11) 
0.261 (10) 

Axis 2 
0.278 (I)  
0.244 (2) 
0.215 (2) 
0.219 (6) 
0.311 (8) 
0.349 (6) 
0.368 (7) 
0.440 (8) 
0.387 (7) 
0.280 (9) 
0.282 (9) 
0.299 (12) 
0.330 (10) 
0.277 (10) 

Axis 3 
0.300 (1) 
0.237 (2) 
0.250 (2) 
0.255 (6) 
0.496 (9) 
0.418 (6) 
0.613 (8) 
0.643 (9) 
0.648 (9) 
0.372 (9) 
0.357 (9) 
0.447 (10) 
0.453 (10) 
0.483 (10) 

The final values for the agreement factors R ,  and R are 
4.28 and 4.55% iq which 

R1 = [Zl lFol -  IFcII]/ZIFoI 
Rz = [[Zw(IF0I - IFcI)2]/Z~iFo12]"2 

Figure 1. A perspective drawing of [Fe(CO),CN]-. The thermal 
ellipsoids represent 25% probability contours. 

The standard deviation of an observation of unit weight de- 
f i e d  as 

I"' [ N O  - N ,  

( 2  [ IFoI- IFc I]"/.2(Fo) 

is 1.30, indicating the assigned standard deviations are slightly small. 
The final difference Fourier had no peaks larger than 0.23 e/A3. 
The final values of the atomic parameters and their standard devla- 
tions estimated from the inverse matrix and the error in the cell 
constants are given in Table I. Table I1 lists important bond dis- 
tances and angles that may be derived from these pararneters.l9 
Table I11 gives the rms amplitudes of vibration along principal axes 
of the individual atom thermal ellipsoids. 

Description and Discussion of the Structure 
The salt consists of discrete [((C6H5),P),N]+ cations and 

[Fe(CO),CN]- anions. The [Fe(CO),(CN)]- anion (Figure 
1) is a (slightly distorted) trigonal-bipyramidal complex with 
approximately C,, molecular symmetry. There is a distinct 
difference in bond lengths to the three types of ligands: 
axial carbonyl, equatoriaI carbonyl, and cyanide. The F e C  
bond lengths are 1.768 (8) (average of three), 1.723 (8), and 
1.928 (8) A, respectively. The difference between the equa- 
torial and axial carbonyl F e z  bond length is 0.045 (12) A, 
which agrees with the latest electron diffraction value of 
0.027 (7) A for Fe(CO)S?O This kind of contraction of 
axial vs. equatorial bond lengths has been explained at length 
elsewhere?-698*21-24 

The 0.205 (12) A difference for the cyanide and axial car- 
bonyl Fe-C bond lengths is qualitatively consistent with 
the expected difference in covalent radii of the two ligands. 
In the tetrahedral d" complex Ni(CO),, the Ni-C bond 
length is 1.84 (3) 
electronic [Ni(CN),I4- anion may be estimated if we assume 

The Ni-C bond length in the iso- 

(19) See paragraph at end of  paper regarding supplementary ma- 
terial. 

(20) B. Beagley, D. W. J .  Cruickshank, P. M. Pinder, A. G .  
Robiette, and G .  M. Sheldrick, Acta Crystallogr., Sect. B, 25, 737 
(1969). 

(21) J. L. Shafer and K. N.  Raymond, Inorg. Chem., 10, 1799 
(1971). 

(22) B. A. Frenz and J.  A. Ibers, Inorg. Chem., 1 1 ,  1109 (1972). 
(23) B. A. Frenz and 3. A. Ibers in "The Biennial Review of 

Chemistry, Chemical Crystallography," J .  M.  Robertson, Ed., 
Medical and Technical Publishing Co., Aylesburg, England, 1972, 
Chapter 2. 

(24) Excellent discussions of all other related five-coordinate 
structures have appeared recently in ref 2 2  and 23. 

(25) J.  Ladell, B. Post, and I. Fankuchen, Acta Cvysrallogr., 5, 
795 (1952). 
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Figure 2. A stereoscopic pair of perspective drawings of [N(P(C6H5)3)z]+. The thermal ellipsoids represent 25% probability 
contours. Phosphorus 1 is on the left with ring 1 in the rear, ring 2 in front, and ring 3 pointing up. Ring 1 on phosphorus 2 
is also in the rear, ring 2 points up, and ring 3 is in the foreground. 

Figure 3. A stereoscopic pair of perspective drawings of the layered packing in the unit cell of [N(P(C,H,),),][Fe(CO),CN]. 
The thermal ellipsoids represent 25% probability contours. The phenyl carbons are drawn artificially small for clarity. The verti- 
cal line represents a unit translation in the a direction. The horizontal line represents a unit translation in the b direction. The 
line which goes into the page runs from I / ,  to 3 / 4  in c. 

the metal covalent radius change for the square-planar Ni2+ 
to tetrahedral Nio is the same as the change for square- 
planar Pt2+ to tetrahedral Pto. The Pt-P bond length in 
square-planar Pt2+ complexes is about 2.24 A.26-32 The 
Pt-P bond length in the tetrahedral Pto complex [Pt(P- 
(C,H,),),(CO)] is 2.340 (6) A.33 If the difference of 
0.10 A is added to the Ni-C bond length of 1.86 A in CaNi- 
(CN),*5H20M and BaNi(CN)45Hz0,?'5 a bond length of 
1.96 A is predicted for the [Ni(CN),I4- ion. Thus the 
difference in Ni-C bond lengths between the isoelectronic 
species Ni(COk and [Ni(CN),I4- is expected to be about 
0.12 A, and this can be taken as an estimate of the dif- 
ference in the covalent radius of CN- and CO. Of course 
the actual bond lengths in any given complex depend on 
the bond order as well as the covalent radii, so the magni- 

(26) Some individual bond distances in the square-planar Pta+ 
complexes rrans-[ Pt,Cl,(P(C 3H,)3)2],27 [ Pt ,Cl,(BCN),(P(C - 
H 7 )  3) 1, " cis- [ P t( P( CH 3 )  C1, ] , 29 trans- [ P t (P(C , H ) 3 )  , Br ] ," trans- 
[Pt(P(CzH,)3),Cl,]j:o ~~u~s-[P~(P(C,H,),(C,H,)),HC~],~~ and [ Pt- 
(P(C6H5)3)z(C03)] are 2.230 (9) ,  2 .244 (a), 2 .248  (S) ,  2135  (4), 
2.300 (19), 2.267 (B), and 2 .240  (10) A, respectively. 

Sect. B, 2 5 ,  1760 (1969). 

Owsten,J. Chem. SOC. A ,  2770  (1970). 

6 ,  725 (1967). 

(1966). 

Commun., 408 ( 1  967). 

(27) M. Black, R. H. B. Mais, and P. G. Owsten, Acta Crystallogr., 

( 2 8 )  U. A. Gregory, J. A. J. Jarvis, B. T. Kelbourne, and P. G. 

(29)  G. G. Messmer, E. L. Amma, and J.  A. Ibers, Inorg. Chem., 

(30) G. G. Messmer and E. L. Amma, Inorg. Chem., 5, 1775 

(31) R. Eisenberg and J .  A. Ibers, Inorg. Chem., 4, 7 7 3  (1965). 
(32)  F. Cariati, R. Mason, G. B. Robertson, and R .  Ugo, Chem. 
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8, 2109  (1969). 

( 19 69). 

(1969) .  

tude of this difference will vary. In [Fe(CO),CNJ- the dif- 
ference of 0.205 (1 2) A would seem to imply a much higher 
bond order for the metal bond to CO relative to CN-. The 
trans interaction for cyanide relative to carbonyl has been 
discussed at length e l ~ e w h e r e . , ~ , ~ ~  The iron-axial carbonyl 
bond length in [Fe(CO),CN]- of 1.723 (8) A is only slightly 
less than the average bond length of 1.748 (1 5) A in the 
[Fe(CO),H]- anion.,* 

tion as that observed in another salt and the P-N bond 
lengths are similar.39 The P-N-P angle is somewhat smaller 
than that observed previously; for this salt the angle is 134.6 
(31)" as compared with previous values from 137 (2) to 142 
(1)". The average P C  bond length of 1.79 A and the aver- 
age C-P-C angle of 107.4" are similar to those reported. 

A packing diagram of the structure is shown in Figure 3. 
The ions pack in layers perpendicular to the c* axis. The 
iron atom lies approximately at l / , ,  1/4, 1/2 with the threefold 
axis of the trigonal bipyramid nearly perpendicular to b. 
Thus all of the [Fe(CO),(CN>] - groups are oriented with 
their molecular threefold axis oriented in the same way but 
with the cyanide group pointing up for half the anions and 
down for the other half. The result is the face-centered ar- 
ray in the plane with z = (which is diagramed in Figure 3) 
in which each [Fe(CO),(CN)]- is surrounded by four nearest 

The PPN cation (Figure 2) shows the same cisoid conforma- 

(36) L. D. Brown, K. N. Raymond, and S. 2. Goldberg, J.  Amer. 

(37) G. L. Simon, A. W. Adamson, and L. F. Dah1,J. Amer. 

(38) M. B. Smith and R. E. BaU, to  be submitted for publication. 

Chem. SOC., 9 4 , 7 6 6 4  (1972). 

Chem. SOC., 9 4 , 7 6 5 4  (1972). 

We are grateful to Professor Bau for providing us with these results 
prior to publication. 

9 2 ,  7327 (1970). 
(39) L. B. Handy, J. K. Ruff, and L. F. Dahl, J. Amer. Chem. SOC., 
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neighbors with opposite orientations of their dipoles. This 
strong dipolar coupling explains the high degree of order in 
the structure. 

The thermal motion of the anion atoms is relatively large; 
two equatorial oxygens and the axial oxygen have extremely 
large rms amplitudes of vibration. The other oxygen, 0 2 ,  
is involved in a very close-packing interaction with O2 of 
the inversion-related anion at 3.504 (1 1) A. Presumably 
this interaction constrains this oxygen somewhat while the 
other oxygens are able to vibrate freely in the holes created 
by the bulky cation. Large isotropic thermal motion for 
carbonyl oxygens has also been reported in a structure of 
the PPN cation with Cr2(CO)loI-.39 

In a trigonal-bipyramidal complex of symmetry D3h the 
d orbitals split into the irreducible representations at  '(dzz), 
e'(dx2-yz, dxy), and e"(dxz, dyz). Only the e' and e" orbi- 
tals are of the proper symmetry to participate in metal-to- 
ligand n bonding. For the axial ligands only the e".oribtals 
are available for n bonding. For the equatorial ligands both 
the e' and e'' sets are available. This simple analysis leads 
to the expectation that (in the absence of overwhelming 
countereffects such as strong steric repulsion) the more 
strongly n-bonding ligands should preferentially occupy 
equatorial positions. The isoelectronic series of which Fe- 
(CO), is the parent compound is an especially good test of 
this hypothesis. Since NO+ is a stronger n-bonding ligand 

Inorganic Chemistry, Vol. 13, No. 4, I974 775 

than CO, Mn(NO)(C0)4 should have the nitrosyl in the equa- 
torial position, as observed? Since CN- is a weaker n-bond- 
ing ligand than CO, [Fe(CO),CN]- should have the cyanide 
in the axial position, as this structure establishes. Other 
complexes which are not strictly isoelectronic are also ex- 
pected to show this trend. Thus [Fe(C0)4H]- would be ex- 
pected to have the hydride in the axial gosition, as has been 
observed.38 
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Crystals of Xe,F,,+AuF,- are orthorhombic with a = 9.115 (6) A, b = 8.542 (25) A, c = 15.726 (20) A, V =  1224 A3, Z = 
4, d ,  = 4.24 g ~ m - ~ ,  and space group Pnma. A structure determination using three-dimensional Mo Kor X-ray data resulted 
in a conventional R factor of 0.036 for 862 independent reflections for which Z 2 3 4 1 )  (R  = 0.052 for the 1140 indepen- 
dent data, including zero weight data). The anion is essentially octahedral, with an average Au-F bond distance of 1.86 (1) 
A. The Xe,F,i+ consists of two crystallographically independent XeF, groups bridged by a common fluorine atom, with a 
bridge angle of 169.2 (2)'; the bridge bond lengths are 2.23 A (average) V S ,  1.84 A (average) for the other Xe-F distances. 
Each XeF, group departs significantly from the ideal C,, symmetry of the XeF,+ cation. However, the F,,-Xe-FtQ angles 
are -80" for both XeF,+ and the XeF, groups in Xe,F,,+. The cis angle furthest from the bridging fluorine atom is larger 
than the others indicating that the bridglng F atom may be deflecting the nonbonding Xe(V1) valence electron pair from its 
ideal position in each pseudooctahedral, XeF,+-like component of Xe,F,,+. Raman data indicate that the complex cation 
behaves vibrationally like two weakly coupled XeF,+ species with a "bridge stretch" at -360 cm-' . This and the structural 
data indicate that F,Xe+F-XeF,+ must be a major canonical form in the resonance hybrid description of the cation. 

Introduction 
Recently we set out to synthesize AuF6- and obtained' our 

first salt of this anion in the form of the complex cation salt 
Xe2F11+AuF,-. Since both ions were novel and of structural 
interest, we were fortunate that our synthetic method 
yielded suitable single crystals for an X-ray structural analysis. 

Bartlett and his coworkers2 had prepared a salt of empirical 
formula F1,PtXe2, at the time they characterized the salt 
XeF5+PtF6-, and considered it likely to be Xe2F11+PtF6-. The 

(1) K. Leary and N. Bartlett, J. Chem. SOC., Chem. Commun., 

(2) N. Bartlett, F. Einstein, D. Stewart, and J. Trotter, Chem. 
903 (1972). 

Commun., 550 (1966); J. Chem. SOC. A ,  478 (1967). 

composition of the latter, which can also be expressed as 
2XeF6.PtFs adduct, suggested that the compound 2XeF6. 
SbF,, described even earlier3 by Gard and Cady, was also 
probably an Xe2Fll+ salt. 

On the basis of Raman data4 for 2XeF6.AsFS and XeF6. 
ASFS and the crystal structure of XeF5+AsF6-,' Bartlett and 
Wechsberg4 concluded that the former complex was 
X ~ ~ F ~ I + A S F ~ - .  Although Bartlett and Wechsberg were able 
to obtain single crystals of the arsenic complex,4 all showed 
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