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The crystal structure of tetraphenylarsonium tetrachloroferrate, As(Ce¢Hs)4[FeCl4], has been accurately determined in
a three-dimensional X-ray diffraction study. The compound crystallizes in the tetragonal space group 74 with unit cell
dimensions a = 13.158 (5) A and ¢ = 7.161 (3) A; with ¥ = 1239.8 A3 and Z = 2, the calculated density is 1.555 g cm™3.
Using 796 reflections in the range 0° < 28 < 60° (Mo Ke radiation) for which I > 3a(J) the structure refined to final
values of the discrepancy indices, defined in the usual way, of R1 = 0.026 and R2 = 0.035. The conformation of the rings
in the AsPh4™ ion is such that it has crystallographically demanded S4 symmetry. This is also true for the [FeCl4}- ion.
An important feature in this compound is that none of the C~C~C angles in the phenyl rings deviates significantly from
120° including C(2)--C(1)-C(6). The [FeCla4]- ion is tetragonally distorted and has Fe—Cl bond lengths of 2.182 (1) A.

Introduction

Considerable interest has been developing in the structural
features of different EPh4 species for which the C-C-C angles
at the carbon atom bound to the E atom are smaller than 120°
when E is B,! C,2 Si,3 or Ge,4 as well as in the case of
Sn(CsFs)4.5 This trend was beginning to look general for all
EPh4 species although the range in E-C distance was quite
large, varying from 1.553 A in CPha to 1.954 A in GePha, and
this range can be broadened if Sn(CeF5)4 is considered since
the distance Sn~C is 2.164 A in this case. The literature
contains several structure determinations in which the AsPhs*
ion is involved but the accuracy of these determinations is
insufficient for the sort of analysis we wish to conduct, except,
possibly, in one case,5 where a low-temperature determination
indicated that the C—-C~C angle in question might exceed 120°
by 1.4-1.9°. We concluded that an accurate determination
of the structure of the tetraphenylarsonium ion was necessary
to our general analysis of the structural properties of Ph4E
species and sought a compound well suited to the purpose.
Since an early study,” though of very limited accuracy, had
revealed that Ph4As[FeCls] has a simple, symmetrical
structure, in which both the cation and the anion are crys-
tallographically constrained to have S4 (4) symmetry, we
elected to reexamine and refine this structure.

An added motivation for studying this particular compound
was to provide another accurate structure for the [FeCls]- ion,
since several previous measurements showed a variation in bond
lengths and differing degrees of angular distortion. The earlier
report? on Ph4As[FeCls] indicated a pronounced flattening
of the tetrahedron along one S4 axis.

We report here a structure analysis of Ph4As[FeCls] which
provides dimensions accurate enough to deal with the questions
which have just been mentioned. With regard to the PhsAs+
ion, the C(2)-C(1)-C(6) angle is found to be scarcely, if at
all, different from 120°. It is, in fact, slightly larger than that.
In this respect, then, PhsAs™ differs from all other Ph4E species
previously subjected to accurate structure determination. The
[FeCls]- ion in this compound is indeed appreciably distorted.
The Fe—Cl bond distance is in excellent agreement with the
most accurate of the previously reported values, that in
PCl4[FeCl4].8

Experimental Section

Ferric chloride was dissolved in 8 M hydrochloric acid and set in
a diffusion apparatus with a fine-porosity frit separating it from a
solution of tetraphenylarsonium chloride in 8 M HCI. Two days later,
large yellow crystals appeared on both sides of the frit.

Crystallographic Procedures. A long tetragonal crystal was cut
to the dimensions 0.192 X 0.194 X 0.479 mm, mounted on a glass
fiber with the longest dimension nearly parallel to the axis of the
goniometer head, and examined on a Syntex Pl four-circle automatic
diffractometer.

Axial photographs, 6-26 and w scans of several intense reflections,

showed that the crystal was of good quality with satisfactory mosaicity.
A peak width at half-height of 0.3° was found. Cell constants and
an orientation matrix for the tetragonal unit cell were determined
from least-squares refinement of the setting angles of 15
computer-centered reflections in the range 25° < 26 < 34°, The
tetragonal cell parameters at 21 £ 1° are a = 13.158 (5) A, ¢ = 7.161
(3) A, and V' = 1239.8 (9) A3, With mol wt 581.0, the calculated
density for Z = 2 is 1.555 g cm=3. The pattern of systematic absences
indicated, as previously reported,” that the space group is I4.

Data were collected at 21 % 1° using graphite-monochromatized
Mo Ko radiation and §-26 scans varying from 4 to 24° /min, de-
pending on the intensity of the reflection. A total of 835 independent
reflections were collected in the range 0° < 26(Mo Ka) < 60° with
a scan range from 0.9° below the Ka1 peak to 0.9° above the Ka2
peak. From these reflections, 796 with I > 34(I) were retained as
observed data. Three standard reflections measured at intervals of
100 scans were stable. With a linear absorption coefficient for this
compound of 24.6 cm~! and the crystal dimensions, the calculated
transmission factors for the minimum and maximum path lengths
are 0.660 and 0.595 and the average is 0.623. An absorption correction
was applied.

Solution and Refinement of the Structure.’ To begin, the atomjc
positions reported by Zaslow and Rundle” were used in three cycles
of least-squares refinement. This resulted in agreement factors of
Ri = L||Fo| — |Fe|l/Z|Fo] = 0.32 and Rz = (I w(|Fo - Fc|?/
3 WwFo?)}1/2 = 0.38 and an error in an observation of unit weight of
10.1. Most of the temperature factors were of unreasonable mag-
nitudes.

A least-squares cycle refining only the temperature factors of the
atoms in special positions was done and gave R1 = 0.38 and R2 =
0.42. Following this, a difference Fourier synthesis revealed all but
one of the nonhydrogen atoms. The position of the missing carbon
atom was calculated. Several cycles of full-matrix least-squares
refinement with isotropic thermal parameters resulted in agreement
factors R1 = 0.088 and Rz = 0.124.

After three more cycles of refinment using anisotropic thermal
parameters, a difference Fourier map revealed the positions of the
hydrogen atoms. Final full-matrix least-squares refinement of the
nonhydrogen atoms anisotropically and the hydrogen atoms iso-
tropically, using a factor p of 0.06 in the weighting expression, led
to R values of 0.027 and 0.037 with an error in an observation of unit
weight of 1.01. At this point, there were two hydrogen atoms that
refined to chemically unreasonable positions. They were moved to
calculated positions with a distance of 1.00 A from the carbon atom
and C-C-H angles of 120°. Two more cycles of full-matrix
least-squares refinement were carried out, which caused these hydrogen
atoms to move back to the old positions.

At this point, an absorption correction was applied and two more
cycles of full-matrix least-squares refinement gave the final positional
and thermal parameters, none of which change by more than 1 esd
from the previous refinement neglecting that correction. The final
residuals were R1 = 0.026 and R2 = 0.035, with an error in observation
of unit weight of 0.98.

A final analysis of 2 w(|Fo] - |Fc|)? as a function of |Fo| showed
no unusual trends in 3 w(|Fo| ~ |Fc[)? as a function of reflection
number, A~} sin 8, or various classes of indices.

Since 74 is a noncentrosymmetric space group, there are two
enantiomeric forms. The absolute configuration of the crystal structure
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Table I. Positional and Thermal Parameters for As(C,H;),[FeCl,?
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W
koff
nota-
Atom tion x ¥ z By, or Bigo 81, B33 B2 B3 Bas
28 ¢ 0.0 0.5 0.25 0.00443 (4) 8,, 0.0211 (2) 0.0 0.0 0.0
a g 0.1337(1) 0.4600 (1) 0.4145(2) 0.00819(8) 0.00702 (7) 0.0375(4) —0.00125(6) —0.0080 (1)  0.0036 (1)
As a 0.0 0.0 0.0 0.00300 (2) B,, 0.0144 (1) 0.0 0.0 0.0
C(1) g 0.1070(2) 0.0457(3) 0.1581 (4) 0.0032(1) 0.0042(2) 0.0132(6) —0.0001 (I} —0.0002 (2} —0.0008 (3)
C(2) g 0.1376(3) 0.1466 (3) 0.1579(6) 0.0049 (2)  0.0040 (2)  0.0206 (8) 0.0001 (2) —0.0012(4) —0.0004 (3)
C(3) g 02148(3) 0.1766 (3) 0.2760(7) 0.0050 (2) 0.0056 (2) 0.0266 (10) —0.0014(2) —0.0018 (4) —0.0026 (4)
C@d) g 02606(3) 0.1072(4) 0.3941(7) 0.0053(2) 0.0083(3)  0.0232(10) ~0.0004 (2) —0.0037 (4) —0.0028 (5)
C(5) g 0.2295(3) 0.0068 (4) 0.3954 (7) 0.0061(3) 0.0081 (3) 0.0217 10)  0.0003 (2) —0.0039(5)  0.0022 (3)
C6) g 0.1522(3) -0.0240(3) 0.2775(6) 0.0056 2)  0.0050 (2)  0.0200 (8) 0.0001 (2) —0.0021 (4)  0.0019 (4)
H(2) g 0.101(3) 0.192(3) 0.060(5) 3.5(9)
H(3) g 0229 (3) 0242 (4) 0.281(7) 3.7(0)
H@&)® g 0316 0.130 0.479 5.0
H(5) g 0263(@4) -0.045(4) 0.454(7) 4.6 (11)
H(6)? g 0.128 -0.096 0.278 5.0

@ All values include estimated standard deviations in parentheses. The anisotropic temperature factors are of the form exp[-(8,,h* +

Byok? + Bysl? + 28,0k + 28,41 + 28,,kD]. P Calculated positions.

Figure 1. ORTEP stereoview of the As(C,H,), ion.
by 50% probability thermal ellipsoides.

was checked via the transformation of all atomic coordinates from
(x, y, 2) to (—x, —y, —z) and refinement of parameters as before. The
least-squares refinement led to convergence with substantially in-
creased residuals of Rt = 0.052 and Rz = 0.072. Clearly, the original
coordinates (x, y, z) were the correct ones, and the results of the latter
refinement were discarded. A list of the |Fo| and final |F¢| values is
available, as explained in the paragraph at the end of the paper
concerning supplementary material.

Results

The positional and thermal parameters for the crystallo-
graphically independent atoms are listed in Table 1. The
arsenic and the iron atoms lie on the special positions 0, 0, 0
and 0, !/2, !/4, respectively, where the crystallographic
symmetry is 4 for each of them. Thus, the four phenyl rings
as well as the chlorine atoms are crystallographically
equivalent. Figure 1 presents a stereoscopic view of the AsPh4t
ion with hydrogen atoms omitted for clarity. It also defines
the numbering scheme. Interatomic distances are listed in
Table II and bond angles in Table III. The least-squares plane
for the phenyl ring is given by the equation ~8.876X + 2.793Y
+ 5.063Z + 0.0163 = 0, where X, Y, and Z are fractional
coordinates measured along the unit cell edges. The carbon
atoms deviate very slightly from this plane. The deviations
in 0.001 A for C(1) to C(6), respectively, are -6, 4, 0, -2, 1,
4, The arsenic atom lies 0.016 A from the plane.

The dimensions of the [FeCls]~ ion agree, within the error
limits, with those previously reported.” The Fe—Cl distance
is 2.182 (1) A compared to the previously determined value
of 2.19 (3) A. The earlier report indicated an appreciable
tetragonal distortion such that two Cl-Fe—Cl angles were 114.5
(15)° while the other four were 107.0 (15)°. We find values
which are more accurate than but in good agreement with
these, namely, 114.6 (1) and 106.95 (5)°.

The atom-numbering scheme used in all tables is defined. The atoms are represented

Table 1. Interatomic Distances(A)?

Atoms Distance Atoms Distance
Fe-Cl 2.182 (1) C(6)-C(1) 1.387 (5)
As-C(1) 1.905 (3) C(2)-H(2) 1.03 (4)
C(H-C(2) 1.387 (5) C(3)-H(3) 0.89 (5)
C(2)-C(3) 1.380 (6) C(4)-H{4) 1.00
C(3)-C(4) 1.383(7) C(5)-H(5) 0.92 (%)
C(4)-C(5) 1.383 (7) C(6)-H(6) 1.00
C(5)-C(6) 1.383 (6)

% Numbers in parentheses are the estimated standard deviations
in the last significant digit. Atoms are labeled as in Figure 1.

Table III. Bond Angles (deg)

Atoms? Angle Atoms Angle
Ci-Fe-Cl' 114.6 (1)  As-C(1)-C(6) 118.3 (3)
Cl-Fe-Cl 106.95 (5) C(1)-C(2)~-H(2) 115 2)
C(1)-As-C(1") 1107 1)  C(3)-CQ2)-HER) 125(2)
C(1)As-C(1") 107.0(2) C(2)-C(3)-H3) 117 (3)
C(2)-C(1)-C(6) 120.6 (3) CH-C(3)-HB) 122(3)
C(1)-C(2)-C(3) 119.1(4) C(3)CH)-H@) 120
C(2Q)-C(3HC4) 1204 (4) CB)LC4)-HE) 120
C()-CMHA)-C) 1204 @) CMAH-CG)-HG)Y 125 @13)
C(A)-C(5)-C(6) 119.6(4) C(6)-CS)-HG)Y 1153
C)-C)-C(1) 1198@) CB)-Co)-H(6) 120
As-C(1)-C(2) 121.1(3)  C()-C(6)-H(6) 120

@ Primed atoms are symmetry related to the corresponding un-
primed atoms.

Discussion

In connection with the structures of Ph4E molecules or ions,
two main questions arise. They concern the conformation (i.e.,
the relative orientations of the ring planes, considered as having
rotational freedom about the E-C(1) axes) and the deviations
of the rings from regular hexagonal shape.
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The conformation of the Ph4As* ion in this compound has

strictly S4 (4) symmetry. It has been generally recognized .

that an S4 or D2 configuration is likely to be preferred, though
it is not yet clear how all the factors, including E~C distances
and intermolecular interactions, will work out in any given
case.!0 In the group 4 tetraphenyls,2-5 crystallographically
rigorous S4 conformations are also found. In the vast majority
of cases, however, there is no rigorous (crystallographic)
symmetry and it is seldom easy to recognize with certainty
whether the conformation approximates at all closely to any
given idealized symmetry.!!

With respect to the shape of the phenyl rings, there is no
significant deviation from hexagonal symmetry. For the C-C
distances this is completely obvious since the entire range of
0.009 A from the shortest to the longest is only 1.5 times the
average esd of an individual one. The angles vary slightly more
relative to their esd’s. However, the mean deviation from the
average value (120.0°) is only 0.4° (with the largest individual
deviation being 0.9°) while the esd’s of individual angles are
also 0.4°. This is the only example so far available in which
there is no significant deviation from perfect hexagonal
symmetry. In all other cases the angle at C(1) is significantly
smaller (by 1-6°) than 120° and there are compensatory
increases in others. A comparative discussion of the mag-
nitudes and the possible significance of these distortions will
be given elsewhere.

Finally, we note that the [FeCla]- ion has Fe—Cl distances
of 2.182 (1) A which is in excellent accord with the average
value of 2.185 (2) A in the PCl4[FeCl4] salt. Since the latter
has been recently used for comparison with [FeCl4]2- in order
to determine the dependence of the tetrahedral radius of the
iron atom on oxidation state,!2 it is satisfying to have it
confirmed to within the esd’s. These two values agree sat-
isfactorily with the mean value of 2.196 (9) A in Na[FeCls].!3
The only remaining literature value then is for the [FeCla]~
ion in [FeCl2(DMSO)4][FeCla],'4 in which the ion also has
S4 crystallographic symmetry, a compressed structure with
angles (112.2 and 108.2°) similar to those here but an Fe—Cl
distance of 2.162 (5) A. The difference between this value
and those in Ph4As[FeCl4] and PCl4[FeCls], 0.022 A, is about
4 times the sum of the esd’s, which makes it of marginal
significance.
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