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and of Bis-(3,5-diphenyl-1,2-dithiolium) Tetrachloromercurate(II)
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The crystal structure analyses are based on three-dimensional diffractometer data with least-squares
refinement of the scattering model. Crystals are triclinic, space group CT, with two formula units per
asymmetric unit (Z=4). Cell dimensions, with values for the tetrachloromercurate isomer given in
parentheses, are a=16:22 (16:26), b=22-28 (22:31), c=16:95 (17-12) A, 2 =949 (94-5), f=82-7 (82'8)
and y=100-4 (99-6)°. Terminal R values for the two analyses are 0-047 (4621 reflexions) and 0-044 (4079
reflexions) respectively. In both complexes, similarly located tetrachlorometallate ions show marked,
but very similar, angular distortions from tetrahedral symmetry. Both the angular distortions and M-Cl
bond-length inequivalences are related to local Cl- - -S(dithiolium) charge transfer interactions. Some
comments are made regarding the possible relevance of such anion—cation interactions to non-valence
interactions and mechanisms of electron transfer in metalloenzymes.

Introduction

As discussed in the preceding paper (Freeman, Mil-
burn, Nockolds, Mason, Robertson & Rusholme,
1974), interest in the structural chemistry of the sup-
posed iron-thiol complexes, (R,C;HS,),FeCl, [R = Me,
Ph), arose largely from their possible mimicry of the
redox chromophore in the mononuclear iron-sulphur
protein, rubredoxin. Subsequently, this possibility was
firmly ruled out by spectroscopic and X-ray diffrac-
tion analyses of (Me,C;HS,),FeCl, (Mason, McKen-
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of Sussex, Falmer, Brighton BN1 9QJ, England.

t Present address: Research School of Chemistry, The
Australian National University, Canberra, A.C.T. 2600,
Australia.

zie, Robertson & Rusholme, 1968 ; Freeman, Milburn,
Nockolds, Hemmerich & Knauer, 1969; Heath, Mar-
tin & Stewart, 1969), which showed the intense ab-
sorption at ca. 500 nm to result from (FeCl,)?*~ to
(Me,C;HS,)* charge transfer rather than Fe-SS co-
ordination. Ion-ion charge transfer bands are also ob-
served, though with differing intensities and wave-
lengths, in the diffuse reflectance spectra of
(PhMeC;HS,),FeCl, and (Ph,C;HS,),FeCl, [bands
centred at 516 and 741 nm respectively: ¢f. 500 nm for
(Me,C;HS,),FeCl,] (Rusholme, 1970). Spectra of each
of these complexes, together with that of the tetra-
chloromercurate(Il) isomorph of (Ph,C;HS,),FeCl,,
are collected in Fig. 1.

Because of the manifest dependence of spectral prop-
erties on the nature of both the tetrachlorometallate
ion and the substituent groups in the organic ligand.
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it seemed desirable to follow our X-ray diffraction
study of (Me,C;HS,),FeCl, with similar studies of the
tetrachloroferrate(Il) complexes of the diphenyl-sub-
stituted dithiolium cations.

In the event, solution of the (Ph,C;HS,),FeCl, struc-
ture was only accomplished via prior analysis of the
isomorphous tetrachloromercurate(Il) derivative, and
the supposed ‘yellow isomer’ of the dark-green tetra-
chloroferrate(Il) derivative was shown, more or less
concurrently, to be a tetrachloroferrate(I1II) analogue,
(Ph,C;HS,),(FeCl,)Cl  (Mason, Robertson &
Rusholme, 1974). Unexpectedly, and forreasons quite
different from those initially envisaged, the present anal-
yses of the bis-(3,5-diphenyl-1,2-dithiolium) tetrachlo-
roferrate(II) and tetrachloromercurate(Il) complexes
are of interest in relation to studies of electron transfer
mechanisms in both haem and non-haem iron proteins.

Synthetic procedures, together with data relating to
structural polymorphism in the series (Ph,C;HS,),MCl,,
are detailed by Mason et a/. (1974). Reaction products
occasionally included a small amount of free sulphur.
In the case of the (HgCl,)?~ complexes some contam-
ination by metallic mercury was also observed. Crys-
tals of (PhMeC;HS,),PeCl,, prepared by the same
route but with benzoylacetone as the parent f-dike-
tone, always occurred as badly aggregated very thin
plates, and could not be obtained in a form suitable
for X-ray diffraction studies. Freshly prepared crystals
were green, but on standing slowly acquired a brown-

I (Me,C4HS,),FeCl,
IT  (PhMeC,4HS,),FeCl,
IC (Ph,CyHS,)FeCl,

L (Ph,CHS,),HgCl,

A
as LaoTaglaalogloal 20T g6 T2 T 3T kK
238 263 204 333 385 455 556 714 1000 1667 nm

Absorption

Fig. 1. Reflectance spectra of some dithiolium complexes of
tetrachlorometallate dianions.
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ish-black coloration with concomitant changes in
their reflectance spectra (Rusholme, 1970).

Experimental

1. Bis-(3,5-diphenyl-1,2-dithiolium) tetrachloroferrate(Il),
C30H,,S,Cl,Fe

Crystals of (SbzSbz),[FeCl,] occur as well-formed
dark-green needles, having a roughly octagonal cross
section and elongated along the arbitrarily assigned a
axis. Weissenberg and precession photographs show
the Laue group to be C; (1) with systematic absences
{hkl}, h+k=2n+1 of the non-standard face-centred
triclinic spacegroups, C1 or CT. Subsequent structure
analysis has confirmed the centrosymmetric choice
(CT). Dimensions of the centred cell estimated from
high-angle (Mo Ko) precession data are: a=16-22 (1),
b=22:28 (1), c=1695 (1) A, =949 (1), f=82-7 (1),
y=100-4 (1)°, V,=5965 A3. The crystal density meas-
ured by flotation in benzene-1,1,2,2-tetrabromoethane
[1:57 (1) g cm™3] is identical with the value calculated
for eight formula units per cell (1-57 g cm™3),

Reflexion intensities were collected on a PAILRED
automatic diffractometer using a well-formed crystal
of dimensions 0-51 x0:22 x 0-20 mm elongated along
a. With the crystal aligned so that the needle axis (a)
and instrumental w axis were coincident, all unique
data within the range 6°<28<60° for the reciprocal
levels {0kl} to {18kl} were recorded using crystal-
monochromated Mo K& radiation (Si crystal; 26,,=
13-02°; A=0-7107 A). Data were measured by the
w-scan technique, with a constant scan velocity of
2:5° min~!, and scan ranges varying from 2-0° for the
zero level to 4-4° for the {18k/} level. All data were
recorded in the equi-inclination mode. Backgrounds
were measured at each extreme of the w scan for 20 s
with both crystal and counter stationary, and were
assumed to vary linearly over this range.

Reflexion intensities were corrected in the usual way
for incoherent background contributions and for
Lorentz and polarization effects. Appropriate foimulae
are collected below. Those reflexions with 4(B)/a(B) >
3-0 or I/a(I) < 3-0 were rejected. The remaining 4621
unique non-zero data were used for solution and refine-
ment of the structure. The statistical discrepancy index
for this data set, defined as >o(F,)/>|F,], is 0:039. No
corrections were applied for specimen absorption ef-
fects.

Crystal data

C;0H,,S,Cl,Fe. M.W. 708-46. Analysis: calc: C
50-8; H 3:1; S 18:1; C1 20-0; Fe 7-9 %, found: C 50-5;
H 3-4; S 18-0; Cl 20-0%. Colour dark green. Triclinic,
space group CT [non-standard setting of PT, (C?, No.
2)]. Cell dimensions: a=16-22 (1), 6=22-28 (1), c=
16:95 (1) A; =949 (1), =827 (1), y=100-4 (1)°;
V.=5964 A3 (+=20+2°C). D,=1:57 (1), D,=1:57
g cm™3, Z=4. y(Mo K&)=11-6 cm~1. F(000)=1440.
Delaunay reduced cell: a’'=12-54, b'=1492. ¢'=
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21:92 A; o' =113-7, f'=110-8, ' =108-2°; V,=2982
A3,

Data reduction formulae

|Fol’=IxLp; I=[PK—(t,/t;) (B;+B,)]); Lp=(l+
cos? 26,,) sin y cos? v/{(1 +cos? 26,,) — cos? 26, sin? y x
cos?v—(cos? v—cos* v) (1+cos p)?}; o(l)=[PK+(t,/
%)’ (Bi+By)|'?; o(F,)=Lpxa(I)/2|F,l; 4(B)=|B,—
B,|; a(B)=(B,+ B,)""*. PK is the scan count, ¢, and 1,
are scan and total background times respectively, and
B,, B, are individual background counts. 8, is the
monochromator Bragg angle, v (=) is the inclination
angle and y=2 arc cos (cos 8/cos v).

1. Bis-(3,5-diphenyl-1,2-dithiolium) tetrachloromer-
curate(Il), C3,H,,S,Cl,Hg

Well-formed crystals of (SbzSbz),[HgCl,] isomorph-
ous with (SbzSbz),[FeCl,] were isolated from a mixture
of polymorphs by microscopic examination. Crystals
are orange but of similar morphology to the iron iso-
morph. Structural isomorphism was confirmed by
Weissenberg and precession photography. Reflexion
intensities were measured on a Hilger and Watts com-
puter-controlled four-circle diffractometer. The speci-
men crystal, of dimensions 0:35x0:23 x0-20 mm
(elongated along a), was aligned with its a axis ap-
proximately coincident with the instrumental ¢ axis.
Cell parameters and crystal oriention matrix were
derived, following the method of Busing & Levy (1967),
by least-squares analysis of the instrumental 26, w, y
and ¢ values for 12 carefully centred high-angle re-
flexions (Mo Ko, radiation; 4=0-70926 A). Cell par-
ameters determined in this way were equal, within lg,
to the values derived from high-angle (Mo Ka«) preces-
sion data. All unique data within the range 3°<268<
40° were recorded with molybdenum (K&) radiation
using the method of balanced filters and ca. 95% dis-
criminator band pass. Data were recorded in the 6-26
scan mode, with constant 20 scan velocity (0-86°
min~!) and scan width (1:2°). Backgrounds were meas-
ured in the stationary-crystal stationary-counter mode
for § of the total scan time at each extreme of the peak
scan. Background variation over the scan range was
assumed to be linear. Intensities of three reflexions,
chosen as standards and monitored every 50 reflex-
ions, showed no significant variation during the period
of data collection.

Reflexion data were processed in the usual way and
subject to the usual rejection criteria 4(B)> 3-00(B)
or I/o(I) < 3-0. However, if 4(B)=3-0 and Ijo(I) = 5-0,
data were reprocessed with B, [equal to twice the
lower modulus of 6(B;) or &(B,)] replacing 6(B,)+
0(B,) in the data reduction formulae (see below). After
averaging equivalent forms, the resultant data set
contained 4079 unique non-zero reflexions whose sta-
tistical discrepancy index {>o(F,)/S|F,|} is 0-028.

Crystal data
C35HS,Cl,Hg. M.W. 853-22. Analysis: calc: C

C30H2254C14FC AND C30H2254C14Hg

42-2; H 2-5; S 15-0; Cl 16:6; Hg 23:6%; found: C
42:2; H 2:6; S 15:1 %. Colour orange. Triclinic, space
group CT [non-standard setting of PT (C}!, No. 2)].
Celldimensions:a=16-26 (1), 5=22-31 (1), c=17-12(1)
A; a=94:5 (1), f=82:8 (1), y=99-6 (1)°; ¥, =6065 A3
(t=20+2°C). D,=1-85 (1) (flotation), D.=1:86 g
em™3, Z=4. pu(Mo K&)=554 cm~'. F(000)=1656.
Delaunay reduced cell: a’'=12:66, b'=14-86, ¢'=
12&2-08 A; a'=1133° '=1108, y =108-1°; V., =3032
3

Data-reduction formulae

|Fo|*=IxLp; I={0(PK)—(1,/1,)l6(B;) +(B,)]}; Lp
=2 sin 26/(1+cos? 20); o(I)= {S{(PK)+ (¢,/t,)*[ S(B,)
+S(B}V%; 0(F,)=1x Lp[2|F,|; 4(B)=|5(B,) — 6(B,)};
o(B)=[S(B,)+ S(B,)]"%. 6(PK) is the differential peak
count, d(B,), d(B,) are differential background counts.
S(PK), S(B,) and S(B,) are summed rather than dif-
ferential counts with alternate KB (Zr) and Ka (Y)
filters.

Solution and refinement

Conventional and sharpened Patterson syntheses for
the iron isomorph showed that all major vectors occur
in pairs, related by translations of /2, and reflecting
the strong pseudo-halving of the a axis shown by the
diffraction data [{hk/}, h=2n+1 weak; see structure-
factor list]. However, consideration of relative peak
heights in these two syntheses (CT assumed) led fairly
straightforwardly to what ultimately were proven to
be the correct iron-atom coordinates. Unit-weight
block-diagonal least-squares refinement of the iron-
only model gave a discrepancy index R [=3]|F,1]|—
F1|/Z|F,1[] of 0-49. Fourier and difference syntheses
phased on this model did not yield further atom coor-
dinates. Patterson superposition and direct methods
also proved unsuccessful and, consequently, data were
collected for the mercury isomer where (i) the associated
Patterson synthesis would be dominated by metal-
metal and metal-ligand vectors and (ii) structure-fac-
tor phases would be governed to a much greater extent
by metal-atom contributions.

Inspection of the Patterson synthesis for the mercury
isomorph immediately confirmed the assignment of
metal-atom coordinates. A difference synthesis with
coefficients [F,—(Fya + Fugz)] showed the expected
pseudo-symmetry (Hg at x,»,z and 1+x,y,z respec-
tively), each metal atom being surrounded by two rel-
atively inverted tetrahedra. Of the two possible scat-
tering models consistent with this peak distribution,
viz. parallel or anti-parallel tetrahedra, only the anti-
parallel model resulted in sensible least-squares refine-
ment. Subsequent difference syntheses, based on the
extended (M + Cl) scattering models, revealed all non-
hydrogen atoms of the four 3,5-diphenyl-1,2-dithio-
lium cations in stereochemically acceptable positions.

Block-diagonal least-squares refinements for atom
coordinates, isotropic thermal parameters and over-
all scale (M, S, Cl and C atoms only) converged with
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R values of 0-12 and 0-09 for the iron and mercury
isomers respectively. Introduction of anisotropic ther-
mal parameters for M, S and Cl atoms (only) reduced
the R values to 0-089 and 0-061. At this stage of the
refinement hydrogen-atom contributions were in-
cluded in the scattering model. Coordinates were lo-
cated by calculation (atoms on angle bisectors; C-H=
1-06 A assumed) and B factors (6:5 A2, iron isomer;
7-5 A%, mercury isomer) estimated as 1 A? greater than
the mean isotropic thermal parameter averaged over
all carbon atoms involved in C-H bonding. With in-

Table 1 (cont.)

Mercury isomorph

Iron isomorph
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Table 1. (SbzSbz),[FeCl,] and (SbzSbz),[HgCl,]: atom

coordinates and estimated standard deviations

Hydrogen atom coordinates not refined.

Iron isomorph

Mercury isomorph

X ¥y z X y z
0.19996(7)  €.11677(5) 0,25445(6) [ 0,20404(4) 0.11544(2}  0,25405(3)
0,70695(7) 0.12440(5) 0,28248(6) L3 0.70826(4) 0.12338(2) 0.24229(3)
0.2419 (2)  0.2057 (1)  o0,3292 (1) cu 0.2423 {3)  0,2099 (2) 0.3348 (2)
0.0530 (2) 0,2067 (1) 0.,2721 (1) 2 0.0458 (3) 0.1039 (2} 0.2743 (2)
0.2647 (2) 0.0828 (1) 0.2913 (2) a3 0.2792 (4) 0.0366 (2) 0.2869 (3)
0,237 (2)  0.1164 (1)  0.1180 (2) 28] 0.2336 {3)  0.1181 (2)  0.1088 (2)
0.6951 (2)  0.214 (1} 0,379 (1) s c.6927 (3) o0a213 (2) 0.3872 (2)
0,174 (2)  0,02822(9)  ©0.1829 (1) as ©.7183 (3)  0.0199 (2)  0.1823 (2)
0.5831 (2)  0.1566 (1)  0,2197 (1) oz 0.5732 (3)  0.1575 (2)  0.2175 (2)
0.8198 (2)  0,1918 (1) 0,189% (1) c18 0.8254 (3} 2.1965 (2)  0.1843 (2)
0.4463 (2) 0.1582 (1) 0.3858 (1) 51 G469 (3) 0.1586 (2) 0,386 (2)
0.8854 (2)  O.2432 (1)  0,3491 (1) s2 0,uB44 (3)  G.2431 (2)  0.3u87 (2)
0.9341 (2)  0.1701 (1)  0.4038 (1) s3 0.9325 {3)  0,1701 (2}  O.4052 (2)
0.9879 (2)  0.2800 (1) 0.3372 (1) £ 0.9859 (3) 0.2387 (2) 0.3368 (2)
0.4547 (2)  0,05869(9)  0.1225 (1) 55 0.4530 (2)  ©0.05%6 (2)  ©,118 (2)
o472 (1) 0.13560{9)  0.0735 (1) 6 0.4703 (2) 0.1358 (2)  0.0690 (2)
0.9522 (1} 0.00599(9) 0.1619 (1) s7 0.9501 (3) 0,0047 (2) 0.1628 (2)
0,9503 (1)  0.08208(9) 0.1068 (1) s8 0.9490 (3) c.0804 (2)  ¢©.1070 (2)
0.3432 (5)  0.1315 (4)  o.5212 (k) €1 0.3475 (9)  0.1310 (6)  0.5186 (8)
0,3367 (6) 0,0704 (&) 0.4949 (5) c2 0,3377(10) 0,0724 (7) 0.4920 (8)
0.3000 (7)  0.0252 (§)  0.5A74 (6) €3 0.3063(11)  0.0248 (7)  0.5412 (9)
0.2755 (1)  0.0401 (4)  0.6233 (5) % 0.2792(11)  0.0382 {7)  0.6190 (9)
0.2778 (8) 0.100% (5) 0.6493 (5) €5 0,2648(12) 0.0970 (8) 0.6452 (9)
043109 (T) 0.,1464 (4) 0,5987 (5) % 0.3195(+0) 0.1453 (6) 0.5962 (8)
0.3853 (5)  0.1792 (4)  0.4695 () c7 0.3880 (9)  0.1782 (6}  ©0.4669 (8)
0.3862 (5)  0.2407 (3)  0.8828 (5) c8 0.,3865 (9)  o.2401 (6} 0,818 (7)
0.4313 (5)  0.2766 (4)  o.4262 (5) €9 0.4317 (8)  ©0.2783 (6)  C.4271 (8)
0.4373 (6) 0,3450 (4) 0.4268 (5) c1o 0.4368 (9) 0,3449 (6) 00,4276 (8)
0,3847 (6)  0.3758 (4)  0,4854 (6) cn 0,3884(10)  0.3752 (T)  0.4875 (9)
0.3%%0 (7)  0.438% (4)  0.4839 (6) ciz2 0.3905(11)  0.4367 (8)  0.4872(11)
0,459 (7)  OMT15 (4)  0.4265 (6) cr3 C.4420(13)  ©.4705 (7)  0.4309(12)
0.4929 (8) 0,4413 (5) 0.3698 (6) Cl4 0.4911(14) C,4411 (8) u.yn9§n)
0.lo10 (7)  0.3788 (4)  0,3693 (5) s C.4900(12)  0.3792 (7)  0.3699 (9)
0.8321 (5) 0,187 (3}  0.5409 (4) €16 0.8319 (9)  0.1838 (6)  0.5419 (7)
0.8199 (7)  0.1179 (4) 0.5416 (5) ar 0.8207(10)  ©.1193 (7)  0.,5425 (8)
0.7750 (7} 0,0880 (4) 0.6052 (5) c18 0.,7754(11) 0,094 (7) 0,6084 (9)
0,7418 (6)  0.1211 (&)  0.6664 (5) c19 0.7440(10)  0.1249 (7)  0.6711 (8)
0.7538 (6)  0.1843 (4) 0.6711 (5) c20 0.7564(10) 0.,1868 (7}  0.6714 (8)
0,7988 (5)  0.2141 (3)  0,6068 (5) ca1 0.,8012 (9)  0.2164 (6)  0.6063 (8)

0.8827 (5)  0.2132 (3)  0.4747 (4) 22 0.8832 (8)  0,2128 (6)  0.4735 (7)

0.8939 '5) 0.2746 (2)  0.u632 (%) €23 0.8945 (8) 0.2749 (6)  0,4628 (7)

0 9452 (5)  0.2951 (3)  0.3960 (4) c2s 0.9432 (B)  0.2952 (7)  0.3%45 (7)

0.9651 (5)  0.3579 (3)  0.3719 (8) c2s C.9646 (8)  0.3577 (6)  0.3701 (7)

0.9501 (6)  0.4061 (4)  0,6253 (5) 26 0.9517(11)  G.uoka (6) 0,422 (9)

0.9716 (7)  0.4652 (k) w4032 (5) 27 0.9756(12)  0.4643 (8)  0.3999(10)

1.0111 (6)  0.4775 (4)  ©,3278 (6) c28 1.0113 (9)  0.8755 (7)  0.3240 {9)

1.0276 (7) 0.8303 (4}  0.2751 (5) c29 1.0208(11) 0.4275 (8) 0.2708 {8)

1,0085 (7)  0,3711 (8}  0.2959 (5) > 0.9996(:0)  0,3700 (7)  0.2935 (8)

0.3724 (5)  -0.0516 (3) 0,076 () [53) 0.3697 (8)  -0.0503 (6)  0.0513 (7)

0.3841 (6) -0,0800 {8)  0,1238 ($) €32 0,3812 (9) -0.0795 {6)  0.1203 (8)

0,3567 (6) -0.14s2 (4)  0.1283 (5) 33 0.3565(10)  +0.1410 (6)  ©0.1250 (8)

0.3214 (6)  -0.1776 (8}  G.0664 (5) 3] ©.3202 (9)  -0.1755 (6)  0.062 (8)

0.3096 (6)  -0.1495 (4}  0.000% (5) €35 0.3088 (8) -0.1461 (6) -0.0022 (9)

0.3380 (5)  -0.0869 (s) -0.0081 (5) €36 0.3342 (9)  -0.0855 (5) -0.0079 (7}

0.4000 (5)  0.0136 (3)  0.0504 (%) 37 0.39% (8)  0.0185 (5)  0.0471 (7)

©0.3878 (5)  0.0474 (3) -0.0105 (4) cs8 0.3883 (7)  ©.0488 (5} -0.0141 (7)

0.4297 (5)  0.1089 (3)  -0,0073 (3) €39 0.4205 (8)  0.1103 (5) -0,0111 (7}

0.4109 (4)  0.1523 (3) -0.0634 (¥) oo 0,4125 (7) 0,133 {5)  .0,0673 (7)

0.3819 (5)  0.1406 (8) -0.1067 {5} ca1 0.3426 (8)  0,1425 (6) -0.1106 (8)

©0.3295 (6)  0.1828 (4)  +0.1563 (5) ca2 0.3301 (9)  0,1852 (6) -0.1595 (8)

0,3857 (5)  0.2373 (&) -0.1644 (4) cu3 0,3855 {9)  0.2601 (6) -0.1662 (T)

0.8554 (5)  0.2881 (3)  .0.1241 (4) cus 0.4556 (9)  0.2506 (6) -0.125) (8)

0.4684 (5)  0,2067 (3) -0,0737 (¢) s 0,4682 (8)  0,208% (6) -0.0757 (8)

0.8893 (5) ~-0.1083 (3)  0.1077 (&) 13 0.8886 (8) -0.1086 (5)  0.1097 (8)

0.8979 (6) -0.1272 ()  0,1816 (5) [ 0,89%1(10)  -0.1270 (7) 0,282 (9)

0.8830 (6) -0,188¢ (4)  0,1962 (6) B 0.8304(.0)  -0.1877 (7)  0.1995 (9)

0.8599 {6) -0.2315 (4)  ©0.1363 (6) chg 0.8606 () -0.2318 () 0.1392 (9)

0.8511 (5) -0.2139 (3)  0.0625 (s) 50 0.8543 (9)  -0.2137 (7)  0.0660 (9)

0.8665 (5)  -0,1530 (3)  G.0469 (5) 228 0.8668 (5)  +0.1523 (6)  .0.0499 (9)

0.9034 (5) -0.0429 (3)  0.0926 (4) €52 0.9035 (8) -0.0438 (6)  0.0956 (7)

0.8838 (5) -0.0171 (3)  ©,0268 (4) 53 0.887 (8) -0,0163 (6)  0.0301 (8)

0,9037 (5)  0.0462 (3)  0.0z7% (4) s 0.5033 (8) 0,647 (5)  0.0281 (7)

0.8857 (5) 0.0831 (3) -0.0356 (3} €55 0.8913 (8) €.0819 (5) -0.0345 (€)

0.8595 (6]  0.0558 (4)  -0.1060 (5) €56 0.8597 (9) 0.0540 (6) -0.1044 (8)

0.8520 (6] 0,090 (4)  -0.1658 (5) es7 0.8512(10)  0.0897 (8)  -0.1637 (9)

0.8726 (6)  0.1533 {8)  -0,1587 (5) cs8 0,5750{10)  C.1518 (7) «0.1588 (8)

0.9023 (8) 01810 (4)  .0,0855 (5) €9 0904 (9) €789 (7)  -0.0915 (9)

0.9105 (6)  0.HEB {4} -0.0285 (5) @0 05127 (9)  0.1as (6) -0.0279 (8)

X y z X y z
0.3562 0,0614 0,4295 Kl 0.3571 0.0603 0,434k
0.3009 =0,0237 0.5173 H2 0.3016 =-0.0205 0.5202
0.2533 0,0025 0.6584 H3 0.2512 0,0015 0.6521
0,2561 0.1059 0.7050 H4 0.2629 0.1079 0.7020
0.3258 0.1932. 0.6221 S 0.3228 0.1902 0.6179
0.3508 0.3480 0,5297 H6 0.3478 0. 471 0.5318
0.,3577 0.8647 0,5264 H7 0.3611 0.4631 0.5362
0.4527 0.5202 0.u257 u8 0.4432 0.5196 0,453
0.5318 0.4668 0.3236 H9 0,5312 0.4707 0.3296
0.5311 0,3552 0.325% H10 0.5324 0.3576 0.3225
0,8480 0.0933 0.4895 11 0.8567 0.0965 0.4886
0.7671 0,0386 0,6050 2 0.7555 0,0425 0.6152
0,7066 0.098% 0.7199 HI3 0,7072 0.2042 o0.7222
0.72T7 002119 0.7206 s 0,7298 0.2114 0.7243
0.810% 0.2637 0.6086 5 0.8124 0.2670 0.6038
0,9206 0.3968 0.4845 H6 0.9268 0.3927 0.4819
0.9603 0.5022 0.4458 H17 0.,9640 0.5036 0,4431
1.0255 0.5245 0.3114 ns 1,032 0.5216 0.3008
1.0607 0.4397 0.2158 Hg 1.0486 0.4386 0.2126
1.0183 0.3335 0.2531 20 1.0021 043309 0.2480
0.4120 ~0,0526 0.1720 H2l 0.4090 -0.0529 0.1694
0.3698 ~0,1655 0.1786 H22 0,3653 =0.1641 0.1750
0,2989 =0.2259 0,0709 H23 0.3075 ~0.2261 0.0678
0.2807 ~0,1762 ~0,0494 2 0.2781 -0.1716 ~0.0504
0.3268 ~0.0643 =0,0559 ues 0.3269 -0.0621 ~0.0597
0.2991 0.0984 -0.1013 6 0.2972 0.0998 -0.1056
0.2766 01727 -0.1910 H27 0.2802 0.2750 -0.1955
0.3762 0.2727 -0.2003 H28 0,3746 0, 2746 -0.2014
0.4981 0.2900 -0.1358 H29 0,4959 0,2953 ~0.1333
0,5233 0,2176 =0.0416 B30 0.5213 0.2178 =0.0421
0.9155 =0.0922 0.2279 H31 0.9183 -0.0%42 0.2338
08894 ~0,2035 0.2537 W32 0.8758 -0,2025 0.2579
0.8495 ~0,2790 0,1571 H33 0.8547 ~0.2782 0,1565
0.8322 -0.2489 0.0176 H3u 0.8373 -0,2491 0.0183
0.8622 ~0.139% -0.0125 K35 0.8649 -0.1384 -0,0071
0.8410 0.0072 -0.1124 136 0.8413 00038 -0.1090
0.8313 0.0668 =0,2201 K37 0.8221 0.0691 -0.2194
0.8669 0.1800 ~0.2068 H38 0.8692 0.,1793 -0.2089
0.9269 0.2298 ~0.0869 H39 0.9180 o.2297 ~0.0873
0.9343 0.1698 0,0251 40 0.9397 0.1676 0.0264
0.3474 0.2589 0,5351 Hel 0,3510 0.2580 0,5300
0.8671 0.3070 0.5053 H42 0.8650 0.3060 0.501C
0.353% 0.0256 ~0,0607 H43 0.3560 0.0280 -0.0600
0,8541 ~0,04k4 ~0.0181 Has 0.8587 -0.0uk2 0.0152

clusion of hydrogen-atom contributions (not sub-
sequently refined) the R values corresponding to par-
ameter reconvergence were 0-066 (Fe isomer) and
0-051 (Hg isomer). Correlation of observed and cal-
culated structure factors for both isomers now in-
dicated several reflexions with substantial disagree-
ment [wd?>20(wA4?); 4=||F,— F,||]. These reflexions,
18 for the iron and 30 for the mercury isomer, ap-
parently suffering from extinction effects were deleted
from the data sets. No further corrections for extinc-
tion or for absorption, were applied to either data set.
Both crystals had a near-regular octagonal cross-sec-
tion in the b*c* plane and the linear absorption co-
efficient for the iron isomer is, in any case, small (u=
11-6 cm~!). For the mercury complex the absorption
coefficient is substantial (4=554 cm™!) but our in-
terest in this isomer did not extend to a requirement
for particularly precise bond-length or vibrational data.

The mercury scattering factors were corrected for
the real, but not the imaginary parts of the anomalous
scattering contribution, and the scattering models were
extended to include anisotropic thermal motion for all
non-hydrogen atoms. After four additional (unit-
weight) least-squares cycles the refinements converged
to R values of 0-047(Fe) and 0-045(Hg). Refinement
was continued with individual reflexion weights derived
from a plot of 4% vs. |F,| for small incremental |F,|
ranges. In essence, this weighting scheme is similar to
the o2 scheme proposed by Busing & Levy (1957)
since, for PAILRED data at least, the |F,| dependence
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of both 42 and ¢2(F,) is dissimilar only for the higher

|F,| values (commonly ca. 30% of the 3¢ data). Cal-
culated parameter shifts for the terminal refinement
cycles were uniformly less than one tenth of thp cor-
responding parameter estimated standard deviation.
Terminal R values for the iron and mercury isomorphs
respectively were 0-047 and 0-044. Difference syptheses
based on these parameters showed no maxima or
minima greater than +0-4 ¢ A~3,

All least-squares calculations were of the block-

Table 2. (SbzSbz),[FeCl,] and (SbzSbz),[HgCl,]: ani-
sotropic thermal parameters

T=exp —[*Bu+k*B22+ 1?33+ klBos + hIfis + hkBL2].
Bu B2 B3 B2 Bis b2

Pel 0,00349(5)  0,00127(2) 0.00219(k) 0.,00002(S) -0.00110(7)}  G.00042(6)
Pe2  0,00310(5) ©.00040(2) 0,00195(4) ©.00029(5) -0.,00007(7)  0.0uO42(5)
€11 0.0053 (1) C.00192(5) .00380(9) -0.0018 (1) -0.0024 (2) cC.0002 (1)
2 ©.0036 (1) 0,00238(6) c.0047 (1) -0.0024 (1) 0.0002 (2) -0.0004 (1)
C13  0,0119 {3) 0.00227(6) ©.0063 (1) <¢.0012 (2) -0,0074 (3) C.O00%0 (2)
Cl4  0.0051 (3) 0.00215(5) ©0.00237(7) -0.0005 (1) -0.0006 (2) -0.0002 (1)
€15 0.0084 (2) €.00204(5) ©0.00235(8) ©.0002 (1) -0.0008 (2) ©.0024 (2)

€16 0,0053 (1) 0,00257(4) C.00296(8) -0.0003 (1) -0,0007 (2) C.00C7 (1)
Q7 0.0081 (1) 0.00350(7) 0.00369(9) -0.0015 (1) -0.0C21 (2) C.0029 (1)
Q8  o0.0083 (1) ¢€.00190(5) ©0.0052 (1) 0.0010 (1) 0.0019 {2) 0.0000 (1}
s1 0.0046 {1)  0.C0186(5) 0.00353(9) -0.0001 (1} ©.0000 (2) 0.0620 (1)
s2 0,0042 (1) 0,0c212(5) €,00336(9) ¢,0003 (1} <0,0004 (2) C.CO15 (1)
s3 0.0053 (1) ©0.00180(5) 0.00323(9) -0.0001 (1) 0.0C19 {2) o0.0012 (1)
s4 €.0053 {1) 0.00207(5) 0.00298(9) -0.0000 (1} ©.0018 (2) c.0011 (1)
S5 0.0045 (1)  (.00169(5) 0.00302(8) ©0.0004 (1) -0.0022 {2) 0.x09 (1)

s6 €.0039 (1) 0.00M47(s)  .00340(9) -0.0003 (1) -G.0021 (2) ©.C0C8 (1)
s7 0,0043 (1) 0,00136(4) 0,00319(6) -0.0003 (1) -0.0022 (2) 0.0004 (1)
S8 0,004 (1) ©,00126(4) ©0.00348(9) -0.0004 (1) -0,0025 (2) 0.0005 (1)
c1 0.0040 (&) 0.0020 {2) ©0.0028 {3) -0.0003 (4) -0,0027 (6) ©0.0009 (S}
c2 0.0065 {6) 0,0017 (2) ©.0037 (¥) ©0.0002 (&) -0.0003 (7) 3.0008 (5)
c3 0,0069 (6) 0.0021 {2) C.0049 (5) 0,0006 (5) =0.0017 (3) ©.0013 (6)
c4 0.0070 (6) 0.0024 (2) ©0.0038 (&) G.CO11 (5) -0.0037 {8) 0.0001 (6)
cs 0.0084 (7) 0©.0033 (3) 0.0030 (4) =0.0005 (5) C€.0003 (E) 0.0007 (7)
c6 0.,0068 (6) ¢.0026 (2) €.0039 (4) -0.0009 (5) -0.0002 () -C.0001 (6)
c7 0.0033 (&) 0.0022 (2) 0.0027 (3) -0.0003 (4) -0.0019 (5) 0.0016 (:)
c8 0.0035 (8) 0.0017 (2) 0.003% (3) 0.0001 (4) -0.0017 (6) ©.0007 (“)
c9 0.0035 (4) 0.0029 (2) ©€.0035 (3) -0.0005 (4) -C.0025 (6) cC.0012 (4)
€10 0.0065 (5) 0.0017 (2) U.0033 (3) 0.0003 (4) -0.0031 (6) -0.0001 (5)
1l £.0045 (5) 0.0020 (2) 0.0055 (5) C.0CO4 {5) -0.0¢23 (7) g(;;g Eg;
€12 0.0089 (6) ©.0025 (3) 0.0069 (6) -0.0013 (6) -0.0022 (9) P
a3 0.0060 (6) 0.0021 (2) ¢.0071 (6) .0013 (6) -0.0056 (9) <.

> 0.0084 (8) 0.0c26 (3) 0,005 (5) C€.028 (6) -0.0039 (3) -C.0020 (1)
€15 ¢.0069 (6) ©.0021 (2) 0.0Ck2 (4) 0.COLI (5) -0.0020 (3) c.cgg: E"}
€16 0,0035 (4) C€.0016 (2) 0.0026 {3) 0.006 (4) -0.0024 {5) °~gm )
(344 c.0075 (6) ©0.0021 {2) €.003% {4) ©.0001 (5)  (.0007 (7) (“ooxo o
€18 0.0082 {7) €.0018 {2) C€.0038 (4) cC.00LO (5) ©0.0006 Ea) o

€19 0.0052 (5) 0.,0026 {2) 0,0031 (&) 0.0022 (5) 0.0004 |7) -0.0001 (S5}
c20 0.0060 (6) 0.0023 {2) ©0.0036 (4) ¢,0001 {5} 0,0016 (7} c.0012 (6)
ca1 0.0039 (4) 0.,0016 (2) ©0.003¢ (3) ©0,0003 (4) 0,0005 (6) C,0013 (4}

oo

€,0034 {4) 0,0019 (2) 0.0024 (3) ~0.0004 (4) -0.0010 (5) 0,0004 (4}
040033 (3)  ©0,0020 (2) 0,0020 (3) ~0.0001 (4) 0.0005 {5) €.00N {4)
0.0029 (4} €.0019 {2) 0.0029 (3) -0.0001 (¢} -0,0011 (5) ©,0008 (4)
©0.0033 (4} 0,0017 (2) ©0.0027 (3) -0.0000 (%) -0.0010 (5} ©,0004 (4)
0.0063 (6) 0,004 (2) 0,0038 (4) 0,0005 (5) 0.0005 (7) 0.0021 (6)
0.0078 (7)  0.0023 (2)  0.0038 (4) -0,0005 (5) -0,0003 (B) 0.00L6 (6)
0.0048 (5) 0.0023 (2) ©,005) (&) 0.,0020 (5) 0.0007 (7) 0©.0013 (5)
'0.0069 (6)  ©0.0029 (3} 0,003 {4) 0.0016 (5) 0.0022 (8) 0.0023 (6)
0,0066 (6) ©0.,0022 (2) 0.0041 (&) 0.0006 (5) ©.0031 (8) 0.0018 (6)
0.,0026 (&) 0.0028 (2) 0.,0032 (3) ©0.,0000 (4) 0.0010 {5) 0.0007 (%)
0.0085 (5) 0.0022 (2) ©0.0026 (3) ©0.0013 (8} ©.0002 {6) 0.0008 (5)
0,008 (5) 0.0022 {2) ©.0028 (3) ©.0012 (4) ©.0017 (6) 0.0023 (5)
0.0043 (5) 0,0019 (2) ©0.0039 (4) 0,009 (4) 0.0023 (6) 0.0009 (5)
€35 0.004& (S) 0,0019 (2} 0.0043 (&) €.0007 (5) -0.0009 (7) -0,0008 (5)
€36 0.0050 (8) ©0,0019 {2) 0,003 (3) 0.0012 (4} -0,0015 (6} 0,0007 (5)
cr 0,0029 (4) 0,0015 {2)  €.0023 (3) -0,0001 (3) ©0,0007 (5) ©0,0007 {4)
ci8 0,0028 (8) ©0.0016 (2) 0.0032 (3) ©.0007 (4) C€.CO06 (5) 0.0011 (4)
c39 0.0032 (4) ©.0012 (2) 0.0031 (3} ©.,0002 (4) -0,0001 {5) 0.0020 (4)
cio 0.0023 (3) 0.0012 (2) ©.0029 (3) -0.0004 (3) -0.0005 (5) ©.0010 (4)
a1 0.0027 (a) ©.0020 (2) 0.0033 (3} 0,0006 (4} -0,0008 (5) 0.0013 (&)
cag 0.0035 (4) 0.0024 (2) 0.0038 (4) 0.0007 (5) -0.0005 (6) 0.0017 (5}
o3 0,0038 {4) 0.,0022 (2) 0,0026 {3} ©,0010 {4) ©.0020 {6) 0.0026 (5}
caa 0,001 () 0.0013 (2) ©0.0031 (3) 0.0001 (4) 0.0008 (6) 0.0003 (&)
s 0,003 (4) 0,001 (2) 0.0028 (3) -0.0002 (k) -0,0001 (5) 0,0015 (4)
ch6 0.0027 (4) 0,003 (2) ©0.,0036 (3) 0.0003 (&) -0.0006 (5) €,0003 (4)
a7 0.00U6 (5)  0.0007 (2)  0.0043 (8) 0,0006 () -0,0037 (7) ~0,0008 (5)
cu8 0,0051 (5) 0.0020 {2) 0.00%% (5) ©,0023 (5) -0.0032 (8) -0,0005 (5)
o9 0.0037 (4)  0.0016 (2) 0,061 {5) 0,001 (5} -0.0005 (7) 0,000 (5)
50 €.0033 (4) 0,003 (2)  €.0059 {5) -0.0005 (5} ©0.0000 {7) ¢.0009 (&)
c51 0.0028 (4} €.0017 (2) 0,043 (4) ~0.0001 (4) 0.0007 (6) 0.0010 (4)
cs2 0.0027 {4) 0.0014 (2) C.0028 (3) -0.0004 (&) -0.0004 {5) C€,0010 (4}
€53 0.0026 {4) 0.0014 (2) 0.0033 (3} -0.0002 (4) -0.C009 ($) C,0005 (4)
C5% 0,0024 {3) 0.0018 (2) 0,0030 (3) -0.C007 (¥) 0,0000 {S) 0.0008 (&)}
cs5  0.0028 (4)  0.0018 (2) 0.0029 (3) €.0001 (4) -0.0008 (5) ©.0012 [4)
56 0.0062 {5) 0.0019 (2) 0.0037 (4) .0,0000 (4) -C.0011 (6) 0.0010 {5)
: 0,008 (5} 0.0030 (3) 0.0030 (4} -0.0005 (5) -0.0020 (6) 0.0014 (6}
z?,; ©,0040 (5)  0,0023 (2) C.COM (4) 0.0009 (5) 0.0005 (7) C.0012 (5)
cs9 00049 (5)  0,0021 (2) 0.004T ()  C.00 (5) -0.0006 (7)  C.00OT (5)
060 040048 (5)  L.0018 (2) ¢,0039 (4) 0,0007 {4) 0,009 (7) 0,000 (5)
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diagonal type. The function minimized was Zw.llFol -
|F]|* and parameter standard deviations were est'lmated
in the usual way by inversion of the block-diagonal
least-squares matrices. Atomic scattering factors. for
Fe, Hg, Cl, S and C were taken from International
Tables for X-ray Crystallography (1972). For hydro-
gen, the bonded-atom scattering factors of Stewart,

ﬂll

0,00517{3)
U, 00468(3)
0,0065 {2)
0.0048 (2)
0,0115 (4)
0.0062 {2)
0.0110 (3)
©,0065 (2)
©,0051 {2)
0.0051 (2)
0,0055 (2)
0.0051 {2)
0,006 (2)
0,0066 (2)
0.0051 (2)
€.0089 (2}
0,005 (2)
0,003 (2)
C,0058 (8)
0,0063 (9)
€009 (1)
©.007 (1)
0.009 (1)
0.0064 (9)
€.0085 (7)
0.0048 {7)
0.003% {6)
c.0048 (8)
€.0063 (9)
0.0c6 (1)
o1 (1)
o (1)
0.006 (1)
0.C08T (7)
0.0071 (9)
0.008 (1)
0.0063 {9)
0.0055 (8)
0.0051 (8)

0.0043 (7)
0.0031 (6)
0.0040 (7)
0.0039 (7)
0.009 (1)
0,009 (1)
0.0048 (8)
0.008 (1)
0.0065 (9)
0.0045 (7)
0.0043 (7)
0.0066 (9)
0.0051 {8)
0.0036 (7)
©.0053 (7)
0.0038 (6)
0.0033 (6)
0.0045 (7)
0.003% (6)
0.0039 (7}
0.0042 (7)
0,0049 (7)
0.0057 (8)
0,0039 {7)
0.0033 (6)
0,0066 {9)
00065 (9)
0.0043 (1)
0,0049 (8)
6.00u6 (7)
0.0036 (€)
€.0034 (6)
0.0039 (6)
0.0035 {6)
L,0045 (7)
€.0065 (9)
©,0062 (9)
€.0042 (£)
€.0060 (6)

Table 2 (cont.)

ﬂZZ

0.00213(1}
0.00221(1)
€.00238(9)
0.0036 (1)
0.0030 (1)
0.0030 (1)
w0027 (1)
€.00207(8)
0.0043 (1}
€,0027 (1)
€.0026 (1)
0,0027 (1)
©.0027 (1)
0.0029 1)
£.00238(9)
0.00213(9)
0.00213(9)
0,00195(9)
0,0020 (3)
0.0037 (5)
0.0027 (4)
0.0030 (4)
€.0036 (5)
©.0026 (4)
©.0020 (3)
€.0028 (4)
€.0029 (&)
©,0030 (4)
€.0028 (4)
©.0032 (5)
0.,0u28 (4}
€.0029 (5)
0.0028 (4)
0.0022 (3)
0.0027 {4)
0.0029 (3)
0.0028 (4)
0.0034 (5)
©€.0026 (4)

€.0027 (4)
0.0027 (4)
0.0034 (&)
0.002¢ (3)
0.0022 ()
0,0033 (5)
0.0029 (8)
©0.0038 (5)
0.0035 {5}
0.0022 (3)
0.0027 (4)
0.0022 (2}
0.0019 (3)
0.0028 (4)
0,0018 (3)
0.0020 (3)
0.0020 (3)
©.0015 (3)
0.0022 (3)
0.0023 (3)
0.0032 (4)
0,0024 (3)
G002t (4)
0.0021 (3)
0.0017 (3)
0.0028 (&)
0.0028 (4)
€,0031 (4)
0.0025 (4)
0.0014 (3)
0,002% (3)
©0,0022 (3)
0,015 (3}
C.0017 (3)
0.0026 (4)
€.0038 (5)
©.00m (1}
0.0031 (4)
©.0025 (4)

B3

©.00285(2)
0.00295(2)
0,0041 (2)
0,0049 (2)
0,0061 (2)
©0.0027 (1)
0.0025 (1)
©.003 (1)
0.0038 (2)
0.0053 (2)
£.0037 (2)
0.0039 (2)
0.0035 (2)
0,003 (2)
0.0032 (1)
0,003 (1)
0,0038 (2)
,0081 (2)
€,0035 (6)
0,0032 (6)
0.0047 (7)
L.0047 (7)
0.,0039 (1)
©.0045 (7)
L.0041 (6)
0.0025 (5)
€.0639 (6)
0.0033 (6)
0.0c48 (7)
LB (1)
cor (1)
0.0066 (9}
oSt (7
L0029 (v)
0.0037 (6)
.00tk (1)
€.0046 {6)
0037 {6)
0.003¢ (5)

0.0027 (5)

0.0028 (5)
£.0026 (5)
0.0027 (5)
0.0037 {6)
0.0049 (8)
©.0058 (8)
0.0035 (6)
0.0038 (6)
©.0023 (9)
0.0039 (6)
0,0036 (6)
©.00u6 (6)
C.005% (7)
0.0031 (6)
0.0029 (5)
0.0025 (5)
0.0033 (5)
0,0025 (5)
0,0041 (6)
0,003 (6)
0.0032 (5)
0,0041 (6)
0.0042 (6)
©.0043 {6)
0.0043 (7)
C.0051 (7)
0,0059 (8)
0.0055 (8)
0.0060 (7)
©.0031 (%)
0.0038 (6)
©.0533 (6)
0.0049 (6)
©.0040 (6)
©,0029 (7)
0.2041 (6)
0.0057 (&)
0.003 (6)

ﬂzs

0.00051(3)
0.00098.3)
~0.0014 (2)
-0.0016 (2)
0.0024 (3)
€.0002 (2)
€.0007 (2)
o0.0001 (2)
-0.0006 (2)
€.0020 (2}
0.0005 (2)
0,004 (2)
L.0008 (2)
0.0008 (2)
0.0012 (2)
0009 (2)
0,0004 (2)
0,0003 (2)
-0,0008 (7)
€.0004 (8)
0.0003 (9)
€.0022 {(9)
0,006 {9)
©0.0002 (8)
-0,0000 (7)
¢.0007 (7)
©.0003 (£)
¢.0001 (8)
c.o01l (9)
0.001 (1)
0.000 (1)
€003 (1)
0.0015 (9)
0.0003 (7)
©.0000 (3)
0.0031 (9)
0.0023 (6)
0.0014 (8)
L.0010 (7)

06,0006 (7)
0.0016 (7)
©0.0001 (3)
©.0003 (7)
0.0020 (8)
c.000 (1)
0.0028 (9}
€.0014 (9)
0.001% ()
0.0017 (7)
G.0c02 (8)
€004 (7)
0.0011 (7)
0.0031 (9)
©.0009 (7)
0.0011 (6)
-0.0007 (6)
«0.0007 (6)
0.0009 (6)
0.0022 (7)
©.0008 (8)
€.0020 (7)
€.0011 (8)
0.0007 (1)
0.0001 (1)
0.0018 (8)
0.0022 (9)
0.0028 (9)
-0.0010 (9)
€.0011 (€)
-0,0003 (7)
-0,0008 (7)
-0.n008 (6)
L0002 (7)
-0.000¢ (§)
€.0012 (9)
€.0029 {8)
0.0013 (9)
€.0014 (8)

Bis

-0.00093(4)
0.00036(4)
-0,0018 (3)
€.0008 (3)
~0.0051 (5)
-0.0002 (3)
~0.0002 (3)
0.000) (3)
-0.0026 (3)
L.0024 (3)
-0.0003 (3)
0.0000 (3)
0.0023 {3)
G.0022 {3)
=0.0015 (3}
-0.0012 (3)
=0,0020 (3)
-0,0016 {3)
-0.003 (1)
G000 1)
-0.002 (1)
~0,003 (1)
-0.001 (1)
1,000 (1)
~0.003 (1)
(1)
(1)
m
(1)
(2)
(2)
(2)
1)
(£
(1)
)
)
()
€000 (1)

-0.0020 (9)
-0.0003 (9)
-0.0011 (9)
-0.0001 (9)
-0.000 (1)
c.001 (1)
-0.000 (1)
©.001 (1)
002 (1)
0.0009 (9)
~0,001 (1)
0.002 (.}
C.o0k (1)
0.000 (1)
-0.002 (1)
0.0009 (9)
~0.0009 (8)
0.0001 (9)
-0.0001 (8)
0.000 (1)
-0,000 (1)
o.002 (1)
o.001 (1)
0.000 (1)
-0.001 (1)
-0.003 (1)
-0.005 (1)
-0.000 (1)
0,001 (1}
0.002 (1)
-0.0000 (9}
-0.0021 {9}
-0.0006 (9}
-0.002 (1)
-0.001 (1)
-0.002 (1)
L.000 {1)
wooe (1)

-0.000 (1} .

Bz

€.00:05(3)
6.00059(3)
0.0005 (2}
+0.0005 (2}
€.0040 (3)
0.0005 (2)
0.0030 (3)
€.0010 (2)
©.0035 {3)
~0.0001 (2}
c.0n9 (2)
©.0015 (2)
0.0009 (3)
0.0010 (3)
€.0009 (2)
€.0008 (2)
0.0012 (2)
0.0010 (2)
0.0015 (8)
0.003 (1)
c.o02 (1)
c.o0 (1)
0.000 (1)
€.0018 (9)
¢.0001 (8)
0.0018 (8)
0.0007 (&)
c.008 (9}
0.0022" (9)
©0.003 (1)
©.003 (1)
-0.003 (1)
-0.001 (1)
0.0009 (8)
-0,000 (1)
0,000 {1)
0,0017 (9}
o.001 {1)
0.0020 (€)

-0.0002 (8)
©.0011 (7)
G.0014 (8)
-0.0001 (8)
-0.000 (1)
o.001 (1)
~0,0001 (9)
0.004 (1)
0.002 (1)
©.0016 (1)
0.0007 (8)
0,0015 (9)
=0,0003 (8)
0,0004 (8)
-0.0004 (7)
©.0017 (1)
0.0016 (7)
€.0009 {7)
0,0013 (1)
0.0021 (7)
0.0023 (8)
0.0020 (8)
0.0003 (6)
0.0001 (7)
+0.0008 {7)
~0.000 (1)
-0.0006 (9)
©0.0021 (9)
0.0003 (9)
©0.0006 (7)
0.0001 (7)
0,0010 (7)
0.0008 (7)
©0.0009 (7)
-0.0000 (8)
0001 {1)
0,001 (1)
€.0003 (9)
©.0027 (9)

Davidson & Simpson (1965) were employed.

Terminal atomic coordinates are listed in Table 1
and anisotropic thermal parameters in Table 2. Bond
lengths and bond angles are listed in Ta_ble§ 3 and 4.
Certain distances and angles involved in important
anion—cation non-valence interactions are given in
Table 5, and equations of the cation ring plal}es in
Table 6. Observed and calculated structure amplitudes
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Table 3. (SbzSbz),[FeCl,] and (SbzSbz),[MgCl,): bond Table 3 (cont.)
lengths and estimated standard deviations (A)
Iron isomorph Mercury isomoiph

Iron isomorph Mercury isomorph C(46)-C(51) 1-41 (1) 1-40 (2)
M(1)—CI(1) 2-301 (3) 2:462 (4) C(46)-C(52) 1-47 (1) 1-46 (2)
M(1)-CI(2) 2-337 (3) 2:523 (4) C(47)-C(48) 1-38 (1) 1-38 (2)
M(1)-CI(3) 2:275 (3) 2:441 (5) (C48)-C(49) 1-38 (1) 1-40 (2)
M(1)—Cl(4) 2-305 (3) 2:476 (4) C(49)-C(50) 1-37 (1) 1-37 (2)
M(2)-CI(5) 2:303 (3) 2:465 (4) C(50-C(51) 1-38 (1) 1-40 (2)
M(2)—-CI(6) 2:314 (2) 2:474 (4) C(52)-C(53) 1-37 (1) 1-41 (2)
M(3)—-CI(7) 2:337 (3) 2:535 (4) C(53)-C(54) 1-39 (1) 1-34 (2)
M(4)—CI(8) 2-287 (3) 2-448 (4) C(54)-C(55) 1:46 (1) 1-46 (2)
S(1)—S(2) 2-:002 (3) 2-000 (6) C(55)-C(56) 1-40 (1) 1-42 (2)
S(3)—S(4) 2-008 (3) 2:011 (6) C(55)-C(60) 1-40 (1) 1-38 (2)
S(5)—S(6) 2:010 (3) 2-020 (5) C(56)-C(57) 1:36 (1) 1-37 (2)
S(71)—S(8) 2:012 (3) 2-007 (5) C(57)-C(58) 1-37 (1) 1-37 (2)
S(1)—C(7) 1-704 (8) 1-67 (1) C(58)-C(59) 1-38 (1) 1-36 (2)
S(2)—C(9) 1-700 (8) 171 (1) C(59)-C(60) 1-37 (1) 1-41 (2)
S(3)—C(22) 1-703 (8) 1-66 (1) Mean C-H 1-08 1-08
S(4)—C(24) 1-705 (8) 1-72 (1)
S(5—C@37) 1-706 (7) 1-70 (1)
S(6)—C(39) 1-702 (8) 1-69 (1)
S(7)—C(52) 1:701 (7) 1-68 (1)
S(8)—C(54) 1:695 (8) 1-70 (1)
88;—8% i‘gg 8; %gg % Table 4. (SbzSbz),[FeCl,] and (SbzSbz),[HgCl}: inter-
CH—cn 1-45 (1) 144 (2) bond angles and estimated standard deviations (°)
g%gzggg igg 8; %gg gg Iron isomorph Mercury isomorph
C(4)—C(5) 1-37 (1) 1-35 (2) CI(1)-M(1)-CI(2) 102-82 (9) 100-9 (1)
C(5)—C(6) 1-38 (1) 1-41 (2) Cl(1)-M(1)-CI(3) 108-2 (1) 110-1 (2)
C(1)—C(8) 1-37 (1) 1-39 (2) CI(1)-M(1)-Cl(4) 1181 (1) 118-4 (1)
C(8)—C(9) 1-39 (1) 1:37 (2) Cl(2)-M(1)-CI(3) 120-6 (1) 122:1 (2)
C(9)—C(10) 1:46 (1) 1-48 (2) CI(2)-M(1)-Cl(4) 103-18 (9) 101-9 (1)
C(10)-C(11) 1-39 (1) 1-41 (2) CI(3)—-M(1)-Cl(4) 104-7 (1) 104-2 (2)
C(10)-C(15) 1-40 (1) 1:41 (2) CI(5)—M(2)—CI(6) 109:76 (9) 1096 (1)
C(11)-C(12) 1:39 (1) 1-37 (2) CI(5)-M(2)-CIK(7) 103-71 (9) 1025 (1)
C(12)-C(13) 1-38 (1) 138 (3) CI(5)—M(2)-CI(8) 114-8 (1) 1158 (1)
C(13)-C(14) 1:36 (2) 1-40 (3) Cl(6)-M(2)-CI(7) 112:22 (9) 111-4 (1)
C(14)-C(15) 1:39 (1) 1-38 (3) CI(6)—M(2)—CI(8) 107-99 (9) 109-8 (1)
C(16)-C(17) 1-40 (1) 1-41 (2) CI(7)-M(2)—CI(8) 10839 (9) 107:6 (1)
C(16)-C(21) 1-38 (1) 1:36 (2) C(2Q)—C(H—C(N 120-8 (7) 121 (1)
C(16)-C(22) 1:46 (1) 1-47 (2) C(6)—C(1)—C(7) 120-4 (8) 121 (1)
C(17)-C(18) 137 (1) 1-40 (2) Sl-——C(7)—C(1) 117-8 (6) 119 (1)
C(18)-C(19) 1-37 (1) 1:36 (2) C(1)—C(7)—C(8) 1265 (7) 125 (1)
C(19)-C(20) 1-38 (1) 1-36 (2) S(2)—C(9)—C(10) 117-9 (6) 118 (1)
C(20)-C(21) 1-38 (1) 1-40 (2) C(8)—C(9)—C(10) 1263 (7) 127 (1)
C(22)-C(23) 1-38 (1) 1-39 (2) C(9)—C(10)-C(11) 120-3 (8) 120 (1)
C(23)-C(24) 1-38 (1) 1-38 (2) C(9)—C(10)-C(15) 121:1 (8) 121 (1)
C(24)-C(25) 1-46 (1) 1-46 (2) C(17)-C(16)-C(22) 121-0 (7) 118 (1)
C(25)-C(26) 1-38 (1) 135 (2) C(21)-C(16)-C(22) 120-8 (7) 123 (1)
C(25)-C(30) 1-39 (1) 1-39 (2) S(3)—C(22)-C(16) 117-1 (6) 119 (1)
C(26)-C(27) 1-37 (1) 1-41 (2) C(16)-C(22)-C(23) 1269 (7) 124 (1)
C(27)-C(28) 1-38 (1) 1:38 (2) S(4)—C(24)-C(25) 1186 (6) 119 (1)
C(28)-C(29) 1:36 (1) 137 (2) C(23)-C(24)-C(25) 1265 (7) 127 (1)
C(29)-C(30) 1-37 (1) 1-35 (2) C(24)-C(25)-C(26) 120-8 (7) 120 (1)
C(31)-C(32) 1-38 (1) 1:44 (2) C(24)-C(25)-C(30) 1209 (7) 121 (1)
C(31)-C(36) 1-40 (1) 1-36 (2) C(32)-C(31)-C(37) 121-8 (7) 119 (1)
C(31)-C(37) 1-45 (1) 1-45 (2) C(36)-C(31)-C(37) 119-4 (7) 123 (1)
C(32)-C(33) 1:40 (1) 1-37 (2) S(5—C@37)-C(31) 1185 (5) 121 (1)
C(33)-C(34) 1-38 (1) 1-40 (2) C(31)-C(37)-C(38) 1269 (7) 125 (1)
C(34)-C(35) 1-38 (1) 1-38 (2) S(6)—C(39)-C(40) 118-1 (5) 1184 (9)
C(35)-C(36) 1:39 (1) 1:35 (2) C(38)-C(39)-C(40) 1267 (7) 127 (1)
C(37)-C(38) 1-38 (1) 1-39 (2) C(39)-C(40)-C(41) 119-1 (7) 118 (1)
C(38)-C(39) 1-37 (1) 1-38 (2) C(39)-C(40)-C(45) 122-2 (7) 122 (1)
C(39)-C(40) 1-45 (1) 1-46 (2) C(47)-C(46)-C(52) 1211 (7) 120 (1)
C(40)-C(41) 1:39 (1) 1:41 (2) C(51)-C(46)-C(52) 1203 (7) 121 (D)
C(40)-C(45) 1-40 (1) 139 (2) S(7)—C(52)-C(46) 116:1 (5) 118 (1)
C(41)-C(42) 1-37 (1) 1-37 (2) C(46)-C(52)-C(53) 1277 (7) 127 (1)
C(42)-C(43) 1-39 (1) 1:40 (2) S(8)—C(54)-C(55) 118-8 (6) 118 (1)
C(43)-C(44) 1-37 (1) 1:39 (2) C(53)-C(54)-C(55) 1263 (7) 127 (1)
C(44)-C(45) 1-37 (1) 1-37 (2) C(54)-C(55)-C(56) 121:3 (7) 120 (1)
C(46)-C(47) 1-39 (1) 139 (2) . C(54)-C(55)-C(60) 1206 (7) 121 (1)
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Table 4 (cont.)

Internal angles of the phenyl and five-membered dithiolium
rings at the atom specified.

S(1)  960(3) 963 (5) CQ27) 1204 (9) 119 (2)
S@)  957(3) 956 (5 C(28) 119:3(9) 120(2)
S3) 954 (3) 959 (5) C(29) 1207 (9) 120 (2)
S@ 964 (3) 962 (5) C(30) 1208 (9) 121 (1)
S(5) 961 (3) 960 (5) C(l) 1188 (7 118(1)
S(6)  959(3) 962 (5 C(32) 120:5(8) 120 (1)
S(7)  952(3) 958 (5) C(33) 1200 (8) 120 (1)
S(8) 964 (3) 964 (5 C(34) 1197 (8) 119 (1)
c(1) 1188(8) 119 (1) C(35) 1206 (8) 122(1)
C(2) 1202(8) 122(1) C(36) 1204 (8) 121 (1)
C(3) 120:5(9) 120(2) C37) 1146(6) 114 (1)
C(@) 1201 (9) 119(2) C(38) 1183 (7) 118 (1)
c5)  121(1) 122(2) C(39) 1151 (6) 115 (1)
C6) 1196 (9 118 (1) C@40) 1187 (7) 120 (1)
c(7)  1157(6) 116 (1) c@l) 12011 (7 119 (1)
c® 1168(7H) 117(1) C@42) 1207 (8) 121 (1)
C(®) 1158(6) 115 (1) C@43) 1195(7) 120 (1)
C(10) 1186 (8) 119 (1) C(44) 1206 (7) 120 (1)
C(11) 1198 (9) 120 (1) C@d5) 1204 (7) 121 (1)
Cc12) 121 (1) 121 (2) C@6) 1186 (7 119 (1)
Cc(13) 18(1) 1192 C@7) 12141 (8) 121 (1)
C(14) 122(1) 121 (2 C@48) 1196 (9) 120 (1)
C(15) 1197 (9) 119(2) C@49) 1204 (8) 119 (1)
C(16) 1181 (7) 119 (1) C(50) 1207 (8) 122 (1)
C(17) 1213 (9 119 (1) C(51) 1197(7) 119 (1)
C(18) 1195(9) 121 (1) c(52) 1162 (6) 115 (1)
C(19) 1207 (9) 121 (1) C(53) 1173 (1) 118 (1)
C(20) 119:6(8) 120 (1) C(54) 1149 (6) 115(1)
C(2l) 1209 (8) 120 (1) C(55) 1180 (7 119 (1)
C(22) 1160(6) 117 (1) C(56) 1202 (8) 119 (1)
Cc(23) 1173 (1 17 C(57) 1216 (8) 122 (1)
C(24) 1149 (6) 114 (1) C(58) 1190 (8) 119 (1)
C(25) 1182(8) 119 (1) C(59) 1206 (8) 122 (1)
C(26) 1206 (9) 120 (1) C(60) 1206 (8) 119 (1)

Table 5. Interionic distances and angles

(SbzSbz),[FeCl,;] and (SbzSbz),[HgCl.]:
interionic S- - - Cl contacts (A).

CI(1)- - -S(1) 3:907 (3) 3-904 (6)
CI(1)- - -S(2) 3-939 (3) 3912 (6)
Cl2): - -S(3) 3-168 (3) 3-153 (6)
CI(2)- - -S(4) 3-378 (3) 3-369 (6)
Cl2)---S( 3151 (3) 3146 (6)
CI(2)- - -S(8) 3:393 (3) 3-404 (6)
CI(3)- - -S(1) 3:951 (3) 3-948 (6)
CI(3)- - -S(5) 3-920 (3) 3-767 (6)
Ci(4)- - -5(6) 3-816 (3) 3779 (5)
CI(5)- - -S(3) 3-899 (3) 3:910 (6)
CI(6)- - - S(7) 3-896 (3) 3-809 (5)
CI(6)- - -S(8) 3-844 (3) 3-857 (5)
CI(7)- - -S(1) 3:358 (3) 3-:303 (6)
CI(7)- - -S(2) 3-245 (3) 3:196 (6)
CI(7)- - -S(5) 3:276 (3) 3-269 (6)
CI(7)- - -S(6) 3-208 (3) 3-179 (6)
CI(8)- - -S(4) 3-887 (3) 3-875 (6)
CI(8)- - -S(8) 3-601 (3) 3:609 (6)
(SbzSbz),[FeCl,]:
interionic angles associated with short S- - - Cl contacts
Fe(1)-CI(2)-S(3) 1298 (1) 1289 (2)
Fe(1)-Cl(2)-5(4) 112:2. (1) 110-0 (2)
Fe(1)-Cl(2)-S(7) 116-9 (1) 115-8 (2)
Fe(1)-CI(2)-S(8) 117-8 (1) 115-6 (2)
Fe(2)-CI(7)-S(1) 111-8 (1) 109-0 (2)
Fe(2)-CI(7)-5(2) 122:5 () 119-1 (2)
Fe(2)-CI(7)-S(5) 114-6 (1) 1132 (2)
Fe(2)~CI(7)-S(6) - 113:8 (1) 113:6 (2)

THE CRYSTAL STRUCTURES OF C;0H,,S,Cl;Fe AND C;,H,,S,Cl,Hg

Table 6. The dithiolium cations

(a) (SbzSbz),[FeCl,]: least-squares best planes in the dithio-
lium cations and maximum atom deviations from the ring
planes (A).*

Maximum
deviation
from plane
Ring Equation of normal (A)
1 0-9598X+0-0180Y+0-2801Z= 8-339 0-025
2 0-8518X+0-1053Y+0-5132Z = 9-906 0-006
3 0-8061X+0-1503Y+05723Z= 10-313 0-012
4 0:9062X+0:0613Y+0:4183Z= 16-567 0-006
5 0-8457X+0-1612Y+0-5088Z= 16-900 0-003
6 0-:9456 X+ 0-0506Y+0-3214Z= 16-445 0-011
7 0-8912X—0-1474Y —0-4289Z = 5-391 0-006
8 0-8474X—0-1876Y —0-4968Z= 5077 0-001
9 —0-5223X+0-4425Y+0-7290Z= —2-566 0-015
10 0:9561X—0:0457Y—-0-2893Z= 13972 0-009
11 —0-8675X+0-0807Y + 0-2893Z= —12-323 0-011
12 —0-9192X+0-0611Y+0-3889Z= —13-052 0-004

(b) (SbzSbz),[FeCl,}: ring-ring dihedral angles in the dithio-
lium cations.

Rings involved Angle Rings involved Angle
1-2 15° 7-8 5°
2-3 5 9-9 27
4-5 8 10-11 13
5-6 14 11-12 7

* The ring-numbering scheme is defined in Fig. 2(¢). The
direction cosines refer to a, b* and ¢’ respectively.

for the terminal refinement cycles are available.* The
atom labelling scheme is defined in Fig. 2.

Discussion

Like the analogous SacSac complexes (Freeman et al.,
1974), crystals of (SbzSbz),MCl, [M =Fe, Hg] consist
of essentially discrete dithiolium cations and tetra-
chlorometallate(II) anions, with contributions to the
binding energy both from dispersion and from strong
charge-transfer interactions. In both series of com-
plexest the charge-transfer interactions involve close
contacts from each of the cation sulphur atoms to the
chlorine atoms of neighbouring tetrachlorometallate
ions. The contact distances are similar in each series
(ca. 3-:2-3-4 A) but the overall pattern is dissimilar. In
(SacSac),FeCl, and its isomers all four chlorines of
each anion are involved in short S-.-Cl contacts.
Moreover each cation effectively ‘bridges’ two anions
in such a way as to form continuous charge-transfer
pathways directed along the crystallographic c-axis

* The list has been deposited with the British Library Lend-
ing Division as Supplementary Publication No. SUP 30310
(53 pp. 1 microfiche). Copies may be obtained through The
Executive Secretatry, International Union of Crystallography,
13 White Friars, Chester CH1 1NZ, England.

T Crystals of (SacSac),MCl, [M=Mn, Fe, Co, Zn, Cd] are
isomorphous (Freeman et al., 1974). The complexes (Sbz-
Sbz),MCl, [M=Mn, Fe, Zn, Cd, Hg] also form an isomorph-
ous series (x structures). (SbzSbz),CoCl, is representative of
a third isomorphous series (y structures) which includes poly-
morphs of (SbzSbz),MnCl, and (SbzSbz),ZnCl, (Mason ef al.,
1974). ;
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Fig. 2. (a) Iron, chlorine and sulphur atom labelling in
(SbzSbz),[FeCl,;] and some important bond-lengths. (b) Mer-
cury, chlorine and sulphur atom labelling in (SbzSbz),-
[HgCl,] and some important bond-lengths. (¢) Carbon,
sulphur and ring labels in the diphenyldithiolium cations.
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direction (Freeman et al., 1974). In the present com-
plexes no analogous cation bridging is observed, and
only one chlorine of each of the two independent
tetrachlorometallate ions is involved in short S.--Cl
contacts. The contact pattern around each anion is
remarkably similar. The relevant chlorines [CI(2) and
CI1(7)] are each involved in a roughly pyramidal array
of short contacts to the four sulphur atoms of neigh-
bouring, and similarly oriented, pairs of cations (Figs.
2, 3). In turn, the independent (SbzSbz),MCl, moieties
are related, approximately, by a pseudo-twofold screw
axis passing through the metal atoms and directed
parallel to the arbitarily assigned crystallographic a
axis. As shown in Fig. 5, cation pairs related by the
pseudo-screw operation (and separated by a/2) are
interleaved by oppositely directed (but parallel) in-
version related pairs forming part of the (SbzSbz),MCl,
stack generated by a second pseudo-2; axis. There are
a number of relatively short C(phenyl)-C(phenyl) con-
tacts (ca. 3-3-3-5 A) in each cation stack, and occa-
sional contacts of similar magnitude between neigh-
bouring stacks (Table 8). Close contacts between car-
bon atoms and those chlorines not involved in Cl- - -S
bonding are also observed. Typically the C- - -Cl con-

Table 7. (SbzSbz),[FeCl,]: representative short C- - -Cl
contacts (to the Fe(1)ClZ~ moiety)

Contact  Distance (A) Contact  Distance (A)
CI(1)- - - C(6) 3-63 Cl(3)---C(19) 375
Cl(n)- - -C(7) 3-68 Cl(4)---C(38)  3-60
ClI(1)---C(8) 3-64 Cl4)---C(@39) 351
Cl(1)- - - C(9) 372 Cl4)---C49) 365
CI(1)- - -C(48) 3-68 Cl(4)---C(51) 3-61
CI(3)---C(2) 375 Cl(4)- - -C(52) 3-65
Cl(3)---C(18) 3-45

Table 8. (SbzSbz),[FeCl,} and (SbzSbz),[HgCl,]: inter-
ionic C- - -C contacts less than 3-8

Symmetry Iron Mercury
relationship*  isomorph isomorph
C1)----C(11) 4/001 377 (1) -
C(1)----C(25) 4/101 3-75 (1) 3:76 (2)
C(2)----C(12) 4/001 3-68 (1) 3:65 (2)
C(2)----C(27) 3/170 362 (1) 367 (2)
C(@3)----C(12) 4/001 356 (1) 3:55(2)
C(3)----C(17) 2/101 3-76 (1) -
C(3)----C(18) 2/101 364 (1) 3:70 (2)
C(3):---C(27) 3/110 377 (1) 378 (2)
C(3)----C(227 4/101 - 377 (2)
C4)----C(12) 4/001 360 (1) 363 (2)
C4)----C(13) 4/001 375 (1) 377 (3)
C4)----C(28) 4/101 375 (1) 373 (2)
C4): - C(29) 4/101 375 (1) -
C(5)- - C(12) 4/001 374 (2) -
C(5)----C(29) 4/101 3:74 (1) 372 (2)
C(5)- - - -C(30) 4/101 3:69 (1) 372 (2)
C(5)- -+ C42) 1/001 375 (1) -
C(6)----C(11) 4/001 3-65 (1) 3-78 (2)
C(6)- -+ - C(25) 4/101 375(1) 364 (2)
C(6)- - - - C(30) 4/101 377 (1) 377 (2)
C(7)----C(24) 4/101 372 (1) 379 (2)
C9)- -+ -C(22) 4/101 3-60 (1) 361 (2)
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ca2)--
c(13)- -
c(14)- -
c(15)- -
c(15)- -
C(15)- -
Cc(18)- -
C(19)- -
C(19)- -
C(19)- -
C(19)- -
C(19)- -
C(20)- -
C(20)- -
C(20)- -
C(20)- -
c@l- -
c27)- -
C(29)- -
C(29)- -
C(30)- -
C(30)- -
c31)--
c31)--
Cc(32)--
C(32)--
c33)-
Cc(33)- -
C(33) -
Cc(33)- -
C(34)- -
C(34)- -
C(34)- -
Cc(35)- -
C@35)- -
Cc@35)- -
C(35)- -
C@36)- -
C(36)- -
c37)-
C(40)- -
c@l)- -
c@1)- -
c@1)- -
C42)- -
C(42)- -
C(42)- -
C(42)- -
C(42)- -
C(42)- -
C(44). .
C(44)- -
c(s)- -
C(46)- -
C(46)- -
c@n--
C(48)- -
Cc(51)- -
(1)
C(52)- -
C(53)- -
C(52)- -

* Figures preceding the solidus denote the equipoint number

Figures following the solidus denote translations in the a, b

-C(13)
-C(13)
-C(47)
-C(17)
-C(47)
- C(48)
-C(26)
-C(25)
- C(26)
-C(33)
-C(57)
-C(58)
-C(23)
-C(24)
-C(25)
-C(33)
- C(23)
-C27)
-C(32)
-C(41)
-C(42)
-C(43)
-C(39)
- C(56)
-C(39)
-C(57)
- C(40)
- C(45)
-C(57)
-C(58)
-C(45)
-C(58)
-C(59)
- C(55)
-C(58)
-C(59)
- C(60)
- C(55)
- C(56)
-C(37)
- C(50)
- C(46)
-C(50)
-C(51)
- C(46)
-C(47)
-C(48)
-C(49)
-C(50)
-C(51)
- C(50)
-C(51)
- C(50)
- C(55)
-C(60)
- C(59)
-C(59)
-C(60)
-C(54)
- C(55)
-C(53)
-C(54)

1=X,7, Z;
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Table 8 (cont.)

Symmetry
relationship*

2/111
2/111
3/100
4/101
3/T00
3/T00
4/101
4/101
4/101
2/101
1/001
1/001
4/101
4/101
4/101
2/101
4/101
2/211
3/000
4/100
4/100
4/100
2/100
2/100
2/100
2/100
2/100
2/100
2/100
2/100
2/100
2/100
2/100
2/100
2/100
2/100
2/100
2/100
2/100
2/100
3/100
2/100
2/100
2/100
2/100
2/100
2/100
2/100
2/100
2/100
3/700
3/100
3/T00
2/200
2/200
2/200
2/200
2/200
2/200
2/200
2/200
2/200

and c directions respectively.

Iron

isomorph

3:42 (1)
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tacts range down to ca. 3-5 A, involve both phenyl and
heterocycle carbon atoms, and probably complete a
more or less continuous charge transfer path analogous
to that observed for (SacSac),FeCl,. Representative

values are listed in Table 7.

The crystal packing arrangement provides a fairly
obvious rationale for the observed temperature de-
pendence of the (SbzSbz),FeCl, M&6ssbauer spectrum.
At room temperature, distinct signals are observed for
each of the (two) inequivalent tetrachloroferrate(Il)
ions. However, the low-temperature spectrum indicates
a common environment (i.e. crystallographic equiv-
alence) for each ion. As is clear from the diagram (Fig.
5), relatively small changes in atom coordinates would
be required either to cause exact halving of the crys-
tallographic a axis or, alternatively, to relate the two

Fig. 3. (SbzSbz),[FeCl;]: Anion-cation packing and atomic

13734

Fig. 4. (SbzSbz),[FeCl,]: mean bond lengths and bond angles

Fet

thermal ellipsoids (50 % probability).

1N
120303) | 18-5(3)
\ N4

2-010f2)

in the diphenyldithiolium cations.
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(SbzSbz),FeCl, moieties by an exact twofold screw
operation. Either situation would result in the metal
ions having crystallographically equivalent environ-
ments.

Geometry of the tetrachlorometallate ions

The tetrachlorometallate ions each exhibit less than
T,(43m) symmetry, the deviations from T, being mani-
fest both by small but significant inequivalences in
metal-ligand distances and by appreciable angular dis-
tortions (ligand—-metal-ligand) from the regular tetra-
hedral value (109-47°). Deviations of the metal-ligand
bond-distances from their mean values are summarized
in Table 9(a) and the angular deviations are sum-
marized in Table 9(b). These data clearly illustrate
the marked environmental dependence of the anion
geometry. In particular, the virtual identity of the en-
vironments experienced by isomorphous tetrachloro-
mercurate—tetrachloroferrate pairs results ina near one-
to-one correspondence of both bond-length and bond-
angle deformations in the separate anions. In contrast,
the effects of relatively minor environmental differences
are clearly manifest in the appreciably smaller angular
deformations observed in the case of the metal(2)
tetrachloro-anions (ca. 4° r.m.s.) as compared with their
metal(1) tetrachloro-anion counterparts (ca. 8° r.m.s.).
The slightly larger angular deformations observed for
the tetrachloromercurate (¢f. tetrachloroferrate) anions
most probably result from the increased polarizability
of the heavier metal ion. The close correspondence be-
tween bond lengths and bond-angle deformations in

Fig. 5. (SbzSbz),[FeCl,]: the ciystal structure viewed down a
showing interleaving of cations and schematic electron-
transfer pathways (------ ) corresponding to close S+ --Cl
contacts.
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related tetrachloromercurate-tetrachloroferrate pairs
conclusively rules out any appreciable Jahn-Teller
contribution to distortion of the [FeCl,}*~ ions. Defor-
mations of comparable magnitude reported for the
anions in bis-(3,5-dimethyl-1,2-dithiolium) tetrachloro-
ferrate(1l) (Freeman et al., 1974) and in {[Fe(h’>-CsH,)
(CO),JsSbCl},[FeClL].CH,Cl, (Trinh-Toan & Dahl,
1971) [Table 9] are also attributable to asymmetric
anion—cation and anion-solvent dipolar interactions.
Despite the environmental (hence bond-length defor-
mation) differences, average Fe-Cl distances in the
above-mentioned complexes (2-313 and 2-310 A respec-
tively) and in (SbzSbz),[FeCl,] [Fe(1)-Cl=2-305;
Fe(2)-Cl=2-310 A] are in close agreement. The aver-
age Hg-Cl distance (2479 A) is identical, within ex-
perimental error, to the sum of standard covalent radii
(248 A) (Pauling, 1960).

Geometry of the dithiolium cations

The dithiolium cations exhibit little asymmetry. The
ring systems, both five- and six-membered, are each
planar within experimental error, with the five-mem-
bered (heterocyclic) rings possessing experimental C,,
symmetry. Equations to the ring normals, together
with maximum atom deviations from the correspond-
ing (least-squares) ring planes (iron isomer only) are
detailed in Table 6. Mean bond-length and bond-angle
data, averaged over chemically equivalent parameters
in the four crystallographically independent cations of
the tetrachloroferrate isomer, are summarized in Fig. 4.
With one exception [angle S(7)-C(52)-C(46): 4/o~
3-6], individual bond lengths and bond angles are each
within experimental error of their appropriate mean
values.

The heterocycle dimensions differ only marginally
from those in the 3,5-dimethyl substituted cations in
(SacSac),[FeCl,] (Freeman et al., 1974). The S-S, S-C
and C-C distances, each intermediate between the ac-
cepted single- and double-bond values, are indicative
of appreciable cyclic delocalization over the ring sys-
tem. In the SacSac complex, however, the heterocycle
skeleton shows slight but significant departures from
C,, symmetry. The S-S and S-C distances [2:019 (2)
and 1-681 (4) A] also differ marginally from the present
values [2:010 (2) A, 4/o~3 and 1702 (3) A, 4/o~4)].
At 2:023 (5) A, the S-S distance in (SbzSbz),[FeCl,]Cl
(Mason et al., 1974) is marginally longer again, the
differences probably reflecting the effects of increas-
ingly energetic interactions with the counter ions.

Both the ring-ring bond-distance in the (SbzSbz)*
ion [1:458 (5) A] and the ring-methyl distance in
(SacSac)* [1-499 (5) A] are consistent with a C(sp?)
g-orbital radius of 0-73 A. In turn, this value is con-
sistent with that deriving from spectroscopic data for
butadiene (0-73 A ; Cole, Mohay & Osborne, 1967) but
is rather smaller (ca. 0-02 A) than values deriving from
X-ray diffraction studies of diphenyl (Robertson,
1961) and 2,2’-dipyridyl (Mason & Robertson, 1967).
In any case, the present result needs to be treated with
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some caution since the 3- and S-carbon atoms of the
heterocycle are not strictly sp?>-hybridized. The altered
hybridization at these atoms results, in part, from
steric constraints imposed by formation of the 5-mem-
bered ring. However, the gross inequivalence of the
external (C-C-C and S-C-C) angles (1267 and 117-9°
respectively) can only be attributed to an appreciable
charge drift to the (effectively) highly electronegative
hetero-atoms. The latter effect closely parallels that

recently observedinthe ( O -0~ P moieties in chloro-
bis-[2-(diphenoxyphosphinooxy)phenyl](triphenylphos-
phite)iridium(IIT) (Guss & Mason, 1972).
Bond-lengths and bond-angles in the phenyl rings
(Fig. 4), notably the progressive shortening of the C-C
distances towards the ring extremities, are indicative

C30H2254C14Fe AND C30H2254C14Hg

of fairly substantial torsional vibrations. Torsional
modes are also manifest, qualitatively, in the relative
dimensions of the vibration ellipsoids (50% proba-
bility) depicted in Fig. 3. No detailed analysis of the
rigid-body modes has been attempted. It seems likely,
however, that the deformation of the internal angle
at the 2-carbon (1-5°) is appreciably greater than can
be accounted for in terms of libration effects and, like
the deformations at the 3-heterocycle carbon, results
largely from rehybridization induced by charge
drift.

Though less precise, bond lengths and bond angles
deriving from the bis-(3,5-diphenyl-1,2-dithiolium) tet-
rachloromercurate(ll) analysis are all within experi-
mental error of the corresponding values for the tetra-
chloroferrate isomer.

Table 9. Metal-ligand bond-length and angle deviations from mean values

(@) Metal-ligand bond-length deviations from their mean values in tetrachloroferrate(Il) and tetrachloromercurate(II) anions.*

Deviation from mean (A) R.m.s.d. (A) Mean distance (A)
Complex Bond Hg isomer Fe isomer Hgisomer Feisomer Hg isomer Feisomer

(SbzSbz),MCl, M(1)-Cl(2) +0-048 (4) +0:033 (3) 0:030 0-022 2:476% 2-305%
M(1)-Cl(4) +0:001 (4) +0-001 (3)
M(1)-CIK1) —0:013 (4) —0-003 (3)
M(1)-CI(3) —0:034 (4 —-0-029 (3)

M(2)-CI(7) +0:0554) +0:027 (3) 0-033 0-018 2:481% 2:310%
M(2)-Cl(6) —0-006 (4) +0-004 (3)
M(2)-CI(5) —0:015(4 —0-007 (3)
M(2)-CI(8) —0-032 (4) —0-023 (3)

(SacSac),FeCl, Fe—Cl(2) +0-023 (1) 0-023 2:313%
Fe—CI(1) —-0-023 (1)

{[Fe(h5-CsHs) (CO),1sSbCl}, Fe—ClI(3) +0-024 (5) 0-024 2:314§
[FeCl,].CH,Cl, Fe—CI(2) —0:024 (5)

* Values in parentheses are estimated bond-length standard errors.
References: T Present work. i Freeman ez al. (1973). § Trinh-Toan ez al. (1971).

(b) Ligand-metal-ligand angular deviations from 109-47° in tetrachloroferrate(Il) and tetrachloromercurate(Il) anions.*

Deviation (°) R.m.s.d. (°)
Complex Angle Hg isomer Feisomer Hg isomer Fe isomer

(SbzSbz),MCl, Cl(2)-M —CI1(3) +12:6 (2) +11-1 (1) 82t 7-2%

Cl(1)-M —Cl(4) +89 (1) +86 (1)

CI(1)-M —CI(3) +0'6 (2) —13 Q)

CI(3)-M —Cl(4) -53(2) —4-8(1)

Cl(2)-M —Cl1(4) —-76 (1) —-63 (1)

CI(1)-M—CI(2) —86(1) —67(1)

CI(5)-M -CI(8) +63 (1) +53 (1) 4-0t 3-5%

Cl(6)-M —-CI(7) +1:9 (1) +27(Q)

Cl(6)-M —C1(8) +0-3 (1) —1-5(1)

CI(5)-M —Cl(6) +01 (D +0-3 (1)

CI(7)-M —CI(8) —19 (1) —11 (D)

CI(5)-M —-CI(7) —7-0 (1) —5-8(1)
(SacSac),FeCl, CI(2)-Fe—Cl1(2") +6-44 (6) 3-9%

Cl(1)-Fe—CI(1") +2:87 (6)

CI(1)-Fe—CI(2) —1:25(5)

Cl(1)-Fe—Cl(2) —3-32(5)
{[Fe(h*-CsHs) (CO),]sSbCl}, Cl(2)-Fe—ClI(3") +5:5(2) 4-1§
[FeCL).CH,Cl, Cl(2)-Fe—Cl(2") -1:0(2)

ClI(2)-Fe—ClI(3) —2:3(2)

Cl(3)-Fe—CI(3") —-53(2)

* Values in parentheses are estimated bond-angle standard errors.
1 Present work. 1 Freeman ez al. (1973). § Trinh-Toan et al. (1971).
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Electron-transfer metalloenzymes

The present results appear to bear some relevance
to electron-transfer processes in metalloenzymes (Ma-
son & Zubieta, 1973). Structural data for cytochrome-C
(Dickerson, Takano & Kallan, 1972), for ferredoxin
(P. aerogenes) (Sieker, Adman & Jensen, 1972, 1973),
and for rubredoxin (Herriot, Sieker, Jensen & Loven-
berg, 1970) are identical in showing an aromatic amino-
acid residue in close proximity to the respective transi-
tion-metal chromophores. However, in the reduced
form of cytochrome-C this residue (tyrosine 67) rotates
away from a facial interaction with the iron-haem
grouping, suggesting that the aromatic residues may
act as one-electron ‘trap-doors’. In general, the in-
organic chromophores are located in hydrophobic
pockets, whereas the aromatic residues are positioned
on the protein surface. They may readily form radical
anions, transfer the electron to the metal centre and
then, through a general conformational change, move
away from ‘contact’ with the chromophore so that
further transfer is prevented. Similar interactions, be-
tween aromatic residues and the metal chromophore,
are evident in the structure of flavodoxin (Waten-
paugh, Sieker, Jensen, Legall & Dubourdieu, 1972)
and have been inferred (from **C n.m.r. data) in a sec-
ond ferredoxin (C. acidi urici) (Packer, Sternlicht &
Rabinowitz, 1972). The packing arrangement in the
present complexes would also appear to implicate the
phenyl substituents in the charge-transfer process. In
particular, the more or less parallel arrangement of
the phenyl rings in the cation stacks might be ex-
pected to result in facile charge-transfer, both parallel
to the crystallographic a axis and, more generally, in
directions parallel to the {021} planes.

The present results also have implications for the
stereochemistry of the chromophore in rubredoxin. The
redox centre in oxidized rubredoxin consists of a (for-
mal) ferric ion coordinated by four cysteine ligands in
a pseudo-tetrahedral arrangement. Metal-ligand dis-
tances (A) and ligand-metal-ligand angles (°) are
shown below (Jensen, 1972).

Cys 38 Cys 41

Cys 9

Cys 6

The angular deformations (from regular tetrahedral)
are of similar magnitude to those observed in the
present complexes, and probably reflect simple steric

AC30B-5
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constraints imposed by the protein chain. The signif-
icant shortening of the Fe~S(Cys 41) bond also has a
parallel in the present results. In the bis(dithiolium)-
[MCl,] complexes the metal-chlorine bond-length dif-
ferences are clearly a consequence of strong, local
charge-transfer interactions with the cations. The short
Fe-S(Cys 41) bond in rubredoxin results, in all prob-
ability, from an analogous interaction with an elec-
tronegative group (e.g. O-H of water or tyrosine).

We are grateful to the S.R.C. for support of these
studies.
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