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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 Ci, 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), e= 16.95 (17.12) A, e=94"9 (94-5), fl=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-C1 
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, (R2CaHS2)2FeC14 [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 (MezCaHS2)2FeCI4 (Mason, McKen- 
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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 (FeCl4) 2- to 
(MezC3HSz) + 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 
(PhMeCaHSz)2FeC14 and (Ph2CaHS2)2FeCI4 [bands 
centred at 516 and 741 nm respectively: cf. 500 nm for 
(MezC3HS2)2FeCI4] (Rusholme, 1970). Spectra of each 
of these complexes, together with that of the tetra- 
chloromercurate(II) isomorph of (Ph2CaHSz)2FeC14, 
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 (M%C3HS2)2FeC14 with similar studies of the 
tetrachloroferrate(II) complexes of the diphenyl-sub- 
stituted dithiolium cations. 

In the event, solution of the (PhzC3HS2)2FeC14 struc- 
ture was only accomplished via prior analysis of the 
isomorphous tetrachloromercurate(lI) derivative, and 
the supposed 'yellow isomer' of the dark-green tetra- 
chloroferrate(lI) derivative was shown, more or less 
concurrently, to be a tetrachloroferrate(III) analogue, 
(Ph2C3HS2)2(FeCI4)CI (Mason, Robertson & 
Rusholme, 1974). Unexpectedly, and for reasons quite 
different from those initially envisaged, the present anal- 
yses of the bis-(3,5-diphenyl-l,2-dithiolium) tetrachlo- 
roferrate(II) and tetrachloromercurate(II) 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 (Ph2C3HSz)zM C14, 
are detailed by Mason et al. (1974). Reaction products 
occasionally included a small amount of free sulphur. 
In the case of the (HgC14)'- complexes some contam- 
ination by metallic mercury was also observed. Crys- 
tals of (PhMeC3HS2)aPeC14, prepared by the same 
route but with benzoylacetone as the parent /3-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- 

"l- (Me2C3H $2)2FECI4 
"IT (PhMeCsHS2)2 FeCI4 
TIT (eh2C3HS2)zFeCI4 
Z (Ph2C3H S2)2Hg CI 4 

ffl  

< 

44 14'013'el3'212'812~0 ~1'611~1 ~l kK 
238 263 294 333 385 45s 5ss 714 1000 1667 nm 

Fig. 1. Reflectance spectra of some dithiolium complexes of 
tetrachlorometallate dianions. 

ish-black coloration with concomitant changes in 
their reflectance spectra (Rusholme, 1970). 

E x p e r i m e n t a l  

I. Bis-( 3,5-diphenyl- l ,2-dithiolium) tetrachlorof errate(II), 
C30H22SaCI4Fe 

Crystals of (SbzSbz)2[FeC14] 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 Ci (1) with systematic absences 
{hkl}, h + k = 2 n + l  of the non-standard face-centred 
triclinic spacegroups, C1 or CT. Subsequent structure 
analysis has confirmed the centrosymmetric choice 
(C1). Dimensions of the centred cell estimated from 
high-angle (Mo K~) precession data are" a =  16-22 (1), 
b=22.28 (1), c=  16.95 (1) A, ~=94.9 (1),/3=82.7 (1), 
7=  100.4 (1) °, Vc=5965 ]k 3. The crystal density meas- 
ured by flotation in benzene-l, l ,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 × 0.22 × 0.20 mm elongated along 
a. With the crystal aligned so that the needle axis (a) 
and instrumental co axis were coincident, all unique 
data within the range 6°< 20< 60 ° for the reciprocal 
levels {Ok/} to {18kl} were recorded using crystal- 
monochromated Mo K~ radiation (Si crystal; 20,,= 
13.02°; ~=0.7107 A). Data were measured by the 
co-scan technique, with a constant scan velocity of 
2.5 ° min -1, and scan ranges varying from 2-0 ° for the 
zero level to 4.4 ° for the {18kl} level. All data were 
recorded in the equi-inclination mode. Backgrounds 
were measured at each extreme of the oo 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 folmulae 
are collected below. Those reflexions with A(B)/~r(B)> 
3"0 or 1/cr(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 ~.a(Fo)/~.lFo], is 0.039. No 
corrections were applied for specimen absorption ef- 
fects. 

Crystal data 
C30H22S4CI4Fe. M.W. 708.46. Analysis" calc" C 

50.8; H 3.1 ; S 18.1 ; CI 20.0; Fe 7.9%, found" C 50.5; 
H 3.4; S 18.0; C1 20.0%. Colour dark green. Triclinic, 
space group CT [non-standard setting of P]', (C~, No. 
2)]. Cell dimensions: a=16.22  (1), b=22.28 (1), c=  
16.95 (1) /~,; c~=94.9 (1), fl=82.7 (1), 7=100.4 (1)°; 
Vc=5964 A 3 ( t = 2 0 + 2 ° C ) .  O,.=1.57 (1), Dc=1.57 
g cm -a, Z = 4 .  /t(Mo K~)= 11.6 crn -1. F(000) = 1440. 
Delaunay reduced cell: a '=12.54,  b '=14.92,  c ' =  
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21 .92A;  ~'=113.7,  f l '= l10 .8 ,  y '=108.2°; V~=2982 
/~3. 

Data reduction formulae 
]FolZ=Ix Lp; I=[PK-(tv/to) (Bx + Bz)]; Lp=(1  + 

cos z 20,.) sin ~, cos z v/{(1 +cos  z 20, . ) -  cos 2 20,, sin E y × 
COS2II--(COS 2 ]"--COS 4 1") (1-t-cos y)2); a(1)=[pK+(tv / 
t0) 2 (Bl+B2)]l/2; cr(Fo)=Lpxcr(1)/2lFol; A(B)=IBx-  
Bz[; ~r(B) = (B1 + Bz) m. PK is the scan count, t v and to 
are scan and total background times respectively, and 
BI, Bz are individual background counts. 0" is the 
monochromator  Bragg angle, v (=/z) is the inclination 
angle and y = 2 arc cos (cos 0/cos v). 

II. Bis-( 3,5-diphenyl- 1,2-dithiolium) tetrachloromer- 
curate(II), C30HzzS4C14Hg 

Well-formed crystals of (SbzSbz)z[HgC14] isomorph- 
ous with (SbzSbz)2[FeC14] 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 0.35×0.23 ×0.20 mm 
(elongated along a), was aligned with its a axis ap- 
proximately coincident with the instrumental ~0 axis. 
Cell parameters and crystal oriention matrix were 
derived, following the method of Busing & Levy (1967), 
by least-squares analysis of the instrumental 20, 09, Z 
and ~p values for 12 carefully centred high-angle re- 
flexions (Mo K ~  radiation; 2=0-70926 A). Cell par- 
ameters determined in this way were equal, within lo-, 
to the values derived from high-angle (Mo K~) preces- 
sion data. All unique data within the range 3°< 20< 
40 ° were recorded with molybdenum (Ka) radiation 
using the method of balanced filters and ca. 95 % dis- 
criminator band pass. Data were recorded in the 0-20 
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 reftexions, 
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 A(B)>_ 3.0or(B) 
or I/cr(I) < 3-0. However, if A(B) >_ 3.0 and I/or(l) >_ 5"0, 
data were reprocessed with B ~ ,  [equal to twice the 
lower modulus of ~(B~) or fi(Bz)] replacing fi(Ba)+ 
~(B2) 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 {Y.a(Fo)/~IFol} is 0.028. 

Crystal data 
CioHzzSaC14Hg. M.W. 853.22. Analysis: calc: C 

42.2; H 2.5; S 15.0; C1 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 (C1, No. 2)]. 
Cell dimensions: a =  16.26 (1), b = 22-31 (1), c=  17.12 (1) 
A; c~=94.5 (1), fl=82.8 (1), y=99.6 (1)°; Vc=6065 A 3 
( t = 2 0 + 2 ° C ) .  D"=1 .85  (1) (flotation), D~=1.86 g 
cm -a, Z = 4 .  p (MoK~)=55 .4  cm -1. F(000)=1656. 
Delaunay reduced cell" a '=12.66,  b '=14.86,  c ' =  
22-08 A; ~ '=I13 .3  °, f l '= l10 .8 ,  y '=108.1°; V,~=3032 
/~3. 

Data-reduction formulae 
IFol2=Ix Lp; I =  {6(PK)-(tp/tb)[f(B1)+~(B2)]}; Lp 

= 2  sin 20/(1 +cos  z 20); a ( I ) =  {S{(PK)+(tp/to)z[S(BI) 
+ 8(B2)]}1/2; a(Fo)=Ix Lp/2IFo[; A(B)=If(Ba)-fi(B2)[; 
cr(B) = [S(B~) + S(B2)] 1/2. 6(PK) is the differential peak 
count, fi(Bl), fi(Bz) are differential background counts. 
S(PK), S(Ba) and S(B2) are summed rather than dif- 
ferential counts with alternate Kfl (Zr) and K~ (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 u/2, and reflecting 
the strong pseudo-halving of the a axis shown by the 
diffraction data [{hkl}, h = 2 n + l  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 [ = ~ [ [ F o l l -  
Fcl]/~[Fol[] 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 [Fo-(Fn~l+Fng2) ] showed the expected 
pseudo-symmetry (Hg at x,y,z  and ½+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 + C1) scattering models, revealed all non- 
hydrogen atoms of the four 3,5-diphenyl-l,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, C1 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 ~ ,  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. (SbzSbz)z[FeCl4] and (SbzSbz)z[HgCl4]: atom 
coordinates and est imated standard deviations 

Hydrogen atom coordinates not refined. 

Iron isomorph 
X 

o.19996(7) 
0.70695(7) 
o.2~19 (2) 
o.o53o (2) 
o.~7 (2) 
O.2317 (2) 
O.6951 (2} 
o.717" (2) 
O.5831 (2) 
o.8194 (2) 
O.~463 (2) 
O."85" (2) 
O.93~1 (2} 
0.9879 (2) 
0."5~7 (2) 
o..7~2 (1) 
0.9522 (1) 
0.9503 (1) 
0.3"32 (5) 
0.3367 (6) 
O.30~O (7) 
0.2755 (7) 
o.e778 (8) 
O.3109 (7) 
0.3853 (5) 
o.38~2 (5) 
o.,313 (5} 
0."373 (6} 
0.3897 (6) 

o.3~o (7) 
o.4,59 (7) 
o.49~9 (8) 
0..910 (7) 
0.8321 (5] 
o.8199 (7) 
0.7750 (7) 
o.7"18 (6) 
0.7538 (61 
o.7988 (5) 

Mercury isomorph 
y z x y z 

0.11677(5) o.2~'~5(6) m o.2o~o~(.) o.11~(2) o.2~o5(3) 
0.12440(5) 0.24248(6) PQ 0.70826(,) 0.12338(2) 0.24229(3) 
0.2057 (i) 0.3292 (1) cl/ 0.2423 (3) 0.2o99 (2) 0.3348 (2) 
O.lO67 (1) o.2721 (I) C~2 O.O~58 (3) 0.1039 (2) 0.E743 (2) 
O.O~28 (1) 0.2913 (2) CL3 0.2792 (") 0.0356 (2) 0.2869 (3} 
O.116~ (I) 0.1180 (I) Cl~ 0.2336 (3) O.1181 (2) O.1088 (2) 
O.121" (i) 0.3750 (i) C~5 0.6927 (3) 0.1213 (2) 0.3872 (2) 
O.O2822(9} O.1829 (1) CI~ 0.7183 (3) O.O199 (2) 0.1823 (2) 
O.1566 (1) O.2197 (1) eL7 0.5732 (3) O.1575 (2) O.2175 (2) 
o.1918 (1) 0.18~ (z) c18 o.82~ (3) o.1965 (2) o.18~3 (2) 
O.1582 (i) 0.3858 (1) Sl 0.~69 (3) O.1586 (2) O.38~6 (2) 
O.2~32 (1) O.3491 (i) 52 O.48~4 (3) 0.2"31 (2) 0.3487 (2) 
O.1701 (i) 0.4038 (I) 33 0.9325 (3) 0.1701 (2} O."O52 (2) 
0.2400 (I) O.3371 (i) ~ 0.9859 (3) 0.2387 (2) 0.3368 (2) 
0.05469(9) 0.1225 (1) 55 O."530 (2) O.05~6 (2) O.118/; (2) 
O.13560(9) O.O735 (1) ~6 0.4703 (2) O.1358 (2) O.O~50 (2) 
0.03599(9) O.1619 (i) 37 O.9501 (3) 0.OO47 (2) O.1628 (2} 
o.o82o8(9] O.lO68 ( i )  ~ o.9~50 (3) o.o8~ (2) c.107o (2) 
0.1315 (4) o.5212 ( . )  cz o.3~.75 (9) o.z3zo (6) o.5186 (8) 
O.O70~ (") O."9~9 (5) C2 O.3377(10) O.071" (7) 0.,920 (8) 
O.O252 (,) O.5~74 (6) C3 O.3063(11) 0.O248 (7) O.5412 (9) 
O.OkOl (,) 0.6233 (5) C~ 0.2792(11) 0.0382 (7) O.6150 (9) 
O.iOO~ (5) 0.6493 (5) C5 0.28~8(12) O.O970 (8) 0.6452 (9) 
0.146~ ( , )  0.5987 (5) c6 o.3195(,0) 0.1"53 (6) 0 .5~2 (8) 
O.1792 (~.) O."695 (") 07 0.3880 (9) O.1782 (6) 0.4669 (8) 
O.2~07 (3) 0.4828 (5) C8 0.3865 (9) O.2401 (6} O.4818 (7) 
O.~786 (4) O.4~2 (5) c9 o.4317 (8) 0.2783 (6) o.,271 (8) 
o.3~5o (4) 0.4268 (5) cio o.,368 (9) 0.3449 {6} O.,276 (8) 
0.3758 (") 0.~85~ (6) C11 0.388~(Z0) 0.3752 (7) 0.4875 (9) 
0.438" (,) 0."839 (6) C12 O.3905(11) O.~367 (8) O.4872(11) 
O."715 (") O."265 (6) Cl3 o.,,20(13) 0."705 (7) O.4309(10) 
o.~13 (5) 0.3698 (6) cz4 o.4911(14) o . . . n  (8) o.Y/'19(11) 
0.3788 (") 0.3593 (5) C15 0.4500(11) 0.3792 (7} 0.3699 (9) 
0.1817 (3} 0.5~09 (.) C16 0.8319 (9) 0.1838 (6) 0.5"19 (7) 
0.1179 (") 0.5"16 (5) CZ7 o.82o7(10) 0.1198 (7) o.5425 (8) 
O.O880 (,) 0.6052 (5) C18 O.775~(11) 0.O914 (7) O.60~ (9) 
O.1211 (.) O.66~4 (5) C19 O.74~0(10) O.12~9 (7) O.6711 (8) 
O.18~3 (~) O.6711 (5) C20 O.756~(iO) 0.1868 (7) O.6714 (8) 
0.21~1 (3) 0.6068 (5) C21 O.8017 (9) 0.216~ (6) 0.6063 (8) 

0-88~:r/ (5) 0.2132 (3) 0."7~7 (~) C22 0.8832 (8) 0.2128 (6) 0.~735 (7) 
0.8939:5) O.~7"6 (3) 0."630 (") C23 O.89~5 (8) 0.2749 (6) O.~6~ (7) 
O ~53 (5) O.9951 (3) O.3960 (~) C24 0.9432 (8) O.~952 [7) O.3~5 (7) 
O.~551 (5) 0.3579 (3) O.3719 (") C25 0.9~6 (8) 0.3577 (6) O.3701 (7) 
0.9501 (6) 0.~O~1 (") O."253 (,) C~6 O.9517(11) O.40~ (6) O.422~ (9) 
O.9716 (7) O.~652 (") ~.~032 [5) C~7 O.9758(12) O.~6~9 (8) O.3999(IO) 
1.Ol11 [6) O."775 [") O.3~78 (6) CZ8 1.O113 (9) 0.4755 [7) 0.32"0 {9) 
a.o~76 (7] O..303 (~) O.~751 (5) C~9 1.o~o8(11] o.4~75 (0] o.~7o8 (8) 
1.0045 (7) o.3711 (~} 0.2959 (5) C30 O.9996(;o} 0.3700 (7) 0.2935 (8) 
O.372~ (5) -o.o516 (3) 0.0576 (.) c31 O.36~7 (8) -0.0503 (6) o.o513 (7) 
O.38~1 (6) .o.o8~o (~'l O.1238 (5) 030 O.3812 [9) -0.0795 (6) O.1203 (8} 
0.358? (6) -o.1.~2 (~) o.1283 (5) C33 0.356MI0] -0.~"10 (6) o.1250 [8) 
o.321~ (5) -o.1776 (.) o.o66~ (5] c~ c.3~ (9] -o.1755 [6) o.o6~ (8) 
o.3o9~ (8) .o.1495 (.) o.~4 (5) c35 o.3o83 (8) -o.I.61 (6} -o.o~ (9) 
0.33.0 (5) .o.o869 (.) -o.(x~l (5) c36 o.33~8 (9) -o.o855 (5) -o.oo79 (7} 
o.~o~ (5) o.o136 (3} 0.0504 (~) 037 0.3990 (8) o.oi.5 (5} o.o~71 (7) 
0.3878 (.%) 0.o47~ (3~ -O.OLO5 (~) c~8 0.3883 (7) 0.0~88 (5) -O.O1"I (7} 
0.~197 (5) O.1089 (3) -0.(X~73 ("} C39 O."205 (8) O.1103 (51 -O.Olll (7} 
O.~109 (~) O.1523 (3) -O.O63~ (.) CAO O.~125 (7) O.15~3 (5) .O.O673 (7) 
O.3~19 [,) O.1"06 (4) -O.1067 (5) C~1 O.3~2~ (8) 0.1"~5 (6) -o.no6 {8) 
0.3295 (6) o.1828 (.) -o.1563 (5) C40 o.33Ol (9) o.1852 (6) -o.1595 (8) 
0.3857 (5) 0.2373 (.} -o.16~ (~) C.3 0.3855 (9) o.2.Ol (6) oO.1662 (7) 
o.Zz5~ (5) o.~81 (3) -o.1~1 (.) c~4 0.4556 (9) 0.25o6 (6] -o.1251 (8) 
O.468~ (5) 0.2067 (3) -O.O737 (") C~5 O..688 (8) O.~ [6) -0.O757 [8) 
0.8893 (5) -o.1083 (3) O.1077 (~} C~6 0.8886 (8) -O.10~5 (5) O.1097 (8) 
0.8979 (6} -0.1272 (;) 0.1816 (5} C"7 0.89~1(10) -0.1270 (7) 0.1~2 (9] 
0.8830 (6) -o.zse~ (~) 0.1~8 (6) 0,8 0.880,(,0) -0.1877 (7) o.1995 (9) 
0.8599 (8) -0.2315 (~) 0.1383 (6) ~9 0.8~5 (~) -0.2318 (7) 0.1392 (9] 
o.8511 (5) -o.2139 (3} 0.0625 (5) c5o o.85~3 (9) -0.2137 (7} o.0~60 (9) 
o.8~65 (5) -0.153o (3) 0.0469 (5) c51 0.8668 (9} -o.1523 (6) o.0~99 (9) 
0.903. (5) -0.c~29 (3] o.0926 (.) C~ 0.9035 (8) -O.O~38 [6) O.O956 (7) 
0.8830 (5) -o.o171 (3) o.0288 (~) 053 o.~7 (8) -0.O163 (6} o,o3ol (8) 
0.9037 (5) O.0~62 (3) o.o27~ (.) C5~ 0.9033 (8) o.o~a7 {5) O.O281 (7) 
0.8897 (5) 0.O831 (3) -O.O356 (.) C55 O.8913 (8) C.O819 (5) -O.O3"5 [8) 
0.8595 (6) 0.0558 (") -0.1060 (5) C~ 0.8597 (9) O.O5~O [6) -O.10~. (8) 
0.8520 (6) O.O910 (~) -0.1658 (5) C57 O.8512(10) O.O~97 (8) -O.1637 (9) 
0.8?28 (6) 0.1533 {~*) -0.1587 (5) C~ 0.~750(10) C.1518 (7) -0.1588 [8] 
0.9023 (6) 0.1810 (.) -0.0895 (5] csg 0.904~ (9] C.1789 (7) -0.0915 (9) 
0.9105 (6) 0.1~68 [") -0.0185 (5) C60 0.9127 (9) 0.1""5(6) -0.0~79 (8) 

Table 1 (cont.) 

Iron isomorph 

x y z 

0.3562 O.0~1, O.~295 ~i 

O. 3009 -0.0237 O. 5173 ~L~ 
0.2535 0.0025 O.658~ "3 
O.2561 O.1059 0.7050 H4 
O. 3258 O. 1932 O. 6221 H5 
0.3508 0.3480 0.5297 ~6 
0.3577 O.4647 O.526~ ~7 
O."527 0.52O2 0.4257 .8 
0.5318 0.4658 0.3236 H9 
O.5311 0.3552 0.3254 H10 
0.8~80 O.O933 O."8~ Hll 
O.7671 0.0386 0.6050 ~10 
0.7066 O.O9~ 0.7199 H13 
0.7277 O.2119 O.720~ 11111 
O.8104 0.2637 0.6086 ~15 

0.9206 0.3968 O.,8~5 H16 
o.~o3 o.5oz~ O.,,58 ~ 7  
1.O255 O.52~5 O.311" 1118 
1.O607 O."397 O.2158 10-9 

Mercury isomorph 

x y z 

O. 3571 0.0503 0.~" 

O. 3016 -0. O205 O. 5202 
O.2512 0.0015 0.5521 
O.26~9 O.1079 0.7020 
0.3228 O.1902 O.6179 
0.3478 O.~71 O.5318 
O.3611 O.4631 0.5352 
O.""32 0.5196 0."253 

O.5312 0.4707 0.3296 
0.532" 0.3576 0.3225 
0.8567 O.O965 O.,886 
0.7555 O.O~25 O.6151 
0.7072 O.10~2 0.7222 
O.7~98 O.2114 0.7243 
O.812~ 0.2670 0.6036 
0.9268 0.3927 O."819 
O.~O 0.5036 O.,~'31 
i.O3~2 O.5216 0.30~8 
I.O~86 0.43~5 O.2126 

1.01"3 0.3335 0.2531 1t20 1.0121 0.3309 O.L~80 
0."120 -0.0526 0.1729 H21 0."090 -0.0529 0.16~ 
O, 3696 -O. 1655 O. 1786 H22 O. 3653 -0.16~ 1 O. 1750 
O.~ -0.2259 0.0709 H23 0.3075 -0.2261 0.0678 
0.2807 -O.1762 -O.O494 t~4 O.9781 -O.1716 -O.050~ 

0.3268 -O.O643 -0.0559 H25 0.3269 -O.O621 -O.O597 
O. 2<)91 O.O~ -O. Io13 H~6 0.2972 O. O998 .o. 1056 
0.2766 O.1727 -O.1910 H2q O.2801 O.1750 -O.1955 
0.3762 0.2727 -0.2003 H28 0.37"6 O.27"6 -O.2014 
O."981 0.2900 -0.1358 1129 0."959 0.2953 -0.1333 
0.5233 O.2176 -O.O416 H30 O.5213 O.2178 -O.O~21 
O.9155 -0.0922 0.2279 H31 O.9143 -O.O942 0.2338 
O.8~4 -0.2035 0.2537 H32 O. 8758 -0. 2095 0.2579 
O.8~95 -0.2790 O.1"71 M33 0.8547 -0.2782 O.1565 
0.8322 -0.2489 O.O176 H3" 0.8373 -0.2491 O.O183 
0.8622 -O.139~ -O.O125 H35 0*8649 -0.138~ -O.O071 
O.8~10 O.0071 -0.112" 1136 O.8/413 0.0038 -O.1050 
O.8313 0.0668 -0.2201 H37 O.8221 O.O691 -0.219~ 
0.8659 O.18OO -0.2068 H38 0.8692 O.1793 -0.2089 
O.9169 0.2298 -0.0869 H39 0.9180 0.2297 -0.O873 
O. 93"3 O. 1698 0.0~51 H~O 0 * 9397 0 • 1676 O. O26~ 
O. ~7" O. 2589 O. 5351 H" 1 O. 3510 O. 2580 O. 5300 
O. 81571 O. 3070 O. 5053 H4 2 O. 8650 0. 3060 0. 501C 
O • 35Y~ O. O25~ -O. 0607 H~ 3 0.3560 O. 0280 -O. 06OO 
O.85~i -0.O~,~ -O.O181 H"~ 0.8587 -o.o~2 O.O150 

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  [093 2 _> 20(o)A2); A = liFo - Fc] 11. 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 (p = 
11.6 cm-a). For the mercury complex the absorption 
coefficient is substantial ( p = 5 5 . 4  cm -a) 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 d 2 vs. IFol for small incremental ]Fol 
ranges. In essence, this weighting scheme is similar to 
the a 2 scheme proposed by Busing & Levy (1957) 
since, for PAILRED data at least, the ]Fo] dependence 
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of both A 2 and o'2(Fo) is dissimilar only for the higher 
IFol values (commonly ca. 30% of the 3a data). Cal- 
culated parameter shifts for the terminal refinement 
cycles were uniformly less than one tenth of the cor- 
responding parameter estimated standard deviation. 
Terminal R values for the iron and mercury isomorphs 
respectively were 0.047 and 0.044. Difference syntheses 
based on these parameters showed no maxima or 
minima greater than + 0.4 e A - 3  

All least-squares calculations were of the block- 

Table 2. (SbzSbz)2[FeCl4] and (SbzSbz)z[HgC14]" ani- 
sotropic thermal parameters 

T= exp - [ h 2 f l ~ ,  q-  k2f122 - b / 2 ~ 3 3  q-  kl~3 "n L hl~t3  "b hkf l t2] .  

~11 ~ 2 2  ~ 3 3  

Fel 0.003~'9(5) 0.001~7 (~) 0.00219(4) 
Fe2 0.00310(5) O.001~O(~) 0.00195(~) 
Cll 0,0053 (1) C.00193(5) 0.00380(9) 
CI~ 0.0036 (1) 0.00283(6) C.00~7 (I) 
C13 0.0119 (3) 0.0O2~7(6) O.0063 (I) 
C1~ 0.0051 (I) 0.00~15(5) 0.OO~37 (7) 
c15 o.oo~ (~) C.OGL:,O~ (5)  o.oo~35(8) 
Cl6 0.0053 ( I )  0.00157(~) C.OO~96(8) 
C17 0.00~1 (i) 0.00350(7) 0.00369(9) 
~ 8  o.oo~3 ( I )  c.oo19o(5) o.oo5~ (1) 
Sl 0.00~6 ( I )  0.CO186(5) 0.00353(9) 

$2 O. 00~2 (I) 0,0021~(5) C,00336(9) 
S3 0.0053 [1)  0.00180(5) 0.00323(9) 

c.oo53 (1) o.oo2o7(5) o.oo~98(9) 

$5 o. oo~5 (1) (..00169(5) 0,00302(8) 
$6 G.0039 (1) O. OOI"7 (~) C.003~0(9) 
g 0,00~3 (1) O. 00136(~t) 0.00319(6) 

0.00~ (I) O. 00126(~) 0.003,8(9) 
Cl o.oo~o (~.) o.ooao (~) o.oo~8 (3) 
C'2 o.oo65 (6) o.0o17 (2) o.oo37 (~) 

c3 o.oo69 (6) o.oo~1 (2) o.oo~9 (5) 
C~. 0.0070 (6) 0.o02~ (~) 0.0038 (~) 

C5 0.0~8~ (7) o.0033 (3) 0.0030 (4) 
C6 0.0068 (6) C.OO~ ~' (~) C.OO39 (4) 
g 0.0033 (z~) O.OO2e (~) 0.oo~7 (3) 

0.0035 (~) 0.0017 (?) 0.0034 (3) 
C9 0.0035 (~) 0.0019 (2) 0.0035 (3) 
ClO 0.0045 (5) 0.0017 (2) ~.0033 (3) 
Cli 0.0045 (5) 0.002o (2) 0.0055 (5) 
C12 0.0059 (6) O O0e5 (3) O.0O69 (6) 
C13 0.0060 (6) O.O0~l (2) 0.0071 (6) 

cz~, o.OOS~ (8) o oc~  (3) o.oo~ (5) 
015 C.OO69 (6) ~.oo~I (~) O.OC~ (4) 
C16 O.OO35 (~) C.0016 (~) O.OO26 (3) 
C17 c.0(0/5 (6) o.0o~I (~) c.oo34 (~) 

C18 0.0082 (7) C.oo18 (2) C.OO3B (4) 
C19 0.00~2 (5) 0.0026 (2) 0.0031 (~t) 
c~o o.oo6o (6) o.ooe3 (2} o.eo.~6 (4) 
c21 0.0039 [~) o,0016 (~) o.oo3~ (3) 

~ 2 3  J~13 ~ t 2  

0.0000~(5) -0.00110(7) O. 000~2(6) 
0.0OO19(5) -0.00007(7) 0.0~O~2(5) 

-O.OOZ8 (~) -o.oo~ (~) c.ooo~ ( I )  
-O.00e~ (~) O.OOO2 (~) .O.OOO~ (~) 
C.OOI~ (~) -O.OO74 (3) C.00~O (~} 

-O.OOO5 ( i )  .O.OOO6 (~) -O.OOOZ (~) 
o.ooo~ (~) .o.ooo8 (~) o.OO~4 (~) 

-0.0003 ( i )  .0.0007 (~) C.OOG7 ( I )  
-O.0015 (~) -0 .00~ (~) C.00~9 (~) 
o.oolo (z) o.OOx9 (2) o.oooo ( I )  

-o.ooox (~) o.oooo (~) o.oo2o (1) 

c.OOo3 ( I )  .o.ooo~ (~) c.OOz5 (z) 
-o.ooo~ (~) o.ocx9 (~) o.OOl~ (x) 
-o.ooOO (z) o.OO~8 (~) c.o~n (~) 
o.ooo~ (z) .o.oo2~ (~) o.o~o9 (~) 

-o.ooo3 (~) -o .oo~ (~) o.coG8 { l )  
-o.ooo3 (I) -o.oo~ (~) o.Goc~ (~) 

-o.ooo~ 0.) -o.~ (~) o.ooo5 (~) 
-o.ooo3 (~,) -o.oo~7 (6) o.ooo9 (.5) 
o.ooo2 ( .)  -o.ooo3 (7) o.o~8 (5) 

o.ooo6 (5) -o.ooz7 (3} o.oo~3 (6) 
o.o011 (5) -0.0037 (8) 0.0OOl (6) 

-o.ooo5 (5) c.ooo3 (~) o.ooo7 (?) 
-o.o~)9 (5) -o.ooo2 (~) -o.ooo~ (6) 
-o.ooo3 (~) -0.oo19 (5) o.oo16 (4) 
0.0001 (~) -0.0017 (6) 0.0007 (4) 

-o.ooo5 (~) -c.oo~5 (6) o.ooi~ (~) 
-o.ooo3 (4) -o.oo3~ (6) -o.oOO~ (5) 
c.oco~ (5) -o.oc~3 (7) c.OOl3 (5) 

,0.0013 (6) -0.0O2"8 (9) 0 .00~ (6) 
-o.oo13 (6) -0.o056 (9) c.0014 (6) 

o.0028 (6) -o.oo39 (9) -o.0olo (7) 
o.coCl (5) .o.oo~o (B) C.COC~ (6) 
0oc06 (4) .O.CCt4 (5) O.0006 (~) 
C.O~0Z (5) C.OO07 (7) C.OO28 (6) 
c.ooto (5) O.OOO6 ~8) o oo~o (6) 

0.o0~2 (5) o.ooc~ :7) -O.0OO~ (5} 
~,OO01 (5) 0.OO16 (7) c.OO12 (6) 
o.ooo3 (~) o.ooo5 (6) c.oo~3 (4) 

c~ c.oo34 (4) o.oo~9 (2) 0.oo~ (3) 
o.oo33 (~) o.o~2o (2) 0.0020 (3) 

c~ o.o~9 (h) 0.~19 (2) o . ~ 9  (3) 
c~5 o.oo33 (4} o.oo17 (2) o.oo27 (3) 
c~6 o.oo63 (6) o.oo~ (2) o.oo34 ( , }  
~7 o.oo?8 (7) o.oo~3 (z) o.oo38 (,) 
c~ o.oo~8 (5) o.~z3 (2) o.oosx (4) 
C'~ '0.0o69 (6) o.0o99 (3) o.0o3. ( . )  
c3o 0.oo66 (6) o.oo~ (~) o.oo~z (4) 
c31 o.o~6 (~) o.oo~8 (2) o.oo32 (3) 
c~  o.oo~5 (5) o.oo~ (~) o.ooe6 (3) 
C33 O.OCA6 (5) o.~"~ (2) o.ooz8 (3) 

0.00~3 (5) 0.(:'019 (9) 0.0039 (,) 
C35 0.00~ (5) 0.OO19 (2} O.(X~ (~) 
c36 o.oc~o (~) o,0o~9 t~) o.oo3, (}) 
¢37 o.oo~9 (4) o.oo15 (2) c.(x~3 (3) 
c38 o.oo~8 (4) o.oo~6 (2) o.oo32 (3) 
c39 o.oo32 (~) o.oo12 (2) o.oo31 (3) 
c~o o.oo~3 (3) o.oo12 (2) o.oo99 (3) 
c~1 o.oo2~ (~) 0.0020 (~) 0.0033 (3} 
C~ 0.0035 (~) 0.0024 (2) O.OO3B (") 
CA3 O.OO3B (4) o.oo~ (2) o.oo~6 (3) 
c==~, o.ocAI (z=) o.oo~3 (~') o.oo3~ (3) 
CA5 o.oo~ (~) o.oo18 (2) o.oo98 (3) 
CA6 0.00~7 {4) 0.0013 (2) 0.0036 (3) 
C~7 o.OO~6 (5) O.OO~7 (2) O.OO~3 (~) 
c~8 o.oo51 (5) o.oogo (2) o.oo'~ (5) 
C~9 0.0037 (~) 0.0016 (2) 0.0~1 (5} 
C50 0.0033 (4) 0.OO13 (9) C.0059 {5) 
c51 0.0028 (4} o.oo17 (~) 0.c~3 (4) 
c~  O.OO~ (,) o.oo~, (2) e.ooeB (~) 
C53 0.00216 (4) O.ooI" (2) 0.0033 (3) 
C5~ o.0~4 (3) o.oo18 (?) o.oo3o [3) 
c55 o.o(y~8 ( . )  O.OOIB (2) O.OO~9 (3) 
C~ O.OOa9 (5) 0.0019 (2} 0.OO37 (4) 
c57 o.oc~8 (5) o.oo3o (3) o.oo3o (,) 
c~ o,oo~o (5) o.oo~3 (2) c.oo~ (4) 
C59 0,07~9 (5) O.OO~I (~) 0.OO~7 (") 
C60 0.00~8 (5) C.OO18 (2) 0.0039 (4) 

- o . c~  (4) °o.oolo (5) o.OOCA (.)  
.o.ocoz (4) o.ooo5 (5) o.oon (4) 
-o.ooox (4) - o . ~ n  (5) o.oooB (,) 
-o.oooo ( . )  -o,ooio (5) o.~x~ (4} 
o.ooo5 (5) o,cco5 (7) o.oo2~ (6) 
-o.ooo5 (5) -0.ooo3 (8) o.oo~6 (6) 
0.0020 (5) O.OOO7 (7) 0.0013 (5) 
0.0016 (5) 0 .00~ (8) 0.00~3 (6) 
o.OOO6 (5) o.oo31 (8) o.ooI8 (6) 
o.oooo (4) o.ooxo (5) o.ooo7 (4) 
0.0013 ("} 0.0002 (6) 0.0008 (5) 
o.(xn9 (4) o.oo17 (6) o.oo93 (5) 
O.OOI9 (4) O.OOe3 (6) 0.0009 (5) 
C.0OO7 (5) .o.ooo~ (7) .o.ooo~ (5) 
o.ooz~ {.] -o.oo~, {6) o.ooo'f D) 

-o.coo1 (3) o.ooo7 (5} o.(~)o7 (4} 
0.o007 (,) c.ooo6 (5) o.ooll (4) 
o . o~  (4) -o.oooz (5) o.oo~o (~) 
-o.ooc~ (3) -o.ooo5 (5) o.oo~o (4) 
o.ooo6 (,} -o.oooB (5) o.ool3 (,) 
o.ooo7 (5) -O.OO05 (6) 0.0017 (5) 
o.oolo (4) o.oo~o (6} o.oo~6 (5) 
o.oool (.) o.oooB (6) o.ooo3 (4) 
.o.oooz (4) -o.oool (5) o.oo~3 (~) 
0.ooo3 (4) -o.ooo6 (5) o.ooo3 (,] 
0.OO06 (,) -0.OO37 (7) -o.OOO8 (b) 
~.oo~3 (T~) -o.oo32 (8) -o.ooo5 (5) 
o.oo14 (5) -o.ooo5 (7) o.oozo (5) 
-o.ooo5 (5} o.ooio (7) c.ooo9 (~) 
-o.oool (,) o.ooo7 (6) o.oolo (,) 
-o.ccc~ (4) -o.ooo~ (5) o.oolo (~) 
.o.ooo~ (,) -o.eoo9 (5) c.ooo5 (,) 
-o.ooo7 (,) o.oooo (5] o.ooo8 (4) 
c.ooo~ (4) .o.ooc~ (5) o.ool9 (.} 
.o.o(o)o (a) -0.ooz1 (6) o.oolo (5) 
-o.ooo5 (5) .o.oo~o (6) o.oo~ (6) 

o . o ~ 9  (5) -o.ooo5 (7) o.oo12 (5) 
c.ool~ (3) -o.oo16 (7) c.ooo7 (5) 
o.ooo7 {,) -o.oo19 (7) o.OOO6 (3) 

~11 ~ 2 2  

H~I 0.OO517(3) 0.o0213(1) 
I162 O.OOA6R(3) 0.00~21(i ) 
C11 O. (X)65 (2) £.00233(9) 
c12 O.OO~8 (~) 0.OO36 ( I)  
c13 o.o115 ( , )  o.0o30 (1) 
ct4 O.OO62 (9) 0.oo30 (1) 
C15 o.0110 (3) t.oo27 (~) 
c16 0.0065 (2) O.OO~7 (8) 
C17 0.0051 (9) O.OCA3 (I} 
ClB 0.0051 (~) C.OO'87 (1) 
sx o.oo55 (~) c.oo~6 (I)  

o.ooSz (~) o.ooz7 ( I)  
o.oo66 (~) o.ooe? (1) 

s~ o.oo66 (~) 0.oo~9 (1) 
35 O. OOS1 (2) o.00~38(9) 
36 6.0049 (2~ 0.~213(9) 
S~ 0.005;4 (2) 0.00213(9) 

0.0053 (2) 0.00195(9) 
c~ 0.oo58 (8) o.ooeo (3) 
C~ 0.0063 (9) 0.0037 (5) 

o.oo9 (I) o.ooe7 (4) 
CA o.oo7 (t) o.oo3o {,) 
C5 o.009 (I) £,.0036 (5) 
OS o.oo~ (9) o . o o ~  (4) 
C~ c.oo~5 (7) o.oo~o (3} 

o.oo~8 (7) c.oo~8 (.) 
c9 o.oo3, (6) c.ooP9 (4) 
CIO C.OO~8 (8) O.OO30 (4) 
c l l  c.oo63 (9} c.ooe8 (4) 
cl~ o.oc6 (1) c.oo3~ (5) 
C13 O.011 ( i )  O. C~98 (~} 
C14 o.ol i  { l }  c.co~9 (5) 
C15 o.oo5 (~) 0.oo93 (~) 
016 o.c~7 (7) o.oo9~ (~) 
C17 0.OO71 (9) O.OO9;" (4) 
C18 0.008 (I) O.OO~9 [") 
C19 o.0~53 (9) 0.0028 (4) 
ceo 0.0055 (8) 0.OO3~ (5) 
C2t o.oo51 (8) c.oo~ (.} 

Table 2 (cont.) 
/ ~  /~,~ /~,~ /~, 

C.00935(2) 0.OOO51 (3) -0.00093(~ ) C.OO105(3) 
0.00255(9) O. 00093', 3) 0.00036(~) 0.OO059(3) 
o.oo41 (2) -o.oo~. (9) -o.oo18 (3) o.ooo5 (2) 
O.OCA9 (9) -o.oo16 (P) c . 0~  (3) -o.ooo3 (9) 
o.oo61 (9) o.oo~ (3) -o.oo51 (5) c.co~o (3) 
0.oo~7 (I} c.oco2 (~) -o.ooo2 (3) 0.0005 (9) 
o.oo93 (I)  c.ooo7 (9) .o.ooo~ (3) o.oo3o (3) 
(,.oo31 ( I)  o.oool (9} o.oool (3) c.oolo (2) 
0.0038 (9) .0.0006 (2) -o.oo16 (3) 0.0035 (3) 
o.oo53 (9) c.OO~O (9} ~.oo~ (3) .O.OOOl (2) 
(..0037 (~) O.OOO5 (9) -o.ooo3 (3) c.0o19 (2} 
0.0039 (2) O.OOl, (~} O.OOOO (3) 0.0015 (~) 
o.oo33 (2) o . o o ~  (9) o.oo93 {3) o.ooo9 (3)  
o.OOY~ (2) o.ooo8 (2) o.oo'z~ (3) o.ooIo (3) 
0.oo3~ ( I )  o.oo19 (~) -o.ool5 (3) c.ooo9 (~) 
o.oo3, ( I)  o.ooo9 (2) -o.~12 (3) c.OOoB (9) 
o.oo38 (~) o.ooo~ (2) -o.oozo (3) o.oo12 (9) 
o.oo~l (~) o.~oo3 (~) -o.oo16 (3) o.oolo (~) 
~.OO35 (6) -O.OOO~ (7) -0.CO3 (I)  0.OO15 (8) 
o.oo~ (6) o.oox. (8) o.ooo (].) o.co3 (z) 
o.oo~7 (7) 0.ooo3 (9) .o.oo~ (I)  c.oo~ ( I)  
c.oo~7 (7) c.oo~ (9) -o.oo3 (I)  c.ool ( I )  
0.0039 {7) 0 . 0 ~  {9} -O.OOl (I) O.OOO (l) 
o.ocA5 (7) o.ooo2 (B) ~.OOo (I)  c.0018 (9) 
o.ocAI (6) -o.oooo (7) -0.oo3 (~) c.oooz (3) 
o.oo25 (5) c.ooo7 {7) -o.ool ( I)  o.ooI8 (8) 
c.oo39 (6) 0.ooo3 (-~} .o.oo~ (~) o.ooo7 (8) 
0.0033 (6) c.ocol (8) -o.oo~ ( I )  C.001~ (9} 
O.(XA8 (7) c.ooll (9) -o.oo2 [I) o.oo'~" [9) 
~.ooB ( i }  o.ool (~) -o.oo2 (2) o.oo3 (I) 
c.to7 (~) o.ooo ( I)  -o.oo~ (z) 0.003 (~) 
o.oo66 (9} o.oo3 (I) .o.oo5 (9) -o.oc3 (I)  
o.0o5~ [7) o.oo15 (9} -o.oo~ (I) -o.ool ( I)  
~,.00~9 (~} O.OOO3 (7) .o.oo~ {I)  o.ooo9 (s)  
0.oo37 (~) u.oc~o {3) u.ool (I) °o.o0o (I}  
t.oo4, (7) 0.0031 (9) -o.0o0 (1) o.ooo (I)  
o.oo~6 (6) o.oo93 (6) -o.ooi ( i )  o.oo17 (9) 
0.oo37 (6) o .oo l ,  (8} c.oo9 (I)  o.ool ( I)  
o.oo3, (5) ~.oolo (7) o.coo (I} o.o~o (8) 

c~ o.c~3 (7) 0.oo27 (4) 0.oo97 (5) 0.ooo6 (7) -o.oozo (9) -o.ooo2 (8} 

C~3 o.0o31 (6) 0.0o9! (4) o.o098 (5) 0.ool6 (7) -O.OOO3 (9) O.OOll (7) 
C24 o.oo~o (7) o.oo3, (,) o.0026 (5) O.OOOl (3) -o.ooll (9) O.OOl, (8) 
C25 0.0039 (7) 0.00~4 (3) 0.0027 (5) 0.0003 (7) -0.0~01 (9) -0.0001 (8) 
ce6 o.oo9 (z} o.oo29 (,} 0.oo37 (6) o.oo2o (B) .o.coo ( i )  -o.coo ( i )  
c27 0.0o9 (I)  0.OO33 (5) o.ocA9 (8) c.ooo (I) c.OO~ ( i)  o.oo* D) 
c~B o.oc43 (6) o.oo29 (4) 0.co~ (8) o.oo2B (9} -o.ooo ( i )  -o.oool (9) 
ce9 o.oo3 (1) o.oo3B (5) o.oo33 (6) 0.oo14 (9) o.coi ( I)  o.oo~ (x) 
C30 0.0O65 (9) O.OO35 (5) 0.OO38 (6) 0.o01, (9) c.co2 ( I )  0.0ce (I)  
031 O.OCA5 (7) O.O02E (3) C.0023 (5) 0.0017 (7) 0.0009 (9) 0.0016 (7) 
C32 O.OCA3 (7) 0.O027 (4) O.0039 (6) O.0COE (8) -O.O01 (I) 0.0007 (8} 
033 0.0066 (9) 0.0029 (3) 0.OO36 (6) 0.0014 (7) O.OO2 (;) 0.0015 (9) 

C34 O.0051 (8} 0.0019 (3) C.O0~6 (6) 0.0011 (7} C.00~ [ I)  -O.OO03 (8) 
C35 O.OO36 (7) 0.OO93 (~) C.OO~ (7} O.OO3X (9) O.OOO D) O.COCA (8) 
C36 0.0053 (7) 0.001.8 (3) O.OO31 (6) 0.0009 (7} -0.002 (I) .O.OOO~ (7) 
C37 0.0038 (6) 0.0020 (3) O.OO~9 (5) 0.0011 [6) 0.00O9 (9) O.OOX7 (7) 
C33 0.0033 (6) 0.OO~O (3) 0.OO95 (5) -O.OOO7 (6) -O.OO09 (8) 0.0016 (?) 
C39 o.oc45 (7) (,.oo13 (3) 0.oo33 (b) -o.ooo? (6) O.OOol (9) o.ooo9 (7] 
c.o o.oo3, (6) o.oo~ (3) o.oo25 (5) o.ooo9 (6) -o.oool (8) o.oo~3 (7) 
c, l  0.0039 (7) o.oo23 (3) o.oo~1 (6} o.oo22 (7) o.ooo (I)  o.oo21 (7) 
CAZ o.oo~9 (7) 0.oo32 (4) o.oo34 (6) o.ooo8 (8) .o.ooo (I) o.oo23 (B) 
CA3 o.oo~9 (7) o.oo~ (3) o.oo32 (5) c.oo~o (7) O.oo~ (I) o.oo2o (8) 
CA~ o.oo57 (B) u.oo21 (.) O.OCAI (6} o.oo11 (8) o.ool ( I )  O.OOO3 (8) 
C45 0.0039 (7) 0.OOgl (3) O.OCA9 (6) 0.0007 (7) O.OOO (1) 0.0OO1 (7) 
CA6 0.0033 (6) 0.0017 (3) 0.(x~3 (6) O.OOOl (7) -0.001 (I)  -O.OOCA (7) 
CA7 0.0066 {9) 0.0028 {.) O.00~3 (7) 0.0018 (3) -0.003 (1) .O.OOO ( I )  
CAB 0.0O65 {g) 0.CO28 (,) 0.OO51 (7) O.OO29 (9} -0.OO5 (I)  -0.OO06 (9) 
CA9 O.0CA3 (7) c.0031 (") O.OO59 (8) o.oo98 (9) .o.ooo (~) O.OOOl (9} 
c90 O.OO49 (B) O.OOZ5 (~) O.OO55 (8) -o.oolo (9) 0.OOl ( I)  O.COO3 (9) 
CSX 0.OO~" (7} 0.OOI~ (3) o.oo6o (7) ~.c011 (~) o.oo~ (1) o.ooo6 (7) 
c~e o.oo30 (~) o.co~ (~) o.oo~ (~) .o.oco~ (7) _o.oooo (9} o.oo~a (?) 
c53 c.oo3" (6) o.oo99 (3} o.oo38 {6) .o.ooo8 (7) -o.oo~ (9) o.oo10 (7} 
c~ o.~o39 (6) o.co15 (~} 0.0033 (6) .o.o003 (6) .0.0oo6 (g} o.ooo8 (?) 
c55 0.oo35 (6) o.ooz7 (3} o.oo~g (6) ~.ooc~ (7) .o.oo9 (z) o.oo09 (7) 
c~  ~.0~5 (7) o.ooP6 (~) c.oc~o (6) .o.oooc (S) -o.ool [z) .o.cooo (3) 
c5.' c.o~5 (9) c.oo38 (5) 0.oo.~ (7) L.o~.12 (9) -o.oo~ ( i )  o.coi ( I)  
c58 o.oo6~ (9) o.0031 (,) o.,'x~1 (6) o.oo99 (8) o.oo0 (I) o.ool (I) 
c59 0.OCA2 (,~) o.oo31 (4) 0.oo57 (e) o.ool3 (9) c.ooc (~) c.ooo3 (9) 
(:60 o.oo6o (8) o.oo95 (~) o.oo3" (6) c.oo1~ (3) .o.ooo ( I } .  o.oo97 (9) 

diagonal type. The function minimized was ~o~][Fo[- 
I Fcl [z and parameter standard deviations were estimated 
in the usual way by inversion of the block-diagonal 
least-squares matrices. Atomic scattering factors for 
Fe, Hg, CI, S and C were taken from International 
Tables for X-ray Crystallograph.v (1972). For hydro- 
gen, the bonded-atom scattering factors of Stewart, 
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 Tables 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 planes in 
Table 6. Observed and calculated structure amplitudes 
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Table  3. (SbzSbz)2[FeC14] and (SbzSbz)2[MgC14]" bond 
lengths and estimated standard deviations (A) 

Iron isomorph Mercury isomorph 

M(1)-CI(1) 2.301 (3) 2.462 (4) 
M(1)-Cl(2) 2.337 (3) 2.523 (4) 
M(I)-CI(3) 2.275 (3) 2.441 (5) 
M(1)-C1(4) 2.305 (3) 2.476 (4) 
M(2)-Cl(5) 2.303 (3) 2.465 (4) 
M(2)-CI(6) 2"314 (2) 2.474 (4) 
M(3)-CI(7) 2.337 (3) 2.535 (4) 
M(4)-CI(8) 2.287 (3) 2.448 (4) 
S(1)--S(2) 2.002 (3) 2.000 (6) 
S(3)--S(4) 2.008 (3) 2.011 (6) 
S(5)--S(6) 2.010 (3) 2.020 (5) 
S(7)--S(8) 2.012 (3) 2.007 (5) 
S(1)--C(7) 1.704 (8) 1.67 (1) 
S(2)--C(9) 1-700 (8) 1.71 (1) 
S(3)--C(22) 1.703 (8) 1-66 (1) 
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) 
C(1)--C(2) 1.39 (1) 1.36 (2) 
C(1)--C(6) 1.39 (1) 1.38 (2) 
C(1)--C(7) 1.45 (1) 1.44 (2) 
C(2)--C(3) 1.39 (1) 1.38 (2) 
C(3)--C(4) 1.35 (1) 1.37 (2) 
C(4)--C(5) 1.37 (1) 1.35 (2) 
C(5)--C(6) 1-38 (1) 1.41 (2) 
C(7)--C(8) 1.37 (1) 1.39 (2) 
C(8)--C(9) 1-39 (1) 1.37 (2) 
C(9)--C(10) 1"46 (1) 1-48 (2) 
C(10)-C(11) 1.39 (1) 1.41 (2) 
C(10)-C(15) 1.40 (1) 1.41 (2) 
C(11)-C(12) 1.39 (1) 1.37 (2) 
C(12)-C(13) 1.38 (1) 1.38 (3) 
C(13)-C(14) 1"36 (2) 1"40 (3) 
C(14)-C(15) 1"39 (1) 1-38 (3) 
C(16)-C(17) 1-40 (1) 1.41 (2) 
C(16)-C(21) 1.38 (1) 1.36 (2) 
C(16)-C(22) 1.46 (1) 1.47 (2) 
C(17)-C(18) 1.37 (1) 1.40 (2) 
C(18)-C(19) 1.37 (1) 1.36 (2) 
C(19)-C(20) 1.38 (1) 1.36 (2) 
C(20)-C(21) 1.38 (1) 1.40 (2) 
C(22)-C(23) 1-38 (1) 1.39 (2) 
C(23)-C(24) 1-38 (l) 1-38 (2) 
C(24)-C(25) 1.46 (1) 1.46 (2) 
C(25)-C(26) 1.38 (1) 1.35 (2) 
C(25)-C(30) 1.39 (1) 1.39 (2) 
C(26)-C(27) 1.37 (1) 1.41 (2) 
C(27)-C(28) 1.38 (1) 1.38 (2) 
C(28)-C(29) 1.36 (1) 1.37 (2) 
C(29)-C(30) 1.37 (1) 1.35 (2) 
C(31)-C(32) 1-38 (1) 1.44 (2) 
C(31)-C(36) 1.40 (l) 1.36 (2) 
C(31)-C(37) 1.45 (1) 1.45 (2) 
C(32)-C(33) 1"40 (1) 1"37 (2) 
C(33)-C(34) 1.38 (1) 1"40 (2) 
C(34)-C(35) 1"38 (1) 1"38 (2) 
C(35)-C(36) 1"39 (1) 1"35 (2) 
C(37)-C(38) 1.38 (1) 1.39 (2) 
C(38)-C(39) 1.37 (1) 1.38 (2) 
C(39)-C(40) 1.45 (1) 1.46 (2) 
C(40)-C(41) 1.39 (1) 1.41 (2) 
C(40)-C(45) 1.40 (1) 1.39 (2) 
C(41)-C(42) 1.37 (1) 1.37 (2) 
C(42)-C(43) 1.39 (1) 1.40 (2) 
C(43)-C(44) 1.37 (1) 1.39 (2) 
C(44)-C(45) 1.37 (1) 1.37 (2) 
C(46)-C(47) 1.39 (1) 1.39 (2) 

Table  3 (cont.) 

Iron isomorph Mercury isomolph 

C(46)-C(51) 1"41 (1) 1"40 (2) 
C(46)-C(52) 1"47 (1) 1"46 (2) 
C(47)-C(48) 1'38 (1) 1.38 (2) 
(C48)-C(49) 1"38 (1) 1"40 (2) 
C(49)-C(50) 1.37 (1) 1.37 (2) 
C(50)-C(51) 1.38 (1) 1.40 (2) 
C(52)-C(53) 1.37 (1) 1.41 (2) 
C(53)-C(54) 1.39 (1) 1.34 (2) 
C(54)-C(55) 1.46 (1) 1.46 (2) 
C(55)-C(56) 1.40 (1) 1.42 (2) 
C(55)-C(60) 1"40 (1) 1"38 (2) 
C(56)-C(57) 1.36 (1) 1.37 (2) 
C(57)-C(58) 1.37 (1) 1-37 (2) 
C(58)-C(59) 1.38 (1) 1.36 (2) 
C(59)-C(60) 1.37 (1) 1-41 (2) 

Mean C-H 1.08 1.08 

Table  4. (SbzSbz)2[FeCl4] and (SbzSbz)2[HgC14]: inter- 
bond angles and estimated standard deviations (°) 

Iron isomolph Mercury isomorph 

Cl(1) -M(1 ) -Cl(2) 102.82 (9) 100.9 (1) 
C|(1)-M(1)-C1(3) 108"2 (1) 110"1 (2) 
CI(1)-M(1)-CI(4) 118-1 (1) 118.4 (1) 
C1(2) -M(1)-CI(3) 120.6 (1) 122.1 (2) 
Cl(2)-M(1)-Cl(4) 103"18 (9) 101-9 (1) 
Cl(3)-M(1)-Cl(4) 104"7 (1) 104"2 (2) 
Cl(5)-M(2)-Cl(6) 109.76 (9) 109.6 (1) 
CI(5)-M(2)-C1(7) 103"71 (9) 102"5 (1) 
C1(5)-M(2)-C1(8) 114.8 (1) 115.8 (1) 
Ci(6)-M(2)-C1(7) 112.22 (9) 111.4 (1) 
C1(6)-M(2)-C1(8) 107"99 (9) 109"8 (1) 
C1(7) -M(2) -Cl(8) 108"39 (9) 107"6 (1) 
C(2)--C(1)--C(7) 120.8 (7) 121 (1) 
C(6)--C(1)--C(7) 120-4 (8) 121 (1) 
S l - - -C(7) - -C(1)  117.8 (6) 119 (1) 
C(1)--C(7)--C(8) 126.5 (7) 125 (1) 
S(2)--C(9)--C(10) 117.9 (6) 118 (1) 
C(8)--C(9)--C(10) 126.3 (7) 127 (1) 
C(9)--C(10)-C(11) 120.3 (8) 120 (1) 
C(9)--C(10)-C(15) 121-1 (8) 121 (1) 
C(17)-C(16)-C(22) 121.0 (7) 118 (1) 
C(2 l)-C(16)-C(22) 120.8 (7) 123 (l) 
S(3)--C(22)-C(16) 117.1 (6) 119 (1) 
C(16)-C(22)-C(23) 126.9 (7) 124 (1) 
S(4)--C(24)-C(25) 118.6 (6) 119 (1) 
C(23)-C(24)-C(25) 126.5 (7) 127 (1) 
C(24)-C(25)-C(26) 120.8 (7) 120 (l) 
C(24)-C(25)-C(30) 120.9 (7) 121 (1) 
C(32)-C(31)-C(37) 121.8 (7) 119 (1) 
C(36)-C(31)-C(37) 119.4 (7) 123 (1) 
S(5)--C(37)-C(31) 118.5 (5) 121 (1) 
C(31)-C(37)-C(38) 126.9 (7) 125 (1) 
S(6)--C(39)-C(40) 118-1 (5) 118.4 (9) 
C(38)-C(39)-C(40) 126.7 (7) 127 (1) 
C(39)-C(40)-C(41) 119.1 (7) 118 (1) 
C(39)-C(40)-C(45) 122.2 (7) 122 (l) 
C(47)-C(46)-C(52) 121.1 (7) 120 (1) 
C(51)-C(46)-C(52) 120.3 (7) 121 (1) 
S(7)--C(52)-C(46) 116.1 (5) 118 (1) 
C(46)-C(52)-C(53) 127.7 (7) 127 (1) 
S(8)--C(54)-C(55) 118.8 (6) 118 (1) 
C(53)-C(54)-C(55) 126.3 (7) 127 (1) 
C(54)-C(55)-C(56) 121.3 (7) 120 (1) 
C(54)-C(55)-C(60) 120.6 (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) 96"0 (3) 96"3 (5) C(27) 120"4 (9) 119 (2) 
S(2) 95"7 (3) 95"6 (5) C(28) 119"3 (9) 120 (2) 
S(3) 95"4 (3) 95"9 (5) C(29) 120"7 (9) 120 (2) 
S(4) 96"4 (3) 96"2 (5) C(30) 120"8 (9) 121 (1) 
S(5) 96-1 (3) 96"0 (5) C(31) 118"8 (7) 118 (1) 
S(6) 95-9 (3) 96'2 (5) C(32) 120"5 (8) 120 (1) 
S(7) 95-2 (3) 95"8 (5) C(33) 120.0 (8) 120 (1) 
S(8) 96"4 (3) 96"4 (5) C(34) 119"7 (8) 119 (1) 
C(1) 118"8 (8) 119 (1) C(35) 120"6 (8) 122 (1) 
C(2) 120-2 (8) 122 (1) C(36) 120"4 (8) 121 (1) 
C(3) 120"5 (9) 120 (2) C(37) 114"6 (6) 114 (1) 
C(4) 120-1 (9) 119 (2) C(38) 118-3 (7) 118 (1) 
C(5) 121 (1) 122 (2) C(39) 115-1 (6) 115 (1) 
C(6) 119-6 (9) 118 (1) C(40) 118"7 (7) 120 (1) 
C(7) 115-7 (6) 116 (1) C(41) 120"I (7) 119 (1) 
C(8) 116"8 (7) 117 (1) C(42) 120"7 (8) 121 (1) 
C(9) 115"8 (6) 115 (1) C(43) 119"5 (7) 120 (1) 
C(10) 118.6 (8) 119 (1) C(44) 120.6 (7) 120 (1) 
C(11) 119.8 (9) 120 (1) C(45) 120.4 (7) 121 (1) 
C(12) 121 (1) 121 (2) C(46) 118.6 (7) 119 (1) 
C(13) 118 (1) 119 (2) C(47) 121.1 (8) 121 (1) 
C(14) 122 (1) 121 (2) C(48) 119.6 (9) 120 (1) 
C(15) 119.7 (9) 119 (2) C(49) 120.4 (8) 119 (1) 
C(16) 118.1 (7) 119 (1) C(50) 120.7 (8) 122 (1) 
C(17) 121-3 (9) 119 (1) C(51) 119.7 (7) 119 (1) 
C(18) 119.5 (9) 121 (1) C(52) 116.2 (6) 115 (1) 
C(19) 120.7 (9) 121 (1) C(53) 117.3 (7) 118 (1) 
C(20) 119.6 (8) 120 (1) C(54) 114.9 (6) 115 (1) 
C(21) 120.9 (8) 120 (1) C(55) 118.0 (7) 119 (1) 
C(22) 116.0 (6) 117 (1) C(56) 120.2 (8) 119 (1) 
C(23) 117.3 (7) 117 (1) C(57) 121.6 (8) 122 (1) 
C(24) 114.9 (6) 114 (1) C(58) 119.0 (8) 119 (1) 
C(25) 118.2 (8) 119 (1) C(59) 120.6 (8) 122 (1) 
C(26) 120.6 (9) 120 (1) C(60) 120.6 (8) 119 (1) 

Table  5. Interionic  dis tances  and  angles 

(SbzSbz)2[FeCl4] and (SbzSbz)2[HgCl4]" 
interionic S ' "  CI contacts (A3. 

CI(1)...S(1) 
C1(1)-..S(2) 
C1(2)...S(3) 
C1(2) "'S(4) 
Ci(2) 
C1(2) 
C1(3) 
C1(3) 
C1(4) 
C1(5) 
C1(6) 
C1(6) 
C1(7) 
CI(7) 
C1(7) 
C1(7) 
CI(8) 

3"907 (3) 3"904 (6) 
3"939 (3) 3-912 (6) 
3"168 (3) 3"153 (6) 
3-378 (3) 3"369 (6) 

• .S(7) 3-151 (3) 3.146 (6) 
• - S(8) 3.393 (3) 3.404 (6) 
• .S(I) 3.951 (3) 3.948 (6) 
• -S(5) 3.920 (3) 3.767 (6) 
• - S ( 6 )  3.816 (3) 3.779 (5) 
• .S(3) 3.899 (3) 3.910 (6) 
• . S(7) 3.896 (3) 3.809 (5) 
• . S(8) 3.844 (3) 3.857 (5) 
• -S(I) 3.358 (3) 3.303 (6) 
• .S(2) 3.245 (3) 3.196 (6) 
• . S(5) 3.276 (3) 3.269 (6) 
• .S(6) 3.208 (3) 3-179 (6) 
• .S(4) 3.887 (3) 3.875 (6) 

3.601 (3) 3•609 (6) C1(8) •. 5(8) 

(SbzSbz)z[FeCl4]: 
interionic angles associated with short S " .  CI contacts 

Fe(l)=Cl(2)-S(3) 129-8 (1) 128.9 (2) 
Fe(1).CI(2)-S(4) 112.2 (1) 1'10.0 (2) 
Fe(1)-CI(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(I) 111.8 (1) 109.0 (2) 
Fe(2)-C1(7)-S(2) 122.5 (1) 119.1 (2) 
Fe(2)-C1(7)-S(5) 114.6 (1) 113-2 (2) 
Fe(2)+C1(7)-S(6) 113.8 (1) 113.6 (2) 

Table  6. The di thiol ium cations 

(a) (SbzSbz)2[FeCl4]: 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 (A0 

1 0.9598X+O.O180Y+O.2801Z= 8-339 0"025 
2 0.8518X+O.lO53Y+O.5132Z= 9.906 0.006 
3 0.8061X+O'I503Y+O'5723Z= 10.313 0.012 
4 0.9062X+O.O613Y+O.4183Z= 16.567 0-006 
5 0.8457X+O'1612Y+O'5088Z= 16.900 0"003 
6 0.9456X+O.O506Y+O.3214Z= 16.445 0.011 
7 0 .8912X-O.1474Y-O.4289Z= 5-391 0"006 
8 0 .8474X-O.1876Y-O.4968Z= 5.077 0.001 
9 - 0.5223X+ 0•4425 Y+ 0.7290Z= - 2.566 0.015 

10 0.9561X-O'O457Y-O'2893Z= 13.972 0"009 
11 -0.8675X+O.O807Y+O.2893Z= - 12.323 0.011 
12 -0.9192X+ 0.0611Y+0.3889Z= - 13.052 0"004 

(b) (SbzSbz)2[FeC14]: 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(c). The 
direction cosines refer to a, b* and c' respectively. 

for  the t e rmina l  re f inement  cycles are avai lable .*  The  
a tom label l ing scheme is defined in Fig. 2. 

D i s c u s s i o n  

Like the ana logous  SacSac complexes  ( F r e e m a n  et al., 
1974), crystals  of(SbzSbz)2MC14 [M = Fe, Hg] cons is t  
of  essent ia l ly  discrete d i t h io l ium ca t ions  and  te t ra-  
ch lorometa l la te ( I I )  an ions ,  wi th  con t r ibu t ions  to the  
b ind ing  energy  bo lh  f rom dispers ion  and  f rom s t rong  
charge- t rans fe r  in terac t ions .  In bo th  series of  com- 
p lexes t  the  charge- t rans fe r  in te rac t ions  involve close 
con tac t s  f r o m  each of  the ca t ion  su lphur  a toms  to the 
ch lor ine  a toms  of  ne ighbour ing  t e t r ach lo rome ta l l a t e  
ions. The  con tac t  dis tances  are s imilar  in each series 
(ca. 3.2-3.4 ,~) but  the overall  pa t t e rn  is dissimilar .  In 
(SacSac)2FeCl4 and  its i somers  all four  chlor ines  o f  
each  an ion  are involved  in shor t  S - . . C 1  contac ts .  
M o r e o v e r  each  ca t ion  effectively 'br idges '  two an ions  
in such a way as to fo rm c o n t i n u o u s  charge- t rans fe r  
p a t h w a y s  directed a long  the c rys ta l lographic  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 Secretary, International Union of Crystallography, 
13 White Friars, Chester CH1 1NZ, England• 

t Crystals of (SacSac)2MCl4 [M = Mn, Fe, Co, Zn, Cd] are 
isomorphous (Freeman et al., 1974)• The complexes (Sbz- 
Sbz)2MCI4 [M = Mn, Fe, Zn, Cd, Hg] also form an isomorph- 
ous series (ct structures). (SbzSbz)2CoC14 is representative of 
a third isomorphous series (7 structures) which includes poly- 
morphs of (SbzSbz)2MnCl4 and (SbzSbz)2ZnCL (Mason e! al., 
1974). 
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Fig. 2. (a) Iron, chlorine and sulphur atom labelling in 
(SbzSbz)2[FeCl4] and some important bond-lengths. (b) Mer- 
cury, chlorine and sulphur atom labelling in (SbzSbz)z- 
[HgCI4] and some important bond-lengths. (c) Carbon, 
sulphur and ring labels in the diphenyldithiolium cations. 

d i rec t ion  (F reeman  et al., 1974). In the  presen t  com-  
plexes no ana logous  ca t ion  br idging is observed,  and  
on ly  one  ch lor ine  o f  each  o f  the two independen t  
t e t r ach lo rome ta l l a t e  ions is invo lved  in shor t  S . . . C 1  
contacts .  The  con tac t  pa t t e rn  a r o u n d  each a n i o n  is 
r e m a r k a b l y  similar.  The  re levant  chlor ines  [C1(2) and  
CI(7)] are each  invo lved  in a rough ly  py ramida l  a r ray  
o f  shor t  contac ts  to  the four  su lphur  a toms  of  neigh- 
bour ing ,  and  s imilar ly  or iented,  pairs o f  ca t ions  (Figs. 
2, 3). In turn ,  the  i ndependen t  (SbzSbz)zMCl4 moiet ies  
are related,  approx imate ly ,  by a pseudo- twofo ld  screw 
axis pass ing  t h r o u g h  the metal  a toms  a n d  d i rec ted  
paral le l  to the  a rb i ta r i ly  assigned c rys ta l lographic  a 
axis. As shown in Fig. 5, ca t ion  pairs  re la ted  by the 
pseudo-screw ope ra t ion  (and  separa ted  by a/2) are 
in ter leaved by oppos i te ly  directed (but  paral le l)  in- 
version re la ted pairs  fo rming  pa r t  o f  the (SbzSbz)2MCl4 
s tack genera ted  by a second pseudo-2~ axis. There  are 
a n u m b e r  o f  relat ively shor t  C (pheny l ) -C(pheny l )  con-  
tacts  (ca. 3.3-3.5 A) in each ca t ion  stack,  and  occa- 
s ional  contac ts  o f  s imilar  magn i t ude  between neigh- 
bou r ing  stacks (Table  8). Close contac ts  between car- 
bon  a toms  and  those  chlor ines  no t  involved  in C 1 - . - S  
b o n d i n g  are also observed.  Typica l ly  the C . . .  C1 con-  

Table  7. (SbzSbz)z[FeC14]" representative short C . . .  C1 
contacts (to the Fe(1)CI42- moiety) 

Contact 
C l ( 1 ) - C ( 6 )  
CI(1)- C(7) 
CI(1). C(8) 
Cl(1). C(9) 
Cl(1). C(48) 
C1(3) • C(2) 
CI(3)- -C(18) 

Distance (.~,) Contact Distance (/~) 
3.63 CI(3)- • • C(19) 3-75 
3.68 C1(4). • • C(38) 3.60 
3.64 C1(4) • • • C(39) 3"51 
3.72 C1(4)... C(49) 3.65 
3"68 C1(4) • • • C(51 ) 3-61 
3.75 C1(4). • • C(52) 3.65 
3.45 

Table  8. (SbzSbz)z[FeC14] and (SbzSbz)z[HgCl4]" inter- 
ionic C . . .  C contacts less than 3"8/k  

C(1) . . . .  C(l l )  
C(1) . . . .  C(25) 
C(2) . . . .  C(12) 
C(2) . . . .  C(27) 
C(3) . . . .  C(12) 
C(3) . . . .  C(17) 
C(3) . . . .  C(18) 
C(3) . . . .  C(27) 
C(3) . . . .  C(27) 
C(4) . . . .  C(12) 
C(4) . . . .  C(13) 
C(4) . . . .  C(28) 
C(4) . . . .  C(29) 
C(5) . . . .  C(12) 
C(5) . . . .  C(29) 
C(5) . . . .  COO) 
C(5) . . . .  C(42) 
C(6) . . . .  C(11 ) 
C(6) . . . .  C(25) 
C(6) . . . .  C(30) 
C(7) . . . .  C(24) 
C(9) . . . .  C(22) 

Symmetry 
relationship* 

4/001 
4/101 
4/001 
3/]-TO 
4/001 
21101 
2t101 
3 r 1-]-0 
41101 
4t001 
4t001 
41101 
41101 
4 ¢001 
4t101 
41101 
1/001 
41001 
4r101 
4¢101 
41101 
4~101 

Iron 
isomorph 

3"77 (1) 
3"75 (1) 
3"68 (1) 
3"62 (1) 
3"56 (1) 
3"76 (1) 
3"64 (1) 
3"77 (1) 

3"60 (1) 
3"75 (1) 
3"75 (1) 
3"75 (1) 
3"74 (2) 
3"74 (1) 
3"69 (1) 
3"75 (1) 
3"65 (1) 
3"75 (1) 
3"77 (1) 
3-72 (1) 
3"60 (1) 

Mercury 
isomorph 

3.76 (2) 
3-65 (2) 
3.67 (2) 
3"55 (2) 

3"70 (2) 
3"78 (2) 
3"77 (2) 
3"63 (2) 
3"77 (3) 
3"73 (2) 

3.72 (2) 
3.72 (2) 

3"78 (2) 
3"64 (2) 
3"77 (2) 
3"79 (2) 
3"61 (2) 
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C(12) C(13) 
C(13) C(13) 
C(14) C(47) 
C(15) C(17) 
C(15) C(47) 
C(15) C(48) 
C(18) -C(26) 
C(19)" -C(25) 
C(19)" -C(26) 
C(19)- • C(33) 
C(19). .C(57) 
C(19). • C(58) 
C(20). • C(23) 
C(20). • C(24) 
C(20). .C(25) 
C(20)- • C(33) 
C(21). C(23) 
C(27) C(27) 
C(29) C(32) 
C(29) C(41) 
C(30) C(42) 
C(30) C(43) 
C(31) C(39) 
C(31) C(56) 
C(32) C(39) 
C(32) C(57) 
C(33)" • C(40) 
C(33)" • C(45) 
C(33). • C(57) 
C(33). .C(58) 
C(34). • C(45) 
C(34). .C(58) 
C(34)- • C(59) 
C(35). • C(55) 
C(35). • C(58) 
C(35)" • C(59) 
C(35). • C(60) 
C(36). • C(55) 
C(36) . .  C(56) 
C(37). • C(37) 
COO) . .  C(50) 
C(41). C(46) 
C(41) C(50) 
C(41) C(51) 
C(42) C(46) 
C(42) C(47) 
C(42) C(48) 
C(42) C(49) 
C(42) C(50) 
C(42) C(51) 
C(44) C(50) 
C(44) C(51) 
C(45). • C(50) 
C(46). .C(55) 
C(46)- • C(60) 
C(47)" • C(59) 
C(48). • C(59) 
C(51). .C(60) 
C(51). .C(54) 
C(52)- • C(55) 
C(53). • C(53) 
C(52). • C(54) 

Table  8 (cont.) 

Symmetry 
relationship* 

2 t l l l  
21111 
3 IT00 
41101 
3 q00 
3 :TOO 
4t101 
4tlO1 
4 101 
2 101 
1/O01 
1/001 
4/101 
4/101 
4/101 
2/101 
4/101 
2/211 
3/000 
4'100 
4q00 
4r100 
2'100 
2r100 
2r100 
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 rio0 
2 100 
3/1"00 
2/100 
2/100 
2/100 
2~100 
2rlO0 
2riO0 
2tlO0 
2tlO0 
2tlO0 
3 :TOO 
3 IiO0 
3/10o 
2 200 
2/200 
2/200 
2 200 
2 200 
2 200 
2 200 
2 200 
2 200 

Iron Mercury 
isomorph isomorph 

3.42 (1) 3.51 (2) 
3.27 (1) 3.27 (3) 
3"80 (l) 
3.57 (1) 3.59 (2) 
3.67 (1) 3.70 (2) 
3.68 (1) 3.70 (2) 
3.78 (1) - 
3.63 (1) 3"64 (2) 
3-61 (1) 3.68 (2) 
3.64 (l) 3.68 (2) 
3.67 (1) 3.70 (2) 
3.76 (1) 3.77 (2) 
3.78 (1) 3.80 (2) 
3.67 (1) 3"66 (2) 
3.65 (1) 3"71 (2) 
3.75 (1) 
3-54 (1) 3"57 (2) 
3.66 (1) 3.78 (3) 
3"64 (1) 3.62 (2) 
3.74 (1) 3.72 (2) 
3"65 (1) 3.68 (2) 
3.69 (1) 3.73 (2) 
3.79 (1) 
3"73 (1) 3.71 (2) 
3"65 (1) 3"66 (2) 
3.77 (1) 3.73 (2) 
3.80 (l) 
3.36 (1) 3.42 (2) 
3.77 (1) 3.71 (2) 
3"69 (1) 3"70 (2) 
3.60 (1) 3-67 (2) 
3.44 (1) 3"49 (2) 
3-59 (1) 3"61 (2) 
3.75 (1) 3.73 (2) 
3.72 (1) 3.79 (2) 
3"55 (1) 3"61 (2) 
3"55 (1) 3"58 (2) 
3.62 (1) 3-66 (2) 
3.59 (1) 3-62 (2) 
3"60 (1) 3"61 (2) 
3"72 (1) 3"76 (2) 
3"69 (1) 3"70 (2) 
3"75 (1) 3"77 (2) 
3.46 (1) 3.47 (2) 
3.66 (1) 3"70 (2) 
3.74 (1) 3-72 (2) 
3.62 (1) 3"58 (2) 
3.41 (1) 3-40 (2) 
3-31 (1) 3.35 (2) 
3.46 (1) 3.49 (2) 
3.50 (1) 3-56 (2) 
3.78 (1) 
3"39 (1) 3"41 (2) 
3"60 (1) 3"61 (2) 
3"58 (1) 3"55 (2) 
3.76 (1) 3.78 (2) 
3"70 (1) 3-72 (2) 
3"57 (1) 3"53 (2) 
3.52 (1) 3.56 (2) 
3.62 (1) 3"59 (2) 
3.73 (1) 3.72 (2) 
3"62 (1) 3.61 (2) 

* Figures preceding the solidus denote the equipoint number 

I = X ,  Y, Z; 3 =½+X,  ½+ Y, Z 
2=.,~, ~ ,2 ' ;  4=½-X,  ½ - Y , Z  

Figures following the solidus denote translations in the a, b 
and e directions respectively. 

tacts range  d o w n  to  ca. 3.5 A, involve  bo th  pheny l  and  
heterocycle  c a rbon  a toms,  and  p r o b a b l y  comple te  a 
more  or  less con t i nuous  charge  t ransfer  p a t h  ana logous  
to tha t  observed for  (SacSac)2FeCl4. Represen ta t ive  
values are listed in Table  7. 

The  crystal  pack ing  a r r angemen t  provides  a fair ly 
obvious  ra t iona le  for  the observed t empera tu re  de- 
pendence  o f  the  (SbzSbz)2FeC14 M6ssbaue r  spect rum.  
At  r o o m  tempera ture ,  dis t inct  signals are observed for  
each  of  the (two) inequiva len t  t e t rach lo rofe r ra te ( I I )  
ions. However ,  the low- tempera tu re  spec t rum indicates  
a c o m m o n  e n v i r o n m e n t  (i.e. crys ta l lographic  equiv- 
alence) for  each ion. As is clear f r om the d i ag ram (Fig. 
5), relat ively small  changes  in a t o m  coord ina tes  wou ld  
be requi red  e i ther  to  cause exact  ha lv ing  o f  the crys- 
t a l lograph ic  a axis or, a l ternat ively ,  to  relate the two  

Fig. 3. (SbzSbz)2[FeCla]: Anion-cation packing and atomic 
thermal ellipsoids (50 % probability). 

1 

2.01~2j 

Fig. 4. (SbzSbz)2[FeC14]: mean bond lengths and bond angles 
in the diphenyldithiolium cations. 
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(SbzSbz)zFeC14 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 

Td (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 in a 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(l) tetrachloro-anion counterparts (ca. 8 ° r.m.s.). 
The slightly larger angular deformations observed for 
the tetrachloromercurate (cf. 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 

S 
2d . . . . . . . . . . . . .  

Fig. 5. (SbzSbz)2[FeCl4]: the Clystal structure viewed down a 
showing interleaving of cations and schematic electron- 
transfer pathways ( . . . . . .  ) corresponding to close S'..CI 
contacts. 

related tetrachloromercurate-tetrachloroferrate pairs 
conclusively rules out any appreciable Jahn-Teller 
contribution to distortion of the [FeCl4] z- ions. Defor- 
mations of comparable magnitude reported for the 
anions in bis-(3,5-dimethyl-l,2-dithiolium) tetrachloro- 
ferrate(ll) (Freeman et al., 1974) and in {[Fe(hS-esHs) 
(CO)z]aSbCI}a[FeCI4].CH2CIa (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-C1 distances in the 
above-mentioned complexes (2.313 and 2.310 A respec- 
tively) and in (SbzSbz)2[FeC14] [Fe(1)-C1=2.305; 
Fe(2)-C1=2.310 A] are in close agreement. The aver- 
age Hg-C1 distance (2.479 A) is identical, within ex- 
perimental error, to the sum of standard covalent radii 
(2.48 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 C2o 
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): A/a~ 
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)2[FeC14] (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 
Czv 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, A/a~_3 and 1.702 (3) A, A/a~4]. 
At 2.023 (5) A, the S-S distance in (SbzSbz)z[FeCl4]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 2) 
~-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 5-carbon atoms of the 
heterocycle are not strictly sp2-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 (126.7 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 observed in the ~ / - O / P  moieties in chloro- 

bis-[2-(diphenoxyphosphinooxy)phenyl](triphenylphos- 
phite)iridium(Ill) (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 

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 induted by charge 
drift. 

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

Table 9. Metal - l igand  bond-length and angle deviations f r o m  mean values 

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

Deviation from mean (A) R.m.s.d. (A) 
Complex Bond 

(SbzSbz)2MC14 M(I)-CI(2) 
M(I)-CI(4) 
M(1)-CI(1) 
M(1)-CI(3) 

M(2)-C1(7) 
M(2)-C1(6) 
M(2)-C1(5) 
M(2)-CI(8) 

(SacSac)2FeCl4 Fe--CI(2) 
Fe--CI(I)  

{[Fe(hS-CsHs) (CO)z]3SbCI}z Fe--CI(3) 
[FeCI4]. CHzCIz Fe--CI(2) 

Hg isomer Fe isomer Hg isomer Fe isomer 
+ 0"048 (4) + 0"033 (3) 0.030 0.022 
+0.001 (4) +0.001 (3) 
-0.013 (4) -0.003 (3) 
-0.034 (4) -0.029 (3) 

+0"055 (4) +0"027 (3) 
-0-006 (4) +0.004 (3) 
-0.015 (4) -0.007 (3) 
-0.032 (4) -0'023 (3) 

Mean distance ( A )  
Hg isomer Feisomer 

2"476I 2"305"1 

0"033 0"018 2"481~ 2"310t 

+0"023 (1) 0.023 
-0.023 (1) 

+ 0"024 (5) 0-024 
- 0"024 (5) 

2"314§ 

Hg isomer Feisomer 
+ 12.6 (2) + 11-1 (I) 
+8.9 (1) +8.6 (1) 
+0.6 (2) - 1-3 (1) 
-5.3 (2) -4"8 (1) 
-7"6 (1) -6"3 (1) 
-8"6 (1) -6"7 (1) 

+6.3 (1) +5.3 (1) 
+ 1.9 (1) +2.7 (1) 
+0.3 (1) -1.5 (1) 
+0.1 (1) +0.3 (1) 
- 1"9 (1 )  - -1"1  (1) 
--7"0 (1) -5"8 (1) 

+ 6.44 (6) 
+2.87 (6) 
- 1 . 2 5  (5 )  
- 3.32 (5) 

+ 5.5 (2) 
- 1-0  (2 )  
-2.3 (2) 
- 5 .3  (2 )  

Hg isomer Fe isomer 
8"21- 7"2t 

4"Or 3"5t 

3"9~. 

4"1§ 

Complex Angle 
(SbzSbz)zMC14 CI(2)-M -C1(3) 

CI(1)-M-CI(4) 
CI(1)-M-CI(3) 
C1(3)-M-CI(4) 
CI(2)-M -C1(4) 
CI(1)-M -C1(2) 

CI(5)-M -C1(8) 
CI(6)-M -C1(7) 
C1(6)-M-C1(8) 
CI(5)-M-C1(6) 
C1(7)-M-Ci(8) 
CI(5)-M -C1(7) 

(SacSac) 2FeCl4 CI(2)-Fe-CI(2') 
CI(1)-Fe-CI(I') 
CI(1)-Fe-CI(2) 
CI(1)-Fe-CI(2') 

{[Fe(hS-CsHs) (CO)213SBC1}2 CI(2)-Fe-CI(3') 
[FeCI4]. CH2C12 CI(2)-Fe-CI(2') 

CI(2)-Fe-CI(3) 
CI(3)-Fe-CI(3') 

* Values in parentheses are estimated bond-angle standard errors. 
I" Present work. :l: Freeman et al. (1973). § Trinh-Toan et al. (1971). 

2"313~ 

* Values in parentheses are estimated bond-length standard errors. 
References: 1" Present work. :[: Freeman et al. (1973). § Trinh-Toan et al. (1971). 

(b) Ligand-metal-ligand angular deviations from 109.47 ° in tetrachloroferrate(II) and tetrachloromercurate(II) anions.* 
Deviation (°) R.m.s.d. (o) 
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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 laC 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 

2'24 / 0 5  

10 8 ~  11~ 

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 

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)- 
[MCI4] 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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