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An attempt to determine the absolute values of partial quadrupole splittings (PQS) by investigating trigonal-prismatic 
low-spin iron(l1) complexes has been made; all PQS values obtained are positive. 

The Mossbauer effect is observed for a number of elements, but 
only the "Fe isotope is easily used in routine work. The nature 
of two main Mossbauer spectral parameters, isomeric shift and 
quadrupole splitting (A), are discussed at length for iron 
compounds. The partial quadrupole splitting (PQS) treatment 
has been developed by G. M. Bancroft',' for low-spin iron 
complexes. Three cases of distorted octahedral geometry have 
been discussed: FeAB, and cis- and trans-FeA2B4 complexes. In 
all these cases A is a function of the difference between PQS, 
and PSQ,, eqns. (1). 

A = - 2(PQSA - PQS,) cis-FeAzB, (1) Fig. 1 Illustration of bite (a) and twist (9) angles for trigonal-prismatic 
complexes 

A = 2(PQS, - PQS,) FeAB, 

The absolute value of PQS cannot be calculated from the 
experimental A value using these equations. In this study we For a given bidentate ligand the value of 0 is a function of 
discuss an attempt to find the absolute values of PQS by both bite angle a and distortion angle cp. Simple calculations 
investigating distorted trigonal-prismatic low-spin iron@) give a dependence of the f value on ol and cp, eqn. (4); 
complexes. The quadrupole splitting for "Fe can be expressed 
as eqn. (2), f = 12 - 18 cos201/cos2(cp/2) (4) 

where q = V,,/e, q = (V,, - Vss) / V,,, and V are the components 
of the electric field gradient (EFG) tensor. Two assumptions 
from ref. 1 have been used with no changes: 

1. A can be regarded as a sum of independent contributions, 
one from each ligand. 

2. PQS are constants for a given electronic state. 
Two subsequent Bancroft assumptions have therefore been 

modified: 
3. The structure of a distorted trigonal-prismatic complex is 

determined by the bite angle a and the twist angle cp (Fig. 1). 
4. The z axis corresponds to the C, symmetry axis. It is easy 

to see from symmetry reasons that V,, = V,, and q = 0. 
Applying the same approximation as in the octahedral case, 

A is expressed as eqn. (3), 

where f is a function of iron atom arrangement geometry and 0 
is the angle between the z and the Fe-N bond. 

e.g. for an octahedron a = 45", cp = 60" and A =f. PQS = 0. 
Using structural data for iron complexes with known Moss- 

bauer spectra, one can calculate the absolute PQS values for 
each ligand. Although PQS are probably slightly dependent on 
iron atom arrangement, an estimate of the A values for all 
low-spin iron complexes may be obtained from the data for 
trigonal prismatic ones. 

The effect of cross-linking groups is lower due to the 
significant increase in distance from the iron atom. This 
phenomenon can also be described by using the PQS treatment. 
The capping groups are situated directly on the z axes of the 
complex; the contribution of these groups is 
A V,, = (3 cosZ 0 - l)q/r3 = 2q/r3, where q is the charge on the 
capping group. The A value increases with q. 

For all angles a and pseudo-octahedral iron atom arrange- 
ments (cp = 50-60') the coefficient f has a negative sign. For a 
trigonal-prismatic iron atom arrangement the f values are 
comparatively high and positive. Similar results (change of A 
sign with increasing cp angle) were obtained in an early study.' 
A knowledge of both A and structure for some low-spin iron(11) 
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Table 1 Quadrupole splitting (A/mm s-I), bite (a) and twist (Q) angles/" and PQS (mm s- I) calculated from eqn. (2) 

Compounda Ab a Cp f PQS f. PQS' A -f PQS Ref. 

Fe(phen),, + 

F e ( d i ~ y ) ~ ~  + 

Fe(H2Nx),, + 

Fe(HNxh(H,Nx) 
FeBd3(BF)2 
FeFd3(BC6H5)~ 
FeGx,(BOH), 
FeDm3(BFI2 
FeNx,(SnCI,):- 
[Fe PccBF]' 

a For ligand designation, see Scheme 1. The signs of the quadrupole splitting in brackets were assumed from direct measurements [FeDm3(BF), 
and FeGx,(BOH),? or were confirmed by the temperature dependences of A.21 ' The value calculated using the approximate PQS = + 0.5 mm s- ' 
for uncharged macrobicyclic iron dioximates. PQS for caged molecules ought to be corrected for the effect of cross-linking groups with charge q. 

Table 2 PQS values for some ligands and quadrupole splittings (mm s- I) in iron(11) complexes used for PQS calculations 

Bancroft's 
Compounda A(ca1c.) A(exp.1 scale PQS' Zd 

phen 
dipy 
H h - ,  HNx- 
F~(HNx)~PY, 
F ~ ( H ~ ) Z P Y ~  
HBd - 
F~(HB~)zPY, 
F~(HNx)~(CNC~H, 
Macrocyclic 
TAAB 
[Fe(TAAB)(CH3CN),I (BF3, 
NH3 
Fe(HNx),(NH3), 
Q, BUNK 
Fe(HNxh(BuNH2), 
Im 
F~(HNX),( I~)~ 
CN- 
KFe(HNx),(CN)(Im) 
PC 
FePc(BuNH,)* 
K , F ~ P C ( I ~ ) ~  
FePc(CN), 
FePc(Pyh 
NO 

a For ligand designation, see Scheme 1. This work. ' Calc. from eqn. (2). 0 is calculated from Bancroft's PQS by addition of the difference 
(1.3 mm s- ') between our scales and Bancroft's. 

complexes"1° allows us to calculate f and PQS for those ligands 
(Table 1). 

For iron tris-dioximates the range of ol usually observed is 
comparatively narrow (3940"). As a result, the A value is a 
function of only the cp angle and the effect of capping groups. 
The data for several trigonal-prismatic iron complexes and the 
results of the calculations are listed in Tables 1 and 2. 

Most of the trigonal-prismatic iron(11) complexes studied are 
macrobicyclic clathrochelates, cross-linked with boron- 
containing groups. The charge on the boron atom q, (obtained 
by CND0/2 calculations) increases from +0.31 for BH to 
+0.50 for BF. A correlation between experimental A and q, 
has been obtained for several dioximes. 

For the less positive cross-linking group SnCl,' the total 
effect is the superposition of four atomic charges (a positive one 
due to the tin atom and three negative ones due to chlorine 
atoms, which are at a distance 6 A from the iron atom). Thus A 
values for tin halide cross-linking compounds are ca. 
- 0.2 mrn s- ' lower than the values estimated from PQS. 

It is of interest to obtain the difference between the PQS 
values calculated by Bancroft and ours (Table 2). 

A new PQS scale has been obtained from Bancroft's scale by 

adding 1.30 mm s-';  this constant was obtained as the differ- 
ence between the PQS values for nioxime, phenanthroline and 
bipyridine complexes in both Bancroft's scale and ours. 

All the PQS values obtained here are positive. This result 
contradicts Bancroft's scale with negative PQS for all ligands 
except NO. Nevertheless, it is very similar to the high PQS 
(called 'effective point charges') for halide ions originally 
obtained for organotin halides." 

It is clear that the nature of PQS is rather different from the 
pure electrostatic effect of ligand atom charge. The reason for a 
positive PQS value is probably a decrease in electron density 
around the iron atom (rc0 .5  A) relative to the neutral one 
which was observed by direct electron-density measure- 
m e n t ~ ' ~ . ' ~  in Na,[Fe(CN),NO], [Co(CN),13- and 
[Co(NH3),I3 + . The highest values of electron density decrease 
were obtained along the Fe-NO and Co-NH3 bonds and the 
lowest ones along the Fe-CN and Co-CN bonds. These data 
correlate with the magnitude of absolute PQS for NO, NH3 and 
CN (Table 2). 

The PQS values we obtained have a real physical meaning 
and reflect the distribution of electron density in the molecule, 
allowing us to explain A for a great number of iron coordi- 
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Dimethylglyoxirne, a-Benzyldioxirne, a-Furyldioxime, 
H2Dm H2Bd H2Fd 

Nioxirne. H2Nx Heptoxime. H&x Glyoxime, H2Gm 

H 
Irn 

TAAB 
F 

Scheme 1 Some of the ligands which appear in Tables 1 and 2 

nation compounds. In addition, these values make it possible to 
predict the structure of new compounds using the 'structure- 
quadrupole splitting' type of correlation dependence. 

References 

1 G. M. Bancroft, Coord. Chem. Rev., 1973,11,247. 
2 G. M. Bancroft, Mossbauer Spectroscopy - An Introduction for 

Inorganic Chemists and Geochemists, McGraw-Hill, New York, 
1973. 

3 W. M. Reiff, J.  Am. Chem. Soc., 1973,%, 3048. 
4 D. L. Kepert, Inorganic Stereochemistry, Springer-Verlag, Berlin, 

1982. 
5 Y. A. Simonov, A. A. Dvorkin, T. I. Malinovsky, V. K. Belskii, 

I. I. Bulgak, D. G. Batyr and L. D. 0201, Koord. Khim., 1985, 11, 
1554 (in Russian). 

6 K. I. Turta, R. A. Stukan, I. I. Bulgak, L. G. Batyr and L. D. 0201, 
Koord. Khim., 1978,4, 1391 [Sov. J.  Coord. Chem. (Engl. Transl.), 
1978,4, 10571. 

7 S. C. Jackels and N. J. Rose, Inorg. Chem., 1973, 12, 1232. 
8 Y. Z. Voloshin, N. A. Kostromina and A. Y. Nazarenko, Inorg. 

Chim. Acta, 1990, 170, 181. 
9 S. V. Lindeman, Y. T. Struchkov and Y. Z. Voloshin, Inorg. Chim. 

Acta, 1991,184, 107. 
10 S. V. Lindeman, personal communication. 
11 Y. Z. Voloshin and E. V. Polshin, Polyhedron, 1992, 11,457. 
12 B. W. Dale, R. J. R. Williams, P. R. Edwards and C. E. Johnson, 

Trans. Farad. Soc., 1968, 64, 620; B. W. Dale, R. J. R. Williams, 
P. R. Edwards and C. E. Johnson, Trans. Farad. Soc., 1968, 64, 
3011. 

13 R. A. Stukan, K. I. Turta, A. V. Ablov, V. I. Zubareva and A. M. 
Goldman, Zh. Neorg. Khim., 1976, 21, 286 [Russ. J .  Inorg. Chem., 
1976, 21, 1551. 

14 J. C. Dabrowiak, P. H. Merrell, J. A. Stone and D. H. Busch, J. 
Am. Chem. Soc., 1973,95,6613. 

15 E .  V. Polshin and E. Rybak-Akimova, personal communication. 
16 K. I. Turta, I. I. Bulgak, M. P. Starysh, R. A. Stukan and D. G. 

Batyr, Koord. Khim., 1980, 6, 1041 [Sov. J. Coord. Chem. (Engl. 
Trans.), 1980, 6, 5201. 

17 R. V. Parish and R. H. Platt, J. Chem. Soc., A, 1969, 2145; R. V. 
Parish and R. H. Platt, Inorg. Chim. Acta, 1970,4, 65. 

18 M. Y. Antipin, V. G. Tsirelson, M. P. Flugge, Y. T. Struchkov and 
R. P. Ozerov, Koord. Khim., 1987, 13, 121 [Sov. J. Coord. Chem. 
(Engl. Transl.), 1987, 13, 671. 

19 M. Iwata and Y. Saito, Acta Crystallogr., Sect. B, 1973,29,822. 
20 N. G. Ivoilov, personal communication. 
21 Y. Z. Voloshin, N. A. Kostromina, A. Y. Nazarenko and E. V. 

Polshin, Inorg. Chim. Acta, 1991, 185, 83. 

Received: Moscow, 20th July 1992 
Cambridge, 29th September 1992; Com.  2/0468.56 


