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Trinuclear oxobridged iron(ll1) carboxylates 
[l-4] containing the unit, [FeaO]‘+, have been 
known for some time. Recent work from our labora- 
tory on the preparation and properties of the iron- 
(III)-L-amino acid perchlorates [S-7] also contain- 
ing the unit, [Fe30]‘+, emphasized the close simila- 
rity between the spectral and magnetic properties 
of these complexes and those of the ferritin iron 
core. More recently, iron(lll)-Lamino acid tris- 
(dihydrogen phosphlto) nitrates have been prepared 
and their spectral and magnetic properties investigat- 
ed [8] for a direct comparison of these properties 
with those of the ferritin iron core which also con- 
tains some phosphate [9]. In order to evaluate the 
properties of trinuclear iron(lll)-L-amino acid 
nitrates containing phosphorus as model compounds 
for the ferritin iron core, it was deemed necessary 
to compare their spectral and magnetic properties 
directly with those of iron(llI)-L-amino acid nitrates 
(Fig. 1) containing the trimeric iron(W) unit, [Fes- 

01 7+, but without the phosphorus containing ligand. 
Reasons for using iron(II1) nitrate, and not iron(ll1) 
perchlorate, as the iron(ll1) providing reagent in the 
preparation of iron(lll)-L-amino acid tris(dihydro- 
gen phosphito) nitrates have been discussed in detail 
elsewhere [ 121. The present paper describes the 
preparation and properties of trinuclear oxobridged 
iron(llI)-Lamino acid nitrates derived from hydro- 
phobic, aromatic, acidic, basic, hydroxy, and sulfur 
containing L-amino acids. 

Experimental 

The amino acid complexes derived from glycine, 
L-alanlne, L-proline, L-valine, L-leucine, L-isoleucine, 
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Fig. 1. Schematic representation of the molecular structure 
of the iron(III)-L-amino acid nitrates. 

L-phenylalanine, L-histidine, L-serine, Larginine, L 
methionine, and L-aspartic acid were prepared by 
the general method similar to the one developed 
in our laboratory [5, 71 for the preparation of iron- 
(III)-Lamino acid perchlorates. It consisted of mix- 
ing an aqueous solution of an L-amino acid with an 
aqueous solution of ferric nitrate nonahydrate, in 
a molar ratio of 2: 1. Evaporation of the reaction mix- 
ture at room temperature gave, generally, a gummy 
solid which on maceration with nitromethane or 
acetonitrile yielded an orange or pink colored powder 
which was filtered and washed carefully with cold 
ethanol (absolute) and air dried. Caution needs to be 
exercised in a step involving maceration with nitro- 
methane or acetonitrile; both these reagents form 
insoluble complexes (or addition compounds) with 
ferric nitrate (but not with ferric perchlorate), but 
washing the final product with cold ethanol removes 
any acetonitrile or nitromethane adduct present as 
an impurity in the desired complex, for the former 
is extremely soluble in ethanol. 

All solution electronic spectra were obtained with 
a Cary 14 T spectrophotometer in methanolic solu- 
tions; solid state electronic spectra were obtained by 
mulling the complexes in nujol and mounting the 
mulls between quartz plates. Infrared spectra were 
obtained with a Beckman automatic recording, 
double-beam, optical null IR 10 infrared spectro- 
photometer. The spectra were taken using KBr 
pellets. Magnetic susceptibility measurements on solid 
samples were made using a Faraday balance consist- 
ing of a Calm DTL-Electrobalance. Molecular weights 
were estimated from analytical data. 
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TABLE I. Elemental Analysis of Iron(IIl)-L-Amino Acid Nitrates (with Postulated Formulations). 

Amino Acid Complex Element 

---~ 
C II N Fe 

__-- __~ ______ 

Glycine - found 

calcd for 

Il’e30(g1ycine)6(~~Z0)31 (N03)7 

Lalanine - found 

calcd for 

[I~esO(L_alanine)e(H20)3 I (N03)7 

L-proline - found 

calcd for 

[I:esO(L-proIine)e(HaO)s 1 WA)7 

L-valine - found 

calcd for 

[ FesO(L-valine)e(HaO)s] (N03)7 

L-leucine - found 
calcd for 

[I:esO(L-leucine)e(H20)3] (N03)7 

I.-isoleucine - found 

calcd for 

[ FesO(L-isoleucine)6 (HzO)3] (NOa) 

L-phenylalanine - found 
calcd for 

[FesO(L-phenylaIanine)e(Ii2O)3] (N03)7 

L-histidine - found 

calcd for 

[FesO(L-hisiidine)e(HaO)s] (N03)7 

L-serine - found 

calcd for 

[ I’es O(L-serine)e (Hz 0)s ] (NOJ)~ 

L-arginine - found 

calcd for 

[FesO(L-arginine)e(HsO)s] (N03)7 

L-methionine -- found 

calcd for 

[FesO(L-methionine)e(HaO)s] (N03)7 

L-aspartic acid - found 

calcd for 

[FesO(L-aspartic acid)e(HaO)s] (N03)7 

12.26 3.56 15.31 13.98 

12.80 3.20 16.20 14.92 

18.14 3.56 14.42 12.26 

17.90 3.98 15.09 13.89 

25.64 4.40 13.82 11.37 

26.44 4.40 13.36 12.29 

26.92 5.50 12.72 11.33 

26.21 5.24 13.24 12.18 

30.90 6.15 11.62 10.33 

29.64 5.76 12.48 11.48 

30.72 6.14 11.84 10.57 

29.64 5.76 12.48 11.48 

9.86 38.04 4.80 10.39 

10.02 38.70 5.01 10.87 

25.71 3.90 20.24 10.12 

26.98 3.70 21.80 10.47 

15.25 3.94 11.01 10.60 

15.14 3.78 10.94 11.76 

17.49 4.53 14.33 12.97 

17.74 4.43 15.77 13.70 

10.52 22.83 4.25 8.64 

10.73 23.03 4.41 8.67 

12.34 3.41 7.92 13.13 

12.06 2.51 8.20 14.05 

Results and Discussion 

Analytical data for all the iron(III)-Lamino acid 
nitrates are presented in Table I. Observed values for 
elemental analyses differ from the calculated values 
for the postulated formulation of the trinuclear 

iron(N) complexes described in Table I. Similar 
deviations from calculated values for these elements 
in polynuclear iron(II1) complexes have been report- 
ed by several investigators [3, 4, 7, 8, 10, 1 I]. Ele- 
mental analyses show correct ammo acid/Fe ratios 
for the postulated formulations of the complexes. 
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TABLE Il. Electronic Spectral Bands of Trinuclear lron(IH- 
L-Amino Acid Nitrates in the Solid State (Nujol Mull). 

Amino Acid 
Complex 

Band Assignment, urnax, cm-’ 
- 
Band 1 Band II 

glycine 10,204 16,233 
L-alanine 10,416 16,129 
L-proline 10,526 16,393 
L-valine 10,638 16,260 
L-leucine 10,416 16,393 
L-isoleucine 10,752 16,181 
L-phenylalanine 10,204 16,260 
L-histidine 10,869 16,129 
L-serine 10,309 16,207 
L-arginine 10,638 16,129 
L-mefhionine 10,638 16,181 
L-aspartic acid 10,869 16,181 

presented in Table III. The infrared spectra show 
broad and strong absorption in the region 3300- 
2800 cm-’ attributed to asymmetric and symmetric 
stretching modes [13-l 51 of NH; function in the 
Lamino acids present as ligands. The bands at cu. 
1640 cm-’ and cu 1440 cm-’ in the spectra of com- 
plexes are assigned to the asymmetric and sym- 
metric carboxyl stretching modes [S, 71. The Av- 
(COO), i.e. the difference between the asymmetric 
and symmetric carboxyl stretch is ca. 200 cm’-’ 
and corresponds to the Au(CO0) observed in the 
spectra [5, 71 of the known iron(III)-L-amino acid 
perchlorates. Another characteristic feature of the 
infrared spectra of these complexes is the iron-oxy- 
gen stretch frequencies [S, 7, 16-181. These are 
observed in the range 600-500 cm-’ and 460- 
360 cm-‘. The range of frequencies corresponds 
to the Fe0 stretch in the spectra [5,7] of iron(III)- 
L-amino acid perchlorates and in the spectra [16- 

TABLE HI. Infrared Spectral* Bands of Iron(W)-L-Amino Acid Nitrates (Spectral Frequency Assignment, cm-‘). 

L-Amino Acid Complex vas (NH;) and 
vSym (NH;) 

FeOb FeOb V,,(COO) Vsym (COO) 

glycine 
L-alanine 
I,-proline 
L-valine 
L-leucine 
L-isoleucine 
L-phenylalanine 
L-histidine 
Lserine 
L-arginine 
L-methionine 
Laspartic acid 

3320-2900 b,s 
3200-2800 b,s 

3100-2890 b,s 
3200-2800 b+ 
3200-2850 b,s 
3200-2800 b,s 
3 200-2800 b,s 
3400-2900 b,s 
3370-2900 b,s 
3200-2800 b,s 
3300-2800 b,s 

600-520 b,w 
590-540 b,s 
530-480 b,w 
450 Shp,w 
480-430 b,w 
600-520 b,w 
560 Shp,w 
560-490 b,w 
600-520 b,w 
600-500 b,w 
590-530 b,w 
590-500 b,w 

390 b,w 
410-390 b,s 
390 Shp,w 
390 Shp 
290 Sh,w 
410 Sh,w 
400 b,w 
400 b,w 
420-380 b,w 
460-380 b,w 
460-380 b,w 
440-360 b,w 

1640 Shp,s 
1650 Shp,s 
1650 Shp,s 
1645 Shp,s 
1640 Shp,s 
1640 Shp,s 
1640 Shp,s 
1630 Shp,s 
1650 Sh,s 
1640 Sh,s 
1640 b,s 
1640 Shp,s 

1465 Shp,s 
1440 Shp,s 
1445 Shp,s 
1450 Shp,s 
1450 Shp,s 
1650 Shp,s 
1450 Shp,s 
1430 Shp,s 
1450 Sh,s 
1440 Sh,s 
1440 Sh,s 
1440 Shp,s 

aAbbreviations: Shp, sharp; b, broad; Sh, shoulder; w, weak; m, medium; s, strong. bNo attempt has been made to assign 
frequencies to asymmetric or symmetric Fe-O stretch. 

The solid state electronic spectra (Table II) and 
the spectra of methanolic solution [12] show two 
absorption bands: band 1 in the range lO,OOO-- 
11,000 cm-’ and band 2 in the range 16,000-16,500 
cm-’ assigned to 6A1 + 4T1 and 6A1 -+ 4T2 transi- 
tions respectively. The spectral frequency range for 
the described transitions in the spectra of iron(III)- 
L-amino acid nitrates is in agreement with the values 
of similar transitions found in the spectra of known 
iron(III)-L-amino acid perchlorates [5, 71, iron- 
(III)-Lamino acid tris(dihydrogen phosphito) 
nitrates [8], and iron(III)-carboxylates [4]. 

The infrared spectra of the iron(III)-L-amino acid 
nitrates containing the trimeric unit, [Fe3017’, are 

181 of known complexes of iron(Il1) octahedrally 
surrounded by oxygens. Three bands, in the spectra 
of all the complexes [ 121 in this study, at ca. 
2400 cm-‘, ca 1380 cm-‘, and ca. 830 cm-’ have 
been assigned to the coupled vibrational stretches 
v1 + v3(N03) and NO stretching and NO bending 
modes of the NO3 function [ 19-221. The infrared 
spectral data coupled with information derived from 
analytical data show that L-amino acid ligands are 
present as zwitterions [cJ: iron(III)-Lamino acid 
perchlorates (5,7)] . 

The gram molar susceptibility per iron atom for 
nitrate complexes were found to be ca. 5000 X 
10V6 csgu and the effective magnetic moment per 
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TABLE IV. Magnetic Susceptibilities and Magnetic Moments 
of Iron(III)-L-Amino Acid.a 

Amino Acid 
Complex 
- 

Temperature xM X lo6 nerr --J 
(K) (cgsu) (BM) (cm-’ ) 

glycine 294 
Lalanine 294 
L-proline 294 
L-valine 294 
L-leucine 294 
L-isoleucine 294 
L-phenylalanine 294 
Lhistidine 294 
Lserine 294 
Larginine 294 
L-methionine 294 
L-aspartic acid 294 

4.863 3.39 27.00 
4,905 3.41 27.20 
5,218 3.51 22.70 

4,950 3.42 27.20 

5,001 3.44 27.20 
4,078 3.11 28.70 
5,076 3.47 26.99 
4,022 3.09 27.08 
4,601 3.30 27.79 
3,286 2.79 40.80 

5,465 3.60 21.50 
4,863 3.40 27.20 

-~ 

view that the above physical properties of all the 
complexes are largely independent of the oxygen- 
containing ligands coordinated to the trimeric unit, 

l&01’+, and the nature of the counter-ion pre- 
sent in these complexes. This work also lends further 
support to our view [S, 7, 81 that iron(II1) com- 
plexes containing the structural unit, [FeaO]“, 
remain strong contenders as models for the ferritin 
iron core. 
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