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MOLECULAR STRUCTURE 

Mossbauer Spectroscopy of 
Some Iron Porphyrins 
THE Mossbauer parameters of various iron porphyrin 
complexes have been investigated as model systems for 
haem proteins1 •2 • Topics which require further con
sideration are the effect of porphyrin structure, basicity 
and esterification on the Mossbauer spectra. It has been 
shown that the basicity towards protons of meso and 
diacetyl deutorohaemins differs by a factor of one hundred 
whereas their isomer shifts ( 80 ) and quadrupole splittings 
(/lE) were insensitive to this change•. We have studied 
the water soluble N-methyl substituted meso tetra
pyridyl porphine (unpublished results of Fleischer and 
Hambright), which seems to be the most acidic porphyrin 
known. The (pK 3 + pK4 ) of this compound is the same as 
the unmethylated derivative3

, whereas pK 2 = 12·9. No 
other porphyrin has a measurable pK2 in aqueous solution. 
Table 1 shows that the isomer shift of this structurally 
different haemin compound and protohaemin chloride 
are almost identical This indicates• in both a 5 per cent 
4s electron contribution to the a• configuration of Fe(III), 
and that rega:oclless of structure or basicity, the metal
ligand bonding in these high spin square pyramid chelates 
is primarily ionic. It is also noted that low spin octahedral 
hemichromes have approximately the same sigma electron 
density1 at the iron nucleus (80 ~ 0·041 cm/sec) as the 
high spin haemin chlorides, whereas flE of the low spin 
derivatives is, as expected, larger (/lE~0-21 cm/sec) than 
that of the high spin compounds. This unexplained 
similarity is novel in that typical inorganic low spin 
complexes have more sigma density than high spin 
varieties•, presumably because of their increased pi 
bonding capacities. Thus the similarity in 80 values 
might indicate a limited role for pi bonding in low spin 
ferric porphyrin systems. 
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has described the factors giving rise to the peak asymmetry 
indicated in Table I. 
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BIOPHYSICS 

Birefringence in Unfixed Lemon 
Fruit Nucleoli 
CHEMICAL fixation of cells and tissues for microscopical 
analysis carries with it the stigma of artefact production 1-•. 

Sjostrand and Baker• have pointed out that the best way 
of checking for fixation artefacts is to employ a method of 
fixation or preservation of cellular components which acts 
on a completely different principle from chemical fixation. 
Cytological preparations of frozen and thawed lemon fruit 
tissue cultured in vitro are described here which show that 
the optically anisotropic nucleolar material first observed 

Table 1 

Compoundt 

Protohaemin chloride 

Quadrupole 
splitting 

ilE (cm/sec) 

0·0458 
Dicarboxylic acid of acetato haematohaemin 0·0041 
Dimethyl ester of acetato haematohaemin 0·0631 
Tetra N-methyl chloride chloro meso tetrapyridyl porphine 0·0625 

• Chemical shift reported relative to sodium nitroprusside. 

Dlff. chemical 
shift* 

IJ0 (cm/sec)t 

+0·0446 
+0·0580 
+0•0451 
+0·0434 

Line width FWHM 
Higher Lower 
energy energy 

(cm/sec) 

0·044 0·042 
0·092 0·066 
0·034 0•032 
0•038 0·034 

Relative line Relative peak 
areas (higher heights (higher 

to lower to lower 
ene1gy) energy) 

0•84 0·81 
0·81 0·58 
1•04 1•01 
1-18 1·08 

t Standard error on the basis of computed instrumental error + 0·0004 cm/sec. 
t All compounds gave satisfactory analytical dat.a. 

The data for protohaemin chloride were from a four 
times recrystallized analysed sample. It was found that 
commercial protohaemin from several sources contained 
ferromagnetic impurities (unpublished results of A. 
Thorpe). The susceptibility of this sample followed the 
Curie law to 70° K, giving a moment of 5·93 B.M. Room 
temperature data for the other compounds indicated high 
spin ferric derivatives. 

Esterification of the propionic acid groups" of the 
porphyrin has been shown to hinder the enzyme incor
poration of Fe(II). It has been observed previously that 
with chloride or bis-imidazole groups, there is no Moss
bauer difference between the acids or methyl esters. 
When acetate is the ligand (Table I), 80 and D.E are 
smaller for the dimethyl ester than the corresponding 
acid. These differences could be interpreted as inter- or 
intra-molecular hydrogen bonding between the co
ordinated acetate and the carboxylic acid functions 
changing the symmetry around the iron atom. Blume• 

in chemically fixed tissue cultured in vitro1- 11 is not an 
artefact of chemical fixation. 

Basal nutrient solution12, modified by replacing sul
phuric acid with 0·50 mmoles/1. of ammonium sulphate, 
was placed in Petri dishes lined with Whatman No. 40 or 
42 ashless filter paper and sterilized by autoclaving in 
special conditions13 or by placing them in a deep freeze 
overnight. Vesicle stalks from mature lemon fruits 
(Citrus limon (L.) Burmann, variety 'Eureka') were inocul
ated aseptically onto the nutrient medium and placed in 
the dark at 25° C. After 24-48 h the stalks were immersed 
in distilled water in a Petri dish and placed in a deep freeze 
for 24 h or longer. 

The frozen tissue was thawed to room temperature and 
unstained squash preparations were made as follows. 
Individual stalks were blotted dry, squashed between two 
microscope slides without any adhesives and air-dried for 
10 min after separating the slides. Isopropyl alcohol was 
slowly added to the slide near the tissue until the tissue was 
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