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A new method for the determination of trace metals has been developed in 
our laboratory1-3, utilizing thin-layer chromatography (TLC)’ and the mass spec- 
trometric integrated ion current (IIC) technique2_ This procedure is specific and sen- 
sitive in the femtomoIe (lO-15 mole) range. Tetraphenylporphyrin (TPP) was chosen 
as the chelating reagent for the derivatization of trace metals in tissue extracts, be- 
cause it possesses a high molecular weight,-a large molecular ion, and its chelates 
are stable during TLC. Following conversion to their respective chelates, the metal 
TPPs are separated by TLC and characterized by their RF value and coIour_ After 
elution from the chromatogram, they may be identified and quantitated by mass 
spectrometry (MS)‘*‘. As an excess of TPP is necessary in order to achieve a stoichio- 
metric derivatization, it is necessary to maintain excess of TPP in the reaction_ In 
certain cases it was observed that the subsequent recovery of metal TPP was lower 
than expected. This phenomenon has been explored using ZnTPP and as a result it 
is proposed that sandwich complexes possessing different chromatographic properties 
may be formed. Such complexes are known to exist4-‘in the cases ofmercury, uranium, 
and tin. 

EXPERIMENTAL 

The upper phase of a mixture of acetic acid, water, light petroleum (b-p. 80- 
100°), and toluene in the ratio of 85:15:66:33 (LT 2:l/A85) was used as the solvent 
system. MN Polygram Sil G (Macherey-Nagel and Co., Diiren, G.F.R.) precoated 
TLC plates 20 cm x 20 cm in size, with layers 250 pm thick, were used without prior 
activation_ The chromatograms were developed in glass tanks (Desaga, Heidelberg, 
G-F-R.) containing freshly prepared solvent added to a depth of 1 cm 1 h before the 
introduction of the chromatogram. 

ZnTPP (lO~&g), prepared as previously described*** in chloroform (1 ml), was 
mixed with various amounts of TPP reagent (I-10 mg); 10 ~1 of the resultant solution 
ivas then applied to the origin zone of the MN Polygram Sil G plates. After develop- 
ment in the solvent system LT2:1/A85, lO,~g of deuterated ZnTPP (ZnTPP-D,,,) 

* Present address: New York State Research Institute for Neurochemistry and Drug Addiction. 
Ward’s Island, New York, N.Y. 10035, U.S.A. 
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was superimposed on the separated ZnTPP zone (RF 0.80). This zone was then out- 
lined with a plastic stylus, scraped off the chromatograms, extracted in 50-1004 
chloroform, and an aliquot (S@) was introduced into the tip of a direct insertion 
probe. The probe was then inserted into the ion source region of an AEI MS-902s 
mass spectrometer. Spectra and IIC profiles were obtained as previously described2. 
A sample to which no TPP had been added was used as a standard. 

In a different experiment, syfithetic ZnTPP (100 ng) and TPP (60/43) and a 
mixture of the two were chromatogr+nhed on MN Polygram $1 G pIates in the sol- 
vent system I.T2:1/A85. After separation in the first direction, the plates were allowed 
to dry, turned through 90”, and then developed again in the same solvent system. 
From each developed chromatogram several regions (see Fig. 2) were removed, ex- 
tracted with chloroform, and analysed by MS for ZnTPP. 

RESULTS AND DISCUSSION 

Excess TPP reduced substantially (more than 50%) but never eliminated 
complktely the recovery of ZnTPP (see Fig. 1). It would appear from this phenomenon 
that some of the TPP reagent must be entering into some kind of complex with ZnTPP 
and that this complex exhibits different chromatographic properties (probably re- 
mains associated with the TPP reagent) from those of ZnTPP. 
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Fig. I. Effect of added TPP on the recovery of ZnTPP separated on MN PoIygram Sil G plates. 

The appearance (in daylight) of two-dimensional chromatograms on which 
ZnTeP, TPP, or a mixture of the two have been separated is shown in Fig. 2. Only 
one zone (e) on chromatogram A possesses the necessary colour and the RF value of 
ZnTPP. That only ZnTPP was present in this zone was proved by MS. Similarly, 
by MS, ZnTPP was shown to be absent from all the other zones. Two zones d and g 
on chromatogram B, both green in coiour, exhibited the mass spectrum of TPP. In 
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Fig. 2. Appearance in daylight of thin-layer chromatograms after the two-dimensional separation of 
ZnTPP (A], TPP @) and a mixture of the two (C) in the solvent system LTZ:l/A85 on MN Polygram 
Sit G plates. x = Origin zone; e = usual ZnTPP zone: d = usual TPP zone; g = impurity in TPP 
reagent; a, b, c, f = other regions examined for ZnTPP; the shaded area is the region covered by 
TPP when the layer is overloaded with TPP. 

. 

chromatogram C, i.e., a mixture of ZnTPP and TPP, zone e was identified, by MS, 
as ZnTPP, zone g was identified as TPP, and in zone d, both TPP and ZnTPP were 
found. A search at m/e 1289, the molecular ion of the TPP-ZnTPP complex, revealed 
nothing; neither did the spectrum of the contents of this zone reveaI anything other 
than TPP and ZnTPP. 

Regions a, b, and c, which appeared on each chromatogram, were removed, 
extracted with chloroform, and analysed mass spectrometrically for ZnTPP. No 
trace was found. Such a finding, of course, means that the ZnTPP found in zone d of 
chromatogram C was not produced as a resultant of contamination or tailing from 
the ZnTPP zone and that the TPP reagent was not the origin of ZnTPP. No zinc 
was found in region f on any of the chromatograms. 

Porphyrin sandwich complexes have been established before in porphyrin 
chemist@-’ and some examples of these are shown in Fig. 3; for the sake of clarity, 
only the nitrogen atoms of the porphyrin rings are shown. The mercury complex 
shown in Fig. 3c, a triple sandwich, is an octaethylporphyrin complex and is suffi- 
ciently stable to be isolated as a solid compound5. The corresponding HgTFP sand- 
wich complex, however, cannot be isolated and we consider that this is because of 
steric interaction of the phenyl groups on the stacked porphyrin rings. A weak non- 
isolatable interconvertible mercury sandwich complex may, however, be formed 
and this would explain why HgTPP and TPP cannot be separated by TLC’. 

Since the hoIe in the porphyrin ring is not large enough to accommodate a 
trace metal in the plane of the ring, it must exist outside’, thus facilitating the forma- 
tion of a sandwich complex_ It has been shown, for example, that the large metals 
Sn2+ and Uzi can form sandwich compIexes4@v7 (see Figs. 3a and b). It is logical, 
therefore to postuIate that Znz+ can also form a sandwich complex (Fig. 3d). in ad- 
dition, Zn2+ and H$+ possess the same outer electron configuration and so ZnTPP, 
in analogy with HgTPP, would not be expected to form an isolatable complex with 
TPP. If the TPP molecules were skewed with respect to one another, the phenyl 
groups could, at least partiahy, fit between each other. In such a case, however, 
because of the interaction between phenyl groups, the bonds between the metal TPP 
and TPP would be quite weak. In the case of Zn the TPP-ZnTPP complex must be 
relatively stable since after two-dimensional separation, region fin chromatogram C 
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Fig. 3. Structure of some porphyrin-metal porphyrin comptexes. Only the nitrogens of the porphyrin 
ring are shown. 

fig- 4. Structure of the postdated Tpp-znTpp eompkx (as viewed from Fe top). 



NOTES 135 

(Fig. 2) contains no ZnTPP, thus~proving that the complex does not break down after 
the first separation. The complex, however, is thermally unstable in the mass spec- 
trometer, giving rise to the superimposed spectra of TPP and ZnTPP. 

Fig. 4 shows the postulated TPP-ZnTPP complex as viewed from the top. 
Recovery of ZnTPP from the ZnTPP zone following TLC reduces when a 

large excess of reagent TPP is present. If an absolute internal standard (i.e., the rare 
stable isotope of the metal) is used lo, the loss of the ZnTPP does not affect the accuracy 
of the IIC quantitative procedure; it does, however, cause some loss in sensitivity. 
Since TPP chelates have been considered as models for the study of the mechanism 
of actions of metals in the body with naturally occurring porphyrins11-14, it would be 
fruitful to investigate the polymers of other metal TPP chelates. 
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