
THE SEPMZATION 3Y THIX-LAYER CKROMATOGRz4PHY OF TRACE 
dE-FALS AS ‘I-HEIR TETRAPHENYLPORPHYR~N CHELAT'ES 

The tetraphenylporphyrin chelates of iron: cobalt, manganese, nickel. zinc, 
copper, rhodium, lead, cadmium and mercury -were prepared and their chromatogra- 
p’bic behzvionr investigated using four different adsorbents and eleven different sol- 
vent systems. hfixtrrres of Iead, cadmium and mercury chelates exhibited isographic 
b&&our in alI conditions; mixtures of the other metal chelates were adequately 
resolved on silica (MN flolygram Sil SHR) by the solvent system light petroleum 
@.p. 80-100”~tofuene-acetic acid-water (66 53 35 : 15, v/v, upper phase). The intense 
coIours of the chelates permit their visual deteccioo at levels of about ICYLo moles; 
using the integrated ion-current mass spectrorrrewic procedure, as Iittfe 2s IO-" moles 
of MetaE could be detected and assessed. 

In an attempt to develop a procedure for the analysis of those trace met& 
present in bioIo@ical tissues by a mass spectrometric (MS] technique, various meti 
cklafec we= invesfigzted. As the metals R-e wished to investigate possessed similar 
TT.~SS and several isotopes, separadon of the nxetals prior to 8 qualitative and qtranti- 
ts:ive anaIy.sis by MS wzs required. A further requirement for MS is that the metals 
e:-1st i0 a form, such zs a &elate, wb.i& is voktile at 330’ or less. -After an examination 
0. several chefating agents, which included $-diketones, flnorinated $-&ketones, 
0. ines and EDT_4, tetraphenvlporphyrin (see Fig. I) was selected as being the MOSt 
SI table from the chromato&@ic and MS poiats of view. Thin-layer chromzTZa- 

pi- Y (TLC) of metals as their chelates has been undertaken in the past’, but OdY 
v: -radkm, copper and nickel appear to have been studied in the form of their tetra- 
P: :~$porphyrin fJR?) derivatives 2. The qua&k&ive anaIysis of a number of ShrO- 

111 tograghicaEt~Se~~-zted unchefat& tetraphenylpoLThyrins has afso beenrepofled'. 
fr. his paper we deSkbe the TLC propeaies of the tetraphenyIporp&tic,vrin &ek&s 
of -anganese, iron, cobi& nickel, copper, zinc, rhodium, cadmium, ===y and 
k: -1. 
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a7 ‘8, y_ 6-TPP was prepared by the m&h& of Adler et ai.*, in which freshly 
dist.ilIed bcn.zaIdehyde arrd pyrrole are added to refEu_ting propionic acid. 

The meti chelates were prepared by seating TFP and z__five-fo[d excess of 
met& &oride in n&&g dinethytformamide (lZ3Wj for 30 mm’. The &methyl- 
formamide wzs removed by evzpcrzztion in z stream of nitrogen, the residue &&rated 
in benzene which was then waslzed severai times with d&&d water to _BXCLGY~ un- 

reacted met& sdt. The benzene wts evaporated, the residue dissolved ir; chloroform 
aird &&en adsorbed on 2 coflrntn of neutral &umirra_ The met& chelate was eluted and 
its idatity checked by T&S_ TPP or .z contaminating met& chelate was never detected 
in 2 p-w&d metal TPP. 

Reagent-gzzde solvents 2s obtained commercially were used Kthout further 
plitifiadon. 

The solvenr systems were pretpared as indicated In Table 1; ir, biphasic systems 
Ihe upper orgacic phase was used. . 

The following TLC plates were used: MN Pofygrzm 5% SRR (Machereyt 

Samples (IQ pI> cf synthetic metai TFFs cont.aining 50 ,q of chelate per t .! 
were applied to tha ori& line on each type of gayer and placed in; the appropriate SC .- 
venr system. Eevelqment ~-as z&wed to proceed at roam temperature fZ0”) un I 
the soheat front wzs E5 cm fro-m the &gin (rrsrraUy 30-60 m&j. PLfter removal fro a 
the Gmks, the chrcimatograrns were air dried and examined in da)riight and und r 



TLC OF T- HENYLFORPHYRIN CHELATES 

:O&@OS~~oN OF SoL=T’JTF SYSTEMS USED TO SEPARATE TETRz.PKENYLPOR- 
>m CHELATES OF SOME METALS 
_he bailing range of the right petroleum tsed is X&Q”. 

IO 

i: 

Acetic acid-chloroform 
Acetic zcid-ckdoraform 
Acetic acid-cMaraforn 
Light petroIeum-toIuene 
Acetic Izcid-water-totuene 
Acetic add-water-taluene 
Acetic acid-water-light petroleum 
Acetic acid-wzter-Iight petroleum 
Acetic acid-water-light 

petroleum-taiuene 
_4cetic acid-iLater-tight 

petroleum-toluege 
Acetic acid-water-light 

petroieunhtoluene-methvlol 

I :99 
2:9s 
4:96 
67:33 
70:3O:IOO 
85:15:1OO 
85:15:1OO 
9O:IO:KlO 
85:15:50:50 

55:15:67:33 

85-15-67-33-l . . . . 

Upper phve used 
Upper phase used 
Upper phase used 
Upper phase used 
Upper phase used 

Upper phase used 

Upper phase used; 
methenat added to 
upper phase after 
separation of phzss. 

ultra-&let Light (365 nm). In some cases the metal TPP zones were scraped from the 
plate, eluted from the adsorbent with methanol and an afiquot (5icf) introduced on 
a direct insertion probe into the AEI MS-90X mass spectrometer. Spectra and 
quantitative analysis by the integrated ion-current procedure were obtained as pre- 

viously described6-9. 

RESULTS AND IXSCUSSLON 

Adequate resofution and zone definition was obtained in the case of silica _eel 

TABLE LE 

R,- VALUES OF TETRM’HEl’WLPORPiXYRIN CHELATES OF SOME METALS SEPA- 
RLtTED ON SELICA GEL 

P:?-tes: MN P&gram SiI SKR, pre-coated. 
-__ 

se ‘velu Mn Fe co A? cu z-/i Rb c-d &z Pb TPP 

sj .rem 
-- 

0.19 0.43 0.08 0.97 1.03 0.98 0.30 a.94 0.97 0.96 0.76 
0.30 0.45 0.00 0.96 0.9s 0.97 0.00 0x3 0.95 0.97 OS8 
0.78 0.94 0.00 0.96 1.00 I.00 0.00 0.96 0.97 0.9s 0.87 

: C.Cxl 0.00 o.CCl - 0-u 0.0s - - - - 0.0s 
0.27 0.86 0.94 0.94 0.95 0.97 0.00 0.83 0.82 OS? 0.75 

f 0.57 0.99 0.97 0.37 0.97 0.9s 0.07 0.91 0.92 0.92 o.s7 
i 0.00 0.22 0.00 0.65 0.60 0.32 a.00 0.15 U-16 0.16 0.07 
F O.OQ 0.38 0.00 0.73 0.81 0.50 0.00 0.17 0.15 0.15 0.19 
5 O-f8 0.65 0.w 0.96 0.95 0.91 0.00 0.61 0.6-1 0.58 0.56 

IC O.f3 0.66 0.W 0.97 0.90 0.ea 0.00 0.48 0.45 0.47 0.41 
I1 O.f4 0.73 o.c% 0.96 o_gg 0.94 0.00 0.63 0.2 0.55 0.74 

- -- - 



TABLE IXI 

The most lrsefrri solvent system was number 10, afthough it wlli riot completety 

resolve 2 mixture of the ten listed met&. Two grotzps of metal chel2tes in p2rticdIar 

are biicrrli to resolve; these 2re cadmiu_m, mercury and :ezd, and nickel and copper. 
_&fthough there sre smaff diEerences witEr respect ta the RF v&ues afthe metal chelates 
in t,trese twc saups, they should be considered essentisrlly as isagrq&c. 

For FC3SOtlS t%at i?E not ck%X, sohtions of Cob& TpP, uniess fF&& $Xepared, 

produce poorly dehed zones in sever& diffizent solvent systems, RF v&es thhat are 

lower tharr expected and exiezxsive tailin,. (J lhis may be because most, or aII, of the 
cob& in fresNy prepared CoPP exists irr the divztent stzte, but that &er stz~ding 



0.16 
0.0-o 
0.55 
OBO 
am 
0.74 
a.10 
a.03 
0.57 
a.45 
0.52 

0.96 O.98 
0.96 0.98 
0.98 Loo 
0.79 0.37 
1.00 I.00 
I.oi) 1.m 
il.65 0.62 
0.75 0.67 
0% 0.95 
0.93 0.92 
0.92 0.94 

0.68 0.12 
0.65 0.35 
1.00 0.50 
O.ot O.G(f 
0.70 Q.fl 
0.96 0.64 
0.32 0.m 
0.39 0.00 
3.72 0.08 
0.67 0.02 
0.90 Cl.33 

0.88 0.96 
-0.96 0.9T 
0.93 0.96 
O.IE 0.i5 
0.70 0.71 
0.9-t 0.93 
0.42 0.45 
0.56 0.63 
0.74 0.81 
0.67 Cr.68 
0.65 0.64 

0.93 
0.95 
1.00 
0.06 
0.87 
0.92 
0.45 
0.5I - 
0.76 -i 
0.69 :: 
0.m f< 

in friction it is oxidized to the trivalent state which results in 2 diEere& beh2viaur 

OEL TLC. 1MS anafysis, however, revezfed that CoTPP was present in the same form 
in both fresh and stored solutions after extraction from the pi&e. Et has been foundlo 
&at iron and manganese TPP are formed in the trivalent state (even when the statiing 
materiaf is a divalent salt). with the third valence ‘being taken rrp by a chlorine atom 
(if the salt was a chloride). In the mass spectrometer, however, we have found that 
this third @and is so readi$ lost tErat no mofecular ion is detectable, the apparent 
m&c&r ion is the same as that of the diva!ent met& TPP. ?&is even applies to tin 
TPP which is tetravalent and ioses two Iigands (e.g.. two chforine atoms) to give zn 
apparent mokcular ion equivalent in mass to divatent SnTPP. 

The observable coIows of the metal TPP cbektes dissolved in chloroform and 
after development in four dEerent solvent systems are listed in Table VI. fn ultrzwiolet 
Ii&t f365 nm) the separated zones exhibited e&her a red fluorescence (ZnTPP, CdTPP, 

u_Bf_E VI 

COLOUR OF SOME METAL TPP CHELATES IN CHLOROFORM .4ND AFTER SEPARATION EN 
VI'2 iWJS SOLVENT SYSTEMS 
- ___ _~_____ 
Cum ?imr MIT Fe CQ h’i CIi ai Kh Cd Hg Pb TPP -~ 

- -- 
mc oform' gray- brown- brick orange orznge- cherry Drown- beige gr2y- magenta mdgenta 

_afxen ye%xv red red red orange vioiet 

Ql& oform” gxay- brawn- orange- brick brick purpie or2nge- beige purple p*a!e pwpk 

green yeIkw red red 
. ted 

%h It gr2- braan- orange- orange- kZ& pu@le orange- green green geen green 

Sk e.m 3 green yellow red red red red 
So& at gray- brown- orange- oiz~nge- red Pde orange- green purple purple purpfe 

sq em4 green yellow red red green red 
So& It gray- brown- orange- oraniz- red pm!e orange- rest? greSl gZSl ’ Seen 

SY em IO green _veUow red red red 

_-__ __y_____-- 
-_ 

?&et& TPP complex dissolved in chlorofomi. 
’ CoIour OR TLC foiIouing development in chloroform. 



&TPP, pb’T.pp md TPP it&f) or eke it dark OILS ~g~aimt the lighter background o-‘ 
the rest of the plate. TZs iatzer beha _ I v’om ys oat &&red by ffie nature of the me 
dtum. The dserences in co&r b&weeti the zones sepzrated k dif%rent solvent sys 
tans 2~~s to de_pend upon the presence oi =z’ -&ace of acetic acid. The colours 0. 
some me$a.I TPP cort@exs &s&g& in solvent sys~e:z!s containing acetic acid ex 
-bibit a change in cofour ~o&xvizg air dFying; t&se changes may _be prevented b: 
exposing the plate 2Eer solvent devefopment to an ammonia-sazzted atiosphere 

Ak&ongh the me+&1 TPP thelazes exhibit cIean mass spectra and Si@ifican 
mdecular ions (dually the base peak) suitable for axxilysis hy the mass speccrc-rmetri 
IEC technique, where as iitie as I pg of metal (1.S x lWz4 moles) may be detectec 
and qantitaied’i, It is interesting to note that b,qnse of their ictense cslours the: 
c2fz also be detected azrd therefore presumabfy quantitated by spectrophotometric 
procedures in nanogram quantities followin,a TLC. In the case of Mn, Co arrd Cd. 
as little 2s 0.5 og of metal (5 ng of chelate) May be seen by the naked eye; some I-5 
fig of the other met&) are required. 

Zi: preEiminary experiments some metals have &ready beetn identified in ran 
-brtim. Briefiy z&z brdn (and this procedure applies to any tissue or body fbid) wzs 
excised, dried over&&t in a p$arinnrn crucible at tO0” and then heated (asbed) at a 
remperature that was grac&sIIy increased to 7.N” and then maintained at this value 

for 4 tu. The ash, containing rnezrs as their asides, was heated with 0.5 ml concen- 
rrated hydrochlotic acid (i.e., to convert oxides to chlorides), and after removal of 
the acid by evaporatioo, the residue was t&mated In IO ml water. An aliqmt (0. t- 
0.5 ml), after evapiztion, was reflexed io diMethy%xmaMide containing an excess 
of TPP. After removal of the dimethylfurmamide under a stream of filtered nitrogen, 
the residue wzs dissolved in chloroform and subjected to chromatographic separation 
~QI~ow& by MS analysis. The met& Cu, Co, Zn, Fe and Mn v;ere identified. Further 
details with respect to the identification and qrrantitative analysis of rEese (and other) 
metals in mammalian tissues will be published elsewherell. 
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