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Chromatogrsphic methods have been successfully used for the analysis and 
preparation of porphyrins. The different techniques employed by column and paper 
chromatography have been reviewed by FALK'-3. 

A general feature in the investigation of unknown porphyrin material seems to 
be in performing the first chromatographic analysis of the neutralized porphyrin acids 
in a water-lutidine (WL) system *a 6. This svstem fractionates the porphyrins appros- ” 
imately according to the number of free carboxyl groups present. Different dicarbox- 
ylic porphyrins have been separated as esters by paper chromatography according to 
a method of Cwu AND CHU 617. The use of porphyrin derivatives for chromatographic 
identification has, however, a practical disadvantage, particularly in cases when only 
a limited amount of material is available. A technique in which the porphyrins could 
be analyzed without a @ior conversion to a derivative would therefore be of analytical 
value. 

Recently, thin layer chromatography (TLC) has been used to identify the iso- 
mers I and III of coproporphyrin8 and of some porphyrin esters as well”. Since TLC 
provides several advantages over other procedures, its use in the analysis of porphyrin 
free acids was studied. This communication describes the application of TLC to the 
separation of a variety of porphyrin free acids, in particular to that of the dicarboxylic 
type. The use of this technique in the purification of several porphyrins has been pre- 
viously reported by ELLPOLK AND SIIWERS~~. 

EXPERJMENTRL 

iklaterials 
Proto~or~lzyrin IX. This was prepared from commercial crystalline protohemin 

(Hoffman-LaRoche) by a method of MORELL AND STEWART~~. The purity of the pre- 
paration was checkedspectrophotometrically using chloroform and 5 y0 WC1 as solvents. 

Mesopor@zyri~~ IX. This was prepared according to MUJR AND NEUBERGER~~ 
from protoporphyrin IX by catalytic reduction. The final purification was performed 
in semimicro scale by TLC as described below. The purity of the preparation was 
checked spectrophotometrically as above. 

Deutero$or$lzyrin IX. This was obtained by beating protohemin IX (Hoffman- 
La Roche) with resorcinol at 170---180~l~~ I4 and finally purified by TLC as described 
below. The purity of the preparation was checked as above. 

Hcnzatopor$?zytyrin IX. A commercial preparation of hematoporphyrin dihydro- 
gen chloride (Flulca) ‘was used and was purified according to POR~A AND JoNE&', the 
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final purification being performed by TLC as described ‘below. The purity of the pre- 
paration was checked as above. 

z(q)-V’istyl-4(2)-Izyd~oxyethyld~zcte~o~o~~~y~~~ IIY. Isolation was according to 
PORR~ AND JONES 15 from the commercial hematoporphyrin IX (Fluka) preparation. 
The final purification was performed by TLC. The purity of the preparation was 
checked spectrophotometrically in ether and 5 o/o HCl. 

Etio$or$hyMz 1.11. This was prepared from protoporphyrin IX as described by 
SCHUMM~~ and finally purified by TLC. The purity of the preparation was checked 
spectrophotometrically in dioxane and 5 y0 ECCl. 

Pyvropor$hyrim XV. This was prepared by heating an alkaline solution of pheo- 
phorbide ~~7, 18, which was prepared from spinach leaves1Dv20. The purity was checked 
spectrophotometrically in acetone and ether. 

Co$ropor$hy& I. A commercial preparation (Sigma) was used. 
U~o~o~~1zyri~z 1. A commercial preparation of the octamethylester (Sigma) 

was hydrolyzed for 4s 11 at room temperature in 25 o/o (w/v) HCl. The free porphyrin 
was taken up in ethyl acetate at pH 3.2. 

All solvents were prepared from analytical reagent grade materials. Chloroform 
was washed just before use with I O/~ (w/v) I&CO, and with water. 

S~ectro@otonzetric measacreme~zts . . . 
A Beckman Recording Spectrophotometer model DK-L was used in most ex- 

periments. 

Pyepayatiow of chronzatogra$hic plates 
Approximately 0.250 mm thick layers were prepared on degreased glass plates 

(IO x 20 or 20 x 20 cm) using a Desaga applicator. The plates were coated with a 
slurry prepared by mixing 30 g of Silica Gel G (Camag) and 60 ml of water. Acidic plates 
were prepared by mixing Silica Gel G (Merck) in 60 ml of 0.3 iW oxalic acid solution. 
The plates were allowed to dry overnight on a horizontal support at room temperature. 

Chromatogra$hic procedwe 
To ensure equilibrium conditions inside the chromatography chamber, the walls 

were lined with strips of filter paper dipped in the solvent system. 
The starting line was at a distance of 2.5 cm from the lower edge of the plate. 

The porphyrins were dissolved in chloroform, methanol or amixture of these (50 pgper 
I ml) and 2 ~1 of each solution were applied with a micropipette (Camag) in several 
portions in order to obtain a spot as small as possible. 

The chromatoplates were pre-equilibrated in the saturated atmosphere in the 
tanks for 30 min before development of the chromatograms. The plates were developed 
by the ascending technique. The experiments were performed at room temperature 
(21-23”). 30-45 min were usually required for the solvent front to reach a distance of 
IO cm from the starting line. The plates were taken out to dry in the air at room tem- 
perature. 

Detection 
The porphyrins on the developed chromatoplates were located by inspection in 

ultraviolet light (3500 A) in which the porphyrins show a strong red fluorescence. In 
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order to increase the intensity of the fluorescence the plates were sprayed with iso- 
octarP or with a solution of oxalic acid in methanol. In order to obtain permanent 

/I records the chromatograms were occasionally photographed in incident ultraviolet 
light (3500 A). The camera was loaded with a panchromatic film (ADOX, Xl3 14), 
a red filter being placed in front of the lens. The exposure time was 5 min. The 
conditions will of course depend on the properties of the U.V.-lamp used. 

RESULTS 

Neutral $lates 
The WL system, which has been found to fractionate porphyrins according to 

the number of free carboxyl groups present, was studied as a developing solvent for 
different dicarboxylic porphyrins on thin layers. Wowever, it gave a poor fractionation 
of the different porphyrins and it is evident that the solvent cannot be used for the 
analysis of dicarboxylic porphyrins. 

After a systematic study of different developing solvents one was finally worked 
out consisting of a combination of a nonpolar solvent, an alcohol and an organic acid. 
A solvent containing a nonpolar solvent and an alcohol only was not satisfactory be- 
cause of the immobility of the material at the origin. By addition of an organic acid, 
however, the solvent became an effective developing system. Formic, acetic and 
propionic acids were tested in a chloroform-methanol (g : I) system, the acid concen- 
tration being equal to 0.30 M. Solvents consisting of several components may become 
only partially miscible while penetrating a dry adsorbent. This was not observed with 
the solvent containing formic acid as indicated by spraying the plates with an indicator 
solution. No front formation was’ observed by applying the test. mixture of the por- 
phyrins to several starting points located on a straight line from the lower left ,to the 
upper right corner of the chromatoplate. However, acetic and propionic acids both 
showed front formation with a y-front corresponding to RF values of 0.85 and 0.77, 
respectively. 

RF 1 0.7 
(a) 

5 6 7 8 9x’ 

~r~~~ Fig. I. RF’ ‘values of’ prolo- (- )i mcso- (- - -), hcmato- (. - . - , -), deutcro- ( ; . .) and 
2 (q.)-hydroxycthyl~~‘(2)-yinyLdeuteroporphyrin (- - -) as a function of the ratio benzene: 
methanol (%I( IO-X), v/v) (a) and that of chloroform : methanol (x/ (IO-X), v/v) (b), both solvent 
systems containing a constant portion of formic acid equal to 0.3 M. The Rp values are mean values 
from several plates with an individual <variation within a range of &- 0.05. 
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The specific effect of methanol, ethanol and propanol was tested in a benzene- 
alcohol/formic acid system (7 : 3/0.3 M). Methanol formed an excellent developing 
solvent, whereas ethanol and propanol both formed fronts, the y-front corresponding 
to RF values of 0.41 and 0.39, respectively. 

A solvent system of benzene;-dimethylsulfoxide (DMSO) was also tested. With 
lower concentrations of DMSO the solvent was not completely miscible. Only at a 
ratio of about I : I was the solvent system completely miscible. However, this solvent 
was not found to be very satisfactory for the chromatography of the porphyrins be- 
cause of very strong tailing effects. 

Fig. Ia gives the RF values for five dicarboxylic porphyrins in a benzene-metha- 
nol-formic acid (BMF) system of a constant formic acid content (0.30 M), and Fig. Ib 
gives the RF values of the same porphyrins in a chloroform-methanol--formic acid 
(CMF) system with a formic acid content equal to 0.3 M. 

Typical chromatograms of different porphyrins in BMF (8.5: 1.510.3 AC?) and in 
CME (9: r/o.3 M) are reproduced in Figs. 2 and 3. Even though these solvent systems 
do not give the highest Rp values, they are usually employed because with higher 
alcohol contents and higher RF, the spot areas increase noticeably. Fig. 4 shows the 
separation pattern of porphyrins with an increasing number of carboxyl groups in a 
BMF (8.5 : x.5/0.3 M) system. The coproporphyrin I preparati0.n seems to contain a 
component with three carboxyl groups as decided on the basis of the chromatogram. 

The possibility of using the BMF-system for the chromatography of porphyrins 
with a higher carboxylic content was also studied. In a benzene-methanol solvent 

Fig. 2. Thin layer chromatogram of porphyrin free acids. I= Proto- ; 2 = meso- ; 3 = deutero- ; 
4 = hemsto- ; 5 = 2(4)-hydroxycthyl-4(z)-vinyl-dcutero-porphyrin; 6 = a mixture of I-J, Adsor- 
bent: neutral Silica Gel G. Solvent: benzene-methanol/formic acid (S.5 : 1.5/0.3 M). Time 45 min, 
U.V.-photograph, red filter. Amount 0.1 pg. 

Fig. 3, Thin laycr chromatogram of porphyrin free acids. I = Proto-; 2 = mcso-; 3 = deutero-; 
= hemato-porphyrin ; 5 = a mixture of 1-4. The experimental conditions are identical to those 

zf Fig. z with the exception of the solvent, which waschloroform-methanol/formic acid (9: 1/0.3i’U). 

Fig. 4. Thin layer chromatogram of i = copro- ; z = meso- ;. 3 = pyrro- ; 4 = etio-porphyrin ; 5 = 
a mixture of 1-4. The experimental conditions are identical to those of Fig. z. 
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(I : I), coproporphyrin was found to move with an RF value of 0.66 and uroporphyrin 
with an RF value of about 0.05. 

Acidic plates 
Formic acid could be excluded from the solvent systems by preparing acidic 

plates containing oxalic acid. Different alcohols in a benzene-alcohol (6: 4) system 
were tested as developing solvents on theseplates. Methanol, ethanol, st-propanol, iso- 
propanol and n-butanol did not form fronts under these conditions, contrary to the 
case with solvents containing formic acid. Fig. 5 illustrates the specific chromato- 

RF l 
0.6 - 

0.5 - 

0.4 - 

0.3 - 

0.2 - 

0.1 - 

i 

Fig. 5. The specific effect of cliticrent alcohols on IQ.7 values of proto- (-- ), meso- ( - - -), dcutero- 
( . , . ) and l~cmatoporpl~yrin (. - . - . -) in a bcnzcnc-alcohol mixture (6: 4) on acidic plates. 
A = Methanol; B = ethanol; C = n-propanol; D = isopropanol; I3 = wbutanol. 
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Fig. 6. A!$* values of proto- ( ). meso- (- - -), doutero- (. ..I, hemato- (. - . - , -), and 
2 (4) -hydroxyethyl-4 (2) vinyl-deutero-porphyrin (- - -) as a function of the ratio of bcnzenc: 
methanol (x: (IO-X), v/v) (a), that of tolucnc:isopropanol (x: (IO-X), v/v) (b), and that of benzene: 
isopropanol (x: (IO-X), v/v) (c) all on acidic plates. The &? values represent mean values of several 
plate with a variation of f 0.05. 
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graphic properties of the individual alcohols in the benzene-alcohol system on acidic 
plates. Methanol, Tz-propanol and isopropanol all showed exellcent fractionating prop- 
erties. Fig. 6a gives the XL;. values for five dicarboxylic porphyrins on acidic plates 
in a benzene-methanol solvent; in Fig. 6b, toluene-isopropanol solvent was used and 
in Fig. 6c, a benzene-isopropanol solvent. A typical chromatogram of different 
porphyrins on an acidic plate in a toluene-isopropanol(5 : 5) solvent is shown in Fig, 7. 

Pig. 7. Thin layer chromatogram of porphyrin free acids. 1: = Proto-; 2 = mcso-; 3 = deulcro-; 
4 = hcmato- ; 5 = z(4)-hyclroxyotl~yl-4(z)-vinyl-deut;ero-porphyrin; G = a. mixture of 1-5. Ad- 
sorbcnt : acidic Silica Gel G. Solvent: tolucne-is)propanrA (5 : 5). Time 45 min, U.V.-photograph, 
The experimental conditions are identical to those of Fig. 2. 

The two procedures on neutral and acidic plates were satisfactory over the 
rather wide range of relative humidity prevailing in the laboratory, although there 
were limits beyond which it was less satislactory. The upper limit was often exceeded 
when the relative humidity in the laboratory was in excess of 50 %. The use of plates 
of controlled,humidity according to a technique of DALLAS~~ was not satisfactory. 

Semiwkro jwe$arative se$aratiom 
The porphyrin preparations to be purified were dissolved in a small amount of 

methanol of chloroform and the solution was pipetted on to the plates in individual spots 
close to each other. The plates were usually developed with BMF (8.5: x.5/0.3 IU). The 
individual bands were scratched off and the porphyrins eluted with a dry mixture of 
chloroform and methanol, the composition of which depended on the solubility of the 
porphyrin. The silica was separated by filtration. The eluates from the individual 
zones were evaporated to dryness in, vactio by rotation. The individual fractions were 
dissolved in a suitable solvent (chloroform, dioxan etc.) and the identity of the com- 
ponent determined spectrophotometrically. 

DISCUSSION 

The results of this investigation demonstrate that thin ‘layer chromatography 
on neutral and acidic plates is a suitable technique for the separation of porphyrin 
free acids. 

j. Chromalog., 25 (x966) 373-379 



TLC OF FREE PORPXYRINS 379 

The mobility of the porphyrins in chloroform-methanol-formic acid was found 
to be correlated to the number of carboxyl groups, so that etioporphyrin which has 
no carboxyl groups showed the highest mobility and the mobility of other porphyrins 
with one, two, three or four carboxyl groups decreased linearly. 

The different solvent systems seem to differ only slightly in their chromato- 
graphic properties. Benzene-methanol-formic acid and chloroform-methanol-formic 
acid gave rather similar chromatograms on neutral plates, chloroform-rnethanol- 
formic acid, however, seemed to give better separation of meso- and deuteroporphy- 
rins. The slight difference in the dielectric properties of the two solvent systems is 
evidently a reason for this difference. On acidic plates mesoporphyrin moves faster 
than deuteroporphyrin, in contrast to its behaviour on neutral plates. It is evident 
that the polarity of the compound strongly influences the RF values, which tend to 
decrease with increasing polarity. 

SUMMARY 

Thin layer chromatography procedures are described for the separation and 
identification of a number of porphyrin free acids. Dicarboxylic porphyrins have been 
separated on neutral plates in benzene-methanol-formic acid and chloroform-melha- 
nol-formic acid, and on acidic plates in toluene-isopropanol, benzene-isopropanol and 
benzene-methanol. 

A straight-line relationship for the mobility of porphyrins containing from 
nought to four carboxyl groups in the porphyrin ring was obtained on neutral plates 
in benzene-methanol-formic acid. 
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