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AN EVALUATION OF REVERSED PHASE l’r-lRTlTlON FOR THIN-LAYER 

CHROMATOGI~APHIC IDENTII~ICATION 01’ CHLOROPHYLLS AN11 DER- 

lVATlVEs* 

SUMMARY 

Separation and identification of chloropl~yllides cz and b, lhxq~llorl~ides n and b, 
as well as cl~loropl~ylls a and b and pheophytins n and ZJ by reversed-phase partition 
thin-layer chromatography, was shown to be effective. Pigment cluantities in tile order 
of 0.5 nrnole could beidentified. Criteria of evaluation were location, color and stability 
of pigment zone as viewed under white light and ultraviolet light. Investigations in 
which oil-impregnated thin-layers of powdered sugar, Kieselguhr G and a misture of 
Kieselguhr G and Silica Gel G were used were reported, 

The formation of artifacts occurred when cllromatograpl~ing puritied pigments 
on inorganic thin-layers. The location of artifact formation is considered to be on tile 
portion of the plate coating which was not oil-impregnated, Addit ion of an ant iosi- 
dant such as butylated hydrosytoluene to pigment solutions prior to application on 
inorganic layers was shown to prevent artifact formation. IclentiAcntion charncter- 
istics for allomerized chlorophylls n and b; methyl cl~loropl~yllicles (E and b ; and methyl 
plleophorbides a and ZJ on oil-impregnated plates were indicated. 

INTRODUCTION 

Thin-layer chromatography (TLC) studies for identification and/or estimation 
of chlorophylls and their degradation products have been’ estensively reviewed by 
$h:sT~K1. Accordingly, only limited reference will be made here to reports previously 
published utilizing TLC techniques in cl~loropllyll studies, Since the above-mentioned 
review was published additional reports of studies on tllis subject have appearedg-4. 

EGGERG proposed the reversed-phase partition method for TLC separation of 
chloroplast pigments to avoid xantl-lophyll destruction encountered when using 
adsorption chromatography techniques involving inorganic thin layers. Phase reversal 
was accomplished by oil-impregnation of plate coating, preferably with vegetable oil 
low in acid. Partial impregnation of coated plates (Kieselguhr G) permitted appli- 
cation of pigment to a non-impregnated area of the plate. This favored formation of 
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sharp pigment bands during development. RANIXRATN” cited the advantages of this 
method for esamination of the purity of cl~loropl~yll solutions. KIM, in an investigation 
of bacteriochloropl~yll fractionation, has recently described the use of the reversed- 
phase partition method 7, His procedure was obviously that of EGGER~~. 

The investigation to be reported was conducted in connection with the prepa- 
ration ancl spectral characterization of zinc and copper compleses of pheophytins and 
pheopllorbides (z and b, an operation whicl~ required the use of highly purified chloro- 
phylls awl derivative#. Accordingly, reversed-phase partition received consideration. 
Certain portions of the study have been previously reported”. 

Kicselgullr G and Silica Gel G were analytical sorbents obtained from I3rinl;- 
mann Instruments, Inc. Solutions of purified cl~loropl~ylls, pheophytins and pheo- 
plmrbides were prepared by the procedure described by JONES czt al.*. Chlorophyllides 
IZ and b were prepared from purified acetone solutions of cl~loropl~yll n or b, respec- 
tively, by incubating a crude preparation of cl~loropl~yllase under optimum conditions 
for enzyme conversion lo, Leaf tissue of ~1~ihrtlzzc.s dtissilltn, a recognized rich source of 
cliloropl~yllaselt, was homogenizecl and extracted until pigment-free in So o/o acetone 
at 0”. Portions of the undried tissue filter-cake (2.5 g) were suspended in IOO ml of 
66 y0 acetone solution of tile desired clhropl~yll and permitted to react at 25-30”. 
Conversion was complete in about 3 II. Solutions of the cl~loropliyllicles were subse- 
quently cllromatograpl~ed on a column of sugar or polyetlzylene. 

Testing of the EGGER method for clwomatographing cl~loropl~ylls, pheophytins, 
clhropl~yllides and plleoplwrbides from pure solutions and mixtures was carried 
out and consideration was given specifically to variations in plate-coating, oil-impreg- 
nation and developing-solvents. Plate coatings or adsorbents investigated were Kiesel- 
gullr G, Silica Gel G and mistures of these. Oil-impregnation was with corn 01 peanut 
oil of commercial grade, dissolved in isooctane or petroleum ether (b.1~. 65-110~) (v/v) 
at concentrations of 7,9,14 and 21 T/o, Solvents were methanol-acetone-water at ratios 
zo:4:4, 20:4:3, 20:4:2, 20:4: I, 20:4:0, eacll saturated with the triglyceride under 
test. 5 x 20 cm plates were used. Documentation of chromatogram zones was by 
means of photographs of the chromatoplates under ultraviolet light (UV) with Pola- 
color film, The assembly previously reported’2 was used for studying, characterizing 
and documenting chromatograms. 

Plates coated with Kieselguhr G partially impregnated with peanut oil dissolved 
in isooctane at 14 O/” concentration were found to be best. Spotting was done on the 
non-impregnated area, Development was with a misture of metllanol-acetone-water 
(30: 4 :3), except for certain studies to be reported later. 
Decreasing the water content of the solvent was found to cause the pigment zones to 
separate further but to be less intense and less distinct. 

* ‘.lIzc USC of traclc IWIICS in this publication clots not imply cndorscnwnt by the North Carolina 
Agricultural Esparimcnt Station of the products iiainccl, nor criticism of sitnihr oiv2s not I~CII- 
tionccl. 
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I;reshly coated plates were found to he satisfactory if permitted to air-dry for 
16 Ii or longer before oil-iniprcjination. Part ial impregncztion was accomplisl~ed 11~ 
immersing the 5 x 20 cm plate to a deptll of about x6 cm in the isooctane solution of 
peanut oil and permitting it to drain, dipped end clown, for I 11 or longer. Plates were 
air-dried for 7_ 0 11 or oven-dried at IOO” for 60 min, to volatilize most of tlie solvent. 
Plates containing more than a trace of residual solvent yielded chromatograms for 
which tile /~RJP’ values for tllc cl~loropllylls and ~~l~eopllorl~ides were lligh: tllosc for 
the pheopllorbides were proportionately nmcll lligller tllan for tile cllloro~~ll~~lls. 
Further observations on this subject will l)e lxesentcd later in this report. 

VII pheophorbld 

:: bhl.oroph.yll 

mt - 
ide _a_,; 

An esample of the separation of pl~eopliytins, cliloropliylls, pileopllorbides and 
clhropl~yllides under the conditions listed above is shown in Fig. z. Presented is a 
black and white photograph of a Polncolor print of a cl~ronm.togrmn illuminated b> 
UV. This indicates the appearance of the clummatoplnte.. at IO rnin after development. 
Color fidelity of zones as pl~otograpl~cd in Polacolor was good. 

Fading of pigment zones on this plate-coating following cl~romatoplate develop- 
ment occurred rapidly for the chlorophyllides (15-30 min) and cl~loropl~yll b (3040 
min) ; slowly for chlorophyll n (3-10 11) ; and nearly imperceptively for plleophytins 
and pheophorbides. The color change is from that which is chacteristic for a given 

’ IrRp = 100 x Rp(rcf. r3). 
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pigment as listed above to light gray to colorless. Recently-developed zones of all 
fluorescing pigments were seen under UV at about one tenth the concentration re- 
quired for visualization by reflected or transmitted white light. As the pigment zones 
visibly faded, they changed in color when viewed under UV from. red to pink to blue- 
white to invisible12, but these zones were seen for n much longer time under UV than 
under white light. 

Under tile conditions indicated in this study, pigment samples approximating 
0.5 nrnole each could be readily seen under transmitted or reflected white light. It WIS 
found desirable to make a single application of a suitable concentratccl sample (a 
5-$ sample) concentration 75-100 ,mmles per 1). Repeated application of undesirably 
dilute solutions resulted in formation of distorted developed pigment zones. 

RESULTS 

\Vl.!cn applied in verification of the purity of solutions of cl~loropl~ylls cz and 2, 
or mixtures of these pigments which had been repeatedly purified as previously out- 
lined, the cl~ronlato~rapllic techniques described abovc yielded clwonmtograms indi- 
cating that tile purified solutions were impure. The impurity became apparent tlwough 
the presence of rnultiplc bands of chlorophylls cz and b. Such multiple banding did not 
occur in the cl~romatograpl~ing of total extracts (unpurified). Evidence of the sus- 
ccptil~ilit~~ of a purified solution of cllloropll~Oll G or b to form a spurious double band 
wllen cllrc~mnto~~npl~ecl by partition as described is presented in Table I. 

The data of Table 1 indicate that the samples of purified clhxopllylls n and b were 
impure, clue to tile presence of compounds we will call “altered”’ chlorophyll n and b. 

C~I,\IihC’~l~l~I%,\TION OF CIII<OJIATOCRAAI 01’ PIGMISNT S..\bll’I.ES SIZPAIZATED ON OIL-IMPI~l3GNhTJ3D 

I<1 IfS15LCiLrI-II< G. 

I;aycr: Kicsclyuhr C;, imprcgnntctl with pcniiut oil in isooctanr? ( 1-t ‘:& v/v) ; wOlvCnt: m!tllullol- 
acctonc-\v:rtcr (a0 :-t : 3) snturatctl u-it11 peanut oil, I0 crll 1’1111 011 inlprcgnatcf.1 iLlW~; piynwnts : 
leaf cstrnct and cl~lorophylls n m1c1 b rcspccti~*cly from this cstract following purilication on sugar 
coli~wi, appliccl on non-itnprcjiniltctl a+rca ; ~?~>~3Cil.I%llCC obscrvntions : ilillllcdii~tcly following plate 
clcvclopllY cnt , 

_-_- 

Snrrr/>lc II Ii?p .*I pfx~01’11~11cc irr Idrrrlitv 

VlllllCS rolbitr light 

LC:lf CStKlCt ‘2 I s 5.‘OllOW Lutcin 
I I Yellow-green Chloropl~yll 6 

5 J3luc-green (:hlorophyll n 
0 Yellow lint Carotcncs 

Purifictl chlorophyll n IO 13luc-green “Altcrccl” 
chlorophyll n 

5 Rluc-green Chlorophvll a 
0 Faint gray Phcopliytk~ a 

lint (tIXCC) 

Purificcl chlorophyll b 21 Yellow-gram “Altcrctl” 
chloropliyll h 

II Yellow-grecii Chlorophyll b 

l No observations were maclc rclrttivc to the nature of “altc1ccl” chlorophyll d and b other 
than the zone color when viowcd unclcr white light and the IrlZp vnlucs of this pigmcnt, as compared 
with corresponding unaltcrcd pigments. 
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Tlx “altered” clilorol~l~~-11 cz ~2s blue-, flrecii in color Lvitll an lrl2~ value virtually tllat 
of cl~loropl~~~ll b. Similarly, tile “ altered” cl~loropl~yll 0, rvith a decidedly larger /11+ 
value t.1la.n that for cllloropllyll 0, \vas tile same color as cl~loropllyll b wllen evaluated 
visually by means of white light. 

In an attempt to determine the conditions under wllich tile “altered” cllloro- 
ph>*lls cl and ZJ were formed, and prompted by tile use of sugar-coated plates by 
COLJIAS AXI:, vIsHxI;\c~lJ . an investigation was made of oil-inlprc!gnaCe(1~tecl cllromnto- 
plates coated with powde’red sugar, ratller tllan fvitli Iiieselgulir 6. The pigments 
applied and tile tcclu~iclucs of pigment application and plate dcvclopmcnt fvere the 
same as for tile Kicselguhr G cllromatoplate which yielded the cllrc.,nlatogrnnl cle- 
scribed in Table I. Information obtained through the use of tllc oil-irnpregnatcc, 
sugar-coated plate is presented in Table II*. 

LCiLC UStraCt 

i~urifictl cliloropliyll n 
Puriliccl cliloropliyll b 

30 

‘-I 
s 
C) 

s 

‘5 

Lutciti 
Cl~loropliyll 6 
Cllloropllyll n 
Cwotcncs 
Cliloropl~yll a 
Cliloropliyll b 

In the record in Tables I and II for the sample designatecl leaf extract, recogni- 
tion is given to the carotenes which appeared at the oil line, IlRn = o, and to a santho- 
phyll, presumably lutein, which eshibited an 1r.X~ value of 28. Generally, in total 
pigment estkacts of green plant tissue there were seen three additional santlq~l~ylls 
separating above the one presumed to be lutein. Such pigments were usually rather 
weakly colored zones which faded rapidly, especially on a Kieselguhr G plate follow- 
ing development. 

The data in Tables I and II provide evidence that the plate-coating was the 
factor in the formation of spurious second or multiple bands in the cliromatograpliic 
checks on purity of purified chlorophyll n and b. From such evidence, it appeared that 
some component(s) in the total pigment extract protected against “altered” chloro- 
phyll formation in this sample when cllromatographed on a Kieselguhr G-coated plate. 
Such component(s), possibly carotenoid in nature, was (or were) removed during the 

l Oil-imprcgnatccl, sugar-coatccl plates yicldccl pigment zows which wcrc slightly lurgcr, 
more cliffusc than with similnr Kicsclyuhr G plates. Agitation of tlw solvent during clcvclopn~cnt 
sl~oultl be avoiclccl to prevent loss of tlm inimcrsccl portion of sugar-coating from tlzc plate. Dcvcl- 
opnicnt proccecls satisfactorily in spite of such loss, but tnorc slowly. 
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cliromatogrnpl~ic steps entailed in the separation of pure cliloropl~ylls a and b on 

powdered sugar columns. 
It was recognized during this investigation that little or no “altered” cllloropllyll 

formation occurred on Kieselgullr G plates in a sample of purified cl~loropllyll R: and/ 
or b, for which the delay betcveen pigment application and plate clevelopn~ent was 
negligible. This observation suggested that the “altered” ciiloropl~yll formation occur- 
red as the result of pigment oxidation; that it was time-related; and that it probably 
occurred during the period the pigment was in contact with the Kieselguhr G coating 
of the non-oil-impregnated portion of the plate-coating. Accordingly, the use of all 

antiosidant which would esert protective action during the period of pigment appli- 
cation and early plate development was indicated. 

Tests Fvere made of the effect of adding small amounts (about 500 p,p.m,) 
of butylated hydrosytoluene (BHT) and htylated hydrosyanisole (13HA) to solu- 
tions of pigments to be cllromatograpllcd on oil-impregnated layers of Kicselguhr G, 
Kieselguhr G-Silica Gel G (misture 3 : 2) or powdered sugar. These tests demonstrated 
the effectiveness of these antioxidants in the prevention of the formation of “altered” 
cl~loropl~yll n and b by the inorganic plate coatings mentioned, Sl~own as an esample 
of such evidence is Fig. 2. 

I;ig. 2. Thin-ltqycr chronintogranl cf cl~loropl~yll solutions to which ~llti0Sirli~ilt (131-Z’I.‘, 500 p.p.n~.) 
hncl nntl had xiot been aclclccl. Lsycr: Kicscljiuhr G, imprc~nstccl with pwnut oil in iWOCtiLllC 

(14 oA v/v) ; solvent: mcthatlol-ncctonc-~vatcr (20 : 4 :s) S~~tUIXtCCl with pcnnut Oil, run To cm on 
ixnprcgnntccl a.rCib; pifinieiit: SiClllplc (n) pUrificc1 clilOropl~yll (c \vitliout HI-IT, Si~lll~lC lb) is saniplu 
(a) with UH’J.‘, (500 p.p,n:,), smlplc (c) niisturc purificcl chlorophyll n. b without l3H’r, sarnplc 
(cl) 8s saiirplc (c) with 13J-U (500 p.p,m,). 
Itlcntity am1 color of scparatcrl pignmnt zones (zones in ~wxmtling order) : (a) trncc phcophytins - 
gray, chlorophyll n - blue-jirccn, ” nltcrcd” chlorophvll n 
gray, cl~loropl~yll n 

- blue-green; (lo) trncc plicophytin - 
- blue-green; (c) trncc phcophytiil - fimy, cliloropl~yll n - blue-jirccn, niis- 

ture ” dterccl” chlorophyll n + chlorophyll 6 - 
cliloropl~yll 6 - yellow-green; (cl) chloropl~yll 

blue-green lower -I- yellow-jirccn uppci, ” nltcrctl” 

visunlizntion ancl rccorcling; see Fig. I. 
n - blue-qcen, chlorophyll b - ycllaw-jirccn; 

The antioxidant BHT was considered to be more satisfactory than BHA. A 
study of minim.al amounts of BHT to be employed indicated the necessity for concen- 
trations of IOO and 20 p,p.m. for protection of chloropl~ylls n and b, respectively. 
Routinely, BHT in diethyl ether (150 mg/Ioo ml) was added to a working volume of 
the sample for spotting at the rate of 0.1 ml per I ml. It was found to be desirable to 
remake the antiosidant after about 30 days. 

Sc$avation com?itiom 

A study was made of the influence of 

J. Clwontalogr., 70 (1972) Y7-98 

aging of oil-impregnated Kieselguhr G 



TLC 1I)ENTIFICATLON OF CHLOROPHYLLS AIGD DERIVATIVES 93 

APPRO.XIMhTE /cRF VALUES OF I’UIZIFIED PIGXIENTS 

Influence of aging of oil-clippcd plates stored nt room tcmpcmturcs in cabinet not tightly closed. 
Layer: Kicselguhr G, imprcgnatccl with pcnnut oil in isooctanc (I..+ o/Gv/v), solvent: mcthanol- 
acctonc-water (20: 4: 3) snturntcd with pcanut oil, run IO cm on imprcgnatcd area; pigment : 
puriliccl pigments containing 100 p.p.m. antiosiclslnt (BI-IT) applied on non-imprcgnntccl arca; 
color observation : immccliatcly following plntc clcvclopmcnt. 

PigrJJ.c JZ~ COlOV .4&V’ .i,Jl dnys 

(zvlrilc &?ll) 
3 10 ZS 4.5 17 

Phcopliytin n 13laclc 0 0 0 0 2 
Phcophytin b HIYowl 0 0 0 0 2 

Chlorophyll a 13luc-green 7 4 5 5 (I ,. 
Chlorophyll ZI Yellow-green 9 
Pheophorbiclc n Gray J:: d 

:I 
3: J: 

I I 

Pheophorbiclc b Yellow-green 79 
34 

:; 
Chlorophylliclc n Blue-green 93 90 ;3: 54 7s 

plates in the separation and identification of seven pigments, namely: cl~lorophylls 
n, b, pheophytins ~1, b, pheophorbides n, b and chlorophyllide n. The observations, 
recorded in Table III, were made immediately after chromatoplate development. 

The data of Table III indicate that the aging of chromatoplates impregnated 
with an isooctane solution of peanut oil is responsible for marked change of lzRp values 
of the pigments listed, especially those of the pheophorbides. They further indicate 
that dipped plates stored at room temperature in cabinets without special treatment 
exhibit only relatively small changes from the tenth through the forty-fifth day. 
Such aging is considered to be due largely to solvent volatilization. It was also ob- 
served that freshly-dipped plates might be used without delay if subjected to oven- 
drying at 100’ for a period of about Go min. 

Table III demonstrates that by the procedure outlined the four groups of 
purified pigments, namely the pheophytins, chlorophylls, pheophorbides and chloro- 
phyllides, can be clearly separated and further, that the chlorophylls may not only 
be isolated from other groups but that they can be separated from each other. The 
pheophorbide n and B zones, though they appear to overlap according to the values 
shown in the table, actually are nearly separated and exhibit distinctly different colors 
when viewed either under white light or on UV. 

Separation of the chlorophyllides sufficient for identification was accomplished, 
utilizing oil-dipped, sugar-coated plates developed with methanol-acetone-water 
(20:4: 6). Chromatography was terminated when the front had ascended the impreg- 
nated area only about 5 cm, in order to retain clear definition of the chlorophyllide 
zones, Evidence of the effectiveness of this procedure is presented in Fig. 3. The 
difference in color of the zones for chlorophyllides n and b is a distinguishing feature 
whether the plate ke viewed under light or UV. As shown in Fig, 3, the procedure 
described provides an exceptionally distinct separation and identification of the 
pheophorbides. The chlorophylls, pheophytins, carotenes and possibly some other 
pigments would all be components of the band at the oil line (sample (a) in Fig, 3) 
when developing solvent methanol-acetone-water (20 :4: 6) would be used with an 
oil-impregnated plate. 
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With mixtures of pheophytins a and b, very good results in pigment separation 
were obtained using the Kicselguhr G plate prepared as indicated, but developed 
with a solution of methanol-acetone (20: 4 : 0), where o indicates the absence of water, 
Although the distance between the bands by such separation of the phcophytins 
was relativr,ly small, the zones were sharp lines and the color when viewed by trans- 
mitted white light provided identification. Pheophytin a is gray or black an_d pheo- 
pliytin b is brown. 

Pig. 3. Thin-layer chronmtogran~ of chlorophylls, cl~lorophyllicles and plmoplmrbiclcs by rcvcrsccl- 
phase partition. Layer: powclerccl sugar, imprcgnatccl ivitli peanut oil in isooctanc (~q.% v/v) ; 

solvent : methanol-ncctonc-water (20 : 4 :G) snturatccl u-it11 peanut oil, run about 4 cm on imprcg- 
natal arca; snmplcs: (a) misturc chlorophylls a ant1 b, (b) c1~1oropl~y1l.iclc n, (c) chlorophylliclc 
I, (cl) misturc phcophorbiclcs n, 6; pigmmt zone iclcntity and color: (a) chlorophylls a mcl b - 
green ; (b) chlorophylliclc a - blue-green ; (c) cl~lorop1iyl1iclc L! - yellow-green; (cl) lower, phco- 
phorbiclc a - gray; upper, phcophorbiclc b -- yellow-gpxn; \*isunli~i~tioll ant1 rccorcliiig: see Fig, I. 

In the presentation thus far, such consideration as has been given to pigment 
change encountered during pigment preparation, purification and separation has been 
relative to formation of “e Jtered” chlorophylls during TLC. There are other sources 
of pigment alteration occurring during pigment extraction and storage which may be 
responsible for the presence of a number of zones on the developed plate to hinder or 
prevent proper interpretation of the chromatogram. One such alteration is the for- 
mation of methyl or ethyl esters of the pheophorbides or chlorophyllides, occurring 
during the estraction of pigment from cl~loropl~yllase-rich tissues with an extractant 
composed, in part, of methyl or ethyl alcohol, respectively lr,. Instruction for the use of 
such estractants has been provided by a number of investigators, as cited by STRAIN 

AND sVIX1o. 

A check into the occurrence of such impurities in pigment extracts has been 
conducted in this study only for the purpose of separation and identification. Pigment 
extracts containing free chlorophyllides, methyl chlorophyllides, free pheophorbides, 
chlorophylls and pheophytins in varying relative quantities were prepared by the 
following procedure. Samples (25 g) of freshly harvested Aihtthcs altissimt leaves 
were placed in flasks and covered with a specified extractant mixture. Each mixture 
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contained, in addition to 30 ml of I 5 l/o ammonium acetate, to mnintain a 1~1-I of 
(I&7 .o, one of tllc following solvents, namely: (I) 200 ml acetone, (2) 200 ml metllanol 
and (3) zoo ml acetone + 20 ml metllanol. The estractnnt-covered leaves were licld in 
tile dark at room temperature for 16 11, after wllicll the solutions were decantccl and 
the pigments were transferred to dietllyl ctllerby conventiona. mctl~ocls.‘IY~c pigments 
separated on oil-impregnated Kieselgullr G, as is sllo\vn in Fig. 4, ‘It will lx smn that 
under tile conditions of tllis test tile methyl cl~loropl~yllicles were formed in rclntivcl>* 
large amounts in samples (II) and (c), wllicll contained metllanol nncl, further, tllat in 
sample (1~) a considerable portion of cl~loropllyll n was converted also to rnctlyl 
pheopllorbide CI. The identity of methJ*l cl~loropl~~llicles CI: and /I and tile mctllyl 
pheopllorbides n and b was indicatecl by the color of tile respective zones \vllen 
viewed by transmitted and reflectecl wllite ligllt. Confirmation of tllc idcntit>V was 
made by acicl-treatment of samples (a), (1,) and (c), tllereby converting the various 
cllloropl~yllides to tlleir respective plleopllorbicles, Tile II&T vnlucs for tlk acid-treated 
pigments were respectively, 13 and 15 for methyl plleopllorl>idcs n and 1); and 3S and 
47 for plleopllorbicles CI and b, Substituting ethyl :)r a-propyl nlcol~ol for mctllanc~l in 
experiments similar to that reported above yielded pigment estrxts the cllromato- 
grams of wllicll closely resembled l:ig, + From the data presentcd, it was apparent 

PllRment Zone 

ehlorophyllAde~ 
:. 2, + ,b (mixture)' 
: 
;:. . aiethrl chlopoDh.+ll 

I 
., ‘, 

’ _v 
.:,‘,, . 

.“i 

;‘; .: ;methyl~ pheophorbid 

_ oil line _ 

tide h ” 

‘86 

.‘. : 72 

i’ 59 
‘..a . 

‘. I.3 
i 
! 

Color 

blue-green 

yellow-green 

blue-green 1 

gray 

,a b, o. 

Fig. 4, Thin-layer chronxdograrn of the chloropl~ylliclcs, methyl chlorophylliclcs, phcophorbiclcs 
and methyl phcophorbiclcs ‘,by revcrsccl-phase partition. Lrtycr : Kicsclguhr G, iinprcgnadccl with 
pcz~.ii,ut oil in isooctme (14 y0 v/v) ; solvent : lllctlranol-acctoiie-wntcr (20 : 4 :3) saturatccl with 
peanut oil, run 5.5 cm on inipregiintccl arca ; srunplcs : reaction proclucts of clilorophyllnsc-con- 
taining leaf sainplcs incubatccl with following extractnnts : (a) xetonc + water; (b) methyl 
~lcoliol + wster; nncl (c) rrcetonc -/- nlcthyl alcol~ol + wder (BHT, 100 pp,ni. ~rclclccl to all 
snniplcs) . 
Iclcntity of scparatecl pigincnt zones (zones in nsccncling orclcr) : (a) pl~copl~orl~iclc a, misturc 
chlorophyllidcs a, b; (b) trace cl~lorol~l~yll 0, methyl phcophorbiclc a, phcophorbiclc a, methyl 
chlorophylliclc n, nwthyl chlorophylliclc b, tract chlorol~l~ylliclcs: (c) phcophorbiclc a, tract pheo- 
phorbiclc 21, tncthyl chlorophylliclc a, methyl chlorophylliclc b, mixture chlorophylliclcs a, b; 
visunliantion ~1x1 rccorcling: see l?ig, I. 
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that the problem of chlorophyll derivative identiiication is. unnecessarily complicated 
by the use of alcohol-containing solvents in cliloroplczst pigment extraction. 

Oxidative change of chloropl~ylls in organic solvents occurs as the result of 
uptake of oxygen by the pigments during extraction and storage. Such change has 
been termed allomerization 1’. The rate of allomerization may be accelerated by cxpo- 
sure of the estracts to osidative enzymes, methanol, alkaline medial6 or to certain 
saltsle. Allomerized cllloroplrylls are similar in appearance to the pigments from which 
they are derived, they give a negative phase test” and are slightly more strongly 
adsorbed than their precursor@. 

Attention to allomerized or osidized chlorophylls in this study has been limited 
to their recognition, primarily by means of simultaneous chromatography with refer- 
ence standards. Following practices demonstrated to be effective for avoidance of the 
formation ef “altered” cl~loropl~ylls n and b during TLC by the method under investi- 
gation, it was repeatedly found that solutions which gave a negative phase test yielded 
atypical pigment zones. A pure pigment which gave a strong positive phase test would 
yield a single characteristically shaped band or spot, while a solution of the same 
pigment which gave a negative phase test would yield two or more bands or spots. 

Presented in Fig. 5 are chromatograms of allomerized and non-allomerized 
cl~loropl~ylls n and b and details of sample treatments. Non-allomerized pigments 
giving strong positive phase tests were used as references; pigments presumed to be 
allomerized gave negative or only weakly positive tests. The antioxidant BHT was 
added to all samples before spotting. 

a b C d e 

Sugar Kieselguhr G 
I-+ A 3 1 c B +I 

Fig. 5. Thin-lsycr chromatograms of aiiomcrizod nnd non-nllomcrizccl chlorophylls a ancl b by 
rcvcrscd phzsc pttrtition., Layer : A, sugnr, 13, I<icsclguhr G; peanut oil-impregm\tccl in isooctane 
t 14 o/0 v/v) ; solvent : methnnol-acctonc-water (20 : 4 : 3)) run z 0 cm on imprcgnntcd nroa; sample 
details: (a) non-nllomerizccl chlorophyll a rcfcrencc, phase test strotqly (+), (b) 10 1nl snmplc 
(a) in 50% a.cctonc + 26 M.&I,* zI-I,0 rafter stsncling 16 h a.t 26 ‘, phnsc test weakly ( +), (c) chloro- 
phyll a, phase test wcalcly (+) , (cl) non-allomcrizccl cl~loroplzyll b, rcfcrcnce phnso test strongly 
(+), (c) Allomerizcd chlorophyll b, phase test t -) (BHT, 100 p.p,ni. aclclccl to all ssmplos). Iclcntity 
nnd color of scparatcd pijimcnt zones (zones in nsccncling order) :(a) tract phcophytin a, non-nllo- 
mcrizccl chlcrophyll a - Llwc-green; (b) tract phcopliytin a, non-allomcrizccl chlorophyll a - 
blue green, allomcrizcd chlorophyll Q -- blue-jirccn ; (c) tract phcophytin a, non-alloilrerizecl 
chlorophyll a - blue-jirccn, allomerizad chlorophyll a - blue-firecn ; (cl) non-allomoriaccl chloro- 
phyll f!J - yellow-green ; (c) non-rcllomcrizccl chlorophyll b - yellow-green, allomorizocl chlorophyll 
b - yellow-green, allomerizccl chlorophyll b - yellow-green ; visualization ancl recording : se0 
Fig. 1. 
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DISCUSSIOLV 

Among the derivatives identified in detailed studies on adsorption chromato- 
graphic separation of chlorophylls were pigments from allomerized chloropllylls 
designated as osidized chlorophylls by STRAINS” and as “changed” chlorophylls by 
BACON AND HOLDEN~D. STRAIN reported that osidized chlorophylls n and b were each 
more strongly adsorbed than their non-allomerized counterparts when chromato- 
graphed 0x1 a sugar column developed with the customary mixtures of petroleum 
ether containing acetone or alcohol. 13.4~0~ AND Hor.u~ similarly found that their 
“cl~angccl” cl~lorol~l~~~lls a-r, n-2, b-x and b-2 wllicll yielded negative phase tests were 
more strongly adsorbed on cellulose thin-layers than tile corresponding phase test- 
positive components. They showed that “changed” cl~loropl~yll n-1 clwomatographed 
mid-way between the bands for chlorophylls n and ZJ and that “cllanged” chloropllyll 
n-2 overlapped chlorophyll b. The data reportecl in this stucly in Fig. 5 are seen to be 
in general agreement with the observation cited by STRAIN and by 13ACON AND 

HOLDEN. The band corresponding to “changed” chlorophyll cz-I was not seen in these 
studies. 

BACOh’““, in a discussion of artifacts from the cllromatography of chlorophylls, 
has shown that cl~loropl~ylls n and b can be estensively altered during TLC separation 
on inorganic plate-coatings such as Silica Gel G, Kieselguhr G and Celite 545 (,Johns- 
Manville). He concluded that the alteration was caused by the adsorbent ; that it 
was an oxidation product and that probably most of the conversion occurred “when 
the pigments were spread out . . . . separated from any protective substances in the 
sample”. He pointed to the similarity of these artifacts to tile “changed” chlorophylls 
n-1, n-2, n-3 and “changed” chlorophylls b-r, b-,, 3 and b-3 of BACON AND HOLDEN~“. 

In the chromatograms of Fig. 5, the relationship between the principal band and 
the extra band for either chlorophyll n or b when evaluated by the appearance and 
location is very similar to such relationship between a given principal blind and the 
corresponding “altered” cl~lloropl~yll band in chrornatograms discussed earlier 
(Table I and I;ig. 2). Such comparison suggests that from a specified pure pigment 
the so-called “altered” clzloropl~yll and the pigment from the allomerized cl~loropl~yll 
are the same or are very similar products, In acldition, it was concluded from data 
presented here with oil-impregnated plates tllat the extra band representing “altered” 
chlorophyll was an artifact but that the extra band from allomerized clllorophyll 
was indicative of the presence of an impurity (an allomerizcd product) in the solution 
at the time of application. 
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