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REVIEW 

PAPER CHROMATOGRAPHY OF CHLOROPLAST PIGMENTS 

I~slifac/e of Biology, Czecl~oslovaf~ Acadew~y of Science, Pvaga~c (Czechosloval&z) 

The classical method of cl~romatogral~l~y of chlorophylls and carotenoids on an ad- 
sorbent column is somewhat time-consuming and is more suitable for separating 
larger quantities of pigments. Therefore many authors have tried to develop a simpler 
method of separating these substances on paper. With the methods that have been 
described in tile literature it is possible to analyse quantities of pigments of the order 
of IO-” g. In recent years various modifications of these methods have been described 
and they have been used on a larger scale than before (more than 50 articles since 
1952). Some of these articles have been reviewed in three communicationsl”, 379 5s. In 
this paper we are attempting to give a more complete list of articles on paper chromatog- 
raphy of plasticl. pigments. Modifications of the methods that have been described in 
the literature are summarized in Tables I-V. 

OLDER PUIXLICATIONS 

The first time a separation of plastid pigments on paper was mentioned, was in IgoG. 
At that time the founder of chromatography, M. TSWETTOO, described a separation of 
pigments from an aqueous alcohol solution by capillary analysis. As a result he 
obtained five zones most of which were close together. At the bottom of the paper 
strip a zone containing a mixture of all the pigments was founcl, then came the 
following zones, in ascending order: carotenes, chlorophylls, santhophylls. Capillary 
analysis, from a mixture of ethyl ether and 96% ethanol (I : I to I : 2), was also used 

by I<YI.IN~‘* for the detection of carotene, santhophyll, phyllorhodin, fucosanthin and 
chlorophyll in saponified estracts of higher plants and brown algae. 

BROWNIE esperimented with the circular chromatographic method on blotting 
paper. The paper, 15 x 15 cm (untreated or impregnated with aluminium hydroxide), 
was sandwiched between two glass plates. The solution of pigments in carbon disulfide 
was placed on the paper through a G mm hole at the centre of the upper plate. The 
chromatogram was developed by adding the pure solvent drop by drop, 

STRMN (ref. 5S, p. 77) briefly mentioned the separation of pigments on paper by 
developing with aqueous ethanol. The possibility of separating pigments on wide 
sheets of paper or on cylinders of paper was proposed by ARONOIW (ref. 3, p. 55; see3Vj,, 

the chromatograms being developed repeatedly with petroleum ether. 

EVOLUTION OF THE hIETHOD SINCE 1952 

&lthough MARKUS and ASAMI reported their experiments with paper chromatography 

of plastid pigments at two scientific meetings as early as 1951, and although AS.IMI 
_ 



published a short article in Japanese in tlx same year I, the nletllocl did not begin to 
develop favourably until 1952. At that time jive inclepenclent groups 01 scientists 
publishecl their papers dealing with this method. These communications carne 1 roni 
&LUE:R~ in Germany, ~‘&<RKus~~ in Hungary, A.s:\~zI~ in Japan, ancl from two French 
teams specially working on the separations of carotenoicls, GRANGAUJ) AND GAR~IA~:~~ 2.1 

ELlld SPI-I-ISRI AND NUNBZ”‘. The nicthods of these authors have been nioclifecl by luany 
further workers. One- and two-clin7ensioiial techniclues in asccncling, descending and 
circular arrangcnients have been described. Different commercial brands and different 
types of paper have been used, sometimes after a preliminary treatnient, such as 
drying, w&king or impregnation. The chromatograms have been developed with 
polar and nonpolar organic solx’ents or their mixtures. In some esperiments the 
atmosphere in the chromatograph chamber was specially prepared, e.g. by saturation 
with water vapour or vapours of petroleum ether; in some cases the chamber was 
filled with an inert gas (c.g. nitrogen). Cliromatograms have been developed at lnbor- 
atory temperature or at a somewhat louver temperature. A survey of the nlethocls that 
have been clescribecl in the literature is presented in Tables I to V. The developing 
solvents and mistures examined, the types of paper used, the techniques of placing 
the estract on paper, the conditions of development (atmosphere, temperature, time 
of clevelopment) and plant material used are summed up in these tnblcs. Satisfactory 
cleveloping solvents are printed in bold fact; the relative quantity of each solvent in 
the mistures is given in parts by volume. 

Communications clescribing the use of the methocl of J~.~uIsI$, with or without 
slight modifications, are summarized in Table I. Good results have been obtained 
especially on clevel.oping with the mixture petrol-petroleum ether-acetone (10: 2.5 : 2), 
in which petrol is sometimes replaced by lxmxene. 1’11~ methods of Japanese authors 
(Table II), who usecl the Japanese paper Toyo No. 50 and developing nlistures con- 
taining toluene, occupy a somewhat esceptional position, since the quality of paper 
can influence the partition in a. rather signilicant manner. Methods in which other 
clevelopers than those derived from P,..\u JXX’S* misture ancl other papers than Toyo 

paper were used, are summed up in Table III. The remarkable article by M.~~RI~us~~~, 
in which the influence of various clevelopers and varions types of paper on the separa- 
tion of pigments has been carefully esamined, has rarely been cited. A specially 
arranged evacuated chamber and clevclolxnent kvitll a five-component solvent mixture 
have been described by HACER~~~ 28. 

In Tables I-III a survey of methods based on the main principles of adsorption 
is presented. In Table IV a summary is given of niethocls, which, nccorcling to their 
originators, are basecl on the principles of partition chronlatography~~~ ~(~vJB. D~LJIN~“+~~ 
developed llis chron~atograms on paper moistened with water. He placccl a perforatecl 
glass cylinder in the development chamber to ensure contact of the solvent (100% 
nietlianol) with water vapour. SISXCHI, A’IICEII ;\NL) RN I 3 ‘Is usecl the circular devclop- 
nieiit technicluc. Methods based on the principle of the so-called “reversecl-phase 
chroniatograpliy” may also be founcl in Table IV. In this technique paper is inipreg- 
nated with a nonpolar substance (triglycerides, vawline, etc.), a strongly polar solvent 

_7?c/c/*orci*s fi. 307/30X. 
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being used as developer. The sequence of spots is approsimately the reverse of that 
obtained with the usual type of paper chromatography, where at least small amounts 
of water (polar component) are held. on the paper. The “reversed-phase” technique has 
been used by %?11’ERI ~~13 ~UNEZ”~ and STR.~X~~‘, aid NUNI& (See Table 1’) has 

resolved carotenoicls by this metllod. STRAIN 59 has tested clifferent technicltles of 
preliminary preparation of cellulose paper and glass paper, as well. as different types 
of separation (a-cl in Table IV), 

Data of the separation of only carotenoids Irom estracts have been collectecl in 
Table V. 

RESULTS OF THIS CI-IROMhl’OC;R:\I’~IIC SEP;\RA’I-ION 

Escept in the case of “revcrsccl phase” chromatography, the pigments are resol\*ecl 
with cliffercnt solvents on one-climensional cliromatograms in the following general 
orcler (beginning from the starting point) : clilorophyll b-clilorol~l~yll a-pheophytins- 
carotenes. The greatest difficulties are caused by santhophylls, which sometimes form 
one spot, while in other developing solvents several spots may arise (lutein-viola- 
santhin-neosantliin ancl others). These spots lie in front o.f, between, or behind the 
spots of chloropliylls, often overlapping them, ancl thus interfering with the isolation 
of microquantities of pigments. The “RF” values* of carotenoicls clepencl on the number 
of oxygen atoms in their molecules: carotenoicls containing fewer atoms of osygen 
(less polar con~pou~~cls) possess a great cr ’ ‘RF” ,value5L1. Carotenes (without oxygen) 
run immediately behind the solvent front, followed by santhophylls with two osygen 
atoms in their molecules (e .s. lutein, aeasanthin) ; the spot(s) of santhophyll-cposide(s) 
with four oxygen atoms (violasanthin, neosanthin, etc.) has (have) the smallest “RF”. 
Up to the present no successful developer has been found for resolving the carotene 
spot into cc- and ,&carotcnc. The pheq3liytins form one or two spots (phcopliytin 13 
and phcophytin a). Some authorPg28~ 6B* 5*J 1 iave succeeded in separating plieol~liorl~icles 
as one or two spots. Chloropl~yllicles and similar hydrophilic compounds do not run 
with the solvent but remain at the starting pointG+8t ziy 21(y*10v 53* s.‘. 170ur\ssIN1~‘~ 20 sep- 
aratecl %n- and Cu-derivatives of chlorophyll and founcl that chlorol~l~ylls in which 
Mg Lvas replaced by %n movecl quite similarly to normal chlorophylls a and b, whereas 
cl~loropl~ylls with Cu instead. of Mg had “I?~” values similar to pheophytins. Double 
spots of chloropl~ylls have been observed on some chroInatogrartls~,,lU~ Bi. ‘I’lloy have 
usually been regarcled as isomers - chlorophylls a’ and b’, originating during the 
preparation of the estract or dtiring the process of paper chromatographic scpnration. 
A colourless spot fluorescing in U.V. light has also been observeti3G~*19. 

For better resolution of some pigments, two-climensional chromatography has 
sometimes been useclsv 3”~ SD, ‘15. H owever. this technique is slower than one-dimensional 
chromatography, and is therefore not favourable for the unstable plant pigments. 

Using ’ ‘reversecl-phase” chromatography the sequence of pigment spots is 

l I, RI.." in this p~pcr inclicntcs only the approsimatc positioll of the spots 011 tlic paper, no 
clcfhite valucas is the case in the chromatogrnph~~ 01: amino acicls arid other co~i~pouncls. Tllcrcforc 
qvotatiox1 marks arc used. 

ItefcrY!lrccs p. 3”7/3OY. 
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Schl. Csz SClliill 2043 b 
(strips I u-r5 cm long) 

clricd at 105~ 

2 

SJRONVAL”2*G”f 5“, 1953, I 

1954, .’ 957 

GUNJ)EI?SEN ,\ND 171iIJ3S20, 

19_jG 

GAGJ~ hNJ> I\IPON01”1’2’1, rC~56 I 

Schl. a! %11ii112043 b 
(JO X JO ‘Xl) 

\VIlatmnll No. I (45 x 5 cm) 

\Vlmtman No. 4 

Wlmtman No, 1 (strip 
50-70 cm 

c!! sclliill 2230 

Sclil. C! Scliiill 539 

Sclil. c!! Schiill 2043 bhI 
(Is X JY Cm) 
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METHOD OF 13AUERB (Tg_j2) 

.- .__-_-. 

a piccc of plant tissllc 
is ~quc~zed 011 the 
starting point 

acetone cstract 

ct11y1 ct11cr estract 

ethyl ct11cr 01’ nccto11c 
EhX.Ct: 

acctonc 

n~onochlorobcnzcnc 
tolucnc 
petrol-PE-Ac (10 : 2.5 : 2) 
petrol-PE-AC-Me (IO : 2.5 :I : 0.25) 
AC 
pctr01 
PE 
NC! 

1st dim.: petrol-PE-Ac (10:2.5:2) 

zncl dim. : petrol-PE-Ac-Mc 
(10:2.5:1:0.25) 
(in nlistrlrcs 1’15 can lx rcplncccl by 
xiir~nochlo~obcnzcnc or by tolllcnc) 

bcnzcnc-PE-Ac (IO : 2.5 : 2) s. IT.--s. I>. : Lp Cl11 
ntn10sp11crc of PI?3 
-t_ “30 

bcnzcnc-PE-Ac (IO : 2.5 : 2) CllloYellr6 v~l6lgnris 

bcnzcnc-PE-Ac (IO : 2.5 : 2) ~3igmciits in gyttja 

bcnzcnc-PE-Ac (IO : 2.5 : 2) 

bcnzcnc-PE-Ac (IO : 2.5 : 2) atmosphcrc of 1’E 

1st clini. : petrol-PE-Ac (IO: 2.5 : 2) 
2nd dim. : petrol-PE-Ac-Mc 
(10:2.5:x:0.25) 

.4 vabido$sis 

&llc6lianc6 

So jr6 his~idn 

l -I\bbrcviations usccl in Tables I to V : I’.E = pctrolcum ctlicr ; &Cc = nlctllanol ; AC = acctl-) ,I(!. 
l * Satisfactory niisturcs arc printed in bolt1 fact; other nlisturcs that have lxx31 tcstccl ;L~-c 

also given. 
l * l Duration of tlic clcvclopmcnt ; clistancc of sol\.cnt front from tllc starting point (S.F.-5. I’.) ; 

texnpcrat~trc; ntmosphcro in the chnmlxx. 
,m ‘a- ‘y e 

: 



hIETII013S OF 
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r 2 3 4 5 
__-__-.___ _._. -- .^__. --._- .._._. -_ -- --- ----.-_- 

ASAXll”.;, 195’9 ’ 95.5 I A ‘.l.‘O~O liltcr IXkpCr _jO 

( I .1 :.: 3-j Clll) 

1:A:BLE 

I 2 .3 4 5 
._.--~--- -_- -_--__-------- -_-------- -- 

iV~,<RI<US”“, 19.~” .I A Schl. & Scl~iill Goz e.h. p;~pcr Ccluili lwatccl with 
Or (the I’ollo~ving pnpcrs wcw ~~tlllospllcrc of :1cctonc 
I> also tcstcc1: 

I-Iungnrian ImpCr, no l~rancl 
mcntionccl 
SChl. L! SCII. : 595, 597, _j!>S 

Suxxlish Impcr, no Ixancl 
rncntionecl 
RJunktclI 0:U 
Machcrcy-Nngcl 6.[0 D) 
(p~pcr strips 20--2-j Cl11 IOllg) 

‘2 .A. \\‘llatman so. J (23 i: “3 cm) wasliccl with P_lZ and clriccl 

I *\. A. Sclll. & Scliiill 2043 12 
(strip 3 cm \viclc) 
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JAI’ANISSIS AU’TI-IORS 
- -_--_-___-___-___-____-.__--- 

G 
_-.._ . .-. - 

: s (. 
-.- - -__- _. .__ .--- 

MC-AC (3 : I) toluenc 
\ 

nnhyclrous or %‘v!/o/;l$/;r I’i!/Mi?.S 

carbon tctrachloriclc saturated with 
xyl cm I &tax 
?2-l,Lltnllol 

isobutnnol 

I 

allIlyclrolls Cl1 

LEllZCllC! sntaf.iltCcl wit11 \\‘atc1 

chlorofot+tii 
ai\l’c 100 y,, 01’ so ‘,?h 
CthanlJl ,100 ‘;{, Or SO q!h 

~‘llC1lOl so y;., 

CyClollcsmol 

AC 

Iriticlinc 

colliclinc 

pctt-01 (11.~3. +_+60”) 

ctltanol-rz-1~lItatlol (t : I) 
3lc-c!tll~tlc~l (I : I) 
hnzcttc-pctr(,1 (I : t) 

ct11y1 ctt1c1 tolucnc ti tilt : 1.5 to 30 ~l’ri/olilwi. .vcpCll.s 

tolucnc-r)o”~octhanol (zoo: I) ni i tl 

1 MC-*4c (3 : 1) tolucnc-PE (2 : 1) tinlc : .to min C 1 ,yzrr sativcc 
-1_ .I to -b z” 

-- I_----..- --_---_---- -. ---- __-_.__. 

Ill.* 

~IF’rtIot~K a 

6- 
___~_ -_-_ -.------_-.---- __ __.__ _ ___. --- ._._ __.__-.. -______-_-_ 

6 7 8 !, 
--.- --_-_--~-~----._ - _. ._ . . .._. -...-- .._____ - _...._ __ 

acctot1c petrol-Ac-Mc (30 : I : 0.03) time : “-3 I1 .~‘rId11.1L.1!171. I?W- 

PE-AC (20 : I) s. F.--S. I.‘. : pf*rsicrlrlr _ 
I-‘E (11.p. 3p-.to0) 20-2 _j Cl11 .s’pi,lctcicc olemcc~~ 

~ PI<-i\Ic (10: I) zoo 
I’c-AC-toll.lctlc (20 : 1 : 1) attnospltcrc of .L’E 

J.‘I~~-hIc-bctlzetlc (00 : 3 : 1) 
petrol (b.p, 60-70~) 
pcttml-AC (20 : T) 
~~ctt~c~l-cl~loroI’ot~m (20 : t) 
ptrol -ctllyl etlicr (20 : I ) 

b 
]‘Ctt’r~I-~~c-bcnzcnc (‘IO: 3 : 1) 
~‘“tt’oI-~.Tc-bl~tlzcnc (‘IO : 1. : I ) 
~~ctlol-AC--1~-~LtttltlOl (20 : I : 0.3) 

s. I:.-s. I?. : Syi~l llisj~idt6 
1.’ 1-c 1st clittt. : lirst: acctonc I Cl11 

tllctl PI.5 10 cm 
litinlly PE-propanol. (qc,: I) 20 cm 

,211cl rlittt. : PE-chloroform (3 : I) 
s 

IO Cl11 
tititc: I -1_ I. Ii 

/ 
I?12 Iiirst tolucne s. 1.:.--s. I’. : s ct1-t /‘6,6i/::‘:,1L,J!!c:. 

i (xaxC110pl1y11s IlAW tltcn PE-isobutanol (100: 15) Ir~lwr~:*~ 4f&! 

j 

1’ mviously been clutccl tittw : .I _j -+ 3 mi II (c:‘llr?Tq:~ 
with mctltnnol) 

____-._-__-__--- _____- ---__ _-__--- ..- .__ I 
* For ablxcvintions and column ltcatliti& see Tnblc S. (Co2,frl 11.1 /J. 
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~Vhatmnn X0. I (40 cm long) 

Whatman No. J (strip 3 cm 
wvidc) 

Chromatograpliic paper No. 1, 
manufncturcd in U.R.S.S. or 
usual filter paper 
(cylinder from roll 16 x r 6 cm) 

wllatmnll No. I (2 x 2G cm) 

Schl. & Schull 2071 (cylinclcr) 

normal filter paper or paper X0. 
109-71 manufactnrccl by 
Leningrad papa-mill No. 2 

Whatman No. I (25 x 46 cm 
or 0 x 46 cm) 

I 

; 

~Vl~atlllaIl NO. 1 

also) 

impregnated with a so 
sucrose (0.18 g/ml in cli 
water) and driccl at I00 

wnsl~ccl with PE 

dried at :05O 

dried at 50~ 

no special treatment, 01 
natccl with sucrose (0.1 
and dried 



;1cctonc PE 
hcnzenc 

ri-hrsanr-ji -propanol (911.5 : 0.5) 

PE-.lr-benzene (X. j : I : 0.5) 

petrol (b.p. xnn-x_+o )-lwnzrnr- 
chloroform-;\c-isoprclpanol 
(y3:~~:“‘:o_~:o_‘f) 



,. I” ’ 3, -1954 J A-\ MThatmnn 1x0. ‘1. ; Duricus I 47 nloistcnccl with wttcr to loo/b 
(Zj :< 3 cm) \vatcr content (S-4 5”h) 

1 9 5 3 nlctllocl prcssccl fi1tcr paper 

I A ccllulosc papor; Eaton-Dikeman (a) adsorption on the surface of 
301, 0.075 or 0.125 cm thick; the glass or ccllulosc \vithout 
glass ]xLpcr special trcatnlcnt or clriccl nt roo” 

(1)) separation on the surface of a 
fixed liquid : moistcnccl with 
water or with 1 o?& solutions of 
polyiiyclrosy compounds 
(glycerol, sorbitol) in water! or 
moistenccl with glycerol or 
sorbitol in ntctl~nnol, or witli. 
glycerol -i- glycinc + urea, or 

:- glycerol + 1 or;fl;:, 111ct11:11101 

(c) separation hv partition 
between immisdiblc solvents 
sprayed with 70, So or go’~, 
mctlianol ur clipped in thcsc 
solutions and blotted 
(cl) reversed-phase method : 

’ intprcgnatccl with 5% solution of 
vnselinc 

impregnatctl Svitli triglyccricles, 
cllloro- or ~,ronlonaplltllnlcllc 



IV* 
OF l?ARTXTION Cl-IROXIh’~OGRAPI1Y 

CHROLlhTOGRAl’MY 

303 

6 7 s !, 

PE methanol Ioo” 
ctl1nnol 
propanol 
butanol 
moi~ocl~lorobcn~cnc 
chloroform 
benzene 
PE 
carbon clisulficlc 
carbon tetrnchloriclc 
sylcnc 

tinm : 20-30 min CorVx rcwzola 
s. F.-S. I?. : 12-I 5 cm l’ilicc silvestris 
spot distribution rl ~d~~ce~an cycadenc 
not influcncccl by 13qwlcs 
temperature 
within tlic range 
.j_-“O” 

ntlllosphc’c sntu- 

rated with .I-I,0 

petrol-bcllzcllc-hlc 

(9:1:3) 
Hz0 AC 

petrol-Ac (7 : 3) 
Ac-petrol (9 : x) 
bcnzcnc-chloroform (7 : 3) 

ethyl ctlux AC-petrol (CJ : I) 
AC-petrol-H,0 (7 : 3 : I) 

l-I,0 clllorofornl 
bcnzcnc 
petrol 
butanol 
petrol-bcnzcnc sntu- 
ratccl with ethanol (9 : I) 
petrol-lxxmmc (CJ : I ) 
AC-pctd-J-I,0 (7 : 3 : I ) 

a’ I~ctrol-l,cnzcnc-lc 
(y:I:“) 

ethyl cthcr ethanol-l-I,0 (‘i : I) 
nlcol1ol (+ 3 drops of I-ICI) 

ct11y1 acctatc 
I 

clllorofortll. 

yyriclinc lxxlzcnc 

llgroin I butall 

methanol 
ctlianol 
propanol 

I’E (4 FE-propan (994 : 0.5) 

(W ~,~-propanol (99.5 : 0.5) 
2 

h 

(c) LJl3 

(cl) sag:, lllctl~allol 

time : 20--.p inin various grasses 
( I ‘oaccac) 



TABLE 

C~IROMATOGRAPHIC 
. .._---- 

2 3 4 5 
. 

..A,.:...:.\ .,,;‘.sI,GAI~cIA\~:I,?‘~, I _4 \VlliltI~l~Il NO. I (50 X 1-j cm) 
,\_ 

I imprcgnatcd with a misture of 
triglyccridcs (o..pLko/O olive oil in 
hnncne), then driccl at: 
lal.mratory tcmpw-nturc 

. ..- _ -- - __------~ - 

I.l!vc!rsl!cl as follows (beginning from tlic original spot) : carotellcs-clllorol~ll~~ll a- 
~I1l0ro~~l~yl1 l~-lutein-zeasantl~i~~-~~iolasantl~in-~~eosa~itlii~~~~~. 

l’lic scqucncc of spots of cl~lorol~l~ylls and carotenoids on paper is determined lirst of 
xl1 by the conlposition of the developing solvent mixture. The ratio of polar to non- 
Ix)lar solwnts in the misture seems to be of the greatest importance, (Tile solvents 
may lx arran~ecl accorcling to their polarity-hides C : O-see, e.g., PROCHh;;\"".) Ill 

[)ure nonpolar solvents only nonpolar carotenes are separated from the original spot, 
111~ otliw pigments either not moving at all or proceeding rather slowly. In solvent 
mixtures containing just a small quantity of polar solvents, the movenxnt of cliloro- 
1>11ylls;, sa.ntllol~l~ylls and pheophytins becomes greater. The relation between perfect 

qxuxtion ancl the ratio of polar ancl nonpolar solvents is clearly evident, especially 
il I Inis :II-c.c; containing strongly polar solvents (e.g. alcohols) ; by . increasing the 
IW-ccntagc of strongly polar solvent, the “Xp” values of cliloropliylls and santliopl~ylls 
irIcr(yIst.. \\‘ith mistures containing larger qxmtities of strongly polar solvents as well 
! :.>:;I i I ;III i-i’ polar soh7ellts (acetoneS~H, etliano15, butano15) all pigments move with the 
,( :, ‘, I 1. .i: J ,111: and are not separatecl at all. 

I ,“, -iclence for this general statement may be found in the literature: 13 0 ‘a.9 
1) ‘,ITc)Guc~II~** have reportecl that the “RF” of cliloropliyll a is equal to 0.07- 

t’ ., mill development with pure toluene, but with the mixture toluene-95 ‘;L, 

: .I) the “Xp” is 0.47, When using nonpolar petroleum ether only carotenes 
‘, 18, d18 , but santliophylls and clilorol~liylls move with the misturc of 

: iler and benzene (I :3 or I : 2)'15~*'fi, which is further away from the non- 

‘lo table of solvents cited above’)n_ than petroleum ether. Tlie influence of 
polarity of the solvent used is evident from the figure in the paper of 

’ I 1 :‘f’ I “lip” of cliloropliyll a (similar clifferences in “RF” values can be 

.[I’< 1 * ‘7 /.ylY. 
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; Sl3l’ARATION OP CAROTENOIUS 

G 

]3]< . 

7 

ethanol-pyridine SOl~!UW?Z 
, ctl1nnol 2yc0pevsicrwt 

nlcthanol 
propanol 

, pyricline 

! ctlianol-acctonc ( I : 3) benzene-PE (3 : I) 45 min 
benzcnc-PE-gGO/, ethanol (18 : B :I) 

* For abbreviations and column henclings, see Table I. 

‘; 
I 

I 

observed with chlorophyll b and santhophylls) is cn. 0.03 when developing with pure 
petroleum ether, but it is 0.27 with petroleum ether-acetone (20:1), and o.S7 (!) 

with petroleum ether-methanol in the same ratio (methanol being a more polar 
solvent than acetone). When developing with nonpolar petrol (b,p. 60” to 70”) 
chlorophylls remain at the starting point, while an addition of I part of ethyl ether 
(semi-polar solvent) to 20 parts of petrol brings the “I+” of chlorophyll a to cn. 
0.06, and an addition of I part of acetone (more polar than ethyl ether) raises the 
“Rp” to 0.44. Similarly the “Xp” of chlorophylls is increased by adding 0.5 oh propanql 
to pure petroleum ether BD. Smaller amounts of the more polar solvent in a misture 
(0.25 volume parts of methanol) produce higher “RF” values than greater quantities 
(I part) of the somewhat less polar solvent (acetone), the proportion of other solvents 
remaining unchangeda. Replacing two parts of acetone in the misture petrol- 
acetone-benzene by I part of the more polar solvent-methanol-raises the ‘(RF” 
value of chlorophyll a from 0.3s to o.gs8. According to ref. 46, after addition of the polar 
solvent -ethanol (mixture of bensene-petroleurll ether-96% ethanol in the ratio 
3 : I : 0.33) the rate of movement of chlorophylls and santhophylls is lligher than with 
the misture benzene-petroleum ether (3: I). When 0.03 volume parts of ?t-butanol, 
which is less polar than acetone, are added to the misture petrol (b.p. Cio-700)-acetone 
(20: I) the “IZIP” value of cliloropliyll a decreases from 0.44 to o.22”N). 

The observations cited above seem to support the idea that a perfect separation 
of chlorophylls and santhophylls woulcl recluire suitable relative quantities of polar 
solvents in a misture. Some results obtained by ASAMI~ may be quol.ecl against this 
opinion. He succeeded in resolving pigments with relatively nonpolar so!vents-toluene 
or tetrachloromethane (or with sylene or benzene) ; the “1\+~” values were essentially the 

same regardless of the fact whether these solvents were anhyclrous or saturated with 
water. Some results of MAItrcusw are also in opposition to the opinion mentioned 
above : on developing with the misture petrol-chloroform (20: I), the ‘!.RF” of 
chlorophyll a was found to be 0.15, while when chloroform was replaced by the more 
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,! ! .,l!i :~ILllyl ether, tile “RF” was only cc%. 0.06. Contrary to espectation, addi- 
: .,i 1 ;‘,trI of toluene to the misture petroleum ether-acetone (20: I) raised the 
,I,‘, ‘. I .-: 01 chlorophyll from 0.27 to 0.4. ‘I’he situation therefore seems to be still 

~icxted and it would be rather difficult to draw clefinitc conclusions from 
,: . . . . . I .;illt:; because they are not very comparable. 

: : I Inination of constant ‘(RF” values of plastic1 pigments is impossible, for these 
” tli.!~t:~~d on the cluaiitities of compou~lds a1~alys~d”~‘,8.14, Is’, 27,%:321 ~5,~~),J~f.~“,G~, 

: I ii!.’ t liir’:ltio31 of de\~elopmel~t”* 1’39 ls,lG, and, in the case of impregnated paper, on the 
,.f.li :,,ibh11 t of cOnlp0und impregnated in the paper lo. Wit11 increasing concentration of 
iliglllC~IllS in the! sample analyzed, the “RF” values increase, while they clecrease with 
iIlcrc&ng quantity of impregnation ~~mpouncl, and with increase in developing time. 
‘1.11~ 5I)ots of cl~loropl~ylls usually have long clilfusion “tails”, sometimes observable 
0111y in U.\‘. light. The use oi samples containing approsimately the same quantities 
of I>iglllcnts leas been recommended in order to obtain comparable chromatograms. 

\.\%cn estracts from cliflerent plant species are chromatographed using one 
mctllocl, tllc sequence of spots ancl degree of separation may be different. This pheno- 
mcnon is sometimes imputed to the presence of colourless liposoluble compouncls in 
tllc cstract. In some experiments resolution became more regular if purifiecl estracts 
wcw usecl or if mistures of pure isolatecl pigments were analysed5y il 1:~ JB. 

‘l’lle separation is also affected by the quality of pape?, altl~ough according to 
sonic autliors45~ bo the usual filter paper is quite adequate. In most cases moderately 
last running papers have frequently been used (Whatman No. I, Schleiclzer ancl 
Scl-liill 3-043 11). 

Some anthers recommencl transferring pigments to petroleum ether prior to 
spotting on paper. This technique is supposecl to remove the greater part of undesirable 
material, especially hydrophilic pigments, from the estract15p lo! 30s W 4g- 5o. In most 
papers, llowcver, it is assumed that a concentrated estract can be spottecl directly on 
paper. Some authors 3G952 have even squeezed a piece of plant tissue on the starting 
point. CJsually, the sample is applied as a little round spot or as a streak 15, ‘28, 27, 28, M,D.l, 57 . 

7’1~ decomposition of pigments cluring developing is sometimes prevented by 
keeping the temperature between + x0 ancl + 5” 21g 32v 41’y 57, by impregnating the 

paper with sucrose ~21~4~‘~ 57, or by making use of an inert atmosphere in the cllanlber21~ 65. 

The chamber must always be kept dark. 

‘l’hc method described has been used (in the communications mentionecl above and in 
other papers) fcir qualitative and quantitative determination of pigments in lower and 

liiglwr plants li,:l*,30, for identification of pigments in those plant tissues where their 

presence is unusual, c.g. in bark ancl sylem 269 z6, for studying preparations of plant 
material before extraction”, for isolation of small quantities of pigmenW2, for studying 
various factors iaffecting pigment synthesis in plants 27,2Y, 47,GO, 51, sLl, for observatioll of 

genetic effects of X-rays 43,44, for genetic survey of varieties of ike32s33, for analysis of 

I~!cf~~~~rrcf~.~ .p, ,707 /;jlcks. 
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chloropl~yllase 
sccliments and 
well as in food 

a--t j,vity22,53,54, (11, for studying the decomposition of pigments in 
mucld, for determining the estent of smoke damage in forestry”“, as 
chemistryl”~ 20 and yharmacology411 ‘lB. 
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Paper chronwAography has been used in rare cases to separate the crystalline 
chloropl~yll-lipoprotein complex into two compon.ents2~ 13. These components were 
separated by thd ascending technique, on Whatman No. 12 or Toyo No. 50 paperl”, 
a misture of picoline and water (I : r) being used in both cases. 

i!!letllocls for separating various porphyrin pigments, some of which arc precursors 
of chlorophylls or their degradation products are not discussed. in this review. 

CONCXUSION 

More than 50 papers dealing with paper chron~atography of plastic1 pigments have 
been publishecl up to the present. These methods are sumrnarizecl in the test or in the 
tables. A really critical comparison of the methods described in the literature cannot 
be presented in this review. Such a comparison would require a special study, All the 
techniques quoted above sho~dcl be tested using uniform material and uncler constant 
conditions. a,- a.. 

In spite of the lack of methods for the complete separation of all plastic1 pigments 
in a p’ure state, a number of techniques examined up to the present time have been 
used for solving cliverse problems. The rapid. aclvances that are being made in the 
development of this analytical procedure hold out promise that it will be very soon 
perfected. 

The author is much inclebtecl to Prof. Dr. J. V. KoSrifi, Docent Dr. R. firs~ovs~;i?, 

Dr. I. ~TL~IC, Dr. V. JI~AEEI;, Prom. Biol. J. I<vk, Prom. Chem. S. CERN~;- ancl 
Dr. I3us~~i1~ov.i for scientific ant1 linguistic assistance in the preparation of the 
manuscript, 
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