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SUMMARY 

A thm-layer chromatographrc method on sthca gel IS described for the separa- 
tton and rdentrficatton of synthettc orgamc pigments m artists’ OIL and acrylic paints 
SIX solvent systems are proposed, and it is estabhshed that, except m the case of pamts 
contaimng phthalocyanme prgments, the presence of theebmdmg medmm has no 
effect on the separatrons and R, values obtained For the removal of bmdmg medium 
from phthalocyanme paints, a multrple extractton wtth suitable solvents 1s suggested 

INTRODUCI-ION 

Knowledge of the composmon of paints IS of great rmportance for the solutton 
of the growing problem of the conservatron and restoratton of pamtmgs, as well as for 
the recogmtron of their authenttctty and datm,. a The tdenttficatton of pants IS also 
mdrspensrble for the control of then purtty_ Finally, a knowledge of pamt com- 
position IS important in view of the fact that often there IS a difference between the 
details supplied on the contamer and the actual chemical composmon, not all pamt 
manufacturers provide catalogues of the chemtcdl compositions of their pamts 

Drfferent methods have prevtously been applied for the analysts of synthetic 
prgments used m artrsts’ pamts, e g , optrcal and chemical mtcroscopy, mfrared spec- 
trometry, reflexron spectrophotometry, etc Recently, a spectrophotometnc method 
was used for the identrticatron of pigments which were mrtrahy separated by drssolv- 
mg them m suitable solvent systems’ However, m all these methods, drfficulttes arise 
when chemtcally slrmlar compounds are to be tdenttfied; the task IS made even more 
ddlicult by the fact that samples are not pure, I e , homogeneous, in the chemical 
sense. Therefore, it seems that chromatographic methods of analysis which allow a 
srmultaneous separation and rdenttficatron of these ptgments offer an appropnate 
solutton Such methods may also be regarded as complementary to those mentioned 
above- 

So far several authors have used thin-layer chromatography (TLC) for the 
analysrs of synthetrc orgamc ptgments Most attentron was paid to the analysts of azo 
pigments which are often encountered Thus, MC Clure et al_’ separated ptgments of 
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the followmg groups_ acetoacetarylide, 2-naphthol, 2-hydroxy-3-naphtharyhde, dye 
deri\atnes, dmzo pqnents, phthalocyamne and perylene, respectively. GaSpariE3 
carried out the separation of azo pigments belonging to the acetoacetarylide, 2- 
naphthol, pyrazolone, 2-hydroxy-3-naphtharylide groups, as well as lake azo dyes; m 
addition to TLC. he also applied paper chromatography. BaieP invesugated the TLC 
of azo and dlazo pi-men% incIudmg sparingIy soIubIe azo pigments and polycyclic 
pigments_ The potential of TLC for the separation of chemically similar pigments 
whose spectra exhibit only slight differences has also been pomted out by BIllmayer 
and Kumar’. 

AI1 these m\estigatlons were carried out with pure pigments; to our knowIedge_ 
no attempt has been made to analyze chromatograpbically pigments present in art- 
ists’ paints In thrs study v,e have investigated the posslbdity of appIication of TLC to 
the rapid and efficient separation and ldentlfication of synthetic organic pigments 
most often present m artists’ oil and acrylic paints_ 

EXPERI\lESI-AL 

For TLC separatxons thin-layers of s&a ge1 H (Type 60; E. Merck, 
Darmstadt. G.F.R ) were used. Chromatographic plates (20 x 20 cm and 13 x 20 
cm) were coated with layers of 300 pm thickness; a mixture of 35 g of slhca gel and S5 
ml of distdIed water was used, which was sufficient for coatmg 5 or 8 plates, respec- 
nvely. The coated plates were dned m the air overnight_ Pure pigment solutions were 
chromatographed m parallel wth solutxons of samples taken from paint tubes. These 
solutions (2-5-3 mg per 3 ml of the solvent), prepared by heating. were apphed to the 
plate by means of a capillary tube_ Spots were dned m a stream of warm air. The 
development was carried out in commercial tanks for 20cm plates for l-l.5 h at 20 5 
2’C_ Onh in the case of systems 17 and IS, the development time was 3 5 h 

Reagent grade sohents nere used for dlssolvmg the samples and for prepara- 
tion of the solvent systems_ Multi-component sohent systems were thoroughly 
shaken in a separatory funnel before use, and where two layers were obtamed the 
upper la>er was applied for chromatography (solvent systems 14 and 20). 

The removal of the binding medmm from acqhcs containing phthalocyanme 
pi_gments was effected by multiple extractions with acetone; before ex.tractlon. the 
paints were dried m the air for 24 h_ For the removal of the bindins medium from 011 
paints, successive extractions were made \~th the following sohents: petroleum ether, 
benzene, ether and acetone_ The residue after extraction was dned m a drymg oven at 
110%. In the case of other paints it was not necessary to remove the medium, since It 
was found that this does not affect the separation and R, values obtained. 

All the investigated piments are in use in the f%rm TaIens (The Netherlands), 
as were the 011 and acryhc pamts which beIonged to the Rembrandt series 

RE5iLL-l-S h\D DISCUSSION 

A hst of the pigments mvestigated 1s presented m Table 1. 
InWstigations of the solubiliry of these pygments in a large number of orgamc 

sohents have shown that some dissolve in ahnost alI the solvents applied (methanol, 
cyclohexane, chloroform, acetone), whereas others are either sparingly soluble or 
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T4BLE I 

LIST OF INVESTIGATED PIGIMENTS 

Generrc name 

Plgmenr Yellow I (PY 1) 
Pigment Yellow 3 (PY 3) 

Pl_aent YelloH 97 (PY 97) 
Pl_aent Yellon 100 (PY 100) 
Rgment YelIou 110 (PY 110) 
Pl_ment Orange 1 (PO I) 
R-went Orange 5 (PO 5) 
Pl_gment Orange 43 (PO 43) 
Pl_ment Red 7 (PR 7) 
Pigment Red I2 (PR 12) 
F?_ment Red 53 (PR 83) 

Pt_gment Red 112 (PR 112) 
Pigment Red 122 (PR 122) 
Puzment Broun 25 (PBr 25) 
P&nent Violet 19 (PV 19) 
Pl_gment Violet 23 (PV 23) 
Pl_gment Green S (PG S) 
Pa_gment Green 7 (PG 7) 
Pl_ment Blue 15 (PB 15) 

11650 
11710 

11767 
19140 1 

1173 
12075 
71105 
12420 
12355 
5sooo I 
1270 
73915 

11510 
165ao 
51319 
10006 
73260 
X160 

Acetoacetaryhde 
Acetoacetar$lde 

Acetoacetaryhde 
iMetal a20 salt 
bmethme pI_ment (Isomdohnone) 
Acetorcet~hde 
2-Yaphthol 

Vat Pigment (pennone) 
2-Hqdroxy-3-naphthar)hde 
2-Hjdroxl-3-naphthqlrde 
‘Vat Pigment * (anthraqumone) 

ZHydrou)-3-naphtharyhde 

Qumacndone 
Benvmtdazolone 
Qumaendone 
Dloxanne 
~Mlseellaneous metal complex piments 
Phthalocyanme 
Phthalocyanme 

msoluble m the most of the solvents used; however. the last group was found to 
dlssol\e m dImethy sulphoxlde, concentrated sulphunc acid and ethanol-sodmm 
hydroulde (9 l), respectively Accordmgly, the pl_gments were classified mto two 
groups (a) monoazoacetaryhde pigments, monoazo-2-naphthols and monoazo-2- 
hydrouy-3_naphtharyhdes, (b) metal dzo salts, Isomdolmones, permones, qumacn- 
dories, monoazobenzlmldazolones, anthraqumones, dlouazmes, metal compleles and 
phthalocyamnes Dlmethyl sulphoulde,was found to be smtable for the most of pug- 
ments ex:am.ned, on11 PV 23, PO 43 and PR 132 were dxsolked m sulphunc acid 

For the chromatographlc separation of the plbments more than 150 two- and 
multi-component solvent systems hake been clammed; those which \\ere found to 
afford the best results are listed m Table II 

The chromatographlc results for the first group of plLaents dre shown m Tdble 
III_ As is seen_ the best separations were achlebed with solLent system 14 Ho~eeter. 
better separations of red pl_ments, whrch elhlblted \ery slmllar R, values, were 
afforded by sokent system 4 

Chromatographxc separatton of the second s sup of pl_ments presented a 
complex problem on account of their poor solublhty, the pigments either remamed at 
the starting pomts, or gave diffuse or tailm, 0 chromat7graphlc zones On the basis of 
mvestlgatlons camed out with more than 100 solvent systems It has been found 
that those hsted m Table IV allow the ldentliicatlon of some pigments m spite of their 
slmllar RF values, smce different colour zones are obtained For example, the separa- 
tlon of PG 8 from PY 100 and PR 83 can be effected by the use of the solvent system 
16, whereas pl_gments PV 19 and PG 8 which etiblt only shghtly different R, values 
(only 0 03 RF units) can be tdentkd on the basis of differently coloured parts of 
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TABLE ii 
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SOLVEm SYSi-F-MS USED FOR THE SEPARATION OF PiGlMENTS BY TLC ON SILiCA GEL H 

&X0_ Compomwn Proportion {v/v/r/ 

I 
2 
3 
4 
5 
6 
7 

S 
9 

10 
ii 
I2 
13 
I? 
15 
16 
17 
IS 
19 

10 

bndme-xytene-acetone 604020 
Chloroform-toIuen*binrene 40 40_40 
Toluene-pyndme-ethyl acetate 7030 30 
Benzene-c~oroform~~lohe~~e 2550 25 
Ethyl acetate-pyndme-toIuene-water 30 30 60 10 
Benzene-cyclohexanc-pyrrdme-water 501020 10 
Benzene-dohexane-pyndme 50 3020 
Toluene-aettc ac~c 70 30 
Pyndme-toluene 5050 
EthyI acetate-pyndme-acetone 40 40-10 
Nnroknzne-xytene 50_50 
hltrobenzenotoluentimethyiformanude 304040 
Benzen+qdohexane-chlorofo-Xl_500 aahc acid 50 20 lo_20 
Eknzene-qclohexane~hloroform-50 % aatlc acid 6020 10 10 
Be~ne-tydohe~e~~orofo~~% acenc acnd 60_20 15 is 
Dnnethyfformamrde-d~methyisuIpho~de-pyndme-benzene 16I24_40 40 
EthanoIamme-dimethyI sufphoede-benzene 10 6010 
Ethanolamme-dnnethyl sulphoude-benzene 1530 55 
Nitrobenzene+hmethyl sulphotide-pyndme z5525 50 
Forrmc acid-1_2&chlorobe-e 8020 

TABLE III 

RF VALUES OBTAINED FOR THE TLC SEPARATION OF THE FIRST GROUP OF PIGMENTS 
ON SiLiCA GEL 

Pxgments are dssohed in pyndine except where otherwtse indzated 

Pgmeku RF x IO0 

I 1 3 -$ 5 6 7 s 9 IO II 1-I I3 I4 IS 

PY 1 
PY3 
PY 97 
PY ICI0 
PY II0 
PO1 
PO5 
P043 
PR7 
PR 12 
PR Iit 
PR 53 
PR I?? 

7s 34 53 
81 43 s9 
74 1 54 

0 0 0 
0 0 0 

b? - - 
76 - - 

0 - - 
- - - 

62 83 91 83 50 - - - 
75 90 % 88 66 - - - 
51 65 62 60 IS - - - 
ooooo--- 
ooooo--- 

- - - 73 7s 88 - - 
- - - 76 72 82 - - 
- - - ooo-- 
- - - - _ - 70 94 
- - - _ _ - 49 85 
- - - - - - 55 89 
- - - - - - 0 81 
- - - - _ _ 0 0 

2P 
51* 
24* 

o* 
0, 

27, 
26* 

ot 
33* 
26* 
24* 

46* 
58f 
2lf 

W 
0) 

27* 
3i* 

ot 
42” 
35* 
36* 

W 
0, 
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TABLE IV 

RF VALUES OBTAINED FOR THE TLC SEPARATION OF THE SECOND GROUP OF 

PIGMENTS ON SILICA GEL. 

PIgmeEts are dxsolwd m &methyl sulphoude unless otherwse mdxcated 

16 17 IS 19 20 

PBr 25 O-100- 79 0-ioOrr 96(tall) 0 
PV 19 97 7399*f 96 93 a 
PV 23* 58 95 99 81 92 
PG8 94 97 97 86 89 
PY loo 84 IO0 9s 85 6.5-99- 
PY 110 O-100- 76 68-93- 0-100- 0 
PC7 0 0 12 0 0 
PB15 0 0 0 0 0 
PR 83 98 99 97 98 99 
PR IX* 1 1 9 1 7 
PO 43* 2 0 7 3 65 

* Dissolved m concentrated sulphunc acid 
* In the case of diffuse zones the RF vahs of both ends of the spots are g\en 

zones which do not overlap Solvent system 17 IS the only one which allows separa- 
tion of PBr 25 from PY 110. As is seen, PG 7 can migrate from the starting pomt only 
upon the apphcation of solvent system 18 Fmally, the separation of PO 43 and PR 

122, as well as of PV 19 from PR 33, can be achieved by use of solvent system 20 The 
results obtamed show that a given pigment can be chromatographed by the apph- 
cation of several different solvent systems, the actual choice depending on the com- 
positron of the sample analyzed 

On the basrs of these results we attempted to apply this method to the separa- 
tion and rdentrfication of pigments present m about SO or1 and acrylic paints The 
results of the chromatograp’mc separations are shown m Table V It may be con- 
cluded that the analysis of these or1 and acryhc paints can be performed with the use 
of the SIX solvent systems 4, 14, 16, 17, 18 and 20 Good agreements betueen the R, 
vah~es of pure prment samples and those obtained for samples taken from pamt 
tubes were achreved It follows that the bmdmg medium has no effect on the separa- 
tions and RF values obtamed, which makes possible analysis of pamt samples without 
pnor removal of tlus medmm. However, m the case of paints containing phtha- 
locyanmes the medium has to be removed smce rt was found to interfere with the 
chromatography_ The identrficatron of the prgments was carned out both on the basis 
of their RF values and on the colours of the correspondmg spots From the results 
obtained it can be seen that arttsts’ pamts often contam mrxtures of pigments, since 
manufacturers mix different pigments m order to attain various colour tones. 

We concluded that the chromatographrc method described IS very surtable for 
raped analysrs of synthetic organic prgments m artrsts’ oil and acrylic paints Its 
advantage lies m its accessrbrhty to small laboratones which are not equipped with 
expensive and complicated apparatus 
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TABLE V 

CHROMATOGRAPHIC RESULTS FOR SYNTHETIC ORGANIC PIGMENTS IN ARTISTS OIL 
AND ACRYLIC PAINTS 

Simple 
ntmlber 

Sample nmne Ptgmenr i&nl:fied SoA en! 
qsiem 

011 p-mls 
1 Takns yellow 
2 Talens yelrow lemon 
3 TaIens >eIIo& deep 
4 St11 de gram ~aune 

ii 
Dutch vcrmiion ex 
Madder lake lqbhr 

7 &Madder lake deep 
S Rose madder 
9 Rose madder It (aln) 

IO Takns red purple 
11 Talens red deep 
12 Brow-msh madder 
13 Rembrandt rose 
1-X Rose madder antique 
15 &iphaRum extra 
I6 St11 de gram brun 
17 Permanent wolet 
IS Rembrandt blue 
19 Cmnabar green l&t* 
20 Permanent green hght* 
11 SP seen 
21 Rembrandt green 

.icrJ fir putnrs 
1 Lemon yeliow 
3 Talens >~llow h&t 
3 Talens orange 
-I Ttiens yellow deep 

2 
Carmme 
Permanent red hght 

7 Pesmment red deep 
S Talens rose 
9 Permanent wolet 

IO Rembrandt blue 
11 Rembrandt green 

PY 1 14 
PY3 I4 
PY 1 -PO43 14.20 
PY loo 16 
PO5 14 
PR 83 16 
PR 83 16 
PR 83 16 
PR 83 16 
PR 12 - PR 112 4 
PO5 t PRllZ 14,4 
PBr25 A PR83 17 
PV 19 16 
PV 19 16 
PYIOO,PGSTPR83 I6 
PVlOO+PGSrPRS3 16 
PV 23 16 
PB 15 IS 
PY 3 14 
PY 3 14 
PY 110 -I- PGS 17 
PG7 IS 

PY3 14 
PYl i-PY3 14 

PO 1 14 
PYlrPO43 14.20 
PR 12 T PV 19 4 16 
PO3+PRllZ I?,4 

PR7 4 
PV 19 16 
PV23 16 
PB 15 18 
PG 7 18 

* The green colour of the pggnent ongmates from the morgamc pygment 
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