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Verdigriss Glazes in Historical Oil Paintings: Instructions and Techniques * 

'Lje'Lje verdegris distillépourglacer ne meurt point? 
Dee Mayerne (1620-46), BL MS Sloane 2052 

'Vert'Vert de gris... ne dure pas & elk devient noire.' 
Dee la Hire, 1709 

InterpretationInterpretation of green glares 

Greenn glazes were commonly used in oil paintings of the 15th to 17th centuries for the depiction of saturated 
greenn colours of drapery and foliage. These copper-based paints often reveal no crystalline pigment particles 
underr the microscope.5 Today, these glazes are often covered with a brown layer and sometimes the whole 
glazee has become brown. In research into this discoloration attention has focused on how the glaze was 
made.. Various opinions have been voiced on the matter. The paints were often and indeed still are regularly 
identifiedd as copper resinate. This is a transparent, amorphous green of copper salts of resin acids formed 
whenn verdigris - basic or neutral copper acetate - reacts with a varnish. It was Laurie who first claimed that 
thiss green had been used by painters in The pigments and media of the old masters (1914). He maintained that it 
wass used for the layers of transparent copper-green paint without pigment particles that he had encountered 
inn miniatures in 8th- to 15th-century manuscripts.2 According to Laurie, miniaturists had made the paint by 
dissolvingg verdigris in hot varnish. He based this conclusion on two recipes for 'vemix verd comme esmeraudé1 

andd ''vert transparant in the well-known De Mayerne manuscript (1620-46) that describe the heating of verdigris 
inn varnish.3 In research into the painting techniques of the Flemish primitives, begun in 1950 at the Brussels' 
InstitutInstitut Royal du Patrimoine Artistique, it was assumed that copper resinate had also been used in oil paintings.4 

Sincee then green glazes have frequendy been identified as such.5 Because it was assumed that artists had 
oftenn used copper resinate, authors such as Woudhuysen-Keller and Brinkman focused extensively on 
examiningg how it was made, studying the sources and experimenting with reconstructions. It was thought 
thatt the heated solution was applied directly onto the painting as a glaze. Artists were also assumed to have 
allowedd the green to cool and to have mixed the resultant glass-like substance with oil to form paint.6 

Yett some researchers cast doubt on the assumption that the green glazes used in 15th-, 16th- and 17th-
centuryy paintings were usually copper resinate. They felt that the identification of this material on the basis 

**  This chapter is an adjusted version of an article with the same ode published in Ktmttcctwokgü md Konsetvierung (2001). 

1.. X-ray diffraction powder analysis does not yield a pattern, which confirms the absence of crystalline particles: (Kiihn) 1993. 

2.. Laurie (1914), pp. 35-39, 99-103. 

3.. Mayerne (1620-46); see Graaf (1958), p. 164. In one recipe verdigris is added to a mixture of Venetian turpentine and oil of turpentine, and the 
mixturee is heated gendy until the required colour has been achieved. In the other recipe verdigris is ground with linseed oil and then common varnish 
iss added. The mixture is stirred well and applied warm. Instructions for adding verdigris to a warm medium are further described in the following 
texts:: a 15th century manuscript in Rome, Biblioteca Casanatense, MS 2265, f. 99r (Transcription in: Birkmaier ctaL (1995), p. 126); Birelli (1601), pp. 
370-711 (Quoted in: Kiih n (1993)1, p. 149 and Woudhuysen-Keller (1998), p. 141); Peacham (1606), p. 67; Lak., Vernis en Verf-konsl (1767), p' 92. 
Birell ii  (1601), p. 369, also mentions a recipe in which verdigris is added to hot linseed oil in which alum has been dissolved. 

4.. Coremans et aL (1952-54)1; Coremans (1952-54)2; Coremans el at (1959); Coremans elal (1961). 

5.. For example: Kockaert (1979); Woudhuysen-Keller (1995) and (1998); Brinkman (1993), pp. 223-28, 323-24; Birkmaier e! al. (1995); Massing 
(1994).. See for copper-resinate identified in paintings in the National Gallery, London: Kiihn (1993)1, pp. 154-55. 

6.. Woudhuysen-Keller (1995) and (1998); Brinkman (1993), p. 227; Pile & White (1995), p. 82. 
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off  microscopic research and the positive identification of copper offered insufficient certainty. They could 
nott exclude the possibility that in many cases the verdigris had been mixed with a medium and applied cold 
since,, as Kühn has warned, 'the outlines of crystals of verdigris are often very difficult to recognise under the microscope 
and...and... verdigris reacts in the course of time with protein, oil and resin media to form transparent copper salts of fatty acids, 
resinsresins or proteins^1 When this happens, the verdigris particles dissolve in the medium and become invisible. So 
thee widely identified amorphous glazes are therefore not necessarily copper resonate: it is possible that a 
graduall  development of copper oleate or copper proteinate has taken place. According to Kühn, positive 
identificationn of copper resinate is only possible if the binding medium contains a high percentage of resin 
andd if copper salts of resin acids are in fact found. With the increasing analysis of the binding medium of 
copper-greenn glazes in recent years, the paint appears in most cases to contain only an oil-based medium. 
Wheree paints contain resin, this appears to be only a small additional amount.8 This demonstrates that these 
paintss were not made by dissolving verdigris in heated varnish. Yet how the glaze was made nevertheless 
remainedd unclear. The changes that the paints have undergone in the intervening years have meant that the 
precisee nature of the original materials and the methods employed by the artists can now no longer be 
traced.. Nevertheless it is essential to find out more about these aspects, if the reasons why some glazes have 
becomee excessively brown while others have retained their colour are to be understood. 

PaintingPainting instructions for green glares 

Historicall  instructions recorded by artists on the use of verdigris in oil painting provide a wealth of 
informationn about the raw materials and the methods employed by painters. Remarkably, litde attention has 
beenn paid to these formulas in the discussion surrounding the making of copper-green glazes. Indeed, 
researchh into the sources has focused almost entirely on a handful of recipes in which verdigris was added to 
heatedd varnish. Yet these explicitly state that this method was for paint suitable for use on glass, metal foil 
orr for lacquering furniture.9 The numerous instructions for glazing with verdigris in easel-painting, recorded 
fromm the 14th until well into the 19th centuries, never recommend that the mixture be heated. These formulas 
alwaysalways advise cold oil or cold varnish as a binding medium for verdigris. The notion that painters allowed 
copperr resinate to cool off and form a hard, glassy mass before grinding it into a powder and mixing it into 
paint,, is not supported in any of the sources.10 

Instructionss for glazes with verdigris used in easel-paintings are the subject of this chapter. A large 
numberr of formulas from various periods and regions are compared in order to provide a coherent image of 
thee historical application of the green glaze paint. This survey provides an insight into gradual developments 
andd local variations in ways of working. The theme of the first section is the different methods for the 
productionn of verdigris. Section two focuses on the historical assessment of the colour-fastness of the 
copper-greenn glaze. The third section surveys instructions regarding the preparation of the glazes. 
Instructionss covering the grinding the pigment, the correct media, mixtures with other pigments, ways of 
glazingg and the build up of the paint layers are discussed. Finally, the fourth section deals with why verdigris 
wass used less often in oil paintings of the 17th century than on those of previous centuries. 

7.. Kühn (1993)1, pp. 148-51. See also: Flieder (1968), pp. 60-62; Mactaggart (1994), p. 25; Planter (1995), pp. 111-26. 

8.. Berg el al. (2000); BiUinge el aL (1997), pp. 39, 53-54; Pile & White (1995), p. 82. Instrumental analysis of paint samples rarely identified a high 
amountt of resin in the binding medium and only sporadically copper resinates were identified. 

9.. For example, De Mayerne's recipes were intended for 'Lexpeigneurs ie. ceulx qui peignent OH peinlres tie meuhks & de lambris' and 'Pour faire Ie vert 
transparanttransparant que s'appHque surunfomh d'onm d'argent.' The other recipes, referred to in note 3, for using a warm medium refer to similar applications, or 
thee recipes are part of texts that deal with painting on glass or other decorative painting techniques. 

10.. This notion is expressed by o.a. Woudhuysen-Keller (1995) and (1998). Reconstructions by the author show that the paint obtained by this 
methodd has no advantages over ground verdigris direcdy applied with cold oil or cold varnish. In all copper-green glazes examined in the National 
Gallery,, London, only once transparent green particles were found resembling 'ground up' copper-resonate: Pile & White (1995), pp. 77-78, 82. 
Personall  communication: Jo Kirby, Scientific Department, National Gallery, London. 
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I.. Composition of historical verdigris 

ProducingProducing Verdigris 

Historicall  recipes for the preparation of verdigris, known variously as' vert degris,y 'grieksgrverf' spaansgroen' and 
'verdet^'verdet ̂ advise hanging copper plates in a pot over strong vinegar. Having sealed the pot, this is then left for 
aa number of days or weeks. The resultant layer of mainly basic copper acetate that forms on the plates can 
thenn be scraped off.12 Among modem writers, the term verdigns refers exclusively to these copper salts of 
aceticc acid. As late as the 18th century, however, verdigris encompassed various other green and blue-green 
corrosivee products from copper.13 Some recipes recommend smearing the copper plates with honey or 
eggwhitee and a sprinkling of salt. This produces copper chloride and copper oxide as well as copper 
acetate.144 Besides common salt, sal volatile (i.e. ammonium chloride) was recommended, which could also 
producee copper chlorides. 18th-century texts also mention adding saltpetre (potassium nitrate), alum 
(potassiumm aluminium sulphate) and vitriol (sulphate of e.g., copper, zinc, potassium or iron).15 The use of 
thesee salts might result in the formation, for example, of copper sulphate and copper nitrate. A few recipes 
advisee exposing copper plates or filings to urine fumes. This could result in the formation of both basic 
copperr acetate and copper carbonate. Occasionally, recipes advise combining several of these additions.16 

Forr example, in some 17th- and 18th-century recipes copper plates are heated with a mixture of salt, 
powderedd sulphur and cream of tartar (potassium hydrogen tartrate).17 Since the 12th century verdigris had 
beenn produced on a wide scale in the French wine-growing region around Montpellier as a by-product of 
thee wine-making.18 Copper plates were exposed to the fumes of the fermenting dregs, the remains of the 
pressedd grapes, grape skins and husks. The carbon dioxide released in the fermentation process led to the 
formationn of basic and neutral copper acetate, as well as of copper carbonate and basic copper carbonate.19 

Thee earliest description of the preparation of verdigris in Montpellier can be found in one of the 
manuscriptss by the Swiss physician De Mayerne (Fig. I).20 

11.. For the historical terminology of verdigris: Kühn (1993)1, p. 131, and Hurley (1970; 1982), p. 80. 

12.. Rahn-Koltermann el ul. (1993), and Kühn (1993)1, p. 131. An example of this procedure is decribed by Allessio (1558; 1977), ff. 29v-30r. Other 
recipess show that the copper could be exposed to the vinegar in a great variety of ways. Sometimes the copper slides were immersed in the vinegar: 
BookeBooke ofseenh (1596), ff. B3v B4. Alternatively, the copper could be sprinkled with vinegar and then exposed to the open air: Pictorius (1713; 1747), 
pp.. 105-06. Other recipes advise laying copper filings in vinegar, which was later poured off and reduced by evaporation: Pictorius (1713-1747) p 
N.3. . 

13.. Various recipes for the manufacture of verdigns have been transmitted since antiquity. Reconstructions have been made at the Doerner 
institutee in Munich, and more recently by Rahn-Koltermann on the basis of these recipes, and the salts obtained have been analysed. Kühn 
(1993)1,, p. 131, Rahn-Koltermann ei a/. (1993), Schweizer & Mühlethaler (1968). A review of the use of copper chlorides and related salts as 
paintingg pigments was published by Scott (2(X)0). 

14.. When a littl e salt was used, only copper acetates were formed. When more salt was added a mixture of basic copper chlorides, copper oxides and 
copperr acetates was formed: Rahn-Kolterman et al (1993), p. 223. Some recipes advise treating the copper filings with soap before exposing them to 
aceticc acid. This results in a small amount of copper salts of fatty acid being formed as well as copper acetates: Kühn (1993)1, p. 131. 

15.. An example of the use of salrruac salt for producing verdigns can be found in Trakfaa/{\G,hC); see Vandamme (1974), p. 116. Other salts are, for 
example,, recommended in the Wiener Farbenkuinnel (1794), p. 117. 

16.. Alessio (1563; 1596), vol. 2, pp. 29v-3()r; Anonymous MS (16'h C), p. 33. 

17.. Sprong (1738), p. 60. 

18.. Renhamou(1984). 

19.. Rahn-Koltermann et aL (1993), p. 223. 

20.. Mayerne (1623-44), f. 51r. (Transcription in Eikema Hommes (2001). For other 17*  and 18'h-century descriptions of the production process: Ray 
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Thee 15th- and 16th-century recipe collections consulted, describe various methods of preparing 
verdigriss without indicating which were used often and which were not. According to 17th-century sources, 
painterss mainly used the verdigris from Montpellier. Pomet claimed in his Histoire generale des drogues traitant 
desplantes,desplantes, des animaux et des minéraux (1694), that most of the verdigris used in France and even abroad, is made in and 
aroundaround Montpellier.2X According to Pomet, the recipes that required vinegar and methods involving the heating 
off  copper plates with salt, sulphur and tartar were of negligible importance to painters. Verdigris was already 
beingg exported from Montpellier to other parts of Europe in the 16th century. In his Descrittione di tutti Paesi 
BassiBassi (1567), Ludovico Guicciardini included very good verdigris from Montpelliers among the products imported 
too Antwerp from France.— Other centres of production existed besides Montpellier. In Der wohl anfuhrende 
MahlerMahler (1719) the German painter Cröker mentioned the regions of Hungary and India as major production 
areass and a late 18th-century German text notes that verdigris was produced in Sweden with vinegar made 
fromm wood.23 

Analysiss of copper-green paints on 15th- to 17th-century Netherlandish, German and Italian paintings 
oftenn reveals these to be of heterogeneous composition. Apart from copper acetates, copper chloride 
pigmentss such as atacamite, paratacamite and calumetite as well as copper sulphate pigments such as 
posnjakite,, brochantite and antierite are regularly identified.24 Thus, paratacamite was found in the green 
glazee of a cloak in The Last Judgement by a Westphalian Master (Fig. 2) and atacamite in the green curtain in 
Pordenone's/W/'/AA  with the headofHolofernes, both in the Rijksmuseum, Amsterdam (Fig 3a-c).25 Sometimes 
smalll  portions of these copper salts are found in compounds that consist mainly of copper acetate. 
Sometimess the copper chlorides and copper sulphates form a larger proportion of the copper pigment. 
Becausee the term verdigris was used to cover a range of corrosion products of copper, the painting methods 
forr verdigris recommended in the sources would also have applied to these copper salts. Analysis of 
paintingss has shown that the way artists used copper chloride and copper sulphate pigments in the 15th and 
16thh centuries was no different to the way copper acetate was used. The green copper pigments were 
consistendyy mixed with the same pigments (lead-white, lead-tin-yellow and yellow ochre), the same binding 
mediaa were used and the paint-layers were also built up in a similar way. In the curtain painted with 
atacamite,, for example, Pordenone employed methods characteristic for the use of verdigris. In the 
underpainting,, the rendering of the folds of the fabric was made with atacamite mixed with lead-white and 
lead-tin-yellow.. He then applied a glaze made with atacamite. 

Artistss had hardly any means of distinguishing between the various corrosive products of copper.26 

(1673;; 1783), vol. 1, p. 390; Chambers's Emyckpcatlia (1738), under verdegrease; Diderot & Rond d'Alembert (1751-80) vol. 17, p. 54-58. 

211 Pomet (1694), p. 31: 'c'esf a' qui jail  que la plusgrande par/te dn rerd-de-gis qui se amsomme en France, &me'me dans Itspciis èlrangers, se fail dedans ifrautourde 
Montpellier.' Montpellier.' 

22.. Guicciardini (1567; 1581), p. 122: 'rcrderami di Mopolieri konifsimi.' 

23.. Cröker (1719); see SchieBl (1982), p. 107; Gütle (1793), p. 337. 

24.. As described e.g. by Berg e! aL (20(X)); Kühn (1993)1, p. 131 and references therein; Billinge el aL (1997), p. (il ; Martin & Eveno (1992); Hul-
Ehrenreichh & Hallebeek, (1979). Within the MOLART project, copper green glazes in about 20 paintings (Netherlandish, German, Italian, c. 1450-
1550)) were investigated. Many glazes were found to be 'semiglazes' in microscopic examination due to the presence of opaque pigments, mostly lead-
whitee and/or lead-tin-yellow. Light microscopy and scanning electron microscopy, combined with energy-dispersive X-ray microanalysis (SEM-
EDX)) were used to used to study the green paints in cross section. Polarised microscopy (PLM), (trans) methylation gas chromatography-mass 
spectometryy (Py-TMAH-GCMS), and X-ray diffraction (XRD) were used on scrapings of the glazes. Light microscopy and PLM were carried out by 
Drr Ane Wallert (Rijksmuseum Amsterdam), Karin Groen and Muriel Geldof (ICN). SEM-EDX analyses was carried out by Kees Mensch (SHELL). 
Py-TMAH-GCMSS was performed by Dr Klaas Jan van den Berg (ICN) and Jerre van der Horst (AMOLF). XRD analysis was performed by Peter 
Hallebeekk (ICN). 

25.. Debye-Scherrer powder diffraction patterns showed a convincing match with the reference files from the JCPDS database: atacamite: 25-0269, 
para-atacamite:: 25-1427, calumetite: 15-0669, posnjakite: 43-0670, brochantite: 13-0398, antierite: 07-0407; see the previous note. 

26.. Reconstructions in which two parts of copper acetate are mixed with one part copper chloride and one part copper sulphate show that the 
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Theyy bought their verdigris from apothecaries and in the course of the 17th century from shops specialising 
inn artists' materials.27 John Smith could do no more in The art of painting (1676), than recommend that 
decoratorss buy verdigris from Montpellier; he did not explain how to distinguish this from other sorts.28 Yet, 
whilee Pomet identified more characteristics that good verdigris should have, he was far from specific: We 
obtainobtain two types oj verdigris from Montpellier; that is powder and bread, which, if it is of good quality, must be dry and of a 

finefine dark green colour with as few white spots as possible?' According to Pomet, greedy verdigris makers often mixed 
thee product with substances that kept the copper salt damp so that it would weigh more when they sold it.30 

Thee white spots may have been chalk, since 19th-century sources note that verdigris was frequently 
adulteratedd with that substance. These texts note that verdigris was also diluted with cheaper copper 
sulphate.311 The difficulty in distinguishing between different types of verdigris must have been a problem for 
artists.. Indeed, they considered it to be essential to obtain a good quality product since it was felt that only 
thiss would guarantee a lasting green. Pomet claimed that paint made with poor quality verdigris eventually 
turnedd black. John Smith stated that only verdigris from Montpellier kept its colour and that 'the verdigrease 
mademade at any other place will  fade.'*2 It is possible that the various copper salts, whether containing impurities or 
not,, may have resulted in paints with varying degrees of colour-fastness. 

DistilledDistilled verdigris 
Apartt from unrefined verdigris, painters also used distilled verdigris, also referred to as crystallised or 
purifiedd verdigris. Broadly, two methods of distillation were used. The first involved mixing unrefined 
verdigriss with vinegar - often distilled- and then evaporating it. The basic copper acetate dissolves in the 
vinegarr and forms crystals of neutral copper acetate.33 Other basic copper salts (basic copper chlorides etc.) 
wouldd also be partially turned into neutral copper acetate, thereby obtaining a purer product.34 Many 
painters'' manuals recommend this method of distilling, indicating that this was used by painters in their own 
studios.. According to De Mayerne artists would first grind the unrefined pigment into a powder before 
mixingg it with vinegar. The fluid would be brought to the boil au bain marie. It would dien be poured into a 
widee earthenware dish and evaporated to form the green crystals that were subsequendy mixed with an oil 
medium.355 The Spanish painter Pacheco noted in his Arte de lapintura (written before!638; published in 

mixingg salts are ostensibly indistinguishable from pure copper acetate. These reconstructions will be discussed in a forthcoming publication by the 
authorr and Dr K.J. van den Berg, (ICN). 

27.. Henny(1994). 

28.. Smith (1676), p. 98. 

29.. Pomet (1694), p. 31: 'Nous f irons de Montpellier de deux mines de verdet, scumiren poudre & en pain, kquelpour ètre de ia bonne quaUteilfaut qu 'ilsoit sec, d'm 
beaubeau rerdfoncé, <&  Ie mains rempU de taclxs blanclxs qu 'il  sera possible.' 19th-century painters also chose their verdigris purely on the basis of its colour; see, 
forr example, Hopman (1856), p. 30. 

30.. Pomet (1694), p. 31. 

31.. Carlyle (2001), p. 496. 

32.. Pomet (1694), p.31; Smith (1676), p. 98. 

33.. Kühn (1993)1, p. 133. 

34.. Verbal communication Dr K. J. van den Berg (ICN). 

35.. Mayerne (1623-44), f. 43v: 'To prepare vcnUgreacc. Take oj verdigreace 2 or 5 .oy. andgrinde it fine upon a painters stone, and put it in aglarse \v[i]tb  a- narrowe 
mouth,mouth, Iximng cotvrtd it //.tree fingers deepe \v[i] //; distilled white tinegar, and baling stopt f/x mouth with a bladder nicked with 3 pini/joles. put it in a skillot \v[i] tb faire 
waiterwaiter w[i]ch mustgrorve hit by standinge upon f/je males, and rvlxn you fimU it deapty boykd, take it of, and let it coolcn tlxnput it in an earthen pan wellglaced, and put it 
inin cold water, *'[i ] ch must be heated fill  by vaporing of it away, it beginnes to ixive a crust, tljen take it of, and sett if in a celkr all night, and in ... [?] morningyou sljallfiml it 
s/jots/jot into small stones, &[Ï\C/J  is fix best greenefor Iins purpose.' For another recipe described by De Mayerne (1620-46); see Graaf (1958), p. 158. 
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1649)) that it was usual to purify verdigris with water and a littl e vinegar. This would be filtered through a 
finefine sieve to remove bits of copper, sand and grit. The filtrate would be dried by evaporation and was then 
readyy for use.36 Neither of these methods would have resulted in pure neutral copper acetate. Chalk, with 
whichh unrefined verdigris was often adulterated, dissolved in the vinegar and resulted in the formation of 
calciumm acetate. This would remain in the subsequent dried product. Other potential impurities that were 
dissolvedd in the vinegar might also remain.37 The fact that calcium is consistendy found in 15th- and 16th-
centuryy copper-green gla2es may be attributed to this method of preparation (Fig 4a-c).38 Artists who used 
thee method decribed by De Mayerne did not even remove the sand and copper grit. If the enormously 
dilutedd vinegar solution recommended by Pacheco was used, it is possible that not all the basic verdigris 
wouldd turn into neutral pigment. And other copper salts might also remain in the filtrate. 

Inn the second method, the unrefined verdigris would be dissolved in a cauldron with distilled vinegar 
orr some other acidic solution. An oak base was placed in the cauldron with numerous protruding thin 
woodenn sticks. Dissolved copper salts crystallised on these sticks into neutral copper acetate. Any remaining 
piecess of copper or sand in the unrefined verdigris is removed in this method. Chalk and traces of other 
possiblee copper salts are also removed, since these remain in solution in the vinegar. Distilled verdigris 
obtainedd in this way is therefore much purer than that obtained by the first method and consists almost 
exclusivelyy of neutral copper acetate (due to re-crystallisation). Apothecaries traditionally employed this 
methodd of distillation. As Chambers' Encyclopaedia (1738) relates, the crystals were used by physicians 'to 
cleansecleanse old ulcers, eat offfungeous flesh &c.,y> In the second half of the 17th century, distilled verdigris was also 
producedd by Pekstok, an Amsterdam firm with a small factory specialising in the production of pigments 
andd other artists' materials (Fig. 5).40 Pekstok did not make verdigris from copper plates. It was apparently 
cheaperr to import the raw material from the wine-growing regions of France and then to improve it. In his 
encyclopaediaa of 1694 Pomet noted that French unrefined verdigris was mainly exported to Holland. After 
Pekstokk had refined it into a purer product it was re-exported to France. Thus Pomet claimed that all the 
distilledd verdigris on sale in Paris actually came from either Holland or Lyon.41 

Yet,, until well into the 17th century, it appears that artists seldom purchased this remarkably pure 
ready-to-usee distilled verdigris. A price-list of pigments purchased by painters in the De Mayerne manuscript 
onlyy mentions 'ordinary' verdigris and not the distilled pigment.42 Inventories of four 17th-century Dutch 
shopss specialising in the sale of artists' materials suggest that there can hardly have been any demand for 
distilledd verdigris from painters. These shops had increasingly taken over the sale of pigments from the 
apothecaries.. So the unrefined verdigris that apothecaries had formerly sold was available in large quantities. 
However,, only one of the four shops had some distilled verdigris in stock.43 But it was apparendy too litde to 

36.. Pacheco (1649); see Sanchez Canton (1956), vol. 2, p. 82. See also Witgeest (1679; 1967), p. 161-62. 

37.. A purer product may be obtained using a recipe mentioned by d'Emery (1676; 1684), p. 281. Here the mixture o f verdigris and vinegar is put in 
pastry,, which is subsequently baked. The bread will to some extent absorb the vinegar and the dissolved impurities. 

388 For recent identifications of calcium in copper-green glazes: Billinge ef at, (1997), Berg ctaL (2(XK)), and Unpublished MOLART results (see note 
24).. Of course, the presence of calcium may also indicate that a yellow colorant precipitated on chalk was added to the copper green paint to obtain a 
warmerr more yellowish green; see Atkling pigments to tlxgla^t. 

39.. Clxmtbcrs's Encyckpeaitia (1738), under ' renlcgreafc.' 

40.. Pekstok (1692-95), ff. 12-13. Transcription in Eikema Hommes (2001). 

41.. Pomet (1694), p. 32. 

42.. Mayerne (1620-46); see Graaf (1958), p. 146. 

43.. The majority of shops only had un-distilled verdigris in stock: Municipal Archive Rotterdam, Inv. van de overleden Willem Viruly en zijn weduwe 
Willemkenn Bouwens, d.d. 11 October 1602. Archief van de weeskamer, Inv. no. 371, f. 753r; 'Eengroot stuck Spaensgroen,' f. 762v: 'Een ètesken met 
Spaensgroen?Spaensgroen? Municipal Archive Amsterdam: Inv. van Daniel Rulandts, d.d. 15 April 1644. Archief van de weeskamer, Inv. no. 350, f. 164r:' Wat spaens 
groen,'groen,' f. 195v: '8 brmide spaens groen.' It is only in Volmarijn's shop in Rotterdam in the 1630s and '40s where a wide assortment of pigments were sold, 
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evenn quote a price. Ancient instructions make clear that painters would have used the self-distilled, less pure 
pigment.. It was only in the second half of the 17th century that they appeared to switch to ready-made 
distilledd verdigris. This likely reflects a development in which painters prepared less and less of their own 
materials,, preferring instead to buy ready-made products commercially.44 An inventory of a shop of artists' 
materialss in Rotterdam drawn up in 1673 reveals that distilled green was kept in large quantities.45 In 
England,, as John Smith wrote in 1676, the pigment was also available in the colour shops. According to 
Crökerr (1719), the sticks of crystals resembled candy sugar; according to the French painter Warin in his 
UArtUArt dupeintre, doreur, vernisseur (1772), they looked like vine branches.46 Artists recognised differences in 
qualityy in this type of verdigris too. The handmaid to the arts (1758), claimed that distilled vinegar produced the 
finestt crystals, yet ordinary vinegar was often used because it was cheaper.47 Watin advised painters to choose 
thisthis distilled green with beautiful crystals, well dry, strong colour and with a velvet-like appearance. Cröker stated that the 
bestt types came from France and India. 

Inn 1702 the Dutch painter Simon Eikelenberg (1663-1738) noted the prices of many pigments in his 
(unpublished)) Aantekeningen over de schilderkunst (1679-1704). **  Distilled verdigris was 8 stuivers an ounce 
(Fig.. 6). This did not place it among the most expensive pigments, such as ultramarine and high quality red 
lake,, which ran into several guilders an ounce. Distilled verdigns ranked among the mid-price pigments, 
whichh included indigo and yellow lake. Yet, distilled verdigris must have been considerably more expensive 
thann the unrefined pigment. John Smith warned decorators that distilled verdigris was lof good use in fine-work, 
butbut too dear in vulgar-painting,' for which he used unrefined verdigris.49 Because in easel-painting considerably 
lesss pigment was required than in decorating, it might be assumed that the difference in prices of copper 
greenss would have been a negligible factor. Nevertheless, it did matter on some occasions. The 
Netherlandishh painter Jacob Bherens mentioned around 1661 in his handbook that he used ordinary 
verdigriss for 'ordinary works... but for cosdier works one uses distilled verdigris.'5" 

chatt the stock includes a littl e distilled verdigris in addition to the large quantities of verdigris. Municipal Archive Rotterdam, Inv. vanTrijntge Pieters, 
d.d.. 12 maart 1648. Archief van de weeskamer, Inv. no. 430, f. 188r: 'Watgedesteleert spaensgroen' f. 189r: 'Dcrticb pontspaensgroen 't pont lot iijftienst,Acbt 
entteentte lijflicbpondl paens groen 'I pont tol veertien si... Hontlcrl drie entle seientien frnnt spaensgroen 't pont tot tvrtien St.' I would like to thank Xenia Henny for 
makingg her transcriptions of these inventories available to me. 

44.. Henny (1994). 

45.. Municipal Archive Rotterdam, Boedel inventaris van Ermptgen Pieters weduwe van Abraham Lambertsz. van Bubbeson, d.d. 24 februari 1673. 
Archieff  van de weeskamer, Inv. no. 461, f. 231r: 'Een en Ixilj  pond geiUsfeleert groen.' This is still a small amount compared to the forty pounds of 
undistilledd verdigns present in the shop, f. 23()v: 'Veertigponden spaensgroen geteyhent met No 17.' However, it should be taken into account that the 
pigmentss in the shop would also have been bought by decorators that generally used the 'raw' un-distilled verdigris. See the advice by John Smith 
(1676),, pp. 24-25 for the 'vulgar' painters. 

46.. Smith (1676), pp. 24-25, Cröker (1719); see SchieGl (1982), p. 108, Watin (1772; 1976), p. 29. 

47.. Dossie (1758), p. 106, Watin (1772, 1976), p. 29: 'IIfoul cimsir ce verd distilU, en beaux crystaux, bien sees, /touts en couleur, ayant un amp d'oeil reliiuté' 
Crökerr (1719); see SchieBl (1982), p. 108. See also the advice by Volpato (117*  or 18,h C); see Mernfield (1849; 1967), vol. 2, p. 745. 

48.. Eikelenberg (1679-1704), p. 781. For example, the best quality yellow lake cost 12 stuivers per ounce and indigo 8 stuivers. Many other, mostly 
earth,, pigments could be obtained for a few stuivers per pound. For prices of both verdigns and distilled verdigris in England in the 18,h and 19Ih 

century:: Bristow (1996), p. 22. 

49.. Smith (1676), pp. 24-25. 

50.. Bherens (1661), pp. 239-40:' '/ hxeeren ofglalseeren. Groen-glijck men in mijn groot stuck tie Poestje sien kan B sbitderde ick eerst met ml en sctxufawile met wart, 
DatDat is ick gaf't (mogsle ligt en diepste schaduwt en maeckle 'tgetvaat lieelgedaen. Glijck wit linnen alst nu bart droog i< maakt men t eerst dorretjes mgt met een suyrer stompe 
boxstelboxstel met mt o/y, of oock tvel nrnis daerna tempert men op sijn pol/el tot (gemene) wenken: spaensgroen enckelmet vernis afgekookte oh, en men streyckt dan I gel teek 
gewaatgewaat claermee ot'eer, dog niet so ret dattet soude kannen afkopen, en offet dit dede so moet men de onderste druppelen alti/f weg nwsen, etc: dog dit tvrundert en wort seer 
donkerdonker muer tot kastiijkerwerckengebruyckt mengedistilkert spaensgroen en dit blijft  bestandig' 
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II.. Appreciation of verdigris 

TheThe colour-fastness of verdigris 

Untill  the 17th century, descriptions of painters' experiences with the colour-fastness of verdigris in an oil 
mediumm are found only in Italian texts. Il  libro dell'arte {c. 1400) by Cennino Cennini contains the earliest 
comments.. Cennini ground verdigris in oil to form a transparent paint that he applied on tin foil, gold-leaf 
orr glass. He also used the oil glaze on dry fresco paintings and over tempera paintings on panel.51 Because of 
thee higher retractive index of the oil medium, artists obtained a more transparent paint with a richer colour 
comparedd to the rather opaque and matt tint of tempera. This type of oil glaze is often found in 14,h- and 
15th-centuryy Italian paintings that were otherwise painted in tempera.52 Today, these oil glazes often show a 
brownn discoloration. In Cennini's day it appears that this change had not yet become apparent. Cennini 
warnedd only about using verdigris in glue tempera: // is beautiful to the eye, but it does not last.5i In a Venetian 
manuscript,, possibly containing 14,h-century instructions, the durability of verdigris in oil is in fact 
emphasised-- indeed verdigris requires to be ground with this oil in order to preserve its colour.54 The manuscript Secreti 
diversidiversi also known as the Marciana manuscript, which describes methods most probably employed by artists 
activee in Rome and Florence during the first quarter of the 16th century, also maintains that verdigris oil 
glazess on glass or other works remain fine for long periods.55 However, a few decaded earlier, Leonardo da 
Vincii  had some disappointing experiences with the colourfastness of verdigris in oil He wrote around 1492: 

TheThe green colour made of rust of copper, Green made of copper, even when this colour is mixed with oil, loses its beauty like 
smokesmoke if it is not quickly varnished. It not only goes up in smoke, but if it is washed with a sponge dipped in simple, ordinary 
water,water, the verdigris willdisappear from the panel on which it has been painted, especially in humid weather. This comes about 
becausebecause verdigris is made from salt, which dissolves easily in rainy weather, and especially when it is bathed and washed with 
thethe sponge mentioned earlier?** 

Neutrall  verdigris is especially prone to dissolve in water, so that humidity can indeed spoil the paint.57 The 
commentt that verdigris discolours even in oil, suggests that Leonardo had obtained worse results with other 
media,, such as glue and egg tempera. 

Thee later 16th-century Italian texts consulted, do not discuss the durability of verdigris. And the 

51.. Cennini (c. 14(X)), f. 33r, 24v, 27r; see Thompson (1932), p. 60, 85, 91. 

52.. Dunkerton (1997). 

53.. Cennini (c. 14(H)), f. 8r; see Thompson (t 932), p. 32: 'Qucsto clniitre e buono in taixila, tenperato con cholla. Glmar'ti di nonne amcinarlo mai con biaalw,pcrcbc 
inin lull» xtmo inimici mortaH... e hello all 'occ/jio, ma non dura.' Translation by Thompson (1933; 1960), p. 33. 

54.. Receitfs and directions (14*  C); see Easdake (1847; 1960), vol. 1, p. 87: 'Maxina hdiie cobtri cii 1'aqua suxo iapietra tpoi tempali com» ellork de fom hn 
sbatulosbatulo o rot como olio dc semte dc lino. Vcru e c/ie 'I rderamo ivk ess maxinalo co qucsto oio de semte de lino a ivlcre cite no pdi sue colore' 

55.. Secreli diimi (c. 1503-1527); see Merrifield (1849; 1967), vol. 2, p. 617: 'Et quando tu dipingi col verderame, macina del^afferano almedesimo modo con detfo 
olioolio el con qucsto tempera el colore del verderame et sara tanta pin bello nrde etc? 

56.. iubro di Pittura (c. 1550); see McMahon (1956), vol. 2, no. 214: 'Del color itrde jat tit dalla ruggine dirame. Ddvcrdc jutta dalrame arclmra die talcokre.ua 
messomesso a' oH», gli.ie tie ra injumo la sua bellc^a s 'cgH non e 'subito in vernicato et non solamcntcst ne va injumo ma s'egk sura lamto w la spunglja bagnata dtsemptice acqua 
comunacomuna esso nrde rame si lei ara dalla sua tarola- ilav'c' di pinto e'massimamentc settempo sara nmido ce qucsto nassepercfx taltenltramc e'fatto perfor^a disale ilquale 
salesale confacciUta sirissolre ne tempiphtiiosi et massimamentc essendo bagnato et lamto con lapredetta spunglja.' This instruction is dited c. 1492 by Pedretti (1965), p. 
186. . 

57.. Kiihn (1993)1, pp. 132-33. 
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northernn sources are equally reticent.58 This changed in the early 17th century, as writers began to discuss the 
characteristicss of artists' materials in increasing detail. The Haarlem painter Karel van Mander urged artists 
too avoid verdigris in his Den grondt der edel vry schilder-const (1604).59 Perhaps he had noticed that the colour 
soonn changed. This was certainly the experience of the artist whose manual entided he petit peintre Mr de St 
JehanJehan was incorporated in the De Mayerne manuscript. The manual describes that verdigris died and that this 
wass already visible after a month (Fig. 7). This warning certainly applies to the unrefined pigment, as the 
manuall  also states Distilled verdigris, as it is called, called, never dies and is very beautiful for glaring... The gla~e... mil last 
eternally.eternally.mm Paint reconstructions by Kühn have shown that neutral verdigris remains more constant in an oil 
mediumm than basic verdigris, although the difference is not substantial.61 While the author ofLe petit peintre 
consideredd ordinary (basic) verdigris unsuitable as a green paint, he considered the pigment's siccative effect 
too be useful. Small quantities had to be added to certain black paints that on their own hardly dry. Many of 
thee 17th and 18th-century texts consulted recommend this method. Some authors also mention verdigris as a 
siccativee for indigo and red lake paints.62 

Manyy 17th-century painters agreed with St. Jehan's Le petit peintre. The Hand-boek van de heer Jacob 
Bherens'Bherens' explains that unrefined verdigris nevertheless changes and becomes very dark. As already noted, Bherens 
reservedd this pigment for ordinary works that he apparendy did not consider to require durability. Regarding 
thee distilled verdigris that he used for me costlier paintings, he wrote that this remains permanent (Fig. 8 a,b).63 

Otherr texts are less explicit concerning the differences in colour-fastness. However, authors advise the artist 
too sieve the verdigris well, to grind it well or to prepare it.64 This clearly refers to refinement with vinegar, 
indicatingg that the author assumed that only purified pigments would be used. To preserve the colour of the 
distilledd pigment painters considered it necessary to apply a varnish on the paint as soon as possible or to 
addd a litde varnish to the actual paint. These methods are discussed in detail below. In fact, there is evidence 
thatt 17,h-century artists preferred distilled verdigris not just because of the greater colour-fastness. They also 
seemedd to prefer the type of colour of the distilled product to the one of the unrefined pigment. 
Eikelenbergg noted that Verdigris is transparent but for glares, a distilled verdigris is used which is purer than the other 
andand finer in colour.**'3 The difference between these 17th-century texts between the two types of verdigris is 

58.. The mere fact that the sources do not mention the discoloration of verdigris does not prove that artists were not aware of the fact. These 
manuscriptss concentrate mainly on the preparation of materials and pay scant attention to the characteristics of these materials and methodss of their 
use. . 

59.. Mander (1604)1, f. 5()r. Van Mander's colleagues Hendnck Goltzius and Cornells van Haarlem appear to have agreed with him. No verdigris has 
beenn found in their work: Hendriks el at (1991-92). 

60.. Mayerne (1620-46); see Graaf (1958), p. 175: 'Ces couleurs meuren!mine, tvrt degris Sivne couleuriloibt mtmrir on sen aperceura clansin mois''and p. 152: 'Le 
rertrert tie gris distilkqu'on appek, ne meurt jamais & est tresbeau pourglacer, in lapis, vn Ijabii, ou aultre drapperic apres 1'aivir/aia de sclatgeel DH massicot é~ tk eendree, 
en/onceen/once & rtlxmssc comme il fault, puis estant sec il/auf mettn la glaceure, qui dure perpefuelkment.' 

61.. Kühn (1993)1, pp. 136-37, and (1964). 

62.. The manual Le petit peintre in Mayerne (1620-46); see Graaf (1958), p. 153, recommends adding a small amount of raw verdigris to an ivory black 
paint.. This paint barely dries by itself. Verdigris has regularly been found in black paints in 16,h and 17*-century paintings: Kühn (1993)1, pp. 143-47. 
Forr verdigris as a dryer for indigo and red lake: Palomino (1715-24; 1795-97), vol. 2, pp. 68-69. 

63.. See note 50. See also the comments by Biens (1636); see Klerk (1989), p. 56, Pictorius (1713; 1747), p. 107, and the remark in the 1697 edition of 
Goeree'ss Verachterie-kumt, p. 25: 'Men rind van dit spaans-groen lief welk gedistilleerd is, 't weikgantsch suyveris, en rvordin ik ofy-tvrwen, doormen 't spaansgmen urn 
sijnsijn feni/mg/jeid met en bezigt, gebruikt om te lokseeren' 

64.. Hidalgo (1693; 1965), p. 8: 'Las rupas rercks ts elaihrquc maspierck,y tengo tk comunicar mi secreto,puesjamas se me ban buelto negras, a qualquiera rvpa, h cusa 
queque quieras, que no se huelia rerde, nipiercla, bosquejese de anil, y blanco, los clans bien cloros, si k qukren lxrmoso,y con buen secante, que sequepresto, y banal» con 
carcknithcarcknith bien molido;y quierenque esti massubulo, buelith a basiar.y ïeranquertrde.' Translation by Veliz (1986), p. 135; Baldinucci (1681)2, under Verde 
EternoEterno and Verikramr, Mayerne (1623-44), f. 43r: '... tlxn sijadibwe it n\\)th apendU, in such places as tk nwkeman sljalltlanke best n\\]th transparonl colors, as 
Luke,Luke, smalt, Indigo, Pinke, It[a]ian]umber and irrdigreaceprepared- these must be layik on »\i]tb oyle notjatted.' 

65.. Eikelenberg (1679-1704), p. 409, 'Loxceeren Dat is met doorschijnende kokuren overschilderen,.. Spaensgroen is dimrsebijnend maerom te lakserengebruijktmen 
gedistikertgedistikert Spaensgroen, liet welk suijrerikr is ah't andere en schonder van kJeur.' 
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remarkable.. This is never found in 15th- and 16th-century sources. Earlier artists appear not to have made a 
clearr distinction between the two types of copper green. Basic verdigris is regularly found in green areas in 
paintingss where it has been employed in the same way as the neutral pigment. Veronese, for example, 
paintedd the green draperies in the four paintings of his Allegory oflove in the National Gallery, London with 
basicc verdigris, while Holbein used this pigment for the green leaves in the background of A. lady with a 
squirrelsquirrel and a starling that is in the same collection.66 In these cases, the colour of these basic copper acetate 
paintss has been relatively well preserved. An exceptional case is Jacob de Wit who, as late as 1718, used 
basicc verdigris mixed witi i a large amount of lead-white for the blue-green drapery in his ceiling painting at 
thee Cromhouthuizen in Amsterdam.67 Perhaps De Wit's choice of pigment reflects the influence of 
decoratorss who continued to use basic verdigris in combination with lead-white to general satisfaction until 
welll  into the 19th century.68 

Whilee writers continued unanimously to praise the colour-fastness of distilled verdigris glaze until die 
mid-17thh century, by the close of the century opinions on the matter had begun to diverge. Some authors 
remainedd enthusiastic. The Spanish painter Hidalgo noted in Principospara estudiar elnoblilisimoy real arte de la 
pinturapintura (1693), diat the draperies he had painted widi the green glaze had not turned black.69 In his 
VocabolarioVocabolario Toscano dell'arte del disegno (1681), Baldinucci praised the durability of glazes of properly purified 
verdigriss applied on gold and silver foil as follows: Permanent green... a rather bright sort of green, called permanent 
becausebecause it never loses its vivacity, like all other greens do.1" Other authors began to voice criticisms. French painters 
inn particular were dissatisfied. De la Hire maintained in Traite de la pratique de lapeinture (1709), that it was 
hardlyy possible to use verdigris in oil painting: Because although it appears beautiful when glared over a white ground, 
itit  is not durable and turns black after a short while ̂  Perhaps the divergent opinions regarding die colour-fastness 
reflectt differences in quality of the distilled copper acetate. The differing opinions may also reflect the length 
off  time that painters wished to keep their colours. Hidalgo, who maintained in 1693 that his green draperies 
nevernever turned black, had determined this, he explained, from his own paintings. Having trained as an artist in 
thee 1680s, Hidalgo's draperies could not have been older than about ten years. The observations of authors 
suchh as St. Jehan in he petit peintre and Baldinucci may also have been based on paints that were still 
comparativelyy recent. The Spanish painter Palomino, author of El museopictorico' (1715-24), was familiar with 
thee ability of glazes of distilled verdigris to keep their green colour for a long time but that they eventually 

66.. For Veronese: Penny et al. (1996), p. 53. For Holbein: Foister et at (1994). For identification of basic and neutral verdigris in northern-European 
easel-paintings:: Billinge et al (1997), pp. 39-40. 

67.. Leeuw & Dik (2000), p. 79. 

68.. Decorators used basic verdigris to paint the outsides of houses, for which distilled verdigris, being sensitive to water, was unsuitable. John Smith 
(1676),, p. 24, called raw verdigris, 'tlx best und most useful geert ofallotlxrs.' A series of instructions for painting signboards, Delormois (1733; 1753), 
byvoegsel,, notes that: 'betspaanscb groen is een verf (lie %> 'Ira $y droog is, mn couleur is verandert, maarblyft ivrtlerbestendiger ukalk andere renvcn.' However, Simis 
(1801),, p. 54, 56-57, noted in his manual for decorators that although strongand resilient outdoors, raw verdigris was unsuitable for indoor paintwork 
becausee it became rery ugly and dirty. The strong copper-green paint was preferred for outdoors, where discoloration was less of a problem, since it was 
onlyy used as a protection for metal and wood. For the more delicate paintwork indoors, the discoloration formed a problem for the decorator too. 
Seee also Jombert (1766), p. 124. 

69.. See note 64. 

70.. Baldinucci (1681)2: 'Verde etcrno Una sorte di colttr itrde assai tiro, dcfto eterno, pcrclx non perde maila sua livesr^a, come fanm tuttigk altri  cohri verdi. Questo no 
ii  altro cfje una relaturafatta ajondo inargentato d'argento tnfiigHci, d'un tvrderame benpurguto, e ridottii  aguisa d'u/t 'acauereth.' Sometimes, as in an altarpiece by 
Sansepolcro,, the copper-green glaze on top of gold foil has discoloured severely: Wyld & Plesters (1977). However in some instances the green 
colourr is quite well preserved: Speleers (1998), p. 40. 

71.. Hire (1709; 1730), p. 678: 'Mais cette couleur n estpasjort en usage dans lapeinture a ditrempe, & encore mains dans lapeinture a liuik: car quoiqu 'eileparoisse 
d'abortfortd'abortfort belle étant glacéc sur des funds blancs, elk ne dure pas &° elk deiient noire peu de terns apris.' See also Pernety (1756), p. xcxiv, Jombert (1766), p. 124; 
Watin(1772;1976),p.29. . 
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died,, turning into an infamous dark brown?2 It is conceivable that the French painters considered the long time 
thatt the glaze kept its colour not to be long enough. Either way, its tendency to discolour ensured that 
eventuallyy the pigment was hardly ever recommended for artists in the 18th and 19th centuries. Furthermore, 
inn the early 18th century Naples yellow and Prussian blue had become readily available, enabling painters to 
mixx more permanent green colours. The English painter Dossie wrote in The handmaid to the arts (1758): 

'In'In oil they [crystals of distilled verdigris] hold their colour well enough to answer many purposes, where colours are not 
requiredrequired to be greatly durable; but in paintings oj'consequence they cannot be depended upon, being apt to turn black with 
time.'time.'1717' ' 

Fieldd claimed in his Chromatography (1835), 'but it is not on the whole a safe or eligible pigment, either alone or 
compounded?compounded? Moreau-Vautier warned simply in La Peinture (1913): Verdigris: TO BE AVOIDED.14 

ChangingChanging colour from blue-green to green 

Thee manual Le petit peintre states that ordinary verdigris could be seen to die within a month.75 This 
observationn may relate to the colour shift from blue green to green, that occurs most noticeably in fresh 
basicc verdigris paint and to a lesser extent with neutral verdigns.76 This remarkable change is discussed only 
occasionallyy in the sources and these comments are only found in instructions for decorators. A series of 
paintt formulas for signboard painters (Amsterdam 1764-77) notes that Verdigris is a paint that changes colour as 
soonsoon as it dries.11 And Simis wrote in his manual for house painters of 1801 that: 

ItIt  is noticeable that after being applied, the verdigris [here both basic and neutral copper acetate are meant] appears 
asas a beautiful light blue showing a little greenness, only achieving its actual colour after several days1* 

Sincee the colour changed, Simis claimed that it was almost impossible to recreate the same colour twice. 
Moreover,, in easel-painting, it made it all the more difficult to balance the colours. As is apparent below, it 
wass this latter aspect specifically that kept 17*-century painters in particular from using this pigment. 

IncompatibilityIncompatibility of verdigris 

Whenn verdigris is mixed with other pigments in a paint medium a chemical reaction may take place that can 
resultt in discoloration. Copper based verdigris may react with the sulphur in sulphurous pigments such as 

72.. Palomino (1715-24; 1795-97), vol. 2, p. 70: 'Otn vcrde de cardenilk. Pen sabre todos ks venles, si permaneciera, es el cardenilk tabrado con genua clam, ó con 
bianco,bianco, aunque nu es tan bueno,y ikspucs de seen, banado am elmtsmo cardenilk, estepermanecepor muck tiempo lxrmosisimo;pero en comen~anch a decUnar, viene dparar 
enen unparih obscurv infame: pern por si alguno quisiere mar de él, pucde asegurark, barni-andole keg* que este seco, con alytno de la barnicci que «  dirdn adeknte ' 
Translationn by Vebz (1986), pp. 168-69. 

73.. Dossie (1758), p. 106. 

74.. For Field (1835), p. 130, see Carlyle (2001)1, p. 496; Moreau Vautier (1913): 'Vert- degris: A REJETER.' 

75.. See note 60. 

76.. Kühn (1993)1, p. 135. It was probably not just the change of colour that persuaded the author of Le petit peintre to avoid basic verdigris. He 
presumablyy saw it as the start of a disruptive brown. 

77.. Delormois (1733; 1753), byvoegsel; see note 68. 

78.. Simis (1801), p. 56: 'Tis mede aanmerkclyk, dal bet spaanschgroen yg, naa verstreken te yin, een scljoon licht blaauw, en een weiniggtvenachlig tvr/oont, en eerst naa 
eenigeeenige dagen yn >ve~entb/ken kleur bekomt: ik Ixb dikwerf «ver dee^e eigenscljap gedacht, maar kan er gein ancien reden mor vinden, dan dat de lucht, op kt gift werkende, 
dee~cdee~c verandering veroorzaakt. Men kan er ook, om reden dat hel ym ^eer verandert, nooit een kleur hymaaken; naamlyk van nieuw groen, by dal, lx/welk reeds eenigen tyd 
geschilderdgeschilderd is geweest.' See also p. 57: 'T is mede aanmerkelyk, dat, alt men Spaansch gmen, 'f ygalistiteirdofniet, met oiy ojterpentyn wryjt, dat )xt dan acht blyfl; maar, 
~oodra~oodra men er een weinig mastix oj Ijars-vernis onder doet, dat Ixt dan terstond op ync Ijoogte van groen is, ^po ah ixt, opgedroogd \ynde, bfyft.' 
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vermilionn and orpiment. These problems arise especially in an aqueous medium. Laboratory tests have 
shownn that reactions with verdigris hardly ever occur in oil media.79 Yet numerous warnings for mixtures 
withh verdigris in an oil medium are found from the 15th century onwards. The caution that the sources reveal 
mayy have been prompted by the projection onto oil painting techniques of the problems painters 
experiencedd when mixing verdigris in aqueous media.8" Yet it is more likely that the difference between 
historicall  and contemporary opinion is the result of our lack of information regarding the problems that 
arisee when mixing paints with historical verdigris. Modern reconstructions of paint mixtures have employed 
chemicallyy pure (basic or neutral) copper acetate which, as has been seen, may differ significandy from the 
historicall  pigment. 

Dee May erne warned: Verdigris (which one only applies for glaring) is so much an enemy of the other colours, that it 
willwill  kill  them all, especially eendre d'a^ur.81 As described in chapter II , in addition to the blue copper pigments 
azuritee and blue verditer, the term eendree could denote lesser qualities of ultramarine. According to 
Leonardoo da Vinci, verdigris could turn black in combination with orpiment.82 The unsuitability of this 
combinationn of pigments can clearly be seen in Marco Marziale's Christ and the woman taken in adultery 
(r.1505),, in the Bonnefanten Museum, Maastricht. The woman's headscarf is painted with a glaze of 
verdigriss on realgar, which like orpiment, is an arsenic sulphide. Despite being painted in separate layers, the 
pigmentss have reacted with each other to turn the glaze completely black (Fig. 9a-b).83 Various Italian texts 
warnn specifically against the combination of verdigris and lead-white. The author of the manuscript Secreti 
diversidiversi (1503-27) considered that these pigments corrupted each other in oil paints.84During his visit to Italy 
fromm 1649 to 1651, the English antiguary Richard Symonds noted from the Roman painter Canini that 
verdigriss and lead-white: have an antipathy like the Devil**  In contrast, other texts, including Italian ones, 
recommendd this combination of pigments.86 Analysis of paintings has revealed littl e of the supposed devilish 
antipathy.. Verdigris was mixed with lead-white in coundess paintings, including Italian ones, without the 
paintt discolouring.87 The divergent opinions of Canini and the author of the Secreti diversivaxy be connected 
withh the varying composition of historical verdigris, which caused problems in their works that were not 
encounteredd by other painters. Most warnings concern the incompatibility of verdigris with one or a few 
otherr (mosdy sulphurous) pigments. Some painters, especially the French, considered that all contact with 
verdigriss should be avoided. Le Brun warned in his Recueuil des essaies des merveilles de lapeinture (1635), that 
verdigriss causes every colour with which it is mixed to die, while Jombert wrote in 1766: Verdigris spells ruin for all 

79.. Kühn (1993)1, pp. 13C)-37. 

80.. It is also possible that an emulsive paint was used containing just a small amount of oil. Verba! Communication: Karin Groen (ICN). 

81.. Mayerne (1620-46); see Graaf (1958), pp. 142-43: 'Le ivrcl tit gris (tknt on se serf settlement pour gtacer) est teUement ennemy des anltres cottkurs, qu 'il  les lue 
Imttes,Imttes, speciaiement la eendre d'a^ttr; mesmes si on trauaille avec mpinceau (quay qu'il semble net) qui ait nettoyidans de t'/juyle qui ait settlement tottclxau ferdet, ott .dies 
cottkurscottkurs se mettenl sur me palette mt ily en ait eu, tout meurt, de sorte que qui milt traitailier de «rafc[t] ilfault qtt 'il  ait pinceaub:, palette & indie />[our] neltoyer apart? 
Forr a similar warning in Le petit peintnr, see Mayerne (1620-46); see Berger (1901; 1973), p. 262. 

82.. Leonardo (1508-09), f. 96v; see Richter (1883; 1970), vol. 1, no. 626. 

83.. Speleers (1998). 

84.. Secreti tlii-ersi (c. 1503-27); see Merrifield (1849; 1967), vol. 2, p. 609. Cennino Cennini warned for mixing verdigris and lead-white in a glue; see 
notee 53. 

85.. Symonds (1650-52); see Real (1984), pp. 226-27: ' Verde Rame is velnosa, si fa tin panno di biacca. Si lascia stccare. Se .si mette fresco con la biacca ha una 
AntipatliiaAntipatliia come un Diaivlo. Qttando e secca la biacca si mette quel Verde Rome suopra web makes an incomparable color, ma truppo sfacdata. Toogairis/j... Biacca 
OmbrigiafaJaffaOmbrigiafaJaffa in clnaro oscuru prima, /lien wlxn dry nvrke on ye Vertgreen. Ancorap.jare un bel Verde si mistica Verde Rame & Giallo Lino p. clnarip. cambio della 
biacca.biacca. Wlxn ivrderame is dry fix biacca non mol muticart con quell colore.' 

86.. Lomazzo (1584), p. 194. Pomet (1694), p. 31, held that the addition of lead-white was necessary to preserve the green colour of basic verdigris. 

87.. Kühn (1993)1, pp. 136-37. 

91 1 



otherother pigments and has the potential to spoil a whole painting if even a small amount is found in the priming of the canvas.™ 
T oo avoid mixing with verdigns, De Mayerne noted one should have separate brushes, palettes and cleaning oils' 

forr this pigment.»9 Another method involved applying the verdigris glaze only after the other paint-layers 
hadd dried. Richard Symonds noted down from Canini: 

VerdigrisVerdigris is poisonous to other colours. Paint apiece of drapery with lead white. Let this dry... When it is dry, apply the 
verdigrisverdigris on top of the lead white... when [the] verdigris is dry, the lead white has no inclination to react with this colour*' 

Naturally,, the underpainting also had to be properly dry to avoid drying cracks.91 It is conceivable that the 
discolorationn in Marziale's work occurred because he applied the copper-green glaze when the realgar paint 
hadd not sufficiently dried. This is quite possible, since paint made of arsenic sulphides dries extremely 
slowly.92 2 

Cautionn was required even when painters employed verdigris as a siccative, the sources warn. The 
pigmentt could do littl e damage with black pigments, but it was best avoided in combination with other 
colours.. As De Mayerne wrote: White couperose [zinc sulphate] should be used to speed the drying oj"red lake, this 
doesdoes not cause the colour to fade as verdigris does?5 

III.. Instructions for glazing with verdigris 

Grinding Grinding 

Thee sources recommend grinding distilled verdigris to as fine a powder as possible.94 Only thus is a smooth 
paint-filmm without ugly lumps achieved. Since pigments are difficult to grind fine in an oil medium as the oil 
cann become viscous, painters generally began by grinding pigments in water.95 Then they were allowed to 
dryy before grinding with the oil. Water-sensitive verdigris formed an exception to this rule. Artists 
consideredd that all contact with water should be avoided. Because it was common practice to keep the 
palettee under water to ensure that paints did not dry out, the Italian painter Giovanni Volpato warned in his 
ModoModo da tener nel dipinger (second half 17th century or early 18th century), but remember that lake, giallo santo and 
verdigrisverdigris are spoiled by the water, and must be taken off the palettes before they are put underwater ̂ In the margin, beside 

88.. LeBrun (1935); see Merrifield (1849; 1967),, vol. 2, p. 823: 'On met clans k noir, soil (k dxnbon, oujumée, du tWiU gris pour k faire seidter, ilne sen faut senw 
queque dans ks umbrages, car il  est renin dans lapeinture, etjail mounr tons les coukursparmy ksquel ̂il  est mesk~' Jombert (1766), pp. 124-25; 'Le ferd-ck-gris est la 
pestepeste de toutes ks couknrs, (0° il  est capabk deperdn tout un tabkau s'ilen entroil la moindrt parlie dans 1'imprimnTe d'une toik... It faut bien prendre garde dene pas se 
semir,semir, pour ks autres cuukurs.' See also Dupuy du Grez (1699; 1972), p. 251, Pernety (1756), p. 547. 

89.. See note 81. See for similar instructions Mayerne (1620-46); see Graaf (1958), p. 144; Dupuy du Grez (1972), p. 25l;Jombert (1766), p. 125. 

90.. See note 85. 

91.. The author of Le petit peintre, who noticed that verdigris corrupted eendre d'a^ur pigment, recommended that verdigris glaze be applied after the 
underpaintt containing eendre da^ur was dry for the same reason; see note 60. 

92.. Verbal communication: Dr A. Wallert, Rijksmuseum, Amsterdam. 

93.. Mayerne (1620-46); see Graaf (1958), p. 152: 'Pourfaire seiclxr la tacque ilyjault meskrtk lacouperose blancix iaquclk ne meurtpoint commejaict kmrt ik gris.' 

94.. For example Eikelenberg (1679-1704), pp. 409-10: 'De veruwen die nietgewreven moeten (maergetempert, yn dese naro&nde. Notadaeromsoommtmen mn de 
fijnstefijnste sicn te krijgen die men kan. masficot, meeni, blan-as,groen-as, tasnur, smah, maarde anderen nemen [so including verdigris/ q/n htefijnder gervreven Ijoe beter' 
Reconstructionss show that the neutral verdigris is easy to grind. The sources describe that the grinding of basic verdigris was rather time-consuming 
ass it still contained small pieces of copper which were continually becoming stuck under the muller: Smith (1676) p 24 Simis (\mV\ n 55 and 
Hopmann (1856), p. 30. J'l" ' 

95.. For example Mayerne (1620-46); see Graaf (1958), p. 162. 

96.. Volpato (17*  or 18*  C ); see Merrifield (1849; 1967), vol. 2, p. 741: V/jr apunto k tamb^e come som, preparate a melono nel acque a do Ü colnri non si 
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aa series of painting instructions for various pigments, De Mayerne, noted the liquids in which they could be 
finelyy ground. Beside the instruction for distilled verdigris he wrote without water?1 Since pigments ground 
withoutt a liquid had a tendency to cause dust, artists preferred to grind distilled verdigris in a solution. The 
BriefBrief traite contenant la maniere d'aprendre a peindre <&  de scavoir mesler les couleurs in the De Mayerne manuscript 
recommendedd thatyou should grind the aforementioned verdigris fine with turpentine and spike oil?* Painters who used 
verdigriss for lacquering furniture sometimes ground it in oil before mixing it with viscous lacquer varnish. 
Thee thin flowing poppy oil recommended by Da Sylva in his Konst-boeck (1735), would have been the most 
usefull  in this case.9<J 

OilOil  media 
Forr glazes with distilled verdigris, the sources consistendy recommend the use of linseed oil.1"" That this 
typee of oil was generally used for green glazes has been established through analysis of paintings.1111 As far, 
onlyy in early Italian paintings by artists such as Cosimo Tura, Raphael and Cima da Conegliano verdigris 
withh nut oil was found. The glazing properties of verdigris are greatly influenced by the preparation of the 
oil.. Unprepared linseed oil results in a matt paint in which the brush lines remain visible. For a smooth film, 
freee of brush marks and with a glossy effect, as a glaze should be, a special preparation of the oil is needed. 
Thee Hand-boeck van de Heer Jacob Bherens states that verdigris should be mixed on the palette with oil that has 
beenn boiled.102 The manuscript Art of painting in qyle by the life (1664) contained in the Henry Gyles booke, 
advisedll if you make a green garment, make it w[i]  thout virdigrease, and when it is dry glaive it over with virdigrease andfatt 
qyle.qyle.111(l31(l3 In the manuscript we find this type of oil also recommended for glazes made of other pigments. 
Pierree Le Brun (1635) also considered a fat oit appropriate for verdigris, as did John Smith who advised 
decoratorss to use a fat-drying-oiL,w* 

Thee fat oil was prepared in various ways.1"5 Le Brunn noted thatfat oil is made by putting a bag of litharge 
intointo a pipkin with oil, and boiling it.' Smith described the same method and stated that die oil should be heated 

sec/jino,sec/jino, rokndoli adoperare ilpitlor  ilgiorno die/ro, ma arerti clx la lacca, itgiak .«into, et il  verderame patiscono, e hisogna Itmrk' urunli clx si met a nelacqua.' For the 
samee reason, a studio handbook collected by De Mayerne (1623-44), f. 80r, gives the following advice: 'NB. lacqtie, acre, itrd tie gris, scudegrun ne se 
meme tien) en lean.' 

97.. Mayerne (1620-46); see Graaf (1958), p. 144: 'sans eau? For another instruction for grinding verdigris without a liquid see a collection of 
instructionss entitled Of limning in oyk colours (c. 1650), see Hardie (1919), p. 99. 

98.. Mayerne (1620-46); see Graaf (1958), p. 158:'... brsqu'on sera prest de glacerfault bien broyerledict i>erf dcgrisavec Imilic tie terebentine ló' Imilte d aspic sekn la 
raison.'raison.' See also Mayerne (1623-44), f. 37r: 'quandpous ivule'sglacerdessus Fargeni.faut broyerde la lacquefine, ou du rert degris distillé <&  la faut broyeramc Intylc 
dede spic & de t/xrebenthine;' Lak, Vernis en Verf-konst (1767), p. 93, Watin (1772; 1976), p. 29, Simis (1801), p. 57. 

99.. Sylva (1735), pp. 56-57. See also Lak, remit en verf-konst (1767), p. 92. 

11 (X). For example Pacheco (1649); see Sanchez Canton (1956), vol. 2, p. 82, Volpato (17'h or 18'h C); see Merrifkld (1849; 1967), vol. 2, p. 739, Smith 
(1692),, p. 72. 

101.. For analysis of linseed oil: Berg et aL (2(XX)), Billinge et al. (1997), and unpublished MOLART report (see note 24). For analysis of nut oil, 
Dunkertonn (1997), p. 30, Plesters (1990), p. 36. 

102.. See note 50. 

103.. Art of painting (1664), p. 101 

104.. LeBrun (1635); see Merrifield (1849; 1967), vol. 2, p. 815, Smith (1676), p. 39. 

105.. LeBrun (1635); see Merrifield (1849; 1967), vol. 2, p. 817: 'Huilt greasse sefait arte (It la lilljarge que 'ton met dans m sacixt en une cljopme am de fhuile, 
puispuis on la fait bouBr' Smith (1676), pp. 38-39. The preparation of oil thickened in sunlight and the heat of the sun is described on pp. 40-41, Art of 
paintingpainting (1664), p. 97: 'Ho» to fatten Oyle. Take linseed ayk &putt it into a broad leaden thing and to a pint of oyle put tlx quantity of a spoonfull or two ofwlnte lead, 
beingbeing ground in oyle, and mingle tlxm togetlxr and tlxn cover it close, and sett it wlxre tlx sun doth sfnne, & if you sometimes stir it together it will  fatten tlx sooner, after tins 
manermaner you make tlx oyle fit!  either to morke with all for gold si~e winch must bey[our) thickest, but il  it be worke a{i\th all or for toghi^e n^th all it must not be Ixtlfso 
llnckc.llnckc. For gold si^e it is usually a tliicke as tarr or slif sirrup.' 
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forr one hour. This would result in a viscous thick drying oil. Smith made another type of fat oil by placing a 
glasss of linseed or nut oil with a small amount of litharge in the hot sun for one month in the summer. The 
resultingg thickened oil dried particularly well. The Art of painting in oyle by the life recommended the same 
methodd for making fat linseed oil but using lead-white instead of litharge. It may perhaps seem unusual that 
quick-dryingg oils were used for verdigris, which in itself has a siccative effect on the drying process of oil. In 
thiss case, it was the gloss and the viscosity of the oil that made painters decide to use the substance. The 
manuall  Art of painting in oyle by the life notes that oil for glazing should be nearly half as thick as oil for gilding, 
whichh should have the consistency of stiff syrup. Paint reconstructions with these thickened oils reveal that 
thee paint is indeed glossy and that the brushstrokes even out to form a smooth layer, as Smith noted,l it shall 
alsoalso add a beauty and lustre to the colours; so that they shall dry with a gloss, as if they had been varnishedover.'ll16 Some 
paintingss clearly show that this kind of paint must have been rather viscous. Because the syrupy paint was 
difficul tt to spread, it was applied in a thick layer. An example is Saint Mauritius by an anonymous master of 
thee South German School (second quarter of the 16th century; Fig. 10).,n7 Oil heated to a high temperature, 
especiallyy when mixed with litharge, acquires a dark colour. Smith stated that the oil's 'deep reddish-colour" 
considerablyy influenced the eventual colour of the paint; with a white pigment the paint became yellow, 
whilee blue paint acquired a greenish hue. This was of course not the intended effect when using these cool 
colours,, but may have been just what was required for verdigris, since its sharp blue-green colour gained a 
warmm hue in this oil. When painters used oils thickened in the light and heat of the sun, which were 'very 
whitewhite and clear (for the sun takes away all the colour)' according to Smith, the colour of the oil did not, of course, 
influencee the result.108 

Bindingg medium analysis of verdigris glazes on 15th- to 17th-century paintings have frequently 
revealedd the presence of a pre-polymerised, heat-bodied oil.109 This suggests die artists used the heated or 
'fat'' oil referred to in 17th-century recipes. Glazes in paintings by Geertgen tot St Jans (Fig. 1 la-c), Cima da 
Coneglianoo and in those of an anonymous master of the anonymous master of the South Netherlandish 
Schooll  (Fig. 4a-c) and Cornelis De Heem (Fig. 12a-b), appear to contain small quantities of lead.11" Since no 
pigmentss containing lead are present in the paint-layer, the lead may derive from the oil medium. We may 
assume,, therefore, that the fat oil as described in the above recipes may have been common use. Lead has 
alsoo been identified in a browned glaze in Marco Marziale's Christ and the woman taken in adultery (Fig. 9), 
althoughh this oil had not been heated.111 Perhaps Marziale used oil to which lead-white had been added and 
whichh had been placed in the sun as described by Smith. 

VarnishVarnish media 
Analysiss of media from oil paintings reveals with increasing clarity that artists varied the media they used 
dependingg on the pigment used and the type of paint-layer (for example, opaque or glaze).112 Rather than 
withh linseed oil, blue pigments appear to have been mixed with media that did not tend to yellow as much, 

106.. Smith (1676), p. 39. 

107.. The painting was restored and examined by Esther van Duyn, Stichting Restauratie Atelier Limburg. 

108.. Smith (1676), p. 41. 

109.. Biliinge el aL (1997), pp. 42, 53-55, Berg el at 2000, unpublished MOLART results (see note 24). 

110.. Berg el aL (2(XX)), unpublished MOLART results (see note 24). Cima da Conegliano, Madonna and cinklwiib St. Jcrvme and Si }obn ik Baptid (c.15(X), 
inscribedd below: Joannes Baptista Pinxit), National Gallery of Art, Washington. On the painting technique of Geertgen tot St. Jans' T/te l.xily kinship, 
Rijksmuseum,, Amsterdam; Wallen el al. (2(X)1). 

111.. Binding medium analysis using Py-TMAH-GCMS did not reveal the presence of a heat bodied oil: Speleers (1998), p. 41. 

112.. See for examples 'Analyses of paint media' in Natiunal'Gallery Technical Bulletin, vol 18 (1997), pp. 40-42, 53-55, vol. 19 (1998), pp. 87-90 vol 20 
(1999),, pp. 84-86. 
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suchh as nut oil and sometimes poppy oil. Small amounts of resin are often found in die oil media of 
verdigriss and red lake glazes.113 This specific technique was described by Armenini in De'veriprecetti delta 
pitturapittura (1587): 

AndAnd when the sketch is dry these artisans paint over lightly with verdigris mixed with common varnish [probably a pine 
resin/linseedd oil varnish]; this varnish is usually placed in all colours which veil other colours below.xu 

Addingg varnish to the oil medium raises the refractive index of the medium slighdy, giving a greater colour 
saturationn and transparency. It also makes the paint more glossy and fluid. These qualities of the verdigris' 
glazee were described by LeBrun: In order to make a very beautiful glaring green, one must use verdigris with a varnish; 
thisthis is very beautiful and fluid, and in this way it does not change so quicky.us According to LeBrun, the varnish had 
ann additional advantage: it prevented the discoloration of the green glaze. Various other authors shared his 
opinion.. An artist's manual entided Pictoria, part of a relatively unknown manuscript by De Mayerne, 
recommended:: To preserve the colour of verdigris well, a little varnish should be mixed on the pale tie.U(' The Spanish 
painterr Pacheco (1649) claimed: Verdigris... it is ground in oil, as has been said. After glaring the first time, it is 
customarycustomary togla^e it one or two times more, adding a litde varnish to it and in this way it stays very brilliant." 1 Pacheco 
notedd that varnish was generally only added to the top paint-layers. 17th-century authors stated that just a 
smalll  amount of varnish needed to be added to the oil medium. In diis diey were apparendy describing 
generall  practice, since analysis of binding media in works by artists such as Geertgen tot St Jans, Marco 
Marzialee and Pieter Pietersz has shown that copper-green glazes contain only a very small amount of resin 
acids.1188 The paint instructions for easel-paintings differ in this respect to those for decorative techniques. In 
thee latter case, distilled verdigris was mixed with pure varnish. Authors often recommend a resin oil varnish, 
butt others also advise a varnish made of resin in a solvent.119 In that case the paint contains no oil at all. An 
examplee of this method is found Der wohl anjuhrende Mahler (1719) by Cröker 

Note,Note, however, that if you wish togla^e with this and to keep the beautiful light green colour, you should prepare it with a 
clearclear and colourless spike oil varnish, but not with a drying oil, which is rather yellow and turns the bright green paint in the 
coursecourse of time into dark green.Ui) 

Watinn (1772), also recommended a spirit varnish (in this case with turpentine) since this ensured that the 

113.. Billinge et al. (1997), pp. 53-55, Berg el al (2(X)0), and unpublished MOLART results (see note 24). 

114.. Armenini (1587; 1971), p. 126: V quali asciutili vctano colrcrderamc, die clenlro Ixtbbia utrnke commune, la qualsi milmtlltre in tutti i colon quand/i si itlanogB 
abriabri clx il  è sotto.' 

115.. LeBrun (1635); see Merrifield (1849; 1967), vol. 2, p. 813: 'Pour join de tres bean i*rd  glaisi, jaut emplaier It tvnlegir aivc du rerny; cela sera fort beau et 
luisant,luisant, el si ne motmrapas si tost.' For other sources that claim that a better result obtained by the addition of varnish: Bherens (1661); note 50, and 
Dossiee (1758), pp. 105-06. 

116.. Mayerne (1623-44), f. 8()r: 'Drops rerts Doibuenlpremieremenl estre esbauclxs de blanc & de noir clxtrbon de pierre, pui< places pour la 2. jois de rvrdef, rc/>ausre's de 
massicot.massicot. Pour bien faire tenir la couleur au ttrdet faut y mesler un pen de itrnix sur la palette' 

1177 Pacheco (1649); see Sanchez Canton (1956), vol. 2, p. 82: 'carde/iillo... muluk, como se Ixi did», a olio; y sueic/i, despots de ba/iada laprimera /e~ volivrio a 
osatreceryosatrecery turnarla a banar ediditdole ttnpoca tie barni^j quedo muy btctdo.' 

118.. Unpublished MOLART results (see note 24). See also BiJlinge el al. (1997), pp. 53-55, and Berg et al (2(X)0), 

119.. F< >r examples from various centuries: Salmon (1675), p. 104; Sylva (1735), pp. 56-57; Lak, i<ernL( en rtrf-hinsl (1767), p. 93,124;Jong (1888), p. 21. 

120.. Cröker (1719); see Schiefll (1982), p. 108: 'Menke aber; tvenn du damit lacquiren wilt, und er seine scimne Ixlkgriine Farbc hemllen soil, so must du Urn mit 
etnemetnem Mien und wassen Spick-Oel-Fürnis anmaclxn, nicbt aber mil ilem trockxn Oel, meklxs etwusgelbe Lit, und maclxl soklx klkgrüne Farbe mit Zeil ilunckel-giin.' 
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bluishh water-green colour of the glaze would never turn yellow or otherwise discolour.121 Paint reconstructions 
employingg a varnish based on turpentine have revealed the accuracy of this observation.122 Of course, this 
typee of glaze remains susceptible to solvents for a long time. It is therefore a dangerous choice for easel-
paintings,, since any attempt to remove a discoloured top layer of varnish can easily damage the green glaze. 
Despitee its solubility 18th- and 19th-century artists did in fact use the pure resin glaze. Cröker mentions this 
typee of paint as being used for paintings.123 Bouvier praised the method in his famous Manuel des jeunes artistes 
etet amateurs enpeinture as late as 1827. He advised the artist to apply a thin and even layer of distilled verdigris 
inn a varnish made up of copaiva balsam and turpentine oil on a completely dried underpainting: 

ThisThis paint does not change at all when used in this way; it is so embedded in the copaiva balsam that it hardens in the varnish 
thatthat dries in an instant, ensuring that the air has no time to effect it. This beautiful green therefore remains constant. I am 
absolutelyabsolutely convinced of this because I used this method more than fifteen years ago and can vouch that it is just as brilliant as 
onon the first day}2* 

VarnishingVarnishing thegla^e after drying 

Otherr ways of preventing discoloration of verdigris glazes also existed. As already mentioned in chapter II , 
artistss usually advise applying a separate layer of varnish over this paint. The instructions suggest that in this 
casee the glaze was made with an oil medium only, that is without an addition of varnish. Artists had already 
notedd in the 15th century that the colour-fastness varied between varnished and unvarnished copper-green 
paintt layers. Leonardo da Vinci warned that Green made of copper... loses its beauty like smoke if it is not quickly 
varnished.^varnished.^ Over a century later, De May erne noted in his manuscript how quickly this varnish should be 
applied:: To prevent this colour from dying as soon as it dries (which will  be in two or three days), one must cover it with a 
varnishvarnish (Fig. 13).126 After two or three days the varnish can be spread without mixing with the layer of 
verdigris.. Here, it differs from the final varnishes recommended in the sources. These were used for two 
reasons:: firstly to restore the intended colour saturation of paint-layers that turned dull once they had dried 
and,, secondly, to protect the paint from external damage by, for instance, dust and humidity. In general these 
varnishess were not applied immediately and usually they were brushed or rubbed onto the painting's entire 
surfacee area. Therefore, it is likely that authors were recommending a local application of varnish for verdigris 
glazes.. The great extent to which local varnish seems to have been applied over verdigris glazes in the first 
halff  of the 17th century is apparent from the fact that the method is mentioned no less than five times in the 
Dee Mayerne manuscripts alone.127 One of these instructions, that in he petit peintre, notes that a thin layer of 

121.. Watin (1772; 1976), p. 46: 'Quand on reut employer k rerd d'cau au remit, iljaul broyer separiment a 1'essence du rerf-de-gris distills, é~ du blanc de druse; 
inairpurtrinairpurtr  le rert-de-grts dans la quanlité nécessaire de blanc tic cérusepour mtre teinte,  detremper k lout ante m »ernis a /'essence. Ce rerdd'eau ne jaunt! jamais. 'See p. 
299 and p. 57 for the preparation of 'Vernis d'Holtande, pour detremper le itrd-de-gris.' 

122.. When verdigris is mixed with oil, within a few days after application the paint obtains a more yellow-green hue. However, when verdigris is 
mixedd with a pure resin/spirit varnish -i.e. without any oil- the paint preserves its bluish green colour. This observation is based on paint 
reconstructionss that are two years old (natural ageing at SRAL). See also chapter II , note 124. 

123.. Cröker (1719); see Schiefil (1982), p. 110. 

124.11 have used the Netherlandishs translation: Bouvier (1827; 1831), pp. 82-83: 'Dag ivrw,z>o gevaarlijk %/ook op ycb ^elreis, verandert wlstrekt nut, als 
menmen ^e op de^e m/^c gebruikt; denijl 3/ ^imdamg in de copabft, mike ^eer Ijard wordt, en in de verms, welke oogenblikkelijk droogt, te wegen ir, dal de lucht den tijd niet 
beeft,beeft, om laar aan te tasten; ytodat dit sekmnegroen onnrandcrlijk wordt. Ik Iteb er de ^eker/jdd mn; want twir meer dun rijftien jaren Ixh ik ran dit buitengewone middel 
gebruikgebruik gemaakt... en ik kan /truckeren, dat  ̂ nog ^m sdntterend ^ijn alt den eersten dag' 

125.. See note 56. 

126.. Mayerne (1620-46); see Graaf (1958), p. 144: 'Pour empeseber que ceste couleur ne meurt, aussilostqu'elle sera seiche (qui ser[a] dans 2 im 3 jours) y fault passer 
inin tvrnix qui sera dit cy apres.' 

127.. Mayerne (1620-46); see Graaf (1958), p. 156, 162; Mayerne (1623-44), f. 109v: 'Vn remit de MrBunel'2 htf d'ljuyle d'atpic. 1 lolt mastic. Faut mettre 
dedansdedans une bimleillt, <è° les faire bouiller dans unpot d'eaujusqu 'a ce que tuut soit fondu, <fr  alars etlc est bonne. Qu'on s'en serre a rernir le vers ilegry & tantes autre cbose 
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varnishh ensured that the paint discoloured far less - indicating that he had experienced that even with the 
varnishh layer, the paint still discoloured to some extent. Paint reconstructions have demonstrated that both a 
varnishh that covers the verdigris glaze and an addition of varnish to the oil medium provide (at least some 
short-term)) protection against discoloration.128 

Fromm the instructions collated by De Mayerne it appears that artists of the period made their local 
varnishh using a soft type of resin and a solvent. One method involves dissolving sandarac in spike oil. An 
artistt named Mr Bunel used mastic and spike oil which he heated au bain-marie. The painter Paulus Van 
Somerr (c. 1576-1621) used turpentine balsam and turpentine oil.129 In the late 17th and 18th centuries, the use 
off  local varnish remained general practice. Jacob Bogdani, who made his name at the British court with his 
still-lifess of flowers and birds, noted in 1691 how he glazed the foliage with distilled verdigris and oil, after 
which,, 'As soon as dry- varnish them places over with coppeli [= copal] varnish or else it will  turn black?™ Copal resin 
mixedd with twice the amount of turpentine oil was heated in a sand pan over a charcoal fire until the copal 
resinn dissolved. Bogdani also used this varnish for covering the entire painting. The Spanish artist Palomino, 
whoo felt that the green colour of verdigris glazes may be secured by varnishing it after it is dry, did not advise the 
usee of a specific varnish; instead he referred to a variety of solvent- and oil-based varnishes.131 

Inn oil paintings, brown varnish layers are sometimes found on layers of green copper-containing 
paint,, which may have been a part of the original paint-layer.132 These may be layers of varnish that have 
beenn applied to protect the verdigris. However, it is probable that in the past most of these layers of varnish 
weree removed when paintings were cleaned. Local varnish on verdigris is therefore an example of a method, 
whichh may have been widely employed by artists of which, today, virtually no traces may remain. 

AddingAdding pigments to the gla^e 
Too achieve an attractive green glaze, yellow and sometimes brown paints were added to the distilled 
verdigris.. The methods for oil painting differ in this respect from those for paints used in iUumination and 
temperaa painting, which regularly advise that the verdigris be mixed with the juice of rue, saffron, turmeric 
orr aloe.133 However, juice of rue was not generally recommended for oil paints.134 Leonardo used turmeric 
andd aloe for oil painting, but warned that in this technique a combination of saffron and verdigris might 
lookk good initially, but would soon turn black.135 17th-century painters may also have found turmeric and 

quiqui est [?] , f. 43v: '[about distilled verdigris) ...it nxmkl be presermljrom tlxit inconvenience by laying amr it wfi]//> a brncb- tljis itrnicc, iv[i]di  is also fitting to 
strengstreng tlxre all otlxr colors Take of 6..[?] samiaracb, one oy: of oyle of spike two oij. [?] beale tljt  sandaracb to fine powder, and pul tlx spike upon it: tins beingput into a 
glasseglasse »{i]// / a narrowe mouth, sljel it »[i]//> a welt bladder, n\i]t/j  2 or 3. botes pricked in il  »[i]/A apin. otljemiseyo[\ii] glasse will  fly a sunder. Jet if in this sorte itissobc 
allall  and then if is prepared.' 

128.. See chapter II , note 124. 

129.. See note 124. For Van Somer's instruction: Mayerne (1620-46); see Graaf (1958), p. 203. 

130.. Bogdani (1691); see Rajnai (1993), p. 92. 

131.. Palomino (1715-24; 1795-97), vol. 2, pp. 327-30,333-34. For examples for the recommendation of the local varnish in 18lh century sources: Lak, 
rernisrernis en lerf-konst (1767), p. 93, and Waun (1772; 1793) p. 26. 

132.. Groen (1975). Kockaert (1979), mentions examples from paintings by Colijn de Coter, Albert Bouts, Van Eyck, Quinten Metsijs. 

133.. Ricct/e (17th C); see Merrifield (1849; 1967), vol. 2, p. 653, indicates that the mixtures of saffron and the juice of rue (Vjtta gramtlens L.) were used 
inn a water-based medium.- 'Verde tiro per 1'acquartlla si fa col terderamc, succo di ruto e ~afferano.' Another example is an instruction in Incipiunt (15,h C); see 
Dantzigg (1936), p. 20K. 

134.. From the sources examined, only Pacheco noted that it was usual to add a few twigs and branches of rue to the vinegar solution when purifying 
verdigris.. The sap from this plant changed the bluish colour of verdigris into a dark warm moss green. This addition is not mentioned in any other 
instructionss for oil paints. In contrast to the claim of the Spanish artist, rue sap may have been rarely employed by artists working with verdigris in 
oil. . 

135.. Ubro di Pittura (c, 1550); see McMahon (1956), vol. 2, no. 215: 'Aumentatione di belieg nel verde rame. Se sura misto colrerde rame to aote camelüno ess» 

97 7 



aloee less suitable for oil painting. Their instructions for glazing mention mixtures with yellow lakes only. 
Thuss Beurs noted distilled green, mixed with a little yellow lake.m Paint reconstructions reveal that a small 
amountt of this yellow lake is indeed enough to obtain a fine grass-green colour. That light-sensitive yellow 
lakee could fade with t ime would not have mattered gready, since the verdigris paint itself eventually acquires 
aa warmer hue. Yellow lake's tendency to fade or disappear'was even seen as an advantage by the author of the 
18th-centuryy treatise Lak vernis en verf-konst (1767) as he thought i t would temper the tendency of distilled 
verdigriss to turn black: 

ForFor beautiful verdigris, prepare a bluish ground. When dry, take verdigris andyellow lake, since although yellow lake tends to 
disappeardisappear it tempers the verdigris which otherwise turns black, whether used in paint orgla^e.ni 

I nn old paintings a yellow lake is often no longer visible in paint cross-sections. But analysis can reveal the 
presencee of aluminium or calcium, which may indicate the presence of a substrate on which the yellow dye 
wass precipitated. Of course, the presence of calcium may also be due to impurities in the (distilled) 
verdigris.13K K 

Occasionally,, brown layers that contain no copper have been identified on top of verdigris glazes. 
Oftenn this is assumed to be the original discoloured glaze of yellow lake applied over the verdigris to give it 
aa warmer green hue.139 The following instruction by Leonardo may refer to this practice (Fig. 14): 

IfIf  you have finished a work with this simple green, andyougla^e it thinly with aloe dissolved in water, then the work has a 
veryvery beautiful colour. This aloe can be crushed in oil, and also together with copper green, and with any other colour that you 
wish.wish.XMXM' ' 

Sincee the gum resin aloe dissolves in water, Leonardo was probably referring to a jelly-lik e paint, which 
mightt well have bonded with the green oil glaze.141 However, Leonardo's recipe is the only text on oil 
paintingg to suggest applying a yellow glaze over a green. I t is indeed unclear whether the method was ever in 
generall  use. To date, traces of yellow lakes have only sporadically been identified in the brown layers. The 
latterr may in fact often be the remains of a locally applied varnish. 

Somee pigment combinations described in the sources have not as yet been encountered in actual 
paintings.. For example, 15th- to 18th-century sources from various countries recommend that verdigris be 

ivrdeivrde rame acquis!era gran hclle^a c'pw acqutslerebbe col yijrano se non scite anelassc in junto: e questo able came&no si conossc la sua bonla quanib esso.» rissotfe nell'acqua 
tilatila  essendo calda cfx meglio h rissoliv clx quando cssa e' jreda e 'se lu Ijanssifinito un 'opera con esso tvnle semphce cl la itlkssi poi sotilmente con esso dole ressokto in aequo 
alloraallora cssa opera sijarehbe di bclHssimo colon, e' anclmra esso aok sipo macinare a 'olioper se el anc/jom tnsiemc col rente rome, e 'con ogni ailra colon clx lepiacessi.' This 
instructionn is dated c. 1492 by Pedretti (1%5), p. 186. In contrast to oil paintings, the addition of saffron to the verdigris paint appears to have 
contributedd to the preservation of the green colour in miniature painting: Barkeshlu (1999). 

136.. Beurs (1692), p. 100. See for example Smith (1676), pp. 24-25, and Of limning in qyle colours {c. 1650); see Mardie (1919), p. 98. 

137.. Lak, rernis en rerf-kons! (1767), p. 93: 'Een sdjoon spaans groen. Leg een blanwaglige grond, dnog ^yntle neemt .\paansgroen en ig! scljytgeelonder een, want belgeen 
'l'l  scljytgeel wegtrekken rvii, (Li! Imut bet spaans groen tegen, antlers n-erdixt ^nrart daar meede gesclnltkrtofgelak^terd.' Distilled verdigris is presumably intended in 
thiss instructions since all the preceding instructions refer to this pigment. 

138.. See section I. Paint reconstructions indicated that a small addition of chalk preserved the glazing properties of the verdigris paint. Adding more 
chalkk makes the paint less translucent. In this case the chalk can be used for the rendering of the modelling. 

139.. For example Kockaert (1979), Woudhuysen-Keller (1995), p. 68, Berg et aL (2000). 

14().. See note 135. 

141.. Aloe is a medicinal gum resin that dissolves completely in water and acetic acid: Berg el aL (1963), p. 199. Leonardo claimed that aloe also 
dissolvedd in alcohol and oil. According to Mill s & White (1987; 1994), pp. 148-49: 'T/x material known as aloes may sometimes Ijare been used in painting ortlx 
decaratüedecaratüe arts as a yelk» or yelk»-brown gh^e.' 
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mixedd with indigo.142 This paint was intended for shaded areas of draper)' and foliage painted with verdigris. 
Variouss 16th-century Italian texts advise a combination of verdigris with asphalt, mummy and other 
bituminouss paints. Verdigris would have served as a siccative in this brown-black paint that dried with 
difficultyy of its own accord. Canini informed Richard Symonds that a considerable amount of verdigris was 
required:: Asphalt is human flesh. This is your deepest black and the hardest to dry. To make it dry well, you should mix it 
withwith a lot of'verdigris and boiled oil, as verdigris makes every paint immediately dry.Ui Painters also used that pigment 
combinationn for the particular colour effect, being especially suitable for the dark shading in green areas. 
Leonardoo noted that, To make beautiful green, take the green and mix it with mummy and you will  make the darkest 
shadows}-*shadows}-* Armenini wrote in 1587 about a mixture with a greasy lampblack he had made from the soot of 
Greekk pitch (i.e. colophony): 

smokesmoke of Greek pitch, because it does not have body, is incorporated most beautifully with verdigris, well ground with oil. One-
thirdthird part of verdigris is used to two-third of soot, and they are mixed together on the stone with some oil and a little common 
varnish.varnish.,,145 145 

Sincee a large amount of verdigris was added to the soot paint, it would seem that the copper pigment was 
nott exclusively intended as a siccative. Armenini probably also recommended diis combination of pigments 
forr its fine colour. To date, no instances of the combination have been identified in paintings of the time of 
Leonardoo and Armenini. However, regular layers of a brown cuprous matrix containing grains of verdigris 
havee been found in shadow areas of green drapery.146 These are generally identified as a browned copper-
greenn glaze. However, where the verdigris has actually been combined with a bituminous paint (in which the 
verdigriss is pardy dissolved), the brown colour may to an extent have been intended by the artist. 

WaysWays in which to apply glares evenly 

Studyy of paintings has indicated that 15,h- and early 16th-century painters generally mixed verdigris with lead-
whitee or lead-tin-yellow, often with both pigments and in various proportions depending on the depth of 
shadow.. Yellow ochre was also regularly added.147 The verdigris glaze that was applied over the under-
paintingg also served to enhance the modelling. It was applied more thickly in the shadow areas, while a littl e 
lead-whitee and lead-tin-yellow could be added for the lighter sections (Fig. 15).148 In 16th- and 17th-cenrury 
paintingss green glazes are less often used for the rendering of the modelling of the drapery. In paintings of 
thiss period we see the glazes usually applied as a uniform layer over the light, medium and dark tones of the 
underpaintingg without differentiating the thickness or colour. In the Portrait of a nobleman in armour (School 

142.. Strasbnrg MS (15*  C); see Rorradaile (1%7), p. 56, Lomazzo (1584), p. 195, Ricette (17'h Q ; see Mernfield (1849; 1967), vol. 2, p. 653, Cröker 
(1719);; see Schiefil (19«2), p. 108. 

143.. Symonds (1650-52); sec Real (1984), p. 227: 'Spa/to kcarne l.iumanu, lis ye deepest black, hardest to dry. PerJurk secatrbene .«' mislica lantino tli  rerde mme <Ó" 
oiooio aittop. cix rerde rame ja seccar subito ogni colore.' 

144.. Leonardo (1483-1518), f. 262r; see Richer (1960), vol. 1, no. 618: 'Per fare rerdt bell», toglt ilntrik e mescota alia mumia ejarai 1'obrapiu satra, poiper la 
pihpih clmra. ivrde e oqurm, eperpiu ci.iiara rerde egialto epe' lumi gialla Lscltutto...' 

145.. Armenini (1587; 1971), p. 124: 'iljuma liipece greca il  quale perclx egH mm bit corpo, s'incorpora benissimo colferderame benmacinato con oglio prima, del quale ri 
sese ne mette im ter^o e!~ due lii/umo die cost.«' accompagnano sk lapietra co giungemi del ugtio, <è" un poco di rernice dentro comune.' 

146.. Kor example, in the shading of a brocade pattern in Paolo Veronese's Tlje consecration ojSt Nicolas (1562). National Gallery, London: Penny & 
Springg (1995), p. 14. 

147.. Kühn (1993)1, pp. 144-45, Bilünge et al (1997), p. 40. 

148.. Berg el al. (2<X)0), Dunkerton el aL (1998), Billinge el al (1997), Kühn (1993)1, pp. 132, 142-47, Brinkman (1993), p. 224. 
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off  Brescia, first half of the 16th century) in the Rijksmuseum, Amsterdam, the glaze is only slightly thicker 
overr the shadow areas (Fig. 16a-c).149 An example of a completely even glaze is the curtain in the still-lif e 
wit hh game known as A dog and a cat near a partially disembowelled deer (1656) by Jan Baptist Weenix also in the 
Rijksmuseumm (Fig. 17a-c).150 A number of 16th- and 17th-century texts show how artists prepared this glaze 
too ensure, as Armenini noted in 1587, that the given colour is uniform and no brush strokes can be detected. 151 

Armeninii  continued: With a coarse brush of miniver, one veils the sketch uniformly; next one pats it either with the palm of 
thethe hand or with a little wad of cotton wool covered with linen. I t has been assumed that this method was specifically 
usedd for copper resinate since this viscous paint would have been hard to apply with the brush in a thin even 
layer.. As has been shown, however, considerably thickened 'fat' oil was often used for glazing, both for 
verdigriss and other pigments. Patting with a cloth or the palm of the hand is therefore the ideal way to 
dispersee this type of viscous, jelly-lik e paint. In his Arte poëtica, e dapintura e symetria comprincipio da perspectiva 
(1615),, the Spanish artist and writer Felipe Nunes advised using a piece of linen filled with a wat of cotton 
forr verdigris and red lake: 

WrapWrap a bit of cotton with a very soft linen cloth, making a kind of brush with it. The cotton must remain inside the cloth so 
itsits fibres do not make a mark or adhere to the painting. As you spread the verdigris you will  see the lights appear as light 
greengreen and the darks as dark greens.^1 

I nn addition to verdigris, the studio manual Brief "traite in the DeMayeme manuscript also recommended a cloth 
fille dd with cotton for white, vermilion, lake and schietgroen.™ Copper-green and red lake glazes regularly 
reveall  the pattern of the weave, as in the green drapery in the Marziale painting (Fig. 9a, c).154 Naturally, the 
glazee could also be applied simply with a brush. According to Nunes, the artist should begin by applying a 
thinn layer with an ordinary brush and then dispersing it with a fuller, more resilient brush. According to the 
ArtArt of painting in oyle by the life, red lake could be applied with a cloth, while an old worn-down brush was 
moree appropriate for a copper-green glaze. Indeed, a highly inventive way of applying this thick green paint 
wass also suggested: 

whilewhile you are a glairing let one hold a chafindish with coles on the backside of the cloth against that place you are a glairing 
andand it will  spread the better, <&  dry the sooner, if you glaive on a board you must wash the place & let it dry before you glaive 
thereon,thereon, or else warme the board before you begin to glaive>.155 

T hee warmed support would make the viscous paint more liquid and easier to spread out in a thin layer. 
Jacobb Bherens described another way to make applying verdigris glaze easier. This involved rubbing a well-

149.. Verbal communication from Dr A. Wallert, Rijksmuseum, Amsterdam. See also Wallert & Oosterhout (1998), pp. 44-46. 

11 50. Laar et al. (1999). 

151.. Armenini (1587; 1971), p. 125: 'Sigiungepoi con verclerame unpoco tit ivrnice camune, <&tligiatlo  santo, e con uccompagnato si nen velado lulto eguabnente con an 
penellnpenelln grosso dt raio, <£~ compito .si batte, <i  con lapiuntu Mia mano, ii  am unpinma^pk di bamba.se coperto di tela Una, fin cbe il  color data si negga etter per tulto eguale, 
sen^asen^a die ii  apparsca segno akuno dipenneliate.' 

152.. Nunes (1615), see the translation by Veliz (1986), p. 5. 

153.. Mayerne (1620-46); see Berger (1901; 1973), p. 282. 

154.. Woudhuysen-Keller (1995), p. 66, Billinge et aL (1997), p. 42, Speleers (1998). Jan van Eyck in his Portrait of Giovanni (?) Arnolfini and Ins mje, 
Nationall  Gallery, London, seems to have blotted the green glaze on the woman's dress, perhaps even with his fingers. He definitely smudged the 
contourr of the shadow with his finger or thumb, which has left a print; Billinge et aL (1997), p. 42. 

155.. Art of painting (1664), pp. 103. The instruction for red lake is given on p. 102: Wjor // is dry glaive it war with faire lak, ilia!  it strike it thinn alhrer & 
t/je/tt/je/t rub it all ortr *'[i ] //; a Utile kn--n stuffl »-[i] //; cotten, tins is to make >[our] lake lye etvn.' 
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driedd underpainting with an extremely thin layer of varnish or oil: 'When the underpainting is dry, it is first rubbed 
inin with a white oil [a pale oil, poppy or sun-bleached oil] using a pure, blunted brush or also with varnish.'156 

Accordingg to Bherens, the glaze should be spread over the entire drapery in one go in the wet varnish, 
althoughalthough not so thick that it might start to run, and if it does then the lowest drips should always be removed. The risk of 
saggingg paint could be avoided by applying successive thin glazes. Moreover, this was more likely to provide 
aa smooth result than a single paint-layer. In the instruction quoted above, Pacheco advised two or three 
layers.. The Art of painting in qyle by the life also recommended multiple layers: 

ForFor green use as little virdigrease as you can, but this (as some painters say) if you make a green garment make it without 
virdigrease,virdigrease, and when it is dry glaive it over with virdigrease andfatt qyle, &assoon as that is dry glaive it over with fatt qyle 
againe,againe, or else the virdigrease willspqyle all... for you must glaive over anything where in you use virdigrease orindico or else 
theythey will  spoil all.V:n 

Accordingg to this instruction, one layer, or better still, several layers, is required to prevent verdigris paint 
fromm discolouring. Pacheco stated that green remained extremely radiant with multiple glazes and Hidalgo 
notedd that this contributed to the preservation of the colour: 

ForFor any drapery that you want to prevent turning black and losing its form work the underpainting with indigo and white, 
makingmaking the lights very light if you want them to be beautiful, and [use] a good drier to dry them quickly, andgla^e with well-
groundground [neutral] verdigris. If you wish it to be even finer, glaive it once again, and what a green you will  see.15* 

Sincee the browning of verdigris takes place on the paint surface, a thick layer of multiple glazes will certainly 
enhancee the durability of the colour, since the paint underneath, which is not discoloured, affects the 
eventuall  colour optically. Areas in paintings that consist of several (glazing) paint-layers of verdigris have 
thereforee retained their original colour more or less intact. In contrast, paint applied in a single thin layer, 
likee the outermost leaves on trees that overlap with the sky or the ground, are often subject to browning.159 

Itt was imperative, when applying these uniform glazes without differentiation, that the shape of the 
foldss be evident in the underpainting. A sharp contrast between light and dark would have been needed to 
ensuree that the suggestion of folds remains convincing through the glaze. The Spanish artist Nunes warned, 
andand see that you make the highlights quite light and the darks quite dark. Hidalgo noted in the recipe cited above that 
thee light parts of the underpainting should be extremely light.160 The large brown drapery in Frans Hals' The 
banquetbanquet of the officers of the St George civic guard (1616), in the Frans Halsmuseum in Haarlem, illustrates what 
thiss kind of contrasting underpainting would have looked like (Fig. 18a, b). The verdigris glaze that once 
coveredd this drapery has disappeared almost entirely probably as a result of the harsh cleaning methods in 
thee past. The fresh grass-green has only been preserved underneath the frame. In the now exposed 
underpainting,, Frans Hals rendered the folds of the fabric in detail with strong lights and deep shadows. 
Naturally,, artists could also add light and dark accents over the glaze as is demonstrated in the Portrait of a 
noblemannobleman in armour from the School of Brescia (Fig. 16). Yet, 17th-century painters appear rarely to have 
appliedd these accents over verdigris glazes. This is remarkable, since this method was often employed on 
layerss of red lake and ultramarine glaze.161 

156.. See note 50. 

157.. An of painting (lf>f>4), p. 101. 

158.. See note 64. 

159.. This phenomenon was described by Billinge il  aL (1997), p. 80. 

160.. See for Nunes note 152 and for Hidalgo note 64. 
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UnderpaintingUnderpainting for verdigris gla^e paints 
Ass has been noted in the previous section, verdigris glazes were applied in 15lh- and 16th-century paintings 
overr an underpainting of verdigris with lead-white and/or lead-tin-yellow (Fig 2, Figs 11, 15, 16). This 
pigmentt combination was recommended in contemporary instructions.162 17th-century authors also regularly 
mentionedd methods of a similar nature. In the 1630's, Pacheco advised that other times green is worked with 
verdigrisverdigris and white andglared with the same verdigris  ̂ Analysis of paintings has shown, however, that this was 
nott general practice in the Spain of Pacheco's day.164 In fact, Pacheco was not attempting to provide an 
accuratee report of the methods in use among his contemporanes in Spain. It was often the description of 
thee unusual, in the sense of rarely employed, techniques that particularly interested him. Around the mid-
17thh century this method was, however, used by the Dutch painter Weenix for the deep green velvet drapery 
inn his still-lif e with game (Fig. 17). With various layers of verdigris and lead-white he rendered the modelling 
off  the fabric, over which he applied an even glaze. Because he was working on a dark coloured ground, 
Weenixx had relatively litde difficulty in creating the shadow areas with the transparent verdigris paint. 
Painterss working on a light ground had to paint a dark underpainting to achieve the same effect. As De 
Mayernee noted: 'Where the darkes shall lye in the worke it will  not be amiste to lay a thingrowned of bone black ground 
w[i]thw[i]th  lynseede oyle and shadowed very thinned05 Pieter Pietersz painted the background in his Portrait of a woman 
(1597)) in the Mauritshuis, The Hague, with a thinly appUed, almost black paint over which he added a 
verdigriss glaze, which has now disappeared almost entirely as a result of cleaning.166 Originally, the painter 
wouldd have seen a deep dark green, against which the woman in her white cap would have stood out in clear 
contrastt (Fig. 19). A black supportive tone is also found in the verdigris coloured dark green trees in Van 
Eyck'ss The mystic lamb}(<1 

Fromm the second half of the 16th century, painters generally used other pigments in underpainting for 
draperyy finished with verdigris glaze. For example, in 1577, an unknown master of the Southern 
Netherlandishh School employed lead-tin-yellow and azurite for St Barbara's gown in Scenes from the life of John 
thethe Baptist in the Rijksmuseum, Amsterdam (Fig. 4b).168 Two Armenini instructions of 1587 reflect the 
changingg practice. Besides the traditional formula for an underpainting using green, lead-white and black 
pigment,, Armenini included the new method: 

SomeSome craftsmen follow a new way for making green drapery. A little coarse smalt and giallo santo [a lead yellow] are 
mixedmixed together on the stone, producing a very good green for sketching drapery. A nd when the sketch is dry these artisans paint 

161.. Sozzani (1998). 1 7,h-cenrury artists' instructions often describe how the modelling can be reworked over a red lake or ultramarine glaze whiie this 
iss recommended only once with respect to a verdigris glaze. 

11 62. Anonymous MS (c. 1496-98), f. 143r: ' Wiliu mackcngriin so nym spangrun... Witu ücbtgvn moeken so nym dar under blijft  babts' Strasburg MS (15'h 

C);; see Borradaile (1967), pp. 54-56, Lomazzo (1584), p. 194. 

163.. Pacheco (1649); see Sanchez Canton (1956), vol. 2, p. 82: 'Olras reces se labra con el canltnilhi y bianco y se Irmfhra con elmtsmn cardenillu;y alms ecban at 
biancobianco un pitquilo de penult, que no tsté miry amarillo, y tabrun con esloy ei' atrdenilio; después, k hanan* Translation by Veliz (1986), p. 72. Pacheco's Arte de la 
pinturapintura was completed in 1638 but only published in 1649. For other instructions Riutte (17*  C); see Merrifield (1849; 1967), vol. 2, p. 653, Of Limning 
inin Oyle Colours (c. 1650); see Hardie (1919), p. 99, Fontaine (1679), vol. 2, p. 10, Nunes (1615); see translation by Veliz (1986), p. 4. 

164.. McKim-Smith tl aL (1988), pp. 1-33. 

165.. Mayerne (1623-44), f. 43v. 

166.. The painting was restored by Garoi Potash and examined by Petria Noble, Conservation studio, Mauritshuis. 

167.. Brinkman (1993), pp. 224-25. 

168.. Berg et al. (2000). 
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overover lightly with verdigris. 

AA green underpainting made from yellow and blue pigments was regularly recommended by northern 
authorss of the first half of the 17th century. The manual he petit peintre describes a method for green drapery, 
whichh is almost identical to that used by the master of the Southern Netherlandish School: 

DistilledDistilled verdigris, as it is called, never dies and is very beautiful for glaring of, for instance, a stone, a costume or a drapery 
afterafter these have been painted with schitgeel, örmassicot ör eendree, shadowed and heightened as they supposed to be. Once 
itit  is dry thegla^e is applied that will  last eternally.™ 

Anotherr manual collected by De Mayerne, advises the same pigments for a bluish green, with a littl e lead-
whitee for the lightest areas and some charcoal black for the darker shades.171 Later 17th-century instructions 
forr drapery no longer describe these underpaintings as mixed with yellow and blue. 

Rubenss underpainted a green drapery in his Elevation of the cross at the Cathedral of our Lady in 
Antwerpp in an almost monochrome paint which he made from lead-white and charcoal black and just a littl e 
redd earth and azurite.172 His method went back to a long tradition. A grisaille painting under a verdigris glaze 
iss also found in Jan Gossaert's Adoration of the kings at the National Gallery, London.173 Monochrome 
underpaintingss are mentioned frequently in sources from the late 16th century to the early 18th. De Mayerne, 
forr example, noted: Green draperies. First they have to be dead coloured with white and carbon black, then they have to be 
glaredglared for two times with verdigris}1*  In 1661 Jacob Bherens noted his method for Green, such as can be seen in my 
largelarge piece [enütled] The poetry. 175 He also used white and black paint to provide an underpainting with great 
contrastt between the light and shadow areas: That is, I made the highest light and the deepest shadow and made the 
wholewhole fabric like white linen. What made this method efficient was the separation of the rendering of the form 
off  the drapery from the rendering of the eventual colour. Painters would model the folds of the cloth with 
cheapp and easy to use grey paint made of lead-white and black pigment. Once everything had been depicted, 
aa uniform green glaze was sufficient to provide a convincing suggestion of green fabric. 

Alternativee pigments which were easy to use and not too expensive, such as ochre, umber and other 
earthh pigments, could also be used for the rendering of the modelling. By varying the colour of the 
underpainting,, artists were therefore able to achieve a range of green tints with the same green glaze. As De 
Mayernee noted, Distilledverdigrisis onlyforglaring overwhite and'black, or over masticot or all other colours.™ 16th-

169.. Armenint (1587; 1971), p. 125: 'Se ilpanna si ha da jar rerdt, il'modopredetto sara, cix tiopo cix co terde, negro, e bianco it sura bo^ato' p. 126: 'Ma nelle bo^r 
dede ipan/ii cix sono da velar si tvgliono andarpiü audi afiii  tlegli altri, i quali i benejarti di quei colon medesimi manco jini, ei som almni cix nel fan ipanni verili tengono 
nownow modo, pigliano delsmalta grosso congialb santo, e quelh mtslkati instemt siflapietra nejanno nascere un itrde bonissimo per k abo^ar que IE, iquali asciutih ltlam 
colcol rerderame.' 

170.. Mayerne (1620-46); see Graaf (1958), p. 152: 'Lt tvrt tie gris distilic qu 'un appele, ne main jamais  est tresbeau pour glacer, vn lapis, vn Ixibit, on aulfre 
drapperiedrapperie apres lamir jaict de schitgeel an massicot <fr  de eendree, enjonce Ó" re/umsse comme tljault, puit estant sec ilfattt mettre laglaceure, qui dure petpetueUement.' 

171.. Mayerne (1623-44), f. 1 ()9r: 'Du beau bergblau mcslc dejaune bleigelb avec quelqpeu de blancpour rendrc pats clair. Les tipsel kt faut accommoder am scickgeib et 
nonnon Imlf^kitU, ks tenant clair & brun aux tipsel Cela gelaxiert arte tin gedix/illierf spangrnn donne un bean vert. La couvertt a esfcpeinte d'un ttrt tirani sur k bleu 
ascanvirascanvir ascb & bleigelb. Les tipsel suivant attc sdiikgelb, k tenant asses brun, 1'ac/xs Ijolt^koll laxier am spangriin' Art of Painting (1664), p. 103: 'Foragreene lake 
lirdiler,lirdiler,  e!" pale masticatefor7[our] tightest pinke, rirditer,  rerdigreasefory[oui] sfjadows, beingchy gku^e it n%tb fatt ayle & rirdigrcasc.' Biens (1636) advised a 
mixturee of green ash, pale masticot and schijtgeel; see KJerk (1989), p. 56. 

1722 Kockaert (1992). 

173.. Billinge et aL (1997), pp. 93-94. 

174.. Mayerne (1623-44), f. 8()r, see note 114. 

175.. See note 50. For other instructions for a monochrome underpainting for verdigris glazes Of'Limning in OyJe Colours (c. 1650); see Hardie (1919), p. 
98,, Symonds (1650-52); see Real (1984), p. 227, Cröker (1719); see SchieBl (1982), p. 110, Traclatk (c. 1656); see Sanz (1987), p. 262. 

103 3 



centuryy Venetian artists such as Veronese and Titian used reddish underpainting.177 Because the build-up of 
darkk red under the transparent green absorbs almost all the light, these painters were able to achieve deep 
andd intensely coloured shadows. According to Beurs (1692), a brilliant green was achieved when one paints it 

firstfirst with a pure, strongyellow and then glares it with distilled verdigris}1*  A mediod for grass-green drapery noted by 
Marshalll  Smith, is based on a brownish-yellow underpainting mixed with yellow ochre, umber and bone 
blackk with a lead-tin-yellow for the highlights.17<J Late 17th-century texts mention indigo and lead-white 
underpaintingss for l sea green' drapery.180 Hidalgo claimed that with this underpainting, green drapery would 
neverr lose its form or colour. A cool underpainting could indeed contribute to the optical preservation of 
thee area. When, with the passing of time, the verdigris started to acquire a brownish tinge and became less 
transparent,, the blue underpainting still maintained its effect through the upper paint-layer. The 
discolorationn was therefore effectively 'neutralised,' ensuring, as Hidalgo claimed, that the green lasted 
longerr and die suggested folds remained visible.181 

IV .. Diminishing use of verdigris in the 17th century 

Comparedd to the 15th and 16th centunes, verdigris - both in opaque and transparent paint-layers - was used 
lesss frequendy in the 17th century. Analysis of paintings has shown that artists of this period occasionally 
usedd green earth or green verditer, but that they generally made green colours by mixing yellow, brown, blue 
andd black pigments.t82 In a characteristic remark, Beurs noted (1692), that We shall ignore the green since it can be 
mademade by tempering yellow and blue.m In the northern Netherlands, this changing preference is especially 
noticeablee in landscape painting. The verdigris that 15th- and 16th-century artists often employed for foliage 
andd grass was now hardly ever used.184 Early 17th-century texts reflect this change in preference. Biens 
(1636),, advised the use of a glaze of verdigris for painting drapery, but he noted that the pigment did not serve 

forfor landscapes.™* Various handbooks in the De Mayerne manuscripts are also typical. These often recommend 
verdigriss glazes for drapery, but never once mention the pigment in the detailed instructions for painting 
landscapes.1866 De Mayerne also noted that only some painters gla^e their beautiful trees with verdigris, implying that 
thiss method was no longer current in his day.187 De Lairesse noted in his chapter on landscapes in the Groot 

176.. Mayerne (162( )-46); see Graaf (1958), p. 144:' Verd de gris distillé ne serf que pour gkccr mr hknc  noir on, sur mastkot,.sur Inula les aultres cnuleun..' 

177.. Lnzzarini (1987), pp. 131-32, Woudhuysen-Keller (1995), p. 67. 

178.. Beurs (1692), p.108: lWat (ie Spaanse vliegen,goude torren, en goudrliegen belangt, merkt korfekjk aan, dal men^e eert/ scliikkrt sclmngeelen sterk, en daarna met 
gedistilieertgedistilieert grr/e/i laxeert.' 

179.. Smith (1692), p. 84. 

180.. Smith, (1692), p. 84, Palomino (1715-24; 1795-97), vol. 2, p. 70. 

181.. The cool underpainting of browned copper-green glaze of St John's green cloak in Maarten van Heemskerck's 77*  Virgin and St John the 
Erangelisf.Erangelisf. National Gallery, London, appears to have contributed to the preservation of the green colour:Dunkerton et al (1988), p. 28. 

182.. Koller (1984), p. 368, Wallert (1999), Kirby & Saunders (1998), pp. 155-59. 

11 83. Beurs (1692), pp. 4-5: 'T'groen slaanne daar om oitr om dat men 't uit geel en blaauw temperen kun' 

184.. For analyses of verdigris in landscapes of \S  ̂ and 16,h-century paintings: BilLnge et aL (1997); Brinkman (1993); Plesters (1990); Massing (1994); 
Brahamm & Wyld (1984); Lucas & Plesters (1978). For pigment analyses of 17lh-century landscape paintings: Kirby & Saunders (1998) pp 155-59 
Giffordd (1983), Gifford (1995). 

185.. Biens (1636); sec Klerk (1982), p. 56: 'Tot groen neemt groen assclnis met scljijt-geelofblteck masticnt gltelempert, item mengebnryckt nock terre verd, dat sclmon is, 
maermaer spaens groen bml gl.teen raste coleur ten waer gedistiieert om cleederen mede te glatceeren, moer it tot landtscijappen nudienxtidi.' 

186.. Mayerne (1620-46), see Graaf (1958), pp. 154,156, 161-63; Mayerne (1623-44), ff. 80v-82v. 

187.. Mayerne (1620-46); see Graaf (1958), p. 156: 'Quclques vns glacent kurs beaux arbres, avec Ie itrd de gris, mats ne tmblies pas d'y mettre Ie vermx' 
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schilderboekschilderboek (1707), Not that one should use verdigris in order to acquire a fine green.™* This disapproval is hardly 
surprising,, given the caution with which 17th-century artists treated verdigris. They thought that the green 
colourr could only be retained if the pigment was appliedd uncontaminated by any other paints. For example, 
ass a glaze, protected as soon as possible by a layer of varnish. As already seen, green drapery was regularly 
paintedd in this manner in the 17th century. Artists in the 15th and 16th centuries would have applied the green 
copperr pigment in landscapes along similar lines. They mixed verdigris with just a few pigments and 
carefullyy built up the green of trees and grass layer for layer, based on a planned composition. The trees on 
Vann Eyck's The mystic Lamb are an example of this technique.189 A similarly cautious methodical approach is 
oftenn found in incarnates, drapery and brighdy coloured objects in 17th-century paintings. In landscapes of 
thiss period, however, a less constrained manner of working can be discerned (Fig. 20). Painters such as Jan 
vann Goyen and Salomon and Jacob van Ruysdael used a rudimentary underpainting, establishing only the 
basicc shapes of the composition. 19" Smaller forms were determined in the main paint-layers. Artists 
preferredd ochres and other earth pigments that were easy to use and, moreover, cheap. They often mixed 
thesee and other pigments, such as lead-white, smalt, azurite, lead-tin-yellow and yellow lake into a myriad of 
green,, blue and brown hues. The various tints were often painted into and over each other wet in wet. 
Indeed,, changes were frequently made during the painting process.191 The instability of verdigris colour 
wouldd have prevented artists from using this pigment under these conditions.192 

Thee diminishing popularity of verdigris glazes was not due only to difficulties involved in using the 
pigment.. When the glaze is applied in the manner advised in the sources, the result is a painting with a 
definedd shiny, bright green area. A complete glaze undermines the unity off  the painting; the area stands out 
ass a more saturated, darker passage which optically comes sharply to the fore. This is an effect that would be 
difficul tt for a final varnish to even out. This would not have been a problem for 15th- and 16th-century 
artists.. Their paintings consist of a combination of clearly defined often brightly painted sections.193 In the 
coursee of the 17th century, artists began to see the colour effect resulting from the use of verdigris as 
problematic.. Remarks by two of the leading 17th-century Dutch art-theorists are characteristic of this 
changingg preference. Hoogstraten noted in his Inleyding tot de hooge schoole der schilderkonst (1678), that the 
colourr of verdigris was too cruel, and De Lairesse commented on verdigris that although it is the most beautiful, it 
isis neither the most pleasant nor the most lovely to the eye.VM Similar opinions are also found among artists abroad. 
Accordingg to Richard Symonds the Italian painter Canini considered that * Verde Rame wich makes an 
incomparableincomparable color, ma troppo sfacciata. Too gairish.'m It is the harshness, the garishness of the green colour that 
artistss found increasingly unsuitable. Mixtures of the yellow and blue pigments available in the 17th century, 
suchh as combinations of azurite or smalt with lead-tin-yellow, or ultramarine or indigo with yellow lake, 

188.. Lairesse (1707), vol. 1, pp. 359: 'Deugde/i engebreeken ran Jxf spaa/isdgroen... Niet dat men ook, om een scfjoan gmen Ie hebben, bet spaansebgroen moet 
gebruiken:gebruiken: want boewei dit /jet schoonste y, is bet nochtans Ixl aangenaamste en liejjelyckste in 't oog niet, te meer doorilien bet ^gewélig versterft en van koleur verandert.' 

189.. See note 167. 

190.. Bomford (1986), Gifford (1983). 

191.. Kirby & Saunders (1998), pp. 155-59, Gifford (1995), Gifford (1983). 

192.. Only a few texts advise using verdigris in landscapes. For example Croker (1719); see SchiefJl (1982), p. 108, advised mixing the verdigris with 
lead-white,, lead-tin-yellow and yellow lake to make a green paint for highlights on foliage. 

193.. Wetering (1997), p. 148. 

194.. Hoogstraten (1678), p. 22: 'maerik wenschte wel, dal wy %>o welbetgroen, alt bet modo/geel, tot an^en willkulden. Terra itrtlis te ^wak, spaensgroen te wreed, en 
d'assend'assen t'onbcsfcntlig.' See for Lairesse note 188. 

195.. See for the remark by Canini note 85. Pacheco also preferred a subdued green mixed with black and yellow; see Pacheco (1649); see Sanchez 
Cantonn (1956), vol. 2, p. 82. 
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producedd die more subdued green tints that painters preferred.196 

Inn the nordiern Netherlands, this changing preference may have been related to changing ideas about 
thee pictorial function of colour in a painting. Paul Taylor has shown that the concept of houding played a 
centrall  part in this debate in art theory in the Northern Netherlands of the 17,h century.197 Houdingrehted to 
bothh the harmony of colour and the illusion of space (with both relief and aerial perspective) in a painting. It 
wass about the subde balance of strong and weak nuances of colour as well as light and dark tints that 
broughtt the form forward or allowed it to recede into the background. It enabled the spatial relationships 
betweenn objects in a painting to be clearly defined, allowing a logical suggestion of three-dimensionality to 
emergee without sharp divisions. It is clear that when these painters considered the nuances of colour, the 
colourr shift of verdigris to a warmer green would have been a disadvantage. Moreover, it was considered 
inappropriatee to contrast colours too harshly in paintings. Lairesse noted, 'avoiding this [background colour] 
whichwhich makes them [the colours] too constrained, too cruel and hard; and preferring those that make them seem more 
lovely.'™lovely.'™ Von Sandrart, who discussed the Dutch artistic concept of houding'm detail in his Teutsche Academie 
deredlenderedlen Bau-, Bild- undMahlerey Künste (1675-80), explicidy stated: 

ItIt  is, incidentally, my firm opinion... that all hard, light, strong and high colours should be entirely avoided and utterly rejected, 
asas the embodiment of all discord in a painting, whenever their hard, gaudy nature is not broken, and muted, or intelligently 
temperedtempered with other concordant and harmonious colours. These fresh and unbroken colours then, as they are used by card-
painterspainters and dyers, as well indeed as by others who wish to understand something of our art, are not more tolerable in an 
intelligentlyintelligently made painting than it is healthy and pleasant to eat raw red meat straight from the butcher's. 1W 

Nott only is it difficult to balance strong colour areas with other hues, they also tend to disrupt the three-
dimensionall  illusion of the painting because they are so optically prominent. According to Sandrart it was 
thee art of mixing, breaking and reducing colours from their crudest that made a painting conform to nature.21*1 An 
isolatedd green area would therefore rarely have been appropriate.201 It is only in a few specific cases that the 
garishh colour effect came into its own. In the Still-life by Abraham Mignon, the green tablecloth forms a 
powerfull  counterbalance to the profusion of objects on the table. The hard, protruding green also enhances 
thee sense of depth in the work (Fig. 21). In most paintings the bright verdigris green was restricted to an 
occasionall  accent. For example, Cornells de Heem restricted the use of verdigris glaze to the bagpipe in his 
Still-lifeStill-life in the Rijksmuseum in Amsterdam. Today this glaze has a more subdued dark green colour (Fig. 12). 
Thee sources reflect the common method. Beurs recommended a verdigris glaze only for the shiny bright 
greenn beedes depicted in still-life's. Bogdani noted that he painted leaves in his flower pieces with 
ultramarinee and yellow lake using a glaze of verdigris and yellow lake only 'In some clear places that the light shine 

196.. Where verdigris was used, as in the still lifes by Pieter de Ring and Abraham Mignon, it was usually employed as an opaque paint mixed with 
leadd white and plenty of yellow ochre to form a subdued green rather than as a glaze; see Hermens et aL (1999)1; Bijl & Wallert (1999). 

197.. Taylor (1992). 

198.. Lairesse (1707), vol. 1, p. 209: 'rermydende die welke /jen Ie wcemelendc, Ie wreed en Ijard doen ^yn; en ïvrkie^tndt yildie die lien üeffe/yk doen uitkt/men.' 

199.. Sandrart (1675-80), vol. 1, p. 85: 'lm iibngen ist diss mant gründlidx Mtinung... class alle Ixtrte, Ixlle, Markt und t/o/te Farben ingesamt ^u meitien umi $u 
verwcrjenverwcrjen seyen, ah eine Saclx, wiirinn diegan^e Discordant eines Gemabh beslelxl: wann nicht deren Ijarfkreüge Art gebwdxn, undgedampjet, ader mit Vernunjt durch 
andereandere anncbmkdx md vertragiidx temperirt wint. Dann diest jriscljcganqr Farben, wie mn Karlenmabkrn undFarbern, audi wutvon andern, die in unserer Kunst etwas 
verstelxnverstelxn wolkn, gebrand)! werden, sind sa wenig in einctn rernünftigen Gemakte ^u duiten, ah weniggesund und angene/im ist, das rolx Fleiscb ons dcrMetyg ungekodit ^u 
essen.''essen.'' Translation by Taylor (1992), p. 226. 

200.. Sandrart (1675-80), vol. 1, p. 85. 

201.. Sandrart maintained that Rembrandt in particular had performed miracles with houding. Hoogstraten (1678), p. 306 also claimed that when 
groupingg tone and colour "Rembrant txe/t dee~c deugt Jjoitg in tripgeiverf, en was wlieert in 't wel byetnwegen van betriende verwen.' It is hardly coincidental that 
Rembrandtt in particular never used verdigris and always preferred a more subdued green mixed with yellow and blue. On Rembrandt's use of 
pigment:: Romford el at. (1988)1, pp. 21-26 and verbal communication: Karin Groen (ICN) and Rembrandt Research Project (RRP). 
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thro'thro' the leaves & very rich parts.J%XL 

Joriss Dik has pointed out that early 18th-century painters such as Van Huysum increasingly 
abandonedd the idea of houding™ Like 17th-century masters, Van Huysum placed his bouquets against a dark 
backgroundd in his early paintings. The spatial relationship between the flowers and fruit are clearly defined 
byy the bright and muted colours and the subde and deep shading. In his later work, like the Vase with flowers 
(1722)) at the J. Paul Getty Museum (Fig. 22), Van Huysum preferred light backgrounds that project forward 
optically.. Bright and light colours and the absence of dark shadows make it impossible to establish spatial 
relationshipss in the bouquet. Instead of using subdued tints, Van Huysum painted with a bright green. For 
thatt he no longer needed to use the awkward and unstable verdigris. In the early 18th century, the newly 
availablee Naples yellow and Prussian blue enabled Van Huysum to mix a bright green paint that was very 
easyy to use and maintained its colour. 

Conclusionn and Summary 

Thee study of a large group of historical recipes and application instructions has established a clear picture of 
thee way verdigris glazes were used in oil paintings. This knowledge assists in the interpretation of data 
obtainedd from scientific research into transparent copper-green paints in Renaissance and Baroque paintings 
andd contributes to a greater insight into the changes to which these paints have been subject in the course of 
thee centuries. 

Firstt and foremost, there turns out to be littl e basis for the assumption that copper-green glazes 
consistt of a copper resinate made by artists by dissolving verdigris in heated varnish. In fact, the instructions 
showw that the glaze was made with finely ground verdigris mixed in a cold oil or varnish medium. The 
historicall  term verdigns related to a range of green and blue-green corrosion products of copper, which 
painterss rarely differentiated. In addition, the various methods for distilling unrefined verdigris resulted in 
productss of varying degrees of purity. These processing methods explain the frequent presence of copper 
chloridess and copper sulphate pigments in the glaze. To date, analyses of binding media of glazes have 
generallyy revealed linseed oil to be the main component. The oil often appears to have been heated to a high 
temperature.. A small amount of resin is also regularly identified. The old texts discuss the preparation and 
functionn of these media. Artists boiled the oil to obtain a thicker and more fluid medium that provided a 
moree uniform and glossy glaze. To accelerate the thickening of the oil, a litde lead-white or lead-oxide was 
oftenn added. This may explain why in copper-green glazes with no lead pigments nevertheless sometimes a 
smalll  amount of lead is identified. The addition of varnish was intended to improve the glazing properties of 
thee paint. The ancient instructions show that verdigris could be mixed with a variety of pigments, while the 
compositionn of the underpainting could also vary. Analyses of copper-green glazes often indicate the 
presencee of chalk. The historical texts show that this may be due to various reasons. Painters may have 
addedd a yellow lake with a substrate of chalk to the verdigris. The verdigris may also have been adulterated 
withh chalk. The purification methods employed by artists appear not to have removed the substance. Italian 
instructionss reveal that it was not unusual to mix verdigris with bituminous paints. Indeed, caution should 
bee exercised in identifying brown cuprous matrices in paintings as a browned copper-green in every case. 

Fromm the early 16th century painters referred to the lack of colour- fastness in verdigris glazes. On the 
otherr hand, they praised the durability of the paint. The sources show that the colour-fastness depended on 
thee purity of the pigment and the skill with which the specific painting technique for this particular pigment 
wass employed. To prevent discoloration in the pigment, some varnish was regularly added to the oil 

202.. Bogdani (1691); see Rajnai (1993), pp. 90, 92. 

203.. Dik (1997). 
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medium,, sometimes verdigns was mixed in pure varnish, although it was more usual to apply a layer of 
varnishh over the glaze as soon as it had dried. At present, brown layers that contain no copper, which seem 
too be a part of the original paint layer, are regularly found on copper-green glazes. Modern researchers have 
assumedd that these layers are the remnants of a yellow lake that was applied over the verdigris to create a 
warmerr green. However, the historical texts reveal that these layers are just as likely to be the remains of the 
locall  varnish. Finally, the historical texts offer an insight into why verdigris was used less frequendy by 
artistss from the early 17th century, even though no alternative bright green pigment existed. This reflected 
changingg views regarding the pictorial function of colour in paintings, in which an isolated area of harsh 
greenn was rarely required. 
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