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Abstract
Liu Kang (1911–2004) was renowned Singapore artist trained in Shanghai and Paris, and known for his contributions to the Nanyang style—an art movement practised by migrant Chinese painters in Singapore between the late 1940s to the 1960s. The style depicts aspects of the tropical way of life, synthetising the artistic traditions of the School of Paris and Chinese ink painting with remarkable stylistic innovations. The aim of this study was to characterise Liu Kang’s painting materials and technique by way of ten paintings from a significant period in his oeuvre, 1950–1958, during which his Nanyang style emerged. The selected artworks are from the National Gallery Singapore. A broad range of analytical techniques was employed to study the painting supports and paint layers. The results indicate the prevailing use of commercially prepared linen canvases with double-layered oil-based ground. Single- and triple-layered structures of the ground, as well as semi-absorbent ground, were used sporadically. The identified group of pigments partially overlaps with those already known from Liu Kang’s earlier practice and also incorporates some noteworthy peculiarities like manganese, cerulean and phthalocyanine blues, phthalocyanine green, zinc yellow, and naphthol red AS-D. Some of these newly identified pigments made a distinctive appearance in the individual artworks, but ultimately Liu Kang was not convinced about increasing their role in his painting practice of the 1950s as presented in this research. This study highlights the significance of drawing and photography as integral elements of his artistic process. It also delves into the artist’s different painting approaches and discusses their evolution, which culminated in the stylistic innovation that became Liu Kang’s signature for decades to come. The obtained data may assist art historians and conservators in authenticity and attribution studies, evaluating the condition of artworks and designing conservation strategies. Moreover, this study contributes to the growing body of knowledge about twentieth-century artists’ materials, which are characterised by the complex mixtures of inorganic and organic compounds. It also provides information about the availability of art materials in Singapore in the 1950s.
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Introduction
Liu Kang (1911–2004) was one of the most eminent painters of modern art in Singapore. Following his graduation from Xinhua Arts Academy in Shanghai in 1928, he moved to Paris where his career gained momentum and was marked by a highly creative period from 1929 to 1932. During that time, the artist studied at the Académie de la Grande Chaumière in Montparnasse and painted intensively in an attempt to assimilate the artistic essence of the Western masters. In 1933, he accepted the post of Professor at the Shanghai Art Academy and focused on teaching and painting. The heretofore rapid artistic development was impacted by his decision to emigrate to Malaya in 1937 due to the Second Sino-Japanese War (1937–1945). After the war, in 1945, Liu Kang permanently relocated to Singapore. He continued painting, mainly during trips across Malaya. His painting style began to evolve, showing less resemblance to the Post-Impressionist mode from the Paris and Shanghai periods; this suggests an attempt to develop a personal painting style [1]. However, it was only in the 1950s that he formulated his pivotal painting concepts, which furthered his artistic career. Following in the footsteps of the Belgian artist Adrien-Jean Le Mayeur de Merpres and inspired by the French Post-Impressionist artist Paul Gauguin, Liu Kang embarked on a month-long painting journey to Indonesia in 1952 with fellow painters Cheong Soo Pieng, Chen Wen Hsi and Chen Chong Swee, who were also Chinese emigrants to Singapore. In particular, the trip to the Indonesian island of Bali inspired them to establish the artistic concept known as the Nanyang style, and was a turning point in their artistic development.
The term “Nanyang” in the Chinese language means “Southern Seas”, referring to the geographical area situated south of mainland China, known today as Southeast Asia [2]. The Nanyang style is associated with paintings that express a consciousness of regional identity amongst the migrant Chinese painters in Singapore, stemming from an erosion of ties with China, especially after the start of communist rule in 1949 [3]. The painting style reflects an eclectic amalgamation of two artistic traditions, the School of Paris and Chinese ink painting [4–6], representing Southeast Asian subject matter. However, according to some scholars, a formal description of the Nanyang style remains elusive as it did not evolve into a coherent art movement with an agreed manifesto [5–7]. Thus, the common denominator among the Nanyang style artists was Nanyang, the geographical locality to which the artworks are related [8]. Artists also responded to the founder of Singapore’s Nanyang Academy of Fine Arts (NAFA) Lim Hak Tai’s call for art that embodies the tropical sensibility and complex ethnic consciousness of the region, and is, concurrently, socially engaged [9, 10]. Artists selected their own artistic languages to represent local subjects and evoke local sentiments. Thus, Liu Kang reflected retrospectively in 1997: “In my opinion it [Nanyang style painting] should consist of these components: One, the subject matter must be of Nanyang (the South Seas). Generally, this would include the tropical region, […] confined only to scenes of nature and social activities. Highly modernised and industrialised regions and prosperous commercial areas would not make this category. Two, technique and expression. The Nanyang artist expresses in a subjective manner, utilising technical expression that would, in a simple, plain and lyrical manner, depict the natural or human landscapes of Nanyang. Excessive objectivity and unimaginative depictions should be avoided. Three, style and tone. The use of bright and cheery light and colours should be maximised and co-ordinated with brushstrokes and lines that are fluid yet steady.” [11].
Although Liu Kang stated that an accurate representation of the Nanyang style should exclude modern aspects of life, his artworks from the 1950s show that he did not restrict the subject matter. Besides the expression of a local tropical flavour, his paintings frequently depicted urban activities and scenes of street hawkers in the immediate surroundings [4, 12]. Although these scenes do not evoke the idyllic lifestyle [13], they could be a response to Lim Hak Tai’s call for social engagement of Nanyang art [9, 14]. Another reason for depicting modern life in the paintings could be poor accessibility to the Malayan countryside as well as movement restrictions imposed on the local communities by the British Administration due to the threat of communist insurgency [12].
In an attempt to depict Nanyang style, Liu Kang integrated Western painting techniques with Chinese traditional ink painting, the latter representing his cultural inheritance. Along with these two art traditions, a remarkable stylistic innovation in the form of a batik-inspired painting technique also emerged, characterised by unpainted outlines of objects and figures.
Liu Kang has been recognised as one of the most famous Nanyang artists, and extensive literature has been devoted to discussing the roots of the Nanyang style. However, no comprehensive study of Liu Kang’s painting practice from the 1950s, when the style emerged, has been carried out. Hence, this study focuses on the investigation of the painting supports, pigments and techniques Liu Kang used in his early Nanyang style paintings. The collected data may be useful to scholars who wish to further explore the art of Liu Kang and to conservators in charge of his works, which reveal the rapid evolution of the technique. The interest in Liu Kang’s painting process extends beyond Singapore and Southeast Asia as the artist bridged Western and Eastern artistic trends and relied on the materials imported from overseas. Hence, this study adds to the existing international research of twentieth-century artists’ materials, which are characterised by the complex mixtures of inorganic and organic compounds. Moreover, this research points out some art supplies in Singapore in the 1950s, and hence contributes to the knowledge of their distribution and accessibility.
This study is a part of an ongoing research that aims to present the painted oeuvre of Liu Kang and the emergence of his early Nanyang style as the next breakthrough after the Paris and Shanghai periods, which were investigated earlier by the authors [15, 16].
Research materials
Paintings
The focus of this study is the collection of ten paintings by Liu Kang from the National Gallery Singapore (NGS), spanning the important period in the emergence of the Nanyang style (1950–1958) (Figs. 1, 2). The selection of artworks was guided by the range of painting techniques by which they were executed, thus providing a unique opportunity for investigating their technical and stylistic evolution. Thus, the research base includes the paintings created shortly before the well-known trip to Indonesia—Village (1950) and Kampong scene (1951). They show a stylistic relationship with the paintings created after 1952 in their depiction of lush tropical landscapes as well as the daily life of people from different ethnic groups [17]. The study involves the characterisation of the painting supports and paint layers.[image: ../images/40494_2021_641_Fig1_HTML.jpg]
Fig. 1The paintings by Liu Kang: a Village, 1950, oil on canvas, 99 × 131.5 cm; b Kampong scene, 1951, oil on canvas, 60 × 72.5 cm; c Orchids, 1952, oil on canvas, 50 × 40.5 cm; d Government office in Johore Bahru, 1953, oil on canvas, 63.2 × 76.3 cm; e Scene in Bali, 1953, oil on canvas, 127 × 85.5 cm; f Offerings, 1953, oil on canvas, 131.5 × 98.5 cm. Gifts of the artist’s family. Collection of National Gallery Singapore. White arrows indicate sampling areas

[image: ../images/40494_2021_641_Fig2_HTML.jpg]
Fig. 2The paintings by Liu Kang: a Outdoor painting, 1954, oil on canvas, 85 × 127 cm; b Painting kampong, 1954, oil on canvas, 120.5 × 71 cm; c Boats, 1956, oil on canvas, 91 × 70 cm; d Char Siew seller, 1958, oil on canvas, 59.5 × 72.5 cm. Gifts of the artist’s family. Collection of National Gallery Singapore. White arrows indicate sampling areas


Samples
The research material also consisted of 82 samples of the paint material and seven XRF spot measurements collected from the artworks (Figs. 1, 2). Additionally, 20 samples of fibres were extracted from the threads of weft and warp of each textile painting support for the identification.
Research methods
The applied analytical methods for studying the painting materials and the artist’s technique included both non- and micro-invasive techniques. As an informative first-step approach, a technical description of the artworks was made. Then, digital microscopy was engaged to obtain information about the structure of the textile supports, such as weave, density and twist of threads. Next, technical photography comprising visible light (VIS), ultraviolet fluorescence (UVF), reflected ultraviolet (UVR) and infrared (IR) was conducted to tentatively identify the pigments and select the sampling areas. Reflectance transformation imaging (RTI) and surface digital microscopy were used to study the texture of the paintings and collect evidence of the underlying compositions, which were later visualised with IR and X-ray radiography (XRR). The following step involved sampling from the areas of the existing paint losses. Then, analyses of the collected material were carried out with optical microscopy (OM), polarised light microscopy (PLM) and field emission scanning electron microscope with energy dispersive spectroscopy (FE-SEM–EDS). These techniques allowed us to characterise the structure and constituents of the ground layers and paint mixtures. The indication of the organic and inorganic components was given by attenuated total reflectance-Fourier transform infrared spectroscopy (ATR-FTIR) as a supplementary technique. The morphology of the textiles’ fibres and the results of the chemical staining tests were studied using OM. The results obtained through the analytical methods were cross-referenced with a variety of archival sources.
Technical photography
Technical photography was performed according to the workflow proposed by Cosentino [18–20] with a full-spectrum (360–1100 nm) modified Nikon 850 DSLR camera equipped with a Nikon AF Micro NIKKOR 60 mm f/2.8D lens. The camera was calibrated with X-Rite ColorChecker Passport. The American Institute of Conservation Photo Documentation (AIC PhD) target was used to adjust the white balance and exposure of the RAW format images.
VIS photography illumination was provided by two 500 W halogen lamps. X-Nite CC1 and B+W 415 filters were coupled together and placed in front of the camera lens for VIS imaging. The same set of filters was used for the UVF imaging with the illumination system consisting of two lamps equipped with eight 40 W 365 nm UV fluorescence tubes. UVR photography was achieved using the same lighting conditions as for the UVF and Andrea “U” MK II filter was used on the lens. IR imaging, with an additional objective of false-colour infrared imaging (IRFC), was performed using the same illumination system as for VIS, and a Heliopan RG1000 filter was mounted on the camera lens.
Further processing of the images, including IRFC manipulation, was conducted using Adobe Photoshop CC according to the standards described by the American Institute of Conservation [21].
High-resolution digital microscopy
Digital microscope images of the recto and verso of the paintings were taken with Keyence VHX-6000, using a zoom lens coupled with a high-speed camera. Observations were conducted at magnifications of ×20 to ×200. For measurement analyses, built-in Keyence software—VHX-H2M2 and VHX-H4M—was used.
RTI
RTI was carried out following the workflow proposed by Cultural Heritage Imaging [22]. The captured images were processed using Adobe Photoshop CC and RTIBuilder. The results were visualised through RTIViewer software, as proposed by Cultural Heritage Imaging [23, 24].
XRR
Paintings were X-ray radiographed with a Siemens Ysio Max digital system with a detector of dimensions 35 × 43 cm and a resolution of 7 million pixels. The X-ray tube operated at 40 kV and 0.5–2 mAs. The radiographic images were visualised and processed using dedicated X-ray medical imaging software, iQ-LITE, then exported to Adobe Photoshop CC for final alignment and merging.
XRF
XRF measurements were performed using Thermo Scientific™ Niton™ XL3t 970 portable spectrometer with a GOLDD+ detector and an Ag anode X-ray tube with a 6–50 kV voltage and up to 0.2 mA current. A mining mode with four elemental ranges and a measurement duration of 50 s each (total acquisition time of 200 s) were used to better differentiate the light elements from the heavy ones. The spectra were obtained at a working distance of 1 mm and an analytical spot diameter of 3 mm. The spectra were processed with Thermo Scientific™ Niton Data Transfer (NDT™) 8.4.3 software.
OM and PLM
The paint samples’ structure was examined in reflected VIS and UV light on a Leica DMRX polarised microscope providing ×100, ×200, and ×400 magnifications. PLM of the pigments and morphology of the fibres were carried out in transmitted VIS light at the same range of magnifications. PLM of the pigments was conducted according to the workflow developed by Peter and Ann Mactaggart [25]. The samples were digitally photographed using a Leica DFC295 camera.
Staining tests
The phloroglucinol stain test was carried out on the natural fibres to determine the presence and concentration of lignin [26].
FE-SEM–EDS
The paint samples’ cross-sections were mounted on carbon tapes and analysed with a Hitachi SU5000 FE-SEM coupled with Bruker XFlash® 6/60 EDS. The SEM, backscattered electron mode (BSE), was operated at an accelerating voltage of 20 kV, 60 Pa chamber pressure, 50–60 intensity spot and 180 s acquisition time. Analyses were conducted at a working distance of 10 mm. The data collection and processing were performed with Bruker ESPIRIT 2.0 software.
ATR-FTIR
ATR-FTIR analyses were performed using a Bruker Hyperion 3000 FTIR microscope equipped with a mid-band MCT detector, coupled with a Vertex 80 FTIR spectrometer. The spectra were acquired in the spectral range of 4000–600 cm−1 and resolution of 4 cm−1. A total of 64 scans were recorded for each sample. Spectra collection and processing were carried out using Bruker Opus 7.5 software. The interpretation of data was performed using the reference spectra in the material collection of the Institute for Conservation, Restoration and Study of Cultural Heritage, Nicolaus Copernicus University, as well as spectral library of the Infrared and Raman Users Group (IRUG) [27].
Preparation of samples
Selected paint samples were prepared as cross-sections by mounting in acrylic resin—ClaroCit from Struers (USA). The PLM pigment scrapings were prepared as dispersions on microscope slides in a mounting medium Meltmount from Cargille (USA) with a refractive index of 1.662, and covered with a cover glass. The samples of fibres were immersed in a boiled water to soften and clean off contaminants. Then, they were mounted on microscope slides with a drop of water under the cover glass.
Archival sources
Although to the best knowledge of authors, the information about the brands of the paints used by Liu Kang in the 1950s is non-existent, the local newspapers’, magazines’ and trade directories’ advertisements from the period under investigation provided background information about the availability of the art materials in Singapore. Based on the advertisements, contemporary colourmen catalogues, such as Rowney from 1951 and 1955, Winsor & Newton (W&N) from 1955 and 1957, and Reeves & Sons (R&S) from 1958, were referenced to expand the discussion about the possible use of certain materials that were identified in the investigated paintings. However, conclusions about the brands of materials used by the artist should not be hastily drawn. The authors came across only one source that listed some commercial names of the paints used by Liu Kang in 1955, and this information is cross-referenced with the data acquired from the analysed paint mixtures. Old photographs and the artist’s drawings from the Liu family archives were invaluable for understanding the artist’s approach to painting.
Results and discussion
Auxiliary supports
Of the ten examined paintings, nine are stretched over bevelled strainers and one is stretched over plywood board. The paintings are mounted through the tacking margins with steel staples. Additionally, the observation of the tacking margins revealed a presence of empty nail holes, which do not correspond to the holes in the auxiliary supports. This allowed us to infer that the auxiliary supports are not original and that the nail holes could correspond to the original mounting method. Judging by the absence of original auxiliary supports, one can guess that they were of poor quality and were likely to have been made locally. The inventory and technical data of the paintings are summarised in Table 1.Table 1Inventory and technical details of the investigated paintings


	Title & inventory number
	Date
	Dimensions H × W (cm)
	Orientation
	Type of auxiliary support strainer/stretcher/rigid support
	Painted on an earlier composition

	Village, 2003-03270
	1950
	99 × 131.5
	Horizontal
	Strainer
	No

	Kampong scene, 2003-03245
	1951
	60 × 72.5
	Horizontal
	Strainer
	No

	Orchids, 2003-03379
	1952
	50 × 40.5
	Vertical
	Plywood board
	No

	Government Office in Johore Bahru, 2003-03300
	1953
	63.2 × 76.3
	Horizontal
	Strainer
	No

	Scene in Bali, 2003-03333
	1953
	127 × 85.5
	Vertical
	Strainer
	Yes

	Offerings, 2003-03269
	1953
	131.5 × 98.5
	Vertical
	Strainer
	Yes

	Outdoor painting, 2003-03290
	1954
	85 × 127
	Horizontal
	Strainer
	No

	Painting kampong, 2003-04149
	1954
	120.5 × 71
	Vertical
	Strainer
	No

	Boats, 2003-03275
	1956
	91 × 70
	Vertical
	Strainer
	Yes

	Char Siew seller, 2003-03311
	1958
	59.5 × 72.5
	Horizontal
	Strainer
	Yes




Fabric types
All investigated paintings were executed on plain-weave canvases made of Z-twisted threads of weft and warp. Linen fibres were identified by their morphology features, such as transverse markings and dislocations, as well as uneven pink stains obtained by the phloroglucinol test [26].
Four weave matching groups were determined. Group 1 is represented by one canvas with a thread count approximating 14 × 17 per cm. Group 2 is the most dominant and is characterised by a consistent thread count of 13 × 15 per cm. It was found in six paintings. Group 3 comprises two denser canvases with a thread count of 16 × 17 cm. Group 4, with a thread count of 11 × 10 per cm, was identified in one painting (Fig. 3).[image: ../images/40494_2021_641_Fig3_HTML.jpg]
Fig. 3Photomicrographs of four weave matching groups identified in the investigated paintings: a group 1; b group 2; c group 3; d group 4


Characteristics of the grounds
All examined paintings have white and textured ground extended over the tacking margins, indicating a commercial preparation of the canvases. Analyses of the structure and composition of the ground layers allowed us to identify five types of preparation of the canvases.
The ground of type 1 is double-layered, and it was found in Village (sample 9). The bottom layer is homogenous and predominantly composed of lead white (PW1) mixed with lithopone (PW5) and/or barium white (PW21) and zinc white (PW4), and some titanium white (PW6) (Fig. 4a, b). The top layer is composed of the same constituents as the bottom layer but with an abundance of titanium white. A drying oil as a binder was confirmed with FTIR in both layers by peaks at 2933, 2852 (both C–H stretching bands), 1728 (C=O stretching band), 1432, 1238, 1161 and 723 cm−1 [28].[image: ../images/40494_2021_641_Fig4_HTML.jpg]
Fig. 4Optical microscopy and corresponding backscattered electron (BSE) images of cross-sections representing five different types of the ground layer: a, b double-layered ground of type 1 with a characteristic high concentration of lead white in the bottom layer and titanium white in the upper layer; c, d double-layered ground of type 2 with a high concentration of chalk and clusters of lead white in the bottom layer and predominant lead white in the upper layer; e, f single-layered ground of type 3 composed of zinc white; g, h homogenous single-layered ground of type 4 formed from lead white and chalk; i, j triple-layered ground of type 5 with the bottom layer mainly composed of chalk and lead white agglomerated in large aggregates, middle layer characterised by a high concentration of lead white, and top layer containing mainly titanium white


The ground of type 2 is predominant and was identified in five paintings. It has a double-layered structure with a bottom layer that is usually thicker than the top. Both layers are composed of the same ingredients but mixed in different concentrations. Thus, the bottom layer is characterised by large particles of chalk (PW18) and clumps of lead white admixed with lithopone and/or barium white and zinc white. The top layer is formed mainly from lead white well mixed with lithopone and/or barium white and zinc white, some chalk and titanium white (Fig. 4c, d). A drying oil was positively identified in both layers with FTIR by peaks at around 2956, 2918, 2850, 1732, 1240, 1180 and 720 cm−1. Additionally, zinc soaps were evident in three samples of the ground layer by a typical infrared peak at 1540 cm−1 corresponding to COO− asymmetric stretching band [29–31].
The morphology of the ground of type 3 is characterised by a single and homogenous layer of zinc white (Fig. 4e, f). This type of ground was detected in two paintings: Outdoor painting (sample 1) and Painting kampong (sample 1). FTIR spectra showed drying oil binder by peaks at 2956, 2918, 2849, 1732, 1460, 1376, 1242, 1165 and 722 cm−1, and zinc soaps formation by typical IR absorption at 1541 cm−1.
The ground of type 4 is single-layered and predominantly composed of poorly ground particles of lead white (Fig. 4g, h). Trace amounts of Ca and Ba suggest an admixture of chalk and barium white; however, the latter was not detected with FTIR. A presence of drying oil confirmed with FTIR by peaks at 2957, 2924, 2851, 1729, 1240, 1160, 1100 and 710 cm−1, and proteins indicated by signals recorded at 1639 (amide I) and 1517 cm−1 (amide II) allowed us to infer a semi-absorbent emulsion of oil and animal glue binders. This kind of ground layer composition was identified in Offerings (sample 1).
The ground of type 5 was determined by the triple-layered structure. The upper layer is thin and the elements identified are attributable to titanium white, lithopone and/or barium white and zinc white, as well as lead white and chalk. However, the structure and composition of the bottom and middle layers strongly resemble the ground of type 2 (Fig. 4i, j). Considering that this type of ground was found only in one painting, it seems reasonable to conclude that the ground layer was originally of type 2 and later modified by the artist by the application of a thin coat of white paint containing mainly titanium white.
The acquired data allowed us to find a notable correlation between the structure of the grounds and the canvases. Thus, the canvas and ground of type 1 were found only in Village. Interestingly, two similar stamps were found on the reverse side of this painting. Despite the poor legibility of the print, the IR enhanced photography suggests that the stamps show a capital S, a painting brush and the word “CANVAS” above (Fig. 5). The presence of the stamps may suggest that the canvas for Village was commercially prepared and stretched. Unfortunately, the authors could not attribute the stamps to any colourmen known to them.[image: ../images/40494_2021_641_Fig5_HTML.jpg]
Fig. 5Detail of the colourmen stamp on the reverse side of Village (1950), photographed in IR to enhance the legibility of the print


In the 1950s, the art materials were available in Singapore from the specialised retailer The Straits Commercial [32, 33], as well as from stationery and book shops, such as E. J. Motiwalla & Co. and The Shanghai Book Co., Ltd. [34, 35]. However, it is unknown what specific brands the shops had distributed at that time (Fig. 6a–c). The 1947 and 1948 advertisements of the two latter companies inform that they imported R&S and W&N brands [36]. Moreover, according to the 1955 advertisement, the art materials from the Dutch company Talens were imported by Jacobson van den Berg Ltd (Fig. 6d) [37]. There is also a possibility that other overseas brands of artist materials were available in Singapore as the city enjoyed a free trade status under the British rule.[image: ../images/40494_2021_641_Fig6_HTML.jpg]
Fig. 6Advertisements by retailers of art materials available in Singapore in 1950, 1951 and 1955: a E. J. Motiwalla & Co.; b The Shanghai Book Co., Ltd.; c The Straits Commercial Art Co.; d Jacobson van den Berg (S’pore) Ltd


By far the most common type of painting support encountered in Liu Kang’s works from the period under review was canvas and ground of type 2. This observation allows us to conclude that the artist bought this type of commercially prepared painting support in lengths and later cut it to the required size. The absence of a manufacturer’s or retailer’s stamp on the investigated paintings could support this notion [38]. Selling a canvas in lengths was a common industry practice; for instance, primed canvases from W&N, R&S and Rowney were offered by the yard or roll, typically 27 inches to 84 inches wide and 6 yards long.
The grounds of type 3 were applied over dense canvases of type 3. Likewise, the ground of type 4 was identified on a loose canvas of type 4. Exceptionally, the analyses showed that the ground of type 5 was applied over the canvas type 2.
The imaging techniques as well as microscopic and spectral analyses revealed that four of the examined paintings were created over earlier rejected artworks and without the application of an intermediate ground layer. These observations support the notion that Liu Kang heavily relied on commercially prepared canvases and did not usually do self-preparation of the painting supports. The results obtained from the investigation of the painting supports are listed in Table 2: Appendix 1.

Sketches, photographs and underdrawings
Sketches form an important part of Liu Kang’s painting practice as they demonstrate the process of the images’ evolution, from studies to completed works. Most of the sketches discussed in this paper were executed by means of a pen, with crayon used sporadically. Confidently laid lines depict the forms and build the compositions with minimal grading, suggesting a rapid capturing of the scenes or subjects.
A comparison of the dates of the sketches and corresponding paintings indicates that some of Liu Kang’s artistic ideas were taken up few years after initial conceptualisation on paper. For instance, Orchids was sketched in 1945, but the painted version was created in 1952 (Fig. 7a, b). A sketch of Boats bears the date 1950, whereas the painting was executed in 1956 (Fig. 7c, d). This observation strongly supports the hypothesis that sketching served as a convenient way of capturing interesting subjects that could be recalled for future use as reference material or as a starting point for a more ambitious painting project.[image: ../images/40494_2021_641_Fig7_HTML.jpg]
Fig. 7a Liu Kang, Orchids, 1945, pen on paper, 25 × 17.5 cm. b Liu Kang, Orchids, 1952, oil on canvas, 50 × 40.5 cm. c Liu Kang, Boats, 1950, pen on paper, 34 × 25.5 cm. d Liu Kang, Boats, 1956, oil on canvas, 108.5 × 88.5 cm. Images a, c are from Liu Kang Family Collection. Images courtesy of Liu family


Some sketches reveal a process of searching for the best composition or form of expression. The painting Bali scene is accompanied by three sketches, which depict a gradual development of the idea for the painting. The first sketch (Fig. 8a) consists of several lines, which progressively evolve into a more detailed composition (Fig. 8b) finalised in the study of certain parts of the scenery (Fig. 8c). Hence, the painting appears to be a summary of the ideas studied in the three sketches (Fig. 8d).[image: ../images/40494_2021_641_Fig8_HTML.jpg]
Fig. 8a Liu Kang, Scene in Bali, undated, pen on paper, 32 × 24.5 cm. b, c Liu Kang, Scene in Bali, 1952, pen on paper, 32 × 24.5 cm. d Liu Kang, Scene in Bali, 1953, oil on canvas, 127 × 85.5 cm. e Liu Kang, Char Siew seller, 1955, pen on paper, 26.5 × 34.5 cm. f Liu Kang, Char Siew seller, 1955, crayon on paper, 27 × 37.5 cm. g Liu Kang, Char Siew seller, 1958, oil on canvas, 59.5 × 72.5 cm. Images a–c, e, f are from Liu Kang Family Collection. Images courtesy of Liu family


The primary idea of the Char Siew seller, imaged in the classical pen sketch, explores a composition and studies a detail of a hand holding a chopper (Fig. 8e), whereas its crayon version reveals the artist’s attempt at cubist expression (Fig. 8f), which evolved into the painting with evidently simplified and geometric forms (Fig. 8g). Likewise, the sketch Boats is striking in its precision, but there were far fewer details in the painted version of the scene, which also may resemble a cubist expression (Fig. 7c, d).
The sketch Painting kampong shows that the artist had initially considered a horizontal composition, but the painting evolved into a more detailed artwork, which was painted in the vertical orientation (Fig. 9a, b). By contrast, the simplicity of sketches for Orchids (Fig. 7a, b) and Kampong scene (Fig. 9c, d) was reflected in their painted versions, suggesting that the artist could have been satisfied with the initially imaged subject matter and composition and thus made no further changes.[image: ../images/40494_2021_641_Fig9_HTML.jpg]
Fig. 9a Liu Kang, Painting kampong, 1952, pen and crayon on paper, 30 × 38 cm.  Liu Kang Family Collection. Image courtesy of Liu family. b Liu Kang, Painting kampong, 1954, oil on canvas, 120.5 × 71 cm. c Liu Kang, Kampong scene, undated, pen on paper, 14 × 19 cm. Gift of the artist’s family. Collection of National Gallery Singapore. d Liu Kang, Kampong scene, 1951, oil on canvas, 60 × 72.5 cm


In addition to sketching, Liu Kang frequently used pastels and a camera to document the subjects and motifs that inspired him. His pastel drawing and photograph capturing a procession of Balinese women with ritual offerings could have been used as a reference for depicting the details of the scene in Offerings upon his return to Singapore (Fig. 10). This suggests that he viewed the camera primarily as a tool to replicate the surrounding world in a precise manner [39].[image: ../images/40494_2021_641_Fig10_HTML.jpg]
Fig. 10a Liu Kang, Balinese woman carrying offering, 1952, pastel on paper, 63 × 46 cm. Gift of the artist’s family. Collection of National Gallery Singapore. b Archival photograph from Bali by Liu Kang, undated. Liu Kang Family Collection. Image courtesy of Liu family. c Liu Kang, Offerings, 1953, oil on canvas, 131.5 × 98.5 cm


Liu Kang’s preparatory underdrawing stage was undoubtedly part of his working method. However, its evidence was recorded with VIS and IR only in Kampong scene and Painting kampong. As both artworks utilised the white colour of the exposed ground, the artist ensured that the underdrawings did not disturb an intended aesthetic effect. Thus, subtle pencil lines were drawn in Kampong scene (Fig. 11a, b), whereas in Painting kampong, the main shapes were lightly scratched into the white ground layer such that the grey colour of the canvas became visible (Fig. 11c). In Orchids, the composition was laid out directly with vigorous and effortless brushwork and diluted green paint, the latter seen especially in the decorative representation of the flower petals (Fig. 1c). A similar approach was evident in Village, Government office in Johore Bahru and Outdoor painting (Figs. 1a, d, 2a). The compositions of these three paintings were established with the painterly contour of light brown and violet paint and later reinforced with a calligraphic type of brushwork.[image: ../images/40494_2021_641_Fig11_HTML.jpg]
Fig. 11VIS and corresponding IR detail images of Kampong scene (a, b), and VIS detail image of Painting kampong (c). The arrows indicate the presence of the preparatory underdrawing (a, b) and scratched contour into the white ground (c)


Pigments
Currently, there is, unfortunately, no information about the brands of the painting materials that Liu Kang used during the period under review. However, in his 1955 essay, the prominent Singapore artist and former President of the Singapore Art Society Ho Kok Hoe listed some pigments used by the artist at that time: “Viridian has become his favourite colour, with vermilion and Prussian blue to harmonize with it” [40]. The mentioned pigments are the primary colours of light—red, green and blue—and the most dominant colours in Liu Kang’s paintings. Although viridian and Prussian blue were consistently used in the artist’s earlier practice, vermilion is a new addition to the pictorial palette [15, 36, 41, 42]. Thus, this information needed to be validated through the analytical methods.
For clarity of the discussion, we decided to exclude the detailed characterisation protocols leading to the identification of the pigments commonly used by the artist based on the study of his earlier painting practice. The pigments frequently used by Liu Kang and characterised by the authors as employing the same methodology as in the current study are as follows: Prussian blue, ultramarine, cobalt blue, viridian, chrome yellow, yellow and red iron oxides, umber, organic reds, lithopone, barium white, zinc white, lead white, titanium white, chalk and carbon blacks [15, 36, 41, 42]. Therefore, in this paper, the methodology and interpretation of the outcomes are focused on new pigments as well as other pigments used less frequently by the artist.
Blue
The analytical results of the blue painted areas showed that ultramarine (PB29) was the preferred blue pigment. It appears as a primary blue and is frequently used in combination with Prussian blue (PB27) and occasionally with viridian (PG18) to achieve different hues. The admixture of manganese blue (PB33) in Scene in Bali (sample 12) is a significant peculiarity, indicated first with SEM–EDS by the concomitant presence of Mn, Ba and S elements. FTIR completed this outcome by the detection of less intensive absorption peaks at 1417, 1403, 1364, 874, 794, 774 and 752 cm−1, and strong absorption peaks at 1065 ((SO4)2− stretching band), 631 and 600 cm−1 (both (SO4)2− bending band), which may be attributed to both manganese blue and lithopone (Fig. 12a–c).[image: ../images/40494_2021_641_Fig12_HTML.png]
Fig. 12a SEM–EDS spectra of the blue paint from layer 6 of sample 12 extracted from Scene in Bali; b optical microscopy image of the cross-section of the sample; c corresponding ATR-FTIR spectra of the layer 6 with labelled marker peaks of manganese blue and reference spectra of the same pigment; d SEM–EDS spectra of dark, blue paint from layer 2 of sample 3 extracted from Painting kampong; e optical microscopy image of the cross-section of the sample; f corresponding ATR-FTIR spectra of the layer 2 with labelled marker peaks of phthalocyanine blue and reference spectra of the same pigment


Interestingly, the analyses of dark and light blue paints from the sky of Government office in Johore Bahru (samples 22 and 3) revealed complex mixtures of pigments. Although both paints appeared red in the IRFC, this outcome suggested the use of ultramarine and/or Co-, and Cr-containing pigments. It also suggested the absence of Prussian blue, which usually contributes to the blue hue of IRFC images. The PLM observation of the blue particles in sample 22, extracted from the upper, darker part of the sky, was inconclusive. It only allowed us to distinguish between ultramarine (isotropic particles with low refractive index turn red with Chelsea filter) and other isotropic blue particles that also appear red with Chelsea filter but which have high refractive indexes. Thus, cobalt blue and cerulean blue were considered as they share similar optical features. The co-location of Co and Sn elements recorded with SEM–EDS suggested the presence of cerulean blue (PB35). As for cobalt blue, the elemental analysis provided an ambiguous result because the Al-signal recorded in the sample may be attributed to both ultramarine and cobalt blue (PB29). The coincident PLM and SEM–EDS analyses also suggested a trace admixture of viridian in the blue paint. FTIR confirmation of viridian, cerulean and cobalt blues was hindered due to the strong IR absorption induced by other compounds overlapping with less intensive peaks of the pigments in question [43]. Moreover, their fundamental bands were outside of the spectral range of the instrument. The analyses of sample 3, extracted from the bottom, brighter part of the sky of Government office in Johore Bahru, were conducted only with PLM and SEM–EDS, which suggested the presence of cerulean blue and the absence of ultramarine and viridian. Thus, the admixture of cobalt blue can be considered based on the presence of Al in the examined paint mixture.
The use of phthalocyanine blue (PB15) was suggested by the consistent XRF recording of Cu-signal in the areas of water, mountain and sky of Painting kampong (spots 122, 123, 125). It was additionally confirmed with the SEM–EDS detection of Cu in sample 3. The FTIR spectra corroborated this result with a complex array of the absorption peaks at 1508 attributed to C=N stretching in the aromatic rings, 1334, 1166, 1088 and 729 corresponding to the phthalocyanine skeleton vibrations and other typical absorption bands at 1462, 1420, 1378, 1287, 1264, 1005, 957, 900, 801, 780 cm−1. The low frequency peak at 754 cm−1 corresponds to the phthalocyanine ring vibrations (Fig. 12d–f) [44, 45]. The execution of the painting indicates a thorough planning process that probably included the choice of pigments. Thus, the use of phthalocyanine blue is not an accidental but a deliberate decision to replace ultramarine and/or Prussian blue with a new pigment of similar optical quality. However, it is puzzling why the artist did not incorporate this new blue pigment in his further practice in the 1950s. The reason could be the lack of availability of the pigment or a conscious decision to reject it.
The contemporary colourmen catalogues confirmed that phthalocyanine blue was available from W&N as Winsor blue (Fig. 13), from Rowney as Monastral blue, and from R&S as Reeves blue. Manganese blue was listed by W&N in two hues, as manganese blue and mineral blue (Fig. 13). Based on the analyses, Liu Kang did not seem to have been particularly attracted to Prussian blue, contrary to the observation made by Ho Kok Hoe. This blue pigment appears only in mixtures while ultramarine seems to be a preferred blue, although some experimentation with cerulean, cobalt, manganese and phthalocyanine blues was confirmed.[image: ../images/40494_2021_641_Fig13_HTML.png]
Fig. 13Selected compositions of pigments, listed in the catalogue of W&N from 1957, used for the manufacturing of oil and watercolours


Green
Greens, more than any other colour, symbolise the lush tropical vegetation that impressed Liu Kang. Hence, he preferred viridian, probably for its intense brilliance; however, viridian was frequently blended with ultramarine and Prussian blue to modify the hue. As cerulean blue and cobalt blue were probably used for depicting the sky in Government office in Johore Bahru, their presence in the green passages of the same painting is understandable (sample 6). However, PLM and SEM–EDS provided some indications of cerulean blue, while the presence of cobalt blue remains uncertain.
Besides viridian, another green pigment, emerald green (PG21), was identified in Orchids (sample 5) by the SEM–EDS detection of Cu- and As-signals and FTIR spectra depicting less intensive ester group stretching absorption peak at 1552 cm−1, peaks at 1451 and 754 cm−1 (both masked by the intensive peaks of the acrylic resin used for the embedding sample 5) and an absorption peak of 632 cm−1 overlapped by the signal from lithopone [46]. Emerald green is considered in sample 9 from Village, based on the concomitant presence of Cu and As elements; however, their minimal concentration may indicate that this pigment was used as an admixture. The trace presence of elemental copper alone in the same painting (sample 18) suggests paint contamination from emerald green. This result resembles Liu Kang’s barely discernible use of emerald green in France (1929–1932), during which time he was also not convinced about giving the hue a more pronounced role in the painting process [15, 42]. The SEM–EDS recording of Cu accompanied by strong Cl-signal, as well as FTIR detection of the strong absorption bands occurring at 1496, 1391, 1321, 1305, 1277, 1208, 1152, 948, 770 and 748 cm−1, matching with the IRUG reference [47], enabled the phthalocyanine green (PG7) to be identified in the green paint mixture from Char Siew seller (sample 4) (Fig. 14a–c) [48]. This green pigment was also detected in Outdoor painting (sample 5) based on the trace Cu-signal and absorption peaks at 1390, 1305, 1273, 1095, 951 and 767 cm−1. According to W&N (Fig. 13), Rowney and R&S catalogues of oil paints, emerald green was still available despite its high toxicity. Phthalocyanine green was sold as Winsor green by W&N (Fig. 13), as Monastral green by Rowney and as Reeves green by R&S.[image: ../images/40494_2021_641_Fig14_HTML.png]
Fig. 14a SEM–EDS spectra of the green paint of sample 4 extracted from Char Siew seller; b optical microscopy image of the cross-section of the sample; c corresponding ATR-FTIR spectra of the green paint with labelled marker peaks of phthalocyanine green and reference spectra of the same pigment; d SEM–EDS spectra of the green paint from layer 2 of sample 8 extracted from Kampong scene; e optical microscopy image of the cross-section of the sample; f corresponding ATR-FTIR spectra of the green paint with labelled marker peaks of zinc yellow and reference spectra of the same pigment


Brighter and warmer green hues were achieved by adding cadmium yellow (PY35) or its variant—light cadmium yellow (co-precipitated cadmium sulfide and zinc sulfide) or cadmium yellow lithopone (co-precipitated cadmium zinc sulfide and barium sulfate) [49]—which was detected in more than half of the investigated green paint mixtures. The detection of a concomitant presence of Cd, S, Se and Ba in sample 9 from Village seems to point to cadmium orange (PO20) and barium white or cadmium orange lithopone (co-precipitated cadmium sulfide selenide and barium sulfate). However, a precise characterisation of cadmium-based pigments was difficult due to their incorporation with other pigments. A concomitant presence of cadmium yellow and viridian can also be related to the commercial mixture of these two pigments, known as cadmium green (PG14) [50]. Such composite paint was available in two hues from W&N (Fig. 13) and in one hue from Rowney.
Chrome yellow (PY34), which is known from Liu Kang’s earlier practice, was found as a frequent admixture to green paints. However, a concomitant presence of chrome yellow and Prussian blue may suggest commercially and commonly available chrome green (PG15).
In addition, the green paints, obtained by combining either Prussian blue or ultramarine, or both, and Cd- and/or Cr-containing yellow(s), were found in four of the investigated paintings. Interestingly, FTIR signatures for zinc yellow (PY36) admixture were confirmed in five investigated green paints. This admixture was clearly evident in the spectra recorded from the green paint of Kampong scene (sample 8) by characteristic peaks at 3449, 946, 878, 799 and 718 cm−1 (Fig. 14d–f) [51]. The detection of this pigment is particularly rewarding as, according to the literature, it was unpopular among artists [52]. Rowney and R&S did not list the pigment, although it was available from W&N (Fig. 13). Moreover, W&N advertised a commercial mixture of viridian and zinc yellow under the name of permanent green, and it was available in three hues (Fig. 13).
The analyses reflect Liu Kang’ predilection for viridian, which conforms with Ho Kok Hoe’s statement. Moreover, they point towards the conclusion that viridian and its intensive combinations with ultramarine, Prussian blue and cadmium yellow were used to obtain various hues of green colour.
Yellow
The analyses suggest that most of the investigated yellow paint mixtures are composed of cadmium yellow or its variant. Cadmopone is very likely in the yellow paint from Kampong scene, based on the concomitant presence of Cd, Ba and S recorded with XRF (spot 2060). The trace presence of Se, identified only in sample 8 from Offerings, suggests either cadmium orange or cadmium orange lithopone due to the Ba-signal recorded with SEM–EDS [49]. Chrome yellow and zinc yellow very seldom appear in the yellow paints; however, the artist used these yellow pigments more frequently as admixtures to green paints. Overall, there is a noticeably reduced role of chrome yellow in favour of cadmium yellow when compared to Liu Kang’s paintings from the Paris period (1929–1932) [15], where chrome yellow was a prevailing yellow pigment. Yellow iron oxide (PY43) appears intermittently and usually in combination with other yellows. Its pronounced presence was detected only in sample 12 of Government office in Johore Bahru. The concomitant presence of K and Co elements in the yellow paint samples from Bali scene (sample 9) and Char Siew seller (sample 6) pointed to the use of cobalt yellow (PY40). The SEM–EDS elemental analysis of the latter sample was additionally validated with FTIR by peaks at 2709, 2651, 1387, 1328, 1179, 828 and 632 cm−1, matching with the IRUG reference [53] (Fig. 15a–c).[image: ../images/40494_2021_641_Fig15_HTML.png]
Fig. 15a SEM–EDS spectra of the yellow paint of sample 6 extracted from Char Siew seller; b optical microscopy image of the cross-section of the sample; c corresponding ATR-FTIR spectra of the yellow paint with labelled marker peaks of cobalt yellow and reference spectra of the same pigment


Brown
Brown colours primarily consist of yellow and red iron oxides, sometimes modified with Cr- and/or Cd-containing yellow(s). Darker shades were obtained by adding bone black (PBk9) or umber (PBr7). Judging from the XRF analysis of a dark-brown passage in Painting kampong (spot 54), the paint probably involves umber and eosin-derived geranium lake (PR90:1). The latter is assumed based on the Br Kα1 signal at 11.92 keV and Br Kβ1 signal at 13.29 keV [54–56].
Red
The PLM of the red paints allowed us to observe a good deal of the red particles characterised by the unique low refractive index, indicative of the organic reds. Further FTIR characterisation of the organic reds was complicated due to the interference of the oil and compounds relating to other pigments present within the bulk of the investigated mixtures. For instance, yellow iron oxides, chrome and cadmium yellows were mixed with organic reds by the artists to produce different red hues. Cooler and/or deeper shades were achieved by adding bone black or ultramarine. Nevertheless, the Br-signal recorded with SEM–EDS in four investigated samples could be linked with the geranium lake. It features strongly in Boats (sample 7), where it was probably applied in a less modified form than in other paintings. Hence, the SEM–EDS additionally allowed us to detect Pb-, Ba-, Al-, and S-signals, suggesting precipitation of eosin onto a Pb- or Al-based substrate [50, 54–60] and probable commercial admixture of barium white extender. A comparison of the FTIR spectra of sample 7 from Boats with the reference spectra of eosin Y allowed us to observe some evident similarities of the IR absorption peaks at 3353, ca. 1549, 1459, 1341, ca. 1231, ca. 975, 882, 761, and ca. 715 cm−1 (Fig. 16a) [61, 62]. FTIR analyses of the remaining three samples did not produce sufficient results to univocally assign the Br-containing pigment to eosin.[image: ../images/40494_2021_641_Fig16_HTML.png]
Fig. 16a ATR-FTIR spectra of the red paint of sample 7 extracted from Boats with labelled marker peaks of organic red and reference spectra of eosin Y; b ATR-FTIR spectra of the red paint of sample 3 extracted from Char Siew seller with labelled marker peaks of organic red and reference spectra of naphthol red AS-D; c ATR-FTIR spectra of the red paint of sample 10 extracted from Kampong scene with labelled marker peaks of organic red and reference spectra of synthetic alizarin lake


The FTIR spectra of a red paint from Char Siew seller (sample 3) allowed us to reveal features consistent with red azo pigment naphthol red AS-D (PR112) by various absorption bands matching the reference sample at 3276, 3237, 3188, 3125, 3074, 3039, 3027, 1667, 1603, 1593, 1544, 1492, 1477, 1447, 1420, 1404, 1364, 1323, 1279, 1257, 1237, 1154, 1012, 965, 905, 890, 856 and 814 cm−1, and the IRUG reference (Fig. 16b) [63, 64].
An anthraquinone derivative was characterised with FTIR in Kampong scene (sample 10) by absorption bands at 1631, 1590, 1529, 1463, 1383, 1358, 1267, 1187, 1025, 905, 839, 769, 720 and 669 cm−1 (Fig. 16c), indicating synthetic alizarin lake (PR83:1) [65], whereas a high concentration of Al in the sample could be related to an aluminium-containing substrate [63, 66]. Similar FTIR spectra features were recorded in the red paint from Village (sample 25).
In Outdoor painting (sample 7), a strong Al-signal, recorded with SEM–EDS and FTIR absorption bands at 1636, 1577, 1527, 1463, 1363, 1287, 1097, 982 and 841 cm−1, might be indicative of an aluminium-based substrate for the organic red pigment.
The catalogue search revealed that the geranium lake from W&N was derived from coal tar (Fig. 13), which is different from that identified in Liu Kang’s paintings. Rowney listed geranium lake without a description of the chemical composition and R&S did not sell it at all. It is interesting to note that an eosin-based red lake pigment was identified earlier in one of Liu Kang’s paintings, which was created in France in 1931. However, its isolated appearance could be explained by the high price of the paint [15].
The analyses also support the use of cadmium red (PR108) or its variant cadmium red lithopone (co-precipitated cadmium sulfide selenide and barium sulfate), detected in four paint mixtures. Red iron oxide (PR101) appears only once in Village (sample 25). Interestingly, we did not detect vermilion (PR106) in the investigated red paint samples, although it was reported by Ho Kok Hoe as being Liu Kang’s “important” red [40]. As the pigment was listed by W&N, R&S and Rowney, it can be hypothesised that it was available in Singapore. While the absence of vermilion in the analysed samples may seem surprising, the possible explanation could be that Ho Kok Hoe’s account is inaccurate, or the artist used some substitute for vermilion sold under a similar name. For instance, composite paints like vermilionette or American vermilion involved eosin-based lake pigment or scarlet dye combined with red lead or chrome red [50, 67, 68]. Moreover, the recent study of the Royal Talens paints identified a composite of three synthetic organic pigments, PR51, PR3 and PR63, in a vermilion imitation tube [69]. Although it is challenging to identify the organic red pigments, the analytical data suggested their discernible presence in the studied samples, leading to the hypothesis that some of these pigments could form the commercial substitution of vermilion. However, more analyses involving chromatography and a range of mass and vibrational spectroscopy techniques are needed to better characterise the red paint mixtures [70, 71].
White
The analyses of white paints did not reveal the preferential use of any white pigment. For instance, the UVR imaging of the Village suggests that the grey paint used for the clouds was achieved with different white pigments (Fig. 17a, b). The SEM–EDS analysis of the cloud imaged dark in UVR (sample 4) suggested a high concentration of zinc white with trace presence of chalk and lead white. Although sampling from the adjacent cloud was restricted, lead white and/or lithopone was probably involved in painting, based on their unique ability to reflect UV [18, 19]. Based on the UVR imaging and SEM–EDS analyses, lead white was primarily used in the white passages of Scene in Bali. The analyses of white brushstrokes in Offerings, Boats and Char Siew seller suggested a greater use of lithopone and/or barium white and zinc white with minor admixtures of chalk, lead and titanium whites.[image: ../images/40494_2021_641_Fig17_HTML.jpg]
Fig. 17VIS (a) and corresponding UVR detail image (b) of Village, indicating that white paint from the cloud on the left (black arrow) has a strong UV reflectance, suggesting a presence of lead white and/or lithopone, whereas the cloud on the right (white arrow) shows UV absorbance, suggesting application of zinc white, confirmed through SEM–EDS analysis


It is worth noting that in Kampong scene, Orchids, Government office in Johore Bahru, Outdoor painting and Painting kampong, Liu Kang intentionally exposed a white ground layer during the painting process instead of using white paint for highlights (Figs. 1b–d and 2a, b).
Black
Black paint brushstrokes appear intermittently only in Kampong scene, Government office in Johore Bahru and Painting kampong. From the XRF point measurements and SEM–EDS analyses of samples, we deduce the preferential use of bone black. This pigment also appears in combination with other colours as a minor admixture.
Binding media and other identified compounds
The analyses of the binding media carried out using FTIR showed that an oil binder had been used in every painting. The analyses also revealed that, in a few paint samples, the oil was converted into metal soaps from the chemical reaction between the saturated fatty acids of the lipidic binder and the metal ions of the lead white and zinc white present in the paint layers. The results of the paint analyses are summarised in Table 3: Appendix 2.

Painting technique
The investigated paintings show an evolution of the artist’s technique during the period under review. His artworks from 1950 to 1953 are executed with a broad and flat application of the local colours, a marginal suggestion of light effects and minimal introduction of details. Village and Government office in Johore Bahru attract attention through a strong colour block division resembling the influence of the Post-Impressionists, while the bold outlines hint at the influence of Chinese calligraphy. A confident establishment of the compositional and colouristic structures is distinct in Kampong scene, Orchids and Government office in Johore Bahru. In these paintings, the compositional outlines were skilfully filled in with washes of heavily diluted paint; however, the artist left certain parts of white ground exposed, producing attractive optical effects (Fig. 18a).[image: ../images/40494_2021_641_Fig18_HTML.jpg]
Fig. 18Details showing intentionally exposed white ground playing a key role in the painting process of: a Orchids; b Outdoor painting. Detail of the white paint application substituting the incorporation of the colour of the ground in the painting process in Char Siew seller (c). Details showing different types of the paint manipulation by the artist. Palette knife and brush application of the paint produced high impastos in Village and Offerings (d, e). Scraping down to the ground reflects the minimalist paint effect in Government office in Johore Bahru (f)


The painting technique in two other artworks from 1953, Scene in Bali and Offerings (Fig. 1e, f), significantly differs from the previous artworks. Probably due to his fascination with the subject matter, which is rich in details and decorative motifs, the artist has chosen a descriptive way of expression. The static, portrait-like composition of three women and their batik costumes and offering stands in Offerings reveals a temptation to realistically depict the female beauty in and richness of the indigenous Balinese culture. In contrast, the Bali scene is characterised by crowds of nude figures taking a bath in a river, which is flowing down the mountain, and surrounded by the picturesque landscape. The extent of the visual impact of that exotic place on Liu Kang can be elucidated from his essay, written in the year following his Bali sojourn. The essay creates an image of Bali as a place where idyllic landscapes, great architecture and young and charming women coexist harmoniously [72]. As these two artworks were created over earlier compositions, the artist had to modify his painting technique. The colour of the ground layer could not be exposed to play the aesthetic role seen in his earlier works; therefore, he executed the paintings with thickly applied paint that covers the entire painting surface.
Outdoor painting and Painting kampong, both from 1954, represent the stylistic innovation of Liu Kang’s painting technique, which were emergent in his earlier works, between 1950 and 1953 (Fig. 2a, b). The illusion of depth is entirely abandoned and replaced by a conscious affirmation of the flatness of the forms, which is achieved with solid colours and minimal paint texture. These features reflect the artist’s striving toward greater simplicity in his artistic expression and his focus on pure colours. The shapes are enhanced by dark paint outlines as well as exposed white ground, a style that reveals inspiration by the dye-resist technique found in batik textiles (Fig. 18b). Although his new painting technique is stripped of unnecessary details, it required planning and great discipline. A fundamental element of the technique was painting support with a white ground layer.
Reusing earlier compositions for the batik-inspired painting technique produced lower-quality visual effects. In Boats and Char Siew seller, the lack of a white ground was substituted with a white paint applied in a combination of wet-on-wet and wet-on-dry to delineate the forms (Fig. 18c). This approach resulted in less precise divisions between the coloured areas, as the white paint used for the outlines was very often contaminated with pigments of the surrounding colours. Thus, these two artworks lack the freshness and precision that Liu Kang’s pure batik-inspired paintings are appreciated for. Moreover, utilising the earlier compositions forced the artist to laboriously cover the uneven and already-painted surface, producing unintended impastos and multicolour patches instead of single-colour patches.
Liu Kang was creative in manipulating the paint and painting tools to achieve different artistic effects. His preferred painting tools were varied size brushes. However, in Village, he quickly and effortlessly used a palette knife to apply the paint on large areas, followed by brushwork to introduce some details and outlines (Fig. 18d). Offerings was created primarily with a brush; however, palette knife paint application can be seen on the women’s costumes and food stands (Fig. 18e). Heavy impastos appear in Village and in the artworks created on the reused compositions as they required plentiful paint to cover uneven surfaces. However, in Offerings, the impastos play an important role in enhancing the shapes of the fruits as well decorative motifs of the costumes. In Kampong scene, Government office in Johore Bahru and Painting kampong, Liu Kang experimented with distinctive scraping strokes into the wet paint, substituting a descriptive paint application (Fig. 18f).
Artist’s modifications and reusing earlier paintings
Like other artists, Liu Kang occasionally recycled his rejected compositions and painted them over (Table 1). In Offerings, the pronounced brushstrokes that do not correlate to the final composition were observed on the face of the Balinese model on the left-hand side of the painting (Fig. 19a), whereas the evidence of a dark paint layer was discernible through the paint losses of the sky area (Fig. 19b, c). Moreover, a comparison of the painting with its archival photograph, which was probably taken in the 1950s, revealed some alterations to the current composition. The changes are located in the central model’s face and hairstyle and in the shape of the distant hilltops and clouds (Fig. 19d, e). As the painting was donated by Liu Kang in 2003, these alterations can be attributed to him. This finding confirms the artist’s tendency to rework the paintings after their creation, which can cause art-historical implications [15, 36].[image: ../images/40494_2021_641_Fig19_HTML.jpg]
Fig. 19a Detail of Offerings, showing the brushstrokes corresponding to the earlier composition. b Detail of Offerings revealing dark paint in the sky area. c Digital microscope image of the same area evidencing a dark paint layer scheme, seen through the losses of the current composition. d Archival photograph of Offerings. Liu Kang Family Collection. Image courtesy of Liu family. e Image of the painting showing alterations of the current composition


The IR photography of the reverse sides of the paintings was very effective in detecting the concealed compositions. Thus, a composition created in the horizontal orientation resembling the village scene was found underneath Scene in Bali. The IR imaging technique allowed us to identify typical Malay timber houses, characterised by verandahs with fretwork railing panels and perforated ventilation panels fitted above the doors or upper sections of the walls (Fig. 20a) [73, 74], similar to those in Liu Kang’s Village and Kampong scene (Fig. 1a, b). Another horizontally oriented composition was found underneath Boats. The hidden scene depicts a group of farm animals, including what appears to be cattle, surrounded by chickens and other animals in the foreground (Fig. 20b).[image: ../images/40494_2021_641_Fig20_HTML.jpg]
Fig. 20IR images of the reverse sides of a Scene in Bali rotated at 90° clockwise; b Boats rotated at 90° anticlockwise


The evidence of an earlier composition underneath Char Siew seller was initially discovered with RTI. In several areas, the pronounced underlying brushstrokes do not accord with the current composition (Fig. 21a). The XRR revealed a hidden vertical composition of a Balinese dancer that could have been inspired by one of the photographs taken by the artist (Fig. 21b, c). The discovery of this composition is especially interesting because the artist made an inscription (BALI) in the top-left corner and signature (LIU KANG) in the bottom-right corner of the painting by scratching into wet paint with a sharp tool (Fig. 21d, e). Interestingly, XRR showed extensive losses to the paint layer, which could have encouraged the artist to abandon the composition and reuse the canvas.[image: ../images/40494_2021_641_Fig21_HTML.jpg]
Fig. 21a RTI detail image of Char Siew seller, revealing texture details corresponding to the earlier painted composition. b XRR image of the painting rotated at 90° clockwise, unveiling a vertical composition of a dancer. c Archival photograph of a Balinese dancer taken by the artist. Liu Kang Family Collection. Image courtesy of Liu family. d, e XRR detail images of the painting showing an inscription (BALI) and a signature (LIU KANG)


Conclusions
The extensive technical study was carried out on ten paintings, which represent Liu Kang’s important period of the 1950s when he developed his own style [75]. The study combined non- and micro-invasive analytical methods to characterise the artist’s painting materials and technique. The yield results were cross-referenced with the single source indicating Liu Kang’s pigment preferences during the investigated period. The limitations of that source were compensated by referencing contemporary advertisements that indicate some artists’ colourmen brands available in Singapore around that time. Accessing their catalogues was an important step to better interpret certain data derived from the analyses. The understanding of Liu Kang’s working practice was advanced by his archival drawings and old photographs.
The results show continuous use of the majority of the identified painting materials during the periods before the trip to Indonesia (1950–1952) and after (1953–1958). The study revealed that the artist used commercially prepared linen canvases, which he probably purchased in lengths by the metre. Although four canvas densities and five types of ground preparation were distinguished, Liu Kang’s preferred type of support was linen canvas with a thread count of 13 × 15 per cm and a double-layered oil-based ground. Both layers are composed of the same constituents (chalk, lithopone and/or barium white and zinc white, lead white and titanium white), albeit mixed in different concentrations. This type of painting support was identified in the artworks created before and after 1952. Single- and, exceptionally, triple-layered structure of ground as well as semi-absorbent ground on canvases with distinctively low and high densities were used less frequently.
With regard to the palette of colours, all investigated pigment mixtures were bound in oil. Ultramarine appears consistently in the blue passages with occurrences of Prussian, cerulean, cobalt, phthalocyanine and manganese blues. However, cerulean and cobalt blues appear only in Government office in Johore Bahru (1953), manganese blue was used only in Scene in Bali (1953), and phthalocyanine blue was the sole blue pigment employed in Painting kampong (1954). As for green paints, viridian was used predominantly but always in mixes with other pigments. Its frequent presence with cadmium yellow and/or zinc yellow does not rule out the use of commercially prepared cadmium green or permanent green. Other green pigments used intermittently are phthalocyanine green and emerald green. Emerald green was identified in two paintings, Village (1950) and Orchids (1952), whereas phthalocyanine green appears in Char Siew seller (1958). Green colours were also obtained by mixing Prussian blue and/or ultramarine with Cd- and Cr-containing yellows. Regarding the yellow paints, it is clearly evident from the analytical data that cadmium yellow or its variant was prevailing. Other detected yellow pigments are yellow iron oxide, chrome, zinc and cobalt yellows. For obtaining brown paints, Liu Kang used yellow and red iron oxides and umber, and sometimes modified them with Cr-containing yellow(s), cadmium yellow or its variant and bone black. The analyses of the red paints revealed that Liu Kang made an extensive use of organic red pigments. Although identifying the organic reds was challenging, evidence suggests eosin-derived geranium lake, anthraquinone derivative pigment synthetic alizarin lake, and red azo pigment naphthol red AS-D. There is also a notable presence of cadmium red. Regarding white paints, the use of lead white, lithopone and/or barium white and zinc white was confirmed. Black painted areas contain bone black and its occurrences were found in mixtures with other pigments. The obtained results of the pigments’ analyses do not fully corroborate Ho Kok Hoe’s 1955 account about Liu Kang’s paints. Except for viridian, which was confirmed as the artist’s favourite green, it is evident that Prussian blue is not the prevailing blue pigment; however, it was extensively used as an admixture for green paints. Vermilion was not identified in the investigated paint samples. Nevertheless, it is conceivable that Liu Kang, while sharing the information with Ho Kok Hoe, referred to a composite pigment sold under a similar name and containing organic and inorganic pigments.
The studies of Liu Kang’s painting process revealed a distinctive conceptual phase represented by the consistent use of drawings and photographs, which appear to be a convenient method of capturing interesting subjects and motifs for future reference. This phase helped the artist to grasp a full idea of the intended painting, hence resulting in a minimal need for preparatory drawing on the primed canvas. The analyses of the painting technique allowed us to identify four different approaches, suggesting an evolution of the methods of expression that were finalised in the stylistic innovation seen in Outdoor painting and Painting kampong. His painting technique, which reveals an effortless manipulation of the paint with a brush and palette knife, benefits from thorough studies of the idea prior to the painting. His repertory of descriptive techniques includes scraping into wet paint, building the impastos, enhancing the shapes with outlines and exposing the white ground of the canvas. An important contribution to the knowledge of Liu Kang’s working practice was evidencing the modifications he made during the painting and detecting the rejected compositions he reused for new artworks.
Finally, the low concentrations of the investigated pigments in the heterogeneous structures of the paint layers made the identification process a challenging one. Thus, the findings of the analysis mandate a broader characterisation of Liu Kang’s pigments, which require the application of chromatography and a range of vibrational spectroscopic techniques. Besides mapping the distribution of the painting materials, macro X-ray fluorescence (MA-XRF) imaging could also assist in a better visualisation of the concealed compositions.
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Appendix 1
Table 2Overview of canvas and ground characteristic of the investigated paintings


	Title & inventory number
	Date
	Weave
	Average thread count/cm
	Twist
	Fibre
	Weave matching group
	Sample, layer number
	SEM–EDS detected elements*
	FTIR identification
	Result
	Type of ground

	Village, 2003-03270
	1950
	Plain
	V14 × H17
	Z
	Linen
	1
	9, 2
	Ti, O, C, Pb, Ba, Zn, (S, Si, Na, Cl, Ca, Al)
	Lead white, lithopone and/or barium white and zinc white, oil
	Titanium white, lead white, lithopone and/or barium white and zinc white, chalk, oil
	1

	9, 1
	Pb, C, O, Ba, Zn, S, Ti, Na, (Si, Cl, Al)
	Lead white, lithopone and/or barium white and zinc white, oil
	Lead white, lithopone and/or barium white and zinc white, titanium white, oil

	Kampong scene, 2003-03245
	1951
	Plain
	V13 × H15
	Z
	Linen
	2
	3, 2
	C, O, Pb, Zn, Ba, Na, Si, Ca, (Ti, S, Al, Cl, Mg)
	Lithopone and/or barium white and zinc white, chalk, oil
	Lead white, lithopone and/or barium white and zinc white, chalk, titanium white, oil
	2

	3, 1
	O, C, Pb, Ca, Si, Al, Zn, Ba, (Na, K, Fe, Sr, Cl)
	Lithopone and/or barium white and zinc white, lead white, chalk, oil
	Lead white, chalk, lithopone and/or barium white and zinc white, oil

	Orchids, 2003-03379
	1952
	Plain
	V13 × H15
	Z
	Linen
	2
	3, 2
	C, O, Zn, Pb, Na, Si, (Ca, Al, Ti, Ba, P, Cl)
	Lead white, chalk, China clay, oil, zinc soap
	Zinc white, lead white, chalk, China clay, titanium white, oil, zinc soap
	2

	3, 1
	O, Pb, C, Zn, Al, Si, Ca, (Na, K, Ti)
	China clay, lead white, chalk, oil, zinc soap
	Lead white, zinc white, China clay, chalk, titanium white, oil, zinc soap

	Government Office in Johore Bahru, 2003-03300
	1953
	Plain
	V15 × H13
	Z
	Linen
	2
	22, 2
	Zn, C, Pb, O, Na, Ca, (Ba, Ti, Si, Al, Mg)
	 	Zinc white, lead white, chalk, barium white, titanium white
	2

	22, 1
	O, C, Ca, Zn, Pb, Na, (Si, Sn, Al)
	Chalk, lead white, oil, zinc soap
	Chalk, zinc white, lead white, oil, zinc soap

	Scene in Bali, 2003-03333
	1953
	Plain
	V15 × H13
	Z
	Linen
	2
	14, 2
	C, Zn, Pb, O, Na, Ca, Ba, (Cr, Fe, Al, Si, Ti)
	Lead white, chalk, oil, zinc soap
	Zinc white, lead white, chalk, barium white, titanium white, oil, zinc soap
	2

	14, 1
	C, O, Ca, Zn, Pb, Na, (Ba, Cr, Si, Al, Fe)
	Chalk, lead white, oil
	Chalk, zinc white, lead white, barium white, oil

	Offerings, 2003-03269
	1953
	Plain
	V10 × H11
	Z
	Linen
	4
	1, 1
	Pb, C, O, (Ba, Ca, Cl)
	Lead white, chalk, oil, proteins
	Lead white, barium white, chalk, oil, proteins
	4

	Outdoor painting, 2003-03290
	1954
	Plain
	V19 × H17
	Z
	Linen
	3
	1, 1
	C, Zn, O, (S, Si)
	Oil, zinc soap
	Zinc white, oil, zinc soap
	3

	Painting kampong, 2003-04149
	1954
	Plain
	V19 × H17
	Z
	Linen
	3
	1, 1
	Zn, C, O, (S, Si)
	Oil, zinc soap
	Zinc white, oil, zinc soap
	3

	Boats, 2003-03275
	1956
	Plain
	V13 × H15
	Z
	Linen
	2
	1, 2
	C, Zn, Pb, O, Na, Ca, Ba, (Si, Ti, Al)
	 	Zinc white, lead white, chalk, barium white, titanium white
	2

	1, 1
	O, C, Ca, Zn, Pb, Na, (Si)
	Chalk, lead white, oil
	Chalk, zinc white, lead white, oil

	Char Siew seller, 2003-03311
	1958
	Plain
	V13 × H15
	Z
	Linen
	2
	1, 3
	C, O, Ti, Zn, Pb, Ca, Na, Si, (Ba, S, Cl, Sr, P)
	 	Titanium white, lithopone and/or barium white and zinc white, lead white, chalk
	5

	1, 2
	Zn, C, Pb, O, Na, Ca, (Si, Cl)
	Chalk, lead white, oil, zinc soap
	Zinc white, lead white, chalk, oil, zinc soap

	1, 1
	O, C, Ca, Zn, Pb, Na, (Si)
	Chalk, lead white, oil, zinc soap
	Chalk, zinc white, lead white, oil, zinc soap


*Major elements are given in bold, minor elements in plain type and trace elements in brackets




Appendix 2
Table 3Overview of the materials identified in the paint samples extracted from the investigated paintings


	Title and inventory number
	Date
	Colour
	Sample
	SEM–EDS* and XRF** detected elements
	PLM, SEM–EDS, XRF assignment
	FTIR identification

	Village, 2003-03270
	1950
	Blue
	3
	C, Zn, O, Na, Al, Si, S, (Mg, Ba, Ca, K, Sr, Fe)
	Lithopone and/or barium white and zinc white, ultramarine, chalk, Prussian blue
	 
	 	 	Green
	9
	C, O, Ba, Zn, Pb, S, Cl, Fe, Al, Cd, (Cr, Na, Si, Ca, Ti, Cu, Se, As, Sr)
	Lithopone and/or barium white and zinc white, Prussian blue, lead white, Cr-containing yellow(s), cadmium yellow and/or cadmium orange or their variants, emerald green
	Lithopone and/or barium white and zinc white, Prussian blue, lead white, chrome yellow, zinc yellow, possible cadmium yellow and/or cadmium orange or their variants, oil

	 	 	Green
	16
	C, O, Zn, Ba, Pb, Na, Cr, S, Fe, Al, (Mg, K, Ti, Si, Cd, Cl)
	Lithopone and/or barium white and zinc white, lead white, Cr-containing yellow(s), cadmium yellow or its variant, Prussian blue
	 
	 	 	Green
	18
	C, O, Ba, Zn, Cr, S, Na, K, Al, (Ti, Si, Sr, Cu, Cl)
	Lithopone and/or barium white and zinc white, Cr-containing yellow(s), ultramarine, emerald green contamination
	Lithopone and/or barium white and zinc white, Prussian blue, zinc yellow, possible ultramarine, oil

	 	 	Green
	19
	O, C, Pb, Ba, S, Cr, Fe, Al, Zn, N, Mg, Na, (Ti, Si, Cl, Sr, Ca, K)
	Lead white, lithopone and/or barium white and zinc white, chrome yellow, Prussian blue, ultramarine, viridian
	 
	 	 	Yellow
	21
	C, O, Zn, Ba, Cd, S, Na, Fe, Ca, Si, Al, Ti, (Pb, Sr, Cl)
	Lithopone and/or barium white and zinc white, cadmium yellow or its variant, yellow iron oxide, lead white
	 
	 	 	Red
	25
	C, O, Zn, Na, Al, Ba, Fe, Ca, (P, S, Si, Ti, K)
	Lithopone and/or barium white and zinc white, red iron oxide, organic red(s)
	Lithopone and/or barium white and zinc white, synthetic alizarin lake, organic red, oil

	 	 	Brown
	23
	C, Cd, O, S, Ba, Fe, Zn, Se, Al, Si, (Pb, Na, Ti, Ca, Mg, Sr)
	Cadmium yellow or its variant, yellow iron oxide, lithopone and/or barium white and zinc white, lead white, titanium white
	 
	 	 	White
	4
	Zn, C, O, Na, (Ca, Mg, Pb, Al, Si)
	Zinc white, chalk, lead white
	 
	Kampong scene, 2003-03245
	1951
	Blue
	3
	C, Ba, O, S, Zn, Ca, Na, (Si, Sr, Pb, Al, Ti, Mg)
	Lithopone and/or barium white and zinc white, ultramarine, chalk, lead white, titanium white
	Lithopone and/or barium white and zinc white, chalk, possible ultramarine overlapped by lithopone bands

	 	 	Green
	5
	C, O, Ba, S, Zn, Pb, Ca, Si, Na, Al, (Fe, Cr, Ti, Sr, Cl)
	Lithopone and/or barium white and zinc white, lead white, chalk, ultramarine, yellow iron oxide, Prussian blue, viridian, titanium white
	 
	 	 	Green
	8
	O, Ba, C, Zn, Cr, S, Al, K, Na, Si, (Cl, Sr, Pb, Ti, Ca)
	Lithopone and/or barium white and zinc white, Cr-containing yellow(s), ultramarine, lead white, titanium white, chalk
	Lithopone and/or barium white and zinc white, zinc yellow, oil

	 	 	Green
	11
	C, O, Ba, S, Zn, Fe, Al, Na, (Sr, Cd, Pb, Ca, Ti, Cl, Cr, Si, K, Mg)
	Lithopone and/or barium white and zinc white, Prussian blue, ultramarine, cadmium yellow or its variant, lead white, Cr-containing yellow(s), titanium white
	Lithopone and/or barium white and zinc white, Prussian blue, possible cadmium yellow or its variant, possible zinc yellow, oil

	 	 	Yellow
	2060
	Ba, Cd, S, Pb
	Cadmopone or cadmium yellow and barium white, lead white
	 
	 	 	Red
	10
	C, O, Al, Zn, Ca, Pb, P, Na, (Ba, S, Si, K, Cl)
	Lithopone and/or barium white and zinc white, lead white, organic red(s), chalk, bone black
	Lithopone and/or barium white and zinc white, lead white, synthetic alizarin lake, oil

	 	 	Red
	15
	C, O, Ba, S, Zn, Ca, (Na, Si, Sr, Al, Pb, P)
	Organic red(s), lithopone and/or barium white and zinc white, ultramarine
	 
	 	 	Brown
	9
	O, C, Ca, Fe, Si, Ba, Zn, S, Al, Pb, (Na, K, Ti, Mg)
	Red iron oxide, lithopone and/or barium white and zinc white, lead white, titanium white
	 
	 	 	Black
	2063
	Fe, Ca, Mn, Si
	Umber, possible bone black
	 
	Orchids, 2003-03379
	1952
	Blue
	3
	O, C, Ti, Ca, Ba, Pb, Zn, Si, S, P, Al, Fe, (Na, K, Sr, Cl)
	Titanium white, chalk, lithopone and/or barium white and zinc white, lead white, Prussian blue, ultramarine,
	Lithopone and/or barium white and zinc white, chalk, carbon black

	 	 	Green
	4
	C, O, Ba, Pb, Ti, Zn, S, Si, Al, (Na, Ca, Cr, Cd, Cl, Sr)
	Lithopone and/or barium white and zinc white, lead white, titanium white, viridian, chalk, cadmium yellow or its variant
	 
	 	 	Green
	5
	C, O, Ba, Pb, S, Cr, As, Zn, (Ti, Cu, Si, Sr, Cl, Na, Ca, Al)
	Lithopone and/or barium white and zinc white, chrome yellow, emerald green, viridian, titanium white, ultramarine, chalk
	Lithopone and/or barium white and zinc white, chrome yellow, emerald green, oil

	 	 	Yellow
	8
	C, O, Ti, Ba, Cd, S, Zn, Al, Si, Na, (Sr, Ca, P)
	Titanium white, lithopone and/or barium white and zinc white, cadmium yellow or its variant, bone black
	 
	 	 	Brown
	6
	O, C, Fe, Si, Ti, Ba, Pb, Zn, Al, S, Ca, (Cd, Mn, Na, Sr, K, Cl, P, Mg)
	Yellow iron oxide, umber, titanium white, lithopone and/or barium white and zinc white, lead white, cadmium yellow or its variant, bone black
	 
	 	 	Brown
	7
	C, O, Ti, Ba, Zn, Cd, S, Ca, Pb, Fe, (Na, Al, Si, P, Sr)
	Titanium white, lithopone and/or barium white and zinc white, cadmium yellow or its variant, chalk, lead white, yellow iron oxide, bone black
	 
	Government Office in Johore Bahru, 2003-03300
	1953
	Blue
	22
	C, O, Pb, Zn, Sn, Al, Mg, Ba, Co, (Na, Cr, Ca, S, Si)
	Lead white, lithopone and/or barium white and zinc white, cerulean blue, cobalt blue, ultramarine, viridian, chalk
	Lead white, lithopone and/or barium white and zinc white, oil

	 	 	Blue
	3
	C, O, Pb, Zn, Mg, Al, Na, (Sn, Si, Co, Ca, Ba, Cl)
	Lead white, zinc white, cerulean blue, cobalt blue, chalk, barium white
	 
	 	 	Green
	6
	C, O, Pb, Zn, Ba, Cr, Fe, S, Sn, Mg, Al, Na, (Co, K, Cd, Cl, Si, Sr)
	Prussian blue, lithopone and/or barium white and zinc white, Cr-containing yellow(s), lead white, ultramarine, viridian, cadmium yellow or its variant, cerulean blue, cobalt blue
	Prussian blue, lithopone and/or barium white and zinc white, zinc yellow

	 	 	Green
	7
	O, C, Cr, Al, (Zn, Pb, S, Cd, Ca, Ba, Si)
	Viridian, lithopone and/or barium white and zinc white, lead white, cadmium yellow or its variant
	 
	 	 	Yellow
	12
	C, O, Pb, Fe, Ba, Al, Zn, S, (Si, Ca, Na, Mg, Cl)
	Lead white, yellow iron oxide, lithopone and/or barium white and zinc white, chalk
	 
	 	 	Yellow
	16
	O, C, Pb, Ba, S, Fe, Al, Zn, Cr, Mg, (Si, Ca, Na, P, Sr, Cl)
	Lithopone and/or barium white and zinc white, lead white, Cr-containing yellow(s), yellow iron oxide, bone black
	Lithopone and/or barium white and zinc white, lead white, chrome yellow, zinc yellow, oil, zinc soap, possible low intensity bands of iron oxide overlapped by lithopone and zinc yellow bands

	 	 	Red
	17
	Pb, C, O, Zn, (Na, Cl, Si, Fe, N, Al, Cr, K, Co, Ca)
	Lead white, organic red(s), zinc white, Fe-, Cr-, Co-containing pigments contamination
	Lead white, organic red(s), oil, zinc soap

	 	 	Brown
	8
	Pb, C, O, Fe, Zn, Si, (Cl, Na, Ca, Al, Mg)
	Lead white, red iron oxide, zinc white, chalk
	 
	 	 	Brown
	18
	O, Fe, C, Pb, Si, Cl, Zn, Ba, (Mg, Al, Ca, Na, Mn, S, P, Sr, K)
	Yellow iron oxide, umber, lead white, lithopone and/or barium white and zinc white, chalk, bone black
	 
	 	 	Black
	14
	O, C, Ca, P, Pb, Al, As, Zn, (Fe, Ba, S, Si, Na, Mg)
	Bone black, lead white, lithopone and/or barium white and zinc white
	 
	Scene in Bali, 2003-03333
	1953
	Blue
	12
	O, C, Ba, S, Al, Mg, Zn, (Pb, Mn, Na, Ti, Ca, Si, Cl)
	Lithopone and/or barium white and zinc white, ultramarine, traces of lead white, manganese blue, titanium white, chalk
	Lithopone and/or barium white and zinc white, manganese blue, oil

	 	 	Blue
	10
	C, O, Zn, Cr, Na, Al, (Ba, Ca, S, Cl, Si)
	Lithopone and/or barium white and zinc white, viridian, ultramarine
	 
	 	 	Green
	8
	Zn, C, O, Na, Ba, N, (S, Cr, Cl, Al, Ca, Mg, Pb, Si, K, Co, Sr)
	Lithopone and/or barium white and zinc white, viridian, ultramarine, chalk, lead white, Co-containing pigment contamination
	 
	 	 	Green
	7
	Pb, O, C, Ba, Zn, Al, (S, Fe, Na, Cl, Cd, Ca, K, Si)
	Lead white, lithopone and/or barium white and zinc white, Prussian blue, ultramarine, cadmium yellow or its variant
	 
	 	 	Yellow
	9
	Pb, O, C, Fe, Zn, Na, Si, K, Mg, Co, (Ca, Ba, Al)
	Lead white, yellow iron oxide, lithopone and/or barium white and zinc white, cobalt yellow, chalk
	 
	 	 	Red
	13
	C, O, Ba, S, Cd, Zn, Pb, Al, Se, (Na, Ti, Ca, Fe, Si, P, Sr)
	Lithopone and/or barium white and zinc white, cadmium red or its variant, lead white, titanium white, chalk, yellow iron oxide
	Lithopone and/or barium white and zinc white, cadmium red or its variant, organic red

	 	 	Brown
	14
	Pb, C, O, Zn, Fe, Na, Ca, Si, (Ba, Cl, Al, Cr, Mg, Ti)
	Lead white, lithopone and/or barium white and zinc white, yellow iron oxide, Cr-containing yellow
	 
	 	 	White
	11
	Pb, C, O, Zn, Ba, (Na, Cl, Al)
	Lead white, lithopone and/or barium white and zinc white
	 
	Offerings, 2003-03269
	1953
	Blue
	4
	C, O, Ba, S, Zn, Ca, Na, (Al, Ti, Si, Sr, Fe
	Lithopone and/or barium white and zinc white, ultramarine, titanium white, Prussian blue
	 
	 	 	Blue
	3
	C, O, Zn, Ti, Al, Na, Ca, Mg, (Si, S, Cl, Ba, Pb)
	Lithopone and/or barium white and zinc white, chalk, ultramarine, lead white
	 
	 	 	Green
	7
	C, Zn, O, Ba, Na, S, Cl, Cr, Al, (Si, Mg, Ti, Sr, Fe, Cd, Ca)
	Lithopone and/or barium white and zinc white, Cr-containing yellow, viridian, titanium white, Prussian blue, cadmium yellow or its variant
	Lithopone and/or barium white and zinc white, Prussian blue, possible cadmium yellow or its variant, possible zinc yellow, oil

	 	 	Yellow
	8
	O, Ba, Cd, C, S, Al, Zn, Ti, (Na, Si, Pb, K, Sr, Cl, Ca, Se)
	Lithopone and/or barium white and zinc white, cadmium orange or its variant, titanium white, lead white, chalk
	 
	 	 	Red
	9
	C, Zn, O, Ba, Na, Pb, S, Al, (Br, Si, Ca, Ti)
	Lithopone and/or barium white and zinc white, Br-containing organic red on Pb- or Al-based substrate, chalk, titanium white
	Lithopone and /or barium white and zinc white, lead white, organic red(s), zinc soap, oil

	 	 	Red
	10
	Cd, O, C, S, Se, Pb, Al, Zn, Ba, (Ca, K, Fe, Na, Cl, Ti)
	Cadmium red or its variant, lead white, lithopone and/or barium white and zinc white, chalk, yellow iron oxide
	 
	 	 	White
	12
	Ba, O, C, S, Zn, Ca, Na, (Ti, Sr, Pb, Al, Si, Cl)
	Lithopone and/or barium white and zinc white, chalk, traces of titanium white, lead white
	 
	Outdoor painting, 2003-03290
	1954
	Blue
	8
	C, Zn, O, Na, Cr, (Pb, Ba, Ca, Al, S, Mg, Fe, Si, Cl, P)
	Lithopone and/or barium white and zinc white, viridian, ultramarine, Prussian blue, bone black
	 
	 	 	Blue
	12
	O, C, Ca, Si, Na, Al, S, Zn, (Sr, K, Pb, Cl, Fe)
	Ultramarine, chalk, zinc white, lead white, Prussian blue
	 
	 	 	Blue
	13
	C, Zn, O, Na, Ca, (Si, Al, S, Sr, Cl)
	Zinc white, chalk, ultramarine
	 
	 	 	Green
	3
	O, C, Cr, Zn, Al, Cd, Pb, S, Ba, (Na, Ca, Si, Cl, Fe, Mg)
	Viridian, lithopone and/or barium white and zinc white, cadmium yellow or its variant, lead white, traces of chalk, Prussian blue
	 
	 	 	Green
	5
	C, O, Cl, Ca, Al, Ti, Zn, Cd, S, (Mg, Fe, Cu, Si, Pb, Na, Sr, Ba)
	Titanium white, lithopone and/or barium white and zinc white, cadmium yellow or its variant, ultramarine, Prussian blue, lead white, Cu-containing pigment contamination
	Phthalocyanine green

	 	 	Green
	10
	C, O, Zn, Cr, Cd, S, Pb, Ba, Na, (Cl, Al, Mg, Si)
	Lithopone and/or barium white and zinc white, viridian, cadmium yellow or its variant, lead white
	 
	 	 	Yellow
	6
	O, C, Ba, S, Cd, Al, Zn, Pb, Cr, (Ti, Si, Na, Ca, Mg)
	Lithopone and/or barium white and zinc white, cadmium yellow, Cr-containing yellow(s), titanium white, chalk
	Lithopone and/or barium white and zinc white, possible cadmium yellow or its variant, chrome yellow, zinc yellow, oil

	 	 	Red
	11
	C, O, Ti, Ca, Zn, Mg, Al, Cd, (S, Na, Cl, Fe, Ba, Si)
	Titanium white, chalk, lithopone and/or barium white and zinc white, organic red(s), cadmium yellow or its variant, yellow iron oxide
	 
	 	 	Red
	7
	O, C, Al, S, Zn, (Na, Ca, Cl)
	Organic red, zinc white, chalk
	Organic red, oil

	 	 	Brown
	9
	C, O, Fe, Zn, Si, (Pb, Mg, Ca, Na, Sr, Al, Cl, S)
	Yellow iron oxide, zinc white, lead white, chalk
	 
	Painting kampong, 2003-04149
	1954
	Blue
	3
	C, O, Ba, N, Al, S, Cu, Zn, (Mg, Ti, Cl, Na, Si)
	Lithopone and/or barium white and zinc white, phthalocyanine blue, traces of titanium white
	Lithopone and/or barium white and zinc white, phthalocyanine blue, oil

	 	 	Blue
	122
	Zn, Ba, Cu, Al, S
	Lithopone and/or barium white and zinc white, phthalocyanine blue
	 
	 	 	Blue
	123
	Zn, Ba, Cu, Al, S
	Lithopone and/or barium white and zinc white, phthalocyanine blue
	 
	 	 	Blue
	125
	Zn, Ba, Cu, Al, S
	Lithopone and/or barium white and zinc white, phthalocyanine blue
	 
	 	 	Green
	4
	C, O, Zn, Cr, Na, Al, Cd, (S, Ba, Si, Ca)
	Lithopone and/or barium white and zinc white, viridian, cadmium yellow or its variant, chalk
	 
	 	 	Yellow
	6
	C, Cd, O, S, Ba, Zn, Al, Na, (Si, Pb, Ca, Ti, Sr)
	Cadmium yellow or its variant, lithopone and/or barium white and zinc white, lead white, chalk, titanium white
	 
	 	 	Red
	5
	C, O, Pb, Ba, Br, Al, (Zn, S, Na, Si)
	Lithopone and/or barium white and zinc white, Br-containing organic red on Pb- or Al-based substrate
	Lithopone and/or barium white and zinc white, organic red(s), oil

	 	 	Brown
	54
	Si, Cl, Ca, Mn, Fe, Sr, Br, Ba, Pb
	Umber, chalk, lead white, barium white, possible eosin-derived geranium lake
	 
	 	 	Black
	53
	P, Fe, Ca, Zn, Pb
	Bone black, lead white, zinc white
	 
	Boats, 2003-03275
	1956
	Blue
	4
	C, O, Si, Al, Na, S, Ca, Ti, (Zn, K, Mg, Fe, Sr, P)
	Ultramarine, titanium white, zinc white, bone black, Prussian blue
	 
	 	 	Blue
	6
	C, O, Zn, Ba, S, Na, Ca, (Al, Si, Ti, Fe, Sr, Cu)
	Lithopone and/or barium white and zinc white, ultramarine, titanium white, Prussian blue
	 
	 	 	Green
	5
	C, Zn, O, Ba, Na, S, (Cr, Ti, Cl, Si, Al, Mg, Sr)
	Lithopone and/or barium white and zinc white, ultramarine, viridian, titanium white
	 
	 	 	Yellow
	8
	C, O, Ba, S, Cd, Al, Ti, (Zn, Na, Si, Sr, Ca)
	Lithopone and/or barium white and zinc white, cadmium yellow or its variant, titanium white, chalk
	 
	 	 	Red
	3
	C, O, Ba, S, Cd, Zn, (Al, Se, Ti, Na, Ca, Si, Fe)
	Lithopone and/or barium white and zinc white, organic red(s), cadmium red or its variant, traces of titanium white, chalk, yellow iron oxide,
	 
	 	 	Red
	7
	C, O, Ba, Pb, Al, Br, S, (Si, Sr, Ti, Cl, Ca, Na)
	Barium white, Br-containing organic red on Pb- or Al-based substrate, titanium white, chalk
	Barium white, eosin-derived geranium lake, oil

	 	 	Red
	11
	O, C, Ba, Pb, S, Fe, Al, Zn, Cd, Cr, Ca, Si, (Na, Ti, Se, Cl, Sn, Mg, K, P, Sr, Br)
	Lithopone and/or barium white and zinc white, chrome yellow, yellow iron oxide, cadmium red or its variant, titanium white, organic red on Sn-containing substrate, Br-containing organic red on Pb- or Al-based substrate, bone black
	 
	 	 	Brown
	13
	O, C, Ba, S, Cd, Zn, Fe, Ca, Al, Si, Ti, Na, (Sr, Mg, K, Cl, Pb)
	Lithopone and/or barium white and zinc white, yellow iron oxide, cadmium yellow or its variant, chalk, titanium white, lead white
	 
	 	 	Brown
	14
	C, O, Ba, Fe, Zn, S, Ca, Si, (Al, Na, Ti, Mg, K, Cd, Sr, Cr)
	Lithopone and/or barium white and zinc white, red iron oxide, chalk, titanium white, cadmium yellow or its variant, Cr-containing yellow
	 
	 	 	White
	12
	C, Ba, O, S, Zn, Ca, Na, (Ti, Sr, Pb, Al, Si, Cl, Fe)
	Lithopone and/or barium white and zinc white, chalk, traces of titanium white, lead white, ultramarine, yellow iron oxide
	 
	Char Siew seller, 2003-03311
	1958
	Blue
	5
	O, C, Ca, Si, Na, Al, S, Zn, (Fe, Ba, K, Cl, Pb, Mg, P)
	Ultramarine, lithopone and/or barium white and zinc white, Prussian blue, lead white, bone black
	 
	 	 	Green
	4
	C, O, Ba, Cl, S, Zn, Al, Ca, (Na, Cu, Ti, Sr, Mg, Si)
	Lithopone and/or barium white and zinc white, chalk, phthalocyanine green, titanium white
	Lithopone and/or barium white and zinc white, chalk, phthalocyanine green, oil

	 	 	Yellow
	6
	C, O, K, Zn, N, Co, Mg, Na, Pb, (Fe, Cr, Al, Ca, Si, Cl)
	Cobalt yellow, lead white, Cr-containing yellow(s), chalk, yellow iron oxide
	Cobalt yellow, possible lead white, chrome yellow, zinc yellow, organic red, zinc soap, oil

	 	 	Red
	3
	C, O, Cl, Ba, Ca, Zn, (S, Cd, Na, Al, Mg, Fe, Si)
	Lithopone and/or barium white and zinc white, chalk, organic red(s), cadmium yellow or its variant, yellow iron oxide, organic red
	Lithopone and/or barium white and zinc white, possible cadmium yellow or its variant, naphthol red AS-D, oil

	 	 	Brown
	7
	Zn, C, O, Fe, Na, Pb, (Al, Si, Cr, Cl, Ca, Ba, Mg, S)
	Zinc white, yellow iron oxide, lead white, Cr-containing yellow, barium white, chalk
	 
	 	 	White
	8
	C, O, Ba, Zn, S, Na, Ca, Ti, (Sr, Al, Pb, Si, Fe, Cl, P, Mg)
	Lithopone and/or barium white and zinc white, chalk, titanium white, lead white
	 

*Major elements are given in bold, minor elements in plain type and trace elements in brackets
**Elements detected with XRF are given in italics
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duced by I.C.I. in 1935 under the name of Monastral Fast
Blue.

. Chlorinated Copper Phthalocyanine. A green pigment corre-
sponding to Winsor Blue in exceptional brilliance and
durability, derived from the dyestuff originally introduced
by I.C.I. as Monastral Fast Green.

. Chromate of Zinc.
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