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Figure 1: Schematic overview of a 3 -cage, with every corner an alumina or silica tetrahedron (a) 3-D structure of alumina or silica tetrahedron (b),crystal
structure of lazurite (c) radical Sg~ inside B -cage (d) [10].
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Figure 3: Polarized light microscopy (PLM) image of (a) natural ultramarine blue particles, and (b) synthetic ultramarine blue particles [43].

FEA-TAD € (EN) Y /55) 6sS ) wilsdlos (sele ay pulns

FVE



(9 Yiiks) i SR 2 S29 0/ IS Lo alc 9 Sguaiio puinse | paall

F s 1y (s 00,90 Slgs o5 (a8lge 0 (S g (slatnd By )b
o=l S e sl sladle o 0] el ous Byae 08 z)l5 G
9 B SR o (e (27 e (Slahy, 4 495 dah,
Gl el il 5208 6y slaailaSi; olulid (o 55 i wix
&gy UVR glas 5o ool gl ¥+ V6) T giiils sl o
Sgds g0 003 30,8 S5, 4 IRFC [0 g auds yuilus jsl8 LUVF 5 w05
WSS (ml adsl Qllid 5 gy 5o Loty cnl 3l lgiee 5502l s

L0V O¥] 5y 000

——— Natural Ultramarine
— Artificial Ultramarine

Normalized Reflectance

200 ' 300 4(’]0 5!;0 ‘ 61‘)0 ' 7(‘)0 B(IJO 9(;0 1000
Wavelength (nm)

2 =g onybl sl g ommds bl gl (6595 ped (SU5L ade PSSl

[oY] UV-NIR o550

Figure 4: UV-Vis-NIR FORS spectra of natural ultramarine and
artificial ultramarine [53].

%

E'

2

g

g

o

~
(a)
(b)

0 500 1000 1500 2000 2500

raman shift (cm?)

[0F] (o 5,52Y (0) 5 (e gman o)l gl @) 5 onelamss ool il 2 Sl
Figure 5:Raman spectra acquired from (a) synthetic ultramarine and
(b) a natural lapis lazuli pigment [54].

3 Cosentino

i > o2 gy S0 (6395 e Sl (il

S o IS paboay lSail Gl s LSl b oS el (g 0 ]
s L s K5y i o o5 oS, lgdl glulis
T s a5 (o 5 s 8 Y game P L
JUVSVREN IOV B gRU N 1. SR V.0 o 8 70 IR PR PR
3 e 9 LFF] sbizia s ool o o] o (6 JB (slay il
S sl by, o Gleea W) (6l Sla B )
[JRCCHVRREN DRI I PR N I | 20 o0 INCHN PR S 4
PSS b 6l lads g calal Lyl o g ol Gl e
S35 e B3k o 5l glaigas § IS8 0 [FF] 05 eslis e
AlsKs; g9 ol slacinb a5 el oad a8l ey Lol i) 4105 4y by ye
Ol o 8 pobilen iyl SLbgyea S0 b 3k Gliee 4 5 O
FOO sga> ;5 1, saslis cwlSail o el gl Gl el ateie JS5
D ey 9 WBO(g0 (LA SRagil VO 090> ;0 4Ll Sy L jtegly
35 XRF .05 5 o0 0aalive jiagili £ 0 0g00 10 ¢ S0 009000 )0 5ud
53 (il 5 oS osliial g 03 5] al 1, ladigad (5 pate Slll 4
Ao oo 8 LS o alaSS) cuale 5590 40 (Jad BB Sl I3l
Ey—an 9 (sl oLl gl o pled () Sl 50 (il pogdle
iz (slmogds il (S 5 5l G AE (pgeie b 56T 5o
o535 - 35 FORS g Raman SEM-EDX LIBS' ale> ;|
sl nl s (s (sl amly (B 2LT I3 S 5l esliid 5 o
2 AT eiloa s has S sagh e 2 a2 Al o4y
el il S ) bl (il o315 (B R (2B
LEACRA] aslos 15 (o egiman 5 (anmabs o lol gl Lauseis (ol
Sl 1y JoSge 5 (5 paie (slozallT 58 (VYY) Gl Mo 5l
CM L5 VY e v o0gasme oy g Nlatuily 90 (0l SIS& Sz anlin
ol oansis (6l ael)lS g eol o ) Ss cylely (slacids o |y Yo e ot
3 deols bl il o logae [] wlos S il ool 5ol 51 £55 9
el YAD 5 PYA OYY slazgsob L So o6 5 a ,
45 Conl OFA CM? 550 8 598 § Ll o S5 6l o bl sl
ol b Hlagos 5 el (T K5 ol Jule fpicar S5 4 bgao
A4S 55 CdS e ola ol ol pogdle sl Lol BB Sy
Veqe om’ sga> o oo 1y 0)ls 0gg ailaSS) (pl (oo £ 50
ey G 5l (slasges xge S0 sl yo [VEYP] ol asess
45 Sl osal it LB O JSb 53 (ol 5 (egiman ()Ll Ul
59 e o LS 8 VY e cm’? 5900 3l L |y (2edly LS
59y Oloean SSE Joo B ool (riwiinh 5 b A5 (S
3 0abe 3L o ) slaasloSs, ezl e ololid sl canlio

! Laser Induced Breakdown Spectroscopy
2 walter

PEA-TAD £ (&)Y /555 6ss )3 wiladlos (sele ay pulns



P9 Yls) i SIS 13 590/ )Tp9S L sule 9 Sguaiio aimo | psall

ol Jole lamcasy x3lg 10 a5 aad o Comd &laSS, S
wsld )l sla il 5o bl sl aslass, (S b
SIS, Olpd e LaS 05y oS o Lol pgo oB 0y 0l 0
$99)9 y9-5 S 9STy tel a5 8 )lo 5505 I e 5 0l sl
ool cews jlan s omie je5 (SaSTy oyl o adly )0 09 oo
Oy B e ylas Sy aF ol b ol w0l o0 codlis
s oS bty S o i |, 055 5, lipan a5
Pl an ]y Las 5 ol an Ll gl K sloay ol
e ST T s Uy ol ) Emags T 51,3 oy oS 5

Dyeovvaro-v-se-2Al sims o cons

Wiyol b (005 jomw =¥

Sl g azmsy ;b Y

&S.}' ‘CU(C2H302)23CU(ASOZ)2 L.':"L"o"'w )L.;-L,J L. stj"’) )M
VU 5o ol sl Joe a5l las 8 g b (6 5w &S,

R W

' FORS
2 Ultramarine sickness or ultramarine disease
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Table 1: ultramarine in artworks.

figurative wall painting in Poudeh village(central Iran) [50]

the palette of impressionist and post-impressionist Puerto Rican artists [16]

Female Nude Paintings of Liu Kang’s [51]

Ornamentation of Urban Fagade as Iran’s Valuable Cultural Heritage (Case Study: Paein Khiaban) [52]
Plasters and mortar from wall paintings of Annunciation Church (Tortorici, Sicily) [35]
decoration of paper inscription related to Ansarin house of Tabriz [53]

Qajar Mural Painting anaclitic fire place in Goharion House in Tabriz [54]

15th-century Venetian illuminated manuscripts [18]

a 15th-century Mallorcan altarpiece from the Oratorio de Santa Ana in Alcudia, Spain [55]
physiochemical Characterization of Coptic Jesus Christ Icon, church of Saint Mercurius [56]

mural blue paintings in ornamental motif of Ali Qapu palace in Isfahan, Iran [12]
physiochemical Characterization of Coptic Jesus Christ Icon, church of Saint Mercurius [20]

The Wooden Gamsil with Inscription of* Botajeon™ in the collection of the Dongguk University Museum [57]
oil painting by Kees van Dongen [23]

three oil paintings from the early 20th century [15]

The Decorative Plaster Relief In The Barogue Villa Of The Argotti Botanic Gardens, Floriana, Malta [58]
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Figure 6: An example of ultramarine sickness: Woman scouring Metalware, Jan Steen, (1650-1660), oil paint on panel, Rijksmuseum Amsterdam.
The blue skirt has lost most of its modelling and clearly stands out as anomalous [10].
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Figure 7: Crystal structure model of copper aceto arsenite or emerald
green [69].
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Table 2: Reports on emerald green in artworks.

the 19th century plafond painting

Wall Paintings of Kizil Grottoes

Liu Kang’s Palette and Painting Practice for the Execution of Female Nude Paintings

15th-century Mallorcan altarpiece from the Oratorio de Santa Ana in Alcudia, Spain [9]

descente des vaches oil paint (1834-1835) painted by théodore rousseau

nineteenth-century, cloth-case publishers’ bindings at Winterthur Library

Painted Materials of Arhat Statues in Zijin Nunnery, China

Mecklenburg’s Paint Reference Collection at the Smithsonian Museum Conservation Institute
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Figure 8: Raman spectrum of emerald green: (Cu (CH;COO) . 3Cu (AsOy),) [96].
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Figure 9: Platy particles of copper acetate arsenite (Left: PPL and right: XPL) [97].
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