UNIVERSITY (@)iCCOM ™) (0
OF OSLO National Research Council of [taly ~ Department of Philosophy

and Cultural Heritage

Lavinia de Ferri
|.de.ferri@khm.uio.no

ILavnia de Ferri, °Beatrice Campanella, 3Davide Vallotto, 3Alice Martignon, “Stefano Legnaioli, 3SBenedetta Tomaini, 3Giulio Pojana

1 Museum of Cultural History, University of Oslo, Oslo, Norway

2 Applied and Laser Spectroscopy Laboratory, Institute of Chemistry of Organometallic Compounds, Research Area of CNR, Pisa, Italy
3 Department of Philosophy and Cultural Heritage, Ca’ Foscari University of Venice, Venice, Italy

Application of spectroscopic and imaging techniques for the study of historical natural dyes.

End of 16th Century
T R &

The collection Methods The Blue hues
o _ VIS images: 2
Moise Mlchelangelo Guggeneh elim was the Nikon D800e digital camera; Zeiss lens Makroplanar 100mmf/2.8; ISO100; f8 aperture; shutter speed 1/2 -1/16 s; White and color calibrations — - 14 1 ,
: PRPR by a ColorChecker Passport panel and X-Rite software - ) Indigotin-referanse Oreain-fefrenge 5 2% 9
greatest antique dealer of Venice in the second half U{/R_images_ portp - —orms 15 ——C3T1a {—ezr7 TR_§Y 8
of the 19th century, other than a designer and a Modified Samsung NX1100 digital camera (removal of low-pass filter); Olympus Zuiko 28-mm /2.8 lens; 50-mm Macro /3.5; Badeer-U filter for [~ inigoomer 16 12 —Cc2b 8 ’
consultant for museum collectors and other f;‘;ﬁi‘]’;gsg_“m range. Light source at 365 nm. e i 10-
- . > 20
dealers. Modified Samsung NX1100 digital camera (removal of low-pass filter); Olympus Zuiko 28-mm /2.8 lens; 50-mm Macro /3.5; Hoya (Kenko < 1.2 Iz @ 5
. : .. : : : X IS S
The textile collection was orlglnally Composed of E?gi)n;;:icl().,r:okyo, Japan) RM90 IR pass filter for the 900-1150 nm range. Tungsten light source g _Dw g £ 084 =)
. . = ke,
about 800 fragments ranging from the 4t to the 19th Adobe lightroom + Adobe Photoshop CS6. Methods adapted by [1] *§ 0.8 E I g ° Q
. . . . _ LS © w© N e
century. The collection is Currently divided among 4 \Igi)srtaRbelg(fai%te(jlrn(;:[iifzsgtci?osgk?oagng\éz?guest U (B&W Tek Inc); Y-shaped silica glass fiber bundle; 0.28 mm? collecting spot; Optical resolution o - % % § § A\ L7th Century
owners: 2 museums, the heirs and 140 frag ments of~ 1.5 nm; 2048 pixel linear silicon CCD array detector; Tungsten light source; Spectral range.370-950 nm; 250 cycles of 12—-42 ms each; O = Z 044 |
were donated to the Venetian School of Art incident and acquisition angles at 45° from the surface normal; Calibration: 99% Teflon diffuse reflectance metrological Labsphere. 0.2 .
. . SERSS-Surfac? Enhanced R.aman Scaf[tering Spectroscopy . N - . 00 w 02 -
Applled to Industry, that he co-funded in 1872. Dyes extraction: ~1 mg of textile sample in 50 yL of 0.5 M oxalic acid/ methanol/ acetone/ water (1: 30: 40: 40 v/v/v/v) solution; Ultrasound: 30 ! ]
i icti minutes at 60 °C. F -0.2 ;
The_SChOOI has becomethe LICeOAIttIStICO Sta_tale Silver colloid: Lee and Meisel synthesis procedure P T T A T L AEAE R R SRR R ERER R AR A R P -TIAIT™ YIRS FL N DALY WL o
«Mlchelangelo Guggenhelm» that still owns this Raman Measurements: 5 pL of Ag colloid + 1 pL of extract; Renishaw InVia spectrometer + optical Leica DLML microscope; NPLAN objective SEFEFTEIESTES  PESESESELES S ESESESTESS _ 3 i HE B 9 1?00 1?00 L
part of the collection 20x; NdYAG laser at 532 nm; laser power output 1-5 mW; 1200 lines mm-1 grating monochromator; Spectral range: 350 and 2000 cm™2; 3 Wavelength (nm) Wavelength (nm) Wavelength (nm) Raman shift (cm™) Raman shift (cm™)
) accumulations and an exposure time of 10 s; Spectral intensities normalised by scaling their values between 0 and 1; No smoothing or VRS
baseline correction. SERSS
Sample Color Date (century) Sample Color Date (century) . Only mdngtm n all the blue areas iHa- ) IndigOtin: exclusivly Only In a couple of fragments (a)
« Spectral tal_lfferencgs_ between the front and the back side: . 4 fragments contained also orcein, not revealed by VRS
ClT2a red 16th C2T7 dark red 16th-second half conservation condition of the dye
ClT2b yellow/gold 16th C2T8 red /
C1T3 green 16th C2T9 red / FC imaging
C1T4 Purple, blue 16th-last quarter C3Tla blue 16th-end of « UV and IR-FC images confirm the presence of indigotin
C1T5 red 16th-17th C3T1b green 16th * Images don’t show differences when orcein is present (c,d)
C2T1 purple / C3T2 red 18th
C2T2 red 15th-16th C3T4 brown 15th
caT3 ﬁrfjvev:}gg'n"g“: 15th-16th caTéa green 16th « Combination of indigotin and orcein: since the end of
C2T4 blue / C3T6b green 16th o8 the 13th Century.
c2Ts Blue, gray / c317 blue 17th-last quarter ié  Indigo as source of indigotin was introduced in the 16"
C2T6 Blue, brown/orange / C3T9 Dark and light pink / |§§ century and became prevalent in the 17th century.
- E n "
car1s Red, ght and dak 8 ast quarter » Both Indigo and Woad are possible sohurces for C1T4
¥ it . I I t
; ; ; List of the analyzed fragments, samples threads and dates. . 2o it ) dated baCk to the beglnnlng Of the 16 Century
Portrait of M. Michelangelo Guggenheim From left to right: VIS, UVFC and IRFC images of C3T1la.

The Red & Pink hues The yellow hues

' 18th Cen’gury ' . ' | ' | 16th-17th Century -
‘ 1——caTs g - = E)
bl 154 0 2. ——C3T12 1.8
1/—— Cochineal-reference ™ - ™ ]
- A © C2T3 .
- C1T2b '
\8, .gw, 1,4
g é 0, From left to right: VIS, UVFC and IRFC images of C2T7 Q 12
g " gc'g 1,0 -
= 8
: O 0,8
(O] )
16th Century- second — %
half ] @ Saffron? 0,6 Q
200 . 500 l 500 . 700 0.0 - 0.4 - 2 - o
VisEEmg R 400 600 800 1000 1200 1400 1600 1800 2000 R - o <t ©
Raman shift (cm‘1) From left to right: VIS, UVFC and IRFC images of C3T9 02 - g ~
g |
&9 FC Imaglng 1 ' II ! !I ! I ' 1 ' I ! 1 ' ] ! I ' I ' I 0’0- I T I T I T | T 1 ' I ! I ! I ! 1
3 = \'J\v,\/ » Colors of cochineal containg fragments not consistent with 400 450 500 550 600 650 700 750 800 850 900 400 600 800 1000 1zoo. 140(_)1 1600 1800 2000
= . the literature: e.g., high concentration on a velvet. Wavelenght (nm) Raman shift (cm”)
£ | govs- * Yellow hue in the IRFC image of C3T9: anthraguinones. VRS SERSS
8 % @ * No information about Orcein « Flavonoid: extremely common « C3T12: Annatto + Luteolin(?)
@ ' ~(—§o,50_  Spectral modification in C2T3: presence of a second « C2T3: Saffron (Crocin)
S component.
T - * Most of the fragments are dated to after the FC Imaging
16t century: American cochineal imported « |IRFC: white color in C3T12 compatible with flavonoids (luteolin)
T e e o o o e e e e o RSN O I e from 1518  Carotenoids (crocin) appear white in IRFC and red in UVFC as in
: S C3T 400 600 800 1000 1200 1400 1600 1800 2000 . . C2T3. Effect of B
Wavelength (nm) . th_1 Qth )
avelength (nm T Century. last quarter T | Dutch recipes (17"-18™ century): Annatto as shining silk
. . . _ , fibres
RS SERS _E;\_hbrlghteg!ng agent c:]n cochineal A « Weld (luteolin) and Dyer’s broom were the most
° + + .
. o el (e e e € combination anthraquinone + Annatto used yellow dye in Europe between the early
* Anthraquinones, mostly of animal origin ochineal (Carminic acid) Orcein was never found in the literature. - -
- Flat shape of C2T7: high concentration of the dye * Annatto (bixin/norbixin) in C3T12 Middle Ages and 1492. Only aiter 1775 Quercitron
« Slope change in C3T12: second component * Orcein and Annatto in C3T9 became easily available.
Left: VIS (top) and IRFC (bottom) images of C3T12. Right:
VIS (Top), UVFC (center) and IRFC (bottom) images of [
C2T3
The brown hues Serss The Green hues istn16th Contury  \/RS
g s [ §‘\§§%g . Annatto in C2T6 and C3T12 s . Featulres of indigotin dominate the profiles
=g 18] [ paereetin IERVTE: . Quercetin +Annatto+ Tannin (ellagic acid?) in C3T4 —oms » C2T3: the yellow dye affects the spectrum
144l car12 16 — Cares * Not possible to identify the yellow dye.
iy | ——AIOUG 8o >141 —— C3Téb
§.,] s § 12 < SERSS
< 22 /ISg = 104 3  Only indigotin in C3T6a & b: low amount of the yellow dye.
s | A% S 08+ S Intentional or faded (high light fastness)
£ € (&) f
2% | S 06 2 « CI1T3 & C3T1b: Luteolin
04 i r i « C2T3: Saffron
0,2 0,2-‘ %g
ol - . e @ §§ FC Imaging
400 600 800 h1000 1290 1:00 1600 1800 200C 400 600 800 1000 12?0 1?00 1600 1800 2000 | ° Domlnant greeneSh (UVFC) and reddISh (IRFC) hues Of
CoT6 aman shift (cm™) Raman shift (cm1) — T T 1T 1T 1T T T T 1 1 1 . . .
| _ &3T12 back dark . | | 400 450 500 550 600 650 700 750 800 850 900 |nd|got|n
3T pack iont i From leftto nght: VIS, LVFC and IRFC Images of C2T6 Wavelenght (nm) « C2T3: the pinkish color of saffron in UVFC may be responsible
——CaT4 276 _ - of the brownish hue of the light green embroidery.
< — FC Imaging 357 —car3 | ©
3 A - Carotenoids (Annatto) are reddish in UVFC (C2T6) Lo Saffron
g A « Tannins appear dark in UVFC and red-orange in IRFC | —cm3
E * r,‘ ' : -‘-.’:l §,2,5- Luteolin
b D, i P04 Z
‘ ;8th'?entury- last quarter g 2,0
« Annatto was also used to obtain brown shades Bis-
oo @ =0 w0 w0 o Mo 0 om0 %o * Two hypothesis for C3T4: S
Wavelenghts (nm) _ )%?, a) 1 source for quercetln & tannlns 2 ' % 3 o § Clockwise: VIS, UVFC and IRFC images of C3T1b
VRS b) 2 sources: Persian berries from South-Central Europe 087 e
* Tannins e as source of quercitin 00- ’ -
. Additional features in C2T6 & C3T12 back: second g - ’ « Weld or Dyer’s broom are the most probable sources of luteolin

component. Possible selective fading on the front. a0 60 e 1000 1200 1400 1600 10 200 o The use of saffron and Indigo is compatible with the historical periods.

Raman shift (cm™)

The Purple hues |—an .
P —sin Conclusions Acknowledgments
VRS | g » A selection of textile fragments belonging to the M.M. Guggenheim The authors are grateful to:
« C2T1: Cochineal mordanted g . : : : .
with alum 5 collection has been studied through a multitechnigue approach \ Liceo Artistico Statale
« C1T4: i) anthraquinone + G FC Imagi ' : : : . .
indigotin or i) orcein & . Grrf;?qlgsgh e confitmed iInvolving VRS, SERSS and FC imaging. | | ylc_hela}??el? Gugg(inhflljm
Qo cochineal in C2T1 VRS and Raman spectroscopy demostrated their complementarity EOf;‘;cfébrig)cgﬁeggﬁ;‘n'”g € access
SERSS —— In the study of historical dying mateirals highlighting the complexity
. C2T1: Cochineal Wavelengnt () of mixtures used in the past centuries. Such a situation is normally T o lsam A S em and Wi Riccardo
« C1T4: Orcei - - - -
el = o Oies comeile w e not evident when using only one these technique since each of them Superiore “Bruno Franchetti” (Venice)
o e historical periods can restitute only a part of the composition. E’gfﬁ‘:gfe'ggdi‘/t(hjvag)q;'nsc'f'%”i‘r;fages
' T;’l‘)’o g{ggmisl'ﬁc‘;goirlf“ » In many cases FC imaging results supported the spectroscopic during their school-work alternation
g, : : Al ' period spent at the Laboratory of
g b) Orcein + anthraquinone + findings even |_f thg lack of a complete database _of _substrates, Materials Characterization (LCM) of
!nd'r?Of!n- no other records dyes and application methods represent a strong limit for the the Department of Philosophy and
1 t terat : : : : : . :
NS TETate interpretation of images. e erage: ‘ég:;_ers'ty Ca
400 600 800 R1;)::an s1:|)f(; (c rr1:10)0 1600 1800 2000
References

[1] D. Tamburini, J. Dyer, Dyes and Pigments. 162, 494-511 (2019)



	Diapositiva 1

