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Fig.1 IR spectra (ATR) of the threads of Coptic purple ornament.
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Photo 3 Photomicroscopes of the fibers from Coptic purple ornament.
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Photo 4 Micrograph of Coptic purple ornament in visible re-
flection micro spectroscopy (yvellow circle indicates
size of the fiber-probe).

Coptic Purple Ornament

Visible Reflectance Micro Spectroscopy

’

| Sample Fiber 1 mg I

!

Extraction of Blue Dye
in DMF 0.1ml

v

Identification by
Visible Spectroscopy
Mass Spectrometry  (EI-MS)

v

| Sample Fiber 1 mg

!

Extraction of Red Dye
in HC/MeOH 0.2ml

v

Identification by
Visible Spectroscopy
Mass Spectrometry (EI &ESI-MS)

B2 %MX37 MEDISHT 2R R F — A

Fig.2 Dye analysis scheme for Coptic purple ornament
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Fig.3 Microscopic visible reflectance spectra of the Coptic purple ornament and wool fibers dyed by several natural dyestuff

(1)reflectance spectra, (2)second derivative spectra
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Fig.4 X-ray fluorescence emission spectra of Coptic purple
ornament and an example of tyrian purple dyed with
wool textile excavated at Al-Tar Archeological Site
(Sato and Sasaki 2003)
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Photo 5 Dye extraction from Coptic purple ornament by
DMF(A) and 3%HCl/MeOHBI.

RATRZOHBICEE—=I BREDOSNE M7, T DFE
RREHEMHOOMATVWAEDTREL, 41V VITELME
Eh 3 OGRS ROPHOBERPDTH 5 & ERE
TE5HDOTH B, FRRSEHET BT, FiZ, #
MR AP RS LT 7L, BBt U CRkiE
ST & D NG L 7,

%M a7 MY #%R (0.7mg) S DMF 100xL %
M TYRt o HlE %417 - 72 (Photo 5A), RD¥EBDH
Wik U, o DMF i BiFohic, T
DMF % 5 ik el i eamks o Aot s h, R
s i S 31k BICEAFE L, %> T DMF il
HEOSKML a7 MO RESROBRILZ R T M IVIZH S n
IR E D & 670nm fFFED A v VIO E =7
(Fig.3) Md Ui, HEmMbl®oTHEIRZX7 k

4A=0.1 /
| \
(ORI WA
£ |\ 7 A
& N o 0 ON T
2 \\ ~— / /\ |\ “\_ Coptic purple
\“ Ng /’ / S| B s o |
“:‘1 R 0 _/ /// !
\ p . Indigo
Ioazee ) _//‘/
. Tyrian purple |
400 500 600 700 800

Wavelength (nm)

5 SRMXa7 MEHBIOTFRAKARGHE D D MF fillilko o
WL 2R BV
(M7 MigkY, @2, QHE
Fig.5 Visible absorption spectra of DMF extracts from Coptic
purple ornament and fibers dyed with blue dyestuffs
(1)Coptic purple ornament, (2}indigo, and (3)tyrian purple
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Fig.6 EI mass spectra (SIM trace) of blue dye extracts
(1)Coptic purple ornament, (2)tyrian purple extract
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Fig.7 Visible absorption spectra of dye extracts from purple ornament and typical natural red dyes.
(1)visible absorption spectra, (2)their second derivations
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Fig.8 HPLC chromatogram monitored at 254nm of red dye
extracts from Coptic purple ornament (sample A and
B), textiles dyed with modern madder, and typical
natural red dyes.
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Non-destructive and micro sampling analyses are required for the spectroscopic characteriza-
tion of natural materials and dyestuffs of colored fabric cultural properties. The sampling
amount of textile fragment from the precious cultural properties should be minimal, but is re-
stricted by the detection limit of the spectroscopic devices. Furthermore, combination of several
analytical methods, especially mass spectrometry was required for discrimination of dyestuffs in
the case that direct comparison of their visible spectra is difficult. We have previously reported
methods for determination of indigo families by non-destructive and/or micro sampling proce-
dures using XRF and mass spectroscopic analysis in cultural textiles. Here, we would like to re-
port new micro sampling approach combining multiple methods consist of reflectance micro
spectroscopic analysis, UV-Visible spectral calculation, HPLC, and mass spectrometry for deter-
mination of dyestuff in a Coptic Textiles, Purple round ornament, stored in Nara Park Silk Road
Exchange Hall. Visible reflectance micro spectroscopic analysis of the purple ornament indicated
to be made by multiple dyeing with red and blue dyestuffs. Second derivation of their spectra
showed possible use of madder as red dye. Blue dye was extracted in N, N-dimethylformamide
from purple wool (0.7mg). Since discrimination of indigo and bromoindigo was difficult in visible
absorption spectra of the solution, mass spectrometric analysis (EI ionization) showed only an
ion corresponding to indigo, but not that to bromoindigo and/or dibromoindigo, which are major
component of tyrian purple. Thus, these results indicated that the purple color was made by mul-
tiple dyeing with indigo and any other red dyestuff. Red dyestuff in the purple fragment (ca.lmg)
was extracted by 5% aqueous hydrochloric acid/Methanol (1/1). Visible absorption spectra were
characteristic of anthraqunoid dye. Second derivation of the absorption spectra was almost same
as those of purprin, an ingredient of madder. However, detailed analysis of the spectra suggested
the presence of another red dye. Kermesic acid was detected by HPLC and mass spectrometry
with ESI ionization. Thus, purple color in the ornament was confirmed to be made from multiple
dyeing with dyestuff including purprin as madder and indigo as blue dye, and use of kermes in

partly.



