Jui S L 12

ANy W2y 310

MRS FEDRSE (2)
— A ¥ K LA — VE R O AR B S D 434 —

ek BRED WA

= A SRR NI 3

@+—7— K EEHNH (mass spectrometry), FAI47 (dye analysis), LH—IIVEK (Mughal era),
M (carpet), BEMSISHT (microspectroscopy), FRFMX~R% bJIL (infrared spectroscopy),
HPLC s3#7 (high performance liquid chromatography)

1. 3oz

BEMTEIRINERILEYORERE LT T ER
FEANRMOBTICBOTHEDD TR ERET 2, EE
513 T h & TXLH Beilhan D ekt A 156 U TR
BN (4 K 2008, {4 K « BEFH - E4 K
2008) ITMA T, MMBY 7 v 7Ic &k BHEENL S
WFEOMAEEHIN & LTEI 5 I ESL A 4 1L
K BEEST OIS AR5 LT & 72 (Sasaki et. al, 2002),
ZOMEBRBIZBWLWTEI A4 VLEEMMTE A DT
RER PO T v I F ) VREHOREICEHTH
D, PRFOFETIXBINHETH 2EHEKRDS Y
JERERRDO D T oA VO OBFERITRETES
EEIRL, 45T ANNTIRT v 7 — VB T HE
2813 HEXTORERSOREIZKI L7 (Sato«
Sasaki 2001, Sasaki et al.,, 2008), 7z, 27 MEITH
13 38BN EHKS (Indigo & Purprin) @ ERQGEH
THHIEERLTEI (xR« A - fH -« £45 -
faAR, 200, 35iL, KRBTV b+ LV RRBES
FoREICILV I bR T v—AFfb—A4F 2 5y
TEESMT (ESIFIT-MS) 2#M L, MS/MS 74 5 TiC
HKRRBRELZ AT 2WMES T FEERBE LI, 20D

Fiid, HiCs vy, aF—VEBOMBY 7)) v
FTIZLXBRIZBICBODTHENTH S (Exr K- fEx K,
2009),

AFIETIE, TOESHT-MSIC&B3 KBTS+
) VREROMBATFIEEA © N LN — L EEE
B Q7 L) oG A IO R IcER L,
KB LHARI coOFHMEERE U, i, BHES
FIZE DR EEE SN INE TITIT » TEBAMS L
EELANFENTHEE HPLC 447 % H b & THER
L7z,

2. Yokt

APFFRICH O HEERZO “Carpet with Tree Pa
ttern” (Photo1A) B X '@ “Carpet with Floral
Arabesque behind Lattice” (PhotoIB) T®H» 3%, &
O, @& bk, MH, BEERRELSAL VLA -
NHEEY +— + ¥ vy (Shah Jahan) BFft (1628-
1658) IcBfEFahicbDEEZ 5N T 5,

ERQOQIZ, MABETS - 72 MEE 1T Brooklyn
Museum (New York) IZZ4EEI /s D (Accession
number : 200646) T, # 4 Xid 3lemX9.5cm TH %,
Z OWi A1, The Frick Collection (New York) IZFf

UERBIEHEREENIZEMNBEINYF —

SRS PU—

T606-8585 RERHARRK 7 IBERTHEET

2 Conservator Emerita, Metropolitan Museum and Art, 1000 Fifth Avenue. New York, New York 10028, U.S.A.
VR IEMHERPERS T IEEPY  T606-8580 REHARX » IBHFHEE
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TFELD A LA —VEEETERT “Carpet with Tree Pattern” (I KT ). 5 & U B : ¥t 2 “Carpet with Floral Arabesque behind Lattice”

Photo 1 Mughal carpets samples, A: 1 “Carpet with Tree Pattern” (Photo by Daisuke YAMASHIRO) and B: 2 “Carpet with Floral

Arabesque behind Lattice”

KEh T 3# ¥ “Fragment of Carpet with Tree
Pattern” (Henry Clay Frick Bequest. Accession
number : 1916.10.07) (Photo2) D4R EZEZ SN T
\ %, The Frick Collection 12T & T2
1650 AEARIC LA — WV ER T TlfEShicbD L ah,
WEER PR 48 A/inch 3 A#ik 30 Bt/inch T, /3o
WWEUEHI 720 knot/inch’, BI{Ed 3 4 14 X 226.82cm
% 192.02cm (89 5/16” X715 5/8") T, L D/©KiI %
DREFDEILLDTH S, ZOMBD/NIIIIE, D
fiZOK D 6 Fhifis & 1 A DY ST 43 L A8 dH
D, Zh o M TAMBDOOL D ) DA, A H
DA ZNEHERS EEFLIMEM» S b LOMBOIE
ROHEHREE A A SN, Photo3 123 L7z & 91T 720cm
X 240cm OHBEO 2 AHB S h T 5 (Kajitani,
2006) o

TR WAKOMEN )T TH B, WILFHA
28 A /inch 3 A&HiA4 25 Bt/inch T, /34 L EUZH 700
knot/inch?, # 4 X% 65cm X 19.5cm THH, A4
WED ooz D TH S, DML,
The Metropolitan Museum of Art (MMA, New
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York) 1ZiiEnhTLW a8 (W), “Carpet with
Floral Arabesque behind Lattice” (14.40.712) (Photo
3) OHRTHY, oM & W -DIERRR A 3 T
iz oh s, MMA iKW TOLSHBOY 1 X
(3 145cm x412cm (4°9" X 13" 7", BlRgk Fik), Je«
YROH Y I =NHBNIE TR =T 1650 4T A
CBfEEhicboE3h T3 (Walker, 1997),

3. T

o REEE AR G R R iR A BUEENT A 0.5mg A S 5
9%HCI-MeOH (300 1) % U TGRS Z il L,
AURHAR & Uty WINZARZ PV ORIE IR Z otk %
ZOE MM L, ESLHIT-MS i2ix & o il il #% %
CH.OH & % L {3 CH.OD % M\ T 100 fHic AR L TH
(A S

K453 4381 ¢ Perkin-Elmer Spectra GX % H] Ly,

IS ATR ik (ASfiZ 45 )%, ATR 7V 2% Vg
Ge) Tl L7z,

4k o [ BIRIL Z X 7 R oL ¢ i SUERT 3101PC K%k
S o al RO EEEERF & UL 2,



¥ 2 The Frick Collection Frk#k# & L UHCETL (Kajitani, 2006)
Photo 2 Mughal dynasty carpet stored in The Frick Collection, “Carpet with tree pattern” and graphical reconstruction of the frag-

ments (Kajitani, 2006).

B3 A bof)F LT L T — VBT “Pattern of Lattice and Blossoms” (14.40.712)
Photo3 Mughal Carpet fragments, “Pattern of Lattice and Blossoms” stored in Metropolitan Museum and Art (14.40.712).

SR 53 Y643 #r © Nikon XE 600 %Y 8 %12 Ocean
Optics USB4000 7 7 A /N =38/ NS 88 2 4655 L,
HMERU NI R 2 S T L7, i@ oy v 5
v T EHWT,

K7 o< v 757 (HPLC) IC& 55047 ¢ HA
50 PU-2980 ki v A7 La{lilL, #7772
v ) A5 (ODS) 415 4 (Cosmosil C18PS2, 150mm
X46mm) 12X BHMFR (A5 ) —Ib/IK/BEE = WK

E7FZ2x b)) iITTT- 1

ESI A A4 VLB k5347 © ESI A 4 iz & 5 E &5
¥ Thermoelectron LCQ 2y, £ v 72—V 3 vik
2k, 2% —IVTHRLU QR AR E 1 A+ ViR
PICHBERAT 3 &Itk W iT- 7,

4. HERLEBE

4.1, HHiERM
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LA = VHBERDOB X TQ0 F4 5 ki &k 5 44T %
ATRIEICE DIT» oo AGHF 45 ED — K4 ATR
GeZ7VARIN) TH v F Ay bEERL, BILEGITIE
MCT %M\ 72, Fig. 1 ICERO L@ i 1 V&,
#E (hair) Ofl& LT#H Y 37 (cashmere) % 5T
12T (merino wool) DARY hILESGHETRLT,
WFhOBRHZB LT H 1650cm ' 45 & 1530cm ' i
IR 2 DO E Nz, ThooRilzsy &
NRIBOT I FEEEICHERTETIFIRUET I RIS
MEahs, 7381 OMKEENERD, @uihic
BULTH 1643cm 'fHEICEHOoNE I &M, ik
BELTR-vy— MUIOHELD bAY v 7 ARG % T
MK ET B R IATHAIEERLTOLD
(Goormaghtigh * Cabiaux * Ruysschaert, 1994), 7
YITBIUT—NEOTREANY v 7 RGBT
b, Thoo7 I NI OWILIE Fig. Licffid Lo &
WG 1645cm Bl S LA — VR E R E
FF—H L7,

TH DB L V@D R takisRs S A VA O 5 o M
DOYIMBIT % Photod IZ/R L1z, WEFhDERNZE
VT b MR B K 2 10~15 o m B D P R EEAE T
HY, MOLIICEDbDTHOHHETH - 7o, FHENH
KR ERIRD R r— v (FEE  #80/mm) EHS5H
oS, BURD A ) JFERICH OGNS S AZIRO A —
WERRIBDEHEDTH 1, BED, @D &S 1a#L#
#Helx, BUROFETEIZH T 54 H T3 Extra super fine
&N BEHEEHE I U, RO RDESEA LAY v
7 ZAREE DAL BB T H B 4%, BB B

100pm S

KT —NERRBEEDEZEZ SN S,

BEmIhic kS UHRMEgHEEI Y —LED AV ITE
EDOYFDMTE (goat hair) IT—IITHY, A&7 —
VO FERD, @&bZhIicHMd 5 (Lundgren,
1963) o LA — VA MK LcdbA » R A EA & 2
THOYFREEEEL, ZhooEoRFMiz+5

Sample D
S
L
8 ol
c Sample @
£
(o]
w
L)
<
Cashimere

Wool (merino)

T T T T T T y T
1800 1600 1400 1200 1000
Wavenumber (cm™)

M1 LAH—=VHREETRDE K UQDFEADFINZART bV
Fig.1 Infrared spectra of red threads from Mughal carpets
sample (D and @

HILA LA — VB SO S EROMIRHEIIL a WED, b WHE
Photo4 Microphotograph of the red threads of Mughal carpets,. a: sample (Ub: sample 2
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BRONB, k1, FBEONBEELSNTO 3R
DEHBEAETHEBOER Y FE]ME, OtV 21FLE
NTEY, SROHHE S FITBEORERIINS DR
HEFRLIL,

4.2. WAL

i e & B MEOARE RO O 3T £ 1T -
72 AEHAWIE Y R T LI EBEMEEEL 7 7 1 N -5
R[S L EH A A GO AEY R T LTH 3,
IDYRTLEHNS EEMSREO Y — VUM T4
ARG MIVEIEBIEINCIST 5 2 &8 TE 5 (ha kK-
AR « B « LA - fE4 K, 2007),

LA — WVHBERDB L U@ ARtk D S 4t 2 X 7
FIV%E Fig. 2A IR L1z, WO 7o b i S MR BGE T
getn Loy — VEEHEZ A O THRIE Lz AR 7 MLER
Ule BHED, @& b 500nm fFiE iz KR E 5,
OO THMUUUIZKE AT FIVER U, WU AAL
EAAEICT 52517, ZIRMAS AR MIVITER LI,

Absorbance (a. u.)
™
%

/
/
o

l

400 500 600 700 800
Wavelength (nm)

Fig. 2B 1T/R L7c &9 ICERD, @& b 520nm, 560nm
726 TNT 480nm i 3 DO MRINR K AFED H5H, D
DOERNTIZIE—dH B T & Db THIB L 2o gkt s
SNTNB I ENGIr5,

ORI Z R T DVIE & N RS AR 7 bV %S
Hegupt il O RS R R 7 ML ERE LT, T v 7,
AF = BLUOT IV AZD LI BRBHEDT v bS5
F ) URYENE, RIS THENZ 3RS0 E— 2R
L, RO, QLELULIZbDTH -1, HREYHFD S
BEL BSEHE—0E—-27%RL, £/, WETH R
BISMICREBZEMPDE, v 7, IF=—EX
CHr A ZOSHOLEPDOETES v 7D AR FLE
ROBEMULILbDTH -7, 1V FTRS v 7 W3Rt
HFELTHEDOHWSN, 3F ==, FILA 2D
FAHbIK S I3 R B S AEBET S L, ZORBYERNT v
T THBEBZDDMBELETHAEZLZLNAN, &b
FEEMBEREM 01, S512, ERonZEmb 4
P TR IR T 21T - 720

dA?/dA?

. y . ' — .
400 500 600 700 800
Wavelength (nm)

B2 LA—VHEBEEHRD, @BLUT Y M+ L RFROEREOROHMRS 2R 7 b
alEHD, b:EHO, c: 5y, d:aF=—Jb, el PR, LA R, g, hi 4L
Fig. 2 Microscopic reflection spectra of the red threads from Mughal carpets and the threads dyed by anthraquinone red dyes,
a: carpet sample (D, b: carpet sample @), ¢: Lac, d: Cochineal, e: Madder, f: Kermes, g: Brazil wood, h: Safflower.
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4.3. HEERODKSHT

LA — VIHBREERD, @B LXHMUENLT b5
F ) o RREYRIC U icy — bk o o i o i)
BRI AR 7 bV % Fig. 3A IZ/R Ui, PEEET 71+ 4hild
WD ZRY bV ORYRRK A TS TH 5 Alizarin (12
Hi2ke 3 420nm fHEIC#Hd o nkh, Ty 7, 3 F=—
U, b A Rk S 003 b 500nm fF
TR K AR OFEINE 27 bV ERLIL, ZhoD
AR MV EDDTHUL, HIEART FVIKT
WRIENEEETH 2720, E—sfEEiEET 2720
i, BRO, @% L 0BG RO IR A X7 b
VD RS 2 HUS U7, 400nm 2 5 600nm @ IR
AN VA Fig. 3BIT/R L7, Z OMELC X b b
T FITIRH s> TdH B Purprin ICHEKT B E—7
MFHTE S SNz, Purprin 8 X4V A 26 Ol
HWTRERERIZEE E— 2730 hd 500nm 551238
»ot, 00nmiglicE—27 2RT Iy, IF=—J
it & XELITXNT B EMNTE 5,

LA —IVHBEEROB XT@0 RS AT PV E
IhodT v bI7F ) LREEBHIHR E KT 5 &,
HETHR, TIWVAZREFHOMNIRLTEZEDTH»7,
v BB RIAF_—ITHRDTHELUL, ZOWHED

1.5

WFhMTHB I Ebhd, 7y 7HilRETF=—
VB O ZA R 7 bV, Z0O RS b aw TH
PIL, ZDENBOTNTH S0, KHLEOATOR
ETREETH - 72,

4.4, ESIEEHWICLZERBS O

w7 EF—VORELZAMNELT, BIRARS
MIVEO B Bk E GBI R T A TR EGSAL
too ESIA A tik&A 4 Y b5y TR RSHTER %
I, MS' @A 5 2 &2k D 404581
R &R G HRE RIS 42 S & TE B, Fe,
KR S TRV R OB OTERAENS Lic, 20
TRNER, by Thmot 7)) v 7 aTollE
NMUFETHD, KrldaF=—E5y 7 DEESOM
HEERCLBAMEIHFICANTHE I EERIMLTNS
(xR« e R, 2009), 2 Tid ESIIT HESHTD
KEED AL BRI~ D HREE b B THRAT L7,
BRODESI A4 AMLBEESTEIT - kR %
Fig. 4a 127”8 L7, m/z 400 7 5 600 DEIKICE VT E
COE=7hiliah, MERBBLEDODT v 7
D 14 TH % Laccaic acid A D[M-H] @1 A I1ZH
Y B m/z536 DE— 7 RBB SN, TDAA UM

1.0+

Absorbance

0.5+

B

a

I~
,\vaq\/ N

dA2/d 12
( /
¢

0.0 J T T T ! T ! T
350 400 450 500 550
Wavelength (nm)

K3 LAH—LHEBERD, Q@BLUT Y bIF ) L RFOPFESLD 5 %HCI/CH,0H (1 @
al @R, b ER®, c:Fv 7, d:aF=—, e HiEH,

600 650 450 500 550 600

Wavelength (nm)

1) ic kAo HIRI A X7 b,
f:HyILAR

Fig.3 Visible absorption spectra of extracts from anthraquine red dyes and Mughal carpets with 5%HClaq/CH.OH (1 :1).
a: sample @), b: sample @, ¢: Lac, d: Cochineal, e;, Madder, f: Kermes
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Laccaic acid A ICHKT 26D TH S L E2MWMICT
L7121, m/z5636 DA A D MS/MS (MS?) 434 %
iT=72 Fig.dbiZ/rLc k512, MS*Tid m/z492 iz
E— 7 »@D o5, 44Da O ks O Itk As Bl & h
72o F£72, m/z536 £ 492 D DDA F L ERIRL T
MS'%Z4T5 &, Fig. 4dciT/RL7c k1T, & 51T 44Da
DPUicm/z448 ICE— 7 B D o h e, ORI
m/z536 DA & ;6 OO B 44Da & &4 (-
TH 5 COMEEMITHusf LAl EERL,
£ 3ITZ>0D COOH # %779 % Laccaic acid A D H§
BEXFHTHHDTH 5,

HEHOM» o MK AZRERIC 1 /100 IcHFRLTHE=
ST EIT - 72, Fig. 6 IR Lic &k 5 ICERO & Rk
m/z536 DE—=7 BED LN, TDAF* v EEIRT S
MS* BT, m/z536 & 492 (MS*OFa ¥ 7 Mo+ )
ZERLTMSZIT-7ET A, TR TN m/z492
(—44Da) 755 0NZ m/z 448 (— (2 xX44) Da) As@ll
ENfee THIRBRUA m/z536 D1 A4 U HERDE
[A#kIC Laccaic acid A ICHKRT B I EE2RTHEDTH

Fig.b @

5,

Fig. Tic# A % / —) (CH.OD) B THRRLAE
EHH I D ESI A A AUE BT E1T - kR ER L
720 BROBLUV@QOWWTHIZBNTSE m/z536 DE—
713k L, m/z 540 fHEICEZHO E— 7 0838 Shic,
BEH@TIEm/z043 ERRERET 20007 D 60,
Laccaic acid A O#E A MT 5 8 D kKR
(COOH, OH, NH#:) ofFfEErTd0DTHS, BF
DTIE m/z540 f1IIZ m/z 542 i KE R & T 58K
DE—7 BB N, BEROOD X TWHEL m/z 543
DE—=273HD SN -1, EHO YRR DI,
BEHDVEHERCLIHEEZITLELDEELS
NBM, Vs Es To0DITE B LMAFETS R
KRBT EHI EER LT, U EDFREN S, ESI
LA AT L BERBITE D L —VHBEROC, @
EBT v It THRBEN TS I E A BMEOYE
M EH S IEGTEGITIRET 5 BT,

KEEOALMER T, BEFHID B 0HLITED
JeRH K 3 LIS D KR DS, DTIC K ERREEAEZ S b

448
492 492
C
' ‘4;0‘ Y T4‘l1()I l I4€|30I ' |4fI§0I |5(|)0‘ l I5%0I 1 l5‘;0I ‘ ‘5é0l I I5é0' ‘660
m/z
536
Il[![![x|]VI||)II|II‘V[|II‘III[III]IYI|
420 440 460 480 500 520 5&0 560 580 600
m/z
492
536
451
594
a 558
\|n Il‘.h‘ .l .,|,. [T |||| A 1” [ ”lu."ﬁ”hl‘hl S P ul .i‘h.. I, | ” il :|| | .[.“. [ L ..|. I |I|||| “Ml I
— T 1 ‘1 T1] 1 1 1 1t | T 171 | 1.1 1. | + T T [ T T T [ T 1T T [ T T T ]
420 440 460 480 500 520 540 560 580 600
m/z
4 LA —IVHBEROD® ESL A A AL E T

a:m/z 410 725 600 D MS A7 ML, b:MSZARZ b (F—4% v M A~ m/z 536)
cIMS'ZARY bV (# =4y b4 ¥ m/z 536 B & U 492)

Fig.4 ESI mass spectra of Mughal carpet sample @),

a: spectrum of m/z 410 to 600, b: MS* analysis targeted on m/z 536, ¢: MS® analysis targeted on m/z 536 and 492.
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CH,CH,NHCOCH;4

CID CO,

J

CH,CH,NHCOCH;

CID CO,

i !

—

CH,CH,NHCOCH;

i’ OH O

TARN GO S
A44 Da HO OH
OH O
L \
e MS/MS/MS products
Laccaic acid A
MS/MS products
[45 Laccaic acid A 35 & T MS“ 431 & 2 230 o s i
KRR Eh 2 44 37 o b AALERM-H]) TH 5
Fig.5 Chemical structure of Laccaic acid A and fragmentation products by MS" analysis.
Practically detected ions by ESI ionization were deprotonated ones, [M-H] .
448
492
‘ 420 440 460 ﬁisoy ‘ rsé)o i Tséov‘ -ﬁ(s’:{oﬁ "sso | ss0 eo0
| m/z
420 440 460 480 500 520 540 “ 560' ' .séov . fe(-)o
492
536
a 451
W 431 459 511 562 578 588
{ AL Il . m»meMW
I T T v‘
420 440 460 480 500 520 540 560 580 600
m/z
BA6 LA—HBER2 O ESI 1A LT LT,

a:m/z410 15 600 D MS AX 7 bk, b MSAXY bV (=% » bA4A 2 m/z2536), c:MS'AXRTZ bV (§—4% v b1 A

m/z 536 B £ U 492)

Fig.6 ESI mass spectra of Mughal Carpet sample 2,

a: spectrum of m/z 410 to 600, b: MS* analysis targeted on m/z 536, ¢: MS' analysis targeted on m/z 536 and 492.

DEEZONB, 4,

BREMTTE, WIFhbFEERLZE—/7TRRELLOD,
Laccaic acid A IZH1K9 % m/z536 D E— 7 %43
BT EMTEIIYD, BHICEENRETET,
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i,
TN 1S
Ll

Z v 7 THA L Ao BUCAR
oA A M T A m/z536 18T A E— 70
ARTIZbhnbsd, BRD, QofERTIE
CDAF 0 — 7B EHEGIITNEC,
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Sample @ in CH,OH in CH,OD
536
A
[
I
539 541
534 544 548
537 545
) 342 545 S5 ST ﬂ/\/\ A/VLJ\/ \‘/\J\/\/\J\/\/\J\_/\/L/\_J/\J/\'
T T T T T T T T T T T T T T ! I L
535 540 545 540 545
m/z m/z
540
541
Sample @ in CH,OH in CH,OD
539
536 538 542
543
5 f& 537 544 - 535 545 547
LY . SN PU - WV ATV VLNOUY.Y
535 540 545 535 540 545
m/z m/z
{7 L= URBERD, @0 CHOH $ & U CH,OD Fd ESI A A > AL 547

a : CH.OD #11Z 813 2 m/z 500 7 & 560 HU&KD MS ZAXZ bk, b MSANXY bb (7 —

CIMS'ZARY bV (=4 v b1 A2 m/z 536 B & T 492)
Fig.7 ESI mass spectra of Mugal Carpet sampe @ and & in CH,0D.

a: spectrum of m/z 500 to 560 region in CH,OD, b: MS* analysis targeted on m/z 540, ¢: MS*

7y b F 2 m/z 536),

analysis targeted on m/z 541.

496
LaC m 437 . Sample ®
rt n CH3OD 495 .
e 1 H 466 498 n CH3OD
il | l‘ J > u i 494 499
aga || i 488 f A t \
e o ae JUU LAV P T lah AUV LR % o
85 490 495 505 485 490 a8s 500 505
miz 492 miz
in CH,OH _
in CH,OH
495 . W0 o 5
s a8 o - /]\ ‘ s s0s 508 — —2 yﬁ‘—rﬁ-A-
485 490 495 500 505 485 490 495 500 505
miz miz
Cochineal T
ochinea ww» . GD
' in CH,OD Sample @ in CH,0D
’\ [V 496 J i
a0s | l | ‘ ! 499
500
U U | l 498 s01 N
485i o7 dos dsb 401, /’\J U 500 502 503 504 9%% 484 486 457 506
a5 Tads s 505 485 490 as 500 s05 |
491 mz 492 miz
in CH,OH in CH,OH
| 495
f \ 48 48 490 \j\\ ,{h 4?( 499 502 i
85 290 T s Ts0 508 485 T as | s 505
miz mz

X8 aF=—I, FvrESITLN—IVEBERD,

Fig.8 ESI mass spectra (m/z 490 to 510 region) of Cochineal, Lac, Mughal carpets (1), and

2o CH.OH & U CHOD Hizki4 % ESI A A4 ALE RS (m/z 490 to 510 D#ER)

@ in CIH0H and CH,0D
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m/z492 12813 B E— 7 OmENIL K TH » 72,
L, BOEROREIZEKD, m/z422 D014 v &5 Z
K5y SN, & B i Laccaic acid A @&z &0,
m/z 536 (ZH1F B E— 7 LA K& KK M 3
CEERLTWSE, m/z492 1B B4 A idaF=——

Z DG

Uil 2k o Carminic acid ®[M-H] (#1942 1 4 ~
(m/z491) I TEHET D I &M, HROIRES
BRI K O Laccaic acid A (219 % m/z 536
DAL ORIEMBKEEE S - 72 712iE, Svr&aF
= OFEEHEMRLT L,

ChITX LT, EAREBEHEDTOITERGTT v 7
D m/z492 DA A L OEEAEBNE 5 &, Fig, 81Z/x
LickSiccoqA 6EELY ) —nhTiREXL,
m/z502 Zig KEmETHE— 7R L, F1,
AFZ—ZEBIF S m/z49l DE— 7 bBHIZHKL,
m/z499 Zix Kt &4 55412 b L7z, JoZLiE
Carminic acid 412 9 ffi® OH % 723 COOH JE D {£1F

Carminic acid in Cochineal

N\

16

el

Red dye standard Mixture

Sample @D

Sample @
p "!
1 ]
D o]
~— cd

ENMT 56D TH S, JORNEEDEN NS IF=—
Wil K@ Carminic acid &Z v 7 KD m/z492 % 4
Z B EDQIXPUDFETH B, HHDL STICDIcE
B m/z4R2 DA A LIFEAS ) —IPTHET S
ik, BRSSO FE %R L, LWIFhbm/z
502 g KETHAE—= 7R LI, TOXEIE m/z
492128133 E—705 v 7 OARHMH 5 O ITRRAEC
KB kT 260 TH Y, ZOMETICa
F=—— ik ® Carminic acid # 3L D TEFB LI
EAERLTWS, Ty 7D 492Da O x5 Z 5K
POV TRIMFEF THRE SN TOR WD IEMESHE
FANTH B, 5%, OBHSDNTE SITFFHIE MG
AT BN, HIRIEEROMTICBW TSy 7 &aF
SV DFFEDED DO DIFELIEN I B LD EZZ S

b,

o Laccaic acid A 1n Lac

Alizarin in Madder

%

ke Purprin in Madder

] ]
] ]
] [ ]
@ o =23 1
- - wo Min

B9 LA —IEEER T, 245 XOS AR HPLC 7 o< k75 4 G E 450nm)
Fig.9 HPLC Chromatograms of the Mughal carpet sample 1,2, and red dye standards (monitored at 450nm).
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4.5. ##E HPLC & 55T
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Development of Micro-analytical Techniques for Dyes
in Histric Textiles (2) : ESI Mass Spectrometric
Analysis of the Dyestuffs Used in 17" Century Mughal
Carpets

Yoshiko SASAKI", Nobuko KAJITANI*, and Ken SASAKI®
" The Museum and Archives, Kyoto Institute of Technology, Kyoto, Matsugasaki, Sakyo-ku, Kyoto
606-8585, JAPAN
» Conservator Emerita, The Metropolitan Museum of Art, New York, NY, USA
*’ Department of Biomolecular Engineering, Kyoto Institute of Technology, Matsugasaki, Sakyo-
ku, Kyoto 606-8585, JAPAN

We have developed an analytical protocol for accurate identification of dyestuffs in
microsampling, by combining two or more instrumental techniques, and have shown the effec-
tiveness of mass spectrometric analysis of the extracted dyestuffs. A methodology using
Electrospray Ionization — Ion Trap (ESI-IT) mass spectrometry by combining MS” and deute-
rium exchange analysis which can provide structural information on the dye molecules, has been
applied for the red dyestuff identification of two Indian carpets of the Mughal Dynasty (first half
of the 17" Century). Visible absorption spectra of dye extracts from the carpets were almost iden-
tical with that of lac or cochineal. ESI-IT analyses gave a molecular mass (m/z 536) indicating
Laccaic acid A, main ingredient of Lac dye. ESI-IT MS/MS and MS/MS/MS targeted for the mo-
lecular mass showed two successive decarboxylation processes (— A44) by neutral loss, which
are a structural indication of laccaic acid A with two carboxyl groups. These results were also

verified by HPLC analysis.

109



	59_05
	あ

