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Table I MS and MSMS analyses of azoic acid dyes.

C. 1. Name . H#olecular Mass & HSHS_(m/2)
(Dye Name) Dl..‘t;overed formula Chemical structure Obse?;jg)ma“ . . o o a
C. 1. No. sar of acid form Target ion Product ion {refative intensity)
acid orange 5 1876 353 @ _@ @ 156(100, B), 272(20, -803)
(Orange V) A 0.8 H=h i 352{4-H]" 352 58 (FO e !
13080 by Witt C18HI5N303S 28850, -502)
HO
acid orange 7 328
range 1) |, T8 o=y 327 04-H 327 171100, A, 247(5. -503)
15510 CH6HI2N2048
acid orange 20 328 Hos—{ ek oH
(Orange 1) by ‘(f:fess 377001 327 175100, A), 247(50, -503)
14600 C16H12N2048
#0
acid orange 10 1878 408 Q_M 407 [H-H) 407 302(100, B). 327(50, -$03)
(Orange G)
by B: 0
16230 Y S 6 veH1an207S? i ‘ 203 (H-2H] 203 143(100, A & -C0), 151(90, B), 189(60, -N2), 222(60, B & ~503)
&
HO,
acid orange 12 328 @.—Nmn
) 1878 . 207 (70, A & ~CO).
(Grocein 2range O by ariess S2104-H] @ 235 (100, &
CI6HI2N2045 o
;
0 _ 234(10. A), 377(100, -503).
acid red 13 1878 458 v - 457[H-H] 457 4395, D)
(Fast BedB) 1 by garo 208(40, A & -CO)
16045 -2 . A & =C0).
C20H14N20752 o 2280-2H) 28 221(50, A). 235(100. A)
T sam N 706 (10, A), 302 (20. B).
acid red 17 8 o8 8”““8 ! 4570 a7 315010, A), 377100, -803)
(Fast Red B)
by Baum 2 125(50, A & -S02), 143(70, A & ~CO), 151(100, B), 157(20. A). 206(20, -N2 & ~CO),
16180 C20H14H20752 o 2284-2H) 28 214(40, N2), 220(40, B & -S03). 234(20, A & -503). 250(30, A & -502)
HO,
aoid red 18 . 538 vos . 537 (4-H) 537 457(20, -503), 504(100, ~H20)
(Ponceau 4R) by B
16956 y Baum #0485 "
C20H14N201083 o 268{H-2H) 268 206(10, B). 302(100, B)
CHy HO S04 _
aoid red 25 1678 an we Q - ATUIN-H) 471 302(15, B), 317(35, A), 360100, -S03), 431(15, -H20)
(Poncean 3| by Baum 0 125(20, A ~S02), 143(25, A & ~CO)
16155 ; 2 . A -502), . A& -C0).
CISHIBN20752 o 22414-2H) 24 1510100, B), 157(5. A). 210(20, ND) . 215(25. ~H20)
i red 26 436 SN A3500-H) 435 302(10, B), 317(20. A), 355(100, -S03). 417(10, -N2)
acid re < § N
{Ponceau R) by“gasum e e
16150 CIBHIEN20782 21804-2H) 2 218 125(5. A 8-S02), 143(5, A & ~C0). 151(100, B), 203(10, -N2), 208(20, -H20)
5056
j 234(20, A & -S03), 317(80, A). 45740, -803),
538 o o 537 [H-H} 537 4730100, -502), 519(40. -H20)
acid red 27 1878
(Azo Rubin S) by Baun o8 e 268 (M-2H] 268 228(100, ~$03)
16185 C20H14N201083
S04 179 0= 179 125(20, A & -S02), 143(60, A & -CO). 151(100, B), 222(20, A), 250(15, A & ~S02)
HE,
acid red 88 1877 378 143(50, B & ~502),
(Fast Red A) 1o . 37I04-H1 371 221(100, A).
16620 by Caro C20H14N2048 297(26, ~803)
acid yellow 36 1879 353 058 e
(Hetani| Yellow) @—u:u—@-uu-@ 3520H-H)" 352 1564100, 62;'242‘225(‘0'_"2?2 & -S02),
13065 by Rumpff CI8HIEN303S '
acid red 66 512 5 -H” 511 4830100, ND), 276(20, A & -503
@iebrich scarlet |, (70 No,s—@wm@w-u@ 511 4] ( ). 276 ¢ )
) ]
) & Krugener|  cazmiB07S2 no.s R 255 143(20), 169420, A), 241(100, -N2)
26905 291(20, A & ~502). 338(20, A)
HO
acid red 9 378
(Silk Scarlet $) by'ﬁffnz W{Q ""‘8 37704-H1" 377 221 (100, A
15635 C20H14N2048
) sost . 236(. A), 297 (5, -2503)
acid red 14 1883 458 457[H-H] 457 ’
(Azo Rubine) (13 u-n% 377(100, ~803), 440(20, -H20)
14720 by Witt G20H14N20752 é i # 228 [M-2H] 228 171070, A & -802), 221(100, A)
HO
) , 302(100, A), 403(10, ~N2 & ~S03)
acid red 73 1882 512 511 [4-H] 511 '
(rocein Crveni v 43110, -S03), 483(80, -H2)
Scarlet 3B) by HOSS
27290 Limpach C22H18H407S2 oo 255(H-24] 255 143 (20, A & -C0), 150(20, B). 241(100, -N2), 402(40. -N2 & ~$02)
50 H
acid red 33 423 422 422 249(100, A & -S03), 317(80, B), 358(20, ~502)
(Azo Fuchsin B) bylggger QN““%’SD)H
17200 C16H13M30752 " 211 211 158(100, B
0%
acid black 1 572 g 571 [H-H" 571 507 (100, -802)
(Naphtho| Blue ‘gg' n, Mg "«"Q e
Black) p 219(90, A -NO2Ph-H), 233(100. B: -Phi2)
Hoff o2 . A . \ .
20470 orimamn | G22H16N50952 Hoss sod 286[H-24] %6 239020, A: -Ph-H), 254 (5, ~S02), 272 (40, HD)
acid red 2 1908 269 o0¢ 268 224(100, -€02)
(ethy! Red) e 2684-Na}™
13020 by Rupp C15H15N302 HiG 268-->224 182

a) A ions from N-N bond fission of NH-N form, B: ions from C-N bond fission of -N=N- form
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Fig. 1 ESI-MS and MSMS spectra of acid red 88 (Fast red A) in variable concentrations.

(Ballantine 1995), C @ & Bl AE®K % 10 &0 5
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CoHuN.0,S & 018 & 55 EifH 378 5, H* ik
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D& IR G VRO EH T 2 30854,
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Fig. 2 Fragmentation pattern of azo compound through bond fission.
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3T A -7y hET B MSMS 2T 5 &, HEkD
Ty b A VEEZ, BEOMSICLDGFAA
VAR KBERLBNTE MSMS 28T A &I
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K5 U8 6 NH-N #& 0RR»#FT L (Path
A), TVEMNSIEIN, Oi#iEE> C-NEEaOMRE
M B (PathB) (Sullivan 1998), 2T Shic

m/z 221 DA & ViE R EN=N A& THEILE
SNBF TV VANKABMO T S T7A Y M4 A I
M 20, EBRICRE NS UiiEh S0 Path A D
NH-N &2 X 2 3 RERATH 5. NH-N #
EOMBCXBMIED TSI AL NTHBFT =
DA F v (m/z 166) M SN o T, m/z 221 O
AF v ERBIICBENS m/z 29T i, ST A4 vd
S SO5 ZEM Bl U7 HBETHY T 5, £/, m/z 143
3, 7VREEEN SO C-NFEOBANSHONSE T
574w (PathB) » 6 X 512 SO, ZEARiE L 71
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N 45 &% (Path A), T/ E» S50 C—NHAMH
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BonBIEERLTS, BICMSMS IZ& »TH S
NEmiz2107ad 7 N A vEI—Fy bETH
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12 SO, OBEEICEE S Bo E— 27 0 B0 s hic,
—fRIZMSMS Itk » THoNBETad s b4 D4
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Fig. 3 ESI-MS and MSMS spectra of acid red 9 (Silk Scarlet A).

acid red 88 (Fast Red A)

N-N
g

ﬂ m/z 221 m/z 157
oss N= N | O ) o © W,
- 2
ﬁsswn O O
m/z 143

acid red 9 (Silk Scarlet A)

N

N N N' m/z 157
0,54 ) 048 ‘ +

—SO

f 2

fssion m/z 221 0 S
—HNC 3

m/z 194
038"‘ N= N C N no product ion

fission

Bl4 acid red 88 (Fast Red A) & acid red 9 (Silk Scarlet A) O FZEEsL
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Wk VEBEART AR OANVOHEERITHAL,
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Eoohic, 1586 DAF G T VP SD C—N &M
B> THERTEAA Y, 24T DAF VEGTAA Y
Mo SO, HENBEEL - HERO A A VITHAET 5,
B D acid red 88 (Fast Red A) &[EBkIC MSMS IZ &
D N=N &SI ETOMELMELNS SO, HD Lk
BED oI,

acid orange 20 (Orange ) D4 ##EH % Fig. 5B
Iz’ U7z, acid orange 7 (Orange 1) E[REIBRIC m/z
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Fig. 5 ESI-MS and MSMS spectra of regio isomers of azo dyes, A: acid orange 7 (Orange II), B : acid orange 20 (Orange ), and C:
acid orange 12 (Crocein Orange G)
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B: acid orange 12 (Crocein Orange G)

m/z 171

O,
o b )
N—N — HN Q
VTR TR S,
HN
sos ()
m/z 235 Q
S

A: acid orange 7 (Orange Il)

@— ; o
m/zl7l
OSS—Q"FN Q O3S—®' iz 156
(weak)
HO

K6 A :acid orange 7 (Orange II) & XU B ! acid orange 12
(Crocein Orange G) OffZHER

Fig. 6 Fragmentation patterns of A: acid orange 7 (Orange II)
and B: acid orange 12 (Crocein Orange G).
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Jupto i e 2N AR 7 bVCEKE R EEES
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R UBED LD R4 VO ERREOBITE ST
WTHEShAEREE n/z) o4+ Vi &) &L T
s h, B2 ERENERT S, €I T, BHH
DANVK VI AEFT BT VR ELTZODF TS
L& T kA TR LciE A2 R >o—E O gek &l v
THEBESWETREY, 2R VEREORIC L 555 M E#
~N7Z,

FEAREIE Z W O acid red 88 (Fast Red A) & [Al—
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miz
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(NN~ )
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151 . T i SOzH
143 ’260‘ i \2501 i }3(‘)0’ i '350 i ‘460( i ,Aéﬁ‘ i ,5(170‘
125 219 'z 457
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214“II I 28 479
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T g ‘261:‘ T g0 h
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1] T T + 1 T T 1 rLl ‘Ih- 1 i i H l'\ 1l 1l Ll |l 1 1 H 1 ] ¥ 1 ] T ] T IL 1 H 1 1
1..‘I'>O Z(IJO 2%0 360 3%0 460 4%0 S(IJO !
miz

K7 ZMxIVERCEET Ykt EMAK, acid red 14 (Azo Rubin), acid red 13 (Fast Red E), # & ©facid red 17 (Fast Red B) @ ESI-MS

BLUP MSMS 2R b
Fig. 7 ESI-MS and MSMS spectra of regio isomers of azo dyes with disulfonic acid moieties, acid red 14 (Azo Rubin), acid red 13
(Fast Red E), and acid red 17 (Fast Red B).
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"055 N N o3s N- ) -
m/z 221 -S0, m/z 236
\ o
'O3SN N no product ion 'N
m/z 171
acid red 13
(Fast Red E)
0
H
038 N N 'o3sN. +on= ) €O\ -
Y, <) =
503 SOy 50,

m/z 221
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SO5

acidred 17
(Fast Red B)
'N NE‘ —_—
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05
e
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1l:NN1‘
SOy

X8

-SO 234
O sO; / m/z 23

-SO
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SO; -CO m/z 143
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HO SOy
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W,
SO0
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acid red 14 (Azo Rubin), acid red 13 (Fast Red B) 8 & U acid red 17 (Fast Red E) Dz

Fig. 8 Fragmentation patterns of Azo Rubin, Fast Red B, and Fast Red E.
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Fig. 9 ESI-MS and MSMS of regio isomers of azo dyes with trisulfonic acid moieties, acid red 27. (Azo Rubin S) and acid red 18
(Ponceau 4R) .
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2t o TR EETS

SOy m/z 206 SOs
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(Azo Rubin S)
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O W,

O3 m/z 220 SOy
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m/z 206

}L m/z 143

m/z 302, 151

K10 acid red 18 (Ponceau 4 R) 7% 5 UMC acid red 27 (Azo Rubin S) Oz 4E
Fig. 10 Fragmentation patterns of acid red 18 (Ponceau 4 R) and acid red 27 (Azo Rubin $).
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Development of Micro-Analytical Techniques for
Dyes in Historic Textiles (3): ESI Mass
Spectrometric Analysis of Early Acid Azo Dyes

Yoshiko SASAKI" and Ken SASAKI®
Y The Museum and Archives, Kyoto Institute of Technology, Matsugasaki, Sakyo-ku, Kyoto 606-
8586 Japan
2 Department of Biomolecular Engineering, Kyoto Institute of Technology, Matsugasaki, Sakyo-
ku, Kyoto 606-8585 Japan

Identification of azoic acid dyes by electrospray ionization mass spectrometry (ESI-MS) have
been investigated. By the ESI-MS analysis, acid red 88 (Fast Red A) gave only deprotonated mo-
lecular ion [M—H] " in a low concentration corresponding to the extract from 0.01 z g of dyed
cloth. Structural isomers of dyestuffs with a same molecular composition were easily discrimi-
nated by the application of MSMS method targeted on the molecular mass. The structural iden-
tification of regio-isomers was achieved by MSMS analysis, which gave characteristic product
ions attributed to the neutral losses of small molecules (N,, SO4, SO., and C=0), and to two pat-
terns of bond fission (NH—N hydrazon form and/or C—N bond in azo form). Polysulfonated
azoic acid dyes gave multi-valent ions in addition to the mono-valent ion, and the MSMS method
was also effective for discrimination of regio-isomers. Thus, ESI-MS method combined with
MSMS was fairly effective for identification of early synthetic azo dyes in cultural textiles which

had no applicable methods so far.

17



