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Artifact Introduction Instrument Table Summary
Fiber Compounds Found/ Key Compounds Identified
* Collected in the 1960s be researchers from and donated to the museum in the TOF anaiyser Identified
1970s | | Liquid Chromatography Mass Spectrometer (MS3) 1970.9.0019 (Tan)12 34 Found N/A
« Undetermined if the researchers violated UNESCO protocols = = 13 Identified
 Made of wool and dyed with a variety of natural dyes that are made of plants = = , _
or InSGCtS Hexapale collision cell|| = - 197090019 (Red)6 51 FOUﬂd Carm|ne ACld
e 1 - MS2 T
« Have different colors and patterns that represent status of the Peruvian "% - (MS2 23 ldentitied
mummy vobte <) o source Q”Edr?&esf‘;'a"—"zeri 1970.9.0024 (Tan)13 51 Found Salicylaldehyde
* Possibly thousands of years old Phase High-pressure pump =7 | m 17 Identified
m L) S > = (= Sm————— le 1970.9.0024 (Black)7 52 Foun_d_ | -Histidine
S LC column Detector 15 Identlfled
S sample e | 1970.9.0025 55 Found Vanillin
(Brown)8 18 Identified Salicylaldehyde
«  Liquid chromatography (LC) separates the sample components 1970.9.0025 (Red)11 76 Found Vanillin
«  The Mass Spectrometer (MS) creates and detects charged ions 25 ldentified Salicylaldehyde
, . LC/MS data may be used to provide information about the molecular weight, 1970.9.0031 (Brown)9 36 Found Carmine Acid
1970.9.0024 structure, identity and quantity of specific sample components 17 Identified
*  Used negative ion mode 1970.9.0032 (Brown)10 48 Found Vanillin
* 50:50 MeOH/ H,0 15 Identified
1970.9.0034 (Brown)5 65 Found Vanillic Acid
24 ldentified Salicylaldehyde
AUtO MS/MS 1970.9.0034 (Tan)14 51 Found Chymostatin
- Parent ions are fragmented during the LC/MS these fragmentations sorted by time 17 ldentified
1970.9.0032 of flight | .
* Each lon willhave a different fragmentation pattern Example Structures of Identified Natural Products
. The pattern is recorded and stored in a library
. When the fragmentation matches something in the library it will show the 0] OH -
- L H
g ¥y compound D.;_ﬁ,_k H .
'-.__i_
1970.9.0025 o Results
Ch | | d « Chromatogram A AOH
emlca ntrO UCtlon = Iy e . H- ':.._..:H
The spun yarn is boiled with the dyestuff and mineral salts are added to help the 105 L - O
color stick to the wool 0351 Green Shade: Solvent ramp from 50:50 MeOH:H.0 to s OH
) i . i ohs:: Pure MeOH ...""-._T:'.'-:... - ::"_
. Dyestuff in ancient Peru were often made of plant or animal materl_als & Orange Shade: UV-abs at 280 nm Salicylaldehyde Vanillic Acid anill
. Many natural wool colors such as black, brown, and tan are often just washed - Green Peaks: MS/MS mass peaks | aniiin
with a natural detergent made from the Jabonera plant e O
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. | l I 1 N~
Dyes - | f“ N 4 i o
« The common dyes used in Peru are listed below o] il e Tt . : l J/\ | '
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* Red-COChineaI Beetle * Red- BraZiIWOOd OH . 05 1 15 2 25 3 35 a 45 5 55 3 65 7 75 g 85 3 95 0 15 11 115 CEI"I’T’HI"‘IE AEId L L-Hﬁ'tldlﬂe
HO Response (%) vs. Acquisition Time (min)
 Dye molecules should show unique absorbances (difference CO N CI Uus | ONS
Q from blank) in a UV-chromatogram. |
» Mass without UV-absorbances were not analyzed for dye * In the brown samples, they have been dyes with a type of plant
" X « Thered samples have been dyed with Cochineal Beetle
. Properties.  The black sample was most likely made of natural black wool

O‘ > e Mass Spectrometer Future

Carminic acid (CA) Brazilin %105 |Cpd 15: Carmine acid: C22 H20 013; 1.714: -ES! Scan (rt: 168 «  Make alarger library of dyes so they can be identified by the auto MS/MS

* Yellow- Safflower « From sample
= 1970.9.0019 from the ACknOWIedgementS
8 - red fiber. UNI Department of Chemistry and Biochemistry

- - UNI Museum
| Show_s carmln_e acid Nathan Arnd

© 650 & » Carmine acid is an Anne Marie Gruber
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(11 )
Counts vs. Masa-i-Charge (i) Kay K. Antinez de Mayolo. “Peruvian Natural Dye Plants.” Economic Botany, vol. 43,

no. 2, New York Botanical Garden Press, 1989, pp. 181-91

' - Al ek OR 4. T « Romanian Reports in Physics, Vol. 64, No. 2, P. 507-515, 2012
105 |Cpd 13: Vanillic acid: C8 H8 04: 1.550: -ESI Scan (rt: 1532, 1. _ _ o

Dye EXtraCtI on MethOd _ _ * ; g — N * From sample « Smith, G. D.; Esson, J. M.; Chen, V. J.; Hanson, R. M. In Forensic dye analysis in
* An acid extraction was perfcrmed_on the fat_)“CS because the acid can 2 1970.9.0034 from cultural heritage: Unraveling the authenticity of the earliest Persian knotted-pile silk

hydrolyze dye molecules from their inorganic mordants % he b fib carpet 2020, DOI:10.1016/j.fsisyn.2020.11.004

. . . . . . . the brown fiber |

1. Small (1cm) pieces of fabric were placed into micro test tubes with a 250l solution c . Shown the MS of « A Primer.; Howard-Packard Company, 1998.

of HCI/MeOH/H,0 (2:1:1 v/\(/v) | 5 he Vanillic Acid « Serrano, A., Sousa, M.M., Hallett, J. et al. Analysis of natural red dyes (cochineal) in
2. The samples were placed in 105°C water and heated for 10 minutes : | \ the Vanillic Aci textiles of historical importance using HPLC and multivariate data analysis. Anal
3. Then evaporated inside a centrifuge under vacuum at 40°C 3 | * Vanillic Acid is an Bioanal Chem 401, 735-743 2011, DOI: 10.1007/s00216-011-5094-0
4. Theresidue of the samples were rehydrated with 200ul solution of MeOH/H,0 (1:1 f Indicator that the « : Daria Zasada-Klodzinska, Elzbieta Basiul, Bogustaw Buszewski & MichatSzumski

VIv) | | | ol AL o B ¢ 5 fabric was dyed (2021) Analysis of Natural Dyes from Historical Objects by High Performance
5. They were then extracted and placed into MS vials for analysis 200 400 600 800 1000 1200 1400 1600 with a type of plant. LiquidChromatography and Electromigration Techniques, Critical Reviews in

Counts vs. Mass-to-Charge (m/z) Analytical Chemistry, 51:5,411-444, DOI: 10.1080/10408347.2020.1743640
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