Metropolitan Museum of Art
Gas Chromatography- Mass Spectrometry (GC-MS) Results from Material Analysis

This document includes (1) a mass spectrum and (2) the volatile organic compounds (VOCs) emitted from
samples using GC-MS analysis. The data is not interpreted; however, several classes of chemicals are
highlighted because they are potential risks for artwork in an enclosed environment. A basic key, provided
below, indicates those classes. The amount of each chemical identified has not been determined; similarly, it
is not known how much of each chemical is necessary to do damage to art. Finally, peaks may be present that
are the result of the sample adsorbing chemicals from the air and reemitting them during testing rather than
being inherent to the sample. Research is ongoing to determine specifically which chemicals and amounts are
required to negatively affect artifacts.

Highlighted data:

Pink — chemicals currently known to be hazardous to art

Green — amines; can raise the pH, are suspected to react with acids and may form crystals in an enclosed
environment

Yellow — chemicals of the following type, which may be hazardous to art:
Acids — lower the pH, corrosive to metals, degrade organic materials
Aldehydes — can convert to acids with heat or exposure to UV light
Esters — can hydrolyze into acids with heat and humidity
Sulfur-containing compounds — known to tarnish and corrode some metals
Halogenated compounds — can become reactive with exposure to heat and UV light
Nitrogen-containing, not amine — can react with other off-gassed chemicals

Alkynes — can become reactive when exposed to heat or UV light



Sample: Ultimaker extruded CPE+ filament
Oddy test result: Temporary

Date collected: 12/15/2017

Technique used: SPME with a PDMS/DVB fiber; Agilent 7890B GC and 5977B MS fitted with a GL Sciences OPTIC-4

multimode inlet and LEAP PAL RTC autosampler; Pre-heated at 60°C for 20 minutes; fiber exposure at 60°C for 20
minutes; sample injected into 220°C inlet and crotrapped for 2 min at -15°C; GC ramped from 40°C to 225 °C at
10°C/min. Data analyzed in masshunter Qualitative. Samples > 85% match with a NIST 17.0 or Wiley 9 library are

reported.

VOCs not highlighted are because they were also observed in blanks: (1) 13.0 min: 2-methyl-, 2,2-dimethyl-1-(2-
hydroxy-1-methylethyl) propyl ester propanoic acid; (2) 13.5 min: 2-methyl-, 3-hydroxy-2,4,4-trimethylpentyl ester
propanoic acid; (3) 13.8 min: 2-methyl-, 3-hydroxy-2,2,4-trimethylpentyl ester propanoic acid
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Compound Table
RT Score (Lib) Area Hame Formula
2.58 95,1 171745|2-Propanone CIHED
2.81 92.48 C15042|Ethene, fluoro- CIHIF
2.87| 54,26 102585 | Sikanal, timetyl- CaH1005
2.96 87.95 56195|2, 3-Butanedione C4H&02
3.05 58.25 2075795 |Acetic acd C2H402
4.14 92.63 448343 |Propanoic acid, 2-methyl- CaHs02
4,28 91.03 E605%|Benzene, methyl- C7HB
443 33.14 450335]2,4-Hexadiene, 2,5-dimethyl- CBH14
345 87.43 713674|Butanoic acid CanB02
355 54.51 2B823670|3-Pentanons, 2,4-dimethyl- CrH140
478 54.01 204485| Cyclotisiloxane, hexamethyl- CEH180353
Z.i1 53.64 B9405|Butanoic acd, 3-methyl- CS5H1002
oAl 552 203475 |Cyclopentadiens, 2,5, 5-trimethyl- CoH1Z
552 54.84 225415|2,4-Hexadiene, 2,5-dimethyl- CoH14
S.52 91.47 49581 |unidentified C2-berzene CaH10
S.7 54.4 305 71%|Pentanaic acio CoSH1002
S.E1 50.42 45033|1-Dodecene, 2-athyl- C14H28
5.9 87.24 1146476|_YCIoPropane, 3-chloro-1,1,2,2 Cc7H13C]
retrametivyl-
= | 59.95 39471 |Ethandl, 2-butoxy- CeH1402
7.17 54.17 401858]Cyclotetrasiloxane, octamethyl- CBH24045i4
7.85 85.82 57654 |1-Hexandl, 2-sthyl- CBH130
s 88.13 S367%|dFLimonens C10H16
8.73 87.77 B86375|Cyclotetrasiloxane, octamethyl- CBH24045i4
8.85 29.3 sgago|Eenzenemethanal, .alpha..slpha.- C9H120
dimethyl-




9.11 91.35 120567 [Monanal CoH180
9.25 93.73 168190]2-Ethyl-hexoic acid CaH1602
9.53 88.51 2107904 |Cyclopentasiloxane, decamethyl- C10H300555
10.67] HE.96 1787478 |Cyclopentasiorane, decamethyl- C10H300555
2 2-Dimeathyl-1-{ 2-hydnoxy-1- -
2.7 85.8 35337 - . .
e B EEE sopropyljpropyl ester of isobutancic acid Eitaiz
12.86 28.8 2786780 Cyclohexasiloxans, dodecamethyl- C12H36065i6
Propanioic acid, 2-methyl-, 3-hydromy-
13.02 29.8 117532 2,44 trimedhylpentyl C12H2403
Fropanoic acid, 2-methyl-, 2,2-dimethyl-
13.47 92.31 39246596 1-{2-hydroxey-1 tivfethyllpropyl esher C12H2403
™ = -
- Propanicic acid, 2-methyl-, 3-hydrooy-
13.75 592.83 3541451 2,2,4-trimethylpentyl ester C12H2403
19.2 < 7o ce132 1_,.2-E-=-_r':ar'e~:| carbouylic acid, butyl 2- ClEH2I04
methylpropyl ester
19.88 89.02 77422 |Benzene, 1,1"-sulfonylbis- C1ZH10025
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