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



Oddy test result: Permanent

Date GC-MS collected: 4/18/2018

Sample: Talas; Green’s Unbuffered neutral pH tissue made from abaca fibers; 10 gsm

Technique used: SPME Arrow 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 sample at 60°C for 20
minutes; fiber exposure to sample at 60°C for 20 minutes; fiber injected into 220°C inlet and cryotrapped for
2 min at -15°C; GC ramped from 40°C to 225 °C at 10°C/min. Data analyzed in Masshunter Qualitative.
Samples > 80% match with a NIST library are reported.

VOCs not highlighted are because they were also observed in blanks: (1) 5.7 mmin: methoxy-phenyl oxime;
(2) ~12.4 min: 2-methyl-, 2,2-dimethyl-1-(2-hydroxyl-1-methylethyl) propyl ester propanoic acid; (3) ~12.7
min: 2-methyl-, 3-hydroxyl-2,4,4-trimethylpentyl ester propanoic acid
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Library results
RT Score Formula MW Area CAS #|Name
3.600 92.7 C3H100Si 90.1 207842 1066-40-6|Silanol, trimethyl-
4.000 93.7 C2HBO2Si 92.0 1527244 1066-42-8|Silanediol, dimethyl-
4.300 94.5 C3H802 76.1 315904 57-55-6|1,2-Propanediol
4.800 97.4 C6H120 100.1 352396 66-25-1|Hexanal
4500 R CEH1BCAS0 2l F515529 B -05-5 | Cydotrisicomnes Rty
5.200 956 CBH1202 1161 B1saE1 123-42-7 | 2-Pentanone, Hhydnuoy-methyl-
5.700 .5 CBH1BO 1501 2005 142561 | Butane, 1, 1"-moybis-
5.700 857 CEHINGZ 151.1 106084 ] 100022 2-86-6 | Cadme-, ety -phenyl-_
£.000 269 CBH1402 118.1 3133?93| 111-P6-2 | Ethanal, 2-fwitooy-
E.400 949 CTH1BO2 1331 S05a18 E131-66-8| 2-Propenal, 1-Butoo-
£.800 a6 CPHED 106.0 GRE1E7 100-52-T| Benzaldebnde
E.800 g5g CPHLED 1161 21TrE 111-70-6| 1-Heptanal
E.900 0.3 CBEHED 94,0 1268012 108-95-7 | Phanol
£.900 S4B CHHEZCHEE 2E1l TH11BET ERE-67-| Cydatetrasioxane, octametin-
7.100 80.2 1010 154.1 LOE1XN 8- P06 | Linalool
7.100 ol CBHL0O=¢ 146.1 L i 111-65-F| 1, 2-Ethanecdiol, disostete
7.200 976 CTHLIB0T 148.1 SR (=000 diproprghens: ghvenl mondarmethy] sther Komer, STRUCTURE LIMKRCAHN
7.300 932 5H1L2 1201 «19rs (000 | unideritified Ci-bernsne
7.300 858 CHH140% 134.1 13065 111-20H0 | Ethanal, 2-{ 2-sthmopethioeg |-
7.300 861 CL0H2D 142.2 Q14566 124-18-5| Decane
7.300 a7 CBHLED 128.1 1051207 124-15-0| Cctanal
7400 a7g CPH1E0T 1481 2aigo (000 | diproprylens phyenl monamethy] ather gomer, STRUCTURE LINECRCWN




76R00] s cukaz] 1422 HZR46]  15869-94-0] Octane, 3 6-cireting-

70| @07 ooh12| 1201 36054 0-00-0| unicentified Ci-berzene

70| 964 CoR10]  1301]  18vem168] 104-76-7|1-Heancl, sty

7ao0|  ora MG 1361 3158661 138-86-3 dFHLimanene

e c7Heo| 1081 a0ma840)  100-51-6Beny Meshol

pio|  sas osbaecasa| 2221 286191 S41-05-5|Cyclotrisikeane, hacmethyt-

paoo|  =1a cimhaz] 2123 ga140]  31295-56-4|Dodecane. 2.6, 11-Irimetin-

a300| @09 CiH1E| 1381 216102 91-17-8 | Mapiithaiens, decshydr-

B.400] @05 Ci0H200| 1562 G72a18]  §3219-21-5] DIHYDRO-MYRCENCL

a600| @0 c1HaE| 1702 G52141]  2001-84-5|Decane, 2, 4-dimethyl-

I lEE ciH260| 1862 rizoez|  3913-00-8[1-Octanal, 2-butyl-

] CliHa4] 1562 2602040 1120-21-4] Undecane

aapn|  emo coH10] 1421 aroeme|  124-19-6]Menanal

apoo| 951 CaHi00| 1221 950679 B0-12-8 | Benzenesthancl

a0l 95k ciomaooess| 70| 1wsesmm  mad-mo-6|Cyopentasonane, decametin-

9200 a4 C16H1INGRS| 2811 195452 P0453-75-7| 2-etheny 1 Joenenttienal2, 3 Jquinoin-6{5H)-one
R cPH1204| 1601 ayzam)  1119-50-0| Pentareriicl acd, dimetin ester

9300 @01 cuakze| 1842 740543 E20-50-5|Tridecane

9.400] 967 cioHo02] 1721 G2oaanz| 100-09-3)Acetic acid, 2-ethyihey] ester

9500 w07 ciomzE| 1702 soarsa]  2080-62-0| Undecane, +-methyi-

arol  sas c1oH180| 1541 655561 491-07-6|Cyclohexanane, S-methyi-2- 1-methylethyl)-, ds-
aa00| w6 Ci7HIED| 2563 16701%4] 1000:406-35-1) Decyl heptyl sther

agp0| ma cioHiao 1544 A57]  aba-a5-0| Bieyiol2.2 1Jentan-2-0l, 1,7 7-trimethyi-, (15-enda)
10000 973 cioH200| 1562 1681413)  15356-70-4| Cyelohmcanal, S-metind-2-{ 1-mwthyistind)-, (Laipha 2 beta 5 sloha }{.+/-.
10000] 942 COH1B03| 1621 1452006]  112-34-5|Ethanni, 2-{2-butmyethomy)-
10100] 952 ke 1281 D671 91-20-3| Naghthaiene
102000 952 CoHBOR| 1520 1308540|  119-36-8|Methy| slcylate
10300] 975 C1H200| 1562 915981  112-31-2|Decanal
1050 29 caHiooz| 1381 1996042 122-99-6]Bthanl, 2-phenay-
10600] 841 clH002] 1841 1158385]  54774-91-32-Propencic acd, 6-methyentyl ester
10800 ara cioHzzoa| 1902 210117|  20911-28-2|2-Propenc, 1-{2-buty- 1-metiyletha -
10900 @36 cioH4] 1582 weasze]  294-62-2|Cycladodecane
10000] @ai oH1202| 1521 Grann|  770-35-4| 1-Phenowypropen-2-ol
10000] @14 Ci0H140| 1501 551948 90-40-0 | 2-Cyclohenen-1-ore, 2-methyl-5-{ 1-metinlethem)-
11.100] 89 caHBo2| 1361 W2eEE|  123-11-5| Benzsidehyde, 4-msthory-
11.100] @4 C10H180|  154.1 1002744]  31913-81-3|2-Decenal, (E)
11300] 942 C1eHI0| 2703 1752622 | 1000:406-38-3| Decyl actyl sther
11300] 94 coneo| 1321 60)  104-55-2| 2-Propenal, 3-phemi-
1150 sa1 C10H140| 1501 295566 BG-05-8 | Phencl, S-rastiy-2-(1-methybethy)-
1150 932 c1aHz0| 2002 1601906]  112-70-8]1-Tridecanal
11600 91 CLZHIGOEGE| 4441 6226441  540-97-6|Cyclohexasionane, dodecametnt-
11.700] 949 cukze| 1842 7ioa08]  629-50-5|Tridecane
11.700] 945 cuH| 1421 1976437 91-57-6 | Magiithaiene, 2-methyt-
11800 950 ciHzzol 1702 1418972] 11244 7|Undecarel
11000] &7 Ci7HIED| 2563 Pa224] 1000406-35-1 | Dyl heplyl ether
11000 a3 cukn| 1421 1276781 91-57- | Mapiithaiens, 2-methyl-
12100] 939 COH1406| 2181 BE741]  102-76-1|Triscetin
12400 898 Cl2Wza0d|  2162|  11SAEI00(  P4367-33-2|Propancic acd, 2-methy-, 2 2-timetini-1-{2-hytieey-1-metiyistn ) propy| ester
12600] @54 k0| 1982 1247888]  6418-41-3 Trickecane, 3-metin-
12700 @38 CizHza03|  216.2| 16786858  74367-34-3|Propencic acd, 2-methyl-, -hydroy-2 4,4+ rimetiylpentyd exter
12000] A% EE T P6ATHE|  1137-12-8|Longicyclene
12800 929 cuHn| 1541 a1z050| 92-52-4 /1,1 Biphermy)




iza00)  =ad Ci4Hos| 1962 1059537 1120-36-1|1-Tetradecsne

13000 958 ka0 1982 [FresT £29-55-4| Tetraderane

13100  &va4 ciamir| 1561 411025 939-27-5| Matrthaene, ety

13100 808 ClsHa4| 2042 Zai0z[  47%-20-7[Junipane

13,100 =04 CL2H100| 1701 bl 101848 Benpene, 1, 1'-cooyble-

13100 ors CL2H240| 1842 Z1TH0 112-54-5| Dodecanal

13300 246 ClsH4| 2042 155731 47S-20-7|Lomgiolene

13400 8a6 CciaHiz| 1561 881013 E75-37-1 | Maphthaiens, 1,7-dmethyt-

13400 913 CiaHiz| 1561 1% E75-37-1 | Maphthaiens, 1,7-dmethyk

13700 =0z ks 1962 mnmal 2882986 Cydapentane, romyl-

13900  mas claH2002]  Z204 HRHEER 718-22-2| 2 5-Cyclohexadiens-1 4-done, 2,6-08{1, 1-dimethylethyl)-
14000 951 C12H260| 1862 TR0z 112-53-8| 1-Dodecancl

142000 @30 cisHan| 2102 1883163 13360-61-7] 1-Pertadecene

14200 @55 cuamiz| 1881 7077 101-81-5|BENZENE, 1, 1"-METHYLENERIS-
142000 =63 cuamin| 1541 2664001 13-32-5| Acenaghtivylene, 1, 2-tikydro-
14300 926 Clakas| 1842 Zuzida  31081-17-1[Monane, J-retiyi-5-progy-

14300  ere Ccuamir| 1681 TS B43-58-1| 1,1-Bipherry, 2-methyi-

14400 926 ClaH220| 2062 86410 96-T64|Phenol, 2, 4bis(1, 1-dimethylethy)-
14400 844 CLIH260| 1982 S7az48| 10486198 Tridecanal

14700 o0g cizHeo| 1681 1675545 132545 Diberzofuran

15000  &v4 cisHao| 2102 10E0E[  2883-00-5|n-Monyicyciohexane

5100 867 R 615464 B38-36-8 Henadecans, 36,10, 14-tetrametiny-
15200  e0i ClEHI4| 2263 811001 2082054 |Pentaderane. T-metin-

15300 &g ciav4| 1682 71350 P4E30-67-4|5-Undecsne, 3-mathyi-, (E)-

15500 964 cramn| 1661 SATEES 86-73-7| SH-Flucrene

15500 oza ClEH34| 2263 1882450 [P [r—

) Clemdacess| 5222 765 556-58-1 Cyooctasdionane, hexadecamethyl-
16000 emi ClH100| 1821 S50 119-61-5| Methanone, dighery-

16000 812 CUEHI4| 2263 Mis0k8|  S5045-11-5| Tridecans, S-propyt-

162000 a&77 CuHaz| 243 Grre65|  67E5-23-5|Cydopentane, undecy-

16200 &74 C1eH380| 2703 681531 ( 1000406-38-3| Decyl ooty ether

167000 =7 CuoHs0| 2683 841056 1921-70-6|Pentaderans. 26,10, 14+ tetrametin-
17700 958 CraHi0| 1781 481248 120-12-7| Anthracene




