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Abstract: Ambers have been used as a gemstone and a religious object since the ancient times and found
in several archaeological sites in Korea. To prepare an enhanced conservation measures, we surveyed the
chemical and spectroscopic properties of the ambers according to the provenance. Total 14 amber samples were
collected from 6 different provenances including Baltic, Chiapas, Colombian, Dominican, Fushun and
Madagascar amber. Infrared (IR) spectroscopic analysis was conducted for the non-destructive examination of
the amber samples. They were also analyzed with pyrolysis/GC/MS (py/GC/MS) at the pyrolysis temperature
of 300 °C with the on-line derivatization to trimethylsilyl ester. Baltic shoulder corresponding to the absorption
at 1250 cm™ ~ 1150 cm™ appeared in the IR spectrum of Baltic amber. TR spectra of the other ambers also
showed somewhat distinctive characteristic peaks. In py/GC/MS analysis peaks assignable to succinic acid,
dehydroabietic acid and pimaric acid were detected, which are known to be the components of the amber. In

the meanwhile, the presence of compounds appearing in certain amber will be applied to differentiate the
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provenances of amber relics if their fragments are available for the analysis. These results are expected to help

the confirmation of archaeological amber relics and archacometric interpretation of provenances and

manufacturing techniques.

Key words : amber, py/GC/MS, IR, provenance
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Table 1. Amber samples used in this study

No. Provenance Photo No. Provenance Photo
1 Baltic (BA) 8 Colombian
2 Baltic 9 Dominican (DO)
3 Baltic 10 Dominican
4 Baltic 11 Dominican
5 Baltic 12 Dominican
L. \
6 Chiapas (CH) 13 Fushun (FU)
7 Colombian (CO) 14 Madagascar (MA)
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— Column : ZB-5HT column (5% phenyl-95% dimethyl-
polysiloxane, 30 mx0.25 mm id, 0.25pm film
thickness)

— Chromatographic condition:50 °C isothermal for
1 min, 10 °C/min up to 320 °C and isothermal for 5
min (a total of 33 min)

— Carrier gas : He at 1.0 mL/min
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—MS transfer line temp.:280 °C, MS ion source temp.
: 230 °C, MS quadrupole temp. : 150 °C
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Fig. 1. IR spectra of freshly exposed amber with 6 different

origins. The wavenumber of vertical lines : 1325, 1263,
1241, 1155, 1042 and 940 cm™ (from left to right).
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Table 2. Assignment of IR band to chemical group
BA CH CO DO FU MA Band assignments

3234(10.01) 3239-3078  3346(+35.49) 3694-3079 O-H stretching
2926(+1.71) 2925 2928(+0.04)  2926(+1.23) 2926 2926 C-H stretching
1729(:11.27) 1726 1692(0.89)  1723(£2.10)  1721,1693 1694 C=0 stretching
1635(15.26) 1643(£0.33) 17001642 1643 C=C stretching
1448(21.33) 1455 1443(+0.88)  1447(+3.47) 1452 1442 CH, bending
1374(£0.75) 1382 1385(£0.32)  1383(1.85) 1376 1384 CH, bending
1156(%0.67) 1240 1263-1176 1239-1173 1228-1137 1238-1177 C-O stretching
887(+0.43) 887 886(x0.37)  890(+5.44) 886 887 =C-H bending
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Fig. 2. An identification scheme which may be aplied to

discern among the various provenances of ambers
based on IR data.
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Fig. 3. Total ion chromatograms of Baltic amber pyrolyzed
in the presence of (a) TMAH and (b) HMDS.
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Fig. 4. Total ion chromatograms of Baltic amber pyrolyzed
at the temperature of 300, 400, 500 and 600 °C
(bottom to top), respectively.
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Fig. 5. py/GC/MS chromatograms of 6 ambers with different
origin. (a) Baltic, (b) Chiapas, (c) Colombian, (d)
Dominican, (e) Fushun and (f) Madagascar amber.
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Table 3. ldentified compounds in the total ion chromatogram of the amber samples pyrolyzed in the presence of HMDS

(Identification based on library matching)

R.T Compound Main ions BA CH CO DO FU MA
(min)

5.79 Camphene 93,121,79,136 O

6.85 1-methyl-4-(1-methylethyl)benzene 119,91,134 O O O O O O
8.32 D-Fenchyl alcohol 81,41,67 O

8.82 1,7,7-trimethyl-(1S)-bicyclo[2.2.1]heptan-2-one 95,81,41,108 O O
9.05 Isoborneol 95,41 O

9.35 Naphthalene 128 O O
9.54 Borneol 95,110,41 O

10.14 Benzoic acid, trimethylsilyl ester 179,105,135,77 O O O O O O
11.07 Butanedioic acid, bis(trimethylsilyl) ester 147,73,247 O

11.64 .alpha.-cubene 161,119,204 O O
11.77 1,2,3,4-tetrahydro-1,1,6-trimethylnaphthalene 159,174 O O O O
12.03 * 95,177,192 O O O
12.03 1,3-dimethyl-8-(1-methylethyl)-tricyclo(4.4.0.0(2,7))dec-3-ene  161,119,105,204 O O
12.16 zingiberene 119,93,41,204 O O
12.35 2,6-dimethyl-6-(4-methyl-3-pentenyl)-bicyclo[3.1.1]hept-2-ene  93,119,41 O O
12.40 2,4,5,6,7,8-hexahydro-1,4,9,9-tetramethyl-3H-3a,7-methanoazulene  204,189,105,119 O O
12.53 * 177,163,192 O O O O
12.85 .beta.-sesquiphellandrene 69,93,161 O O
12.90 Aromadendrene 41,91,161,204 O O
13.01 4-butyl-indan-5-ol 147,190 O O O O
13.08 trans-.beta.-farnesene 69,93,133,161 O O
13.35 1-(1,5-dimethyl-4-hexenyl)-4-methylbenzene 132,119,202 O O
13.46 1,2,3 4-tetrahydro-1,6,8-trimethyl naphthalene 169,174 O O O O
13.50 Cedrene 119,93,204 O O
13.66 .beta.-bisabolene 69,93,161 O O
13.68 * 191,121,95,206 O O O O O
13.71 1-methyl-4-(5-methyl-1-methylene-4-hexenyl) cyclohexane 93,69,204,161 O O
13.83 Decahydro-4,8,8-trimethyl-9-methylene-1,4-methanoazulene 204,133,161,189 O O
13.86 1,1,4,6,7-pentamethyl-2,3-dihydroindene 173,188 O O O O
14.05 cis-.alpha.-bisabolene 93,119,204 O O
14.15 1,2,3,4-tetrahydro-2,2,5,7-tetramethylnaphthalene 132,188 O O
14.28 Nerolidol 69,93,161 O O
14.45 1,6,7-trimethylnaphthalene 170,155 O O O O
14.94 2,2 3-trimethylnaphthalen-1(2H)-one 186,171 O O O O
15.44 * 175,105,260 O

15.77 .alpha.-bisabolol 109,119,204 O O
16.05 * 217 O

16.40 * 245,205,260 O

16.76 1,1,3,5-tetramethyl-3-neopentyl-2,3-dihydroindene 173 O O O
16.93 * 191,95,207,222 O O O O O O
16.96 * 107,260 O

16.98 * 191,95,207,222 O O O O O
17.23 Valerenol 91,189,220 O O O O O
17.27 * 173 O O O O O
17.38 * 173,73,81,136 O

17.39 * 245,260 O

Analytical Science & Technology



AR &8k amber)?] IR 2 py/GC/MS B4 E2 263
Table 3. Continued
R.T Compound Main ions BA CH CO DO FU MA

(min)

17.45 * 217,245,260 O O

17.60 * 95,107,175,191 O O

17.70 * 259,274 O

18.14 * 173,73,81,95,136 O

18.32 1,1,7,12-tetramethyl-1,2,3,4,9,10,11,12-octahydrophenanthrene 227,242 O O O O O

18.46 Decahydro-1,1,4a-trimethylene-5-(3-methyl-2,4-pentadienyl) 257072 o o
naphthalene

18.84 * 259,277,274 O
1,4a.beta.-dimethyl-7-isopropyl-1,2,3,4,4a,9,10,10a.alpha.-octahy-

18.91 drophenanthrene 241,159,256 O O
1,1,7,8,12-pentamethyl-1,2,3,4,9,10,11,12-octahydro-

19.20 phenanthrerr)l : Y Y 145,241,256 O 0

19.23 Biformene 257,272 O O

1928 4b,5,6,7,8,8a,9,10-octahydro-4b,8-dimethyl-2-isopropyl- 241.159.185.256 o o
phenanthrene

19.41 * 259,163,274 O

19.55 * 217,272 O

19.65 Dehydroabietane 255,173,259,270 O O
Decahydro-1,1,4a-trimethyl-6-methylene-5-(3-methyl-2,4-

19.66 pentad}i/enyl)naphthalene g g ( g 251272 O O

19.69 1,2,3,4,4a,9,10,10a-octahydro-1,1,4a-trimethyl-7-(1-methylethyl) 255.159.173.270 o o
phenanthrene

19.75 * 243,258 O O

19.88 * 81,137,286 O O O O

20.00 * 277,292,145 O

2033 * 137,257,275 O O

20.34 * 73,121,244,347 O O O

2035 * 237,252,195 O

20.73 * 255,270 O O

20.90 * 191,363 O O

21.13 1-methyl-7-(1-methylethyl)phenanthrene 219,234 O O

21.40 * 241,73,256,359.374 O O O O

21.45 * 257,241,359,374 O O O O

21.46 * 256,241,359,374 O O O

21.63 * 241,73,256,359.374 O O O

21.70 * 243,73,258,361,376 O O O

21.85 * 257,300 O

21.95 * 288,273,255 O O

21.99 Pimaric acid, TMS ester 121,73,359,257,241 O O O

22.02 Abieta-8,11,13-triene-12-ol 286,271,189,175 O

22.04 * 191,363,378 O O O O

22.09 Isopimaric acid, TMS ester 73,256,241,359, 374 O

22.17 * 256,359,374 O O

22.47 Dehydroabietic acid, TMS ester 73,239,357,372 O O

23.08 * 217,304 O O

23.85 * 289,304 O O

*Cannot be identified or has a low quality of library matching (quality < 80).
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