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Abstract: Ambers have been used mostly as beads, jewelry and ornaments from ancient times and excavated
as a buried artifact. When excavated, they are severely weathered to be cracked, exfoliated and disintegrated.
Monitoring of changes in composition of amber according to weathering is very important for diagnosing the
condition of amber and applying conservation materials and techniques. In this study, we tried to find the
components of amber by analyzing amber with pyrolysis/GC/MS. The changes in the composition of pyrolzates
after artificial ageing for 60 days under heat and oxygen were also observed. Abietic acid was detected as
a main component of fresh amber and monoterpene, alkene, aromatic hydrocarbon were detected as major
pyrolyzates. Changes with artificial ageing was estimated by comparing the peak area ratio of 23 components,
and it was found that abietic acid abruptly decreased in the presence of heat and oxygen together, revealing
that oxygen is a key factor to the deterioration of amber. It was also tried to understand the weathered surface
of original amber gemstone based on the result of this ageing experiment.
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Table 1. A small summary of the general chemical and
physical properties of amber?

C: 61-81%, H: 8.5-11%, O: 15%,

S: ~0.5%, Fe: ~0.2%

199-290 MPa or 2.0-2.5 on Mohs

Elementary composition

Hardness

scale
Density 0.96-1.096 g/cm’
Melting temperature 287-300 °C
Light refraction 1.539-1.542

coefficient
Fluorescence, UV transparence,

Other optical properties . e
p prop anomalous birefringence
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Fig. 1. Molecular structure of compounds constituting an
amber. (a) abietic acid, (b) communic acid, (c) succinic
acid

(a) (b)

Fig. 2. Photographs of raw Baltic amber (a) and its crushed
powder (b).
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Pyrolyzer= Frontier Lab AF2] PY-2020iD =492, GC/
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polysiloxane, 30 mx025 mm id, 025 pm film
thickness)
o 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)

o Carrier gas : He at 1.0 mL/min
e MS transfer line temp. : 280 °C, MS ion source
temp. : 230 °C, MS quadrupole temp. : 150 °C
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Fig. 3. py/GC/MS chromatogram of fresh Baltic amber.

#E JeEPINL, T3t & A oE peakS st
o] library searching® mass spectrum HEES 3}
peak assigne A A THTable 2). T3 AMEIE peak
WA Zgel el 7} peak”t AHAst= WA ] v &S
3R Th 5~20%-° monoterpenoid9} sesquiterpenoid
7F Y Q.3 ©]F diterpeonoid acid’t HE= L At
Baltic &4te] 74 AEo=2 42 abietic acid®
TMSHEZA 7} 832% 2 2 HlF& A st dom,
butanedioic acid (succinic acid)= 1.6% H = HZTS

Table 2. Compounds in the total ion chromatogram of the amber sample pyrolyzed in the presence of HMDS (Identification

based on library matching)

Area ratio RSD

No. r.t.(min) compound %) %)
1 5.421  tricyclene <0.1 9.1
2 5.819  camphene 0.4 3.1
3 6.757  1-metheyl-2-(1-methylethyl)benzene 0.6 10.9
4 6.947  limonene 1.3 6.6
5 7.167  benzene derivative 1.4 11.6
6 7.943  fenchone <0.1 21.5
7 8.329  fenchyl alcohol 0.7 11.7
8 8.836  camphor 0.2 19.6
9 9.158  borneol 2.0 6.8
10 11.183  butanedioic acid, bis(trimethylsilyl) ester 1.6 27.2
11 13.584  1,2,3,4-tetrahydro-1,1,6-trimethylnaphthalene 0.7 7.2
12 15.038  1,2,3,4,5,6,7,8-octahydroanthracene 0.5 13.1
13 15755 * 0.6 13.8
14 16.418  1,3-dimethyl-5-methylbenzene derivative <0.1 24.1
15 16.886  1,1,3,5-tetramethyl-3-neopentyl-2,3-dihydroindene <0.1 2.3
16 17.057  9-dodecyltetradecahydrophenanthrene derivative <0.1 12.0
17 17392 1,1,3,3-tetramethyl-1,3,5-trisilacyclohexane 0.8 34
18 17512 *(m/z=173) 1.5 5.9
19 18.256  5-phenoxyvaleric acid, trimethylsilyl ester 32 7.1

20 19.034  1,4a.beta.-dimethyl-7-isopropyl-1,2,3,4,4a,9,10,10a.alpha.-octahydrophenanthrene 0.5 7.3
21 19.400  4b,5,6,7,8,8a,9,10-octahydro-4b,8-dimethyl-2-isopropylphenanthrene 0.6 13.3
22 19.774  1,2,3,4,4a2,9,10,10a-octahydro-1,1 4a-trimethyl-7-(1-methylethyl)-,(4aS-trans)phenanthrene 0.4 6.7
23 21.543  abietic acid, trimethylsilyl ester 83.2 8.6

*denotes ‘not identified’.
“RSD(%) means relative standard deviation.
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Fig. 4. py/GC/MS chromatograms of artificially aged amber: (a) under heat, (b) under oxygen and heat.
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Fig. 5. Changes in composition with artificial ageing: (a) under heat, (b) under heat and oxygen.
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Fig. 8. py/GC/MS chromatograms of fresh inner part(a, top) and weathered surface(a, bottom) of naturally weathered amber.
(b) Changes in the ratio of each peak area to the sum of all peak areas in the chromatograms of ageing under heat

and oxygen and that of weathered surface.
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