
PY-GC-MS ANALYSIS:

A small sample piece was placed into the
pyrolysis tube (quartz) and 5 μl of TMAH
was added. The tube was covered with
quartz wool.

In the summer of 2015, a shipwreck was found near
the Island of Naissaar in Tallinn bay (part of the
Baltic sea, Northern Estonia). Among the finds
were numerous artefacts that helped to date the
ship around the end of the 16th century. [1] The
objects found near the wreck included common
household pottery, numerous smaller jars
and syringes dating to the Early Modern Age that
suggested that the ship had carried cargo for a
pharmacy.
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THE SAMPLE:
Dark brown translucent and sticky material found inside one of the small cylindrical jars.

Dried part of the material found in 
the jar

Liquid part of the material found in 
the jar

ANALYSIS OF THE MATERIAL FOUND INSIDE THE JAR

acknowledgments:
This work was supported by the Estonian Research Council grant PRG1198.

1. Mäss, V.; Russow, E. A Delivery for a Pharmacy? Exceptional Collection of Early Modern Age Finds from the Sea Bed of Tallinn Bay. E. AVE 2015. 2016, 211-224.
2. Teearu, A.; Vahur, S.; Rodima, T.; Herodes, K.; Bonrath, W.; Netscher, T.; Tshepelevitsh, S.; Trummal, A.; Lõkov, M.; Leito, I. Method development for the analysis of resinous materials with 

MALDI-FT-ICR-MS: novel internal standards and a new matrix material for negative ion mode. J. Mass Spectrom. 2017, 52 (9), 603-617.
3. Tammekivi, E.; Ghiami-Shomami, A.; Tshepelevitsh, S.; Trummal, A.; Ilisson, M.; Selberg, S.; Vahur, S.; Teearu, A.; Lõkov, M.; Peets, P.; Pagano, T.; Leito, I. Experimental and Computational 

Study of Aminoacridines as MALDI(-)-MS Matrix Materials for the Analysis of Complex Samples. J. Am. Soc. Mass Spectrom. 2021, 32 (4), 1080-1095.
4. Vahur, S.; Teearu, A.; Peets, P.; Joosu, L.; Leito, I. ATR-FT-IR spectral collection of conservation materials in the extended region of 4000–80 cm-1. Anal. Bioanal. Chem. 2016, 408 (13), 3373–3379.

To determine the composition of the material, several
analytical techniques were used - optical microscopy,
ATR-FT-IR, FT-ICR-MS with ESI and MALDI sources,
NP-HPLC-MS, and (Py-)GC-MS. The analysis of the sample
included methodological development for some of the used
techniques, e.g., novel internal standards were applied for the
analysis with positive and negative ion mode
MALDI-FT-ICR-MS [2], new matrix materials: 1-, 2-, 3-, and
4-aminoacridine were tested for the analysis of resinous
materials for MALDI(-)-FT-ICR-MS [3].

MALDI(+)-FT-ICR-MS spectrum

MALDI(-)-FT-ICR-MS spectrum
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Measured
m/z

Assigned 
ion

m/z error 
(ppm)

195.11674 C15H15
+ -0.45

237.16386 C18H21
+ 0.38

239.17952 C18H23
+ 0.40

301.21640 C20H29O2
+ 0.65

657.41305 C40H58O6
+ 0.75

673.40824 C40H58O7
+ 1.13

Measured
m/z

Assigned 
ion

m/z error 
(ppm)

299.20155 C20H27O2
- -0.33

301.21753 C20H29O2
- 0.74

305.24907 C20H33O2
- 1.51

MALDI-FT-ICR-MS ANALYSIS:

Sample solution: 3 mg of sample was dissolved in 0.1 mL of 
dichloromethane and ethanol (1:1) mixture. 

Matrix: 2,5-dihydroxybenzoix acid (2,5-DHB)
Added calibrations standards (CS): phosphazenes [2]

Matrix: 3-aminoacridine (3-AA) [2, 3]
Added calibrations standards (CS): sulpho-compounds [2]

The material found in the jar contained pine tar and possible
also some other components (e.g., essential oil). The exact origin
of the material in the jar needs further investigation.

CONCLUSION:

Pyrolysis was carried out at 800 °C for 10 sec.
HP-5ms 30 m column was used.
GC temperature programme:

°C/min °C min
80 2

10 200 3
10 280 3
20 300 15

ATR-FT-IR ANALYSIS:
ATR-FT-IR spectrum of the sample resembles to pine tar 
reference spectrum [4] (https://spectra.chem.ut.ee/).

min Compound Formula
1. 10.44 Longifolene C15H24
2. 11.88 Calamenene C15H22
3. 15.43 7-Hydroxycadalene C15H18O
4. 16.13 α-Corocalene C15H20
5. 18.45 18-Norabieta-8,11,13-triene C19H28
6. 19.61 10,18-Bisnorabieta-5,7,9(10),11,13-pentaene C18H22
7. 21.08 Retene C18H18
8. 22.25 Podocarpan-15-oic acid, 13-isopropyl-, ME C21H36O2
9. 22.38 Methyl dehydroabietate C21H30O2
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