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Abstract: This study aims to enhance the accuracy of C-14 dating of archaeological monuments
in the Republic of Azerbaijan. Charcoal samples were collected from various sites (Polutepe,
Shomutepe, Goytepe, Pashatepe, Boyukdash-Anazaga, Burugtepe, Alkhantepe, Gebele-Selbir, Uzun
Reme) for C-14 measurements. The counting vial was placed into a Tri-Carb 3100TR liquid
scintillation analyzer and allowed to count for a period of 300 to 1000 minutes depending on the size,
age, and precision requirements. As a scintillation solution, 1 ml of commercially available SIGMA-
ALDRICH liquid scintillation mixture PPO/POPOP in toluene was used. In this study the radiocarbon
dating method was employed to determine the age of charcoal samples from archeological monuments
in Azerbaijan. Calibration results were calculated with a 68% and 95% probability (0 = 1950).
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1. Introduction

Radiocarbon (14C) dating is a fundamental technique for determining the age of carbon-
bearing materials up to approximately 40,000-50,000 years [1]. However, its application to oil —a
substance derived from ancient organic material millions of years old — presents unique challenges
and opportunities [2-10]. This paper explores the applications of 14C dating in analyzing samples
that absorbed carbon during various periods in Azerbaijan. We collected samples from several
monuments, including Polutepe, Shomutepe, Goytepe, Pashatepe, Boyukdash-Anazaga,
Burugtepe, Alkhantepe, Gebele-Selbir, Uzun Reme in Azerbaijan.

2. Methodology

The benzene synthesis line for radiocarbon dating from the sample’s original state to
benzene is schematically described [11-16]. Like many laboratories, we also utilize silica-alumina
catalysts for the cyclization of acetylene into benzene. The catalyst can be easily reactivated by
heating in air at 570 °C, which causes the oxidation of the Cr(lll) and Cr(IV) to Cr(V1).

In carbon-14 dating, the assumption is that the sample has only undergone radioactive
decay within the years, since it ceased interacting with the biosphere. However, the archaeological
artifacts and geological specimens are often found embedded in or contaminated by other carbon-
bearing materials, which can influence the carbon-14 content of samples. The reliability of the
dating ancient charcoal samples depends on the chemical treatment to remove any external 14C
while preserving reliable fractions for analysis. Charcoal samples, weighing 25 grams were treated
using an acid-alkali-acid (AAA) method [17-21] after the removal of visible contaminants. The
concentration of the acid (HCI) and alkali (NaOH) were 0.5%.
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Benzene production was achieved through the following reactions:
a) 2C+ 2 Li=LiC;

b) Li.C, + H.O =CyH; + Li>O

c) 3C2H2 =CgHs

To eliminate potential ammonia compounds, acetylene is passed through phosphoric acid.
A chromium-activated alumina-silica catalyst was employed for the conversion of acetylene to
benzene at room temperature. The benzene was subsequently evaporated from the catalyst
at 120 °C and collected under vacuum at liquid nitrogen temperature. The synthesized benzene
[22-26] was transferred into 20 ml low-potassium glass counting vials and brought to a final
volume of 3 ml by adding petroleum-derived benzene. As a scintillation solution, 1 ml of
commercially available SIGMA-ALDRICH liquid scintillation mixture PPO/POPOP in toluene
was added. The counting vial was then transferred into the liquid scintillation analyzer Tri-Carb
3100TR and allowed to count for a period of 300 to 1000 minutes depending on the size, age, and
precision requirements. Radiocarbon dating using the Tri-Carb 3100TR is a well-established
absolute dating technique widely applied in various fields of research for analyzing a broad range
of organic materials. Precision levels on the order of 0.2-0.3% in the measured age have been
achieved, and several international intercomparison exercises have demonstrated the high degree
of reproducibility of the results.

Figure 1 The following diagram illustrates the configuration of the vacuum line employed
in the synthesis of benzene. The benzene synthesis proceeds from left to right.
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Fig. 1. Vacuum line employed in the synthesis of benzene.

The charcoal was converted to carbide with 95% efficiency through reaction (a) in the
reactor. The reaction proceeded readily at 700 °C for 15 minutes, after which the temperature was
raised to 900 °C. At this final temperature, the production of carbide [27-32] was completed.
Subsequently, the hydrolysis of the lithium carbide was conducted in the water-cooled reactor by
introducing distilled water at a rate of approximately 100 ml/min. This process proceeded with a
guantitative yield according to reaction (b). The excess lithium reacts with the evolved hydrogen
gas, which is not required in our procedure.

The gases produced from the hydrolysis reaction pass through a series of traps. The first of
the two traps, located on the right side of the reactor and containing chromic acid, is designed to
capture excess gases. In the third trap, which is cooled with a freezing mixture of acetone and dry
ice, the gases are almost completely dried. After passing through these three traps, the acetylene
is effectively dried and can be condensed in the subsequent “cold finger”, which is cooled with
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liquid nitrogen. At this point, the hydrogen gas, which cannot freeze at the temperature of the
“cold finger”, is removed using vacuum pump [33-35].

3. Results and Conclusion

Table 1 shows the results of the C-14 measurements of the monuments in Azerbaijan.
Calibration results were calculated with a 68% and 95% probability (0 = 1950).

Table 1
Ages of various monuments in Azerbaijan.
Sample name 14C age + Cal B_C(68%) CaIBC_:(95%) Material
(BP) error 1-sigma 2-sigma
Polutepe (sample 1) 6220 85 5303-5052 5364-4951 charcoal
Polutepe (sample 2) 6380 99 5473-5224 5531-5069 charcoal
Shomutepe 5801 96 4783-4542 4901-4446 charcoal
Goytepe 7746 88 66466476 69066422 charcoal
Pashatepe 6704 88 5713-5556 5749-5477 charcoal
Boyukdash-Anazaga 12644 210 13413-12514 13681-12210 charcoal
Burugtepe 6888 31 5796-5726 5877-5714 charcoal
Alkhantepe 5079 29 3952-3805 3959-3796 charcoal
Gebele-Selbir 1105 11 899-988 893-993 charcoal
Uzun Reme 3390 26 1732-1631 1750-1613 charcoal
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PAJIMOYTJIEPOJTHOE JATUPOBAHUE APXEOJJOI'MYECKUX NAMSITHUKOB
A3BEPBAMIIKAHA

A.C. AxanoBa, M.A. I'ypo6anos, C.I'. Mamenos, A.b. Axanos, A.3. AouiIoB

Pezrome: TlpencraBnennas pabota Obla MOMBITKON MOBBICUTH TOYHOCTh JATHPOBAHMS apXEOIOrMUECKUX
namMsATHUKOB A3sepOaiipkanckoir Pecriyonuku mo meromy C-14. OOpasisl JIpeBECHOTO yriist ObUIH
cobOpanbl u3 pasnmuuyabix MecT (Ilomyreme, Illomyteme, ['éiitene, [laxcarene, beroxmam-AHazara,
Bbypyrrene, Anxanrene, ['ebene-CensOup, Y3yn Peme) mns usmepenuit C-14. CuerHblii (hiakoH ObLI
MTOMEIIEH B JKUAKOCTHBIHM CIMHTHILIAIHOHHEN ananmuzarop Tri-Carb 3100TR u ocrasien mus moacyera B
teuenune nepuoa ot 300 1o 1000 MuUHYT B 3aBUCUMOCTH OT pa3Mmepa, Bo3pacta U TpeOOBaHUN K TOUHOCTH.
B kayecTBe CUMHTWIISILIHOHHOTO pacTBopa ObuT 100aBiIeH 1 MJI KOMMEPYECKH JOCTYIHOW KUIKOCTHON
cuuaTWLIsIIHOHHOH cMecn SIGMA-ALDRICH PPO/POPOP B tonyosne. B 3ToM HcclieoBaHHH METO[
paaroyTIIEpOHOTO JAaTUPOBAHUS OBII HMCIONB30BaH I JAaTHPOBAHUS BO3pacTa 0Opas3IoB APEBECHOTO
YIJISL U3 apXEOJIOTHYECKUX MaMSTHUKOB A3zepOaiipkaHa. Pe3ynbraTsl KaauOpOBKM OBUIM PacCUUTAHBI C
BEpOATHOCTHIO 68% 1 95% (0 = 1950).

Knrwoueswie cnosa: naTupoBKa, panoyriaepoaHblil, AzepOaiikaH, apxeoIorusl.
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AZORBAYCAN ORAZISINDO YERLOSON ARXEOLOJi ABIDOLORIN
RADIOKARBON TARIXLONDIRILMOSI

A.S. 9hadova, M. 9. Qurbanov, S.Q. Mammadov , 9.B. Ohadov, A.Z. Abisov

Xiilasa: Toqdim olunan is Azorbaycan Respublikasi orazisindo yerloson arxeoloji abidslorin C-14
metodu ilo miitlaq tarixlondirilmasina asaslanir. C-14 6lgmolori tiglin miixtalif arazilordan (Polutops,
Somutopa, Goytopa, Pahsotops, Boyiikdas-Anazaga, Buruqtops, Alxantapa, Qobalo Salbir, Uzun Rama
komiir niimunoalori  toplanmigdir. Hesablayict  flakon Tri-Carb  3100TR Maye Sintilyasiya
Analizatoruna yerlosgdirildi vo 6lgiidon vo doaqiglik toloblorindon asili olaraq 300 ilo 1000 doqige
arasinda doyison miiddat orzindo hesablandi. Toluolda 1 ml SIGMA-ALDRICH PPO/POPOP maye
sintillyasiya qarisigi(kokteyl) sintilasiya mohlulu kimi olavo edildi. Bu todgigatda Azorbaycanda
arxeoloji orazilordon alinan komiir niimunalorinin yasini tayin etmok t¢iin radiokarbon tarixlondirmo
tisulundan istifads edilmisdir. Kalibrloma naticalori 68% vo 95% (0 = 1950) ehtimali ilo hesablanmisdir.

Acar sézlar: tarixlondirms, radiokarbon, Azarbaycan, arxeologiya.
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