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Benzene synthesis for radiocarbon dating
at Shizuoka University

Tatsuo FUKUHARA® Hitoshi INOMATA? and Hideki WADA!

Abstract: In this study, we improved the benzene synthetic system for radiocarbon
dating constructed by Inomata (1992 MS) at Shizuoka University and describe the method
in detail. A decarbonation system for carbonate samples such as shells and corals
was additionally installed into the benzene synthetic system in order to measure
carbonate '“C-ages.

We used 10 benzene samples, such as buried woods, charcoal, commercial cokes
and fossil shells to measure '*C using a liquid scintillation counter. The yields of these
10 samples during sample combustion were more than 99% after correction for the
charcoal carbon content, and during decarbonation were 69~94% with a mean value
of 84%. The yields from carbon dioxide into acetylene were 80~96% with a mean value
of 90%, and from acetylene into benzene were 76~95% with a mean value of 86%.

Carbon isotopic fractionation during combution into CO. from charcoal samples
was less than 1%, and that through the whole procedure of benzene synthesis was
about +3%,.

The purity of benzene synthesized was 98.7~99.9% by NMR and there were no
impurities such as acetone, or ethyl alcohol, but 0.06~1.34% toluene was detected.

Using this system, a buried wood sample collected from the Kawagodaira
pyroclastic flow was synthesized into benzene. The measured '"C-age was 3,400£80
y B.P., which was slightly older than before reported.

Key words: 'C dating, benzene synthesis, liquid scintillation method, isotopic
fractionation.
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Fig. 1 Glass vacuum line for CO.and C.H: purificatication and storage. R 1, R 2, R 3 are shown in Figs. 2 and

3, and R4 is shown in Fig. 4.
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R2 . COz2 purification system

S1 . K2Cr207/H2S04 solution
S2 : 0.1N-AgNOs3 solution
S3 . KMNO4 solution
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Pure 02(0.2 ¢ /min.)
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CuO .
R1 : Charcoal combustion system
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Fig. 2 Charcoal combustion and CO; purification system.
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Fig. 3 Acid reaction vessel for Lo EBUROAE,

carbonate samples. Fig. 4 Carbide reaction vessel.
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Table 1 CO. yields from the acid reaction vessel from
calcium carbonate samples.

sample CaCO3(g) | CO2(mol) | yield(%)
Calcite-1 24.7 0.239 96.9
Calcite-2 10.2 0.102 100.0
Calcite-3 25.1 0.229 914
Calcite-4 256.5 0.250 98.2
Calcite-5 27.2 0.265 974
Calcite-6 12.6 0.123 98.4
Calcite-7 10.2 0.101 99.0
Calcite-8 10.2 0.101 99.0
Calcite-9 16.1 0.147 97.1
Calcite-10 19.9 0.204 102.5
mean — - 98.0
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Fig. 5 Flow-chart for benzene synthesis from charcoal, wood and carbonate samples.
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Table 2 Yields of benzene synthesis experiments, stable carbon isotope ratios and purity of benzene synthesized

for g-ray measurement samples.

KWD: Kawagodaira pyroclastic flow, ChNC: Charcoal for gas chromatography, OLFm: Old Fuji mudflow,
shown in Fukuhara (1995MS) and Kikal: Kikal island snails, shown in Hayakaze (1995M5).

yield(%) 8 13C(%0)
No. Sample CO2 |C2H2 | C6H6 |CO2-C6H6 |Sap.-C6H6 Sam. CcO2 BNZ. |purity (%)|Code number
7|KWD-3 Wood 126.4 ] 79.5 | 80.3 63.8 80.7 SURBS-1
17|Ch-NC-4 Charcoal| 113.0 ] 81.3 | 75.6 61.5 67.1 98.66 SURBS-2
18|OLFM 940730-1 Wood 988 | 881 | 898 70.9 78.1 SURBS-3
19|OLFM 940826 inner{Wood 111.0 § 95.7 | 945 89.7 96.7 —23.62 SURBS-4
23|OLFM 940826 outer|Wood 102.3 | 955 | 774 739 76.0 —23.15 —20.30 SURBS-5
26|Ch-NC-5 Charcoal | 109.5 | 95.4 | 935 87.38 98.2 —24.68] —24.01 | ~27.26 SURBS 6
mean 110 89 85 75 83
6|CaC0O3-2 Calcite 939 | 89.1 ] 849 76.0 71.4 SURBS-7
11|Kikai 16 Snails 91.3 | 80.3 | 809 65.0 63.7 99.82 SURBS-8
22|Kikai 25 Snails 686 | 953 | 922 879 86.1 —10.41] 9994 SURBS-9
24(Kikai 13 Snails 80.4 | 95.6 | 89.3 856.3 83.6 99.71 SURBS-10
mean 84 90 87 79 76
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Table 3 Stable carbon isotope of spectroscopic graphite
electrode samples (Sp-1-new) and charcoal samples
(Ch-NC). Ch-NC: CO: from original sample
combusted in vycor tube. CO,-Ch-NC:CO. partially
sealed during combustion procedure. BNZ-Ch-NC:
CO: from synthesized benzene combusted in pyrex

tube.
sample 6 13C (%)
SP-1-new —16.27(4) £0.06
Ch-NC —24.63(4) £0.33
CO2-Ch-NC —23.87(3) £0.12
BNZ Ch NC —27.26(1) £0.03
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Fig. 6 CO: yields from calcium carbonate samples
(shown in Table 1).
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Fig. 7 NMR spectrum of Kikai 16 sample. X axis is the
chemical shift value from TMS (Tetramethyl-
silane, standard compound); the higher the value,
the higher the frequency. CHCl; is a solvent.
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Fig. 8 NMR spectrum of Kikai 25 sample. X axis is the
chemical shift value from TMS (Tetramethyl-
silane, standard compound); the higher the value,
the higher the frequency. CHCI; is a solvent.
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Fig. 9 Spectrum of 3 energy of *C (KWD-3). A, B and C represent Standard (NIST SRM-4990C
Oxalic Acid), Sample (KWD-3) and Background, respectively. KWD-3: Kawagodaira sample.
£l RENLLUERRI—IZ AP LAR LN REDVCOFEREN .
Table 4 Comparison with mean count rates of reagent benzene and benzene from cokes.
Sample Code number|Measurement time (min.) [Mean counts per minute
Background (reagent benzene) 1778.6 0.496 +0.017
Dead Carbon (from cokes 1) SURBS-12 1798.3 0.455 *0.016
Dead Carbon (from cokes 2) SURBS-13 1798.3 0.464 x£0.016
Dead Carbon (from cokes 3) SURBS-14 1798.3 0.443 £0.016
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Fig. 10 Comparison with *C spectra of reagent benzene and benzene from cokes (shown in Table 4).
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