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Optimum conditions of benzene synthesis and liquid

scintillation counting fir radiocarbon dating
ZME, BRT
Kang, Hyung Tea and Kyung Ym Nah

[JABSTRACT : Optimum conditions for benzene synthesis and liquid scintillation
counting have been studied for the determination of radiocarbon age. In benzene
synthesis the carbon dioxide converted to benzene with high efficiency of 91%. Yields
of each step with 10L of carbon dioxide were CO;—C2H(94%), CoHo—CsHe(96%) and
CO,—CgHs(91%), respectively. Benzene synthesized from oxalate was measured with
purity of 95% by GC /MS. 8”C(*C/”C)of oxalate was measured to -24.7% by mass
spectrometer. For liquid scintillation counting of benzene sample low background and
highest FOM were measured in 0.5 ml cocktail and 3 ml standard solution with the
range of 154~749 KeV window setting. Oxalate and background samples were
measured to 28.7£0.12cpm and 3.92+0.04 cpm in 15.4~749 KeV
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Table 1. Yiald of acetyena with varying reaction tempera ture of COz and Li following

hydrodysis
React. Temp, 00T T30 TR T
Yield( %z lof CaHz E7 i 1 a2
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Table 2. Yield of banzene for Cr catalyst with varying activation temperature

— I e .-
Activation temperaturel| 350 | 400 4507 SO0 [ 0T | 700t

Yield(%5) of CeHs 04 | o4 a7 a7 | 04 iE

3) Ful AL WA
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Soje] AAgel mhE WAFES THA H0E 450CAA 4647 BHH AR
W AFHUS SEE 40~50CE FAAAL BY FuiE 33 w3 Abgetel WAHA

& A3E Table. 30 YEFHATH

AFgAy Zus 23] AHE7A = 97%9] ¥ o] AAAUA YEt oy 33 AlE
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Table 3. Reactivation runs and yield of benzene for catalyst at 4507

Reactivation runs || first second third I

Yield{%s) of CeHa || 4 a7 EE
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Table 4. Yields of each step for benzene with varying mole of CO:

£ mole Yield( %)

{g carban) COh==CeHz CabHz—+CrHe COp—CeHe
(.17(2.0] a1 o3 . 3]
02403.0) B 5 o0
0.3304.00 a] | 85
(L0 4.8) H4 o a1
0.47(5.6) a7 100 o

= S o
FEE BASGL ABE 3W ade dUE 44

= 9B 8%F e ELERZE 1. 2% Methulbenzene¥}t
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Fig 1. Total jon chromatogram of benzene sample
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Table 5. 'S‘E,-" " ratio for oxalate and shell sample

Sample &C(PC /T (%)
Cralate [NIST SRM 456500 ) —24.7
Shell(Chungnarm Anmyondo) =120

2. AHZAS

EM%E}. %lx}*é%xﬂ PPO & =7} Sg/LH th=
et Atk PPO7F 5g/Lek 6g/L= 7H7F 4 %Eoﬂﬂ o] 2t4d Al POPOP+= 0.5¢/L
FEY W Hd FOMgkol zbzb 943, 10032 Faixlar WaehE= FHE= 3.99cpm}
379cpmo & wokth AdgA e HA vEE 7P =& FOM#td 7Hg v dagtes s
tHebd PPO 6g/L, POPOP 0.5g/L%1 & &Sttt

Table 6. Assessment of the optimum PPO/ POPOP scintillation cocktail

st Scintillant ?H?Ec:int:lllant Efficiency Background Frapd
PPQ (g/L) | POPOP (g /L) {%) {pm) (E*/B)

0.5 G134 394 a4.3

i 1.0 G1.53 4,27 B&T

5 1.5 1. 66 4.12 = pik

a 2.0 61.51 4.26 Ehs

5 2.5 61,68 4.37 a7l

£ [ 1,64 a7e ll.'_!'l.'lli

6 1.0 61.58 4.8 527

i 1.5 £1.38 4.19 A

i 2.0 61,53 1,13 L i)

i 2.5 61,49 4.14 913
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A A5 3mlol 4389 PPO 6g /L + POPOP 05g / L) #H7l=ke] & A=
Table 7°] YeEFHAG. mol = #$= 200Channel(88.1 KeV)ZE ZLAHA 7|3 Aol LA
=& WsA7IH Hdle] FOMzgkel dolA+ A& AduUA 9= 243ttt thA
AR AU A] F95 2AZA 7L ool LAY AE WSA7IHEA Hje] FOM
o] dojAl&= mAyA FAE AAst HAY ASFHAE AASAT. HFE&A M
of W& Zt7tel HA ASHLNA HwA =& FOM#tS UedlE 212 0.25mlet
12omig ey Aides Wage=rt Y =9kt MC dgEge e wmage=s
Lrgth wepA wagert Yo FOMgkel 7Hd =2 0.50mle] 43899 s HA
doz Melsta ojufo] oux] We 35~170Channel(15.4~749KeV)E AZSHAZ A3}
Atk o] ZHE Ao WA FRA] HAH = 5mlIet 05ml, = 6 198 &gk

e

Table 7. Standard and background activities for different measuring conditions

Ch. Eangs at highest FOM Standard Background PO
i . Activity Activit =(E /B)
s B T M [ U N ; ¥
LCPRM ) (CPM ) *=nox /B
0,35 25 164 3.0 1.77 401 14.2
.50 a5 170 26,9 361 aBa 14.2
.75 a5 17 . | 3.491 g 14.1
1.00 3 16 21T 4 28 | | 13.4
1 30 155 25.0 4.15 055 14.2
* Thizs Scintillatisn cocktail was prepared with I:-e_naene a5 a solvent
=E'/B lJ;zurr_ of Merit = {Counting efficiency)’ /Background cpm
*= Mox /B Radiocarbon Dating Factor of Merit = Modern Standard cpm /v Backgrownd cpm
3 A H AFEE

ok 3k Ads38 A (PPO 6g / L+POP 05 / L)3 HA & 3mlet dFE&
05mDS Abgste] A=Y 4 AZELS Pt FEAE S AAHNISTSRMA4990C)
o RRE FAE WA wWagtes WAL 360% AZScte] do MCAHEYS Fig 2
of ettt AS ~AEHOZHE AUy et oy AE WA 7] 7} oA W
el & FOM#S T3ttt Z2H2te] 34 & Fig. 3o YeErWlth i e] FOMgke] 4
o}z = Ao A= 35Channel(154 KeV)ela o1z %= 170 Channel(74.9KeV) 4 th.
web H Aol ASH = 154~749 KeVY S &A= Atk

27 Bl (A]
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Fig 2. Spectra of standard and background on 3ml benzene with
0.5ml cocktail addition
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Fig 3. Determination of optimum counting range. {a) Selection of lower energy by FOM,
(b} Selection of upper energy by FOM
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AZEE&S 37 Aste] 1564~749 KeVolAx TFA &9 Magdt$=2 27008 A=
AT EFEAE LAY g AFES 11.38+0.04 cpm/gC Mgk =9 AFE
1.67+0.04cpm/gCol A th. FEFEZE SA442 TablegollA HiE wlel o] 19774
7|&Eo® HHAbs 1846 dpm/gCel™ Sakibe] §YCS HASte] 1994d == A X
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HoAbS & 1867 dpm/gColth. whebA Saite] WAl AlF&E2REH EE2
60.95% %1 tt.

Table B "'C activity and & "C of modern standards for radiocarbon dating

! Specific Activity &C
bodern Standard 2% Modesn
ldpm /g carbon} 1%g)
Eeference {16550) 13.56 = 10K
SEM 4500 (19500 14.27 —15.3 105
SRM 450900 (1577) 18, 46 —17.8 136

3. cade BEna

MC dgzAe AFgE 2 Auwel oo 9 oF AFv|HA A=A A

WA o A FA S o] HA 2004 A58t
= w7 143 24 18z ul=e p-Lab. ol Ag=A4Al
Tz McAdtp-Lab.o] MCAWE Table9ol ERHATH A
gAY R A Ae] A of 60~70dow o A Ao
gl S wheka 7 Anel dde QARGD ¥ S o,

=32

Table 8. Comparison of "C data of our Lab. with those of other Lab.

ﬂ "C Age (BP Year)
Sample Sites o Cl%pd
Cnr Lab. g = Lab.
Shell Anmmivundo Island, Chungnam —12.0 250 £60 AN £00
o Iizan, Kyungkido ATED % 50 4700+ B0
v. 2 &

st Az 2@ AANHFAS HAx
HMATA 0 CO9b Ligss 730ColA WheAA 7R g “H }/‘1]5‘3“ A8 TE
=Y 7 dRew WA 450~500CelA &4z Fuj s ofAlEd A wHEAIFl S

TFES A} e 28 74A] AbEo] 7t

A COy Al&EYS 0.40mole(4.8gC) ~0.47mole(5.6gC) L Wl 91% o] A2l il

WAe]l GC/MS #AZA3 £EE 988%°%th HAld ¥y EsEe AcetoneJJr

Methylbenzene, Xylenes = W& stghEolddth. 3| ZtA 59} Oxalate®] COE &%

A2 AFRA7Z §°CC/FO)S FAF A A AL -12.0%, Oxalate= —24.7%°] =

A=At



AAEBAS © HFE&N] A w= Almg AF&H 2dnE AAa o=
AR 2 ASEE&ES 2433 A PPOSE o244 @A POPOPE  2H7}
6g/Let 0.5g/Le] F== JJ%UH | =< AFE&HS AMEE o FHo FOM#t= fitt
T3 wWAAISE 3mlet A 1} Z3sliS u Hd FOM# S Aduh =3k wl
AA s Ad8He] H = NS & dAG olw AU 164~
749KeVA T o] olUuA ool a2 TFEAIEe Wt Alg dWAdS
2 A=3 Ay L2449 AFES 11.38+0.04 cpm/gColgal WM agtg=9 AF&e
1.67+0.04 cpm/gCelAtt. dETEE S44H1997d) 9] BHWALSS 19943 == ALk
st 1867 dpm/gCeoltt. wrebA S4HAke] viAls 3 AlFEE Y ASESES 60.95%

%t
MAHE L AN RASe] A

al
o 97 Ase 2 A7 A 2350+60 BP yr. ©|™ p-Lab. % 2420i9OBP VT.
Algel B AA AdikE 4760£90 BP yr. o|® p-Lab. & 4700+80
£ Hlal

& A3t 49 AEE AAFS FARY
O02% 0

1. HAd=, “EEE el oy A AR, THEEEE Bk, 23(1989), pp. 5~8.

2. PR, “El el ol A AREAIRIELE”, TRk T skl 8, A8 (1976), pp. 96~109

3. oz, “Shmaagte]l Ay gk 3k AF-MASCA®S WA AANSA S
sAo =R -7 TR pgE, 5815 98(1977), PP. 5~T7.

4. P. A. Parkes, Currentscientific techniques in archaeology(London : Croom Helm,
1986), p 5 ~42, pp. 99~125.

5. Zvi. Goffer, Archaeological Chemistry(USA : John Willey & Sons,1980), pp. 285~
330.

6. M J. Aitken, Science-based dating in the archaeology(New York : Longman Inc. ,
1990), pp. 56~121

7. R. E. Taylor, Radiocarbon Dating an Archaeological Perspective(Orlando
Academic Press, 1987), pp. 32~887.

8 M. A. Tamer, Int. J. Appl. Radit. Isotope 26, pp. 676 ~682(1975). 9. G. Belluomini,
A. Delfino, L. Manfra and V. Petrone, Int J. Appl. Radit. Isotope ,Vol 29, pp. 453~
459(1978).

10. H. A. Polach and S. K. Gupta, Radiocarbon Dating at ANU(Australia : ANU
Printing Services, 1985), pp. 28 ~46.

11. M. A. Tamer, Science, Voll. 132, p 668~669(1960). 12. H. A. Polach, Radiocarbon,
Vol. 29, No. 1, pp. 1~11(1987) .1

13, £17], 354, 2HA, d= A D837t AdSA7, "AAG dAEe] 4 A
AT A - 1S SR A, DA EA NSRS Sk 2 AR 11(1992), p. 34

14, VRARE I E HER ) BRSO e 2B 1995 (1993), p. 198.



