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Radiocarbon dating practices by benzene liquid
scintillation method
— I. Benzene synthesis —

Yoshikazu Sampei”, Fumiaki Takehiro”, Yoshinori Ando?,

Youko Yoshida®” and Katsumi Takayasu®”

Abstract: The primary aim of this report is to provide a technical introduction to the benzene
synthesis for radiocarbon dating at the Research Center for Coastal Lagoon, Shimane
University. It starts from sample preparation, and how to use the vacuum glass line, the
formation of CO, from CaCQO, and NBS4990C oxialic acid standard, the formation of C,H,
from CO; and the formation of benzene from C;H. are given. Our results for the recoveries of
CO., CG:H: and C:Hs by 17 samples are shown. The coverage is hopefully sufficiently wide to
be of interest to geologists, geochemists and archaeologists who might wish to use radiocarbon
dating, though the report can not be comprehensive. The method of *C counting by the liquid
scintillation counter LKB Quantulus 1220 and calculation of “C date will be introduced in the

next report II.

Keywords: “C, carbonate samples, NBS 4990C oxialic acid, vacuum glass line, benzene
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Bard et al., 1990; Pearson and Stuiver, 1993; Stuiver and
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H10g, AK 23 Thhh, vV Bk vF
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s FONCO, F A H v & —ik & IR
LisoTnb.

B A AR 2R 2 v 2 — Tk, KR O B A
BEOEBEFOAE~NOEELWMCT LD
W, HESENE L ORI OENERE S H
T, SERSEIHIA v E VY AREER (R2EH 7 A
§4y)&ﬁ¢yy%v—yavﬁvvﬁﬁﬁkb
Fo. HEHT, ThHOEBOBBCHIh, JWE
EOTHY L OERO KL e b RET — 2%
L, FlixffoTEl. “vEV-REY VT
L— g VR, BRSO BRI HEL
Xhi-HEThH B, <vEvERO R Tk
(BT ILRIC B LT )i o T B fl AZE 3
DT, FORDAB(EIH) TR, “vEVER
B OB A R OIS L, KR0S R 8
ALt chbOREFIE, EED S bO—ALS
R A ALK B RPEP NS 3\ THT » T flf Hg
EEAPIR L G ERTWA. < vEVYFRIGERICD
WL, B EAA (1983) I fE Ly, Gupta and Polach
(1985) 35 X UVEE (1965) & B L. B vk
(1983) 1%, Noakes et al. (1965), N FH (1976) B Dk
EHREC LTS, KL, <vEvairEic
oD ~=27AE LTHEI2 X SR LT
DHHTHB.

frds, ATk WE Y vFLr—va VERICX
BUCHPOEEICOWTIE, Fxtd CHE2HTH
NTHFETHS.

EES #

SCARRBIIE IS AV BB RHE, CaCO(R, W
v, B LA ORA, R, YRIR, RS
By, BE Yo RAITESL. I, BETAV
ST ORTAENC X b ABE Lo, —JE CaCOIC$ %
BENE DT, HES A vhTOXvE /FRIX
CaCO BB FE D EE XTI W (KEL, BEERF
D2 vBERL). HE® L CaCO, & AR T 5
Fk, kECliBclR5.

LEl, KRR v EMRETT - EERE, T

T CaCO( BB 17{H) TH H. AAkhE, BREMA
s IR Lic— R 3gBE DY < b v 3T, —[E
DRy VSR 12~15g & A L. BEHER
Bhcir, BAEOHRIIEIRE L e - TV % NBS4990C
v oo UERE .

N ARE

1. AILE
1.1 REIEEHE

AsbelE, KL THIRYIDERE, TORF
Rk, MR, MiSA RH Lcks, 110 C T 1RGSR
X CHETS. COERN DI 10Wt% BERT S
I 51 HCL % ( B 10z LT 36%concHCI 7 5 1%
Lml) D E&FEL, oRICHibE AhTERs
OB X 5 2 BRE LT, RMEEmRNSED -
CLHAREMD b HFEBE I DR . K- R,
BE LY LEEEYHERT 5.

Wi, iy RILT 5cnic, Ate 7138k
£ — N TRERHEENHIFELL HH, TV PV
b — & T 400 °C 2REEImBE 5. RILAKFE D ADFE
BT ADOTFT 7 FHTTS. FRMRARIEETIC
o TWhE, CONARFEEICIBECEREDT
7 3 CC R O Y IR T & I e h . AR
A ) AT ImmACHE, FELTZ7F2F
y AR —S5ORA LLTIE7 7 ATHCANRS.

1.2 BhaE

BAOOTFBRERRBALTWAEEGEIhE TS
CTH OB L. VBB FHEABC IR ER O R D R
AP EEERTWA I ERnHBHDOT, 10% DR
BECUE L, KPE- MR 5. ARH % X OV 18
Az, FAENSRKECIY 7 I VR T
EHBOBEIRA LT 5 REMEA B B DT 2% KIR
(bt v v ACHIBBREL, K- #8335 Al
i3, XBcw v bk — & T400T 2BERIIMB L, K
T 5.

LhEommEsg, ARrFELCHERSNTS.
15gD RV E vEDL BT, RFEC L T138gh%R
k5. FRERORENE, FHCHN = —#—%F
CHREOSEREFUEL TR & Xv. 3Bl A
£ 5em £ X 60cm O F FEWC A THE R EE ECE
SErcE %, 700 CCHERFERN &MLl X O
(14 s e R A e LT, v 2 — Ak
SEVRABEME)HNTONT VE=TICKRAD LS
RN XES, FHTE7 vE=7KIE, RO
(bany akMxT, BELTWIZCOo, 2R3
BTHEWTEL LENDD.

Ry kY v F L= g VIR L B CENRRIEDEE— 2D 1, v ¥ v AR —

CO, + 2NH,OH — (NH.)2CO; + H,0
ZOK, COENRETHD ERBAET vE=
v ADIREAE DL B, T VE=T EEESDICH
HT%.
ORI v AREER R N x 1 R RTE
WL, &wARD X 512 CaCO, DI A B ST,
W, KIE-FRT 5.
(NH,)2CO; + 2CaCl, — CaCO; + 2NH,CI
ZOHOMET AR EFRTHD.

2. REEHRADRE

2.1.a BN LDCO.OFRE

Rt 7 7 A = (Kifh & > 2B &R+ H00c, B
72955 A T4 v (K1) OKEBEE ATREER (LN,)
b5 v PRy b L, 0.005Torr.(0.67 Pa.) LA FiZO:
WTE <. 60% BHEFEE (HCIO: i L » HARE
DMEW ) & BRI OB RIS HE IR E O 345 (H 10g
b LT 60% DR lE33ml), FER TR — MC
Lo, HiE752abHco) v7& =y 212
OFCESFE LT, 75 AaNBIO0EEHTFr— T
HWDZEG A 3o CCBRET S, ZOkE, 3
DR DIC L HEZES A VIERE I, 2
Z12DFWIRESSAY —ALEDDTEL. &
fo, BT e — b OGS L OCRICEEZH >
V2w ) —AkPEES,TEL.

LR ERHETY LN, TEHL, 2578, 9,
13, 16 % &5, 12%HTC7 5 A a N THERR
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HHE, =7 2% —EHD, BOLAYNX 5.
iEL, HDHRIARTELE 7 IR aNOER
D _EBs o Tk 7o o THAER T D 24 b 3B
T AERBRY EORERT LS, ol b=y
FF o 2 AZ—FHREILTHITATS. BEEER
ML, =7 %F v 7 A X — T EECHiE
IRC7 5 A aBEEICAE LICAR 2 B2 s i X
w5,
FIGNZEECKET Lictk, —B{LRFHEFTD
LN, D#EE % # lem EUF, 2o 7 12% U8, =
v 79, 3, 2% 10208 [HEB &, LN, THE I hicw
H AL .

2.1.b B (NBS > 2 7B hH D CO. DEE

AR VE—F&LTHWSNBS ¥ 2 7 (SRM
4990C) i3 KMnO, iR CCO T H T LN TE
% (Valastro et al., 1977). ‘&8 - £ 4 (1983) T,
KMnO, B R O FTHRAELCCO %2, BT
KMnO, #¥#, MR 5 X 0P KCnO, iR i
EYE L {bosea % LT\~ %. Nehmi (1980)
XA, KMnO, BB IR O & Tl — s —Ek(L
RFEE IO RMESHINECEE LTS, Lk
L, THE TIT - o KMnOBREEEIE O A4 % Fi\ 7o
LEBRDONESHZ D L, CO, DB T 953-95.5%,
GH, DB T 91.7-92.7% O i IR 2 8 S
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Fig. 1. Glass vacuum line and reaction vessel for CO., C.H. and benzene generation and storage.
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fr. BT, ¥ o TEEDH D CO, DFAEW L KMnO,
WO AOMEA BT WEBbh b5, 4
#, ERLIEXVvEVYDICLEY o VD CE
HE L, FAMES RO & /R Lisd i
YA

ZZ T, KMnO, i O REC 9 ERE
TAHLERDDL. @, ¥ a2 VB 10g(CO LT
0.159mol) 2 KMnO, 6.4g+ B i 26ml+ 7881 7K 160ml
DB E R INZ, BOGHET Lok THRIK
10%55. L, 20U 0 L EEKND
ek v « VBOBRILYMrE AT &, flx
iE, = 7 10g 1 KMnO,10g+ 5l 40ml+ 784K
160ml &z tck & A, HWI%ERHPAE L.
KMnO, FifR¥E L, BEEETRE OBEREET 5 D TK
KTHER LIchA BIER L, WEDEDRHAL <7
DIEHEANC e EP LTCHHET S, MG7 7 A2
A 2.1. afifi & RIS BERE Lo lisi L, KMnO. 5
BRE = T3F o VAR —F TP DEEI R
DOV ETOM TS 5. RIGHET 5L, BT
L 7z KMnO, BB B D PR AT O x TiRiEE
B ie 58, OGO ABITRREAD ¥ $K5.

2.2 kS DEE
ATV 2 —FBAXFPFTATAATLa— L (HTF

AB Y —5—FRIBLN, T8 CRECHH L
£ =n)yTCSHUERAT S, 2y 720 FD T
v 7% LN, THRL, 2978, 10, 5, 11, 21,
20, 24%P%, = v 712, 13, 16, 9, 3, 4, 6,
14, 22, 19, 25, 26, 27, 28%EH U 5B. (L%
FRETOLNZROA LT R4 ¥ —0REIC X
DCOEH AL, A2 Y . —EATKSERD B
XA Z2TFDrS v 7EBEHTS.
0.1Torr. (1.3Pa) LA FIZTg 572 » 720 F D+ 5 »
ZOLN, A% lem L, 29 73 %FTH A%
Bx &, 0.005Torr.(0.67 Pa) LA T ET 5.

2.3 CO. [ER=EDAlE

=y 720, 21, 22, 23, 24 %@ T, = v 7 11,
14, 19, 25, 26, 27, 28%FACT= v Z 20 FDLN,
PEROAL, BRIV COEHALLT</ A —
£ OJE N7 P(mmHg) & 4 A 72480 O S T(Hext
W K) Z7t4, KO RBITER (KL) 2T
CO. DA nmo) #FHEL, ALk CENL
B bINEYFTETS. COXBHR LN T ATA
VEIOHALZDOHEREIL, T4 VREOE, Kk
Wi LCHIE LA, FOfEIZ, 1204V » F AT
H5.

n = (P/760)-12.04 / 0.0821-T

F1 R v ¥ v SEERIC BT IR (%)

Table 1. Recoveries (%) of the carbon during the benzene synthesis.

HHAEAH EREES AFHE(g)  COL%) C:Hy(%) CHd(%) AR AT
93.06. 11 —HH 11.99 100.5 89.3 (88.8)' 63.4 (68.0y  EHENAE
93. 06. 22 " 11.99 98.9 83.0 (83.9)' 65.0 (75.0)’ "

93. 06. 25 " 12.00 99.8 84.5 (84.7)' 75.0 (84.9y i
93.07. 07 " 12.01 100.2 81.7 (81.5)' 55.0 (64.5) "

93. 10. 07 7 12.01 98.1 76.1 (77.6)' 51.3 (64.5) "
93.10. 19 " 11.99 99.8 78.2 (78.4)' 69.9 (85.5) "
93.10.25 I 12.03 99.8 86.2 (86.4)' 69.2 (76.9) "
93.11.08 Z 12.05 99.8 90.9 (91.1)' 82.7 (87.1y "
93.11. 24 I 11.99 99.8 96.0 (96.2)' 76.3 (76.1)’ "
93.12. 02 I 12.01 100.1 98.3 (98.2)' 83.3 (81.1) 4

94. 08. 03 I 12.00 99.8 98.7 (98.8)' 82.7 (80.2y "

94. 09. 03 I 12.01 95.2 85.2 (89.5)' 63.4 (71.2¢  “EHIFhRE NI
94.09. 14 7 15.02 89.3 78.5 (87.9)' 66.0 (80.5y  {EAGHI AR
94. (9. 21 " 15.07 88.3 78.4 (88.8)' 64.6 (78.9) 1"

94. 09. 28 " 15.16 100.4 97.5 (97.1)' 60.2 (59.1)’ "
94.11. 09 " 15.06 101.9 89.2 (87.5)' 76.6 (82.2) "
94.11. 14 " 15.09 101.0 94.8 (93.9)' 77.2 (78.0) I

TEfE (AR ) 98.4(£3.9)  87.4(X7.6) 69.5(9.6)
(/M ~ fc ACfif ) (88.3-101.9)  (76.1-98.7) (51.3-87.1)

( )1 COITRT B CH, DILEK (%);
( ): GH 54 % CH, D ILSE (%);

S 88.8(+6.5, 77.6-98.8)
SEH(E 76.1(£8.1, 59.1-87.1)

SRR v F V= g VERIC X BUCHERNEDERE—F D 1. R ¥ A — 75

F VBRI AKBHE € v 2 —CfF -2 17TR
FtO CO, DINE %73, EHEIX, 98.4% (+ 3.9,
88.3-101.9) TIRIFELK EIRN I TWB. ZhbD
R FH IR, CO.FLEDHEBTILL T AR
PEVIC S W ERIR LTV 5. B FA (1983) 4%
WE L TWB CaCO, i B D R R H A Fe 4k D N3,
9% L EThH 5.

EURERHIESRE, FO2 220 F b5 v FICLN,
T2 CO 5. 0.01Torr (1.3 Pa) i /g b DI
15 5T 5.

2.4 VF ) Lh—IN4 FOERK

BN CT= v 7 A, 27, 24, 21, 11, 5,
3, 2%B&, = » 7B, 26, 25, 20, 19, 22, 14,
6, 4, 8, 9, AL TR P EZ=ICE| %,
0.01Torr (1.3 Pa) LA FIC T % & L% HERT 5.
Ty ZAXRML, 29 7 BEHVTCESEYKY, &
J& Li (ZEEF L3RS ; Sem iR D V) 8 4R ) % 20%
FE I T (0.25mol © Cizxd LT Lil0g; B Ek} 10g
xR L Tag) B b LT, Sem AREOHIKICH b
EhTRIGEShRICANS. LIZEEFECTILOAR
IO REDOTH. LiAFMTRWESE, Bk
hEEHP—BABILL, CO, & ST E BT
RTHZENDDLHDT, ZLEDICHCBLERD
L. FHABDOLIZT v 7 — 2t Ah 20 Bis
LIcRIRATT 5.

29 ZARE, 29 7 BYH U CRIGHEAY B
B2 5 %, 0.01Torr (1.3 Pa.) LLFiC L 7= ¥ Hik
Z L, HAN—F CRIGH %600 Cln#h+ 5.
TR BV OGRS T B ESHR T2 v h TE = & —
T 5. Litk400-500 CTHEM LI LD 5. mEL L
BDITEZERE S 0.01Torr (1.3 Pa) FBRE & T L35 28,
LiAEHTICDBE—HBETL, FihbilsTun
<. RIGH%ERET - T, B LIOERKY X5
R AKELGIEMIEL TR EIWw. DL EL
DRI IRIC 7> T %, 0.01Torr (1.3 Pa.) F2
Elotch, 292 A, 25, 26, 19, 21 %o,
29 720, 27, 4% TCay Z720F b5 » 7%
FSAY—TEDL., =/ A —F2D0FHLN+
20mmHg BBE W in-7cbha v 7 A&BT 5. CO X
Li & G L, &), EMTKEERTLTE-HIC
B0, TFCIcBacic s, L, BT 700-750
Cies X 545,

Y A=RZAR0Csoteb 3y 7 AR D800 T
T2WEEMEYT 5. Z OB+ 575 & CO Tk,
DESCLLGIZIL DN, A3 iEE 757 54+ &
LTED 7 F L vORNEREBLEDT, HEAYE
T 5.

2CO, + 10Li — 4Li,0 + Li.C.
3. TEFL - OAR
3.1 KON

THHEE G055 E) LT COo, R\ o7& A 2.0
Uy PEKKTHDZIRAESLL, 2y 7 BICERT
B, ZOKIE, FUFYAOBELERNT DD
FARBEE LW, KEKTH - ThECHVEE
PUET BB TR ITEE R LR L
fo. RIGHED Fo0% KK TEHS3. —B{LRER
FERIVPRZY) . —FAKLN, %2 b L, K&
EEBEAY) o —BBEFSFATAATAI—1
oy b T5hH. 2527 A, 27, 24, 19, 17, 13,
10, 8% Py, = v 7 25, 26, 28, 20, 21, 18, 16,
12, 9, 4, 5%H»5H. 2y 73 XEE LA
LF2gll. TeF L vidkprBREIh, —@t
RFEBEETBSLICARAZY) o —FAKC LT » 7 X
s,

2y 7 BT, A ETORIKELE T+
L. COEE, fIWTIRTT, kKOFIGIZL b
TeFLUyRRETS.

Li,C + 2H,0 — CH., + 2LiOH
2Li + 2H,0 — H, + 2LiOH

FKIC Li E KARIGLTARFE O RET O T,
HEOWMRE L KGR+ EETS. 7 YRR
INEEXBELRR VI S CKBEE YO ERLIET
KEZZLLTWL., 7EF L D7 7iX8EH
Imm B & oA, W X 5 KO 7 713 2-3mm
THH. 159 » bLETEEKEML b2y
IBEALSD. KT 2F L vDT7 vhHE kb
DuEFFoT~< /7 A—Z TOmmHgZ /s 5 ¥ T8 ¥,
T 7 ARMACS. IKKEBBRETES L AD% L
BELTIN, b5 o 7 HKRBATS. 12, »
FOREEBIREIVELCENIAB T FRTT
HET F VAR S TNERE B B O T
BEETL. FHREwE < 2 — 2 THALT
K

3.2 kHDgE

Ty 727THAL, ZB{EREMEETR XA 2
Vo = ADLN, DY % # lem LF T 0.01Torr
(13Pa) ¥ TH|K. = 716, 13, 12, 8, 9%H
B, 29 Z10%BF, A2V . —FADLN,%HH
BREFSA Y —TEDTT 25 L vE3T_C L
REFEBTCED S, A7) o —FALCKFSATA
ATNna—=rtr 797 %y L, 29 2720FF5
v 7% LN, THET B, v 28, 10, 5, 11, 21,
20, 24%BE, 2w 713, 12, 16, 9, 4, 3, 6,
14, 22, 19, 25, 26, 27, 28%FA LT, —Mp{bRE
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HEBEY FSA VY —TED, 7EFLvEay, 720
TrFIy FREBEH L CASEBRETS. 0.01Tor
(13Pa) LA Picieolch 2y 2 20 F D LN, D % #
lem B, 229 2 3% CTH A% E, 0.005Torr.
(0.67Pa) LA F &35,

3.3 C.H. B LD AIE

29 220, 21, 22, 23, 24 %M, 2 Z 11,
14, 19, 25, 26, 27, 28%FACT= v Z 20FD LN,
ZHOAL, BB X b CH 27 AL LTEASKS
TR L, HUWiciBo Ce A S mnsk 4 3 md
L., TEFLVIX1IEALFICHR2ELD DD,
D0 CO, DFEIT e 5T 5.,

RERH A5 BT £ F L v DULIRIT 88.8% ( + 6.5,
77.6-98.8) TH h (£ 1), = DFTRTEHEH10% Dk
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Table 2. Ebaporation rate (%) of benzene during the preser-
vation in a glass vial lidded by screw cap.
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