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CHM,IICAI TECHNIQUES IN TI{E LTQUTD

SCÏNTTLTATION T/GTHOD OF RADTOCARBON DATTNG

BY STEVEN SIMEON DA}JYf,IJK

ABSTRACT

Two new methods suitable for routine d.eterur-lnation of the rad.io-

carbon activity ín carbonaceous materials by the liquid scinüillation
method havo been developed"

They invorve the use of methanol and netþl borate, synthesized

from sa.nple carbon, as di-luents in llquid scintillators of hígh fluore-
scence eff5.clency.

The methanol method is capable of ¡rleJ-ding meaningful resrrlts

to J0r000 yearsi Èhe mettryl borate technique gave results ¡¡trich

indicate that this method can be of sigrri-flcanee 1'6¡ samFles up to

35 ¡OOO yearso

chemicar procedures deveroped ín the synthesis of methanol

and methyl borate justify the adoptj.on of these two method.s for routine

analysis.

Ages for six weLL documented samples of archeologieal interest

were determined by means of the methanol and netþ1 borate methodsu
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tI,{TRODUCTION

The detection of radiocarbon in lirring matter in LgtuTQ) sp,r"red

on investigation into Íts potentialities as a d.ating tool j-n the fields of
archeolory and geolory.

tr¡Iith the publication of Libbyts monograpn(35) in Ig52 the value

of the radiocarbon dating method was firmly ostablished and a new chapter

in the field of geochronometry was opened..

Briefly, ühe method depends on a measurement of the beta act-
ivity of the c14 present in a specimen of natural carbonaceous material.
This gives a measure of the radiocarbon to stable carbon ratio, and a

comFarison of the ratio to that for a sample of contemporary material per-

mi-ts an estimate of the age of the specimen to be mad.e"

Libby and his colleague tOS) solved the problem of d.etecti-on

and measurement of the weak beta act,ivity of c14 by measuring element-

ary carbon itself in the solid state mounted. on the wall of a Geiger count-

êr'o By this method the ages of saunples up to the order of 25roo0 years

were determined,

However, the low detection efficiency of screen røal1 counrerse

approximabelry J$, and the handling of solicl carbon samples inherent in
this method warranted attempts to find a more efficienü and sensj-tive tech-

nlque of measurement"

The possibility of employing a proportional type counter using

methane or carbon dioxide as the filling gas r{as suggested by Libby in
his monograph" In L952 Anderson and Freedmun(zz) reported the apprication
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of a carbon dioxide filled proporbional coìrnter in radiocarbon d.ating

measurements" Since then developurent of the GOa filled proporüional

counters has been rapid.(22tl5tl6t2r) ïn addition, the use of propor-

tj-onat counters filled wi-th gases such as acetylene(8rl4r44)n nethrrr"(9)
t/an\

and. ethane\éu,' has been reporbed. A range of 45r.000 years has been

obtained by Ferguson(Zf) using a properþ shielded eOZ - filled pro-

portionar eounter, and the possibility of extending this range even

further by this technique is likely" The chief drawback of this method

is the large d.etector volume presenting a serious problem in achievj.ng

low background counting rates and necessitating complicated shielding

equipment.

Application of fiquid scintÍIlation counting to the measurement

of natural radiocarbon was first reported by Hayes, u" OQ7) in it95i "
Ïn this method the sa^nple carbon is incorporated into the liquid scini;j-I1-

atoru Thus a detector of high sensitiuity and excel-Ient geometry is in-
herently present, and reduction of detector volume rrith the accompanying

reduction fn background counting rate is possible" The mass of shielding

is greatþ reduced and pulse height aiså:mination can be used to eliminate

cosm:ic rays and much of the X-ray background.

Acetylene dissolved in a suitable liquid scj-ntillator has been

used in natural radiocarbon measuru*"rra"(5)" Arnold(a) tn Lg54, reported

contemporary carbon counting rates of over 50 counts per mÍnute, using

rrnewrt ethanol" However, thís method suffered from involved chemical tech-

ni.ques and complicated counting assembly"

The synthesis of toluene from sarnple carbon and its use as the

solvent in a liquid scintillator rìras reported in ]tg55 "Q5) Results



indicated that this method can be of significance for sarnples of age

U5rOAO years. By adequate shielding and pulse height discriralnation a

background counting rate of 3 JU cprn i¡ras obtained without photomultiplier

cooling or coi"ncidence-anticoincidence arrangements. The drarvback of this
method rvas the rather involved chenical synthesi-s of the toluene usedo

In order to establish the suita,biliùy of the liquid scintillaùion
method for routine analysis of natural rad.iocarbon, the d.evelo¡Nnent of
a simple ehemieal procedure vras essential,

ItJith this problem in nind an alternati-ve mod.e of attack in-
volving the synthesis of a suitable diluent whose presence does not severely

queneh the liquid scintillator is possible" Succees of thj-s rceühod- de-

pends, of course, on there be5-ng available liquid seintillators of high

fluorescence efficiency" Fortunately such lio,ri-i-d scintillat,ors have
,rg)

been developed\j o

In this investigation the successful synthesis of the diluent

methanol and methyl borate from sample carbon and. their adaption for
routine analysi-s of natural radiocarbon i,rill be described, Ages for six
samples have been determined by these two methods" An analysis of the two

methods w1ll be given,



GENERAI COì{SIDENATTOI{S

To simplify the presentatÍon and to preserve continuity the

discussion in this section will be carrÍecl out in the following order:

A. Principles Underlying Radiocarbon Ðating

B. Chemieal S¡mthesis of Diluents

(a) llethanol s¡mthesis

(U) Methyt borate s¡mthesis

C. General Description

(") Liquid scintillators and effects of diluents

(b) Cel1s

(") Shielding and electroni-c circuitry

A. Pr:Lnciples Underlying Radioca+on Dat,ing.

Investigations carried out by Agnew and co-v¡ork"""(1) in

L9l+7 clearly proved the correlation between ùhe neutrons present in

the upper atmosphere and the impingernent of the primary cosmic radiation

on the earthrs atmosphere. The problem noll was to determine in what

manner the neutrons interaeted w'ith the at'mosphere" ït seems cert'ain

that shortly after formation the neutrons are either absorbed or lose

their enerry by collision final-ly attaining therural energies"

From consi-derations of the thermal neutron capture cross-sections

for the stable, naturally occurring i-sotopes of nitrogen and o:ygen

(u14 ' l.? barns, (rrp) N15 * 2.h x 1O-5 uarns (n, /); o17 = ,5 barns
1/ -r- ad t llrt\(rrrc,); 016 = 1.7 x 10+ barns; 018 = 2"r x to-4 (n, /)t\4'l) and the

per cent abundance of these isotopes (514 * 99.635; N15 = û65; o16 =

99.758t OI7 = "o3?3; ol8 æ .zo3r?l) T,ibby concluded that the reaction



leading to formation of radiccarbon, NU (rrrp) ç14, was the doninant oneo

Radioactive trÍtium may also be formed. b¡r energetic neut,rons according to
rù4 r- u-?t ¡L2r\¡ ' \n¡ H- J v- - s but the probability of this reaction is much 1ess than

that for the for¡nation of rad.iocarbon" Thus, x¡s 'irrFingement of cosnic

rays on the atmosphere leads to the formation of rad-ioactive C14 witfi a

half life of 5568 years(35) an¿ which decays with emmissíon of afparti-cIe.

Ïf the average nrunber of thermal neutrons generated per square

centimeüer of the earthrs surface per second. by the cosnúc rays is -Q t¡rurt

the rate of prod.uction of CI4 w:iU also be gÍ-ven by õ. If the further
assumption is made that the cosrn-ic ray flux has remained. essentially t,he

sarne over the last 101000 or 15roo0 years, then iù folrov¡s that, õ i"s arso

equal to the rate of d.isintegration of the C& on the earth" Evaluation of

this õ from e4perimental data available gives ã = 2.6 p"" 
"*2 

per sec as

the ¡rost likely value"

An estimate of the specific activity of the living carbon was

achÍeved by Libby using the following line of reasonÍ-ir.g. It seems cerüai¡¡

that withj-n a short time of its production in the atmosphere the e14 atom

t'¡iLl have been oxidlzed to carbon dioxide rtirich enters into the car.bon

exchange reservoir" since the trturnoverrt time for the life cycle ís
short, (tess than lo00 years) compared. to the tifetime of a c14 atom, an

atom wil-l make severaÌ trips through this cycle duríng its l-ifetime, a.nd

consequently the distribution of radiocarbon throughout this reservoir vrill
be quite uniform"

The amounü of carbon in the exchange reservoir, folloiri-ng care-

ful consideration of the complex biochenical problems involved., was



estimated by Libby as being 8.J grams per square centi-meter of the earthrs

surface" Thus the specific activity of the carbon in the exchange re-

servoir will be 4 " ó0 = 18,8 disintegrations per nrinute per grarno
8.3

Experimental deterrninations of the specific activity earried out by

And.erson and Libby(3) gave a value of L6,6 t o"s disintegrations per

minute per graJn and were regarded as confirmation of Libbyrs theory.

From consi-deration of the effects of isotopic fractionation

the specific activity of biorogical carbon is expected. to be lower by

a factor on LoÁ than that of the inorganic 
"r"oorr(35). 

Assay of the

specific activ1ty of contemporary plant carbon has given values of L5,3
/- o"tß5) r rt+.5 - ru.*(r?) u r2.g /- o.rQil, L5"zQù and r2.! É o"r?]-)
disintegrations per nr-inute per grarno Indications that a d.ilution of the

1/.
atmospheric C-+ concentration attributable to the introduction of larEe

amounts of inactive CO, from combustion of petrochemical fuels into ilre
atmosphere have been repo¡¿s¿" (44)

Bearing ùhe ori-ginal assumptions in nrind, there exists at the

present time, a contplete balance between the rate of d.isi-ntegration of

radiocarbon atoms and the rate of assímilation of new rad.iocarbon atoms

for all naterials in the life-cycle" Flor^iever, when the living organism

is removed. from this cycle by death, the assimj-Iatj-on process is stopped

and only the disintegration process of the c14 remains. Decay of the

activity r.¡ilr forlow the exponentiar law A = Ao r- ÀÈ, v¡here A is the

activity at time t, Ao is the activity at tj-me of death, and À fs
the decay eonstant for C4 and is given by À = In Z = "6gJ y".r-l"

5568
However, in the laboratory it is lnore convenient to measure

the counting rate, R, in counts per nrinute where R = eA; e being a constanö



depending on the nature of the d.etection instrument, effici-ency for re-
cording the particul-ar radiation in that insùrument, and geometrì-cal.arrange-

ment of sanple and detector" Thus, if Ro is the counting rate i-n counts

per nr-inute per grarn for a contemporary carbonaceous sample, an¿ R is the

counting rate for the saniple of unknown age measured with the saJne apÐara-

tus, the age of the unknovro sample, T, wiJ.I be given by

R=R "-lT
or T-À In(Ro)

/\
(R)

= go35 ln (Ro)

years
(R)

A brief description of the three methods, uiz, (*) sol-id sa.rnple,

(tr) gas counti-ng, (c) riquid scintillation counting, developed for the

measurement of natural radiocarbon acti-vities has been gì-ven in the pre-

ceding section. Detailed discussions of each method. are available ín
the literature and a review has been given by Ku1p. ßtua)

Ïn the introducti-on it was mentíoned that difficulties in the

synthesis of an appropriate solvent limited. the application of the liquid
sej-ntillation method for routine radiocarbon analysis" The alternative

course of synthesizing a suiùable diluent and. combining it r^rith a liquid
scintillator of high fluorescence efficiency was therefore investigated,

simpricity and high yields reported for ùhe synthesis of

methanol from carbon d,ioxid u3l) i¡rmediately suggest its use as the di-
luent eomponent " The su:i-t,ability of methyl borate a.s tlre diluent arose

following ihe reports of Kallman and Furst(26) tn"t considerable quantities

of this compound could be introduced into a liquid scintill-ator containine



naphthalene as the seeondary solvent rtrithout affecting seriously the

fluorescence efficíency of the scintil-Iator. Methy1 borate may be synthe-

sized in one fuv'ther step following the methanor synthesis"

B" Chemical sr¡nthesis of_piluentå

(a) Iuiethanoå s¡¡ntheqis

Three methods for the preparation of carbon-labelled methanol

from ca::bon dioride have been descriloed in the literature. l'{elvi1le. Rachele"

and. Keller3e¡ converted C0, into KHCo3r which was red.uced to potassium

forrnate by hydrogen in the presence of pallad.ium black, The formate was

esteri-fíed by heating with methyl sulphate, and the ester converted. Ínto

methanol by hydrogenolysis over a copper chromite catalyst. The overall

yield on a J raill-imol-e sca.le was 73'/o, However, a LOÛ.ft dilution with unl-abelled

material is inherent in this method.

A second nethod involving the catarybic reduction of co, Lo

methanol at high temperatures and pressures has been described by Tolbert.Q*5)

Yields af 81-86iß on ,O25 mole scale were obtained, v¡ater being the major

i:npurity. IIo d-ilution of the l-abelted material was possible in this method

and except for the complicated equipment which would have to be assembled.

for the reduction of cluantities of CO, of the order of a mole, this method

would be quite suit,able.

The third method, and the one chosen as the most feasible in
conjunction ruith the present v¡ork on radiocarbon dati-ng, was first described

by l{ystrom, ïanko, and Brown "e7) Carbon dioxid.e is red.uced to niethanol

by a solution of lithium aluminum hydride in an j-nvolati-l-e solvent, the

methanol being recovered after a1-coholysi-s of the resul-ting complex by a

high boiling alcohol. These authors claimed an 8I'/" yie]d, of redistilled
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material possessing high purity"

This method has been the subject of a detailed investigation on a

micro scal-e by J.Ð. Cox et a1(12)" The use of vaz"ious solvents and alcohols

for the reduction and alcoholysis steps respectively was investigated.

These authors concluded that the best yields of nethanol were obtained

when tetrahydrofurfuro>grbetrahydropyran hras used as the solvent for the

hydride and tetrahydrofurfuryl al.cohol was enployed in the decomposition

and alcoholysis step. A further advantage gained i-n using these reagents,

accordi-ng to these authors, v¡as the freedom from contani-ination with ethanol

of the final product. l',hen diethyl carbitol was employed as the solvent,

it was shown that ethanolu probably due to the scissj-on of the carbiLol,

was present as an impurity in the final product. Another, and perhaps

more serj-ous problem, eneountered b;r Cox et al was the dilutj-on of the

labelled methanol with inactive niethanol, This was ascribed to inactive

C0, adsorbed on the LIAIH, used in preparing the initiat hydride-carbitol

solutions. A detailed discussion of the purity of the meùhanol samples

synthesized is given on page 43, and a description of tests carrj-ed out

to deternine the extent of adsorbed CO2 on the hydride is given on page 22

in secti-on Iff .

Briefly, the first step, consisting of a reciuction of the CO,

by the hydride niay be written as follows:

t+coz / 3LiALH4 L1A](OCH3 ) ¡ / ZtiN'O'

No detailed investigation of the course of the red.uction has been

published.. Schlesinger and !-inhoft(af) working with CO, in excess, found-

Llnat 2 moles of CO, were absorbed per mole of hydride and that under these

conditions a complex ÏIas formed which liberated formaldehyde on acidification.
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l an\
Nystrom et aI\'ll working hrith 2-fo1d excess hydri-d.e noted. reduction to

methanol stage with the consumption of .fJ mole of CO, Cox et al\t"/ de-

mon-strated that even with LOAfi excess of hydride appreciable a¡rounts of

CO, are reduced no further than to formate and that forinaldehyde is always

present in the methanol li'nerated by aleoholysis of the complexo Thus,

according to these authors, it is ì-ikely that ùhe red.uction proeeeds rria,

formate and formaldehyde. fn view of the stoichiornetry of the overall re-

action it is probable that the methanol formed on alcoholysis is orÍ-ginally

present as methoxide.

The second stage is a decomposition of the excess hydride followed

by a.n alcoholysis of the cornplex methoxi-de to yield methanol, equations for

the reactions beins as follolnis:

LIALH, I RoH LiAl(OR) , I tru^+¿
LiAI(OR), I 4CH^OHA,L }

LiAr(ocH3)' / anou

where R = n-Butyl carbitol.

Of necessity, the starting material in the synthesi-s of methanol

from any carbonaceous compound Ís C0, prepared by the combustion of t,he

/rn\
sampIe. The C0, is usually generated from BaCO, by acids or roastingo\*-''

(b) irtethyt borate s¡/nthesis

Since the first s¡mthesis of methyl borate by Ebelman and
/r a\. Bouquet\rÕ/ in 1846 many workers have described various procedures for

prepari-ng the ester.(I9r48) In most cases the techniques Ïrere relatively

eomplicated and yields low. This was aggravated by fhe fact that the

product, methyl borate, is obtalned in the form of its azeotrope with

nethyl a1cohol.

However, in L953 Schlesinger and his co-rn¡o"o"r"(42) developed a
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method of obtaining methyl borate of almost 1001 purity in yielcls of gúfi

or betfer by one of several alternative routes. These authors also describ-

ed the properties of the rnethanol-rnethyl borate azeotrope. In addition

three methods of separating the methyl borate froin the azeotrope were d.is-

cussed.

It woul-d appear possible that the reaction of one mole of boric

oxide w-ith three moles of methanol rrroul-d lead to the formati-on of one mole

of methyl borate free from methanol according to the equation

B2% I 3cH3oH (curo)rn / \Bo3
Actually, however, Schlesinger, et ai.r(42) found. t,hat the distillate consist-

ed of the azeotrope in 7L.6'lt yield." hhen four moles of methanol rvere used,

three moles for the esterifi-cation anci one mole for the azeotropee per

mole of boric oxide, the yield of rnethyl borate as azeotrope rqras 99.1+1fi.

Further using the data of Scirlesi,nger, rnrhen the mole rati-o of

methanol to boric oxide was three to one, the arnount of unreacted methanol

left was ZA"L"rt3 for a mole ratio of four to one, the a¡rount of unreacted

methanol was 36.7/""

Since in the present case the madmum conversion of the nethyl

alcohol to the methyl borate was of prime importance, the latter methanol

to boric oxide raùio was rul-ed out. Thus, although the yi-elds of methyl

borate, based on the arnount of boron utilized, were mu-ch less, there was not

a large excess of methyl alcohol left unreacted"

Of the three procedures avai-lable for the separation of the ester

from the azeotrope viz. (I) washing the azeotrope with sulphur aeid, (2)

Azeotropic distiltation wj-th carbon di-sulphide, (l) treatnen',, v¡i'ch sa1ts,

'r,he third ¡o-ethod is consi dered best by Schlesi-nger ef at(42) " I1: consists
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of fhe addition of salt such as l-ithiun clr-loride to the azeotrope. The

azeotrope separates i-:r'¡to tvro layers; the upper layer containing methyl

borate of 99.flJ purity.

An i:nportant advantage gained in employing lithiurn chloride to

separate the azeotrope i-s the ability to recover practi-cally pure methanol

by a simple distillation of the lower lithiurn chloride layer.

C. General lescription
(a) Liquicl scintillatoqq and effects o{_diluents

Liquid scintillators are composed essentially of a scintillating

phosphor (p-terphenyl) as the primary detector, and a solvent such as >grlene

or toluene which absor'bs the energy initially, In addition to the use of

a primary fluorescent solute as activator the addition of very small arnounts

of a secondary solute, (fr4 - di-(2-(5 phenyloxazolyt)-benzene), provides

a better match to the photomulti-p1ier sensi-tivity" These secondazy solutes,

called wave length shifters, absorb fluorescence from the primary solute

and renrlt it ai; longer wave lengthsn

In the d,iluent method. of counting CI4 a srri-table solvent, called

a diluent, whose presence does not quench severely the fluoreseence efficiency

of the prÍmary scintillator sol-ution, is edded directly to the prirnary liquid

scin-tillator. Thus one of the problems invol.red, apart from electronic

stability and chemi-cal synthesís, is the availability of a basic liquid

scintillatc¡r so]ution the pulse height efficiency of which should be high

enou-gh so that t,he addiiion of a diluent j-s feasible. This difficulty is

especially evident when methanol is the dil-uent, and to a lesser degree in

the case of nethyl borate.
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Quenehing of the fluorescence efficiency of a sol-ution by the

methanor was quit,e pronounced, as can be seen from Figure r curve A,

where the diluent concentration was plotted against pulse height efficiency

relati-ve to anthracene. Although addition of rnet,Lryl borate also decreased

the fluorescence efficÍ-ency of a lio¡id scintillator, the effect shown in
Figure I curve B was not quite as severe as that due to niethanol. By

enploying a secondary solvenù such as naphth"1ur."(26) it is possible to

introduce into the scintillator a much larger quantity of methyl borate

without decreasing the fluorescence efficiency as markeùLy as in the case

of methanol"

The problem of i-ncreasi-ng the fluorescence efficiencies of liquid
scinùillaÙors has been the subjoet of intensive i-nvestigai;ion. New primary

solutes, which may be referred to as trphenS'Ioxazol-esrr developed by Hayes et aI
| ¡¡ ar \\z'Ót )L) were found to j¡rcrease the light output of solutions considerably.

An iroportant quenching effect attributable to dissolved. o>qygen was dis-

covered ín L953. 
(;e¡ Bubbring of dry, o>grgen-free n-itrogen through the

solutions was found to increase the fluorescence effíciency of li-quid

scintillators by as much as fifty per cent, while bubbling with orygen

reversed this effect in every case, Oxygen-quenching of liquid scintilla-

tors has been investigated extensively by Funt and irleparko(z4) rrr¿ "
quenching mechanism proposed. In L955 Hayes and co-worker"(lO) reported

bubbling of liquid scintillators r^¡ith pure argon increased the fluorescenee

efficiencies in a manner analogous to that effected by nitrogen bubbli-ng"

A detailed description of the techn-iclues and liquid scintillator

solu.tions used to determj-ne the di-lution curves is given in the e:qperimental

section.
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(n) ceus

t',¡o cells used in the actual dating measurements in this work

are ill-ustrated in Figure 2. Cefl A lras designed for use on the one i-nch

di a¡neter seni-transparent cathode end-winclow photomultiplier tube (Du:aont

K1190 No" fl?)'t and was employed in measurements on labelled methanol.

Capacj-ty of the cell was 20 nillilitres and a capiIlary tube sealed. to

the inner member of a lO/30 ground glass standard taper joint permitted

the bubbting of dry o4rgen-free nitrogen through fhe solution" A thin

lucite jacket was fitted around the cell in such a manner that a small

space exj-sted betr''¡een the side and top of the cell and jacket, Finely

poi,rdered magnesi.um oxide packed into this space provided an excellent

reflector" One inch lengths of rrtygo¡¡tt tubing.. of propor diameter, attached

to each of i;he openings j¡r the bubbler head facil-itated connection of the

cell to the bubbling line.

Cel-l B was originally designed for testing various tiquid

scintil-l-ator sol-utions on ùhe f! inch Ei,lf photomultiplier tube " However,

i"¡hen i-t was diseovered that methyl borate solutions in cell B gave a

higher fluorescence efficiency (see page 33 ) when measured. ruith the I inch

ùrmont K1l-90 tube than did sinil-ar solutions in ceII A, its useful-ness

for actual counting measurements r¡'ith labelled methyl borate i+as established.

The design of cell B was basical.ly the same as that of cell A; a capiltary

was provided for bubbling nitrogen through the solution, and magnesium

oxide, encased outsido the cell ín a thin lucite jaclcet, served as the

reflector. Chief difference of ceIL B was its greater capacity 25 trLill.i-

litres and larger diameter 1$ inches" A lucite adaptor assured proper

and secure seating of the cell on the one inch phofofube.
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(c)

A schematic diagram of the apparatus and shierding set up for
l-ow level counting by the Physics Department at the University of lvlan-

i-toba is given in Figrrre J. lJetail-ed. descriptions of the associated
electronic ci-rcuitry have been published and- are readily availab1e.ßg, 4A)

Figure 4- ill-ustrates the simplicity of arrangement of counting equipnent
and sh-lelding, one of the attractive features of the Lio;uid. scintillation
count,er in c14 dating"

To reduce the background. counting rate to a ¡ninimwr a rarge

cylindrical sh-ield having a wal-l thi-ckness of 5 inches of 1ead and 1!
inches of mercury was constructed" A cathode foflower which served. as a
preantplifier for the pulses from the photomultipller was attached to the
base j-nside the shiel-d.. The photoniultiplier tube, a specially seleeted.

Dumont K1190 of one inch cathode diarneter, w"ith the scintillator ceLL

and adaptor mounted on it was plugged into the cathod.e follower and the
mercury shield in the fonn of an inverted cup lowered over it"

ïn addition the entire apparatus was enclosed in a copper. mesh

cage I x 7 x 5 feet to elini-inate high frequency interference arising from

eJ-eetrical fixbures, etc"

Pulses from the photomultiprier are passed. by the cathode

folrower to a high gaín (T 40roo0 Rad.iation rnstruments co" Model lo?_p)

lov¡ noise non-overload.ing amplifier, then to a d.ifferentiaL discriminator
and finally are recorded on a d.ecade scaler (Atortc Tnstmments FIodeI f)"
An Esüerl-ine-Angus pen record.er which indicated. ticks for every 100 eounts

on the scaler provided. a convenient counLing rate versu.s ti¡re chart.
Periods of electronic instabitity ind.icated by an exbrenrely large nwnber
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of closely-spaced ticks were eli-rninated. from the overall record' Use of

the differential discrim-inator makes it possible to select only those

pulses in the range of energies corresponding to the 'oeta enerry spectrum

for CI4" This factor helps reduce the background counùing rate since

pulses due to high enerry cosnr-ic rays are not recorded"



EÏPERNVENTAL

Since the preparation of a carbonaceous sample for measurement

n+¡ .i].^ ^^+i--it-of, l-LS acrl-vl-ty consists of severaJ- well defined steps the descri_ption

of the individual proced.ures involved will be carried out under the fol-low-

ing rnain headings:

A. Preparaùion of Samples for S¡mthesis

(a) Pre1i.lninary treatment of sampl-e

(b) Conbustion
(i) Materials
(ii) Combustion proced_ures

B. Chemical Synthesis

(a) Syntiresis of methanol
(i) I'taterials
(ii) proced.ures

(b) S.ynthesis of methyl borate
(i) liaterials
(ii) procedures

C. preparation of Solutions for lvleasurements

(a) Basic liquid scj:rtit-l-ator sotutions
(i) tvíaterials
(ii) tecfrnique

(b) Treatment of solutions contaj¡i-ns diluents

A" Preparation of S.a¡nples for SJmthesis

(')

The importance of carefu-l- examj-nation and. separation of the

material- to be da.i:ed has been established in Libbyrs monograpn.(35) n"t"-
bility of various materials, techniques of pr.eparatj-on of samples and. possi-

bilities of errors have been d.iscussed by Libby and others" À review is
given by Kohman and Saito "(32) 

-t'rbod and peat were generally found to be

suitabl-e materia-ls.
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The samples received r¡¡ere carefulfy removed. from their con-

tainers. Outside layers of the wood samples were then scraped clean with

a sharp knife in order to dislodge aqy dirt and foreign matter present on

the surface. soaking of the v¡ood in 3N Hcr for approxÍmatery six to
twelve hours, denending on the amount of effervescenee noted., served" to

remove any carbonates deposited in the cracks of the i¡rood. Following

the acid soaki-ng, the ¡¡ood was washed i4rith large amounts of freshly boil-ed

distilled water and al-lowed to dry" Samples treated in this manner were

then sùored in glass jars under a \i, atmosphere.

For peat samples the procedu_re r^¡e.s stigÌitly clj_ffe¡.enb" Sjnce

the samples lnvariably contained a much higher percentage of inorganic

matter, the period of acid soaking was exbended to forty-eight hours,

followed by a filtration and washing with freshly boiled distill-ed. water"

Storage of the peat samples was si¡rilar to that of the wood.

In preparing rneihanol of contemporary origin, I'lanitoba beet

sugar, knor,,m to be at most a year old, and of high pur.ity, r¡as utilized

in the conrbustion step " Coz of petrochenrical- origi-n was obtained by

combustíng u.s.P. benzoi-c acid prepared from toruene knor^n: to be of

petrochemical origin"

(b) Combustion of samp].e

(i) trtaterials

Tn the synthesis of a compound to be employed Ín the liquid

scintillation method of radiocarbon dating one must take speci.al care in

avoiding as much as possible ar¡y materials which could conceivably con-

taminate the fi-nal Þroduct.
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Bgr"ium hydroxi4e

The barium hydroxide,

absorption of the carbon dioxide

reagent grade" ït was obtained,

the J.T. Ba.ker Compargr, Toronto,

Perchloric acid

used in preparing solu-ti.ons for the

generated during a conbusti_on, was of

in the form of the octahydrate, from

Ontario.

Perchloric acid used- to generate the carbon dioxide from the

barium carbonate v¡as of reagent grade and wa.s obtained. fron the J.T.

Baker compan¡r, Toronto, ontario" Thirty per cent perchroric a.cici was

ilade by mixing equal parts of distilled wat,er and aci-d.

(ií) Combustion procgd.ures

Combustion of carJ:ona.eeous sarnples was carried out on a mâcro

sea,Ie, a proced.ure simj.lar to that of soberir'r*(t*l) being fol-lowed. with

several modifications.

For samples of high carbon and low-inorgan-ic cont.ent, approx-

i-rnate]-y l-00 to 1!0 grams of the carbonaceous materj-al were combusted.

Large inorganic content resulted in proportionate increases in amount of

material combusted, Peat samples, usually consisti-ng chiefly of inorganlc

componentse ïrere combusted in arnounts up to JOO grams.

Oxidation of the carbonaceous material to carbon dioxid.e was

carried ou-f in a 20 rn-illi-meter i.d. and 100 centimeter long Vycor tube

packed for eighty centimeters of its length l¡ith fresh v¡j-re form copper

oxide free of argr contaminating COr. FIeat was supptied by a. f,hree element

macro frrrnace, O>grgen, used for the combustion, was drawn from a cylinder

and passed- throu-gh a drying train consisting of one sulphuric acid bubbler,

one caleiurn chloride tube, and two ascarite tubes which served to remove
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traces of '¡¡ater and. carbon dioxi-de respectively.

A temperature of 5o0 - 6|,oac was maintained. in t,he v¡rcor tube
during fhe combustion by two of the elements; the temperature of the third.
was adjusùed in such a manner as to assure an even combusti-on of the sample,

el-i¡únating rrflash-backsrt and rn-inor explosions. plugs of silver lvool,
inserfed in the tube removed. sulphur compounds forrned during the conrbustion

of wood and peat.

The combustion Sases were bubbled successively through two five
litre flasks containi-ng aqueous barium hydroxide. solutions of barÍum

hydroxide rrrere made üp by dissol_vj_ng na(OFI), . gH20 in freshly boiled dis-
t1ll-ed water until the saturation point was reached.. They were allowed to
stand overnight, thus settling any carbonates üo the bottom of the flask.
Transference, und-er ni.trogen pressure, through a sintered-glass filter
stick to absorption flasks preiriously well flushed. with nitrogen enabled

one to obtain perfectly cl-ear soluüi ons fori;he absorption of the carbon

clioxide" agitati-on of the solution in the first flask by means of a
rrTruborerr ground glass stirrer hastened. absorpLion of the carbon dioride
by the Ba(OH), considerably. The second flask served as a safety trap,
preventi-ng back up of the atmosphere Ínto the first flask. It was found

that inserùion of a trap between the combustion tube and the first fl_ask

helped to elimj-nate mechanical carry-over of combustion par.ticles into the
f1ask.

Following cornpletion of the combustj-on, the barir:¡r carbonate

in the first fl-ask was allowed to settle overnight " The su-pernata.nt barium

hydroxide sol-uti-on was then neutralized with 3N HCI until- the pink color
due to several d.ops of phenolphthalein indicafor added. vanished. A,
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vigorous shaking of the contents usually mad.e the pink coror reappeare

indicating that slight a¡iounts of ba.rium hydroxide were tra,pped, i-n the
preeipitate. Further addition of HGI- neutralized th-is barium hydroxide"

several such shakÍngs and- treatments with HCl were neeessary to completery
remove traces of barium hyùroxid.e, This procedure was quite important
sinee exposure of the preeipitat,ed bariun carbonate t,o the atmosphere was

necessitaLed duri-ng the filtration step.

The contents of the absorption frask r¡ere then firt,ered. with
sucti-on through a 15 centi¡eter Buchner funnel and the BaCO' followi_ng

several washings r¡¡ith earbon dioxicle-free distil-led r.rater, was dried iir
an oven at 110-I2OoC. St,orage r:f the d-ried barium carbonat.e und.er nitrogen,
in tight']y stoppered glass bottles served to prevent, the exchange of atmos-
pheric carbon dioxi-de wit,h the carbonate"(fO)

B, Chair-ical -Sy.glhgeig

(a) Synthesis of qe-Lhanol

/.\,=, .\l-l ivl.arerl_als

LiA].H
4

For the met,Ìranol synthesis, the rithiun ar-u¡rinum hydride

emp] oyed in the reduction step was obtained. from the Ì,ieta1 Hydride Corp-

orati-on, 12 Congress Streetu Beverly, Liass. Cox "t .f(U) had reported
ühe presence of adsorbed carbon dioxide on the hyctride used by them in the
reduction step" Since tho presence of any carbon dioxid.e adsorbed on the

surface of the hydride would greaùly interfere in any age d.eternj-nations

u-j-th methanol or methyl borate, it was decided to Ínvestigate the degr:ee

of contaninaLion of the hydride employed.
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tialH4 obtai'ned' from the manufacùwer rdas of conmerciar grade
ar¡d ¡uas packa'ged' in tin containers, under a nitrogen atmosphere, with a !Li_¡x-inun of contact +rith t'be atmospher u.(') rt was used without fr¿rther purifi-
cation sinee the forlowing tests showed the presence of any adsorbed c02 tobe negligible,

3'3 grams of riûhir.r¡r alunrinrlm hydrideo taken èirectly from the
container were placed irl an eight inch test tube previously flushed nithN2" rro nillilitres of a solution of equal parts of reagenÈ grade dioxane
and v¡ater were added drop by drop to the hydride. The resuLting gases werethen bubbled through a perfectly clear solution of Ba(oH), ruhfeh had beenfil-tered through a sintered-glass filter stick under nÍtrogen" The presenceof ever¡ trace amounts of @, absorbed on the hydride would be detected bythe formation of BaC0r"

fn addiùion to the preced.ing Èest, a brank synthesis was arsort.no Presence of nethanol as the prod.uct follortring the d.econposition and
alcoholysis step wo¡.¡ld ascertain whether the LiAlHo was contemÍqated t,o
any serious exberÈ l*lth adsorbed. COr"

"24 moles of LiAIHU was d,:lssolved in 500 millrlitres of d.iethyl
carbit'or Ín a three-necked three Litre flask und.er a nitrogen atnosphere,
Deconposition of the hydride ruas effected by adding 550 nÍrrrlitres ofn4utyl earbitor slowþ to the sorutÍon, keeping ùhe reaction frask coore.in an ice-salt mixbure, The contents of the flask rarere then subjected toa vacuu* disÈírlation at a pressure of 10 momn and, a tæperature of 3oac"
Since no distillate vras collected in ühe dry-ice traps, the presørce of
adsorbed c0, on the originar hydride *¡as shown ùo be berow the .rin¡ir,s 

e¡
error inherent in ra¡tiocarbon measurqtentso
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Finally a sample of Itoldtt methanor- was synthesized from c0,

prepared by the combusticn of ilol-drt benzoic acid.. If any C02 was adsorbed.

on the hydricie it would presumably result from contact of the hydride with

the atmosphere" Consequently, if the counting rate due to the troldn

methanol- s¡rnthesized rvas higher than the background counting rate of the

liquid scintj-llator employed, the possibil-iùy of contamination with adsorbed.

c02 would be quite serious" Actual-ly, the counüing rate of the s¡'nthetic
rroldrr meühanol was j-ndistinguishable from that of the background.

Dieth¡¡l- Carbito}" (t-etfrory-Z-(n-etfro>cyetho>ry et,hane)

Used a.s the solvent for the LiAIHU in the methanol synthesis;

it was obtained from the Cari:id-e and Carbon Chernicals, Toronto, Ontario,

and Eastman Chemicals. (1'he use of various sol-vents and alcoholyzing agents

had been investigated in detail by Cox et al). Because it is relatively
non-volatile, and because it is easily available in large quantities r,¡ithout

too great an expense the diethyl carbitol was chosen as the solvent. The

diethyl carbitol as purchased from the manufacturer is l-isterl as beine of
- ¡/rr \

JJ/á puribv\u.' with a boiling point of l-B8"9oC and 5 = 1.4098.

Purification of the diethyl carbitol consisted of a drying w-ith

anhydrous cacl, folloi,¡ed by distillation Lhroug;h a lJ pLaile column" The

fraction boiling at a pressure of J m.m. and tennperature range of L,jo -
46oG was col-lected. There was, howeverå a slight evol-ution of gas when

the LiAlH, i¡¡as dissolved in the purified diethyl carbitol" This could be

explained by traces of water not removed, and possibly traces of high boil--

ing alcohoIs"

n-Butyl carbitor (aiettrytene glycol monobutyl ether; e-(n-outoryethorgr
ethanol)

The n-buf,yl car-oitol used as the hydrolysis agent in the second
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step of the methanol synthesis, was also obtained from two sources,

CarLride a.nd CarJron Chemical.s, Toronto, Ontario, and Fisher Scientific,

Toronto, Ontari-o, and is listed as possessing a pur"ity i-n the region of
l'l I \

96of.t--t No significant difference in yield.s was notieed in using carbitol

from either of the sources. Choice of the n-butyl carbitol- as the alcoholy-

sis agenl rested on its high boiling point, and because it coufd be readil--r¡

obtained at low cost"

Since the presence of neasurable amounts of water in n-butyl

carbitol- woul-d contaminate the methanol, purification of the n-butyl carbitol
consisi;ed of a dryi-ng r^dth anhydrous CaSOU followed by distill-ation through

the 75 plate column. The fraction boiring at a Ðressure of j m.m, ancl a

temperature of 80oC 'n¡as co}lected.

(ii) ProceciUfgq

Apparatus employed in the reduction step is irlu-st,rated- i-n

Figure !. The barium carbonate was placed j¡ the 500 c.c" Erlenmeyer flask

B and.3A/. perch'lori.c acid- j-n the 300 c.c. dropping funnel ¡i,. Use of the

Erlenmeyer enables spreading of the barium carbonate in as shaLloi+ a pile

as possible, faciÌitating contact with the perchlori" 
"c:-d. 

(10)

The hydride-diethyl carbitol was transferred, under a nitrogen

atmosphere, through a sintered-glass filter stick, into the three-necked,

five litre capaci-ty reactJ-on flask C. The pressure in the system during

the reaetion could be measured by the open-end lner.cury manome'ber. Before

each synthesis the entire s¡rstem r'.¡as thoroughly flushed with niùrogen and

tesi:ed for any leaks t'o the atrrrosphere. AIl ground glass connections r/ùere

lubricated v¡ith Dow-Corning silicone grease. This was found to give an

air-tight seal for 1-ong periods. Rubber t,o glass connections were coated
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r,rithrrSeal-itrr. The sulphuric aei.d bubbler Ð, and the trap E, immersed

in a dry-ice-acetone ni:cbure, removed any water vapor carried over wj-th

the C0, generated in the Erlenmeyer"

Agitation of the contents of the reaction flask during the

redusüion and alcoholysis steps v,ras provided by means of a rtTruboretl

st,irrer run by a ccnstant torque stirrirg motor. Cooling of the reaction

flask i-tse1f in an ice-sa1t nri:cbure durìng the reduction sùep was found to

increase the rate of absorption of the C0, by the hydride considerably.

In a t¡rpical reaetion, (St" Pierre wood) ,ó02 moles (U8.6

grams) of BaC0^ was placed in the Erlenmeyer and 195 xtrillilitres of 3VÃt
perchloric acid in the dropping fwurel, The manometer wag then removed

and the hydride-diettryl carbitol solution containing 1 mole (38 grams) of

LiA1H4 dissolved in 1300 rÉllilitres of díethy1 carbiùol transfemed to the

reaction flask wkrile a flow of nitrogen was maintai¡ed through the systemu

The manometer was replaced and the C0, generated by slowly dropping the

perchloric acid onto the barir.¡m carbonate. By means of the nrbber tubing

u .l * pressure balance was maintained in ühe system ensuring a snooth flow

of the acid., whose rate was ad.justed by means of a screw clanp. ìithen the pres-

sure i-n the system was 2 - 3 centimetres hfgher than atmospherÍc pressure,

the manometer was loosened slightly and the nitrogen trapped in the flask

was flushed out by the carbon dioxlde. The manometer was then replaced

and the stj-rrer turned on. Absorption of the gas by the hydride solutj-on

starùed immediately" the carbon dioxide rrüas generated at such a rate as

to have the pressure in the system several centimeters higher than atmos-

pheric pressure, elinrinatj-ng possibilities of conta.nination, should any

leak develop during the course of the reactiono trnlhen the absorption of



carbon dioxide generated by the bariun carbonate was comFleted, usua1ly

wlthin two to three hours, the tubing at rrarr rtras connected through an

ascarj-te tube to a nitrogen cylinder" Nitrogen was then bubble¿ into
the system until all traces of carbon d.ioxide were absorbed by the solution.
tr'Iith a fLow of nitrogen naintained through the sysüem, the manometer was

replaced by a J00 coc" dropping funnel equipped brith an outlet through

t¡hich the nitrogen could escape. A trap immersed. in dry-ice-acetone was

connected to this outlet by means of rirbber tubing. l+75 níL¡i1itres of

n-butyI carbitol were then placed in the d.roppi.:rg funnel" The flow of

nitrogen was adjusted to 3 - h bubbles per second and the carbitol was

allowed to drop very slowIy into the reactj-on flask which was cooled in
ice-salt" Caution r¡Ias exerci.sed in this step for the large volume of Lrydro-

gen evolved during the decomposj-tion step could be Ígnited quite easily if
the rate of decomposition is too rapid, A safety shi-eId. v¡as installed in
the event that argr explosi-on should occur. The hyd.rogen r,¡as flushed. out

of the flask through the trap and ínto the fl¡me hood. by ùhe nitrogen.

Approximately 3@ ni].li]:itres of n-butyl carbitol r,.rere necessary to decom-

pose the excess hydride. Following the decomposition, a fi¡rther 1435 nilli-
litres of n-butyI carbitol were added to hydrolyze the eonplex salt and

yield the methanol"

Distillation of the nethanol from the reaetion flask vrr&s êc-

complished in the following mannero A nitrogen bleed r"¡as inser,üed. in one

neck of the reaction flask; a thennometer placed in the other. The stirrer
was removed and in its position were connected two traps i.n series, im-

mersed j-n Deü¡ars contai-ning dry-íce-aceùone m:i:cbure" The second trap

was colaected through a simFle manometer to a vacuum pumpc A pressure



of 2 nillimeters was maintai-ned duri-ng the cListillation with the aid of
the bleed, and the temperature was raised Lo z7oc by means of a heating
mantle. When about 40 mi]-lilitres of d.istillate had been collected in the
first trap, the distillation r^¡as discontinued, and a refractive index taken
of the crude methanor. rt ruas found to be r.3?10. The distilrate was

transfemed to a 100 c.c' flask and kept for subsequent purifÍcation" Fur-
ther vacuum distillation of the methanol from ths reacti-on flask was

attenpted but the refraeti-ve index of the distillate collected, I.JpgO,

initicated that it was chíefly diethyl carbitol. This portion uas added to
the preu1ous distillaÈe,

Fu¡íficati-on of the crude methanol d.istillate consisted of a

distillation through a senrí-rnicro fractionating colunn" Thls colurnr¡ r¿as

simif¿¡ to the one used in the distíllation of the toluene in the toluene
/¡ a\

synthesis.\4t) It consisted. of a glass tube 9 rrillimeters in dianeter and

40 centi-netres long filled with glass heli-ces and equipped r+ith a refli:x-
head" The tubing was insurated v¡'iùh cotton bat,ting held in place by le

centimetres dianeter glass tube wrapped. with a heaüing tape. Thus the

tenrperature of the distilling column could be maÍntained at the sa,ne temp-

erature as that of the tiquid being disti]]ed" AÌl effi-ciency of g theor-
etical plates could be obtained with it"

The methanol was distilled. ùhr"ough this colunn and the fraction
boiling in the range of 6l+0 - 65oC and pressure of Z4g m" was colleeted

in a flask i¡nmersed in a rnixture of dry-ice-acetone. .4. calcium chlorid.e

tube attached to the outlet of the system prevented argr atmospheric water

vapor from condensing in the receiving f1ask" The temperature süayed con-

stant in this range and when aLL of the nethanol had. distilted over it
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dropped. The fact that the temperature d.id not go above 65oC tn¿icates

that the produet was exbremely pure and was free of conta¡ninants such as

ethanol and r,trater. Since methanol does not form argr azeotrope with water,

it nay be separated. completely from water by fractional ¿isttttrttorr"(5t)
The refractive index of the reùistiIled methanol deterni-ned.

on an Abbe refract,ometer was 1.3309, A yield of Lh.Z5 grams or 75,fr eal-

culated on the basis of C0, generated. was obtained, A refraetive i-ndex

of L.hO79 r'cas obtained for the residue left in the distilling flask, j-n-

dicating that the chief impurity presenü in the crude methanol was dietþl
earbitol. Data for the syntheses carried out in the investigation are

Iisted in Table fI"
(U) Strnthesis of neühyl borate

(i) uaterials

Boric Oxide

Anhydrous boric oxide used i¡r the syntheses was of reagent grade

and was obtained from the J.T. Baker Co. Toronto, Ontario. It w-âe €m-

ployed urithout further purificatÍon"

Lithíun Chloride

Anhydrous tithil::n ch-loride obÈained from the J.T. Baker Co. of

Toronto, Ontario was of reagent grade. Þccept for drying in an oven at

IlOoC to remove traces of moisture, the lithir¡m chloride was uùilized r.¡ith-

out fi,¡rther purification.

(ii) Procedures

Apparatus used in the nethyl borate synthesis is iltustrated in
Figure 6" Since the actual s¡mthesgs ro¡ere on a mueh snaLler scale than

those of Schlesinger et aI modj-fications of SchlesÍngerrs techniques were
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necessitated.

A 100 millilitre one-necked flask A hdth an attached síde ana

B, through r¡hich fineþ powdered boric oxide could be added, served as

the reaction vessel. To the flask was attached a fractional ùistillation
colwur consistj-ng of a glass tube nine rrillimetres in diameter and si:c-

teen centimetres long fi]-led three quarLers of its length with glass

helices. The colunn was encased in a five centimetre diameter glass tube

plugged wiùh cotton wool. A refrux head was fitted to the top of ùhis

colu¡on.

Á. sixty nillilitre cone-shaped flask, protected from the atmos-

phere by means of a ealcir.¡m chloride tube, served as the receivi.ng flasko

Before each synthesj-s the entire system luas flushed thoroughly with n-itrogen,

In a typical synthesis of netþl borate 18.80 gra¡ns ("59 moles)

of methanol prepared from the Missínaibí River peat sample were placed in

the reaction vessel. 13"72 grams of finely powdered boric anhydride were

then weighed out and separated into four porùions. Each portion was added

separafely through the side arm of the reactj-on flask to the meühanoJ-u

Following each addition, the contents of the reaction vessel were ref}¡:ced

gently. Upon completion of the addi-tion the reaction mixbure ïras heated

for a further two to three hourso The contents were then di-stiIled through

the colrr.rnn and collected in the receiving flask which was iûmersed in a

Dewar flask containing dr¡r ice" The temperature range of the distil-l-ate

collected. was 53 - 55oC j¡rdicating that i-t consisted chiefly of the methanol-

methyl borate azeotrope whose boiling point is 54"6oC "(42¡ In most of the

s¡mtheses a hard white solid remai¡ed in the reacti,on vessel, The residual
¡/ I o\

materi-al was presurnably methyl metaborat e O\+'t
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After disconnecting the receirring flask from the system, {.2
gra¡ns of anhydrous lithirrn chloride, which had been further dri-ed over-

night in an oven at ll0o0, were rapidly ad.ded to the distillate. The flask
was then stoppered and vigorously shaken until two liquid. layers were formed"

After the excess lithiun chl-oríde had. settled. to the bottom of the conical

flask, the Èop layer consisting of almost prrre nretkryl borate was separated

from the bottom layer composed of methanol and. lithir¡m chlorid.e by means of
& mig¡e separatory funnel.

Purification of ùhe metþI borate consisted. of two distillations
through the senri-micro fractional'dtstillation column described in the

methanol synthesis. The entire system was flushed with nÍtrogen ar¡d the

receiving tube, which was iruuersed in dry i-ce, was protected from the atmos-

phere by a caleium ehlorÍde tube,

Two separate fractions boiling in the range s 53 - 55oc and 6? *
ô

68"5-C at atmospheric pressure were observed. The first fraetion amo¿nting

to 4 mi[ilitres was in a1I probabitity part of the raethanol-netlryl borate

azeotrope not separated by the lithir¡m chloride; the boiling point of the

second indicated that it was mettgrl borate.

Ftrther purification was accomplished by the addition of an-

þdrous lithir¡n chloride to the once distilled methyl borate followed. by

a second disti[ation through ühe fractionating colunur. A product boiling

in the range 67.5 - 68"5oC was collected indicating that separation of the

methyl borate from the nethyl alcohol was complete. Because of the rapid.

deconpositi-on of methyl borate upon exposure to the moist atmosphere no

accurate measure of the refractive i.ndex vras possible,

The yield of methyl borate, calculated. on the basis of boron
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converted to borate, was lJ$. Data and yields for various samples of

nethyl borate synthesized are tisted in Tab1e III. Recovery of the

methanol fron the lower layer was achieved by a si-mple one plate distill-

ation, The boíling point range of the distillate Ì¡Ias 63.5oQ - 65oC"

Qr_Ereparation of Solutions for Measurement

(a) Basic liquid scintillator solutions

(i) Materials

XyIene

Reagent grade rylene was employed as the solvent in all the basic

scintitlator solutlons used for methanol and methyl borate dating measure-

ments. It rtras obtained from the J.T" Baker Co., Torcnto, 0ntari-o, in

500 c,c. Iots; the boiling point range was listed as 139.9 - l4OoC and

".20ttD a I.t+gTg" I{o further prrification of the 4¡1ene was attempted since

an earlie" ,"or¡(43) in¿icated that no significant i-ncrease in pulse height

efficiency was obtained after additional distillation"

p-TerphentrI (TP) (M" P. z:'Soc)

The p-terphenyl used. as the pri.mary solute in the basic scintill-

ator solution employed in methanol measurements, was supplied by the Arapahoe

Cheroical Co., Boulder, Colorado. It was listed as being of scj-ntillation

grade and no further purification was deemed necessary.

1, 4-di-(a-(¡ prrerlyloxaz"lvr)) - be (I4"P" = 158 - 159oc)

Used as the secondary solute in the scintillator solutior com-

posed of p-terphenyl and:rylene v{as obtained from the Pilot Chernieal Co',

lilaltha,nr, Mass. It v¡as used w'ithouü any additional purificati-on'
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2-æIrenvl-5-(4-biphe ) (psl) (I'I.P. e l:67 - 169oc)

Source of the PBD was also the Arapahoe Cheruical Co., Boulder,

Colorado, This primary solute was of scintillati.on grade purity. Further

puri-fication by recrystallizati-on from to1u"rr"(3t) d.id. not alter the

characteristics of the scintiLlator solutionu

Naphthalene (luI.P, = 8o.22oC)

Naphùhalene which serves as a secondary solvent in the basic

scintillator solution used in netkyl borate measurements, was obtained frrcm

the Fisher ScientifÍc Co., Toronto, Ontario" It was listed as befng re-

crystallized tw1ce from alcohol and consequently no further purification

was attempted.

(ii) Technique

Liquid scintillator solutions Ttrere made up j¡ sufficient quanti-

ties such that all measurements of both the background and sample corrnt-

ing rates could be carri-ed out uslng ali-quot portion of the same stock

solution. ThÍ-s procedure was carried out in both the methanol and nethyl

borate rnethods and eliminated arly errors which could coneeivabþ ari.se

if solutions were prepared r,¡ith chem-i-cals from different batches.

A basie scintillator solutionr composed of 4 gramsÂitre

terpheqyl as the prirnary solute, .1 gramflitre 1r4-di-(2-(5 pher¡yloxazolyl))

benzene (pOpOp) as the seeondary solute (wave-length shifüer), and rgrlene,

giving a fluorescence efficiency of 74 relative to anthracene after

nitrogen bubbling was fomd suiùabIe for use with methanol as diluent'

Curve A, Figure I was obtained using CeIL A mounted on an

E"M"I. I| inch photomultiplier tube; relative pulse heights were detertined

by read.Íng the pulse height corresponding to an integral counting rate of
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1ó0 counts per ninute and. conparing røith an anthracene crystal sirrif¿¡.fy
mounted. A 2"5 7c sanFle of c"137 *itt:.o g "z5i Mev f rays served as

the source. Discussion of the choice of a liquid scintillator containing

l0 per cent by weight of methanol for dating measuræents is s"iven on

page {./¡"

Ïn the methyl borate method the basic liquid scintíIlaÈor
solution used tias composed of J gransfitre, 2-pheny]*5-(4*biphenylyl)-1,

3¡ 4-o*.arliazore (PBD) as the pri-nary solute, /0 gransÂitre naphtharene

as secondary solvent and ryIene, A pulse heigþt efficiency of 76% xæ
lative to anthracene ¡¡as obtained afber bubbling wiùh dry o:rygen*free

nitrogan" Further inerease in concentration of primary sorute to g

gransfiitre PBD raised the fluorescence efficiency onfy slightly,
The dilution curve B, FÍgure r for nebþI borate was obtatned

w'ith ceLL B mounted on the I$ inch E,M"I. photonultíplier tube in ¿ eìn.ì|æ"

manner as for meùhanol

Tesùs of the above basic liqruid phosphor using cell A, on a one

inch Dr¡mont IO190 photomultiplier tube showed that the relative pulse heÍght

efficiency was consíderably lower than the value observed. u.ith cell B on

the E.M'I" tt¡beo In adùition, it was found that the fluorescence effi-ciency
of this basic solutÍon, obtained with ceLL B mounted on the Dumont IO.190

tube by means of the adaptor was hÍgher by 10 per cent than that obtained

rqith cerl A" Thereforeu a methyl borate dilution eurve c, Figure r for
cell B on this tube ¡ras dete¡:rnined, ft should be remarked that no such

ar¡omalous behaviow was observed r,shen the diluti.on curve for methanol was

repeated using cells A and B on both photomultiplÍer tubes" CeII B was

mployed with the IgL90 tube for actuaJ. dating measursnents on labelled.
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methyl borate sarnples"

(b) Treatment of solutions containing d.i].uents

To illustrate the procedures invorved in setti-ng up a

synthesized methyl borate sa.rnple for the measì.rement of its activity the

folloi'ri-ng description suffiees,

A ceIl of type B v¡as thorouglr-ly eleaned, dried and flushe¿ lrith
nièrogen" To it were transferred 23.96 g.ra.¡ns of solution composed. of

f 'J2 grans (3r.h% by weight) of netlryl borate synthesized from the st.
Pierre S-5 wood sample and 16.44 grains of stock lic¿uid scintillator (ZO

grar,s,/litre naphthalene, J grams/Liüre pBD and :ryIene)" The capillary
bubbler, with a smal.l dab of silicone grease on the grorurd. glass joint, ruas

then fÍtted to the ceIl, and the arrangement aùtached to the nitrogen drying

train by means of the short pi-ece of trtygontt tubing on the bubbling arr,
Niürogen taken from a cylinder rdas passed through a drying train consisting

of one pyroga'lìol bubbror to remove olsrgene 4 ilun type drying tubes, two of

whi-ch t¡ere filled with arùrydrous CaSOU and the other two with silica gel,

and one:ryIene bubbler serving as a saturator. Bubbling at the rate of

L * 2 bubbles per second was continued. for a period. of twenty-five minutes.

A special trap connected to the outlet tubing of the bubbler and i¡rmersed,

in an ice-sa1t mi:rture (for raethanol an .aceüone-dry-ice nrixture) trapped.

aqy of the vapors carried out of the cell by the nitrogen stream. The

weight of the liquid collected j-n the trap never a.m.ounùed to roore than ,09

gra.Ins and comections applíed to the solution in ùhe cell were, therefore,

almost negligible. Upon corLpletion of the bubbling the lttygonrr eonnections

on the bubblers were pinched tight with Hoffman screw elarnps, All tttygontt*

glass connections were then liberally coated rdth Fisher rrSeal-Ittr, insuring



against any leakage of the atmosphere j-nto the cell" After fitting the

ad.aptor to the botton of the cell the sanple was ready for measurementu

Er,cept for the use of Cell A and a different basic scintillafor

solution, the steps followed i¡ the methanol measurement were identical

with the above"

Samples were stored in !O c,c. screrlr-cap glass bottles previously

flushed. with nitrogen. A th:in all:minr¡m foil sealed over the cap and upper

part of the bottle with paraffin prevented evaporation of contents"



DATA AI.{D RESUI,TS

In 1i-ne with the development of the experimental sectj-on the

results are presented in the follor+ing order.

An Documentation of Sanples Investigated

B. Data and Yields for the Methanol and Viethyl Borate

S¡mtheses

C" Resul-ts of Corurtj¡¡g Measurements

(a) Range of the methanol and nethyl borate method.s

(U) eges of sanrples investi-gated

A._ Docr¡nentation of Saroples Investigated

A conplete list of the sarnples i-nvestigated along with their

origin and description is given in Table r. Both nethanol and netþI
borat'e were s¡mthesized from beet sugar and were used to establish the

activity of contemporary radiocarbon as measured by the liquid sci:rtilla-
tion counter. tfOldrr methanol and methyl borate t,'rere prepared from benzoic

acid of petrocheinical origin.

Documentation of the samples vlas provided by the collector in each

ease. Several additional points concerning these samples may be added.

ïnterest in the wood sample S-l+ collected by Prof. Lougee stems frc'n a

growing body of data which indicates the contemporaneity of post-glacial

upthrusts of glacíal sea-shores on either sj-de of the North Atlantic Oceano

This sa.mple found on the bank of the St" I¿wrence River was thought to be

part of such an upthrust and arqy dating measuremenüs on it would be sig-

nificant. A similar situation was presented i¡ the wood sa,nple S-3
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collected in the Bay of Fundy.

The two sanples 5-6 and S-? subnitted by O.L. Hughes of the

Geological Survey of Canada were thought to be rennants of a glaci-a1

retreat i:r northern Ontari-o and were collected from the sane location"

Sample S-5 St, Pierre "utlood was previously dated by three different

groups using the solid-carbon and acetylene methods" These results were

as follows" 
I

L-I9O A LLTO5O 1 ¿*OO years (possibility of contani¡ration

suggested by J. Lawrence l(u1p)

(solid carbon)

y-zt. 2O,3OO f åsffi years. Soli-d carbon method.

1'f-189 > ¿l0rO0O years - dated by acetylene method in

llashington,

An explanation for the serious differences in the three dates nay

be offered by the fact that the wood samples analysed were aIL part of a

gross grab sample; the pieces of wood blere generalSy too small to allow

sa.rnpli4g of a single pieee for alJ. analyses.

Documentation on the wood sarnple S-8 collected from a farnerrs

well in Alberta was vague and details other than its origin were lacking,
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TABT,E I

Sample
Number

Nature of
Sanple

Locality Description of
Sample

t;

s-3

s-5

s-8

s-5

Benzoic Acid

Beet Sugar

i¡úood

hlood

ï,Iood

tr'lood

trdood

Manitoba

Micmac teruace
Baie St, Catherj.ne,
Quebec.
Collector: Prof"
Bichard J" Iougee*

Drovmed forest
Bay of Ftrndy
.Arnherst, Nova ScotÍa
Collector: Prof" R.
J. Lougee

St" Pj-erre Section,
St" Pierre les
Becquets, P.Q"
CoLlector: II.R"
Gaddù&

Fie1d No" 24I{B
?ird''!f, - Itissinaibi
River - ó niles
above mouth of
Soweska River,
Northern Ontario,
Date: August L8, Lg5l+
Collector: 0nLo
HughesSÈ

Alberta,
Collector: Prof,
C.P. Gravenor
University of Alberta

Prepared from toluene
of petroche¡nical origin

Contemporary orlgin

Several large pieces of
coniferous wood, buried
as driJtwood; from lJ
to 20 feet belov¡ the
surface of the terrace

One fork-shaped pieee
of wood or root from a
stump sj.tuåted aù the
drovnred forest

Several pieces of wood.
from peat layer No" 3

One pieee of wood from
below peat horizon;
wood at base 2.9r til[.

Jne piece of wood ob-
bained from a farrnerts
iuell at a depth of 27
feet

þ Department of Geograpþ, C1ark Universityáú Geological Surveys of Canad,a{rftÈ Geological Surveys of Canada



39

TABTE I
of

Field 24MB
Souüh bar¡k of
ivlissinaibi River
about six ailes
above Soweska River"
lüorthern Ontario
Ða!e: August l-,B, Lg5tt
Collector: 0oL"
Hughes, Geological
Surveys of Canada

Obtained from the
Un:lversity of
Saskatchewan

Three blocks of peat
obtained. from thã
peat horizon

Two pieces of wood.
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B. Ðata and ri"rds for th" þfethanof and Methvr Borate syntheses

Syntheses of methanol and methyl borate were carried out for each

of the sarnples listed in Tab1e I; the data and yields are listed in Tab1e

ÏI and Tab1e ITI respectively. Teehniques identi-cal to those described in
the experimental section were employed.

An analysj.s of Table TI reveals an interesting comelation between

the yields of methanol and the concenùration of the þdride-diettryl carbitol
solutions. Although yields of methanol of over 8tÁ have been reported QtlZ)

for syntheses on a m:lcro scale, the first syntheses on a n&cro scale re-
sulted in much lower yields, in ùhe vicÍnity of 50 - 69fi. However, when

more di-Iute hydride-dietþI carbitol solutions were used. in the absorption

step, a significant increase in yields to over lClS was observed., The vari-
ation of overa1-l y5-elds rcj-th ehange in concentration of the hydrid,e-d.ietlryl

carbitol solution is illustrated in Figrrre 8" From the data Ín Tab1e II
and Figure I it would appear that reduction of the carbon dioxid.e by the

hydrÍde in the most concentrated. solutions, although complete, d.id not 1ead

to the formation of a complex ¡¡t¡ich would ¡rield methanol upon alcoholysis,

Ïn one Ínstance, addition of several mil-Lilitres of tgndrochloric acid to
a smal1 portion of the residual nixture from a synthesis foJ-lowed by dis-
tillation, resulted in the collectj-on of severar drops of a compound

possessing an odor siûrilar to fo¡mic acid. It nay weIL be that the re-
duction of the carbon dioxj-de to a complex formate i-s more favored in
concentrated hydride-carbitol solutlons even though in aLL the syntheses

a large excess of the hydride was employed to prevent such an occurrenceo

Colunns 7 and I of Table II list the physical constants of the

oynthesized methanoJ- samples. The values agree very well with those re-
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TABLE IÏ
Data fo¡q Methano]_Wtrg

Nomenclature follows that used in Table I¡ page 38.

Aceidental loss of methanol resulted in a low overall

,:lJ,j"r':

å.. '/
i!: "grÀ, ,
[€.LCt o
ti' ?

Ì+\ Þ

1",¡.'#
ot. 

L

lq-

Saniple.
NumberË

lfo1es
of

coz

Moles
of

rial&

Volume
of

DietþI
Carbitol

(m1")

Tield
in

(gra¡rs)

Yie1d
Ín
ú
lo

Boiling
Point
ogä*"

Ref 
"

ïndex
n 20o

Ð

s-l (a) 59 .84 850 7.36 38 6l+-61+.8 r,3299

s-I (b) ,62 ,90 9r0 LT.55 59 63-6h.5 t"3307

s-2 (a) "832 1.21 700 L7.l+9 66 63 "5-6t+ L"3298

s-2 (b) ,97 1"40 700 15 "50 )t 63.7-65 t"330I

s-2 (c) r.o5 L"2h 700 17.T6 52
/^ F /t F04')-o4ø) t.3308

s-2 (d) "99 L.65 2500 22.5L 7L 61r.5-65 1"3318

s-3 (a) "51 1,07 750 1I.20 68 6L.5-66 t.3309

s-3 (u) .78 r"07 9W L7 "3t 7L 63 "5-65 1.3301

s-3 (c) "92 L.56 1300 20.3O 69 63.5-65 L.3309

s-4 "o) "93 6ro 10,30 l+9 63 "5-61+ L.3299

s-5 (a) .60 1"00 1300 u.25 75 6h"5-66 L.3307

s-5 (b) .7r L"L2 L350 16.81 71+ 64.5-66 L"3303

ù-o oB5 1.28 L350 20.67 76 63 "5-65 1.3310

s-7 "94 1"50 L750 22.25 7l+ 63 "5-61+ t"3299

s-8 "75 L"32 2500 18.80 7h 63 "5-64 L"3298

s-g** "9L r,5h 2000 8"61* 3o 63,5-61+ 1,3310
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corded in the literature B"P. * 6tr"5xgo| aL 76|¡nm' and oO'O = 18Zg63(49) "

Methyl borate samples r¡rere prepared from the purified methanol

listed in Table II" Boiling poinÈs of the doubly-distill-ed products were

in aLL eases very close to the value quoted by Schlesinger' Although the

yields listed in colr¡mn 5 were not as high as those reported by schlesi-nger,

there lfas no undue alarm since the mole ratio of bori-c oxide to methanol

was so chosen as to allow maximum conversion of methanol to nethyl borate'

A discussion of the possibility of isotopic fractionation 1n the

foregoing s¡mtheses r,¡ill be given in the ne>cb sectilon, Page 52 '
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TABI.E ÏTI

DgLg :Lor Methyl Borate Syntheses

Sample
Number

Ileight
of

Boric Oxide
(gr"")

ideighü
of

Methanol
(gp". )

líeld
Methy1
Borate
(g 

".)
YieId

dþ

s-I (a u)e

s-2 (a b c)

s-2 (d)

s-3 (b)

s-3 (c)

s-5 (a)

s-5 (b)

s-6

s-7

s-8

7.IL

L5,30

L6.26

)a"37

L3 "89

g 
"67

10"91

14"01

j.3.72

12"t+

L3.Lh

2g.16#

20"3O

t5 "50

19"11

t3 "30

1/+.89

19.03

18"80

16,gg

6"35

Ll+,3O

r4.4r

9.11

9.63

8"92

LO.77

l.'2"36

u"l2
]-2"ho

l+7

62

58"5

54

l+l

62

66

62

7L

67

* S-1 (a) and S-1 (U) were combined ir¡ the rnethyl borate s¡mthesis

S* The nole ratio of methanol: boric oxide was 411 ín fhis casee
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C. Results of Counting Measurements

(") Banee of the rûethanol snd methyl bor+te netbod.s

An analysis of the problems urhich arise along w'ith the results

obtained in the counting of low level rad:Locarbon activities using both

the nethanol and methyl borate rliluent methods vÉIl be given,

Considerations of the photornultiplier $-oise characteristics

for liquid scintillators of varj-ous fluorescence efficiencr"u(39) to-

dicate that the contribuùion of the photonultiplier tube noise t,o back-

ground counting rate is qu-lte signlficant for liquid phosphors with low

pulse height effici-encies" Indeed, use of liquld scj-ntillators with a

fluorescence efficiency lower than 35% relative to anthracene is im-

practicalu Consequently bearing in njJrd Figure I Curve A shor,,ring the

decrease j-n fluorescence efficiency with methanol concentration it is
evident that the quantity s¡ sample carbon i-ntroduced in the form of

meùhanol into the liquid phosphor will be limited by the fluorescence

efficiency of the resultant solution,

Further considering Figure I we see from curve B that quench-

ing of fluorescence efficiency by addition of methyl borate is not nearly

so severe as for methanol. An i¡nediate consequence of this j-s that more

labelled carbon atoms can be introduced into the scintillator than is
possible w'ith the methanol" Ðifficulties such as this are not encorurtered

in the toluene methodr(z5) where the labelled. atoms are a part of the

molecules eomprising the solvent component of the liquld phosphor,

fn addition to the above conditions, a decision must, be reached

as to the optimum enerry region j¡ which to perform a count" The use-

fulness of the differential di-scrimi-nation technique is at once evident
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for it nakes possible the counting of pulses in the energy region selected

only.

To obtai-n the value for the counting rate of a contemporary

methanol sainple, a liquid scintillator weíghing a total of lJ grams, giv-

ing a pulse height efficiency 35% rcLalive to anthracene, and containing

h"97 grams of rfmodernrr methanol was used" Total weight of trmodernrr

carbon, part of which i" C14, was therefore 1.8? grarnso

From considerations of Figure f showing the integral bias

curves obtained for the methanol techni-que using the above uotrrtiorr(46),

a count taken in the energy region of 40 kev to 135 kev would result in

a background of 11"8 cpm, and a net sa:np1e carbon count of 1/a,2 cpm.

Although the nethanol method would thus be meaningful to 36e000 years,

on the arbitrary basis that a net counting rate in excess of four times

fhe standard deviation 0"" in the background eounting rate is signifícant,

and if one counts for !8 hours on both the unknor'¡n and the background, the

rapid increase of the noise spectrwa for the Ðumonü flf9O tube in this

energy region creates a problem in realizing g completely stable back-

ground.

It may be noted that the standard devj-ation o- for argr random

process such as a radioacÈive disinùegration is given by the follow'ing

rel-ati-on. û- = V ,, o¡rur" n is the total nr¡nber of counts record.ed. in

the intervar of measureme n "(23)
To circumvent this difficulty a differenti-al coi¡nü was taken

in the energy interval 45 kev lo l-L35 kev yielding countlng rates of 8.18 {
O.OJ cpm and ? 39 t.O8 c¡m. for 48 hou¡ counts on the background and net

modern saaiple respectively" Pulse height efficiencies of both were adjusLed
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to the same value by means of o)S¡gen bubbling. Thus although the net

modern earbon activity is lower the background counti-ng r:ate is 1n a much

more workable region.

If v¡e again use the criterion of net counting rates in excess

of l+ f * being significant the methanol method is nearli-ngfrrl to J0r00O
õ

years o

Investigations of the contenporary counting rate for label-led

sa,nnples of metkryl borate vrere carried out along much the sane lj-nes as

those on the methanoln In this case the liquid scintillator total weÍght

2t+.O5 gra,ms, was contained in ceI]- B. Weight of the methyl borate in this

seintitlator laras f .6O grams comesponding to ?"63 gra.rns of carbon, some of

which is c14.

The energy interval chosen for meas.¡rement was approxi-uøte1y

l+5 - L35 kev, nrhich is identical to the interval used in the methanol method'

Hor,,rever, since the pulse height efficj-ency relative to anthracene of the

scintillator soluti-on used in the methyl borate method was l+5%t a factor

which ís LAfr higher than the scintillator employed in the methanol method,

the background counting rate should be 1ower in the meùhyl borate method,

That this is true is indicated by the values of IO.O7 { O.Oe cpm for net
/

saurple counting rate and b"26 :0.0{ cpnn for background obtained with the

above scintillator. Thus, i-f one invokes the 4 o" U criterion the range

of the mettryl borate ¡rethod can be estimated as 351000 years.

In Figure 9 ís plotted on a semi-log scale the radiocarbon act-

ivity as a function of sarnple age for each of the three methods of liquid

scj¡tillation counting of C4 tfrus far investigated.. Curve A is re-

prod.uced from the values reported in the literature for the toluene method
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/nr\
of age d.etern-ination.\t2l The line slope is deternined by the assr¡med

half-life of 5568 years for C14. In aIL three method.s the tjmits are

deterrnined on the 4 O-, basis. From this figure it j-s seen that of the

three, the toluene mothod with a ljreit of approximately 401000 years has

the longest range; the methyl borate with a linit of 351000 years i.s

interrnediate while the U-¡nit of the methanol is the lowest o

(b) Ages of sa¡nples investieated

At present a total of six well-documented sarnples have been

dated by means of the methanol and netlqrl borate methods of radiocarbon

dating" Measurements were carried out by i{r. -ltJ.il-lian Turchinetz of the

Pþsics Department at the University of I'Ianitoba and are listed in Tab1e

IV, a, b,

of the siJc, one samFle (S-4 wood), Tab1e IV, a, was dated by

the methanol method at a ti¡re when the overall signal to noise ratio was

favorable; the other five samples were dated by the methyl borate technique"

Measurements of the sanplea were carried out in the same rnanner

as those to determine the activity of the contemporary samples. Unlmown

sample ar¡d the bacþround sample were alternated every 24 hours brackettÍng

effeetively each saraple count with two background counts. Tota1 saurple

counting tjmes of 48 hours were used in all of the methyl borate measurements.

The final sa.mple corrnting rate is given by the mean of the two net sample

counting rates.

By using the equation

T=8035ln(Ro)
ÏñÏ

the age of each sanple r+as calculated and the values so obtained are listed
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in co}.¡nr¡ 7,

Errors in the backgror:nd and sa'nFle cor¡r¡ts are given in

each case as the stend.ard deviation i,e, O-s V n uhere n ís the total

nu¡nloer of cowrts" The errors givan

as the standard devlation of the net

of the followi.:rg equation'(23)

for the net counting rate are given

rate and can be cal-culated bY use

rn s \lor" ø or2 where

frn I standard deviation of net rate

o-g s standard deviation of background

oS @ star¡dard deviatíon of sarnple
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Methanol
(grans)

s-4

TABLE IV (a)

Agq gl t9ênÞ1e Usine Methanol Method

-lfeight

of
Carbon
(erams)

5 "82

Net
Counting
Rate
(c.p"m. )

2"18 7 "a5 { o"o5

R
C o p olllu
per
gram

Ro
c np ottlo
per
gram

3 "ze t o"ot+ u.e5 /- o"o5

Age
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3:r5o { Ys

\o



Sa.mple

TABLE rv (b)

Aees of Sa¡nples Usine MethtrL_Berale Method

s-3

ù-O

s-7

s-5

S-B

lùeight
of

Methanol
(grans)

7 "3L

7.40

7 "65

7 "52

5.1+9

Iw-eight
of

Carbon
(grams)

2,53

2.56

2"65

4oOU

1.9r

Net
Counting
Rate
( 
" "p"m. )

* Lower values are due
instability

5;1JU t o,o8

,2g5 #- o.o7

,a9 { o,o3

"55 t o.ot+

,5o5 /- o"o5

DIL

c 
" 
p .IIIo

per
gram

to gate ïddth 55 - 60 Kev at Lower 1eveI necessitated. by electronlc

z,ll t o.oj

o"tt f o"oe

0.034 { o.ot5

o.zt { o,oz

0.26 / o"o3

Ro
c"polllo
per
gra.m

u"oe f o"or

/+.08 d o,o5

4.og d o.o5

z,s5 t o.05*

3 "sh { o.o5û

Age
(years)

rsoo t vo
z9,ooo t ,Soo

38,500 t zroo

2O,2OA f *o
zrr6oo /- go,

\tr



DISCUSSION

The suitability of the methanol and methyl borate methods for
routine radi-ocarbon measurements ís quite evident. Problems of tjme and

labour involved in preparation of a sample for analysis which, according
/l r \

to Suess, \4/ were the major dra¡¡backs of the liquid scintillation tech-

nique, have been suecessfully overcome in both the methanol and. metþl
borate methods; the toruene technj-que, hohrever, involves a somev¡hat

elaborate chemical processing"

Choice of r.rrhich method is most suiùab1e ís governed by a varieùy

of factors' For reasonably quick measurements on carbonaceous samples of

smal1 quantity; the methanoJ. and methyl borate methods are obviousþ the

choice. Chief objection to the adoption of the toluene method for routi:re

assay is the number of steps j¡¡ the chemical synthesis. 0n the other hand

this method is favoured where greater accuracy or age of a very old sarnple

is required"

the possibility of errors due to contanj-nation with carbon from

atmospherlc COo and isotopic fractj-onation in the chemj-caI qn"rthesis must¿

be considered, The former problem can be slinin¿ted to a }arge degree by

careful technigues"

A comparison of the baekground counting rate w'ith the counting

rate of a sample containing qmthesized rroldrr methanol showed that the two

were j-denti-caI, w'ithin statistical error, ind.icating that the proeedures

employed in the methanol qrnthesis are quite suital¡l-e for radlocarbon

dating work,

The problem of isotopic fractionatíon can not be so easiJy
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resolved. Fractionation

cause of differences i¡r

of the isotopes of carbon is brought about be-

Lheir reaction ""ru".(40) 
Baertschi(6) ou"u"t"d

a fractionation factor of I.011 fot CLZ 0, relatj-ve to CL3 OZ on ab-

sorption of a pure C0, strearn in aqueous barium hydroxide. No measurementg

have been reported as yet for the C& isotope in this reaction ncr for the

methanol synthesis. It may be re¡narked that isotopic fractionation of

carbon isotopes has been observed j¡r nature. lüiclstarr(lO) reported large

differences in carbon isotope content between plants grol'ill in different

environmental cond.itions" obviously, thls factor, along lfith mixing of

the biosphere with the rest of the natural radj-ocarbon reservoir, will be-

come important ín any attempt to exbend the precision of dating methods.

a sr:mrnary of carbon isotope effects has been given by Ropp"(4o)

Several i-urportant poi-nts may be mentioned.. Itt no case can the molecule

bearing the heaqy isotope react faster. The effects of fractionation are

dinrinlshed when the relative yieId. in a reacti-on is tuigh and the ru¡nber of

steps kept to a lrl.i-rúmr:ln; two conditions v¡hich the methanol synthesis ful-

fi-Ils" Ir[ass spectrometric measurements carri-ed. out Uy Craig(I3) and

quoted Uy Suess(44) have indi-cated that a depletion of the CU isotope

occurs during the synthetic steps in the acetylene metbod" Accorùlng

Suess, this would introduce the possÍbility of an error in the age of

sample of d gO yearso Such an error is insignlficant for old sarnples

but may 6s ìmFortant for precision measurements on young materials'

For very o1¿ materials, contamination by contemporary carbonaceous

i-npurities wiII present a big problem" This difficulty could be

nini-ni-zed by careful treatment of samples before synthesis and by several

cross check dates on the samPleo

to
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Some comment may be given on the values of ages obtained for the

samples investigated. The measured age of the wood sample S-4 collected

in the Micrnac terrace, although not near the estinate by Prof. Lougee,

v¡as in good agreement with the views of Prof" Love, BotarSr Departrnent,

University of Manitoba, v¡ho estimated from a study of the fLora of this

regj-on an age not in excess of 5000 yearso

The age of 2O.2AO d æO years obtained for S-5, St. Pierre

wood methyl borate No. 1, is in remarkabþ close agreement with a preri-ous

date of 2O.3OO years obtained by the solid carbon method, but is in apparent

disagreement utith the acetylene date of d0r000 years reported by the
'hJashington groupo Tkre explanation of this anomaly nay lie in the manner

in uhich the sarnples hrere eollected, Page 37 
"

Ages of the other samples have been measured for the first time

and consequently no comparison of results v¡ith other dating laboratories

vras possÍb1e"

Furbher tests on woll documented sanples whj-ch have been dated

by other laboratories should be used to fu1ly assees the accuracy of the

two methods developed.

Although the predictions Uf XulO(33) trr"t liquid scintillation

corrnting w'ilI nake dating feasible back to I00r000 years are highly optlmis-

tic, it does seem feasible that, by judicious choice of glass cells v¡ith

l-ow radioactive content, increasing availability of low noise photomultiplier

tubes, and the use of larger vol-umes of liqrrid scintillators, the range of

accurate measuremenù may be extended beyond 501000 years, It must be

emphasi-zed that the two pri:nary assr:rnptions 1n the radioc.arbon dating
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method; (1) constancy of the cosnic ray fh¡x for the past 501000 yearsi

(e) nixing of the carbon exchange resenroj-r is rapi-d compared to the

time seale of the method, must be fuIly investigated if exbension of

dating ranges to 101000 years rnay be feasible"

Pre1i¡rinary attacks on thi-s problem have been reported by

Kúp(34 "rb) rho compared radiocarbon ages w"ith ioniun and historical

ageso Although the results suggest constancy of the cosmic ray flux

they are by no means eonclusive and further tesùs are essential"



CONCLUSIONS

Chenical techniques suitable for application i¡r routi-ne analysís

of radiocarbon content in carbonaceous nraterials by the liquid scinti-llation

nethod have been developed and successfully applied.

Two ner+ methods involving the synthesis of methanol and methyl

borate from sanple carbon have been outlined" The methanol d.iluent method

is capable of giving results rvhich are meani-ngful to J0r000 years on a

l+ 6r^ basi-s with the photomultiplier tube used" The netþI borate method
tr

is caþable of giving higher accuracy Lo JJTOOO years under the same con-

ditions "

Steps involved in the synthesis of methanol and methyl borate from

sanple material have been earefully investigated. Procedures and equipment

suitable for the s¡mthesis of methanol on a macro scale and methyl borate

on a semi--raicro scale rn¡ere developed. The yields of methanol were sub-

stantially increased by employing dilute hydride-diethyl carbitol soluti-ons"

The time and l-abour involved in the syntheses have been reduced to the sa¡ne

leve1 as that of the gas counting techniques.

The effects of the methanol and metlryl borate upon the fluorescence

efficiency of liquid scintillators were investigated and the variation of

fluorescence efficiency with concentration of rtiluent determined for each"

Ages for sùr well-documented carbonaceous sanrples were measured

by the two diluent methods developed"

The eninent suitability of the rnethyl borate and methanol diluent

method.s for routine radiocarbon dating measurements has been proveti. lIith

further refinements, larger ceII vo}:mes and better photomultiplier tubes,

- -J --- ^F Àr- ^.--^-^-J- t^^--^*l Ã^ 
^^^ 

i 6 ^ Ä; a*.i n¡* 
^nao.i -gXìreIIitLUIl LtA Uf¡e ltlci(aÐL¿l-çrU\iltu ¿-(a¡lìEilt uttJvr¡u /wrwvv Jsq¡e ¿e q u¿Èv¿¡¡vv yvve¿ -

bility.
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