
I 

L 

Journal of Research of the National Bureau of Standards Vol. 46, No.4, April 1951 Research Paper 2203 

The Half-Life of Carbon 141 
George G . Manov 2 and Leon F. Curtiss 

The half-life of car bon 14 has been determined by gas counting of C*O, + CS, mixtures 
(where C*O, is used to designate inert carbon dioxide containing some CI40,) by using pail'S 
of counters that are identical in construction except for the length of the cathodes. The 
suitability of various equations proposed for calculating the true counting rate, Cr , from the 
resolving time, tr, and the observed counting rate, Co, is evaluated from experimental meas­
urements of Co and tr and .is presented graphically. A value of 5,370 ± 200 years for the 
half-life of C14 is obtain ed from these measurements. By comparison with the results of other 
workers, it is estimated that the most probable value for the half-life of carbon 14 is 
5.400 ± 200 years. 

1. Introduction 

The half-life of carbon 14 has been the subject of 
rrul.l1Y determinations, the values of which have 
ranged from a high of 7,200 to a low of 4,700 years. 
Two general methods have been used: end-w~ndow 
counting of solid barium carbonate, and countmg of 
gaseous carbon dioxide, in which the radioactive 
carbon is either a minor or a major portion of the 
filling gas of the counter. In general, larger and 
more numerous corrections are necessary to the 
experimental measurements if solid counting is 
employed. . . 

Libby fl] 3 and Jones f2] have mtroduced the radiO­
active carbon dioxide as a minor constituent of the 
gas filling of Geiger-Muller counters containing the 
customary alcohol-argon mixture. The technique 
employed by Brown and Miller [3] of counting 
C 140 2+ C02+ C82 (abbreviated as C*02+ C82) mix­
tures represents a notable advancement in the 
analysis of radiocarbon. 

The National Bureau of 8tandards has prepared, 
and is in the process of certifying, standard sources 
of activity of C14. The process of standardization 
consists of three parts: (1) A collaborative deter­
mination by mass spectrograph of the isotopic ratio 
of C 14 in carbon dioxide prepared at the Bureau from 
active barium carbonate, (2) conversion at the 
Bureau of a weighed amount of barium carbonate 
into active sodium carbonate solution containing 
O.l-M inactive sodium carbonate as carrier and 
approximately O.OOOl -M free sodium hydroxide, (3) 
collaborative analysis of the solution by absolu te gas 
counting. The standards after certification w~l. be 
available * in the form of glass ampoules contammg 
25 ml of the above solution and having an activity of 
the order of 1,000 disintegrations per second per 
milliliter. A full account of the collaborative 
analyses will be presented when all the results of the 
determinations have been received. The purpose of 
the present paper is to offer preliminary values 
obtained at the Bureau for this intercomparison. 

I Presented at the Chicago meeting of the American Chemical Society Petro-
leum Division on Sept. 6, 1950. . . . 

, Present address, I sotopes Division, Atomic Energy CommiSSIOn, Oak Ridge, 

T~1<~gures in brackets indicate the literature references at the end of this paper. 
• The ampoules referred to above are now available for distribntion b y the 

National B urean of Standards. 

The value in this paper for the half-life of CI4 was 
calculated from the equation 

Tt = 0.693 N / (dN/dt), (1) 

where N , the number of atoms of C1\ was deter­
mined by mass-spectographic analysis , and dN/dt 
(the rate of radioactive decay) was measured by gas 
counting of mixtures of C*02+ C82 . 

11.! Determination of the Number of Active 
Carbon Atoms 

Radioactive carbon dioxide was obtained by 
heating active barium carbonate 4 to approximately 
1,100° C in a quartz tube. Analysis of th e isotopic 
ratio was made by Fred L . Mohler and Vernon H . 
Dibeler, of the Bureau's Mass 8pectrometry Section. 
The average value obtained from 10 determinations 
was 3.876 ± 0.002 percent of CI\ with an estimated 
accuracy of ± 0.04 percent (absolute), based on 
known limits to calibration and other procedural 
errors. The probable errol' was computed from 
the formula 

0.8453r.d/n-Jn-1. 

A quantity of active barium carbonate weighing 
0.1066 ± 0.0001 g was transferred to a small round­
bottomed flask containing 1.40 g of inert barium 
carbonate. (The exact quantity used is not critical.) 
The mixture was treated with an excess of perchloric 
acid in an evacuated system and the carbon dioxide 
absorbed in a tenfold excess of 2-M sodium hydrox­
ide. The large amount of inactive CO2 evolved 
aided in sweeping over the active carbon dioxide. 
(It should be noted that neither the perchloric acid 
nor the sodium hydroxide were required to be 
carbonate-free.) Quantitative transfer was accom­
plished by boiling the acidified solution several times. 
Examination of the resulting sodium carbonate 
solution by means of a Tyndall beam indicated that 
no barium ion was carried over. 

The sodium carbonate portion was diluted gravi­
metrically to a volume of 39 .00 liters at 25° C with 

• 'l'he BaC'O, was made available b y tbe Atomic Energy Commission through 
the Oak Ridge National Laboratory. and had been especiall y purified by W. J . 
Skraba of the ORNL Chemistry Division. 
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the appropriate quantity of inert N a2COa dissolved in 
waLer to form a solution that contained all the active 
carbon as Na2C1403, 0.100-M inert N a2COa as carrier , 
and free sodium hydroxide to the extent of approxi­
mately 0.001 .M. The accuracies in weighing the 
acLive barium carbonate and in preparing the large 
volume of solution were each of the order of 0.1 
percen t. One milliliter of the above solution was 
therefore equivalent to 2.733 ± 0.005 mg of barium 
carbonate. Analysis by R. A. P aulson , of the 
Bureau's Chemistry Division, of th e original bariwn 
carbon ate for carbon dioxide indicated a purity of 
97.1 percen t (with an absolute error of ± 0.4 percent), 
and 1 ml of the solution contained 5 (3. 132 ± 0.050) 
X 1014 atoms of C1 4. Bureau calibrated weights and 
volumetric glassware were used throughout . Experi­
ments made with A. Schwebel, using an ionization 
chamber and a vibrating-reed electrometer , demon­
strated that 0.1-.1\11 sodium carbonate carrier was 
sufficien t to preven t th e loss of any significant 
quantity of active carbonate by adsorp tion on the 
walls of the container. 

III. Apparatus and Experimental Technique 

1. Apparatus 

The coun ter , a sketch of which is shown in fig ure 
1, consists of an ou ter Pyrex jacket in which arc 
assembled, in orel er , a I-in. glass spacer, a disk of 
aluminum approximately 1 mm in thickness, a 
copper cathode with a passivated surface, a I-in. 
glass spacer , a second disk of aluminum, and finally 
a I-in. glass spacer. The ou termost spacers arc 
sealed to t he glass jacket and preven t movemen t 
within the as embly. The aluminum disks defin e 

FIC: U RJ, 1. Cmes section of carbon dioxide counteT showing 
effective length (L ) and diameter (D). 

Lhe active volume of the counter , a nd a small hole is 
el rilled in each , through which passes a cen ter wire 
of 3-mil tungsten. The ends of the cen ter wire are 
scaled to the ends of the outer Pyrex envelope. 
The inner spacers are identical in length (± 0.01 
in. ); they erve to insulate the copper cathode from 
the aluminum disk and to make the ends of the 
counLer identical. It has been shown [4] that the 
effLciency of these counters is 97 ± 1 percent. The 
number of observed counts per second is, therefore, 
very nearly equal to the disintegration rate. 

A number of experimen tal counters were built , 
and a total of six was used for the C14 measurements. 
Theil' nominal dimensions (inside diameter and 
length) wer e 1 in. by 12 in. arid 1 in. by 6 in.; % ill. 
by 12 in. anel % by 6 in.; and 7~ in. by 12 ~ll . and 76 in. 
by 6 in. Four measurements of the dIameter and 
two of the length were mad e of each cathode, and 
the averages are listed in table 1. 

, The accuracy in tbe determination of N, o[ dNjdt, and of the half-life is given 
in section V. 

1'1\ B L E 1. Dimensions of copper cathodes u sed in counters 

I Difference Length 
Coun- Le ngth Inside Ca lhode in cathode diam· ter diameter volu me vo lullle eter 

--
em, em cm3 cm3 

1 29. 868 ± O. 00 1 2.357 ± 0. 004 130. 34 ±O. 31 .-----.--- 12. 7 
2 15. 049 ± 0. 002 2.351 ± O.OOI 65.33 ± 0. 04 65.0 1 ± 0.3 1 6.4 
3 30. J62 ± 0. 002 1. 925 ± 0. 004 87.87 ± O.26 ---------- 15.7 
<[ 15. 079 ± O. OlD 1. 928 ± O.OOI 44 . 02 ± 0.03 43.85 ± 0. 27 7.8 
5 30. 480 ± O. 003 I. 278 ± 0.002 39. JO ± 0.08 ---------- 23. 9 
6 15. 186 ± O. 003 1. 269 ± O. OOJ 19. 21 ± 0. 06 19.89 ± O. IO 12.0 

The preparation line (fig. 2). consisted of a 25-ml 
round-bottomed Pyr ex bulb ill wluch the carbon 
dioxide was generated; a calibrated mLxing bulb 
(146.8 ± 0.1 ml) equipped with a freeze-out tube, a 
small flask with a stop cock tlu·ough .which pure CS2 

vapor could b e admitted into th e mLxing bulb , a 
mercury manometer with a %-in. bore, and lastly , 
a p ail' of counters that could be detache~ from th e 
sy Lem by means of standard- taper glass ]omts. 

TO VACUUM 
PUMP 

FIGURE 2. Glass tmin for prepamtion of cm'bon ciio."!;ide 
samples and filling countel·S . 

The total volume of the system (mixing bulb , 
counters, manometer , etc.) was r eadily determined 
by noting the change in pressure produ ced by ex­
panding nitrogen gas from the known volume of the 
mixing bulb (146.8 ml) into th e entire sys tem . The 
total volume ranged from 390 to 650 ml, depending 
upon the pairs of counters used and could be de 
termined to ± 0.2 percen t. 

The counting system used ineluded a preamplifier 
and quench circui t of th e typ e used by Mann and 
Parkinson [5] and a conventional scaler. The re 
solving time applied to the counter was m easured by 
an oscilloscope and could b e varied from 300 to 
1,400 micro econds. 

2. Experimental Technique 

A definite quantity of active sodium carbonate 
solution (0.5 to 1 ml, measured to ± 0.002 ml) was 
pipetted into the generating flask . The solu tion was 
frozen by means of liquid air and th e flask evacuated . 
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The vacuum was shut off, and a large excess (25 to 
30 ml) of concen trated sulfuric acid was added 
slowly and frozen in a layer above the solidified 
carbonate solution. The liquid air was then removed 
and the flask allowed to warm to room temperature. 
The sulfuric acid, because of its lower melting point, 
was the first to liquefy and , as the carbonate began 
to melt, the evolu tion of carbon dioxide proceeded 
very smoothly. This technique of adding th e suI 
furic acid served not only to generate th e carbon 
dioxide, but completely to remove th e water from it 
as the reaction progressed. (This technique can also 
be used with barium carbonate ; the barium sulfa te 
is soluble in excess of concentrated sulfuric acid .) 
The necessity for th e quantitative separation of th e 
water from the carbon dioxide, as would h ave been 
Tequired h ad the customary procedure of adding the 
acid drop wise to th e carbonate solu tion been used, 
was therefore avoided, and a considerable simplifica­
tion in the construction of the gas train was rendered 
possible. 

The carbon dioxide was admitted to the calibrated 
mixing bulb , which contained a pressure of carbon 
disulfide (approximately 2 cm) requisite for the oper­
ation of th e counters. The generating bulb was 
warmed and flushed with a quantity of inactive 
carbon dioxide that would b e sufficient to yield a 
final pressure between 8 and 15 cm within the count­
ers. The contents of th e mixing bulb was frozen by 
means of liquid air , and any trace of permanent gas 
removed by pumping. The pump was then shut 
off, the liqnid air removed, and the gases allowed to 
mix by thermal diffusion, after which the coun ter 
assembly and the manometer system were filled. 
The counters were then removed from th e prepa­
ration line and placed within a 2-in. lead shield. 

3 . Correction for Resolving Time 

It is well known that th e use of CO2 as a filling gas 
may result in counters having resolving times as high 
as 1,000 microseconds and, further, that CO2 + C82 

counters are no t self-quenching. In this respect, 
such counter fillings are inferior to alcohol-argon, to 
which is added a small amount of carbon dioxide. 
The advantage of using the CO2+ C82 mixture, on 
th e other hand, is that it eliminates the necessity of 
working with very small volumes of CO2 (0.01 to 0.1 
ml) and diminishes any concern regarding the pos­
sibili ty of absorbing some of the CO2 on the compara­
tively large surfaces of the sample preparation line 
and on the walls of the counter. 

Various equations have been proposed to correct 
the observed counting rate, Co, to a "true" one, CT. 

CT= CoeC7,tr, (2) 

CT= Co(l + CotT) , (3) 

C =C (l + C t + (C OtT)2 + (CotT)3+ ... ), (4) T o o T 2! 3! 
and 

Co 
(l - CotT) 

(5) 

Equations 2 [6, 7, 8] and 5 [10] have been derived 
from thcoretical considerations. Equations 3 [9] 
and 4 represent expansions of eq 5 and 2, respectively. 

80 long as the resolving time, tT) is small (approxi­
mately 300 microseconds), eq 2 to 5 all lead to ap­
proximately the same percentage corrections even at 
fairly high rates of counting, but if the resolving time 
is of the order of 1,000 microseconds, not all of them 
are equally suitable. The differences in these equa­
tions will be accentuated for high values of tT and of 
Co. 

An experimental test of the suitability of eq 2 
through 5 was made by observing the counting rate 
obtained for a mixture of C*02+ C82 as the resolving 
time applied to the counter was increased systemati­
cally. All other variables, including the voltage ap­
plied to the counter, were kept constant, and the 
measuremen ts were made at a point approximately 
in the center of the plateau. 8ince CO IS measured 
experimentally for each setting of tT , the equation that 
is th e most nearly suitable for obtaining a true count­
ing rate is that which yields calculated values for 
CT that show no trend with tT • The results of such a 
test are presented in table 2 and in figure 3. Figure 
3 shows that eq 2 overcorrects and that eq 3 and 4 
undercorrect. Equation 5 appears to be the most 
suitable, and it was therefore selected for correcting 
all observed counting rates, Co, to a true value, CT. 
The accuracy in the correction for resolving time is 
estimated at ± 1 percent. 

240r------------r------------,-----------~ 
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u 

- 230 
~ .... 
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EQ . 2 

200~--________ ~ ____________ ~ __________ ~ 

o 500 1000 1500 
APPLIED RESOLVING TIME . MICROSECONDS 

FICURE 3. Curves showing the results of application of various 
resolving time correction formula e to data . 

A , eq 2; . , eq 3; Do, eq 4; 0 , eq 5. 

T A BLE 2. Suitability of various equations p1'Oposed f or correcting 
observed cOlmting rate, Co. at a resolving time, tr 

Applied reo Observed 
Oorrected countin g rate obtained by 

equati on 
solving counting 

time rate, Co I 2 3 4 5 
----- - - - --- - --- - -

J\1icro-
seconds Counts/sec 

350 208.7 225. 9 223. 4 224. 6 225. 1 
400 206. 2 225.6 223. 2 223. 9 224. 7 
500 203.5 228. 1 224. 2 225.3 . 226. 6 
600 198. 1 227. 0 221. 7 223.0 224.8 
700 195. 6 229.0 222. 4 224. 3 226. 0 
900 186.7 229.5 21 8. 1 220.9 224.4 

1, 000 183.9 231. 9 217. 7 221. 0 225.3 
1, 100 179. 4 231. 3 214. 8 218.5 223.5 
1, 200 177. 1 234.7 214. 7 219. 0 224. 9 
1,300 173. 2 235. 1 212.2 I 216.8 223.5 
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4 . Effect of Resolving Time on Length of Plateau 

The eHecLs of varying th e total"pressul'e within the 
sysLem , Lhe nlt io of carbon disu lfide to carbon diox­
ide , th e resolving time appl ied to the counters, etc., 
were determined. The efl'ect on th e plateau of vary­
ing Ll1l' appli ecll'esolving time is ,particularly worthy 
of men Lion. 

In fi gure 4 are plotted typicaL plateaus (for a g iven 
mixt llre of CSz and C*0 2) corresponding t,o differen t 
valu es of Lhe applieciresolv ing time, tT' It is evid ent 
LhaL longer plateaus arc associated with larger values 
of i T' As th e co rrection for the effect of the resolving 
time can be applied by usc of eq 5, and a compara­
tively long plateau is desirable , most of tllC subse­
quent experimentfl,l work was performed by using 
tT = 1 ,000 microseconds, with two meaSllJ'ements b('ing 
made by using tT = 1,400 microseconds. 

A typical plateau obtained by using a resolving 
t ime of 1,000 microseconds applied to a pail' of 
co un ters (l ill. X 1 2 ill. an el lin. X 6 in, ) fill ed with 
CS2 and active CO2 is shown in figure 5. The lowes t 
curve r epresenLs tbe differences in tIl e two cOllnting 
rales. The fla ln ess of the pIa leaus ind icaLes that Lhe 

240 
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2850 2900 2950 3000 3050 3100 3150 3200 3250 3300 

VOLTAGE ON COUNTER 

F IGURE 4. Curves showing the ej) ect of various resolving times 
on the length of the plateau of the counter. 

A, Ir =325 rnicloscconds; 11 , 1,= (.00 microseconds; 0 , t,,=800 microseconds; 
D, tr= 1,000 microseconds; E, ll"= I ,200 microsecoods; F , lr = 1,4oo Jnicroseconds. 

VOLTAGE APPLIED TO COUNTER 

FIGURE 5. Typical plateau for two sizes of counters with the 
cW've 1'epresenting the dijJe1'en ces in c01tnting Tate. 

A , I in. b y 12 in. counter ; B, 1 in. by 6 in. counter; C, differen ce in counts per 
seccncl ; 1,= 1,000 microsecond s; PCSz=2.2 em; PC "' Oz=8.6 em . 

d islortion of th e electric :field of th e ends of th e coun t­
ers is small . A co un Lel' 1 in. in diameter and 3 in, in 
length did not g.ive a HaL plateau, presumably because 
lh e distort ion of th e field at Lh e ends of th e countcr 
amounted lo an appreciable fract ion of Lh e length of 
th e cathode . Co un ters whose rat io of lcngLh to 
diameter was 6 or more were found to be sa tis factory. 

IV. Determination of the Rate of Decay, 
dN/dt 

The rate of elecay of the solution contaming 
N a2C 140 3 was m ea ured as follows . The number of 
co unts pel' second waf? cletermin ed as a function of the 
applied voltage for each of a pair of coun LeI'S filled 
with a deflllite mixture of CS2 and active CO2• 

Bet"reen 100,000 and 200,000 counts were total ized at 
each, vol tage se tting to obtain a s tandard deviation 
( , !toLal co unts) between 0.3 and 0.2 percent. 
Con ections were th on applied Lo each point for the 
resol ving time (eq 5) and for the background to yield 
a net co unting rate, Cn . The difference in Cn for tbe 
long and short counters were averaged. The activity 
of the solu tion in disintegrations pel' second per 
milliliter was calcula ted from 

(cl isJsec) Jml= .1 V~~~~.97' (6) 

where ~C?/, is the average difference in net counting 
rate for th e pair of counters used, ~ V is the difference 
in their cathode volumes (table 1), V is the total 
volume of th e system, ml is the number of milli­
liter of th e active solution taken , and 0.97 is the 
efficiency [4] of the counting sys tem. 

In table 3 is presented a condensation of the data 
that were obtained. In colurnns 1, 2, 3, 4, 5, and 6 
al'e shown, respectively, th e nominal dimensions of 
the pairs of co unters lI sed, th e differences in their 
cath ode volumes, the volume of active N a2C03 

solu tion tak:en, th e applied resolving time in micro­
seconds, the total volume of th e system , and the 
average net difference in counting rate. In column 7 
is computed the activity of the carbonate solution in 
disintegrations per second per milliliter. The aver-
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age value is 1,280 (dis/sec) /ml with a probable errol' 

( 0.845~d) . 
of the mean E=-- /- or ± 8 (dls/sec) /ml. 

n 'v n - 1 

TABLE 3. Condensation oJ data obtained Jo?' the atlivity oJ a 
solution oJ Na2C0 3 containing C[4 

Oounter 

D iffer. Volu me Total A vel" Activ. 
ence in of Applied volume a!i'iT~e.t iiyof 
cathode Na,OO, t, of I solu· 
volume taken system eJ;~~~n tion 

-.--------1------------------

I' Conn!s/ dis/sec! 
in. ",Z ",Z seconds ",Z sec rnt 

1 by 12 and 1 by 6 __________ 65.01 0.502 1, 000 637.9 63. 7 1,284 
1 by 12 and 1 by 6 _________ . 65. 01 1. 013 1,000 620.4 135.9 1,320 
1 by 12 and 1 by 6. ____ ____ . 65.01 0.388 1, 000 639.5 49.9 1, 304 
1 by 12 an d 1 by 6 __ __ ______ 65.01 1. 013 1, 400 637.8 130.3 1,300 
ii by 12 and ii by 6 ________ 43.85 1. 013 1,000 559.4 96.9 1, 258 
ii by 12 and ii by 6 ________ 43.85 1. 013 1,400 538.3 102.6 1, 282 
Yz by 12 and Yz by 6 __ __ ____ 19.89 1. 013 1,000 394.5 60.5 1, 221 
Yz by 12 and Yz by 6 ________ 19.89 1. 013 1,000 391. 5 63.5 1, 2i2 

Average ... __ . __ . __ __ __ __ ____ __ ____ __________ ____________ __ __ __ __ 1, 280 

( E= ,~~~~) probable errOL ______ . __________________________ . ±8 

v. Sources of Error 

The accuracy in the determination of the half­
life of radiocarbon can be estimated as follows. 
The accuracies in the determination of N involve 
(± 0.04/3.876) or ± l.0 percent in the isotopic 
ratio , ± 0.1 percent each in the weighing of the 
barium carbonate and in preparation of the solution, 
and ± 0.4 percen t in the analysis of the barium 

carbonate. The accuracy 6 in N is therefore ± l.6 
percent. 

The accuracy in dN/dt involves the error in the gas 
counting (± 8/1280) or ± 0.6 percent; in the deter­
mina tion of the total volume of the counting system, 
± 0.2 percen t; in the application of the correction 
for the resolving time, ± 1.0 percent; and for the 
efficiency of the counting system , ± 1.0 pOl·cent. 
The accuracy in dN/dt is therefore ± 2.8 percen t. 
The combination of ± l.6 percent in N and of ± 2.8 
percent in dN/dt corresponds to an accuracy of 
± 4.4 percent in the half-life of radiocarbon. 

VI. Calculation of the Half-Life of C a 

The half-life of Cit was computed according to 
eq 1. N has been previously calcula ted to be 
3. 132 X 1014 atoms of CH/ml of solution, and dN /cZt 
from table 3 is 1,280 dis/sec/ml. The half-life of 
C14 is therefore 5,370 ± 200 years. 

VII . Comparison With Other Determinations 

The half-life obtained h ere, 5,370 ± 200 years, is 
in fair agreement with that ob tained by Jones [2] 
(5,589 ± 75 years) and by Libby [1] (5,580 ± 45 
years), but differs from that reported by M ann and 
coworkers [12] (6 ,360 ± 200 years) and by Yaffe 
and Grunlund [1 3] (7,200 ± 500 years) . A summary 
of the values for the half-life is presented in table 4. 

• The accuracy is 1">I+la·,I+ ... la. l, wh ere Inl represents the numerical valne 
of the accuracy without regard to sign. 

TABLE 4. Comparison oJ values obtained Jor the ha(f-liJe of C14 

Method used for determination of-
Authors Year Refer· 

ence 
IsotopiC rat io Activity 

Years 
1946 [14) Reid, Dunning, Weinbouse, Grosse. Mass spectrometer (1.71% of 0") __ End·wiudow ____________ ._ 4,700 ±(235 to 470) 
1948 [15) Norris and Ingbram __ __ ______ ____ Mass spectrometer (3.23 and 3.35% ____ . do ____________________ . 5, 100 ±200 

ofC") . 
]948 [13) Yaffe and Grunlund ____ ________ __ Mass spectrometer (6_21 % of 0") ______ . do __ __ ________________ . 7, 200 ±500 
1949 [12) Hawkins, Hnnter, Mann , Stevens .. ___ . do __________ __________________ . C·0,+08. __ . ____________ . 6,360 ± 200 
1949 [1] Engelkemeir, Hamill, Inghram, Mass spectrometer (1.28 to 6. 14% O· O'+alcohol·argon. ______ 5,580 ±45 

Libby. of 0") . 
1949 [2] Jones ____________________________ . Mass spectrometer (39.4% of 0 ,,) ______ . do_____ ____ ____________ 5,589 ±75 
1950 'I' iJis Manov and Ourtiss ______________ . Mass spectrometer (3.876% of Oil) . 0'0,+08,. ______________ . 5,370 ±200 

paper 

The measurements of Libby and of Jones were 
performed by using single counters in which the 
major constituen t of the filling was alcohol-argon, 
with the carbon dioxide introduced in a small quan­
tity. End effec ts were determined for counters of 
various sizes, and corrections were applied to th e 
data, and th e assumption was mad e that alcohol­
argon-C!402 counters were 100-percen t efficien t . 

The value for the half-life of radiocarbon would 
be decreased if the barium carbonate were no t 
en tirely pure, 01' if the gas counters were not 100-
percen t efficient. Adsorption of a small amount of 
CO2 on the walls of the glass system prior to entering 
th e counter would tend to increase th e value obtained 
for the half-life. 

The value fqund by Yaffe and Grunlund was 
obtained by using an aliquot of the same NazCO~ 
solution as used by Hawkings, Hunter, :Mann, and 
Stevens, except that the counting was performed by 
using barium carbona te and an end-window co unt er. 

VIII. Summary 
The isotopic ratio of CH in a mixture of inert and 

radioactive BaCOa was determined by a mass-spectIo­
metric analys is of th e carbon dioxide prepared there­
from . A known quantity of this barium carbonate 
was used to prepare a solution containing active 
N azCOa, th e acti vit.v of which was determined by using 
internal Geiger-Muller counters. The value for the 
half-life of C14 was found to be 5,3 70 ± 200 years. 
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