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HALF-LIFE OF TRITIUM 
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Abstract--The half-life of tritium was determined by calorimetry to be 12.346 4- 0.002 yr (probable 
error by external consistency) by following the decay energy of two samples over a 6-yr period. 

THE half-life of  tritium has been measured and reported tx-4) previously, but none of  
these determinations was made by calorimetry. High precision calorimeters developed 
at Mound Laboratory were used to follow the decay of  a titanium tritide salt and a 
compressed gas sample. 

The titanium tritide salt was prepared by reacting tritium gas with an excess of  
ti tanium metal. The resultant salt was heated in a vacuum to remove unreacted gas 
and then sealed in a double-walled container; the inner wall a quartz capsule, the 
outer wall a welded stainless steel shell. The tritium gas sample was sealed in a high 
pressure gas container. 

Measurement of  the heat evolved by the decay of the tritium was made in six 
twin-bridge calorimeters ~5"6) and one double-bath calorimeter over a 6½-yr period. 
The twin-bridge calorimeters are a heat-flow type with bridge resistance thermal 
detectors and built-in calibrating heaters. A description of Mound 's  calorimeter #39  
with a cross-sectional illustration is given in a review article by GtlNN. tT) A detailed 
description of the calorimeter is given, tS) The calorimeters are stabilized externally by 
immersion in a water bath which is maintained at an arbitrary temperature controlled 
to 0.001°C over a 24-hr period. 

The double-bath calorimeter developed at Mound Laboratory consists of  an inner 
bath maintained through a thermal resistance at a temperature above that of  an 
external controlled-temperature bath. A sensing element reduces the amount  of  
current applied to an internal electrical heater in the inner bath to compensate for the 
temperature rise f rom the heat evolved by the sample of  radioactive material. This 
electrical power drop provides the measurement of  the heat output of  the sample. 

Table 1 summarizes the experimental data obtained f rom 266 observations taken 
with calorimeters 39, 90, 51, 65, 66, 77, and 87. Each of  the six observations of  the 

* Operated by Monsanto Research Corporation for the U.S. Atomic Energy Commission under 
U.S. Government Contract No. AT-33-1-GEN-53. 
~) A. NOVICK, Phys. Rev. 72, 972 (1947). 
~z) G. H. JENKS, J. A. GHORMLEY and F. H. SWEETON, Phys. Rev. 75, 701 (1949); Phys. Rev. 80, 990 

(1950). 
~8~ W. M. JONES, Phys. Rev. 83, 537 (1951). 
"~ W. M. JONES, Phys. Rev. 100, 124 (1955). 
~ H. V. MOVER, Polonium, pp. 272-296. U.S. Tech. Info. Serv., TID-5221, Oak Ridge, Tenn. (1956). 
~e~ j. F. EICHELBERG~R, K. C. JORDAN, S. R. ORR and J. R. PARKS, Phys. Rev. 96, 719 (1954). 
17~ S. A. GUNN, Nucl. Inst. Meth. 29, 1 (1964). 
~8~ K. C. JORDAN and B. C. BLANKE, The Half-Lives of ~27Ac and HTTh Measured Calorimetrically 

in Metrology of Radionuclides---lI, Proc. Syrup. International Atomic Energy Agency, 10-15 
October, 1966, IAEA, Vienna, 1966. 

1 2129 



2130 K.C.  JORDAN, B. C. BLANKE and W. A. 1F 

TABLE 1.--TRITIUM HALF-LIFE RESULTS 

Sample Calorimeter 

Probable Internal 
error probable 

Date of Time Initial single error in 
initial span Number of power observation Half-life* half-life 

observation (days) observations (W) Q~W) (yr) (yr) 

Salt 39 11/18159 2460 53 0.070638 6.8 12.3452 ±0.0019 
Salt 90 4[8[63 953 87 0.058407 6.2 12.3479 4-0-0030 
Salt 51 7/10/59 1258 70 0.072083 20.0 12.3452 4-0.0084 
Gas 65,66,77,87 8/23/59 2356 6 3.51942 396 12.3583 ~0.0057 
Gas 77 12/26/61 254 50 3.10233 675 12.194 4-0.056 

Probable error by external consistency = 4-0-002 yr. 
* Grand mean half-life = 12.346 yr. 

gas sample in row IV was actually the grand mean value of five or more observations 
in one of four different calorimeters. In order to reduce the bias which would occur 
from using four different calorimeters each of these six grand means in row IV was 
corrected by the per cent error obtained in measuring standardized power sources in 
the same calorimeters using the same techniques and geometries. These standard 
samples were either m°Po or zaaPu samples of  between 1 and 3 W each and were 
standardized in calorimeters 39 or 90. 

Deviations in power were found in the titanium tritide salt during the first few 
months after fabrication. I f  these deviations were from an internal instability of the 
tritide salt, this instability might be a function of  the thermal history of the sample. 
In order to explore this theory, deliberate thermal disturbance of the sample was 
initiated in December, 1963. Heating to 90°C lowered the sample heat output by 62 #V 
or 0.11 per cent, and subsequent overnight refrigeration at 0°C produced no change. 
Heat output was lower than expected by an average of 30 #W for 6 months when it 
increased by more than 1.4 per cent in a few days. It then returned to the preheating 
decay level in about 6 days. No subsequent deviations in heat output have been 
observed. The integrated heat deviations above and below the normal output 
over this total period appear to be equal. Measurements of  the sample during this 
period were not included in the present half-life calculations. As the samples were 
measured over a 6-year period, no known chemical effect could give off energy 
at such an even rate as to be an unnoticed interference. 

Each half-life in years (365.2422 days) in Table 1 was calculated from the slope of  
the straight line of the logarithm of the power measurements of the sample vs. time. 
The solutions were obtained by the weighted logarithm method of  least squares, i.e. 
weights were assigned to remove the inherent weighting that occurs in taking the 
logarithm of  each power measurement. These simpler solutions are almost identical 
to ones calculated by the unweighted variational, or general method, m~ The probable 
errors are internal and do not reflect sufficiently any external bias. The difference of  
1.7 probable error is quite typical of  agreement between internal and external probable 
error. The methods of calculation and discussion of  the determination of  errors for 
half-life values using calorimetric measurements of  power loss by decay were given. ~ 
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A half-life value of  12.346 4- 0-002 yr  is assigned to tritium. The probable  error 
o f  0"002 yr  represents the external consistency o f  the six determinations. A 
compar ison of  the half-life value o f  tri t ium obtained in this determinat ion with 
those values determined by previous investigators is shown in Table 2. 

TABLE 2. - -TRITIUM HALF-LIFE VALUES 

Observer Half-life (yr) Method 

NOVICK (1) 12"1 + 0'5 He s growth 
JENKS, GHORMLEY and SWEETON (2) 12"46 + 0'1 Diffusion of He S from quartz 

capsule containing T~.O 
JONES (aJ 12"41 ± 0'04 Absolute counting 
JONES ('> 12"262 4- 0-004 He s growth 
Mound 12.346 4- 0.002 Calorimetry 
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