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Hydrolysis of Carbon Tetrachloride 
The ocean water dating technique de- 

scribed bv M. Krvsell and D. W. R. Wallace 
(1) uses carehl measurements of the ratios 
of concentrations of several anthropogenic 
halocarbons. Krysell and Wallace recognize 
that some of these compounds can hydro- 
lyze, but our recent experiments (2) show 
that the standard literature reference for 
hydrolysis of carbon tetrachloride (CC14) (3) 
is wrong. That is, the reaction is reported as 
second-order in CC14, but we have found 
clear first-order kinetic behavior. It is only 
for a first-order reaction that the half-life is 
independent of concentration. In addition, 
hydrolysis reactions have significant activa- 
tion energies, so half-lives vary over wide 
ranges as temperature changes. The 7000- 
vear half-life cited bv Krvsell and Wallace is , , 
a calculated value for CC14 assuming a sec- 
ond-order reaction process at 25°C and an 
initial concentratio; of 1 ppm. For a first- 
order reaction, the half-life T = 0.69/k, 
where k is the rate constant. Specifically, we 
have found that, for CC14 k(hyd) = 
4.07 x 1012 exp(-13,7901T) min-' and 
for methyl chloroform (CH3CC13), k(hyd) 
= 2.96 x l O l 4  exp(-13,970IT) min-', 
where T is temperature in degrees Kelvin. 
These rate constant expressions yield the 
values shown in Table 1: 

Table 1. 

T k 7 k 7 

("C) (min-I) (year) (min-I) (year) 

25 3.25E-8 40.3 1.29E-6 1.0 
10 2.80E-9 468 1.08E-7 12.2 
0 4.70E-10 2790 1.77E-8 74.2 

The results in Table 1 show that Kqlsell 
and Wallace correctly assumed negligible 
degradation of CC14 in seawater at O°C, but 
for what appears to be the wrong reason. 

Clearly, CCL4 does not have a 7000-year 
half-life under all conditions, but at 0°C is 
half-life is very long compared with the 
other ages of interest. Conversely, methyl- 
chloroform is also stable enough at 0°C that 
its concentration should proGde valid and 
independent dating information. However, 
if this technique is used in significantly 
warmer water than those found in the Arctic 
Sea, then the hydrolysis rates of these com- 
pounds should be integrated into the age 
calculations. It should be reemphasized that 
both CC14 and CH3CCI3 hydrolyze by 
(pseudo) first-order reactions with no pH 
dependence and no significant ~ontr ibu~ion 
from other nucleophilic catalytic agents, so 
that the hydrolysis rate is determined strictly 
by the temperature. 
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Response: The new measurements by Jef- 
fers et al., if applicable to seawater, have 
implications for the use of CCh as an ocean- 
ographic tracer. Figure 1 shows that for a 
volume fraction of -92% of oceanic waters, 
more than 95% of the initial CCh level 
remains even after 70 years. The absolute 
amount of CC14 loss (not shown) in much of 
the older, colder water is almost undetect- 
able with the use of current analytical tech- 
niques (for example, less than 0.025 pmoV 
liter). For the relatively small volume frac- 

tion of warm ocean waters, corrections for 
hydrolysis should be applied. Such correc- 
tions necessitate that temperature as well as 
the tracer be modeled. Fortunately the 
warmer, upper-ocean water masses tdnd to 

, L A  

have sufficiently short renewal times with 
the ocean surface so that they are labeled 
with more recently introduced members of 
the "halocarbon tracer suite" [F- 11 (CCI3F), 
F-12 (CClzFz), F-113 (CC12FCCIF2)]. 
Hence corrections will be both small and 
facilitated by supporting tracer data. 

The unique CC14 input function ( 1 )  is 
ideallv suited to studies of the circulation of 
the cild, deep waters that make up the bulk 
of the world's oceans. Hydrolysis correc- 
tions are almost negligible in these waters 
and in high-latitude-seas (for time scales of 
less than 100 years). Even over 500 years 
[the average mixing time scale of the ocean 
deeper than 1500 m (Z)], losses due to 

Temperature ('C) 

Fig. 1. Plot of the percentage concentration de- 
crease by the year 1990 for CC14 (solid lines) and 
CH3CC13 (dashed lines) for various water tem- 
peratures, based on the assumption that a water 
mass equilibrates with the atmosphere during a 
"ventilation year" and is subsequently isolated 
from exchange with the atmosphere and other 
water masses. Absolute concentration decreases 
were also calculated; for CC4, a preindustrial 
atmospheric CC14 mixing ratio of 6 ppt was 
assumed (1). 
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