
gray or brown, suggesting incomplete 
reduction of OsO,. For example, reduc- 
tion of 2-percent OsO0 solution or 
OsO vapor by thiourea gave a brown 
precipitate whereas thiosemicarbazide 
gave a black precipitate. 

The properties of the reagents which 
are required for the various histochemi- 
cal methods impose certain limitations 
on this new technique. If, for example, 
the products of the histochemical reac- 
tion before osmication have too great 
an affinity for lipid, the localization of 
the "osmium black" will reflect this 

shortcoming. In the continual redesign 
of reagents for perfecting histochemi- 
cal methods for electron microscopy, it 
may become necessary to incorporate 
other groups for selective osmication in 
particular instances. 
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Naturally occurring radioelements in 
manufactured tobacco and in smoke 
have been investigated many times. 
Earlier reports concern mostly beta ac- 
tivity of K4? (1), while recent studies 
mainly refer to alpha activity, espe- 
cially of the radium and thorium 
series (2). The report on Po2"0 (3) is 
of special interest, for this element is 
volatile at the combustion temperature 
of manufactured tobacco. 

Polonium-210 in tobacco plants is 
derived from either the soil or the air. 
It may be taken up directly from the 
soil or may result from radioactive 
decay of lead-210 or radium-226 taken 
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up from the soil. It may also result 
from radioactive decay of the daugh- 
ters of radon-222 deposited on the 
leaves. In re-examining the Po"21 con- 
tent of tobacco and in attempting to 
establish its origin, we studied the nat- 
ural radioactivity in different types of 
leaf tobacco produced in various years 
in various localities. All samples had 
been stored in sealed glass containers 
or in hogsheads, without prolonged 
exposure to fresh air. Soils producing 
tobaccos in 1963 were sampled and 
tested for natural radioactivity in Feb- 
ruary 1964. 

For determination of Po2?, 10-g 
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samples of air-dried, finely cut tobacco 
were wet ashed in nitric acid with lead 
carrier. A sample was precipitated as 
the sulfate and chelated with ethylene- 
diamine tetraacetic acid. The lead sul- 
fide precipitated was dissolved in 3N 
HC1, and the Po210 was plated onto a 
nickel disc. The sample was mounted 
with ZnS phosphor, and the alpha par- 
ticles, a measure of Po2"1 activity, were 
counted. With this technique the back- 
ground is 0.01 count/min and the de- 
tection efficiency is 52 percent. The 
activity of the blank (0.04 count/ 
min) has been subtracted from all 
Po210 data. 

Quantitative measurements of Pb210 
made by, counting the beta activity of 
its Bi210 daughter failed because of the 
low activity, but beta activity data were 
qualitatively consistent with the Po2"' 
analysis. 

For Ra220 determination, 5 to 10 g 
of tobacco ash were fused with sodium 
carbonate along with barium carrier 
and Ba1'3 tracer. Barium and radium 
were separated from the calcium, and 
the barium was precipitated as the 
chromate and dissolved in perchloric 
acid. Recovery was determined by 
counting the gamma activity of Ba'33 
in the final solution, and radium was 
determined by counting the alpha ac- 
tivity of its gaseous daughter, Rn222. 

Natural activities found in the to- 
bacco samples are shown in Table 1. 
Although lower than the others in 
Ra226 content, the 1938 tobacco sam- 
ples also differ in type, growth locality, 
and culture and curing methods. There 
is a difference in Ra22' activity among 
flue-cured tobaccos from different 
areas. Tobacco from eastern North 
Carolina generally has lower Ra226 
activity than that from Georgia. The 
same tendency is shown in Table 2 
in the natural activity in tobacco-pro- 
ducing soils. The Ra22" content of soil 
samples from Tifton, Georgia, is higher 
than that of samples from Oxford, 
North Carolina. Fertilizer added to the 
soil may contribute in part to this dif- 
ference. Sample No. 4, from a field 
continuously planted to burley tobacco, 
is high in available phosphorus and 
contains 2 to 3 times more Ra226 than 
the others. Similarly, sample No. 8, 
from a field continuously planted to 
tobacco and fertilized with 225 kg of 
P20s per hectare each year (200 pounds 
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Radium-226 and Polonium-210 in Leaf 

Tobacco and Tobacco Soil 

Abstract. Contents of radium-226 and polonium-210 in leaf tohacco and 
tobacco-growing soils vary with the source. The difjerences may result from 
production locality, culture, and curing. The polonium seems to he not entirely 
derived from the radium; plants probably take it up from the soil or air. 
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to 24,000 pc/kg (13). The 
radioactivity found in the 
sperm indicated a preferentia 
of radium in some stem tiss 
the process of upward ti 
leaves and to its subsequent 
the time of fruit formation 
(14) reported an increase in 
of uranium by plants during 
and maturation; he further s 
while radioelements are 
throughout the whole plant, 
centrate at the growing poir 
and fruit-bearing organs. 
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The model system for a methathesis 
reaction in the gas phase is: 

H2 + D2 -- 2 HD 

Soon after the discovery of deuterium 
this reaction was studied both in a 
fixed volume and in hot tube flow re- 
actors (1). 

Under these conditions it was dem- 
onstrated that the reaction involves a 
dissociation 

H2 ?= 21H 

which is relatively slow in the gas phase 
but is assumed to be effectively cata- 
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the overall reaction (2). It appears that 
); the four-center exchange mechanism 
P' was shunted by the three-center mecha- 
I, nism because of the rapid attainment 
s of the dissociation equilibrium on the 
3, walls of the containing vessels. Under 
j. those conditions the overall activation 
rs energy is about 59 kcal/mole, of which 
70 52 kcal comprises half of the dissoci- 

ation energy of the hydrogen (required 
n for the first step), and the remaining 7 

kcal is the required activation energy 
o- for the atomic displacement (second 
e step). 
7, During the past 2 years the single- 
^ pulse shock tube (SPST) has been de- 

veloped into an effective tool for studies 

3, of homogeneous gas phase kinetics (3). 
One may thus expose a sample of gas 
(the species of interest highly diluted 

d with argon, 90 to 99 percent) to a tem- 
75 perature pulse of known intensity and 

duration (dwell time), under completely 
E. homogeneous conditions, such that wall 
R. effects are negligible. Indeed, the shock 
in tube walls are at room temperature and 
nd therefore cannot be a source of atoms, 

as is unavoidably the case when the 
necessary heat influx comes through 
the walls of the vessel. Several H-D ex- 
change reactions have been studied in 
this manner (4). 

However, when we first attempted to 
analyze the results from the pairs of re- 
actants, (H2o + D2) and (HCl + D2), we 
encountered perplexing inconsistencies. 

Is The rate constants calculated on the 
?d basis of a bimolecular process involving 
b- a four-center transition state were scat- 
qe tered to a greater extent than is general- 
d ly observed for experiments with single- 
K. pulse shock tubes (see 5); the magni- 
)n tudes for these rate constants were 10 
s. to 100 times larger than the maximum 
)y computed from bimolecular collision 

theory. Finally, the data obtained at 
high temperatures were not compatible 

;el with results obtained by conventional 
id techniques, in view of the lower ap- 

parent activation energies deduced from 
our shock tube runs. 
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x- HD followed the relation: 
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d(HD)/dt = k(Ar) (D2), d(HD)/dt = k(Ar) (D2), (1) (1) 

being zero order in NH3 or H2S. Hence, 
the step controlling the rate cannot be 
the bimolecular encounter between the 
principal reactants. In both cases it 
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Vibrational Excitation in Some Four-Center 

Transition States 

Abstract. The rates of substitution of deuterium for hydrogen in homogeneol 
gas phase reactions between D2 and HX (X = H, Cl, NH2, or HS) were measure 
at high temperatures by single-pulse shock tube techniques. The magnitudes o} 
served and their dependency on concentration indicate that the rates of exchanf 
are much faster than would be attainable were the deuterium to dissociate an 
the D atoms to react with HX by atomic displacement to produce H + D) 
Also, these rates were not limited by methathesis through four-center transitio 
states generated by sufficiently energetic collisions between the principal reactant 
The results are compatible with the assumption that the rates are controlled I 
the populations of Ds in about its 6th vibrational energy level. 
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