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tion in certain amides is threefold: (1) it indicates that 
only one isomer is observed for most monosubstituted 
amides in the n.m.r. spectrum not because of rapid 
rotation about the C-N bond, but because of the pref­
erence for the trans configuration; (2) it shows that 
structural considerations, including nonbonded inter-

Introduction 
Although the reactions of active nitrogen with or­

ganic molecules have, in recent years, been the sub­
ject of numerous investigations,2-22 particularly in C. A. 
Winkler's laboratory at McGiIl University, there has 
been no report of studies directed toward identifying 
the chemical fate of individual atoms of a substrate 
molecule. This paper records our initial approach to 
securing such information by determining the molar 
radioactivities of the products of attack of active nitro­
gen on substrates suitably labeled with 14C. Because 
each of its carbon atoms is structurally unique, propene 
is a convenient simple substrate and its three isomerically 
labeled forms were, accordingly, employed. 

Experimental 
General Procedures.—Reactions were carried out in an un-

poisoned Pyrex flow system at ambient temperature and 4.2 mm. 
pressure. Purified molecular nitrogen, pumped at a rate of 149 ± 
2 pinoles sec . - 1 , corresponding to a linear flow rate of 232 cm. 
sec . - 1 , was irradiated with 2450 Mc. microwaves to yield a nitro­
gen atom flow rate of 1.3 /umoles sec. - 1 , as determined by the 
nitric oxide emission titration method.23 Whether this method 
accurately measures nitrogen atom concentration has been ques-
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actions, play a part in determining the configuration 
about the peptide bond (this may also be important 
for polypeptide structures); and (3) it confirms the 
extensive infrared studies of N-methylformamide10 

which indicate that a small percentage of the mole­
cules may possess the cis configuration. 

tioned2024 but, under the fixed conditions of the present work, 
there is little question that the procedure provides a reliable rela­
tive measure. If, as Winkler and his co-workers suggest,24 NO 
is also decomposed by X2(A3S11

+), then our application of the NO 
titration established that the sum and ratio of nitrogen atoms and 
A3SU

+ molecular nitrogen were constant throughout this work. 
Propene was introduced at various flow rates with its direction 

of flow opposed to that of the nitrogen stream (c/. Fig. 1). The 
latter procedure gives a small sharply defined flame represented 
by F in Fig. 1. Products were trapped at liquid nitrogen tem­
perature and separated by vapor phase chromatography. Yields 
were determined, rather roughly, by a combination of manometric 
data with chromatogram peak areas and area factors determined 
with authentic materials in this work. Products were identi­
fied by their infrared spectra. 

The molar radioactivity of each product was determined, after 
its isolation and purification, by counting a known quantity in a 
sandwich type flow counter by the method of Christman and his 
co-workers.26'26 

Materials of Research.—Nitrogen was Matheson "prepuri-
fied" grade and was further purified as described below. Pro-
pene-l-14C and -3-14C were supplied by Research Specialties Co. 
while the 2-14C isomer was from Nuclear Research Chemicals, 
Inc. Phillips Research Grade propene, which had been freed 
of air and water and which contained no other impurities de­
tectable by gas chromatography, was used to dilute propene-l-14C, 
-2-14C, and -3-14C to 0.25 »c./mM, 1.28 »c./mM, and 0.13 
M C . / m l , respectively. Undiluted propene-l-14C and -2-14C were 
analyzed for radioactive impurities by the methods used in an­
alyzing reaction products. Propane and ethylene were the prin­
cipal radioactive impurities, but their amounts and specific activ­
ities were too low to affect the results significantly. Nitric 
oxide (Matheson) was subjected to low temperature bulb-to-
bulb distillation until no color was detectable in the gas phase. 

Procedural Details.—Nitrogen, maintained at approximately 
atmospheric pressure by a mercury trap, was freed of O2, HjO, 
and CO2 by passing it over copper turnings at 500°; cooling it in a 
water-jacketed tube, and trapping the condensables at liquid N2 
temperature. Flow rate was controlled at a capillary flow meter 
and measured at the exhaust side of the pump by means of a soap-
bubble flow meter. 

Active nitrogen was produced in a glow discharge generated 
with the full output of a Raytheon Model 10 microwave generator 
with a Type A medical antenna. Constancy of active nitrogen 
production in the unpoisoned system was achieved by pumping 
the system continuously when it was not in use and by condition­
ing the walls immediately before a run by passing active nitrogen 
until the afterglow intensities measured by photom eters at Pi 
and P2 of Fig. 1 had fallen to constant values. The photometer at 
P1 employed an A1P21 photomultiplier with a First Electronics 
Model 710-PR power supply and an RCA WV-84C d.c. micro-
ammeter. That at P2 was an Eldorado Electronics Co. Model 
PH-200 equipped with a Model 200C 316 detector. 11 was estab­
lished that interruption of the discharge for up to 1 min. did not 
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The molecular origins of HCN, C2H2, C2H4, C2H6, CaH8, and CH3CN formed by the reaction of active nitrogen 
with propene have been investigated by determining the relative molar radioactivities of these products when 
formed from propene-l-14C, propene-2-14C, and propene-3-14C, respectively. The result establishes that none of 
these products arises by random utilization of the carbon atoms of the reactant. HCX" originates more exten­
sively in C-I and C-3 than in C-2. Ethylene and CH3CN appear to have the same precursor or precursors and are 
derived from C-2 plus C-I and C-3 in the approximate ratio 2 :1 . Acetylene is derived from C-2 plus approxi­
mately equal proportions of Ci and C3. Ethane appears to be derived principally from Ci and C3. Propane is 
largely or solely formed by addition of hydrogen to propene. Mechanistic speculations are offered. 
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Fig. 1.—Countercurrent reactor tube. 

alter the afterglow intensity obtained on resumption of the dis­
charge, once the plateau had been achieved. 

The flow rate of atomic nitrogen at the plateau was determined23 

by allowing NO to flow from a reservoir through a capillary flow 
meter into the reactor and measuring the intensity of emission 
from the reaction flame with photometer Pi as the flow rate of 
NO diminished through the equivalence point. Immediately 
before introducing reactant propene, the discharge was inter­
rupted. Propene was then passed through the same flow meter 
for about half a minute until a constant flow rate was achieved. 
The discharge was then resumed and the reaction begun. Coun­
tercurrent mixing of the gas streams in the reactor shown in Fig. 
1 gave a much more sharply defined flame than could be obtained 
by having the streams meet while flowing in the same direction 
and was employed throughout this work. 

Unreacted propene and reaction products were collected at 
liquid nitrogen temperature in two traps, the second of which 
consisted of a spiral made of 60 cm. of 9-mm. i.d. tubing. Meth­
ane was not trapped by this procedure. It was established that 
ethylene could be trapped with 80% efficiency. Products were 
distilled into a removable trap and transferred to the analytical 
system. Total volatile product was determined manometrically. 

Gas chromatographic analyses, separations, and purifications 
were carried out on didecyl phthalate in a 4-ft. metal column 
and on silica gel in a 3.8-ft., 4-mm. i.d. glass column using Mathe-
son helium, freed of CO2 and water by trapping at liquid nitrogen 
temperature, as carrier gas. Constancy of helium flow through a 
column and the reference side of the thermal conductivity cell 
was maintained by regulating the inlet -pressure as indicated by 
Hoke Bantam flow gages. The thermistor equipped thermal 
conductivity cell was maintained at 25 ± 0.2° and its output was 
fed through an attenuator into a Texas Instrument Co. dual chan­
nel two-pen Model WD Servo-riter. 

About 50 ixM at a time of the reaction product was first sepa­
rated on didecyl phthalate into hydrocarbon, HCN, and nitrile 
fractions which were collected at liquid nitrogen temperature. 
The HCN and nitrile fractions were purified on the same column 
while separation and subsequent purification of the hydrocarbons 
were carried out on silica gel. Relative losses of HCN and 
propylene were sufficiently small during separation to permit 
manometric determination of their yields. Yields of the other 
products were calculated from the manometrically determined 
yields of the initial three fractions and chromatogram peak areas 
of individual components with the aid of area factors determined 
under identical conditions with authentic samples of the various 
products. All molar activity data were determined using mano­
metrically determined amounts of isolated products which had 
been purified by repeated chromatography. 

Samples were swept from the chromatographic columns into a 
sandwich type flow counter by the stream of helium. The 
Mylar window equipped with brass and Teflon counter27 (Atom. 

(27) Essentially the same as that described by R. Wolfgang and C. F. 
MacKay, Nucleonics, 16, No. 10, 69 (1958). 

Mech. Machine Co.) employed P-10 counter gas (Matheson) and 
was shielded by 2 in. of lead. Other counting equipment in­
cluded a Nucleonic Corp. Model RCR 3 scaler-ratemeter, the out­
put of which was fed through an attenuator to the recorder, a 
Cosmic Radiation Laboratories Model PA 201 preamplifier, and a 
Raytheon Model VR6115 voltage stabilizer. The counter ef­
ficiency was determined with propylene, assuming the specific 
activity quoted by the suppliers, to be 28%, in good agreement 
with the value, 30%, determined by Wolfgang and MacKay27 us­
ing CO2. Since counting rates for products and reactant were 
low, ranging from less than 2 5 % of background to several times 
background, the background correction required great care. 
The use of the Servo-riter to record the output of the scaler proved 
unsatisfactory; background corrections were too dependent on 
baseline stability, for instance. The recorder was therefore 
used only to indicate the passage of a radioactive compound 
through the counter. The activity data reported herein were 
obtained by using a Polaroid Model 900 camera to photograph 
the scaler dials before, during, and after the passage of a sample 
through the counter. This method permitted more precise 
determination of effective background and appeared to be success­
ful. Inaccuracies in the data are known to have arisen from 
difficulties in the procedures employed in transferring product 
aliquots and in technical aspects of the counting equipment. 
Actually flow counting is not necessary in the procedure evolved 
and improved results with static counting are anticipated. 

Data 
Results are summarized in Tables I—III. The data of 

each horizontal line in Tables I and II are derived from 
a single experiment. In some cases two or more aliquots 
of a given isolated product were counted, as were several 
aliquots of each reactant propylene, giving mean devia­
tions for a given material which were normally in the 
range from 1 to 5%. The data of Table III make clear, 
however, that the over-all accuracy of the results is 
considerably poorer than the precision of counting. 
Since the origins of the discrepancies between theoretical 
and observed values of the sums of relative molar activi­
ties are on the whole not known, it is dangerous to 
impute too much significance to any single datum. 
The very large discrepancies observed for ethane are 
probably a consequence of imperfect separation from 
ethylene, a much more abundant product with a similar 
chromatographic retention time. This source of uncer­
tainty was minimized for propene-2-14C, the last sub­
strate to be investigated. 

Polymeric material is also formed in the reaction of 
propylene with active nitrogen but'was not subjected 
to systematic investigation. One sample after exposure 
to air was found to contain 4.3% hydrogen, 45.0% car­
bon, and 36.7% nitrogen.28 

The uncertainty which may possibly arise from 
identification of NO emission titration23 data with 
atomic nitrogen flow rates is discussed briefly in the 
Experimental section. Regardless of the quantitative 
meaning of the data, the ratio of reactants used in our 
experiments was varied over a wide range which un­
equivocally includes both a ratio of less than one mole­
cule of active species per molecule of propylene and a 
large excess of the former. If, as Winkler and his co­
workers suggest,2024 NO is decomposed both by N and by 
A3Su+ N2 so that the NO titer is approximately twice20 

the concentration of atomic nitrogen, and if propylene 
reacts significantly only with atomic nitrogen, as has 
been suggested20 for ethylene, then the ratios of react­
ants indicated in Tables I—III need only be divided by 
two (c/. the Discussion section for further considera­
tion of this problem). 

It is interesting to note that acetonitrile, which ac­
cording to the present results is the second most abun­
dant volatile product,29 was not detected by prior 
workers.630 

(28) Analysis by Schwarzkopf Microanalytical Laboratory. 
(29) An oral report of this result is misquoted by G. Mannella, Chem. Rev., 

63, 1 (1963). 
(30) G. S. Trick and C. A. Winkler, Can. J. Chtm.. SO, 915 (1952). 
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(N) 

(C1Ht) 

0.37 
1.14 
6.1 

TABLE I 

PRODUCT YIELDS FROM UNLABELED PROPENE 

ju moles/min. 

Supplied 

195.5 
64.6 
11.0 

TABLE 

Reacted 

36.4 
16.0 
9.8 

II 

HCN 

18.6 
27.2 

8.1 

CjHi 

0.7 
.3 
.05 

MOLAR ACTIVITIES OF PRODUCTS RELATIVE TO THOSE OF 

REACTANT PROPENES 

(N)/ 
(CaH.) 

0.27 
1.20 
6.1 

0.39 
1.19 
7.50 

HCN 

0.36 
.35 
.30 

0.24 
.22 

CsH. C2H4 C I H J 

From Propene-1-
1.11 0.69 
0.62 .60 0.45 

.42 .59 .50 

From Propene-2-
0.15 0.75 

.14 .85 0.83 

. 00 .88' . 876 

CH.CN 
UQ 

0.69° 
.57° 

HQ 

0.84 
.79 

CjHs 

0.97 
1.02 
0.71 

0.92 
.98 
986 

CsH. 

0.92 

1.00 

1.0O! 

From Propene-3-14C 
0.37 0.40 . . . 0.29 . . . 0.25 0.93 
1.14 .40 0.50 .27 0.48 .28 1.03 
6.0 .32 .63 .36 .43 .41 0.91 0.93 
" Determined on impure CH3CN containing about 15% of 

C H 2 = C H C N . b A leak occurred in the vacuum system on the 
day these products were counted. Experimental considerations 
indicated that all were contaminated with the same proportion 
of air. The raw values were therefore divided by 0.87 so as to 
normalize the value for propene to unity. This procedure is 
supported by the fact that three aliquots of standard propene-2-
14C, counted on the same day, before the leak was eliminated, 
had an apparent average activity equal to 90 ± 2 % of the cor­
rect value. The correct value was obtained with an aliquot 
counted after elimination of the leak. 

TABLE III 

SUMS OF RELATIVE MOLAR ACTIVITIES IN PRODUCTS 

( N ) / ( C J H 6 ) HCN CiHe C2H< C2H2 CH2CN C2Hs C.H. 
Theoretical 1.00 2.00 2.00 2.00 2.00 3.00 3.00 
Found 1.2 0.99 1.26 1.69 1.76 1.81° 3.03 

6.0-7.5 0.84 1.05 1.83 1.80 1.77 2.58 2.58 
0 Value ignores contamination of CH3CN from propene-l-uC 

by acrylonitrile. 

Discussion 
Molecular Origins of Products.—Although any single 

datum of Table II must be treated with caution, con­
clusions can be drawn from the total results. Clearly 
the atoms of reactant propylene are not distributed 
randomly in the products since, if they were, each two-
carbon product would have a relative molar activity 
(hereinafter designated as ^K) of 0.67 under all condi­
tions and regardless of the location of 14C in reactant 
propene, while An of HCN would always be 0.33. 
Equally clearly," none of the C2 products, with the pos­
sible exception of ethane (for which the data are least 
satisfactory), is derived from a unique pair of substrate 
atoms nor does HCN originate from a unique site. 

The significance of the data for HCN is complicated 
by the fact that active nitrogen is known231 to react 
with all the other tabulated products to form HCN. 
It might thus be expected that with increasing excess of 
active nitrogen the value of AR for HCN should tend 
toward 0.33. The present data are equivocal because 
I M R for HCN falls short of its theoretical value by 16% 
with large excess of active nitrogen. The low value of 
AB. obtained from propene-2-14C with a large excess of 
active nitrogen is, however, supported by more recent 
work,32 suggesting that under all the conditions of 
Table II the bulk of HCN is primary, i.e., not derived 
irom attack on other molecular products. The data 

(31) W. Forst and C. A. Winkler, / . Phys. Chem , 60, 1424 (1956). 
(32) Y. Titani, unpublished work. 

C2H. 

5.3 
3.7 
0.6 

C2Hj 

~ 0 
0.6 
0.7 

CHiCN 

6.0 
4.4 
2.4 

CiH. 

3.2 
2.2 
1.0 

C2HiCN 

1.1 
0.8 
0.3 

thus indicate that HCN is formed with some degree of 
selectivity from the terminal carbon atoms, regardless 
of their degree of saturation. It is interesting to specu­
late that the nearly equivalent degree of derivation of 
HCN from these carbon atoms suggests that an im­
portant reaction path involves an unstable intermediate 
in which C-I and C-3 are equivalent. 

The data for ethylene and methyl cyanide are re­
markably similar at all ratios of reactants, even though 
the proportion of the latter is about four times greater 
with excess active nitrogen. The change in their rela­
tive abundance is consistent with the known30 31 lower 
reactivity toward active nitrogen of CH3CN. Ethylene 
and methyl cyanide thus appear to have the same pre­
cursor or precursors, and are derived in the main from 
C-2 plus either C-I or C-3, the latter appearing in a 
ratio of approximately 2:1. 

Ethane is clearly not formed in the main by addition 
of hydrogen to ethylene, even though it is formed in 
approximately constant proportion to the latter. 
Very little, if any, C-2 appears in ethane. The data 
are too uncertain to enable any conclusion to be 
drawn concerning the relative abundance of C-I and 
C-3 in this product. Both, however appear to be 
present to a significant degree. 

The origin of acetylene resembles but is not identical 
to that of ethylene and methyl cyanide. As are the 
latter two, acetylene is composed of one C-2 per mole­
cule but C-I and C-3 contribute equally to the other 
atom. Again, as with HCN, there is a suggestion of 
an intermediate in which C-I and C-3 have become 
equivalent. 

Although a single datum, not known to be in error, 
deviates widely from the other AR values for propane, 
the bulk of the data indicate that this product is formed 
solely, or nearly so, by addition of hydrogen to reactant 
propene. In no case do the data require that recovered 
propene be other, than unreacted propene, i.e., there 
is no evidence for resynthesis of propene from smaller 
fragments. The experiments described here are, how­
ever, incapable of detecting rearrangements within the 
propylene molecule, the occurrence of which further 
complicates interpretation of the results. 

The Nature of the Reagent.—The construction of 
specific mechanistic models from information of the sort 
presented here requires that the nature of the attacking 
species be assumed. The situation is also complex in 
this respect since, in addition to 4S nitrogen atoms33 

and excited molecular nitrogen in the A32u
+ state,2034'35 

other highly energetic species are probably present.36 

Even if the determination of 4S atomic nitrogen by the 
nitric oxide emission titration method is valid,37 the 

(33) K. R. Jennings and J. W. Linnett, Quart. Rev. (London), IS, 16 '1958). 
(34) E. C. Zipf, Jr., J. Chem. Phys., 38, 2034 (1963). 
(35) J. F. Noxon, ibid., 36, 926 (1962). 
(36) O. E. Beale, Jr., and H. P, Broida, ibid., Sl, 1030 (1959). 
(37) The work of R. A. Back and J. Y. P. Mui, J. Phys Chem.. 66, 1362 

(1962), effectively eliminates the mechanism for decomposition of nitric 
oxide by A 1J , 'N 2 which Wright and Winkler (ibid., 66, 1747 (1962)) propose 
to account for the results of the former workers. The reaction of eq. 1 
of the latter paper would yield only 15N18N with 15NO, in disagreement with 
the results of Back and Mui. Any process involving dissociation of NO by 
A3Su+N2 is also excluded by their results. Nevertheless. as Back and Mui 
point out, processes can be imagined which accommodate their results in 
terms of excited N2, so that their results do not completely exclude Winkler's 
view that titration with NO is not specific for atomic nitrogen. 
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presence of other components of active nitrogen capable 
of at tacking propylene is not thereby excluded. The 
present work unfortunately does not contribute to 
knowledge of the composition of active nitrogen. 

Mechanistic Speculations.—It is pointed out above 
tha t C2H4 and CH 3 CN appear to have a common 
precursor or precursors. I t seems most probable tha t 

/ N x 

such a precursor would contain nitrogen, e.g., C H 2 - CH2 

(I) in ground or excited states might be expected to 
undergo unimolecular or bimolecular rearrangement to 
CH 3 CN and loss of N2 a t the wall or in a bimolecular 
reaction. At reduced concentration unimolecular re­
arrangement might predominate, a consideration which 
may be partially responsible for the roughly threefold 
increase in the ratio of CH 3 CN to C2H4 a t lowest sub­
strate concentration. The fact tha t C-I preponderates 
over C-3 in these products suggests tha t at least some 
proportion of intermediate I results from a t tack on the 
original double bond of propylene. If the simplifying 
assumption is made tha t 4S atomic nitrogen is the only 
significant reagent, then such initial a t tack can be 
visualized as proceeding via a relatively slow spin-
forbidden addition to the double bond followed by 
rearrangement and loss of CH2 . An interesting alter­
native involves the concerted formation of monoradical 
I and diradical CH 2 in a process which conserves 
spin. 

Introduction 
Studies carried out by many workers have elucidated 

the nature of the hydrolysis and olation reactions of a 
large number of metal ions and metal chelates on the 
basis of potentiometric, spectrograph^, polarographic, 
and ion-exchange data. However, in many cases, 
particularly those of highly charged metal ions, it has 
been impossible to determine the degrees of aggregation 
of the polymers which are formed. An important 
step in this direction was the adaptat ion by Kraus, 
Johnson, and co-workers of equilibrium ultracentrifu-
gation measurements to the calculation of the degrees 
of polymerization of Zr ( IV) , 3 4 Hf( IV) , 4 5 Bi ( I I I ) / ' 
In( I I I ) , 7 Au(III) , 7Hg(I) , 7 Hg(II) ,7 Pb(II)1

8SnClSn(IV)8-9 

(1) This work was supported by the U. S. Atomic Energy Commission 
under Contracts AT-(30-l)-1823 (Clark University) and AT-(11-1)-1020 
(Illinois Institute of Technology). 

(2) Illinois Institute of Technology, Chicago, 111. 
(3) K. A. Kraus and J. S. Johnson, J. Am. Chem. Soc, 75, 5769 (1953). 
(4) J. S. Johnson and K, A. Kraus, ibid., 78, 3937 (1956). 
(5) J, S, Johnson, K. A. Kraus, and R. W. Holmberg, ibid.. 78, 26 (1956). 
(6) R. W. Holmberg, K, A. Kraus, and J. S. Johnson, ibid., 78, 5506 

(1956). 
(7) J, S. Johnson and K. A. Kraus, ibid., 79, 2034 (1957). 

The deficiency of C-2 in H C N and the nearly equal 
contributions from C-I and C-3 suggest a precursor in 
which the lat ter a toms become equivalent to each other 
bu t different from C-2. The necessary symmetry 
could be achieved, for instance, via initial spin-forbidden 
abstraction of hydrogen from C-3 followed by the fast 
reaction of the resulting allyl radical, presumably 
with atomic nitrogen, a t its terminal atoms, associated 
with cleavage, or via formation of an unstable four-
membered ring, followed by decomposition to H C N 
and other fragments. Alternatively, the indicated 
symmetry might be achieved by direct a t tack of nitro­
gen a tom on propene to form an unstable four-mem-
bered ring, with loss or rearrangement of hydrogen. 
Similar processes are consistent with the indicated 
symmetry of the precursors of acetylene. 

The present data are, of course, not capable of 
doing more than indicating the structural symmetries 
of the precursors of some of the products and the 
suggested precursors are only meant to be illustrative. 
I t is not meant to imply tha t any of the observed 
products, with the possible exception of propane, is 
formed with a single reaction path. 
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ions a t various pH and concentration levels. Sub­
sequently, Gustafson and Martell10 successfully adapted 
the methods of dealing with the ultracentrifugation of 
charged polymers as outlined by Johnson, Kraus, and 
Scatchard1 1 to the Archibald12 nonequilibrium tech­
nique as developed by Klainer and Kegeles13 in order 
to determine the degrees of aggregation of 1:1 T h ( I V ) -
diethylenetriamine pentaacetate and 1:1.5 T h ( I V ) -
pyrocatechol 3,5-disulfonate (Tiron) systems. In the 
present study, the application of the nonequilibrium 
ultracentrifugation technique has been extended to 
1:1 Th(IV)-N-hydroxyethylethylenediamine tr iacetate 
(HEDTA) , 1:1:1 T h ( I V ) - H E D T A - T i r o n , 1:1 Zr-
( I V ) - H E D T A , and 1:1:1 Zr(IV)-ethylenediamine 
tetraacetate (EDTA)-Ti ron systems. Bogucki and 
Martell14 have a t tempted to elucidate the structure of 

(8) J, S. Johnson and K. A. Kraus, ibid., 81, 1569 (1959). 
(9) J. S. Johnson and K. A. Kraus. / . Phys. Chem., 63, 440 (1959). 
(10) R. L. Gustafson and A. E. Martell, J. Am. Chem. SoC, 82, 5610 

(1960). 
(11) J. S. Johnson, K. A. Kraus, and G. Scatchard, J. Phys. Chem., »8, 

1034 (1954). 
(12) W. J. Archibald, ibid., Bl, 1204 (1947). 
(13) S. M. Klainer and G. Kegeles, ibid., 69, 952 (1955). 
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The degrees of aggregation of 1:1 Th(IV)-N-hydroxyethylethylenediamine triacetate (HEDTA), 1:1:1 
Th(IV)-HEDTA-pyrocatechol 3,5-disulfonate (Tiron), 1:1 Zr(IV)-HEDTA, and 1:1:1 Zr(IV)^thylenedi-
amine tetraacetate (EDTA)-Tiron chelates have been calculated from data obtained by nonequilibrium cen-
trifugation in sodium chloride solutions at 25°. The 1:1 Th( IV)-HEDTA chelate has been shown to be most 
probably hexameric, whereas solutions containing equimolar amounts of Th(IV), HEDTA, and Tiron to which 
have been added 42/3 and 6.0 moles of sodium hydroxide per mole of metal ion were shown to be polydisperse. 
Solutions of Zr(IV) and HEDTA at pH 6 were shown to be composed of mixtures of monomers and dimers. 
A value of Ku — [dimer]/[monomer]2 = 102-14 was obtained from the sedimentation data. The data ob­
tained for the 1:1:1 Zr(IV)-EDTA-Tiron systems at pH 7 suggest that a mixture of monomers and dimers is 
present. 


