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The effects of glycine, ethylenediamine, nitrilotriacetic acid, and ethylenediaminetetraacetic acid on the spectra of mono- 
valent cadmium ions and on the specific rates of reaction of monovalent cadmium ions with nitrate, nitrite, bromate, and  
iodate ions have been determined. The results indicate that monovalent cadmium ions form complexes with these ligands. 
The mechanism of reduction by monovalent cadmium ions is discussed. 

Monovalent cadmium ions, Cd+, formed by the 
reaction of hydrated electrons with divalent cadmium 
ions, have been shown to be powerful reducing agents.2-6 
The specific rates of reduction of different inorganic 
compounds, 2--j including a series of Co(lI1) complexes6 
by Cd+, have been measured. It has been suggested 
that  Cd+ ions react as a reducing agent both via the 
outer- and inner-sphere mechanisms6 

It seemed of interest to  study the effects of ligands 
on some specific rates of reaction of monovalent cad- 
mium ions, in the hope of achieving a better understand- 
ing of the mechanisms involved. The ligands ethyl- 
enediaminetetraacetic acid, EDTA, and nitrilotriacetic 
acid, NTA4, have been chosen for this study as they 
are known to form stable complexes with most cations. 
The effects of ethylenediamine, en, and glycine, gly, 
have been also studied as their functional groups are 
the same but  they have much lower chelating capabili- 
ties. Furthermore, these ligands are relatively stable 
toward reducing agents and are therefore not reduced 
by monovalent cadmium ions. 

The results indicate that  Cd+ forms complexes with 
EDTA and NTA and possibly with en and gyl too. 
It is concluded that  the mechanism of reduction of 
several anions by the EDTA and NTA complexes does 
not involve coordination of the anion to the cation 
prior to  reduction. Hydrated Cd+ ions reduce some of 
these anions via the same mechanism, whereas NOz- 
seems to be reduced after penetration into the inner 
coordination sphere of the cation. 

Experimental Section 
Materials.-All solutions were prepared from triply distilled 

water and AR reagents. The ethylenediamine sulfate, glycine, 
nitrilotriacetic acid, and ethylenediaminetetraacetic acid di- 
sodium salt were supplied by K & K Laboratories. 

Procedure.-The procedure of preparation of the samples, 
irradiation, observation of the optical changes, and calculation of 
t h e  specific rate constants have been identical with those described 
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earlier in The absorption spectra of the transients have 
been determined by splitting the light beam after it passed 
through the sample, so that a second monochromator could be 
used at a constant wavelength, as a monitor of pulse intensity. 
The absolute molar absorption coefficients were determined by 
pulse radiolyzing under exactly identical conditions a standard 
solution, the solution to be analyzed, and once again the stand- 
ard solution. The standard solution chosen was 10-3 &‘ K,Fe- 
(CK)6 saturated with S10. The determination of GE was based 
on G[Fe(CS)e”] = 6.1 molecules/100 eV and c[Fe(CX)e”] = 
1000 M-’ cm-’ at 4200 b. The accuracy of Ge thus determined 
is +15yo. The activation energy of the reactions has been 
determined by measuring the specific rates of reactions at tern- 
peratures between 3 and 90”. 

Results 
An attempt to measure the spectra of Cd(1) in the 

presence of the different ligands has been made. The 
absorption spectra of the transients formed in deaerated 
solutions containing lo-* 114 CdSOa and excess of the 
ligand, L (0.2 &I for en and gly, 0.02 M for EDT-4 and 
NTA) ~ have been determined immediately after the 
pulse. Under these conditions three intermediates may 
result as shown by the reactions 

enq- + CdIIL, ---f CdIL, --f CdIL, + (n  - m)L (1) 

where n = 1-3 depending on the ligand and llz 5 n 
as the complexes of Cd+ are expected to be less stable 
than those of Cd2+ for poor T-electron-donating lig- 
ands 

OH + L ----f Pi ( 2 )  

H + L + P z  ( 3  1 
PI and P2 are organic radicals which might be identical 
if H and OH do abstract the same hydrogen atom from 
the organic ligand. If OH and H attack the organic 
ligand a t  more than one site more than two organic 
intermediates might be formed. The absorption spec- 
tra of the transients formed by pulse radiolyzing deaer- 
ated solutions of the organic ligand alone have been 
measured. As in the absence of Cd(I1) the hydrated 
electron exists for about 50 psec in these solutions con-  
tributing to  the absorption of the transients, the ab- 
sorption was measured 100 psec after the pulse and 
extrapolated to time zero. (The decay of the organic 
radicals is relatively slow.) The spectra of the inter- 
mediates in the absence of Cd(I1) were deducted as a 
blank from those observed in the presence of Cd(II) ,  
and the resulting spectra are attributed to Cd’L,,. 
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(Further evidence for this assignment will be given 
below.) A major drawback of this procedure is that  
in the absence of Cd(I1) the reaction 

eaq- + L --+ P3 (4) 

might increase the absorption by the organic radicals. 
The spectra of CdIL, thus obtained in deaerated sol- 

utions of 0.01 M CdS04 and 0.2 M enSOI or 0.2 M gly 
are presented in Figures 1 and 2. In  both cases the 

eaq- + HzO + H; H + L -+ PZ 

I 

L % l x ~ X l x ~ x l ' Y l r  'n 
250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 

Figure 1.-The absorption spectrum of CdI(en),, the abscissa 
being in nm and the ordinate in arbitrary absorption units: 
x, transient formed in a solution of 0.2 M enSO4, pH 11.4; 0, 
transient formed in a solution of 0.01 M CdSOI, 0.2 M enSO4, 
pH 11.4; A, a difference curve (0 minus X). 

250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 

Figure 2.-The absorption spectrum of CdI(gly),, the abscissa 
being in nm and the ordinate in arbitrary absorption units: XI  
transient formed in a solution of 0.2 Mgly ,  pH 10.5; 0, transient 
formed in a solution of 0.01 M CdS04, 0.2 M gly, pH 10.5; A, 
a difference curve (0 minus X). 

maxima of absorptions of CdIL, are between 320 and 
330 nm, which means a shift of about 25 nm to the red, 
relative to CdI(aq). The absorption of the organic 
radicals in the en blank solution is rather small and the 
accuracy of the spectrum of Cdl(En), is therefore rela- 
tively goad. Tn the gly blank solution a much larger 
correction due to the organic radicals is necessary but 
mainly not in the region of maximum absorption. In 
the blank solutions of NTA and EDTA the absorption 

by the organic radicals approaches 50% that  of the 
Cd'L, in the region of maximum absorption and it was, 
therefore, not possible to determine the maxima of the 
spectra for Cdl(NTA), and CdIEDTA accurately. 
However the results indicate a red shift, of the same 
order of magnitude, for these cases too. 

An attempt has been made to measure the absolute 
values of the molar extinction coefficients of Cd'L, 
a t  350 nm. Using the technique described above, GtSjO 

has been determined with an error limit of *15%; 
the results are summarized in Table I. I t  should be 

TABLE I 
DETERMINATION OF GcdSO VALUES" --- G€~~"-----. 

Matrix No Cd(I1) 0.01 M Cd(I1) 

Hz0, pH 6 . 0  0 11,100 
0 . 2  M e n ,  pH 11.4 930 27,300 
0 . 2  Mgly, pH 10.5 2980 26,800 
0 .02  M N T A , p H  1 0 . 7  7840 29,300 
0 .02  M E D T A ,  p H  1 1 . 3  6510 13,100 

a €350 in units of M-' cm-'; maximal standard deviation i l5yO. 
Based on G ~ 4 2 0 0  = 6100 for Fe(CN)a3- in 10-3 iM K4Fe(CN)s solu- 
tions saturated with NzO. 

noted that  the G E ~ ~ ~  values measured represent a com- 
bination for all the transients formed in each solution. 
In  order to obtain GeSeo(Cd1L,), the value obtained 
for an identical solution but for the absence of CdS04 
should be deducted. (The drawbacks of this procedure 
were discussed above. j In order to calculate c(CdlL,) 
the corresponding G values must be determined. The 
difficulty in measuring the accurate G values is tha t  
they are dependent on the CdI'L, concentration and 
on k(ea,- + CdIIL,). Thus for Cdl(aq) it was found 
tha t  GtSao(Cdl(aq)) increases by about 40% when the 
CdS04 concentration is increased from to 10-' M .  
The yields in the presence of the organic ligands are 
expected to be lower than those in their absence, as the 
ligands decrease by one to three orders of magnitude 
the specific rates of reaction of ea,- with CdIIL,.'~* 
Assuming that G(Cd'L,) =3,  c3~o(Cd1L,) of theorder of 
8000 M-I cm-I is obtained for all the ligands. The 
latter value is significantly higher than that  for €350 

(CdI(aq)). This increase reflects mainly the red shift 
of the corresponding absorption bands due to the or- 
ganic ligands. The absorption coefficients a t  the peak 
seem to be of the same order or even a little smaller in 
the presence of the organic ligands. 

The rates of disappearance of Cd'L, in the absence 
of added oxidants have been determined by following 
the decay of its absorption a t  350 nm. At this wave- 
length the absorption of all organic radicals formed is 
smaller than 25y0 of that  of Cd'L, (Table I). Fur- 
thermore, it  was found that  the organic radicals formed 
in solutions containing no CdS04 disappear much more 
slowly than CdIL,. Therefore, for example, after all 
the Cd'EDTA has disappeared, a residual absorption 
remains which decays very slowly. The decay of the 
absorption of CdIEDTA has been analyzed for first- 

(7) M. Anbar and D. Meyei-stein, Tueias. Favaday Soc., 66, 1812 (1969). 
(8) D .  Meyerstein and pi. A. Mulac, ibid. ,  66, 1818 (1969). 
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Figure 3.--Second-order decay plot for CdIEDTA in the absence 

of oxidants. 
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Figure 4.-First-order decay plot for the reaction Cd'EDTil f 
A-02 -. 

and second-order mechanisms. It was found (Figure 
3 )  that  Cd'EDTA disappears by a second-order mecha- 
nism. The rate of the reaction has been determined as 
k / ~ ~ : "  = (5.8 & 1.5) X lo3 and R = (4 k 2 )  X I O 7  AT-' 
sec-'. The large error limit is mainly due to  the un- 
certainty in the exact value of the residual absorption 
and of the molar extinction coefficient of CdIEDTA. 
Similar results have been obtained for Cd'(NTA), 

where k / ~ ~ ~ ~  = (1.2 i 0.4) X l o 5  and k = (8  f 4) X 
lo8  sec-'. For CdI(gly), and CdI(en), first- 
order disappearance mechanisms have been observed ; 
these might be due to  impurities in the ligands added. 

The specific rates of reaction of Cd'L, with NOs-, 
NO2-, Br03-, and IO3- have been determined by fol- 
lowing the decay of the absorption due to  Cd'L, a t  
350 nm in solutions containing 111 CdIIL, and 
5 X 10-5-2 X -11 oxidating additive. The resid- 
ual absorptions in these experiments have been found 
to be significantly smaller than in the absence of the 
oxidants. The disappearance of CdIL, in these experi- 
ments has been analyzed for both first- and second- 
order mechanisms. Pseudo-first-order rates of reaction 
of Cd'L, with the oxidants have been calculated only 
u hen a good first-order plot has been obtained for a t  
least 2 half-lives (see, for example, Figure 4). The 
results were corrected for the disappearance of Cd'L,, 
in the absence of oxidants when needed. The results 
are summarized in Table I1 and have an accuracy 

TABLE I1 
EFFECT OF LIGANDS OS SPECIFIC RATES OF REACTION OF Ctl(l)'L 

Matrix w6 S O a -  S O ? -  BrOa- I O P -  
0.02 .U CdSOa, pH 0 . 0 8  3 . 6  X 10% 2 . 0  X 100 1 . 2 5  X 108 2 3 X 10'' 

0.01 If CdSOa, 0.2 0 .64  4 6 X 108 1 12 X 108 1 . 2 8  X lo8  2 5 X 10' 

0.01 .If CdSOI, 0.2 0 . 2 1  2 . 4  X 108 8 5 X 10s 6 . 1  X 107 1 . 8  X 109 

4 .5  

.If enSO4, pH 11.4 

.if gly, pH 10.5 
0.01 -11 C ~ S O ~ ,  0.02 0. i o  4 5 x 10' 4 . 2  x 10' I .02 x 107 6 . 1  x io* 

.li h T A ,  pH l U . i  

+If EDTA, pH 
11.3 

a In units of AI-' sec-'; maximal standard deviation z!=tZO~l,. 

0.01 .lI CdSOa, 0.02 0 . 1 6  1.GG X 10' 3 . 2  X 105 8 . 9  X 106 2 . 7  X 108 

The ionic strength. 

h i t  of &20%j. The specific rates of react on of CdI- 
(as) with the same oxidants are included for compar- 
ison. It should be noted that the latter results were 
obtahed a t  pH 4.5 and not in basic solutions. 

The salt effects on the specific rates of reaction with 
NOe- and IOa- have been measured and are summarized 
in Table 111. The activation energies 3.0 =I= 0.4 kcal/ 
mol for the reaction Cd'(aq) f NOz- and 3.2 + 0.4 

TABLE 111 
SALT EFFECTS o s  THE RATE OF REACTIONS OF 

Cd(1) VITH SOa- A N D  IO6- 
li 

with- p 
out with 

added added --Salt effecth-. Charge o f  
Rlatrix salt salt'" SO?- IO?- C<I'L,L' 

0.01 J /CdSOa ,yH4 .5  0 04 0 54 -16 -23 + 1  
0.01 .li CdSOa, 0.2 Jf 0 . 6 4  1 . 1 4  -12 -12 +1 

0.01 .If CdSOa, 0.2 li gly, 0 . 2 1  0.71 +I - 6  0 
enSOa, pH 11.4 

pH 10.5 
0.01 .If CdSO4, 0.02 .\I 0 10 0 . 6 0  + : < 4  +;%e - 2  

EDTA, pH 11.3 

(' p was changed by adding 0.5 ;\I SaC104. The iiiagnitude 
of the salt effect on the specific rate constants in per cent from 
the specific rate in the absence of the added salt. A minus sign 
nicans a decrease in the specific rate of reaction. Estimated 
charge of Cd'L,,, from the salt effect (see text). 
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kcal/mol for the reaction Cdl(aq) + BrOs- have been 
measured as well as those of 2.0 f 0.3 kcal/mol for 
the reaction Cd'EDTA + NOn- and 1.1 f 0.3 kcal/mol 
for the reaction Cd'EDTA + Br03-. 

Discussion 
The results indicate that the monovalent cadmium 

ions formed by the reaction of eas- with Cd(I1) com- 
plexes retain, a t  least in part, their ligand shell. This 
can be concluded from the effect of the different ligands 
on the specific rates of reaction of Cd'L, with the dif- 
ferent oxidants (Table 11). Thus for example the 
relative rates of reaction of Cdl(ay) and CdIEDTA with 
IO3-, Br03-, NO3-, and N02- are, respectively, 8.5, 
14, 21, and 625. If the EDTA effect would have been 
due to  some change in the medium, e.g., a change in 
the ionic strength, all the specific rates of reaction 
should have been affected to the same degree. Fur- 
thermore, the salt effects on the rates of reaction of CdI- 
L, indicate that whereas Cd'(en), is a cation as ex- 
pected, CdI(gly), seems to  be neutral and Cdl(NTA), 
and CdI13DTA are anions. From the absolute values 
of the salt effects i t  seems that the charge of CdINTA 
is -2, the effect being larger than that for CdI(aq), 
which conforms with the formula CdNTA2-. For 
CdIEDTA a similar charge is suggested though a charge 
of - 3  is expected from the formula CdEDTA3-. This 
discrepancy might be due to ionic association in these 
concentrated solutions. The results further suggest 
that  glycine forms a 1 : 1 complex with Cd(1) under the 
given conditions and a similar formula seems reason- 
able for the ethylenediamine complex. Cdl(aq) seems 
to be not complexed by sulfate as can be deduced from 
the salt effects and from the fact that  using Cd(C10& 
instead of CdSOd has no effect on its specific rates of 
reaction." 

The small red shift of the absorption band of Cd(1) 
due to complexing seems difficult to explain by as- 
suming that  the band is due to  a charge transfer to  
solvent t r a n s i t i ~ n . ~ ~ ~ ~  Therefore, the suggestion that  
i t  is a 52Sl/, + 52P8,, or 1/2 transition11,12 seems more 
likely though more work is needed in order to elucidate 
the origin of this transition. 

All the specific rates of reaction measured are very 
high though they are not diffusion controlled, with the 
exception of some of the reactions with iodate. The 
effects of the ligands are therefore relatively small and 
reduce the possibility of deducing from them the mecha- 
nism of reduction. Still i t  seems to  us that some sug- 
gestions can be made. 

The very small activation energies for the reactions 
of Cd'EIlTA with NOS- and B1-03- suggest that  the 
anions do not penetrate the inner ligand sphere of CdI- 
EDTA prior to  the reactions. These activation ener- 
gies are much smaller than those expected by compari- 

(9) J. H. Baxendale, E. M. Fielden, and J. P. Keene, Proc. R o y .  Soc. 

(10) T. Feldmann, A. Treinin, and V. Volterra, J. Chem. Phys., 42, 3366 

(11) I). M. Brown and F. S. Daintun, Tians .  F a r a d a y  Soc., 62, 1130 

(12) A. Treinin in "Radical Ions," E. T. Kaiser and L. Kevan, Ed.,  Inter- 

(London), A286, 320 (1965). 

(1965). 

(1966). 

science Publishers, New York, N. Y., 1968. 

son for the exchange of a ligand of Cd(1). Such an 
exchange should be the rate-limiting process if pene- 
tration into the inner sphere is needed for the forma- 
tion of the transition state, as the reactions of Cdl(aq) 
with NOz- and Br03- are faster and have higher acti- 
vation energies. 

If the suggestion that the oxidants do not penetrate 
the inner coordination sphere of CdIEDTA is correct, 
i t  is reasonable to assume that  the reductions of Nos-, 
Br03-, and 1 0 3 -  by Cd'(aq) and the other complexes 
of Cd(1) studied proceed via the same mechanism, 
as the ligand effects on the specific rates of reaction 
are relatively small. Still the possibility that  small con- 
tributions of another mechanism exist cannot be ex- 
cluded. The increased specific rates of reaction of the 
CdI(en), complex relative to the Cdl(aq) complex 
though the salt effect should have caused a decrease in 
the specific rates are attributed to the increase in the 
free energies of reaction. (Ethylenediamine and the 
other ligands which are poor T-electron donors are 
expected to  stabilize the higher oxidation state.) The 
effects of gly, NTA, and EDTA as ligands on the spe- 
cific rates of reaction with NO3-, Br03-, and IO3- seem 
to be due to a combination of the increased free energies 
of reaction, the change in the charge of the reactant, 
and the salt effects. 

From the specific rates of reaction determined (Table 
111), i t  is clear that  the specific rate of reaction of Cd(1) 
with NOz- is affected by the different ligands more than 
all the other reactions. Thus the reaction of Cdl(aq) 
with NOz- is diffusion controlled and significantly fas- 
ter than thereactions of Cdl(aq) with NO3- and Br03-, 
whereas the reaction of Cd'EDTA with NO2- is signifi- 
cantly slower than those of Cd'EDTA with NO3- and 
BrOa-. This change in the relative reactivities of 
Cd(1) due to ligation cannot be explained by changes 
in the free energies of the corresponding reactions. It 
has to be assumed, therefore, that  the reaction of Cd'- 
(aq) with NOz- proceeds via a different mechanism 
than the reactions of Cdl(aq) with BrOa- and Nos-. 
I t  is suggested that  the reaction Cdl(aq) + NOn- pro- 
ceeds after penetration of the NOz- into the inner 
sphere of Cd(1). This would explain the relatively 
large effect of ligands on the reactivity of Cd(1) to- 
ward NOz-, which seems to be due to a change in the 
mechanism of reduction. The contribution of the 
penetration of NOz- into the inner sphere of Cd(1) 
to the mechanism of reduction seems to decrease from 
CdI(aq) to Cdl(en),, Cdl(gly),, Cd'NTA, and CdI- 
EDTA. 

The question whether the oxyanion penetrates the 
inner coordination sphere of a reducing metal ion prior 
to reaction or not seems to be identical with the ques- 
tion of whether the metal ion is an inner- or outer-sphere 
reductant. The results therefore suggest that  CdI- 
EDTA is an outer-sphere reductant, whereas CdI(aq) 
may react via both mechanisms. The later suggestion 
is in accordance with earlier 

It is of interest to compare the relative reactivities 
of different reducing agents toward nitrite and nitrate. 
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The specific rates of reaction of eaQ- l3 and Cd'EDTA 
with NOS- are higher than those with NO*-, whereas 
the specific rates of reaction of H atoms,I3 Cd'(aq),j 
and Ni1(aqj5 with NOs- are higher than those with 
NOa-. The hydrated electrons are expected to be 
outer-sphere reducing agents, and a similar niechanisni 
has been suggested for Cd'EDTA. Hydrogen atoms 
are most likely an inner-sphere reducing a g e r ~ t , ~ > l ~ - l ~  

(13) M. Anabar and P. S e t a ,  1n2. J .  ApBZ. R a d i a t .  i sdopes .  18, 483 
(1967). 

(14) G .  h-avon and G.  Stein,  J .  Phys.  C h e n . ,  69, 1391 (1965) 
(15) M. Anbar and 11. Meyerstein, Suture,  206, 818 (196;). 
116) J. Halpern and J. Rabani, J .  Amer .  Chrm. Soc., 88, 699 
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and the same mechanism has been suggested for Nil- 
(aq) and Cd1(aq).6 It is. therefore, suggested that  the 
relative reactivities toirard KO3- and KOs- might be 
used as one of the guides for determining the mecha- 
nism of reduction by strong reducing agents. 
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Actinides1 

Tetrakis ,B-diketonates were synthesized with quadrivalent thorium, uranium, neptunium, arid plutoniuni and 1,1,1,2,2,3,3- 
heptafluoro-7,7-dimethploctane-4,6-dione (fod) and with Th4+  and U4+ and ',_",6,6-tetramethylheptane-3,j-dione (thd) and 
then characterized by elemental analysis. X-Ray diffraction data showed Th(Eod),, U(fod)4, and Xp(fod)4 were isomorphous, 
but Pu(fod)r had a different structure. mm 
at 125' for all fod chelates and at 195' for both thd chelates. A H k u ~ , l  increased from 33.1 kcal/mol for Th(fod)r to 36.4 
kcal/mol for Pu(fod)d. A.S~,I,I values increased nearly linearly with 2 for Th4+, G4+, and Xp*+ focl chelates; the value for 
A S a u ~ i  for Pu(fod)i was larger than the value predicted by a linear increase with 2, probably because of the different crystal 
structure of Pu(fod)a. 

T'apor pressures measured by a modified Knudsen effusion method mere ca. 

Introduction 
Lanthanide chelates of the sterically hindered p- 

diketones 2,2,6,6-tetra1nethylheptane-3,5-dione (thd)3 
and 1,lj1,2,2,3,3-heptafluoro-7,7-dimethyloctane-4,6- 
dione ( f ~ d ) ~  have sufficient volatility to permit gas 
chromatographic separation of the chelates of adjacent 
lanthanides. 3 , 4  Some lanthanide ions have been 
separated by fractional sublimation of Ln(thd)a che- 
lates. The possibility of similar separations of actinides 
led to the study reported in this paper. In this study, 
Th(thdj4,  U(thdj4, and M(fodj4 (A1 = Th,  U, Np, Pu) 
were prepared, and their vapor pressures and some 
other physical properties were determined. The prep- 
aration and study of the spectra of the fod chelates of 
Th4+  and U4+ were reportedj while this paper was in 
preparation. 

Previous  worker^^,^ have prepared over 30 B-diketo- 
(1) T h e  information contained in this article was developed during the  

course of work under Contract AT(Oi-2)-1 with the  U. S. Atomic Energy 
Commission. 

( 2 )  O R A U  Research Participant a t  the Savannah River Laboratory, 1 8 6 i -  
1968. 

( 3 )  K. J.  Bisentl-aut and I<. E.  Severs ,  J .  Ainm. Chr l i l .  S o c . .  87, 5254 
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nates of U4+ and obtained some measure of their 
volatility. In  general, the substitution of fluorine for 
hydrogen (-CF3 for -CHj) and replacement of nor- 
mal alkyl groups with branched alkyl groups increased 
volatility. However, the most volatile of these chelates, 
U(CF3COCHCOCF3)4, was too unstable for any prac- 
tical use. The greater shielding of the M4+ ions by the 
bulky thd and fod ligands ofl'ers the possibility for both 
increased volatility and stability toward oxidation. 

Experimental Section 
M(thdj4.-Th(thdjt and U(thd)r mere prepared" by mixing 

ethanol-water solutions of the XaOH-neutralized p-diketonate 
and thorium nitrate or [ (CnHi)sS]2UCls.8 The chelates precipi- 
tated immediately upon mixing the solutions and were purified by 
recrystallization from petroleum ether (bp 20-40') and vacuum 
sublimation. Alnalytical data are given in Table I. 

Aittempts to synthesize Xp(thd)4 and Pu(thd)A by the same 
procedure yielded products that  were probably mixtures of 
M(thd ),I and hydrocarbon-soluble oxidation products, perhaps i t i -  
cluding MOn(thd)2. Xtternpts to obtain pure Xpithd).i or I'u- 
(thdll from the mixture by fractional crystallization were also 
unsuccessful. An attempt t o  prepare Pu(thd)a in the presence 
of air resulted in the immediate oxidation of I'u"' to higlier plu- 
tonium oxidation states. 

M(fod)i.--hil(fod)a compounds were prepared by the proce- 
tiurr of Springer, et 0 1 . , ~  rather than that of Wieclenheft.G Meth- 
aiiol-water soluti(itis t i€  the NaOH-lleutralized /7-tlikrtonate aut1 
jiCliHij.iS]2MClc or MCli were mixed, and the crude M(fotl)k 

( 8 )  J .  1'. Riblei- and I ) .  G. Karraker, 1worg. Chevr. ,  7, 082 (1!168) 


