
76 JOHN D. CORBETT, WILLIAM J. BURKHARD AND LEONARD F. DRUDING Vol. 83 

[CONTRIBUTION N O . 890 FROM THE INSTITUTE FOR ATOMIC RESEARCH AND THE DEPARTMENT OF CHEMISTRY, IOWA STATE 
UNIVERSITY, AMES, IOWA] 

Stabilization of the Cadmium (I) Oxidation State. The System Cd-Cd2
1 (AlCl4) 2-

Cd^AlCl4V 
BY JOHN D. CORBETT, WILLIAM J. BURKHARD AND LEONARD F. DRUDING 

RECEIVED M A Y 6, 1960 

The effects of added salts on the degree of solubility of cadmium metal in the molten cadmium(II) halides are reinter
preted in terms of acid-base reactions between the added halides and a solution of Cd2X2 in CdX2. At 335°, melts containing 
67, 57 and 31 mole per cent. Cd2

+2 result when CdCl2, CdBr2 and CdI2 are reduced in the presence of two moles of the re
spective aluminum trihalides per mole of the dihalide. The presence of stable cadmium(I) salts in the diamagnetic, white 
to yellow products obtained on solidification of these melts is confirmed by the Cd-Cd2(AICU)2-Cd(AlCU)2 phase diagram 
and by the isolation of Cd2(AlCU)2. This salt decomposes to metal and a melt containing 6 5 % Cd2

+ 2 at 227° and dispropor-
tionates in all solvents much more basic than benzene. In the melts the increased stability of the cadmium(I) oxidation state 
when X - is replaced by the larger and less basic AIX4"" is considered to result from the decrease in the interaction of the 
more acidic cation, Cd +2, with the anion, and, in the solid, from the related decrease in the difference in lattice energies of 
the salts in the two oxidation states. The contrast between the light green color of the reduced tetrachloroaluminate melts 
and the opacity of those containing chloride ion is discussed. 

Introduction 
The apparent solution of cadmium metal in 

molten cadmium(II) chloride, bromide or iodide 
was first reported in 1890 by Morse and Jones.2 

The black solids Cd4Cl7, Cd4Br7 and CdI2Ii3 that 
they obtained on solidification of the metal-satu
rated melts were believed to be mixtures of the 
dihalide and the "cadmous" halide since an unstable 
CdOH was claimed to have been obtained upon 
washing these products with water. However, 
subsequent studies have shown that this phenom
enon is solely one of the liquid state and that the 
resultant solids are indeed only mixtures of the 
cadmium(II) halide and finely divided metal.34 

The resulting speculation regarding the nature of 
these and other similar melts has been considerable. 
The possibility of "pyrosol" formation6 was elim
inated by the marked depression of the freezing 
point of CdCl2 by added metal4 and by the absence 
of colloidal metal in the melt,6 while the non-exist
ence of a significant concentration of mobile elec
trons, in contrast to the alkali metals in their 
molten halides,7 was indicated by the gradual 
decrease in conductivity of liquid CdCl2 on addi
tion of metal.4 However, other work has not, in 
general, allowed a clear and unambiguous distinc
tion to be made between 'atomic' cadmium, a 
cadmium subhalide or a mixture of these as the 
solute. The observed diamagnetism,8 for example, 
presumably ruled out CdCl but not Cd0 or Cd2Cl2. 
Similar conclusions have resulted from the nature 
of the distribution of metal between bismuth-
cadmium alloys and the melt,9 and to the observa-

(1) Presented at the Symposium on New Techniques in Inorganic 
Synthesis, 138th Meeting of the American Chemical Society, New 
York, N. Y., Sept. 13,1960 Work was performed in the Ames Labora
tory of the U. S. Atomic Energy Commission. 

(2) H. Morse and H. Jones, Am. Ckem. J., 12, 448 (1890). 
(3) W. Ho'.Iens and J. Spencer, J. Chem. Soc, 1062 (1934). 
(4) A. H. W. Aten, Z. physik. Chem.. 73, 578 (1910). 
(5) R. Lorenz and W. Eitel, "Pyrosol," Akademische Verlagsge-

sellschaft, Leipzig, 1926. 
(6) W. Eitel and B Lange, Z. anorg. allgem. Chem., 171, 168 (1928). 
(7) H. R. Bronstein and M. A. Bredig, THIS JOURNAL, 80, 2077 

(1958). 
(8) J. Farquharson and E. Heymann, Trans. Faraday Soc, 31, 1004 

(1935). 
(9) E. Heymann and E. Friedlander, Z. physik. Chem., 148, 177 

(1930). See also E. Heymann, R. Martin and M. Mulcahy, / . Phys. 
Chem. 47, 473 (1943). 

tion of a two-electron oxidation-reduction process 
relating the solute and the solvent.10 On the other 
hand, it was reported that distinctly better agree
ment with the accepted heat of fusion of CdCl2 
was found if Cd2Cl2 instead of Cd0 was taken as the 
solute for an analysis of the freezing point depres
sion data.11'12 An unexplained break in the de
composition potential of solutions of CdCl2 (or 
SnCl2) in NaAlCl4

18 may be due to a stepwise re
duction. 

An interpretation of metal-metal halide solu
tions in general and of the effect of foreign salts on 
the Cd-CdCl2 system in particular has been given 
by Cubicciotti14 in terms of a solution of metal 
atoms (as ions plus electrons). In this, the larger 
halide ions were taken to be essentially close-
packed and therefore structure determining, with 
the cations occupying octahedral holes in this loose, 
anion structure. It was then suggested that the 
vacant holes would be filled by the cations of the 
dissolved metal, with their valence electrons being 
transferred to a band structure in the salt. Cubic
ciotti noted that such a picture was in qualitative 
agreement with known metal solubilities, which 
increase with cation size and with anion to cation 
ratio in the salt. In addition, the solubility of 
cadmium in CdCl2 was found to decrease most 
rapidly on addition of KCl and least rapidly with 
CeCl3, in agreement with their anticipated effects 
on the number of cation vacancies. Although 1:2 
salts would not be expected to disturb the model 
structure as markedly, the somewhat greater 
effect of the more electropositive ions (Ca+2 > 
Mg+2>Mn+2) on the solubility was attributed to 
an increase in the energy of the electron bands 
within the salt. Although no supporting conduc
tivity data are available on these mixtures, the 
binary Cd-CdCl2 melt apparently does not show 
any significant electronic conductivity.4 

(10) S. Karpachevand A. Stromberg, Zhur. Fit. Khim., 13, 397 (1939). 
(11) K. Grjotheim, F. Gronvold and J. Krogh-Moe, T H I S JOURNAL 

77, 5824 (1955). 
(12) A heat of fusion for CdCh 35% higher than that employed in 

ref. 11 has recently been obtained calorimetrically (L. E. Topel and 
L. D.Ranson, to be published),so that this conclusion no longer appears 
warranted. 

(13) Y. Delimarskii, L. Berenblyum and I. Sheiko, Zhur. Fiz. 
Khim.. 25, 398 (1951). 

(14) D. Cubicciotti, THIS JOURNAL, 74, 1198 (1952). 
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Arguments have also been advanced for a general, 
but perhaps not universal, interpretation of solu
tions involving at least the post-transition metals 
in terms of the formation of dilute solutions of 
slightly-stable lower halides.15 This approach was 
considered particularly attractive from the thereby 
understandable variations in metal solubility with 
change in halide or metal ion and from the oc
currence of a parallel, and presumably similar, 
reduction of the same salts in the gas phase.16 

In the present paper, the acid-base reactions ex
pected on the addition of extraneous salts to the 
metal-lower halide-normal halide equilibrium are 
discussed and applied to the isolation of stable 
cadmium (I) salts. 

Results and Discussion 
The consequences of the addition of halide salts 

to the Cd-CdCl2 system are also understandable 
in terms of the equilibrium 

C l -
Cd + 2 + Cd(„i) = Cd2

+= 

Introduction of basic salts such as KCl would shift 
the equilibrium toward Cd+2 by virtue of the 
stronger interaction of the chloride ion with the 
more acidic or polarizing Cd+2 ion.1116 Accord
ing to the data of Cubicciotti,14 the fraction of Cd+2 

apparently reduced at 740° in the presence of one 
mole KCl per mole of CdCl2 is only about 15% of 
that observed in the binary system. Indeed, it 
was the similar behavior of the Cd-CdCl2 and the 
Hg-Hg2Cl2-HgCl2 systems on the addition of 
alkali metal chlorides that von Hevesy and Lowen-
stein17 considered indicative of the formation of 
Cd2Cl2 in the former melt. The addition of large 
amounts of such halides has, in fact, been employed 
to reduce undesirable metal solubility in technologi
cal applications of molten salts.1S 

Inasmuch as the chloride ions inherent to the 
Cd-CdCl2 melt would to some degree stabilize 
Cd+2 in the same manner, addition of a strong 
chloride acid should increase the amount of reduc
tion. Although the consequences of such an inter
action have not been previously recognized, 
published data14 do show that the apparent fraction 
of Cd+2 reduced at 740° is increased by 4 1 % by 
the addition of an equal molar amount of CeCl3, 
presumably as a result of greater interaction or 
association of the C l - with the more polarizing 
Ce+3. At this point the use of the more appropriate 
aluminum trihalides is suggested and the results 
strikingly confirm the foregoing interpretation. 
With AlX4- as the anion (CdX2: AlX3 = 1:2) 
not only is the amount of reduction greatly in
creased but a stable cadmium(I) tetrahaloaluminate 
is also obtained. 

In Table I the percentage reductions of Cd+2 

that result under these conditions in the liquid 
chloride, bromide and iodide systems at 335° are 
compared with those calculated from the most 

(15) J. D. Corbett and R. K. McMullan, T H I S JOURNAL, 78, 2906 
(1956). 

(16) J. D. Corbett, S. v. Winbush and F. C. Albers, ibid., 79, 3020 
(1957). 

(17) G von Hevesy and E. Lowenstein, Z. anorg. allgem. Chem., 187 
266 (1930). 

(18) P. M. Gruzensky, J. Eleclrockem. Soc, 103, 171 (1956). 
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complete data on the binary systems at the mono-
tectic temperature (CdX2(S)-solution-Cd(i)).

19 

For this purpose it is again assumed that the solu
bility in the binary systems can be entirely at
tributed to Cd2

+2, although, as already noted, there 
is no conclusive evidence either for or against this 
assignment. The increase in the amount of reduc
tion found when the anion is changed from X -

to AlX4
- is, of course, the net result of the op

posing acidities of AlX3 and Cd+2 toward X - . 
Although insufficient data are available to con
sider this quantitatively, the change is particu
larly noteworthy with the iodides, where cadmium-
(H)-iodide complexes are known to be relatively 
stable.16 

TABLE I 

P E R CENT. REDUCTION OF Cd + 2 BY Cd ( i ) IN THE M E L T S 

CdX2AND CdX2-2AlX3 

Cd-CdX 2 " Cd-Cd(AlX1)! 
monotectic 335° 

Halide T, 0C. % % 

Cd Cl8 538 15.9 67.0 
CdBr2 536 16.4 57.5 
CdI2 383 2.6 31.2 

In contrast to the black Cd-CdX2 mixtures that 
result when the binary melts are solidified, the 
solids obtained from the present systems are white, 
white and yellow, respectively, give unique powder 
patterns and produce clouds of metal when added 
to water. In order to further verify the presence 
of a stable cadmium (I) tetrahaloaluminate in 
these products, the phase diagram for the chloride 
system shown in Fig. 1 has been obtained. The 
formulation of the mixture CdCl2-2AlCl3 as a 
compound, presumably Cd++(AlCU~)t, is supported 
not only by the diagram but also by powder pat
tern data. The separation of a new phase on reduc
tion is clearly shown by the presence of a eutectic 
at about 31% reduction and 185°. At the peritec-
tic temperature of 226 ± 1 ° this reduced phase is in 
equilibrium with solid metal and the 65% reduced 
liquid. The limiting reduction of the melt in
creases slowly to 68-69% at the melting point 
of cadmium (321°) and thereafter decreases 
slightly. The dependence of the reduction limit 
at 335° on the ratio of AlCl3 to CdCl2 in the initial 
melt is shown in Fig. 2. Although this aspect was 
not investigated as thoroughly when it became 
apparent that excess AlCl3 did not give greater 
than about 80% Cd2

+2, the presence of solid CdCl2 
(in an invarient system) below a ratio of about 1.5 
and the break in amount of reduction at a ratio of 
2.0 support the assumption that AICl4

- is the 
principal anion in the system.20 

Identification of the new phase that separates 
from the reduced chloride melts as (CdAlCh)2 
has been confirmed by its isolation and analysis; 
the dimeric formula Cd2(AlCU)2 has been assigned 
to this on the basis of its diamagnetism (and spec
trum20). Although in principle complete reduc-

(19) L. E. Topol and A. L. Landis, / . Am. Chem. Soc, 82, 6291(1960). 
A large temperature coefficient is found in the binary systems, the 
per cent, reductions being 33, 38 and 29%, respectively, at 900°. 

(20) The principal frequencies of the AlCU- ion (H. Gerding and 
H. Houtgraaf, Rec. trav. Mm., 72, 21 (1953)) as well as that of the 
Cd2+I ion have also been observed in a study of the Raman spectra of 
the reduced chloride melt at 260°. J. D. Corbett, unpublished-
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Fig. 1.—The system Cd(AlCLO2-Cd2(AlCl4)S-Cd. 
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Fig. 2,—The per cent, reduction of Cd +2 to Cd2
 + 2 at 335° as 

a function of the ratio of AlCIs to CdCl2 in the initial salt. 

tion of the liquid phase by excess, solid cadmium 
metal should result below 226°, in practice the 

reaction is slow, and an 80 to 90% conversion is 
the best that has been obtained; such an enriched 
mixture deposits fibrous cadmium metal as it 
melts at 227°. No suitable solvent for the sepa
ration of the two cadmium tetrachloroaluminates 
has been found. Though benzene dissolves the 
mixture to a small extent so that some separation 
might be expected,21 Cd(AlCl4)2 is actually some
what more soluble than Cd2(AlCl4^ and, in addi
tion, disproportionation of the latter in the residue 
takes place if the extraction is excessive, probably 
due to loss of AlCl3. However, if the limiting 
mixture is simply refluxed with benzene for two 
to three weeks, fiat plates and sheets of Cd2-
(AlCl4) 2 can be hand-picked from the mixture. 
(Further reduction to about 94% Cd(I) can be 
accomplished simultaneously by the addition of a 
large excess of metal.) Although with a normal 
amount of patience, the yield is small, their identity 
is corroborated by disproportionation at 226-
227° and by analysis. For the latter, Cd, 39.62, 
39.54; Al, not detd.,9.7; Cl, 49.59, 49.97; Cl/Cd, 
3.969, 4.0O7; for Cd2(AlCU)2, 39.97, 9.59, 50.43, 

(21) R. K. McMullan, private communication. 
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4.00; for Cd(AlCW2, 24.98, 11.99, 63.03, 8.00, re
spectively.22 No other satisfactory interpretation 
of these results has been found. Any alternate ap
portionment of oxidation numbers to give lower va-
lent aluminum appears distinctly less appropriate. 
Such aluminum compounds are known to be un
stable in the solid state and, in addition, would 
be strong reducing agents. Aluminum, let alone 
cadmium, does not significantly reduce liquid AlCl3,

18 

and the reaction would be even less favorable with 
AlCl4-. 

Although the previous discussion of the acid-
base interactions in the melt accounts for the in
creased reduction of CdCl2 in the presence of AlCl3, 
stability in the solid state does not necessarily 
follow. Reduction beyond the Cd(II)-Cd(I) eu-
tectic is, of course, required, and even though this 
in theory can be described in terms of well-known 
physical laws, an alternate discussion in terms of 
lattice energies and their dependence on the anion 
is illuminating. The enthalpy of the decomposi
tion Cd2Y2 -*• CdY2 + Cd can be completely repre
sented as the sum of the difference between the 
second and first ionization potentials of the metal 
atom, the energy of the condensation Cd(g> -*• 
Cd(s) and the difference in the experimental lattice 
(or solvation) energies (Ucd,Y, — UC<IY,), + RT. 
Of these, only the lattice energy difference is 
subject to adjustment in condensed systems and 
this by a choice of Y - . As discussed by Van 
Arkel,23 the effect of an increase in halide size 
(without a change in structure) in a series of halides 
of a given element is to decrease the difference in 
lattice energies of two different states.24 From 
a qualitative viewpoint the replacement of a given 
X - by the larger AlX4

- can therefore be considered 
to reduce further the difference in lattice energies 
of the two states and hence the tendency of the 
lower to disproportionate. The combined concept 
of acid stabilization is thus one of lessening the 
relative stability of the higher oxidation state 
both in solution and in the solid. Another ex
ample of this effect is the formation of Ga+(Ga-
Cl4

-) in the Ga-GaCl3 system; here the parent 
"salt" itself functions as the acid.26 

It is now apparent why the cadmium (I) state 
has not been detected here-to-fore. Dispropor-
tionation results not only with all the common, 
basic solvents, such as H2O, NH3, dimethylform-
amide, ethers and molten LiCl-KCl, due to strong 
solvation of the Cd+2 ion, but also with less basic 
solvents such as xylene, acetonitrile and tetrahydro-
furan. No reducing reaction other than that due 
to the product metal has been observed. 

The color of molten CdCl2 containing small 
amounts of dissolved metal is usually described as 
dark red, and this appears essentially black with 
one mole per cent, added metal. In contrast, the 

(22) The crystals were neither washed with benzene nor subjected 
to evacuation to remove surface salts or occluded benzene. There is 
no evidence for a benzene complex of the salt, such as is found with the 
analogous mercury(I) compound.21 

(23) A. Van Arkel, Research 2, 307 (1949). 
(24) This, of course, expresses the well-known result that low 

oxidation states are frequently the most stable as the iodides, although 
not with mercury and apparently cadmium.19 

(25) R. K. McMullan and J .D.Corbet t , T H I S JOURNAL, 80, 4761 
(1958). 
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acidic melts described here are very much lighter, 
particularly for the bromide and chloride. In 1 
cm. thickness, the melts in equilibrium with metal 
at 250° are an olive-green with AlBr4

- and a pale 
green to yellow-green with AlCl4

-, the green hue 
becoming more intense with increasing tempera
ture or decreasing AlCl3 content. An attractive 
explanation of this remarkable change can be de
rived from a seemingly analogous behavior of cer
tain aqueous systems, where an intense interaction 
absorption is observed with solutions containing 
two oxidation states of elements such as iron, tin, 
antimony or copper.26 A weak association be
tween complex ions of the two states by means of a 
halide bridge appears to be a well-established 
prerequisite to a strong, electronic exchange inter
action between the two states, and groups such as 
water are much less effective as the electron 
"bridge". In the present systems, substitution 
of the larger and less polarizable AlCl4

- for C l - in 
a Cd2

+2-Cd+2 melt drastically reduces (or removes 
from the visible region) what appears to be a simi
lar absorption. Analogous changes occur when 
Lewis acids are added to other ionic, metal-metal 
halide melts that are normally opaque.27 It is 
interesting to note that melts in which the higher 
state is molecular or strongly complexed, such as 
AlI3,

28 SbCl3, ZnCl2
16 and GaCl4

-,25 do not become 
visibly colored on partial reduction by the respec
tive metals. 

Experimental 
Materials.—CdCl2 was prepared by chlorination of the 

metal (A. D. MacKay, 99.999%) or by treatment of reagent 
grade CdCU (Bakers Analyzed, anhydrous) with dry HCl 
(Matheson Co.) in Vycor apparatus. In the latter method, 
the HCl, dried with a —80° trap, was passed over the salt as 
the temperature was gradually raised to 600° and then held 
there for several hours. A small amount of Cl2 was then 
added to the HCl to oxidize deleterious organic impurities. 
On completion of either reaction the CdCl2 was sublimed 
twice into further segments of the apparatus under high 
vacuum and the final portion sealed off. 

CdBr2 was prepared by reaction of the elements in a sealed, 
V-shaped Vycor apparatus. The bromine (A. D. MacKay, 
< 0.02% Cl), frozen in one arm of the vessel during the ini
tial evacuation, was kept at 30 mm. pressure while the metal 
was heated to 610° and was warmed to room temperature 
after the reaction had started. On completion the arm con
taining the Br2 was cooled to —196° and sealed off and the 
salt sublimed once. CdI2 was similarly prepared from the 
elements and sublimed once in the sealed apparatus. AlCIs 
(Baker) was sublimed twice in vacuum at 180°, the last frac
tion being discarded each time, and was then sealed off 
evacuated. 

Reductions.—In order to obtain the clearest melts and the 
whitest reduced solids considerable care is necessary in the 
preparation and handling of the salts. The sublimed start
ing materials were handled in a dry box filled with Ar that 
had been dried by cooling to —80° and which continuously 
circulated through a Linde molecular sieve. Weighings were 
performed within the box to 0.02 g. or externally on an analyt
ical balance using lightly-greased weighing bottles that were 
returned to the box for transfer of the contents. Brown 
colors in the (chloride) melts and the quenched solids are due 
to oxide impurities, presumably CdO, while small amounts of 
black material suspended in the melt or a light grey colora
tion of the reduced solid are attributed to adventitious traces 
of carbonaceous impurities or to metals more noble than cad
mium (Fe, Cu, Ag) in the starting materials. A slight de-

(26) N. Davidson, et al., ibid., 73, 1946 (1951), and previous papers 
referred to therein. 

(27) J. D. Corbett and N. Swanson, unpublished research. 
(28) J. D. Corbett and S. v. Winbush. T H I S JOURNAL, 77, 3964 

(1955). 
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position of Cd is sometimes noted when reduced melts are 
rapidly solidified, and this is frequently observed on remelt-
ing these solids. The metal redissolves in the melt and is 
probably due to unavoidable decomposition of Cd2 (AlCU)2 
that accumulates locally in the melt in excess of the equilib
rium amount. With care, pure white solids and clear green 
chloride melts can be obtained. 

Two procedures have been used for the melt reductions. 
For small, single samples the most convenient is the reaction 
of weighed amounts of CdX2 and Al (A. D. MacKay, 99.99%). 
For example, with the stoichiometrv 4 CdX2 + 2 Al-> 
Cd(AlX4)2 + 3 Cd, the additional weight loss of the Cd thus 
produced gives a direct measure of the per cent, reduction in 
the melt of 1:2 composition. The apparatus containing the 
weighed components is evacuated, flamed and sealed oft 
and the relatively mild reaction initiated with a hand torch. 

In order to conserve CdCl2, which is more difficult to 
purify than AlCl3, the study of the phase diagram (Fig. 1) 
was carried out starting with 10 g. samples of Cd(AlCU)2 
that had been previously prepared in large quantities by 
melting the component salts in the proper proportion. 
As excessive supercooling obscured the liquidus points of 
partially reduced samples, the melting points (as well as 
peritectic decompositions of Cd2(AlCU)2) were observed 
visually in a melting point block. Reduction limits were 
established by weight loss of the metal phase upon equilibra
tion for 8 to 40 hr. (depending on sample and container size 
and the amount of agitation provided). The jacketed con
tainer was positioned in a vertical Marshall furnace that was 
shunted so as to reduce the gradient along the sample to 1° 
and which was controlled with a position-proportioning 
controller. Samples to be equilibrated below the melting 
point of Cd were first held at 330° for 2 hr. in order to speed 
up the approach to equilibrium with solid Cd. The equi
librium points at lower temperatures (230-260°) could be 
approached from either direction. The fine metal sponge 
cleanly separated when a melt containing larger amounts of 
Cd2

+2 was equilibrated for 24 hr.; this metal was recovered 
and melted to a pellet with a minimum amount of salt. 
Solid buttons recovered needed only to be scraped free of 
salt and washed before weighing. The solubility of Al29 

Introduction 
The purpose of this investigation was to extend 

Bonner's3 data on the Sb(III)-Sb(V) exchange 
reaction in HCl solutions. We have measured 
the exchange rate as a function of the HCl concen
tration and also as a function of the antimony con
centrations at several HCl concentrations. 

In solutions about 6.5 / t o 8 / in HCl the ex
change curves are not straight lines. This indi-

(1) Abstracted from the Ph.D. thesis of C. H. Cheek, Chemistry 
Department, Washington University, January 1953, Presented in 
part at the Symposium on Electron Exchange Reactions held at the 
American Chemical Society meeting in Memphis, Tenn., December, 
1956. 

(2) (a) Naval Research Laboratory, Radiation Division, Washing
ton 25, D. C. (b) To whom reprint requests should be addressed. 
Chemistry Division, Univ. of Calif., Lawrence Radiation Laboratory, 
Livermore, Caiif. 

(3) N. A. Bonner, THIS JOURNAL, Tl, 3909 (1949). 

and of the salts in Cd is quite negligible. There is some indi
cation that in Pyrex containers the higher temperatures as
sociated with the CdCl2-Al reaction, or prolonged equilibra
tion of the melts, have a slightly deleterious effect on the 
purity of the product. 

A one-piece Soxhlet extractor was used without thimble for 
recrystallization of Cd2(AlCU)2. Benzene, dried with CaH2, 
was added to the salt therein in the dry box and the apparatus 
evacuated and sealed off with the benzene cooled to —80°. 
Magnetic susceptibilities were qualitatively observed as 
before.16 

Analyses.—A modified form of the potentiometric EDTA 
titration described by Fritz, et al.,3" was used for Cd and Al. 
Standard 0.05 M solutions of these were prepared from the 
pure metals, and the EDTA standardized against the Cd+ 2 . 
Unknown Cd +2 was titrated at pH 7-8 using acetylacetone 
to mask the Al + 3 and pyridine as a buffer. The end point 
was detected potentiometrically with a pH meter equipped 
with a Hg electrode, the necessary H g + 2 ions being furnished 
by 1 drop of 0.01 M solution of the H g + 2 - E D T A complex. 
Aluminum was determined from a titration of Cd + 2 plus 
Al+ 3 ; excess EDTA was added at pH 2 or lower and the 
solution allowed to stand for about 4 hr. before back ti tra
tion with Hg + 2 at pK 8. I t was also necessary for unknown 
solutions to stand overnight at pH 2 or less prior to the addi
tion of EDTA in order to avoid low results due to apparent 
hydrolyic polymerization of the Al+ 3 . Even so, the end-
point was not sharp and the results were variable by ± 0 . 5 % . 
Chloride was determined gravimetrically. 

X-Ray Data—Powder patterns were obtained as pre
viously described.16 The principal distances, with relative 
intensities in parentheses, are, for Cd(AlCU)2: 6.24(2), 
5.97(5), 5.74(10), 4.52(3b), 3.54(2), 3.12(2), 2.86(8), 
2.286(2),2.214(6),2.150(3), 1.883(7), 1.716(5), 1.692(2); for 
Cd2(AlCU)2: 10.5(4), 9.„(4), 8.8(8), 4.5„(6), 4.47(3), 3.24 
(10), 2.94(5), 2.81(3), 2.255(3), 1.952(3b), 1.883(6). 

(29) M. Hansen and B. Blumenthal, Meiallwirtschaft, 10, 925 
(1931). 

(30) J. S. Fritz, M. J. Richard and S. K. Karraker, Anal. Chem., 30, 
1347 (1958). 

cates that there is more than one reaction oc
curring. The effect appears to be due to the exist
ence of at least two Sb(V) species with slow rates 
of mterconversion. 

Experimental 
Tracer.—The 60-day Sb124 tracer was obtained from the 

Atomic Energy Commission in the form of 200 mg. of metal
lic antimony which had been irradiated in the Oak Ridge 
pile. The metal was dissolved in aqua regia and the solution 
evaporated nearly to dryness. The residue was dissolved in 
3 / HCl and the solution boiled. Hydrogen sulfide was 
passed into the hot solution to precipitate antimony sulfide. 
The precipitate was washed with dilute HCl and dissolved in 
concentrated HCl. The solution was boiled to remove H2S 
and evaporated to a small volume. I t was transferred to a 
100 ml. volumetric flask and diluted to volume with concen
trated HCl. Tracer solutions for exchange reactions were 
made by dilution of aliquots of this stock solution. 

Sb(V) tracer solutions were prepared from this solution by 
the method described below for the production of inactive 
Sb(V) stock solutions. 
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The experimental study of the exchange reaction between Sb(III) and Sb(V) has been extended to HCl concentrations 
in the range from 6 / to 12 / . The exchange rate of 0.02 / Sb(III) with 0.02 / Sb(V) increases steadily with increasing HCl 
concentrations to a maximum value in approximately 9.3 f HCl, then decreases again between 9 . 3 / and 12 / . The experi
mentally determined rate law in concentrated HCl is R = (Sbv)(Sb i n)(1.39 X 10 1 2 ) e - 1 7 ' 2 0 0 / « r / m i n - i . Complex exchange 
curves have been observed in the 6 . 5 / to 8 / HCl region. The complexity is explamed on the basis of slow mterconversion 
among two or more forms of Sb(V) which exchange at different rates with Sb(III). 


