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TaBLE III

ActivaTioN ENERGY AND ORDER OF REACTICN FOR THE
THERMAL 1DECOMPOSITION OF THE URANIUM AND THORIUM

CHELATES
. Reaction E*,
Reaction order kcal. /mole
UO0,(0x);-HOx = U0,(0x), + HOx 1 26 =+ 2°
{Th(Ox):]»-HOx = 2Th(Ox), + HOx 1 42 & 4°

¢« Average of two separate thermograms.

(second step) should be much larger than that of
the uranium chelate.

The thermograms of the thorium and uranium
chelates are given in Fig. 1. While the uranium
chelate loses 8-quinolinol in one step, it is apparent
that this is a two step process in the thorium
chelate. Borrel and Paris'® also recognized this
and proposed that the first step consisted of an
intramolecular dehydration, resulting in the for-
mation of Th(CQHsNO)4(CgH5NO)2O and HQO
Further heating resulted in the volatilization of
(CeH¢NO);0, leaving Th(CyHNO),. However, on
this basis, the weight loss for the dehydration reac-
tion would be 0.969%,; for the second step, it would be
16.18%.

The data in Table IV are in disagreement with
this type of decomposition mechanism. There is
better agreement with the data if the thorium
chelate decomposes thermally according to the
reactions
2Th(C9HeNO)4C9HeNOH =

[Th(CsHeNO).]o-CsHsNOH + CsHsNOH (1)
[Th(CyHeNO)o)2-CsHeNOH =
2Th(CeHeNO); 4+ C:H:NOH (2)
(16) M. Borrel and R. Paris, Anal. Chim. Acta, 4, 267 (1950).
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TaBLE IV
WErIGHT Loss Data FOR THE THORIUM 8-QUINOLINOL
CHELATES
Eq. 1, % Eq. 2, %
(from 55 to 185°) (from 185 to 25)
Run no. Found Theor. Found Theor.
436 7.64 51T 8.64 8.42
435 7.21 8 .57
437 7.71 R.36
428 6.90 8.52
431 6.43 8.30
Discussion

From the magnitude of the heats of solvation,
the 8-quinolinol is thought to be held in the crystal
lattice by weak electrostatic forces. The values
found for the thorium and uranium chelates are
larger than the 1 kcal./mole estimated for the
scandium chelate.®

Since the structures of the metal chelates are
unknown, it is difficult to understand the exact
nature of the bonding in the crystal lattice. If a
layer structure is assumed, bonding similar to that
found for chloroform in the chloroform bearing
chromium, iron and aluminum acetylacetonates!
might be expected. The chloroform interaction
energy in the metal chelates is about 6.5 kcal./
mole of chloroform, a value very similar to that
found for 8-quinolinol in this investigation.
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Properties and Infrared Spectra of Ethylenediaminetetraacetic Acid Complexes.

(17) J. F. Steinback and J. H. Burns, THIS Jourxar, 80, 1839
(1958).
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Chelates of Divalent Ions!

By DonaLDp T. SAWYER AND PAUL J. PAULSEN
Rece1vep Jury 30, 1958

Infrared spectra have been recorded for the EDTA chelates of Mn(II), Co(II), Ni(II), Cu(II), Zn(II), Cd(II) Hg(1I)

and Pb(II).
ionic.

Correlations are made between the various functional groups and their resulting absorption peaks.

The data, when related to other studies, indicate that the bonding between ligand and metal ion is primarily

The sodium

salts for this group of chelates have been synthesized and isolated.

The chelates formed between the ions of the alka-
line earths and ethylenediaminetetraacetic acid
(hereafter referred to as EDTA) have been dis-
cussed in relation to their infrared spectra in the
previous paper of this series.? Because EDTA also
forms stable complexes with other divalent metal
ions, the study of their infrared spectra is of inter-
est and has led to an investigation of the EDTA
chelates of Mn(II), Co(II), Ni(II), Cu(II), Zn(II),
Cd(1I), Hg(II) and Pb(II). Although the solution
properties of these chelates have been extensively

(1) This research was supported by a grant-in-aid from the Research
Corporation. Presented before the Analytical Division of the Ameri-
can Chemical Society in Chicago, Illinois, September, 1958.

(2) D. T. Sawyer and Paul J. Paulsen, THiS JoUrnaL, 80, 1597
(1958).

studied,®3 little is known of their properties in the
solid phase. Also, the type of bonding between
the metal ion and the ligand has not been established.

The bonding between the above ions and the lig-
and would be expected to be primarily ionic,® but
data are not available to confirm this supposition.
The use of the infrared technique to determine
whether the bonding in EDTA chelates is ionic or
covalent has been reviewed previously.? As the

(3) R. W. Schmid and C. N. Reilley, ibid., 78, 5513 (1956),

(4) G. Schwarzenbach, R, Gut and G. Anderegg, Helv. Chim. Acta,
37, 937 (1954).

(5) A. E. Martell and M. Calvin, “Chemistry of the Metal Chelate
Compounds,” Prentice~Hall, Inc., New York, N. Y., 1952, p. 537,

(6) J. C. Bailar, Jr., *The Chemistry of the Codrdination Com-
pounds,”’ Reinhold Publ. Corp., New York, N. Y., 1956, p. 217-218,
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bonding of the carboxylates becomes more covalent
the absorption band for the free carbonyl bond
(C=0) of the carboxylate groups shifts to higher
frequencies. The degree of covalent character for
the N-metal bond has been shown to be related to
the frequency for the band due to the C-N group;
the frequency increases as the bond becomes more
covalent. Some limitation can be given for the
maximum value of the codrdination number from
infrared data, but the actual value normally cannot
be determined.

Experimental

Infrared Spectra.—The infrared spectra were recorded
with a Perkin-Elmer model 21 recording spectrophotometer
equipped with a sodium chloride prism. The solid chelates
were pressed into disks? using KBr as the diluent. Approx-
imately 1-3 mg. of the chelate were mixed with 500 mg. of
KBr for each disk.

Reagents.—The inorganic salts, acids and bases used in
preparing the complexes were reagent grade in all cases.
The disodium salt of EDTA (purchased from Matheson,
Coleman, and Bell) was used in preparing the solid com.
plexes. pH titrations indicated that this material was es-
sentially pure and in the form of the dihydrate. The prep.
aration of tetrasodium-EDTA and tetrapotassium-EDTA
has been discussed previously.? All other materials were
reagent grade.

Preparation of Disodium Salts of the EDTA Complexes
of Divalent Ions.—The following inorganic salts were used
in preparing solid chelates: MnCly-4H;0, CoCly-6H:O,
N1C126H20, CUC12'2H20, ZI’Ile_r, Cdclz, chlg and Pb-
(NO;)s. To a solution of 0.062 mole of the inorganic salt
in 50 ml. was added 0.062 mole of disodium dihydrogen
ethylenediaminetetraacetate (Na,H,EDTA -2H.0) dissolved
in 100 ml. of HyO. The two hydrogen ions released from
the ligand were neutralized by adding 0.124 mole of NaHCO;
to the solution. The resulting solution was adjusted to pH
7 with HCl and warmed almost to the boiling point; then
absolute ethanol was added until a slight turbidity appeared.
In sotrie cases it was necessary to evaporate the solution and
pour it into 500 ml. of absolute ethanol to bring about crys-
tallization. Finally, the solution was cooled in an ice-bath.
The resulting crystalline material was filtered and recrys-
tallized from a water~ethanol mixture. The recrystallized
complexes were immediately placed in a vacuum desiccator
for 72 hr.

1. Na;[Mn(CH;;:N:0g)]-2H;0.—The complex was an-
alyzed for manganese by precipitating as the pyrophosphate
after combustion of the chelate at 900°. Anal. Caled.
for complex: C, 28.25; H, 3.79; Mn, 12.92. Found: C,
28.49; H, 4.16; Mn, 11.53.

2. Na,[Co(C(H;2N,04)]-1.5H;0.—The complex was an-
alyzed for cobalt by electrolysis after combustion of the
chelate at 900°. Anal. Caled. for complex: C, 28.59;
H, 3.60; Co, 14.03. Found: C, 29.23; H, 4¢.25; Co, 13.66.

3. Na,[Ni(C;pH;2N;0;)] -4H;0.—The complex was an-
alyzed for nickel by electrolysis after combustion at 900°.
Anal. Caled, for complex: C, 25.83; H, 4.33; Ni, 12.63.
Found: C, 26.30; H, 4.33; Ni, 12.63.

4, Na,[Cu(CpH;:N.0s)]-1.5H,0.—The complex was an-
alyzed for copper by electrolysis after combustion at 900°.
Anal. Caled. for complex: C, 28.28; H, 3.56; Cu, 14.96.
Found: C, 29.10; H, 3.90; Cu, 15.65.

5. Na,;[Zn(C;;H:N;03)]-3.5H,0.—The complex was an-
alyzed for zinc by precipitation as the sulfide and ignition
to the oxide. The chelate was ignited at 900° prior to pre-
cipitation of the zinc sulfide. Anal. Caled. for complex:
C, 25.96; H, 4.14; Zn, 14.13. Found: C, 26.08; H, 4.29,
Zn, 15.15.

6. Na,{Cd(C,oH;3N:05)] :2H,0.—The complex was an-
alyzed for cadmium by polarography after combustion at
000°. Amal. Caled. for complex: C, 24.89; H, 3.34; Cd,
23.29. Found: C, 25.35; H, 3.51; Cd, 23.30.

7. Naz [Hg(CwHuNzOg)] 25H20—Th€ complex was not
analyzed successfully for mercury. Polarographic analysis
indicated that the mercury content was the proper order of

(7) M. M. Stimson and N. J. O’Donnell, THIS JoURNAL, T4, 1805
(1952).
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magnitude. Anal. Caled. for complex: C, 20.71; H,
2.95. Found: C, 20.81; H, 3.08.

8. Na,[Pb(CyHy;N,0s)]-1H,0.—The complex was an-
alyzed for lead by electrolysis to PbO;. The chelate was
ignited at 900° prior to electrolysis. Amal. Caled. for
complex: C, 21.47; H, 2.52; Pb, 37.04. Found: C,
21.11; H, 3.14; Pb, 37.95.

Results and Discussion

The infrared spectra for the EDTA chelates of
Mn(II), Co(II), Ni(II) and Cu(II) are shown in
Fig. 1. Because these four ions all have unfilled
d-subshells, comparison of their spectra as a group

TRANSMITTANGE

18GC ;GOO 400 200 1000 800
FREQUENCY, CM, |

Fig. 1.—Infrared spectra of the EDTA chelates of Mn(II),
Co(II), Ni(II) and Cu(II) and of the tetrasodium salt of
EDTA: Na, Na4(C10H12N205)'0.5H20; Mn, Naz[Ml’l-
(CmHuNgOs)] '2H20; CO, Naz[CO(CmleNgOs)] -1.5H20; Ni,
Nag[Ni(CioH 2 N20s)] -4H0; Cu, Nap[Cu(CioH12N2Og)]-1.5-
H,0.
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Fig. 2.—Infrared spectra of the EDTA chelates of Zn(II),
Cd(II), Hg(II) and PH(II): Zn, Na,{Zn(Ci;H1sN:05)]-3.5-
Hzo; Cd, Naz[Cd( CmHuNzOB)] ‘2H20; Hg, Naz[Hg-
(CwHuNzOB)] '2.5H20,’ Pb, Naz[Pb( CmleNzOs] 'Hzo.

!
180C 1800
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TaBLE I
INFRARED ABSORPTION PEAKS FOR EDTA CHELATES AND ACETATES OF DIVALENT Iong®

7
ionic

radius ~CH: -CO00- -COO0~

NaMnY-2H,0 0.80 2920 1600(vs)  1420(s)
pK = 13.8

Na;CoY-1.5H,0 .78 2950 1600(vs)  1395(s)
pK = 16.3

NagN1Y-4H,0 .68 2950 1605(vs) 1445

pK = 18.6 1435(sh)

1400(s)

1390(sh)

Na,Cu¥Y-1.5H,0 .69 2930 1605(vs)  1390(s)
pK = 18.8

NagZnV-3.5H,0 L7000 2950 1600(vs)  1395(s)
pK = 16.5

Na,CdY-2H,0 .92 2020 1595(vs)  1410(s)
pE = 16.5

Na HgV 2.5H,0 1.05 2920 1595(vs)  1405(s)
pK = 21.8

Na;PbY -H,0 1.17 2900 1645(sh)  1440(w)

pK = 18.0 2850 1600(vs)  1400(s)

1375(sh)

Na,Y-0.5H,0 0.98 2800 1605(vs) 1435

1575(sh)  1410(s)

K.Y 1.33 2800 1505(vs)  1403(s)

Co(OAc)s4H,O .. ..., 1705 1450(s)

1560(vs)  1425(s)

1400(s)

Ni(OAc).4HO .. ... 1545(vs)  1425(s)

Cu(OAc);-H,0 2950(vw) 1620(vs)  1450(s)

1605(vs)  1410(sh)

Pb(0Ac)e-3H:0 3020(vw) 1565(s) 1415(vs)

2080(vw)  1540(vs)
2940(vw)

Vol. 81
-C0O0- ~C-N -COO0~ -C00- -COO~
1345 1290(w) 1125(w) 1025 980 855
1330(sh) 1280(w) 1105 1000 960(w) 830(w)
1320(sh) 1260 930
1330 1285 1125(w) 1025 970(w) 880
1110 1005(w) 925(s) 850
1330(w)  1300(w) 1130(w) 1010(w) 970 880
1315 1290(w) 1105 1000 940 815(w)
1270(w) 1095(sh) 925
1245(w) 905(w)
1325 1285(w) 1130(sh) 1025(w) 990(w) 845
1255(w) 1120 980(w)
930(s)
1345(sh) 1285 1125(sh)  1025(w) 995(w) 875(w)
1330 1110 1010(w) 980(w) 850
1310(sh) 925(s)
1340 1285 1125(sh) 1035 980 855
1260 1105 1005 965(w)
925(s)

1340(w) 1280 1120(w) 1035 995 845
1325 1265 1105(w) 980 820(w)
1260 1085(w) 960

920
1340 1295(w) 1120(w) 1040 980 855
1280(w) 1110(w) 1000 960(w) 830
1270(w) 1100(w) 025(s)
1250 915(s)
1345(sh) 1285 1135 1030(w) 990 845(w)
1325 1260 1120 985
965
925
1330 1285 1130 1030(w) 990(w) 845(w)
1260 1120 980(w)
965(w)
920
1335(s)  ..... ... 1025(s) 885
1350(w)  ..... ... 1060(w) 965
1030 910
1355(w) ... ..., 1050(w)
1035(w)
1340 ... 1045(w) 935
1015

¢ Abbreviations used in the table: Y, ethylenediaminetctraacetate; v, very; w, weak; s, strong; sh, shoulder; r, ionic

radius, 4ngstrém units, for the metal ions$*

Frequencies for peaks are given in wave numbers, cm, 7L

The pK for each

chelate is listed below its formula® and represents the negative logarithm of the dissociation constant.

isof interest. For reference, the infrared spectrum for
the tetrasodium salt of EDTA is shown at the top
of Fig. 1. Guide lines have been placed to aid in
comparing the spectra and the major absorption
bands. The spectra for the EDTA chelates of Zn-
(II), Cd(II), Hg(II) and Pb(II) are shown in Fig. 2
and illustrate the infrared characteristics for ions
with a filled d-subshell.

In Table I assignments and wave numbers are
listed for the major absorption peaks of the eight
metal-EDTA chelates. For comparison, similar
data are given for the acetates of Co(II), Ni(II),
Cu(II) and Pb(I); and also for tetrasodium-
EDTA and tetrapotassium-EDTA.

The band at 2800-3000 cm. ! is assigned to C-H
stretching in the CH, groups of the EDTA mole-
cule.!' Appearance of this peak in the region of
2900-2950 cm.™! is strong evidence for the forma-
tion of a chelate; the acid and the sodium-acid
salts of EDTA? show this peak at 3020-3030 cm. ™!
while the trisodium and tetrasodium salts absorb at

(8) E. S. Gould, "Inorganic Reactions and Structure,”” Henry Holt
and Co., New Vork, N. Y., 1953, pp. 432.

(9) T. Moeller, “Inorganic Chemistry,” John Wiley and Souns, Inc.,
New York, N, Y., 1952, p. 140.

(10) G. Schwarzenbach, R. Gut and G, Anderegg, Helv. Chim. Acta,
37, 937 (1954).

(11) L. J. Bellamy, *The Infrared Spectra of Complex Molecules,’””
John Wiley and Sons, Inc,, New York, N. V., 1954,
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28002810 cm.—1. For the acetate salts listed in
Table I, the C-H band is extremely weak if observ-
able at all. The characteristic frequency (at 2900
cm. 1) for the C-H band in chelated molecules sug-
gests that the COO~ groups of EDTA are directly
attached to the metal ion. As seen in Table I, the
frequency for the C-H band, in most cases, de-
creases as the ionic radius increases. This also is
evidence that the metal ion has an effect on the
frequency of the C-H bond and must be attached
to the COO~ groups. The double peak for Pb-
(I)-EDTA may be evidence for some difference
between the CH, groups. This could be accounted
for by the presence of one or more carboxylate
groups which are unbonded to the lead ion.

Although numerous absorption bands result
from the carboxylate group (COO~) the strongest,
and by far the most characteristic, is the band in
the 1600-1700 cm. ! region due to C==0 stretching.
Previous groups'?~! have discussed the infrared
spectra for the carboxylate groups of EDTA, and
two groups®!? have used the frequency of the C==0
group in EDTA chelates as an indication of the
covalent character for the metal-carboxylate bond.
An increase in the frequency corresponds to an
increase in the covalent character; for Co{III)-
EDTA,? which is considered to be covalently
bonded, the frequency for the COOM group is
1650 cm.”!. When the frequency for this band
approaches 1600 cm.~!, the bonding is essentially
ionic as illustrated by the data for tetrasodium-
EDTA and tetrapotassium-EDTA. Reference to
the data in Table I (also Fig. 1 and 2) indicates
that all eight of the divalent ions are bonded ioni-
cally to the carboxylate groups of EDTA. Although
there are no conclusive trends for the 1600 cm.™!
peak, the frequency, in general, tends to decrease
as the ionic radius increases. The bands for all
the chelates are strong, and particularly sharp for
Mn(II), Co(II) and Cu(II). The sharpness of
this peak has been used to support the assignment
of six-codrdinate bonding for copper(II)-EDTAS;
however, reference to Fig. 1 and 2 indicates that
all the metal chelates except lead give a fairly
sharp peak. This would suggest the possibility
that all of these ions are six-codrdinate. Such a
conclusion is not warranted when it is noted that
tetrapotassium-EDTA also gives a single sharp
peak at 1595 cm.~!. The only justifiable conclusion
1s that the appearance of a single peak in the 1600
cm. ~! region supports the possibility that the metal
ion has a coérdination number of six; it does not
prove it. The 1645 cm.™! shoulder for lead(II)-
EDTA is not readily explained but could possibly
be attributed to some covalent character for one
or two of the metal-carboxylate bouds. An alter-
nate couclusion is that one or more of the car-
boxylate groups of the EDTA molecule are not
bonded to the lead ion. The frequency for the
C==0 group in lead acetate is distinctly lower than
for the lead—EDTA chelate; however, lead acetate
also exhibits a double peak.

(12) M., L. Morris and D. H. Busch, TrIs JournarL, 78, 5178
(19586).

(13} D. H. Busch and J. C. Bailar, Jr., tbid., T8, 4574 (1953).

(14) D. H. Busch and J. C. Bailar, Jr., ibid., 78, 716 (1956).

(15) S. Kirschner, 7bid., 78, 2372 (1956).
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The rather high frequency for the double peak
(1620 cm.—?, 1605 cm.™Y) of copper(1l) acetate is
surprising and would indicate some covalent
character for the metal-carboxylate bond. For the
copper(II)-EDTA spectrum the C=O0O frequency
1s 1605 em.~!, which is consistent with the other
chelates. The transition from a double peak for
copper(I1) acetate to a single peak for copper(II)-
EDTA could be due to the influence of the copper—
nitrogen codrdination bond in the EDTA chelate.
This proposal is supported by the data for the C-N
bond which is discussed in a later paragraph.

A characteristic but less useful band, also due
to the C=0 group, appears in the 1390-1445
cm.™! region. For the chelates shown in Fig. 1
(divalent ions with unfilled d-subshells) the fre-
quency of the major peak decreases as the stability
constant increases in magnitude. The decrease
in frequency might also be attributed to the filling
of the d-subshell. There do not appear to be any
significant correlations between this band and the
ions in Fig. 2. The Ni(II) and Pb(II) EDTA
chelates exhibit considerable splitting for this band
and aid in qualitative identification of the specific
chelates.

Another band due to the COO~ group appears at
1310-1345 cm.™!; for the chelates in Fig. 1 the
frequency of the major peak decreases as the sta-
bility constant increases. This trend of decreasing
frequencies for Mn(II), Co(II), Ni(II) and Cu(II)
may also be correlated to the decrease in their
ionic radii. The ions in Fig. 2 have a comparable
correlation between frequency and stability con-
stant. However, the correlation between ionic
radii and frequency ceases to exist. Apparently
the frequency for this band decreases as the d-
subshell fills; when filled, the frequency shows a
discontinuity and no longer exhibits any relation-
ship to the ionic radius. Even the correspondence
between frequency and the stability constants is
less conclusive for the ions with filled d-subshells.

Four additional absorptions bands which may be
due to the COO~ groups are listed in Table I;
at 1250-1290 cm.~!, 1000-1050 cm.—!, 900-990
cm.”! and 810-885 em.~! No significant correla-
tions can be made, but the peaks are useful for
identification purposes. Although not as ex-
tensive, the metal acetates also exhibit absorption
peaks in all of these regions except the first band
at 1260 cm.~!. The sequence of peaks is similar
for the EDTA chelates but the relative heights and
shape are sufficiently different to make these bands
quite useful as an aid to qualitative analysis. The
band at 1260 cm.~! might be due to the C-N
bond rather than to the COO— group. Infrared
spectra for ethylenediamine chelates often have an
absorption band in this region,

The absorption band at 1085-1130 cm.—! has
been assigned to the C-N bond in EDTA chelates
by previous workers>® and is exhibited by all
eight metal chelates; the metal acetates do not
have a peak in this region. Because there is
frequent splitting of the absorption band, several
of the resulting peaks can be considered in the
study of the bonding for the chelates. By using
the peak with the highest frequency in the 1100
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cm.~! region, there is a general -correlation
between the frequency and the ionic radii for
all of the metal ions; as the ionic radius in-
creases, the frequency decreases. Apparently the
formation of the chelate ring and its resultant
geometry has a direct effect on the C-N bond;
the smaller ions cause the frequency to be higher.
However, reference to Table I and the data for the
tetrasodium salt of EDTA indicates that sodium
ion does not follow the correlation observed for the
other metal jons. Although its ionic radius is
greater than that for Cd(II), the frequency for the
corresponding peak is some 10 cm. ! higher. This
inconsistent characteristic probably can be at-
tributed to the absence of chelate rings in the
sodium salt. The frequencies for the two peaks
exhibited by the sodium salt should represent the
C-N bond in the absence of chelate effects. The
absence of significant differences in frequency be-
tween the tetrapotassium and tetrasodium salts
confirms this supposition, especially in view of the
marked difference in ionic radii for the two ions.
For the metal chelates the shift to higher frequencies
probably can be related to an increase in the
strength of the N-metal bond. Smaller ionic
radii would appear to favor formation of this bond
and could account for the higher frequencies ob-
served for Mn(II), Co(II), Ni(II), Cu(Il), Zn(II)
and Cd(II).

Conclusion

The general trends of decreasing frequency with
increasing ionic radii, which were observed for the
alkaline earth chelates, are confirmed in the
spectra for the eight metal chelates considered.
The infrared data, especially for the carboxylate
groups, support the conclusion that the bonding

Francis GaLasso, LEwis KaTz AND RoLaND WARD
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for the eight metal-chelates is primarily ionic.
A carboxylate peak (C=O stretch) in the 1550-
1610 cm.~! region is evideunce for ionic bonding;
other workers!?—14 have evidence for covalent bond-
ing when this peak is at 1625-1650 cm.”'. As
noted previously,? a single sharp peak in this region
supports the possibility of a coérdination number
of six for the divalent metal ions, but it does not
prove its existence. The infrared method would
be particularly effective in demonstrating that one
or more of the carboxylate groups of EDTA is not
bonded to the metal. Morris and Busch!? have
used this approach with particular effectiveness for
the covalently bonded Co(III)-EDTA chelates.
The presence of an extra peak in the 1600 cm.™!
region is strong evidence for a codrdination number
other than six.

The data for Pb(II)-EDTA indicate that there is
a difference between the four carboxylate groups
(COO~) in the chelate molecule. This could be
accounted for if one or more of these groups were
covalently bonded to the lead ion. However,
the double peak for the CH, band (2900 cm.™},
2850 cm.™!) would lend support to the alternate
conclusion that one or more of the COO~ groups
are unbonded to the lead ion. The latter conclu-
sion would mean that Pb(II) has a codrdination
number of less than six in the EDTA chelate.

The similarity of all the infrared spectra in Fig.
1 and 2 would also support the conclusion that the
bonding for these chelates is primarily ionic.
Work in progress on higher valent metal ions indi-
cates that the infrared spectra become more unique
as the bonding increases in covalent character.
The results of these investigations will be reported
in the future.
RIVERSIDE, CALIFORNIA
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Substitution in the Octahedrally Coordinated Cation Positions in Compounds of the
Perovskite Type!?

By Francis GarLasso, LEwis KATz AND RoLAND WARD
RECEIVED SEPTEMBER 18, 1958

Several phases with perovskite-type structures corresponding to the general formula AI(B,!!B,I11B,V)O; have been prepared
where Al = Ba, Sr; B!l = Sr, Ca, Zn, Fe, Co, Ni; BII = Co, Fe; and BY = Ta or Nb. A series of similar phases Al

(Fe,_ ,11IB,Y)Os.5: - has also been made where x ranges from 0 to 1/,.
pounds of the type AI(Bi,l1B1/,Y)0s.5 where Al and BI are both alkaline earth ions.

the following phases appear to be of the cubic perovskite type with cell edges around 4 A
Nb1/,)0s; Sr(Co1/,1iCo/-111Tat/;)Os; Ba(Zny/,Nb2/y)0;; Ba(Zn1/Fel/s11INba/5)05; Sr(Znt,Ta/;)0s; Ba(Cot/;Nbez/,)0s.

Other oxygen deficient phases include ordered com-
From X-ray powder patterns,

Ba(Fe1,Tai,)0;; Ba(Fei/,-
Ba-

(Ba1/,Nb1/,)0q.75 and Sr(Sr1/.Nbi1/,)Os 1 are typical of ordered, oxygen deficient phases which require a doubling of the 4 4.

unit cell edge but retain cubic cell shape.
quire a tripling of the 4 A. unit cell edge.

For some of the Sri!(B1/;Taz/;)Os compounds, the powder patterns appear to re-
A number of other perovskite.like phases were prepared which gave rather more

complex powder patterns; these patterns could, however, be related to a small cubic pseudocell for comparison.

Introduction

The perovskite structure has been found to lend
itself to wide departures in composition from the
ideal formula ABO;. Variation may be achieved

(1) This research was sponsored by the Office of Naval Research.
Reproduction in whole or in part is permitted for any purpose of the
United States Government.

(2) Part of this work was abstracted from the Master’s Thesis of
Francis Galasso, University of Connecticut, 1957.

by isomorphous substitution of either the A or B
cations, by valence compensation and by cationic
and anionic deficiencies. In many instances, com-
position changes are accompanied by structural
variations, both of which may have profound effects
upon the electrical and magnetic properties of the
crystals.

Numerous phases typified by the formulas
(BaK)(TiNb)Os and Baz(NiTas)O, having the



