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New complexes of some lanthanides with barbiturates such as phenobarbital, amylbarbital, and
butabarbital were obtained. Mixed complexes containing, in addition to the barbiturates, 8-
hydroxyquinoline as a second ligand were also obtained. The complexes were characterized by
their absorption spectra in the UV, visible, and the IR regions. Simple and mixed neodymium
complexes with barbiturates were subjected to thermal analysis, and the results are discussed.

The study of complexes of barbiturates with transition elements is far from complete. Only copper [1,2],
zinc, mercury, and nickel [2] complexes with barbiturates have been described.

Barbiturates are known mainly because of their soporific action, and the methods used to identify them by
complexing with transition metals are of substantial analytical value [3]. However, complexes of the lantha-
nides have not been adequately studied, and methods for the preparation of complexes of the lanthanides with
barbiturates and their mixed complexes with 8-hydroxyquinoline, as well as their spectral and thermal charac-
teristics, were therefore investigated in detail in the present research.

EXPERIMENTAL

The spectroscopically pure lanthanide oxides used in this research were obtained from the Bhabha
Center of Atomic Research in Bombay.

The UV and visible spectra were recorded with a Beckmann DB spectrophotometer, The IR spectra of
mineral oil suspensions or KBr pellets of the compounds were recorded with Perkin—Elmer model 137 and
238 spectrometers.

The barbiturates of the lanthanides were obtained by the method in [4]. The excess ligand was washed
awav with ether. All of the compounds (Table 1) were vacuum dried over fused calcium chloride for 48 h.

The mixed complexes were obtained as follows. Solutions of the lanthanide barbiturate complex and 8-
hydroxyquinoline in ethanol (molar ratio 1:3) were mixed, the pH of the solution was brought up to 5.8 by means
of alcoholic ammonia solution, and the solution was evaporated slowly to dryness on a steam bath, The solid
residue was washed with ether to remove the excess oxine (8-hyvdroxyvquinoline) and vacuum evaporated over
fused CaCl, for 48 h. The analytical data for the mixed complexes are presented in Table 2,

RESULTS AND DISCUSSION

Ultraviolet Region

The spectra of the complexes were recorded only in methanol solution because of their insolubility in
other nonaqueous solvents. At pH values below 10 the barbiturates do not have any characteristic absorption in
the UV region |3]. No selective absorption of the lanthanide complexes in methanol whatsoever was therefore
observed.

*All inquiries should be directed to V. Ramachandra Rao.

Regional Engineering College, Visvesvaraya, Nagpur, India. Translated from Khimiya Geterotsikliches~
kikh Soedinenii, No. 6, pp. 837-844, June, 1976. Original article submitted July 29, 1975.

This r_ﬂateria_l is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part
of. thz:. pu‘bllcatwn may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying,
microfilming, recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $7.50.

699



TABLE 1. Analytical Data for Lanthanide Complexes with Bar-

biturates
Found, % Calculated, %
Complex*
metal | Cl | N metal l cl l N

Y (phenobarb)Cls - HsO 19.76 24,02 6,20 19.99 23,72 6.28
La{phenobarb),Cls - HsO 27,73 21,43 542 27.96 21,36 5.66
Pr{phenobarb),Cls - H;O 27.90 20.96 5,50 28,37 21,24 5,63
Nd (phenobarb),Clz - H,O 28,87 2097 5,40 28.85 21,10 5.59
Sm(phenobarb),Cl; - H,O 29.52 20,54 5,46 29,71 20,84 3.52
Gd (phenobarb)Cls - H:O 30,34 20,32 5.26 3065 20.56 3.45
Dy (phenobarb),Cl; - H:O 31,22 20.10 5.37 31.36 20.35 5.39
Y {amylobarb) Cl; - H;O 19,99 24,13 6,16 20,22 2422 6.37
La{amylobarb) Ciz - HsO 28.07 2145 571 28.23 21.79 5.73
Pr{amvlobarb),Cl;- H:0 29.56 2223 540 29.75 2249 5,72
Nd{amylobarb),Cl; - H,O 30.00 22,03 5,57 30.30 22.16 5.66
Sm(amylobarb),Cl; - H,O 29,93 21,15 533 30.01 21,25 3.59
Y (butabarb),Cl; - H.O 20.50 24,86 6,29 20,89 25.03 6.57
La(butabarb};Cl: - H,O 28,90 22,17 5,87 29,08 22,44 3.90
Pr(butabarb),Cl;: - H,0 29,30 22,14 5.74 29,51 22,30 5,86
Nd(butabarb),Cl; - HO 29.92 21.90 5,74 30,07 22.16 5.83
Sm{butabarb);Cls - H.O - 30,52 21,46 548 30,89 21.87 5,74
Gd{butabarb),Clz- H.0 31.53 21,20 3.60 31,85 21,59 567
Dv(butabarb)Cl; - H;0 33,40 21.08 ] 555 | 3379 2134 3.61

* Abbreviations: phenobarb is phenobarbital, amylobarb is amyl-
barbital, and butabarb is butabarbital.

TABLE 2. Analytical Data for Mixed Complexes

Found, % Calculated, %
L]
Complex metal | @ | w metal a | o~
Y {phenobarby  (oxine)sCl - HyO 1321 § 320 8.20 l 13.38 534 ] R43
La{phenobarb); {oxine) Cl- H.0 19,20 4,72 7.83 19.31 498 4 7.8
Nd (phencbarb), (oxine) .C! - HO 19,72 4,94 7.68 20,04 193 7.8
Sui (phenobarb) (oxine):Cl - H:0 20.42 172 7.50 20.71 4.89 771
Gd(phencbarb) (oxine1Cl - H,0 21,23 4.70 748 2145 1,84 7.61
Y {amylobarb); (oxine)Cl - H.0 13.41 5.02 8,05 13.50 5,37 8.30
La{amylobarb), (oxinei ,Cl - H:0 19.22 4,90 7.80 19.50 5.01 791
Pr(amyvlobarh), (oxine) Cl - 11,0 19.70 431 7.70 19.83 4.99 .87
Nd{amylobarh},{oxinetsCi - HO 20.01 495 773 20.19 - 197 78y
Sm(amylobarbi:{oxine)Ci- 10 | 20.84 4.80 763 20.38 493 777
\ (butabarb), (oxine}2Cl - H:O 13.77 5,49 840 13.79 5.50 8.60
iz {butabarb),(oxine},Cl - H:0 19.45 5.1 8.06 19,90 a2.12 8.07
Pr{butabarb} (oxine).Cl- H.O 2014 3.09 7.9 20.23 3.10 801
Nd(butabarbi;{oxineCi - H,O 20,43 5.05 7.89 2.07 8.00
Sm{butabarbj,foxine),Cl- H;0 21.22 197 7.80 302 793
Gid (butabarh) (oxine) ;Cl - H,0 21.99 490 | 770 4.99 787
Dy{butabarb){oxineysCl - H.0 2241 1863 773 494 7.80

* Abbreviations: phenobarb is phenobarbital, amylobarb is amyl-
barbital, butabarb is butabarbital, and oxine is 8-hydroxyquninoline.

A study of the spectra of mixed complexes with 8-hydroxyquinoline showed that the characteristic ab-
sorption maxima of 8-hydroxyquinoline that are observed at 240 and 320 nm are retained without specific
changes for the mixed lanthanide —phenobarbital - 8-hydroxyquinoline complexes, except for an additional band
at 255 nm in the spectra of the neodymium, samarium, and gadolinium complexes, With the exception of the
neodymium complex, the band at 320 nm is absent in the spectra of all of the amylbarbital-8-hydroxyquinoline
complexes. The band at 820 nm is absent in all cases in the spectra of the mixed butabarbital — 8-hydroxyquino-
line complexes, whereas an additional band at 260 nm appears in the spectra of the lanthanum, praseodymium,
samarium, and gadolinium complexes. Despite the fact that the usually higher absorption of the ligand as com-
pared with the metal ion.masks any splitting of the bands, the presence of an additional band at 255 nm in the
spectra of these complexes could be due to splitting of the band at 240 nm characteristic for 8-hydroxyquino-
line, The log £ values of the lanthanide —barbiturate - 8-hydroxyquinoline complexes range from 3.25 to 5.16.

Visible Region

A study of the spectra in the visible region gives information relative to the changes in the intensities,
shifts, and splittings of the bands {4-8l.

The absorption bands at 444 and 480 nm in the spectra of the praseodymium —barbiturate complexes are
characterized by a small red shift and a change in the intensity. An absorption band at 590 nm is observed only
in the case of the phenobarbital complex.
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TABLE 3. Absorption Bands (in cm™Y) in the IR Spectra of Lan-
thanide Complexes with Barbiturates

Ycom-|La com- | Pr com-~ INd comn-|{Sm com-|Gd com-bly com<
Ligand |plex |plex plex plex |plex [plex |plex |Assignment
Pheno-
barbital
3650 w 3600 w3650 w [Water OH
3425 w 3390 w3400 W
3290 s 3250 w (3200w 3220 m | 3200w (3210 w 3250 w |NH stretch-
ing vibra-
tions
3160br, m 1710 m 1710 s 1705s }1710br,s| 1705 s [1720s {C=0O in the
4and 6
1795 positions
W
1700 w 1675 m{1695 m 1680 m | 1680 W {1680 w | 1680 w ]
1528 m 1670 m | 1665 m| 1670 W 1670 w {C =0 in the
2 position
166G s 1620 br, 1 [1635br, m{ 1630 m | 1640 W
Amyl-
ik 3150 m {3130 W NH stretchin
350w [3180 m{3160 m |3150 m il 30 ibrations g
1725 s 1725 s | 1720 5 1720 s 1705 s {1710 s C=01in the
4 and 6
positions
1680 s 1680 s 11680 s 1680 s 1690 s | 1680 s C=0 in the
2 position
1625 m| 1610 sh {1625 m 1610 w
Buta -
barbital
3575 w}3600 m 3600 m|3590 m|3550 m|3550 m{Water OH
3325 m|3350 m |3290 w {3350 s 3350 s [3310 m|[3350 m|NH stretching
vibrations
3125 br,s | 3110 m|3125 w |3150 sh [3150 s {3110 s |3100 m}3150 m|C=0 in the
1720sh  |1725 s 17255 [1725 s [1725 s |1725 s 1725 s | 4and §
positions
1710 sh 1710 s C=0 in the
1675 s — - — — — — — 2 position

The characteristic bands of the Nd®* ion in the spectrum of the neodymium —phenobarbital complex are
characterized by a red shift and a large increase in the € value. Only the band at 576 nm in the spectrum of
the amylbarbital complex displays a red shift to 586 nm. In the spectrum of the butabarbital complex only the
characteristic bands at 521 and 576 nm are shifted to the red region and are observed at 525 and 585 nm, res-
pectively; a pronounced increase in the absorption is noted.

Splitting of the characteristic absorption band of the Sm3* ion at 402 nm [7] was observed in the spectrum
of the acetylacetonate complex of the Sm*®”" ion, whereas splitting of this band was not observed inthe case of
complexes with other diketones [8] and many other samarium complexes [4, 9-13]. However, the absorption
maximum in the spectrum of its complex with anthranilic acid [14] is characterized by a red shift. This ab-
sorption band was observed in the present research at 415 nm in the case of the phenobarbital complex and at
404 nm in the case of the butabarbital complex, whereas it vanished in the case of the amylbarbital complex.
The red shift observed in the present research is comparable to the shift observed in the spectrum of samar-
ium anthranilate,

In the case of the mixed complexes we were unable to observe any one of the characteristic bands of the
Pri +, Nd? +, and Sm3 ™ ions; this is apparently a consequence of the strong absorption of the §-hydroxyquino-
line fragment at 400-800 nm.

Some of the changes (the shift and the increase in the intensities) of the characteristic bands of the Pré+,
Nd®*, and Sm®* ions that were observed in the visible region of the spectrum can be linked with dsp hybridiza-
tion and also with the strong interaction of the metal ion with the ligands.

Infrared Region

The IR spectra of various barbiturates have been studied by several investigators [1, 15-17]. The posi-
tion and the intensity of the absorption bands depend mainly on two factors: first, on the nature of the substit-
uents in the 1 and 5 positions, and, second, on whether the barbiturate exists in the free acid form or in the
sodium salt form. The spectra of all of the barbiturates contain two bands at 3100-3200 cm™! (NH stretching
vibrations) and several bands at 2800-300 cm™! (C~H vibrations of the alkvl substituents).
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The barbiturates have three groups of strong absorption bands at 1670-1765 cm™~1, which correspond to
the stretching vibrations of the C =0 groups and were investigated in detail in [16]. The first group of bands
is obgerved at 1740-1760 cm~! (the C =0 groups in the 4 and 6 positions), the second group is observed at
1700-1720 cm~! (C =0 groups in the 4 and 6 positions, which experience the effect of the vibrations of the C=0
group in the 2 position), and the third group is observed at 1670-1760 em™! (vibrations of the C =0 group in the
2 position)}.

The various barbiturates investigated in the present research have absorption bands at 3125-3290 cm™!
that are related to the frequency of the NH stretching vibrations. Only one absorption band at 3200 cm™! was
observed in the spectra of the lanthanide—phenobarbital complexes. The frequency of the NH stretching vibra-
tions in the series of lanthanide —amylbarbital complexes is changed somewhat, whereas the corresponding
band in the spectra of the butabarbital complexes is split. The C~H absorption bands of the alkyl substituents
are shifted and are observed at 2950-3080 cm™1,

All three groups of bands of the carbonyl groups are observed in the spectra of the lanthanide — pheno-
barbital complexes. However, the characteristic frequency of the second group at 1725 em~! was observed be-
tween 1695 and 1710 cm™~! in the case of the free ligand. The vibrations of the C=0 group in the 2 position,
which were noted at 1670 cm™! in the spectrum of the free ligand, are observed at 1620-1680 cm™! in the spec-
tra of most of the complexes. On the basis of these observations one can conclude that the C=0 group in the
2 position is possibly involved in the formation of a bond. A similar phenomenon was also noted in the case of
other complexes of barbiturates with lanthanides, except for the band at 1675 emi !, which was observed in the
case of butabarbital but was absent in the spectra of all of the complexes. The spectral data for some of the
lanthanide complexes with barbiturates are presented in Table 3.

Mixed Complexes

8-Hydroxyvquinoline (oxine) has an absorption band at 3500 cm™! (the stretching vibration of the phenolic
OH group). This band is shifted in the spectra of some of the mixed barbiturate — §-hydroxyquinoline complexes,
and this may be considered to be proof for the formation of an O— M bond. The shift in the stretching vibra-
tions of the C—0 bond from 1090 cm™! for the C—OH group of oxine to 1100-1105 cm™~1! in the spectra of all of
the mixed complexes may also be another indication of the formation of an O— M bond.

The following conclusions can be drawn on the basis of a study of the IR absorption frequency of the bar-
biturates in the mixed complexes: 1) the bands of the stretching vibrations of the NH groups vanish or are
shifted during complexing; 2) the bands of the stretching vibrations of the C =0 group in the 2 position are ab-
sent in the spectra of the mixed butabarbital complexes, whereas they are shifted in the spectra of the mixed
phenobarbital and amylbarbital complexes.

The data obtained in this study make it possible to assume that the C =0 group in the 2 position of the
barbiturates participates in complexing both in the case of simple complexes and mixed complexes. One of the
nitrogen atoms (either in the 1 position or in the 3 position) is also involved in bond formation. Inasmuch as
both nitrogen atoms are oriented symmetrically relative to the carbonyl group, it is difficult to draw a definite
conclusion and state a preference for one of them,

The spectral data for the mixed complexes are presented in Table 4.

Thermal Decomposition of Simple and Mixed

Neodymium-Barbiturate Complexes

The combined curves showing the weight loss (TG), thermal effect (DTA), and rate of change of the
weight loss (DTG) were recorded for 200-mg samples, which were heated in a platinum crucible at 10 deg/min
at atmospheric pressure in a stream of air. The three different neodymium—barhiturate complexes display
weight losses of ~ 3% at 100-120°, and this was conjecturally linked to dehydration of the complex. An endo-
thermic peak on the DTA curves was observed at 160-200° for all of the barbiturate complexes. In a communi-
cation regarding the thermogravimetric study of 5-nitrobarbituric acid [18] it was pointed out that this com-
pound decomposes explosively at 185°, A comparison of barbituric and 5-nitrobarbituric acids makes it pos-
sible to consider the endothermic peak of the neodymium —barbiturate complexes at 200° to be, within a first
approximation, the initial decomposition point.

The exothermic peak in the case of all of the complexes at 520° corresponds to a weight loss of 46-49%,
and this indicates complete elimination of the ligand. A sesquioxide is formed at 800°, as indicated by the
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sloping portion of the TG curve in this region. The intermediate formation of a chloride cannot be postulated,
inasmuch as there are no indications whatsoever of this on the TG curve, The overall process can be repre-
sented by the scheme

Nd(L),Cl3-H,0—~Nd(L),Clz—~Nd;O;.

The thermal decomposition of the mixed complexes exhibited a weight loss of 29, on the TG curve, and
this constitutes evidence for a dehydration process. The endothermic peak at 200° on the DTA curve in the
case of all of the mixed complexes may correspond to explosivelike decomposition of the barbituric acid, as in
the case of simple barbiturate complexes., The other endothermic peak at 380-400° corresponds to a weight
loss of 30-33%; this indicates initial splitting out of a barbiturate molecule.

A combined examination of the DTA and TD curves provides a basis for the assumption that one of the
oxine molecules is lost at 600° and a second oxine molecule is lost at 800°. The calculated and experimentally
observed weight losses indicate two-step elimination of the oxine molecules. A sesquioxide is formed finally
at 900°, The decomposition can be depicted by the scheme

Nd(L), (L") 3Cl-HyO—>Nd(L) (L") 2C1-+Nd (L") ,C1—+Nd (L") Cl=~Nd,Os.
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