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Ronaldo Spezia Nunes1

Received: 16 September 2017 / Accepted: 25 January 2018 / Published online: 9 February 2018
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Abstract
Solid-state [Ln(nal)3]�nH2O compounds, where Ln represents light trivalent lanthanide (La to Sm, except Pm), nal is

nalidixate (C12H11N2O3), and n is the number of water molecules, were synthesized. Characterization and investigation

were made by means of complexometry, elemental analysis, powder X-ray diffraction, Fourier transform infrared, near

infrared (NIR) and diffuse reflectance spectroscopies, simultaneous thermogravimetry and differential thermal analysis,

and differential scanning calorimetry. The dehydration process occurs in a single step up to 453 K. The final temperature of

dehydration decreases from Pr(III) to Sm(III), and the thermal stability of anhydrous compounds increases from La(III) to

Sm(III) (except Ce), and these behaviors are related to the decrease in the ionic radius of the lanthanide ion. The thermal

decomposition of the anhydrous compounds occurs in three, four, or five consecutive steps, with formation of the

respective oxides CeO2, Pr6O11, and Ln2O3 (Ln = La, Nd, and Sm) as final residues. The results also provide information

concerning the composition and thermal behavior of these compounds. Spectroscopic studies in the UV–Vis and NIR

regions provide information about the characteristics 4f–4f transitions for the Pr(III), Nd(III), and Sm(III) compounds, as

well as the NIR region characteristic overtone and combination bands of the compounds.
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Introduction

There are 15 lanthanide elements, from lanthanum

(Z = 57) to lutetium (Z = 71), and they are also known as

4f elements because their electrons have a partial occupa-

tion of the 4f shell. Due to the electronic configuration in

the 4f orbitals, the chemical properties lead to the forma-

tion of compounds with interesting features for application

in several research fields [1, 2], such as compounds with

magnetic characteristics, luminescent properties, and

compounds with biological applications [3–15].

A noteworthy feature of lanthanides is the small varia-

tion in the atomic radius as the atomic number (Z) in-

creases, due to the increase in the nuclear charge. This

effect is called lanthanide contraction [16] and is respon-

sible for the small variations in the chemical properties of

these elements, such as the basicity degree. The differences

in the basicity degree are mainly reflected in the hydrolysis

of the ions, solubility of the salts, thermal decomposition of

oxy salts, and formation of complex species [2, 16].

Complexes with molecules used as medications have

been extensively studied due to their biological and spec-

troscopic properties. Recent studies on lanthanide com-

plexes with nonsteroidal drugs, such as mefenamic acid,

ketoprofen, and oxyphenbutazone, found that they exhibit

unique spectroscopic and biological properties with appli-

cations in biological and technological fields [17–20].

Complexes with enrofloxacin, ciprofloxacin, norfloxacin,
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ofloxacin, carproxen, amoxicillin, coumarins, and other

antioxidants have also been widely studied recently

[21–27] and have demonstrated their great potential for

application in therapeutic or optical fields.

Nalidixic acid (Hnal) is a white crystalline powder (or

pale yellow color) and was one of the first compounds that

belong to the quinolone class used as an antibacterial agent

[28]. Quinolones are interesting complexing agents for

several metal ions [29], and the synthesis and characteri-

zation of metal complexes or metal–drug complexes agents

are growing and becoming important [30, 31].

Recently, Eliseeva et al. [32] studied nalidixic acid

complexes with lanthanides in solution. They found that

this ligand can sensitize the visible emission of Eu(III),

Tb(III), and Tm(III) ions, the near infrared emission of

Yb(III) and Nd(III) ions, and both visible and near infrared

emissions of Pr(III), Sm(III), Dy(III), and Ho(III) ions,

showing that nalidixic acid is a versatile ligand in the

optical field.

Investigations about trivalent metal quinolones have

mostly looked at their biological activities, and few studies

have investigated the thermal behavior in the solid state.

Given the importance of metal ions in biological systems,

the principal aims of this work were the synthesis, thermal

behavior characterization, and spectroscopic studies of the

nalidixate complexes with light trivalent lanthanides ions.

Experimental

Materials

The nalidixic acid—Hnal (C12H12N2O3), sodium nalidixate

salt—Nanal (NaC12H11N2O3), and lanthanide oxides

(Ln2O3: Ln = La, Nd and Sm, Pr6O11 and Ce(NO3)3�
6H2O) with 99% purity were obtained from Aldrich and

used as received.

Preparation of compounds

Aqueous solution of Nanal 0.1 mol L-1 was prepared by

Hnal neutralization with diluted aqueous solution of

NaOH, whereupon pH was adjusted to 8.5 by adding

diluted sodium hydroxide or hydrochloric acid solutions.

Lanthanide chlorides were prepared from the correspond-

ing metal oxides (except for cerium) by treatment with

concentrated hydrochloric acid. The obtained chlorides

were dissolved in distilled water, transferred to a volu-

metric flask, and diluted to obtain ca. 0.1 mol L-1 solu-

tions, in which pH were adjusted to 5.0 by adding diluted

sodium hydroxide or hydrochloric acid solutions. Cerium

trivalent ion was used as its nitrate, and 0.1 mol L-1

aqueous solutions of this ion were prepared by direct

weighing of the salt.

The solid-state compounds [Ln(nal)3] were prepared by

slowly adding, with continuous stirring, the sodium

nalidixate solutions into the respective lanthanide chloride

solutions until total precipitation of the compounds. The

resulting solutions were heated until almost boiling and

kept in a refrigerator for 12 h. After this period, the solu-

tions were carefully removed, more deionized water was

added, and a new cycle started (heat and refrigeration).

This process was repeated to guarantee the elimination of

chloride ions. The precipitates were filtered on Whatman

no. 40 filter paper, washed with deionized water until

negative test for chloride ions (AgNO3 solution), dried at

323 K in a forced circulation air oven for 12 h, and kept in

a desiccator over anhydrous calcium chloride.

Characterization techniques

In the solid-state compounds, the lanthanide ions, mole-

cules of water, and nalidixate contents were determined

from TG curves. The carbon, hydrogen, and nitrogen

contents were determined by microanalytical procedures

using a CHNS/O Elemental Analyzer from Perkin-Elmer

(model 2400 Series II CHNS/O) and by calculations based

on the mass losses of the TG curves.

The lanthanide ions were also determined by complex-

ometry with standard EDTA solution [33, 34]. A certain

quantity of each compound was weighted in an analytical

balance and heated in an oven to produce the respective

oxides. The oxides were dissolved with concentrated

hydrochloric acid and quantitatively transferred to a volu-

metric flask. Aliquots of this solution were titrated from

standard EDTA solution in ammonium acetate buffer and

xylenol orange as a visual indicator.

Powder-XRD measurements were done on a Siemens

D-5000 X-ray diffractometer, employing CuKa radiation

(k = 1.54184 Å) and a setting of 40 kV and 20 mA.

The attenuate total reflectance infrared spectra for

sodium nalidixate, as well as for its metal ion compounds,

were run on a Nicolet iS10 FTIR spectrophotometer, using

an ATR accessory with Ge window.

Simultaneous TG–DTA curves were obtained with a

Thermogravimetric Analyzer Q2960 system from TA

Instruments. The purge gas was air with a flow rate of

100 mL min-1, a heating rate of 20 K min-1, and samples

weighing about 5 mg. Alumina crucibles were used for

recording the TG–DTA curves.

The DSC curves were recorded using a DSC Q10

modulus (TA instruments) under an air flow of

50 mL min-1 and at a heating rate of 20 K min-1. The

sample masses were about 2 mg, and covered aluminum

crucibles with a perforated lid in the center (/ = 0.7 mm)
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were employed during the analysis. DSC modulus was

calibrated using indium metal (99.99 ? %) for temperature

and enthalpy.

Near infrared spectra (NIR) were collected using a

Thermo Scientific Antaris II spectrophotometer by reflec-

tance, within the 10,000–4000 cm-1 range.

Diffuse reflectance (DR) spectra were acquired using a

Varian Cary 5000 spectrophotometer within the

200–1000 nm range with spectral resolution of 0.5 nm.

Results and discussion

Nalidixic acid (Hnal) and sodium nalidixate
(Nanal�H2O)

The TG–DTA curves of Hnal are shown in Fig. 1a. The TG

curve shows that Hnal is thermally stable until 498 K,

where its melt occurs, with peak temperature of 501.6 K in

the DTA curve, followed by the complete thermal

decomposition in a single step (Dm = 92.54%) between

498 and 631 K, and the corresponding exothermic broad

peak at 622 K. After this step, there is only one small event

(Dm = 6.12%) corresponding to the carbonaceous residue

burns.

For sodium nalidixate (Nanal�H2O), the TG–DTA

curves in air atmosphere, in Fig. 1b, show mass losses in

three steps and thermal events corresponding to these los-

ses. The first mass loss until 442 K, with a corresponding

weak endothermic peak in DTA at 431 K, is due to

dehydration. The anhydrous compound is stable up to

557 K. Between 557 and 973 K, thermal decomposition

occurs in two steps with formation of sodium carbonate,

with 55.96 and 18.46% respective mass losses. In these

steps, the DTA curve shows two exothermic peaks, one

centered at 588 K (broad) and another around 935 K,

which are attributed to the decomposition and oxidation of

organic matter, respectively.

The DSC curve of (Hnal) in Fig. 1a* shows the peak

temperature and the enthalpy of fusion of 502.8 K

(Tonset = 501.1 K) and 36.06 kJ mol-1, respectively. The

DSC curve of Nanal�H2O is shown in Fig. 1b*. The

dehydration process occurred between 386 and 438 K, and

the enthalpy related with this process was evaluated in

54.6 kJ mol-1. After this process, a small phase transition,

probably a crystalline transition, can be observed at 463 K

(0.58 kJ mol-1), and in the sequence, the thermal decom-

position occurred in accordance with TG–DTA curve.

Lanthanide complexes

Analytical results

The analytical and thermoanalytical data shown in Table 1

establish the stoichiometry of the compounds, which is in

agreement with general formula [Ln(nal)3]�nH2O, where

Ln represents trivalent lanthanides ions (from La to Sm,

except Pm), nal is nalidixate anion, and n = 5 (La) and 6

(Ce, Pr and Sm). Thus, the features of each compound are

discussed on the base of their similar thermal profiles.
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Fig. 1 a TG–DTA curves of

Hnal (m = 4.9879 mg); a*
DSC curve of Hnal

(m = 2.585 mg); b TG–DTA

curves of Nanal�H2O

(m = 3.3398 mg) and b* DSC

curve of Nanal

(m = 2.0270 mg)
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The values obtained from TG, EA, and EDTA analyses

are in agreement with the theoretical ones, confirming the

stoichiometry of the compounds. As the thermal behavior

depends on the nature of the lanthanide ion, the discussion

about the thermal events of the compounds is grouped by

the similar profiles.

Recently, Eliseeva et al. [32] by means of spectroscopic

analysis demonstrated that the lanthanide (III) nalidixate

complexes possess one coordinated water on their struc-

tures. Consequently, the remaining water molecules in our

compounds are located in the outer coordination sphere,

and the lanthanide (III) ion has a coordination number of 7.

This coordination number also occurs in other lanthanide

carboxylate complexes based in pharmaceutical com-

pounds such as ketoprofen [35] and naproxen [36].

Thermal analysis

The simultaneous TG–DTA curves of the light trivalent

lanthanide compounds show mass losses in two (Ce), four

(Pr), and five (La, Nd, and Sm), with consecutive and/or

overlapping steps with the respective thermal events

corresponding to these losses. Three patterns of thermal

behavior can be observed in Fig. 2.

Lanthanum, neodymium, and samarium nalidixates

The simultaneous TG–DTA curves for the lanthanum,

neodymium, and samarium compounds are shown in

Fig. 2a, d, and e, respectively. For both compounds, the

first mass loss between 298 and 426 K associated with a

broad peak in DTA curve at 358 K (La), 360 K (Nd), and

354 K (Sm) is due to dehydration with loss of 5H2O

(Calcd. = 9.76%; TG = 10.32%), 5H2O

(Calcd. = 9.71%; TG = 9.88%), and 6H2O

(Calcd. = 11.36%; TG = 11.27%), respectively.

The anhydrous compound is stable up to 498 K (La),

505 K (Nd), and 511 K (Sm), where a decomposition

process occurs in four consecutive and/or overlapped steps

between 508–568, 568–689, 689–765, and 765–1051 K

(La); 505–577, 577–695, 695–837, and 837–1216 K (Nd);

and 511–573, 573–712, 712–800, and 800–1003 K (Sm),

with mass losses of 10.47, 18.52, 38.73, and 4.64% (La);

9.24, 15.88, 40.60, and 6.47% (Nd); and 14.28, 16.74,

37.85, and 2.10% (Sm), which are attributed to the thermal

decomposition and oxidation of the organic material.
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Fig. 2 TG–DTA curves of the nalidixate compounds: (a) [La(nal)3]�
5H2O (m = 5.2692 mg), (b) [Ce(nal)3]�6H2O (m = 5.5890 mg),

(c) [Pr(nal)3]�6H2O (m = 5.5186 mg), (d) [Nd(nal)3]�5H2O

(m = 5.4766 mg) and e [Sm(nal)3]�6H2O (m = 5.4252 mg)

Table 2 Temperature range (h), mass loss (Dm), and peak tempera-

ture (Tp) observed for each stage in the TG-DTA curves

Compounds Steps

1� 2� 3� 4� 5�

[La(nal)3]�5H2O

h/K 305–408 498–568 568–689 689–765 765–1051

Tp/K 358a 545b 672b 754b –

Dm/% 10.50 10.47 18.52 38.73 4.64

[Ce(nal)3]�6H2O

h/K 301–432 497–724

Tp/K 371a 685b

Dm/% 11.69 69.52

[Pr(nal)3]�6H2O

h/K 303–453 500–570 570–701 701–802

Tp/K 378a 559b 685b 766b

Dm/% 10.93 21.59 14.62 34.79

[Nd(nal)3]�5H2O

h/K 301–419 505–577 577–695 695–837 837–1216

Tp/K 360a 533b 675b 774b –

Dm/% 9.88 9.24 15.88 40.60 6.47

[Sm(nal)3]�6H2O

h/K 298–426 511–573 573–712 712–800 800–1003

Tp/K 354a 557b 688b 773b –

Dm/% 11.27 14.28 16.74 37.85 2.10

aEndo; bExo
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Cerium nalidixate

The TG–DTA curves are shown in Fig. 2b. The first step of

mass loss between 301 and 432 K is related to dehydration

of 6 H2O (Calc.: 11.48%; TG: 11.69%), corresponding to

the endothermic peak at 371 K in the DTA curve.

The anhydrous compound is thermally stable up to

497 K. Above this temperature, the final decomposition

takes place in a single step up to 724 K, corresponding to

the exothermic peak at 685 K attributed to the oxidation

reaction of Ce(III) to Ce(IV) together with the oxidation of

the organic matter. This smaller thermal stability has

already been observed for other kinds of cerium com-

pounds [37–39]. The total mass loss up to 724 K

(Calcd. = 70.25%; TG = 69.52%) is in agreement with

the formation of CeO2, as final residue (Calcd. = 18.27%;

TG = 18.79%).

Praseodymium nalidixate

The TG–DTA curves are shown in Fig. 2c. The first mass

loss in the range of 303–453 K, corresponding to the

endothermic peak at 378 K (Pr), is due to dehydration with

loss of 6H2O (Calcd. = 11.47%, TG = 10.93%). The

anhydrous compound is thermally stable up to 500 K;

above this temperature, the mass loss occurs in three

consecutive and/or overlapping steps between 500–570,

570–701, and 701–802 K, with mass losses of 21.59,

14.62, and 34.79%, respectively. Corresponding with the

mass losses of the TG curves, the DTA curves show

exothermic peaks at 559, 685, and 766 K, which are

attributed to the thermal decomposition and oxidation of

the organic material. The total mass loss up to 933 K is in

agreement with formation of Pr6O11 (Calcd. = 18.06%,

TG = 18.07%) as final residue.

For the compounds (La, Pr, Nd, and Sm), a relationship

can be observed between the thermal stability and the

lanthanide ionic radius. The thermal stability increases

[498 K (La), 500 K (Pr), 505 K (Nd), and 511 K (Sm)] as

the ionic radius of the lanthanide ions decreases; a similar

behavior was observed by Daiguebonne et al. [40] and by

Matias et al. in a recent work [41]. This characteristic is

due to the reduction in basicity degree of the lanthanide

ions, which is a consequence of lanthanide contraction.

Table 2 provides details of the thermal events (mass

losses, temperature intervals, and peak temperatures), for

the simultaneous TG–DTA curves of the compounds pre-

sented in Fig. 2.

XRD

The X-ray powder patterns (Figure 1S—Supplementary

Material) indicate that all the trivalent lanthanide com-

pounds were obtained with low crystalline degree. This

feature is undoubtedly due to the low solubility of the

compounds and because the stirring and/or the adding

velocity of the ligand solution to the respective metal

chloride was not rigorously controlled, as already observed

for other compounds [42, 43].

Spectroscopic characterization

The infrared spectroscopic data on nalidixic acid, sodium

nalidixate, and the nalidixate compounds with trivalent

lanthanide ions considered in this work are shown in

Table 3, and their respective spectra can be seen in Fig. 3.

The infrared spectra of nalidixic acid indicate three

Table 3 Experimental spectroscopic data for sodium nalidixate and its trivalent lanthanides compounds

Compounds m(OH)/cm-1 m(C=O)a/cm-1 m(C=O)b/cm-1/s mas(COO
-)c/cm-1 ms(COO

-)d/cm-1 Dm(COO-)e/cm-1

Hnal 3423/3416/3408vw 1707 s 1614 – – –

Nanal�H2O 3066-2871w – 1621 1583 s 1343 m 240

[La(nal)3]�5H2O 3393br – 1614 1568 s 1346 m 222

[Ce(nal)3]�6H2O 3398br – 1614 1566 s 1346 m 220

[Pr(nal)3]�6H2O 3405br – 1615 1567 s 1346 m 221

[Nd(nal)3]�5H2O 3375br – 1615 1564 s 1345 m 219

[Sm(nal)3]�6H2O 3393br – 1615 1567 s 1346 m 221

nal nalidixate, vw very weak, w weak, br broad, s strong, m medium
am(C=O) carboxylic group
bm(C=O) ketonic group
cmas(COO

-) antisymmetric carboxyl stretching frequency
dms(COO

-) symmetric carboxyl stretching frequency
eDm, difference between mas(COO

-) and ms(COO
-) frequencies
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imperceptible absorptions (visible only in a magnified

view), due to m(O–H) stretching vibration of OH in the

COOH group at 3423.4, 3416.9, and 3408.5 cm-1. Two

other very strong absorptions are at 1707 cm-1, due to

m(C=O) stretching vibration of the carboxylic group, and at

1614 cm-1, which is attributed to the m(C=O) of the keto

group in pyridine ring [44, 45].

The sodium salt and the trivalent lanthanide complexes

have no absorption band at 1717 cm-1 m(C=O), which is

indicative of the deprotonation of carboxylic group and

involvement of the carboxylate group in the metal coor-

dination. The spectra of the complexes show two charac-

teristic bands between 1568–1564 and 1346–1343 cm-1

for La(III) to Sm(III) complexes, assigned as antisymmet-

ric (mas(COO
-)) and symmetric (ms(COO

-)) carboxylate

stretching frequencies, respectively [44, 45].

The values of Dm (masCOO
-–msCOO

-, carboxylate

vibrations) for the synthesized compounds are a little less

than those calculated for the sodium salt (Table 3), sug-

gesting that the coordination is carried out through the

carboxylate group of the nalidixate in a bidentate mode

(chelating ligand) [46–48]. On the other hand, the

absorption frequencies attributed to the stretching of the

carbonyl ketone group in the lanthanide complexes are

very similar to that of the free ligand (Hnal), which indi-

cates that this group should not be participating in the

coordination. The great similarity between the spectra for

the complexes suggests that all are coordinated in the same

way.

The near infrared region (NIR) spectra in Fig. 4 of the

sodium salt, the acid ligand, and compounds with the

trivalent lanthanides provided information about the com-

bination and overtone bands of the compounds. Charac-

teristic water bands appear only in the spectra of the

complexes (* 6900 and 5130 cm-1), in agreement with

the TG-DSC results. Characteristic bands of carboxylic

acid (* 6655 and 5210 cm-1) only appear in the acid

form, which confirm the total deprotonation and the

absence of acid contamination in the sodium salt and in the

complexes.

Electronic transitions of the complexes were studied in

the ultraviolet, visible, and near infrared regions. The dif-

fuse reflectance (DR) spectra (200–1000 nm) of the acid

ligand and Ln(III) complexes (Ln = La, Ce, Pr, Nd, and

Sm) are presented in Fig. 2S on the Supplementary Mate-

rial. The spectra of the ligand (Figure 2S—Supplementary

Material) exhibit a broad intra-ligand (IL) band in the UV

and visible region (200–380 nm). After the coordination

with the Ln(III) ions, a less intense band appears in the

380–480 nm region, due to the changes in the chemical

environment. The spectra of Pr(III), Nd(III), and Sm(III)

also show the typical absorption bands due to 4f–4f transi-

tions from the ground states to the excited ones of the

Ln(III) ions in the visible spectral range.

Lanthanum complex does not present electronic transi-

tions in this region, because its core electronic structure has

filled shells: Thus, high energies are necessary to promote

an electron from these filled shells. The Ce(III) ion presents

characteristic bands in the UV region related to 4f–

5d transitions, but rarely appears in complexes, due to the

overlap of the ligand bands [49]. Moreover, a broad and

intense band appears in the 400–635 nm spectral range of

the Ce(III) complex, probably due a metal-to-ligand charge

transfer (MLCT) band [50]. The absorption spectra of the

praseodymium complex show peaks corresponding to the
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Fig. 3 FTIR spectra of the nalidixic acid, sodium nalidixate, and the

light trivalent lanthanides: (a) Hnal, (b) Nanal�H2O, (c) [La(nal)3]�
5H2O, (d) [Ce(nal)3]�6H2O, (e) [Pr(nal)3]�6H2O, (f) [Nd(nal)3]�5H2O

and (g) [Sm(nal)3]�6H2O
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transitions from the 3H4 ground state to the excited states.

Characteristic absorption bands are also observed in the

spectra of the neodymium complex within this spectral

range due to transitions from the 4I9/2 ground state to the

excited states. Samarium complex spectra show peaks that

correspond to the transitions from the 6H5/2 ground state to

the excited states. The NIR spectra of praseodymium and

samarium complexes also exhibit bands that were assigned

to f–f transitions. These peaks are presented in Table 4 with

the assignment of transitions.
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Fig. 4 Near infrared spectra of

a Hnal, b Nanal�H2O,

c [La(nal)3]�5H2O,

d [Ce(nal)3]�6H2O,

e [Pr(nal)3]�6H2O,

f [Nd(nal)3]�5H2O, and

g [Sm(nal)3]�6H2O. The dashed

lines in e, g refer to the

lanthanum complex spectrum,

which evidenciates the f–

f transitions
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Conclusions

Supported by the TG data, elemental analysis, and result of

complexometric titrations, a general formula [Ln(nal)3]�
nH2O could be established, where Ln is the trivalent lan-

thanide ions (La to Sm), nal is the nalidixate ligand, and

n is the number of hydration molecules of water, which are

5 (Nd), 5 (La), and 6 (Ce, Pr and Sm). The TG curve shows

that dehydration occurs in a single step and the anhydrous

complexes are stable between 497 K (Ce) and 511 K (Sm),

which are the lowest and highest temperatures between the

compounds. The TG–DTA and DSC provided unreported

information concerning the thermal behavior and thermal

decomposition of this complex. The thermal analysis was

also important to demonstrate the effect of the ionic radius

of lanthanide ions in the dehydration temperature and

thermal stability of the compounds. The X-ray powder

diffraction shows that the complexes are obtained in a low

crystalline degree. The spectroscopic characterization

provides information about the coordination mode of the

Table 4 Absorption bands of

the f–f transitions in visible and

near infrared regions of the

praseodymium, neodymium,

and samarium complexes

Compound Wavenumber/cm-1 Wavelength/nm Assignments

[Pr(nal)3]�6H2O 22,422 446 3H4 ?
3P2

21,231 471 3H4 ?
3P1,

1I6

20,661 484 3H4 ?
3P0

17,036, 16,835, 16,556 587, 594, 604 3H4 ?
1D2

9704 1031 3H4 ?
1G4

6898 1450 3H4 ?
3F4

6503 1538 3H4 ?
3F3

5174 1933 3H4 ?
3F2

*

21,231 471 3H4 ?
3P1,

1I6

[Nd(nal)3]�5H2O 23,310 429 4I9/2 ?
2P1/2

21,739 460 4I9/2 ?
4G11/2

21,186 472 4I9/2 ?
2G9/2,

2D3/2,
2P3/2

20,877 479 4I9/2 ?
2K15/2

19,531 512 4I9/2 ?
4G9/2

19,011 526 4I9/2 ?
4G7/2

*

17,182 582 4I9/2 ?
4G5/2

* , 2G7/2

15,923 628 4I9/2 ?
2H11/2

14,620 684 4I9/2 ?
4F9/2

13,569, 13,458, 13,315 737, 743, 751 4I9/2 ?
4F7/2,

2S3/2

12,438 804 4I9/2 ?
4F5/2

* , 2H9/2
*

11,429 875 4I9/2 ?
4F3/2

[Sm(nal)3]�6H2O 24,814 403 6H5/2 ?
4L13/2 ?

4F7/2

23,923 418 6H5/2 ?
6P9/2 ?

4P5/2

22,727 440 6H5/2 ?
4G9/2 ?

4I15/2

22,173 451 6H5/2 ?
4F5/2

21,551 464 6H5/2 ?
4I13/2

21,053 475 6H5/2 ?
4I11/2

20,833 480 6H5/2 ?
4M15/2 ?

4I9/2

20,080 498 6H5/2 ?
4G7/2

18,903 529 6H5/2 ?
4F3/2

17,857 560 6H5/2 ?
4G5/2

10,526 950 6H5/2 ?
6F11/2

9181 1089 6H5/2 ?
6F9/2

8057 1241 6H5/2 ?
6F7/2

7173 1394 6H5/2 ?
6F5/2

6653 1503 6H5/2 ?
6F3/2

*

6481 1543 6H5/2 ?
6H15/2

6281 1592 6H5/2 ?
6F1/2

*
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ligand to the trivalent lanthanide ions, suggesting that

nalidixate acts in a bidentate way (chelating mode) only by

the carboxylate group. The electronic spectra indicate the

changes in the chemical environment after the coordination

and provide information about the 4f–4f transitions of the

Pr(III), Nd(III), and Sm(III) ions.
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