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IR, TG, DSC, fluorescence and molar conductance studies have been carried out on 
complexes of l,lO-phenanthrohne-N-oxide with lanthanide chlorides. The new complexes 
have the general formula [Ln(PhenNO),C1,(H,0)z]Cl-H20 (Ln = La, Pr, Nd, Sm-Tb), of 
which the europium(II1) complex shows strong metal-ion fluorescence. 

INTRODUCTION 

Considerable attention has recently been focused on the coordination 
behaviour of aromatic amine-N-oxides [l-6], the complexes of which with 
some rare earth ions exhibit strong metal-ion fluorescence [3,4]. l,lO- 
Phenanthroline-N-oxide (PhenNO) contains a relatively large conjuction 
r-bond and usually behaves as an unsymmetric N,O-bidentate ligand [7]. In 
order to investigate the fluorescence property and thermal behaviour of 
complexes of this ligand with rare earths, we report on the chelate complexes 
formed from the interaction of PhenNO with some lanthanide chlorides. 

EXPERIMENTAL 

Lank&de chlorides were obtained by dissolving the corresponding 
oxides (AnalaR) in 1:l chloric acid. The ligand was prepared from l,lO- 
phenanthroline by the method of Corey et al. [8]. All other chemicals were 
AnalaR grade. 

The following general procedure was applied for the preparation of the 
complexes: 0.5 mm01 of lanthanide chloride was dissolved in 20 cm3 
anhydrous ethanol; 1 mm01 of the ligand was dissolved in 15 cm3 anhydrous 
ethanol and this was added dropwise to the lanthanide solution with stirring. 
After 4 h of stirring, the mixture was concentrated to 8-10 cm3. A precipi- 
tate gradually appeared. The remaining mixture was then set aside overnight 
at room temperature and the precipitate was filtered off, washed with 2:l 
(v/v) ethanol-ether, and dried in vacua over P,O,,: yield 70-80%. 
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TABLE 1 

Analytical and molar conductance data of the complexes 

Compound Th-ry (W EkperimentaI (W) 

MC HNMC HN 
mol-‘) 

La(PhenNO),C1,.3Hz0 20.08 41.67 3.21 8.10 20.10 41.90 3.11 7.93 85 
Pr(PhenNO),C1,.3Hz0 20.31 41.55 3.20 8.08 20.24 41.70 3.31 8.14 83 
Nd(PhenNO),C1,.3H20 20.69 41.35 3.18 8.04 20.55 41.55 3.10 8.01 84 
Sm(PhenNO)2Cl~~3H~0 21.38 40.99 3.15 7.97 21.10 40.99 3.09 7.96 83 
E~PhenNO)*~~.3H*O 21.56 40.90 3.14 7.95 21.31 41.10 3.06 7.83 85 
Gd(PhenNO),Cl,-3H20 22.15 40.59 3.12 7.89 22.05 40.34 3.29 7.60 92 
l%(PhenNO),C1,~3Hz0 22.33 40.50 3.12 7.87 22.50 39.98 3.02 7.97 83 

The carbon, hydrogen and nitrogen were determined using a Carlo Erba 
1106 elemental analyser; the metal ions were determined by EDTA titration 
using xylenolorange as indicator. Conductivity measurements were carried 
out with a DDS-11A conductivity bridge in nitromethane solution ((0.89- 
1.17) x 10V3 mol dmm3) at 25OC. The IR spectra were obtained on a 170 
FT-IR spectrometer using KBr discs (4~0-10~ cm-‘) and Nujol mulls 
(1000-250 cm-‘). Thermal runs (7% and DSC) were performed in dynamic 
air atmosphere at a heating rate of 10 O C mm-‘, using sample sizes of about 
10 mg, in a Du Pont 1090 thermoanalyser. The fluorescence spectra were 
obtained on a Hitachi 850 fluorescence spectrophotometer from the solid 
compounds. 

RESULTS AND DISCUSSION 

The analytical data for the newly synthesised complexes listed in Table 1 
indicate that all of these complexes conform to the single general formula 
Ln(PhenNO)~C13 - 3H20 (where Ln = La, Pr, Nd, Sm-Tb). 

The molar conductance values of the complexes measured in nitromethane 
lie in the range 83-92 S cm2 mol-’ (Table l), which indicates that all the 
complexes are 1:l electrolytes [9] implying that two Cl- ions are coordi- 
nated to the metal ions. 

II2 spectra 

Table 2 gives the relevant IR spectral data for PhenNO and its complexes. 
The free ligand exhibits a rich spectrum in the 1600-250 cm-” region [lo] 
which undergoes characteristic frequency shifts upon coor~nation- The 
v(N-0) observed at 1270 and 1250 cm-i in the free ligand are shifted 
towards lower frequencies in the complexes due to coordination of the 
oxygen atom of the ligand to the metal ion [1,2,10]. The S(N-0) in the free 
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TABLE 2 

Infrared spectra (4000-250 cm-‘) of the complexes a 

Compound 
(YN-0) TN-O) &I-O) &I-N) 

PhenNO 1270(s) 1250(s) 810(s) 
La(PhenNO),C1,.3H,O 1260(s) 1238(s) 814(s) 367(w) 277(w) 
Pr(PhenNO),C1,.3Hz0 1260(s) 1239(s) 814(s) 367(w) 278(w) 
Nd(PhenNO),C1,.3H,O 1259(s) 1239(s) 815(s) 368(w) 279(w) 
Sm(PhenNO),C1,.3H,O 1258(s) 1237(s) 817(s) 365(w) 279(w) 
Eu(PhenNO)&1,.3H,O 1259(s) 1235(s) 817(s) 366(w) 280(w) 
Gd(PhenNO),C1,.3H,O 1258(s) 1234(s) 818(s) 368(w) 280(w) 
Tb(PhenNO)zC1,.3Hz0 1256(s) 1235(s) 820(s) 369(w) 282(w) 

:0-H) &*O) 

3206(br,s) 609(m) 
3211(br,s) 610(w) 
3225(br,s) 610(w) 
3326(br,s) 608(m) 
3245(br,s) 611(w) 
3267(br, s) 613(w) 
3216(br, s) 612(m) 

a br, broad; s, strong; w, weak; vw, very weak; m, medium. 

ligand, observed at 810 cm-‘, exhibits a small shift in the spectra of the 
complexes as expected [1,2,10]. Coordination through the nitrogen atom of 
the pyridine fragment of the ligand is demonstrated by frequency shifts and 
splittings of the several IR bands associated with the vibration of this 
fragment [7,10-131. In the far-infrared region, metal-ligand vibrations are 
tentatively assigned to z$Ln-0) and V(Ln-N) modes [14]. The IR spectral 
evidence above suggests that the ligand acts as a bidentate O,N-chelating 
agent forming a six-membered ring with the metal ions. 

In all the IR spectra of the complexes, the broad, strong bands that 
appear in the region 3400-3150 cm-’ are due to Y(OH) of the lattice 
and/or coordinated water molecules. In addition, weak bands assigned to 
p,(H,O) are found near 610 cm-‘, providing evidence for the presence of 
coordinated water molecules [14]. The Y(Ln-Cl) [15] could not be observed 
because they absorb below the frequency limit of the spectrometer used in 
the present studies. 

Thermal studies 

The results of the thermal analyses are summarized in Figs. 1 and 2 and 
Tables 3 and 4. 

The TG and DSC curves for PhenNO, given in Fig. 1, show that its 
pyrolytic decomposition begins at 185 O C and finishes at 610 O C, with total 
elimination of the sample. The DSC curve of PhenNO shows an endother- 
mic peak at 171°C due to melting. The ligand then decomposes im- 
mediately, producing exothermic peaks at 201 and 539 O C. 

The TG and DSC curves for the complexes show similar patterns of 
decomposition in four steps; a typical pattern, the TG and DSC curves of 
the samarium(II1) complex, is given in Fig. 2. Two dehydration steps are 
observed. The weight losses determined for these processes compare 
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Fig. 1. TG and DSC curves of PhenNO. 

0 

20 

40 

% 

60 

80 

100 

100 200 300 400 500 600 

V-C 

Fig. 2. TG and DSC curves of Sm(PhenNO),C1,.3H,O. 
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TABLE 4 

Decomposition processes of the dehydrated complexes 

Process Temp. 
range 

(“C) 

DSC 

Peaks 

Thermal Residue (I%) 
nature of 
transformation 

talc. Found 

PhenNO + pyrolytic process 185-610 201,539 Exo - - 

La( PhenNO),Cl s + La 20j 243-650 344,538 Exo 23.55 24.40 
Pr(PhenNO),Cl, + Pr60r1 240-682 349,533 Exo 24.54 24.97 
Nd( PhenNO) ,Cl 3 + Nd *Os 249-676 355,543 Exo 24.13 25.01 
Sm( PhenNO) ,Cl s + Sm 20s 258-687 358,546 Exo 24.80 25.13 
Eu(PhenN0) ,Cl s + ELI rOs 236-696 358,550 Exo 24.97 24.80 
Gd( PhenNO) ,Cl s + Gd 203 220-720 360,551 Exo 25.52 24.83 
Tb( PhenNO) ,Cl s + Tb407 239-729 363,548 Exo 26.26 27.11 

favourably with the theoretical values (see Table 3). The dehydration en- 
thalpies have been calculated and are given in Table 3. The first dehydration 
step takes place below 90 o C, with the loss of one molecule of lattice water; 
this was shown by DSC to be endothermic (14.8-16.9 kJ mol-l); the second 
step occurs at 137-15OOC with larger values of dehydration enthalpies 

5 DO-7F2 

5DO-7F 4 

5DO-7F, 

5DO-7F0 
I - 

500 600 700 

ml 

Fig. 3. Emission of Eu(PhenNO)$1,.3H,O (solid); excitation with 320 nm radiation. 
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TABLE 5 

Partial energy level scheme for solid europium(II1) complex. The values refer to the bary- 
centre of the band group (cm-‘) 

Level 7 Fo 7 S 
7 

F2 
7 

F3 
7 

F4 
5 

Do 

(cm-‘) 0 249 969 -’ 2969 17256 

a Not observed. 

(74.3-83 kJ mol-‘), implying the presence of two water molecules in the 
coordination sphere. This result is consistent with the IR spectra and was 
confirmed by the fluorescence spectra analysis (see below). 

The dehydrated complexes are stable up to = 220 o C and then ( = 220- 
730 o C) decompose producing two exothermic peaks as shown in Table 4. 
The residual weights are in good agreement with the values required for the 
metal oxides which were characterised by X-ray diffraction analyses [16]. 

Electronic fruorescence spectral analyses 

Only the europium(II1) complex shows strong emission when excited with 
near-ultraviolet radiation. The emission spectrum of the complex is reported 
in Fig. 3 and Table 5. Fluorescence arises from ligand-to-cation energy 
transfer, mainly from the lowest resonance level. The most intense transition 
is ‘D, +‘F2 at 614 nm, followed by ‘Do +‘F4 at 700 nm and ‘D,, + ‘Fi at 
580 nm. The ‘D,, --, ‘F transition is not observed. A weak line appears at 579 
nm arising from the 3 D, +‘FO transition. The emission spectrum does not 
change on dehydrating the complex below 90 o C, indicating the presence of 
lattice water molecules. The spectrum, however, changes on dehydration 
below 200 o C, suggesting the presence of coordinated water molecules. This 
agrees with the results of the thermal analyses. 

In conclusion, the lanthanide ions in the new complexes may attain a 
coordination number of eight, with four sites occupied by the two bidentate 
PhenNO molecules and the other four by the two Cl- ions and two H,O 
molecules. The molecular formula is [Ln(PhenNO),Cl,(H,O),]Cl - H,O. 

REFERENCES 

1 N.M. Karayannis, Coord. Chem. Rev., 11 (1973) 93. 
2 N.M. Karayannis, A.N. Specs, D.E. Chasan and L.L. Pytleweski, Coord. Chem. Rev., 20 

(1976) 37. 
3 A. Musumeci, R.P. Bonomo, V. Cucinotta and A. Seminara, Inorg. Chim. Acta, 59 (1982) 

133. 
4 A. Seminara, A. Musumeci and A. Chisari, Inorg. Chim. Acta, 82 (1984) 173. 
5 R.K. AgarwaI, Croat. Chem. Acta, 60 (1987) 749. 
6 W.X. Zhu and W.B. Hua, J. Chin. Rare Earth Sot., 8 (1990) 103. 
7 C. Chassapis and G. Pneumatikakis, Inorg. Chim. Acta, 59 (1982) 49. 



142 

8 E.J. Corey, A.L. Borror and T. Foglia, J. Org. Chem., 30 (1965) 288. 
9 W.J. Geary, Coord. Chem. Rev., 7 (1971) 81. 

10 A.N. Specs, N.M. Karayannis and L.L. Pytleweski, Inorg. Chim. Acta, 9 (1974) 87. 
11 R.G. Inskeep, J. Inorg. Nucl. Chem., 24 (1972) 763. 
12 S.P. Sinha, Spectrochim. Acta, 20 (1964) 879. 
13 R.D. Kross, V.A. Farsel and M. Margoshes, J. Am. Chem. Sot., 78 (1956) 1332. 
14 K. Nakamoto, Infrared and Raman Spectra of Inorganic and Coordination compounds, 

3rd edn., Wiley, New York, 1978. 
15 L.K. Basile, D.L. Gronert and J.R. Ferraro, Spectrochim. Acta, Part A, 24 (1968) 707. 
16 Powder Diffraction File, Inorganic Phases, JCPDS, 1972 File. 


