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Abstract 

The crystalline lanthanide complexes (except Ce and Pm) with proline were synthesized. 

The general formula of [L~(P~O)~(H~O)~]~(C~O~)~ of the complexes were obtained from 

chemical analysis, elemental analysis, TG-DTA analysis and electrical conductivity. 

Infrared spectra reveal a considerable shift of the symmetric co; stretching mode from lower 

to higher energies in the lanthanide complexes and a decrease of Av(Av=v,,~ -vC,,+') from 

212 cm" in proline to about 167 cm'l in the complexes . The peak mean 405cm.' in the Raman 

spectra varies with the total orbital angular momentum of the lanthanide ions in the ground 

states , exhibiting a profile of an 3nclined w". These spectral features in the IR and Raman 

spectra were regarded as strong evidences of L n - 0  bending. The peak near 405cm-' was 

assigned as the L n - 0  stretch modes. 

INTRODUCTION 

Recently, the lanthanide complexes with amino acids have attracted many researchers 

attention because of the role of lanthanide ions in studies of biological systems and because 

of their importance in spectroscopy probes. A variety of lanthanide complexes coordinating 
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NENGWU ET AL. 62 

with amino acids have been synthesized and their spectroscopic properties, bonding modes, 

and crystal structures have been extensively studied by our group and others['-''l. However, 

there are no reports of the IR and Raman spectra of a series of lanthanide complexes with 

proline. Thus this series of lanthanide complexes (excepting the Ce and Pm ) have been 

synthesized and their IR and Raman spectra been studied. 

EXPERIMENTAL 

A series of lanthanide complexes with proline was obtained by dissolving 

Ln,O, in a stoichiometric amount of 5M perchloric acid, isolating the solid, 

0.1-0.4g of 

then refluxing 

the lanthanide perchlorate with proline(mole ratio 1:2) in about 4Oml of methanol for 3hr. 

Evaporation of the solvent produced a solid product which was isolated, washed with a small 

portion of methanol, and recrystallized from an acidic aqueous solution(pH=4) by slow 

evaporation. Rod-like crystals were obtained. 

The concentration of La3' in the crystals was determined by chemical analysis. The 

proline content was calculated from carbon and nitrogen analyses obtained using a Perkin- 

Elmer 2400. Water was determined by thermal analysis using a Rigaku PTC- 10A. The results 

of component analysis and electrical conductivity measurement of the complexes are 

tabulated in Table 1. The infrared spectra were measured from 4000 to JOOcm-' using a 

Nicolet Sx-170 FT-IR spectrophotometer. The spectra were recorded for samples in NaBr 

pellets and the spectra were measured employing Spex model 1403 laser-raman spectrometer 

with an Ar  laser as the excitation source (power 120 mW at 5 14.5nm) 

RESULTS AND DISCUSSION 

The analytical results indicate that we have prepared a series of lanthanide complexes 

with proline with the general f~rmula[Ln(Pro)~(H~O)](CIO,), The TG-DTA analysis of 

proline and of the Ln(lI1) complexes with proline showed that the complexes and proline all 

have no definite melting points. The TG-DTA curves for all complexes are similar and are 
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229' C 

445' c 

. 
220' c 140" C 

Figure 1 TG-DTA curves of proline and the Tmm complex with 

proline 

different from that of proline. The TG-DTA curves of the Tm(Il1) complex with proline. as an 

example, and of proline are shown in Figure 1. The complexes exhibit an endothermic 

dehydration process in the range 80-140°C. The loss of weight in the TG curves corresponds 

to 4 water molecules, which is consistent with the result of elemental analysis. Characteristic 

infrared and Raman spectral features of proline and its Pr(lI1) couplexes are reported in 

Table 2. The features reported for the Pr(l1l) complex are characteristic of all of the 

lanthanide complexes with proline. 

Proline belongs to the trivial point group C, and all vibration modes are both infrare and 

Raman active. The spectrum of proline is sensitive to hydrogen-bonding effects, and the 
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LANTHANIDE COMPLEXES WITH L-PROLINE 65 

Table 2. Some charaderistic IR and Rarnan spectral features 

of proiine and its Rill complex [ an-1 1 
~~ 

Roline Pr-Pro 
assignment 

IR Raman IR Raman 

3064 - 2958 @] 2943 Is] 2996 [vs] ' NH; 

1619 b] 1618 [m] 1598 bs] 1598 [m] 'coo- 

1555 [sh] 1550 [m] 1541 [s] 1552 [s] N H ~  scissoring 

1407 Is] 1409 W 1437 [vs] 1426 [w] ' L O -  

2958 (vs] 
as 

1379 Is] 1373 Is] 1372 [w) NH; twisting 

1168 [s) 1176 m] 1179 [w] 11 62 [m] NH; wagging 

900 w 900 [vs] 900 [m] NH; rocking 

848 (vsl 842 Is] 856 [w] 856 (m] H 2 0  wagging 

644 [rn] 627 (Vs] 626 [vs] COO- wagging 642 (s] 

412 [s] 405 [w] h- 0 stretch 

vs. very strong; s, strong; m. medium; w. weak 

w, veryweak  th, shoulder 

assignments listed in Table 2 are those for the zwitterionic form. The frequencies of the 

asymmetric and symmetric NH,' stretches are found in the range of frequencies from 3064 to 

2958cm.'. The frequencies 1379,1168 and 900cm.l are attributable to NH; motions and 

may be described as NH,' twisting, wagging and rocking respectively. The frequencies 

1619, 1407 and 642cm.I are attributable to coo- motions and may be described as the 

asymmetric carboxylate stretch, symmetric carboxylate stretch and the coo- wagging. 

The peaks which are associated with the zwitterionic form of the free acid are 

maintained in the spectra of our lanthanide complexes with proline. This suggests proline is 
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66 NENGWU ET AL. 

present as a zwitterion in these compounds. The frequencies of the asymmetric and symmetric 

coo' stretches observed for proline and the lanthanide complexes with the proline are listed in 

Table 3. We find that the peak attributable to the asymmetric coo' stretch is shifted to lower 

energies in the complexes, but the peak attributable to the symmetric coo- stretch is shifted to 

higher energies in the complexes. The values of Av (AV=V,,'~ -vcw5) decrease from 212cm.' 

in proline to about 167cm'l in complexes. This indicates that the lanthanide ions form mainly 

ionic bonds with the carboxylate group in these cornpo~nd'~). 

Krishnan K.et al[l l  studied the Raman spectra of complexes with glycine and suggested 

that that the frequencies associated with the M-0 stretch is near 395cm". We found that the 

frequencies near 405cm" in the proline complexes are sensitive to different lanthanide 

ions(Table 4), and we assign these frequencies to Ln-0  stretching modes. Sinha S.P.["l 

proposed plotting the properties(Pi) of f-ions vs the free ion orbital angular angular quantum 

numbers(L) of their ground states. Such plots show linear variation of Pi within each of four 

tetrad. often exhibiting the profile of an inclined w. Subsequently, a wide variety of 

properties for the lanthanide and the actinide in different oxidation states have been examined 

and confirm the general validity of the "inclined W" relationship1''-'61. Plotting the Ln-0 

frequencies near 405cm.l versus the total orbital angular momentum of the lanthanide ion 

ground states gives a plot with profile of an inclined w(Figure 2). If we use th approximate 

relation. 

where v is the frequency; p, the reduced mass of lanthanide atom and oxygen atom, and k, 

the force constant (k'values use d2x1O6 as unit,where d=2xC ); and plot calculated the force 

constant (Table 4) versus the total orbital angular momentum of lanthanide ion ground state, 
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LANTHANIDE COMPLEXES WITH L-PROLINE 69 

we also observe the "inclined W effect(Figure 3). In accordance with this analysis, we 

believe that the change in the frequency of the peak near 405cm" was the different lanthanide 

ions with oxygen of the carboxlate group. 
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