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Abstract: The tris chelates of lanthanides (Ln) with various -diketones were synthesized in pure state and
characterized by thermal and spectral data. Based on the thermogravimetric and gas chromatographic (GC)
studies the anhydrous tris-chelates of lanthanides with hexafluoroacetylacetone (HFAA) are found to possess
favourable thermal, solvolytic and volatile properties for GC analysis. Anhydrous tris chelates, Ln(HFAA) ,3

exhibit regular increase in retention times with increasing ionic radius. Calibration curves of each individual
lanthanides indicate linear range in between 2.0 to 35 µg/ml with standard deviation in between 0.025 to 0.099.
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INTRODUCTION chelates has been examined based on the

Solvent  extraction  and  gas  chromatography detailed studies on the thermogravimetry and GC studies
enables quantitative separation of metal chelates into of mixed-ligand complexes have been taken up by
organic phase forms hydrated chelates with lanthanides. synthesizing various lanthanide complexes and these
The authors in their previous work developed a best results of presented in this paper.
solvent extraction system for the preparation of gas
chromatographable volatile complexes of lanthanides Experimental
using HFAA [1]. It was observed by solvent extraction, Reagents: The lanthanide oxides (Indian Rare Earths Ltd.,
mixed ligand complexes of lanthanides can be efficiently 99.9% purity) were dissolved (0.01M) in dilute
separated from interfering with major matrix elements and hydrochloric acid and standardized by titrating with
the pure solid volatile mixed complexes can be rapidly EDTA using xylenol orange as an indicator [10]. 0.1 M
prepared by evaporating the extract  and  recrystallization. solutions of acetylacetone, trifluoroacetylacetone and
Further, the extract of the mixed ligand complex of hexafluoroacetylacetone (M/s. Fluka, Switzwerland, 98%
lanthanide can be directly fed into gas chromatograph for purity) were prepared. Dipivaloylmethane,
the separation of individual lanthanides and their thenoyltrifluoroacetylacetone and dibenzolymethide were
estimation [2]. synthesized by Claisen Condensation of the

Several metal chelates of hexafluoroacetyl acetone corresponding ester and ketones with sodium amine.
(HFAA) have been shown to be volatile and can be
resolved through gas chromatography. Application of gas Equipment: Thermograms of the chelates were obtained
chromatography to metal chelates is a very useful using Perkin Elmer DSC Analyser. Absorption spectra of
technique for the rapid estimation of micro amounts of the solution of the chelates were recorded on a UV-Visible
metal ions and some reports have already been published spectrophotometer (Shimadzu Model UV-240). AIMIL
[3-9]. In this paper the application of GC as an analytical Nucon GC 5700 with Flame Ionization Detector (FID) was
tool for the analysis of lanthanides as their anhydrous used for gas chromatographic study.

thermogravimetric and GC studies. Systematic and
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Preparation of Columns: The gas chromatographic presented in Table. 1. chemical characterization of the
column of a stainless steel 3 mm internal diameter and 150 lanthanide chelates indicate that  they  were  hydrated
cm long supplied with the instrument was used for the tris-chelated, LnL  nH O when they are precipitated from
preparation of Dexsil 300. the column packed with 5 g of the solution containing lanthanide ion  and -diketone
dry chromosorb-w (60-80 mesh) was soaked with a (1:3 mmol). But on vacuum drying over P O some chelates
solution of 9.45% Dexsil 300 in  56  ml  of  cyclohexane. were dehydrated to give the anhydrous tris chelate and
The excess solution was drained off. Similarly SE-30 and hydroxyl bis chelates, which are indicated by the
QF-1 columns were also prepared. following reactions.

The analysis was conducted using a nitrogen flow
rate 50 ml/min, with an injection port temperature 280°C LnL , nH O  LnL  + nH O (with HFAA) (1)
and detector at 290°C.

Preparation of Lanthanide Chelates: An aqueous diketones)
solution of corresponding lanthanide chloride was shaken (2)
with diethylether solution of ammonium salt of -diketone
and  themetal  ion  was  allowed  to  react  with  ligand. Of the -diketones examined hexafluoroacetylacetone
The chelate was dried with sodium sulfate and ether layer (HFAA) was found to form relatively volatile and
was separated and evaporated. The solid -diketone effectively gas chromatographable chelates with
chelates of lanthanides formed were purified by lanthanides. All the complexes of lanthanides with HFAA
recrystallization from a mixture of 9:1 water and methanol. were fairly soluble in many organic solvents and insoluble
Anhydrous chelates of each lanthanide metal with HFAA in water. The melting points of both the anhydrous and
were prepared by drying of the hydrated compounds over monohydrated complexes of lanthanides with HFAA are
P O at a pressure of 0.02 mm mercury for 72 hours. shown in Table. 2. The association of one mole of water2 5

Standard chelate solutions (2-50 ppm of lanthanide) were with the anhydrous HFAA complexes was found to be a
prepared in cyclohexane in 10ml volumetric flasks. totally reversible process.

RESULTS AND DISCUSSION the melting point changes  in  the  appropriate  direction.

Synthesis and Analysis of -diketonates of Lanthanides: HFAA sample is indicative of the sensitivity of this
The structural formula of the fluorinated and property to moisture. While monoaquo- europium complex
unfluorinated -diketones. Type of chelate formed melts at 59-62°, a colorless liquid was obtained, however
withlanthanides  and   the   range   of   melting   points  are at 100°C water was given off in the form of steam bubbles

3 2

2 5

3 2 3 2

LnL , nH O  LnL . OH + HL(n-1)H O (with other -3 2 2 2

By drying a sample or exposing it to the atmosphere,

A rather wide melting range exhibited by any particular

Table 1: Structural formula and melting points of monohydrate tris chelates of lanthanides with -diketones

Adopted Type of Range of melting
S.No. -diketone Systematic name(general name) symbol chelate formed points (°C)

1 2,4-Pentane dione(acetyl acetone) HAA LnL . H O 125-1803 2

2 1,1,1-trifluoro-2,4-pentanedione (trifluoroacetyl acetone) HTAA LnL . 2H O 120-1903 2

3 1,1,1,5,5,5-hexaafluoro-2,4-pentanedione (hexafluoroacetyl acetone) HFAA LnL . H O 110-2303 2

4 2,2,6,6-tetramethyl-3,5-heptanedione (Dipivaloyl methane) HDPM LnL . H O 140-2503 2

5 1,1,1-trifluoro-3,2-thenoylacetone (thenoyltrifluoroacetylacetone) HTTA LnL . 2H O 115-1953 2

6 1,3-diphenyl-1,3-propanedione (Dibenzoylmethide) HDBM LnL . nH O 140-2353 2



World Appl. Sci. J., 32 (5): 939-944, 2014

941

Table 2: Colour and melting points of lanthanide chelates

Melting Point (°)
-----------------------------------------------------------------------------

Ln(II) color Monohydrate Anhydrous

Lu White 111-115 118-125
Yb White 112-115 175-180
Tm White 110-115 190-200
Er Pink 104-112 195-200
Ho Light Yellow 103-111 215-220
Dy White 103-107 185-190
Tb White 92-97 190-196
Gd White 60-65 203-213
Eu White 59-62 205-212
Sm White 63-67 208-218
Nd Blue 210-215 210-215
Pr Green 218-225 218-225
La White 215-230 215-230

Fig. 1: Thermogravimetric curves for the anhydrous fluorocarbon ligand implies that these groups produce a
lanthanide-HFAA chelates more repulsive shell around the lanthanide complex

producing a yellow liquid. In general hydration of the
anhydrous complex lowers the melting point which is Absorption Spectra of HFAA Chelates of Lanthanides:
rather marked in the case of gadolinium, europium and The spectral data of lanthanide chelates (Table. 3) show
samarium. a general shift with an increase in molar extinction

The thermal instability of hydrated tris -diketonates coefficient relative to the HFAA in the solvent employed
of lanthanide complexes has been attributed to indicating band shift upon chelation. In ethanol the
hydrolysis, presumably giving the hydroxobis wavelength of band maximum remains nearly the same for
(diketonate) complexes and neutral ligand at elevated all the lanthanides but exhibits lower intensity with
temperatures [11]. The monohydrated HFAA chelates reference to methanol. In hexane and cyclohexane there
were easily transformed to the anhydrous tris complexes are slight red shifts in band maximum relative to methanol
without hydrolysis. Since these compounds contain these as well as increase in intensity. 
bulky fluorinated ligands, the water molecules may be
hydrogen bonded to an electronegative site on the ligand Gas Chromatographic Studies
shell rather than coordinated to the metal ion [12]. Elution  Behavior   of   Lanthanide-HFAA   Chelates:

Thermogravimetric Analysis of Tris Lanthanide heights were obtained with the tris chelates of lanthanides
Chelates of HFAA: The thermogravimetric curves when several runs were carried out indicating that these
obtained for the anhydrous lanthanide-HFAA chelates chelates are not suitable for gas chromatography due to
are presented in Fig. 1. The chelates of the smaller metal decomposition. However when anhydrous lanthanide
ions were volatilized at lower temperatures than their chelates of HFAA were injected individually and these
larger analogs. The TGA curves represent a combined complexes were collected after elution, they were found to

sublimation-vaporization process since each curve passes
the melting temperature of the anhydrous compound
before 100% weight loss is recorded. Thermograms were
obtained for hydrated lanthanide chelates, which revealed
a 1-2% weight loss at temperatures in the vicinity of 100°C
suggesting the volatilization of the  mole  of  water
present. The HFAA lanthanide complexes were found to
be more volatile than the corresponding non-fluorinated

-diketone chelates. The increase in volatility of the
compounds containing the highly electronegative

molecule than that in the simple -diketone chelates.

Non-reproducible results in retention times and peak
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Table 3: Absorption bands of lanthanide-hexafluoroacetylacetonates
Methanol Ethanol n-Hexane Cyclohexane
------------------------------ ------------------------------ ---------------------------- -----------------------------

Substance max max max max max max max max
HFAA 290 9600 290 5080 285 5019 285 7961
La(HFAA) 300 25120 295 22595 295 30700 300 310903

Pr(HFAA) 320 15810 300 14090 330 16650 330 167503

Nd(HFAA) 300 21090 300 16700 310 23000 310 236503

Sm(HFAA) 320 22595 300 19500 320 27000 320 276503

Eu(HFAA) 320 37600 300 35000 310 45000 310 449803

Gd(HFAA) 320 45150 300 42100 320 52180 320 520003

Tb(HFAA) 325 34810 300 34790 310 39990 310 398503

Dy(HFAA) 325 65690 300 62600 320 75000 320 780003

Ho(HFAA) 320 18950 300 17590 310 24950 320 251903

Er(HFAA) 325 33100 300 26250 310 37950 320 385903

Tm(HFAA) 320 14850 300 14850 310 18950 320 186603

Yb(HFAA) 320 21170 300 18700 310 22300 320 246503

Lu(HFAA) 325 32100 300 22600 320 37180 320 416503

Fig. 2: The chromatograms for anhydrous HFAA measurable elution of the terbium chelate, but when a
chelates of the typical individual lanthanide solution of HFAA in cyclohexane was injected to wash

be identical to the starting materials. The peak retention chelate appeared in addition to the reagent peak, this peak
time for each anhydrous chelate was the same for repeat decreased and finally faded out when the HFAA injection
runs. The thermogravimetric data of these anhydrous was repeated. A further injection of the terbium sample
chelates also proves that the chromatographic trend truly reproduced a reasonable peak height. The phenomena
reflects the volatilities of the lanthanide-HFAA indicate appreciable decomposition of the terbium chelate
compounds. in the column, which may be attributed to its tendency to

Optimum Conditions: It was observed that from the show similar phenomena.
efficiency and suitability for the separation of lanthanide
– HFAA chelates, chromosorb-w is the better solid Studies on Retention Times of Lanthanide – HFAA
support while dexsil 300 of moderate polarity is efficient Chelates: The increase in retention times of the chelates
stationary liquid phase. with increase of ionic radius of the trivalent lanthanide ion

With silicone polymer based liquid phase SE-30 and can be explained on the assumption that the size of the
QF-1, it was observed that longer retention times and molecule decreases with decreasing radius of the central
several injections of concentrated sample are required for metal ion. As the size of the pseudospherical molecules
elution of the sample from the column. With dexsil 300 no decreases, one would expect the polarisability to be
prior conditioning of the columns by sample injection was reduced which will decrease the dipole-dipole (molecular
required to obtain reproducible results. The optimum or local), the dipole-induced dipole interactions and
range of liquid phase was 8-10% dexsil 300 on vander  waals  forces of attraction [13]. This consequently

chromosorb-w and the chelates studied were satisfactorily
eluted with 150 cm long, 3 mm i.d., 9.45% dexsil 300
stainless steel column.

Gas Chromatography of Anhydrous Tris Lanthanide
Chelates of HFAA: The chromatograms for anhydrous
HFAA chelates of the typical individual lanthanides are
shown in Fig. 2 while the retention times are given in
Table. 4. The terbium chelate showed curious behavior, as
when its solutions were repeatedly injected, the peak
height decreased gradually. Injection of a large quantity
of solvent (cyclohexane) after the chelate gave no

the column, a peak corresponding to that of terbium

tetra valence. Other lanthanide chelates tested did not
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Table 4: Retention times, linear ranges, column temperatures, detection limits and response factor of anhydrous Ln(HFAA)3

Lanthanide Ionic Retention Linear Column Detection Response Factor
chelate radii (A°) time (min) range (µg/ml) temp (°C) limit (µg) (10 integ.counts / µg)-5

Lu 0.848 4.0 3.0-35.0 205 0.40 1.85
Yb 0.858 4.1 3.0-35.0 220 0.67 1.05
Tm 0.869 4.2 3.0-35.0 225 0.35 2.20
Er 0.881 4.5 3.0-35.0 220 0.18 6.50
Ho 0.894 4.8 3.0-35.0 220 0.30 2.50
Dy 0.908 5.2 3.0-34.0 225 0.20 4.30
Gd 0.938 5.9 3.0-32.0 230 0.20 2.60
Eu 0.950 6.5 2.5-30.0 230 0.18 2.80
Sm 0.964 7.3 2.0-20.0 240 0.015 22.5
Nd 0.998 9.0 2.5-28.0 260 0.15 3.00
Pr 1.013 10.6 2.5-28.0 260 0.38 2.00
La 1.061 11.9 2.5-27.5 270 0.68 0.80

Table 5: Determination of individual lanthanides as Ln(HFAA)3

Lanthanide Amount taken (µg) Amount found  (µg) Relative error (%) Standard deviation *

Lu 4.38 4.32 -1.36 0.025
Yb 8.65 8.57 -0.92 0.041
Tm 8.45 8.61 +1.89 0.030
Er 8.36 8.30 -0.71 0.045
Ho 4.13 4.05 -1.93 0.077
Dy 8.13 8.06 -0.86 0.065
Gd 7.93 7.87 -1.52 0.060
Eu 7.60 7.54 -0.78 0.055
Sm 7.52 7.55 +0.39 0.080
Nd 10.81 10.72 -0.83 0.099
Pr 7.05 7.00 -0.70 0.070
La 6.96 6.98 +0.28 0.050
*average of five determinations

results to increase the volatility of the complex as the the peak, as determined by the integrator, is plotted
ionic radius becomes smaller resulting decrease in versus sample concentration. The analytical curves do
retention time with decrease in size of the complex. not extrapolate to zero but to 0.2 µg at zero response,

From these results it can be concluded that which may be due to finite loss of sample to the column
anhydrous tris chelates of lanthanides with HFAA material.
generally have the most promising properties necessary The response of the flame ionization detector (FID)
for gas chromatographic elution i.e., thermal, solvolytic was found to vary from metal to metal. The variation in
stability and volatility, while hydration of these chelates response is probably caused by the differences in the
seems to produce undesirable effects on the thermal combustion of each metal. Samarium is found to exhibit
stability. very high sensitivity to FID facilitating its low detection

Feasibility of Gas Chromatography for Quantitative Results for the determination of individual
Analysis: For quantitative determinations, isothermal lanthanides using analytical curves are given in Table. 5
column temperatures were maintained because elution and the chromatograms for some typical lanthanides are
was more likely to occur at the same column temperature given in Fig. 2, which indicates the applicability of the
and flow rate for repeat runs. present method for estimation of lanthanides.

Preparation of Calibration Graphs: Standard solutions of CONCLUSION
lanthanide chelates were prepared in cyclohexane over the
concentration range of approximately 1-50 µg/ml of The present method of separation of lanthanides into
lanthanide complex. In each case separate gas individual elements by GC and estimation by FID detector
chromatograph was run and the average of the area under is  very  rapid  in  comparison  with other chromatographic

limits.



World Appl. Sci. J., 32 (5): 939-944, 2014

944

techniques, such as high-performance liquid 2. Murthy, K.S.R., 1997. PhD Thesis, Jawaharlal Nehru
chromatography [14, 15] and ion-exchange Technological University, Hyderabad, India.
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enables their estimation after properly selecting the 5. Dilli S and K. Robards, 1984. J. Chromatogr., 312: 109.
experimental conditions. Thus, this method can be applied 6. Dilli, S. and K. Robards, 1985. J. Chromatogr., 322: 1.
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