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ABSTRACT 

Single crystals of holmium oxalate heptahydrate are grown by gel diffusion method using organic agar gel as a medium 
of growth. The crystals grow in the agar gel with hexagonal morphology having well defined habit faces Powder X-ray 
diffraction results show that the crystals belong to monoclinic system bearing the space group P21/c with cell parame- 
ters; a = 12.197 Å, b = 11.714 Å, c = 6.479 Å, α = 90˚, β = 120.12˚, γ = 90˚, V = 799.6 Å3. Fourier transform Infra-red 
spectrum of the crystals shows the presence of water and other associated functional groups. Thermogravimetric analy- 
sis support the presence of 7H2O molecules associated with holmium oxalate crystal lattice. The thermal decomposition 
in the nitrogen atmosphere leads to the formation of holmium oxide as the final product. 
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1. Introduction 

Rare-earth elements are essential components of modern 
technology and have numerous applications such as in 
data storage devices, lasers, phosphors for advanced dis- 
plays, luminescent, catalysts and permanent magnets [1-8]. 
Mixed rare-earth oxalates have been used as precursors 
for preparing important dielectric and magnetic materials. 
For instance Samarium doped spinel Mg-Cd ferrites have 
been prepared by oxalate co-precipitation method [9]. 
The preparation of PbTiO3, a piezoelectric and ferroelec- 
tric material, has been achieved by oxalate precursor 
method [10]. The synthesis of nanocrystalline rare-earth 
oxides are currently a priority area in materials. The most 
important functional materials based on rare-earth oxides 
are phosphors [11], catalysts [12] etc. One of the efficient 
methods for preparation of rare-earth oxides is from ox- 
alate precipitation [13]. The advantage of co-precipitation 
followed by thermal decomposition is that it normally 
avoids high temperature treatments. Pure and mixed rare- 
earth oxides have been prepared at temperatures as low 
as 800˚C [14]. Rare-earth coordination compounds have 
also an ability to incorporate both photoluminescent cen- 
tres and magnetic properties, making them ideal for de- 
veloping new multifunctional materials [15]. The fluo- 
rescence of some rare-earth oxalates suggest that these 
materials can be used for optical applications [16]. 

Due to extremely poor solubility in water and in or- 
ganic solvents, the single crystals of rare-earth oxalates 

have been gown by gel diffusion method [17-22]. In gel 
diffusion method the corresponding reactants are al- 
lowed to react at very slow rate, thereby minimizing the 
chances of fast precipitation which often results in the 
formation amorphous precipitates. The present paper re- 
ports on the growth and characterization of single crys- 
tals of holmium oxalate heptahydrate (HOP). 

2. Experimental Procedure 

Crystallization of holmium oxalate heptahydrate crystals 
was achieved using the single gel diffusion technique 
[23]. The crystallizer consisted of a single glass tube of 
length 20 cm and diameter 2.5 cm. Different experiments 
were carried out to grow single crystals of holmium ox-
alate from organic agar gel. The agar gel was prepared by 
dissolving 1% w/v of extra pure agar powder in triply 
deionised water at 80˚C. The agar solution was then 
mixed with desired concentration of oxalic acid (0.25, 
0.5, 0.75 and 1 M). The agar and oxalic acid solutions 
were mixed in various proportions by volume. The mixed 
solution was then transferred into several glass tubes. 
After setting of the gel, an aqueous solution of holmium 
nitrate pentahydrate with concentrations 0.25, 0.5, 0.75 
and 1 M was carefully poured over the set gel. The tubes 
were allowed to stand for a period of about two weeks, 
after which well faceted hexagonal shaped single crystals 
of HOP grew inside the agar gel. The slow diffusion of 
Ho3+ ions through the narrow pores of the agar gel lead 
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to reaction between these ions and the oxalate ions 
(C2O4)

–2 present in the gel as lower reactant. The reaction 
leads to the formation of single crystals of HOP. All the 
experiments were carried out at an ambient temperature 
of about 27˚C. 

Powder X-ray diffraction analysis of HOP crystals  
were obtained using a Bruker D8 advance X-ray diffract- 
tometer with Cu Kα radiation (λ = 1.5406 Å), The Car- 
bon and hydrogen contents in the grown crystals were 
determined by using Vario-EL III CHNS-analyzer. An 
energy dispersive spectrometer (OXFORD ISIS-300 sys- 
tem) attached to a scanning electron microscope JEOL 
JSM-5800 was used to identify the presence of holmium 
and oxygen. The FT-IR spectra of the grown crystals in 
the wavenumber range of 400 - 4000 cm–1 were recorded 
on a Bruker Vector-22 spectrometer using KBr pellet 
technique. The thermal behaviour (TGA) of the crystals 
was recorded on a Perkin Elmer, Diamond TG/DTA 
thermal analyzer in N2 atmosphere at a heating rate of 
10˚C/min. The morphology of the grown crystals was 
examined using an optical microscope. 

3. Results and Discussion 

3.1. Growth 

A number of experiments were performed to obtain the 
optimum and reproducible conditions for growth of sin- 
gle crystals of holmium oxalate in agar gel. The growth 
parameters such as concentration of upper and lower 
reactants and gel concentration were changed in order to 
see their effect on the quality of the crystals. The pH of 
the agar-oxalic acid solution was adjusted to an initial 
value of 1.5 by adding few drops of dilute nitric acid to 
the solution. At this a negligible precipitation occurred at 
the gel/solution interface upon pouring of upper reactant 
and after a period of about two weeks, the single crystals 
of holmium oxalate were observed to grow inside the gel 
column. Single crystals with well developed habit faces 
were obtained under the following conditions: gel pH 2, 
gel concentration 1% w/v, oxalic acid concentration 0.5 
M, holmium nitrate pentahydrate concentration 0.5 M, 
temperature 27˚C. 

Figure 1 shows single crystals of HOP growing in 
agar gel in a crystallizer. Figure 2(a) shows a typical 
single crystal of HOP under an optical microscope and 
Figure 2(b) is the schematic diagram illustrating the 
general morphology and the habit faces of HOP single 
crystals grown in the agar gel. The morphology as depicted 
in Figure 2(b) was obtained by using the program Kryst- 
Shaper (http://www.jcrystal.com/products/krystalshaper/). 
The single crystals of HOP have the general hexagonal 
morphology with (010), (011), (0-11) and (001) as habit 
faces with (100) face being most prominent. 

 

 

Figure 1. A typical single crystal of HOP growing in a crys-
tallizer in agar gel medium. 

 

 
(a) 

 
(b) 

Figure 2. (a) An optical photograph of a typical single crys- 
tal of HOP illustrating the general morphology of crystals; 
(b) Schematic representation of general morphology of HOP 
crystals showing the prominent habit faces. 

3.2. Characterization 

3.2.1. Powder X-Ray Diffraction 
The powder diffractogram of HOP crystals is shown in 
Figure 3. The occurrence of highly resolved peaks at 
specific Bragg angles indicates that the holmium oxalate 
heptahydrate is a crystalline solid. The powder x-ray dif- 
fraction pattern of HOP was analyzed by using the in- 
dexing program DICVOL04 [24]. A monoclinic unit cell 
was found with space group P21/c and the cell parameters 

Copyright © 2012 SciRes.                                                                                 JCPT 



Growth and Characterization of Holmium Oxalate Heptahydrate Crystals 139

as: a = 12.197 Å, b = 11.714 Å, c = 6.479 Å, α = 90˚, β = 
120.12˚, γ = 90˚, V = 799.6 Å3 . 

3.2.2. Elemental Analysis 
Figure 4 shows the EDAX spectrum of a typical single 
crystal of HOP. The presence of holmium is clearly de- 
picted in the spectrum. Since holmium oxalate heptahy- 
drate is a rare earth coordination compound with oxalic 
acid as a ligand, therefore, carbon and hydrogen analysis 
was carried out to determine the percentage composition 
of carbon and hydrogen. Table 1 shows the results of 
carbon-hydrogen analysis. 

The percentage composition of C and H as determined 
experimentally by CHN analysis together with the 
EDAX results suggest that the chemical formula of the 
single crystals of HOP to be Ho2(C2O4)3·7H2O. The per-
centage composition of C and H in the proposed for- 
mula agrees well with the corresponding values which 
were determined experimentally as shown in Table 1. 
The presence of 7H2O molecules associated with the 
HOP crystals is further supported by the thermogravim- 
etric analysis (TGA). Figure 5 shows the TGA curve of 
HOP in the temperature range of 28˚C to 1050˚C. It is 
clear from the curve that the single crystals of HOP un- 
dergo a weight loss of about 18.1% in the temperature 
 

 

Figure 3. Powder X-ray diffraction pattern of HOP crystals. 
 

 

Figure 4. EDAX spectrum of a typical single crystal hol-
mium oxalate heptahydrate. 

Table 1. Percentage composition of carbon and hydrogen in 
the grown crystals of HOP. 

Element 
Percentage 

composition 
(Experimental) 

Percentage  
composition 
(Calculated) 

Carbon 9.76 10.01 

Hydrogen 1.89 1.959 

 

 

Figure 5. TGA curve of holmium oxalate heptahydrate. 
 
range of 28˚C to 200˚C. The calculated weight loss as per 
the proposed formula: Ho2(C2O4)3·7H2O, is 17.5%. The 
formation of mixed holmium oxide Ho2O3 as a final 
product was also confirmed from the TG curve. The cal- 
culated weight loss for the formation of Ho2O3 from the 
starting compound Ho2(C2O4)3·7H2O is 47.5% whereas 
the experimentally observed weight loss in the tempera-
ture range 28˚C - 600˚C is 48.13%. Thus, at a tempera-
ture of about 600˚C holmium oxide is formed as a final 
product. The formation of erbium oxide from the thermal 
decomposition of erbium oxalate hexahydrate at 600˚C is 
reported in the literature [25]. 

3.2.3. Fourier Transform Infra Red Spectroscopy 
Figure 6 shows the FT-IR spectrum of HOP crystals in 
the wave number range 400 - 4000 cm–1. The presence of 
broad band centred at about 3325.25 cm–1 indicates that 
the grown material has water of crystallization. The ab- 
sorption at about 1627.35 cm–1 correspond to the asym- 
metric stretch νa(C=O). The well pronounced peaks at 
1361.29 cm–1 and 1319.62 cm–1 correspond to symmetric 
stretches [νs(CO) + ν(CC)] and [νs(CO) + δ( O-C=O)] 
respectively [26,27]. The sharp IR peak observed at 
808.81 cm–1 is due to the combined effect of in-plane 
bending motion δ(O-C=O) [28] and the presence of a 
metal-oxygen bond ν(MO). The absorption at 487.82 
cm–1 is due to the ring deformation plus the bending a 
metal-oxygen bond ν(MO). The absorption at 487.82 
cm–1 is due to the ring deformation plus the bending 
mode δ(O-C=O)[29]. The assignment of some selected  
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Figure 6. FTIR spectrum of holmium oxalate heptahydrate. 
 
Table 2. Assignment of some selected FT-IR wavenumbers 
(cm–1) of HOP. 

Wave number cm–1 Band/Peak Assignments 

3325.25 νa(OH) 

1627.35 νa(C=O) 

1361.29 νs(CO) + ν(CC) 

1319.62 νs(CO) + δ(O-C=O) 

808.81 δ(O-C=O) + ν(MO) 

487.82 δ(O-C=O) 

 
absorption band/peaks observed in the FT-IR spectrum of 
LNO is given in Table 2. The FT-IR spectroscopic re- 
sults of HOP crystals confirm the presence of functional 
groups associated with oxalate ligands. 

4. Conclusion 

The single crystals of holmium oxalate heptahydrate: 
Ho2(C2O4)3·7H2O were grown by single gel diffusion 
technique using organic agar gel as a medium of growth. 
The crystals are transparent and well faceted with (010), 
(011), (0-11) and (001) as habit faces and belong to mon- 
oclinic system with space group P21/c. The coordination 
of oxalate ligand with the holmium is confirmed by the 
presence of specific absorption bands and peaks in the 
FTIR spectrum of the grown crystals. Thermogravimetric 
analysis also confirms the association of seven water 
molecules with the crystal lattice of holmium oxalate 
heptahydrate. 
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