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ABSTRACT 
 

Lead(II) oxalate (PbC2O4.xH2O) crystal has polymeric structure via chelated bridging ligand of oxalate. Gel 
technique is promising for growing PbC2O4.xH2O single crystal with the advantage of forming only few crystal 
nuclei but could grow with larger size. The purpose of this research are to synthesis PbC2O4.xH2O crystal in 
silica gel and to study the properties of synthesized crystal at optimum conditions. The crystals were synthesized 
in silica gel using U-tube glass. Pb(NO3)2 and Na2C2O4 as supernatant solution was added in each side (in 1:1 
ratio) with growth time of three weeks. The pH of gel was varied between 4.5-5.1 as well as the supernatant 
concentration, which is 0.05-0.20 M. The synthesized crystals from optimum condition were characterized using 
SEM, FTIR, powder XRD. The optimum conditions was obtained at pH of 4.8 and concentration of Pb(NO3)2 
and Na2C2O4 of 0.10 M with 23.34% yield. The synthesized crystals were white needle-shaped with length of 
678 micron and soluble in concentrated HNO3. The characterization using IR and powder XRD indicate that the 
synthesized crystal was lead(II) oxalate hydrate (PbC2O4.xH2O) with crystal system of triclinic.  
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Introduction 

 
Lead(II) oxalate hydrate is usefull as an important source for production of lead oxide single crystal. Lead 

oxide single crystal can be synthesized through a thermal decomposision proceess of lead oxalate single crystal 
made of oleylamine and TPP (triphenylphosphine) as capping agent (Salavati-Niasari, et. al, 2009). Moreover, 
lead oxalate single crystal has repeated structure due to chelated bridging ligand of oxalate (Huang, et. al, 1990). 

Lead oxalate hydrate has been synthesized using several methods. Boldyrev (1963) synthesized it by 
difusing sodium oxalate and lead nitrate solution slowly to sodium nitrate solution in a reactor, but it yielded 
crystal that less than 10 micron (Virovets, et. al, 1993). An easy solution method has also been used to grow this 
crystal by Grases, et. al. (1993).  

The crystals can also be synthesized by irradiation ultrasonic effect in which lead nitrate solution 0.028 
mol/L in aquadest was added into oxalic acid solution in ethanol at certain temperature by using mechanical 
stirrer. Not only the size of crystal was very small (about 2-3 micron) but also this method considered as delicate 
due to complicated equipment and controlled temperature that needed (Hee-Lack, et. al, 1994). The other 
method to produce lead oxalate single crystal with bigger size of crystal (200-300 micron) was done by Huang, 
et. al, (1990), but it was using corrosive and reactive perchloric acid. 

Refer to method proposed by Henisch (1988), growing lead(II) oxalate crystal by gel technique is 
promising. Gel method is simple and has medium degree of saturation therefore it will forms less nuclei and 
produce larger crystal. Furthermore, by using silica gel as the growth media, the synthesized crystal have more 
regular structure than by the other gel media, such as agar, gelatine, bentonite/clay or polyacrylamide (Patel and 
Rao, 1982).  
 
Materials and Methods 
 
Materials: 

 
This research used chemical (pa) as synthesized from the supplier, i.e. Pb(NO3)2, Na2C2O4, Na2SiO3 95%, 

HNO3 67% (v/v), ethanol and aquadest. The instrumentation used were a HERAEUS KR170E Oven, an Orion 
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420A pH-meter, a Shimadzu FT-IR-8601PC, a FAI Inspect S50 SEM-EDAX and a Philips-XPert Powder X-
Ray Difractometer.  

 
Preparation Of Silica Gel: 

 
Silica gel was prepared at various pH from 4.50 – 5.10 by adding 12.5 mL HNO3 1M solution into five 

beaker glasses 250 mL. Then, into each beaker glasses, Na2SiO3 0.5 M was added and stirred using magnetic 
stirrer until reaches pH of 4.50, 4.65, 4.80, 4.95 and 5.10. A 30 mL of each solution was then poured into U-
tube, covered with aluminium foil and then saved for five days at room temperature until the gel was formed. 

 
Synthesis Of Crystal At Various Ph And Concentration Of Supernatant: 

 
A 15 mL of Na2C2O4 0.15M was added slowly into one side of U-tube, whereas another side of tube was 

added with 15 mL of Pb(NO3)2 0.15M. The addition of both supernatants solutions was done at all pH various. 
Next, the U-tube was closed with aluminium foil and saved at the room temperature for three weeks. The gels 
were periodically observed every two days. 

 Crystal which formed inside the gel was separated by dissolving the gel with hot water, followed by 
filtering it using Whatman paper no. 40, washed by ethanol 95%, and then slowly dried in an oven at 60°C for 
an hour. The optimum pH of gel was determined based on pH which gives the highest yields (%). 

The optimum pH synthesized from above experiments were used to determine the optimum concentration 
of supernatant. The range of concentration of both Na2C2O4 and Pb(NO3)2 which was used is 0.05 – 0.20 M. 
Similarly, the optimum concentration of supernatant was determined based on concentration which gives the 
highest yields (%). The crystals synthesized from the optimum concentration was then characterized by infrared 
spectroscopy (FT-IR), scanning electron microscope (SEM), powder X-Ray Diffraction (XRD) and atomic 
adsorption spectroscopy (AAS). 

 
Results and Discussion 

 
Synthesis Of Pbc2o4.Xh2o Crystals: 

 
The synthesis of PbC2O4.xH2O was conducted through U-tube method, due to very low solubility of 

PbC2O4 in water (Ksp PbC2O4=8.5x10-9). In order to control the nucleation rate, Pb(NO3)2 on one side and 
Na2C2O4 on the other side were added in an U-tube. Both supernatant solutions will diffuse slowly into the gel. 
Hence, the nucleation and the growth of PbC2O4.xH2O crystals could occur deliberately. The slow rate of 
PbC2O4.xH2O nucleation will induce the crystal nucleus to grow slowly and form bigger crystals. 

In some cases, before adding the supernatant solution, few mL of water was added on top of the gel to 
reduce the surface tension. The only metathesis reaction that occurs inside the gel and form a crystal is the 
reaction between supernatant solutions of Pb(NO3)2 and Na2C2O4, while the gel was only act as the growth 
medium. 

The crystal of PbC2O4.xH2O was formed inside the gel precisely in the middle of the tube (Figure 3). This is 
because the volume of Na2C2O4 and Pb(NO3)2 are equal, therefore both hydrostatic pressures are also at the same 
level causing the junction of both supernatant solutions sited in the middle of U-tube. The formation of crystal 
PbC2O4.xH2O inside the gel occurs spontaneously as expected due to its negative value of ΔGo. 

Synthesis at various pHs gives identical form of crystal, which is white needle-shape crystal. The crystals at 
all pH start to grow after four days, which is indicated by the presence of white dots inside the gel at the middle 
of U-tube. At this point, pH of gel does not significantly influence the formation rate of crystal nucleus. 
However, the quantitative data about the crystal size at each pH was not available because all crystals were very 
brittle; therefore to separate and measure the crystals in every parameter could break down the crystals shape 
and size.  

The pH influences the crystal yields (Figure 1.), in which the optimum pH occurs at pH 4.8 with 21.08% of 
yield. Gelling time, which is only 5 days, is probably major factor on the gel homogeneity and is likely 
responsible on the yield that produced from each pH. Generally, more gelling time is needed if more H+ ions 
presence in the gel (Henisch, 1988). 

At optimum pH, the optimum concentration of supernatant was then determined by varying both 
supernatant concentration of Na2C2O4 and Pb(NO3)2, which are 0.05; 0.10; 0.15 and 0.20 M with the ratio of 
1:1. The Pb(NO3)2 and Na2C2O4 supernatants ratio of 1:1 was used to provide the same amount of Pb2+ and 
C2O4

2- ions in the gel. Moreover, the diffusion rates could be controlled equally between those supernatants. If 
the concentration of C2O4

2- is much higher than that of Pb2+, then [Pb(C2O4)2]
2- complex might be formed and 

lead(II) oxalate will be re-dissolved, as shown in equation below: 
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Fig. 1: The effect of pH toward crystal yields (%). 
 

Pb+2
(aq) + C2O4

2-
(aq) → PbC2O4(s) 

 
PbC2O4(s) + C2O4

2-
(aq) → [Pb(C2O4)2]

2-
(aq) 

 
The variation of Pb(NO3)2 supernatant concentration used was between 0.05-0.20 M is done because the 

range of concentration used exceed the Ksp value of PbC2O4, therefore inside those range, the formation of 
PbC2O4.xH2O crystal is highly possible. The effect of concentration of supernatant toward crystals yields is 
given in Figure 2. 

 
 
Fig. 2: The effect of supernatant concentration (M) toward crystal yields (%). 

 
As expected, the experimental data showed that the higher of supernatant concentration used, the higher 

diffusion rate will become. In other words, both Pb(NO3)2 and Na2C2O4 with highest concentration will react 
rapidly in the gel and the formation rate of crystal nucleus will be much greater, and vice versa. Consequently, 
due to sudden interactions between lead(II) ions and oxalate ions, larger crystals were formed with decreasing 
concentration of supernatants (Figure 3). Meanwhile, at concentration of 0.2M, crystals were started to form 
already in the second day. 

 

 
 
Fig. 3: Crystal growth in gel (white in the middle U-tube) at supernatant concentration of 0.05M. 
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Furthermore, at concentration higher than 0.10 M, the higher concentration used, the lower yield produced. 
This is commonly due to too many crystal nuclei forms in the gel but most of it was unable to grow bigger, and 
as a result, the crystal yields were getting lower. In this case, the optimum concentration of both supernatants 
was 1.0 M with 23.34% of yield.  

The yield at this optimum concentration is relatively small compared to the growth time. Moreover, the 
AAS confirms that there is still a lot of Pb2+ in the supernatant above the gel (only 59.32% of initial 
concentration was diffused during 3 weeks of growth time). This data indicates that not all Pb2+ could easily 
diffuse into the gel hence it may take more time to produce crystal in higher yields.  

 
The Characterization Of Synthesized Crystal At Optimum Condition: 

The characterization of synthesized crystal using SEM was conducted to determine the size and shape of the 
crystal. The result is shown in Figure 3. The size of the crystal is about 678 micron, which confirms that the gel 
method could produce crystal with bigger size than 200-300 micron as reported by Huang, et.al. (1990). 

 

 
Fig. 3: SEM image of synthesized crystals at optimum condition (300x magnification). 

 
According to SEM image, the crystal surface seen to be uneven, which is indicates that the crystal is not 

perfectly separated from the gel. The very low hardness of synthesized crystal was the biggest problem during 
the isolation. In addition, the color of synthesized crystal and the gel are quite similar. Hence, although the gel is 
likely will not react with the reactant or the product, the isolation of synthesized crystal is very delicate.  

The characterization of synthesized crystal with infrared spectrophotometry was conducted to confirm 
oxalate presence in the crystal by checking oxalate specific bonds vibration or bands in infrared spectrum. The 
infrared spectrum of the crystal was identical with the ones in the literature (Mancilla, et.al, 2009), which is 
shown in Figure 4. Based on IR spectrum, bands at 1637, 1585, 1309 and 1288 cm-1 are correspond to C–O, 
while bands at 783, 771, 524 and 505 cm-1 are correspond to O–C–O. Hence, the presence of oxalate in the 
crystal is confirmed. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Infrared spectrum of synthesized crystal (above) and of Mancilla’s (bottom). 
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Before analyzing the crystal using powder XRD, the hydrate of the crystal was removed by gravimetric 
method to produce anhydrate crystal. This is simply because the standard JCPDS data that available from the 
XRD machine is at anhydrate form. Consequently, the anhydrate crystals were getting smaller and brittle than 
hydrated crystals. This brittleness indicating that water has a role in the crystal lattice. Based on our experience, 
although it is still need to be confirmed using single crystals XRD, we suggest that water molecules does not 
coordinate directly to the Pb metal centre and is most likely stay in a void between crystal lattice as hydrate. 

The XRD spectra of synthesized crystal is given in Figure 5. According to JCPDS data of PbC2O4 crystal, 
the synthesized crystal has identical d-spacing value. Hence, it is likely that the anhydrate crystal has similar 
crystal system with the standard crystal data, which is triclinic. The triclinic system has three-dimensional 
geometry that is similar towards the form of crystal resulted from the synthesis showed by SEM image (Figure 
3) with different sloping edge and corners.  

 

 
Fig. 5: XRD spectra of synthesized anhydrate crystal. 

 
According to all data analysis, the synthesized crystal was confirmed to be PbC2O4.xH2O with relatively 

high brittleness and bigger size compare to previous crystals reported by Boldyrev (1963), Huang (1990), and 
Virovets (1993). Although isolation of synthesized crystal in gel was delicate due to crystal brittleness, the gel 
method still considered as good crystal growth medium for low solubility crystal such as PbC2O4.xH2O. 

 
Conclusion: 
 
1. White needle shape crystal of PbC2O4.xH2O was successfully synthesized in silica gel at room temperature 

using U-tube method with growth time of 3 weeks. The crystals were relatively brittle with length of 678 
micron. 

2. The optimum conditions of synthesized crystal in gel were pH of 4.8 and both supernatant concentration of 
0.10 M, resulting 23.34% of yield. 
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