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Developing of buffer-precipitation method for lead
metaborate (Pb(BO»),-H>O) nanostructures

BERNA BULBUL, SEDA BEYAZ*
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Amorphous lead metaborate (Pb(BO,);-H,0) nanostructures were synthesized by a simpl and cost-effective synthesis
method which is based on precipitation of lead ions using boric acid/sodium hydroxide buffer (pH 9.2) in the presence of
polyethylene glycol (PEG). Scanning electron microscopy images showed that the average particle size is 30+9 nm and the
particle shape is mostly spherical. The chemical formulation of Pb(BO,),-H,O was confirmed by infrared spectroscopy, in-
ductively coupled plasma and thermal gravimetric analysis (TGA). The percentage of PEG molecules on the particle surface
equal to 2.5 % was determined by TGA. Optical reflectance measurement was performed by UV-Vis spectroscopy. Based on
the Kubelka-Munk function, it was calculated that the Pb(BO»);-H,O nanostructures have a direct band gap of 4.6 eV.
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1. Introduction

Metal borates have attracted considerable atten-
tion in the past decades because they show a great
variety of physical properties ranging from non-
linear optical (NLO) [1], ferroelectric [2] to semi-
conducting behaviors [3]. These properties pro-
vide diverse applications in opto-electronic tech-
nologies such as laser frequency conversion [4],
optical parameter oscillation [5] and signal com-
munication [6]. Lead borates are of special inter-
est in the search for borate materials, since these
compounds have pronounced radiation shielding
properties [7-9].

The Pb?>* ion shows stereochemically active
lone pair electrons, which has a strong tendency
to form lead oxo/hydroxo clusters [10, 11]. Dif-
ferent cluster motifs, such as Pb,O,, Pb3(OH)g4,
Pb4(OH)4, PbsO and PbgO,, are introduced into
borate backbones to construct a fascinating lead
borate framework [12, 13]. Thus, it is possible
to see in the literature that a wide variety of
lead borate structures, such as PbB4O; [14],
PbeB10021  [15], Pbz[BsO9](OH)-H,O  [16]
and PbsB3;Og(OH)3-H,O [17] are formed
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in various experimental conditions (temperature,
pressure, pH, etc.). Among lead borate structures,
the most commercial one is Pb(BO;),-H,O. More-
over, it is used as a starting material for the prepa-
ration of many lead borate compounds, such as
PbeBsO14(OH)2(H20) [13], PbgB4O11(OH), [12],
PbgB1,0,;(OH)¢ [18]. Therefore, its synthesis
methods are often patented. For example, the
solution of lead acetate and borax was mixed at
65 °C. The resulting lead borate gel precipitate
was filtrated and dried at 120 °C for 24 hours
(US3126351) [19]. Pb(BO,),-H,O was also syn-
thesized at an electrochemical cell using a lead
anode and a sodium tetraborate catholyte solu-
tion (US2104549) [20]. Another patent is about
preparation of nanosize lead metaborate under
microwave irradiation. Borax and lead nitrate with
mole ratio 1:1 were precipitated in the presence of
sodium succinate for 1.5 h to 2 h and processed by
500 W microwave illumination for 4 min to 6 min
(CN1562840A) [21].

In this study, we have
Pb(BO;),-H>,O nanostructures
method than the techniques
literature. In this method, lead ions were
precipitated with a borate buffer solution
(pH: 9.2) in presence of polyethylene glycol

synthesized
by a simpler
known in the

© 2020. This is an open access article distributed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.materialsscience.pwr.wroc.pl/

Developing of buffer-precipitation method for lead metaborate (Pb(BO; ),-H,O) nanostructures

139

(PEG) at ambient conditions. The results have
displayed that buffer-precipitation method is
attractive for the production of lead metaborate
nanostructures.

2. Experimental
2.1.

All the chemicals were used without pu-
rification. Lead nitrate (Pb(NO3),) (=99.5 %),
sodium hydroxide (NaOH) (=97.0 %), boric acid
(H3BO3) (=99.9 %) and polyethylene glycol 6000
(5000 g-mol~! to 7000 g-mol~') were purchased
from Merck Company.

10 mmol Pb(NO3), and 15 mmol PEG were
solved in the 200 mL of distilled water (PEG-metal
solution). 60 mmol H3BO3; and 30 mmol NaOH
were also solved in to 60 mL of distilled water to
prepare the buffer solution (pH: 9.2):

Materials and synthesis method

4H3BO3 +2NaOH — Na;B4O7+7TH>0 (1)
PEG-metal solution was put into a reaction vessel
and then the mixing rate was adjusted to 2000 rpm.
The buffer solution suddenly was added into the re-
action vessel, thus, the reaction started as follows:

NayB407 +Pb(N03)2+4H20
— Pb(302)2 -H>O | +2NaNOs +2H3BO3 (2)

After 30 min, a milky solution was formed at
room temperature. The solution was centrifuged at
8000 rpm for 10 min and a white precipitate was
obtained under the test tube. The precipitate was
washed by distilled water using the centrifuge four
times to remove impurities completely and then
dried at 70 °C for one day.

2.2. Characterization

The crystallinity and phase studies were carried
out using PANalytical Empyrean X-ray diffraction
(XRD) Analyzer with CuK« radiation (1.54059 A)
at 40 mA and 45 kV. The FT-IR (Fourier transform
infrared spectroscopy) spectra were recorded using
PerkinElmer 65 model FT-IR Spectrometer in the
range of 4000 cm™! to 600 cm~!. Thermal gravi-
metric analysis was done from 25 °C to 800 °C

at a heating rate of 10 °C/min under nitrogen
flow of 40 mL/min by Mettler Toledo TGA/DTA.
UV-Vis diffuse reflectance measurement was per-
formed by T80 UV-Vis Spectrometer (PG Instru-
ments). A field emission scanning electron mi-
croscope (Model: FEI Quanta 650 Field Emis-
sion SEM) was used to study the morphology
of nanoparticles. All transmission electron mi-
croscope (TEM) images were taken on a Hi-
tachi HT7700 TEM instrument equipped with
the EXALENS HR-TEM lens, STEM and EDAX
modules operated at 120 kV. Thermo X series 2
model ICP-MS (Inductively Coupled Plasma-Mass
Spectrometer) was used for chemical analysis
of the product.

3. Results and discussion

Lead metaborate structure is significantly af-
fected by the pH of the medium [22]. Thus, a con-
stant pH value before and after synthesis is critical
for obtaining a pure product. Despite of the lack of
detailed studies, it is known that lead metaborate
precipitates at pH 9.2 or above [20]. So the pH of
buffer solution was adjusted as 9.2, and it was en-
sured that the pH value was the same throughout
the synthesis period using suitable ion concentra-
tion at the beginning.

The XRD analysis was used to confirm the
amorphous or crystalline state of the materials.
The X-ray diffraction pattern of the product was
recorded in the range of 15° to 90°. The results
showed that the XRD pattern of the product ex-
hibited broad diffusion at lower scattering angles
indicating the presence of long range structural
disorder which is characteristic of amorphous na-
ture as shown in Fig. 1. Besides, the product has
two typical amorphous halo, like the other bo-
rate glasses shown in the literature [23, 24]. ICP-
MS was used to determine the atomic ratio of
Pb:B in the product. It was found to be about 1.9,
which is close to the theoretical ratio of 2. The
minor error can be due to the indirect analyzing
method. SEM experiments were conducted to in-
vestigate the morphology of the product (Fig. 2a).
A large number of structures with spherical shapes
are observed; whose average particle size is
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30£9 nm. In Fig. 2b, TEM image also shows that
the product consists mainly of spherical particles.
In addition, the PEG layer with a thickness of about
10 nm around some particles can be seen in the
TEM images.

3500

Intensity
N
o
o
o

1500

500

15 30 45 60 75 90
2017

Fig. 1. XRD pattern of Pb(BO;),-H;O.
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Fig.2. SEM (a) and TEM (b) images of Pb(BO,),-H,O.
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Fig. 3. FT-IR spectrum of Pb(BO»),-H,0.

The FT-IR spectrum of the product (Fig. 3) ex-
hibits the following absorption bands and they were

assigned referring to the literature [25, 26]. The
band at 3301 cm~! is the stretching vibration of
the O—H group. The band at 2921 cm ™~ is assigned
to the H-C—H bending mode, which shows PEG
molecules on surfaces of lead metaborate nano-
structures. The bands at 1387 cm™!, 1333 cm™!
and 913 cm~! are the asymmetric and symmet-
ric stretching of [BOs], respectively. The band at
685 cm™! is assigned to out-of-plane bending of
[BO3]. These assignments are consistent with the
structure of Pb(BO»),-H>O, in which the poly-
borate anion contains only [BO3] functional group.
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Fig. 4. DTG/TG analysis graphics of Pb(BO;),-H;O.

The DTG/TG curve of the Pb(BO;),-H,O prod-
uct (Fig. 4) indicates three mass losses. First mass
loss of 6.17 % appears from 303 K to 493 K, which
corresponds to the loss of one water molecule and
agrees with the calculated value of 5.80 %. Sec-
ond mass loss is 2.56 % from 493 K to 693 K,
which displays PEG decomposition [27]. Third
mass loss in the DTG curve is at 785 K due to
the decomposition and the collapse of the whole
framework [12, 13].

Fig. 5a shows optical reflectance for
Pb(BO;),-H,O sample. Many techniques have
been developed to calculate band gap energy
from diffuse reflectance measurements [28]. A
basic method is to graph the reflectance against
wavelength, where the onset of linear diffuse
reflectance increase is considered the band gap
energy. However, it is important to determine the
transition type to accurately identify the band
gap [28, 29]. We used Mc Lean analysis [30] for
the absorption edge to identify the transition type
and calculate the optical band gap:

o-hv = k (hv—E,)"" 3)
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Fig. 5. Optical reflectance spectrum (a); and plot
(F(R)-hv)? vs. hv (b).

where k represents a constant depending on the
transition probability, E, is the optical band gap
and « is the absorption coefficient:

F(R) = a_(1-Rp

s 2R )

where F(R) is the Kubelka-Munk function, R is the
reflectance and s is the scattering factor. Since F(R)
is proportional to « (equation 4), n can be estab-
lished by plotting (F(R)hv)" against hv. The value
of n specifies the transition type: n = 2 for direct al-
lowed transitions, n = 2/3 for direct forbidden tran-
sitions, n = 1/2 for indirect allowed transitions, and
n = 1/3 for indirect forbidden transitions. The best
linear fit near the absorption edge was determined
as n = 2 for the sample, i.e., direct allowed transi-
tions. Thus, we can transform equation 3 as:
F(R)-hv =k (hv—E,)"? (5)

Thus, the band gap determined from a plot of
(F(R)hv)? versus hv is found to be approximately
4.6 eV (Fig. 5b). The band gap is bigger than that

of the bulk material Pb(BO,),-H,O (4.12 eV), be-
cause the smaller particles exhibit larger band gap,
which is a well-known size effect [31].

4. Conclusions

In summary, a hydrated lead metaborate was
fabricated via a facile precipitation method us-
ing a buffer solution. The results (XRD, ICP,
TG) demonstrate the product is Pb(BO;),-HO.
It mostly consists from mainly spherical particles
of 30+9 nm. Thermal analysis and TEM images
showed that the surfaces of the particles are mod-
ified by PEG molecules. We believe that the cur-
rent work further enriches the synthesis methods
of metal borates and provides useful and signifi-
cant insights into the understanding of lead borate
structures.
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