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Abstract In this study, hydroxyapatite (HAp) particles

with mesoporous structure have been synthesized from cal-

cium hydroxide and di-ammonium hydrogen phosphate

using yeast cells as the template. The characterization

methods such as X-ray diffraction (XRD), Fourier transform

infrared spectrograph (FTIR), N2 adsorption–desorption

isotherms (NADI), transmission electron microscopy (TEM)

and field emission scanning electron microscopy (FESEM)

were used for determination of the particles structure (par-

ticle size, structural evolution and morphology). The results

show that HAp particles with mesoporous structure could be

produced. The size of HAp particles was approximately

hundreds of nanometer. The pore width of HAp particles was

in the range of 2.0–40 nm and the maximum centered around

4.5 nm.

1 Introduction

Hydroxyapatite, with the structural formula of Ca10

(PO4)6(OH)2, has a composition and structure very close to

natural bone mineral [1–3]. It has been widely considered

as one of the most important bioceramics for medical and

dental applications such as dental implants and drug

delivery systems due to its biocompatibility and bioactivity

[1–5]. HAp is used mostly as particles and its application

depends on the properties such as particle size, surface area

and morphology as well. The mesoporous structure of HAp

particles (pore size: 2–50 nm) could be desirable for their

use in drug delivery systems. For instance, it could be used

as an efficient drug delivery agent to retard the multipli-

cation of cancer cells [6].

There are some methods, which have been developed to

prepared the nano-sized HAp particles, involving sol–gels

[7, 8], precipitation [9, 10], hydrothermal [11], emulsion

[12] and ultrasonic spray freeze-drying [13] methods. To

our knowledge, surfactant based template systems have a

lot of promise to synthesize fine structured materials, as

they are assumed to be efficient template for particle size

and shape [14, 15], however, up to now, it is seldom

reported that using microbe cells as template to synthesized

mesoporous structured HAp particles.

Microbial cells include a wide variety of surface active

compounds. They have been receiving increasing attention

due to their unique properties, such as higher biodegrad-

ability and lower toxicity as well as versatile biological

functions compared to chemically synthesized surfactants

[16, 17]. All living cells have developed mechanisms by

which they take up both essential and non-essential metals,

store them, detoxify or dispose them. Initial biosorption of

cadmium ions involves both the microbial cells wall and

extracellular glycoprotein which are capable of binding

heavy metal ions [18].

In this study, the role of microbial cells during the

synthesis of HAp particles was examined. The effect of

the yeast cells as the template on control of the size and
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shape of HAp particles was analyzed. Various character-

ization techniques were introduced to determine and

verify the phase and microstructure presented inside the

samples.

2 Experimental

2.1 Materials

The starting materials used in this study included calcium

hydroxide (Ca(OH)2, 95%, Sinopharm Chemical Reagent

Co., Ltd.), di-ammonium hydrogen phosphate ((NH4)2HPO4,

99.0%, Tianjin Baishi Chemical and Industry Ltd.) and yeast

cells (Angel Yeast Co., Ltd.). All chemical reagents are in

analytical grade. Deionized water was used to make the

aqueous solution.

2.2 Synthesis

At room temperature, 0.8 g of active dry yeast cells were

cultivated in 40 ml glucose aqueous solution (5 wt%) for

30 min, then 1.56 g of Ca(OH)2 was added into the

above solution with stirring for 20 min. To form a reac-

tion mixture, 24 ml of (NH4)2HPO4 aqueous solution

(0.5 M) was dropwise to the above stirring suspension

(pH = 12); stirring was continued for another 30 min.

After aging 1 day, the precipitate were separated by

centrifugation at 4500 rpm, and then washed twice with

deionized water, once with ethanol. Finally, the resultant

sample was dried at 80�C for 1 day, and calcined at

700�C for 2 h.

2.3 Characterization procedures

The identification of crystal phases of the obtained

products was carried out by X-ray powder diffrac-

tion (XRD) technique, using a PANalytical X’Pert PRO

X-ray diffractometer (Netherlands) with Cu Ka (k =

0.15418 nm) incident radiation. Fourier transform infrared

spectrograph (FTIR) was performed using a Nicolet

Nexus spectrometer (NEXUS 470, Nicolet, USA). The N2

adsorption–desorption isotherms (NADI) and Barret–

Joyner–Halenda (BJH) pore size distribution plot were

carried out at 77 K using a computer controlled sorp-

tion analyzer (Micromeritics, Gemini V2.0, USA).

The microstructure and morphology of samples were

investigated with a TEM-100X electron microscope

(TEM, Japan) operated at 100 kV. The morphology of

samples was also examined under field emission scanning

electron microscope (FESEM, Hitachi S-550) operated at

30 kV.

3 Results and discussion

3.1 XRD analysis

XRD patterns of the samples obtained at 80 and 700�C

were shown in Fig. 1. All peaks correspond to the standard

HAp diffraction pattern (JCPDS card No. 09–0432,

Fig. 1c), and show no other phases. This indicated that the

product we synthesized is pure HAp crystals. In Fig. 1a,

the broad peak width of the diffraction pattern could be

attributed to small crystal size. As seen in Fig. 1b, the

(002) peak have higher peak intensity and more narrow

width compared to Fig. 1a, it might be due to the high

crystalline quality of HAp crystals grown after calcination

at 700�C.

3.2 FTIR analysis

Figure 2 shows FTIR spectra of yeast cells (Fig. 2a), the

sample obtained at 80�C (Fig. 2b) and 700�C (Fig. 3c),

respectively. In Fig. 3a, the bands at 1421 cm-1 can be

ascribed to C–H bending, the bands at 2927 cm-1 can be

ascribed to C–H stretching vibration, at 1650 cm-1 to

C=O, which are correspond to the yeast cells [19]. The

bands at 563, 603 cm-1 were derived from the m4 bending

vibrations of P–O mode and the 873 cm-1 band resulted

from the m1 symmetric P–O stretching vibration [20]. The

strong band at 1035 cm-1 was also assigned to the P–O

stretching vibration of PO4
3- [21]. The broad band at

Fig. 1 XRD patterns of the samples a 80�C, b 700�C and (c) the

standard HAp diffraction pattern (JCPDS, 09–0432)
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3100–3500 cm-1 corresponds to adsorbed water, while the

peak at 3571 cm-1 (Fig. 3c) corresponds to the stretching

vibration of OH- ions in the HA lattice [22]. The FTIR

results indicated that microbial cells constituents were

incorporated in the specimen. This indicated that the

quality of the sample was excellent and only microbial

cells constituents existed.

3.3 NADI and BJH anlysis

In Fig. 3, NADI of the sample obtained at 80�C shows the

type IV isotherm behavior with a H3-type hysteresis loop at

a high relative pressure, it can be indicated that the sample

have an inhomogeneous slit-shaped channel. The BET

surface area of the sample is 86 m2 g-1, and the pore size

distribution plot computed on the basis of BJH analysis

indicate a distribution within the range of 2.0–40 nm and

Fig. 2 FTIR spectra of (a) yeast cells and (b, c) the samples obtained

at 80 and 700�C

Fig. 3 N2 adsorption/desorption isotherms and BJH pore size distri-

bution of the HAp with yeast cells

Fig. 4 TEM micrographs and

electron diffraction patterns

(inset) of the samples: a and b
blank HAp, c and d HAp with

yeast cells

J Mater Sci: Mater Med (2010) 21:155–159 157

123



the maximum centered around 4.5 nm, reflecting a multi-

pore texture of the sample.

3.4 TEM and FESEM analysis

Figure 4 shows TEM micrographs of the HAp samples both

obtained at 80�C. In Fig. 4a and b, the blank HAp particles

synthesized without any template, can be observed to be a

bamboo leaf-shaped nanostructure, even though there is

some agglomeration to some extent. In Fig. 4c, we can see

the HAp with yeast cells is approximately hundreds of

nanometer, and the particles are piled up by nano-grain with

the diameter of 10–20 nm. It can be indicated that the

addition of yeast cells can change the shape and size of

sample. High-resolution TEM studies further confirm the

existence of microbial cells constituents (Fig. 4d). In the

electron diffraction pattern (inset of Fig. 4a and c), some

diffraction rings can be seen. The crystal structure of these

particles measured is hydroxyapatite style.

In Fig. 5, FESEM micrographs further support that the

samples with mesoporous morphologies, wherein some

porosity was found, while no porosity was found in blank

HAp sample. The results indicate that yeast cells as the

template, which provides nucleation sites for target mate-

rials, induced the nucleation and growth of the HAp. Along

with a molecular template for apatite formation, the bio-

structure of the yeast cells may contribute to the homoge-

neous deposition of the HAp. In the first step, Ca2?

absorbed in the surface of yeast cells [18]; in the second

step, as the addition of P precursor, the HAp began to

nucleate and growth; in the end, the HAp turned to be a

hundreds of nanometer particles due to the shape of yeast

cells. The formation process of the HAp with yeast cells

can be schematically illustrated in Fig. 6.

4 Conclusions

Hydroxyapatite particles with mesoporous structure can be

synthesized from the calcium hydroxide and di-ammonium

hydrogen phosphate solution via a precipitation method,

using yeast cells as the template. The size of HAp particles

is approximately hundreds of nanometer. The pore width of

HAp particles is in the range of 2.0–40 nm and the maxi-

mum centered around 4.5 nm. It shows that the yeast cells

have great effects on the formation of mesoporous struc-

tured HAp particles.

Fig. 5 FESEM micrographs of

the samples: a blank HAp, b–d
HAp with yeast cells at different

magnifications

Fig. 6 The possible formation process of the HAp sample
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Since the HAp particles exhibit a promising biological

behaviour, they could be used in drug delivery agent and

tissue engineering of bone. The further studies on this

aspect will be carried out.
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