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Abstract 

A low-cost green and reproducible yeast
(Saccharomyces cerevisiae) mediated biosyn-
thesis of cobalt ferrite nanoparticles is report-
ed. The synthesis is performed at close to room
temperature in the laboratory. X-ray, Fourier
transform infrared spectroscopy and high res-
olution transmission electron microscopy
analyses are performed to ascertain the forma-
tion of cobalt ferrite nanoparticles. Individual
nanoparticles, as well as a very few aggregate
having the size of 3-15 nm, were found. The
vibrating sample magnetometer measurement
showed superparamagnetic behavior in cobalt
ferrite nanoparticles. The mechanism involved
in the biosynthesis of cobalt ferrite nanoparti-
cles has also been discussed.

Introduction

Nanoscience and technology has been
observing an exponential upsurge in all
spheres of life. Synthesis of novel materials
with a broader spectrum of application has
been gaining momentum due to their unique
functional properties and their wide variety of
potential applications in high-density mag-
netic recording,1-4 ferrofluid technology,5 bio-
medical drug delivery6,7 and magnetic reso-
nance imaging,8,9 data storage, biosensors,10

biocompatible magnetic nanoparticles for
cancer treatment,11-14 and magneto-optical
devices,15-17 among others. Cobalt ferrite
nanoparticles have been extensively studied
because of their high coercitivity, high mag-
netocrystalline anisotropy and their moderate
saturation magnetization.18 The cobalt ferrite
compound belongs to the spinel structure
family with the general formula AB2O4 which
crystallizes in the well-known spinel structure
which presents two possible arrangements:
the normal spinel and the inverse spinel
structures.
Furthermore, in modern nanoscience and

technology, the interaction between inorganic
molecules and biological structures is one of
the most exciting areas of research. It is now

well established that many organisms can pro-
duce inorganic materials either on an intra- or
extra-cellular level. In order to meet the
requirements and exponentially growing tech-
nological demand, there is a need to develop
an eco-friendly approach for nanomaterial syn-
thesis that does not use toxic chemicals in the
synthesis protocol. In the present work, baker’s
yeast (Saccharomyces cerevisiae) was used to
assess its potential as putative candidate bac-
terial and fungal genera for the synthesis of
cobalt ferrite nanoparticles (n-CoF).
Furthermore, we have tried to explore and
establish a cost effective, environmentally
friendly and easily reproducible approach for
the purpose of scaling up and subsequent
downstream processing. The n-CoF obtained
was characterized by structure [X-ray diffrac-
tion (XRD)], morphology [high-resolution
transmission electron microscopy (HRTEM)]
and magnetic [vibrating sample magnetome-
ter (VSM)] studies. An effort has also been
made to understand the mechanism of nan-
otransformation of accomplishing biosynthe-
sis at the extra-cellular level.

Experimental

Synthesis of CoFe2O4 nanoparticles
using yeast
Yeast cells were allowed to grow as suspen-

sion culture in 250 mL sterile distilled water in
the presence of suitable carbon (2 g glucose)
and nitrogen (0.2 g glycine) source for 36 h.
This was treated as source culture. A small por-
tion of this (25 mL) was filtered and diluted
four times by adding 30% Et-OH containing
nutrients (1 g glucose and 0.1 g glycine). This
diluted culture was again allowed to incubate
for another 24 h until it turned a light straw
colour (Figure 1). Before being charged the
incubation mixture was heated up to 60ºC till
its nutrients were completely dissolved and it
turned golden yellow color and a pH value of 6.
Now, 20 mL of 0.25 M Cobalt nitrate solution
was taken and mixed with an equal volume of
ferrous sulfate solution with equal molarity
and heated for 5-10 min until it turned a light
brown color. This solution was charged to the
culture solution (pH 6) and it was heated in a
steam bath up to 70°C for 10-20 min until a
fluffy chocolate brown deposition started to
appear at the bottom of the flask, indicating
the initiation of transformation. The culture
solution was then cooled and allowed to incu-
bate at room temperature in the laboratory
overnight. Next day, the culture solution was
observed to have distinct markedly coalescent
deep brown clusters deposited at the bottom of
the flask leaving the colloidal supernatant at
the top (Figure 1). 

Characterization
The formation of n-CoF was checked by XRD

technique using a X-ray diffractometer
(Phillips PW1710, Amsterdam, The
Netherlands) with CuKa radiation l=1.5406 Å
over a wide range of Bragg angles
(15°£2q£65°). The 2q vs. intensity data
obtained from this experiment were plotted
using the WinPLOTR program and the angular
positions of the peaks were obtained with the
same program. The unit cell, hkl values and
space group were measured using the TREOR
program in the FullProf 2000 software and then
refined using FullProf profile matching. The
Bragg peaks were modeled with pseudo-Voigt
function and the background was estimated by
linear interpolation between selected back-
ground points. The crystallite size (D) and the
lattice strain of back propagation neural net-
work were estimated by analyzing the broaden-
ing of X-ray diffraction peaks, using the
Williamson-Hall approach.

Bcosq=(Kl/D) + 2(Dx /x)sinq (1)
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where B is diffraction peak width at half inten-
sity (FWHM) and Dx /x is the lattice strain and
K is the Scherrer constant (0.89). The term
Kl/D represents the Scherrer particle size dis-
tribution. HRTEM image and lattice fringes of
n-CoF was obtained using Bruker high resolu-
tion transmission electron microscope operat-
ed at an accelerated voltage of 200 keV. The
specimen was suspended in distilled water,
dispersed ultrasonically to separate individual
particles, and one or two drops of the suspen-
sion were deposited onto holey-carbon coated
copper grids and dried under infrared lamp.
The Fourier transform infrared (FTIR) spec-
trum was recorded using a high resolution
FTIR 2000 Perkin-Elmer infrared spectropho-
tometer in mid-IR range of 400-4400 cm-1. The
magnetization behavior of the prepared sam-
ple was studied by a VSM (model PAR-155).

Results and Discussion

Crystal structure analysis
Rietveld refinements on the XRD data were

carried out on n-CoF, selecting the space group
Pm3m. The XRD (observed, calculated and dif-
ference XRD profiles) pattern of n-CoF synthe-
sized using Saccharomyces cerevisiae is shown
in Figure 2. It can be seen that the observed and
calculated profiles match perfectly (χ2=0.6827).
The profile fitting procedure adopted was that
minimizing the χ2 function.19 The XRD analyses
indicated that n-CoF has a cubic unit cell. The
crystal data and refinement factors of n-CoF
obtained from XRD data are shown in Table 1.
The XRD data agree quite well with the stan-
dard values for CoFe2O4 (ICDD: #22-1086). A
small difference (0.0465 Å) between the cell
parameter of bulk and nanoparticles has been
observed. Consequently, a lowering in unit cell
volumes from 590.99 Å3 (for bulk) to 581.035 Å3

(for n-CoF) has been noticed. This may be due
to the nanosizing effect in n-CoF.

Figure 3 illustrates the Williamson-Hall plot
for n-CoF. A linear least square fitting to
Bcosq–sinq data yielded 21 nm average crys-
tallite size and 0.0017 lattice strain, respective-
ly. The residual plot clearly indicates that the
error of fitting is well within ±5% (r2=0.9521)
(Figure 3). The low lattice strain is due to the
fact that the natural synthesis procedure
(biosynthetic reaction) does not impose any
constraint during the size reduction and/or for-
mation of compound as is generally found with
extensive ball milling technique, strained layer
growth, etc.

High-resolution transmission
electron microscopy study 
Figure 4 shows the HRTEM image of n-CoF

being formed using Saccharomyces cerevisiae.
The micrograph clearly illustrates the nanopar-
ticles which are almost spherical in shape (3-15
nm); measurement was taken along the diame-
ter of the particles. The lattice images of
nanocrystals are cubic with 0.251 nm d-spacing,
corresponding to the (311) plane of cubic
CoFe2O4 (Figure 4A). The particle size distribu-
tion histogram of n-CoF is shown in the inset of
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Figure 1. Coalescent dark brown clusters of
cobalt ferrite nanoparticles and colloidal
supernatant at the top. Inset: yeast culture
source.

Figure 2. Rietveld refined X-ray diffraction pattern of cobalt ferrite nanoparticles.

Figure 3. Williamson-Hall plot for cobalt ferrite nanoparticles. Inset: residual plot.
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Figure 4B. The difference in particle size is pos-
sibly due to the fact that the nanoparticles are
being formed at different times. Average parti-
cle size was 7.23±0.06 nm. Very little particle
agglomeration could be seen in the TEM image.

Fourier transform infrared
spectroscopy study
FTIR spectra of n-CoF is shown in Figure 5. It

is known that the symmetry of the different lat-
tice sites, occupied by the molecules in the crys-
tal lattice, plays an important role in determin-
ing the nature of the vibrational modes present
in the system. A small absorption peak observed
at 462 cm-1 (inset Figure 5), is consistent with
the ferrite skeleton for the octahedral site.20 The
intense peak at 575 cm-1 in the FTIR spectrum is
attributed to the M-O tetrahedral site in the
spinel structure. This may be one of the reasons
for the basic nature of the synthesized nanopar-
ticle.21 The absence of the peaks between 1000-
1300 cm-1 and 2000-3000 cm-1 in the figure,
except a peak at 1133 cm-1 corresponding to Fe-
Co alloy20 and a peak at 1610 cm-1 belonging to
stretching frequencies for the surface adsorbed
-OH group, indicated the lack of the C-O mode
and C=H stretching-mode of any organic
sources.22 Furthermore, IR spectra are very sen-
sitive to the presence of moisture during exper-
imentation. A broad and strong peak can easily
be seen around 3500 cm-1 which is due to free
water molecules (H2O bands) and strong
stretching (antisymmetric and symmetric)
modes of the OH group which indicates the
more polar character of the surface.

Magnetic study
Figure 6 shows the M-H curve for n-CoF at

room temperature. It is observed that the M-H
curve is very slim, thus indicating the superpa-
ramagnetic behavior which is consistent with
the earlier report.23 Saturation magnetization
MS=41.8 emu/g, coercive field HC=130 Oe and
retentivity MR=13.1 emu/g were found in the
sample. It is known that Co2+ has a strong pre-
ference for the octahedral site. As a result,
there will be far fewer A-B magnetic ion pairs
than the B-B pairs which provide only weak
magnetic coupling. This might result in super-
paramagnetism, at least partially for the sma-
ller particles in the sample, giving negligible
coercive field and retentivivity. This appears to
be the case in the present sample. The satura-
tion magnetization is likewise small.
Furthermore, the M-H curve shows that mag-
netization is not completely saturated till the
field of 10 kOe used in these experiments. This
could be due to the small size (quantum sizing
effect) of the particles as shown in Figure 4.
Besides, size distribution means there are
smaller particles even when the sample con-
tains quite a few larger particles (Figure 4B,
inset). For such particles, the magnetic

moments will fluctuate due to thermal energy
reducing the overall magnetization. As the
applied field increases, the fluctuations are
gradually reduced showing a slight increase
even at high fields.24 Furthermore, it was
observed that n-CoF dispersed in an aqueous
medium exhibited excellent stability and the
formed colloid does not produce any precipita-
tions even after two months, which is very
important if it is applied in magnetic fluids.

Probable mechanism involved in
the formation of CoFe2O4

nanoparticles
The chemical reactions which proceed in

the culture medium may be as follows:

C6H12O6 → C2H5OH → CH3CHO → CH3COOH

(Ethyl alcohol) (Acetaldehyde) (Acetic acid)
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Table 1. The crystal data and refinement factors of cobalt ferrite nanoparticles obtained
from X-ray powder diffraction data.

Crystallographic data

Formula CoFe2O4

Crystal system Cubic
Space group (n.) Pm3m(221)
a (Å) 8.3445
V (Å3) 581.0351

Data collection

Temperature (°C) 24.0
Wavelength [CuKa] (Å) 1.5406
Monochromator Graphite
Measuring range (°) 15£2q£65
Step (°2q) 0.02
Integration time (s) 30

Rietveld data

Program FULLPROF
Function for background level Polynomial 5-order
Function for peak shape Pseudo-Voigt
Rp 27.4
Rwp 30.1
Rexp 36.4
RB 0.0522
RF 0.4510
χ2 0.6827
d 1.3895
QD 1.8326
S 0.8269

Description of parameters

Rp (profile factor) = 100[Σ|yi-yic|/Σ|yi|], where yi is the observed intensity and yic is the calculated
intensity at the ith step.
Rwp (weighted profile factor) = 100[Σωi|yi-yic|2/Σωi(yi)2]1/2, where ωi = 1 / σ 2

i and σ 2
i is variance of the

observation.
Rexp (expected weighted profile factor) = 100[(n-p)/Σωi(yi)2]1/2, where n and p are the number of pro-
file points and refined parameters, respectively.
RB (Bragg factor) = 100[Σ|Iobs-Icalc|/Σ|Iobs|], where Iobs is the observed integrated intensity and Icalc is the
calculated integrated intensity.
RF (crystallographic RF factor) = 100[Σ|Fobs-Fcalc|/Σ|Fobs|], where F is the structure factor, F = √(I/L),
where L is Lorentz polarization factor.
χ2 = Σωi(yi-yic)2.
d (Durbin–Watson statistics) = Σ{[ωi(yi-yic)-ωi-1(yi-1-yic-1)]2}/Σ[ωi(yi-yic)]2.
QD = expected d.
S (goodness of fit) = (Rwp/Rexp).
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Co2+ + 2Fe2+ + 2O2 = CoFe2O4

The environments of most organisms are
rarely constant, so some resilience to environ-
mental stress is essential in order for organ-
isms to survive.25 As shown by numerous exam-
ples, knowledge obtained from yeast-based
models, e.g. on the mechanism of action of and
the tolerance against toxic metals, can be trans-
ferred with high efficiency to higher eukaryotes
including humans.26,27 Heavy metals enter cells
through channels and transporters, which nor-
mally facilitate the uptake of essential transi-
tion metal micronutrients like Fe, Mn and Zn,
anions including phosphate and sulphate as
well as sugars (glucose) and sugar deriva-
tives.26,27 The major molecules that contribute to
the detoxification mechanisms in yeast cells
are glutathione (GSH) and two groups of metal-
binding ligands: metallothioneins and phy-
tochelatins, both well characterized. GSH with
the structure c-Glu-Cys-Gly is an important
tripeptide involved in various metabolic
processes in bacteria, yeasts, plants and ani-
mals. The unique redox and nucleophilic prop-
erties classify this compound as a detoxificator,
actively taking part in the bioreduction of and
defense against free radicals and xenobiotics.
GSH is also a structural unit in phytochelatin
molecules, which is one of its major functions.
Metallothioneins are low-molecular-weight, cys-
teine-rich metal-binding proteins, derived by
mRNA translation.28 As and when yeast cells are
challenged with a chemically unknown material
(metal or its compounds), this triggers its mem-
brane bound as well as cytosolic metabolites in
order to circumvent the oxidative stress mani-
fested in the form of reactive oxygen species
(ROS) generation. The oxidoreductases har-
bored in the cytosol are pH sensitive and work
in a different way. At a lower value of pH, oxi-
dase is activated while a higher pH value acti-
vates the reductase.29,30

This has been found in cases of any type of
chemical stress. CoFe2O4 might also have trig-
gered such a response at two distinct levels: i)
quinones at the membrane level of the detoxifi-
cation system of fungi which readily undergo
tautomerization;31 and ii) cytoplasmic metabo-
lite weaponry such as phytochelatin, HMT-I, glu-
tathione, membrane bound monoxygenases,
etc., which tend to detoxify such changes
(Figure 7). Given this, the process could be very
intricate at the molecular level where a series of
stress genes are transcribed after generation of
ROS. Metal or its compound, after coming in
contact with microbe, is generally dealt with on
the nanoscale because it is a scale natural to
biological systems. Even if a material is detoxi-

fied after being taken in, it is reverted back in
the form of nanoscale from the cell. Once it
enters the cytosol, the CoFe2O4 might also have
triggered the family of oxygenases held in the
endoplasmic reticulum, chiefly intended for cel-
lular level detoxification through the process of

oxidation/oxygenation.30 The scheme for the
biosynthesis of n-CoF is illustrated in Figure 7.
In the light of these facts, our group had earlier
reported synthesis of metallic silver,32 antimony
oxide,33 titanium dioxide34 and cadmium sul-
fide.35 Therefore, compared to the existing pro-
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Figure 4. Transmission electron microscopy image of cobalt ferrite nanoparticles synthe-
sized using Saccharomyces cerevisiae. (A) Lattice fringes. (B) Particle size distribution (%).

Figure 5. Fourier transform infrared spectrum of cobalt ferrite nanoparticles.
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tocols, the present procedure is less expensive,
more reproducible, decisively less/non-toxic and
represents a truly environmentally friendly and
novel approach.

Conclusions

The present biosynthetic method, using
Saccharomyces cerevisiae, is a truly environ-
mentally friendly and cost-effective approach,
capable of producing CoFe2O4 nanoparticles.

The average particle size estimated from TEM
micrograph is 7.23 nm. Field dependent magne-
tization measurement showed that the cobalt
ferrite was superparamagnetic at room temper-
ature. The maximun value of HC is 130 Oe,
which is higher than the coercitivity of its bulk
counterpart. The synthesis of CoFe2O4 nanopar-
ticles might have been due to a different mole-
cular level response being generated at the
membrane level as well as cytosolic level. Stress
shearing systems such as metallothioneins,
phytochelatin, GSH and HMT-I must have played
a pivotal role.
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