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Abstract

Protonated form (Hy) of yeast was subjected to thermal analysis (TGA and DTG) in the temperature range 60-
800 °C. Chemically bound water volatilizes around 200 °C and the matrix undergoes extensive oxidative decom-
position at 450 °C, the weight loss reaching 75% at 800 °C. The sorption capacity of the matrix for nickel(II) ion
increases on heat treatment from 60 to 200 °C (from 16.9 to 25.0 mg/g), but was reduced on heating to higher tem-
peratures at an initial nickel(II) ion concentration of 1200 mg/g. The FTIR spectra of Hy and nickel(II) ion saturated
yeast, indicated that biosorption occurs on the sugar and nucleic acid regions, possibly involving -COOH
and -NH groups.
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1. Introduction

Uptake of toxic and heavy metal ions from waste
waters and industrial wastes by certain types of micro-
bial biomass especially algae (Figueira et al., 2000;
Wong et al., 2000; Aksu, 2001), fungi (Gadd, 1990;
Kapoor and Viraraghavan, 1995), bacteria (Beveridge
and Murray, 1980) and other materials (Billie and
Wightman, 1983; Ho and McKay, 2000) has been the
subject of many recent studies. Biosorption of dead cells
has certain advantages over that on living cells. Inactive
biomass does not require supply of nutrients for cell
growth, can be procured easily as waste products from
industrial fermentation processes and is not sensitive to
operating conditions like pH and temperature.

Kapoor and Viraraghavan (1995) reviewed various
methods of killing living cells like heat treatment,

autoclaving and vacuum drying, using different chemical
modifications with acids, alkalis, detergents, organic
chemicals like formaldehyde, glutaraldehyde and also
mechanical dispersion. Several methods of immobiliza-
tion (Volesky, 1987; Jeffers et al., 1991) have also been
employed.

It has been observed (Nakajima and Sakaguchi,
1986; Volesky, 1987; Brady et al., 1994a) that killing
of cells by heating enhanced biosorption by the biomass.
Further, the temperature of heating of biomass has a
significant effect on sorption capacity of metal ions
(Sakaguchi et al., 1979; Strandberg et al., 1981; Avery
and Tobin, 1992; Rapport and Muter, 1995; Omar
et al., 1997). Tsezos and Volesky (1982) reported that
uranium uptake increased with increase in tempera-
ture of heating of the biomass from 20 to 50 °C. Muter
et al. (2001) observed that a decrease of the initial cell
residual humidity from 72.5% to 8.2% increased the
sorption of Cr(VI) by Candida utilis cells from 0.12 to
0.60 mggdw"1. Also, the release of intracellular com-
pounds (nucleic acid) increased from 0.73 to 15.2
mggdw~'.
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In many of these studies, native biomass itself is used
as the sorbent. The presence of certain cations in the
native biomass such as Na þ and Ca2þ may affect the
extent of biosorption (Crist et al., 1991; Vasudevan et al.,
2002). In more recent work pretreatment of the biomass
is being done (Schiewer and Volesky, 1995; Yu and
Kaewsarn, 2000) to get a more homogeneous biomass
replacing all the other ions by a single cation.

Keeping all the above observations in view, in the
present investigation the thermal characteristics of yeast
as a sorbent were examined. The thermogravimetric
analyses (TGA and DTG) of protonated yeast were
studied. The native yeast and protonated yeast samples,
heated to different temperatures, were characterized by
FTIR spectra to understand the possible changes in the
different constituents of yeast. Sorption behaviour of a
model metal ion [nickel(II) ion] was studied on these
heated samples. A correlation is attempted between
the sorption behaviour and structural properties of the
heated samples of protonated yeast.

2. Materials and methods

2.1. Preparation of biomass

The yeast biomass procured from SAF yeast Co. Ltd.,
Chembur, Mumbai, India, was deactivated by heating it
in an oven at 60 °C for 24 h and is called ‘‘Native yeast’’
(Naty). The native yeast was converted to the Protonated
biomass by following the procedure as given by Schiewer
and Volesky (1995) and is given below:

Protonated biomass (Hy): A sample of 10 g of finely
ground deactivated native biomass (Naty) was taken and
treated with 0.1 M HCl solution (1000 ml) for 24 h. The
biomass was washed several times with distilled water to
remove the excess of acid. It was then dried in an oven at
60 °C to yield protonated biomass (Hy). This was used
as a simple uniform sorption system for cation adsorp-
tion involving only Hþ and the metal ion selected, as
washing with HCl elutes all other sorbed metal ions in
the ‘‘native biomass’’. Protonated samples were taken in
different crucibles and heated to different temperatures
60, 200, 450, and 800 °C in a muffle furnace for 5 h to
yield the samples of Hy60, Hy200, Hy450 and Hy800
respectively.

Metal ion solution was prepared by taking NiSO4

(Qualigens fine Chem.) of analytical grade and dissolv-
ing it in appropriate amounts of distilled water.

2.2. Metal ion sorption

0.1 g of protonated yeast samples of Hy60, Hy200,
Hy450, Hy800 in the powdered form were taken sepa-
rately and equilibrated with 100 ml of 1200 mg/l (0.02
M) of nickel sulphate solution at a pH of 6.75 (which

was adjusted with HCl or NaOH at the beginning of the
experiment and not controlled afterwards) for 24 h. The
solutions were shaken on a rotary shaker (Neolab In-
struments, Mumbai, India) at 120 rpm. The biosorbent
was then removed from the solution by centrifugation
and filtration. The solution was analysed for residual
nickel(II) ion concentration. The collected sorbent was
washed a few times with small quantities of distilled
water and dried. The metal ion was also leached out of
the sorbent with 10 ml of 3M HNO3 for 20 min and then
analysed for Ni(II) ion. Samples of both the virgin sor-
bent and nickel(II) ion loaded sorbent were subjected
to FTIR analyses. All the experiments were conducted
in duplicate and at room temperature. Blanks without
biosorbent were run simultaneously as control. The max-
imum variation in metal sorption data between duplicate
experiments was 5%. Mean value for the replicates was
used for comparisons.

2.3. Analytical techniques

2.3.1. Thermogravimetry (TG)
TG measurements were made on Hy at a heating rate

of 10 °C/min using Dupont 2100 thermobalance.

2.3.2. Infrared spectroscopy (IR)
Spectra were recorded on Nicolet-460 Fourier

Transform IR spectrometer and the samples were pre-
pared as KBr discs.

2.3.3. Analysis of nickel(II) ion
The concentration of nickel(II) ion in the sample

solution was determined spectrophotometrically (Snell
and Snell, 1949) using UV-160A Shimadzu spectro-
photometer. 20 ml of the sample solution containing less
than 10 mg of Ni(II) ion per litre was treated with 0.5 ml
of 25% HCl and bromine water (2-5 drops). After 10
min, 1 ml of ammonia solution was added to the sample
solution followed by the addition of dimethylglyoxime
(1 g dissolved in 100 ml methanol) and the volume is
made up to 50 ml with distilled water. The absorbance of
the wine red to brown coloured complex of nickel(II) ion
with dimethylglyoxime was read at a wavelength of 440
nm within 15 min after mixing.

3. Results and discussion

3.1. Thermogravimetric analysis of Hy

The thermogravimetric analysis (TGA and DTG) of
protonated yeast (Hy) is given in Fig. 1. The sample
shows a loss of moisture (9.7%) up to 230 °C and an
inflection point around 275 °C. The percentage loss of
volatile substances up to 450 °C is about 63% and the
percentage loss of weight at 800 °C is around 74% as can
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Fig. 1. TGA and DTG curves of protonated yeast (Hy).

be seen from Fig. 1. In the derivative thermogram, the
Hy sample shows two maxima, one around 290 °C and a
smaller second maxima around 340 °C, which shows
that probably two competing reactions are taking place
simultaneously with a slight time lag during the heating
process. As seen from TGA especially the derivative
graph (DTG) after removal of moisture in the region of
100 °C, the removal of all physically bound volatiles
seem to be completed by about 200 °C. Hence the gap
between 60 and 200 °C represents the region of loosely
bound volatiles. Similarly as seen from Fig. 1, there is a
rapid loss in weight over 200-450 °C in TGA. Therefore,
it was felt that any sample taken in the intermediate
temperature range of 200-450 °C will be somewhat
heterogeneous. As the composition of the yeast biomass
in this temperature range is not uniform, the results also
may not be reproducible. The temperature of 450 °C can
be taken as the outer limit for the above decomposition
reactions. In the region 450-800 °C due to the matrix
decomposition, 800 °C was taken as the outer limit.
Hence, four different temperatures, viz., 60, 200, 450,
and 800 °C were selected for the study of sorption of
nickel(II) ions on protonated yeast. The FTIR spectra of
these heated samples were taken. The sorption of nick-
el(II) ions on these samples was studied by equilibrating
the samples with Ni(II) ions (1200 mg/l) for 24 h. After
the sorption of nickel(II) ions, the samples were filtered,
washed a few times with small quantities of distilled
water, dried and the FTIR spectra were taken.

3.2. FTIR spectra of Naty and Hy

The FTIR spectra of native form of baker's yeast
(Naty) and protonated yeast (Hy) heated at 60 °C are
given in Fig. 2. As the cell wall composition of yeast was
reported (Brady et al., 1994b) to contain a large number
of complex organic compounds and their polymers like
glucan (28.8% w/w), mannan (31%), proteins (13%),
lipids (8.1%) chitin and chitosan (2%) and inorganic ions
such as Ca2þ, Mg2þ etc. (3%), the FTIR spectra is highly
complex. In spite of its high complex nature, several
distinctive features typical of baker's yeast are seen in
the spectra as given in Table 1. The peaks corresponding
to 1040, 1079 and 1141 cm"1 (sugar region: 790-1180
cm"1), 1456, 1553 and 1647 cm"1 (protein region: 1400-
1700 cm"1), 1242 cm"1 (nucleic acid region: 1200-1290
cm1) (Galichet et al., 2001) and the broad peaks between
3800 and 2500 cm"1 (due to -OH and -NH groups and
hydrogen bonding) and the peaks at 2923, 2362, 1665,
1464, 1410, 1380, 1182 cm"1 etc. due to chitin and
chitosan (Gow and Gooday, 1987; Tirkistani, 1998;
Brugnerotto et al., 2001) are all present in the IR spectra
of both Naty and Hy (Table 1).

A broad band observed in the region 3800-2500 cm"1

with a maximum at 3299.8 cm"1 in the spectra of Hy
and around 3400 cm"1 in Naty could be assigned
to the presence of hydroxyl groups, that are hydrogen
bonded with NH stretching modes of the secondary
amide (R.NHCOCH3) group of the chitin component
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Fig. 2. FTIR spectra of native form of yeast (Naty) and protonated yeast heated at 60 °C (Hy60), 200 °C (Hy200) and 450 °C (Hy450)
temperature before Ni(II) ion sorption.

(Tirkistani, 1998). A strong absorption band at 1652
cm"1 was due to the presence of carbonyl stretching
mode of the amide I band conjugated to a NH defor-
mation mode. The band at 1540 cm"1 could be explained
due to the presence of secondary amide II band and is
caused due to the N-H and C-N stretching modes in the
secondary amides. The glucose ring bands were observed
between 1040 and 1160 cm"1.

The protein to sugar ratios in terms of 1652-1079
cm"1 bands for Naty and Hy were found to be 1.236 and
1.309 respectively (Table 2). In terms of the ratio of
1541-1079 cm"1 bands the values of Naty and Hy are
1.036 and 1.181 respectively. Thus, the conversion of

native yeast to protonated yeast did not alter or modify
the nature of the yeast components.

However, protonated yeast does show some shifts in
the peak positions at some wave numbers: 3392.8-
3299.8 cm"1; 2362.4-2358.9 cm"1 and also 1045.5-
1079.4 cm"1 (Fig. 2). The first two shifts may be due to
hydrogen bonding in -NH and -COOH groups present
in the yeast. The marked shift of the peak at 1045.5 cm"1

of the native yeast to 1079.4 cm"1 in Hy is probably due
to the replacement of metal ions of the native yeast by
protons. These shifts in the region of 1040-1070 cm"1

(C-O stretch) indicates chemical interaction especially
near the oxygen in the glucose and mannose rings.
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Table 1
Variations in peak positions assigned to different functional groups on Hy heated to different temperatures

Nature of
yeast

Naty
Hy60
Hy60 + Ni(II)

ion adsorp-
tion

Hy200
Hy200 +

Ni(II) ion
adsorption

Hy450
Hy450 +

Ni(II) ion
adsorption

-OH, -NH groups (3800-2800 cm-1)

3392.8
3919.6, 3733.8 3299.8

3410.1

3374.5
3800.8 3389.6

3861.0, 3753.9 -
3860.3 3396.8

2923.7
2924.6
2925.1

2925.8
2926.1

2924.3
S

Protein

1652.9
1652.1
1649.3

1653.2
1650.5

-
-

region

1540.
1541.
1533.

1540.
1539.

1549.
1563.

(1700-1400 cm-1)

6
1
2

7
4

9
6

1456.9 1398.5
1456.3 -
1251.0 -

1456.9 1387.0
1456.3 -

-
-

Nucleic acid
region (1290-
1200 cm-1)

1238.2
1240.4
1251.0

1240.9
1234.7

S
1232.7

Sugar region
(1180-790 cm-1)

S
1157.31
-

1157.45
1157.39

1103.49
-

1398.51
1079.43
1032.37

1041.71
1078.59

-
-

S denotes shoulder.

Table 2
Ratio of intensities of transmittance peaks before adsorption of
nickel(II) ion on protonated yeast heated to different tempera-
tures

Yeast 1541/1079 (P/S) 1652/1079 (P/S)

Naty
Hy60
Hy200
Hy450

1.036
1.181
1.200
4.200

P = Protein wave number.
S = Sugar wave number.

1.236
1.309
1.457
3.600

Similar shifts were observed by the authors at this wave
number, when protonated yeast was treated with dif-
ferent metal ions (unpublished work of the authors-
under communication). Pethkar et al. (2001) noticed
an elongation in the sugar region when Cladosporium
cladosporioides is loaded with silver ions and they at-
tributed this to the role played by C-O and C@O groups
in silver biosorption. A shift from 1405 to 1375 cirr1

was observed earlier by Ashkenazy et al. (1997) when
acetone washed yeast biomass sorbed lead ions. They
attributed the shift to a change in the counter ion with
carboxylate anion.

3.3. Comparison of Hy samples heated to different
temperatures

The FTIR spectra of the protonated yeast sample
heated to different temperatures were taken and the re-
sults were summarized in Table 1. The sample heated at
60 °C (Hy60) and the same heated at 200 °C (Hy200)
(Fig. 2) were almost similar and all the characteristic
peaks due to the yeast were present in both the samples.
However, on heating the sample up to 200 °C there is a
shift in the relative peak position from 3299.8 to 3374.5

cm-1. Also the width of the peak in the range 4000-2500
cm-1 was found to decrease markedly, probably due to
the elimination of hydrogen bonding because of the re-
duction of -OH and -NH groups on heating and also
due to the volatilization of water. Further, the FTIR
spectra of the sample heated at 450 °C (Hy450) (Fig. 2)
could only be obtained by increasing the sensitivity of
the instrument and taking a larger quantity of the
sample. On comparing the FTIR spectra of Hy450
sample with those of Hy60 and Hy200 samples, it is
observed that instead of the characteristic peaks due to
proteins and sugars observed at 60 and 200 °C heated
samples, very broad weak bands or shoulders appeared
at these wave numbers in the 450 °C heated sample. This
clearly indicates the decomposition or oxidation and
volatilization of the protonated yeast at 450 °C. This
is also observed in the TGA and DTG curves of the
sample. On further increasing the temperature of the
sample to 800 °C, the FTIR spectra could not be ob-
tained at all, showing the absence of the peaks in the
group frequency region and hence complete decompo-
sition of the protonated yeast has taken place.

On increasing the temperature of heating from 60 to
200 °C, the absorbance ratio (R) of wave number of
protein (1652 cirr1) to sugar (1079 cirr1) (Table 2) did
not vary significantly as compared to the large increase
in R when the heating temperature was increased from
200 to 450 °C (R = 1:309 at 60 °C; 1.457 at 200 °C and
3.6 at 450 °C) implicating that decomposition occurs
more in the sugar region as compared to the protein
region. Also, the absorbance values at different wave
numbers observed in Hy60 decreased markedly with
increase in the temperature of heating. For example, as
seen from Table 3, at 1040 cm"1, the absorbance values
were 0.3468, 0.1871 and 0.0109 at 60, 200 and 450 °C
respectively. The absence of peaks in the 450 °C heated
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Table 3
Absorbance of protonated yeast heated to different temperatures before and after adsorption of nickel(II) ions (equilibrated for 24 h)

Protonated yeast Absorbance values at the wave number

Hy60
Hy60 + Ni(II) ion adsorption
Hy200
Hy200 + Ni(II) ion adsorption
Hy450
Hy450 + Ni(II) ion adsorption

1652 (cm-1)

0.5528
0.1135
0.3098
0.2218
0.0409
0.0605

1541 (cm"1)

0.4559
0.0862
0.2366
0.1675
0.0482
05060

1456 (cm-1)

0.3372
0.0555
0.1487
0.1024
0.0199
0.0409

1380 (cm-1)

0.3188
0.0482
0.1427
0.0915
0.0177
0.0362

1240 (cm-1)

0.2757
0.0339
0.1308
0.0655
0.0269
050.06

1141 (cm-1)

0.2840
0.0386
0.1427
0.0706
0.0315
0.0433

1040 (cm-1)

0.3468
0.0605
0.1871
0.1024
0.0109
0.0269

sample, the low absorbance values and the higher ab-
sorbance ratios pointed out that protonated yeast has
almost decomposed at 450 °C.

3.4. Sorption studies of Ni(II) ion on Hy samples heated
to different temperatures

The optimum conditions for the sorption of nick-
el(II) ions on the protonated yeast heated to 60 °C were
reported by the authors earlier (Padmavathy et al.,
2002). The uptake of nickel(II) ions at the room tem-
perature (27 °C) by protonated deactivated yeast in-
creased with increase in pH up to a pH of 6.75 for an
initial nickel(II) ion concentration of 1000 mg/l beyond
which the sorption decreased. Further, the sorption ca-
pacity defined as the amount of metal ion sorbed per
unit weight of the sorbent, was found to increase with
increase in initial nickel(II) ion concentration. It was
also observed that the sorption capacity decreased with
increase in temperature from 27 to 60 °C at a pH of 6.75.
Hence the sorption studies of nickel(II) ions on Hy
samples heated to different temperatures were conducted
at a pH of 6.75 and a temperature of 27 °C.

Sorption of nickel(II) ions after 24 h equilibration on
the different samples of protonated yeast heated at 60,
200, 450 and 800 °C were found to be 16.9, 25.0, 10.1
and 3.8 mg/g respectively. Converting all these values
per 1 g of 60 °C heated sample gives 16.9, 22.56, 3.6 and
0.989 mg per 1 g of 60 °C heated sample. These results
showed that the sample heated at 200 °C (Hy200) gives
maximum sorption of nickel(II) ions as compared to the
other samples (Fig. 3). The result obtained related to
nickel(II) ion sorption capacity of the protonated yeast
heated to 60 °C (Hy60) was compared in Table 4 with
the other adsorbents and biosorbents reported in the
literature. The sorption of nickel(II) ions generally var-
ied widely from as high as 163.7 mg/g (Lyngbya taylorii)
(Klimmek et al., 2001), to as low as 0.06 mg/g (Klebsiella
pneumoniae) (McLean and Beveridge, 1988) (Table 4).
Even in the case of the yeast biomass wide variations in
the nickel(II) ion sorption are noticed. Also variations
are observed within the same species showing the de-
pendence on the experimental conditions. The nickel(II)
ion sorption capacity (16.9 mg/g) on deactivated pro-

200 400 600 800
Temperature of heating (°C)

Fig. 3. Sorption of Ni(II) ion on protonated yeast heated to
different temperatures.

tonated yeast heated to 60 °C (Hy60) was found to have
an intermediate value compared to other sorbents.

The FTIR spectra of the heated samples after the
sorption of nickel(II) ions were taken. On comparing the
FTIR spectra of Hy60 and Hy200 after nickel(II) ion
sorption (Fig. 4), it was seen that the range of wave
numbers over which the peaks in the region 4000-2500
cm-1 occur decreased, giving rise to sharper peaks in this
region as well as other (protein and sugar) regions.
Marked peak shifts were also observed in the sugar re-
gion, while smaller shifts took place in the protein region
(Table 1). The FTIR spectra thus confirmed the presence
of greater hydrogen bond formation in Hy60 compared
to Hy200. Assuming that anions like carboxylate and
amide ions are mainly responsible for cation sorption on
yeast, as reported by many earlier workers (Ashkenazy
et al., 1997; Galichet et al., 2001) the greater sorption of
Hy200 could be explained to be due to the presence of
free or unbound carboxylate and amide groups. The
decrease of sorption of nickel(II) ions on Hy450 is
probably due to the destruction of the yeast cells as
evidenced by the low absorbance values and due to the
presence of weak bands and shoulders in the place of
peaks of sugar and protein components of the yeast.

Sorption of nickel(II) ions on 60 °C heated sample of
Hy (Fig. 4) showed that the width or range of absor-
bance peaks decreased markedly in the 4000-2500 cm-1

region as compared to the original one. This showed
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Table 4
Nickel(II) ion uptake by different types of microbial biomass

Organism Metal uptake capacity qmax (mg/g) Reference

Bacillus licheniformis (bacterial capsules) 4.7
B. licheniformis (walls) 30.5
B. subtilis (walls) 6.3
B. subtilis 7.0
Klebsiella pneumoniae K-20 (bacterial capsules) 0.06
A. eutrophus CH 34 14
A. eutrophus ER 121 11
Arthrobacter sp. 13.5
£ coli AB 264 (wall envelopes) 0.12
£ coli AB 264 (purified Pg) 11.1
H. opuntia 78
Pseudomonas sp. BP7/26 9.0
Pseudomonas sp. BP7/15 10
Pseudomonas syringae 6.0
P. mendocina AS 302 34
C vulgaris 60.2
C vulgaris 85.3
C vulgaris 2.99
C miniata 1.28
A. nodosum 70
F. vesiculosus 40
P. versicolor 57.7
Brown marine algae 44.0
Absidia orchidis 5.0
Lyngbya taylorii 38.15
L. taylorii (modified) 163.7
Peat 8.8
Peat 9.18
it arrhizus 18.0
it arrhizus 18.7
it arrhizus 8.46
it nigricans 5.0
Aspergillus niger (live) 1.75
A. niger (NaOH treated) 0.96
Waste dead fungal biomass 19.6
S. cerevisiae 3.23
S. cerevisiae 1.47
S. cerevisiae 65
S. rimosus 1.63
Candida cells (adapted) 30.8
Candida cells (nonadapted) 46.8
Carbon (activated) 54.35
Carbon (coir pith) 62.5
Carbon (granular activated) 1.49
Carbon (Hazelnut shell activated) 7.18
Carbon (peanut hull) 53.65
Clay (China) 3.58
Iron hydroxide (amorphous) 6.98
Oil palm fiber 0.528
Orange (fruit peels) 80.0
Rice hull 5.75
Slag (blast furnace) 55.75
Sludge (activated) 1.92
Sludge (Anaerobically digested) 7.91
Sugar beet pulp (acid extracted) 10.74
Yeast (deactivated protonated form Hy60) 16.9

McLean and Beveridge (1988)
Beveridge et al. (1982)
Beveridge and Murray (1976)
Volesky (1990)
McLean and Beveridge (1988)
Tsezos et al. (1995)
Tsezos et al. (1995)
Veglio et al. (1997)
Beveridge and Koval (1981)
Hoyle and Beveridge (1983)
Volesky (1990)
Tsezos et al. (1995)
Tsezos et al. (1995)
Cabral (1992)
Tsezos et al. (1995)
Aksu (2002)
Aksu (2001)
Wong et al. (2000)
Wong et al. (2000)
Holan and Volesky (1994)
Holan and Volesky (1994)
Dilek et al. (2002)
Holan and Volesky (1994)
Holan and Volesky (1994)
Klimmek et al. (2001)
Klimmek et al. (2001)
Ho and McKay (2000)
Ho et al. (1995)
Dilek et al. (2002)
Fourest and Roux (1992)
Sag and Kutsal (1997)
Holan and Volesky (1994)
Kapoor et al. (1999)
Kapoor et al. (1999)
Chandra Sekhar et al. (1998)
Bag et al. (1998)
Bakkaloglu et al. (1998)
Volesky (1990)
Bakkaloglu et al. (1998)
Donmez and Aksu (2001)
Donmez and Aksu (2001)
Kadirvelu et al. (2002)
Kadirvelu et al. (2001)
Periasamy and Namasivayam (1995)
Demirbas et al. (2002)
Periasamy and Namasivayam (1995)
Sharma et al. (1991)
Mustafa and Haq (1988)
Low et al. (1993)
Ajmal et al. (2000)
Suemitsu et al. (1986)
Dimitrova (1996)
Arican et al. (2002)
Gould and Genetelli (1987)
Reddad et al. (2002)
Present study



1814 V. Padmavathy et al. / Chemosphere 52 (2003) 1807-1817

W a v e n u m b e r s (cm )

Fig. 4. FTIR spectra of protonated yeast heated at 60 °C (Hy60), 200 °C (Hy200) and 450 °C (Hy450) temperature after Ni(II) ion
sorption.

that nickel(II) ions probably replaced some of the pro-
tons in the protonated yeast, thereby decreasing the
possibility of hydrogen bond formation. Also, as can be
seen from Table 1, large peak shifts to lower wave
numbers were observed in the sugar region (from 1079.4
to 1032.4 cm"1) and protein region (from 1652.1 to
1649.3 cm"1 and from 1541.1 to 1533.2 cm"1), indicating
that mannoproteins and glucans present in the outer cell
wall of the yeast were responsible for the sorption of
nickel(II) ion. The substantial decrease in wave number
in the polysaccharide region could be related mainly to
the carboxylic, hydroxo and hydroxo carboxylic groups,
responsible for nickel(II) ion sorption. The large shift of
the wave number of 1240.4-1251.0 cm"1 in the nucleic
acid region suggested the possible transportation or
diffusion of nickel(II) ions into the interior of the cell
wall and accumulation of nickel(II) ions in the nucleus.

The FTIR spectra of protonated yeast heated at 200
°C before (Fig. 2) and after sorption of nickel(II) ions

(Fig. 4) were quite similar. However, there was a shift of
1041.7 cm"1 peak of Hy200 to 1078.6 cm"1 due to
nickel(II) ion sorption in the sugar region. There were
also shifts from 1653.2 to 1650.5 cm"1 and 1540.7 to
1539.4 cm"1 in the protein region (Table 1). These shifts
showed that nickel(II) ions are reacting both with the
proteins and sugars of the yeast. However, the mecha-
nism of sorption in the sugar region seemed to be dif-
ferent at 200 °C heated sample compared to 60 °C
heated sample because there was an increase in the wave
number from 1041.7 to 1078.6 cm"1 due to nickel(II) ion
adsorption at 200 °C, while at 60 °C, the reverse be-
haviour was observed. A decrease from 1240.9 to 1234.7
cm"1 in the nucleic acid region points out that nickel(II)
ion has accumulated in the nucleus of the yeast at 200 °C
heated sample also. These differences in the behaviour of
Hy60 and Hy200 in nickel(II) ion sorption behaviour
may be due to the loss of moisture on heating the yeast
to 200 °C as evidenced from TGA curve.
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Hy sample heated at 450 °C after sorption of Ni(II)
ions (Fig. 4) showed no peaks corresponding to 1079
cm"1 (sugar region) and 1652 cm"1 (protein region) and
the absorbance values also decreased markedly. How-
ever, there was a slight increase (Table 1) in the wave
number of 1549.9-1563.6 cm"1 (Protein region). Al-
though no absorption peaks were observed in the sugar
region, there was a small but a broad sorption peak in
the nucleic acid region (1232.7 cm"1).

A comparison of the FTIR spectra of the Hy samples
heated to different temperatures before and after sorp-
tion thus showed that the nickel(II) ion sorption occurs
mainly in the nucleic acid and the sugar regions possibly
involving the -COOH and -NH groups. The probable
sorption of nickel(II) ions on chitin/chitosan present in
the yeast cannot be also ruled out at 450 °C temperature
as the DSC data, obtained by Tirkistani (1998), showed
an exothermic peak at 466 °C and the FTIR spectra of
Hy450 also showed the characteristic peaks of chitin/
chitosan.

4. Conclusions

The above study has brought out the following
salient features:

1. The thermal behaviour of the yeast sample (Hy60)
showed that the matrix of protonated yeast remained
intact up to 230 °C with a loss of moisture of 9.7%.

2. The absorbance ratio (R) of wave number of protein
to sugar increased with increase in temperature of
heating indicating that the decomposition occurs
more in the sugar region as compared to protein
region.

3. Sorption studies on different heated samples of proto-
nated yeast showed that nickel(II) ion sorption was
maximum for a 200 °C heated sample as compared
to 60, 450 and 800 °C heated samples.

4. Nickel(II) ion sorption occurs mainly in the polysac-
charide moieties and nucleic acid region.

5. Nickel(II) ion from the spent biomass can be recov-
ered easily by heating the sample to about 450 °C
temperature, as matrix decomposes at this tempera-
ture.
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