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Abstract

Abstract

Currently, increasing “green chemistry” concept and environmental awareness
necessitate the development of environmental benign nanoparticles synthesis. As a
result, the bioreduction method based on microorganisms has emerged as novel and
environmental benign approach to synthesize metal nanomaterials in recent years.
However, current studies on the miroorganism-mediated synthesis were focus on the
living microorganism and most of the as-synthesized nanoparticles were intracellular,
resulting in the difficulties in subsequent processing and applications. In contrast, the
nanoparticles synthesized by inactive miroorganism were extracellular or located on
the cell surface. These metal nanoparticles immobilized on cell surface can be easily
recovered and applied as a novel material for heterogeneous catalytic reactions etc.
This study aims at the characteristic of biosorption and bioreduction of Au(IIl) and
Ag(l) by Aspergillus niger(A. niger), which has been widely used in industry. Gold
nanoparticles (AuNPs) and silver nanoparticles (AgNPs) supported on A. niger were
fabricated via reduction of Au(IIT) ([AuCls]") and Ag(I) ([Ag(NH3),]") by dry biomass
of A. niger. Catalytic activity of AuNPs/A. niger and antimicrobial activity of
AgNPs/A. niger composite were evaluated respectively. A variety of techniques, such
as TEM, EDS, XRD, XPS, FTIR and AAS were employed to characterize the
composites and study the relationship between the performance and structure of the
composites. The main contents and some successful results have been listed as
following.

Firstly, the biosorption potential of 4. niger for Au(lll) was investigated. The
biosorption mechanism, as well as the parameters influencing the biosorption of
Au(Ill) and thermodynamics and kinetics was systematically studied. The results
indicated that Au(III) biosorption was pH-dependent and the favorable pH value was
about 2.0-3.0. Au(IIl) biosorption involved two stages corresponding to periods
before and after Au(IIl) reduction at 20 °C. The biosorption capacity was hardly
affected by temperature at lower initial Au(III) concentrations(<233.32 mg-L "), while
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Abstract

a significant increase was observed with the increase of temperature at higher Au(III)
concentrations(>367.94 mg-L™"). Au(Ill) biosorption was found to fit the Langmuir
model well and the maximum Au(IIl) uptake capacity was 185.19 mg-g ', 202.02
mg'g ', 235.85 mgg ' and 277.78 mgg ' at 20 °C, 30 °C, 40 °C and 50 °C,
respectively. Thermodynamic parameters such as Gibbs free energy, enthalpy and
entropy changes were calculated, revealing the biosorption process was spontaneous
and endothermic and entropy increased. The biosorption process was found to
conform to the pseudo-second-order rate kinetics and the obtained activation energy
was 55.71 kJ-mol™". The biosorption of Au(Ill) by A. niger mainly depended on
electrostatic forces, complexation and redox. FTIR characterization illustrated that the
functional groups such as ester, amino, carboxyl and hydroxyl might be responsible
for the interaction between Au(Ill) and A4. niger biomass and the hydroxyl groups
were found to play the key role.

Secondly, AuNPs/A. niger catalyst was synthesized by dry biomass of A. niger.
The catalytic activity of AuNPs/A. niger towards the reduction of various dyes in the
presence of NaBH, was evaluated. The effect of catalyst preparation parameters
including pH value of HAuCly, catalyst preparation temperature, concentration of
HAuCly, catalyst preparation time and pretreatment of the function groups of biomass,
and the effect of catalytic reaction conditions including dye species, dosage of NaBHy4
and concentration of catalyst on the catalytic performance were investigated,
respectively. The results indicated that AuNPs/A. niger was an efficient catalyst for
catalytic reduction of six organic dyes. The characterization results of catalysts
indicated that gold species on the catalysts existed in the form of Au’, Au" and Au™".
The catalytic performance of AuNPs/A. niger was closely related to the content and
composition (Au/Au®") of Au’*. For MB reduction, the optimal catalyst preparation
condition was 2.0 g'L ™' 4. niger powder reacted with 23.64-94.56 mg-L ' HAuCl, at
pH=3 and 30 °C for 48-72 h. When the concentration of NaBH, was 100 times to that
of MB and the concentration of catalyst was 55.6 mg-L™', MB with an initial
concentration of 2x10~* mol'L™" could be completely reduced within 50-70 s. The
reaction rate of MB reduction process can be enhanced with the increase dosage of
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NaBH4. With the increase of catalyst concentration, the reaction rate increase
gradually and then remain almost the same. Furthermore, for the reduction of CR, the
AuNPs/A. niger showed excellent reusability for 9 successive cycles with no obvious
decrease in catalytic effects. However, for the reduction of MB, the catalytic rate of
the catalyst decreased significantly after 2 times’ reuse.

Finally, AgNPs/4. niger composites were fabricated via the reduction of
[Ag(NH;3),]" by dry biomass of 4. niger. The antimicrobial property of AgNPs/A.
niger composites was evaluated and the representative E. coli was used as the tested
strain. The immobilization efficiencies of silver ions and AgNPs in the composites
were confirmed by silver leaching experiments. The effects of temperature and pH
value on the bioreduction process and the antimicrobial activity and the stability of the
composites were studied. AgNPs/A. niger composites were also systematically
characterized. The results showed that AgNPs with 6.9-8.2 nm were well dispersed on
the cell surface and the Ag loadings were 3.7%-5.0%. Although increasing the
reaction temperature from 30 °C to 60 °C resulted in the increase of the silver loading,
the size of the as-synthesized AgNPs became larger at the same time. The increase of
pH value from 9.5 to 11.5 accelerated the reaction and shortened the reaction time
(from 144 h to 24 h), whereas no significant effects were observed on the Ag loading
and the size of AgNPs. The AgNPs/4A. niger composites exhibited excellent
antimicrobial activity against E. coli and the minimal inhibitory concentration (MIC)
was 217-434 mg-L™" (based on the weight of AgNPs/ 4. niger). The AgNPs/A. niger
composite showed fast and long-lasting bactericidal activity toward E. coli. The
composite with the concentration of 500 mg-L™' (3.8% Ag loading) can fully kill 10°
cfumL ™" E. coli after 10 min of incubation and bactericidal activity can be kept even
after five rounds’ recycle. The antimicrobial activity of the composite was found to be
mainly depended on the size of AgNPs and smaller size exhibited better antimicrobial
activity. The release of AgNPs and Ag" from the AgNPs/A. niger composites was also
investigated. The results suggested that the as-prepared AgNPs were supported firmly
on A. niger and the release of Ag' was 1.7-6.8 mg per gram of AgNPs/4. niger.
Furthermore, increasing the reaction temperature or the pH value led to the decrease
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of Ag" release.
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