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Highlights from 
recent literature 

1 Catalysis

1.1  Highly active iron oxide supported gold 

catalysts for CO oxidation: How small must 

the gold nanoparticles be?

The title catalyst has been prepared through a 

colloidal deposition method. Scanning transmission 

electron microscopy studies confirmed that for the 

catalyst, gold clusters with a bilayer structure and 

a diameter of  about 0.5 nm are not mandatory to 

achieve the high activity. Yong Liu, Chun-Jiang 

Jia, Jun Yamasaki, Osamu Terasaki, Ferdi Schüth, 

Angewandte Chemie International Edition, 49, 33,  

5771 2010.

1.2  Visible-light-induced photocatalysis 

through surface plasmon excitation of  

gold on titania surfaces

Fifteen commercial titania (titanium(IV) oxide; TiO
2
) 

powders were modified with gold by photodeposition 

to prepare photocatalysts that work under irradiation 

with light in the visible range (vis). Phys. Chem. 

Chem. Phys., 12, 2344, 2010, Ewa Kowalska, Orlando 

Omar Prieto Mahaney, Ryu Abe and Bunsho Ohtani 

The gold-modified titania (Au/TiO
2
) powders were 

characterized by diffuse reflectance spectroscopy 

(DRS), field-emission scanning electron microscopy 

(FE-SEM), scanning transmission microscopy 

(STEM) and X-ray powder diffraction (XRD). It was 

shown that all tested powders could absorb visible 

light with an absorption maximum at localized 

surface plasmon resonance (LSPR) wavelengths 

(530-600 nm) and that the size and shape of  gold 

nanoparticles determined the absorption ranges. 

The photocatalytic activity of  Au/TiO
2
 powders was 

examined both under ultraviolet and vis irradiation 

(mainly >450 nm) for acetic acid and 2-propanol 

photooxidation. It was found that the activity 

depended strongly on gold and titania properties, 

such as particle size and shape, surface area and 

crystalline form. Under vis irradiation, large rutile 

particles loaded with gold particles of  a wide range 

of  sizes showed the highest level of  photocatalytic 

activity, possibly due to greater light absorption  

ability in a wide wavelength range resulting from 

transverse and longitudinal LSPR of  rod-like gold 

particles. Action spectrum analyses showed that 

visible-light-induced oxidation of  organic compounds 

by aerated gold-titania suspensions was initiated 

by excitation of  LSPR absorption of  gold. Although 

photocatalytic activity of  nanosized gold particles 

under vis irradiation with a wavelength of  ca. 430 

nm and catalytic activity of  gold-modified titania 

during dark reactions were also found, it was shown 

that the activities of  Au/TiO
2
 particles originated from 

activation of  LSPR of  gold by light of  wavelength of  

530-650 nm. Participation of  molecular oxygen as 

an electron acceptor and titania as a conductor of  

electrons is suggested by comparing with results 

obtained under deaerated conditions and results 

obtained using a system containing gold-deposited 

silica instead of  gold-titania, respectively. On the 

basis of  these results, the mechanism of  visible-

light-induced oxidation of  organic compounds on 

gold-titania is proposed.

1.3  A reactivity-driven approach to the 

discovery and development of  

gold-catalyzed organic reactions

Approaches to research in organic chemistry are 

as numerous as the reactions they describe. In this 

account, we describe our reactivity-based approach. 

Using work in the area of  gold catalysis as a 

background, the authors, Nathan D. Shapiro, F. Dean 

Toste, Synlett 5 675, 2010, discuss how a focus on 

reaction mechanism and reactivity paradigms can 

lead to the rapid discovery of  new synthetic tools.

1.4  Application of mobilized gold nanoparticles 

as sole catalyst for the oxidation of 

secondary alcohols into ketones 

Oxidation of  alcohols into corresponding ketones 

is efficiently catalyzed by heterogeneous gold 

nanoparticles. Use of  H
2
O

2
 instead of  O

2
 (g) is 

the main feature of  the authors methodology since 

maintaining the required pressure of  O
2
 (g) at 

elevated temperature is not easy. Mazaahir Kidwaiand 

Saurav Bhardwaj, Applied Catalysis A: 20, 1, 2010. 

The reaction does not require any co-catalyst. After 

completion of  the reaction, the catalyst could be 

recovered by centrifugation and reused several 

times with only a slight decrease in activity. Thus 

the present protocol, which is comprised of  green 

reagent, solvent and catalyst, is completely clean.
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1.5 Method for producing propylene oxide  

Disclosed is a method for producing propylene 

oxide wherein propylene is directly oxidized with 

oxygen, as required, water and a catalytic amount 

of  hydrogen in a gas phase in the presence of  a 

gold cluster catalyst supported on an alkali-treated 

titanosilicalite or mesoporous titanosilicate support, 

which is produced by an alkaline treatment of  

titanosilicalite or mesoporous titanosilicate with 

aqueous solution of  NaOH, KOH or CsOH. Haruta 

Masatake, Huang Jiahui, Takei Takashi, Akita Tomoki, 

PN: US2010234623, (A1).

2 Electronics and sensors

2.1  Robust gold nanoparticles stabilized by 

trithiol for application in chemiresistive 

sensors

The use of  gold nanoparticles coated with an organic 

monolayer of  thiol for application in chemiresistive 

sensors was initiated in the late 1990s; since then, 

such types of  sensors have been widely pursued 

due to their high sensitivities and reversible 

responses to volatile organic compounds (VOCs). 

However, a major issue for chemical sensors based 

on thiol-capped gold nanoparticles is their poor 

long-term stability as a result of  slow degradation of  

the monothiol-to-gold bonds. The authors Niti Garg, 

Ashok Mohanty, Nathan Lazarus, Lawrence Schultz, 

Tony R Rozzi, Suresh Santhanam, Lee Weiss, 

Jay L Snyder, Gary K Fedder and Rongchao Jin, 

Nanotechnology, 21, 405501, 2010, have devised a 

strategy to overcome this limitation by synthesizing a 

more robust system using Au nanoparticles capped 

by trithiol ligands. Compared to its monothiol 

counterpart, the new system is significantly more 

stable and also shows improved sensitivity towards 

different types of  polar or non-polar VOCs. Thus, the 

trithiol-Au nanosensor shows great promise for use 

in real world applications.

3 Medical and dental

3.1  Detection of lung, breast, colorectal, and 

prostate cancers from exhaled breath using 

a single array of nanosensors

Tumour growth is accompanied by gene and/or 

protein changes that may lead to peroxidation of  the 

cell membrane species and, hence, to the emission 

of  volatile organic compounds (VOCs). In this study, 

the authors, G Peng, M Hakim, Y Y Broza, S Billan, 

R Abdah-Bortnyak, A Kuten, U Tisch and H Haick, 

British Journal of  Cancer 103, 542, 2010, investigated 

the ability of  a nanosensor array to discriminate 

between breath VOCs that characterise healthy 

states and the most widespread cancer states in 

the developed world: lung, breast, colorectal, and 

prostate cancers.

Exhaled alveolar breath was collected from 177 

volunteers aged 20-75 years (patients with lung, 

colon, breast, and prostate cancers and healthy 

controls). Breath from cancerous subjects was 

collected before any treatment. The healthy 

population was healthy according to subjective 

patient’s data. The breath of  volunteers was 

examined by a tailor-made array of  cross-reactive 

nanosensors based on organically functionalised 

gold nanoparticles and gas chromatography linked 

to the mass spectrometry technique (GC-MS).

The results showed that the nanosensor array could 

differentiate between ‘healthy’ and ‘cancerous’ 

breath, and, furthermore, between the breath of  

patients having different cancer types. Moreover, 

the nanosensor array could distinguish between 

the breath patterns of  different cancers in the same 

statistical analysis, irrespective of  age, gender, 

lifestyle, and other confounding factors. The GC-

MS results showed that each cancer could have 

a unique pattern of  VOCs, when compared with 

healthy states, but not when compared with other 

cancer types.

The reported results could lead to the development 

of  an inexpensive, easy-to-use, portable, non-

invasive tool that overcomes many of  the deficiencies 

associated with the currently available diagnostic 

methods for cancer.

3.2  Antibiotic mediated synthesis of gold 

nanoparticles with potent antimicrobial 

activity and their application in 

antimicrobial coatings

The authors report a one-pot synthesis of  spherical 

gold nanoparticles (52–22 nm) and their capping with 

cefaclor, a second-generation antibiotic, without use 

of  other chemicals. Akhilesh Rai, Asmita Prabhune 

and Carole C. Perry, J. Mater. Chem., 20, 6789, 

2010.  The differently sized gold nanoparticles were 

fabricated by controlling the rate of  reduction of  

gold ions in aqueous solution by varying the reaction 

temperature (20-70°C). The primary amine group of  

cefaclor acted as both the reducing and capping 

agent for the synthesis of  gold nanoparticles leaving 

the b-lactam ring of  cefaclor available for activity 

against microbes. Antimicrobial testing showed that 

cefaclor reduced gold nanoparticles have potent 
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antimicrobial activity against both Gram-positive 

(Staphylococcus aureus) and Gram-negative 

(Escherichia coli) bacteria as compared to cefaclor 

or gold nanoparticles alone. 

The minimum inhibition concentrations (MICs) of  

cefaclor reduced gold nanoparticles were 10 mg 

mL_1 and 100 mg mL_1 for S. aureus and E. coli 

respectively. The cefaclor reduced gold nanoparticles 

were further coated onto poly(ethyleneimine) (PEI) 

modified glass surfaces to obtain antimicrobial 

coatings suitable for biomedical applications and 

were tested against E. coli as an exemplar of  activity. 

The antimicrobial coatings were very robust under 

adverse conditions (pH 3 and 10), inhibited the growth 

of  E. coli on their surfaces, and could be used many 

times with retained activity. Results from a combined 

spectroscopic (FTIR) and microscopic study (AFM) 

suggest that the action of  these novel particles is 

through the combined action of  cefaclor inhibiting 

the synthesis of  the peptidoglycan layer and gold 

nanoparticles generating ‘‘holes’’ in bacterial cell 

walls thereby increasing the permeability of  the cell 

wall, resulting in the leakage of  cell contents and 

eventually cell death.

3.3  Nanoconjugation modulates the trafficking 

and mechanism of antibody induced 

receptor endocytosis

Treatment with monoclonal antibody (mAbs) is a 

viable therapeutic option in cancer. Recently, these 

mAbs such as cetuximab, herceptin, etc., have 

been used as targeting agents to selectively deliver 

chemotherapeutics to cancerous cells. However, 

mechanisms of  nanoparticles-mAbs interactions 

with the target cells and its effect on intracellular 

trafficking and mechanism are currently unknown. In 

this paper, the authors demonstrate that the distinct 

patterning and dynamics of  anti-EGFR (epidermal 

growth factor receptor) antibody cetuximab (C225)- 

induced EGFR internalization in pancreatic cancer 

cells with variable receptor expression is altered 

upon nanoconjugation. Sanjib Bhattacharyya, 

Resham Bhattacharya, Steven Curley, Mark A. 

McNiven, and Priyabrata Mukherjee, PNAS, 107 

(33) 14541, 2010. Nanoconjugation uniformly 

enhanced C225-induced EGFR endocytosis in 

PANC-1, AsPC-1, and MiaPaca-2 cells, influenced its 

compartmentalization and regulated the involvement 

of  dynamin-2 in the endocytic processes. Receptor 

endocytosis and its intracellular trafficking were 

monitored by confocal microscopy and transmission 

electron microscopy. The role of  dynamin-2 in EGFR 

endocytosis was determined after overexpressing 

either wild-type dynamin-2 or mutant dynamin-

2 in pancreatic cancer cells followed by tracking 

the receptor-antibody complex internalization by 

confocal microscopy. Significantly, these findings 

demonstrate that the nanoconjugation cannot be 

construed as an innocuous reaction involved in 

attaching the targeting agent to the nanoparticle, 

instead it may distinctly alter the cellular processes 

at the molecular level, at least antibody induced 

receptor endocytosis. This information is critical for 

successful design of  a nanoparticle-based targeted 

drug delivery system for future clinical translation.

3.4  Side-by-side and end-to-end gold nanorod 

assemblies for environmental toxin sensing

Gold nanorods were selectively modified either on 

the sides or ends using complementary microcystin 

(MC-LR) antibody and antigen (blue). Fast detection 

of  MC-LR (green) was successfully achieved with 

these assemblies, and both sensitivity and detection 

ranges were markedly better for the end-to-end motif  

(right) than the side-to-side variant. Libing Wang, 

Yingyue Zhu, Liguang Xu, Wei Chen, Hua Kuang, 

Liqiang Liu, Ashish Agarwal, Chuanlai Xu, Nicholas 

A. Kotov, Angewandte Chemie International Edition, 

49, 32, 5472 2010.

3.5  Au-nanoprobes for detection of SNPs 

associated with antibiotic resistance in 

Mycobacterium tuberculosis
Tuberculosis (TB) is one of  the leading causes of  

infection in humans, causing high morbility and 

mortality all over the world. The rate of  new cases of  

multidrug resistant tuberculosis (MDRTB) continues to 

increase, and since these infections are very difficult 

to manage, they constitute a serious health problem. 

In most cases, drug resistance in Mycobacterium 

tuberculosis has been related to mutations in 

several loci within the pathogen’s genome. The 

development of  fast, cheap and simple screening 

methodologies would be of  paramount relevance for 

the early detection of  these mutations, essential for 

the timely and effective diagnosis and management 

of  MDRTB patients. The use of  gold nanoparticles 

derivatized with thiol-modified oligonucleotides  

(Au-nanoprobes) has led to new approaches in 

molecular diagnostics. Bruno Veigas, Diana Machado, 

João Perdigão, Isabel Portugal, Isabel Couto, Miguel 

Viveiros and Pedro V Baptista, Nanotechnology, 

21 415101, 2010. Based on the differential non-

cross-linking aggregation of  Au-nanoprobes, we 

were able to develop a colorimetric method for the 

detection of  specific sequences and to apply this 

approach to pathogen identification and single base 
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mutations/single nucleotide polymorphisms (SNP) 

discrimination. Here we report on the development 

of  Au-nanoprobes for the specific identification  

of  SNPs within the beta subunit of  the RNA 

polymerase (rpoB locus), responsible for resistance 

to rifampicin in over 95% of  rifampicin resistant  

M. tuberculosis strains.

3.6  Chitosan films doped with gold nanorods 

as laser-activatable hybrid bioadhesives

Biocompatible chitosan/gold nanorods films 

are fabricated and tested as laser-activatable 

adhesives. When exposed to near-infrared laser light 

the nanoparticles carry out efficient photothermal 

conversion, which activates the polar groups of  

chitosan strands and mediates functional adhesion 

with a biological tissue. This technology may enable 

a number of  key applications in medicine including 

tissue repair, wound dressing and drug delivery. 

Paolo Matteini, Fulvio Ratto, Francesca Rossi, Sonia 

Centi, Luigi Dei, Roberto Pini, Advanced Materials, 

22, 38, 4313, 2010.

3.7  The in vivo performance of plasmonic 

nanobubbles as cell theranostic agents 

in zebrafish hosting prostate cancer 

xenografts

Cell theranostics is a new approach that unites 

diagnosis, therapy and confirmation (guidance) of  

the results of  therapy in one single process at cell 

level, thus principally improving both the rapidity 

and precision of  treatment. Daniel S. Wagner, 

Nikki A. Delk, Ekaterina Y. Lukianova-Hleb, Jason 

H. Hafner, Mary C. Farach-Carson and Dmitri  

O. Lapotko, Biomaterials, 31, 29, Pages 7567, 2010. 

The ideal theranostic agent will support all three of  

the above functions in vivo with cellular resolution, 

allowing individual assessment of  disease state 

and the elimination of  diseased cells while leaving 

healthy cells intact. We have developed and 

evaluated plasmonic nanobubbles (PNBs) as an  

in vivo tunable theranostic cellular agent in zebrafish 

hosting prostate cancer xenografts. PNBs were 

selectively generated around gold nanoparticles in 

cancer cells in the zebrafish with short single laser 

pulses. By varying the energy of  the laser pulse, 

we dynamically tuned the PNB size in a theranostic 

sequence of  two PNBs: an initial small PNB  

detected a cancer cell through optical scattering, 

followed by a second bigger PNB, which mechanically 

ablated this cell without damage to surrounding 

tissue, while its optical scattering confirmed the 

destruction of  the cell. Thus PNBs supported the 

diagnosis and guided ablation of  individual human 

cancer cells in a living organism without damage  

to the host.

3.8  Hollow gold nanospheres (haunss) and 

haunss-loaded microspheres useful in  

drug delivery

A near-infrared mediated drug delivery system 

comprising a plurality of  microspheres made of  

polymeric material, each sphere containing a 

plurality of  hollow gold nanospheres together with 

drug product, wherein upon NIR irradiation, the drug 

product is released from the microsphere, Li Chun, 

You Jian , PN: WO2010104819 (A2).

3.9  Gold nanocages: A novel class of 

multifunctional nanomaterials for 

theranostic applications

Gold nanocages represent a novel class of  

nanostructures, well-suited for biomedical 

applications. They can be readily prepared via 

the galvanic replacement reaction between silver 

nanocubes and chloroauric acid. Their optical 

resonance peaks can be easily and precisely 

tuned to the near-infrared region from 650-900 nm, 

the transparent window for blood and soft tissue. 

Furthermore, their surface can be conveniently 

conjugated with various ligands for targeting cancer. 

In this feature article, Jingyi Chen, Miaoxin Yang, 

Qiang Zhang, Eun Chul Cho, Claire M. Cobley, 

Chulhong Kim, Charles Glaus, Lihong V. Wang, 

Michael J. Welch and, Younan Xia, the authors 

highlight recent advances in the large-scale 

synthesis of  gold nanocages and their applications 

in cancer diagnosis and treatment. Specifically, we 

have scaled up the production of  gold nanocages 

for in vivo studies and evaluated their tumor targeting 

capabilities. The authors have also demonstrated 

their use as contrast agents for photoacoustic tumor 

imaging and the mapping of  sentinel lymph node, 

as photothermal transducers for cancer treatment, 

and as smart carriers for controlled release with a 

near-infrared laser. Advanced online publication.

3.10  Gold nanorod delivery of an ssRNA 

immune activator inhibits pandemic  

H1N1 influenza viral replication

The emergence of  the pandemic 2009 H1N1  

influenza virus has become a world-wide health 

concern. As drug resistance appears, a new 

generation of  therapeutic strategies will be required. 

Here, the authors introduce a nanotechnology 

approach for the therapy of  pan-demic and seasonal 

influenza virus infections. Krishnan V. Chakravarthy, 

Adela C. Bonoiu, William G. Davis, Priya Ranjan,  
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Hong Ding, Rui Hu, J. Bradford Bowzard, Earl 

J. Bergey, Jacqueline M. Katz, Paul R. Knight, 

Suryaprakash Sambhara and Paras N. Prasad, 

PNAS. 107, 22 10172, 2010. This approach uses 

gold nanorods (GNRs) to deliver an innate immune 

activator, pro-ducing a localized therapeutic 

response. The authors demonstrated the utility of  

a biocompatible gold nanorod, GNR-5’PPP-ssRNA 

nanoplex, as an antiviral strategy against type A 

influenza virus. In human respiratory bronchial 

epithelial cells, this nanoplex activated the retinoic 

acid-inducible gene I (RIG-I) pathogen recognition 

pathway, resulting in increased expression of  IFN-  

and other IFN-stimulated genes (ISGs) (e.g., PKR, 

MDA5, IRF1, IRF7, and MX1). This increase in type I 

IFN and ISGs resulted in a decrease in the replication 

of  H1N1 influenza viruses. These findings suggest 

that further evaluation of  biocompatible nanoplexes 

as unique antivirals for treatment of  seasonal and 

pandemic influenza viruses is warranted.

4 Nanotechnology

4.1  Mechanical nanosprings: Induced coiling 

and uncoiling of ultrathin Au nanowires

Jun Xu, Hong Wang, Cuicui Liu, Yanmei Yang, Tao 

Chen, Yawen Wang, Feng Wang, Xiaogang Liu, 

Bengang Xing and Hongyu Chen, J. Am. Chem. 

Soc., 132 (34), 11920, 2010, report the controllable 

coiling of  colloidal gold nanowires induced by the 

contraction of  their polymer shells. The mechanical 

energy stored in this process can be released upon 

removal or swelling of  the polymer shells.

4.2 Hot brownian motion

Daniel Rings, Romy Schachoff, Markus Selmke, 

Frank Cichos, and Klaus Kroy, Phys. Rev. Lett. 105, 

090604, 2010, derive the Markovian description for 

the nonequilibrium Brownian motion of  a heated 

nanoparticle in a simple solvent with a temperature-

dependent viscosity. Our analytical results for 

the generalized fluctuation-dissipation and 

Stokes-Einstein relations compare favorably with 

measurements of  laser-heated gold nanoparticles 

and provide a practical rational basis for emerging 

photothermal tracer and nanoparticle trapping and 

tracking techniques.

4.3  Gold nanocages containing magnetic 

nanoparticles 

The present invention relates to gold nanocages 

containing magnetic nanoparticles and a preparation 

method thereof. Chung Bong Hyun; Lim Yong 

Taik; Kim Jin Kyeong, PN: US2010228237 (A1).  

More specifically, relates to hollow-type gold 

nanocage particles, which contain iron oxide 

nanoparticles having a magnetic property and 

have an optical property of  strongly absorbing or 

scattering light in the near-infrared (NIR) region, 

as well as a preparation method thereof. Due to 

their optical property and magnetic property,  

the magnetic nanoparticle-containing gold 

nanocages can be used in various applications, 

including analysis in a turbid medium with light, 

cancer therapy or biomolecular manipulation using 

light, contrast agents for magnetic resonance 

imaging, magnetic hyperthermia treatment and drug 

delivery guide, etc.

4.4  Fluorescent gold nanoprobes for the 

sensitive and selective detection for Hg2+

A simple, cost-effective yet rapid and sensitive 

sensor for on-site and real-time Hg2+ detection 

based on bovine serum albumin functionalized 

fluorescent gold nanoparticles as novel and 

environmentally friendly fluorescent probes was 

developed. Fang Chai, Tingting Wang, Lu Li, 

Haiyan Liu, Lingyu Zhang, Zhongmin Su, Chungang 

Wang, Nanoscale Research Letters, DOI: 10.1007/

s11671-010-9730-y. Using this probe, aqueous 

Hg2+ can be detected at 0.1 nM in a facile way 

based on fluorescence quenching. This probe 

was also applied to determine the Hg2+ in the 

lake samples, and the results demonstrate low 

interference and high sensitivity.




