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Abstract. Hyperbranched poly(amino amine)s (HPAMAMs), synthesized by Michael addition of 

1-(2-aminoethyl) piperazine (AEPZ) and methyl acrylate (MA), can emit blue fluorescence under 

excitation wavelength. However, the relatively weak fluorescence of HPAMAMs is still an obstacle 

for its practical applications. Gold is one of the most frequently used metals for fluorescence 

enhancement. In this research, the influence of gold nanoparticles on fluorescence property of 

HPAMAMs was investigated by fluorometry. It was found that gold nanoparticles (GNPs) with 

smaller size (< 5 nm) presented greatly enhanced emission. The GNPs with larger size (~10 nm in 

diameter) and definite surface plasmon absorption can quench the fluorescence of HPAMAMs.  

1 Intorduction 

Fluorescence is rapidly becoming a leading methodology in life sciences [1] because of its 

versatility, potential for multiplexing, ease of use, and remarkable sensitivity. Apart from fluorophore 

stability, the detection limit of a fluorophore is determined by the ratio of its signal to the background 

emission due to unavoidable sample autofluorescence. Therefore high fluorophore brightness is a 

critical requirement for fluorescence detection of trace analytes, especially in the presence of any 

interfering background fluorescence, and a range of methods have been developed to increase the 

sensitivity of fluorescence detection [2]. Fluorescence amplification by metal nanostructures is a 

relatively new methodology that has been explored extensively over only the last decades [3]. 

Amplification of fluorescence is a nanoscale phenomenon which is particularly pronounced in close 

proximity to metal nanostructures. The phenomenon of metal induced fluorescence enhancement 

(MIFE) is attributed to interaction of the excited fluorophores with surface plasmon resonances in 

metals. The enhanced electric field around the particle increases the fluorescence intensity and 

quantum yield of the fluorophore [4].
 
This results in a strong increase of the number of emitted 

photons per fluorophore, and thus improved detection limits. 

Gold is one of the most frequently used metals for fluorescence enhancement. Gold surfaces can 

resist oxidation and remain stable for many months after preparation. Importantly, gold-based 

substrates such as Au colloids can be produced with well-controlled and homogeneous coverage [5]. 

Dickson and colleagues reported a more successful method for producing gold nanoclusters with 

discrete size, emission, and much increased quantum yields [6], which can be utilized as a basis for 

ultrasensitive analytical techniques in biology and medicine [7]. Wilcoxon et al [8]
 
reported that 

fluorescence occurs only when the size of the metal nanocluster is sufficiently small (< 5 nm). The 

luminescence maximum moves to lower energy or disappears with increased core size, and only the 

smaller nanodot was observed to luminesce. The luminescence from gold nanodots is thought to arise 

from transitions between the filled d band and sp conduction bands. Murray’s group reported that for 

451 nm excitation, gold clusters with 1.8 nm diameter cores and protected by monolayers of tiopronin 

thiolate can produce luminescence [9]. The complex with GNPs encapsulated in the interior of the 

polymer may generate fluorescence and enhance the fluorescence intensity of the complex associated 

with interband transitions between the filled 5d
10

 band and 6 (sp)
1
 conduction band. 
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MIFE is a complex phenomenon. It has been investigated intensively both theoretically and 

experimentally, in single molecule and ensemble studies. It has been found that the degree of 

fluorescence enhancement is determined by many parameters. For example, it depends on the spectral 

overlap between the surface plasmon and the fluorophore excitation and/or emission peak. 

Furthermore, there is a dependence on the distance between fluorophore and metal particle. Also the 

medium has to be considered, as its dielectric constant and refractive index affect the properties and 

optical coupling of fluorophore and metal particle [10, 11]. In this research, the influence of gold 

nanoparticles on fluorescence property of hyperbranched poly(amido amine)s, synthesized by 

Michael addition of 1-(2-aminoethyl) piperazine (AEPZ) and methyl acrylate (MA), was investigated 

by fluorometry. These researches are beneficial to better understand the fluorescence behavior of 

hyperbranched polymers and meaningful to their practical applications. 

2 Experimental Section 

2.1 Materials.  

1-(2-aminoethyl) piperazine (AEPZ) and methyl acrylate (MA) were purchased from 

Sigma-Aldrich and used as received. Propylene oxide (PO) was purchased from East-China Chemical 

Co. and used as received. All reagents and solvents of analytical grade were purchased from 

commercial suppliers and used without further purification unless stated otherwise. 

2.2 Synthesis of HPAMAMs 

Hyperbranched poly(amidoamine)s (HPAMAMs) were synthesized by Michael addition of 

1-(2-aminoethyl) piperazine (AEPZ) and methyl acrylate (MA) according to the literature 

procedures, as shown in Scheme 1 [12]. The resultant product was dried in vacuum for 24 h. Mn = 

1.54×10
4 

g·mol
-1 

(by GPC method). 

 
Scheme 1. Reaction scheme for preparing fluorescent and biodegradable hyperbranched poly(amidoamine)s 

(HPAMAMs) from AEPZ and MA 

2.3 Preparation of Gold Nanoparticles (GNPs) 

The synthesis of aqueous GNPs with smaller size took reference from Huang et al [13]. The GNPs 

was prepared through reduction of Au with tetrakis(hydroxymethyl)phosphonium chloride (THPC, 

10 µL) from hydrogen tetrachloroaurate (III) trihydrate (HAuCl4·3H2O, 50 mM, 1 mL) in sodium 

tetraborate buffer at pH 9.2. GNPs about 10 nm in diameter were prepared through the redox reaction 

of HAuCl4·4H2O and NaBH4 according to the literature procedures [14]. 

2.4 Measurement 

UV/vis spectra were recorded on a 760 CRT UV/vis spectrometer (Shanghai Analytical 

Instrument Factory). Fluorescence measurements were performed on an LS55 luminescence 

spectrometer (PerkinElmer, America) using a 10-mm-path quartz cell. Unless stated otherwise, 

excitation and emission slit widths were set to 10 nm and 5 nm, respectively. The images of 

transmission electron microscopy (TEM) were obtained by a JEOL-2100 microscope. Ultrasonic mix 

was achieved by SK1200H (Shanghai KuDos Ultrasonic Instrument Co., Ltd.).  

 

414 Eco-Dyeing, Finishing and Green Chemistry



 

 

3 Results and Discussion 

Metal nanoparticles have a variety of interesting spectroscopic, electronic, and chemical properties 

that arise from their small sizes and high surface-to-volume ratios [15]. Therefore, GNPs may be used 

to adjust the fluorescence properties of fluorescence polymer, extending potential applications of 

fluorescence polymer and gold nanoparticles. We investigated the enhancement of fluorescence 

properties of resultant polymers by GNPs. The mean diameter of GNPs used in this paper was less 

than 5 nm, as shown in Fig. 1.  

 
Fig. 1 TEM image of GNPs used in this study 

Fig. 2 shows the absorbance spectra of pure HPAMAMs and HPAMAMs/GNPs mixture. A strong 

absorption band at 285 nm for two samples can be found. However, the stronger absorption band at 

285 nm for HPAMAMs/GNPs mixture can be observed, as shown by B in Fig. 2. The peak positions 

and shapes of surface plasma resonance (SPR) of GNPs are sensitive to its particle size, therefore 

absorbance spectroscopy is useful for charactering metal nanoparticles [16].
 
A weak plasmon band 

around 520 nm can be found in HPAMAMs/GNPs mixture, which was attributed to their small 

particles size. Similar trends were observed for GNPs in previous reports [17]. 

 
 Fig. 2 UV-vis absorption spectra of pure HPAMAMs (A)， HPAMAMs and GNPs mixed for 24 h (B). The 

concentration of HPAMAMs and GNPs are 3.25×10-5 and 1.25×10-5 mol/L. The pH value of the samples 

were about 7 

Since the HPAMAMs and GNPs do not contain fluorescent functional groups from the classical 

viewpoint, exploring the source of the fluorescence should be interesting. We observed blue 

photoluminescence from the HPAMAMs without any treatment or functionalization. As we reported, 

hyperbranched poly(amido amine)s (HPAMAMs) can emit blue fluorescence under excitation 

wavelength. HPAMAMs exhibited an excitation band at around 225 nm and emission band at 300 nm 

[18].
 
However, after HPAMAMs were mixed with GNPs, the stronger blue photoluminescence from 

the solution can be observed. As shown in Fig. 3, 1.5-fold enhancement in fluorescence intensity of 

HPAMAMs by GNPs can be found when the concentration of HPAMAMs was fixed at 3.25×10
-5

 

mol/L, while the excitation band was red-shifted from 225 nm in pure HPAMAMs to 250~350 nm 

and emission band was also shifted from 290 nm to 430 nm in HPAMAMs/GNPs mixture. The 

changes of fluorescence intensity may be attributed to the interaction of gold particles with backbone 
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of the HPAMAMs, which induced the conformational rearrangement of the HPAMAMs. The 

hyperbranched polymers with flexible nature have non-rigid plane, while the existance of GNPs in 

the interior of the HPAMAMs make its non-rigid plane turn to rigid, which causes the fluorescence 

intensity of HPAMAM rised and red shift of the emission peak [19]. Some literatures reported that 

fluorescence occured only when the size of the metal nanocluster was sufficiently small (< 5 nm). The 

luminescence maximum moved to lower energy or disappeared with increased metal size, and only 

the smaller nanodot was observed to luminesce
 
[20]. The luminescence from gold nanodots was 

thought to arise from transitions between the filled d band and sp conduction bands [21, 22]. 

 
Fig. 3 Fluorescence excitation and emission spectra of HPAMAMs solution without GNPs (1) and with 

1.25×10-5 mol/L GNPs (2) after 24 hr incubation. The concentration of HPAMAMs was 3.25×10-5 mol/L. 

The pH value of the samples was about 7 

Another interesting phenomenon was that the photoluminescence spectra were dependent on 

GNPs concentration. Fig. 4 reveals the effect of GNPs concentration on excitation band of 

HPAMAMs/GNPs solutions. Going from curves A to E, the concentration of GNPs increased from 0 

to 7.4 × 10
-5

 mol/L. The excitation band at around 225 nm decreased in intensity with increasing the 

concentration of GNPs in the solution. A weak broader band at 325 nm in curve A (pure 

HPAMAMs), in which GNPs were abscent from the mixture, can be observed. However, after mixing 

with GNPs, the HPAMAMs/GNPs aqueous solution excited with progressively longer wavelengths 

from 325 nm red-shifted to 370 nm. In the pure HPAMAMs aqueous solution, the excitation intensity 

at 225 and 370 nm were I01 and I02, respectively. After adding GNPs into HPAMAMs solution, the 

fluorescent intensity changed to be I1 and I2. The plot of I1/I01 and I2/I02 versus different GNPs 

concentrations is shown in the inset of Fig. 4, the excitation intensity exhibited a good linear 

relationship with GNPs concentration in the mixture. 

 

 
Fig. 4 The effect of GNPs concentration on excitation band of HPAMAMs, and the plot of I1/I01 (225 nm) and 

I2/I02 (370 nm) versus different GNPs concentrations (inset). The concentration of HPAMAMs was 

3.25×10-5 mol/L and the pH value of the samples was about 7 
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Fig. 5A reveals the effect of GNPs concentration on emission band of HPAMAMs/GNPs 
soultions. Going from curves A to E, the concentration of GNPs increased from 0 to 7.4 × 10

-5
 mol/L. 

The emission band at around 300 nm decreased in intensity with increasing the GNPs concentration 
in the solution. Meanehile, a new emission band at around 450 nm increased. In the pure HPAMAMs 
aqueous solution, the emission intensity of HPAMAMs at 290 and 430 nm were I01 and I02, 
respectively. After adding GNPs into HPAMAMs solution, the fluorescent intensity would be I1 and 
I2. The plot of I1/I01 and I2/I02 versus GNPs concentrations is shown in the inset of Fig. 5A, the 
emission intensity exhibited non-linear relationship with GNPs concentration. Even the concentration 
of the added GNPs into the polymer solution was as low as 7.4×10

-6
 mol/L, the emission intensity at 

290 nm decreased by 0.5-fold, and a 2-fold enhancement of fluorescence intensity of the band at 430 
nm can be found. Fig. 5B shows the illumination photographs of HPAMAMs aqueous solution (Fig. 
5B-a) and HPAMAMs/GNPs mixture (Fig. 5B-b-e). The concentration of HPAMAMs was fixed at 5 
wt% for all samples, and the concentration of GNPs varied from 7.4×10

-6
 mol/L to 7.4×10

-5
 mol/L for 

samples b~e. Only weak fluorescence can be observed in HPAMAMs aqueous solution without 
GNPs (Fig. 5B-a). However, brighter fluorescence photographs can be obtained after mixing with 
GNPs, which indicated the GNPs played an important role in the enhancement of fluorescence 
intensity. 

 
Fig. 5 The effect of GNPs concentration on emission of HPAMAMs solutions. (A):  the plot of I1/I01 (290 nm) 

and I2/I02 (430 nm) versus different GNPs concentrations (inset); (B, a~e): illumination photographs of 
HPAMAMs aqueous solution and HPAMAMs/GNPs mixture. The concentration of HPAMAMs was fixed at 
5 wt% for all samples, and the concentration of GNPs was increased from 7.4×10-6 mol/L to 7.4×10-5 mol/L 

for samples b~e.The pH value of the samples was about 7 

 
Fig. 6 Fluorescence excitation and emission spectra of HPAMAMs/GNPs solution mixed for 0, 24, 48 and 72 
h. The concentrations of HPAMAMs and GNPs were 0.025 M, and 2.4×10-3 M, respectively. The pH value of 

the samples was about 7 
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For further investigation the effect of GNPs on fluorescence property of HPAMAMs solution, the 

excitation and emission bands of HPAMAMs and nano gold solutions with different incubation time 

were determined by fluorescence measurement. Fig. 6 shows the fluorescence intensity of 

HPAMAMs and nano gold solutions incubated for a period of time from 0 to 72 h under magnetic 

stirring. The excitation and emission intensity of HPAMAMs and nano gold solutions increased with 

increasing the incubation time. The excitation bands showed slight red-shift as the incubation time 

was prolonged, but emission bands remained the same during these process. We suppose that this 

phenomenon originated from the aggregation mechanisms, as shown in Scheme 2. The aggregation is 

driven by the van der Waals force between the nanoparticles, when the repulsive interaction is greatly 

reduced by complex formation on their surfaces. Then, the attractive force leads to the aggregation. 

Importantly, the change of the emission intensity suggested that it had a similar origin of the 

intramolecular interactions in the aggregated state [22]. 

 
Scheme 2. The aggregation of GNPs into hyperbranched poylmer 

Further support for such enhancement came from emission studies of HPAMAMs mixed with 

larger size gold nanoparticles. Although the origins of these enhanced emissions are still in debate, it 

is assumed that the unique fluorescence change is more or less related to the effects of size of gold 

nanoparticles (GNPs). Fig. 7 shows the contradistinctive fluorescence emission spectra of 

HPAMAMs and HPAMAMs adequately mixed with GNPs which have the mean diameter around 10 

nm. It can be found that the fluorescence of HPAMAMs was quenched obviously when mixed with 

the GNPs. The fluorescence intensity of HPAMAMs decreased with the adding of the GNPs, as 

shown in the inset of Fig. 7. Gold nanoparticle can be engaged as a quencher to decrease the 

fluorescence intensity of fluorophores owing to fluorescence resonance energy transfer (FRET) [19]. 

This dynamic quenching process originated from an instantaneous exciplex formation between 

excited fluorescent molecules and quenchers [23], and these exciplex could not emission 

fluorescence or change from the original fluorescent molecules, which cause the quenching.  

 
 

Fig. 7 The fluorescence emission spectra of HPAMAM (A) and HPAMAM/GNPs solution (B), the 

concentrations of HPAMAM and GNPs were 5.0×10-3 M, and 2.5×10-6 M, respectively. The pH value of the 

samples was about 7. The inset shows the TEM image of gold nanoparticles (GNPs, ~10 nm in diameter), and 

illumination photographs of HAMAMs and HPAMAM/GNPs aqueous solution irradiated under UV light (λ = 

365 nm) 
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4 Conclusions 

We have demonstrated the GNPs with different size exerted opposite effects on the fluorescence of 

HPAMAMs. The HPAMAMs and smaller GNPs mixture showed the characteristic fluorescence 

enhancement. Both GNPs concentration and incubation time served as the driving forces to control 

aggregations of GNPs with HPAMAMs resulting in emission enhancement. In the case of relatively 

strong binding to the surfaces of gold nanoparticles, HPAMAMs exhibited a substantial enhancement 

of fluorescence. It indicated that HPAMAMs/GNPs is a new fluorophore probes potentially for 

biological fabrication and  biochemical labeling. However, the larger size GNPs with definite surface 

plasmon absorption can quench the fluorescence of HPAMAMs. The present work will provide a 

novel concept for fabricating chromophore labeled metal nanoparticles with unusual fluorescence 

enhancement. 

Acknowledgements 

This work was financially supported by the Natural Science Foundation of Zhejiang Province 

(Y4100045), Preferentially Financing projects of scientific and technological activities of overseas 

students in Zhejiang Province (0903677-M), Scientific Research Foundation of Zhejiang Sci-Tech 

University (0901808-Y), Key Tenders Project by the Key Laboratory of Advanced Textile Materials 

and Manufacturing Technology (ATMT), Ministry of Education (S2010002), Scientific Research 

Starting Foundation for Returned Overseas Chinese Scholars, Ministry of Education (1001603-C) 

and Program for Changjiang Scholars and Innovative Research Team in University (PCSIRT: 0654). 

References 

[1] E. M. Goldys, Fluorescence Applications in Biotechnology and Life Sciences, Wiley-Backwell, 

2009. 

[2] N. J. Walker, A technique whose time has come, Science. 296 (2002) 557-559. 

[3] E. M. Goldys, K. Drozdowicz-Tomsia, F. Xie, T. Shtoyko, E. Matveeva, I. Gryczynski, Z. 

Gryczynski, Fluorescence amplification by electrochemically deposited silver nanowires with 

fractal architecture, J. Am. Chem. Soc. 129 (2007) 12117-12122. 

[4] W. Knoben, P. Offermans, S. H. Brongersma, M. Crego-Calama, Metal-induced fluorescence 

enhancement as a new detection mechanism for vapor sensing, Sens. Actuators B. 148 (2010) 

307-314. 

[5] R. Jin, S. Egusa, N. F. Scherer, Thermally-induced formation of atomic Au clusters and 

conversion into nanocubes, J. Am. Chem. Soc. 126 (2004) 9900-9901. 

[6] J. Zheng, J. T. Petty, R. M. Dickson, High quantum yield blue emission from water-soluble 

Au8 nanodots, J. Am. Chem. Soc. 125 (2003) 7780-7781. 

[7] M. Jr. Bruchez, M. Moronne, P. Gin, S. Weiss, Semiconductor nanocrystals as fluorescent 

biological labels, A. P. Alivisatos, Science. 281 (1998) 2013-2016. 

[8] J. P. Wilcoxon, J. E. Martin, F. Parsapour, B. Wiedenmann, D. F. Kelley, Photoluminescence 

from nanosize gold clusters, J. Chem. Phys. 108 (1998) 9137-9144. 

[9] T. Huang, R. W. Murray, Visible luminescence of water-soluble monolayer-protected gold 

clusters, J. Phys. Chem. B. 105 (2001) 12498-12502. 

[10]J. Lukomska, J. Malicka, I. Gryczynski, Z. Leonenko, Fluorescence enhancement of 

fluorophores tethered to different sized silver colloids deposited on glass substrate, J. R. 

Lakowicz, Biopolymers. 77 (2005) 31-37. 

[11]F. Tam, G. P. Goodrich, B. R. Johnson, N. J. Halas, Plasmonic enhancement of molecular 

fluorescence, Nano Lett. 7 (2007) 496-501. 

[12]G. Jiang; Y. Wang, X. Sun, J. Shen, Synthesis and fluorescence properties of hyperbranched 

poly(amidoamine)s with high density tertiary nitrogen, Poly. Chem. 1 (2010) 618-620. 

[13]C.-C. Huang, Z. Yang, K.-H. Lee, H.-T. Chang, Angew. Synthesis of highly fluorescent gold 

nanoparticles for sensing mercury(II), Angew. Chem. Int. Ed. 46(2007) 6824-6828. 

Advanced Materials Research Vol. 441 419



 

 

[14]M. Brust, M. Walker, D. Bethell, D. J. Schiffrin, R. Whyman, Synthesis of thiol derivatised gold 

nanoparticles in a two phase liquid/liquid system, Chem. Commun. 6 (1994) 801-802. 

[15]A. C.Templeton, W. P. Wuelfing, R. W. Murray, Monolayer-protected cluster molecules, Acc. 

Chem. Res. 33 (2000) 27-36. 

[16]Q. Tang, F. Cheng, X. L. Lou, H. J. Liu, Y. Chen, Comparative study of thiol-free amphiphilic 

hyperbranched and linear polymers for the stabilization of large gold nanoparticles in organic 

solvent, J. Colloid Interface Sci. 337 (2009) 485-491. 

[17]Y. Z. Fu, Y. K. Du, P. Yang, J. R. Li, L. Jiang, Size-controlled synthesis of highly monodisperse 

gold nanoparticles without a size-selection and long range ordered 2-D arrangement, J. 

Dispersion Sci. Technol. 28 (2007) 301-307. 

[18]T. Ohyashiki, T. Mohri, Ca2+-induced conformation changes of intestinal brush border 

membranes. Studies with fluorescence probes and sulfhydryl reagent, J. Biochem. 91 (1982) 

1575-1581. 

[19]C. Wu, C. Szymanski, J. McNeill, Preparation and encapsulation of highly fluorescent 

conjugated polymer nanoparticles, Langmuir. 22 (2006) 2956-2960. 

[20]J. P. Wilcoxon, J. E. Martin, F. Parsapour, B. Wiedenman, D. F. Kelley, Photoluminescence from 

nanosize gold clusters, J. Chem. Phys. 108 (1998) 9137-9144. 

[21]M.R.V. Sahyun, N. Serpone, Thiol-derivatized nanocrystalline arrays of gold, silver, and 

platinum, J. Phys. Chem. A. 101 (1997) 9877-9883. 

[22]C. Li, X. Liu, M. Yuan, J. Li, Y. Guo, J. Xu, M. Zhu, J. Lv, H. Liu, Y. Li, Unusual fluorescence 

enhancement of a novel carbazolyldiacetylene bound to gold nanoparticles, Langmuir. 23(2007) 

6754-6760. 

[23]R. M. Clegg, Fluorescence resonance energy transfer, Curr. Op. Anal. Biotech. 6 (1995) 103-112. 

420 Eco-Dyeing, Finishing and Green Chemistry



Eco-Dyeing, Finishing and Green Chemistry 
10.4028/www.scientific.net/AMR.441 
 
 
Effect of Gold Nanoparticles on Fluorescence Properties of Hyperbranched Poly(amido amine)s 
10.4028/www.scientific.net/AMR.441.413 
 

DOI References

[2] N. J. Walker, A technique whose time has come, Science. 296 (2002) 557-559.

doi:10.1126/science.296.5567.557 
[3] E. M. Goldys, K. Drozdowicz-Tomsia, F. Xie, T. Shtoyko, E. Matveeva, I. Gryczynski, Z. Gryczynski,

Fluorescence amplification by electrochemically deposited silver nanowires with fractal architecture, J. Am.

Chem. Soc. 129 (2007) 12117-12122.

doi:10.1021/ja071981j 
[4] W. Knoben, P. Offermans, S. H. Brongersma, M. Crego-Calama, Metal-induced fluorescence

enhancement as a new detection mechanism for vapor sensing, Sens. Actuators B. 148 (2010) 307-314.

doi:10.1016/j.snb.2010.04.044 
[5] R. Jin, S. Egusa, N. F. Scherer, Thermally-induced formation of atomic Au clusters and conversion into

nanocubes, J. Am. Chem. Soc. 126 (2004) 9900-9901.

doi:10.1021/ja0482482 
[6] J. Zheng, J. T. Petty, R. M. Dickson, High quantum yield blue emission from water-soluble Au8 nanodots,

J. Am. Chem. Soc. 125 (2003) 7780-7781.

doi:10.1002/chin.200341014 
[7] M. Jr. Bruchez, M. Moronne, P. Gin, S. Weiss, Semiconductor nanocrystals as fluorescent biological

labels, A. P. Alivisatos, Science. 281 (1998) 2013-(2016).

http://dx.doi.org/10.1126/science.281.5385.2013 
[8] J. P. Wilcoxon, J. E. Martin, F. Parsapour, B. Wiedenmann, D. F. Kelley, Photoluminescence from

nanosize gold clusters, J. Chem. Phys. 108 (1998) 9137-9144.

doi:10.1063/1.476360 
[9] T. Huang, R. W. Murray, Visible luminescence of water-soluble monolayer-protected gold clusters, J.

Phys. Chem. B. 105 (2001) 12498-12502.

doi:10.1021/jp0041151 
[10] J. Lukomska, J. Malicka, I. Gryczynski, Z. Leonenko, Fluorescence enhancement of fluorophores

tethered to different sized silver colloids deposited on glass substrate, J. R. Lakowicz, Biopolymers. 77 (2005)

31-37.

doi:10.1002/bip.20179 
[11] F. Tam, G. P. Goodrich, B. R. Johnson, N. J. Halas, Plasmonic enhancement of molecular fluorescence,

Nano Lett. 7 (2007) 496-501.

doi:10.1021/nl062901x 
[12] G. Jiang; Y. Wang, X. Sun, J. Shen, Synthesis and fluorescence properties of hyperbranched

poly(amidoamine)s with high density tertiary nitrogen, Poly. Chem. 1 (2010) 618-620.

doi:10.1039/c0py00194e 

http://dx.doi.org/www.scientific.net/AMR.441
http://dx.doi.org/www.scientific.net/AMR.441.413
http://dx.doi.org/10.1126/science.296.5567.557
http://dx.doi.org/10.1021/ja071981j
http://dx.doi.org/10.1016/j.snb.2010.04.044
http://dx.doi.org/10.1021/ja0482482
http://dx.doi.org/10.1002/chin.200341014
http://dx.doi.org/http://dx.doi.org/10.1126/science.281.5385.2013
http://dx.doi.org/10.1063/1.476360
http://dx.doi.org/10.1021/jp0041151
http://dx.doi.org/10.1002/bip.20179
http://dx.doi.org/10.1021/nl062901x
http://dx.doi.org/10.1039/c0py00194e

