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‘Click’ Preparation of CuPt Nanorod-Anchored Graphene 
Oxide as a Catalyst in Water

  Hyunseung   Yang  ,     Yongwoo   Kwon  ,     Taegyun   Kwon  ,     Hyunjoo   Lee  , 
    and   Bumjoon J.   Kim   *   
 In this paper, a simple and powerful method of producing nanoparticle-anchored 
graphene oxide (GO) composites using a ‘click’ reaction is demonstrated. This 
method affords a facile means of anchoring of nanoparticles with various shapes and 
sizes on the GO. CuPt nanorods with controlled size, aspect ratio (from 1 to 11), 
and uniformity are synthesized. Transmission electron microscopy, Fourier transform 
infrared spectroscopy, and X-ray photoelectron spectroscopy measurements are made 
to monitor the formation and characterize the properties of the CuPt nanorod-grafted 
GO composites. Their catalytic properties in the water phase are investigated using an 
o-phenylenediamine oxidation reaction. The results of this study clearly demonstrate 
that nonpolar CuPt nanorods immobilized on GO can function as a catalyst in an 
aqueous solution and that GO can be used as a catalytic nanorod support. 
  1. Introduction 

 Metal nanoparticles with well defi ned shapes and sizes have 

received considerable attention because of their electrical, [  1  ,  2  ]  

magnetic, [  3  ,  4  ]  and catalytic properties. [  5  ,  6  ]  Because the prop-

erties of nanoparticles are highly dependent on their size 

and shape, it is important to precisely control these proper-

ties during synthesis. [  7  ]  Nanoparticles with a controlled size 

or shape are typically synthesized by reducing metal precur-

sors in the presence of organic surface-capping agents. The 

surface-capping agents not only prevent aggregation by sta-

bilizing the nanoparticles but also induce a specifi c size or 
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shape while interfering in the overgrowth of metal nanopar-

ticles. These surface-capping agents, however, often hinder 

further applications of the nanoparticles, prohibiting disper-

sion in other kinds of solvents or making surface function-

alization more diffi cult. [  8  ]  Techniques that facilitate simple 

and universal surface modifi cation are important to various 

applications. [  9–15  ]  In particular, the immobilization of shape-

controlled nanoparticles on a support can further extend the 

potential applications. 

 Graphene consists of a single layer of sp 2 -bonded 

carbon atoms forming a 2D hexagonal lattice. [  16  ]  Because it 

has a high surface area, fl exibility, transparency and excel-

lent electrical and thermal conductivity, [  17  ]  graphene is 

a promising candidate for use as a building block of new 

functional composite materials. [  18  ]  Among the various types 

of graphene and their derivatives, graphene oxide (GO) is 

a common choice because of its facile synthetic nature in 

a controlled scalable and reproducible manner. [  19–21  ]  The 

presence of oxygen-containing polar groups such as epoxy, 

carboxyl and hydroxyl groups on the surface provides GO 

with excellent dispersity in polar solvents including water 

and creates the potential for further functionalization. By 

utilizing GO’s huge surface area and its good dispersity in 

polar solvents, GO is a promising candidate for environ-

mental applications and catalytic supports for novel metal 

nanoparticles. [  22–24  ]  
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 It is necessary to develop a technique for anchoring metal 

nanoparticles on GO to use GO as catalytic supports. Several 

experimental methods have been used to anchor metal nano-

particles on GO. The most popular approach involves the 

 in situ  reduction of a metal precursor on GO; [  24–27  ]  however, 

because of the inhomogeneous nature of metal reduction 

on GO, it is diffi cult to control the nanostructures of metal 

nanoparticles. One possible way to overcome some of these 

drawbacks is to use  π – π  stacking between a pre-formed nano-

particle and the GO. A particularly interesting example is the 

work of Huang and co-workers, [  28  ]  who showed  π – π  stacking 

between the GO and pyrene containing molecules bound 

to Au nanoparticles. However, unlike in covalent bonding, 

nanoparticles that are attached to GO by such a weak interac-

tion can be easily detached from the GO during application. 

Additionally, this approach requires a particular type of sur-

face-capping agent for the metal nanoparticles, which hinders 

the use of nanoparticles of various shapes and sizes. Another 

approach of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 

(EDC) chemistry has been recently reported to graft the nan-

oparticles on GO. [  29–31  ]  The method requires amine function-

alization on the nanoparticle surface to react with carboxylic 

groups on the GO. However, the approach has been limited 

to oxide type nanoparticles and the EDC reaction should be 

performed at low concentration of the reactants to prevent 

the aggregation of GO sheets. [  31  ]  Therefore, it is essential to 

develop an effective and universal approach to produce a 

metal nanoparticle-GO composite. 

 Click chemistry has been defi ned as a concept to achieve 

the universal linkage of chemical molecules. [  32  ]  Copper-cata-

lyzed azide-alkyne cycloaddition (CuAAC) is an example of 

click chemistry. Due to its high reaction yield, high tolerance 

of functional groups, and mild reaction conditions, CuAAC 

has been used extensively for the functionalization of nano-

particles, [  33–39  ]  copolymer synthesis [  40–42  ]  and surface modifi -

cation. [  43  ,  44  ]  Although click chemistry has recently been used 

to immobilize polymers to graphene, [  45  ,  46  ]  to our knowledge, 

the grafting of nanoparticles onto graphene or GO using click 

chemistry has not yet been reported. 

 This paper presents a simple and universal method of 

grafting nanoparticles onto the surface of a GO via a click 

reaction. For the model system, CuPt nanorods with a con-

trolled size, aspect ratio (AR) and uniformity were carefully 

chosen and synthesized. The surface of the CuPt nanorods 

was then modifi ed via a simple ligand exchange method 

using azide-functionalized ligands with a thiol end-group. 

Subsequently, it was coupled to the alkyne-functionalized 

GO (alkyne-GO) via a click reaction to produce a CuPt 

nanorod-grafted GO composite (CuPt-GO). To demon-

strate the versatility of our approach, CuPt nanorods with 

ARs ranging from 1 to 11 were grafted onto the GO. CuPt 

nanorods were found to be distributed over the GO sur-

face independent of the AR and size of the CuPt nanorods. 

This means that our approach can be applied to any shape 

or size of nanoparticle system generally. In addition, their 

catalytic properties in the water phase were investigated 

using a peroxidase-like o-phenylenediamine (OPD) oxida-

tion reaction.   
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 2. Results and Discussion 

  2.1. Preparation of Azide Functionalized CuPt Nanorods 
(CuPt-N 3 ) with Controlled ARs 

 CuPt nanorods with ARs of 1, 5, and 11 were produced 

with high monodispersity using a thermal decomposition 

process. [  47  ,  48  ]  It is well known that the AR of inorganic nano-

rods can be controlled via the chosen capping agent. [  49  ]  In 

this study, an increase in the ratio of oleylamine (OLA) to 

oleic acid (OA) resulted in a higher nanorod AR. To obtain 

highly monodispersed nanorods with controlled ARs, as-

synthesized nanorods were purifi ed using a procedure from 

literatures. [  47  ,  48  ,  50  ]  

   Figures 1  a,b,c present transmission electron microscopy 

(TEM) images of CuPt nanorods with ARs of 1, 5 and 11, 

respectively. These images show that all of the OA- and 

OLA-coated CuPt nanorods were well-dispersed in hexane. 

It should be noted that as the long axis increased to 2.6, 

14.0, and 27.7 nm for CuPt nanorods with ARs of 1, 5 and 

11, respectively, the short axis for the nanorods remained 

constant at 2.6 nm. Therefore, this system is ideal for investi-

gating the effect of AR on the properties of nanorods.  

 The azide functionalized CuPt (CuPt-N 3 ) nanorods were 

synthesized as follows. First, azide-functionalized ligands with 

a thiol end-group, 10-azidododecane-1-thiol, were synthe-

sized from 11-bromo-1-undecene. [  51  ]  The azide-functionalized 

thiols were used to replace the surface-capping agents on the 

CuPt nanorod surface  via  a ligand exchange reaction because 

thiol-terminated ligands can bind to the surface of various 

inorganic nanoparticles (e.g., Au, Ag, Pt, etc.) more strongly 

than ligands with other functional end groups. [  52–55  ]  After the 

ligand exchange, all of the CuPt nanorods with different ARs 

were well dispersed in tetrahydrofuran (THF) without any 

aggregation or change in size or shape. For example, the TEM 

images in Figure  1 a,d show the identical shapes and sizes of 

the CuPt nanorods (AR  =  1) before and after azide function-

alization. In addition, the attenuated total refl ectance-Fourier 

transform infrared (ATR-FTIR) spectrum in  Figure    2   reveals 

the strong signal of CuPt-N 3  at 2100 cm  − 1 , which is a signature 

of the azide functional groups. Therefore, it can be concluded 

that the CuPt nanorods were successfully functionalized by 

azide-functionalized thiols.    

 2.2. Preparation and Characterization of a CuPt-GO Composite 

 The schematic procedure of our approach to produce CuPt-

GO by click chemistry was illustrated in  Scheme    1  . First, the 

GO was prepared using the modifi ed Hummers method. [  56  ]  

The successful synthesis of GO can be confi rmed using X-ray 

diffraction (XRD) and atomic force microscopy (AFM) 

measurements, as shown in the Supporting Information 

(SI), Figure S1. The XRD pattern of the synthesized GO 

exhibits a peak at 2 θ   =  10.15 ° , which corresponds to an inter-

layer d-spacing of 0.87 nm. This spacing is consistent with 

the values for GO reported in the literature. [  57  ]  The AFM 

image confi rmed that the synthesized GO had a thickness of 
erlag GmbH & Co. KGaA, Weinheim small 2012, 8, No. 20, 3161–3168



‘Click’ CuPt Nanorod-Anchored Graphene Oxide as a Catalyst in Water

     Figure  1 .     TEM images of OA/OLA-coated CuPt nanorods with ARs of (a) 1, (b) 5 and (c) 11. (d) CuPt-N 3  nanorods (AR  =  1) dispersed in THF. Scale 
bar is 20 nm.  
approximately 0.8 nm. Then, a two-step approach was used to 

graft the alkyne groups to the GO via an acylation reaction 

of carboxylic acid on the GO surface. Finally, during the click 
© 2012 Wiley-VCH Verlag Gm

     Figure  2 .     ATR-FTIR spectra of (a) 10-azidodecane-1-thiol, (b) OA/OLA-
coated CuPt nanorods (AR  =  5) and (c) CuPt-N 3  nanorods (AR  =  5). In 
(c), the peak at  ∼ 2100 cm  − 1  shows the presence of the azide groups on 
the CuPt-N 3  surface.  
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reaction step, CuPt-N 3  nanorods were added and reacted in 

high yield with the alkyne groups on the GO surface. Subse-

quently, unreacted CuPt nanorods were thoroughly removed 

via repeated washing with THF and dimethylformamide 

(DMF).  

   Figure 3   shows TEM images of CuPt-GO. To demonstrate 

the effectiveness of our universal approach, CuPt nanorods 

with different ARs were attached to the GO using click 

chemistry. Independent of shape or size, the CuPt-N 3  nano-

rods could be attached to the alkyne-GO surface by forma-

tion of covalent linkages. CuPt nanorods were also found 

to be distributed over the entire GO surface, including the 

edges and basal planes of the GO. In a control experiment, 

the alkyne-GO was reacted under the same conditions as the 

CuPt-GO preparation using unmodifi ed OA/OLA coated 

CuPt nanorods. After the reaction, however, no grafted CuPt 

nanorods were found on the GO surface. The results dem-

onstrate the importance of our click reaction in producing 

CuPt-GO composites.  

 To monitor the progress in the formation of alkyne-GO 

and its click reaction with CuPt-N 3 , ATR-FTIR spectra of (a) 

GO, (b) alkyne-GO, (c) CuPt-N 3  and (d) CuPt-GO were taken 

and compared. ( Figure    4   and SI, Figure S2) A comparison of 
3163www.small-journal.combH & Co. KGaA, Weinheim
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     Scheme  1 .     Schematic illustration of our “click” approach to producing CuPt-GO.  
the FTIR spectra in SI, Figure S2a,b shows that new peaks 

occur between 2800 and 3000 cm  − 1  after the alkyne modifi -

cation of the GO. These peaks occur due to alkyl stretching 

vibrations from the alkyl group between the alkyne and ester 

groups (SI, Figure S2), indicating the successful grafting of 

the alkyne group onto the GO. The ATR-FTIR spectra of 

the CuPt-N 3  nanorods in Figure  4 c show a strong peak at 

2100 cm  − 1 , which is a signature of the azide functional groups 

on the nanorod surface. After the click reaction between the 

alkyne-GO and CuPt-N 3 , as shown in Figure  4 d, the peak at 

2100 cm  − 1  is almost disappeared. Instead, a strong signal with 

a peak at 1640 cm  − 1  was found, which is a signature of tria-

zole ring that is formed by click reaction between the CuPt-

N 3  nanorods and the alkyne-GO. [  58  ]   

 The X-ray photoelectron spectroscopy (XPS) spectra 

prove the formation of the CuPt-GO and monitor the com-

pletion of each reaction step.  Figure    5  b shows a peak at 

399 eV in the N1s spectrum of the OA/OLA-coated CuPt 

nanorods due to NH 2  functional groups of OLA on the CuPt 

nanorods. [  59  ]  The XPS spectrum of the CuPt-N 3  nanorods in 
64 www.small-journal.com © 2012 Wiley-VCH Verlag GmbH & Co. KGaA

     Figure  3 .     TEM images of CuPt-GO with anchored CuPt nanorods of different ARs. (a) CuPt-GO 
(AR  =  1) and (b) CuPt-GO (AR  =  5). Scale bar is 20 nm.  
Figure  5 c shows two peaks at 404.5 eV and 

400 eV, which confi rms the presence of 

azide groups on the nanorods. [  44  ]  In par-

ticular, the intensity ratio of the peak at 

400 eV to that at 399 eV is very large, indi-

cating that the ligand exchange procedures 

by the azide groups on the CuPt nanorods 

were highly effective. The intensity ratios 

of the peaks at 404.5 eV and 400 eV in 

Figure  5 c,d were compared to monitor 

the progress of the click reaction between 

the CuPt-N 3  and the alkyne GO. Whereas 

the intensity ratio was 1:2 (404.5 eV to 

400 eV) in the CuPt-N 3  nanorods, the 

peak intensity at 404.5 eV decreased sig-

nifi cantly after the click reaction, causing 

the peak intensity ratio to decrease to 

1:5. (Figure  5 d) Because the triazole ring 

(a click product derived from the azide 

and alkyne groups) shows a signal only 
at 400 eV, [  60  ]  the peak intensity at 404.5 eV decreases signifi -

cantly as the azide group is transformed into the trizole ring. 

This proves that click reaction has been successful, which is 

consistent with the previous ATR-FTIR results.  

 It is worth noting that our click chemistry-based system 

has unique advantages. First, azide-functionalized thiols can 

be easily attached to any shape and any species of metal nan-

oparticle through a simple ligand exchange. Usually, method 

of  in situ  growth of nanoparticle on the GO surface can make 

only one species of nanoparticle such as Au and Pt. [  24  ,  61  ]  

However, with our method, it is possible to attach bimetallic 

nanoparticles (i.e., CuPt). This means that we can introduce a 

variety of functional properties to the nanoparticle-GO com-

posite. In addition, our approach provides much better con-

trol in the characteristics and dispersion of nanoparticles on 

the GO compared to the  in situ  growth of nanoparticles on 

the GO surface. [  24  ]  Furthermore, unlike other reactions, our 

click approach can function under very mild reaction condi-

tions (e.g., at room temperature), thus preventing any aggre-

gation or degradation of nanoparticles during the reaction.   
 2.3. Catalytic Behavior of CuPt-GO 
Composites 

 As shown in the previous report, Pt alloy 

nanoparticles are known to catalyze the 

decomposition of superoxide free radicals 

and H 2 O 2 . 
[  62  ]  The shape, size and composi-

tion of Pt alloy nanoparticles are critical in 

determining their catalytic properties, and 

nanoparticles with the appropriate properties 

are typically synthesized using organic mate-

rials such as stabilizing ligands, which makes 

the nanoparticles only soluble in organic sol-

vents. [  63  ,  64  ]  However, the use of polar solvents 

(and water in particular) for nanoparticle 

applications is important due to environ-

mental, economical and safety concerns. 
, Weinheim small 2012, 8, No. 20, 3161–3168
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     Figure  6 .     OPD oxidation using CuPt-GO with various CuPt ARs as 
catalysts was monitored by UV-Vis absorbance measurements at 
425 nm as a function of reaction time. CuPt-N 3  and unfunctionalized 
GO were used as the control.  
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     Figure  4 .     ATR-FTIR spectra of (a) GO, (b) alkyne-GO, (c) CuPt-N 3  nanorods 
and (d) CuPt-GO.  
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 In the present case, a peroxidase-like OPD oxidation 

reaction was obtained with a CuPt-GO composite as a cata-

lyst in the aqueous phase because GO is able to function in 

polar solvents as a catalytic support for CuPt nanorods. This 

type of enzyme-mimicking reaction occurs in the aqueous 

phase, where OPD is oxidized into a yellow solution of 

2,3-diaminophenazine during the reaction. UV-Vis spectros-

copy is used to monitor the progress of the OPD reaction by 

measuring the increase in peak intensity at 425 nm. To con-

fi rm that CuPt nanorods with various ARs show catalytic 

activity even when immobilized on GO, the OPD oxidation 

reaction was performed using the same Pt amount in each 

sample. The UV-Vis absorbance spectrum in  Figure    6   dem-

onstrates that GO without CuPt nanorods shows no catalytic 

activity. The UV-Vis absorbance spectra of the unmodifi ed 

GO were similar to those of OPD reactions without catalysts. 

In contrast, CuPt-GO with various CuPt ARs exhibited a 

drastic increase in absorbance at 425 nm. This means that the 

CuPt nanorods on the GO acted as catalysts in the oxidation 

of OPD in the aqueous phase, and the GO was successfully 
© 2012 Wiley-VCH Verlag GmbH

     Figure  5 .     N1s XPS spectra of (a) alkyne-GO, (b) OA/OLA coated CuPt, 
(c) CuPt-N 3  nanorods (AR  =  5) and (d) CuPt-GO (AR  =  5).  
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used as a catalytic nanorod support for organic transforma-

tions. CuPt nanoparticle-GO (AR  =  1) showed higher cata-

lytic property than other CuPt nanorod-GO (ARs  =  5 and 

11). These results are consistent with our previous research, 

which showed that CuPt nanoparticles (AR  =  1) exhibited 

greater catalytic activity than did CuPt nanorods (ARs  =  5 

and 11) because of the difference in Pt composition on the 

surface of the nanorods. [  48  ]  For control experiment, the cata-

lytic properties of ungrafted CuPt-N 3  nanoparticles (AR  =  1) 

in water were measured to compare the effect of immobili-

zation via ‘click chemistry’. The catalytic reaction was per-

formed under identical condition to that for CuPt-GO. The 

amount of CuPt-N 3  nanoparticles (AR  =  1) was controlled to 

contain 170  μ M of Pt in 2.85 ml water, which is exactly same 

amount and concentration of Pt used in the catalytic experi-

ment of CuPt-GO. As shown in Figure  6 , the UV-Vis absorb-

ance spectra of CuPt-N 3  nanoparticles (AR  =  1) are same as 

those of OPD reactions without any reagent, indicating that 

CuPt-N 3  nanoparticles (AR  =  1) do not show any catalytic 

activities. This result is due to severe aggregation of the unat-

tached nanoparticles in water phase. This demonstrates that 

CuPt nanoparticles attached on GO are solely responsible 

for catalytic properties for CuPt-GO samples.     

 3. Conclusion 

 In this study, an effective approach to preparing CuPt-GO 

was developed using click chemistry. CuPt nanorods with var-

ious ARs were synthesized by thermal decomposition. Using 

simple ligand exchange, CuPt nanorods were functionalized 

with azide groups. The CuPt nanorods were then anchored 

to the GO without aggregation. This approach affords a 

facile means of anchoring various shapes and sizes of nano-

rods on the GO. Although CuPt nanorods are originally 

nonpolar, because of oxygen-containing groups on the GO, 

CuPt-GO was successfully employed in catalytic reaction of 

OPD oxidation in water phase. This result demonstrates that 
3165www.small-journal.com & Co. KGaA, Weinheim
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nonpolar CuPt nanorods on GOs exhibit catalytic activity in 

the aqueous phase and that GO can be used as a catalytic 

nanorod support for organic transformation. Considering the 

potential applications of nanoparticle-GO composites, we 

believe that this approach can be easily extended to design 

other functional nanoparticles with graphene for electronic 

and environmental applications.   

 4. Experimental Section 

  Materials : 11-bromo-1-undecene, thioacetic acid, sodium 
azide, acetyl chloride, copper acetylacetonate (Cu(acac) 2 ), plat-
inum acetylacetonate (Pt(acac) 2 ), 1,2-hexadecanediol, OA, OLA, 
1-octadecene, OPD, potassium persulfate, phosphorus pentoxide, 
triethylamine (TEA), propargyl alcohol, copper bromide (CuBr), 
and  N,N,N ′ ,N ′  ′ ,N ′  ′  -Pentamethyldiethylenetriamine (PMDETA) were 
purchased from Sigma-Aldrich. Azobisisobutyronitrile (AIBN) and 
KMnO 4  are purchased from Junsei. Graphite powders are pur-
chased from Graphit Kropfmuhl. 

  Synthesis of 11-(Bromoundecyl)thioacetate : 11-bromo-1-
undecene (2.0 g, 8.58 mmol), thioacetic acid (3.3 g, 42.9 mmol), 
and AIBN (704 mg, 4.29 mmol) were dissolved in toluene (50 mL). 
A fl ow of argon was bubbled through the reaction for 1 hr. Then, 
the mixture was stirred at the refl ux temperature for 4 hrs under 
argon atmosphere. The resulting mixture was diluted with diethyl 
ether (200 mL) and the separated organic layer was washed with 
DI water and brine, dried over MgSO 4 , and concentrated  in vacuo . 
The crude product was purifi ed by column chromatography on 
silica gel using hexane: CH 2 Cl 2  (2:1) as the eluent to yield 11-(bro-
moundecyl)thioacetate (2.31 g, 87%) as a colorless oil.  1 H NMR 
(300 MHz, CDCl 3 , δ ): 3.41 (t, 2H,  J   =  6.9 Hz, CH 2 -Br), 2.86 (t, 2H,  J  
 =  7.2 Hz, CH 2 -S), 2.32 (s, 3H, CO-CH 3 ), 1.85 (q of t, 2H,  J   =  7.8 Hz, 
Br-CH 2 -CH 2 ), 1.56 (m, 2H, S-CH 2 -CH 2 ), 1.27 (m, 14H). 

  Synthesis of 11-(Azidoundecyl)thioacetate : 11-(bromoundecyl)
thioacetate (450 mg, 1.45mmol), sodium azide (805.5 mg, 
12.3mmol) were dissolved in DMF (10 mL). The mixture was heated 
to 60  ° C for 10 hrs. The DMF was removed under vacuum and the 
resulting crude was dissolved in CH 2 Cl 2  and washed with DI water and 
brine. The organic layer was dried over MgSO 4  and the solvent was 
removed  in vacuo  to yield 11-(azidoundecyl)thioacetate (378 mg, 
96%).  1 H NMR (300 MHz, CDCl 3 , δ ): 3.19 (t, 2H,  J   =  8.8 Hz, CH 2 -N 3 ), 
2.79 (t, 2H,  J   =  7.2 Hz, CH 2 -S), 2.25 (s, 3H, CO-CH 3 ), 1.51 (m, 2H, 
CH 2 -CH 2 -S), 1.20 (m, 16H). 

  Synthesis of 10-Azidodecane-1-thiol : 11-(azidoundecyl)thioac-
etate (378 mg, 1.39 mmol) was dissolved in anhydrous methanol 
(10 mL). Acetyl chloride (1 mL) was then added dropwise to the 
solution under argon atmosphere and at 0  ° C. The subsequent 
solution was allowed to warm to room temperature for 3 hrs, and 
the resulting mixture was diluted with diethyl ether. The sepa-
rated organic layer was washed with DI water and brine, dried 
over MgSO 4 . The combined organic layer was concentrated under 
vacuum to give product (276.7 mg, 86.8%).  1 H NMR (300 MHz, 
CDCl 3 , δ ): 3.19 (t, 2H, J  =  6.8 Hz, CH 2 -N 3 ), 2.46 (q, 2H, J  =  7.3 Hz, 
CH 2 -S), 1.54 (m, 6H), 1.21 (m, 16H). 

  Synthesis of CuPt Nanorods with Various ARs : CuPt nanorods 
were synthesized by the thermal degradation method with the 
standard air free technique. [  47  ,  48  ]  Typically, Cu(acac) 2  (24 mg) and 
Pt(acac) 2  (43 mg) were dissolved in 1-octadecene (5 mL). OA and 
6 www.small-journal.com © 2012 Wiley-VCH V
OLA as capping agents (OA (1.5 mL) for spherical nanoparticles, 
OLA (0.8 mL) and OA (0.6 mL) for short nanorods, OLA (1.2 mL) 
and OA (0.8 mL) for long nanorods) and 1,2-hexadecanediol as the 
reducing agent (105 mg) were added to the reaction mixture. The 
solution was heated and stirred at 120  ° C under a nitrogen atmos-
phere for 20 min to melt the precursors. The temperature was 
then increased to 225  ° C and maintained for 30 min to prepare 
the product. The solution was cooled down to room temperature, 
and the product was precipitated in ethanol by centrifugation at 
3600 rpm for 10 min. This sequence of steps afforded a precipitate 
that could be dispersed in hexane, cyclohexane and toluene. To 
purify synthesized nanorods, two different purifi cation steps were 
performed. In the fi rst step, synthesized nanorods were dispersed 
in a 50: 50 mixture of hexane and acetone and the desired product 
was separated by precipitation at 3600 rpm. In the second step, 
the density-gradient method was used for complete purifi cation by 
following previous literatures. [  47  ,  48  ,  50  ]  

  Ligand Exchange to Form CuPt-N 3  Nanorods : The CuPt nano-
rods and 10-azidodecane-1-thiol molecules (37 mg and 26 mg for 
spherical nanoparticles, 27 mg and 12.4 mg for short nanorods, 
40 mg and 21.5 mg for long rods, respectively) were mixed in tol-
uene (10 mL) at 40  ° C for 2 days under argon atmosphere. Then, 
CuPt nanorods were washed several times with hexane to remove 
residual unattached ligands. 

  Preparation of Alkyne-GO : The GO was synthesized using a 
modifi ed Hummers method. [  56  ]  The alkyne-GO was prepared fol-
lowing a procedure from the literature. [  45  ]  The GO (100 mg) was 
refl uxed in SOCl 2  (20 mL) at 70  ° C for 24 h. After the excess SOCl 2  
had been removed under reduced pressure, the products were 
dried  in vacuo . Propargyl alcohol (2 mL), distilled dichloromethane 
(2 mL) and triethylamine (1 mL) were added dropwise at 0  ° C. The 
mixture was stirred at 0  ° C for 1 h and then at room temperature 
for 24 h. The powders were washed with an excess amount of eth-
anol and DI water. After washing, the resulting powders were dried 
 in vacuo  overnight. 

  Click Reaction of CuPt-N 3  with Alkyne-GO via a CuAAC Reac-
tion : Terminal alkyne-GO (20 mg), CuPt-N 3  nanorods (20 mg), CuBr 
(6.2 mg, 0.043 mmol), PMDETA (10  μ L, 0.051 mmol), DMF (dis-
tilled, 15 mL), and THF (5 mL) were added to a 50 mL fl ask. After 
degassing, the reaction mixture was stirred under nitrogen at room 
temperature for 48 hrs. As the CuAAC reaction fi nished, the mixture 
was dissolved in THF and DMF and fi ltered through a 220 nm PTFE 
membrane for several times. The collected powders were dried  in 
vacuo . 

  Oxidation Reaction of OPD : The catalytic property of the CuPt-
GO was measured using a modifi ed procedure from the litera-
ture. [  48  ]  CuPt-GO composites with CuPt nanorods with various ARs 
were used as catalysts in the oxidation of OPD in the presence of 
H 2 O 2 . An oxidation reaction was preceded in the H 2 O solution. Each 
type of CuPt-GO was dispersed in H 2 O (2.85 mL). Then, 30% H 2 O 2  
(100  μ L) and 0.02 M OPD (50  μ L) were added to the H 2 O solution, 
and the total volume of the solution was maintained at 3 mL. The 
amount of Pt in the solution was kept constant at 170  μ M. Based 
on the inductively coupled plasma (ICP) analysis of Pt in the CuPt-
GO, the amount of each type of CuPt-GO was controlled to deter-
mine the effect of the AR on the catalytic property. The progress 
of the oxidation reaction was monitored at room temperature by 
recording UV-Vis absorption spectra at 5 min intervals using the 
scanning kinetics mode. 
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