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Experimental Section

Materials

Polyacrylonitrile (PAN, Mw = 80,000) was purchased from Kunshan Hongyu 

Plastic Co., Ltd. (Kunshan China); N, N-dimethylformamide (DMF, A.R.) was 

supplied from Tianjin Fengchuan Chemical Reagent Science and Technology Co., Ltd. 

(Tianjin China); β-cyclodextrin (β-CD) and Copper nitrate hydrate (Cu(NO3)2·3H2O, 

A.R.) were purchased from Sinopharm Chemical Reagent Co., Ltd. (China). All the 

other chemicals used in the experiment were purchased in analytical purity and were 

used without any purification.

Preparation of β-CDs/PAN composite nanofibers by electrospining

In a typical procedure, the PAN (poly (acrylonitrile)) powders were dissolved in 

DMF solvent to make solutions with a concentration of 10 wt. %, followed by 

vigorous stirring to a homogeneous and clear polymer solution at room temperature. 

Subsequently, a controlled amount of β-CD was added to the resulted PAN/DMF 

polymer solution when its concentration was 4 wt. % and stirred at 24 h to obtain β-

CDs/PAN/DMF solutions for electrospinning. During electrospinning, the applied 

voltage was held constant at 15 kV, and the distance between the polymer solution 

and the aluminum foil collection screen was kept at 18 cm. The dry fibers were 

collected as a fiber mat on the aluminum foil and stored at room temperature.

Preparation of β-CDs/PAN composite nanofibers containing copper 

nanoparticles

Adsorption of copper ions on the surface of the β-CDs/PAN composite 

nanofibers was achieved by immersing the β-CDs/PAN composite nanofibers into the 

copper precursor solution at room temperature. Copper nitrate hydrate, which is often 
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used in the preparation of copper nanoparticles, has been shown the advantage. The 

complexation of hydroxyls in the β-CDs with Cu ions can lead to coordination of Cu 

ions on the fiber surface. Cu ions were adsorbed on the electrospun β-CDs/PAN 

composite nanofibers peeled from the aluminum foil by dipping them in a 0.2 M 

copper nitrate solution. After soaking for 24 h in the blue copper nitrate solution, the 

white β-CDs/PAN composite fibers changed from white to light blue consistent with 

the adsorption of Cu ions on the fibers. The fibers were thoroughly rinsed with 

deionized water and ethanol to remove excess metal ions which were not anchored. 

Subsequently, the fibers were dried at room temperature. The Cu ions loaded fibers 

were then reduced after dipping into a 0.05 M NaBH4 aqueous solution (ice-salt 

bath,-2°C). After reduction, the fiber color changed from light blue to dark brown, 

which indicating the conversion from the copper ion to copper metal. 

Preparation of CuNPs/CNFs composite nanofibers

The CuNPs/CNFs composite nanofibers were obtained as follows: (i) the as-

prepared composite nanofibers pre-oxidized treatment, temperature-programmed 

heating with a heating rate of 5 °C min-1 from room temperature to 250 °C and kept 

for 2 h, (ii) temperature-programmed heating with a ramping rate of 3 °C min-1 to 

600°C under N2 atmosphere and kept for 2 h, (iii) cooling down to room temperature. 

The whole process was in a tubular electrical furnace.



Fig.1-1 EDS signature of the CuNPs/CNFs catalyst

                 
Tab.1-1 Element table

Fig.1-1 showed the energy dispersive spectrum of the CuNPs/CNFs catalyst, and 
Tab.1-1 showed the element content of the CuNPs/CNFs catalyst. It indicated that the 
atomic percentage of copper is 1.51%, at the same time, the atomic percentage of 
copper provided by XPS data is 1.49%. Hence, the loading of copper in catalyst is 
about 1.5%.

                 

                  

Element Weight% Atomic%

     

C K 61.09 69.01

N K 20.66 20.01

O K 11.17 9.48

Cu K 7.07 1.51

Totals 100.00
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NL:
3.10E7
TIC  MS 
2014-5-6 3#

N

N

2014-5-6 3# #513 RT: 6.44 AV: 1 NL: 2.98E6
T: + c Full ms [ 50.00-650.00]
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Entry 2

RT: 0.00 - 13.02
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NL:
2.87E7
TIC  MS 
2014-5-6 4#

N

2014-5-6 4# #435 RT: 5.68 AV: 1 NL: 1.16E7
T: + c Full ms [ 50.00-650.00]
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Entry 3
RT: 5.08 - 8.15
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NL:
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2014-05-12 2# #432 RT: 5.86 AV: 1 NL: 5.25E4
T: + c Full ms [ 50.00-650.00]
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