
1. Chemical structure of PAAM, SA, CNT, NC and NS 

For better understanding the FTIR results, the spectra of PAAM, SA, CNT, NC and NS 

present in Figure S1. It can be seen that the absorption peaks at 3340 cm−1 which were 

attributed to the stretching of –OH was shown in all the spectra, suggesting the presence of 

hydroxyl groups on the surface of three inorganic nanoparticles. The IR spectrum of PAAM 

exhibited characteristic peaks at 3426 and 3228 cm-1, representing asymmetric and symmetric 

N–H stretching vibrations [1]. The peaks at 1135 cm-1 implied the C–N and N–H at CONH2 

group [2] and the bands at 1662, 1610 and 2930 cm-1 assigned to CO stretching, NH bending, 

CH stretching, respectively. In the spectrum of SA, two bands at 1617 and 1413 cm-1 

corresponded to COO- group and one sharp peak at 1035 cm-1 were responsible for C-O 

vibration. Moreover, the characteristic peak appeared at 813 cm-1 on SA depicted the Na-O 

vibration [3]. Due to the vibration of the carbon skeleton, the spectrum of CNT showed a 

characteristic band at 1560 cm−1 [4]. The absorption peaks at 1640 cm−1 and 1099 cm−1 may 

originate to O-H vibrations of adsorbed water and C-O-C bending on CNT [5]. For IR 

spectrum of NC, the absorption bands in the range of 838 cm-1-450 cm-1 were attributed to 

–OH bending and M–O (M denotes Si or other metal cations existed in clay) [6]. Particularly, 

the two peaks at 796 and 592 cm−1 of NC were ascribed to the deformation vibration of 

Al–O–Si bonds [7]. The analyzing of NS spectrum was specified in the manuscript.  

 
Figure S1. FTIR spectra of PAAM, SA, CNT, NC and NS. 

2. The effects of pH and adsorbent dosage on adsorption  
The adsorption experiments were carried out by using 120mg prepared hydrogels in 150 

ml of Cu2+ solution at 25°C. For investigating the effect of pH on adsorption, the concentration 
of Cu2+ was selected as 150mg/L. For inquiring the effect of hydrogel dosages on adsorption, 
various Cu2+ concentrations (20-120mg/L) were applied to the experiments. After reaching 
absorbent equilibrium, the adsorbents were removed from the solution. The concentrations of 
Cu2+ were determined by Flame Atomic Absorption Spectrometer (FAAS, TAS-990, Persee, 



Beijing, China).  

 
Figure S2. The adsorption of Cu2+ on hydrogels: (a) the effects of pH; (b) the absorbent 
dosages versus the adsorption capacities at equilibrium; (c) the absorbent dosages versus 
removal efficiencies. 

Figure S2a displays the absorption capacities of the hydrogels to Cu2+ at pH ranging from 
2 to 6. In this study, pH above 6.0 was not studied because the Cu(OH)2 would be produced at 
pH higher than 6.0. At pH ranging of 2-6, the adsorption abilities of the hydrogels were 
gradually increased with the increasing of pH. The adsorption rates were low at pH level of 
2-3. The possible reason was that the -NH2 groups in the PAAM chains were protonated 
resulting in a positively surface charge of the hydrogels. Hence, the electrostatic repulsion 
between positively charged hydrogel surface and positively charged Cu2+ inhibited the 
adsorption of Cu2+ on hydrogels. In addition, there were more H+ at lower pH levels and these 
H+ could compete with Cu2+ for the adsorption site, which also led to a decrease in adsorption 
capacity [8]. With the increasing of pH values, -NH2 groups were not ionized whereas 
-COOH and –OH groups were ionized. The negatively charged –COO- and -O- groups 
improved the adsorption by electrostatic interactions with Cu2+ [9]. The obtained results are in 
accordance with previous literatures [8-10]. The effects of the amounts of adsorbent on the 
adsorption of Cu2+ are showed in Figure S2b and S2c. The adsorption capacities decreased 
with the increasing of the sorbent dosage from 20 to 120mg, however, the total removal 
efficiencies of Cu2+ gradually increased. This phenomenon was attributed to the number of 
active groups on the surface of the hydrogel increased for adsorbing Cu2+ [10, 11]. 
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