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S1. Calibrations of the viscometer 

Calibrations of the viscometer are done by using five standard fluids of silicon oil with viscosities of 

50, 100, 500, 1000, and 5000 mPa.s and a standard fluid of mineral oil with viscosity of 11000 mPa.s, 

which can match with the viscosity ranges of the HPAM/Cr3+ systems in the experiment. Then a 

suitable spindle is selected according to the viscosity value to give viscosity reading between 10% and 

100% of full scale range. The results of viscosity measurement are shown in Fig. S1. From Fig. S1a, b, 

and c, it can be observed that the viscosity readings are within the allowable 1% deviation of the 

viscosities of the used standard fluids. Thus, the selected parameters of the viscometer can be used to 

measure the viscosities of the HPAM/Cr3+ systems. 
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Fig. S1 The measured viscosities of standard liquids by DV-III Brookfield viscometer at room 

temperature in the experiment. (a: the measured viscosities of two standard fluids of silicon oil with 

viscosities of 50 and 100 mPa.s; b: the measured viscosities of two standard fluids of silicon oil with 

viscosities of 500 and 1000 mPa.s; c: the measured viscosities of a standard fluid of silicon oil with 

viscosity of 5000 mPa.s and a standard fluid of mineral oil with viscosity of 11000 mPa.s.) 

 

S2. AFM and SEM images of HPAM and the system of HPAM/Cr
3+
 

The AFM and SEM images of HPAM and the system of HPAM/Cr
3+
 are shown in Fig. S2, Fig. S3, 

and Fig, S4. Fig.S2 shows the AFM images of HPAM and the system of HPAM/Cr3+ by intramolecular 

cross-linking.1 Fig. S3 shows the SEM images of HPAM and the system of HPAM/Cr3+ by 

intramolecular cross-linking.
2-4
 Fig.S4 shows the SEM images of the system of HPAM/Cr

3+
 by 

intermolecular cross-linking.
5
 From Fig. S2 and Fig. S3, it can be observed that there is no obvious 

difference before and after intramolecular cross-linking. However, by comparing Fig. S4 to Fig. S3, it 

can be observed that the morphology of the system of HPAM/Cr3+ after intermolecular cross-linking is 

apparently different from that of HPAM or the system of HPAM/Cr3+ after intramolecular 

cross-linking. 
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Fig. S2. AFM images of HPAM and the system of HPAM/Cr
3+
 by intramolecular crosslinking. (a: the 

morphology of HPAM; b: the morphology of the system of HPAM/Cr
3+
 by intramolecular crosslinking.) 

(Chen et al.
1
) 

          

 

Fig. S3. SEM images of HPAM and the system of HPAM/Cr3+ by intramolecular crosslinking. (a: the 

morphology of HPAM; b: the morphology of the system of HPAM/Cr
3+
 by intramolecular crosslinking.) 

(Lu et al.
2
; Jiang et al.

3
; Lu et al.

4
) 

 

 

Fig. S4 SEM image of the system of HPAM/Cr
3+
 by intermolecular crosslinking. (Yu et al.

5
) 
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