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Section S1. The Standard Curve of Curcumin 

 

 

 

 

 
Figure S1. The relationship between the absorbed intensity and the Cur various 

concentrations of 2 – 20 mg L-1 by linear fitting. 
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Section S2. Elemental Mapping Spectroscopy 

 

 

 
Figure S2. Elemental mapping by SEM-EDX of activated ZIF-68. 
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Section S3. The Stability of ZIF-68 after Cur Loading 

 

 

 

 
Figure S3. The PXRD pattern of activated ZIF-68 (black) in comparison with the PXRD 
pattern of Cur@ZIF-68 preserved for 1 month (red) (a); The FT-IR spectra of activated 
ZIF-68 (black) in comparison with the PXRD pattern of Cur@ZIF-68 preserved for 1 
month (red) (b); SEM image at a scale bar of 2μm (c) and TEM image at a scale bar of 

100 nm (d) of Cur@ZIF-68 preserved for 1 month.   
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Section S4. X-ray Photoelectron Spectroscopy 

 

 

 

 
 

Figure S4. The high-resolution spectrum of Zn 2p in Cur@ZIF-68. 
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Section S5. In Vitro Drug Release Experiments 

 

 

 

 

 
Figure S5. The PXRD pattern of ZIF-68 (black) in comparison with the PXRD patterns 

of Cur@ZIF-68 immersed at pH = 7.4 (red) and 5.0 (blue) after 120 h 
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Figure S6. The release profile of Cur@ZIF-68 at pH 5.0 
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Figure S7. The release profile of Cur@ZIF-68 at pH 7.4 

 

 



S9 
 

Section S6. Bright-Filed Microscopy Images 

 

 

 

 
Figure S8. The bright-field microscopy images of ZIF-68 were collected from the 

cytotoxicity experiment towards the HDF normal cells. 
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Figure S9. The bright-field microscopy images of Cur@ZIF-68 were collected from the 

cytotoxicity experiment towards the HDF normal cells 
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Section S7. The Loading Studies of Cur over ZIF-68 

The drug loading content (DLC) and drug loading efficiency (DLE) of ZIF-68 are 

determined by the following equations: 

                          DLC(%) = (amount of loaded drug) 

                                           /(total amount of drug loaded nanoparticles) x 100%          (S1) 

                           DLE(%) = (amount of loaded drug) 

                                           /(total amount of feeding drug) x 100%                               (S2) 

The linear forms of the Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich (DR) 

are exhibited by the equations (S3)-(S6): 

                                     ln( )RTq k Ce eTb
                                                                        (S5) 

                                    
2ln ln -e DRq k C                                                                    (S6)                 

Where Ce (mg L-1) and qe (mg g-1) are the Cur concentration and uptake capacity at 

equilibrium, respectively, qm (mg g-1) is the theoretical maximum capacity of the Cur 

loading. KL (L mg-1) and KF (mg g−1 (L g−1)1/n) indicate the Langmuir and Freundlich 

constants, respectively. 1/n parameter represents the uptake index of Freundlich isotherm. 

R is the gas constant, β and kT are the constant of adsorption heat and the constant of 

Temkin, respectively, and T is the adsorption temperature. Meanwhile, kDR and C are the 

constants of DR isotherm and the adsorption energy per adsorbent molecule, and ɛ is a 

constant. 

The separation coefficient of RL is calculated by equation (S7): 

                                     1R =L 1 + K CoL
                                                                          (S7) 

Where Co and KL are the initial concentration of Cur and the constant of Langmuir, 

respectively. 

 

                                        
1C Ce e

q qK qe mmL
                                                                          (S3) 

                                  1log log logq K Ce eF n                                                              (S4) 
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The pseudo-first-order and pseudo-second-order kinetics are used to confirm the uptake 

rate of Cur onto ZIF-68, which are illustrated by the equations: 

                                     ln( ) ln fq q q k te t e                                                              (S8) 

                                     2
1
.

t t
q qk qt es e

                                                                         (S9) 

Where qt and qe are the Cur adsorption amount at t and equilibrium, kf and ks are the rate 
constants of pseudo-first-order and pseudo-second-order models, respectively. 
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Section S8. The In Vitro Release Testing of Cur@ZIF-68 

The linear forms of the kinetic models such as zero-order, first-order, Higuchi, 

Korsmeyer−Peppas, and Hixson-Corwell are clearly described in the equations (S10)-

(S14).  

                                                o oQ Q k tt                                                                  (S10) 

                                         1log log oQ Q k tt                                                              (S11) 

                                                1/2
HQ k tt                                                                     (S12) 

                                                / n
KPQ Q k tt                                                              (S13) 

                                          1/3 1/3
o t HCW W k t                                                             (S14) 

Where Qo, Qt, and Q∞ are the original amount of Cur, cumulative Cur release at t time, and 
at infinite time, respectively. n is the release exponent of the Korsmeyer−Peppas model. 
Wo and Wt are the cubic root of the Cur remaining content at original and t time, 
respectively. ko, k1, kH, kKP, and kHC are the rate constants of the zero-order, first-order, 
Higuchi, Korsmeyer−Peppas, and Hixson-Corwell models. 
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Table S1. The data calculated from the isothermal models for the Cur loading  

onto ZIF-68 

 

Isotherms Paramaters Value 

Langmuir                                                       qm (mg g-1) 833.3 

  KL (L mg-1)  0.013 

  R2 0.996 

 RL 0.1 

Freundlich  1/n 0.5381 

  KF (mg g-1 (L g-1)1/n)   33.61 

  R2   0.960 

Temkin  b 13.48 

  kT (L mg-1)    0.094 

  R2   0.982 

Dubinin-Radushkevich (DR) C (mol2 J2)   3.9 × 10-5 

 kDR (mg g-1) 537.32 

 R2   0.769 
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Table S2. Pseudo-first-order and second-order-models parameters for the adsorption  

of Cur over ZIF-68 

Kinetic models Paramaters Value 

Pseudo-first-order                                                    qe (mg g-1) 16.68 

 Kf (min-1)  0.0175 

 R2  0.986 

Pseudo-second -order                                                    qe (mg g-1) 19.16 

 ks (10-3) (g mg-1 min-1)  1.444 

 R2  0.999 
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Table S3. The maximum uptake capacities of Cur onto the various reported carriers 

 

Materials 
Maximum uptake capacity 

(mg g-1) 
Ref. 

Ca-BDC 140.0 [1] 

CD-MOF 150.0 [2] 

Zein/SACD nanofibers 35.7 [3] 

ZIF-8@BPMO 666.0 [4] 

UiO-66-NH2 180.0 [5] 

Fe-MOF 145.6 [5] 

Zn-BDC-NH2 179.4 [6] 

Zr-UiO-66 466.4 [7] 

Zr-UiO-66-NH2 382.9 [8] 

APTES-CMF/ZIF-8 626.4 [9] 

ZIF-68 720.1 This study 
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Table S4. Cytotoxicity of ZIF-68, and Cur@ZIF-68 in HDF cells and MCF-7 cells 

 

Materials 
Concentration 

(μg mL-1) 

Cytotoxicity with 

HDF cell 

(%) 

Cytotoxicity with 

MCF-7 cell 

(%) 

ZIF-68 

5 82.4 90.0 

10 74.5 85.9 

15 67.6 74.1 

20 62.2 65.2 

25 56.8 48.1 

Cur@ZIF-68 

5 93.4 80.3 

10 85.5 70.6 

15 82.7 65.2 

20 80.0 47.5 

25 74.2 28.1 
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