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Experimental Section

Materials and characterization methods

All chemical reagents were purchased from Sinopharm Chemical Reagent Co., Ltd, China and used 
as received. 

Transmission electron microscopy (TEM) images were collected from Tecnai F30 operated at 300 
kV, and scanning electron microscopy (SEM) images were collected from HITACHI UHR FE-SEM 
SU8220. A Rigaku D/Max 2400 automatic powder X-ray diffractometer with Cu-Kα radiation (λ = 
1.5418 Å) was used to collect X-ray diffraction (XRD) patterns. The content of metal elements was 
evaluated by inductively coupled plasma atomic emission spectroscopy (ICP-AES) on Optima 
2000DV. N2 adsorption/desoprtion isotherm at 77 K were carried out an Autosorb-iQ gas sorption 
analyzer after being degassed in vacuum at 200 oC for 12 h. UV-Vis absorption spectroscopy was 
performed on TU-1900 spectrophotometer. Raman spectroscopy was conducted on a Jobin Yvon 
LabRAM HR Evolution Raman spectrometer.

Calculation of drug loading capacity and drug loading efficiency

The equations were shown as 
𝑑𝑟𝑢𝑔 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =

𝑚 𝑅6𝐺
𝑡𝑜𝑡𝑎𝑙 ‒ 𝑚𝑅6𝐺

𝑓𝑟𝑒𝑒

𝑚𝑦𝑜𝑙𝑘 ‒ 𝑠ℎ𝑒𝑙𝑙
× 100%, 𝑎𝑛𝑑

,
𝑑𝑟𝑢𝑔 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =

𝑚 𝑅6𝐺
𝑡𝑜𝑡𝑎𝑙 ‒ 𝑚𝑅6𝐺

𝑓𝑟𝑒𝑒

𝑚 𝑅6𝐺
𝑡𝑜𝑡𝑎𝑙

× 100%

where  is the total mass of R6G used in the drug loading process,  is the mass of free 𝑚 𝑅6𝐺
𝑡𝑜𝑡𝑎𝑙 𝑚𝑅6𝐺

𝑓𝑟𝑒𝑒

R6G in solution after loading, and  is the mass of ZIF-67@Co-LDH yolk-shell 𝑚𝑦𝑜𝑙𝑘 ‒ 𝑠ℎ𝑒𝑙𝑙

heterostructures used in the drug loading process.

In the drug loading and release experiments,  is 0.24 mg, and  is 15 mg.  is 𝑚 𝑅6𝐺
𝑡𝑜𝑡𝑎𝑙 𝑚𝑦𝑜𝑙𝑘 ‒ 𝑠ℎ𝑒𝑙𝑙 𝑚𝑅6𝐺

𝑓𝑟𝑒𝑒 

estimated to be 0.051 mg by Lambert-Beer law according to UV-vis spectroscopy of R6G. 



Fig. S1. TEM image of ZIF-67@Co-LDH yolk-shell heterostructures while dropwisely adding of 
Co(NO3)2 solution to the synthetic system at a time interval of 10 min. 



Fig. S2. XRD pattern of ZIF-67@Co-LDH yolk-shell heterostructures incubated into deionized 
water for 48 h with gently stirring.



Fig. S3. TEM and SEM images and XRD pattern of the as-made ZIF-67 nanocrystals.



Fig. S4. (a) TEM image and (b) XRD pattern of ZIF-67 nanocrystals incubated in deionized water 
for 5 h with gently stirring.



Fig. S5. XRD pattern of ZIF-67@Co-LDH yolk-shell heterostructures incubated in methanolic 
solution of Co(NO3)2 for 48 h with gently stirring.



Fig. S6. (a) TEM image and (b) XRD pattern of ZIF-67 nanocrystals incubated in methanolic 
solution of Co(NO3)2 for 5h with gently stirring.



Fig. S7. TEM images of (a) ZIF-67@Co-LDH yolk-shell heterostructures dispersed into methanolic 
solution Co(NO3)2 for 5 h with sonication and (b) the yolk-shell heterostructures dispersed into 
water at 37 oC for 24 h.



Fig. S8. (a) SEM and (b) TEM images of sample prepared by adding the methanolic solution (5 mL, 
0.16M) of Co(NO3)2 in batches to the methanolic solution of Hmim (5 mL, 0.08 M) at room 
temperature for another 48 h without disturbance. 



Fig. S9. TEM image of ZIF-67@Co-LDH yolk-shell heterostructures by use of methanolic solution 
of R6G (10-4 M) to replace methanol in the preparation process. 



Fig. S10. The correlation between absorbance and concentration of R6G.



Fig. S11. TEM images of (a) ZIF-67 nanocrystals and (b) Co-LDH hollow spheres by use of 
methanolic solution of R6G (10-4 M) to replace methanol in the preparation process.


