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Preparation and photo-thermal controlled release properties of
nanodiamond/yeast-chitosan composite microspheres
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Abstract: It is important to develop high-performance functional photo-thermal materials and establish controlled drug release
models for the development of intelligent transportation materials for pesticides. Herein, nanodiamond (DND) was employed to
prepare novel nanodiamond/yeast-chitosan (DND/YS-CS) composite hydrogel microspheres which had a cross-linked network
structure through alkali gelation method. The microstructure, mechanical resistance and photo-thermal conversion performance of
the composites were investigated. Moreover, indole-3-butyric acid (IBA) was used as a model to discuss the loading and controlled
drug release and reveal the photo-thermal controlled release mechanism of IBA by DND/Y S-CS. The results show that the composite
microspheres has good mechanical properties, and the water retention capacity of the composite microspheres with DND content
of 2.0 mg/mL reached 70.5% and 74% after ultrasonication and centrifugation for 1 h, respectively. The maximum temperature of
the composites can reach to 37.6 “C under one sunlight intensity, proving that the composites possess excellent photothermal

conversion ability. The maximum adsorption of IBA is 41.73 pg/mg when the composites have a DND concentration of 1.2 mg/mL.
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Finally, the controled drug release pattern of the composites is in accordance with the Korsmeyer-Peppas model, which exhibits an

obvious stimulus response behavior and an "on-off" pattern of drug release under light.

Keywords: nanodiamond; chitosan; composite hydrogel microsphere; photo-thermal properties; drug release
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Fig.1 Schematic illustration of the synthesis of nanodiamond/yeast-chitosan (DND/YS-CS) composite microspheres and indole-3-

butyric acid (IBA) release process
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Fig.2 FT-IR spectra of YS, CS, DND and DND/YS-CS
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Fig.3 (a, b, d) DND, CS, and YS photos , respectively; (c)

TEM images of DND; (e) Photographs of dissolution
equilibrium composite (wet) and dried composite (dry); (f, g)
and (h, i) SEM images of CS, DND/YS-CS, respectively; (j,
k) are the cross sections of YS-CS, DND/YS-CS and the

corresponding elemental distributions, respectively
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kHz ultrasonication; (c) Mechanical strength analysis
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Fig.5 (a) UV-vis diffuse reflectance spectra of DND, YS-CS and DND/YS-CS; (b) Temperature variation of pure water and 1.2

mg/mL DND solution; Infrared thermal imaging (c) of DND/YS-CS microspheres with different contents of DND under

irradiation 100 mW/cm? and the corresponding temperature variation (d)
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Fig.7 (a) IBA release from DND/YS-CS composite microspheres with different contents of DND under light and their

corresponding models: (b) Primary model; (c) Korsmeyer-Peppas model; (d) Higuchi model
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Table 1 Parameters corresponding to different dynamics models

Sample/ Primary model Korsmeyer-Peppas model Higuchi model
(mg-mL"") K R? K R n K R?
0 0.0353 0.8326 2.5592 0.9454 0.4677 11.129 0.9436
0.4 0.0600 0.7889 40.1852 0.9474 0.5580 11.490 0.9135
0.8 0.0623 0.8045 25.0882 0.9491 0.5346 13.146 0.9278
1.2 0.0654 0.7799 46.9132 0.9258 0.5241 14.143 0.8676
2.0 0.0625 0.7647 46.0717 0.9297 0.5347 13.173 0.8880

Notes:K—release kinetic constant;n—the diffusional exponent characteristic to describe the release

mechanism;R*—coefficient of association
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Fig.8 IBA release (a) from DND/YS-CS composite
microsphere (1.2 mg/mL DND) with intermittent light and

without light and the corresponding temperature change (b)
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