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Halloysite nanotubes (HNTs) are unique nanomaterials composed by a 

double layered aluminosilicate with a hollow tubular structure in the micro 

range [1]. The inner and the outer part of the HNTs have different chemical 

composition, being the inner one made by alumina while the outer one by 

silica. Due to this chemical difference between the outer and the inner parts 

of HNTs, the HNT lumen is positively charged, while the outer part 

negatively charged [2].  

Due to the biocompatibility of both HNT and superparamagnetic iron oxide 

nanoparticles (SPION), many previous research studies focused on the 

preparation of HNT-SPION nanocomposite, but in the most of the cases the 

SPION nanoparticles were anchored on the outer surface of HNT [3, 4]. 

On the contrary our focus was to load SPION in the inner part of HNT. We 

used 3 different approaches for the loading: i) similar to successful loading 

of Ag NPs to lumen of HNT by electrostatic attraction [5], we tried to load 

negatively charged SPION with proper hydrodynamic diameter to the 

positively charged lumen by electrostatic attraction, but SPIONs were found 

to interact with edge of HNT only, in the best case (Fig. 1); ii) taking 

inspiration by the literature [6] we tried to carry out an in situ thermal 

decomposition synthesis of SPION in the presence of HNT, applying 

vacuum for few minutes before starting the reflux, to assure the diffusion 

into the lumen of the reaction mixture. TEM analysis (Fig. 2) showed that 

even some SPION were located inside HNT, they were also found attached 

to the external surface similarly to what observed in reference [6]. Moreover, 

owing to the effect of high temperature, the outer surface of HNT partly 

etched. Most importantly, the product partially dispersed into aqueous 

medium. iii) by successfully modifying the inner surface of HNT with 

tetradecylphosphonic acid (TDP) [7] (as stated by FTIR and DRUV 

spectroscopies, as well as by TGA), the SPION@OA were effectively 

loaded by using vacuum/N2 cycles under stirring as clearly showed  by TEM 

analysis (Fig. 3). The SPION loading was selectively directed in the inner 

part of HNT, without any relevant interaction with the HNT outer surface. 

On the contrary, as expected, this approach is not working with unmodified 

HNT lumen for the loading of the same SPION@OA. Our next goal consists 

in the outer surface modification for making the nanocomposite useful in 

biomedicine and/or catalysis. 
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Fig 2. TEM of SPION synthesized 

in situ in the presence of pristine 

HNT. 

Fig 3. TEM of HNT-TDP loaded 

with SPION@OA 

Fig 1. TEM of prisitne HNT 

interacted with SPION@GA (GA = 

gallic acid) by sonication/vacuum 

cycles. 
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