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Abstract: Sample pretreatment technology plays a vital role in the analysis of complex samples

and is key to the entire analytical process. Its main purpose is to separate the substance to be
measured from the sample matrix or interfering substances in the sample and to achieve a state
in which the instrument can be analyzed and detected. Traditional sample pretreatment tech-
niques include liquid-liquid extraction, liquid-solid extraction, precipitation separation, solvent
volatilization-rotary evaporation, filtration, and centrifugation. However, the applications of
these methods are limited by their low extraction efficiency, complicated operation, long time
consumption, unstable recovery, use of large amounts of organic solvents, and large error
rates. Several new sample pretreatment techniques, including solid-phase extraction, magnetic
solid-phase extraction, solid-phase microextraction, and dispersive solid-phase extraction,
have been developed and rapidly applied to various fields to overcome the shortcomings of tra-
ditional sample pretreatment methods. However, the development of adsorbent materials with
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high selectivity and enrichment capability remains a challenge in sample pretreatment
technology, in which adsorbents with excellent adsorption performance are crucial. In recent
years, various nanomaterials with remarkable properties have been introduced and applied to
sample pretreatment, and numerous nano-extraction materials with diverse functions and high
selectivity and enrichment capability have been developed. Hollow nanomaterials are nanoparti-
cles with large voids in their solid shells. Owing to their advantageous properties, which include
a large effective surface area, abundant internal space, low density, variety of preparation
methods, structural and functional tailorability, short mass transmission path, and high carry-
ing capacity, hollow nanomaterials show great application potential in sample pretreatment.
The extraction mechanism of these materials is based on the synergistic effects of 7-7 stacking,
electrostatic, hydrogen-bonding, and hydrophobic interactions to achieve the efficient separa-
tion and enrichment of the target analytes. Given their noteworthy physicochemical properties,
hollow nanomaterials have gained wide attention in various research fields and are considered a
research frontier in the field of materials science. Changing the structure or surface properties
of the core and shell can lead to various hollow nanomaterials with unique properties. Such
changes can create synergy between the physicochemical properties and structural function of
the original core-shell material, leading to novel materials with superior performance compared
with the starting materials and broad application prospects in sample pretreatment. Neverthe-
less, only a few hollow nanomaterials with diverse structures and functions are currently used
for sample pretreatment, and their adsorption capacity for target analytes is often
unsatisfactory. Consequently, enhancing the adsorption selectivity of these materials toward va-
rious analytes is the most important step in sample pretreatment. First, hollow nanomaterials
with a large specific surface area and suitable pore size can be designed to achieve the specific
adsorption of target analytes of varying sizes. The combination of hollow nanomaterials with
other materials presenting desirable adsorption properties could also lead to synergistic effects
and enhance the performance of composite hollow nanomaterials. In addition, more green
methods to prepare hollow nanomaterials with outstanding selectivity can be explored to
achieve the superior adsorption of a specific target analyte. Efforts to synthesize hollow nano-
materials have been met with great success, but the available synthesis methods still suffer from
complicated steps, high costs, relatively harsh conditions, and the use of highly toxic sub-
stances. This paper summarizes the main types of hollow nanomaterials, their synthesis meth-
ods, and research progress on sample pretreatment technologies ( solid-phase extraction, solid-
phase microextraction, magnetic solid-phase extraction, and dispersive solid-phase extraction)
and describes the challenges encountered in the synthesis of hollow nanomaterials. The applica-
tions and developments of hollow nanomaterials in sample pretreatment are also discussed.
Key words: hollow nanomaterials; sample pretreatment; application; research progress
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cavity space by solvothermal method!*
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Fig. 3 Schematic illustration of the formation process of
quintuple-shelled SnO, hollow microspheres!?!
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Table 1 Application of hollow nanomaterials in sample pretreatment

Method  Type of materials Analytes Combined Linear range LODs Ref.
method
SPE CHPMs V(V), Cr(ll), Cu(l'), CA( ), Pb(Il) ICP-MS 0.05-15 ng/L 0.8-3.2 ng/L [47]
NiCo, 0, Pb( 1) FAAS 0.5-10 mg/L 5.9 png/L [48]
h-PDA@ L-lys BR HPLC - - [49]
SPME HCNCs PAHs GC-MS 5-2000 ng/L 0.03-0.70 ng/L  [57]
Co;0,/C PAHs HPLC 0.005-1000 pg/L 0.002-2.680 pg/L [59]
Fe,05;/Ce0,@MnO, PAHs GC-MS 0.04-100 ng/L 0.38-3.57 ng/L  [60]
MSPE CoO@ C PAHs HPLC 0.5-1000 ng/L 0.06-1.30 ng/L  [70]
Fe,0,@C PBDEs GC-MS 1-1000 ng/L 0.07-0.17 ng/L  [72]
Fe;0,@ COFs DPA HPLC 0.1-100 mg/L 0.02-0.08 mg/L  [73]
Fe;0,@ MIL-100 triclosan HPLC 0.1-50 mg/kg 0.03 mg/kg [74]
DSPE  BNHSs PCBs GC-MS 0.15-250 ng/L 0.04-0.09 ng/L  [82]
In,S;@MIL-125(Ti) NPAHs GC-MS 10-1000 ng/L 2.9-83.0 ng/L [83]

DSPE. dispersive solid-phase extraction; CHPMs: hollow polymeric microsphere nanomaterials functionalized with carboxyl

groups; h-PDA @ L-lys: hollow structured nanomaterial L-lysine modified polydopamine coated shell; HCNCs: hollow carbon

nanocubes; BNHSs: boron nitride hollow sphere; BR: bilirubin; PAHs: polycyclic aromatic hydrocarbons; PBDEs: polybrominated

diphenylethers ; DPA . diphenylamine; PCBs: polychlorinated biphenyls; NPAHs: nitro polycyclic aromatic hydrocarbons; ICP-MS: in-
ductively coupled plasma mass spectrometry; FAAS. flame atomic absorption spectroscopy. — : Relevant data are not listed in the

original literature.
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