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Abstract: Tip-enhanced Raman spectroscopy can provide molecular fingerprint information with ultrahigh spatial resolution, but the tip will be 
easily contaminated, thus leading to artifacts. It also remains a great challenge to establish tip-enhanced fluorescence due to quenching 
resulting from the proximity of the metal tip. Herein, we report shell-isolated tip-enhanced Raman and fluorescence spectroscopies by employing 
ultrathin shell-isolated tips fabricated by atomic layer deposition. Such shell-isolated tips not only show outstanding electromagnetic field 
enhancement in TERS, but also exclude interference by contaminants, thus greatly promoting applications in solution. Tip-enhanced 
fluorescence has also been achieved using these shell-isolated tips, with enhancement factors up to 1.7×103, consistent with theoretical 
simulations. Furthermore, tip-enhanced Raman and fluorescence signals are acquired simultaneously, and their relative intensities can be 
manipulated by changing the shell thickness. This work opens up a new avenue for ultrahigh resolution surface analysis using plasmon-
enhanced spectroscopies. 

Tip-enhanced Raman spectroscopy (TERS) combines the advantages of scanning probe microscopy and Raman spectroscopy. It 
provides both morphologic and chemical fingerprint information about the surface with a high detection sensitivity down to a single-
molecule level and a high spatial resolution down to sub-nanometers due to the lightning-rod effect and localized surface plasmon 
resonance (LSPR) at the tip apex.[1] Nanostructured Au and Ag, which are known to exhibit outstanding plasmonic properties in the 
visible, have usually been used to prepare TERS tips. A highly confined electromagnetic (EM) field created in such a nano-gap between 
the plasmonic tip and substrate can greatly enhance the Raman scattering of molecules nearby.[2] However, the tip is easily 
contaminated by impurities from the environment, especially when working in solution. In addition, analyte molecules from the substrate 
may also adsorb on the tip. Both these factors would significantly interfere with the Raman information of the analytes of interest. 
Although the ultrahigh vacuum TERS developed recently can avoid tip contamination, it cannot be applied in systems under ambient 
atmosphere or solution conditions, and it requires very expensive apparatus.[3] Another challenge of traditional TERS is that the Ag tip 
loses its plasmonic activity rapidly in atmospheric conditions due to the tarnishing of Ag.[4] 

To solve the above-mentioned problems, several strategies have been proposed. The easiest way to protect a Ag tip from oxidation 
is to store it in a nitrogen glovebox with low oxygen and water content, which can prolong the lifetime of the tip to several months.[5] 
Storing Ag tips on a sacrificial metal holder that has lower reduction potential than Ag can also prolong its lifetime to some extent.[6] 
The tip can also be protected by encapsulation with self-assembled monolayers (SAMs) of molecules whose Raman signals do not 
overlap the signals of the analyte.[7] Nevertheless, such SAMs are not stable in harsh environments and may promote the adsorption 
of some specific molecules thus distorting the information of the analyte of interest.[8] Recently, the Zenobi group and the Li group have 
developed a wet chemical method to prepare shell-isolated tips by coating silica shells on the surface of Au or Ag tips.[9] The shell-
isolated tips exhibit longer lifetime, however, this chemical method is not general and tedious to scale up, greatly limiting the application 
of the shell-isolated tips. Therefore, development of more general methods would be of great significance. 

Atomic layer deposition (ALD) is a self-limiting thin film deposition technique without any specific requirement in terms of material 
and morphology of the substrate, and the deposition thickness can be precisely controlled at the subnanometer scale or even atomic 
level by the deposition cycles.[10] It has been demonstrated that aluminum shells, which turn into aluminum oxide layers under air, can 
be coated on Ag tips via a similar physical vapor deposition method. These oxide layers improve the wear resistance and lifetime of 
the tip.[11] Such tips have also been used to study catalytic reactions with high spatial resolution.[12] 

Herein, we developed a general ALD method to prepare shell-isolated Au or Ag tips for tip-enhanced Raman or fluorescence 
spectroscopy. The shell-isolated Au or Ag tips with various types of shells including silica, aluminum oxide, and titanium oxide are 
successfully prepared via this method, and the shell thickness was precisely controlled in the range of 1–20 nm. Such tips exhibit strong 
electromagnetic enhancement and show great advantages for TERS in solution. Only the Raman signal of the analyte is enhanced 
while the interference from other molecules in the solution is completely excluded. Furthermore, tip-enhanced fluorescence has also 
been achieved by using the shell-isolated tips. The shell-isolated tips weaken the nonradiative energy transfer in scanning tunneling 
microscope (STM)-based tip-enhanced fluorescence, leading to a much higher fluorescence enhancement factor (1.7×103) compared 
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tip-enhanced fluorescence, leading to a high enhancement factor of 1.7×103. More significantly, tip-enhanced Raman and fluorescence 
signals can be acquired simultaneously using a shell-isolated tip, and their relative intensity can be tuned by varying the shell thickness. 
This work paves a new avenue in plasmon-enhanced spectroscopies including fluorescence, Raman scattering, photoluminescence, 
etc. We also anticipate that shell-isolated tips can also be further employed in near-field enhanced mass or infrared spectroscopies 
with ultrahigh enhancement and spatial resolution. 
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