
Author’s Accepted Manuscript

A novel “modularized” optical sensor for pH
monitoring in biological matrixes

Xun Liu, Shang-Qing Zhang, Xing Wei, Ting
Yang, Ming-Li Chen, Jian-Hua Wang

PII: S0956-5663(18)30153-2
DOI: https://doi.org/10.1016/j.bios.2018.02.052
Reference: BIOS10314

To appear in: Biosensors and Bioelectronic

Received date: 11 November 2017
Revised date: 6 February 2018
Accepted date: 24 February 2018

Cite this article as: Xun Liu, Shang-Qing Zhang, Xing Wei, Ting Yang, Ming-Li
Chen and Jian-Hua Wang, A novel “modularized” optical sensor for pH
monitoring in biological matrixes, Biosensors and Bioelectronic,
https://doi.org/10.1016/j.bios.2018.02.052

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/bios

http://www.elsevier.com/locate/bios
https://doi.org/10.1016/j.bios.2018.02.052
https://doi.org/10.1016/j.bios.2018.02.052


A novel “modularized” optical sensor for pH monitoring in biological 

matrixes 

Xun Liu, Shang-Qing Zhang, Xing Wei, Ting Yang, Ming-Li Chen*, Jian-Hua 

Wang* 

Research Center for Analytical Sciences, Department of Chemistry, College of 

Sciences, Northeastern University, China, 110819 

 

Abstract: A novel core-shell structure optical pH sensor is developed with 

upconversion nanoparticles (UCNPs) serving as the core and silica as the shell, 

followed by grafting bovineserumalbumin (BSA) as another shell via glutaraldehyde 

cross-linking. The obtained core-shell-shell structure is shortly termed as 

UCNPs@SiO2@BSA, and its surface provides a platform for loading various pH 

sensitive dyes, which are alike “modules” to make it feasible for measuring pHs 

within different pH ranges by simply regulating the type of dyes. Generally, a single 

pH sensitive dye is adopted to respond within a certain pH range. This study employs 

bromothymol blue (BTB) and rhodamine B (RhB) to facilitate their responses to pH 

variations within two ranges, i.e., pH 5.99-8.09 and pH 4.98-6.40, respectively, with 

detection by ratio-fluorescence protocol. The core-shell-shell structure offers superior 

sensitivity, which is tens of times more sensitive than those achieved by 

ratio-fluorescence approaches based on various nanostructures, and favorable stability 

is achieved in high ionic strength medium. In addition, this sensor exhibits superior 

photostability under continuous excitation at 980 nm. Thanks to the near infrared 

excitation in the core-shell-shell structure, it effectively avoids the self-fluorescence 
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