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A B S T R A C T

The development of reliable and ultrasensitive detection marker for mercury ions (Hg2+) in drinking water is of
great interest for toxicology assessment, environmental protection and human health. Although many Hg2+

detection methods have been developed, only few offer sensitivities below 1 pM. Herein, we describe a simple
histidine (H) conjugated perylene diimide (PDI) bolaamphiphile (HPH) as a dual-responsive optical marker to
develop highly selective and sensitive probe as visible (sol-to-gel transformation), fluorescence and SERS-based
Hg2+sensor platform in the water. Remarkably, HPH as a SERS marker supported on Au deposited mono-
dispersed nanospheres monolayers (Au-MNM) of polystyrene offers an unprecedented selectivity and the best
ever reported detection limit (LOD) of 60 attomolar (aM, 0.01 parts-per-quadrillion (ppq)) for Hg2+ in water.
This is ten orders of magnitude lower than the United States Environmental Protection Agency (USEPA) toler-
ance limit of Hg2+ in drinking water (10 nM, 2 ppb). This simple and effective design principle of host-guest
interactions driven fluorescence and SERS-based detection may inspire the future molecular engineering stra-
tegies for the development of ultrasensitive toxic analyte sensor platforms.

1. Introduction

Mercury is one of the top ten globally widespread hazardous en-
vironmental pollutants and recognized as a major public health concern
by the World Health Organization (WHO) (Qiu, 2013; Schrope, 2001).
Even at very low concentrations (> 2 mg/Kg body weight per day) of
mercury exposure is responsible for many fatal diseases like Minamata
disease, pulmonary edema, cyanosis, loss of intelligence quotient (IQ)
and nephritic syndrome, respectively (Jensen and Jernelov, 1969;
Nolan and Lippard, 2008). Although few conventional analytical
methods permit ultrasensitive detection of Hg2+ in water, the ex-
pensive experimental setup, long response time and complex sample
preparation make them unsuitable for routine monitoring
(Esmaielzadeh Kandjani et al., 2015). Consequently, conductometric
and optical Hg2+ readout methods in water are emerging as potential
alternatives (Duan and Zhan, 2015; Kim et al., 2012; Nolan and
Lippard, 2008; Pandeeswar et al., 2016a). Diverse colorimetric and
fluorometric Hg2+ detection systems in water using organic chromo-
phores, fluorophores (Areti et al., 2014; Dessingou et al., 2012; Harano
et al., 2007; Hatai et al., 2012; Joseph et al., 2008; Nolan and Lippard,
2008; Pal et al., 2014; Shiraishi et al., 2007; Yoon et al., 2005),

conjugated polymers (Liu et al., 2007), DNAzymes (Liu and Lu, 2007),
proteins (Wegner et al., 2007), oligonucleotides and nanoparticles
(NPs) (Jiang et al., 2011; Lee et al., 2007; Lin et al., 2013; Miyake et al.,
2006; Wen et al., 2011) have been developed. However, the concerns
related interference of other metal ions, low sensitivity, complexity and
poor water solubility are yet be addressed. In this regard, surface en-
hanced Raman spectroscopy (SERS) found to be promising analytical
tool owing to its unique capabilities, such as high sensitivity reaching
up to single molecule detection, ease of sample treatment, robust and
ambient operational processability (Nie and Emory, 1997). Recently, a
wide range of Au-nanomaterials based SERS sensors for detection of
Hg2+ has been developed (Table 1) (Esmaielzadeh Kandjani et al.,
2015; Song et al., 2016; Sun et al., 2015b; Zhang et al., 2013). Among
them, oligonucleotides functionalized Au-SERS markers provide the
highest selectivity and sensitivity (ppb to ppt) at controlled environ-
mental (viz, pH, temperature etc.) conditions. Therefore, development
of simple, cost-effective, rapid, high-throughput, selective and sensitive
(concentration less than a few picomolar or sub-ppq level) detection of
Hg2+ in water at ambient conditions remains a formidable challenge.
Considering the advantages and merits of both fluorescence and SERS
methods, herein we describe the histidine (H) conjugated perylene
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