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The conductivity and fluorescent properties of singled-wall
carbon nanotubes (SWCNTs) have been well developed to detect
trace molecules in solution.1–3 However, the chiral properties of
SWCNTs have not been well studied and applied. In theory, induced
circular dichroism (ICD) will occur for DNA wrapped around
SWCNTs (DNA-SWCNTs) when the transition dipole moments
of the optically active chiral SWCNTs couple to the transition dipole
moments of DNA, thereby producing a strong ICD signal.4 The
ICD of DNA-SWCNTs could be used to detect chemicals which
can disturb the coupling effect of the transition dipole moments
between DNA and SWCNTs and thus change the ICD signals
significantly. Here, evidence to support this principle is disclosed.

We have found that Hg ions have a strong and specific binding
affinity for the nucleic bases of single-strand DNA (T bases)
wrapped around SWCNTs via a pseudo-first-order kinetic interac-
tion. When the Hg2+ ions bind to the DNA bases, the tightness of
the DNA wrapping around the SWCNTs is loose; in addition a
repulsive electrostatic force will be introduced along the DNA strand
causing the DNA to stretch. This stretching leads to a part of the
DNA becoming detached from the SWCNT surface. It is expected
that these disassociations will loosen the overall interaction between
DNA and SWCNTs, further decreasing the coupling effects of the
transition dipole moments between these two species, causing the
ICD signal of DNA-SWCNTs to decrease significantly. Combining
all this knowledge together, we have designed a new type of sensor
to detect trace Hg ions at the nM level by monitoring the ICD of
DNA-SWCNTs. In this sensor, the Hg ions interact with the bases
of single-strand DNA causing the interaction between the DNA
and SWCNTs to weaken, and the ICD signal to greatly decrease.
The working mechanism of the DNA-SWCNT sensor is illustrated
in Scheme 1.

The DNA-SWCNT sensor was fabricated via ultrasonication
methods (see S1 in Supporting Information). The titration studies
of the interaction between Hg ions and DNA-SWCNTs were carried
out as follows: different amounts of Hg ions were introduced into
the solution of DNA-SWCNTs, respectively. These samples include
A1 (Hg: 0nM), A2 (Hg: 18nM), A3 (Hg: 187nM), and A4 (Hg:
1870nM), in which the concentration of DNA-SWCNTs (DNA
base: 4 µM, SWCNT: 1.1 mg/L) is fixed for all samples. The sample
solutions were incubated for 24 h to ensure that the reaction between
the DNA bases and Hg ions is balanced via a pseudo-first-order
kinetic process (see Scheme S2-1, eq 1, and eq 2 in S2 in Supporting
Information).5 These Hg-treated DNA-SWCNTs were observed by
atomic force microscopy (AFM), the microstructures of DNA-

SWCNTs were checked to confirm whether a part of the DNA
detaches from the SWCNT (see S3 in Supporting Information).
Figure 1a shows that the Hg-treated DNA-SWCNT samples are
very soluble and no aggregation or deposition occurred even after
storage for 4 months. Figure 1b and Figure 1c reveal the typical
AFM images of Hg-free DNA-SWCNTs (A1 sample), wherein the
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Scheme 1. Illustrations of Hg-Induced ICD Signal Intensity Change
of DNA-SWCNTsa

a The Hg ions binding to the DNA bases result in a DNA pitch increase
and part of the DNA disassociates from the SWCNTs, leading to a significant
decrease in the ICD of the DNA-SWCNTs.

Figure 1. AFM observations of DNA-SWCNTs. (a) Optical images of
DNA-SWCNTs (DNA base, ∼4 µM; SWCNT, ∼1.1 mg/L) at different
Hg concentrations, A1 (0nM Hg), A2 (18nM), A3 (187nM), and A4
(1870nM), in which free SWCNTs and DNA are used as controls. (b) Height
and (c) phase images of A1 samples; insets are the hard SWCNTs wrapped
by soft DNA indicated by black and blue arrows, respectively; scale bar ≈
200 nm. (d) Typical pitch of A1, A2, A3, A4 are indicated by arrows, scale
bar ≈ 100nm. (e) The relationship between the Hg concentration and average
DNA pitch of A1, A2, A3, A4 is shown by rectangular bars for each.
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DNA-SWCNTs are well dispersed on mica. The phase images in
Figure 1c clearly disclose the contrast difference between the hard
SWCNTs and soft DNA, where the DNA bases are tightly
associated with the SWCNTs. AFM observation of A2, A3, and
A4 samples are similar to that of A1 samples shown in Figure 1b
and Figure 1c. However, high resolution AFM images disclosed
that the pitch of DNA wrapped around SWCNT increases when
the DNA-SWCNTs are exposed to different amounts of Hg in
solution. Figure 1d reveals that the typical pitch of DNA wrapped
around SWCNTs in the A1, A2, A3, and A4 samples are 17.6,
18.2, 23.4, and 33.4 nm, respectively. To obtain a more accurate
measurement of the pitch of DNA wrapped around SWCNTs, four
DNA-SWCNTs of each sample are measured, respectively. Figure
1e discloses that the DNA-SWCNTs have different pitches including
16.2 ( 1.5 (A1), 19.5 ( 2 (A2), 23.1 ( 2.4 (A3), 34 ( 3.2 nm
(A4). This means that introducing Hg ions into the DNA-SWCNT
solution results in the pitch of DNA increasing in a Hg-dependent
manner.

To study how Hg-dependent DNA disassociation from SWCNTs
(including a weakening of the DNA wrapping around the SWCNTs
and a part of the DNA detaching from the SWCNTs) influences
the ICD of DNA-SWCNTs, the samples (A1, A2, A3, A4) were
observed using the CD spectrophotometer of the Beijing Synchro-
tron Radiation Facility (see S4 in Supporting Information). We
observed the ICD signals between 200 and 320 nm because this
spectral region contains the E44 and higher nanotube electronic
transitions as well as the T and G base transitions of DNA;6,7 the
ICD intensity of the DNA-SWCNTs will be strong because of the
coupling effects of the transition dipole moment between DNA and
SWCNTs. Figure 2a shows the ICD signals of the DNA-SWCNT
samples in solution containing different concentrations of Hg ions,
including A1 (0nM Hg), A2 (18nM Hg), A3 (187nM Hg), and A4
(1870nM Hg). All ICD spectra exhibit a positive peak at 274 nm,
a negative peak at 243 nm, and a crossover point at 259 nm. The
intensities of the positive peaks corresponding to A1, A2, A3, and
A4 are 0.107, 0.091, 0.079, 0.039, respectively, and their negative
peak intensity shows a similar Hg dependence. This revealed that
Hg ions can decrease the intensity of the ICD signal in a
concentration-dependent manner (shown in Figure 1d and Figure
1e, Scheme S2-2 in S2, Figure S3-1 and Figure S3-2 in S3 of
Supporting Information). The relation between the ICD intensity
and Hg ion concentration in solution is shown in Figure 2b, where

the ICD intensity decreases significantly while the concentration
of Hg ions (A1, A2, A3, A4) increases.

Why the Hg ions interact with the DNA bases and cause the
DNA to disassociate from the SWCNTs is unknown. We found
that the Hg ions could strongly interact with the DNA bases (T
base) of DNA-SWCNTs via a pseudo-first-order kinetic reaction,
the binding constant (Kb) of Hg ions to the DNA bases is about
∼3.98 × 106 L mol-1 (see Scheme S2-1, eq 1, eq 2, and Figure
S2-3 in S2 of Supporting Information). For DNA-SWCNTs, the
Hg2+-DNA base adduct will not only weaken the interaction
between the DNA and SWCNTs but also introduce a repulsive,
electrostatic force along the DNA strand, which will stretch the
DNA strand and induce the DNA pitch to increase along the
SWCNTs. In a Hg-free solution, the DNA wraps around the
SWCNTs in a regular helical arrangement along the whole
nanotube,8 9but Hg-induced extending of DNA wrapped on
SWCNT will cause a part of the DNA to detach from the SWCNTs
(see Scheme S2-2 in S2, Figure S3-1 and Figure S3-2 in S3 of
Supporting Information). Recently, numerical studies also revealed
that electrostatic interactions within the ssDNA wrapped around
SWCNTs will modulate the ssDNA pitch along the SWCNT axial,10

which is strong evidence to support our experimental results herein.
In summary, the ICD characteristics of DNA-SWCNTs are first

used to detect trace Hg ions in solution. Our DNA-SWCNTs sensors
are easy to fabricate and use in detecting mercury ions at the nM
level in solution. Such DNA-SWCNT sensors may be used to detect
versatile molecules if they can specifically interfere with the
interaction between SWCNTs and DNA.
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Figure 2. ICD spectra of DNA-SWCNTs at different Hg concentrations.
(a) The ICD spectra of DNA-SWCNTs (DNA base ≈ 4 µM, SWCNT ≈
1.1 mg/L) at Hg of 0 (black curve), 18 (green curve), 187 (blue curve), and
1870 nM (red curve). Insets are illustrations of DNA-SWCNTs, where the
DNA pitch is the reverse of the Hg concentration. (b) Relation between
the ICD intensity of DNA-SWCNTs and Hg concentration: the ICD signal
decreases as the Hg concentration increases.
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