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In the original article [1], there were several mistakes in the Abstract, References,
and Supplementary Materials sections as published. In order to be easier for the reader
to follow, a short piece of text from the original manuscript is cited together with the
respective modification.

A part of the Abstract was missing and has been supplemented.

In Abstract

Original:
The synergism/inhibition level, solubilization sites and the total solubility (St) of

co-solubilization systems of phenanthrene, anthracene and pyrene in Tween 80 and sodium
dodecyl sulfate (SDS) are studied by 1H-NMR, 2D nuclear overhauser effect spectroscopy
(NOESY) and rotating frame overhauser effect spectroscopy (ROESY). In Tween 80, inhi-
bition for phenanthrene, anthracene and pyrene is observed in most binary and ternary
systems. However, in SDS, synergism is predominant. After analysis, we find that different
synergism or inhibition situation between Tween 80 and SDS is related to the different types
of surfactants used and the resulting different co-solubilization mechanisms. In addition,
we also find that three polycyclic aromatic hydrocarbons.

This should be replaced with the following:
The synergism/inhibition level, solubilization sites and the total solubility (St) of

co-solubilization systems of phenanthrene, anthracene and pyrene in Tween 80 and sodium
dodecyl sulfate (SDS) are studied by 1H-NMR, 2D nuclear overhauser effect spectroscopy
(NOESY) and rotating frame overhauser effect spectroscopy (ROESY). In Tween 80, inhi-
bition for phenanthrene, anthracene and pyrene is observed in most binary and ternary
systems. However, in SDS, synergism is predominant. After analysis, we find that the
different synergism or inhibition situation between Tween 80 and SDS is related to the
different types of surfactants used and the resulting different co-solubilization mecha-
nisms. In addition, we also find that three polycyclic aromatic hydrocarbons (PAHs) have
similar solubilization sites in both Tween 80 and SDS, which are almost unchanged in
co-solubilization systems. Due to the similar solubilization sites, the chemical shift changes
of surfactant and PAH protons follow the same pattern in all solubilization systems, and
the order of chemical shift changes is consistent with the order of changes in the St of PAHs.
In this case, it is feasible to evaluate St of PAHs by chemical shift. In both Tween 80 and
SDS solutions, the ternary solubilization system has relatively high St rankings. Therefore,
in practical applications, a good overall solubilization effect can be expected.
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Incorrect Reference

Reference “Bernardez, L.A. Investigation on the locus of solubilization of polycyclic
aromatic hydrocarbons in non-ionic surfactant micelles with 1H NMR spectroscopy. Colloid
Surf. A-Physicochem. Eng. Asp. 2008, 324, 71–78, https://doi.org/10.1016/j.colsurfa.2008.03.027.”
was missing in the original article. Therefore, the involved citations and references have
been revised accordingly.

In Section 2.1.1. Apparent Solubility

Original:
Scheme 1 shows the chemical structures and proton numbering of surfactants and three

PAHs of Phe, Ant and Pyr. The represented 1H-NMR spectra of ternary PAHs solubilized
in 50 mM Tween 80 micellar solutions and pure ternary PAHs solubilized in chloroform
and pure 50 mM Tween 80 in D2O as references are shown in Figure S1, Supplementary
Materials. Based on the integral areas of resonances Ph5, An3 and Py2 relative to that of
TSP with the known concentration of 2.82 mM, the actual apparent concentrations of three
PAHs were obtained. The apparent solubility of each PAHs in single, binary and ternary
solubilization systems as a function of the Tween 80 concentration are shown in Figure 1. It
can be found that all the solubilities of Phe, Ant and Pyr increase linearly with the Tween
80 concentration, whenever they are solubilized in single or combined systems. Molar
solubilization ratio (MSR) is used to evaluate the solubilization potential of a surfactant,
which is the molar concentration of the solubilized compound per mole of the surfactant
concentration when the surfactant concentration is above CMC [36,37], expressed by

MSR =
S − SCMC
C − CMC

(1)

where S is the apparent solubility of a solute at the surfactant concentration of C, SCMC
is the apparent solubility of the solute at CMC. Usually, the slope of the solubility with
respect to the surfactant concentration can be considered to be MSR. According to the
linear fitting curves, MSR values of three PAHs in single, binary and ternary solubilization
systems in Tween 80 solutions can be obtained and shown in Table 1. MSR values of single
Phe, Ant and Pyr are 0.1170, 0.0094 and 0.0468, respectively. Accordingly, single Phe has
the strongest solubilization ability, followed by single Pyr, and finally Ant, which are in
accordance with the order of their aqueous solubility of 5.55 µM [38], 0.684 µM [39] and
0.268 µM [24]. The aqueous solubility is closely related to their structures. Phe and Ant are
isomers; however, because three benzene rings of Ant are in a line, therefore Ant exhibits
weaker polarity than Phe. For Pyr, there is one more benzene ring than Phe. Hence, its
polarity is also weaker than that of Phe. The above single solubility results indicate that the
solubility of PAHs in micellar solutions mainly depends on its aqueous solubility.

This should be replaced with the following:
Scheme 1 shows the chemical structures and proton numbering of surfactants and

three PAHs of Phe, Ant and Pyr. The represented 1H-NMR spectra of ternary PAHs
solubilized in 50 mM Tween 80 micellar solutions and pure ternary PAHs solubilized in
chloroform and pure 50 mM Tween 80 in D2O as references are shown in Figure S1. Based
on the integral areas of resonances Ph5, An3 and Py2 relative to that of TSP with the known
concentration of 2.82 mM, the actual apparent concentrations of three PAHs were obtained.
The apparent solubility of each PAHs in single, binary and ternary solubilization systems as
a function of the Tween 80 concentration are shown in Figure 1, Supplementary Materials.
It can be found that all the solubilities of Phe, Ant and Pyr increase linearly with the Tween
80 concentration, whenever they are solubilized in single or combined systems. Molar
solubilization ratio (MSR) is used to evaluate the solubilization potential of a surfactant,
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which is the molar concentration of the solubilized compound per mole of the surfactant
concentration when the surfactant concentration is above CMC [37,38], expressed by:

MSR =
S − SCMC
C − CMC

(1)

where S is the apparent solubility of a solute at the surfactant concentration of C, SCMC
is the apparent solubility of the solute at CMC. Usually, the slope of the solubility with
respect to the surfactant concentration can be considered to be MSR. According to the
linear fitting curves, MSR values of three PAHs in single, binary and ternary solubilization
systems in Tween 80 solutions can be obtained and shown in Table 1. MSR values of single
Phe, Ant and Pyr are 0.1170, 0.0094 and 0.0468, respectively. Accordingly, single Phe has
the strongest solubilization ability, followed by single Pyr, and finally Ant, which are in
accordance with the order of their aqueous solubility of 5.55 µM [39], 0.684 µM [40] and
0.268 µM [24]. The aqueous solubility is closely related to their structures. Phe and Ant are
isomers; however, because three benzene rings of Ant are in a line, therefore Ant exhibits
weaker polarity than Phe. For Pyr, there is one more benzene ring than Phe. Hence, its
polarity is also weaker than that of Phe. The above single solubility results indicate that the
solubility of PAHs in micellar solutions mainly depends on its aqueous solubility.

Original:
Saumyen Guha et al. [40] found that: if PAHs compete with each other for the internal

position of micelles, the solubility of one or more PAHs in the presence of other PAHs will
be reduced.

This should be replaced with the following:
Saumyen Guha et al. [41] found that: if PAHs compete with each other for the internal

position of micelles, the solubility of one or more PAHs in the presence of other PAHs will
be reduced.

In Section 3.1. Materials

Original:
First, a series of Tween 80 pure solutions at concentrations of 10, 20, 30, 40 and 50 mM

and SDS pure solutions at concentrations of 40, 60, 80, 100 and 120 mM were prepared in
D2O, respectively. These concentrations were set higher than their CMCs [32,41].

This should be replaced with the following:
First, a series of Tween 80 pure solutions at concentrations of 10, 20, 30, 40 and 50 mM

and SDS pure solutions at concentrations of 40, 60, 80, 100 and 120 mM were prepared in
D2O, respectively. These concentrations were set higher than their CMCs [32,42].

A part of the content in supporting materials was missing and has been supplemented.

Original:

Supplementary Materials: The following are available online, Figures S1–S11. It includes
the 1H-NMR spectra of two surfactants and three PAHs, the chemical shift changes of
PAHs in different systems, relative chemical shift of Tween 80 and SDS protons in different
PAHs systems, and the full spectrum of NOESY in Tween 80 and SDS of the ternary
PAHs system.

This should be replaced with the following:

Supplementary Materials: The following are available online: Figure S1: 1H NMR spectra
and peak assignment of the ternary Phe-Ant-Pyr system in 50 mM Tween 80 solution
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(A), the ternary Phe-Ant-Pyr system in CDCl3 solution (B) and the pure 50 mM Tween
80 solution (C); Figure S2: The line shape and chemical shift changes some Tw6 group
protons (named as Tw6’) compared with the pure Tween 80 after the solubilization of
different PAHs solutes in 50 mM Tween 80 solutions; Figure S3: Relative chemical shifts
(∆δ) of Phe (A), Ant (B) and Pyr (C) solubilized in different solubilization systems in 50
mM Tween 80 solution; Figure S4: Relative chemical shifts (∆δ) of Tween 80 protons as a
function of concentration of Tween 80 in the single (Phe (A) and Ant (B)), binary (Phe-Ant
(C), Phe-Pyr (D) and Ant-Pyr (E)) and ternary (Phe-Ant-Pyr (F)) solubilization systems
at Tween 80 concentrations from 10 to 50 mM compared to those of the pure Tween 80
solution at the same concentration; Figure S5: Relative chemical shifts (∆δ) of Tween 80
protons as a function of Savr in the single (Phe (A) and Ant (B)), binary (Phe-Ant (C), Phe-
Pyr (D) and Ant-Pyr (E)) and ternary (Phe-Ant-Pyr (F)) solubilization systems at Tween
80 concentrations from 10 to 50 mM compared to those of the pure Tween 80 solution
at the same concentration; Figure S6: ROESY spectrum of ternary Phe-Ant-Pyr system at
the Tween 80 concentration of 50 mM with the mixing time of 0.2 s (its partially enlarged
spectrum is shown in Figure 6D); Figure S7: 1H NMR spectra and peak assignment of the
ternary Phe-Ant-Pyr system in 120 mM SDS solution (A), the ternary Phe-Ant-Pyr system
in CDCl3 solution (B) and the pure 120 mM SDS solution (C); Figure S8: Relative chemical
shifts (∆δ) of Phe (A), Ant (B) and Pyr (C) solubilized in different solubilization systems in
120 mM SDS solutions; Figure S9: Relative chemical shifts (∆δ) of SDS protons as a function
of concentration of SDS in the single (Phe (A) and Ant (B)), binary (Phe-Ant (C), Phe-Pyr (D)
and Ant-Pyr (E)) and ternary (Phe-Ant-Pyr (F)) solubilization systems at SDS concentrations
from 40 to 120 mM compared to those of the pure SDS solution at the same concentration;
Figure S10: Relative chemical shifts (∆δ) of SDS protons as a function of Savr in the single
(Phe (A) and Ant (B)), binary (Phe-Ant (C), Phe-Pyr (D) and Ant-Pyr (E)) and ternary (Phe-
Ant-Pyr (F)) solubilization systems at SDS concentrations from 40 to 120 mM compared to
those of the pure SDS solution at the same concentration; Figure S11: NOESY spectrum of
ternary Phe-Ant-Pyr system at the SDS concentration of 120 mM with the mixing time of
1 s (its partial enlarged spectrum is shown in Figure 12D).
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The original article has been updated. These changes have no material impact on the
aim of our paper. We apologize for any inconvenience to the readers.
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