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Referee #2

In this work, the authors study the DTT and cytotoxicity response of several carbon
nanomaterials and correlate them to their morphology and chemical composition. The
main finding is that the epoxide content of graphene oxide is particularly high and also
results in high apparent oxidative potential. This specificity is confirmed with thermal
treatment of this substance to reduce the epoxide abundance (though also accompa-
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nied by morphological changes in the process). The manuscript is generally well writ-
ten and addresses a current topic to interest of many researchers. The measurements
appear technically sound, though further comments below could be addressed.

Response: Thank you for your positive comments.

General comments.

First question is regarding the XPS measurements: 1) How do the authors go from
counts per second to oxygen content in (%) in Figure 5? If no calibration is performed,
then is it possible to state absolute differences among functional groups or only C-O-C
content among different materials? 2) How are epoxides distinguished from ethers?
3) It’s not clear that these functional group characterizations are representative of the
overall OC that is separately measured given the small probing depth of XPS. Can the
authors comment on this?

Response: Thank you for your instructive suggestions. 1) About the XPS measure-
ments, the instrument directly outputs the signal of O1s or C1s in cps, which means
the number of electrons that escape from surface of the material being analyzed. When
calculating the surface atom contents (%), we scaled the peak areas of each element
according to the relative sensitivity factors. However, the relative sensitivity factors for
each oxygen-containing species in the envelope of O1s are unavailable at the present
time. We simply assumed all these oxygen-containing species in O1s having the same
sensitivity factors. We agree with you that this might lead to additional uncertainty,
while this method is usually used to calculate the relative content of oxygen-containing
species (Chen et al., 2017) and absolute oxygen content of each species (Schuster
et al., 2011) when comparing among different samples. Therefore, we calculated the
relative fraction of each oxygen-containing species, then converted them into oxygen
content.

On the other hand, Wepasnick et al. (2011) measured the surface oxygen-containing
species in MWCNTs based on chemical derivation techniques in conjunction with XPS.
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The oxygen content of COOH, C=O and C-OH in oxidized MWCNTs were (∼3.0%,
∼1.3% and ∼1.0%), respectively. Using the method based on peak fitting in this work,
we calculated the oxygen contents of COOH, C=O and C-OH that had been identified
in the MWCNTs after oxidized by 70% HNO3. These values were ∼3.9%, ∼2.0% and
∼1.1% and comparable with those measured with chemical derivation (Wepasnick et
al., 2011). Therefore, we think the estimated absolute oxygen content in Fig. 5 should
be reliable to semi-quantitatively discuss the influence of oxygen-containing species
on the DTT decay rates although we agree with you that this might introduce addi-
tional uncertainty. In the revised manuscript (lines 447-453), we added the discussion
about the possible uncertainty as “At the present time, the relative sensitivity factors
for each oxygen-containing species are unavailable. Similar to the method used in
the literatures (Chen et al., 2017;Schuster et al., 2011), we simply assumed all these
oxygen-containing species in the envelope of O1s having the same relative sensitiv-
ity factors. It should be reliable when semi-quantitatively comparing the contents of
oxygen-containing species among different samples although additional uncertainties
might be introduced for the calculated oxygen content”.

2) If other ethers present in the carbon nanomaterials, it should also contribute to the
O1s band which might be closed to that of epoxide. However, at the present time,
it has been recognized that oxygen species including epoxide, hydroxyl, carbonyl and
carboxylic groups present in graphene layer (Inagaki and Kang, 2014;Hunt et al., 2012).
Epoxide should dominate the band at 532.6 eV compared with ethers (Hunt et al.,
2012). In particular, the TGA results also supported the high content of epoxide in
graphene oxide. For other samples, other ethers might overestimate their contents of
epoxide. However, this should not have influence on our conclusion that epoxides are
related to the high oxidation potential of graphene oxide. This discussion has been
added in the revised manuscript (lines 520-529) as “It should be noted that if other
ethers present in the carbon nanomaterials, they should also contribute to the O1s
band which might be closed to that of epoxide. However, at the present time, it has
been recognized that oxygen-containing species including epoxide, hydroxyl, carbonyl
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and carboxylic groups present in graphene layer (Inagaki and Kang, 2014;Hunt et al.,
2012). Epoxide should dominate the band at 532.6 eV compared with ethers (Hunt et
al., 2012). In particular, the TGA results also supported the high content of epoxide in
graphene oxide. For other samples in this work, other ethers might overestimate their
contents of epoxide. However, this should not have influence on our conclusion that
epoxides are related to the high oxidation potential of graphene oxide”.

3) These oxygen-containing species measured using XPS are not representative of
the overall OC because the probe depth of XPS is around 10 nm. On the other hand,
OC includes not only the oxygen-containing species but also the hydrocarbons without
oxygen atoms. Thus, XPS results only reflect the relative element ratio on the surface.
However, the surface property should be very important to understand the toxicity of
nanoparticles from the point view of particle-cell interaction (Cedervall et al., 2007).
In the revised manuscript (lines 343-346), we added sentence to clarify this point as
“It should be noted that XPS results only represent the surface atom ratios, which are
different from the OC content representing the bulk composition. However, the surface
property of particle should be very important to understand the toxicity of nanoparticles
from the point view of particle-cell interaction (Cedervall et al., 2007)”.

The oxidation of SO2 by epoxides 2016 is cited as support for ROS generation ob-
served mechanism that is different from the mechanism by which oxidative potential
of ROS is meant to be measured by DTT. The authors may wish to clarify this point
as this may also be related to the discrepancy with the lack of difference in apparent
cytotoxicity.

Response: Thank you for your instructive suggestions. We agree with you that the
mechanism of SO2 oxidation by epoxide might be different from that of DTT oxidation.
Here we cited the oxidation of SO2 by epoxides to support the oxidative property of
graphene oxide. In fact, DTT is a stronger reducer than SO2. Both direct oxidation by
epoxides and indirect oxidation by ROS generated on the particle surface contribute to
the consumption of DTT. Therefore, DTT decay rate should include a part of oxidation
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reactivity which can be explained by SO2 oxidation. It has also been found that ozone
oxidized carbon nanomaterials showed decreased DTT decay rates after treated by
SO2 compared with the pristine particles (Xu et al., 2015). In the revised manuscript
(lines 517-519), we clarified this point as “This result is also well consistent with the
previous founding that epoxides in graphene oxide can oxidize SO2 to sulfate (He and
He, 2016) although their oxidation mechanism might be different.”

The discrepancy of the observed strong oxidation potential of graphene oxide with
the lack of difference in apparent cytotoxicity among these particles may also related
to the different interaction mechanism between DTT assay and in vitro assays. In
the revised manuscript (lines 400-405), it has been pointed out as “The interaction
between target cells and particles should be much complicated than that between DTT
and particles. As discussed above, the cytotoxicity of nanoparticles relied on not only
the mode of action but also the chemical nature of particles. Therefore, the different
responses of the oxidation potential and the cytotoxicity to the epoxide content in these
carbon materials might be accounted for by different mechanisms of toxicity among
these assays”.

As with the other reviewer I agree that the connection to atmospheric soot particles
is quite tenuous; due to my delay in response I already see that the authors have
proposed changes in this regard (which makes the work less relevant for ACP?).

Response: Thank you for your instructive suggestions. According to your suggestions,
we removed the connection to atmospheric soot particles. We think this work is still
atmospheric relevant because these carbon nanomaterials can be emitted into the at-
mosphere from different sources. The results of this work should be still interesting and
important enough without the atmospheric extrapolation as commented by reviewer 1.
In the revised manuscript (lines 53-56), we added a sentence to emphasize the im-
portance of this work as “During production and use of these consumer products, they
are prone to enter into the environment and ultimately the human body (Helland et al.,
2007;Tiwari and Marr, 2010), subsequently, to pose risk of adverse health effect”.
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One additional point on this is that the authors refer to "BC" but perhaps "soot" is more
suitable, and the "surface functionalization" of soot have been characterized previously
(including ethers) - e.g., Cain et al. 2010, Vander Wal et al. 2011, Popovicheva et al.
2014. However, atmospheric aging not only includes surface functionalization but also
condensation of co-emitted species and photochemical oxidation products which are
particularly rapid under conditions of soot emissions (Johnson et al. 2005 and Adachi
et al. 2010); it is unclear how much of the oxidation potential attributable to functional
groups would be dependent on the carbon nanomaterial itself in the environmental
context.

Response: Thank you for your instructive suggestions. In the literatures, soot and
black carbon are usually exchangeable. In the revised manuscript (lines 47-50), we
added a sentence “Soot, which originates from incomplete combustion of biomasses,
biofuels, fossil fuels and natural fires in reduced or anoxic environments, is a mixture
of elemental carbon and organic carbon (OC) compounds (Muckenhuber and Grothe,
2006)”. We replaced the “BC” with “soot” in the revised manuscript according to your
suggestion, such as in lines 86, 216, 438 and 549.

The references related to surface functionalization including ethers (Cain et al.,
2010;Wal et al., 2011;Popovicheva et al., 2015) have been added in the revised
manuscript (lines 97-98).

We agree with you that atmospheric aging not only includes oxidation but also conden-
sation or coating of co-emitted species and secondary products from photochemical
oxidation. The relative contributions of these two processes in toxicity changes of soot
or CB particles to the oxidation potential are unclear at present time and might be
dependent on the carbon nanomaterial. It has been found that the DTT decay rates
of SWCNTs (Liu et al., 2015) and engineered nanoparticles (SiO2) (Liu et al., 2019)
decreased significantly as a function of exposure time of these pollutants. In the re-
vised manuscript (lines 582-591), we discussed the uncertainty of this work as “Finally,
condensation of co-emitted species and photo oxidation products is particularly rapid
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under conditions of soot emissions (Johnson et al., 2005;Adachi et al., 2010;Peng et
al., 2016). In previous our work, it has been found that condensation process signif-
icantly decreased the oxidation potential of the SWCNTs (Liu et al., 2015). A recent
work has also found that condensation of organic aerosol leads to decrease in oxida-
tion potential on engineered nanoparticles (Liu et al., 2019). Therefore, the contribution
of functional groups to the oxidation potential should be greatly influenced by conden-
sation of co-emitted species and photo oxidation products in the atmosphere. This
might be dependent on the carbon nanomaterial itself and needs to be investigated in
the future”.

Minor comments:

The methods section is very sparse in citations except a few of the authors own work,
but citations to primary sources would be relevant here.

Response: Thank you for your instructive suggestions. Several relevant references
have been cited in the revised manuscript (lines: 143, 153-154, 168).

There are typographical and grammatical errors which can be corrected during the
editorial process of Copernicus.

Response: Thank you for your suggestions. We carefully checked and corrected some
typographical and grammatical errors.

Reference:

Adachi, K., Chung, S. H., and Buseck, P. R.: Shapes of soot aerosol particles and im-
plications for their effects on climate, Journal of Geophysical Research-Atmospheres,
115, 9, 10.1029/2009jd012868, 2010.
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Please also note the supplement to this comment:
https://www.atmos-chem-phys-discuss.net/acp-2018-1366/acp-2018-1366-AC2-
supplement.pdf

Interactive comment on Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2018-1366,
2019.
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