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In this work we report that after single-walled carbon nanotubes (SWNTs) are sheared with a pair of titanium scissors,
the magnetization becomes larger than that of the corresponding pristine ones. The magnetization increases proportionally
with the number of SWNTs with sheared ends, suggesting that there exist magnetic moments at the sheared ends of SWNTs.
By using the coefficient of this linear relation, the average magnetic moment is estimated to be 41.5 ± 9.8 µB (Bohr
magneton) per carbon atom in the edge state at temperature of 300.0 K, suggesting that ultrahigh magnetic fields can be
produced. The dangling sigma and pi bonds of the carbon atoms at sheared ends play important roles in determining the
unexpectedly high magnetic moments, which may have great potential applications.
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1. Introduction

Ultrahigh magnetic fields play an important role
in condensed matter physics,[1–7] chemistry,[8] materials
science,[9,10] and biosciences.[11,12] In the laboratory, they are
usually produced by very large currents flowing through su-
perconducting, resistive or hybrid magnets, which requires
the extreme conditions (low temperature, huge cooling wa-
ter and tens of megawatts of power) and thus restricting their
applications.[13] As a matter of fact, magnetic fields can also
be produced with magnetic materials,[14,15] which have the ad-
vantages of higher working temperature and low energy con-
sumption. However, the highest previously reported magnetic
field produced with magnetic materials was about 2.5 Tesla,
which is much lower than ultrahigh magnetic fields usually
needed.[1–12] In this work, we report that single-walled carbon
nanotubes (SWNTs) start to oxidize at 312 ◦C in dry air after
they are sheared. This oxidation temperature is much lower
than that of amorphous carbon (∼ 411 ◦C) and that of pristine
SWNTs (∼ 633 ◦C). Meanwhile, by measuring the magneti-

zations of pristine SWNTs samples, the corresponding treated
ones and the percentage of SWNTs with sheared ends in the
SWNTs samples, the magnetic moments at the sheared ends of
SWNTs are quantified using SQUID and PPMS. At a tempera-
ture of 300.0 K, if edge states with a width of 1 nm are formed
due to relaxation and reconstruction at the sheared ends of
SWNTs, then the average magnetic moment is estimated to be
41.5± 9.8 µB per carbon atom in the edge states, suggesting
that ultrahigh magnetic field can be produced. The dangling
sigma and pi bonds of carbon atoms at the sheared edges of
SWNTs play important roles in determining the unexpectedly
high magnetic moments and ultrahigh magnetic fields.

2. Experimental section

The SWNTs used in this work were grown by float-
ing catalytic chemical vapor deposition and were supplied by
Chengdu Organic Chemicals Co. Ltd., Chinese Academy of
Sciences. The SWNTs appeared as black powers in bulk with
a high weight purity of about 97.5%, the diameter and length
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of individual SWNTs of about 1.5 nm∼ 2.0 nm and 20±5 µm,
respectively (see Supplementary Material, Fig. S1(1). The
individual SWNTs usually form bundles with quite a wide
distribution in diameter and length as seen from SEM im-
ages (Fig. 1). After the weight of a pristine SWNT sample
is measured, the SWNT sample is transferred into a centrifuge
tube, which is filled with some amount of ethanol (Fig. 1(a)).
Then, the SWNTs are sheared manually inside the centrifuge
tube by using a pair of titanium scissors for ophthalmic opera-
tions under an optical microscope. The shearing frequency is
about 60 times/minute. After shearing treatment for 10 min–
20 min, the SWNTs usually fill the centrifuge tube, as can be
seen in Fig. 1(b). This suggests that the SWNT bundles be-
come shorter during the shearing treatment. This can be con-
firmed with SEM characterization (Fig. 1(d)), showing that
the SWNTs become smaller pieces after being sheared. For
SWNT bundles with small diameter, the shearing plane is usu-
ally neat, straight and perpendicular to the axis of the SWNT
bundle, as shown by the arrow in Fig. 1(e). Typical Raman
spectra from a sheared end and from the rest of the bundle are
shown in Supplementary Material, Fig. S1(2). The ID/IG in-
tensity ratio at the sheared end is found to be 0.072, which is
larger than that at the middle part of the bundle (0.028). This
suggests that a much higher proportion of defects appears at
the sheared ends of the SWNT bundle.

3. Results and discussion
After shearing treatment, the lengths of SWNT bun-

dles are still longer than those of their component individ-
ual SWNTs (∼ 20 µm) (Fig. 1(d)). This suggests that the
SWNTs at locations more than 20 µm away from the shear-
ing planes are not affected. For SWNTs at or near the shear-
ing planes, the possibility of pulling out of individual SWNTs
from SWNT bundles cannot be excluded during the shearing
treatment. However, the SWNTs at the shearing plane are be-
lieved to be sheared instead of pulling out from the SWNT
bundle due to the following reasons. First, the morpholo-
gies of the sheared edges are different for the pulling out or
shearing of SWNTs. When a rope of SWNTs is broken under
a tensile stress, the broken planes show irregular edges and
some individual SWNTs (or bundles with smaller diameters)
protrude from the edges (Supplementary Material, Fig. S2).
This indicates that under the tensile stress, the breaking occurs
when some SWNTs are pulled out from longer SWNTs bun-
dles due to the excellent mechanical properties of individual
nanotubes.[16] In contrast, when SWNTs are sheared with a
pair of scissors, many sheared edges can be observed, which
are usually neat and straight (Fig. 1(d)). For the SWNT bun-
dles with smaller diameter, the shearing edges are almost per-
pendicular to the axis of the SWNT bundles as shown by the
arrows (Figs. 1(d) and 1(e)). Second, the carbon nanotubes

can be readily sheared with the titanium scissors used in this
work. Because the length of individual SWNTs used in work
is about 20 µm, the newly obtained sheared ends of SWNTs
are mixed with those pristine ends of SWNTs. This makes
the studies of the structure of sheared ends of SWNTs difficult
and challenging. To resolve this difficulty, a bundle of mul-
tiwalled carbon nanotubes (MWNTs) with a length of about
1 mm is used for the shearing experiments and sheared with
the titanium scissors. The breaking structures of individual
nanotubes are studied with high resolution transmission elec-
tron microscope (HRTEM). The results indicate that a section
of MWNTs can be readily sheared from a longer bundle of
MWNTs (see Supplementary Material, Fig. S3). Although in-
dividual nanotube in the bundle is somewhat curved and is not
perfectly aligned, the shearing plane of individual nanotube is
usually perpendicular to the axis of the individual MWNT. Im-
ages of the breaking ends of MWNTs by HRTEM indicate that
nearly all the outer and inner walls of individual MWNTs can
be sheared in nearly the same locations (Supplementary Ma-
terial, Fig. S3). This confirms the conclusion that the shearing
planes are almost perpendicular to the axis of each individ-
ual MWNTs under shearing stress. This phenomenon is quite
different from the breaking structure of an individual MWNT
under tensile stress, where only the outermost wall breaks.[17]

These observations are believed to be applicable to SWNTs
due to their similar structures and mechanical properties.[16,17]

(a) (b) (c)

(d) (e)

Fig. 1. Preparing and shearing of SWNTs samples. (a) Typical optical image
of a pristine, purified SWNTs (∼ 3 mg) in centrifuge tube with ethanol as
solvent. (b) Optical image of SWNTs in centrifuge tube after being treated
by shearing. Although sample weight remains the same, solutions look dif-
ferent, suggesting that SWNTs bundles have smaller dimensions after being
treated. (c) Typical SEM image of pristine, purified SWNTs, showing that
SWNTs are in the form of bundles. Diameter and length of SWNT bundles
each have quite a wide distribution. (d) SEM image of SWNTs after being
treated by shearing. SWNTs have become smaller pieces, which still show
wide size distribution. Arrows indicate shearing plane of SWNT bundles. (e)
SEM image of SWNT bundle with diameter about 4 µm. Shearing plane is
neat, straight and perpendicular to SWNT bundle as shown by arrow.
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These results indicate that after experiencing the shear-
ing treatment, the SWNTs in the SWNT sample can be clas-
sified into two types: SWNTs unaffected and SWNTs sheared
successfully. For SWNTs that are successfully sheared, there
are sheared ends in SWNTs. For these SWNTs with sheared
ends, the carbon atoms at the edge sites have only two neigh-
boring carbon atoms,[18] in contrast to other carbon atoms that
bond to three neighboring carbon atoms. The dangling bonds
(sigma and pi) of the carbon atoms at the edges may result in
some new, novel properties. As shown later, the oxidation of
the SWNTs with sheared ends starts at temperature as low as
312 ◦C, by which the percentage of SWNTs that have been
sheared in the shear-treated SWNT sample can be estimated.

Typical results of thermo–gravimetric (TG) analysis and
differential thermo–gravimetric (DTG) analysis of purified,
pristine SWNT samples are shown in Fig. 2(a). To compare
the results with those of sheared SWNT samples, the SWNT
sample is immersed into ethanol after measuring its weight.
From this figure, it can be seen that there are a small peak
and a main peak at 411.1 ◦C and 638.8 ◦C, respectively. The
two peaks can be well-assigned to the oxidation temperature
of amorphous carbon and SWNTs,[19] respectively. The resid-
ual mass is 2.50% and varies a little bit from sample to sam-
ple. The TG experiments are repeated three times under the
same experimental conditions and the weight percentages of
the residue are found to be 2.49%, 2.48%, and 2.50%, respec-
tively. Energy-dispersive x-ray spectra (EDS) indicate that the
elements in the residue are mainly iron and oxygen, which
are quite uniform for different samples and different locations
in the residue of the same sample (Supplementary Material,
Fig. S4-1).

After experiencing the shearing treatment, the curves of
TG and DTG of SWNT samples show the following interest-
ing characteristics (Fig. 2(b)). First, a small plateau appears in
the DTG curve with a starting temperature as low as 312.3 ◦C,
which is observed in all sheared samples but does not appear
in each of pristine SWNT samples. Second, the oxidation
temperature of SWNTs shifts a little bit to a temperature of
633.8 ◦C. Third, the residual mass of the sheared SWNTs is a
little (about 0.5%) larger than that of the pristine SWNT sam-
ples. The EDS of the residue of the sheared SWNTs indi-
cates that this increase comes from a small amount of titanium
and/or titanium oxide, which is mixed into the samples during
shearing treatment (Supplementary Material, Fig. S4-1). This
means that the sheared SWNT sample differs from its corre-
sponding pristine one by a small amount of titanium (and/or
titanium oxide) and some amount of SWNTs with sheared
ends. Since the weight of titanium (and/or titanium oxide)
does not decrease during TG experiment, the plateau in the
DTG curve starting at 312.3 ◦C, which represents a weight

reduction, is attributed to the oxidation of the SWNTs with
sheared ends. It should be noted that there are other possibili-
ties for the peaks at 312.3 ◦C, such as gas desorption and amor-
phous carbon at the sheared ends of SWNTs. These possible
causes can be excluded due to the following reasons: first, if
these peaks are from the gas physical/chemical desorption at
the defect sites caused during shearing treatment, the weight
of these gases should have a value proportional to weight ra-
tio of the carbon atoms at these defect sites. This value can
be estimated at 1.86%–6.54% (from Table 1) ×10−4 (typical
aspect ratio of SWNT, representing the ratio of carbon atoms
at defect sites to other carbon atoms), which is about 4 orders
of magnitude smaller than that calculated from the peaks at
312.3 ◦C. Second, as reported previously, the physical desorp-
tion of oxygen and nitrogen usually occur below 100 ◦C.[20]

For the chemical absorption of oxygen on defect or edge site of
carbon nanotubes, the desorption temperature can be as high as
600 ◦C.[21] Third, in this work, the SWNTs are kept in ethanol
during shearing and protected in ethanol during transfer for
characterization, which means that the SWNTs are isolated
from nitrogen and oxygen. Consequently, when the TG ex-
periments are carried out, both adsorption and desorption may
happen at the same time and no characteristic peaks are ob-
served in the TG or DTG curves (Fig. 2).

The excess amorphous carbon may be produced at the
sheared ends of SWNTs, and may cause the burning that starts
at 312.3 ◦C. However, this explanation of the burning can be
excluded due to the following reasons: first, the weight per-
centages at which the burning starts at 312.3 ◦C is in the range
of 1.8% to 6.5% in the sheared samples. And this weight per-
centage is in the same magnitude to that of the amorphous car-
bon (∼ 8%). Second, it is well-known that amorphous carbon
is usually present at the outer walls of nanotubes. Since nan-
otubes have much larger length than diameter, this suggests
that if the burning that starts at 312.3 ◦C comes from excess
amorphous carbon that may be produced at the sheared ends,
the excess amorphous carbon should have much higher density
and can be easily observed using TEM. As shown in the Sup-
plementary Material, Fig. S4-2, no such amorphous carbon is
found.

Therefore, by comparing the TG and DTG curves of a
sheared SWNTs sample with those of pristine SWNT sample,
the percentage of SWNTs with sheared ends in the sheared
sample can be estimated. For pristine SWNT samples, the
ratio between amorphous carbon and SWNTs is calculated
by using the area of the corresponding peaks in DTG curve.
This ratio varies a little from sample to sample. Four pristine
SWNT samples are tested and their amorphous carbons have
the weight percentages of 8.02%, 8.94%, 9.56%, and 7.58%,
respectively. The average value of 8.53% is used in the follow-
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ing calculations. For sheared SWNT samples, the percentage
of amorphous carbon and SWNTs with sheared ends can be
obtained by calculating the areas in DTG curve (Fig. 2(b)).
After subtracting the average percentage of amorphous car-
bon, the weight percentage of SWNTs with sheared ends in
the SWNT samples can be obtained.
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Fig. 2. (color online) Thermo–gravimetric (TG) analysis and differential
thermo–gravimetric (DTG) analysis of pristine and sheared SWNTs sam-
ples. Percentage of SWNTs with sheared ends in SWNT sample can be
estimated by the comparison between DTG curves. The experiments are
carried out in dry air with a ramp rate 5 ◦C/min. (a) Typical curve of TG
and DTG of purified, pristine SWNTs sample. Small peak at 411.1 ◦C and
main peak at 638.8 ◦C are attributed to oxidation temperature of amorphous
carbon and SWNTs, respectively. Residual mass is 2.50%, which varies a
little from sample to sample. (b) Typical TG and DTG curve of sheared
SWNTs sample. Comparing with pristine SWNTs, oxidation temperature
of SWNTs shifts a little bit to 633.8 ◦C. There is plateau in DTG curve
with starting temperature 312.3 ◦C. This plateau of DTG curve comes from
SWNTs with sheared ends in SWNT sample as shown by inset in SEM im-
age marked with red rectangle. The percentage of SWNTs with sheared ends
can be estimated by integrating the corresponding area in DTG curve after
subtracting the percentage of amorphous carbon. Residual mass of sheared
SWNTs becomes larger due to introduction of trace amount of titanium.

These results indicate that the dangling sigma and pi
bonds of carbon atoms at edges are more chemically reactive,
resulting in lower oxidation temperature in dry air. Mean-
while, the sheared ends of SWNTs provide unique defect
structures, which are ideal for the study of defects-caused fer-
romagnetism; as reported previously in graphene[22–27] and
MWNTs.[28] Therefore, the following experiments are car-
ried out to measure quantitatively the magnetic moment at the
sheared ends of SWNTs.

After the weight of a pristine SWNT sample is measured,
the sample is immersed into ethanol and transferred into a
sample holder, while the same holder is used for a physical
property measurement system (Quantum Design, PPMS9) and
a superconducting quantum interference device (Quantum De-
sign, SQUID VSM). The magnetization curves of the SWNT
sample are measured by using a vibrating sample magnetome-
ter with a sensitivity of 10−9 A·m2 (PPMS9) or 10−11 A·m2

(SQUID VSM), which utilizes Faraday’s Law to measure the
magnetic moment of the sample. After being measured, the
SWNT sample is transferred into a centrifuge tube for shear-
ing treatment. After being sheared, the SWNTs sample with
some amount of ethanol is transferred back into the sample
holder for measurement.

Typical curves of magnetizations (M) against applied
field for a pristine (black) and its corresponding sheared (red)
SWNTs are shown in Fig. 3 at temperatures of 200.0 K and
300.0 K, respectively. From Fig. 3(a), the following charac-
teristics can be seen clearly. First, the increase of magneti-
zations with external magnetic field can be divided into three
sections: fast increasing, slow increasing and saturation sec-
tions in the field ranges of 0 T–0.4 T, 0.4 T–1.0 T, and 1.0 T–
3.0 T, respectively. When the magnetizations are saturated,
they have constant value and do not vary with the increase of
external magnetic field. Second, both magnetizations are sym-
metric for positive and negative external magnetic field. The
top left-hand inset of Fig. 3(a) displays the hysteretic parts of
the two magnetizations, indicating that both have a similar co-
ercivity about 43 mT at 200.0 K. Third, the magnetization of
the sheared SWNTs is larger than that of its corresponding
pristine sample. This can be seen more clearly when the exter-
nal magnetic field is in a range from 1.0 T to 3.0 T. When
the temperature is raised to 300.0 K, similar characteristics
of the magnetizations can be observed (Fig. 3(b)). The val-
ues of saturated magnetizations become smaller than those at
200.0 K. Meanwhile, both magnetizations have coercivity with
the same value about 31 mT at 300.0 K (the top left inset in
Fig. 3(b)).

These curves of magnetizations of pristine (black) and
sheared (red) SWNTs samples indicate clearly that there are
ferromagnetism and magnetic moment in these samples. For
pristine, purified SWNTs samples, although the weight puri-
ties of these SWNTs samples are all as high as 97.5%, there
is still trace amount of iron and/or iron oxide (Supplementary
Material, Fig. S4-1). Due to the small content of these phases,
it is quite difficult and challenging to implement a quantitative
analysis of these phases. This makes the quantitative analysis
of the magnetizations of pristine SWNTs samples quite diffi-
cult. The very small differences among the residual mass of
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pristine samples (∼ 0.01%) suggest that the content and ra-
tios of iron and iron oxide are quite uniform among pristine
samples. The values of magnetization (M) of pristine SWNTs

samples vary quite a lot from sample to sample, as shown in
Table 1. This may imply there is magnetizations from SWNTs,
which varies from sample to sample.

Table 1. Data of 6 pristine SWNT samples and corresponding sheared ones, from which magnetic moment at sheared ends of SWNTs are obtained.
Temperature: 300.0 K; External field: 3.0 T. M0: saturated magnetization of pristine SWNT samples. Superscripts (“α” and “β”) represent that data
are obtained with “PPMS-9” (“α”) and “SQUID-VSM” (“β”), respectively. When both appear, it indicates that magnetization is measured with both
facilities. M1: saturated magnetization of corresponding sheared SWNT samples. ∆M: M1–M0. SWNTs with sheared ends (%): percentage of SWNTs
with sheared ends after being treated, which is obtained with corresponding DTG curve. Average ∆M: linear fit of the ∆M of the samples (S1–S6).
Average magnetic moment: average increased magnetic moment of each carbon atom of SWNTs in the sheared SWNTs when percentage of SWNTs
with sheared ends in SWNT sample is 100%..

Sample Weight/mg M0/(A·m2/kg) M1/(A·m2/kg) ∆M/(A·m2/kg)
SWNTs with Average ∆M Average magnetic

sheared ends/% /A·m2/(kg·%) moment/(µB/atom)

S1 2.9261
1.373α

1.404α 0.031 1.86

(1.72±0.27)×10−2 (4.15±0.98)×10−3

1.3732β

S2 4.1547
1.502α

1.524α 0.022 2.05
1.5017β

S3 4.9364
1.180α 1.215α 0.0344 2.64
1.1801β 1.2145β

S4 2.1374 1.2776β 1.339α 0.0614 4.78
S5 3.9611 1.4554β 1.599α 0.1436 5.22
S6 4.1121 1.250α 1.343α 0.093 6.54

Another quite interesting and important result from Fig. 3
and Table 1 is that the magnetizations of sheared SWNT sam-
ples are larger than those of the corresponding pristine SWNT
samples. The differences between the sheared SWNTs sam-
ples and their corresponding pristine ones are some amount
of SWNTs with sheared ends and trace amount of titanium
and/or titanium oxide (∼ 0.5%). The increase of the magne-
tization from titanium can be excluded due to the following
reasons: first, titanium is a typical paramagnetic material. If
the increased magnetization is from Ti, linear relationship of
magnetization versus magnetic field should be observed when
the external field is increased. This is in clear discrepancy with
our results shown in Figs. 3(a) and 3(b), where the saturation
of magnetization is observed when the external field is larger
than 1.0 T. Second, the elemental analysis of the residues
(Supplementary Material, Table S1) indicates that the weight
percent of the Ti element in the residues of sheared SWNTs
is about 8.1%, while the weight percent of the residues of
sheared SWNTs is 2.98%. This means that the weight percent
of the Ti element in the sheared SWNT is only 0.24% (8.1%×
2.98%). If the increase of the magnetic moment is from the
Ti element, then the magnetic moment of Ti atom should be
around 0.8 µB/atom at room temperature and an external field
of 1 T, which is not possible for a paramagnetic metal. Third,
as shown below, the increase of magnetization is proportional
to the quantity of SWNTs with sheared ends, suggesting that
this increase of magnetization results from the sheared open
ends of SWNTs.

Table 1 summarizes the characterizations and measure-
ments for six samples of SWNTs. The increase of magnetiza-
tion (M1–M0) is linearly related to the percentage of SWNTs

with sheared ends, which are obtained from their correspond-
ing DTG curves of the sheared samples. By the linear fitting
of the increased magnetizations of these samples, an average
increased magnetization of (1.72±0.27)×10−2 A·m2/(kg·%)
is obtained (Table 1). This value represents average increased
magnetizations when one percent of SWNTs are successfully
sheared (one percent of SWNTs with sheared ends in the
SWNTs sample after being treated). If each individual SWNT
is sheared once, which corresponds to 100% of SWNTs, then
an average increased magnetization of 1.72± 0.27 A·m2/kg
is expected. This value can be converted into an average in-
creased magnetic moment of each carbon atom of SWNTs due
to shearing treatment, which is (4.15±0.98)×10−3 µB/atom
as shown in Table 1. This increased magnetic moment comes
from a tiny fraction of carbon atoms at the edges of the sheared
ends of SWNTs. Therefore, the magnetic moment of the car-
bon atoms at the edge sites of the sheared ends of SWNTs can
be obtained by using this value multiplied with a factor. This
factor represents the ratio of the carbon atoms of SWNTs to
those carbon atoms at the edge sites of the sheared ends of the
SWNTs (Supplementary Material, Fig. S4-2). An exception-
ally high value of 364± 86 µB (Bohr magneton) per carbon
atom at the edge sites of the sheared ends of SWNTs is ob-
tained at a temperature of 300.0 K. If edge (end) states[29] with
a width of 1 nm are formed due to relaxation and reconstruc-
tion at the sheared ends of SWNTs,[30] the average magnetic
moment is 41.5± 9.8 µB per carbon atom in the edge (end)
states, suggesting that ultrahigh magnetic fields can be pro-
duced at the sheared ends of SWNTs. As for the unexpected
large value of magnetic moment per edge (end) carbon atom,
one possible reason may be that this large magnetic moment is
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closely related to the very small effective mass of π electron in
carbon nanotube, which can be calculated with eh̄/2m∗. Here,
m∗ is the effective mass of π electron, e the charge of an elec-
tron, and h̄ the Planck constant. For example, the effective
mass of π electron in graphene is found to be in a range of
0.02 me–0.05me (me is the mass of free electron)[31] and the
corresponding magnetic moment can be several tens of Bohr
magnetons.
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Fig. 3. (color online) Magnetization isotherms of typical pristine (black) and
its corresponding sheared (red) SWNTs sample at temperatures 200.0 K and
300.0 K, respectively. (a) Plots of magnetization (M) against applied mag-
netic field at temperature 200.0 K. Increase of magnetizations with external
magnetic field can be divided into three sections: fast increase, slow increase
and saturation section in field ranges: 0 T–0.4 T, 0.4 T–1.0 T, and 1.0 T–3.0 T,
respectively. Both magnetizations are symmetric for positive and negative ex-
ternal magnetic field. Magnetization of sheared SWNTs is larger than that of
its corresponding pristine one, suggesting existence of magnetic moment at
sheared ends of SWNTs. Top left inset displays hysteretic parts of two mag-
netizations, indicating both have similar coercivity about 43 mT. (b) Typical
curves of magnetization (M) at temperature 300.0 K. Similar characteristics
of magnetizations are observed to those in temperature 200.0 K. Values of
saturated magnetizations become smaller than that at 200.0 K. Both magne-
tizations have the same coercivity with value about 31 mT (inset).

It should be noted that the magnitudes of magnetic mo-
ments at the sheared ends of SWNTs are different from those
reported previously at the open ends of MWNTs.[28] The pos-
sible reasons may be as follows. First, the samples are dif-

ferent. In Ref. [28], MWNTs are used rather than SWNTs
as reported in this work. This may suggest that the diam-
eter and hence curve of nanotubes may have effects on the
magnetic moment. Second, in Ref. [28], the magnetic mo-
ment is obtained indirectly, which is calculated from the de-
flection of a cantilever of a bundle MWNT, while in this work
the magnetic moments at the sheared ends of SWNTs are ob-
tained directly by using PPMS and SQUID, which are the most
sensitive equipment for measuring magnetic signals. Third,
it is not clear whether the magnetic moment depends on the
atomic end and/or nanotube structure since the SWNTs in this
work are a mixture of SWNTs with different diameters and
chiralities, which deserves more theoretical and experimental
studies.[32–34]

4. Conclusions
In this work, we show that SWNTs can be successfully

sheared along a direction perpendicular to the axis of SWNTs
by using a pair of titanium scissors. The oxidation of SWNTs
with sheared ends starts at a temperature as low as 312 ◦C in
dry air. At a temperature of 300.0 K, if edge states with a
width of 1 nm are formed, the average magnetic moment is
41.5± 9.8 µB per carbon atom in the edge states, suggesting
that ultrahigh magnetic fields can be produced at the sheared
ends of SWNTs. Producing a ultrahigh magnetic field by using
the SWNTs has the advantages of a higher working tempera-
ture and low energy consumption, implying their great poten-
tial applications.
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