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Chiral Plasmonic Response of 2D Ti;C,T, Flakes:

Realization and Applications

A. Olshtrem, . Panov, S. Chertopalov, K. Zaruba, B. Vokata, P. Sajdl, J. Lancok,
J. Storch, V. Cirkva, V. Svorcik, M. Kartau, A. S. Karimullah, J. Vana, and O. Lyutakov*

The circularly polarized light sensitive materials response can be reached

at plasmon wavelengths through the coupling of intrinsically non-chiral
plasmonic nanostructure with chiral organic molecules. As a plasmonic
background, the different types of metal nanoparticles of various shapes and
sizes are successfully tested and an apparent circular dichroism (CD) signal is
measured in both, nanoparticles suspensions and after nanoparticle immo-
bilization in substrate. In this work, the creation of plasmon-active 2D flakes
of MXenes (Ti;C,T,) is proposed, with the apparent CD response at plasmon
wavelength, through the coupling of intrinsically non-chiral flakes with heli-
cally shaped helicene enantiomers. This work provides the first demonstra-
tion of chiral and plasmon-active 2D material, which shows the absorption
sensitive to light intrinsic circular polarization even in plasmon wavelengths
range. The appearance of the induced CD signal is additionally confirmed by
several theoretical calculations. After the experimental and theoretical confir-
mation of the optical chirality at plasmon wavelengths, the flakes are utilized
for the polarization sensitive conversion of light to heat, as well as for polari-
zation dependent triggering of plasmon-assisted chemical transformation.

artificial chiral nanostructures.?¥ Among
them the chiral plasmonic structures
deserve special attention, since they can
ensure polarization-sensitive manipula-
tion with light at a sub-diffraction level.>~]
A great number of chiral plasmonic struc-
tures were proposed recently and their
utilization in the fields of enantioselective
detection as well as chiral catalysis has
been successfully demonstrated.!®!
Common routes for chiral plasmonic
nanostructures creation involve the 2D
or 3D lithographic approaches, metal
nanoparticles self-assembling as well as
chirality introduction at the level of the
nanoparticles morphology® As an
alternative, the metal sputtering on spe-
cially etched surfaces, shadow metal(s)
deposition or patterned metal surfaces
twisting can be mentioned.>% The crea-
tion of well-defined nanostructures often

1. Introduction

Chirality as a basic feature of nature occurs as a basic property
from molecular up to global galactic levels.l"?l Recently signifi-
cant efforts have been directed to the creation and utilization of

requires complex processes, while uti-

lization of simpler techniques often do
not show a satisfactory value of polarization-dependent light
absorption.103-15] As an interesting alternative, the simple
but efficient approach for realization of chirality at plasmon
wavelength through the coupling of intrinsically non-chiral
plasmonic nanoparticles with chiral (dielectric) molecules
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was proposed.'23 In this case, chirality arises from the
dipole—dipole (or multipole) based interaction of plasmonic
nanostructures with chiral environment and chirality appear-
ance was demonstrated for various shapes of a metal nano-
structures, including spherical AuNPs, Au nanorods, and
silver nanocubes, as well as dimers or multimers of different
nanoparticles.V1%%2-321 In addition to plasmon-active metal
nanoparticles, the explicit polarization-dependent interaction of
larger (non-plasmonic and non-chiral) nanoparticles with circu-
larly polarized light was described inl*334 as a function of their
chiral environment.

Beyond the well-studied plasmon-active metal nanoparticles
or patterned metal surfaces, a recently discovered class of 2D
materials—so-called MXene—also shows an apparent plasmon
absorption at visible wavelengths.>>>7l In this work, we have
demonstrated for the first time the ability to induce a chiral
response of MXene (Ti3C,T,) flakes at plasmon wavelengths by
their coupling with highly chiral helicene enantiomers (samples
are further designated as Ti;C,T,-Hel). Such an approach allows
us to reach the polarization sensitive response of 2D flakes,
which is based on dielectric environment induced chirality
transfer. This is quite different from the previously reported
case, where the chirality was reached through specific flakes
shape and/or atoms arrangement.l*® We also demonstrated sev-
eral potential applications of created chiral 2D materials, com-
bining together the more attractive areas of chiral plasmonic
nanostructures and MXenes utilization®*4 with main focus
on polarization (circular)-sensitive applications.

2. Results and Discussion
2.1. Main Experimental Concept
Our main experimental concept is schematically represented in

Figure 1. We used the Ti;C,T, flakes prepared by conventional
etching and delamination of the corresponding MAX phase

3
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(see Supporting Information for details). In parallel, the enan-
tiopure helicenes with —NH, substituent were prepared. The
helicene enantiomers exhibit unique chiroptical properties and
huge values of optical rotation, e.g., specific optical rotations
for unsubstituted (P)- and (M)-[6]helicene were found to be
2935 £ 4° and —2883 + 2° respectively. To place Ti;C,T, flakes
and helicene enantiomers in close proximity and create covalent
bond between them, we diazotized the amino groups in heli-
cene structure and grafted the helicene enantiomers onto flakes
surface either through the formation of a direct Ti—Hel bonds
or through oxygen bridges due to the interaction of diazoheli-
cenes with the =O or —OH MZXene terminated groups. After
enantiomers grafting one can expect that chirality will appear
at flakes plasmon wavelengths due to the dipole—dipole (or
multipole) interactions between plasmon active Ti;C,T, flakes
and closed helical enantiomers, as was theoretically predicted
and experimentally confirmed earlier.’-1924-28] In the final step
we tested the created materials for polarization-sensitive appli-
cation in light to heat conversion and plasmon-assisted chem-
ical transformation.

2.2. Optimization and Confirmation of Helicene Enantiomers
Grafting

To optimize the grafting time, we performed a series of time-
resolved UV-vis and Raman measurements (more precisely,
Surface Enhanced Raman Spectroscopy (SERS) measurements,
since 785 nm excitation wavelength was used). For clarity we
present only the results obtained with (P)-Hel enantiomer,
but there was no fundamental difference between the (P)- and
(M)-Hel enantiomers. Absorption spectra, measured after (P)-
Hel grafting reveal a shift in the position of Ti;C,T, plasmon
absorption band due to changes in dielectric constants of flakes
closed environment (Figure 2A). More importantly, the char-
acteristic for helicene absorption band (Figure S1, Supporting
Information) appears at near-UV wavelengths and its intensity
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Figure 1. Schematic representation of proposed experimental concept: grafting of Ti;C,T, with enantiopure helicenes using the diazonium chemistry

approach for realization of chiral 2D materials.
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Figure 2. Ti;C,T,-Hel flakes characterization: A) UV-Vis spectra, measured after different time of Ti;C,T, coupling with (P)-Hel; B) SERS spectra of
pristine Ti3C,T, flakes and (P)-Hel, SERS spectra of Ti;C,T,-(P)-Hel flakes; C) XPS survey spectra of Ti;C,T, and Ti;C,T,-(P)-Hel flakes D,E) TEM images
of Ti3C,T, and Ti3C,T,-(P)-Hel flakes; F) XRD patterns of TisC,T, and Ti;C,T,-(P)-Hel flakes.

gradually increases with prolongation of the grafting time
during the first 3 h of grafting. The surface attachment of heli-
cene also resulted in the appearance of several characteristic
SERS bands, attributed to the helicene structure (Figure 2B;
Table S1, Supporting Information). As in the previous case, the
prolongation of the grafting time leads to a gradual increase
in helicene bands intensities which reaches a saturation after
3 h of grafting (Figure 2B, insert). So, it can be concluded that
the coupling (grafting) of helicene molecules and flakes really
proceeds and the Ti;C,T, surface is completely saturated by
attached moieties after a certain time. This grafting time (3 h) is
therefore used in all further experiments.

The flakes modification was additionally confirmed by X-ray
photoelectron spectroscopy (XPS). The XPS survey spectra
(Figure 2C; Figure S2, Supporting Information) show an
increase of surface carbon concentration and decrease of Ti,
O, and F characteristic peaks intensities due to screening by
“large” helicenes molecules. The attenuation of Ti (2s) char-
acteristic peak allows us to estimate the “average” thickness
of grafted organic layer, which was found to be slightly above
1 nm, i.e., indicating the formation of relatively closed-packed
helicene “monolayer” on flakes surface (see Supporting Infor-
mation for details). The SERS spectra (Figure 2B) also show the
preservation of the Ti;C,T, flakes characteristic features (wide
bands, located in 150-550, 600-900, and 1200~1500 cm™' spec-
tral regions) that indirectly indicate the preservation of flakes
crystallinity and 2D structure. The Ti;C,T, flakes survival was
additionally confirmed by X-ray diffraction (XRD) and transmis-
sion electron microscopy (TEM) techniques. Results of TEM
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reveal the conservation of flakes geometry and size after the
grafting (Figure. 2D,E, Figure S3, Supporting Information).
In turn, the XRD pattern of Ti;C,T,-Hel (Figure 2F) remains
almost unchanged, compared to pristine Ti;C,T, flakes case.
Just slight shift of reflexes to low angles was observed on XRD
patterns (Figure 2F) after helicene grafting, which can be attrib-
uted to tuning of interlayer distance in flake(s) structure due to
changes of flakes surface termination and expulsion of water
molecules from interlayer space.

2.3. Optical Chirality and CD Response of Ti;C,T,-Hel Flakes

In the next step, we proceed to the estimation of chirality
appearance at characteristic Ti;C,T, plasmon wavelengths.
As is evident from UV-vis spectra (Figure 2A) Ti;C,T, flakes
have apparent plasmon related absorption band, located near
800 nm, which is red-shifted after the helicenes grafting. The
helicene enantiomers are transparent at this and close wave-
lengths, but they have an apparent absorption band below
400 nm (Figure S1, Supporting Information) with corresponding
pronounced CD signal at these wavelengths (Figure 3A). CD
measurements of pristine Ti;C,T, flakes showed absence of
CD signal in all optical ranges, including the range of plasmon
resonance (Figure 3B,C). However, the CD spectra of Ti;C,T,-
(P)-Hel and Ti;C,T,-(M)-Hel flakes, exhibit two spectral ranges
with non-zero CD signal. The first one below 400 nm, attrib-
uted to the presence of helicene enantiomers could be expected.
However, the second CD band(s) are located at the plasmon
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Figure 3. CD spectra of: A) - (P) and (M) helicene enantiomers (with the amino-group at position 2); B,C) - pristine Ti;C,T,, Ti3;C,T,-(P)-Hel, and

Ti3C,T,-(M)-Hel flakes.

absorption wavelengths, i.e., near 800 nm. In this case the
sign of CD signal, measured on Ti;C,T,-(P)-Hel and Ti;C,T,-
(M)-Hel flakes is determined by the grafted helicene enanti-
omers (i.e., (P)-Hel or (M)-Hel) and it is in coincidence with
them. So, our initial assumption is right grafting of helicenes
to plasmon active flakes allows to reach the optical chirality at
plasmon wavelengths in 2D material (similarly to previously
reported case of plasmon-active nanoparticles with different
shapes!7192428)) To our knowledge, this is a first observation of
circular polarization sensitive light absorption at plasmon wave-
lengths within a flake’s suspension, i.e., in the form of sepa-
rated, individual (and probably single) flake(s).

As was mentioned above, the CD signal at plasmon wave-
lengths can be induced by coupling of intrinsically non-chiral
plasmonic nanoparticles with surrounding monolayer of chiral
molecules. From the theoretical point of view, this pheno-
menon can be due to the chiral charge distribution that alters
the plasmonic resonance of the nanoparticles by a near-field
dipole—dipole (or multipole) coupling.?*3*>3 To explain the
observed chirality appearance, we also performed several sim-
ulations, based on the optical parameters of Ti;C,T, (extracted
from AdR1) and optical parameters of helicenes determined
separately (Figure S4, Supporting Information). Numerical
calculations were performed using the wave optics module
(COMSOL) for simulation of the electromagnetic fields pro-
duced across helicene and MXenes. Periodic boundary condi-
tions were applied and perfectly matched layer conditions were
applied to both input and output ports to minimize internal
reflections. Obtained results are presented in Figure S5 (see
Supporting Information for more experimental details) and
clearly indicate that helicene enantiomers “grafting” induced
chirality at MXene-related plasmon wavelengths. Without a
doubt, these results are very tentative (although they provide a
solid theoretical justification for the observed chirality transfer)
and will be improved in the future.

We also observed some decrease in the intensity of the CD
signal in the characteristic spectral region of the helicenes
response (Figure 3). This fact can be explained by the different
concentrations of helicenes in the initial solution and in the
suspension of Ti;C,T,-Hel flakes (since not all helicene mole-
cules are grafted). Of course, in this case, it is impossible to
conclude whether the CD signal of helicenes is enhanced or
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reduced after their grafting to the surface of plasmon-active 2D
material.

2.4. Polarization-Sensitive Utilization of Ti;C,T,-Hel Flakes

After the confirmation of Ti;C,T,-Hel flakes plasmonic chirality
we proceed to utilization of the created 2D material in two appli-
cations, where the absorption sensitive to circularly polarized
light and unique properties of MXenes can play a crucial role.
In particular, application of created material in polarization-sen-
sitive plasmon-assisted photo-catalysis and polarization-sensitive
light to heat conversion were studied. The latter one started
from the assumption that Ti;C,T, flakes have excellent light to
heat conversion efficiency,*>®! while the presence of grafted hel-
icenes can provide different absorption of left circular-polarized
(LCP) and right circular-polarized (RCP) lights. For experimental
evidence of so-called of photothermal chirality,*! we illuminated
the Ti;C,T,-(P)-Hel and Ti;C,T,-(M)-Hel flakes suspensions with
LCP, RCP and non-circularly polarized (NP) laser light (850 nm)
and measured the overall increase of suspension temperature
(Figure 4A,B) and local temperature increase in the laser beam
spot on suspension (Figure 4C,D). In the first case (Figure 4A,B),
we observed an increase in local or general temperature, which
reached a plateau after 40 min. In general, the results obtained
clearly indicate that both, local and overall suspension temper-
atures depend on light and material chirality. In particular we
observed the difference closed to 3 “C in overall temperature
between illuminations of Ti;C,T,-(P)-Hel suspension with RCP
versus LCP or NP light (Figure 4A). Illumination of Ti;C,T,-(M)-
Hel flakes suspension led to symmetrically opposite results the
suspension was heated more when using LCP light (Figure 4B).
At this stage, it is worth noting that the observed values of the
temperature difference exceeded the theoretically calculated
ones (based on the CD spectra, details are given in Supporting
Information). This discrepancy can be explained by an increased
concentration of MXene flakes in the suspension used for polar-
ization-dependent light-to-heat conversion, which can lead to
flakes stacking and an increase in CD signal (which, in turn,
is confirmed by above mentioned calculations performed for
“thicker” MXene-Hel structures — Figure S5 Supporting Infor-
mation). To verify the light polarization impact on light to heat
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Figure 4. Demonstration of potential chiral 2D flakes utilization: A,B) Plasmon-induced heating of Ti;C,T,-(P)-Hel and Ti;C,T,-(M)-Hel flakes suspen-
sions as a function of light (850 nm) polarization; C,D) Local heating (photos from thermocamera) of Ti;C,T,-(P)-Hel and Ti;C,T,-(M)-Hel flakes
suspensions under passing of not-polarized of circularly polarized laser beam; E,F) Plasmon-induced degradation of CV dye as a function of laser light

polarization (850 nm).

conversion definitively pristine Ti;C,T, flakes were illuminated
with LCP, RCP, and NP light in a control experiment (Figure S6,
Supporting Information) and no changes in temperature with
light circular polarization switching were observed. It should
be also noted that the observed difference in local temperature
(for Ti;C,T,-(P)-Hel and Ti;C,T,-(M)-Hel flakes) increase was
also apparent, which is evident from Figure 4C,D. These results
show that in addition to the previously proposed utilization of
the photothermal response of chiral nanomaterials in thermal
energy conversion and electronic applications,®! the Ti;C,T,-
Hel flakes with local, polarization sensitive heating can also
potentially be used in advanced photothermal therapy (also
taking into account the “bio-reasonable” heating, corresponding
to the commonly reported one for this application’>8)), under
improved temperature control.

We also compared our results with previously published
results for enantioselective light absorption.>>%1 As a plasmon-
active source of chirality, the authors of*>°] used the so-called
gold helicoids, with not only higher CD signal index but also
higher absorption coefficient (including light scattering), which
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cannot be neglected in the case of nanoparticles with a size close
to 100 nm. It should be noted that the temperature difference
observed in this study is much higher than those expected from
previously published works!**l based on gold nanostructures.
The observed temperature difference may be due to two factors,
the significantly higher efficiency of Ti;C,T, material for light-
temperature conversion (attributed to enhanced light-matter
interaction and internal reflexions between the layers) and the
related light-to-heat conversion efficiency close to 100%.19-62 To
test this hypothesis, we performed another comparative experi-
ment using gold nanorods, which also show a plasmon absorp-
tion band near 800 nm and are known for their relatively good
light-to-heat conversion efficiency and Ti;C, T, flakes (Figure S7,
Supporting Information). Although we used solutions with the
same extinction coefficient (at 780 nm), the Ti;C,T, suspension
heated up much faster. Thus, the observed temperature differ-
ence can be related to both the absorption difference between
left and right rotating light and the enhanced light-matter inter-
action (and related unique light-to-heat efficiency conversion)
in the case of Ti;C,T, flakes.

© 2023 The Authors. Advanced Functional Materials published by Wiley-VCH GmbH

85U8017 SUOLILIOD BAEa.D 3|qel(dde au Aq peusenob are ssjole YO ‘@S JO'SenJ 10} Aeiqi8UIjUO /8|1 UO (SUORIPUOD-PUB-SWBI W00 A8 |ImAlelq 1 Bul|UO//:SANY) SUORIPUOD puUe swe 1 8y} 88 *[£202/TT/62] Uo Akiqiauluo 48| ‘801anped elizieAlun Aq 982212202 WiPe/Z00T 0T/I0p/Liod" A3 |1mAkeid 1 |euluo//:sdny woly pepeojumoa ‘0g ‘€20z ‘820£9TIT



ADVANCED
SCIENCE NEWS

www.advancedsciencenews.com

Finally, we also demonstrated the potential of Ti;C,T,-Hel
flakes in polarization-sensitive, plasmon assisted photochem-
istry. This field could be considered as a hot topic, but it should
be noted, that the most recent works were focused on the uti-
lization of enantio-selective molecules sorption near plasmonic
surface before plasmon-assisted reaction proceeding.l®*%4 In
our case we chose an alternative approach, with utilization of
RCP or LCP light illumination for polarization-sensitive trig-
gering of chemical transformation. As a model reaction we
chose the plasmon-assisted degradation of dye (crystal violet
(CV)), since this reaction was widely reported in the litera-
turel®%"1 and reaction efficiency can be simply estimated using
the UV-Vis measurements (Figure S8, Supporting Informa-
tion). Before plasmon-assisted triggering of CV degradation
we performed several control experiments. Illumination of CV
solution without addition of Ti;C,T, flakes does not lead to dye
concentration decrease (Figure S9A, Supporting Information),
which could be expected, since CV does not absorb the used
light emitting diode (LED) wavelength. Slight decrease of CV
solution absorption was observed after the simple interaction
with Ti;C,T, flakes in dark since this cationic dye is probably
entrapped by negatively charged flakes surface (Figure S9B,
Supporting Information). On the other hand, dye entrapping
was partially quenched after the flakes grafting with helicenes
enantiomers. In turn, illumination of CV solution mixed with
Ti3C,T, flakes suspension led to apparent decrease of CV con-
centration, indicating the plasmon-assisted dye degradation,
which proceeds independently on the light polarization in the
case of pristine Ti;C,T, flakes (Figure S10, Supporting Infor-
mation). The impact of light polarization on the kinetic of dye
degradation mediated by Ti;C,T,-(P)-Hel and Ti;C,T,-(M)-Hel
flakes can be seen from Figure 4E,F. In this case we observed
the apparent interplay of light circular polarization and flakes
chirality. Plasmon-assisted CV degradation proceeds signifi-
cantly faster when the combination of RCP light and Ti;C,T,-
(P)-Hel or LCP light and Ti;C,T,-(M)-Hel are used, compared
to all other cases. Observed differences in the degradation
kinetics were even more distinct than in the previous case of
polarization-sensitive light to heat conversion. Despite of our
expectations almost twice greater efficiency was observed for a
“right” combination of flakes and light chirality. At the moment
we are not able to explain so significant difference. We can
only assume that the observed phenomenon is related to one
(most likely non-thermal) mechanism of plasmon catalysis,
which may involve either injection of hot electron in dye mol-
ecule or excitation of an internal electron in the dye molecule,
both leading to molecule destabilization and degradation.[®>68]
The probabilities of both processes are affected by the inter-
play of mutual components in chiral light—chiral catalysts—rea-
gent system, and can have a non-trivial origin. Still unsolved
problems open the avenue for further research of chiral plas-
monics in triggering of organic (and other) chemical trans-
formation.”l To partially explain this significant difference, we
performed several additional experiments aimed at revealing
the CV degradation mechanism. First, we estimated the poten-
tial degradation of CV under increased temperature (based on
the results of Figure 4A,B). In this case, we observed the insig-
nificant CV degradation (Figure S11, Supporting Information).
Second, according to the simple experimental route proposed
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in, ! we investigated the CV degradation rate as a function of
light power or illuminated area (Figure S12, Supporting Infor-
mation). In these cases, we observed the close to linear and
quadratic dependences respectively, which are characteristic for
photochemical plasmon-assisted catalysis rather than for photo-
thermal plasmon-assisted catalysis. Common photochemical
plasmon-assisted catalysis proceeds through either the injec-
tion of a hot electron in the dye molecule or the excitation of
an internal electron in the dye molecule, both leading to mol-
ecule destabilization and degradation.®>®® To investigate the
possible mechanism of plasmon catalysis further, we also per-
formed a range of scavenging experiments, where the CV deg-
radation was performed in the presence of Ti;C,T, flakes and
scavengers of one of the potential reaction pathways: cyclooc-
tatetraene (COT), a triplet states quencher; 2,2,6,6-Tetrameth-
ylpiperidin-1-yljoxy (TEMPO), a radicals quencher”?; isopropyl
alcohol (IPA), a OH radical quencher; triethanolamine (TEAO),
a hole-capturer; and p-benzoquinone (BQ), a O, quencher!®
(Figure S13 and S14, Supporting Information). Based on
results obtained, we can conclude that the CV degradation can
proceeds under the attack of O,  (which is created through
plasmon assisted hot electron transfer from Ti;C, T, flake to dis-
solved oxygen) as well as through the triplet excited-state CV*
excitation (and related destabilization of dye molecule).

Finally, the liquid chromatography-mass spectrometry
based determination of degradation products was performed
(Figure S15, Supporting Information). The results indicate that
CV degradation proceeds via several reaction pathways. The
dominant contribution seems to come from the mechanism
related to plasmon-assisted generation of O, highly reactive
species and their subsequent attacking CV molecules. The deg-
radation products were also found to be identical to those deter-
mined in,/73 which were formed basically by the attack of
-OH or O, radicals on CV. However, the significant inhibition
of the degradation by COT suggests the involvement of another
degradation pathway that occurs via the triplet excited state CV*
(Figure S16, Supporting Information and related discussion).

3. Conclusion

In this work 2D material (Ti;C,T, flakes) with chiral optical
response at the plasmon wavelengths was designed and cre-
ated. Unlike previous reports, the chirality was achieved not
through specific flakes’ shapes but by coupling of intrinsically
non-chiral plasmon-active flakes with helical dielectric mole-
cules (helicene enantiomers, which intrinsically show a large
value of optical rotation). Plasmonic chirality was achieved
by coupling of intrinsically non-chiral plasmon-active flakes
with helical dielectric molecules (helicene enantiomers, which
intrinsically show the huge value of optical rotation). The heli-
cene enantiomers prepared with the amino-group at position
2, subjected to diazotation were subsequently grafted to Ti;C,T,
surface. As a result, the chirality at wavelengths related to flakes
plasmon absorption appeared, which was confirmed by the
CD technique and explained by the theoretical calculation of
polarization-sensitive light absorption at plasmon wavelength
which is due to the helicenes grafting to MXene flakes’ surface.
In particular, the apparent non-zero CD signal was measured
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in Ti;C,T,-Hel suspension, indicating that chirality appears in
the system of non-arranged flakes, i.e., at the level of single
2D flake. To our best knowledge, this is the first demonstra-
tion of the creation of plasmon-active 2D material with a chiral
response. The created Ti;C,T,-Hel flakes were subsequently
used for polarization-sensitive light to heat conversion, where
the heat generation can be controlled by light circular polari-
zation. We also demonstrated the Ti;C,T,-Hel flakes potential
in plasmon-assisted photochemistry, where efficiency of model
organic transformation was also controlled by the interplay of
flakes chirality and used light circular polarization.

4. Experimental Section

Detailed description of used materials, samples preparation and
characterization are given in Supporting Information. Briefly, Ti;C,T,
flakes were prepared by etching and delaminating of previously
synthesized MAX phase. 2-Amino-substituted® helicene enantiomers
were prepared according to the modified published procedure.’l
2-Amino[6]helicene enantiomers (further refereed as (P)-Hel and (M)-
Hel) were diazotated yielding diazonium salts”® and subsequently
grafted to Ti;C,T, flakes surface (created materials were designated
as Ti3CyT,(P)-Hel and Ti;C,T,-(M)-Hel according to grafted helicene
enantiomers).

Supporting Information

Supporting Information is available from the Wiley Online Library or
from the author.
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