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ABSTRACT: A donor—acceptor conjugated copolymer contain-
ing thienothiophene (donor) units and Co(II) complexes (accept-
or) has been synthesized and characterized. The studies of
magnetic properties of the polymers by SQUID and EPR
measurements showed antiferromagnetic exchange interaction
between neighboring spin centers along with the polymer
backbone through intrachain interactions. It is the first time that
the D—A conjugated polymer backbone serves as bridging ligands
for magnetic couplings, making these type of polymers promising
as magnetic materials. Moreover, the magneto-optical activity of
polymer LCP1 was characterized using magnetic circular
dichroism spectroscopy. It was found that the material exhibits a
large magneto-optic rotation with a peak Verdet constant of 2980
deg:T™"-m™" at 590 nm.

B INTRODUCTION

Organic semiconducting polymers exhibit multifunctions that
can be utilized in many applications, such as ozptical, thermal,
electrical, and stretchable electronic devices."”* However, the
ferromagnetism of pure organic polymers is still a challenging
target to achieve. In contrast, many coordination complexes
exhibit diverse magnetic behaviors such as single molecular
magnet, spin crossover, long-term magnetic ordering, and spin
frustration.’™® The incorporation of transition-metal com-
plexes into conjugated polymer ligands combines the
advantages of these two classes of materials and adds a new
dimension of designing novel properties, such as mechanical
flexibility, solubility, biocompatibility, (anti)ferromagnetic
properties, and magneto-optical activity (MOA).”™"?

To gain strong spin—spin interactions and stable magnetic
properties, one needs to improve the orbital overlaps or
introduce unpaired electrons.'”~'” The magnetic properties of
metal complexes are influenced by the strength of the ligand
field, namely, the surrounding chemical environments of the
spin centers. The spin-exchange interaction will be affected
mainly by the properties of the bridges between the magnetic
centers, such as size, polarity, and electronic properties.”’”>*
Essentially, the electronic properties of the coupling unit play
the key role in mediating the spin—spin interactions. Polarized
coupling units induce partial spin characters to enhance the
spin interactions between the connected magnetic cen-
ters.''”*> Conjugated D—A systems were shown to exhibit
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spin characters due to the polarization.”* However, coupling
interactions due to magnetic exchange through conjugated D—
A polymeric ligands are not well studied.

Our group previously developed conjugated polymers
containing transition-metal complexes chelated onto the
polymer backbones. Those polymers show interesting photo-
conductive and photorefractive properties.”> > Those poly-
mers containing first row transition-metal complexes barely
exhibited intrachain spin—spin interaction.”® The d-electron
spin state in the polymer complexes is the same as that of their
corresponding monomers. The weak spin—spin interaction is
most probably due to large separation between the magnetic
centers. It was also found that the spins have not been
quenched by the polymerization process, indicating the
possibility to further modify the polymer structures to enhance
the intrachain spin—spin coupling and to develop processible
magneto-optic materials.'”'> These results inspired us to
further develop a suitable conjugated polymer backbone that
can be used as a polymer ligand, in which the spin—spin
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Figure 1. (a) Structures and synthetic routes of donor—acceptor complex copolymers LCP# and their corresponding metal complex ratios (feeding
ratios). (b) Normalized UV—vis absorption spectra of the complex monomer unit (LCM1), ligand polymer (LLP), and complex polymer (LCP1)
in CHCl;. (c) CV curve of LCP1 film in acetonitrile solution (0.1 M Bu,NPF, as electrolyte) at room temperature (vs Fc/Fc").

distance is shortened and the spin exchange interactions are
strengthened along the polymer backbones.

This paper describes the synthesis of a series of D—A
copolymers (LCPn) comprised of cobalt complexes and
thienothiophene (TT) donor units. The alkyl TT unit is an
electron-rich moiety and designed as an electron donor
unit,”*° and the small size of the TT unit shows the
advantage to reduce the physical distance between the
magnetic centers. Thus, the D—A character from the polymer
backbone causes the intramolecular polarization between
electron-rich TT units and the electron-deficient complex
moiety, assisting in direct exchange coupling. Systematic
electron paramagnetic resonance (EPR) and magnetic
measurements, control experiments, and density functional
theory (DFT) calculations showed that there are intrachain,
antiferromagnetic interactions through the polymer backbones.
Significant magneto-optical properties were observed by
Faraday rotation spectroscopy. This work indicates a useful
approach for developing conjugated magnetic polymer
materials.

B RESULTS AND DISCUSSION

Figure la shows the structures and the corresponding metal
complex ratios of copolymers LCPn. Detailed synthetic
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approaches of the monomers and polymers are described in
Scheme S1 of the Supporting Information. The LCP1 appears
purple in solid, obtained in a yield of 91% after Soxhlet
extraction and reprecipitation of the chloroform fraction in
methanol. The polymers exhibited excellent solubility in
common organic solvents such as chloroform, THF, and
chlorobenzene. The structures of the monomers and
copolymers were confirmed by 'H NMR, matrix-assisted
laser desorption ionization time-of-flight (MALDI-TOF),
inductively coupled plasma mass spectrometry (ICP-MS)
(see data in Table S2), and elemental analysis. The metal
contents and degrees of coordination of the copolymers were
determined by ICP-MS. The degree of coordination in all of
the polymers was as follows: about 85% Co for LCP1, 83% in
total for LCP3 (67% Zn and 16% Co), 84% in total for LCP4
(83% Zn and 1% Co), and 87% Co for LCPS. The elemental
percentages of C, H, N, and S were then calculated based on
the degree of metalation. Since mixed metals exist in the
copolymers LCP3 and LCP4, elemental analysis was not able
to directly determine the degree of coordination, and the
results were in good agreement with the calculated elemental
components based on ICP-MS measurements. Detailed data
are listed in the synthesis part in the Supporting Information.
The high coordination yields (~85%) ensured the existence of
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Table 1. Optical and Electrochemical Properties of the Polymer LCP1

film A¢,,, (nm)

solution 4, ,,, (nm)”

film Aqg5 (nm)

copolymer Abs. Abs. Abs. E* (ev)? HOMO (eV) LUMO (eV) E; (eV)
LCP1 538 542 671 1.85 —5.00 —3.62 1.38
LLP 463 —5.45 -3.05 240
“Measured in chloroform solution. “Band gap estimated from the optical absorption band edge of the films.
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Figure 2. (a) CW X-band EPR spectrum of complex polymer LCP1 in toluene (~3 mM cobalt) at low temperature (T = 10 K). Note the spectral
feature around g ~ 10—12 indicated by an arrow, with an enlarged segment as the inset. (b) CW X-band EPR spectra of Co-polymer LCPS in
toluene (~1 mg/mL cobalt) at various temperatures (10—60 K). (c¢) CW X-band EPR spectra of Co-monomer LCM3 in toluene (~1 mM cobalt)
at various temperatures (10—60 K). (d) Comparison of CW X-band EPR spectra of Co-monomer LCM3 and Co-polymer LCPS in toluene (both

~1 mM cobalt) at T = 10.

the neighboring magnetic center, which is likely the origin of
the magnetic exchange interaction of neighboring metal
centers. LCP1 exhibited molecular weight (M,) and D of
9.5 kg/mol and 1.26, respectively, as determined by gel
permeation chromatography (GPC) using polystyrene stand-
ard and CHCI; as the eluent. The thermal properties of the
copolymers were determined by thermogravimetric analysis
(TGA) under a nitrogen atmosphere at a heating rate of 10
°C/min (see Table S1). The polymer LCP1 showed good
thermal stability with onset decomposition temperatures (T)
corresponding to a 5% weight loss at 220 °C.

Mild reaction conditions, especially low temperatures, were
used to ensure the stability of the complex polymers during
polymerization. Stille polycondensation was catalyzed with the
highly active catalyst Pd(PBu';), at room temperature with
high yields. To further study the magnetic properties, a series
of copolymers LCP3, LCP4, and LCPS were synthesized via
postcoordination on a metal-free polymer LLP synthesized
with the same polymerization method based on bipyridine
monomer and TT monomer. In principle, polymers LCP1 and
LCPS are basically identical compositionally while synthesized
through different pathways as shown in Figure la. Specifically
speaking, LCP1 is synthesized from a precoordinated
monomer LCM1 and another TT monomer TT-Tin via Stille
polycondensation, while LCPS is synthesized via a post-
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coordination as above mentioned. The purpose of the
postcoordination is to show that polymerization did not
cause significant demetallation. Characterizations of these two
polymers proved their similar structures; thus we only focus on
one of them for the following property investigations.

Since the comonomer TT is well known to form narrow
band gap polymers, the photophysical properties of the
complex monomer LCM3, copolymer LCP1, and metal-free
polymer (LLP, see structure details in Supporting Information,
Scheme S1) were investigated by UV-—vis spectroscopy
(Figure 1b and Table 1). The complex monomer LCM3
showed an absorption around 310 nm, which corresponds to
the absorption of the complex polymer LCPI1, proving the
existence of the complex unit in the copolymers. The
absorption maxima of complex polymer LCP1 (green) exhibits
a 75 nm redshift from the ligand polymer LLP (blue), which is
due to metal-to-ligand charge transfer and enhanced intra-
molecular charge-transfer ability brought from the complex.
Absorption maxima for thin films (red) was only slightly red-
shifted from that of solution of the complex polymer LCP1
due to weak aggregation of the polymer backbones in solid
state, which was expected from the structure of the polymers,
and the existence of the large metal center and ligands
prevented the polymer backbones from significant aggregation.

https://doi.org/10.1021/acs.chemmater.2c01433
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Figure 3. (a) CW X-band EPR spectrum of Co-monomer LCM3 in toluene (~1 mM cobalt) at T = 10 and its simulation. (b) Comparison of
normalized CW X-band EPR spectra of Co-monomer LCM3 and the three copolymer samples with different ratios of Co/Zn. All samples in

toluene (~1 mg/mL) at T = 10.

Electrochemical behavior of the polymer LCP1 was
investigated by cyclic voltammetry (CV). The CV curve and
their corresponding data (Figure 1c and Table 1) indicate that
the onset oxidation potential (E,,) was found to be 0.67 for
LCP1 corresponding to the HOMO energy level of —5.00 eV.
The LUMO energy level of LCP1 was estimated to be —3.62
eV, indicating a low band gap of 1.38 eV. The optical band gap
was calculated from their film absorption to be 1.85 eV, which
corresponds to m—z* transition. The relatively low first
oxidation potential is likely due to the Co®* ions, which are
known to exhibit high redox activity.”' ™** A relatively wider
band gap 2.40 eV was observed for the ligand polymer LLP
(Figure S2), and the corresponding energy levels are
summarized in Table 1.

Continuous Wave X-Band EPR Measurements. The
EPR measurements were performed with a complex polymer
LCP1 solution (in toluene) of approximately 3 mM cobalt
content at different temperatures and with different microwave
powers. The results indicated that Co(II) is a fast relaxing
high-spin species. The spectrum resembles typical isolated
(magnetically diluted) cobalt complexes, suggesting that the
magnetic interaction (exchange and dipolar coupling) between
neighboring Co(II) sites is weak relative to the linewidth. The
presence of a low field signal around g ~ 10—12 (indicated by
an arrow in Figure 2a) is not reproduced by the simulation of
isolated Co(II) species. We attribute this signal to several high-
spin Co(II) ions coupled with each other, yielding, for
example, S = 3 or § = 9/2 species from two or three coupled
Co(II) ions, respectively. Simulation of these high-spin states
always produce intense peak around g ~ 10—12.

To further study the above hypothesis and investigate the
effect of concentration of magnetic centers, we have designed
and synthesized more polymers with varied magnetic centers
(cobalt) by mixing with the corresponding diamagnetic zinc
complex (see Table S1 in the Supporting Information). The
complex monomer unit LCM3 was also investigated to
distinguish the intermolecular interaction and intramolecular
interaction. The contents of the metals in the resulting
polymers were determined with ICP-MS.

Figure 2b shows the spectra of LCPS (complex polymer
with only Co** loading, similar to LCP1) at various
temperatures. The spectrum at 10 K is very similar to the
one of the previous polymer LCP1, which we assigned to a fast
relaxing high-spin Co(II) species (d’ configuration, S = 3/2).
The presence of a weak low-field signal around g = 10—12 in
the spectrum of the polymer LCP1 was reproduced with the
polymer LCPS.
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Figure 2c shows the spectra of LCM3 (Co-monomer) at
various temperatures. The general shape of the spectrum at 10
K resembles that of the Co-polymer LCPS, indicating that the
electronic structure of the cobalt ion in the monomer is similar
to the polymer. The temperature dependence is also similar to
that of the polymer LCPS. This demonstrates that the same
spin relaxation mechanisms are dominant and that the
presence of cobalt ions separated by more than 10 A is not
effective in enhancing the spin relaxation rates.

A direct comparison of copolymer LCPS and monomer
LCM3 is shown for 10 K in Figure 2d. An obvious difference
in the spectra is the linewidth; the signals of the monomer
LCM3 are narrower by about 13 mT for the low-field signal
(g ® 5—6) and about 24 mT for the high-field signal (g.s ~
2) than polymer LCPS. To make any useful comparison, we
assume that the electronic and geometric structure of the
cobalt centers (including ligand distances and bond lengths,
and potential strain/distribution of those) is identical between
LCPS and LCM3, and thus the EPR spectrum of the polymer
with only sparsely occupied binding sites would be identical to
the one of the monomers LCM3. In this case, the broadening
of the EPR lines can be caused either by electron spin—spin
dipole interactions or exchange interactions.”* If spin dipolar
interaction alone were responsible for the observed broadening
of the lines, the distance between neighboring cobalt centers in
the polymer must be below 10 A. However, according to DFT
calculations, the distance between neighboring cobalt ions
within one polymer is 12.9 A (see Supporting Information
Figure S2). The straightforward conclusion is that the
broadening observed in the copolymer LCPS with respect to
LCM3 is most likely caused by the exchange interaction.

Another important difference is the absence of the low-field
signal around g ~ 10—12 in the LCM3 monomer spectrum
(Figure 3a). This strongly supports that the g ~ 10—12 signal
is due to several high-spin Co(II) ions coupled with each other
[two or three coupled Co(II) ions], yielding, for example, S =
3 ora S =9/2 species, respectively. The interacting cobalt ions
could be neighboring intrachain cobalt ions in the polymer
chain or interchain aggregates. DFT calculations (Figure S3)
indicate that the polymer backbone is rigid and relatively
linear, meaning a folding polymer chain is unlikely. The
intramolecular coupling through aggregates is thus excluded.
Thus, the signal with the g ~ 10—12 in LCP1 and LCPS can
be either due to the intrachain exchange coupling or interchain
coupling with Co in a neighboring polymer.

To clarify the nature of the interaction signal, polymers with
diluted magnetic centers were synthesized (LCP3-16% Co,

https://doi.org/10.1021/acs.chemmater.2c01433
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67% Zn and LCP4-1% Co, 83% Zn). EPR spectra, as shown in
Figure 3b, show that the g ~ 10—12 signal is significantly
diminished in both samples, supporting the intrachain
character of exchange coupling in LCP1 and LCPS. Besides
the g ~ 10—12 signal, the three polymer signals are more
similar to each other than to monomer LCM3, further
indicating that the broadening of the EPR lines is due to the
intrachain exchange interaction. The conjugated donor—
acceptor backbone behaves as a coupling unit linking the
neighboring metal centers (Co-complex). The intrachain
charge polarization from the D—A system enhanced the spin
excha?_ge interaction, though the physical distance is relatively
large.”

Solid-State Varied-Temperature Magnetic Suscepti-
bility. Variable-temperature DC magnetic susceptibility data
were collected for the solid sample under an applied field of 10
000 Oe. The resulting plot of yr versus T is shown in Figure 4.
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Figure 4. Varied-temperature of y; data for LCP1 per two
neighboring units collected under an applied field of 10000 Oe
from 300 to 1.8 K. Red line is the fit to the isotropic Heisenberg
model.

At 300 K, the saturated yr is about 1.86 cm® K/mol per unit
corresponding to magnetically isolated high-spin Co(II)
centers with g = 2.44(7). The gradual decrease of y; over
cooling is mainly due to the weak antiferromagnetic super-
exchange coupling between neighboring Co centers. The
following abrupt drop, especially below 50 K, is ascribed to
mainly zero-field splitting (ZFS) caused by magnetic
anisotropy and antiferromagnetic coupling. To quantify the
antiferromagnetic interaction, applied on two neighboring Co
centers, the data were fit to the Van Vleck equation according
to the spin Hamiltonian H = —2](5(;01 Scoz) to give an
exchange constant of J = —0.5(1.3) cm™ Usmg DAVE 2.5
program, the magnetic anisotropy is assessed with the
parameter of D = —16(7) em™, which is obtalned by fitting
data with the ZFS Hamiltonian: H = DS + guotsSH, as
shown in Figure 4. The observed antiferromagnetic coupling
interaction is in agreement with the results from EPR
measurements.

Since the exchange constant is relatively weak, the main
contribution of the magnetic susceptibility is probably due to
the high spin state of Co. To clarify the contribution of the D—
A polymer backbone, we compared the magnetic susceptibility
of the polymers LCP1 and LCM3 as shown in Figure S4. The
slight difference between the two materials was caused by the
D—A polymer backbone. D—A structures exhibit radical
character because of the intramolecular charge polarization,”*
and the radical character on the coupling unit (in our case is
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the D—A polymer backbone) will enhance the spin coupling
effect through the direct exchange interaction.'™'? For the
ligand polymer LLP, the donor—acceptor effect is relatively
weak which can be seen from its CV measurement (Figure S2),
corresponding to a relatively wide band gap of 2.40 eV. This is
consistent with a relative weak exchange constant between the
neighboring Co ions.

Faraday Effect. The MOA of LCP1 was characterized
using magnetic circular dichroism (MCD) spectroscopy
(Figure S). The magneto-optic rotary dispersion (MORD)
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Figure S. MCD spectrum of LCP1 thin film (blue), MORD spectrum
estimated by numerical Kramers—Kronig analysis (red), and a
representative absorbance spectrum of an LCP1 thin film (black).
Applied field was 0.4 T.

spectrum, also known as Faraday rotation spectroscopy, was
estimated using the Kramers—Kronig transform.”*~*’ The
MCD spectrum (blue trace) follows the absorbance spectra
closely, and the peak of the dichroism is centered at the peak of
the absorbance spectra. This correlation between the MCD
and UV—visible absorption spectrum implies that the MOA
signal arises from Faraday B- and C-terms.*' The calculated
MORD roughly follows the first Gaussian derivative line-shape
(red trace). Faraday B-terms correspond to magnetic field-
induced excited-state mixing with the states involved in the
electronic transition, while C-terms correspond to the
magnetlc field-induced splitting of paramagnetic ground
states.”” These results are consistent with the presence of
paramagnetic cobalt ions in the polymer, which are known to
exhibit magneto-optic C-terms.” Faraday C-terms are typically
more intense than B-terms.** Given the very short path-length
of the magneto-optically active material, ~100 nm, the material
exhibits a large magneto-optic rotation with a peak Verdet
constant of 2980 deg-T~'m™' at 590 nm. For comparison,
terbium gallium garnet, an industrially relevant magneto-optic
crystal, has a Verdet constant of 7505 deg'T™'m™' at 632

** The high Verdet constant demonstrates the potential of
this hybrid material for the development of new magneto-
optically active thin-film polarization control materials and
devices. By incorporating a metal ion directly into the polymer
backbone, the thin film is rendered magneto-optically active,
and a new synthetic handle is introduced to study a range of
interesting magnetic and magneto-optic effects through
substitution of the metal center.

We note that the Verdet constant reported here is roughly
an order of magnitude less than what we observed for similar
polymers, which do not contain a transition metal center.*> Of
particular interest is that those P3HT-based materials only
exhibited a B-term or magnetic field-induced excited-state
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coupling contribution to the overall MOA of the material,
whereas these present films also contain paramagnetic metal
centers. By virtue of their unpaired electrons, paramagnetic
metal centers contribute an intense C-term to the MOA, and
yet these composite materials are less magneto-optically active.
It thus appears as if the terms are acting in opposition with one
another. While the exact origin of this effect is under
investigation, we speculate that a disordered morphology
may conspire to minimize the MOA. Last, we acknowledge
that the MOA is ultimately a response to the absorptivity of
the film, regardless of the thickness.

B CONCLUSIONS

In conclusion, we have developed a donor—acceptor Co-
containing conjugated complex polymer. This polymer was
synthesized via Stille coupling reactions under mild conditions,
and the Co-complex remains intact. The optical and
electrochemical properties show it being a narrow band gap
material. SQUID and CW X-band EPR measurements of the
complex polymer and two corresponding reference polymers
showed that there is an intrachain exchange interaction
between the neighboring metal centers. The key reason for
this property is that the donor—acceptor interaction caused
intrachain charge polarization along the polymer backbone. As
a coupling unit, the partially charged polymer backbone
enhanced the super-exchange interactions between magnetic
centers. A high Verdet constant was observed by Faraday
rotation spectroscopy, demonstrating the potential of this
hybrid material as new magneto-optically active thin-film
materials for polarization control. This work provides an
effective and promising approach for synthesizing conjugated
(anti)ferromagnetic polymers.

B EXPERIMENTAL SECTION

"H NMR was recorded on a Bruker DRX-500 spectrometer. MALDI-
TOF mass spectra were recorded using a Bruker UltrafleXtreme
MALDI-TOF mass spectrometer. Ultraviolet—visible—near IR (UV—
vis—NIR) spectra of the monomers and polymers were measured on a
SHIMADZU UV-3600 spectrometer. The elemental analyses of the
polymers were performed on an Elementar Vario EL III element
analyzer for C, H, F, N, and S determination. TGAs were performed
under nitrogen at a heating rate of 10 °C/min using a SHIMADZU
TGA-50 analyzer. The average molecular weight and polydispersity
index (P) of the polymers were determined using Waters 1515 GPC
analysis with CHCl; as the eluent and polystyrene as the standard.
There are two detectors for the instrument, refractive index detector
and UV—vis detector. In this study, all molecular weight is collected
from the traces with the UV—vis detector. Electrochemical redox
potentials were obtained by CV using a three-electrode configuration
and an electrochemistry workstation (AUTOLAB PGSTATI12). CV
was conducted on an electrochemistry workstation with the polymer
thin film on a Pt working electrode, Pt as the counter electrode as
well, and Ag/AgCl as the reference electrode in a 0.1 M tetra-n-
butylammonium hexafluorophosphate acetonitrile solution at a scan
rate of 50 mV/s. The redox potentials were first referenced to the
ferrocene/ferrocenium redox couple (Fc/Fc*) which is at 047 V
versus SCE. The redox potential of Fc/Fc" was then assumed to be at
—4.8 eV relative to vacuum.*®* Then HOMO/LUMO energy levels
and electrochemical energy gaps (E,°) of our copolymers were
calculated as per the following equations

HOMO = —(E_, + 4.33) (eV)
LUMO = —(E, 4 + 4.33) (eV)

Egec = (on - Ered) (eV)
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ICP-MS data were obtained with an Agilent 7700x ICP-MS
spectrometer and analyzed using ICP-MS Mass Hunter version
B01.03. A commercially available standard E2-TB01060 from the
company Inorganic Ventures was used. The vacuum dried sample (10
mg) was weighed in a glass vial. Metal-free, 70% nitric acid (1 mL)
was added to each vial and then incubated in a 80 °C water bath for 3
h until all solid samples were dissolved. The digested sample in 70%
nitric acid was diluted 35 times by DI water to prepare a 2% nitric
acid solution and then further diluted by 2% nitric acid until the ICP-
MS read out below 500 ppb.

Faraday rotation was detected using a homodyne detection scheme.
A 532 nm diode laser was initially polarized at 45°. This light was
directed through a thin-film sample mounted in the center of a
solenoid. The reference frequency generated by a Stanford research
instruments SR830 lock-in amplifier was further amplified and used to
generate a low-frequency magnetic field.

CW X-band (9—10 GHz) EPR experiments were carried out with a
Bruker ELEXSYS II ES00 EPR spectrometer (Bruker BioSpin,
Rheinstetten, Germany) equipped with a TE,y, rectangular EPR
resonator (Bruker ER 4102ST). Field modulation at 100 kHz in
combination with lock-in detection leads to first derivative-type CW
EPR spectra. Measurements were performed at cryogenic temper-
atures. A helium gas-flow cryostat (ICE Oxford, UK) and an ITC
(Oxford Instruments, UK) were used for temperature control. Data
processing was performed using Xepr (Bruker BioSpin, Rheinstetten,
Germany) and spectral simulations using the EasySpin program
package47 in MATLAB R2018b (MathWorks, Natick) environment.

Solid-state magnetic measurement was carried out with a MPMS-
XL Quantum Design SQUID operating at temperatures between 1.8
and 300 K at 1 T DC magnetic field. Measurements was performed
on a powder sample of LCP1 (24.1 mg) mixed with eicosane (18.0
mg) in a plastic capsule (34.3 mg). DC susceptibility data were
corrected for the intrinsic diamagnetic contributions of the sample
and those from the sample holder and fixer.

MCD spectra were collected on a spectrometer built in-house
(Figure 6), incorporating a 150 W Xe-arc lamp source, a Spectral

Sample Chamber

PEM C D
— ]
X’e
Lamp LP --B-field-->

syne

SR830 oot
DAQ Lock-In Amp penton

cnmuJ
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— ou| Lock-In Amp
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Figure 6. Block diagram of the MCD spectrometer. Focusing and
collimating optics occluded for clarity. LP = linear polarizer, PEM =
photo-elastic modulator, C = chopper, and D = detector.

Products CM110 monochromator, a Hinds Instruments PEM-100
photoelastic modulator (S0 kHz operating frequency), a Terahertz
Technologies C-995 optical chopper, and a Thorlabs DET300A
detector.**’ Field was applied using a lab-built magnetized sample
chamber which generated 0.4 T along or against the optical axis of the
spectrometer. Signal demodulation and measurement were accom-
plished using a Stanford research instruments SR-830 and a Zurich
Instruments ZI-MFLI lock-in amplifiers with data acquisition
executed via LabView. Field was reversed between paired experiments
to ensure validity of the magneto-optic spectra. An instrument block
diagram is depicted in Figure S1. Kramers—Kronig analysis was
performed in MATLAB using a program based on published
MATLAB code.***%!
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