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Luminescent Chiral Molecular Glasses by Melt-Quenching
Enantiopure BINAP

Nuttaporn Krittametaporn, Philipp Ralle, Dorothea Dierks, Christian Nelle,
Suresh K. Vasa, Pascal Kolodzeiski, Rasmus Linser, Andreas Steffen,*
and Sebastian Henke*

Chiral organic glasses combine unique optical properties with the processing
advantages of amorphous solids. Here, melt-quenching as a strategy for
preparing optically active glasses from enantiopure BINAP
(2,2′-bis(diphenylphosphino)-1,1′-binaphthyl), a pivotal ligand in asymmetric
catalysis and for luminescent metal complexes is demonstrated. Thermal
characterization reveals that only R-BINAP and S-BINAP, not rac-BINAP, form
molecular glasses with glass transition temperatures near 100 °C. Pair
distribution function analysis and circular dichroism confirm the retention of
local structure and homochirality despite the loss of long-range order.
Remarkably, the glassy state has a beneficial influence on the molecular
optoelectronic properties relative to the crystalline state, resulting in an
increase of the radiative rate constant by ≈30%, attributed to more favourable
Franck-Condon factors. In addition, a highly unusual simultaneous
enhancement of circularly polarized luminescence (CPL) by nearly an order of
magnitude is observed, achieving dissymmetry factors |glum| approaching
10−2 that are competitive with the top-performing purely organic molecular
chiral emitters reported to date. These findings establish melt-quenched chiral
molecular glasses as promising platforms for advanced optoelectronic and
photonic materials, combining exceptional chiroptical properties, strong
luminescence, and processability without the constraints of crystallinity.
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1. Introduction

Chiral organic materials have become
central to modern optics and photonics,
enabling the manipulation of circularly
polarized light and providing new av-
enues for enantioselective photochemical
processes.[1,2] Their growing importance
is particularly evident in emerging fields
such as quantum optics, metamaterials,
and chiral sensing.[3,4] Among the various
solid-state forms, glasses offer unique
advantages: isotropic optical properties,
the absence of grain boundaries, and the
potential for processing into complex
geometries.[5–8] While the glass formation
of achiral organic molecules has been
widely studied,[9–13] the interplay between
molecular chirality and glass-forming abil-
ity remains largely unexplored,[13–16] espe-
cially for technologically relevant systems.
Organic molecular glasses, metal-

organic glasses, and hybrid organic-inorg-
anic metal halide glasses exhibit thermal,
mechanical, and optical properties distinct
from their crystalline analogues.[13,14,17–20]

The glass transition in small organic
molecules is governed by molecular flexibility, intermolecu-
lar interactions, and packing efficiency – all factors that are
strongly modulated by chirality.[19,21–23] Notably, chiral glasses
can retain optical activity while circumventing issues of crys-
talline polymorphism and light-scattering grain boundaries, pre-
senting clear benefits for optoelectronic applications. Circularly
polarized luminescence (CPL) is particularly valuable for pho-
tonic technologies,[24,25] yet reliable CPL measurements in crys-
tals are often hampered by linear dichroism artefacts and grain
boundary scattering, making isotropic chiral glasses attractive
alternatives.[26]

2,2′-Bis(diphenylphosphino)-1,1′-binaphthyl (BINAP) stands
as a paradigmatic chiral molecule, renowned for its impact
on asymmetric catalysis[27–29] and luminescent transition metal
complexes.[30,31] Its rigid binaphthyl backbone confers excep-
tional configurational stability (racemization barrier ΔG‡

>

180 kJ mol−1),[32] ensuring the retention of homochirality even at
elevated temperatures. Crystalline BINAP exhibits distinct photo-
physical properties, including blue-green fluorescence and room-
temperature phosphorescence, with racemic (rac-)BINAP in
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particular displaying enhanced red phosphorescence due to its
rigid, heterochiral crystal packing that suppresses non-radiative
decay pathways.[1,33]

Despite BINAP’s prominence and promise for chiral optical
applications, its thermal behavior and glass-forming ability have
not been systematically investigated. Previously, powder forms
of amorphous BINAP have been prepared through rapid solvent
evaporation methods,[33] but no studies have systematically in-
vestigated melt-quenched glasses of BINAP, leaving an impor-
tant gap in the understanding of their thermophysical behav-
ior, structural characteristics and photophysical properties. This
gap is significant given BINAP’s rigid aromatic framework and
strong 𝜋–𝜋 interactions, which may impose unusual constraints
on crystallization and glass formation. Furthermore, comparative
studies of racemic and enantiopure forms offer an opportunity to
gain fundamental insights into the influence of chirality on glass
forming behavior.
In this work, we present the first comprehensive study of melt-

quenched glass formation in BINAP, systematically comparing
enantiopureR- and S-BINAPwith rac-BINAP. Glass formation is
observed only for the enantiopure forms as demonstrated by ther-
mal analysis andX-ray total scatteringwith pair distribution func-
tion (PDF) analysis, while complementary solid-state NMR, IR
spectroscopy, and optical methods (circular dichroism and CPL
spectroscopy) provide insights into local structure and chiropti-
cal properties. The resulting chiral BINAP glasses retainmolecu-
lar chirality, exhibit distinctly blue-shifted luminescence relative
to the crystalline state, and display substantially enhanced dis-
symmetry in their emitted light. These findings establish BINAP
glasses as processable, optically active materials with advanta-
geous chiroptical properties, offering new opportunities for fu-
ture solid-state photonic technologies.

2. Results and Discussion

2.1. Glass Formation and Thermal Characterization

Microcrystalline samples of R-BINAP, S-BINAP and rac-BINAP
were obtained from commercial sources and confirmed to be
of high purity by solution-phase 1H and 31P NMR spectroscopy
(Figures S1 to S3, Supporting Information). Profile fitting of
powder X-ray diffraction (PXRD) patterns (Pawley method) con-
firmed that all three derivatives are phase-pure and consistent
with previously reported crystallographic data (Figures S4 to
S6, Supporting Information).[33] Enantiopure R- and S-BINAP
crystallize in the monoclinic space group P21 with determined
crystallographic densities of 1.23 and 1.22 g cm−3, respectively
(Table S1, Supporting Information). In contrast, rac-BINAP
adopts a racemic crystal structure in space group C2/c, with a
higher density of 1.26 g cm−3, reflecting themore efficientmolec-
ular packing characteristic of the racemic crystal structure, in
agreement with earlier reports.[33] Thermogravimetric and differ-
ential thermal analysis (TG/DTA) conducted in open crucibles
under constant N2 flow with a heating rate of 10 °C min−1 re-
veal that all BINAP forms begin to volatize at ≈350 °C. Complete
mass loss was observed for all samples by 500 °C, confirming that
no thermal decomposition occurs during sublimation (Figure S7,
Supporting Information).

Cyclic DSCmeasurements (two upscans, one downscan) were
conducted on all BINAP derivatives using hermetically sealed
aluminum crucibles prepared under an inert Ar atmosphere. The
samples were heated from room temperature to 320 at 10 °C
min−1 under N2 flow to assess melting and glass formation. The
enantiomers R- and S-BINAP exhibit sharp endothermic melt-
ing peaks at ≈244 °C (Tm = melting temperature), with closely
matching melting enthalpies (ΔHm) of 41.2 kJ mol−1 (R-BINAP)
and 42.0 kJ mol−1 (S-BINAP) (Figure 1a,b). In comparison, rac-
BINAP displays a markedly higher Tm of 288 °C and a ΔHm of
77.8 kJmol−1 (Figure 1c). The assignment of these thermal events
to melting, rather than to solid-state phase transitions, is sup-
ported by variable temperature (VT-)PXRD, which reveals a com-
plete loss of Bragg reflections for R- and S-BINAP above 250 °C
(Figures 1e; S9, Supporting Information). The pronounced differ-
ence in both melting temperature and enthalpy between racemic
and enantiopure BINAP is consistent with the higher packing ef-
ficiency of the racemic phase and reflects the remarkably higher
thermodynamic stability of the racemic crystal form compared to
the enantiopure ones.
Upon cooling the melt at a rate of –10 °C min−1, rac-BINAP

exhibits pronounced recrystallization, with an exothermic peak
centered at 218 °C and a recrystallization enthalpy (ΔHrc) of –
62.3 kJ mol−1 (Figures 1c; S10, Supporting Information). No in-
dications of glass formation are observed in the DSC trace, and
a second heating scan reveals remelting at the same Tm as in the
initial upscan. This behavior indicates the strong tendency of rac-
BINAP to return to the crystalline state upon cooling. In contrast,
the enantiopure forms, R- and S-BINAP, display no exothermic
crystallization signals upon cooling from 320 to 30 °C. This is
further corroborated by VT-PXRD, which reveals no Bragg re-
flections after cooling from 275 °C to room temperature. In sub-
sequent heating scans, both chiral BINAP derivatives show clear
glass transition signals at Tg = 98 °C, confirming successful vitri-
fication under these conditions (Figures 1a,b; S11, Supporting In-
formation). The resulting chiral glasses, denoted g-R-BINAP and
g-S-BINAP, form monolithic, transparent bulk samples follow-
ing fusion of the microcrystalline particles during melting. The
glasses can be readily isolated as millimeter-sized, pale-yellow
transparent shards from the DSC pans (Figure 1g). PXRD analy-
sis further confirms the absence of crystalline order, as indicated
by the sole presence of broad diffuse scattering features in the
PXRD patterns of g-R-BINAP and g-S-BINAP (Figure 1d).
Remarkably, heating of the glasses above their Tg to 320 °C

does not induce crystallization of the supercooled liquid, and a
subsequent DSC heating scan again reveals a Tg signal at 98 °C,
demonstrating the high resistance of the enantiopure BINAP
glasses to recrystallization even at temperatures approaching Tm.
This contrasts sharply with enantiopure BINAP glasses prepared
by rapid solvent evaporation, which were reported to readily re-
crystallize upon heating to 150 °C.[33] To further assess the kinetic
stability of these glasses, additional cyclic DSC experiments at
varying cooling and heating rates were conducted to determine
the dimensionless calorimetric fragility index (m), based on the
rate-dependent shift in the fictive temperature (Tf, see Supple-
mentary Information for details). The fragility index quantifies
how rapidly the viscosity changes with temperature near Tg.

[17,34]

Strong glass formers, which retain high viscosity in the super-
cooled liquid, exhibit low fragility indices, whereas poor glass
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Figure 1. DSC data of a) R-BINAP, b) S-BINAP, and c) rac-BINAP recorded under N2 atmosphere with heating/cooling rates of ±10 °C min−1. d) PXRD
patterns of the crystalline and glassy states of R-BINAP and S-BINAP. The patterns are vertically offset for clarity. e) VT-PXRD patterns of S-BINAP from
room temperature (RT) to 275 °C, including another pattern after returning to ambient conditions (𝜆= 0.61992 Å). The patterns are vertically offset for
clarity. The simulated pattern was calculated based on crystallographic data from the literature (CCDC 1968819).[33] f) Comparison of 31P MAS NMR
spectra for S-BINAP in its crystalline and glass forms. The highlighted regions indicate signals corresponding to P(V) and P(III) species. Signals marked
with red * represent spinning sidebands. Micrographs of g-R-BINAP and g-S-BINAP under g) visible light and h) UV light.

formers, whose viscosity decreases rapidly above Tg, display high
fragility indices. For reference, a typical strong glass former such
as SiO2 has a fragility index of ≈20.[35] For g-R-BINAP and g-S-
BINAP, m values of 52.5 ± 6.1 and 50.6 ± 5.3, respectively, were
obtained (Figures S12 and S13, Supporting Information), indicat-
ing intermediate fragility and a correspondingly moderate tem-
perature dependence of viscosity in the supercooled liquid state,
correlating with the pronounced stability against crystallization
observed in our experiments.
Solid-state 13C and 31P magic angle spinning (MAS) NMR

spectra were recorded for microcrystalline S-BINAP as well as
its corresponding glass (Figures 1f; S14 and S15, Supporting
Information). The crystalline material features two sharp 31P
resonances at –16.91 and –18.62 ppm, consistent with the pres-
ence of two crystallographically distinct phosphorus atoms in the
asymmetric unit, as expected from the known crystal structure.
In contrast, the 31P MAS NMR spectrum of g-S-BINAP displays
a single broad resonance centered at –17.70 ppm, indicative
of pronounced structural disorder and a broad distribution of
phosphorous environments in the glassy state. Additionally,
a weak broad signal located at 18.23 ppm, characteristic of

P(V) species, is observed. This finding suggests minor partial
oxidation of S-BINAP (presumably to BINAP monoxide and
BINAP dioxide) during melting and glass formation, despite
all thermal treatment being conducted under inert atmosphere.
Quantitative integration of the P(III) and P(V) signals indicates
a total P(V) content of ≈0.9%, confirming that oxidized species
remain a minor impurity in the glass. Partial oxidation to P(V) is
further corroborated by solution-phase 1H and 31P NMR spectra
of g-R-BINAP and g-S-BINAP dissolved in THF-d8, which also
reveal minor resonances attributed to P(V) species (Figures S16
and S17, Supporting Information). Notably, the fraction of
oxidized species detected by solution-phase 31P NMR is higher
than that observed in the solid-state spectra, suggesting that the
glassy BINAP materials are more susceptible to oxidation upon
dissolution compared to their crystalline counterparts.

2.2. Local Structure Analysis

To probe structural changes accompanying the crystalline-to-
glass transition in R-BINAP and S-BINAP, Fourier-transform
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Figure 2. a) Comparison of FTIR spectra for crystalline R-BINAP and S-BINAP and their corresponding glasses in the range of 400 to 1000 cm−1. The
region of the aromatic C–H out-of-plane bending modes is highlighted in light red. The graph on the right emphasizes the shift of the phenyl out-of-plane
ring vibration, highlighted in light green. b) Total scattering functions S(Q) collected for crystalline R-BINAP and S-BINAP, and their glasses. c) PDFs
in the form D(r) over the r-range from 0 to 50 Å. d) Zoom into the short- to medium-range distances of the PDFs. e) Illustration of the key short-range
atomic distances in an S-BINAP molecule, based on the reported crystal structure (CCDC: 1968819).[33] C and P atoms are shown in gray and orange.
H atoms are omitted.

infrared (FTIR) spectra were recorded for both crystalline and
glassy forms. The FTIR spectra of the crystalline enantiopure BI-
NAP samples are nearly identical and align with the previous
literature (Figures 2a; S18, Supporting Information),[36] reflect-
ing the close similarity in their molecular structures and pack-
ing arrangements. Upon vitrification, the FTIR spectra of g-R-
BINAP and g-S-BINAP exhibit pronounced band broadening,
characteristic of increased structural disorder. This effect is es-
pecially evident in the region between 720 and 760 cm−1, where
two distinct bands present in the crystalline phases merge into
a single broad feature in the glasses. Density functional theory
(DFT) calculations assign these bands to aromatic C–H out-of-
plane bending modes of the phenyl and naphthyl groups. Their
broadening andmerging confirm the presence of a wide distribu-
tion of local environments and disordered molecular packing in
the glassy state. In the lower-frequency region, the phenyl out-
of-plane ring deformation mode shifts from 481 to 487 cm−1

upon vitrification (Figure 2a). The 6 cm−1 blueshift indicates a
slightly stiffer local potential and/or reduced lattice coupling for
this specific vibration in the glasses compared to the crystalline
phases, pointing to weaker or less coherent 𝜋···𝜋 and C–H···𝜋 in-
teractions in the glassy state in line with the loss of long-range
order.

Further insights into the local and intermediate-range struc-
ture were obtained fromX-ray total scatteringmeasurements per-
formed on both crystalline and glassy forms of R-BINAP and S-
BINAP. The total scattering functions S(Q) of the melt-quenched
glasses lack any traces of Bragg reflections, confirming the com-
plete absence of crystalline domains. Peak assignments in the
PDFs, derived via Fourier transformation of S(Q), were guided by
the known crystal structure of S-BINAP. For crystalline BINAP,
the PDFs (D(r)) exhibit strong atom pair correlations up to ≈6 Å,
followed by weaker correlations up to at least 50 Å, reflecting
the periodic molecular packing. In contrast, these longer-range
correlations vanish in the PDFs of the glassy phases, providing
direct evidence for the absence of long-range structural order
(Figure 2c). A detailed comparison at short distances (r < 12 Å)
reveals that the PDFs of both phases are very similar (Figure 2d).
However, the glassy phases exhibit broader features and slight
peak shifts in the 1–6 Å region, indicating subtle variations in lo-
cal molecular environments and conformations. By contrast, the
prominent correlation at 4 Å, corresponding to the intramolec-
ular P···P distance within a BINAP molecule (see distance 6 in
Figure 2e), remains unchanged after vitrification. Together, these
findings show that glass formation disrupts long-range pack-
ing while largely preserving the intramolecular conformation of
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BINAP, with structural disorder primarily confined to inter-
molecular arrangements.

2.3. Optical and Photophysical Properties

To confirm the retention of homochirality and enantiomeric pu-
rity after glass formation, CD spectroscopy was performed on
solutions of crystalline and glassy R-BINAP and S-BINAP in
CHCl3. In solution, both crystalline-derived and glass-derived
samples exhibit strong, nearly perfect mirror-image Cotton ef-
fects across the 280–400 nm range, with a pronounced feature
centered at 338 nm corresponding to 𝜋–𝜋* transitions within
the BINAP aromatic backbone (Figure 3a).[33,37] The spectra of
the solutions prepared from the crystalline materials are con-
sistent with established literature data,[33,37] and the solutions
of the corresponding glassy materials show very similar over-
all profiles. This confirms that the melt-quenched materials re-
main optically active. However, a modest reduction in ellipticity
is observed for the glass-derived samples compared to those de-
rived from the crystalline counterparts. This decrease may re-
flect a slight loss of chirality, either through partial racemiza-
tion during high-temperature melting or the formation of small
amounts of achiral or racemic P(V) species, as indicated by NMR
data. Nevertheless, the characteristic solution CD responses of
the melt-quenched glasses highlight that optical activity is largely
preserved in g-R-BINAP and g-S-BINAP.
Given the structural similarity of BINAP enantiomers, solid-

state excitation and emission spectra were recorded for R-BINAP
in both crystalline and glassy forms (Figure 3b). The lowest
energy excitation of g-R-BINAP is red-shifted to ≈380 nm and
notably sharper than that of the crystalline material, which
exhibits a broader band centered at 350 nm, which is in line
with the reported samples of crystalline BINAP.[33] As the glass
is a kinetically trapped, higher-enthalpy state rather than a
thermodynamically favored phase, the molecular ground state
of g-R-BINAP experiences different intermolecular interactions
and is thus destabilized relative to the crystalline phase. This
destabilization, in combination with subtle local dielectric effects
in the disordered matrix, decreases the excitation energy gap
S0→S1 between the ground state and the first electronically
excited singlet state and leads to the observed bathochromic
shift.[30,38]

Both materials exhibit intense visible emission, but with
marked differences in spectral position and shape. While crys-
tallineR-BINAP shows a broad emission centered at 498 nmwith
FWHMR-BINAP ≈ 4720 cm−1, g-R-BINAP emits surprisingly hyp-
sochromically shifted with 𝜆max = 430 nm and a narrower band
(FWHMg-R -BINAP ≈ 4130 cm−1). In addition, the apparent Stokes
shift of g-R-BINAP is significantly smaller (45 nm / 2720 cm−1)
compared to crystalline R-BINAP (145 nm / 8250 cm−1). This
narrowing of the emission band and the decrease in Stokes
shift most likely find their origin in the limited excited-state
structural reorganization in the glass. A more rigid local envi-
ronment and higher barriers associated with disordered packing
hinder relaxation of the S1 state to its energetic minimum,
so that emission occurs from a less stabilized, higher-energy
geometry. This interpretation aligns with FTIR observations
(blue-shift of the phenyl out-of-plane deformation mode at 480

to 490 cm−1), which point to a stiffer local potential for relevant
motions in the glass, and explains the hypsochromic shift in
the emission despite the bathochromically shifted excitation of
g-R-BINAP.[30,39–41]

Interestingly, literature reports show that BINAP exhibits an
even more blue-shifted emission in solution (e.g., in THF) than
in the glass,[33] placing the glassy state spectroscopically interme-
diate between the isotropic solution and the highly ordered crys-
tal. This hierarchy is consistent with the expected influence of en-
vironmental C–H···𝜋 and 𝜋···𝜋 interactions and conformational
restraints: while in solution the intermolecular 𝜋-interactions be-
tween the BINAP molecules are negligible on the timescale of
the excited state lifetime, thusmimicking gas phase behavior, the
glassy state does allow for some intermolecular interactions and
limits conformational freedom. Finally, the crystalline packing
allows for optimized C–H···𝜋 and 𝜋···𝜋 interactions with more
pronounced conformational freedom in the excited state (see ex-
planations of the spectral band shapes above) and leads to the
strongest red shift of the luminescence.
The lifetime of g-R-BINAP has been investigated by time cor-

related single-photon counting (TCSPC) and determined to be
𝜏 = 1.1 ns, which constitutes an increase of roughly 20% com-
pared to literature-reported crystalline R-BINAP (𝜏 = 0.8 ns).[33]

The photoluminescence quantum yield likewise increases from
Φ = 0.05 in the crystalline phase to Φ = 0.09 in the glassy state.
From these values, the fluorescence radiative rate constant kF is
estimated to increase by ≈30% from 6.3 × 107 to 8.2 × 107 s−1.
Again, this enhancement is attributed to the stiffer environment
of the glassy state, which suppresses non-radiative decay chan-
nels and ensures more favorable Franck-Condon factors for the
vertical transitions, i.e., increasing oscillator strength for fluores-
cence in comparison to the crystalline state.
We note that the luminescence lifetime decay of g-R-BINAP

shows the presence of a longer-lived component that could not
be precisely specified, but is tentatively attributed to weak phos-
phorescence. This assignment is supported by spectral deconvo-
lution, where fitting a second Gaussian component beneath the
emission band (Figures S19 and S20, Supporting Information)
reproduces the phosphorescent contribution previously reported
for crystalline BINAP.[33]

To evaluate the chiroptical emission behavior of the BINAP
derivatives, CPL measurements were performed on both crys-
talline and glassy samples of R-BINAP and S-BINAP (Figure 3c).
The corresponding luminescence dissymmetry factors (glum,
Equation 1) were clearly defined and reliably reflect molecular
chirality.

glum =
2
(
IL − IR

)

IL + IR
= 4 |𝝁| |m| cos 𝜃

|𝝁|2 + |m|2 (1)

where IL and IR denote the intensities of left- and right-circularly
polarized emission, µ is the electric transition dipole moment,m
the magnetic transition dipole moment, and 𝜃 the angle between
both dipole moment vectors.
In the crystalline state, R- and S-BINAP exhibit glum val-

ues of –1.2 × 10−3 and +1.4 × 10−3, respectively, demonstrating
nearly mirror-image chiral emission. Strikingly, the glassy forms
showed substantially enhanced CPL activity, with glum reach-
ing –0.9 × 10−2 for g-R-BINAP and +0.6 × 10−2 for g-S-BINAP,
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Figure 3. a) CD spectra of R- and S-BINAP in their crystalline and glassy forms, measured after dissolution in CHCl3 (concentration: 2 × 10−4 M).
b) Solid-state excitation and emission spectra of R-BINAP and g-R-BINAP. c) Solid-state CPL spectra (unsmoothed) recorded at room temperature for
R-BINAP, S-BINAP, g-R-BINAP and g-S-BINAP, respectively.

values that are considered large for purely organic molecules,
where luminescence dissymmetry factors typically range from
10−4 to 10−3 (Table 1).[42–52] The enhancement is plausibly asso-
ciated with a stiff yet isotropic amorphous environment that re-
duces coherent intermolecular C–H···𝜋/𝜋···𝜋 coupling present in
the crystal and diminishes conformational averaging of the emit-

ting state, thereby improving the electronic-magnetic transition
dipole overlap that governs glum.

[53,54] Despite the CPL spectra
of the glasses lacking perfect mirror-image profiles, the oppo-
site signs of glum for each enantiomer confirm the chiral origin
of the molecular emission. It is important to note that a large
enhancement of the glum values of a chiral molecule typically

Adv. Sci. 2025, e18879 e18879 (6 of 9) © 2025 The Author(s). Advanced Science published by Wiley-VCH GmbH
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Table 1. Overview of solid-state CPL-active purely organic compounds.

Organic compounds glum Refs.

R/S-methyl-2-(9H-carbazol-9-yl) propanoate ±0.31 × 10−2 [50]

pyrene–cyclodextrins (PCDs) ±10−4 to ±10−3 [49]

R/S-4-bromo-2-(((1-phenylethyl)imino)methyl)phenol ±0.15 × 10−2 [44]

R/S-tetrasila[2,2]cyclophane derivative 51 ±0.17 × 10−2 [45]

R/S-5.5-bis(diphenylphosphino)-4,4′-bibenzo[d][13]dioxole ±0.12 × 10−3 [46]

S-bisimidazolyl (BINOL) dimethyl ether +0.26 × 10−2 [47]

R/S-𝛼-pinene ±0.70 × 10−2 [48]

R/S-4-methyl-2-(((1-phenylethyl)imino)methyl)phenol ±0.30 × 10−2 [43]

R/S-[(2-dimesitylboryl)phenyl]ethynyl-substituted [2.2]paracyclophane ±0.54 × 10−2 [42]

R/S-6,6′-di(9H-carbazol-9-yl)-[1,1′-biphenyl]-2,2′-dicarbonitrile ±0.48 × 10−2 [51]

R/S-octahydro-binaphthol carbazole ±0.21 × 10−2 [52]

R-BINAP −0.12 × 10−2 This work

g-R-BINAP −0.90 × 10−2 This work

S-BINAP +0.14 × 10−2 This work

g-S-BINAP +0.60 × 10−2 This work

requires a larger m and, more importantly, also a reduced µ, be-
cause the former is usually 2-3 orders of magnitude smaller and
has a lesser effect on the dissymmetry (see also Equation 1).[55]

As a consequence, the radiative decay rate kr decreases with
higher glum values as the Franck-Condon factors are directly re-
lated to µ. However, the glassy state of R- and S-BINAP leads to a
highly unusual situation, where both kr and glum are both greatly
enhanced.
A qualitative energy diagram summarizing the fluorescence

pathways in crystal versus glass, consistent with the spectro-
scopic trends analyzed above (absorption/emission shifts, band
narrowing, and elevated glum), is shown in Figure 4. Compared
to previously reported BINAP-based CPL systems, often rely-
ing on coordination to metal centers or embedding in polymer
matrices,[37,56] our findings demonstrate that vitrification alone
can significantly amplify CPL signals in purely organic materi-
als. This highlights the critical role of solid-state structural con-
trol, even in the absence of crystallinity, in enhancing CPL per-
formance.
The preservation of strong visible emission in the glass,

together with its pronounced CPL activity and optical clarity,
underscores the promise of chiral BINAP glasses as tunable
platforms for photonic and optoelectronic applications. These
findings demonstrate that the essential photophysical character-
istics of BINAP are retained in the glassy state, with the glass
occupying an intermediate spectral position between solution
and crystal and revealing the exceptional sensitivity of its optical
properties to local environment. These positions melt-quenched
BINAP glasses as a compelling class of materials for future
chiral photonic technologies.

3. Conclusion

In this study, we have established melt-quenching as an effec-
tive method for preparing optically active glasses from enantiop-
ure BINAP. Systematic investigation of R-BINAP, S-BINAP, and
rac-BINAP reveals pronounced differences in glass-forming abil-

ity and photophysical behaviour arising frommolecular chirality.
Only the enantiopure forms readily yield bulk glasses with glass
transition temperatures near 100 °C, while rac-BINAP exhibits a
strong tendency toward recrystallization and remains exclusively
crystalline under the conditions explored.
Structural analyses by solid-state NMR, IR spectroscopy, and

X-ray total scattering show that vitrification disrupts long-range
molecular packing but preserves short-range atomic correla-
tions, with local molecular conformations largely maintained in
the amorphous state. CD spectroscopy confirms that the glassy
materials remain homochiral, displaying clear mirror-image
signals and only marginal reductions in enantiomeric purity
relative to the crystalline materials. Optical measurements
demonstrate that the glassy state maintains the characteristic
photophysical signatures of enantiopure BINAP, with absorp-
tion and emission profiles intermediate between those of the
crystal and solution. Notably, the radiative rate constant kF is
greatly enhanced by ≈30%, while simultaneously CPL activity is
also markedly enhanced in the glasses, with glum factors up to an
order of magnitude greater than in the crystalline state – among
the highest reported for purely organic chiral materials.
These findings position melt-quenched glasses from chi-

ral organic luminophores as a highly promising platform for
advanced optoelectronic materials with tunable chiroptical
properties. The combination of homochirality, strong lumines-
cence, and enhanced CPL in an amorphous, processable form
opens new opportunities for CPL emission, photonic devices,
and chiral sensing. Beyond the specific case of BINAP, this
work demonstrates that rational control over glass formation
enables the design of functional materials that integrate the
versatility of glasses with the specificity of molecular chiral-
ity. Looking forward, this strategy can be expanded to other
chiral luminophores, with opportunities to further tailor glass
properties through functional additives,[57,58] to exploit con-
trolled cold-crystallization for the development of purely organic
glass-ceramics,[59] and to optimize processing protocols for
next-generation chiral photonic technologies.
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Figure 4. Qualitative energy diagram of crystalline (green solid) and glassy (blue dashed) BINAP, displaying rigidity-dependent narrowing of the potential
energy surfaces of the former, and resulting differences of excitation/emission energies, Stokes shifts, and CPL dissymmetries.
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