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Sublimation aides and abets
co-milling and discoloration
involving quinhydrone

Charles Izuchukwu Ezekiel* and Leonard R. MacGillivray%*

‘Department of Chemistry, University of lowa, lowa City, IA, United States, Department of Chimie,
Université de Sherbrooke, Sherbrooke, QC, Canada

We report an application of co-milling to the binary cocrystal (BZQ)-(HQ) or
commonly known as quinhydrone. The co-milling is performed with either trans-
bis(4-pyridyl)ethylene (4.4’-BPE) or 4-methoxyaniline (4-MA). In both cases, the
dark green color of (BZQ)-(HQ) in the sample undergoes discoloration with the
co-milling. Sublimation of BZQ occurs with dismantling of (BZQ)-(HQ) to allow
for formation of the targeted cocrystals (HQ)-(4,4'-BPE) and (HQ)-2(4-MA).

co-milling, discoloration, dismantling, quinhydrone, solid-state, sublimation

1 Introduction

Quinhydrone - the binary cocrystal (BZQ)-(HQ) (where: BZQ = p-benzoquinone and
HQ = hydroquinone) - is regarded as the first known cocrystal. The solid was originally
reported by Wohler in 1844 (Barone et al., 2014; Sakurai, 1965; Wohler, 1844). (BZQ)-(HQ) is
deep green in color and forms upon co-grinding of pale-yellow BZQ and colorless HQ. An
X-ray determination of quinhydrone demonstrated the components to assemble by a
combination of intermolecular hydrogen bonding and -1 stacking (Sakurai, 1965). Effects
of charge transfer have been used to account for the deep green color (Pananusorn et al., 2022;
Regeimbal et al., 2003). Quinhydrone has subsequently emerged as a model to evaluate
oligomers of biopolymers of melamine and carboxylic equivalents, which have applications in
biology, electronics, and related photoelectronic devices (Ariese et al., 2004; Tossell, 2009).

Recent efforts by us have reported an application of co-milling to the orange-red
zwitterionic cocrystal (PDA)-(APAP) (where: PDA = 2,4-pyridinedicarboxylic acid,
APAP = acetaminophen) (Sander et al., 2010). The milling involved co-grinding of
(PDA)-(APAP) with 4,4'-BPE (where: 4,4'-BPE = trans-1,2-bis(4-pyridyl)ethylene) as
solid reagents. Dismantling of (PDA)-(APAP) afforded the binary cocrystal (PDA)-(4,4’-
BPE) (Ezekiel et al., 2024b). The co-milling involving the orange-red solid resulted in the
sample turning colorless. Given that (BZQ)-(HQ) is deep green in color, we turned to
apply co-milling to (BZQ)-(HQ).

In contrast to (PDA)-(APAP), (BZQ)-(HQ) is regarded as a neutral cocrystal, meaning
that each component is devoid of a formal charge (cf. Zwitterionic PDA). Co-milling is an
emerging approach to perform mechanochemical syntheses, being attractive for the design
and formation of crystalline phases. Given the shallow landscape of organic solid-state
materials, the development of approaches that allow for successful generation of targeted
multi-component solids is critical.

Herein, we report application of co-milling to (BZQ)-(HQ). We show co-milling of
(BZQ)-(HQ) using either 4,4"-BPE or 4-MA (Scheme 1) to result in dismantling of
(BZQ)-(HQ) through cocrystal exchange reactions that generate known (HQ)-(4,4’-BPE)
or (HQ)-2(4-MA) (Supplementary Figures S1, S2, Supplementary Material) (Ezekiel et al.,
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SCHEME 2
Dismantling of (BZQ)-(HQ) through co-milling.

2024a; Siva et al., 2020; Weyna et al.,, 2009). The exchange reactions are 2 M ethOdOlOgy

accompanied by discolorations wherein the deep green color of each

solid sample changes to light beige or dark brown. Importantly, we 2.1 Materials

show the process of sublimation of BZQ, which involves physical

removal of BZQ from the solid sample, to help promote formation and All reagents and solvents were purchased from commercial
isolation of the targeted co-crystalline solids (Scheme 2). We are  sources and generally used as received. BZQ, HQ, 4,4’-BPE, and
unaware of a case wherein sublimation is employed to promote  4-MA were purchased from Fisher scientific. Ethanol and diethyl
formation and isolation of a cocrystal in a co-milling experiment. ether were purchased from Millipore-Sigma.
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FIGURE 1
X-ray structures: (A) (BZQ)-(HQ) (1245604) (Sakurai, 1965), (B) (HQ)-(4,4'-BPE) (730431) (Weyna et al., 2009), and (C) (HQ)-2(4-MA) (1583978) (Siva
et al,, 2020) (CCDC reference numbers parenthesis).

TABLE 1 Hydrogen bonds in co-milling of (BZQ)-(HQ).

(BZQ)-(HQ) hydrogen bonds broken (total) Hydrogen bonds formed (total)

(HQ)-(4,4'-BPE) (chains) (HQ)-2 (4-MA) (aggregate)

0-H--0 (2) O-H-+Nyy, (2) O-H-Namino (2)

TABLE 2 Dismantling of (BZQ)-(HQ) by co-milling. 2.2 MeChanOChemIStry

Coformer Co-millings Final color Co-millings were performed using a FTS-1000 shaker mill. All
experiments were performed either neat or using 10 pL of ethanol in
the case of liquid-assisted grinding (LAG) in a stainless steel jar (5 mL)
4,4'-BPE No (ethanol) Yes Beige using steel ball bearings (2 x 5 mm) at 20 Hz for a period of up to
60 min. The cocrystal (BZQ)-(HQ) used in the dismantlings was
formed by milling BZQ and HQ (1:1 ratio) by LAG with diethyl ether

LAG Neat

4-MA Yes (ethanol) Yes Dark brown
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FIGURE 3
PXRD diffractograms co-millings of (BZQ)-(HQ): (A) 4,4’-BPE
(neat) and (B) 4-MA (LAG).

(Sykes et al, 2011) and confirmed by matching calculated and
experimental PXRD (Supplementary Figure S3, Supplementary
Material). The cocrystal exchange reactions were performed with
either 4,4-BPE (1:1 ratio) or 4-MA (1:2 ratio). The calculated
PXRD patterns of (HQ)-(4,4'-BPE) and (HQ)-2(4-MA) match
experimental (Supplementary Figures S4, S5, Supplementary Material).
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2.3 Sublimations

Powder samples of co-milled (BZQ)-(HQ) with each of 4,4’-
BPE and 4-MA were placed in a glass vial connected through
vacuum for 72 h.

2.4 Powder X-Ray diffraction (PXRD)

Samples for PXRD analyses were ground using a mortar and
pestle to generate a uniform powder, which was then deposited on a
KS Analytics zero background holder and analyzed with a Bruker
D8 Advanced PXRD diffractometer. Data were collected over the
range of 5°-40° 2-theta using a 1.5 s step with synchronous rotation
of the sample holder.

2.5 NMR spectroscopy

Proton nuclear magnetic resonance (‘H NMR) spectra were
recorded at room temperature on a Bruker DRX-400 spectrometer
at 400 MHz.

3 Results and discussion

Dark green (BZQ)-(HQ) is stabilized by a combination of O-H---O
hydrogen bonds and charge-transfer between the electron donor (HQ)
and electron acceptor (BZQ). At the molecular level, applications of
(BZQ)-(HQ) to measure hydrogen ion concentration and in
potentiometric titrations have been reported while the cocrystal is a
promising cathode material for batteries (Choi, 2019; Curtin et al,
1984; Patil et al., 1984; Patil et al, 1986). BZQ itself is used in
applications of redox processes (e.g., electron carriers, organic
synthesis) (Dandawate et al., 2010). Owing to weak intermolecular
interactions in the solid state, BZQ readily sublimes as a pure form
(Emel et al.,, 2017). HQ experiences applications in pharmaceutical and
photographic systems (Ghanbarzadeh et al., 2015; Lin et al., 2005;
Nordlund et al., 2006), and the molecule readily oxidizes to form BZQ
(Brito de Oliveira Moreira et al., 2022).

HQ is reported to form a total of 110 binary cocrystals
(Cambridge Structural Database (CSD) version 5.46 November
2024). BZQ forms 47 binary cocrystals. An analysis of the CSD
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FIGURE 4

'H NMR spectra after co-milling (BZQ)-(HQ) with 4-MA: (A) 10 min (LAG EtOH), (B) 60 min (LAG EtOH), and (C) 72 h (sublimation). Singlet peak inside the bo:
represents BZQ.
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FIGURE 5

PXRD diffractograms following co-milling of (BZQ)-(HQ) under
vacuum: (A) 4,4’-BPE and (B) 4-MA.

data shows HQ to form cocrystals with N-atom hydrogen-bond-
acceptors (94 structures total). The O-H--N hydrogen bond is a
resaonably reliable supramolecular synthon in synthesis of
multicomponent crystals (Khan et al., 2009). Given our report to
develop cocrystals of bipyridines through co-milling (Ezekiel et al.,
2024b), we hypothesized (BZQ)-(HQ) could be dismantled by co-
milling with the N-atom hydrogen-bond acceptors 4,4’-BPE
(Weyna et al., 2009) and 4-MA (Siva et al.,, 2020) (Figure 1). The
acceptors form cocrystals (HQ)-(4,4"-BPE) (light yellow) and (HQ)-
2(4-MA) (black) from solution. The co-millings were expected to
result in discolorization of dark green (BZQ)-(HQ) to afford
samples based on colors of the targeted product cocrystals. The
CSD shows HQ to form binary cocrystals of linear chains and a
discrete aggregate with 4,4’-BPE and 4-MA, respectively (Figures
1B,C). The co-millings were expected to involve breakage of the
O-H-O hydrogen bonds (2 total) of (BZQ)-(HQ) (Table 1) along
with formation of O-H:-Npy, hydrogen bonds (2 total) for
(HQ)-(4,4'-BPE) and O-H-Nypnino (2 total) hydrogen bonds for
(HQ)-2(4-MA) (Table 1). Solid BZQ, which does not participate in
the formation of appreciably strong hydrogen bonds, was expected
to form as side product.
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When (BZQ)-(HQ) was subjected to co-milling with 4,4’-BPE
by neat grinding (10 min) (Table 2), the dark green color changed to
light beige (Figure 2A). Five prominent peaks emerged in the PXRD
diffractogram (26 = 19.3°, 20.2°, 21.3°, 24.4, 28.4") (Figure 3A). The
peaks were consistent with the formation of (HQ)-(4,4’-BPE). The
cocrystal (HQ)-(4,4'-BPE) is reported as light-yellow. Peaks
attributed to (BZQ)-(HQ) (20 = 15.8°, 16.5°, 29.4°), BZQ (20 =
15.5%), 4,4"-BPE (20 = 28.1°) were also present. A longer co-milling
time (60 min) did not result in an appreciable change in color of the
solid sample.

When (BZQ)-(HQ) was subjected to co-milling with 4-MA by
LAG (10 min, ethanol), the dark green color changed to dark brown
(Figure 2B). The PXRD diffractogram showed the emergence of five
prominent peaks (20 = 12.5%, 20.2°, 21.3° 22.1°, 27.8°). The peaks were
consistent with the formation of (HQ)-2(4-MA). The color of (HQ)-
2(4-MA) is reported as black. Four peaks of reduced intensities (26 =
15.8, 16.5°, 29.4°) attributed to (BZQ)-(HQ) were also present
(Figure 3B). We note that peaks attributed to neither BZQ nor
4-MA were present. A longer milling time (60 min) did not result in
a change in color. The generation of (HQ)-2(4-MA) was also
realized by neat grinding.

While the PXRD data showed (BZQ)-(HQ) to be dismantled in
each co-milling, the amount of BZQ that remained in each sample
varied. From 'H NMR data, over half BZQ (0.75 equivalent)
upon co-milling with 4,4’-BPE (10 min)
(Supplementary Figure S6, Supplementary Material). Significantly

remained

less BZQ (0.32 equivalent) remained following co-milling with 4-
MA (Figure 4A). For the longer co-milling time (60 min), BZQ that
remained was either relatively unchanged or significantly less for
4,4'-BPE (0.75 equivalent) and 4-MA (0.06 equivalent), respectively
(Figure 4B). When each co-milled sample was also subjected to
moderate vacuum (72 h), BZQ was completely removed in each case
(Figure 4C), (Supplementary Figure S6, Supplementary Material).
The resulting PXRD diffractograms were consistent with either
(HQ)-(4,4’-BPE) or (HQ)-2(4-MA) being present (Figure 5)
(Supplementary Table S2, Supplementary Material).

The losses of BZQ in the co-millings can be attributed to effects
of sublimation (Acree and Chickos, 2010; Reid et al., 1959; Cervinka
and Fulem, 2017). BZQ readily sublimes at room temperature,
which is reflective of weak intermolecular forces in pure BZQ
(Lin et al, 2021). In previous work, Groeneman employed
sublimation to remove a halogen-bond-donor coformer to isolate
a cyclobutane photoproduct (Grobelny et al., 2017). Mei also used
sublimation to remove halogen-bond-donor coformers from a
photodimer of vitamin K3 (Zhu et al., 2016). Our group has
recently attributed a decrease of a hydrogen-bond-donor
coformer in a solid-state photoreaction to sublimation (Oburn
et al,, 2019). For the current work, sublimation of the hydrogen-
bond-acceptor coformer BZQ can be regarded as a means to aide the
generation and isolate a cocrystal as a product of a co-milling
(Carstens et al., 2020). We are unaware of a case wherein
sublimation in co-milling aides and abets the generation of a
cocrystal. Similar to (PDA)-(APAP) (Ezekiel et al., 2024b), the
cocrystal exchange can be explained on the basis of melting
point. The binary cocrystals (HQ)-(4,4-BPE) (224 °C-225 °C)
(Quentin and MacGillivray, 2020), and (HQ)-2(4-MA) (191 °C)
(Siva et al., 2020) melt at higher temperatures versus (BZQ)-(HQ)
(167 °C-172 °C) (Curtin et al., 1984).
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4 Conclusion

In our report, we demonstrated sublimation to support co-
millings involving (BZQ)-(HQ), with the co-millings resulting in
discolorations of the solid samples. We are currently expanding
applications of co-milling to (BZQ)-(HQ), as well as identifying
additional components that sublime and can serve as candidates in
co-crystal generation. Understanding mechanisms responsible for
dismantling cocrystals with the use of sublimation can be expected
to influence conformer selections in the design and manufacturing
of multicomponent crystals.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material; further inquires can be directed
to the corresponding author.

Author contributions

CIE: Investigation, Conceptualization, Writing — review and
editing, Methodology, Writing — original draft, Data curation. LRM:

Conceptualization, ~ Investigation, ~ Project  administration,

Supervision, Writing — review and editing, Writing - original
draft, Funding acquisition.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. This work was financially
supported by National Science Foundation (NSF DMR-2221086)
and the Canada Excellence Research Chairs (CERC) Program.

References

Acree, W., and Chickos, J. S. (2010). Phase transition enthalpy measurements of
organic and organometallic compounds. Sublimation, vaporization and fusion
enthalpies from 1880 to 2010. J. Phys. Chem. Ref. Data 39, 62. doi:10.1063/1.3309507

Ariese, F., Van Assema, S., Gooijer, C., Bruccoleri, A. G., and Langford, C. H.
(2004). Comparison of laurentian fulvic acid luminescence with that of the
hydroquinone/quinone model system: evidence from low temperature
fluorescence studies and EPR spectroscopy. Aquat. Sci. 66, 86-94. doi:10.1007/
$00027-003-0647-8/ METRICS

Barone, V., Cacelli, I, Crescenzi, O., D’Ischia, M., Ferretti, A., Prampolini, G., et al.
(2014). Unraveling the interplay of different contributions to the stability of the
quinhydrone dimer. RSC Adv. 4, 876-885. doi:10.1039/c3ra46191b

Brito de Oliveira Moreira, O., Vinicius de Faria, L., Matos, R. C., Enes, K. B., Costa
Couri, M. R, and de Oliveira, M. A. L. (2022). Determination of hydroquinone and
benzoquinone in pharmaceutical formulations: critical considerations on quantitative
analysis of easily oxidized compounds. Anal. Methods 14, 4784-4794. doi:10.1039/
D2AY01631A

Carstens, T., Haynes, D. A, and Smith, V. J. (2020). Cocrystals: solution,
mechanochemistry, and sublimation. Cryst. Growth Des. 20, 1139-1149. doi:10.1021/
acs.cgd.9b01450

Cervinka, C., and Fulem, M. (2017). State-of-The-Art calculations of sublimation
enthalpies for selected molecular crystals and their computational uncertainty. J. Chem.
Theory Comput. 13, 2840-2850. doi:10.1021/acs.jctc.7b00164

Choi, J. Y. (2019). Understanding of molecular contribution of quinhydrone/
methanol organic passivation for improved minority carrier lifetime on
nanostructured silicon surface. Appl. Sci. 9, 3645. doi:10.3390/app9183645

Frontiers in Chemistry

10.3389/fchem.2026.1741180

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures
in this article has been generated by Frontiers with the
support of artificial intelligence and reasonable efforts have
been made to ensure accuracy, including review by the
authors wherever possible. If you identify any issues,
please contact us.

Publisher’s note

All claims expressed in this article are solely those of
the authors and do not necessarily represent those of
their affiliated organizations, or those of the publisher, the
editors and the Any product that may be
evaluated in this article, or claim that may be made

reviewers.

by its manufacturer, is not guaranteed or endorsed by
the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fchem.2026.
1741180/full#supplementary-material

Curtin, D. Y., Paul, I. C,, and Patil, A. (1984). Interconversion by hydrogen transfer of
unsymmetrically substituted quinhydrones in the solid state. Crystal structure of the 1:
2 complex of 2,5-Dimethylbenzoquinone with hydroquinone. J. Am. Chem. Soc. 106,
4010-4015. doi:10.1021/ja003262020

Dandawate, P. R., Vyas, A. C,, Padhye, S. B., Singh, M. W, and Baruah, J. B. (2010).
Perspectives on medicinal properties of benzoquinone compounds. Mini Rev. Med.
Chem. 10, 436-454. doi:10.2174/138955710791330909

Emel, V. N., Varfolomeev, M. A., Novikov, V. B, Turovtsev, V. V., and Orlov, Y. D.
(2017). Thermodynamic properties of 1, 4-Benzoquinones in gaseous and condensed
phases: experimental and theoretical studies. J. Chem. Eng. Data 62, 2413-2422. doi:10.
1021/acs.jced.7b00354

Ezekiel, C. I, Jadhav, S., Stevens, L. L., and MacGillivray, L. R. (2024a). Assessing
structures and solution behaviors of molecular and ionic cocrystals with a common
bioactive molecule: 2,4-pyridinedicarboxylic acid with tranexamic acid and
nicotinamide. Cryst. Growth Des. 24, 6624. doi:10.1021/acs.cgd.4c00525

Ezekiel, C. I, Ortiz-de Le6n, C., Reinheimer, E., and MacGillivray, L. R. (2024b). Solid
decolorization: dismantling of an orange-red zwitterionic cocrystal by multicomponent
milling. Adv. Opt. Mater., 1-6. doi:10.1002/adom.202400889

Ghanbarzadeh, S., Hariri, R., Kouhsoltani, M., Shokri, J., Javadzadeh, Y., and
Hamishehkar, H. (2015). Enhanced stability and dermal delivery of hydroquinone
using solid lipid nanoparticles. Colloids Surfaces B Biointerfaces 136, 1004-1010. doi:10.
1016/j.colsurfb.2015.10.041

Grobelny, A. L., Verdu, F. A., and Groeneman, R. H. (2017). Solvent-free synthesis
and purification of a photoproduct via sublimation of a tetrahalogenated template.
CrystEngComm 19, 3562-3565. doi:10.1039/c7ce00954b

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fchem.2026.1741180/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fchem.2026.1741180/full#supplementary-material
https://doi.org/10.1063/1.3309507
https://doi.org/10.1007/S00027-003-0647-8/METRICS
https://doi.org/10.1007/S00027-003-0647-8/METRICS
https://doi.org/10.1039/c3ra46191b
https://doi.org/10.1039/D2AY01631A
https://doi.org/10.1039/D2AY01631A
https://doi.org/10.1021/acs.cgd.9b01450
https://doi.org/10.1021/acs.cgd.9b01450
https://doi.org/10.1021/acs.jctc.7b00164
https://doi.org/10.3390/app9183645
https://doi.org/10.1021/ja00326a020
https://doi.org/10.2174/138955710791330909
https://doi.org/10.1021/acs.jced.7b00354
https://doi.org/10.1021/acs.jced.7b00354
https://doi.org/10.1021/acs.cgd.4c00525
https://doi.org/10.1002/adom.202400889
https://doi.org/10.1016/j.colsurfb.2015.10.041
https://doi.org/10.1016/j.colsurfb.2015.10.041
https://doi.org/10.1039/c7ce00954b
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2026.1741180

Ezekiel and MacGillivray

Khan, M., Enkelmann, V., and Brunklaus, G. (2009). O—H---N heterosynthon: a robust
supramolecular unit for crystal engineering. Cryst. Growth Des. 9, 2354-2362. doi:10.
1021/cg801249b

Lin, C. H,, Sheu, J. Y, Wu, H. L,, and Huang, Y. L. (2005). Determination of
hydroquinone in cosmetic emulsion using microdialysis sampling coupled with high-
performance liquid chromatography. J. Pharm. Biomed. Anal. 38, 414-419. doi:10.1016/
J.JPBA.2005.01.031

Lin, Z., Shi, H. Y., Lin, L., Yang, X., Wu, W, and Sun, X. (2021). A high capacity small
molecule quinone cathode for rechargeable aqueous zinc-organic batteries. Nat.
Commun. 12, 1-9. doi:10.1038/541467-021-24701-9

Nordlund, J. J., Grimes, P. E., and Ortonne, J. P. (2006). The safety of hydroquinone.
J. Eur. Acad. Dermatol. Venereol. 20, 781-787. doi:10.1111/].1468-3083.2006.01670

Oburn, S. M., Quentin, J., and MacGillivray, L. R. (2019). A Divergent Alkyne Diol
Directs [2 + 2] Photoreactivity in the Solid State: Cocrystal, Supramolecular Catalysis,
and Sublimation Effects. Molecules 24. doi:10.3390/molecules24173059

Pananusorn, P., Ruengsuk, A., Docker, A., Khamphaijun, K., Sirivibulkovit, K.,
Sukwattanasinitt, M., et al. (2022). Selective extraction, recovery, and sensing of
hydroquinone mediated by a supramolecular Pillar[5]quinone quinhydrone charge-
transfer complex. ACS Appl. Mater. Interfaces 14, 6810-6817. doi:10.1021/acsami.
1c22583

Patil, A. O, Curtin, D. Y., and Paul, I. C. (1984). Solid-State Formation of
quinhydrones from their components. Use of solid-solid reactions to prepare
compounds not accessible from solution. J. Am. Chem. Soc. 106, 348-353. doi:10.
1021/ja003142017

Patil, A. O., Pennington, W. T., Desiraju, G. R., Curtin, D. Y., and Paul, I. C. (1986).
Recent studies on the formation and properties of quinhydrone complexes. Mol. Cryst.
Lig. Cryst. 134, 279-304. doi:10.1080/00268948608079591

Quentin, J., and Macgillivray, L. R. (2020). Hydrogen- and halogen-bonded binary
cocrystals with ditopic components: systematic structural and photoreactivity properties
that provide access to a completed series of symmetrical cyclobutanes. Cryst. Growth
Des. 20, 7501-7515. doi:10.1021/acs.cgd.0c01143

Frontiers in Chemistry

08

10.3389/fchem.2026.1741180

Regeimbal, J., Gleiter, S., Trumpower, B. L., Yu, C. A., Diwakar, M., Ballou, D. P., et al.
(2003). Disulfide bond formation involves a quinhydrone-type charge-transfer complex.
Proc. Natl. Acad. Sci. U. S. A. 100, 13779-13784. doi:10.1073/pnas.1935988100

Reid, R. C., Sherwood, T. K., and Street, R. E. (1959). The properties of gases and
liquids. Phys. Today 12, 38-40. doi:10.1063/1.3060771

Sakurai, T. (1965). The crystal structure of the triclinic modification of quinhydrone.
Acta Crystallogr. 19, 320-330. doi:10.1107/S0365110X65003390

Sander, J. R. G, Bucar, D. K, Henry, R. F,, Baltrusaitis, J., Zhang, G. G. Z., and
Macgillivray, L. R. (2010). A red zwitterionic co-crystal of acetaminophen and 2,4-
pyridinedicarboxylic acid. J. Pharm. Sci. 99, 3676-3683. doi:10.1002/jps.22229

Siva, V., Shameem, A., Murugan, A., Athimoolam, S., Suresh, M., and Bahadur,
S. A. (2020). Investigation on structural, optical, dielectric, mechanical and
thermal properties of 4-methoxyaniline hydroquinone cocrystal: a promising
optical power limiting material. J. Mol. Struct. 1205, 127619. doi:10.1016/j.
molstruc.2019.127619

Sykes, R. A., McCabe, P., Allen, F. H., Battle, G. M., Bruno, L J., and Wood, P. A.
(2011). New software for statistical analysis of Cambridge structural database data.
J. Appl. Crystallogr. 44, 882-886. doi:10.1107/S0021889811014622

Tossell, J. A. (2009). Quinone-hydroquinone complexes as model components of
humic acids: theoretical studies of their structure, stability and Visible-UV spectra.
Geochim. Cosmochim. Acta 73, 2023-2033. doi:10.1016/j.gca.2008.12.029

Weyna, D. R,, Shattock, T., Vishweshwar, P., and Zaworotko, M. J. (2009). Synthesis
and structural characterization of cocrystals and pharmaceutical cocrystals:

Mechanochemistry vs slow evaporation from solution and DESIGN 2009. Cryst.
Growth Des. 9, 18-25. doi:10.1021/cg800936d

Wahler, F. (1844). Untersuchungen tiber das Chinon. Justus Liebigs Ann. Chem. 51,
145-163. doi:10.1002/jlac.18440510202

Zhu, B., Wang, J. R,, Zhang, Q., and Mei, X. (2016). Greener solid-state synthesis:
stereo-Selective [2 + 2] photodimerization of vitamin K3 controlled by halogen bonding.
CrystEngComm 18, 6327-6330. doi:10.1039/c6ce01236a

frontiersin.org


https://doi.org/10.1021/cg801249b
https://doi.org/10.1021/cg801249b
https://doi.org/10.1016/J.JPBA.2005.01.031
https://doi.org/10.1016/J.JPBA.2005.01.031
https://doi.org/10.1038/S41467-021-24701-9
https://doi.org/10.1111/J.1468-3083.2006.01670
https://doi.org/10.3390/molecules24173059
https://doi.org/10.1021/acsami.1c22583
https://doi.org/10.1021/acsami.1c22583
https://doi.org/10.1021/ja00314a017
https://doi.org/10.1021/ja00314a017
https://doi.org/10.1080/00268948608079591
https://doi.org/10.1021/acs.cgd.0c01143
https://doi.org/10.1073/pnas.1935988100
https://doi.org/10.1063/1.3060771
https://doi.org/10.1107/S0365110X65003390
https://doi.org/10.1002/jps.22229
https://doi.org/10.1016/j.molstruc.2019.127619
https://doi.org/10.1016/j.molstruc.2019.127619
https://doi.org/10.1107/S0021889811014622
https://doi.org/10.1016/j.gca.2008.12.029
https://doi.org/10.1021/cg800936d
https://doi.org/10.1002/jlac.18440510202
https://doi.org/10.1039/c6ce01236a
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2026.1741180

	Sublimation aides and abets co-milling and discoloration involving quinhydrone
	1 Introduction
	2 Methodology
	2.1 Materials
	2.2 Mechanochemistry
	2.3 Sublimations
	2.4 Powder X-Ray diffraction (PXRD)
	2.5 NMR spectroscopy

	3 Results and discussion
	4 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


