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In this study, nine cocrystals of N-(5-nitropyridin-2-yllamide derivatives with 3-dimethylaminobenzoic acid
(3DMABA) and 4-aminobenzoic acid (4ABA) were synthesized and structurally characterized in order to fine-
tune photophysical properties by systematically modifying targets and coformers while maintaining overall
structural consistency. The influence of competing factors, such as hydrogen-bonding motifs and steric
effects, was examined through deliberate coformer selection and alkyl chain-length variation. The
compounds exhibited visible color changes during grinding experiments, which were investigated using UV-
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visible spectroscopy and computational chemistry. The results show that changing the coformer can
effectively modulate photophysical behavior while largely preserving crystal structure, and the competing
intermolecular forces do not limit control over key solid-state structural parameters. Furthermore, the
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observed photophysical properties and colors can be rationalized and predicted based on calculated HOMO-
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Introduction

The characteristics of solid-state materials, such as thermal
stability,"™* aqueous solubility,”” mechanical flexibility,* > and
manufacturability,">'* determine performance and effectiveness
when transitioning from fundamental research to applications
and devices. The molecular building blocks of a crystalline
material also impact its bulk properties, but the relative
orientation of these building blocks with respect to each other
can make a dramatic difference in physical properties. With this
in mind, a range of bottom-up strategies have been employed to
control solid-state assembly through the deliberate use of
intermolecular forces such as hydrogen bonding,’>™® halogen
bonding,"”*° chalcogen bonding,*** and pi-pi interactions,
etc. The outcomes of these strategies can lead to the formation
of several new solid forms, including salts, polymorphs,
hydrates, solvates, and cocrystals. The extent to which these
forms can be made with a high degree of predictability is
certainly debatable when it comes to solvates/hydrates and
polymorphs, and salts can be constructed only from molecules
that are inherently ionizable.

However, over the past two decades, the synthesis of organic
cocrystals has attracted tremendous attention**>® from both
academia and industry as a more versatile and robust avenue
towards functional materials, owing to their ability to enhance
physicochemical properties® > in a modular fashion without
affecting their inherent molecular characteristics. Therefore,
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LUMO gaps of donor-acceptor pairs, demonstrating a strategy for controlled design of functional cocrystals.

cocrystal synthesis has become a versatile tool for improving
properties such as stability,**’ solubility,**** and mechanical
flexibility.***

Cocrystals are typically synthesized through structure-
directing non-covalent interactions, which play a crucial role in
shaping both the structural and functional properties displayed
by these materials.*™® In simpler terms, the way molecules
interact with each other in multicomponent molecular solids,
cocrystals, greatly influences cocrystal structure and behavior.*
However, there are many other factors that also influence
cocrystal formation, such as sterics, relative solubility, and
kinetics of crystallization, etc.>*"

Recently, cocrystallization has emerged as an effective way to
tune photophysical properties of solid-state materials. In 2020,
Zeng and coworkers reported the color tuning of an active
pharmaceutical ingredient via cocrystallization, presenting
metronidazole and pyrogallol cocrystals as a case study.”” In this
study, the cocrystal showed an increased dissolution rate
compared to the drug itself, and the results suggested that the
cocrystal strategy may be used to tune the color of
pharmaceutical drugs, which might help drug formulation
development. A study by Wang and coworkers developed a
color-tunable upconversion emission switch in which two
different electron donors with the same acceptor molecule yield
distinct red and yellow emissions, providing a good example of
controlling cocrystal-to-cocrystal transformation.> MacGillivray
and coworkers reported a red zwitterionic cocrystal of
acetaminophen and 2,4-pyridinedicarboxylic acid, and despite
both parent materials being colorless, the cocrystal exhibited a
red color, which was due to reduced n-n gap based on density
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Fig. 1 Chemical structures of donor and acceptor molecules.

functional theory calculations.> Together, these studies suggest
that cocrystallization is a powerful approach to modulate
photophysical properties of solid-state materials.

Inspired by those studies, in this work we explored the
possibility of fine-tuning photophysical properties in a series of
cocrystals by making very specific changes to the nature of the
coformers whilst keeping the overall crystal structures as
constant as possible. We also examined the relative importance
of competing factors in solid-state assembly such as hydrogen
bonding and ‘sterics’ by increasing the chain length of our
target material systematically, to maintain considerable control
of the main structural parameters and metrics in these solids.
With these two goals in mind, we synthesized nine cocrystals
using five different acceptor molecules (targets) and two
different donor molecules (coformers). The molecules are
classified as ‘donors’ and ‘acceptors’ based on the role they are
most likely to play in a charge-transfer scenario. Here, we chose
3-dimethylaminobenzoic acid (3DMABA), and 4-aminobenzoic
acid (4ABA) as donors with different electron-donating
capacities and N-(5-nitropyridin-2-yl)acetamide (T1), N-(5-
nitropyridin-2-yl)propionamide  (T2), = N-(5-nitropyridin-2-yl)
butyramide (T3), N-(5-nitropyridin-2-yl)pentanamide (T4), and
N-(5-nitropyridin-2-yl)hexanamide (T5) as acceptors to set up a
group of cocrystals (Fig. 1).

The choice of coformers was deliberate, and we expected
the carboxylic acid functionality of the donors to form robust
R3(8) dimeric hydrogen-bonding (Fig. 2) with the pyridine
nitrogen and amide -NH of the acceptors; this heterosynthon
is well established in the literature.>®”>” We intended for this
to promote a certain amount of structural consistency across
the series of cocrystals. If overall structural control can be
achieved, we hypothesized that it would be possible to make
deliberate changes to the photophysical behavior of these
materials simply by referencing the calculated HOMO-LUMO
gap of donor-acceptor pairs of molecules.

Experimental section

All acceptor molecules were synthesized and purified in our
laboratory.”® Other precursors and solvents were purchased
from commercial sources and used without further purification.
Melting points were recorded on a TA Instruments DSC Q20
differential scanning calorimeter. IR spectra were recorded with

CrystEngComm

a Nicolet 380 FT-IR spectrometer using an attenuated total
reflection (ATR) technique and ZnSe as the crystal. Single-crystal
X-ray diffraction (SCXRD) data were collected on a Rigaku
XtaLAB Synergy-S single-crystal X-ray diffractometer equipped
with Cu Ka radiation. PXRD patterns were collected using a
Bruker X-ray powder diffractometer equipped with CuKa
radiation, operated at 30 kV and 15 mA. Diffuse reflectance
absorbance data were measured using a Cary 500 UV-vis-NIR
spectrophotometer. HOMO-LUMO calculations were done with
density functional B3LYP level of theory using 6-311++G** basis
set in vacuum, using Spartan 14’ software.”

Preparation of the cocrystals

Liquid-assisted grinding was performed with equimolar
amounts of donor and acceptor in the presence of one or two
drops of methanol. In each case, the FT-IR spectrum of the
ground mixture was compared to those of the pure starting
materials to confirm cocrystal formation. A solution of the
ground mixture in a suitable solvent was then allowed to
evaporate slowly for about one week to allow crystal formation.
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Fig. 2 Anticipated R3(8) dimeric hydrogen-bonding motif.
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Table 1 Solvents used for crystal growth and crystal descriptions

Melting
Compound Code Solvent Color and morphology point/°C
N-(5-Nitropyridin-2-yl)propionamide + 3DMABA-polymorph I T2-3DMABA-PI Methanol Light orange, plate 121-123 °C
N-(5-Nitropyridin-2-yl)propionamide + 3DMABA-polymorph II T2-3DMABA-PII Dichloromethane Orange, plate 125-127 °C
N-(5-Nitropyridin-2-yl)butyramide + 3DMABA T3-3DMABA Methanol Reddish orange, irregular block 123-125 °C
N-(5-Nitropyridin-2-yl)pentanamide + 3DMABA T4-3DMABA Methanol Orange, irregular block 140-142 °C
N-(5-Nitropyridin-2-yl)hexanamide + 3DMABA T5-3DMABA Methanol Orange, plate 123-125 °C
N-(5-Nitropyridin-2-yl)propionamide + 4ABA T2-4ABA Ethyl acetate Light yellow, needle 154-156 °C
N-(5-Nitropyridin-2-yl)butyramide + 4ABA T3-4ABA Methanol Yellow, irregular 161-164 °C
N-(5-Nitropyridin-2-yl)pentanamide + 4ABA T4-4ABA Methanol Yellow, plate 141-144 °C
N-(5-Nitropyridin-2-yl)hexanamide + 4ABA T5-4ABA Methanol Light yellow, needle 121-123 °C
Table 2 Crystallographic data
Structure Space group  Z, Z' al/A b/A c/A Ueen/A® T/K Deale/g cm™ (at 7)
T2-3DMABA-PI  P2,/n 4,1 16.7360(4) 4.91439(11)  21.9254(5) 1784.68(7) 200.00(10)  1.341
T2-3DMABA-PII  C2/c 8,1 24.8829(8) 6.1032(2) 23.3288(12) 3484.7(2) 295.0(4) 1.374
T3-3DMABA Pi 2,1 6.21761(15)  12.5048(2) 12.7578(4) 945.96(4) 200.0(1) 1.314
T4-3DMABA Pi 2,1 6.35274(15)  12.46903(18)  12.9378(3) 966.16(4) 200(2) 1.335
T5-3DMABA Pi 2,1 6.42159(9) 12.65205(14)  13.02701(17) 992.29(2) 200.00(10)  1.347
T2-4ABA P24/n 4,1 12.5882(2) 5.17490(7) 23.3666(4) 1521.34(4) 200.00(10)  1.451
T3-4ABA Pi 2,1 5.8059(4) 11.8005(10) 12.9057(16) 823.35(14)  200.00(10)  1.397
T4-4ABA Pi 2,1 6.15171(12)  12.3495(4) 12.6749(4) 892.97(4) 295.9(3) 1.340
T5-4ABA P2y/n 4,1 20.1578(5) 4.90086(14)  32.5043(9) 3210.75(15)  297(1) 1.265

No cocrystals incorporating T1 were formed; on the other hand,
two polymorphs of the T2-3DMABA cocrystals were formed.
Details concerning these cocrystals formed by this procedure
are presented in Table 1.

Selected crystallographic data are summarized in Table 2,
while complete experimental details are given in the SI. The
structures were solved with the ShelXT 2018/2 (ref. 60)
structure solution program using the Intrinsic Phasing
solution method, and Olex2 (ref. 61) was used as the
graphical interface. The model was refined with version 2018/
3 of ShelXL 2018/3 (ref. 62) wusing Least Squares
minimization.

Solid-state replacement studies

Solid-state replacement experiments were carried out to
evaluate the possibility of coformer exchange in the pre-
formed cocrystals. The isolated cocrystal was mixed with the
second, and potentially disruptive, coformer in two different
stoichiometric ratios (1:0.5 and 1:1 relative to the original
coformer composition), and the mixtures were subjected to
liquid-assisted grinding (LAG). The resulting products were
analyzed by PXRD and compared with PXRD patterns of the
starting cocrystals and the corresponding starting materials
to determine whether coformer exchange had occurred.

Results and discussion
Physical appearance

All the starting targets and coformers utilized in this study
appeared as white or off-white powders. However, noticeable

This journal is © The Royal Society of Chemistry 2026

color changes occurred during the grinding studies, as
depicted in Fig. 3. It should be noted that none of the
grinding experiments with T1 produced any cocrystals, based
on our IR analysis, and neither of the ground mixtures of T1
gave any obvious color changes.

All cocrystals that were formed with T2-T5 displayed
distinctly different physical appearances, Fig. 4, compared to
their respective starting materials.

T3-3DMABA

T3-4ABA

Fig. 3 Physical appearance of starting materials; T3, 3DMABA, 4ABA,
and their ground mixtures.

CrystEngComm
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T2-4ABA

T3-4ABA

Fig. 4 Physical appearance of resultant ground mixtures.

Infrared spectra (IR) analysis

To confirm the formation of cocrystals, the IR spectra of
acceptors, donors, and ground mixtures were analyzed. The
characteristic peaks of all five acceptors, two donors, and
ground mixtures are given in Table 3.

In the IR spectrum of each cocrystal, the characteristic
peaks have shifted significantly from their original positions.
However, for the T1 acceptor with both 3DMABA and 4ABA,
the coformer peak remained in the same place, indicating no
cocrystal formation.

In the 3DMABA coformer, the C—=O stretching vibration
peak is observed at 1670 cm™', while in the 4ABA coformer
it is located at 1660 cm™'. The C=O stretching vibration
peaks of the four ground mixtures, T2-3DMABA, T3-
3DMABA, T4-3DMABA, and T5-3DMABA, corresponding to
the 3DMABA donor, exhibit a blue shift, at 1672, 1675,
1679, and 1679 cm™", respectively. In these four grindings,
the C=0 peak accountable for acceptors, T2, T3, T4, and
T5, are also blue shifted at 1705, 1712, 1714, and 1712
em™, respectively.

As with the ground mixtures of the 3DMABA coformer,
the four ground mixtures of the 4ABA coformer exhibit a
blue shift for donor C=0, at 1672, 1675, 1674, and 1686
em™, respectively. In these four cocrystals, the C=0 peaks

Table 3 IR frequencies of acceptors, donors and ground mixtures
Coformer
3DMABA 4ABA

Target IR stretch/em™ 1670 1660

T1 1685/1669 1678/1670 1672/1662/1656

T2 1682 1705, 1672 1707, 1672

T3 1695 1712, 1675 1706, 1675

T4 1697 1714, 1679 1715, 1674

T5 1697 1712, 1679 1695, 1686

CrystEngComm
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T4-3DMABA

T4-4ABA T5-4ABA

accountable for targets T2, T3, and T4 are also blue shifted
at 1707, 1706, and 1715 ecm™", respectively, except the C=0
peak for T5. For T5-4ABA, the C=0 peak belonging to T5 is
red-shifted to 1695 cm™, confirming the formation of a
different type of cocrystal.

In summary, significant shifts of the position of the C=0
stretching mode were taken as evidence for cocrystal
formation.

Crystal structure analysis

We obtained crystals suitable for single-crystal X-ray
diffraction for nine cocrystals (T2-3DMABA-PI, T2-3DMABA-
PII, T3-3DMABA, T4-3DMABA, T5-3DMABA, and T2-4ABA, T3-
4ABA, T4-4ABA, T5-4ABA). In all but one compound, there is
a 1:1 stoichiometric ratio of the donor and acceptor
molecules. The one exception is T5-4ABA, where the donor:
acceptor ratio is 1:2. In addition, T2-3DMABA produced two
polymorphs, crystallized from methanol and
dichloromethane, Table 1.

The polymorph structures that formed with T2 belonged
to P24/n and C2/c space groups in the monoclinic system.
The T3-3DMABA, T4-3DMABA, and T5-3DMABA cocrystals
exhibit a similar packing arrangement to each other, which
belongs to the triclinic, P1 space group, Fig. 5.

All donor and acceptor molecules of cocrystals are stacked
in a slipped face-to-face arrangement, facilitating charge-
transfer between adjacent m clouds. Charge-transfer is
indicated by relatively short interplanar distances 3.171 A for
T2-3DMABA-PI, 3.324 A for T2-3DMABA-PII, 3.337 A for T3-
3DMABA, 3.345 A for T4-3DMABA, and 3.299 A for T5-
3DMABA (Fig. S1-S5, SI) leading to colored compounds. The
donor and acceptor of each cocrystal are interconnected
through C=0O--"H-N and O-H--'N(py) hydrogen bonds

(Fig. 4(a)i-(c)i).

This journal is © The Royal Society of Chemistry 2026
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Fig. 5 (a) i. Asymmetric unit of T2-3DMABA-PI, (a) ii. n---% stacking, (b) i. asymmetric unit of T2-3DMABA-PII, (b) ii. n---w stacking, (c) i. asymmetric

unit of T3-3DMABA, (c) ii. n---n stacking (blue = donor, green = acceptor).

This journal is © The Royal Society of Chemistry 2026
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Fig. 6 (a) i. Asymmetric unit of T2-4ABA, (a) ii. n---n stacking (blue = donor, green = acceptor), (b) i. asymmetric unit of T3-4ABA-PII, (b) ii. n--x

stacking (green = donor, blue/red = acceptors), (c) i. asymmetric unit of T5-4ABA, (c) ii. Charge-transfer structure.

In the series with 4ABA coformer, the cocrystals
belonged to two different space groups, P2,/n and P1. T2-
4ABA and T5-4ABA belong to the P2,/n space group in the
monoclinic system, and T3-4ABA and T4-4ABA belong to the
P1 space group in the triclinic system. In each case,
acceptor and donor appear in a 1:1 stoichiometric ratio
except for the one with the T5 target, where they interact in
a 2:1 acceptor:donor ratio, Fig. 6. Although T2-4ABA and

CrystEngComm

T5-4ABA belong to the same space group, the packing
arrangement is different since the molar ratios are
different. In the first three cocrystals, the layers are weakly
connected with a face-to-face pattern leading to charge-
transfer interaction, but the last one was completely
different (interlayer distances: 3.237 A for T2-4ABA, 3.175 A
for T3-4ABA, 3.277 A for T4-4ABA, and 3.355 A for T5-4ABA)
(Fig. $6-S9, SI).

This journal is © The Royal Society of Chemistry 2026


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ce00063k

Open Access Article. Published on 26 March 2026. Downloaded on 4/15/2026 11:49:16 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

View Article Online

CrystEngComm Paper
L T TN« S L SEES
S P €
LUMO
¢ @ € o
¢
J ff,ia , ig\flt"t c! etk ‘."}M
HOMO d , ¢ d o
-1 -
-1.5
*
2 - i
s B 30 3.0 31 3.0 3 3.0 31 !
_ -3 = | ’ I _| ! —| ! —' I
3 | | ! ; ! i | | |
3 i i ! ' i | i : .
z i 2.6 ! 25 | 25 | ; 25 i
- - i | i i i i ; ]
% S - : i i ! i ; i ! !
Z 45 i 45; ! 45 : 45; ! [
g i — | —_— I —— I — i
= .G - : 1 [ _ ! —
5 5.6 i -5.6 i 5.6 ! -5.6 57
» i T2-3DMABA ! T3-3DMABA ! T4-3DMABA ! T5-3DMABA
7 - : i i |
| B b H
-8 = .6 -1.5 -7.5 a5
T2 T3 T4 TS 3DMABA

Fig.7 HOMO and LUMO energy level diagrams of 3DMABA cocrystals and

Powder X-ray diffraction (PXRD) analysis

In order to establish phase purity of the cocrystals, the
PXRD patterns of the acceptor, donors, and ground
mixtures were analyzed. The simulated PXRD patterns of
the nine cocrystals were generated using Mercury®® and
compared with the experimental PXRD patterns of the
ground mixtures (SI). The PXRD patterns of the cocrystals
are different from those of the individual donors and
acceptors, suggesting the formation of new crystalline
phases. Furthermore, the diffraction peak positions in the
experimental PXRD patterns of the six cocrystals (T3-
3DMABA, T4-3DMABA, T5-3DMABA, T2-4ABA, T3-4ABA, and
T4-4ABA) and the simulated PXRD patterns are consistent
with each other, without the presence of additional peaks,
underscoring that these powders are structurally
homogenous. However, the simulated and experimental
PXRD patterns of T2-3DMABA and T5-4ABA are different
and also unrelated to their donor and acceptor PXRD
patterns, respectively, indicating possible polymorphism
(which was separately confirmed for T2-3DMABA in our
single-crystal X-ray studies).

This journal is © The Royal Society of Chemistry 2026

their starting materials.

HOMO-LUMO calculations

Frontier molecular orbital theory can provide valuable insights
into the photophysical properties of charge-transfer
compounds. To explore whether it is possible to correlate the
observed photophysical properties of these cocrystals with the
calculated HOMO-LUMO energy gap, we carried out the
relevant DFT calculations at the B3LYP/6-311++G** level of
theory in vacuum using Spartan to determine the energy levels
of donors and acceptors separately, as well as for the
heteromeric donor-acceptor pairs. (Fig. 6 and 7). Donor and
acceptor molecules display wide HOMO-LUMO gaps with values
of 4.2 eV for 3DMABA, 4.9 €V for 4ABA, and 4.5 eV for all four
target molecules. When the cocrystals are formed, the HOMO-
LUMO gaps are narrowed. The energy gap values [Epymo —
Enomo)] of T2-3DMABA, T3-3DMABA, T4-3DMABA, T5-3DMABA,
T2-4ABA, T3-4ABA, T4-4ABA, and T5-4ABA are 2.6 eV, 2.5 €V, 2.5
eV, 2.5 eV, 3.3 eV, 3.3 eV, 3.3 eV, 3.5 eV, and 3.1 eV, respectively.
This narrowing facilitates the charge-transfer between donor and
acceptor molecules. As shown in Fig. 7 and 8, the HOMOs of the
four cocrystals are located on the corresponding donors, and the
LUMOs are distributed on the acceptors. It further confirms that

CrystEngComm
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Fig. 8 HOMO and LUMO energy level diagrams of 4ABA cocrystals and their starting materials.

the charge-transfer transitions take place from donors to
acceptors. Moreover, the colors of the materials aligned
effectively with the resultant energy gaps.

Charge transfer character

The optical properties and electronic transitions for T3-
3DMABA and T3-4ABA were further investigated using TD-
DFT calculations at the B3LYP/6-31G level of theory in
vacuum using Gaussian. The calculated electronic absorption
spectrum of T3-3DMABA exhibits two low-energy transitions
at 679 nm (S1) and 676 nm (S2), and each is composed of
multiple electronic transitions. The oscillator strengths of
these transitions are 0.0064 a.u. and 0.0343 a.u., respectively.
Therefore, it can be concluded that this absorption peak is
dominated by the excitation at 676 nm.

Similarly, the electronic absorption spectrum of T3-4ABA was
calculated at the same level of theory. Two low-energy transitions
were observed at 487 nm (S1) and 486 nm (S2), with oscillator
strengths of 0.0028 a.u. and 0.0029 a.u., respectively. Since the
oscillator strengths are nearly identical, both transitions
contribute similarly to the absorption spectrum. Analysis of the
molecular orbital contributions shows that the first excited state
(S1, 487 nm) arises from a combination of HOMO — LUMO+1
and HOMO-1 — LUMO transitions, while the second excited

CrystEngComm

state (S2, 486 nm) involves HOMO-1 — LUMO+1 and HOMO —
LUMO+1 transitions. These results indicate that both states have
comparable transition probabilities, leading to similar intensities
in the calculated spectrum. The transitions and their
contributions are given in Fig. 9 and Table 4.

Photophysical properties

Solid-state UV absorption. Solid-state UV absorption
spectra of the acceptors, donors, and cocrystals were
obtained to investigate the photophysical properties of the
cocrystals (Fig. 10 and SI). Acceptor molecules exhibit
absorption peaks within the range of 300-420 nm, while
3DMABA shows the absorption around 350-450 nm, and
4ABA has a strong absorption within 325-350 nm. In
particular, the absorption peaks of cocrystals with 3DMABA
coformers exhibit a wide range of absorbance within 400-600
nm, and the cocrystal with 4ABA coformer shows a broad
range of absorbance within 400-500 nm. The absorption
peaks of the acceptor and the donor molecules can be
attributed to the m — =* transition of the conjugated
structure. Moreover, the absorption bands of all nine
cocrystals display broadening and red-shift, clearly indicating
the occurrence of charge-transfer between the acceptor and
the donor molecules within the cocrystals.

This journal is © The Royal Society of Chemistry 2026
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Fig. 9 Molecular orbitals contributing to the transitions.
Table 4 Calculated electronic absorption parameters
Compound Excitation energy/eV Excited state Oscillator strength (a.u) Transitions Weight
T3-3DMABA 1.8255 (679 nm) 1 0.0064 HOMO-1 — LUMO 21.03%
HOMO-1 — LUMO+1 3.83%
HOMO — LUMO 22.08%
HOMO — LUMO+1 2.95%
1.8334 (676 nm) 2 0.0343 HOMO-1 — LUMO 0.04%
HOMO-1 — LUMO+1 19.75%
HOMO — LUMO 2.7%
HOMO — LUMO+1 23.36%
T3-4ABA 2.5461 (487 nm) 1 0.0028 HOMO-1 — LUMO 19.72%
HOMO — LUMO 30.12%
2.5522 (486 nm) 2 0.0029 HOMO-1 — LUMO+1 21.76%
HOMO — LUMO+1 28.08%

The absorbance wavelengths of these materials are more
readily related to the observed colors of each material,
respectively. The cocrystals with 3DMABA absorb mostly
below 600 nm, and they appear red/orange to the naked eye.
Similarly, cocrystals with 4ABA are yellow, and they all absorb
light below 500 nm, which is consistent with expectations.

Photoluminescence studies. Photoluminescence (PL)
spectra were collected using a Jobin-Yvon Fluoromax-2 with a
xenon arc lamp source and photon-counting detection
electronics.  Although  several compounds exhibited
photoluminescence, the observed color did not originate

This journal is © The Royal Society of Chemistry 2026

from their emission. Instead, visible color arises solely from
their absorption characteristics in the UV-visible range. The
corresponding photoluminescence data are provided in the
supporting information.

Solid-state replacement studies. The PXRD patterns of the
ground products showed no significant differences from
those of the parent cocrystals (SI). All characteristic peaks of
the original cocrystal and the second coformer were retained,
and no new peaks corresponding to a new phase were
observed. These results indicate that solid-state interconversion
has not occurred under the given conditions, even at a 1:1

CrystEngComm
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Fig. 10 Solid-state UV-visible spectra comparison of (a) T4-3DMABA cocrystal with its parent materials and (b) T4-4ABA cocrystal with its parent

materials.

stoichiometric ratio. This indicated that the initially formed
cocrystal is likely thermodynamically stable and resistant to
coformer replacement at least under the experimental
conditions that we explored.

Conclusions

In summary, nine cocrystals were successfully synthesized and
fully characterized. By deliberately selecting coformers and
systematically modifying the targets, we were able to maintain
structural consistency across all cocrystals while preserving the
R3(8) hydrogen-bonded motif. The crystal structure analysis
reveals that the donor and acceptor molecules in each cocrystal
are combined in a 1:1 stoichiometric ratio, except for T5-4ABA,
which has a 2:1 acceptor: donor ratio. This demonstrates that
competing intermolecular forces, such as sterics and hydrogen
bonding, do not significantly restrict control over solid-state
structural parameters.

All cocrystals exhibited color changes during liquid-
assisted grinding. These cocrystals have small HOMO-LUMO
gaps (2.6 eV for T2-3DMABA-PI; 2.5 eV for T3-3DMABA, T4-
3DMABA, and T5-3DMABA; 3.3 eV for T2-4ABA and T3-4ABA;
3.5 eV for T4-4ABA; and 3.1 eV for T5-4ABA), which facilitates
charge-transfer and serves as a rationale for their observed
colors. This indicates that calculated HOMO-LUMO gaps of
donor-acceptor pairs can be used to guide the design of
functional cocrystals with desired colors.

In solid-state UV-visible spectra, the absorption bands of
all cocrystals display considerable broadening and red shift,
indicating the occurrence of charge-transfer between the
acceptor and the donor molecules within the cocrystals.
Photoluminescence studies showed that only some
compounds are photoluminescent; however, the observed
colors arise solely from UV-visible absorption.

Overall, this study shows that systematic coformer
selection enables modulation of photophysical properties
and establishes a predictive strategy for the rational design of
functional cocrystal systems.
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