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Latent one-dimensional luminescent coordination
polymer emerging from copper() iodide secondary
building units

Kazuma Kikuchi,? Shuji Nagata,® Takashi Yumura, (2° Takahiro lwamoto,
Kensuke Naka ()2 and Hiroaki Imoto () ¥2<4

Luminescent coordination polymers (CPs) often exhibit poor processability and recyclability owing to
their insoluble infinite networks. Herein, we report a reversible vapor-induced structural interconversion
between a zero-dimensional (0D) complex and a one-dimensional (1D) luminescent CP, which enables
both solution processing and recycling. The 1D CP [Cu.l(AsPhs).(meprz)],, (Crys-B) with intense yellow
emission was converted to the weakly emissive 0D complex Cu,l(AsPhs),(meprz), (Crys-A) upon
exposure to 2-methylpyrazine (meprz) vapor, and reverted back to Crys-B upon exposure to acetonitrile
(CH3CN) vapor. This transformation proceeded smoothly without amorphization, allowing film fabrication
via casting or spin-coating in the 0D state, followed by vapor-induced polymerization, while enabling
recovery via depolymerization. Comparative studies revealed that the arsine ligand (AsPhz) accelerates
vapor-induced switching and enhances the emission contrast relative to its phosphine analog (PPhz). This
study established the first copper() halide-based luminescent CP to achieve reversible 0D/1D conversion,
offering a practical route for processable and recyclable luminescent materials.

Introduction

Coordination polymers (CPs) tend to exhibit superior material
properties compared with zero-dimensional (0D) complexes
(Fig. 1a)." In particular, luminescent CPs often demonstrate
higher emission efficiencies and enhanced thermal, chemical,
and photostabilities relative to their 0D counterparts. For
example, Hasegawa et al. developed highly efficient and ther-
mally robust Eu(ur) CPs using bisphosphine oxides as bridging
ligands.” Despite these remarkable advantages, the inherently
insoluble and infinite network structures of CPs result in poor
processability and recyclability. Various strategies have been
explored to improve their processability, including blending
with polymer matrices,”> hybridization with organic shells,*
and chemical vapor deposition.” A conceptually simple and
effective alternative involves solid-phase interconversion
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between the 0D and CP forms, enabling both the processabil-
ity and recyclability of a single material (Fig. 1b). This concept
involves three key steps: (1) processing the material in its
soluble 0D formy; (2) converting it into an extended CP form to
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Fig. 1 (a) Comparison of the key features of 0D complexes and CPs. (b)
Schematic illustration of reversible 0OD—-CP transformation for (1) proces-
sing, (2) usage, and (3) recycling.
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leverage its superior material properties; and (3) reverting it to
its original 0D form for recycling.

A common approach to the interconversion between the 0D
and CP forms involves thermoresponsive structural changes.
For instance, Julve et al. demonstrated that a heterometallic
hexanuclear cyanide-bridged complex can undergo reversible
structural switching through a concerted rearrangement of
coordination and hydrogen bonds, accompanied by a ligand
exchange of cyanides.® Among other strategies that have
recently attracted attention, Costa et al. reported a vapochro-
mic system in which the exposure of an Fe(u)-based CP to pyri-
dine vapor induces a stepwise single-crystal-to-single-crystal
(SCSC) transformation across 0D, 1D, and 2D structures.”
However, achieving a reversible transformation between the
0D and 1D forms via a simple and practical method remains a
significant challenge.® This is because 1D CPs, once formed,
tend to be structurally robust, making their breakdown into
reusable 0D complexes difficult. In addition, exposing single
crystals to external stimuli often leads to a loss of crystallinity,
preventing SCSC transformations from being controlled.’

We focused on copper(1) halide (CuX, X = Cl, Br, or I) com-
plexes as promising candidates for processable and recyclable
luminescent CPs. The structural diversity of CuX complexes
arises from the formation of various Cu-X clusters, including
dinuclear rhombic, tetranuclear cubic, and polymeric ladder
architectures.'® These clusters exhibit characteristic phosphor-
escence via cluster-centered (CC) d-p electronic transitions,
whereas mononuclear CuX complexes primarily display
luminescence originating from metal-to-ligand charge transfer
(MLCT) and/or intraligand n-n* transitions."' Given their
unique photophysical properties, CuX clusters can serve as sec-
ondary building units (SBUs) for luminescent CPs. Moreover,
the flexible and labile nature of Cu---ligand coordination
bonds allows for stimuli-responsive structural transformations,
which are often accompanied by changes in luminescent pro-
perties, making CuX-based materials excellent candidates for
smart materials applications.'” Several studies have explored
the processability of CuX-based CPs using transformations
between discrete 0D and CP forms. However, to date, no
studies have reported luminescent CPs incorporating CuX clus-
ters as SBUs that are capable of reversible interconversion
between the 0D and CP forms, which helps achieve both pro-
cessability and recyclability.

Recently, we reported 1D CPs composed of dinuclear
rhombic CuX (X = Br, I) SBU with triphenylarsine (AsPh;) and
bidentate N-heteroaromatic linking ligands (L), named
[Cu,l,(AsPhy),(L)],."> These 1D CPs demonstrate intense
luminescence compared with 0D Cu,l,(AsPh;),-based com-
plexes with monodentate N-heteroaromatic ligands. In this
study, we found that adding excess 2-methylpyrazine (meprz)
to 1D CP [Cu,l,(AsPh;),(meprz)], produced the discrete 0D
complex Cu,I,(AsPh;),(meprz),. Interestingly, the
Cu,l,(AsPh;),(meprz), (Crys-A) crystal was readily transformed
into the [Cu,I,(AsPh;),(meprz)], (Crys-B) crystal by exposure to
solvent vapor. In addition, Crys-A was recovered upon exposure
to meprz vapor. Herein, we investigated the structural inter-
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conversion between the 0D and 1D forms and demonstrated
the processing and recycling of intensely luminescent CP. This
is the first example of processable and recyclable luminescent
CPs with CuX SBUs employing reversible vapor-induced struc-
tural interconversion between 0D and 1D forms.

Results and discussion

The 1D CP [Cu,l,(AsPh;),(meprz)], (Crys-B) was prepared via
spontaneous evaporation, following a previously reported
method (Scheme 1)."* Single-crystal X-ray diffraction (SC-XRD)
analysis revealed that Crys-B encapsulated acetonitrile
(CH3CN) molecules as crystallization solvents, with two
CH3CN molecules (7.0 wt%) included per Cu,l, SBU.
Thermogravimetric analysis (TGA) further confirmed the
solvent content, indicating weight losses of 7.4 wt% in the
90-110 °C range, corresponding to two crystallization solvent
molecules per Cu,l, SBU (Fig. S20b). The investigation of the
crystal growth conditions for Crys-B revealed that the addition
of excess meprz produced crystals that showed relatively weak
luminescence with different colors (green at room tempera-
ture) from that of Crys-B (yellow at room temperature). SC-XRD
analysis revealed that the obtained crystals were composed of
the discrete 0D complex Cu,l,(AsPh;),(meprz), (Crys-A). It
should be noted that Crys-A was obtained by isolating Crys-B
and subsequently dissolving it in neat meprz, rather than by
adding excess meprz directly to the reaction mixture contain-
ing Cul, AsPh;, and CH3;CN. Furthermore, according to the
TGA results for Crys-A, no inclusions of CH;CN molecules as
crystallization solvents were observed. Instead, the observed
weight loss corresponds to the components of the complex,
i.e., AsPh; and meprz (Fig. S20a). Notably, when unsubstituted
pyrazine was used instead of meprz, the transformation could
not be induced efficiently because pyrazine is a solid at room
temperature and cannot generate sufficient vapor pressure
under the experimental conditions.

The structures of Crys-A and Crys-B "> were compared using
SC-XRD data collected at 93 K (Fig. 2 and Tables S1 and S3).
The Cu,l, SBU of Crys-A has a dinuclear rhombic cluster,
similar to Crys-B, and retains the same SBU structure, even
when measured at 298 K. The intracluster Cu---Cu distance of
Crys-A (3.0756(8) A) is slightly longer than that of Crys-B
(3.0137(6) A). Furthermore, the 7, values (ideally, tetrahedral:

meprz meprz. wla,, /AsPh3
2Cul + 2AsPhy ———— Cu Cu
HsCN N
CHaC Phops” !
Crys-B (94 %)
______________________ meprz
: N\ : (excess)
‘ meprz= | N/j/ | meprz\Cuﬂ‘\d,lmcu/AsPh;;
S S ; PR TN
PhsAs meprz

Crys-A (quant.)

Scheme 1 Synthesis of Crys-A and Crys-B.
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(a) Discrete OD Form (Crys-A) (b) 1D CP Form (Crys-B)

.

& “"CH;CN
(Crystallization Solvent)
[Cu,l,(AsPhs),(meprz)],

Cu,l,(ASPhs),(meprz),

Fig. 2 ORTEP (50% of probability, measured at 93 K) of (a)
Cu,lz(AsPhs),(meprz), (Crys-A) and (b) [Cuzl>(AsPhs),(meprz)],, (Crys-B).
Hydrogen atoms are omitted for clarity. Two methyl groups of the
meprz ligand in Crys-B were observed at 50% occupancy each.

74 = 1, square planar: 7, = 0),14 which were calculated based on
the bond angles around Cu(i), were 0.904 (Crys-A) and 0.912
(Crys-B). This suggested that Crys-A, formed by the coordi-
nation of a new meprz ligand to the Cu(1) center in Crys-B,
exhibited a slight distortion from the ideal tetrahedral geome-
try. Furthermore, this structural transformation appears to
proceed in a manner that compensates for the voids created by
the removal of CH;CN solvent molecules. In Crys-B, the methyl
group of meprz showed positional disorder and was assigned a
50:50 occupancy on both sides, indicating that a regio-
random polymer structure was adopted. In contrast, in Crys-A,
the methyl group was oriented toward the Cu(i) center. These
observations suggested that the selective formation of the
inward-oriented (Cu-directed) conformation of meprz was
favored during its transformation to Crys-A. This is probably
because the methyl group sterically blocks the approach of
additional free meprz molecules from the vapor phase, thereby
stabilizing the existing Cu---N coordination and maintaining
the dinuclear Cu,l, cluster rather than allowing its dis-
sociation into mononuclear species.

Next, the photoluminescence (PL) properties were evaluated
(Fig. 3, S8, S9, S13, and Table S5) to compare the emission
maximum (An,), quantum yield (&), and lifetime (7). At 298 K,
Crys-A exhibited quite weak green luminescence (deym =
521 nm, ¢ = 0.01), while intense yellow luminescence was
observed for Crys-B (Aem, = 595 nm, @ = 0.26)."* This pro-
nounced red shift and higher @ for Crys-B can be discussed in

(a)
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O
~

Crys-Aloge 7w
@ = 0.01 0.89

meprz ’l CH,CN

Normalized Intensity
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Wavelength [nm]
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Fig. 3 (a) Photographs with quantum yields (®) and (b) PL spectra of
Crys-A and Crys-B, measured at 298 K and 77 K.
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relation to its shorter intracluster Cu---Cu distance and the
polymeric structural constraint imposed by the 1D framework.
We previously reported the weak emission of the discrete 0D
complex Cu,I,(AsPh;),(2-picoline),.'” At 77 K, the emissions of
both Crys-A and Crys-B were red-shifted (ie,, = 530 and
629 nm, respectively). In addition, the 7y turned longer by
cooling (Crys-A: 0.10 ps (298 K) and 45.6 ps (77 K), Crys-B:
4.4 ps (298 K) and 43.5 ps (77 K)*?). To further clarify the emis-
sion mechanism, temperature-dependent PL lifetime measure-
ments of Crys-B were performed over a wide temperature range
and analyzed using a two-state model considering thermally
coupled S; and T, states (Fig. S19 and Table S9). Arrhenius-
type analysis revealed a thermally activated component at elev-
ated temperatures, consistent with reverse intersystem cross-
ing. These results support the assignment of the room-temp-
erature emission to thermally activated delayed fluorescence,
whereas the emission at 77 K is dominated by phosphor-

escence, as commonly observed for rhombic Cu,l,

complexes.'13:16

The pronounced differences in the luminescence color and
intensity between Crys-A and Crys-B indicate that the trans-
formation between the 0D and 1D forms can be visually moni-
tored under UV irradiation. To confirm this, structural and
luminescent switching were examined using powder X-ray
diffraction (PXRD) patterns (Fig. S4) and PL spectra (Table S6
and Fig. S10). First, the powdered Crys-B was exposed to meprz
vapor at 25 °C for 60 min to produce weakly emissive Crys-A.
Subsequent exposure of Crys-A to CH;CN vapor at 25 °C for
60 min regenerated the strongly emissive Crys-B. This intercon-
version was repeated five times, and PXRD was used to
confirm the structural changes (Fig. 4a). The observed PXRD
patterns matched those simulated using SC-XRD data. The PL
spectra (Fig. 4b) and & values (Fig. 4c) were reproducible over
five cycles during the interconversion between Crys-A and
Crys-B. It should be noted that when single crystals were sub-
jected to repeated vapor-induced cycles, the transformations
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Fig. 4 (a) PXRD patterns (1st, 2nd, 9th, and 10th steps), (b) PL spectra
measured at 298 K (Ist, 2nd, 9th, and 10th steps), and (c) absolute
quantum yields (1st—10th steps) for tracking the vapor-induced inter-
conversion between Crys-A and Crys-B (vapor exposure: 25 °C, 60 min).

Inorg. Chem. Front.


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5qi02376a

Open Access Article. Published on 05 February 2026. Downloaded on 4/7/2026 10:27:36 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Research Article

occurred heterogeneously, primarily at or near the crystal
surface, resulting in fragmentation and a loss of long-range
single-crystal order. As a consequence, reliable SC-XRD data
could not be obtained after the vapor-induced cycles, and
meaningful comparisons of crystallographic metrics with the
pristine structures were not possible. Accordingly, the revers-
ible behavior discussed here is described as a vapor-induced
structural interconversion based on powder samples, rather
than as a SCSC transition.

For a more detailed insight, time-dependent structural
changes were tracked using PXRD in the presence of sodium
chloride (NaCl) as an internal standard (Fig. 5). Because the
PXRD patterns of Crys-A and Crys-B exhibit low symmetry and
extensive peak overlap, full-profile quantitative analyses such
as Rietveld or Le Bail refinement were not applied. Instead, a
semi-quantitative analysis based on relative PXRD peak inten-
sities was employed. Powdered Crys-A or Crys-B (complex:
16.0 mg, NaCl: 4.0 mg) was exposed to CH;CN or meprz vapor.
The relative contents of Crys-A and Crys-B were estimated from
the peak intensities at 6.9° (Crys-A), 8.3° (Crys-B), and 31.9°
(NaCl). The transformation from Crys-A to Crys-B required
60 min, whereas the transformation from Crys-B to Crys-A was
complete within 30 min. These results indicate that ligand
elimination and formation of 1D CP require more time than
ligand insertion into the 1D framework. Salmon and
Routaboul reported that solvent inclusion can accelerate the
structural rearrangement in 1D CPs."”” In the present case,
because Crys-B contained CH;CN molecules aligned along the

a b
( ) meprz ( ) CH,CN
—> Crys-A Crys-A ———> Crys-B
— gk s-B l l | M Crys-A
NaCl (Simulation) NaCl (Simulation)
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2
2 =
2 2
£ 2 15 min,
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°
N o
© N
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s | E
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25 min. I I
\ l A I 60 min.
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Fig. 5 Time-dependent PXRD patterns of (a) Crys-B and (b) Crys-A
during the exposure to meprz and CHzCN vapor, respectively, in the
presence of NaCl. Conversions of (c) Crys-B to Crys-A and (d) Crys-A to
Crys-B, determined using intensities of the peaks at 6.9° (Crys-A), 8.3°
(Crys-B), and 31.9° (NaCl: internal standard).
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1D CP chains (Fig. S1b), its transformation to Crys-A may have
been facilitated, although detailed mechanistic studies are
underway. Although no large open channels that allow the free
migration of meprz molecules are present in the crystal, the
incorporated CH3;CN molecules may still assist the structural
transformation by promoting local molecular rearrangements.
Based on this semi-quantitative analysis, the combined contri-
bution of Crys-A and Crys-B remained close to unity within the
detection limits of laboratory-based PXRD throughout the
vapor-induced transformations. No additional diffraction
peaks attributable to secondary crystalline phases were
observed, and no pronounced increase in diffuse background
scattering indicative of significant amorphous content was
detected. These observations suggest that the vapor-induced
process proceeds predominantly via a reversible structural
interconversion between Crys-A and Crys-B.

To further probe the role of solvent vapor in the transform-
ation from Crys-A to Crys-B, vapor-exposure experiments were
conducted using solvents with different polarity and coordinat-
ing ability. While methanol, acetone, and toluene vapors did
not induce detectable structural changes, dichloromethane
vapor led to slow transformations, as confirmed by PXRD
(Fig. S5). Among the solvents examined, CH;CN vapor most
efficiently and reproducibly regenerated Crys-B, suggesting
that small solvent molecules with moderate coordinating
ability facilitate the structural interconversion, although the
detailed molecular mechanism remains to be elucidated.

We then demonstrated the processing and recycling pro-
cesses utilizing the transformation between the 0D and 1D
forms (Fig. 6). First, Crys-B was readily prepared from a CH;CN
solution of Cul, AsPh;, and meprz as precipitates (step 1),
which were subsequently collected by filtration. meprz was
then used as a solvent to dissolve Crys-B, resulting in a homo-
geneous solution of Cu,l,(AsPh;),(meprz), (step 2). The solu-
tion was cast onto a glass substrate, and spin-coating was per-
formed to generate Crys-A (step 3); during the drying process,
Crys-A was partially converted to Crys-B considering the
luminescence. The exposure to CH3;CN vapor completed the
transformation to Crys-B, resulting in an intense yellow emis-
sion under UV irradiation. The coated film could not be
removed using organic solvents because of its CP structure.
However, upon exposure to meprz vapor, it was transformed

Filtration
Cul + AsPh; + meprz
step 1
Emissive Soluble
meprz 1) Spin-coating 4 meprz
(solvent) 2) CH;CN vapor (vapor)
S
Step 2 Step 3 Step 4
solution
0D form Crys-A
(0D form )
1‘ 1) Acetone wash; 2) Filtration |
Step 5

Fig. 6 Demonstration of film fabrication and recycling of the lumines-
cent Cul complex. The photographs of the glass substrates were taken
under UV irradiation (365 nm).
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into Crys-A, the discrete 0D form (step 4), and thereby became
readily soluble in common organic solvents such as acetone.
In solution, Crys-B gradually formed and precipitated, allowing
easy collection as return to the initial state (step 5)
through the transformation of Cu,l,(AsPh;),(meprz), to
[Cu,I,(AsPh;),(meprz)], via the removal of meprz. The recov-
ered Crys-B sample could be reused to prepare a meprz solu-
tion of Cu,l,(AsPh;),(meprz),, indicating that processing and
recycling were successful.

Our next focus was the corresponding phosphorus analog
to evaluate the effect of replacing AsPh; with triphenyl-
phosphine (PPh;). Li et al. previously reported the synthesis
and  photophysical  properties of the 1D CP
[Cu,I,(PPh;),(meprz)], (Crys-B).'?” However, its transform-
ation behavior has not been investigated. In this work, we suc-
ceeded in determining the structure of the discrete 0D
complex Cu,l,(PPh;),(meprz), (Crys-A’) via SC-XRD analysis
(Tables S2 and S4) and confirmed that its PXRD pattern closely
resembled that of the AsPhj;-containing 0D complex Crys-A
(Fig. S3 and S7a). Vapor-induced transformations of the PPh;
complexes were monitored by PXRD (Fig. 7 and S7), revealing
slower conversion rates than those of the AsPh; analogs. The

meprz
B’ —> Crys-A’

, T

= Crys-A’
(éwmulation)

(Simulation)

15 min
15 min 30 min

30 min 45 min.

M 45 min.
M 60 min.
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l l A M Crys-A’ Y Crys-B

5 10 15 20 25 5 10 15 20 25
26 [degree] 26 [degree]

Normalized intensity
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Fig. 7 Time-dependent PXRD patterns of (a) Crys-B' and (b) Crys-A’
during the exposure to meprz and CH3zCN vapor, respectively.
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transformation from Crys-B’ to Crys-A’' required 60 min,
whereas that from Crys-A’ to Crys-B’ required 90 min. In com-
parison, the transformations of the AsPh; system were com-
pleted within 30 min (from Crys-B to Crys-A) and 60 min (from
Crys-A to Crys-B), as described above. These findings demon-
strate that AsPh; accelerates vapor-induced structural trans-
formations compared to the conventional phosphorus ligand,
PPh,.

The PL properties of Crys-A’ and Crys-B’ were then
measured at both 298 K and 77 K, as summarized in Tables S7
and S8. At 298 K, Crys-A’ and Crys-B’' showed green (Aey, =
547 nm) and orange emissions (4ey, = 610 nm), respectively. In
stark contrast to the AsPh; complexes, the & of Crys-A’ and
Crys-B’ at 298 K were similar (0.31 and 0.28, respectively). The
simultaneous presence of turn-on/off and wavelength-shift
response is highly desirable in luminescent sensors; thus, the
AsPh;-based system offers advantages in addition to the rela-
tively rapid transformations mentioned above.

Finally, density functional theory (DFT) calculations were
performed to gain insights into the reaction mechanism
underlying the structural transformation. Particular attention
was paid to the difference between the AsPh; and PPh;
ligands. Furthermore, the transformation from the 1D CPs
(Crys-B and Crys-B’) to the 0D complexes (Crys-A and Crys-A")
driven by meprz vapor could be successfully analyzed, whereas
the reverse transformation could not be elucidated owing to
the unclear role of CH;CN. Dispersion-corrected DFT calcu-
lations were performed using the PBE functional with D3 dis-
persion correction (PBE-D3), implemented in the Vienna Ab
Initio Simulation Package (VASP, v.6.5.0). The detailed reaction
mechanism obtained from the calculations is schematically
illustrated in Fig. 8a, and the corresponding optimized struc-
tures are shown in Fig. S25. The transformation was initiated
by incorporating a meprz molecule into the tetrahedrally co-
ordinated Cu(i) center within the Cu,l, SBU of Crys-B.
Subsequently, ligand addition between the inserted and brid-
ging meprz ligands in Crys-B cleaved the 1D CP chain, leading
to the formation of Crys-A. The initial step involved weak
binding of meprz to Crys-B through dispersion interactions,
forming an initial complex. The meprz ligand then attacked
the tetrahedral Cu(i) center via a transition state (TS), in which

7 Initial 2
state

\\ Product
AsPhg .
Initial complex

Energy (kcal/mol)
T
|

L
o

/:‘é — /”<

N= N 0% -12.1
Initial
complex

L]
A .
Product SFh -20

(a) A proposed mechanism in the ligand addition reaction as the initial step of the transformation from Crys-B to Crys-A. (b) Potential energy

surface in the ligand addition reaction as the initial step of the transformation from Crys-B to Crys-A (pink line), and that in the phosphorous analog

(orange line).
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the Cu(i) atom adopted a five-coordinate environment. This
high-energy configuration relaxed as the bridging meprz disso-
ciated from the Cu(1) center, while a new Cu-N coordination
bond was formed simultaneously with the attacking meprz.
Owing to this ligand addition, the 1D CP chain of Crys-B was
cleaved, affording the 0D product in which two meprz ligands
bound to the Cu() center stack through n—r interactions. The
same transformation occurred at the other Cu(i) center of the
Cu,l, SBU, completing the formation of a 0D Crys-A structure.

The potential energy surface (PES) for the ligand addition
reaction at the Cu(1) center of the Cu,I, SBU in Crys-B is shown
in Fig. 8b. For comparison, the corresponding reaction in the
transformation from Crys-B’ to Crys-A’ was also examined (see
optimized geometries in Fig. $26). The product of the ligand
addition in Crys-B lies only —0.8 kcal mol™" relative to the
initial state, corresponding to the dissociation limit toward
Crys-B and meprz, whereas that in Crys-B' is 12.5 kcal mol™*
higher, indicating an endothermic process for the PPh;
system. More importantly, the transition-state energy for the
ligand addition in Crys-B was 9.2 kcal mol™" lower than that in
Crys-B'. This difference is likely attributable to the longer Cu-
As bond in the TS (2.34 A) relative to the Cu-P bond (2.23 A),
which reduces steric repulsion among the surrounding
ligands. These results demonstrate that the arsenic ligand
AsPh; facilitates the transformation from the 1D CP to the 0D
complex more efficiently than its phosphorus analog PPh;,
which is consistent with the experimental observations.

Conclusions

We have demonstrated a reversible vapor-induced structural
interconversion between a zero-dimensional (0D) discrete
complex and a one-dimensional (1D) luminescent coordi-
nation polymer (CP), both constructed from a triphenylarsine
(AsPh;)-coordinated rhombic Cu,I, SBU and 2-methylpyrazine
(meprz) ligands. The 1D CP [Cu,l,(AsPh;),(meprz)], (Crys-B),
which exhibited intense yellow emission, was readily converted
into the 0D complex Cu,l,(AsPh;),(meprz), (Crys-A), which was
significantly less emissive upon exposure to excess meprz.
Remarkably, both forward and reverse transformations were
achieved under mild conditions using meprz and CH;CN
vapors, respectively.

This simple and efficient interconversion process enables
solution processing and recycling of luminescent CP, which is
an important advancement considering the typically poor pro-
cessability of CPs owing to their infinite and insoluble frame-
works. We demonstrated that Crys-B could be deposited on a
glass substrate via solution casting of Crys-A, followed by
vapor-induced polymerization and subsequent recovery by
vapor-triggered depolymerization. These findings establish a
practical approach for processable and recyclable luminescent
CPs based on Cu(1) halide clusters.

In addition, experimental and computational studies have
revealed that the arsine ligand (AsPh;) promotes faster vapor-
induced transformations than its phosphine analog (PPh;),
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offering a design strategy for tuning the responsiveness of
such systems. Notably, the AsPhj-based complexes exhibit
both a pronounced change in emission intensity and a distinct
emission color shift between the 0D and 1D forms, which are
desirable features for luminescence-based sensing and switch-
ing applications.

Overall, our results represent the first example of a CuX-
based luminescent CP exhibiting reversible vapor-induced
structural interconversion between the 0D and 1D forms,
thereby achieving both processability and recyclability. Future
studies will focus on extending this concept to other arsine-
ligated systems to explore their potential as stimuli-responsive
luminescent materials.

Experimental
Materials

Triphenylarsine (AsPh;) was purchased from Sigma-Aldrich
(Hattiesburg, Mississippi, US). Acetonitrile (CH;CN) was pur-
chased from Nacalai Tesque (Kyoto, Japan). Copper(i) iodide
(Cul) and 2-methylpyrazine (meprz), and triphenylphosphine
(PPh3) were purchased from Wako Pure Chemical Industry
(Osaka, Japan). All these reagents were used as commercially
available without further purification, and the solvents were
used as is. All operations were conducted in air.

1D-CP [Cu,l,(AsPh;),(meprz)], (Crys-B) was synthesized
according to a previously reported method."?

Measurement

Powder X-ray diffractometry (PXRD) studies were performed on
a Rigaku MiniFlex600-C X-ray diffractometer with Cu K, radi-
ation in the 26/60 mode, and the 26 scan data were collected at
0.01° intervals and the scan speed was 10° (26) min .
Emission and excitation spectra were obtained on an FP-8500
(JASCO) spectrometer and the absolute PL quantum yields (&)
were determined by using a JASCO ILFC-847S; the quantum
yield of quinine sulfate as reference was 0.52, which is in
agreement with the literature value.'® Emission lifetimes were
measured by using a Quantaurus-Tau (Hamamatsu Photonics,
Shizuoka, Japan) instrument. Temperature-dependent photo-
luminescence lifetimes were measured using a Horiba
DeltaFlex spectrofluorometer system with an Oxford Optistat
DN cryostat for temperature control, and excitation was per-
formed at 375 nm using a diode laser (DeltaDiode DD-375L).
Thermogravimetric analysis (TGA) was performed using a
Shimadzu DTG-60 thermogravimetric analyzer (Shimadzu,
Kyoto, Japan) at a heating rate of 10 °C min~" under N, flow.

X-ray crystallographic data for single crystalline products

The single crystal was mounted on a glass fiber. Intensity data
were collected at 298 K and 93 K on a Rigaku XtaLAB mini
with graphite-monochromated Mo K, radiation. The readout
was performed in the 0.073 mm pixel mode. The data were col-
lected to a maximum 26 value of 56.8°. Peak finding, indexing,
integration, and correction were conducted on CrysAlis®™."
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An analytical numeric absorption correction®® was applied.
The data were corrected for Lorentz and polarization effects.
The structure was solved by the direct methods® and
ShelXT,”* and was expanded by using Fourier techniques. All
refinements were performed on the Olex2* crystallographic
software package using SHELXL2018 refinement program.>*
Non-hydrogen atoms were refined anisotropically. Hydrogen
atoms were refined by using the riding model. The final cycle
of the full-matrix least-squares refinement on F* was based on
observed reflections and variable parameters. Reliability
factors are defined as Ry, = Y ||Fo| — |Fe||/2X|Fol(Fo > 20(Fy)),
WR, = [IW(F,> — F2)Xw(F,2)*TY?, and w = [6*(F,?)]™". Crystal
data and more information on the X-ray data collection are
summarized in Tables S1-54.

Deposition Number 2499226 (Cu,I,(AsPh;),(meprz),, Crys-
A, 298 K), 2499227 (Cu,l(AsPh;),(meprz),, Crys-A, 93 K),
2499228 (Cu,l,(PPh;),(meprz),, Crys-A’, 298 K), and 2499229
(Cu,l,(PPhs),(meprz),, Crys-A’, 93 K) contain the supplemen-
tary crystallographic data for this paper.

Computational detail

DFT calculations were carried out to investigate the frontier
orbitals and the Wiberg bond indices (WBIs). The full geome-
tries were cited from the single crystal X-ray data collected at
93 K. The calculations employed the combination of B3LYP/6-
31G(d) for C, H, N and SDD for Cu, I, As by using the Gaussian
16 program package.”> The frontier orbitals (HOMO and
LUMO+1 levels) and the WBIs of the cuprophilic interaction
are shown in Fig. S24 and Table S10, respectively. For analyz-
ing the reaction mechanism of the transformation of Crys-B to
Crys-A, dispersion-corrected DFT calculations with PBE func-
tional (PBE-D3) were performed under periodic boundary con-
ditions (PBC), as implemented in the Vienna Ab Initio
Simulation Package (VASP v.6.5.0) code.”®*” The ion-electron
interaction was described with the projected augmented wave
(PAW) method.*® A plane-wave basis set with a cutoff energy of
500 eV was used. In the PBC calculations, the Brillouin zone
sampling was restricted to only the I' point. Self-consistent
field (SCF) energies were converged with a 1 x 107> eV toler-
ance. The optimization processes converged when the
maximum forces on all atoms were less than 0.05 eV A™*. To
identify transition states, we employed the climbing-image
nudged elastic band (CI-NEB) method,”® where 4 intermediate
images were used.

Synthesis

Synthesis of Cu,l,(AsPh;),(meprz), (Crys-A) by meprz vapor
exposure (Route 1). A powder sample of Crys-B (10 mg,
8.9 pmol) was placed in a small sample vial and exposed to
meprz vapor for an hour, resulting in the quantitative for-
mation of Crys-A as a white-yellow powder. The PXRD pattern
of the obtained powder matched the simulated pattern based
on the single crystal structure of Crys-A (Fig. S4a).

Preparation of single crystals of Crys-A. To obtain high-
quality single crystals of Crys-A, isolated Crys-B was dissolved
in neat meprz and subsequently recrystallized by slow evapor-
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ation. A small amount of Crys-B was dissolved in meprz to give
a clear yellow solution. After filtration, the solution was
allowed to stand in a small vial, affording yellow-green crystals
suitable for single-crystal X-ray diffraction analysis. When Crys-
B was dissolved in a CH3;CN solution containing meprz,
Routes 1 and 2 proceeded simultaneously. As a result, selective
formation of Crys-A was not achieved; instead, Crys-B was
recovered, or only a small amount of Crys-A was obtained as a
minor component. Therefore, solution conditions involving
CH;CN did not allow selective conversion to Crys-A.

Synthesis of [Cu,I,(AsPh;),(meprz)], (Crys-B) by CH;CN
vapor exposure (Route 2). A powder sample of Crys-A (10 mg,
8.5 umol) was placed in a small sample vial and exposed to
CH;CN vapor for an hour, resulting in the quantitative for-
mation of Crys-B as a yellow powder. The PXRD pattern of the
obtained powder matched the simulated pattern based on the
single crystal structure of Crys-B (Fig. S4b).

Synthesis of [Cu,I,(PPh;),(meprz)], (Crys-B’). Under con-
ditions similar to those used for constructing Crys-B,"> a
liquid sample of meprz co-ligand (0.025 mmol) was sequen-
tially treated with CH3;CN solutions (10.0 mL) of PPh;
(14.0 mg, 0.05 mmol) and Cul (10.0 mg, 0.05 mmol). After
slow evaporation over several days, crystals were collected by
filtration: [Cu,l,(PPh;),(meprz)], (2 eq. of CH3CN, orange
crystal, 25.6 mg, 94%). The PXRD pattern of the obtained
samples matched the simulated pattern based on the CCDC
data (CCDC 1510196) of single crystal structures (Fig. S6).

Synthesis of Cu,I,(PPh;),(meprz), (Crys-A') by meprz vapor
exposure (Route 1'). A powder sample of Crys-B' (10 mg,
9.6 pmol) was placed in a small sample vial and exposed to
meprz vapor for an hour, resulting in the quantitative for-
mation of Crys-A’ as a white-yellow powder. The PXRD pattern
of the obtained powder matched the simulated pattern based
on the single crystal structure of Crys-A’ (Fig. S7a).

Preparation of single crystals of Crys-A". A small amount of
Crys-B’ was dissolved in meprz to give a clear yellow solution.
After filtration, the solution was allowed to stand in a small
vial, affording yellow-green crystals suitable for single-crystal
X-ray diffraction analysis.

Synthesis of [Cu,I,(PPh;),(meprz)], (Crys-B) by CH;CN
vapor exposure (Route 2'). A powder sample of Crys-A’ (10 mg,
9.1 umol) was placed in a small sample vial and exposed to
CH;CN vapor for an hour, resulting in the quantitative for-
mation of Crys-B’ as a yellow powder. The PXRD pattern of the
obtained powder matched the simulated pattern based on the
single crystal structure of Crys-B’ (Fig. S7b).
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