Published on 27 January 2024. Downloaded on 6/1/2024 9:03:07 AM.

7® ROYAL SOCIETY
P OF CHEMISTRY

Dalton
Transactions

View Article Online

View Journal | View Issue

Coordination recognition of differential template

{ '.) Check for updates ‘
units of lanthanide chiral chaint

Cite this: Dalton Trans., 2024, 53,
3675
Wen-Wen Qin,1 Bing-Fan Long,f Zhong-Hong Zhu,

Fu-Pei Liang* and Hua-Hong Zou = *

* Hai-Ling Wang,

Coordination-driven self-assembly processes often produce remarkable structures. In particular, self-
assembly processes mediated by chiral template units have provided research ideas for analyzing the for-
mation of chiral macromolecules in living organisms. In this study, by regulating the proportion of reaction
raw materials in the “one-pot” synthesis of lanthanide complexes, we constructed chiral template units
with different coordination orientations. As a result, lanthanide chiral chains connected to different struc-
tures were obtained through the self-assembly process of coordination recognition. In particular, driven
by coordination, chiral template units with codirectional coordination points (called cis configuration)
coordinate solely with cis template units during the self-assembly process to obtain a one-dimensional
(1D) chain R-1/5-1 with an "S"-shaped distribution. Moreover, chiral template units with reversed coordi-
nation sites (called trans configuration) and twisted chiral template units are connected solely to tem-
plates with the same configuration to form a 1D chain R-2/S-2 with an axial helix. A circular dichroism
spectrum shows that R-1/S-1 and R-2/S-2 are two pairs of enantiomers. The controllable construction of
these two differential 1D chains is of great significance for studying coordination recognition at the mole-
cular level. To the best of our knowledge, this is the first study to construct a 1D lanthanide chain through
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hierarchical structure is simulated. This work provides a vivid example of the controllable synthesis of
lanthanide complexes with precise structures and offers a new perspective on the formation process of

rsc.li/dalton chiral macromolecules that simulates natural processes.

molecules in living systems are usually formed by simple
chiral motifs undergoing complex reaction processes, and it is

Introduction

Chirality is a basic material property that exists in nature and
plays a vital role in various living systems."™ Proteins, polysac-
charides, and nucleic acids in living organisms are chiral com-
pounds synthesized from optically pure structural units, and
several essential life activities involve highly enantioselective
processes.”® Examples include converting l-amino acids into
proteins with a-helices or bp-nucleotides into DNA with
P-helices (Scheme 1).” The accurate construction of chiral
molecules and in-depth study of the chiral interaction mecha-
nisms among their structures can provide insights into the
origin and transfer of chirality.>'' However, chiral macro-
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difficult to study these processes using existing methods.
Therefore, there is an urgent need to develop a simple and
effective model to facilitate the understanding of the for-
mation process of chiral macromolecules.’**® Coordination-
driven self-assembly can simulate the self-recognition process
among chiral template units of different configurations, pro-
viding new research ideas for simplifying and simulating the
formation of complex chiral macromolecules having multilevel
structures from simple primitives in living organisms."”2° In
addition, chiral lanthanide complexes show attractive appli-
cation prospects in the fields of enantioresolution, molecular
recognition, nonlinear optics and asymmetric catalysis. In
2017, Cui et al. reported a chiral porous octahedral cage that
can serve as an efficient asymmetric supramolecular catalyst to
achieve high catalytic activity and selectivity.>" In 2018, Tong
et al. constructed an Er-based chiral SMM using the chiral
ligand binaphthyl phosphate.”” In 2023, Kong et al. used
amino acid amide groups and complexes of Ni** and lantha-
nide metals as basic building blocks to assemble into a DNA-
like chiral double helix structure driven by coordination bonds
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Scheme 1 (a) The recognition process between nucleic acid base pairs, (b) schematic diagram of coordination recognition assembly of complex

fragments with different orientations.

and hydrogen bonds, achieving the goal of chirality transfer
from microscopic to mesoscopic scales."” The controllable
preparation of chiral lanthanide complexes is extremely chal-
lenging due to the large ion radius, variable coordination
number, diverse coordination modes, and easy distortion of
the coordination sphere of lanthanide metals.”>>° Despite
these difficulties, we have made some progress in the direc-
tional construction of chiral lanthanide clusters having
specific shapes and structural connections and their self-
assembly mechanisms.***! In 2022, we performed for the first
time the directional construction of two chiral lanthanide clus-
ters having different nucleus numbers by manipulating the
ring growth mechanism and subsequently proposed a linear
growth mechanism to construct linear hexanuclear chiral
lanthanide clusters.*®'° To date, it is unknown whether chiral
template primitives have considerable recognition ability for
specific configurations during the self-assembly process. The
selective recognition ability for specific configurations is
crucial in analyzing chirality in living organisms and building
an effective platform for research on simplifying the connec-
tion of chiral units to form complex chiral compounds.
Herein, we reacted R/S-tartaric acid dihydrazide (I), 8-hydro-
xyquinoline-2-carboxaldehyde (II), and DyCl;-6H,0 (III) under
heating conditions to obtain yellow and red mixed blocky crys-
tals, R-1/S-1 and R-2/S-2, respectively. Notably, when other
reaction conditions were kept constant and the ratio of the
reaction raw materials was adjusted to I:II:III = 0.1:0.2:0.25,
only pure yellow blocky crystals, R-1/S-1, were obtained,
whereas when the reaction raw materials were adjusted to
I:1I:1II = 0.05:0.1:0.25, only pure red blocky crystals, R-2/S-2,
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were obtained (Scheme 2). The experimental results reveal that
under the condition that two different configurations of tem-
plate units simultaneously exist during the “one-pot” synthesis
process, the chiral template units with codirectional coordi-
nation points (called cis configuration) or reversed coordi-
nation sites (called trans configuration) only selectively coordi-
nate with the template units of the same configuration during
coordination. This indicates that the chiral template unit has
considerable selective recognition ability during the self-
assembly process. In addition, by controlling the ratio of the
reaction raw materials, the formation of chiral template units
with different coordination orientations can be manipulated,
and coordination recognition can be used to obtain pure R-1/
§-1 and R-2/S-2. The recognition and assembly of chiral tem-
plate units having different coordination orientations is
similar to the specific recognition process between nucleic
acid base pairs, providing insights into the formation process
of complex chiral macromolecules (Scheme 1). Notably, this
coordination-driven self-assembly process exhibits great poten-
tial for constructing the hierarchical structures of biological
macromolecules and is of great importance for simplifying
and simulating the formation process of complex chiral macro-
molecules at the supramolecular level. Furthermore, circular
dichroism (CD) spectra confirmed the chirality of R-1/S-1 and
R-2/S-2 and revealed that they are two pairs of enantiomers. To
the best of our knowledge, this is the first study to construct
chiral one-dimensional (1D) lanthanide chains through the
self-assembly process of coordination recognition. This study
provides a new idea for the directional, controllable, and
precise synthesis of chiral lanthanide complexes, advancing

This journal is © The Royal Society of Chemistry 2024
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Scheme 2 Regulating reaction conditions controls the synthesis schematic of R-1/5-1 and R-2/S-2.

the development of crystal engineering of lanthanide com-
plexes with different structural connections. In addition, it
offers a new perspective on simulating the formation process
of complex chiral macromolecules in natural processes.

Experimental section
The synthesis method

Synthesis of [[Dy,(R-L")(Cl);(CH;0H);]-Cl-4CH;0H-CH;CN-
2H,0],, (R-1). R-Tartaric acid dihydrazide (0.1 mmol, 0.0178 g),
8-hydroxyquinoline-2-carboxaldehyde (0.2 mmol, 0.0346 g),
DyCl;-6H,0 (0.25 mmol, 0.0942 g) and triethylamine (20 pL)
were dissolved in mixed solvents of methanol (1.8 mL) and
acetonitrile (0.2 mL) in a Pyrex tube. The tube was sealed and
heated at 80 °C in an oven for 24 h, then cooled down slowly,
yellow block crystals were obtained with a yield of about 26%
(based on DyCl;-6H,0). Elemental analysis theoretical value
(C33H53C1DyY,N,045): C, 31.59%; H, 4.25%; N, 7.81%; experi-
mental value: C, 31.63%; H, 4.22%; N, 7.74%. Infrared spec-
trum data (IR, KBr pellet, cm™): 3399(s), 1615(s), 1551(s),
1502(s), 1455(s), 1381(s), 1279(m), 1205(s), 1164(m), 1094(s),
1063(m), 955(w), 843(s), 736(m), 695(m), 599(w).

Synthesis of [[Dy,(S-L")(Cl);(CH;0H);]-Cl-6CH;0H],, (S-1).
The synthesis method was similar to that for R-1 by using
S-tartaric acid dihydrazide instead of R-tartaric acid dihydra-
zide. The yield is 26% (based on DyCl;-6H,0). Elemental ana-
lysis theoretical value (C33Hs4CliDy,NgOq5): C, 31.92%; H,
4.38%; N, 6.76%; experimental value: C, 31.70%; H, 4.30%; N,
6.78%. Infrared spectrum data (IR, KBr pellet, cm™"): 3397(s),
1619(s), 1550(s), 1503(s), 1455(s), 1381(s), 1273(m), 1203(s),
1164(m), 1090(s), 1066(m), 955(w), 843(s), 737(m), 697(w),
598(w).

Synthesis of [[Dy,(R-L")(Cl);(CH;0H),]-Cl-H,0-4CH;0H],, (R-
2). R-Tartaric acid dihydrazide (0.05 mmol, 0.0089 g), 8-hydro-
xyquinoline-2-carboxaldehyde (0.1 mmol, 0.0173 g),
DyCl;-6H,0 (0.25 mmol, 0.0942 g) and triethylamine (20 pL)
were dissolved in mixed solvents of methanol (1.8 mL) and

This journal is © The Royal Society of Chemistry 2024

acetonitrile (0.2 mL) in a Pyrex tube. The tube was sealed and
heated at 80 °C in an oven for 24 h, then cooled down slowly,
red block crystals were obtained with a yield of about 18%
(based on DyCl;-6H,0). Elemental analysis theoretical value
(C30H,3C1,Dy,NgO15): C, 30.96%; H, 3.81%; N, 7.22%; experi-
mental value: C, 31.02%; H, 3.75%; N, 7.25%. Infrared spec-
trum data (IR, KBr pellet, cm™): 3400(s), 1620(s), 1550(w),
1504(s), 1435(s), 1387(s), 1279(m), 1197(w), 1096(s), 848(w),
792(w), 742(m), 594(m), 493(w).

Synthesis of [[Dy,(S-L')(Cl);(CH;0H),]-Cl-5CH;0H],, (S-2).
The synthesis method was similar to that for R-2 by using
S-tartaric acid dihydrazide instead of R-tartaric acid dihydra-
zide. The yield is 18% (based on DyCl;-6H,0). Elemental ana-
lysis theoretical value (Cz;H,;5ClDy,NgOs3): C, 31.64%; H,
3.85%; N, 7.14%; experimental value: C, 31.67%; H, 3.82%; N,
7.10%. Infrared spectrum data (IR, KBr pellet, cm™): 3400(s),
1617(s) 1550(w), 1505(s), 1434(s), 1387(s), 1276(m), 1194(w),
1095(s), 848(w), 790(w), 739(m), 593(m), 491(w).

Results and discussion
Synthesis and structure analysis of R-1/S-1 and R-2/S-2

We accurately weighed R-tartaric acid dihydrazide (0.1 mmol;
0.0178 g), 8-hydroxyquinoline-2-carboxaldehyde (0.2 mmol;
0.0346 g), and DyCl;-6H,0 (0.5 mmol; 0.1884 g), dissolved
them in a mixed solvent of MeOH : MeCN (1.8:0.2 mL), and
added 20 pL triethylamine. After evenly mixing, the mixture
was reacted under heating conditions at 80 °C for 24 h to
obtain yellow and red transparent mixed crystals, R-1 and R-2
(R-tartaric acid dihydrazide changed into S-tartaric acid dihy-
drazide and mixed crystals S-1 and S$-2 were obtained
(Scheme 2)). When other reaction conditions were kept con-
stant and only the amount of metal salt was changed, pure
yellow blocky crystals, R-1 or S-1, were obtained. When the
reaction raw materials were reduced by half under the same
reaction conditions, pure red blocky crystals, R-2 or §-2, were
obtained.”**® The results of single-crystal X-ray diffraction

Dalton Trans., 2024, 53, 3675-3684 | 3677
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(SCXRD) indicated that R-1/S-1 crystallized in the P2,2,2,
space group of the orthorhombic system (Table S1t). Because
R-1 and $-1 are enantiomers of each other, only R-1 was sub-
jected to detailed structural analysis. The structural skeleton of
R-1 contains 2n Dy(m) ions, n-deprotonated R-(N"'E,N"*E)-2,3-
dihydroxy-N"",N"*-bis((8-hydroxyquinolin-2-yl)methylene)succi-

nohydrazide (R-(L')*") ligands, 3n-terminally coordinated CI~,
3n-coordinated CH3;OH molecules, n-free Cl™, 4n-free CH;0H
molecules, n-free CH;CN molecules and n-free H,O molecules;
its molecular formula is [[Dy,(R-L")(Cl);(CH;0H);]-Cl-4CH;0H-
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Dalton Transactions

CH;CN-2H,0],, (Fig. 1). The smallest asymmetric unit of R-1
contains two Dy(m) ions and a deprotonated R-(L')*~ ligand
molecule (Fig. 2a). The chiral ligand R-(L")*” in the R-1 struc-
ture chelates two Dy(m) ions to form a template unit Dy,L"
with the same coordination point (cis template unit). This cis
template unit is connected head-to-tail through coordination
between the hydroxyl oxygen atom on the ligand quinoline
ring and the Dy(m) ion, which continuously circulates and
extends infinitely and eventually forms a 1D chain structure in
which the template units are reversed, and exhibits an “S”-

Fig. 1 One-dimensional (1D) chain structure of R-1/5-1 (a and b), fill pattern diagram of R-1/5-1 (c and d), secondary structure formed by hydrogen
bonding connecting R-1/5-1 chains (e and f), filling pattern diagram of the secondary structure of R-1/S-1 (g and h).
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Fig. 2 The asymmetric unit of R-1/5-1 (a), ligand coordination mode of clusters R-1/S-1 (b), coordination polyhedron around the Dy(i) ions of R-1/

S-1 (c), R-1 weak hydrogen bonding between chains (d).

shaped distribution (Fig. 1a and c). The two neighboring
chains are connected through hydrogen bonds between the
terminal-coordinated Cl™ and hydrogen atoms on the ligand to
form a three-dimensional (3D) structure (Fig. 2d, le, and g).
These hydrogen bonds are C11-H11.-Cl4 (2.791 A), C15-
H15---Cl3' (2.824 A), C20-H20.--Cl4’' (2.745 A), and C30-
H30---Cl3' (2.605 A) (Fig. 3g, 1e, and g). In addition, the coordi-
nation mode of the ligand R-(L')>” in complex R-1 is p4-
n’m'm ' mm'm?® (Fig. 2b). The metal centers Dyl and Dy2
are in O4N,Cl, and O;N,Cl coordination environments,
respectively, formed by the ligand R-(L')*~, coordinated anion
Cl7, and CH3;O0H molecules (Fig. 2c). SHAPE calculations
showed that the coordination configurations of the metal
centers Dyl and Dy2 were biaugmented trigonal prism
(BTPR-8) with a C,, symmetric environment (Table S6%).
Structural analysis revealed that all Dy-O/N bond lengths in
the structure of complex R-1 were within the normal range
(Table S27).

Under the same reaction conditions, the reaction raw
materials were reduced by half and subsequently the heating
reaction was performed, obtaining only red blocky crystals, R-
2/S-2. The SCXRD results revealed that R-2/S-2 crystallized in
the P2,2,2; space group of the orthorhombic system
(Table S1t). Because R-2 and $-2 are enantiomers of each
other, only R-2 was subjected to detailed structural analysis.
The structural skeleton of R-2 contains 2n Dy(m) ions, n R-
(LY ligands that remove two protons, 3n-terminally co-
ordinated Cl~, 2n-coordinated CH;OH molecules, n-free Cl~,
n-free H,O molecules and 4n-free CH;OH molecules; its mole-
cular formula is [[Dy,(R-L")(Cl);(CH;OH),]-Cl-H,0-4CH;0H],
(Fig. 3). Similarly, the smallest asymmetric unit of R-2 contains
two Dy(m) ions and one deprotonated R-(L")*~ ligand molecule
(Fig. 4a). In the structure of R-2, the twisted chiral ligand R-
(L") chelates two Dy(m) ions in reverse coordination to form

This journal is © The Royal Society of Chemistry 2024

a “trans” template unit Dy,L'. In addition, multiple ¢trans and
twisted Dy,L' template units are connected through coordi-
nation between the hydroxyl oxygen atom on the ligand quino-
line ring and the Dy(m) ion, thereby forming a 1D chain with
an axial helix (Fig. 3a and c). Notably, the coordination-driven
self-assembly process of complex template units is consider-
ably similar to the formation process of nucleic acids. The
Dy,L' template unit is similar to the base pairs in the DNA
structure, possesses a certain orientation and recognition
ability, and can specifically recognize other template units.
This process is similar to the specific recognition of base pairs
in the DNA sequence of organisms. For example, thymine T
can specifically pair with adenine A and cytosine C can specifi-
cally pair with guanine G.>***” The two chains are connected
through the hydrogen bond interaction (N5-H5---Cl3 (2.220 A))
between the Cl™ and the hydrogen atom on -NH- of the ligand
to form a 3D structure (Fig. 4d, 3e, and g). In addition, the
coordination mode of the ligand R-(L")*~ in complex R-2 is i -
n’mm'mtntm'n'n?® (Fig. 4b). The metal center Dyl is in an
O;3N,Cl, coordination environment formed by the ligand R-
(L">” and coordinated Cl~ (Fig. 4c). SHAPE calculations
revealed that the coordination configuration of the metal
center Dyl was a pentagonal bipyramid (PBPY-7) with a C,,
symmetric environment (Table S81). The metal center Dy2 is
in an OsN,Cl coordination environment formed by the ligand
R-(L")*7, ligand CI~ and CH;0H molecule (Fig. 4c). SHAPE cal-
culations revealed that the coordination configuration of the
metal center Dy2 was BTPR-8 with a C,, symmetric environ-
ment (Table S87). Structural analysis revealed that all Dy-O/N
bond lengths in the structure of complex R-2 were within the
normal range (Table S47).

Herein, chiral template units with cis or trans configur-
ations only selectively coordinate with template units having
the same configuration during the coordination process. For

Dalton Trans., 2024, 53, 3675-3684 | 3679
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Fig. 3 One-dimensional (1D) spiral chain structure of R-2/S-2 (a and b), fill pattern diagram of R-2/S-2 (c and d), double helix structure formed by
hydrogen bonding R-2/5-2 (e and f), filling pattern diagram of the double helix structure of R-2/S-2 (g and h).

the first time, supramolecular assembly has been used to
simulate the specific recognition of base pairs in organisms to
form DNA secondary structures.”® By regulating the pro-
portion of the reaction raw materials in the “one-pot” synthesis
process, we obtained a recognition function of the supramole-
cular self-assembly process to simulate the assembly mode of
nucleotides. This reveals the adjustability of the lanthanide
complex structure design and provides a new idea for con-
structing a molecular recognition model in biological systems.

R-1/S-1 and R-2/S-2 are two pairs of enantiomers; thus, they
have similar Fourier transform infrared absorption peaks. The
results showed that a broad absorption peak at around
3300 cm™" cans be attributed to the stretching vibration of
Y(HO-H) in the H,O molecule. The strong peaks around
1615 cm ™" cans be attributed to the C=N stretching vibration
of the imine group (-C=N-). The strong peaks near 1450 cm ™"

3680 | Dalton Trans., 2024, 53, 3675-3684

cans be attributed to the stretching vibration of C=N and
C=C in the aromatic ring. The moderate intensity absorption
peak around 1270 cm™' cans be attributed to the stretching
vibration between C-O of phenolic hydroxyl groups. The
strong absorption peak appearing near 1090 cm™' can be
attributed to the stretching vibration between C-O of alcoholic
hydroxyl groups (Fig. S11).>° In addition, the simulated and
observed values of powder X-ray diffraction values of R-1/S-1
and R-2/$-2 were compared at room temperature, and the
results showed that they were both pure phases (Fig. S2t).

Circular dichroism spectra analysis of R-1/S-1 and R-2/S-2

To verify the chiral optical activity and enantiomeric character-
istics of R-1/S-1 and R-2/S-2, we evaluated their CD spectra in a
chromatographic-grade methanol solution. The CD signal
peaks of the two enantiomers at a concentration of 0.1 g L™" in

This journal is © The Royal Society of Chemistry 2024
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Fig. 4 The asymmetric unit of R-2/S-2 (a), ligand coordination mode of clusters R-2/S-2 (b), coordination polyhedron around the Dy(in) ions of R-2/

§-2 (c), R-2 weak hydrogen bonding between chains (d).

the 200-500 nm range exhibited near-perfect mirror symmetry
(Fig. 5b and d). The results indicated that the CD spectrum of
R-1 exhibited a positive Cotton effect with two peaks at 382
and 236 nm and a negative Cotton effect with three peaks at
355, 311, and 264 nm, whereas S-1 exhibited opposite signals
at the same positions, forming mirror symmetry. This indi-
cates that R-1 and $-1 are a pair of enantiomers (Fig. 5b). The
differences in structural connections yield slightly different CD
spectra of R-1/8-1 and R-2/S-2. The CD spectrum of R-2 exhibi-
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ted three peaks at 355, 312, and 263 nm showing a negative
Cotton effect and three peaks at 386, 336, and 236 nm
showing a positive Cotton effect, whereas $-2 exhibited oppo-
site signals at the same positions, which are mirror images of
each other. This indicates that R-2 and $-2 are enantiomers of
each other (Fig. 5d). Considering the ultraviolet absorption
spectrum analysis, R-1/5-1 and R-2/S-2 exhibit weak and strong
absorption peaks at 232 and 320 nm, respectively, attributed to
the n—n* transition of the imine group and the n-n* and n-n*
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Fig. 5 The UV-vis absorption spectra of clusters R-1/5-1 (a) and R-2/5-2 (c); CD spectra of clusters R-1/S-1 (b) and R-2/S-2 (d).
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transitions of the aromatic group on the ligand, whereas the
appearance of a weaker absorption peak at 364 nm is attribu-
ted to the n-n* transition of the ligand (Fig. 5a and c).*®*°

Magnetic analysis of R-1/S-1 and R-2/S-2

Lanthanide metal ions with high spin, especially Dy(u) ions
have large intrinsic magnetic anisotropy, are ideal 4f transition
metal ions for constructing single-molecule magnets, often
showing excellent energy barriers and relaxation time.*°
Therefore, we further studied the magnetic behavior of R-1/S-1
and R-2/S-2. The temperature-varying molar susceptibilities of
the R-1/S-1 and R-2/S-2 pure phases were tested under an exter-
nal DC magnetic field of 1000 Oe in the 2-300 K temperature
range (Fig. 6a, c, S4a, and S4ct).**** The y,,,T values of R-1, §-
1, R-2, and S$-2 at 300 K were 28.24, 28.28, 28.39, and 28.30 cm®
K mol ™", respectively (°Hys/s, S = 5/2, g = 4/3, ] = 15/2, and L =
5), which are close to the theoretical value (28.34 cm® K mol ™)
of the two Dy(m) ions. When the temperature is gradually
decreased to ~100 K, a slight decrease in y,T occurs for R-1/S-
1 and R-2/S-2. When the temperature decreases to 5 K, the y,T
of R-1 and S-1 rapidly decreases to the minimum value of
22.92 and 22.37 cm® K mol™, and then increases to 23.78 and
22.99 cm® K mol™" at 2 K, respectively. The decrease in y,T in
the 300-5 K temperature range may be caused by a decrease in
the Stark sublevel of the Dy(umi) ions excited state and/or the
magnetic interaction, while its y,,,T value slightly increases in
the 5-2 K temperature range. It may be caused by the weak
ferromagnetic interaction between the metal centers in the
system (Fig. 6a and S4at). When the temperature approaches
2 K, the y,T values of R-2/S-2 decrease rapidly and reach the
minimum values of 21.83 and 21.79 cm® K mol™,
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respectively.*>** These findings revealed that the temperature-
decreasing y,,T value may be caused by a decrease in the Stark
sublevel of the Dy(m) ions excited state and the antiferro-
magnetic interaction (Fig. 6¢c and S4ct). In addition, we tested
the field-dependent magnetization of R-1/S-1 and R-2/S-2 at
different temperatures (2-5 K) and applied fields (0-7 T), and
plotted the M vs. H/T curves (Fig. 6b, d, S4b, and S4df). The
measured magnetization at 2 K rapidly increased in the low-
field region but gradually became flat in the high-field region.
When reaching a static field of 13 kOe, R-1, §-1, R-2, and S-2
reached maximum values of 11.38, 11.18, 12.01, and 11.94Np,
respectively. The M vs. H/T curves of R-1/S-1 and R-2/S-2 at
different temperatures did not considerably overlap. The test
results indicated that the Dy(u) ions may have low excited
states or a large magnetic anisotropy. The hysteresis loops of
R-1/S-1 and R-2/S-2 are not obvious at 2 K (Fig. S51), which
may be attributed to the existence of crystal field effects and
strong quantum tunneling effects.

We further tested the alternating current (ac) magnetic sus-
ceptibility of R-1/S-1 and R-2/S-2 to explore their dynamic mag-
netic behavior. We observed that neither the R-1/S-1 nor R-2/S-
2 in-of-phase (y') and out-of-phase (y”) signals exhibited an
obvious frequency-dependent behavior under the zero DC field
(Fig. S6 and S7t). When a certain external field is applied, the
quantum tunneling effect may be suppressed. Therefore, R-1
and S-1 were tested for alternating current (ac) magnetic sus-
ceptibility under an external DC field of 1200 Oe and 800 Oe,
respectively. The 4’ and y” were plotted as functions of temp-
erature (y'/y" vs. T) and frequency (y/y" vs. v), respectively
(Fig. S8 and S97). The results showed that both the in-of-phase
(¥) and out-of-phase (y”) signals of R-1 and $-1 exhibited temp-
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Fig. 6 Temperature dependence of y,,T for R-1 (a) and R-2 (c); M vs. H/T plots of R-1 (b) and R-2 (d).
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erature and frequency-dependent behavior, proving that R-1
and S-1 have slow magnetic relaxation behavior. Similarly, R-2
and S-2 were tested for alternating current (ac) magnetic sus-
ceptibility under an external DC field of 1000 Oe and 800 Oe,
respectively. The y' and y" were plotted as functions of temp-
erature (y'/y" vs. T) and frequency (y'/y" vs. v), respectively
(Fig. S8 and S971). The results showed that both the in-of-phase
(¢') and out-of-phase (y") signals of R-2 and S-2 exhibited temp-
erature and frequency-dependent behavior, but no peak was
observed, proving that R-2 and S-2 have slow magnetic relax-
ation behavior.

Conclusions

We regulate the ratio of reaction materials in the “one-pot”
synthesis of lanthanide complexes to form chiral template
units with coordination sites in cis or ¢trans configurations and
further undergo self-assembly through a coordination-driven
recognition process to obtain a chiral 1D chain isomer with an
“S”-shaped distribution, R-1/S-1, and a chiral helix chain, R-2/
§-2. The cis or trans configuration chiral template unit selec-
tively further self-assembles with a template unit of the same
configuration during coordination recognition to generate
differential chiral 1D lanthanide chains. To the best of our
knowledge, this is the first study to construct chiral lanthanide
complexes with different linkages through the self-recognition
of template units with different configurations through the
self-assembly process of coordination recognition. In living
systems, chiral macromolecules are usually formed from
simple chiral units that undergo complex reaction processes.
The coordination-driven recognition process in this study pro-
vides a new approach to simplify and simulate the formation
of complex chiral macromolecules with multilevel structures
(such as nucleic acids and proteins) from simple primitives
(such as nucleotides and amino acids) in living organisms.
Moreover, this work will advance the crystal engineering of
lanthanide complexes with different structural connections
and is expected to achieve precise directional and controllable
synthesis of lanthanide complexes.
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