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Abstract: Pyridine derivatives have strong coordination ability, tunable elec-
tronic, optical properties and excellent stability as ligands. Their substituent
engineering and conjugation extension provides an ideal platform for the con-
struction of efficient fluorescent probes, catalysts and biological functional mat-
erials. Based on this, a new coordination compound [Zn(phen)(L)(H,0)]-4H,0
was synthesized under solvothermal conditions used 1,10-phenanthroline
(phen), 3-carboxy-1-carboxymethyl-2-oxidopyridinium (H,L) and Zn(Il). The
crystal structure and composition of the coordination compound were confirmed
by single crystal X-ray diffraction and thermogravimetric analysis. Structural
analysis confirmed by single crystal X-ray diffraction reveals its unique
coordination geometry. In addition, it exhibits significant luminescence, making
it a candidate for sensing applications. The luminescence and sensing properties
of the coordination compound were investigated in detail. The K, values for the
detection of Fe* and acac were found to be 3.29x10° and 6.67x105 M-!, which
confirmed high and efficient sensing ability of the synthesized sensor.

Keywords: zinc(Il); coordination compound; solvothermal reaction; X-ray crys-
tallography; fluorescence sensing.

INTRODUCTION

Acetylacetone (acac) is an organic coordination compound belonging to the
pf-diketone class, known for its excellent coordination ability and volatility. It is
widely used in metal organic synthesis, catalyst preparation, and drug chemistry.
However, its safety issues during actual use are increasingly receiving attention.!
Studies show that acute exposure to acetylacetone through respiratory or skin
contact can cause significant harm to the human body: its vapor has irritant effects
on mucous membranes and respiratory tracts, and long-term exposure may lead to
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liver and kidney dysfunction.? Additionally, the environmental persistence of this
substance should not be overlooked, its hydrophilicity also makes it easy to diffuse
with water flow, pollute groundwater sources, destroy the integrity of aquatic
biological cell membranes, inhibit algae photosynthesis and cause fish gill tissue
damage.>

In addition, as an important representative of transition metal ions, Fe3* has
multiple functions in nature and industry, covering biological metabolism, cat-
alytic reaction and environmental remediation.*-> However, ecological studies
have shown that Fe3™ has significant toxicity to aquatic organisms.® Under
occupational exposure scenarios, long-term inhalation of Fe3* containing dust may
cause pulmonary fibrosis, and the high solubility of Fe3* in acidic environment
will further enhance its bioavailability.” Besides, Fe3* easily forms complexes
with organic matter such as humic acid in soil and can enhance migration ability,
destroy microbial community balance and threaten ecosystem stability.8 In
addition, excess iron ions in the body may cause various hazards, such as kidney
failure, neurological disorders and certain types of cancer. Excessive iron can also
cause health risks such as organ damage, increased risk of infection and digestive
problems. Therefore, it is necessary to find a quick and efficient method for
detecting Fe3*, which has attracted increasing attention in environmental and
medical fields.”

As a transition metal, Zn(Il) is particularly suitable for the preparation of
photoluminescent complexes because of their zero crystal field stability and their
unique d!0 configuration, which makes them absent from the potential quenching
process caused by the d—d transition.!0-12 Zn is an essential trace element for
human body, its complex easily metabolize under physiological conditions!3 and
its cytotoxicity is significantly lower than that of heavy metal complexes (such as
Cd2* and Hg?").14.15 Zn-based MOF fluorescent probes are gaining popularity for
their high sensitivity, selectivity and stability.16:17

In this paper, a coordination compound [Zn(phen)(L)(H20)]-4H,O was syn-
thesized by solvothermal reaction using transition metal Zn (II), 1,10-phenan-
throline (phen) and 3-carboxy-1-carboxymethyl-2-oxidopyridinium (H;L) as raw
materials. Detailed studies on its luminescent and sensing performance have found
that it has good luminescent sensing performance for Fe3" and acac which gives it
significant application potential, such as the detection of Fe3™ and acac in water
samples, the detection of Fe3* in drugs, the detection of acac residue in chemical
plants, efc.

EXPERIMENTAL
Materials and methods

All chemicals used for syntheses and characterization were reagent-grade and used as
received from commercial sources, without further purification. PXRD were carried out on a
Bruker — AXS Smart CCD X-ray diffractometer. Fluorescence experiments were carried out on
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the RF-6000 fluorescence spectrophotometer. Thermogravimetric analysis (TGA) was per-
formed on a NETZSCH STA 449F3 thermal analyzer.
Synthesis of [Zn(phen)(L)(H,0)]-4H,0

A mixture of ZnSO4 (0.0288 g, 0.1 mmol), H,L (0.0112 g, 0.06 mmol), phen (0.0186 g,
0.1 mmol), H,O (2.5 ml) and DMF (2.5 ml) were sealed in a glass vial. After heating to 88 °C
and maintaining the temperature for 72 h, heating was stopped to obtain colorless transparent
rectangular-shaped crystals after cooling at a rate of 5° C per hour. Yield: 0.0221 g (41 %) based
on Zn. Anal. (%); Calcd. for CygHp3N30,¢Zn: C, 45.26; H, 4.37; N, 7.92; Found %: C, 44.80;
H, 4.32; N, 7.82.

X-ray crystallography

At 298(2)K, a Rigaku Raxis-Rapid diffractometer equipped with a graphite monochro-
mator (MoK, radiation, 2 = 0.71073 A) was used to X-ray diffractometer analyze the single
crystal, SIR2014 was used to solve the structure by direct method, and SHELXTL.2018/3 was
used to optimize the F2 by the full matrix least squares method.

A crystal of suitable size was selected by using an optical microscope, and the crystal size
was determined to be 0.232 mmx0.211 mmx0.191 mm, and single crystal diffraction data were
collected at a temperature environment around 25 °C. References were analyzed and
refined.!$!° Hydrogen atoms participate in final structure refinement (N-H, 0.86 A, C-H, 0.93
A), Uiso(H) = 1.2 Ueq. The final R = 0.0477, wR = 0.1162. (w = 1/[s2(Fo2) + (0.0568P)2 +
0.7642P], P = (Fo2 + 2Fc2)/3), S = 1.045. The crystallographic summary of
[Zn(phen)(L)(H,0)]-4H,0 (1) is shown in Table I, bond lengths and bond angles in Table II and
hydrogen bonds in Table III.

TABLE L. Crystal data, data collection and refinement details

Chemical formula

CyoH23N3019Zn

Formula weight 530.78
Temperature 298(2) K
Wavelength 0.71073 A
Crystal system triclinic
Space group P1

al A 9.134(3)
b/ A 10.539(4)
c/A 12.228(4)
al® 77.003(6)
ple 77.770(6)
y/° 85.245(6)
V/A3 1120.2(7)
z 2
Density (calculated) 1.574 mg/m3
F(000) 548
Final R indices (I > 2sigma(l)) R1=0.0477, wR2=0.1162
S 1.045
Absorption coefficient 1.158 mm'!

Crystal size
Absorption correction
Max. and min. transmission

0.232 mmx0.211 mmx0.191 mm
Semi-empirical from14 <7< 14
0.809 and 0.775
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TABLE 1. Continued

Index ranges -10<h<9,-12<k<9,14<]< 14
Independent reflections 3847 (R(int) = 0.0263)
Reflections collected 5718

Refinement method Full-matrix least-squares on F?
Data/restraints/parameters 3847/0/307
Goodness-of-fit on F2 1.003

Final R indices (I > 2sigma(l)) R1=0.0477, wR2=0.1162
Final R indexes (all data) RI1=0.0606, wR2 =0.1281

AP maxs Mmin> € A 0.512/-0.505

Flack parameter n/a

The crystallographic data were deposited with the Cambridge Crystallographic Data
Centre (CCDC no. 2453636). Copies of this information can be obtained free of charge at:
www.ccde.cam.ac.uk or from the CCDC, 12 union Road, Cambridge CB2 1EZ, UK (fax: 0044
1223 336 033; e-mail: deposit@ccdc.cam.ac.uk).

TABLE II. Selected bond lengths and bond angles

Bond Distance, A Bond Distance, A
N(2)-Zn(1) 2.117(3) 0(3)-Zn(1) 2.044(2)
N(@3)-Zn(1) 2.092(3) 0O(4)-Zn(1) 1.981(3)
O(1W)—Zn(1) 2.005(3)

Bonds Angle, ° Bonds Angle, °
0(4)-Zn(1)-0(3) 87.46(10) 0O(4)-Zn(1)-N(2) 87.62(12)
O(1W)-Zn(1)-0(3) 104.26(11) O(1W)—Zn(1)-N(2) 104.33(11)
0O(4)-Zn(1)-N(3) 154.63(13) 0(3)-Zn(1)-N(2) 151.35(11)
O(1W)—Zn(1)-N(3) 100.64(11) N(3)-Zn(1)-N(2) 79.49(13)
0O(3)-Zn(1)-N(3) 93.44(11)

TABLE III. Geometrical parameters for intermolecular interactions; symmetry transformations
used to generate equivalent atoms: ‘x+1, —y, —z+1; fix, y—1, z; filx+1, =y, —z; V—x, 9+1, —z+1;
Voxt+1, 1, —z+ 15 Vix, y+l 2+ 1 Vi pr ] 2

D-HA dD-H)/A  dH-A)/A dD-A)/A ZDHA, °
O(IW)-H(1A)---O(5W)ii 0.85 1.77 2.567(4) 156.6
O(1W)-H(1B)---O(5)fi 0.85 1.80 2.640(4) 169.2
O(2W)-H(2A)---0(2) 0.85 2.01 2.798(5) 154.0
O(W)H(2B)--O2W)v 0.85 2.24 2.813(7) 124.7
OBW)-H(3A)---O(4W)¥ 0.85 1.94 2.759(5) 162.7
O(4W)-H(4A)--O(1)i 0.86 2.10 2.891(4) 152.6
O(4W)-H(4B)--O(5)" 0.85 2.11 2.858(4) 147.8
O(5W)-H(5A)--O(2) 0.85 1.88 2.705(4) 162.4
O(5W)-H(5B):--O(1)Vi 0.86 2.13 2.760(4) 129.7

Fluorescence sensing experiments

The following procedure was carried out: 3 mg of the coordination compound was dis-
solved in 9 mL of water, subjected to ultrasonic treatment, and then allowed to stand at room
temperature for three days. The supernatant was then collected for fluorescence testing.20
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RESULTS AND DISCUSSION
Crystal structure description

Single crystal X-ray diffraction structure analysis indicates that the coordin-
ation compound belongs to the triclinic crystal system with the space group P1 :
the key the structure data are presented in Table I. The asymmetric unit is com-
posed of a crystallographically independent Zn2*, one L ligand, one phen ligand,
one coordination water molecule and four free water molecules. The Zn2" in
complex is five-coordinated. The Zn2™ is attached to two oxygen atoms (03, 04),
two nitrogen atoms (N2, N3), and one coordinated water molecule (O1) from three
different ligands (Fig. 1) in a twisted triangular bipyramid configuration. The
geometry of the coordination environment is nearly regular square-pyramidal, with
a geometric distortion index of 75 = 0.05.
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Fig. 1. Coordination environment of Zn?" in the coordination compound. Displacement
ellipsoids are drawn at the 50 % probability level and H atoms have been omitted for clarity.

The 1D chain is formed by the n—mr interaction (Fig. 2a) between the pyridine
ring (N1,C1) and the phenanthroline ring (N(2)Viii/N(3)Viii/C(9)VviiiC(20)viil
(symmetry codes: Vilix+1, y, z)) of the adjacent unit. The shortest distances from
the centroid to the centroid and from the centroid to the plane of the two rings are
3.693(2) and 3.4238(15) A, respectively, and the dihedral angle between the two
planes is 6.56(15)°. The 1D chain structure connects another adjacent 1D chain
structure by hydrogen bonds (Table III) to form 1D double chains (Fig. 2b).2!
Eventually, the 1D double chains structure stacks up into a 3D network structure
via hydrogen bonds (Fig. 3).22
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Fig. 2. a) 1D chain structure is formed by m—n interaction. b) 1D double chain structure
formed by hydrogen bonding.
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Fig.3.The 3D network structure.

PXRD analyses

In order to test the phase purity of the coordination compound, the powder X-
ray diffraction analysis was carried out using Bruker-AXS Smart CCD X-ray
diffractometer. The experimental result (Fig. 4) shows that the experimental peak
value of the coordination compound is consistent with the one simulated by single
crystal X-ray diffraction, which indicates that the good phase purity of the
coordination compound, a certain degree of preferred orientation of crystallites is
observed, as evidenced by the increase in intensity of discrete peaks with rising 26

values.
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Fig. 4. PXRD patterns of the coordination compound.

TGA analysis of the coordination compound

Analysis shows (Fig. 5) that there is a slight increase in the coordination
compound weight near 50°, which can be attributed to carbon dioxide and water
molecules in the air. When the temperature rises to 150°, the weight of the coor-
dination compound decreases by about 3.4 %. This is because the departure of
unstable coordinated water molecules in the complex molecular framework, fol-
lowed by a relatively gradual decrease of about 10 % in the coordination compound
weight until the temperature rises to 270°, which is due to evaporation of four free
water molecules within the complex molecular framework. The result is higher
than actual, possibly due to incomplete drying of the sample, followed by a sharp
decrease in the coordination compound weight immediately before the temperature
rises to 420°. This remarkable decrease is related to the thermal decomposition of
phen ligand and organic group CgHs5NOs of L. At 453°, the ligand has not
completely decomposed, and the weight of the coordination compound continues
to decrease at a relatively smooth rate after heating, but the decomposition rate is
slower. The above TGA results show that the coordination compound is unstable
when heated, the whole framework is gradually collapsing and the results are
basically consistent with the crystal structure.24

Photoluminescence properties

The fluorescence spectra of phen, HoL and the coordination compound were
investigated in the solid state (Fig. 6a). As shown, the coordination compound in
solid state displays good emission characteristics at 366 nm (lex = 250 nm),
whereas ligands show emission with fluorescence peaks at 363 and 380 nm for
phen (Aex = 280 nm) and 387 nm for HoL (Aex = 325 nm). It is obvious that the
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peak positions of the coordination compound and phen are very close. Which is
attributed not only to the coordination between metal centers and ligands, but also
to the superposition of the two luminous peaks of the phen ligand.
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Temperature compound.

The liquid fluorescence of the coordination compound was also examined
(Fig. 6b). When prepared as a 3mg/9ml solution, it has a sharp excitation peak at
363nm. Therefore, it can be seen that water has almost no effect on its lumin-
escence, so water was chosen as the solvent for subsequent tests.

(a), (b)
compound —— Solid state
104 AVARN H,L 800 4 —— IL,0 solution
AN
0.8 -| \ / \ \
"N/ | N 600 - /
I ™ .

N
|
S

;“ \ ;400

/

’ |
/
/ 200 -
0.2 - J |
)
e
I. T ﬂ

T T T T
320 360 400 440 320 360 400 440
Wavelength(nm) Wavelength(nm)

Intensity(a.u)
Intensity(a.u)

=
IS
1

0.0

Fig. 6. a) Solid-state emission spectra of the coordination compound, phen and H,L. A.,: 250
nm for the coordination compound, 248 nm for phen, and 325 nm for H,L; b) the emission
spectra of the coordination compound in solid state and H,O solution. A.,: 250 nm for the
coordination compound.

Fluorescence detection of the coordination compound for different cations

14 different metal chloride salts M(Cl), (M=Mg2*, BaZ*, Ca2*, Cd2*, K,
Ni2t, Zn2*, Cr3*, Co?*, Mn2t, Nd3*, Cu2*, Nat and Fe3*) with a concentration of
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0.01 mol/L were prepared and used for fluorescence sensing testing. The results
showed that the addition of different cationic solutions had different effects on the
fluorescence intensity of the coordination compound. In particular, the addition of
Fe3" significantly reduced the fluorescence intensity of coordination compound
(Fig. 7a). To reveal the effect of Fe3* concentration on the fluorescence intensity
of the coordination compound composites, the concentration-
-dependent change in the luminescence intensity of the coordination compound in
solution was detected. As shown in Fig. 7b, with the increase of Fe3* concentration
from 0 to 3.8x10~* M, the quenching effect of fluorescence in the suspension can
be clearly observed. When the concentration of Fe3* is 3.8x10~4 M, the
luminescence of the suspension is almost completely quenched, and this
phenomenon can be easily observed with the naked eye under a portable ultraviolet
lamp (excitation wavelength of 254 nm) (Fig. 7b, inset). The linear relationship is
good in the range of 2.5x1073 to 3.8x10~* M, with an R? value of 0.98634 (Fig.
7¢). In addition, the selectivity of coordination compound for Fe3" is performed
by an anti-interference experiment, showing that the presence of other cations does
not affect the detection of Fe3* (Fig. 7d). According to the Stern—Volmer equation:
(lo/I-1 = K[ C] ({p represents the initial fluorescence intensity of the coordination
compound without the addition of Fe3*, I represents the fluorescence intensity of
the coordination compound after the addition of Fe3", [C] represents the
concentration of Fe3* solution and Ky is the fluorescence quenching constant M~
). LOD is determined by the formula LOD = 30/Ky, (o is the relative standard
deviation of the blank solution). Finally, luminescent titration demonstrates the
LOD of 5.25x10-> M for Fe3*.

Fluorescence detection of the coordination compound for different organic
reagents

Based on the excellent luminescent properties of the coordination compound,
fluorescence spectroscopic studies were conducted on eight organic reagents
including methanol (MeOH), ethanol (EtOH), acetonitrile (MeAN), isopropanol
(IPA), acetone (ACE), N,N-dimethylformamide (DMF), N,N-dimethylacetamide
(DMA) and acetylacetone (acac). The results showed that the fluorescence
intensity of the coordination compound decreased significantly with the addition
of various organic reagents, especially acac (Fig. 8a). To further explore the
relationship between the concentration of acac and the fluorescence intensity of
the coordination compound, a quantitative experiment was performed. The
fluorescence quenching effect of the suspension can be clearly observed with the
acac concentration increases from 0 to 8.2x10~4 M. When the concentration of
acac is 2.5 pM, the luminescence of the suspension almost completely disappears
(Fig. 8b). The linear relationship is good in the range of 0.15 to 0.51 mM, with an
R? value of 0.99837 (Fig. 8c). In addition, the selectivity of the coordination com-
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Fig. 7. a) The influence of fluorescence intensity of the coordination compound in the pre-
sence of various cationic solutions; b) fluorescence spectra of the coordination compound in
aqueous solution with different concentrations of Fe3*; ¢) fluorescence Stern—Volmer (S—V)
equation and the linear relationship of (/o/I)~1 with Fe3" concentration; d) competitive expe-
riments of the coordination compound in sensing Fe3" with the interference of other metal ions.

pound for acac is performed by an anti-interference experiment, showing that the
presence of other cations does not affect the detection of acac (Fig. 8d). Finally, to
further evaluate the effect of luminescent titration, the LOD was calculated to be
3.4x10 M by formula 30/Kg,, verifying the sensitivity of the coordination
compound to the detection of acac.

CONCLUSION

In this paper, a new coordination compound was synthesized successfully by
solvothermal reaction with Zn2*, 1,10-phenanthroline and 3-carboxy-1-carboxy-
methyl-2-oxidopyridinium as raw materials and characterized by single crystal X-
ray diffraction, TG and PXRD. Single crystal X-ray diffraction shows that the
coordination compound further forms 1D by n—r interactions, then 1D layered
structure is formed through hydrogen bonds, and 3D supramolecular structure is
further accumulated. The experimental results of powder XRD show that the lig-
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Fig. 8. a) The influence of fluorescence intensity of the coordination compound in the
presence of various organic reagents; b) fluorescence spectra of the coordination compound in
aqueous solution with different concentrations of acac; c¢) fluorescence Stern—Volmer (S—V)
equation and the linear relationship of (Z,//)-1 with acac concentration; d) comparison of the
luminescence intensity of the coordination compound in the presence of acac- mixed organic
reagents.

and has been successfully coordinated. The thermogravimetric test results show
that it has thermal stability at a certain temperature.

The results of fluorescence sensing experiments show that the coordination
compound have good luminescence sensing properties for Fe3™ and acac, with
minimum LOD values of 5.25x10-> M and 3.4x10~> M. Further research will
include the luminescence mechanism and practical applications, and it is expected
that will have better prospects for use in the future.
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U3BOJI

HOBU UUHK(I1) KOMIUIEKC 3A CEJIEKTUBHY U OCET/bHUBY JETEKLIUJY Fe3* U
AIIETUJIIAIETOHA

RUI DAI'?, YUETONG WANG!, HUA ZHANG! u ZHIGUO KONG'?
!Department of Chemistry, Jilin Normal University, Siping 136000, China u ?Key Laboratory of Preparation

and Applications of Environmental Friendly Materials, Jilin Normal University, Ministry of Education,
Changchun 130103, China

[eprBaT¥ NUPHUOVHA UMajy U3paXKEHy CIIOCODHOCT KOOpAWHaUWje, QreKkcuduiHe enex-
TPOHCKE U ONTHYKe OCOOMHE, Kao YW 3HayajHy CTadMIHOCT kao JuraHad. Fbuxosa cymcruty-
UMOHa MongudUKalfja U MpoIIWpeHa KOHjyrauyja npyskajy uneanHy miathopMy 3a U3rpagmby
eduKkacHUX (IIyopecueHTHUX COHIH, KaTajau3aTopa U OHONMOWIKK (YHKIHMOHATHUX MaTepu-
jana. UMajyhu To y BuAy, cuHTeTHCaH je HOBU [Zn(phen)(L)(H,0)]-4H,0 xoMImiekc y ConBo-
TEPMATHUM yCioBUMa, Kopuctehu 1,10-dbenantponun (phen), 3-kapbdokcu-1-kapdokcu-
meTtui-2-oxkcuponupuaunnjym (HpL) u Zn(1I). KpucTanHa CTpyKTypa U cacTaB KOOPAWHALMO-
HOT jefumema NoTBpheHu cy MeTogoM gudpaxuuje X-3paka ca MOHOKpUCTaIa U TEPMOrpaBy-
METPHjCKOM aHanu3oM. CTPYKTypHa aHaju3a CUHTETHCAHOT je[HIEHa je MOTBPAUIA HBErOBy
jenvHCTBEHYy KOOpIWUHAIMOHY reoMeTpHjy. [lopern Tora, jenumerme UCIObaBa 3HAUAjHY JIyMH-
HUCLIEHIIHjy, IITO ra YNHU KaHOULATOM 3a IPUMEHY y CeH30puMa. JIyMUHUCLIEHTHE U CEH30D-
CKe 0CODMHE CHHTETHCAaHOT KOOPAMHALMOHOT jellkbena JeTalbHo cy ucnutusane. Haheno je na
BpenHocTu Ky KOHCTaHTe 3a metexkudjy Fe** u anetwnanerona (acac) usnoce 3,29x10° M! u
6,67x10° M™!, mro motephyje BHCOKy W edHKacHy CMOCODHOCT NETEKIH]j€ CHHTETHCAHOT
CeH3opa.

(ITpumibeHo 2. jyHa, peBuaupaHo 1. jyna, npuxsaheno 15. cenremdpa 2025)
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