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Syntheses, Crystal Structures, Thermal Stability and Photoluminescence of
Two Complexes Constructed from 4-tolythioacetic Acid and N-donnor Ligands
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(Institute of Physical Chemistry, Zhejiang Key Laboratory for Reactive Chemistry on Solid Surfaces,
Zhejiang Normal University, Jinhua, Zhejiang 321004)

Abstract: Two complexes [Znl,(Him),] (1) and [(Cu,Ly(phen)y( po-Cl),) + (Cuy(r-L)o(phen),Cly) | (2) (L=4-tolythioacetate,
Him=imidazole, phen=1,10-phenanthroline) were synthesized and characterized by single crystal X-ray diffraction,
elemental analysis, IR spectra and TGA. The crystal of complex 1 belongs to monoclinic, space group C2/c, with
a=3.101 2(6) nm, 6=0.578 2(1) nm, ¢=1.463 8(3) nm, f=100.962(2)°, V=2.577 0(8) nm’, Z=4, M,=563.98, D =
1.454 g-cm™, F(000)=1 168, =1.152 mm™, the final R=0.033 2 and wR=0.08 6 for 2 154 observed reflections
with I>20°(I). The crystal of complex 2 belongs to triclinic, space group P1, with a=1.01709(1) nm, b=1.04642(1)
nm, ¢=1.9920 2(3) nm, «=88.649(1)°, B=84.023(1)°, y=66.699(1)°, V=1.936 25(4) nm®, Z=1, M,=1 841.66, D.=
1.579 g-cm™, F (000)=940, u=1.394 mm™, the final R=0.030 7 and wR=0.084 1 for 7 495 observed reflections with
I>20 (I). 1 shows an undulanting-ribbon structure constructed from N—H--- O hydrogen bonds. 2 consist of two
dinuclear molecules bridged via chlorine and carboxylate oxygen atoms, respectively. Furthermore, C-H---0, C-
H---Cl hydrogen bonding and C—H--- 1 interactions drive 2 to be a 3D architecture. Photoluminescence studies

revealed that complex 1 exhibits strong fluorescent emission bands in the solid state at room temperature. CCDC:

690004, 1; 690005, 2.
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In recent years, coordination polymers obtained
by reactions of benzenecarboxylate ligands and transi-
tion metal centers have attracted considerable interest
due to its unique topologies and some potential appli-
cations!"™". As known, flexible carboxylate groups have
superiority in plasticity and configuration. So some
flexible carboxylate ligands have been adopted to con-
struct unique metal-organic coordination polymers, such
as [Sr,(4-CPOA),(H,0)s],” and [Cu(CBOAH) (H,0)],
based on carbxyphenoxyacetate ligands, [Mn(BDDA)
(H,0)],-nH,0" derived from benzene-1,2-dioxydiacetic
acid
[Lny(PDA);(H,0)] - 2H,0® constructed from 1,4-phenyl-

endiacetic acid. We are currently interested in using

and porous lanthanide-organic  framework

flexible carboxyl ligands to construct metal-organic
frameworks with unique network topologies and physi-
cal properties. Here, we choose 4-tolythioacetic acid as
the main organic ligand. And in this paper, we describe
the synthesis, structure, thermal stability and photolu-

minescence of two new complexes, [ZnlL,(Him),] (1) and

[(CusLo(phen)y(uo-Cl)s) + (Cus(po-L)x(phen),CL)] (2).
1 Experimental

1.1 Materials and measurement

All starting materials were obtained commercially
from Aldrich Chemical Company and used without fur-
ther purification. Elemental analyses (C, H, N, S) were
carried out on a EuroEA3000 element analyzer. IR
spectra were obtained from KBr pellets on a Nicolet
5DX FTIR spectrometer. The crystal data collection
was carried out on a Bruker SMART APEX-1 CCD
diffractometer. The thermogravimetric measurements
were performed on preweighed samples in an oxygen
stream using a Netzsch STA449C apparatus with a
heating rate of 10 “C +min~". And fluorescent data were
collected on a FS920 Spectrofluorometer (Edinburgh
(450 W) and
RR928P photomultiplier for signal detection.

Instruments) with a Xe-CW-source

1.2 Synthesis of [ZnL,(Him),] (1)

A mixture of 4-tolythioacetate acid (0.182 g, 1.0
mmol) and NaOH (0.04 g, 1.0 mmol) in C,H;OH (15
mL) / H,O (5 mL) was stirred for 0.5 h. Zn(OAc),-2H,0
(0.219 g, 1.0 mmol) and imidazole (0.070 g, 1.0 mmol)
were added to the solution. Then the solution was
stirred at room temperature for 2 h, resulting in while
precipitates. The reaction mixture was filtered and well-
shaped colorless crystals of 1 were obtained from the
mother liquor by slow evaporation at room temperature
for several days (yield 48.1% based on 4-tolythioacetate
acid). Ana. Caled. (%) for C»HxN,0,SZn: C 51.11; H
4.65; N 9.93; S 11.37. Found (%): C 51.20; H 4.61; N
10.01; S 11.40.

1.3 Synthesis of [(Cu,L,(phen),(u,-Cl),)-

(Cuy(purL)y(phen),Cl)] (2)

This complex was prepared similarly to complex 1
by using CuCl,-2H,0 (0.169 g, 1.0 mmol) instead of Zn
(OAc),-2H,0, and 1,10-phenanthroline instead of imi-
dazole. Green prism crystals were obtained (yield 62%
based on 4-tolythioacetate acid). Anal. Caled (%) for
CayHegClCuyNgOgS,: C 54.78; H 3.72; N 6.08; S 6.96.
Found (%): C 54.90; H 3.70; N 6.11; S 6.94.

1.4 Structural determination

Crystal data were collected on a Bruker SMART
APEX-1II CCD diffractometer equipped with a graphite
-monochromatized Mo Ka radiation (A=0.071 073 nm)
at 296(2) K. Data intensity was corrected by Lorentz-
polarization factors and empirical absorption. The
structure was solved by direct methods using the
SHELXS-97 program™ and refined by full-matrix least-
squares method on F? using SHELXL-97". All non-
hydrogen atoms were refined anisotropically. The hy-
drogen atoms were generated geometrically. The crystal
data and structure refinement parameters are summa-
rized in Table 1. The selected bond lengths and bond
angles are listed in Table 2. The information of hydro-
gen bond is listed in Table 3.

Table 1 Crystallographic data for complex 1 and 2

Empirical formula CoyHyN4O,S:7Zn
Formula weight 563.98
Crystal system Monoclinic

Space group C2/c

CgHegCliCuyN5OsS,
1841.66
Triclinic

P1
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Continued Table 1

a/ nm

b / nm

¢/ nm

al()

B

¥/ ()

V [/ nm®

A

w/ mm™

F(000)

0 range / (°)

Reflections collected / unique
Observed reflections
Parameters refined
Goodness-of-fit on F
Final R indices [I>20(])]
R indices (all data)
Max., Min. Ap / (e*nm™)

3.101 2(6)
0.578 2(1)
1.463 8(3)

100.962(1)

2.577 0(8)

4

1.152

1168

2.68~27.97

8 348 / 3 076 (R,,=0.023 9)
2154

164

1.061

R=0.033 2, wR=0.086 0
R=0.051 9, wR=0.090 9
409, -275

1.017 09(1)
1.046 42(1)
1.992 02(3)
88.649(1)
84.023(1)
66.699(1)
1.936 25(4)
1

1.394

940
1.03~27.40

25172/ 8 705 (R;,=0.049 0)

7 495
505
1.008

R=0.030 7, wR=0.084 9

R=0.036 7, wR=0.087 7

355, -468

Table 2 Selected bond distances (nm) and bond angles (°)

Complex 1
Zn(1)-0(2) 0.195 9(2) Zn(1)-N(1) 0.199 9(1)
0(2)-Zn(1)-N(1)#1 104.66(6) OQ2)#1-Zn(1)-N(1)#1 121.80(7) 0(2)-Zn(1)-0(2)#1 101.05(9)
O(2)#1-Zn(1)-N(1) 104.66(6) N(1)#1-Zn(1)-N(1) 104.30(9) 0(2)-Zn(1)-N(1) 121.80(7)
Complex 2
Cu(2)-0(4) 0.192 8(1) Cu(2)-N(3) 0.201 8(2) Cu(2)-N(4) 0.202 8(2)
Cu(2)-Cl(2) 0.228 3(1) Cu(2)-Cl(2)#1 0.285 6(1) Cu(1)-0(2) 0.196 6(2)
Cu(1)-0(2)#2 0.243 2(2) Cu(1)-N(1) 0.202 9(3) Cu(1)-N(2) 0.203 2(2)
Cu(1)-CI(1) 0.226 3(1)
0(4)-Cu(2)-N(3) 171.97(6) 0(4)-Cu(2)-C1(2) 93.68(4) N(3)-Cu(2)-C1(2) 94.31(4)
N(4)-Cu(1)-C1(2) 175.70(4) 0(4)-Cu(2)-C1(2)#1 90.43(1) Cl(2)-Cu(2)-C1(2)#1 90.98(2)
0(2)-Cu(1)-N(1) 90.29(6) 0(2)-Cu(1)-N(2) 170.99(6) Cl(1)-Cu(1)-0(2)#1 98.77(4)
0(2)-Cu(1)-CI(1) 95.35(4) N(1)-Cu(1)- Cl(l) 169.68(5) N(2)-Cu(1)-CI(1) 93.66(5)
0(2)-Cu(1)-0(2)#1 75.13(6) N(1)-Cu(1)-O(2)# 91.03(5) N(2)-Cu(1)-0(2)#1 103.73(6)

Symmetry code: (1) #1: —x+1, y, —z+1/2; (2) #1: —x, —y+1, —z+1; #2: —x+1, —y, —.

Table 3 Hydrogen bond distances and bond angles

D-H---A d(D-H) / nm d(H---A) / nm d(D---A) / nm £ (DHA) / (°)
Complex 1
N(2)-H(13)---O(1)#2 0.082(3) 0.195(3) 0.273 4(3) 158(3)
Complex 2
C(18)-H(18)---O(1)#3 0.093 0.238 0.327 5(3) 160.6
C(33)-H(33)---0(3)#4 0.093 0.256 0.344 8(2) 160.6
C(12)-H(12)- - - CI(1)#5 0.093 0.286 0.353 3(2) 130.4
C(32)-H(32)--O(4)#6 0.093 0.264 0348 7(2) 152.1

Symmetry code: (1) #2: —x+1, —y, —z+1; (2) #3: x, y+1, z; #4: x, y—1, z; #5: x—1, y, z; #6: —x—1, —y+1, —z+1.
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2 Results and discussion

2.1 Structure description

The crystal structure of complex 1 is shown in Fig.
1. The center zinc atom is coordinated by two carboxyl
O atoms from different 4-tolythioacetate ligands and two
N atoms from two imidazole molecules in a distorted
tetrahedral geometry with angles around zinc atom in
range from 101.05(9)° to 121.80(7)°. The bond lengths
of Zn(1)-0(2) 0.195 9(2) nm and Zn(1)-N(1) 0.199 9(1)
nm are comparable with those in other Zn(Il) compou-
nds!"2, There is intermolecular N (2)-H (13)--- O (1)#2
(symmetry code: #2: —x+1, —y, —z+1) hydrogen bonding
interaction involving the imidazole nitrogen N (2) and
the corresponding carboxylate oxygen O(1) in neighbor-
ing 4-tolythioacetate with bond length of 0.273 4(3) nm.
It is hydrogen bonds that link these molecules to 1D
chains (Fig.2).

Symmetry operation: #1: —x+1, y, —z+1/2

Fig.1 Molecular structure of complex 1 with ellipsoids
at 30% probability

Symmetry operation: #1: —x+1, y, —z+1/2, #2: —x+1, -y, —z+1,
#3: x, —y, 2=1/2, #4: —x+1, -y, —z, #5: —x, y, z—1

Fig.2 1D chain structure bridged by N-H---O hydrogen
bonds
In complex 2, there are two crystallographically
independent molecules [Cu,l, (phen),Cly] in unit cell,

which labeled as 2a and 2b with different molecule
configuration. A perspective view of two independent
molecules is illustrated in Fig.3 which shows that each
molecule has an inverse centre at the middle of two Cu
atoms. The coordination polyhedron around each Cu(Il)
can be best described as (4+1) distorted square pyramid.
Each Cu(Il) in 2a is coordinated in the equatorial plane
by one carboxylate O atom of 4-tolythioacetate, two N
atoms of phen and one Cl atom, while the axial coordina-
tion site is occupied by one symmetrically related Cl
atom of the other monomeric unit. Comparing with the
reported complex [Cuy([18]py2pz),(u-Cl),Cl,]CL™ with
Cu-CI bond length of 0.302 9(2) nm, the Cu-Cl bond
length of 0.285 6(1) nm in 2a is acceptable. While in 2b,
the carboxylate group of 4-tolythioacetate ligand adopts
bridging monodentate mode and chlorine atom is in the
equatorial plane. Similar as complex 1, hydrogen bonds
play an important role in constructing complex 2. Hy-
drogen bond C—H -+- O assuming of carbon from phen

and oxygen belonging to undentate carboxylate. Studies

Symmetry operation #1: —x+1, —y, —z; #2: —x, —y+1, —z+1

Fig.3 Molecular structure of complex 2 with ellipsoids

at 30% probability
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have revealed that the C---O distance (D) in C=H---O
hydrogen bond is in the range of 0.30~0.40 nm. The C-
H---O angle 6 in the range of 110°~180° is acceptable,
although a linear C—H--- O bond (150°<6<180°) is
structurally more important™. C(33)---O(3)#4 (symme-
try code: #4: x, y—1, z) distance of 0.344 8(2) nm and
C(33)-H(33)---O(3)#4 angle of 160.6° indicate a strong
C-H--- O hydrogen bond to join 2a molecules to 1D
chains and resulting chains are further connected
through C(32)-H(32)---O(4)#6 (symmetry code: #6: —x—
1, =y+1, —z+1) hydrogen bonding interactions. Similar-
ly, 2b molecules are joined by C(18)-H(18)--- O(1)#3
(symmetry code: #3: x, y+1, z) hydrogen bonds to 1D
chains which are further linked via C(12)-H(12)---Cl(2)
#5 (symmetry code: #5: x—1, y, z). All hydrogen bond
distances are summarized in Table 3 and are within the
ranges reported for other structures!™~"". Furthermore,
edge-to-face C—H -+ 7 interactions (H---7 0.271 nm
and C—H---7 167°) are observed between methyl hy-
drogen atoms and the neighboring pyridine rings of
phen ligands, leading to the formation of a 3D super-

molecular network.

Symmetry operation #1: —x+1, —y, —z; #2: —x, —y+1, —z+1, #7: x+

1, y, z, #8: —x+2, —y, —z, #9: x+2, y-1, z—1

Fig.4 3D network of 2 formed by C-H---O, C-H---Cl
hydrogen bonds indicated by dashed lines and
C—H---7r interactions indicated by bold lines,
respectively; And front ellipse balls represent
centroids of the benzene ring (C34-C37/C41/
C42) and the pyridine ring (N2/C16-C20) of
phen ligands

2.2 FTIR spectroscopy

IR spectra show the characteristic bands of the
carboxyl group at 1654, 1 610 em™ and 1 610, 1 580
cm™ for the antisymmetric stretching vibrations, 1450,
1400 ecm™ and 1411, 1 351 em™ for the symmetric
stretching vibrations in complex 1 and 2, respectively.
The separation (A) between v, (CO,) and v, (CO,) of
204 and 199 cm™ indicates the presence of monoden-
tate coordination modes in complex 1 and 2", which is
consistent with the crystal structure determined by X-
ray diffraction. The absence of the expected character-
istic bands at 1 730~1 690 cm™ attributed to the proto-
nated carboxylate groups accounts for the deprotonation
of 4-tolythioacetic acid. The band at 3 440 cm ™' as-
signed to the v (N-H) stretch from the imidazole and
phen ligands, while hydrogen bonding of the type N-H
-0 and C-H --- O is supported by the presence of
broad strong bands centered at 3 200 and 3 000 ¢m™ for
complex 1 and 2. The band around 1 180 em™ can be
assigned to the ¥(C-S-C) stretching vibrations.
2.3 Thermal properties

The TGA curve of complex 1 shows two weight
loss. The first stage of weight loss 56.5% from 200 to
400 °C corresponding to the loss of 4-tolythioacetate
ligands. The second stage is 29.4 % in the temperature
range of 400 to 700 °C described as the release of the
imidazole ligands. The whole weight loss (85.9%) is ac-
cording to the calculated value (85.7%), giving the final
solid product of ZnO. The TGA curve of complex 2
shows one main weight loss from 329 to 637 °C corre-
sponding to the burning of the ligands. The final resid-
uals are CuO. The observed total weight loss of 82.7%
matches with the theoretical one (82.1%).
2.4 Photoluminescent properties

The luminescent properties of 4-tolythioacetic
acid, complex 1 and 2 in the solid state were measured
at ambient temperature. The emission with maximum at
383 and 404 nm were observed for complex 1 as illus-
trated in Fig.5, while no clear photoluminescence was
observed for 4-tolythioacetic acid and complex 2. It is
known, imidazole does not emit any luminescence in
the range of 400~800 nm. So the emissions of 1 may be

due to o-donation from the coordination environments
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of the metal centers and may be assigned to ligand-to-
metal change transfer (LMCT). But the copper ions in 2
quench the fluorescence of the phen ligand which has
the emission bands at 365 nm!"™. This result indicates
that the photoluminescence properties of the metal-or-
ganic complexes depend on the nature of the organic

ligand as well as the metal ions.

383 nm

404 nm

Emission intensity (a.u.)

360 380 400 420 440 460 480 500 520
Wavenumber / nm

Fig.5 Photoluminescent spectra of complex 1 in solid

state at room temperature
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