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Abstract: Two Zn(Il) compounds, [Zn (L),(phen)] -H,0 (1) and {[Zn(L),(bpy)] -2EtOH}, (2) (L=sulfaquinoxaline,
phen =phenanthroline, bpy =4,4" -bipyridine)have been synthesized and characterized by single crystal X-ray

diffraction, thermal analysis, elemental analysis, IR, UV-Vis and fluorescence. Single crystal X-ray diffraction

reveals that complex 1 is a mononuclear structure and complex 2 is one-dimensional structure. Thermal analyses

show that complex 1 and 2 have high thermal stability. CCDC: 991934, 1; 991935, 2.
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0 Introduction

In the field of supramolecular chemistry, great
interest has recently been focused on the crystal
engineering of coordination frameworks due to their

new topologies, intriguing architectures, intertwining
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phenomena,  and  potential  applications  in
microeletronics, nonlinear optics, molecular selection,
ion exchange, and catalysis!™*. Tt has been documented
that the geometries and properties of organic ligands
structural  frameworks of

exert great effect on

supramolecules®™®. As we all know that sulfaquinoxaline
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is not only an excellently versatile ligand but also
widely used in medicine due to their pharmaceutical
properties such as antibacterial” and antitumor'®"!
activity. Sulfonamides belong to one class of synthetic
antibiotics!"¥. They have been widely used for treatment
of many human and animal diseases, such as infectious
diseases of gastrointestinal and respiratory "*'". The
use of metal complexes as pharmaceutical has shown
greal promise in recent years as anticancer agents ™.
For example, Ag(I) coordination compound", Ce(ll)
coordination compound®, Ni(ll) coordination compo-

224 have shown

und® and Cu(Il) coordination compound
higher antimicrobial activity than free ligands. These
findings have aroused considerable interests and much
more effort has been devoted to design and synthesize
new multifunctional coordination compounds. Currently,
the complexes which are formed by sulfaquinoxaline and
transition metals have not been storied. In this paper, we
report the syntheses and crystal structures of two Zn(II)
complexes, namely, [Zn(L),(phen)]-H,0 (1) and {[Zn(L),
(bpy)]-2EtOH}, (2), which characterized by single
crystal X-ray diffraction, powder X-ray diffraction,
thermal analysis, elemental analysis, UV-Vis and

fluorescence.
1 Experimental

1.1 Materials and measurements

All  commercially available chemicals are of
reagent grade and were used as received without
further purification. Elemental analyses (C, H, and N)
EAT110CHNS-0 CE
elemental analyzer. The FTIR spectra were recorded
from KBr pellets in the range of 4 000~400 ¢cm™ on a
Shimadzu FTIR-8900 spectrometer. UV-visible spectra
(190 ~400 nm region) on a TU-1901
UV-Vis spectrophotometer, Beijing pgeneral. Thermal

were  performed

using an

were recorded

analyses were carried out in air atmosphere with a

heating rate of 10 C *min™ on a S II TG/DTA 7300

integration  thermal analyzer. The solid state
fluorescence spectra were measured on F-4600
Fluorescence  spectrophotometer.  Powder  X-ray

diffraction(PXRD) data were collected on a Bruker D8
Focus X-ray diffractometer using Cu Ka; (A=0.154 06

nm) radiation. The calculated PXRD patterns were
produced using the SHELXTL-XPOW program. Single
crystal X-ray diffraction was performed on a Bruker
SMART APEX-II CCD area detector.
1.2 Synthesis of [Zn(L),(phen)]-H,O(1)

The sample of Zn (NOs), +6H,0 (1 mg, 4 pmol),
(26 pg, 4 pmol) and 1,10-
phen (8 g, 4 pmol) were placed in a small vial
including ethanol (0.06 mL) and H,0(0.5 mL). The vial
was sealed and heated to 80 C for two days and

sulfaquinoxaline sodium

thereafter cooled slowly to room temperature, and
yellow bulk crystal was gained (Yield: 27%). Anal.
Caled. (%) for 1 (C,H3N005S,Zn): C 55.72, H 3.74, N
16.24; Found (%): C 54.21, H 3.86, N 17.16. IR (KBr,
cm™): 3 442(m), 1 623(m), 1 596(m), 1 542(m), 1 518
(w), 1 502(w), 1 490(w), 1 465(w), 1 418(s), 1 347 (s),
1328(w), 1 298(m), 1 277(m), 1247(w), 1 183(w), 1 137
(vs), 1 086(vs), 1 037 (w), 1 014 (w), 949 (m), 764 (m),
724(m), 685(vs), 609(s), 543(vs).

1.3 Synthesis of {[Zn(L).(bpy)]-2EtOH}, (2)

A aqueous solution (5.0 mL) of Zn(OAc),-2H,0
(0.022 g, 0.10 mmol) was placed at the bottom of a
glass tube. Ethanol (6.0 mlL) were added slowly in
middle part of glass tube, finally upon which a
solution of sulfaquinoxaline 0.032 g (0.10 mmol) and
0.020 g (0.10 mmol) 4, 4-bpy in ethanol (5.0 mL) was
carefully layered. The glass tube at room temperature
was allowed to stand for 15 days, and the yellow
crystal precipitated in the middle of tube (Yield:
59%). Anal. Caled.(%) for 2 (C,.H N 0065:Zn): C 55.29;
H 4.64; N 15.35; Found (%): C 56.02, H 4.77; N
15.47. IR( KBr, em™): 3 525(m), 3 315(m), 3 195(m),
2 967(w), 1 642(m), 1 597(m), 1 543(m), 1 493 (m),
1 426 (m), 1 352(vs), 1 299(s), 1 287(s), 1 250 (m),
1 217(s), 1 180(m), 1 134(m), 1 086(s), 951 (m), 899
(s), 853(s), 832(s), 817(s), 775(s), 761(s), 733(s), 719
(s), 671(s), 635(w), 613(s), 556(m), 537(m), 510(w).

1.4 X-ray diffraction data collection and
refinement

Crystallographic data for 1 (size: 0.48 mmx0.41
mmx0.34 mm) and 2 (size: 0.48 mmx0.45 mmx0.38
mm) were selected under a Bruker-AXS diffractometer

with graphite monochromated Mo Ko« radiation (A =
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0.710 73nm) for cell determination and subsequent
data collection at room temperature. All absorption
corrections were applied using the ABSCOR (Higashi,
1995) program™®.. The Lp factor and empirical absorption
were performed to correct and store the data and
correct the unit cell parameters by using SAINT and
SMART software™?). The structure was solved by
using direct method and followed by successive
Fourier and difference Fourier syntheses. The metal
atoms were located from the E-maps, and other non-
hydrogen atoms were derived from the successive

difference Fourier synthesis, All non-hydrogen atoms

were refined with anisotropic displacement parameters
by full-matrix least-squares technique. All hydrogen
atoms were placed geometrically and were refined in a
riding-model approximation. The structure were refined
on F? by full-matrix least-square using SHELX-97
programs package™. The crystallographic data as well
as details of the data collection and refinement for
complexes 1 and 2 were listed in Table 1, the
selected bond lengths and bond angles in Table 2 and
hydrogen bond lengths and bond angles in Table 3.
CCDC: 991934, 1; 991935, 2.

Table 1 Crystal data and structure refinement for complexes 1 and 2

Empirical formula

CsoHeN2O0oS4Zn, (1)

CoHaNOS:Zn (2)

Formula weight 1 706.55 912.39

Crystal system Monoclinic Monoclinic
Space group P2)/c C2/c

a/nm 1.699 6(3) 2.681 7(9)

b/ nm 1.066 83(18) 1.138 5(4)

¢/ nm 2.087 3(4) 1.697 2(6)
B 100.703(2) 126.553(3)
Volume / nm* 3.718 §(11) 4.163(2)

A 2 4

D,/ (g-em™) 1.526 1.456
Absorption coefficient / mm™ 0.833 0.752

h, k, [ range -22~21, -13~13, -26~26 —-34~33, —14~14, -22~22
F(000) 1760 1 896
Reflections collected 31771 17 742
Reflections unique 8 441 4 816

0 range for data collection / (°) 1.99 to 27.46 2.40 to 27.51
Completeness / % 99.3(6=27.46°) 99.7(6=27.57°)
R, 0.050 5 0.050 9

Data / restraints / parameters 8441 /22 /402 4805 /0/279
Goodness of fit on F? 1.099 1.023

Final R indices (I>20(]))
R indices (all data)

Largest diff. peak and hole / (e-nm™)

R=0.100 8, wR,=0.281 0
R=0.161 7, wR,=0.327 2
1 646 and -1 528

R,=0.037 7, wR,=0.106 2
R=0.046 3, wR,=0.113 9
419 and -420

Table 2 Selected bond lengths (nm) and bond angles () for complexes 1 and 2

Complex 1
Zn(1)-N(10) 0.210 44(7) Zn(1)-N(1) 0.211 41(8) Zn(1)-N(9) 0.211 71(8)
Zn(1)-N(6) 0.215 10(8) Zn(1)-N(5) 0.229 91(8) 7Zn(1)-N(2) 0.234 67(7)
N(10)-Zn(1)-N(1) 105.72(3) N(10)-Zn(1)-N(9) 79.06(2) N(1)-Zn(1)-N(9) 101.35(3)
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Continued Table 2
N(10)-Zn(1)-N(6) 99.29(3) N(1)-Zn(1)-N(6) 103.89(3) N(9)-Zn(1)-N(6) 154.13(4)
N(10)-Zn(1)-N(5) 97.37(3) N(1)-Zn(1)-N(5) 153.91(3) N©9)-Zn(1)-N(5) 94.73(3)
N(6)-Zn(1)-N(5) 59.672(18) N(10)-Zn(1)-N(2) 162.11(4) N(1)Zn(1)-N(2) 59.950(17)
N©9)-Zn(1)-N©2) 92.79(3) N(6)-Zn(1)-N(2) 94.93(3) N(5)Zn(1)-N(2) 99.18(3)
Complex 2
Zn(1)-N(5) 0214 7(2) Zn(1)-N(6) 0215 2(2) Zn(1)-N©2) 0.2178 9(17)
Zn(1)-NQ)i 0.217 89(17) Zn(1)-N@3) 0.227 87(17) Zn(1)-N@3) 0.227 87(18)
N(5)-Zn(1)-N(6) 180.0 N(5)-Zn(1)-N©2) 92.03(4) N(6)-Zn(1)-N(2) 87.97(4)
N(5)-Zn(1)-N2) 92.03(4) N(6)-Zn(1)-N2) 87.97(4) N2)-Zn(1)-N2) 175.94(8)
N(5)-Zn(1)-N(3) 86.01(4) N(6)-Zn(1)-N(3) 93.99(4) N(2)-Zn(1)-N3) 60.38(7)
NQ#-Zn(1)-N(3) 119.94(7) N(5)-Zn(1)-N(3) 86.01(4) N(6)-Zn(1)-N(3) 93.99(4)
N@)-Zn(1)-N3) 119.94(7) NQ)#1-Zn(1)-NG3) 60.38(7) N(3)-Zn(1)-N(3) 172.01(7)
Symmetry codes: ' 1-x, v, 1/2-z; " x, y—1, z; " &, y+1, z for 2
Table 3 Hydrogen bond lengths (nm) and bond angles (°) for complexes 1 and 2
D-H---A d(D-H) dH---A) d(D---A) / DHA
Complex 1
N4-H4A---N4» 0.085 98 0.237 93 0.276 2(17) 107.49
05-H5A---02' 0.094 29 0.158 34 0.247 3(17) 155.71
C13-H13---5" 0.093 09 0.251 28 0.328 3(13) 140.20
C37-H37---04" 0.092 90 0.259 39 0.338 8(11) 143.75
Complex 2
NI1-H1B--- N4 0.086 04 0.218 44 0.303 6(5) 170.36
N1-H1C---O3¥ 0.085 97 0.231 33 0.308 8(6) 150.01
C13-H13---02* 0.092 96 0.253 06 0.343 1(4) 163.14
Symmetry codes: ™ 1-x, 1=y, —z; “x, =1+y, z; ¥ 1-x, —y, —z; " 1-w, 1/2+y, 1/2—z for 1; ™ 1/2-x, =1/2—y, 1/2—z; * 1 —z; Y 1w, v,

1/2-z for 2

2 Results and discussion

2.1 Crystal and molecular structures
2.1.1  Structure description for complex 1
Single-crystal X-ray diffraction analysis reveals
that complex 1 is mononuclear structure crystallizes in
the monoclinic with space group P2/c and Z=4, the
asymmetric unit of complex 1 contains one zinc ion,
one 1,10-phen, two sulfaquinoxalinum ligands and one
free water molecules. The local coordination
environment of around Zn(Il) ion is shown in Fig.1, in
which Zn () exhibits six-coordinated octahedral
distortion coordination geometry, of which four

nitrogen atoms from two sulfaquinoxalinum ligands

Fig.1

Hydrogen atoms are omitted for clarity

Coordination environment of metal ion in 1 with

thermal ellipsoids at 30% probability
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(N1, N2, N5, N6) and two nitrogen atoms from 1,10-
phen ligand (N9, N10) with Zn-N distance from
0.210 44(7) to 0.234 67(7) nm™. As showed in Fig.2,
the N4 from sulfaquinoxalinum acts as hydrogen-bond
donor, contributing an H atom to amine atom N4 of
the other sulfaquinoxalinum forming N4-H4A --- N4™;
the water molecule serves as hydrogen-bond donor to
atom 02", forming O5-H5A --- 02 the benzene rings

acts as the donors, contributing the H atoms to the O
atoms of water molecules forming C13-H13---05" and
C37-H37---04". Through 7r---7r stacking (d=0.398 4
nm) and hydrogen bond interactions (d(N4---N4")=
0.277 06 nm, d(05---02%)=0.250 70 nm, Symmetry
code: ¥ 1—x, 1-y, —z, " x, =1+y, 2,7 1 —x, —y, =z, " 1 -,
1/2+y, 1/2-2)*, the complex 1 extends into a network
structure(Fig.3).

Only H atoms involved in hydrogen bonging are shown; Symmetry code: ™ 1-x, 1-y, —z; *x,— 14y, z; " 1-x, =y, —z; " 1-x, 1/2+y, 1/2—z

Fig.2 A view of the N-H---N and C-H---O interactions(dashed lines) in 1

Fig.3 A view of packing framework in 1

2.1.2  Structure description for complex 2

Single crystal X-ray diffraction analysis reveals
that complex 2 has a one-dimensional chain structure.
It crystallizes in the monoclinic system with space
group C2/c. The asymmetric unit consists of one Zn(Il),
one 4,4’ -bpy, two sulfaquinoxalinum ligands and two
coordination

free ethanol molecules. The local

environment of around zinc ion is shown in Fig.3, in

which Zn(Il)

distortion coordination geometry with four nitrogen

exhibits  six-coordinated octahedral
atoms from two sulfaquinoxalinum ligands (N2, N3,
N2, N3) and two nitrogen atoms from two different
44" -bpy ligand (N5, N6). The Zn-N distance ranges
from 0.214 7(2) to 0.227 87(18) nm. The structure
extends into one-dimensional chain by bridging of 4,4’

-bpy ligand with the adjacent Zn (II) distance of
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1.138 5 nm (Fig.4). Different kinds of hydrogen bonds
(Fig.5). The

benzene ring of sulfaquinoxalinum acts as a hydrogen-

can be observed in the structure of 2

bond donor, contributing an H atom to O2 of the other
sulfaquinoxalinum forming C13-H13 --- 02* hydrogen-
bonding interaction. The N1-H1 from sulfaquinoxalinum
and N4 from the neighboring sulfaquinoxalinum ligand

form the N1-HI --- N4 hydrogen-bonding interaction.

The ethanol molecule serves as the hydrogen-bond
receptor, accepting H atoms from amine atom NI
forming N1-H1C --- O3™ hydrogen-bonding interaction
(Table 3). The structural units further extend into a
two-dimensional hydrogen-bonding network (Fig.6).
2.2 Powder X-ray diffraction analysis

In an attempt to confirm the homogeneity of the

synthesized material, we have analyzed the PXRD

Hydrogen atoms were omitted for clarity, Symmetry code: "1-x, y, 1/2-z; x, y=1, z; " x, y+1, z

Fig.4 Coordination environment of metal ion in 2 with thermal ellipsoids at 30% probability

&% HIB_ A
1

oo
o C:)

CS N1

& L 02 HIBL ¢

Only H atoms involved in hydrogen bonging are shown; Symmetry code: ¥ 1/2—x, —1/2—y, 1/2-z; *1-x, —y, 1-z; * 1-x, v, 1/2—2

Fig.5 A view of the N-H---N, N-H---O and C-H---O interactions(dashed lines) in 2

Fig.6 A view of 2D chain structure of complex 2
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simulated of 1

10 ' 20 ' 310 4b 50
20/
Fig.7 Experimental and simulated powder XRD

patterns of 1

simulated of 2

10 20 30 40 50
20/ (°)

Fig.8 Experimental and simulated powder XRD
patterns of 2

pattern of the complex and correlated the results with
the simulated powder pattern obtained from the single
crystal data of complex 1 and 2. As depicted in Fig.5
and Fig.6, the basic feature peaks of the PXRD
patterns resemble the simulated from single crystal
data for the complex, indicating that the bulk products
obtained are homogenous for complex 1 and 2,
respectively.
2.3 UV-Vis absorption and fluorescent spectra
The UV-Vis absorption spectra of compound 1
and 2 are shown in Fig.9 and Fig.10 and, respectively.
The UV-Vis absorption of phen is at 230, 264 and
347 nm, and the UV-Vis

sulfaquinoxalinum is at 230 and 260 nm. Therefore,

absorption  of

the high-energy peaks of 227 and 266 nm in 1 could

come from fluorescent emissions of the phen, and

3.0

2.54

2.0

phen

Absorbance / a.u.

sulfaquinoxaline

200 250 300 350 400 450 500
Wavelength / nm
Fig.9 UV-Vis absorption spectra of compound 1, phen
and sulfaquinoxaline in the dichloromethane at

room temperature

2.0

—_
wn
L

—
(=}
L

sulfaquinoxaline

I
[

Absorbance / a.u.

=
=)

200 250 300 350 400 450 500
Wavelength / nm

Fig.10  UV-Vis absorption spectra of compound 2, bpy
and sulfaquinoxaline in the tetrahydrofuran

solution at room temperature

peak of 366 nm from the fluorescent emissions of
sulfaquinoxalinum ligand (Fig.9). The UV-Vis absorp-
tion of the compounds 2 is an overlay enhancement
from the UV-Vis absorption of the bpy and the
sulfaquinoxalinum ligands because these ligands have
similar absorption bond (Fig.10).
2.4 Fluorescent emission

Previous studies have shown that compounds
containing zinc could exhibit fine photoluminescent

B The solid-state fluorescent spectra of 1

properties
and 2 at room temperature are displayed in Fig.11
and Fig.12, respectively. The phen shows the strong
emission peaks at 361 and 379 nm upon the
excitation at 400 nm and the free sulfaquinoxaline
shows the strong emission peak at 448 nm upon the

excitation at 419 nm. Compound 1 displays the strong
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phen

350 400 450 500 550 600 650 700 750 800
Wavelength / nm

Fig.11  Fluorescent spectra of 1 (A.,=423 nm), phen

(A4=400 nm) and sulfaquinoxaline(A =419 nm)

sulfaquinoxaline

bpy

450 500 550 600 650 700
Wavelength / nm

Fig.12  Fluorescent spectra of 2 (A,=400 nm), bpy
(A=342 nm) and sulfaquinoxaline(A =419 nm)

emission peak at 542 nm, which may originate from
the radiative transition of ligand-to-metal or metal-to-
ligand charge transfer emission.

The bpy shows the strong peak at 468 nm upon
the excitation at 400 nm. In comparison, compound 2
displays the similarly fluorescent emission peak 469
nm, which is attributed to that the sulfaquinoxaline
has no effect on the interaction between the metal and
the ligand™.
2.5 Thermal analysis

Thermal analyses are conducted to determine the
thermal stability of the title complexes, which is an
important aspect for coordination compounds ™. As
shown in Fig.13, The DTA curve of 1 shows two weak
endothermic peaks and one strong exothermic peak
centered at 233,510 and 677 C , respectively,
corresponding to the physical or chemical reactions®™,
The first weight loss of 1.9% (Caled. 2%) corresponds

Weight / %

200 400 600 800
Temperature / ‘C

Fig.13  TG-DTA curve of compound 1

DTA /pA

- -20

200 400 600 800
Temperature / 'C

Fig.14 TG-DTA curve of compound 2

to removal of one water molecule from room
temperature to 289 °C. The second sharp weight loss
of 33.5% (Caled. 34.83%) corresponds to removal of
one sulfaquinoxaline molecule per formula unit from
289 °C to 418 °C, which exhibits that the framework
stability of 1 is up to 289 °C, the third sharp weight
loss of 55.5% (Calced. 55.73%) corresponds to removal
of one sulfaquinoxaline and one phen molecule per
formula unit from 418 °C to 774 C . The final
presumably is ZnO (Obsd.
10.14%, Caled. 8.9%, based on the remaining mass)
upon 774 °C.

Similarly, the DTA curve of 2 shows two weak

decomposed  product

endothermic peaks and one strong exothermic peak
centered at 240, 493 and 607 °C, respectively (Fig.
14). The first drop of weight is observed from 153 to
231 °C, with a weight loss of 9.3% (Caled. 10.1%)
corresponding to elimination of two EtOH molecule.
The second sharp drop of weight is observed from 231
to 485 C, with a weight loss of 49.4% (Calcd. 50%)
corresponding to elimination of one bpy molecule and

one sulfaquinoxaline per formula unit, which indicates
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the stability of the framework of 2 up to 231 “C. The
third sharp weight decrease of 31.6% (Calcd. 32.9%)
upon 485 °C can be attributed to loss of the other
sulfaquinoxaline ligand per formula unit in 2. The
final decomposed product presumably is ZnO (Obsd.
9.7%, Caled. 8.9 %, based on the remaining mass)
upon 683 C.

3 Conclusions

In this paper, two Zn(ll) complexes derived from

sulfaquinoxaline  have  been  synthesized and

characterized. TGA show high thermal stabilities of
the frameworks for 1 and 2. The fluorescence shows
that the complexes 1 and 2 have photoluminescent
properties. This work may provide useful information

to assemble new luminescent materials.
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