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Two new one-dimensional coordination polymers of barium(Il) and strontium(ll)-acesulfamato
complexes such as [Ba(C4H;NO,S)»(H,0)], (1) and [Sr(C4HsNO,S)»(H,0)], (2) have been synthesized
and their molecular structures were identified by X-ray diffraction technique. Both barium(I1) and stronti-
um(Il) complexes crystallize in the centrosymmetric monoclinic space group P12,/c1 and barium(Il) and
strontium(11) ions, which are surrounded by O- and N-atoms, have the coordination number of nine. Each
complex forms a structure like a polymer extending parallel to the a-axis. The molecular structures of
those complexes were stabilized by O—H---O and C—H---O hydrogen bonds.

Besides identifying their crystallographic structures, the geometric parameters were also calculated
using density functional theory (B3LYP) with 6-31G base sets for the asymmetric units of the complexes.
The calculated geometrical parameters were also compared to the geometric parameters of X-ray diffrac-
tion technique. Furthermore, molecular electrostatic potential maps were constructed and frontier molecu-
lar orbital calculations were done for the synthesized complexes. The results of the experimental and the-
oretical IR studies were also compared.

Keywords: acesulfamato ligand; barium(Il) complex; strontium(Il) complex;
density functional theory

EKCIHEPUMEHTAJIHU U TEOPETCKH (DFT) HCTPA’KYBAIA HA KOMIIJIEKCH
HA NOJIU[OKTA-u;-AHECYJI®AMATO-0,0:N,0;0',N:0,0-TETPAAKBATETPABAPUYM(I1)]
U NOJIM[OKTA-u3-AHECYJIPAMATO-0,0:N,0’;0’,N:0,0-TETPAAKBATETPACTPOHLUUYM(I1)]

Co moMomr Ha peHAreHcka audpakiija ce€ CHHTETU3MPAHU W ONPEISICHH MOJIEKYJIICKUTE
CTPYKTYpH Ha JBa HOBU €JHOJMMEH3HOHAJIHU KOODJMHALMOHU TIOJIMMEPH Ha KOMIUIEKCUTE Ha
Gapuym(Il)-  u  crponmuym(Il)-anecynpamarn  ox  tmmor  [Ba(C,H4NO,S),(H,0)], (1) w
[Sr(C4H4NO,S)2(H,0)]n (2). Kommekcure wa Gapuym(ll) m crponmmym(ll) kpucramusupaar Bo
[ICHTPOCHMETPUYHATA MOHOKIMHWYHA TpocTopHa rTpyma Pl12)/cl, u jomure Ha Oapuym(ll) wu
crpouruyM(l1) jonure, xou ce onkpyxenu co O- u N-aromu, nMaaT KoopauHaTeH Opoj aeser. Cexoj o
KOMIUIEKCUTE (popMHpa MOIMMEPHA CTPYKTypa KOja Ce MPOCTHpa HAJ0IK OcKara a. MOJIEKYJICKHUTE
CTPYKTYpPH Ha OBHE KOMIUIEKCH C€ CTa0MIM3MpaHu co Bojaopoanu Bpcku on tunor O-H---O and C-

[Tokpaj ompexnenyBame Ha HUBHUTE KPUCTAIHU CTPYKTYPH, NPECMETaHW CE€ M T€OMETPHCKHUTE
rapaMeTpy co TOMOII Ha Teopujara 3a (YHKIHMOHANI Ha ejeKTpoHckara ryctuHa (B3LYP), kopucrejku
6azucHu ceroBu 6-31G 3a acHUMETpUYHHMTE €IMHKM BO KOMJIEKcUTe. [IpecMeTaHuTe T'eOMEeTPHCKU

t Dedicated to Academician Gligor Jovanovski on the occasion of his 70" birthday.
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rapaMeTpu ce€ CHOPEAEHH CO COOJBETHHTE MOJATOLM JOOMEHM CO pEeHAreHcKa audpaknuja.
KoHcTpynpaHnu ce, MCTO Taka, U MallH Ha €JIEKTPOCTATCKUTE MOTEHIM]aJIH, a HAIIPABEHH CE U IPECMETKH
32 MOJICKYJICKUTE OpOWTall 3a CHHTCTH3MPAaHUTE KOMIUIEKCH. CIIOpeneHH ceé M EKCHEpHMEHTAIHUTE
pe3ynTaTu o U3ydyBamaTa Ha HH(PALPBEHUTE CIEKTPH CO OHHE TOOHEHH 10 TEOPETCKH TIaT.

Kayunu 300poBu: anecyndamartomurans; 6apuym(1l)-kommiexc; crpormmym(1l)-komimiekc;

TeopHjara 3a GYHKIHOHAI Ha eJIEKTPOHCKATa T'yCTHHA

1. INTRODUCTION

Acesulfame is a non-nutritive sweetener and
is consumed since 1988, the year it was discov-
ered. It is not digested or accumulated or changed
in the human metabolism and is quickly excreted
from the body [1]. While some ammonium-acesul-
fame compounds display acute oral toxicities, de-
terrent activity and skin irritation [2], choline
acesulfamate is known having low toxicity [3]. In
addition to biological importance of acesulfame, its
coordination properties are important because
acesulfame has potential donor atoms forming
coordination bonds with metal ions [4].

In recent years, metal-organic frameworks
(MOFs) or coordination polymers have attracted
much attention because of their topology and po-
tential applications in catalysis, absorption (gas
storage), separation, luminescence, magnetism and
drug delivery abilities [5-12].

The chemistry of the s-block elements is
very interesting and they are preferred to transition
or lanthanide metal ions, because s-block ions are
generally non-toxic, inexpensive and soluble in
aqueous media [5, 6]. Barium, being an s-block
element, does not exist in nature in its elemental
form, but it is present as divalent cations in combi-
nation with other elements [16]. Barium sulfate,
which is an insoluble salt, is used as an enteric
contrast agent for magnetic resonance studies [14,
15]. Strontium is also an alkaline earth metal,
which in nature appears mainly as SrSO,4 or SrCO;
[13]. Both, BaSO, and SrSQO,, exist also as bio-
minerals in some marine species [16]. Besides, low
doses of stable strontium have beneficial effect for
treatment of osteoporosis [17-18]. In this paper
properties of barium(ll) and strontium(Il) acesul-
famate complexes forming 1D coordination poly-
mers, are reported.

1.1. General methods

The IR spectra of the title compounds were
recorded between 4000 — 400 cm* with a Bruker

Vertex 80V FT-IR spectrometer using KBr pellets.
Single-crystal X-ray data were collected on a Stoe
IPDS 11 [19] single crystal diffractometer employ-
ing monochromated MoKa radiation at 296 K. X-
AREA [19] and X-RED [19] programs were used
to cell refinement and data reduction respectively.
SHELXS-97 [20] and SHELXL-97 [20] programs
were used to solve and refine the structures re-
spectively. ORTEP-3 for Windows [21] and Mer-
cury [22] were used to prepare the figures. WinGX
[23] and PLATON [24] software were used to
prepare material for publication.

H9A and H9B atoms, given in Section 3, be-
long to both barium(ll) and strontium(ll) com-
plexes and are located in a difference map and
refined isotropically, but O9—H9A and O9—H9B
bond distances were restrained as 0.82 (1) A for
the strontium(Il) complex. The other H atoms at-
tached to C atoms were positioned geometrically
[C—H=0.930 A and 0.960 A] and refined using a
riding model Ujso(H)=1.2U¢,(C) and 1.5U,4(C).

1.2. Synthesis

A 50 ml of hot aqueous solution (60 °C) of
acesulfame potassium salt (0.04 mol, 8.05 g) was
gradually added to a 50 ml of hot stirred solution
of barium perchlorate (Ba(ClO,),) (0.02 mol, 6.72
g). The mixture was further stirred on a hot plate at
70 °C up to dryness. The formed complex sepa-
rated from the resulting precipitate by absolute
ethanol extraction where KCIQy, is not soluble. The
final ethanolic solution was allowed to evaporate at
room temperature for a few days and the x-ray
quality crystals of compound 1 were obtained
(yield 87%).

For compound 2, the procedure was exactly
the same except a 50 ml of strontium perchlorate
(Sr(Cl0Qy),) (0.02 mol, 5.73 g) solution was used.
The x-ray quality crystals of compound 2 were
obtained with the same procedure used for com-
pound 1.

The crystal data of the complexes are given
in Table 1.
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Tablel
Crystal data and structure refinement
Formula [Ba(C4H4sNO,S),(H,0)] [Sr(C4H4NO,S),(H,0)]
Crystal system Monoclinic Monoclinic
Color / shape Colorless / Block Colorless / Prism
Temperature 296 K 296 K
Space group P12,/c1 P12,/c1

Unit cell dimensions

Volume

z

Density (calculated)
Wavelength

Reflections collected
Independent reflections
Absorption coefficient ()
Crystal size (mm)
Absorption correction
Data / parameters
Goodness-of-fit on F?

6 ranges/ (°)

h/k/l

Final R indices [I>26(1)]
Largest diff. peak and hole

a=82223(3)A

b = 18.9945 (6) A
c=11.7819 (4) A

£ =123.902 (2)°
1527.25 (9) A®

4

2.086 Mg m®

0.71073 A

21747

3006

2.92 mm*
0.470x0.350%0.240
Integration X-RED
3006 / 209

1.1240

2.08-27.31
-10,10/-23,23/-14, 14
Rl = 0023, WR2 =0.054
0.41 ¢.A3, -0.79 c. A7

a=79784 (5 A
b=18.6171 (8) A
c=11.5494 (7) A

[ =123.423 (4)°
1431.79 (45) A°

4

1.99 Mg m3

0.71073 A

9025

2809

411 mm™
0.780%0.487x0.270
Integration X-RED
2809 / 209

1.0580

2.11-27.29
-9,9/-22,22/-14,13
Ry =0.036, wR, = 0.091
0.58 e.A% —0.61eA

2. THEORETICAL STUDY

Geometrical parameters were calculated by
using the Gaussian 03 program package [25] and
B3LYP (Becke’s three parameter hybrid functional
using the LYP correlation functional) approach in
conjunction with the 6-31G(d,p) basis set. Initial
values for the modeling were obtained from the x-
ray data.

For the harmonic vibrational frequencies,
the same process given above was used for finding
the optimized structure. The obtained frequencies
were scaled by 0.9627 [26]. The vibrational bands
were assigned by using the Gauss-View molecular
visualization program [27].

The molecular electrostatic potential V(r), at
a given point r(x,y,z), in the vicinity of a molecule
is defined in terms of the interaction energy be-
tween the electrical charge generated by the mole-
cule’s electrons and nuclei and a positive test
charge (a proton) located at r. The V(r) values were
calculated for the system studied as described pre-
viously using the Equation 1 [28],

V(r) = Z\R - Ip(r) (1)

(=
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where Z, is the charge of nucleus A located at
R,., p(r') is the electronic density function of the
molecule and r' is the dummy integration variable.

3. RESULTS AND DISCUSSION

3.1. Crystallographic results

Poly[octa-us-acesulfamato-O,0:N,0";0’,N:O,
O-tetraaquatetrabarium(l)] and poly[octa-us-ace-
sulfamato-O,0:N,0";0’,N:0,O-tetraaquatetrastronti-
um(ll)] complexes crystalize in centrosymmetric
monoclinic space group P12,/cl. The crystal struc-
tures are 1D coordination polymers and can be
formulated as [Ba(acs),H,0], and [Sr(acs),H.0O],
(acs = acesulfame). In the literature, only 2D coor-
dination polymer of acesulfame has been reported
so far [29]. In the crystal structure, barium(ll) and
strontium(I1) ions, which lie along a-axis and link
acesulfamato ligands and barium(Il) or stronti-
um(ll) ions, are bonded to two N-, four Ocarbonyi-,
two Ogyironyi-atoms of acesulfamato ligands and one
O-atom of aqua ligand. The crystal structures have
two barium(l1) and two strontium(I1) centers along
the a-axis and 1D polymer chains lay along the a-
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axis. The two crystal structures are similar with the
exception of metal ions. The Ba---Ba distances
along the a-axis were found as 4.466 A, and 4.473
A and Sr---Sr distances were found as 4.289 A and
4.334 A. As can be seen in Figure 1, metal ions
bond to two different acesulfamato ligands in
asymmetric unit and the bond distances for these
acesulfamato ligands are close to each other. Addi-
tionally, the dihedral angles between these acesul-
famato ligands are 0.64 (17)° for barium(Il) com-
plex and 0.61 (18)° for strontium(ll) complex. The
theoretical values of these angles were found
64.62° for barium(ll) complex and 76.03° for
strontium(I1l) complex.

o7

Fig. 1. The asymmetric unit of the barium(ll) complex,
showing the atomic numbering scheme. Displacement
ellipsoids are drawn at the 50% probability level

The S—O bond distances of the barium(Il)
and strontium(ll) complexes were found to be
1.429 (2) A and 1.432 (3) A for O1—S1; 1.424 (2)
A and 1.427 (2) A for 05—S2; 1.415(2) A and
1.417 (3) A for 02—S1; 1.414 (2) A and 1.423 (3)
A for 06—S2; 1.611(3) A and 1.610 (3) A for
03—S1; 1.613 (2) A and 1.614 (3) A for 07—S2,
respectively. If the carbonyl groups are considered,
Cl1—04 and C5—08 are 1.256(3) A and
1.253 (4) A for barium(Il) complex, 1.256 (4) A
and 1.245 (4) A for strontium(1l) complex, respec-
tively. Some C—O bond distances for crystal
structures which contain acesulfamate have been

reported for [Cu(CsH4NO,S),(CeH1sN,),] and
[Zn(C6H14N2)2(H20)2](C4H4NO4S)22H20 [30] [eg
C7—03 and C7—O05 are 1.239(3) A and
1.251 (3) A}, for [Ni(acs)2(H.0).] [4] [e.9. C1—
Ol is 1258(2) A], for [Cdz(C4H4NO4S)2(C6H7N)g]
[31] [e.g. C13—04 and C17—O5 are 1.244 (4) A
and 1.254 (3) A], for [Cu(C4H4NO,S)2(C4H5N3);]
[32] [eg. C1—O1 is 1274 (2) A], for
[Co(C4H4NO,S),(H0)4] [33] [e.g. C1—O1 is
1.251 (3) A], for [K,[PtCl,L;] [34] [e.g. C1—O4 is
1.221 (5) A], for K,[PtCl,(ace),] [35] [e.g. C1—O2
is 1.219 (5) A], for [Ca,(acs),(H,0).(acs)s], [29]
[e.g. C4—0O7 is 1.255(2) A]. In the molecules,
Ba—O and Sr—O bond distances are 2.750 (3) A
and 2.616 (3) A for the aqua ligand; 2.927 (2) A,
2.976 (2) A and 2.819 (3) A, 2.906 (3) A for the
carboxylate, respectively. Bal—N1 and Bal—N2
bond distances are 2.928 (2) A and 2.949 (2) A,
respectively. Sr1—N1 and Sr1—N2 bond dis-
tances are 2.760 (3) A and 2.770 (3) A, respec-
tively. As can be seen in Table 3, the bond dis-
tances between strontium and other atoms are not
as long as bond distances between barium and
other atoms. Since the electronic radius of the
strontium is less than the electronic radius of the
barium, this situation is predictable. The bond dis-
tances between Ba(ll) ion and other atoms are
2.745(2) A for Bal—O1" [(i)) —X, -y, —z+1)],
2.6788 (19) A for Bal—04' [(i) —x+1, —y, —z+1],
2.759 (2) A for Bal—O5' [(i) —x+1, -y, —z+1],
2.682 (2) A for Bal—08" [(ii) —x, -y, —z+1)].
Similarly, the bond distances between strontium(I1)
and other atoms are 2.581 (3) for Sr1—O1" [(i) —,
—y+1, —7], 2.513 (2) for Sr1—04" [(ii) —x+1, —y+1,
-z], 2.586 (2) for Sr1—O5" [(ii) —x+1, —y+1, —Z],
2.508 (2) for Sr1—08' [(i) —x, -y+1, —z].

1D polymeric chain structures of the complexes
can be seen in Figure 2. In the molecule, barium(ll)
and strontium(Il) ions, which bonded in the same
way, have the coordination number of nine.

The crystal structure of barium(ll) complex
has O9—H9A---06, 09—H9B---0O2 and C8—
H8B---O5 hydrogen bonds between chains, which
extend along [100] direction and the geometric
parameters belong to these hydrogen bonds are
given in Table 2a. Similarly, the strontium(ll)
complex has the same hydrogen bonds with bar-
ium(I1) complex and these hydrogen bonds present
in the same part of the molecules. Moreover, the
crystal structure of the strontium(Il) complex has
also C2—H2---O2 hydrogen bond. The detailed
geometric parameters of these hydrogen bonds are
given in Table 2b.

Maced. J. Chem. Chem. Eng. 34 (1), 105-114 (2015)
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Fig. 2. 1D chain structure of the barium(l1) complex

Table 2a
Hydrogen-bond geometry for barium(l1) complex (4, °)
D—H: - A D—H H A D---A D—H- - A
09—H9A---06' 0.73 (6) 2.20 (6) 2.851 (4) 150 (6)
09—H9B---O2" 0.72 (5) 2.23 (5) 2.916 (4) 159 (5)
C8—HB8A:--05' 0.96 2.48 3.379 (5) 155
Symmetry codes: (i) —x+1, y+1/2, —z+3/2; (ii) x+1, y, z+1; (iii) x—1, —y—1/2, z-1/2.
Table 2b
Hydrogen-bond geometry for strontium(l1) complex (4, °)
D—H A D—H H A DA D—H- - A
09—H9A---06' 0.82 (1) 2.23 (4) 2.925 (4) 143 (6)
09—H9B---02" 0.82 (1) 2.34 (4) 3.034 (4) 143 (6)
C8—HBA---05" 0.96 2.42 3.287 (5) 150
C2—H2---02" 0.93 2.42 3.287 (5) 150

Symmetry codes: (i) —x+1, y—1/2, —z+1/2; (ii) x+1, y, z+1; (iil) =X, —y+1, —z—1; (iv) x—1, —y+3/2, z-1/2.

3.2. Theoretical results

The obtained theoretical value of C3—03
bond distance for barium(ll) complex is closer to
the experimental value than the other bond distances
and both experimental and calculated values of this
bond are 1.386 (4) A and 1.3841 A, respectively.
The least difference between theoretical and ex-
perimental values for strontium(ll) complex was
obtained for C1—C2 bond distance with 0.0002 A
difference. The biggest difference between ex-

Maced. J. Chem. Chem. Eng. 34 (1), 105-114 (2015)

perimental and theoretical values for both com-
pound 1 and compound 2 was found in O3—S1
bond. The experimental and theoretical values for
this bond distance are 1.611 (3) A, 1.9061 A for
compound 1 and 1.610 (3) A, 1.9057 A for com-
pound 2, respectively. When the experimental and
theoretical bond distances were compared, theo-
retical values are more inconsistent with the ex-
perimental values for the O—S bonds than the other
bond distances. The experimental and theoretical
bond distances of complexes are given in Table 3.
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Table 3

Some selected bond distances of the barium(I1) and strontium(I1) complexes (A) (M=Ba (11), Sr (11)).

Compound 1 Compound 2
Atoms X-ray B3LYP/6-31G(d,p) X-ray B3LYP/6-31G(d,p)
c1—C2 1.450 (4) 1.4561 1.453 (5) 1.4528
C5—C6 1.453 (4) 1.4562 1.455 (5) 1.4528
Cc2—C3 1.325 (4) 1.3686 1.329 (5) 1.369
C6—C7 1.317 (5) 1.3686 1.323 (5) 1.369
C3—C4 1.483 (5) 1.5049 1.474 (5) 1.5047
C7—Cs8 1.486 (5) 1.5048 1.482 (5) 1.5047
C1—N1 1.349 (4) 1.3941 1.347 (4) 1.3929
C5—N2 1.353 (3) 1.3941 1.356 (4) 1.393
C1—04 1.256 (3) 1.2917 1.256 (4) 1.2942
C5—08 1.253 (4) 1.2916 1.245 (4) 1.2942
C3—03 1.386 (4) 1.3841 1.391 (4) 1.3834
Cc7—o7 1.381 (4) 1.3844 1.389 (4) 1.3834
N1—S1 1.567 (2) 1.7423 1.571 (3) 1.7419
N2—S2 1.555 (2) 1.7419 1.565 (3) 1.7421
01—sSs1 1.429 (2) 1.6201 1.432 (3) 1.6212
05—S2 1.424 (2) 1.6054 1.427 (2) 1.6036
02—sS1 1.415 (2) 1.6052 1.417 (3) 1.6036
06—S2 1.414 (2) 1.6198 1.423 (3) 1.6212
03—sS1 1.611 (3) 1.9061 1.610 (3) 1.9057
07—S2 1.613 (2) 1.9062 1.614 (3) 1.9056
M—N1 2.928 (2) 2.8037 2.760 (3) 2.6278
M—N2 2.949 (2) 2.8021 2.770 (3) 2.6284
M—04 2.927 (2) 2.8133 2.819 (3) 2.6173
M—O08 2.976 (2) 2.8154 2.906 (3) 2.6166
M—09 2.750 (3) 2.6501 2.616 (3) 2.4847

The smallest value between experimental and
theoretical bond angles was found as 0.3226° for
C7—0O7—S2 of barium(ll) complex and as
1.6105° for C3—03—S1 of strontium(ll) com-
plex. The calculated bond angles for compound 1
are more consistent than the calculated angles for
compound 2 compared to the experimental angles.

Table 4

The experimental and theoretical values for the
first complex are 115.95 (15)°, 117.5039° for
01—S1—02 and 116.01 (15)°, 117.5272° for
05—S2—06, respectively. Some selected experi-
mental and theoretical bond angles of the bar-
ium(I1) and strontium(Il) complexes can be seen in
Table 4.

Some selected bond angle of the barium(l1) and strontium(Il) complexes (°) (M = Ba(ll), Sr(ll)).

Compound 1 Compound 2
Atoms X-ray B3LYP/6-31G(d,p) X-ray B3LYP/6-31G(d,p)
C1—C2—C3 122.6 (3) 125.2674 122.6 (3) 124.9555
C5—C6—C7 122.6 (3) 125.2147 122.8 (3) 124.971
C2—C3—C4 127.7 (3) 124.791 128.1 (4) 124.7951
C6—C7—C8 128.6 (3) 124.792 129.0 (3) 124.7937
Cl—N1—s1 119.8 (2) 121.7316 119.5 (2) 121.9907
C5—N2—S2 120.1 (2) 121.6982 119.7 (2) 121.9731
C3—03—S1 117.4 (2) 118.4888 117.5(2) 119.1105
C7—07—S2 118.0 (2) 118.3226 1175 (2) 119.1366
N1—C1—04 118.4 (3) 113.4065 117.8 (3) 112.7855
N2—C5—08 118.0 (3) 113.4084 117.6 (3) 112.7872
N1—M—04 44.92 (6) 47.1285 47.10 (7) 50.5309
N2—M—08 44.29 (6) 471211 46.07 (7) 50.5337
N1—S1—03 106.07 (13) 103.5283 105.86 (14) 103.3259
N2—S2—O7 106.63 (13) 103.3944 106.36 (14) 103.3556
01—S1—02 115.95 (15) 117.5039 116.01 (15) 117.6775
05—S2—06 115.63 (15) 117.5272 115.63 (16) 117.6724

Maced. J. Chem. Chem. Eng. 34 (1), 105-114 (2015)
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When the torsional angles are considered, the
nearest theoretical and experimental values for
barium(Il) and strontium(ll) complexes should be
found for C1—C2—C3—03 and O4—C1—N1—
S1. Because the theoretical values were calculated

Table 5

for asymmetric unit, the reason of the large differ-
ences between experimental and theoretical values
for torsional angles seems to be interesting and
needs to be determined. Some torsional angles of
compounds are given in Table 5.

Some selected torsion angle of the barium(Il) and strontium(ll) complexes (°) (M = Ba(ll), Sr(ll)).

Compound 1 Compound 2

Atoms X-Ray B3LYP/6-31G(d,p) X-Ray B3LYP/6-31G(d,p)
Cl1—C2—C3—C4 —175.6 (4) 177.2496 1755 (4) -177.7162
C5—C6—C7—C8 —-168.7 (4) 176.9455 167.8 (4) -177.789
C1—C2—C3—-03 1.8 (5) -1.3874 -3.0 (6) 0.9809
C5—C6—C7—07 5.3 (5) -1.5797 6.7 (6) 0.9363
C1—N1—S1—03 34.4 (3) -8.161 -34.9 (3) 3.1217
C5—N2—S2—07 329 (3) -9.9324 -35.1 (3) 2.6503
04—M—N1—C1 11.07 (16) -8.681 —-10.70 (18) 8.723
08—M—N2—C5 12.89 (16) -8.5886 -12.76 (17) 8.7646
04—C1—N1—-S1 171.2 (2) 175.6317 —172.0 (3) -172.3077
08—C5—N2—S2 172.6 (2) 176.3187 —172.7 (3) -172.1311

3.3. Frontier molecular orbital

The HOMO-1, HOMO, LUMO and LU-
MO+1 orbitals were calculated for asymmetric
units of barium(Il) complex and the distributions
and energy levels of these orbitals are presented in
Figure 3. As can be seen in Figure 3, LUMO+1,
LUMO, HOMO and HOMO-1 frontier molecular
orbitals of the barium(Il) complex are distributed
on whole surface of the molecule. While the LU-
MO+1 and LUMO orbitals display similar distri-
bution, the HOMO and HOMO-1 display similar
distribution on molecule.

The electrons are not delocalized on Bal at-
om in all molecular orbitals, whereas the bar-

ium(I1) is not coordinated fully. Additionally, alt-
hough the LUMO+1 and LUMO orbitals are local-
ized on O9 atom, HOMO and HOMO-1 orbitals
are not localized on O9 atom. If the HOMO-
LUMO gap is considered, the energy difference
between HOMO and LUMO is 4.0727 eV.

The LUMO+1, LUMO, HOMO and HO-
MO-1 orbitals of the strontium complex are also
distributed on all surface of the molecule similar to
the barium(Il) complex. The HOMO-LUMO gap
energy value for this molecule was calculated as
4.0504 eV. The HOMO-LUMU gap energies both
barium(Il) and strontium(ll) complexes are almost
at the same level.

| HOMO: (-7.4766 eV)

HOMO-1: (-7.4780 eV) |

Fig. 3 Molecular orbital surfaces and energy levels are given for HOMO-1, HOMO, LUMO and LUMO+1
of the title compound (1) computed at the B3LYP/6-31G(d,p)
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3.4. Molecular electrostatic potential (MEP)

We used MEP values that correspond to the
surface determined from points with electronic
density p 0.0004 a.u. The molecular electrostatic
potential map of barium(1l) complex is given in the
Figure 4. The most positive region with 0.1340 a.u.
is the environment of barium(ll) ion, which is not
coordinated fully. The most negative regions are in
the vicinity of the O1, 02, O5 and O6 atoms. The
09—H9A:--06, 09—H9B---O02 and C8—
H8B---O5 hydrogen bonds exist in the crystal
structure of the barium(Il) complex and this result
is consistent with theoretical study.

K
%

J

Fig. 4. Molecular electrostatic potential map of asymmetric
unit calculated for barium(Il) complex
at the B3LYP/6-31G(d,p) level

When the strontium(ll) complex is consid-
ered, the most positive region can be seen as sur-
rounding the strontium atom with 0.139 a.u. The
most negative regions are around of O1, 02, O5

and O6 atoms similar to barium(ll) complex al-
most with —0.0435 a.u., —0.045 a.u., —0.0455 a.u.
and —0.0278 a.u., respectively.

3.5. Vibrational spectrum

The experimental spectra of barium(ll) and
strontium(I1) complexes were also compared with
the theoretical spectra of those complexes in 4000-
600 cm* ranges.

The experimental and theoretical spectra that
belong to barium(ll) and strontium(ll) complexes
can be seen in Figure 5a and Figure 5b. The exper-
imental stretching vibrations that belong to aqua
ligand are being observed at around 3527 cm™* and
3590 cm* for barium(Il) complex and at around
3625 cm™ and 3554 cm™* for strontium(Il) com-
plex. The theoretical asymmetric stretching vibra-
tions of O—H for barium(ll) and strontium(ll)
complexes were calculated at around 3480.16 cm ™
and 3474.98 cm, respectively, and the most
strong vibrations of the O—H were observed at
these frequencies.

While the experimental asymmetric SO, and
symmetric SO, stretching frequencies were ob-
served at 1329 cm™ and 1172 cm™* for compound
1 and at 1330 cm " and 1179 cm* for compound 2,
the experimental C=O stretching vibrations were
observed at 1652 cm ™ for compound 1 and at 1647
cm* for compound 2. Some experimental and
theoretical stretching frequencies belonging to the
compounds under study are given in Table 6.
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2200 2000 1800 16800 1400 1200 1000 200 800

‘Wavenumber [cm!]

Fig. 5a. Theoretical IR spectrum of the compound 1 with (1), experimental IR spectrum of the title compound
with (11) in 4000-600 cm™ ranges
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Fig. 5b. Theoretical IR spectrum of the compound 2 with (), experimental IR spectrum
of the title compound with (I1) in 4000-600 cm™ ranges.

Table 6

Some vibrational frequencies of the barium(ll) and strontium(l1) complexes (cm™).

Compound 1
B3LYP/6-31G(d,p)

Compound 2
B3LYP/6-31G(d,p)

Assignments Experimental Experimental

v(0O—H) 3527, 3590 3480.16, 3363.71 3625, 3554 3474.98, 3360.76
v(C=0) 1652 1471.05, 1468.98 1647 1469.6, 1467.43
v(C=C) 1579 1587.27, 1585.98 1565 1585.48, 1584.12
Vas(SO2) 1329 934.477, 932.459 1330 935.684, 933.247
vs(SOy) 1172 820.659, 817.171 1179 819.579, 815.534

Appendix A. Supplementary Data

CCDC 873867 (1) and CCDC 873863 (2)
contain the supplementary crystallographic data for
this report. This data can be obtained free of charge
via https://www.ccdc.cam.ac.uk/  services/struc-
ture_deposit/ or from the Cambridge Crystal-
lographic Data Centre, 12 Union Road, Cambridge
CB2 1EZ, UK; fax: (+44) 1223 336 033; or e-mail:
deposit@ccdc.cam.ac.uk.

4. CONCLUSION

The crystal structures of two one-
dimensional coordination polymers were investi-
gated by X-ray diffraction technique and the mo-
lecular properties calculated by DFT methods with
B3LYP/6-31G(d,p) basis set. Both barium(ll) and
strontium(Il) complexes have the coordination
number of nine and show similar crystal structure.
In each complex, one aqua ligand and two acesul-
famato ligands are coordinated to barium(ll) and
strontium(Il) ions. The hydrogen bonds between
the chains present in the crystal structure and these
hydrogen bonds establish three-dimensional net-
works. The energy gap of HOMO-LUMO found to
be 4.0727 eV for barium(ll) complex and 4.0504
eV for strontium(ll) complex with B3LYP/6-
31G(d,p). These energy differences almost are the
same level. As shown at MEP, while the electro-

Maced. J. Chem. Chem. Eng. 34 (1), 105-114 (2015)

philic attach centers of this complex are at the en-
vironment of sulfonyl oxygen and the intermolecu-
lar hydrogen bonds are shown at these regions
from information obtained by x-ray diffraction.

Acknowledgment. The authors thank the Ondokuz
Mayis University Research Fund for financial support of this
project (Project No: PYO.FEN.1904.09.006).

REFERENCES

[1] V. D. Duffy, G. H. Anderson, Position of the American
Dietetic Association: Use of nutritive and nonnutritive
sweeteners, J. Am. Diet. Assoc., 98, 580-587 (1998).

[2] W. L. Hough-Troutman, M. Smiglak, S. Griffin, W. M.
Reichert, 1. Mirska, J. Jodynis-Liebert, T. Adamska, J.
Nawrot, M. Stasiewicz, R. D. Rogers, J. Pernak, lonic
liquids with dual biological function: sweet and anti-
microbial, hydrophobic quaternary ammonium-based
salts, New J. Chem., 33, 26-33 (2009).

[3] P. Nockemann, B. Thijs, K. Driesen, C. R. Janssen, K.
V. Hecke, L. V. Meervelt, S. Kossmann, B. Kirchner, K.
Binnemans, Choline saccharinate and choline acesulfa-
mate: ionic liquids with low toxicities, J. Phys. Chem. B,
111, 5254-5263 (2007).

[4] H. icbudak, E. Adiyaman, N. Cetin, A. Bulut, O.
Biiyiikgiingor, Synthesis, structural characterization and
chromotropism of a Ni(ll) and a Co(ll) compound with
acesulfamate as a ligand, Transition Met. Chem., 31,
666-672 (2006).

[5] B. R. Srinivasan, S. Y. Shetgaonkar, C. Néther, W.
Bensch, Solid state synthesis and characterization of a
triple chain calcium(Il) coordination polymer showing


mailto:deposit@ccdc.cam.ac.uk

114

H. Ichudak, G. Demirtas, N. Dege

(6]

[7]

(8l

(9]

[10]

(11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

(19]
[20]

[21]

[22]

two different bridging 4-nitrobenzoate coordination
modes, Polyhedron, 28, 534-540 (2009).

K. M. Fromm, Coordination polymer networks with s-
block metal ions, Coordination Chemistry Reviews, 252,
856-885 (2008).

D. Maspoch, D. Ruiz-Molina, Magnetic nanoporous
coordination polymers, J. Veciana, J. Mater. Chem., 14,
2713-2723 (2004).

J. L. C. Rowsell, A. R. Millward, K. S. Park, O. M. Yaghi,
Hydrogen sorption in functionalized metal-organic frame-
works, J. Am. Chem. Soc., 126, 5666-5667 (2004).

J. A. Rood, B. C. Noll, K. W. Henderson, Synthesis,
structural characterization, gas sorption and guest-
exchange studies of the lightweight, porous metal-
organic framework o-[Mgs;(O,CH)g], Inorg. Chem., 45,
5521-5528 (2006).

J. Kim, B. Chen, T. M. Reineke, H. Li, M. Eddaoudi, D.
B. Moler, M. O’Keeffe, O. M. Yaghi, Assembly of met-
al-organic frameworks from large organic and inorganic
secondary building units: New examples and simplifying
principles for complex structures, J. Am. Chem. Soc.,
123, 8239-8247 (2001).

M. Eddaoudi, D.B. Moler, H. Li, B. Chen, T. M. Rein-
eke, M. O’Keeffe, O. M. Yaghi, Modular chemistry:
Secondary building units as a basis for the design of
highly porous and robust metal-organic carboxylate
frameworks, Acc. Chem. Res., 34, 319-330 (2001).

S. Surblé, F. Millange, C. Serre, T. Diiren, M. Latroche,
S. Bourrelly, P. L. Llewellyn, G. Férey, Synthesis of
MIL-102, a chromium carboxylate metal-organic
framework, with gas sorption analysis, J. Am. Chem.
Soc., 128, 14889-14896 (2006).

N. N. Greenwood and A. Earnshaw, Chemistry of the
Elements, 2nd Edition, Elsevier Ltd., London, 1997.

R. Bomma, R. S. Naidu, M. Yamsani and K. \Veerabrahma,
Development and evaluation of gastroretentive norfloxacin
floating tablets, Acta Pharm., 59, 211-221 (2009).

A.-L. Pélissier-Alicot, G. Léonetti, P. Champsaur, P.
Allain, Y. Mauras, A. Botta, Fatal poisoning due to in-
travasation after oral administration of barium sulfate for
contrast radiography, Forensic Science International,
106, 109-113 (1999).

F. Bosselmann and M. Epple, Sulfate-containing bio-
minerals, In Metal ions in life sciences (S. Sigel, H. Si-
gel and R. K. O. Sigel, Eds.), Vol. 4., Wiley, Chiches-
ter, 207-217, 2008.

S. G. Dahl, P. Allain, P. J. Marie, Y. Mauras, G. Boivin,
P. Ammann, Y. Tsouderos, P. D. Delmas, C. Christian-
sen, Incorporation and distribution of strontium in bone,
Bone, 28, 446-453 (2001).

E. Shorr, A. C. Carter, The usefulness of strontium as an
adjuvant to calcium in the remineralization of the skeleton
in man, Bull. Hosp. Jt. Dis. Orthop. Inst., 13, 59-66 (1952).
Stoe & Cie (2002) X-AREA (Version 1.18) and X-
RED32 (Version 1.04), Stoe & Cie, Darmstadt, Germany.
G. M. Sheldrick, A short history of SHELX., Acta Crys-
tallogr., A64, 112-122 (2008).

L. J. Farrugia, ORTEP-3 for Windows — A version of
ORTEP-IIl with a Graphical User Interface (GUI), J.
Appl. Cryst., 30, 565 (1997).

C. F. Macrae, P. R. Edgington, P. McCabe, E. Pidcock,
G. P. Shields, R. Taylor, M. Towler, J. van de Streek,

[23]
[24]

[29]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[39]

Mercury: visualization and analysis of crystal structures,
J. Appl. Cryst., 39, 453-457 (2006).

L. J. Farrugia, WinGX suite for small-molecule single-
crystal crystallography, J. Appl. Cryst., 32, 837-838 (1999).

A. L. Spek, Single-crystal structure validation with the
program PLATON, J. Appl. Cryst., 36, 7-13 (2003).

M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria,
M. A. Robb, J. R. Cheeseman, J. A. Montgomery Jr., T.
Vreven, K. N. Kudin, J. C. Burant, J. M. Millam, S. S.
lyengar, J. Tomasi, V. Barone, B. Mennucci, M. Cossi, G.
Scalmani, N. Rega, G. A. Petersson, H. Nakatsuji, M. Hada,
M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida,
T. Nakajima, Y. Honda, O. Kitao, H. Nakai, M. Klene, X.
Li, J. E. Knox, H. P. Hratchian, J. B. Cross, V. Bakken, C.
Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann, O.
Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochter-
ski, P. Y. Ayala, K. Morokuma, G. A. Voth, P. Salvador, J.
J. Dannenberg, V. G. Zakrzewski, S. Dapprich, A. D. Dan-
iels, M. C. Strain, O. Farkas, D. K. Malick, A. D. Rabuck,
K. Raghavachari, J. B. Foresman, J. V. Ortiz, Q. Cui, A. G.
Baboul, S. Clifford, J. Cioslowski, B. B. Stefanov, G. Liu,
A. Liashenko, P. Piskorz, I. Komaromi, R. L. Martin, D. J.
Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A. Nanayakka-
ra, M. Challacombe, P. M. W. Gill, B. Johnson, W. Chen,
M. W. Wong, C. Gonzalez and J. A. Pople, Gaussian 03,
Revision E.01, Gaussian Inc., Wallingford CT, 2004.

J. P. Merrick, D. Moran, L. Radom, An evaluation of
harmonic vibrational frequency scale factors, J. Phys.
Chem., Al111, 11683-11700 (2007).

A. Frisch, R. Dennington Il, T. Keith, J. Millam, A. B.
Nielsen, A. J. Holder, J. Hiscocks GaussView Reference
Version 40, Gaussian Inc., Pittsburgh, 2007.

P. Politzer, J. S. Murray, The fundamental nature and
role of the electrostatic potential in atoms and mole-
cules, Theor. Chem. Acc., 108, 134-142 (2002).

G. Demirtas, N. Dege, H. icbudak, O. Yurdakul, O.
Biiytikgiingor, Experimental and DFT studies on poly[dip3-
acesulfamato-0,0:0’;0’:0,0-di-p-acesulfamato-O,0;N-
di-p-aqua-dicalcium(l1)] complex, J. Inorg. Organomet.
Polym., 22, 671-679 (2012).

Z. S. Sahin, F. Sevindi, H. i¢budak, S. Isik, Structural
properties of trans-cylohexane-1,2-diamine complexes
of copper(ll) and zinc(ll) acesulfamates, Acta Cryst.,
C66, m314-m318 (2010).

Z. S. Sahin, H. icbudak, S. Isik, Di-u-acesulfamato-
K*N,0:0;x°0:N,0-his[ (acesulfamato-x*N,0)]bis(3-meth-
ylpyridine)cadmium(I1)], Acta Cryst., C65, m463-m465
(2009).

A. Bulut, H. icbudak, G. Sezer, C. Kazak, Bis(ace-
sulfamato-x2N3,0%)bis(2-aminopyrimidine-x\*)copper(ll),
Acta Cryst., C61, m228-m230 (2005).

H. icbudak, A. Bulut, N. Cetin, C. Kazak, Bis(acesulf-
amato)teraaquacobalt(ll), Acta Cryst., C61, m1-m3 (2005).

W. Beck, E. Ambach, U. Nagel, Palladium- und platin(11)-
komplexe mit den anionen von 6-methyl-1,2,3-oxathiazin-
4(3H)-on-2,2-dioxid und  N-2-pyrimidinylsulfanilamid,
Chem. Ber., 118, 444-449 (1985).

M. Cavicchioli, A. C. Massabni, T. A. Heinrich, C. M.
Costa-Neto, E. P. Abrdo, B. A. L. Fonseca, E. E. Castella-
no, P. P. Corbi, W. R. Lustri, C. Q. F. Leite, Pt(Il) and Ag(l)
complexes with acesulfame: Crystal structure and a study of
their antitumoral, antimicrobial and antiviral activities,
Journal of Inorganic Biochemistry, 104, 533-540 (2010).

Maced. J. Chem. Chem. Eng. 34 (1), 105-114 (2015)


http://www.amazon.com/dp/0750633654/ref=rdr_ext_tmb
http://www.amazon.com/dp/0750633654/ref=rdr_ext_tmb

