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ABSTRACT KEYWORDS
A series of Fe(ll) complexes with (ClO,)~(SeCN)~, (ClO,)~(SCN)-, Crystal structure; magnetic
(Fe,0Cl,)*~,and 2(BF,)~ counter-anions for complexes 1-4, derived from properties; Hirshfeld surface;

dmbpy (4,4'-dimethyl-2,2'-bipyridine), were prepared. The single-crystal counter-anions; iron
studies and the Hirshfeld surfaces analysis revealed that the (Fe,OCl,)*~

anion results more distortional octahedral geometry of the cation than

other anions. In particular, the (CIO,)"(SCN)~ and (Fe,OCl,)*~ anions

lead to complexes 2 and 3 stabilized via C-H---7 interactions and -

interactions, which were not found in the other two complexes. How-

ever, the double-chain structure of complex 4 was formed by C-H---F and

C-H---C hydrogen bonds interactions. Due to the influence of different

anions, magnetic susceptibility measurements showed that complex 1

was in high-spin (HS) state and complex 2 was in low-spin (LS) state.

Introduction

Substituted 2,2'-bipydine ligands, for example, 4,4'-dimethyl-2,2-bipyridine (dmbpy) and its
derivatives, which serve as bi-dentate ligands, are very useful ligands capable to construct
abundant coordination complexes with different oxidation state metals, such as Cu(II), Ag(I),
Pd(II), In(III), Fe(II), etc. [1-9] These complexes, which were derived from dmbpy and its
derivatives, have been attracting great interest of researchers for many years because of their
fascinating molecular structures and novel properties, such as spectroscopic, catalytic, mag-
netic, and biological properties, in a variety of areas [1, 6].

In the past decades, many efforts have been made to synthesize and investigate the
iron(II) (3d®) complexes for their magnetic behavior and in respect of the phenomenon
of spin-crossover. These Fe(II) complexes can be served as advanced materials used in
sensory and memory devices [10, 11]. There are numerous reports about Fe(II) com-
plexes, which contain one or two dmbpy ligands [12-14]. However, only few complexes
that three dmbpy molecules coordinated to Fe(II) have been prepared. Huang and Ogawa
[2a] reported a low-spin Fe(II) complex, formulated as [Fe(dmbpy);](NCS),-3H,0, and in

CONTACT Bai-Wang Sun @ chmsunbw@seu.edu.cn

Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/gmcl.

@ Supplemental data for this article can also be accessed on the publisher’s website at http://dx.doi.org/10.1080/15421406.
2016.1149026

© 2016 Taylor & Francis Group, LLC


http://dx.doi.org/10.1080/15421406.2016.1149026
mailto:chmsunbw@seu.edu.cn
http://dx.doi.10.1080/15421406.2016.1149026

MOLECULAR CRYSTALS AND LIQUID CRYSTALS e 133

(" Fe(ClO,);*6H,0 + KSeCN
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Scheme 1. The preparation method for complexes 1-4.

our previous work [15] we reported the first example of [Fe(dmbpy);]** complex, namely
[Fe(dmbpy);](ClO4)(SCN)-3H,0, a water free complex that exhibits spin-crossover proper-
ties.

In addition, some evidence shows that counter-anions can influence the structure, mag-
netism, catalyst reactivity, and the antimicrobial reactivity of metal complexes [16], and play
vital roles in the construction of molecules [17]. In this study, four Fe(II) complexes 1-4 with
different counter-anions (Scheme 1) have been synthesized, and the X-ray crystal structures
were studied. Whats more, the influence of different counter-anions on the structures, mag-
netic properties, and intermolecular interactions of these complexes was further investigated.

Experimental

Materials and measurements

All chemicals, obtained commercially, were of analytical grade and used without further
purification. 4,4’-Dimethyl-2,2'-bipyridine (purity: >99%, CAS number: 1134-35-6) was pur-
chased from Alfa Aesar, and other reagents were purchased from NanJing WanQing Chemical
Glassware Instrument Co. Ltd.; all of these were used as received.

Elemental analyses of carbon, hydrogen, and nitrogen were performed with a Vario-EL III
elemental analyzer. Dynamic scanning calorimetric (DSC) and thermogravimetric analyses
(TGA) were performed using a Mettler-Toledo TGA-DSC STAR® System in a nitrogen atmo-
sphere in the range of 50-500°C, with a heating rate of 10 K-min~'. The TGA-DSC dates were
analyzed using STARe Software. Temperature-dependent magnetization (M-T) of complexes
1 and 2 was measured in the temperature range of 305-0 K in the fields of 2 kOe using a quan-
tum design vibrating sample magnetometer in a physical property measurement system at a
scan rate of 1 K/min. Measurements were performed on ground polycrystalline samples of
14.2 mg (1) and 15.5 mg (2). The magnetic data were corrected from the sample holder and
diamagnetic contributions.

Synthesis and characterization

Synthesis of complex 1 {[Fe(dmbpy);](ClO4)(SeCN)}: To a solution of Fe(ClO4),-6H,O
(0.073 g, 0.2 mmol) in MeOH (10 mL), a solution of KSeCN (0.058 g, 0.4 mmol) in MeOH
(10 mL) was added. The mixture was added into MeOH solution containing dmbpy (0.111 g,
0.6 mmol) at a temperature of 25°C under continuous stirring. After stirring for about 30 min,
the solution, which resulted from the mixture, was filtered off and allowed to evaporate at
room temperature. The brown single crystals of complex 1 were grown from the solution
by slow evaporation at room temperature in five days. Yield: 0.229 g (70%), based on Fe.
Elemental analysis of complex 1: Anal. Caled. (%): C, 54.66; N, 12.06; H, 4.46. Found: C,
54.58; N, 12.02; H, 4.54.
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Synthesis of complex 2 {[Fe(dmbpy);](ClO,)(SCN)}: Complex 2 was prepared by a pro-
cedure similar to complex 1 but using KSCN (0.039 g, 0.4 mmol) instead of KSeCN. Brown
single crystals of complex 2 were grown from the solution by slow evaporation at room tem-
perature in five days. Yield 0.209 g (68%), based on Fe. Elemental analysis for complex 2: Anal.
caled. (%): C, 58.00; N, 12.80; H, 4.74. Found: C, 58.08; N, 12.72; H, 4.79.

Synthesis of complex 3 {[Fe(dmbpy);](Fe,OCls)}: To a solution of FeCl,-4H,0 (0.040 g,
0.2 mmol) in MeOH (10 mL), solution of dmbpy (0.111 g, 0.6 mmol) in MeOH (10 mL) was
added at a temperature of 25°C under continuous stirring. After stirring for about 30 min,
the solution, which resulted from the mixture, was filtered off and allowed to evaporate at
room temperature. Brown single crystals of complex 3 were grown from the solution by slow
evaporation at room temperature in seven days. Yield 0.249 g (65%), based on Fe. Elemental
analysis for complex 3: Anal. Calcd. (%): C, 45.56; N, 8.86; H, 3.82. Found: C, 45.51; N, 8.78;
H, 3.88.

Synthesis of complex 4 {[Fe(dmbpy);](BE,4),}: Complex 4 was prepared by a procedure
similar to complex 3 but using Fe(BF,),-4H,0 (0.060 g, 0.2 mmol) instead of FeCl,-4H,0.
Brown single crystals of complex 4 were grown from the solution by slow evaporation at room
temperature in four days. Yield 0.330 g (70%), based on Fe. Elemental analysis for complex 4:
Anal. Calcd. (%): C, 55.28; N, 10.74; H, 4.64. Found: C, 55.16; N, 10.79; H, 4.57.

X-ray crystallographic study

The single-crystal X-ray diffraction data of complexes 1--4 were collected at 293 K with
graphite-monochromated Mo-Ka radiation (A = 0.071073 nm), a Rigaku SCX mini-
diffractometer with the w-scan technique [18]. The lattice parameters were integrated using
vector analysis and refined from the diffraction matrix, and the absorption correction was
carried out by using Bruker SADABS program with a multi-scan method. Since the Crys-
tallographic Information File (CIF) of complex 4 cannot be obtained, a summary of crystal-
lographic data, data collection, and refinement parameters for complexes 1-3 are summa-
rized in Table 1. The structures of these were solved by full-matrix least-square methods on
all F* data, and used SHELXS-97 and SHELXL-97 programs [19] for structure solution and

Table 1. Crystal data and structure refinement for complexes 1-3.

Compound 1 2 3
Formula Cy;H;¢FeN,0,ClSe C;,H;¢FeN,0,5Cl Cy6H36Fe;NOCl
Formula weight 812.98 766.09 .

Crystal system Monoclinic Monoclinic Monoclinic
Space group C2/c C2/c P21/c
a(R) 11.750(2) 10.826(2) 19.498(4)
b (R) 29.354(8) 27.438(8) 11.379(2)
c(A) 15.400(3) 14.339(3) 20.607(4)
a 90° 90° 90°
B°) 101.19(3) 102.70(3) 114.74(3)
y 90° 90° 90°
V(A3 5210(2) 4155.1(17) 4152.4(14)
Z 4 4 4
Dy Mgm=) 1.038 1.225 1518

T (K) 293(2) 293(2) 293(2)
u(mm™) 1.074 0.528 1.457
Cryst dimensions 0.36x0.30%0.27 0.30%0.25%0.20 0.25%0.28 % 0.20
Goodness-of-fit on F? 1.038 1.013 1.013

R1, WR2 ((I>20(1)
R,, wR, (all data)

0.0620, 0.1814
0.0784, 0.1961

0.1226, 0.1985
0.141, 0.2125

0.0961, 0.1968
0.2602, 0.2743
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Figure 1. (a) Molecular structure and numbering scheme of complex 1; 1b: Packing diagram of complex 1
viewed along c-axis (H atoms are omitted for clarity).

structure refinement respectively. Reliability factors were defined as R; = X (|Fo|-|Fc|)/Z|Fo|
and the function minimized was Rw = [Zw(Fo, —Fc,)2/w(Fo)4]”, whereas in the least-
square calculations the unit weight was used. All non-hydrogen atoms were refined anisotrop-
ically, and hydrogen atoms were inserted at their calculated positions and fixed at their posi-
tions [20]. The molecular graphics were prepared by Mercury [21].

Hirshfeld surfaces calculations

The molecular Hirshfeld surface (dyorm) calculations were performed by using CrystalEx-
plorer program [22]. In this study, all the Hirshfeld surfaces were generated using a standard
(high) surface resolution. The 3D d,, surfaces were mapped over a fixed color scale of —0.42
(red) to 1.6 A (blue), and the 2D fingerprint plots displayed by using the standard 0.6-2.6 A
view with the d, and d; scales displayed on graph axes.

Results and discussions

Crystal structure of complex 1

Complex 1 crystallizes as brown block crystals in the monoclinic C2/c¢ space group with
Z = 4, the asymmetric unit (ASU) contains half of the cation, which comprises one Fe'" ion,
three dmbpy ligands, 1/2 dissociative ClO; anion, and one SeCN~ anion (Figure 1a). For
cation, Fel ion shows a distorted octahedral geometry formed by six N atoms from three
dmbpy receptors. The Fe-N bond lengths varied from 2.068(10) to 2.187(11) A with an aver-
age value of 2.131(11) A (Table 2), which is a typical value for the HS Fe'"-N bond lengths
of mononuclear Fe' complex, and the C-N bond lengths vary from 1.393(14) A to 1.546(16)
A. The two pyridine rings of dmbpy are not coplanar with the dihedral angles between the
same dmbpy of 4.56°, 8.85°, and 9.03° respectively. In addition, the bite angles of three dmbpy
planes are 87.66, 81.30, and 80.91°.

Since the intermolecular distance is relatively too far, there is no molecular interactions
between the adjacent molecules. The packing diagram of complex 1 like a “frog” is viewed
along the c-axis (Figure 1b), and the SeCN™ anions are evenly distributed in the head, tail,
and both sides of the body, while the CIO; anions are located in the trunk and the center of
the legs.
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Table 2. Selected bond lengths (A) for complexes 1-4.

1 2 3 4
Fe-N Fel-N1 2.137(10) Fel-N1 1.979(10) Fel-N19 1.977(6) Fe7-N1 1.965(10)
Fel-N1A 2.114(10) Fel-N1A 1.979(10) Fel-N20 1.978(6) Fe7-N2 1.922(10)
Fel-N2 2.068(10) Fel-N2 1.959(10) Fel-N21 1.963(6) Fe7-N3 2.004(10)
Fel-N2A 2.092(10) Fel-N2A 1.959(10) Fel-N22 1.949(6) Fe7-N4 1.947(10)
Fel-N3 2.186(11) Fel-N3 1.969(10) Fel-N23 1.965(6) Fe7-N5 2.020(10)
Fel-N3A 2.187(11) Fel-N3A 1.969(10) Fel-N24 1.987(6) Fe7-N6 1.992(10)
Fe-Nav 2.131(10) Fe-Nav 1.969(10) Fe-Nav 1.970(6) Fe-Nav 1.975(10)
N-C N1-C65 1.463(14) N1-C7 1.355(15) N19-C33 1370(9) N1-C7 1385(15)
N1-C3 1.466(14) N1-C12 1.425(15) N19-C8 1378(9) N1-C12 1.353(15)
N2-C14 1.494(16) N2-C1 1295(14) N20-CT1 1336(9) N2-C6 1.443(15)
N2-C22 1.546(16) N2-C6 1394(16) N20-C87 1360(9) N2-C1 1303(15)
N3-C10 1393(14) N3-C18 1.358(14) N21-C7 1337(9) N3-C248 1.390(15)
N3-C7 1.462(15) N3-C13 1325(14) N21-C6 1366(9) N3-C245 1310(15)
N22-C3 1356(9) N4-C232 1.403(14)
N22-C2 1357(9) N4-C250 1.353(14)
N23-C9 1343(9) N5-C251 1.219(15)

N23-C25 1.364(9) N5-C249 1.366(15)

N24-C34 1.337(9) N6-C240 1.317(16)

N24-C21 1.354(9) N6-C246 1.397(16)
N-Cav 1.471(14) N-Cav 1.359(14) N-Cav 1.355(9) N-Cav 1.353(15)

Symmetry transformations used to generate equivalent atoms: 1A: x, y, —z + 1/2; 2A: —x+1,y, —z+1/2.

Crystal structure of complex 2

Complex 2 crystallizes as brown block crystals in the monoclinic C2/c space group with
Z = 4, and the ASU and its geometry is similar to that of complex 1, but the SeCN~ anion
is exchanged by SCN~ anion (Figure 2a). The Fe—N bond lengths vary from 1.959(10) A to
1.979(10) A with the average value of 1.969(10) A, which are typical values for the LS Fe''-N
bond lengths of mononuclear Fe' complex, and the C—N bond lengths vary from 1.295(14)

Figure 2. (a) Molecular structure and numbering scheme of complex 2; (b) 1D chain diagram of complex
2; (c) connecting motifs of different 1D chains; (d) 2D “stair-like” structure diagram of complex 2 with CIO,~
anions (H atoms are omitted for clarity).
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Figure 3. (a) Molecular structure and numbering scheme of complex 3; (b) 1D chain diagram of complex 3;
(c) unit in the crystal structure of complex 3; (d) connecting motifs of different 1D chains viewed along the
b-axis (H atoms are omitted for clarity).

A to 1.425(15) A. The two pyridine rings of dmbpy are not coplanar with the dihedral angles
between the same dmbpy of 7.44°, 8.27°, and 8.27° respectively. In addition, the bite angles of
three dmbpy planes are 80.53, 80.53, and 88.78°.

In the crystal structure, the intermolecular short contact (distance of 3.350 A) connects
the units (circled in red line in Figure 2b) into an infinite 1D double-chain structure, and
the unit consists of two cations connected by molecular interactions (distance of 3.304 A).
Different 1D double-chains are connected into a 2D “stair-like” structure through weak
C-H---7 contacts (Figure 2c). The dissociative ClO; anions distribute evenly above and below
the “steps” of the 2D “stair-like” structure (Figure 2d).

Crystal structure of complex 3

Complex 3 crystallizes as brown block crystals in the monoclinic P2,/c space group with
Z = 4, and the ASU contains a cation and a dissociative Fe,OCls*~ anion (Figure 3a). The
cation’s geometry is similar to that of complex 1, the Fe-N bond lengths vary from 1.949(6)
A to 1.987(6) A with average value of 1.970(6) A, and the C-N bond lengths vary from
1.336(9) A to 1.378(9) A. The two pyridine rings of dmbpy are not coplanar with the dihe-
dral angles between the same dmbpy of 5.65°, 7.43°, and 10.23°, respectively. In addition-
ally, the bite angles of three dmbpy planes are 72.12°, 83.73°, and 89.79°, compared with
complexes 1, 2, and 4, the (Fe,OClg)*~ anion results in more distortion of the octahedral
geometry of complex 3, which is confirmed by the selected bond angles (°) for complexes 1-4
in Table 3.

However, the crystal structure of complex 3 is significant different from complex 2. The dis-
sociative Fe,OClg>~ anions connect units of cations into an infinite 1D double-chain struc-
ture through short contacts (Figure 3b), and the unit in complex 3 consists of two cations
connected by 77 ---7 interactions in the form of “offset face-to-face” (Figure 3¢), with a vertical
plane separation of 3.289 A. The double-chains then pack parallel to each other, connected
and stabilized by the dissociative Fe,OClg?~ anions via van der Waals forces (Figure 3d).
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Table 3. Selected bond angles (°) for complexes 1-4.

1 2 3 4

N2-Fel-N2A 88.9(5) N2A-Fel-N2 177.8(6) N22-Fe1-N21 81.1(3) N1-Fe7-N2 82.55(4)
N1A-Fel-N1 79.5(6) N2A-Fel-N3A 87.4(4) N22-Fel-N23 93.6(2) N1-Fe7-N3 94.06(4)
N2-Fel-N3 82.6(4) N2-Fel-N3A 94.3(4) N21-Fel-N23 94.9(3) N1-Fe7-N4 175.17(6)

N2A-Fel-N3 96.1(4) N2A-Fel-N3 94.3(4) N22-Fe1-N19 93.0(3) N1-Fe7-N5 92.56(4)
N1A-Fe1-N3 94.7(4) N2-Fel-N3 87.4(4) N21-Fel-N19 90.6(2) N1-Fe7-N6 93.29(6)
N1-Fel-N3 86.7(4) N3A-Fel-N3 80.6(6) N23-Fel-N19 171.93) N2-Fe7-N3 91.83(4)
N2-Fel-N3A 95.7(4) N2A-Fel-N1 96.2(4) N22-Fe1l-N20 171.6(3) N2-Fe7-N4 95.88(4)
N2A-Fel-N3A 82.2(4) N2-Fe1-N1 82.3(5) N21-Fel-N20 92.3(2) N2-Fe7-N5 173.29(5)
N1A-Fel-N3A 87.1(4) N3A-Fel-N1 174.7(4) N23-Fe1-N20 92.2(3) N2-Fe7-N6 93.45(4)
N2-Fel-N1A 174.7(4) N3-Fel-N1 95.1(4) N19-Fel-N20 81.6(3) N3-Fe7-N4 81.40(6)
N2A-Fel-N1A 95.9(4) N2A-Fel-N1A 82.3(5) N22-Fel-N24 97.2(2) N3-Fe7-N5 93.10(5)

N2-Fel-N1 95.8(4) N2-Fel-N1A 96.2(4) N21-Fe1-N24 175.2(2) N3-Fe7-N6 171.44(4)
N2A-Fel-N1 174.9(4) N3A-Fel-N1A 95.1(4) N23-Fel-N24 80.7(3) N4-Fe7-N5 89.36(4)
N1-Fel-N3A 95.1(4) N3-Fel-N1A 174.7(4) N19-Fe1-N24 94.0(2) N4-Fe7-N6 91.36(6)
N3-Fel-N3A 177.6(6) N1-Fel-N1A 89.3(5) N20-Fel-N24 89.7(2) N5-Fe7-N6 82.21(4)

Symmetry transformations used to generate equivalent atoms: (1A) —x, y, —z+1/2; (2A) —x+1,y, —z +.

Crystal structure of complex 4

Complex 4 crystallizes as brown block crystals in the monoclinic P2/c space group with Z =
4, and the ASU contains a cation and two dissociative BF,~ anions (Figure 4a). The cation’s
geometry is similar to that of complex 1, the Fe-N bond lengths vary from 1.922(10) A to
2.020(10) A with average value of 1.975(10) A, and the C-N bond lengths vary from 1.219(14)
A to 1.443(16) A. The two pyridine rings of dmbpy are not coplanar with the dihedral angles

4c

Figure 4. (a) Molecular structure and numbering scheme of complex 4; (b) double-chain diagram of com-
plex 4; (c): 1D structure of complex 4 viewed along b-axis; (d) 1D structure viewed along c-axis (H atoms are
omitted for clarity).
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Figure 5. x,, Tversus T plots of direct current (dc) magnetic measurements of complexes 1and 2.

between the same dmbpy of 1.25° 3.80°, and 4.78°, respectively. In addition, the bite angles
of three dmbpy planes are 75.15°, 78.76°, and 89.56°.

In the crystal structure, the BF; anions connect polycations into an infinite chain structure
through C250-H250---F4 (dp . = 3.083 A, #D-H...A = 168°) and C12-H12---F1 (dp 5 =
3.070 A, zD-H...A = 173°) hydrogen bond interactions, and the two chains are connected
into a double-chain structure via C287-H287---C229 (dp » = 3.374 A, «D-H ...A = 159°)
weak hydrogen bond interactions (Figure 4b). Four double-chains stack parallel to each other
in a staggered formation, expanding along the crystallographic b-axis to form a 1D structure
via short contacts and van der Waals forces (Figure 4c). The 1D structure expands along the
c-axis as shown in Figure 4d.

Magnetic properties

Temperature-dependent magnetic measurement of complexes 1 and 2 in the temperature
range of 350-0 K at fields of 2 kOe are shown in Figure 5. Complex 1 shows y T value
3.42 cm® Kmol ™! at room temperature, corresponding to the spin-only value of iron(II) at
HS spin state. The peak value of x T = 3.59 cm® Kmol ™! at ca. 25 K, and then x,; T drops
abruptly to 2.21 cm® Kmol™ at 2 K due to zero-field splitting. The magnetic properties of
complex 2 were significantly different from that of complex 1 because of the influence of dif-
ferent anions. For complex 2, it is in LS state below 305 K with x s T close to 0. Comparing
with the Fe-N bond lengths of complex 2, complexes 3 and 4 are in LS state as well.

Molecular Hirshfeld surfaces

The Hirshfeld surface is a useful tool for describing the surface characteristics of molecules.
The 3D dporm and 2D fingerprint plots of dmbpy in complexes 1--3 are shown in Figure 6;
these clearly show the similarities and differences of the influences of different anions on the
intermolecular interactions of dmbpy molecule.

The 3D molecular Hirshfeld surface is used for the identification of very close intermolec-
ular interactions. The value of dyom is negative or positive when intermolecular contacts are
shorter or longer than 4y (van der Waals (vdW) radii). The dyorm values are mapped onto the
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Figure 6. The 3D molecular Hirshfeld d__  surfaces and 2D fingerprint plots of dmbpy in complexes 1-3.

norm
Hirshfeld surface by using a red—-blue-white color scheme: red regions correspond to closer
contacts and negative dyom value; blue regions correspond to longer contacts and positive
dnorm Value; and white regions correspond to the distance of contacts that is exactly the vdW
separation and with a dpm, value of zero. Figure 6 clearly shows that the vdW forces and
longer contacts account for the total Hirshfeld surfaces except that only small red regions in
complexes 2 and 3 on the dy, surfaces correspond to significant C-H -+ 7 interactions and
7 ---7r interactions, respectively.

The 2D fingerprint plots complement the Hirshfeld surface; these are quantitatively sum-
marizing the nature and type of intermolecular contacts experienced by the molecules in the
crystal. The main intermolecular contacts are H-H contacts, which are reflected in the mid-
dle of scattered points in the 2D fingerprint plot and are similar in three complexes (Table 4).
Compared with complexes 1 and 2, the percentage of N-H and C-H interactions in complex
3 declined, especially the O-H interactions decreased dramatically. This phenomenon may be
attributed to the significant existence of H-Cl interactions in complex 3. The C-C interactions
have a significant contribution to the total Hirshfeld surfaces of complex 3, comprising 1.3%,
which is larger than complexes 1 and 2, corresponding to the existence of 7 ---7 interactions
in complex 3.

Apart from the above, the presence of N-C, C-0O, C-Se, H-Se, C-S, H-S, H-Fe, and C-Cl
contacts are observed, and are summarized in Table 4. The most closet contacts for dmbpy in
complexes 1-3 (N-Fe contacts) cannot be included in Table 4 due to the fact that the Hirshfeld
analysis is only concerned with intra-molecular interactions and intermolecular interactions
should not be considered. It is interesting that for the two coordinate N atoms of one receptor,

Table 4. Summary of various contact contributions to the dmbpy Hirshfeld surface area in complexes 1-3.

H-H N-H C-H O-H H-CI N-C CC GO GCSe H-Se (@) H-S H-Fe cdl

1. 42.0 32 224 n4 0.2 0.6 0.1 0.2 0.2 4.0 0 0 0 0
2. 442 39 23.4 12.8 0 0 03 0.4 0 0 0.6 33 0 0
3. 442 21 20.8 2.0 259 0 13 0 0 0 0 0 0.4 2.6
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Figure7. (a) TGA, and (b) DSC profiles of complexes 1-4.

only one dmbpy molecule in complex 2 shows the identical bond length between Fe ion and
the two coordinate N atoms. In addition, the average values of N-Fe bonds vary from 1.969
A t0 2.131 A, which may be attributed to the difference in anions, resulting in different spin
states among the complexes.

Thermal study

The thermal behaviors of complexes 1-4 were investigated on a STAR® System (from Mettler—
Toledo), and were heated at a rate of 10°C per minute with a temperature range of 50-500°C.
Figure 7 shows the TGA and DSC traces of these.

Almost identical thermal decomposition processes can be observed in complexes 1 and
3, the first weight loss of 22.67% and 19.54% at 110-180°C corresponding to the removal
of one dmbpy molecule (calculated values are 21.78% and 19.41%). The second weight loss
above 240°C is due to the decomposition of other two dmbpy ligands with a mass loss of
44.20% and 40.94% (calculated values are 45.32% and 38.83%) to give the Fe(ClO,4)(SeCN)
and Fe(Fe,OCly) residue, respectively. Compared with complexes 1 and 3, four main ther-
mal decomposition processes can be observed for complex 2. From 130°C to 185°C, the
first weight loss of 7.12% (calculated value is 7.57%) is due to the decomposition of SCN™
anion. The second weight loss of 22.47% and the last weight loss of 21.95% (calculated value
is 24.05%) at 190-230°C and 300-430°C are attributed to the removal of dmbpy molecule.
From 230°C to 290°C, the weight loss of 11.91% (calculated value is 12.98%) is due to the
decomposition of ClO; anion, and there is an aiguille with the peak temperature of 231°C
in the DSC profile of complex 2, which may be due to the explosion of ClIO4™ anion. In the
TGA trace of complex 4, no weight loss was observed up to 280°C; however, an abrupt weight
loss was observed in a temperature range of 280-400°C because of the decomposition of two
dmbpy ligands with a mass loss of 50.09% (the calculated value is 47.11%). The second weight
loss of 22.14% at 400-470°C is due to the removal of the remaining dmbpy ligand to give
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Fe(BF,), residue. The thermal decomposition features of these are in good agreement with
their crystal structures.

Conclusions

In conclusion, the influence of different anions [(ClO4)~(SeCN)~, (ClO4) (SCN)-,
(Fe;OClg)*~, and BF,~] on the crystal structures, magnetic properties, and intermolecular
interactions of complexes 1-4 has been investigated. The (C1O,4)~ (SeCN)~ anion leads to the
longest Fe-N bond lengths with an average value of 2.131 A, and the (ClO,)~(SCN)~ anion
leads to the shortest N-Fe bond lengths with an average value of 1.969 A, and correspond-
ingly complex 1 is in HS state and complex 2 is in LS state. Moreover, (ClO4)~(SCN)~ and
(Fe,OClg)*~ anions resulting in complexes 2 and 3 have C-H---7 and 7---7 interactions in
their crystal structures, respectively. In complex 4, BF,~ leads to the crystal structure stabi-
lized via C-H---F and C-H:--C hydrogen bond interactions, and the thermal studies revealed
that complex 4 was more stable than the other complexes. In complex 3, the (Fe,OClg)*~
anion generates more distortional octahedral geometry of cation than other anions.
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