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To investigate the influence of ionic liquids on the structures and the properties of the complexes, ionothermal synthesis of 1,4-
benzenedicarboxylate acid (H,BDC) reacting with Co(NO;), under four 1-alkyl-3-methylimidazolium bromide produced three layered
metal-organic frameworks with chemical formula [RMI],[Co;(BDC);Br,], (R = ethyl for 1; n-propyl for 2, and n-butyl for 3; MI =
imidazolium) and 3D architecture [AMI],[Co3(BDC),] (4) (A = amyl). Compounds 1-3 have the same (3,6) skeleton with [RMI]" cations
locating in the interlayer space. Compound 4 grows into a 3D architecture based on BDC?™ ligands linking the similar 2D grids as those
in 1-3. The [RMI]" templates exert their influence on the diagonal sizes of the quadrilateral grids, the interlamellar spacing, and the
solvent-accessible cavities through steric hindrances. By the comparison of 1-3, the [RMI]" templates also find the roles on the
properties. With the alkyl chains in [RMI]" increasing, the decomposing temperatures increase, emission peaks around 400 nm blue shift,
and the cavities of 1-3 decrease. The magnetic behaviors of 1-3 are ferromagnetism with similar magnetic parameters, while 4 reveals
antiferromagnetism.

45 achieving novel MOF materials through tuning the properties of

Introduction ILs through tailoring the alkyl chains or the anion types, and then
Ionothermal synthesis as an environment-friendly method has transmitting the effects to the structural constructions of MOFs,
received remarkable attention in the latest decade,’** in which thus controlledly synthesizing MOF materials with desired
ionic liquids (ILs) behave as reaction media, structural templates properties. Our present work aims at the so-called “ionic liquid
or charge-compensating groups.** ILs have many distinguishing s effect”.” To watch more clearly how the ILs work on the
features: high ionic conductivity, non-flammability, negligible properties of MOFs, we hope to eliminate the effects of metal
vapor pressure, and so forth, -7 contributing for new-type centers and ligands. Therefore, we fix 1,4-benzenedicarboxylate
materials with intriguing structures, such as zeolite, zeo-type acid (H,BDC) as ligand with simpler coordination fashions, and
meso- and macroporous materials, and metal-organic frameworks Co(NOs3), as metal source to obtain MOFs with similar/same
(MOFs).*’ MOFs are a kind of porous materials with significance ~ ss skeletons, thus to recognize the ionic liquid effect. H,BDC
applications in gas storage, catalysis, and electronic reacted with Co(NOs), at different ratios under ionothermal
chemistry.'™!" With the consideration of the difference between conditions using four kinds of ILs as reaction media: 1-ethyl-3-
ILs and the common organic solvents/water, ionothermal method methylimidazolium bromide ([EMI]BY), 1-propyl-3-
is reasonably expected to offer significantly different reaction methylimidazolium bromide ([PMI]Br), 1-butyl-3-

S

environments to produce new-type MOF materials. Enormous ¢ methylimidazolium bromide ([BMI]Br), 1-amyl-3-
effort has been devoted to the applied ionothermal synthesis of methylimidazolium bromide ([AMI]Br). Three similar 2D MOFs
novel MOF materials.'>"*"!* Besides the selection of ligands and formulated as [RMI],[Co;(BDC);Br,] (RMI = [EMI]" for 1;
metal centers, the components of ILs play critical roles in the [PMI]" for 2, and [BMI]" for 3 ), and one 3D MOF architecture
structural fabrications of MOFs: cationic parts usually act as [AMI],[Co3(BDC),] (4) are presented in this work. The ionic
prime structure templates locating in the cavities; while anionic ¢ liquid effect on the structures and the properties of TG,

5

parts affect the deprotoned degree of the ligands through their fluorescence, magnetism are clearly observed.
hydrophilicity/hydrophobicity or nucleophilicity/basicity
behaviors. Experimental Section

Our previous work on M-BTC systems (M = Zn, Cd, Ni;

Materials and physical measurements. The reagents and
solvents were used directly as supplied commercially without
70 further  purification except four kinds of 1-alkyl-3-
methylimidazolium bromide synthesized from the reaction of 1-

H;BTC = benzene-1,3,5-tricarboxylic acid) deduced the
aforementioned ILs’ roles, in which the effects of metal-direction,
cationic template, anionic groups on the MOFs’ structures can be
distinctly observed. '° It becomes an important strategy in

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 | 1
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alkyl bromide with 1-methylimidazole according to literature
processes. '® Degassed alkylbromide were refluxed with the
distilled 1-methylimidazole to give corresponding ILs. The four
sorts of ILs were washed with ethyl acetate, and then dried under
a vacuum at least for 10 h: [EMI]Br (white solid, m.p. = 80-82
°C, yield: 92%), [PMI]Br (pale yellow oil, yield: 80%), [BMI|Br
(pale yellow oil, yield: 78%), [AMI]Br (pale brown oil, yield:
68%).

FT-IR spectra were collected from KBr pellets (Aldrich, >99%,
FT-IR grade) with a Bruker Tensor 27 FT-IR spectrometer in the
range of 4000-400 cm ™. Thermogravimetric (TG) analyses were
carried out in N, atmosphere on a SDT Q600 V8.3 Build 101
instrument with a heating rate of 10 °C-min” and a N, flow rate
of 20 cm*min”'. Powder X-ray diffraction data for the materials
were collected at ambient temperature with a Rigaku D/Max—3c¢
(Japan) diffractometer (Cu-Ka,, X-radiation, 4; = 1.540598 A
and J, = 1.544426 A), equipped with an X Celerator detector and
a flatplate sample holder in a Bragg—Brentano para-focusing
optics configuration (40 kV, 50 mA). Intensity data were
collected by the step counting method (step being 0.02°), in
continuous mode, in the ca. 5 < 20 < 50° range. Magnetic
susceptibilities were measured with a quantum Design MPMS-
XL-7 SQUID magnetometer in the temperature range 2.0-300.0
K with the applied magnetic field was 1000 Oe.

Synthesis of [EMI];[Co3;(BDC);Br,], 1. 1.00 mmol, 0.2919 g
Co(NOs),"6H,0 and 0.50 mmol, 0.0831 g H,BDC were placed in
a crystallisation vial placed in a 25 mL Teflon-lined stainless-
steel autoclave mixed with 1.005 g [EMI]Br. The mixture was
kept inside the furnace at 140 °C for 7 days, and then naturally
30 cooled to ambient temperature. The blue crystals of 1 suitable for
X-ray diffraction were collected after soak clearing with acetone.
IR data (in KBr, cm™") for 1: 3419(m), 3145(w), 3105(w),
3079(w), 2991(w), 2934(w), 1627(s), 1596(s), 1504(m), 1380(s),
1301(s), 1165(m), 1130(m), 1015(m), 899(w), 817(m), 746(s),
35 656(W), 612(w), 548(m). Compound 1 can be also synthesized by
0.50 mmol, 0.1469 g Co(NOs),-6H,0 and 0.50 mmol, 0.0835 g
H,BDC mixed with 1.003 g [EMI]Br in the same way, or with the
same amount of raw materials at 160 °C under similar process.
Synthesis of [PMI],[Co3(BDC);Br;], 2. Compound 2 can be
synthesized from the similar preparation process as described in
compound 1 by using 1.00 mmol, 0.2913 g Co(NO;),6H,0 and
0.50 mmol, 0.0838 g H,BDC mixed with 1.0 ml [PMI]Br. IR data
(in KBr, em™) for 2: 3419(m), 3145(m), 3088(m), 2960(w),
2925(m), 2868(m), 2758(w), 2679(w), 2635(w), 2578(w),
2516(w), 2428(w), 1961(w), 1838(w), 1614(s), 1581(s), 1504(m),
1380(s), 1297(s), 1161(m), 1130(m), 1007(m), 890(w), 820(s),
744(s), 649(w), 619(w), 548(m). Compound 2 can be also
achieved by 1.50 mmol, 0.4370 g Co(NO;),"6H,O and 0.50
mmol, 0.0838 g H,BDC mixed with 1.0 ml [PMI]Br through the
similar process as that of compound 1, or with the same amount
of raw materials at 160 °C.

Synthesis of [BMI],[Co3(BDC);Br;,], 3. Prepared as described in
1, compound 3 was obtained from the mixture of 1.00 mmol,
0.2915 g Co(NOs),-6H,0, and 0.50 mmol, 0.0835 g H,BDC with
1.0 ml [BMI]Br. IR data (in KBr, cm ') for 3: 3428(s), 3141(m),
3106(m), 3080(m), 2987(m), 2930(w), 2870(w), 2849(w),
2803(w), 2761(w), 2575(w), 2521(w), 2422(w), 1625(s), 1584(s),
1508(m), 1387(s), 1330(s), 1304(s), 1161(s), 1130(s), 1087(w),

A

S

S

a5

S

S

3

b3

1016(m), 890(w), 820(s), 749(s), 652(w), 613(W), 575(w), 553(s).

s Compound 3 can be synthesized with the same amount of raw

materials at 160 °C under similar process.

Synthesis of [AMI];[Co3;(BDC)y], 4. With the similar
preparation process of 1, the mixture of 1.00 mmol, 0.2911 g
Co(NO;),"6H,0 and 0.50 mmol, 0.0837 g H,BDC with 1.0 ml
[AMI|Br gave compound 4. IR data (in KBr, cm™) for 4:
3707(w), 3603(w), 3541(s), 3335(s), 3273(s), 3215(s), 3162(s),
3106(s), 3048(s), 2978(w), 2934(w), 2886(w), 2828(w), 2771(w),
2714(w), 2657(w), 2556(w), 1868(w), 1799(w), 1635(m),
1508(w), 1455(w), 1380(w), 1097(s), 1047(s), 917(w), 791(s),
693(w), 628(m), 481(s).

Topology. According to A. F. Wells’ topology definition'” and
the MOF structural features, the constructed secondary building
units (SBUs) and the rest benzene ring from BDC?" ligand are
simplified as the nodes and the topology networks of compounds
1-4 were calculated using the ADS program of the TOPOS 4.0
Professional structure-topological program package.'®

Single Crystal X-ray Diffraction. Single crystals of compounds
1-4 were manually harvested from crystallisation vials and
mounted on Hampton Research CryoLoops using FOMBLIN Y
perfluoropolyether vacuum oil (LVAC 25/6, purchased from
Aldrich) " with the help of a Stemi 2000 stereomicroscope
equipped with Carl Zeiss lenses. Data were collected with a
Bruker X8 Kappa APEX II charge-coupled device (CCD) area-
detector  diffractometer (Mo-Ko  graphite-monochromated
radiation, A = 0.71073 A) controlled by the APEX2 software
package,” and equipped with an Oxford Cryosystems Series 700
cryostream monitored remotely using Cryopad®' at 150(2) K
Images were processed using SAINT+,%? and data were corrected
for absorption by the multiscan semiempirical method
implemented in SADABS.*

The structures of compounds 1-4 were solved by direct
methods using SHELXTL™ package of crystallographic
software® and refined by full-matrix least-squares technique on
F?. All non-hydrogen atoms were refined anisotropically.
Hydrogen atoms were located at geometrically calculated
positions to their carrier atoms and refined with isotropic thermal
parameters included in the final stage of the refinement. A
summary of the structural determination and refinement for 1-4 is
listed in Table 1. The selected bond distance and angles are listed
in Supporting Information (Supporting Information, Table S1).

Crystallographic data (excluding structure factors) for the
structures reported in this paper have been deposited with the
Cambridge Crystallographic Data Centre (the deposition numbers
CCDC 1006451-1006454 for 1-4 respectively). These data can be
obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Table 1. Crystal and structure refinement data for compounds 1-4

1 2 3 4
Emplrlal CégHIifl]?)r C38H38Br2C C40H42BI2C CSOHSOCO
formula 234 O3N4012 03N4012 3N4016

12

Color and  blue violet prism  violet prism violet
Habit prism prism
girzy:tal (1)'21023; 8' 0.12%0.09%  0.18x0.10x  0.18x0.1
(mm?) 30 ’ 0.06 0.06 3x0.05
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Crystal Monocli  Monoclinic  Monoclinic ~ Monoclin coordination sphere of Col center is shaped by three carboxylic
system nic ic oxygen atoms and one terminal monodentate Br ligand with dc,;-
Space P2/n P2 P2 C2e 0= 1.963(3) — 1.982(3) A and dco1.p, = 2.394(9) A, respectively.
group Co2 center bonding with six carboxylic oxygen atoms builds into
a (A) i%j9273( 12.9773(6) )13'0822(12 33.093(3) s a distorted octahedron, in which four carboxylic oxygen atoms
9.3874(9 are placed in the equatorial plane, and O21 and its symmetric
bA ) 9.4496(4) 9.7472(8) 9.6403(9) atom locate in the axial vertices. Co2 center links each Col center
18.2110( 18.0158(16  18.5130( through two pairs of p,-bidentate COO  groups and one p,-
¢ (A) 16) 18.231009) ) 19) bridging monodentate COO™ group. Consequently, Co2 center as
o 107.861( 30 a central symmetric point connects Col center and its symmetric
BC) 4) 108.237(2)  108.963(3)  92.954(5) atom into a linear trinuclear [Co;(COO)4Br,] SBU with Co--Co
v (A 2103.53  2123.37(17 2172.6(3) 5898.3(1 interactions of 3.236 A (Figure 2). Such four [Cos(COO)Br;]
P )2 )2 5 2) SBUs are further bridged by four rest benzene moieties from
BDC? ligands of p4-bis-bidentate mode into a 36-membered
g}v 1051.28 1079.33 1107.39 13973 35 quadrilateral, whose propagation produces a layered (4,4) sheet
(Mgm™) 1.660 1.688 1.693 1.283 along the bc-plane (Supporting Information, Figure S6). The
4 (mm™) 3.131 3.104 3.036 0.898 other kind of benzene moieties from BDC® ligands of -
F (000) 1050 1082 1114 2348 bridging monodentate mode embed into the 36-membered
00) 340 to 3.81 to 3.75 to 3.70 to quadrilateral along the b-direction (Supporting Information,
25.03 27.48 27.48 25.02 40 Figure S7). Ultimately, a (3,6) topological layer constructed by
Reflectio dummying [Co3(COO)¢Br,] SBUs and benzene rings as 6- and 2-
ns 14181 33494 18735 20895 connecting nodes (Figure 3c). The [EMI]" cations appear in the
measured interlayer; however, no 3D supramolecular architecture can be
Independ ?;44 4865 (Riyy = 4969 (Rinc = 5131 (Riy built up based on no strong interaction among [EMI]" cations and
ent refs 0‘6";39) 0.0570) 0.0594) =0.0484) s the negative framewocrf (Figucroe 3b).
Observed co co
Refs 2262 3999 3376 3504 C" ‘L ° o~
[/>26(D)]
Final R,
WR, 0.0774, 0.0321, 0.0474, 0.0680,
[1526(1)] 0.1950 0.0742 0.0994 0.1929
R, wR, 0.1120, 0.0458, 0.0849, 0.0939,
(all data)  0.2066 0.0822 0.1142 0.2061
S 1.006 0.952 1.060 1.007 o o o 5
(A/S)max/m  0.004, 0.001, 0.001, 0.001, & L co” co
in 0.000 0.000 0.000 0.000
ApPmax/min 2.828, 1.112, 1.143, 1.305, Scheme 1. The coordination fashions of BDC? ligands in
(eA?) -0.730 -0.808 -0.718 -0.463 compounds 1-3.

Ry = QIF| - [Fe|[ ZIF). wRy = [X (W(FS" - FO)) 1 2 (w IF,7)]™

Results and discussion

Crystal structures of compounds 1-3. 2D layered compounds 1-
3, [RMI];[Co3(BDC);Br,], possess same [Co;(BDC);Br;]
s skeleton frameworks with corresponding [RMI]" cations
anchoring in the interlayer spaces, including the same
coordination spheres of Co(II) centers and the coordination
fashions of BDC?™ ligands. Because of the skeleton framework
similarity in compounds 1-3, only the structure of compound 1
10 will be discussed in detail. The structural motifs of compounds 2
and 3 are listed in supplementary information (Supporting
Information, Figure S1-5). The asymmetric unit of compound 1
consists of one and half Co(Il) centers, one and half BDC*
ligands, one Br~ and one [EMI]" (Figure 1). Four positive charges
15 on Co(Il) centers and [EMI]" cation are neutralized by one and
half BDC? ligands and one Br to keep charge balance. In
compound 1, BDC*" ligands exhibit two p4 coordination modes:
bis-bidentate and bridging monodentate coordination fashions
(Scheme 1). Two independent Col and Co2 centers have
2 different coordination geometries. A distorted tetrahedron

021D
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Figure 2. The structure motif of the linear trinuclear still 21.2% cavities existing in the framework. It relates with the
[Co3(COO0)¢Br,] SBU in compound 1. so arrangement of the [AMI]" templates, which economizes the
(EMIBr ﬁ? < space: [AMI]" template locating between the adjacent p, bis-
| S monodentate BDC? ligands and the orientations of BDC>
ligands posing in the opposite direction (Figure. 3b). We will
have a better insight into the nature of this intricate architecture
ss by topological analysis. Regarding on the structural features of 4,
apparently, the [Co3;(COO)g] SBUs could be regarded as 8-
connected nodes, and the rest benzene moieties as 2-connected
nodes. The vertex point symbols are {6°.8'4.107.12}, {6}, {8}
and {6} for the 8-coonected SBU nodes and three kinds of 2-
60 connected benzene nodes respectively. Therefore, the overall
structure of 4 can be simplified to a 2,2,2,8-c 4-nodal topological
network with pcoint syr(rzlbol of {6°.8'.107.12} {6}5{8}.

Cd(NO,), + H,BDC —

(a) (b) (©) ‘ ‘ ‘

s Figure 3. Schematic representation of (a) the reactions ° 0 o o °
investigated; (b) the crystal structures. packing arrangements,
with the ILs cations represented in yellow and the anionic 2D
frameworks drawn in purple, pink, blue and amaranth,
respectively; (c) the (3,6) 2D topological network for compounds
10 1-3 and 3D {6°.8'%.107.12} {6};{8} topological network for 4
with the trinuclear [Co3(COOQ)¢Br,] subunits for 1-3 considered as
six-connected nodes, the [Co3(COO)g] subunit considered as \ \ Co Co \
eight-connected node for 4 and rest benzene moieties as two-

connected nodes for 1-4. Scheme 2. The coordination fashions of BDC? ligands in

s 65 compound 4.

Crystal structure of compound 4. Compound 4,
[AMI],[Co3(BDC),], distinguishes itself from compounds 1-3 in
which 4 is a 3D architecture organized on the base of the 2D
sheets in 1-3. The asymmetric unit of 4 contains one and half
2 independent Co(Il) centers, two BDC? ligands and one [AMI]*
cation (Figure. 4). Three positive charges on Co(II) centers and
one on [AMI]" are balanced by two BDC?™ anions. Similarly, the
independent Col and Co2 centers shape tetrahedral and %131\ e
octahedron geometries respectively, except that the Col-Br bonds
25 in 1-3 are replaced by Col-O bonds. Additionally, the BDC*

022E

021E

ligand exhibits three kinds of coordination fashions: py-bis- y

bidentate and p4-bridging monodentate modes as that of f e
compounds 1-3, and a different p, bis-monodentate mode O s

(Scheme 2). Co2 atom as a crystallographic inversion center O31F

30 connect Col and its symmetric atom building up a similar linear
trinuclear negative [Co3;(COO)g] SBU based on the similar
connection ways, except a monodentate COO group as a
terminal ligand replacing Br existing in Col sphere (Figure 5).
Also, [Co3(COO)g] SBUs are connected by py-bis-bidentate

s BDC?™ ligands into a (4,4) sheet, and further by p,-bridging
monodentate BDC?™ ligands embedded in the 36-membered
quadrilateral into a (3,6) topological layer along the bc-plane
(Supporting Information, Figure S8). This construction ways of
the (3,6) layers in compounds 1-4 are identical. Subsequently,

40 these neighbouring (3,6) layers are fused into a 3D architecture
based on the connection of p,-bis-monodentate COO™ groups

(Figure 3c). When omitting [AMI]", the total solvent-accessible suggesting the ligand configuration is the critical factor to
volume of the channels in the unit is 3306.5 A>. which accounts determine the MOF structures, not the reaction temperature and

for 56.1% of the total cell volume 58983 A® calculated by 7 the ratio. It demonstrates that the design of choosing simple

s PLATON software; 2* Considering [AMI]" anchoring in the ligand to eliminate the influence of the structure is effective. I‘t is
noteworthy that compounds 1-3 have the same general chemical

Figure 5. The structure motif of the linear trinuclear [Co3(COO);]
70 SBU in compound 4.

Compounds 1-3 can be obtained at 140 and 160 °C with the

different molar ratios of H,BDC ligands and Co*" centers,

channels, the solvent-accessible volume significantly decreases to
1248.1 A3, accounting for 21.2%. The calculation indicates that, formula  [RMI],[Cos(BDC);Bry], and the same skeleton

. . o .
though [AMI]" templates block up nearly 60% cavities, there is frameworks with [RMI]" cations locating in the interlayer space.

4 | Journal Name, [year], [vol], 00-00 This journal is © The Royal Society of Chemistry [year]
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There are a lot of same structural details in 1-3, such as the
coordination fashions and the deprotoned degree of BDC*
ligand, the coordination spheres of Co(Il) centers, and the
construction modes of the SBUs and the 2D skeletons.
Compound 4 also contains almost identical 2D grid as those in
compounds 1-3 if omitting the difference in monodentate
coordinated COO or Br . Nevertheless, the subtle effect of
[RMI]" templates on the 2D rigid [Co3(BDC);Br,] skeletons still
can be observed (Figure 6). (i) Under fixed almost all reaction
conditions, such as the types of the starting materials and their
molar ratios, the temperatures, and the anions of ILs, except only
the different [RMI]" cations in ILs, we obtained two types of
MOF skeletons. Compared the skeleton frameworks of
compounds 1-3 and 4, the 2D (3,6) grid in compound 4 can grow
into a 3D architecture with the connections of the BDC>™ ligands.
The cause of this change may come from the sizes of [RMI]"
templates: [AMI]" template has the top size in the presented
[RMI]" series, making the maximum interlamellar spacing (the
interlamellar spacing represented by the centroid distances
between the neighboring linear trinuclear SBUs, 12.927 A for 1,
12.977 A for 2, 13.082 A for 3, 17.234 A for 4), thus permitting
the entry of BDC?™ ligands to fabricate the 3D architecture; (if)
The interlayer [RMI]" templates exert influence on the diagonal
sizes of the quadrilateral grids. With the increasing of the lengths
of the alkyl chains in [RMI]" templates, the quadrilateral grids
stretch along b-direction and compress along c-direction (9.39 x
18.82 A% for 1, 9.45 x 18.78 A* for 2 and 9.75 x 18.51 A? for 3),
which matches the order of the steric hindrances of the alkyl
chains; (iii) the changes in the solvent-accessible volumes of
compounds 1-3 also support the deduction: with the increasing of
the alkyl lengths, the gradual fall of the solvent-accessible
volumes can be watched (61.7 A%, 2.9% for 1, 43.2 A%, 2.0% for
2, 0 A’>, 0 % for 3). The solvent-accessible volumes under
omitting the [RMI]" templates comply with the trends (954.5 A,
45.4% for 1, 972.4 A°, 45.8% for 2, 1009.4 A®, 46.5 % for 3).
Calculated the solvent-accessible volumes of 2D grid
with/without [AMI]" template in compound 4 under omitting the
L, bis-monodentate BDC* ligands, the solvent-accessible
volumes respectively are 1915.0 A%, 32.5 % with [AMI]" and
3830.3.0 A, 64.9 % without [AMI]"), which supports our
analysis.
Characterizations

PXRD. The experimental PXRD patterns for compounds 1-
4 match well with those simulated from single crystal structure
data (Supporting Information, Figure S9), indicating that
compounds 1-4 were isolated as single crystal pure phases.

FT-IR spectra. The characteristic absorption peaks of the
main functional groups for compounds 1-4 are listed in
Supporting Information (Table S2). The asymmetric stretching
vibrations v,(COQ") are observed in the rang 1508-1635 cm™
and symmetric stretching vibrations vg(COO") in 1380-1504 cm™
!. The above stretchings are shifted to lower wave numbers,
compared to the carbonyl frequencies of free H,BDC ligand (vc-o
1682 cm'). The difference A(v,(COO)-0(COO)) were
beyond 200 cm™, showing the coordinated carboxylate groups,®
in accordance with the single crystal structural analysis. The
peaks for 1-4 from 2925 to 2980 cm™' are from C-H stretching
vibrations, the ones around 1160 cm™ assigned to N-C stretching

of the imidazolium ring, and the one at ca. 3100 cm™ related with

e C-H stretching of the imidazolium ring.

6:

7

7:

8

8;

9

9.

5

0

G

0

5

=3

b3

9.64A

Figure 6. The sizes of the quadrilateral along with [RMI] in
compounds 1-4.

TG analysis. The thermogravimetric analyses of
compounds 1-4 show their thermal stabilities up to around 400 °C
for compounds 1-3 and 270 °C for compound 4, and start to
decompose at 410 for 1, 402 for 2, 388 for 3, and 270 °C for 4
(Supporting Information, Figure. S10). The decreasing order of
the thermal decomposition temperatures from 1 to 4 is contrary to
that of the interlamellar spacing from 1 to 4. This phenomena that
less interlamellar spacing associates with higher thermal stability
may suggest the effect of [RMI]" cations on the structural
stabilities. The very small weight loss of ca. 1.5% in 1 at 252°C
may come from water absorbed by MOF or combining with
[EMI]" templates. In the following temperature range after the
thermal decomposition temperatures, considerable weight losses
(ca. 59.1-81.5%) occur, attribute to the destruction of the overall
frameworks due to oxidation of the organic components including
ILs and BDC? ligands. These losses with no plateau seem to
concern with the decarboxylation and/or ring-opening reactions
of the imidazolium ring. It also suggests [RMI]" templates are
very stable in the MOF frameworks, decomposing simultaneously
with MOF skeletons, supporting the results that [RMI]* templates
can not be exchanged by common metal cations.

Fluorescence. The emission spectra of 1-4 and free H,BDC
ligand in the solid state are recorded at ambient temperature
(Figure 7). Free H,BDC ligand shows two emission peaks at 399
and 415 nm with the excitation at 330 nm, which can be assigned
and n-n intraligand charge transfers (ILCT)
respectively. Compounds 1-4 exhibit broad emissions at around
405 nm and shoulder peaks at around 465 nm (407 and 467 nm
for 1, 402 and 465 nm for 2, 400 and 464 nm for 3, and 410 and
466 nm for 4) with the excitation at 350 nm. The neighbouring
emissions of free H,BDC ligand fuse into broad emissions at
around 400 nm in compounds 1-4. After the coordination of
Co(Il) center with H,BDC ligand, a red shift and a blue shift
occur at the mn and n-n’ ILCT respectively, appearing as
broad emissions. Compared to the free H,BDC ligand, there are
new emerging emissions at around 460 nm, which are assigned to

¥
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ligand-to-metal change transfer (LMCT). By the observation on
broad peaks at around 400 nm of 1-3, we can find the wave
lengths are blue shifting, whose order is contrary to the increasing
alkyl chain in [RMI]" templates. It hints the correlativity between

s the fluorescence and [RMI]" templates that the longer the alkyl
chain, the shorter the wavelength, relating with the solvent role of
ILs.

Intensity

T T T T T T T
440
A

#0 40 50 520
Figure 7. The solid-emission spectra of 1-4 (A, = 350 nm) and
10 H;BDC (A¢x = 330 nm) recorded at ambient temperature.

Magnetic properties. The crystal samples of compounds 1-

4 were measured in the temperature range 2-300 K with magnetic
fields of 1000 Oe, whose magnetic behaviors are shown in Figure

15 8 in the form of y,-T and p.~T plots. Nonlinear fitting method
via ¥, = C/(T — 0) applied to the data of 1-4 between 50-300 K
reveals the Curie-Weiss behaviors with the Curie constants and
the Weiss constants. The effective magnetic moments of
compounds 1-4 can calculated via u.; = 2.828 D" pp (Table
2 2). The effective magnetic moments . observed in compound 1-
3 are much higher than the theoretical value (3.87 uB) of one
magnetically isolated spin-only Co (II) ions (1 =3, S=3/2, g =
2.0). The u,T plots show gradual increasing with the
temperature decreasing, indicating the presence of ferromagnetic
25 interactions. The results are well fitted by the Curie-Weiss law y,,
C/(T — 6) with positive 6 values, and supported by the
comparisons that average u.; values at around 8.3 uB (8.205 u3
for 1, 8.377 up for 2, 8.412 up for 3) are much larger than
theoretical value (3.87 puB). The similar magnetic behaviors with
30 close values of compounds 1-3 originate from the structure
similarities. However, compound 4 shows an antiferromagnetic
interaction judged by its x, increasing depending on temperature,
also supported by its negative @ (6 = -12.13563 K) and u,; of
1.78 uB at ambient temperature less than theoretical value (3.87

35 uB).

Table 2. The Curie constants, the Weiss constants and the
effective magnetic moments of compounds 1-4 via nonlinear
fitting method

Compound Curie the Weiss Hpat
constant C constant & 300K
(cm3m01'lK) (K) (48)
1 8.41854 1.82924 8.232
2 8.77425 0.02223 8.343
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Figure 8. Plots of y,,, vs T'and p.; vs T over 2-300 K at a field of
1000 Oe of compounds 1-4.

Conclusions

In this present work, a series of Co-BDC metal-organic
frameworks are synthesized by ionothermal method with four
types of 1-alkyl-3-methyl imidazolium bromide [RMI]Br ILs. By
fixing the factors, such as the types of the raw materials and their
molar ratios, the temperatures, and the anions of ILs, we explored
the effect of ILs on the structure constructions and the properties.
Compounds 1-3 have the same (3,6) [Co;(BDC);Br,] skeletons,
and compound 4 distinguishes itself as a 3D architecture based on
a almost identical 2D grid as those in 1-3. By the comparison of
the structures, the template role of [RMI]" is clearly shown:
[RMI]" templates influence the diagonal sizes of the quadrilateral
grids, the interlamellar spacing, and the solvent-accessible
through the steric hindrances. The decomposing
temperatures of compound 1-3 around 400 °C and 270 °C for 4
show high thermal stabilities. The TGA of compound 1-3 indicate
that their decomposing temperatures bear on the interlamellar
spacing concerning with [RMI]" sizes. Similar observation on
their emission peaks at around 400 nm of 1-3 suggests the alkyl
chain in [RMI]" templates slightly affect the fluorescence. The
magnetic behaviors of compounds 1-3 are similar ferromagnetism
with close magnetic parameters, while compound 4 reveals an
antiferromagnetic interaction. Our present work demonstrates that
[RMI]" templates exert significant influence on the structure
construction and the properties through the alkyl chain length. It
also proofs the feasibility to tune the MOF structures and
properties through tailoring the structures of the ILs components.
Further investigation on such systems may give out more
information derived from more new MOF materials with
interesting features and desired properties.
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