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Abstract: Formate anion is the simplest carboxylate, comparei@rmate complexes, in this work, two complexes weyethe-

with other carboxylate, it owns more excellent coation
ability. We used M(OAg)n HO (M=Mn, Cu) as a raw starting
material, hydrothermal synthesis methods assisyddNdF hy-
drolysis which produced the formyl were adoptedptepare
metal(ll) formates complexes, Mn(HCOIH,(CHz), (1) and

sized by the reaction d¥fl(OAc),:n HO (M=Mn, Cu) in the
system of HO /DMF at 80°C. It is worthy to note that in the
reaction course, DMF hydrolysis produced the foramyion, in
the mean time, the formyl anion antktal ionsassembledn
situ to form metal formate supermolecular complexes.

Cu(HCOO)}- H:C,03 (2). The as-prepared products were char-

acterized by elemental analysis, IR spectroscoprayxsingle-
crystal, powder diffraction and thermogravimetrioalsis.
Structural analysis shows that complex 1 is thregedsional
grid shapes, and complex 2 is a 1D chain structure.

Keywords: Hydrothermal synthess, Crystal structure, DMF
hydrolyss.

1. INTRODUCTION

A great deal of attention has been attracted froen designs,
synthesis, structure and properties of coordinagiolymers in
recent years, due to their potential applicationthie fields of
catalysis, molecular electronics, sensor design apiats[1-5].
Carboxylate anion is very versatile ligands in light of the
wide variety of coordination modes, they exhibitniany metal
coordination compounds. In the metal-polycarbaeylaom-
plexes system, the aliphatic decarboxylate ligargigh as
HCOOH, HC,0,, HOOC(CH),COOH and so on, are used
with a strong linear bridging ability. Compared dther car-
boxylates, formate shows minimal steric hindrararg] it was
chosen due to its known ability to form 2D or 3Dustures.
For example, [Cu(HCOQHCOOH)]n[6], [Fe(G.CH),]
-1/3BHCQH[7], [MN1,0:5(O,CCHg)16(OHy)4]-4H,0-2CH,COH
[8]. The formate anion is the simplest carboxylatany com-
pounds have been described in the literatures warielstructur-
ally characterized by single-crystal X-ray diffr@act, but most
reported compounds have been synthesized by tloéareaof
corresponding metal acetates and formic acid. rdieroto fur-
ther study on the various structure and functigmaperty of the
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2. EXPERIMENTAL
2.1 General Procedures

All chemicals purchased were of reagent grade tieband
used without further purification. IR spectrageveecorded on
a JASCO FT/IR-480 PLUS Fourier Transform spectremet
with pressed KBr pellets in the range 200-4000*cithe ele-
mental analyses for C, H, and N were carried ous derkin
Elmer 240C automatic analyzer. Thermogravimetrialyses
(TGA) were performed under atmosphere with a hgatite of
10 °C /min on a Perkin Elmer Diamond TG/DTA. X-ray pow
der diffraction (PXRD) patterns were obtained oBraker Ad-
vance-D8 equipped with Cu Ka radiatidal.54183A), in the
range 5° < B < 50°, with a step size of 0.02°6j2zand an count
time of Zo per step.

2.1. Preparation of MN(HCOQ),- NH,(CH3), (1)

A mixture of Mn(OAc)-4H,0O (0.1244 g, 0.5 mmaql) HO(10
mL , 556 mmol) and DMF(3 mL) were placed in a bedlask,
and stirred for 3 hour at room temperature, theusaed pH
with 1M hydrochloric acid to 4. The mixture wasroduced
into a reaction kettle and then heated staticall@a’C for 3
days. Resulting colorless product was then filtevéfdwashed
with water, then dried in air. Anal. Calcd. for sHz;OsNMn
(%): C, 25.56; H, 4.76; N, 5.97 and Found %): C,
25.44; H, 4.70; N, 5.93.IR (KBr pellet, v/em™) : 3061
(m), 1592 (s) 1469 (w) 1460 (w) 1367 (s) 1349 (s)
1025 (s) 794 (s).
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2.2. Preparation of Cu(HCOOY}: H;C,03 (2)

The preparation is similar td except that Cu(OAeH,O
(0.1088 g, 0.5 mmol) instead of Mn(OA@H,O was used.
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2.3. Crystallography

Suitable single crystals of the two compounds weoented on
glass fibers for X—ray measurement. Reflectiora ded¢re col-

Blue crystals of2 were obtained after washing with water forlected at room temperature on a Bruker AXS SMARTEXRI

several times. Anal. Calcd. forsisOsCu(%): C, 21.86;
H, 2.35. Foundf): C, 21.94; H, 2.21. IR (KBr pellety/cm
) 3055 (m) 1577 (s) 1472 (w) 1440 (w) 1364 (s)

1341 (s) 1025 (s) 825 (m) 803 (s).

Tablel Crystal data of complexdsand2*

Complexes 1 2
Formula GH11NOgMn CsHgOoCu
Molecular weight 236.09 273.64
Crystal system Trigonal Monoclinic
Space group R-3c C2/c
a(A) 8.3335(6) 13.681(3)
b (A) 8.3335(6) 8.7192(16)
c(A) 22.891(3) 8.8542(16)
a(®) 90 90
B(°) 90 123.837(2)
76) 120 90
V (A% 1376.7(2) 877.3(3)
Z 6 4
Deac(g cmi®) 1.709 2.072
Crystal size/mm 0.2570.15° 0.17°0.14°
0.01 0.09
F(000) 726 548
u(Mo-Ka)/mm* 1.438 2.523
a1°) 3.34t0 28.76 2.94 to 25.00
Reflections collected 2439 2104
Independent reflections
(1 >20() 387 (357) 771 (668)
Parameters 25 71
A(p) (e nm) 211 and -238 605 and -543
Goodness of fit 1.134 1.137
Re 0.0201 0.0301
(0.0227% (0.0356)
WRy? 0.0511 0.0820
(0.0525% (0.0855)

OR=2|IFol-|Fcll/ =] Fol, wRy= {Z[W(F2-FA? | Z[w(FAT}
V2. [Fo> 4o(Fo)].
b Based on all data
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CCD diffractometer with graphite monochromatized -Ma
radiation §=0.71073 A). All the measured independent reflec-
tions (1 > (1)) were used in the structural analyses, and semi
empirical absorption corrections were applied usBAPDABS
program[9]. Crystal structures were solved by thieeat
method. All non-hydrogen atoms were refined ancgotally.
Hydrogen atoms were fixed at calculated positiams @efined

by using a riding model. All calculations were penfied using
the SHELX-97 program[10]. Crystal data and detfiithe data
collection and the structure refinement are givenTable 1.
Selected bond distances and angles are given la Zab

3. RESULTS AND DISCUSSION
3.1. Synthesis

In our work, complexe4 and2 were synthesized by the reac-
tion of M(OAc)-n HO (M=Mn, Cu) and DMF. But the experi-
mental results found that the composition of tmalfiproducts
do not included DMF, they are metal (ll) formatengexes.
This maybe because in the reaction course, theréwar new
reactions to occur: one is that DMF hydrolysis paet the
formyl anion; the other is the formyl anion and atdbns as-
sembled in situ to form metal formate supermolecuam-
plexes. It is worthy to note about the importamteghe hy-
drolysis of DMF in a weak acid experimental coratitipH=4)
(Schemel).

3.2. IR spectra

The broad absorption bands appearing at 3061, 8®B5ndi-
cate the presence of C—H stretching of formic atiae bands at
1592 and 1577 ctare attributed to the characteristic asymmet-
rical stretching vibration of the C=0. The bant#ha range of
1472-1440 cm are attributed to the characteristic symmetrical
stretching vibration of the C=0. The band at #ege of 1341-
1367cm' is assigned to the stretching vibration of the C-O
The FTIR spectra of the complexes are very muclsistemt
with the structural analysis result. In addititine detailed ap-
pointments of the IR spectra data for the compléxasd?2 are
shown in Table 3.

o] o]
I CHy pH=4 i CHa
(1) MO + H-C-N{J° ——» H-C-OH + H-N
CH ’ Ca
3 CH
@ H-N 4 o —— A
CHs 2"~CHsq

I
—C— —_—
(3) M2* + 3H-C-OH M(COOH) |+ 3H" (M=MnCu)

SchemelHypothetical reactions process by hydrolysis of BMad-
ing to formate complexes.
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Table 2 Selected Bond distance&)(and Angles (°) for complexdsand2*

Complex1

Mn-O 2.1880(9) Mn-& 2.1880(9) Mn-& 2.1880(9)
Mn-O*® 2.1880(9) Mn-& 2.1880(9) Mn-& 2.1880(9)
O-Mn-0* 89.20(4) O-Mn-& 180.0 G%-Mn-0* 90.80(4)
O-Mn-0* 89.20(4) G-Mn-0* 90.80(4) &>-Mn-0" 90.80(4)
O-Mn-0* 90.80(4) G-Mn-0™ 180.0 G*Mn-0* 89.20(4)
0**-Mn-0* 89.20(4) O-Mn-& 90.80(4) G-Mn-0" 89.20(4)
0*%-Mn-0* 89.20(4) &*-Mn-O0* 180.0 d*Mn-0* 90.80(4)
Complex2

Cu-02 1.969(2) Cu-C? 1.969(2) Cu-01 1.974(2)
Cu-O1* 1.974(2)

02-Cu-02* 180.00(8) 02-Cu-0O1 91.46(9) Bxcu-01 88.54(9)
02-Cu-of* 88.53(9) 0OZ-Cu-OT'  91.47(9) O1-Cu-O%1 180.0

*Symmetry codes: #1: -, -y, -z; #2: -x+y , -X;#B: X-y, X, -z; #4.y, -x+y, -z; #5: -y, x-y, z fdr #1: -x+3/2, -y+1/2, -z+1 fop.

3.3. PXRD spectra

The simulation (a) and experimental (b) PXRD speutrof

80
a

complexesl and 2 areshown in fig.2 and fig .3. From the pic-
ture we get that the experimental PXRD spectrunoraiscwith
the simulation PXRD spectrum. And it indicated tbatnplexes
1 and? are pure phase, without any impurities.

3.4 Crystal structure of complexes

Crystal structure of complex 1

Complexel is crystallized in the trigonal system with R-3c
space group. Selected bond distances and anglesgilex 1
are given in Tabl@. X-ray single crystal analysis indicates that
complex1 is made up of a Mn(HCO®)anion, and a free NH
(CHg)," cation. The Mn(ll) centre is coordinated by sixy/gsn
atoms(0,d,0"2,0° 0" and O #1: y, -x+y, -z; #2: X, -y, -Z;
#3: Xy, X, -z; #4: -y, X-y, z; #5: -x+y, -X, z)dm six formate

Table 3 The IR spectra adscription and comparison of tmeptexesl
and2

oy
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Complexes 1 2

Vieh) 3061 3055
Vas(c=0) 1592 1577
Vs(c=0) 1469,1460 1472,1440
Vc.o 1367,1349 1364,1341

http://cis.latinamres.net

Wavenumber [cm-1]

Figure 1. The IR spectra of complexéé& )and2(b)
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ions to form a octahedron geometry, as shown i@y The
adjacent manganese ions are linked by the formatehvacted
as a bridge adoptingig—n*:n* mode to form three 1D chains
alone the a, b, c axes, respectively. In the nmeanthe chains
are connected by formic acid molecules which acbrédging
ligands, then formed lattice structure (shown ig.4ib)). In
addition, the Mn—-O bond lengths are all 2.1880(9) ahd
O-Mn-0 angles are divided into two groups, one grigucor-
responding to cis with angles in the range of 88Lp@& 90.80
(4)° and other to trans O—Mn-0 with a angle of 080.

Crystal structure of complex 2

Complexeg are crystallized in the Monoclinic system with C2,
Cc space group. Selected bond distances and arfgitemplex2
are given in table 2. X-ray single crystal anayisidicates that
complex2 is made up of a Cu(HCO@pnion, and a free formic
anhydride. Free moiety is a protonated formic dnidg, and
there is a electrostatic force between Cu(HCO&)ion and the

15000
12000
9000

6000

Instensity

3000

|

Figure 2. The simulation (a) and experimental (b) PXRD spmctof
complexl

30
26(°)

10000

8000

6000

4000

Instensity

2000

20 (°)
Figure 3. The simulation (a) and experimental (b) PXRD spmctof
complex2
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Figure 4 (a) The coordination environment of Mn Symmetry codes
#1: -X, -y, -z; #2: -x+y, -X, z; #3: X-y, X, -z; #4, -x+ty, -z; #5: -y, X-y,

z (b) A 3D structure of compleg (All H atoms were omitted for clar-
ity).

free formic anhydride. From the fig. 5(a), It isufa that Cu(ll)
is coordinated to four oxygen atoms(01,"DD2 and O%; #1:
-x+3/2, -y+1/2, -z+1) from four formate ions to rfoed the
square planar geometry. In this case, formic asithidentate
coordination which adopts unidentate apg-n*:n*binding
modes. And it acts as bridging ligand connecting &djoining
Cu(ll) by p,-n*:n* binding mode to form a infinite one-
dimensional chain (shown in fig. 5(b)). The Cu-nédengths
range from 1.969(2) to 1.974(2) A, and O-Cu-O amgiee
divided into two groups, one corresponding to dsclv angles
vary form 88.53(9) to 91.47(9)° and other to tr&s Cu -O
which angle is 180.00(8)°.
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Crystal structure of complex 2

different metals own different coordination numbensd in this

Complexe< are crystallized in the Monaclinic system with C2/WOrk, Mn is hexa-coordinate, Cu is four-coordinatio It is

c space group. Selected bond distances and arfgiemplex2
are given in table 2. X-ray single crystal anayisidicates that
complex2 is made up of a Cu(HCO@pnion, and a free formic
anhydride. Free moiety is a protonated formic dnidg, and
there is a electrostatic force between Cu(HCO&)ion and the
free formic anhydride. From the fig. 5(a), It isufa that Cu(ll)
is coordinated to four oxygen atoms(01,/9D2 and O%; #1:
-x+3/2, -y+1/2, -z+1) from four formate ions to roed the
square planar geometry. In this case, formic asithidentate
coordination which adopts unidentate apg-n*:nbinding
modes. And it acts as bridging ligand connecting &djoining
Cu(ll) by po-n*:n* binding mode to form a infinite one-
dimensional chain (shown in fig. 5(b)). The Cu-htdengths
range from 1.969(2) to 1.974(2) A, and O-Cu-O amgiee
divided into two groups, one correspondingciwhich angles
vary form 88.53(9) to 91.47(9)° and other to tramsCu-O
which angle is 180.00(8)°.

Though formic acid shows the same kind of coordimamode
(M2—Nn*:nY), X-ray single crystal analysis reveals that campl
is three-dimensional grid shapes, and complex& i® chain,
they own different structures. These may be cpoeding to

Figure 5 (a) The coordination environment of Cu Symmetry cgdes
#1: -x+3/2, -y+1/2, -z+1H) A view of a 1D chain structure of complex
2

http://cis.latinamres.net

found that one ligand can produce multiple différédame-
works under appropriate conditions.

3.5. Thermogravimetric properties

The TGA date of the complek indicates two obvious weight
losses shown in Fig.6. The first weight loss stattca. 47~255
°C to give a total weight loss of 39.36% (Calcd 439%), corre-
sponding to the loss of a free (NBHs),") ion and a coordina-
tion of formic acid molecule. And then at ca. 25848C gives
a total loss of 30.54% (calcd. 30.5%), correspapdnthe loss

of a —COOgroup and a CO molecule. There are also two stages

in the process of thermal decomposition of compleX he first
weight loss begin at ca. 47~2%5 to give a weight total loss of

100

80

C Q)%

60

40

N———
1 \ 1 \ 1 \ 1
200 400 600 800

20

1000
t°c

Figure 6 The TG curves for complexésand?2

71.41% (calcd. 70.92%), due to the loss of a frg&,8; mole-
cule, two coordination of formic acid molecules and-CHO
group. And then the two step was attributed torémoval of
an oxygen atom from 25 to 975°C with the loss of 5.82%
(calc. 5. 84%).

CONCLUSION

Although the hydrothermal condition has been conlgnoon-

sidered as the reason for this phenomenon in titexain our
work, the DMF can hydrolyze leading a weak acid i@ best
of our knowledge, in despite of having many refesmto ex-
plore the reason of DMF hydrolysis in the reacfioacess (e.g.
strong base, high temperature, etc.), a detailedr Dpirolysis
catalystic mechanism is not clear up to now [11gs&l on in-
vestigating the reaction processes in literature aur experi-
ment observed in detail, we speculated that a@digronment
in the reaction system could have play a subtle doiring the
hydrolysis of DMF.
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