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Abstract: Exira-large-pore and layered organically templated lanthanide sulfates have been prepared under
solvothermal conditions. The extra-large-pore lanthanide sulfates, with the composition [(CH3),NH,]o[Prs(SOy)p]
2H,0 (1), exhibit an interestingly intersecting 20-membered ring channels. The layered lanthanide sulfates,
formulated as [H;0]5[(CH3),NH,]5[Lny(SO,)s] (Ln=Pr for 2, Nd for 3), can be considered as combination of double-
stranded chains and 8-membered rings. The synthesis of three compounds demonstrates that large organic amine
(1,3,5-triazine-2,4,6-triamine) may be used as the second structural directing agent to prevent the formation of
high dimensional inorganic framework as well as inducing crystal the growth of 2D layer structural lanthanide
sulfates. The magnetic property of compounds 1 and 3 has been investigated through the magnetic measurement

over the temperature range of 2~300 K. CCDC: 1553358, 1; 1553359, 2; 1553360, 3.
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0 Introduction

Tremendous  progress have been made to
synthesize new porous materials with pure tetrahedral
or mixed polyhedral open-frameworks, while studies of
new topological microporous structures of extra-large-
pore (more than 12 membered ring channels) open
frameworks are extremely intensive because of the
widespread applications of these materials in catalysis,
ion exchanging, magnetic properties and the separation
of large molecules such as heavy oils or pharmaceu-
ticals!. Since the discovery of the first molecular
sieve containing extra-large  18-membered rings
(18MR), aluminophosphate VPI-5", many metal phos-
phates, aluminosilicates and germanates with extra-
large-pore open frameworks have been synthesized .
A few open-framework structures with extra-large 16-

(Table 1).

Recently, studies focusing on the organic templated

ring channels have been described

lanthanide sulfates have been an important advance-
ment in the field of solid state materials™*®. Compared
with Ge, Zn and Al, the rare-earth elements can adopt
a large range of coordination numbers from 8 to 12
and flexible Ln-O bond lengths™. The S-O bonds
have less charge (0.5) than the P-O bonds (0.75), which
could create difficulties in forming extended network

1d]

structures”. The high coordination number offers the

possibility to generate open-frameworks with high

charge densities, which may result in novel topolo-

10 Unfortunately, to

gical structures with large pores
date, extra-large-pore structures of lanthanide sulfates
only have a few successful examples. Our group has
been reported two extra-large-pore structures of
europium and terbium sulfates®™'?. As a part of our
previous work, we also have been synthesized two
more extra-large-pore structures of lanthanide sulfates.
Recently, we reported that in the presence of large
organic amines, lanthanide elements can be easily
coordinated by water to form 1D or 2D architectures'®.
Herein, we reported another extra-large-pore struct-
ures of lanthanide sulfates and two 2D layered
lanthanide sulfates containing double-stranded chains
by using a small amine, viz., dimethylamine as a
structural directing agent (SDA) and a large amine,
viz., 1,3,5-triazine-2.4,6-triamine as a second SDA.
More recently, other topics in the solid state
materials chemistry are the inorganic materials with
double-stranded chains due to their particularly

desirable applications in optical materials and
enantiotopic selective separation. But there is only a
few metal sulfates containing this double-stranded
chain™. For example, [H;N (CH,),NH;][FeF;(SO,)]""
contains double-stranded chain. In our previous work,
we reported that 1,3,5-triazine-2,4,6-triamine as a
second SDA induce the formation of 1D organic

templated terbium sulfate. Herein, second SDA

Table 1 Examples for open framework materials with 16MR channels

Material Formula Max. pore dimension Ref.
[Zny(0;sPCH,C0,),(0;PCH,CO,H)|[(C.N-H o) (bte)] 24 [3a]

ZnHPO-CJ2 (CeH1uN),[Zny(HPO5)4] 24 [3b]
NTHU-5 (C4HoNH;),[ AIFZn,(HPO;),] 26 [3c]
Hatmdp + Zny(HPO,), 16 [3d]

SU-61 (Ge, Si)i(O,0H)x 26 [3e]
VSB-5 Nix[(OH) o(H:0)6][(HPO,)s(PO),] - 12H,0 24 [3f]
ASU-16 (Hxdab)s(dab)os GeOxnF4] - 16H,0 24 [3g]
FJ-1 [Ni@Ge,0,,(OH),| 24 [3h]
ZnHPO-CJ1 [(CH N[ Zny(HPOS),| 24 [3i]
NTHU-1 [Gay(DETA)(PO.),]-2H,0 24 (3]
SU-M [(H,MPMD),(H,0).][Ge100x0s(OH)3] 30 [3k]
BeHPO-1 (CHN){Be(HPO,),| 16 [31]
EV - Bex(HPO),(H,PO,), 24 [3m]
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induce the formation of 2D organic templated lanth-
anide sulfates. A 3D organic templated lanthanide
sulfates with intersecting extra-large 20-membered
ring channels, formulated as [(CH3),NH,]o[Prs(SOy),] «
2H,0 (1) and two novel 2D lanthanide sulfates with
[H:01:[(CHy),
NH,3[Ln,(SO,)) (Ln=Pr for 2, Nd for 3) were succe-
ssfully synthesized.

double-stranded chains, formulated as

1 Experimental

1.1 Materials and methods

The entire three compounds were prepared from
a mixture of lanthanide oxide (99.9%), concentrated
sulfuric acid (98%, w/w), N,N-dimethylformamide (DMF,
99.5%), and 1, 3, 5-triazine-2, 4, 6-triamine (99.7%)
under solvothermal conditions. All chemicals purch-
ased with reagent grade were used without further
purification. The element analyses were performed on
a Perkin-Elmer 2400 element analyzer and the
inductively coupled plasma  (ICP)
performed on a Perkin-Elmer optima 3300 DV ICP

spectrometer. The infrared (IR) spectra were recorded

analysis was

within the 400~4 000 ¢cm™ region on a Nicolet Impact
410 FTIR spectrometer pellets. A
NETZSCH STA 449C unit was applied to carry out

the TGA analyses under nitrogen atmosphere with a

using KBr

heating rate of 10 C-min™.
1.2 Syntheses of compounds 1~2
[(CH3):NH, o[ Prs(SO,) 1] - 2H,0 (1): a solution was
prepared by dissolving Pr,0; (0.104 0 g, 0.315 3
mmol) into DMF  (7.021 4 g, 0.096 mol) and sulfuric
acid (1.525 8 g, 0.015 6 mol) under constant stirring
for an hour. The resulting mixture was transferred into
a 25 ml Teflon-lined stainless-steel autoclave and
heated at 433 K for 6 days. After cooling to the room
temperature, the product was washed with ethanol and
dried in air for one day. Finally, the green block
crystals  (Yield: 61% based on Pr) were obtained.
Elemental analysis Caled. for CigHsPrsNoOsSp, (%):C,
9.36; H, 3.29; N, 5.46. Found (%): C, 9.27; H, 3.28;
N, 5.41. IR data (KBr pellet, cm™): 3 447 (b), 2 783 (w),
1628 (m), 1468 (m), 1 139 (b), 983 (m), 653 (m), 595 (m).
[H;0]5[(CH3),NH,); [Pr, (SO4)s] (2): The 2D green

block crystal of compound 2 was prepared in the same
way. PryO; (0.103 3 g, 0.313 2 mmol) was dissolved
into DMF (7.260 3 g, 0.099 3 mol) and sulfuric acid
(1.505 8 g, 0.015 4 mol) under constant stirring for an
hour. Then 1, 3, 5-triazine-2, 4, 6-triamine (0.119 6 g,
0.948 3 mmol) was added into the solution under
constant stirring for 30 minutes. The resulting mixture
was transferred into a 25 mlL Teflon-lined stainless-
steel autoclave and heated at 433 K for 6 days. After
cooling to the room temperature, the product was
washed with ethanol and dried in air for one day to
give the block crystals (Yield: 21% based on Pr).
Elemental analysis Caled. for CHzPrN;0x4S¢(%): C,
6.83; H, 3.13; N, 3.99. Found (%): C, 6.75; H, 3.17;
N, 4.02. IR data (KBr pellet, cm™): 3 434 (b), 3 135 (b),
1 628 (m), 1 466 (w), 1 400 (m) 1 121 (m), 658 (m), 599
(m).

[H;0]5[(CH3),NH, 5 Ndy(SOy)s] (3): The green block
crystals of compound 3 was prepared in the same way
by using Nd,0; (0.102 3 g), instead of Pr,0; (Yield:
39% based on Nd). Elemental analysis Caled. for
CeH3:NdN;056 (%): C, 6.79; H, 3.11; N, 3.96. Found
(%): C, 6.67; H, 3.02; N, 3.99. IR data (KBr pellet,
em™): 3433 (b), 3 134 (b), 1 628 (m), 1 465 (w), 1 400
(m) 1 122 (m), 652 (m), 594 (m).

1.3 X-ray crystallograpy

The single crystals (0.14 mmx0.13 mmx0.12 mm
for 1, 0.12 mmx0.12 mmx0.09 mm for 2, 0.13 mmx
0.12 mmx0.11 mm for 3) of the title compounds were
chosen onto a thin glass fiber by epoxy glue in air for
data collection. And the diffraction data were
collected on a Bruker Smart Apex 2 CCD with Mo Ka
radiation (A=0.071 073 nm) at 296(2) K using ¢-w
scan method. An empirical absorption correction was
performed on SADABS program!™. All the non-
hydrogen atoms were refined anisotropically, while the
hydrogen atoms of organic molecule were refined in
calculated positions, assigned isotropic thermal
parameters, and allowed to ride on their parent atoms.
The structures were solved by direct methods using
the SHELXS-2014 program and refined with full-
matrix least squares on F? using the SHELXL-2014/7

program™.  Further details of the X-ray structural
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Table 2 Crystal data and structure refinement for compounds 1~3

Compound 1 2 3
Empirical formula C1gH76PrsNoOsS 15 CeH33ProN;05,S6 CeHisNdaN;05,S6
Formula weight 2 308.27 1 053.59 1 060.25
Crystal system Monoclinic Triclinic Triclinic
Space group C2/c P1 P1
a/ nm 2.067 15(18) 1.010 92(16) 1.009 3(2)

b/ nm 3.608 5(3) 1.255 8(2) 1.253 0(3)

¢/ nm 1.015 40(9) 1.376 2(2) 1.370 6(3)

al (%) 68.815(2) 68.713(2)

B/(° 114.677 0(10) 69.951(2) 69.882(2)

v /(% 79.100(2) 78.831(2)

V/nm? 6.882 5(11) 1.526 1(4) 1.511 9(6)

A 4 2 2

D,/ (Mg-m™) 2228 2.293 2.329

Absorption coefficient / mm™ 3.949 3.672 3918

F(000) 4536 1 040 1 044

0 range for data collection / (°) 1.13~25.25 1.66~25.50 1.67~25.50

Limiting indices -22 < h < 24, -12 < h < 12, 11 < h < 12,
=38 < k < 43, -15 =<k <15, -15 <k <15,
-2=<l<11 -15=<1<16 -l6<1<16

19 062, 6 224 (R;,=0.035 1)

Reflections collected, unique

Completeness / % 99.70

Max. and min. transmission 0.648 7 and 0.607 9
Data, restraint, parameter 6 224, 36, 431
Goodness-of-fit on F 1.109

R=0.033 4, wR,=0.087 7
R=0.045 3, wR,=0.103 1

Final R indices™ [I>20(1)]

R indices™ (all data)

11 088, 5 567 (R.,=0.026 8)

10 822, 5 484 (R;,=0.036 1)

97.90 97.50

0.733 5 and 0.667 0 0.672 5 and 0.629 9
5 567, 66, 436 5484, 67, 436
1.191 1.143

R=0.038 9, wR,=0.109 3
R=0.050 9, wR,=0.120 8

R=0.044 4, wR,=0.115 6
R=0.058 0, wR,=0.127 0

“Ri= S NENAFN T IF); "wRo= X [w(F~F2Y X [w(F27">.

analyses for compounds 1~3 are given in Table 2.

CCDC: 1553358, 1; 1553359, 2; 1553360, 3.
2 Results and discussion

2.1 Synthesis
The solvothermal synthesis method has been
the

formation of inorganic solid state materials. During the

demonstrated to be a useful technique in

solvothermal  synthesis, many factors including
reaction temperature, pH values, solvent and time
affect the nucleation and the crystal growth of the
final products. In the formation of the title compound,
the solvent (DMF) plays an important role. In the
reaction, DMF decomposed into dimethylamine and
formic acid. Solvothermal reaction of Pr,0;, DMF, and

H,SO, in a molar ratio of 1:680:110 were mixed to

produce a 3D structure with intersecting extra-large
20-membered ring (20MR) channels organic templated
lanthanide sulfates, formula with [(CH3),NH,Jo[Prs(SO,) ]
-2H,0(1).
sulfates [H;0]3[(CH3),NH, 5[ Lny(SO,)g] (Ln=Pr for 2, Nd

for 3) were obtained under similar conditions, except

Two dimensional inorganic lanthanide

with the addition of second SDA into the stainless-
steel autoclave. Therefore, large organic molecules
(1,3,5-triazine-2,4,6-triamine) prevent the formation of
3D framework as a second template.

2.2 Description of the structure

2.2.1 Crystal structure of compound 1

Compound 1 crystallizes in monoclinic space
group C2/c. Crystal structural analysis indicates that

the open framework of 1 is a porous praseodymium

sulfate with extra-large 20MR channels. The open
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[PrO,] and [SO,]

polyhedra to form a 3D inorganic anionic {Prs(SO4)p},™,

framework of 1 is constructed from

with charge compensated by protonated dimethylamine
cations.

The asymmetric unit of 1 contains two and a half
praseodymium  atoms, six sulfate groups, five
protonated dimethylamine molecules and one free
water molecule (Fig.1). In the inorganic open frame-
work of 1, Pr(1) and Pr(2) are eight-coordinated by O
atoms from six sulfates ions, forming distorted bicapped
trigonal prism geometry; Pr(3) is nine-coordinated by
O atoms from six sulfates ions, forming distorted
tricapped trigonal prism geometry. The average bond
distances of Pr-O is 0.249 6 nm, whereas the angles
of O-Pr-O are between 54.37(9)° and 165.68(11)°. Six
crystallographic independent S atoms can be divided
into 4 groups: S(1) and S(4) are bonded by one u;-O
atom, two t,-O atoms and one O atom to make 4 S-O-

Pr linkages; S(2) and S(5) are bonded by four p,-O
atoms to make 4 S-O-Pr linkages, S(3) is coordinated

N3

Fig.1 ORTEP view of the [(CHy)NH,[Pry(SO,)]- 2H,0
structure showing the atom labeling scheme with

50% probability

by three p,-O atoms and one O atom to make three S-
O-Pr linkages; S(6) is bonded by two u,-O atoms and
two O atoms to make two S-O-Pr linkages. All the S
atoms are tetrahedrally coordinated by four O atoms
with the S-O distances 0.138 9(5) to 0.151 4(3) nm,
comparable to those of similar bonds reported earlier'.
of 1
constructed from two types of secondary building units
(SBUs). Two {Pry(SO,)s}* fragments connect each other
by sharing Pr(1) to make the SBU-1: {Prs(SO,)p}°".
Two adjacent SBU-1s are linked by bridging O atoms

The structure can be described as

to generate an interesting 20-membered ring (Fig.2a).
Two adjacent SBU-2s are linked by bridging O atoms
to generate an interesting 10-membered ring (10MR,
Fig.2b). Neighboring 10 and 20-membered rings are
connected by bridging SO, groups to form an open
(Fig.3a).
Although both 10 and 20-membered channels keep a

different size, they can be arranged in an ordered

framework with a 3D channel system

close packing arrangement just like mesoporous
materials. Each 20MR channel is surrounding by six
10MRs, and these are alternately surrounded by three
20MRs and three 10MRs channels. The approximate
window sizes for 20MR and 10MR are 0.53 nmx0.94
nm and 0.38 nmx0.38 nm, respectively. Interestingly,
there are other rectangular 20MR channels along the
crystallographic [101] direction (Fig.3b), which pore
size is 0.28 nm x1.28 nm. We used the PLATON
software to calculate the percent void volume in the
3D network of 1, and the result is 48.9% . This is
similar with our previous work®'Z,

As shown in Fig.4, the protonated dimethylamine
molecules and free water molecules are located in the
I0MR and both types of 20MR channels of the
inorganic framework by using the strong hydrogen
bonding interactions between H atoms of organic
amine molecules and O atoms of the open-framework
of 1. The free water molecules in 20MR channels are
connected each other by strong hydrogen bonding to
form a zigzag chain along ¢ axis, since the bond
between two adjacent water molecules are 0.281 2
and 0.291 0 nm (Fig.4d).

2.2.2  Crystal structure of compounds 2 and 3



2088 Jd Hl fk

#o% 4R

%33 8

Symmetry codes: #1: 0.5+x, 0.5-y, 0.5+z; #2: 1-x, y, 1.5—z

Fig.2 (a) Two adjacent SUB-1 connected by SO, tetrahedral to form a 20MR channel in 1;
(b) Two adjacent SUB-2 connected by SO, tetrahedral and Prl to form a 10MR channel in 1

Fig.3 (a) Polyhedral representation of open framework including 10MR and 20MR channels of 1 along ¢ axis;

(b) Rectangle 20MR-2 channels along the crystallographic [101] direction

Compounds 2 and 3 are isostructural and
crystallize in triclinic space group Pl. We take
compound 2 as example to describe the structure. The

structure of 2 consists of a 2D inorganic anionic

{Pry(SO.)e), layer, charge compensated by the proto-
nated dimethylamine molecules and hydrated protons.
The asymmetric unit of 2 contains two praseodymium
groups, three  protonated

atoms, six  sulfate
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Symmetry codes: #1: 1—x, y, 1.5—z; #2: x, —y, =0.5+z; #3: 1-x, -y, 1—z

Fig.4 (a) Protonated dimethylamine molecules and water molecules located in the 20MR-1;
(b, ¢) Protonated dimethylamine molecules in the 10MR and 20MR-2; (d) Zigzag chain
of water molecules by strong hydrogen bond in the 20MR-1 channels

dimethylamine molecules and three hydrated protons
(Fig.5). In the inorganic layer of 2, Pr(l) is nine-
coordinated by O atoms from six sulfates, forming
distorted tricapped trigonal prismatic geometry; Pr(2)
is eight-coordinated by eight O atoms from six sulfates,
forming distorted bicapped trigonal prismatic geometry.
The average bond distances of Pr-O is 0.251 4 nm,
whereas the angles of O-Pr-O are between 52.34(12)°
and 157.18(13)°. Of the six crystallographic indepen-
dent S atoms, S(1) and S(2) form 2 S-O-Pr linkages
through two -0 atoms; S(3), S(5) and S(6) make 3 S-
O-Nd linkages through three p,-O atoms; S(4) forms 4

Fig.5 ORTEP view of the [H;O]{(CH3),NH.]j[Pry(SOy)s]
structure showing the atom labeling scheme with

50% probability

S-0-Pr linkages through four p,-O atoms. All the S
atoms are tetrahedrally coordinated by four O atoms
with the S-O distances of 0.143 4(6) to 0.151 3(4) nm,
comparable to those of similar bonds reported earlier.

The framework structure of 2 is made from the
(polyhedral) linkage between [PrO,] and

[SO,] moieties sharing vertexes or edges. The conne-

tetrahedral

ctivity between these units forms anionic layers, which
are anionic. The protonated SDA (dimethylamine) and
protonated water (H;0%) cations are occupied spaces
between the layers to compensate the charge. To the
best of our knowledge, protonated water (H;0") cation
was barely observed in the previously reported organic

lanthanide sulfates®".

templated The connectivity
between the [PrO,] and [SO,] units produces two
distinct types of chains, labeled chain A and B. The
A type chain is a double-stranded chain that consists
of four-membered rings involving Pr(1), Pr(2), S(4) and
S(6), while the B type chain is made up of eight-
(Fig.6). These kinds of double-

stranded chains are particularly rare in inorganic

membered rings

materials, because only one sulfate, one phosphate
and one arsenate were reported, formulated as
[H3N (CH,),NH;] [FeF; (SO, ", [NH; (CH,),NH (CH,),
NH;][Zn,PO,(HPO,),"" and [C,N,H,][Fe(OH)(HAsO,)
(C,0,)]- H,0M,

another, forming a layer (Fig.7). It is some kinds of

The chains are connected to one

interests that there are two kinds of eight-membered
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Chain A Chain B
Symmetry codes: #1: —1-x, 1-y, 1-z; #2: —1+x, y, z; #3: —x, 1-y,
—z; #4: —x, 1y, 1z

Fig.6 View of different types of chain arrangements in

[H;OL{(CH3),NH [ Pry(SO.)e]

rings in chain B, one is consisting of [-Pr1-S6-Pr2-S3-
Pr1-S6-Pr2-S3-Prl-]|, which dimension is 0.563 nm X
0.683 nm; the other is consisting of [-Pr2-S4-Pr1-S3-
Pr2-S4-Pr1-S3-Pr2-], which dimension is 0.548 nm X
0.627 nm (Fig.7). To the best of our knowledge, this
lanthanide sulfate is the first example of an open
framework material where different types of chain

arrangements are connected to each other forming a

Chain B

Chain B

Chain A Chain A

As we know, only two previously reported organic
templated lanthanide sulfates contain protonated water
(H;0%) cation™!?. TInterestingly, this is a new example
contains hydrated proton (H;0*). O3W makes four
hydrogen bonds O -H --- O with the O atoms from
double layers to generate 3D soft open framework
along a axis (Fig.8a and b). The protonated dimethyla-
mine cations and the remaining hydrated protons are
located in the channels and involved hydrogen
bonding interactions with the soft framework and
make it more stable (Fig.8c).

2.3 Discussion

It is somewhat curious that compounds 2 and 3
include fully protonated dimethylamine instead of
1,3,5-triazine-2,4,6-triamine.  Dimethylamine, along
with formic acid, would be the product of decomposi-
tion of DMF as shown in Scheme 1. Tn the synthesis
of compound 1, DMF is employed as solvent as well
as the organic template to form 3D mesoporous
material. When we adding a big organic amine 1,3,5-
triazine-2,4,6-triamine during the synthesis process,

(2 and 3).

the products were 2D layered compounds

e
O +HO
N\/ 2

~

Fig.7 Polyhedral view of inorganic framework in 2 and the size of two kinds of 8-membered rings
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Fig.8 (a) Hydrogen bonding scheme of the O3w cation; (b) O3w cation connectting adjacent layers by four hydrogen

bonds to make 3D soft open framework along a axis; (¢) Guest cations (fully protonated organic amine molecules

and the remaining hydrated protons) located in the channels

We thought that the second SDA (1,3,5-triazine-2,4,6-
triamine) would be a cutting machine induces the
formation of 2D layered compounds.
2.4 IR spectra

The IR spectra of compound 1 shows the
characteristic bands for dimethylamine in the region
of 1 400~1 600 cm™. The strong bands around 1 140
em™ can be attributed to the sulfate ion. Absorption at
595 em™ is due to Pr-O vibration. A band around
3 440 cm™ can be attributed to the presence of water.

The IR spectra of compounds 2 and 3 show the
characteristic bands for dimethylamine in the region
of 1 400~1 600 cm™. The strong bands around 1 120
em™ can be attributed to the sulfate ion. Absorption at

594 ecm™ is due to Pr-O vibration. A band around

3 390 cm™ can be attributed to the presence of water.
2.5 Magnetic property

The variable-temperature magnetic susceptibility
for compounds 1 and 3 were performed to investigate
its preliminary magnetic studies in the range of 2~300
K under 100 Oe field. For compound 1 (Fig.9a), the
xul value is 9.95 e¢m? K -mol™ at room temperature,
which is larger than the calculated value (8.00 cm’-
K-mol™) of five uncoupled (S=1) spins of Pr(Ill) atoms.
Upon cooling, the value of yyT decreases continuously
and reaches 0.32 ¢m?+K-mol™ at 2 K, resulting from
the occurrence of intermolecular antiferromagnetic
interaction among neighbor Pr(ll) ions. The magnetic
data of 1 were fitted to the Curie-Weiss law in the
range of 100~300 K, and the best fit was C=12.678
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Fig.9 Temperature dependence of yyI" and yy for 1 (a) and 3 (b)

cm® <K +mol " and 0=-84.65 K, characteristic of the
antiferromagnetic interactions of 1. For compound 3
(Fig.9b), the yyT value is 4.12 ¢m? <K -mol™ at room
temperature, which is larger than the calculated value
(3.28 cm?- K -mol™) of two uncoupled (S=3/2) spins of
Nd() atoms. Upon cooling, the value of yyT' decreases
continuously and reaches 1.45 c¢m? K +mol™ at 2 K,
the of

antiferromagnetic interaction among neighbor Nd ()

resulting  from occurrence intermolecular
ions. The magnetic data of 3 were fitted to the Curie-
Weiss law in the range of 110~300 K, and the best fit
was C=5.732 cm®:K -mol™ and =-120.18 K, chara-
cteristic of the antiferromagnetic interactions of 3.
2.6 Thermal behavior

The thermogravimetric analyses (TGA) of comp-
ounds 1~3 were performed in a N, atmosphere when
heated to 1 000 C at a rate of 10 C *min~". For
compound 1, the total weight loss is 59.6%, which is
in agreement with the calculated value 62.3% (Fig.
10a). The weight loss of 6.4% in the range of 30~220

°C corresponds to the removal of two free water

molecules and some of dimethylamine. The second
step loss of 25.5% in the range of 220~550 °C can be
attributed to all the dimethylamine and some of SO;.
The weight loss of 27.7% in the range of 550~1 080
°C can be attributed to the loss of SO;. The final
product is Pr,0;. For compound 2, the total weight
loss is 58.9%, which is in agreement with the calcu-
lated value 64.1% (Fig.10b). The weight loss of 7.3%
in the range of 30~220 °C corresponds to the removal
of three free water molecules. The second step loss of
17.8% in the range of 220~400 °C can be attributed
the
molecules. The weight loss of 33.8% in the range of
400~800 °C can be attributed to the loss of SO;. The
final product is Pr,Os. For compound 3, the total

to decomposition of all the dimethylamine

weight loss is 59.4%, which is in agreement with the
calculated value 63.6% (Fig.10c). The weight loss of
6.1% in the range of 30~200 °C corresponds to the
removal of three free water molecules. The second
step loss of 16.2% in the range of 200~380 °C can be
attributed the of all the

to decomposition
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dimethylamine molecules. The last-step loss of 43.2%
in the range of 380~980 °C can be attributed to the
loss of all the SO;. The final product is Nd,O;.

3 Conclusions

In summary, we have successfully synthesized
three lanthanide sulfates by using DMF as solvent.
DMF is decomposed into dimethylamine and formic
acid, and the dimethylamine acts as an organic
template. The 1,3,5-triazine-2,4,6-triamine as a second
SDA is essential to the formation of 2D layer. The 2D
layered compounds 2 and 3 are constructed by two
different chains. Without second SDA, the product
appears to be 3D mesoporous material of compound 1.
The syntheses of the compounds demonstrated that the
solvent, lanthanide elements and 1,3,5-triazine-2.4,6-
triamine play a vitally important role, and lanthanide
sulfates can be designed and prepared by applying

solvothermal method.
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