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Abstract

C15H27Cl3N3O7Tm, monoclinic, P21/c (no. 14), a = 17.492(2)Å,
b = 9.6752(5) Å, c = 14.972(1) Å, � = 110.986(2)°,
V = 2365.8 Å3, Z = 4, Rgt(F) = 0.0409, wRref(F

2) = 0.1023,
T = 298 K.

Source of material

A mixture of TmCl3·6H2O (0.0804 g, 0.21 mmol) and phen-
anthroline (phen, 0.0398 g, 0.20 mmol) was dissolved in 10 ml
acetonitrile, then L ligand (methylenediphosphonate, 0.20mmol)
and DMF (N,N-dimethylformamide, 3 drops) were added under
stirring at room temperature. The clear colourless solution was
stirred for 6.5 hours at room temperature. The insoluble residues
were removed by filtration, and the filtrate was allowed to be
evaporated slowly at room temperature for two weeks to yield
colourless crystals.

Discussion

Lanthanide complexes have attracted attention due to their poten-
tial applications in fluorescence materials, electroluminescent
devices, bioassays, luminescent probes, catalytic and ion ex-
change fields [1, 2]. Phosphoryl(methylenediphosphonate) has
been confirmed to be a very efficient ligand, it can form stable
complexeswith lanthanide ions. In recent years,many lanthanide
complexes containing methylenediphosphonate (L), such as
[Nd(OTf)2(L)2(OH)2](OTf), [La(L)4](OTf)3(CH3CN)3,
[Ln(NO3)3(L)2](CH3CN)2, were reported [3]. Phenanthroline is a
very valid bidentate ligand, so it was chosen as an auxiliary ligand
to form mixed-ligand lanthanide complexes, such as
[CeCl3(phen)2DMF]·DMF [4]. Since the lanthanide cations are
very oxophilic, they are expected to interact strongly with highly
polarized oxygen-bearing functional groups.We are interested in
the reactions of lanthanide chloride with phosphoryl and phen,
becauce it can always produce diverse compounds. In our previ-
ous work, some lanthanide complexes with (L) or phen have been
synthesized and structural ly characterized, such as
[CeCl3(phen)2DMF]·DMF [4] and [Ce(NO3)3(L)2] [5]. In this pa-
per, we report a complex [Tm(phen)(DMF)(H2O)5]Cl3·H2O
which is obtained by the similar reaction. Single-crystal X-ray
diffraction study revealed that the mononuclear complex
[Tm(phen)(DMF)(H2O)5]Cl3·H2Owas obtained despite the pres-
ence of tetrakis(O-isopropyl)methylenediphosphonate. The pres-
ence of methylenediphosphonate may have subtle effects on the
coordination of phen ligand with lanthanide atom, just as in our
previous work [4]. In the title complex, the phen, water and even
the solvent DMF molecules are coordinated to the central Tm
atom. The phenomenon that the DMF molecule was coordinated
to the lanthanide atom through the oxygen atom also happened in
preparing the complex ([CeCl3(phen)2DMF]·DMF [4]). The thu-
lium atom is coordinated by two nitrogen atoms from one phen
ligand, one oxygen atom fromDMF, and five oxygen atoms from
five water molecules with the total coordination number of 8.
There are also three chloride ions and one freewatermolecule out
of the coordination sphere. The average Tm–N(phen) bond dis-
tance of 2.489 Å is shorter than the average Tm–N(phen) bond
distance of 2.536 Å in the complex [Tm2(phen)4(H2O)2(OH)2]-
·(phen)2(NO3)4 [6]. The Tm–O(DMF) bond distance is 2.249 Å,
which is larger than Tm–O(DMF) bond distance of 2.332Å in the
complex [Tm(DMF)4(H2O)3(�-CN)Fe(CN)5]·1.25H2O [7]. The
ions and molecules of the title structure form a two-dimensional
network through the hydrogen bonds O–H···Cl and O-H···O. The
hydrogen bonds O–H···Cl are formed between O–H donors of
water molecules and chloride ions (O···Cl = 3.029-3.204 Å,
O–H···Cl = 173.19-176.91°); while the hydrogen bond
O2–H2···O7 is formed between O2–H2 group of the coordinated
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Crystal: colourless blocks, size 0.14�0.27�0.40 mm
Wavelength: Mo K� radiation (0.71073 Å)
�: 41.27 cm�1

Diffractometer, scan mode: Bruker Smart CCD area detector, � and �
2�max: 50.04°
N(hkl)measured, N(hkl)unique: 8419, 4166
Criterion for Iobs, N(hkl)gt: Iobs > 2 �(Iobs), 3281
N(param)refined: 264
Programs: SHELX [8]

Table 1. Data collection and handling.

_____________
* Correspondence author (e-mail: jinqh@mail.cnu.edu.cn)



water molecule and O7 atom of the free water molecule (O2···O7
= 2.637 Å, O2–H2D···O7 = 175.75°).

354 C15H27Cl3N3O7Tm

H(2C) 4e 0.7820 0.4443 0.7332 0.047
H(2D) 4e 0.7782 0.3243 0.6820 0.047
H(3C) 4e 0.9155 0.6966 0.7106 0.053
H(3D) 4e 0.9485 0.5674 0.7094 0.053
H(4C) 4e 0.7600 0.6477 0.7400 0.051
H(4D) 4e 0.7175 0.7626 0.6936 0.051
H(5C) 4e 0.8458 0.8505 0.6144 0.056
H(5D) 4e 0.8108 0.8568 0.5160 0.056
H(6C) 4e 0.7425 0.603 0.3621 0.054
H(6D) 4e 0.7858 0.7166 0.4095 0.054
H(7C) 4e 0.7478 0.4048 0.1903 0.106

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

H(7D) 4e 0.8289 0.4106 0.1992 0.106
H(1) 4e 0.6563 0.8655 0.5234 0.050
H(2) 4e 0.5256 0.9472 0.4443 0.066
H(3) 4e 0.4245 0.7978 0.3616 0.062
H(8) 4e 0.5244 0.1466 0.3316 0.061
H(9) 4e 0.6594 0.0884 0.4037 0.068
H(10) 4e 0.7530 0.2488 0.4923 0.056
H(11) 4e 0.3813 0.5538 0.3043 0.067
H(12) 4e 0.4170 0.3309 0.2946 0.062
H(13) 4e 0.8937 0.4513 0.4366 0.056
H(14A) 4e 0.9331 0.2178 0.6173 0.088
H(14B) 4e 1.0066 0.1531 0.5951 0.088
H(14C) 4e 0.9175 0.0969 0.5431 0.088
H(15A) 4e 0.9597 0.3129 0.3724 0.124
H(15B) 4e 0.9488 0.1555 0.3899 0.124
H(15C) 4e 1.0303 0.2314 0.4494 0.124

Table 2. continued.

Atom Site x y z Uiso

Tm(1) 4e 0.77785(2) 0.58172(3) 0.56890(2) 0.0314(2) 0.0257(2) 0.0290(2) 0.0016(1) 0.0131(1) �0.0006(1)
Cl(1) 4e 0.9366(1) 0.9301(2) 0.7526(2) 0.048(1) 0.041(1) 0.064(1) �0.0060(9) 0.005(1) �0.0064(8)
Cl(2) 4e 0.6544(1) 0.5476(2) 0.2209(1) 0.055(1) 0.044(1) 0.050(1) �0.014(1) 0.017(1) �0.0021(8)
Cl(3) 4e 0.8038(2) 0.5483(2) 0.8811(1) 0.114(2) 0.050(1) 0.038(1) 0.019(1) 0.032(1) 0.0023(8)
N(1) 4e 0.6372(4) 0.6723(5) 0.4866(3) 0.042(4) 0.027(3) 0.034(3) 0.006(3) 0.016(3) �0.002(2)
N(2) 4e 0.6788(4) 0.4058(5) 0.4708(4) 0.033(4) 0.032(3) 0.038(3) 0.005(3) 0.015(3) 0.001(2)
N(3) 4e 0.9375(4) 0.2772(6) 0.4925(4) 0.056(5) 0.040(4) 0.055(4) 0.014(3) 0.035(3) 0.003(3)
O(1) 4e 0.8638(3) 0.4251(5) 0.5453(3) 0.046(4) 0.049(3) 0.042(3) 0.014(2) 0.023(3) �0.004(2)
O(2) 4e 0.7737(3) 0.4118(4) 0.6777(3) 0.062(4) 0.028(2) 0.036(2) 0.002(2) 0.026(3) �0.000(2)
O(3) 4e 0.9041(3) 0.6130(5) 0.6936(3) 0.027(3) 0.040(3) 0.059(3) 0.001(2) 0.008(2) �0.012(2)
O(4) 4e 0.7419(3) 0.6898(5) 0.6866(3) 0.058(4) 0.037(3) 0.036(2) 0.012(2) 0.022(2) �0.002(2)
O(5) 4e 0.8100(3) 0.8144(5) 0.5654(3) 0.073(4) 0.034(3) 0.033(2) �0.011(3) 0.019(3) 0.002(2)
O(6) 4e 0.7767(3) 0.6313(5) 0.4152(3) 0.062(4) 0.040(3) 0.037(2) �0.011(3) 0.021(3) �0.006(2)
O(7) 4e 0.7863(5) 0.3599(6) 0.1815(5) 0.089(6) 0.037(3) 0.150(6) �0.009(3) 0.056(5) �0.024(4)
C(1) 4e 0.6161(5) 0.8033(7) 0.4886(5) 0.044(5) 0.039(4) 0.038(4) 0.006(4) 0.012(4) 0.001(3)
C(2) 4e 0.5370(6) 0.8537(9) 0.4416(5) 0.062(7) 0.054(5) 0.057(5) 0.023(5) 0.031(5) 0.013(4)
C(3) 4e 0.4776(5) 0.7657(9) 0.3924(5) 0.041(5) 0.064(5) 0.053(4) 0.015(4) 0.021(4) 0.014(4)
C(4) 4e 0.4953(5) 0.6257(8) 0.3874(5) 0.039(5) 0.051(4) 0.043(4) 0.011(4) 0.020(4) 0.012(3)
C(5) 4e 0.5770(4) 0.5844(6) 0.4334(4) 0.033(4) 0.035(4) 0.027(3) 0.005(3) 0.016(3) 0.007(3)
C(6) 4e 0.5995(5) 0.4411(6) 0.4267(4) 0.042(5) 0.030(3) 0.028(3) �0.004(3) 0.015(3) 0.003(3)
C(7) 4e 0.5386(5) 0.3504(8) 0.3722(5) 0.035(5) 0.049(4) 0.038(4) �0.007(4) 0.018(4) 0.007(3)
C(8) 4e 0.5626(6) 0.2123(8) 0.3654(5) 0.048(6) 0.048(5) 0.050(4) �0.019(4) 0.011(4) �0.011(3)
C(9) 4e 0.6422(6) 0.1780(8) 0.4090(6) 0.074(7) 0.033(4) 0.068(5) �0.012(4) 0.032(5) �0.016(4)
C(10) 4e 0.6988(5) 0.2759(7) 0.4619(5) 0.046(5) 0.030(4) 0.062(4) 0.005(4) 0.017(4) �0.001(3)
C(11) 4e 0.4355(5) 0.527(1) 0.3346(5) 0.021(5) 0.075(6) 0.066(5) 0.000(4) 0.010(4) 0.009(5)
C(12) 4e 0.4569(5) 0.3943(9) 0.3284(5) 0.038(5) 0.064(6) 0.050(5) �0.018(4) 0.012(4) �0.002(4)
C(13) 4e 0.8977(5) 0.3911(8) 0.4865(5) 0.044(5) 0.052(5) 0.053(4) 0.001(4) 0.027(4) 0.000(4)
C(14) 4e 0.9497(6) 0.1779(8) 0.5683(5) 0.079(7) 0.046(5) 0.053(4) 0.005(5) 0.027(5) �0.004(4)
C(15) 4e 0.9720(7) 0.241(1) 0.4198(7) 0.108(9) 0.070(6) 0.104(7) 0.028(6) 0.080(7) 0.011(5)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23
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