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Preparation, Structure and Property of Novel Lanthanide (ID -Zinc (I Coordination
Polymers Containing Pyridine-2, 5-dicarboxylic Ligand

LIANGg Yu-Cang HONG Man-Chun® CAO Rong” WENG Jia-Bao SUN Dao-Feng SU Wei-Ping
( State Key Laboratory of Structural Chemesiry, Fugian Institute of Research on the Structure of Mutter.
Chinese Academy of Sciences, Fuzhou 350002)

Hydrothermal reaction of Laz01, Zn(CH,COO): + 2H20 and pyridine-2, 5-dicarboxylic acid { Hzpydc} in water
gave rise to a La (I -Zn {Il} coordination polymer, [La:Zn:(pyde) s{H:0):].(1), which crystallizes in monoclinic
space group P2,/ ¢ with a=9. 5869(1], b=20.4862(3). ¢=10.1105(2) A, 8=97.4890(10)= V=1968. 76
(51A% Z =4. However, under the same condition. hydrothermal reaction of ExOy or ThaOr. Zn(CH;CO0): * 2H,0
and H:pydc resulted in the formation of a polymer {La:Zn(pyde) o(HhO) s * HyOJ o{Ln=Er(2}); Ln=Th(3)) .
Compound 2 and 3 are isomorphous and crystallize in triclinic space group P1 with ¢ =7. 8708(7). b =9.2665
(8), ¢=13.0232(11)A, @ =75.295(1), $=75.000(2), y=79. 109(2)°, V=879.67(13)A°. Z=1 for 2. and
e=7.9105(5), b=9.3453(6). ¢=13.0005(9) A. «=75.3380(10), B=75.0460(10). v =79.0050110)°,
V=890.17(10)A% Z =1 for 3. All polymers have been characterized by single crystal X-ray diffraction analvses.
1 displays 4 threc-dimensional network structure, while the crystal siructure of 2 and 3 possess a tubule shape
structure. Thermal gravimetric analysis studies of 1 and 2 display that the frameworks of the all compounds exist

slably below 380°C although the discrele and coordination water molecules tost in the range of 50 ~ 260,
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0 Introduction

Recently, heteromatallic coordination complexes
containing Lanthanide-transition metal have extremely
attracted the attention of both physicists and chemists
because they possess potential application on magnetic.
luminescent and fiber optical materials as well as
La-doped semiconducting technology. However, the
studies are essentially focused on Ln-M{M =Cu, Co,
Cr) compounds of 3d and 4§ systems!' "',
several Ln-M’ (M' =Zn, Cd, Hg) chalcogenide com-

of which many were discrete

although

pounds were reported,
molecule!*- "%,

From coordination chemistry point of view, since
Ln () displays a large and variable coordination num-
ber'®! the control of the coordination spheres around
Lo () thus mainly depends on the pre-organization of

the coordinating units which limits the structural flexi-
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Scheme 1

bility and increases the thermodynamic stablity""!.

Therefore, the selection of the suitable ligand are verv
important during the preparation of the compounds.
Seme macrocyclic and compartmental Schiff bases have
been selected as ligands and several Ln (Il or L (I} -
M (D (M =Zn, Fe} compounds with discrete structures
have been systematically studied'* '™, Surprisingly, up
to now, Ln (Il -Zn (I} coordination polymers containing
carhoxylic acid ligand have been explored less atten-
tion, although a Sm (0} -Zn () -Se(Te) polymer and
several Ln () -Zn (I) compounds with discrete struc-
tures have recently appeared in literature!'™ .

To prepare lanthanide-ransition metal polymers,
the rigid ligand of mulifunctional carboxylic acid con-
tainming hybrd atom is one of the several best choices.
Pyridine-2, 5-dicarboxylic acid possesses many possible
and may

coordination modes, as shown in Scheme |,

he a good choice for bridge ligand to construet Ln-Zn
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coordination polymers. By the conventional synthetic
method, unfortunately, the reaction of lanthanide ni-
trate or perchlorate and transition-metal salt with ligand
in selution form uncharacterized precipitate that does
not dissolve in water and common organic solvents, It
was very apparent that the reaction speed must be
lowered to avoid the quick polymerzation. Hydrother-
mal technique was employed to obtain single crystals
suitable for X-ray analysis. Thus, the directed reaction
of lanthanide metal oxide with zinc salt and Hapyde
under hydrothermal condition generated a series of
Ln () -Zn () coordination polymers, [La:Zm{pyde)s
(H20) +] (1}, ErZn(pydc) .(H:0} s » H:OG] (2},
[TieZn{pyde)s(H20Y5 * H201,{3}, having network or
tubule shape structure. Herein, the reported are
preparation, crystal structures, and thermal stability of

these polymers,

1 Results and Discussion

1.1 Syntheses and Structures

In the study of the Ln () -Zn (II) -dicarboxylate
reaction system, it was very difficult to grow single
crystal suitable for X-ray analysis by conventional so-
lution synthetic method and guickly entrains unchar-
actenized precipitate which does not dissolve in most of
common solvents. In order o solve the problem, se-
lection of reaction materials and synthesis technique
were tried. Finally, we were succeeded in starling
materials of lanthanide metal oxide, transition-metal
salts and Hipyde and hydrothermal technique. By the
hydrothermal reaction of La:0y {{anthanide metal oxide
in group 1}, Zn{CHsCOO0): * 2H:0, H:pyde and H:0
at 1707, erystalline product of 1 was obtained with
high yvield. X-ray single crystal diffraction analysis re-
vealed that the structure of 1 constitutes from the neu-
tral basic unit structure of [La:Zn:(pyde)s{H:0}2], as
shown in Fig. I. Each Zn (I} atom is chelated by two
oxygen and two nitrogen atoms of different pyde ligand
and further coordinated by oxygen atom of carboxylate
group of another pyde ligand to form a highly-distorted
trigonal bipyramidal coordination geometry. The bond
length of Zn-0 and Zn-N range from 1. 996(4) ~ 2. 048

Fig. 1 Building hlock struclure of 1

(4) A and 2. 082(5) ~2.094(5) A, respectively. The
bond angles of N(1)-Zn-0(1), N(2)-Zn-Q(5), 0(1)
Zn-0(3) and 0(1)-Zn-0(6C) are 79. 53(18}, 78 28
(I8), 135.40(19) and 112, 12(18)°, respectively.
Each La atom is coordinated by nine oxygen atoms, of
which eight from earboxylate groups of pyde ligands,
one from water molecule. The La-0 hond lengths fall in
range 2. 401(4} ~2.732(4) A. All 0-La-O bond an-
gles range from 48.23(12) o 153, 27(16)"°. Adjacent
La atom is linked together through bridging oxygen atom
of carboxylate groups of pyde ligand. The La and Zn
atoms are linked together by carboxylate groups of pyde
ligands to generate an extended three-dimensional net-
work structure (Fig. 2} . Scheme 1(al, () and (d]
demonstrate the coordination modes of pyde ligand in
1. The N donor of the pyde ligand ligates to Zn sites
and the O donor of the pyde ligand is bonded 1o dif-
ferent metal atoms {La or Zn}.

In general, the lanthanide series can be divided

Fig-2 Packing straciure of 1 aleng o axis
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into three groups according to their masses: the lighter
one {La-Pm, group 1), the middle one {Sm-Dy, group
2), and the heavier one {Ho-Lu, group 3). Under the
same condition, hydrothermal reaction of Er-0: from
group 3, Zn{CH,C00); - 2H,0 and Hapyde resulted m
a crystalline product of 2 with high vield. X-ray
diffraction analysis showed that the crvstal structure of
2 is completely different that of 1. Its structure cunsists
of En:Zn(pydc)s, coordination water and discrete water
molecule, as shown in Fig. 3. The O donor and N atom
of pyde ligand not only coordmate with Zn atom, but
alse coordinate with Er atom. The courdination mode of
the pyde ligand is shown in Scheme | {g) and {h} .
Each Zn atom is chelated by two nitrogen and oxygen
atoms of two pyde ligands to form like planar coordi-
nation and further coordinated by two oxygen atom ol
carboxylate group of two pyde ligands fram up and down
apices direction to forni octahedral geometrv., The Zn

atom coordination can be viewed as sharnng square
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double-pyramid geometry. The distance of Zn-U runge
from 2. 01{3} ~2. 43{3}A. The Zn-N is 2. 05{4) anld
2.09(31 A. Each Er(I} is coordinated hy one N and
three oxygen atoms from three pyde ligands and four O
aloms [rom coordinated water molscules. The bond
length of the Er-0 range from 2. 23{3) ~2.49(2) A
The distance of Er(1)-Ni1) and Er{2) -N(2} is 2. 58
{2) and 2. 44(3)A, respectively. Three Er and two Zn
atoms form a pentacyclic ring |EnZn:} construct
Llocking through pvde ligand. The subunit |EnZn:} 1x
[urther linked into infinite siructure through pyde lig-
and. One water melecule lies in EnZny center. At the
same time, the ligand of the coordinated to Zn atoms
from peak of the pyramid further coordinated to Er atom
to generate spring tube. Thus, whole framework dis-
{Fig. 4)

Since existence of coordination water molecule aml

plays a 2D helical tubule structural type

non-bonded oxygen atom ol carboxylate group, the 21)
structure was further linked 3D packing structure
thraugh hydrogen hond interaction of neighbor tube -
nits.

If ThaO: replaceed Er:0s. the heating reaction of
Thi0y, Zn{CH.COO)» - 2H:0 and Hipyde led to the
[ormation of a crystalline product of 3. The crystal
structure of 3 is isemorphous ta that of 2. valy very
small metric dilferences have beea observed for the
three compounds. Because the radius of a Th (I} ion is
slightly smaller than that of a Er (Il jons. Thus all of
the metal-ligand bonds in 3 are slightly longer than the
At

the same time, all of bond angles in compound 3 have »

corresponding honds in 2, as compared in Table 2,

slightly difference corresponding to that of complex 2.

Packing struciure of 2 along @ sis
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In above studies, representative rare-earth melals from
each group were selected and investigated. We find
that there is a slight difference among three groups. At
first, in rare-earth metal coordination number, group !
nine-coordinated and group 3 is eight-coordinated; with
the change of coordinated number of rare-earth ions
from different group, the coordinated number of zine
ion also generates change from five Lo six. Second, the
coordination modes or structures are greatly different.
1.2 Thermal Gravimetric Analyses

In order to examine the thermal stability of these
coordination polymers, thermal gravimetric analyses
(TCA) were carried out for compound 1 and 2. Poly-
crystalline samples of complex 1 and 2 were each
heated from 50°C to 596°C in nitrogen gas. The TCA
curve for 1 displays that the first weight loss of
3,092% between 110 to 255°C corresponds to the loss
of two coordination water (calculated: 2. 849% }, leav-
ing a framework of [LaZn:(pyde)s]. This framework
structure can exist stably in range of 255 ~380%C and
decomposes slowly above 380°C. The TGA curve for 2
displays that the first weight loss of 4. 071% between
50 to 1507 corresponding lo the loss of three waler
molecules {calculated: 4.42% ), the second step
starts at 150°C and slops al 220°C corresponding loss
of six coordinated water molecules o turn into
[Er:2Zn{pyde).]. The decomposition of [ErzZn{pyde).]
starts above 360°C.

2 Experimental

2.1 Materials and Physical Techniques

All reagents were commercially available and used
withow [further purification. The IR spectra were
recerded on a Magna750 FT-IR spectrophotometer in
range of 4000 ~ 400cm ™' using the KBr pellet tech-
nique. Elemenial analysis of C, H, N was carried out by
the chemistry analysis group of this institute with a
Perkin-Elmer model 240C automatic instrument. The
magnetic susceptibility data were collected as poly-
crystalline samples at an external field of IKG on a
Quantum Design PPMS Model 6000 magnetometer in
the temperature range from 5 to 300K, The output data

were corrected for experimentally determined diamag-
netism of the sample holder and the diamagnetism of
the samples calculated from the Pascal’s constants'?').
2.2 Syntheses of Complexes

2.2.1 Synthesis of [LaZna{pyde)«(H:0):].(1)

The mixture of Zn(CH.COO) - 2H.0Q(0. ! 10g,
0. Smmol), La:0:(0.08lg, 0.25mmol), pyridine.2,
5-dicarboxylic acid(0.210g. L. 25mmol} and 16ml
H:O were sealed in a 25mL stainless-steel reactor with
Teflon liner and heated at 170°C for 80hour. then
slowly cooled to 20°C at 1. 5625 per hour. The light

orange crystals of 1 were obiained in yield 65%. LR

{KBr pellet, em~'): 3408(br, m), 1684(br. s),
1670(br, s). 1622(br, s}, 1589(vs). 1404(vs),
1365(vs}, 1286(m), 1043{m), 83%s), 764(s).

523(m} . CuHiLa:N:OnZn. (1270. 12), Caled. C:
33.10, H: L.51, N: 5.52%. Found C: 33. 21, H:
1.59, N: 5.57%.

2.2.2 Synthesis of [EnZn{pydel(H:0: -

H:0].{2}

The reaction process is similar to compound 2,
only replacement of 5m:0y with Er.0s. Yield: 73%.
IR (KBr pellet, cm~'): 3232(br, m), 1647{vs). 1610
{vs), 1587(vs), 1558({vs), 1481{m), 1398(wvs}, 1362
{vs), 1348(vs), 1286{m), 1043(m), 823{m), 764
{s}, 696(m}. 534(m). 513(m} . CiuHuErN.Q:Zn
{1222 45), Caled. C: 27.51, H: 2.47, N: 4, 58%.
Found C: 27.64, H: 2.57. N: 4.51%,

2.2.3 Synthesis of [ThzZn(pydc)a(H:O)n -

H:0].(3)

The reaction process is similar to compound 2,
only replacement of Sm20; with ThyO:. Yield: 73%.
IR(KBr pellet, em—}: 3219(br, m), 1647(s), 160K
{vs), 1585(vs}, 1554(s), 1481{m), 1398(s), 1360
{vs), 1346(vs), 1286(m}, 1041{m)}, 823(m), 764
(s), 696{m), 532{m). 509(m] . CaHiNsO:ThZn
{1205.77), Caled. C:27.89, H: 2.51, N: 4. 65%.
Found C: 27.76, H: 2.49, N: 4,62%.

3 Crystallography

Single erystals of suitable size for the seven com-

pounds were selected and coated with epoxy glue and
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mounted on glass fiber in a random orientation. The
crystal data and data collection parameters to 1, 2, and
3 are summarized in Table 1. Only special feature of
the analysis is noted here. The intensity data of 1 ~3
were collected on a SIEMENTS SMART CCD diffrac-
Table 1 Crystal Data for 1, 2, and 3

tometer  with

graphite-monochromated Mo Kal A =

and Polarization effects as well as absorptiun.

0.71073A) radiation in the @-26 Scanning mode at

room temperaiure. The data were comrected for Lorentz

The

structure was solved using direct metheds. The weight

compund

I 2

3

formula

Fw

cryetal size/mm

urystal system

space group
ash

b/ A

c/h

ar (%)
Bs/(=
¥/
(72N

Z

poad (g - e}

4o/ mm ™

T/K

AMoKa)/A

reflections collecied

unique reflections

observed reflections( £ =2, 0el F) |

paramelers
Son F?
R

R

A 50 e {e > A7)

CssHisLa:Ny:2Zn:
1270. 12
0.22x0.14x0.10

mpnoclinic triehnic
P‘e 43

9, 586901 10) 7. 8708(7)
0. 486213) 9. 2665(8)
10.110512) 13.0232011)
90 75. 29501 10)
97. 48901 10) 75. 00012}
90 79, 105¢2)
1968 7615) 879.67¢13)
4 1

2143 2,308
3.428 5.512
193(2) 293(2)

0. 71073 0.71073
7294 4554

3456 3729

3454 3727

299 542

1.062 1.021

0. 0380 0.0512
0.0814 01114

0.811 and -0.T40

1222 45

CaHuEnNuOhaZin

0.12 x0.27x0.06

1,338 und - 1. 848

CzsHuNyQ2:Theln

£205. 77

0.68 x0. 20x0.08

tniclinic

Pl
7.910515)
0.3453(6)
13. Q005(9}
75.3380¢10)
75, 04600( 10t
79. 00504 10)
B90. 170107
]

2,249

4, 106
29312)

0. 71073
4669

3795

3795

542

0.998

0. 0266

0. 0693

1. 425 and - 1. 429

B R=F1IFl - FA)AEVEl; b: Re=[Ew(Fo? = F22] X lwFel?]2
Table 2 Selected Bond Lengths(A } and Angles(®) for 1 ~3

1

La-0(10D}
La-0{38)
La-0(7D)
Zn-NI2)

0(10D)-La-0¢9)
0{9}-La-Q12}
0¢4C)-La-043B)
0(4C)-La-O1 7E)
0(9)-La-0{8D)
G(TE)-La-Q( 8D}
0(2)-La-0112)
01 100)-La-0{ 7D
0(3B)-La-0(TIN
0(6CY-Zn-0{1)
Di1)-Zn-N{2)
015)-Zn-N11)

2.40114)
2.563(4)
2.73214)
2 0B215)

87.46{15}
86.05(161
133. 3315}
67.03115)
153.27{16)
116.54113)
135, 41115)
123, 83¢13)
84.81{14)
112, 12118)
91.77(18)
97.57(18)

La-019)
La-0 7L}
In-0{6C)
In-N{1}

0110D) -La-0¢4C)
G4C ) 1a-0(2)
012)-Lp.3B]
0[2)-La-04{7E)
014C)-La-0O( 8D}
0(10D)-La-Q( 1)
O{3B)-La-0(12}
0(9)-La-0{ 7D}
0{7E}-La-0(7D}
0(6C)-Zn-015)
Q(5)-Zn-N12)
N{2)-Zn-Ni1)

-413(4)

ju La-0{4C)
2.56T{4}

1

ju

La-Q(8D
_996(4) Zn-001)

. 094(%)

140. 28(17)
70. 001 15)
138. 78115}
136. 29714}
107. 20(15}
67.94(15}
62 80/15}
137. 23/14)
78. 64113)
112 3219}
78 2618)
162.9{2}

019)La-0(4C)
110D} -La-0/ 3B)
110D] -La-017E]
0i3p)-La-0(7E)
Q12).La-0(8D)
019}.1a-0(12)
Qi7E)-La-0{12)
Q(4C) -La-0{7D)
0 [3D)-La-0(7D}
0(1)1-2n-0{5}
O{6C)-Zn-N(1)

2.390(5t
2.667(4}
2, 0484}

72.12{18)
85.90{15)

147.93115)

72.74014)
69.135{16)
68. 731 16)
80.93(14)
65.25(14)
48.23(12)

135. 401 19)

98. 38(19)

La-0{2)
La-0{12}
Zn-0(5)

O{10D} 1-Le-04 2)
0{9)-La-0{38)
Q19)-La-0(TE)
(10D} -La-0(8D)
Q13B)-La-018D)
04C)-La-0112}
048D)-La-0112)
0{2)-La-0Q(7D}
0{12)-La-017D)
O{6C) -Zn-N(2}
01)-Zn-N11)

1. 51614}
2,665
1.08114}

75.04116)
129, 50116)
88, 31114)
76.49114)
T0.81115)
129.42{13)
122.17115)
76.63014)
145. 66114
98. 5021
79.53118)
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Er11)-0011) 2,273 Ect11-00134) 23613} Er(11-0{23) 2 38¢3) Eet1{-0(2) I 4013]
Er(1)-0(3) 2 4102) Ee(1)-0(0 2,411 Er{1)-{M4) %.49(2) Eri1i-N(1) 2ER)7)
Er2)-0(5] 2,233 Ec123-0(43) 2213 Ec{21-01338) 2. 242y Ee12)-008) WERIKE
Er{2)-01414) I 334118} ErtZ}-0{7| 2534130 Eci2j-Q67 235(2) Erl2)-N{34! 24413
Zn-0(31} 2.0113} Zn-021) 2 D53 Zn-N{Z) 2.0513) Zn-N{3) 209
Zn-0(148) 23003 ZreN44) 243k
D011 -Frl )} 13A) 84.0{10) OCIL)-Er{ [1-0123) 114 2110 04134)-Eri D-C1{23) 142, 7(10) 0(11}-Er(1)-Q{2} Th 2010
OUI3A)-Er 11.0¢2) 7250121 ({23)-Eef 13- 2) 140 4(8) OULD-En 1)-003)  120.8{10) O13A)-Ec{l1-th3) {16 4114
O123)-Erf1)-D(3) 77 919) O123-En)-043) 6R.7(91  O{10)-Eri 1)-041) 77,0101 OO3A-EC{LI-0ly T 0
O{23)-Fr(1)-0¢1) 74.619) 012)-Eri11-011) [42.30(8)  Q13)-Ecl1}-D{1) 148 U9 QUID-Eel11-014) 150 510
O(13A)-Er(11-014) 73 7(I0} O(231-Er 11-0(4] 76.4(8) Q12v-Er11)-0i4) 113 08) O(3)-Ert 1-0{4) 74 WR)
0{1)-Er)1)-0i4) 8O 2(B1 O(L1-Eel 1)-K(1) 67.5(10) N(13A4)-Ecl13-N(1) 145 8110} Q123)-Ee{1I-Ni 1} By Tig)
Q123-Er(1)-Ki1) 82.4(91 D(3)-Ecf1)-Mi 1) T3, H9) HD-Eri 1)-N{1) 111 0010 On4)-Erf 113 1) 139 [
U15)-Fri2)-0043) 83.4(13) O(S)-Eei2;-01338) 70 TU9) O(431-Ee{21-01338) 141, 30011 €15)-Er(2)-0(8} 820Ul
TH43)-Ee{21-018) 74.3(11) D(33B}-EnI)-0(8) T4 9] 5 -Er{21-0{4(A) T6 7(11) QH431-Er)2)-01414) 86,1011}
(M330)-Ec(21-0¢41A1 114.1{8) O(8I-Er2)-0{414) 152 5410 13(5)-Er(2)-Q47} 145 70110 Q430 -Eci =T 110 P13
O(33B)-Ert 21-04 1) 80.1010) O{81-Er(21-0iT) TLENT) O(41A-Er(M)-0(71 133 3(10) 15)-Ec{ 21016 143 Y1)
Q(431-Er)21-006) 72,5111 O(33B)-Er(21-0(6) 142 81100 V(8)1-Ee{ 21016} 115 5011) O(41A)-Exr(21-0{6) 75, 11M
O(71-Er{21-016) 69 8110) O{35)-Eri21-N{44; 108, 60111 O43)-Er(2)-N(4Aa) 144 1011) D(3IBL-En2)-N3A1 73 3y
OiBI-Er{21-N14A) 139 519 O(41AV-Er(Z)-KidA) 65, 3(8) O(71-Erl2)-N(4A) TB 6110) D(6)-Er)2)-N{44) 73 3001
Q{31 }-Zn-1211) 175.7118) €131)-Zn-N12) 99 BI161 Q{21)-Zn-N(2) B @016) O{30)-Zn-Ni3) &0 0111t
CG{21)-Zn-N(3) §7.90111 NI2)-Zn-N(3) 1750019 O031)-Zn-00 (481 92 6I1H1 O{21)-Zn-0( (48] 83 a1l
N{(2}-Zn-04 14B) 79 &6(13) NI3)-Zn-01 148 G5, 40107 (131)-Zn-0(44) 90,7011 O{21)-Zn-0{41) VRIS B
N{21-Zy-0144) 98, B(15) N(I-Zn-0(44) 86.2010) 11 14B)-Zn-1 341 176.5112)
k]
THil1-0011) 2.2411154 TL(E)-0134) T3S0 Th111-0123) 2,387(12) ThI13-00 L) 3 IRGLILL
ThI1}-D03) 397113} Thi[)-{H2} 2 A46((5) ThI1)-0(4) 2, 486114 ThI 1)-Ki 1) 25521141
Thi2}-0(43) 2 30{ (13} Thi2]-0%) 23215} ThI21-0{33B)  2.3381154 Thi2-Di6) 2389150
Thi2}-D(R) 2.400012) TL{21-017) 2.409(13) TL(2)-0(414)  Z. 3431 141 Th12)-N144] 2 5230 16)
Zn-0(210) 24,0300 [4) Zn-K LAt 2 057019} Zn-0{31) 10721134 Zu-N{2) 10717
Za-1 148} 2 364015) Zn-0(44} 2 430013)
O -Th(1}-0( 13A) B6. 315} O(10)-Thi1}-12123) [15.316)  O(LIA)-Th(1)-0423) 140. 2¢(51 O(I1}-Th(1)-O(11 76 Bi5t
O7334)-TL(11-0{1} R0.115) Q123)-ThI13-00(1) 74 1(8) O{10-Th{1)-0(3) 130, 151 O0I3A)-Tbe 1013} 114 3({5)
O0233-Tb(L1-0(3) 77,7158 OID-TLO-013) [4B. 0(4) W{11)-ThiD)-0i21  74.9(6) O(13A)-Th{11<402) 73 A5
0623-TLL)-0(2) 141 415) OQ(13-Th{11-0{2} 142 414)  O43)-ThI1-0(2) G9.115)  O(L1}-TLit)-0441 151 5i5;
O(13A)-TL(L)-04d) 70 915) Q123)-Thl1}-0(4) 76.1(5) O{1I-TbI1)-Di4) B2 5151 0(3).Tbi1)-0(4) 76 405)
Qi2)-Ih{ 1144 4) 113,015 QUIL)-ThI -1t 65.105) O{I3A)-Th{1]-NI(1} 146, 6{3) 0{23:-TL(1I-N{1) 7t 515}
O{}(-Th{11-N{(1) 107.815)  QI3-TL(11-N11) 6 @151 042)-ThlI1)-N(1) 81 G(5) OQ(4]-TbI1)-Ki[) 11 313
({43)-Th(2)-Q¢5) 82 1(6) 0143)-Tb12)-0(33B1 142 3116) OI15).Th(2)-00338)  70.615) O{43)-Thi2]-0I&) 72 76D
U{53-Th(2}-006) 144, 615) O133B)-Th(2}-016) 142.215)  0143)-Th{2)-Q{8) 76 215} 0{5)-Tb12)-O{8) 77.818)
O133B1-Th|2)-0(8) 73 0(5) O6)-Th{2t-N8) P18.2060  O143)-Th(2)-017)  112.615) Q(5)-TL(2)-0(7) 145, 115)
01338}-Th2)-0(7) 80 4(5) 016)-Th{21-017) 69.3(5) 018)-Tb(2)-0(7) 75 B(5) 0{43)-Th{21-D1d1A} 36 T 5
O{51-Tbl 2)-D{414) 78.2(6)  O(I3B)-TL{21-00414) 111,605t HE-TLIZ)-0{414)  75.9(6) O(8)-Thi2)-O(41A) 152 L(5)
O171-Tb12)-0{41A) 131.7(5) D(431-Th(2)-N(4A) H5.0(5) 35)-TL(2)-N(3AT 109 116)  O133B)-TH{21-N(4A) 70 815)
O16)-Th12)-N(4A) 80.9(6) 1 8)-Thi2}-N(44) 1379041 WiT7I-TL(2)-N(4A} 77 50(5) Q141A1-ThI2)-K{44} 64. 613
O12H)-Zn-N(3) 935.9(61 DII11-Zn-030) 175,009 N(3)-Zn-(31) 80.7(7) OLZi[-Zn-N{2( Rl Tl
N(3)-Zn-Nt 2} 176.2(10) O(311-Zn-N12} 101 9{71  (M21)-Zn-O(14B} 89 7(5) NI3)-Zn-0( 14B) Su. TV T I
G133 1-Zn-U(14B) 94.4(6) N(2)-Zn-0{14B} 8a.0{a)  TH21)-Zn-0{44) 92.3(5) N(3)-Zn-0(44) 21907
Ut3L]-Fn-0(4a} 83 5(6) N{2{-Zo-O{dd} 95, 6{7] O(14B)-Zn-0{14} 177.6(7)

alom was located from the E-map. Other nun-hydrogen

atoms

were derived from

the sucressive difference

Fourier syntheses. The structure was refined on F° hy

full-matrix

least-squares

methods  using

ihe

SHELXTL-97 program package on a legend 586 com-

puter. All non-hydrogen atoms were refined anizotrop-

ically. Atomic coordinates of the non-hydrogen atoms of

compounds 1 ~ 3 are given out in supplementary mate-

dals. Selected bond lengths and angles of complexes
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1~3 are given in Table 2. Crystallographic data ex-
cluding structural factors for the structures repurted in
this paper have been deposited with the Cambridge
Crystallographic Data Centre as supplementary publi-
cations Nos, CCDC-151987 and to 151991 for 1 and
2, respectively. CCDC-167858 for 7. Copies of the
data can be obtained free of charge on application
to CCDC, 12 Unton Road, Cambridge CB1Ez, UK
fax:  { +44) 1223-336-033: depusit @
cede. cam. ac. uk.

email:
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