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The complex. Ks|La(TTHA)|-5H:O. was prepared and its cryvstal structure was analyzed by single crystal X-ray
diffraction mecthod. In the complex. the La(ITl) ion adopts a ten-coordinate geometry with four nitrogen atoms
and six carboxy 1 oxy gen atoms [rom the same TTHA ligand molecule. Tts coordination polyhedron can be de-
scribed as a distoried bicapped squarce antiprism. Each [La(TTHA)]* anion is linked by K' cations via carboxyl
groups of TTHA ligand 1o form a three dimensional crystal structure. The thermal propertics were investigated
by TG and DTA tcchniques in argon atmosphere. The materials resulting from thermal treatment were La(OH);z
and K-O which were identified by powder X-ray diffraction technique.

Introduction

Lanthanide complexes of polyaminopolycarboxylic acids
arc being cmploved extensively in magnelic resonance as
MRI contrast rcagents and as shifl reagents lor alkali metal
nuclei.! Although many ligands such as cthylencdiaming-
tctraacclic acid (EDTA). dicthylenetriaminepentaacetic acid
(DTPA) and tricthylencletraaminchexaacetic acid (TTHA).
have been used for these purposes. the most usclul of these
ligands is TTHA.® On (he other hand. among the three dia-
magnetic nuclei. lanthanum ('*La*). lutctium ('7*Lu™) and
viterbium ('3Yb™) in lanthanides. lanthanum appears (o be
only onc of thc NMR plausible nuclei for the study of the
coordination prepertics of cations. In practice. lantha-
num(11l) cations alrcady have been proposed as model for
Ca> binding silcs to study coordination properlics in
protcins® and '**La’” NMR has been used for the analytical
1ool of rclevant nucleus.

11 has been previously known that EDTA and DTPA have
6 coordination numbers (2 nitrogens and 4 carboxylates) and
7 coordmation numbers (3 nitrogens and 4 carboxylates)
with alkaline carth and diamagnctic lanthanide cations (La*.
Lu* and Y3). respectively.” However. in the casc of the
TTHA. (he coordmation number of the lanthanide-TTHA
complex in solution state 1s still controversial. More specifi-
callv. there are two proposals: one with cight coordination
number (4 nitrogens and 4 carboxylates) and other imvolving
six coordination numbcr (2 mitrogens and 4 carboxylates. 4
nitrogens and 2 carboxylates).®” The fact that TTHA ligand
can not donalc all 10 possible donor atoms 1s well supported
by the ligand-induced '3*La NMR chemical shift ¢

Since the ligand has been proposed for a varicty of analyti-
cal uscs. stability constants. thernmodynamic and structural
propertics of lanthanmide complexes with TTHA in aqucous
solution have been widely studied. ™" On the other hand.
there are only a few reports conceming the sohd state X-ray
structural results for the complexcs of this TTHA lhigand
with lanthamide ion.'*'* Although the La-TTHA crystal

structurce was reported recently by Wang er of..13 the featurces
ol crystal structurc. and the coordination of potassium ion
and waler moleculces is significantly different. Therefore, we
here report the solid statc X-ray orystal structure,
K;|La(TTHA)|-3H:O. and molccular structurc. and the ther-
mal propertics of the lanthanum complex.

Experimental Scction

Preparation and analysis of K;[La(TTHA)]-SH,0. The
complex was prepared by adding 6 cquiv. KOH slowly to a
50 mL of an aqucous solution containing | ¢quiv. TTHA and
LaCls. The resulting solution was slowly cvaporated by
heating. A white precipitatc of KCI was formed. and fil-
trated. The filtrate was concentrated and cvaporated slowly.
The colorless block crystals were formed at the bottom of
the pyrex beaker.

The content of C. H. and N was determined by a CE EA-
[110 clemental analyzcr. The content of K and La was deler-
mincd by Perkin-Elmer 2380 atomic absorption spectrome-
ter and Thermo-Jarrell Ash  AtomScan-25  inductively
coupled plasma cmission spectrometer. respectively, The
composition of the complex crystal was deduced from the
clemental analyses: the formula of K;[La(TTHA)|-5H-O 1s
consistent with the results of single crystal X-ray difTraction
analvsis. Anal. Found: C. 25.56. H. 4.06: N. 6.67: K. 14.20;
La. 17.01 %. Cale. for CisHaNO-KaLa: C. 2590 H 411
N. 6.71: K. 14.05: La. 16.64 %.

Infrared spectra of the lanthanum(IIl) complex and free
ligand were recorded on a BioRad Digilab FTS-163 infrarcd
spectrophotometer using KBr disk mcthods at the room
temperature. The thermal propertics were investigated with a
TA Instruments SDP-2960 thermal analyzer under dynamic
conditions. Al-O; was uscd as the standard substance.
samples were placed iside an alumina crucibles. Thermal
decomposition was camried out at a rate of 10 *C/min. from
roont {emperature to 1000 °C under an argon atmosphere.
A powdcr X-ray diffraction pattern of the material obtained
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Table 1. Crystallographic
(I'ITIAY] 3110

and experimental data for Ki[la

Empirical tormula CsHuN,0-Kala

Formula weight 834.70
Crvstal svstem Triclinic
Space group PT

a () 97139(11)
b(A) 16.136(3)

¢ (A) 21.076(3)
(™) 107.766{11)
B(*) 9201311
W°) 107.319(13)
" (A%) 2977.9(7)

7. 4

Dy, D2 (gfem?) 1.862, 1.86(1)
F(O00) 168()
p(Mo-Ko) (mm 1) 1.933

Cirvstal size (mm) 0.3x0.4%0.3
Temperature (K) 294(2)

A (Mo-Kae) 0.71073

0 range for data () 1.99-27.30
Limiting indices 2= 19 g9, 2T 2T
Retlections collected 15833

Independent retlections
Absorption cotrection

13436 [Ry = 0.0461]
Semi-empirical trom psi-scans

Max. and nin. transnussion 04974, 04429
Refinement method Full-matrix least-scuares on F*
Data / restraints / parameters 13434 /0 /775

Goodness-ot-fit on 7= 1.036

Fmal R mdices [/=2a(7)) Ry =0.0301, wR-=0.0774
R mdices (all data) Ry =0.0374, wR-=0.0821
Laraest dift. peak and hole (e/A3X¥).731, -0.790)

“The experimental density of the crvstal was measured by the otation
method in bromoetorm-mesitvlene.

from (hcrmal treatment of K;|La(TTHA)]-3H-O. was
reccorded on a Rigaku D/MAX-IB X-ray diflracto-
meler with Cu Ke radiation (A = 1.3418 A) in the 26 range
3-60°,

Single crystal X-ray diffractometry. The cryvstallo-
graphic and expenmental data arc summarized 10 Table 1. A
colorless single crvstal of the title compound was coated
with cpoxy resin i order (o prevent spontancous liberation
of watcr molecules from the specimen under ambient condi-
tions, The intensity data were collected at room temperature
on a Sicmens P4 four-circle X-rav diffractometer with
graphitc-monochromalted Mo Ky radiation (. = 0.71073 A).
Accuratc unit ccll dimensions were refined using 48 reflec-
tions with 20 ranges 8.04-23.04°, Three standard reflections
were measured every 97 reflections: no remarkable decays
were observed. The reflections used with the intensitics
| 2c|f were Lorentz and polarization corrected: a semi-
cmpirical absorption corrcction bascd on the psi-scans was
apphicd. A total of 13833 reflections was collected in the 20
range 3.5-35.0° using 26-6 scan modce.'®

All calculations n the structural solution and refincment
was performed using the Sicmens SHELXTL crvstallo-
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graphic softwarc package’” on a Silicon Graphics system.
Space groups were assigned based on the svstematic
abscnces and intensity statistics. and were confirmed by suc-
cessful refinements. The structure was solved by the direct
method' and refined by successive [ull-matrix least-squarcs
method followed by difference Fouricr map. All the non-
hydrogen atoms were refined anisotropically: all the hydro-
gen atoms fixed at the caleulated positions with the isotropic
thermal parameters were included in the final structure fac-
tor calculations. Final dilfcrence of clectron density maps
contained no signilicant [caturcs.

Results and Discussion

The obscrved systematic absences were consistent with
the space group 21 and 2T: the space group £1 was [inally
adopted becausc it gave the better convergence results, The
sclected bond distances and bond angles arc listed in Table
2. Tables of the structure factors. relined atomic coordinates.
anisotropic thermal paramcters. and calculated positions of

Table 2. Selected bond distances (A) and angles (*) for Ki[la
(I'I11A)] 3110

La(1-O(1) 2586(2)  Ta(l)(2) 2.575(2)
La( 1-0(3) 24882)  Ta(l)}X7) 2.523(3)
La( 1)-0(9) 25172)  Ta(hO(11) 2.576(3)
La(1)-N(1) 27942)  Ta(l)N(2) 2.804(3)
La(1)-N(3) 27983)  Ta(l)N() 2.913(3)
La(2»-O2 1) 26032)  Ta2)30(23) 2.55002)
La(2)-((25) 2516(2)  Ta2)3027) 2.499(2)
La(2)-0(29) 25682)  La(2)3O(31) 2.545(2)
La(2)»-N(5) 27892)  Ta(2)-N(6) 2.80:4(3)
La(2)»-N(T) 27923 Ta(2)}N(8) 2.885(3)
K(D-0O(1)*! 2905(2)  K(D-O{2)* 2.912(3)
K(D-0(3) 324403)  K(D-Od* 2.937(3)
K(D-0(9) 2667(2)  K(D-O{11)* 3.15003)
K(D-0(12)*" 26893)  K(D-0O{3w) 3.370(4)
K(2)-0(3) 27072) K20 2.739(3)
K(2)-0(3) 2841(3)  K(2)-0x9) 2.935(2)
K(2)-0(10) 2871(3)  K(2)-0(12)% 2.341(3)
K(2)-002w) 2706(6)  K()-0(2)* 2.717(3)
K30 2815(3)  K()-0(10) 2.747(3)
K(3)-0(32) 27282)  K(3)-00(3w) 2.915(4)
K(3)-0(Tw) 2879(4)  Kid010) 2.702(2)
K(4)-0(22)%! 2.815(3)  Ki4)-004)* 2.836(2)
K(4)-0(32) 2.808(3)  Kid)-O(1w) 2.844(3)
K()-002w) 31637 Kid)-O6w) 2.892(3)
K(3)-0023) 2729¢2) K024 )% 2.706(2)
K(3)-0(25) 2.8832) K300y 2.332(3)
K(3)-0(31) 2866(2)  K(3)-0(32) 2.900(3)
K(3)-0(4w) 3301(3)  K(3H)-O0Gw) 2.890(4)
K(6)X0021) 2.889(2)  K(6)-0(22)* 2.866(3)
K(6)-0(23) 32973 K604 2.803(2)
K(6)-0(20)%! 317603 K6)-O(30)* 2.677(3)
K(6)»0(31) 2697(2)  K(6)-O(1w) 3.250(3)
La(1-)K(1) 41411y Taly--K2) 4.14401)
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Table 2. Continucd

La(2) - K(5) L1291y La2)—K(6) £.062(1)
K1) K(3) 36611 K{2)K(3) 4.016(1)
K(3)-K(4) 4288(1)  K{d)K(5) 4.065(1)
K(4)-K(6) 36291 K{5)K(6) 3.954(1)
O-La(1)-03)  74328)  O(1)-La(D-0(5) 140918
OM-La(D-(7)  90.528)  O(L)-La(D-O(9)  68.23(8)
OM-La(D-001)  7996(7)  OG)-La(D-0(5) 71357
O-La(1)-0(7)  130.52(8)  OG3)-La(1)-049) 138.33(9)
O-La()-011)  70307)  OG-La(D-OT) 126268
OS-1a(1)-09)  13281(8)  OG):La-O(11) 71347
OM-1a(1)-09)  6836(10)  O(T)-La(-O(11)  153.85(8)
OO-La(D-0(11)  85.50(9)  O(1)-La(D-N(1}  60.047)
OB3)-la(-N(1)  623%7)  OG)-La(D-N(1}  116.53(7)
OM-La(-N(1)  69.188)  O©)-La(D-N(1}  110.56(8)
O(N-Lat)-N(D)  123.86(7)  O(1)-La(h-N(2)  124.70(7)
OB-La(-N2)  75.09%8)  OG)-La(DN2)  62.67(8)
OM-La(1)-N2)  76248)  O@)-La(-N2)  142.70(10)
O(N-Lat-N2)  129.03¢8)  O(1)-La(-N(3)  148.48(8)
OB)-La(1)-NG3)  13496(8)  OG):La(-N(3)  70.27(8)
OM-La(1)-NG3)  6226(8) O@)-La(-NG3)  86.05(9)
OD-Lat-NGY  117.12(8)  O(l)-La(D-N(d)  112.80(7)
OB)-La(1)-NE) 1250707 OG)-La-N(d)  74.05(7)
O(M-La(1)-Nd)  104328)  OO)-La()-N(4)  SR83(R)
OND-Latl-NE) ST N(L-La(D-N(2)  65.12(7)
N(D-La(=N(3)  17.378)  N(D-La(1)-N(d)  169.38(7)
N(2)-La(1)-N(3)  66.86(8)  N(2)-La(1)-N(d) 122497
NEG)-La(-NE 63.948)  OQ2D-La2)-023)  75.40(7)
O21)-1.a(2)-0025)  1429%7)  OC21)-L.a2)-027)  R9.21(T)
O21)-1a2)-0029)  6781(8)  O21)-1.a2)-O(31) 82317
O(23)-1.2(2)-0025)  721%7)  O23)-La2)-0(27)  128.3%7)
O(23)-1.2(2)-0029)  139.99%9)  O23)-L.a2)-031)  7081(7T)
O(25)-1.22)-0027)  125.13(7)  O25)-1.a(2)-0(29)  133.79(8)
O25)-1.a(2)-0031)  70607)  ORT-1.a2)-029)  67.42(9)
O2-1.a2)»-0031)  15621(8)  029)-1.a2)-0(31)  ’R81(R)
O21)-La2)»-N(5)  S98%7)  O23)-1.a2)-N5) 62537
O25)-La2)»-N(s)y  117.00(7)  OQT)-La2)-NS)  67.10(7)
O(29)-1.a2)-N(5)  108.75(7)  OG1)-La2)-N(s)  125.11(7)
O21-La2):-N6)  12426(7)  O23)-L.a2)-N6)  74.55(8)
O25)-La2)-N(6)  62.3%7)  OQ27)-La2)F-Nb)  T47R(R)
O(29)-1.22)-N(6)  140.36(9)  OG31)-1.a(2)-N6)  128.08(7)
O21-1.a2)»-N(7)  146.28(7)  O23)-1.a2)-N(7)  135.75(8)
O25)-La2)»-N(7)  7043(7)  OQ7)-La2)FNT)  62.12(8)
O29)-L.a2)-N(7)  84.00(9)  OG1)-La)FNT)  116.43(7)
O(21)-1.a2)»-N(8)  112.08(7)  O23)-La2)-N®)  126.477)
O(25)-1.a2)-N(8)  75.08(7)  OQ27)-La2)-N®)  105.05(8)
0O(29)-La2)-N(8)  59.03(8)  O31)-L.a2)F-N@®)  SR80(7)
N(S-La2)-N(6)  647A7)  N(3)-La2)»-N(7)  116.86(8)
NG)-La2)-N(8)  167.77(7)  N{6)}La(2}-N(7)  67.75(8)
N(6)-La2)-N(8)  123.58(8)  N(7)-La(2)}-N(8)  63.85(8)

Symmetry transformations used to generate equivalent atoms: ' -x—1,
vl z ] T axA2l vzl T kL vz T kLl 7 T e L
-z

hydrogen atoms have been deposited as the supplementary
material.
The coordination geometry of the title complex anion
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Figure 1. The lanthanum coordination environment of
[La(TTHA)}* complex anion with atomic numbering. The
hydrogen atoms are omitted for the sake of clarity.

[La(TTHA)]?- is shown in Figure 1. As shown in Figure 1,
La*' metal ion is encapsulated by one TTHA ligand mole-
cule, and the structural coordination feature is ten-coordi-
nated by six oxygen atoms from the six carboxyl groups and
four nitrogen atoms of the TTHA molecule. Its coordination
polyhedron feature can be described as a distorted bicapped
square antiprism arrangement. As listed in Table 2. the La-O
bond distances range from 2.488(2) to 2.603(2) A. and the
La-N bond distances range from 2.789(2) to 2.913(3) A;
these results indicate the La-O bond strength is more stable
than the La-N bond strength because the La-N bond dis-
tances are considerably greater than that of the La-O bond.
Bond distances and bond angles in the TTHA ligand are the
same within the experimental errors as the previous reported
results.!*¢

The asymmetric unit of Kz[La(TTHA)]-5H>0 is shown in
Figure 2. As shown in Figure 2. each [La(TTHA)]* anion is
linked by K" cations viu carboxyl groups of TTHA ligand to
form a three dimensional networks. As listed in Table 2, K-
O (oxygen atoms of TTHA ligand) bond distances range
from 2.541(3) 10 3.176(3) A, K-O (bridged oxygen atoms
from water molecules) bond distances range from 2.706(6)
10 3.370(4) A. K-O (coordinated oxygen atoms from water
molecules) bond distances range from 2.879(4) to 3.301(5)
A. La-K distances range from 4.062(1) to 4.144(1) A,

@ 2 2
03w 07W) 04w

Figure 2. The asymmetric unit of K;[La(TTHA)]-5H-0. The
atomic numbering of TTTA ligand are omitted ftor the sake of
clarity.
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Figure 3. A perspective view of the unit cell of K;i[l.a
CITHA)]SL0 along the b-axis,

K---K distances range from 3.629(1) to 4.288(1) A. On the
other hand. there are three kinds of potassium ions in the
crystal. K(1). K(2) and K(6) ions are coordinated by oxygen
atoms from TTHA molecules and bridged by oxygen atom
from water molecule. K(3) and K{4) ions are coordinated by
oxygen atoms from TTHA molecules, and are not only
bridged by oxygen atom from water molecule but also coor-
dinated by oxygen atom from water molecule. K(5) ion is
coordinated by oxygen atoms from TTHA molecules and
water molecules. In addition, three kinds of crystallographi-
cally independent water molecules are present in the crystal;
O(1w). O(2w) and O(3w) water molecules are bridged to K'
cations, O(dw). O(5w), O{6w) and O(7w) water molccules
are coordinated to K- cations, O{8w), O{9w) and O(10w)
water molecules are un-bridged and un-coordinated fice
water molecule.

The crystal structure of the title compound can be
described as having a three-dimensional infinite network as
shown in Figure 3. By the packing ol the discrete complex
molecule linked by K cations viu carboxy! groups of TTIA
ligand. the crystal structure is constructed a three dimen-
sional networks and furthermore stabilize by the crystal
packing through hydrogen bonds. Although the coordination
polyhedron of lanthanum metal ion reported by Wang ef of.?
for K[KLa(HTTHAXI:0}|-811,0 is cssentially the same as
that reported for Ki|La(TTIIA)|-SHO in this work, the
coordination structures and behaviors ol potassium cations
and water molccules are significantly diflerent. The most
signilicant difference is that the lanthanum ion docs not have
any dircct contact bond with water molecules which gener-
ally has the important role in imaging experiment. In addi-
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Figure 4. Thermogravimetric analyses of Ks[Laf T'TTIAY] 3110,

tion, the detailed crystal structure and thermal properties of
the compound were not reported.

[R spectra of the studied lanthanum(111) complex and free
TTHA ligand were obtained. The assignment of the relevant
observed absorption bands was made on the basis of the
reported data.”! For the sake of comparison the correspond-
ing absorption bands observed in the IR spectra of the lan-
thanum complex and free ligand are summarized as follows:
the antisymmetric stretching frequency (v.) of carboxyl
group in the complex is shifted 47 cm™' to lower frequency
from 1642 cm™' and the symmetric stretching firequeney (vs)
ol carboxy] group in the complex is shifted 10 em™' to higher
frequency from 1398 cm'. These results provide further
support to X-ray analysis that the carboxyl groups of the
TTHA ligand have been coordinated with the lanthanum
metal jon. A broad absorption band for hydroxyl group
appeared at 3400 cm™' in the complex indicates the presence
ol water molecules.

The thermal decomposition of the lanthanum complex,
Kz|La{TTHA)|-511:0. is represented in Figure 4. [n the first
stage of the thermal decomposition are liberated ol water
molecules which manifests itself’ on the TG curve as a
weight loss of 10.90 % (cquivalent to 511:0) and DTA curve
as an endothermic process at 135 °C. This result is in accor-
dance with the X-ray crystal structure analysis of this com-
pound to be Ks|La(TTHA)['511:0. After losing water
molecules the total endothermic decomposition of the lan-
thanum complex was observed at range from 357-987 °C,
and the various compounds derived from TTHA ligand were
slowly released. The final products were obtained at 1000 °C
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alter thermal analysis. and characterized by powder X-rav
diffraction tcchnique. The final products were mixture of
La(OH); and K:O,

The structural and spectroscopic studics in solid and solu-
tion statc for the lanthanide complexcs of polvaminopoly -
carboxylic acids such as EDTA. DTPA and TTHA. arc in
progress presently,

‘v

W
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