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Introduction ene in a Schlenk flask were added Hhfa (0.45 mL, 3.18
mmol) and monoglyme (0.11 g, 1.058 mmol) with stirring
There is a considerable interest in the development afinder nitrogen. The mixture was heated to reflux with stir-
chemical vapour deposition processes for the deposition afng for 2d. After cooling to ambient temperature the
thin films of high-temperature superconducting materialsremaining holmium oxide was filtered off and the solvent
such as YB#ZwO7x HgBaCaCuOes, Bi:SrnCaCuOsg, was removed in vacuo to yield yellow precipitates. Cooling
TI.BaCaCuOs.! This process requires the availability of hot hexane solution to ambient temperature gave crystals
suitable precursors with sufficient volatility and thermal sta-suitable for X-ray crystallography. Yield: 0.50 g, 52%.
bility. Various types of metaB-diketonate precursors are Method 2. To a benzene solution (10 mL) of Ho@#{f4)O).
applied for this purpose. We recently described the synthesi{®.2 g, 0.243 mmolyjas added monoglyme (0.022 g, 0.243
and characterization of the [Ho(hd@)20).](triglyme) com-  mmol). The mixture was heated to reflux with stirring for
pound? In general the reactions of polyether with hydratedld. The solvent was removed in vacuo to yield yellow pre-
lanthanideB-diketonate complexes have been reported tccipitates. Slow evaporation of the benzene solution gave
produce water-free lanthani@ediketonate complexésThe  crystals suitable for X-ray crystallography. Yield: 0.20 g,
reaction of Ho(hfa(H-O), with triglyme in toluene, how- 90%. mp: 76-77C.
ever, yields [Ho(hfa[H20).](triglyme) adduct which not IR (KBr, cml): 2940 (w), 1640 (s), 1610 w), 1560 (m),
only has water molecules coordinated to Ho atom but als@530 (m), 1495 (m), 1350 (w), 1260 (s), 1250 (s), 1210 (s),
holds triglyme through intermolecular hydrogen bohds. 1140 (s), 1100 (m), 1045 (m), 1020 (w), 870 (m), 835 (w),
This observation prompted us to examine the reaction 0800 (m), 770 (w), 745 (w), 660 (m). MS (FAB) [m/z (frag-
Ho(hfa)(H20), with monoglyme. In this paper we report the ment)]: 885 (P-monoglyme-GFCHs+tfa), 732 (P-
preparation and characterization of Ln(kfladonoglyme)  monoglyme-Cg+CHs), 579 (P-monoglyme-hfa), 529 (P-
(Ln=Ho and Y) complexes. Ho(hténonoglyme) sublimes monoglyme-hfa-C§j.
intact while Gd(tmhd{monoglyme) loses the monoglyme  Preparation of Y(hfa)s(monoglyme) To a benzene (20
ligand# mL) solution of Y(hfaj(H-O), (0.18 g, 0.243 mmol) was
added monoglyme (0.022 g, 0.243 mmol). After refluxing
Experimental Section for 1d, gravimetric impurity was filtered off and the resulting
solvent was removeth vacuoto yield an oily product.
General procedures All manipulations were performed Washing with hexane produced white precipitates. Cooling
under nitrogen atmosphere using Schlenk techniques. Abf hot hexane solution gave crystals suitable for X-ray crys-
solvents were dried by standard techniques. Holmium oxideallography. Yield: 0.15 g, 70%. mp: 75-76. 'H NMR
yttrium oxide, Hhfa, and monoglyme were purchased from(300 MHz, GDg): 6 6.19 (s, 3H, CH of hfa), 2.96 (s, 6H,
Aldrich and used as receivedHo(hfay(H.0), and OCHs), 2.60 (s, 4H, OChH. MS (FAB) [m/z (fragment)]:
Y(hfa)s3(H20). were prepared as previously described. 809 (P-monoglyme-GFCHst+tfa), 656 (P-monoglyme-
NMR spectra were recorded on a Bruker DPX-300 specCR+CH;s), 503 (P-monoglyme-hfa), 453 (P-monoglyme-
trometer. FAB mass spectra were determined using a JOEhfa-CF,).
SX-102 spectrometer with 3-nitrobenzyl alcohol as the X-ray Crystal Analysis. Crystallographic parameters and
matrix material. Infrared spectra were recorded as KBr pelinformation related to data collection and structural refine-
lets on a Shimadzu FTIR-8501 model. TGA/DSC analysegnents for the complexes are given in Table 1. The data were
were carried out on a SETARAM TGA-92 instrument, corrected for Lorentz and polarization effects. Absorption
which simultaneously performs thermogravimetry (TGA) effects were corrected by the empirigadcan metho@.The
and differential scanning calorimetry (DSC). structure were solved by the Patterson method (SHELXS-
Preparation of Ho(hfa)s(monoglyme) Method 1. To a  86) and were refined by full-matrix least squares techniques
suspension of H®3(0.20 g, 0.529 mmol) in 50mL of tolu- (SHELXL-93). All non-hydrogen atoms were refined aniso-
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Table 1 Crystal Data and Structure Refinement for Hoghfa) Table 2. Selected Bond LengthsA] and Angles [deg] for

(monoglyme) Ho(hfa(monoglyme)
formula GoH1aF16H0Os Ho-O(1) 2.326(7) Ho-0(2) 2.310(8)
fw 876.22 Ho-O(3) 2.300(9) Ho-O(4) 2.308(7)
T (°C) 20 Ho-O(5) 2.300(9) Ho-O(6) 2.309(9)
wavelengthA 0.71070 Ho-O(7) 2.442(10) Ho-O(8) 2.428(12)
space group Pbca(No. 61) O(1)-C(2) 1.222(11) 0(2)-C(4) 1.238(12)
a, 20.762(2) 0(3)-C(7) 1.23(2) O(4)-C(9) 1.233(13)
b, A 17.946(3) 0(5)-C(12) 1.21(2) 0(6)-C(14) 1.262(14)
¢ A 16.075(4) 0(7)-C(16) 1.37(2) O(7)-C(17) 1.44(3)
V3 A 5990(2) O(8)-C(18) 1.45(2) O(8)-C(19) 1.42(2)
z 8 C(2)-C(2) 1.49(2) C(2)-C(3) 1.41(2)
Pealcs, gems 1.943 C(3)-C(4) 1.37(2) C(4)-C(5) 1.49(2)
U (Mo Ka), cmit 27.93 C(6)-C(7) 1.55(2) C(7)-C(8) 1.39(2)
no. of indep rflns 4651 C(8)-C(9) 1.36(2) C(9)-C(10) 1.51(2)
no. of params 417 C(11)-C(12) 1.51(2) C(12)-C(13) 1.38(2)
GOF on R 1.088 C(13)-C(14) 1.36(2) C(14)-C(15) 1.53(2)
final R indices [I > 25(1)] R12=0.0572, wR2=0.1471 C(17)-C(18) 1.36(3)
R indices (all data) R1=0.1123, wR2=0.2057
largest diff. peak and holefe®  +1.781 and 1.011 0O(1)-Ho-0(2) 72.7(3) O(1)-Ho-O(3) 148.2(3)
R pEppepew e r—. " O(1)-Ho-O(4)  138.5(3) O(1)-Ho-0O(5) 75.7(3)
aR1=, of-F¢ o] WR2=L2W(F2-F2)% 2WF#} 12, where w= Hoo _Ho-
{ OPF5? +(0.0786)? +5.28°} and wherep ={Max(FeZ,0) +2F /3. 88_38_8% ;ggg 88%88 éfé?g)
O(2)-Ho-O(4) 145.5(3) 0O(2)-Ho-O(5) 140.3(3)
ropically and the positions of hydrogen atoms were ideal-O(2)-H0-0(6)  77.7(3) O(2)-Ho-O(7)  72.8(3)

ized, assigned isotropic thermal parameters(l)=1.2 88:;'8:8% i’g'gg 8@;:58:8% ;ggg
Ue(C)] and allowed to ride on the parent carbon atoms. All 0(@)-Ho-0(7) 76 i(5) 0(3)-Ho-0(8) 1351 3)
calculations were carried out on the personal computer witrb( 4)-Ho-O(5) 73:2(3) O(4)-Ho-0(6) 116_'7(3)

use of the SHELXS-86 and SHELXL-93 programs. O(4)-Ho-0(7)  79.6(3) 0(4)-Ho-0(8) 76.6(3)

Selected bond lengths and angles are given in Table 2. O(5)-Ho-0(6)  72.9(3) O(5)-Ho-0(7) 142.9(4)
O(5)-Ho-O(8)  82.3(4) O(6)-Ho-O(7)  143.3(4)
Results and Discussion O(6)-Ho-O(8)  145.8(4) O(7)-Ho-0(8) 67.0(5)

C(2)-0(1)-Ho  134.9(7) C(4)-0(2-Ho  133.9(7)
Preparation. The preparation of Ln(hfgymonoglyme)  C(7)-O(3)-Ho  135.2(8) C(9)-O(4)-Ho  136.3(8)
(Ln=Y and Ho)can be accomplished from two different C(12)-O(5)-Ho 132.5(9)  C(14)-O(6)-Ho  131.5(8)
pathways summarized by eq. 1 and 2. Lngiiadnoglyme) ggg;‘ggg'ﬂg ﬁfg((ig)) gg;g'ggg':g 112;(?(14)

was obtained by the reaction of A3 with Hhfa and N ' Ryt :
monoglyme in toluene (eq. 1). This compound was alternaS (D-C@)-C(3)  117.5(10)  C(2)-C(3)-C(4)  121.0(10)

. . . . C(3)-C(4)-C(5 115.9(12 C(6)-C(7)-C(8 114.3(14
tively synthesized from the reaction of Ln(h{&}.O), with CE7;-CE8§-CE9; 121_6211; CES;-CE9§-CE13J) 117_3((113
monoglyme ligand (eq. 2).

Ho(hfa)(H20), + monoglyme- Ho(hfaj(monoglyme) +

2H0

Ln2O3 + 6Hhfa + 2monoglyme. 2Ln(hfaj(monoglyme)
+ 3H,0 1)

Ln(hfa)(H20). + monoglyme- Ln(hfaj(monoglyme)
+ 2H,0 2) Structural Description of Ho(hfa)s(monoglyme) The
molecular structure of Ho(hfglnonoglyme)is shown in
Ln=HoandY Figure 1, with the Cigroups of the hfa anionic ligand omit-

The complexes have a low melting point of 75%7and ted f(_)r clarity. Holmium at_om binds to eig_ht oxygen atoms,
sublime intact. More importantly, these complexes displafomnbIL"[ed I_by (;hree It_nde_ntat%_ hfa élgands an(_j one
excellent stability to both moisture and oxygen, with negligi-monog yme ligand, resulting in a distorted square antiprism.

ble decomposition over a period of months in the open IaboThIS structural type is common in holmiufdiketonate

ratory. As mentioned before, the reaction of Ho@fO), compounds, [Ho(hfaQHéO)z](triglyme), [Ho(hfa)(H20)],
with triglyme yields the hydrated [Ho(h§&#,0)](triglyme). ﬁ”dhf[Ho(tthB(l“'p'C)Z]- Thfe Hoz'gobogdmdfgance; of
The reaction of Ho(hfalH.O)., with monoglyme, however, o a);(m_onog yme) range from 2.30 to 2.A4 These Ho-
gives the anhydrous Ho(h§@honoglyme). This is, we O bond distances fall into two distinctly different groups:

; ; : : ; those to the hfa ligand which lie in the range of 2.300(9)-
believe, ly due to the st Ily bulky trigl ligand.
elieve, mainly due to the sterically bulky triglyme ligan 2.326(7)A (average 2.308) and those for the monoglyme

Ho(hfap(H20), +triglyme — [Ho(hfal(H:O)](triglyme)  which are 2.428(12) and 2.442()average 2.438).
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Figure 1. ORTEP drawing of the crystal structure of Ho(hfa) @ AN 2953 C
(monoglyme) showing the atomic labelling scheme and therma % 1782 C
ellipsoidal at 50% level. 2
] _
=
In comparison with Gd(tmhg(monoglyme), the Ho-Ger S
bonds (average 2.43%) of the Ho(hfay(monoglyme) are 2
relatively stronger than the Gdsfa, bonds (average 2.575 i
A) of the Gd(tmhd)Ymonoglyme): The electron-withdraw- S
ing CR; substituents of the hfa ligand may cause the '7,C

Ho-  Quner bonds strong. The average C-O distance of
hfa ligands is 1.23[2JA while the corresponding bond Temperature (“C)
Igngth of the monoglyme IS 1;42[3}' The.C—C '90”0' Figure 2. TGA/DSC diagram of Ho(hfgdmonoglyme). (a) TGA
distances of the hfa ligands fall into two distinctly different ) psc.
groups; C(1)-C(2) and C(4)-C(5), 1.51[&]and C(2)-C(3)
and C(3)-C(4), 1.38[2R. The average O-Ho-O bite angle distance of 2.43% and the average Gds; distance of
of the hfa ligand is 72.6[2]Jand the corresponding angle 2.575A.
of the monoglyme ligand is 67.0)5]The mean plane
separation between two squares [O(1)-O(4)-O(5)-0O(8) and
0(2)-0(3)-0(6)-O(7)] is about 2.54 and two squares are
nearly parallel which the angle between two squares is Monoglyme ligand binds to the holmium metal center
about 1.0. The two oxygens of each hfa and monoglymemore tightly than to the gadolinium metal center. This might
ligand are attached to the opposite top and bottom verticdse attributed to the highly electronegatives; @Foup of the
of the prism. Unit cell determination of Y(hi&honoglyme)  hfa ligand and thus no loss of the monoglyme during TGA
showed the same cell parameters with Hogfifa)nog-  experiment has been observed. The DSC curve of Ho
lyme). (hfay(monoglyme) shows a melting point endotherm at 77
Other Properties. To evaluate the utility of Ln(hfa) °C and two other changes, at 198 and at 293C. The
(monoglyme) as precursors for MOCVD, the thermogravicendothermic peak at 178 is presumably attributed to the
behavior of the complexes has been investigated by TGAublimation. The TGA/DSC curve of the Y(hfghonog-
and DSC over the temperature range 30€00The TGA  lyme) shows a similar pattern that of the Ho(f{fapnog-
curve of Ho(hfaglmonoglyme) is shown in Figure 2. The lyme); singular sublimation step in the 90-180 temperature
TGA plot shows a singular sublimation step in the 90°90 range and no weight loss after 220. IR spectra of
temperature range and no weight loss after’@00 Ln(hfa(monoglyme) show characteristic bands for flhe
This indicates that Ho(hfgjnonoglyme) is a stable poten- diketonate with a strong absorption band for the carbonyl
tial precursor which sublimes easily. The absence of thgroup at 1610 crh The C-F stretching frequencies of hfa
intermolecular interactions explains why this compound idigand fall in the same regions as those of the C-O for the
so volatile. A final residue of 2.0% indicates an almost quanmonoglyme. The!H NMR spectrum of Y(hfafmonog-
titative sublimation. In comparison with Gd(tmhihonog-  lyme) in GDs at room temperature reveals only one hfa and
lyme), a TGA curve of Gd(tmhg)monoglyme) shows a loss monoglyme ligand environment. These data therefore
of the monoglyme ligand while Ho(hfg)monoglyme) sub-  suggest that in solution the molecule is highly fluxional with
limes intact as shown below. This is in concert with ourrapid exchanges among hfa and monoglyme coordination
observation of Ln-@nherbond strength; the average Hern®  sites. In the MS spectrum of Ho(hf@honoglyme), promi-

Ho(hfal(monoglyme)- one-step sublimation
Gd(tmhd}(monoglyme)- Gd(tmhd} - sublimation
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nent peaks correspond to the fragments (P-monoglyme-hfa)2.

(P-monoglyme-hfa-CHF), (P-monoglyme-GHFCHs+tfa), (P-

monoglyme-CE+CHs). Molecular ion peak is not observed. 3.

Fragments like (P-monoglyme-hfa-8&#) result from the
fluorine transfer that occurs upon a loss of thefzigment.

Conclusions

The thermally stable Ln(hfglnonoglyme) complexes
were readily synthesized from the reaction of Lnghfa)

(H20), with monoglyme. While Gd(tmhglmonoglyme)

shows the weight loss of monoglyme, the TGA data for 5.
Ho(hfaj(monoglyme) show no weight loss. This observa-
tion is consistent with X-ray crystal structure data that the
strength of binding of the monoglyme ligand to the metal

center increases in the order of Ln(hfapiety>Ln(tmhd)

moiety. These trends will give the idea to prepare the ther-~"

mally stable lanthanide MOCVD precursors.
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