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Abstract—Metathesis involving YCl, and sodium 1,1,1,3,3,3-hexafluoro-2-propoxide
offered a mixed-metal species, YNa,[OCH(CF,),](THF), (1). The reaction between 1 and
yttrium and copper derivatives, f-diketonates and halides, gave access to YNa,
[OCH(CF,),]4(thd)(THF), (2) and the Na—Cu species, Na,Cu[OCH(CF,),],(THF), and
[NaCu[OCH(CF,),l,(thd)],, (5), respectively (thdH = 2,2,6,6-tetramethylheptane-3,5-
dione). Alcohol interchange reactions between YO(OPr'),; and fluoroisopropanol led to
the isolation of Y[OCH(CF;),];L; [L = THF (3a) or Pr'OH (3b)] depending on the solvent,
THF or hexane. The various compounds have been characterized by FT-IR, NMR ('H, "*C,
F) and mass spectrometry and thermogravimetric analysis. All compounds are volatile ;
sublimation of the Y—Na or Na—Cu species occurs with retention of the stoichiometry
between the metals. The Lewis bases are readily lost during sublimation of compounds 1,

2 and 3a or 3b.

Metal alkoxides are popular MOCVD precursors
to metal oxides, since they are reasonably volatile,
easy to modify and generally undergo clean thermal
decomposition.'* As part of a project aimed at
obtaining metal precursors for the MOCVD of high
T, superconductors, we have chosen to investigate
homo- as well as hetero-metallic fluorinated alkox-
ides. Fluorinated ligands generally enhance the
volatility of metallic compounds.>* Metal-fluorine
interactions have often been detected in the solid
state,>S resulting in the formation of either oxides
or fluorides’® by thermal decomposition, although
the features governing these pathways remain to be
determined. Fluorinated alkoxides might therefore
find applications as precursors to fluorides which
are attractive as optical materials.’

Fluorinated alkoxide ligands were expected to
enhance volatility and to act as efficient assembling
ligands between different metallic centres, the poss-
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ible M- - -F interactions being a means to prevent
the dissociation in the vapour phase. Tailoring of
the most relevant properties for the MOCVD pur-
poses, volatility and stability, can a priori be
achieved by further substitution reactions. This
strategy has given us access to the first volatile
Y—Ba species Y,Ba[OCH(CF,),],(thd),." We have
investigated various synthetic routes, namely Lewis
acid-base reactions and metathesis reactions, for
building up mixed-metal Ba—Cu, Y—Ba and
Y—Cu fluoroalkoxides'' and the synthesis of some
synthons was thus a prerequisite. A pentanuclear
barium fluoroisopropoxide was obtained by direct
reaction between the alcohol and the metal or by
alcoholysis of classical alkoxides.” Reactions
between YCl; and sodium 1,1,1,3,3,3-hexafluoro-2-
propoxide were investigated as a possible access
to Y[OCH(CF,),], derivatives. Reactions between
yttrium or lanthanide chlorides and alkali metal
alkoxides have been reported to lead to the isolation
of a variety of polynuclear chloroalkoxides," the
stability of such compounds also being illustrated
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by their formation as side products when halides
are used as catalysts to activate lanthanide metals
in the course of reactions with alcohols.!® The reten-
tion of the alkali metal, and thus the formation
of *‘ate” complexes, has often been observed for
organometallic lanthanide derivatives making the
isolation of homoleptic compounds tedious.'*
Although retention of the alkali metal has been
noticed in metal alkoxide chemistry, this is generally
favoured by a poor control of the stoichiometry,
the presence of a bulky OR ligand and/or by the
small size of the alkali metal. However, yttrium and
lanthanides appear to be more prone than tran-
sition metals to the formation of alkoxide aggre-
gates incorporating alkali metal, and the isolation
of compounds as different as Li;Sm(OBu')s, LnNa,
(OBu"),Cl (Ln =Y, Eu) or La,Na,;(OCH Me-
4)o(THF); illustrates these features.'

We report herein the synthesis of Na,Y (hfip)s
(THF); (1), Na,Y(hfip),(thd)(THF), (2), the
Y (hfip); adducts Y (hfip);(THF); (3a) and Y (hfip),
(Pr'OH); (3b) as well as of [Y(hfip)(thd),],, (4),
where  hfip = OCH(CF;), and  thd =t-
BuCOCHCOBu". The reactivity of the Na—Y
fluoroisopropoxide derivative 1 toward various
yttrium and copper derivatives illustrates that the
Y—Na species are resilient in the loss of sodium,
giving Na—Cu species, namely Na,Cu(hfip),
(THF), and [NaCu(hfip),(thd)],,. The various spec-
ies were characterized by FT-IR, NMR (‘H, *C,
F) and mass spectrometry. Their thermal behav-
iour and stability are compared. Sodium-free
ytirium  fluoroisopropoxide adducts, [Y(hfip),
(NH,), 5], and Y(fip);(THF);, have been reported,
together with hexafluoro-tert-butoxide deriva-
tives, during the progress of this work ; they were
obtained by alcoholysis of Y[N(SiMe;),];.'®

EXPERIMENTAL

All manipulations were routinely performed
under nitrogen using Schlenk tubes and vacuum
line techniques with solvents purified by standard
methods. YCl; (Aldrich) was used as received.
Fluoroisopropanol (Aldrich) was stored under
nitrogen on molecular sieves and used without fur-
ther purification. Y;O(OPr');; was obtained as
reported in the literature.'” IR spectra were run on
an IR-FTS 45 Bruker spectrometer as Nujol mulls.
'H, C and "*F NMR spectra were recorded on a
Bruker AC-200 spectrometer. Samples were run in
C¢Dg and/or CF (references : 'H, residual protons
in C¢Dg; F, CFCl,). Mass spectra were obtained
on a Ribermag RI10 spectrometer. Thermo-
gravimetric analyses were achieved under nitrogen
on a Shimadzu system at a heating rate of 5°C
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min~'; volatiles were analysed by FT-IR. Elemen-

tal analysis were obtained from the Centre de Mic-
roanalyses du CNRS. NMR data are collected in
Tables 1 and 2.

Synthesis of Na,Y (hfip),(THF); (1)

A solution of Na(hfip) (6.06 g, 31.92 mmol) in
80 cm’ of toluene was added to a suspension of
YCI; (1.04 g, 5.32 mmol) in 60 cm® of THF. The
reaction mixture was stirred for 12 h at room tem-
perature and refluxed for an additional hour. After
decantation, NaCl was eliminated by filtration. The
filtrate was concentrated and left to crystallize at
—20°C. Several crops of crystals of 1 were obtained
(79%), m.p. 73°C. Found : C,27.0; H,2.0; F,45.0;
Na, 4.7; Y, 6.4. Calc. for C;)H;(F;0,Na,Y: C,
26.2;H,2.2;F,49.7;Na, 5.0, Y, 6.4%. IR (Nujol,
cm™Y): 1277 s, 1247 s, 1221 vs, 1211 vs, 1184 vs,
1170 vs, v(C—0), v(C—F) ; 1088 s, 1049 m, 883 m,
8455, v(C—C); 742 m, 685 s; 530 w, 519 w, 504 w,
416 m, 372 s, vM—O). MS (m/z, %):
YNa;F(hfip), (4%), YNa,(hfip), (11%),
YNa,F(hfip); (1%), Y(hfip); (5%), Y(hfip),F
(3%), Na,(hfip) (100%).

Compound 1 crystallizes in the space group P-1
with the unit cell parameters (297 K) a = 14.476(3),
b=17.154(3), c¢=1121002) A, a=104.76(2),
f =109.48(2), y = 85.24(2)°, Z = 2. The structure
could not be solved due to disorder problems.

TGA (1 atmosphere, N,) : 50-120°C (—2 THF),
120-300°C sublimation, residue 7%.

Na,Y (hfip)s (1a)

Sublimation of compound 1 at 110°C under 103
Torr offered 1a (78%), m.p. 132°C. Found: C,
18.7; H, 0.5; F, 56.3. Calc. for C;sH¢F;,O¢Na;Y :
C,18.5;H,0.5; F, 58.9%.

Synthesis of Na,Y (hfip),(thd)(THF), (2)

A solution of 1.02 g (1.6 mmol) of Y(thd), in 40
cm’ of hexane was added dropwise to a solution of
4.4 g (3.2 mmol) of 1 in 60 cm’ of a mixture of
hexane-THF (1:2). The reaction medium was stir-
red for 4 h at room temperature, concentrated and
cooled at —20°C offering 4.4 g (92%) of needle-
like crystals. IR (cm™')y: 1597 m, 1580 s, 1561 m,
1544 m, 1507 s, v(C=0), v(C=C); 1282 s, 1250 s,
1222 vs, 1211 vs, 1179 vs, 1152 s, v(C—0),
v(C—F); 1091 vs, 1053 s, 963 w, 935 w, 917 m, 884
s, 872 s, 848, v(C—C); 797 m, 767 w, 742 s, 686 vs ;
634 w, 609 w, 582 w, 531 w, 521 m, 493 w, 474 w,
409 m, 375 m, v(M—O).

TGA (N,, 1 atmosphere) : 60-130°C (—2THF),



6.2
5.9
5.5
59

*Jen (Hz)
6.1

(hfip)

3

"F chemical shifts (ppm)

CF

—79.5d
—78.4d
—78.2d
—-77.9d
—-76.6d
—758s

(24H)

(L)
CH, p
1.24m

3.36m

CH2 od

THF

"H chemical shifts (ppm)
(thd)
Bu'

CH

Table 1. 'H and °F NMR data in C¢D for yttrium and Y—Na fluoroisopropoxide derivatives
6

g (Hz)

(hfip)
CH
423 h (1H)
5.08h (6H)
4.88 m

Compound
NaORf
1a
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130-200°C (—hfipH—THF), 200-250°C
(—thdH), residue 7%.

43 Hz

Na,Y (hfip),(thd) (2a)

6.2

Sublimation of 2 at 130°C under 1072 Torr gave
2a (yield 70%). Found: Na, 4.2; Y, 8.2. Calc. for
C23H23F2406N32Y . Na, 46, Y, 9.00/0.

Av,

Synthesis of Y (hfip);L, [L = THF (3a), PrOH (3b)]

—75.6d

Perfluoroisopropanol (1.97 c¢cm?, 18.75 mmol)
was added to a solution of Y O(OPr'),; (1.53 g, 1.25
mmol) in 40 cm® of THF. Agitation was maintained
for 3 h at room temperature. Cooling at —20°C
gave 3.25 g (90%) of 3a. Found: C, 29.7; H, 3.3;
Y, 11.0. Calc. for C,;H,,F,3O4Y : C, 31.3; H, 3.35;
Y, 11.0%. IR (cm™~"): 1291 s, 1261 s, 1224 sh, 1215
vs, 1186 vs, v(C—0), v(C—F); 1103 m, 1091 sh,
1029 m, 919 w, 890 m, 844 m, v(C—C); 742 m, 682
m; 530 w, 520 w, 464 sh, v(Y—OR).

If the reaction was carried out in toluene or
hexane, Y (hfip);(Pr'OH), (3b) was obtained (85%).
Found: C, 264; H, 29; Y, 11.1. Calc for
CisHyF506Y : C,28:H,3.5;Y,11.5%. IR (cm™"):
3672 w, 3634 w, 3440 w, 3188 w, v(OH); 1294 s,
1261 s, 1215 vs, 1184 vs, v(C—0), v(C—F); 1094
8, 933 m, 887 m, 847 m, 814 m, v(C—C); 743 m,
687 m, 534 sh, 522 w, 464 sh, 441 sh, 424 sh, 405
sh, 379 sh, v(Y—OR).

Both compounds sublimed at 150°C (10> Torr)
with extensive decomposition, especially for 3b, and
with loss of the neutral ligand, giving [Y (hfip);],,..

(32H)
(12H)
(24H)

3.5m 1.37m
3.6m 1.3m
OH CH CH,
2.6s 39m 09d

THF
THF
PrOH

1.25s (18H)
1.22 s (36H)

Synthesis of Y (hfip)(thd), (4)

A solution of thdH (1.4 ml, 6.7 mmol) in 10 cm’
of hexane was added to a suspension of 3 (2.7 g,
3.35 mmol) in 60 cm® of hexane. Dissolution
occurred while a microcrystalline product pre-
cipitated at the end of the addition. A second crop
of crystals was obtained from the filtrate. Sub-
limation of these crystals at 140°C and 10~ Torr
gave 4, yield 89%, m.p. 286°C. Found: C, 48.8 ; H,
6.5; Y, 13.9. Calc. for C,sH,,F;OsY: C, 48.2; H,
6.3;Y,14.3%. IR (cm™"): 1603 m, 1580 s, 1554 s,
1508 s, v(C=0), v(C=C); 1289 s, 1254 s, 1227 vs,
1184 vs, 1134 vs, v(C—0), v(C—F); 1101 vs, 1028
w, 962 w, 935 w, 891 m, 872 s, 858 s, 800 m,
v(C—C); 765 w, 741 m, 687 s; 631 sh, 613 m, 523
w, 494 m, 474 m, 405 s, 363 s, v(Y—O).

5.97 s (1H)
5.97 s (2H)

5.1

5.02h (4H)
431 m (3H)
49 m (3H)
5.2 m (1H)
= multiplet.

Synthesis of NaCu(hfip),(thd) (5)

heptuplet, m

2
3a
3b

4

A solution of Cu(thd), (1.1 g, 2.55 mmol) in 40
cm’ of hexane was added dropwise to a solution of
1 (1.17 g, 0.85 mmol) in 40 cm® of hexane; the

h =
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Table 2. *C{’H} NMR data in C¢D; for yttrium and Y—Na fluoroisopropoxide derivatives

¥ C{'H} chemical shifts (ppm)

(hfip) (thd) (THF)
Compound CF, Jcr gem (HZ) CH *Jor (Hz) C=0 CH Cquat CH; CH,x CH,8
1 125q 287 74 h 30 68.2s 252s
1a 124 q 287 73.2m
2 125q 288 74.1h 30 201.8 924 41 283 68s 255s
4 1224 q 287 73.2h 30 203.8 926 409 28.3

q = quadruplet, h = heptuplet, m = multiplet.

colour changed from blue to purple. After 2 h, the
reaction medium was filtered ; cooling of the filtrate
offered a first crop (60%) of 5. The mother liquor
was stripped to dryness giving an inhomogeneous
solid. Its sublimation at 110°C and 10~ Torr gave
5, leaving Y(thd),. Total yield: 70%. Found: C,
33.8; H, 3.8; F, 32.1; Na, 3.7; Cu, 10. Calc. for
C,-H,F,,O,NaCu: C, 33.8; H, 3.5; F, 37.8; Na,
3.8; Cu, 10.5%. IR (cm~'): 1610 m, 1577 s, 1558
vs, 1547 sh, 1507 s, v(C=C), v(C=0) ; 1283 s, 1259
s, 12225, 12065, 1181 s, 1145 s, v(C—0), v(C—F);
1084 s, 964 m, 938 w, 891 s, 875 s, 853 5, 823 w, 804
m, v(C—C); 771 m, 743 s, 686 vs; 640 m, 606 w,
534 sh, 526 sh, 521 s, 494 s, 437 sh, 432 m, 421 m,
v(M—O0). MS (m/z, %) : Na,Cu,(hfip),(thd), (6%),

Na,Cu,(hfip);(thd)  (4%), NaCu,(hfip),(thd),
(2%), NaCu,(thd); (2%), NaCu,(hfip)(thd), (2%),
NaCu,(hfip),(thd)  (1%),  Na,Cu(hfip),(thd)

(23%), NaCu(thd), (15%), NaCu(hfip)(thd) (6%),
Cu(thd), (2%), NaCu(thd) (7%), Na(thd) (12%),
Na(hfip) (6%), Na(thd) —Bu (100%), Bu (5§1%).

Compound 5 was obtained quantitatively by
reacting Na,Cu(hfip),(THF), (prepared from the
reaction of 1 with CuCl,) and Cu(thd), (1:1 stoi-
chiometry) in hexane over 15 h. Compound § was
also obtained by reacting 2 (1 g, 0.78 mmol) in 50
cm’ of toluene and CuCl, (0.1 g, 0.78 mmol) in 20
c¢m® of THF for 12 h. After filtration, the solution
was cooled at —20°C, leaving purple crystals of 5,
purified by sublimation. Yield 50%.

The various compounds are sparingly soluble in
hydrocarbons (pentane, toluene), more in C¢Fs
or in ethers. The tetramethylheptanedionato-
fluoroisopropoxides are more soluble than the

homoleptic fluoroisopropoxides. The Na—Cu
derivatives are the least soluble.
RESULTS AND DISCUSSION

Synthesis

Several routes to yttrium fluoroalkoxides have
been investigated (Scheme 1). The reaction between

YCl; and sodium hexafluoroisopropoxide, Na
(hfip), was envisioned as a means to acceed to a
homoleptic yttrium derivative which could be used
further as a synthon for the building up of Y—M
species by metathesis reaction with halides. Sur-
prisingly, the reaction between YCl,; and Na(hfip)
(1:3 stoichiometry) in THF offered a sodium-con-
taining material of the type Na,Y (hfip), as the most
volatile derivative (15%). A THF adduct,
Na,Y (hfip)o(THF); (1), is obtained by crys-
tallization in toluene-THF. "*’F NMR of the reac-
tion medium evaporated to dryness shows the
presence of essentially two species, 1 as well as a
species whose chemical shift is in agreement with
that of Y (hfip);(THF),. When the reaction is con-
ducted in the appropriate 1: 6 stoichiometry, com-
pound 1 is isolated in high yield (79%) by
crystallization from the reaction medium. The facile
formation of 1 is consistent with the observation
that the reaction between ZrCl, and Nahfip (1:4
stoichiometry) offered Na,Zr(hfip),.’

Sodium-free yttrium fluoroisopropoxide was
formed selectively by ligand exchange reaction
between Y;O(OPr'),; and fluoroisopropanol. The
high acidity of (CF;),CHOH (pK, = 9.3) allows the
reaction to proceed to completion even at room
temperature and with the stoichiometric amount of
fluoroalcohol. The lability of the Y—OPr' bonds
contrasts with the behaviour of Zr(OR), (R = Pr',
Bu"), which failed to give Zr(hfip), by alcoholysis.’
The high Lewis acidity of the fluoralkoxides is illus-
trated by their isolation as adducts, Y (hfip),;L,
[L = THF (3a) or P'OH (3b)], depending on the
solvent, THF or toluene (or hexane), respectively.

Substitution reactions have also been inves-
tigated. The reaction between 1 and yttrium 2,2,6,6-
tetramethylheptane-3,5-dionate ~ Y(thd); (2:1
molar ratio) proceeds quantitatively with the for-
mation of Na,Y (hfip),(thd)(THF), (2) as the only
product.

Heterometallic alkoxides based on classical OR
groups and on alkali metals have found a large use
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YCl; + xNahfip
THF
x=6 x=3
Ys(OiPr)(3 + 15 hfipH
Y(thd y THF | Toluene
— YNa;(hfip),(thd)(THF)=-gy--mt YNay(hfip)s(THF);—
@ w
CuCly
THF |{A THF||A i 3 .
“ THE Y(hf'pz;gm)’ Y(hfip)3(PrOH);
YNay(hfip)4(thd) YNas(hfip)s chdH (3b)
(2a) ] (1a) Hexane
CuCl, Cu(thd),
Hexane | (-YCI3) Hexane Y (hfip)s(thd),],
Cu(thd); @
Hexane
J

5y n22

*[NaCu(hfip)z(thd)};

Scheme 1. Various synthetic routes to heterometallic yttrium-sodium fluoroisopropoxides and their
reactivity.

as synthons for building up mixed-metal alkoxides
with a controlled stoichiometry.'®* Comparable meta-
thesis reactions involving 1 have thus been inves-
tigated. Na,Y (hfip)((THF); reacts readily with
CuCl, in THF at room temperature, over several
days, giving a volatile (sublimation at 150°C and
1072 Torr) mixed-metal Na—Cu derivative
Na,Cu(hfip),(THF), (as evidenced by its IR by
comparison with an authentic sample).'®*° Similar
behaviour is observed using 2 as starting material,
the NaCu(hfip),(thd) (5) derivative then being iso-
lated in about 50% yield. A more selective route to
5 is the reaction between 1 or 1a and Cu(thd),
(1:3 stoichiometry) in hexane. The volatility of 5
allowed its separation from the yttrium by-product
Y(thd), by sublimation (110°C and 10~* Torr).
Although 5 could be obtained starting from Y—Na
species, 1 or 2, it is best obtained by reacting
Na,Cu(hfip),(THF), and Cu(thd), (1:1 stoi-
chiometry), since this reaction proceeds without
formation of any by-product.

It should be noticed that, in all cases, a change
of the stoichiometry between the metals, namely a
reduction of the sodium content, is observed for
the Y—Na and Cu—Na species by substitution of
fluoroisopropoxides by thd ligands. Reactions with
Y (thd); and Cu(thd), respectively are thus more
selective than with the f-diketone thdH.

Characterization

The various compounds have been characterized
by elemental analysis, FT-IR, mass spectrometry,

thermal gravimetric analysis (TGA) and NMR (‘H,
BC{'H} and "F). NMR data are summarized in
Tables 1 and 2.

IR and '"H NMR were used primarly as tools for
the presence of additional neutral ligands in the
metal coordination sphere. Thus, for instance, the
formation of Y(hfip),(PrOH); is supported by
w(O—H) vibrations (3672—3188 cm™") in the FT-IR
spectra. The presence of several absorption bands
suggests that the hydroxyl groups are involved in
different types of hydrogen bonds. The tetra-
methylheptanedionate derivatives 2, 4 and 5 are
characterized by v(C=0) and v(C=—C) absorption
bands around 1600-1500 cm~'. All yttrium and
Y—Na derivatives are soluble, although sparingly
in non-polar solvents, the introduction of thd in the
metal coordination sphere leading generally to an
increase in solubility properties. The '"H NMR spec-
tra of 1 and 2 in C,D; or C,DsC(F, confirm the
presence of THF ligands. No dissociation reactions
are observed. These ligands are, however, labile and
can undergo exchange reactions with other donors
such as acetonitrile or dimethoxyethane. All hfip
and THF ligands appear magnetically equivalent
by NMR ('H, "*C) for either 1, 2, 3 or 4. "F NMR
spectra are characterized by relatively sharp lines,
the chemical shifts being slightly displaced to high
field with respect to the free alcohol or to sodium
fluoroisopropoxide.

Mixed-metal alkoxides with an M: M’ 1:3 stoi-
chiometry are quite scarce. Representative exam-
ples include lanthanides derivatives such as
Ln[Al(u-OPr),(OPr),]s, V(u-OPh)Li;(DME),"® or
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Y[(u-OBu')(u-Me)AlMe,];.2' Their structure is
based on a central hexacoordinated metal.
Although single crystals of 1 could be grown, its
solid state structure could not be solved from a
room temperature X-ray data collection due to dis-
order problems. The spectroscopic data of 1 are,
however, compatible with a YNa,(u-hfip)s(THF),
framework? (I), the environment of each sodium
being completed by one oxygen of a THF ligand
and eventually by fluorine interactions, as observed
on other Na—M fluoroisopropoxides.>'” The YNa,
stoichiometry of 1 also matches that of the double
YNa hydroxide YNa,;(OH)s formed in aqueous
media.” The structure of 2 is most probably related
to that of Y(OBu')[(u-OBu")[(u-Me)AlMe,],* with
sodium centres linked to one THF ligand (II) and
probably having secondary fluorine bonds.>'” The
data of 4 are in agreement with a dimeric structure
(IIT) which would ensure hexacoordination for the
yttrium atoms.
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ecules. The mixed-metal species YNa,(hfip)e
(THF); is more stable and more volatile
than the homometallic derivative Y (hfip),

(THF),. Compound 1 sublimes at 110°C under 10—
Torr as compared to 150°C (10~° Torr) for 3. This
behaviour, quite common in metal alkoxide chem-
istry,' allowed a facile isolation of 1 even if the
reaction between YCIl; and Na(hfip) was carried
out in a 1:3 stoichiometry. The analytical data
of the sublimate indicate the conservation of the
Na,Y (hfip)¢ stoichiometry and loss of THF. The
elimination of the Lewis base probably leads to
an oligomerization of the Na,Y (hfip), moiety as
suggested by the decrease of the solubility proper-
ties compared to the THF adduct 1 and as also
observed, for instance, for Na,Cu(hfip),. However,
depolymerization of 1a is easily achieved by dis-
solution in THF giving 1. The mixed-metal §-dike-
tonatoalkoxide (2) displays behaviour comparable
to that of 1: sublimation occurs at 130°C and 10~?

/ /
. Na . Na
(CF3),CHO ™ | (CF3),cHO ™ I vy
(CF3);,CHO ., | « OCH(CF3), 0., I . OCH(CF3);
- “ty W 'ty W
bR \‘\ v d H N v H N
(CFy),CHO | TCH(CF3)2 0 I (|)CH(CF3)2
CF;),CHO CF3),CHO ,
(CF3); ~ (CF3); N e
Na\ Na\
L L
L = THF
I 1
+‘<—<:) 0
o | ocuery, | 0
’II’I sttt f”’/Y \\\“
d | Bl | N
o OCH(CF3), o
M 0
m

Thermal behaviour

The homo- or hetero-metallic yttrium fluo-
roisopropoxides are all volatile. This allowed their
separation from by-products and/or their puri-
fication from trace amounts of donor solvent mol-

Torr, giving a THF-free derivative 2a which can be
converted into the original compound 2 by
dissolution in THF. Mass spectroscopy data con-
firm the retention of the mixed-metal Y—Na
and Na—Cu species in the vapour phase.
Na,; YF(hfip){ corresponds to the heaviest frag-
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ment detected with m/z 845 for 1. Mass spec-
trometry data of 5 account for a dimeric species in
the vapour phase, the highest fragment cor-
responding to Na,Cu,(hfip),(thd);. For the
yttrium derivatives, metal fluoride fragments are
observed in appreciable amounts. The formation of
such species implies the cleavage of C—F bonds
with the loss of an OC,F;H molecule, probably
pentafluoropropane-2-one. C—F bond cleavage
reactions appear less favoured for the Na—Cu
derivatives. The introduction of the thd ligand in
the metal coordination sphere improves the stab-
ility and, as a result, 4 sublimes at 140°C and 10~°
Torr with almost no decomposition, by contrast
with 3a and 3b.

The thermal behaviour of some yttrium-sodium
compounds has been analysed by thermo-
gravimetric analysis (TGA) under nitrogen (at
1 atmosphere) up to 500°C. The data of compound
1 show the elimination of two molecules of THF
then sublimation. EDX (scanning electron
microscopy) analysis of the residue left after the
thermal treatment of 1 accounts for the formation
of fluorides. A more complex behaviour is observed
for 2. It should be noticed that the nature of the
ligand might affect the thermal behaviour of fluo-
roisopropoxides and thus the nature of the final
material. Although slow to hydrolyse in solution at
room temperature, fluoroalkoxide derivatives are
generally quite hygroscopic solids” and water can
act as a competive ligand with respect to THF,
as evidenced by the presence in the IR spectra of
absorptions due to hydroxyl stretching vibrations
[v(OH) 3680, 3391, 3187 cm™!, for example when
1 is exposed to air for a few minutes]. Thermal
decomposition of 1 was then observed to result in
the formation of oxides. Similar transformations
might occur quite easily during thermolysis in a
hot-wall reactor, generally based on glass walls.

CONCLUSIONS

The reaction between YCl; and sodium fluor-
isopropoxide leads to the formation of a mixed-
metal YNa, species, even in the case where the
amount of the sodium reactant is less than that
required by the stoichiometry. This might be due to
the better stability of the mixed-metal species as
compared to the homometallic homoleptic deriva-
tive or to the limited solubility and/or reactivity of
yttrium chloride in the reaction medium, resulting
in an excess of reactant. Solubility properties of
the lanthanide halides have also been observed to
govern the issue of the reactions with alkali metal
aryloxides.”* The reactions between the Na,
Y (hfip)s(THF); fluoroisopropoxide and yttrium or
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Cu" dertvatives, B-diketonates or halides respec-
tively, also proceeds with retention of sodium and
thus with formation of mixed-metal Y—Na or
Na—Cu species. Although the Y—Na species are
resilient to the loss of sodium, derivatization can be
achieved using the lability of the fluoro-
isopropoxide ligands, an Na(hfip),(THF) ™ moiety
being replaced by the thd ™~ ligand. The steric
demand of the anionic ligands, hexa-
fluoroisopropoxide or 2,2,6,6-tetramethylhep-
tane-3,5 dionate, actually achieves the control of
the stoichiometry between the two metals, sodium
and yttrium, and thus precursors for various
materials such as composites or Nasicon become
available.”

Mixed-metal Y—Ba and Y—Cu fluoroalkoxides
and p-diketonatofluoroalkoxides are thermo-
dynamically stable derivatives; they can be
obtained in high yields by a variety of routes, but
all excluding sodium reactants.'" For building up
these aggregates, compounds 3a or 4 have been
used, as well as Y(thd),, as the source of yttrium.
The high Lewis acidity of fluorinated alkoxides
makes most polar solvents able to complement the
metal coordination spheres ; these adducts can dis-
play quite different volatility and stability proper-
ties, allowing further tailoring.
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