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The delta phase of compounds of the type K;REF, where
RE = Dy-Lu were prepared by a low temperature solid state
reaction of RE;0; with KHF,. The powder X-ray diffraction pat-
terns of all of these compounds could be better indexed on an
orthorhombic unit cell than on a monoclinic cell.
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Compounds of the type [NH,;REF, 1.5H,O where
RE =Y, La, Ce, Nd, and Pr were prepared by Patwe et
al. (1). The corresponding rare earth sesquioxide was
mechanically mixed with NH,HF, in a 1: 6 mole ratio at
room temperature in order to obtain the hydrated fluoro-
complex but the anhydrous hexafluorocompound could
not be obtained by heating since decompaosition sets in
simultaneously with dehydration. The anhydrous po-

tassium analogues of these compounds, with the general
formula K;REF, (RE = Tb-Yb), are reported to exist in
three crystallographic modifications (2—5), designated a
(monoclinic or orthorhombic), 8 (tetragonal) and T (cu-
bic). Only K;ErF, is reported (3) to exist additionally in
a fourth modification designated, § {(monoclinic with 8 =
90°). The a and & phases are structurally very similar.
The o phase is stable at room temperature.

The & phase of erbium is prepared (3) by heating a
mixture of Erl; and KF in a 1 : 3 mole ratio at 900-950°C
in dry argon followed by annealing at 500-600°C under
dry argon for 600-800 hr and cooling to room temperature.
The dry argon cover is necessitated due to the sensitivity
of the trifiuoride to oxygen at elevated temperatures. This
method involves an additional step of preparation of the
trifluoride from the rare earth sesquioxide. The present
communication describes a very simple method of con-

TABLE 1
XRD Powder Patterns

8-K;TbF; 8~ K DyF;

Serial o dy dops ey

no. Rkl A A I R k1A Ay N
1 1 1 0 567 5.65 B8 I 1 0 565 5.63 81
2 20 0 5427 5412 71 I 2 0 3165 3.6 BR
3 0 2 0 3310 3.309 77 I 1 2 3074 308 100
4 31 0 3168 3.168 53 1 2 1 2.900 2.902 40
5 0 2 1 3019 3020 100 2 2 1 263 2629 38
6 31 2 2407 2408 32 4 1 0 2486 2.488 35
7 4 1 1 2.368 2372 30 4 1 1 2354 2.357 40
8 2 0 3 2241 2242 30 2 0 3 2233 2232 30
9 5 1 0 2055 12057 26 4 0 2 21472 2170 28
10 0 0 4 1.848 [.B48 24 2 31 1.963 1.964 28
11 2 3 2 1.786 1.787 25 1 2 3 1.938 1.938 26
12 6 1 0 1.739  1.740 22 0 3 2 1.900 1.890 26
13 5113 1.579  1.5719 20 4 2 2 1.814 1.B14 26
14 341 1.474 1.474 18 6 0 0 1792 1.791 26
15 _— —_— — —_ 3 41 1.470 1.470 20
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TABLE 2
XRD Powder Patterns
5-K3HOF6 &5— KJTmFG
Serial dobs dey) dobs dey
no. ok (,3.) (A I k1 A A IR
I i1 0 565 5.628 T it 0 5610 5620 92
2 1 2 0 3.15 3.15 &4 2 0 0 5391 5391 38
3 1 1 1 3058 3.05 100 00 1 3621 3624 33
4 2 0 1 3015 3015 65 0 2 0 329 3293 44
5 2 2 0 2815 2814 42 3 1 0 3051 3155 98
6 4 0 0 269 2.7 42 1 1 1 3048 3.046 100
7 4 1 0 2502 2.506 20 2 01 3009 3.008 87
8 2 2 1 2222 2223 37 4 0 0 2707 2699 23
9 5 00 2169 2.169 28 2 2 1 2221 2221 43
10 4 2 0 210 2.09 28 4 0 1 2,163 2.163 23
11 33 0 1875 1.875 20 3 3 0 1871 1.873 18
12 1 31 1.849 1.850 14 1 3 1 1.85% 1850 14
13 511 1.791  1.791 25 0 0 2 1.812 1812 15
14 1 0 2 178 1786 24 6 0 0 L7955 1797 17
15 — —_— — —_ 51 1 1784 1.784 17
16 — — — — 6 2 0 1.581 1.577 il

verting the erbium sesquioxide into the §-phase in a single
step by solid state reaction with KHF,. In addition, this
method is employed to prepare the § phase of six more
members of this series.

The rare earth oxides were of 99.9% purity and the
KHF, of 98%. A mixture (about 500 mg) of the rare earth
oxide and KHF, in 1:6 mole ratio was homogenized by
grinding. It may be added here that KHF; is tetragonal

(6) at room temperature, becomes cubic at 198°C and
melts at 226°C. The powder XRD pattern of the reaction
product was recorded using a Ni-filtered CuKa radiation.
The results obtained are discussed below:

All the seven oxides were mixed by grinding them with
KHF, at room temperature. The reaction occured at room
temperature, i.e., in the tetragonal form of KHF,, with
Yb,0; and Lu,O, only. In other cases there was no reac-

TABLE 3
XRD Powder Patterns
5'K3YbF6 5— KJLUF&
Serial d, bs dul dobs dca]
no. kDA A I Bkl {AY (A I
1 1 1 0 5863 5.61 26 1 1 0 55 559 100
2 2 0 0 5402- 5391 25 2 0 0 538 5387 69
3 31 0 3157 3.152 24 00 1 359 359 21
4 1 11 3.02 ER 100 0 2 0 3276 3.274 22
5 30 1 2554 2551 11 31 0 3151 3149 57
6 2 21 2215 2216 17 1 1 1 3028 3027 59
7 I 3 1 1.846 1.845 28 2 0 1 2993 2993 75
8 4 2 1 1.806 1.806 9 1 21 2361  2.363 13
9 2 31 1.764 1.766 8 2 21 2209 2200 18
10 3 31 1.658 1.660 8 50 0 2154 2154 11
1] 0 2 2 1586 1.585 7 4 2 0 2081 2.080 5
12 6 2 0 1574 1.576 17 1 3 1 1.838 1.839 14
13 7 0 0 1540 L1540 7 0 0 2 1.800 1.800 10
14 4 1 2 1.463  1.465 6 511 1.779  1.780 11
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TABLE 4
XRD Powder Patterns of 5K, ErF,

Qrthorhombic?®

Monoclinic?

Serial dubs d, ale dt.;a]c

fo. {A) i, Ay h kI {A) hok L
1 5.62 100 562 110 5.62 110
2 5.39 71 539 2 0 0 5.39 200
3 4.89 18 — - 4.89 001t
4 3.62 18 360 3 0 0 62 -2 11
5 3.29 34 329 0 2 0 3.29 020
6 3.15 60 315 1 20 3.15 120
7 3.06 7 306 1t 1 308 ~1L 12
8 3.02 49 302 20 1 302 -2 0 2
9 1.497 10 2497 41 0 2497 410
10 2.223 2 225 02 21 227 12
1 2.169 17 2169 4 0 1 2169 4 0 2
12 1.823 7 1823 0 0 2 1823 0 0 4
13 1.787 15 1787 5 1 1 1.787 -5 1 2

Tay= 10790 A, by = 6.590 A,y = 3.646 A, V = 259 A’ figure of merit = 21,
bay = 10790 A, by = 6.590 A, ¢ = 7.293 A, 8 = 90°, V = 519 A?, figure

of merit = 6.

tion at all at room temperature. The remaining oxides
ground with the bifluoride were heated at 200°C for 4 hr.
In the cases of Ho, Er, and Tm, the reaction goes to
completion. Thus oxides of Ho, Er, and Tm react with
KHEF, in its cubic form and not in its tetragonal form.
However, in the cases of Tb and Dy, even by holding
at 200°C for longer period, only partial formation of the
product was noticed with unreacted reactants left over.
Finally, the last two oxides, i.e., Tb and Dy, were reacted
with the melt of bifluoride at 226°C and the reaction goes
to completion giving the desired fluorocomplexes.

The XRD patterns of the different & phases are given
in Tables 1-3. Out of all the XRD powder patterns of
these fluorocomplexes recorded by us, the pattern of the

Er complex is identical to that of the 8-phase of K ErF,
reported by Reshetnikova et al. (3). They indexed the
pattern on a momoclinic cell with 8 = 90°. However, the
pattern could be better indexed (7) on a smaller ortho-
rhombic unit cell as demonstrated in Table 4. The condi-
tions of preparation of the 8-phase of the seven rare earths
fluoride compounds and the unit cell parameters are given
in Table 5. It may be added here that no polymorph of
K,LuF is known in the literature. It is interesting to note
that although all the rare earth sesquioxides have more
or less the same unit cell dimensions and same structure,
the reactivity with KHF, is different. Some react with
KHF, in its tetragonal phase, others in its cubic phase
only and still others only at its melting point.

TABLE 5
Preparation Conditions and Unit Cell Dimensions of 6K;REF,

QOrthorhombic cell dimension

Temp. of
Rare earth reaction a by I Yolume

(RE) ¢0) (&) (A) (A) (A%

Tb 225 10.840 = 0,007 6.625 = 0.002 7.393 = 0.003 531.0 = 0.4
Dy 225 [0.754 = 0.006 6.613 = 0.005 7.367 = 0.006 523.9 = 0.4
Ho {90 10.852 = 0.007 6,585 = 0.005 3.634 = 0.004 259.7 = 0.4
Er 190 10,811 = 0.004 6.589 = 0.002 3.630 = 0.001 258.6 £ 0.2
Tm 190 10.790 = 0.006 6.590 = (.002 3.627 = 0.001 257.9 = 0.2
Yb 28 16.795 = 0.007 6.564 = 0.004 3.624 = 0.001 256.8 = 0.2
Lu 28 10.782 = 0.004 6.553 = 0.002 3.603 = 0.001 254.6 = 0.1
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