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CRYSTAL STRUCTURES OF LANTHANIDE AND 
ACTINIDE BORIDES AND FLUORIDES 

Allan Zalkin 
Department of Chemistry and Radiation Laboratory 
University of California, Berkeley, California 

ABSTRACT 

The 'crystal structures of the isostructural compcunds CeB4, ThB
4
, 

and UB4 have been deduced from x-ray diffraction patterns of powders of 

the three compounds and single crystals of ThB
4

, The space group is 

D5
4h

-- P4/mbm. The metal atoms are situated in layers, each atom having 

five nearly equidistant neighbors in the layer. The boron atoms form a 

three-dimensional network, with most of them situated in the planes 

half-way between the metal layers. The environment of each boron is 

very similar to that in UB2 or to that in.ThB6, The boron-boron distances 

range from 1.69 to 1.80 A in these crystals. 

The crystal structure of orthorhombic yttrium trifluoride has been 
.", ~' 

worked out completely from x-ray diffract~oh patterns of single crystals of 
16 yttrium trifluoride, The space group is D2h Pnma. The yttrium ion posi-

tions have been determined by several electron density plots. The fluoride 

ion positions have been determined by both electron density plots and 

steric arguments. The acquired ion-ion distances are quite reasonable, 

the shortest. F-F and Y-F distances being 2.55 A and 2.20 A, respectively. 

Rare earth trifluorides isostructural with YF
3

, SmF
3 

through LuF
3

, 

have been prepared and their lattice constants measured. The lattice con-

stants form a regular set of numbers. SmF
3

, EuF
3
, HoF

3
, and TmF3 were 

observed to be distructural having the hexagonal LaF
3 

type structure as 

well as the orthorhombic YF
3 

type structure. Cubic HoOF, and an unidenti

fied hexagonal Na-Ho-F compound were observed and measured. A cubic 

ammonium-rare earth-fluoride compound observed in the preparation of 

erbium, holmium, and thulium trifluorides was measured, and was found 

to be analogous to the cubic YF
3 

structure reported by Nowacki. 

-~-
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CHAPTER I 

THE ?RYSTAL STRUCTURES OF CeB
4

, ThB
4

, AND UB
4 

I. INTRODUCTION 

In an investigation of refractoryborides (Brewer, Sawyer, Templeton, 

and Dauben! 1951) it was found that cerium, thorium, and uranium form 

isostructural tetraborides. The determination of this structure is 

described in the present paper. The existence and composition of the 

compound UB
4 

were established by Andrieux (1929). Bertaut and Blum (1949) 

found the unit cell dimensions, space group, and uranium positions of 

UB , in independent a.greement with our results. Blum has connnunicated 
4 " 

privat~ly that they also agree with our boron positions, found by steric 

considerations. A brief account of our results has appeared elsewhere 

(Zalkin and Templeton, 1949). 

These borides ,vere synthesized by heating the elements together in 

o vacuum at about 1500 C. Most of the products were microcrystalline pow-

ders, but some thorium preparations contained clusters of single crystals 

a few tenths millimeter in size. These crystals were ,rectangular paral-

lelepipeds, nearly cubic in habit, with very flat faces and sha.rp edges, 

and with black metallic luster. 

Rotation, oscillation, and Weissenberg diffraction patterns, taken 

with copper K alpha x-rays, revealed the structure of these crystals 

to be tetragonal with the symmetry of the space group D5
4h

-- P4/mbm or 

of one of its .subgroups. The powder patterns of CeB
4

, ThB
4

, and UB
4 

were then indexed. The resulting lattice parameters (based on chromium 

KUl = 2.2g96 A) are listed in Table 1. The unit cell contains four 

molecules. 

-4-
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'Table;I:.. Lattice Parameters 

~ £ £Ill:. x-ray 
density 

CeB4 7.205 ± 00008 A 4.090 + 0.005 A 0.568 5.74 g/cm2 

ThB4 7.256 ± 0.004 4.113 ± 0,.002 0.567 8.45 

UB4 7.075 ± 0.004 3.979 ± 0.002 00562 9.38
a 

UB b 
4 7.066 3.97 00562 

a Andrieux (1929) reports 9.32 as the experimental density. 

b Bertaut and Blum (1949). 

The faces of the ThB4 crystals were of the forms [110 J and foOl] • The 

diffraction patterns were taken with rotation about the [110] and [OOlJ axes, 

which are parallel to crystal edges. 

IT,"/:PAT,Il1ERSOW~:PROJE8'1'I'ONS ' 
:t _ ,,(;",f; ; ;'.:..1:' •. :' :: ··,·F t , .. ' , • -'."..,. 

The intensities of the spots on the zero-layer Weissenberg photographs 

were estimated by visual comparison with a set of standard spots made by vari-

able exposure time. The resulting data, with no correction for absorption, 

were used to compute projections of the Patterson function, shown in Figures 

1 and 20 It is apparent from Figure 1 that the thorium atoms lie in ,a plane 

y = constant. We have chosen the origin so that y = 0 for these atoms. The 

same conclusion follows from the fact that the intensity of the reflection 

(hkl) is nearly independent of 1, though this fact was at first obscured by 

the large absorption effects • 

Only one arrangement of four thorium atoms in a plane was found to be 

congruous with the largest peaks in Figure 2. This arrangement is repre-

sented by: 

,4Th in 4(g) of P4(mbm:± (y, 1/2+y; 0; 1/2-y, y, 0) 

Y it 5/16 

A choice of y it 3/16 gives the same structure, but with different origin. 
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Fig. 1 

The Patterson projection of ThB4 along the [llO)axis. 
Contours are drawn o~ an arbitrary Beale and commence 
at 100, and continue up in units of 100 per contour. 

MU 987 
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Fig. 2 

The Patterson projection of ThB4 on 001. Contours are' drawn 
on an arbitrary scale, commencing at 50 with other contours 
drawn at intervals of 50 units. ,The crosses indicate those 
peaks which are extraneous and which disappear upon the 
application of an absorption correction. 
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The agreement of this structure with these Patterson projections is far from 

perfect, because of the neglect of absorption effects. In Figure 2, crosses 

indicate those peaks which are extraneous. If the parameter B is exactly 

5/16 (0.3125), then the contribution of thorium to the reflection (hkl) is 

zero if 4h - k = 8n + 4 or if 4k - h = 8n + 4. No such reflection was ob-

served with copper Ka x-rays. It is estimated from a consideration of the 

variation of calculated structure factors with B that the parameter must be 

',III ."CORRECTION ;'FOR ABSORPTION 

The half-thickness for absorption of copper Ka x-rays in ThB4 is 

estimated to be 3 x 10-4 cm, or one or two percent of the dimensions of 

the crystals used. Thus, diffraction is observed only for those surfaces 

which are exposed to the incident beam. If we neglect edge and end effects, 

for the moment, then the diffracted beam is zero unless it emerges from the 

same surface. 

In Figure 3 only face AB is effective for diffraction toward M, while 

both faces AB and AD are effective toward N.The diffraction intensity from 

one face for an equatorial reflection is: 

I • Q f exp[ -ox( cosec a + cosec ~)] dV 

where Q includes all factors except absorption and volume, ~ is the linear 

absorption coefficient of the crystal, x is the distance of the volume 

element dV from the surface, and angles a and ~ are related to the Br~gg 

angle g and the rotation coordinate of the crystal cP by 

a = cp - mrrj2 

~=2e-a 

m = 0, 1, 2, or 3 



M 

L , 
.~ 
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and the integra+ is taken over the volume ABE. For a cube of side slarge 

compared to l/or, the result of the integration is 

Qs2 
I = --~~~~T-~~~'j (cosec a + cosec p 

The function G = ~(cos~c a + cosec ~)-1, where all contributing faces are 

considered, is plotted as a function of cP and' e in Figure 4. The scale 

corresponds to that of the zero-layer Weissenberg photographs. To this func-

tion must be added the effect of edges and ends, which is difficult to ca1-

culate because it depends on the perfection of the form of the crystal. The 

sharper the edges,the less their contribution. We arbitrarily added 0 0 07 

to G (10% of its maximum value) and found satisfactory agreement with the 

observed, intensities. The constant factors s2 and cr were omitted from the 

calculations .. 

The effect· of these corrections is illustrated by Figure 5, 1-Thich shows 

the results of summing the Patterson projection by the method of Huggins 

(1941), using the same data as in Figure 2 before and.after correction. 

Signs were calculated for F values, corresponding to the above structure 

for the thorium atoms. Projections of the electron density along [001] are 

shown in Figures 6 and 70 The accuracy of the data is not sufficient to re-, 

solve peaks due to boron, but the thorium parameter is well verified. Con-

sequently, the boron atoms were located by space considerations. 

IV ,BORON_ ,POSITIONS 

A large number of metallic borides are known in which a metallic lattice 

is interpenetrated by chains or nets of boron atoms. Each boron atom has 

from two to five boron neighbors, situated at a distance of 1.7 to 1.8 A; 

this distance is independent of the coordination number. Of particular 

interest to us here are the compounds AlB;:? (Hofmann and Janiche, 1936), 



-11-

• 

Fig. 4 . 

Actual absorption correction mask used on the zero 
layer Weissenberg photograph along the 001 axis of 
ThBA • 

MU 990 
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FIG. 5 THE PATTERSON PROJECTION OF ThB4 ALONG THE 001 AXIS PREPARED 

WITH THE U'SE OF THE HIGGIN'S METHOD OF PHOTOGRAPHIC SUMMATION OF .. 
F.OURIER SYNTHESIS. THE EFFECT OF THE ABSORPTION CORRECTION IS 

ILLUSTRATED HERE, THE LEFT AND RIGHT BEING THE UNCORRECTED AND 

CORRECTED PROJECTIONS, RESPE ,CTIVELY. 
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Fig •. 6 

(001) electron density projection. Uncorrected for 
absot'ption.'· Contours are drawn on an arbitrary scale 
commencing at 100 with contours at intervals of 100. 
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(001) eleotron density projeotion, oorreoted for 
absorption. Contours are drawn on an arbitrary soale, 
oommenoing at 100·with oontours at intervals of 100. 
The 50 oontour has been indicated with a dotted line. 
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ZrB2 (McKenna, 1936), TiB2 (Ehrlich, 1947), CrB2, NbB2, TaB2 (Kiessling, 

1949), VB2 (Norton, Blumenthal and Sindeband, 1949), and UB2 (Daane and 

Baenziger, 1949), in which a simple hexagonal metallic lattice is inter

penetrated by boron sheets, and the compounds CaB6' CeB6, ThB6, and others 

(Allard, 1932; v. Stackelberg and Neumann, 1932) in which a simple cubic 

lattice of metal atoms is interpenetrated by a three-dimensional net of 

boron atoms. 

If the atoms are assigned radii consistent with those found in other 

borides, there is just room in ThB4 for 16 boron atoms per unit cell, and 

these can be arranged in only one wayo The thorium lattice consists of 

layers of the kind shown in Figure 8b, each thorium having five thorium 

neighbors in the same layer. Between the layers are holes each bounded 

by six thorium atoms arranged at the corners of a triangular prism, just 

as in UB2, Figure 8a. There are other holes each bounded by eight thorium 

atoms at the corners of a square prism nearly the same size as the simple 

cube of ThB6, one layer of which is shown in Figure 8c. One boron (called 

B II) fits into each triangular hole, just as in the }ffi2 co~pounds, and 

there are four such holes per unit cello There is room for an octahe

dron of· six boron atoms(B I and B III) in each square hole, just as in 

ThB6' and there are two of these holes per unit cello The bo~on atoms 

in adjacent holes are in contact and form a continuous three-dimensional 

network. A layer of· this network is shown in Figure 90 The octahedra are 

in contact with similar octahedra in adjacent layers. 

The parameters of the boron atoms were calculated by trial and error to 

make the borons as nearly equidistant as possible and as far from thorium 

atoms as possibleo The results are: 
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4 B I in 4(e): ±(O,O,y; 1/2, 1/2,y) 

y = 0.212 

4 B II in 4(h): ±(y, 1/2+!,!,1/2; 1/2-!!,y,1/2) 

J:!= 0.087 

8 B III in 8(j}: ±(~,x,1/2; 1/2+~, 1/2-b 1/2; 

y,~,1/2; 1/2+y,1/2+~,1/2) -
~ = 0.170 

y = 0.042 

The distances of nearest neighbors are: 
ThB4 CeB4 UB4 

B I. - HI 1074 A 1.73 A 1069 A 

- 4 B III 1.74 1.73 1.69 

B IT- BIT 1079 1.77 1.7/+ 

- 2 B III 1.79 1078 1075 

B III- 2 B I 1.74 1.73 1.69 

- B II 1.79 1078 1.75 

- 2 B III 1.80 1.78 1.75 

M - 4 B I 2.78 2077 2.71 

- 4 B II 2096 2.94 2087 

- 2 B II 3.10 3.08 .3001 

. - 8 B III 2.84 208.3 2.76 

-4M 3074 3.71 3.65 

-M .3.85 3.82 3.75 

~ 2 M 4.11 ·4,,09 3098 



;~-

V.POWDER DIFFRACTION INTENSITIES 

The intensities of the diffractions lines of a powder of UB4 were 

recorded with a Norelco diffraction apparatus equipped with a Geiger counter. 

These are tabulated in !ablela, together with intensities calculated using 

the above parameters. The intensities calculated for the uranium atoms 

alone~in reasonable agreement with those observed. Therefore we cannot 

say that the diffraction data determine the boron positions. However, 

there is observed some improvement of agreement when the boron atoms are in-

eluded in the calculation. 

The effect of boron on the intensities vlOuld be more significant in the 

case of CeB4, but we did not have any samples of this compound pure enough 

and large enough for a spectrometer measurement. 

Table la Intensity Calculations,;on UB4 

sin2e* Calculated Intensities 
not including including Observed 

hl&.. 
borons borons Intensities 

calco obs. 

100 .0119 0 0 0 

110 00237 12 6 0 

001 .0375 00372 165 119 57 

200 .0475 .0472 126 106 56 

101 .0494 0 0 0 

210 .0594 .0589 167 148 88 

III .0613 ' 7 7 3 

201 .0850 .0847 122 124- 86 

220 .. 0950 26 25 9 



calc. obs • 

211 .09'69 • 0965 

300 ,,1068 

310 .1187 .1180 

221 .1325 .1323 

301 .1444 

002 .1501 .1504 

320 .1543 

311 .1562 .1563 

102 .1620 

112 .1739 

400 .1900 

321 .1918 .1919 

202 .. 1976 .1977 

410 .2018 .2016 

212 .2095 .2097 

330 .. 2137 .2138 

401 .2275 

420 .2374 

411 .2393 .2392 

222 .. 2451 .2449 .. 
331 .2512 .2515 

302 .2570 

312 .2689 .2687 

-20-

Table ]a Continued 
Calculated Intensities 

not including including 
borons borons 

171 181 
, 

0 0 

19 21 

31 36 

0 0 

18 29 

7 8 

25 26 

0 0 

2 2 

0 0 

11 8 

35 36 

58 61 

54 48 

23 23 

0 0 

0 0 

69 . 73 

12 9 

35 32 

0 0 

11 7 

Observed 
Intensities 

121 

0 

23 

33 

0 

23 

3 

29 

0 

3 

0 

13 

32 

59 

49 

22 

0 

0 

74 

11 

23 

0 

10 
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Table la Continued 

sin2e* Calculated Intensities 
not inc1udi,ng including Observed 

hldl calc. obs. barons barons Intensities 

421 .2749 0 0 0 

430 .2968 02974 5+ 5- 5 

322 03045 .3056 5- 5+ 6 

510 .3087 4 3 4 

431 o3343? 03356 :} 1:) 11 
003 • .3.378 

402 .3401 0 0 0 

520 .344.3 2 2 <6 

511 .3462 • .3465 7 18 13 

10.3 03497 0 0 0 

412 .. .3520 0.3528 35 36 47 

11.3 • .3616 9 7 <7 

332 036.38 • .3645 19 22 20 

440 .3800 0 0 0 

521 0.3818 ~ 4 .3 3 

20.3 0.385.3 .3855 12 12 19 

422 • .3876 0 0 0 

213 03972 .3972 19 20 19 

530 ·.4036 .40.37 16 17 17 

441 04174 0 0 0 

600 .4274 .4278 5 5 10 

22.3 04.328 .4338 5. 5 7 

610 ,,4393 8 8 <12 

531 .4411 04415 28 26 .34 
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Table la Continued 

2 * Calculated Intensities 
sin· a not including including Observed· 

hk9- calc 0 obs. barons barons Intensities 

303 04447 0 0 0 

432 04469 6 5 9 

512 .4558 5 5 <7 

313 04565 04579 5 5 10 

601 04649 .4658 9 9 9 

620 .4749 4 4 3 

611 .4767 04773 15 15 11 

*Cu Ka. A. '" 10 5418A 



CHAPTER II 

CRYSTAL STRUCTURES OF YTTRIUM AND THE RARE EARTH TRIFLUORiDES 

1. THE .cRYSTAL STRUCTURE OF YF3 
... ~., 

A. Introduction 

In 1938 Nowacki reported the crystal structure of a cubic YF3 from.a 

sample he prepared by the aqueous precipitation of yttrium with sodium 

fluoride, he has never succeeded in reproducing this compound. We have 

reasons to believe that the cubic material he reported is in fact a 

sodium yttrium salt of some type; this is discussed more fully later. 

Nowacki also briefly mentioned a different trifluoride prepared by treat-

ing yttri urn in solution with hydrofluoric acid which gave him complex 

powder patterns. 

Samples of YF3 and several other rare earth trifluorides were pre

sented to us and they were observed to give similar powder patterns which 

could not be indexed on a cubic, tetragonal or hexagonal lattice. These 

materials had been prepared by passing dr,y hydrogen fluoride and hydrogen 
, 0 

gases over the rare earth sesquioxides at an elevated temperature, 70Q C. 

B.Preparation of Crystal 

Since powder methods failed, we set out to obtain single cr,ystals; 

. we took a few milligrams of YF 3 powder, placed it ina small platinum 

crucible, which in turn was placed in an alumina crucible and then mounted 

in a tungsten coil furnace. The loaded furnace was then placed into the 

-5 -6 vacuum apparatus and evacuated to a pressure. of between 10 to 10 nun 

of mercury, and the current turned up until the temperature of the 

alumina crucible was 1400
0
C as determined with an optical pyrometer. 

-23-
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The temperature was then decreased to 10000C at a rate of about 2° per 

minute~ and then shut off. When the platinum crucible was cut open~ many 

irregular single crystal fragments were found adhering to the sides~ 

where the temperature of the platinum was no doubt highest, 

C, Unit Cell and Space Group 

One.of these fragments was mounted along its long dimension and 

placed in the Weissenberg apparatus for single crystal investigation, The 

crystal was photographed with copper K alpha x-rays (~ = 1,5418 A). The 

crystal was properly aligned and the following photographs obtained: 

rotation~ zero~ first, second, and third layer line patterns, From these 

photographs it was deduced that the unit cell was orthorhombic with the 

following dimensionsg 

a = 6,36 A b = 6.86 A c = 4.39 A, 

The axis of rotation was the a axis. The following spots were obtained 

from the above films: 

The following extinction rules were observed: 

hkO h = 2n 

Ok.£ k + 1 = 2n • 

. The above extinctions le~ to but one possible space group: 

Having but a fine powder and a few minute crystals unsuitable for 

specific gravity measurements, the number of atoms per unit cell was 
~Ih-'-+~~ 

calculated ~ a slight';v di ffered mamtel'. Since Y and Sm were not too 

different in ionic radius, it was assumed that the molecular volume of 
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YF 3 in the orthorhombic cell was slightly smaller than SmF 3 in the known 

hexagonal cell. 

we found 6 SII1F 3 

YF3 was 192 A3 
j 

From the lattice parameters of SmF
3 

and its cell content j 

groups occupied 302 A3 , \\hereas the unit cell volume of 

which yielded for the cell content of YF3 something like 

3.8 (the nea:rest integer of course being the wanted value, that being 

four yttrium fluorides per unit cell). 

D. ,Trial Structures, and Subsequent Projections 

The yttriums "~ much heavier in electron density than the 

fluorides and ~thus responsible for most of the diffraction; so as 

a first approximation, a trial structure was sought on the basis of the 

yttriums alone. Since there~ four yttriums per unit cellj they had to 

occupy one of the three four-fold positions available in the chosen space_ 

group Pnma, 4(a), 4(b)j or 4(c)0 Both 4(a) and 4(b) required special 

extinctions which should appear here as systematic intensity variations 

with the following selection rules~ (hk~) strong only if h +k ~~ = 2n 

and k = 2n. These were not observed j thus leaving the 4(c) positions as 

the only remaining alternative. ' These positions were: 

Our first big hint comes from the structure factor equation which 

for the 4(c) set and for the Ok~ reflections ~&D!e: 

2 k+,e '" ~ 0 
A = 4 cos 211 (T) cos 211(4' + )\z). (1) 

Thus the yttrium contributions to the intensities of the Ok~ set of 

reflections depend only on the z parameter. Upon perusal of theOk,.e 

intensi ties on the zero layer j one peculiar set of extinctions was immedi-

at ely evident. or the Ok4 spots permissible by the space group (004, 024j 
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044, and 064):1 only 044 was 'present, but even it was very weak. Thus for 

the intensities of these spots to be zero or very nearly so, A in Equation 

(1) must be zero and the second cosine factor on the right of the above 

'equation must be zero. Now cos 2n(Q/4 + Q z) = 0 when f( = 4 if 

z "" 1/16, 3/16, 5/16, etc 0.9 all of which yield the same result: The 

parameter z = 1/16 was used to check other intensities on the Ok~ layer 

and found to give fair agreement considering the first approximation that 

we were neglecting the fluoride ion contributions. The intensities of all 

of the OkQ spots were then taken from the zero layer by measuring them 

visually using a comparison film strip with relative intensities 1, 2, 

corrected for polariza-

(2) 

where I = intensity, F = structure amplitude; and e = Bragg angle. 

No absorption correction has even been attempted here because the 

crystal fragments available had such irregular shapes that little could 

be done about it. 

The measurErl intensi ties were then used to obtain the series of F Ok~ , 

the signs of the FOk51. were detennined by substituting.z = 1/16 into 
I 

Equation (~. The electron density projection perpendicular to the a 

axis was then summed with the equation~ 

p(y,z) = ~ t F /lcos 2n(kyi-lz) 
k 9. Ok A. 

Beevers-Lipson (1936) strips were used to ~~R~te the summations. 

The resulting summation is shown in Figure 10. 
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Fig. 10 

The electron density projection of 'IF,) along the 
a axis. Contours begin at +50 and increase at 
regular intervals of 50, the units of the contours 
are arbitrary. This projection utilizes nineteen 
independent non-zero ,terms. 1m. independent non-zero 
term correSponds' to each set of hk!l values, i.e.; hkfi., 
nkJl, hl{}(, etc., since all of these terms have the 
same intensities. 
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The z parameter obtained from the above projection was z = 00057 

as compared with the trial value of z = 00062. Resubstitution of z = 00057, 

into Equation (2) did not give any changes in signs. 

Another cF,rstal fragment was mounted and by trial and error finally 

oriented along the c axis. Rotation, zerO j first, and second layer photo-

graphs were obtained. The hkO intensities were then measured an~ corrected 

in a similar manner as for the OkQ. 

It was then necessary to find a trial value for x to determine the 

signs for FokR • This was done by attempting to place the yttriums in the 

structure as equally spaced and uniformly as possible. A view of Figure 11 

shows that in the (010) projection j the ions in the plane y = 1/4 were at 

a fixed distance with respect to each other independent of the value of 

x. Now the remaining thing to be done WiS to shift the rows in the two 

planes such that all of the ions are as uniformly spaced as possible. 

The distances were best adjusted by choosing x = 3/8 (0.375) as our 

approximation~ The c face density projection was then made (Figure 12)~ 

the signs for the FhkO values being determined using x = 3/8~ y ~1/4j 

and ~ = O. The equation for the density projection was~ 

p(xy) = ~ ~ F cos(2Tr(hx+ky):; 
h k hkO .. 

The x parameter from the projection turned out to be 00366 as com-

pared to 0.375 used as the trial value. 

Another crystal fragment was then oriented such that the axis of 

rotation was the b axis. The hO~ intensities were measured and the 

F n values obtained. 
hO)\. 

The signs for the structure amplitude were calcu-

lated using x = 0.366, k = OJ and z = 00057. Figure 13 is the b face 

electron density projection using the equation: 
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Fig. II 

The (010) projection of the yttriums in the tri?l structure. 
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Fig.. 12 

The c face electron density projection for YF30 
Contours are ·in arbitrary units beginning at +50 
and increasing in intervals of 50. Twenty-six 
non-Zero independent intensities were usedo 
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Fig. 13 

The b face electron density projection for YF3e 
Contours are in arbitrary units beginning at +50 
and increasing intervals of 50 0 Twenty-nine 
non-zero independent terms were utilized. 
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p(xz) = E E F ocos 2n(hx+,Rz) 
h R hOA 

The values of x and z obtained here were 00368 and 00053 as compared 

with the two previous values of 00366 and 00057. 

Eo Density Section and Ionic Positions 

Yttrium Positions 

In order to determine the x and z values more accurately, it was de-

cided that an electron density section would have to be made through the 

plane y = 1/40 The available intensities were from ten layer line films 

with the following set of spots: 

Ok.R 
lk~ 
2k~ 
3kR 

hO~ 
hH 
h2~ 

hkO 
htl 
hk2 

The intensities of all of the above spots were measured and corrected 

for both polarization and velocity; the velocity correction values were 

those given by Tunnel (1939)0 The signs of the Fhk~ were calculated 

using x = 00055 and z c 003670 The above values for x and z were averages 

obtained in the three projectionso The electron density section was made 

using the equation~ 

The (040) section is shown in Figure 130 

The values obtained for x and z from the section were 00366 and 

0,059, and were assumed to be the best value except for a small correction 

to be made later on, 
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Fluoride Positions 

lor tU. '~~t d t 0 th 't' f th fl °d ive \.-e1"6 now J.B a poSotb=n- oe ernu.ne e pos~ ~on 0 e uor~ . e 

ions _ WEI we]!'€! able I" 51., v-e t his pI oblem using geometrical and sterical 

arguments~ with strong hints from their appearances in the electron density 

plots. 

There were twelve fluoride ions in the unit cell which we found to 

occupy the one available eight- fold position and the 4(c) four fold position, 

the space group has no twelve or higher fold position. The decision to 

start with this rather than with three four fold positions comes from the 

electron density plots and from spatial arguments 0 Let us see what the 

density projections showed us regarding the fluoride ions. 
~ 

1. Figure 10 - "l\. Projection.-- There exist~ in this projection eight 

small peaks interpretable as eight fold fluoride positions. The four fold 

ions apparently don it show up here at all. . 

2. Figure 12 - 0 Face Projection.-- Several small peaks show up~ half 

of which are extraneous 0 The four larger ones are apparently the four 

fold fluoride ions and are situated at 1/4 along the b axis which would 

indicate it as being in a 4(0) set j like the yttriums~ but of course with 

different parameters. The eight fold fluorides show up here also j but 

not a great deal more so than th e general background peaks 0 

).Figure13 -- b Face Projection 0-- Here the eight fold fluorides 

show up quite wellj because in this projection each of the +150 peaks 

present represents the projection of two eight fold fluoride ions in 

depth. The remaining peaks have no significance. 

4. Figure 14= (040) Sectiono-- The four fold fluoride ions appear 

clear of the eight fold ones~ which are not positioned in this particular 

plane. 
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MU 1779 

The electron density section (040) plane for YF
3

• 
Contours are in srbitrary units beginning at +lDO 
and increasing in intervals of 100. 190 independent 
non- zoro intensities were utilized. (F OkO terms .. 
were omitted) 
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With these observations as aids in giving us a general idea of the 

fluoride ion location we proceeded to refine the fluoride ion parameters 

in such a way as to give us the most reasonable interionic distances. 

In all of the ensuing calculations the yttriums are considered fixed by 

the (040) section (Figure 14) at x = 0.366 and z = 0.059. A slight 
, 

refinement will be made later~ however. 

Table 2 is now presented as a summary of all of the observed and 

calculated parameters for all of the ionso The four fold yttriums and 

fluorides are contained in set 4( c) and the eight fold fluorides in 

set S(d). These positions will be given in greater detail shortly. 

Table 2 

-
4 Y in 4(c) 4 F in 4(c) SF in Sed) 

Nooof Method of 
Terms Calcula- x y z XU yi Zi Xii yii zit 

tion ". 

19 a projec- 0.250 00057 0009 0,34 
tion 

26 c projec- 00366 0.250 0.55 0.250 0.17 0.04 
tion -

29 b projec= O036S 00053 0016 0,35 
, tion 

190 040 sec= 00366 00059 0.54 0.59 
tion 

geomet- 0.52S Q.250 0.601 0.165 0.060 00363 
rically 

corrected 0,367 Oo05S 
values ,-

-



The last item$ under corrected values~ will be discussed more fully 

later. Howeverj as mentioned above~ all of the calculations forthcoming 
~ . 

were ·ealctllated with x = 0.366 and z = 0.059; the slight differences in 

the two values were not significant enough to warrant recalculating all 

of the values mentioned in this paper. 

F. Description of structure and Structure 
Amplitude Agreement 

The interioni.c distances calculated using the geometrically established 

parameters for the fluoride ions are given in Table 3. 

Table 3 

Number of Nature of the Distance in 
Distances Distance Angstroms 

1 4Y - 4F 2026 
1 4F 2.26 
1 4F 2.59 
2 4Y ~ 8F 2.26 
2 8F 2.30 
2 8F 2.33 

1 4F - 4Y 2.26 
I 4Y 2.26 
1 4Y 2.59 
2 4F - SF 2.57 
2 81" 2.71 
2 8F 2.83 
2 SF 2.85 

1 8F - 4Y 2.26 
1 4Y 2.30 , 4Y 2.33 .... 
I 8F - 4F 2.57 
I 4F 2.71 

.1 4F 2.83 
I 4F 2.85 
1 8F - 8F 2.55 
I 8F 2.58 
I 81" 2.60 
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There are three sets of values in the previous table, one set for 

each kind of atom; the four fold yttriums, 4Y; the four fold fluorides, 4F; 

and the eight fold fluorides, 8F. The yttrium ion is surrounded by eight 

close neighbors, all fluoride ions, plus one distant one. The four fold 

fluoride ion has as closest neighbors two yttrium ions and two eight fold 

fluoride ions, with farther neighbors of six eight fold fluorides and one 

yttrium. The eight fold fluorides have three nearest yttrium neighbors, four 

nearest fluoride neighbors, and four further distant neighbors of fluorides. 

Figure 15 was drawn to show the projection of the ions on the b face. 

The fluoride ions are represented by large circles and the yttrium ions 

by small circles; they are not to scale. Figure 16 was drawn as a packing 

drawing from Figure 15, still in the b projection. The large spheres 

represent fluoride ions"and the small spheres represent yttrium ions. They 

are drawn to scale with fluoride ion radius taken as 1.35 A and yttrium ion 

radius taken as 0.93.A. 

The F values were then calculated and compared with the observed F 

values as is shown in Table 4. Table 4 gives the hkQ, sin2e as calculated 

on the basis of copper Ka x-rays (i\ = 1.5418 A), F calculated, F observed 

and improved, and F observed. The F observed values were those used in 

preparing the (040) density section, and were an average of all of the 

observed spots from all of the films. 

The F observed and improved group are those obtained afterwards which 

give a slightly better agreement with the calculated; the improvement 

was made by readjusting some of the normalizing factors between various 

films obtained from different crystals to form a uniform set of values. 

Since the absorption factor was an unknown, it was not surprising to find 

the agreement varying between the various films. 
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IIIU 16119 

. Fig. 15 

A projection of the atomic contents of the 
orthorhombic unit ofYF

3 
on its a face. 

Large circles represent the fluorides= 
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o 2Ao 
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IIU 1810 

Fig. 16 

A packing drawing of the structure of YF3- Y and }' 
are drawn 'i"lith radii 1.35 A and 0.93 A, respectively. 
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The calculated F values were then used to recalculate the electron 

density in the vicinity of the yttrium peak to establish some correction 

for the fact that we have made a small error in takirig a finite summation, 

When we used the calculated F values of Table 4 obtained from x = 0,366, 

and z = 0,059, the peak shifted to 0,365 and 0,060, respectively; therefore 

the corrected value for x and z was finally established at 0,367 and 0,058, 

The value of the deviation was foUnd from: 

z t I F calc 1- I Fobs II 
EIFobS\ 

(7) 

for the improved set and 0,23 for t he original set. The final parameters 

are as follows: 

y 4(c) x~1/4,z, x,,3/4,z; 1/2~x;3/4,1/2+z; 1/2+x,1/4,1/2-z; 

x = 0,367 '·z = 0,058 

FMc) Xi ,1/4,Zl; Xl ,3/4,;'1; 1/2-x i ,3/4,1/2+z u; 1/2+x i ,1/4,1/2-z 9 ; 

XU = 0,528 Zi = 0,601 

Xli = 0.165 

+ The estimated error in these parameters for Yare 0,001 and for 

the fluorides! 0,002, 

The YF
3 

powder pattern was obtained and indexed with chromium Ka 

x-rays (2,2909 A) and the following lattice constants obtained: 

'. 
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+ 
a = 6.353 - 0.003 A 

b = 6.850 ! 0.003 A a:b:c = 0.9274: 1: 0.6413 . 
... 

c = 4.393 - 0.003 A 
3 Volume of one unit cell = 191.17 .A 

Molecular weight = 145.92 

Calculated density = 5.069 glcc 

This structure seems to be in agreement with a few other isolated 

facts from the literature. Vogt (1914) reported that a melt of pure yttrium 

trifluoride gave biaxial plates, optically neutral with :!.V ~ 90
0

• 

Nowacki (1938) reported the density of yttrium trifluoride 1 precipitated 

with hy'<!rofluoric acid, as 5015 glcc as compared with our caleulat.edvalue 

of 5007 glee. 

Table 4 

F 
F Observed F 

hkJ sin2e Calculated Improved Observed 

000 0.0000 +234 
010 0.0127 0 
100 0.0148 0 
110 0.0275 0 
001 0.0308 0 
011 0;0435 -40 *~tf 35 
101 0.0456 -67 -lP: ~ 7 36 
020 0.0507 -99 4.§ .)0 41 
III 0.0583 -69 41 51 
200 0.0593 -13 10 8 
120 0.0655 0 
210 0.0720 +81 ..J+5~7 36 
021 0.0815 0 
201 0.0901 +11 .J..e 17 15 
121 0.0963 +34 ~~I/ 33 
211 0.1028 +29 20 22 
220 0.1100 -25 -a .sz" 21 
030 0.1140 0 
002 0.1232 +71 ..,.,..sr 55 
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Table 4 (Cont.) 

F 
F Observed F 

hkR sin2e Calculated Improved Observed 

130 0.1288 0 
300 0.1333 0 
012 0.1359 0 
102 0.1380 -9 15 12 
221 0.1408 -58 .Ij& 'II 49 
031 0.1448 -6 
310 0.1460 0 
112 0.1507 +76 -53,,0 51 
131 0.1596 +86 ':t..!j63 75 
301 0.1641 +107 ~s.3 52 
230 0.1733 -112 £>0 '7/ 60 
022 0.1739 -76 !jfj-S7 50 
311 0.1768 -55 1:11 1i 53 
202 0.1825 0 
320 0.'1840 0 
122 0.1887 +63 -6&51 49 
212 0.1952 +64 1j4:57 50 
040 0.2026 +106 .e&12 60 
231 0.2041 -1 
321 002148 -62 6&"'Iq 53 
140 0.2174 0 
222 0.2332 +4 
041 0.2334 0 
400 0.2371 ·-86 .e~ "1 60 
032 0.2372 0 
330 0,2473 0 
141 0.2482 -39 4;; ~() 45 
410 0.2498 -19 ~/3 10 
132 0.2520 -38 J.rl-37 40 
302 0.2565 -24 30 31 
240 0.2619 +4 
401 0.2679 +18 .:±3" I Y 15 
312 0.2692 -54 -5i ~" 47 
003 0.2771 0 
331 0,2781 +48 ~Jfi 58 
411 0.2806 +44 43 47 
420 0.2878 +56 49- ",3 54 
013 0.2898 -69 k& ,,!' 58 
103 . 0.2920 -16 l:9-"1( 19 
241 0.2927 +30 ~a2. 26 
232 0.2965 -52 .;?-Sf' 53 
113 0.3047 -;)2 .3-2-.33 36 
322 0.3072 +25 -3~.1.2. 33 

.. 050 0.3166 0 
421 0.3186 +13 1";-1.3 15 

4· 



-43-

Table 4 (Cant.) 

F 

sin2e 
F Observed F 

hk£. Calculated Improved Observed 

042 0.3258 +59 5&'" 58 
023 0.3278 0 
150 0.3314 0 
340 0.3359 0 
203 0.3364 +60 -665" 47 
142 0.3406 -34 ~31 40 
123 0.3427 +34 . ¥/lJf 35 
051 0.3474 -36 7911/ 45 
213 0.3491 +22 H~o 20 
430 0.3511 +47 ~"'I7 36 
402 0.3603 -48 53 52 
151 0.3622 -40 ~"'IV 52 
341 0.3667 +66 &5S2. 65 
500 0.3704 0 
332 0.3705 +14 ~/Y 15 
412 0.3730 -15 H/II 13 
250 0.3759 +49 . -%63 56 
431 003819 -22 .2$ :13 28 
510 003831 0 
242 0.3851 -3 
223 0.3871 -76 -b3 72, 71 
033 0.3911 +46 4-2: ~! 42 
501 0.4012 +32 ?f{JI 40 
133 0.4060 +8 J:.Z-II 12 
251 0.4067 +20 MI7 18 
303 0.4105 +3 le/:L 16 
422 0.4110 +50 ?95J 50 
511 004139 +46 4.&...;r 49 
520 0.4211 0 
313 004232 -18 3:'7 )..0 22 
440 0.4397 ~61 -55- 72 55 
052 0.4398 0 
350 0.4499 0 
233 0.4504 -12 -i-3:. }2. 11 
521 0.4519 -42 4J=~.2.. 39 
152 0.4546 +51 ~5--5~ 56 
060 0.4559 -93 ~ t(P 71 
342 0.4591 -22 ,JO .;13 30 
323 004612 -35 ~33 43 
441 0.4705 -1 
160 0.4707 0 
432 0.4743 +11 --i.,'2. 13 
043 0.4798 0 
351 0.4807 -41 -56·9'7 56 
530 0.4844 0 
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Table 4 (Cont.) 

F 
F Observed F 

hk~ sin2e Calculated Improved Observed 

061 0.4867 0 
004 0.4927 -22 .a ~2, 21 
502 0.4936 +30 2..$ 31 32 
143 0.4946 -23 25- :12, 25 
252 0.4991 +52 ¥l-53 57 
161 0.5015 +39 J.ft' Aj 1/ 51 
014 0.5045 0 
512 0.5063 -9 ¥t ~() 20 
104 0.5075 -54 .~';~ 50 
403 0.5142 +2 
260 0.5152 +1 
531 0.5152 -59 ·5-853 58 
114 0.5202 +48 4r;)..s5 45 
333 0.5245 +11 2"" 17 25 
413 0.5269 +74 $9- (,(.. 59 
600 0.5334 +48 4-2 ""If:) 36 
243 0.5390 +62 tit ~!f 67 
024 0.5434 -12 
522 0.5443 -60 -7& 5"0 52 
261 0.5460 -18 -2:1::-/9 21 
610 0.5461 -71 ·6512- 60 
204 0.5520 +1 
450 0.5537 -5 
124 0.5582 +44 ~~y 46 
442 0.5629 -45 4-7 til{ 47 
601 0.5642 -16 l.::{-IIJ 20 
214 0.5647 +15 H.f:z. 11 
423 0.5649 +14 
540 0.5730 0 
352 0.5731 -46 $9 '+7 59 
611 0.5769 -16 .!(f" 7 
062 0.5791 -49 55 54 
620 0.5841 -12 !-&13 10 
451 0.5845 +35 ~J7 38 
360 0.5892 0 
053 0.5938 -59 -56- '2 56 
162 0.5939 +21 2.1+ ;21 24 
224 0.6027 +14 
541 0.6038 +33 -4--1 3~ 41 
034 0.6067 0 ') 

532 0.6076 +22 -'Z7 :J/ 27 
153 0.6068 -33 .J.33 &I 33 
343 0.6131 +20 3-5~.2 35 
621 0.6149 +18 18 20 
361 0.6200 -63 .q.e-S ( 78 
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Table 4 (Cont.) 

F 

sin2e 
F Observed F 

hkQ Calculated Improved Observed 

070 0.6206 0 
134 0.6215 -50 -I:ft If<{ 49 
304 0.6260 -32 33-3Y 46 
433* 0.6282 -57 
170 0.6354 0 
262 0.6384 +2 
314 0.6387 -43 5'717 57 
630 0.6474 +78 5S- 1

' 58 
503 0.647.6 +18 17 17 
071 0.6514 +11 . -3:6 17 16 
253 0.6530 +19 .a Iq 21 
602 0.6566 +14 H"IY 16 
513 0.6603 +32 2/} 30 27 
234 0.6660 +6 
171 0.6662 +49 ~St.f 58 
612 0.6693 -46 -48·4<- 47 
324- 0.6767 +31 ~~7 48 
452 0.6769 -14 Sfg 9 
631 0.6782 -7 .-&1 6 
270 0.6799 -63 +3-- ?'1 73 
550 0.6870 0 
460 0.6930 +60 ..1fff ?" 57 
044 0.6953 -3 
542 0.6962 +43 -49 3r. 40 
523 0.6983 -7 
622 0.7073 -18 .J:3-11 13 
144 0.7101 -44 .$4 '1'1 54 
271 0.7107 -4 
362 0.7124 +19 ~/" 33 
443* 0.7168 .=7 
551 0.7178 +34 til "f~ 41 
461 0.7238 -5 
700 0.7260 0 
353 0.7271 -18 .zr; 11 27 
404 0.7298 -2 
063 0.7331 0 
640 0.7360 +25 ~3;2. 25 
710 0.7387 0 
334 0.7400 +48 .rtfJ/f7 70 
414 007425 -2 
072 0.7438 0 
163 0.7479 +16 Hlf, 17 
370 0.7539 0 
244 0.7546 ~7 

-58 55" 701 0.7568 -56 61 
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Table 4 (Cont.) 

F 
F Observed F 

hkQ sin2e Calculated Improved Observed 

172 0.7586 -30 -3633 38 
533* 0.7616 -14 
641 0.7668 -16 -2!1 ;) 'I 29 
711 0.7695 +18 2-2 ~'f 23 
005 0.7699 0 
632 0.7706 +43 4-9 'let 49 
720 0.7767 0 
424 0.7805 +16 
015 0.7825 -46 lv9~2.. 47 
105 0.7847 -3 9 9 
371 0.7847 +35 4G- ,,~ 60 
263 0.7923 -50 ~53 55 
ll5 0.7970 +12 
272 0.8031 -41 -54tff 54 
721 0.8075 +45 .:y, 1-/ 39 
054 0.8093 0 
552 0.8102 -8 -li../e 11 
603 0.8105 -43 47 47 
080 0.8106 +51 ~.2 ,,'7 55 
462 0.8162 +40 ~9-13 49 
025 0.8205 0 
613 0.8232 -20 .-9- /0 9 
154 0.8241 +41 J;f'l3 47 
180 0.8254 0 
560 0.8263 0 
344 0.8286 -31 ~ 39' 63 
205 0.8291 +68 .ITt S'f 54 
453~!- 0.8308 +60 
125 0.8338 +2 
730 0.8400 0 
081 0.8414 0 
215* 0.8418 0 
434 0.8438 -14 
702 0.8492 +34 -463f. 39 
650 0.8500 -59 'j.!j- 71 55 
543* 0.8502 +11 
181 0.8562 -26 -3-S-3S 41 
561 0.8571 -27 -4-53 ? 45 
470 0.8577 +24 -2f);l.(.. 20 
642 0.8592 +15 J..9/(., 19 
623 0.8612 +43 I+r th. 41 
712 0.8619 +44 39 39 
504 0.8631 +58 53 53 
363 0.8664 -11 -2'f'1- 27 
254 0.8686 +19 .ZS ..23 25 
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Table 4 (Cont.) 

F 
F Observed F 

hk~ sin2e Calculated Improved Observed 

280 0.8699 +8 -6-r 6 
731 0.8708 -8 H:/V 11 
514 0.8758 -26 €T30 27 
372 0.8771 +18 ¥I.;J'j 37 
225 0.8798 -46 !5f7tf? 51 
651 0.8808 -15 ±ell 10 
035 0.8838 +67 -5]:..57 51 
471 0.8885 -21 2:2:28 22 
135 0.8951 -18 .Jd;' 1$ 14 
073 0.8977 +41 .Ji;:Al9' 43 
722 0~8999 +17 MJ~ 18 
281 0.9007 +31 ~J" 42 
305 0.9032 -25 27 38 
173 0.9126 +13 Jrl. 15" . 17 
524 0.9138 -49 5-2'11 52 
315 0.9159 +13 lG/3 17 
633 0.9245 +7 
740 0.9286 0 
444* 0.9324 -9 
082 0.9338 +46 -/:i!.11 49 
354 0.9426 -38 .62:#~ 62 
235 0.9431 -11 11 11 
380 0.9439 0 
800 0.9482 +46 -58""52 46 
064 0.9486 +9 
182 0.9486 -39 -4612- 48 
562 0.9495 -30 :JS:;-3j' 39 
325 0.9539 +15 Mil 18 
273 0.9570 -10 13 13 
741 0.9594 -47 -53: #1 51 
810 0.9609 +13 11 10 
732 0.9632 -32 ~JD 33 
164 0.9634 +43 J.+J.. J! 41 
553~ 0.9642 +33 
463'~ 0.9701 +3 
045 0.9725 0 
652 0.9732 -40 -iff Jf Y 47 
381 0.9747 +38 #8 35" 48 
534i~ 0.9771 +22 
801 0.9790 +4 
145 0.9809 +4 
472 0.9809 +10 Jj1 9 
660+ 0.9893 -30 
570+ 0.9910 0 
811+ 0.9917 -11 
282+ 0.9931 -4 
820+ 0.9989 -54 
*Not present on the set of films observed; all hk9. 

whose values are 433 and above were not photographed here. 
+Sin2e too large, spots are off films. 
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II. THE RARE EARTH FLUORIDES 

A. Introduction 

It was then decided to investigate all of the rare earth trifluorides; 

particularly those suspected to exhibit the orthorhombic (YF3 type) struc

ture. Two methods for preparing these compounds were used, a dry and a 

wet preparation. The two methods will be described in detail, and any 

deviations from these methods will be mentioned under the individual com-

pounds later. 

B. Experimental (Preparation) 

The dry synthesis of YF
3

,SmF3, EuF
3

, GdF
3

, TmF3 and YbF
3 

was PElr

formed by others who were interested in these compounds for other pur-

poses and submitted to us for x-ray analysis. These trifluorides were 

prepared in the following manner. Several milligrams of the sesquioxide 

were placed in a platinum crucible and then placed inside a platinum line 

apparatus. The platinum line was evacuated and a dry mixture of hydrogen 

and hydrogen fluoride gases were passed through the system. The tem

perature was raised and maintained at about 7000 C for two hours; the 

line was cooled and evacuated. Powder patterns of the resulting material 

were obtained u sing chromium K alpha x-rays (>.. = 2.909A). The hydrogen 

gas was probabiy not necessary except in the cases where oxidation to 

a higher state was possible, but it was apparently used anyway as part 

of the general procedUre.-

In order to complete the·. list of rare earth trifluorides as well as , . 

to obtain better diffracting samples, the following compounds, SmF
3

, 

EuF
3

, GdF
3

, TbF
3

, HoF
3

, ErF
3

, TmF
3

, and LuF
3

,-were prepared by a wet 

precipitation as follows. From five to fifteen milligrams of the rare 
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earth oxide were dissolved in about four cubic centimeters of 6 N HC1. 

The solution was neutralized with 6 11 NH
4

0H until the gelatinous hydroxide 

appeared, and 6.!':!. HCl (a few drops) was added until the hydroxide dis-

appeared again. The resulting solution was transferred to a plastic, 

HF resistant, test tube and placed in a bath of hot water,lOOoC. One 

to two cubic centimeters of concentrated hydrofluoric acid was added and 

the formation of a gelatinous precipitate was observed which coagulated 

and settled to the bottom as a fine white pow,der in a few minutes; the 

material, was left in the bath for one hour. The precipitate was centri

fuged, washed with water, and dried in an open oven between 100 and 150
0

C. 

The dried material was loaded into a plC3:tinum crucible and heated in an 

'-5 -6 
electric furnace in vacuum (10 to 10 mm of mercury) to a temperature 

o 
between 1000 and 1400 C for one hour. The resulting material when photo-

graphed with x-rays, generally chromium K alpha x-rays (A = 2.909 A), 
~ 

gave good sharp powder patterns which leaaea themselves for accurate 

measurement of the cell constants. We reasoned later that perhaps it 

was not necessary to neutralize the dissolved rare earths before precipi
~ 

tation with the hydrofluoric acid. We did prepare EuF
3 

and TmF3 ~. 

neutralizing with ammonium hydroxide and did get slightly different 

results in the patterns of the unheated material. There was a tendency 

for the ammonium ion to form salts with the other ions in solution; these 

salts fortunately volatilized off the ammonia to yield the trifluorides' 

on heating. 

C. Experimental (Observations) -

,The preparation of each trifluoride and their powder patterns will 

be qualitatively discussed briefly. The quantitative data will follow 

later in chart form. 
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1. yttrium Trifluoride.-- This compound was prepared by the dry method 

and has been well discussed previously. 

2. Samarium Trifluoride.-- This compound has been reported previously 

as crystallizing in the hexagonal (LaF:3 type) form (Oftedal 1929). 

This material was prepared by the dry method several times and 

resulted in one time being just the orthorhombic (YF
3 

type) form and in 

another time just the hexagonal (LaF 3 type) form. 

The material was also prepared by the wet method and the resulting 

dried powder, before being subjected to the heat treatment, gave good 

hexagonal patterns. However, after heating the material to 1000 to 1100oC, 

both orthorhombic and hexagonal phases were present simultaneously:. 

Heating did not seem to affect the cell constantsof the hexagonal phase. 

A very pure samarium sesqui6xide was used throughout. The material 
~ 

was provided by Speddings group at Iowa State, purified by ion exchange 

resins, as were many of the rare earths used in this research. 

3. Europium Trifluoride.-- A pure sample of Eu20
3 

with no detectable 

(spectrographically) amounts of any other rare earths was used. The 

fluoride here was prepared by the dry method. The resulting powder pat-

terns showed the orthorhombic form. 

Nowacki (193S) reported that with 99.9% europium, he o~tained EuF
3 

which showed the ~ (LaF
3 

type) structure, but he did not give 
~ 

any measurements on it. So we d±tt a second preparation of EuF
3

, this 

time by the wet method. The material was prepared without the use of 

ammonium ion and the resulting dried material was found to exhibit the 

hexagonal structure. The material was not heated. Powder photographs 

were obtained on this hexagpnal phase with the use of copper K alpha 

x-rays.9 ('X. = 1. 54lS A) • 
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4. Gadolinium Trifluoride.-- This compound \~S prepared by the dry 

method. All of the measured lines were indexed on an orthorhombic (YF3 

type) cell. The Gd20
3 

that was used as a beginning material was spec

troscopically free of all rare earths except for a trace of ytterbium. 

A wet precipitat ion was also ~~~. and th e resulting rna terial photo-

graphed as the orthorhombic form. 

5. Terbium Trifluoride.-- This compound was prepared by the wet method 

with a few minor variations. Six milligrams of brown Tb
4

0
7

, pure but for 

spectrographic traces of gadolinium, ytterbium, and calcium, was dissolved 

in about' one cubic centimeter of 6 ~ HC1; the smaller amount of acid was 

used because this compound dissolved readily liberating ~ as it 
~wcJ 

was ~~ to the +3 terbium. 

The dried unheated material showed the orthorhombic pattern when 

photographed, but the picture was of poor quality. After being heated 
o . 

to 1100 C for one hour, the material yielded excellent patterns of the 

orthorhombic form. 

6. Dysprosium Trifluoride.-- The DY203 used had 0.3% holmium and 
~ 

0.35% -t¥.fspf'OS'imrr and no other rare earths. This compound was prepared 

by the wet method. The dried unheated material gave diffuse patterns 

of the orthorhombic phase. 
o 

After heating for one hour at 1400 C, the 

resulting photographs were greatly improved. No ~ evidence was present 

of a hexagonal phase. 
o 

Some of the DyF
3 

was heated in air at about 500 C for ten hours, 

and it was converted entirely back to the oxide. 

7. Holmium Trifluoride.-- H020
3

' 99.8% pure with 0.2% impurities of 

other rare earths, was used. A departure from the established procedure 

in the wet method was attempted here. Instead of neutralizing with 
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ammonium hydroxide, sodium hydroxide was used. The material, on being 

heated to l300oC, was completely volatilized; it was noticed that between 

300 and 7000 C there was a large increase in the pressure of the system 

which could not have been attributed to degassing of the crucibles. 

The unheated material showed neither of the trifluoride type struc-

tures. There were two well crystallized phases present; one was a face 

centered cubic phase, and the other was a hexagonal phase; the possible 

interpretation of these two phases will be discussed later. 

HOF
3 

was then prepared properly following the original proceoure 

outlined earlier. The unheated dried precipitate showed no trifluoride 

structurerwhatsoever, but did show a primitive cubic phase which was 

probably a mixed ammonium rare earth fluoride. This identical pattern 

showed up with erbium and thulium. This salt apparently volatilized the 

ammonia out completely with the heating as its pattern disappeared 

leaving behind the trifluoride structure. The material was heated 3/4 

o hours at 1100 C. 

Two specimens were photographed: the first was a powder photograph 

of a solid chunk which resulted in a powder pattern which consisted 

primarily of a hexagonal (LaF
3 

type) phase, with a much weaker orthorhombic 

. (YF
3 

type) phase; the second powder photograph was taken after the ma

terial was crushed and the resulting photograph showed the two phases 
~ 

present in about equal in~Hsi~y. 

8. Erbium Trifluoride.-- Pink Er20
3

,99.9% pure with 0.1% other rare 

earths, was treated by the wet method. The dried unheated material gave 

the same cubic phase that the holmium did prior to being heated; there 

were no lines that could be attributed to any trifluoride type structure. 

After heating at l3000 C for an hour, a good powder pattern of the 
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orthorhombic form was obtained from the material. 

9. Thulium Trifluorideo--White Tm20
3 

(spectrographically pure of 

lutetiumj erbiumj holmium, and yttrium but with <0.05% ytterbium impurity) 

was used.- The material prepared by the dry method gave us fair orthorhombic 

patterns, but not good enough for accurate measurements at the big angles. 

The material was then prepared using the wet method. The dried unheated 

sample gave no trifluoride but just a cubic phase already observed in 

erbium and thulium. The heated (1000 to 11000C for one hour) sample gave 

a mixed pattern of both trifluoride types (hexagonal and orthorhombic) 

in about equal intensities. 

Another preparation of TmF3 was undertaken with the purpose in mind 

of finding out the result of not neutralizing the original solution with 

ammonium hydroxide. The resulting dried precipitate gave the orthorhombic 

pattern when photographed with copper K alpha x-rays •. Themate"rial was 

not heated, and the photographs were not measured. 

10. ytterbium Trifluoride.-- A sample of Yb
2
0
3

, containing spectro

graphic traces of calcium, copper, silver, and sodium but no rare earths, 

was used. The trifluoride was prepared by the dry method. The powder 

photographs gave the typical orthorhombic (YF
3 

type) structure. No real 

evidence for a hexagonal phase was observed. 

11. Lutetium Trifluoride.--White Lu20
3 

(with less than 0.2% thulium 

and ytterbium present) was used in the wet preparation. The unheated 

dried material gave numerous lines of apparently more than one compound, 

none of which could have been due to"the trifluoride structures. After 

heating at 1000 to llOOoC for an hour, these phases disappeared leaving 

a material Which gave photographs with chromium K alpha x-rays of the 

orthorhombic (YF
3 

type) form. 
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12. General Observations.-- In many cases the final material gave 

extra lines which were not indexible. These were probably due to oxides, 

oxyfluorides, or other impurities. 

In all cases the heated trinuorides were observed to be from gray 

to black in color. The unheated samples w~re always.white. Even the 

yttrium trifluoride powder had a gray tinge to it. This observation has 

been made by others and remains unexplained so far. 

D. Data on the Orthorhombic Trinuoride Structures 

Table 5 summarizes the quantitative data on all 0,£ the orthorhombic 

powder patterns observed. Given are the compound, the three axial lengths 

in angstroms, the axial ratios, the unit cell volume in cubic angstroms 

(four metal ions in each cell), the molecular weight, and the x-ray 

calculated density irr grams per cubic centimeter. The estimated error 

for the values of a, b, and c is between 0.06% and 0.10%. 

The powder data for the orthorhombic trifluoride structures are 

preserlted in the following tables, numbers 6 through 17. Table 6 gives 

the calculated intensities for the trifluoride powder patterns on the 

basis of the YF
3 

structure. Given are two sets of intensities: corrected 
cI~ ~ 

and uncorrected for polarization. The~polarization correction ~ made 

wi th the following formula: 

I a 1+cos
2

28 • p .j F/ 2 

sin2e cos e . 
(8) 

where I - intensity, e = Bragg reflection angle,' p = multiplicity, and 

F = calculated structure factor. The multiplicity factor was introduced 

into both sets of intensities. An absorption correction was not made. 
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The purpose of the table was to set up a standard of comparison for the 

observed intensities of the powder pattern data in tables 7 through 17. 

Tables 7 through 17 give the powder pattern data on all of the ortho-

rhombic trifluoride patterns lIl-easured. Lines not indexed were also pre-

sented. All of the intensities observed were estimated visually, with 

no standard of comparison other than neighboring lines. The scale of 

the intensities used in order from the most intense to the least intense 

is as follows: vs, s+, S, s-, m+, m, m-, w+, w, w-, vw, vvw where v = very, 

s = strong, ~= medium, w = weak. All sin2e' s given in tables 7 through 
.;? ;)901 

17 were on the basis of chromium K alpha x-rays, A = 2. "eEt" A. 

In' the cases of holmium and thulium trifluoride, the orthorhombic 
~ 

and hexagonal ¥fla~were both present on the same film;- the hexagonal 
, . 

lines were separated out and presented 'later separately. 
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Table 5 

Orthorhombic (YF
3 

type) Rare Earth Trifluorides 

Com- . Cell Dimensi ons in A Axial Ratios Unit Cell Molecular Calculated 
pound a b c albic Volume A3 Weight Density 

g/ce 

YF3 6.353 6.850 4.393 .9274/1/.6413 191.17 145.92 5.069 

SmF
3 

6.669 7.059 4.405 .9447/1/.6240 207.37 207.43 6.643 

EuF
3 

6.622 7.019 4.396 .9434/1/ .6263 204.33 209.0 6.793 

GdF3 6.570 6.984 4.393 .9407/1/.6290 201.57 213.9 7.047 

TbF
3 

6.513 6.949 4.384 .9373/1/.6309 198.41 216.2 7.236 

DyF3 6.460 6.906 4.376 .9354/1/.6336 . 195.23 219.46 7.465 

HoF3 6.404 6.875 4.379 .9314/1/.6369 192.80 221.94 7.644 

ErF3 6·.354 6.846 4.380 .9281/1/.6398 190.53 224.2 7.814 

TmF3 6.283 6.811 4.408 .9224/1/.6471 188.63 226.4 7.971 

YbF3 6.216 6.786 4.434 .9160/1/.6534 187.03 230.04 8.168 

LuF3 6.151 6.758 4.467 .9102/1/.6610 185.69 232.99 8.332 
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Table 6 

The Calculated Intensities for Orthorhombic YF3 Powder Patterns 

~ 

plFI2 plFI2 hkt Intensity hi& Intensity 
Corrected for Corrected for 
Polarization Polarization 

011 11 23 103 2 <1 
101 30 64 241 12 <1 
020 33 ·62 232 36 13 
111 65 100 113 14 5 
200 <1 <1 322 8 3 
210 44 53 421 3 1 

.201 <1 <1 042 24 9 
121 I 16 14 203 24 10 
211 11 8 142 16 7 
220 4 3 123 16 . 7 
002 17 11 051 9 4 
102 <1 <1 213 7 3 
221- 46 24 430 15 7 
112 78 39 402 16 7 
131 100 46 151 22 10 
301 77 35 341 59 28 
230 84 36 332 3 1 
022 39 17 412 3 1 
311 41 17 250 16 8 
122 54 21 431 14 7 
212 55 21 223 78 43 
040 38 14 033 14 8 
321 51 18 501 7 4 
400 25 8 251 5 4 
141 20 7 422 34 24 
410 3 <1 511 28 21 
132 19 6 313 4 3 
302 4 1 440 25 34 
401 2 <1 233 1 
312 41 13 521 23 
331 31 10 152 35 
411 26 9 060 29 
420 22 7 342 7 
013 32 11 323 48 

0- . *Chromium K alpha x-rays 
.. ("'=~A)-

;);;1'101 
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Table 7 

YF
3 

Orthorhombic Powder Pattern . 

Observed 11M . 29* Sl.n .. Observed hkJ( . 2e* sm 
Intensi- Ca1cu- Observed Intensi- Ca1cu- Observed 
ties 1ated . ties 1ated 

m 011 .0960 .0960 w 411 .6162 .6155 
s- 101 .1005 .1006 w 420 .6320 .6324 
s- . 020 .1118 .1118 w+- 013 .6401 .6400 
vs 111 .1285 .1283 w 241 .6450 .6459 
s- 210 .1580 .1581 m 232 .6535 .6529 
m+ 121 .2123 .2122 w 113 .6726 .6727 
w 211 .2260 .2264 w 322 .6764 .6758 
vw 220 .2418 .2423 m- 042 .7188 .7189 
m- 002 .2720 .2716 w+1 203 .7421 .7421 
m- 221 .3098 .3103 w 142 .7515 .7517 
s 112 .3325 .3324 w 123 .7564 .7560 
s 131 .3520 .3523 w- 051 .7665 .7673 
m+ 301 .3606 .3608 w 402 .7922 .7922 
m- 230 .3815 .3818 w+ 151 ~ .7990 .7994 
m- 022 .3838 .3833 s- 341 .8076 .8074 
m 311 .3886 .3887 vw 332 .8161 .8179 
m 122 .4163 .4163 m 250 .8285 .8289 
m 212 .4300 .4299 w 431 .8397 .8400 
w+ 040 .4470 .4470 s 223 .8539 .8537 
m- 321 .4724 .4723 w 033 .8636 .8631 
w 400 .5202 .5211 vw 501 .8808 .8808 
w+ .141 .5475· .5483 vw 251 .8865 .8923 
w 132 .5560 .5557 m 422 .9049 .9043 
vw 302 .5646 .5647 w 511 .9088 .9082 
m- 312 .5926 .5927 vw 313 .9327 .9315 
w+. 331 .6121 .6121 s 440 .9672 .9674 

* . ~ ) Chroml.um K alpha x-ray (A =. A 
a = 6.353 A; b = 6.850 A; c = 4.393 A 
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Table 8 

SmF Orthorhombic Powder Pattern 3 . 

Observed . hk.R. . 2e* s~n 

Intensi ties Calculated Observed 

w 011 .0939 .0944 
m 101 .0971 .0966 
m 020 .1053 .1060 
6 1111 .1234 .1233 
s 210 .1443 .1444 
w 121 .2024 .2025 
w 002 .2705 .2699 
m 221 .2909 .2909 
m 112 .3263 .3272 
s 301 .3332 .3339 131 .3341 
m 230 .3550 .3550 
w 311 .3594 .3597 
w 022 .3757 .3768 
m 122 .4053 .4065 
w 212 .4149 .4158 
w 040 .4212 .4213 
m 321 .4384 .4387 
w 400 .4720 .4730 
w' 141 .5184 .5183 
w 132 .5371 .5371 
vw 312 .5624 .5630 
vw 331 .5709 .5706 
m 232 .6258 .6260 
w 013 .6351 .6351 
w 042 .6917 .6925 
vw 203 .7266 .7262 
m 341 .7546 .7548 
vw 123 .7434 .7429 
w 250 07770 .7768 
m 511 .8315 .8315 223 .8320 
w 422 .8479 .8470 
w 440 .8933 .8930 
w 521 .9~O4 .9100 
m 060 .9479 .9478 
w 152 .9584 .9582 

*. ~(f4 Chromium K alpha x-rays (A::. A) 
a :: 6.669 A; b :: 7.059 A; c :: 4.405 A 
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Tahle 9 

EuF
3 

Orthorhombic Powder Pattern 

Observed hk~ sin2e* 
Intensities Calculated Observed 

w . 011 .0946 .0948 
m+ 101 .0978 .0976 
m 020 .1065 .1066 
s 111 .1244 .1243 
s- ao .1463 .1462 
m- 121 .2043 .2043 
m- 002 .2716 .2715 
m ·.221 . .2941. .2941 
m 112 .3281 .3285 
s 301 .3372 .3382 131 .3375 
m+ 230 .3594 .3600 
m- 311 .3638 .3640 
w+ 022 .3781 .3784 
m 122 .4080 .4084 
m- 212 .4179 .4180 
m~ 040 .4261 .4264 
m 321 .4437 .4446 
in- 400 / .• 4787 .4785 
m= 141 ~5239 .5244 
w 132 .5412 .5410 
m 312 .5675 .5682 
w 411 .5732 .5767 

331 .5769 
m- 420 .5852 .5854 
vw 241 .6137 .6144 _ 
m 232 .6310 .6309 
m- 013 .6377 .. 6382 

·w- 322 .6474 .6482 
w 042 .6976 .6973 
w+ 203 .7308 .7298 
w 402 .7503 .7492 
s- 341 .7633 .7637 
m- 250 .7855 .7861 

I s 223 .8372 .8374 
m- 422 .8568 .8575 
m 440 .9048 .9045 
m 521 .9224 .9225 
m+ 060 .9587 .9589 
s- 152 .9673 .9671 
UnindexedLines 
w .1038 
vvw .1366 
w+ .2794 
vvw .3140 
vw .6052 

*Chromium K alpha x-rays (l = 2~Q9 A) 
a = 6.622 A; b = 7.019 A; c = 4.396 A 
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Table 10 

GdF
3

0rthorhombib Powder Pattern 

Observed hkR. ·2* s~n e 
Intensities Calculated Observed 

m- Oll .0949 .0943 
m 101 .0984 .0982 
m 020 .1076 . .1073 
s 111 .1253 .1246 
s 210 .1485 .1481 
vw· iOl .1896 .1897 
m 121 .2060 .2060 
vw 211 .2165 .2159 
m 002 .2720 .2718 
m 221 .2972 .2962 
m 112 .3293 .3295 

131 .3405 .3409 s 301 .3416 
m 230 .3637 .3630 
m~ 311 .3685 .3684 
m 022 .3796 .3796 
m 122 .4100 .4092 
m 212 .4205 .4201 
m 040 .4304 .4311 
s 321 .4492 .4486 
m 400 .4864 .4860 
m 141 .5288 .5279 
m 132 .5445 .5445 
m 312 .5725 . .5713 
m 411 .5813 .5824 331 .5837 
m 420 .5940 .5942 
w 241 .6200 .6196 
s 232 .6357 .6372 

013 .6389 
w 322 .6532 .6525 
vw 113 .6693 .6697 
m 042 .7024 .7026 
s 142 .7328 .7334 203 .7336 
vw 051 .7405 .7406 
vw 123 .7500 .7502 
m 402 .7584 .7583 
s 341 .7720 .7723 
w 332 .7877 .7865 
s 250 .7941 .7942 
w 501 .8280 .8279 
s+·· 223 .8412 .8418 

033 .8541 
.8544 s 511 .8549 

s 422 .8660 .8663 
s 440 .9168 .9171 
s 521 .9356 .9358 
s 060 .9684 .9683 
s 152 .9749 .9751 

*Chromium K alpha x-rays (A. = 2;>{}09 A) 
a = 6.570; b = 6.984; c = 4.393 
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Table 11 

TbF3 Orthorhombic Powder Pattern 

Observed hk~ 2* sin e Observed hkJt sin2e* 
Intensi- Ca1cu- Observed Intensi- Calcu- Observed 
ties 1ated ties 1ated 

m 011 .0955 .0951 m 420 .6035 .6050 
s 101 .0992 .0987 w 241 .6268 .6276 
s 020 .1087 .1075 013 .6416 .6420 111 .1264 .1260 s 232 .6414 s 
m 210 .1510 .1509 w+ 322 .,6602 .6605 
vw 201 .1921 .1917 w+ 113 .6725 .6725 
w 121 .2079 .2074 m 042 .7078 .7080 
vw 211 .2193 .2187 m+ 203 .7382 .7392 vw 220 .2325 .2316 430 .7393 
m 002 .2731 .2732 vw . 051 .7475 .7479 
m 221 .3008 .3013 . vw 123 .7540 .7532 
m 112 .3312 .3311 w+ 402 .7679 .7679 
s 131 .3437 .3437 w 151 .7784 .7786 
m 301 .3467 .3463 s- 341 .7814 .7809 
m 230 .3683 .3687 w 412 .7951 .7959 
w 311 .3739 .3746 m 250 .8030 .8031 
m 022 .3818 .3821 s 223 .8469 .8466 
m 122 .4127 .4125 w 033 .8588 .8583 
m+" 212 .4241 .4245 m 511 .8687 .8687 
m 040 .4347 .4351 m 422 .8766 .8768 
m+ 321 .4554 .4559 w 313 .9200 .9188 
m 400 .4948 .4963 m 440 .9295 .9295 
vw 410 .5220 .5225 m 521 .9502 .9501 
m 141 .5339 .5347 s 060 .9781 .9782 
m 132 .5485 .5490 m 152 .9832 .9827 
m 312 .5787 .5793 Unindexed Lines 

411 .5902 .5913 
vw .4653 "m; 

331 .5913 vw .5101 

*Chromium K alpha x-ray ()" = ~'.,:1~ A) 
a = 6.513; b= 6.949; c = 4.384 
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Table. 12 

DyF3 Orthorhombic Powder Pattern 

Observed hki. . 2e* Sl.n Observed hl& 2 * sin e 
Intensi- Calcu- Observed Intensi- Calcu- Observed 
ties lated ties lated 

m 011 .0960 .0958 m 420 .6130 .6142 
s 101 .0999 .0997 w 241 .6345 .6356 
s 020 .1100 .1085 m 013 .6441 .6465 s 111 .1274 .1260 232 .6476 
m 210 .1533 .1520 vw 322 .6670 .6681 
vw 201 .1943 .1948 vw 113 .6755 .6759 
m 121 .2099 .2077 m 042 .7142 .7146 
vw 211 .2218 .2214 m 142 .7456 .7441 m 002 .2740 .2739 203 .7424 
m 221 .3043 .3051 051 .7563 .7572 m+ 112 .3329 .3328 w 123 .7580 
s 131 .3475 .3480 w 402 .7770 .7776 
m 301 .3515 .3520 m- 151 .7877 .7874 
s- 230 .3734 .3736 m 341 .7917 .7919 
m 311 .3790 .3792 332 .8041 .8051 m 022 .3840 .3841 w 412 .8047 
m 122 .4154 .4151 s 250 .8136 .8132 
m 212 .4273 .4275 s 223 .8524 .8528 
m 040 .4402 .4406 w 033 .8642 .8637 
m 321 .4615 .4616 m 511 .8820 .8823 
m- 400 .5030 .5037 w 422 .8872 .8873 
m 141 .5401 .5403 vw 313 .9271 .9263 
m- 132 .5530 .5526 m 440 .9432 .9430 
m 312 .5845 .5839 m 521 .9645 .9645 
m+ 331 .5991 .6000 Unindexed Lines 

411 .5990 vw .1171 
vw .1401 

*Chromium K alpha x-ray (A. = ~A) 
a = 6.460; b = 6.906; c = 4.376 
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'X'able 13 

RoF Orthorhombic Powder Pattern 
3 

Observed hkR. 
. -J-' ~ 

sin<~e" 

Intensities OafCUlate-d -,,~-Observed 

w+ 011 .0962 .0959 
m 101 .1004- .1002 
In+ 020 .1111 .1111 
s- 111 .1262 .1263 
m 210 .1556 .1557 
vw .201 .1964 .1966 
m 121 .2115 .2112 
w 211 .2242 .2259 
w 002 .2737 .2736 
m- 221 .3075 .3074 
w 112 .3335 .3336 
m 131 .3502 .3506 
s 301 .3563 .3556 
m 230 .3769 .3777 022 .3615 
m 311 .3641 .3646 
.vf 122 .4168 .4170 
m+ 321 .4674- .4677 
w;.., 400 .5118 .5119 
w+ 141 .5445 .. 5445 
w 132 .5555 .5561 
m- 312 .5694 .5694 

331 .6061 .6071 m- 411 .6080 
w+ 420 .6229 .6230 

013 .6436 
.6422 w 241 .6405 

m- 232 .6515 .6517 
113 .6756 .6741 w 322 .6726 

s- 421 ·.6912 .6922 
m- 042 .7178 .7179 
w- 203 .7439 .7439 
w- 142 .7496 .7497 
w 430 .7641 .7651 
s 402 .7655 .7652 
m- 151 .7942 .7942 
m 341 .6004 .6007 

.. w 250 .6220 .6217 
s 223 .6550 .8550 
vw 501 .6681 .8672 
s 422 .8966 .6965 511 .6960 
w+ J440 .9559 .9564 
m- 521 .9792 .9790 

itChromium K a.lpha· x..,. ray ( A = ~ A) 
.", ~9Of 
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Ta.ble 14 

ErF
3 

Orthorhombic Powder Pattern 

Observed hi&. sin2a* Observed hk.!l sin2e* 
Intensi:!;, Calcu- Observed Intehsi- Calcu- ' Observed 
ties lated ties lated 

moo: 011 .0964 .0960 m+ 232 .6555 .6556 
m+ 101 .1008 .1008 113 .6759 , .6769 020 .1119 .1121 m 322 .6780 s-
s III .1288 .1285 m 042 .7211 .7215 
s 210 .1580 .. 1576 m 203· .7454 .7450 
w- 201 ~1984 . .1981 w+ 142 .7537 .7538 
m 121 .2127 .2124 vw 123 .7599 .7607 
vw 211 .2264 .2261 430 .7719 

.7713 m- (;)02 .2735 .2736 w 213 .7734 
w+ 221 .3103 .3106 w 402 .7935 .7933 
m 112 .3340 ~3338 m 151 .8006 .8005 
s- 131 .3527 .3532 s 341 .8088 .8095 
m+ 301 .3609 .3612 vw 332 .8179 .8183 
s- 230 .3819 .3819 m 250 .8298 .8298 
w 311 .3889 .• 3884 lit 431 . .8402 .8402 
m- 122 .4179 .4182 s 223 .8573 .8574 
s- 212 .4316 .4320 m- 033 .8673 .8674 
m 040 .4479 .4484 w 501 .8809 .8810 
m+ 321 .4728 .4731 s- 422 .9054 .9054 
m 400 .5200 .5201 m 511 .9091 .9088 
m 141 .5487 .5488 w- 313 .9359 .9363 
w 132 .5579 .5582 s 440 .9679 .9678 
vw 302 .5661 .5653 Unindexed Lines 
m 312 .5941 .5935 w+ .1411 
m+ 331 .6128 .6125 vw .1716 
vw 411 .6163 .6154 w .3438 
w+ 420 .6319 .6313 vvw .4841 
m 013 .6434 .6440 vvw .4925 

241 .6463 .6463 vw .6888 

* . i:,:lAOff Chromium K alpha x-rays (A. = .:9&1 A) 
a = 6.354; b = 6.846; c = 4.380 
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Table 15 

TmF Orthorhombic Powder Pattern 
. 3 

Observed 
Intensities 

m-
s 
s':' 
s+ 
m+ 
m 
w 
m 
w 
s 
m 
w 
m 
w 
w 
m 
s' 
m 
w 

.. m 
w 
m 
m 
vw 
w-
w+ 
s 
vw 
w 
m 
w 

m 

vw 
w 
w 
m 
m 

s 

vw 
vw 
s 
m 

hkJ. sin2e* 
Calculated Observed 

Oll .0958 .0962 
101 .1007 .1012 
020 .1131 .1136 
111 .1290 .1293 
210 .1613 .1622 
121 .2138 .2144 
002 .2701 .2702 
221 .3136 .3146 
112 .3316 .3318 
131 .3552 .3550 
301 .3667 .3613 
022 .3832 .3829 
230 .3875 .3884 
311 .3950 .3959 
122 .4164 .4161 
212 .4313 .4309 
040 .4525 ~4526 
321 .4798 :4808 
400 .5318 .5335 
141 .5532 .5528 
132 .5578 .5578 
312 .5975 .5980 
331 .6212 .6223 
411 .6276 .6292 
013 .6360 .6356 
420 .6449 .6464 
232 .6575 .6580 
113 .6692 .6686 
322 .6823 .6836 
042 .72.26 .7226 
203 .7407 .7409 
123 .7540 .7550 142 .7558 
051 .7745 .7738 
402 .8019 .8015 
151 .8077 .8077 
341 .8192 .8198 
250 .8400 .8399 
223 .8538 .8538 431 .8538 
033 .8622 .8623 
501 .8985 .8971 
422 .9150 .9153 
511 .9268 .9270 

i(-Chromium K alpha x-rays (A = ,!~6lrf$l. A) . 
a = 6.283; b = 6.811; c :: 4.408 
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Table 16 
YbF3 Orthorhombic Powder Pattern 

Observed hk~ sin2e* 
Intensi tie s Calculated Observed 

vw 011 .0953 .0959 
m+ 101 .1008 .1015. 
m 020 .1137 .1139 
s 111 .1293 .1294 
s- ao .1644 ~1641 
m+ 121 .2147 .2144 
w 002 .2671 .2674 
m- 221 .3165 .3166 
m 112 .3294 .3290 
s 131 03572 .3575 
m 301 03724 .3730 
m- 022 .3809 .3814 
m+ 230 .3923 .3928 
m- 311 .4009 .4015 
w+ 122 .4149 .4156 
m+ . 212 .4313 .4309 
m- 040 .4558 .4557 
m 321 04860 04866 
w 400 .5435 05431 
m 132 05575 05568 
w+ 312 06010 06021 
m+ 331 .6286 

06296 013 06295 
vw 411 06383 .6392 

420 .6569 
s 241 .6585 .6588 

232 06592 
vvw 322 06863 .6863 

042 .6228 .7231 m= 421 .7237 
m= 203 .7368 07364 
w 123 07489 .7476 
w 142 07569 .7575 
vw 051 .7790 .7790 
vvw· 430 07994 .8012 
w . ~402 .8101 .8103 
m+ 151 08130 .8125 
s 341 08281 .8278 
m 250 .8480 08487 
s 223 08505 .8508 
vvw 431 .8659 08632 
vvw 501 .9153 .9159 251 .9148 
s 422 .9238 .9246 
m 511 .9438 .9440 

*Chromium K alpha x-rays (). =~ A) 
a = 60216, b = 60786; c ·Otf 

= 4.434 
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Table 17 

LuF
3 

Orthorhombic Powder Pattern 

Observed hk.R.. sin2e* . Observed hk.Q . 2e* 
s~n 

Intensi- Calcu- Observed Intensi- Calcu- Observed 
ties lated ties lated 

w 011 .0945 00946 m- 312 06038 .6047 
m 101 01005 01009 vw 013 .6205 .6212 
m 020 .1149 .1158 m 331 .6365 .6372 
s III ,1293 .1298 m 232 ) .6606 .6608 
m 210 .1675 ,1685 w 420 .6697 .6714 
vw 201 02046 .2058 m~ 042 .7227 .7226 
m 121 .2156 .2160 vw 203 .7306 .7307 
vw 211 .2332 ~2352 vw 123 .7414 .7414 
w 002 .2630 .2637 w 142 .7574 .7573 
m 221 .3174 03193 VW· 051 .7841 .7840 
m- 112 .3284 03272 151 08188 .8184 m+ :131 .3591 03597 s "402 ,~ .8178' ,:, -': ,. ~-. 

.3798 
, 

.. 8376 08378 022' 
.3794 

m+ 341 s= 301 03779 m- 223 .8454 .8460 
s= '230. .3973 03988 m 250 .8570 .8570 
w+ 311 04066 .4073 s- 422 .9328 .9326 
w+ 122 04146 .4130 m 511 .9615 \.9615 
m 212 04304 04308 Unindexed Lines 
m 040 04597 .4606 w 01230 
m+ 321 .4928 .4943 w .1350 

132 05563 .5562 vw 03454 w 400 .5549 .4458 w 
m 141 .5602 .5608 vw .4765 
vw 302 05751 05756 vw .6801 

vw .7712 

* ;;. ~21C11 
'·Chromium K alpha x-rays (A = ~ A) 

a = 60151; b - 60758, c = 40467 

.. 
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Eo: The Hexagonal Rare Earth Trifluorides 

The hexagonal SmF
J

, EuFy HoF
J

, and TmF
J 

were observed and measured. 

LaF
J

, CeF
3
,PrF

3
, NdF

3
, and SmF

3
, and ACF

3
, UF

3
, NpF

3
, PuF

3
, and AmF

3
, 

have been reported by Oftedal (1929, 1931) and Zachariasen (1948), re

spectively, as having the hexagonal LaF 3 type structure. Nowacki (193~) 

also observed the hexagpnal EuF
3 

but never reported any measurements. 

Table 18 summarizes all of the hexagonal structures. 

SmF 3 was m,easured by Oftedal (1929), but significantly different 
,~k.. 

cell constants were obtained here and we,pe. reported. In light of th~ 

value obtained for EuF
3

, the SmF
3 

constants reported in'this paper were 

found to be more in line with the first four trifluorides (lanthanum, 

cerium, palladium, and neodymium) reported by Oftedal (1929) than the 

constants for the SmF
3 

already reported by Oftedal (1929). 

Tables 18 through 21 contain the powder pattern data observed fJ;"om 

the photographs ofSmF
3

, ;EuFJ , HoF J and TmFJo The radiation used will 

be found in the respective tables. 

The data for the holmium and thulium trlnuorideswere separated 

out from among their orthorhombic patterns. 

All values from the literature have ,been corrected from kX units 

to angstromso 
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Table 18 

IY The Hexagonal (LaF 3 type) Lanthanide and Actinide Trifluorides 

Atomic Compound Cell Constants A cia Unit X-ray Reference 
~ Number a c Cell Den-

Volume sity 
A3 glec 

57 LaF3 7.177 7.344 1.023 327.59 5.957 Oftedal 1929, 1931 

Tysonite 7.138 7.295 1.022 321.88 Oftedal 1929, 1931 
(La-Ce)F3 

58 CeF
3 

7.128 7.288 1.022 320.67 6.124 Oftedal 1929, 1931 

5,9 PrF
3 

7.075 7.232 1.022 313.49 6.289 Oftedal 1929, 1931 

60 NdF3 7.035 7.210 1.025 309.01 6.488 Oftedal 1929, 1931 

62 SmF 3 6.99 7.16 1.024 303.0 6.82 Oftedal 1929, 1931 

62 SmF3 6.956 7.120 1.024 298.34 6.925 Zalkin 

63 EuF3 6.916 7.091 .1.025 293.72 7.088 Zalkin 

67 HoF3 6.833 6.984 1.022 282.40 7.829 Zalkin 

69 TmF 3 6.763 6.927 1.024 274.37 8.220 Zalkin 

89 AcF3 7.41 7.55 1.023 359.0 Zachariasen 1948 

92 UF
3 

7.181 7.348 1.023 328.13 8.959 Zacharias en 1948 

93 NpF3 7.129 7.288 . 1.022 320.77 Zachariasen 1948 

94 PuF
3 

7.093 7.254 1.023 315.86 Zachariasen 1948 

, 95 AmF3 7.065 7.240 1.025 3i2.76 Zachariasen 1948 
.,:~ 

t, , 
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Table 19 
,,\.1 

SmF3 Hexagonal ,Powder Pattern 

~ .. ' Observed hk~ sin2e* 
Intensities Calculated Observed 

m 002 .1035 .1029 

mi lIl0 .1085 .1079 
.,0; 

s 111 .1344 " .1339 

w"'; 112 .2120 .2118 

s- 300 .3254 .3259 

s- 113 .3414 .3415 

vw 004 .4141 .4163 

.. m+ 302 .4290 .4292 

m- 221 .4598 .4597 

vw 114 .5226 . .5222 

vw 222 .5374 .5371 

m 223 .6668 .6671 

w+ 304 .7395 .7393 

w+ 410 .7594 .7577 

s~ 411 .7852 .7855 

w 224 .8480 .8472 
~~ 

w 412 .8629 .8625 

0, w 006 .9317 .9317 

m+ 330 .9763 .9764 
'1 

. *Chromium K alpha x-rays (1 =~ A) 
a = 6.956; c = 7.120 ~·J9{)r 
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Table 20 

EuF
3 

Hexagonal Powder Pattern 

~~""1 Observed hkR sin£e* 
Intensities Calculated Observed 

m 002 .0473 .0477 
to.: 

s 111 .0615 .0617 
m 112 .0969 .096$ 
s 300 .1490 .14$7 
s 113 .1560 .1559 
W' 004 .1$91 .18$$ 
m+ 302 .1963 .1964 
W' 221 .2106 .2105 
W' 114 .23$$ .23$2 
W' 222 .2460 .2466 
m 223 .3051 .3051 
m 304 .33$1 .3383 
m- 410 .347$ .3464 115 .3451 
m+i- 411 .3596 .3605 
w 412 .3951 .3960 
m 413 .4542 .454$ 
w 116 .4752 .4766 
m 225 .4943 .4942 332 .4944 
w+ 414 -.5369 .5351 
m 306 .5745 .5751 
w 600 .5965 .5954 
VW' 117 .62$$ .6271 
VW' 226 .6243 .6255 
m 415 .6433 .643$ 602 .6436 
m- 521 .6576 .6574 
w 522 .6932 .6939 
m 416 .7733 .7529 
w 604 .7$54 .7$36 

11$ .$061 .$070 m 441 .$071 
m 336 .$727 .8732 
m 30$ .9055 .9052 

" m 417 .9270 .9270 
m 525 .9414 .9416 

228 .9552 .9555 ,<, m 711 .9559 
Unindexed Lines 
w .0553 
W' .0657 
VW' .0835 
w .5212 

*€b'pp,at~tfl:,:;K alpha x-rays (A = 1.5418 A) 
a = 6~916; c = 7.091 
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Table 21 

HoF Hexagonal Powder Pattern 3 . . 
,;. 

Observed hk~ sin26*-
Intensities. Calculated O:bserved 

.' m- 002 .1076 .1076 
w 110 .1124 .1124 
s+ 111 .1393 .1392 
w+ 112 .2200 .2204 
m 300 .3373 .3379 
s 113 .3545 .3558 
m 004 .4304 .4297 
s 302 .4449 .4451 
m+ 221 .4766 .4770 
w+ 114 .5428 .5439 
w 222, .5573 .5561 
s 223 .6918 .6926 
s 304 .7677 .7682 
m 115 .7849 .7852 
s 410 .7868 .7856 
s 411 .8138 .8140 
w 224 .8801 .8805 
m 006 .9684 .9682 

*Chromium K alpha x-rays ( A = -2.90~ A) 
a= 6.833; c = 6.984 ,p·M()'f 

Table 22 
. TmF3 Hexagonal Powder Pattern 

. Observed hk,( sin2e;)l: 
Intensities Calculated Observed 

m 002 .1094 .1098 
s 110 .1147 .1136 
s- 111 . '.1420 .1423 
w 112 .2241 .2246 
m 300 .3441 .3443 
s 113 .3608 .)613 ., 

004 .4374 .4380 w 
s 302 .4535 .4526 
w 221 .4861 .4857 

~, . 
114 .5521 .5528 m 

w 222 .5682 .5679 
w 223 . .7049 .7051 
m 304 .7815 .7812 
w 115 .7982 .7974 
m 411 .8302 .8299 
vw 224 .8962 .8971 
s 006 .9842 .9842 

*Chromium K alpha x-rays (A = 2..,J}W A) 
a = 6.763; c = 6.927 ~.~9()9 
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·F. O.ther Analogous RX structures '. 3 

1. Fe)C - Cementite.-- The crystal structure of this material was 

determined and measured (Lipson, Petch 1940)(Hume-Rothery, Rayner and 

Little 1942) .as orthorhombic having had the same space group as we .re-

ported for yttrium trifluoride; the cell constants for F~3C were reported 

as a ::: 5.077 kX! b ::: 6.727 kX; c::: 4.515 kX. Although the cementite 

struc~ure had a similar packing as yttrium trifluoride, there were too 

many differences in the two compounds to consider them as being really 

iso-structural. 

The axial ratios were considerably different: 

IF3 albic = .9724/i/.6413 

Fe
3
C albic ::: .7547/1/.6711 

In the cementite structure the heavy positive iron atoms occupied 

positions corresponding to the light negative fluoride ions in the 

yttrium trifluoride structure. The trifluoride could have been con-

sidered at best a pseudo-anti cementite structure. 

The interatomic distances in cementite best agreed with metallic 

radio for the iron,and the carbon; in yttrium trifluoride the distances 

best agreed with ionic radii for the yttrium and fluorine. Thus IF3 

as compared with Fe
3
C was somewhat of a different type compound, ionic 

versus metallic type'compound, respectively. 

2. BiF3 - Bismuth Trifluoride.-- An orthorhombic structure for 

BiF3 has been .reported by Zachariasen (19492) having a ::: 6.56 A;-

b = 7.03 A; c ::: 4.86 A, albic = .933/1/.691. 

This compound was considered to be of the yttrium trifluoride 

type considering the fact that it was a trifluoride te~d4;k, 
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and the axial ratios were comparable with the rare earth trifluorides. 

G.General Discussion of the Two Trifluoride Structures 
t 

LaF 3 and all of the rare earth trifluorides up to and including 

EuF 3 were observed to precipitate from solution in the hexagonal form • 

. In the cases of SmF3 and EuF
3

, the orthorhombic form was induced to 

appear when made at qr treated to higher temperatures. CeF3 failed to 

demonstrate distructuralism even after heating. 

GdF
3

, TbF
3

, DyF3, and TmF3 were observed to precipitate from solu

tion as the orthorhomblc form and presumably all of the rare earth 

trifluorides from terbium through lutetium would also, given the proper 

. conditions of excluding other positive ions such as ammonium and sodium.,' 
'!' 

The hexagonal patterns in this region of the rare earths appeared only 

after high temperature treatment. 

It has been observed that the hexagonal structures like CeF3, SmF3, 

and EuF gave good powder patterns when precipitated from solution 
. 3 . aJ. IOo·C. . 

without any heat treatment other than drying1 The'orthorhombic tri-

fluorides, on the other hand, had to be heated before giving good pat

terns. Thus it might be possible for the hexagonal structure to'form" 
) 

even though it was less stable than the orthorhombic structure, as it 

would nucleate and crystallize more readily. Thi s might have been the 

case with the precipitation of the trifluorides of samarium and europium. 

In the case of holmium trifluoride when an uncrushed chunk of the 

heated material was photogr~phed, the powder patterns gave stronger 

hexagonal patterns than the crushed and pow~ered.material. This could 

have been due to the fact that the surface was heated to a higher tempera-

ture and 'cooled more rapidly than the interior of the chunk; this is in 
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favor of the argument that the orthorhombic form was the low temperature 

- stable form for these compounds. 
-(A; 

It may be noted here. that the hexagonal form -we.s- a denser and appa-

rently better packed structure. than the orthorhombic form. This was best 

seen in comparing the average molecular volumes in the two structures as 

is shown in Table 23. These volumes were obtained from the unit cell 

volumes in Tables 5 and 18, by dividing them by 4 and 6, respectively. 

Table 23 

Average Molecular Volume in the Various 
COlYlpounds tor the Two Structures 

Hexagonal Orthorhombic % Difference 

49.72 A3 51.84 A3 4.17 

48.95 A3 51.08 A3 4.17 . 

47.07 A3 48.20 A3 2.34 

45.73 A3 47.16 A3 3.03 

The HoF
3 

and TmF3 seem to be off considerably from the hexagonal 
~' 17 

series as can be seen in tfie~e.Kt fi~e. SmF
3 

reported by Oftedal (1929) 

seems to be off also. 

The molecular volumes of the two series of structures were plotted 

and presented for comparison in Figure 17. 

Regarding chemical stability of the various structures, one interest
o 

ing observation was made. Hexagonal CeF
3 

was heated in air at 400 t0600C 

wi thout any apparent chang'e in the pattern except for the sh arpening up 

a bit of some of the lines. When orthorhombic DyF
3 

was heated in air 

to 500°C, it was completely converted to the sesquioxide. This was 
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probably not due so much to the differenoe in the two str~~tures, but 
:;to , 

probably more w:i:th the fact that a.s an ion decreases in size it becomes 

a weaker base, therefore cerium does not have as strong an attachment 

for oxygen as does dysprosium. 

The main purpo~e of this research was to obtain the orthorhombic 
" ~ 

patterns for measurement, and no special effort was ~ to determine 

the various stabilities. This discussion indicated roughly what further 

work would have to be done to more fully resolve the issues. 

'. In summing up the relative stabilities of the two phases, it has been 

suggested that the hexagonal structure was a higher temperature form 

than the orthorhombic structure. In the region lanthanum through 

neodymium, the hexagonal structure was the room temperature stable 

form; in the region terbium through lutetium, the orthorhombic structure 

was :the room temperature stable form. Samarium and europium fit in 

between the two groups and it cannot definitely be said which structure 

is the room temperature stable form; the hexagonal structure may form 

here mainly because it nucleates ,easier, leaving the orthorhombic form 

as the possible room temperature stable form. 

H. Miscellaneous Non-trifluoride, Compounds 

1. Sodium-Holmium-Fluoride Compound .(Hexagonal).-- As mentioned 

previously in the experimental section when sodium ion \.m.s introduced 

into the +3 holmium solution instead of ammonium ion, two new phases 

were observed in the powder patterns of the unheated material: ahexa-

gonal phase and a cubic face centered phase. The hexagonal material 

was probably a sodium-holmium-fluoride compound of some unknown compo-

sition. Comparison with several mixed salts yielded no comparisons, 
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i.e., 1 NaLaF
4 

(Zachariasen 1948), P-NaYF
4 

(Hund 1950 ) and others. The 

powder 'pattern data for this material has been presented in Table 24; 

the face centered cubic lines were separated for discussion in the next 

paragraph. The cell constants for the hexagonal phase are: 

a = 8.862 A 

cia = 0.5688 

c= 5.041 A 
3 Volume of one unit cell = 342.85 A . 

The quality of the picture was fair, the lines tending to be a bit broad. 

The hexagonal phase Showed indications of good crystallization, as evi-

denced by a certain amount of spottiness in the lines. 

Table 24 
Powder Pattern Data of ~ Sodium-Holmium-Fluoride Compound 

Observed 
Intensities 

w 
m 
m+ 
m 
m 
vw 

vw 

m+ 
vw 
w 

m+ 

w 
w 
w 

vw 

vw 
m-
vw 
w+ 
w 

m 

hk~ 
Calculated Observed 

-efr 00/ .0516 .0512 
110 .0669 .0666 
101 .0736 .0740 
111 .1185 .1180 
201 .1407 .1414 
210 ,.3.560 .1552 
211 .2076 

-002 .2065 
301 .2522 
221 .3188 
212 .3625 
401 .4060 
302 .4071 
103 .4870 
312 .4945 
113 .5316 
500 .5571 
203 .5538 
402 .5609 
330 .6016 
501 .6087 
420 .6238 
303 .6653 
412 .. 6744 
421 .6754 

02080 

.2527 

.3185 

.3627 

.4073 

.4871 

.4965 

.5314 

05545 

.5634 

.6026 

.6036 

.6215 

.6649 

.6743 

vw 223 .7319 .7324 
vw 511 .7423 .7427 
vw 313 .7543 .7542 
w 520 .8690 .8690 
m- 323 .8881 .8877 
w 512 .8972 .8970 
w+ 413 .9326 .9324 
vw 214 .9821 .9816 

*Chromium K alpha x-rays CA. = 2.9G~ A) 
a = 8.862 A; c = 5.041 A ~~~o'l 
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2. Holmium Oxyfluoride (Face Centered Cubic).-- Tpe face centered 

cubic phase was found to have far too big a cell constant to be anything 

like sodium fluoride; it was suspected of being either HoOF or NaHoF4, 

both of which might have the fluorite structure. The intensities of 
L:....e,.. -t:J.A.. ~ 

these tJti@t pe ssi el-ecompounds were calculated (on the basi s of a fluorite 

structure) and corrected fO~~izatio~ multiplicity and then com-

pared with the observed intensities. This treatment showed that this 

compound was probably HoOF. The observed and calculated data on the 
2 Q.M, ~ 

intensities and sin e 'tepe p1a..c;.eQ....in Table 25. The cell constant was 

found to be: 

+ a = 5.523 - 0.003 A 3 V = 168.48 A . 

Calculated x-ray density of HoOF = 7.881 g/cc. 

Table 25 

HoOF, Calculated and Observed sin2e and Intensities 

Intensities. 
sin2e* h2+k2+J..2 Cal.culated For 

Calculated Observed hk~ Observed HoOF 

.1289 .1291 3 111 s+ 100 

.1724 .1721 4 200 5- 30 

.3447 .3442 8 220 s 52 

.4738 .4732 11 311 s 47 

.5187 .5162 12 222 w+ 10 

.6888 .6883 16 400 m+ 14 

.8176 .8174 19 331 s 50 
·.8603 .8604 20 420 s- 33 

*Chromium K alpha x-rays eX. = 2.9~ A) 
~.~qcq 

Other known oxyfluorides are: 11 
AmOP (;~ ) ~:; 0·(. f 

AcOF (Zachariasen 1949~? a = 5.955 A 
PuOF (Zachariasen 1949 ) a = 5.70 A 
LaOF (Klemm ~nd Klein 1941) a = 5.77 A 
YOF (Templeton and Dauben) &, = 5.51 A 

NaHoF4 

100 
2 

.68 
46 
<1 

3 
48 
30 
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3. An Ammonium Rare Earth Fluoride Compound (Cubic). -- Nowacki 

(1938) never was able to reproduce the cubic compound he described as 

yttrium trifluoride. Hund (19502) tried to approach this cUbic phase 

by mixing together varying quantities of ~-NaYF4 (cubic) and YF
3

. As 

he increased the YF
3 

content he got a Series of cubic compounds with 

increasing cell constant approaching Nowacki's value; however, the cubic 

cell was not afthe same type, and the densities began at values below 

Nowacki's density and increased far beyond. 
~~--~~ ~ 

In three cases · .. ·e fetH'l<i mate~J...s- during ~ investigations that 

had many similarities to Nowacki's cubic patterns. As was mentioned 

previously under the experimental section when holmium, erbium, and 

thulium were first precipitated and dried, they gave cubic patterns of 

the same type; when these materials were heated they were transformed 

into the trifluoride structures. 

The material from the holmium precipitation was measured and in

dexed as a primitive cubic lattice with a = 5.81 ! 0.01 A. The thulium 

and erbium films were not measured but their cell constants were esti-

mated not to vary from that for the holmium compound by more than th e 

error limit. This was probably due to a very loose structure, and to 

the close value of the radii of the respective ions concerned. 

The observed intensities obtained by visual estimation seemed to 

check fairly well with those reported by Nowacki for his cubic yttrium 

trifluoride pattern. This can be seen in Table 26 which presents 

Nowacki's intensities versus the ones obtained in the holmium film. 

The cell constant was much larger in our case than with Nowacki's 

(a = 5.664) which was probably due to his use of sodium ion and our use 

of ammonium ion. Nowacki probably had a mixed sodium-yttrium-fluoride 

salt of some unspecified composition. 
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Table 26 

A Cubic Ammonium-Ho1mium-F1uoride Powder Pattern 

hk,( 
Calculated Observed 

100 .0389 .0383 
110 .0777 .0770 
111 .1166 .1162 
200 .1554 .1552 
210 ' .1943 .1948 
211 .2332 .2311 

.2616 
220 .3109 .3108 

.3409 
221 .3497 .3493 
300 
310 .3886 .3899 
311 , .4275 .4277 
222 .4663 .4651 

.4956 
32) .5052 .5044 
321 .5440 .5432 

.5768 
400 .6218 .6218 
322 .6606 06575 
410 
330 
411 

.6995 .7005 

331 .7383 .7384 
420 .7772 .7768 
421 .8161 .8148 
332 
422 .9326 .9330 

Observed 
Intensities 

w+ 
m 
s+ 
m 
w 
w 

s 
vw 
w+ 

vw 
s 
w+ 
vw 
w-
w+ 
vvw 
w+ 
vvw 

vvw 

m+ 
m 
vvW 

m+. 

~k 

Chromium K alpha x-rays (A. = -2-r9E><r A) 
-:H:-Cbpper.L K alpha x-rays ~·;J.9oq , '. + 

a = 5.81 .... 0.01 

Nowacki's 
Intehsiti~s .' . " ** For Cub~c YF3 

w 
w 
s 
m 
vw
vw-

VB 

w 

vvw 
s 
w+ 

vw
vw 

m-w 
vvw 

vvw 

m 
m-w 
vvw 
vvw 
mi 
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