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- The Atemlc Parameters in the Lanthamum Irifluoride Structure™
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 BY ALLAN ZALKIN, DAVID H, TEMPIETON, AND TED E. HOPKINS

Crystals of IaF3 exhibit a structure which is typical of rumarous

‘trifluorides of lanthanide and actinide elements, In 1931 Oftadalg

suggested a structure, based on a study of crystals of the mineral
tysonite, with the éssumption.that the épace group is P63/hcm, but
vith atomic coordinates which correspond:alﬁcst to ihe syrmetry
'P63/nmw with & smaller unit cell, The evidence for the iarger cell

is the presence of weak reflections which may easily escape detection -

e -
‘in powder diagrams, Schlyter’ failed to see thase,reflections-with

tysonite crystals, but Templeton and Daubenp found them with a synthetic

crystal of CeF3o The atomic positions givén by Oftedal give lahthanum

a peculiar coordination geometry with five nearest neighbors and six

more neighbors at a greater distance,

Wé were prompted to s tudy IaFB again by the availability of

excellent synthetic crystals and recent interest in the spectroscopie

~ properties of ions in this structure. When we had nearly finished the

determination of the structure, we learned that Mansmanns had independently

teached the same conclusidns concerning the symmatry and assignemsnt of

~ atoms to pelnt sets, without reporting atomic coordinates.
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We conclude thét Oftedal's cell is correct and that his coordinates
for La are quite accurate, but thatvthe crystals are trigonal rather
than hexagonal, Because of his failure to recognize this point symmetré,
Oftedal did not consider the correct -space groub9 and hs misplaced
most of the F atoms. In our structure, each La is on a two-fold axis

and has nine neighbors (a normal mumber) at nearly equal distamnces,

Ezperirental Section
A large crystal of lantharmum trifluoride, purported to be 99,999
per cent pure, was sent to us by Dr. Kenneth Lee of Varian Associates
in Palo Alto. A fragment of this crystal abou# 0.1 td 0.2 ﬁme in size
| wag glued to the end of a Pyrex fiber with the hexagonal axis parallel
-to the :iber axis, The crystal was dipped into liquid nitrogen rapidly
several times in an éttempt to diminish extinction effects by increasing '
the nnsaic spread by thermal shock, but no effect was: observed An’ the
-intensities before and after the trestment. Diffractiqn angles and
intensities were measured with an Fulerian cradle gohiostat equipped
with a scintillation counte: using.Mo Ka radiation ( X(Kal) = 0,70926 &, ).
" The cell dimensions measured at 22° are: R
a = 7,185 % 0,001, ¢ = 7.351 £ 0,001 A,

in excellent agreement withthe values reported by'Swansong et a1.6 The
density calculated with 6 moiecules per.cell is 5.938 g/ml.
| The diffraction intensities correspond to laue symmetry 3ml, but
- there are clear vidlations of symetry 6/mmm and 6/my i.e., I(hke) =
" I(h+k,-k,2), biit I(hke) # I(-k,hek,2). Thus the crystals are trigonal

. ratharvthan he%agcnal (in the strict sense). The failure of previous

workers to recognize ths lower symmetry may be the result of twinning in
their :pacimans or the result of low accuracy of irtensities estimated

!

from £ilms,
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We failed to detect any pyroelectric effect when a large crystal

a2

fragment, suspended on a thread, was dipped into liquid nitrogens
_— when withdrawn the erystal showed no attraction for the side of the
dewar, The systematic absénces, ( hOf) absent if £ = 2n + 1, correspond
to space groups P3cl and P3cl, We conclude that the crjstals are
centric because 2 reascnable stfucturé ié found in space group P3cl
(DBI(;), No. 165 in the International Tables'.
The intensity measureﬁents included 951 independent reflections
(ali positive hké with 26 <90%) of which 65 were recorded as zero., The
data were corrected for the Lorentz-polarization effects, The abéorption
factor 4 vaes estimated to be 5200 cm&l, and the R for the crystal was
estimated ~2, The data were not corrected for absorption, An empirical
extinction correction was made baéed on an approximation suggested bj
Zachariasen® where T o ctedq © Fobserved(l°o + CJ), where T is‘tha
scaled structure f;ctor,,d is the ray observed intensity, and C is an
adjustable constant. | 7
The structure given by Ofteda12 can be fittsd to space gr§up

P3el by assigning the atoms to point sets as listed in Table I, Prior

_to the extinction correction, we attempted %o fefine this structure

with a full-matrix least squares program, with trial-and-error displacemeﬁts !
-.qf various atoms to break ihe higher symmetry. The firét set of refinaments

went poorly;- i.e. The R factor, R = Zil[Fo[uchzf/gngof, stayed

high (~0,15) and the temperature factor for the 2 fold {luorine "blew up',

Different trlal structures and the use of a non-centric space group {(P3cl)
‘gave even worse results, ' We observed what ‘appeared to be severe extinction
effects, and by deleting some low angle data which included soma of ths

larger intensities, definite improvement in the refineﬁent resulted,
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A plot of FO/FC (observed and calculated structure factors) versus the‘

intensities showed a very definite extinctionrtypé'correlation. From

' this plot a value. for C in the extinction correction was obtained, ard

then it was adjusted in the least squares refinement, The extinction
was so gsevere that the two most intense reflections were observed ons=

eighth of their calculated values. In the final refinements the anomalous

dispersion factors for La*3 were inclucded (.Af'=-0,L, Af"=2,9 electrons).9

An anisotropic temperature factor of the form exp~(h2511¢k 522¢£2§33+
2hkﬁ12¢2h8313¢2k8523) was applied ﬁo lantharmum, with suit#ble'qonstraints
because of the 2-fold éxis, and an isotropic temperature factor of the
form exp~(Bsin29/k2) was applied to each fluorine, The five most intense

reflections, and seven of the reflections with the worst agreemenﬁ vere

deleted from the final refinemsntg. The final B factor was 0.052., A

table of the observed and cdaleculated structure factors is available from

the Amsrican Documsntation Servicelo

Results

ST YT T

Tables I and II show the final positional and thermal pargmetera
respéctivelyo The standard deviations shown in Tables I and II are

estimates by the authors rather_than the results of the least squares,

and in all cases are considerably larger than the calculated values,

These estimates resulted from a study of the parémeters as conditions
of the refinement were modified, The parameters changed considerably :-

more than the calculated standard dev1a*icns when just high angle data

" was used or whqp the extinction correction was introduced, Our estimates

4

of the standéfd deviations bracket these fluctuations more'realistically
and becauoe of -the highly non—random nature of the errors. here,; the '
authors believe that an educated guess is preferable to a mathematical
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‘ TABIE I
_POSITIQNAL PAR.AHETBRS IN LANTHANUM TRIFLUORIDE
A No.. A‘fom Point, .  Positions and Positional Parametérs

o Symmetry
6 o la 2 - (x,O,l/h, 0,%,1/L3 X,x,1/L) |
T " x = 0,3L0L  0,0005
12 12(1)_:_1; 1 nff:..i(x;y;és YsX~y 525 Y=XsXs23 |
| .V , y,x,1/2+z; x,x—y,l/2+z, Y=Xy¥s1/2+2) .‘ B
: X = 0,312 % 0,002

y ==0,055 2 0.002
T 7= 0,581 £ 0,002
BT TR S _+(1/3,2/3,z, 173, 2/3, 1/2+1) R
ST e 2= 0.313 0. 002‘

(TABIE IT-
TEMPERATURE FACTORS (A.)a IN IANTHANUM TRIFLUORIDE
Atom Temperat ure Factors . _‘ - -
m .<m1=m6:m2f'mzwmétmzﬂ;ngmsimaWj_
~p2=o0,P BI3 = -0.028% . B23 ==0,05 % 0,01 .
FQ)  Belatod e ' s
F(2) B= 1;0' o |
F(3) B = 1e7 i,o;7

14

- ”Anlsotropic Bij = p /ha :}‘, where a:L is the :Lth re01proca1 a;d.s length.

' : ,*Symmetry considerations force 822 = 2B12 and B23 = 2B13.




N
|

B

1/.'})-,
AT o
Wie v
A
L

~Atom

F(Q1)

(&)
—1
Ul
n

b= UCRL~16

flction, The thermal paramsters (other than Bl3 and B23) are gystematically
lower than the true values, because of mglect of absorption, by an
iunknown amount which is estimated to be about 0.6 Azo This effect is not

included in the estimated standard deviations, Table III shows a list

of interatomic distances,

The structure we find has lantharmum in almost exactly the positions

reported by Oftedal. The fluorine atoms have been shifted so that of

~ the 6 second-nearest nelghbors of each lanthamum, L have moved closer

and 2 have moved away; thus lanthamum has a normal coordination-mumbey -

£ 9 We have fajled to find any simple description for the geometiry

- of these neighbors, Each fiuorine hag 3 lanthanum neighbors,

TABIE III
INTERATCMIC DISTANCES OF IESS THAN 3 A IN LANTHANUM TRIFLUORIDE

Atom Distance (i) . \ Atom Atom Distance (A)
- 2 F(2)  2.416 £ 0,003 | FQ)-=1 F(2) 2,69 * 0,02
-1 F(3) 2.u43 % 0.00L - - - =2FQ) 2,74 I 0,02
=2 F(1) 2.6 % 0.02 1 - -1F(3) 2,76% 0.01
=2 F(1) 2.b9 % 0.01 . | =1 F(2)  2.79 % 0,01
-~ 2 F(1) 2.6L % 0,01 | =1 F(2) 2.87 % 0.02
~2 F(1) 3.01 % 0.0l  F@)-31a  2.116 % 0.003
-1 1Ia 2646 % 0,02 , : - 3TF(Q) 2.69 %o0.,02
~1%a 29 o0l . =3FQ) 2.79 % 0.00
-1 Ia 2.6 % c.01 - S -3 F@Q) 2.87 * 0402
-1 1Ia 3,01 * 0,01 | B  F@) -3 la  2.Lh3 % 0,004
-1F(1) 2o5f +0.03 | | - 6F@) 2,76 % 0,01
-1F@1) 2.§é + 0,03
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Observed ‘and calculated structure factors (x2.0) for lemthenum e

_ . : ' ' Y
4rifluorides The FOB in this table is derived from the row intensity J

(corrected for background only) by the formula:

| FOBeSx JxIpx(10+CxJ)
- whore S is a scaling factor adjusted by the leas?t squafcs and has =2
value hore of 109826$ | |
.Lp is the Lorentz-polarization correction,
?lénd C is the extinction paramster end bas the value hers of 0,000L6k,
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TABLE 3. OBSERVED AND CALCULATED STRUCTURE FACTORS (X 2.0) OF LANTHANUM TRIFLUORIDE.

4 420 435
& 397-428¢
8 232 244
10 191-196
12 170 174
14 101-110

10 177~-182
12 158 158
14 99-105

HiK= 0y &
L FOB FCA
0 58 -68

8 191 191
10 139-145
12 116 121

8 20 -21

HyK= 0411
L FOB FCa
0 42 42
2 45 -4
4 43 40
6 34 -37

HeK= 0,412

L FO8 FCA
0 128 123
2 121-134
HyKs 1, O
L FOB FCA
2 14 13
4 47 -43
6 9 &
8 9 14
10 o -4
12 7 4
14 0 -1
Hoke 1, 1
L FOB FCA
0 324-284¢
1 464-426e
2 174 166
3 483 537
4 181-183
5 272-305¢
6 203 210
T 232 249
8 129-133
9 222-228
10 101 100
11 140 142
88 -80

13 107-108
14 49 &7
1K= 1y 2

L FOB FCA
0 19 20
1 31 -28
2 42 =43
3 36 -39
4 28 34
5 42 44
6 32 -38
7 9 3
8 15
9 16 17
1o 0 1
115 =15
12 1 -1
13 0 2
1 0 2
HyK= 1, 3
L FOB FTA
0 32 -35
1 67 -89
2 15,13
3 16 17
4 55 -56
5 15 -12
6 17 18
733 34
8 & &
9 11 -12
o 118
i 79
12 0 -3
13 13 -13
Hike 1, &
L FOB FCA
0 168-175
1 318-319
2 152 156
3 332 340
4 153-151
5 254-259
6 155 153
7 204 208
8 113-117
9 184-181
107 89 87
11132 128
12 72 -66
13 94 -95
Hek= 1, 5
L FOB FCA
o 29 29
1 16 &
2 32 -33
3 49 -s2
4 16 16
5 47 46
6 36 -37
7 10 -6
8 11 17
9 29 26
10 1
1119 -19
12 8 s
13 0 4
Hok= 1, 6
L €08 FCA
0 26 -31
1 60 -62
2 28 29
3 26 28
4 39 -43
5 33 -33
6 20 22
7 43 41
8 12 -9
3 19 -19
1013 12
1120 19
12 8 -7

11 98 103

HeK= 1, 8
L FOB FCA
0 23 22
1 26 23

L FOB FCA

HyK= 1,10
L FOB FCA

L FOB FCA

13 104 102
14 42 45

HyK= 2, 3
L FGB FCA
0 32 34
1 18 18
2 83 -85
3 40 41
4 33 34

5 25 -26
6 44 -4b
T 6 =4
8 37 39
9 17 -18

0 7 -6

o7 10
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13 20 21

10 15 715
11 116-115
12 &0 -57

HeK= 24 &

HeK= 2,11
L FOE FCA
0 49 -53
1 96 100
2 52 58

HiK= 3, 0
L FOB FCA
2 496-469%

4 373 386
6 350-357
8 226 228
10 177-184
12 163 157
14 97-105
HeK= 3, 1
L FOB FCA
0 32 -¥
1 16 -6
2 26 .28
3 17 18
4 33 37
5 43 -42
L 5 =4
7 8
8 15 -11
9 6 =1L
10 7 3
1L 12 1e
12 7 -13
13 o =4
HeK= 3, 2
L FOB FCA
0 32 34
L 43 ~42
2 20
3 39 4
4 50 47
5 5 S
6° 26 -28
7 26 25
8 20 22
9 21 -19
10 33 =36
1 0 3
12 17 19
13 8-1
HiKe 3, 3
L FOB FCA
0 430 423
8 -3
2 364-364
o -
4 307 311
5 12 =2
6 275-270
6
8 205 199

9 1 2
10 168-160
nm o 1
12 132 131
13 o

-0
HeX= 3, 4
L FOB FCA
¢ 53 -59
121 -22
2 44 42
3 9 9
4 16 12
5 29 -29
6 25 23
711 1
& 25 -21
9 T -7
1 a7
1 13 13
12 23 -20
HeK= 3, §
L FOB FCA
¢ 35 13
1 16 -15
2 36 -32
3 27 28
4 55 S2
5 o -2
& 34 =33
1112
8 32 35
9 19 -15
IC 44 -40
11 o 3
12 20 22
HiK= 3, &
L FCB FCA
© 256 252
o -3
2 258-254
6 -
4 217 213
7 -3
& 184-180
12
8 1£0 155
0

S 2
1C 119-120
11 0 1

FeKs 3, 7
L FOR FCA
o 46 =50
1 14 ~19
2 16 35
3 1 8
4 15 =12
5 21 -18
6 28 26
7 T
& 22 ~20

9 8 -6
10 13 13

HyK2 &4 1
L FO8 FCa
0 173175

11132 125
12 7L -66
13 102 -97

R R
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feg=

S
|

=

HeKe 4y 4
L FOB FCA
€< 103-115
1 239-24C

12 50 -51

KoKe 4y §

47
20
21

Q
25
0

Coom~ow

25

HeKs
FOB
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10 19
nmn 7
12 a
12 23
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4y &

e T

5 102 108

Hek= 5, 9
L FCB FCA
o 28 26
1 17 -15

HeKe 6y Q

12 114 12¢

HoKa &, 1
L FOB FCa
0 28 -3}
1 39 -36
2 29 29

10 131-126
11 o 1

HyKe 6y 8
L FOB FCA
0 32 34
1 0

2 33 -37

Hik= 7, O
CA

5 138132
6 71 70
T 126 120
8 69 =67
9 95 -94
HeKe T, 5
L FOB FCA
0 0 -2
1 41 43
2 13 12
3 39 ~40
4 0 -6
S 38 36
& 0 -6
7 30 -30
HoK= Ty 6
L FO8 FCA
37 -38
1 29 =26
2 34 34
3 13 17
4 31 -3t
5 20 -24
6 30 31
WK T, 7
L FOB FCA
0 49 =51
1 97-10)
2 49 S8
HiKe 8, O
L FOR FCA
263 -69
4 60 55
6 42 =43
8 45 43
10 24 =24
HeK= 8y 1
L £0B FCA
0 23 22
1 48 46
2 6 -2
3 44 -44
4 11 1
5 28 23
6 20 -19
T 37 -36
8 7 1
9 31 28
10 13 -17
HeKe 8y 2
L FO8 FCA
0 84 -86
1 182 183
2 83 82
3 158-154
4 92 =91
5 147 142
6 85 15
7 14C-132
8 713 =67
9 165 98
KoK= 8, 3
L FOB fCA
¢ 43 4C
11 -5
2 58 -53
3 12 15
4 85 51
5 € =3
6 18 -35
i 4
8 34 36
FyKo By 4
L FOB F
o ¢ s
1 43 ¢
2 ¢ 71
3 43 -39
4 71 =2
5 31 13
6 -9
T3¢ -3
Fek= B4 5
L FCE FCA
G &C —&2
1122 124
2 54 58
3 1C6-107
4 58 -¢€2
5 94 103
kok= By &
L FOB FCA
0 36 34
1 13 -10
2 238 =27
Feks 9y Q
L FOR FCA
2 208-199
4 195 198
& 153-151
8 127 126
1¢ 1¢8-112
Foks 9, L
L FOB FCA

0 25 -28
1 44 -44
2 21 22
3 21 32
4 1 -6
S 47 =38
6 13 13
7 31 30
8 13 =14
9 L7 -20
HoKs 9, 2
L FOB FCA
0 26 24
1 29 =29
2 21 =20
3 31 32
4 26 24
s 22 -19
6 21 -22
T 25 .24
8 23 22
HyKe 9,
L FDB FCA
155 152
0 -2
2 155-~149
3 0 -2
4 146 146
5 0 -3
6 113-114
713
HiK= 9y 4
L FOB FCA
0 32 -33
1 34 =35
2 20 19
3 23 2%
4 17 =26
5 25 =28
Hyk= 9, 5
L FOB FCA
o 32 26
113 -15
HiK=10y O
L FOB FCA
2 42 34
4 45 -4
6 35 35
8 22 -20
HyK=10, 1
L FOB FCA
0 62 =66
1 145147
68
3 122 123
4 76 =76
S5 l12-112
6 60 &2
T 103 109
Hyk=10, 2%
L FOB FCA
0 13 -15
1 a5 44
2 13 18
3 36 -38
4 8 -13
5 32 33
& 0 &
HyK=10,y 3
L FOB FLA
0 31 -34
18 -12
2 32 34
3 8 8
4 32 =34
HaK=L1, O
L FOB FCA
2 54 -48
4 54 50
6 38 -39
HeK=tle 1
L FOB FCA
¢ 13 13
L 36 33
2 8 -8
3 34 -30
“ 8 11
5 28 27
HeKzll, 2
L FOB FCA
0 49 -S3
1 106 11t
2 48 S0
HeK=12, 0
L FOB FCA
2 116-119
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