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4'.X-ray diffraction data from.poor oingle crystals of'Tb013 show that |
the crystals are orthorhombic, space group Cmcm, Wlth as= 3 86 ¢ 0. 02, ;
:“;TE = 11.71 & O. 03, c= 8 48 + 0.03 A The structure is  the -same as’ .
.;%'that of PuBr3 I Each Tb has C1 neighbors at tha corners of a trlgonal
:'prism (2 at. 2.70 A, h at 2,79 R, Two more Cl neighbors (at’ 2 95 A)
:are adjacent to 2 of the 3 lateral faces of the prism.f{ifﬂﬁj;.y-

I

Introduction -

TIPS P PGPS PO PO P

Bommer and Hohmann2 observed from x-ray powder photographs that the
trichlorides of the rare«earth elements have three different crystal structures.
The trlchlorides.of the elements lighter than terbium, as well as many

bromides.and hydroxides, have the UClB-type struoture.3 The trichlorides
| L

of the elements heavier than terbium have the YC1 -type structure.” Terbium

3
" trichloride and a second form of DyCl3 have a third structure which was

determined in the'present investigation. After the structure was known

& -
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it became obvious that it was the same as the structure determined by

_iZacham.asen5 for PuBr3 Many other brommdes and iodides have this structure T
3,6 |

e
R

; " alsos NiBr, Smbry, EuBrB, p-NpBrz, AmBrB, LaIB, ceza, Pz-x3, Wy,
UL, NpI,PuI,andAmIB. | TR
- Zachariasen determ;ned the PﬁBr3'structure:froﬁvl7 lines on avpowdéf'f -E'
‘diffraction pattern. Our work with single crystals gives essentially the
ﬂ: same atructure wzth greater precision for the atomic coordlnates. .
Bmerimental

: It’is'mﬁchjmore difficult to_prepare>sing1e crystals of Tbclj than
© of the other lanthanide chlorides, but aﬁter éome.failurés e

" we - prepared thelsamplés'hy the: following method. Terbium oxide (Tbh07),
was dissolved in’hydrochloric Aéid and evapérated to dryness. The oxychloride -
' formed was broken up and. treated with HCl at hOOo for two hours to produce

'the trlchlorlde. This trichlorlde was dunped in vacuum into a sidearm tube,
* sublimed inﬁo.the sidearm (of vitreous silica), and sealed off. . The trichloride
' in the silica tubg'was paséed through a crystalegréwing‘furnace-at a témperature
slightly above the melting point,7 588 + 1§b;

| ‘To prevent formation of the oxychloride, ﬁhe silica tube was broken

" open in a dry box, and samples of TbCl3 wéfe‘loaded_into Iindemann glass
' capillaries (0.2 vm. diameter and 0,01 mm. wall thickness). A diffraction
| pattern of a powder sample was in agreement with the powder diagram

. reported by Bomﬁer and Hohmann2

and confirmed the absence of the oxychloride.
Only poor éingle'érystals were obtained. They were long.thin plates

of a'fibrous nature. The x—rayfpatterns showed the Best specimens to have

various domains rotaféd by'up to’lSlor 20° about the fiber axis (g axis)

with respect-tb each 6thgrui This;rotation resulted in a corresponding'

2

RO .t . .. SN, e
AT B P T S



UCRL-10910
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elongation of'the diffractioh spots which diminished our sensitivity for
observation of wéah peflections and made difficult the estimation of intensiti;s.j_
With one specimentwe obtained Weissenberpg photographs (layers 0 and 1) with -
rotation about a and with Cu radiation (A . 1.5418 A). This crystal then i
suffered a mishap. Further-photography of o poorer crystal with Mo radiation

(A = 0.7207 A) and the same setting gave Weissenberg diagrams (layers o

’ through 2) and a precession photograph (noe reflectlons)

Intensities were estimated (by visual comparison'withka'ocale prepared

by exposing one reflection for various times) for 69 ihdependent reflections

on the zero-layer Weissenberg pattern (Cu radiaﬁion). of theoe, 13'were.
recorded as zero. Intensities were recordod on a qualitativé scale for the
“three weissehberg photographs taken with Mo radiotion.

No correction was made for absorption.' The linear absorption coefficients
are estimated as 53 cm."_1 (for CuKa) and 8 om.'l (for MoKa). The acouracy of
the data is limited by neglect of absorption ond by'%he.difficulty of ihtenéity
'estimation. ‘ | | u o

Calculations wero made with the IBM-7090 computer using the'Zalkin.

Fourior program-and our vérsion of the Gaﬁtiél;Spafks-Troeblood'least-squares
program (both unpublished). The function minimized in least-squares was
Z(IF |~F, I)Z/SF We used atomic scattering factors for C1~ from »

8 9. 10

Toers®-and for Tb** -from Thomas and Umedan w1th a dxspersmon correctlon

of -ll.'”

e

sults

Unit Cell and Space Group.—The crystals afe'orthorhombic. Mean values

of the cell dimensions calculated from Wéissenberg photographs (for b and c)

v el u,—.,

-and ‘rotation photographs (for a) are: . | ": _ o f“" : e

~ a = 3.86 * 0.02, b= 11.71 + 0.03, ¢ = 8.48 « 0.03 A,
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The systematic absences (hk¢ absent if h+k is odd, hO¢ absent if ¢ is

e

odd) are charactgristicvof space groups _(_3_r_n_c_21, 22@, and Cmcm, _We find_ |
a satisfactory structure in the centric group Cmem (th”)' |

The symmetry permits only 16, 8, or h;fold positi;ns. A comparison
of thé- molecular volumes of some trichloride 's.tructures (Table I) shows‘
that L molecules per unﬂ; céll is the only reasonable nunber. With 2=, |

the calculated densxty is h 60 g./cc.

TABLE I | o
MOLECULAR VOLUMES OF SOME TRICHLORIDES : o e
Crystal ' Unit cell Molecules Molecuiar - "
“volixme per cell | volume
NGCLy (UoLy-type) | TTI9R6 M2 99,8 K
DyCly (YCly-type) 493.5 C k. 1234
™, 3833 L - 9.8

Determination of the Structure.~~A study of the photographs showed
Athat the distribution of intensities is similar for-h'= O and h = 2.
" Thus the atoms imst all lie'in (or near) planes with x =0 or 1/2. This
fact and considerations .of atomic‘ size permit;;ed an unAmbiguous interpretation
'to be 'rr.léde of a Patterson projection caiculﬁted with ﬁhe Ok¢ data. Atoms
are located in special p051t10ns, Tb and Cl(l) in L{c) and C1(2) in 8(f),
~Le):  x(o, z, E) + (0, 0, 0} :;, :é, 0), '

8(£): (0, x, zy; 0, ¥, %‘- -z) + (0, 0, O %, %, 0).

Atomic parameters were refined by ieast.squares using the vO_k_&_ data. With
-v."i's'otropic temberature factors of the form e:qa(-_l?_sinze/x2) and a scale factor
" there were 8 independent -parameters. The funct;lon'g = 3| !FOI-IFCI I/ ZIF, )

: was reduced to 0.18 for the 69 observations. fl‘his‘discreﬁancy is believed to

be no more than the érvro‘r"‘s in the data.' The'finall' values of the observed and
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calculated structure factors are listed in Table II and the final parameters

in Table III. Because of the neglect of absorption, the thermal parameters

'_'are expected to be 1ower than ‘the true values, as that of 01(2) obviously is.~'"€'

TABLE TIT
ATONIC PARAMETERS AND STANDARD DEVIATIONS

-

j.;Atom X e 'z:f "'i?*g'ilj‘. z . 5,4{?‘§,_K?ﬂ. .
<l 0 '_‘f},_‘o..?.hh”'; 0oL 1/ L 0. |
(1) - . 0""?:-{'.- L.s83£.003 . -.hf.";;t.'j
c1(2) o' T LS ¥.002 6.569';"'.'002:1 02

‘As a check of the correctnese of the sﬁructura we‘calcuiaied‘inteﬁsiﬁies‘.'
for the Weissenberg pat@ernslﬁhich_were taken with Mo ré&ietion.lj' All were'::'
‘.t:in satiéfaétofy agreehent’ﬁiﬁh‘fhe observed intensities;f}@fpertibn of:theiéye

"~data for h = 1 are ‘listed in Table IV.12 -.,, ‘ iu
."Interatomic dlstances are listed 1n Tables V and VI. ﬁech'Tb haslétf
:_jnearest Cl1 nelghbors at an average dlstance of 2. 81 A Each Cl1 has elther

f:ll or. 12 c1 nelghbors closer than b A .  ,;;”'* -;.

DISCUSSION
' The structure is closely similar to that détermined.fér PuBf3 By'
.Zacharlasen.s The atomlc coordlnates, after 1nterchange of aand b and
X a shift of orlgln, are.compared with the PuB;'3 coordinates in Tablé VII.
.e_ In this setting, the space“group symbol is Comm. - The agreement of these
: independent determlnatlons is gratlfylng. s ‘
The structure can be described as consisting of trlangular prlsms with

" Tb at the centers'and Cl at ‘the cornerst These prisms share trlangular faces
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' TABLEV
SR NEIGHBORS OF TS':‘A'gom Lol
Neighbor .. Mumber "':_:w:'.':l":‘;:_])ista.mce;-‘:'A.': RIS
Lc@) “ 2" 2.70 £-.02 :_}."} -
cea(@). s sl -_ R 2.79 ':.{.oa":,;'
CL(2) & o wiE R iiia98 si0e
ca(a)i '-’r:-s,i‘t-;l . 3.97£..03 B

P .
SR R A AP SO
, RN

-



ST T yeRe10910

 TABLE VI
R _  Cl=C1 DISTANCES f; ;“}f | ,
o Atomji, " Notghbor - f;:;Numbefcf' ff'v Distancg, A:;‘”
K :"‘:"01(2)'f”f.‘if.' L 3o a0z
a@ e 3.53 + .0l -
@ = " 3.63 1703
o " 3.86 o2

+

'1C1(1)1 -

[ 2

=
rd

\

Ta@ S

;.A_ffff'01(2){

c1(2)

N

- A3.67 £ .04 -
335 %.03
3.0 £ .02
| 3,53 .oh_ﬂ
'.; 3.58 & 0L
3.63 £ .03
3.86 £ .02

| ) |
c1(2) ﬂ< ca(1)
ol e

i+

ca(1)
'. _ €1(2)

1+

I R NN = R T S N I A

TABLE VII
‘ATOMIC COORDINATES OF ThCl, AND»puBrBa
Paraneter 7 TbCl;: ;"PuBr3b'. o
x(Tb or Pu) S 0.256 . 0.25°
x(cL(1) or Br(1) -3 Caor
x(c1(2) or Be(2) .355 .'f"> Jﬁé,iu} :
2(C1(2) or Br(2)) -.069 ) 2,05 M%

‘ 8)lternate setting, space group Cemm. bZachariasen,‘ Ref. 5.



UCRL~1 0910

“Ge

to form columns parallel with a.. The UCl3~type structure can be desqribéd |
‘in terms of simi;ar triangular'co1umns, but the two structures differ in éhe
t  _way the columns are packed togetherv(Fig.bl). - In the UClB-typé structure there
are three neighboring éolumnsbarranged so that eaéh:ﬁ atom has. three Cl' v;
neighbors adjacent to the lateral faces of the prism. In ToCl, there are |
four neighboring columns, but only two of them provide a clase Cl ﬂeighbor'
to the Tb atom{. A ninth neighbor is in the direction of,tﬁe.third latefal
face, but‘it is more than 1 A further aﬁay than the others.

This arrangement of 8 nearest neighbors is simila? to the environment
of Y in YF3, though in YFB.the 9th ngighbor is relatively much cloqer.l3

The direction of the triangular columns corresponds with the diréction  A' «
of the fibers into which the crystal breaks. From the stru?ture one would
‘predict cleavage-on-OlO,-since no strong bonds éross that plane. Appérently
the forc;s holding-ong column ‘to another in the ¢ diréctioni;re also weaker
than ﬂhe forces within the column.
| From the numerous bromides and iodides which have this structure, it
is surprising that its occurence in the rare-earth chloride series is limitea
. to two examples: If it were stable over as wide a range of radius ratio,asv"
. it is for the bromides and ;odides, twp or three other rare-éarth chlorides“_

would have this structure. Obviously some more delicate factor than radius

* ratio is involved in determining the structures. of these'substanpes..f;gf

SN
e

" am

e
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Fig. 1. Comparison of orthorhombic TbC1l, structure and
hexagonal UCl3 structure. (a) Projection of TbCl 4
down a axis. (b) Projection of UCl, down c axis,
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