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Structure of Monoclinic Sodium Holmium Ethylenediaminetetraacetate

Octahydrate: Disorder Induced by Radiation

2y Lieselotte K. Templeton, David H. Templeton and Allan Zalkin
Materials and Molecular Research Division, Lawrence Berkeley Laborataory,
and Department of Chemistry, University of Califarnia,

Berkeley, California 94720 USA

Abstract. NaHo(l N,O,).BH U Mr = 620.3, monoclinic, Fdil, a =

1U 127278
19.333(3), b = 33 ’66(6) € = 12.106(2) &, & = 90.40(10)°, Vv = B277.0

o

T 4y

I = 16 [conventional setting: Cc, a = 12,106(2), b = 19.333(3),

mn
1t

4

18.650(3) &, p = 108.54(10)9, 7 = 81, D_ = 1.991 g cn ?, Ma K&, M)
-1

0.70930 A, p = 39.7 cm -, F(OO0) = 4924, T = 294 ¥, R = 0.02& for 4843

reflections. The atomic positions are very similar to those in the
analogous compounds cf lighter rare-earth elements which crystallize in the

orthorhombic space group Fdd2. The monoclinic symmetry comes from ordering

‘of water molecules in alternate sites which are occupied randomiy in the

orthorhombic structure. Exposure to X-rays induces disorder which makes the

crystals more nearly orthorhombic. The dysprosium compound cf the same

composition is i1somorphaous with a = 19.338{(3), b = 35.408(3), ¢ = 12.103(5},

—
-+

Introduction. Crystal structure parameters were desired for the title sa
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5o that it could be used to measure anomalous scattering terms for holaiuam
at variocus wavelengths (Chapuis, Templeton & Templeton, 1984’ by analysis of
diffraction intensities. We had expected the crystals to have the
grthorhombic structure ﬂith space group FddZ which has been %eportad tor the
analogous salts of Pr, &d, Sm, Gd, Th, Dy_and Er (Hoara, Lee % Lind, 1945;
voetzle & Hamilton, 1975; Nassimbeni, Wright, van Niekerk & McCallum, 1979
Templeton, Templeton, Zalkin % Ruben, 1932). Indeed,'the‘di{fraction

gse

e

patterns aré Qery similar to those of the Drthorhomb{c-crystals, but ¢
inspection reveals monaoclinic symmetry with twice as large an aéymmetric
upit. We describe‘the structure in space group Fdll {an unconventional
setting of Cc) because that giyes cell dimensions and atomic coordinates
which are nearly the same as for Fdd2. We find the same monbciinic
structure for crystals of:the dysprosium compound, contr;ry to the fiﬁdings
o%_Nassimbeni, et al. (1979). A recent néutron—di++raction study by Engel,
%akusgégagﬁgwkoetzle (1984) of the orthorhombic samarium cOmpoqnd

found disorder of water molecules among two sets of sites. The monaclinic

symmetry involves an ordering of the occupancy of these same sites.

Experimental. The compound was made fronm H0203 (Researcﬁ Chemical
Corporation) dissolved in HCl and mixed with a hot solution of
Nasz(edta).ZHQO {Aldrich Chemical Company); pH adjusted to about 3 with
NQOH;' slow evaporation, then’recryétallizatjon trom water #ielded crystals,
many of which were twinned in a manner to nearly superimpose the reflections
which are equivalen£ in orthorhombic Symmetry.(Dy compound made in the same
way). Cell dimensions from 24 re%léctions in 8 range 37 to 602 measured
with Cukx and CAD;Q diffractometer. Anothe} crystai 0.15 ¢ 0.24 ¢ 0.25 anm,
15 faces, Picker FACS-1 diffractometer, cell dimensions fram 12 reflectians

~

in 9 range 20 to 2279, analytical absorption correction 1.42 < A& < 1.71,

b
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max. {sin@)/A = 0.60, hkd range 0 to 12, -42 to 42, -14 to {4; 10% intensity

decay correction based on average of the changes of 400 (14%y, 335 (2¥%), and
044 (13%); 4977 unigue reflectionsy; %1 with I < ¢ and 47 others with

tsin€)/X < (.11 given zero weight; ‘refinement started with known structure
of Sm salt duplicated for monbclinic symnmetry, retined on F; 24 hydrégen
ataoms ;nclgded in refinement with each thérmél parameter equal to that of
adjacent ;arbon atom and with distanﬁe restraints C-H = i.OO(J), H-H =
1,63(10), C'-H = 2.06(10), N'—H‘= 2.04(10) A (C* and N’ next atoms in

chain), water hydrogen atoms omitted; 330 parameters including +°° for Ho

and anisotropic thermal parameters for Ho .and water oxygen atoms, but not

2
&

counting those of H atoms; R = 0.026, wR = 0.034, § = 1.1, w = [g(F)1
p = 0,05 in calc. of 6(F2), max. (shift/e) = 0.16, max. correction for

: : I+ +  _0.5-
extinction 6% of F, atomic ¢ for Ho” ', Na', 0°""

(intérpol‘ated)5 and
neutral 0, N, C, and H from Internaticnal.Tables (1974), local unpublishad
programs. Atomic parameters are iisted in Table t. Ffor this.setting the
equivalent paositions are: x, y, 2} 1/4 ->x, 174 + y, /4 + 24 pius the
translétions of the_F lattice. The origin of this doubly-polar space group
was defined by placing the center of gravity of the two Ho atoms at

{«y, 1/4, 0) in order to reduce covariance terms aﬁd'to improve convergence
{Templeton, 1960). The correct absolute.polarity is confirmed by the
retinement of #°° for Ho to the positive value 4.92(10) e/atom, Cell
dimensions for Dy compound from (3 reflections, CAD-4, MoK . *

*Tables of structure factors, anisotropic thermal parameters, d-atomic
cco}dinates, and bond distances.have been deposited with the British Library
Lending Divisiaon as Supplementary Publicatioﬁ No. SUP { 0g. ).
Copies may Ee obtained through The Executive Secretary, Interﬁational Unicn

)

ot Crystallaography, 5 Abbey Square, Chester CHi 2HU, England.
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Discussion, The structure consists of two formula units at positiocns which
P

179
i/ L

are related approximately by & transformation (1/2 - u, 1/2 - v, z} which
corresponds to a Z-fold axis in the ¢ direction. Deletion of this svametry
element from Fdd2 lowers the space group to.Fdll. For most of the ataonms
this relation is ac;grate to better than 0.2 &, and the structure is hardly
different from that found for the orthorhombic compounds of the lighter
rare-earth elements. The only major difference is in the locations and
hydrcéen bonding of a few of the water molecules. The above transformation
fails by 0.46 & for the W(7)-W(13) paif, 0.91 & for W{A)-W{12) and 1.07 A
for W(B)-W(16). The last two pairs correspond to those which are
distributed randomly in alternate sites in the samarium structure, and
designated as 48; 44 and 8B, 8A, respeﬁtively, b; Engel, Takusagawa %
Xoetzle (1984) in their neutron-diffraction study. In that wﬁrk 18 hydrogen
bonds were identified.  Taking account af the»half—occupancy of somc sites,
these become 28 distinct baonds in the monoclinic symmet}y. We find exactly
the same bands, on the basis of oxygen-atcr positions, plus one nmore:
w(4>-w(14) = 2.75(2) A. In the samarium salt the corresponding distance was
found to be 3.04 &, but a hydrogen atom (designated as "U(4B)") is pointed
in about the right direction for such a bond., The network of bonds near the
¢ axis, where the higher symmetry breaks down, is shown in Fig. . MWater
molecules W(B) and W(16), which are equivalent in FddE, form hydrogen bonds
to W(L3) and 0¢(3), atoms.which are not equivalent even in chemical state.
This unsymmetrical bonding pulls them and their neighbors away from

Ep)
“

locations which conform to the higher symmetry. The only other lack of Fdd2

symmetry 1in the topology aof the bonds
WOL2)-H, . WlLE) -H. . W(B)-H...W(4), if
according to ther neutron-diffraction

is not involved 1n a bond.

is in the chain
the hydrogen atoms are assigned

study; an extra hydrogen atom on W{d)
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Hydrogen-bond 0-0 distances»(supplementqry'material) range fram 2.44 &
to 2.85 A&, except W(B)-W{4) = 2.88(2) and W £2)—N(165 = 2.98{1) A, These
two bonds join the atoms which are most iﬁvolved in the order-disorder
transition discussed below, and these distances may bhe affectad by it,

Exposure to X-rays causes the unit-cell ang{e ® to become more nearly
equal to 90°, with insignificant chagges in axial lengths. As noted above,
the diffraction intensities tend to decrease, but noct unifarmly. At the end
of the data collection o was 70.28°. For ancther crystal, affer much
expasure to X-fgys, & was 90.1i°. Values of 90.49(1)° and §0.45(2)° Wwere
@easured'for two other fresh crystals. We attribute these changes to the
introduction of disordér'in the hydrogen bondiné, with an approach to tﬁe

symmetry of the Fdd2 structure. - Since our specimen suffered some damage in

the course of the exzperiment, the results. include the effects of some of

‘this disorder, {for example in the highly -anisotropic thermal parameters for

some of the water molecules.

Cell dimensions of the dysprosium compound (abstract) show that it is

~also monoclinic. Numerous cell determinations of crystals of the Pr, Sa and

Gd campoﬁnds gave angles very close to 90° and no indication of manoﬁlinic
symmetry. It is possible that different méthods of crystallizgticn wduld
produce ordered specimens of these materials, or that the monoclinic
structure occcurs in salts which have not been studied carefully,
particularly those of terbium and erbium.

a

Distances from each holmium atom to its nine neighbors, listed in

Table 2, are similar to those reported for the orthorhombic crystals

{Templeton, Templeton, Zalkin % Ruben, 1982), but slightly smaller because

of the lanthanide contraction of ionic radius; on the average they are
0.027 A& less than in the gadclinium salt.  Bond distances within the edta

moiety (supplementary matarial) are normal; the average values for the
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various chemical types of bond {(N-C-= 1.482(5), ;—O.= 1.252(4), C-
1.5305(3) (ethylenediamine) and 1.310(7) & (acetats)}] agree within 0,005 A
with averages from the Fr, Sm and Gd structures (Templeton, e
We thank Mrs. Helena Ruben for assistance in preparation of crystals
and Drs. Engel, Takusagawa and Koetzle for their results in advance of
publication; This work was supported by the National Science Foundation
under grant No. CHE-B217443 and by the Director, Oftfice of Energy Research,

Office of Basic Energy Sciences, Chemical Sciences Division of the U.S.

Department of Energy under Cantract No. DE~ACOZ-765F00098.
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Table !. .Atomic parameters for NaHoledta).B8-hydrate

By ® Z(Bija:ajaiaj)/l, aZ.

¢ ¥ z B (¥or B
Ho (1) L08268(2)  .15584(1)  -.00108(1) 1,55(1)
Ho (2) LA1BA3(2) 34456 00108 15701 #
WD . 1345(3) 100(2) - 1220(8) 2.7(2)
We) 1308(3) L10709(14) . 1208(4) 2.1(2)
WD L0014(4) 09986(13)  -.0121 (4) 2.6(2)
W(4) L 0289(7) J1245(8) - .3801014)  14.1(7)
WES)  .0615(4) L L0s09(2) 1002(5) 3.9(2)
Wie) . 1438(4) .0988(2) L 5612¢9) 7.5(3)
W7 3540 1830(3) 450347 1. 6(5)
W(B)  -.0072(8) L0509(3)  .2542(8)  9.7(H)
Wes .3655(4) L.I8783(18) -.1232(4) 2.6(2)
(10 369408)  .39252(14) L 1195(4) 2.4(2)
W(11) L 49621(8) L80195(13) -.0141(4) 2.5(2)
W(12) L482805)  .3903(3)  .3226(9) 7.7(4)
W13 4374040 .4615(2) J10330S) . 3.7
W(18) .3476(6) .4025(2) .5656(9) 7.8(4)
W(Ls)  .3851(5) .3232(2) L4567(%) 6.0(3)
W16) L4832 (6) L 4786(3) .3226(9) B.5(4)
Na(l)  .1393(2) L 13892(9)  L3LIS(3) 7.84(7)
N1 L0553 (5) .2273(2) L0058(5) 2,001
N2 .1482(4) 1922(2) -, 1503 1.9(1)
0C1)  -.0276(3) J16832(14)  .0724(4) 2.51(9)
0(2) L0967(3)  .18267(13)  .1789(4) 2.12(9)
0(3) L2013(3) 16792(13) 0299 (4) 2.30(9)

0c4) L0178(3) L6333 (13) - 1622082 1.95(9)
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C(Ls) 5534(8) LE009(2) L087916)

2.7(1}
Ui ..4100(6) . .25&0(2) S VA 2.3(2)
C(i4) ;4031(5) .2843(2) 2017(6) 2,001
C(17) ©.27981(4) L3173 - 15462(8) 2.5401)
ciigy ' ;2543(6) ' L323242) -, 0395 (4) 2.2y
cCu . 3869(5) : L3131(2) -.2625(¢8) - 2.600)
C(20) .4606(5) ;3264(2) -.2550(5) | i.b(i)
.Table~2; Neighbor distances for holm;um, &
~ Atoms : | Distance | - Atoas .Diétance
Ho(1)-0(1) 2.353(6) Ho(?)-D(é) ' 2.3481(4)
;0(2) ‘ C2.391(5) o -0(10) 2,381 (5
-0(3) 2.365(7) ' ‘ -0l 2.38747)
—0(4) : 2.341k5) : . =012 2,3354(5)
-W(t1) 2.387(5) - A —w(9).' 2.383(5)
-W(2) 2.449(3) | _ -Weia)l 2.432(5)
-Wi(3) 2.531(6) o —W(EL) 2.333(6)
-N(1) O 2.597(8) B -N(3) 2.613(8)

rJ
o
o~
~d
—~
o~

-N{2) 2.6351(6) ‘ -N(4)
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[Figure captionl

Fig. !. Hydrogen bonding near the c axis. Hydrogen atoms are shown at
calculated bositions. In the model fﬁr the radiation-induced disorder, scme
of the bonds to 0(3) and NélS) are broken, new bonds are formed to W!{7}) and
D(IZ), and the average structure approaches‘orthorhombic symmetry with a

two-fold axis at the center of the figure.
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Supplementary Table 3. Bond distances in edta groups, A

dtoms : Distance Atoms Distance
N -C (L) 1.50(01) N{Z)-C{LI D) 149010
-C{3) 1.44(1) -Ci13 1.46(1)
-C(3 1.50(10) -C{13) 1,491
N{2)-C(2) 1.50(1) N(4)-C(12) 1.4% (1)
-C(7) 1.4%2(1) ~C(17) 1.47(1)
: L 1.48(1) _ -L(19; 1.46(1)
mean N-C = 1.482 ’ _ L A
C(4)-0¢1) 1.24(1) Ci14)-0(9) 1.26(10)
-0(3) 1.2601) -0¢13) 1.25(0)
C(6)-0(2) 1.23(0) _ Cite) -0t 1.24(1)
-0(6) 1.24(1) o -0¢14) 1.25¢(1)
C(B8Y-0(3) 1.28(1) cusy-o0ain) 1.27(1)
-g(7) 1.24(1) B RS ) 1.23(1)
C(10)-0¢4) 1.28¢1) Ci2m-0(12) LL274(10)
-0(8) 1.25(1) -0{16) 1.24(01)
mean C-0 = .1.252 o
cin C(&) 1.50(01) caap-cuz 1.51 (1)
mean C-C (ethylenediamine) = 1.509 . :
Ci3) - C(4) ‘ 1.52(1) CUI-Cits 1.49(1)
Ci5)-Ct&) 1.33(1) Cit3)-C(L6) 1.54(1)
C(7) - C B) 1.32(10) Ce17)-C(18) 1.50(1)
C(9)-C1o) 1.48(1) Celey-cz2e) 1.5000)
Mean C-C (acetate) = 1.510 ‘ ~
Supplementary Table 4. Hydrogen-bond distances, &
Atoms Distance " Atoms Distance:
Wi -0(15) ' 2.715(9) : W)y -0t7) 2.718(9)
-0(14) 2.644(9) -0(8) 2.6461(7)
Wi2)-W(3) 2.708(8) W0 -W(L3) 2.738(8)
_ -0(12) 2.764(7) -0¢4) 2.762(7)
WI3)-Wwis) 2.745¢8) _ WD) -WLi3) 2.775(8)
-1 2.7364(7) : -0(3) 2.7554(7)
Widy-wiia) 2.734018) WE12) -Wis) 2,807(142
--- _ -Wi16) 2.982(14%)
W) -0¢¢8) 2.708(9) S W13 -0(14) 2.728(9)
-W(g) 2.71901 D Wil 2.833(12)
W(6)y-0(13) 2.748(12) W(14)-0(3) 2.854(11)
-0(13) 2.788012) -0(7) 2.735(12
W7 -0(6) 2.6671(11) W{1a)y-0014) 2.7064(8)
CW(B)-WI(4) 2.880(22) o W((16)-W(8) 2.729019)
-W(13) 2.805(17) ' -0¢(35) 2.770014)

.
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