ACTA CHEMICA SCANDINAVICA 27 (1973) 2841-2851

Structural Studies on the Rare Earth Carboxlatcs

20. The Crystal and Molecular Structure of Mono-Aquo Hydroxo.
Malonato Scandium (III) Monohydrate

EVA HANSSON

Physical Chemistry 1, Chemical Center, University of Lund, P.O. Box 740, S-220 07 Lund 7,
Sweden

The erystal and molecular structure of Se(OH)C;H,0,.2H,0 has
been determined from three-dimensional, photographic, X-ray inten-
sity data. The crystals are monoclinic with a=6.276(1) A, b=
15.353(4) &, ¢=17.776(2) A, B=99.90(3)°. The space group is P2,/n
and Z=4. The structure is composed of infinite scandium-hydroxo-
malonate chains running in the a-direction and linked to each other
by hydrogen bonds. Within each chain the scandium ions are bonded
to pairs by double oxygen bridges formed by the hydroxy ions,
and the scandium pairs are in turn linked by carboxylate bridges
Se —0CO — Se. The malonate ion forms a six membered chelate ring
with scandium and is nonplanar with the carboxylate groups twisted
about 40° in the same direction out of the carbon chain plane. The
chelate ring has a boat conformation. Each scandium ion is octa-
hedrally surrounded by two hydroxy oxygens, three carboxylate
oxygens and one water oxygen. The Sc¢—0O bond distances are in
the range 2.05—2.12 A.

he conformation of the malonate ion in lanthanoid malonate complexes has

been studied in a series of X-ray investigations, involving the noniso-
structural compounds Nd,mal,.8H,0 (NDO);! Nd,mal,.6H,0 (NDH),? and
Eu,mal,.8H,0 (EUM),2 (mal=CH,(COO),). Poor crystal quality prevented
the study of a malonate M,mal;nH,O formed by the smaller lanthanoid
ions, and for that reason it has not been possible to investigate changes in
the geometry of the malonate ion, attributable to the lanthanoid contraction.

Scandium(III) has a similar outer electron shell to the trivalent lantha-
noid ions and a smaller ionic radius. Thus a possible influence of a change
in size of the central ion on the malonate ligand might be revealed in a
crystal structure analysis of a solid scandium malonate complex.

The compound chosen for this investigation is Sc(OH)mal.2H,0 (SCM).
A number of basic scandium dicarboxylates Sc(OH)R(C0O0),.nH,0 have been
reported.* Their crystal structures seem to be unknown and the determina-
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tion of the function of the hydroxy ion in a compound of this type confers
additional interest to the present investigation.

EXPERIMENTAL

Preparation and analysis. Scandium hydroxide (4 munol) and malonic acid (6 mmol)
were dissolved in 100 ml water. The pH of the resulting solution was about 3 and crys-
tals of SCM were precipitated after standing at room temperature for several weeks.
(Found: Sc 22.0; C 18.4; H 3.8. Cale. for Sc(OH)C,H,0,.2H,0 (200.2): Sc 22.5; C 18.0;
H 3.6).

X-Ray diffraction work. A crystal of the approximate dimensions 0.10 x 0.02 x 0.04
mm?® mounted along the 0.10 mm edge was used in recording the layers 0kl — 5kl, with
the integrated Weissenberg multi-film technique. Ni-filtered Cu-radiation was used. The
intensities of 779 independent reflexions were measured \wual]y by comparison with
a calibrated scale. These reflexions represent about 55 9, of the possible number in
the investigated region.

The intensities were corrected for Lorentz and polarisation effects. The linear ab-
sorption coefficient is 87 cin™' but no corrections for absorption were applied.

The powder photograph was taken at room tempcrature in a Guinier Hagg focusing
camera with CuKa-radiation (A=1.54178 ). Lead nitrate (cubic a=7.8568 A) was
used as an internal standard.

UNIT CELL AND SPACE GROUP

The crystals of SCM are monoclinic with a=6.276(1) A, b=15.353(4) A
¢=1.776(2) A, and $=99.90(3)°. Z=4. The accurate values of the lattice
parameters were determined from powder data by least squares refinement,
as described before.5 The observed values of sin? § are compared with those
calculated after the last cycle of refinement in Table 1.

The reflexions 40l, h+1+2n and 0kO, k+2n are systematically absent.
Thus the only possible space group is P2;/n, the general position of which
is fourfold: + (x,y,2; Yo+a,Y%—y, Yo +2

DETERMINATION AND REFINEMENT OF THE STRUCTURE

The structure of SCM was determined by the heavy atom method. The
position of the scandium ion was deduced from a three-dimensional Patterson
synthesis and a following difference synthesis revealed the positions of the
remaining ten non-hydrogen atoms.

The preliminary positional parameters, isotropic temperature factors and
inter-layer scale factors were improved by full matrix least squares refine-
ment. The discrepancy indices R=3|{F |- |F ||/>|F,| and wR=[Jw(F |-
|F )} >w|F |?]% converged to 0.095 and 0.124, respectively. The inter-layer
scale factors were now ﬁxed and further reﬁnement with anisotropic thermal
parameters for all non-hydrogen atoms resulted in R=0.081 and wR=0.104.
The structure is described with the anisotropic model even though the in-
tensity material is not very accurate and hence the thermal parameters
may have little physical significance.

The function minimized was Jw(|F |—|F_ |)? with weights, w, chosen
according to Cruickshank.® An analysis of the weighting scheme used in the
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Table 1. Powder data for Sc(OH)(C,H,0,).2H,0. Observed and calculated values of
10° sin® § are given together with the observed powder intensities.

hkl obs cale Tops hkl obs cale Tons
020 1006 1008 m 202 11977 12008 vw
011 1266 1266 V8 071 13356 13357 vw
110 1806 1806 V8 -301 13694 13701 s
021 2021 2022 Vs 170 13893 13897 vVvw
101 2134 2134 m 310 14240 14241 w
-111 2386 2386 w —-171 14488 14477 vw
—-121 3148 3142 Aaaty —-321 14700 14709 vw
111 3255 3254 m 320 14987 14996 S
040 4021 4030 m —-312 15691 15693 vw
041 5055 5044 —-331 15953 15968 m
022 Rty 5063 m 004 16254 16222 )
140 5590 5585 w 330 9 16256 vw
200 6218 6217 m 081 17113 17135 vvw
032 6329 6323 W 180 17687 17676 vVw
-211 6624 6615 vs 340 18031 18019 vVw
—-132 7013 7009 vw 034 18505 18489 vvw
220 7229 7225 w -2171 18707 18707 vvw
150 7863 7852 VVW -3 42 19471 19472 vw
042 8090 8086 vvw 350 20287 20286 w
-2 31 8637 8631 vw 312 20912 20899 w
—-142 8772 8773 vw ~333 21487 21477 VVW
221 9099 9106 m 280 22345 22339 vVw
013 9370 9377 w 182 29599 22599 vVvw
023 10112 10133 VVw 351 = 22601
—-161 11205 11203 VVW -3 61 22770 22770 vVw
—411 24396 24399 w
-314 25253 25257 w

last cycle of refinement is given in Table 2. In this cycle the shifts in
all parameters were less than 1 9 of their estimated standard deviations. The
atomic scattering factors for the neutral atoms were for O and C taken from
International Tables? and for Sc¢ from Cromer et al.®

Table 2. Analysis of the weighting scheme w=1/(5.0+1F,|+0.02| F,1*+ 0.005] F, |°).
The averages, wd4?, where A=|F,|—|F.|, are normalized.

Interval Number of T Interval Number of wdt
VF, reflexions sin 6 reflexions
0—- 7 77 0.79 0.00-0.37 71 2.38
-9 78 0.86 0.37—0.47 68 1.12
9-10 78 0.96 0.47-0.54 72 0.92
10-12 78 1.38 0.54 ~0.59 61 1.03
1214 78 1.10 0.59—0.64 62 0.62
14—-16 78 1.06 0.64—0.68 51 0.74
16-19 78 0.81 0.68—0.71 47 1.00
19—24 78 0.92 0.71-0.74 46 0.75
24 -35 78 0.65 0.74-0.77 39 0.51
35—130 78 1.49 0.77-0.80 40 0.93
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Table 4. Observed and calculated structure factors for the compound S¢(OH)C;H,0,.2H,0.
In each group the running index I, |Fy|, and |F | are given.

pe =5 Kmels -2 . 3 o 1 ° 3 18 19 Nm =3 Ke =Y =% 15 98 Hm =1 ke 0 1 43 &2
-2 6 7 -1 B L] 1 16 16 ‘. 14 14 - 10 7" -. L) 9 -7 2 29 2 11 7
o 10 1o o 111 2 11 10 5 6 7 -3 10 11 -2 33 37 -5 27 27 3 23 2
1 7 7 1 2% 24 3 7 6 . -2 5 16 -1 " 17 -3 83 104 3 k4 [
H 13 13 2 8 “ 19 17 Ha =3 Kue12 -1 32 30 0 3 1% -1 17 1 s k6 26
0 10 13 “ 1" 10 5 92 10 -3 1 13 ¢ 46 28 2 24 26 . ] 14 14
S 20 29 IS 11 9 -1 10 12 1 30 29 3 14 15 5 7 7 7 14 14
He =5 xe=13 7 6 6 L] 13 13 1 27 28 3 33 34 L] 12 17 7 16 17 * 3 L]
-2 10 12 L a 7 3 14 1% 4 23 20
-1 ) 6 X He =4 K= -5 5 19 19 s 25 25 He =2 tw ~8 He =1 k= 1 He =1 ke 9
0 9 9 -3 3 3 . k4 9 10 ~6 -8 T -5 L] T
2 14 L] -1 9 1 -2 ‘A 7 He =3 Kue11 9 7" 10 -5 15 15 =7 1" 1" -3 24 23
3 7 7 -2 20 18 J 5 5 - 13 12 -4 21 20 -5 3] 22 -1 38 33
- 13 11 o 9 10 . &7 45 0 18 17 He =3 ke =2 -1 25 26 -4 19 22 0 1% 13
m 1 2 1 9 122 2% -4 6 42 [T IS | 3 26 1 42 &3
Ka =5 Kw=12 3 17 17 0 8 2 7 -3 34 32 L] ? -2 12 10 3 40 3
-3 13 14 L} 1 1?2 s 28 27 3 22 21 -2 Ak 13 3 35 34 -1 s3 62 4 20 20
-1 6 L3 - Ed L] 4 24 24 -1 & 4 4 16 15 2 17 18 s 26 26
1 15 17 2 7 8 e -bh Kw <k 5 9 9 0 95 37 s L] L] 3 1 10 7 2 ”
3 L3 (] - 7 3 7 L] 9 1 &9 49 7 15 16 “ $1 39 L] ° .
5 12 10 te «5 K@ 0 -2 6 6 2 17 17 6 10 172
-1 19 18 - 23 Hm =3 Kme10 3 8 He @2 xw =7 8 19 18
= =5 xeelq 3 16 17 o 17 13 -4 20 0 3 17 16 - 15 12
-3 L3 3 s 7 ] 1 5 . -3 18 19 5 1% 13 -4 13 12 2
-2 s 10 3 24 24 -2 16 17 6 12 13 -3 38 38 3 -2 L .
-t 7 12 N =h Kee16 4 14 15 -1 19 18 7 9 10 -2 23 23 -7 13 13 ° 17 14
o L] S -1 10 7" 7 18 16 0 26 28 0 28 23 -2 23 19 1 1" 1M
2 10 9 3 15 16 L 8 9 10 9 Ha 3 K® «§ 1 48 42 -1 " a3 2 25 23
3 L} 9 2 28 28 -2 61 2 13 15 1 23 20 3 14 13
4 L) 5 Ho wh Fee1$ um =h Ku =3 3 " 12 -1 17 16 S 15 1% 15 . 2% 21
[ s 6 4 12 14 -t 12 1" 4 9 10 4 35 (1] . 135 172 3 38 a2
1 L3 6 -2 18 18 6 19 17 1 10 11 L] 7” 12 5 15 1% He =y ks 11
e =5 Kw=1Q 3 L 14 [0 14 17 2 L) 41 ] 15 15 -5 3 2
-4 13 13 . 13 7" 1 12 " He =3 xe =9 3 21 1 - He w2 ke «b 7 1% ” -t
-2 12 13 2 15 13 -5 21 20 - 53 54 -6 3 -1 21 23
o 17 AL He =b Ku=lg T 7 6 -1 38 41 5 14 15 - 31 34 He =y k= 3 1 16
2 20 19 -2 3 4 19 15 0 12 12 7 172 " [ 60 39 -9 3 16 146
4 15 16 -1 7 9 s 14 15 2 6 s L3 18 20 1 5 [ -5 7 ‘- 17 18
5 s 5 2 L3 1] L 3 8 3 26 25 3 1" , o3 27 23 . 1]
[ v L] 3 7 ¥ 4 8 He <3 ke O L) 346 3 -2 20 21
H 9 A He =4 xu «2 5 16 15 -3 5 85 5 1% 14 -1 1" 1 Hu 1 e 12
He =5 K= =9 -3 5 1 7 10 12 -1 9 ? 7 10 " 0 17 17 -7 4 1S
-4 [ S Lo =4 Kwaly -2 s é 3 23 21 3 3 15 1 69 o9 -3 26 25
-3 7 3 -3 7 -1 13 13 Hu =3 ke =8 5 39 37 2 20 29 1 20 21
-2 5 S -2 15 15 [ -4 29 28 7 9 10 He @2 x® «§ 3 21 22 7 1" 14
-1 1" 12 -1 10 11 1 5 4 -3 2% 31 9 7 4 -4 5 22 85
0 16 17 3 L 9 3 20 19 -2 22 21 =3 26 29 7 ’
2 9 9 1 10 10 & 2 22 0 AT 49 he =2 Kuell -2 20 9 7 T
3 1?2 11 2 12 " 5 12 12 1 35 33 ° 12 11 -1 23 21
. 12 12 & 6 7 7 13 14 2 33 31 1 1 13 Hu =1 ge &
[ 3 7 5 , " L] 13 1% 3 14 6 He w2 K®e1? 3 10 9 -3 .
? 13 13 9 4 7 & 17? 17 -3 7 5 20 21 -7 10 .
He =4 Ko=12 s 14 14 -2 17 13 7 172 2 b 16 18
He =5 K =R -2 L] 7 He wb x® i 6 19 19 1 7 1] ° 9 . -2 26 2
~ 13 13 0 8 7 =3 40 34 2 10 12 0 42 ¥
-3 13 13 1 10 10 -2 19 16 Ha =3 xa =7 He «2 x® =4 1 23 22
o 18 18 2t 12 -1 8 ] -6 16 17 Ha <2 Ke=16 -5 2 3 23
1 19 18 4 7 3 ° 1 21 -5 7 8 -1 14 14 -h ° 10 4 8 8
4 10 L) 3 7 2 1 36 48 - 10 11 110 9 -3 6 6 s 12 12
s 12 12 2 8 8 -2 A3 4 3 1 1 -2 ? 8 1t .
[} 5 5 He =4 Kwaty 4 26 24 -1 16 17 s 13 8 -1 13 10
-3 11 11 5 34 30 0 43 35 [ 1% 197 Ka = ko §
¥e =5 g =7 0 13 13 9 M 11 1 10 10 e =2 KwetS 1 122 13 3 [
-2 2 2 1 17 16 2 30 29 -4 12 10 2 10 10 -2 16 16
0 s ] 4 13 1 Hw «k ko O 3 22 20 -2 20 22 4 22 22 -1 20 22
1 s s 5 10 7" -2 22 21 4 8 42 0 12 1" 5 22 23 [} 27 23
2 13 12 o 27 28 5 1) 10 2 15 16 7 16 17 1 17 17
L) 9 9 Ve =4 Kee10 2 34 34 6 7 L 1] 10 10 2 "% 13
-1 L3 4 18 17 7 7 3 He <2 Kmeté 9 . 3 27 28
Ke =5 Km =§ 2 9 9 L] 17 16 8 15 17 -5 3 7 4 18 18
~3 18 16 5 7 6 L] 11" 12 -4 13 16 He o2 k» =3 5 172 13
-1 5 b 5 5 He =3 Ke =6 -3 8 -h 14 L] 13 17?2
1 25 21 7 14 14 He - 9 -1 19 20 -2 38 (3]
3 9 9 1 -3 45 A6 0 24 22 -1 S 5 He =1 ko &
4 [3 ? Ha =4 Km <9 -1 1M 10 1 8 ’ 1 40 37 - 9’
s 19 16 -4 16 1% Hu =3 guet? 0 1M1 10 3 21 21 2 10 " -3 10 9
7 6 5 0 17 15 -2 8 8 1 73 59 3 28 26 -3 39 40
2 7 6 -1 8 9 2 16 14 He =2 gk=e13 L) 172 1" - 22 5
He =3 ke «§ b %6 16 [ 7 7 3 6 6 -5 9 M o 33 30
-3 6 6 S 7 9 Al 7 L} 5 26 -3 18 20 He o2 = <2 1 38 36
-2 12 13 6 k4 L] 7 9 1 19 19 -5 3 2 L
-1 7 7 ue =3 kae16 9 s 5 5 9 ° -4 28 30 3 28 31
[} ] 7 e w4 Km o -3 3 8 6 " -3 15 15 6 112
2 12 0 -5 12w -2 12 n He =3 Ke =5 -2 10 10 s 12 13
4 6 7 -3 A 9 & 12 14 -5 ’ 9 He w2 Km=2 -1 36 42 7T o0 2
[3 7 7 -2 L 3 1 6 -t 3 k4 -6 17 1" 0 s7 s?
L 5 5 -1 24 22 2 15 15 -3 L 9 2 20 20 1 10 12 Na «1 gs 7
2 13 12 4 6 -2 17 19 “ 18 17 2 19 13 -8 10
H® o5 km =4 3 23 22 -1 15 18 3 1] 62 -5 11 10
-t 15 15 € 7 7 He =3 gxa-13% 0 53 47 He =2 K==11 4 35 35 - 35 34
-2 1" 10 7 7 9 -1 22 22 2 18 18 -4 9 10 ? 21 21 -3 23 25
° 18 17 . 4 8 3 15 16 3 12 10 ~3 10 11 L3 9 9 -2 26 28
] 3 5 k4 8 4 58 53 -1 9 9 -l 9 "
2 15 % Ha b K@ oF 5 14 8 0 12 13 He w2 k= o1 0 s2 s¢
3 [} - Hu =3 Kmald 8 17 e 1 9 L] -4 24 26 1 40 37
. 19 15 -3 20 20 -4 18 17 4 2 22 ~3 36 s7 2 35 38
S L 7 -2 20 20 -3 15 16 He =3 Ku =& 6 L -2 7 (] 3 10 10
7 6 b -1 15 1% =2 T4 35 - 5 0 13 15 4 43 a7 Ne
o 13 13 -1 8 7 -6 22 2 Ko <2 K=et0 1 86 84 5 11 11 2
Mo <5 k= «3 1 34 34 0 21 23 ~3 14 13 -5 72 2 6 3 6 13 12 )
-3 8 L] 2 14 17 1 12 1" -2 12 13 -1 1% 14 3 12 11 8 16 17 [}
-2 9 9 3 16 1S 2 17 16 0 54 33 0 18 17 s 32 34 8
4 8 L] & 13 9 4 12 1 1 29 26 1 v 16 9 9 10 Ka =1 ke 8
2 L 8 s 22 20 [ ° 9 2 62 57 3 14 14 -7 12 LL]
3 12 to L] L} A 3 T 6 s 1?2 10 We =2 x® 0 -6 23 2% 1
. H 4 um =3 gmwe13 4 20 19 6 8 L -h 3 39 -4 16 16 2
7 9 9 Ve =k Kw = -2 18 21 5 L] 2 7 8 9 -2 8 8 -3 35 32 3
-3 L] 10 ¢ 1% 15 6 21 22 £ 50 46 -2 27 29 [
He oS gm =2 =2 11 118 8 Na =2 k» =9 s 23 25 -1 9 ] v
-3 10 9 «1 17 1 2 17 1S “6 18 16 o 35 5%
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Table 4. Continued.

He 0 ge 2 Ha 0 ke 4 L] s L] 6 18 IS 2 A4S aé Na 0 ge 12 He ¢ g 1§ Ne o g= 18
0 44 39 o 72 718 16 4 2 28 . 38 115 ¢ 1N
159 8 141 e He 0 ye & ] . ] 6 20 18 « 2 29 2
2 42 50 223 0 130 134 17w . ’ 7
333 3% 3242y v 13 13 ke O ke 8 we & ke 13 ¢ 1 12
4 33 39 & 35 37 2 172 0 58 sS4 He 0 K= 10 2 16 13
S 3 03 S 20 1e A 59 40 157 a8 o 25 22 3 % 18 He 0 gs 14
¢ 22 20 6 1% 3y s 13 13 3 43 S0 Tt e 71 10 o 1 1
(] 10 11 L} ° 3 6 1% 16 4 26 23 4 L s 1 21 1
* 10 to [ * 10 s 20 19 5 17 e Ke 0 ke 14 319 1
Ke 0 km § ¢ 10 10 6 10 L] e 2 2 510 ]
He 0 ka3 (L ET 1 82 58 710 ? 116w
2 53 @ 2 18 1 2 48 4 ) ] ? He 0 ke 1% 4 15 a2 Ke g Kkm 17
4 58 -ee 3 S0 54 s 35 35 2 te 1e s 16 14 1 ’ B
¢ 28 28 15 9y 4 1 20 He 0 K @ 3 16 14 2 12 10
s 22 20 LA S 1) s 10 ’ 1T g7 7 10 10 4 [} .

The final atomic parameters are given in Table 3. The electron density
maps of a different synthesis based on these parameters and calculated for
F, with sin 6/4<0.5 showed a broad maximum, 0.6 e/A3, in the region be-
tween the expected positions of the methylene hydrogens. Maxima of this
height were also found in the region between the presumably hydrogen
bonded oxygens O(5) and O(3), and O(6) and O(7). Attempts to refine the po-
sitions of these four hydrogen atoms failed however. All other peaks were
less than 0.6 e/A3 and were judged as spurious.

The observed values of F_  are compared to those calculated in the last
cycle of refinement in Table 4.

All computations were performed on the UNIVAC 1108 computer at
Lund, Sweden, using the programmes DRF, LALS, DISTAN, PLANE,
CELSIUS and ORTEP.?

DESCRIPTION OF THE STRUCTURE

The superscripts (i)—(x) are used to indicate the following equivalent
positions in the structure

z,Y,2 (iv) «-1/2,1/2—y,1/2+=z (vili) 2—1/2,1/2—y,z—1/2
(1) x—lyz (v) l—-wu,—y,2—2 (ix) 1/24a,1/2—-yz-1/2
) ~z,—-yl-z (vi) 1/2+42,1/2—y,1/2+42 (x) x—1y.2

(iii) 1/2—2y—1/2,32—z (vii) 1/2—2,1/244.3/2—2

where z,y,2 are the atomic coordinates given in Table 3.

The scandium ion is octahedrally surrounded by three carboxylate oxy-
gens O(1), O(2), and O(3), contributed by two malonate ions, two hydroxy
oxygens O(5), and one water oxygen O(6) as illustrated in Fig. 1. The octa-
hedra are connected in pairs by the sharing of the edge O(5)—0(3).
The resulting Sc.--Sc distance is 3.27 A. Carboxylate bridges like
Se—0(1)C(1)0(2) —Scx link the octahedra in infinite chains around the lines
y=0, z=1/2 and y=1/2, 2=0. The malonate ion forms a six-membered che-
late ring with scandium and has one uncoordinated oxygen O(3) which points
away from the chain in the y-direction.

The chains are hydrogen bonded to each other. This feature is shown
in Fig. 2. The hydrogen bonds between chains at the same y-level are formed

Acta Chem. Scand. 27 (1973) No. 8
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Fig. 1. A stereoscopic pair of drawings showing part of an infinite scandium-malonate
chain. The Sc— O bonds are indicated by single lines, bonds within the malonate ions
are filled and the edges of the octahedra are open.

Fig. 2. A stereoscopic pair of drawings illustrating the hydrogen bond system and the
packing of the scandium malonate chains. Hydrogen bonds are open and other bonds
are indicated as in Fig. 1.

vie the uncoordinated water molecule O(7) and those between chains at
adjacent y-levels via the uncoordinated carboxylate oxygen O(3). Within the
same y-level the chains are closely packed; the shortest inter-chain contact is
0(6)...0(6vii), 3.27 A. Furthermore the oxygens O(3) and O(7) are situated
between these chains resulting in a crowding of oxygens around y=0, z=0
and y=1/2, z=1/2.

The coordination around scandium. The dimensions of the coordination
polyhedron are given in Table 5 A. The 8c¢— O bond distances range from
2.05 to 2.12 A with the average 2.08 A. This value is within 0.02 A equal
to that reported for sixcoordinated scandium in Sc(HCO0O0),° It may also
be compared to the average Sc—O bond distance, 2.23 A, found in
Sey(Cy0,)3.6H,0,1t where the coordination number of scandium is eight. The
difference in ionic radius of scandium(I1I) between eight and six coordination
is 0.14 A2 and thus the agreement is good. These two structures seem to
be the only scandium carboxylate structures previously reported.

Acta Chem. Scand. 27 (1973) No. 8
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The octahedron is somewhat distorted, with O —Sc—0O bond angles in
the range 76°—98°. The distance between the bridging oxygens O(5)-.-O(54)
is 2.54 A. All other O —O contact distances are within 0.21 i from the aver-
age, 2.95 A. Thus the malonate ion, with the bite 0(1)---O(4), 2.74 A, spans
the next shortest edge of the distorted octahedron.

The chelate ring has a boat conformation; the carboxylate atoms C(1),
0(1), C(3), and O(4) are coplanar within 0.04 A and the scandium ion and
the methylene carbon are situated at the same side of this plane (Table 6).
This conformation is almost invariably found for six-membered malonate
chelate rings.®

The malonate ion. The bond distances and angles within the malonate
ion are given in Table 5B, and are also included in Fig. 3. They are in agree-
ment with those found in other malonate structures.!

Table 5. Selected distances (A) and angles (°) with estimated standard deviations.

A. The coordination polyhedron

Se—0(1) 2.116(5) -~ 0(1)—Sc~—0(6) 85.6(2)
Se —O(2i) 2.048(6) 0(21) —Sc — 0(4) 94.4(2)
Sc—0(4) 2.090(6) 0(2i) —Se — 0(5) 95.5(2)
Se—0(5) 2.076(5) 0(2i) — Sc — O(51i) 94.6(2)
Se — O(5) 2.059(5) 0(2i) —Sc — O(6) 82.7(2)
Sc—0(6) 2.119(6) 0(4) — Sc — O(5il) 94.3(2)
O(1)—Sc—0(4) 81.4(2) 0(4) — Se —0(6) 96.3(2)
O(1) — Sc — O(51) 97.9(2) 0(5) —Sc—0(6) 94.3(2)

B. The malonate ion

C(1)—-C(2) 1.533(13) C(1)—-C(2)-C(3) 115.7(8)
C(2) - C(3) 1.531(13) 0(1)-C(1) - 0(2) 122.5(7)
C(1)-0(1) 1.270(9) 0o(1)—C(1) - C(2) 120.2(7)
C(1)—0(2) 1.253(10) 0(2)—-C(1)—-C(2) 117.3(7)
C(3)—0(3) 1.253(10) 0(3)—-C(3)—0(4) 123.6(7)
C(3)—0(4) 1.271(10) 0(3)-C(3)-C(2) 117.7(7)
0O(1) —0(4) 2.743(8) O(4)—-C(3)-C(2) 118.6(7)
Dihedral angles:

C(3)—C(2)-C(1)-0(1) 35.3 C(1)—-C(2)~C(3)—0O(3) 140.1
C(3)—C(2)~C(1)=0(2) 145.6 C(1)—-C(2)—-C(3)—0(4) 42.8

C. Possible hydrogen bonds

0O(5) — O(3iii) 2.910(8) O(1¥) = 0(7) - O(3) 98.9(3)
0(6) — O(3i) 2.736(8) 0(3V)—0(6)—0(7)  101.8(3)
0(6)—0O(7) 2.570(9) 0(6) —0(7)—O0(3%) 115.6(3)
O(7)—0(1v) 2.922)9) O(7)—0(3) - 0O(6%)  125.3(3)
0O(7) — 0(3) 2.755(9)
Sum of bond angles around: O(5) 356.4

0O(6) 357.2

O(7) 341.9
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Table 6. Deviations in A, from the least-squares planes through the C—COQ-groups
and through the carboxylate atoms of the chelate ring. In each case the atoms defining
the plane are given above the asterisk.

The C-—COO-groups The chelate ring

Atom Distance Atom Distance Atom Distance
C(2) 0.001 C(2) 0.004 (1) 0.037
C(1) —0.004 C(3) —0.015 0(1) -0.035
O(1) 0.002 0(3) 0.005 C(3) —0.037
0(2) 0.002 0O(4) 0.005 0(4) 0.035

* * *

Sc 0.039 Se —0.321 Se 0.324
Sc* 0.426 B C(2) 0.4{7

The two C—COO groups are planar within the limits of errors (Table 6).
The dihedral angles included in Table 5B and in Fig. 3 indicate that the
carboxylate groups are twisted in the same direction out of the carbon chain
plane by about 40°. Similar twists have been found in all previously studied
malonate chelates.

(a) (c)

Fig. 3. (a) The malonate ion with its immediate surroundings. The ‘‘thermal elhpsmds

are scaled to include 50 9, of the probablhty distribution. (b) Bond distances (A) and

angles (°) within the malonate ion. (c) Projections of the malonate ion along each of
its C —C bonds. The angles included are the dihedral angles C—C—-C—O.
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The bonding situation of the malonate ion is approximately the same
as found for the malonate ions forming six-membered chelate rings in NDO !
and NDH,? i.e. one nonchelating oxygen is bonded to an adjacent metal ion
and the other is hydrogen bonded in the structure. These three malonate
ions are compared in Table 7. The ligand bite seems to be somewhat shorter
in the sixcoordinated scandium complex than in the ninecoordinated neo-
dymium complexes but it must be concluded that the influence of the change
in size of the central ion is small.

Table 7. A comparison of the malonate ions forming six-membered chelate rings with

neodymium(IIl) (NDO, NDH) and with scandium(III) (SCM). ¢, is the angle between

the plane of the bridging carboxylate group and the carbon chain plane, and ¢, is the
corresponding angle for the hydrogen bonded carboxylate group (see text).

NDO NDH SCM
é./° 41 34 35
Wf° 51 41 51
bite/A 2.80(2) _2.83(2) 2.743(8)

The possible hydrogen bonds. The O —O distances suitable for hydrogen
bond formation are given in Table 5C. They are selected by the same criteria
as used before.!

Judging from these distances the scandium-malonate chains are held
together by hydrogen bonds via the uncoordinated oxygens O(7) and O(3),
as illustrated in Fig. 2. The water molecules O(6), coordinated to the scan-
dium ions of one chain, form together with water molecules O(7) and car-
boxylate oxygens O(3), a hydrogen bonded chain with the sequence
—0(6)-0(7)-0(3)—O(6) — and running in the z-direction. The O0—-O
bond distances in this chain are 2.57—2.76 A. Weaker hydrogen bonds,
2.9 A, link O(3) and O(7) to the hydroxy oxygens O(5) and carboxylate oxy-
gens O(1) of an adjacent scandium malonate chain.

The atoms O(5v1), O(6), O(7%), and C(3) form a distorted tetrahedron
around O(3) with “tetrahedral” angles in the range 80—129°. The sum of
the three bond angles around the hydrogen bond donors O(5), 0(6), and O(7)
are given in Table 5C, which also includes the donor angles of O(6) and O(7)
and the O—0 -0 angles within the hydrogen bonded chain.
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