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CONTRIBUTION FROM THE LAWRENCE RADIATION LABORATORY AND DEPARTMENT

OF CHEMISTRY, UNIVERSITY OF CALIFORNIA, BERKELEY, CALIFORNIA 94720

The Crystal and Molecular Structure of the Heptadentate Coordlnatlon Complex
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Ho(C Cg 5COCHCOC6H ;| 205 ﬁfis(diphen&lpropanedionato)aquoholmiuﬁ,
cfystalllzes 1n_space group R3 with one molecule per rhombohedral cell. The
dimensions of the tfiply'pfimitive hexagonal cei; are a = 22;713 and

= 6.334 z. The measured‘dehsity is.l.h8 g/ce; the caleuiatedlxéray density
is’l;SO g/ce; The etruéture was determined ffom'measurements with Cu Ka.
. radiatien of l365~independent (in the senee of the point group) reflections,
inclﬁding 120 Friedel pairs. It was refined to R = 0.031 with aniéotrepiC'
temperature factors on all but the hydrogen atoms. The holmium,atom,‘on the
three-fold axis, has a novel seven-fold coordination. The six oxygen.atoms
of the diphenylpropanedionato ligand are at distances 2.275 and 2.305 K-from
holmium at the corners of an octahedron which has substantial trigonal
distortion. The water molecﬁle, on the three~fold axis, is 2.39 K from
holmium and caps the above octahedron; its hydrogen aﬁoﬁs are presumed to
be in disordered positions.-.The molecuie as a Whole’has the appearance of a
three—biaded propeller, eaeh blade of which consists of a planar six-membered
ring consisting of a holmium, two oxygen, end three carbon atoms; the pianes
of the two phenyl groups are twisted by ten andvnineteen degrees to the above

plane.
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Introduction -

Holmium in-the trivalent state, liké other rare earth elements, reacts

with dibenzoylmethane3 to form a compiex with the structure:
CH_)C-CH-C(CH_)
(Cq 5>| l< 6fs)

Q0 R
(C.H )c-o ' /// 0-C(C H_)
(¢6H5)C—ov////l\\\\\o-c(c

The water moleéule is known to be firﬁly.bound, and Hoérdu in 1961 suggeéted

' this heptadentate Structure‘for'somevsiﬁilar complexes. The structure deter-
.mination was undeftaken in order to ascertain the coordinatioh geometry about
the holmium atom, and to investigate the nature of the hydration of the_watgr
molecuie invthis material. Recently the struéture of tris(l-phenyl-1,3

5

butanedionato)aquoyttfium was.feported which also has this same seven-fold

i\ , e
coordination. The results of the two determinations are in excellent agreement.

Experimental

-Ho(C6HSCOCHCOC 5)3'Hé0 was prepsred by adding holmium trichloride;to
a refluxing mixture of dibenzoylmethane, acetone, and potassium hydroxide.

Yellow‘crystals of the compound crystallized from the filtered and cooled‘

solution. This procedure is from preparation No. 17 as described by Melby.

A cfystal fragment of dimensions 0.15 X 0;15 X 0.10 mm was cleaved

from a needle and glued to a pyrex fiber. A preliminary set of Weissenberg
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films had shown the crystal to be rhombohedral with the fiber parallel
to the hexagonal c axis. Cell ‘dimensions were measured using a G.E. XRD-5
X~ray diffraction apparatus equipped with a quarter—circle'Euleriaﬁ cradle

"and a molybdenum anode tube, (A = 0;70926 &; A = o.7135h-ﬁ, and

Kol Ka2

XKB = 0.632253 &). Cell dimensions were determined from a series of -20 meas-
urements along the hexagonal 002 and hOO directions using peaks where. KB,
Kol, and Ko2 X-rays were resolﬁed. All meésurements were made ‘at room temp-
eféture, i.e., V230,

The crystél was transferred to a quarter=circle type automatic G.E.-
diffractbmeter. The intensity measurements were made using a Cu anode X-ray
tube Set at a take—bff angle of 2° and operated at 35 kvp'agd 20 ma.  The
diffracted beam was filtered by a Ni foil just,ahead of the scintillation
countéf. The 6-26 scahnihg teqﬁniquevwas used; scanning began at 0.6° in
26 ahead of the Kal.ﬁosition and céntinued to 0.6° beyond the Ka2 position at
a rate of l°/min.: Backgrounds were ﬁaken a£ O.h°‘ah¢ad of and beyond the-
scan 1imi£s. VThe het intensity I was then‘calculated_to be |

I=¢C- (Bl+32)(Tc/2ib)

C 1is the total counts in the scan time Tc' Bl and B2 are the two stationary

backgrounds which were each counted for Tb = 10 seconds. The déta’included
" 1366 independent reflections. Fourteen intensities were less than their
estimated standard deviations, of which two were actually recorded as zero.

One reflection, (24, -12, 3), was deleted from the data set due to a recording

error by the automatic diffractometer, i.e., a background was erroneously
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recorde? as zero. As the diffractometer waS'nélionger functioning at then
time offthis diséovery, we did not remeaSurg this aatum.v‘The final results
are based on 1365 independent reflections. Iﬁ:fhisAdata set there are 120
Friedel pairs,.i.e.,‘h,k,O and h+k,£}0 sets. ‘ihe data wére corrected for
Lorentz and polarization effeéts;' No éorrectibh was made for absorption.
The_absérption goefficieﬁt for'Cd Ka X—raysbis ﬁ'= AR cm_l, énd UR 0.3.
The:efror in the défa is estimatea tovbé aﬁout 20% for the extreme situation.
The'standérd deviations of the intensities and the sfructure factors

were estimated as follows. The standard deviation of I is

+8,) + (aD)?1H/2

?

: 2
I) = +-
o(1) = [ + (T /21,)° (B
where q °is an arbitrary fraction of the intensity'Which has been included
to account for such non-random errors in the data as absorption, extinction,
andfthe;lack of stability of the electronic circuits of the instrument. The
. standard deviation of the structure factor is taken as

o(F) = Fy = V(F2 - so(I)/1p)

‘where é' is'thé scaling factor in the equation, Fo.= /(sI/Lp). 'Fofvthe
reflections where I g /KO(I),'d(F) = /(so(i)/Lp. Lp ié the Lorentz-polar-
vization‘factbr. | | | |

_.Our unpublished“full—matrix least—squares pfogfam minimiies the func-

. ' 2,2
tion R2, where R, = ZEKAE)_/ZWE_ 5 Eo and gc are the observed and

2.

calculated structure factors, and AF is the difference of their magnitudes.
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The weighting factor w is 1/02(F). The. program accommodates both the real
and imagiﬁary parts of the dispersion correction.

Sbatﬁering factors for neutral holmium, carbon, oxygen, and hydrogen

6,7

atoms were used. The real and imaginary dispersion corrections for. holmium

are -14.02 and 3.52 electrons réspectively.S, The anisotropic temperature

. 2 2 02
.factor has the form eXP(_§1125 - gggﬁ_.— §§§7

[o] . . . :
'Ei' values in A2 units are’ reported for the;thermal parameters:

- 28 hk - 28 hR - 28 kl)

¥ % *
B., = U8 ./a. a, , where a, is the ith reciprocal cell length.
Xy T 1T ‘ = - o

Results

A

P T T T P s e e

single formula unit in the unit cell. The cell dimensions of the triply

primitive hexagonal cell at 23° are: 2 = 22.713+0.012 and g = 6.334%0.004 &;

the errors are subjective estimatés.' The observed density from flotation
in a mixture of ethylene.dichloride and carbon tetrachloride at 25° is
1.48 g/cc, and the calculated X-ray density is i.SOl g/éc.

 Deternination of the Structure.-The holmiun aton is in the special
position (O=O>E)' As the space group is polar,vthe origin was arbitrarily
placed at the Ho atom, i.e., z = 0.0. A Fourier summgtion;phaséd by Ho, all
signs.positivé, was calculated, but because fhe holmium structure is centric'
this function shows two images'of the structure. Some of the iargést peaks ‘

were selected and their positions refined.by least-squares using isotropic

temperature factors. Atoms were rejectéd if their thermal parameters became
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¢xcessively large. This procédure resulted in a structure of eight atoms in
addition to holmium which refined to R = 0.25, where R = 2|AFI/|FO]. A
second Fourier was calculated using'étructurebfactors phased on the above
resulté,'and the same'prdqedure was éontinued. A total of fifteen atomé were
deduced and the structure at this point refined to an R value of 0.1k,
Unfortunateiy thé structure 4did not make chemiéal sense, and a third Fourigr
based on these latest results was calcﬁlated. We arrived at fhe final trial
"structure by shifting some étoms to their inverse position such that the_
resulting molecule made cheﬁical éense. This_final trial structure refined
to an R value of 0.10.

The above calculations.were performed with the 120 Frieaei pairs
averéged together according to the Laue symmétry. The averaging was undone,
and a least squares refinement of the structure with this expanded data,
buﬁ witﬁout the imaginary anomalous dispersion term included for hdlmium}
yielded an .R vélue of 0.099; the inclusion of this term reduced R to
0.097. Anisotrqpic temperature facfors on holmium further reduced R to
0.065; and the applicafioﬁ of anisotropic témperéture factors ﬁo the carbon

. and oxygén atoms lowered R to 0.036.

A difference Fourier was calculated to search for hydrogen atoms. A
‘peak of significanﬁ electron density,_0.16 to 0.3k electroﬁs, was found nearby
every location where a hydrogen'atom was calculated to be. There were many
‘spurious peaks in the map as well which had electron densitieé'comparable to
the hydrdgen peéks. An.attempt to refine the hydrogens on thé carbon atoms
was partially successful. Several of the temperature factors went to fairly

‘high values, and H(6) moved to within 0.l angstroms of C(6). We finally
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decided to pﬁt each hydrogen atom in at a caléuiated idcatioh_of l.b angstfom
away from its asséciated carbon aﬁom. Isotropic temperature factqrs.were :
aésigned that gave each hydrogen atom the comparéble;average meaneéquare—
displacement of the carbon atom it was»bonded;%o.‘ Thevhydfogen‘gtoms asso-
ciated with the water moleculé ére disordered according.to a symmetry .
argument, i.e., the wate}.oxygenlatom is on é thfee-fold‘a;is.' The difference
Fourier shows a ring of electron dénsi£y>that peaks at (0.01, -0.01, 0.k49)" -
with a valge of 0.22 electrons. .This ié aﬁ appropriate location for theSe:
hydrogen atoms, but no attempt was ﬁade toﬂrefine them, as we have n6 éon-
venient way of héndling this type of d{sordér in oqrvieast-squares program.

Therconclﬁding refinements of £he structuré resuitgd in a finéi. R
factor of 0.031 using all 1365 data. The weighted R 'faétor, Rg; was 0.039.
The standafd deviétion of'an'observation.of unit weight was 1.1L4. The béximum
shift.of any parameter was 1eés than'two percenﬁ of ifs standard deviation
aftef the last cycle. The list of observed and calcqlated!sffucture factors
are shown in Table I, the'final.positiongl parameters are éhown in Téﬁle 1L,
thevanisotropic thermal parameters iﬁ Table IIT, and the assumed isotrqpic
thermal parameters for hydrogen in Table_IV. |

A refinemeﬁf of the inverse structure resulted in‘én incfease_ih both

R and R, to 0.046 and 0.062 respectively; This is confirmation that the

2
absolute_configuration of the molecule in this particular‘crystal.is correct.

We have not made a correlation of the absolute configuration with respect to

morphology or any other physical property.
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TABLE T

OBSERVED AND CALCULATED STRUCTURE FACTORS IN TRIS(DIPHENYLPROPANEDIONATO)AQUOHOLMIUM

OBSEAVED AND CALCLLATED STRUCTURE FACTORS CF TRISIOIPMEAYLPROPAMEC JONATO }ACUOHOLNIUN,
FCAL0,0,0) = 3834 : |

17 38 3% 2 224 229 0 414 437 -2 566 569 13 35 X -1 174 177 M.l= 12, @ 9 44 41 -12 217 221 MW= 17, 2 -12 85 85 -20 68 &6 -4 14 21
Hekw D¢ O Hole 1y & 5 180 101 3 612 605 1 267 275 Hel= 5 -9 282 282 93 -15 82 w4 =9 42 42 -7 ¢9 ¢ea -% 24 30
3 1 57

317 o 57 - 8 48 Si 6 353 339 4 191 191 -6 Lls4 109 =6 305 301 -10 118 116 =6 177 169 -12 137 135 -6 128 123 -14 67 €4 Hel= 24, O

6 133 138 4 91 9 i 123 123 9 139 145 T 212 266 -3 87 =3 375 364 -7 83 at =3 163 167 -9 104 10% =3 134 135 -11 2& B} -21 49 57
9 342 351 1 92 9 14 70 &4 t2 30 49 10 2%0 235 ° 0 79 0 312 304 -4 .77 1 0 116 113 -6 68 92 C 40 A4 -8 13 5 -l8 3T 4
12 30¢ 297 10 ss 353 17 49 &9 15 85 S4 13 &4 57 3 154 3 130 13t -1 9% 95 3 n =3 116 116 3 56 51 -5 S6 58 -15 715 15
15 148 144 13 40 40 HyL= 3, 5 18 55 S5 16 84 a0 6 9 » & 102 109 2 63 61 6 62 64 0 102 99 6 24 23 -2 862 &4 -12 45 S5
16 108 108 Hek= 1,. 1 ~2 159 153 HyLls S5, ) 19 24 31 9 70 9 1619 s 30 29 9 & Al 3 61 65 Heil= 19, 2 1 29 21 -9 Jo 12
21 29 22 T4 7 1173 =4 337 331 Hel= 7, 1 12 43 12 52 %7 32 Hel= 15, 4 6 34 28 -16 98 100 4 24 28 -6 b4 b6
24 30 29 3 38 42 4 223 222 =1 340 3268 =6 316 313 Hyla 15 26 25 w,tx 13, 6 -13 62 58 9 13 13 -13 111 107 H,L= 21, ) -3 41 35
Hsba O, & & &0 &% T 109 1CS 2179 200 -3 331 352 -7 90 9 Hyl= 12, 1 -11 79 ~10 82 T2 Hel= 17, 3 ~-10 61 &1 =~18 SO S2 6 30 21
2 435 44S 36 38 10 111 109 5 238 23%0 0 339 351 -4 119 115 =10 109 116 -8 58 5§ ~7 109 L1l -i6 B6 82 =7 87 7L -15 1T 16 FK.,ls 24, 1
5 129 106 Hs= 2, ¢ 13 75 Te 8 15C ts8 3 305 300 - -7 159 162 -5 49 51 -4 100 98 -13 117 111 ~& 144 143 -12 S1 46 22 4T 40
49 568 -1 875 &89 16 54 54 11 120 129 6 167 177 2 -4 185 352 -2 43 49 -1l 99 97 -10 IG} 103 -t 82 8% -9 £3 1?9 .19 33 31

11 324 327 2 513 509 L= 3, & t 1% 78 9 132 135 S -1 20t 198 I 54 sa 2 13 712 -T 81 8% 2 68 &6 -6 93 95 -16 ST 57
1 3 99 S 565 %81 0 1€2 108 17T s9 & 12 96 98 2 155 162 4 3 n 5 35 37 -4 81 80 5 22 2e¢ -3 47 S1 -13 35 37
17 18 77 8 339 344 3 115 123 MHels 3, 4 15 SG B9 Hyle 5 41 8L Heta 16, O 8 34 34 =1 101 103 Hele 19, 9 29 30 10 42 A4

L]

0

6 243 254 Mele 2, 2
9 222 22% € 227 Y23
12 1719 178 3 294 288
15 59 &0 & 238 23¢
18 70 66 9 198 201
21 &1 S50 12 156 156 5
Hel= 0, 4 1S 40 42 0 1£2 150 8 45 &1 -6 188 194

2 211 210 12 83 82 3 375 380 11 48 46 =3 139 13t 12 51 S50 -12 165 167 4 99 99 -10 %0 51 -7 52 48 18 20 -20 39 40
S 167 162 21 39 42 & 57T 582 Hel= S, 7 0 174 172 Hol= 12, & -9 218 216 (I -7 W\ 37 =& 43 47 ML= 22, 1 -1T7 48 48
8 205 213 Hel= 2, 2 9 288 283 -2 o7 70 3 92 9i -0 1M 3 -6 134 135 10 48 52 -4 39 39 -1 40 &1 -21 2 43 -14 50 SI
11 217 219 -1 306 298 12 161 12 1 47 6 6 121 120 -7 139 134 =3 116 116 Hel= 16y 1 Hylw 18, O Hels 20, 0 -18 38 38 ~1L 43 45
14 1)0 126 2 352 349 15 s 4 37 38 % 120 130 -4 103 99 0 10% 110 -t5 17 80 ~-15 143 144 -16 26 24 ~15 72 19 -8 52 S2

T
20 3 3 8 216 222 2L 21 20 MHet= &, O 15 29 28
“Mylw Oy S 11 100 100 H,L= 4, 2 =3 412 389 Het=s T, S
1 182 167 14 88 89 -1 337 329 ]
4 140 151 1T 75 &9 2 549 533 3 298 307 -1 158 152
6

T 167 137 20 53 49 $ sS1? 513 324 324 2 120 116 Hyle 12, S -~13 180 164 3 138 131 3 12 60 =1 48 47 14 21 -1LS 29 28
10 63 65 Hila 2, & a 10 80 9 224 223 S 118 1t6 =11 123 128 -10 144 142 6 112 L4 6 Al 42 2 58 56 Hel= 22, “12 62 &5
t3 101 o2 1 2%0 251 11 69 T1 12 157 136 4 85 856 -8 a1 -7 174 171 9 19 9 3¢ 38 5 30 3% -19 2 S8 -9 28 17
16

M 3 4 130 L34 14 S6 100 15 44 45 t1 69 68

49 48 =2 110 112 Holw 36, 3 H,La 18, 2 -18 ST S6 -14 S4 55 -17 28 1230

Met= 1, O I3 46 46 Hele 4, 4 &, 2 0 &1 45 -7 42 4 68 69 -11 68 62 -14 160 162 -12 54 -8 69 70 -1t 37 35
1 647 €686 Hel= 2, & - 91 179 213 202 39 42 -4 7 43 -8 125 120 ~-11 117 120 -9 &3 &2 ~5 54 S8 -8 26 29
4 858 883 -1 77 80 0 249 240 398 390 H.L= 8, O Hol» 13, 0O 10 30 22 =5 146 140 -8 9% 9 -6 108 113 =2 39 41 Hel= 26y 0
T 290 294 2 83 82 3 2C5 198 457 447 - 3 274 =11 126 126 HsL= 14, S -2 108 112 -5 9% tao -3 9 92 Hebl= 22, & =22 0 20
10 304 301 S 108 106 & 1C4 106 348 363 =4 346 348 ~8 217 2186 -12 95 96 1102 98 =2 148 149 0 44 &1 -18 27 28 -19 3 &2
13 217 218 65 65 9 123 121 259 247 ~L 283 292 ~5 377 358 - 19 N 4 646 59 84 85 3 4T 51 ~15 31 37 16" 39 46
16 127 126 11 27 37 12 83 &0 10 132 125 2 245 249 ~2 329 322 -6 100 98 T 48 40 4 64 67 HMsl= 20, 3 -12 39 41 -13 33 3%
19 42 &2 . 2% 3 15 S8 38 13 46 46 S 223 225 1 226 225 =3 70 &9 Hel= 18, & v 20 21 ~19 16 -9 43 43 -10 40 &3
22 29 29 wmyle 2, 7 18 35 3 16 5% 36 8 184 190 =5 168 162 4 115 111 0 67 66 -15 81 80 Hle 18, =16 46 48 -6 21 23 -7 29 33
Hel= 1, 1 1 59 &5 Hele 4y & 19 20 22 1t 113 104 -2 61 5% 7 107 to8 3 50 49 -12 111 107 =15 51 -13 51 S5 -3 28 22 -4 32 34
0 457 490 4 &5 52 ~1 163 159 Hel=s 6, 3 14 84 87 1 162 158 10 &7 63 37 33 -9 94 89 =12 52 53 -1C 81 83 Hele 23, O HeL= 26, 1

3 726 751 T &5 4S5 2 230 227 =3 312 36 1T 53 53 4 109 108
6 162 103 HyL» 3, O 5 122 124 G 326 326 Myl= 8, 1 7 59 S8
9 369 383 ¢ 278 276 8 14 8o 3 1893 188 -5 1713 1713 1C 49 %2
12 145 a8 3 68 362 11 1co 99 6 156 168 =2 312 304 HsL= 9, &
15 193 103 & 397 416 te &7 52 9 180 176 t 350 352 -6 Lla 112

18 59 54 S 280 379 Hele 4y 6 12 1% 17 4 229 235 -3 58 58 =3 147 1533 =1 41 41 Heb= 18, S 6 2¢ 23 -17 3e =T 15 17 -5 28 29
21 S0 SO 12 178 185 -2 125 12% 15 69 66 T 169 169 [ £ 0 150 147 2 38 a0 -~13 55 Hels 18y & -14 40 43 -4 36 39 Hele 26, 2
Hel= 3, 2 15 61 <0 L 128 124 L8 37 &0 o &9 90 3 18 17 3 69 68 HeL= 13, 0 -10 88 85 -16 31 3T ~-11 26 23 -1 33 35 -1@ 5 s

52 261 8 56 55 4 103 106 Hela 6, & 13 11s us 6 61 63 6 48 71 =12 123 127 -7 18 W i3 T4 T6 =8 46 &5 4 36 ~-15 18 1S

17 12 N S A7) 489 -3 T e 158 150 =3 520 497 -1 40 3 -7 183 179 3 137 137 -14 1L 23 2 44 37 -15 36 -11 &1 S8 -15 24 20
20 €5 68 8 481 44l 0 €0 96 11 o8 67 0 135 141 43 4t -4 246 235 6 101 100 -1t 70 73 S 38 36 -12 56 S8 -8 55 58 -12 31 27
23 32 34 i1 129 133 3 Sk s1 16 48 &8 3 228 242 Hel= 10y 0 =1 167 169 9 81 81 =8 45 A2 Hel= 18, S -9 30 232 -5 SO0 49 ~9 0 22
Hoel= 1, 23 14 80 M 6 35 3 17 27 28 6 155 149 -8 234 237 2 09 o7 12 3 29 =5 32 40 -t7 30 =6 AT 44 =2 1T 20 Hels 274 1
1 434 A28 17 6% 65 MHele Sy 0 Hel=s 6, 5 9 1€9 108 ~5 224 222 S 191 82 Meb= 1S, 1 -2 35 -1 52 56 =3 39 al L 38 39 -19 39 38
4 218 223 20 32 35 -4 1£0 173 -5 082 84 12 119 121 =2 347 344 8 s S4 —13 175 168 Hels 17y 0 =LL 76 78 Hel= 21, 0 H,L= 23, 2 ~-16 22 21
T 224 226 Hels 3, 2 -1 838 840 -2 156 146 15 86 82 L 286 275 Hel= 11, S 11 34 31 -10 195 198 -16 135 131 -8 5T ST -~18 59 62 -21 34 238 =13 368 &0

2 480 484 1 193 199 18 16 16 4 126 125 -9 111 109 14 30 132 -7 178 1717 -13 109 108 ~5 53 S6 ~15 98 95 -18 42 46 -10 35 28
13 711 N 1 3N e 5 221 223 4 116 110 Hel= 8, 3 7 114 113 -6 100 9%
8 3&6 358 7 65 68 -7 276 270 1C 68 65 =3 90 90 -1l 243 237 -1 150 t46 -7 2% 238 L 35 236 -9 7L T2 -12 1% 18 -4 18 21
11 199 163 10 78 719 -4 302 295 13 68 7C 0 122 127 ~8 160 153 2
Hele 1o & 10 178 167 14 89 91 13 se 57 =1 347 333 16 43 41 3 66 &b -5 180 k79 5 688 86 ~1 124 123 -9 36 38 -3 48 50 -6 28 29 ML= 28, O
0 24 8

3 ta3 137 16 1L7 11s 20 40 43 -3 137 1 $ 105 1is -9 237 221 9 9 13 1 165 183 1 2 2 % 53 53 -17 98 sa 3 59 56 o 286 29
& 132 129 1 35 33 HeLs S, I 0 104 103 8 234 229 =6 187 193 Hel= 11, & 90 Hel= 15, 2 8 46 46 <-16 187 182 HelL= 21, | HeL= 23, 3
9 198 199 HyLe 3, 3 -2 362 331 3 111 112 11 45 43 -3 ¥37 324 -~10 63 65 T 93 B89 ~14 102 108 Hele 17, 1 -11 95 97 -19 39 -19 33
12 132 134 0 468 4563 1 473 419 S8 54 14 34 35 ¢ 221 22% -1 19 718 10 34 38 -1t 179 173 -14 126 126 -8 107 102 =1& 69 6% -16 44 43
15 &% 83 3 246 251 4 344 344 9 43 & 17T 24 2% 3 194 183 ~4 98 93 Hele 13, 4 =8 142 141 ~11 147 145 ~5 88 92 ~13 103 103 -13 39 43
18 38 40 6 228 233 T 208 205 Hels &, 7 Hil= 8, & 6 145 142 -1 62 S8 -12 104 10% =% 112 111 -8 12% 125 =2 121 118 -1 91 90 -10 61 &1
Hot= 1, 5 9 169 163 10 174 178 -4 86 93 -5 162 159 $ 0 N 2 62 63 -9 52 s) ~2 82 15 -5 105 105 1 39 3 -7 &8 &5 -1 56 56
165 1 12 115 1t 13 9 -1 &5 68 -2 145 139 t2 82 e6e S 46 43 -6 110 114 17 7 -2 130 127 4 42 53 -4 67 &9 -4 e 21

8 139 t40 ¢ %0 s2 19 S %52 S AT a7 4 116 120 H,t= 10, 2 -8 36 2 0 121 121 7 38 33 4 120 136 Hel» 19, 1 2 39 3 -1t 1 I
11 160 SE Hel=s 3, 4 Mels 5, 2 Hyt= 7, Q T 9% 90 -7 245 24¢ =5 48 47 3 101 9¢ 1 28 26 T 42 42 -18 56 %6 S 23 23 -14 S4 54
1» 57 51 -1 236 236 -3 193 190 ~5 487 475 10 90 &9 -4 336 32¢ ~2 37 a0 6 42 38 M.+ 15, 3 10 23 23 -5 155 152 Mel= 21, 2 ~11 46 47
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ATOM

H20
0(1)
0(2)

S C(1)
c(2)
C(3)
Cl(4)

C(5)
Cle)
c(7)

c(s)

c(9)
C(10)
c(1)

c(12).

- C(13)
C(14)
C(15)
H(2)
H(5)
H(6)
H(7)
H(8)
H(9)

H(11)
H(12)

H(13)
H(1l4)
H(15)

33tandard dé#iations appear in parenthesis. An

‘a parameter thathas not been allowed to refire,

b

9

TABLE II .

POSITIONAL PARAMETERS®.

X :

" «0000 (*0)
.0000(%0)

.0670( 2)
.1090( 2)
«1305( 2)
<1801( 2)
<1681( 3)
«1517( 2)
<2166( &)
.2336( 4)
<1887( 4)
<1244 4)

1071 ( 3)

.2268( 3)
.2183( 4)
.2722(:5)

«3450( 4)
.2918( 3)
+2300(*0)
<2520 (*0)
.2820(%0)
<2020 (%0)
.0900(*0)
.0590 (*0)
«1720(%0)
.2650(*0)
.3750(%0)
«3910(*0)

b

«2990(*0) .

%

0000 (%0)P
.0000 (*01°

-.0170( 2)

«0724( 2)

. .0583( 3)

«0892( 2)

-a0224( 2)
~e0029( 7)
-.0287( 7)

~-.0758(

-0916( 5)

- «1450( 2)
" «1619( 3)

-.0140(%*0)

«2152( 4)

«2511( &)

«2339¢( 3)

«1817( 3)

«0740(%*0)
«0310(*0)

~«1250(*0)

~.0770(*0)

«1360(*0)

41

«2270(%0)

«2890(%*0)
«2600(*0)
«1700(%0)

Special position parameters fixed by symmetry.

UCRL-18701

- «0000(%0)€¢ . -

«3771( 8)

—-22373( 6)
«1015( .6)
-e2610( 7))
-+1378( 9)

.0330( 8)

-«4359(

8)
.~ —e4883(22)

—e6544{24)
~eT7455(17)
-«5786(14)

«1486( 9)
+3491(10)

- «4598(13)

«3601(17)
«1718(16)
«0587(12)

-.1740(%0)
-+3920(*0)
~.6870(%0)
-+8920(*0)
~e846C(%0)
~e553C(%0) "

«4150(%0Q)
«6060(%*0)
«4340(%0)
«1080(%0)

-«0870(%*0)

asterisk indicates '

®polar space group origin fixed at 2 = 0,0 for Ho.
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TABLE ITI
ANISOTROPIC THERMAL PARAMETERS®
ATOM ©B11 B22 833 Bl2 4 B13 B23
HO 5.11( 2)  5.11(%0)p 3.38( 2)  2.56(*0))  .00(*¥0)p  .00(*0)
H20 7.15(20)  7.15(%0)° 2.82(21)  3.57(%0) L00{%0)° ~ .00(*0)

0(1) 4.54(13)  5.58(14)  4.4S(14) ~2.42(11) =.41(1l1) -1.42(12)
0(2) 5.65(16) 5.74(15)  4.44(15) 2.75(13) =-.87(13) =-1.37(12)
c(1) 4.60(18) 4.ST(LT). 4 17(17)  2.49(15) =.55(14) =-.61(14)
c(2) 4.49(19)  5.36(21) 5.52(24)  1.98(17) =-.52(17) =-1.35(18)
C(3) 5.41(21)  4.45(18) 4.31(17) 2.39(16) =~1.25(16) =.80(15)
Cl4) 4.31(18)  4.29(18) 5.52(22) 2.30(15) =.39(16) =.97(17)

S C(5) 4.70(28) 16.29(86) 17.14(100) 3.33(40) =-1.32(40) -11.96(86)
C(6) 5.,12(30) 16.16(86) 17.74(107) 3.35(41) 64 (44) ~10.74(85)
C(7) 7.11(33) 7.91(36)  9.71(47)  3.93(29) .83(32) -3.27(35)
C(8) 7.74(38) 12.17(57) 10.47(57) 5.61(39) =-1.86(36) =-6.70(50)

C(9) 5.79(28) 10.89(47)  9.17(46)  4.48(31) ~-1.33(28) -5.32(41)
C(10) 6.24(25)  4.17(18)  5.36(22)  2.54(18) ~=1.72(19) =-.83(17)
c(1l) 8.04(34)  T7.04(30) 5.68(27)  4.84(28) =2.57(26) =2.30(24)
C(12) . 11.49(57) B8.67(42)  7.50(38) - 7.05(46) =4.06(41) =-4.11(35)
C(13) 8.74(45) 5.83(29) 11.20(58) 3.58(30) -5.17(45) -3.19(35)
C(l4) 7.15(34) 5.61(27) 10.47(53) 1.75(25) ~=3.69(36) -1.35(32)

6.55(29) 5.30(24) 1.61(21) =2.47(26)

¥standard _deviatidhs appear in parehthesis. An asterisk ind-ica{t_,—éé"
a parameter that has been restrained,
b‘I'he symmetry of the special ’positibn of Ho and. H20 restrain their

vt‘henmal parameters as follows: Z_B_lgﬁ_ng-_B_B, and B23-§-32,-O.



" . UCRL-18701

TABLE IV

ISOTROPIC THERMAL PARAMETERS®

ATOM B
H(2) 5430
H(5) 13.60
H(6) 13.70
H(T) 8.20
H{8) .90
H(9) 8.50

“H(1l1) 640
H(12) 8.30
H(13) 8.60

"H(l14)  8.40.
H(15) 6490

aThése estimated values were not
allowed to refine in the least
squares,
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95535123593 gf §E£ESEBE§ .—-The basic unit in this structure is a
unimoleeular_species that consists of all of‘the“atoms'in the chemical formulsd.
A'projection of the molecule down the three-fold axis is shown in Fig. 1. The
nolmium atom, on the three-fold axis islsurrounded by'atdistofted octahedron
of six oxygen atoms from the organlc llgands and a seventh oxygen from the
,Water. The water oxygen is also on the three-fold ax1s and caps the expanded
trlangular face made up of three 0(2) oxygen atoms, the 0(2) (é) distance
is 3.78 R as opposed to an 0(1)-0(1) distance of 3.03 R in the opposing face.
A list.of some interatomic distances and their standard deviations is shown
in Table V. The angles aboutbhelmium end water are given in Table Vi.

The.water molecule sits directlyAabove the holmium atem at a distance

2.39 2. 1t nas six oxygen atoms as nearest neighbors;ethree O(2)Aetoms
2.80 R distant which are in the same coordination complex about the holmium,
end tnfee'O(l) atoms at 3.00 R distant tnat are in the adjacent coordination
coﬁplex.. With three—feld symmetry inherent.in the water position,'it nust be -
concluded that the water hydrogen atoms are diserdered. A study of the geom-
etry to the adjaeent 3 0(1) atoms at 3.00.K.dees not'snggest any orderly
hydrogen bond schemes for the_water, i.e., the O(l)—HQO—O(l) angles‘are 61°
t ‘and'are‘much too tight to be nydregen bond angles.

. The overall complex resembles a right-handed three-bladed propeller,
this being the absoiute configuration of this particular crystal. The phenyl
rings‘are‘twisted from the plane of the propanato portion.of the complex. The
- phenyl group‘consisting of atoms C(L) throngh c(9) is twisted ~10° from the
plane made up of atoms 0(1), C(1), and C(2); the phenyl group consisting of

atoms (lO) through C(lS) is tw1sted "19° from the plane defined by 0(2), C(3),

and C(2) . This tw1st1ng is discernible in the sterograph;c plcture shown in Fig.
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TABLEV.
'INTERATOMIC DISTANCES IN TRIS(DIPHENYLPROPANEDIONATO)AQUOHOLMIUM®
| ‘Atom  Atom Diét(g) Atom Atom Dist(R) |
Ho - 30(2) 2.275(4) -o(z)m-_ c(1), g.9o(i)
Ho - 30(1) 2.305(7)  6(1) = C(2) 1.38(1)

Ho - H)0 2.39(2) c(1) - ¢(4) 1.50(1)
| H0 - 3 0(2) 2.80(1) ©(2) - c(a)~'1.39(i)
ﬁf-aoh)swmm-’ dw- c(10) 1.49(1) -
30(1;,_ c(1) 1.27(1) . ©() = ©(9) 1.33(1)
0(1) - ¢(4) 2.35(1) o) - ¢(5) 1.3501)
0(1) = ©(2) 2.35(1)  C(5) - ©(6) 1.35(1)
0(1) = C(9) 2.76(1)  ©(6) = (1) 1.29(2)
0(1) = 0(2) 2.77(1) - ¢(7) - c(8) 1.33(1)
0(1) = ©(3) 2.91(1) - o(8) = c(9) 1.38(1)
0(1)= 2 0(1) 3.03(1) 6(10)= C€(11)1.37(1)
0(1) = 0(2) 3.10(1) = c(10)=. -C(15) 1.40(1)
0(2) - c¢(3) 1.27(1) - c(11)- c(12) 1,41(1)
0(2) - ¢(10) 2.36(1) C(12)= ©(13) 1.41(1)
0(2) - ©(2) =2.35(1) ¢(13)- c(14)v1.3o(2)
0(2) - ©(11) 2.78(1) C(14)- ©C(15) 1.40(1)

8Standard deviations appear in parenthesis.
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 TABLE VI _
HOLMIUM AND WATER cwgmmv ANGLES®
B0 -H -0(1) 130.7(2)
H,0 - Ho -0(2)  73.6(2)
c@(j); Ho - 0(1) | 821(3) .
0(1)-Ho - 0(2)  7%46(3)
0(1)- Bo = 0(2)  154.7(3)
0(1)- o =0(2) 85.1(2)
0(2)- Ho - 0(2)  112.4(2)
Ho = H0 - 0(1‘)'_ 11.1.;4(2)1
Ho - nzb -0(2) 51 .1;(2)-
0(1)- H,0 = 0(1) - _60.5(3)
0(1)- 0 - o) 163.3(2)
0(1)= B0 = 0(2)  109.9(3)
0(2)- H,0 - 0(2)  85.1(3)
0(1)= B0 = 0(2)  103.1(3)

: a‘S'l'.a.'mla.rcl'(_1917:1.9.1:.1‘0::'a in parenthesis.
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Figure 3 shows the geometry in one blade of the molecule. A least squares
plane calculated through the six atoms consisting of 0(1), C(i), c(2), c(3),
0(2), and Ho, shows that the deviations from this ﬁlane'are, in order as
listed above,.—0.0l, 0.02, Q.O? —0.02,,0.02; and -0.01 K respectivély.
There ié sizeable thermal motion in the:two phényl rings. This is

' apparent from the thermal pafametefs; and the stereographic view of the
molecule iﬁ Fig. 2 gives a picture of the natufe of the‘thermal motion. The
pheﬁyl ring consisting of atoﬁs C(h) thrqugh c(9) appears to be oscillating
in and out of its plane about an axis passing through C(L4) and c(7). The
other phenyl ring, C(10) through C(1l), seems to be vibrating in the plane

of the pﬁenyl ring itself. It is not surprisihg that the bond lengths in

these rings are shorter than expected. No correction'has'beén made for this -

'éffect in the C-C bond lengths of fhe phenyl groups,'and'nO’effort has béen
expended to do fhis as the benzene geometry is well estéblishéd and iS'ndt a
significant part of this strucfure determination.

These results are in éxcellent agreement'with those reported by Cotton
and Legzdins5 for Y(C6H5600HCOCH3)~H20. The éheﬁical difference of the two

.materials is‘that one contains an Y atom for a Ho.atom, and a methyl group

" with each phenyl group. In the yttrium compound the complex has no symmetry

and all three organic ligands are independently determined. Other than the

distances involving the'heavy atoms, there are no significant differences in

the bond distances and angles in the comparable portions 6f the two struc-

tures. The Ho-H,. O distance is 0.05 )§ longer than thé Y-H,0 distance, and

2 2
the ligand Ho-0 distances are both 0.02 ) longer than the comparable Y-O

distances.
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Figure Captions

Fig: 1. The molecular unit ofbtris(diphenyl'pfopanedionato)aQuohdlmium
projectgd down the 3-fold axis. The water mblepule is directiy above
‘Ho but hasigeen displaced siightly invthis dfawing to better shéw the
structure off. | |

Fig. 2. A stefeographic‘pair dréwiﬁg of theuﬁbiécuié of tris(diphenyl
‘propanedionato)éqﬁoholmiumf | S

Fié. 3. vSoﬁe distanceéréﬁd angles of the ligands abouf Eglmium; The
estimated standéfd.deviatiéns of-?h;.éﬁgles is gbbgt 0.5°, and éff‘

the distances is about 0.02 A.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report. '

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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