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- ABSTRACT

The crystal and molecular structures of two tetrékis—
(tropolonato)metal‘éomplexes have been determined from three-
dimensionalgx-ray diffraction intensity data collected by
counter methods on a computer controlled Picker four circle
diffractometer.

The acid dimer of tetrakis(tropolonato)scandium(III),
(HSCT4)2; (where T =‘C7H502_), cryétailizéé in‘thérfficliﬁié””
space group PI with cell constants a = 11.624(3)£,~b =
11.986(3)X; c = 19.004(3)E, o = 95.33(1)°, B = 116.27(4)°, vy =
102.32(1)°, and z.= 2. Full matrix least squares refinement of
the 2732 reflections considered to be above background gave é'
final R factor of 5.94. The molecules exist as centrosymmetri-
cally related hydrogen bonded dimers (0...0 sepération of
2.484?4)2). Each scandium atom is eight-coordinate; %he oxygen
atoms are at the vertices of a.%%lyhedron which is bestra
described as an irregular bicapped trigonal prism, distorted
towards a dodecahedron.‘The'two tropoionato 1igands involvesy
in the hydrogen bonding are bonded asymmetfically to the metal,
and thquifferentrbond length alternation in these two rings
reflects the_asymmetric position of thé hydrogen atom in this

“bond. A |

The compound (NbT,)2(Hz0Cls).(CHsCN) erystallizes in the

W;monoclinig:spgcergraupﬂcE/c”withWcellwconstantsﬁaﬁ;wl5+16(1)A,;Aﬁi,

[¢]

b= 13.94(1)A, ¢ = 25.88(1)A, g = 95.46(4)°, and z = 4. A final
® factor of 7.5¢ was obtained after full matrix least squares

-lil-
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refinemént of the 1651 reflections considered to be above back-

groUnd. The (H30013)2i73516n cdntaiﬁsiﬁhe ﬁ3b+répeéié§mﬁydfogen

bonded to the chloride ions placed at the corners bf the base
of a flattened pyramid. A two-fold axis passes thrquh‘one_
chloride ion aﬁd relates the other two chloride ionén The oxygen
atom 1s disordered either.side of the two-fold axis at the apex
of the pyramid. |

The arrangementrof the donor atoms about the central
metal atom in QomplexeSMbethe type M(bidentate)4:has been
shown to be dependent on the parameter b : the rat}o of the
donor atom‘separatioh to thé metal-donor atom distance. From
the differehees in the central metal and in the charge on the |
(NDT4)+‘ahd (SeT4)” species,'one would expect a difference in
‘the geometry of the oxygen atoms, assuming the'tropolonato
ligands to be rigid. quevér,‘tée aéeragé oxygen atbm separation
)+

within the ligands in the'(NbT4 cation is significantly and

unexpectédly small (2.432A) compared to that for the (ScT.)~

anion (?.BOlA),.and thevgebmetries'of the two speciés are

F

éimilargjcorresponaingAquite closely to the arrangement pre-
dictéqabj theories bf high-cOordinatioh. The most notable
featurgé\of the "NbOg' pblyhedron are two Iinterligand 0...0
contacts&which are Very short (2:410(14)E dnd 2.467(17)2)'
compared to other interligand contacts, and occur betwegn‘
oxygen atoms whose lone pairs of electrons overlap. Close con-
tacts in the 'Sc0s' polyhedron and in other high-coordinate
complexes are found where the geometry ﬁould permit similar

cverlap of lone pairs. This pattern of non-imposed short

-iv-



contacts suggésfé that fhefe‘iélaﬁrihteraction ithi&iﬁémfheV”
lone pairs which should be recognised when .predictions of high-

coordinate geometry are made.

143
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CHAPTER ONE

4 ' INTRODUCTION

High-coordinate compounds in which‘the central metal
.atom is bonded to seven or more non-metallic 11gand donor atoms
“have been thoroughlj reviewed ’2, w1th partlcular emphasis on
thelr structure, and more spe01f1ca£%y on the geometry exhibit-
ed by the ligand donor ?toms. Important to thevstablllzatlon of
manj high-coordinate compounds is the chelate effect, and dt is
Ethe metal chelates that form by far the largest group within
this class of compounds. The most common donor atoms found in
'the multidentate ligands are oxygen and nitrogen, which satisfy
one oﬁ the requlrements needed to achleve hlgh -coordination
‘that the*donor atoms must be small so that ligand-ligand
_repu131on can be minimised. For the same reason, the central
metal atom must be of sufficiently large effective radius. The
filling of the d-electron level across a periodic system causes
e decre&se in the size of the metal ion, e.g. Tl(IV) has an

¢
ionic radius of 0.0oA compared to O.54A for Ge(IV); with seven

”éndwélght”6oordlnateméoﬁ@oundsfﬁEIigknOan?or,Ti(IV);but not for

Ge(IV). On the other hand, én(IV) (dlo, ionic radius = 0.71A)
is comparable with Ti(IV) in size and in its ability to form

»
g



B - ) gn\ <+ -
} 8. L - ,, .
\ high—coordinate‘specie . Equally important.to the stébilizationv,'

Yy

of a hlgh coordlnate complex is the high p051tlve'formal.chargea,

necessary to accomodate’ the electrons contrlbuted'by eightl'

g

bonding ligand atoms.
Comperisons between bidentate ligandsrcan pe made‘in

terms of their rigidity, the copianarity (or leck of) of'theb

ligand atoms, and also-by the separation of the donor atoms. The

more compaet the ligand, and the smaller the 'bite', the more
effective is the ligand in generating hign—codrdinate complexes.
Compact ligands with small 'bites' include the coplanar nitrater
~group (0...0 separation of ~ 2.1;), the oxalato ligand (0...0 ~
é.56£), and the tropolonato aniennp7H502— (hereon abbreviated’

to T ) which is derived from tropoiene, and has an 0..40 separ-

ation which in prevwously determined struc®ures has ranged from

2.49 - 2. 572 ‘Con51derable stablllty should be conferred to

chelates based on thlS ligand because of the delocalised

m - system. n fact, the lightest ‘covalently bonded eight-

-coordinate atom known ig scandium in the form of the tetrakis-
(tropolonato)scandium(III) anion prepared originally by ‘
Muetterties and co-workersB, along with a series of similar
eight-coordinate complexes of Zr(IV), Nb(V), In(III),'Sn(IV),

HF(IV), Ta(V), and all the 1enth;nide metals. (

Geometry

In dlscrere hlbh coordlnaulon, thoﬁewpolyhedra whlehrare

made up mainly or completely of triangular faces are the most
common. This is ex 1ned 51mplj by the demands of 1nterllgand

interactions : repu151on forces push -the- 11Uands as fay apart as

G T 2 L AT _ TS, AR TR o i bt - e e e i st e
:": T b S T i K L Ty T AL T F s T en S et o B e e e e
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p0551b1e whllst keepinﬂ a constant distance from the central

atom. In polyhedra 1n°cr1bed in-a sphere,vmoreover, the

I

average edge 1ength 1ncreases as the number of sides of the

’deflnlng pokygons decreases In elght coordlnatlon, the most

¢ ommon polyhedra observed are ‘the dodecahédron, the square

“antlprlsm.and the blcapped trlgonal prlsm The latter two can

be obtained bj 51mp1e deformatlons of the>dodecahedron and are

. IR

‘themselves interchangeable by-awsmall deformation (Flgure lan‘7”’

page 5). The crlterla whloh deflne the extent of dlstortlpn of

a real geometry from these ideal polyhedra of th% dodecahedral

class have been established bJ Poral—Koshlts and Aslanovg.

L

They extended the concept introduced by Hoard and Silyerton5

-of the ideal dodecahedron and square"antiprism inscribed in a

sphere.to include the bi“apped trigonal prism. Parameters

whlch v1sually characterlze the ideal polyhedra can be calcu~ -

: 1ated using these models and used in comparlson with the

parameters determlned from structural 1nvest1gatlons of eight-
coordinate compounds-. This comparison is given in detail in

section 4.1, X ' S ' \

>

v For a compouﬁd of stoichiometry M(bidentate),, where all

four ligands span bquiValent polyhedral‘edges, there are two

different isomers oﬂggodecahedral geometry and two of'square'
oy £ .

antiprismatic geometry; these are shown in Flgure 1b (page 5),

Vﬂhere the square antlprwsm is most conyen;ently dlsplayed along

3
the # axis, and the dodecahedron is considered in terms of two

interpenetrating, mutually perpendicular trapezoids. Blight

and Kepert6 have produced a description of the effects of

z
L
4

P




A
\_f

‘e

T — - ~
ligand-ligand repulsion among. EUJigniefiL;llgﬁduiaLELJalghi;i

coordinate geometry. Neglecting all other sources of repulsion

e

or attraction, they found that the potential"energy surfaces
produced by ligand—ligaed repulsion are criticallyﬂdependent

on the parameter b : the ratio of the donor atonxeeﬁeration,to’

the metal-donor atom distance, For different values of b, potential
energy suffaces inzorporating the isemers shownkin”E;gureilb hrkfwﬁﬂ
are given together with structural parameters of the most
enervetically favoﬁrable\intermediate geometries{ In order to L
eest the resulto of these calculatlons, the. crystelnand ’
molecular structures of two tetrakls(trépolonato)metal complexes.
(where M = Sc and Nv) have been determined. It was expected
that, for a fixed value of the ligand 'bite', there would be

2, significantsqilferenee in the valﬁe of t (predicted to be

~ 1.15 for the 3c complex,'and ~1.25 for the Nb complex) and

therefore in ehe geometry of the two Spe01es



O

decahedron

Al

Square Antiprism

open EzEz\ \’ open B;B4

Bicapped Trigonal -
Prism

tx

igure la : Regular eight coordinate polyhedra.

Square Antiprism Dodecanedron
7 Z Dgd i Dg

isomers of the M{bidentate), system where

"all tne bidentates span-equivalent edges.




2.1 Prevparation of

The species

prepared accor

D
‘-4

Q;
[
b
m

nrigh

disseclved in wafter

%

(H3c¢T4)2 and (NbT,)2(Hs0C1ls).(CHaCN) were

o the methods feported by Muétterties and

. Tor (HScT.)z, scandium chloride (0.0l mole) was

and added to a solution of tropolone (0.04

mole) in ethanol; cryztallization was carried out by adding

acetonitrile tc the rezction mixture and allowing the solvent

to eva rate slowly

]

methane (200ml) and

[~ ~ L 3
.

3.0% mole) in dichl

e
U
m
ot
(D
£
<
3
jo
(D

re

. e o 5 A 3 L
wes adised to the re

T e A
AR

cver a number of days. Small yellow -

N

1ed, and one of approximate dimensions

mm wes mounted for the purposes of data

15 ). (CHCH) was prepared by mixing a solu-

ticn of niobium pentachloride (0.01 mole) dissolved in dichloro-

ether (%0ml) with a solution of tropolone

, '
crcmethane (200ml). The product separated

!

cwly from the resulting orange solution; the solvent was

duced pressure, and then acetonitrile (400ml)

sidue. This was then hezted until solution

Q
(@]

oled, bright orange crystals separated out,

d from hot acetonltrlle.

!
@
(@]
f..s
S
45}
ot
gn
=
1
| e
w
m

rom this preparation were very small, and

s erncountered in finding a single crystal -

i guality for investigation. Many attempts -
lzrger crystals by repeating the: preparation

itions and ©ty recrystallizing the products
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usingwéVQéfiéfyiof solvents and mixtures of solvents, and under

different conditions.Finally, a crystal from the original
prepa:ation, of approximate dimensions 0.12 x 0.12 x 0.06 mm,

L
was mounted for the purpose of data collection.

2.2 Preliminéry Investigaﬁion

‘The details and resﬁlts,of the preliminary investigation
and.photography are given in Table 1 (page 8). From the
Weissenberg: and precession photographs taken (ACu radiation :
A= 1.5418;), thelcrysﬁal of the Sc complex was éss%ghed |
triclinic Laue symmetry,wand the Nb cdmpléx was assigned moan 
clinic symmetry, with systematic apsences for hkl, h+k = 2n+l
and hbl, 1 = 2n+l, suggesting the moﬁoolinic space groups Cg
or ¢2/c. For thedorystéi of the niobium complex, intensities
of even %he»strongést reflections measured by counter methods
vere yeak, and after considerable effort, a new érystal (again
from.the fimst preparation) of approximate dimensions 0.12 x
0.08 x 0.08 mm was found. This crystal was mounted, as in the
case of iEf (HScT. )2 crystal,.withgthe‘c axis approximately
parallel to the ¢ axis of the diffractometer. In view of,the
'wegk intensify data expected, tﬁe interface circuitry on the_
diffractometer control system was modified to read the units
digit of the number of codunts for each réflection.

Accurate cell dimensions for both crystals were deter-

mined from counter measurement of the strorigest reflections

having 28 > 25° for (HScT.)z, and 2¢ > 20° for the Nb complex,
using & Picker FACS-1 computer controlled four circle diffrac-

tometer, Mo,xa radiation,and a take-off angle of 1.0°,
' 1

b e nead el e s

PO AT
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- Teble 1 £ Crystal pata i
Cowmpound HSCT, | (17T,) »(Hs0C15).(CHaCON)
orrmulz welght 530, 4 654 .5
clour yellow red

u ) o hkO,hk1 - hol
)

Jeissenters(C - ,
Preceszion (Cu Ky h?1,rkl . Okl,hkO,hkh,hk2h
Systematic absences nene hkl,h+k=2n+1
, : h01l,l=2n+1
Lave symmetry I 2/m o .
Crys<tal =zysten triclinic monocligicrwrw
Srace group : r1 : - cz2/c
Crystal dimensicrs 0,1%x0.22%0, 40mm 0.1220,12x0.,06mm
fesurafe cell Dimenzicnz ' - -
no, reflections uses ey {(e6>25°) 12 {23>20°)
Tenmperature 21°C ‘ e2°c
Tzke-off angle 1.0 , 1,0° :
' Raéia%ion used : ¢ ° o Ka1(0.709262)_ Mo-§14(0.70926§) :
latiice constante = 11.694(3)K a= 15-16(1)E |
b= 11.986(5)3 p:‘lz.gk(l)z.
c= 10, 004(2) 4 c= 25.88(2)A
2= 95.33(1)° - .
g= 11z.27(1)° B=- G5.46(H)°
y= 102,%2(1)° ' - |
it cell volume 1207.24% Shhh A2 S
Caleulated density 1.56z cm™ 3 , 1.50g cm 2
VMezsured density 1.88(2)z em ® . 1.57(2)g cm”3
[fictation) : T
z 2 8 -
u{Me Kc" ' 3.69 em™t - 5.22 cm?



2.3 Diffractometry

(HScT.) 2

Reflecticns for the unique set of data for sing < 0.4926v
were collected using a scintillation detector with pulse height
analysis. Measurement was made using niobium-filtered molyb-
denum radiation (kMo-Ka = 0.709262) and a take-off angle of 3.07

1
with a symmetrical §-2§ scan of 1.6° base width increased to

allow for d,-dz dispersion. Background counts of 1Qs weré
measured a£ both szan limits. After eachITO reflections, 2
standard reflecticns wéfe"measured} thelr variation was % 3.04
over the entire data gollection. The intensities were cgrrected
for Lorentz and polarization effects; absorption was neglected
‘since it was estimated to introduce a maximum error‘of + 3.0% in
the net coﬁht,I. 4e1z feflections were measured, of which 2732

: _ N
were considered otserved (i.e. > 2.30 ). . p

(NoTe)a(Hs0C1s) . (CHACN)

Diffraction data forﬁfbis complex were collected using
monochromatised radiation (%raphite monoéﬁromator, A(MOKa)=
0.70926;,.see Appendix A), ﬁith a take-off angle of ?.O°.
Regiections for the unigue set of data were collected; for'data
wnere sing < 0.21€L4, a scan base width of 1.2° was used, and
~or the outer data, (0.2164 < sing < 0.3827), a base width of

0T, = L(Te) = (5/t)2(B, + B2) + (XI)?]

(8t + Bp) + (kI)23%, where TC = total

count, E, and 2z are the background counts at each end of the

scan range T = sScan range, %b = total background time, k is a

- conztant set to 2.73, and I 1s the net count.

- -



-10~ '
V1.O°*wa§—used,'in“ausymmetricai‘e:29‘scan‘at‘a‘speédﬁof‘iﬁfmini“‘f‘*“*
Separaterscalesfwexefassigned~$£k%he—innérJané—eu%e¥—shei%s—féL—~——f—f——
data for the ﬁurpose of refinement,. BaEkground counts of 20 seé.
were measured at both scan limits. The intensities were correc-

‘ted for Lorentz and polarization,effects; absorption was neglec~
ted since it was estimated to Introduce an extreme error in F of
1.04. 3601 réfléctions were measured, of which 1666 were
cqnsidered‘tgwba above background (i.e. greater than 2.3q, see

foothote on page g). The maximum value of I recorded during data

collection was 17,409 for the 113 plane.



vassd on all data gave the position of the scandium atom and

Refinement of the scale and these atomic

n

even Oxygens.

©“

PRy :‘O
.

where R = Z(lFO“‘FC‘> . A
"ourier synthesis revealed .the other oxygen and five carbon

(]

cordinates

s
=
4]

gav

111

e
CILE

Q
ct
O

. Three cycles of refinement and subsequent electron

a

-
¢

[

nsity difference maps gave the remaining carbon atom posi-
ticns. Hydrogen atom positions (except for the proton) were
found after a further éycle of refinement. With the non-

rydrogen atoms refined enisotropically and R = 0.062, the re-
maining proton pSsitidn wWa.s found/betwéen oxygen atoms 0; and
=" con =&

centrosyrmetrically related molecule. Because the

B o
wes " so short (2.48A), a symmetrical arrange-

G1-Us' separation
ment was assumed and the proton was placed at the mid-point
cf trhez line joining the oxygen atoms. Upon refinement however,

+

tre snifts indicated that this was not a valid assumption, and

final positicn 1s that resulting from refinegéhé of the

obtained from the difference map.

;s

set of data, hydrogen atom positions_and

, together witn the positions of the carbon

R e WY
P

were averzged to gilve a filnal hydrogen atom
[} - , .
factocr of 2.4, The hydrogen atomic positions and

t



~and thermal motion perameters are listed in Table 2 (page 14),

R, - Y

isotropic temperature factor of the proton only were included

+

along with all other coordinates and temperature factor

parameters in the final two cycles of full matrix 1eas£ squares
refinement whieh gave an R factor of 0.059 for all the obsered !
daté. in the'early refinement, constant unit weights were used;
in the final stages, weights (= 1/02F) were given in terms of
oF = 01/(Lp.2Fo). Atomic scattering factors used were taken from
referencesA7a and 7%, and included corrections for anomalous
dispersion forvthe scandium atom (&f' = 0,2, Af" = 0,5).
Crystéllographic computer programs‘uged in this deter- ' | p
mination (and that of the niobium complex) have been 1ist¢d | ‘ e
elséwhereB. A table of the measured and‘éalculatéd structure |

factors ( x 10) is given in Appendix B (page 51). Final atomic

with a perspective view of the acid dimer shown in Figure 2 ’

(page 17).

Thermal Motion

Analysis of the thermal motion parameters shows that the ‘ y

ScT, anion is nof well described in terms of rigid body motion

{reference 9 gives details of this analysis). However, each

of the four ligands gives good agreement (rings 1 and 2 give

U the test fit, this being consistent with their reduced thermal

motion which is attributed to their hydrogen bond participation

3

“and tinternalt position inm the dimer. Analternative model "

where each oxygen atom is assumed to ride on the Sc atom,

) - [-% o - .
lengthens the Sc-9 oond lengths by 0.002A to 0.006A for 04—04

c -
and C.00fFA for 0=—Cz. If the Sc and coordinated oxygen atoms
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'kernel' were assumed to form a rigid'pody, then the correc-
tions would be 0.00IE to 0.00ME, The view adopted of the thermal
motion is -that the fScOa' riding model gives too large a
correction (the'oxygeg atom motion not beingiindependent) while
the 'Sc0g' rigid body model is probably an underestimate, In
any event, the uncorrected distances (Sc-0) are too sﬁort by

at least one standard error.

T S R o




Atom Type 1 Coordinates .

SC 1231(1 -1682(1 ij/ -84 (1

0 866?3 4 74%2 -1063(3

Oz 3089(% -362(2 : 0(3

O3 1157(3 | —695§2 . 1500(3 ,

04 2736(3 _ -1879(2 1744 (3 .

Os 157é3 -3255é2 ~146(kY) &

Os -901(3 -1850(2 -1604(3

O+ 2096(3 -2951(2 -1o62(3§

Os 735é3 , -1863(3 -2872(%
1C, 18324 : 901(3' -100654
1Co 160)-‘ré5 v 1915(4 _1497§5§
e ?5;82(2 | g???(ﬁ R
: & . -

1Cs 4626(5 A © 2LE5(h ~411(6
1Ce 4338§4\ ) 1390§4 -131(5

Co 3115(4 ‘ 627 (4 -357(5)
s 2043(k =620 (4 2939(5
2Cz 2070(5 83 4§ 4100(5
2Cs 2904(5§ 270(5 5677(5
2C., 3866(6) -232(5 6450(6
2Cs 4274&5 _1084(52 5861é6
I N

C~ 5 -

3C, -1121(k4) - -3641(4) - - ~927(5
5Cz -1795(5) -RT3T (4 ) - -891(6
2Csa -3155(5 -5337 (4 ~1677(6

Cq -h211(5) -5003(5 -2690(6

Cs -4175(5 -395155 -3139(6
3Ca -3106(5 2004 (1 _2758(6

Co -1725(4 ) -2811(4) . - =1785(5
e, 1851 (4 3263 (4 —oun2(5
ice 229;%; R -géBQ-ﬂv _984éh6,
+Ca 2146(5) -4677(5 —4226(7
Le. 1543552 -4395(5 -5615(7
5Cs L7 -3516(5 ~5962(6
Lea 731(5 -2746(5) © -5042(6
4c~ 1021174 -2616(4 -3486(6

ke

TABLE 2a

N T

©

Fractional Atomic Coordinates (x10%*, x102 for H)

»

in Crystalline (HScT.)s.

(The least sguares estimated errors are in parentheses)

R =S I PR

T i ot N R e f e



1Ho
1Hs
1H,4
1Hs
2Hz

2H,

~-15 -

R R R R A LR S i St =g o gt o e

. ___TABLE 2a (Cont'd)

193 (4 =187
352(4 ~195
394 (4 -122
275(4 -19
I0h (L) 25
554 384

814 624

a0 Les
-128¢( 2
-212(4 Yot
-516(4 -26
-612(4 ~-145
-556(4 -311
=386 (4 ~-387
-233(} ~321
-438E4 ~200
-532%4 419
-481(4 -632
—338?4 ~T704
-217(4 -546

31(5 -127
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TABRLE 2b- . s

Thermal Motion Paraméters in Crystailine (HScT4) 2

(x10%42, x¥8*A2 for Se) .

Atom Type Tyy LsUse Uys
Sc 261(5 126 (4 73 (4
0, 25(2) 10(1 12§1
Oz 35(2 lg(l 12 2
v 0 30(2 14(1 1
0. i 24&1 —501Y
Os 2922 15§1 23(2
Oe 29(2 56(1 ©16(1
0~ 48(2) 2312 -10( 1,
Os 59(2 6(2. 12(2) .
1C 33({2) NG —1{(2)
%g; 29 > %g 2 12?2
V 9{> - 2 16(2
102 56(3 14(3 2123
1Cs 36(3 5(2 11(4
1Cs 27(3 11(2 2(2
1C~ 29(2 8(2 2(2
2C 29(2 12(2 8(o
202 43%3 23§2 12%2
2Cs 654 25(3 2(5
2C. 70(4 L4 (Y 6(3
2Cs - 54(3 L1(3 13(3
2Cs 4423 30(3 952,
2C+- . 26(2 10(2 10(2
3C, 37(3 14 (2 9(2).
3C> 39(2 15(2 17(3
3Cs 57(4 11(3 13(3
AR 1 802 e
c , 25(3):
302 3953 13(3 23(3
5Ce - 25(3 18€2 7(2
hc, 27(2 6(2 3 (2
e A 1503 e
‘ -4(3
iCj Zggﬁ 1553 ~15(3
Cs CO (4 13(3 -1(3
4Ce 50(3 20(3) 9(3
32(3 6(2 (2

|
-

4Cy

cotropic temperature factor for tropolonato hydrogen atoms,
[= 30}

0.043 A%, Refined isotropic temperature factor for H,
O. )

il

¥
= 0,004 a2,

A e e AL T



R ks v =

R,

et et by

BUTTTeqRT DU (%0G) SPTOSATTTS

UOT3ouW TewIayl ay3l| SuriellsnarlT

qESHUQwomAOmeOHOQOHyvmﬂxmppmu,%o
[DWTP Uﬂo@wusQ@me,xwwv m>Hpowawpmm

H.OHMMHh

[

¢




. Q\

Y718

3.2 (NoTs)2fHa0C1s) . (CHACN)

-A three-dimensional Patterson synthesis based.on the
inner data (sing < 0.2164) gave the positions of the niobium
atom and one chlorine atom. These parameters were refined
together with a scale factor to give ﬁa= 0.445, A fourier
synthesis gave the eight oxygen atoms bbnded to the niobium.

Three cycles of refinement using the full set of data and

'subsequept'elecﬁron'densityﬁdiffefence maps gave gll-the tro=--— -~

polonato carben atcm positions, as well as two prominent peaks
on the two-fold axis near to the chlorine atom, and two other
peaks (approximately 2;72 apart), onérof which wasron thewtwo;
fold axis. In the first case, refinement was continued using -
a model of (Hg@Clg)g- with one chlorine atom on the two-fold
azxis which related the other two chlorine atoms invthe species
to give the vase of a flattened pyramid. The oxygen atom formeq
the apex of this ®yramid andjyas disordered either side of the
two-fold axis..The other two peaks were refined as an aceto-

nitrile molecule of crystallization, disordered about the two-

'£0ld axis. The extended peak in the gene?al position was split

to give the ~C=N group of this molecule, and, refinement of this

:cdel gave reasonable final atomic parameters and temperature

£l

»
ors. The remaining hydrogen atom positions {excluding those

v
ot

o m
L

<+

the Hi0 and CHs groups) were calculated with a C-H bond

‘g'

R .
length of 0.9% 4, and all hydrogen atoms were assigned tempera-

—

ture factors of 0.C32 A2, a value based on the refined isotropic

temperature factcrs of the carbon atoms to which they were bonded.

An R factor of 7.7% was obtained after refinement of all
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non-hydrogen atom p051tlona1 and thermal motion parameters, and

with nloblum, chlorlne and oxygen atoms (except for Og in H30 )
allowed anisctropic thermal motion parameters. The estimated

standard deviation (s) of an observation of unit weight was .

1.233. (vwhere s = (g w”lFDl - IFC|)2 / (m-n))%, Ww are the ‘\*xx

g

counter weights givan by’l/o and (m-n) is the difference

between the number of independent observations and the number of
parameters varied). 7 -

A listing of the correlation coefficients indicated very
strong interactions between the scale factors and niobium ther-
mel motion parameters, and between positional parameters of
bonded atoms; in all there weré 792 correlation coefficients
with values greater than C.l. Geller haé pointed out that these
coefficients are directly related to the stru%ture.model (e.g.

" vector overlap in the Patterson map), and it was assumed that
the refinement had stopped at some kind of 'false minimum'.

- Further evidence forrthis came from a comparison of the least
squares estimated errors 1in the tropolonato bond lengths, and
the errors calculated on the basis of the internal consistency
within the model. The four trépolonato ligands were assumed to
e all chemically equivalent and symméf?ically bonded to thé
metal since all the niobium-oxygen distances were equal. Thus,
£8r a group of n bond lengths with._a mean value,i the standard

deviation (nsj for this group isgiven by o, = W(E(l -I)2/(n-1 ))%

and the estimated standard deviation in I ig o> which is given
R - 1 ﬁ -

oy o7 = (Z(ln-I)E/n{n~1))§.'Values of ¢  calculated-in this way.

were a factor of two to three times larger than the least squares
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estimated,errqmiL{he tropolonato ligands were therefore .
chemically equivglent within the errors expressed by values of
Og but signigggently different on the basis of the least squares

estimated errors.
2

Zwh
An analysis of Y

- values indicated systematic trends

which showed that the strong and/ofilOW'dngle»data.were heavily
_over—ﬁeighted. To achieve an acceﬁtable'weighting scheme, it was
‘censidered necessery to increaserthe constant k ('n the ex-
p;eesion used to calculate oIﬁet) to down-weight reflections

of tbis type. After some analysis, a value of k = 0.075 was -
"determined as appropriate. Refiﬁement.was continued using the
reproceesed data (1651.’observed' reflections). Large shifts

in the parameters of the tropolonato ligands were observed; the
least squares estimated errors in the bond iengths were higher
than those for the ﬁrevious model, and generally agreed well
with those errors (cs) calculated on the basis of the internal
consistency {(which were siightly lower for the new model). The
one exception was the 0;...0s donor atom separation (2.476(15)2)
which -was significantly longer than those for the other 3 ligands
(mean value of 2.418(8)2). 4 final R factor of 0.075 based on
the 1651 'observed! reflections was obtained. A value of s =~
1.263 was obtained for the new model; this; however, is a
measure of the absolute rather thaﬁ the relative error in the

model, and the even distribution of the ZWAQ/nfvalues is -recog-

w,nizeduasmthe,mestﬁimportantmimpreuement*WThemcorrelationﬁmem,_Wiﬂe,W,,

*Zwag, where & = |7 |- |FC[, is the function that is minimised

o
in the least sqguzres refinement,
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matrix still showed some large interactions, which woﬁld indic-

wte some indeterminancy in the structure. One cycle of refine-
ment using the final parameters and the 2344 reflectionsbz 1.00,
however, gave negligible shifts, indicating that the finai

model was unchanged when 504 more data was included in the
refinement. The value of s for this fefinement was 1.290.

Atomic scattering factors used were taken from reference

7, and included corrections for anomalous dispersion for the
niobium (Af' = ~2.1, af" = 0.9) and chlorine (Af' = 0.1{_Aﬁf =
0.2) atoms, A table of the measured and calculated structure
factors is given in Appendix B. Final atomic and thermal métion

parameters are given in Tables 3a and 3b (page 22). A projection

of the unit cell along the a axis is shown in Figure 3 (page 25).




Atom Type
x

I'b L5LL(1)
c1, 0

Cl, 220(4)
0, ' 5147(6
Cz -~ - B5790{T) -
04 5201 (7
o L8266
0= 20CH(7
Ce 3800(7
G E355(7)
e 360214
M 3L03(20
c, 5000

o Loko(ef
1%, 5951011
10, £3L1011
Ta 7220011
1C, 790312
1C= TESL(11
102 T12L(12
10 6341(10

Ty 556&;12
202 £0G1(12
27, 6501(13
2C, £512(13
205 609£§13
2le 5557(11
o0, 5311511
37, 2691(10
262 18&;%11
274 1114 (12
27, 100g(12
302 1607012
z7, cLoz(12
327, 2071012
'E;C,_ 2GHz110
Lz 2862{11

~ete D ~352kilz

=T 3207112
=72 2177013
S 3223011
L4 3722010
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Table 3a

(NbT

(The least squares estimated errors are in parentheses)

Coordihates

|

2816
418
3546
2958
- 3390
1505
2307
2L 82
2083
3949
2415
898
729
809(31

\O\O CO\O C0 00 QoA O -

NP
NP \O

3601 14
2836( 14
3942 (14
3846 1%
2501(12
1100(14

o287(14
-268(16
-159( 16

498( 15
1252(13
1563( 14
2115(1
1954,
1537
1194(1
1148
1415
1849(1
4656
5473

1&
1&

R A s T el I e il —— e

677k
Eh16(1
5512
L76o

;
i
o
;
.
i
i

_Bhiolas)

- Fraetional-atomic coordinates(x10%) in crystalline
«) 2(Hz0C1z),( CHaCN),
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Tatle 3a (continued)

Tnhe atomic parameters of tropolonato hydrogen atoms,
which were caleculzated using the final carbon atom positions

0
- - -
and a2 C~-H distagce of 0,00 A,

1H .- 7201 Lozo 985
1HA . Buszm o hio6 .~ 1607
14, 2uEL 3928 ) ' olss
1¥s 7354 3623 2897

1H = ggéh 2190 2623
cHsz 130 o7 1197
2Ha €828 -814 - 647
CH. 6873 -608 =210
2H= £153 a7 -703%

2He 5227 1612 . =548
2Hs 173 2166 275
ZH, £01 \ 1487 ' 575
SHg L33 ) 948 1331
ZH= 1420 880 2036
34 2820 1322 2095

Lar Lozo 5320 -112
Ly, 35L7 6819 ' -16
L, 2558 741l 647
by 2055 68u4p 1450
L. 3702 5387 - 1718




n Crystalline (WbT.)s(Hs0Cls),(CHsCN).

e 4_24%' R
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CHAPTER FOUR

DISCUSSION

4.1 The 'MOg' Polyvhedra

"There is a wonderful sentence in
Auguétine‘: 'Do not despalr, one of
the thieves was saved; do not
presume, one of the thleves was

damned

That sentence has a wonderful Shape.
It is the shape that matters.

Samuel Beckett

e o

~In order to establish e useful description of the poly-~

hedra defined by the eight oxygen donor atoms in.the two struc-

tures, an approach based on criteria established by Porai-Koshits
and Aslanov4 is used. In treating polyhedra of the dodecahedral

class, (the dodecahedron, the square antiprism, and the bicapped

cnal prism), they defined the set of dihedral angles, o,ﬁ

UQ

between pairs of faces which intersect along the 'type B' edges

of = dodecahedron. These edges can be‘seen from F}gurerl (page 5)

as those which connect vertices B;,Bz,Bs and B, at which five

~edges are jolned. These correspond to oxygen atoms 05,0s5,0s5,and

Gg in the perspeetive views of the 'MOg' polyhedra shown in

;iguce 4 (page . 31). An additional 'eriterion given by Porai-

Koghits and Aslanov is the degree of non-planarity of the - . . .

d lagoenal trapezoids which characterlze the dodec@bedr n_shape.

-

Tistortions from the rezular dodecahedron lead to a twisting in-

these trapezoids, and the corresponding parameter ¢ has been

cazlculated, for thetrapezoids (defined by 0, ,06,05,02 and 0z,04,

L
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' 0-,0s) according to Porai-Koshits and Aslanov's method, and is

listed together wi?h'Values for the 'ScOg' and 'NbOg' polyhedra
and the thrée regular polyhedra of this class in Table 5a‘(page
3%), It is clear from a comparison of these results that:thé
'MOg' polyhedra are boﬁh'best described as irregular bicapped
trigonal prisms, distorted towards a dddeCéhedroh.

, ‘ | ,
© Blight and ¥epert™ have produced a-description-of-the —

~effect of bldentate ligands on eight-coordination. Neglecting

any type of interaction save that of inter}igand repulsion,
they éhow therdeﬁéﬁ&éﬁéémbfrgééﬁéfi&rén éwpaféﬁétefib;mdéfihéarr
as the ratio'of the ligand bite té.the metal to doner atom dis-
tance. For various values of b, they give the dimensions of a
generalised eight-coordinate stereochemistry which is predicted
tc have the most stable configurafion. The generalised sphere
is shown in Figure 5 (page 32), and thévpafameters of the most
stavle configurations for b = 1.10 and b = 1.15‘are given ih
Table Sb (page 33), alongside those parameters determined for
the 'ScOg'-and 'Nbldg' polyhedra. Values of b for these struc-
tures were obtained from the mean ligand bite and mean metal to

. Py #*
oxygen atom distance for each structure, giving b = 1.13 for

‘Sch’ and b = 1.16 for 'NbDg'. The agreement between these sets

cf parameters 1s seen to be quite close. Bond distances and

anzles within the two MOg polyhedra are given in Tables 4a and b
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 the other edges (all of which are equivalent) is 1.25; in the

~ 'NbOg' polyhedron, this ratio (based on the interligand dis-
tances) averages 1.20, but varies from 1.10 to 1.40, In

particular, the ol...og (2.410(14)E) and O4...07 (2.467(17)2)‘

edges are very short compared to other intérligand'o...o
distances of the same type (which vary from 2.508(15)A to

2.654(17)A and average 2.604). This pair of short contacts are

related by an approximate (non=crystallographic) ionic T axis.
.Such results cannot be rationaliéed on the basis of interligand
repulsion alone. The shortest edges commect tropolonatd ligands
which are arranged in such a way that the lone pairs of electppns
on each of the oxygen atoms involved in the contact overlap in
the sbace'between the nuclei of the oxygen atoms. The niobium
complex appears to be the mostAéxtreme example of a correlation
between short_interligana 0...0 distances, and the errlap of
iqne paiés of electrons on adjacent'oxygen atoms.'Table 6 (page

34) gives a list of the shortest interligand contacts11-16 in

some high-coordinate complexes containing bidentate ligands wiéh \\ﬁ
oxygen donor atoms. In each case, the geometry involved in these
contacts would allow overlap of the lone pairs on the oxygen

atoms involved. Also, it is well eétablished thatrhigh—coo%dinate
complexes bonded to oxygen atoms contain_empty valence shell _
orbitals. |

- Epiotis17

has shown that, for small organic systems,>if

lone pairs of electrons interact to give a bonding and anti-
- bonding combination, then this interaction will be attractive

if there is an antisymmetric-molecular orbital which can interact



o

with the antisymmetric lone pair combination.

_It is tentatively suggzested that, for the short contacts
listed in Table 6, conditions exist in the arrangement of the
lone pairs and empty metal d-orbitals forvinteractions to occur N
which would oppose the coulombic repulsive force, thus
stabilizing the contact. Such an interaction would need to be
included'in”anyhfheory"offthose high=coordinate geometries where

arrangements of lone pairs could arise. In all the cases listed

""" 12
3

in Tablg 6,fthe loneﬁﬁiirs,rogyggg atoms and”metal atom
involved in the contact are approximatély planar.'IhrT38n01
two short interligand distances (2.522 : related by an approxi-
mate, non-crystallographic, molecular mirror plane) have been
observed in addition to that listed in Table 6. COne of the
tropolonato ligan@s is approximately perpendicular to the two
other, ﬁearly coplanar-ligands. The lone pairs on the three
oxygen atoms involved in the fwo contacts can still be envisaged
as overlapping, and a similar decrease in the coulombic

repulsive forces is suggested.
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Table 4

- Interatomic distances and angles in the

of the ScT,” ana.NbT4+ ions.

SC-01
Sc-0»2
5¢-0g
Sc-04
SC-OS
SC_OG
Sc=07
Sc-0g
01-02
03-04
04=0¢g
O?"OB'
0;:-03
0;-0s
0,-0sg
0z-0gz
02-04
02-07 -
02-0s |
03-0s
03-0s¢
04-0s
04“'07
Os-~0~
OS"OB
Os-0s

015¢0z
0=s8c04
OsSCOs
0-5¢0s
015¢c04
015¢0-
01S8¢c0g
0z2S¢c04
028C04
7 0=Sc0~
OQSCOS

T 0&a8¢0s

0=28c0s
C.5¢0s
0.5cC~
CsS8cC~
058095
@5SC05

o]

Distances (A)

2.310(3 Nb-0y 2.088;9)
2.209(3). Nb-0-  2.070(11
2.259§3 Nb-0s 2,084 11%
2.215(3 Nb-0, 2.070(10
2.172%3 Nb-0s 2,104(9)
2.173(3 Nb-Og  2.070(10
2.161(3) C Nb-0, 2.111(11
2.173(3 Nb-0g  2.092(13
2,517 (4 0;-0> 2.476(16
2.495(4 03-04 ~~22398(14
2.49554 05-0¢ 2.438é14;
2.504(kY 0--0g 2. h17(17
B e el
. 1~VUs
2.741(4 0;-0g 2.508(15
3,18G (4 05-03 2.815(17
2.725(4 0,-0, 2,608(14
2.978§u 02-07  2.547(14
2.993(4 02-0g  3.226(18
3,054 (4 03-0s. 3.325(1k4
2.914(4 03-0¢ 2.600(16)
2.753(4 04-0s  2.574(15
2.696§4 04-0- 2.467(17
2.7560(4 0s-0,  2.637(16)
3.558 (4 0s-0g  2.860(16
2-715(¥ Og~0s 2.652 18
Angles (°) '
£ 01NbO> 73.1(0.4
2@-;51 OsNbO4 70.5(0.5
70'1<1 OsNbOg 71.1 0.4
70:5(1 O7Nb08 70.2 0.5
72 7(1) O1Nb03 79.0 0.4
ggzg 1) OINbOG 70.5 0.4 :
§~'§§1 01Nb0s  73.7(0.4
97301 0zNb0s,,  85.3(0.5
72 01 O=NbQ & 78.1(0,4)
85.5(1) 02NbO7 75.1éo.&
8% 1 (1 02Nb0g 101.1%0.%%
%%@f%mgfm.a
2 2(1) 03NbOg 77-150.5 :
77 7 (1 04MbOs  76.1(0.%4
75.3(1) 04Nb0~ 72.3(0.5
72°5(1) 0sNbO7 ~ 77.5(0.4
155‘5(12 OsNbOg  86.0(0.4
77 201} OsWm0gs  78.8(0.5
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‘adapted from reference 6).
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~ Tableb L | ;

a) Values of 6 and 9 (as defined in reference ’ ) for regular
polyhedra of the dodecahedral class, for HScTs, and for
. A ,
NbT4- .

8 (deg.) ﬂ ' w(deg.)
Dodecahedron 1 29.5 29.5 29.5 29.5 0O 0
Bicapped Trigonal _
Prism 0 21,7 .48.2 48,2 14,1 14,1
Square Antiprism 0 0 .52,5 52,5 24,5 245
HScT, 13,4 29,0 43,0 42,5 10.8 10.8
T 7 19,4 21,0 42,9 45,1- 11,5 13.9

b)Angular paraméter for M(bideh)4'of intermediate geometry

5
(from reference £),

» Predicted values\ (deg.) HScT4- | NbT4+

b=1,10 b=1.15 . b=1.13 b=1,16
sh 37.h 3k 37.8 37.8 )
vh  50.9 5l.2 55.0 S5k :
g2 50.6 53.7.° 48.3 49,7

14,8 16.9 15.5 16,3
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Shortest interlizand ¢...0 contacts im some high-=coordinate

[ N R WY i

complexes. Also given are the bidentafe ligand 'bites' in

each complex, and the mean M-0 distance for these ligands.

Shortest Ligand Mean Referen
Tnterligand 'Bite! M-0 . erence
Complex contacts (£) () Distance -
NoT, " 2.1 2.48
: : - 247 2.4k 2.08 . ——— - e
2.42
2.40 } Table lLta
ScTs 2.57 2.52
2,70 2.50 2.21 -
2.50 ,
2.50
T, .DMF 2 .89 2.56 11
2 . 53 2 . )4‘5
2.55 /
2.52
T43n0H 2.52 2.5k 12
2.54 2.16
2.60
TLSnCl 2.53 2.59 12
2.55 2.lL5
2.52
7r(Gxalato)., 2.63 2.55}related 2.20 13
2.51° 2.58°to 2 more ~
by 2-fold
. axis
Ti{U03 )4 2.51 2.14 : ‘ 14
2.51 2.13 2.07
2.13
2.12
an(ita)e 2.72 2.13 15 -
R~ BN 4 2.15  2.16
2.14 =
2.13
Ta{¥N0a). 2.E2 2.13 - 2.14 - 16
(mezn of two ‘mean of four
values) values)
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4.2 The Tropolonato Ligands

Earlier crystal structures involving this ligand have
8 .
been reviewed1 , and certain systematics in the ligand param-
eters can be recognised. The labelling scheme used in this

discussion is shown diagramatically below

The key features of'the tropolonato ligand based on
previous results are the following. -
1) There is no discernable bond length alternation around the
Cs ring. ’

2) The Cy-C~ distancg§ are significantly‘longer than other
C-C distances. |

3) There is a sequential decrease in the C-C bond distances
from those nearest td the oxygen atoms to the central C,
ring atom,and indicate symmetrical bonding.

L) There is a remarkable similarity inythe ligand parémeteré
for a wide range of compcunds(e.g.NaT,FeTs,T,Th.DMF).

5) The range of intraligand 0...0 separatioﬁs is quite‘narrow,
2.490-2.5934. | .

_Por the ScT, f,,,@in,,th,thg,gg,za,rn@j,e,r,sj,o,i«,,;iganqs,,,,3,,and 4 (i.e.,

those not invoclved inAthe hydrogen éond) can be compared to

these general results. The C, rings in both ligands are
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ncri-planar, the oxygen atoms showing larger deviations from the
€, plane than do the carbon atoms (least squares mean planes are
given in Table 9a). In discussing similar non-planar ligands,

Day and ﬂoard11

have noted that because the bite of the
tropclonato ligand is small and therefore contributes to the
loose packing df the ligand, the moleculaf arrangement is suscep-
title to distortion in the_solid state as a resultfofrpgcking—~—
forces., The dihedral anglec between the least squares mean planes
of the £, rings and the corresponding ScO, atoms are 12.8° for

1igand %, and 6,0° for iigand k. Bond lengths in the C} ringérbf

thiese ligands follow those reported for other structures, with a

distance is longest, *his being attributed to the small aromatic
craracter in thie bond, and the oxygen atom separations (2.&95(&9,
2.50QL{L)) are among thé shortest found for'tropolonato ligands.
Carcon-hydrogen distances in all four ligands are all identical’
within the accuracy of the determination, and average 0.96(3)£.
Zond lengths in the tropolonato ligands in the ScTa~ anion aré
ziven in Table T7a, along with the average values for breviously
determined structures. Zond angles in the tropolonato ligands of

sotrn complexes are given in Table 8, !

~a%zye in ligands 1 and 2 are different from those in % and 4,

Trne esymmetry of the bond is reflected in the bond lengths around

tre Zropolonato ligands, The Cy; ring in ligand 2 has bond lengths

which alternate, [(the differences being significant,see Table T7a),



~Z Y i~ can be e/plalhed by asquming a bond between the Cs and

¥ atoms which leads to ﬂouole bond character in Cy=-C2 (1.332(5)),
Ca-Ce (1.349(7)) and ¢s C (1.357(2)); and single bond character
in Cy-C; (1.463(5)), Ca-Ca (1.303(6)), Ca=Cs (1.398(7)) and

Cs-C» (1.421(6)). The bond lengths in the C; ring of ligand 1
indicate bonding which is intermediate between that of 2 and the

syrmetrical ligands 3 and 4. The C- ring in llgand 1 is the

“only planar ring in the structure (w1thin our llmlts of error)

with the oxygen atoms ed either side of this plane (as was

m

found for the other rinzs). The Cv ring of ligand 2 has the
largeét deviations from the least-squares plane for all four
‘lizands., -

Zecause of the large errors in the parameters of the four

tropolonato ligands in the ¥WbT4 cation, a rather different

approach is taken in their discussion, Shown in Table Tb (pagelo)
are the mean values 1 of the bonds within the ligends (which are
considered to be chemically eguivalent on the basis of equal Nb-O

istances), o7 | (the standard deviation in this mean), and o (error

vased on the internal consistency of the structure; as defined in
Chapier 3.2). The corresponding values of 1 for all previously
determined structures involving this ligand are also listed. It

. + . RS
can te geen that the mean values in the WbT, cation axe, within

the error expressed by S35 equal to the general mean values, e -

except in %e hase o’ he C::izwpggﬁ lengths. 2

+

‘- —~ P - .- - -
strenzgin of the comrplexin

d

tonds 1s accompanied by some lengthen-

ng in the -0 tond length, and also a shortening of the C.-C,
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ponds., “he values of the C,-C; bond 1engthé (which average

1.&08{10)2) do not differ significéntly from values for strongly
complexing tropolonato ligaﬁds‘aébianSSnClle (1.H39(15)3); The
short intraligand 0...0 QShtacts ip theser1igaﬁds have been
discussed in the previous section. Tt is clear thatlihe }
characterization of the tropolonato 1igand as having a rigid
1igand'bite must be reconsidered,

Thvee of the C, rings in the WbT," cation are statistic-
ally planar (relevant Meén planes are given in Table 9b, page 43),
‘anid the fourth has diztortions from pla,né.rj:ty which are not
chemically significant. Deviations of the corresponding oxygen

[e]
atoms are small {0,001 to 0.057 A), though larger deviations of

. s © .
the niobium atom (0.099 to 0.218 A) are observed.




T o=

{
Table Tz

Bond lengths in the tropolonato ligands of (HScT.4 )= .Also
given are the mean values of the same bonds calculated

18,19

for previoucsly determined structures

Bond 1(0,,02) 2(0s5,0s) 2(0s5,0s) 4(05,0g) Mean

0:-C, 1.306(5) 1.332(5) 1.283(5) 1.280(5) ! 1.287(é)
Ge-Cr 1.261(5) 1.253(5) 1.270(5) 1.27%(5) -
Ty-Cr  1.468(5) 1.463(5) 1.464(5) 1.454(6) 1.462(6)
Ci-Cz  1.38E6(€) 1.361(6) 1.391(6) 1.406(6) 1.405(4)
Ca-Cs 1.379(6) 1.403(6) 1.384(7) 1.376(7) 1.384(2)
Ca=Cg 1.376(7) 1.359(7) 1.377(7) 1.364(8) - 1.380(2)
C.-Cs 1.375(6) 1.293(7) 1.376(7) 1.370(8) 1.380(2)
Cs-Ce  1.357(6) 1.257(7) 1.376(7) 1.381(7) 1.384(2)
1.429(6) 1.421(6) 1.412(6) 1.407(6) 1.405(%4)

Ce=-Co

 Previous T T
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_ Table 8
e
Bond angles in +he tropolonato ligands of (HScT,.) 5.
(degrees)
Ligand '
.
Angle - 8 3
07010z 126.7(0 .k 129.4(0.4 126.6(0.4 125,
Ci1C2Cz  131.3(0.4) 129.2(0 .4 130.2(0.5 130,
C2CsC.  129.3(C.5 129.4(0.3 129.9(0.5) 129,
C3CsCs  126,9(0.5) 128.1(0.5 127.2(0.5 127.
CaCsCo 130.0(0,5) 129.320.5 - 1%0.1(0.5) 129
C5CeC7 131.9(0.% 131.2(0.5 130.2(0.5 130.
CsC7C1 ™423.6(0.L 123.1§o.4 125.6(0.4 125,
0:C1C7r 192.3(0.4 110.5(0.3 112.8(0.4 114,
02C+C, 1£é§0(o.a - 116.7(0.3 114.9(0 4 114,
0,C1Cz  12140(0.% 120.2(0.1 120.7(0.4 120,
2C7Ce 1204 (0. & 120.2(0.4 119.5(0.4 120,

b) e

Eond angles (degrees) in the tropolonato ligands of
(NbT4)2(H30013).<CHQCN>

Ligand; 1 2 , 3 ' Y
Arizle / ,
C+C1Ca 125.1(1.6)  121,2(1.9) 125.2(1.7) 128.3(1.
C1C2Cs 127.5(1.7)  126.9(1.8) 129,0(1.6) 128.5(1,
C203Cy 130.9(1.6)  129.2(2.0) 130.2(1.7) 126.8(2.
C3C4Cs 127.6(1.6)  127.9(2.2) 128.9(1.9) 131.8(2.
CaCsCe 130.1(1.8)  133.1(2.1) 128.1(2.0) 127.8(=.
5020y 125.5(1.8)  126.7(1.7) 128.8(1.8) 129.%(1.
CalrChy 121.4(1.5)  724,6(1.8)  129.6(1.6) 127.2(1,
0101 Cr 116500 E) 1100 0{(243) 114, 8(1 ) T1TL5(1
£2C7Co 112.5(1.05)  112.9(1.7)  111.0(1.5) . 113.9(1.
0:C1Ca 117.3(1.5)  117.3(1.7) 119.9(1.4)  120.1(1.
C2C-C 116.1(1.5)  121,5(1,5) 119,4(1.6) 118.8(1.

=

QO OWO Oy

OO0 OO OoOO0

OO N OO\ =

AN

" ocoo
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,,Aﬁqméﬁméi§E}§E@E@Q&é;izgmgihﬁglﬁasi:squarQS—pi&nesi/peﬁyﬁﬂﬁrﬁirg,gkgi

discussion of structure in the acid dimer of tetrakistropolohato

scandium. A
N
Eguations of the L-S plqnes
' ‘ N .o * %
. ’ x =
P 0.32882X - 0.2320Y - 0.9155Z - 1.2880 = . )
Q  0.6391% + 0.7686Y - 0.0286Z + 0.2568 _ 133.7
R 0.5973% - 0.2335¥ - 0.76732 = 18874 =0 2.9
S -0.7502¥% - 0.6265Y - 0.2115Z + 0.4834 = 0O 60.3
Displacements (4)
. Tigand 1 2 S 3 S
L-S plane P Q , R S
0, -0.023 ’ 0z -0.078 - 0s 0.040 07 -0.030
0, 0.022 0z 0.111 Og 0.006 0Og 0.085
¢, O 20, -0.028 3¢, 0.012  4C,; -0.01k
1Cs -0.00k - 2Cs -0.011 30, ~0.022 - 4Cp -0.012
1C5 .0.003 2Cs 0.028 ACs O bcs 0.018
1C. © 20, 0.020 30, 0.020 o, 0.021
1Cs 0.003 2Cs -0.035 3Cs -0.003 bcg -0.028
1Cs -0.00% 2Cg -0.014 3Ce -0.016 Lcg ~0.012
1C, 0.00% 2¢, 0.0%9  3C, 0.006  4C, 0.028
Sc¢  0.217 Sc  0.152 “Sc  0.415 Sec  0.193
. ‘
*

»y Tor footnotes, see next page



Atomic displacements from the least-squares planes*. relevant to

~ the discussion of structure in (NbT,)(Hz0C1s)(CHsCN).

Equations of the IL-S planes ' Xg**
P 0.296X - 0.952Y - 0,072Z + 2.163 30,1
@ =-0.799X - 0.586Y - 0,131Z + 7.T40 2.4
R 0.313X - 0.901Y - 0.299Z + 2,108 4.1

oy

-0.894X - 0.3356Y - 0.298Z + 7.93 6.5

~ Displacements (A)

Ligand 1 2 3 i
L-5 plane P Q : . R S
0y 0.016 ~ 0z 0,049 - 05 0,021  ~ 05 -0.056
0. 0,016 - 04 -0.049 0g 0,001 Og 0,057

1c, 0.048  2C¢, -0.005 3C; -0,015 Lc; 0.008
1C, -0.033 2C» 0.005  3Cz -0.001  L4Cp 0,01
1Cs -0.027 2Cz 0.012  3Cs 0,012  4Cs 0,017
1C4 0.037 2C. -0,017 3C4 -0.003  4C, 0.021%
1Cs 0.027 2Cs -0,004 3Cs -0.023  4Cs -0.005
1Ce -0.060 2Cs 0,017  3Ce 0.020  4Ce 0.008
1c; 0.005  2C; -0,010 3C; 0.008 4C, -0.015
Nb 0.218  Nb -0.212  Nb -0.131  Nb -0.099

*The orthogonal system of axes (X,Y,Z) has X along the a-axis,
Y in the ab plane, and Z along the c* axis,
-The weights used in the calculation of L-S planes are given
7y - Wiy _ 3

o2 02(Xi) + o2(vi) + 2(zi)

**y 2 for a plane 1M + mY + nZ -p= O for N atoms is given by

e

-

A
x|

i=1

(Fi2/52(Pi)), where 02(Pi) = 1%02(Xi) + m203(vi) + .n%03(21),

and Pi is thek distance of atoms i from the plane.
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L3 The hydrogen bond igﬁ(HScTA)pmﬁ

The effect of this bond on the associated tropolonato
ligands and the Sc-0 bond lengths has already been noted, and
these results indicate clearly that this bond is not symmetrical,.

Ibers and Hamiltongo have published a graph relating
0-KE distance to 0.,.0 separation for hydrogen bonds based on
neut™n diffraction data. Their graph has two discontinuous .
curves - one for short 0...0 separations (2.58 - 2.55E) where
the protqn is symmetrically placed - the other for 0...0
séparations of 2,48 - 2.872 where the proton is asymmetrically
placed, The 0...0 separation in this bond i512.484(4)2 and so
falls 1in the region where there is overlap between both curVes.
While the 0-H distance of 1.17(6)2 is within the 1limits of error
of either the symmetric or asymmetric curves, the data from the t
tropolonato ligands indicate very strongly an asymmetric proton
position. Ibers and Hamilton's curve is shown in Figure 6 (page

~

L5). The C-H...0 angle is 167(2)°.

wn

Infra-red siretching frequencies as a function of
distances in hydrogen tonded systems have been reviewedgl, and
for an 0...0 separation of 2.@8&, an 0-H stretching‘frequency of
1875 cm_1 is predicted on the basis 6f other results. The infra-

red spectrum of the [HSeT.). acid dimer shows a small, broad

o e S



P

P>

Figure & o B g
C-H distance as a function of 0...0 distance as determined by g
neufron diffraction fof a nﬁmber of’compounds containing ?
C-H...O bonds.The curved line represents the best least squares z

fit to the points,but the deviations of some of the points are

siznificant. Adepted from reference 20,

T~

] L 3 o .
0-4 disfance (A)

e D]
r 1
{ )
.2 f
|
!
|
L1
F
O
- — +— o
e 2.9 A

0...0 distance
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The arrangement of a flattened pyramidal hydroxonium ion
(Ha? ),triply bendsd to three chlorine atoms at the vertices of

the base of the pyramid (0...C1 = 2.87(3)A) has been found

previcuzly in the s*ructures of hydrogen chloride monohydrate
. , ]
(5...01 = 2.95(1 L) and raesium chloride.l/3 hydroxonium bi-

iu
°© .23
chleoride (0...C1 = 2.92{2)A) 7. It is interesting that the
sare t pe of dizcrisr is proposed in all three structures,with
ezusl orobablility that the oxyzen will be above or below the

ane formed by the three chlorine atoms. No evidence for the

L

ydrczen gtom positicns in this anion was found from the datsa,
wrizn 1s not surorizing in view of the occupancy numbers of |
.2z ana 0.5 which would e assigned ﬁo them.Zond lengths and
ez for this anicn and for the acetonltrile molecule of

crystallization are Included In Table 10.



Table 10

Zond lengths and angles in the (Hs001s)2”™ anion and in

the CHsCN molecule of crystallization in the crystal 3

structure ¢f the niocbium complex.

Distances (.2) 'Ang'le's ( Q) o ’ "’
0g-Cl, 2.8L(3) Cl,0sCls 119.8(0.9) '
0g-Cly 2.52(2) Cls0gC1s' 108.7(0.9) :

Cl;-Clg L.Gk(1) C.1Co  1T7h(4) .
01,-Cls' 4.67(1) : S
0g-0g' 1.11(2)
Cy-Cz 1.71(5)
C,-11 2.23(3) 5
Co-l  1.09/5) ;
S @

Faggit o e L



%

The structure o the &
scandium chloride was published in Inorganic Chemistry,13,1880,

(197%4) .This structure was determined simultaneously and

as the following vaper.The unit cell-used in this determination

=

is related to theirs

S

The results of the two crystal structures are the same
withﬁn the limits of the combjined errors.The main differences

are (1) the alternsti

thermzl motion of the fropolonaterligands involved in the

T
fCONCLUSION,

vy the transformation :

0 0. -1
-1 0 =
1° 0

ot so pronounced,and {2),the reduced

n of tonds in the C, ring of ligand 2

cid dimer of tetrakis(tropolonato)-

. ; . . o .
‘independently by &nderson,Neuman and Melson,and was published

9

nydrogen bond is not so apparent from their rigid body analysis.

e

£ paper descr

27" £.I.C. Conference,held in Regina in June,1974.

The crystal

T o~ 4 . ~ - S 4L P
25 Lo De f[uphmitTied
/
/
§
»

kife
TG

r publication.

]

03 .

Ting this structure was presented at the

structure of (WbT.)s (Hz0C1ls). (CHaCN)
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APPENDIY. A. ~ :

T INCIDENT ZEAM MTICCHROMATOR
Tne use of crystal-monochromatised X-radiation has the
t advantage over the use of filters in that background
scattering due to ncon-characteristic radiation is virtually
eliminated, Eﬁ suiteble choice of the monochromator crystal-and
7-radiation, the lcoss of intensity in the diffracted beam can

Te minimised., An incident bteam monochromator, fitted with a

graphite crystal, was uced in the collection of diffraction

data from the (1o7T.)/5a001:).,{CHaCN) crystal, and since the i
crvstal-monochrormatized radia n 1s 1itself partially polarized

triz must be included-in the polarization correction to the
irterzity data. Tf & 1z the reflection angle for the beam
incident to the graphite crystal;\?nd 26 is the reflection =
argle at the specimen, the expression for the polarization
o 2 / ERPUP- RPN . - Q zvebf
corrention p (as derived originally by AXeroff© )

i JSR
p = {cos'zém + coszRes) /11 + COS/29m).

ie

The program used in This labbfatory to apply Lorentz

arnid rcolarization corrections to 'raw'/gnte ty data was mod-

igd by me sc that the correciicon recessary for either

Aiztion can be used,

”;tn wrhiich arn J-rzr Ttezm iz reflected by & plane in a crystal

i1z degperdent on the elszciron density in the plane, and on the

rellecticon angle, Tre .ﬁ”esiof fﬁe d;léélé;iégd éééﬁ ;;;mﬁe S
rez2lved InTo comporerts parzilel and perpendicular to the

reflection plane: trhe reflecticn cf the parailel component

devendszs cnly on Trhne electron Zersity, but the reflection of



/

the perpendicﬁlar éompbneht depéndéu§ﬁlﬁhe‘electron density in
the plane and on cos”26, the intensity of this component

decregsing to zero as 23-90°,

o \./
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