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ABSTRACT 

The structures of six lanthanide-edta complexes were elucidated by X-ray 

diffraction, so as to ascertain exactly at which point the change from the 

nine-coordinate [Ln(edta)(H20)
3
]- complex to the eight-coordinate 

[Ln(edta)(H2o) 2J- complex occurs. The transition was found to occur at 

Erbium. 

The structures of the complexes K+[Ln(edta)(H20) 3].SH2o for Ln =Praseodymium, 

Europium, Gadolinium and Holmium were elucidated and found to be isomorphous 

crystallizing in the orthorhombic space group Fdd1 with Z = 16. In each 

case , the central metal ion has a coordination mnnber of nine, being bonded 

to the hexadentate edta ligand and three water molecules. For each structure, 

anomalous dispersion corrections were applied since Fdd2 is a polar space 

group . The molecules of water of crystallization were seen to be partially 

disordered . 

The structures of the complexes K+[Ln(edta)(H20) 2].4H2o for Ln =Erbium and 

Ytterbium were elucidated and found to be isomorphous. A space group problem 

arose with these two structures as there was a problem of pseudo-synunetry, 

in that the oolecules were arranged in a P2 /n pattern, but the motif in 

fact resembled that of C2/c or Cc . The structures were finally refined in 

the centrosynnnetric, oonoclinic space group C2/ c with Z = 4, but were found 

to be disordered. In fact, in each case, two independent structures were 

identified, one 'good' and one 'lesser' structure. A study of the 'good' 

structure in each case showed that the central metal ion has a coordination 

number of eight, being bonded to the hexadentate edta ligand and two water 

molecules . 

The technique of thermogravirretric analysis was employed in the study of the 

molecules of water of crystallization. 
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o-IAPTER 1 

INTRODUCTI 0. 

1.1 GENERAL 

Ethylenediarninetetraacetic acid, (or edta; ethylenedinitrilotetraacetic acid; 

FIGURE 1.1 

HOOC-CH2 CH2-C009 

H~-CH2-CH2-~H ' 
/ 

9 00C-CH2 

Edta is one of the most widely used reagents in ti triretric analysis ai"1d it 

~~s its importance to the facts that: 

(i) it forms complexes with nearly all the metals; 

(ii) the stoicheiornetry is nearly always 1:1, thus facilitating the 

sirnul taneous detennination of mixtures of metals a"1d :rn=tals in 

different oxidation states; 

(iii) the ti trimetric end-points are sharp and can be detected by a \>.ide 

variety of different techniques 1 • Many anions can also be detennined 

in direct complexinetric procedures 2 • 

The order of stabilities of the various rretal-edta CC!!!ple:xes can be seen 

from the Sl..IDIIlary in Table 1.1 from Y.hlch it is possible to drcn-.· certain 



Li+ 

2.79 

Na+ 
1.66 

K+ 

0.8 

II 

* 
* 

TABLE 1.1 Stability Constants of Metal-edtct Complexes 

Be2+ 

9.2 

Mg2+ A13+ 
8.79 16.3 

ea2+ Sc3+ Ti3+ 

10.69 23.1 (21. 3)b 

Sr2+ y3+ Zn~+ 

8.73 18.09 29.5 

Ba2+ La3+ * Hf~+ 

7.86 15.50 29.Sa 

Ra2+ 

7.1 

Ac3+ * 
* 

LANTHONS (Z • 58-71) 

yl.+ Cr2+ 

12.7 (13.6) 
y3+ Cr3+ 

(26.0)b (23.4)b 

Nb M:> 

Ta w 

Mt2+ Fe2+ 

13.87 14.32 
Mn3+ Fe3+ 

(25. 3)b 25.1 

Tc Ru 

Rc · Os 

coz+ 

16.31 
Co3+ 

40.7a 

Rh 

Ir 

Hi2+ 

18.62 

-

Pdz+ 

(18. S)d 

Pt 

Ce3+ 15.98;Pr3+ '·16.40; Nd3+ 16.61; Pm3+ 17.0; Sm3+ 17.14; Eu3+ 17.35; Gd3+ 17.37 
Tb + 17.93;nyJ+ 18.30; Ho3+ 18.62; Er3+ 18.85;Tm3+ 19.32; Yb 3+ 19.51; Lu3+ 19.83 

ACTINONS (Z e 90-103) 
Thll+ Pa · tf+ + • Np~ · Pu 3+ Am3+ Qn3+ 

t ' ~ · b b 23.2 - 2S.R 24.(,a 18.1 (17.8) (18.1) 
Np02 + 7 .33h 

Rk3+ 
(18.5)b 

Cf3+ 
(18. 7)b 

eu2+ 

18.80 

-

Ag+ 

7.32 

Au 

Zn2+ 

16.50 

-

Cd2+ 

16.46 

Hg2+ 

21.7 

a 25° nnd I • 1.0 M b 25° and T "' n.I M 0 zoo and I "' 0. 2 M d 25° rmd I = 0. 2 M e 20° and I= 1.0 M. 
Critical Stability Constants, Vol 1, A.E. Martell and R.M. 9nith, Plenun Press, 1974. 

GaH 

20.3 

In3+ Sn2+ 

25.0 18.3e 
t.> 

Tl+ 

6.54 Pb 2+ 

T13+ 18.04 

(35.3)b 

futa frrn~ 
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generalisations . 

n-4 
Firstly , it can be seen that the stability of the complex MY increases 

as the charge on the cation MP+ increases (i.e. in the order n=1<2<3<4). 

That is, when an element exists in more than one oxidation state, the cation 

with the higher oxidation state will exist as the more stable complex. 

For example: 

[FeY2-] 
1014.32 

!Fe (II)Y = = 
[Fe2+][Y4-] 

[FeY-] 
1025.1 

!Fe (III)Y = = 

[Fe3+][Y4-] 

Secondly, divalent transition metals form complexes that are far more stable 

than the divalent alkaline earth metals. M=tals carrying a tmit positive 

charge, such as the alkali metals, do not complex readily with edta. 

Thirdly, as a general rule, within a series of similar ions the stabilities 

of the complexes increase as the radii of the ions decrease. Correlations 

-1 -2 
between log~ and the ftmctions such as .!. and .!. , where .!. is the ionic 

radius of the cation, have been pointed out by many authors. This can be 

seen in the case of the first row transition series, i.e. 

log !m 
r(.~) 

Mn2+ 

13.87 

0.80 

14.32 

0. 76 

16.31 18.62 

0.74 0. 72 

This is in fact the Irving-Williams stability series. 

18.80 

0.69 

16.50 

0.74 

The edta ligand is potentially hexadentate as it has the ability to bond to 

the central rretal ion via the oxygen atoms of the four acetate groups, and 
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the Th'O nitrogen atoms. Therefore the stability of the edta complexes 1s 

ascribed to the formation of five chelate rings, each having the most 

favourable ring size of five members. 

1 • 2 CCMPLEXES OF 1HE GROUP I IA ELEMENTS 

An interesting exception to the third general rule discussed above occurs 

in the case of the alkaline earths, i.e. 

log ~1Y 

r(R) 

8.79 

0.65 

10.69 

0.99 

8.73 

1. 13 

7.86 

1. 35 

Ra2+ 

7.10 

1. 40 

In this case the trend is interrupted by virtue of the fact that the 

u 2+ d . abl h th c Z+ ~·~g -e ta complex 1s less st e t an e a complex. (i.e. see Figure 1. 2) 

FIQJRE 1.2 

A 

i 
11 

> 
~ 

:.::1 
en 
0 10 

8 ·~•Ba 
\ 

7 eRa 
> 

·6 ·7 ·8 ·9 1·0 1·1 1·2 1·3 1·4 
0 

radius(A)-~ 
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Originally a number of authors tried to explain the lower stability of the 

Mg2+ complex in terms of a lower degree of coordination, i.e. as a four-

coordinate complex rather than a six-coordinate complex, thereby having 

fewer chelate rings. (see Figure 1.3) 

FIGURE 1. 3 

not: 

2-

This phenomenon of lower stability could be more quantitatively and better 

tmderstood when the thermodynamic data in Table 1. 2 was taken into account. 

It can be seen that Mg2
+ is tmique in forming the edta complex endothermically 

so that the net effect of the enthalpic and entropic contributions to the 

free energy change is responsible for the phenomenon, since: 

log~ = -~G/2.303RT 

= (T~S - ~)/2.303RT 
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TABLE 1. 2 

Thennodynamic data for complexes of edta with the alkali earths 3 • 

Ml+ Ca2+ Sr2+ Ba2+ 

a -1 -1 
l:IS/cal.mol .deg 52 26 26 19 

-Tl:IS/kcal.mol 
-1 -15.5 -7.8 -7.8 -5.7 

b -1 
tH/kcal.mol +3.5 -6.6 -4.1 -4.9 

-l:IG/kcal.mol 
-1 12.0 14.4 11.9 10.6 

log .!5m 8.79 10.69 8.73 7.86 

a25°C and I = 0.1M 
- -

b20°C and I= 0.1M 

Note: 

Critical thennodynamic values are reported in the literature in kcals and 

are quoted throughout in these units rather than in kJ. 

However this is not a full explanation of the phenomenon since it gives no 

2+ reason why the Ng complex should be formed endothermically while the other 

alkaline earths are formed exothermically. Since the net enthalpy change 

must reflect the energy change in breaking six Mg-0 bonds in the ion 

Mg(H2o) 6 Z+ and the fonnation of the Mg-N and Mg-0 bonds to the edta ligand, 

the sum of the latter terms must be dependent primarily on the mnnber of 

bonds involved (i.e. a coordination number of 4 would explain the positive 

value for the enthalpy). Factors reflecting the strain in the chelate rings 

and the interatomic repulsions would also play a part in the lower stability 

of the proposed four-coordinate structure. 

It was therefore totally unexpected when it was discovered by Stezowski, 

Countryman and Hoard from X-ray crystallographic studies on the complex 

Na[Mg(edta) ].6H2o that the Mg2+ ian was seven-coordinate with six-fold 
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coordination from the hexadentate edta ligand and an additional molecule 

f 4 Th . d. M Z+ 1 h . b d b o water . 1s seven-coor 1nate g camp ex as s1nce een confirme y 

many other authors 5
'

6
'

7
• (see Figure 1.4) 

FIGURE 1. 4 

05 

04 

011 

The anion includes five rings which are located on one side of a plane 

passing through the Mg2
+ ion, while the other side is occupied only by the 

coordinated water molecule 5
• 

Stezowski et al. explain the abnormally low value for the stability constant 

of the Mg2
+ complex by the fact that the seven-coordinate structure must 

experience substantial stereochemical disabili ty4
• The coordination 

polyhedron is seen to be a geometric hybrid between the monocapped trigonal 

prism and the pentagonal bipyramid. For the geometry to be precisely that 

of monocapped trigonal prism it would require the ethylenediamine ring 

system to be planar which is physically impossible. Alternatively for the 

geanetry to be exactly pentagonal-bipyramidal the water molecule, the two 
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nitrogen atoms and two of the four carboxylate atoms would need to fonn an 

exactly planar girdle around the metal atom and this is also impossible. 

Furthennore the averaged M-0 and M-N distances in seven-coordinate species 

are known to be significantly larger than the value anticipated for standard 

octahedral coordination. However in the case of the Mi+ complex these 

values are grossly larger thus indicating a decrease in the strength of 

these bonds which would consequently lower the stability of the complex. 

This is a result of the small size of the Mg2+ 1on. 

The reason for the preference for seven-coordination exhibited by the Mg2
+ 

ion, in spite of the low stability of the resulting complex, is explained 

by Stezowski et al . as being partly attributable to the low affinity of the 

~1g2 + ion for the amino ni trogens relative to its affinity for the carboxylate 

oxygens 4
• 

The ca2+ -edta complex, on the other hand, has been found to be an eight­

coordinate cgmplex with edta acting as a hexadentate ligand and the two 

additional coordination sites both occupied by water molecules 8
• The 

coordination polyhedron about the ea2+ ion is square antiprismatic. It was 

originally predicted that the large ea2+ cation would form a nine-coordinate 

ccrnplex with a stereochemistry siiPilar to that of the lanthanide-edta 

camplexes 9 , (see part 1.6) but this would appear to be incorrect. The 

greater stability of the edta chelate of Ca2+ over the Mg2+ chelate is due 

to the fact that the larger ca2+ ion fits better with the geometrical 

constraints imposed by the edta ring system. On the other hand the still 

larger Sr2+ ion is again slightly too big to accOOllllodate itself to the 

gearetry of the system without any strain. Thus in the Group IIA elements, 

it would seem that the ea2+ ion has the optimum requirerents for forming 

stable edta canplexes. 
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1 • 3 Ca-1PLEXES OF lliE ALKALI METALS 

The edta ligand, as a rule, does not tend to fonn complexes with :rretals 

carrying a unit positive charge 1
, eg. the alkali :rretals. However, the 

compound, [Co(NH3)6][Na(edta-4H)J.3!H2o was synthesised by Schlemper10 • 

The compound contains two crystallographically independent octahedral 

[CoQNH3)6] 3+ ions, and a seven-coordinate Na+ ion coordinated to the 

+ hexadentate edta ligand and a water molecule which bridges to another Na 

ion. The coordination sphere of the Na + ion is similar to that of the Mi+ 

ion (as in part 1 • 2). The smaller li thitml ion, Li +, forms thennodynamically 

more stable complexes but no structural data have been reported. Complexes 

of K+ and still larger alkali cations are almost too weak to measure. 

1. 4 COMPLEXES OF lliE TRANSITION METAL IONS 

Many edta complexes of the first-row transition metal ions have been reported 

in the literature, while only a few of the second and third row series have 

been studied. It would appear that most of _these transition metal ion 

complex anions are of the type [M(H2o)yj1-4 , while complex anions of the 

-,n-4 n-4 type [M(H2o) 2YJ and [MY] are also reported to exist. 

The transition :rretal-edta complex anions of the type [M(H20)Y]n-4 that 

have been crystallographically detennined to date are those for wnich 

M = C 3+ 2+ F 3+ C 2+ N.2+ Cu2+ G 3+ Cd2+ Sn4+ d Os4+ r ,Mn, e, o, 1, , a, , an . All of 

these structures are either six- or seven-coordinate with one coordinated 

water molecule. The cr3+, Co2+, Ni Z+, eu2+ and Ga3+ ions fo:nn six-coordinate 

complexes since in these cases edta acts as a pentadentate ligand loti. th one 

carboxylic acid group uncoordinated11 , 12 , 13 , 14 , 15 • The Mn2+, Cd2+, Sn4+ 

and Os 4+ ions fonn seven-coordinate comple~es where edta acts as a hexa­

dentate ligand16 , 17 , 18 , 19 , 26 • The Fe3+ ion, on the other hand, forms both 
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six- and seven-coordinate complexes 15 , 20 , 21 , 22 • 

Of the six six-coordinate edta complexes, the complexes of Cr3+, Fe3
+ and 

Ga3
+ have been characterised as being isomorphous. All three crystallize 

in the space group P2 1!c with Z=4 11
• The coordination sphere around the 

metal ions can best be described in terms of a slightly distorted octahedral 

arrangement comprised of one water molecule and five of the six edta links. 

The sixth link, a carboxylic acid, remains free and is protonated 1 5
• The 

stabilities of these complexes versus the ionic radii are as follows: 

log ~MY 

r(R) 

23.4 

0.69 

Fe3+ . 

25.1 

0.64 

20.3 

0.62 

The reason for the surprisingly low stability for the Ga3
+ complex is 

probably due to the fact that the small size of the Ga3+ ion causes the 

octahedral arrangement about the metal ion to be more distorted than in the 

other two complexes. In fact Kennard15 reports that one of the M-0 bonds 

of one of the rings in the Ga3+ structure is significantly longer than the 

corresponding bond in the Fe3+ structure (the other M-1 distances are all 

shorter, as expected). This suggests that the closing of one of the edta 

links in the Ga3
+ complex is geometrically more difficult, thus decreasing 

the stability of the structure. 

The other three six-coordinate complexes that have been characterized are 

C 2+ N. 2+ d cu2+ Th 1 ab"l" . th . . di. o , 1 an • e canp ex st 1 1 t1es versus e 1omc ra 1 are 

as follows: 



log ~MY 

r(.~) 

16.31 

0.74 

- 11 -

18.62 

0. 72 

Cu2+ 

18.80 

0.69 

In this case the order of the stabilities of the complexes versus the ionic 
2+ .2+ radii is as expected. The Cu and N1 complexes are seen to be isomorphous 14

• 

The coordination spheres around these two metal ions can be described as quasi­

tetragonally distorted octahedra, again comprising the one water molecule and 

five of the six edta links, with the sixth link remaining free and protonated. 

This distortion of the bonds in the eu2+ complex is much greater than in the 

Ni 2+ complex, however, and in fact tends towards a square-base pyramidal 

structure rather than a strictly tetragonal one. This is due to Jahn-Teller 

di . . th f eu2+ stort1on 1n e case o . 

In the case of the Co2
+ complex, the free carboxylic acid group is not pro­

tonated and the ring actually remains quasi-closed12
, thereby supplementing 

the coordination of the Co2+ atcm up to 7. If this seventh attenuated bond 

is ignored, the coor~ation polyhedron of the metal is an irregular octa­

hedron, while if it is taken into accoun;t:: the coordination polyhedron is 

closer to that of a pentagonal byramid and is similar in structure to the 

hepta-coordinated complexes of ~fuZ+ and Fe 3+ (see below). Figure 1.5 shows 

a drawing of an idealised model of the six-coordinate OMCHzO)Y~-4 complex. 

The five seven-coordinate complexes that have been studied, ~n2+, Cd2+, Fe3+, 

Sn4+ and Os4+ are all qualitatively similar and are in fact similar to the 

l1g2+ 1 
1• camp ex (as described in part 1.2). i.e. These five complexes are 

also gecmetric hybrids between a pentagonal bipyrarnid and a rnonocapped 

trigonal prism. The Fe3+ complex exists predominantly as a pentagonal bi­

pyramid and this geometry accm.mts for the high stability of the complex20
• 

2+ 2+ The Mn and Cd complexes, on the other hand, exist predominantly as 
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monocapped trigonal bipyramids 17 , 18 ,
26

• This is consistent with the fact 

that pentagonal bipyramidal coordination is associated with smaller metal 

ionic radii (ionic radius of Fe3+ is 0.64~), while monocapped trigonal prism 

coordination is associated with larger ionic radii (r of Mn2
+ = 0.80~ and 

r of Cd2
+ = 0.97~). 

2+ 2+ The reason why the Mn and Cd ions form seven-coordinate complexes instead 

of the six-coordinate complexes described above is because of the large size 

of the ionic radii of these metal ions and this overcomes the increase in 

steric interaction between the ligands as well as the loss of the energetical 

advantage of octahedral coordination 18
• i.e. 

log ~1Y 

r(~) 

~n2+ 

13.87 

0.80 

25.1 

0.64 

16.46 ? ? 

0.97 0.71 0.69 

On the other hand, it would appear surprising that the 0s 4+ complex is seven-

coordinate. This was in fact the first example of seven-coordination of 

Os 4
+ in the literature 26 • Kennard 15 has shown that the Fe3

+ complex exists 

in the six-coordinate form at low pH. When the pH is raised the proton on 

the free carboxylic acid arm is removed and the carboxyl group is forced 

into the coordination sphere producing the seven-coordinate pentagonal 

bipyramidal structure. Figure 1. 6 sh~s a drawing of a idealised model of 

the seven-coordinate [M(H20)Yf-4 canplex. 

A complex anion of the type [MY(H2o) 2~-4 that has been crystallographically 

determined is that for which M = Zr4+. 

This complex is an eight-coordinate structure with edta acting as a hexa­

dentate ligand and two water molecules included in the inner coordination 
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sphere 2 3
• 

4+ The coordination polyhedron of the Zr complex is intermediate 

between dodecahedral and antiprismatic. 

A number of complex anions of the type [)1YJ1-4 has been reported, l.e. for 

\! -- A1 3+, Mn3+, Co3+, ZnZ+ and Sb3+. I th 1 th 1 . 1' n ese comp exes e meta 1ons are 

all coordinated by the hexadentate edta ligand producing distorted octahedra. 

There are no water molecules included in the inner coordination sphere and 

any water molecules are present as water of crystallization28 , 29 , 30 , 31 , 24 , 25 , 27 • 

Fi gure 1.7 shows a drawing of an idealised model of these six-coordinate 

complexes. 

It was always commonly assumed that the edta ligand can also act as a tetra­

dentate donor in combination with metal ions having a coordination number of 4. 

This was, as previously stated, initially assumed to be so in the ~1gZ+ complex, 

but was later found to be incorrect. Hov.rever the crystal structure of the 
2+ 

Sn complex has since been determined and in this case edta chelates as a 

tetradentate ligand 32
• The coordination sphere around the Sn2+ ion is that 

of a distorted pentagonal bipyramid. The two nitrogen atoms and two of the 

carboxyl groups from different nitrogen atoms are involved in the bonding. 

There are weak but definite links between the Sn
2+ ion and the other two 

carboxyl groups. 

Busch and Bailar 33 have also identified tetradentate edta complexes of Pt2+ 

and Pi+ using infrared spectroscopy and potentiometric techniques. The 

same results were also obtained by Ezerskaya,Filimonova and Solovykh 34
• 

This has not been confinned using crystallographic techniques, however. 
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1. 5 BINUCLEAR METAL-EDTA COMPLEXES 

A number of binuclear metal-edta complexes has also been characterized. 

For example: The complex [Cu2Y.(H2o) 2].2H20 has been identified35 • In this 

structure the two cu2+ ions are bridged through an edta ligand. The edta 

ligand is shared between the two equivalent eu2
+ ions forming two glycine­

like chelate rings about each eu2
+ ion. The ethylenediamine part of the 

ligand does not form a ring, but has a trans structure. Therefore the 

coordination of each cu2
+ ion consists of two acetate oxygen atoms, a 

nitrogen atom from the ethylenediamine moiety and a water molecule. The 

coordination sphere is expanded to a square pyramid by an acetate oxygen 

from a neighbouring complex. 

Another type of binuclear complex that has been identified is that of 

Sn2 Y. 2H2 0 3 6 
• In this case the en vi ronmen ts of the two Sn 

2 
+ ions are 

different. One of these two tmique Sn2
+ ions is coordinated by the hexa-

dentate edta ligand, Y, in a distorted pentagonal-bipyramidal geometry 

i.e. the coordination sites about the Sn
2

+ ion are occupied by the two 

nitrogens and four carboxylate oxygens of the edta ligand and the seventh 

site is occupied by the tin lone pair electrons. This SnY tmi t is then 

2+ bonded to four Sn ions of the second type via carboxylate oxygens. i.e. 

These Sn2
+ ions act as bridges between the SnY units. These Sn

2
+ ions are 

octacoordinated and this is achieved via weaker bonds with three additional 

oxygen atoms of the carboxylate groups. The electron lone pair of the tin 

then occupies the eighth coordination site. 

1.6 1HE LAN1HANIDE-EUTA COMPLEXES 

Complexing of the I.n3+ ions by an edta ligand in aqueous solution can be 

represented by 3 8
: 
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= . • . . ( 1) 

It is reasonable to assume that q~2 1n the bulky [ Ln(H2o)qY]- complexes since 

the size of the Ln3
+ ions prohibits the hexadentate edta chelate from assuming 

3+ 
standard octahedral coordination enclosing the cation (as in the case of Mn , 

for example). In fact, the edta chelation framework does not even reach as 

far as half-way around the central metal ion thus relegating the entire 

chelating ligand to one hemisphere, and leaving ample space in the other 

hemisphere for the coordinated water molecules. 

It has therefore been suggested by a number of authors that it is the cation 

size which plays the predominant part in determining the configuration and 

the coordination of the complex 38
,

39
,

40
,

42
• Consideration of the relative 

3+ 3+ 3+ ionic sizes of the Ln ions suggests that, in the sequence La to Lu 

there should be a transition from a nine-coordinate [Ln(H20) 3Y]­

to an eight-coordinate [Ln(H20) 2YJ- complex as the successively 

complex 
3+ smaller Ln 

ions produce a general shrinkage of the anion finally resulting in the 

expulsion of one water molecule. 

The lanthanide-edta complexes exhibit the same inverse relationship between 

the stabilities of the complexes and the radii of the ions, as described 

previously. i.e. 

log~ 

r(R) 

Ce3+ 

15.50 15.98 16.40 16.61 

1. 15 1.11 1. 09 1.08 

Dy3+ 

17.93 18.30 18.62 18.85 

1.00 0.99 0.97 0.96 

17.00 

1.06 

17.14 17.35 17.37 

1.04 1.03 1.02 

19.32 19.51 19.83 

0.95 0.94 0.93 
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A plot of this relationship 1s shown in Figure 1.8. 

As can be seen, this relationship does not vary smoothly, but takes the form 

of a double-ht.nnped curve whi th a dip occurring at Gadolinium. There is also 
40 

a slight irregularity in the curve occurring at Erbium This break in the 

curve at 3+ Gd would seem to imply that a change in the coordination occurs 

at this point. i.e. It would seem that going along the series from Lanthanum 

to Lutetium, there is a growing steric hindrance between the bulky ligand 

groups about the successively smaller metal ions and this prevents a large 

increase in the stabilities of the complexes. Then at the point of Gadolinium, 

if one water molecule were expelled, this would reduce the steric hindrance 

so that from this point onward, the stabilities would increase again steadily 

as the ionic radii became smaller. The small dip in the curve at Erbium 

could also possibly be ex"Plained by a further change in coordination number 

occurring at this point . 

The stabilities of these Lanthanide-edta complexes can again be more quantita= 

tively understood by consideration of the thermodynamic data, since: 

log ~IL = -l:IG/2. 303RT 

= (Tl:IS - l:IH)/2.303RT 

A plot of the thermodynamic data for these complexes from Table 1.3 appears 

in Figure 1.9. 

As can be seen, it 1s the large entropy effect that is the main driving force 

for the formation of these Lanthanide-edta complexes in aqueous solution. 

This is a common feature in the formation of any complex molecules involving 

multidentate chelates 41
• The values of l:IS0 increase across the series with 

decreasing radii. 
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TABlE 1. 3 

Thennodynamic data for the lanthanide-edta complexes 3 • 

/J.So -TIJ.S0 MP ~Go 

-1 -1 a (cal.mol .deg ) 
-1 (kcal.mol ) -1 b (kcal.mol ) 

-1 (kcal.mol ) 

La3+ 61 -18.2 -2.9 -21. 1 

Ce3+ 63 -18.8 -2.9 -21. 7 

Pr3+ 64 -19.1 -3.2 - 22 .3 

Nd3+ 64 -1 9. 1 -3.6 - 22 . 7 

(Prn3+) 

Sm3+ 67 -20.0 -3.4 -23.4 

Eu3+ 71 -21.2 -2.6 -23.8 

Gd3+ 74 -22. 1 -1.7 -23.8 

Th3+ 78 -23.2 -1. 1 -24.3 

Dy3+ 80 -23.8 -1.2 -25. 0 

Ho3+ 80 -23.8 -1.4 -25.2 

Er3+. 80 -23.8 -1.7 -25.5 

Tm3+ 82 -24.4 -1.9 -26.3 

Yb3+ 81 -24.1 -2.3 -26.4 

Lu3+ 82 -24.4 -2.5 -26.9 

a25°C and I = 0. 1M - -
b20°C and I= 0.1M 
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The 6H0 values appear to fall into two series, one for the light and one 

for the heavy lanthanides, with a gradual transition between the two series 

around Gadolinium 41
• In the region of Samarium to Terbium, there is a 

large increase in the standard enthalpy of formation, 6H0
, and a large 

increase in the s tandard entropy of formation, tS0
• This seems to indicate 

that a change in coordination occurs within this region 42
• From equation (1) 

above, a change from a nine- to an eight-coordinate complex would increase 

(h-q) by unity with a corresponding increase in the standard entropy, and 

would decrease q by unity resulting in a less favourable enthalpy. This is 

in direct agreement with the thermodynamic data. 

Therefore, from the stability constants and the thermodynamic data it would 

appear that the transition from a nine-coordinate [Ln(H20) 3Y]- complex to an 

eight-coordinate [ Ln(H2o) 2YJ- complex occurs in the region around Gadolinium. 

However, this has been shown to be incorrect. The complex H[LaY]. m
2
o is 

a ten-coordinate structure crystallizing in the space group P21/a
39

• The 

complexes K[LaY].8H2038
, Na[SmY].8H2044

, Na[TbY].8H2042 and Na[DyY].8H2045 

have been shown to be isomorphous since they all crystallize in the space 

group Fdd2 and have a coordination number of 9. It has also since been 

shown that the complex Cs[YbY].SH2o is in fact an eight-coordinate structure 

crystallizing in the space group P2 1/n 4 5
• It would thus appear that the 

transition in coordination occurs within the sequence Dy3+ to Yb3+. This 

could possibly account for the second dip occurring at Er3
+ in the plot of 

stability constants versus ionic radii (Figure 1. 8). Table 1. 4 gives a 

summary of all the structural information known about the Lanthanide-edta 

complexes including the work done for this Thesis. 

Alsaadi, Rossotti and \\'illiams 55 have studied the 1H nrnr spectra of all the 
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TABLE 1. 4 

Space group 

La H+ n 1;a 

K+ Fdd2 

Ce 

Pr K+ Fdd2 

Nd Guad 
+ 

Pn2 1/a 

(Prn) 

Sm Na+ Fdd2 

Eu K+ Fdd2 

Gd K+ Fdd2 

Th Na+ Fdd2 

Dy Na+ Fdd2 

Ho K+ Fdd2 

Er NH+ 
4 

Pl 
K+ c2;c 

Tm K+ c2;c 

Yb Cs+ P2 1/n 

K+ c2;c 

Lu 

1r · · · th · di ncons1stenc1es 1n e atornlc coor nates. 

Coordination 

Number 

10 

9 

9 

9 

9 

9 

9 

9 

9 

9 

f 

8 

8 

8 

Reference 

39 

38 

Hoc opus 

43 

44 

Hoc opus 

Hoc opus 

42 

45 

Hoc opus 

46 

Hoc opus 

Hoc opus 

(incomplete) 

45 

Hoc opus 
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LanU1anide-edta cornplexc~ in aqueous solution and concluded U1at all U1ese 

complexes, from LanU1antml to Lutetium, are 9-coordinate in solution. 

On balance U1erefore, it seems possible that for all the Lanthanide-edta 

complexes, the dominant species in solution is 9-coordinate, wi U1 U1e 

8-coordinate species becoming increasingly important in U1e later part of 

U1e series. 

In U1at case, the thermodynamic data could be interpreted in terms of their 

being a change from a 9- to an 8-coordinate complex, in solution only, in 

the region of Samarium to Erbium. Then the 9-coordinate complexes of 

Samarium to Holmium in the solid state could owe U1eir existence to superior 

packing. 

However, a number of other authors have stated that other factors, apart 

from the cation size, must also play a part in determining the coordination 

of these structures~ 1 ,~ 7 , 51 , 52 , 53 ' 5 ~. They state that it is unlikely that 

when a critical size of cation is reached there is an abrupt change in the 

coordination number. The trend of stability constants could then be inter= 

preted as being due to varying degrees of stabilization from the interaction 

of U1e 4£ orbitals with the ligand field~ 7 • 

The lanthanides are characterized by the gradual filling of the 4£ subshell ~ 8 • 

Although the electron configurations of the neutral lanthanide atoms show 

some irregularities, there is strict regularity in the electron configurations 

of the +3 cations since U1ey all have 4:f1Sd0 6s0 configurations. Furthermore, 

the 4£ electrons are buried so deeply within the atom that they seem to be 

largely unaffected by the environment. It was these factors that caused a 

number of authors to state that the £-electrons of the lanthanides have little 

influence over the primary bonding schere in the complexes. 
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However, Halleck and Liebold4 9 state that the decrease in the magnetic 

susceptibility of the Neodynium ion on coordination with edta is evidence 

tl1at the 4f orbitals are affected by complex formation . Another indication 

that ligand field effects may be significant is the fact that the stability 

constant for the Yttrium-edta complex (log~ = 18.09) is less than that 

for the Holmium-edta complex (log~ = 18.62) 47
• The Y3

+ ion has a radius 

almost identical to that of the Ho3
+ ion, but Y3

+ has no 4f electrons while 

3+ 3+ Ho has ten 4f electrons . It therefore would appear that the Ho complex 

is stabilized to some extent by the ligand field. Furthermore, the thermo= 

dynamic properties of the complexes appear to be influenced by the ligand 

field splitting of the 4f orbitals 55
• From Table 1. 3, it can be seen tl1at 

although Nd3
+ (with three 4f electrons) is a smaller ion th~ Ce 3

+ (with one 

4f electron), Nd3
+ forms its edta complex with a greater evolution of heat 47 • 

The relationship between log ~1Y and the 4f-orbi tal population is depicted in 

Figure 1. 10. The relationship is a double-h'I..Ullped curve superimposed on an 

interpolation line of positive slope . Using the method proposed by George 

and McClure 50
, the interpolation line c_onnecting the points for the 4f0

, 4f7 

and 4f14 complexes would represent the stabilities which arise from lanthanide­

ion contraction. The difference between these values and the actual observed 

stabilities then represent the contribution to log · ~w provided by crystal 

field stabilization51 (represented by the vertical lines in Figure 1. 10). 

Estimates 47 of the crystal field splitting for the 4f levels are of the order 

of 100an-1. Since there are no £-electrons in the La3+ ion, and the £-electrons 

are distributed regularly throughout all the orbitals of the Gd3
+ and Lu3+ ions, 

there should be no crystal field effect for these elements 52
• Relative to 

the complexes of La and Gd, the remaining lanthanides are stable by amounts 

of the order of a few hundred calories 53
• 
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It therefore would appe:u to be an over-simplification to asst.nne that an 

abrupt change in coordination m.unber occurs in the lanthanide-edta complexes 

corresponding to the irregularities in the thermodynamic data and stability 

constants, since these effects could arise from the weak, but not negligible, 

effect of the ligand field on the 4f electrons. 

However, it was considered worthwhile to determine the structures of a number 

of the Lanthanide-edta complexes and, with the structural information reported 

by other authors (see Table 1.4), to investigate the trend followed by these 

complexes. The structures that we determined crystallographically in this 

work were: K+[Ln(edta)] .8H2o for Ln = Praseodymium, Europium, Gadolinium 

and Holmium, and K+[Ln(edta)] .6H2o for Ln = Erbium and Ytterbium. 

The complexes of Ho3+, Er3+ and Yb 3+ were investigated to identify exactly 

at which point the change in coordination from 9 to 8 does occur. The 

structures of Eu3+ and Gd3+ were studied to ascertain whether there are, 

after all, any structural differences which could account for the breaks in 

the stability constants series and ·the thermodynamic data. The effect of 

the counter-ion on the structures of these complexes was also investigated. 



CHAPTER 2 
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GIAPTER 2 

GENERAL EXPERIMENrAL AND CCNPUfATIONAL PROCEDURES 

This chapter comprises a general summary of the synthesis and characterization 

of the compmmds as well as of the X-ray crystallographic methods used in the 

structural determination of the compounds, and will not be repeated in later 

chapters. 

2.1 CRYSTAL PREPARATION 

The seven lanthanide-edta complexes that were studied in this work were all 

of the form K+[Ln(edta)].nH2o, for which Ln =Praseodymium (Pr), Europium (Eu), 

Gadolinium (Gd), Holmium (Ho), Erbium (Er), Thulium (Tm) and Ytterbium (Yb). 

All these carrplexes were prepared in the following way: 

10mmol of the solid lanthanide oxide (Ln203) were added to 50cm3 of distilled 

water containing 25mmol of ethylenediaminetetraacetic acid (edta) and 20mmol 

of potassium hydroxide (KCH) . The suspension was heated under reflux until 

a clear solution was obtained. The cool solution was filtered, the pH of 

the filtrate adjusted to ca. 6.5 and excess water slowly evaporated until 

crystallization occurred. The salts were recrystallized from water56
• 

The Pr, Eu, Gd and Ho crystals obtained were all diamond-shaped, the Pr 

crystals being bright green in colour, the Eu and Gd colourless and the Ho 

pale pink in colour. The Er, Tm and Yb crystals were all rhomboidal in 

shape, the Er crystals being pale pink in colour while the Tm and Yb 

crystals were colourless. 
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2 • 2 TI-lE GiARACI'ERI ZATI ON OF 1BE CCJvfPOUNDS 

The stoicheiometric compositions of the compounds "'·ere determined by 

microanalysis as shown in Table 2.1. 

TABLE 2.1 ~licroanalysis Results 

+ K [Ln(edta)].nH2o E:xpe rimen tal Calculated 

Ln n %C %H %N %C %H %N 

Pr 8 19.6 4.5 4.6 19.61 4.58 4.58 

Eu 8 19.3 4.5 4.5 19.25 4.49 4.49 

Gd 8 19.2 4.3 4.5 19.10 4.46 4.46 

Ho 8 19. 1 4.3 4.5 18.87 4.40 4.40 

Er 6 19.9 4.0 4.6 19.92 3.98 4.65 

Yb 6 19.6 4.0 4.9 19.73 3.95 4.60 

The Thulium crystals obtained were of very poor quality , so the study of the 

Thulium compound was not pursued after the initial photography. 

The crystal densities were determined by flotation in a mixture of methyl-

iodide and tetrachloromethane. 

Thermogravimetric analysis was employed to assist in the determination of 

the number of water molecules present. 
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2.3 PRELIMINARY X-RAY ANALYSIS 57
,

58
,

59 

In all seven cases, single crystals with uniform extinction under plane 

polarised light were selected and mounted on glass fibres. A two-circle 

optical goniometer was used for alignment. Oscillation, \~issenberg (zero 

layer and upper layer) and precession photographs were taken using a non­

integrating Stoe (Heidelberg) goniometer using nickel filtered CuKa radiation 

(A=1 .5418R) and a camera of radius 28.65rnrn. The X-ray generators that were 

used were the Philips PW1120 and PW1008 and were operated at 20rnA and 40kV. 

The X-ray films (3M t.~dical) were processed using Kodak X-ray developer and 

fixer solutions. 

Approximate unit cell parameters and space group symmetries were determined 

for all the compounds based on layer-line spacings and systematic absences of 

reflections in the photographs. 

2.4 DIFFRACTa-!ETER DATA COLLECTICN 

Suitable crystals were selected and mounted on glass fibres and sent to 

Mr J. Albain at the National Physical Research Laboratory, C.S.I.R. (Pretoria), 

for diffractometer data collections. Small crystals were chosen so as to 

minimise absorption problems. The data collection was obtained (i.e. the 

relative intensities of the reflections were measured) using a Philips PW1100 

computer-controlled four-circle diffract'ometer. A Philips PW1130 X-ray 

generator operating at 20rnA and SOkV provided the source of radiation, it 

being monochrornated MoKa radiation (A=0.7107R). 

Accurate lattice constants were obtained at room temperature by a least 

squares analysis of the x, ¢ and 28 angles of 25 standard reflections 

accurately centred on the diffractometer. The intensities of three reference 
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reflections were monitored periodically throughout the data collection to 

check the stability of the crystal and the instnunent. The standard error 

ai(relJ in the relative integrated intensity I(rel) was calculated from: 

where: N = the gross peak count for a particular reflection. 
0 

Nb = the background count, rreasured on each side of the peak. 

K = the ratio of scan to background times. 

The criterion for a reflection being considered 'observed' was I(rel) > 2ai(relJ . 

Lorentz polarisation corrections "~re applied automatically to all the reflection 

data at the C.S. I.R. 

2 • 5 CCNPUT A TI Cl'J 

All cc:rnputations were perfonned on a Univac 1106 cc:rnputer at the University 

of Cape Town. 

The program SHELX76 60 was used for crystallographic data reduction, structure 

determination and refinement. Solutions were effected by Patterson and Fourier 

techniques. 

In all ·cases, the agreement between observed (F0 ) and calculated (F0 ) structure 

factors is expressed by the conventional residual factors defined by: 

R = 
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and Rw = = 

k 
where w = 

k was redetennined after each structure factor calculation. The value of g 

was chosen to give the smallest variation of w62 with the magnitude of F0 • 

Thermal parameters are of the form: 

where V . . are the anisotropic temperature factors referred to in the text. 
1-J 

The accuracy of the structures was expressed using the following criteria: 

(i) A low value for the residual factor R. (i.e. ?.< 10%) 

(ii) A law shift/esd of each parameter in the final cycle. (i.e. <0.1) 

(iii) A satisfactory analysis of variance calculated after the final 

refinement. 

(iv) Chemically feasible molecular geometry. (i.e. acceptable coordination, 

bond lengths and angles) 

The complex scattering factors for the non-hydrogen atoms were taken from 

Cromer and Mann 6 1
• Anomalous dispersion corrections were taken from Cromer 
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and Liberman62
• Atomic radii used were those of Pauling69

• 

The program PLUT064 was used for molecular illustrations and projections. 

The program ~~~65 was used to calculate geometric parameters. 



CHAPTER 3 
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Q-IAPTER3 

1HERMOGRA VIMETRI C AN.l\IXS IS 

3. 1 GENERAL 1HEORY6 6 

Thennogravimetric analysis is a technique that measures the change in the 

weight of a sample as a function of increasing temperature. A plot of the 

weight as a function of the temperature is called a thennogram and can 

provide both qualitative and quantitative infonnation. TGA can provide 

infonnation relating to certain physical and chemical phenomena that are 

accompanied by a change in weight. 

A thennograrn may have the following features: 

(i) A plateau which indicates constant weight. 

(ii) A curved portion, the steepness of which indicates the rate of \,-eight 

loss. 

(iii) An inflection at which dw/dt is a ffilnlmtnn. This may imply the fonnation 

of an intennediate compound. 

To obtain quantitative results, it is best to use the complementary technique 

of differential thermal analysis (DTA). DTA measures changes in heat content 

as a function of increasing temperature. This technique was not used, however. 

Due to technical problems with the apparatus used, only qualitative results 

could be obtained. 

Useful applications of TGA are in the study of decomposition reactions, the 

loss of constituent volatile ligands and the loss of constituent water molecules. 

It was the latter application that was applicable to the study of the ¥.-ater 

molecules of crystallization of the edta complexes. 
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This study was made in an attempt to obtain more information regarding the 

water molecules present in the structures, particularly the water molecules 

of crystallization, so that the results obtained could be used in conjunction 

with the microanalysis data and the structure determinations. 

3. 2 EXPERIMEi'ITAL 

+ 
A thermogram was recorded of the compound K [Gd(edta) ]. 8Hz0· It was assuned 

that the information obtained regarding this compound could be applied to the 

+ + + 
isomorphous compounds K [Pr(edta)].8H2o, K [Eu(edta)].8H2o and K [Ho(edta)].8H20 

since the four compounds are isomorphous (see Chapter 4). Similarly, a thermo= 

gram was recorded of the compound K+[Er(edta) ] .6H20 assuming the results 

obtained could be applied to the isomorphous compound K+[Yb(edta)].6H2o (see 

Chapter 5). 

The TGA measurements were recorded on a Stanton-Redcroft model TR thermobalance. 

The thermobalance was checked for reproducibility using a CuS04.sH20 sample 

and the result obtained agreed well with the literature. Quartz sample tubes 

were used which hold 100 to 200mg samples . A 'blank' TGA curve was recorded 

on an empty quartz tube in order to take into account the effect of the apparent 

mass change of the empty tube. The TGA curves were recorded o~ the Stanton twin 

pen recorder which gives continuous records of sample weight and furnace 

temperature against time. The left-hand chart record is scaled in mass, on 

a 20mg full scale. The right-hand chart record is scaled in degree centigrade. 

The chart speed was 300nun/hour. The heating rate was 6°C/minute. Atmosphere 

control was not used, so the enviro:rurental conditions were static air, which, 

as the reaction proceeds, consists of air and evolved volatiles (i.e. H20) 

from the sarnple 67
• 
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+ . 
The TGA curve of the compound K [Gd(edta)].8H20 was recorded us1ng 140.9mg 

of sample in the quartz tube. The sample was heated to a temperature of 

700°C. The TGA curve of K+[Er(edta)].6H20 was recorded using 162.8~g of 

sample and it was heated to a temperature of 550°C. 

+ 
3.3 DISCUSSION OF THE K [Gd(edta)].8H20 CUR\~ 

A graphical representation of the TGA data obtained from the curve is shown 

in Figure 3.1. 

From the TGA curve, it can be seen that there is a plateau between 0°C and 

67°C indicating zero weight loss. Then beu,~en 67°C and 110°C there is a 

large, sudden weight loss. This is followed by a gradual weight loss to 

346°C. An extremely large and sudden weight loss then follows between 346°C 

and 384°C. Then follows another gradual weight loss to 662°C. Thereafter, 

constant weight is maintained. 

From these results we surmised that a loss of five water molecules has occurred, 

each separate lveight loss corresponding to the loss of one water molecule with 

the third large weight loss corresponding to the sudden loss of two water 

molecules. This would imply that these five water molecules are water mole= 

cules of crystallization and thus are held only loosely in the structure. The 

other three water molecules therefore must be coordinated to the central metal 

ion, and would not be lost from the extremely stable and rigid metal-edta 

complex at such low temperatures and atmospheric pressure. 

The most probable order in which these five water molecules are lost is 

discussed in Chapter 4, part 4.8. 
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+ 3.4 DISCUSSION OF THE K [Er(edta) ] .6H20 CURVE 

TI1e TGA data obtained from the curve is represented gr aphically 1n Fi gure 3.2. 

From the TGA curve, it can be seen that there is a plateau between 0°C and 

62°C indicating zero weight loss. Then between 62°C and 106°C there is a 

large, sudden weight loss. This is followed by a gradual weight loss to 

3S0°C. Then follows an extremely large and sudden weight loss between 350°C 

and 386°C, after which constant weight is maintained. 

I t therefore can be surmised that a loss of four water molecules has occurred. 

The loss of the first water molecule corresponds to the initial sudden weight 

loss, the second molecule to the following gradual weight loss and then the 

loss of two water molecules corresponding to the final large weight loss. 

This indicates that the compound contains four water molecules of crystalli= 

zation, also loosely held in the structure. The other two water molecules 

can be deduced to be coordinated to the central metal ion. 

It must be stressed that although these results are only qualitative , they 

agree well lv.lth the microanalyses as well as with the results obtained from 

the X-ray studies. 
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GIAPTER 4 

+ 
1HE CRYSTAL AND MOLECULAR STRUCfURES OF TilE CavtPOUNDS K [Ln(edta)].8H20 FOR 

Ln = Pr, Eu, Gel AND Ho. 

4. 1 PRELIMINARY X-RAY ANALYSIS 

Oscillation, Weissenberg and precession photographs were taken of crystals of 

all four compounds. The photographs obtained indicated that the four structures 

were in fact isomorphous, since: 

(i) In all cases the photographs indicated an orthorhombic space group 

(ii) The approximate unit cell parameters that were obtained from the photo= 

graphs were similar for all four structures. 

i.e. for Ln = Pr; a = zo.oR, b = 36. 1R, c = 12.3R 

Ln = Eu; a = 19. g)\, b = 3S.8R, c = 12.3R 

Ln = Gel; a = 19.8R, b = 3s.6R c = 12.2R 

Ln = Ho; a = 19.7R, b = 3s.sR c = 12.zR 

(iii) z was calculated to be 16. 

(iv) The Weissenberg and precession photographs showed that the conditions 

for non-extinction of reflections were: 

hkl h + k, k + l, (l + h) = 2n 

Okl k + l = 4n; (k' l = 2n) 

hOl l + h = 4n; (l, h = 2n) 

hkO (h, k = 2n) 

hOO (h = 4n) 

OkO (k = 4n) 

OOl (l = 4n) 

These systematic absences indicate the space group Fdd2 68
• These conditions 

were later confirmed by inspection of the diffractometer data. 
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For this reason the structure of K+[Eu(edta)].8H2o was determined by the 

usual crystallographic techniques while the other three structures were 

determined by the technique of isomorphous replacement. However for all 

four structures, the positions of all the water molecules of crystallization 

were determined uniquely. 

4. 2 INTENSITY DATA ffiLLECTHJ,JS 

Di ffractometer data collections were obtained for all four compounds at the 

C.S.I.R. in Pretoria. Inspection of the data collections confirmed the space 

group Fdd2 for all four compounds and accurate unit cell parameters were 

determined by least squares analyses as described in Chapter 2. All the 

re levant crystal data plus information pertaining to the data collections 

are listed in Tables 4.1 and 4.2. 

4.3 SOLUTIQ~ AND REFINEMENT OF THE. K+[Eu(edta)].8H20 STRUCTURE 

A three-dimensional Patterson vector map was computed in order to find the 

position of the Europium ion. A vector grid for the space group Fdd2 was 

constructed and appears in Table 4. 3. 

1.e. This gave rise to 12 non-origin vectors. 

Vector position 

0,0,0 

l+2x,Ll 

l-2x,Ll 

L l-2y, l 

2x,2y,O 

-2x,-2y,O 

Multiplicity 

4 

2 

2 

2 

2 

1 
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2x,-2y,O 1 

-2x,2y,O 1 

The Eu-Eu peaks corresponding to the above vectors were readily recognised 

by virtue of their magnitudes and the Eu ion was located at position x = 0.086, 

y = 0.155, z = 0. The two-fold axis parallel to the z-axis allows the z­

coordinate to be arbitrarily placed at 0 and it was kept fixed at zero there= 

after. 

A weighted electron density difference map, calculated from the structure 

factors derived from the position of the Eu3+ ion, gave an R value of 0.20 

and revealed the positions of the .Potassium ion and ten other non-hydrogen 

atoms. The positions of all these atoms were inserted and subsequent weighted 

electron density calculations revealed the positions of the remaining co= 

ordinated non-hydrogen atoms. The final full-matrix least-squares refinement 

was carried out with the Europium and Potassium ions anisotropic and the 

remaining atoms isotropic. At this point, the R-value was lowered to 0.048 

(without corrections due to anomalous dispersion) . At no stage of the 

refinement could hydrogen atoms be located in the difference maps and they 

therefore were omitted. 

4.4 SOLUTION AND REFINEMENT OF THE STRUCTURES K+[Ln(edta)].8H20 FOR Ln = Pr, 

Gd AND Ho. 

+ + + 
The structures K [Pr(edta)].8H2o, K [Gd(edta)].8H2o and K [Ho(edta)].8H2o 

were all solved by the teclmique of isomorphous replacement. The positions 

of all the coordinated atoms were located in this way. The R values obtained 

at this point were 0.062, 0.054 and 0.057 respectively (again prior to 

anomalous dispersion corrections). 
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TABLE 4. 1 CRYSTAL DATA AND DATA COLLECTION 

}.lolecular fonnula: 

Molecular weight: 

Space group: 

z: 

a: 

b: 

c: 

D : 
m 

D : c 

Volwne: 

F(OOO): 

]..l(MoK0): 

Cyystal Dimensions: 

Scan mode: 

Scan width: 

Scan speed: 

Range scanned (26): 

Stability of standard 

reflections: 

Number of reflections 

collected: 

Number of observed 

reflections: 

Number of variables: 

+ 
K [Pr(edta)(H20) 3].5H20 

612.01 

Fdd2 

16 

19.97(1)5\ 

36. 11 (2)5\ 

12.274(6)5\ 

-3 1.82g.on 

-3 1.84g.on 

8853.o5R3 

4864 
-1 23.21on 

0.38x0.38x0.38mm 

w/26 

1.2°6 

0.046s-1 

4 - 46 

0.99% 

1670 

1535 with I(~l)>2ai(rel) 

130 

+ 
K [Eu(edta)(H2o) 3].5H2o 

623.06 

Fdd2 

16 

19.86(1)5\ 

35. 77(2)5\ 

12.249(6)5\ 

-3 1.89g.on 

-3 1. 90g.on 

8699 . 11R3 

4928 

-1 29.67on 

0.20x0.30x0.20rnrn 

w 

6 - 46 

1. 4% 

1678 

1515 with I(rel)>2ai(~l) 

130 
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TABLE 4. 2 CRYSTAL DATA AND DATA COLLECTION 

Molecular fonnula: 

Molecular weight: 

Space .group: 

z: 

a: 

b: 

a: 

D : 
m 

D : c 

F(OOO) : 

J.l(MoJ<a) : 

Crystal Dimensions: 

Scan mode: 

Scan width: 

Scan speed: 

Range scanned (28): 

Stability of standard 

reflections: 

Number of reflections 

collected: 

Number of observed 

reflections: 

Number of variables: 

+ 
K [Gd(edta)(H20) 3].SH20 

628.37 

Fdd2 

16 

19.84 (1 )~ 

35. 77(2)~ 

12.246 (6)~ 
-3 1.93g.cm 

-3 1.92g.an 

8688.17~3 

4944 
-1 34. 16an 

0.25x0.25x0.25rnm 

w/28 

1.2°8 

0.048s- 1 

6 - 52 

2.2% 

2277 

1959 with I(rel)>2ai(relJ 

130 

+ K [Ho(edta)(H2o) 3J.SH2o 
636.03 

Fdd2 

16 

19. 70(1)~ 

35.51 (2)~ 

12.217(6)~ 
-3 1.96g.cm 

-3 1.98g.cm 

8546.85~3 

4992 
-1 37. 77cm 

0.25x0.38x0.38mm 

w/28 

1.2°8 

0.048s- 1 

6 - 52 

1. 6% 

1786 

1563 with I(rel)>2ai(re l) 

130 
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TABlE 4. 3 

x,y,z -x,-y,z a-x, a +y , a+ z l+x, l-y, l+z 

x,y,z 0,0,0 -2x,-2y ,0 l-2x, L l Ll-Zy,l 

-x,-y,z 2x,2y,O 0,0,0 L l+Zy, l l+2x, L l 

a-x , 1 +y , 1 + z l+2x ,L l Ll-2y,l 0,0,0 2x,-2y,O 

l+x,l - y,l+z Ll+Zy,l l-2x, La -2x,2y,O 0,0,0 

-
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4.5 LOCATION OF 1HE WATER ~IOLECULES 

From these structure determinations, it could be seen that the metal ions in 

all four structures were bonded, in fact, to the hexadentate edta ligand plus 

three water molecules (see the description of the structures, part 4.7). 

Therefore, according to the microanalyses and thermogravimetric analyses, all 

four structures should contain five uncoordinated water molecules of crystal= 

lization. However, considerable difficulty was encountered in locating the 

positions of these water molecules. 

For each structure, a final difference map was performed based on the structure 

factors derived from the positions of all the atoms that had been located. 

All the peaks that arose in these final maps were considered as possible 

positions for the oxygen atoms of the five water molecules. Some of the 

positions were impossible and were thus discarded, the reasons being that they 

either lay too close to the positions of other known atoms, or the heights of 

the peaks were deemed much too low- thus indicating that they probably arose 

f rom hydrogen atoms. 

For each structure, there remained seven peaks each having a peak height of 

about 2 electrons;i\3• These could still be assigned to oxygen atoms, however, 

when one takes into account the fact that it is only when the scattering of 

the X-rays by the electron cloud occurs at very low angles, that the total 

scattering is the algebraic sum of the scattering by the individual atoms 59 

i.e. only when the scattering angle sin8/A equals 0 is the scattering factor 

of the oxygen atom equal to 8. The value of the scattering factor is markedly 

reduced at higher angles. 

Therefore, for this reason, for all four structures the positions of all seven 
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peaks were inserted into ~1e program runstreams as oxygen atoms and, 1n ead1 

case, a further difference map was computed phased on all the atoms. 

For each structure, the five atoms with the lowest thermal paraneters were 

chosen as the molecules of water of crystallization. In each case, the thermal 

parameters of four of these water molecules were fairly high, much higher than 

the values for the coordinated water molecules. This is to be expected because 

the molecules of water of crystallization are only held in the structure by 

weak hydrogen-bonds (see part 4.8). It is probable that some fraction of 

these water molecules diffused out of the crystal during the period of the 

data collection and this would result in increased thermal motion of the 

remaining water molecules since they occupy a relatively empty region of the 

crystal. There is direct evidence of this diffusion in that, in a dry atmos= 

phere, the translucent crystals become opaque with time, and their resultant 

diffraction patterns therefore weaken. This is attributed to loss of 

structure occurring with effusion of the water molecules of crystallization. 

It is thus difficult to ascertain the positions of the water molecules 

accurately and unambiguously. 

In all four of these structures, identical positions were chosen for the five 

water molecules of crystallization. However, Lee 42
, in the structure deter= 

+ + mination of the complexes K [La(edta)(H2o) 3].sH2o and Na [Tb(edta)(H2o) 3].SH2o, 

identified different positions for two of the water molecules. It is probable 

that these molecules of water of crystallization are, in fact, disordered and 

their positions therefore cannot be said to have been determined unequivocally. 

For each structure, the final cycle of refinement, which included the five 

chosen water molecules, was seen to converge successfully by the average shift 

to error ratios being less than 0.1. 
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Each structure was in fact refined twice, first with positive values for the 

imaginary components of the anomalous dispersion, t:.f', of the I.n
3+ and K+ 

ions, and then with negative values for these terms (see part 4.6 for detailed 

discussion) . 

The final R factors obtained for each of the refinements for each structure 

are as follows (the weighting scheme of w = (iF + 0. 002F2) - 1 was used in 

all cases): 

i.e. 

In = Pr Ln = Eu Ln = Gd Ln = Ho 

+ve l::.f'' R = 0.049 R = 0.043 R = 0.046 R = 0.047 
terms for Rw = 0.053 Rw = 0.046 Rw = 0.051 Rw = 0.050 
1n3+ and K+ 

-ve l::.f'' R = 0.047 R = 0.041 R = 0.044 R = 0.045 
terms for Rw = 0.051 Rw = 0.044 Rw = 0.049 Rw = 0.047 
w3+ and K+ 

For each structure, the refinerrent using the negative t:.f' terms was concluded 

to be correct (see part 4.6 for the explanation), and therefore all the reported 

tables refer to the results from this refinerrent. The analysis of variance for 

each structure computed after the final cycle of refinerent showed that the 

weighting scherre was satisfactory. These analyses of variance appear in 

Tables 4.4 to 4.7. 

The final atomic coordinates with corresponding thermal motion parameters are 

listed in Tables 4.8 to 4.11. Lists of observed and calculated structure factors 

appear in Appendices A to D. 



TABLE 4. 4 ANALYSIS OF VARIANO:: FOR TI-IE PR-EDTA STRUO'URE 

(a) By parity groups 

Group ggg ugg gug uug ggu ugu guu uuu All 

N 778 0 0 0 0 0 0 757 '1535 

v 1221 0 0 0 0 0 0 1132 1178 

(b) As a ftmction of sine 

sine 0.00-0.18-0.23-0.26-0.29-0.31-0.33-0.35-0.37-0.38-0.40 

N 160 178 142 177 145 152 184 186 100 111 

v 1624 1307 1245 1165 1045 1124 988 935 1169 1016 
I 

(J1 

0 

(c) As a ftmction of I(F/Fm~ 

I(F/F ) 0.00-0.31-0.38-0.43-0.46-0.50-0.54-0.59-0.63-0.70-1.00 
max 

N 162 170 159 123 153 173 170 126 150 149 

v 1488 1519 1306 1119 958 953 1068 970 973 1165 

(d) As a ftmction of !Miller Index! 

I hi 0 1 2 3 4 5 6 7 8 9 10 11 12 13 REST 

N 55 101 107 102 104 100 94 93 94 85 . 87 79 79 66 289 

v 1479 1250 1288 1256 1131 1077 1236 824 1211 955 1128 1081 1028 1091 1285 

TABLE 4.4 CONT/ .... 



TABLE 4. 4 CDNTINUED 

ikl 
N 

v 

I zi 
N 

v 

0 1 2 3 4 5 6 7 8 9 1 0 11 12 1 3 REST 

33 57 58 57 58 57 58 57 57 56 56 52 56 49 774 

1576 1268 1347 1564 1559 1179 1265 1064 1529 1359 1202 1257 1086 1033 1027 

0 2 3 4 5 6 7 8 9 10 11 12 13 REST 

148 163 150 164 148 146 124 123 101 93 76 55 31 13 

1600 1434 1299 1159 996 1035 1085 897 1124 937 996 1052 1000 1148 

0 

0 

N = No.of reflections in the group 

V = 100[~(wiF - F 1
2/NLw] 

0 c 

M = total no. of reflections 

(Jl 
....... 



TABLE 4. 5 ANALYSIS OF VARIANCE FOR TIIE EU-EUfA STRUCTURE 

(a) By parity groups 

Group ggg ugg gug uug ggu ugu guu uuu All 

N 766 0 0 0 0 0 0 749 1515 

v 1122 0 0 0 0 0 0 1065 1094 

(b) As a function of sine 

sine 0.00-0.18-0.23-0.26-0.29-0.31-0.33-0.35-0.37-0.38-0.40 

N 157 172 139 172 143 155 172 196 93 116 

v 1631 1201 1168 1023 1018 885 968 898 952 950 
U1 
N 

(c) As a function of I(F/F ) 
max 

I(F/F ) 0.00-0.30-0.37-0.41-0.45-0.48-0.52-0.56-0.61-0.68-1.00 
max 

N 153 176 133 171 128 168 140 167 141 138 

v 1417 1213 ,1112 993 968 1014 942 1050 1000 1117 

(d) As a function of !Miller Indexl 

I hi 0 1 2 3 4 5 6 7 8 9 10 11 12 13 REST 

N 55 103 105 101 105 98 88 91 94 83 86 78 77 66 285 

v 1286 1274 1104 1190 1228 1150 1034 952 1136 900 1017 1063 1045 938 1046 

TABLE 4.5 Ca-.JT/ .... 



TABLE 4. 5 CONTINUED 

lkl 0 2 3 4 5 6 7 8 9 1 0 11 12 13 REST 

N 

v 

32 57 58 55 59 56 57 56 55 55 55 53 54 48 

1327 1310 1288 1266 1178 1113 1249 1020 1471 1217 1179 1263 1013 867 

765 

973 

It! 0 1 2 3 4 5 6 7 8 9 1 0 11 12 13 REST 

N 

v 

142 166 151 160 145 144 121 123 103 93 76 53 28 10 

1402 1190 1083 1254 1143 1008 1099 865 920 899 881 863 958 1026 

N = No. of reflections in the group 

V = 100[MI(wjF - F j2)/NEw] 
0 c 

M = total no. of reflections 

0 

0 

(Jl 

V-1 



TABLE 4.6 ANALYSIS OF VARIANCE FOR lliE GD-EIJrA STRUCTIJRE 

(a) By parity groups 

Group ggg ugg gug uug ggu ugu guu uuu All 

N 965 0 0 0 0 0 0 994 1959 

v 1505 0 0 0 0 0 0 1109 1319 

(b) As a ftmction of sine 

sine 0.00-0.20-0.25-0.29-0.32-0.34-0.36-0.38-0.41-0.42-0.44 

N 218 194 220 210 152 181 198 298 95 193 

v 1518 978 1394 984 1280 1004 1129 1163 1043 2158 
tJ1 
~ 

' 
(c) As a function of I(F/F ) 

max 

I(F/F ) max 0.00-0.31-0.37-0.41-0.44-0.47-0.51-0.55-0.60-0.67-1.00 

N 198 234 214 178 196 211 171 181 186 190 

v 2388 1605 1274 1093 1076 972 914 985 976 1010 

(d) As a function of !Miller Index! 

I hi 0 1 2 3 4 5 6 7 8 9 10 11 12 13 REST 

N 63 124 113 110 119 117 99 115 107 98 102 98 86 90 518 

v 1320 1436 1589 1307 1413 1202 1383 912 2717 1007 1106 1054 1127 840 1060 

TABLE 4. 6 CONTI •••• 



TABLE 4. 6 CCNTINUED 

lkl 
N 

v 

I z I 
N 

v 

0 1 2 3 4 5 6 7 8 9 1 0 11 12 13 REST 

37 69 69 70 76 65 67 67 61 65 65 62 64 57 1065 

1346 1143 993 1173 1304 1402 1435 1004 3418 1307 1514 1137 1147 805 1167 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 REST 

174 201 182 197 168 184 153 166 136 131 95 79 38 34 21 

1560 1184 1361 1097 1108 948 1054 1018 1256 1179 1007 1273 1507 1230 5590 

N = No. of reflections in the group 

V = 100[Mt(w!F - F 1
2)/NLw] .o c 

M = total no. of reflections 

U1 
U1 



TABLE 4. 7 ANALYSIS OF VARIANCE FOR 1HE HO-EIITA STRUCIURE 

(a) By parity groups 

Group 

N 

v 

(b) As a ftmction of sine 

ggg ugg gug uug ggu ugu guu uuu All 

786 0 0 

1310 0 0 

0 0 

0 0 

0 

0 

0 777 1563 

0 1219 1266 

sine 0.00-0.19-0.23-0.27-0.29-0.32-0.34-0.36-0.38-0.39-0.44 

(c) 

(d) 

N 

v 

184 141 190 111 194 161 173 193 94 122 

1704 1272 1314 1243 1080 1212 1193 1166 1257 996 

As a ftmction of I(F/F ) max 

./(F/F ) max 0.00-0.30-0.36-0.40~0.43-0.46-0.50-0.54-0.59-0.66-1.00 

N 158 160 163 144 160 180 136 175 135 152 

v 1627 1420 1088 1190 1113 1198 1317 1133 1180 1309 

As a ftmction of I Miller Index! 

I hi 0 1 2 3 4 5 6 7 8 9 

N 60 109 111 101 111 107 87 104 100 89 

10 

90 

11 12 13 REST 

82 68 65 279 

v 1317 1341 1335 1304 1271 1282 1322 1243 1170 1175 1241 1119 1350 1025 1301 

TABLE 4. 7 CCNT/ .... 

Ul 
0\ 



TABLE 4. 7 CDNTINUED 

lkl 0 2 3 4 5 6 7 8 9 1 0 11 12 13 REST 

N 34 60 62 56 64 59 65 60 50 60 58 54 61 48 772 

v 1577 1461 1448 1421 1547 1219 1277 1340 1560 1011 1481 1180 1220 1134 1169 

1z1 0 1 2 3 4 5 6 7 8 9 1 0 11 12 13 REST 

N 142 15 7 145 152 138 142 118 117 96 89 6 7 70 57 so 23 

v 1703 1484 1194 1315 1295 1088 1283 1117 1155 1063 1204 1051 984 1042 1025 

N = No. of reflections in the group 

V = 100[MI(wiF - F 1
2)/NLw] 

0 c 

M = total no. of reflections 

U1 
---.] 
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TABLE 4.8 FRACTIONAL ATQIIUC COORDINATES (J\ x 104) AND ISOTROPIC 

TI-IERMAL MJTION PARAMETERS (J\ x 1 o3) WITI-l ESTIMATED 

STANDARD DEVIATIONS IN PAREN1HESES 

Atom X y z 

Pr3+ 874 (0) 1541(0) 0000 (0) 

K+ 1339 (2) 1322 (1) 3323(4) 

0(1) 1027 (5) 1837 (3) 1803(9) 

0(2) -216 (5) 1715(3) 706 (8) 

0(3) 2087(5) 1675 (3) 256 (8) 

0(4) 222 (5) 1654 (3) -1627(9) 

0(5) 106 7 (8) 2315(5) 2910 (14) 

0(6) -916 (6) 2130 ( 4) 1470(13) 

0(7) 3113(5) 1745(3) -392 (9) 

0(8) 108(5) 1757(3) -3428(9) 

0(9) 89 (5) 976 (2) -180(9 ) 

0(10) 1396(6) 1081 (3) -1337(9) 

0(11) 1379(6) 1026 (3) 1161(9) 

K(1) 636 (5) 2293 (3) 69(12) 

K(2) 1500 (6) 1925(4) -1626(11) 

C(1) 841 (7) 2467 ( 4) -957(14) 

C(2) 1529 (8) 2331 (5) -1333(14) 

C(3) 1006 (9) 2432 (5) 1016 (16) 

C(4) 1048 (8) 2169(4) 1981 (14) 

C(S) -103(9) 2346 (5) 238(14) 

C(6) -418(7) 2041 (4) 848(14) 

u 

* 

* 
32 (2) 

31 (2) 

31 (2) 

27 (2) 

66 (4) 

59 (3) 

41 (3) 

36 (3) 

29 (2) 

34(3) 

32(3) 

28(3) 

27 (3) 

28(4) 

33(4) 

40(4) 

31 (3) 

43(4) 

34(4) 

TABLE 4.8 CONT/ •••• 
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TABLE 4. 8 CCNTINUED 

Atom X y z u 

C(7) 2216(8) 179 7 ( 4) -1635(13) 34(3) 

C(8) 2500 (7) 1733(4) -524(12) 24(3) 

C(9) 1180(7) 1865 ( 4) -2679(13) 32 (3) 

C(10) 428(6) 1752 (3) -2571 (14) 28 (3) 

W(l) 659 (6) 397 ( 4) 5990 (11) 52 (3) 

W(2) 1434 (9) 953(4) 5410(15) 72(5) 

W(3) 723(20) 1783(15) 4462 ( 49) 265 (21) 

W(4) -19(15) 1070(8) 2938(25) 155(10) 

W(S) 2813(13) 2164(6) 5667(22) 131 (8) 

* Anisotropic parameters as defined in Chapter 2, page 33. 

u11 Uzz u33 uz3 u13 u,z 

22(0) 20(0) 15(0) 0 (0) -2 (0) 0 (0) 

75(3) 69(3) 35(2) 14(2) 12(2) 31(2) 
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TABLE 4.9 FRACTIONAL AID1IC COORDINATES (J\ x 104) AND ISaTROPIC 

1HERMAL M)TIO"J PARAMETERS (J\ x 10 3) Willi ESTIMATED 

STANDARD DEVIATICNS IN PARENTHESES 

Atom X y z u 

Eu3+ 865 (0) 1546 (0) 0000 (0) * 
K+ 1329 (3) 1330 (1) 3361 (4) * 
0(1) 1011(5) 1820 (3) 1788 (8) 32 (2) 

0(2) -212(5) 1702(3) 730 (8) 34(2) 

0(3) 2060(5) 1669(2) 270(7) 31 (2) 

0(4) 203(5) 1645 (3) -1584(8) 26 (2) 

0(5) 1096 (8) 2293(5) 2908 (13) 77 (4) 

0(6) -930(6) 2098(4) 1477(13) 63(4) 

0(7) 3096 (5) 1738(3) -362 (8) 42 (3) 

0(8) 60 (5) 1754 (3) -3371(9) 38(3) 

0(9) 84 ( 4) 986 (2) -171 (8) 28 (2) 

0(10) 1373(5) 1090 (3) -1283(8) 31 (2) 

0(11) 1334 (5) 1041 (3) 1160(8) 30 (2) 

N (1) 623 (5) 2282 (3) 91 (11) 29 (2) 

N(2) 1490(5) 1927(3) -1602 (10) 27 (3) 

C(1) 822 (7) 2473(4) -956 (14) 32 (4) 

C(2) 1517(7) 2330(4) -1311(12) 33(3) 

C(3) 995 (9) 2436 (5) 1024(15) 41 ( 4) 

C(4) 1044(8) 2168(5) 1969 (15) 40 (4) 

C(5) -132(8) 2331(4) 252 (12) 42 (4) 

C(6) -431 (7) 2026 ( 4) 865 (14) 40 (4) 

TABLE 4. 9 COO'/ .... 
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TABLE 4. 9 CONTINUED 

Atom X y z u 

C(7) 2211(7) 1794(4) -1624(13) 34 (3) 

C(8) 2482(6) 1731 (3) -501(11) 26 (3) 

C(9) 1156(7) 1855(4) -2659(13) 35(3) 

C(1 0) 410 (6) 1748(3) -2528(14) 31 (3) 

W(l) 661 (6) 389 ( 4) 5984(10) 55 (3) 

W(2) 1456 (9) 966 ( 4) 5486(16) 83(5) 

W(3) 356 (23) 1698(12) 4311(39) 249(18) 

W(4) -18(16) 1055(8) 2912(28) 175(12) 

W(5) 2799 (15) 2137(8) 5686 (26) 178(11) 

* Anisotropic parameters: 

(~ X 103) u11 uzz u33 u23 u13 u12 

Eu3+ 21 (0) 18 (0) 20 (0) 0 (0) -2 (0) 0 (0) 

K+ 81(3) 83(3) 52 (2) 21 (2) 19 (2) 41 (3) 
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TABLE 4.10 FRACTIONAL ATOMIC COORDINATES ()\ x 104) AND ISOTROPIC 

1HEffii!AL ~DTIQ'l PARAMETERS (R x 1 03) Willi ESTIMATED 

STANDARD DE\1ATIONS IN PARENIHESES 

Atom X y z u 

Gd3+ 863 (0) 1545 (0) 0000 (0) * 
K+ 1319(3) 1331 (2) 3381 (5) * 
0(1) 1018(5) 1812(3) 1775 (9) 34 (2) 

0(2) -212(6) 1699(3) 742 (10) 42 (3) 

0(3) 2057(5) 1660 (3) 265 (8) 31 (2) 

0(4) 200(5) 1647(3) -1560 (9) 29 (2) 

0(5) 1106(10) 2294 (5) 2905(16) 76 (5) 

0(6) -933(8) 2100(5) 1492(15) 68 (4) 

0(7) 3102(6) 1741 (3) -355(10) 41 (3) 

0(8) 52 (6) 1754 (3) -3363(10) 39 (3) 

0(9) 88 (5) 989 (2) -184(9) 28 (2) 

0(10) 1353(6) 1097(3) -1298(10) 38 (3) 

0(11) 1331(5) 1044(3) 1140(9) 29 (2) 

N(1) 619(6) 22 77 (3) 65 (13) 32 (3) 

N(2) 1492 (6) 1929 (3) -1601(11) 26 (3) 

C(1) 819 (9) 2463 (5) -940(16) 38(4) 

C(2) 1503(9) 2332 (5) -1305 (15) 38 (4) 

C(3) 981 (11) 2442 (6) 988(19) 47 (5) 

C(4) 1046 (9) 2153(5) 2004(15) 37(4) 

C(S) -141 (9) 2336 (5) 253 (14) 42 (4) 

C(6) -422 (9) 2025 (5) 855 (15) 40(4) 

TABLE 4.10 ccm; .... 
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TABLE 4. 1 0 CONTINUED 

Atom X y z u 

C(7) 2212(9) 1803 (5) -1617(15) 37(4) 

C(8) 2481 (7) 1733 ( 4) -478(13) 30 (3) 

C(9) 1155(7) 1855(4) -2653(15) 35 (3) 

C(10) 393(7) 1750(4) -2527(16) 31 (3) 

W(1) 650 (8) 389 ( 4) 5970(13) 62 (4) 

W(2) 1452(10) 972 (5) 5499 (18) 80 (5) 

W(3) 346 (2) 1692(13) 4346 ( 40) 213 (17) 

W(4) 8 (21) 1027(10) 2866 (34) 181 (15) 

W(S) 2816 (19) 2167(10) 5718(34) 188(14) 

* Anisotropic parameters: 

cR x 1o3) u11 u22 u33 u23 u13 u12 

Gd3+ 17 (0) 24 (0) 25 (0) 0 (0) -2 (0) 0 (0) 

K+ 78 ( 4) 98(4) 57 (3) 34 (3) 26 (3) 49 (3) 
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TABLE 4.11 FRACTIONAL ATOOC COORDINATES (R x 10
4

) AND ISOTROPIC 

1HERMAL ~OTICN PARAMETERS (R x 1 0
3

) Willi ESTIMATED 

STANDARD DEVIATICNS IN PAREN1HESES 

Atom X y z u 

Ho3+ 849 (0) 1548(0) 0000 (O) * 
K+ 1330(4) 1352 (2) 3421 (6) * 
0(1) 1000 (5) 1803 (3) 1764 (9) 33 (3) 

0(2) -220 (6) 1687(4) 741(11) 44(3) 

0(3) 2035 (5) 1668 (3) 278(8) 29 (2) 

0(4) 181(6) 1643 (3) -1536 (9) 29 (2) 

0(5) 1112(9) 2284(5) 2915(15) 75 (5) 

0(6) -962 (8) 2082 (5) 146 7 (15) 67 (4) 

0(7) 3074 (6) 1739 (3) -326 (10) 44 (3) 

0(8) 16 (6) 1755 (3) -3311(10) 42 (3) 

0(9 ) 68 (6) 991 (3) --164 (9) 33(2) 

0(10) 1330(6) 1099 (3) -1270 (10) 37 (3) 

0(11) 1296(6) 1046 (3) 1146(9) 31 (3) 

N(1) 604(6) 2279 ( 4) 107(12) 34(3) 

N(2) 1476(7) 1928(4) -1595(11) 30 (3) 

C(1) 796 (9) 2470 (6) -931 (17) 42 (5) 

C(2) 1489 (9) 2330(5) -1302 (14) 38(4) 

C(3) 959 (10) 2433(6) 1027(16) 39 (5) 

C(4) 1054(10) 2149(6) 1963(18) 47(5) 

C(5) -157(9) 2330 (5) 257(15) 47 (5) 

C(6) -445 (9) 2013(5) 889(15) 41 ( 4) 

TABLE 4.11 CeNT/ ..•• 
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TABLE 4.11 CONTINUED 

Atom X y z u 

C(7) 2198(10) 1795 (5) -1625 (16) 43( 4) 

C(8) 2465 (8) 1728(5) -462 (13) 32 (3) 

C(9) 1134 (7) 1852(4) -2632 (15) 34(4) 

C(10) 374 (7) 1746 ( 4) -2506(16) 31 (3) 

W(1) 633(8) 380 ( 4) 5980(12) 59 (4) 

W(2) 14 70 (11) 969 (5) 5569(20) 91 (6) 

W(3) 258 (25) 1634(13) 4363(43) 246 (20) 

W(4) -29 (24) 1027(11) 2864(39) 219 (19) 

W(S) 2788(26) 2169(14) 5 758 ( 46) 272 (23) 

* Anisotropic parameters: 

cJ( x 103) u11 u22 u33 u23 u13 u12 

Ho3+ 22 (0) 21 (0) 25 (0) 1 (0) -2 (0) 0 (0) 

K+ 102(5) 144 (7) 84(4) 60 (5) 42 (4) 75 (5) 
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4.6 ANOMALOUS DISPERSION CORRECTIONS 

4.6. 1 TI-IEORY 

X-rays are scattered by the electron cloud surrounding an atom. The X-ray 

scattering power of a specific atom for a specific reflection is known as 

its scattering factor, f
0

, and is expressed in terms of the scattering power 

of the electrons of the atoms. 

If the atoms are assumed to be spherical, then the scattering power is a 

function of the atom type and the scattering angle (i.e. (sin8)/A), but is 

independent of the position of the atom in the cell. At very low scattering 

angles, the value of the scattering factor of an atom is the algebraic sum 

of the scattering by the individual electrons, i.e. for a carbon atom, the 

value of the scattering factor equals 6 at (sin8)/A = 0. However, as (sin8)/A 

increases, the scattering factor decreases, since X-rays scattered from an 

electron in one part of the atom are increasingly out of phase with those 

scattered in another part of the atom. Temperature also has an effect on 

the X-ray intensities. The higher the temperature, the greater the vibration 

of the atoms in the crystal. The effect of this thermal motion is to spread 

the electron cloud over a larger volume causing the scattering power of the 

atom to decrease 57
• 

At first it would seem that the relative scattering powers of different kinds 

of atoms are the sane regardless of the radiation used. This is not so, 

however, as anomalous dispersion effects arise when the wavelength of the 

X-rays used is near an absorption edge in the scattering element. This effect 

is found particularly in the case of heavy atoms. 

Anomalous dispersion corrections involve the introduction of two scattering-



factor corrections, !Jf' and !Jf' , for each type of atom which displays this 

effect. Then the total atomic scattering factor, f, is a complex function 

and is represented as 69
,

70
: 

where: 

f = f + !Jf' + i!J:f' 
0 

= f + if ' re 

!Jf' and !J:f' are the real and imaginary components of the anomalous dispersion 

and are functions of A but are nearly independent of 8 because the tightly 

bound electrons responsible for these effects are concentrated in a small 

voh.ure near the atomic nucleus 71
• f

0 
is the atomic scattering factor for 

radiation with frequency much higher than any absorption edge. i.e. f is . 0 

the value of the scattering factor at very lo.,· wavelengths v;hen f' and 

:f'--.0, o is the phase shift (relative to a free electron) ~nere 6 = f'/f • re 

(see Figure 4. 1) 

FIGURE 4.1 

The structure factor F for a certain reflection hkl is made up of contributions 

from the nonnal atoms and the anomalous atoms as shov.n in Figure 4. 2. The 

ccmtribution of the anomalous atom, A, with c001plex scattering factor fA is 

fAei¢A where cpA is the phase factor for the anomalous atom due to its position 

in the unit cell72
• 
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excluding f" 
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atoms 

normal atoms 

If the imaginary part of the scattering factor, 6f', is not included in the 

structure refinement, or if 6f' is included but in the wrong sense 76
, then 

certain errors occur in the structural parameters (both positional and 

temperature parameters can be affected) . An attempt is then made to compen= 

sate in the refinement process for this omission and the struct ure factors 

are brought into more or less agreement with the observed ones - y adjustment of 

the normalization factor and by use of incorrect temperature factors 70
• 

That is, if the term i6f' is not included in the calculation of : and if the 

atoms are placed in their correct positions, then the calculated structure 

factor F will not agree "~th the observed structure factor F 7
:. In order 

c 0 

to obtain better agreement between Fe and F
0

, the contribution of the anomalous 

atom A must be rotated by the phase angle 6 (see Figure 4.3) . This can be 

done by moving the atom normal to the reflecting plane by an amJunt ol (see 

Figure 4. 4). 
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FIGURE 4·3 

1-----0--
reflecting plane through 
origin of unit cell 

FIGURE 4·4 



Then; 

the phase difference, o 
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2TI path difference 
A 

- Zn . Zdl sine 
A 

= 4n(sin8/A)dl 

Hence, dl = o/4n(sin8/A) 

where: dl = the shift of the anomalous atom. 

6 = the phase difference achieved. 

e = the Bragg scattering angle. 

Thus better agreement between F and F is achieved but the position of the 
c 0 

atom is incorrect as the refinement has compensated for the omission of !Jt'. 

Each set of reflection planes has a different normal direction so that the 

effect on the refinerent as a whole is a shift of the anomalous atom towards 

the general direction in which the measurerents have been made 72
• If the 

reflections ±h, ±k, +l have been measured, then the shift is in the direction 

z. 

However, it is not sufficient to simply shift one anomalous atom, all the 

atoms that are related by S}'IIDretry must be shifted. Often if one atom A1 is 

shifted in the +z direction, a related one Az must be moved in the -z direction, 

resulting in a cancellation of the two effects so that the shift does not 

improve agreement between F and F • Cbly in the case of polar space groups 
0 c 

can all the atoms be shifted in the sare direction without breaking the crystal 

synnnetry. In polar space groups, the position of the origin in one or more 

dirensions is not fixed by reference to synnnetry elements. Fdd2 is a polar 

space group, the two-fold rotation axis being the polar axis. The origin of 

this space group is not fixed along the twofold axis along z so that all the 
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anomalous atoms can be moved along z 1n the same direction. 

The formula for the shift along a polar axis due to the omission of f' is 

reported by Cruickshank and McDonald 7 ~ as: 

dz ; 6/2n(sin8/A) 
max 

where: 8 ; an average 6 over the range of sin8/A values used. 

A ; 0. 7107R (when the reflections are measured with Moi<a radiation). 

f and f' values are obtained from "International Tables for X-ray 
0 

Crystallography''; 

f' is neglected in the calculation. 

This value was calculated for each of the four Fdd2 structures refined in this 

Thesis. 

Now if the term ~f' is not ami tted from the structure refinement but is in 

fact included, but in the _wrong sense, then more serious errors arise in the 

positional parameters 7 ~. This means that the incorrect orientation of the 

polar axis is chosen and a set of atomic coordinates are obtained which 

correspond to a crystal whose polar axis is pointing in the incorrect (opposite) 

direction 72
• Therefore, care must be exercised in determining the correct 

crystal orientation. This is done by repeating the structure refinement, 

initially with a positive ~f' term and then with a negative 6.f' term and then 

comparing R factors for the two orientations. Then provided one of the crystal 

orientations has a significantly lower R factor, it can be stated categorically 

which orientation is correct. 

Another method is available that gives a good indication as to which crystal 

orientation is correct. If the lanthanide ion is centrally positioned in its 
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"cage", the bond lengths are roughly equal. However, if t he 1on is shifted 

in the z-direction, then a systematic trend is observed with the bond lengths 

being larger on one side than on the other (see Figure 4.5 ) . 

FIGURE 4.5 

The differences between the two structures of inverse orientation (refined 

using opposite ~f' values) can be sh~~ by plotting their bond len~J1s as a 

function of z, the fractional z-coordinate of the ligand atows relati\~ to 

the central ion (see Figure 4.6). 

FIGURE 4.6 

Ln-o[A] 

---------------
z 

Then the plot that has the steeper slope has the lanthanide ion incorrectly 

shifted in the z-direction and follows the systematic trend whereby the bond 
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lengths are larger on the one side than on the other. This is then the plot 

of the structure with the incorrect orientation. The plot that has zero slope 

has all the bond lengths roughly equal and this is then the plot of the structure 

with the correct orientation. 

Now from FIGURE 4.7; 

X 

where: d = the correct bond length. 

do = the observed bond length. 

lienee: d2 2 2 
= X + z 

d 2 2 
(z - 6z) 2 

= X + 
0 

d ~ d 
0 

- z6z/d (z and 6z in 5\) 

d :::::; d 
0 

- zc!lz/d (z is fractional coordinate). 

Therefore, d
0 

vs z is a straight line with slope of m = -c6z/d. Then the 

spurious shift of the lanthanide ion is z = -md/ c (in R). 

The computing teclmique that was used involved fixing the z-coordinate of 

the 1.n3
+ ion to zero in each structure refinerent, that is, for the refinerent 

with 6f' positive and the refinerent \\rith 6f' negative. The relative shift 

was therefore manifested in the changing coordinates of the light a tans (i.e. 
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C, 0 and N). The K+ ion was in each case given the same sign for its t::.f' 

3+ tenn as was the I.n ion. 

Therefore, the equation, z = -md/c, can be used to calculate the ammmt by 

~1ich all the light atoms of the incorrect structure appear to be shifted 

along the z-axis (although it is actually the r.n3+ ion that is shifted). 

This amount should be twice that obtained using the equation of Cruickshank 

and M::Donald (which calculates the shift due to omission of the t::.f' term 

altogether). 

For all the Fdd2 structures refined in this work, the structure refinerent 

was repeated, first with positive !:::.f' values, then with negative !:::.f' values 

for the r.n3+ and K+ ions. Plots were drawn of the I.n - 0 bond lengths as a 

function of z for each structure obtained, as seen in Figures 4.8 to 4.12. 

(In each graph the squares indicate tl1e values obtained from the refinement 

using positive !:::.f' values with the solid line representing the least-squares 

equation through these points. The circles indicate the values obtained from 

the refinerent using negative !:::.f' values with the dashed line representing 

the least-squares equation through these points). 

Although in these structures the lanthanide coordination is four edta oxygens 

(0(1), 0(2), 0(3) and 0(4)), three water oxygens (0(9), 0(10) and 0(11)) and 

two edta nitrogens, giving ninefold coordination, only the Ln - 0 distances 

have been plotted against the z-coordinates. 

In each case, the plot of the crystal orientation that showed no marked trend 

was concluded to be the correct orientaticn. This was then confinred by 

comparing the R values of the two orientations. 
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4.6 .2 CALCULATIONS 

The Praseodymit.nn structure 

The shift along the z-axis of the Pr3
+ ion that would result from omission of 

the !:::.f' term can be calculated from the equation of Cruickshank and McDonald: 

dz = 6/2n(sin8/A.) 
max 

For this structure, the reflections were rreasured between 4° and 46° 28. 

That is: 

28 (0
) 8 Co) sin8/A. 

4 2 0.049 

46 23 0.550 

Therefore, 

f' fo 

2.8 58 

2.8 31 

dz = 0.07/(2xnx0.550) 

= o.o2oR 

6 = f''/ f 0 
0 

0.048 

0.090 
'\, 0.07 

Thus, if !:::.f'' is ami tted altogether in the structure refinement, an error of 

approximately 0.025\ will occur in the position of the Pr3+ ion along the z-

axis. 

Therefore, if !:::.f'' is incorrectly assigned, the error in z of the Pr3
+ ion 

will be 0. 045\. 

From Figure 4.8, it can be seen that the structure orientation obtained using 

the negative values for !:::.f' shows no marked trend and the slope of the graph 

is approximately zero. However, the structure orientation obtained using the 
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positive values for 11f' does show a marked trend and the slope of this graph 

is : 

slope, m = (Z2 - Z1)/(z2 - z1) 

= (2.54- 2.50)/(0.20- 0.0) 

= 0.2~ 

Therefore, the spurious shift in the z-direction can be calculated. 

i.e. 

where 

Hence, 

z = -md/c 

d = 2.50~ 

c = 12.27~ 

Z = (-0.2 X 2.50) /12.27 

= -0.04~ 

This is in good agreerent with the value predicted by the Cruickshank and 

MCDonald equation. 

Therefore, if the Pr3
+ ion in the structure of incorrect orientation were 

shifted 0. 04~ along the z-di recti on and the distances recalculated,. the 

s tructure of correct orientation would be obtained. 

From Table 4.12, it can be seen that for the structure of incorrect orientation, 

the apparent incorrect shift of all the light atoms in the z-direction is an 

average value of 0.046~. (This applies to all the atoms of the structure, 

although only the coordinated oxygen atoms are recorded here). 
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TABLE 4.1 2 

Atom (I) z-coordinate (II) z-coordinate Shift 

( +b.f' . refinement) ( -b.f' refinement) [=(I- II)x12. 27] 

0(1) 0.1840 0. 1803 0.045 

0(2) 0.0747 0.0706 0.050 

0(3) 0.0295 0.0256 0.048 

0(4) -0.1595 -0.1627 0.039 

0(9) -0.0137 -0.0180 0.053 

0(10) -0.1298 -0.1337 0.048 

0(11) 0.1198 0.1161 0.045 

The R-factor ~ ratio test was employed to decide whether there is a significant 

difference in the correctness of the two structures of different orientation 7 9 • 

Each refinement was carried out with 130 parameters and 1535 reflections. The 

orientation refined with the positive b.f' values had a final Rw of 0.053, while 

the orientation refined with the negative b.f' values had a final Rw of 0.051. 

A null hypothesis, H
0

, proposed that the former orientation is correct. This 

statement is a one-dimensional hypothesis. The value of the R-factor ratio is: 

~= 0.053/0.051 = 1.039 

From Tables, 

~ = 1.002 1,1405,0.01 

Hence , we may reject at the 0. 01 level the hypothesis that the orientation 

refined with the positive b.f' values is correct. 

Therefore, it can be concluded finally that the structure orientation refined 
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with negative ~f' values for the Pr3+ and K+ ions is correct. 

The Europium structure 

The shift along the z-axis of the Eu3
+ ion that would result from omission of 

the ~f' term can be calculated from: 

That is: 

28(0
) e Co) 

6 3 

46 23 

Hence, 

dz = 8/2n(sin8/A) 
max 

sin8/A f' fo 

0.074 3.7 61 

0.550 3.7 33 

dz = 0.09/(2xrr.x0.550) 

= 0.0261\ 

6 = f'/f 
0 

6 

0.061 
'V 0. 09 

0.112 

Therefore, if ~f' is omitted altogether in the structure refinement, an error 

of approximately 0.0261\ will occur in the position of the Eu3
+ ion along the 

z-axis. 

Thus if ~f' is incorrectly assigned, the error in z of the Eu3
+ ion will be 

o.o52J\. 

From Figure 4.9, the structure orientation obtained using the negative value 

for ~f ' again shows no marked trend and the slope of the graph is approximately 

zero. The structure orientation obtained using the positive value for ~f' 

shows a marked trend and the slope of the graph is : 
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m = (2.50- 2.44)/(0.20 - 0.0) 

= o.3R 

Hence, the spurious shift in the z-direction is: 

where 

z = -rnd/c 

d = 2.44R 

c = 12.25R 

Therefore, z = -(0.3 x 2.44)/12.25 

= -o.o6R 

This is in fairly good agreerrent with the value predicted by the Cruickshank 

and McDonald equation. 

Therefore, if the Eu3
+ ion in the structure of incorrect orientation were 

shifted approximately o.o6R along the z-direction and the distances recalcu= 

lated, the structure of the correct orientation would be obtained. 

From Table 4. 13, it can be seen that for the structure of incorrect orientation, 

the apparent incorrect shift in the z-direction of all the light atoms is on 

average 0. 056R. 

TABLE 4.13 

Atom (I) z-coordinate (II) z-coordinate Shift 

( +l::. f' refinerrent) (-t::.f' refinenent) [=(I-II)x12.25] 

0(1) 0. 1833 0.1788 0.055 

0(2) 0.0780 0.0730 0.061 

0(3) 0.0316 0.0270 0.056 

0(4) -0. 1538 -0.1584 0.056 

TABLE 4.13 CCNI'/ .... 



TABLE 4. 13 CONTINUED 

0(9) 

0(10) 

0(11) 

-0.0122 

-0. 1240 

0. 1202 
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-0.0171 

-0.1283 

0. 1160 

0.060 

0.053 

0.051 

The R-factor ratio test was again employed to decide whether there is a 

significant difference in the correctness of the two different orientations. 

Each refinement was carried out with 130 parameters and 1515 reflections. The 

orientation refined with the positive 6f' values had a final Rw of 0.046 and 

the orientation refined with the negative 6f' values had a final Rw of 0.044. 

H
0 

proposed that the former orientation is correct. This statement is a one­

dimensional hypothesis. The value of the R-factor ratio is: 

From Tables, 

~= 0.046/0.044 = 1.045 

~1,1385,0.01 = 1•002 

Hence, we may reject at the 0.01 level the hypothesis that the orientation 

refined with the positive 6f' values is correct. 

Therefore, it can be concluded finally that the structure orientation refined 

with negative 6f' terms for the Eu3+ and K+ ions is correct. 

The Gadolinium structure 

The shift along the z-axis of the Gd3+ ion that would result from omission 

of the 6f' term can be calculated from: 

dz = 6/2n(sin8/A) max 
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That is: 

28(0
) 

0 
sin8/ f. e C ) f' fo 0 = f'l f 0 

0 

6 3 0.074 3.9 62 0.063 
'U 0 0 09 

52 26 0.617 3.9 32 0 0122 

Hence, dz = 0.09/(2xnx0.617) 

= 0.024~ 

Therefore, if 6f' is omitted altogether in the structure refinement, an error 

of approximately 0.024~ will occur in the position of the Gd3
+ ion along the 

z-axis . 

Thus , if 6f' is incorrectly assigned, the error in z of the Gd3
+ ion will be 

0.048~ . 

From Figure 4. 10, the structure orientation obtained using the negative value 

for 6f' again shows no marked trend and the slope of ~1e graph is approximately 

zero. The structure orientation obtained using the positive value for 6f' 

does show a marked trend and the slope of the graph is: 

m = (2.49 - 2.43)/(0.2 - 0.0) 

= 0.3~ 

Hence, the spurious shift in the z-direction is: 

where 

z = -md/c 

d = 2.43~ 

c = 12.25~ 

Therefore, z = -(0.3 x 2.43)/12.25 

= -0.06~ 
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This is in fairly good agreement with the value predicted by the equation of 

Cruickshank and McDonald . 

Hence, if the Gd3
+ ion in the structure of incorrect orientation were shifted 

approximatedly 0.06R along the z-direction and the distances recalculated, the 

structure of correct orientation would be obtained. 

From Table 4. 14, it can be seen that for the structure of incorrect orientation, 

the apparent incorrect shift in the z-direction of all the light atoms is on 

average 0.059R. 

TABLE 4.14 

Atom (I) z-coordinate (II) z-coordinate Shift 

( +t:Jf' refinerrent) ( - t:Jf ' refinerrent) [=(I-II)x12.25] 

0(1) 0.1819 0. 1775 0.054 

0(2) 0. 0794 0.0742 0.064 

0(3) 0.0313 0.0265 0.059 

0(4) -0.1512 -0.1560 0.059 

0(9) -0.0133 -0.0184 0.062 

0(1 0) -0.1250 -0. 1298 0.059 

0(11) 0. 1185 0. 1140 0.055 

The R-factor ratio test was again used to decide whether there is a significant 

difference in the correctness of the two different orientations. Each refine= 

rent was carried out with 130 paraneters and 1959 reflections. The orientation 

refined with the positive b.f' values had a final Rw of 0.051 and the orientation 

refined with the negative b.f' values had a final Rw of 0.049. H proposed that 
0 

the fonner orientation is correct. This statenent is a one-dinensional hypo= 

thesis. The value of the R-factor ratio is: 
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~= 0.051/0.049 1 .041 

From Tables, CQ 
1 '1829 '0. 01 

= 1.002 

Hence, we may reject at the 0.01 level the hypothesis that the orientation 

refined with the positive 6f' values is correct. 

Hence it can be concluded finally that the structure orientation refined with 

3+ + negative 6f' terms for the Gd and K ions is correct. 

The Holmium structure 

The shift along the z-axis of the Ho3
+ ion that would result from omission of 

the 6f' term can be calculated from: 

Then; 

6 

52 

Hence, 

3 

26 

dz = 6/2n(sin8/A) max 

sin8/ A 

0.074 

0.617 

f' 

4.7 

4.7 

65 

33 

dz = 0. 11/(2xnx0.617) 

= o.oz8.R 

6 = f'/f 
0 

0.072 
rv0.11 

0. 142 

Therefore, if 6f' is omitted altogether in the structure refinement, an error 

of approximately o.ozs.R will occur in the position of the Ho3+ ion along the 

z-axis. 

Thus, if 6f' is incorrectly assigned, -the error in z of the Ho3+ ion will be 



I: 

' 
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0.0561\. 

From Figure 4. 11, the structure orientation obtained using the negative value 

for !::.f ' again shows no marked trend and the slope of the graph is approximately 

zero . The structure orientation obtained using the positive value for !::.f ' 

does show a marked trend and the slope of the graph is: 

m = 0.07/0.2 

= 0.351\ 

Hence, the spurious shift in the z-direction is: 

where 

z = -md/c 

d = 2.401\ 

12.22~ c = 

Therefore, z = -(0 .. 35 x 2.40)/12.22 

= -0.07~ 

This is in fairly good agreerrent with the value predicted by the Cruickshank 

and McDonald equation. 

Hence, if the Ho3
+ ion in the structure of incorrect orientation were shifted 

approximately 0.071\ along the z-direction and the distances recalculated, the 

structure of correct orientation would be obtained. 

From Table 4.15, it can be seen that for the structure of incorrect orientation, 

the apparent incorrect shift in the z-direction of all the light atoms is on 

average 0. 06 7~. 

... 

: 

': 

h. 

i 
' 

i ~ 
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TABLE 4. 15 

Atom (I) z-coordinate (II) z-coordinate Shift 
( +!J.f' refinerent) ( -!J.f' refinerent) [=(I-II)x12.22] 

0(1) 0.1815 0. 1764 0.062 

0(2) 0.0800 0.0741 0.072 

0(3) 0. 0330 0.0278 0.064 

0(4) -0.1481 -0. 1536 0.067 

0(9) -0.0109 -0.0164 0.067 

0(10) -0.1215 -0.1270 0.067 

0(11) 0. 1201 0.1146 0.067 

The R-factor test again was used to decide whether there is a significant 

difference in the correctness of the two different orientations. Each refine= 

rent was carried out with 130 parareters and 1563 reflections. The orientation 

refined with the positive !J.f' values had a final Rw of 0.050 and the orie~tation 

refined with the negative !J.f' values had a final Rw of 0. 04 7. H
0 

proposed that 

the forJrer orientation is correct. This staterent is a one-dimens~onal hypo= 

thesis. The value of the R-factor ratio is: 

CJ2= 0.050/0.047 = 1.064 

From Tables, CJ2 = 1.002 1,1433,0.01 

Hence, we may reject at the 0.01 level the hypothesis that the orientation 

refined with the positive !J.f'' values is correct. 

Hence it can be concluded finally that the structure orientation refined with 

negative 11f'' terms for the Ho3+ and K+ ions is correct. 
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The Dysprosium structure 

The structure Na[Dy(edta) (H
2
0) 

3
]. 5H2o, which is isomorphous with the four FddZ 

structures refined in this Thesis, was refined by Nassirnbeni, Wright, van 

Niekerk and McCallum4 5 using positive [jf' values only for the Dy3
+ and Na + 

ions. We have now repeated the refinement of this structure using negative 

[jf' values for the Dy3
+ and Na + ions so as to ascertain which structure is 

correct. 

Now the shift along the z-axis of the Dy3
+ ion that would result from omission 

of the [jf ' term is calculated from: 

Then; 

6 

44 

Therefore, 

3 

22 

dz = 6/2n(sin8/A) 
max 

sin8/A 

0.074 

0. 527 

f' 

4.4 

4.4 

dz = 0.10/(2xnx0.527) 

= 0.030~ 

63 

33 

0 = f'/f 
0 

0.070 

o. 133 
rv0 .10 

Thus, if fjf" were orni tted altogether in the structure refinement, an error of 

approximately 0. 03~ would occur in the position of the ny3
+ ion along the z-

aJCl.S, 

Therefore, if [jf' is incorrectly assigned, the error in z of the Dy3
+ ion will 

be 0.06~. 

From Figure 4.12, it can be seen that the structure orientation obtained using 
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the negative values for t.f' shows no marked trend and the slope of the graph 

is approximately zero. The structure orientation obtained using the positive 

values for t.f ' (refined by Nassirnbeni et al .) does show a marked trend and 

the slope of this graph is: 

m = 0.075/0.2 

= o.38R 

Hence, the spurious shift in the z-direction can be calculated. 

i.e. 

where 

Hence, 

z = -md/c 

d = 2.40.R 

c = 12. 16R 

Z = -(0.38 X 2.40)/12.16 

= -0.075~ 

This is in good agreement with the value predicted by the Cruickshank and 

McDonald equation. 

Therefore, if the Dy3
+ ion in the structure of incorrect orientation were shifted 

0.075R along the z-direction and the distances recalculated, the structure 

of correct orientation would be obtained. 

From Table 4. 16, it can be seen that for the structure of incorrect orientation, 

the apparent incorrect shift of all the light atoms in the z-direction is an 

average value of 0.071~. 
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TABLE 4.16 

Atom (I) z-coordinate (II) z-coordinate Shift 

( +6f' refinement) ( -6f' refinement) [=(I-II)x12.16] 

0(1) 0. 1854 0. 1800 0.066 

0(2) 0.0782 0.0721 0.074 

0(3) 0.0389 0.0329 0.073 

0(4) -0.1559 -0.1612 0.064 

0(9) -0.0086 -0.0147 0.074 

0(10) -0. 1165 -0.1226 0.074 

0(11) 0. 1245 0.1187 0.071 

The R-factor test again was used to decide whether there is a significant 

difference in the correctness of the two different orientations. Each refine= 

ment was carried out with 130 parameters and 1325 reflections. The orientation 

refined with the positive 6f" values had a final Rw of 0. 053 and the orientation 

refined with the negative 6f" values had a final Rw of 0.051. H proposed 
0 

that the former orientation is correct. This statement is a one-dimensional 

hypothesis. The value of the R-factor ratio is: 

~= 0.053/0.051 = 1.039 

From Tables, 
~ 

1,1195,0.01 = 1.003 

Hence, we may reject at the 0.01 level the hypothesis that the orientation 

refined with the positive 6f" values is correct. 

Hence it can be concluded finally that the structure orientation refined with 

t . "f' f th 3+ + . . nega 1ve Ll tenns or e Dy and K 1ons 1s correct. 
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The Lanthanum and Terbium structures 

These t wo lanthanide-edta structures reported by Lee 4 2 are isomorphous with 

the Fdd2 structures refined in this Thesis (see Introduction, Table 1.4). 

For each of these two structures, plots were drawn of the Ln - 0 bond lengths 

as a function of z (see Figures 4.13 and 4.14). In each case, no marked trend 

can be seen and the slope of the graph is approximately zero. It can there= 

f ore be concluded that the correct orientation of each of these structures 

has been reported. 

Although the Samarium structure has been refined, no atomic coordinates have 

been reported 7 7
• 

Templeton, Templeton, Zalkin and Ruben 78 refined the structures of 

Na[ Pr(edta)(H2o)
3
].SH2o and Na[Gd(edta)(H2o) 3].SH2o to obtain experimental 

values of f' for Pr and Gd for MoKa radiation. Their results are in good 

agreement with the theoretical values. (The Pr and Gd structures refined in 

this Thesis had K+ as the counter-ion. The refinement of our structures was 

performed prior to the article being published by Templeton e t al. The atomic 

coordinates, bond lengths and bond angles obtained in this work f or the two 

structures with the K+ counter-ion are in close agreement with the values 

obtained by Templeton et aZ.) 
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4. 7 DESCRIPTIQ'J OF 1HE STRUCTURES 

+ 
The compounds K [I.n(edta)(H2o)

3
].SH2o for I.n = Pr, Eu, Gd and Hoare therefore 

all isomorphous. They crystallize in the space group Fdd2 with sixteen mole= 

cules per unit cell. In each structure, the metal ion is seen to have a 

coordination number of nine. In each case, edta acts as a hexadentate 

ligand i.e. the structure armmd the central metal ion consists of a 

girdle of four oxygen atoms, one from each of the four acetate groups, and 

the two nitrogen atoms. In all four structures, this chelation framework 

only reaches about half-way armmd the central metal ion, thus leaving ample 

space for the three water molecules which are also bonded to the central 

retal ion. 

A perspective view of these four isomorphous structures is sholm in Figure 4.15. 

The coordination geometry can best be described by a quasi-mirror passing 

through the retal ion and the two nitrogen atoms, ignoring C (1) and C(2) of 

the puckered ethylenediamine ring. Figure 4.16 shows the central retal ion 

surrounded by the edta chelate with the three coordinated water molecules 

deleted. 

Intramolecular bond lengths and angles for all four structures are listed 

in Tables 4.17 and 4.18 respectively. 

In all four structures, the rean values of the C - C and C - N bond lengths 

are close to the accepted standard values of 1. S4R. and 1. 4 7R respecti vely6 3
• 

The netal-ligand bond lengths are tmusually long. For the I.n - 0 coord. bonds, 

this is due to the fact that these bonds are primarily ionic42
• In fact, 

the nean values of the I.n - Ocoord. bond lengths in the four structures approach 

the sum of the crystal radii for I.n3+ and 02-, which are 2. 49R. for the Pr3+ 

structure, 2. 43R for the Eu3+ structure, 2. 42R for the Gd3+ structure and 
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TABLE 4. 1 7 BOND LENGTIIS (1\) WITH ESTIMATED STANDARD DEVIATIONS IN 

+ PARENTHESES FORK [Ln(edta)(H20)
3

].SH20 FOR Ln = Pr, Eu, 

Gd AND Ho. 

Ln = Pr Ln = Eu Ln=Gd Ln = Ho 

0(1) - Ln 2.48(1) 2.42(1) 2. 39 (1) 2. 36 (1) 

0(2) - Ln 2.43(1) 2. 39 (1) 2. 38 ( 1) 2. 34 (1) 

0(3) - Ln 2. 49 (1) 2. 44 (1) 2.43(1) 2. 40 (1) 

0(4) - Ln 2. 42 (1) 2.37(1) 2. 35 (1) 2.32(1) 

0(9) - Ln 2.58(1) 2.54(1) 2.53(1) 2.51(1) 

0(10) - 1n 2.56(1) 2. 48 ( 1) 2. 46 ( 1) 2. 42 (1) 

0(11) - In 2.55(1) 2. 48 (1) 2. 46 (1) 2.43(1) 

N(1) - Ln 2.76(1) 2.68(1) 2. 66 (1) 2.64(1) 

N(2) - Ln 2. 73(1) 2.69(1) 2. 70 (1) 2.67(1) 

N(1) - C(1) 1.47(2) 1.51(2) 1.45(2) 1.49(2) 

N(1) - C(3) 1.47(2) 1.47(2) 1. 46 (3) 1.43(2) 

N(1) - C(S) 1. so (2) 1.52(2) 1.54(2) 1.52(2) 

N(2) - C(2) 1.51(2) 1. 49 (2) 1. 49 (2-) 1.47(2) 

N(2) - C(7) 1.50 (2) 1.51(2) 1.50(2) 1.50(2) 

N(2) - C(9) 1. 46 (2) 1.48(2) 1. 48 (2) 1.46(2) 

C(1) - C(2) 1.53(2) 1.53(2) 1. so (2) 1.52(3) 

C(3) - C( 4) 1.52(2) 1.51 (3) 1.62 (3) 1.54(3) 

C(S) - C(6) 1.47(2) 1.45(2) 1. 44 (2) 1. 48 (3) 

C(7) - C(8) 1.50(2) 1.49(2) 1.51(2) 1. 53 (2) 

C(9) - C(10) 1.56(2) 1.54(2) 1.56(2) 1.55(2) 

C(4) - 0(1) 1.22(2) 1.27(2) 1.26(2) 1.26(2) 

C( 4) - 0(5) 1. 26 (2) 1.24(2) 1.22(2) 1.26(3) 

TABLE 4. 17 CONI'/ .. .. 
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TABLE 4. 1 7 CCNTINUED 

I..n = Pr I..n = Eu I..n = Gd I..n = Ho 

C(6) - 0(2) 1.26(2) 1.25(2) 1.25 (2) 1.26(2) 

C(6) - 0(6) 1.29(2) 1.27(2) 1. 31 (2) 1.26(2) 

C(8) - 0(3) 1.28(2) 1.28(2) 1. 27 (2) 1.26 (2) 

C(8) - 0(7) 1. 24(2) 1.23(2) 1.24(2) 1.21(2) 

C(10) - 0( 4) 1.28(2) 1.28(2) 1.30(2) 1.30(2) 

C(10) - 0(8) 1.23(2) 1.25(2) 1.23(2) 1 . 21 (2) 
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TABLE 4 . 18 SELECTED B<l'JD .ANGLES (0
) Willi ESTDIATED STANDARD DEVIATIONS 

+ 
IN PARENTHESES FORK [Ln(edta)(H

2
o)

3
].5H20 FOR Ln = Pr, Eu, 

Gd .AND Ho. 

Ln = Pr Ln = Eu Ln = Gd Ln = Ho 

0(1) - Ln - 0(2) 71.3(3) 70.9(3) 71.1(4) 71.3(4) 

0(1) - Ln - 0(3) 71.5 (3) 71.7(3) 71.7 (3) 71.3(3) 

0(1) - Ln - 0(4) 137.0(3) 138.3(3) 138.5(4) 139.2 ( 4) 

0(1) - Ln- 0(11) 76.5(3) 74.4 (3) 74.1 (4) 73.1(4) 

0(2) - Ln - 0(3) 141.0(3) 141.2(3) 141.6(4) 141.5(4) 

0(2) - Ln - 0(4) 76.6(3) 76.9(3) 76.9(4) 76.8(4) 

0(2) - Ln - 0(9) 72.0(3) 70.7(3) 70.8 ( 4) 69.3(4) 

0(3) - Ln - 0(4) 126.5(3) 128.6(3) 129.0(3) 129.9(4) 

0(3) - Ln- 0(11) 71. 7(3) 71.8(3). 71.2(3) 72 .3 (4) 

0(4) - Ln - 0(9) 74.7 (3) 73.3(3) 73.0 (3) 72. 7(4) 

0(9) - Ln - 0(10) 71.3(3) 71.2(3) 70.6 ( 4) 70.7(4) 

0(9) - Ln - 0(11) 73.2(3) 72. 7(3) 72.8(3) 72.0(4) 

0(10) - Ln- 0(11) 74.0 (3) 74.5(3) 75.0(3) - 75 . 2(3) 

N(1) - Ln - 0(9) 132.6(3) 131.9(3) 131.8(3) 131.7(4) 

N(2) - Ln - 0(10) 71.0 (3) 71.5(3) 71.3(4) 71.6(4) 

N(1) - Ln - N(2) 66.5 ( 4) 67.4(3) 66.8 ( 4) 67.9(4) 

C(1) - N(1) -Ln 110.4(8) 111.3(8) 112.0(10) 111.1(10) 

C(3) - N(1) -Ln 106.0(9) 108.2(9) 109.2 (11) 109.0(11) 

C(5) - N(1) -Ln 107.5(8) 107.2(8) 108.4(9) 107.5(10) 

C(1) - N(1) - C(3) 113.1(9) 111.1(1 0) 109.7(12) 111.8(12) 

C(1) - N(1) - C(5) 109. 7 ( 11) 108. 4(11) 109.4(13) 107.4(13) 

C(3) - N(1) - C(5) 110.0(12) 110.6(1 2) 108.0(14) 109.9 (14) 

C(2) - C(1) - N(1) 111.8(11) 109.0 (12) 110.8(14) 109.5 (15) 

TABLE 4. 1 8 CXl\l'f I .... 
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TABLE 4. 18 CO.\ffiNUED 

Ln = Pr Ln = Eu Ln = Gd Ln = Ho 

C(4) - C(3) - N(1) 115.4(13) 113.0(13) 112.1(15) 113.1(16) 

C(3) - C(4) - 0(5) 116.3(14) 119.2(16) 116. 1 ( 17) 116.6(19) 

C(3) - C(4) - 0(1) 118.3(14) 119.2(15) 116.4(16) 119.2(18) 

C(4) - 0(1) - Ln 126.0(10) 124.3(10) 126.6 (11) 124. 3(12) 

C(6) - C(5) - N(1) 113.1(13) 112.5(12) 110.5(14) 110.6 (15) 

C(5) - C(6) - 0(6) 116.2(13) 118.2(14) 116.6(16) 117. 1 ( 17) 

C(5) - C(6) - 0(2) 119.5(13) 119.0(14) 122.3(16) 119. 5 ( 17) 

C(6) - 0(2) - Ln 125.5(8) 125.5(9) 123.8(11) 124.5(12) 

C(2) - N(2) - Ln 109.6 (8) 109.4(8) 108.8(9) 108. 7(10) 

C(7) - N(2) - Ln 106.5(8) 106.9(8) 107.3(9) 107.4(10) 

C(9) - N(2) - Ln 111.8(8) 110.1(8) 109.5(8) 109.0(9) 

C(2) - N(2) - C(7) 105.4(11) 106.0 (11) 106.3(12) 107.1(13) 

C(2) - N(2) - C(9) 111.8(11) 113.3(11) 113.2(12) 113.4(13) 

C(7) - N(2) - C(9) 111.4(11) 110.8(11) 111.5(12) 111.0(13) 

C(1) - C(2) - N(2) 110.4(12) 111.0(12) 111.2(14) 111.9(15) 

C(8) - C(7) - N(2) 113.7(12) 111.9(12) 111.9(13) 110.6(14) 

C(7) - C(8) - 0(7) 119.4(12) 118.7(12) 117.3(14) 117.6(15) 

C(7) - C(8) - 0(3) 117.5(10) 118.0(11) 117.5(13) 117.5 (13) 

C(8) - 0(3) - Ln 124.4(8) 124.6(8) 126.0(9) 125.8(9) 

C(10) - C(9) - N(2) 112.6(12) 112.6(12) 113.2(14) 113.9(14) 

C(9) - C(10) - 0(8) 115.1(13) 116.6(14) 116.6(16) 118.4(15) 

C(9) - C(10) - 0(4) 117.3(12) 118.4 (13) 116.3(14) 116.2(15) 

C(10) - 0(4) - Ln 128.4(8) 127.1(8) 128.3(9) 127.9(10) 
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2.37~ for the Ho3
+ structure 63

• The Ln- N bond lengths are even longer and 

this is due to the weak interaction of the uncharged nitrogen atoms with the 

metal ion. In all four structures, the C - 0 d bond lengths are generally 
COOT • 

only slightly longer than the C - Ouncoord. bond lengths. In fact, in each 

structure, one C - Ouncoord. bond is significantly longer than the corresponding 

C - 0 d bond. This is presumably also due to the ionic nature of the COOT • 

Ln - ocoord. bonds. 

In fact, the bond lengths and angles of the four structures do not differ 

greatly from those found in other edta complexes. Any small deviations would 

be due to some repulsion between the ligands. There is, however, a certain 

amount of puckering of the five chelate rings of the edta ligand due to the 

long Ln - Ligand bond lengths. 

From Table 4. 17, it can be seen that there is a general shortening of the bond 

lengths in the chelation framework across the series from the Pr3
+ structure to 

the Ho3+ structure. This is in agreement with the fact that as the size of the 

central metal ion decreases, there is shrinkage in the size of the corresponding 

anion. This fact can be further emphasised by comparison with three of the other 

known isomorphous Lanthanide-edta structures (see Table 1. 4). i.e. The average 

of the four 1n3
+- 0 bond lengths in the La3

+ structure is 2.50~38 , 2.46~ in the 

Pr3
+ structure, 2.41~ in the Eu3

+ structure, 2.39~ in the Gd3
+ structure, 2.38R 

in the Th3+ structure 4 2 , 2. 37~ in the Dy3+ structure and 2. 361\ in the Ho3+ struc= 

ture. The average 1n3+ - N bond lengths in these structures indicate similar 

shortening, having average values of 2.771\38 , 2.74~, 2.69~, 2.681\, 2.671\42 , 2.67~ 
0 ~ and 2. 66A respectively. The same applies ~o the average Ln - rn2 bond lengths, 

having average value of 2.591\38 , 2.561\, 2.501\, 2.48~, 2.48R42
, 2.47~ and 2.451\ 

respectively. (Standard deviations range from 0.01~ to 0.0~ throughout). 
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This shortening of the bond lengths across ~1e series is also due to in= 

creasing electrostatic interaction between the 1n3
+ ion and the Ligand, 

thus increasing the stability of the complex as the size of the 1n3
+ ion 

decreases 8 0 (See Figure 1 • 8) . 

In all these structures, the four coordinated oxygen atoms of the edta 

ligand lie approximately on the vertices of an isosceles trapezoid42
• All 

the atoms of the edta ligand are confined to one side of the rean plane of 

these four oxygen atoms, while the 1n3+ ion is situated significantly off 

this plane on the other side. This illustrates the fact that the edta ligand 

does not reach even half-way around the central metal ion. Calculation of 

this displacement of the 1n3
+ ion from the me an plane of the coordinated 

oxygen atoms for each structure can be used to i llustrate the fact that, as 

the ionic radii of the successive cations decrease, they are enveloped to a 

greater extent by the edta chelate. These values were calculated using the 

program XANADU65
• This distance in the La3+ structure is 0.62~, 0.58~ in 

the Pr3+ structure, 0.52~ in the Eu3+ structure, 0.51R in the Gd3+ structure, 

0.49R in the Tb3+ structure, 0.49R in the ~,3+ structure and 0.48R in the 

3+ 
Ho structure. (The equations of these least squares mean planes and the 

atomic deviations therefrom are listed in Tab le 4.19). The decrease in this 

3+ 3+ 
displacement from the La to the Ho structures is almost comparable with 

the decrease in the successive ionic radii. (See Olapter 6 for further 

discussion) . 

In all the structures, the large space around the central metal ion on the 

opposite side of the edta ligand is filled with three water molecules. These 

water molecules, which are free of ring constraints, are subject solely to 

the ligand repulsions and orient themselves so as to minimise these repulsive 

forces. 
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TABLE 4. 19 LEAST SQUARES PLANES 

Equations of least squares planes are expressed in direct space as: 

pX + qY + rZ = s. All the least squares planes are calculated through the 

respective 0(1), 0(2), 0(3) and 0(4) atoms. 

(1) Lanthanum structure: 

0.3024X + 35.8457Y- 1.6495Z = 6.1492 

(2) Praseodymium structure: 

0.4559X + 35.6891Y- 1.8468Z = 6.1224 

(3) Europium structure: 

0.3501X + 35.3947Y- 1.75652 = 6.0229 

(4) Gadolinium structure: 

0.4453X + 35.4137Y- 1.6901 2 = 6.0187 

(5) Terbium structure: 

-0.0764X + 35. 1278Y - 1.60442 = 5.9337 

(6) Dysprosium structure: 

0.2794X + 35. 1054Y - 1.55252 = 5.9193 

(7) Holmium structure: 

0.1563X + 35.2109Y- 1.57992 = 5.9492 

TABLE 4.19 C~~/ .... 



- 106 -

TABlE 4. 19 CONTINUED 

Atomic deviations from the planes expressed in~ (a < o.o2R) 

0(1) 0(2) 0(3) 0(4) Ln3+ 

(1) La3+ 0. 127 -0. 119 -0.083 0.075 -0.621 

(2) Pr3+ 0.148 -0. 142 -0.097 0.091 -0.583 

(3) Eu3+ 0. 140 -0. 134 -0.091 0.085 -0.521 

(4) Gd3+ 0.144 -0. 137 -0.093 0.087 -0.505 

(5) Th3+ 0. 15 7 -0. 148 -0.103 0.094 -0.492 

(6) Dy3+ 0.153 -0.143 -0. 101 0.091 -0.490 

(7) Ho3+ 0. 136 -0. 130 -0.088 0. 082 -'() . 485 
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The coordination polyhedra of these structures are seen to be geometric 

hybrids between dodecahedral and square antiprismatic geometries. 

4. 8 PACKING PATTERl\S AND CLOSE CrnTACfS 

Figure 4.17 depicts the [001] projection of all four isomorphous structures. 

The molecular packing scheme in the crystals contains an infinite chain of 

molecules formed from one discrete unit by repeated operation of the glide 

planes. 

The environment of the Potassium ion is such that it is closely surrounded 

by seven oxygen atoms. In fact, each K+ ion is shared by two neighbouring 

molecules and is entrapped by 0(1) and 0(11) from one molecule and 0(2) and 

0(9) from the other. The seven-coordinate arrangement around the K+ ions is 

completed by three water molecules of crystallization, W(2), W(3) and W( 4). 

The K+ ... O distances for the four compounds are reported in Table 4. 20 . These 

distances are seen to vary from 2.50~ to 2.99~ and these values agree favourably 

with similar results reported in the literature, 81 , 82 , 83 ,a~,es,aG as well as 

with the fact that the sum of the ionic radii for potassium and oxygen is 
+ 

The K .•• 0 close contacts are depicted by broken lines in the right 

half of Figure 4.17. 

To study the molecular packing pattern of the crystals, it is necessary to 

take into account the hydrogen bonding scheme. Unfortunately, this cannot 

be done accurately using the technique of X-ray diffraction, since, at best, 

only approximate positions for hydrogen atoms can be obtained using X-ray 

data at room temperature. X-rays are scattered mainly by electrons, so the 

scattering power of an atom is greater the higher its atomic number. The 

lt.. 
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TABLE 4.20 K+ •.• O CLOSE CONTACTS (~) FOR K+[Ln(edta)(H
2
0)

3
].5H

2
0 FOR 

Ln = Pr, Eu, Gel AND Ho. (E.S.D. 'S IN PARENTIIESES) 

Synme try code 

(
. ) 1 1 1 2 +x, y, 2 +z 

Ln = Pr Ln = Eu Ln=Gd Ln = Ho 

+ 
K ••• 0(1) 2.71(1) 2.68(1) 2.68(1) 2. 66 (1) 

+ 
2. 86 (1) 2.89(1) 2. 99 (1) K ••• 0(11) 2.93(1) 

+ i 
K ••• 0(2 ) 2.71(1) 2. 70(1) 2. 70 (1) 2.68(1) 

+ i 
K ••• 0(9 ) 2.88(1) 2.87(1) 2.91 (1) 2.83(1) 

+ 
K ••• W(2) 2.90(2) 2.92(2) 2.91 (2) 2.97(2) 

+ 
K ••• W(3) 2.50(5) 2.61 (5) 2.61 (5) 2.61 (5) 

+ 
K ••• W( 4) 2.90(3) 2. 90 (3) 2. 89 ( 4) 2.99(5) 
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scattering power of the hydrogen atom is thus the smallest of any atom. The 

positions of hydrogen atoms can only be obtained accurately using the technique 

of neutron diffraction. Neutrons are scattered by the nuclei themselves and 

the hydrogen atom has a favourable scattering factor relative to heavier 

atoms 8 7
• 

Therefore, it was only possible to predict the most probable H-bonding scheme 

and this was done taking into account the distances between the oxygen atoms, 

the thermal para.rreters of these oxygen atoms and a certain amount of know= 

ledge about H-bonding. 

In general, it is now widely accepted that Hydrogen bonds may vary from weak 

bonds (O ... o~3.2R) to very strong bonds (O ... o~z.4R) 87 , 88 , 89 , 90 , 91 , 

All the water molecules can be assumed to be donors of two hydrogen bonds as 

well as being potential acceptors of two hydrogen bonds 92
,

93
• 

The thermal para.rreters of the oxygen atoms also give sore indication of the 

hydrogen bonding schere. 

Therefore, using these criteria, the most probable hydrogen bonding scheme 

was predicted. The 0 .•. 0 close contacts in the range z.ssR to 3.16R repre= 

senting the most probable H-bonding are recorded in Table 4.21 and are shown 

by dotted lines in Figure 4.18 as well as by dotted lines in the left half 

of the [001] projection in Figure 4.17. 

As can be seen, the coordinated water molecules 0(9), 0(10) and 0(11) in one 

discrete unit serve as links, by reans of hydrogen bonds, to attach adjacent 

units together. The molecule 0(10) is hydrogen bonded to 0(7) of one neighbour 
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TABLE 4. 21 INTIWDLECULAR AND INTE!ThtJLECULAR HYDRffiEN BeNDING (~) IN 

+ K [Ln(edta)(H20) 3].5H20 FOR Ln = Pr, Eu, Gd AND Ho. 

(E. s. D. Is I PAREN1HESES) 

Synunetry code 

(i) !+x, y, !+z 

(ii) x, y, 1+z 

(iii) 1+x, 1-y, l+z 

(iv) l+x, 1-y, -~+z 

0(7) ••• 0(10iii) 

0(10) .•. 0(8iii) 

0(3) ••• 0(9iii) 

0(11) ••• 0( 4iii) 

0(9) ••• 0(2) 

0(11) ••• 0(3) 

W(1) .• .• 0(9) 

W(1) .•• 0(11) 

W(5) ••. W(1iii) 

1V 
0(7) ••• W(2 ) 

ii W(3) ••• 0(8 ) 

W(2) ••• 0(6iii) 

i W(5) ••• 0(6 ) 

0(5) ••• W(3) 

W(4) ••• W(3) 

W(2) ••• W(4iii) 

v W(4) ••• W(5 ) 

vi W(1) ••• 0(5 ) 

vii W(5) ••• W(5 ) 

Ln = Pr 

2. 73(2) 

2. 76 (2) 

2 . 78(2) 

2. 78(2) 

2.95(2) 

2.95(2) 

2. 78(2) 

2. 70(2) 

2. 77(4) 

2.75(3) 

2.87(3) 

2. 77(3) 

2. 73(4) 

2.79(3) 

2. 71 (3) 

2.74(4) 

2. 70(2) 

2. 75 (5) 

(v) -l+x, l-y, -l+z 

(vi) l-x, l+y, 1+z 

(vii) !-x, !-y, z 

Ln = Eu 

2. 74(2) 

2. 71 (2) 

2. 79(2) 

2.81 (2) 

2.85(2) 

2.88(2) 

2.81(2) 

2. 70 (2) 

2. 79 ( 4) 

2.75(3) 

2. 91 (3) 

2. 75 (3) 

2.71(4) 

3.11(3) 

2.96 (3) 

2.66(3) 

2.58(4) 

2.69(2) 

2.86(5) 

Ln = Gd 

2. 70(2) 

2. 74(2) 

2. 78(2) 

2.81(2) 

2.84(2) 

2. 84 (2) 

2.80(2) 

2. 71(2) 

2.84(4) 

2.74(3) 

2.87(3) 

2. 76 (3) 

2.67(4) 

3. 16 (3) 

3.07(3) 

2. 76 (3) 

2.59(4) 

2.68(2) 

2.69(5) 

Ln = Ho 

2.70(2) 

2. 71 (2) 

2. 78(2) 

2.82(2) 

2. 77 (2) 

2.85(2) 

2.81(2) 

2. 71 (2) 

2.87(4) 

2. 7 4 (3) 

2.91 (3) 

2.77(3) 

2.63(4) 

2.88(3) 

2.67(3) 

2.59(4) 

2.68(2) 

2.61(5) 
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and 0(8) of another. The molecule 0(9) is bonded to 0(3) of one adjacent 

unit and the molecule 0(11) is bonded to 0(4) of another neighbour. The 

water molecule of crystallization, W(1), is also hydrogen bonded to both 

the molecules 0(9) and 0(11) of the same unit. 

Of the four oxygen atoms of the anion that are not coordinated to the central 

metal ion (i.e. 0(5), 0(6), 0(7) and 0(8)), 0(5) and 0(6) have higher thermal 

parameters than 0(7) and 0(8). This is because 0(7) and 0(8) are more strongly 

H-bonded in the crystal, since they are both bonded to one coordinated water 

molecule, 0(10), as well as being bonded to one water molecule of crystal= 

lization i.e. 0(7) to W(2) and 0(8) to W(3). The atoms 0(5) and 0(6) are 

H-bonded to uncoordinated water molecules only. The molecule 0(6) is H-bonded 

to W(2) and W (5). The H-bonding of 0(5) is slightly different in the four 

structures. 3+ 3+ 3+ In the Pr , Eu and Gd structures, 0(5) isH-bonded to W(3) 

as well as to W(1) of a unit in an adjacent layer, while in the Ho3
+ structure, 

0(5) is only H-bonded to K(1) of a unit in an adjacent layer. In the structures 

of Eu3+, Gd3+ and Ho3+, a H-bond exists between W(3) and W(4), whereas this 

bond is absent in the Pr3+ structure. (The H-bonding sche~res represented in 

Figures 4.17 and 4.18 are therefore actually representative of the Eu3
+ and 

Gd3+ structures). As was stated previously, a small fraction of these un= 

coordinated water molecules almost certainly diffuse out of the crystals 

during the period of the data collection, resulting in increased thermal 

parameters of those molecules to which they are H-bonded. 

In each structure, the thermal para~reter for one of the water molecules of 

crystallization, W(1), is fairly low and is in fact comparable with the 

values for 0(7) and 0(8). This is due to the fact that W(1) isH-bonded to 

the coordinated water molecules 0(9) and 0(11) of one unit. On the other 

hand, the thermal parameters of the water molecules W(3), W(4) and W(5) are 
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particularly high, while that for W(2) is also fairly high. These molecules 

occupy a relatively empty region in the crystal and are only H-bonded to one 

another and to the tmcoordinated oxygen atoms of the anion. They also appear 

to be disordered to some extent. 

The adjacent layers are held together primarily by van der Waals interaction. 

There is also one hydrogen bond per molecule between the layers, occurr1ng 

between 0(5) of one unit and W(1) of another. 

Using this hydrogen bonding scheme and the thermal parameters of the oxygen 

atoms of the molecules of water of crystallization, the most probable order 

in which the five water molecules are lost in the thermogravimetric analysis 

(see Chapter 3, part 3.3) can be predicted. The first sudden weight loss in 

the TGA curve of the K+[Gd(edta)(H20) 3].SH2o complex is surmised to correspond 

to the loss of W(3), the second gradual weight loss to the loss of W(4), the 

third large weight loss to the simultaneous loss of the W(S) and W(2) mole= 

cules and the final gradual weight loss to the loss of the strongly hydrogen 

bonded W(1) molecule. 

• 



CHAPTER 5 
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CHAPTER 5 

1HE CRYSTAL AND tvDLECULAR STRUCTURES OF 1HE COMPOUNDS K+[ln(edta)].6H20 

FOR ln = Er AND Yb. 

5.1 PRELIMINARY X-RAY ANALYSIS 

These two compounds crystallized as rhomboidal platelets. 

The oscillation, Weissenberg and precession photographs indicated that the 

two compounds were isomorphous, and showed the crystals to be monoclinic 

with z equal to 4. 

The approximate unit cell parameters were obtained from the photographs and 

were similar for both structures. 

i.e. for ln = Er, a = 8. 8~, b = 25.~, c = 8. 7~, f3 = 97.3° 

ln = Yb, a = 8.7~ b = 25.9~, c = 8.7~ f3 = 97.5 
0 

The zero-layer Weissenberg about the unique diad, b, had a paucity of strong 

reflections, and although the crystals were grossly overexposed, the ensuing 

photographs made the space group determination difficult. 

The general trend showed the condition for non-extinction as h + k = 2n, 

thereby indicating a centred space group. However, there were a few notable 

exceptions to this trend which thereby forced the space group to be primitive. 

5.2 INTENSITY DATA COLLECTIONS 

Diffractometer data collections were thus obtained for both crystals as for a 
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primitive unit cell. 

Analysis of the diffractometer data confirmed the photographic work, in that 

the majority of reflections fulfilled the conditions appropriate for the 

space groups C2/c or Cc , for which the conditions for non-extinction are: 

hkl h + k = Zn 

hOl l = Zn; (h = Zn) 

OkO k = Zn. 

However, there were a small number of undoubtedly present reflections which 

forced the space group to be P2 1/ n , the conditions for non-extinction being: 

hkl no conditions 

hOl h + l = 2n 

OkO k = Zn 

At this stage, prior to solving the structure, it appeared likely that there 

was a problem of pseudo-symmetry in that, somehow, the molecules were indeed 

arranged in a P2 1/ n pattern, but that the motif resembled that for C2/c or 

Cc , and could be made such by small move~nts of the molecules. 

Therefore, successive attempts were made to solve both of the structures in 

the space groups P2 1/ n , Cc and CZ/c. 

The relevant crystal data plus ti1e data collection information for both 

structures appear in Table 5.1. 

5.3 STRUCTURE SOLUTION IN THE SPACE GROUP P2 1/n. 

The space group P2 1/n is a nan-standard setting of the space group P2
1
/c. 

The relationship between the two space groups is shown in Figure 5.1. 
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TABLE 5. 1 CRYSTAL DATA AND DATA COLLECTIOJ~ 

Molecular fonnula: 

Molecular weight: 

Space group: 

z: 

a: 

b: 

a: 

S: 

D: 
m 

D : 
a 

Volwne: 

F(OOO) : 

Crystal dirrensions: 

Scan mode: 

Scan Hidth: 

Scan speed: 

Range scanned (28): 

Stability of standard 

reflections: 

Number of reflections 

collected: 

Number of observed 

reflections: 

Number of variables: 

+ K [Er(edta) (H2o) 2].4H2o 

602.36 

C2/a 

4 

8.802(4)R 

25.810(13)R 

8. 704(4)R 

97.29(2) 0 

-3 2.03g.on 

-3 2.04g.on 

1961. 41R3 

1172 

43.34on- 1 

0.25x0.25x0.38mm 

w/28 

0.6°8 

o.028s- 1 

6 - 52 

0.91% 

3936 

1926 with I(rel) > 2ai(rel) 

63 

+ K [Yb(edta)(H2o) 2].4H2o 

608.14 

C2/a 

4 

8. 723(4)R 

25.886(13)R 

8. no(4)R 

97.49(2) 0 

-3 2.08g.on 

-3 2.07g.on 

19S2.22A3 

1180 
-1 48.37cm 

0.25x0.25x0.38mm 

w/28 

0.7°8 

0.0238s- 1 

6 - 52 

0.86% 

3904 

1717 with I(rel) > 2ai(rel) 

63 
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The relationship (not drawn to scale) between the unit cell (bounded by a, b 

and c) corresponding to the space group P2,fn, and the unit cell (bmmded by 

a', b' and c') corresponding to the space group P2,fc. The equivalent 

positions are: 

P2
1
/n 

P2
1
/c 

x,y,z; -x,-y,-z; !+x,!-y,!+z; !-x,!+y,!-z 

x,y,z; -x,-y,-z; x,!-y,!+z; -x,!+y,!-z 

The two cells are projected down [010]. 
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The position of the Lanthanide ion was located by analysis of a three-dirnen= 

sional Patterson vector map. A vector grid for the space group P2 1/n was 

constructed and is shown in Table 5.2. 

TABLE 5.2 

x,y,z -x,-y,-z l+x,l-y,l+z l-X , l +y , l- Z 

x,y ,z 0,0,0 -2x,-2y,-2z Ll-2y,l l-2x,Ll-2z 

-x,-y,-z 2x,2y ,2z 0,0,0 l+2x,l ,l+2z Ll+2y,l 

l+x,l-y ,l+z Ll+2y,l l-2x,l,l-2z 0,0,0 -2x ,-2y,-2z 

l-X , l +y , l-Z l+2x,l ,l+2z 1 1_2y 1 
2 '2 '2 2x,-2y,2z 0,0,0 

From this vector grid, the vector coordinates were derived. i.e. 

Vector position Multiplicity 

0,0,0 4 

Ll+2y ,l 2 

l,l-2y,l 2 

l+2x,l ,l+2z 2 

1-2x 1 1-2z 
2 '2 '2 2 

2x,2y,2z 1 

-2x,-2y ,-2z 1 

2x,-2y,2z 1 

-2x,2y ,-2z 1 

The satellite peaks and their corresponding inversion peaks were easily 
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recognised and the heavy atom was located at x = 0.0, y = 0.093, z = 0.25. 

The subsequent difference electron density maps, calculated from the structure 

factors derived from the 1n3
+ position, yielded peaks which were interpreted 

as the potassium ion, and twelve possibly coordinated light atoms. Further 

refinement, with the 1n3+ and K+ ions anisotropic and the light atoms isotropic, 

yielded very little information which could be chemically interpreted. In 

particular, in the myriad of rings, a series of peaks were persistently 

obtained which could be reasonably explained only in terms of: 

That is, there appeared to be statistical disorder in the carbon atoms joining 

the two nitrogen atoms of edta. There also appeared to be disorder in the rest 

of the structure as no set of peaks could be reasonably interpreted as a 

molecule. 

In an attempt to interpret the disorder, maps of electron density were computed 

at intervals of y = 0.02 phased on the positions of the 1n3+ and K+ ions and 

transferred onto perspex sheets. No meaningful interpretation could be made 

from these maps, however. At this point, it was decided to discard this space 

group. 
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5. 4 STRUCTURE SOLUTI ON IN 11-IE SPACE GROUP Cc . 

It was decided to ignore ~1e few reflections which demanded that the space 

group be primitive and to interpret the reflection data as emanating from a 

centred lattice. The choice existed between the space groups Cc and C2/c , 

both of which have the same conditions limiting the possible reflections. The 

E statistics, however, pointed to the non-centrosymmetric space group Cc. 

The three-dimensional Patterson vector map was easily interpreted in this space 

group. The vector grid for the space group appears in Table 5.3. 

TABLE 5. 3 

x,y,z x,-y,!+z !+x,!+y,z !+x,!-y,!+z 

x,y,z 0,0,0 0,-2y,! LLO L !-2y ,! 

x, - y ,!+z 0,2y,! 0,0,0 L!+2y'! LLO 
-

!+x, !+y ,z LLO L!-2y ,! 0,0,0 0,-2y,! 

!+x,!-y,!+z L!+Zy,! LLO 0 '2y '! 0,0,0 

Hence the vector coordinates were obtained: 

Vector position M.Il tip li city 

0,0,0 4 

LLO 4 

0 ,2y '! 2 

o,-2y,! 2 
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L~+2y ,; 2 

L;-2y,; 2 

Thus the Patterson will only yield the y coordinate of the 1n3
+ ion, and 

since in Cc the origin is on the c glide plane, the x and z coordinates of 

3+ . d Th 3+ di th the Ln ion were arbitrar1ly place at 0. e Ln coor nates were us 

detennined as x = 0, y = 0. 093, z = 0. However, subsequent refinements 

yielded results similar to those described for the space group P2 1/n, and no 

sensible interpretation of the difference electron density map could be 

obtained. 

Again electron density maps \''ere computed phased on the positions of the Ln
3
+ 

and K+ ions at intervals of y = 0.02 and contoured onto perspex sheets. This 1s 

illustrated by photographs in Figures 5.2 and 5.3. However, still no meaningful 

interpretation could be made of the obvious disorder. 

Thus, it was decided to ignore theE statistics (which are not generally 

reliable for heavy metal structures), and to attempt the structure solution 

in the space group C2/c. 

5. 5 STRUCTIJRE SOLUTICl.J IN TilE SPACE GROUP C2/ c 

Since Z = 4, the Ln3
+ ion had to be placed on a special position, which in 

C2/ c is either a centre of inversion (Wyckoff position E. to E) , or a diad. 

(Wyckoff position~). Since the anion cannot be centrosyrrmetric, the Ln3+ 

ion must, in fact, lie on the diad, at O,y,l, and equivalent positions. 

The three-dimensional Patterson vector map was again easily interpreted in 

this space group. The vector grid for this space group appears in Table 5.4. 
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FIGURE 5·2 

FIGURE 5·3 
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TABLE 5. 4 

o , y , a 0,-y ,~ L!+y, a L!-y '~ 

O,y,a 0,0,0 0,-2y,! LLO 1 1 2 1 2,2- y ,z 

0,-y,,i 0,2y,! 0,0,0 L!+2y,! LLO 

L!+y, 1 LLO L!-2y ,! 0,0,0 0,-2y,~ 

L ~-y ,i L~+2y ,! LLO 0,2y,~ 0,0,0 

Hence the vector coordinates were obtained: 

Vector position Multiplicity 

0,0,0 4 

LLO 4 

0,2y,~ 2 

0,-2y,~ 

L!+2y '~ 2 

L~-2y ,~ 2 

Thus the Patterson only yields the y-coordinate of the 1n3+ ion. The 1n3+ 

ion coordinates were thus established as x = 0, y = 0.093, z = 0.25. A 

subsequent refinement yielded the position of the K+ ion and eight possibly 

coordinated light atoms. Further least squares refinements followed by 

appropriate difference electron density maps again yielded what was clearly 

a disordered structure. 

Maps of electron density were again computed phased on the positions of the 

I.n
3+ and K+ ions at intervals of y = 0.02, and contoured onto perspex sheets. 



- 125 -

Again, a great deal of trouble was experienced in interpreting the disorder. 

Eventually, however, two independent structures were identified, one deriving 

from a set of peaks somewhat stronger than the other. The diad nms through 

the 1n3
+ ion and the midpoint of the C - C bond in the N - C - C- N moiety. 

The two structures were eventually refined with fractional site occupational 

factors, such that the sum of the s.o.f. of the corresponding atoms equalled 

unity. The refinement yielded a chemically 'good' structure, with s.o.f. = 

0.66, which had reasonable bond lengths and angles, and a 'lesser' structure, 

with s. o. f. = 0. 33, which had generally worse bond lengths and angles and a 

nitrogen atom that was clearly suspect and high isotropic temperature factors. 

Figure 5.4 is a diagrammatica~ representation of the two identifiable structures. 

To simplify the drawing, only half of each structure has been represented. The 

structure with solid lines represents the 'good' structure, while the structure 

with dotted lines represents the 'lesser' structure. (The atoms of this 

structure are also designated with the letter d, for disorder). 

It was decided to pursue initially the refinement of the 'good' structure only. 

This structure obtained showed that there could only be one coordinated water 

molecule per asynrnetric unit i.e. the Ln 3+ ion could be concluded to be 

bonded to the hexadentate edta ligand plus two water molecules. Perspective 

views of this 'good' structure appear in Figures 5.5 and 5.6. 

As was the case in the four Fdd2 structures, trouble was experienced in iden= 

tifying the positions of the water molecules of crystallization. In fact, 

these water molecules were also clearly disordered. Taking into account the 

results of the microanalyses (see Table 2.1) and the thermogravimetric results, 
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it was assumed that there were in fact four molecules of water of crystalli= 

zation i.e. two molecules per asymmetric unit. 

A difference map was performed phased on all the atoms of the 'good' structure. 

Four peaks arose that were possible positions for the water molecules. All 

four positions were inserted into the program runstrearn as oxygen atoms and 

a further difference map was perfonred phased on all the atoms. The two 

oxygen atoms with the lower thermal parameters were concluded to be the water 

molecules of crystallization of the 'good' structure, while the other two were 

assumed to arise from the disorder and were thus assigned to the 'lesser' 

structure. 

The final model of the 'good' structure, including the appropriate molecules 

of water of crystallization, and with the 1n3+ and K+ ions anisotropic and 

the light atoms isotropic, yielded a final R value of 0.147 for the Erbium 

structure, and a final R value of 0.188 for the Ytterbium structure. 

A final refinement of the combination of the nvo disordered structures, 

including the water molecules of crystallization, was also performed. The 

site occupational factors of the corresponding atoms were varied as described 

above, the 1n3+ and K+ ions were assigned anisotropic thermal parameters 

while the thermal parameters of the light atoms of the 'good' structure were 

restricted to the values obtained in the final refinement of the 'good' 

structure. The thermal parameters of the 'lesser' structure are therefore 

not recorded in the Tables of final atomic coordinates. This final refine= 

ment yielded an R value of 0.131 for the Erbium structure and an R value of 

0.176 for the Ytterbium structure. The latter structure also gave unsatis= 

factorily low temperature factors for the K+ ion. However, at this point it 

was decided that the strongly disordered structures obviously gave some peculiar 

parameters which had doubtful physical neaning and it was decided that refine= 
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rnent of the combination of the two structures could not be pursued further. 

[This view, that is, that we had pursued the structure determinations as far 

as the data would allow us, was independently confinned at our request by 

Dr Jerome Karle, President of the International Union of Crystallography, and 

Dr Isabella Karle, Head of Crystallography, Naval Research Laboratory, 

Washington D.C., who visited our laboratories in August 1982.] 

Tables 5.5 and 5.6 are a list of the final atomic coordinates of both the 

'good' structure and the 'lesser' structure (the atoms of the 'lesser' 

structure are designated by the letter d). The final thermal parameters 

obtained for the 'good' structure have also been recorded. 

Intramolecular bond lengths and angles have been recorded for the 'good' 

structure only and appear in Tables 5.7 and 5.8 respectively. 

5. 6 DISCUSSION 

It was then decided to insert these final atomic coordinates obtained into 

the space group P2 1/n, since this was the initial space group that was 

identified. A difference map was performed phased on all the atoms, but the 

structure failed to refine at all. 

An attempt was then made to accot.mt for this phenomenon. The packing diagram 

of the 'good' structure in the [001] projection in the space group CZ/ c is 

shown in Figure 5. 7. As can be seen from the position of the 1n3+ ion, by 

virtue of its lying on the diad at O,y,l (withy= 0.09), its position in 

the unit cell satisfies the equivalent positions of both P2 1/n and C2/c. 
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TABLE 5.5 FRACTic:>i'-JAL ATOMIC COORDINATES (J\ x 10
4

) AND ISOTROPIC 11-IERMAL 

MJTION PARAMETERS (J\ x 10
3

) OF 11-IE 'GOOD' STRUCTIJRE MTD FRACTICNAL 

ATCl-llC COORDINATES (J\ x 1 0
4

) OF 11-IE 'LESSER' STRUCTURE OF 

K+[Er(edta)(H
2
0)

2
].4H

2
0. (E.S.D. 'SIN PARENTI-IESES) 

Atom X y z u 

Er3+ 0000(0) 925 (1) 2500(0) * 
K+ 0000 (0) 3945 ( 4) 2500 (0) * 

0(1) 582(44) 820(15) 12 ( 46) 99 (11) 

0(2) -2419(68) 1265 (24) 1615(72) ' 147(21) 

0(5) 2069 (54) 1010(18) -1831 (56) 126(15) 

0(6) -4031 (52) 1683(17) -97 (53) 117(14) 

0(9) -1205(51) 208(17) 1460 (51) 118(14) 

N (1) 26 (67) 1803 (22) 939 (68) 141 (18) 

C(1) 582 (36) 2219(12) 1969 (36) 40 (7) 

C(3) 1517(65) 1666(22) -172(67) 94(16) 

C(4) 130 7 (59) 1154(20) -725 (60) 81 (13) 

C(5) -1452(78) 1740 (26) -118(80) 101 (19) 

C(6) -2554(67) 1655 (23) 785 (68) 93 (1 5) 

W( 1) 2547(56) 1692 (18) -3516(57) 127(15) 

W(2) 3421 (59) 220 (20) -4080 (60) 143(17) 

0(1)d -863(38) 1246 (13) 75(39) 

0(2)d 2300 (57) 776 (19) 1611 (58) 

0(5)d -2592(75) 1827(26) 1392(76) 

0(6)d 4427(72) 997 (25) 422 (75) 

0(9)d -944(57) 219(19) 892 (57) 

N(1)d 1606(49) 1741 (17) 2347(50) 

C(1)d 520(113) 2222 (37) 2047(116) 

TABLE 5. 5 CCNT/ .••• 
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TABLE 5 • 5 CONTINUED 

Atom X y z u 

C(3)d 191 (75) 1738(26) 798(75) 

C(4)d -1569(148) 1775 (51) -365 (152) 

C(S)d 2550 (61) 1636(21) 1032 (61) 

C(6)d 94 (132) 1064(50) 1219(169) 

W(1)d 1608(108) 201 (41) 3155 (114) 

W(2) d 4026(119) 995(45) 346(107) 

* Anisotropic parameters: 

()\ X 1 03) u11 u22 u33 u23 u13 u12 

Er3+ 17 (1) 19 (1) 15 (1) 0 (0 ) -1 (1) 0 (0) 

K+ 29(5) 59 (6) 30 (5) 0 (0) 3(4) 0 (0) 
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TABLE 5.6 FRACTIONAL ATOMIC COORDINATES (J\ x 10
4

) AND ISOTROPIC 1HERMAL 

MOTION PARAMETERS (5\ x 103) OF 1HE 'GOOD' STRUCTIJRE AND FRACTIONAL 

ATCl•UC COORDINATES (J\ x 1 04) OF 1HE 'LESSER' STRUCTIJRE OF 

+ 
K [Yb(edta)(H

2
0)

2
].4H

2
0 (E.S.D. 'SIN PARENTHESES) 

Atom X y z u 

Yb3+ 0000 (0) 933 (1) 2500 (0) * 
K+ 0000(0) 4028(4) 2500 (0) f 

0(1) 641(71) 786(25) 35 (73) 109 (19) 

0(2) -2540 (87) 1263 (29) 1765 (88) 131 (25) 

0(5) 2136 (86) 944(31) -1763(86) 138 (24) 

0(6) -3951(79) 1676 (26) -60 (80) 116 (20) 

0(9) -1120(76) 216(25) 1148(75) 110 (20) 

N(1) 198(96) 1762(31) 949 (94) 112 (24) 

C(1) 562 (50) 2215(17) 1984(50) 34(9) 

C(3) 1558(105) 1672 (35) 13(107) 98 (25) 

C(4) 1363 (92) 1108(31) -661 (93) 81 (20) 

C(S) -1242(90) 1779 (29) -69 (89) 75(19) 

C(6) -2540 (113) 1656 (39) 855(115) 104(27) 

W(1) 2493(78) 1685 (26) -3668 (80) 116(21) 

W(2) 3397 (92) 230 (31) -3884(92) 143(27) 

0(1)d -903(60) 1234(19) 89 (60) 

0(2)d 2213(102) 820(36) 1601 (105) 

O(S)d -2515(103) 1819 (34) 1415(104) 

0(6)d -4793(143) 998(55) 581(159) 

0(9)d -911(89) 238 (31) 746(91) 

N(1)d 1571 (77) 1746 (26) 2299 (79) 

TABLE 5 • 6 CCNI' / •••• 
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TABLE 5. 6 C~TINUED 

At om X y z u 

C(1)d 588(175) 2234(56) 2038(184) 

C(3)d 250(125) 1722(44) 819 (125) 

C(4)d -1880(231) 1689 (78) -541(217) 

C(5)d 2490(92) 1631 (31) 1023(95) 

C(6)d -332(162) 1106 (70) 1289(247) 

W(1)d 1616(104) 211 (37) 3261 (122) 

W(2)d 4195(110) 983(40) 386 (112) 

* Anisotropic parameters: 

u11 u22 u33 u23 u13 u12 

23(1) 15(1) 23(1) 0(0) 6(1) 0(0) 

'unsatisfactorily low values 
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TABLE 5. 7 BQ\JD LENG1HS (R) Willi E.S.D. 'S IN PARENTIIESES FOR 

I.n = Er ln=Yb 

0(1) - I.n 2. 30 ( 4) 2. 32 (6) 

0(2) - I.n 2. 34 (6) 2.23(8) 

0(9) - I.n 2.26(4) 2.34(6) 

N(1) - I.n 2.64(6) 2.56(8) 

N(1) - C(1) 1.44(6) 1. 49 (9) 

N(1) - C(3) 1.76(18) 1.54(11) 

N( 1) - C(S) 1. 50 (8) 1 • 44 ( 1 0) 

C(1) - C(11) 1.46(6) 1.41(8) 

C(3) - C( 4) 1.41(7) 1.58(11) 

C(S) - C(6) 1. 34(8) 1.51(11) 

C(4) - 0(1) 1.29(6) 1.25(9) 

C( 4) - 0(5) 1. 30 (6) 1. 31 (9) 

C(6) - 0(2) 1.24(7) 1.29(11) 

C(6) - 0(6) 1.43(7) 1.38(10) 
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TABLE 5.8 BOND ANGLES (0
) WITI-I E.S.D. 'SIN PAREN1HESES FOR 

+ 
K [Ln(edta)(H

2
0) 2].4H

2
0 FOR Ln = Er AND Yb. 

Ln = Er ln=Yb 

0(1) - In - 0(2) 92 (2) 97(3) 

0(1) - In - 0(9) 71 (2) 63(2) 

0(2) - In - 0(9) 79 (2) 82 (3) 

N(1) - In - 0(1) 67 (2) 67 (2) 

N(1) - In - 0(2) 65 (2) 69 (3) 

N(1) - In - 0(9) 122 (2) 117 (2) 

C(1) - N(1) - In 110(3) 111 (5) 

C(3) - N(1) - Ln 100 ( 4) 105(5) 

C(5) - N(1) - In 99 ( 4) 104(5) 

C(1) - N(1) - C(3) 106(5) 109(6) 

C(1) - N(1) - C(5) 131 (5) 117 (7) 

C(3) - N(1) - C(5) 107(6) 110 ( 7) 

C(4) - C(3) - N(1) 108(6) 107 (7) 

C(3) - C(4) - 0(5) 118 (5) 122 (8) 

C(3) - C(4) - 0(1) 121 (5) 118 (7) 

C(4) - 0(1) - In 125 ( 4) 123 (6) 

C(6) - C(5) - N(1) 10 7 (6) 109(7) 

C(5) - C(6) - 0(6) 111 (6) 111 (8) 

C(5) - C(6) - 0(2) 117 (6) 117 (9) 

C(6) - 0(2) - In 121 (5) 122 (7) 
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NaJ"rely: 

P2 ,Jn ln3+ ion C2/c (on diad) 

x ,y ,z 0,0.09,0.25 O, y ,l 

- x ,-y,-z 0,0.91,0.75 0,-y , i 

!+x,!-y,!+z 0.5,0.41 ,0. 75 L!-y,i 

! -X,! +y,!-Z 0.5,0.59,0.25 1 1 1 2,,2,+y,4 

Since the K+ ion also lies on the diad in the space group CZ/ c, the same 

applies in this case. 

Namely: 

P2 ,Jn K+ ion C2/c (on diad) 

x ,y , z 0,0.40,0.25 O, y ,l 

- x ,-y ,-z 0,0.60,0.75 0,-y , i 

!+x,!-y ,!+z 0.5,0.10,0. 75 L ! - y , i 

! - x ,!+y ,!-z 0. 5 '0. 90 '0_. 25 L!+y , l 

A large proportion of the scattering power naturally resides in the rn3+ and 

K+ . 1ons. That is, for the Erbium structure, the scattering power of the Er3+ 

and K+ ions is proportional to their respective scattering factors, fj , which 

are approximately proportional to the respective z. values 58
• i.e. In this 

1 

structure: 

C~r3+ + ZK+)/LZ(all light atoms) 

= (65 + 18)/206 

= 0.04 



- 139 -

This gives rise to the problem of pseudo-syrrrrne t ry described previously 

i.e. that the molecules are arranged in a PZ 1/ n pattern but a large concen= 

tration of the scattering comes from the heavy atoms arranged in a CZ / c 

pattern. However, although a reasonable explanation can be given for the 

space group problem, no feasible explanation can be made for the fact that 

these two edta structures are also disordered. 

No Tables of Structure factors or Analyses of Variance have been included 

since the structures cannot be concluded to have been satisfactorily refined. 

5. 7 DESCRIPTICJ.J OF 1HE STRUCTIJRES 

+ Although the compounds K [Ln(edta)(H2o) 2].4H2o f or Ln = Er and Yb were not 

satisfactorily refined, a certain amount of information could be obtained 

from the 1 good 1 structures. The structures are isomorphous and were refined 

in the space group CZ/ c with four molecule units. In each structure, the 

metal ion has a coordination number of eight. In these structures, edta 

aga1n acts as a hexadentate ligand so that the structure around the central 

metal ion consists of a girdle of four oxygen atoms, one from each of the 

four acetate groups, and the two nitrogen atoms. In these structures the 

edta chelate reaches further around the central metal ion than it does in 

the four Fdd2 structures , thus leaving space for only two water molecules 

which are also bonded to the central metal ion. Calculation of the displace= 

rent of the 1n3
+ ion from the rean plane of the coordinated oxygen atoms for 

each structure shows that the trend (described in Chapter 4, part 4. 7) 

whereby, as the ionic radii of the successive cations decrease, they are 

enveloped to a greater extent by the edta chelate, has reached the point in 

these two structures where rejection of one water molecule occurs with a 

resulting change in coordination number. These displacement values were 
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again calculated using the program XANADU65
• (The equations of these least 

squares mean planes and the atomic deviations therefrom are listed in Table 5.9). 

This displacement value in the Er3+ structure was calculated as 0. 28.R and in 

the Yb3+ structure as 0.23~. For the structure of Cs[Yb(edta)(H2o) 2].3H20, 

the other 8-coordinate complex that has been identified~+ 5 , this distance was 

~0 . 3+ 3+ + 
calculated as 0. 1 til\. S1nce the Er and Yb structures with the K counter-

ion have been unsatisfactorily refined, these distances can only be taken as 

being approximate, while the value for the structure of Yb 3+ with the Cs + 

counter-ion can be taken as being more accurate. (For further discussion, 

see Chapter 6) . 

Since the two structures were not well refined, the recorded bond lengths and 

angles can be taken only as approximate values and thus do not provide much 

reaningful information. The bond lengths in the chelation framework of the 

Ytterbium structure should all be slightly shorter than those of the Erbium 

structure since the size of the Yb3+ ion is smaller than that of the Er3+ 

1on. However this trend is not conclusive from the poor results obtained 

(see Table 5. 7). Nevertheless, the mean values of the Ln - 0 d bond 
COOT • 

lengths in the two structures are close to the sum of the crystal radii for 

3+ . 2- 0 3+ 0 3+ 
In and 0 , which are 2. 36A for the Er structure and 2. 34A for the Yb 

structure 6 3
• 

5. 8 PACKING PATIERNS AND CLOSE CDNTACTS 

Figure 5.7 depicts the [001] projection of the 'good' structures of the two 

isomorphous structures. 

Again, due to the poor refinenent of the two structures, not much meaningful 

information can be obtained about the packing. 
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TABLE 5 • 9 LEAST SQUARES PLANES 

Equations of least squares planes are expressed in direct space as 

pX + qY + rZ = s. All the least squares planes are calculated through 

the respective 0(1), 0(2), 0(3) and 0(4) atoms. 

+ (1) K [Er(edta)(H2o) 2].4H2o 
O.OX + 25.811Y + O.OZ = 2.6907 

+ (2) K [Yb (edta) (H2o) 2J. 4H2o 

O.OX + 25.886Y + O.Oz = 2.652 

+ (3) Cs [Yb(edta)(H2o) 2].3H2o 

12.3469X - 2. 1026Y- 1.67102 = 3.9944 

Atomic deviations expressed in R (a < o.o2R) 

0(1) 0(2) 0(3) 0(4) Ln3+ 

(1) -0.574 0.574 -0.574 0.574 -0.303 

(2) -0.617 0.617 -0.617 0.617 -0.234 

(3) -0.605 0.692 -0.646 0.559 -0.184 
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It would appear, however, that the environJrent of the Potassium ion is such 

that it is closely surrounded by eight oxygen atoms. Each K+ ion is shared 

by two neighbouring molecules and is entrapped by 0(5) and 0(61) of one 

molecule and 0(51) and 0(6) of a neighbouring molecule. Close contacts also 

exist between the K+ ion and two synunetry related W(1) molecules as well as 

between the K+ ion and two symmetry related ,,. (2) molecules. 

The K+ ••• 0 distances for both compounds appear in Table 5. 10. Although these 

values are inaccurate, they do lie within the range of values reported in the 

literature 81 , 82 , 83 , 84 ,ss,ss. These values also agree with the fact that the 

sum of the ionic radii for potassium and oxygen is 2.73~63 • The K+ ... O close 

contacts are depicted by broken lines in the right half of Figure 5.7. 

No reasonable hydrogen bonding schere can be predicted for these two structures 

due to the disorder in the structures. Hydrogen bonding must, of course, occur, 

but no estimation could be made thereof. 
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+ 0 + 
TABLE 5.10 K ... 0 CLOSE CO\~ACTS (A) FORK [Ln(edta)(H

2
0)

2
].4H

2
0 FOR 

Ln = Er AND Yb. (E.S.D. 'S IN PARENTHESES) 

Syrrnnetry code: 

(i) !-x, !-y, 1-z 

(ii) !-x, !-y, z 

Ln = Er Ln=Yb 

+ i K ... 0(5 ) 2.72(14) 2.66(11) 

K+ •.. 0(6ii) 2. 70(16) 2.86(18) 

+ ii K ... W(1 ) 2. 77(15) 2.94(21) 

K+ ... W(2ii) 2.83(19) 2.58(13) 
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CHAPTER6 

GENERAL DISCUSSION 

From the results obtained in this work, it can be seen that the transition 

from the nine-coordinate [Ln(H2o) 3Y]- crystalline complex to the eight-coor= 

dinate [Ln(H2o) 2YJ- crystalline complex occurs at Erbium. i.e. All the 

lanthanide netals from Lanthanum to Holmium form 9-coordinate complexes with 

the edta chelate, and thereafter from Erbium to Lutetium 8-coordinate com= 

plexes are famed. 

As was stated previously, in all these structures edta acts as a hexadentate 

ligand. Along the series of the lanthanide ions , as the ionic radii of the 

successive cations decrease, they are enveloped to a greater extent by the 

edta chelate, mtil the point is reached in the case of the Erbium structure 

where rejection of one water molecule occurs \\i th a resulting change in the 

coordination number. 

-
From the La3

+ structure to the Ho3
+ structure, it can be seen that the 

Ln - 40 d nean plane displacenents decrease along the series by an amomt 
COOT • 

comparable to the successive decrease in the crystal radii of the cations 

(see Chapter 4, part 4.7). For example, the difference in the ionic radii 

of the Pr3
+ and Ho3

+ ions is 0.12~, while the difference in the Ln- 40coord. 

plane distances in their respective structures is 0.10R. 

N - th ch - th - - di - f H 3+ L 3+ . CM s1nce e ange 1n e 1on1c ra 1 rom o to u 1s even more 

d 1 th - . f 3+ 3+ . . . . th ab ch gra ua an 1 t 1s rom La to Ho , 1 t 1s surpnsmg at an ru:pt ange 

in the Ln - 40 d nean plane distance occurs in the Er3+ structure corres= 
COOT • 

ponding to a change in the coordination number. In fact the difference in 
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the ionic radii of the Ho3
+ and Yb 3

+ ions i s 0 . 0 3~ while the difference in 

the Ln - 40 d mean plane distances in thei r respective structures is 
COOT • 

0.30~ (using the more reliable value obtained for the Yb 3+ structure with 

the Cs+ counter-ion, see Chapter 5, part 5. 7) . 

It therefore would seem to be an over-simplification to assume that the 

abrupt change in coordination number in the crystalline Er3+ structure is 

due primarily to the cation size. Other factors, such as the 4f orbital 

population (described in Chapter 1, part 1.6) , almost certainly play a role. 

liD interesting extension to this work would be in the study of the structure 

of the Yttrium-edta complex. Since the Y3
+ and Ho3

+ ions have almost identical 

ionic radii, with the Y3+ ion having no 4f electrons while the Ho3
+ ion has 

ten 4f electrons, a comparison of the two structures would give good infor= 

mation as to whether it is the cation size or the 4f orbital population that 

plays the dominant role in determining the coordination number. (As was 

described in Chapter 1, part 1. 6, the stability constant of the Ho3
+ complex 

is higher than that of the Y3
+ complex, inferring that the 4f orbital 

population must certainly play a role in det ermining the structure). 

It would seem that the best explanation of the trends of the thermodynamic 

data and stability constants of these lanthani de-edta complexes (see part 1.6), 

is that the dominant species in solution of all these complexes is 9-coor= 

dinate (as concluded by Alsaadi et aZ. 55
), w'i th the 8-coordinate species 

becoming increasingly important in the later part of the series, and with 

the transition from the sole existence of 9-coordinate complexes in solution 

to the existence of 9- and 8-coordinate complexes in solution occurring at 

Gado lini t.ml. 
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It was also possible to make observations regarding the effect of the counter-

1on on the structures of these complexes o This was done by comparison of the 

two structures of Yb 3+ 0 It would appear that while the counter-ion has an 

effect on the space group and the unit cell parameters, it has a negligible 

ff th f th . . Th Yb 3+ . h e ect on e structure o e an1ono loeo e two structures, one w1t 

Cs+ as the counter-ion and the other with K+ as the counter-ion, crystallize 

in different space groups with different unit cell parameters, but are both 

8-coordinate structures and the general shape of the anions is the same o 



APPENDIX A 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR PR-EDTA STRUCTURE 

H I( l FO FC H I( L FO FC H K L FO FC H K l FO FC H K L FO FC 

4 0 0 756 799 6 8 0 339 326 18 14 0 141 131 16 22 0 164 161 12 32 0 287 274 
8 0 0 376 303 8 8 0 135 169 20 14 0 215 212 18 22 0 244 247 4 34 0 355 336 

12 0 0 520 471 10 8 0 351 395 0 16 0 727 }06 0 24 0 180 151 8 34 0 363 351 
16 0 0 394 360 12 8 0 73 65 2 16 0 246 211 2 24 0 391 395 10 34 0 41 27 
20 0 0 63 67 14 8 0 484 475 4 16 0 175 171 4 24 0 271 267 0 36 0 400 364 
4 2 0 552 662 16 8 0 37 23 6 16 0 114 103 8 24 0 62 55 2 36 0 185 183 
6 2 0 483 500 18 8 0 209 180 8 16 0 247 233 10 24 0 391 409 4 36 0 191 179 
8 2 0 439 430 20 8 0 41 18 1 0 16 0 134 136 12 24 0 154 144 6 36 0 102 95 

10 2 0 395 392 2 10 0 385 344 12 16 0 463 474 14 24 0 360 346 8 36 0 75 70 
12 2 0 so 38 4 10 0 188 187 14 16 0 77 75 16 24 0 65 64 2 38 0 58 72 
16 2 0 431 386 6 10 0 763 863 16 16 0 300 290 2 26 0 204 204 4 38 0 214 216 
18 2 0 130 105 8 10 0 285 272 2 18 0 140 114 6 26 0 510 511 6 38 0 171 179 
20 2 0 320 278 10 10 0 391 434 4 18 0 357 354 8 26 0 42 57 3 1 1 420 380 
2 4 0 655 769 12 10 0 126 123 8 18 0 336 332 10 26 0 214 213 5 1 1 491 480 +:-

-.._] 

4 4 0 249 281 14 10 0 52 39 10 18 0 136 145 14 26 0 77 69 7 1 1 314 300 
6 4 0 1 81 186 16 10 0 44 45 12 18 0 134 129 16 26 0 40 34 9 1 1 576 511 
8 4 0 302 261 18 1 0 0 342 318 16 18 0 300 308 0 28 0 81 57 11 1 1 282 245 

1 0 4 0 139 165 0 12 ·0 823 753 18 18 0 67 59 2 28 0 350 344 13 1 1 2/0 257 
12 4 0 241 218 2 12 0 325 36} 0 20 0 281 264 4 28 0 92 101 15 1 1 317 281 
14 4 0 407 355 4 12 0 217 200 2 20 0 104 80 10 28 0 31/ 310 17 1 1 203 197 
16 4 0 178 167 a 12 0 78 82 4 20 0 425 431 12 28 0 109 108 19 1 1 247 208 
18 4 0 213 185 10 12 0 468 498 6 20 0 84 86 14 28 0 294 274 21 1 1 161 134 

2 6 0 188 203 12 12 0 342 360 8 20 0 127 139 2 30 0 82 84 3 3 1 70 85 
6 6 0 585 622 14 12 0 300 304 10 20 0 127 139 4 30 0 218 221 5 3 1 474 529 
8 6 0 92 89 16 12 0 222 229 12 20 0 417 412 6 30 0 452 445 7 3 1 465 478 

10 6 0 411 424 18 12 0 139 131 14 20 0 168 170 8 30 0 233 223 9 3 1 286 312 
12 6 0 32 18 2 14 0 60 51 16 20 0 262 275 10 30 0 268 268 11 3 1 395 414 
14 6 0 81 65 4 14 0 562 579 18 20 0 53 45 12 30 0 115 117 13 J 1 255 229 
16 6 0 260 245 6 14 0 502 512 2 22 0 165 177 14 30 0 50 53 15 3 1 249 228 
18 6 0 370 323 8 14 0 453 480 4 'J'J 

~- 0 194 205 0 32 0 287 265 17 3 1 340 294 
20 6 0 282 259 1 0 14 0 128 138 6 22 0 403 416 2 32 0 45 34 19 3 1 122 95 
0 8 0 150 161 12 14 0 142 143 8 22 0 243 247 4 32 0 314 323 21 3 1 104 81 
2 8 0 488 531 14 14 0 47 11 ' 10 22 0 247 257 8 32 0 86 76 1 5 1 393 412 
4 8 0 461 513 16 14 0 189 195 12 22 0 58 52 10 32 0 124 125 3 5 1 260 2}8 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR PR-EDTA STRUCTURE 

H K L FO FC H I( L FO FC H K L FO FC H K L FO FC H K L FO FC 

5 5 1 108 115 7 11 1 -486 501 15 17 1 166 179 9 25 1 160 158 1 37 1 137 131 
7 5 1 224 227 9 11 1 410 421 17 1 J 1 183 184 11 25 1 199 201 3 37 1 233 227 
9 5 1 432 445 11 11 1 133 156 19 17 1 146 149 13 25 1 89 90 5 37 1 73 93 

11 5 1 133 151 1 3 11 1 266 281 1 19 1 422 429 15 25 1 186 181 7 37 1 145 134 
13 5 1 256 280 15 11 1 195 211 3 19 1 348 345 3 27 1 284 278 1 39 1 168 167 
15 5 1 323 340 19 11 1 203 216 5 19 1 271 240 5 27 1 330 350 2 0 2 418 391 
17 5 1 78 86 21 11 1 173 177 7 19 1 330 338 ., ,.,., , ,, 1 138 132 6 0 2 696 719 
19 5 1 252 250 1 1 3 1 521 503 9 19 1 195 213 9 27 1 231 229 10 0 2 504 444 
21 5 1 188 156 3 13 1 151 162 11 19 1 230 230 11 27 1 176 181 14 0 2 193 225 

1 7 1 373 383 5 13 1 315 337 13 19 1 195 200 13 27 1 158 155 18 0 2 423 388 
3 7 1 160 169 7 13 1 287 305 15 19 1 153 157 15 27 1 215 224 0 2 2 361 317 
5 7 1 404 390 9 13 1 73 75 17 19 1 193 192 1 29 1 239 246 2 2 2 561 540 
7 7 1 453 502 11 13 1 423 -454 19 19 1 131 136 5 29 1 296 284 4 2 2 248 249 
9 7 1 404 436 13 13 1 214 225 1 21 1 209 199 7 29 1 196 190 6 2 2 51 62 ..,. 

11 7 1 235 249 15 13 1 75 77 3 21 1 547 558 11 29 1 225 232 8 2 2 286 289 
00 

13 7 1 200 226 17 13 1 278 296 5 21 1 41 28 13 29 1 108 106 10 2 2 561 558 
15 7 1 122 128 19 13 1 89 96 7 21 1 252 256 1 31 1 96 100 12 2 2 191 209 
17 7 1 211 237 1 15 1 458 429 9 21 1 232 229 3 31 1 296 304 14 2 2 492 463 
19 7 1 152 160 3 15 1 451 443 11 21 1 73 70 5 31 1 111 117 16 2 2 72 70 
21 7 1 81 98 5 15 1 249 256 13 21 1 210 228 7 31 1 169 174 18 2 2 191 163 

1 9 1 95 134 7 15 1 302 302 15 21 1 285 297 9 31 1 242 242 2 4 2 106 132 
3 9 1 605 619 9 1 s 1 369 375 17 21 1 66 55 11 31 1 71 72 4 4 2 392 408 
5 9 1 385 408 11 15 1 91 82 1 23 1 400 381 13 31 1 213 210 6 4 2 509 543 
7 9 1 343 323 13 15 1 245 267 3 23 1 205 202 1 33 1 217 207 8 4 2 567 596 
9 9 1 486 530 15 15 1 213 224 5 23 1 356 352 3 33 1 202 198 10 4 2 37? 405 

11 9 1 262 274 17 15 1 104 1 01 7 23 1 150 140 5 33 1 264 251 12 4 2 134 143 
13 9 1 253 287 19 15 1 116 11 7 9 23 1 108 114 7 33 1 195 195 16 4 2 196 196 
15 9 1 195 206 1 17 1 305 286 11 23 1 236 236 9 33 1 172 151 18 4 2 270 240 
17 9 1 236 256 3 17 1 387 375 13 23 1 210 220 11 33 1 193 195 20 4 2 215 215 
19 9 1 149 160 5 17 1 274 265 15 23 1 122 116 1 35 1 168 162 0 6 2 540 t:"t:"t: 

.J.J .J 

21 9 1 124 128 7 17 1 296 284 17 23 1 196 203 J 35 1 100 119 2 6 2 429 457 
1 11 .I 703 710 9 17 1 143 129 3 25 1 321 325 5 35 1 210 209 4 6 2 343 347 
3 11 1 524 525 11 17 1 348 353 5 25 1 268 308 7 35 1 162 158 6 6 2 166 177 
5 11 1 226 245 13 17 1 1 01 86 7 25 1 169 170 9 35 1 153 163 8 6 2 335 335 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR PR-EDTA STRUCTURE 

H K L FO FC H K l FO FC H K l FO FC H K L FO FC H K L FO FC 

10 6 2 87 78 0 14 2 224 242 18 20 2 199 197 4 30 2 240 225 9 3 3 171 184 
12 6 2 399 420 2 14 2 652 690 0 22 2 456 450 8 30 2 111 120 11 3 3 339 331 
14 6 2 271 283 4 14 2 192 197 2 22 2 376 356 10 30 2 165 169 13 3 3 251 232 

' 16 6 2 279 291 6 14 2 196 200 4 22 2 365 353 12 30 2 209 216 15 3 3 115 99 
18 6 2 123 126 8 14 2 134 124 6 22 2 54 33 2 32 2 196 207 17 3 3 234 221 
2 8 2 396 353 10 14 2 292 296 8 22 2 73 72 4 32 2 118 122 19 3 3 143 128 
4 a 2 531 523 12 14 2 194 191 10 22 2 173 189 6 32 2 308 293 21 3 3 107 91 
6 a 2 127 124 14 14 2 283 309 12 22 2 241 229 8 32 2 129 133 1 5 3 180 191 
8 a 2 739 843 16 14 2 189 200 14 22 2 225 237 10 32 2 196 185 3 5 3 549 545 

10 8 2 76 77 18 14 2 120 1 29 16 22 2 230 249 12 32 2 63 54 5 5 3 139 122 
12 8 2 149 153 2 16 2 334 320 2 24 2 167 172 0 34 2 63 85 '7 

I 5 3 303 323 
14 8 2 45 44 4 16 2 144 134 4 24 2 385 381 2 34 2 320 309 9 5 3 391 372 
16 8 2 192 183 6 16 2 475 496 6 24 2 115 105 10 34 2 202 217 11 5 3 133 133 
18 8 2 44 39 8 16 2 75 78 8 24 2 415 434 4 36 2 75 77 13 · 5 3 234 224 .p. 

20 8 2 266 290 10 16 2 321 339 10 24 2 70 56 6 36 2 253 247 15 5 3 281 298 t..O 

0 10 2 797 829 12 16 2 175 187 12 24 2 133 138 a 36 2 67 58 17 5 3 104 94 
2 10 2 353 336 14 16 2 162 179 14 24 2 52 62 0 38 2 120 116 19 5 3 222 225 
4 10 2 418 475 18 16 2 234 252 16 24 2 145 144 2 38 2 205 221 21 5 3 169 164 
6 10 2 303 315 0 18 2 224 236 0 26 2 446 407 4 38 2 75 86 1 7 3 623 596 
8 10 2 242 255 2 18 2 744 756 2 26 2 90 98 1 1 3 578 596 3 7 3 500 469 

12 10 2 453 476 4 18 2 75 87 4 26 ') ... 301 292 3 1 3 442 437 5 7 3 556 569 
14 10 2 11 8 115 6 18 2 162 173 8 26 2 175 180 5 1 3 255 260 7 '? 

I 3 206 203 
16 tO 2 289 324 8 18 2 62 56 10 26 2 47 50 7 1 3 215 209 9 7 3 202 207 
18 to 2 67 74 tO 18 2 240 230 12 26 2 315 319 9 1 3 534 527 1 t 7 3 279 307 
2 12 2 11 t 90 t4 18 2 385 404 t6 26 2 235 246 11 1 3 234 216 13 7 3 156 155 
4 12 2 506 512 18 18 ., 102 109 2 28 2 161 1?1 13 1 3 286 281 15 7 3 162 168 L 

6 12 2 392 415 2 20 2 376 392 4 28 2 377 367 15 1 3 189 169 17 7 3 307 307 
8 12 2 459 498 4 20 2 246 240 6 28 2 157 166 1? 1 3 148 139 19 7 3 188 179 

10 12 2 284 307 6 20 2 432 444 8 28 2 281 268 19 1 3 174 143 21 7 3 132 135 
12 12 2 107 t 15 8 20 2 292 294 10 28 2 119 118 21 1 3 183 t72 1 9 3 318 327 
14 12 2 95 102 10 20 2 308 323 12 28 2 70 81 1 3 3 408 404 3 9 3 492 4?9 
16 12 2 138 140 12 20 2 102 120 14 28 2 51 47 3 3 3 169 150 5 9 3 387 376 
18 12 2 221 224 14 20 2 60 53 0 30 2 210 190 5 3 3 518 487 '7 

I 9 3 364 368 
20 12 2 220 244 16 20 2 115 103 2 30 2 261 265 7 3 3 292 290 9 9 3 146 163 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR PR-EDTA STRUCTURE 

H K L FO FC H K L FO FC H f{ L FO FC H K L FO FC H K L FO FC 

11 9 3 254 255 19 15 3 157 174 11 23 3 353 348 3 33 3 136 131 10 4 4 297 290 
13 9 3 212 210 1 17 3 283 260 13 23 3 149 1-40 5 33 3 156 168 12 4 4 451 470 
15 9 3 215 212 3 17 3 304 273 15 23 3 149 154 7 33 3 131 132 14 4 4 187 180 
17 9 3 254 259 5 17 3 341 325 17 23 3 177 190 9 33 3 75 93 16 4 4 300 298 
19 9 3 161 163 7 17 3 219 236 1 25 3 167 164 11 33 3 172 174 18 4 4 144 135 

1 11 3 532 501 9 17 3 399 412 3 25 3 311 318 1 35 3 156 163 20 4 4 58 56 
3 11 3 515 511 11 1 7 3 156 165 5 25 3 283 276 3 J5 3 201 202 2 6 4 50 41 
5 11 3 302 292 13 17 3 294 306 7 25 3 252 268 5 35 3 154 155 4 6 4 224 198 
7 11 3 279 283 15 17 3 189 196 9 25 3 304 297 7 35 3 122 130 6 6 4 746 729 
9 11 3 351 362 17 17 3 190 201 11 25 3 162 153 9 35 3 116 113 8 6 4 260 265 

11 11 3 109 127 19 17 3 152 149 13 25 3 191 191 1 37 3 173 163 10 6 4 304 298 
1 3 11 J 82 80 1 1 9 J 143 133 15 25 3 145 H6 3 37 3 208 214 12 6 4 116 106 
15 11 3 259 276 3 19 3 207 194 1 27 3 171 181 5 37 3 115 109 14 6 4 80 82 
17 11 3 147 156 5 19 3 258 237 3 27 3 307 286 0 0 4 655 675 16 6 4 117 106 t/1 

19 11 3 197 209 7 19 3 385 389 5 27 3 166 165 4 0 4 55 53 18 6 4 332 324 
0 

1 1 3 3 572 526 9 19 3 123 114 7 27 3 248 255 8 0 4 378 369 20 6 4 86 83 
3 13 3 286 259 11 1 9 3 335 346 9 27 3 246 247 12 0 4 529 515 0 8 4 3?6 312 
5 13 3 540 542 13 19 3 184 196 11 27 3 157 160 16 0 4 229 219 2 8 4 571 560 
7 13 3 404 416 15 19 3 196 200 13 27 3 135 134 20 0 4 65 65 4 8 4 380 358 
9 13 3 120 134 17 19 3 232 233 15 27 3 162 165 2 2 4 122 11a 6 a 4 286 289 

11 13 3 324 339 1 21 3 74 98 1 29 3 263 229 4 2 4 772 754 8 8 4 207 202 
13 1 3 3 308 316 3 21 3 ---:349 310 3 29 3 44 67 6 2 -4 371 361 10 8 4 325 328 
15 13 3 118 129 5 21 3 160 154 5 29 3 297 293 8 2 4 720 707 12 8 4 145 149 
17 13 3 181 179 7 21 3 227 243 7 29 3 27? 282 10 2 4 130 115 14 8 4 389 393 
19 13 3 100 103 9 21 3 386 388 9 29 3 97 80 12 2 4 297 301 16 8 4 126 113 
1 15 3 389 363 11 21 3 117 132 11 29 3 226 225 14 2 4 63 51 18 8 4 197 212 
3 15 3 519 498 13 21 3 247 248 13 29 3 125 128 16 2 4 155 150 20 a 4 43 40 
s 15 3 214 207 15 21 3 221 223 1 31 3 112 10} 18 2 4 92 82 2 10 4 193 18? 
7 15 3 274 287 17 21 3 54 23 3 31 3 292 298 20 2 4 243 231 4 10 4 305 2/0 
9 15 3 363 380 1 23 3 339 31? 5 31 3 115 105 0 4 4 565 546 6 10 4 5 , ,., , .:.. 601 

11 1 5 3 241 253 3 23 3 104 99 ? 31 3 124 137 2. 4 4 68? 609 8 10 4 n 58 
13 15 3 188 201 5 23 3 324 324 9 31 3 203 194 4 4 4 265 246 10 10 4 290 304 
15 15 3 261 263 7 23 3 359 360 11 31 3 66 77 6 4 4 92 70 12 10 4 54 56 
17 15 3 109 98 9 23 3 138 140 1 33 3 149 149 8 4 4 329 328 14 10 4 85 95 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR PR-EDTA STRUCTURE 

H K l FO FC 

16 10 4 90 90 
18 10 4 304 315 
20 10 4 96 93 

0 12 4 675 642 
2 12 4 588 569 
4 12 4 285 294 
6 12 4 113 119 
8 12 4 146 154 

10 12 4 341 337 
12 12 4 180 185 
14 12 4 301 297 
16 12 4 164 157 
18 12 4 112 111 
2 14 4 217 207 
4 14 4 417 414 
6 14 4 328 344 
8 14 4 444 462 

10 14 4 133 150 
12 14 4 63 59 
14 14 4 104 105 
16 14 4 211 206 
18 14 4 169 169 
0 16 4 697 688 
2 16 4 211 205 
4 16 4 308 329 
6 16 4 112 114 
8 16 4 113 125 

10 16 4 70 74 
12 16 4 415 435 
14 16 4 147 149 
16 16 4 266 278 
2 18 4 75 85 
4 18 4 387 387 
6 18 4 167 153 

H K L FO FC 

8 18 4 463 469 
10 18 4 105 106 
12 18 4 183 197 
16 18 4 217 227 
0 20 4 360 361 
2 20 4 342 329 
4 20 4 150 157 
6 20 4 64 63 

10 20 4 180 187 
12 20 4 375 379 
14 20 4 202 212 
16 20 4 219 227 
2 22 4 86 90 
4 22 4 308 294 
6 22 4 329 330 
8 22 4 284 283 

10 22 4 204 210 
12 22 4 131 127 
14 22 4 109 118 
16 22 4 93 99 
0 24 4 266 231 
2 24 4 356 358 
4 24 4 40 42 
6 24 4 69 68 
8 24 4 50 54 

10 24 4 258 260 
12 24 4 161 165 
14 24 4 273 269 

2 26 4 256 262 
4 26 4 81 71 
6 26 4 466 471 
8 26 4 43 39 

10 26 4 294 296 
12 26 4 78 82 

H K L FO FC 

14 26 4 52 61 
0 28 4 308 298 
2 28 4 418 412 
4 28 4 138 129 
6 28 4 167 163 
8 28 4 59 59 

10 28 4 224 218 
12 28 4 139 143 
14 28 4 254 255 

2 30 4 133 139 
4 30 4 234 214 
6 30 4 233 217 
8 30 4 260 258 

10 30 4 99 93 
0 32 4 383 366 
2 32 4 215 207 
4 32 4 229 220 
6 32 4 81 90 

10 32 4 77 73 
2 34 4 45 37 
4 34 4 239 238 
6 34 4 41 43 
8 34 4 241 240 
0 36 4 349 339 
4 36 4 166 1l3 
1 1 5 236 236 
3 1 5 365 395 
5 1 5 240 224 
7 1 5 354 334 
9 1 5 372 361 

11 1 5 306 303 
13 1 5 266 245 
15 1 5 306 278 
17 1 5 188 174 

H K L FO FC 

19 1 5 156 149 
1 3 5 311 303 
3 3 5 226 186 
5 3 5 402 402 
7 3 5 494 486 
9 3 5 166 163 

11 3 5 366 356 
13 3 5 317 296 
15 3 5 142 125 
17 3 5 274 253 
19 3 5 110 92 

1 5 5 587 542 
3 5 5 668 641 
5 5 5 539 511 
7 5 5 395 391 
9 5 5 431 428 

11 5 5 44 32 
13 5 5 357 360 
15 5 5 278 263 
17 5 5 51 46 
19 5 5 186 184 

1 7 5 453 431 
3 7 5 213 212 
5 7 5 297 309 
7 7 5 319 341 
9 7 5 108 104 

11 7 5 317 321 
13 7 5 228 235 
15 7 5 201 188 
17 7 5 254 263 
19 7 5 133 146 

1 9 5 412 387 
J 9 5 296 263 
5 9 5 476 463 

H K L FO FC 

7 9 5 233 229 
9 9 5 203 207 

11 9 5 220 237 
13 9 5 149 158 
15 9 5 188 188 
17 9 5 226 220 
19 9 s 103 111 

1 11 5 210 195 
3 11 5 339 320 
5 11 5 119 95 
7 11 5 176 189 
9 11 5 319 321 

11 11 5 194 179 
13 11 ·s 111 160 
15 11 5 276 267 
17 11 5 125 126 
19 11 5 183 191 

1 13 5 493 470 
3 13 5 65 68 
5 13 5 385 381 
7 13 5 315 308 
9 13 5 109 98 

11 13 5 236 240 
13 13 5 119 123 
15 13 5 104 87 
17 13 5 209 205 
19 13 5 158 158 

1 15 5 160 162 
3 15 5 462 432 
5 15 5 102 102 
7 15 5 238 222 
9 15 5 375 378 

11 15 5 105 106 
13 15 5 211 216 

U1 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR PR-EDTA STRUCTURE 

H K L FO FC H K L FO FC H K l FO FC H K L FO FC H K L FO FC 

15 15 5 258 257 13 23 5 154 162 5 35 s 153 153 2 8 6 108 104 16 14 6 145 147 
17 15 5 60 68 1 25 s 180 182 2 0 6 331 323 4 8 6 435 445 18 14 6 59 63 
1 17 5 438 U7 3 25 5 297 289 6 0 6 437 399 6 8 6 42 46 2 16 6 359 354 
3 t 7 5 328 318 5 25 5 94 94 10 0 6 448 4;39 8 8 6 480 491 4 16 6 150 146 
5 t 7 5 369 381 7 25 5 239 246 14 0 6 258 221 10 8 6 146 142 6 16 6 539 514 
7 17 5 224 228 9 25 5 268 261 18 0 6 316 279 12 8 6 217 222 10 16 6 345 369 
9 17 5 237 227 11 25 5 1 01 85 0 2 6 412 394 16 8 6 291 276 12 16 6 55 66 

11 17 5 206 204 13 25 5 176 184 2 2 6 817 797 18 8 6 55 66 0 18 6 111 104 
13 17 5 245 252 1 27 5 162 . 155 4 2 6 193 191 0 10 6 536 534 2 18 6 342 336 
15 17 s 160 160 3 27 5 320 315 6 2 6 108 98 2 10 6 96 100 6 18 6 67 38 
17 17 s 140 147 s 27 5 172 176 8 2 6 82 70 4 10 6 312 335 8 18 6 87 88 
1 19 5 299 278 7 27 5 194 197 10 2 6 110 119 6 10 6 135 140 10 18 6 295 311 
3 19 5 90 83 9 27 s 219 219 12 2 6 221 197 8 10 6 157 146 12 18 6 105 92 
5 19 5 304 293 11 27 5 99 103 14 2 6 4~., 443 10 10 6 65 67 14 18 6 315 339 V1 J.:. 

7 19 5 228 234 13 27 5 143 148 16 2 6 103 98 12 10 6 294 286 2 20 6 192 199 
N 

9 19 5 136 131 1 29 5 312 299 18 2 6 116 110 14 10 6 277 268 4 20 6 234 249 
11 19 5 307 323 3 29 5 100 78 2 4 6 221 228 16 10 6 253 246 6 20 6 341 J'1"1 

"'"' 
13 19 5 215 223 5 29 5 268 256 4 4 6 339 349 2 12 6 181 196 8 20 6 213 210 
15 19 5 85 1 01 7 29 5 220 231 6 4 6 408 387 ·4 12 6 384 367 10 20 6 202 210 
17 19 5 182 183 9 29 5 87 81 8 4 6 319 291 6 12 6 269 250 12 20 6 130 134 

1 21 5 237 246 11 29 5 205 210 I 10 4 6 302 288 8 12 6 357 365 16 20 6 71 80 
3 21 5 351 341 1 31 5 204 190 12 4 6 70 n 10 12 6 252 244 0 22 6 219 214 
5 21 5 196 201 3 31 5 311 299 14 4 6 112 103 12 12 6 40 57 2 22 6 224 233 
7 21 5 222 213 5 31 5 62 69 16 4 6 210 203 14 12 6 81 83 4 22 6 148 163 
9 21 5 223 212 7 31 5 224 229 18 4 6 253 248 16 12 6 144 152 6 22 6 37 4? 

11 21 5 54 62 9 31 5 171 169 0 6 6 755 685 18 12 6 107 104 8 22 6 147 142 
13 21 s 151 159 11 31 5 100 95 2 6 6 355 373 0 14 6 407 373 10 22 6 282 281 
15 21 5 176 178 1 33 5 202 200 4 6 6 416 403 2 14 6 324 321 12 22 6 24] 244 
1 23 5 264 255 3 33 5 94 99 6 6 6 191 194 4 14 6 356 358 14 22 6 192 193 
3 23 5 146 130 5 33 5 162 152 8 6 6 110 126 6 14 6 128 123 2 24 6 133 119 
5 23 5 241 238 7 33 5 165 170 10 6 6 141 128 8 14 6 118 113 4 24 6 331 331 
7 23 5 236 234 9 33 5 109 104 12 6 6 411 392 10 14 6 282 288 6 24 6 166 160 
9 23 5 56 62 1 35 5 204 205 14 6 6 120 135 12 14 6 204 208 8 24 6 316 330 

11 23 5 287 289 3 35 5 169 167 16 6 6 331 329 14 14 6 353 349 10 24 6 69 64 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR PR-EDTA STRUCTURE 

H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 

12 24 6 82 89 5 3 7 366 349 3 11 7 414 373 3 19 7 128 120 3 29 7 47 50 
0 26 6 425 393 7 3 7 334 336 5 11 7 200 194 5 19 7 288 294 5 29 7 226 219 
2 26 6 44 51 9 3 7 102 90 7 11 7 167 164 7 19 7 136 141 7 29 7 169 169 
4 26 6 220 221 1 1 3 7 312 322 9 11 7 365 367 9 19 7 162 152 9 29 7 60 75 
6 26 6 52 49 13 3 7 214 205 1 1 11 7 219 227 11 19 7 234 235 1 31 7 107 114 
a 26 6 177 181 15 3 7 107 106 13 11 7 131 146 13 19 7 166 163 3 31 7 205 205 

12 26 6 317 318 17 3 7 253 237 15 11 7 276 277 15 19 7 93 91 s 31 7 56 65 
2 28 6 126 114 1 5 7 137 142 17 11 "7 

I 83 67 1 21 7 200 198 7 31 7 139 148 
4 28 6 292 285 3 5 7 418 407 1 13 7 485 454 . 3 21 ., 279 269 1 33 .., 135 144 I I 

6 28 6 150 147 5 5 7 298 284 3 13 7 71 79 5 21 7 100 100 3 33 7 54 69 
8 28 6 368 376 7 5 7 238 243 5 13 7 414 398 7 21 7 217 215 0 0 8 593 568 

12 28 6 68 69 9 5 7 388 386 7 13 7 301 306 9 21 7 207 214 4 0 8 386 358 
0 30 6 216 191 13 5 7 292 282 9 13 7 168 162 11 21 7 78 73 8 0 8 210 240 _. 
2 30 6 311 283 15 5 7 272 264 11 13 7 286 292 13 21 7 156 162 12 0 8 391 395 Vl 

lJ.I 

4 30 6 133 139 17 5 7 40 38 13 13 7 170 178 1 23 7 325 331 16 0 8 247 243 
6 30 6 49 56 1 7 7 209 192 15 13 7 88 97 3 23 7 11 a 129 2 2 8 142 141 
8 30 6 1 13 1 11 3 7 7 111 97 17 13 7 141 140 5 23 7 268 262 4 2 8 397 400 

10 30 6 180 186 5 7 7 293 296 1 15 7 248 226 7 23 7 157 143 6 2 8 191 184 
2 32 6 168 170 7 7 7 295 290 3 15 7 337 319 9 23 7 93 90 8 2 8 354 340 
4 32 6 100 98 9 7 7 162 156 5 15 7 260 273 11 23 J 199 201 10 2 8 103 100 
6 32 6 297 296 11 7 7 217 217 7 15 "7 

I 73 80 13 23 7 1 '1') ,_ 129 12 2 8 111 107 
8 32 6 162 166 13 7 7 160 159 9 15 7 345 340 1 25 7 262 253 14 2 8 70 87 
2 34 6 241 241 15 7 7 199 205 11 15 7 105 1 01 3 25 7 297 287 16 2 8 226 223 
1 1 7 330 324 17 7 7 245 245 13 15 7 180 188 5 25 7 131 126 0 4 8 449 404 
3 1 7 486 451 1 9 7 239 247 15 15 7 196 210 7 25 7 184 189 2 4 a 278 276 
5 1 7 210 204 3 9 7 157 158 1 17 ., 

I 268 266 9 25 7 217 211 4 4 8 240 240 
7 1 7 223 223 5 9 7 355 373 3 17 J 253 235 11 25 7 169 172 6 4 8 168 149 
9 1 7 210 206 7 9 7 378 369 5 17 7 239 239 1 27 7 211 212 8 4 a 139 141 

11 1 7 222 193 9 9 7 294 291 7 17 ., 180 167 3 27 7 308 299 10 4 8 226 212 I 

13 1 7 217 216 11 9 . 7 241 241 9 17 1 191 184 5 27 7 175 177 12 4 8 278 264 
15 1 7 255 238 13 9 7 233 224 11 17 7 238 235 7 2l 7 175 164 14 4 8 218 214 
17 1 7 92 96 15 9 7 192 200 13 17 7 184 186 9 27 7 216 213 16 4 8 205 210 

1 3 7 440 406 17 9 7 100 110 15 ll 7 192 201 11 27 7 78 89 2 6 8 158 175 
3 3 7 289 275 1 11 7 139 137 1 19 7 333 320 1 29 7 216 224 4 6 8 187 189 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR PR-EDTA STRUCTURE 

H K L FO FC H I( L FO FC H K L FO FC H K L FO FC H K L FO FC 

6 6 9 493 492 10 14 9 180 196 8 26 8 79 63 3 7 9 224 209 11 15 9 143 139 
8 6 9 245 245 12 14 8 96 1 01 10 26 8 165 184 5 7 9 300 302 13 15 9 191 191 

1 0 6 8 286 288 0 16 8 559 545 0 29 8 142 136 7 7 9 1?3 165 1 17 9 215 211 
12 6 8 102 96 2 16 8 86 81 2 28 8 269 267 9 7 9 200 199 3 17 9 214 204 
14 6 8 46 43 4 16 8 310 313 6 28 8 80 81 11 ., 

I 9 232 227 5 17 9 227 221 
16 6 8 99 99 6 16 8 47 45 8 28 8 69 63 13 7 9 195 182 7 17 9 183 170 
0 8 8 184 171 8 16 8 103 99 2 30 8 100 116 15 7 9 95 99 9 17 9 205 198 
2 9 9 421 421 1 0 16 8 87 85 4 30 8 181 182 1 9 9 228 220 11 17 9 164 156 
4 8 8 69 99 12 16 8 343 343 6 30 8 219 217 3 9 9 398 375 13 17 9 10? 124 
6 9 8 65 45 14 16 8 95 85 1 1 9 315 309 o;-

..J 9 9 199 203 1 19 9 251 240 
8 8 9 81 87 2 19 a 43 33 3 1 9 337 337 7 9 9 300 312 3 19 9 115 104 

10 a 8 3-40 322 4 1a a 339 340 5 1 9 159 161 9 9 9 162 163 5 19 9 250 257 
12 8 8 117 106 8 18 8 396 392 7 1 9 249 260 11 9 9 258 254 7 19 9 219 213 
14 8 8 365 357 1 0 18 8 40 33 9 1 9 222 207 13 9 9 146 142 9 19 9 127 131 -' 

(Jl 

2 10 8 209 216 12 18 8 11 9 122 11 1 9 173 165 15 9 9 107 119 11 19 9 209 209 
.,.. 

4 10 8 129 128 14 18 8 88 92 13 1 9 133 136 1 11 9 224 24-4 1 21 9 184 177 
6 10 8 537 519 0 20 8 503 486 15 1 9 219 218 3 11 9 234 231 3 21 9 282 281 
a 1 o 8 107 94 2 20 8 226 223 1 3 9 373 354 5 11 9 206 195 5 21 9 96 116 

10 10 8 286 302 4 20 a 245 239 3 3 9 93 100 7 11 9 255 254 7 21 9 180 180 
12 10 8 113 104 10 20 8 111 90 o;-

,J 3 9 350 352 9 1 ., 9 285 280 9 21 9 243 249 
14 10 a 47 35 12 20 8 266 280 7 3 9 187 198 11 11 9 60 77 11 21 9 63 60 
16 10 a 74 72 2 22 8 123 114 9 3 9 74 69 13 11 9 217 215 1 23 9 186 183 
0 12 a 321 325 4 22 8 218 211 11 3 9 237 230 15 11 9 200 196 5 23 9 228 226 
2 12 8 321 317 6 22 8 307 308 13 3 9 200 199 1 13 9 267 275 7 23 9 'J'l"" ~4.:J 223 
4 12 8 255 248 8 22 8 222 223 15 3 9 116 108 3 13 9 42 49 9 23 9 116 107 
8 12 8 74 70 10 22 8 215 210 1 5 9 150 151 5 13 9 291 289 1 25 9 173 167 

10 12 9 319 317 12 22 8 56 40 3 5 9 393 365 7 13 9 215 204 3 25 9 131 130 
12 12 8 150 164 0 24 8 243 228 5 5 9 81 80 11 13 9 21:"'") ...JL 249 5 25 9 216 224 
14 12 8 305 299 2 24 8 397 375 7 5 9 249 243 13 13 9 168 1 71 7 ?·--:l 9 186 186 
16 12 9 135 145 4 24 a 93 92 9 5 9 233 233 1 15 9 282 278 1 .,., 

.:. I 9 133 126 
2 14 8 120 11 7 6 24 8 131 126 11 5 9 127 120 3 15 9 238 237 3 27 9 120 121 
4 14 8 323 328 10 24 8 213 224 13 5 9 162 1 91 5 15 9 123 142 527 9 180 1?6 
6 14 8 273 283 2 26 8 160 152 15 5 9 170 162 7 15 9 274 275 1 29 9 170 174 
8 14 8 316 310 6 26 8 345 346 1 ., 

I 9 286 276 9 15 9 241 237 3 29 9 43 L' 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR PR-EDTA STRUCTURE 

H K L FO FC 

2 0 10 288 303 
6 0 10 563 554 

10 0 10 346 350 
14 0 10 69 81 
0 2 10 120 121 
2 2 10 346 354 
4 2 10 172 171 
6 2 10 60 46 
8 2 10 66 65 

10 2 10 355 339 
12 2 10 119 114 
14 2 10 292 295 
2 4 10 133 144 
4 4 10 228 228 
6 4 10 277 272 
8 4 10 355 348 

10 4 10 217 223 
12 4 10 105 110 
14 4 10 64 42 
0 6 10 171 191 
2 6 10 96 97 
4 6 10 260 281 
6 6 10 122 . 96 
8 6 10 150 150 

10 6 10 107 104 
12 6 10 290 278 
14 6 10 143 154 
2 8 10 75 79 
4 8 10 276 295 
6 8 10 73 70 
8 8 10 345 348 

10 8 10 81 71 
12 8 10 69 69 
0 10 10 472 449 

H K L FO FC 

2 10 10 54 50 
4 10 10 304 300 
6 10 10 128 118 
8 10 10 150 158 

10 10 10 68 80 
12 10 10 ~335 334 
2 12 10 92 93 
4 12 10 333 324 
6 12 10 246 254 
8 12 10 321 321 

10 12 10 167 167 
121210 78 76 
0 14 10 290 257 
2 14 10 400 374 
6 14 10 134 123 
8 14 10 66 60 

10 14 10 203 206 
12 14 10 135 143 

2 16 10 182 176 
4 16 10 62 62 
6 16 10 342 334 
8 16 10 62 77 

10 16 10 207 199 
0 18 10 46 58 
2 18 10 373 357 
4 18 10 130 131 
6 18 10 60 56 
8 18 1 0 44 50 

10 18 10 189 195 
2 20 10 164 167 
4 20 10 92 90 
6 20 10 287 290 
8 20 10 143 140 
0 22 10 324 324 

H K L FO FC 

2 22 10 197 188 
4 22 10 
8 22 10 
2 24 10 
4 24 10 
6 24 10 
0 26 10 
2 26 10 

11 
11 
11 

1 
3 
5 
7 1 11 
9 1 11 

11 1 11 
1 3 11 
3 3 11 
s 3 11 
7 3 11 
9 3 11 

11 3 11 
1 5 11 
3 5 11 
5 5 11 
? 5 11 
9 5 11 

11 5 11 
1 7 11 
3 7 11 
5 7 11 
7 7 11 
9 7 11 

11 ? 11 
1 9 11 
3 9 11 

168 174 
66 54 
71 69 

262 267 
92 97 

385 391 
41 33 

175 168 
322 304 
251 248 
Fl? 196 
267 270 
190 186 
350 320 

69 47 
270 2?0 
190 195 

81 82 
220 224 
84 83 

256 251 
ao 67 

153 154 
2?9 265 
67 56 

272 256 
243 230 
171 167 
259 271 
129 129 
175 186 
1?3 166 
182 1?8 

H K L FO FC 

5 9 11 
? 9 11 
9 9 11 

11 9 11 
1 11 11 
3 11 11 
5 11 11 
7 11 11 
9 11 11 
1 13 11 
J 13 11 
5 13 11 
7 13 11 

15 11 
J 15 11 
5 15 11 
7 15 11 
9 15 11 
1 17 11 
3 17 11 
5 17 11 
? 17 11 
1 1 9 11 
J 19 11 
5 19 11 
7 19 11 
1 21 11 
J 21 11 
5 21 11 
0 0 12 
4 0 12 
8 0 12 
2 2 12 
4 2 12 

169 168 
168 158 
199 191 
172 180 
181 170 
375 373 
121 113 
219 231 
190 207 
189 177 

51 31 
232 243 
169 173 
234 239 
229 243 
121 117 
147 166 
165 180 
108 114 
191 189 
153 161 
128 134 
217 213 
136 141 
109 128 
172 181 
133 131 
214 217 

41 41 
502 498 
1l3 201 
87 90 

119 118 
281 285 

H K L FO FC 

6 212117 
8 2 12 285 
0 4 12 328 
2 4 12 289 
4 4 12 188 
6 4 12 63 
2 6 12 224 
4 6 12 155 
6 6 12 247 
8 6 12 157 
2 8 12 429 
4 8 12 64 
6 8 12 104 
2 10 12 166 
4 10 12 ?5 
6 10 12 313 
8 10 12 90 
0 12 12 165 
2 12 12 255 
4 12 12 46 
6 12 12 71 
4 14 12 271 
6 14 12 172 
0 16 12 237 
2 16 12 121 
4 16 12 90 
1 1 13 142 
3 1 13 139 
5 1 13 170 
1 3 13 223 
3 3 13 40 
5 3 13 201 
1 5 13 ?1 
3 5 13 191 

121 
286 
326 
290 
187 
50 

212 
147 
243 
147 
419 
67 

111 
170 
? .. 

3'l'l ..... 
78 

180 
271 
52 
?0 

283 
159 
242 
108 
102 
155 
132 
178 
2'1"1 ... , 

23 
202 
88 

196 

lJ1 
lJ1 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR PR- EDTA STRUCTURE 

H K l FO FC H K L FO FC H K L FO FC 

5 5 13 109 119 7 13 180 189 3 l 13 150 140 

H K L FO FC 

9 13 130 139 

H K L FO FC 

3 9 13 160 164 

(Jl 

0\ 



APPENDIX B 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR EU-EDTA STRUCTURE 

H- K L FO FC 

4 0 0 754 737 
8 0 0 306 290 

12 0 0 509 510 
16 0 0 327 329 

4 2 0 608 712 
6 2 0 445 466 
8 2 0 454 474 

10 2 0 346 377 
12 2 0 52 25 
16 2 0 421 418 
18 2 0 143 136 
20 2 0 311 316 
2 4 0 822 779 
4 4 0 271 271 
6 4 0 173 161 
8 4 0 275 240 

10 4 0 186 205 
12 4 0 254 258 
14 4 0 387 388 
16 4 0 145 160 
18 4 0 176 181 
20 4 0 60 67 

2 6 0 259 281 
4 6 0 81 72 
6 6 0 632 628 
8 6 0 125 127 

10 6 0 446 473 
12 6 0 48 38 
16 6 0 237 253 
18 6 0 371 373 
20 6 0 236 247 

0 8 0 158 166 
2 8 0 592 602 
4 8 0 483 544 

H K L FO FC 

6 8 0 343 334 
8 8 0 134 156 

10 8 0 422 470 
12 a o 45 29 
14 8 0 521 533 
16 8 0 56 40 
18 8 0 180 171 
20 8 0 53 53 

2 10 0 431 396 
4 10 0 212 191 
6 10 0 843 874 
8 10 0 310 269 

10 10 0 389 423 
12 10 0 132 135 
14 10 0 104 96 ' 
18 10 0 379 379 
0 12 0 954 916 
2 12 0 405 450 
4 12 0 227 228 
8 12 0 119 129 

10 12 0 509 532 
12 12 0 391 415 
14 12 0 320 329 
16 12 0 220 242 
18 12 0 133 127 

2 14 0 51 40 
4 14 0 670 649 
6 14 0 519 520 
8 14 0 516 541 

10 14 0 107 107 
12 14 0 129 124 
16 14 0 237 239 
19 14 0 155 149 

20 14 0 242 247 

H K L FO FC 

0 16 0 
2 16 0 
4 16 0 
6 16 
8 16 

10 16 
12 16 

0 
0 
0 
0 

14 16 0 
16 16 0 

2 18 0 
4 18 0 
8 18 0 

10 18 0 
12 18 0 

852 821 
279 243 
197 192 
68 71 

272 268 
130 141 
523 530 

79 78 
297 284 
168 161 
422 427 
384 3?2 
166 
123 

47 
337 

178 
115 

6 
360 

14 18 0 
16 18 0 
18 18 0 99 

0 337 
0 440 
0 75 
0 164 
0 158 
0 433 
0 

0 20 
4 20 
6 20 
8 20 

10 20 
12 20 
14 20 
16 20 

198 

81 .,,., 
~-- 1 

436 
n 

173 
167 
440 
202 

0 
2 22 0 
4 22 0 
6 22 0 
8 22 

10 22 
14 22 
16 22 

0 
0 
0 
0 

18 22 0 
0 24 0 

26? 278 
20} 218 
198 1111 
462 478 
224 219 
274 2?8 

61 48 
197 193 
29:'j 301 
1 :'iO 12:5 

H K L FO FC 

2 24 0 437 435 
4 24 0 258 252 
6 24 0 46 37 
8 24 0 7J 69 

10 24 0 422 439 
12 24 0 106 110 
14 24 0 375 373 
2 26 0 223 231 
6 26 0 533 531 
8 26 0 67 73 

10 26 0 194 192 
12 26 0 59 38 
14 26 0 112 109 
0 28 0 123 111 
2 28 0 395 394 
4 28 0 79 90 
8 28 0 81 101 

10 28 0 324 332 
12 28 0 155 154 
14 28 0 291 294 
2 30 0 87 78 
4 30 0 257 276 
6 30 0 436 439 
8 30 0 283 282 

10 30 0 233 234 
12 JO 0 107 113 
0 32 0 303 294 
4 32 0 309 311 
8 32 0 139 134 

10 32 0 105 114 
12 32 0 328 329 
4 34 0 379 378 
8 34 0 384 385 
0 36 0 380 353 

H K L FO FC 

2 36 0 198 
4 36 0 194 
6 36 0 97 

212 
182 

T7 
I I 

8 36 0 
2 38 0 
4 38 0 
3 1 1 
5 
7 
9 

11 
13 
15 
1 7 1 
1 9 1 
21 1 

3 3 
5 3 
7 3 
9 3 

11 3 
13 3 
15 3 
17 3 
19 3 
21 J 

1 5 
3 5 
5 5 
7 s 
9 5 

11 5 
13 5 1 
15 5 1 

n 94 
86 98 

20? 218 
504 466 
528 526 
330 348 
569 580 
280 273 
256 2?9 
309 31? 
198 204 
238 
160 
76 

518 
500 
266 
404 
2?2 
189 
320 
146 
78 

455 
341 

8-4 
246 
515 
137 
282 
j

.,., 
I ,J 

230 
151 

76 
575 
532 
280 
446 
283 
191 
320 
146 
84 

455 
340 
-,, 
I "-

260 
~:,., -, 

.J-<.1 

141 
301 
::IHJ 

U1 
-.....) 



OBSERVED AND CALCULATED STRUCTUR E FACTORS FOR EU- EDTA STRUCTURE 

H K L FO FC H I{ L FO FC H K L FO FC H K L FO FC H K L FO FC 

17 5 1 94 101 19 11 1 ') '1 '1 
-'-...:.. 234 7 19 1 371 356 3 ..., ., 

~I 1 327 316 7 37 1 148 148 
19 5 1 235 250 1 13 1 555 517 9 19 1 223 230 5 27 1 315 324 1 39 1 180 193 
21 5 1 185 182 3 13 1 137 132 11 19 1 284 280 7 27 1 1'-'""7 ..JI 157 2 0 2 418 383 
1 7 1 425 412 5 13 1 355 351 13 19 1 217 219 9 27 1 280 269 6 0 2 763 739 
3 7 1 204 218 7 13 1 362 357 15 19 1 153 146 11 27 1 168 182 10 0 2 488 437 
5 7 1 455 417 9 13 1 100 98 17 19 1 203 204 13 27 1 171 169 14 0 2 225 257 
7 7 1 490 501 11 1 3 1 477 480 19 19 1 169 167 15 27 1 232 243 18 0 2 461 450 
9 7 1 436 462 13 13 1 261 266 1 21 1 229 210 1 29 1 251 266 0 2 2 351 334 

11 7 1 269 275 15 13 1 77 78 3 21 1 597 591 3 29 1 56 48 2 2 2 581 586 
13 7 1 257 268 17 13 1 301 319 5 21 1 44 41 5 29 1 312 303 4 2 2 237 235 
15 7 1 122 118 19 13 1 107 123 7 21 1 275 264 l 29 1 224 216 8 2 2 315 300 
17 7 1 254 264 . 1 15 1 522 461 9 21 1 283 268 11 29 1 241 246 10 2 2 616 605 
19 7 1 196 198 3 15 1 4?1 455 11 21 1 76 65 .13 29 1 138 135 12 2 2 206 216 
21 7 1 104 98 5 15 1 317 302 13 21 1 206 219 1 31 1 132 137 14 2 2 510 498 V1 

00 

1 9 1 82 11 0 7 15 1 331 301 15 21 1 315 324 3 31 1 327 341 16 2 2 75 78 
3 9 1 678 596 9 15 1 422 406 17 21 1 75 85 5 31 1 125 122 18 2 2 H4 139 
5 9 1 459 456 11 1 5 1 11 7 117 1 23 1 443 422 7 31 1 179 189 20 2 2 48 43 
7 9 1 427 402 13 15 1 258 274 3 23 1 195 180 9 31 1 265 266 2 4 ..., 183 166 ... 
9 9 1 537 560 15 15 1 248 250 5 23 1 391 368 11 3"1 1 113 1 1 1 4 4 2 444 438 

11 9 1 31 1 325 17 15 1 118 1 1 9 7 23 1 190 174 13 31 1 217 221 6 4 2 521 548 
13 9 1 294 325 19 15 1 134 144 9 23 1 152 148 1 33 1 210 206 8 4 2 594 591 
15 9 1 21 1 232 1 1 7 1 334 321 11 23 1 249 250 . 3 33 1 229 232 10 4 2 391 405 
17 9 1 260 272 3 17 1 441 407 13 23 1 229 239 5 33 1 274 264 12 4 2 125 120 
.19 9 1 181 180 5 17 1 312 274 15 23 1 129 127 7 33 1 201 209 14 4 2 51 54 
21 9 1 137 135 7 17 1 330 309 17 23 1 200 213 9 33 1 179 163 16 4 2 227 229 

1 11 1 752 704 9 17 1 218 204 1 25 1 339 330 11 33 1 189 193 18 4 2 304 282 
3 11 1 602 564 11 1 7 1 374 358 3 25 1 337 338 1 35 1 197 186 20 4 2 238 242 
5 11 1 272 244 13 17 1 108 106 5 25 1 345 325 3 35 1 112 117 0 6 2 617 630 
7 11 1 534 499 15 17 1 195 203 7 25 1 200 194 5 35 1 224 222 2 6 2 474 491 
9 11 1 499 489 17 17 1 193 198 9 '}0:" ,,J 1 179 171 7 35 1 191 188 4 6 2 388 326 

11 11 1 118 145 19 17 1 1 51 156 11 25 1 218 220 9 35 1 150 154 6 6 2 154 158 
13 1 1 1 288 305 1 19 1 455 452 13 25 1 113 114 1 37 1 132 t 22 8 6 2 379 373 
15 11 1 236 248 3 19 1 310 305 15 25 1 186 191 3 37 1 244 256 10 6 2 105 106 
17 1 1 1 55 55 5 19 1 313 291 1 27 1 210 204 5 37 1 102 104 12 6 2 452 450 



OBSERVED AHD CALCULATED STRUCTURE FACTORS FOR EU- EDTA STRUCTURE 

H K L FO FC 

14 6 2 280 287 
16 6 2 285 292 
18 6 2 
2 8 2 
4 a 2 
6 8 2 
8 8 2 

10 8 2 
12 8 2 
16 8 2 
18 8 2 
20 8 2 
0 10 2 
2 10 2 
4 10 2 
6 10 2 
8 10 2 

10 10 2 
12 10 2 
14 10 2 
16 10 2 
18 10 2 
2 12 2 
4 12 2 
6 12 2 
8 12 2 

10 12 2 
12 12 2 
16 12 2 
18 12 2 
20 12 2 

117 
412 
651 
1 1 2 
825 
83 

126 
251 

52 
319 
904 
350 
491 
332 
299 

60 
519 
158 
312 

58 
123 
570 
471 
541 
325 

91 
161 
271 
245 

110 
349 
596 
120 
849 

82 
142 
252 

35 
330 
917 . 
310 
H3 
328 
308 

61 
519 
147 
338 

56 
119 
551 
448 
547 
326 

88 
175 
267 
263 

0 14 
2 14 
4 14 

2 245 259 
2 718 721 
.!. 223 223 

H K L FO FC 

6 14 2 
10 14 2 
12 14 
14 14 
16 14 
18 14 

2 16 
4 16 
6 16 

10 16 
12 16 
14 16 
18 16 
0 18 
2 18 
4 18 
6 18 
8 18 

10 18 
12 18 
14 18 
18 18 
2 20 
4 20 
6 20 
8 20 

10 20 
12 20 
14 20 
16 20 
18 20 
0 22 
2 22 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

190 1?5 
365 368 
226 221 
330 349 
200 197 
110 124 
398 374 
1 31 128 
569 567 • 
374 369 
162 169 
177 193 
287 295 
272 282 
794 785 

94 97 
1 37 141 

90 82 
311 299 

65 62 
426 433 
10 ~ 108 
J95 J98 
294 288 
483 480 
345 329 
328 335 
11 3 1 21 
101 87 
149 143 
209 213 
541 538 
379 362 

4 22 2 392 373 

H K L FO FC 

6 22 2 54 
2 115 
2 194 
2 297 
2 2-41 

0 ' :1':1 u ~~ 

10 22 
12 22 
14 22 
16 22 2 246 

2 170 
2 442 

2 24 
4 24 

95 
2 486 

1H 

6 24 2 
8 24 

12 24 2 
14 24 2 
16 24 2 

69 
194 
496 

2 133 
2 311 

0 26 2 
2 26 
4 26 
6 26 2 
8 26 2 

10 26 2 
1 :2 26 2 
14 26 2 
16 26 2 

2 28 2 
4 28 2 

42 
195 
56 

354 
50 

246 
1 .. , ' l I .:. 

401 
6 28 2 208 
8 28 2 296 

10 28 2 152 
12 28 2 58 
14 28 2 61 
0 30 2 187 
2 30 2 305 
4 JO 2 226 
6 30 2 4'/ 
8 30 2 120 

32 
105 
204 
289 
240 
' l•- c 
.:,;).J 

174 
437 

86 
491 
135 

67 
193 
475 
131 
309 

32 
197 
60 

358 
33 

25/ 
184 
381 
218 
293 
150 

59 
52 

1/1 
315 
21? 
4 ~1 

130 

H K L FO FC 

10 30 2 216 
12 30 2 222 

2 32 2 217 
4 32 2 101 

2 355 
2 102 
2 198 
2 

6 32 
8 32 

10 32 
12 32 

2 34 
65 

348 
231 
179 

2 
10 34 2 

2 36 2 
4 36 2 
6 36 2 
8 36 2 
0 38 2 
2 38 2 
4 38 2 
1 1 3 
3 1 3 
5 1 3 
? 1 3 

1'1"' ,., 
263 
109 
175 
210 
115 
547 
418 
280 
253 

9 1 
1 1 
1J 

J 579 
3 271 
3 

15 1 3 
11 1 3 
19 1 3 
21 1 3 

1 3 J 
J 3 3 
5 3 3 
7 3 3 
9 3 3 

11 J 3 

296 
198 
165 
187 
184 
411 
161 
536 
343 
141 
381 

2'1 '1 

"'' 
221 
237 
109 
351 
111 
207 

53 
339 
246 
190 
109 
269 

96 
174 
213 
117 
641 
446 
299 
234 
554 
264 
289 
182 
155 
163 
191 
4'52 
1H 
541 
348 
151 
369 

H K l FO FC 

13 3 3 
15 3 3 
1? J 3 
19 3 3 
21 3 3 

1 5 3 
3 5 3 
5 5 3 
7 5 .3 
9 5 3 

11 5 3 
13 5 3 
15 s 3 
17 5 3 
19 5 3 
21 5 3 

1 7 3 
3 7 3 
s 7 3 
? J 3 
9 7 3 

11 7 3 
13 7 3 
15 1 3 
17 l 3 
19 7 3 

1 9 3 
3 9 3 
:5 9 3 
7 9 J 
9 9 3 

11 9 3 
13 9 3 
15 9 J 

302 284 
125 114 
243 243 
156 152 
105 90 
188 204 
567 617 
155 135 
322 331 
453 426 
1 so 156 
247 237 
JOB 324 
115 110 
220 229 
187 196 
633 594 
482 447 
614 599 
287 
231 
316 
185 
165 
322 
201 
J-46 
499 
45~ 

399 
179 
2B5 
229 
219 

289 
260 
339 
190 
173 
318 
204 
358 
479 
4 '1 '7 

4.1 

370 
180 
301 
234 
221 

V1 
\0 



OBSEAV£D AND CALCULATED STRUCTURE FACTORS FOR EU-EDTA STRUCTURE 

H K L FO FC H K L FO FC H I< L FO FC H K L FO FC H K L FO FC 

17 9 3 271 273 5 17 3 373 352 1 25 3 184 171 1 35 3 180 193 4 6 4 227 211 
19 9 3 169 166 7 17 3 242 238 3 25 3 318 316 3 35 3 176 193 6 6 4 762 785 
1 11 3 551 515 9 17 3 445 439 5 25 3 303 290 5 35 3 183 190 8 6 4 255 271 
3 11 3 543 507 11 17 3 169 171 "1 ?"' I • ..J 3 295 302 7 35 3 142 152 10 6 4 H6 325 
5 11 3 340 306 13 17 3 322 322 9 25 3 299 292 1 37 3 16-4 153 12 6 .. 95 88 
7 11 3 312 297 15 17 3 230 217 11 25 3 200 188 3 37 3 215 232 14 6 .. 73 91 
9 11 3 407 385 17 17 3 205 210 13 25 3 202 196 5 37 3 115 111 16 6 4 138 133 

11 11 3 156 162 19 17 3 177 175 15 25 3 155 162 0 0 4 589 638 18 6 4 379 374 
13 11 3 55 68 1 19 3 208 195 127 3 193 206 .. 0 4 49 48 20 6 4 99 93 
15 11 3 285 302 3 19 3 222 206 3 27 3 352 333 a 0 4 459 432 0 8 4 332 274 
17 11 3 156 163 5 19 3 295 263 5 27 3 190 188 12 0 4 604 582 2 8 4 604 612 
19 11 3 217 226 7 19 3 432 429 7 27 3 250 261 16 0 4 254 247 .. a .. 348 336 
1 13 3 617 566 9 19 3 11 3 101 9 27 3 292 290 20 0 4 73 70 6 a 4 266 267 
3 13 3 269 247 11 19 3 363 372 11 27 3 177 172 2 2 4 127 125 a 8 4 202 203 

__. 
0\ 

5 13 3 604 583 13 19 3 229 224 13 27 3 147 148 4 2 4 769 791 10 a 4 390 370 0 

7 13 3 462 438 15 19 3 193 193 15 27 3 179 182 6 2 4 375 371 12 8 4 140 153 
9 13 3 135 139 17 19 3 272 267 1 29 3 296 273 a 2 4 754 720 14 8 4 411 424 

11 13 3 359 364 1 21 3 109 123 3 29 3 47 65 10 2 4 141 129 16 8 4 . 107 104 
13 13 3 326 324 3 21 3 399 365 5 29 3 330 326 12 2 4 2aO 276 1a a .. 174 179 
15 13 3 11 0 114 s 21 3 187 174 7 29 3 334 326 14 2 .. 55 43 20 8 4 57 36 
17 13 3 214 214 7 21 3 221 236 9 29 3 92 77 16 2 4 195 188 2 10 4 193 190 
19 13 3 137 142 9 21 3 432 410 11 29 3 249 245 18 2 .. 123 108 4 10 4 319 280 
1 15 3 432 405 11 21 3 119 122 13 29 3 147 150 20 2 4 258 252 6 10 4 665 668 
3 15 3 548 497 13 21 3 271 263 1 31 3 163 145 0 4 4 514 545 a 10 4 79 70 
5 15 3 238 225 15 21 3 282 281 3 31 3 301 312 2 4 4 664 631 10 10 -4 329 314 
7 15 3 307 295 1 23 3 351 331 5 31 3 142 J.41 4 4 4 216 226 14 10 4 100 115 
9 15 3 392 387 3 23 3 135 1 1 7 7 31 3 134 153 ' 6 4 4 78 56 16 10 4 106 116 

11 15 3 273 267 ~ 23 3 341 332 9 31 3 211 217 8 4 4 365 371 18 10 4 339 356 
13 15 3 208 211 7 23 3 397 391 11 31 3 84 104 10 4 4 334 316 20 10 4 98 11-i 
15 15 3 294 285 9 23 3 180 178 1 33 J 146 156 12 4 4 515 528 0 12 4 701 680 
17 15 3 132 121 11 23 3 3a2 358 3 33 3 166 171 14 4 4 225 212 2 12 4 602 582 
19 15 3 158 175 13 23 3 184 173 5 33 3 167 183 16 4 4 311 308 .. 12 4 320 330 
1 17 3 322 293 15 23 3 153 150 7 33 3 157 160 18 4 4 121 11 1 6 12 4 102 113 
3 17 3 354 323 17 23 3 211 218 9 33 3 114 125 20 4 4 54 50 8 12 4 180 177 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR EU - EDTA STRUCTURE 

H K l FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 

10 12 4 386 364 6 20 4 42 58 2 30 4 150 150 17 3 5 293 276 5 11 0: 
..J 102 813 

12 12 4 208 212 a 20 4 54 58 4 30 4 260 250 19 3 0: 
.J 150 121 7 11 s 200 202 

14 12 4 285 280 10 20 4 235 232 6 30 4 248 236 I 5 5 551 558 9 11 5 370 364 
16 12 4 161 161 12 20 4 420 409 a 30 4 296 297 3 5 ... 

.J 639 675 11 11 s 201 182 
18 12 4 99 86 14 20 4 238 242 10 30 4 103 97 ~ 5 5 511 538 13 11 s 187 172 
2 14 4 221 215 16 20 4 221 226 0 32 4 411 418 7 5 5 375 392 1 :s 11 ~ 314 302 
4 14 4 469 452 2 22 4 91 97 2 32 4 171 179 9 5 "' 451 457 17 11 5 138 138 ..J 

6 14 4 374 379 4 22 4 309 294 4 32 4 251 257 11 5 5 60 48 19 11 5 184 189 
8 14 4 504 488 6 22 4 395 382 6 32 4 97 87 13 5 0: 

.J 358 349 1 13 5 492 489 
10 14 4 139 149 a 22 4 304 294 8 32 4 67 55 15 0: .., ... 

..J 293 277 3 13 5 55 58 
12 14 4 46 32 10 22 4 236 224 10 32 4 52 53 . 17 5 5 71 60 5 13 5 432 428 
14 14 4 128 123 12 22 4 114 111 4 34 4 255 260 19 5 5 196 195 7 13 5 361 352 
16 14 4 255 244 14 22 4 126 133 8 34 4 262 266 1 7 5 439 456 9 13 5 100 98 __.. 
18 14 4 174 171 16 22 4 101 11 0 0 36 4 353 363 3 7 5 229 242 11 13 s 265 265 0\ 

0 16 4 761 762 0 24 4 225 202 2 36 4 62 74 5 7 5 313 326 13 13 5 161 155 
2 16 4 198 196 2 24 4 387 397 4 36 4 166 182 7 7 5 323 350 15 13 5 76 73 
4 16 4 352 361 6 24 4 49 52 1 1 5 244 270 9 7 5 135 131 17 13 5 . 215 216 
6 16 4 123 117 10 24 4 320 316 3 1 5 380 4-45 11 7 5 336 336 1 15 5 182 188 
a 16 4 163 166 12 24 4 167 160 5 1 5 239 243 13 7 5 261 261 3 15 5 487 469 

10 16 4 70 72 14 24 4 308 300 7 1 5 366 346 15 7 5 207 190 5 15 5 111 110 
12 16 4 475 479 2 26 4 271 278 9 1 5 396 386 17 7 5 276 275 7 15 5 258 249 
14 16 4 120 126 4 26 4 58 33 11 1 5 308 306 19 '7 

' 5 154 164 9 15 5 410 397 
16 16 4 270 281 6 26 4 514 512 13 1 5 276 252 1 9 "' .J -406 409 11 15 5 134 133 
2 1 a 4 88 81 8 26 4 51 62 15 1 5 319 292 3 9 5 294 282 13 15 5 232 224 
4 18 4 431 425 10 26 4 321 307 17 1 5 202 190 5 9 "' .J 509 532 15 15 5 299 286 
6 1 a 4 200 185 12 26 4 75 80 19 1 5 172 166 7 9 5 265 268 17 15 5 96 101 
8 18 4 531 512 14 26 4 81 84 1 3 5 288 322 9 9 5 189 200 1 17 5 -432 437 

10 18 4 102 104 0 28 4 325 327 3 3 ... 208 201 11 9 5 24-4 251 3 17 5 363 344 .., 
12 18 4 175 163 2 28 4 403 409 5 3 5 427 450 13 9 0: 

.J 167 167 5 17 5 373 381 
16 18 -4 265 267 4 28 4 169 159 7 3 5 503 515 15 9 5 179 176 7 17 5 238 225 
1 a 1 a 4 60 55 6 28 4 133 135 9 3 5 154 146 17 9 5 236 231 9 17 5 285 266 
0 20 4 352 361 8 28 4 94 77 11 3 5 388 368 19 9 5 139 142 11 17 5 213 203 
2 20 4 379 370 10 28 4 250 247 13 3 5 349 332 1 11 5 25-4 248 13 17 5 284 275 
4 20 4 146 157 12 28 4 172 165 15 3 5 169 161 3 11 5 368 369 15 17 5 178 166 



OBSERVED AHD CALCULATED STRUCTURE FACTORS FOR EU-EDTA STRUCTURE 

H K L FO fC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 

17 17 5 151 151 3 27 5 335 334 10 2 6 176 198 a 1 o 6 172 168 14 18 6 366 363 
1 19 5 323 309 5 27 5 151 148 12 2 6 237 208 10 10 6 95 95 16 18 6 58 47 
3 19 5 106 95 7 27 5 202 205 14 2 6 475 457 12 10 6 325 320 2 20 6 209 223 
5 19 5 309 295 9 27 5 262 255 16 2 6 110 95 14 10 6 276 267 4 20 6 276 285 
7 19 5 268 266 11 27 5 120 119 1 a 2 6 105 92 16 10 6 254 243 6 20 6 359 341 
9 19 5 126 113 13 27 5 141 154 2 4 6 236 253 2 12 6 186 197 8 20 6 237 236 

11 19 5 350 340 1 29 5 320 323 4 4 6 355 377 4 12 6 388 394 10 20 6 216 205 
13 19 5 261 258 3 29 5 55 53 6 4 6 433 430 6 12 6 303 286 12 20 6 136 134 
15 19 5 102 104 5 29 5 282 275 8 4 6 332 322 ' 8 12 6 368 369 16 20 6 120 115 
17 19 5 209 202 7 29 5 241 248 10 4 6 319 316 10 12 6 265 258 0 22 6 267 269 
1 21 5 244 247 9 29 5 68 63 12 4 6 42 50 12 12 6 61 65 2 22 6 211 230 
3 21 5 376 358 11 29 5 225 227 14 4 6 139 125 14 12 6 106 104 4 22 6 177 196 
5 21 s 217 22a 1 31 5 186 181 16 4 6 244 236 16 12 6 179 182 a 22 6 163 161 ....... 
7 21 5 237 220 3 31 5 312 307 18 4 6 258 258 1 a 12 6 136 139 10 22 6 271 264 0\ 

N 
9 21 s 255 249 5 31 5 70 83 0 6 6 748 747 0 14 6 394 391 12 22 6 301 288 

11 21 5 95 91 7 31 5 219 219 2 6 6 310 356 2 14 6 360 369 14 22 6 202 190 
13 21 5 177 179 9 31 5 194 192 4 6 6 417 4-44 4 14 6 352 351 2 2-4 6 119 115 
15 21 5 207 203 1 33 5 220 222 6 6 6 145 149 6 14 6 129 117 4 24 6 355 355 
1 23 5 263 259 3 33 5 137 130 8 6 6 142 156 a 14 6 115 120 6 24 6 134 130 
3 23 5 162 152 5 33 5 178 167 10 6 6 141 140 10 14 6 327 330 8 24 6 335 337 
5 23 5 226 225 7 33 5 175 182 12 6 6 453 449 12 14 6 190 190 10 24 6 55 60 
7 23 5 262 260 1 35 5 211 224 14 6 6 146 154 14 14 6 -400 378 12 24 6 90 84 
9 23 5 a2 90 3 35 5 163 158 16 6 6 313 307 16 14 6 139 147 0 26 6 430 415 

11 23 5 334 324 5 35 5 165 173 2 8 6 110 106 2 16 6 362 366 2 26 6 59 56 
13 23 5 16a 181 2 0 6 337 330 4 8 6 -446 472 4 16 6 136 126 4 26 6 230 235 
15 23 r: 53 74 6 0 6 469 477 8 8 6 495 521 6 t 6 6 573 545 8 26 6 188 197 .J 

1 25 5 182 184 10 0 6 487 463 10 8 6 140 145 10 16 6 355 366 12 26 6 346 337 
3 25 5 268 286 14 0 6 285 249 12 8 6 187 199 12 16 6 84 66 2 28 6 130 128 
5 25 5 150 156 18 0 6 336 303 16 8 6 342 320 14 16 6 59 63 4 28 6 300 302 
7 25 5 255 256 0 2 6 401 423 18 a 6 54 57 0 18 6 152 145 6 28 6 191 189 
9 25 5 265 266 2 2 6 759 781 0 10 6 538 575 2 18 6 366 372 8 28 6 364 365 

11 25 5 122 120 4 2 6 191 202 2 10 6 122 124 8 18 6 115 107 10 28 6 70 71 
13 25 5 187 193 6 2 6 80 81 4 10 6 328 355 10 18 6 325 335 0 30 6 228 201 

1 27 5 157 151 a 2 6 93 78 6 10 6 122 123 12 18 6 132 120 2 JO 6 331 31a 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR EU-EDTA STRUCTURE 

H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 

4 30 6 t 31 132 17 5 7 74 70 13 13 7 190 197 1 23 7 323 334 16 0 8 2-45 236 
8 30 6 117 117 1 7 7 211 215 15 13 7 71 72 3 23 7 136 1-42 2 2 8 133 13a 

10 30 6 207 210 3 7 7 12a 125 17 1 J 7 164 162 5 23 7 277 270 4 2 a 413 432 
2 32 6 18-4 186 5 7 7 286 305 1 15 7 258 249 7 23 7 183 168 6 2 8 191 194 
4 32 6 89 78 7 7 7 321 325 3 15 7 362 361 9 23 7 101 90 a 2 8 351 344 
6 32 6 325 323 9 7 7 167 170 5 15 7 2a1 284 11 23 7 202 199 10 2 8 88 86 
8 32 6 145 151 11 7 7 221 226 7 1 s 7 104 101 13 23 7 145 145 12 2 8 79 82 
0 34 6 55 41 13 7 7 215 212 9 15 7 374 369 1 25 J 266 264 H 2 8 70 81 
2 34 6 253 265 15 7 7 205 211 11 t 5 7 113 107 3 25 7 28-4 2a5 16 2 8 257 262 
t 1 7 328 339 17 7 7 241 250 13 15 7 189 192 5 25 7 159 164 0 4 8 449 443 
3 1 7 465 477 1 9 7 235 255 15 15 7 231 215 7 25 7 187 193 2 4 8 299 306 
5 1 7 221 224 3 9 7 160 156 1 17 7 255 262 9 25 7 214 209 4 4 8 259 258 
7 1 7 207 211 5 9 7 351 379 3 17 7 278 273 11 25 7 193 197 6 4 a 147 140 
9 1 7 235 225 7 9 7 376 377 5 17 7 232 239 1 27 7 211 213 8 4 a 132 139 0\ 

Vol 
11 1 7 244 208 9 9 7 285 291 7 17 7 213 199 3 27 7 330 319 10 4 8 248 241 
13 1 7 225 227 11 9 7 261 266 9 17 7 179 178 5 27 7 175 176 12 4 8 286 269 
15 1 7 273 259 13 9 7 253 243 11 17 7 251 237 7 27 7 166 159 1-4 4 a 255 241 
17 1 7 11 0 108 15 9 7 188 187 13 17 7 21-4 213 9 27 7 241 227 16 4 8 195 185 

1 3 7 434 438 17 9 7 132 139 15 17 7 20-4 206 11 27 7 107 102 2 6 8 168 185 
3 3 7 241 259 1 11 7 146 141 1 19 7 352 356 1 29 7 240 243 4 6 8 180 186 
5 3 7 357 356 3 11 7 429 416 3 19 7 126 121 3 29 7 49 49 6 6 8 492 -498 
7 3 7 321 353 5 11 7 197 199 5 19 7 302 312 5 29 7 233 237 8 6 8 223 231 
9 3 7 111 1 01 7 11 7 182 186 7 19 7 171 169 7 29 7 175 182 10 6 8 261 269 

11 3 7 326 346 9 11 7 389 390 9 19 7 163 150 9 29 7 56 64 12 6 8 76 75 
13 3 7 233 224 11 11 7 195 202 11 19 7 255 244 1 31 7 129 133 14 6 a 55 53 
15 3 7 99 99 13 11 7 158 164 13 19 '7 

I 189 178 3 31 7 215 219 16 6 8 128 121 
17 3 7 270 250 1 5 11 7 298 298 15 19 7 88 74 5 31 7 92 93 0 a 8 165 176 

1 5 7 148 160 17 11 7 54 60 , 21 7 178 186 7 31 7 155 155 2 8 8 442 451 
3 5 7 403 423 1 13 7 457 452 3 21 7 299 293 1 33 7 145 155 4 8 8 78 100 
5 5 7 297 304 3 13 7 78 90 5 21 7 96 100 3 33 7 95 113 6 a a 49 36 
7 5 7 230 240 5 13 7 397 382 7 21 7 222 226 0 0 8 620 637 8 8 8 88 84 
9 5 7 399 404 7 13 7 316 320 9 21 7 225 226 4 0 B 388 386 10 8 8 361 352 

13 5 7 298 298 9 13 7 125 119 11 21 7 85 83 8 0 a 215 243 12 8 8 34 87 
15 5 7 296 288 11 13 7 308 308 1 J 21 7 1?6 171 12 0 a 3a4 390 14 8 8 385 380 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR EU- EDTA STRUCTURE 

H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 

16 8 8 52 39 8 18 8 410 408 7 1 9 228 248 11 9 9 267 262 7 19 9 229 224 
2 10 8 210 221 12 18 8 11 0 111 9 1 9 227 220 13 9 9 174 165 9 19 9 120 128 
4 10 8 149 149 14 18 8 89 87 11 1 9 191 182 15 9 9 115 117 11 19 9 227 207 
0 10 e. s21 526 0 20 8 407 479 13 1 9 137 134 1 11 9 212 237 1 21 9 171 175 
8 10 8 123 118 2 20 8 242 244 15 1 9 221 225 3 11 9 248 251 3 21 9 303 306 

10 10 8 262 279 4 20 8 228 227 1 3 9 377 378 5 11 9 204 200 5 21 9 108 121 
12 10 8 117 112 6 20 8 45 42 3 3 9 69 73 7 11 9 253 251 7 21 9 177 180 
14 1 0 8 73 64 10 20 8 130 116 s 3 9 363 366 9 11 9 295 298 9 21 9 256 255 
16 10 8 73 66 12 20 8 304 299 7 3 9 191 205 11 11 9 78 89 11 21 9 67 73 
0 12 8 310 315 2 22 8 152 149 9 3 9 70 70 13 11 9 208 212 1 23 9 198 203 
2 12 8 329 334 4 22 8 206 200 11 3 9 242 231 15 11 9 221 216 3 23 9 59 45 
4 12 a 237 237 6 22 8 336 339 13 3 9 196 203 1 13 9 253 261 5 23 9 225 240 
8 12 8 104 109 8 22 8 230 224 15 3 9 119 114 3 13 9 53 51 7 23 9 230 219 

10 12 8 336 339 10 22 8 220 221 1 5 9 135 142 5 13 9 295 297 9 23 9 125 124 Q\ 
-!::> 

12 12 8 193 198 0 24 8 203 205 3 5 9 378 361 7 13 9 246 236 1 25 9 179 178 
14 12 8 314 315 2 24 8 416 400 5 s 9 11 7 113 11 1 3 9 273 258 3 25 9 146 147 
16 12 8 151 158 4 24 B 67 84 7 5 9 223 225 13 13 9 186 192 5 25 9 233 ' 233 
2 14 8 113 113 6 24 8 112 108 9 5 9 258 257 1 15 9 277 291 7 25 9 192 196 
4 14 8 360 375 10 24 8 239 248 11 5 9 137 137 3 15 9 232 238 1 27 9 134 135 
6 14 8 252 269 2 26 8 167 165 13 s 9 162 180 5 15 9 1-45 166 3 27 9 135 130 
8 14 8 337 336 4 26 8 47 60 15 5 9 168 171 l 15 9 262 264 5 27 9 190 186 

10 14 8 164 170 6 26 B 362 363 1 7 9 289 298 9 15 9 246 239 1 29 9 177 185 
12 14 8 89 97 8 26 8 92 74 3 7 9 218 219 11 15 9 148 149 2 0 10 287 310 
0 16 B 528 546 10 26 B 185 187 5 7 9 301 314 13 15 9 202 194 6 0 10 556 552 
2 16 8 99 95 0 28 8 166 163 7 7 9 177 177 1 17 9 199 207 10 0 10 325 322 
4 16 a 280 2a3 2 28 a 281 277 9 7 9 206 214 3 17 9 224 223 14 0 10 77 77 
6 16 a 45 46 4 28 a 58 56 11 7 9 236 241 5 17 9 221 221 0 2 10 121 121 
8 16 a 133 136 6 28 8 79 73 13 7 9 211 187 7 17 9 199 187 2 2 10 327 341 

10 16 8 102 91 a 28 a 70 79 15 7 9 93 93 9 17 9 208 198 4 2 10 156 158 
12 16 8 378 373 2 30 a 103 106 1 9 9 209 199 11 17 9 175 174 6 2 10 66 53 
14 16 8 93 84 4 30 a 205 215 3 9 9 3?2 370 13 17 9 126 126 a 2 10 l8 83 
2 18 8 56 46 1 1 9 302 312 5 9 9 203 211 1 19 9 274 270 10 2 10 378 353 
4 18 8 351 369 3 1 9 324 334 7 9 9 300 315 J 19 9 104 92 12 2 10 132 125 
6 18 8 59 66 5 1 9 178 185 9 9 9 169 172 5 19 9 261 274 1-4 2 10 304 297 



-- ·-

OBSERVED AND CALCULATED STRUCTURE FACTORS FOR EU-EDTA STRUCTURE 

H I( L FO FC H I( l FO FC H I< L FO FC H K l FO FC H K L FO FC 

2 4 10 144 154 8 12 10 321 312 0 26 10 384 384 1 11 11 175 169 0 4 12 31 ~5 304 
4 4 10 241 24a 10 12 10 161 167 2 26 10 54 41 3 11 11 369 369 2 4 12 284 284 
6 4 10 286 . 280 12 12 10 61 59 1 1 11 173 177 5 11 11 128 111 4 4 12 158 155 
8 4 10 349 344 0 14 10 260 235 3 1 11 307 305 7 11 11 212 223 2 6 12 21,9 220 

10 4 10 205 212 2 14 10 394 380 5 1 11 246 239 9 11 11 216 216 4 6 12 154 144 
12 4 10 92 94 6 14 10 119 114 7 1 11 195 196 11 11 11 50 30 6 6 12 262 249 
14 4 10 71 55 8 14 10 79 73 9 1 11 268 271 1 1 J 11 195 ta5 8 6 12 157 144 
0 6 10 189 201 10 14 10 229 226 11 1 11 180 179 3 13 11 50 28 2 8 12 416 403 
2 6 10 103 97 12 14 10 146 143 1 3 11 324 308 5 13 11 243 246 6 8 12 1 01 103 
4 6 10 251 269 2 16 10 179 183 3 3 11 57 57 7 13 11 173 184 2 10 12 173 172 
6 6 10 85 70 4 16 10 54 55 5 3 11 289 282 1 15 11 234 231 4 10 12 71 76 
8 6 10 169 178 6 16 10 368 360 9 3 11 62 60 3 15 11 235 238 6 10 12 329 324 

10 6 10 127 109 8 16 10 66 78 11 3 11 213 223 5 15 1 1 136 135 8 10 12 93 81 
12 6 10 311 302 10 16 10 192 198 1 s 11 72 75 7 15 11 160 156 0 12 12 197 209 (J\ 

14 6 10 147 150 o 1 a 1 o 72 81 3 5 11 260 264 9 15 11 166 168 2 12 12 240 254 
U1 

2 a 1 o 71 76 2 18 10 375 367 5 5 11 77 55 1 17 11 125 130 4 12 12 75 72 
4 B 10 JOB 322 4 1a 10 149 144 l 5 11 179 172 3 17 11 206 195 4 14 12 283 282 
6 8 10 69 63 6 18 10 59 51 9 5 11 281 269 5 17 11 149 155 6 14 12 169 161 
B B 10 370 366 8 18 10 46 51 11 5 11 81 77 7 17 11 139 137 0 16 12 245 257 

10 8 10 74 66 10 18 10 210 209 1 7 11 265 257 1 19 11 222 208 2 16 12 97 89 
12 a 1 o sa SJ 2 20 10 167 164 3 7 11 236 222 3 19 11 126 124 4 16 12 95 112 
0 10 10 429 -435 4 20 10 118 114 5 7 11 186 181 5 19 11 124 131 1 1 13 146 141 
2 10 10 54 60 6 20 10 287 293 7 l 11 247 261 1 21 11 117 119 3 1 13 150 141 
4 10 10 298 294 8 20 10 164 162 9 7 11 140 136 3 21 11 216 218 5 1 13 171 167 
6 10 10 111 104 0 22 10 335 339 11 7 11 171 174 0 0 12 481 476 1 3 13 224 219 
8 10 10 176 181 2 22 10 185 177 1 9 11 171 166 4 0 12 155 174 5 3 13 196 183 

10 10 10 97 99 4 22 10 183 188 3 9 11 181 178 8 0 12 115 110 1 5 13 103 101 
12 10 10 353 349 a 22 1 o 65 68 5 9 11 178 179 2 2 12 120 120 3 5 13 218 204 
2 12 10 102 112 2 24 10 68 62 7 9 11 175 172 4 2 12 295 295 1 7 13 185 185 
4 12 10 319 315 4 24 10 264 274 9 9 11 181 176 6 2 12 125 128 3 7 13 158 140 
6 12 10 263 268 6 24 10 73 74 11 9 11 191 185 8 2 12 302 293 1 9 13 155 162 



APPENDIX C 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR GD-EDTA STRUCTURE 

H K L FO FC H I( L FO FC H K l FO FC H K L FO FC H I< l FO FC 

4 0 0 844 743 20 6 0 258 25a 22 12 0 143 154 12 20 0 4:55 448 14 2a 0 300 287 
8 0 0 323 287 22 6 0 182 206 4 14 0 632 659 14 20 0 225 210 16 28 0 109 115 

12 0 0 560 518 24 6 0 98 109 614 0 522 526 16 20 0 277 289 18 28 0 118 98 
16 0 0 350 336 0 8 0 143 160 8 14 0 537 535 2 22 0 201 217 4 30 0 2:52 251 
24 0 0 239 248 2 8 0 579 614 10 14 0 116 109 4 22 0 184 180 6 30 0 416 423 
4 2 0 715 745 4 8 0 487 546 12 14 0 130 119 6 22 0 45-4 473 8 30 0 279 269 
6 2 0 482 461 6 8 0 358 336 14 1-4 0 50 24 8 22 0 227 220 10 30 0 233 219 
8 2 0 519 500 8 8 0 138 152 16 1-4 0 279 271 10 22 0 278 276 12 30 0 100 97 

10 2 0 381 376 10 8 0 475 497 18 14 0 169 172 14 22 0 61 60 16 30 0 139 147 
16 2 0 456 44~ 14 8 0 590 561 20 14 0 277 280 16 22 0 196 208 0 32 0 276 277 
18 2 0 169 157 16 8 0 50 46 22 14 0 122 129 18 22 0 317 309 4 32 0 268 284 
20 2 0 346 349 18 8 0 192 181 0 16 0 805 837 20 22 0 207 213 8 32 0 144 137 
22 2 0 73 81 20 8 0 56 63 216 0 254 237 0 24 o· 139 128 10 32 0 98 111 
24 2 0 172 162 22 8 0 235 235 4 16 0 194 186 2 24 0 403 437 12 32 0 341 319 0\ 

2 4 0 824 789 2 10 0 412 391 6 16 0 59 60 4 24 0 239 241 14 32 0 146 142 
0\ 

4 4 0 299 290 4 10 0 207 186 a 16 0 278 279 8 24 0 60 67 16 32 0 215 202 
6 4 0 186 164 6 10 0 878 884 10 16 0 147 154 10 24 0 433 444 4 34 0 3-43 353 
8 4 0 301 234 8 10 0 326 266 12 16 0 560 :545 12 24 0 125 107 8 34 0 377 365 

10 4 0 222 221 10 10 0 424 422 H 16 0 9-4 8-4 14 24 0 388 371 12 3-4 0 1-45 139 
12 4 0 296 281 12 10 0 142 134 16 16 0 322 300 16 2-4 0 55 -49 1-4 34 0 69 58 
14 4 0 435 410 14 10 0 129 124 20 16 0 65 39 1a 24 0 112 107 0 36 0 3-45 331 
16 4 0 162 167 16 10 0 61 73 2 1a 0 160 158 2 26 0 120 207 2 36 0 193 195 
18 4 0 184 181 18 10 0 436 420 4 18 0 405 -417 6 26 0 512 518 .. 36 0 139 166 
20 4 0 87 84 20 10 0 5-4 67 a 18 0 390 382 8 26 0 68 81 6 36 0 80 59 
22 4 0 116 122 22 10 0 190 209 10 1a 0 178 182 10 26 0 1aO 1aO a 36 0 7-4 a6 
24 4 0 206 233 0 12 0 886 838 12 18 0 11-4 108 12 26 0 49 35 12 36 0 273 271 
2 6 0 270 295 2 12 0 392 445 16 1a 0 377 377 14 26 0 127 ' 123 14 36 0 100 a7 
4 6 0 1 01 91 4 12 0 224 245 18 18 0 97 a1 18 26 0 242 241 .. 38 0 187 205 
6 6 0 715 633 8 12 0 135 1J6 20 1a 0 305 311 0 2a 0 135 104 6 3a 0 203 213 
8 6 0 161 147 10 12 0 555 560 0 20 0 323 331 2 2a 0 3:51 37a a 3a 0 184 197 

10 6 0 518 480 12 12 0 448 442 4 20 0 420 42a 4 2a 0 85 78 10 38 0 163 1-43 
12 6 0 69 54 14 12 0 358 342 6 20 0 79 76 a 2a 0 89 107 0 40 0 147 1-48 
16 6 0 262 265 16 12 0 242 252 a 20 0 170 176 10 2a 0 329 322 2 -40 0 26-4 255 
18 6 0 425 405 18 12 0 139 130 10 20 0 170 173 12 28 0 156 152 10 -40 0 131 , .... 



OBSEillD AND CALCULATED STRUCTURE FACTORS FOR GD-EDTA STRUCTURE 

H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 

2 42 0 110 128 17 ~ 1 101 11 ~ 15 11 1 266 273 13 17 1 121 117 15 23 1 128 126 
6 42 0 307 290 19 5 1 268 263 17 11 1 73 ].4 15 17 1 205 212 17 23 1 218 215 
0 44 0 59 58 21 5 1 210 209 19 11 1 246 248 17 17 1 208 215 19 23 1 149 158 
2 44 0 233 211 1 7 1 400 417 21 11 1 221 221 19 17 1 162 164 1 25 1 JOB 327 
3 1 1 518 478 3 7 1 203 221 23 11 1 83 72 21 17 1 181 176 J 25 1 318 324 
5 1 1 565 531 5 7 1 463 418 1 13 1 501 509 1 19 1 423 446 5 25 1 321 306 
7 1 1 359 358 7 7 1 523 507 3 13 1 128 117 J 19 1 286 288 7 25 1 197 186 
9 1 1 613 599 9 7 1 483 464 5 13 1 353 352 :5 19 1 310 288 9 25 1 178 173 

11 1 1 305 291 11 7 1 303 297 7 1 J 1 374 386 7 19 1 365 359 11 25 1 205 212 
13 1 1 282 297 13 7 1 281 293 9 13 1 104 101 9 19 1 226 232 13 25 1 110 119 
15 1 1 335 337 15 7 1 134 127 11 13 1 495 -495 11 19 1 294 293 15 25 1 192 193 
17 1 1 216 217 17 7 1 279 282 13 13 1 279 284 13 19 1 221 219 17 25 1 186 195 
19 1 1 263 245 19 7 1 222 212 15 13 1 86 79 15 19 1 160 145 19 25 1 15-4 156 
21 1 1 168 176 21 7 1 101 109 17 13 1 336 340 17 19 1 211 208 1 27 1 196 198 

_. 
0\ 

23 1 1 133 122 23 7 1 195 195 19 1 J 1 120 143 19 19 1 191 176 3 27 1 311 308 -...) 

3 3 1 76 79 1 9 1 77 11 0 21 13 1 86 78 21 19 1 107 108 527 1 288 308 
5 3 1 592 582 3 9 1 643 598 23 13 1 18-4 188 1 21 1 203 214 7 27 1 161 155 
7 3 1 553 551 5 9 1 450 -462 1 15 1 48-4 -456 3 21 1 560 583 9 27 1 277 269 
9 3 1 284 282 7 9 1 460 410 3 15 1 -448 -447 5 21 1 52 42 11 27 1 165 179 

11 3 1 442 460 9 9 1 600 569 5 15 1 312 302 7 21 1 268 259 13 27 1 159 161 
13 3 1 305 309 11 9 1 355 H1 7 15 1 328 304 9 21 1 288 278 15 27 1 2-46 2-4-4 
15 3 1 203 188 13 9 1 335 340 9 15 1 445 417 11 21 1 85 70 17 27 1 62 71 
17 3 1 349 343 15 9 1 247 244 11 1 s 1 131 128 13 21 1 214 212 19 27 1 141 155 
19 3 1 169 167 17 9 1 287 287 13 15 1 278 273 15 21 1 337 335 1 29 1 240 250 
21 3 1 93 88 19 9 1 199 200 1 s 15 1 257 267 17 21 1 89 93 5 29 1 288 282 
23 3 1 213 217 21 9 1 147 152 17 15 1 137 126 19 21 1 182 185 7 29 1 223 215 

1 5 1 426 455 23 9 1 145 155 19 15 1 161 157 21 21 1 219 220 11 29 1 228 233 
3 5 1 3~5 353 1 11 1 692 685 21 15 1 178 169 1 23 1 -406 -411 13 29 1 143 1-40 
5 5 1 87 66 3 11 1 578 574 1 17 1 292 312 3 23 1 176 163 15 29 1 53 29 
7 5 1 276 268 5 11 1 268 244. J 17 1 420 417 5 23 1 36:5 3~9 17 29 1 183 181 
9 5 1 590 55~ 7 11 1 532 498 5 17 1 303 276 7 23 1 188 188 1 31 1 120 132 

11 5 1 154 144 9 11 1 531 504 7 17 1 331 314 9 23 1 159 155 J 31 1 322 328 
13 5 1 311 314 11 11 1 136 146 9 17 1 230 221 11 23 1 2:52 258 :5 31 1 112 114 
15 5 1 419 409 1 3 11 1 310 311 11 17 1 383 361 13 23 1 239 237 7 31 1 175 180 



OBSEIUED AND CALCULATED STRUCTURE FACTORS FOR GD-EDTA STRUCTURE 

H K l FO FC H K l FO FC H K L FO FC H K L FO FC H K L FO FC 

9 31 1 265 255 5 43 1 10a 127 a 6 2 430 38a 16 12 2 191 197 22 1a 2 167 155 
11 31 1 110 111 2 0 2 426 389 10 6 2 111 117 1 a 12 2 313 281 2 20 2 363 393 
13 31 1 213 211 6 0 2 757 747 12 6 2 497 477 20 12 2 274 289 4 20 2 277 2aO 
15 31 1 240 239 10 0 2 498 429 14 6 2 302 298 22 12 2 111 1 31 6 20 2 460 474 
1 33 1 197 188 14 0 2 245 273 16 6 2 300 304 0 14 2 230 25a a 20 2 335 322 
3 33 1 140 212 18 0 2 488 493 18 6 2 119 113 2 14 2 677 720 10 20 2 335 336 
5 33 1 263 250 22 0 2 22a 252 22 6 2 52 62 4 14 2 214 227 12 20 2 108 121 
7 33 1 197 202 0 2 2 367 349 24 6 2 23a 248 6 14 2 183 171 14 20 2 127 97 
9 33 1 168 153 2 2 2 632 607 2 a 2 380 352 8 14 2 148 150 16 20 2 161 157 

11 33 1 191 182 4 2 2 228 236 4 8 2 636 610 10 14 2 380 380 18 20 2 234 235 
13 33 1 163 159 8 2 2 331 311 6 8 2 102 114 12 14 2 236 228 20 20 2 162 159 
15 33 1 133 133 10 2 2 645 627 8 8 2 878 851 14 14 2 367 365 0 22 2 509 530 
1 35 1 175 177 12 2 2 216 230 10 8 2 98 90 16 t 4 2 216 205 2 22 2 360 360 
5 35 1 209 203 14 2 2 549 526 12 a 2 148 139 18 14 2 123 124 4 22 2 352 347 0\ 

293 285 22 H 2 157 6 22 2 68 36 
00 

7 35 1 183 174 16 2 2 77 89 16 a 2 164 
9 35 1 128 145 18 2 2 145 144 20 a 2 345 361 2 16 2 362 374 8 22 2 104 108 

11 35 1 217 216 22 2 2 185 183 0 10 2 865 954 ' 4 16 2 123 116 10 22 2 199 207 
13 35 1 176 172 24 2 2 71 103 2 10 2 320 318 6 16 2 567 576 12 22 2 308 295 
1 37 1 116 110 2 4 2 181 167 4 10 2 471 -493 a 16 2 95 102 14 22 2 246 245 
3 37 1 220 230 4 4 2 447 4~4 6 10 2 322 32:5 10 16 2 377 J67 16 22 2 256 255 
5 37 1 96 104 6 4 2 567 553 a 1 o 2 309 319 12 16 2 166 166 18 22 2 75 67 
7 37 1 136 138 8 4 2 633 602 10 10 2 58 65 14 16 2 182 199 2 24 2 157 168 
9 37 1 175 175 10 4 2 415 405 12 10 2 56-4 541 18 16 2 323 323 4 24 2 424 421 

13 37 1 132 139 12 4 2 128 121 14 10 2 176 156 20 16 2 74 78 6 24 2 97 87 
1 39 1 162 175 14 4 2 74 76 16 10 2 351 355 22 16 2 222 227 a 24 2 472 489 
5 39 1 186 196 16 4 2 245 255 18 10 2 68 49 0 18 2 257 289 10 24 2 66 48 
7 39 1 139 139 t8 4 2 330 310 20 10 2 56 48 2 18 2 747 782 12 24 2 128 133 

t 1 39 1 170 156 20 4 2 255 265 2 12 2 116 118 4 18 2 86 88 16 24 2 21J 206 
1 41 1 133 133 22 4 2 186 196 4 12 2 545 555 6 18 2 116 127 18 24 2 68 57 
3 41 1 163 163 24 4 2 98 79 6 12 2 461 455 8 18 2 92 89 20 24 2 289 289 
5 41 1 98 94 0 6 2 596 652 8 12 2 541 554 1 o 1 a 2 324 308 0 26 2 467 468 
7 41 1 130 144 2 6 2 449 -497 10 12 2 3-40 330 12 18 2 74 6-4 2 26 2 112 129 
143 1 116 112 4 6 2 367 324 12 12 2 107 86 14 18 2 -450 4-41 4 26 2 292 293 
3 43 1 170 165 6 6 2 157 157 14 12 2 109 102 18 1 a 2 111 105 8 26 2 195 196 



OBSER~D AND CALCULATED STRUCTURE FACTORS FOR GD-EDTA STRUCTURE 

H K L FO FC H K L FO FC H K L FO FC H I< L FO FC H K L FO FC 

10 26 2 59 60 a 36 2 111 89 19 3 3 179 175 17 9 3 294 287 17 15 3 147 134 
12 26 2 348 359 10 36 2 158 158 21 J 3 106 96 19 9 3 185 178 19 15 3 187 186 
16 26 2 267 261 0 38 2 167 159 23 3 3 229 232 21 9 3 181 189 21 15 3 206 212 
2 28 2 161 179 2 38 2 190 189 1 :5 3 182 199 23 9 3 162 170 1 17 3 313 304 
4 28 2 369 371 4 38 2 87 101 3 5 3 :592 625 1 11 3 513 516 3 17 3 332 326 
6 28 2 210 213 8 38 2 58 75 5 5 3 1:59 141 3 11 3 514 509 5 17 3 359 341 
8 28 2 292 288 10 38 2 149 150 7 5 3 330 326 5 11 3 330 304 7 17 3 240 231 

10 28 2 151 149 12 38 2 182 177 9 5 3 476 442 . 7 11 3 307 301 9 17 3 443 434 
12 28 2 59 60 4 40 2 211 216 11 5 3 162 159 9 11 3 412 401 11 17 3 178 175 
14 28 2 62 51 6 40 2 129 1 31 13 5 3 256 249 11 11 3 173 175 13 17 3 331 323 
16 28 2 179 183 8 40 2 225 201 15 s 3 327 342 13 11 3 63 74 15 17 3 231 228 
18 28 2 93 95 0 42 2 250 247 17 5 3 123 123 15 11 3 314 322 17 17 J 222 217 
0 30 2 166 153 4 42 2 89 166 19 5 J 234 243 17 11 J 169 166 19 17 J 188 192 ...... 
2 30 288 234 239 21 17 3 122 129 2 304 1 1 3 566 644 21 5 3 211 224 19 11 3 Q\ 

4 30 2 213 201 3 1 3 437 458 1 7 J 603 :589 21 11 J 204 214 1 19 3 187 188 
\.0 

a 30 2 114 129 5 1 3 288 309 3 7 3 462 H1 1 13 3 585 575 3 19 3 216 209 
10 30 2 221 217 7 1 3 255 255 5 7 3 614 :590 3 13 3 24:5 236 :5 19 3 284 2:52 
12 30 2 213 222 9 1 3 585 571 7 7 3 294 311 :5 13 3 :578 :576 7 19 3 422 432 
14 30 2 225 219 11 1 3 282 268 9 7 3 2:56 279 7 13 3 454 441 9 19 3 104 107 
16 30 2 163 146 13 1 3 302 302 11 7 3 349 344 9 13 3 135 136 11 19 3 366 367 
2 32 2 202 223 15 1 3 209 198 13 7 3 200 205 11 13 3 375 371 13 19 3 229 241 
4 32 2 100 104 17 1 3 177 172 15 7 3 180 182 13 13 3 344 328 15 19 3 193 188 
6 32 2 353 335 19 1 3 188 181 17 7 3 346 335 15 13 3 110 109 17 19 3 28:5 280 
8 32 2 105 104 21 1 3 204 212 19 7 3 224 22-4 17 13 3 240 235 19 19 3 76 97 

10 32 2 202 197 23 1 3 111 127 21 7 3 159 162 19 13 3 167 163 21 19 3 97 110 
12 32 2 54 51 1 3 3 420 440 23 7 3 214 223 21 13 3 135 115 1 21 J 103 12J 
14 32 2 113 104 J 3 3 174 143 1 9 J 323 354 1 15 J 401 402 J 21 3 J7:5 364 
16 32 2 69 66 5 l 3 577 548 3 9 3 483 488 3 1:5 3 515 496 5 21 3 180 168 
2 34 2 317 311 7 3 3 352 365 5 9 3 -451 427 5 15 3 229 231 7 21 J 211 229 

10 34 2 227 240 9 3 3 133 142 7 9 3 390 382 7 1:5 J 286 289 9 21 3 420 403 
14 34 2 310 299 11 3 3 396 384 9 9 3 186 198 9 1:5 3 381 388 11 21 3 104 120 
2 36 2 156 174 13 3 3 323 311 11 9 3 312 311 11 1 :5 J 272 263 13 21 3 27:5 2:56 
4 36 2 116 98 15 J 3 135 120 13 9 J 249 253 13 1:5 3 222 222 1:5 21 J 292 298 
6 36 2 249 245 17 3 3 258 267 15 9 J 246 227 1:5 1:5 3 30:5 304 17 21 J :56 14 



OBSEAU[D AND CALCULATED STRUCTURE FACTORS FOR GD-EDTA STRUCTURE 

H K L FO FC H K L FO FC H K l FO FC H K L FO FC H K L FO FC 

19 21 3 158 168 13 29 3 1-41 146 7 39 3 120 114 4 6 4 234 210 10 12 4 378 379 
1 23 3 327 328 15 29 3 94 93 1 41 3 12:5 109 6 6 4 834 801 12 12 4 211 216 
3 23 3 113 112 17 29 3 186 183 3 41 3 187 180 8 6 4 266 269 14 12 4 299 292 
5 23 3 323 317 1 31 3 157 140 5 41 3 116 133 12 6 4 90 83 16 12 4 181 163 
7 23 3 384 383 3 31 3 280 301 7 41 3 110 112 14 6 4 81 97 18 12 4 100 89 
9 23 3 177 177 5 31 3 133 135 1 43 3 108 106 16 6 4 159 148 22 12 4 151 147 

11 23 3 371 359 7 31 3 139 142 0 0 4 619 641 18 6 4 403 403 2 14 4 204 214 
13 23 3 188 175 9 31 3 210 205 8 0 4 466 454 20 6 4 102 111 4 14 4 454 448 
15 23 3 152 151 11 31 3 101 105 12 0 4 61:5 621 22 6 4 239 242 6 14 4 3:58 390 
17 23 3 215 226 13 31 3 167 1:59 16 0 4 268 276 0 8 4 316 284 814 4 485 493 
19 23 3 122 130 15 31 3 187 179 20 0 4 66 71 2 8 4 608 606 10 14 4 140 159 
1 25 3 163 168 1 33 3 141 144 2 2 4 128 134 4 8 4 335 336 14 14 4 131 122 
3 25 3 295 320 3 33 3 159 160 4 2 4 813 799 6 8 4 261 262 16 14 4 281 258 
5 25 3 278 278 5 33 3 163 174 6 2 4 383 379 8 8 4 20:5 207 18 14 4 174 172 -....J 

7 25 3 284 298 7 33 3 152 151 8 2 4 7:5:5 723 10 8 4 398 395 20 14 4 278 267 
0 

9 25 3 291 284 9 33 3 107 125 10 2 4 144 133 12 8 4 163 159 22 14 4 126 128 
11 25 3 197 190 11 33 3 170 169 12 2 4 271 270 14 8 4 444 444 0 16 4 727 760 
15 25 3 158 167 13 33 3 130 144 14 2 4 50 36 16 8 4 128 111 2 16 4 193 188 
17 25 3 124 122 15 33 3 133 133 16 2 4 216 218 18 8 4 182 173 4 16 4 340 358 
19 25 3 118 120 1 35 3 161 186 18 2 4 128 118 22 8 4 221 222 8 16 4 164 174 

1 27 3 180 193 3 35 3 163 175 20 2 4 276 282 2 10 4 194 183 10 16 4 64 72 
3 27 3 329 320 5 35 3 177 176 22 2 4 67 68 4 10 4 312 28:5 12 16 4 481 486 
5 27 3 186 186 7 35 3 117 138 0 4 4 521 537 6 10 4 664 685 14 16 4 117 121 
7 27 3 244 250 9 35 3 103 88 2 4 4 674 630 8 10 4 70 69 16 16 4 292 285 
9 27 3 282 289 1 1 35 3 152 154 4 4 4 216 222 14 10 4 117 124 2 18 4 61 57 

11 27 3 164 167 13 35 3 151 138 6 4 4 71 47 16 10 4 107 128 4 18 4 421 424 
13 27 3 150 151 1 37 3 137 138 8 4 4 382 386 18 10 4 371 378 6 18 4 187 176 
15 27 3 187 181 3 37 3 207 206 10 4 4 341 322 20 10 4 121 126 B 18 4 527 517 
17 27 3 95 89 s 37 3 99 102 12 4 4 519 550 22 10 4 257 257 16 18 4 287 287 
1 29 3 271 265 7 37 3 109 106 14 4 4 240 228 0 12 4 659 679 18 18 4 68 66 
5 29 3 307 314 9 37 3 215 200 16 4 4 319 322 2 12 4 575 578 20 18 4 285 290 
7 29 3 322 317 11 37 3 86 76 18 4 4 125 113 4 12 4 310 321 0 20 4 330 360 
9 29 3 68 76 1 39 3 2H 217 20 4 4 62 46 6 12 4 97 103 2 20 4 363 365 

11 29 3 246 241 5 39 3 183 175 22 4 4 176 172 8 12 4 175 175 4 20 4 152 152 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR GD-EDTA STRUCTURE 

H K L FO FC H K L FO FC H I< L FO fC H I< L FO FC H I< L FO FC 

6 20 4 50 50 4 28 4 162 151 0 40 4 158 157 17 5 5 91 67 21 11 5 205 206 
8 20 4 48 63 6 28 4 120 121 4 40 4 59 61 19 5 5 213 212 1 13 5 460 473 

10 20 4 227 229 8 28 4 78 78 8 40 4 62 39 21 5 - s 196 198 3 13 5 43 46 
12 20 4 420 413 10 28 4 246 247 2 42 4 129 12-4 1 7 s 439 457 5 13 5 414 426 
14 20 4 246 242 12 28 4 166 155 1 1 5 254 278 3 7 5 232 246 7 13 5 360 356 
16 20 4 231 226 14 28 4 256 247 3 1 5 391 -443 5 7 s 323 337 9 13 5 107 102 
18 20 4 114 108 16 28 4 89 78 5 1 5 245 242 7 7 5 335 341 11 13 5 259 267 
20 20 4 80 81 2 30 4 145 145 7 1 5 365 342 9 7 s 147 145 13 13 5 167 162 
2 22 4 81 91 4 30 4 250 235 13 1 5 275 263 11 7 5 3-47 334 15 13 s 78 68 
4 22 · 4 285 285 6 30 4 235 229 15 1 5 324 302 13 7 s 264 281 17 13 5 229 226 
6 22 4 384 382 8 30 4 281 282 17 1 5 208 207 17 7 5 276 296 19 13 s 188 191 
8 22 4 289 287 10 30 4 116 94 19 1 5 169 183 19 7 5 166 176 21 13 5 76 71 

10 22 4 228 223 16 30 4 175 172 21 1 5 144 154 21 7 5 163 163 1 15 5 176 186 
12 22 4 129 112 0 32 4 389 393 23 1 5 111 107 1 9 5 400 406 3 15 5 466 472 -....,J 

14 22 4 139 141 2 32 4 159 166 1 3 5 289 324 J 9 5 290 283 5 15 5 105 111 
16 22 4 109 114 4 32 4 236 244 3 3 5 209 202 5 9 5 534 538 7 15 5 248 251 
18 22 4 224 237 6 32 4 87 87 5 3 5 445 457 7 9 5 276 273 9 15 5 -403 400 
20 22 4 110 127 8 32 4 60 55 7 3 5 514 525 9 9 5 205 214 11 15 5 137 135 
0 24 4 196 188 12 32 4 264 265 9 3 5 147 140 11 9 5 262 260 13 15 5 228 231 
2 24 4 363 382 14 32 4 69 80 11 3 5 384 374 13 9 5 169 175 15 15 5 311 299 
4 24 4 45 41 4 34 4 231 244 13 3 5 356 343 15 9 5 187 179 17 15 5 95 107 

10 24 4 316 319 6 34 4 58 26 15 J 5 187 169 17 9 5 246 239 19 15 5 182 182 
12 24 4 172 156 8 34 4 261 249 17 3 5 305 297 19 9 s 150 163 21 15 5 164 157 
14 24 4 313 297 12 34 4 70 72 19 3 5 147 140 21 9 5 159 168 1 17 5 410 432 
18 24 4 1 01 84 0 36 4 329 339 21 3 5 74 83 1 11 5 250 259 3 17 5 341 343 
2 26 4 252 267 2 36 4 sa 73 23 3 s 199 197 3 11 s 364 375 s 17 s 359 380 
6 26 4 485 495 4 36 4 159 166 1 5 5 556 560 5 11 5 104 90 7 17 5 227 225 
8 26 4 76 66 10 36 4 109 113 3 5 5 668 677 7 11 5 202 206 9 17 5 269 271 

10 26 4 305 296 12 36 .. 249 243 5 5 5 530 535 9 11 5 374 369 11 17 5 208 198 
12 26 4 68 75 2 38 4 136 127 7 5 5 388 391 1 t 1 t 5 199 189 13 17 5 285 275 
14 26 4 71 93 4 38 4 211 217 9 5 5 478 462 13 11 5 182 177 15 17 5 180 168 
18 26 4 251 255 6 38 4 194 192 11 s 5 64 60 15 11 5 334 314 17 17 5 157 154 
0 28 4 299 310 8 38 4 167 138 13 s 5 353 346 17 11 5 136 142 19 17 5 1 o-4 163 
2 28 4 372 386 10 38 4 136 136 15 s 5 299 294 19 11 5 206 198 21 17 5 122 113 



OBSERV~D AND CALCULATED STRUCTURE FACTORS FOR GD- EDTA STRUCTURE 

H K l FO FC H K l FO FC H K L FO FC H K l FO FC H K L FO FC 

1 19 5 307 310 9 25 5 25a 254 11 33 5 162 162 2 .. 6 244 250 a to 6 188 172 
3 19 5 104 106 11 25 5 127 128 13 33 5 153 141 4 .. 6 371 376 10 10 6 100 107 
5 19 5 292 288 13 25 5 184 190 1 35 5 181 201 6 4 6 459 449 12 10 6 347 JJJ 
7 19 5 267 273 15 25 5 142 158 3 35 5 144 144 a 4 6 346 324 14 10 6 281 265 
9 19 5 107 105 17 25 5 152 156 5 35 5 162 157 10 4 6 337 326 16 10 6 247 249 

11 19 5 344 343 1 27 5 135 133 7 35 5 147 144 14 4 6 140 127 20 10 6 56 70 
13 19 5 266 266 3 27 5 311 309 9 35 5 67 84 16 4 6 249 245 2 12 6 181 ta7 
15 19 5 85 111 5 27 5 153 136 11 35 5 182 187 18 4 6 271 274 4 12 6 385 J8a 
17 19 5 216 216 7 27 5 174 185 1 37 5 97 95 20 4 6 168 195 6 12 6 301 283 
19 19 5 128 129 9 27 5 252 248 3 37 5 193 196 22 4 6 1a4 192 a 12 6 375 369 
1 21 5 230 242 11 27 5 105 121 5 37 5 97 103 0 6 6 na 759 10 12 6 252 253 
3 21 5 357 348 13 27 5 149 152 7 3? 5 132 128 2 6 6 317 353 12 12 6 69 66 
5 21 s 212 220 15 27 5 16a 174 9 37 5 199 204 4 6 6 425 440 14 12 6 113 105 
7 21 5 226 217 17 27 5 142 131 1 39 5 175 156 6 6 6 137 144 16 12 6 196 198 -....J 

N 
9 21 5 259 250 1 29 5 300 302 5 39 5 1a4 190 a 6 6 163 161 18 12 6 151 156 

11 21 5 99 93 J 29 5 56 53 7 39 5 154 143 10 6 6 144 143 20 12 6 264 261 
13 21 5 179 179 5 29 5 267 255 1 41 5 126 120 12 6 6 467 467 0 14 6 377 3a3 
15 21 5 217 210 7 29 5 241 244 3 41 5 149 131 14 6 6 157 159 2 14 6 362 361 
17 21 5 55 49 9 29 5 69 57 2 0 6 331 317 16 6 6 306 304 4 14 6 334 339 
19 21 5 125 133 11 29 5 224 218 6 0 6 516 500 22 6 6 114 97 6 14 6 116 117 
1 23 5 249 240 13 29 5 181 186 10 0 6 490 485 2 8 6 112 113 8 14 6 127 125 
3 23 5 151 148 1 31 5 172 166 14 0 6 284 255 4 8 6 454 475 10 14 6 .329 340 
5 23 5 215 203 3 31 5 283 282 18 0 6 JJ7 327 6 8 6 57 47 12 14 6 197 ta7 
7 23 5 258 251 5 31 5 68 79 0 2 6 410 418 8 8 6 525 536 14 14 6 397 379 
9 23 5 81 sa 7 31 5 204 204 2 2 6 762 768 10 a 6 136 137 16 14 -6 147 148 

11 23 5 323 321 9 31 5 181 183 4 2 6 190 193 12 8 6 180 187 1 a 14 6 74 61 
13 23 5 187 187 11 31 5 119 109 6 2 6 84 79 14 8 6 59 39 20 14 6 74 51 
15 23 5 62 76 13 31 5 132 134 a 2 6 91 81 16 a 6 3 .. a 338 2 16 6 347 357 
17 23 5 212 209 15 31 5 162 150 10 2 6 196 220 1a 8 6 66 60 4 16 6 125 120 
19 23 5 132 137 1 33 5 205 210 12 2 6 231 212 20 a 6 320 325 6 16 6 558 542 
1 25 5 170 177 J 33 5 122 120 14 2 6 466 461 0 10 6 541 569 10 16 6 349 J55 
J 25 5 267 268 5 33 5 155 158 16 2 6 97 93 ' 2 10 6 121 126 14 16 6 81 76 
5 25 5 148 150 7 33 5 159 170 18 2 6 H 87 4 10 6 330 350 18 16 6 300 300 
7 25 5 2J5 247 9 33 5 118 116 22 2 6 139 139 6 10 6 125 119 20 16 6 121 11 J 



OBSEtvED AND CALCULATED STRUCTURE FACTORS FOR GD-EDTA STRUCTURE 

H K L FO FC H K L FO FC H K L FO FC H I( L FO FC H K L FO FC 

0 18 6 148 145 0 26 6 405 394 4 38 6 110 99 1 7 7 222 222 7 13 7 311 318 
2 18 6 356 363 4 26 6 216 228 1 1 7 329 337 3 7 7 133 133 9 13 7 112 106 
6 18 6 54 28 6 26 6 63 41 3 1 7 464 464 7 7 7 330 337 11 13 7 311 312 
a 18 6 107 108 8 26 6 181 193 5 1 7 231 230 9 7 7 181 178 13 13 7 201 199 

10 18 6 330 340 12 26 6 340 326 7 1 7 207 206 11 7 7 234 237 15 13 7 61 64 
12 18 6 130 1 21 2 28 6 124 116 9 1 7 235 227 13 7 7 228 222 17 13 7 162 168 
14 1 a 6 365 373 4 28 6 286 282 11 1 7 251 229 15 7 7 211 221 19 13 7 150 145 
16 18 6 52 45 6 28 6 189 179 13 1 7 216 225 17 7 7 250 252 1 15 7 253 245 
18 18 6 111 115 8 28 6 J52 342 15 1 7 272 270 19 7 7 148 149 3 15 7 353 358 
2 20 6 199 213 10 28 6 72 65 17 1 7 115 118 21 7 7 104 11 a 5 15 7 278 284 
4 20 6 268 278 14 28 6 62 46 19 1 7 1-41 148 1 9 7 229 251 7 1:5 7 8:5 92 
6 20 6 349 333 16 28 6 121 131 21 1 7 145 159 3 9 7 164 148 9 15 7 366 370 
8 20 6 240 229 0 30 6 203 191 1 3 7 438 438 5 9 7 346 365 11 15 7 123 110 

10 20 6 210 199 2 30 6 325 300 3 3 7 234 244 7 9 7 375 367 13 15 7 176 188 
-.....! 

12 20 6 128 129 4 30 6 122 125 5 J 7 356 359 9 9 7 285 289 15 15 7 228 228 lN 

16 20 6 124 122 8 30 6 1 1 0 112 7 J 7 335 359 1 1 9 7 270 270 17 15 7 111 1 12 
18 20 6 255 255 10 30 6 199 199 9 3 7 1 11 108 13 9 7 265 243 19 15 7 170 165 
0 22 6 261 264 12 30 6 182 184 11 3 7 332 348 15 9 7 194 190 1 17 7 232 242 
2 22 6 196 217 14 30 6 195 184 13 3 7 246 230 17 9 7 140 152 3 17 7 269 263 
4 22 6 175 196 2 32 6 175 170 15 3 7 95 107 19 9 7 147 152 5 17 7 227 235 
8 22 6 155 160 4 32 6 80 71 17 3 7 269 260 21 9 7 116 116 7 17 7 201 194 

10 22 6 254 253 6 32 6 311 299 19 3 7 118 139 1 11 7 1-43 138 9 17 7 171 176 
12 22 6 299 287 8 32 6 147 140 21 3 7 98 90 3 11 7 422 409 11 17 7 246 236 
14 22 6 192 195 10 32 6 167 155 1 5 7 145 153 5 11 7 202 200 13 17 7 222 218 
16 22 6 214 200 2 34 6 240 238 3 5 7 408 420 7 11 7 188 190 15 17 7 197 197 
18 22 6 98 96 6 34 6 65 52 5 5 7 309 299 9 11 7 401 394 17 17 7 141 148 
2 24 6 126 112 10 34 6 193 196 7 5 7 232 226 11 11 7 186 195 19 17 7 133 141 
4 24 6 344 334 2 36 6 133 142 9 5 7 406 412 13 11 7 160 163 1 19 7 341 348 
6 24 6 113 122 4 36 6 84 69 11 5 7 57 22 15 11 7 305 30-4 3 19 7 118 114 
8 24 6 324 318 6 36 6 280 271 13 5 7 309 303 17 11 7 74 63 5 19 7 291 302 

10 24 6 58 62 8 36 6 92 78 15 5 7 303 301 19 11 7 148 157 7 19 7 167 167 
12 24 6 77 78 10 36 6 208 203 17 5 7 87 77 1 13 7 443 440 9 19 7 158 153 
1424 6 55 45 0 38 6 246 217 19 5 7 165 154 3 13 7 92 93 11 19 7 2-40 235 
16 24 6 167 166 2 38 6 184 176 21 5 7 181 195 5 13 7 385 369 13 19 7 188 184 



OBSE8V[D AND CALCULATED STRUCTURE FACTORS FOR GD-EDTA STRUCTURE 

H I( l FO FC H K l FO FC H I< L FO FC H I< L FO FC H I< L FO FC 

15 19 7 84 77 13 27 7 145 136 12 0 8 381 391 2 8 8 H4 450 0 16 8 :508 526 
17 19 7 220 226 15 27 7 159 139 16 0 8 223 241 4 8 8 93 104 2 16 8 79 90 
1 21 7 152 168 1 29 7 222 227 2 2 8 116 132 6 8 8 51 38 4 16 8 262 267 
3 21 7 275 279 3 29 7 60 50 4 2 8 418 -427 8 8 8 88 85 6 16 8 6:5 50 
5 21 7 103 98 5 29 7 223 225 6 2 8 196 186 10 8 8 370 348 8 16 8 157 138 
7 21 7 205 209 7 29 7 170 173 8 2 a 3-40 3-40 12 a 8 97 82 10 16 8 95 90 
9 21 7 218 222 11 29 7 159 175 10 2 a 69 79 14 a 8 385 390 12 16 8 389 373 

11 21 7 86 84 13 29 7 172 178 12 2 a 79 77 18 a a 13-4 129 14 16 8 98 84 
13 21 7 161 165 1 31 7 127 120 14 2 8 67 a2 2 10 8 203 214 16 16 8 189 201 
15 21 7 227 225 3 31 7 192 201 16 2 8 280 278 4 10 8 95 144 2 18 8 53 53 
17 21 7 109 80 5 31 7 78 87 18 2 8 107 110 6 10 8 519 500 4 18 8 347 358 
1 23 7 309 324 7 31 7 145 144 20 2 a 273 284 8 10 8 123 120 6 1a 8 67 70 
3 23 7 116 137 9 31 7 183 185 0 4 8 456 452 10 10 8 252 262 8 18 8 390 395 
5 23 7 262 261 11 31 7 98 93 2 4 8 306 314 12 10 8 119 111 12 18 8 99 109 

..... 
-...] 

7 23 7 187 166 13 31 7 116 114 4 4 8 260 257 1-4 10 a 101 80 14 18 8 77 78 +:>. 

9 23 7 88 90 1 33 7 133 142 6 4 8 1-42 134 16 10 8 68 62 16 18 8 . 229 213 
11 23 7 188 190 3 33 7 103 109 8 4 8 140 147 18 10 8 271 265 0 20 8 452 44:5 
13 23 7 145 140 5 33 7 136 150 10 4 8 256 241 0 12 a 302 307 2 20 8 222 224 
15 23 7 1 01 102 7 33 7 188 173 12 4 8 286 277 2 12 8 335 340 4 20 8 222 216 
17 23 7 170 161 9 33 7 104 11 0 1-4 .. 8 256 2-49 .. 12 a 217 220 10 20 8 132 121 
1 25 7 244 240 11 33 7 139 147 16 4 8 177 192 8 12 8 121 112 12 20 8 297 29-4 
3 25 7 261 271 1 35 7 152 167 18 4 8 81 83 10 12 8 341 332 14 .20 8 155 162 
5 25 7 139 154 3 35 7 92 103 20 4 8 68 -49 12 12 8 193 20-4 16 20 8 152 153 
7 25 7 177 181 5 35 7 92 107 2 6 8 168 179 14 12 8 309 313 2 22 8 152 1-45 
9 25 7 211 207 7 35 7 128 132 4 6 8 184 178 0 16 12 8 148 160 4 22 8 20-4 193 

11 25 7 186 185 9 35 7 96 95 6 6 8 494 -485 18 12 8 105 113 6 22 8 J 11 318 
13 25 7 139 140 1 37 7 98 98 8 6 a 224 22-4 2 14 8 101 108 8 22 8 219 215 
15 25 7 160 171 3 37 7 163 170 10 6 8 251 262 4 14 8 359 365 10 22 8 204 212 
1 27 7 186 213 5 37 7 80 76 12 6 8 50 65 6 14 8 2-44 260 14 22 8 77 75 
3 27 7 305 307 7 37 7 118 124 14 6 8 92 66 8 14 8 327 JJO 16 22 8 116 122 
5 27 7 175 173 1 39 7 179 176 16 6 8 119 131 10 14 a 13a 1:57 0 24 8 199 199 
7 27 7 157 155 0 0 8 625 645 18 6 a 255 265 12 14 8 6a 91 2 2-t 8 3a9 368 
9 27 7 231 210 4 0 8 389 369 20 6 8 14-4 1-44 16 14 a 205 206 4 24 8 at a9 

11 27 7 102 98 8 0 8 225 239 0 8 a 153 167 18 14 8 128 136 6 24 8 117 9-4 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR GD-EDTA STRUCTURE 

H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 

10 24 8 250 241 7 1 9 22-4 243 15 7 9 89 92 15 15 9 211 200 3 25 9 105 135 
14 24 8 274 270 9 1 9 219 217 17 7 9 195 195 17 15 9 81 75 ~ 25 9 211 218 
2 26 8 162 157 11 1 9 194 186 19 7 9 123 128 1 17 9 198 196 7 25 9 191 177 
6 26 8 JJ4 344 13 1 9 133 127 1 9 9 197 188 3 17 9 216 212 9 25 9 136 132 
8 26 8 79 6J 15 1 9 229 225 3 9 9 362 357 5 17 9 222 217 11 25 9 151 H6 

10 26 8 169 181 17 1 9 133 11 a 5 9 9 193 189 7 17 9 175 183 13 25 9 106 112 
12 26 8 65 51 19 1 9 164 156 7 9 9 294 301 9 17 9 193 191 1 27 9 111 122 
14 26 8 80 82 1 3 9 374 374 9 9 9 178 166 11 17 9 179 179 3 27 9 122 119 
0 28 8 143 150 3 3 9 66 58 11 9 9 268 258 13 17 9 121 12-4 5 27 9 176 177 
2 28 8 261 261 5 3 9 353 354 13 9 9 175 174 15 17 9 1-40 147 7 27 9 171 159 
4 28 8 62 50 7 3 9 193 207 15 9 9 108 113 17 17 9 150 152 9 27 9 229 224 
6 28 8 72 68 9 3 9 51 71 17 9 9 166 171 1 19 9 2:59 264 11 27 9 108 111 
8 28 8 77 78 11 3 9 237 236 1 11 9 191 227 3 19 9 87 88 1 29 9 143 171 

10 28 8 207 216 13 3 9 211 200 3 11 9 248 237 5 19 9 268 261 5 29 9 156 174 -....:1 

12 28 8 167 172 15 3 9 120 115 194 192 178 
U1 

5 11 9 193 7 19 9 222 216 7 29 9 
2 30 8 112 99 17 3 9 215 210 7 11 9 241 245 9 19 9 130 123 11 29 9 155 156 
4 30 8 193 203 19 3 9 134 132 9 11 9 298 285 11 19 9 210 198 1 J 1 9 97 88 
6 30 8 200 197 1 5 9 130 135 11 11 9 85 92 13 19 9 181 171 3 31 9 178 165 
8 30 8 239 238 3 5 9 365 354 13 1 t 9 189 206 15 19 9 98 79 5 31 9 128 123 

10 30 8 115 108 5 5 9 133 121 15 11 9 237 222 1 21 9 157 156 7 31 9 136 144 
0 32 8 246 245 7 5 9 219 221 t 13 9 239 245 3 21 9 302 287 9 31 9 199 189 
2 32 8 83 64 9 5 9 258 258 5 13 9 29-4 283 5 21 9 104 121 1 33 9 139 149 
4 32 8 80 92 1 t 5 9 144 137 7 13 9 246 235 7 21 9 167 163 3 33 9 138 135 
8 32 8 113 101 13 5 9 165 t 81 11 13 9 275 258 9 21 9 245 244 5 3J 9 131 121 

to 32 8 73 71 15 5 9 180 175 13 13 9 193 193 11 21 9 ~0 72 7 33 9 130 126 
4 34 8 225 210 17 5 9 88 77 t 5 13 9 107 116 13 21 9 151 ·t68 1 35 9 117 1 t 2 
0 34 8 65 41 19 5 9 .127 139 17 13 9 221 215 15 21 9 175 172 2 0 10 275 295 
8 34 a 252 246 1 7 9 297 290 1 15 9 264 292 1 23 9 193 189 6 0 10 537 537 
0 36 a 234 221 3 7 9 216 207 3 15 9 233 233 5 23 9 235 232 10 0 10 303 307 
2 36 a 93 96 5 7 9 295 301 5 15 9 H7 159 7 23 9 191 201 14 0 10 86 77 
4 36 8 114 98 7 7 9 182 181 7 15 9 250 2~6 9 23 9 87 1 15 18 0 10 214 210 
1 1 9 294 302 9 7 9 214 211 9 15 9 251 233 11 23 9 190 212 0 2 10 126 117 
3 1 9 315 320 11 7 9 228 241 1 1 1 5 9 144 136 13 23 9 137 139 2 2 10 316 320 
5 1 9 183 192 13 7 9 202 1 91 13 15 9 186 193 1 25 9 155 158 4 2 10 156 148 



OBSEND AND CALCULAlED S"TRUCTURE FACTORS FOR GD-EDTA STRUCTURE 

H K L FO fC H K L FO FC H K L FO FC H K L FO FC H I< L FO FC 

0 2 10 53 48 6 10 10 100 101 2 20 10 16-4 155 15 3 11 69 82 :5 13 11 228 231 
8 2 10 88 86 8 10 10 183 182 -4 20 10 115 108 1 5 11 81 73 7 13 11 176 177 

10 2 10 372 353 10 10 10 97 97 6 20 10 280 275 3 5 11 26-4 255 13 13 11 180 181 
12 2 10 123 126 12 to 10 352 347 8 20 10 164 157 5 5 11 80 43 1 15 1 t 214 213 
14 2 to 294 296 14 10 10 63 57 10 20 10 169 180 7 -5 11 180 170 3 15 11 233 224 
16 2 10 so 86 16 10 10 226 220 4 22 10 167 178 9 5 11 271 260 5 15 11 133 130 
2 4 10 132 146 4 12 10 305 304 8 22 10 82 60 11 :5 11 77 76 7 15 11 1-48 154 
4 4 10 245 240 6 12 10 258 255 10 22 10 94 98 13 5 11 143 133 9 15 11 156 156 
6 4 10 277 277 8 12 10 3t3 298 12 22 10 19-4 195 15 5 11 232 214 1 17 11 99 121 
8 4 t 0 340 335 10 12 tO 160 154 2 24 10 58 60 1 7 11 252 237 J 17 11 187 183 

10 4 10 196 206 12 12 10 76 54 4 24 10 254 255 3 7 11 220 211 5 17 11 . 135 136 
12 4 t 0 74 83 14 12 10 97 85 6 24 10 70 68 5 7 11 181 175 7 17 11 131 124 
14 4 10 62 :57 16 12 10 128 117 a 24 10 273 262 7 7 11 245 249 11 17 11 128 135 
16 4 t 0 120 118 0 14 10 244 227 10 2-4 10 82 64 9 7 11 110 127 13 17 11 155 154 -....! 

18 4 10 178 172 2 14 10 373 365 0 26 10 355 349 11 7 11 157 161 1 19 11 210 188 0\ 

0 6 10 197 189 4 14 10 58 40 4 26 10 154 157 13 7 11 160 157 3 19 11 107 125 
2 6 10 90 89 6 14 10 t02 106 10 26 10 35 -41 15 7 11 138 119 5 19 1 t 112 121 
4 6 10 247 250 8 t 4 t 0 78 76 2 32 10 122 111' 1 9 11 168 153 11 19 11 130 128 
6 6 10 82 62 10 14 10 232 222 4 32 10 61 60 3 9 1t 182 178 1 21 t 1 120 105 
8 6 10 182 t79 12 14 10 132 148 1 1 11 178 171 5 9 11 169 170 3 21 11 210 200 

10 6 10 129 t 11 14 14 tO 209 215 3 1 11 295 296 . 7 9 11 18:5 169 5 21 11 :59 :56 
12 6 10 321 305 16 14 10 104 109 5 111 233 219 9 9 11 169 165 7 21 11 142 131 
14 6 10 150 155 2 16 t 0 179 173 7 1 11 191 186 11 9 11 179 182 9 21 1 t 213 207 
16 6 t 0 182 203 6 16 10 366 346 9 1 11 262 258 t3 9 1 t 157 149 1 23 11 173 167 
t8 6 10 59 56 8 16 10 70 72 11 1 11 165 167 15 9 1 t 157 148 3 23 t1 53 31 
2 8 10 56 72 10 16 10 t93 188 13 1 11 167 158 1 11 11 175 166 9 23 11 82 88 
4 8 10 297 304 12 16 10 50 52 15 1 11 177 170 3 11 11 347 352 1 25 11 139 133 
6 8 10 68 60 14 16 10 98 89 1 3 11 318 291 5 11 11 121 102 3 25 11 1·V 151 
8 8 t 0 363 356 0 18 t 0 88 85 3 3 11 82 63 7 11 11 211 215 7 25 11 129 11-4 

10 8 10 65 63 2 18 10 372 346 5 3 11 27-4 268 9 11 11 200 210 7 27 11 1 t 6 108 
12 8 10 62 48 4 18 10 132 139 7 3 11 186 186 11 11 11 63 30 0 0 12 461 448 
16 8 10 191 189 10 18 10 216 197 9 3 11 56 48 13 11 11 118 133 4 0 12 156 165 
0 10 10 423 409 12 18 10 56 36 11 3 11 195 208 15 11 11 157 15-4 a 0 12 116 111 
4 10 10 278 275 14 18 10 258 258 13 3 11 1-45 14J 1 13 11 189 179 12 0 12 275 270 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR GD-EDTA STRUCTURE 

H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 

2 2 12 118 117 6 8 12 92 96 5 1 13 1:5 .. 156 3 9 13 139 141 4 2 14 66 70 
4 2 12 284 279 2 10 12 166 165 7 1 13 137 12-4 5 11 13 136 136 2 4 14 119 111 
6 2 12 121 124 4 10 12 65 68 9 1 13 158 160 7 11 13 149 1:56 4 .. 14 144 130 
8 2 12 288 279 6 10 12 311 312 11 1 13 169 159 1 1 J 13 199 193 6 .. 14 1a2 176 

12 2 12 71 80 8 10 12 68 76 1 3 13 207 20:5 7 13 13 140 130 8 .. 14 139 142 
0 4 12 280 274 10 10 12 168 179 :5 3 13 179 166 5 1:5 13 88 92 .. 8 14 21a 192 
2 4 12 261 263 0 12 12 193 193 7 3 13 186 170 7 15 13 1:52 14:5 a a 14 33 217 
4 4 12 1 :51 146 2 12 12 225 226 9 J 1J 8J 66 J 17 1J 187 177 0 10 14 27a 25-4 
6 4 12 55 46 4 12 12 74 74 11 J 13 17:5 172 5 17 1J 13:5 126 6 10 14 :56 31 

12 4 12 208 196 4 14 12 261 264 1 5 1J 10:5 90 1 19 13 167 158 2 12 14 105 95 
14 4 12 173 169 6 14 12 159 150 3 5 13 16-4 1a1 J 19 13 61 5:5 4 12 1-4 200 185 
2 6 12 217 209 0 16 12 204 225 5 5 13 120 120 5 19 13 154 143 6 12 14 152 132 
4 6 12 134 137 2 16 12 43 70 1 7 13 176 169 1 21 13 107 101 0 14 14 218 203 
6 6 12 270 235 4 16 12 74 98 J 7 13 144 124 3 21 13 201 181 2 14 14 212 201 -...) 

-...) 

8 6 12 151 141 6 18 12 33 48 5 7 13 193 182 2 0 14 143 147 -2 16 14 141 13-4 
10 6 12 170 164 10 18 12 30 51 9 7 13 62 81 6 0 14 246 240 1 1 15 123 105 
2 8 12 379 371 1 1 13 129 126 11 7 13 18-4 175 0 2 14 93 97 1 3 15 162 159 
4 8 12 66 44 3 1 13 144 136 1 9 13 129 150 2 2 14 216 206 



APPENDIX D 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR HO-EDTA STRUCTURE 

H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 

4 0 0 814 714 6 8 0 3~:5 348 18 14 0 187 171 0 24 0 154 132 0 36 0 360 350 
8 0 0 226 220 8 8 0 103 122 20 14 0 278 264 2 24 0 489 488 2 30 0 204 204 

12 0 0 ~97 550 10 8 0 ~64 575 016 0 949 934 4 24 0 2:55 249 4 36 0 178 181 
16 0 0 294 268 12 8 0 31 17 2 16 0 29:5 242 8 24 0 73 71 6 36 0 70 46 
4 2 0 777 756 14 8 0 617 563 4 16 0 229 214 ' 10 24 0 479 471 836 0 120 122 
6 2 0 496 467 18 8 0 123 113 816 0 317 300 12 24 0 82 84 438 0 207 216 
8 2 0 :570 5:53 30 8 0 91 80 10 16 0 134 138 14 24 0 369 367 3 1 1 493 :524 

10 2 0 355 363 2 10 0 493 441 12 16 0 571 563 16 24 0 57 30 5 1 1 558 575 
12 2 0 51 48 4 10 0 197 163 16 16 0 234 240 2 26 0 247 257 7 1 1 367 362 
16 2 0 :SOB 457 6 10 0 852 866 18 16 0 66 18 6 26 0 :548 544 9 1 1 632 612 
18 2 0 194 172 8 10 0 309 276 2 18 0 170 165 8 26 0 89 87 11 1 1 322 305 
20 2 0 346 320 10 10 0 335 361 4 18 0 478 470 10 26 0 131 146 13 1 1 276 279 
2 4 0 892 820 12 10 0 126 115 6 18 0 55 3~ 12 26 0 59 30 15 1 1 338 340 ...... 
4 4 0 265 267 14 10 0 224 208 8 18 0 404 382 14 26 0 180 171 17 1 1 225 218 -.....) 

6 4 0 157 152 16 10 0 9~ 97 10 18 0 189 203 16 26 0 76 73 19 1 1 234 221 
00 

8 4 0 234 181 18 10 0 489 442 14 18 0 55 12 0 28 0 173 153 21 1 1 178 172 
10 4 0 304 285 20 10 0 62 81 16 18 0 378 412 2 28 0 421 425 J J 1 75 71 
12 4 0 350 325 0 12 0 1038 917 18 18 0 101 92 4 28 0 72 74 5 J 1 548 606 
14 4 0 444 415 2 12 0 463 :503 0 20 0 420 404 8 28 0 131 140 7 3 1 573 587 
16 4 0 141 136 4 12 0 235 230 2 20 0 120 139 10 28 0 352 337 9 3 1 232 230 
18 4 0 134 130 6 12 0 60 53 4 20 0 451 444 12 28 0 182 193 11 3 1 426 455 
20 4 0 131 125 8 12 0 183 176 6 20 0 70 74 14 28 0 297 279 13 3 1 345 325 
2 6 0 326 335 10 12 0 544 572 8 20 0 193 203 4 30 0 280 296 15 3 1 132 116 
4 6 0 153 134 12 12 0 427 471 10 20 0 192 202 6 30 0 420 410 17 3 1 339 323 
6 6 0 652 641 14 12 0 356 345 12 20 0 469 -460 8 30 0 305 290 19 3 1 218 206 
8 6 0 175 160 16 12 0 237 226 1-4 20 0 211 213 10 30 0 185 187 21 3 1 76 74 

10 6 0 530 480 18 12 0 97 83 16 20 0 227 23~ 0 32 0 333 315 1 :s 1 48-4 480 
14 6 0 121 110 20 12 0 89 47 2 22 0 246 265 2 32 0 67 64 3 5 1 400 406 
16 6 0 271 256 4 14 0 706 694 4 22 0 194 206 4 32 0 268 279 5 5 1 91 92 
18 6 0 472 425 6 14 0 ~11 492 6 22 0 509 514 8 32 0 199 188 7 :5 1 253 273 
20 6 0 222 217 8 14 0 ~~2 554 8 22 0 215 209 10 32 0 74 106 9 5 1 630 594 
0 8 0 165 165 10 14 0 61 :s9 10 22 0 256 263 12 32 0 373 367 11 5 1 178 162 
2 8 0 662 665 1414 0 58 51 14 22 0 114 112 4 34 0 398 401 13 5 1 292 285 
4 8 0 477 495 1614 0 317 306 16 22 0 215 225 8 34 0 384 378 15 :s 1 429 413 



OBSE~D AND CALCULATED STRUCTURE FACTORS FOR HO- EDTA STRUCTURE 

H K L FO FC H K L fO FC H K L FO fC H K L FO FC H K L FO FC 

17 ~ 1 131 1~0 19 11 1 226 225 9 19 1 21:1 231 13 27 1 172 162 4 2 2 20!5 221 
19 5 1 215 218 113 1 :536 516 13 19 1 247 239 1:5 27 1 241 24~ 8 2 2 341 336 
21 5 1 221 20' 3 13 1 119 117 15 19 1 149 134 1 29 1 242 267 10 2 2 663 665 
1 7 1 446 428 :5 13 1 389 37:5 17 19 1 204 194 :5 29 1 297 JOJ 12 2 2 221 233 
3 7 1 219 231 7 13 1 444 424 1 21 1 21:5 209 7 29 1 241 247 14 2 2 !533 :S04 
~ 7 1 484 443 9 13 1 1 3:5 134' 3 21 1 613 603 11 29 1 237 241 16 2 2 80 74 
7 7 1 511 :504 11 13 1 520 492 :5 21 1 8:1 77 13 29 1 171 174 20 2 2 70 63 
9 7 1 448 4~6 1313 1 320 324 7 21 1 269 26:5 1 J 1 1 132 1:19 2 4 2 209 19J 

11 } 1 308 294 17 13 1 337 323 9 21 1 33:5 321 3 31 1 3:56 36:5 4 4 2 4:57 470 
13 } 1 32:5 323 19 13 1 183 173 11 21 1 121 103 :5 31 1 9:5 12:5 6 4 2 :513 561 
15 7 1 133 118 1 1:5 1 :561 493 13 21 1 190 192 7 31 1 190 188 8 4 2 :561 :598 
17 7 1 294 277 3 1 ~ 1 464 4:51 15 21 1 358 335 9 31 1 284 272 10 4 2 372 398 
19 7 1 249 232 5 15 1 379 350 17 21 1 134 128 11 31 1 129 1-43 12 .. 2 118 124 
21 7 1 74 87 7 15 1 339 313 1 23 1 4!5:5 440 13 31 1 211 205 14 4 2 126 135 ---.1 

1 9 1 . 113 119 9 15 1 468 439 !5 23 1 409 383 1 33 1 187 197 16 4 2 280 284 1.0 

3 9 1 "3 622 11 15 1 175 171 7 23 1 23!5 232 3 33 1 217 236 18 4 2 341 31!5 
5 9 1 485 476 13 15 1 266 259 9 23 1 165 164 5 JJ 1 265 261 20 4 2 2:54 243 
7 9 1 524 461 1:515 1 287 277 11 23 1 268 262 7 33 1 223 227 0 6 2 690 706 
9 9 1 603 :583 17 1 ~ 1 139 134 13 23 1 2!59 258 9 33 1 17:5 166 2 6 2 490 :514 

11 9 1 360 358 19 15 1 164 152 15 23 1 131 130 11 33 1 196 191 4 6 2 369 333 
13 9 1 353 350 1 17 1 351 327 17 23 1 20:5 207 1 35 1 198 212 6 6 2 109 11 J 
1:5 9 t 232 229 3 17 1 4~6 437 1 25 1 303 348 3 3:1 1 66 125 8 6 2 448 442 
17 9 1 271 263 ~ 17 1 346 311 J 25 1 291 337 5 3:5 1 190 229 10 6 2 142 144 
19 9 1 205 202 7 17 1 3~1 323 5 25 1 310 32~ 7 35 1 182 198 12 6 2 :503 484 
21 9 1 1~7 142 9 17 1 292 269 7 2:5 1 211 216 9 35 1 139 144 14 6 2 272 272 
1 11 1 730 674 11 17 1 394 362 9 25 1 203 196 1 37 1 88 115 16 ' 2 2:5:5 25:5 
3 11 1 619 ~92 13 17 1 133 130 11 25 1 223 228 3 37 1 249 264 18 6 2 87 75 
5 11 1 322 301 15 17 1 212 216 13 2!5 1 150 146 2 0 2 404 413 20 6 2 98 102 
7 11 1 528 486 17 17 1 212 207 15 25 1 19:1 192 6 0 2 700 778 2 8 2 421 370 
9 11 1 589 549 19 17 1 159 1:5:5 3 27 1 297 343 10 0 2 418 384 4 8 2 730 671 

11 11 1 156 160 1 19 1 463 464 5 27 1 287 296 14 0 2 308 347 6 8 2 95 102 
1 J 11 1 308 295 J 19 1 260 260 7 27 1 172 179 18 0 2 :517 ~01 8 8 2 839 834 
1:5 11 1 299 295 5 19 1 347 329 9 27 1 310 295 0 2 2 395 362 10 8 2 76 76 
17 11 1 111 120 7 19 1 409 381 11 27 1 16!5 188 2 2 2 660 646 12 8 2 66 8:5 



OBSERUID AND CALCULATED STRUCTURE FACTORS FOR HO-EDTA STRUCTURE 

H K L FO FC H I( L FO fC H I( L FO FC H I( L fO FC H K L FO FC 

16 8 2 361 343 6 16 2 619 617 6 24 2 83 81 0 38 2 208 208 3 7 3 439 410 
20 8 2 351 332 8 16 2 105 107 8 24 2 512 :508 2 38 2 172 198 :5 7 3 63:5 626 
0 10 2 983 1028 10 16 2 365 357 12 24 2 91 9J 1 1 3 :580 657 7 7 3 3:50 3:53 
2 10 2 310 287 12 16 2 143 146 14 24 2 78 67 3 1 3 413 H6 9 7 3 2:59 287 
4 10 2 511 492 14 16 2 224 232 16 24 2 259 251 5 1 3 273 327 11 7 3 332 3:56 
6 10 2 313 316 18 16 2 304 334 0 26 2 :543 526 7 1 3 240 260 13 7 3 212 225 
8 10 2 387 374 0 18 2 294 300 2 26 2 152 143 9 1 J :542 577 1:5 7 3 1:59 167 

10 10 2 82 99 2 18 2 799 792 4 26 2 31:5 303 11 1 3 292 294 17 7 3 334 319 
12 10 2 530 551 4 18 2 " 84 8 26 2 231 235 13 1 3 2a5 299 19 7 3 223 228 
14 10 2 176 165 6 18 2 64 79 10 26 2 6:5 70 1:5 1 3 199 195 1 9 J 373 J87 
16 10 2 301 309 8 18 2 112 102 12 26 2 382 3a9 17 1 3 186 179 3 9 l . 48:5 4a3 
20 10 2 106 106 10 18 2 401 371 14 26 2 61 43 19 1 3 17a 176 5 9 3 475 454 
2 12 2 142 133 12 18 2 90 85 2 28 2 1a7 199 21 1 3 203 199 7 9 3 393 387 -
4 12 2 604 $94 14 18 2 443 433 4 21 2 411 402 1 3 3 44a 471 9 9 3 20:5 216 c 

c 
6 12 2 500 482 18 18 2 80 76 6 28 2 243 246 J 3 3 1a6 158 11 9 3 320 331 
8 12 2 563 556 2 20 2 410 426 a 2a 2 304 299 5 l 3 :557 55 a 13 9 3 240 261 

10 12 2 319 320 4 20 2 31a 313 10 2a 2 1:58 1 51 7 3 J 366 402 15 9 3 228 233 
12 12 2 57 39 6 20 2 499 498 14 28 2 72 65 9 3 3 60 75 17 9 3 274 274 
14 12 2 122 130 8 20 2 359 343 0 30 2 177 168 11 3 J 375 383 19 9 3 185 177 
16 12 2 216 233 10 20 2 317 313 2 30 2 337 342 13 J 3 342 3:56 1 11 3 :54:5 :51:5 
18 12 2 309 293 12 20 2 98 105 4 JO 2 198 194 ' 15 3 l 142 136 3 11 J :538 :530 
20 12 2 265 262 14 20 2 154 143 a 30 2 139 144 17 3 3 257 252 5 11 3 366 340 
0 14 2 278 297 16 20 2 202 182 10 30 2 262 262 19 3 3 198 19:5 7 11 l 309 294 
2 14 2 740 734 18 20 2 240 235 12 lO 2 231 230 1 :5 l 204 208 9 11 . 3 430 400 
4 14 2 220 225 0 22 2 595 586 2 32 2 230 257 3 5 3 621 647 11 11 3 216 220 
6 14 2 146 139 2 22 2 381 363 4 32 2 77 106 5 :5 3 178 162 15 11 3 28:5 320 
8 14 2 162 153 4 22 2 366 351 6 32 2 391 381 7 5 3 277 308 17 11 3 176 183 

10 14 2 455 451 8 22 2 1 51 154 a 32 2 86 86 9 :5 3 453 473 19 11 3 190 200 
12 14 2 254 249 10 22 2 225 225 10 32 2 190 195 11 5 3 194 209 1 13 3 657 613 
14 14 2 366 364 12 22 2 350 343 0 34 2 57 59 13 5 J 213 219 3 1J 3 226 217 
16 14 2 173 182 14 22 2 239 232 2 34 2 l52 345 15 :5 3 324 3:50 :5 13 3 :593 :594 
18 14 2 69 75 16 22 2 229 225 10 34 2 26:5 279 17 5 J 1:54 1:5:5 7 13 3 :500 473 
2 16 2 447 430 2 24 2 173 171 4 36 2 137 131 19 :5 3 209 208 9 13 3 124 127 
4 16 2 132 121 4 24 2 489 484 6 36 2 277 280 1 7 J 637 610 11 13 3 :U7 :U5 



OBSEIUID AND CALCULATED STRUCTURE FACTORS FOR HO-EDTA STRUCTURE 

H K L FO FC H K L ro FC H I( L FO FC H I( L FO FC H I( L FO FC 

13 13 3 332 327 5 21 3 203 1a6 13 29 3 179 173 2 4 4 6a4 652 10 10 4 309 311 
15 13 3 69 68 7 21 3 221 222 1 31 J 1a6 162 4 4 4 1a2 194 14 10 4 1:54 159 
17 1J 3 227 225 9 21 3 426 407 3 31 J 302 318 6 4 4 ~a 32 16 10 4 112 139 
19 1 J J 184 194 11 21 3 148 147 5 31 3 172 160 a 4 4 392 423 1a 10 4 J49 381 

1 15 J 456 436 13 21 3 242 234 7 31 3 143 1:58 10 4 4 340 344 0 12 4 694 701 
3 15 3 562 517 u 21 J 331 321 9 31 3 230 228 12 4 4 502 56~ 2 12 4 609 581 
5 15 3 266 2~8 1 23 3 351 345 11 31 3 128 132 14 4 4 237 228 4 12 4 320 310 
7 15 3 298 285 3 2J 3 124 129 1 33 3 u:s 168 16 4 4 272 277 6 12 4 69 82 
9 15 3 396 387 5 2J 3 344 338 3 33 3 198 192 1a 4 4 83 57 a 12 4 212 21:5 

11 15 3 280 269 7 23 3 402 401 5 33 J 185 190 20 4 4 63 43 10 12 4 406 400 
13 15 3 220 227 9 23 3 205 1a9 7 33 J 167 175 2 6 4 47 66 12 12 4 225 23:5 
1 s 15 3 308 305 11 23 3 360 349 9 33 3 131 150 4 6 4 241 230 14 12 4 262 260 
17 15 3 133 144 13 23 3 222 205 1 l:S 3 193 207 6 6 4 846 846 16 12 4 128 134 
19 15 3 148 154 15 23 3 132 121 3 35 3 156 176 a 6 4 255 266 2 14 4 237 231 00 

1 17 3 363 334 1 25 3 190 192 5 35 3 198 201 10 6 4 309 333 4 14 4 :52:5 497 
3 17 3 386 362 3 25 3 320 337 7 35 3 1:51 166 12 6 4 :51 4:5 6 14 4 400 41:5 
5 17 3 386 358 5 25 3 297 293 1 37 3 137 139 14 6 4 11:5 128 8 14 4 494 :504 
7 17 J 242 247 7 25 3 314 323 3 37 3 221 232 16 6 4 189 178 10 14 4 137 137 
9 17 3 452 445 9 25 3 286 267 0 0 4 :59:5 627 18 6 4 40:5 414 14 14 4 132 140 

11 17 3 182 186 11 25 3 232 217 8 0 4 494 510 20 6 4 105 110 16 14 4 283 286 
13 17 3 326 322 13 25 3 202 190 12 0 4 608 644 0 8 4 301 246 1814 4 164 168 
15 17 J 216 226 15 25 3 182 171 16 0 4 22:5 236 2 8 4 665 648 0 16 4 811 773 
17 17 3 202 214 1 27 3 210 216 20 0 4 88 95 4 a 4 310 299 2 16 4 194 189 
1 19 3 257 243 3 27 3 380 362 2 2 .. 140 144 6 8 4 236 228 4 16 4 350 347 
3 19 3 226 221 5 27 3 209 214 4 2 4 aoo 8 .. 2 a a .. 184 194 6 16 4 122 105 
5 19 3 316 289 7 27 3 233 239 6 2 4 J!S3 378 10 a .. 423 436 8 16 4 240 242 
7 t 9 3 464 455 9 27 3 314 311 a 2 4 664 719 12 8 4 147 147 10 16 4 :51 ... 
9 19 3 113 110 11 27 3 182 182 tO 2 4 1 31 129 14 8 4 409 437 12 16 4 4S. 515 

11 19 3 361 365 1J 27 3 156 154 12 2 4 185 204 16 a 4 76 84 14 16 4 97 102 
13 19 3 264 271 1 29 3 327 309 14 2 4 54 40 18 8 4 97 92 U16 4 2Jt 244 
15 19 J 1~8 160 3 29 3 60 62 16 2 .. 2J9 25~ 2 10 .. 229 21J 2 18 4 :S7 72 
17 19 3 288 280 5 29 J 338 340 19 2 .. 14:S 122 4 10 4 JJ6 30:S 4 18 4 481 47:S 
1 21 J 143 160 7 29 3 354 347 20 2 .. 273 269 6 10 4 726 739 6 18 4 206 19:5 
3 21 J 425 420 11 29 3 241 247 0 4 4 ~42 :561 8 10 ~ 94 88 8 18 4 5~4 546 



OBSE~ AHD CALCULATED STRUCTURE FACTORS FOR HO-EDTA STRUCTURE 

H K l FO FC H K L FO FC H I< L FO FC H K L FO FC H K l FO FC 

1 o 1 a .. 97 82 2 28 .. 393 392 9 3 5 Ho 140 17 9 :5 215 234 9 17 5 307 291 
12 1a 4 117 105 4 28 .. 176 178 1 1 3 5 358 35:5 19 9 5 173 170 11 17 :5 219 212 
16 18 4 32:5 317 6 28 4 89 84 13 3 :5 3:57 37:5 1 11 :5 32:5 307 13 17 :5 272 272 
18 18 4 89 85 8 28 4 1 1 2 97 1:5 3 :5 194 19:5 3 11 :5 409 401 1:5 17 :5 178 177 
0 20 4 349 348 10 28 4 296 282 17 3 :5 286 278 5 11 :5 114 104 17 17 :5 143 1:51 
2 20 4 398 389 12 28 4 174 171 19 3 :5 189 170 7 11 :5 209 210 1 19 :5 3:54 334 
4 20 4 147 148 2 30 .. 171 163 1 5 5 572 553 9 11 5 393 392 3 19 5 13:5 137 

' 20 .. 52 47 4 JO 4 301 282 3 5 :5 690 700 11 11 5 197 18:5 5 19 5 306 28:5 
8 20 .. 1 I J 121 6 30 4 257 253 5 5 :5 520 547 1J 11 5 173 162 7 19 5 306 304 

10 20 4 272 268 8 JO 4 305 311 7 5 :5 336 360 15 11 5 321 325 9 19 :5 84 90 
12 20 4 445 438 10 JO 4 too 96 9 5 5 468 488 17 11 5 167 168 11 19 5 334 JJ6 
14 20 4 232 244 0 32 4 436 433 11 5 5 110 106 19 11 5 146 1:57 13 19 :5 304 299 
16 20 4 187 193 2 32 4 138 145 13 :5 :5 293 307 1 13 5 502 489 1:5 19 :5 98 99 
2 22 4 118 117 4 32 4 2" 268 1:5 :5 5 291 290 3 13 5 61 6:5 17 19 5 207 213 CX> 

4 22 4 313 305 8 32 4 86 88 17 :5 5 94 109 :5 13 5 450 4:5:5 1 21 :5 248 246 N 

0 22 4 443 426 4 34 .. 266 280 19 :5 :5 179 183 7 13 5 409 393 3 21 :5 399 38:5 
a 22 4 307 296 8 34 4 268 279 1 7 5 487 493 9 13 5 100 83 :5 21 :5 247 244 

10 22 .. 227 207 o 3o 4 357 lOS 3 7 5 274 275 11 13 5 257 273 7 21 5 242 209 
12 22 .. 09 77 2 36 .. 89 106 5 7 5 354 362 13 13 :5 189 192 9 21 5 287 273 
14 22 4 176 172 4 36 4 171 170 7 7 5 348 369 1:5 13 5 6:5 39 11 21 :5 148 149 
10 22 4 119 125 1 1 5 286 314 9 7 5 1:58 159 17 13 5 202 204 13 21 :5 158 16:5 
0 24 4 177 161 J 1 5 406 472 11 7 5 326 326 1 1:5 5 207 201 1:5 21 5 220 2412 
2 24 4 401 414 5 1 5 264 266 13 7 5 270 298 3 1:5 :5 523 :506 1 23 :5 2.S 260 
4 24 4 59 55 7 1 5 332 332 " 7 5 191 190 5 15 :5 112 117 J 23 :5 1:53 1:54 

10 24 4 366 373 9 I 5 370 400 17 7 5 264 280 7 1:5 :5 274 267 :5 23 5 219 201 
12 24 4 149 154 11 1 5 281 308 19 7 5 169 179 9 15 5 418 407 7 23 :5 280 278 
14 24 4 302 300 13 1 5 250 248 1 9 5 436 425 11 15 5 1:56 16:5 9 23 :5 102 110 
2 26 4 277 291 15 I :5 30:5 301 3 9 5 310 294 13 15 5 230 232 11 23 :5 321 326 
6 26 4 :536 539 17 1 5 207 199 :5 9 5 578 585 15 15 :5 300 304 13 23 5 211 213 
8 26 .. 77 78 19 1 5 169 175 7 9 5 297 301 17 15 5 124 137 15 23 ~ 81 88 

10 26 4 302 283 3 5 320 34~ 9 9 187 ' 1 17 ~ 1 25 :5 189 192 1 :5 191 438 440 
12 26 4 74 71 J 3 5 203 205 11 9 :5 266 282 J I 7 :5 383 369 3 25 :5 266 270 
14 26 4 124 125 :5 3 5 446 476 13 9 5 167 182 5 17 ~ 373 J78 :5 2:5 s 204 199 
0 28 4 333 333 7 3 5 :504 534 15 9 :5 158 161 7 17 ~ 228 216 725 5 2:50 248 



OBSEtWlD AND CALCULATEI STRUCTURE FACTORS FOR HO-EDTA STRUCTURE 

H K L FO fC H K l FO FC H K l FO fC H K L FO FC H K L FO FC 

9 25 5 256 25J 6 2 6 46 36 4 tO 6 337 358 8 18 6 121 122 030 6 230 217 
11 25 5 156 161 8 2 ' 102 90 6 10 6 106 112 10 18 6 362 367 2 30 6 342 323 
13 25 5 204 190 10 2 6 257 305 a 10 6 231 223 12 1 a 6 138 133 .. 30 6 131 130 
1 27 5 147 140 12 2 6 209 206 10 10 6 124 125 1-4 1 a 6 JJ2 362 a 30 6 137 124 
l 27 5 334 329 14 2 6 430 444 12 10 6 347 363 2 20 6 229 240 2 32 ' 200 193 
5 27 s 156 151 16 2 6 84 75 14 10 6 231 237 4 20 6 309 311 4 32 6 6:5 68 
7 27 5 178 184 18 2 6 77 50 16 10 6 190 209 6 20 6 371 357 6 32 ' 339 329 
9 27 5 273 277 2 4 6 282 279 2 12 6 204 207 a 20 6 245 243 23-4 6 2:53 268 

11 27 5 154 143 4 4 6 396 421 4 12 6 425 421 10 20 6 197 185 1 1 7 350 351 
13 27 5 150 150 6 4 6 475 482 6 12 6 322 316 12 20 6 122 106 3 1 7· 464 488 
1 29 5 327 33:5 8 4 6 326 JJO a 12 6 371 368 14 20 6 89 100 :5 1 7 252 260 
5 29 5 292 280 10 4 6 308 311 10 12 6 231 240 0 22 6 319 318 7 1 7 182 201 
7 29 5 246 263 14 .. 6 182 171 12 12 6 60 79 2 22 6 218 230 9 1 7 241 245 

11 29 5 219 222 16 4 6 261 264 14 12 6 1:55 146 4 22 6 189 218 11 1 7 247 239 00 

1 J 1 5 172 157 18 4 6 254 266 " 12 6 209 221 a 22 6 190 179 1J 1 7 219 224 VI 

J 31 5 309 302 0 6 6 830 807 18 12 6 1:59 168 10 22 6 249 246 1:5 1 7 261 268 
5 31 5 89 104 2 6 6 JOt 328 0 14 6 403 385 12 22 6 313 311 17 1 7 134 124 
7 31 5 199 194 4 6 6 417 446 2 14 6 419 411 14 22 6 171 173 1 3 7 47:5 474 
9 31 5 215 208 6 6 6 92 90 4 14 6 326 325 2 24 6 117 114 3 3 7 208 227 
1 33 5 226 233 8 6 6 204 216 6 14 6 132 115 ' 4 24 6 380 372 5 3 7 3:59 365 
l 33 5 150 153 10 6 6 168 168 8 14 6 154 141 6 24 6 127 108 7 3 7 330 369 
5 33 5 181 175 12 6 6 461 494 10 14 6 367 367 a 24 6 316 322 9 3 7 113 106 
7 33 5 173 186 14 6 6 157 167 12 14 6 189 181 12 24 6 58 57 11 3 7 321 3:53 
1 35 5 215 219 16 6 6 22a 250 14 14 6 367 365 14 24 6 58 57 13 3 7 261 2:50 
J 35 5 147 149 18 6 6 61 34 16 14 6 120 129 0 26 6 440 427 1:5 3 7 66 73 
5 35 5 176 176 2 8 6 120 11 J 2 16 6 382 372 4 26 6 239 241 17 3 7 2:53 240 
2 0 6 342 339 4 8 6 515 516 4 16 6 1 11 113 6 26 6 54 43 1 5 7 1:54 167 
6 0 6 539 561 6 8 6 53 37 6 16 6 612 :575 a 26 6 214 218 3 :5 7 433 431 

10 0 6 452 486 8 8 6 523 :542 10 " 6 323 J32 12 26 6 JJ2 341 :5 :5 7 313 323 
14 0 6 311 298 10 8 6 126 144 12 16 6 70 :55 2 28 6 1l6 13J 7 :5 7 217 22:5 
18 0 6 330 328 12 8 6 115 137 1-416 6 135 130 4 28 6 l20 309 9 ~ 7 409 432 
0 2 6 425 4~0 16 8 6 372 370 018 6 182 183 6 28 6 206 209 1l 5 7 277 28:5 
2 2 6 734 753 0 10 6 583 603 218 6 403 40:5 a 28 6 l42 333 1~ :5 7 302 JOJ 
4 2 6 183 197 2 10 6 147 1:58 6 18 6 59 38 10 28 6 80 67 17 5 7 127 119 



OBSERUID AND CALCULATED STRUCTURE FACTORS FOR HO-EDTA STRUCTURE 

H K l FO FC H K l FO FC H K L FO FC H K L FO FC H K L FO FC 

1 7 7 257 243 17 13 7 173 175 s 23 7 282 276 16 2 a 2aa 303 4 12 a 224 213 
3 7 7 155 159 1 15 7 280 266 7 23 7 217 205 0 4 8 4a3 484 8 12 8 149 147 
5 7 7 296 309 3 15 7 400 383 9 23 7 a5 81 2 4 8 331 330 10 12 a 352 3:57 
7 7 7 359 356 5 15 7 306 305 11 23 7 204 192 4 4 a 266 266 12 12 8 219 22a 
9 7 7 190 184 7 15 7 98 104 13 23 7 151 1:54 6 4 8 141 134 14 12 8 292 307 

11 7 7 231 230 9 15 7 380 381 1 2:1 7 259 25:5 a 4 8 139 146 16 12 8 1J8 146 
13 7 7 253 261 11 u 7 134 1 31 3 2:1 7 280 277 10 4 8 266 261 2 14 8 118 111 
15 7 7 195 208 13 15 7 174 184 :s 2:5 7 1aO 180 12 4 8 281 27a 4 14 8 403 406 
17 7 7 213 235 u 15 7 218 223 7 25 7 194 185 14 4 8 253 259 6 14 a 247 2:54 
1 9 7 243 250 1 17 7 249 240 9 25 7 210 212 16 4 8 147 142 8 14 8 329 331 
3 9 7 190 181 3 17 7 298 286 11 25 7 195 199 2 6 8 193 196 10 14 8 121 130 
5 9 7 350 369 5 17 7 232 242 1 27 7 211 208 4 6 a 1aa 190 14 14 8 71 76 
7 9 7 379 384 7 17 7 215 224 J 27 7 343 327 6 6 8 494 500 0 16 8 :s:so :5:54 
9 9 7 268 285 9 17 7 186 181 s 27 7 179 186 8 6 a 215 223 2 16 a 90 90 00 

11 9 7 274 283 11 17 7 235 238 7 27 7 157 159 10 6 8 221 223 4 16 8 254 2:52 
~ 

13 9 7 252 251 13 17 7 207 227 9 27 7 241 228 14 6 a 109 101 8 16 8 182 179 
15 9 7 165 167 15 17 7 203 200 1 29 7 257 248 16 6 8 132 138 10 16 8 111 98 
17 9 7 150 154 119 7 371 373 5 29 7 249 245 0 8 8 161 167 12 16 8 409 396 
1 11 7 163 159 3 19 7 124 114 7 29 7 1ao 191 2 a 8 486 49:5 14 16 8 74 78 
3 11 7 469 445 5 19 7 316 316 1 31 7 141 na 4 8 8 61 96 4 18 8 383 3a2 
5 11 7 215 220 7 19 7 220 208 J 31 7 223 222 a a a 76 76 6 18 8 a:s 81 
7 11 7 197 207 9 19 7 165 143 5 31 7 124 11:5 10 8 8 3a6 37a a 18 8 J9J 397 
9 11 7 404 403 11 19 7 249 2-43 1 33 7 15-4 160 12 8 8 68 67 10 18 8 55 29 

11 11 7 181 182 13 19 7 224 199 0 0 a 6:52 70a 14 a 8 367 Ja6 12 18 a 72 64 
1 3 11 7 149 157 15 19 7 88 61 4 0 8 371 382 2 10 8 231 230 14 18 8 82 72 
15 11 7 304 308 1 21 7 148 158 8 0 8 231 255 4 10 8 184 168 0 20 8 469 474 
1 13 7 461 442 3 21 7 307 301 12 0 a 361 385 6 10 8 527 :514 2 20 8 2:53 235 
3 1 J 7 98 96 5 21 7 130 129 16 0 8 199 196 8 10 8 122 120 .. 20 8 219 217 
5 13 7 383 358 7 21 7 197 2011 2 2 8 112 130 10 10 8 21:5 226 8 20 8 61 48 
7 13 7 342 338 9 21 7 235 247 4 2 8 450 470 12 10 a 116 104 10 20 8 142 14:5 
9 1J 7 78 59 11 21 7 122 108 6 2 a 198 196 14 10 8 14a 132 12 20 8 300 310 

11 13 7 312 321 13 21 7 159 159 a 2 8 342 334 16 10 8 88 67 2 22 a 177 173 
13 13 7 210 222 1 23 7 329 330 10 2 8 58 63 0 12 8 332 319 4 22 8 204 195 
15 13 7 60 25 3 23 7 151 149 14 2 a 78 79 2 12 8 364 362 6 22 a 339 34a 



OBSEiWiD AND CALCULATED STRUCTURE FACTORS FOR HO-EDTA STRUCTURE 

H I( L FO FC H I( L FO FC H K L FO rc H K L FO fC H K L FO FC 

8 22 8 238 222 5 5 9 163 159 1 15 9 276 293 7 25 9 198 191 10 8 10 63 61 
10 22 8 206 206 7 5 9 203 199 3 15 9 234 24-4 1 27 9 136 136 0 10 10 431 421 
12 22 8 63 25 9 5 9 282 283 5 15 9 182 186 3 27 9 139 148 4 10 10 286 274 
0 24 8 196 187 11 5 9 146 153 7 15 9 246 241 5 27 9 199 188 6 10 10 72 78 
2 24 8 430 402 13 5 9 159 167 9 15 9 244 236 2 0 10 287 312 8 10 10 203 213 
4 24 8 71 92 15 5 9 180 174 11 15 9 140 149 6 0 10 525 542 10 10 10 121 119 
6 24 8 83 70 1 7 9 311 301 13 15 9 181 177 10 0 10 266 269 12 10 10 JJ7 3!54 

10 24 8 280 278 3 7 9 210 215 1 17 9 212 212 14 0 10 136 118 2 12 10 114 121 
2 26 8 182 178 5 7 9 296 306 .3 17 9 232 228 0 2 10 133 128 4 12 10 314 315 
4 26 8 67 68 7 7 9 202 205 5 17 9 236 228 2 2 10 329 340 6 12 10 266 273 
6 26 8 ;573 368 9 7 9 208 210 7 17 9 200 204 4 2 10 138 137 8 12 10 303 295 
8 26 8 84 70 11 7 9 229 2-43 9 17 9 198 193 6 2 10 79 65 10 12 10 147 151 
0 28 8 180 17:5 1J 7 9 222 201 11 17 9 187 191 8 2 10 108 103 0 14 10 253 217 
2 28 8 285 281 15 7 9 110 86 13 17 9 112 122 10 2 10 370 364 2 14 10 403 372 00 

6 28 8 72 5:5 1 9 9 199 187 1 19 9 295 290 12 2 10 141 136 6 14 10 89 89 
Vl 

2 30 8 84 97 3 9 9 362 365 3 19 9 94 81 14 2 10 279 281 8 14 10 99 88 
4 JO 8 219 231 :5 9 9 213 220 5 19 9 268 282 2 4 10 153 159 10 14 10 259 251 
I 1 9 284 297 7 9 9 301 308 7 19 9 234 227 4 4 10 256 263 12 14 10 135 143 
3 1 9 312 321 9 9 9 175 180 9 19 9 122 123 ' 4 10 266 286 2 16 10 180 192 
5 1 9 209 205 11 9 9 254 2:54 11 " 9 211 195 8 4 10 329 329 6 16 10 JSo 374 
7 1 9 223 246 13 9 9 193 188 1 21 9 161 164 10 4 10 155 184 10 16 10 182 178 
9 1 9 232 234 15 9 9 100 103 3 21 9 320 317 14 4 10 95 90 0 18 10 92 95 

11 1 9 196 209 1 11 9 194 223 5 21 9 118 131 0 6 10 230 227 2 18 10 386 360 
13 1 9 123 118 3 11 9 282 267 7 21 9 105 162 

I 
2 6 10 124 112 4 18 10 142 142 

15 1 9 235 226 5 11 9 214 199 9 21 9 261 255 4 0 10 234 239 6 18 10 64 31 
1 3 9 390 384 7 11 9 239 238 11 21 9 72 93 6 6 10 6-4 45 10 18 10 229 229 
3 3 9 50 43 9 11 9 295 305 1 23 9 222 221 8 6 10 215 214 2 20 10 165 167 
5 3 9 352 365 11 11 9 104 114 3 23 9 64 73 10 6 10 110 119 4 20 10 134 136 
7 3 9 198 226 13 11 9 174 186 5 23 9 246 246 12 6 10 323 321 6 20 10 302 29-4 

11 3 9 22:5 227 1 13 9 263 258 7 23 9 233 218 14 6 10 147 137 8 20 10 170 171 
13 3 9 210 222 5 13 9 300 300 9 23 9 113 128 2 8 10 7 .. 74 0 22 10 JJ6 JJ7 
15 3 9 112 114 7 13 9 271 262 1 25 9 190 179 .. 8 10 325 J47 2 22 10 174 164 
1 s 9 129 IJJ 11 13 9 258 259 3 25 9 163 161 6 8 10 59 61 4 22 10 186 186 
3 5 9 368 356 1l 13 9 214 212 5 25 9 240 229 8 8 10 352 356 6 22 10 62 J:S 



OBSERUED AND CALCULATED STRUCTURE FACTORS FOR HO-EDTA STRUCTURE 

H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 

2 24 10 71 57 5 11 11 122 117 1 27 11 122 114 0 12 12 221 221 1 3 13 217 212 
4 24 10 274 283 7 11 11 198 199 3 27 11 142 152 2 12 12 228 221 5 3 13 154 164 
0 26 10 359 360 9 11 11 207 218 5 27 11 131 140 4 12 12 76 89 7 3 13 181 178 
1 1 11 179 184 1 1 3 11 222 197 7 27 11 119 110 8 12 12 71 68 9 3 13 I.e 60 
J 1 11 291 312 5 13 11 243 246 1 29 11 159 1:57 10 12 12 174 177 11 3 13 173 166 
5 1 11 222 219 7 13 11 192 18a 0 0 12 423 441 12 12 12 182 182 1 :5 13 104 110 
7 1 11 187 194 1 u 11 211 214 4 0 12 151 149 4 14 12 26a 277 3 5 13 203 206 
9 1 11 255 265 J 15 11 241 234 a 0 12 139 147 6 14 12 172 161 5 5 13 116 123 

11 1 11 156 166 5 15 11 148 145 12 0 12 290 293 8 14 12 223 230 7 5 13 86 95 
1 3 11 317 292 7 15 11 145 145 2 2 12 113 119 10 14 12 63 48 9 :5 13 225 210 
3 3 11 77 69 9 15 11 163 163 4 2 12 300 301 0 16 12 273 256 11 513 110 94 
5 J 11 269 283 1 17 11 138 146 6 2 12 121 133 2 16 12 75 67 1 7 13 189 183 
7 3 11 188 202 3 17 11 194 192 a 2 12 286 2a6 4 16 12 97 109 3 7 1l 136 131 

11 3 11 196 203 5 17 11 154 148 10 2 12 71 58 6 16 12 91 80 5 7 13 183 181 00 

1 5 11 66 80 7 17 11 140 128 12 2 12 71 51 8 16 12 152 153 7 7 13 175 16:5 0\ 

J 5 11 276 277 1 19 11 21:5 196 0 4 12 299 277 2 18 12 82 83 9 713 76 68 
5 5 11 95 69 3 19 11 114 114 2 4 12 251 264 4 18 12 240 237 11 7 13 1:55 166 
7 5 11 175 181 7 19 11 174 182 4 4 12 139 127 a 18 12 237 23:5 1 9 13 172 172 
9 5 11 260 263 9 19 11 77 73 10 4 12 1:52 153 0 20 12 234 229 3 9 13 146 14:5 

11 5 11 93 103 11 19 11 136 136 12 4 12 207 215 2 20 12 102 92 5 9 13 18:5 170 
1 7 11 251 247 5 21 11 74 71 14 4 12 151 160 4 20 12 12:5 118 7 9 13 85 97 
3 7 11 204 207 7 21 11 122 128 2 6 12 224 221 a 20 12 113 119 9 9 13 125 12:5 
5 7 11 202 192 9 21 11 220 214 4 6 12 153 141 2 22 12 126 115 11 9 13 144 133 
7 7 11 243 250 11 21 11 72 74 6 6 12 279 269 4 22 12 129 133 1 11 13 139 139 
9 7 11 97 127 1 23 11 185 182 a 6 12 145 136 6 22 12 234 223 3 11 13 207 199 

11 7 11 151 158 3 23 11 65 59 10 6 12 153 158 8 22 12 152 148 5 11 1J 136 139 
1 9 11 178 176 5 23 11 163 164 14 6 12 110 96 2 24 12 215 202 7 11 13 144 145 
3 9 11 188 182 7 23 11 174 184 2 8 12 377 367 2 26 12 113 87 9 11 1 J 178 169 
5 9 11 190 191 9 23 11 97 86 10 a 12 216 217 1 1 13 143 130 1 13 13 207 202 
7 9 11 193 186 1 25 11 139 141 2 10 12 1aO 175 J 1 13 161 154 ~ 13 1J 212 202 
9 9 11 165 1~9 3 25 11 168 155 4 10 12 8:5 84 5 113 140 149 7 1J 13 156 142 

11 9 11 182 184 5 25 11 173 162 6 10 12 332 330 7 1 13 119 123 1 15 13 122 124 
1 11 11 170 166 7 25 11 131 128 8 10 12 85 83 9 1 13 148 153 3 15 13 166 161 
J 11 11 359 J" 9 2~ 11 126 124 10 10 12 163 164 11 1 13 173 160 ~ 15 13 95 102 



OBSEIUID AND CALCULATED STRUCTURE FACTORS FOR 

H I( L FO FC H K L FO FC H 

7 15 13 139 146 5 t9 13 15~ U8 ~ 

9 15 13 131 142 1 21 13 115 104 8 
1 17 13 128 150 3 21 13 204 189 2 
J 17 13 189 185 2 0 14 135 151 4 
5 17 13 133 132 6 0 14 249 238 6 
7 17 13 154 134 0 2 14 82 88 8 
1 19 13 177 163 2 2 14 205 209 0 

HO-EDTA STRUCTURE 

K L FO FC H K L 

2 H 7J 67 2 6 1~ 

2 14 66 43 4 6 14 
4 1~ 110 123 8 6 14 
4 14 136 144 4 8 14 
4 14 190 184 0 10 14 
4 14 139 135 4 10 14 
6 14 215 225 

FO FC H K L 

111 112 2 12 14 
1~9 144 4 12 14 
87 79 6 12 14 

222 213 0 H 14 
273 26:5 2 14 14 
1:50 147 4 1-4 1~ 

FO 

11 J 
199 
142 
201 
213 
105 

FC 

10~ 

189 
139 
206 
203 
95 

00 
-.] 



REFERENCES 



- 188 -

REFERENCES 

1. Vogel, A. I., "Textbook of Quantitative Inorganic Analysis", 4th Ed., 

Longman Inc. (1978). 

2. Schwarzenbach, G., Flaschka, H., "Complexometric Ti trations", translated 

by Irving, H.M.N.H., ~thuen & Co. Ltd (1969). 

3 .. Martell, A.E., Smith, R.M., "Critical Stability Constants", Vol. 1, 

Plenum Press, New York & London (1974). 

4. Stezowski, J.J., Countryman, R., Hoard, J.L., Inorg. Chem., 12, 1749 (1973). 

5. Passer, E., White, J.G., Cheng, J.L., Inorg. Chim. Acta, 24, 13 (1977). 

6. Pozhidaev, A. I., Polynova, T.N., Porai-Koshits, M.A., Logvienko, V.A., 

Zh. Strukt. Khim., 14, 746 (1973). 

7. Pozhidaev, A. I., Polynova, T.N., Porai-Koshits, M.A., Dudakov, V.G., 

Zh. Strukt. Khim., 15, 160 (1974). 

8. Barnett, B.L., Uchtman, V.A., Inorg. Chem., 18, 2674 (1979). 

9. Cohen, G.H., Hoard, J.L., J. Am. Chem. Soc., 88, 3228 (1966). 

10. Schlemper, E.O., J. Cryst. Mol. Struct., 7, 81 (1977). 

11. Hoard, J.L., Kennard, C.H.L., Smith, G.S., Inorg. Chem., 2, 1316 (1963). 

12. Pozhidaev, A. I., Nesterova, Ya.M., Polynova, T.N., Porai-Koshits, M.A., 

Logvienko, V.A., Zh. Strukt. Khim., 18, 408 (1977). 

13. Smith, G.S., Hoard, J.L., J. Am. Chem. Soc., 81, 556 (1959). 

14. Stephens, F.S., J. Chem. Soc. A, 1723 (1969). 

15. Kennard, C.H.L., Inorg. Chim. Acta, 1, 347 (1967). 

16. Hoard, J.L., Pedersen, B., Richards, S., Silverton, J.V., J. Am. Chem. 

Soc., 83, 3533 (1961). 

17. Richards,S., Pedersen, B., Silverton, J.V., Hoard, J.L., Inorg. Chem., 3, 

27 (1964). 

18. Pozhidaev, A. I., Polynova, T.N., Porai-Koshits, M.A., Acta Cryst., A28, 

S76 (1972). 



- 189 -

19 . Van Remoortere, F.P., Flynn, J.J., Boer, F.P., I norg. Chem.~ 10~ 2313 

(1971). 

20 . Lind, M.D., Hoard, J.L., Hamor, M.J., Hamor, T.A., I norg. Chem.~ 3 ~ 34 

(1964). 

21. Novozhilova, N.V., Polynova, T. N., Porai-Koshits, M.A., Zh . Strukt . 

Khim.~ 16~ 865 (1975). 

22 . Novozhilova, N.V., Polynova, T.N., Porai-Koshits, M.A., Pechurova, N.I., 

Martynenko, L.I., Khadi, A., Zh. Strukt. Khim.~ 14~ 745 (1973). 

23. Pozhidaev, A.I., Porai-Koshits, M.A., Polynova, T.N., Zh. Strukt. Khim.~ 

15~ 644 (1974). 

24 . Pozhidaev, A. I., Neronova, N.N., Polynova, T.N., Porai-Koshits, M.A., 

Logvienko, V.A., Zh . Strukt. Khim.~ 1 3~ 738 (1972). 

25. Pozhidaev, A.I., Polynova, T.N., Porai-Koshits, M.A., Neronova, N.N., 

Zh. Strukt. Khim.~ 14~ 570 (1973). 

26 . Saito, M., Uehiro, T., Ebina, F., Iwamoto, T., Ouchi, A., Yoshino, Y., 

Chem. Le tt .~ 997 (1979). 

27 . Kita, I., Uehiro, T., Iwamoto, T., Ouchi, A., Yoshino, Y., Chem. Le tt.~ 

333 (1976). 

28 . Polynova, T.N., Bel'skaya, N.P., Tyurk de Garcia Banes, D., Porai­

Koshits, M.A., Martynenko, L.I., Zh. Strukt . Khim.~ 11~ 164 (1970). 

29. Lis, T., Acta Cryst.~ B34~ 1342 (1978). 

30. Stein, J., Fackler Junior, J.P., McClune, G.J., Fee, J.A., Chan, L.T., 

Inorg. Chem.~ 18~ 3511 (1979). 

31. Weakliem, H.A., Hoard, J.L., J. Am. Chem. Soc.~ 81~ 549 (1959). 

32. Shields, K.G., Seccombe, R.C., Kennard, C.H.L., J. Chem. Soc.~ Dalton~ 

741 (1973). 

33. Busch, D., Bailar Junior, J.C., J. Am. Chem. Soc.~ ?8~ 716 (1956). 

34. Ezerskaya, N.A., Filimonova, V.N., Solovykh, T.P., Russ. J. Inorg. Chem.~ 

10~ 1444 (1965). 



- 190 -

35. Filippova, T.V., Polynova, T.N., Porai-Koshits, M.A., Novozhilova, N.V., 

Martynenko, L.I., Zh . St rukt . Khim.~ 1 4 ~ 280 (1973). 

36. Van Remoortere, F.P., Flyrm, J.J., Boer, F.P., North, P.P., Inorg . Chem.~ 

10~ 1511 (1971). 

37. Data and plots obtained from Centre of Scientific and Technological 

Information (CSTI), CSIR, Pretoria, which is affiliated to the CCOC 

(Cambridge Crystallographic Data Centre). 

38. Hoard, J.L., Lee, B., Lind, M.D., J. Am. Chem. Soc.~ 87~ 1612 (1965). 

39. Lind, M.D., Lee, B., Hoard, J.L., J. Am. Chem. Soc.~ 8~ 1611 (1965). 

40. Wheelwright, E.J., Spedding, F.H., Schwarzenbach, G., J. Am. Chem. Soc.~ 

75~ 4196 (1953). 

41. Mackey, J.L., Powell, J.E., Spedding, F.H., J . Am. Chem. Soc.~ 84~ 2047 

(1962). 

42. Lee, B., Ph.D. Thesis, Cornell University, Ithaca, New York. 

43. Nesterova, Ya.M., Zbryskaya, S.G., Polynova, T.N., Porai-Koshits, M.A., 

Zh . Strukt. Khim.~ 1 3~ 739 (1972). 

44. Koetzle, T.F., Acta Cryst.~ A31~ S22 (1975). 

45. Nassimbeni, L.R., Wright, M.R.W., van Niekerk, J.C., McCalhnn, P.A., 

Acta Cryst.~ B35~ 1341 (1979). 

46. Filippova, T.V., Polynova, T.N., Il'inski, A.L., Porai-Koshits, M.A., 

Martynenko, L.I., Zh. Strukt . Khim.~ 18~ 1127 (1977). 

47. Stavely, L.A.K., Randall, T., Discuss. Faraday Soc.~ 26~ 157 (1958). 

48. Huheey, J.E., "Inorganic Chemistry, principles of structure and 

reactivity", 2nd Ed., Harper & Row Publishers, New York (1978). 

49. Halleck, L., Liebold, T., Naturuliss. ~ 22~ 583 (1957). 

SO. George, P., McClure, D.S., Progr. Inorg. Chem.~ 1~ 381 (1959). 

51. Hulett, L.G., Thornton, D.A., J. Mol. Structure~ 10~ 39 (1971). 

52. Yatsimirskii, K.B., Kostromina, N.A., Russ. J. Inorg. Chem.~ 9~ 971 (1964). 

53. Staveley, L.A.K., Markham, D.R., Jones, M.R., J. Inorg. Nucl. Chem.~ 30~ 

231 (1968). 



- 191 -

54. Staveley, L.A.K., Markham, D.R., Jones, M.R., Nature ~ 211 ~ 1172 (1966). 

55. Alsaadi, B.M., Rossotti, F.J.C., Williams, R.J.P., J . C. s. Dalton~ 2151 

(1980). 

56. Koch, K.R., Ph.D. Thesis, University of Cape Town. 

57. Stout, G.H., Jensen, J.L., "X-ray structure detennination, a practical 

guide", Macmillan, London (1968). 

58. Buerger, M.J., "Crystal-structure analysis", J. Wiley and Sons, Inc., 

New York (1967). 

59. Glusker, J.P., Trueblood, K.N., "Crystal structure analysis-A primer", 

Oxford University Press, London (1972). 

60. Sheldrick, G.M., "The ShelX program system", Univ. Chern. Lab., 

Cambridge (1976). 

61. Cromer, D.T., Mann, J.B., Acta Cryst.~ A24~ 321 (1968). 

62. Cromer, D.T., Liberman, D., J. Chem. Phys.~ 53~ 1891 (1970). 

63. Pauling, L., '"The nature of the chemical bond", Cornell Univ. Press, 

Ithaca, New York (1960). 

64. 1-btherwell, W.D.S., Cambridge, tmpublished. 

65. Roberts, P.R., Sheldrick, G.M., Cambridge, tmpublished. 

66. Skoog, D.A., West, D.M. , "Principles of Instnnrental analysis", 2nd Ed. , 

Saunders College (1980). 

67. Stanton-Redcroft Technical Information Sheet, no. 103. 

68. Kasper, J.S., Lonsdale, K. ed., "International Tables for X-ray 

Crystallography", Vol. 1, Kynoch Press, Birtningharn (1969). 

69. Cromer, D.T., Acta Cryst.~ 18~ 17 (1965). 

70. Templeton, D.H., Acta Cryst.~ 8, 842 (1955). 

71 . Dauben, C.H., Templeton, D.H., Acta Cryst., 8, 841 (1955). 

72. Engel, D.W., Paper presented at the Annual Conference of the South 

African Crystallographic Association, University of Durban-Westville, 

April 1982. 



- 192 -

73. Ueki, T., Zalkin, A., Templeton, D.H., Acta Cryst. 3 203 836 (1966). 

74. Cruickshank, D.W.J., MCDonald, W.S., Acta Cryst. 3 233 9 (1967). 

75. Cruickshank, D.W.J., Acta Cryst. 3 133 774 (1960). 

76. McDonald, W.S., Cruickshank, D.W.J., Acta Cryst. 3 223 48 (1967). 

77. Rameseshan, S., Abrahams, S.C. ed., "Anomalous Scattering", r.funksgaard 

International Publishers Ltd, Copenhagen (1975). 

78. Templeton, L.K., Templeton, D. H., Zalkin, A., Ruben, H. W., Acta Cryst. 3 

B383 2155 (1982). 

79. Hamilton, W.C., Acta Cryst. 3 183 502 (1965). 

80. Bell, C. F., "Principles and Applications of ~tal Chelation", Clarendon 

Press, Oxford (1977). 

81. Maroy, K., Acta Chern. Scan. 3 25 3 2580 (1971). 

82. Palenik, G.J., Inorg. Chern. 3 63 503 (1967). 

83. Kamenar, B., Grdenic, D., Prout, C.K., Acta Cryst. 3 B263 181 (1970). 

84. Kasper, J.S., Lonsdale, K. ed., "International Tables for X-ray 

Crystallography", Vol III, Kynoch Press, Birmingham (1969). 

85. Hauge, S., Sletten, J., Acta Chern. Scan. 3 253 3094 (1971). 

86. Berking, B., Mootz, D., Acta Cryst. 3 B2?3 740 (1971). 

87. Emsley, J., Jones, D.J., Lucas, J., Rev. Inorg. Chern.~ 33 105 (1981). 

88. Schuster, P.,Zillldel, G., Sandorfy, C., '"The Hydrogen Bond", Vol. II, 

North-Holland Publishing Company, Amsterdam (1976). 

89. Joosten, M.D., Schaad, L.J., ''Hydrogen Bonding", Marcel ~kker, Inc., 

New York (1974). 

90. Pimentel, G.C., McClellan, A.L., "The Hydrogen Bond", W.H. Freeman and 

Company, San Francisco and London ( 1960) . 

91. Chidambaram, R., Acta Cryst. 3 143 467 (1961). 

92. Chiari, G., Ferraris, G., Acta Cryst. 3 B38~ 2331 (1982). 

93. Collin, R.L., Willis, M., Acta Cryst. 3 B2?~ 291 (1971). 

11 MI1Y 1983 




