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Abstract

This thesis deals with the current methods available for
X-ray structure determination and with the «crystal and
molecular structure determination of five compounds using
these methods., The five compounds are

1) [2,3-Bis(dimethylarsino)-1,1,1,4,4,4-hexafluorobut-~
2-ene~-As,As]tricarbonyldiiodotungsten (II),
MeqgAsC (CFy ) :C (CPy) AsllegWIq (CO)

2) Dimethylammonium trichlorotris (dimethylsulphoxide}-
ruthenate(1I),
[ ((CHy)a SO)3 RuCly J= [ (CHy)a NHy J*

3) Dichlorotetrakis{dimethylsulphoxide) rutheniunm(1I),
(HQISO)\.. RuClz

‘4) 1,3,7-Trimethyl-2,6-dioxypurine hydrochloride
dihydrate {caffeine hydrochloride dihydrate),
CgHy ClNyOp.2HaO

5) - 1-Acetyl-3-benzamido-2-keto-4-(2,3,4,6-tetra-0-acetyl-
B-D-glucopyranosyloxy)-A3-pyrroline,
Cay Hyo NaOva .

The structures of compounds 1), 2), and 3) were
determined by Patterson syntheses, compound 4) by
centrosymmetric direct methods and compound 5) by non-
centrosymmetric direct methods. All structures were then
refined wusing full-matrix least-squares procedures. The
relevant crystal data for all five compounds can be found in
Table A

In the tungsten compound { 1) ] the tungsten atom 1is
seven-coordinate vith a distorted capped octahedral
environment, the capping group being a carbonyl. The capped
face consists of the two remaining carbonyl groups and one of

the arsenic atoms from the bidentate ligand. The uncapped

face contains the two iodine atoms and the remaining arsenic
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Table A

Crystal data for the five compounds examined

Space Unit Cell Dimensions Final R
Group Factor
a = 15.37(2) o = 90.0
1) P2,/¢c b= 9.529(1) g = 112.03(2) 0.067
c = 15.967(3) ¥ = 90.0
a = 27.459(5) % = 90.0
2) Pn2,a b = 9.925(1) B = 90.0 0.045
c = 14,266(3) ¥ = 90.0
3) - P2, /n b = 18.045(7) $ = 91.52(2) 0.041
c = 11.363(3) ¥ = 90.0
a = 12.391(%) o = 90.0
4y B2, /c b = 6.524(Y) 8= 118.82(3) 0.064
' c = 17.167(6) ¥ = 90.0
a = 19.629(5) % = 90.0
5) P2, b = 7.504(2) B = 90.53(2) 0.079
c = 9.830(2) ¥ = 90.0

atom. .

The structure of the ruthenium compound [ 2) ] consists
of two crystallcgraphically non-egquivalent anions in the
asymmetric anit linked by hydrogen bonding via
dimethylammonium cations. The coordination geometry about the
structurally similar anions is essentially that of an
octahedron with the DMSO ligands being bonded to Ru via the
sulphur atons.

The 'co-ordination geometry about the riuthenium atonm for
compound 3) is essentially octahedral with c¢is chlorine
atoms: Of the four DNMSO ligands three are S-bonded and one is
O-bonded, the O-bonded 1ligand being trans to a S-bonded

ligand.
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For caffeine hydrochloride [ 4) ] the fused ring system
is essentially ©planar and protonated at the 9-position. The
crystal contains two types of hydrogen bonding. involving O-
HeeeCl and N-H...O interactions.

The structure of compound 5) consists of a pyranose ring
in the chair conformation with the four O-acetyl substituents
in equatorial positions; the pyranose ring is connected to a

planar pyrroline ring via a $—oxygen bridge.
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GENERAL INTRODUCTIOCN



This thesis deals principally with the structure
determination by single crystal X-ray diffraction of five
compounds in their crystalline state. It illustrates by both
theoretical and practical discussion the three major methods
presently available for structure determination viz. the
Patterson heavy atom synthesis, centrosymmetric direct
methods, and non-centrosymmetric direct methods, and also
contains a brief description of the practical aspects of X-
ray crystallography.

Chapter 1 deals with the practical aspects and is
designed to explain some of the terms used in the
experimental sections of Chapters 2-6, and also give the non-
crystallographic reader of this thesis a limited background
to crystallography.  All crystallographic symbols and
nomenclature appearing throughout this thesis have their
conventional meanings described in the "International Tables’
for X-ray Crystallography" {1)..

Chapters 2-6 contain the description of the methods of
structure analysis used, with a discussion of the resulting
molecular and crystal structures found, for the five
compounds examined. [2,3-bis (dimethylarsino)-1,1,1,4,4,4~
hexafluoro-but-2-ene-As,As Jtricarbonyldiiodotungsten (II), di-
methylammonium trichlorotris (dimethylsulphoxide)ruthenate(II),
and dichlorotetrakis(dimethylsulphoxide) ruthenium(II) were
all solved using Patterson syntheses, 1,3,7-trimethyl-2,6-
dioxypurine hydrochloride dihydrate was solved by
centrosymmetiic direct methods, and 1-acetyl-3-benzamido-2-

keto-4-(2,3,4,6-tetra-0-acetyl-p-D-glucopyranosyloxy)-b3-



pyrroline vas solved using non-centrosymmetric direct
methods. These methods are discussed 1in detail for the
tungsten, purine and pyrroline compounds repectively. .

Por each of the five crystal structures the least-
squares refinement was based on the minimization of Ea W(Fo-
Fc)2 wvhere Fo and Fc are the observed and calculated
structure factors and ¥ is the assigned weighting factor. The
anisotropic thermal factors employed in the refinement are

LN in the expression:
£ = £ exp[-2m2 (U, h2a*2 + U,  k2h#2 + U4, 82c%2

+ 2U ,hkaxb* + 2U, hRa*c*# 20

[ .
where £ 1is the tabulated scattering factor and £ 1is
that corrected for thermal motion. The isotropic thermal
parameters have the form:

£ = £ exp [-B(sin®/A)2]

where B is related to the mean-square displacement, (2,
of the atom from its mean position by the expression:

B = 8W2y2,



CHAPTER 1

AN INTRODUCTION TO X-RAY CRYSTALLOGRAPHY



A) A PRACTICAL VIEWPOINT

X-ray crystallography has grown from its infancy some 60
yéars ago to become what many would feel is the present day
definitive means of structure determination. From the complex
pattern of diffracted X-ray inteasities a crystallographer is
usually able to piece tbgether the internal structure of the
single crystal chcsen for study. The end results contain
information valuable to both theoretical and practical
scientists and as such are rarely egualled 1in terms of
~accuracy ‘and relijiability. Although the principles of X-ray
crystallography are well established and are discussed in
several standard texts (2-6), the brief synopsis of
crystallographic terms and ideas given in this chapter, and
the outline of the practical aspects of obtaining the
necessary data, should be very useful to the non-
crystallographer reading this thesis.

Often a good X-ray crystallographic structure
determination will depend upon the skill of the synthetic
chemist to produce a suitable crystal. A satisfactory cryétal
would be wuniform in internal structure, single (i.e. not
twinned), with a reasonable size and shape. The perfect size
and shape are difficult +to define since they depend on a
balance of contradictory factors (e.g. a larger size produces
ﬁore intensity but introduces absorption effects that must be
corrected); one equation for the optimum thickness 1is ‘that
to‘* = 2/ where . is the linear absorption coefficient.
For organic compounds pm<€10cm-1! (for CuK« radiation) giving a

togk = 0.2cm which is a large crystal indeed. A pore general



rule is that a uniform cross-section crystal of size 0.1 to
0.3 mn is preferred. Obviously it is easier to work with roon
temperature and air stable crystals though techniques have
been developed so that the structures of thermal- and air-
unstable crystals can still be determined.

Once suitable crystals have been found, one is attached
to the end of a glass fibre, with .a little non-reactive
adhesive, and mounted on a goniometer head. The goniometer
head 1is specially designed to enable simple alignment of the
crystal. . It has two arcs which allow the crystal to be tipped
by & 20° in each of two perpendicular planes, and two
perpendicular slides which allow for lateral nmovement of the
crystal.

The 'crystallcgrapher mnust now conmplete two distinct
operations on the crystal. Firstly it 1is necessary to
determine the size and shape of the unit «cell which also
provides additional information on the internal symmetry of
the crystal. Without this ?geometry' information it would be
impossible to undertake the second part which entails knowing
the position of all diffracted X-rays and measuring the
intensity of these 1?reflections', since it is these
intensities that can be ultimately related to the
distribution of diffracting electrons in the unit cell, 1in
other words the crystal structure.

Bragg®s Law {(7) for X-ray diffraction from a crystal is
given by:

n\ = 2dsiné

where n is an integer, A is the wavelength of X-ray



radiation, d is the interplanar spacing, and & is the angle
between the incident beam and the particular crystal plane
being considered. The planes that are 'reflecting' the X-rays
are named by Miller indices, which relate to the intercepts
any plane makes on a set of reference axes a, 2: and c. If
these intefcepts are 1/9, 1/5, 1/& (fractions of the unit
cell edge) then the plane is said to have Miller 1indices of

(h,k,%). Rearranging Bragg's Law gives

sin® = a\ .;L
2 d

and a simplified view of diffraction can be obtained by
considering a direct relationship between sin® and 1/3 which
is the construct of Ewald {8), in his reciprocal 1lattice. A
reciprocal 1lattice can be defined by comsidering the normals
to all possible direct lattice planes (g,g,g) drawn from the
origin. Each normal is terminated at a point a distance ’/dbgg
from the origin, where dbs& is the perpendicular distance
between planes of the set (h,k,). Now the diffracting planes
have been replaced by points and a reciprocal lattice with
axes a*, b* and c¥*, compared to the real axes a, b and ¢, has
been produced. Combining the reciprocal 1lattice with the
sphere of reflection allows for a simple visualization of the
diffraction process ({fig. 1). Whenever a reciprocal lattice
point coincides with the surface of the sphere the conditions
for Bragg reflection are fulfilled for the corresponding set

of planes in direct space and a diffracted ray passes fron

the centre of the sphere through this point of contact. .
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Figure 1

Scheratic drawing of a reciprocal lattice level (n)
intersecting the sphere of reflecticn. Diffracted
rays rass frce the centre of the sphere through the
intersecting points. As the crystal rotates other

points in the recipreccal lattice level contact the

sphere but always on the circle. Extended rays will
geet the cylindrical film at the sane height if the
crystal is ccrrectly aligned.



The application of these concepts can be seen in the
methods used for determining the geometry of the wunit cell.
FPor this either a Weissenberg or a Precession camera, but
usually both as they are complementary, can be wused. In a
Weissenberg camera a cylinder of film is co-axial with a real
rotation axis {e.g. c), the rotation axis being
perpendicular to the X-ray beam. By the .reciprocal lattice
definition, the a*b* planes (i.e. hkO, hk1, hk2, etc.) of
reciprocal lattice points must be perpendicular to the
rotation axis and parallel to the beam {fig. 1). On
oscillation these points will cut the sphere in a circle, and
should, when the diffracted rays through these 1intersecting
points are extended, meet the film at the same height. Then
on unrolling and developing the diffracted spots will lie on
straight lines or rows on the film. Errors in alignment of
the real axis will appear and can be corrected, and as the
separation of the rows on the film is a function of the
identity period of the lattice this repeat distance can be
determined. ,

A plane of reflections (e.g. hkO) contains information
about the axes a* and b¥ but in a compressed unseparable form
and és previously stated appears as a row on the film. If,
however, this or any similar row is isolated {using a screen)
and +the film is moved while the crystal is rotating the a*
and b* axes will intersect the sphere of reflection at
different times and should appear on the film in different
places. This is the basis of the Weissenberg technique and it

provides the necessary additional unit <cell information;
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e.g. as the distance travelled by the film is linearly
related to the angle rotated by the crystal (1mm = 29), by a
measurement of the distance apart of the axes a* and b* on
the film the angle§* can be determined.

The disadvantage of the Weissenberg method 1is that it
produces a distorted view of the reciprocal latfice.,The
Buerger precession camera overcomes this by a conmplex
machining which duplicates the motion of one reciprocal
lattice plane {again isolated, by the placement of a screen
and the film) by the motion of +the film, producing an
undistorted view of the reciprocal lattice. Obviously this
éroduces similar ‘geonmetric!'! information, though the extent
of reciprocal space available 1is less than that of the
Heissenberg camera.

The Weissenberg and precession photographs also provide
symmetry information in the form of ‘?'systematic absences!'
which often allows for the determination of the
crystallographic space group. The 230 space groups arise fron
the distinct combinations of the possible symmetry elements
i.e., rotation axes ( e.g. a two fold rotation designated by
the symbol 2), nmirror planes (@), rotation-inversion axes
(e.g.:a), screvw axes {e.g. 2,, a rotation'plus translation),
and glide planes (e.é.. a, a mirror plus translation) with
the 14 Bravais lattices. The presence of screw axes, glide
planes, and centered lattices 1ead-£o systematic abseances,
i.e. reflections that are systemétically missing on the
film. The combination of systematic absences and symmetry on

the photograph provide the information from which the space
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group can be determined. Sometimes it is not pbssible to
"uniquely define the space group from the photographs e.g. P2,
and P2, /m have the same systematic absences i.e. on the §JkO
row every odd numbered k reflection is missing. This absence
is related to the presence of the two screw axis (2y) in the
group. The additional symmetry element m in P2,/m produces no
absences and hence the two groups are indistinguishable.
Fortunately this causes few problems in the final structure
determination process. .

Another important piece of information is Z the number
of molecules per unit c¢ell, which 1is usually found by
measuring the density of the crystals by flotation methods. .
Using the density, the total molecular weight of +the cell
contents can be calculated and then compared wvwith the
molecular weight of the compound. This comparison should
produce close to an integer ratio, even if the molecular
weight is only known approximately, which corresponds to the
number of molecules in the cell.

Each space group has a characteristic number of
asymnmetric units which generally contain one molecule, so
that 2Z  may assist in determining or confirming the space
group. Unfortunately, asymmetric units can contain more
(Chapter 3) or 1less than one molecule. In practice if the
space group is still in question, the usual approach 1is to
attempt the solution in each of the possible space groups and
see which .one succeeds.

The film techniques have produced the following data

about the crystal: the three axial 1lengths a, b, and ¢
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{reciprocal dimensions can be easily transformed into real
lattice dimensions by the use of standard equations), the
three angles o, (j ’ and‘_s_ ,» and the probable space group. With
all this information it is now possible to proceed with the
second stage which involves measuring the intensity of every
independent reflection. From the lattice parameters and the
space group a computer can easily calculate settings for the
crystal and detector, with respect to the incident beam, such
that the intensity of all the desired reflections can be
measured. ,The crystal is transfered to the diffractometer and
accurately aligned using the intensity of axial reflections.
Then the maximum position of several prominent reflections
{chosen from the pteviously taken photographs) is carefully
determined so that the cell dimensions can be hore accurately
refined. A4 new set of values fpr the relative positions of
crystal and detector can then be determined. To measure thé
intensity of each reflection the detector is 'initially
positioned to one side of the maximum so that the background
can be measured. The detector then scans through the
reflection peak, recording the intensity, and finally
measures the background on the other side. Usuallf from ‘the
intensity data based on all the measured reflections it is
possible to determine the structure of the crystal.., A brief
summary . of these practical procedures is illustrated in the

flow diagram Figure 2.
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A) Geometry of diffraction measurements

Choose crystal, attach
to fibre on goniometer head

v

Crystal mounted

v
Take oscillation photographs

v

Crystal correctly aligned
axial repeat distance determined

1

Take Weissenberg and precession photographs

l

Unit cell constants and
space group determined

B) Intensity of diffraction data

Mount on diffractometer, more accurately determine
cell constants, measure intensities of all
necessary reflections

1

Structure factor amplitudes
|Fobs| determined

Figure 2 Flow chart illustrating the important steps in
the practical aspects of X-ray crystallography
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B) A THEORETICAL VIEWPOINT
An atom (n) with fractional co-ordinates X »Y /2
referred to 1unit cell axes a, B, and ¢ will scatter X-

radiation with an anplitude £ and a phase constant,

"’
Telative to the origin, dependent on its position in the
cell. The atomic scattering factor varies with the type of
atom and its 'value 1is dependent upon sin8/N for the
reflection being considered (values <can be obtained from
tables)..  Further corrections are made for the thermal motion
of the atom (f 1is tabulated for stationary atoms) as
mentioned in the general introduction.

If there is more than one atom then the resultant from a
combination of these diffracted waves is called the structure

factor and can be expressed for a general plane (h,k,8) as

"
F (akt) = S fyexp[ 2Wi(hx,+ ky;+ 8z;)]
sl

)

where the summation is over all atoms in the unit cell.
An eguivalent expression is

F (hkR) Sf [cos2W(hx .+ kx + 2z, ;) + isin2w(hx;* ky,+ &z )]
“tl

i.e. F{hk%) can be represented as a complex number

F(hk?) = A + iB
or F (hkt) = |I~‘“‘1 (cosa +isin% )

hence the complex resultant is characterised by an

amplitude {F] and a phase constant o given by

|F) =’ AZ + B2 and o = tan—! B/A.

The measured intensity I unfortunately only tells us

about |F | and not about since generally

et

bt
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2
lk\kl o ’Ek\u |

This lack of knowledge about phases is called *the phase
problem? and its affect only becomes apparent when it is
realized that if the structure factors are Fourier transforms
of the periodic electron density of the crystal lattice then
the electron density must be the Fourier transform of the

structure factors. The general expression is

e (xy2) =) $$, S F(hkg) exp [-2wi(hx + ky + 22) ]
N ,

hence once the structure factors F (hkl) are Xknown the

above series can be summed to give a representation of the
.entire crystal structure. Three major methods are presently
used to overcome the fact that I,,, 9ives information on

and not o, ., and they are discussed in the following
chapters; Patterson heavy atom methods are discussed in
Chapter 2, centrosymmetric direct methods in Chapter 5, and

noncentrosymmetric direct methods in Chapter 6.



CHAPTER 2

CRYSTAL AND MOLECULAR STRUCTURE OF
[2,3-BIS(DIMETHYLARSINO)~-1,1,1,4,4,4-HEXAFLUOROBUT~2-ENE~-

AS,AS)TRICARBONYLDIIODOTUNGSTEN (1I)

16
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INTRCDUCTION

Preliminary =n. m. r. data on [2,3-bis(dimethylarsino)-
1,1,1,4,4,4-hexafluorobut-2-ene-As,As Jtricarbonyldiiodo-
tungsten (II) seened consistent with stereochenical
nonrigidity (9), the existence of which has also been
observed for seven-coordinate tantalum (10). 6 The X-ray
crystal structure of MeyASC (CFy) :C (CF3 ) ASMé,HI, (CO)y was
undertaken to provide information, which could indicate the
geometry of the most probable transition state, for the

exchange processes occuring in solution. .

EXPERIMENTAL

[2,3-bis(dimethylarsino)-1,1,1,4,4, 4-hexafluorobut-2-
ene-As,As Jtricarbonyldiiodotungsten(II) was prepared by the
dropvise addition of iodine to MeyAsC (CFq) :C (CFy) Asle,W (CO)y ,
in CH,.Cly, with vigorous stirring under a N, atmosphere.

Recrystallization from methylene chloride/hexane gave
yellow plates. The crystal chosen for study was mounted with
b pa;allel to the goniostat axis and was ca. 0.2 mm in length
with a cross section of 0.2 x 0.04 mm. Unit—cell and space
group data were optained from film and diffractometer
measurements. Unit-cell parameters were refined by a least-
squares treatment of sin28 values for 24 reflections measured
on a diffractomeier with MoK« radiation.

Crystal Data. . Cw HiaAs F I, 04, M= 893.40

o
Monoclinic, a = 15.37(2), b = 9.529(1), ¢ = 15.967(3) A4,

: (-4
B = 112.03(2)°, U = 2168(2) A3, Dn= 2.737(3)gcn"3, Z = 4,
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D, = 2.735(4)gcn—3, E(000) = 1608 {20°C, MoK, A = 0.71069
;, M = 118 cm—'). Absent reflections: hOl, 1#2p and 0kO,
k#2n define uniquely the space group P2,/c (gih, No. 14).
-Intensities were measured on a Datex-aut;mated General
Electric XRD 6 diffractometer, with a scintillation counter,
Mo Kot {zirconium filter and pulse height analyser), and a 8-
29 scan at 2° pin-! over a range of {1.80 + 0.86 tan @)
degrees in 28, with 20 s background counts being measured at
each end of the scan. Data were measured to 26 = 45° (minimum
interplanar spacing 0.93 3). A check reflection was moﬁitored
every . 50 reflections throughout +the data collection. The
greatest deviation from the initial value was +10.1% and the
final intensity was 1.007 times the initial value. Lorentz

and polarization corrections were applied, and the structure

amplitudes were derived. Of the 2778 independent reflections

measured, 942 had intensities less than 3e-(1) above
background where o2 (l) = S + B +. (0.0558)2 with S = scan count
and B = time averaged background count. These reflections

were classified as unobserved and given zero welight 1in the
refinement.

Structure analysis

As previously stated in Chapter 1 the electron density
at a point {x,y,zZ) can be represented by a three dimensiocnal

Fourier series - with the structure factors F, ..

as

coefficients

R(x,x,2) =1SSEE(hk,Q)exp-2Wi(hx + ky + £2) ).
L] :

wee | @and a phase '5;:\&.:

Five contains both an amplitude |F

but the intensity information only gives data on the
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1E\uo | 'S, hence the phase information is unknown.
Patterson (11) solved this problem by use of a Fourier

series with the phaseless guantities |FP s coefficients

2 -
wee |2 @

252 IE,, 12cos2n(hx + Ky + £2).
net

This summation produced a map which contained peaks at
positions corresponding to the interatomic vectors i.e. for
co-ordinates u ,v ,¥ on the Patterson map there exist atoms
X,+Y,sZ, and X,,¥,,2, Such that

4= X,-X, y=1Y"1a and W =272,

vhere x,,Y¥,,Z, tay be a symmetry related position of
3;:1‘12\;, ‘

At first glance the Patterson synthesis appears to
provide a simple solution to the phase problem. However, 1if
there are N atcms in the cell, there will be N(N-1)/2
distinct Patterson vectors contained in a cell of the same
size. This 1leads to a great deal of overlap and makes
interpretation virtually impossible especially for structures
involving many atoms of the same weight because 1in addition
the height of the vector peak is proportional to the product
of the atomic numbers of the atoms to which it corresponds. A
consequence of this is that vectors between relatively
*heavy?! atoms will appear 1larger than vectors between the
‘lighter atoms, and here lies the key to the solution of the
phase problem for certain molecules.

If a molecule contains a few 'heavy! atoms the Patterson

function will give information on this part of the molecule.
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If the heavy atom(s) comprise the 1larger share of the
structure factor, a first approximation to the phases may be

obtained i.e. analytically

Frie= 2 Eucony; SXPL 200 (B, ¢ KTy + 22)) ]
¥ 2 f gy eXPL2MI (DX, 4 Ky ¢ 4z )]
if EwM £,
then  E, 2 &£, exp[2Nihxy * Kyt 42y) ]

If this first approximation is wused in the Fouriar
summation the difference map produced may provide the
positions of another part of the molecule. These positions of
new atoms can be added to the old ones and used to improve
the phases. The process is then repeated and it iskhoped that
this iterative procedure will result in the determination of
the complete structure. This process of finding successive
pieces of the structure is essentially the basis for all
structure determinations including the direct methods
described in Chapters 5 and 6.,

For +this compound and the two ruthenium compounds
(discussed in Chapters 3 and 4) the 1largest peaks on the
Patterson ' syntheses would be expected to be between the
single heavy atoms and their symmetry related positions 1in
all three <cases. Once the tungsten and ruthenium positions
wvere determined the iterative procedure was used to find the
rest of the molecules.

Even the process of finding the heavy atoms is somewhat
simplified by the phenomenon first pointed out by Harker
(12). He showed that useful information is contained in

certain planes and lines in the Patterson map which give rise
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to vectors with one or two constant co-ordinates due to the
presence of symmetry (other than centres) in the crystal.

For example the tungsten conpound's space group was
P2,/c which has four molecules in the unit cell. Due to the
symmetry elements of @ the group any atom that occurs at the
general position x,Y,z (E) will also occur at the symmetry
related positions i,},é (E});'i,1/2+1,1/2-g (EIE); and x,1/2-
Y,1/242 (EX)., The Patterson function contains peaks which
correspond to the ’vectors between these symmetry related
positions. €eG. the vector between position (z) and ({{{)
is either

(X,1/2-3,1/2+2) - (X,¥,2) = (0,1/2-23,1/2)
or
(X,Y,2) - (X,1/2-3,1/2%42) = (0,~1/2+2y,-1/2)

as 1/2 is equivalent to -1/2 the two vectors bhecome

0,1/2-2y,1/2 and 0,1/2#2y,1/2 i.e. 0,1/2 % 2y,1/2

{note that these two vectors were related by a centre of
symametry hence all Patterson functions nust be
centrosymmetric). Table 1 gives the general vectors between
all the four symmetry related positions (}), (EE), ({;{), and
(EZ) in its first column. A search of the Patterson map was
then undertaken to see if any of the peaks corresponded to
these vectors which would be expected to be between the
symnmetry related tungsten atoms. The second column of this
table indicates the respective peaks found on the map. Colunn
three gives the possible values for the co-ordinates x,y,z of

the tungsten atcm. The map was also examined for the presence

of W-I vectors and I-I vectors and from an overall
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Table 1

Vectors between the symmetry related positions for the Space
Group P2, /¢ and the possible solutions to the Patterson

function for the tumngsten compound

—————— - - ——— — " — -~

) N Sttt K '
' ¢ 1 '
:General vectors for E Peak on Patterson | Possible solutiqn:
i : ' ' '
| Space Group P2,/c function X :
' : : [
I -------------------- 7 -------------------- 7--_—_-—--_-_ —————— []
A : : '
: . § 2% ' 17282y = 0.28
\ ! ' !
: 0, 1/2%2y, 1/2 \ 0.00, 0.28, 0.50 ! 2y = 0.22 or 0.78,
N e :
' ) ' ' |
) 1 ¢ !
r ' ' x2x = 0.35 !
| ] t L}
\ : #3 \ 2x = 0.35 or 0.65]
' ' ¢ '
VX22x, 1/2, 1/2%2z : 0.35, 0.50, 0.27 ' 1/232z =.0.27 X
' . ! '
\ : \ 2z = 0.23 or 0.77"
S e I ;

]
0.65 or 0.35!
|
2y = 0.23 or 0.78'

o
L]
1

-22 = 0,23 or 0.77!

'

- - N

* Peaks were ordered by size, i.e.. #2 vas the second highest
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examination it was deduced that

2x = 1.35, 2y = 0.78, and 2z

]
(=]
.
~4
~J

i
o
.
[FS]
o]

or X

i
(=]
.
(=]
[« <]
-
s
I
(]
.
w
O
-

and 2

would be the values for the co—ofdinates of the
tungsten atom. One cycle of full-matrix least-squares
refinement varying the isotropic thermal parameters and
position of the tungsten atcm produced an R factor of 0.54. A
difference Fourier revealed the positions of the two iodine
and the two arsenic atoms and a further two cycles varying
the positional and anisotropic thermal parameters reduced R
to 0.20. A difference map at this stage revealed the
positions of the remaining 20 atoms, but twc further cycles
with anisotropic thermal parameters for the <five ‘'heavy?®
atoms and isotropic thermal ©parameters for the remaining
atoms reduced R to only 0.16. Due to the high value of m
{(118¢cm=~3) and the size of the crystal it was believed that
such a high discrepency at this stage was probably due to
neglecting the effects of absorption when calculating the
structure amplitudes. An absorption correction using the
computer program BICABS was therefore attempted (13). The
faces of +the crystal were carefully indexed . and the
dimensions measured. The vaiues used in the correction are
given in Table 2. Two cycles of refinement with the same atom
parameters used in the last cycles, but the mnew structure
amplitudes corrected for absorption, produced an R factor of
0.076. Convergence was finaliy reached after two more cycles,
using an ancrmalous dispersion correction and anisotropic

thermal parameters for the W, I, and As atoms, and isotropic



Table 2

Crystal dimensions and indices of the faces used in the
absorption correction

i R === n—— -

———— A ——— . —— v W . ——

1 ' \
; h ' k : 1 ! Distance to Centroid (cm.) !
| |
| : : ' :
v 0, 1, 0 0.0228 n
bo-u =12 0 1) 0.0197 :
v 1., 0 ' 0, 0.0045 .
=100 1 00 0.0045 \
S T 0.0207 \
po1 o, 0 -1 0.0207 !

————— A — - —

24



25

thermal parameters for the remaining atoms, at R = 0.067 for
the 1823 observed reflections.  {(The thirteen highest
intensity reflections 102, 106, 204, 202, 204, 306, 504, 502,
604, 114, S14, 025, and 225 were not included in the R factor
calculation due to probable instrumental error.)

The scattering factors vwere taken from ref. 14 and
anomalous séatterihg corrections from ref. 15. The weighting
scheme: sz= 1 if |(Fol < 7&.3;J§_= 74.3/{Fo) if |Fo| > 74.3
and\f§-= 0.0 for unobserved reflections gave constant average
values of u (Fo-Fc)2 over ranges of |Fo] and was employed -'in
the final stages of refinemeﬁt.

The two CF groups on the chelate ring had high
isotropic temperature factors; however an Fo electron density
map calculated using the phases from all +the other found
atoms did not reveal any evidence of disorder in the groups
or individual atoms.

The final positional and thermal parameters are given in
Tables 3 and 4 respectively. MNeasured and calculated

structure factors are available from the U.B.C. Library.
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RESULTIS AND DISCUSSION

CO o
X\\Jl C
/\R
AﬂA
1 .2
M=W M = Mo
Y = As Y =P
R = CH3 R = CoHs
N /N [/ \ /\ /
A—A = Z A—A = CH—CH:
CF; CF; |
Figure 3

Schematic diagram cf ccmpounds (l) and (%) from text

Tte seven-coordinate gecmetry akout the tungstén'atcm in
(l), [2 3-bis(dimethylarsinc) -1, 1,1,4,4, y-hexafluorobut-2-
ene-Ac,As ]trlcarbonyldllodotungsten(II) is- similar to’ that
found for (2) d1brcmctr1carbcny1[1 2- bls(dlphenylphosphlno)
ethane]mclybdnnum(II)-1 -acetone (16) (Figure 3), this tyre of
gecmetry belng described as a con51derab1y distcrted capped
octahedren. In this mclecule the capping grcup is cne cf the
carbonyls [C(3)—0(3)], the three ators doflnlng the capped
face are C{(1), C(2) and BAs(M), while the uncapped face
‘consists éf the-tvo jcdine atoms I(1) arnd I(2) and the
;emaining arsenic atce As(2). Figure 4 shows a projection
down  tte W-C (3) bond. Although it would also be possible to
’ de;crite the tungsten environment in terms "of varicus

distorted capped trigcnal prisms (17), a detailed analysis of
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Figure U

rrojecticn of the coordination sphere of the molecule

viewed dcwn the vector from the cartonyl grcup in the

capring position (critted from the diagrarm) to the
tungsten atcm.



Table 3

Final positional parameters (fractional X 10¢)
with standard deviations in parentheses

- . —— Y i A - — - L A ——— - T o . ol V. W T T ——_ —— - —— AT Y — -

Atom . X Y Z

W 6733 (1) 3932 (1) 3840(1)
I(1) 8344 (1) 3338 (2) 3427 (1)
I{2) 5627 (1) 2858 (3) 2094 (1)
as (1) 8053 (2) 4102 {3) 5396 (2)
As (2) 6956 (2) 1347 (3) 4439(2)
F (1) 9743 (20) 3296 (32) 7073(19)
F(2) 10241(19) 2691 (29) 6121(18)
F{3) 9903 (23) 1333 (36) 7008(23)
F{4) 7815(25) -1202 (36) S435(22)
F(5) 9209 (26) ~-663 (39) 5574(24)
F(6) 8701(23) -530 (37) 6578 (24)
oY) 6742(20) 6410 (31) 2526 (19)
0(2) 473721 3648 (31) 3926(19)
0(3) 6362 (17) 6556 (26) 4800{16)
C (1) 6688 (24) 5473 (39) 2978(23)
C(2) 5494 (22) 3788 (33) 3893 (20)
C(3) 6485 (25) - 5613 (40) 44 31(24)
C (4) 8686 (18) 2270 (28) 5757(17)
C (5) 8218 (19) 1142 (30) 5422(18)
C(6) 9677 (23) 2355 (36) 6418(21)
c(N 8525 (40) -394 (58) 5735(36)
C(8) 8997(22) 5506 {34) 5546 (21) -
c(9) 7715 (23) 4521 (37) 6430(21)
C(10) 6981(25) ~73 (40) 3550 (24)
c(11) 6092 (24) 535 (38) 4927{22)

- — . — A ——— T " T — o —— ———— ———— i —— . N — 1 ——— > -
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Table 4
Final thermal parameters and their estimated standard

deviations N
a) Anisotropic thermal parameters (gi-(az) X 10%2)

d
W B.18( 6) 6.27( 7) B.15( 6) 0.16{ 5) 1.49( 4) 0.17( 5)
I(1) 5.68(11) 9.35(15) 6.56(12)=1.14 (10) 3.27( 9)=1.43(10)
I(2) 6.39(12)14.10(22) 5.15(11)=-0.22(13) 0.57( 9)-1.10(12)
As (1) 5.12(14) 4.59(15) u.52(1u)-o.18(12) 1.50 (11) -0. 11(11)
AS(2) 6.37(17) 5.87(18) 5.61(16)-1.83(14) 2.21(13)-0.74(13)

————————— - M . - AT T -\ — Y T i " Tt W — ——— T — TV — v o

{b) Isotropic thermal parameters (U x 103)

———— . —————————— — —— -~ = .. —— . —— " T ——— -

Atom U (A2) Atom U (A2)

F(1) 11.7(7) C{2) 5.8(6)
F(2) 11.0 (7) c{(3) 7.0(8)
F (3) 13.6 (9) C{u) 4.5(5)
F(4) 13.5(9) C (5) 4.9(6)
F (5) 15 (1) C(6) 5.9(7)
F (6) 13.6 (9) . (M) 11(1)

0 (1) 9.3(7) C(8) 6.1(7)
0(2) 9.5(7) C{9) 6.5(7)
G(3) 7.4(5) c(10) 7.4 (8)

c (1) 6.9 (8) c(11) 6.9(7)



30

differences between the basic polyhedra available for seven-
coordinate moclecules (18), indicates that in this type of
molecule the ideal angle between the two larger coordinated
atoms 1is 180° for a pentagonal bipyramid, ca. 90° for a
capped octahedron, and 81.5° for a capped trigonal prism.
From +the I-§-I- éngle of 87.3° the <choice of the capped
octahedron would appear to describe the observed geonetry
most exactly. Figure 5 shows a general stereoscopic view of
the molecule, with the atom labelling scheme. Individual bond
lengths and angles, with standard deviations are given in
Tables 5 and 6 respectively.

The angles subtended at fhe'tungsten aton between the
unique carbon atom C{3) and the atoms in the capped face, and
those between C(3) and the atoms 1in the uncapped face,
average to 74 and 1289 respectively. These angles are very
similar to those found in other capped octahedral structures,
i.e. 73.6 and 125.59 in (2), and 73 and 128° for [bis-
(diphenylarsino)nethane ]dibromodicarbonylmolybdenum(II) (19).
Similarly the angles subtended at the central metal atcm by
pairs of atoms in the capped, and pairs in the uncapped faces
for both molecules (l) and (%) are comparable. In (l) they
are an average of 112 and B6° respectively, while in (5) the
mean values are 112.3 and 89.79°.

Another feature of a distorted capped octahedron (17)
demonstrated by this molecule, is the <close non-bonded
contacts madevbetween the capping group and the three atoms
in the capped face. Hence in (l), C{3) is 2.46, 2.26, and

o
2.73 A avay from C(1), C{2), and As(1), compared to 2.29,



Figure

general sterecscopic view
the crystallographic

of the molecule showing
numbering scheme. -.
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Bond lengths (A) with standard deviations in parentheses

o
Length (A)

Bond Bond

#-I (1) 2.848 (2) c(1-o(Mn 1.17 (4)
=T {2) 2.856 (2) C(2)-0{2) 1. 19{4)
W-aAs(1) 2.556 (3) C(3)-0(3) 1.13 (4)
W-Aas (2) 2.618.(3) C{#) -C(5) 1.29 (4)
W-C(1) 2.00(4) C(4)~-C(6) 1.50 (4)
H-C(2) - 1.97 (4) c(5)-c(7) 1.56 (6)
W-C(3) - 1.94(3) C(6) =F (1) 1.35(4)
As (1) -C{W) 1.98(3) C (6)~F (2) 1.31(4)
As (1) -C(8) 1.92(3) C(6) -F{(3) 1.18 (4)
As (1) =-C(9) 1.95(3) C(7)-F (4) 1. 27(5)
As (2) -C(5) 2.00(3) C(1)-F(5) 1. 20 {5)
As (2) -C {10) 1.97 (4) C(7) -F(6) 1.28(5)
As(2)~-C(11) 1.93¢(3)

——— ——— . ———— A L T —— —— - -
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Bonds Angle Bonds Angle
I(1)-¥W-I(2) 87.3(1) W—-As{2)-C (5) 110(1)
I{1)-W-As (1) 78.2(1) H-As (2)-C(10) 115(1)
I{(1)-8-As(2) 83.8 (1) d-As{2)-C(11) 120 (1)
I()-4=C{1) , 78 (1) C(5)-as (2)-C(10) 103(1)
I{1)-W-C(2) 161 (1) C{(5)-As{2)-C(1Y1) 105(1)
I(1)-Ww-C(3) 128 (1) C{10)-As{2)-C({11) 103(1)
I(2)-W-as(1) 159.4 (1) As{1)-C {4)-C(5) 119 (2)
I{(2)-W~-As{2) 88.211) As{1) -C{4)-C(6) 115(2)
I(2)=-"-C(1) 75 (1) C (5)-C(4)~-C(6) 127 (3)
I(2)-W-C(2) 771) As(2) ~C(5)-C(4) 118 (2)
I{(2)-W-C(3) 128(1) - As(2)-C{5)-C(7) 116(3)
As(1)-W-As(2) 75.9 (1 C(W)y-Cc(5)-C(7) 126 (3)
As (1) -W-C (1) 116 (1) - W-C(1)-0(1) 174(3)
As(1) -¥-C(2) 113 (1) H-C (2)~-0(2) 178 (3)
As{71)-¥W-C(3) 73 (1) H-C{3)-0(3) 177(3)
As(2) -W-C(1) 155 (1) C {4)-C(6)-F (1) 110.(3)
AsS {2)-W-C(2) 85 (1) C{u4)y-C(6)-F(2) 116 (3)
As (2)-W-C{(3) ‘ 128 (1) C (4)-c(6)-F(3) 113(3)
C(NH~-W=-C(2) 108 (1) F{1)-C(6)-F (2) 106 (3)
C{1)-W=C(3) 77 (1) F (1) -C(6) -F(3) 91(3)
C{2)-¥W=-C(3) 71N F(2)-C (6)-F{(3) 117 {3)
W-2as (1)-C{4) 111 (1) C(S5)~-C{(7)~-F (i) 109 (4)
H=-As {1)-C (8) 117 (1) C (5)-C(NH-F(5) 108(5)
W-As(1)-C(9) 118 (1) C(5)-C (7)-F(6) 111(4)
C (4)-As (1)~-C(8) 108 (1) F (4)-C{7) -F{5) 119(5)
C{4)~-As (1)~-C{9) 101 (1) F (4)-C (7)-F (6) 99 (5)

C(8)—-As(1)—-C(9) 100 (1) F{5)-C{7)-F(6) 110 (5)

—— —————— - " ————— . —— T~ - — A —— . ————— " T—— — —— o~
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2.29, and 2.70 3 for the respective C{1) to C(2), C(3), and
P (1) distances in molecule (2)-

The angle subtended at the central tungsten atom by the
bidentate ligand 1is 75.9(1)°?. This 1is similar to those
subtended by the mutually cis atoms of the capped and
uncapped faces {(the mean value of the six such angles being
78°). The ligand therefore seems ideally suited to occupy an
edge of the capped octahedron., The three angles mwmutually
trans are also very similar being 155, 159, and 1619, giving
the geometry around the tungsten (see Figure 4) a reasonable
gj!symmetry.;

The tungsten-iodine distances of 2.848(2) and 2,856 (2) 1
yould appear to be the first determinations of W-1I bond
lengths in a seven-coordinate environment. Tungsten-bromine
distances in similar enviroaments (20 and 21) have already
been found to have a mean value of 2.65 Z. Using a bromine

[-]
covalent' radius of 1.14 A {22) we can estimate a W single

bond radius of 1.51 ; for this compound. With use of 1.33 ;
{22) for the 1iodine. covalent radius, a predicted ¥W-I bond
length would be 2.84 ;, in reasonable agreement with the
value found (mean value 2.852 {2) Z). Assuning the radii of
Mo{II) -and W(II) are similar the value of 2.862 ; found for
the Mo-I distance 1in MO (CNR)¢ I+ {(23) is also very close to
these measured and predicted values., A similar argument
predicts a W-As bond 1length of 2.73 ;, compared to the
2.556 {3) and 2.618{3) ; fouhd experimentally. This

significant shortening is thought to be due to sone double

bond character in the W-As bonds caused by (dw-dw) back
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donation from the central metal atom. The two W-As bonds are
also significantly different from each other, which can be
explained 5y consideration of the respective trans ligands. A
metal, hence the I(2) atom trans to As{(1), is not as strong a
dw accepting group as the C(1)~0{1) group trans to As(2)
which should result in a greater back donation to As{1). This
will cause a shortening of the W-As{1) bond with respect to
the W-As {2) bond, the difference found being 0.062 3.,

The W-C and C-0 distances (mean values 1.97(4) and
1.16 (4) 3) and the W-C-0 angles (mean value 176(3)°) are
similar to those found in octher compounds vith carbonyls
joined to tungsten (24).

The five membered ring is in a tpuckered! conformation.
Table 7 gives the equation of a weighted least-squares mean
plane, . ﬁith deviations of the atoms from the plane, and
~values for the dihedral angles in the ring. This type of

'‘puckered' conformation, with both carbon atoms on the sanme
‘side of the weighted least-squares mean plane for the five
-membered ring, has been found in other compounds (25). The
bend in the ring is probably to increase contacts between the
methyl groups on the arsenic atoms and the adjacent «carbonyl
groups rather than the methyl-iodine contacts (26).

Neither the carbon-carbon double bond length of 1.29(4)
; {expected 1.34 3 ) {27), nor the W-As-C bond angle mean
value of 110.5°- - (expected tetrahedral value of 109.59) and
the As-C~C bond angles, mean value of 118.5°  (expected for

sp? hybridized carbons of 120.0°) are significantly different



Iable 7

a) Equation of weighted least-squares mean plane* for the
five membered ring

Atonm AQ (3) A/
R 0.0015 1.404
as (2) -0.0105 3.822
As (2) -0.0127 3.970
C(4) 0.7055 24,447
c(5) 0.6139 20.574

. . —— T - ——— W — — T . > — N ——— . A ———— ——— - — T ———

* plane: 0.894X - 0.151Y - 0.4212 = 4,240, where X,Y, and 2
are orthogonal angstrom coordinates derived as follows

X r a 0 ccosP rxi
1ty =1 0 b 0 1yl
174 L 0 0 c¢sin P 4 1zd

b) Dihedral angles in the five membered ring

- — —va - - ———— " - - —— . — T — —— A —— A —— -

Atom 1 Atom 2 Atom 3 Atom 4 Angle (deg.)

- ———— - . Y T - — i —— - ——_— —— —— — . " i - — i

As (2) W As (1) C(4) 23 (1)
As(1) W As (2) C (5) =20(1)
W 'As (1) C(4) C{5) ~26 {(2)
W As (2) C (5) C (4) 12 (2)

As (1) C(4) Cc{5) - As (2) 8 (2)

T —— i — . —————— — T — - - ——— v - - —
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from their stated expected values. Both the As({1)-C(4) and
As{2)-C(5) bond distances of 1.98{({3) and 2.00(3) g are
similar to the As-CHs bond lengths (mean, 1.98(3) X) as is
found in other similar ligands {28).

From the relative uncertainty of the positions of the
two CF3 groups, it seems unreasonable to attempt any
meaningful discussion of their bond lengths and angles.

The intermolecular packing appears to be governed solely
by van der Waals interactions. A projection of the structure
down the b axis is shown in Figure 6.

The n.m.r.  data for this compound (9) indicated that
molecular rearrangement must be occuring in solution. The
crystal Structure would suggest that the process involves
rapid scrambling of the carbonyl groups and the iodine atoams,
and simultaneous migration of the capping group over the
faces of the [AspCpI;1 octahedron. The sharpness of the
spectra at -70°C indicates that the 1limiting spectrum
corresponding to the solid state structure would be reached

only at a much lover temperature.



CHAPTER 3

CRYSTAL AND MOLECULAR STRUCTURE OF
DIMETHYLAMMONIUN TRICHLOROTRIS{DIMETHYLSULPHOXIDE) -~

RUTHENATE (II).

39
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INTRODUCTION

From the results of the dinfrared and 18 Ne.m.Fo
spectral data on dimethylammonium trichlorotris-
(dimethylsulphoxide) ruthenate(II) (29) it was thought that
‘all three dimethylsulphoxide ligands were S-bonded and that
the anion was in the fac-confiqguration., The X~-ray
crystallographic study was undertaken to verify this
assignment and determine structural parameters which could be
useful in explaining the catalytic properties of these

materials. .
EXPERIMENTAL

Ruthenium trichloride trihydrate {19, 39% Ru) and
dimethylsulphoxide (1ml) wvere heated at 80°C in NN'-
dimethylacetamide {(20ml) wunder 1 atm hydrogen for 4h. The
resulting red solution was set aside at room temperature {or
concentrated to 10ml and cooled) and gave a bright yellow
product which was washed with. ether, and vacuum dried.
Recrystallization of [ ((CHg ) 2 SO)a RuClz] [ (CHy), NH,] from
dimethylacetamide gave yellow cubes. The crystal chosen for
study was mounted with ¢ paraliel to the goniostat axis and
was ca._ 0.3 mm in length with a cross section of 0.25 x 0.25
mb. . Unit c¢ell and space group data were obtained from film
and diffractometer measurements. The unit-cell parameters
were refined by a least-squares treatment of sin28 values for

20 reflections measured on a diffractometer with HNMoKea

[
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radiation.

Crystal Data. CgHq(oCly NOg RUSy, M = 487.9 Orthorhonbic,

a = 27.459(5), b = 9.925{(1), ¢ = 14.266(3) 3, U = 3887(1) 13,
Dm= 1.67(1)gcun—3, Z = 8, De= 1.667(5)gcn™3,
F(000) = 1984 (20 °C, MoK® , X = 0.71069 OA, M= 15.036
cm—1 ). Absent reflections: 0kl, k+1 # 2n, hkO, b # 2n define
the space group as either Pnma (D;f + No. 62) or Pn2,a 4C1',
No. 33)..

Intensities were measured on a Datex-automated General
Electric XRD 6 diffractometer, with a scintillation counter,
Mo K« (zirconium filter and pulse height analyser), and a 6-
28 scan at 29 min-! over a range of {1.80 + 0.86 tan ®)
degrees in 26, with 10 s background counts being measured at
each end of the scan. Data were measured to 28 = 45° {(minpimum
interplanar spacing 0.93 2)._R‘check reflection was monitored
every 50 - reflections throughout the data collection. The
greatest deviation from the initial value was +11.1% and the
final intensity was 1.067 times the initial value. Lorentz
and polarization corrections were applied, and the structure
amplitudes were derived. No absorption correction was applied
due to the 1low value of m, and the fairlj uniform shape of
the crystal. Of the 2637 independent reflections measured,
676 had intensities less than 36¢(I) above background where
c2(I) =S +« B + (0.055)2 with S = scan count and B = tinme
averaged background count. These reflections were classified

as unobserved and given zero weight in the refinement. .

STRUCTURE ANALYSIS

In a similar manner to that described in the previous
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chapter a Patterson function was used to solve the structure
of the compound. .However, the initial attempt to solve the
structure in the space group Pnma required a maximum at
0,0.5-2y,0 in the Patterson function. The three—dimensional
Patterson map revealed no such peak other than the origin. If
this was the case the y coordinate for the Ru atom would have
to be 0.25, locating the atom on the crystallographic mirror
plane. Rlthough the anion could possess mirror symmetry, an
attempt was then made to solve the structure in the non-
centric space group, Pn2,a. Since this space group has only
four equivalent positions, there must be two
crystallographically non-eguivalent mrolecules in the
ésymmetric unit. In Pn2,a the heavy atom vectors on the
Patterson map are to be found on the Harker plane 2%, 1/2,
2y. . Examination of +the map gave the x and z coordinates of
Ru(1) and Ru{2), but left their y values unspecified. In this
space group, however, there is no unique origin point along
the b axis so Ru(2) was arbitrarily assigned the y coordinate
0.000, which Was kept constant throughout the later
refinements. One cycle of full-matrix least-squares
refinement of the positional and isotropic thermal parameters
for these two ruthenium atoms produced an R factor of 0.45. A
difference Fourier revealed the positions of the six chlorine
and six sulphur atoms. Two further cycles for these fourteen
atoms still varying the positioral and isotropic thermal
parameters gave an R value of 0.19. The difference map at
this stage revealed the positions of the remaining 24 oxygen,

nitrogen and carborn atoms. After several more cycles
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convergence was finally reached, using an anomalous
scattering‘coirection for the BRu, €1, and S atoms, and
varying the positional and anisotropic thermal parameters for
all the atoms, at R = 0.045 fér 1943 observed reflections
{the following reflections were removed from the data set 1in
the final stages of refinement due to suspected errors
resulting frcm extinction, absorption, and instrument
malfunction: 4 0 0, 2 4 0, 190 1, 2170 1, 211, 100 2, 17
1 2, 1403, 404, 90 4, 12 0 4, 3065, 235, 807, 106
7, 19 0 8, ¢ 1 9, and 1 0 14.)

Due +to the additional expense involved in further
refinement for a structure with so many variables, bearing in
mind the reason behind the investigation, and the inherent
difficulty with so many heavy atcms present, no attempt was
made to determine or refine the positions of the hydrogen
atoms in the RuCljy (Me,S0)3; molecules. The positions of the
hydrogen atoms bonded directly to the nitrogen atoms in the
cations were calculated (assuming a N-H bond length of 0.99 3
and a B~-N-H angle of 1089.) to give an idea of the interionic
bonding. These atoms were not included in the structure
refinement. .

The scattering factors were taken from ref. 14 and
anomalous scattering corrections (15) were applied for the
Ru, Cl1 and S atoms. The weighting scheme: Vu = 1 if
IFol < 65; Ju = 65/|Fo] if |Fo| > 65 and Jw = 0.0 for
unobserved reflections gave constant average values of

W (Fo—Fc) 2 over ranges of |Fo] and was used in the final

stages of refinement. The firal positional and thermal



Table 8

Final positional parametefs (fractional x 10%)

with estimated standard deviations in parentheses

—— - G A P RS GED A A - . T S D S D T S W S T W T A S S T > M W

Atonm X Y YA

Ru (1) 2560 (0) 4849 (2) 3945 (1)
Ru (2) 283(0) 0 2858 (1)
cl(11) 1670 (1) 4795 (6) 3851(3)
Cl(12) 2489 (2) 3399(5) - 5299 (3)
c1(13) 2563 (2) 2834 {5) 2997 (3)
cl(21) 1094 (2) 10090 (8) 2176 (3)
cl(22) 469 (2) 2095 {6) 3640 (4)
Ccl(23) 640 (2) 8823(7) 4181 (4)
S{11) 3381(1) 4766 {6) 3943 (3)
$(12) 2556 (2) 6598 (5) 4961 (3)
S(13) 2548(2) 6206 {5) 2680 (3)
S(21) 9543 (1) 10104 (7) 3556 (3)
S{22) 16 (2) 1123 (6) 1567 (3)
S (23) 128 (2) 7954 (6) - 2231(4)
o(111) 3657(5) 5966 (14) 4246 (11)
0{121) - 2672(5) 7981 (14) 4620 (9)
0(131) 3026 (5) 6846 (13) 2425 (9)
c(211) 9154 (4) 9221(15) 3198 (10)
0(221) 9487 (6) 1271 (18) 1434 (10)
0(231) 9823 (7) 7888 (17) 1401(11
c(111) 3606 (8) 3435 (22) 4669 (18)
C(112) 3638 (8) 4336 (23) - 2772 (15)
c(127) 2948(7) 6334 (20) 5956 (12)
C(122) 1970 (8) 6759 (27) - 5528 {16)
c{131) 2335(9) 5372 (22) 1655 (13)
c(132) 2105 (8) 7535 (20) 2752(14)
C(211) 9575(7) -125(37) 4788 (11)
C(212) 9299 (6) 1795 {26) 3530 (17)
C(221) 293(13) 2769 (24) 1510 (21)
C(222) 233(9) 491(27) 499 (15)
C{231) 9857 (9) 6784 (28) 3017 (20)
C(232) 675(11) 7074 (24) 2026 (26)
N(D) 3646 (6) 8809 {18) 3556 (13)
N {2) 1569 (6) 1629 (15) 4378 (12)
c(1n 3297 (8) 9802 (28) 3173 (17)
c{12) 3790 (10) 9068 (28) 4564 (17)
c(21) 1870 (7) 413(19) 4212 (16)
C(22) 1378 (9) 1719 (22) 5336 ( 14)
H{11) 3944 8818 3163
H{12) 3500 7900 3513
H(21) 1768 2438 4248

— A —— A ———— A —— - - . — - " T > A —— - A T o o S T~

1292
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Table 9
Final thermal parameters and
their estimated standard deviatioms
Anisotropic thermal parameters {0y x 105 %2)

—— - A A D WOe WIS e T - . T - - - i i W T - > - ——— W " Y —— ——

Atom Uw HPTY Uas U U Uaa
Ru (1) '3.28(8) 2.10(6) 1.82(5) -0.11(8) -0.07(4) 0.04(6)
Ru (2) 2.82(8) 3.56(7) 2.81(6) -0.40(6) -0.12(6) 0.37(9)
cl(11) 3.5(2) 4.1(3) 4.2(2) -0.5(3) -0.2(2) 0.5(3)
Cl(12) 6.5 (3) 3.2(3) 2.7(2) -1.1{(2) -0.9(2) 1.4(2)
c1(13) 6.5(3) 2.7(2) 3.4(2) 0.1(2) =-1.2(2) =-0.5(2)
Cl(21) 3.442) 7.5(3) 5.3(2) -0.4(3) 0.9(2) 0.5(3)
cl({22) - 4.6(3) 4.5(3) 6.4(3) =-0.8(2) =-1.4(3) -1.3(3)
Cl (23) 5.5(3) 6.9 (%) 4.9(3) 0.1(3) =-1.3(3) 2.0(3)
S(11) 3.2(2) 3.4(3) 3.7(2) 0.8(2) 0.1(3) =-0.9(2)
S(12) - 3.0{2) 3.2(2) 1.9(2) =0.2(2) 0.3(2) =0.0(2)
5(13) : 4.3(3) 2.1(2) 1.9(2) 0.1 (2) 0.4 (2) 0.1(2)
S(21) - 3.4 {2) 5.1(3) 3.0(2) -0.4(3) 0.2(2) 0.5(2)
S (22) U.7(3) b.5(3) 3.6(3) 0.3(2) -0.7(2) 1.3(2)
S{23) - 5.7{(3) 3.8 (3) 5.6(3) -0.4(2) -1.3(3) 0.3(3)
0(111) 2.5(7) .49y - 9() -1.0(6) 0.6(7) -0.8(8)
0(121) 5.51({8) 3.4(7) 4.5(7) -0.7(6) 0.3(6) 0.0(7)
0(131) - 4.8(8) 3.9(8) 4. 1(7) =1.2(7) 0.5 (6) 1.0(6)
0(211) 2.1(7) 7.2(9) 6.0(8) =-1.6(7) 0.4 (6) 0.4(8)
0(221) 7(M) 9(1) 4.3(8) 3(1) -1.6 (8) 0.0(9)
0{231) 13 (1) 5 (1) 5.8(9) =-0(1) =3(1) -0.2(8)
C(117) 4(1) - 5(1) 9(2) 2(1) -2(1) 1(1)
C(112) 5(1) 6 (1) 6(1) 2(1 -1{1) -3 (1)
C(121) 5{1) 4 (1) 3(1) -1(1) -1.1(9) -0.3(9)
C(122) - 4(1) 9(2) 5(1) -3(1) 3(1) -2(1
c{i3mn 9{2) 5(1) 2.5(9) 2{1) -2(1 -0.6(9)
C(132) 6(1) b1 - 5(1) 1(1) -0 (1) 2 (1)
C{211) 6 (1) 11(2) 2.7(9) 1(2) 1.6 (8) 1(2)
C(212) - 1.2(9) = 9(2) 9(2) - 2(1) 1(1) -4
C(221) 16 (3) 4 (2) 10 (2) -31(2) -2(2) 3(Y)
C{222) (M 10(2) 3(1) - 1(1) -0 (1) 0 (1)

C {231) 7 (2) 8 (2) 10 (2) -3(NH -3(2) 5(2)
C{232) 9(2) - 31 18 (3) 0 (1) -2(2) -0 {2)
N(1) 5(1) . 3.4(9) 8(1) 1.0 (9) 2(1) 0.6(9)
N(2) - 3.9(9) 2.4 (9) 6{1) - 0.7 (7) 0.8(8) =-0.6(8)
c{11) . 6 (1) 6 {2) I(n 1) 3(1) - 2(2)
c(2mn . 3(1) - 4(1) 9{(2) . 0.6 (8) -0(1) -1(M
Cc(12) : 10(2) . 8 (2) 6(1) -3(2) -0{1) 0(M

C(22) 7(2) 6 (2) 3(1) -1(MN -1(1) -0 (M

i e e T W o M M P S e e S S T — - o N — i ol N VT ——— ——— S V" " . W " —. W _— T~ —
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parameters are given in Tables 8 and 9 respectively. Measured
and calculated structure factors are available from the
U.B.C. Library. .
RESULTS AND DISCUSSION

The structure consists of two crystallographically mnon-
equivalent anions in the asymmetric unit, linked by two non-
equivalent dimethylammonium cations.. The atom labelling
scheme is 1illustrated in Figure 7. Most corresponding bond
lengths and angles are not significantly different between
the tvo independent formula units, as can be seen fromITables
10 and 11. All three DMSO ligands are coordinated through the
sulphur atoms, the coordination geometry about the rutheniunm
atoms being essentially that of an octahedron, with each DNSO
ligand having a chlorine atom in a +trans position. Slight
distortion does cccur, presumably due to steric interference
between the DMSO groups, the Cl-Ru-Cl angles being slightly
smaller +than 90° [B7.1-88.3(2)°, mean 87.6°] while those for .
S-Ru-S are slightly larger [92.0-93.4(2)°, mean 92.6°].

The Ru~S bond lengths [ 2.252-2.273(5) 3, mean 2.261 ;]
are significantly longer while the S-0 distances [ 1.45-

-] (-]
1.50(1) A, mean 1.48 A] are shorter than those found 1in

{ Ru (NH3)s DHSO2+ 2PF,—] (30) i.e. 2.188(3) A and 1.527 (8) ;.
respectively. These changes in bond 1length indicate a
decrease in the possible dw-pw back donation from the central
metal to the sulphur atom caused by the competition from the
other DMSO 1ligands for the available w-donor orbitals..
Similar effects are seen for trans-PdCl, (DMSO), [Pd-S

°

[
2.299(2) A, and S-0 1.476(5) A] (31) and cis-

¢
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Table 10
o ‘
Bond Lengths (A) with standard deviations in parentheses.

i ——— — T — ———— — i — — _——— o~ - S —— — —— - - — " -y i — —— T v o

Bond Length (i) Bond Length (3)
TRu(1) -CL(11)  2.450(4)  Bu(2) -CLE@1)  2.430(4)
Ru (1) -C€1(12) 2. 417 (4) Ru{2) -Cl1(22) 2.414(5)
Ru (1) -C1(13) 2. 415(5) Ru(2) -C1(23) 2.427(5)
Ru(1) -S(11) 2.256 (4) Ru (2) -S(21) 2.267 (4)
Ru (1) =-S(12) 2.261(5) Ru (2) -S(22) 2.273(5)
Ru (1) -S(13) 2.252 (4) Ru{2) -S(23)  2.260(5)
S(11) -0(111) 1.48 (1) S{(21) -0(211) 1.47(1)
S(12) -0(121) 1.49 (1) S(22) -0(221) 1.47(2)
S(13) '-0(131) 1.50 (1) S(23) -0(231) 1.45(2)
S{11) -Cc(111) 1.79 (2) S{21) -C(211) 1.77(2)

© S (11) -C(112) 1.86 (2) S(21) -C(212) 1.81(2)
S(12) -C(121) 1.80 (2) S(22) -C{(221) 1.80(2)
S(12) -C(122) 1.81(2) S(22) -C(222) 1.75(2)
S(13) -C(131) 1.78 (2) S(23) -C(231) 1.78(3)
'S(13) -C(132) 1.80 (2) S{23) -C(232) 1.76(3)
N(1) -C{(11) 1. 48 (3) N(2) -C(21) 1.48(2)

N(1) =C(12) 1.51(3) N{2) ~-C(22) 1.47(3)



C1(11)=Ru(1)-Cl (12)
' C1(11).-Ru(1)-C1(13)
Cl(11)-Ru{1)-S(11)
Cl(11)-Ru{1)-5(12)
C1{11).-Ru{1)-S(13)
Cl(12)~-Ru(1)-Cl(13)
C1(12)-Ru(1)-S{11)
Cl{12)-Ru(1)-5(12)
Cl (12)-Ru{1)-S (13)
C1(13)-Ru{1)-S(11)
C1(13)=-Ru (1)-S{12)

Cl(13)-Ru(1)-S(13) -

S(11) ~Ru(1)-5(12)

S(11) -Ru(1)-S{13)

S(12) -Ru{1)-5(13)
Ru (1) ~S(11)-0{111)
Ru (1) -S{12)-0{121)
Ru(1) -S(13)-0(131)
Ru{1) -S(11)-C{111)
Ru{1) =-S(11)-C{112)
Ru'(1) -S(12)-C(121)
Ru (1) =S (12)-C {122)
Ru(1) -S{13)-C(131)
Ru (1) =S {13)~-C (132)

0{111)=5(11)-C(111)
0{111)=S(11) -C (112)
0{121) -5{12)-C(121)
0(121) -5 (12) -C (122)
0(131)-5(13)~-C (131)
0(131)-5S (13) -C {132)
C(111)=S(11)~-C(112)
C(121)-5{12) -C {122)
C{131)~-5{13)-C (132)
C{11). -N{1) -C(12)

———— ——————— T - —_— " T e T——

87.1{2) -
87.4(2)
175.4 (2)
92.7(2)
87.4(2)
87.4 (2)
93.4{2)
86.8(2)
174.5 (2)
88.0(2)
174.2 (2)
92.6(2)
92.0(2)
92.0(2)
93.1(2)
118.9(6)
119.8 (5)
115.7(5)
111.8(8)
112.8(7)
113.0(7)
111.1(8)
112.7(8)
113.8(7)
104.4(9)
104.6 (9)
105.3(8)
105 (1)
107 (1)
107. 1(9)
103 (1)
101 (1)
100 (1)
114 (2)

-

C1l(21) -Ru (2)-C1(22)
C1{21)=-Ru{2)-C1(23)
Cl(21)-Ru (2)-S(21)
C1({21)-Ru(2)-S(22)
C1(21)-Ru (2)-S (23)

C1(22)-Ru(2)-C1(23)

C1(22)-Ru{2)=-S(2M)
Cc1(22)-Ru (2)-5(22)
C1{22)-Ru(2)-S(23)
C1(23)-Ru{2)-5(21)
C1(23) -Ru (2) -S (22)
C1(23)-Ru(2)~-S(23)

S (21) =-Ru (2)-S (22)

S (21) —-Ru (2)-S(23)

S (22) -Ru(2)-S{23)

Ru{2) -S(21)-0(211)
Ru{2) -5{(22)-G(221)
Ru{2) -S(23)-0(231)
Ru{2) =-S(21)-C(211)
Ru{2) -S(21)-C(212)
RuU(2) =5{(22)-C{221)
Ru(2) -S5(22)-C(222)
Ru{2) -S(23)-C(231)
Ru(2) =-5(23)-C(232)

0(211)-S(21)-C(211)
0 (211) =5({21) -C (212)
0 (221)-5(22)-C (221)
0 (221) =S{22) -C (222)

0(231)-5(23)-C (23 1)

0 (231) -5(23) -C (232)
C(211)=S(21)-C{(212)
C (221) ~S{22) -C (222)
C (231)-=S{23)-C (232)
C(21) -N(2) -C(22)

87.7(2)
87.7 (2)
174.7 (2)
87.3(2)
92.7 (2)
88.3(2)
86.9(2)
91.2(2)
175. 4 (2)
92.4 (2)
175.0 {2)
87.2(2)
92.5(2)
92.6(2)
93.4(2)
118. 1 (6)
118.2 (7)
118.2 (7)
112.6 (6)
111.4 (7)
110 (1)
114.8 (8)
115(1)
110(1)
108 (1)
106 (1)
109(1)
105(1)
104 (1)
110 (1)
99 (1)

98 (1)

98 (1)
113(2)

- ————— . — - — > " — —_—— — " — -
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Pd (NO3 )2 (DMSO)2 [ PdA-S 2.231(3) ‘A, and S-0 1.463(7) A] (32)..
The strong trans effect of sulphur-bonded DMSO ligands (33)

is illustrated in the Ru-Cl bond distances [2.414-

o o
2.450 (4)y A, mean 2.426 A] which are significantly longer than
-]

in the octahedral complex RuClqy {NyCpHy{CHy)) (P(CyHg)a)a -
(CH4)20 (34) ..

The geometry about the sulphur atoms is the expected
distorted tetrahedron with values of 115.7-119.8(5)9, mean
118.29, - for the Ru-S—G angles, and 110-115(1)9, mean 11290,
for the Ru-S-C angles. The values of the 0-S-C angles [104-
110(1)°, mean 106°)], the C-S-C angles [98-103(1)°, mean
100°], and the S-C bond lengths [1.75-1.86(2) ;, mean 1.79 Z]
are very similar to those found for free DMSO [107°, 98° and
1.80-1.82{1) ; respectively] (35). .

The hydrogen atoms attached to the nitrogen atoms in the
dimethylammonium cations are involved in hydrogen bonding to
both non-equivalent anions, forming a chain-like structure
throughout the cryétal lattice. H(11) and H(12) take part in
N-H ... .. 0 hydrogen bonding, while H({21) and H(22) are
involved in N-H . . . €Cl1 hydrogesn bonding. Although heavy
atom separations do not uniquely define the presence of
hydrogen bonding, they can give a reasonable indication,

[+
values of typical heavy atom contact distances being 2.9 A

o
and 3.3 A for N .,.h.:o.,,_and N . «._ . C1 hydrogen bonded
atoms {36 and 37). From Table 12 it can be seen that several

of the separations are well above these values, tending to
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Values o£f O . . . N, O 4 . . H,Cl . . . NandCl1 . . . H
intermolecular contacts.

. e 2 — T —— —— T ——— — o i, vt - — ——— ——— ——— — o T - S —

Atonms Distance (3) Atoms Distance (3)

Co(-N()  2.99(2  o(in-u(1a) 2.2
0(121) -N (1) 3.18(2) 0(121)-H(12) 2.8
0(131)=N (1) 3.05(3) 0(131)~-H(12) 2.3
0{211)-N (1) 2.89(2) o(21)-H(11) 2.1
0{221)-N(1) 3.36(3) 0{221)-H(11) 2.9
0(231)=-N{1) 3.36(3) 0(231)-H(1Y) 2.7
Cl{1H-N(2) 3.2443) Cl{(11)-H((21) 2.4
Cc1(12)-¥§(2) 3.35(3) Cl{12)-H(21) 2.7
C1l{13)-N(2) 3.57 (4) Cl(13)-H{(21) 2.8
Cl{21)-N(2) 3.73(4) Cl (21)-H({22) 3.0
Cl(22)~N(2) 3.23(3) Cl(22)-H{(22) 2.3
Cl(23)-K8{2) 3.79(4) Cl(23)-H(22) 3.3

Due to the hydrogen positions being calculated the errors
in the 0 ., . . H, and Cl . ., . H distances are subject to
speculation.
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Fiqure 8

A stereoscopic diagram of the unit cell viewed down

c; hydrogen bonds are indicated by dotted lines.
rule out the presence of hydrogen bonding for these chlorine
and oxygen atoms. Unfo:tunately the hydrogen positidns must
be somewhai speculative, but the trends indicated from. the
0.. « - Hand C1 . .. H separations support the fiﬁdinqs,for
the heavy. atbm contacts. ATvpiEal' observed‘ H. - - O and
H . . . Cl distances are 2.0 : and 2.4 : conpared to 2.6 :A
and 3.0 : for van der Waals contact only. The overall results
would indicate the presence of at least six hydrogen-bonds
N(1)-H(12) - - - O(111), N(1)-H(12) - - - O(130),
N(N-H(11) - - - 0(211), N(2)-H{21) - . - c1(1n,
CN(2)-B(21) . - - cl(12) and N(2)-H{22) . - = _C1(22). Fiqure 8

shows the contents of the unit cell viewed along c-with these

hydrogen bonds indicated by the dotted lines.



CHAPTER 4

CRYSTAL AND MOLECULAR STRUCTURE OF

DICHLOROTETRAKIS {DIMETHYLSULPHOXIDE) RUTHENIUM{II)
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INTRODUCTION

Infrared and 1H n.m.r. spectral data on
dichlorotetrakis(dimethylsulphoxide) rutheniun (II) indicated
the possibility of a mixture of S-bonded and O-bonded
dimethylsulphoxidé ligands (38). The X-ray crystallographic
study of [(ﬁEZSO)wRuC11} was undertaken to verify this
unusual assignment, and provide additionai information to
that gained from the structure presented in Chapter 3 (29) on
ruthenium dimethylsulphoxide complexes.

EXPERIMENTAL

19 of ruthenium trichloride was refluxed in methanol
{20ml) under hydrogen (1 atm) for approximately 8hr producing
a blue solution. 4ml of dimethylsulphoxide were then added
and the refluxing continued fér a further 2 hours finally
producing a red solution. Cooling and recrystallization of
{Me2S0)wRuCly from methanol gave yellow cubes. The crystal
chosen for study was nounted with c¢* parallel to the
goniostat axis and had dimemsions of c¢a 0.20 x 0.20 x 0.25
mm. Unit-cell and space group data were obtained from film
and diffractometer measurements, The unit-cell parameters
were refined by a least-squares treatment of sin2& values for
21 rteflections measured on a diffractometer with MNo kK«
radiation.

Crystal ‘Data. CgHaaClyO4RuS, , M = 484.54 , monoclinic,

’ -]
= 8.939(3), b = 18.045(7), ¢ = 11.363(3) a, P=91.52(2)°

I
i

[ ]
1832(1) 23, Dn= 1.74(1) gcn—3 % = 4, De= 1.76(1) gcm—3,

[o]
I

o
F(000) = 984 (20°C, Mo K«, A= 0.71069 &, A= 15.66 cm1).
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Absent reflections: k01, h#l # 2n, O0kO, k .# 2n define

uniquely the space group B2,/n (ggh, No. 14).

Intensities were measured on a Datex—automated General
Electric XRD 6 diffractometer, with a scintillation counter,
Mo Rer (zirconium filter and pulse height analyser), and a 8-
20 scan at 2° min-! over a range of (1.80 + 0.86 tan 6)
degrees in 20, with 20 s background counts being measured at
each end of the scan. Data were measured to 20 = 45° (minimum
interplanar spacing 0.93 3).,A check reflexion was monitored
every 50 reflections throughout the data «collection. The
greatest deviation from the initial value was‘*7.8% and the
final intensity was 0.962 times the initial value. Lorentz
and polarization corrections were applied, and the structure
amplitudes were derived. No absorption correction was applied
due to the low value of m, and the fairly uniform shape of
the crystal. Of +the 3231 independent reflections measured,
511 had intensities less than 30(;) above background where
e2{(I) = S + B %+ (0.058)2 with S = scan count and B = time
averaged background count. These reflections were classified

as unobserved and given zero weight in the refinement.

STRUCTURE ANALYSIS

The position of the ruthenium atom was again determined
from the three-dimensional Patterson function. One <cycle of
full-patrix least-squares refinement of the positional and
isotropic thermal parameters for the ruthenium atom gave a R
value of 0.48. The positions of the two chlorine atoms and

the four sulphur atoms vere revealed from a difference
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Pourier, and tvwo further isotropic cycles lowered R to 0.20.
Another difference map then revealed the positions of the
remaining non-hydrogen atoms. A further three cycles using an
anomalous scattering correction for the Ru, Cl, and S atonms,
and refining the positional and anisotropic thermal
parameters for all the atoms, lowered R to 0.047. A final
difference Fourier performed at this stage indicated the
positions of eleven of the twenty-four hydrogens, and the
remaining thirteen positions were calculated allowing for
minimum intramolecular interactions {see Table 13). The final
conventional R factor for the 2720 observed reflections was
R-= 0.041. (15 reflections were given =zero weight in the
final stages of refinement due to suspected errors resulting
from extinction, absorption, or instrument malfunctionz
124, 301, 421, 3411, 200, 4090, 320, 160,
080, 1811, 402,103, 023,004, 025)..

The scattering factors of ref. 14 were used for the non-
hydrogen atoms and those of ref. 39 for the hydrogen atoms.
Anomalous scattering corrections (15) were applied for the
Ru, Cl, and s atoms. ,The weighting schene: J?E = |Foi/12.8 1if
{Pol < 12.8, Ju = 1 if 22.6 < {Fol > 12.8, {¥ = 22.6/|Fo} if
|Fo} 2 22.6 and JE'= 0.0 for nunobserved reflections gave
constant average values of w{Fo-Fc)?2 over ranges of (Fo}] and
was employed in the final stages of refinement. The final
positional and thermal parameters are given in Tables 13 and
14 respectively. Measured and calculated structure amplitudes

are available from U.B.C. Library.



Table 13
Final positional parameters (fractional x 10%¢)

with estimated standard deviations in parentheses

N —— e — o —— ] T - " . - A - T g W > W — S - T T S 7" 1 " o~ ——

Atonm X ¥y Z
Ru 2u84.2 (4) 1217.5(2) 2654.5 (3)
cl{1) 5001 (1) 701(1) 2652(1)
Cl(2) 1570 (1) 9972 (1) 3040 (1)
S(1) 2361 (2) 1051 (1) 690 (1)
5(2) 3332(1) 2403 (1) 2507 (1)
S{3) 63(1) 1591 (1) 2791(1)
S (4) 3528 (1) 766 (1) 5290 (1)
o(1) 1036 (6) 1302 (3) 9984 (4)
0(2) 3041 (6) 2800 {2) 1379 (4)
0(3) 9657 {5) 2378 (2) 2577 (4)
0 {4) 2765 (4) 1377 (2) 4515 (3)
c(1m 3980 (8) 1413 (4) 9964 (5)
Cc(12) 2596 (9) 96 (4) 349{6)
c(21) 5292(7) 2486 (4) 2867 (8)
C(22) 2660 (7) 2982 (3) 3649 (6)
c(3Mn 9396 (7) 1365 (4) 4216 (6)
C{32) 8809 (6) 1087 (4) 1886 (6)
c{41) 2524 (8) 843 (5) 6619 (6)
c(42) 5262(8) 1176 (4) 5778(7)
H{111) 3600 1851 10
H{112) % 4819 1075 77
H(113) % 3739 1460 -887
H{121)* 2055 -219 896
H{122) 2488 95 =500
H(123) % 3686 -39 420
H{211) 6027 2329 2347
H{212) 5577 3058 3184
H(213) % 5432 2480 3753
H(221) % 1597 2888 3775
H(222) 2950 3004 4429
H{223) 3081 3456 3520
H(311) . -47 1638 4969 .
H(312) % -1516 1654 4370
H{313) * -869 832 4241
H{(321)* -754 959 1111
H(322) -1170 490 2150
H(323) % -2150 1307 1770
H{411) 2392 1321 7080

H (412) 1447 1197 6664
H(413) % 2915 490 7211
H(421) 4397 1421 6023
H{422) * 5795 829 6304
H(423)* 5867 1287 5100

- A ———— A ——— - - — T —— — A — T _— V" T — . Y — - —

*calculated positions



Table 14

Final thermal parameters and

their estimated standard deviations

‘Anisotropic thermal parameters (Eii

58

o
x 102 A=2)

——— — ———— . —— ———— - — - N — A —— ——— — —— s ] v

 ———— ——— . A —— > o — ———— A ————— " ———— T — T ————— -

(b)

- 4,00 (

2.33
3.72¢
3.82(

2.39¢
4.00( 7)
5.62(29)
10 47 (39)

41821

4.09 (20)
6.89(42)

9.73 (54).

3.82(34)

" 6,14(38)

4.18(33)
2. 44 (26)
7.67 (46)
4.35(34)

4.38 ¢
2.96{
5.23(
2.75(
3.84¢
3.51¢
12.78(51)
4.19 (24)
4.08(22)
3.95(19)
5.78(36)
6.32 (43)
5.88 (41)
'3.79(31)
7.34 (43)
7.20 (40)
8.00 (48)
6.22(41)

Aton

2)
8)
7)
6)
7)
7)
6)
24)
6. 45(28)
9.27(32)
3.39(16)
4.93(32)

¢ & B

sWweEsuwnw
.

wml\)\OhNa-ﬂ
P P~ oy o~ -

.

5.34(35)-1.56 (39)
13.62 (70)-2.27(31)

0.00 {
0.62(

-0.58(

0.03(

0.39¢
0.19¢

1) 0.09(
5) 0.20(
5)~0.01(
6)-0.03(
5) 1.06(
5) 0.28{
5)=0.62(

5)
3)
5)
3)
5) -

1.51(26)~1.56 {21)
0.83(25) 2.49(26)
1.78(18) 0.15(20) 0.75(21)
0.52(15)=0.27(14)=0.11(14)
0.76 (31) 2.52(29)

0.22(
1.86 (26)
1.74(21)

1.01(28)

1.23(34)-2.07(32)
1.04{38) -2. 00 (43)

7.86(41)-1.15(26) 1.54(31)-1.85(28)

6.08(36) 0.69(29)

1.93(27) 0.14(31)

7.31(40)-0.20(26)-0.81(24)-0.78(32)
4.62(33) 2.60(38) 0.90(31) 1.65(32)
7.42{42) 0.14(27)-2.56(30)-0.10(30)

- ——— — ——— - —— T —— T A A S ——— - M —— —_— W W A i — V_— . —— - —

All Hydrogens

Isotropic thermal parameters (U x 100)

(-4
Uz

6.3
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RESULTS AND DISCUSSION

The co-ordination gecmetry about the ruthenium atom is
essentially octahedral with cis chlorine atoms. Of the four
DMSO ligands, three are sulphur-bonded and one is oxygen-
bonded, the O-bonded ligand being trans to one of the S-
bondgd ligands {S(1)). The atom 1labelling scheme and a
general view of the molecule are illustrated in Figqgure 9.
Individual bond lengths and angles, with standard deviations,
are given in Tables 15 and 16 respectively.

Slight distortion does occur, the angles subtended at
the central ruthenium atom between the three mutually cis S-
bonded ligands being larger than 90°[ 92,6~
94.9%, mean 94{1)°), while the values for the Cl-Ru-Cl, and
the +two Cl-Ru-0 angles are slightly 1less than 90°[ 87.8-
88.7°, mean 88.2(5)°]. Equations of selected least-squares
mean-planes with deviations of the atoms from these planes
are given in Table 17. This distortion appears to be governed
primarily by steric factors associated with the S-bonded DMSO
groups.

The Ru-Cl1 bond 1lengths, 2.435(1) ;, are significantly
longer +than would be expected for a purely e-donor ligand.
Typical values of mean Ru-Cl bond lengths in octahedral
complexes with trans chlorine atoms are 2.390(7) ; in
RuCly {N,C H(CHy)) {P (CeHs)a)a- {CH3)20 (34) and 2.398(7) 2 in
RuCl, (NO) (PMePhy)s (40). This lengthening is an indication of

the strong trans effect of a S-bonded DMSO 1ligand , {33),
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——— —— - —— il i A e i - . —— - ———

. ———— - s —

Bond Length'(z) Bond Length (3)
R -l 2.835()  s(h-cn) 1.779(8)
Ru  -C1(2) 2.435(1) - S{1)-C(12) 1.808(6)
Bu =-S{(1) 2.252(1) S(2)-C(21) 1.795(7)
Ru -S(2) 2.277(1) S{2)~-C(21) 1.783(6)
Ru =S{3) 2.276(1) S(3)-C(31) 1.787(6)
Ru -O(Qj 2.142(3) S (3)-C(32) 1.794(6)
S{1)-0 (1) 1.483(5) O (4)-5S(4) 1.557(4)
S$(2)-0{2) 1.485(5) S (4)-C (41) 1.783(6)
S(3)-0(3) 1. 485 (5) S{4)-C(u42) 1.793(6)

——————— v —— -
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Bonds
Cl(1)~-Ru ~=-C1(2)
Cl(1)-Ru ~=-S(1)
Cl{1)-Ru =-S(2)
Cl(1)-Ru -5(3)
Cl{1)-Ru -O(4)
Cl{2)-Ru =-S(1)
Cl{2)-Ru =-5(2)
Cl{2)-Ru =S{3)
Cl(2)-Ru -0 (4)
S(1) -Ru =-S{2)
5(1) -Ru -5(3)
S{1) ‘~Ru -0 ({4)
S{2) -Ru =5{3)
5(2) -Ru -0(4)
S{3) -Ru -0 (4)
Ru -5(N-C(11)

Ru =S (1)-C(12)

Ru =S (2)-C(21)

v — . — — . —— S Lo > A D i WA o e A

87.78 (5)
88.22 (5)
92.90 (5)
173.49(5)
88.2(1)
92.69 (5)
173.85 (5)
86.38(5)
88.7(1)
93.144 (5)
94.91(5)
176.1(1)
92.61(5)
85.2 (1)
88.8(1)
112.6(2)
110.0 (2)

112.7(2)
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Ru

C(11)-S(1)-C{12)

-5 (2) -C (22)
~5(3)-C (31
-S(3)-C (32)
-5(1)-0(1)
-5{2)-0(2)
-5(3)-0(3)

C(21)-S(2)-C{22)

C(31) -5(2) -C (32}

C{1N)-S{NH-0o(N

C{12)-S(1)~-0 (1)

C(21)-S{2)-0(2)

C(22)-S(2)-0(2)

C{31)=-5(3)-0 (3)

C{32)-5({3)-0(3)

Ru

=0 (4)-5{4)

O(4) -S{u)-cqu41)

O(4) ~S{4)-C(42)

C{41)-5(u4)~-C(u2)

112.2(2)
109.6(2)
112. 3(2)
120.9(2)
117.7(2)
126.1(2)
98.6 (3)

97.5 (3)

100. 1(3)
106. 3(3)
106. 0 (4)
107.7(4)
106.9 (3)
106. 3(3)
106. 4(3)
120.0(2)
101. 6 (3)
104.2(3) -

99.0 (4)

—— . — — T ——— . ——— — —— ———— o —
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a7

Selected Weighted Least-Squares mean planes
for RuCljy (Mea2S0)y

Plane through Ru, C1l{2},
0.999% + 0.049Y -

Aton
Ru

Cl{2)
S{1)
5(2)
0 (4)

S, s(2),

and O(4)

0.0132 = 2.249

o

Distance (A)
-0.04211)
-0.100( 1)
-0.0791(1)
0.826 (1)
0. 139 (4)

Plane through Ru, C1{1), S(1), S(3), and O (4)

0.335X + 0.933Y -

Aton
Ru
Cl{1)
S(1)
S (3)
0 (4)

Plane through Ru, C1 (1), C1l(2),

-0.043X # 0.024Y -

Atom
Ru

Cl(l)
C1(2)
5 (3)
5(3)

0.1292 =

-4

Distance {A)
0.013 (1)
-0.102(1)
0.003(1)
-0.104(1)
0.075 (4)

5(2),

2.365

and S(3)

0.999Z2 = -3.0537

©

Distance (4)
0.0009(3)
-0.166(1)
-0.027(1)
0.186 (1)
-0.042(1)
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In the interaction between the Ru and S atoms, the
sulphur atom appears. to be behaving as a weak W-acceptor, as
a shortening cf the bond between a metal atom and a o -donor
ligand should be observed if the e¢-donor is trans to a strong
®-acceptor. For example in [Ru(NO)Clg ]2~ the equatorial Ru-Cl
distances average 2.376(2) ; while the chlorine atom trans to
the nitrosyl group 1is significantly shorter at 2.357 (1) Z@
(41),

However evidence supporting some W-acceptor nature can
be obtained fronm they Ru-S distances in the S-bonded DMSO
ligands, which are trans to the two chlorine atoms. The mean
value of 2.277(1) 3 found for the Bu-S bond lengths indicates
the presence of some dW-pW . back donation from the central

metal to the sulphur atom, assuming the single bond <covalent

[}
radii for ruthenium and sulphur are 133 and 1.04 A
respectively. . (22), However, this back donation is
considerably less than that found in

[ Ru (NH3)g (MepS0) ]2+ . (30), where the Ru-S distance is
2.188(3) ;. The increased back donation found in the mono-
sulphoxide 1is due to the 1lack of conmpetition for the
available W-donor orbitals from other W-acceptor ligands in
the <co-ordination sphere. A <comparison of similar bond
lengths and angles for [ RuClz {Me;S0)3 ]— {Chapter 3, ref. 29),
{ Ru (NH3)s {Me2S0) ]2+, (30)‘ and free DMSO {35) with those of
RuCl 2{Me,S0)y can be found in Table 18.

Examples of the change in co-ordinating atom with the
variation of the number of DMSO ligands attached are somewhat

limited.  In four-co-ordinate palladium complexes steric
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influences appear to be of most importance {(42)
[Pd {MeyS50),Clq ] has exclusively sulphur-bonding,
[PA(Me,S0)w J2* has both sulphur anq oxygen-bonded ligands in
a cis configuration. As the size of the ligand increases
mixed trans structures are produced, i.e. 1in the propyl and
butyl cationic species, while only oxygen-bonded ligands
occur in the iso-pentyl complex [Pd (PeaSO)y. ]2+. This change
in co-ordination is paralleled in these octahedral systenms.
{ RuCl4 (e,50)q4 J= {Chapter 3) has an all = S-bonded cis
structure, while the inclusion of another DMS0 1ligand
approaches the [Pd{(le,S0), ]2+ situation, such that steric
influences prohibit the formation of an all sulphur-bonded
complex, but electronic effects keep the S-bonded ligands in
a cis configuration. The decrease in central metal size in
going from ruthenium to iron increases the steric

interactions <considerably, i.e. [FeCla(Mea2SO)y ]J* has a tran

i

configuration in which all the DMSO ligands are oxygen-hbonded
{43) ..

The Ru-S bond length for the S-bonded dimethylsulphoxide
ligand trans to the O-bonded sulphoxide is 2.252 (1) g. This
slight yet significant shortening (compared to 2.277(1>,K; is
due to the different atoms in the trans positions. The Ru-0O
distance is 2.142(3) 1 and 1s similar to the value of
2.007 (6) ; found for Fe-0 (43), considering the difference of

' o

covalent radii of the two metals to be approximately 0.12 A



A) Bond

Lengths (A)

Ru-S
5-0
5-C
Ru-C1

B) Bond

Angies (deqg)

Ru-5-0

Ru-5-C

0-S-C

C-5-C

Mean bond lengths and angles for

(1)
(11)
(I11)

(1V)

(I)

2.261(8)
1.48(2)
1.79 (3)

2.43(1)

118 (1)
112 (2)
106 (2)

100 (2)

Table 18

RUCL 5 (Me5S0)y

Free DMSO

{(1I)

2.277(1)
1.485 (5)
1.790 (6)

2.435(1)

119 (1)
112(1)
106.8 (6)

293 (1y

[Ru (NH3) g {Me,50) J2+

(I1II)

2.188(3)
1.527 (7)

1. 840 (8)

114.9(3)
116 (1)
104.2(8)

99.4(6)

66

(1v)

1.471-1.5 31

1.80-1.82 (1)

-

107

98
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}A‘;’i; :
T

Figure 10
A stereoscopic diagram of the unit cell viewed
down b.

There is considerable variation in _the sulphur-oxygen
distanees for the tvwo types of differentlv co-ordinated
dimethylsulphoxide liqanas. In the sulphur-bonded ligands the
mean value is 1.484(5) :, while in the oxygen—bonded 'ligand
the distance 1is 1.557 (4) i. This tepfesents a considerable
decrease-in the multiple bond character of the sulphur- oxyqen
linkeage caused by the dlfferences'ln co—ordlnat;on, thouqh
this is still semewhat short of the estimated S-0 single bond
length of 1.70 % (43) . .

The - . molecular geometry .. of ... the —- -S-bonded
dimethylsulphoxide ligands "is very similar fq that found 1in
free dimethylsulphoxide (41). The 0-S-C angles (mean value

106.6(6)°) » C-S-C angles (mean value 99(1)°), and the 5-C
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-]
bond 1lengths (mean value 1.79(1) A) compare with 1079, 98°
and 1.80-1.82(1) ; respectively. The corresponding mean
values for the O-bonded 1ligand are also similar being
103 (1) 9, 99.0(4)° and 1.788(5) ;. The other angles 1in the
distorted tetrahedron have mean values of 112(2)° for Ru-S-C,
120(2)° for Ru-S-0 and 120.0(2) °© for Ru-0-S. Figure 10 shows
a étereoscopic view of the contents of the unit cell viewed
down d..
- The crystal structures of this compound and the
trichlorotris(dimethylsulphoxide) complex (Chapter 3) were
consistent with the infrared and !H n.m.r.. spectral data

{29) for these compounds.



CHAPTER 5

CRYSTAL AND MOLECULAR STRUCTURE OF
1,3,7-TRIMETHY1-2,6-DIOXYPURINE HYDROCHLORIDE DIHYDRATE

{CAFFEINE HYDROCHLORIDE DIHYDRATE)

69
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INTRGDUCTION

The crystal structure determination of caffeine
hydrochloride dihydrate was undertaken primarily to provide
the necessary information to complement an ENDOR study on
this compound. The Trenewed interest in this area is due to
the discovery that caffeine will inhibit the post-radiation
repair of chrcmosomal aberrations in irradiated DNA (48). -

EXPERI ME NTAL

The white nearly trigonal prismatic crystals were grown
by evaporation from a saturated solution of caffeine 1in
hydrochloric acid. The. crystal chosen for study
(ca 0.4 X 0.3 X 0.2 mm.) was mounted with b parallel to the
goniostat axis. Unit-cell and space group data were obtained
from film and diffractometer nmeasurements. The wunit-cell
parameters were refined by a least-squares treatment qf sin29
values for 22 reflections measured on a diffractometer with
Cu K=« radiation.

Crystal Data. CgHy Cl¥N40,.2H,0, M = 266.7, monoclinic,

-]
='12.391(4), 17.167(6) A,

1Y
I

log
i
i

6.524 (1), c

o
[i¢ 1215.9(8) 43, D= 1.46, D¢ = 1.457

g cm-3, 2z =4, F(000) = 560. Space group BP2,/c (C5 , No 14)

118.82 (3) °, u

from absent reflections h0l, 1 # 2n and 0kO, k # 2n. m{Cukea
radiation) = 29.19 cn—1.

Intensities were measured on a Datex—automated General
Electric XRD 6 diffractometer, with a scintillation counter,
Cu Ko {nickel filter and pulse height analyser), and a €-26

scan. at 2° min—! over a range of (1.80 + 0.86 tan 8) degrees
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in 28, with 10 s background counts being measured at each end
of the scan. Data were measured to 206 = 140° - (minimum
interplanar spacing 0.82 Z).“n check reflection was monitoréd
every 40 reflections throughout the data collection. The
greatest deviation from the imitial value was +21.1% and the
final intensity vwas 0.85 times the initial value. Lorentz and
polarization <corrections were applied, and the structure
amplitudes were derived. No absorption correction was applied
due to the low value of am and the fairly uniform shape of the
crystal. Of the 2208 independent reflections measured, 451
had intensities 1less than 3e(I) above background vwhere
c2{(I) = S + B + (0,055)2 with S = scan count and B = tinme
averaged background count., These reflections were classified
as unobserved and given zero weight in the refinement. .

STRUCTURE ANALYSIS

althoﬁgh the Patterson synthesis 1is very useful for
compounds with one or a few 'heavy atoms?', it is unsuitable
for molecules in which many atoms have the same or similar
atomic numbers, because no vectors will stand out on the
Patterson Fourier map. Fortunately alternate 'direct methods’
have been developed which rely on probability relationships
between the phases of the *stronger?! reflections.

In direct methods, normalized factors |E,| are used
which are essentially geometrical structure factors only,
rather tham containing, as'does IEqnl, the effects of atomic
scattering factors and atomic thermal motion. They can be

calculated as follows
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wvhere € 1is an integer symmetry factor which depends
upon the space grecup extinctions. Hauptman and Karle (45)
developed probability relationships, based on Sayre's work,
which could be used to determine the phases of reflections.
Basically, as seen in the eguation

¢u= ¢v. + ¢u-u

one estimate of the phase of H can be cobtained from the
phase addition of two reflections whose indices when added
together give the indices of H. The weight to be given to
this indication is equal to the product of the two normalised

structure factors |E, | and |E the best estimate of the

wer ls
phase'¢“ will be the weighted sum of all +the indications.
Obviously relationships between large {E,l and |E,_J's will
dominate the summations due to their weight and should
produce a phase value scomewhere mnear that for the whole
sumpation.

For a centrosymmetric space group (e.g. P2,/c, this

compound) the phases can only be 0 or w, corresponding to the

sign of + or -. Sayres equations then becone

§“A§. (%EK‘ E“-\‘)
\

where S means 'the sign of', » means 'probably egual
to', and the relationship is known as a £,-2 {referred tc as
a Sigma Twvwo) relationship. That is the £}2 relationship for
the reflection 4,2,1 is made up of the sum of all the pairs
of reflecticns whose 1indices add to 4,2,1 e.g. 4,1,0, and

0,11,1; 8,6,4 and -4,-4,-3; 1,1,1 and 3,1,0; etc.
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The probability, P, of the sign S being correct 1is
given for each reflection by
P = 0.5 + 0.5tanh| §/e, 3ME,. S E, .E,
where Jdy/9,3/2a 1is a constant dependent on the contents
of the unit cell.

A computer program developed by Long (46) was used to
deternine the structure of caffeine hydrochlcride using these
jdeas. The program prepared a 1list of 55—2 relationships
between the 297 reflections with |E{ > 1.50. Three of the
largest JE]*s vere chosen with 1indices conforming to the
parity rules derived from the space group (for R2,/¢ the suas
of 'indices of any pair, and the sum of indices of all ‘three
could not produce the parity even,even,even) and by assigning
positive signs to these reflections the origin was specified.
"Four more reflections (see Table 19 for the conmplete 1list),
each having a large |E] and many éi—Z relationships, were
then selected and allowed to take on both + and - signs in
turn producing sixteen {2¢) starting sets of signs.,  When
Sayre's equation is applied to any starting set, additional
signs are determined, which in turn are wused to determine
more signs, and to redetermine those already predicted. Imn
this case newly determined signs were not used to determine
signs of additional reflections until the next cycle.,This
process 1s reiterated until there are no new additions or
changes to the list,

A consistency index U is defined as

UER-SE -Eul>

[
it

‘ UE - SIEW I By 12



)
2)
3)
4)
3)
6)

7
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Basic starting set of reflections for

=

[

ClCgNyOaHn 2850
gNy 2

origin deternining



75

where < > peans the average value over all H.

The true solution will usually have the highest
consisténcy index, require the least number of cycles and
converge to a . set of signs which are approximately equally
distributed betwveen positive and negative. The results of the
16 starting sets are giﬁen in Table 20, and set 15 1is
outstanding in that it converged in 5 cycles with a very high
consistency index of 0.92 and had 156 positive and 141
negative signs. An E map was computed using the 297 assigned
values of E from this set., The positions of the 17 non-
hydrogen atoms were indicated from the 17 highest peaks on
the map. Two cycles of full-matrix least-squares refinemént
produced an R factor of 0.1729 with isotropic temperature
factors, while a further cycle using anisotropic temperature
factors lowered the R factor to 0.088. A vdifference Fourier
computed at this stage revealed the positions of the 15
hydrogen‘ atoms. Further refinement with an anomalous
scattering correction for the <chlorine atom, anisotropic
temperature factors for the gaon-hydrogen atoms, 1sotropic
temperature factors for the hydrogen atoms and an overall
extinction coefficient correction produced convergence at
R = 0.064 for 1752 reflections with I -2 3¢ (I) {5 reflectioas
were given zero weight in the final stages of refinement due
to suspected instrumental errors, -1 0 2, 1 2 16, -14 2, -
36 12, =7 5 #4). The atomic scattering factors for Cl, O, N,
and C were taken from ref. 14, anomalous scattering
correction from ref, 15, and scattering factors for the

hydrogen atoms frcm ref. 39. The weighting
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Comparison of the 16 solutions from Long's sign determination

program. .

Set Signs of 7 Number of ©Number of Number of Consistency

reflections cycles pluses minuses index O
1 +++4¥++ 7 267 30 0. 850
2 +++444- 10 142 155 0.608
3 ++3 44—+ 10 182 115 0.685
4 +e3 44— 7 147 150 0.684
5 +++4-44 6 143 154 0.717
6 -+ - 7 140 157 0.534
7 ++4+--# 9 156 141 0.598
8 44 t——— 8 142 155 0.522
) ++¥~++14 10 150 147 0.658
10 e 8 148 149 0.523
11 +4—t—-3 9 139 158 0.713
12 4 —F—— 7 140 157 0.510
13 +4+4-—=4+% 12 149 148 0.752
14 o 7 150 147 D.0641
15 ++t———t 5 156 141 0.917
16 b 2 144 153 0.532

- eaed
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scheme ¥ = 1/¢2 (F) where o2 (F) is derived from the previously
defined o2 (I), gave constant average values of w{Fo-Fc)2 over
ranges of {Fo| and was employed in the final stages of
refinement. The final positional and thermal parameters
appear in Tables 21 and 22 respectively. MNeasured and
calculated structure factors are available from the U.B.C.
Library. .

THERMAL FMOTICN AND CORRECTIGN OF MOLECULAR GEOMETRY

The ellipsoids of thermal motion for +the non-hydrogen
atoms» {excluding the chloride ion and the water molecules)
are showna in Fig. 11. The thermal motion has been analysed in
terms. of the rigid-body modes of translation ({(T), 1libration
(L), and screw (S) mnotion (47) using the computer program
MGTLS. The r.m.s.. standard deviation in the temperature
factors @»3; is 0.0017 zz indicating that the whole molecule
(r.m.s. 83;;=0.0022 :é) is a reasonable rigid-body and that
the therm;i motion of the 9-membered fused ring system is
remarkably well described by the rigid-body thermal
parameters given in Table 23 (r.m.s. A U= 0.0015 32).

The bond distances 1in the fused ring system have been
corrected for libration (48 and 49) using shape parameters q2
of 0.08 for all the atoms involved. Independent motion
corrections based on the Agii {50 and 51) have been applied
to the bond lengths for the no;—hydrogen atoms attached to
the fused ring system. The corrected and uncorrected bond
lengths appear in Table 24. Bond angles, given in Table 25,

changed >y no more than 0.05°, thus the corrected angles are

not reported.
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Final positional parameters {fractional x 10¢, Cl x 105, H x

with estimated standard deviations in parentheses

L . —————— " o " - — oy o L - — A —— ———— — - —— —— . — -

- — - — ——— " " i ——— ———_———— — " — T — — i~ T r— — " Y T ——V— ——

Atom X
cl 98388 ( 8)
0(11) 6620( 2)
0{13) 5748 ( 2)
o(n " 9101( 3)
0(2)°* . 8592( 3)
N(1) - 6281( 2)
N (3) 7359 ( 2)
N(7) : 7063( 2)
N{9) 7905 ( 3)
c(2) 6733( 3)
c(u) 7381( 3)
c(5) 6851(. 3)
c(6) 6228 ( 3)
C(8) 7693( 3)
c{10) 5591 ( 4)
c(12) 8067( 5)
C (14) 6647 ( U)
H{11)* 937( 4)
H(12)* 927 ( 5)
H(21)? 888 ( 4)
H(22) " | 905( 7)
H(1) 792( 2)
H(2) 832( 4)
1 (3) 543 ( 4)
H(4) 479( 6)
B (5) 610 ( 5)
H(6) 806 ( 5)
H(7) . 779 ( 6)
H(8) 885( 5)
H(9) 696 ( 4)
H (10) 584 ( 5)
H{11) . 700( )

' indicates water molecule

48847({15)

2332 (
6992 (
7633 {
58814
4670 (
1630 (
4033 (
1232
2827 (
2219 (
3971
5376 {
2367 (
5916 {
-150 (
5653 (
721 (

692 (

7)
9)

540 ( 8)
728 (13)

205 (

4)

4(7)

727 (
520 (1

0)

609 ( 9)

-18(
<137 (1
-16 (
548 (
584 (
704 {

9)
2)
8)
7)
8)
8)

35370( 6)

1275 (
2885 (
4695 (
1420 (
2095 (
2740 (
4459 (
4306
1994 {
3503¢
3586 (
2865 (
4872 (
1279
2705 {
4848
522 (
432¢
198¢
149
547 (
B4 2 (
149
87
96 (
218
282(
329
545 (
449 (
473 (
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Iable 22
Final thermal parameters and
"their estimated standard deviations

(a) Anisotropic thermal parapeters (U, x 103, x 10% for Cl

AZ)

Atom Uw U2 Uwn Ui U Tay
c1 606( 6) U468( 6) 4TI( 5) T2( 4) 271( 4) 22 4)
0(11) 73( 2) 53(2) 43( 1) -1{ 1) 351 -5(1)
0(13) 62( 2) 48(2) 56(2) 25( 1) 32(1H 11( 1N
o(n) " 75( 2) 43( 2) S6( 2) 22( 1) 37(2) 10(1)
0(2)" 72(2) 63(2) 50( 2 =-13( 2) 20( 2) 2( 1)
N (1) C37( 1) 40( 2) 36( 1) 2¢ 1)  19( 1) 5( 1)
N{3) 39 1) 33( 1) 43( 2) (1) 24 1) -5( 1)
N(7) 37(¢ 1) 30( 1) 38( 1) (N 21( 1) =-1( 1
N (9) 0( 1) 33( 2) Bi( 2) 3( 1) 20( 1) 3( 1)
c(2) 38( 2) 43(2) 39{2) -7( 1) 22(1 -u(1)
C(4) . 31( 1) 31(2) 39(2 -2{1 18(1 =1(1)
c (5) 35(2) 27(2) 37( 2) o( 1 20( 1) 2( 1)
C (6) 35( 2) 38( 2) 42{ 2) 2(01)  21( 1) 5( 1)
C (8) 38( 2) 38(2) 32(2) -1( 1 14{ 1) 2( 1)
c (10) 64( 3) - 62( 3) 42( 2) 16( 2) 2u{ 2) 12( 2)
C{12) 68( 3) 41(2) 65(3) 18( 2) 40( 2) -2( 2)
c(14 - 59( 2) 42( 2) 4S5( 2) 6(2) 32(2) -3(2)

. ———— i . Y ———— A T T T T i - — A _——— W U W 0> i W A D T - T " . V. "

o —— i —— - ————— VT —— > W = —— v — - — " —_ ———_— Y —

Atom J{A2) Atonm J{A=)
H{(11H? 59 (12) H {5) . 103 (17)
H{12)* 97 (18) H(6) 99 {19)
H(21)?* 74 (14) H{7) 133 (27)
H{22)? 152 (26) H (8) 89 (16)
H{1) 17(7) H{9) 69 (13)
H{2) - 60 (13) H{10) 79 {15)
H (3) 79 (14) H{1Y) 79 (14)

H (4) 122 {23)

- - — O — T ——— - — — T — ——— - —— A "~ — s Vi
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o =
H(10) &) o3 )
g)H() |
A .
@ )cua .
J)c© \
@ H®)
o\
5 ! o

Q) H(?2)
L c12)
. ") QD HE)
H(8)Q/
Fiqure 11

A general view of the structure shoving the
crystallographic numbering schene
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Table 23

o . o———

Rigid-body thermal parameters for the 9-membered fused ring
systenm

58(12) -6 (1)
96 (35)d1
]

-- - - - -
. e s T e wew wase e W e W = & = -

: | ; [81(11) 22( 9) -37(131.
' L(x 10 deg?) |
]
! :
'

- - am e e e e M e e M M W@ W om @ W W = e

Principal axes of L

[}
: ! ;
: T.M.S. anplitude : Direction cosines {x103) 1
: | 3.6° : 643 247 -725 |
: z :
]

2.6 389 709 588
2.0 659 ~-660 360

Principal axes of T

]

]

[}

! r.m.s. anplitude
! 0.19(A)
]
L]
]
]
[}

]
!
]
! Direction cosines {x103)
]
0.17 X 355 -931 -83
'
]
t
)
]

18 -82 996
0.17 935 355 12
o
r.n.s. 8 U;; (A2) 0.0015

xAxes of reference are orthogonal Angstrom axes. E.s.d.'s of

components of L are given in parentheses in units of the
last places shown.
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- ——————— - -t - — i T D NAR W - - -

N{1)-C{2)
C(2)-N(3)
N (3) =C (4)
C{4)-Cc(5)
C(S)—é(s)
C(6)-N(1)
C(4)-N(9)
N(9) -C(8)

C(8)-N(7)

N{7)-C(5) -

N(1)-C(10)

N(3)-C(12)
N(7)-C(14)

C(2)~0(11)

C{6)-0(13) .

1.396 (4)
1.376 (1)
1.351(4)
1.360 (%)
1.431(5)
1. 4C7 {4)
1.369 (4)
1.343 (4)
1.327 {4)
1.392 (4)
1.477 (5)
1.474 (5)
1.469 (5)

1.217 {4)

1.218 {4) -

—————— ]~ —— N T - T ———— . > - ——

Y — D W D At S — T i — ——

- —— - — A " o "

C{(8)-H(1)

N(9)-H (2)

C(10)-H(3)
C{10)-H(4)
C(10)-H({(5)
C(12)-H{(6)
C{12)-H(D
C(12)-H(8)
C(14) -H(9)

C(14)-H(10)

C(14)-H(11)

0(1) *-H(11) "
O(1)*-H(12)°
0(2)'-H(21)"
0(2)*-H(22) "

——— T ——— —— — > —— O o — . il i

0.95(3)
0.92(5)
1.01(5)
1.02(7)
1.02 (6)
0.89{6)
0.92(8)
1.00 (6)
0.92(5)
0.89(5)
1.07 (5)
0.84 (4)
0.89 (6)
0.90 (5)
1.03(8)

82
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Table 25

g

Bond angles (deg.) with standard deviations in parentheses

a) Angles for the non-hydrogen atoms and H (1) and H(2)

——— W - — T W W W A ———— i — . T W VER D T — . ——— T — A W - — A — T ———— - ——

Bond Angle Bond Angle
N(1)-C(2)-N(3) 117.2(3) C(2)-N{(3)-C(12) 119. 2(3)
C{2)-N(3) -C(#H) 118. 6 (3) C(4)-N(3)-C(12) 121.9(3)
N{3)-C(4)-C (5) 123.8(3) N (3)-C{(4)-N(9) 128. 4(3)
C(H-C(5)-C(H) 122.3(3) N(7)-C(5)-C(6) 131.0(3)
C(5)-C{6)-N{1) 111.0(3) C{(5) -C(6) -0 (13) 126.7(3)
C(6)-N(1)-C(2) 127.0(3) N{1)-C(6)-0(13) 122. 4(3)
C{4)-C{5)-N{(7) 106.8(3) C(6) =N (1)-C(10) 117.6(3)
C(5)-N(7)-C(8) 107.9(3) C(2)-N{1H~-C(10) 115.3(3)
N(7)-C(8)—-N{(9) 109.6(3) C(5)-N(7)-C(14) 125.8(3)
C{8)-N{9)-C(#) 107.8(3) C(8) -N(T)-C(14) 126.3(3)
N(9)-C{u4)-C(5) 107.9(3) N(7)-C(8)-H (1) 123 (2)
N{1)-C{(2)-0(11) 120.7(3) N(9)-C(8)-H(1) 127 (2)
N{(3)-C(2)-0(11) 122.0(3) C{B8)~-N(9)-H(2) 128 (2)

C{4)-N(9)-H (2) 124 (2)

D N A - —— — — T —— T A T e —— - —— — A —————_—————— ——— —— ————— - —

b) ‘Angles involving hydrogen atoms not attached directly to
the fused ring systen

— T —— - —— A — - ———— o ——— V- " " " - —— — -~ —— " — - -

Bond Angle Bond Angle
N(1)-C{10)-H(3) 105 (3) H(6)~-C(12)-H(8) 122 (5)
N{1)-C{10)-H(4) 108 (4) H(7)-C(12)-H (8) 94 (5)
N(1)-C(10)~H(5) 112 (3) N(7)-C{14)-H (9) 112(3)
H(3)-C (10)-H (4) 111 (1) N(7)-C{14) ~H (10) 108 ( 3)
H{3)-C(10)-H(5) 111(4) N(7)-C(14)-H (11) 105 (2)
H{4)-C(10)-H(5) 109 (5) H{9) -C(14) -H {10) 121 (4)
N(3)-C(12)—-H (6) 110 (&) H(9)-C(14)-H (11) 109 (W)
N(3)-C(12)-H{7) 113 (5) H(10)-C (14)-H (11) 100 {4)
N(3)-C{12)-H(8) 106 {3) H(11) =0 (1) *-H(12) ' 119 (4)
H{6)-C(12)-H(7) 111(6) H{21) *-0 (2)"-H(22) ' 105(5)

T —— I . - ——— - - e T P T W ————— - - —— - ——— T — — Y - - - - . -
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RESULTS AND DISCUSSION

1,3,7-Trimethyl-2,6-dioxypurine hydrochloride dihydrate
{caffeine hydrochloride dihydrate) contains a caffeine
molecule protonated at N{9). The caffeine molecule is
hydrogen bonded to only one of the water molecules, by a
strong N-H...0 hydrogen bond. Both water molecules are,
however, hydrogen bonded to the chloride iom (0-H...Cl). The
atom numbering scheme can he seen in Fig. 11, except for ‘the
chloride dion Cl1 and the water molecules, H(11)'-0(1)*'-H (12)?
and H(21)*'-0(2)*-H(22)".

The .effect of protonation on the bond 1lengths between
atoms in the fused ring system 1is somewhat difficult to
determine. The initial structure determination for caffeine
{52) has fairly inaccurate bond lengths, and modifications to
the structure may have resulted in the N (9) adduct studied by
Shefter (53)., Even so it can be said fhat, in terms of bond
distances, a direct comparison indicates 1little significant
difference between the protonated and non-protonated species.
This might have been expected4as Taylor (54) and Kistenmacher
and Shigematsu (55) found parallel results for adenine
conpounds. .

Fig. 12 doés hovever illustfate one interesting anomaly.
An affect of protonation on compound ({), isocaffeine (56},
would be expected to be a 1engthening of the C-N double bond. .
This is dindeed found in ({II), methylquanine hydrobromide
{59), but this bond is still shorter "than the other C-N
bonds. Protonation in the caffeine system, i.e. fron (E{{),

caffeine:5-chlorosalicylic acid adduct (53), also results in
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Bond . lengths and representation of the imidazole ring for

(I) Isocaffeine, (II)

Methylquanine hydrobromide,

(III) cCaffeine:S-chlorosalicylic acid adduct,
.and (IV) Caffeine hydrochloride dihydrate -
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a lengthening of the C-N double bond, but now, as shown in
(}Y), this study, a shortening of the N(7)-C(8) bond also
occurse. A similar result can be found in ancther protonatéd
{also at N{9)] caffeine-like derivative, 7-methylxanthine
hydrochloride monchydrate (58) which has a N{7)-C(8) distance
of 1.325 ; and a C(8)-N(9) distance of 1.338 S._Such findings
indicate that the simple pictures drawn in TFig. 12 are
inadequate in Trepresenting the protonated species, and that
considerable electronic rearrangement must be occurring close
to the protonated centre. This rearrangement does not seem to
transfer to the rest of the molecule Jjudging by the
similarity between the remaining corresponding bond lengths
in the protonated and non-protomated species.
For the angles, significant changes do occur but only in
" the imidazole ring, a situation parallel to that found by
Kistenmacher and Sorrell (58). Table 26 illustrates the
endocyclic imidazole bond angles for several purine
derivatives. (E;}) cafeine adduct (53), 84 theobromine (59),
(VI) 7-methyladenine dihydrochloride (60), (ﬁ{%) 7-
methylxanthine hydrochloride (58) and (E!) this study.
Compounds (};}) and (Z) are unprotonated, while (EZ), (!{),
| and (VII) are protonated at N{9) . The changes in angles found
on protonation are guite large, being up to 7.6° [ comparing
' N{(9)-C(4)~-C(5) in (zy) and (1)}.4Compounds {Ez) and (2{{) are
very similar, as 1is to be expected since there should be
little effect on the imidazole ring due to +the different
substituents at N(1) and N(3) [hydrogen atoms for (YEE),

methyl groups for {(IV)] in the pyrimidine ring.



Table

6

A comparison of the endocyclic imidazole bond angles for

Atoms

C (1) =C{5) =N (7)
C(5)-N(7)-C(8)
N (7) -C (8) =N (9)
C(8) -N (9)-C (%)

N{9) -C (4) -C (5)

several purine derivatives

(Irn
106.0
105. 4
113.6
103. 4

111.6

o
106. 1
105.0
114.2
103.2

115.5

Angles
(Z{)'
105.9
107.3
110.7
108.1

108.1

(1)
106.6
107.5
110.3
107.5

108.2

(I1I) Caffeine:S5-chlorosalicylic acid adduct

~ e

(V) Theobromine

(VI) 7-Methyladenine dihydrochloride

(VII) 7-Methylxanthine hydrochloride

~na

(Iv)  cCaffeine hydrochloride dihydrate ,

this study.

{(Iy)
106.8
107.9
109.6

107.8

107 .9

87
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The mean planes calculated for caffeine hydrochloride
indicate that the protonated caffeine molecule is essentially
planar. A plane calculated using all the non-hydrogen atonms
in the caffeine molecule, and H({1) and H(2), indicates a
maximum deviation of only 0.19 ; {for C(12) ]J. For the fused
ring atoms only, a comparison of the deviations found with
their standard deviations shows the six—membered ring to be
puckered, and the five-membered ring to be planar within
experimental error. Table 27 gives the mean planes and
distances from the‘atoms to these planes.

Caffeine hydrochloride, like several other purine type
derivatives (61) e.g. K hypoxanthine hydrochloride monohydrate
{Table 27), is also bent along the C(4)-C(5) bond, the angle
between the iridazole and the pyrimidine ring for caffeine
hydrochloride being about 0.85°.

The c¢rystal contains two types bf hydrogen bonds. 0-
He..Cl hydrogen bonds occur between the water molecules and
the chloride ion, and N-H...0 hydrogen bonds occur between
the' ring hydrogen H(2) and the water oxygen atom O0(1)'. The
hydrogen bond between H(2) and 0(1)' is very strong H...O0,
1.76(5) ;, N-H...0O angle, 176(4)°, and is probably due to the
very acidic nature of this proton. The proposition that N-
Heo.0 hydrogen bonding exists between the caffeine molecule
and one of the water molecules is further supported by the
water H-0-H angles. " For water 1, strongly hydrogen bonded,
the angle is distorted, being 119(5)°, whereas for water 2
the angle is close to normal, being 105(5)°. Table 28 gives

the distances and angles for the postulated intermolecular
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Iable 27

Equations of selected weighted least-squares mean planes
with deviations (2) of the atoms from the planes
1) Calculated using N(1),N(3),C(2),C(4),C(5), and C{(6)
0.833X + 0.487Y ¢+ 0.264Z = 7.296.%
Hypoxanthine Caffeine

hydrochloride monohydrate hydrochloride dihydrate

N (1) 0.0013 ' -0.0148 (32)
N(3) -0.0006  -0.0145(32)
c(2) ~0.0011 0.0334(38)
c() 0.0020 -0.0020 (35)
C(5) ~0.0017 0.0123(36)
c(6) 0.0001 -0.0015(38)

other atoms

N(T) -0.0183 0. 0288 (31)
c(8) -0.0297 0.0279 (38)
N{9) - ~0.0111 : 0.0051(33)

2)»Ca1culated using N(7),N(9).,C(4),C(5),C(8).

0.825X + 0.493Y + 0.275Z = 7.318

N(7) -0.0010(30)
N(9) -0.0013(33)
c(4) ' 0.0006(35)
c(5) 0.0004 (36)
C(8) 0.0020(37)

Angle between planes 1) and 2) for the caffeine molecule is

o
equal to 0.85
o
#* X,Y, and Z are orthogonal coordinates in A w.r.t. a,b,c*.
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o(n!
o(n°
0(2)°
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N{9)
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Table 28

Distances and angles

contacts of the

H A D-H (;) Be o & (;)
H(11) Cl 0.84(8)  2.32(5)
H(12) c1 0.89(6)  2.23(6)
H(21) C1 0.90(5) 2.37(5)
H(22) cl 1.03(9)  2.22(8)
H(2) O(1)' 0.92(5)  1.76(5)

indicates water molecules

in the interatomic

type D-H...A

(-4
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De..A (A) D-H...A (°)

3.12(1)
3.12(1)
3.24 (1)
3.24 (1)

2.68U(4)

162 (4)
172 (5)
167 (4)
169 (6)

176 (4)
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Fiqure 13

A stereoscopic diagram of the unit-cell viewed down b,
showing the postulated hydrogen bonding as dashed'lines.
bonding for this compound. A stereoview of the packing of the
molecules in the crystal 1lattice, and . the postulated

'intermolécular hydrogen bonding can be seen in Pig. 13.

In | these - crystals, unlike wmany other purine._ type.
derivatives, there.aﬁpeats_to be no significant stacking of
layers of molecules and hence no significant dipole overlap
of hetero C-0 and C-N bonds contributing to the stability " of
the crystal.

The crystal structure determination was useful because
it allowed for a correlation between the proton and- nifroqen
hyperfine coupling tensors, determined from the‘ ENDOR
spectroscopy oan the X-irradiated-étystal, and the molecular

structure (62).



CHAPTER 6

CRYSTAL AND MOLECULAR STRUCTURE OF
1-ACETYL-3-BENZAMIDC-2-KETO-4-(2,3,4, 6-TETRA-0-ACETYL~-

g-Q-GLUCOPYRANOSYLDXY)°A3-PYRRGLINE
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INTRODUC TION

From reactions of glycosyl bromide with 2-phenyloxazol-
S-one {63) a B-glycoside considered to be 3-benzamido-1-
benzoy1—2~keto—a-(2;3,&,6—tetra—g—acetfl—?—g—Qlucopyranosyl-
oxy)~A3-pyrroline was produced. On refluxing with acetic
anhydride and sodium acetate in pyridine, one benzoate group
was exchanged for an acetate group giving
1-aCetyl-B-benzamido-z—keto—Q—(2,3,&,6—tetra—gfacetyl-p-g—
glucopyranosyloxy)-Q3-pyrroline. The crystal structure was
undertaken to verify the initial assignment of structure
based upon mass spectrum, n.m.r., and chemical data. .

EXPERIMENTAL

Recrystallization of 1-acetyl-3-benzamido-2-keto-4-
(2,3,4,6-tetra—g—acetyl—ﬁ-g-glucopyranosyloxy)—53-pyrroline
from hexane-acetone gave colourless rectangular crystals. The
crystal <chosen for study was mounted with b parallel to the
goniostat axis and had dimensions of ca 0.20 X 0.20 X 0.07
mm. Unit-cell and space group data were obtained from film
and diffractometer measurements. The unit-cell parameters
were refined by a least-squares treatment of sin28 values for

19 reflections measured on a diffractometer with Cu K«

radiation.

Crystal Data CoayHaoNaOn ’ M= 590.54 ’ monoclinic,
a = 19.629(5), b = 7.504(2), c = 9.830(2) ;, E= 90.53(2)°,
U = 1447.8(6) 33, Z =2, DO¢= 1.35(1) gcm3, F{000) = 620

. o
(20°C, Cu K&, A= 1.5418 A, M= 9.4 cpn—1). Absent reflections

0kO, k # 2n define the space group 22‘ (gi, No. 4).
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Intensities wWere measured on a Datex-automated General
Electric XBRD 6 diffractometer, with a scintillation <counter,
Cu Koo (nickel filter and pulse height analyser), and a ©-29
scan at 2© min—1! over a range of (1.80 + 0.86 tan 8) degrees
in 28, with 10 s background counts being measured at each end
of the scan. Data were measured to 28 = 120° {ninimum
interplanar spacing 0.89 ;).,A check reflection was monitored
every 40 reflections throughout the data -collection. The
greatest deviation from the initial value was —-4.5% and the
final intensity vas 1.04 times the initial value. Lorentz and
polarization corrections were applied, and the structure
amplitudes were derived. No absorption correction was applied
due to the 1low value of M. Of the 2336 independent
reflections measured, 498 had intensities 1less than 3e(I)
above background where ¢2{I) = S + B + (0.05§)2 with S = scan
count and B = time averaged background count. These
reflections were classified as unobserved and given zero
weight in the refinement.

STRUCTURE ANALYSIS

As previously demonstrated in chapter 5, methods aré
available for the statistical determination of the phases of
the structure factors directly from the structure amplitudes.
The basis for these direct methods was discussed in chapter 5
for the «centrosymmetric case in which the phases could only
have values of 0 or W (corresponding to + or - signs). VWhen
the space group 1is non-centrosymmetric the phases can have
general wvalues and canﬁot always be added together

numerically. Fortunately J. Karle and I. Karle {(64) have been
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able to generalise the procedure already illustrated in the
previous structure, to include the acentric structure. The
procedure is very similar to that for centric structures;
normalised structure factors were calculated and the 373
reflections with {El > 1.35 were chosen as the basis for the
solution. Of these the 70 reflections with the largest |E|'s
were searched for &,-2 relationships and a manual expansion
was attempted. The origin in P2, could be defined by the
reflections 13 0 -6, 1 0 -9 and 3 1 1 which were given phases
of =zero. The manual expansion indicated that if any three
reflections cut of a group of six prominent reflections were
given symbols then the phases of the majority of the 70
largest reflections could be determined in terms of these
assigned symbols. After several unsuccessful runs using all
373 reflections the combination of origin, enantimorph
fixing, and symbol reflections given in Table 29 produced
satisfactory results. That is the solution involved using the
previously mentioned origin reflections, fixing the
enantimorph by allowing the phase of reflection 1 4 4 to only
vary between 0 and 500 mc, and giving the reflections 5 6 -1
and 4 1 1 various combinations of the phases 0, 250, 500, and
750 mc, leading to sixteen (2%) sets as indicated 1in Table
30. These sets were used as input to a computer program which
determines phases wusing the tangent formula (given on page
98) of_Karle and Hauptman (ref 65 and 66), as the sinmple
Sayre relationship cannot be used for nosn-centrosymmetric

structures. .
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Basic starting set of reflections for
1-Acetyl-3-benzamido-2-keto-4-(2,3,4,6-tetra-0-acetyl-

P—Q—glucopyranosyloxy)-A3—pyrroline

b k 2 1E| phase {nc)

13 0 -6 3.30 0

1 0 -9 2.85 0 forigin determining
3 1. 1 2.72 0

1 4 4 2.49 250

5 6 -1 2.47 a



Set

10
11
12
13
14
15

16

Results for the sixteen starting sets in

Table 30

the phase determining procedure

a(mc)

250
250
250
250
500
500
500
500
750
750
750

750

b (m

250
500

750

250
5060

750

250
500

750

250
500

750

C) t

]}

116
226
227
166
224
121
152
119
223
141
169
115
159
125
200

160

0.29
G6.31

0.24

328

349

348

343

344

340

343

326

345

336

358

324

339

333

343

349
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M

IELE yoISin (@4 &y ) A
tan , = = —

% 1ELE . lcos(d &, ) B

" Each reflection is examined in descending order of |(E},
and a phase 1is determined for it from the previously known
phases of pairs of 23-2 related reflections. The phases
calculated 1in the first cycle can then be used in the second
cycle to give more and better approximations to the correct
phases. This process 1is continued until most of the phases
have been determined and there is little change in the values
of the calculated phases from cycle to cycle.

Before a new phase was accepted various criteria must be
satisfied; the consistencies t, and « of the new phase had to
exceed the arbitrary values 0.25 and 4.0 respectively, where

t

-\-\=
%i_@ul-li“«l

If a nev phase angle satisfies these criteria, it 1is

o = '§“|.,/32 + B2

used 1in the determination of the phases of other reflections
in the following cycle. If the phase angle in twWwo successive
cycles 1is different by 250 mc, then the phase is considered
to be unknown in the following cycle and therefore cannot be
used in the determination of other phases, but it is then
recalculated in the next cycle. The final values of Er and
the reliability index RKarle (Rk), given by

§ 11Eulobs-|Egicalc|
Rk =

E,jobs
£ IE,!
where |E,Jjcalc are derived from use of the tangent

formula, for the sixteen starting sets, are given in Table

30. Both. sets 11 and 16 looked promising but the E map was



39

calculated from set 11 as this had the greater number of
phases determined (N). The E map based on set 11 gave
positions for 36 of the 42 heavy atoms in its top 50 peaks.
Fixing the Y co-ordinate of atom G (1) at 0.8300 to define the
origin in the sbace' group P2,, and refining the remaining
positional and isotropic thermal parameters for these 36
atoms, gave an R factor of 0.230. A difference Fourier
revealed the positions of the remaining heavy atoms and two
further cycles of full-matrix least-squares refinement with
anisotropic thermal parameters for all the non-hydrogen atons
reduced R -to 0.090. A difference Fourier at this stage
positively . revealed the positions of only 17 of the 30
hydrogen atoms. The remaining hydrogen atoms were given
calculated positions. Due to the excessive expense and the
nature of the problem, the refinement was concluded after two
more cycles, varying only the heavy aton positional
parameters and anisotropic temperature factors, but including
the hydrogen atom positions and isotropic temperature
factors, U = 63 X 10-3 32, in the refinement. The final R
value was 0.079 for 1838 reflections with I 2 3e(I)..

The atomic scattering factors and anomalous scéttering
correction fo: the C, N, and O atoms were taken from tef 14
and rTef 15 respectively, and the scattering factors for the
hydrogen atoms fronm ref 39. ., The weighting schenme:
¥ = 1/ 2(F) vwhere o2(F) 1is derived from the previously
defined o2 (I) gave uniform average values of w{Fo-Fc)2 over
ranges of |(Fo| and was employed in the final stages of

refinement.,
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An attempt was made to determine the absolute
configuration of the molecule through anomalous scattering of
the non~hydrogen atoms. The enantimorph in Table 31, (é), and
that generated by changing y to -y, (B) , were both refined
and Hamilton's test (67) applied to the resulting R factor
ratios. Unfortunately neither (3) nor ig) was proved to be
significantly more correct. (5) was therefore chosen in .viéw
of the chemical evidence. The final positional and thermal
parameters appear in Tables 31 and 32 respectively. MNeasured
and calculated structure factors are available from the
U.B.C. Library. .

RESULTS AND DISCUSSION

Fig. 14 shows a general stereoview of 1-acetyl-3-benz-
amido—z-keto—u-(2,3,&,6—tetra-g-acetyl-P-g-glucopyranosyl—
oxy)—-@a3-pyrroline, vith  the crystallographic numbering
scheme.wComplete lists of bond lengths and angles are given
in Tables 33 and 34 respectively. As expected the six-
membered ring is in the chair conformation with equatorial
substituents at positions 2, 3, 4, and 5. Table 35 gives a
weighted least-squares mean plane for . this Ting and 1its
molecular geometry 1is compared with similar compouuds{
2,3,4,6- tetra—gfacetyl—1—cyano—P—g—galactppyranose (68) and
tetra~g—acetyl-u~g—manndpyranosyl chloride (69), in Table 36.
The average values for the bond lengths [C-C, 1.53(2); C-0,
1.45(2) ;], bond angles [ 112(3)°] and range of torsion angles
[51.7(7)-69.8(7)°] are very close to those given by Kim and
Jeffrey (70) as typical of other pyranose rings.

The O-acetyl groups attached to C(2), C{3), C(4), and
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Figure 14(A)

A generél stereoview of the molecule showing the
ctystallographic numbering schemne

o
OAC - H
Acoﬁi'\' - ON—AC

AcO AcO O

Figure 14 (B)

piagram of the conventional chemical structure



Final positional parameters (fractional x 10¢, H x 103)

with estimated standard deviations in parentheses

Iable 31

———— v — —————

2462 (
2438
3746 (
5063 (
3194 (
3368 (
2739 (
30849 (
5138 (
4195 (
742 (
1556 (
1241 (

1500 (

1378 (
2696 (
3000 (

3336 (

3818 (
3423¢
3842 (
2370
1794 (
3557
4101 (
6714 (
4883 (
3622 (
3068 (
1204 (
1570 (
2019 (
2012
1296
802 {

1183 (-

900 (
1083 (
820 (
369 (
174 (
445 (
229
341
293
425

8300

8305 (10)
6996 (11)
3691 {12)
5947 (10)
2618{11)
11172 (13)
5920 (16)

4203 (16)

2094 (28)
8638 (10)
3482 (11)
10214 (10)
6368 (11)
10750 (11)
6858 (13)
7716 (12)
6195 (14)
5135(13)
4384 (14)
3291(15)
10137 (16)
10462 (15)
6639 (16)
7327 (21)
3471 (18)
2091 (23)
2117 (19)
1436 (20)
8038 (13)
8985 (13)
7866 (13)
6118 (13)
4929 (15)
5234 { 16)
11165 (15)
13067 (13)
143088 (15)
15805 (16)
16449 (16)
15410 (16)
13764 (14)
615

844

544

590

6742( 5)
3798 ( 5)
2761( 5)
3854 ( 6)
6654 ( 5)
7897 ( 6)
4098 ( 9)
1173( 7)
4410 ( 8)
9253 (10)

10065( 5)

10067( 5)

5670( 5)
9479( 6) -

7937( 6)

5925( 7) .

4623( 7)
3829 ( 8)
4706 ( 8)
5914 ( 8)
6881( 8)
3593( 9)
2640( 9)
1459 ( 8)

504 (10)
3740 ( 8)
2708( 8)
9044 {11)
9977 (10)
9377( 7)
8274 ( Ty
7753( 7)
8459( 7)

10268 ( 7)

11396( 8)
6638 ( 8)
6494 ( 8)
5355 ( 8)
5214 (10)
6158 (11)
7285( 9)
7439 ( 9)
555
486
324
502

102
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- A T Y —— ——— o - A —— A — " ——r —— - — ——— N o T T T " T T T — > - . o—— T ——

Atom X Y 2
H(5) 302 ’ 357 543
H(6R) 4331 326 707
H{6B) * 409 216 633
H(8A) * 164 924 212
H{(8B)* 135 1101 316
H(8C) % 195 1142 i85
H(10A) 449 780 127
H(10B) * 432 619 -4
H(10C) * 387 820 -24
H(121) * 442 127 248
H(12B) 474 217 190
H{12C) 544 172 269
H(143) 260 111 305
H{14B) * 317 2 1025
H{14C) * 306 218 1092
H{(5'R) 246 551 858
H(5'B) * 188 503 776
H{(7'A) 51 600 1147
H{(7'B) 32 , 537 1074
H(7'C) 105 525 221
H(10*) * 142 1354 459
H(11%) 99 1613 424
H{127) * 16 1782 604
H(13%) -12 1600 826
H(14) * 31 1293 832
H(N2?) 106 1000 , 795

———— T ——— — - A N . — " S~ VT " oD T——— 4 \— o 1

* calculated positions
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- Table 32

Final thermal parameters and
their standard deviations in parentheses
Anisotropic thermal parameters {Eiix 103 AZ2)

Atom LU U2 Uas Uya Un Uas
0(1) 71( 3) 35( 3) 48( 3) 1(3)  10( 2 -4 3)
0(2) 71( 4) - 40( 4)  u43( 3) 3(3) =-3(2) 1( 3)
0 (3) 71( 8) 68( 4) SO( 3) =-3( 3) u( 3) 1{ 3)
0 (4) 6u( 4) 77(5) 67( 3) . 13({ u) 0( 3) =-14{ 4)
0(5) 62( 3) S51{ 4) 40{ 3) 10{ 3) ~-2( 2) =5( 3)
0 (6) 69( 4) 68( 5) T8( 4) ~=1(4) -11( 3) 17( 4)
0 (7) 123( 6)  44( 4) 127( 6) =-21( 5) =-24( 5  14( 5)
0(8) - 133( 7) 147(-9) 49( 4 -8( 7) =-13( 4) -10( 5)
0 (9) 75(5) 145( 9) 109¢ 6) 29( 5) 7( 4 -17{ 6)
0{10) - 86( 6) 414(25) 127( 7) -6( 9) ~-10( 5) 136(12)
0(2')  85( 4) u45(4) S54( 3) 17( 3) 18( 3) 3( 3)
0(3") 85( 4) 35( 4) 62( 3) 15( 3) 5( 3) 6( 3)
O(4')  106( 5) L4 &)  43( 3) 3( 4)  -2{ 3) 3( 3)
N (1) 67( 4) 29{ 4) S0{ 4)  12( 3) 2( 3) 0( 3)
N(21) - 73( %)  34( &) 49 ( #) 20 4)  =3( 3) 6( 3)
c(1) 50( 4) 50( 5) 40( 4) - O( 4) =5( 3) 4 4)
c(2) 45( 4)  G1( Sy  46{ #) =9( 4)  -2( 3) S( 4)
C{(3) 55( 5) 48( 5) 55({ 4) =3( 4) 6( 4) 6( 4)
C(4) S4( S). 40( S5) S55{ 4) 3( 4) 20 4) ~-9( 4)
C (5) S6( 5) 50{ 5) SS( 4)  11( 1) G 4) 1 4)
C(6) 55( 5) 68( 7) 71(S) 15( 5) S5(4) 12( 5)
c(7) 96( 7) 45( 6) 52{ 5) =-7{ 6) 7( 5  20( 5)
C (8) 103( 7) 55( 6) 61( S) 15( 6) =-8(5) 10( 5)
C (9) 87( 7) 73{ 8) 45( 5) 6( 6) =-9(5) ~-8(5)
c(10) 106( 8) 125(11) 64(.6) 26( 8) 19( 6) 14( 7)
c(1) 78( 7) 94{ 8) U45{ 5) 26(7) -S( 4 -1( 5)
C(12) - 118( 9) 181(13) 41( 5) 69( 9) =7( 5) =27( 7)
c(13) - 48( 6) 110( 9) 92( 7) 15{( 6) =18( 5) 24( T)
C(14) 90( 7) 109(10) 84 ( 7) 4( 7) 0( 6) 34(7)
C(2'y 60( 5) 42( 5) 43{ &) =9( 4) ~=1( &)  -u4( 4)
c (39 68( 5) 38( 5) 37( 4) 15( &) <-14( 4) 2( 4
C(4v) Sy 8) 31(5) 48( 4) 0( ) 2( ) 4 u)
c(5') S8( 5) 38( 5)  48( 4) 8( 4) 3(4)  -5(4)
C{6') - 77(6) 83(S5) 39( 4) 0({ 5 ~-5{ 4) 8( 4)
c(7y 97( 7)  65( 6) u49{ 5) 7(6) 14(5) 10(5)
c(8') - 76( 6) H9(5) 43(5) -11(5 -6( 4 7( 5)
c{9") - 61( 5) 38( 5) 61( 5) ~5{ 4) —14( 4) 8( 4)
C(10%) . 76( 6) 55(6) u49( %) =-9( 5) -14( 4) 2( 4)
C{11') - 91( 7) u48( 6) T6{ 6) -2(6) -16( 6) 12( 5)
C (127) 86( 7) 42( 6) . 99( 8) 0( 5) ~-36( 6) 6( 6)
C(13') . 76( 6) S5( 7) T4( 6) 5(5) -13(5) =1(5)
C(140) 60( 5) 45( 6) 66( 5) 8{ 5 -4( 4) -4{ 5)

- — . WS WD WD W L W W G A S A S MR P S e W W A AR T M . - —— - " ——— ————

’ -]
* All H atoms had isotropic thermal parameters U = 63 X 10—3 a?
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C(1)-C(2)
C(2)-C(3)
C (3)-C(4)
C(H) -C(5)
C(5)-0{5)
05 -c(1)
C({5)-C(6)
C(2)-0{(2)
C(3)-0{(3)
C(4)-0(4)
C (6)-0(6) .
0(2)-C(7)
0(3)-C(9)
0 (4#)-C{11)
0(5)-C(13)
C(7)-0(7)
C(9)-0(8)
C(11)-0(9)
C(13)-0(10)
C(7)-C(8)
C (9)-C{10)

C(11)-C (12)

1.55 (1)
1. 54 (1)
1.50 (1)
1.53(1)
1.45 (1)
1.39 (1)
1.50 (1)
1.43 (1)
1.46 (1)
1.45 (1)
1. 46 {1)
1.40(1)
1.36 (1)
1.29(1)
1.29 (1)
1.17 (1)
1.17 (1)
1.19 (1)
1. 14 (1)
1.48 (1)
1.52 (1)

1.49 (1)

- —— Y — VO ————— - ———————— —

——— " N A M ——— T 7 T -

A A A S T - " —_-

——— - ——— —— —— Y ———

c(1-o(n)
0 {1)=-C (47)
C(4")-C(5")
C(5%)-N (1)
N(1') -C(2%)
C(21-c(3")
C(3")-C(47)
N(1%) -C(6")

S C(67)-0(3")
C(6')-C(7")
C (27)-0(27)
C(3')-N{2°*)
N (2') -C(8")
C(87)-0(4")
C(8')-C(97)
C(9')-C(107)
C(10")-C(117)
C(11%)-C(127)
C (127)-C{13")
C{137)-C(14")
C (147) -C{9)

C (13)-C (14)

A —— . ——— ———— — s o o ottt T o o i

1.43 (1)
1.37(1)
1.48 (1)
1.44 (1)
1.39(1)
1.49 (1)
1.32(1)
1.39(1)
1.22(1)
1.50 (1)
1.22(1)
1.42(1)
1.37(1)
1.20(1)
1.54 (1)
1.41(1)
1.39(1)
1.38 (1)
1.41(1)
1.35 (1)
1.40 (1)

1.52(1)
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C(1)-C(2)-C(3)
C(2)-C(3)-C(H)
C(3)-C(4)-C(5)
C(4)-C(5)-0(5)
C(5)-0(3)-C(1)
0{5)-C{1)-C{2) -
C(1)-C(2)-0(2)
C(3)-C(2)-0(2)
C{2)-C(3)-0(3)
C(4)=C(3)-0(3)
C{3)-C{u)-0(4)
C(5)-C{#)-0(4)
C(4)-C(35) -C(6)
0{5)-C(5)-C(6)
C(5) -C(6) -0 (6)
C{2)-0(2)-C(7)

€ (3)-0(3)-C(9)
C(H-o(w-c(1y
C(6)-0(6)-C(13)
0(2)-C(7)=C(8)
0(3)-C(9) =C{10)
0 (4)-C(11)-C(12)
0(5)=-C(13)~-C(14)
0(2)-C(7)-0(7)
0(3)-C(9)-0(8)
0(4)-C(11)-0(9)
0 {6)-C (13)~0(10)
0(7)-C(7)-C(8)
0(8)-C(9)~C(10) -
0{9)-C{11)=C{12)
0(10)~C(13) -C{14)

N ———————— . s A Vs . s . g W T s . Ml it

106. 3 (6)
111.9(6)
108.5 (6)
114. 4 (6)
111.0(5)
110. 8 (6)
107.2(5)
105. 9 (6)
107.6{7)
106. 3 (6)
105. 9 {6)
110.2(7)

114.4(6) -

107. 1(6)
105. 9 (6)
117.2(7)
116.7(7)

118.5(8)

117.2(7)
108.9(8)
109. 2 (9)
112(1)
110.7(8)
122. 4 (9)
123.0(9)
125 (1)
122(1)

128.7(9) -

127.8(9)
122.6(9)
127(1)

. e . A — .  — —  — o — - ————

———— . — s Y

0 (1)-C(1) -C{2)
0(1)-C{1)—=0(5)
C(1)-0(1)-C(4")
0(H-C(4*)-C(5")
0 (1)-C(4')-C(3)
C4r)-C(5*)-N (1)
C(S')-N{17)-C(27")
N(1')-C(2*)-C(3")
C(2*)-C(37)-C(4")
C(3")-C(#*)-C(5")
C(5')-N{1")-C(6')
C(2')-N(1%)-C(6")
N(1*)-C(6')-0(3")
V(1) -C(6°*)-C(7*)
0(3")-C(b")-C(7?)
N(1')-C{(2%)-0(2')
C(3')-C{2")-0(2")
C(2')-C{3*)-N(2")
C(4')-C(37)-N(2*)
C(3")-N{2")-C(8*)
N(2')~-C(8')-0(4")
N (2%)-C(8')-C(9")
O{4%)-C(8*)-C(9')

C(87) -C(9*)-C(107) -
C(8')-C(9*)-C(147)
C(97)=C (10%)~-C(11")
C(10*)-C{117) ~C(12")
C(117)-C(12')-C(13)
C(12')-C(13*)-C(14")
C (13%)-C(149)~C(97)
C(14%)-C(9*)-C (10")

S —————— " ——— - — - — —

106

—— v —— A

- — o e e

106. 1 (6)
108. 2 (5)
116. 1 (6)
124.0(7)
124.1(7)
102.7(6)
111.3(6)
106.2(7)
107.9(7)
111.8 (6)
119.6(7)
128.3(7)
118.6(7)
119.1(8)
122.1(8)
127.4(7)
126.4(8)
119.2(7)
132.8(8) -
120.3(7)
125.4 (9)
113.3(8) -
121.2(7)
119.0(8)
121.2(8)
119.0(9)
120(1)

121(1)

119(1)

121.4(9)
119.7(8)

—— i ————— -



107

Iable 35

Weighted least-squares mean planes

o
a) Distances (A) of relevant atoms from the planes with
standard deviations in parentheses

Plane 1: Calculated using 0(5),C(2),C(3) and C(5)

-]
Atom Distance (33 Atom Distance (;) Atonm Distance (A)
0{5) : -0.030( 6) C(2) 0.050{ 8) C{3) -0.060{ 8)
c{5) - 0.061( 8) c (1) 0.700( 8) C (%) -0.740 ( B)
Plane 2: 0{(2),0{({7),C{7) and C(8)
0{2) 0.001( 5) 0 (7) 0.003( 8) - C{(7) -0.010{ 9)
C (8) 0.003( 9) C(2) 0.081( 7)
Plane 32 0(3),0{8),C{9) and C{(10)
0(3) - 0.000( 8) 0 (8) 0.001(17) C(9) -0.002{12)
C(10) 0.001{15) C(3) ~-0.205(10)
Plane 4: 0O(4),0({9),C{11) and C(12)
0(4) -0.002( 7) 0{(9 ~0.005{10) c{11) 0.018 (11)
c(12y  =-0.007(14) C (4) 0.172( 9)
Plane S5: 0(6),0(10),C{5),C(13) and C(14)
0(6) 0.005( 8) 0(10) 0.017(20) C(6) -0.003(11)
C(13) - -0.025(14) c(14) 0.004 (1) C(5) -0.479 (10)
Plane 6: N{1'),C(2"),C(3"),C(4') and C(5") ’
N(1'y -0.014( b) c{21) 0.022( 8) C{3')y -0.013( 8)
C(4r) 0.002¢( 8) C (5?*) 0.011( 8) o -0.062( 4)
0({2') 0.050( b6) N{(27) 0.007( 7) C(o6") 0.128 ( 8)
Plane 7z O(4'),N{(27"),C(B?) and C(9?") .
0 (u) 0.003( 7) N(2?) 0.003( 7) cq(8") -0.016 ( 9)
c(9") 0.004( 8) C(3") ~0.178{ 8)

Plane 8z C{97),C{10'),C{11%),C(12%),C(13") and C{147)

C(9') -0.008( 8) C(10')  0.013{ 9) C(11*) =0.011(11)
C(12') -0.002(11) C(13')  0.010(10) C(14') =-0.005( 9)
C(8') . 0.0u41( 9)

b) Dihedral angles between selected planes

Plane Plane angle {deg.) Plane Plane Angle (degq.)

1 2 118 1 ) 34
1. 3 83 6 7 130
1 4 103 6 8 9
t I 5 39 7 8 138
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Table 35 {continued)

c) - Equations of planes: 1X + mY + n2 = p wvhere X, Y and Z are
orthogonal angstrom coordinates derived as follows

rXq r a 0 ccos@a rxy
¥y =10 .b 0 13
l'Z_J T 0 0 QSiﬂP b L_z_.l
Plane 1 jul n P

- ————— i — " > " —— i — . - —— T — — T — — T ——— . A~ T W . 2l

A — T — ] i — —————— - — . Y . N - —— — —— "



Table 36

Comparison of structural data for the pyranose ring

pistance ()

109

————— — s b T — " ———— — ——— — ——— Y~ — e ———— —————

- - Tt S " o S A" " i o Y W W S o " o Y - - A — ' - =

C{1)-C(2) .
C(2)-C{3) .

C (3)=C (4)
C(4)-C(5)

C(5)-0(5)

0(5) -C(1)

1.55(1)
1.544{1)
1.50 (1)
1.53(1)
1.45 (1)
1.39(1)

1.528(7)
1.5004{7)
1.52316)
1.503 (7)
1. 44 1(6)
1.413 {5)

Angle (deg.)

1.529 (9)
1.56(1)
1.476(9)
1.524 (9)
1.443 (9)
1.366 (9)

- ——— L ——— —— —— N ——— S T S — "

- ——— T~ ———— T —— — " - —_—— . S>> i — >V —" T — e " -

0(5)-C(1)=C(2)
C(1)-C(2)-C(3)
C{2)-C(3)-C{H)
C{(3)-C(4)-C(5)
C (4) -=C (5) =0 (5)
C(5)-0(5)-C(1)

110. 8 (6)
106. 3 (6)
111.9(6)
108.5 (6)
114. 4 (6)
111.0 (5)

Torsion

108.9(3) -

110.9 (4)
112.2 (4)
109. 4 (4)
110.9 (4)
111.0(4)

Angles (deg.)

A . i o o " A — - T o~ — i i ——

Y —— ————— T —— T~ — . — o~ —_ - A T~ Ty s " ——— L — N _—" > " ——— — . _— o~ —— —————

C(1) =C{(2)-C(3)-C(4)
C{2)-C(3)-C{#)-C(5)
C(3)-C{4) -C(5)-0(5)
C{#)~-C{5) -0 (5)-C(1)
C(5)-0{5)=-C(1)-C(2)
0(5)-C(1)-C{2)-C(3)

=-51.7(7
58.3 (8)
69.8(7)

-68.0(7) -

55.6(7)

. A - — - — —— T — -~ —— 2 — T—— o A — — Y — - — ———— . —— T

I 1-Acetyl-3-benzamido-2-keto-4-(2,3,4,6-tetra-Q
= —acetyl—p—g—glycopyranosyloxy)—A3-pyrroline.
11 2,3,4,6-Tetra~Q~acetyl-1 —cyano—p—D—

FS

IIT  Tetra-QO-acetyl-®R-D-pannopyranosyl chloride

"~

galactopyranose.,
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C{(6) are planar (Table 35). The average values for the bond
lengths [Cring-0, 1.45(2); 0-C, 1.33(2); C=0, 1.17(2); and C~-
Cme£hyl, 1.50(2) Z] and angles {[Cring-0-C, 117(1); ©-C=0,
123 (1); O-C-Cmethyl, 110{1); and O=C-Cmethyl, 127(2)°] are
close to the values expected for such groups. It should also
be mentioned that the terminal atoms on these Q-acetyl groups
exhibit extensive thermal motion (see Table 32), 1in
particular atom O0(10). This is somewhat expected due to the
length of these chains, and the lack of very strong inter- or
intramolecular bonding which might help to constrain these
atoms.

The mean plame calculated for the 5-membered pyrroline
ring . (linked to the pyranose ring by a P-oxygen bridge)
shows it to be planar within experimental error (Table 35).
Other studies on pyrroline rings ({71 and 72) found mean
values for N({(1')-C(2%), N(l')—C(S'), and C(2')-0(2') of
1.3483(5), 1. 456 (8) and 1..230(3) ; respectively. The
corresponding values for this compound are 1.39(1), 1.44(1)
and 1.22(1) R.VAny shortening in the first two distances is
probably due to the acetyl substituent om N(1'). The values
for the C{2')-C(3%), C{4*)-C(5'), and C(3')-C(4") bond
distances of 1.48{1), 1.48({1) and 1.32(1) ; are very similar
to those found by Boeyens and Kruger ({(73) [1.52, 1.52, and
1.31 ;]. The range of intra-annular angles for the pyrroline
ring is from 102.7 to 111.89,

Weighted 1least-squares mean planes calculated for the
benzanido group, the acetyl group attached to N(1'), and the

benzene ring show them to be planar (Table 35). Again the
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Table 37

’ (-4
A) Intermolecular C-H...O interactions (distances in A and

angles in deg.)

D-H...A Heo.A D...A D-He..A
C(7*)=H(7'B) «..0(2%) 1 2.57(1) 3.53 (1) 142 (1)
C{8)-H(8C)...0(3")2 2.46(1) 3.42 (1) 146 (1)
C(S)~H{5)ee-0(7)3 2.29(1) 3.28(1) 148 (1)
C(10)~=H(102)...0(10) ¢ 2.68(1) 3.36 (1) 117 (1)

B) Intramolecular 0O...H contacts

0(2') ...H(N27) 2.41 (1)
0(2%) «e.H{7'4) 2.46 (1)
0{(3*)...H(141) 2.91{1)
0(4')...H(8B) 2.55 (1)
O(4")...H(107) . 2.47(Q1)
0(7)s--H(2) 2.55(1)
0{8)...H{3) 2.08 (1)
0(9)...H{YW) - 2.25 (1)
0(10)...H{6A) 2.33 (1)
1 -X, -1/2%y, 1-z
2 X, 1+y, -142
3 X, -1+y, z
L

1-x, 1/2+y, 1-z



112

Figure 15

A stereoscopic diagram of the unit-cell viewed down b

bond lengths and angles are as expected for these groups.

In the crystal there are extengive numbers of close
H...0 intra- and intermolecular contacts which éte summarized
in Table 37.:0f particular note is the significantly 1longer
H(2)-.--0(7) contact compared to the other axialvhydroqen;
acetyl oxygen contacts; This dif ference is probably due to
steric constraints induced by a postulated intermolecular
hydrogen bond between 0(7) and -H(5). A stereovigu of the
packing of the molecules in the crystal lattice can be seen
in‘Fig. 15. |

The crystal structure determination for this compound
indicated that the structure. suggested by the mass spectrum,

n.m.r., and other -chemical data was in fact correct.



SUMMARY
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The aim of this research has Dbeen to determine the
structures of the five molecules previously described. The
structure determinations themselves involved the utilization
of the three nmnajor methods currently available in X-ray
crystallography for overcoming the phase problem and thereby
deducing the crystal and molecular structure.

For any compound the choice of the most suitable method
for structure determination is essentially determined by the
nature of the compound itself. Patterson methods, described
in Chapter 2, invclve a process in which it is essential that
the molecule contain one or more 'heavy' atoms. The tungsten
and the +two ruthenium compounds (Chapters 2, 3, and 4) with
their heavy metal atoms were therefore ideal for this method.

I1f, however, a molecule contains only atoms which have
the same or similar atomic numbers, e.g. most organic
molecules, the Patterson synthesis is unsuitable. Although it
may be possible to produce heavy atom derivatives of these
molecules and hence use the Patterson wmethod, alternate
*direct methods?! have fortunately been developed which make
it possible to determine the structures directly. The
structure of the caffeine and pyrroline derivatives described
in Chapters 5 and 6 were determined by use of these direct
methods. The actual method used depends upon the space group
of the compound. The caffeine structure was therefore
determined by centrosymmetric direct methods (it crystallized
in the centrosymmetric space group P2,/c) while the structure
of the pyrroline compound was solved by non-centrosymmetric

direct methods (it crystallized in the non-centrosymmetric
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space group P2,).

Although the five compounds were essentially unrelated;
and any meaningful correlation in terms of bonding,
intermolecular interactions, etc., was impossible, the
results for the individual molecules were both dinteresting
and useful.

The analysis of the seven-coordinate tungsten compound
(Chapter 2) showed it to have a distorted capped octahedral
geometry. - The +tungsten-iodine distances of 2.848{2) and
2.856{2) Z appeared to be the first determinations of W-1I
bond lengths in a seven-coordinate environment,

The two ruthenium compounds had very similar octahedral
structuares. The tris complex (Chapter 3) had all three DNSO
ligands sulphur-bonded in a ¢is configuration. In the
tetrakis compound (Chapter 4) the extra ligand replaced one
of the chlorine atoms but was coordinated through the oxygen
atom. It is thought that steric influences prohibit +the
formation of an all sulphur-bonded complex, but electronic
effects keep the S-bonded ligands in the cis configuration.

Caffeine hydrochloride dihydrate {(Chapter 5) contained a
planar caffeine mclecule protonated at N(9). Of particular
interest wvwas the effect of protonation on the bond lengths
betveen atoms in the fused ring system. It is believed that
considerable rearrangement must be occuring close to the
protonated centre, but that this rearrangement does not seen
to be transferred to the rest of the molecule.

The  molecular geometry 1in the pyrroline compound

(Chapter 6) was very similar to that found for other related



compounds. This compound did, however, exhibit extensive
nunbers of close C-H...0 intra- and intermolecular contacts. .
Sone degfee of hydrogen bonding was also shown by another two
of the compounds studied. The ruthenium anions ian Chapter 3
were linked in a chain like structure throughout the 1lattice
to the dimethylammonium cations via N-H...O0 and N-H...Cl
hydrogen bonds, while the caffeine crystals contained O-

He..Cl and N-H...O0 hydrogen bonds,
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17.98%
54.78
44,00

379.25

127.80
20.69
99.77-

232.80
28.42%
56.46
54.64
17.06%

0.00%

123.35.
61.93

219.20
64.17
74.64

133.94
30.57

112.96

203.09

FC

59.46
29.46
15.87
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45.79
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28.94x*
43,24
22.31%
38.62
7.06%
74.48
56.74
47.80
40.45
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128.56
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40.80
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70.96
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142,68

73.27
187.86
102.92

27.56
138.92

35.31

64.21

4.70%

33.06

22.91%

12.21%

72.40

65.56

64.22

30.10

12.92%

6.32%

58.49

51.99
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137.07

32.82
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81.36

182.19

128.20

132.29
19.30%
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30.35
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31.62
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33.42
43.29
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11.89
130. 14
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40.82
36.35
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W2.43
32.92
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22.02
18.50 -
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35.25
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88.89

61.84

34,42
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212.82

36.75

113,20

0.00%.

34,20
30.62%
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90.63
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118.34

23.93
73.31
29.96

106,42
66.59 -
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96.57
58.44
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22.18
14.76
.51.61
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93.72
87.13
6.24
35.78
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99.25
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37.34
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17.36%
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1 0.00%
53.24
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118.87
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14,47
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23.58
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15.48
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19.83
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147,33
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40.91 .
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6.70
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29.24
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31.84
6.46
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18.84
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26.78
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55.07
49.60

52.28

"31.08

17.35
21,49
82. 14
27.80
41.43
17.60
19.00
40,42

2.71
69.77
72.99
35.29
89,43
38.93
41,23
35.10
13.63
24.74
83.12
17.26
18.72
86.19
79.06
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38.31

"+ 36.55

13.79%
29.27-
7.03x%
77.68
25.47%
22.12%
25.27%

0.00%
23.81%

0.00%
86.38
43.21
34.39
4u.33
34.94%
71.93
27.64x*
58.54
55.40
18.64%
35.92
30.60
27.49%

0.00x%

0.00=*
38.71%
10.78%
21.99%

0.00%
64.74.
28.25%

0.00%

0.00%
36.80
35.90
25.19%*
38.19
28.84x
22.88%
36.37%
18.80%
24,.31%
24.06%
47.25
27.84%
32.09*
30.07%
33.99x%
21.03%

8.76%
25,38%
52.93
49.36
87.14
25.54
36.45

FC

27.43
34,98
15.70
22.06

2.97
75.39

11,12

19.u8
22.31
13.11

3.98°

4,01
87.80
42.03
32.14
40.20
42.41
70.65

9.99
58.59
59.21

9.89
31.50
21.50
16.82

9.40
7.38
45.45
14.24
10.27
21.18

56.6U

27.79

3.3
16.48
40.15
31.71

7.51
37.52
32.12
30.38
43.79
17.76
22.97

6.65
39.93
20.17
30.26
33.64
37.59
18.49

5.12

2.36
48.38
52.21

 82.38

21.80

3i.48

FO

79.01
13.99%
78.16
35.74
47.49
22.6u4%
54.38
17.24x%
43.87
14.60%
46.04
38.32
85.17
46.01
29.09
10.63%
165.21
17.30%
111.67
21.84+%
22.06%
0.00%
46.37
20.40%
27.47

12.82%

22.70%
58.28
0.00%
2.59+%
36.06
35.49
13.26%
17.01%
108. 64
3.69%
51.17
46.77
123.34
52.87
69.75
122.57
81.40
11.96%
20.46%
13.00%

16.20%
46.23
77.16 .
28.96

0.00%"

36.92
20.68%
21.66%
51.08
28.01%
10.40%

FC-

83.67
21.05
75.97
38.31
44,17
29.71
©55.25
11.79

- 44,50

2.50
45.18
36.47
89.78
be.41
19.24

7.06

158.59

2.88

113.86

3.61
20.71
10.46
48.73

3.38
22.90

6.03
22.89
55.59 -

2.88

2.25
31.40
34,42

8.48

8.97

107.40
- 6.60
55.27
36.92
121.84
53.30
62.85
110.52
97.47
12.31
12.60

4.54
88.94
16.55

- 50.71

78.06

0 21.22

8.98
38.22

2.37
27.23
50.03
22.14
17.06
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0.00%
49,42
0.00%
38.86
69.53
185.20
52.88
34,.18%
17.12%
120.09
25.68%
35.55
17.26%
39.54
32.76.
16.93%
3.49%
54.78

2.92%

36.77
50.54
11.62%
36.53
61.74
18,35%
43,16
108.19
88.58
16.50%
47.32
89.06
11.54x%
22.12%
63.75
107.40 -
19.77%
11.90%
40.40
63.91
31.02
.55.10

17.06% -

17.94*
22.62%
16.75%
31.46
29.16
10.86%
-74.84
22.19%
72.39

22.38%

37.17
37.92%
98,81
37.28

12.99%

11.14%

FC

11.40
48.03

3.45
34.55
64.30

175.59

52.92
33.34
2.86
124.90

21,10

129.07

8. 14
42.22
26.30
20.18
11.99
52.27

8.20
30.77
50.29
17.44

38.47

57.76
22.61
39.68
105.40
80.23
18.00
40,86
.99,23
4,48
23.90
72.31
116.00
20.60
17.55
38.12
68.74

31.16

58.53
3.29
2.11

15.68

22,72

23.90

12.67

75. 16

2,22

71.90

21.30

45.46
46.54
110.08
41.88
3.48

8.70
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FO

4y, 89
27.95%

- 37.51

43.73
26.14x%
72.31
0.00=%
56.91
87.32

- 88.98

47.90
15.53%
17.83%
29,76%
0.00%
0.00%
65.60
31.84%

. 43.03

38.20
41.84
42.59
0.00%
61.63

205 23* ’

31.20
29.93
43.91
20.51%
92.31
0.00%

75.79

25.79%
63.02
22.02%
67.26
22.28%

25.04%

21.64%
19.74%
36.73
13.22%
20, u8*
31.95
34.83
93.37
23.29%
83.78
45,71
61.66

36.31%

59.50
35.49%*
58.83

33.39%
37.78%

55.52
33.69%

FC

45.31

1.01
41.75
43.33
21.92
69.38

1.38
55.91
81.64
87.89
42.26
3.33
- 7.21
32.95
12.17
12.31
58.27
43.41
50.89

43.16 -

44,36
38.86
0.51
64.77
7.10
35.43
25,04
44,30
10.35
90.78
6.29
77.26
22.06
64.54
- 9.66
78.57
6.U45
15.14
8.09
12.92
35.06
6.65
28.95
186.33

36.87

92.33

14,54

76.32
44.84
65.48
40.37
U6.24

41.32

68.12

34.38

32.97

55.70 - i
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FO FC H K L  FO FC

-8 =5 49,89 45.45

8 -7 5 25, 15% 1.16
9 -7 -11 1., 94% 14,19 -8 -4 70.50 68.22
9 -7 -10 28.50% 26.15 -8 -3 57.19 60.20
3 -7 -9 . 0.00x% 5.93 -8 -2 41,22 41,14
9 -7 -8 0.00% 4,72 -8 -1 135,47 124,29
9 -7 =1 35.55 26.82 -8 0 4y,.29% 39,79
9 -7 -6 83.28 80.19 -8 1 21,29% 23,06
9 -7 -5 9.83%« 10.08 -8 2 62.74 60.93
9 -7 -4 24,08% 24,36 -8 3 18.43% 8.94
9 -7 -3 0.00% L.06 -8 4 5.871x 12,77
9 -7 -2 103.50 110.42 -8 5 47.70 42.26
9 -7 -1 33.09* 4.38 -8 6 19.02* 12,18
9 -7 0 49.63 56.31 -8 7 0.00% 8.76
9 -7 1 17.53%  12.04 -8 8 0.00%* 5.25
9 -7 2 49.00 49.90 -8 9 8.93*% 15,80
-9 -7 3 0.00% 1.70 -8 ~-10 22.52*% 20,22
9 -7 4 0.00% 2.57 -8 -9 25.07% 27.78
10 -7 -10 38.06 LO.5€& -8 -8 9.93% 3.72
10 -7 -9 27.83% 23.87 -8 =7 90.32 88.22
10 -7 -8 56.90 52.87 -8 -6 - 54,43 51.81
10 -7 -7 23.03% 1.49 -8 =5 34,87 32,02
10 -7 -6 26, 16% 9.65 -8 -4  0.,00% 1.66
10 -7 -5 0.00% .12.26 -8 -3 88.72 81.60
10 -7 -4 61.13  58.74 -8 -2 - 95.12 78.86
10 -7 -3 26.53% 19,27 -8 -1 53.08 45.19
10 -7 -2 0.00% 14,65 -8 47.81% 36.86
10 -7 -1 66.56 68.91 -8 36.24 40.73
‘10 -7. 0 60.24 61.03 -8 27.29% 43,00
10 -7 1 12,90« 14,08 -8 31.56 27.4¢6
i0 -7 2 5.56% 8.25 -8 7.25% 18,92
11 -7 -9 0.00% 6.U6 -8 62.21 67.99
11 -7 -8 46.98 39.32 18.82* 10.95
" -7 -7 19.77% 0.68. -8 16.30% 21,13

11 -7 -6 0.00% 7.00 -8 J.uu% 2,42
11 -7 -5 24,.87*% 14,89 -8 . 0.00% 7.45
11 -7 -4 22.25% 36.02 -8 13.39* 14.80
11 -7 =3 30.83% 28,32 -8 44,53 38.73
11 =7 =2 58.58 62.13 -8 24,481 11,90
11 -7 -1 26.81% 8.04 -8 -21.98*% 16.86
1 -7 0 . 0.00% 8.68 -8 . 8.93% 11.U6
12 -7 -6 51.52 47.64 -8 16.01* = 3,01

12 -7 =5 37.51  26.14

|
oo}

0
2
3
4
5
6
7
8
9
-10
-9
-8
-7
-6
-5
-8 -4 77.12 67.65
-3
-2
-1
0
1
2
3
u
5
6
7
8
-10
-9
-8
-7

12 -7 -4 0,00 8.99 -8 87.41 83.43
0 -8 0 47.83 53.74 -8 - 26.71% 1.39
0 -8 1 42.74 35.52 -8 101.87 101.65
0 -8 2 36.22 27.08 -8 76.85 87.66
0 -8 3 22,26% 22,57 -8 32.48% 40,72
0 -8 4 31.84 35.70 -8 12.79*% 31.86
0 -8 5 15.62% 13.88 -8 . 85.26 79.13
0 -8 6 . 41.43 39.33 -8 31.48 28.10
0 -8 7 83.50 718.92 -8 22.19% 15,83
0o -8 8 24.07*% 17.53 -8 6.86% 2.26
0 -8 9 - 24.95*% 24.10 -8 21.58% 15.85
1 -8 =10 31.12 27.30 -8 27.77% 26,24
1 -8 -9 36.72 34.54 -8 16.5u%* 2.64
1 -8 -8 29.70 24.11 -8 40.u48 37.44
1 -8 -7 12.04%* 6.19 -8 0.00*% 12.66
1 -8 -6 12.88% 3.50 -8 0.00% 5.71
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16.33%
18.77*
47.31

62.05

65.86
48.52
28.79%
45.68
57.59
83.30
30.04%
HU. 46
28.23%
8.87%
0.00%
24.73%
20.87*
8.60%
37.31
31.32
9.53*

70.89 -

32.15%

30.95%

46.11
79.38
27.81%
48.57
30.76%
22.41%¢
6.51%
28.39
T.71%

32,10

57.96
38.03
36.69
50.34
34,47
0.00%
0.00%
44.50
39.53%
34.88%
53.93
22.6U4%
31.30%
17.38%

36.43

31.71
24.03%
30.36%

95.03

51.25
19.07%

152,30

45.40
16.21%*

FC -

18.32
23.62
35.27

56.95

66.13
43.90

8.17
30.05

55.09

93.67
18.68
43.25
30.33
19.50
9.99
19. 84
13.03
20.47
37.55
35.73
6.70
71.81
38.19
9.40
62.26

74.34

11,28
55.20
31.47

9.90

9.61

19.16

8.41.

21.78
52.67
32.76
33.76
46.80
19.35

8.71

7.20
37.80

17.88

30.88
58.77

6.52

20.17
8.85

33.37
38.65

29.52
28.00

- 87.93

U6.36
15.46
59.56
53.18
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FO

37.43%
15. U5*
0.00%
- 0.00%
31.10
8.U42%
74.90
51.85
24.66%
34,43%
40.01
32.90+#
0.00%
37.22%
58,22
24 . 42%

23.79%

21.02%
33.52
17.71%
50.89
66.42
ug. 11

C27.45%

95.12
16.66%*
0.00%
24.39*
26.98%

06.G0%

26.46%
38.45%
22.86%

16.76%

0.00%*
31.71

56.50 -

65.92

- 18.92%.

85.08
18.14%
0.00%
16.39%
52.40
20.72%*
0.00%
19.25%

30.04%

16.34%*
0.00%
0.00%

43.55

15.89%
49.87

43.09

FC

53.41
14.02

2.20

3.86
22.16
13.98
70.27
52.42

3.11
33.34
37.40
45.69
23.64
36.53
62.43
13.32
11.75
26.84
24,81

8.36
44.85
60.07
46.15
33.37
94.73
29.15

7.53

27.65
.87
2.33
25.94.
37.90
25.12
17.09
3.12

1 37.16

54.28
57.59

13.43

78.43
4.75
10.75
5.04°
49.u8
7.07
6.69
19.64
39.05

- 9.03

2.69
3.03

43,46
0.00%

7.12
33.95
43.64
26.11

54.54
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15.20%
24, 70%
24,28+
71.33
14,41
40.49
45.33

- 43,49

42.83
20.15%
40.33
21.21%
42.68
0.00%
26, 12%
0.00%
70.94
34,42
40,90%*

19.23%

43.09
0.00%*
45.41
11.87%
52.36
43.72

35.59

0.00%
28.87
29.39%
54,10
28.u8%*
23.97*
41.86%
41,08%
50.70
39.94
35.46
41.88
16.73%

19.96%
- 23.09%
19, 44%

0.00%

24.37%

20.73*
0.00%

20.,79*

FC

14,95
24,98
18.27

65.82

17.75
31.99
41.75
41.34
47.40
14.23
30.53
13.57
42.03

2.21
25.864

2.55
58.42

- 23.03

47.90
0.37
32,22
7.54
52.72
3.40
51.76
34.89
29.18
7.27
21.56
18. 80

: SOe 68

28.18
30.20
35.86
45,08
44,50
43.55
33.11
44,80
18.49

3.30
24.64

8.65

7.40

5.06
16.35

8.38
12.34
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FO

19.22%
60.16

20.27%

7.97%*
30.78
41.32
33.91%
10.77%*
u9.75

0.00%
38.73
46.57
35.19%
22.26%

27.60%

0.00%
42.35

6.36%
30.56%
24.07%
39.57

9.26%
10.14%
13.54x%
15.48%

31,31

13.59%
43.85%
41.34
"0.00%
5.37%
28.47

58.91 '.

32.68%
by,73%
31.55%
18.78%*
30.62%
30.59*

3.02%
37.16%*

35.38
107.56

17.39%

75.60

. 86.74

28.35%

FC

12.36
66.81

9,21

S.47
19.18
42.20
36.73
16.11
34,45
19.94
26.57
38.51
32.49

0.68
10.74

4.63
39.44

5.22

7.14
12.42
36.42

7.40
13.92

9,37
16.65
24,97
11.83
12.98 "
33.19
- 2460

14,76,

18.96
48.51
24.89
23.56
16.95
17.26
17.20
18.62

0.37
13.33
76.62
'27.66
109.68
12.33
79.70
83.54
19.79



Dimethylammonium
trichlorotris(dimethylsulphoxide) ruthenate (II)

Anthony Mercer and James Trotter.

Observed and calculated structure amplitudes

{reflections with intensity < 3 (I) are marked with an
asterisk).

The folleowing planes which had

|Fo-Fc] > 3 {(F) were given

zero weight in the final stages of refinement due to
suspected errors resulting from extinction, absorption, or
instrument malfunction:

- - - — - - - -

19

21

10
17

14

367.5 544.8

45.8 60.4
50.0 66.3
52.4 66.0

303.9 494.4

113.6 142.5

26.2 8.7
77.4 94,4
43.8 62.2
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19

64,8
54,4
96.3
63.0
37.9
28.2
74.9
61.4

380&
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FO FC
0.00* 110.09
292.18 309.19
357.89 400.62
164.03 172.55
252.85 262.08
116.78 116,14
137.67 144.95
102.57 93.97
146.10 143.18
96.27 94.51
59.84 56.50
44y.54 46.22
140.02 150.64
54.74 55.32
73.35 67.32
91.36 79.80
257.53 242.48
63.03 63.43
134.59 122.02
38.09 38.47
88.24 87.76
70.99 73.78
65.45 64.81
145.46 142,13
4y.64 46.54
105.82 102.62
279.75 285.41
10.37%  10.17
114,75 91.52
78.07 b4.51
56.75 48. 25
129.18 132.94
52.38 55.30
215.50 213.85
90.67 91.94
43.02 44.01
77.98 79.82
88.23 82.33
34.42 37.87
16. 41% 24,22
26.86% 26.45
40.60 31.19
114.48 115.34
65.86 78.88
49.02 51.73
124.48 141,70
118.97 127.58
99.49 107.51
52.22 50.01
49.97 51.29
38.53 34.62
28.89 - 24,92
125.42 120.27
76.50 76.89
66.03 61.56
284.46 271.97
211.21 205.48
48.24 59.07
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Fo

131.65
115. 25
17.30%
236.08
138. 41
40.71
47.00
82.17
47. 84
9.70%
65.76
97.16
6221
62.97
172.78
103. 32
110.74
37.13
31.78
59.76
53.83
97.50
361. 13
151.22
232.35
38. 81
196.51
166. 85
179.29
188. 81
35.28
83.81
45. 45
113.77
66.05
36.45
22.99%
38.03
0.00%
86.30
36.32
93.13
0.00%
39.41
51. 49
173.56
48.31
90. 15
28.87
61.40
106. 07
50. 41
97. 74
0.00%
37.85
24.02%
47.77
63.52

FC

133.23
117. 86
13. 80
227.54
131.62
33.32
46. 67
79. 88
46. 87
2.52
57. 87
91.92
52. 25
60.92
157. 77
105. 58
105. 40
38. 44
26. 18
62. 20
50. 66
96. 92
328. 04
137. 90
213.143
43.09
185. 64
165.58
172.33
188. 30
34.23
84.63
41.39
111. 54
64.72
35.72
21.19
35. 37
2. 40
87. 34
39.05
92.75
7.15
43.'87
45,09
170. 81
50. 66
96. 66
25. 12
624 85
103. 22
50. 24
91.09
18. 24
40.71
19.53
44, 88
59. 39
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19.56%
66.79
40.60
50.58
145.77
87.15
76.94
6.59%
42.59
12.29%
6lU. U3
168.74
0.00%
138. 63
102.01
114,11
247.89
61.21%
0.00%
212.09
125.26
0.00%
32.0u4x%
44.00
73.46
5.20%
103.73
65.75
51.68
0.00%
46. 88
117.61
0.00%
0.00%
46.93
193.85
221.24
170.99
28.19
114. 80
120.08
114.27
117. 49
161. 64
163.26
160. 31
199.66
149.13
49.02
88.17
120.08
47.56
38.75
82.87
78. 80
66.64
34.02
66. 16

FC

13.50
65. 47
b4, 61
47.37
137.79
87.78
74.93

9.11
41.70
26.69
77.13
174.69
47.73
127.14
106.93
142.65
246.95
89.66
44.38
213.91
127.32
27.39
35.45
47.13
77.51
42,14
101.38
71.92
53.28
10. 15
50.09
116. 36
51.17

0.92
48.95
192.75
255.31
185.76
29.28
103. 50
128. 19
123. 66
100.72
162.22
160.74
158. 22
193.65
142,71
47.33
87.397
114.65
45.47
35.38
77.04
77.76
63.60
27.97
65.66
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71.84
85.00
50.78

2. 84x%
23.71%
26. 18%
39.19
31.80

140. 17
38.57
42.33
59. 614
T4.94
40.63
37.81

101.01
31.99

160. 54
62.77
55.43
25,54
31.04
51. 28
25.77
11.35%
22, 64%
32.28
63. 43
35.07
75.67
33.72

117.75
16. 35%
48. 37
50. 16
84.12

166. 07

137.12
20.88
17.56%

155. 04
61.37
17.37%
58. 84

118.53
99.48

156. 86
67.78

118.70
39.76
99.61
77.78
92. 84
19. 86%
68.11
22.88%
23.43%
12.07%

FC

66.55
83. 46
47.98
14.11
21.83
29.38
42. 00
36.09

129. 51
29.47
38. 44
55.91
63.93
37.71
37.60

102. 72
31.09

164. 32
58. 46
58. 20
27.27
35.09
52. 09
19. 66

5. 89
21.29
30.42
56. 76
34.93
71.90
33.35

111. 64
25. 80
45. 83
36. 05
84. 90

144, 54

125.81
32.61
14. 64

160. 77
56. 83
29. 34
49.34

117. 10

100. 63

160. 54
67. 40

121.61
38.71

100. 40
79.90
94. 75
16. 18
63. 27
20. 90
22.62
18. 42
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57.01
33.87
23.78%
41.21
126.27
110.04
45.54
94.79
33.58
47.91
66.47
90.19
24.862
112.93
16.24%
139.79
90. 96
48.74
32.90
70.49
42.08
33.44
26.60
6.81%
0.00%
63.43
77.11
26.69%
25.90%
78. 47
117. 30
160.52
236.35
99.69
51.37
78.57
90.05
85.26
48.44
51.04
93.39
146.23
159.73
76.61
103.53
88.83
110. 14
30.68
39.24
20.35%
66.52
76.71
33.33
51.26
52.78
37.85
101.07
53.18

FC

54.78
30.56
17.91
32.33
101.88
97.45
4e.18
89.95
33.35
46.03
62.22
89.94
21.26
110.03
13.39
131.36
87.38
37.74
34.77
60.07
43.14
31.64
23.56

8.34

4.89
61.60
73.75
29.18
24. 40
74.70
106.97
141.69
231.18
91.52
46. 25
78.91
59.73
78.66
41.30
51.90
94.81
140.84
149.62
79.29
105.38
86.34
107.7%7
34.23
40.79
20.08
65. 44
74.34
28.76
50.66
52.77
37.69
85.87
52.21
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42,27
66.15
55.70
20. 26%
64.73
77.15
40.78
65. 16
39.03

106. 16
61.90
40.83
33.18
72.31
63. 82
21.77*
25.12%
37.96
51. 89
56.82
48.42
87.66

158. 20

124.01

101. 39
15.62%
88.99
66. 11
67.88
26.22
93.09
82.22

105. 82
95. 25
60.75
55.29
76.38
59. 20
22.95%
37.25
44,43
49.62
46.92
18. 60%
27.51
41.10
42. 41

0.00%
36.93
20.62%
33.77
28.13
37.32

21.18%
75.47
31. 84
32.98
15. 06%

FC

33. 69
67-21
49.47
26. 88
60. 06
73.71
38.33
68. 01
37.50
106. 43
63. 06
48. 09
29.03
72. 27
62.57
22.02
24. 46
35. 60
53. 56
Su. 45
49. 97
85. 45
146. 00
108. 57
90.23

7. 46
84. 11
57.22
64. 16
26.03
86.99
77. 31
100. 77
95. 08
58.81
52. 08
75.17
55. 45
20.86
32.92
43.10
45,63
45.50
15. 08
27. 32
37.80°
35.53

3. 84
31.20
14.92
31.61
25.22
34. 84

3.98
71.81
30.38
31.63
17.08



-
o m

-k
@ d

d i d il il -
OO JdONUNEWN=2OWOLdHNEWNaUNTEWN 2D OO UNEWN=OW

=

MYoRoNoNoReNeNeNoReRoloNoleloloNoleNoleolololololeNeNeN el o]

FO

43.56
18.00%
29.98
0.00%
68.21
62. 16
155.77
53.56
22.26%
31.33
94. 14
27.88%
37.54
39.21
55.43
48.76
90.28
45.90
21.05%
2U4.01%
12.40%
12.27%
21.75%
49.95
15.53%
24.00%
0.00%
59.22
31.23
202. 12
300. 48
268.97
106. 50
136. 94
0.00%
101.62
0.00%
0.00%
252. 84
224.22
9.39%
124.-27
6.65%
88.28
93.53
7.21%
18.33%
21.91%
60.55
23.06%
0.00%
86.35
0.00%
21.94%
0.00%
57.92
0.00%
121.56

FC

39.94
17.28
29.47
0.78
64.56
60.64
149.54
53.15
10.73
25.35
91.56
28.98
36.46
37.60
52.53
48.62
89.13
46.68
17.28
15.75
9.19
17.35
18.61
49.99
8.22
25.51
10.61
53.78
29.92
187.70
348.79
306. 24
104.01
135.31
55.72
105.74
17.04
20.33
253.45
218.21
71.13
121.63
50.32
93.83
95.28
35.58
25.99
31.61
61.22
34.35
28.16
82.63
34.14
32.53
16. 11
55.47
14. 88
116.84
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47.90
45.72
102.73
17. 63%
64,10
134,22
77.55
78.95
184. 34
164. 60
172.26
43.17
74.62
93.33
13, 63%
41.79
101.68
16. 22%
53.32
36.46
71.09
56.37
49.90
67.49
41.61
25. 05%
92. 74
217.23
67. 14
128.25
85.81
31.69
86. 41
7.72%
46.67
102. 01
37.77
113.43
79.01
173. 45
101.27
13.21%
107. 12
97.51
56.13
39.87
63.17
37.98
34.29
105. 26
36.15
22.43%
10. 29%
£9.92
34,10
146. 47
113.62
158. 00

FC

43.27
47.69
94. 27
17.91
59. 76
128. 19
72. 46
77. 94
175. 46
161. 03
163. 01
42. 04
64, 15
92.27
14.50
40. 66
99.13
2.48
47.03
39.01
68. 08
54,47
48.69
65.99
40. 95
23.84
80.68
205. 98
76. 86
136.10
74.59
36. 49
94. 00
9.77
37.77
108. 29
39.05
114.29
79.96
172. 47
95. 23
9.74
105. 60
95. 44
52.70
36. 96
61.66
44.59
32.73
97.38
34.90
10. 83
13. 17
62.66
30.27
129.72
98.91
140. 47
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151.98
144,25
50.26
53.88
123.37
84.30
78.83
71.64
58.97
45.52
55.55
70.50
11.28%
29.43
52.29
70.92
17.98%
58.87
66.37
27.60%
55.54
54.10
85.33
26.18%
210.64
192.6%6
103.83
208.94
73.38
77.28
22.48%
44.50
73.22
133.87
24.71
101.12
96. 17
195. 25
73. 14
53.26
63.04
57. 35
53. 49
38.41
55.93
L2.46
64.36
97.43
39.56
4y, 75
7.95%
106.19

75.56

90.43
87.60
85.62
102.82
271.33%

FC

140.51
120.48
37.92
51.85
126.51
79.93
84.99
71.87
63.81
43.40
54.02
69.15
21.48
30.43
43.27
68.59
12.62

56.20 -

60. 30
27.45
49.74
51.49
81.45
25.67

207.61
171. 45

112.56
191. 47
78.73
77.78
27.13
45.30
75.78

133.83
15.70
95.95
93.31

187. 89
66.09
47.91
61.34
54.47
48.21
39.73
52.95
41. 85
64.08
94 .95
38.80
42.87
14.92

104.09
65.81
85.33
76.69
84.10
93.15
19.35
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
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65.44
27.44
102. 30
99.84
102.54
37.1
41.57
75.40
43.81
10.76%
14,53%
33.50
12.03%
70.68
25.98%
40.45
31.41
70. 16
57. 30
149. 48
196. 24
130.88
77.82
49.76
106. 32
62.95
80.71
113.29
79.05
115.92
122. 46
146. 19
6.91%
38.62
92.79
18.55%
17.05%
25.78x%
86.22
26.97*
0.00%
75.40
55.04
21.69%
61.65
72.55
50.13
33.90
20.97%
50.67
33.11
30.05
52. 88
84.73
23.55%
23.28%
58. 45
24.20%*

FC

59. 81
30. 1
92.62
90.57
57.97
38. 11
43.27
67.82
41.05%
17. 49

1.98

31.58 -

8. 43
63. 19
24.57
39. 16
29.08
62.70
56.99
133.08

172.04

123.13
75.02
45.95
31.87
65. 37
82. U6

107.73
T4. 25

115. 14

121.51

144, 87
20. 48
38.23
92. 48
19. 46
19.71
22.76
81.29
29.93

7.72

71.74
54. 60
15. 84
57.83
68.58
48.67
33.10
13. 44
47. 64
33.10
31.60
50. 97
80.75
19.78
20. 50
57. 23
15. 57



o
=
t

BN s ad wd
- O W

WO EWwN-o

— ad D wd wa - il e s Gk D D
OEWN-2ODOWDdOUNEWNwmwOLIONUE WD

- O OB dAANVNEWNa DO EWN =
[~ NeNoleNoloNoNe N Neo ]

— b

FO FC H K L FO FC

0.00% 11.77 12 0 3 45.42 61.89
28.29% 31.13 13 0 3 95.86 102.55
60.82 57.81 15 0 3 70.33 67.17
21.28% 8.96 16 0 3 0.00* 14,87
16.55*% 13.82 17 0 3 99.64 100.97
79.06 81.00 18 0 3 0.00% 25.69
110.97 100.89 19 0 3 46.50 49.05
30.06 28.66 20 0 3. 39.96 42.38
43.47 39.32 21 0 3 46.04 50.51
54.92 56.56 22 0 3 0.00% 3.66
52.84 52.96 23 0 3 0.00% 23.52
11.54% 9.26 24 0 3 70. 44 67.95
29.57 32.44 25 0 3 0.00% 15.57
51.85 54.21 26 0 3 0.00%* 9.80
80.35 77-.44 27 0 3 0.00% 1. 18
23.62% 21.78 28 0 3 42.31 42.08
72.70 68.81 0 1 3 195.60 208.83
36.98 28.24 1 1 3 77.36 89.91
74.93 70.12 2 1 3 S54.44 S54.40
60.51 60.23 3 1 3 27.3% 24.48
29.86 25.19 4 1 3 81.89 78.56
38.48 33.37 5 1 3 160.63 148.98
50.28 50. 36 6 1 3 113.86 117.24
38.47 37.25 7 1 3 128.78 109.38
25.59* 33.23 8 1 3 183.44 170.18
29.99 27.00 9 1 3 87.86 76. 15
27.23% 28.48 10 1 3 99.90 91.98
23.43*%  21.34 11 1 3 110.21 102.76
15.33% 12.63 12 1 3 96.58 90.69
42.80 37.63 .13 1 3 20.98% 29,04
40.41 38. 31 14 1 3 160.64 153.21
31.20 35.51 15 1 3 70.27 64.73
15.57%  23.27 16 1 3 86.21 81.56
67.74 65. 44 17 1 3 38.26 32.02
70.73 66.59 18 1 3 60.29 55. 84
27.80% 30.42 19 1 3 21.43% 17.20
29.95 24017 20 1 3 57.15 54.10
54.63 S5h.uy 21 1 3 51.00 48.42
92.13 30.78 22 1 3 98.64 92.81
101. 46 97.99 23 1 3 0.00* 10.43
37.46 31.18 24 1 3 37.77 31.88
58.62 55.76 25 1 3 58. 35 53. 84
62.39 59.91 26 -1 3 17.84% 25,81
60.66 59.65 - 27 1 3 52.48 495.84
14.96% 20.08 28 1 3 6.47% 18.89
41.82 39.19 1 2 3 110.58 105.54
34.44 38.26 2 3 73.40 84. 14
0.00% 29.38 3 2 3 15,15 133.60
82.54 80.40 4 2 3 133.54 131.22
85.86 82.08 5 2 3 66.46 65.71
90.57 85.26 6 2 3 85.64 85. 39
0.00* 26.58 7 2 3 74.56 66.39
0.00% 65.48 8 2 3 60.85 59. 04
81.54 89.985 9 2 3 48.32 51.39
0.00% 66.84 10 2 3 165.23 155.951
0.00*% 119.14 1 2 3 52.80 58. 06
244,73 239.60 12 2 3 42.53 41. 23
0.00% 69,57 13 2 3 71.86 69.21
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72.02
4o. 15
95.97
98.26
19.92%
61.65
77.47
62.05
30.04
34.26
118.06
28.59%
41.86
25.73%
52.56
434,78
137.48
198.28
50.96
201.21
56.80
103.78
88.67
96.73
49.04
160.55
119.96
142.58
8. 0l=%
180.90
128.55
0.00%
6.64%
70.56
51.93
33.47
65.12
137.01
16.25%
40. 74
74.70
26.01=
19.48%
125. 46
86. 04
127. 25
76.43
76.68
127. 40
44,28
39.77
55.89
100.59
42.28
24.60
59.74
85.64
3.08%

FC

73.02
42,77
88.57
95.71
15. 34
57.98
69.77
56. 16
25.65
31.77
108. 38
25.62
37.45
26.87
49.66
U40.67
133.09
208.75
58.97
197.81
55.30
116. 40
99.83
37.72
42.40
177.37
135.02
148.56
4.29
196.05
137.43
8.83
14.24
73.21
56.98
35.01
66.14
143.78
18.65
50.55
73.52
22.31
21.42
126. 15
86.69
130.83
80.10
87.19
129.78
48.03
39,47
52.37
100.82
37.70
23.82
58.12
84.08
10.54
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38.01
51.30
23.45%
14.31%
30.34
0.00%
34.68
41.65
96.32
13.88%
13.86%

228,38

90.58
29.06
69.62
106. 31
45.91
13.26%
100. 34
112. 32
47.22
88.68
93.36
102. 84
31.74
103. 28
42.21
0. 00%
28.00
B4 36
3.57%
2.66%
33.09
104. 05
21.79%
23.21%
34.98
105. 04
46.54
111.53
76. 14
72.51
84,19
27.42
41.04
18. 64
88. 40
27.88
21.22%
20.08%
58. 12
24.76%
31. 84
30.96
27.29%
33.55
45,47
26.30%

FC

39.56
52.79
29.83
18. 90
26.98
17. 94
32.70
44.93
101. 37
22.26
6. 58
236.92
87.72
20.90
66.39
117.17
42.82
11. 69
95.51
117.60
48.70
88.18
91.66
107. 08
33.21
102.98
43. 27
10.63
29. 08
47. 16
14.58
12.02
39.67
106. 91
18.72
~23.68
31.84
97. 20
45, 84
108.09
78. 55
71.53
86.62
23.62
45.55
22.772
94, 23
31.81
22.25
27.39
62.87
20.97
28.89
32.09
29.26
32.97
45.17
27.57
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29.30 27.79 2 10 15.76% 21.43

0.00% 3.43 3 10 14.50*% 17.93
160.59 154,57 4 10 9.24% 24,36
46.05 44.73 5 10 19.76% 2.28
36.52 34.59 6 10 20.24*% 24,22
51.01 54.83 7 14, 79% 7.866
60.64 61.89 0 61.50 61.92
34.94 38.90 1 66. 14 66. 81
24.76%  30.72 2 20.19% 43.32
21.12%  19.40 3 98.05 94.92
53.55 58.09 5 76.69 84.89
52.87 54.02 6 24.64% 38.90
71.24 81.23 7 93. 59 97. 84
18.95%  30. 14 8 144.03 148.69
35.69 36.29 10 101.52 121.77
49.03 56.52 11 99.20 110.92
81.24 90.78 13 9.06% 34.20
23.57%  31.44 14 38.98 41.36
13.03% 24,75 15 0.00% 13.07
47.06 53.87 16 39.37 38. 81
38.87 45.63 17 0.00% 10.62
17.60% 7.81 18 117.98 118.92
22.97% 9.88 19 30.45% 64.49
24.68% 22.96 20 45.97 56. 12
20.20% 24,24 21 45,26 52. 84
30.46 33.85 22 42.67 51.05
30.90 37.03 23 0.00% 43.53
30.23 31.75 24 71.19 78. 16
14.68% 21.59 25 0.00% 28.66
30.34 36.42 26 0.00% 5.80
11.75%  19.89 27 54. 81 51.04.
33.00 33.60 28 0.00% 27.75

239.93 30.84
59.29 63.01

111 11.49
u8.45 49.20
43.05 52.19

1 43.54 43. 32
2
3
4
5
22.00%  27.42 6
7
8
g
10

100.10 101.44
142.58 146.00
91.95 35.18
60.00 61.98
50.19 50.12
22.19 17.77
139.49 139.13
63.63 60.39
BU.62 85.51

24.25% 18.76
23.95% 22,56
50.43  52.42
0.00% 20.43

91.79 98.47 11 54. 14 51.62
64.92 66.96 12 109.92 110.69
83.58 86.98 13 76.29 76.69
86. 80 93.98 14 0.00%* 7.36
38.60 44.00 15 71.75 75. 88
41.38 40.98 16 32.85 35.15
32.20 34.58 17 113.20 120.51
86.00 92.30 18 45.75 44.43
48.21 50.63 19 78.27 75. 44
34.16 31. 41 20 2031 185,17
60. 57 65.86 21 63.03 62.43
71.96 76.29 22 50.70 56. 55
46.40 49.09 23 24,99 17,88
42.34 48.89 24 48.93 49.93
56.85 60.24 25 32.15 32.66
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16.80*% 19.03 26 47.71 50. 19
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13.82%
32.59
173.00
156. 13
349.27
144,01
98. 40
44,17
100. 39
193.52
85.12
53.82
132.77
141.75
215.81
17.56%
57. 49
126.70
108.41
16.72%
51.91
4443
90.18
68. 89
£0.77
0.00%
83.94
57.63
42.63
2U4.42%
147.81
49_.48
156.79
129. 11
102.08
98. 46
105.78
89.03
37.37
32.70
50. 81
91.95
49.22
64.69
46.79
47.99
94. 36
80.45
31.82
41.56
48.76
98.54
45.05
37.51
35.94
76.82
132.40
79.19

FC

7.84
29.66
182. 37
155.70
352.35
144,015
107.18
57.54
100.94
206.62
91.66
50.62
135.63
150. 40
225.53
15.57
59.78
132. 81
112.32

T.71
48.28
48.77
93.35
66.08
62.63

3.04
85.35
60.92
41.68
29.20
133.31
50.45
144,87
138.34
97.53
101.85
96.10
92.65
42.43
35.09
50.36
96.31
53.32
60.39
4s5.43
48.37
93.60
83. 39
29.43
4y .17
46.75
96.92
45.70
38.25
32.44
75.58
122.97
78.08
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245,72
125. 89
95. 25
62.17
116. 41
130.08
74.67
26. 14
199.87
107. 78
156. 89
60. 84
115. 34
74,54
76. 13
24, 30%
27.47
25.23%
91.82
6U.51
33.74
46.43
87.43
45.48
86.33
46.73
105.07
52.50
56.33
54.66
29.21
T4.67
39.15
44.01
56.71
109.99
27.56
b, 64*
16.90*
54.76
32.52
27.84%
36.07
44.97
19. 73%
45.45
16.21%
7. 86%
18. 4 1%
41.95
98. 138
56.95
32,46
39.98
55.92
T4.92
22.94%
33.50

FC

252.13
120.33
88. 06
59.42
127.70
136. 14
73. 30
20.04
205.99
114.88
164. 44
59. 34
120.03
72.47
77-19
15. 00
30.52
24212
96.90
64.58
33. 30
50.59
88.69
46.82
97.99
47.72
109.08
51. 64
57.93
52.85
20.73
75.10
38.37
42.71
. 60.09
112.23
25.72
10. 41
23.49
56. 07
30.93
15.46
37.21
45. 15
26.47
43.71
10.78
4.63
14. 64
39.79
97.21
61.98
24.48
37. 91
57.97
76.92
21.90
41.28
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65. 26
68.51
69.06
29.15
0. 00%
51.24
18. 0 U*
9.49%
4u4.79
0.00%
31.09
48.03
31.30
32.95
40.66
68.65
53.99
45,42
35.87
46.84
58.01
24.93%
38.76
0.00%
36.80
64.00
32.61
12.88%
26.76
62.09
35.68
21.U45%
28.13
113.29
20. 19%
77. 82
38.10
53.06
23.35%

19.98% -

58.27
58.40
34.45
57.54
60.91
87.94
24.34%
35.06
4u.4y
51.99
7. 71%
31.52
14.59%
25.59%*
23.55%
26.97%
24.57%*
0.00%

FC

66.55
78.06
71.77
31.73

7.17
57.60
25.53
20.25
43.95

4.80
33.34
47.48
28.91
36.80
40.95
69. 26
55.27
49.93
33.88
50.34
61.14
30.12
37.03

6.53
34.42
66.09
30.77
13.59
28.52
65. 36
40.49
20.94
24.68
109.67
21.85
78.94
35.26
45.67
19.10
18. 30
60.02
52.89
32.59
56.70
57. 40
87.70
23.38
39.28
42.21
54.21
14.28
23.61
16.52
28.03
34.97
30.52
29.08
12.23
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40.26
10. 19%
33.92
34.01
54,54
34.45
59. 85
27.28%
81.93
26.30%
27.47%
19. 45%

0.00%
37.86

150. 15
98.58
77.55
26.55
91.39
11.60%

0.00%
47.31
S4. 41
16. 65%

0.00%
73.39

0.00%

128.18

0.00%
93.04

0.00%
21. 16%

0.00%
21.51%

0.00%
16. 7 1%
35,41

7.75%

210. 97

139.50
45, 35

105.28

149.00
65.31
73.23

113.75
38.59

174,42
51.74
29.89
27.11

129.56
82.01
43,38
88.12
54.17
28.60
36. 44

FC

41.56
20.59
34, 4y
37.43
55.61
36. 16
66. 86
31.14
82.22
24.21
26.67
18.77
22.48
46,40

153. 05
88.92
75.61
36. 54
82. 80
17. 04
10. 11
55. 74
61.95
39.71
35. 10
75. 13
19. 43

129.02

9. 17
93.11
39.21
30. 88
18. 47
24.95
22.13
20.27
36. 29
23.30

207.60

133. 82
46.12

103. 93

147. 20
61.77
69. 04

115. 08
37.44

175. 30
57.03
33.02
29.76

135. 20
81.76
44,58
88.43
54.61
25.68
37.15
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78.67
0.00%
84, 42
97.96
46. 84
6.61%
12.21%
39.85
129.97
8. 20
132.26
87.31
106.05
102.27
20.29%
44,30
18. 1u4%
60.08
108.75
35.27
46.32
27.87
129.58
63.43
38.41
39,14
129.63
47. 30
42.28
18. 23%
79.29
29.60
67.21
0.00%
51.06
150.73
272.46
182.74
45.45
237.75
0.00%
41.51
52.37
280.92
21.68%
167.24
51.10
238.51
37.76
77.11
51.47
80. 84
36.49
68.26
30.63
64.37
27.40%
118.61

FC

T4.54
21.35
84.19
38. 12
48.00

4.3%
10.33
41.84
119.02
718.77
131.89
81.73
106.04
106.59
14.21
4y.36
26.60
61.44
113.77
22.61
43.92
25.20
132. 41
60. 34
37.81
38.77
125.80
51.04
39.67
21.07
79.74
32.49
67.22
18.71
52.00
131.77
269.23
172.46
34.52
249.62
33.33
37.09
48.68
298.85
20.53
160.70
48.18
247.81
33.68
69.21
439.06
87.73
33.68
66. 14
28.72
63.64
27.30
114,63

SO W

=

GREGEGEGESGEE NG EGEGRSROEE RS RGREG R RGO EGRGRGEGRGRG RS RGN ESGEE R RGEGELEG RS RGRG R RO RS R RS R RS, R RO NGRGEHEGLEG RS R R REG RS RV RS NS, b

FO

0.00%
44,10
j4.50%
88.64
31.34
88.68
17.70%
77.98
48.48
0.00%
50.61
44.93
89.87
75.17
78.07
43.92
48.00
73.93
14.09%
18.85%
184 37*
9u. 16
20.77%
7.83%
0.00%
80.78
37.29
34.91
107.60
118.43
33.43
24,19
86.96
899.70
51.66
58.53
130.66
59.02
11.10%
66.67
87.80
84.20
31.00
20.63%
36.25
32. 45
38.40
29.16
17.05%
14, 11%
37.44
82.14
52.58
29.55
67.52
46.94
T4.42
33.69

FC

17.45
40. 62

6. 04
87.91
32.38
99,59
15. 65
87.17
47. 64
10.32
49.71
39.00
88.62
74,62
75.78
43. 46
47.67
74. 24

6.09
21.70
17.52
91.86
25. 50
18. 44
14.03
80.52
35.53
35.22
107. 24
119. 41
32.75
26. .12
84.16
97.19
54. 95
50.51
128. 83
97.23
13. 61
72. 20
88. 42
82.97
28.76
11.21
40. 23
26.78
41. 36
28.08
18.73
16.45
34.39
80.51
47.96
28.10
61.39
49.77
64. 10
31.87
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36.23
54.55
36. 14
41.53
52.71
24, 92%
8.55%
9.91%
52.09
29.86
33.29
22.42%
71.85
13.97%
12.92%
15.76%
40.65
112.73
16.78%
37.94
5.85%
76.75
0.00%
47.76
21.79%
107.25
27.45
71.30
12.27%
93.29
35.91
33.81
27.31
14.20%
17.54x%
29.85
48.40
43.26
41.23
30.50
52.41
35.32
14, 05%
34.28
21.58%
26.59
54.20
0.00%
36.06
24.93%
61.44
12. 24%
22.08%
96.46
22.17%
56.90
26.97%
52.84

. FC

38.48
56. 14
34,75
46.62
58. 81
27.28
15.35
15. 37
58.16
25.11
35.93
18.28
72.50
10.26
10.38
11.70
42.13

112.02
18.76
35.65

9.75
83.64
10.56
49.72
20.54

112.61
28.16
70. 68

9.68

101. 94
36.04
34.58
25.23
25.19
19.37
30.49
50. 74
46.75
44,65
31.23
62.90
35.51
14.66
39. 14
33.25
2u4. 84

54,31

1.96
39.51
24.77
59.80

9.48
19.02

100.26
26.54
62.81
30.91
53.82
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18. 46%
37. 21
17.58%
90. 86
28.57

56.73

83.97
89. 35
136.93
31.12
24, 83%
45,41
15. 88%
75. 73
8.59x%
31.63
0.00%
108.73
12.58%
42.85
0. 00%
67.68
0.00%
0,.00*
34.48
8. 39%
0.00%
78.90
77.48
0.00%
0.00%
68.75
0.00%
75.09
148. 32
69.92
69.97
86.49
79.97
52.20
37.93
46.49
39.52
33.27
39. 16
49.13
29.69
14.58%
33.91
99,05
30.31
62.91
29.98
70.69
24.89%
25.22%
39.99
41.66

FC

22.78
38.38
13.71
89. 28
32.72
61.61
86. 33
93. 46
130. 41
30.01
24. 62
44.82

8.68
83. 41

5. 90
37.21
18. 84
117.53
25.03
50. 70
32.32
67.93

8. 92
1.33
35.68
19. 16
14. 58
94. 92
91. 45

9.51
16. 90
Th4. 06
24. 08
82. 17
142. 57
83. 64
72. 44
93.17
90.07
58.51
33. 46
49.81
45.09
40. 32
38. 13
46. 14
30.63
13. 25
33. 86
105. 07
31.93
64. 82
34. 46
73. 18
25.62
24. 14
41.65
39. 22
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4. 47%
144.55
150.52
135. 36
191.25

88.96
71.81

£8.01
217.17

96.63

57.36
115.08
191.66

96.95

96. 15
102. 19

76.38

56.34

38.99

78.34

14.91%

12.35%

84.34

66.75

41.59

25.79%

45.92

31.19

73.07

14, 25%
122.69

14,.83%

79.57

33.98

50.02

19.9 1%

42.91

76.28

29.83

17.10%

65.76

41.61

17.22%

73.50
102.48

18.01%

42.19

52.69

93.95

13.02%

25.26%

43.64

63.43

80.25
101.93

69.54
75.47

64.13

FC

23.36
155. 89
153.87
133.03
200.66

87.62

80. 80

71.10
239.42
103.02

60.67
119.82
203.96

96.36

97.27
100. 47

76.80

56.92

42.08

81.73

9.66

16.76

85.70

72.61
41,31

16. 23

48.87

29.12

69.61

20.70
119.82

12.35

72. 24

31.04

50.07

23.81

49.21

77.18

26.50

31.27

71.71

43.25

16. 70

78.37
104.57

11. 20

33.19

55. 13

95. 84

21.61

26.92

42.78

62. 11

85. 94
107.03

68.84

76.53
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77.47
20.97%
118. 04
106.77
30.75
23.95%
126. 56
87.23
32.56
39.79
63.08
17.67%
18. 85%
30. 39
32.60
17.53%
75.96
35. 46
5.94%
30. 10
16. 42%
14, 13%
39.63
18. 46%
35. 56
38.50
37.91
24.90%
38.13
45.34
20.60%
42.37
53.52
39.89
26.62%
15.86%
91. 30
11. 66%
56.35
15. 84%
85. 64
18. 47*
19.28%
56.27
107. 65
59.73
109. 29
26.43
39.41
12.91%
133..15
39. 84
16. 41%
59.96
106. 05
33.46
38. 64
37.66

FC

73.23
18. 44
119.24
110. 89
23.89
21.58
128. 10
90. 4l
36. 62
39.30
65. 40
17.62
24.07
24. 10
38.48
20. 60
84. 15
36.07
10.58
28.71
24.91
17. 03
45.73
16. 07
39.68
42,94
37.06
31.55
31.66
51.31
24. 88
38. 14
55. 35
46. 85
31.72
20.78
94.33
18. 93
58. 36

8.37
88.19
10. 99
15.99
56. 85
104. 01
65. 30
110. 07
22.98
39.02
30.19
144. 89
41.49

2.29
63. 74
111.58
37.40
37.76
37.52
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72.00
20. 18%
32.10
23.38%
28.14
18.85%
73.28
62.88
28.20
66.30
26.68%
59.45
32.28
34.50
18. 11%
20.72%
32.46
0.00%
29.84
47.35
33.99
26.84%
39.15
56.17
15.39%
80.44
96. 50
91.21
80.22
54.78
79.89
80.73
91.72
56.59
64.13
83.41
116.62
54.51
uy.17
59.28
61.64
22.93%
12. 15%
35.286
15.95%
24, 16%
25.93*%
17.06%
0.00%
17.88%
24.004%
$3.38
59.38
91.47
50.53
118.72
0.00%
22.41%

¥C

77.45
11.23
26.58
21.50
29.84
11.49
73.17
63.07
22.47
68.52
25.15
59.91
32.58
36.66
8.92
27.04
30.54
12.79
28.40
54.16
34,47
29.14
44.57
61.43
17.47
80.07
99.11
90.05
81.24
55.02
82.82
87.29
95,27
56449
63.38
85.67
119.10
55.54

4.4

63.47
63.146
30.59
16.91
36.43
23.04
30.40
24.10
22.70
4.63
5.91
31.98
63.42
57.29
97.81
42.38
115.80
2.72
30.99
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11. 36%
34.18
24, 12%
34.46
0.00*
4y, 41
0.00%
0.00%
76. 14
0.00%*
63.15
0.00%
54. 39
41.92
29,.56%
43.52
0.00%
235.61
24.59%
154.68
79.53
112.51
116. 18
64.35
174. 27
100.90
84.01
137. 33
28.50
165. 46
86.29
107.84
49,23
47.94
48.72
27.32%
Ba.22%
55.90
50. 20
57.61
36.99
73.30
25.32%
61. 81
28.27
121.03
30.79
107.16
34.64
51.95
25.87
53.28
74.90
47.92
62.89
24.72%
65.73
29.20

FC

5. 41
33.61
19.23
30. 24

4. 35
49. 88
4. 68
33.73
79. 64
22. 86
68. 83
33.09
55.37
50. 48
42.22
51. 34
18. 60

243. 23
17.55

154. 87
75.13

111. 44

115. 23
62.52

179. 13

103. 47
83.79

137.52
34.58

165. 53
87.88

109. 21
45.51
51. 17
53. 64
34. 22
18.98
56. 22
48.69
56.56
43.46
74.90
35. 10
62. 49
30. 49

122.85
27. 47

102. 94
35. 00
50. 40
27.52
48. 22
77.53
46. 37
65. 96
27. 00
67. 84
35. 64
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32.04
59.79
50.09
80.66
45.13
44,35
59.78
25. 12%
40.07
32.53
153.09
41.84
72.77
72.32
24.56
105. 37
10. 89%
187.54
37.68
106.79
104.60
99.80
82.75
39.94
59.21
31.96
17.70%
36.11
18.35%
38.53
13.37%
66.97
46.69
20. 64%
44.83
25.35
18.53%
31.17
34.57
S4.64
2.05%
38.66
38.92
38.64
26.04
15. 3 1%
48.97
44,83
26.82%
48.40
16. 07%
105. 24
29.10
95,30
21.21%
67.03
46.01
36.97

FC

32.32
60.17
52.68
81.25
45.53
43.26
59.93
29.26
44,69
34.27

145.53
38.18
83.78
74.13
22.99

112.90
18.09

189.33
32.05

113.62

114.56

104.24
84.83
45.13
57.13
30.51

8. 16
40.23
11.08
37.32
20.21
68.59
41.30
14.00
46.23
18.91
15.72
37.18
31.34
57.31

9.12
36.11
37.47
38.29
23.72

6.23
51.75

42.75
31.72
46. 94
12.41

108.29
364,19
92.93
27.40
69.65
48.06
34.09
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107. 17
23.27%
123.95
18. 25%
32.56
36.51
40. 85
74.70
0.00%
75.71
78.78
28.37
69. 90
32.15
54,47
16. 68 %
0.00%
21.93%
9.81%
45,24
23.31%
55.78
29.67
0.00%
44,46
7.45%
49.40
13.00%
31.70
29.17
15. 46
31. 34
34.82
37.62
33.29
47.85
28.01
59.00
14.79%
85.36
157. 48
49.05
111.71
42.15
108. 20
701. 10
60.34
80.01
100. 09
103.55
112. 05
35. 32
123.21
48. 38
85.83
14, 37%
57.88
25.07%

FC

110. 80
24.58
115. 04
14, 37
38.18
42.94
36.53
73. 06

4.40
73.09
78. 00
25. 84
74.78
24.71
55. 11
14. 13
11.83
11. 86
21425
46.69
14.79
55. 07
27.52
12.84
48.61
12. 56
4u4.00
16. 82
26. 45
30. 34
12.12
35.85
36. 22
36. 24
34.22
52. 85
24.31
59.12
25.78
86. 29
155. 16
50. 37
114. 62
38.06
107. 49
101.69
63.98
86.22
101.36
104.85
118. 80
39. 26
123.52
47.58
86. 97
17. 21
57.47
25.70
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64.99
6. 85%
59.70
13.21%
36.61
9.90%
32.07
13.35%
25.19%
31.33
20. 44*
25.76%
19.75%
72.84
48.15
71.38
59.37
37.87
6.07%
b.57%
4. 12
105. 64
210.05
93,99
101. 86
105. 12
214.33
41.57
7.28%
BY4. 0U
209.51
106. 89
127.26
51.70
138.57
74.90
57.78
24.30%
71.54
0.00%
69.45
0.00%
0.00%
103. 30
62.67
109. 15
35.67
77.55
55.91
96.23
54.35
96.61
86.99
31.86
12.88%
63.89
37.62
47.00

¥C

69-51
7.06
67.60
10. 48
41.00
2.17
30.71
24.71
26.55
29.63
18.74
31.05
7.27
73.18
43.71
71.02
61.0U4
38.78
2. 36
17.23
78.76
109. 85
206. 24
90.28
95. 39
90.23
216. 31
41.86
8.38
40.94
208.04
110. 34

-124.00

59.23
142.07
79.33
54.57
46.93
70.92
3.73
73.46
0.52
16.32
106.73
71.13
101.35
28.76
81.48
51.57
98.43
49.80
94.38
82.92
30.59
13.51
64.09
38.09
49.64
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35.49
54.33
31.72
16. 16%
32.00
107. 83
34.03
17.59%
45.07
63.50
31.43
76.78
125.09
113.73
19.64%
53.04
173. 44
107. 13
115. 41
43, 34
180.25
92.57
57. 46
78.51
106. 63
48.20
29.09
50. 35
29.25
16. 03%
47.53
41.27
27 54x%
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38.18
43.15
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22.17%
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6.61%
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36. 56
14.26
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122.51
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79. 66
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49.25
36.39
48.09
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43.33
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27.67
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40.23
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28.33
104 .38
58. 17
29.62
32. 11
22.37
18. 59
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45.69
12. 15
15.95
66. 96
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70.99
24,07
92.02
29.47
42.56
12. 28



o

WO EWN SO W

=

[N N R N RO oA RO RO N R R N ORARS NG RGREGELES, RO BLEGRGRO R RE RGN RE RS NS, R R I =R i — i i — i~ = g« g S P R I I — — P i i — i S i — g i VY

. .

DO ODOBDXDOODOD DO ODXRDOODOCOOOCWOODEEOEDOEODDOEE®OOLELC®PODP®D

FO

58.36
88.89
84.27
63.77
36.46
54.59
89.07
37.64
77.75
38.49
114.52
63. 85
14.60%
19.93%
68.74
49.36
32.44
10.43%
8. 13%
41.43
53.48
18.35%
20.88%
12.86%
25.51%
8.37%
18.80%
14.63%
45.80
21.74%
10.21%
21.73%
18.38%
20.24%
56.32
40.57
24.63%*
12.29%
97.87
16.53%
63.01
23.248%
94,58
16.84%
90.95
98.94
74.84
58.40
40.07
111.05
63.73
63.76
38.91
130.92
74.87
63.62
76.46
90.54

FC

60.39
86.05
82.15
63.67
35.03
56.28
90.58
33.38
78.62
38.64
116+ 17
65.68
9.17
21.45
67.75
51.34
33.63
18.42
6.82
42.91
59.21
22.66
27.05
16. 14
26.89
12.84
11.25
10.32
48.22
17.84
14237
26.62
24.23
19.58
57.63
39.37
26.30
19.93
102.01
9.90
63.67
25.62
94.80
23. 1M
93.14
96.68
74.48
53.96
45.24
113.74
62.63
61.96
38.95
134.60
72.45
60.90
76 .87
91.99

T4
15
16
17

—d
OOV e W w

—r el el amd amd ad
VT EWN ~a O

-
OWONOTOEWN @O OO UEWN O

[COTE ST N T 2 T Y S e Ut S S Y QR Qs §
WA W OO0t W wO

=

S a0 00D COOOOOCTLLOODOOOCOCLPOWOIIOVAXERODONN NN NNNNNN YN IO

b

FO

4u4.57
50.93
45. 82
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42. 34
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62.75
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98. 95
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67. 23
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107. 14
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31.64
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8.66%
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33.60
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40.79
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53.58
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34,72
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39. 86
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51.64
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90.55
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19.43%
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3.16%
108.69
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51.00
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34.06
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0.00%
110. 41
58.54
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28.61
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30.43
50.76
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33.25
31.79
43.01
29.94
114.87
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45.64
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68.80
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90. 46
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110.74
71.64
114.90
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54.79
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24.34%
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57.45
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40.39
50.59
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49. 46
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49. 044
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68.68
34.09
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34.72
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204.77%
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59.25
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47.99
23.07
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46,23
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56.99
47.99
47.79
52.30

101. 25
17.68
39. 26
39.48
91.92
46,34
40.73
52.29
92.79
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52.34
27.88
49,71
44,71
14,48
16. 92
37.68
70.35
35.32
69. 37
32. 46
53.23
50. 48
31.77
49.74
16.60
52. 45
38.99
15.43
25.15
29.82
26. 08
32.81
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20. 42
45.48
26.69
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92.77
55.12
25.84%
57.16
116.59
59.23
b6.43
5.72%
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48.43
76.31
33.42
21.75%
26. 35%
47.51
22.79%
46.96
2u0.64%
49.14
28.51
0.00%
64.43
28.77
20.72%
53.82
80.78
61.24
8.33%
29.93%
73.03
34.12
47.70
42.71
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53.36
83.18
34.58
88.42
35.42
45.95
52.35
76.22
48.04
78.39
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65.73
38.31
80.20
44.30
18.73%
47.19
39.68
48. 24
52.38
23.23%
22.59%
26.85%
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6.64
95.95
51. 44
19.20
57.78

120.03
59.01
65.32
13.47

104.9%
4y.45
77.86
34.44
20.03

13.23
48. 14
14.02
45.39
21.19
by.61
25.68

7.23
61.33
29.85
21.23
52.58
75.98
56.79
18.53
36.74
71.29
33.36
43.96
42.06

125. 48
54.52
82.52
32.861
85.12
39.34
44,46
54.33
77.61
44.39
78.83
43.72
62.65
39.88
80.06
46.73
29.54
47.23
39.91
47.37
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15.31
22.56
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M
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11
1M
1M
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36.13
19.69%
25.87%
7. 4%
55.56
58. 81
23.15%
21.25%
69. 83
39.83
20.38%
65. 74
104. 19
28.48%
29. U4x
66.55

37.82

20.04%
50.26
24,73
6. 16%
66.61
41.89
106.57
44,97
20.30*%
43.26
31.40
26.71
21.05%
65. 25
69.16
8. 10%
110. 40
53.51
5.54%
21.39%
75.07
18.58%
46.62
38. 34
64.56
26.78%
439,59
51.32
63.97
29.19
27. 81
$2.13
0.00%
38.34
31.83
59.47
8.96%
19.20%
64.38
0.00x*
20. 15%

FC

34.88
20. 42
22.67

1. 25
53.74
60.61
30.'93
24. 26
68. 06
42,52
20.62
63.92
103. 26
27.32
22.97
69.62
42.67
24,61
49.35
24.30
23.02
60.65
37. 48
101.89
39. 81
18. 47
42.43
32.48
21.06
23.90
65. 47
70. 54
10. 24
109. 68
53. 23
20.21
16. 59
72.68
22. 54
43.03
35.75
62. 83
31.11
51.82
48.69
61. 46
29.51
20,47
6. 67
10.97
33.22
29. 4y
59.73
10. 30
13. 74
64.07
13.90
15.90
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33.14
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85.95
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31.88
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52.91
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36.47
57.65
47.17
27.81
22.70%
70. 45
37.59
0.00%
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47.00
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57.16
46.18
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66.43
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37. 14
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20.99=*
38.45
44,26
37.07
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27.05
37.29
39.35
26.42
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32.55
28.77
51.67
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7.17
23.18
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85.58
70.32
36.28
25.78
54.28
51.37
8.17
74.36
27.53
37.70
56.35
48.98
26. 41
20.28
67.82
38.02
16.83
51.12
63.79
13.48
10. 04
42.01
26.31
74. 30
84 .49
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57.08
42.22
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58.28
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14, T4%
42.50
15. 13%
27.97
32.76
32.09
10.67%
49. 40
31.09
11.93%
16. 62%
88.21
70.03
43.68
66. 41
34.50
18.26%
18.87%
48,22
32.10
30. 88%
31.67%
70. 94
40.88
60.68
78.70
40. 48
69.87
22. 83%
23.61%
19.53%
26.25%
50. 87
17.65%
31,41
11.56%
42.95
52. 54
79. 88
21. 85%
57.61
54.97
40. 04
15.31%
16.85%
46.62
77.73
98.98

79.41

62.60
58.87
32.70
40.40
55. 41
72.35
51.70
20.47%
94.30

FC

4. 39
43. 83
11.98
25. 16
32.63
30. 90
11.56
49. 25
27.54
18.94

8.52
89.30
70. 34
42,48
6427
32.61
11.77
33,37
49. 22
30.30
26.55
29. 10
68. 46
37.62
61. 34
79.78
42.06
65.79
10. 65
26. 30
14. 09
26.28
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7.27
32.27

4. 12
44o 74
52. 29
76. 40
19.19
56.60
58. 87
39.92
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13. 36
46. 90
75. 96
98. 66
78. 45
60. 74
58. 06
31,21
38. 82
50.56
73.33
50. 91
10.71
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58. 11
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41.74
33.58
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28.14%
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30.84
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57.12
39.29
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40.69
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31.96
45.66
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19.91%
46.69
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37. 44
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0.00%
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29.11
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31.15
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77.50
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54.03

739
42.92
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59.21
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55.42
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76. 95
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33. 86
46.20
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59.06
35.9
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43.61
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52.91
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32.10
16.28
26. 59
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25.79
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55.71
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26.47
66. 38
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31.25
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FO

50.60
0.00%
37.43
25.69%
52.71
113.69
63.51
53. 83
66. 36
60.37
29.02%
17.24%
30.83x%
-159.19
12+ 20%
0.00%
25.83%
53.70
8. 19%
36.25
19.50%
32.53%
21.29%
22.09%
30.56
7.68%
37.62
17.61*
20.73%
8.38%
41.38

FC

47.09
11.01
32.68
27.71
50.34
116.85
63.77
49.73
67.94
60.41
33.03
23.15
22421
162.28

9.24
11.85
13.78
50.84
21.71
38.02

2.47
33.07
20.11
18.64
21.43
13.42
37.02

5.94
17.88
14.98
37. 1
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14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
15
15
15
15
15
15
15
15

FO

28.22%
35.12
13.81%
55.99
35.82
120.59
43.18
41.13
42.78
57.05
35.48
48.92
41.11
33.45
15.22%
8.52%
41.00
34.22
0. 00%
10. 46
26.05%
40.09
107. 89
37.48
28.89%
15. 94x*
26.90%
118.59
67.28
40.12
50.36

FC

26.C8
29.92
22.60
55.33
32.38
124,71
48.58
43.67
38.00
61.03
42.21
53.94
43. 21
31.37
13.50

8. 90
37.37
31.76

6.17
17.52
24.77
35.15
109. 38
38.85
24.62
13.05
24.33
122. 43
67.44
38.59
47.71
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1/3,7-Trimethyl-2,6~-dioxypurine Hydrochloride Dihydrate
(Caffeine Hydrochloride Dihydrate)

Anthony Mercer and James Trotter.
Observed and calculated structure aﬁplitudes

(reflections with intensity < 3e-(I) are marked with an
asterisk) .

The following planes which had {¥o-Fc{> 3 (F) were given zero
weight in the final stages of refinement due to suspected
: instrumental errors.

D e A e e . - A — D —— y W e D - - -

b ¥ 1 Fo Fc b ¥ 1 Fo Fc
-1 0 2 70.72 91.91 1 2 16 3.87 0.93
-1 4 2 6.87 0,26 -3 6 12 4,22 1.2C
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FO

10.05
8, 14
7.66

12.23

11. 23
9.62

13.42
8.44
6.99

15.55

16.58 .

14,42
3.51*

13.95
7.32

0.,95%

18.60
8.13
6.23

16.67

10.88

10. 36

24,26

10.93
9.92
6. 14

11.10
3.35%

12.68
4,34

16,47
4.51

11,32

12.93
4,91

10.63

31,79
3,25

28,52
7.23

4.37

19.88

14,73

20.02
3,41

34,93
3,54
6.02

19.78
2.66%

18.53

12.39

19.17

38,70

24,63

53, 74

FC

9.88
8,34
7.79
12.89
12.00
10.06
14,30
8.62
6.94
15.51

16.18

15.75

4.77
13.85
7.40

1.17

20.11.

7.29
5.64
16.79
11.57
10.67
24,19
11.23
9,40
6.11
10.69
1.53
13.33
5,02
17.06
4.07
11.54
13.85
4.70
10.46
32.17
2.43
28.51
6.82
3.23
20.48
15.51
19.78

4,10 .

36.94
3.96
5,97
1.95

20.08
1.83

19.29

12.30

19.88
39,06

0.82
24.35
54,29

WEIGHT

5.67
S. 44
5,72
4,92
5.11
6. 05
4,15
5.92
6,37
3.75
3.68
4,20
0.23
4,35
5.42
0.03
2.79
6.24
7.01
3.50
4.50
4,89
5.85
6.57
6. 01

5.01 ’

0.33
4,97
3,46
3.99
5.50
5. 80
4,59
4,18
6.22
1.34
3.95
1.60
7.41
3.33
2.94
3.86
2.83
3,91
1.13
6.21
7.71
6.87
2.92
0.15
3.20
4,87
3.18
0.95
0.10
2.13
0.50
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L FO
12 22,77
14 21,90
16 2.11%
18 8.15
2 14,14
4 64,77
1) 4.34
8 32.95
10 22,36
12 11,79
1 24,37
16  22.89
18 6.79
2 20.45
4 41,05
6 6.11
8 3.86
10 32.63
12 20.41
1 27.16
16 4,12
18 6.75
2 44,36
4 4,31
6 34,72
8 86,04
10 33.24
12 18.81
14 19,34
16 3.26%
18 5.48
2 72.30
4 37.51
6 78.09
8 20.26
10 15,46
14 21.49
16 6.28
18 17.82
2 1.84%
4 47,36
6 32.74
8 6,31
10 . 2,.80%
12 7.64
14 .8.78
16 10,30
18 4,12
4 3.55
6 112,12
8 24,86
10 39.15
12 4,20
14 22.83
16 8.24
18 5.36

2 52.74

FC

23.75
22,56
1. 24
7. 54
14,63
66,43
4,81
33. 54
22.22
11. 80
24,45
23. 1M
6,58
20,14
41.75
6. 05
4,33
30,23
20.09
27. 61
5.05
6.65
45,75
4,57
35,47
87.24
33.44
19, 16
19,09
4, 86
73.10
36,99
79, 28
20.56
14, 86
1. 61
21,09
6. U5
17.52
0. 72
52.90
32.20
6. 91
2.42
7.10
8. 85
9.58
4,09
3. 61
117. 39
25. M
39,24
3.73
23.73

7. 30 -

4.56
50.94

WEIGHT

2.43
2.41
0.12
6.53
5.204
0.35
5,94
1.30
2,54
4,82
2.08
2.38
6. 04
3.06
0. 86
8.19
6. 30
1.23
2,94
1.72
3.26
5.06
0,74
11, 84
1.18
0.20
1.27
3,39
3.13
0.36 .
5.35
0.28
1.03
0. 24
3.04
4,63
0.09
2.75
4,33
3.55
0.60
0.59
1.33
8.53
0.39
7. 14
6,55
6.93
3.49
10,71
0.12
2l 16
0. 94
5.01
2.28
6.29
5.63
0.52
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FO

15.58
50.51
34, 36
34, 33
36.91
45, 24
8. 74
7.71
9,31
8, 85
74,64
30.66
3.64
46,32
33.14
15.49
7.70
72.67
36. 94
63,60
23.62
12.50
8.64
9.98
5,86
6. 74
108, 82
20. 69
19,82
17,44
9.57
5.51
23.13
12.97
6.49
8.25
31.39
26,59
24,63
28,99
21.67
4.84
21.88
89,93
20. 84
6.06
3, 44%
5,91
10.53
14,09
20,34
27.68
23.32
2, 49%
9,30
2, 61%
14,37
21,09

FC

14,94
51,12
32.73
35.04
44,42
8,01
7.10
9,95
6.89
74.39
29,44
3.97
45,92
32.58
15.48
7.46
72,05
36.31
62.55
25,28
11.91
8.43
9,93
4.06
6.00
96.59

18.99 -

19,22
17.65
8. 62
5,34
21.02
12,28
7.70
8.30
30. 74
26,33
24,11
28.21
20.56
3,49
20,92
83.51
19.48
5.83
2,87
4,74
10.70
14.36
20.03
26,86
24,00
1.52
8.76
1,02
14.52
19.26

WEIGHT

3.55
0.55
1.16
1. 18
1.02
4,47
7.41
2.10
4,91
0,27
‘110 ug
5.47

0‘68

1.25
3. 89
6.22
0.27
1.05
0.36
5,58
5.76
5.39
6.88
7.05
0.13

3.17
3.76
7.18
3. 59
2.34
5,25
8,75
1.40
1.85
2,12
1.53
2,46
6.25
2,61
0.18
2,86
6,02
0,23
4,00
5.39
4.90
2.96
1.76

2. 20

0.15
6.37
0.22
4.98
2.75

2,95
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-13
-13
-13
-13
-13
-13
-13
-13
-13
-13
-13
-13
-13
-13
-13
-13
-13
-12
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-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
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FO -

27.69
16.17
0.00%
11.62
7.03
29.22
12.26
13,65
4,11
3, 14%
19,54
10.11
1.91%
15,04
2.U6%
6.19
0.00%
3.16%
2.49%
4,34
19,14
1.98%
2.32%
6.39
2.88%
2.17*
7.90
1.55%
6.05
7.97
6.04
3.62
4.09
6466
3.33%
15.72
7.75
9.65
8.67
5.52
4.60
6.91
4. 84
1.37*
2.18%
2.72%
8.24
4,84
7.95
3,65
7.07
6.61
3,29%
7.30
5,87
8.18
8.56
3,044

FC

26,79
16.77
0.92
10.73
6,02
28,45
12. 64
12,86
u. 09
2. 65
19. 39
10. 14
0.23
14,60
2.32
6. 29
0. 88
04 U3
0.59
4,09
18, 24
1.63
1.23
6.72
2.63
2,49
7.89
0.18
6.57

8050

5. 47
0.57
3.59
6. 83

0.70

17.03
7.85
9.77
9.06
6.35
4,90
7. 06
3.69
0.03
1.74
0.52
8. 05
3.49
9, 39
1. 66
6.61
6.19
2. 34
6. 53
5. 08
8. 27
7.80
0.70

WEIGHT

1.72
3.56
0.00
5.55
6.69
1.53
4,28
4,64
3.12
0.33
2.97
5,36
0.09
4.11
0.18
4,21
0.00
0.40
0.28
2‘70
2.98
0.1
0,18
7.10
0.26
0.14
6.10
0.07
4,28
4,46
5.79
4,28
3.54
al 93
0.29
3.46
5.73
6.13
5.65
4,46
4,03
6,16
6.50
0.06
0.10
0.19
5.17
3.96
3.63
3.75
5.66
6.98
0.25
5.92
6.85
5.48
8,14
4L.64
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FO

3.06%
6. 05
11.79

4,80

2.u4%
1. 12

11.31

4,56

9,06

3.34

30 78

2.51%
4,68

5.82

13.32

5.92

9,94

5.21
10.53

50 1“

16,20

9.70

5.19

8.79
26,04

8. 30
14,96

6.77

18,72
12.00
24,72

2.204*
3.30%
8,25

16.71

7.81

2.38%
11.40

19.66

2.59%
13.97

2.50%
4,00
13.20
17.55

8,50
12,57

16.01

11.61

7.481

u. 32

5. 28
15.65
12.32

10,98

3.38%
16.66

4,48

FC WEIGHT
1.87 0.26
6.03 5.96

11.13  6.21
4.14 3,83
0.99 0,14

11.22 4,64

11.97 4.72
5.94 2,42
9.12 5.39
1.82  3.47
1.23 4,15
1.14  0.16
2,82 5.29
5.44 4,89

13.33 4.71
5.76 3,38

10.51 4,94
3.59 6.75

10.88 5.06
4,25 6.50

15.74 3,55
9.49 6.26
5.32 4,83
8.70 5.07

25.17 1.85
8.81 5.16

13.90 4,23
5.52 6.37

18.84 3,13

12.08 4.86

25.78 2,01
.11 0.14
1.98 0.26
7.84 5,14

16.53 3.79
7.22  4.30
0.86 0.16

11.55 5,82

19.49 2,84
3.59 0.13

13.34 4,64
1.96 0.18
3.23 3,55

12.40 5.34

17.55 3.55
7.27 6.46

14,17 5.08

16.20 3.80

11.09 5.42
7.46 5,17
4.35 2.71
4.66 4.26

15.38 4,23

12,33 5.33

10.94 5,29
2.31 0.31

15.84 3,85
3.80 4.88

=

FO

8.08
26.71
18. 40
10.89
12.72
0.74x
8,04
28.12
23.64
1. B4x
8.87
16.74
5.57
16.63
4,14
3.88
24,72
18. 80

- 13.86

9.18
27.93
12.56

4,93
29,21
13.58
18.00 -
25,20

8.04

9.43

3.81
13.33

7.85

2. 46%

6.45
34,05
27.72
48.63
15,84
16.17
11.17
44,28

2. 13%
11.41
13.46

3.61

1.83%
14.39

3. 3u%
21,53

7.38
16.63

6.67
23,27
23.86
16.12
16.10

6.28

FC

8. 66
25.01
18. 75
10,26
12. 84

2,17

8. 25
27. 37
23.50

3.37

9. 51
16.91
4,53
16. 90

1. 94

4,29
23.64
18. 56
13.97

8. 89
28.80

12. 40

5.09
29.05
13,05
18, 22
25,89

8. 14

9,59

2.51
12,93

8., 19

1. 09

6,05
32.91
27.48
46,29
15.81
16, 21
11.60
46.90

1. 60
10. 53
11.94

3.76

0. 49
13.97

1.22
22. 1

6. 75
17.04

6. 37
22,58
11. 88
24,50
15. 28
16, 32

6. 11

WEIGHT

6.78
1.86
3.37
5.70
6.00
0.02
6.37
1.65
2.26
0.04
4.92
4,48
3.54
3.76
2.6“
2.1
3.32
4,86
7.45
1.74
5.98
6.10
1.60
5.55
3.55
2.00
6.62
6.10
3.26
4.75
5.04
0.16
6.04
1. 20
1.75
0.61
4,28
4,39
6.83
0.73
0.23
6.68
5.41
4.1
0.12
4,54
0.35
2.68
7.29
3,65
6.4
2.42
6. 40
2.30
4,48
4,43
8. 25
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FO FC WEIGHT H K L FO FC WEIGHT
31.71 32.24 1.38 -2 11 38.37 38.72 0.97
13.06 13,11 5.74 ‘ -2 12 2,38% 0,17 0.23

7.70 6.73 8.34 -2 13 34,38 34,34 1,18
15.24 15,16 4.61. -2 14 14.10 14,53 4,52
19,93 20.23 3.08 -2 15 4.89 4,56 3.04

4.54 4,55 4,65 -2 16 1.84*% 1,28 0,09
7. 90 7.73 6,16 -2 17 9.51 9.73 5.66"

3.26*% 3,35 0,22 -2 18 5,73 5.35 6.48
10.28 10.45 5.96 -1 1 48.57 42.83 0.61
14,10 13,58 4,73 -1 2 28,53 29.52 1.4
15.37 15.00 4.1 -1 3 28.89 31.86 1.63

4,64 2.84 5.70 -1 4 22,08 24,75 2.74
48,32 48.82 0,63 -1 5 47.80 53,23 0,63

116,47 115,24 0,11 -1 6 8.55 8.21 9.79
39.41 38.98 0.94 -1 7 51.29 56.06 0.55
39.68 37.42 0.93 -1 8 24.70 24.91 2.22

7. 19 7.71 10.586 -1 9 5.21 4,29 8.49
33.43 33.31 1.26 -1 10 10.87 10.51 7.04
54,85 56,98 0,49 -1 1" 2.,14% 1,94 0,19
14.67 14.83 5.07 -1 4.54 6.17 2.93
28,00 26.18 1,77 -1 15413 15,75 4,30
36.66 37.75 1.04 -1 9.51 9.52 5.51
20.59 20.87 2.93 -1 T.94% 0,28 0.11

3,00*% 3,47 0.23 -1 7.25 7.05 7.28

17.15 17.50 3,49

2.68x 3,02 0.13
12.61 11.72 5.38

1.75% .2.80 0.07
176.28 177.91 0,05
25,74 23.28 2,11
75.86 73.33 0.26
37.51 38.48 1.02
18,74 18.11 3.79
25.19 25,02 2,15
41.817 42,89 0.84

8,82 8.28 7.46
14.82 13.61 5,01
20,95 19.77 2.88
29,82 30.73 1,53
20.75 20.47 2.87

7.56 7.73 5.95
21.57 21.51 2.49
26.04 26.40 1.87
16.43 15.99 4,02

9.56 8.96 5,45

7.22 6.70 5.68
45,08 42.71 0.71
25.67 25.46 1.81
37.12 38.85 1,07
40.07 41.41 0.91
43,00 44,83 0.78
20,76 19.59 3,06

4.12 2.86 6.23

8.53 9.73 7.#1
15.24 13,76 5,05
22,42 21.51 2,53

27.60 30.18 1.75
21.13 24,22 2.96
6.63 7.25 13,99
14,79 16.73 5.12
3,03  2.72 6.29
37.51 40.34% 1.02
41.99 43.75 0.82
20.48 21.05 3.04
19.87 20.38 3.25
12.67 14.12 5.55

11 . 9.56 10.29 5.27
12 23.24 23.87 2,36
13 - 8.26 7.81 7.81
14 10,44 10.72 6.10
15 4,04 2.58 4.80
1% 1,97% 0,71 0.13
17 8.46 8,27 7.18
18 4.05 3.29 7.36
. 83.54 82.22 0.21
20.83 21.18 3.13
11.74 12.28 7.72
63.58 69,94 0.36
49.91- 53.45 0,58
8.04 8,12 9.51
2.83 2,08 5.93
10.25 12.57 7.32
15.34 15,09 4.68
15.94 16.38 4,62
4.81 3.10 5.00
11 18,13 18.26 3,44
12 5.76 3.54 6.89
13 16.22 16.19 3.89

12
13
14
15
16
17
18 3.50 2.04 4,64
1
2
3
4
5
6
7
8
9
10
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FO

7.2
3,08%
9.56
7.96

49,39
68,70
31.20
69,94
12.00
45,82
39,08
12.39
11.07
13.97
5,74
2. 93%
17,23
9. 35
6. 50
4.52
3,70
129,16
12.58
34,71
20,22

11,49
6.03
3.79

38,86
1. 48%
12.96 "
2.65%
23,37
0.00%
22,46
3,28%
3. 12%
42,74
0.00%
16.92
50. 24
26.10
12,39
18.62
14,72
4,58
15.61
8, 24
0.87%
12.70
6.83
8.53
2,78%
3.23
9, 41
38,07
22.78
12.53

FC

£.92
0.25
8,93
7.18
50.43
69.59
30.08
71.77
12.49
46.29
39.02
13.17
10.99
14.02
5,40
2.01
16,81
9.85
6.31
3.57
2.61
129.05
12.43
35.71

21.07

11.47
5.30
2.53

39,60
0.77

12.75
0.48

23.62

0.40

22,24
3.39
2,23

42,21
1.10

18.72

50. 77

26.67

12,77

18,45

15.02
5.30

15.75
8,32

1.48

11.96
5,67
7.66
1.33
3. 33
9.69

38,82

23,24

12.09

HEIGHT

5.77
0. 36
7.32
8,06
0.61
0.32
1.45
0,30
7.03
0.68
0,94
6.24
6,21
5.48
6,17
0. 24
3.46
6.08
7.40
4,72
4,94
0.09
6,80
1.18
3.1
6.99
8.79
6,21
0,95
0.08
5.64
0.20
2,31
0.00
24304
0.24
0.30
0.80
0.01
4.16
0.58
1.95
5.96
3.46
4,81
3.7
4.13
5.97
0,02
4,96
8.41
9. 80
0.48
3.90 -
8,72
0.98
2.50
5.91

j= o]
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5,66
21,08
8,22
5.53
6.29
'3.26%
14,63
3.76
16. 44
0.00%
T.12
4,91
6,041
7.00
16. 21
4,15
3.28
10.96
0.,00%
8,39
B.26
14,59
19.36
8.24
14,28
6.81
5.38
2,03%
17. 46
4,87
2.47%
6.01
12,87
6.71
15. 30
5.67
3.93
4,82
3.51
2.76%
-3.84
9,01
9,36
84+10
5.44
3,09
8,89
3.45
6.6“
5.33
4,17
3.24%
5.03
12.53
3.43x%
8.03

FC

4,57
21.36
8. 81
u.96
6.02
2,33
14,71
3, 39
16, 32
1., 17
5,73
4,30
6. 36
6,71
15.73
2.90
0.83
0.71
10.78
0.48

8. 40

7.77
14, 26
19.41

8. 48
14,57

6. 64

4,94

0.50

17.63
4,45
1. 04
5.19

13.13
6. 50
15. 00
5.22
1. 97
3.63
1. 69
0. 07
3. 96
8.72
9. 76
8.67
6. 09
9,98
8. 66
0. 54
6,78
4,35
2,84
0, 34
6.04

13.23
4,18
8, 69

WEIGHT

6.51
2.61
5. 30
4,54
5.4
0.26
4,72
3.67
7.58
4,47
0.01
8.68
4,04
5.42
6.20
3.30
4,46
0.29
3.61
5.12
+0.00
9.06
8.53
4,89
3.08
5.79
4,81
5.56
4,42
0.11
3.58
4,54
0.25
5.72
4,64
6.29
4,00
4,82
4,14
5.45
3.95
0.24
3.68
6.50
6. 26
5.09
4.47
6,10
7.59
4,26
5.29
8. 24 -
4,50
0.35
5.07
5.02
0.24
6.”9
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1
11
n
12
12
12
13
-13
-13
-13
-13
-13
-13
-13
-13
-13
-13
-13
-13
-13
-13
-13
-13
-12
-12

=12

-12
-12
-12
-12
- =12
-12
-12

-12 -

=12
-12
-12
-12
-12
-12
-12
-11
-11
-11
-11
-11
-11
-1
=11
-11
-11
-11
-11
-11
-11
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2. 80%
3.71
7.32
5.74
0.00%
4.36
1.95%
1.79%
5.54
2.82%
5,04
1.43%
3, 15%
10.61
3,25%
5,42
3,26%
1.63%
4.94
0.00%
1.38%
11.97
6.94
6.53
3.11%
5.06
2. 6%
10.52
2.37%
6,44
1.59%
3.76%
2.74x%
11. 14
4,24
5. 34
8.63
9,24
6.15
3.10%
2.35%
6.68
2. 19%
2.27%
7.18
2.99%
3.86
3.96
4,74
3.06%
5,25
5,96
3.78
13.08
5.00
24,97
3.78
17.45

FC

2.61
1.41
7.97
5.27
0.48
4.35
1. 90
2.32
6.12
3.29
4,91
1.86
1. 91
11.91
2.97

5.96

2.04
1.7
4,24
0.29
1,42
©12.39
7.88

6.80

1.01
5.89
0.76
10.90
2.15
5,29
0.39
4,14
2,24
12.12
2.99
4,25
8.83
9.83
5. 86
0.98
0.97
7.47
2.08
0.83
6.61
3.47
4.33
2.140
3.19
1.97
3,44
5,89
3.36
13.12
4,49
25.34
1.81
17.88

WEIGHT

0.26
- 3.95
5.13
7.54
0.00
6.02
0.13
0.08
5.44
0.26
5.59
0.06
0.37
5. 30
0.25
4.48
0. 30
0,06
6.66
0.00
0.06
5.25
4.50
6.27
0.40
5.26
0.20
5. 84
0.16
5.67
0.07
0.2&
0.18
5.20
3.34
6.12
6.17
5. 47
7.30
0, 39
0.15
5.27
0.13
0.23
5.78
0. 15
2,73
4,01
5,07
0.21
5.65

3.83

2.63
4,64
3.93
1.97
3,87
3.30

=

15
16
17

'y b b eh b ok ad b uab =y

d e e ek d a3 d d wd - ed ed D b

"FO

2.12%
4,39
2.71%
‘6‘69
9.45
7.24
15.84
16.84
2.01%
8.16
7.89
21.62
9.74
7.24
13.25
8.56
13.88
10.34
4,26
8.64
0.42%
5.20
4.44
7.63
11.16
16.63
4,24
3.41
7.88
20.58
5.60
17.58
9.47
16.07
0.00%
3.98
2.26*
2.66%
5.23
9.11
21.21
14.83
6470
5.07
8.18
7.83
R.OZ
13.69
4,54
4.39
4,22
19.11
2,64*
21.64
10.22
5.75
4.90
11. 64

FC WEIGHT
2.00 0.13
3. 68 U.ZQ
1.74 0,26
7.19 6,01

10.06 4.52
7.483 4,63
16.03 3.57
17.02 3.55
2,16 0,08
7.79 6.17
7.%1 4,48
22.07 2.38
9.09 5,34
7.06 5,71
14,03 4,64
9,20 5.00
14.51 4,18
11.12 4.65
2,57 4.78
8.93 5,60
252 0,00
6.20 5,00
3.46 3,83
6,96 6,43
11.56 5.10
16.78 3.64
2.80 3,35
2.85 3.15
7.57 5.98
22,11 2.1
5.15 5,51
17.84 3,22
10,28 4.90
16,16 3,75
0.69 0,00
3,01 4,13
0.04 0,12

1.53 0.18
4,35 6.63
9,25 6,39

20.58 2.65
14,69 4,50
6.89 6.48
3.42 5.32
7.41 7.15
8,17 8,16
3.83 5,05
13.75 4.68
4,91 3.40
3.39 3.67
3.01 4,06
20,19 3,22
2.07 0.18
22.04 2,57
10.72 5,11
4,93 6,23
3.50 5,79

11. 97

5.63
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19,97
66.68
41,49
47,72
15, 24
27.43
6.69
36.45
11.08
3,01%
6,65
11.97
6.43
6,78
7.54
21.22
4,85
13,02
49,49
27.15
13, 51
3,18%
15.15
11. 14
9.04
27.16
19,07
8.67
11.91
13.15
13.22
24,40
17.76
17.24
3.81
6.66
5. 60
B4, 41
49,20
7.32
20. 94
4.89
12.26
22.36
8,90
41,85
6.09
21,82
23.87
14,67
2.21%
15.79
4,40
15,81
19,44
55, 24
12.90
76.55

FC

18.81
62.92
40,07
47.33
14,72
27.07
5.61
36.18
11,14
2.50
6.66
12.56
5,42
5,99
7.40
22.07
6.15
13.23
47,39
26.35
13.07
2.63
13.43

12.05

7.97
28. 36
18.50
8.25
11.07
13.11
13.86
24,69
18.54
17.78

2.95

7.45

5.99
41,33
44,03

8,04
20.72
4.26
11.58
23.02

8.01
42,99
5.63
22,87
24,37
13.52
2.“9
15.67

3.98
16.64
17.59
49,53
12.36
73.12

WEIGHT

3,03
0.33
0.82
0.63

4.62

1.82
7.82
1,05
6.47
0.27
u086 '
5,37
4,92
6.94
4,69
2.55
3.17
4,76
0.58
1.82
5.18
0,36
4,45
6.84
6.86
1. 80
3.27
65.45
5. 39
4.77
4,50
2,05
3,28
3.26
2.78
4,23
8.51
0.73
0.60
7.80
2.94
7.41
6,45
2.53
8.23
0.82
6,05
2.47
2.21
4,40
0. 11
3.92
4,84
4,01
3.24
0.48
5.84
0.25
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FO

8.07
12.92
26,05
10. 48
33.65
8,11
6.43
7.57
13,92
6.05
16.90
2,93%
9,41
20,73
16.07
46.35
7.85
1.60%
4,03
11.61
15 .42
u.19
20,92
10.26
3.46
27.49
26.37
2.51%
8,72
2.84x%
2.36%
0.28%
37.86
16.25
86,09
39,32
46,74
0,00%
1.60%
16 .69
30,72
6.65
9.04
5.99
20,97
10.51
6.50
9,13
11.10
13,28
46.37
9.66
55 .66
34,76
8.83
42.39
6.65

FC

8.49

12,40 .

25.17
11.56
33.18

17,48

7. 81
6.98
7.27
14. 62
6. 204
16.92
1,60
8. 82
18. 12
16,47
41,54
8. 39
0. 83
3.40
12, 32
16.57
4,36
22,22
10. 12
3. 24
26.71
27.68
1.21
8.85
1. 71
0.91
1.01
33,08
14, 67
84,78

41,10

47.46
2,15
3. 46

15.61

32.03
6.39
8.58
5. 51

22.00

11.52
6.52
8,17
10. 92

12.70

44,89
9.56

60.91

36,98

10. 03

42,80
6,94

WEIGHT

7.79
6. 20
1.99
7. 34
1.25
3.67
6.99
5,54
7.73
4,49
4,74
3.85
0.30
6.91
2.98
4.39
0.68
8,40
0.19
4,62
6.20
4.76
6.26
2,97
6.51
3.15
1.76
1.93
0.14
u. 9“
0.30
0. 19
0.01
0. 99
4,35
0. 20
10.92
0.66
0.01
0.10
4,06
1. 46
6.09
5.83
4.09
2.74
5,58
5,17
7.82
5.83
4,35
0.65
9,14
0.47
1.18
8,03
0.81
8.64
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22.41
24,77
20.93
1o 24%
7.50
6.90
1.32%
4,19
2,97*
2. 8“*
26,51
39,84
35,92
2,76%
27.47
1.60%
2, 40%
17.36
3,26
3.90 -
19.47
3.46
3.70
4. 46
14,85
8. 10
4.68
4.00
36,01
11.53
51.48
21.39
51.94
26,50
27.34
28,45
20.79
8.61
17.55
2.07%
5.84
5.12
19.65
4,45
0.94x%
55.92
2,10%
5.20

17,33

23.23
37.80
25.15
6. 44
34, 29
12.99
7.24
4,80
9,08

FC WEIGHT
21.86 2,53
25,41 2.13
21.10 2.70
0.88 0,04
6.77 5,80
6,06 6.75
0.31 0.04
4,17 2.69
0.56 0,42
3,16 0.23
20,38 1,58
41.81 0,85
40.41 1.09
3.39 0,42
33,09 1.81
0.34 0.21
1.70 0.33
16.65 3.98
3,95 3,71
4.24 3.70
21,01 3.20
3.82 3,07
2.73 2.84
2.53 4,71
15.67 4.18
7.64 7,46
5.47 2,94
3.32 3.92
36.65 1,06
11.72  7.41
55,54 0,55
23.55 2,89
56.76 0,54
27.37 1.93
29,36 1,81
28,46 1.66
21.31 2.88
8.27 6.76
17.36 3,42
1.54 0,12
4.19 6,08
3.89 5.19
20.15 2.92
3.66 3,91
0.19 0,04
56,26 0.47
1.39 0.43
4,83 . 5.95
17.46 4,03
24,74 2,43
36,75 1.01
26.54 2,15
5,00 7.90
35.03 1.19
13.02 5.26
6.97 6.25
‘3,64 5,35
8,67 7.00
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FC

5.75
9.56
4,33
2.62%
22.05
46.79
10.11
17.81
7.99
20,02
38.75
15.87
9.07
4,08
7.87
9,44
6.97
4.78
3.49
2.48%
17.63
19.59
14.51
13.70
15.36
13.55
6.59
3.271%
2.66%
17.45
Q- 51 '
0.93%
2.57*
3.48

11,13

10.00
6.03
11.32
6.41
16.92
4.68
0.00%
4.39
2.12%
6.59
0.,00%
3.,00%
44,82
3.47
14,10
4.89
11.67
5.16
22.38
2.88%
5.04

FC

5,74
9,90
4. 90
0.65

23,11

46. 81
9,57
17.25

- 6,75

20.97

39,45

16,56
8. 75
4,06
7.61
9.15
6.91
5.01
2.08
0. 86
3.95
17.15

20, 74
14, 23
12. 54
14,65
14, 44
6.67
0.59
2.83
18. 82
4,49
0,37
1. 47
2. 81

49,88
10. 63
10.58
5, 39

11.10
6.70
16, 85
3.98
0. 86
3.07
1.51
6. 93
0. 46
0.27
47. 34
3.37
15.10
4, 4y
11.10
4,48

23,49
0. 204
3. 84

WEIGHT

3.77

5.07

3,79
0.37
2,72
0.66
8.27
3.84
8.57

_3.06

0.95
4,12
7.08
3.56
5.82
5.00

5041

3.24
3.35
0, 31
0.31
3.83
3.20
5.19
5.27
4,40
5.54
6.47
0.38
0.12
3.49
3.39
0.02
0.22
3,59
0.67
6.83
7.91
8,72
6. 81
4,83
3.99
3.91
0.00
4,45
0.1
4.78
0.00
0.43
0.71
3.89
4,70
5.73
6.03
4,61
2. 44
0.27
5.21
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N 2O

L FO FC WEIGHT H K L FO FC WEIGHT
9 5.24 4,81 3,36 -13 3 13 1.57* 1.58 0.09
13.58 13.54 4,89 -13 3 14 1.96% 2.36 0.12
3.40*% 3.16 0.29 =12 3 1 5.65 7.81 4.12
9.37 9.68 7.30 =12 3 2 3.81 2.12 3,96
0 13.31 14,30 4,59 -12 3 3 1.96* 0.60 0.10
1 2,96 2,83 0.31 =12 3 4 14,16 16.99 3,75
2 9.94 10,27 5.34 -12 3 5 5.81 5.71 5.41
3 2.74% 0.59 0,21 -12 3 6 2.02% 2,24 0.1
4 6.46 5.66 6.85 -12 3 7 4.61 5.10 - 3,06
5 7.79 7.77 5.64 -12 3 8 6,81 7.57 4.79
6 9.09 9.23 5.73 -12 3 9 9.45 10.20 4,91
7 5.91 6.17 4.65 -12° 3 10 2,93« 2,81 0.17
8 2.65* 1,33 0,26 -12 3 11 10.21 11.30 - 4,58
9 2.55*% 1,48 0,20 =12 3 12 1.49% 2,77 0.05
0 13.17 13.88 4.7 -12 3 13 4,08 3.66 3.98
0 14,65 16,06 4,50 -12 3 14 3.04*% 1.54 0,31
1 5.78 5.81 4.16 -12 3 15 5.67 5.56 7.20
2 13,95 14,68 4,18 -12 3 16 3.70 4,62 2.72
3 3.46% 4,11 0.19 -1 3 1 9.62 10.97 5.09
4 B.65 8.98 5,70 -11 3 2 10.74 13.85 4,88
5 1.92% 1.21 0,09 -11 3 3 4.41 5.68 2.70
6 4,68 4,86 3.69 -11 3 4 14,56 17,87 3.82
7 3,02 1.60 0.24 -11 3 5 8.99 - 8,37 7.09
8 10.43 10.90 '5.67 -11 3 6 1.14*x 1,96 0.02
9 8.86 8.16 10. 11 -1 3 7 9.29 9,63 5.1
0 4,53 4,06 3.5 -11 3 8 4,25 2.82 4.42
1 2.,90* 0.71 0.27 -11° 3 9 5.50 4,76 5.91
2 4,25 + 2.63 4,25 -11 3 10 9.31 9.81 4,54
3 6.97 7.36 4,29 =11 3 1" 8,79 9,24 5,19
4 9.65 10.41 5,21 =11 3 12 13.28 13.78 4.41
5 7.59 T7.22 6,23 -11 3 13 4.65 5.17 3.15
6 5.95 5.84 6.15 -11 3 14 2.95% 0.79 0.24
7 1.49*% 0.90 0.07 -11 3 15 7.62 7.81 6.03
0 11.65 11,54 5,38 -1 316 11.52 12,80 5,28
1 8.50  7.24 7.03 -11 317 3.59 3,17 3.68
2 15.52 16.66 4,34 -10 3 1 4.19 4,1 3.09
3 7.87 8.48 5,32 =10 3 2 11.00 11.58 5.00
4 3.97 1.86 5.30 -10 3 3 11,18 11,98 4,49
5 3.60 2,41 4,01 : -10 3 4 16.92 17.68 3,29
6 6.65 6.16 9.51 -10 3 5 16.11 17,31 3.45
0 7.83 8,13 7.50 -10 3 6 14,78 14,66 3.93
1 4,93 2.82 6.20 -10 3 7 3.38% 4,33 0.18
2 11,12 11,56 S5.40 -10 3 8 11.64 11.89 S.44
3 3.42 1.89 3.78 -10 3 9 6.90 6.20 5.30
4 6.041 6.04 9,30 -10 3 10 6.617 6.18 5.10
0 10.74 11.26 5,75 =10 3 11 14,64 15,67 3,95
1 4,22 2.27 7.73 -10 3 12 6,08 6.35 4.83
2 5.29 4,25 11.55 -10 3 13 3.82*% 4,86 0,23
3 1.76% 2,56 0,10 -10 3 14 2.56*% 2.60 0.16
4 4.47 4.36 4,87 -10 3 15 4.97 4,73 3,93
5 4,83 5.74 4,05 -10 3 16 9.49 9.33 6.15
6 6.11 6,95 14,96 -10 3 17 2,70% 1,91 0.28
7 2,94 0.53 0,30 -10 3 18 2.,39*% 2,78 0,17
8 2,17* 0.25 0,13 =9 3 1 30.27 29.18 1.44
9 10.81 11.77 4,81 -9 3 2 21,08 21,15 2,51
0 2.,13*% 0.32 0.13 -9 3 3 9,42 8.97 4,68
1 5.85 6.02 4.70 -9 3 4 12.56 12,25 4,53
2 3.03* 3,06 0.27 -9 3 5 10.50 9,68 5,35
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2. 72%

5.90
5. 30
3.19%
4,65
2, 22%

13,00

13.62
5.86

21.72
6.72
9.21
6.54

19, 35

16.69

25.32
1. 29%

10.50

12. 80
‘5,90
3.91

14,95

16. 49

28,01

12.36

13.15
5.41
3.92%
14,82
8452
3.18%
13.36
9.88
1.64%
2.55%
27.06
4,21
23.68
3.65
9.98
28. 26
25.15
17.51
16.33
9,72
2,17*
8. 41
1.51%
4,33
27.67
33. 34
7.23
6.11.
4,16
30.87
23.39
8.51
8.40

FC WEIGHT
2.50 0.14
5.99 4,14
2.77 4.54°
2.55 0,24
4.84 3,72
2.84 0.12

12.68 4.66

13.44 4,20
5.54  6.39

22.39 2,52
6.11 6.21
9.57 5.10
6.31 6.804

18.28 3.05

14.98 3.70

25.11 1.92
0.46 0.04
8.95 6,47

12.65 4,84
5.46 4,75
3.03 2.70

14,56 4,12

16.71  3.37

28,12 1.67

12.39 4,46

13.01 5.03
5.39 4,29
4.89 . 0.20

14,71 4.15
8.85 7.07
0.96 0.38

12,41 4,54
9.67. 5.80
1.39 0.07
1.57 0.19

25.69 1.81
3.90 3.81

23,72 2.18
1.65 3,60
9.83 6,57

29,52 1,61

25.79 1.94

18.26 3.22

16.08 3,77
9,57 5.71
3.55 0.08
8.71 5.15
0.65 0.07
3,81 3.29

24.73 1,73

30,12 1.21
5,24 6.60
5.39 6.06
4.32 3.33

29,39 1,42

22,91 2.36
7.22 6.29
8.01 6.40

=
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FO

1,42%
3.25%
16,39
13.92
12.34
19.85
6.07
8,01
3.79
32.82
14.28
3.38
2.32%
36,81
20.68
33.54
7.16
7.384
17.78
22.79
7.06
11.53
3.93
14,48
1.61%
6.73
5,36
56. 10
33.78
61.11
11.35
2.45%
13.75
7.74
28.69
15.92
10.65
17.71
1.66%
13.87
3.U6%*
15.12
1.98%
12.46
1.94%
6,71
15.55
27.62
36,67
7.54
33.867
21,51
2.83%
9.93
6'0 97
9.483
7.12
12.65

FC

0.31
2'2“
17. 35
13.34
12.05
20,43
6. 42
8. 36
3.86
30.26
12. 14
L". 51
1. 27
34.01
19.52
32.72
7. 36
6.96
17. 24
23.87

7.35.

11.62
4,08
14.52
0.79
5.87
4,38
49, 08
29,94
52.45
9. 91
1. 46
11. 91
8. 46
27.13
15. 27
10. 31
17.70
0.35
13.80
1. 05
14,32
0.29
12,33
2. 36
7.37
12.06
25. 61
32. 81
6.75
32,49
22.01
0. 39
9. 60
6.62
9.58
7.15
12. 41

WEIGHT

0.05
0.28
4,04
4,41
4,72
2.86
4.97
5,54
3,02
1.29
4,55
3.21
0.23
1.04
2,87
1.24
6.87
7.41
3.50
2.36
5.55
5.36
2.50
4.15
0.06
5.83
7.90
0.46
1.22
0.39
6.07
0.23
5,29
8.10
1.67
4,36
5.43
3.43
0.07
4,304
0.33
4.29
0.09
5.18
0.11
6.76
4,49
1.77
1.05
6.85
1.26
2.69
0.41
6. 16
5.92
7.46
5.69
4.65
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12
13
14
15
16

FO

5.49
3.90
7.66
7.87

3.01%
4,19

36,41

2. 03%

23.64
24, 41
7.19
50.06
4,64
13.04
6.36
17.75
11.79
6.69
18. 91
3.67
3.68

3. 47*

3.09
55,07
13,12

5. 74

3.77
40,20
17. 40
43,45

5,27
10. 11
14,67

1, 46%

8,34
11.17
12.16

4,73

9.95

- 30.88

65.06
18.42
14,17
2.88
13.13
27. 35
12.38
11,42
4,84
8,53
14,04
13.92
16. 01
3.86

2,65%

19.89
13.92

FC

6,20

1.91 .

7.64
7.93
1. 95
2.80

31.08

4,36
22.22
24,84
6.17
50,66
2.81
13.32
6.46
18.15
11.75
6.60
19.87
1.““
2,14
3.98
1.87
42.79
12,18
34.80
6.15
3.17
39,82
18.49
45, 04
3,18
9.62
15,20
0.39
7.4
12,04
13.15
3.66
9.40
33.59
68.90

19.70

13.90
2.35
13.94
28,85
13.47
12.05
6.54
9.08
15.21
14,76
16.99
2. 91
1.38
20,18
15.06

WEIGHT

3. 21
3.72
7’ u1
5.88
0.37
5.36
1.08

-0.20

2.43
2.25
8.56
0.58
60 97
5,18
5,38
3,41
4,95

3.13
3.23
3.76

a.18
0.48

5,69

1.16

8+69

4,98
0.89
3.99
0.77
8.06
6.65
4,15
0.06
6,92
5,02

5,10

6.69
8.06
1.46
0.35
3.62
5.64
4.66
5,42
1.82
5.87
6. 34
3.62
6.09
4.71

4,41

3.96
3.38

0.27 .

3,18
5.63
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12. 27
30.55
12.03
3.25
12.26
17.87
13.88
6.67
7.63
12.86
2»7“*
10.30
5. 43
2,87%
2.39%
13.85
14,30 -
16.60
31.62
7.45
6.35
3.72
24,07
13.86
10.31
13.12
6.27
4,52
4,76
3.06%
12.79
16.03
8.48
27.40
16.99
16.28
8,96
6.85
5.487
2.30%
6,28
8.68
3.09%
7.21
5.19
11.72
2.40%
4,62
15.40
1.56%
6.06
14.55
11.87
4,85
11.68
15.17
11.72

FC

13.03
33.99
13.40
2. 1
11.99
19.52
14. 00
7.28
7.93
2.39
10.45
5.09
2.22
1.75
15. 54
13. 91

-17.86

33.45
7. 80
6.78

24,81

13.76

11.93

14, 36
4,61
3. 46
3.10
5.10
2,52

"12. 16

16. 43
9.20
28,84
18.62
16. 35
8. 64
7.06
6. 37
2.05

6. 04 -

9,44
0.33
7.1
4,55
12. 07
1.1
3. 67
16.57
0. 74
6. 51
14. 96
13.03
3.98
11.63
16.45
11. 28

WEIGHT

6.73
1.51
6,31
3.90
6.38
3.59
1.81
6.24
5.98
4.68
0.16
6.76
4,97
0.28
0,23
5,041
5.39
4,14
1.41
9. 14
7.86
3.86
2.29
5.13
4,85
4,64
6.31
5,72
5,36
3,99
0.32
6. 14
4,33
7.21
1.80
3.85
4.17
7.33
6.43
4,80
0.13
6.35
5.89
0.34
7.03
7.30
6.17
0.31
7.74
4.39
0.08
5.34
4.87
5.06
3.77
5.40
4,13
5. 81
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4,31
9.44
17.73
7.03
11.39
14,69
2,42x%
6,54
9,31
13.25
6.09
17.31
6.75
2. 35%
3.98
0.98%
12.92
6. U5
16.26
20,31
3.92%
8.82
2.97%*

- 5.25

4,08
1.61%
2.43%

10.42
8.32

26.62

12.59
6.17
6.50
7. 82
4.18
4,94
9.56
0.68%

13.42
7. 60
8.33
8. 94
2.68%
3.88
3.19

15. 14

13,15
6.22
4.15
4.90
4,68
4. 90 -
4.16
6.83
3.54
9, 89
1.55%

FC

3.94
3.79
19.21
8.74
10.89
15.53
2.31
6,20
9.98
14.45

5.6“

18. 21
6. 36
1.38
3.52
1.72

12,85

5.76

17.55.

21.88
4,93
9.44
0.73
5.34
4,15
0.33
0.21
0.76

11.03
8.87

28.57

13.27
7.09
6,73
9.32
3.19
4,34

10.20
2.74

14.09
7.98
8.59
9.78
1.69
4,63
2,24

16.10

13.63
5.14
3.91

5,28
3.77
4.53
3.37
7.11
1.31

10,11
1.97

WEIGHT

3.40
6.67
3.75
5.76
6.25
4,73
0019
4,80
u.63
4,57
6.19
3.59
7.59
0,19
5.53
0.03
5.74
60““
3.98
2.92
0,428
4,95
0.28
4,34
3.58
0.07
0.08
0.19
5.54
5.23
1.80
5.15
3.83
6.71
5. 20
5.47
-6.08
5.16
0.01
4,85
-5, 40
6.96
5. 21
0.29
3.03
3.886
3.56
4,94
6,30
3.12
4,37
6.65
6.32
4,28
5.62
4,05
6,18
0.08
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F 249U %
12,34
5.16
3.39
4.11
2.63%
3.59
'2. 58*
11.97
2,89%
7.92
4.79
2.79%
6.19
2,15%
5.23
3.15%
9.42
7.37
2.88%
1.00%
1.78%
9.44
15.85
6.13
2.44%
7.95
4,84
6.58
5.34
1.50%
3.66%
3.75
9.13
3.89
3.38%
6.53
14,38
3.99
T.42
3.09%
5.74
10.43
0,00
2.70%
6.09
6.24
2.75%
3.97
7.91
7.09
3.32%
18.44
2.42%
3.84
2,08%
5.19

FC

2,29

12. 80 -

5.64
2,34

3.90

0.20
4.09
1.12
13,18
2. 45
8. 35
6.59
u, 68
2,05
6. 16
0.87
5.28
2.61
10, 16
7. 08
2.38
0.33

051
9.43
16.41

6.70 -

2.02
8. 41
4,73
5,78
4.9
1. 34
2.85
1. 74
9;79
3.u4
2.52
6. 34
14,10
0. 81
7. 85
0.96
6. 14
9. 94
2.55
2.67
5,02
6. 40
0.72
3.52
8. 05
6.57
3.20
17.26
0.55
2. 17
2. 44
3.70

WEIGHT

0. 44
4,59
4.56
3.91
6.70
0.33
3.41
0.27
5.29
0.28
7.16
5.77

/.n' 31
0.20
6.79
0.12
6.05
0.35
5.73
- 7.55
0.32
0.03
0.08
6.83
3.96
4.43
0,12
4,53
4,14
5,74
6.59
0.05
0.28
5.31
6.15
4. 04
0,21
5,39
4.07
3.99
5,47
0.20
3.51
5,03
0.00
0.16
6.53
4,29
0.20
2.81
5.65
6.19
0.17
3.10
0,12
2.47
0.07
3.78



Eo PRSP ELEEFSSPREETESEREERLEREEEREEFEEERERPEERFREEEREEEEEEREREESERREEESESESERELEREREEEREREESREELE

=

FO

17.78
23.99
6. 94
11. 48
3.70
14,52
6.04
2.66%
6.67
11.80
1.73%
9,72
20,39
4,76
26.03
3,53%
6,45

4.39 .

7.89

4,90

15.51

11. 16
15,03

3.60
10.75

0.00%
8.64

4,78

7.56

6,73

8.13
24,73

9,66

3.62%
15.17
11. 11

3.02%
11. 28

5. 71

3,38%
3.95

11.88

0,26%
7.47

0,00%*
6.85

1.96%
11.62

2. 66%
25.55

0.00%
5.33
15.69
11.58
14,20

4,23

17.02
12.46

FC

17.47
23.82
6.43
11.62
1.16
15.27
6.40
2.33
6.02
11.70
0,77
8.24
19.65
2.63
25,35
2,26
5.08
4.01
7.00
4,25
1517
11,01
15.85
0.40
10. 45
0. 92

8.05

4,23
6.37
6.91
7.71

22.66
9.36
2.45

15.80

11.75
1. 41

11.44
5.38
2,25
2. 36

12. 34
0.78
6.68
1.26
6.64
0.28

10.32
2.61

24,87
0.82
3.\11

14.19

11.82

13.80
3.48

17. 81

12.24

WEIGHT

3.21
2.06
5.00
4,80
3,41
3.99
3.96
0.14
8,25
5.55
0.11
5.58
2,64
2.71
1.77
0.19
4,92
3.16
6.77
3. 54
4,18
4,80
3.81
3.36
5, 84
0.00
6.20
4,86
5.55
4,39
5,22
2.11
4,70
0.22
4.19
5.14
0.20
4.81
3.30
0.32
3,69
4,87
0.00
6.78
0.00
8.17
0,07
5,33
0.12
1.96
0.00
5.00
3.89
4,69
3.62
3.06
3.56
4,57

>
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FO

3.81
11.91
1.78%
3.56
2.16%
3,48
7.20
2.86%
3.46
13.75
17.31
4,23
8.30
30,23
17.01
2.49%
18. 94
4,16
4.0
13.32
5.58
4,92
3.72
24,81
7.56
7.32
21.20
5.75
30.63
8.82
29,41
29.05
33,54
4,64
16,13
5.01
15,80
8.29
4,42
0.19%
24,35
10.06
27.32
27.34
6.77
25,97
12,03
11,12
14,43
4,44
15,74
15.39
7.59
10.18
4.04
0.00%
3.26
14,47

FC WEIGHT
3.07 3.44
12.42 4,80
0.30 0,08
2.67 4.25
1.46 0.13
3.06 3.81
5.61 5.76
1.54 0,21
0.72 3.38
12.91 4.98
16.99 3.52
4,53 2.66
8,24 5,73
28.53  1.46
16.80 3,51
2.40 0.1
18,71 3.26
2.94 2,70
3.70 2.57
13.23 4.47
5.70 4,57
3.94 4,60
2,69 4,02
21.69 2.12
6.73 5.97
6.75 5.23
18.03 2.59
4,95 5,54
28.62 1.45
7.84 5,41
29,19 1.52
29,70 1.53
348,18 1.20
3.92 3.36
15.86 3,73
3.54 4,83
15.53 4,14
7.68 7.38
3.13 5.80
0.59 0.00
20.06 2.16
7.20 7.15
24,05 1.78
24.68 1.77
7.28 5,13
24,96 1.97
12.03 6,06
11.29 6.19
14,92 4,21
4.26 2.72
16.11 3.67
15.58 4,20
8.06 5,49
10.25 5.77
3.53 3,24
0.79 0.00
0.61 4.02
11.91 4.50
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32.64
3.32%
23,20
11.06
3.76
4,36
7.11
13,80
7.16
3, 26%
5.84
3. 25%
9.45
2. 11%
2. 84%
22.48
25,01
21,54
6.77
13.37
2, 73x%
24,93
7.20
15.57
8.05
8,62
2. 84%
15.05
3.17
3.32%
60.56
25. 28
17.83
9,46
uo 02
3,13
28.47
3.00%
14,41
2. 40%
2,95%
8.50
6.00
9,77
5. 80
3.83
24,18
5.15
19.50
11.00
5,70
4.58
18,69
2.10%
0.00%
2, 33%
23,81
11.46

FC

27,05
2.95
22.98
11.08
2. 86
4.12
7.49
13.32
6.66
3.35
5.36
2.08
9,71
1027
1.39
18,42
23,92
22,25
7.73
13,48
0.11
25,31
7.10
16,20
8.59
8,35
1.61
15.07
1.04
3.44
48,96

25,30
17.49

10.05
2,80
1. 70

28.78
2,64

15.57
3.18
1.77

8,30

6.03
9,28
6.08
4.01

24,70
5.13

20.50

11.10 .

5.19
5.33
19.78
2,22
1.07
1.64
24,74
12,02

WEIGHT

1.28

0.28 .

2.38
€£.51
4,40
4.75
6,51
5.33
6,93
0.16
5.72
0.31
5.19
0.13
0.29
2,41
2. 11
2.79
6.16
4,73
0.26
2.08
4,93
4.24
5,53

6.80

0.26
4,33
4.04
0,35
0.39
2.07
3.86
" 7.865
4,53 .
0.40
1.64
0,28
4,24
0. 14
0.19
6.77
6,10
7. 11
4,59
3. 46
2.17
5.13
3,19
6,27
6,09
3.54
3. 41
0.13
0,00
0. 13
5.42
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3,38%
6.19
5.84
2.,80%

- 30.18

2.,48%*
20,05
7.98
12.32
3.31%
3,43
8.81°
13.07
4,29
25,49
2,79%
1.56%
4,93
8,20
32.07
5.66
30,91
7.85
29,91
21.10
5.21
3.21%
3.66
741
7.41
4.31
2. 70%
8,07
1.57*%
11.40
10.09
4,28
29,66
6,39
19,01
1.13%
8,29
2,78%
4,70
3.87
7.33
22.37
15.39
29.97
13.19
3.98
6.55
15.60
2.20%
1.21%
6.39
9.19
1. 84%

FC

3.20
6. 57
6.05
0.37
29.01
1.04
20.43
7.71
12. 48
3.Nn
1.96
9. 29
14,49
3.67
26,97
0.u46
1.31

4,17

“T.73
31. 47
4,65
31,32
7.85
31.37
22.59
5.15
1. 32
2. 26
7. 861
6. 47
4,37
2,81
8. 31
1. 86
11. 81
9,99
4,01
30.17
6. 74
20. 11
1.02
8. 49
0.4
3.57
3.19
6.95
22.04
15, 64
31, 46
13. 47
3,23
6. 20
15. 83

0.60 -

2. 40
6.03
9.97
0,92

WEIGHT

0.25
5.74
6.84
0.41
1,53
0. 26
3. 01
T.12
5.68
0.26
4,03
6.15
4,63
4,25
1.94
0.26
0.07
5.52
3.24
1.35
9.50
1.44
6.38
1.49
2,72
4.44
0.33
3.39
6.78
7.1
3.7
0.19
7.86
0.08
5. 94
6.07
4,05
1.55
4,28
3.14
0.03
5.66
0. 26
5.72
3,92
9.02
2.65
4,05
1.48
4,69
2.82
6.35
b.45
0.1
0.03
5. 89
5.83
0.13
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8.11
17.08
16,11
17.00
2. 13%
9.75
3,02%
4,73
'2.93%
0.00%
6.29
6.16
8,39
3.41%
9.45
6.80
6.32
5,56
1.76%
2.32%
16,96
8,57
11. 05
2.61%
1.99%
1,92x%
12.20
3,91
6.11
2.22%
7.67
2.46%
0.00%
3.64
3.08%
4,62
7.18
4.65

6.24

4,38
'3.36
2,24%
8.39
7.84
7.67
1,99
7.68
5019
2.66%
- 3., 02%
6,22
0.00x*
0.84%
2.46%
2433*
5.80
6.31
4,73

FC

7.87
17.94
17.15
17.92

3.22

9.71

3.00

3.65

0.93

0.61

6. 30
5.68
8.41
2.42
9.07
6.73
6.27
5.29
0.72
0.29
17.54
8.16
11.14
1.92
1.19
0.59
13,32
3.15
5,33
1.70
8.14
1.43
0.14
3. 74
1.91
3.99
7.08
3.76
6.08
4,27
2.30
1.06
8.92

8. 39

7.1,1
0.28
7.83
5.39
2457
2,42
6.49
1.01
2.71
2,17
2,65
5.22
6.21
4.08

WEIGHT

7.46
3.48
3.58
0.07
5,65
0.20
5.42
0.37
0.00
7.95
4.77
6.80
0.33
5.65
5.4

5.28

6.81
0. 11
0.24
3.58
5. 62
4,96
0.16
0.11
0.12
5.56

6. 40
0.12
5.30
0.19
0.00
3,85
0.26
u. 82
7.97
9,49
8.15
5.53
3.62
0.18
5,81
6,25
8,27
0.13
6.23
4,70
0.25
0.35
5.35
0.00
0.02
0.11
0.10
5,71
6,11
3,59
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FO

2.88%
2.76%
1.19%
4.38
0.00%
3.76
9.88
4,54
3.77
4,62
7.74
3.,09%
0.00%
9,30
5.02
9.55
13.59
3.43%
2.72%
0.84x%
3.23%
8.21
3.64x%
7.13
8.36
9.80
12.83
7.82
13.85
4.41
5.48
1.52%
4.67
5.79
1.79*
8.25
5.63
19.14
11.57
3.09%
3.77*
18. 15
2.38%
9,46
7.89
10,51
2.86%
5.48
3.19%
4,98
7.54
23.20
4.61
8.72
3.56%
16.88
24371%
25.69

FC

1.51
0.64
1.39
4,18
2. Ou
10.02
4,07
2,13

4,70

7.65
0. 39
2,68
8.70

6.00

8,78
14, 54
3.15
1.83
0.73
3.67
8.59
2.56
6. 54
7.43
9,72
12. 45
8. 02
14, 31
3.53
4.33
3. 28
2.92
5. 74
1.34
8.51
5.75
19,23
11. 41
1.33
4,45
16. 62
2.29
9,01
7.45
10. 94
2.59
5.02
3. 04
4,37
7.36
20,42
3,03
8. 85
2.63
16.06
2.95
24, 55

WEIGHT

0.25
0.25
0.04
5,33
0.00
5.79
5.16
3.02
2.83
2.86
4,89
0.22
0.00
7.23
2.69
T.47
4.27
0,25
0.19
0.02
0.31
3.7
0.20
4.32
5.62
4.94
4,60
4,59
4,09
2.U49
5.96
0.04
5.71
5.82
0.09
7.55
2.71
2.73
4.01
.20
0.21
3.11
0.09
4,78
5,42
4,45
0. 14
4,92
0.22
6.11
7.08
2.4
2. 46
5.51
0.15
3.38
0.07
1. 94
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FO

9.98
3.10%
1.97%
17.52
4,95
5,77
2.26%
3.63
4,06
29.66
6.94
11.46
4,07
11.09
18. 15
50 51
9,40
4,35
10. 04
17.34
4,35
2,95%
2.31%
13.12
3.85
3,00%
24,69
16,47
11.69
15.13
8.99
3,81
11.66
3.97
13.86
3.29%
6.06
6.33
5,34
3.45
4,95
15.62
11.94
21.89
10.77
4,57

- 7.68

16. 30
12.39
3. 73*
10,91
5.66
7.95

2.02%

0.00%*

3.61
14,44
13.23

FC WEIGHT
10.38 4,74
0.71 0.18
1.26 0,08
17.18 3,83
3.93 5,23
5.63 4,94
2.34 0,11
2.84 3,78
3.21 4,55
25.45 1.50
7.06 3,59
10,44 4,41
2.98 2.19
10.74 4,90
17.18 3,16
4,91 4,06
10.29 4,76
3.60 2,85
9.62 5,45
18,55 3,30
2.35 4,35
2.71 0.20
0.52 0.16
12.80 5,11
3.53  4:19
1.84 0,10
22.72 2.04
15.67 3.52
9,88 5,51
13.61 3.87
8,83 4,36
1.26 2.52
12.29 5.24
3,95 2,53
13.72 4,61
1.03 0.30
6.54 3,70
6.69 5.28
4.31 6,95
2.60 3.56
4.95 5,09
12.78 3.60
10.05 4,71
20.00 2.u8
9.81 4,76
2.84 5,07
7.00 5.69
15.86 3,75
11.31 5.63
3.72 0.26
10.93 5.33
5.28 4,12
7.90 5.64
0.59 0.11
0.71 0.00
1.92 5,91
12.96 3.61
11.72  4.00
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FO

5,02
11.82
0.00%
3.29%
10,75
1.1
3.07%*
27,24
14,79
8.87
2,47%
0.00%
4,71
11.23
26,46
3.28%
3.48
12.39
16.86
3.92%
32.43
1.94x%
3.32%
4,26
9.90 -
2,28%*
2.65%
8000 :
21.92
T.71%
13,86
21.96
12.82

" 15,30

2.73%
9.52
6.59
3,25
4.17
3.84
5. 44

20.15

10.43
4,51
22,85
1M.14
6.93
13.51
2.07x%
8.27
4,33
8.94
4,01
6,33
10.05
28,21
10.11

FC

- 4,18
11.48
0.52

2. 60 -

12,03
10. 57
8,19
0.97
27.92

15.50 -

8. 57
1,24
0.45
2.06
11.54
26. €5
20 09
0.50
12. €5

18. 21

4,861
34,48
1. 75
2.24
3. 34

9.70 -

0.92
2.89
6.90
24, 14
0. 81
14,76
24, 24
13.38
15. 97
1.78
9,27
5. 27
1. 64
4,93
3. 35
6. 14
21.16
10. 65
4.73
25.53
11, 51
6.62
14,68
2. 07

8.10 -

4,82
9. 44
3,40
5, 86
10,73
28, 32
10.38

WEIGHT

3.83
4,84
0.00
0.25
5,08
4,93
6.75
0.28
1.79
4,60
7.92
0.21
0.01
3.07
4,75
1.83
0.29
3.81
5.88
3.65
0.23
1.28
0.08
0.34
3.49
6. 07
0.22
0.13
6.76
2.58
0.09
4.26
2.44
4.63
2.98
0. 16
5.78
7.00
3.71
2.92
4,38
3.72
2.86
5.68
4.06
2. 34
6,43
5.32
5.25
0.09
6.94
3.30
6.57
u. 12
10.74
5.18
1.70
5.51



!

=

4

b
QWM NE W

-t b
-d D N) -

-—

NEBWN OO JdANETLWNOOVDOIdJOANNETWN SO0 OVOdANNEWN QOO mOoOVwOIIJOTUVIFWN

FO

40,76
1,65%
12.73
3.91
12.69
5.01
8.02
4,48
6.20
3,01%
4,51
20.91
15,42
3, 52%
6.00
3.18%
13.94
7.43
2.63%
0,00%
8.57
2,25%
5. 34
3,33+
6412
3.53
16.92
7.96
1.83%
7.84
3,81
4,56
3.12%
2. 40*
14,48
4.76
16.61
1.97%
5,15
5,95
5.79
9.13
8.23
4,94
8.73
0.72%
13.83
3,28%
2. 80%
7.27
8.76
3,30%
6.88
2.82%
2.92%
9,47
2.37%
9,28

FC~

43,27
2.15
13.55
2.42
13.90
4,10
8.62
4,65
6.01
2.31
3.48
21.07
16.25
2.88
5,67
2.92
14,48
70 67
4,03
1.52
8,91
1. 41
4,73
3,98
5.46
1.64
17.16
7.55
0.21
8.11
3.20
3.09
2.95
2.85
15.16
5.89
16.31
2.05
5.85
5.40
5.89
9,48
8.37
3.44
8.16
0.54
13.85
2.80
0.72

9.36
3.1
6.62
2.65
2.22
9.93
1.36

9.90 -

WEIGHT

0.86
0.05
4,69
3.72
5.05
5.13
3,86
8. 44
0.37
3,97
2.89
4,10
0,27
6,15
0.30
5.08
5,42
0.16
0.00
6,98
0.21
4,23
0,23
5.99
6.51
0.07
7.02
4,17
6,29
0.28
0.09
3. 84
2.51
4,06
0.08
2.94
6.35
5. 25
6,31
7.40
6,53
0.01
4.70
0.33
5.43
5.87
0.37
7. 10
0,16
0.18
6.12
0,16
5. 60
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FO

2.85%
5.71
5.48
6.14
2.77*
1.69%
4,24
5.38
3.57
2.55%
6.02
5.25
5.28
3,76%*
5.85
3.94
3; 17*
3. 81
3.70
2,96%
3.99
2.87*
3.63%
3.09%
9.14

5.90

2.58%
8.32
9.59
1.17%
2.90%
4,09
7.74
8.02
6.12
u. 23
10,60
5,01
1.87%
10.76
4.32
5,97
1.85%
0.65%
1.90%
9,17
3,75%
2.90%
5,11
5.36
4,01
9,22
5.96
9,49
4,04
3.73

FC

0. 30
4.84
4,26
6. 16
1.66
0.56
4,66
6,09
1.99
2.36
6,69
4.45
5.“6
4,40
5.90

3.30 '

2. 59
3. 41
2.66
2,02
3.44
2422
2.10
0.80
8. 84
5.63
3. 74
7.95
8. 65
0, 45
0,47
4,21
5.28
7.38
6,27
6. 10
2. 47
9,87
4,07
3.24
10,54
3.95
4,21
5.7
0. 84
0.77
0,17
8,21
3.
1.23
4,26
4,09
2. 15
9. 97
5.32
9. 18
3,54
"3.73

WEIGHT

0,33
6.09
5.90
5.36
0.22
0.08
3.82
3.91
3, 19
0.18
5.77
6,86
3.93
0.21
3.88
3.19
3.03
2,98
0,24
3.13
0.15
0.21
0.19
4,96
4,25
0.10
4,83
5. 85
0.03
0.27
3.59
5,32
5,05
4,97
3.20
5.05
3.86
0.05
5.36
2.83
4,01
5.17
0,10
0,01
0.05
4,85
0.16
0.13
2,86
3.09
2.70
4,44
2.94
4,91
3.68
2.90



=

-

O OJONVEWN - W

wd JOT QU b el el O TR
MO WOVONIINNEWN QW2 OWOdAAFTWN D WN a2 OO WN D WN O

-
NN WN

FO

8.46
4,50
4,30
13.96
13.43
10.64
8,74
2,95%
3. 78
2. 99%
9.75
10. 60
9.64
6.24
6.61

10,57

4,48
15.06
2.71%
0.00%
9.00
6.58
3,92
13,77
0.62%
2.77%
2. 6L%
4, 25%
6. 26
11.66
11,49
0.00%
4,02
14,14
11.48

- 5.58

8.00
3. 69
0.00%

11.43

11.66

17.37

17.43

25,99

12.70

13,27
7.50
9.53

10,82
2, 84%
5,08
1.60%

18.10
3, 47%
3.68%

25.76

10. 17
3.94

FC

8.62
1.93
1.78

12,59

13.01

10.31
8.97
3,09
1.39
4.90

10.55

10.56
9. 74
5,73
6.21

10.21

3.03
13.62
1.46
0.45
8.44
6.19
3.74
13.73
0.13
0.85
1.07
3.48
5.82
11.36
10.47
0.72
1. 97
15,589
12.41
.41
7.39
2.99
1.13
9.81
16.52
17.87
27.52
13.59
8.22
10,37
11.75
0.92
4,94
0.70
16.81
2.76
3.40
27.77
3.95
3.35

WEIGHT

6.54
2.97
2.10
3.88
3.67
4,20
4,59
0.13
3.49
0,12
6.18
6.37
5.62
10.00
2.58
3.69
2.18
3.66
0.10
0.00
5.67
5.05
2.83
5.06
0.01
0. 26
0.29
0.19
3.02
4,23
4,25
0.00
3.72
4,52
4,89
6,03
6,24
3.22
0,00
4,25
4,24

3.28 .

3.44
1.87
4,54
4,76
5‘ L‘S
7.07
6. 14
0,24
6.24
0.11
2,64
0.17
0.19
1.90
5.52
2.54
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FO

4.4
4,96
9.862
4.40
2,78%
5,31
7.92
2.29%
22.06
3,45%
0.00%
1. 49%
6,84
3.8
1.87%
4,71
2,09%

3,53

12.98
4,53
10.55
6.72
13.02
10.41
2.,98%
15.07
4,25
9.73
2.66%
18.16
12.86
2.50%
0.00%
9.08
1.75%
13.40
5.23
3.42
14, 81
5.35
3.43%
2.03%
11.43
2.65%
7.96
8.16
13.32
15.15
3.61
7.59
13.79
0.00%
3.49%
2,06%
2433%
2.79%
7.65

FC

.38
4,54
9.67
4. 84
3.57
4,66
6. 40
1.68

24, 30
O. 73
1.86

2. 60 -

6. 34
1. 16
0. 65
4.70
2.34
3. 04
13.54
4.30
2.173
10. 83
4,96
13.82

11.25

0.17
17,14
3.1
10,55
0.85
19,35
13. 66
1.54
0.33
10. 02
1. 16
14,88
5,02
0. 26
15. 87
5.56
2. 69
3.18
11. 96
2.13
8.67
8, 11
13.76
15.94
2.50
7.80
14, 41
1.21
1,74
1.73
3.54
2.68
7.82

WEIGHT

3,10
5.29
7.24
3.99
0.19
7. 34
2.67
0. 11
2,41
0.33
0.00
0.04
65.U6
3.66
0.09
4,15
0.1
3.67
4,13
3,13
5. 46
6,27
5.44
6,55
0.29
4,07
5.65
0.35
3.28
4,50
0.13
0.00
4,81
0.07
u. 62
4,19
3,76
4.46
5.74
0.16
0.06
4,58
0. 14
4.43
6.90
4,33
4,12
3.486
7.30
4,57
0.00
0. 32
0.09
0. 09
- 0.18
6.63
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FO FC
3,36 1.97
5,95  6.61

20,20 21,69
8.13 8,81
3.76% 2,88
7.61  6.79
3.46  1.94
3.82  1.14
3.21*% 4,09
5,08 4,63

12,54 12.55
1.43% 1,24
5.64 5,42
6.3 5,86
7.99  7.97
5,52 4,88
0.00% 2,02
5.63 5,93
S,74 5,03
7.30 7.73
3.73 2,10
3.08% .0.19
7.32  8.66
1,20% 1,05
3.09% 1.64
2.95% 3,86
7.04 7,16
4.7 3.70
3.91% 2,86
6.18  6.93
4.61 3.05
2.85% 2,32
6. 44 6,62
5.21  3.63
3.23* 1.00
4.41 5,12
8.50  7.94

10,36 11,48

15.66 16.61
4,87 5,02
3,83 3,40

11.78 11.80
7.07  5.31
5.59 5,57

18.53 18.98
2.45% 2,07
2,74% 2,76
9.19 9,63
2.56% 2.90
3,79  2.56
2.21* 1,59
5.92 5,50
9.45 8,29
3,23% 2,38
6.85  6.33
9.86 10.32
0.63% 0,74
2.81% 1,19

WEIGHT

3.20
6. 60
2.86
4.58

1 0.28
7.30.
3.75
5,02
0.27
3.90
5,38
0.0‘4
5.54
6.94
7.39
6.91
0.00
5,02
5,95
6.59
.71
0.26
5,26
0.04
0.16
0.12
4,22
3.01
0.25
4.69
0.22
3.46
3.52
0. 15
1. 96
4,78
5.11
3,75
3,94
3.93
3. 64
4.33
2,46
2.94
0.08
0.13
5.60
0. 14
4,72
0.05
2,45
3. 84
0.15
4,17
4,67
0.01
0,27
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FQ

4,10
11.02
7.90
5.84
8.00
2.44%
4,31
8.34
6,08
2.00%
4.99
13.24
3.82%
6,21
6.3
4,92
7.83
3.29
4,34
5.54
5,95
9.13
2.97%

2.04x*

7.00
14,89
4,62
9,66
mMm,73
4,58
8.77
3.44%
9.74
3.50%
7 .89
7.86
6.21
9,10
3.17*
1.71%*
3.92
1.95%
10.47
3.91
5,55
8.08
4,48
3.95
2,38%
2,90%
2.69%
7.43
3.u48
2.98*
1.28%
2.93%
3.08

FC

3.79
10.90
7.79
5. 30
7.09
1.42
5,27
8. 64
7.33
1.5
2.79
13.77
3. 66
6. 95
6.81
3.40
8.29
2. 25
3.67
3.70
6. 80
9.79
0.61
2.13
7.34
15. 80

4,12

10. 27
15.12
3.75
9. 30
3.7

10. 30 -

3.06
8. 65
9.04
5. 66
10. 64
2,81
1. 47
4,07

1. 93

10. 67
0.99
10. 09
9,16
4,07
4.75
0.73
1. 05
8. 49
3,25
1.61
0.88
0.91
1. 51

HEIGHT

4.00
3.52
2.90
3. 86
5.13
0.12
2.98
7.15
4.69
0.13
2.46
0.23
4,25
4,54
6,44
6.15
3.41
H,2U
5,91
3.83
5.28
0.22
0.09
6.72
4,78
4,83
5.16
4,29
3.62
5,38
0.22
6.83
0.29
8,57
4,40
7.10
5,62
0.27
0.07
y,24
0.13
7,19
4,78
6.01
7.35
5.02
3.18
0.17
0.27
0.25
6.95
3.52
0.31
0.05
0. 38
3,87



* DENOTES AN UNOBSERVED REFLECTION



Dichlorotztrakis (dimethylsulphoxide)ruthenium (I11)
‘Anthony Mercer and James Trotter

Observed and calculated structure amplitudes,

(reflections with.intensity < 3o(1) are marked with an
asterisk).

The following planes which had |Fo-Fc| > 3&(F) were given

za2ro w2ight in the final stages of refinement due tc

suspected errors resulting from extinction, absorption, oz
instrument malfunction:

- o - - - - 4 - - o - - — - ——— - —— -

h k 1 Fo  Fc b x 1 Fo Ec

12 4 120.4 197.0 . 0- 8 0 130.6 218.0
30 1 121.6 222.9 | 1 8 1 131.8 187.5
52 1 145.4 207.2 4 0 2 143.0 186.5
3w - 1 132,7 182.0 | Y0 3 100.4 17u.7
2 0 0 85.5 165.0 0 2 3 98,7 189.3
5 0 0 183.4 193.6 0 0 4 136.5 289.8

3 2 0 122.7 181.4 o : 0 2 5 126.2 194,8

1 6 0 114,71 196.7

R
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FGC

52.80
42.92
33.34
4,49%
50.85
36.53
41.92
2,73%
6u4.87
0.00%
44,82
49,07
28.85
30.87
8.66%
54.83
, 1.10%
12.60
33.44
10.58
2.07*
18.56
14.89
54,00
14.78
15.53
15.57
35.39
11.30
7.82
15.22
3.77*
20.89
0.00%
36.66
0.00%

0 33.92

14.10
0.00%*
27.15
38.09
77.97
31.88
81.12
14.56
85.12
36.03
15.43
uu, 38
13.83
11.29
30.52
56.05
27.54
20,31
9.01
4,54
J.64x%

FC-

51.22
43,21
33.43
6.82
52.02
38.24
41.u40
2.07
63.99
2.87
L6.28
48.51
28.73
29.80
7.84
55.0u

1.36
14.01
34,92
10.33
0.41
19.91
13.55
54,35
15.16
15.00
15.79
36.78
11.27
8. 14
15.09
4.45
21.60

2.75
37.49
2.31
34.47
14.99
27.91
27.26
77.23
31.56
82.65
14.54
88.84
36.40
15.90
44,82
15. 14
12.18
32.05

57.55

28.00
21.17
8.13
82.44
4.03
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38,63
16,79,
39.27
21.52
30.69
0.00%
22.77
50.25
34,27
42,13
73.82
18.82
7.19
27.65
28.85
4,71%
33.91
91.77
22.86
169.72
722
50.72
27.54
46.07
14,09
4,88%
4,60
69,47
66.84
52.89
36,90
14,07
68.56
L.68x%
12. 14
70.66
41,33
39,43
12.87
59,31
42,81
61.31
25.08
26.85
92.27
31.45
20.89
21.94
59.53
28.67
38,72
33.22
27.21
66,85
71.88
9.44
29,22
10.17

FC

39.54
17.52
41.91
21.79
31.72
1.64
24,88
51.77
30.66
42,32
72.38
19.96
6.44
28.55
29.33
6.31
40,97
92.89
24,50
113.23
6.96
52.13
28.62
45,72
14,72
3.65
3.23
67.59
66.98
51.03
37.28
14,82
70.11
4,88
11.74
74,01
42.79
41,54
12.53
59.10
42.05
61.86
24.70
27.18
92.86
33.77
18.94
22.25
60.65
29.08
38.05
32.90
27.21
66.95
72.58
7.13
30.26
10.37

j= 2]

NOUME W= JOUFEFWNadOOAVNEWN=2OdANEWNaONdOANMEsEWNN=0NOANEWNaAaOONAUTE WN QOO IO

=

W WOWWWOWWOWOOVDOODHE®

FO

71.30
23.80
38.25
12,40
85.79
7.20
38.19
11.46
6.13
2.97%
24.88
13.05
20.74
93.08
4.98%
67.26
31.01
60.97
42.23
53.95
5.56%
29.05
92.04
13.19
54.69
22.92
51.18
10.46
he204%
10.83
75.67
12.83
49.61
30.88
87.95
12. 80
16.67
21.82
19. 14
67.24
8.54
52.97
0.86%
21.01
52<96
37.21
29.43
13.58
73.07
16.92
39.56
8.32
33.21
25.65
20.70
29.08
15.17
5.30%

FC

70.39
23.61
37.69
12.53
80.60
6.6U
37.66
11.52
7.34
4.00
26.03
13.58
21.16
93.75
3.67
69.22
30445
61.03
39.98
52. 54
2.86
27.48
92.82
12.77
54.38
22.88
51.59
9.89
1. 39
11.54
7693
12.98
50.00
30.47
85.32
12.13
15.22
21.62
19.30
67.42
8.84
52.50
1.56
21.55
54.69
38.43
30.51
14.13
71.99
17.03
39.95
7.69
33.03
26.12
20.31
28.65
15.06
5. 14



o

b —

—h
WN wOOUJdNANNEWN=OWONOINEWNGLOORJNNEWN O UJdNW-SNwmW) = DWW aE WA aca VN & WA

EPP Lo WWWWWWWWWWRONNNOONNDOMNMNN -G awaem.aoma0000c O

FO

0.00%
46.68
11.01
32.65

1.69%
30,34
29.20
17.46
20.03
21.96

2.98%
67.56
11.53-
35.34
11.60
31.21
13.33
11.09

0.00%
44,20
65.86
31.41
22,14
54,54
53.28
17.47
41,94
29.01
39.59
34,90
18. 18
39.93
13.48
31.44

0.00%
14.03
41.64
64.43

95.54 .

23.07
12.30
16.71
83.48
25.79

9,33

11.00

50.75
86.49
4,u40%*
27.64
35.50
34.81
22.76
.45
0.00%
56.03
74.27
95,22

FC

1.65
47.66
10.89
32.38

3.05
29.82
28.90
17.39
19.59
22.67

1.07
68.69
12.39
36.71
11.26
32.06
13.91
11.22

1.76
45.50
68. 14
30.49
19. 19
54.27
55.46
17.76
37.77
32.00
37.85
37.21
19.17
41.54
13.80
32.42

2.22
15.29
42.01
60.99
94,52
21.31
12.33
15.31
86.69
27.20

7.59
10. 27
48.86
85.55

2.78
30.16
34,78
34.68
23.01

15.19

2.74
53.05
73.73
92.99
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18.97
105.61
4.yo*
54,11
17.23
27.79
2.84x
106,65
6. 83
18. 11
u8.63
59.17
69.21
39.09
16.78
33.29
5.73%
49,56
48.56

3.78% .

54.71
11.95
59.22
14.74
43.88
0.00%
6.91
87.65
8.67
6.33
11.39
3.01%
36.93
4.,17%
7.96
86.38
7.01
€69.43
24,16
23.22
11.62
42.35
7.17
30.15
46.11
64.51
52.56
10.93
10.63
3.56%

3.46%
39.35
23.05

125.87
31.59
53.81

6.05.

FC

18.18
104,04
4.71
55422
17.69
28.77
2.95
124.17
7.50
18.34
46.86
57.55
68.59
40.02
17.52
33.65
5.51
48.61
45.70
7.36
53.16
11.22
58.02

-13.95

43.61
1.79
5.61

80.81
6.59
3.67

11.24
0.52

36,62
3.10
7.36

88.36
6.49
67.36
20.58
20.99
11.28
41.82
7.12
29.83
47.05
64.62
49.89
10.60
2.08
3.04
1.30
39.00
22.12
127.32
30.71
52.92
5.54
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16
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17
18
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FO

67.84
15.78
5.86%
17.32
53.98
20.55

u4.39

9.60
16.50
19.82

4.88%
28.86
53,77
24,06
85. 36

5.00%
87.55
39.68
35.03
15.59

5.49%
37.88
38.13

8.79

7.65
22.00
17.74

0.00%
23.35
71463
54.93
46.79
10.25
61.49

7.93
24,35
28,86
13.90
10.36
12.83

4.,83%

6.85%
75.60
20,58
28. 60

9.77
36.23

3.39%
36.82
17.75
17. 80

2.91%

4.65%

0.00%

4.62%
40,71

9.64%
36.85

FC

65.94
14.44
3.64
18.04
53.31
22.48
45.58
9.83
15.64
19.75
6.94
28.82
51.70
24,62
84.99
2.32
87.19
40.07
34.34
14.84
7.82
38.70
39.40
7.50
8.25
21.05
17.88
2.31
25.00
73.56
56.32
46.97
10.67
60.52
8.66
25.53
28.88
13.69
9.28
14.29
6.38
6.27
76.69
21.96
29.22
9.32
36.45
1.32
38.30
18.32
18.56
2.75
3.89
3.54
2.27
40.81
9.69
37.14
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‘8,69
0.00%
20.85
18.35
1.78%
36.57
1.70%
31.70
38.50
130.86
6.00%
100,71
26,03
29,85
56.20
64.63
6078
25.59
4.20%
24,30
13.80
10.79
12.30
3.75%
37.23
126.94
19.33
108.23
27.53
57.85
22.09
52.45
3.33%
30. 84
49.06
77.06
45.57
57,62
7.71
3.50%
32.78
38.31
13.52
14,22
113.85
16.41
148,13
46,23
115.74
12.01
75.55
1.60%
14,84
76.16
69.15
33.96
27.65
10.71

FC

7.63
3.44
21.27
19.21
0.69
38,08
1. 17
33.40
33.53
144,30
4.37
105. 44
26.83
33.47
55.60
64.69
8.37
25.28
3.58
26.78
14,66
11.45
12.88
7.91
37.86
156.61
19.34
113.65
28.04
58.84
21.81
56.10
4.79
29.65
50.19
70.32
44,35
57.28
7.25
3.46
33.32
38.44
14.66
17.17
134.60
15.57
172.79
44,28
110.33
12.24
4,49
1. 19
15.09
75.25
65.36
31.63
27.91
5.70 -
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34.64
22.00
3.08%
4,22%
61.31
11.42
112.42
ug.12
84,24
17.38
58.55
10.43
57.21
7.39%
107.99
47.31
10.11
22.67
63.81
4,00%
21.69
5.U45%
43.69
30.15
120.01
19.36
9,05
12.68
42,12
9.54
36.23
2.27%
37.06
25.92
12.33
13.28
23.44
29.37
6.40%
40.56
6.33%
104.36
22.00
102, 20
47.23
38.65
49,21
43,13
6.70%
45, 27
9.62
10.47
12.35
6.67
31.40
21.60
43.47
0.00%

FC

33.03
21.46

0.56

3.57
62.55
10.52
112.92
by .36
81.23
17.15
57.13

9.12
57.04

7.63

115.04 .

45.12
5.90
21.40
58.86
4.57
21.42
0.59
43,06
30.25
128.28
17.61
4.68
12.13
39.19
10.41
34.83
1.00
34,25
26.06
11.67

12.57

21.69
28,22
7.27
38.58
5.04
105.37
18.87
100. 84
Us.77
37.65
48.88
41.00
u.89
43.88
9.26
9.50
8.78
4.51
31.53
21.31
42.91
1.95
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12
12
12
12
12
12
12
12
13
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13
13
13
13
13
13
14
14
14
1L
14
14
14
15
15
15
15
15
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16
16
16
16
16
16
17
17
17
17
17
17
18
18
18
18
18
19
19
19
19
20
20
20
21

FO FC
27.59 - 27.62
6.41 - 8.92
126.65  128.38
5.88% 3.25
48.21 46.85
14,66 14. 14
92.99 90.60
12.18 . 12.55
23.67 21.80
24,21 25,60
48.31 47.78
19.79 19. 19
39.34 38.75
12.22 11.99
19.91 20.73
19.66 18.72
11.47 10.66
66.18 67.31
53.31 51.55
49,31 49.48
4.98% 3.57
61.88 61,30
15.65 15.74
37.09 36.51
8.56 8.52
4,52% 5,60
85.12 85.83
9.68 9.07
5. 47% 6.11
8.97 7.92
13.40 12.13
46.66 48,08
56.90 58.00
19.70 19.95
32.93 32.58
17.19 17.16
31.43 31.27
11.26 12.23
22.11 22.13
4,29% 3.54
15.15 15.45
3.89% 5.66
11. 45 12. 20
51.38 51.99
2.90% 2.88
42.58 42.92
3.60% 3.94
39.43 39.96
18.43 19.15
0.00%* 2.31
17.30 17.78
13.02 12.83
3.93% 3.73
30.79 32.11
13.81 14.25
2.50% 0.43

0.00* 308.78

63.15

65.93
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51.90
73.70
13.05
10.U46

. 30.64

29.40
28.18
40.43
2.58%
13.04
27.85
13.38
4,79%
96.68
29.83
21.10
62.19
10.88
106.87
16.48
28.26
38,01
60,49
109.28
38.69
54,45
23,09
7.85
18. 41
9.38
12.79
78.88
46.78
49.01
167.14
4.68%
94.55
9.01
67.75
3.64%
92.56

49,43

35.31
10.56
100.90
4.6U4%
42.68
15.73
17.09
9. 14
53.80
125.99
80.68
113.38
12.37
117.40
6.52%
82.31

FC

55.56
77.21
11.48
6.17
34.08
24,46
28.60
39.62
0.80
13.97
28.89
13.05
2.92
109.38
25.37
22.31
58.91
7.64
108,22
15.94
29.13
37.61
57.66
105.04
32.38
50.17
22.59
4.52
16.77
8.30
12.90
78.00
45.05
45.67
194.00
0.28
90. 14
8.96
65.96
1.50
97.59
45.18
30.06
10.69
93.36
4.48
41.64
15.80
16.38
9.06
58.03
168. 29
4,17
109,19
9.44
113.39
6.27
80.16
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13.79
49.31
37.80
38.42

7.06
61.79
46.22

8.10
22.53
26.97

8.78

3.73%

127.46
55.40
97.77

6.43
40.36
14,09
73.58

1.13%
62.09

0.00%

4.u46%
33.06
15.28
44,11

7.60

3.92%

5.71%
23.95
49.13

121.76
12.90
40.81
23.61

112.35
20.92
44.59
25.45
24,40
16.78
13.00
26.51
15.68
23.88

2.45%
26.37

5.92%
59.93
50.36
77.33

8. 14

108.08
58.75
74.94
13.24

9.89
26.03

FC

14.78
49.31
36.00
34.59
10.74
55.08
43.57

5.00
22.16
26.58

7.97

1.67
162.08
53.66
92.13

6.34
39.04
13. 49
71.94

3.64
61.83

1. 21

4,75
30.08
13.82
42.41

8.31

2.22

3.97
22.77
47.31
123.32
11.37
38.57
24,22
110. 29
21,24
42.89
25.33
22.55
16.40
10.33 .
24,72
15.51
22.36

3.96
26.31

5.12
59.73
45,12

. 73.04

7.61
106.08
57.25
72.74
12.79
10.53
26.22
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62.81
12.60
0.00%
26435
12. 27
5.68%
18455
T7.43
21,12
38. 25
26.53
71.52
25.32
35.61 .
17.06
53.57
7.86
24,18
7.15
11. 20
13.32
81.37
23.66
42.94
O.u41%
26.71
14,19
28,23
4,76%*
0.00%
28.92
5035%
27.68
3.75%
21.90
53.84
2.03%
43,93
10.28
0.70%
6.69%
4,08%*
1.1
28.99
2.70%
42.29
10.83
7.36%
8.,97%
131.75
49,22
0.00%
91.35
59.02
64 .37
14.85
6.,U45%

21.94

FC
63.69
11.56

4.53
26.65
13.27

5.55
16.86
76.73
22.26
37.40
25.97
69.13
25.95
35.66
16.75
52.87

7.61
24,41

6.51
11.02
13.31
82.19
23.07
42.88

0.87
26.37
15.54
28.56

6.92

1.50
29.61

4.00
27.38

4.62
21.82
55.01

1.41
45.52
10.25

6.34

8.09

3.99
11.89
30.45

3.40
42.93
11.27

7.44
13.57

128.68
50.82
3. 79
105.83
52.00
57.83
11.24

7.4
22.01
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FO

18,41
7.13%
18.74
4,87*
0.00%
52.25
23.13
113.46
0,00
105.10
29.81
77.78
4,72%
58.33
0.00*
87.74
26.81
34,04
42.70
0.00*
10.3U%
38,84
0.00%
0.00*
84.95
93,58
56.95
144,11
12.82
143.83
16.48
111.63
16,23
25.21
87.37
71.83
1.72%
41.10
43.50
0.00=
57.78
30.66
9.36
0.00%
83.76
20.69
134.47
28.94
130.85
0.00%
95.85
16.75
52.37
13.69
99.78
41,34
3.41%
13.22

FC

17.43
3.68
18.55
1.35
286.204
45.85
20.00
107.91
1. 20
100.02
27. 15
75.41
8.34
60.13
3.70
84.16
27.27
32.03
50.45
2.85
9.25
37.93
0.43
204,15
97.30
90.71
56.76
167. 14
12.57
140. 44
15.75
106. 85
15.74
24,71
88.77
67.49
2.58
39.06
42.31
1.87
54,60
29.72
9.87
0.96
103.25
17.32
159,23
24.65
124.77
0.59
92.39
16.33
51.43
13.00
110.68
28.20
5.61
9.77
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24.99 23.63 3 10 4 101.80 100.99

106,98 105.17 4 10 4 10.58 9.96
35.04 35.49 5 10 4 67.08 66.11
87.70 96.60 6 10 4 25.57 25.22

0.00% 0.26 7 10 4 48,89 47.61

9.07 5.81 8 10 4 6.51% 6.63
67.36 64.33 0 11 4 4,35% 1. 30
38.65 36.70 1T " 4 28,36 30.85
17.17 17.77 2 11 4 26.54 25.64
24,98 24,41 3 1 4 27.12 26.95
56.14 54,39 4 11 b 10.71 10.68
16.05 16.75 5 1N 4 31.12 30.90
16.02 16.37 6 11 4 58.66 57. 16
36.68 36.06 7 1M 4 13.11 13.60
19.86 20.13 8 N 4 9.82 9.51
54,08 51.10 0 12 4 3.90% 1.42
83.48 80.95 112 4 . 12.77 11.50
49.71 45.12 2 12 4 73.82 72.21
79.71 76.206 3 12 4 21.25 20.12
29.55 28,14 4 12 4 47.63 45,71

109.54 108.33 5 12 4 33.13 32.95

8.73 9.24 6 12 4 89.41 87.99
65.88 64.83 7 12 4 19.03 20.50
31.61 32.40 8 12 4 35.85 34,67
49.33 49.25 0 13 4 10.19 9.19
50. 44 50. 19 1. 13 4 9.76 8.27
42.38 41.76 2 13 4 13.67 13.67
78,21 76.36 3 13 4 12.11 11.81

7.29 7.97 4 13 4 23.78 24,13
54,22 53.15 5 13 4 40.73 41.19
26.44 23.92 6 13 uy 0.00% 1. 21
34,47 32.79 7 13 4 38.24 38.17
44,99 44,52 0 14 4 3.21% 0.21

5.09% 2.66 1 1 4 35.91 35.89

3.80% 3.39 2 14 4 27.74 27.93

111.96 111.56 3 14 4 76.08 74.46
0.00% 1.97 4 1y y 0,00% 4,92
149,07 169.11 5 14 4 54,68 53.61
27.49 26.36 6 1u 4 23.08 23.44
82.21 78.00 7 14 4 47.35 L6.88
26.62 26.77 0 15 4. 23,64 22.91
73.12 72.93 1 15 4 36.65 36.79
27.90 27.85 2 15 4 30.15 30.86

15.20 15. 11 3 15 4 39.29 40,10

3.09% 2.52 4 15 4 27.87 27.80
11.86 12.01 5 15 4 0.00* 4.02
74.34 69.80 6 15 4 30.44 31.22
- 0.00% 3.76 0 16 4 71.33 70.24
59.49 58.13 1 16 4. 24,81 25.17
33.08 30.76 2 16 4 66.26 66.22
21,38 21.27 3 16 4 23.52 24,40
26.99 27.09 4 . 16 4 43.24 42.19
30.66 30.26 5 16 4 17.64 17.22

8.39 4,99 6 16 4 22.58 21.87
14,38 14,17 0 17 4 0.00% 0.72
48.90 48.08 11 u 35.92 35.29
96.36 92.97 2 17 4 19.36 19.55
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21.35
0.00%
13.92
0.00%
37.57
24.73
36.21
32.17
18.94
9.73
6.30%
5.18%
35. 44
4.88%
12.88
118.65
125,03

127417

60.54
97.03
35.11
39.19
68.56
32.83
25.59

6.68
13.00°
34.33
14.02

7.90
96. 42
59.33

144,88
42.98
80.85
22.21
77.04
12.62

5.11
76.38
37.27
28.82
89.91
40.40
31.44
21.13
24,22
45,52
21.03
97.88
27.52
63.07
39.83

135.83
21.51
79.29
26.10
63.35

FC

21.84

3. 11
13.29

3.26
36.93
24,38
36.96
33.61
19.09

9.86

6.88

6.70
35.92

5.15
12.78
148,10
136.50
134.44
63.97
106.08
35.13
42.58
70.97
34.30
24,27

8.16
13.56
35.88
15.28

T.14
99. 34
59.13
156. 31
43.67
82.69
21.99
79.40
14.10

1.18
76.43
32.26
27.77
86.58
39.38
30.77
21.90
25.40
49,15
19.99
102.06
27.34
61.69
38.55
138.70
21.17
79.62
27.09
65.79
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FC

18.92%
19.06
16.27
70.96
30.73
12.96%
38.91
25.76
25.11
5.92%
83.06
41.97
116,29
22.17
89.74
12.65
79.48
54.95
49,28
5.21%
18.97
75.09
45.66
62.86
29.75
30.18
8.0U1
14,47
6.81%
10.61
32.70
142,44
37.10
117.04
33.82
64.93
23.89
27.90
12.32
29.37
5.68%
104.91
94,47
13.82
25.53
31.98
14.09
13.43
98.16
9.32
125.15
50.38
38.27
40.28
47.78
26.64
25.79
28.50

¥FC

20.91
21.03
17.47
67.93
28.56
i3.16
39.18
26.60
25.63

5.95
80.04
38,53
117.48
20.37
86.Uu9
12. 16
79.08
55.07
48.86

3.06
17.80
73.09
45.72
61.68
29.00
28.63

8.53
15.01

6.91
11.43
32.46
157.34
36.88
113.57
33.91
62.76
23.48
27.20
12.91
28.74

8.83
99,39
90.74
13.27
23.81
31.89
13.00
1m.42
94.57

9.69
122,46
48.86
36.90
39.21
46.41

- 25.28

24,80
27.42
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17
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FO

18.32
34,49
30. 11
41.86
18. 33
31.44
15.75
u.10*
11. 20
42.14
46.90
43,38
9.48
39.07
31.46
44,97
18.38
13.40
41.05
11.94
20.08
17.00
39.87
0.00%
30.44
47.48
60.96
0.00%
43.61
4,53%
41,03
23. 45
38. 39
6.32%
43.30
13.77
21. 21
0.00%
33.47
40,53
39.70
66.24
7.71
22.04
28.64
17.20
36.81
5.16%
12.64
19.46
39.35
31.54
18.73
18. 11
27.94
2,76%
15.90
6.27%

FC

17.57
32.45
29.34
40.70
17.86
31.95
16.13
1.21
11.28
45,79
42.06
9.09
38.74
31.34
45.17
17.53
12.93
39.25
11.07
19.58
17.00
40.88
2.66
28.34
47.28
59.08
2.27
43.13
4.30
40.98
22.57
36.99
'8.01
42.91
14.86
22.38
0.75
33.52
39.76
40.03
65.14
7.48
21.50
29.39
16.46
36.09
7.49
12.14
19.57
39.90
31.96
19.00
18.27
28.59
7.59
16.51
6.06
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116417
91.05
145,24
b, 6U*
23,44
65. 16
56.49
17.43
12.50
62.65
27.84
3.61%
4.91%
15.03
14,08 *
35.11
104.87
34,60
111,45
57.31
75.62
8.73
31.78
0.00%
29,61
6.31
10.03
27.02
53,00
34,25
30.96
18. 74
31.81
27.98
8.44
81.74
29.72
71.19
52.05
95.08
7.77
51.54
18.81
50,47
17.21
61422
13.52
26.51
13.25
15.09
44,50
0.00%
20.22
29,04
11.89
59,11
79.23
16.53

FC

135.91
94,07
156.29
9.26
24,48
65477
55.49
17.80
13,18
62.27
28,46
3.59
5.02
15.40
15.42
36.03
110.30
35.69
116.29
58.39
76.35
8,62
33.35
2.91
31.51
7.91
11.53
26.65
51.63
32.60
29.95
18.47
32,45
29.98
10.19
78.07
28.66
68.50
48.94
93.69
6.09
51.56
19.51
51.43
17.95
62.13
12.11
26.69
11.81
13.39
44,53
3.21
20.19
31.03
11.22
60.18
80.81
1M.42
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FO

67.09
14.80
70. 12
19.31
45,92
8.84
21.38
56.15

58.34 .

49,09
21. 24
29.07
24,71
8.83
6.66%
91.19
22.63
9 .09
60.42
59.51
4,87%
48.07
22.35
21.90
61.42
54,10
67.78
35.59
30.07
11.97
15.04
2.66%
12,20
22.39
72.87
46,08
49,35
32.69
30.79
30.97
45.56
0.00%
4.30%
20.35
38.79
44,08
28.62
32.19
16.38
22.32
40.17
12.73

34.37

0.00%
19.01
50. 40
24,93

FC

65.95
14,81
69.92
18.18
45.61

9.58
21.13
56.62
53.27
48,84
21.27
28.35
23,41

8.90

7.04
86.21
20.56
93.18
60.60
60.73

3.67
47.32
22.62
22.06
57.55
51.87

65.41

35.47
30.91
12.76
12.35
0.68
12.06
22.24
70.82
45.99
48.08
31.36
30.36
31.29
45.76
1.99
1.09
20.84
37.37
4y,39
28.58
30.51
16.98
22.10
39.03
12.42
33.12
3.01
19.146
19.93
51. 26
26.59
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30. 49
29,03
29.66

6.91%
9.18
6.99%
18.87
42,14
23.03
20.97
52.88
15.33
30.45
18.08
26,40
40.49
46,13
2.69%
9.51
26.88
42,27
38.50
q4,76
0.00%
45.97
14,47
3,38%
11,21
15.60

21,07
20. 84
14.12
23,62
14,87
41.36
16.79

0,97%

100. 15
50.84
12.45%
16.25%
71.94
44,01
22.57
48.49
48. 36
15.12
19.22

3.53%
0.00%

100.78
27.36
50.62
30.12
43,74

4.93%
11.23
12.10

FC

30.19
28.12

-28.33

5.60

9.09

5.72
19.27
41.06
22.63
22.09
52,37
15.55
31.96
18.140
25.62
40,72
44.93

442

9.61
27.71
40.70
39,14
44,24

2.23
47.18
15. 11

0.26
41,01
15.04
21.64
21.21
14,54
23,73
15.79
41.79
16.30

2.19
105.48
55458
10.76
17.23
72.95
43.69
20.22
48.85
47.82
15. 10
19,47

.26

2.26
101.59
27.84
49.64
29.71
43.36

5.90

7.98
10.94
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30.08
56.22
35.31
19.66
6.78
30.72
19.62
23.34
1.78%
29.23
37.26
72.97
5.39
21.97
2.19%
35.72
21.06
34,39
11.07
6.83
3.38%
9.49
0.00%
22.29
3.07%
20.19
37.29
11.81
32.59
26.04
55.37
19.82
40.77
63.62
47.01
13.92
21.62
83.89
31.35
21.32
42.91
1.32%
9.82
11.72
11.67
20.15
36.18

29.32
51.32
6.38
46,70
9.15
25.04
3.56%
7.13
23.50
47.60

FC

31.43
55.94
35. 14
19.52
5.41
32.09
19.68
24,29
2.82
29.83
38.38
73.21
7.51
22.90
1.61
35.59
21.40
35.35
12.25
8.38
4.28
7.60
0.77
23.24
2.44
19.87
38.52
11. 11
33.11
27.76
54,77
21.12
40.59
63.32
46.61
14.89
21.8C
81.06
30.74
18.98
42.86
4.01
9.91
11.46
12.05
21.51
35.65
48.15
28.28
52.15
3.49
46.04
8.31
25.40
1.04
8.22
25.03
45,48
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38.84
3.16*
12.34
26.00
35.16
21.80
12.81
46.91
29.22
31.43
15.03
46,11 .
14.49
30.53
0.00%
15.04
1.71%
14,13
1.31%
34,75
32.77
20. 49
13.91
17..71
34.57
2.70*
33.83
21.06
4,36%
37.30
4.,89%
9.39
8.57
19.07
43,28
15.22%
17.486

+ 32.20

0.00%
38.51

8.141
36.96

19.90
36.54

19.12

14,21

12,30

4,12%
19,91

18.75
50.92

11. 24
26.85
26.51
30.30
20.78
47.90

3.37%

FC

38.57
3.22
12.55
25.50
37.13
21,15
12.77
45.26
28.07
29.96
15.03
44,94
15.78
31.71
0.59
13.96

1.36
13.98

1.62
35.35
32.94
18. 49
15.82
17.01
32.58
0.25
33.12
22.52

1.91
36.70
5.24
8,26
7.52
18.86
42.99
16,21
16.54
32.01

2.12
38.27
7.73
36.04 -
19.97
36.32
19.13
14.83
12.79
6.28
20.u3
18.53
51.18
11.98
26.69
26.82
31.40
20.78
48.73

4.01
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FO

59.55
5.11%
30.22
24.95
31.05
73.74
85.65
22.72
35,47
51.53
21.00
9.23
4.48%
19.95
49.19
39.28
29.77
18.84
18.17
30.59
13.17
33.25
8.74
65.52
5.01%
6.61
15.09
19.24
22.79
8.26
25. 20
34,51
26.88
44,25
9.93
3.02%
13.38
21.80
31.04
24.53
33.11
10.90
37.36
10. 14
7.47
24.00
21.97

19.11

25.63
16.77
41,19
52.37
28.67
12.63
20.92
43,37
22.489
20.u48

FC

61.08

5.14
30.79
25.53
32.82
70.87
83.51
22.49
35.97
51.55

- 19,06

9.17
1.17
20.80
48.21
40.18
31.69
18.53
18.00
31.00
13.55
33.45
8.77
63.60
2.58
5.18
16.10
17.93
22.54
'8.58
26.76
36.16
25.61
42.72
11.31
1.95
13.03

21.35

31.33
25.36
34.23
12.12
36.23
10,12

6.97
22.09
22.17
18.81
26.33
17.07
41.69
54,17
27.65
11.71
20.69
43.35
23.34
20,34
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FC

27.93
7.75
57.13
44,85
27.54
19.93
37.34
14.26
20.29
33.71
55.80
3.56%
34.37
24,17
27.25
13.97
6.74
30.80
19.13
61.55
31.98
23.46
23.78
17.45
40,10
55.52
5.06%
38.41
9.70
27.15
11.33
13.94
10.15
36.83
11.89
10. 26
17.07
50.42
32.53
1. 77%
48.83
1.93%
29. 11
3.18%
24,05

16,60

5.93%
12.00
18.59

5.68%
28.91

7.91
17.95
22,45

43,93

6.99%
5.36%
32.24

FC

27.12

8433
54,83
42.12
28.49
19.30
36.15
14.89
21.36
33.76
54,40

2.92
33.68
24.65
26.84
13.49

6.09
28.86
17.41
59.77
32.24
22.38
24.52
16.73
39.02
55.01

© 4,57

37.82
9.37
26+ 11
11.35
12.92

©10. 14

35.97
10.23
9.15
17.47
50.00
31.88
G.41
48,22
2;68
27.81
0.37
23.12
16.00
5.63
11.57
17.69
3.63
29.51
6.92
17.62
21.34
43.80
8.52
4.34
33.41
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30.81

3.75%

22.35
26.75
27.29
25.00

8.00%

18.39
30.12
33.24
44,51
58.87
32.33
56.70
44,59
19.89
45.42
63.40
4y,.86
21.09
19.27
16.62
55.16
20.05
18.85
57.28
18.29
34,76
18.52
33.32
39.13

4,70%
2.36%

39.06
43.87
15.70
30.71

9.48
30.52
15.81
19.52
27.23
41.88

0.00*

25.15
39.18
25.71
11.43
30.92
31.70
19.51
40.23
1. 41
25.83
21.55
38.45
21.57
35.97

FC

30.64
4.06
21.87
26.13
26.13
204,47
9,25
17.55
29.85
34.36
45.75
59,37
32.45
55442
44,05
21.17
45.96
64,02
45.33
20.80
20.68
16. 24
55,06
20.70

c16.77

57.52
18.49
35.24
19.13
34.31
37.74
5.20
1.35
39.16
44,23
15.39
32.23
9.22
31.35
15. 27
19.54
27.79
43.03
0.39
26.04
39.24
25.52
11.14
30.42
31.03
19.07
41.17
11.12
26.13
21.12
38.18
21.71
34.85
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FC

27.34
33.82
8.80
20.88
50.28
51.30
58.33
43.69
35.95
2.39%
13.19
49,06
16.45
25.18
13.80
30.11
Bo12%
26.72
20.86
82.85
43.67
35.26
10.81
35.55

48,34

25.07
39.19
12.47
15.56
8.98
15.88
6. 10%
40.80
14.75
46,28
10.49
21.74
0.00%
36.72
3.63%

- 25.09

3.49%

9.32
19.63
10.76

- 43.00

3.61%
11.92
19. 85
23.47
19.05
10.09

0.00%
39.23

0.00%
14.65
52.27
67.07

¥C

27.58
34,59
8.74
21.09
48.54
50477
58,21
42.55
35,40

1.85
13. 34
48.13
16.72
25.23
13.39
30.70

2.03
27.14
20.06
81.14
43,22
34,82
11.41
35.54
47.16
25.28
38.23
12.22
15. 46
10.12
1612
4.80
38.47
13.52
45,22
11.21
21.95

3.34
36.29
3.60
25.87
3.55
9.88
18.70
9.76
42.77
2.56
12,22
19.73
23.18
19.12
10.08

1.58
37.51

3.01
14.64
51.94
69.81
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10
10
10
10
10
10

10

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

10 -

10

10

10
10
10
10
10
10
10
10
10

FO

57.97
27.62
55.85
52.78
37.46
54.88
64,02
53.99
22.21
16.86
55.18
5.93%
59.91
21.53
33.92
7.43
47.95

"40.51

22.82
21.90
54,90
23.87
27.37
28.62
4.81%
54,65
37.23
37.63
11.43
27.66
46.45
45,77
21.00
39.70
16.82
39.19
.37
45,51
36.32
22.25
34,98
12.86
40.82
21.22
42.49
32.42
59.98
25,20
40, 20
10.85
35.24
18.77
5.94%
26,42
27.86
26 .45
T.47%
26,24

FC

58.27
28.69
55. 24
53.06
38.10
55.80
64,90
54.92

22.87

16.37
55.04

5.82
60,35
21.50
34.00

8.78
48.31
40.15
24,50
21.31
54,93
24,00
27.76
27.96

4,96
54.68
37.10
37.5¢0
11.55
28.69
45.73
45,59

21.64

38.87
16.02
39.99
13.80
44,66
36.23
22.92
35.33
12.62
41.06
21.62
42,74
31.33
59.18
24.31

- 40,27

10.74
36,34
18.29

6.23
25.44
26.87
26.30

8.61
25.55
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10
10
10
10
10
10

.10

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

11

11
11
11
1"
1"
11
11
1"
11

11

m
11

11

11
11
11
11
11
1
11

11

"
11
11
1
1

11

1
11
"
11

11

11

FO

44,90
23.35
58.76
8.50
20.37
7.63%
20.86
0.00%
16.72
18.41
32.47
18,37
42.86
6.82%
2. 17%
20.10
1.33%
17.97
2..9_,-‘*
8.25
28.02
12,24
12.95
S5.67%
45.96
17.81
13.69
49.717
49.59
34.61
32.33
37.24
26.65
49,13
22.96
34.63
4.32%
13.88
2.93%
52.00
47,28
18.80
20.33
16.28
17.09
24.70
48.18
3.71%
27.71 .
5.04%*
22.21
49.04
22.29
30.73
8.U5
13.55
25.79
23.19

FC

43.72
22,78
57.44
7.04
20.13
6.00
20.71
2.90
17.00
18.83
31.64
16.90
42.73
6.42
1.47
20.18
3.73
16.21
3.23
7.99
27.21
11.44
11.58
2.18
45,26
18.59
14.10
49.44
48.77
34.90
33.03
38.98
27.46
49.01
22,49
34.83
0.35
14. 25
0.64
51.50
47.51
18.83
20.25
16. 41
17.85
23.78
47.66
3.67
27.51
3.59
23.02
48.48
22.60
30.27
7.87
14,63
25.87
22.75
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K L
6 11
6 11
6 11
6 11
6 11
7 11
7 11
7 11
7 11
7 1N
8 11
8 11
8 11
8 M
g 11
g 1M
9 11
9 M
9 N
9 N
10 11
10 11
10 1M
10 1
11 1
11 1
L
12 1
12 11 -
0 12
0 12
0 12
1 12
1 12
1 12
1 12
T 12
2 12
2 12
2 12
2 12
2 12
* DENOTES

FO

21.89
35.97
17.44
25.19
20,92
15.90
29.13
16.80
38.64
21.08
27.73
27.09
4,93%
21.29
10.09
10.59
15.79
42.27
17.95
17.80
20.32
0.00%
26.72
12.83
29.65
6.63%
20.94
0.00%
17.40
20.16
5.,11%
6.5U%
37.04
23.28
11.20
7.69
20.69
11.13
16.90
20.23
8.23
8.36

AN UNOBSERVED REFLECTION

FC

21.13
35.42
17.56
25.79
21.79
15.75
28.85
16.96
39.28
21.08
27.91
26.86

5.95
21.52

9.12
10.49
15.52
39.75
17.00
17.20
19.34

1.12
26.01
12.27
27.64

6.38
19.79

0.65
16.41
19.78

4,75

6.93
35.32
22.73
12.02

7.27
20.55
10.64
16.56
19.35

7.93

7.82
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12
12
12
12
12
12
12
12
12
12
12
12
12

12

12
12
12
12
12
12

12

12
12
12
12
12
12
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

FO

36.81
25.77
0.00%
10.37
4.93%
21,27
18.67
18.11
10.27
14.59
16.96
18.01
18. 30
3.50%
22.08
22.68

" 1. T74%

8.U6
14.57
15.80
23.42
29.61
22.50

3.65%*
11.64
15.66
10.48

T.u8%

4.05%

12.50
15.47
2,02%
8.73
16.92
S.42%
25.26
5.39%
13.89
5.33%
0.00%
18.99
19.88

FC

36,03
26.29
2.28
9.95
5.07
21.03
18.72
17.78
10.00
13.78
17.87
18.04
18.03
0.60
21.29
22.29
0.06
8.09
14.05
15.10
22.24
28,53
21.93
2.55
12.06
15.62
9.64
6.84
4,34
12.98
15.22
1. 40
6.84
16. 40
7.03
24,12
5.27
13.27
5.37
2.93
18.09
19.08



~1-Acetyl-3- bcnzamldo 2-keto-t-(2,04,4;6-tatra- C-acetyl- ﬁ-D-
glucopyranoeyloxy)-A3-pyrrollre

Anthony Merc=r. and James Trotter

Observed and calculatad structure amplitudes
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(reflact*onc with 1n+enswty < 3or(I) arz markad with ar
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FO

8,45
6417
11,92
7.09
8. 74
4,07

0.00%

3.88S
3.83
2.57*

9. 47
4,45
3.36%
6,89
9, 0S¢
4.61
3. 35%
3.6C
0.00x

3, 13%

3.10%*
4.90
2,79%
4.10
1.30%
3. 36
4,22
2,147
4,1t
6.16

Coo4,47

21.07
12. 58
3.04%
2.204%
15.07
3.87
4,14
4,46
10. 24
0.00%
4,29
4,86
9.13
2,79%
13.80
3,58
12,97
7.14
2, 8E%
4,05
6.53
2,28%
3. 81
4,17
5.67
9,18

FC

8.99
6,22
12.29
8,12
10.32
4.02
0.42
2.25
3.01
3.03
6.56
10.23
4.31
4,19
7.35
10. 34
3.23
3.64
3.132
0.36
1. 91
3,61

3.43

2,11
4, 20
2.67
1.79

- 3.95

~ A

Le 7L
3.63
6.90
3.60
21.90
12.08
3.82
1.47
16. 81
3.48
3.84
5.00
11.14
1.63
4. 36
4.9s6
10.50
3.22
15.4¢
4,33

14,02

7.47
5.54
3.77
£.6¢
1.93
2.70
2.75
5.25
9.29

WEIGHT

6,18
7.12
4,99
5.28
b.es
2.84
0.00
4,47
3.53
0.17
6.54
4.79

3.94

0.19
5.35
S.u4
5.69
0.26
3.48
0.00
0.21
0.21
5.98
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FO

4.60
6.06
7.36
2. Q3*
5.25
5.28

. 2.92%

1.56%
5,98

12.78

1.38%

4.87
2,62%
7.83
3.52

2.51%
3.39%

4,59
4,72
0.00%
1.30%*
4,96

O,09% "

2,71%
2.52%
1,12
4.68
21.30
12.55
4.5u
3.72
17.70
17.96
3.96
0.00%*
3.65
3.58%
6.58
2,83%
0.94x*
4,26
5.59
8.32
7.53
5.24
8.78
5.92
5.4
2,18%
2.62%
3.53%
4.17
4,07
4,10
3.94
7.36
12.56

FC

5. 26

4,67

7. €0

1. €8

5.55
4.49
3. ¢1
3.Cu

S5.47.

1.18
13. €7
1. 94
4. 95
4,57
8.19
2.18
1.18
3,22
30 93
4,59
0. 11
0.63
4. 66
3.19
2. 19
2.09

10,92 .

4, 81
21,40
12. 42

3.77

4, Cl
18,03

19, 21

4,03
0.57
2,17
3.C4
6. U5
1. €4
1. 15
4,.c8
5.94
10. 25
9. 21
€.58
10. 32
6. U6
6.22
4.€7
2.26
L,€e8
3.72
4.87
3.24
3. 36
6. 35
13, 44

WEIGHT |

2.67
5.30
6.09
0.12
3.92
4.91
0.19
0.05
6.52
0.05
4,76
0.04
3,57
0.12
5.07
2. 95
0. 16
0.28
5.26
2,14
0.00
0.04
4, 16
0.00
0.16
0. 15
4,29
3.42
2,060
5,73
3.59
.17
3.5
3. 31
2.57
0.00
3,64
0.25
6.09
0.24
0.02
2.94
3.20
4,95
5. 16
3,12
5. 26
3.41
3.42
0.08
0.14
0.24
2. 88
2.95
5.19
3.50
5.67
4,41
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FO

12,98
60 83
10. 68
16.77
3,23%
3.57%*
6.17
S5.44
0.62%
3, 42%
3.30%
3.51
8,16
6.00
13,14
6.60
10. 71
6.11
4,75
3.92
6,46
2.85%
3,31=%
3.78%
0.00x
€.52
€. 21
7.1
5.3¢
4,02
.68
b,36
.35
4,04
0.00%*
3.81
3,55%
4,4t
5.94
5,31
3,4U%
3.69
3.uzx%
19. 31
3.53
5.19
4,60
0.00%*
14, 34
3,20%
5.40
13.74
2. L46*
10.61
4,9S
6.88
5. 83
0.00%*

FC

13.67
7.08
10. 20
17.26
3.32
2.50
6.53
4,67
0. 86
2,26
3.05
2,04
8,42
6.38
14, 07
6.65
10.38
7.50
4,08
3. 05
5.96
2.93
2.45
3.77
2.23
6.91
6.12
8.72
5.580
3.02
5.03
3.94
6.42
3,37
1.20
4,00
3,49
3.5¢
6.32
5.58

2.92

2.94
3.32
18.732
2.13
5.06
4.089
2.15
16.31
0.45
6.00
14.44
1.12
11.05
3.98
7.39
4. 36

2.30

WEIGHT

4,54
6.13
5. 64
3.86
0.21
0. 30
4,52
6.02
0.01
0.31
0. 21
3,48
6.37
3.89
4,15
4,22
5,07
3.87
4,06
3.13
5,73
0.17
. 30
27
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Fo

2.26%
3.94
5.15
22.19
12.05
8.35
4,18
11.57

9.4

11.68
8.49

. 20,22

3,06%
8,32

0.00%
2.87%
3. 14%
4,21
10.36
9.47

3.6uUx%
6.99

15.03

4.93
19.50

8.11

18. 31

4,32

5.175

2.79%
3.97

2.24%
2.22%
2. 4%
6.54

6.20

4,68
22.33

5.42

13,44

6.92

8.05

5,72

7.79

4,33

2.31%
1.74%
2.01%
3.61
16.23

8.22

3.31%
4,00%
10,46

5.22
7.06

5,88

693

FC WEIGHT
1.62 -0.13
2,93 4,29
5.20 4,89

20,239 2.50
11.06 5.11
9,25 7.22
5,12 3,48
11.56 5.66
10. 49 .5.42
11.95 5,01
9.22 5.40
22.62 2.87
3.45 0.19
9.68 5.55
0.71 0.00
1,71 C.21
1.39 C.35
3.11 5.39
11,31  6.67
9.58 5.41
4,55 C.26
7.44 5,06
15.49  4.65
4.0 3,73
19.€3  2.77
9.C6 5.28
19,81 3.17
4,55 2,02
.40 4. 55
4,33 0.13
3,89 2,63
1.75 0.14
1.30 0.16
1.17  0.13
6.51 5.01
5.78 5.50
5.C0 3.36
23,75 2.47
5.08 4.u8
14,04 4,46
7.20  4.61
8.77 4.96
5,40 4,26
7.99 7,27
4.96 2.48
2.1 0,12
1.53  0.07
0.51 0.11
2.94 2,01
19,12 3,60
8.17 5.08
3.9 C.19
4,47 0.22
10.57 4,74
4,09 4.60
8.51 3.94
6.55 3,73
6, U4 7.15
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FO. FC WEIGHT

FO FC WEIGHT H K L
3.51*% 2,74 0,25 2 -6 5.86 4,96 6.63
2.7¢* 4.07 0.17 "3 -6 2,78% 2,97 0.23
4,62 u.66 3,79 4 -6 6.15 5,30 5.1
~2.43* 1.98 0.17 .5 -6  4.20 4.80 2.71
5.17 5.68 2,77 6 -6 13.46 14,86 4.60
5.78 6.06 4,30 7. -6 0.59* 2.€8 0.0
2.1¢%% 1.81 0.09 8 -6 13.90 14,49 4,53
3.85 4,38 2,49 9 -6 2.85*% 2,22 0.8
3,63% 5,41 0,16 10 -6 - 16,48 17.14 - 3.78
6.35 6,26 4,87 11 -6 9.78 9,67 5.42

- 1.91% 2,67 0.06
3.52* 4,21 0,22
4,73 5.07 2.85
5.06 4,36 3.87
2,42x 0.81 0,18
7.0°% 8.28 4,49
4,05 4,23 2.62
4.47 4.88 2.34
3.67% 5.49 0.22
6.23 7.88 3.83
0.28% 0.3¢ 0.00
9.81 9.74  8.05
7.68 7.51 7.99
€.35 4,74 6.06

21,40 22.41 2.75

-6 3.28% 2,41 0.28
-6 9.99  9.82 6,27
-6  4.55. 4,70 2.68
-6 4,72 2,84 5,31
-6 5.10 4.16 4.05
-6 3.51 0.95 &,24
-6 11,95  9.96 5.49
-6 14.28 12.56 4.52
-6 4,40 3,93 4,06
-6 4.54 3,70 4.05
-6  6.38 5.26 5.54
-6 5.44 5,29 4,54
-6 10.67 9.97 5.33
-6 0.00% 2,24 0.00
-6 8.02 7.63 5.27

O SOV QT Y G WY
WoONOTNEWNDadN N EWN

14,92 14,95 4,70 10 -6 7.88 6,82 €.50
.24 4.98 5,46 11 -6 6.29° 7.09. 4.11
19.99 18.79 2,90 12 -6 8,98 9.15 5.66
12,15 12.371 5,95 13 3 Z2.57 U0.51 0. 107
6,19 7.81 4,95 14 -6 5.78 .~ 4,93 4,45
5,95 5.71 5.69 15 -6 2.25*% 1,62 0.12
- 3.38*% 3.32 0.28 16 -6 2.90* 1,02 0.27
2.,96*% 3,00 0.20 1 -6 12.88 12.u46 4,60
25,76 28.12 1,81 2 -6 14,90 1S5.79 4,27
6.77 6.67 5.83 3 -6 3,08 u4.,26 0.17
3.83 3.25 3.03 4 -6 3.44% 5,18 0.20
.0,00% 0.96 0,00 5 -6 3.54* 2,18 0,28
4,45s 3,59 5,35 6 -6 11.82 12.29 4.52
0.0C* 0.89 0,00 7 -6 7.47 7.95 4,38
2.81% 1.65 0,27 8 -6 7.88 7.79 5.57
11.30 11.30 5.82 9 -6 6.97 6.89 4,47
14.86 13.83 4,81 10 -6 6.41 6. 83 4,09
6.42 6.07 6.08 1 -6 4,08 4.2 2,69

G
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16.21 16.45 3,88 12 -6 5.18 4.56 4.68
17.77 16.31 3,66 13 -6 6.54 6.87. 5.15
14.89 13,35 .59 14 -6 4,21 2.68 4,08
3. 64 4.35 2.86 15 -6 2.53* 0.°54 0.23
12.59 14.38 6.06 1 -6 6.32 5.%9 4,82
7.53 8.26 5.67 2 -6 7.37 8.17 4.70
8.60 9.77 5,07 3 -6 15.13 16.31 3,79
15.54 17.02 4. 11 4 -6 7.35 8.33 3.69
- 6.10 6.71 4,66 5 -6 13.76 14,80 3,83
2.47% 0.93 0.16 6 -6 13,02 14.54 4,76
5.52 6.45 4,10 7 -6 6.67 6.67 4.90
3.15%  3.47 0.21 8 -6 4,09 +S9 3.35
3.8¢ 2.61 4.¢%1 9 -6 4.57 4,31 2,36
3.40 3.15 3.29 10 -6 2.31*% -2.66 0.10
11 -6 3.87 2,67 2.80

22,79 20.86 2,42
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2.52%
2,83%
5.46
4,04
4,15
2.86%

1.5€6%

4,86
3.87%
b.gu -

- 3.50%*

u,66
3, 19%
14,38
24.89
26. 60
2.80%*
18. 05
15. 88
5.08
5. 35
10, 28
21.64
3.82
8.33
5.51
11.23
6.71
.4z
2,20%
2.67%
3,39%
2.27%
14, 33
18.92
18.9:2
. 8,20
21.58
13.0%
13. 8%
2.48%
6.66
3. 94
13.5¢
5. 29
8, 20
3.63
7.49
4,47
3.20%*
0.0Cx*

-13.31

17.€4
19. 51
28.50
16.09
3.92
14. 80

FC

2.79
2.31
5.69
3.73
3.76
0. 28
1.40
6.41
4.58
2.82
3.39
5.50
4,22
13.95
23,79
28,39
3.07
17.95
15.12
5.20
5.38

9.68

20.7¢
3.18
g8.76
5.3
12, 20
5.90

- -~

fe 10 .

2.0¢
2.36
2. 16
3.79
13.91
17.68
16.77
7.13
18,83
12.98
14,46
1,38
6.61
4,86
15.44
5.64
7,76
1.40
8.9¢
2.67
1.90
0.68
11.15
16. 44
17.08
26.50
14.45
4,32
13.30

WEIGHT

0.11
0.23
3.02
2,27
2.40
0. 14
0.04
3.79
0. 26
3.68
0.22
2,80
0.15
5.15
2.4
1.96
0.40
3.40
4.43
5.71
.63
7.36
2,57
3.80
6.00
4,77
5.21
5.00
$.75
0.13
0.20
0.24
0.24
5.12
3.58
3.39
8,10
2.67
5.40
4.91
0.21
6. 85
2.76
4.9%4
4,44
7.54
3.65
4,65
4,96
0.28
0.00
5.55
3.74
.21
1. 66
4,21
4,45
4.39

-

mmmmmmmmmm.mma4:4:1.:::4:J:J:J:r_-x:c.::ccz:wmmuwwwwwww-wuuwwuwmwt\)mmmwNMNNN

FO

17.04
3.10%
2.73%

16.41.
6.67
6.54

12.12
9,54
5.71.
0.79%
3.33%
1.51%

17.93
7.23

10.90
6.08

8.78 -
7.97

10.13

13,84
7.33
7.12
6.U6
5.06
6.60
6,52
4,83
3.30%

~ e
De D!

1.79%

5.22
12.17
12.42

4.22

5.59

3.61%

3.39%

9.33
12.23

5.79

5.97

7.08

7.89

5.12
- 0.66%

2.,10%*

4,74

7.19

7.72
18.61

4,38

5.33

5.88

4.97

4.50

3.06%

u.82

3.59%

FC

14, 31

2. 25
3.62

16.60

7. 24
6.91
13.19
9. 80

5.€1..

1. 85
2. 35
0.73

17, 18

6.67
10. 52
5.78
7.34
8.¢8
9.68
15.19
6.58
7. 24

6.63

4.€9
7. 25
S.65

4.96 .

2.82
Te253
1. 10
3.61
11.77

13. 36

3,59

6.C0
0.84
0.81
10.58
12.53
6,09
5.01
7. €3
6. 71
3.95
1. 65
1. 71
4,€8
7. 91
7.97
20.50
3.39
5.71
4.43
6. 044
3.66
1.76
3. 50
2.76

WEIGHT

3.74
0. 26
0.17
3.89
5.60
4,49
4,60
5.65
4, 25
0.01
0.32
0.07
3.51
7.09
5.83
5.76
5.28
6.78
5.47
4,62
5.75
4,72
3.61
3.28
3.75
5.66
2.94
C. 28
3.3
0.10
3.27
u, 36
4,62
3.07
3,74
0.28
-0, 29
5.12
4,45
3.83
5.33
3,96
5.47
4,67
0.01
0.12
2.52
4,06
4.23
3.04
2.74
2.66
3.82
2.31
2. 61
0.23
3.50 .
0. 26
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3.00%
2,05%
0,00%
2.08%
8.10
9.17
8. 20
3. 97*
6.99
3, 15%
2,94%
3, 3ux%
4,69
2.2¢€%
6.50
4,01*
5.71
1.92%
2.3€x*
1.875%
29.72
54, 80
22.97
42,23
8. 01
19. 44
19.74
15.42

an rn
t Je J 7

4.7z
5.86
10. 41
3,18%*
4,732
4,69
6. 83
6.73
0, 00*
2.87%
3.7S
7. 6C
46.92
41.66
37.62
24,93
38.67
26,79
17.57
16,15
27. 68
.77
7.24
5.93
7.72
6.00
4.61
7.25
4, 33

FC

0.50
1.39
2.93
0.98
8.29
9.94

10. 74
3.87
6.47
4. 40
0.37
3.50
4,85
2.21
7. 64
2.83
6.04
3.85
1.70
0.70

27.08

57,33

24,56

40.70

8.18

20.06

17.04

16.23

an cCoa
tLas It

4,72
5.63
9.76
3.79
4,47
4,43
7.73
€.55
1.25
1.51
1. 96
6.39

42.98

38.12

36.12

22.44

36.41

26.27

16.23

17.48

27.64
8.70
6.42
6.13
8.58
6.25
4,82
8,17

3.04

WEIGHT

0,21
0.12
0,00
0.06
4.87
4,22
3.97
0,24
3.57
0.15
0.19
0. 21
2.65
0.07
3,65
0.24
3.27
00 05
0.09
0.07
. 58
0.49
2. 51
0.80
10. 14
3.28
3.17
4,67

~n

Je LV
6.02
8. 37
5.89
0.29
4.98
3,11
4, Uy
4.92
0.00
0.23
2,71
9,25
0.65
0.83
1.01
2. 16
0.96
1.88
3, 74
4, 11
1.73
7.24
6.13
5.72
5. 44
5.66
2.77
5.19
4,72
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4.39
4.01
43.40
39.53
21.72
9.u4
35.28.
31.98
16.82
22,65
8.74
3.71
10.53
5.94
6,55
6.63
6.02
6.35
7.03
3,84
3.58%
17.10
19.64
12,79
27.81
21,05
13.34
14,44

~ ~~
Ve VL

9.94
5.28
13.80
5.41
6.55
9.78
7.19
10. 31
5.18
3.81
5.06
6.25
18.09
8.34
16,256
3.09%
13.43
12.01
6.12
13.06
14.25
7.11
4,33
13.49
10. 24
6.68
4.26
3.48
11.97

FC

4,74
3.96
39. 39
34,75
19.99

8.55 "

30. 64
27. 46
15. 82
21. 31
9,55
2.75
9. 71
5.19
5,51
6. 4o
7. 31
5.75
6.50
3,25
3,97
15, 10
20, €2
12.96
28.02
20, 42
13.53
12, 63
11. 01
5,28
14,76
5.11
6. 16
10. 38
8. 16
9. 34
5,33
2' 9“
4,50
5.75
19, €O
7. 64
15,74
1. 84
13. 06
12,18
6. 20
13,02
14, 94

.29
2.98
12,52
10. 18
641
2,30
1.67
15.25

WEIGHT

4,09
3,37
0.77

1 0.92
2.71
7.64
1. 14
1.35

4,08
2.47
6. 54
3.51
5,78
5.07
4.99
4,63
3. 46
5.53
5,17
2,23
C.24
3,87
2.21
5. 34
1,73
2.78
4,88
4, 54

T
e D0

6.03
4,75
4,44
4,64
4,51
5. 20
2,99
5.63
3.39
3.53
4,21
5.65
3.26
5.76
3.67
0. 26
4,41
4. 89
4.07
4,34 -
4.16
4,80
2.58
4,32
4,72
5.06
3.92
4,27
4,27
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6.56
3.76%
4,45
4,82
5.40
10,28
3.53x%
10.66
16. 33
4.76
7.75
3.08%
4.18
3.86
15. 27
10,23
8,21
3.98%
7.14
2,80

12,15

4,60
6. 68
3.50%
0.0Cx*
3.08%
2.G1=*
4,97
4,537+
5.47
8.22
5.91
3.9¢6%
5.32
4,01
3. 5%
13.04
38.02
22.52
27,02
24,82
13.5¢6
24,29
25.73
15.4C
2,91
19. 74
0.,00%

15,77
- 11. 27

2.,95%
9.61
2.33%
4,77
5. 27
5.73
3.50
11.69

FC WEIGHT
8.31 3.58
4.18 0,20
4.69 2,55
4,49 3,12
6.38 2,45
9.41 U.66
4,09 0,22
11.25 4.80
17.38 3,40
4.38 3.39
8.13 4,30
1.66 0.16
2.64  3.14
2,77 3.08
17.59 3.49
11.14 3,28
8.35 4,51
3,37 0.21
7.35 3.60
9.u4 4,32
12.82 4,28
3.99 2.35
6.89 3.83
3.99 0.18
2.63. 0.00
2.92 0.19
2.5¢  0.17
4,96 2.29
5.32 0.3
3.15 4,25
10.59 3,81
4,43 4,05
3,52 0.18
5.75 2.62
4.35 2,34
2.98 0.20
13,59 6.53

32.90 1.00
20,19 2,62
25.53 1,91
25.70 2.20
14.61 5.71
25.24 2,30
23.71 2.06
15.47 4.64
0.59 4,85
19.95 3.17
1.65 0.00
15,87 4.01
9.70 5.47
1.96 0,28
10.06 5.37
1.15 0.15
4.39 4,07
5,60 3.93
5,74 4,69
2.01 3.48
12.20 7.67

21
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47.01

21.02
14.61
40.41
37.65
21,84
29.54
17.67

4,29
13.45

8.97

6,02

5.64
3,61%*
0,00
6.41
7.89
4,60
5.56
1,20%
28.16
22.08
30.69
33,01
35.09
34,98
24,76
22.55
25,3910
13,93
5.51
3.00¢%
11.41
11. 01
2.19%
1.26%
6.63
8.85
7.13
4,86
30.21
34,80
28.94
32.9¢6
17.78
21,69
16.53
21.08
20,12
18.29

7.84
6.09
12.10
5.77
7.55

12,08

9.86

FC

43,39
23.26
16. 12
37.58
36.40
21.94
27.70
17.10

- 4,30

18. 09
8.54
7.18
5.€7
4.36
0.236
7. 37
8.24
4,25
5.34
1. €5
26,22
19, 81
29, Cy
33.63
23.%21
34,68
23,62
19.58
22.G5
13.8¢
5.38
2,13
13. 05
10. 45
2,72
1. 16
6. 89
9. 37
7.99
3.€6
30.73
32.25
25.77
28.776
13. 94
18.69
14,96
18.71
22.48

- 16. 86

12.C3
8.5d
6. 19
12.99
5.18
7.88

11.39°

9. 69

WEIGHT

0.66
3.00
5.46
C.89
1.01
2,78
1.59
3.80

- 5.68

3. 21
7,15
4,88
5,48
0.25
0.00
4,12
4,77
3.33
4.65
0,05
1.75
2,73
1. 47
€.99
1,13
1.17
2,15
2.55
z.35

5.16

.36 .

0.30
4,84
5.98
0.12
0.04
4,20
4,60
u, 27
5.17
1. 51
1.16
1.61
1.29
3.72
2.72

4,05 -

2.66
2.19
3.32
5.05
5.32
4.56

° u¢u3

5.18
5.29
4,30
5.39
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2.16%
23.77
24.86
16.92

9.18

B.4E

4,04

7.30

8.21
12.21
11.68

4.76

6.48

9.45
10.52

2.55%

4.52

4.30

3.33%
13.88
10. 74
16.47
14,71
19. 38

7.37
11.0¢
11.27
15.50

3e92%®
12.21
10. 85

6.47

5.0z

3.68

3.u04%
10.0¢

8,57
14.53

8,73
10.89

1. 71%

3,44

20 91*

0.00%*
10. 16

4. 27

3.67*

7.7¢€

3. 4%

2.26%

4.42

7.07

6.50

2.51%

2.4Ux%

5.01

5.81

4,42

FC

1.77
21,45
23.53
15.95

8.23

9.36

3.95

6.92

8.37
12, 9¢
11.56

4,12

7.05

9.48
10.32

0.53

3.36

3.53

2. 25
13. 27
10.89
17.57
15.85
21.28

9.15
11.37
11.04
15.47

3.70
12.17
11.05

6.52

3.27

2.27

2.70
11.23

8,94
15.43

8,49
11.30

2.27

3.u40

2. 81

1, 28
10.40

3.50

4.68

7.86

3. 36

3.83

5.03

6.95

6.07

4,97

3.1

4.u41

5.87

3.30

WEIGHT

0.12
2.20
2.09
3,70
5.43
7. 14
3.27
4,73
5.05
5.02
4,90
2,58
3.51
5.17
4,66
0.13
3.94
3.23
0.28
4.01
4,57
3.48
3.91
2,72
3. 84
h,57
4,68
3.€5
0,19
3.80
4,65
3. 61
4,51
3. 14
0.24
3. 51
4.03
3.82
4,22
4,44
0.03
0.16
0,12
0.00
4,70
2,49
0.20
4,86
0.18
0.05
1. 91
3.97
2.95
0.07
0.08
2. 49
3.57
2,61
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FC

3.22
7.08
1. 74
2.21
11. €7

24.66 -

22.77
33.89
46.C3
46. 14
42.€6
14, €9
17.¢20
9. 00
0.Ch
11.28
10.26
14, 32
5, €2
1.84
6.58
2. 90
3.41
- 2,195
5.29
45.23
68, 28
32.56
43,63
17.C7
8. 25
16.23
19. 638
12. 31
12. 30
14,24
15. 15
12. 04
8. 57
7.15
4,8
5. 40
7. 43
0.58
2.49
2.90
8.61
22,40
37.82
32,02
32.23
27.45
25.16
7.32
11. 84
8. 14

- 9.23

9.83

WEIGHT

12437
2. 74
0.07
0.15.
7.57
2.17
3.40
1,22
- 0.74
0.69
0.89
4.71
3. 94
8.79
0.28
6,03
6.10
4.67
4,29
0.13
4, 81
4.59
.11
0.17
5.21
0.65
0.29
1,13
Ueb5
4,55
10. 61
3,68
2.18
€.55
7.29
6.07
4,37
5.26
5.67
4.65
C.2u
4,35
5.44
0.00
0.19
3.69
10.32
2.35
0.88
1.24 .
1. 11
1.49
1.87
9.06
6.33
7.65
7.25
6.10
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FC WEIGHT H FO FC WEIGHT

K L
6.39 6.67 11 5 -2 0,00% 2.34 0,00
7.43 3,90 12 5 -2  6.51 6.39 4,81
7.24  5.60 13 5 -2 6.29 6,35 3.98
6.81 4,30 1 5 -2 6.52 6.91 4.17
3.76  3.59 15 °5 =2 0.52% 2,22 0,00
5.92 2.56 %6 5 -2 5.58 4,01 4.00
0.73 0.16 17 5 -2 3,66 3.36 3.01
7.74%  4.49 1 6 -2 7.08 9,66 2.91
4.18 3.56 2. 6.-2. 4,77 4.05 2.29
9.21 6.85 3 6 -2  9.44 11.75 3.12
35.62 1.21 4 6 -2 7.02 8.43 2,52
30.68 1.45 5 6 -2 3.97% 2,63 0.20
39.62 0,74 6 6 -2 13,03 15.19 3.65
27,77 1.57 7 6 -2 7.59 8.92 3,21
27.34 1,46 8 6 -2 5.76 5.15 2.52
11.07 6.38 9 6 -2 2.95% 2,28 0,14
3,72 4.71 10 6 -2 8.30 9.22 4,39
18.38 2.87 11 6 -2 5.82 6.09 2.55
25.37 1.70 12 6 -2 5,59 5,03 3,65
13.12 5.09 13 6 -2 5.40 4.63 3.76
7.25 6.11 W 6 -2 2.64% 3,09 0.15
19.52 3.18 15 6 -2 6.98 6.57 5.84
3.28 0.22 1 7 -2 4,72 4.93 2.13
12.10 4,38 2 7 -2 3.57% 6.16 0.13
1,95 2.97 3 7 -2 3,51 3,73 0.12
4,24 4,22 4 7 -2  93.82 12.C3 2,72
2.64 0,07 5 7 -2 10.02 10.73 4.36
4,35 2.53 6 7 -2 4,87 2.06 2.28
3.96 .23 707 =% 0.00% V.37 G.00
9.47 6.17 8 7 -2 4,09% 4,23 0.18
16.74 3,96 9 7 -2 7.77 8.10 5.25
14,90 4.57 10 7 -2  6.38 4,01 2.85
21.04 2,39 11 7 -2 0.00% 0.94 0.00
9.13 6.02 1 8 -2 4,70% 6.40 0.15
14,15 4,35 2 8 -2  4.29% 2,81 0.13
5.22 5.55 3 8 -2 4.21% U4,87 0.12
14,33 3,76 .4 8 -2 4,02% 4,60 0.1
15,65 3,22 5 8 -2 3,06% 1.26 0.10
4.97 4,13 1 0 -1  6.54 5.79 14,91
9.91 5.46 2 0-1 51.15 53,70 0,53
16.28 3.58 3 0 -1 52.04 52.85 0.53
€.56 5.49 4 0 -1 70.88 74,78 0,29
16.9S 3,28 5 0 -1 48.03 51,20 0.63
8.34 4,90 6 0 -1 24.78 25,73 2,27
8.88 5.69 7 0 -1 12.96 12.77 6.64
4.93 4,32 8 0 -1 40,81 41.53 0.86
1.73  0.15 9 0 -1 16.57 17.86 4,33
1.69 0.01 0 0 =1 44.84 44,73 0.71
5.65 2.30 11 0 -1 4.35 3,32 5,47
9.11 4.29 12 0 -1 8.35 9.05 8.58
7.07 3.31 13 0 -1 8,79 7.%4 7.00
3.08 3.12 4. 0 -1 30.19 30.30 1.45
10.38 4.51 15 0 -1 0.93% 0,76 0.02
18.78 2.92 %6 0 -1 8,81 8.48 14,49
14,24 4,48 17 0 -1  0.00% 1,10 0.00
6.61 3.54 18 0 -1 3.11* 0,86 0.18
6.94 3,72 19 0 -1  4.52  4.91 2.38
0 -1 2.82% 1,67 0.15

7.17 4.00 20
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7.95
25, 85
47,86
26. 19
61.29
27.93
20. 1€
14.06
14.99
30.87

3.65

9.73

4,5%

S.47
12. 94

9.50"

5.9¢8

7.29

4.06

3. 99*

4.05

5' 45
58.0¢%
24.90

9.9¢
53. 44

g.70
21.36

3.32
16.62
23.10

8.38
14, 15

5.78

8.19

5. 1€
T.46

5.08

6.7C

9.85

2. 27*

4,87

5.09
16,87

5.14
40. 05
17.51

37. 71

3.54
12. 47
3.69
6. 04
5.21
13. 37
15. 06
2.71%
9, 36
1.19%

FC WEIGHT
6.66 5.08
21.88 2,02
44,52 0,63
24,95 1.99
57.17 0..39
29.19 1.80
17.87 3.28
12.82 5.71
15.19 5.27
32.23  1.45
6.16 5.06
9,27 7.29
3.42 6,15
9.69 6.69
13.01 5.19
9,00 7.02
6.20 3.21.
6.41 5.92
3.23  2.44
3.84 0,22
2.81 2.56
4,16 4,33
51.43 0.4t
20.22 2.18
8.29. 8.61
49,76 0.51
8.15 10.73
23.03 2.91
3.67 5.5u4
15.40 4,26
22,43  2.46
7.80 8,13
12.6¢ 5.03
6.96 6.60
8,53 5.65
4,70 4.87
6.93 5,13
5,43 3,15
5.70 U4.€4
9.20 S.34
2,88 0,07
2.68 4,32
3.79 3.70
15.11 4,02
4,96 6.70
37.20 0.89
16.25 3.89
35.5€ 1.00
1.83 4,91
10.64 6.04
3,00 4.13
6.40 6.13
3.73 5.65
13.76 4.85
13.85 4,27
1.79 0.17
8.50 5,Uu4
2.41 0.02
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5.30
10. 11
0.58%
4,19
0.00%
8.17
30.30
26,50
9,12
4,40
9,87
10,04
15. 17
13.04
7.57
8,39
4.68
19.28
2.75%
6,42
7.53
7.38
6.6¢€
3.76
8,37
13.72
9,85
6.74
Y,00
5.81
10.30
3.31%
6.42
16.74
10.29
3.36%
8.69
0.00%*
7.57
6.U8
4,32
16,17
4,17%*
12.68
12. 17
22.25
8.24

- 12,86

20.88
8.90
8,07
8.59
6.05
4.42
4.68
3.02%

13.08

11,36

FC

5.12
8.179
1. 21
3.02

1.9¢.

10. 21
28.83
22. %4

5.15
9,18
9. 40
12.75
12. 33
6.¢8
8, €2
2.77
18.C2
1. €3
6.99
6. €8
7.U6
6. 50
2,32
8. 58
13,82
10. 19
7.6
B. 74
4,17
8. 80
1. 85
5. 30
15.48
10.56
4,12
9.09
2.91
6. 37
4,97
2.89
16,57
3. 85
12.61
10. €7
21.72
9.75
9,52
19.€9
8. 45
6.68
3,26
5.78
3.29
3.12
2.776

13,04

10.88

2
4
0
2

0

5
1
1
6
4
6
5
4
u
5
4
2
2
0
3

N W &

4
n
4
mn

5.

4
5
0
2
3
32
0
4
0
u
3
2
3
0
3
3
2
3
3
2
3
3
5
3

-2

2
0
3
3

WEIGHT

.68
L uu
.01
. 82
.00
. 36

.46

. 85
.76
.70
. 28
.58
.13
. 64
.07
. 81
.73
.86
.10
.33
.36
.93
. 87
.85

.04

.20
.11
+07
70
.12
.17
.15
.97
. 49
.99
.15
. 26
. 00
.01
.71
. 84
.13
.14
.01
.57
.12
L0
.69
.32
.93
.66
.04
'6“
.16
.99
.18
. 55
059



s+

—h
-t

. _ _‘
WO NS WN=20NEWN =N

-t
AoV EW

_.L..t_a...n—l_a-l_.t—l.-t—l_t—I-JA—A_.\—l—\AOOOOOOOOOCDOOOOOOOOOOOOm_mmmmm\!\l\!\{\l\l\!\lﬂ\l =

OO0 OO0OOODDOOOLDOOODDODLDODOOO0OOLDOONODOOOODOOOODOODOOOO0O

FO

S 6.77
10. 90
4,25%
8.12
8.68
4, 23%
2.58%
3.03*
6. 96
3, 94x*
5.49
3. 20*
2. 0€*
5,35
2, 17%
3.43x%
6.25
43,42
10. 64
68.74
43,14
7. 45
0.00%
25.6¢
4,41
4,37
20, 6¢
9,49
3.26%
3.76
1.89%
2,73%
8.6C
2,10%
0,00
2.59x%
5.09
51. 3¢
57.5¢
86.93
51.45
31.69
41.89
22.16
6.27
17. 15
4,90
5.5¢€
5.33
6.30
9.38
6.23
11.41
11.58
4.85
3.50%
2.87%

FC WEIGHT
6.82 2,55
10.29 3,14
4.66 0,13
6.92 3.36
7.49  3.27
5,27 0.19
3,45 0.08
0.94 0,14
6.68 4,35
2.48 0,22
6.44 1,34
4,17 0,06
4,11 0.07
3.03  2.06
0.73 . 0.05
3.91 0.10
7.33 11.05
48.58 0,70
13,28 4.37
83.66 0,31
50.85 0.72
7.47  3.39
5.33 0,00
31.42  2.09
3,50 5.02
0.63 4,34
23.51 2.86
9.50 5.88
$.817 $.07
4.14 0.22
3,23 2.93
1.91 0,06
3.45 0.17
8,09 4,76
0.38 0,12
0.33 0.00
2.06 0.16
3.58 3,92
46,08 0.52
51.14 0,43
82.54 0.20
52.24 0.55
31.18  1.42
43.69 0.83
24,58 2,70
6.99 10.76
18,06 4.08
5.19 8,12
6.42 6.11
4.63 6.48
6.05 7.72
9.65 5.59
6.68 14,39
11.32 4,86
11.43 4,28
5,41 2,32
1.37 0.21
0.20

1.08

WO EWN=S0O oo

-t d
-t O

b b d d b wd b
WOJONUBTE WN

NN
- O

- A .
S O OWUOMNCOYNEWN

UG I QS QI QR g
woOoNOTNEWN

3

[N

DONOITNZTWN=00

- D ol b b
SWN 2O

. R

z:::x:x:x:4:x:c:1:4:4:4:::::wwwwuwwwwwwwwwwwuwwwmwmMwwwwwmwwwwjpwwwwww.w.a

FeYeoyeleReloReiokek=R=k=Re ke koo ko ke k- ke ko ReReRoNoNoR o N oo Rt NoNoNolo N oo e No e N No o No oo oo oo R Ro N ool Nojlole i =) |

FO

3.65%
43.34
74.86
48.41
63.76
12.90
24,28 .
34,63

25.02

13.71
14,15
7.95
8.02
15.73
7.01
5,98
4.77
4.05%
6.58
4,48
5.29 -
6.57
3.23%
10, 42
16.03
33.03
31.13
29,23
15,77
33.61
25.59
9.59
5,70
14,32
8.36
11.13
9,45
8.17
7.46
11.50
9.71
3.16%
2.65%:
73.95
41.43
22.62
13.95
6.58
12.52
13,22
11.13.
10,12
14,75
10.63
11.84
8.48
10.20
7.57

FC

3.05
35.95
63.10
39.239
55, £2

25. €5
32,23
25.52
15. 01
14, 99
7.89
7. 14
17.C9
8. 00
7.28
4. 56
4,76
7.32
3. 60
4,56
6. 08
1,38
8. 29
15. 54
28.18
30. 83
29, 35
14,08
34, 51
26,02
10, 34
4.7
13.62
7.58
11.96
9.37
8. 10
6.73
11. 64
9,37
1.98
1,74
62. €3
33. 29
19.53
11.57
6.50
11.50
13.70
11. 18
10, C4
15. 65
10.78
10. 91
8. 36
10. 63
6. 05

WEIGHT

0.27

0.76
0.26
0.62
0.36
6.56
2. 28
1.19

S 2417

5,58
5,45
7.72
6. 31
2.91
5.78
4, 40
3.32
0.22
4,02
3,49
3,08
4, 28
Ol 2u
7.00
4. 65
1.27
1.43
1.60
§.73
1.25
1.98
6.85
4,63
4,57
5.92
4,69
5.52
4.47
4,4y
4,13
5,46
0. 16
0.14
.27
0.82
2.U6
4. 89
4,99
5, 38

5.10 .

5.46
S.25

4,08

.37
5.16
.49
4, 81

- 4,58
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2. 30%
7.88
3. 41%
5,01
7.06
17.01
10.52
18.66
5.05
11.16
5.83
10. 30
16. 14
14,28
20.70
16.88
5.43
5.09
8.32
5.689
€.53
0.99x*
12,82
5.6:2
15. 16
6,18
3,35%
11.39

ar n-=o
1 e 7/

2.87x*
17. 57

12.57

1C.77

2. 31*
5.01

7.45

4,33

2.57*
3.64%
6.9C

6.6€

12.43

14,99

1. 26%
13.54

11, 26

9.20

2,32%
5.2¢

7,45

5.12

5.73

4.56%
0.91%
4, 49*
0.00x*
3, 33%
37.60

FC WEIGHT

4,47 0.06
8.89 4,01
3.91 0.18
4,5 3,74
6.35 U4.58

16,00 3,14
8.89 4,50

15.74 3.09
5.62 3,28

10.20 4.94
5,29 3,12

10,24 5,23

16,12 3. 34

15.29 3,51

19,93 2.53

15.89 3,17
4.65 3,23
4.66 2,89
7.58 5.25
4,83 3,42
5.65 3.73
1.05 0.02

11.41 2,89
4.52 2.03

13.8¢ 3.17
5.06 2,38
5,05 0.11.

11.59 3,74

15.33 3.6z
1.52  0.10

16.81 3,13

13.41 4,07
9.45 4,48
2.12 0.C9
3.52 2.88
7.43 4,12
3.62 2,65
3.42 0,10
3.55 0,10
7.05 2.64
5.88 2,52

12.61 3,41

14.59 3,22
2.35 0.02

12.84  3.56

10.96 4,25
8.78 4,62
0.86 0.07
5.24 2,78
6.12 4.03
5.16 1.52
4.35 1.79
2.50 0.14
1.02  0.01
2.67 0.17
1.23 0.00
4.01 0.10

0.97

38.81
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68, 40
58, 62
4,82
41.54
13.39
26.52
36,32
33.67
7.02
18.99
3.73
6.00
7.2
11,84
2,65%
8,04
2.27%
12.67
2.83%
2.57%
3.43%
14, 34
23,80
€6.66
135.38 1
119.68 1
26.87
34,08

A A
DLe IV

23.77
20.22
16.€3
15.81
7.75
5.06
5. 01
5,34
6.23
8,33
u‘96
0.00%
2,05%
4,21
34.70
63.29
25.14
14,62
30.35
23.34
19.46
11.28
16.56
6.96
26.98
13.20
7.08
4,84
6.90

FC

72. 85
65.18
4,76
43,88
14,61

37. 14
37.68
6. 39
19.79
4. SU
6. €1
7. 11
11.92
1.06
9. 34
1.25
12,51
2.85
1.C4
2.10
15. 9
25.35
69.59
33,31
22, 82
29,24
36,57

" ra
DI 20

28,05
23.19
17.90
15.C2
6.57
5.43
7.10
6.51
7.40
8.42
o 31
1.68
1.19
3.62
36.44
67. 30
24,41
15. 04
31.45
24,42
20. 65
11.70
16.77
8.23
27.65
13.77
7.99
3,80
5.06

WEIGHT

0.30
0. 39
12,49
0.84
6. 25
1.97
1.09
1.26
8,87
3,48
8.79
8. 01
6.67
5.28
0. 20
5.28
0.09
4,95
0.12
0.13
0.31
5.67
2.33
0.33
0.08
0. 10
1. 96
1,22

- nr
le 2D

2.37
3,09
4.4
4,57
7.53
4,84
3.12
4,19
4,33
5.51
2.81
0.00
0.11
2,76
1. 18
0.37
2,18
5.51
1.53
2. 45
3.39
7.56
4,18
9.78
1. 81
5.34
S.u2
4,51
7.26
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4,49
4,75
9,39
5.39
2. 41%
11.35
3,44

19.67

42,52

25,81

47.57

27,32

23. 49

26.32
3.59

21,45

16,45
8.01
7.86
4,02

11. 84
9. 9¢€
4,91
2. 07%
3,93
4,95
4. 94
4,98
6.93

26,37

17.02
8. 16
12. 96

15.63

22.07
7.73
5. 63
6.01
6. 04
8.61

10.67
14, 39

12.32

10. 71
3.81%
5,18
5.83
1. 94x
6. u3
6.78
6.59

20,25
10. 70
9.68
4,41

10.54
9,98
6.70

FC

3.27
3,91
9.36
4.44
2.07
11.55
1.30
20.76
48.31
25.86
39,65
24,76
24.71
24, 31
3.57
21.98
15,43
7.01
9.77
4,52
11. 33
9.70
5.25
0.68
4.54
5.54
4.94
3.62
5.60
24,83
15.48
7.27
10.68
15.65
16.66¢
7.09
5.25
6.72
5.07
8.20
11.09
15.75S
12.21
10.62
3.87
4,58
5.15
1.32
7.97
7.62
5.65
17.39
9.33
9.01
4,42
10.13
9.17

6.92

WEIGHT

3.07
3.48
4,96
3.69
0.12
4,79
3.13
3.29
0.79
2.02
0.¢4
1. 81
2.35
1.93
4,07
2.76
3.93
7. 10
4,62
2.82
4.60
5.47
3.04
0.09
2,35
2,47
3.¢€7
5.13
5,07
1.90
3.95
6.63
5.64
4,15
2.61
6.60
4, 39
4,61
.40
£.37
4,71
3.97
4,19
4,c2
0.21
3.67
3,94
0.10
4.65
5.23
5.04
2,77
5.07
5.24
2.51
5.18
5.36
4,30
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12.99
10. 88
15.53

.47
0.00%
3,43%
6.61
2.79+%
U, 15%
7.18
3.63%
5,66
12.80
5.18
10,59
5.19
4,86
5.07
2.38%
1.45%
7.03
0.00%
6.37
3.70
3.21%
8.61
14,39
5,61
b, 47+
13.69
6.79
6,43
7.09
11,52
7.89
2.57%
8.16
2,93%
3,19%
2.48%
4, 19%
0.00%
2.54x%
3.16%
29.65
16.27
16.93
40,97

107.01
57.59
18. 83
27.23
13.89

2. 36*
6.21
16. 29
0.00%
3,27

FC WEIGHT

13.35 3.85
10.40 4,36
14,94 3.63
3.97 2.87
1.37 0.00
3,07 0.22
5.49 5,06
2,87 0.16
3.69 0.19
6,74 3.48
4,06 0.17
6.09 2,17
12,72 4.40
4.00 3,03
10.56 3.66
4,33 2.49
2,92 2.89
4.55 2.57
0.83 0.08
2.04 0.03
6,68 2,85
0.52 0,00
5.89 3.94
2.20  2.91
2,58 0.12
8.65 32,60
14,13 3.65
5.48 3,13
5.8z 0.18
14,18  3.56
6.70 2.92
5.66 3,49
6.96 3.51
10.93 4,72
6.86 4,60
3.46 0,10
6.56 5.35
3,41 0.10
3,40 0,11
0.74 0.08
3.07 0.20
2.26- 0,00
2,44 0.08
2.05 0.14
27.02 1,54
17.13 4.76
16.79 14.27
39,24 0. 86
111.55  0.13
59.51 0,45
18,73 3.62
25.53  1.89
13.98 5,40
1.07 0.43
6.1 8.51
17.22 4,07
2.78  0.00
1.25 4.25
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4,87
4,96
0.00%*
3.76%
0.0C*
3.59%
3.77

2. 42%

57.79
69.68

30.1¢C

80,59
62.55
52.5¢
21.1¢
15.61
9. 2%
16. 74
12.16
7.49 .
2.16%
6.52
4,80
6.42
4,15
.14
1.85%*
5.19
.07
3.83
22.08

31,72

13.7¢
22.09
29.33
9.7¢
17.u4€
44,94
34,69
6.91
19.42
7.41
8.00
5.82
4.48
5.50
4,88
9.21
4,66

2. 44%

3. 90
5.96
14,14
11.8¢
26495
25,95
26, 16
8.13

FC

6.15
3.70
3. 67
5. 14
0.37
3.08
0.74
2.16
57.50
69. 16
28.96
84,06
63.80
53.25
23,50
16.90
19,82
17,13
13,01
8.37
3.01
6.90
5.60
7.30
3,56
5.09
1.12

© 5,18

T.82

-3.35
24.44
34,01

14.48

21.54
30.37
11.24
17.06
43.93
35,35
6.56
20.40
8.07
7.88
4.89
3.22
4.64
b,uy
9.93
3.17
2.63
3.58
5.2¢
15.76
12.8¢9
24.85
25.25
26.13
8.65

WEIGHT

3,24
3,79
0.00
0.26
0.00
0.23
3.87
0. 14
0.4
0.30
1. 56
0.23
0.38
0.53
2. 90
4,78
8.23
4,16
6.33
7.35
0.16
6.28
3.55
4, 8y
2.96
3,64
0.07
3, 60
5,65
20 91
2.77
1,42
5. 63
2.75
1.63
8. 94
3,91
0.72
1.16
7.07
3.13
7.04
5.36
5. 90
2.88
i, 44
3. 50
6. 14
3.75
0.10
3.42
5.61
5.26
6.43
1,84
1.98
1,97
8.08
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FO

21.75
10.77
16.26
6.4l
7.34
6,81

- B.66

1.86%
3, 29%
5.12
5.48
6e34
7.54
0.,78%
4,62
14.40
10,60

7.69

10.43
19.31
5.72
7.01
12.09

2,13%

4,22
5.50
1,78%
11.04
0.063
7.33
7.84
0.00%*

2.70%

4.67
6.32
12.92
8.85
23.63
9,54
19.05
5.06
3,82
6435
2.084%
0.14%*
5.66
2.29%
7.37
3.11%
1.,37%
3.9
3.11%
8.52
4,52
9.77
93.04
11.29
4,32

FC

22.56
11. 28
16.76

7.18

6.25
6.59
8, €8
1. 33

3.68
5. 21
5.52
6.78
1.98
4,29
14,28
~11.C8
8. 31
9. 64
18, 41

WEIGHT

2,71
6. 64
4,13
6. 28
7. 21
5.03
6,20
0.08
0. 20
5.60
5.73
4,46
5,27
0.01
3,43
4., 86
6.73
€,67
6. 26
3.03
6. 14
5.92
5.62
0.13
3, 64
4,65
0.05
4.57
5.75
5.08
4,55
0.00
0. 11
3. 94
4,65
4. 55
4,77
2.17
u,87
2. 99
3.71
2.67
4,75
0. 10
0.00
3,52
0.07
3. 87
0.15
0.03
3,43
0.20
4,48
2.°60
4.63
4,11
B.21
2.57
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FO

9,75
11,13
5,74
6.56
5,06
7.08
4.83
4o 07*
4,89
6.91
2. 36%
3. 07*
5,41
6,23
4,56
6.03-
0.00%
4,42
5.69
5,33
3.204%
5.16
6.08
7.41
6.15
3.34%
6.48
55.94

~nn oA
LIe I

26.76

- 36,72

10.18
21. 84
31.01
5.02
4,89
9.26
20.5C
12.26
23.54
3.08%
15.42
1.78%
4,17
4,10
6. 63
2.53%
2,20
2,9E%

29.97

27. 80
32. 22
16.84
40.47
35.53

S.42
30.38
27.50

FC

9,91
11.1¢
5.97
6.27
4,00
5.77
5.49
4.29
4,33
7.57
1.7¢
3.55
6.70
5. 57

3.53

7.00
2.82
5.24
4,71
€.96
2,77
6.26
6.73
7.03

5.49

3.40

5.92
53,33
23.1%5
25, 06
34,90
12.20
23.05
33,53

4,88

4,23
9.62
20. 90
13.03
25.25
4,12
16. 15

2.31.

4,28
3.46
5.87
3.55
1.18
2.25
30. 36
27.42
33,38
17.98
41.08
33.08
5.20
33.09
28.59

REIGHT

4,32
4,27
3,01
3.u48
2,90
4.29
2.86
0.23
4,03
2,94
0.07
O. 09
2.15
3.75
2.51
3.2
0.00.
2,20
3.78
2,51

0.16
2,72
2.73
4,14
3.53
0., 14
3.49
0.u47
2,43
1.94
1. 06
8.07
2.76
1. 38
8.71
8.57
7.88
2.90
5.85
2.25
0.19
3.99
0.06
2.78
3. 11
3.91
0.10
0.11
0.18
1. ¢

1.81

1. 39
4,33
0.88

1.1“ .

7.53
1.51
1.77
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FO

33.89
32,02
14,66
13, 20
5,44
7.69
13,25
7.95
6.12
4,82
2.56%
4.72
3.02%
37.77
4,06
13.83
26.06
27.59
8.50
62.80
19,48
24,90
12,37
0.96%
13,27
12.56
6,27
5.49
5.20
2.92%
2.71%
4.19
4,26
0.00%
20,90
22, 30
11.22
31.49
20.86
10. 91
15.71
2, 48%
2.75%
12.33
11.88
10. 84
3.88
2.39%

- 8,37

4,26%
2.95%
0.00%
6.30
2.72%
24,46
20.20
10.04
11.10

. FC

36. 05
32. 05
15,27
13.50
5.70
7.95
15. 51
8. 93

. 6. 18

5.32
2. 74
3. 22
3.85
38.08
4,98
14, 81
24, 06
28. 61
6,43
60. 50
21.C7
26,82
13. 65

2.82
14. 80

13.27
7.C7
6. 18
5437
2. 33
0. 81
4,¢€1
4,29
1. 47

20.C2

23.15
12. 50

30,06

22.35

10. 27
13.78
0. 96
2, 96

13.07

11.39

10. 23

. 36
2432
8. 17
4.7
3. 21
2. 65
6.91
3.47

27, 38

21. 35

10.33°

9,42

WEIGHT

1. 21
1.32
4,39
5.27
4,80
5.51
3,65
4,23
4,23
3.15
0.13
4,34
0.17
1. 00
7.71
5.81
1.98
1.80
8.12
0.37
3.30
2,13
5.61
O. 03
5.06
5.23
32.89
2..94
3.00
0.13
0. 14
2,18 -
2,43
0.00
2. 88
2.60
6.73
1. 41
2,93
6.99
4,39
0.22
0.26
5.72
5.90
5.90
2.59 .
Ou 11
b,u2
0. 21
0.13
0.00
3.53
-0.12
2.08
2.92
6.94
6.13
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FO FC WEIGHT H K L FO. FC WEIGHT
6.98 8,06 5,98 0 8 3 7.71 9,02 3.64
13.48 13.41 5,02 1 8 3 1.50*% 3,33 0,04
9,46 9,28 7.08 "2 8 3 9,33 10.04 4,85
6.88 6.87 7.32 3 8 3 5.1u4 3.42 2.95
11,45 11,77 5.57 0 0 u 8.11 10.70 4,82
11.62 11.45 5,24 1 0 4 26.84 27,05 1.93
4.03 3,88 2.67 2 0 4 4,05 2.86 7,88
3.30% 2.18 0.19 3 0 4 31,14 30.26 1.45
6.62 8.19 3.71 4 0 -4 14,73 18,16 . 4.61
5.52 5.44 5.05 5 ¢ 4 20,20 19.78 3.18
4,81 6.39 2.25 6 0 4 25,30 26.58 2.09
7.79 8,06 3.93 7 0 4 12,91 12.15 5.67
3.90*% 3.30 0.22 8 0 u 5.96. 4,78 5.50
0.00% 1,05 0.00 9 0 4 19.84 19.96 3.04
2.51% 3,09 0,13 0 0 4 8.17 7.77 7.24
16.63 18.11 3,44 11 0 4 1.39%« 0,42 0.07
6.87 6.33 4.91 12 0 U4 8.88 10.C6 5,08
15.27 16.02 3,93 13 0 4 3,42 9,30 4.33
6,32 7.09 3,84 1 0 4 17,72 18.,C8 2,20
14,61 14,65 4.43 1 0 4 6.75 8.25 3,74
11.30 10,27 4,35 16 0 4 3,38 3.23 0.17
2.54% 2,23 0,12 17 0 &4 0.58% 0,83 0,01
9,11 10.53 4.%4 18 0 u 4.58 4,16 3.59
3.56% 3.C06 0£.18 19 0 4 2.33%x° 1.62 0.1
7.54 7.89 3,73 20 0 & 2.33% 1.¢3 0,13
8,80 8,85 5.41 0 1 4 18,52 17.S5 3.71
11.72 12.92 4,29 1 1 4 33,13 30,44 1.28
6.80 6.05 2,95 .2 1 4 12.07 10.64 6.61
Be 12 .92 5,16 3007 4 34,67 3z.33 1.8
4,11 3.60 2.56 4 1 4 11.59 11.37 7.01
2.62*% 3,33 0,12 5 1 4 31,38 32,56 1,43
©3,33% 1,80 0.21 6 1 4 23,71 23,29 2,
18,7¢ 20.3% 2.78 7 1 4 36.53 37.68 1.07
9,6S¢ 10.22 3,99 8 1 4 9.29 9,¢7 7.22
6.98 7.57 3,17 9 1 4 39,33 42,42 0,90
12,40 13.517 3.96 0 1 4 2.29% 4,65 0.15
8,64 8.98 4,40 11 1 4 21.06 23,14 2,69
9,12 8.73 4,45 12 1 4 0.00% 2,34 .0.00
10,75 10.02 4,49 13 1 4 14,02 15,854 4,45
8. 45 8.66 4,17 M 1 4 3,07 9,12 5.84
13.99 14,00 4,04 15 1 4 5.88 6,40 2,17
6.94 7.70 4,04 16 1 4 4,11 2,25 3,06
4,35 3.47 1.94 17 1 4 4.88 4.69 2,15
4,04% 3,18 0,23 18 1 & 3,36% 1,42 0.25
4,87 5.85 1.97 19 1 4 4,60 3.82 2.75
2,65% 2,88 0.11 ) 20 1 4 1.71*% 1,28 0.08
3.57% 2,53 0.25 0 2 4 20,57 21.16 3.08
8. 7¢C 8.07 4.21 1 2 4 16,76 18,32 4,17
5.78  7.0S6 2.90 2 24 16.34 17,82 4,23
5,29 5.06 2.98 3 2 4 22,36 21,12 2.63
6.57 8.14 3,02 4 2 4 14,04 13,75 65.15
9.16 9,38 3,35 5 2 4 13,24 12.u44 5,76
8. 27 8,74 3,79 6 2 4 23.51 23.74 2.33
4,62 3.38 2.57 7 2 4 26,03 27.64 1,97
3.67* 2.61 0.20 8 2 4 18.43 17.35 3.35
5.29 5.08 3,36 9° 2 4 8,86 8,47 8.05
4,17% 4,19 0,21 10 2 4 10.59 10,01 6,46 .
3, 7C* 4,99 0,22 11 2 4 6.81 7.64 4,61
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15.00 15,52 3.73
12.99 14.13 3.85
9.70 10.71 4,67
S.86 10.65 4,23
"13.24 13,56 4,18
6.00 5.71 3.36
3,03 3.01 0.15
4,93 . 6.01 2.40
3.50% 1.74 0,21
7.57 7.19 4,92
4,44 5.22 2.32

6.30 5.3 9.38
35.35 31.52 1.13
22.60 19.46 2.54
22,03 20.38 2.65
15.42 16.C5 4.61
26,87 27.60 1.85
10,70 10.79 6.91

3,09 1.70 0.40
15.89 15,41 4. 1M

9.23 9.93 6.u9

8.67 9.22 6.53

FO K L FO FC
8.79 8.87 5.22 S 4 4,49 3.36 -2.44
12,10 13.S87 4.19 5 4 b.27 4,25 2.09
5.22 4,72 3.78 -5 4 3.09% 3,69 0.15
5. 05 4,90 3.38 0 6 4 11,28 11.29 3.91
5.94 7.11 2.98 1 6 4 5.84 5.22 3.49
3.35% 3,28 0.16 2 6 4 4.,17* 4,31 0.18
8.18 7.47 5.46 3 6 4 4,30. 4.28 2.68
3.83 2,61 3.31 . 4 6 4 11.50 12.79 4. M
20,54 22.22 2.9 - 5. 6. 4. 4,24 4,83 .2.16
16.31 16.34 4.8 6 6 4 18,70 20.34 2.87
5.59 6.53 7.20 7 6 4 1.66% 2,52  0.04
6. 00 7.32 6.61 8 6 4 7.03 8.06 3.60
16.49 17.31 4.15 : 9 6 4 2,61* 4,20 0.1
12,30 11.26 5.74 10 6 & 1.81% 2,32 0.06
13.61 13.42 5,07 11 6 4 4.,10*% 5.83 0,22
15.38 15.90 4,32 12 6 4 4,66 3.89 3.05
21.86 20.99 2.52 13 6 & 4.52 4.85 3.27
13.54 11.73 5.16 o 7 4 5.48 6.37 2,48
3.68% 1.22 0.29 17 4 9,44 10.05 4.11
11.58 12.22 4.38 2 7 4 4.96 3.38 3.40
5.67 4,19 5,25 3 7 4 11,94 12.73 4,22
7.54 7.38 3.66 4 7 4 0.00% 1.51 0.00
3.36% 3,28 0.20 5 7 4 5,40 5.18 3.37
6.29 6.01 4,23 6 7 &4 5.84 6.15 2,32
3,20% 1.28 0.18 7 7 4 4,26 3.87 2.61°
3.22%  3.71 0.16 8 7 4 6.84 6.73 3.87
5.66 5.97 4.50 9 7 &4 3.56* 2.81 0.19
17.18 16.29 3,79 0 0 5 29,21 28.87 1,62
536,10 535.7% .06 T 0 5 20.03 - 20.45  3.00
11.24 11,24 5,57 2 0 5 6.36 4.,€6 9.58
8.39 9.12 6.11 3 0 5 8.62 7.9 9,01
3.23* 1.82 0.23 4 0 5 7.58 6.26 9.56
17.46 17,38 3.57 5 0 5 2.99* 2,21 0.38
16,35 16.91 3,78 6 0 5 0.00* 1.36 0.01
9,23 8.84 5,11 7 0 5 7.22 8.47 6.54
7.0¢ 7.48 4,68 8 0 5 9,97 11.€0 6.87
2.32% 3.40 0,08 3 0 5 11,99 12.49 5,53
6.93 7.08 4,01 10 0 5 5.97 6.25 4,83
.63 7.06 3.01 , 17 0 5 12.38 12.42 4.84
3.38% 2,68 0.17 12 0 5 10.17 10,92 5.61
c.13 8.70 5.28 13 0 5 6.70 6.56 3.98
8.56 9.59 4.18 i 0 5 7.1 6.€86 5.05
7.05 7.02 u4.86 15 0 5 20415 19.51 2,65
5.29 4.25 3,88 16 0 5 14.26 13.35 4.00
2.18* 1,85 0.10 17 0 5 0.00%x 2.80 0.00
10.11  10.21 4,31 18 0 5 5.43 5.43 4.01
5.61 6.22 3.00 19 0 5 4,52 2.58 3.59
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5

QUWOAONAUNETWN 2O

-l



=]
=

-h
—b

- b b o - . P ST N i QU ST QT Y
WN OO WONANN P WNL2OVDODJdIANEWN

-
~

O S N T Qi S Y -l s
ONOVTEWNADOVONANEWN = ORI U

12,64 10.61 5,55
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FO FC WEIGHT H

K FO - FC WEIGHT
14,97 15.28 4,47 12 4,86 - 4,85 2,68
4, 37 4.45 2.94 - 13 4.67 4.35 2.20
4,02 3.46 2,77 14 4,91 4. 11 3.39
11.15 12.66 4.56 15 3.7M 1.78 3.01
4,86 4,45 3.19 16 5.25 5.72 3.29
4,23 3.54 2,58 0 16.42 16.66 3.45
7. 30 8.01 3.u6 1 16,19 17.33  3.36
4,26 4.81 2.95 2 11,06 11,28 5.16
3.39% 3.78 0.22 3 - 10.35  9,u6. 4.79
20.86  21.30 2.85 4 23,78 23,44 2.6
- 3. 27 4.10 2,97 5 5.35 5.56 2,87
5.97 5.86 6.95 6 18,96 19.50 2.87
4,27 3.45 6.75 7 6.79 5.92 4.10
17.07 16.54 4,05 8 15.88 16.£51 3,52
16.92 16,61 4,12 9 3.97 3.03 2.35
8.79 8.57 7,30 10 8,18 7.85 4,61
6. 40 7.06 6.27 1" 4,72 - 4,60 2,64
16,33 17.40 3.82 12 4,20 3.40 3,42
4,54 4.56 4,80 13 3.36* 3.05 0.24
14,43 14.81 4,12 2.96*% 3,23 0.12
13.41 14.62 4.18 7.4 8,32 2.78
9.87 10.26 5.°%54 3.78% 2.52 0.25
11.7¢ 12,70 4,43 8.73 - 8.64 4,79
9.97 10.1¢ 4.41 4.77 5.08 2,29
6.29 5.80 5.19 7.67 6.01 5,93
6. 71 5.88 4,92 7.52 7.97 3.99
4,57 4.54 2,98 6,73 6.76 4,82
12,484 17.6% ©.02 3.5%% .25 G.Z235
- 9.64 9.13 7.15 5.14 4,29 3.86
5.08. 3.84 7,33 4,86 3.89 3.24

3.51% 2,87 0.29
7.54 6.56 4.28
4,59 2,89 3.1
5.90 5.60 4.01
5.54 5.87 2,79
3.62*% 3,40 0,23
3.83% 3,90 0.23
3.22% .50 0,18
3,70 3.10 0.28
5.37 4. €4 7.03
25,24 22.49 2.11
13.83 14,33 5.06
3.19% 2,16 0.29
3.47 3.33 4.85
33.76 31.93 1.21
5.02 4.43 6.50
10, 11 9.90 6.67
- 2.81* 1,76 0.26
0.00* 0,05 0.00
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3.71 2.53 3.35
8. 26 8.38 7,15
8.02 8.27 6.79
6.58 6.93 5,23
. 8.83 7.91 6.02
8, 26 8.42 5.60
13.36 13.39 4,74
8.40 8.65 5.03
5.03 5.60 4,24
4,23 4,11 2.64
4,24 5.77 2.18
1.32%« 2.59 0.03
2.28% 2,35 0.09
8.92 8.54 6,84
10.94 11,67 6.12
4.70 3.43 4,24
10. 00 9.04 6,20
10.85 10.4¢ 65.20
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9.05 9.19 65,54 10 3.92 3.99 3.87
6.78 7.30 5.24 1 2.31% 0,07 0.13
3,14%  1.37 0.20 12 8,04 7.60 4,96
3.52% 4,71 0.23 13 7.04 7.03 €.93
8,45 8.69 5.15 - 14 1.48% 1,93 0.04
12,14 11,94 5,20 15° 1.15% 0.53 0.03
6.61 6.74 3.58 16 5.33 3.69 4,62
4,24 2.85 3.25 17

5.01 3.52 4.64



-
SV IO WN

-
-

VOJOANTWN20O® fe o

. PSP QT QR QI
WVONOITNEWN-OJUEWN

::::z:wuwuuwwwwwwwwwwwwwwMMNNwwwmmwwwwwwwq_s.a_a_s,a_a_;_:.a.A...a..;..\_._u_a_\o =

mmo\mmmc\mmc\mma\mo\o\mc\o\o\mmmmmmmmmoammo\mc\mmo\mmmmmma\mmmmc\mmc\a\c\c\c\o\ [

FO

6.21
10,27
10. 93
14,51
8. 41
20,15
8. 62
3.36%
7.20
7.88
6. 41
4.54
12. 14
14,78
4,85
4,46
6. 06
3, 14x%
4,56
0. 00%
11,48
19. 85
7.55
14,77
9,32
6.56
1.58%
11.77
§.99
22,01
6. 80
7.67
15,33
5,05
6.03
2.58%
4,45
4,39
1. 66%
21,03
0.00%
6,148
11.58
5,43
9.43
1. 78%
9,4%
6,92
10. 27
1.63%
4,57
3. 40%
0.0C*
9,60
8,03
18.08
6,87
8.53

FC

5.37
10.67
11.75
14.51

8.32
19.42

6.71

4.13

6.04

7.23

6.35

5.27
13.29
14.94

4.84

3. 11

6.29

3. 14

4,40

2.42

11,46

19.33
6.69
14,96
.8.48
6.1“
1.7¢
11.88
S.u47
23.08
7.089
7.66
18.11
3.53
5.18
1.62
2,53
3.72
1.82
21.81
1. 17
7.50
10.91
4.73
10. 28
2.94
10.07
6.04
11.31
2,13
5.11
3.58
2,08
8.58
7.50
18.72
6. 44

8.50

REIGHT

5.49
6.87
6. 31
5,01
8. 10
2,93
6.U6
0. 35
7.36
6.23
5. 89
2. 40
5.02
3.83
3.33
3,52
4,27
0.19
4,26
0.00
6. 30
3,08
6.33
4,56
7.05
6.38

0.12

5.35
3.4z
2. 38
u,66
5. 46
3.85
4,19
6. 25
0.13
3.96
2.99
0.09
2.62
0.00
5.74
5. 40
6.18
6.39
0.07
.5.98
5, 21
5.09
0.05
3.00
0.21
0.00
6.59
6. 26
3.03
6.64
5.01
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FO

13,96
11.84
13,53
11.76
3,19%
5.76
15.35
7.10

6.60
3.77*
2.76%
3.01%
11.38
4.70
14,20
10. 11
6.59
10.32
3.93
6.93
0.60%
4.59
4.03
3.25%
4.42
1.94%
6.71
d.22
8.05
3.70%
4.38
4,60
3.10%
3.23%
5.74
7.03
6.81
3,15%
2.86%*
25.21
6.51
3.11%
3.85
6.36
4.76
7.69
6.41
14.00
4,10
5.36
11.96
11.51
7.10
4,92
1.63%
4,99
13.84

FC

14, 5
1. 81
13.09
12. 21
3.67

6.05

15. 65
7. 05
‘5, €7
4.93
2.83
3. 22
1. 17
10. 71
3.69
15,22
10.90
7. 35
1.1
3. €6

6. 56
3.¢7
.4l
6.8
2.06
4.90
3,78
7.78
G, 33
8. 16
3. 02
3.73
3.10
4, C9
3.20
4,39
6. 36
6. €6
0. 77
5.67

23.78
8. 45
1. 33
2.59

.58
4,66
7.69

6.71
14, 41
3,16
4.73

11. 63
10. 89
6.77

4,c7

1.99
4,42
14.75

WEIGHT

g,
5.
u.
4.
0.
3.
3.
u.

.5,
5.
o.
0.
.
u.
3.
3.
u.
u'
u‘
2.
4.
o.
3.
2.
o.
3.
0.
4,
3.
4,
0.
3.
4.
0.
0.
5'
5.
L‘o
0.
0.
2.
6.
0.
3.
7.
4.
6.
€.
4.
3.
u.

u.
5.
5.
5.
0.
4,
4,

62
50
91
66
17
56
83
91
62
68
23
15
30
96
25
91
60
69
56
40
84
01
86
26
30
02
05
18
7z
32
26
06
12
17
20
19
45
75
26
26
03
27
40
81
27
48
23
25
30
43
62
79
26
92
67
07
85
93
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FO

1.32%
17. 91
6.22
3.8C
7.05
0,00%
14.78

3,81%

7' 57
3.07%

. 2.408%

8.46
2, 13%
6,31
2.81%
11. 37
g, 4%
6.18
7.79
21.06
7.83
10. 71
12,23
1.51*
6. 70
8. S€
6. 31
5.4¢

an e~

10s 72
2.70%*
4,22

- 5.54

12,23
13.27
16,57
6.87
12.82
14, 38
10.59
5. 82
12.08
4,13
7. 20
9.68
8,75
9,72
5.78
5.97
11.91
19,52
7.87
5.06
6.86
9, 39
9. 1“
9.37
8.68
4, 34

FC

1.53
16.90
5.76
5,19
7.50
1.55
14,45
3,94
7.98
2.11
0.88
8.66
0.15
6.03
2.54
10.78
9.44
5.22
6.66
20.68
8.61
10,59
11.5¢
0.77
5.58
8.57
7.42
6.61
10,75
2.70
4,25
5.10
11. 05
12.53
16,22
5.87
12.26
15. 27
10.42
5.68
12.19
3.94
6.57
9.76
9,34
9,21
6,04
6.08

11.17

20, 25
7.58
4.95
5.44
9.60
8. 31
9.21
8.85
2.81

WEIGHT

0.06
3.42
S. 49
2,86
6.19
0..00
4,37
0.24
5.37
0.18
0.15
4.83
0.12
4,97
0. 16
5. 82
6. 77
5,24
5.33
2.73
5.01
5.08
4.74
0.05
5.78
5.48
4.%50
3,31

-

5. i1
0.13
3.31
4,58
4. 64
4. 66
3.76
6.53
5,24
4,44
5,70
4. 40
5,22
3,32
5.92
4. 64
6,49
5,98
4. 34
5,02
5,34
2.91
5,52
5. 64
4,37
5,06
5.57
6. 24
5,55
30 61
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FO.

2,65%
8.05
3.88
3.36%
7.06
8.14

.8.46

5,29
- 3.27%

2.38%

1.,63%
4,20
7.02
6.86
2.61%
9,34
3.92 -
3.10%
3.87
11,12
3,15%
5.50
8.35
13.11
2,25%
5.43
8,28
9.u4
26 6%
4,009
3.69
3.79%*

2. 42%

4.08
3.06%
2,63%
3.13%
2,79%
8,10
8.27
7.47
9.93
8.81
13.26
9.29
10.39
5,32
7.38
4,04
3.95
4,36
1.78%
4,88
T.6U%
8.57
12.85
7.36
4.96

FC

3. €3
7.C8
3.26

2.93

7. 61
8. 04
8.83
6,49

3,50

1. 51
2, C9
3.16
6. 17
6. 38
1. 38
9. 14
3.33
2. 10
3.50
12.C8
2,56
5.21
8. 4
13,81
0. 26
4,94

8.C2

12.23
© 6.51
4.1

WEIGHT

0.12
5.86
3.76
0.29
5.02
4,80
5,52
3.23
0.17
0.12
0,06
2.97
5.53
5.71
0.23
6. 14
2.88
0.22
2.43
5.18
0. 31
5.23
€.26
4.45
0.17
5.47
6.76
5.92
Ue 73
2.76
2.83
0. 26
0. 15
2.62
0.24
0.19
0.29
0.27
5.45
5.47
5.20
5.98
4,85
4, 71
5.19
5.58
3.82
5.12
3.16
4,03
2.55
0.06
5.08
0.05
5.86
4,82
4,79
4.45
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FO

7.81
10. 33
6.75
8.31
2. 61%
3.,39%
5.68
4.50
3.31*
1.56%
5. 36
8.02

- 5.24

16. 16
15, 41
9,12
6. 28
9.78
7. 14
2.66%
3.97
3.77
8,18
6,12
5.87
10.02
5.25
7. 45
5.154
3,20%
5.07
4,68
1. 41%
2.88%
1.13%
3.43%
6.76
3.16%
2,86%
4,33
7.30
2.9z%
3,27
11,.,0C
0,00%
1.98%
0.00%
6,32
3. 74
3.03%
5.86
3.59%

5,94

0.00%
2.97%%
4.66
12,45
9,46

FC

8.17
10, 48
6.33
8.59
3.83
2.65

5.47

3,55
1.88
1.29
4,56
7.58
4,6y

16.39

15.00
9.09
6.55
9.70
7.63
1.42
2.77
3.55
7.18
5.09
6.11
9,09
5.08
6.81
4,00
2.53
4. 64
4.59

0.85
0.90
1.99
2.53
5.5
1.52
2.49
3,50
7.52
3,269
0.25

10.68
0.86
1.10
2.31
6.67
3.12
3.38
5,21
1.72
5.65
0.57
0.71
3.61

10.33
8.89

WEIGHT

5.45
4. 31
5.67
50 u3
0..13
0.27
4.20
3.3
0. 31
0.07
4.66
4,28
3.17
3. 67
3.83
4,u6

4,44 .

6.12
4,37
0.18
3.29
3,24
5.07
u, 36
2,56
5,49
3.68
5.15
G, i
0.20
4,55
4,29
0.05
0.21
0.02
0.20
5. 24
0.27
0.15
4,14
5,33
0.22
0.26
4,96
0.00
0.08
0. 00
5. 30
2.75
0.17
5.06
0. 30
5.51
0.00

0.28

3.83
4,72
6. 16
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1

FO

3.02%
4.60
5.72
5.29
7.46
0.00%
0.43
4,u8
3.83
3.66
5.00

4,40

1

1

4,87
5.23
5.45
4,30
4,23
8.06
5.75
4.u6
3.15%
6.15
3.93
8.87
8.87
2.36%
5.67
3.01%
3.35%
3.90
1.50%
2.69%
6.87
6.04
8.13
4,69
2.02%
3.95
5.25
3.43
6.51
5.89
2.80
0.00%
1.86%
2.66%
4,02
2,03%

S 4.49

1.22%
6.22
9.35
2.67
9.89
0.00%
6.83
4,14
4,24

FC

1.17
3.32
5,17
5.18
7. 28
1.99
10. 20
2.73

- 4.20

3.87
4,77
4.89
4,08
6.C8
5..22
3.16
2. €2
9.19
6. 31
3.55
1. 32
6.52
2,93
7.43
8. C6
1. 711
5.70
1.19
2420
2.23
2. 13
2.60

6. 47

5. 84
7.48
3.76
2.¢8
3.63
5,43
1. 56
4,46
4,57
11.97
0. 31
0, €3
2. 39
2. U4
0. 45
5.46
0.18
5.80
8. 39
11. 65
8.98
0.78
64 24

5.29°

1.93

WEIGHT

0.17
3.71
4.03
3,70
5. 14
0.00
5.17
5.19
2. 8u
2,92
3,42
2.39
5.11
4,38
5,74
3,43
3. 38
4,86
3.73
3. 32
0.28
4,23
3,02
6.25
4,97
0.11
5.74
0.23
0. 23
4, 34
0.05
0.19
3.65
4.09
4,67
4.4y
0.10
2.52
3.98
3,35
5,63
5. 14
4,45
0.00
0.08
0,19
2.85 .
0.10
2.70
0.04
4,61
5.12
5.13
5,74
0. 00
5.29
2.55
5.26
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* DENCTES AN UNOBSERVED REFLECTION

FO

2. 50%
4,85
4oy
5. 89
6.48
5.86

13,86
6.54

FC

4.17
3,83
4.58
6.28
5.68
5.53

12,79

5.74

WEIGHT

0.12
4,39

3,19

3.96
4,44
3.56
4,73
5.65

-
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10
10
10
10
10
1
1

FO.

4.17
7.76
3.56
5.38
2.,01%
6.08
1.80%

10.38

FC

3. €4
6. 31
3.%3

4.87

1.19
5.45
1.72

9. 45

WETGHT

- 3.55
7.00
3.20
5.62
0.11
6.58
0. 10
5.50



