L

' Nationél Librkbry Bibliothéque nauonale
.* of Canada , \ du Canada
Canadian Theses Service ~  Services des théses
Ottawa, Canada ’ ¢
K1A ON4 ‘
-~ P
) ) 'S
© \' °
N
IC
| o
| CANADIAN THESES .
o ‘
(
NOTICE

The quality of this microfiche is heavily dependent upon the.

quality of the original thesis submitted for microfilming. Every
, effort has been made to ensure the highest quallty of reproduc-
tion posslble

—

-

If pages are missing contact the universlty which granted the

‘degree. N §

Some pages may have indistinct print especially if the original

pages were typed with a poor typewriter ribbon or if the univer-
" sity sent us an’inferior photocopy.

Pt

Previously copyrighted materials (jburnal arlicles, pub!lshed )

tests, etc.) are not filmed. .

-

Reproduction in full or in part of this film is governed by the
Canadian Copyright Act, R:S.C. 19?0, c. C-30.

.
u . [N

: ‘ ) N

.. THIS, DISSERTATION—
) HAS'BEEN MICROFILMED
- EXACTLY ‘AS RECEIVED

|

te

NL-33% (r.86/06) : ' -

s P B

\ ,

\

jennes

AVIS L

La qualité de cette microfiche dépend grandement de la qualité
de la thése soumise au microfiimage. Nous avons tout fait pour

assurer une qualité supérieure de reproduction. _

%

S'll manque des pages, veuillez communiquer avec I'univer-
sité qui a cortiéré le grade. .

La qualité d'impression de certaines pages peut laisser 4
désirer, surtout s les pages originales ont été dactylographiées
a laide d'un ruban usé ou si I'université nous a falt parvenir
une photocopie de qualité inférieure.

~ Les documents qui font déja 'objet d'un droit d'auteur (articles

i

de revue, examens publiés, etc.) ne sont pas_microfilmés.

La reproducction,‘ méme partielie, de ce microfilm est soumise
& la Lol canadienne sur le droit d'auteur, SRC 1970, c. C-30.
\Q surie . _

——

LA

LA THESE A ETE
MICROFILMEE TELLE QUE
1 NOUS L'AVONS REGUE

Q



. ) o
. ,/‘J . - x .
4 - ’ '[ ) * . “w—r
3 ) v f
. ) A ’f":,n . N R i , = vt
o " . The Crystal Structures of Some Tran51t10n te
- . . [ S v ,
vt ¢ ’ Metal -Sulphur Complexes C o
o - , L N !
- ' ¢ .
<] : M ° )
. Nasrin . .Ansari . _
o b : k2 . ~ N R N * . \
N . Q
] . A Thesis o .
o ) . D . v N
e S in - ,
L ‘ ' ' The Department.’ ' _ T
. of:
. Chemistry - S . 0T
" ’ % .
’ ¢ ot -7 . 7 :
Q <
Presented :m Partxal Fulflllment of the Requlrements . ’
{ N
for the degree of Master of Sc1en,ce at .
/ . _ © g
- : K Concordia Unlvers:Lty
. . B . . < :
‘ Montreal, Quebec, Canada . Cr :
Yl ' ‘ “ .
‘ v 4 N . a4
August 1983 .- ' -
. K " i ' L @ Nasrin Ansari, 1983
. R ' ' '
N - LY
] 4 ¢ '
‘ AR . ’ * )
- . ’ 3 &
’\' . “ . e M 3
. { [} [ 4 .




»

Permission has been granted
to the National Library of ~
Canada to microfilm this
‘thesis and to lend or sell
copies of the film. -

2

.
.

!

. The author (cepyright owner)

. has

reserved other
publication right%,
neither the "thesis ‘nor
extensive extracts_ from it
mdy be printed or “otherwise -
reproduced without his/her
written permission.’

~

and -

a- - -
315 30606-3

o . "
L'autorisation a &t& accordée
3 la Biblioth2que. nationale
du .Canada de microfilmer
cette th2se et de pr8ter ou
de vendre des exemp1a1res du
fllm- N . *

L'auteur
d'auteur) se ré&serve
autrés droits de publicatidn,

ni 13 th@se ni de 1longs.
extraits de celle-ci ne
do1vent etre Aimprimés ou

autrement. reprodu1ts sans son
-autoglsation Bcrite.

4 ‘
a

Tty

(Eithlaire du droit .
kes -

f“h



ABSTRACT

-’ - v

THE. CRYSTAL. STRUCTURES OF SOME- TRANSITION
METAL-SULPHUR COMPLEXES .

-

Nasrin Ansari

C

,

, This thesis repo;ts the results of the'cnyatgl
strug@une determination dé three;tranéipion metal complexes’
containihg catenated sulﬁgﬁ?~wi}gands, using xpray

ffractionltechniqueSa The compounds were prépared in the
laboratory of Dr.A‘.Shane;, of MeGill dniversity .

The first cgﬁﬁiéx is a Plétinum complﬁx{'.
cis-(PPh3),Pt(CgHyNO,)SSCH(CH3), formed by the oxidative
addition of thé S-N bond of NPhtSSR (whe~re R = CH(CH3)2,‘
CHpCHCH3, CHCgHg ,p-CgHy CHg, 'NPRE.) to (PPh3)Pt(CoHy). It
is the first platinum disulphane complex isolateq.hThe
geométry around platinum is found to be’square plénar,‘with
Aeviations in boﬁa angles and bond distances similar to
other comparable'complexes. The important feature of this"
complex is the torsion angle of 89.5°.in the M-S-S-R
linkage. : S . ) )

The second complex. is. a tungsten complex,
[ s



(75-C5H5)W(CO)3-S8~p-CeHyCH3. Tungsten disulphane i&-stable
. in the solid state but'tends to lose sulphu} upoﬁ stending .
in solution. A S-S torsion angle of 63.1° is observed.

T . The third and the last gomplex is a titanium
,complex, ( ﬂ5C5H5)2Ti(SSSC6H5)(SC6H5) The most interesting
feature 13 the presence of three sulphur atoms in a chain. A

structure of this type is previously unreported and is a

rare example of metallotrisulphane. .
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. I-1 INTRODUCTION : |

As *

This thesis presents “the result of the X-ray

. . . - : -
crystallographic structure de%erminat;on‘of‘tﬁe.three

.combléxesvz "
(1) cis-<pph3)gi(;ﬁanunoz)sséuccnyg

(11) ( 7*C5Hg)W(CO)35S~-p-CqHyCH3

(111) ( 1% ~CgHg) T1(SCqH5 ) (SSSCaHs)

l' £, T Thé objective of the stud§ of thése compoqus iﬁ.
,tbjgfe,how the  geometry of the sulphur chains -Sy- is
modified in complexes conta;ning transition ﬁetals; o
*All thre'e complexes were prépareﬁ by D}.A.Shaver .
et al. at‘%cGill Uhiversity, Montreal, Eanada, The theme- of
his work is the formation of sulphur-sulphur bonds in
transition metal template;. o
‘ The thgoretidal aspects of single cpystal'x-ray
crystallagraphic detgrmin%tion are.summarized,in section II
of the. thesis. The experimenfél work éarfigd‘oﬁ three
‘coépléxes is presented in gqneraf,terms in section IIi,-
While éncaténated sulphur ligand is common to:all
_three structures, the;coordination:sphereé Qf the metals are
very different. | p

Bection IV describes the individual experimentai

b}

""details and description of the structures.

]
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. II-1 UNIT CELL : [1-10}

»

A crystal consists of atoms arranged in a pattern

that'repéais periodically in three dimensions. -

One can divide two dimensional space into,

parérrélograms.ln three dimensions, the. space is divided

into parallelpipeds..

Fig.I1X-1-1

Y

A Y

\\'

Repetition of these parallelopi;qu by translation ’

‘.from‘onq latbice point to another generates the lattice. .

. R 1



// f ! o~ s .
// The generating parallelpiped is called a unit cell. A unit.

/ - cell is the smallest volume of the crys£a1 which contains

all the structural and symmetry information for the crystal.

_:/ - The size and shape of the unit cell may be

)/ . specified by‘means'of length a, b{ and ¢ of the three:

// independenq edges and the'%hree angie; a’, B, and 7Y betgeen
// these edges as shown in 'Fig.II-1-1..

o : ) ' The angle o is the angle Letween b and c, 3 is
between a and ¢, and 7Y is bethen a and b. Thgse axes define
°a.co-o'rdj.nate systeﬁ‘appropriate to the crystal.

There are seven crystal gyétems which give rise to

14 Brava{s latticesa The Bravais lattices consist 5r'7

‘pfimitive and 7 non-primitive lattices. The Bravaig lattices
can be expanded to 32 point éroups. Finally' 230 ;pace groups

have been tabulated which'arise from combinations ofé}Z

points groups and 14 Bravais lattices.

<&
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.II-2 BRAGG'S LAW : [11-¥4] |
. " The X-ray was discovered by RBntgen‘(18955, but at
that time its natpre.was not known. It w;s Max von Laue
(19i2), who discovered the diffréct;oq of X-rays by
crystals: In the same year WJ“Braggﬁnbted the similarigykof
diffraction to'ordinary’fefleption and deducgd a simple

equation treating diffractiod,as reflection.



’ ‘ A ’ A

When an electromagnetic wave (having waveleng.t,h)\)

strikes two parallel planes,‘ separ‘a'ted by ‘d' making an

angle § , the constructive interferénce of the waves

f

generated- at points 0 and C will ocecur only when 0 is

'adJuStéd such that following equation is satisfied. Fig.II-

2-2 .

L . . — e

14

T 4

n A= 2dsin § . ---- SRR § § -3 B

o

’ This equation is known as Bragg's Law. This

concepl can be applied to crystal 1lattices és they contain -
various sets of parallel planes of a staeck (hkl) with

spacing dy, 1< -Fig.I1I-2-3,

»

"n)\:= 2 dhkl é'inohkl —--;-;----—-*-,----'----(II,-2-2)

kY
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'1I-3 -RECIPROCAL LATTICE : [15-18) .~ - \
.~ In the'unit cell the direzt axes are represented

-as a, b, and c.:~ and éorres}dh&iné_ interaxial angles,ésa’B,

4

and 'Y,; Whereas the reciprocal axes are represented as a ,

b' and ct and t,he.'int,eraxial angles are Ol;', B' and"Y'.'-‘rh'e
f‘ollowing. picture shows the .r‘el'ations}'mib_'betWeen the

[

monoclinic direct and reciprocal cell, Fig.I11-3-3




 4.recipr6cal latticq as shown in Fig.II-Bfli R\

In c'>rdér to unde‘rstana the intef‘pretation'of the
reciprocal lattice consider a erystal in the X-ray bearﬁ

having wa;felength N and also congide}' a*c® section of its

<

BN OSSN
AN =NV
VNV VYV VRO

N

’
~
:
f !

Fig.II1-3-4
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.lattice is defined ). ' . - R 5

The cryst',al is oriepted in such ‘a way that the X-.
ray. beam 13 parallel to the a'c' plane. Point 0 is

194’,:5‘ )
considered “as ‘the onkgin of the reciprocal lattioe and the

X -ray. beam is allou;d to pass in ‘the direction of X0, v
Construct a sphere of radius LVAD N centeredvon line XO' ‘
passing through.the point 0. Keep the sphere fhggd and j
rotate the-crystal such that the reciprocal point P falls on-

the surface ‘of the sphere.-

The angle OPB is a right angle and. therefore,

" sin OPB = sin § = OP/OB = op/a ‘
sin = OP/2  =---- mmmmdedemopoo(11-3-3)
Since P is the reciprocal lagtice point the length

OP is equal to t/dpK1 ( this is the w‘ay the reciprocal

)
Substituting the value of OP

sin @ = 1 72 dpk1 . : ’ L, I L -

or

1A= 2 dyyy 840§ wmmmobomemooioenzo(11-38)

Thus whenever .a reniprocaf lattice point,cuincides

with thenéphere-constfhéted as described above, Bragg's law

is satisfied and reflection is obtaiired.’ e f
v From the Fig, 11 3-4 it is evident that the angle
/"‘ .“ -
PCO is‘equal to 20, so CP makes an’ angle 20 with'the ' ~ -

v, * i
'
8 ‘ ! ! ol
. VL
N . > . v
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.incident X-ray beam-and CP represents the direction of the

S reflected ray.

" The size of the reciprocal lattice constructed 1n
this way depends only on the dimensions of the direct unit
. cell,..When the wavelength of’ the incident beam is reduced ,
the sphere of reflection increases in size and vice-versa.
| The contept of the’ reciprocal lattice is qu1te
'important in’ understanding the language Of crystallography. .
. Many seemingly involved calculations become quite simple

when considered with the’ help of this concept*

.

'II-4 ROTATION AND OSCILLATION THEORY : [19]

o

r"Rotation and oscillation photographs are Very
useful in aligning the crystal on .the goniometer head: ..——
' Also, preliminary information about'the‘cryStal symmetry -
can be obtained from these photographs The crystal ~mounted
on the goniometer head is placed on the Weissenberg camera
and photographs are taken without moving the_ cassette
holding the film. If the crystal is mounted in such a way
that it may be rotated about -a direct axis, then a
" reciprocal lattice plane will be perpendicular to the direct
axis and therefore perpendicular to the rotation'axis. If
'the crystal is rotated through a small angle, some

] V

reoiprocaltlattice points_nill cut the sphere of’ reflection.-

2
o

b’
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' Each cone represents one reciprocal lattice plane.

When these cones fall on ‘the cylindrical

film, they are

recorded as lines of spots known as layer: lines.

- -

From the layer lines 1t can be deduced whether

s
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| E

‘rotation canjbe calculated. _ o ' ¢

» Y e
the ?eal‘crystal axig is properly aligned'-with the rotation

éxis.”From‘the spacing between the/twq layer lines,ithe‘

!

“ length of the unit cell edge parallel' 'to the éxis pf‘

-~

‘ﬁ‘

\

I1-5 MEISSENBERG THEORY : [20-21]

)
3 % s -
.

the rotation and oscillation methods, the two

dimensio a¥/m3339r00a1 latticé plane is condensed into a one

dimenﬁiqhal layer 1line..

‘
. . .
¢ - A
. , ' N
*

- e
o 7%

X-roys ’
&
e - Layer line
\ screen i
e o It ’ , .
-~ . 3
- . Fig.II-5-6 .

Thié disadvantage is overcome in the Weissenberg

-

" techn que. K slotted screen, which selects only one layer

line and‘stops‘gli the other diffracted beams at the same

a
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timé is inserted between'bhe“dﬁystal and.the_film; Fig;II-S- .

.

L In order  to undérétaﬁq the' theoretical

interpretatiqn‘Qf'ueisSenﬁgrk_thtdgraph&, consider” a.

réciprb@al.latticé line which s tangent to the sphere of *.

»

reflection at the point of exit of the X-fay béam.\:‘y

o

rd

‘-

.

o
i} - '
. {
t L4 . -~ ]
. ~ Kl o " 3 - '
' ; ,I .
- -
- h .
4 1
L - k]
' 4 v
1 v,
.. N
. f
. .
'
- 41 . N - _—
¢ a [
i A o
- L}
\“ -
4 l N
. AN < Film -
g coord. [ . i coord. -t
L] e .
w—
+ .
2o} |, o N % Coe
+ A A
1 A
waaly ——
\ - W - -
a“ .
.
? N ’
f [ T . . y ;‘. .
’ . . 2D.n dag » 2y linenm) : SR
O uin'd’g.tzninmm) . L '
» ~ B . B N M N
s (v . :
. .
! ' - . . v RN *
a y - }!Ff:
0 oo L
<+ . - ¥ ‘
¥ H
D
. -
14 1 - 0 »
t * 4 . v had - ’
¢ - . K
'
'
r t . M t
. .
4 - + -
. N ’ “ ol - ’ . t 3 '
Lo ‘,'o" . . 3
. S Fig . I1-5-7 Do :
. [ N — Lo . PR 13
) . . o . . . . ; N ] , .
- i . . v ., B . R
B \ » P L, . . \ Y e '
vt > . N « . v * - 'w"_ ' . . - N .
. . ' -~ * ’ . ‘ Ay [ : - '”
hd B . 1 -
. . . . “ . . N ¢ . . v, s -
-~ 4 ¢ 4 - ' . - ' M
.
N . . * i - . 4
N T - + ’ *
. - L3
- , . PR .
. 3
’ - - -~ * \ t
. A
h [ 5 * . Y -
W r i 4 *
s
' P o
- hd Y
) . e 4 1 Fy
' - s L8 . - . -~ v o
¥ 3 P L [ ,
‘ [
. - 12 . ‘.
‘ 7 0 4 . ~
. r h
- % 4
. N . s G e
¢ ; . ' a
B
- . N i 3. r N
\
’ » 1
~ ‘ El .’ . T - s - ' .

l



. ~with it as shodh L{ FigII 5= 8 ‘

-

‘ As the crystal is rotated the central lattice 1ine
R
movgs and along with it the reciprocal lattice turns.,On the

lattice line there are equally spaced lattice points present
N et .

which give rise to diff‘ractions as they fall on ‘the sphere
.of .re-flection, sa that the distance of the- spot f‘rom tqhe-
central ii.h"e b-ears a simple relation to the angle 20 of the
diff»racted beam and is proport1 onal to it . The rotatiOn of

the crystal and the movement of the camera are coupled in.

114

such a way that 2°'rotation of the crystal is equal to 1 mm., -

.translation of the film.. e o o

| .‘. E \{ - lFi‘_g.II-S'-B‘ ,‘ . o

"The ‘zero level Weissenberg ‘indexing can he

e explained b'y considering the reci’procalc axis a' tangent to

the sphere of reflectfon and c® which makes an .angle 8™

, ¥

~

Y
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As'the crystai is"rotatedmth}oﬁhh 360°;‘hpotsl

"geﬁerated by a" will appear on the film. Hhencw B' the ¢"

will be tangent to the Sphere of reflection. Fmrther,
rotation of the erystal will generate the spots due to the

'c' axis in the same fashion as those of a . Thus the spots

$

produced by two axis wilI appear as two straight lines which -

are off-set t‘rom each: Othﬁf“'by W= B degrees.

L

A
o F

11-6 UPPER-LEVEL WEISSENBERG PHOTOGRAPHS : . .

The equi inclination technique has the advantage
that the upper level photograph is nearly superimposible on
the zero level making indexing easier ‘

The technique requires that the incident beam lies
in the cone of diffracted beams fow the levellbeing

photographed; This is achieVed by turniﬁg‘the’axis of

quation of the crystal through -an angle p - the 'equi-

. inclination angle. .o -,
. , ) ’ : ¢ Dif froc ted roy "
. ryN R v
2 3
- — —C = 2. 0
] -
0
. ¢ ! ‘ // Direct beom - ’
¢ 3
Fig.I11-6-9" '

2

A sét of ,Weissenberg photographs wiil give three

’
"~
2

14 - W
t ’ T
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dimensipnal infarmation about the reciprocal lattice which

A
éan. help to identify 5he space group and .dllow the

‘!

measurement o e cell dimensions. However, reciprocal-

lattice’ points lying on or near the rotation axis are nmot

,observable. The information can be completed using

'precession camera techniques.

' I1-7 PRECESSION THEORY : {22]. SR

Burger (1940) designed the precession camera which

giveS'vndistorted photographs of the reciprocal lattice

' ,levels. The advantage of the precession photographs as -

compared to Weissehberg phobographs is that the angles and

distances of the'lattice can be calculated moge or less'

directly"from the photographs. Beside this, the lattice

plane‘is easier to index and the symmetry information‘is‘

more obvious %n the photographs. ©

?

To understand precession theory, consider a direct

. axis which is parallel to the incident X-ray beam while the

zero level is tangent to the sphere o£ reflection and at the
Same time perpendicular to the direct axis and X-ray. beam.

Now if the’ crystal is moved in such a way that it-

makes an,angle; with the axis which id perpendicular to' the

I

beam, the reciprocal lattice will cut the sphere of

reflection on a circle. Fig II-7=10. L -

AN

—
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. ? If the crystal is' moved ;uch.ﬁhat the direép axis
:\AO re{dlves‘around t£; X-ray beam and at the same time
keeping angle ﬁ'constant, the'résult will- be the
intersection circlécrevolviﬁg aﬁout the origin. Any-
reciprocal 1atpice'points lying on this circle will)give

rise to reflections which are recordéd.on the fiim which is

held parallel to the reciprocal lattice level.

Plone of
. .t points

(c)

t

‘Fig.11-7-10

"

' As the crystal is rotated about the beam the film

‘.precesses'about the point P in order to remain parallel tq

16 -
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the Eébiprocal lattice plane. Since P correspoan‘po the °
projection of the reciprocal lattice poiﬁt‘o, therefofe all
the “other recipr&cal‘lattice poinﬁs which are projected on
the film bear a simple relationship Qith‘the bpint P,
resu;ting in an undistorted pictdré of the rgciprocal
lattice.

A suitable screen is used to isolate a partieulér
level net . The s¢reen is a flat mebal_plate,lwith a ring
cut in it through which the X-rays can pass. The screen is
placed parallel to the film betdeen it and the crystal. The
arrahgeﬁent is such that the cone of diffractions from the
plaAe under consideration will pass through the *clear
ring to the film. As the crystal moves the géreen,also
precesséé, in order‘ta.keep the normal through its centre
coincident with that through the centre of the cone of -
.reflection. - —_ |

| The,Weissepberg'eamera and Precession cahera~
together provide different information frgm the same crystal
orientation. For example, if a crystal is rotating about ‘the
‘a' axis a zéro level Weissenberg photograph will give “okl®
'réflections. Without remounting the erystal the Precession

camera can give ‘hol' reflections, when the “b' axis precess‘
| abouf the X-ray beam, and “hko' reflections can bg obtaiﬁed

by letting the “c' axis precess.

‘
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I1I-8 DATA COLLECTIOH s [23 25]" o . )

This section deals with the collectioﬂ'of relative

2

intensities of reflections Which are used to deduce the

dlstribution of electron density in the/ﬁrystal and firom

which the arrangement o(.the molecules Gﬁ the unip cell can

i

,be calculated.

The 1ntegrated intensity is a measure ‘of the total -

nﬁmber of photons of the characten}etic wavelength being
esed‘which are diffracted in the prober direction by. a
AnecipEbcal lattice point passing from the outside to the
inside of the sphere of reflection ot‘vice-versa.

A four circle diffraciq@eterlis used for the
intensity data collecton. It cop@ists~of'foﬁr ‘ecircles!
" which ma& be used‘to edjust the orientation ef the crystal
so as to bring any desired lattice planes into the
reflect{ng cqndition... ~ i | |

The éwo base circles wand 24 are mounted on the
common axis and either can be adjusted independently or

"their movement can be coupled. The orienter consists of ¢

and X circles and is mounted on the w circle. When X

.axis of ¢ cofncides with wand 240 .

*
R J
¥ N ,

8

0 the.
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WhiYe measuring the intensities of the diffraction

'spots several. -

°

are usual ly.accompanied by a cer'ta‘in'émo@nt.o'f‘ background

\ »

radiation whiétBs due to the diffuse scattefing of x-fays' o
- .of al 1,_wave1en'gths by all the atoms in..‘the" crysta‘l'and"al so

by all other:oﬁjects in the path of the beam. The second

.problem is dye to the spectral impurities of the incident.

v

problems arise, .First of all, the inte‘ns'j.ties
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beam which leads to white radiation'Streaks; o
A 0-205can technique°is»generally used to

record the integrated intensitles of the reflections. The

scinti&lation counter is preferred for MoK« radiation and

moves w1th an angular rate which is twlce as that of the

cryst;l " ' e > . ' s
) 1;20 = 2Aswu -
) ) The counter is linked to a pulse height analyser
Which receives pulses from the photomultiplier of the
501nt111ation detector. The pu se height depends upon the
‘energy of the X—ray photons ard_the ber of pulses depends
on the number of the X-ray photons | T )

The value of maximum and m nimym 2 6 ,scan w1dth
‘scan rate and tl&?’fof background mdvsdrements are specifled
dependlng upon the size of the dlffraction peak present in
the getector The 20 angle of. the reflection is calculated.
us%@g an orientation matrix andfa reflection is scanned fog
ts secbnds,'as a function of‘scan"width and\dispersion
factor: The backgrounds are measured at-each éend of the.peak'
" for ty, Seconds. -

" Usually. a‘profile analysis for measuring the
"reflection is preferred.ﬂIn this,method’thb reflection:’
profile.is examined to deternine the.point where the
hackground is significantiy flat. This point 1is considered

4
as the point where the peak ends and background begins.,The

<
- l- . .
‘ » .. i ny



% advantage of using this method 1s that the quality of‘the
data is improved as compa;ed*tO\qual s¢an techniques, while
using only about half of’the time. Also the signal -to=-noise

ratio is greatly improved.

~

! Sometimes the intensity of the peak is vary-high”

therefore Ni foil attenuators are'used to reduce the.

intensity of the reflection reaching the counter. - -

II-9 Darﬁnsnucnou [26]

\
The intensity data’ collected constitute only raw

; data for structure determinatiom The following steps are

i

required to produce the ‘Structure Factors' used in the
actual crystal structure analysis. e

v ' - . ‘ L r .
ELIMINATION QE,BACKGROUHD.RKDIATION‘: . oy
) Each peak count is converted into a net, inbensity

P . ' ‘
' - by subtracting the background radiation :

— . i f
-

I =C- (Bl g B2) tg/ty - 4-4---4------(11-*9a5>

, Here,"I'represents the observed intensity, ‘C° is the peak

|l

count, > B1' and ° Bz' are the high and. low background counts

respectively, t ' 1s the reflection scan time and ' tb 1

L
v

.
[ -




the total background time.

The standard deviation 0 UQ of the 1ntensity I 13 ?
computed adopting the qguation : ) ) ‘

0(I) = [C-+ (B1 + B2)/2 (ts/tﬁ}f + (NC)211/2 ¢ ceeen(11-9-6)

4. Co . : :
Here, 'N' is the instrumental constant known as “ignorance

- factor and was usually taken as®0.003 during the least
. square:refinement of ééémic pérametérs. Intensities less
' than a predeterm;ned threshhold 30(1) are reJected along

w1th the reflections which are systematically ahsent.

' // . . - &
SCALING OF INTENSITIES : o v

The inten31ties are scaled in accordance with the
variation of the three *standard" reflections repeatedly

remeasured during data collection. .thgs corrects for’

instrumentdifferngejﬁuiminof saﬁple decompositian if it

occurs.
/

.?/.

LORENTZ-AND POLARIZATION CORRECTION : [27-28]

. N
The intensity is converted into the gtrdcturﬁ(~ '

factor amplitude-by the equatiénf-‘

22 . -~ ' o ot



iy/;irhkl / LP :s_Qq\ ........ -(11 9 T7)°
A
.

,’ Fhkl

y
}

. Where, ‘K' is the scalinglfactor thch\depends on ‘the

ecrystal size, beam- intensity and a number .of other -

‘fundamental eonstants..‘LF' is the Lorentz-Rolarization

L

correction. The unpolarized X-ray heam is'partiallyv

polarized after the reflection from the monochromator and-

sample crxptal and this reduces the measured intensity. Thef

lf
‘poIarization factor corrects the reflection for this effect

. . . h . - ]

-

(oos2 2 0 + 0032 2 Oc) / (cos2 2 0 +1) ==e-- (Ii-948)

0 ' and ‘0"répresent-the diffraction angles at the~

monochromator and crystal respectively.

") . L
‘The time‘nequired for a reciprocal lattice point

tg“pass throﬁgn the sphere of reflection is not conétant‘oct

varies with its position in the reciprocal space and the

direction ih“which it approaches the .sphere. The Lorentz

factor corrects for ‘the time it takes for each reciprocal
: lattice point tp pass through the sphere of reflection.

For ﬁhe Picker four circle geometry this factor is 3

L'=17v .slin 20 —cee--- ———————————— (11-9-9)

23
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®

. . \ ¢ ‘ L
. These corrections are usually combined as :

o | o S S
‘LP = (cos? 9m + cos? Oc)/s—in200(cos2 0¢+1) ceeeee=(I1-9-10)

. . o . K
.\ ) ' ) ' . & .’

II-10 STRUCTURE FACTOR DEFINITION : [29-30]

The structure factor Fnkl of a particular

H reflection expresses the resultant scattering of all the -
. L
> atoms in the unit cell. If N atoms are present in the‘unit’ "

T~

hY ] . . .
cell, .the structure factgr for'a reflection hKl can be

ki

et ‘written'asﬂ. L S— T -
. . N . " . ..- , ‘ v N -
Fhil = E £3e2Mgrlygelzy) 0 oeeieeo(r210-1)
' =1 ‘ - A -0 T g
‘we . ’ ,
Where, (xj, Yi» lj) are the fractional'co-ordinates L .
of thev:jth atom and . T R -
4 ~
' ~ o ‘ “ ' ' | V v.
4 Sy , E . ' .
£j's fojeB(sin 8/)%) Smmmmiemnlo (II 10-12) -

11 ' \
The ‘fj' and* fojﬂ are the'scattering‘factorswof the Jth

atbm in the vibrating and stationary eondition respectively. -

°

The structure factor. is identified as a complex . -

number, therefore can be analyzed to its. real and imaginary

. q . . f “
,( parts as: : ' _ ) ‘ A :




BRI SF““X" {Ahkl . iBpel __.-‘.‘___--..--cn 10- 13)
. 4 v . ) |

13

N
+ . ’ LI
.. .

. \' " ‘
Akl =) f] cos21r(hxj+kyJ+lzJ) -=-=(1I-10- 14)
. , l"1 . f © 7

ooV i . “ ) .
¥ ~ , T »
\ : - t P -
A VN S
‘ Bhkl = D, fj 81n27l'(th+kyj+lzJ) ----- (II-10-15)
..\n = ’ '--1 ¢ . N . “ ’ )
) T : " - ! /“ ’
' Further the phase o and amplltude of the struct:ur‘e factor
/ can be expressed as : .. ~
..O\' . !

'-“l * - ’ ° .' ~
. T 8= 2T (hXjpkyyelzy),  —cemmmfem(II-10-16)

s ‘ l S &
, and ‘ . o s, .
‘ < . ; " - , G
. * R n . 2 R ‘ 2 ) .
‘ . . Fhk;l. ‘ =ﬁ\\/ Apky + Bpk1 . -‘---'-’-—--(II-“IO-‘I'?)
o ’ . - .0 b '
[} '——. e " z e i . \’“,‘ ~ o
\ \ The phase angle Qpk1'y. caﬂr’! be caculat',é:d‘ lusiﬁg equat‘i‘on -
| (13-10-18) L L LT
L .. — , . R . < ‘-v';,.‘v
SN ‘ T S X

L ®pyy = tan™ By / Apyy)  mmeemee- (11-16418)

.’ . . -
1 N 'S + -
'6 ¢ . , » ', oL . ~ o .
. . : g . < g . 8
. . . 8 . . * .
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‘11~ 11THE RELATIONSHIP OF STRUCTURE FACTORS AND INTENSITIES
(31 321 ) '

LI
,

In the X-ray diffraction experiment the‘most

.important quantity that is measured is the relative,

>

'intenslty of a reflection hkl. ThHe: observed intensity Iy 131'

&

related to the' structure factor by : -~ - S

~
5. NS

Iothkl) = K2C(hk1) [ Fg (hkl)l —mmmmiemea- (II 11- 190

<

Here, "K' i the scale factor associated with, Fo(th) and-

*c{hkl)’ depends’ upon a‘number of experimental/condrt;ons;
. especially Lorentz‘and.Poiarization and sometimes‘abeorotion

cdrrectlons, . : i»' ]  en

-
-

The complex quantity, Fhkl can be represented on

an Argand diagram. ' - S

)

Bhkl (Imaglnary
- . Component) .

- -

Bhkl —— -

Fig.II-11-12 ¢

-y

,
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The qo@plex.conjugite of Fhkl‘.i?' Fﬂél-i

‘ '/ ) a5 - -
Fnki = Ankl *-1Bnkl .
P - ’ 7 ' ' -
~ Fnk1l = Fhkl =/ Ahkl = 1Bpkl -
; ; L ﬁhén Fhkl and Fhkl are multiplied together :
- FpiDFrki= (Apk1+iBpk1) - Ankl-1iBnk) ’
' Ihi(l = ‘ Fhkl l Ahkl +. Bhkl j"'""j'----(II 11 20)

"It can also be shown that for ' reflectlons hk 1 and 1ts‘

centrosymmetrfé related partners hkl, ; !
’“P" “;9 ° -~ ) ) N .
C~Fonk) o= FthkD) | S T
o‘o o Q ] : . ' . 3 R
' which means, T . I | . “ .
Io(hki) = To(hkl) =~ . === .r---(II “11-21)
\ ~ ¢ - '

" This is Freidel“s law. The recorded diffraction pattern will .

appear centrosymMetric, even though the stﬁucture‘itself
. « \

3
-



°

does not possess a centre of sjmmetry. De'viation from
Freidel'é law occurs when an anomalous scatterer is present

in the structure.

-
"

t

4

eg"

s ) s . . . '
. . II-12° COMPARISON ©OF CENTRO- AND NON-CENTROSYMMETRIC

STRUCTURE FACTORS :

A centrosymmet?ic crystal is considered to possess

qéntre of symmetry at the'origin of the unit cell., If an

atom is present at X4§,¥js2j an identical atom is preseht at

_‘XJ;'YJ"zjf The equapibg (II-1Q-11) may b? written in the

form,

E(hkl') = Z fj ) [cos.?.‘lr(h)ij+k.yj+1zj)+cos27r(-y}xj.*kyj‘lZJ); .

'+il23ufj[sinZW(hxj+kyj+lzj)+srn2w(-hxjfkyje12j) —ee(1I-12-22)

o

] N . .
. . v -

or

¢ f
' ’ . . '
. s
% | ' '
N -y,
N
(s

. Fhk1:= 2 23'fjco§2ﬁ(hxj+kyj;lzj)
or . B
. ya
Apgr =2 ) fj’09321r(hxj+ky341.zj) '. .

A Y

~ ’ zg
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Fhkl =.Apk1 + 10 (Bpg150)  =immmwmmmmmee- (II-12-23)
The phase angle " ®p, ' is restricted to either 0°
or 180° for centrosymmetric structures and structure factor
can be determined by either a “+' or “-' sign. Howgver, in
some noncentrosymmetric structures 'Fpi1 the phase may have

a. special value depending upon the Space group symmetry.

In ﬁhe case of néndentrosymmetyic structures the

o

‘,phase aﬁglq can have any value from 0 to 27T,

- . -

II1-13 FOURIER SYNTHESIS : [33]

| 'VSinbe cryStals arécperiodic in structure,(ﬁhe
.electron density can be described as a-perigdiq fuqction by
means of a Fourier'series wh;cﬁ is the sum of sine and
cosine terms with ap;ropriate co-efffcien%s. The electron

-density thus calculated .is the Fourier transform of the

‘structure factors'and related to Fhki by equation :

P(x,y,z) = /v 2;_‘\, % ; 'Fhkl ‘cosZ‘ll‘(_hx+ky+lz- a‘l'lki) ‘ ......_\..
13-24) I I

’

29



ts

y An electron density dis‘tribution calc;.\laf.eh by a
Fourier sy'nthesis using the observed structure factors 1is
called an " Ob,served Fourier M map.

‘A " Difference Fourier " i; frequently used.when a
siructure is partially solved, to search for compar:atively

light atoms e.g. hydrogen The co-efficient AF.can be used

in the diff‘erence Fourier summation.

Ap(x,y,z) 1/v Z Z ZAFCOSZF(hX+kyf‘lz- ahkl)\ ...7-..(1‘1-
h k | ' .

.
-

13-24) C _ o ’

! PR ¥ N 4 .
. where o ' . : o
e | ,
GAF :;\‘FO - Fcl
. ; .
and . _ e
{
cosq = A/ FC_V
' )
L : ‘ o
sina = B/ FC 4 . ' "

Here, “Fo' is the observed structure factor ,” F.' is the

structure factor calculated using equation II-10;11. "A" and

"B" are the cosiné and sine terms in the structure factor

calculation, For a centrosymmetric case the sine term ih

. o 30
¢ s .
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-
zero., The usefulness of a D=Fourier arises because it

1]

removes the contribution to p(x,y,z) of all atoms included

in structure factor calculation at that stage.

II-14 THE PHASE PROBLEM : [34]
ﬁ.gThe stucture factor F(hkl) is rela éd\to the -
intensiey as hés already been described in sect.(F-11). "
Unfortunately, the‘structure factor is not just a positive
. number but a complex conjugate having -both magnigude and
phase. Thé magnitude c;n be calculated by'measuring.tgg
intensities of refiections,.but there is no way ‘to measur; -
‘the phase of the structure faotdf; hence the "Phase

Problem". There are two basic ways to overcome this problém(
T v

(1)- the heavy atom method.
(ii) direct method. '

THE HEAVY ATOM METHOD : [35-38]

. R 0 .
It is poss}ble to locate the heavy atom in the

i

crystal cell by this method. Once the heavy atqﬁ in the cell

is lqcated it can serve as a phasing model from which the N

7 - -—other atomic positions can be. developed. A Patterson
synthesis provides a vector map of the Gontents of—the-umit -

cell and is expressed as:




"y l\
.

P(u,V',w) = /v Zdz Z‘ Fhk1 |2 .;:o;2+$hu+kv_+iw) 3;--(11-'11‘4-25_)‘

, h k
Thus a peak at the point uv.w in a Patterson map

indlcates ‘that atoms are pre t at xq,yy,zq and X2,¥2,2zp in

yhe/crystalfsuch-that :

.
[ e ,
]

&/

= x1 - X2 R .

-3
n

Y1 - ¥2

s
™~
H

2y - zp ¥
A unit cell containing N atoms will have ' N2-N/2 iﬁdependent
patterson peaks excluding the intense peak at the origin.-
L.
Slnce the cell of the Patterson synthesis is of the same
size as that of the crystal, the peaks are vaiously much
) ' N .

more denSely packed and they overlap:each other. This can be

minimized by using " Sharpened Structure Factors " (where

atoms -are cbnéideréd as poinp_séatterers i oy
, [o. 1667+(sin20) /\21 [Fobsl-?hkl
(Fsharp)hkl = -n-_--—-%---;------7---7--'_-"-'(II 1“ 26)

e e e g e e e e b e i = e s e b+ e

1

i }: fo e-B(sin 0/ A)] SR o w;:j':\iﬂf



The term*® B'is the average thermal parameter and ‘fojvis‘
the mean atomic scattering factor of the Jth atom. The
welght of the Patterson’peak depends upon the product of the
_atonio numbers of‘atoQS‘defining the vectors. The major
' éignificance of this peak height relationshit'is thetithe
vectors between like heevy atoms appear with weighte
corresponding to the square of their atomic numbers, and
they may be very prominent against the background of heavy-
light and light-light aton vectors. If the asymmetric unit
contains few heavy‘atoms, their 1location is stra;ght
forward However, if the structure is more conplex then with
or without heavy atoms it will be more difficult t04assign

\

" peaks to.specific. vectors. ' ,_,' |
. = : N

~_ ./

- DIRECT METHODS : [39-44]

In the early days of,;ts development, direct
' methode‘were limited almost entirely to the centrosymmetric
space groupé. Phasing consisted of assigning a plus or minus
.S;gn to each observed structure amplitude. However, the
phase solution~of non-centrosymmetrio crystals by direct
methods is now becoming quite common., Sayre(1952) described

a method which prov fthe basis for , the routine

eppliéation of direct methods for the case of

centrosymmetric crystals.

\

33
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- 8(Fpiy) '~ S(Fh'k'l')!S(Fh-h?, k_k(,-1;1|).~} -=(II-14-27)

3

or : - ' ) \ - b

sthki).S(Fﬁvksiv).S(Fh_hv;k;kt’1_10)‘~ +1 =e=(II-14=28) -

i

Wherg, 'S' means sign and ' ™! rieans probably\equal'tb.'

The same result is also obtained from the equation

-

of’Hauptman and Karle(1953)

.

‘S(BA) = S(}E . Ep.Eg) ‘_ ------ A~-(II 1”-29)

- A=B+C

Here, *S' means "“sign of'; A,B,C are the vectors (hkl) for

reflébtiohs A,B,C ; EA,Eg,EC are the normalized structure

factor for reflections ALB,C. Thes normalized structhre

factor is defined as : .o

- ¢ s

) v2 ’ ‘ 1 .
Ep = Fp 7/ €l Z £4011/2° v emeeeeo (11-14-30)

Fp' 1s the st%ubture facéor for reflection h; N is the -
total number of atoms in the unit cell. fjh' represents the

-atomlc scattering factor for the Jth atom for the value of

associated with h and € is a "statistical fudge factor"

adjusting for the degeneracy in F for reflections at
'l

§ymmetry locations in reciprocal space, A typica}_procedure,

the one used in Multan , is'as follows :

+

<L e T . 3y

L]
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. A . ' A

A 'ltst-of‘,both ‘observed and ca‘lcul,a‘ted values of E

vs 20 1is obtained. The E's are scaled in such a way .that

D

+

the mean 'Eé:‘L'All the strong ref‘lection's are chésen which’

_have the value of E greater than a s’pecif‘ied value. In

addition some of the weakest reflections are also found. Allt

strong triples h,k,1; h'k'l'; h-h',k-k',1- 1' (called Z

'relationships)are sorted out within this set, plus those for :

-

the weak hkl's where the other two reflections .are strong-.

This weak group is known as the ¢ zero reflections. . p

: , . 2

All strong ref‘lections among the Z reflections

are tested by using the quantity <a h> If‘ the ref‘lectlons
are useful they are used early in the phase solution '

”

-(a2h>= Z Khh"" Z Z . Kﬂthh.hn.X -==(II-14=31)
" h h" hh \

where,

. G S S —-—=(1I-14-32)

‘Io', and ‘11" are Bessel funétions and (a n> Rean the

expectation value of‘< a?n )

The exact probability that eq.(II-14-27)

, -
\u . - «a 3 5
‘e

ds

N -
I}
\



«7/4 o cbrrebt 1s‘qu1te important. The probability is expresSed.aS S e

", P=20 5-0-0 5tanh { (03 /0'2 ),Uhkl'uh'k'l"uh h',k-k',1=1" } -
'---------_-'-(II 1“-33)

©

“P' is the probability that eq.(II-14-33) will hold,;

and

, Py o= fy _/ij ‘ L emmeee(II-14-34) <

y - .
e
e
- .

“where “fy' and “fj' are the scattéring power of the 1P and
.ﬁjﬁh atom respectively. ‘ |

4 ' . . ' v

II- 15 ORIGIN DEFIHITION s [45]

* PR

» The application of direct methods requires a set

“ L amabitad

of reflections with known phases .to start from. A set of‘
upto~three known phases can be obtained by the definition of

e

the origin,

. Y . o
] . - . '
A \ L. 36 ¢
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A
.

- - Theléﬁigin alwﬁyﬁ cpipqideé with an inversion
centre in th‘casq of the ceﬁtrosymdetric crystal. In every
centric unit cell _eight inversion centrés are present. (The
possible positions are (0,0,0), (1/2?0,0),'(0,0,1/2),
:(1}2,1/2,0); (1/2,0,1/2), - (0,1/2,1/2) andl(1/2,1/2,1/é§.
‘¢hes§ eight ceﬁtres are not identical, therefore for the
Qriéin detiniiion purposes the reflections .are ;ategorized
bin'eight péri;y groups, eee, oee, eoe, ees,.ooe, oeo, €00

-and ooo, where ‘o' stands for odd and ‘e' stands for even. .

X ' - L4
} K
'i »
N 4 .
-
—— ] «
. A ]
[} .
' L
T 8-
] »
[ T (]
. . - '
e, 0 ]
. - * n‘
N ' : B . [] ™
. . . . R
1 s . f < ’/"
————— = . . \ Y - .
' NN —
. ' '
. L,
\ ‘4
! . ' p- < S
v :
J(//) C N
' 3 ) . g Y
i O,‘Iz.o '
\
- - ¥

3 .. . Fig.II-15-13 .
S . i3 S -
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A set of three reflections are chosen in such a
way that. any reflegtion indices or.any vector sum of two
does not give an - eee combination. Arbitrary phases are

e

assigned to these reflections. The effect is to select Aa
particular inversion centre type as origin. il

A similar selection is made among other type 5
smmmetry elements in.the case of the non-centrosymmetrim

‘structure. Lo : .

e
3 e

1 ! °
%

II-16 LSTSQ REFINEHENT THEORY : [46-50]"

+

The structure factor {fbéf a particulén

reflection(hkl)is calculated using’ -

v

z: fcoje-2Bj(sin20 (kz) e?ﬂi(hxj+kyj+lhj) --(II-16;355

-

Q-

where

Fo = calculated structbre factor - -

o

fCOJp; free atom scattering factor of the
! ' ' -,

-~ ~-

Jth“
. atom
X,¥,2 .= ﬁositiqnalqco-ofdinatéé

o' N s

Bj = isotropic thetmal parameter:

5,
h}

B =.8my2

'
Saps A

€
]



=y .

a

b é' 2

¥ <

For anisotropic Yibiatgpnh :B' is replaced by six'parameters"

and is given by the equation :

b

- f‘ojé-'( B11h+ 622k+.3331+2'B1ghk+2bﬁ1éhl+2"323lg1) —(11-

. . 2 e

“ & . v e
. BN
-y .

1]

' 1‘6-36) . -

< " The equation apgroximétes the amplitude and

.direction of vibration as'an ellipsoid. An equivalent and®

preferable expression forizhe temperature factor is :
'+ . ' . ome

o

-
[

L g oo e Do
[-27 U11haa“+U22k2b'+U33ﬁlzc*+U12hka*b*+U13hla*c*+‘Uz3klb*c*3

i - 0 ' N L

—---;---;—r-(II-46-37) o ’ , -

Here, ‘UM represents the thermal parameter expressed in

tetms of mean square amplitude of vibration in ® .
- B ‘ . K
. Free electron scattering factors are corrected fot

‘relatiyiétip effects before using in the structure factor
galculationss Due to the very fast movement of the core

eleéﬁroﬂs”; the scaﬁtered X-pay photonsngké out of Qhase
with the incident photons. Th&s sgattering is coné}dered as
inelastic to a*signifiéant‘gegree. These cérrections a;;
significgnt'in éhe case of “heavy atoms";nd take the form

of a‘reaé *Af' and imaginary * Af" known as dispersion-

nconrection. ' - 3 o

L9



/-‘ whkl =17 a Z(Fhk1' ) ====(JI-16-40)

~ o

4
q. i . j' \' . ??‘ , i
) £o8y = fog+' foget | foy . -===i(II-16-38) .
a ' . L. ‘ .
< . .Each atom possesses a positional.and thermal

parameters as expressed by the eq.(II-16-35). The };rameteés
are opvimized by minimizing the difference D' between the

observed| Fobs, and calculated | FCI structure factors/

. ' P . P
\l ' . ’ - ’ . i k ' - N -.
D = ‘ whkl(l FOI -‘lkFc lw)2 ‘) ‘;---4,!(11-16-,:-39)‘ . “
» . , ' N <, '.b ,) '/, . ) A v, ¢
L3
(0'“ i ~. s

_-Where L

k = scale factor *Ffor Fg ;
- " . R ) . e’ - 'C_

14
. * + d

. * . )
= A v . » ks - e 1 ~
' . - 2 .
. ]
. N

-~

The differential of the equation (II416-38) with

respeck to each of the paramete;s«i; set to zero. The

. ‘ ) . » ']
equation obtained is non-linear and use of truncated .Taylor
feries is.required. Thus n! lineér equations in parameter
-shifts,APpare obtained.and-cgn be expressed in the ‘form of
N - . ‘ [ A -
matrix, ' 0 an T . Lo T
. . ¢ :’ . . . .
~ ¢ .
- ry ‘ * . . > ;
rd “ . uo. ‘ »
» -t ) x
] . h v ~ ' . » , »
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°

a3 = 2 vr 5|kFc'F|~/‘8P1 -al kFcrI/ dPj  =====(II-16-4T)
S . . D ‘

-

o

r . . N v
iy = 2: Wr." Fr aI‘KFén
r : ‘ :

J

/9Py Zemmeee(I11-16-42)

. . ’ :

- ) . ’ e - J q o
This set of normal équations can be written-in a

° ’ »

. o -
more compact form-as :

e . . ,‘U.: s O
, AX = V - A---------.-;---‘(II-16-,113)':,
\ L ya e Lo : £ - l‘
A-la =1 o ' mmeeee—eeeae-(II-16-44)
¢ - -l * ) — , .

) .v' ' ‘ ‘ .
v . + then | , , i

———
. . i L4 ’ ‘
B ’ , , . "
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Lo x weoo o , .
0 . v‘ \ . -
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.



A Y

A=1.ax = a-ly

or

X = A\—1v - _..-——;‘;-;-;-(11*16"“5.)

. The standard deviation of‘ény'parémeter is given as : -

t 1

/

i v _" \\ " N 2 0 . L . - .
L Mlopi = bjg ( Z"whkl AFpk1) /7 (m=n) =e-e=c(II-16-46)

matrix, “Wpyy' is the weight of the refle¢tion hkl, “m' is

a

Where, ‘byi' represents ﬁhe,‘itp’diagonal_of the inverse

‘the number of observaiions and “n' the number of parameters

and F = ( [thkll IFchkll ).

In fhe case where a large"number of‘ paramet“em; ‘are

q

refined the use of a block diagonal matrix’ 1s necessary

because of . computer storage limitations *M '

In anisotropic case nine parameters are invoved
e »

"Qén_gtom : six thermal parameters and three posit{gnal

parameters. T

3

o

tn;angular blocks of dimensibns-9x9‘forweach atom as shqyn

in Fig,IIzlé-lh L

42

The blpék,diagonal matrix .constitutes a serfes of °



. ) - ,1‘:
, // - : “
T .
7 ‘
- .’ '
. All interatomic terms qf the full matrix are
‘ N . b 3 . . ¢ .
considerd as zero. More cycles are required for the block
LT 7 diagonal Least-.Square method than with full matrix to reach o -
., ‘!' ! - ' A - ' N
! .convergence.
o« e : The-correctne‘ss and degree of refinement of the
structure are related to the residual. factor‘'R' also known
N . . . _‘ . B . ' M .
as the "discrepancy factor". o o
R = z Fobs | = |Feal] / Z Fobs' '-4-*-‘(11*16-.147')
- or ' I ) "
CoL : co : , P
e . "< . %{.\" . N ’ ) ' . ’ ' |
Rz Y w|F Iel ] ———-zz-162u8)
. CoTW T, o obhs| ~ Foal /Z Fobs = II-16-48)
‘ _ : LI . .. L o
' F\— ' ‘ . )
- / ' /
b [ ._ e

Vo



y ,

where ' .

Ry =" weighted R factor o
. il , -

[
‘.

best fit. -

]
B

Usually, refinement is\stdbped when the parameter

shifts are.less than some fractién (e.g.1/10) of the

. A
standard deyiation of the parameters.
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The lowest‘value of *R' and ‘Rw' correspond to. the
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fII-1 PHOTOGRAPHIC CRYSTAL ALIGNHEHT AND CENTERING
(HEISSENBERG)

A fine focus Mo target was used as x -ray soutce,

powered by a Picker Nu¢lear Generator and Control, Model

P, ;
No.809B, operated‘at 4OKV and 20mA.‘ All the measurements of

.

angies and distances on photographs were carried out using a

Charles Supper Co. film measuring device . “(Pepictéd pelow’




W,

“

a0

This device consists of glass plate set in
' graduated circle which may be rotated in the fixed base and

a hair line which slides on a track in the base. Suitable

single crystals were mounted on the goniometer head under a

Bauch and Lomb stereo-zoom\microscbpe. Crystals were,placed

on the Weissenberg camera (made}by Charles $upper Co.,

. Natick, Mass” u.S. A) for the rotation and oscillation

\'photographs and were centered on the cross wires of the

alignment microscope. The or1entation of the ‘erystal ‘must be
such that two- oftits reciprocal axes are perpendicular to
the rotation -axis. Crystals were photographed while
undergoing small oscillation 040) about @ egual to 180°

and 2709 on the X-ray film. The individual oscillation

photographs were exposed for 30 min. Angular errors were

measured and necessary corrections were made on the

‘goniometer arcs. The’ camera was prepared for the second
,alignment photograph with the cylindrical screen in place.
- This -screen selects only one layer line passxng through the
'slit onto the film. | - ‘
The photographs were checked for further‘

correction. Sometimes the slit required narrowlng a. little_

" for selecting only one layer line. ﬁ‘“m\\;\

47
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ITI-2 ZERO LEVEL WEISSENBERG PHOTOGRAPHS.E ol L

4

The rotation angle of 190° yas gef.‘(from'¢ = 1800
to 350° péss}ng through zero.) The film holder wﬁ% allowéd
to move to and fro within the §peci§£ed angle; and the film
was expésed'for 48 hrs. For gli ﬁhe ngssénberg photographs

[}

"a Zr filter was used. . ‘ )

’

-

\

o | Fig.III-2-2

An illustration of the Zero 1eve1‘Weissenbng Photogfaphs.o
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III-3 FIRST LEVEL WEISSENBERG PHOTOGRAPH :

. 2

b The distanoe between the zero and the first 1ayer

-

. 1lines.on the alignment photograph was measured which gave

> <<\\;Ehe“yalue for the equi-inclination angle,and screen setting
by consulting the appropriate Chart No.1. After H8hrs. of .

eXposure, the film was developed.

o . . Fig.IlI-3-9 .

Fromithe-zeno levelﬂand first level Weissénberg

photog#%phs, eome information about the space group was

(u\

available : axis identification and identification of
lcryatal system was usually possible from these photographs. .
! ‘v . : v ~ M ' N ' ’ N *—_ 7
- . 50 C
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III-4 ALIGNMENT PHOTOGRAPHS ON THE PRECESSION CAMERA :

The gonidméier-was transferred to the precession
_ ‘ - o
camera. The ¢ value for the .axis chosen from the Weissenberg

!

film was get on the précession camera axis. ?or alignment
the crystalfwas exposed . for 20 min, using bolaroid film and

1\p}ecgssion angle of 100. No screen or filter were used. .
T

) /)
]
— x;-f-;sg_;__ X3 —
«— ‘, lﬁi' - - T
. e
—— v FiEIII-tes .

- A diagramatic }epresbntationbof the aliéZ%ent photo@ﬁaphs

on the Precession Camera. S

-

' 5 1 “_1 '

PO
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Fig, ITI-4-5 shows a typical alignment photograph
e

in diagramat{c form. The radiating Iines are ‘*white!

<

radiation streaks." ¢

N on the angle ¢, while the horizontal c

'made

‘appropriate components,by m
~ ‘

.
3

s , \ RN
The vertical correction associ;ﬁed withay is made |

réctién.for Az is
to the gonimeter arJi; KAAz is resolved into the
1p1ying by the sine and cosine
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'Chart No.2, qufM.J;ﬁurgef " Tbé Preceés;on method
in X-ray Crystallography " N.Y, (1964) = I
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IT1-5 ZERO"LEVBL‘PRECESSION’PHOTOGRAPHS :

P

A precessioq angle of 25° was used and’ the

appro riate Chart No,2 gave the distance of the chosen

"screen from the erystal. A 48 hrs. exp0§ure using Polaroid

s o \
film and ‘Zr filter was used . !

— -

Fig.I1I-5-T

L3
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I11-6 CONE’ Axl;,s PHOTOGRAPHS T P
The cone axis casette was placed on the screen | "

' holder at 32 mm. The photograph ‘was: taken with a precession -

o

angle of 10°’and ir, filter. A 2- hrs. ‘exposure gave, the
subsequent settings for the upper lev;\\photoaraph. (Depicted

. . %
* v t . > .
be ow . . . X . .
' a ' PR v . -
. . N o ,
. .
°
-
‘
”
. o
"
o
~ o
. ?
"4 .
‘ o
.
.
PR
.
. 4
13 ¢
- °
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o
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oz N
LI \ i
# a*
- A)
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~ FiﬁoIII"6-8 v . N ¢
. .

- ‘ N TN \ . ‘ :

“a . . L3 . - k]
bl . - . . .o
" ¥ ¢ - . . ] ,

1

* The diameter gf'the'second'Pfhg was measured and a

.cbmbuﬁeﬁ'generated table was.searched- for zeta { and D

.Setfinzs. R T ‘ N L SN

rr

x"'

-
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III-? FIRST 'LEVEL PRECBSSIOH
A choice of screen size and position that lead to
+ no collision was chosen for: a 20° preqession angle.. (Depicted,ﬂ

> ]

below). . i"\

= Fig III=T-9

-8 SPACE GROUP DETElﬁINATIoﬁ :

The photographic data were used as .a- guide for
oetermining the sSpace group. In fact only one was
'encountered : P° 21/c . ' |

\

‘ The two fold screw axis caused the extinction ofl ‘
reflections along an axial 1line in the ﬁeciprocal lattice,

(b or (ok6) the unique axis, in the case of P 21/C) A c-
'?glide plane affected the reflec%ions in the corresponding.'

v, P

Lo i " S 55 ‘
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o f

' radiation filtered with Zr f‘oil Calculation of %and%c

™

T

lattice plyaﬁe, (a*c* or hol 1n:the ‘case of P 24/C).

r B ’ .

. .
- es G oGP VA uUn Gp 4D Es WD OB WS W i en S & -

-

Iy

.C-glide Plane

Once a11 the symmefry elemer}‘gts were discovered ‘the

determination of the space group was possible. The cell

parameters were.measured more or less directly from the

precession photographs, using the following relationship’

“between the film measured spacing *x' and (reciprocal 'axis‘.

1
» P

a* = x / 60N —eebemmmmme= e (IT1-8-1)

.Where, )‘= (0.T107TA) is the ‘wavelength 'of MoKoy KC‘Q‘

L

56
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cmeenee (III=8-UF

o

was done in the same way .The volume and later the density

of the crystal were measured

-

o’

v 2 a.b'c'sinﬁ. ' ' e (II1-8-2)

' .
AR

.

V=1/V"z ab.c sinf3 . | et cdemeea(ITI-8-3)

I ‘ . ! , ‘“ ' ' ‘
and . . ' - . . . N

*
3

-

Co '
calculated Density 2 an.Wt./:V(ﬂ)x10'2"x6.023x1023 SRR

. . &
{
. If the approximate molecular weight is known then

comparing this value with the total molecular welght of the

.cell content, will give the number of molecu}es per unit

N 4 .
cell. Each space group has a nnmber of asymmetric units

'

. - 4
which are to be found in the unit cell and the number

depends upon the symmetry of the space group. If the numnér

-+ of molecule is less than the numbgn of assymetr{c units, the‘

molecule must possess crystallographically imposed symmetry.
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III-9 DATA COLLECTION CONDITIONS : [51]

The goniometer head, set to Weissenberg settings,

was mounted on\a'Picker Nuclear FACS-1 four éircle

, 'diffractometer cagpled with PDP 8/; computer. A Mo target -

Qas used as the X-ray source. The X-réy tube was opérated at
40KV and 30mA. The Koy / Ka, peaks we%g ispolated with a
graphiée'crystai:-A'1mm. piphole collimétor.was used for the
‘incfdent beam. The diffractéd béam was received ?n an
aperture with—vertical énd'horizontal sliBs,:locaEed 23§m.
from‘the'crystal and‘20mm{nfrdm the scint;liation counter.~A'
series of.Ni foil attenuators,,ﬂixed:on a rotating disc'were
placedﬁautomaticall& between the aperture and the‘detector
to attenuate ref%ectioﬁs paving intghsity'g}eater than
10;OdOcps. The detector was opénatéd.aé 1,006 volts'aqd the.

-pulse height analyser was sét to recieve 100% of the Ko« X-
\ . L

L]

ray radiation.: ' .

' B

III-10 CEHTERING‘QE‘BEFLECTIONS : .

Durﬁﬁz the alignment and data collection &hé‘
diffractoﬁeter control software pac#age by-ElGabe et al.-of
the NRC Ottawa was usedf—ggmg\hf‘the commands (feys) that

) —t

were used are mentioned later i this section.
From the zero level w;}ssenberg phptog}aph a few

’reflectionﬁ were chosen for ceALgang the crystal on the
. ’ ~ , rd

~ee !
¢ i

N s
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! A '
A \ ,
{ N . ’

diffractometer.'n strong, low gngle, axial reflection was

_chosen; w, x., angles were set to zero; ana 20 was adjusted

_for the. chosen reflection. The approximate region of - ¢ fn

the weissenberg}‘ﬁas searched on the diffractometer. The

.reflection was centered manually by slowly c1031ng the

horizontal ‘and vertical slits and adjusting the angles for

maximum ig}ensity, and then'the rest of the axis was
AZ d *

checked.'A high angle reflection was chosen and centered

- automatically and the angles were recorded. A high angle

‘reflection on.the second axis was formed, centered and

\

. recorded in the same way.

For centering and alignment of reflections keys

¥

'*CR' and ‘AL' were used. ‘CR' centered the reflectionsl

present in the detector by finding ‘the median ‘of the
inte@sity distribution with repect to 2 9, @ and X . The
angles obtained for each reflection (hkl) were saved for
subsequent calculations. (M2 and " M3 ). ’

- The two centered reflections” and cell parameters

were used to locate the third axis using computer routine M2

A third reflection was chosen (from the precession

photographs) on-orJnear the third axis. Tne reflection was

[

. found, centered and angles were saved, in the same fashion as

above;

M3xwas used,to calculate the orientation matrix

and cell from three refl‘ections. Input was hkl, 2 0,w, X,

‘. | S

-,
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7'per point and

and ¢ for three non- collinear reflections. The real and

'rec1procal cell parameters were the output..

About 20 reflections of high 20‘value were chosen-

from the photographs to cover a large VOIUme of the

. reciprocal lattice and at the same time be fairly intense.

These reflections and their corresponding Freidel (hk1)
equivalents were centered automatically using command " AL‘..

The optimized 2§ ,ln, x-and ¢ values obtained from'

'

“these reflections wene used for least-squares using“MMJ.

The variables were the orientation matrix, and the real and
reciprocal cell parametere. The ¢ell standard deviations are
obtained_from'the least-square results.

Before selecting appropriate parameters for the

scan used in data collection, some idea of the peak width

and the accuracy of the orientation matrix was needed thus, .

‘SR' was used to set angles for a reflection. The line

profile of a particular reflection was obtained using “LP'":

.A @-20 scan type was -chosen to record the integrated

intensity of the reflection The number of points before ‘and

. after the_peaks (25), step size (0.04deg.) and time at each:

step (0.50sec.) were input. Output was type .of scan,.
sta}ting and f; nisning-ealues of anglesz no. of points: time
C}ntensity-values. The profile wds plotted an

the printer. A few reflections were examined in this way.
For the data collection the,PGllowing information

A .
<,_J’ s . ' .

)f.
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,UAVELENGTH ‘AND ORIENTATION MATRIX :

SN . . o

Was required by .the computer:s

« *
I ‘ ‘

A

Needed to generate the angles 20 , w. X v ¢ f‘rom
. the indices hkl of a reflection. o

\

HAX. MID MIN. 20 VALUES AIID MAX. HKL :

Needed to restrict the Values of hkl’ generated by

the program. -

N - f ,
» . .
Q ‘ \ ,

.

BISECTING MODE A'ND'SCV;\N PARAMETERS : \ '
Bisecting mode was uséd in this hork ¢ the ¢
cirecle lying between the tube and the counter, ' w"was .'

-

always kept at zero. The re‘maﬂing settings were such that

‘- Bragg's law was satisfied. >

The scan was divided into three sections A, B, C,
where A and B were fixed and C varied with’ 20 such that the
value of 20 was adJusted to cover’ a;, and &» dispersion, The
,scan length was calculated byrthe expression [A+B(tang)

+C]. Background counts at the ends of the scan were measured

"for 0.1 of the scan time. The scan spee_d used wa;,a.o’

A
?

deg/nin.

v

. 61



‘ next, and h decremented slowest.

o

y ' .

’

'NO. OF REFERENCE REFLECTIONS AND FREQUENCY :

Three "gtandards" or "check reflections" were’

measured every 50, measurement cycles.Their intensities were

printed out during data collection.,

SPACE GROUP :

Needed so that computer can omit the measurement

of reflections satisfying~the.absence.eonditions.

DATA COLLECTION °:

The data collection was initiated by’the command

‘GO' The computer offered a strategy for data collection,

i.e (how the indices were generated), based on the type of .

space. group.

' " For P 24/c, the only space group encountered in
this work, two segments were needed so that no reflection'
was collected twice, and the data were collected -as follows

- Segment 1 : Started fat 0,0,0 "with 1 .incremented fastestﬂ

and h slowest 4

. Segment g~: _Started at -1,0,7 with'1 incremented fastest, k

£33



5 S
: Sténbing reflections at : .. Starting reflections at :
A ‘ 6’0)Q| -1,0,1 v
_ ! 0,0,1 -1,0,2
' 0,0,2 -1,0,3
v 0.,.0,1 -1 79’1
' ' 0,1,0 -1,1,1
. 0,1,1 -1,1,2
.O\’1’2 "131,3
Y 0,1,1 Co=1,1,1
' 0,2,0 -1,2,0
0,2,1 : -1,2,1
— 0,2,2 , -1,2.2Y—"'~ '
' 002!3 112!3

- .
. . afTwra e

. R
.
AY
-
i

0,2,1 . i ' D -1,2,1 .

: . ! o A
et and so on. ‘ and so on. |,
. . B . ' ~, - . " .
! » . 'Axa ’ B
Thﬁs gn‘segment 1. all the reflections having
’ﬁndices hkl were collected where as on segment 2 reflections
‘having indices hkl were collected. (Only one quadrant of the
. reciprocal lattice was required for a unique set of data in -
P 21/¢). - )
' d P L 2" TR » \ o
A ’
..' ! A » 63
3 - ; w ’
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IHFORHATION OBTAIHED DURING DATA COLLECTION :

The referenc;Yreflections were repeated after

‘”évgry 50 reflections. Constancy throughoyt the data

7'66Tlection'indicated that all was well.

¥ A list of all the data which were not saved in the

data collection were printed out : these data were rejected
QUé to very weak intensity.

If areflection was not properly centered in the
. 8can, so that profile ana1y51s failed, a warning message was
printed, and the peak count and the two backgrounds were

stored -in raw form.

I11-117 CRYSTAL.DATA FILE PREPARA%ION PROGRAM : an
' il 1T .

_ This program initialized a "CD" file which
contains all information about tﬁe'crystalfstructure such as
‘'real and reciprocal cell constants,'ﬁaVelength used in data

collection and numbef of each type of atom in the cell. In

. .addition space was reserved for atom -scattering factor
« {’ ‘.

‘"information, absorption data, the scale factor fo;wgﬁg'data
and the atomic co-ordinates and thermal parameterh. The

atomic scatterlng and absorption data were used later by the

¥
data reduction program.The scale factor was 1ntroduced by .

the normalization stage of data reduction. The atomic co-

. ’ ?
ordinates and thermal parameté}s were introduced later by

S et
. 64
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the edlting program .and were used during léast-square

refinements and subsequent calbulations.

. | ' - y

i

III=-12 DATA“REDﬁCTIOH ¢ [52] '

o The 1ntens{ty data obtained up to this stage waS
the }aw data. 4he previqy;ly prépafed "CD" file and raw data
file (IDATA.DA) Qere used by the data reduction program

(DATDR-2) in the following sequence of steps.

\

SCALING : o -

This step scaled the‘intens;tieé Qsing the
refereénce reflgctions. Attenuatdr‘factors\required because
:éttenuétdrs were Qéed during data collection were applied
here. The peak qobnb was'cpnverted ingp.intensity by using

€q. (1—1-9-5') . . :\ ) . ' . ’ .

&

' . R . . -

o ———

'GROUPING : S S -

L 3

The "GP" file was created. The program reads the
data from "I-DATA.DA" (raw data) and groups duplicated or
symmetry related observations. This temporary file is used

as a directory for the “R' step and was discafded af%er data

reduction.

T

- - I ( . 6 5
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‘f‘i..le were averaged. A reflgctiun w-_aa‘considyered

insignificant in cases where in‘te;_nsityﬂc ' puted was less,
than a multiple of O(I)",',usually 2 or 3. ,LP‘cor}'e‘ctii)ns are

-
s

‘applied at this step ( eq. (II-9-10) ) .
] . : . . o o

LS

NORMALIZATION : L ’ o

.

-

Before normalizing tHe structure factors, the

values for the effective scattering power of .eavch 'atom were

calculated : ’ a .
3 ’ ° . ” ’ v
r « * l y . )
20/ )2 SR . :
f = foe~Blsin 0/N) o o(I1I-12-5)

W

. ¢

Where, 'f,' is t’hé ”scétt,ering factor, ‘which 1is alf‘uncizion 5!‘

(sgnZO/ A) and "B' is' the thermal parameter, related to. mean

~ square. amplitude of viberationby the.expression .:

PN . . - . . '
T B = 8m2p’ ©  mmmmeai- mmmmmeas(I111=12-6)

‘ An averagecval'ue of «f.f\g temperature factor and
scale for observed structure f‘actor%_,yeré“corppﬁted by the

4 3

prog#am from a Wilson plot [53) using the equation : .

A4 ‘ " »

r

P
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. ln -Irel/z fol was plot.ted against 30 ranges of

PRC '
L é j @ t )
l. ‘.&, ” v k4
D ’ ‘51n29/)\ a straight line fitted tothe result The 'slope is

- e Toa,
- ~
‘ ~2B. and intercept is ’lnC
| 3 - P 8
4 " N\ . ‘ N p ~
. .~ NS « . - !
~t vl - ¢ h - ) N
> . . <) )
. o : !
° LN . L — R ' '
o § . . . [ *
- .
oL : Co. * s .
[ «® . - - 4 ] ‘A
£y s 4
T * r 1"CH oo -
’ . ' Vol = -
b4 N ., . . aadE e ~ v
* « L LKW : ¢ e .
6 L A P ’
v - . N
’ - . ) N > Slope =. -2B i
a0 < e s
; L ‘d » L4 ” N B ‘
b . -k P
-24‘ v ' d - ‘ ’/ * ' .
- ‘ ; ' ! : .
' . N e’ ‘ I3 - L
2 . . 3 ¢ '
.
\ > - . . v
. ! . [% \ " b d .
MR o J ‘ y .
. ~ . ) AR " .
s . e « . . , o .
e g A . | n20/ )\2)
C \t,‘: oot ' A . “ ‘ .\ s S ce
. ' , .‘ . ) . ] . . : . o L oy Al
. . » L ‘ ‘ ce L . . .
' " "/‘ ) ! N 'A,‘ ‘J ' ; * - - ' . N 3
. . ' - . : S ' ngoIII-11“10 . - . L
S @ o s d 5 . ’ ot » N L o . )
b . « ' : . , < ‘
Ry .
- e p B Nl S .
\ ' ., 4 » # ) ,
- . . L.
. . ¢ 67 pr &
, . ' { N - - .
l< 0‘ .‘ ’l
v, ’ " ¢ [4

&



- * s s wo
. . . ‘ o ‘ \ \ '
The term  C' is related to the scale factor ‘K'

. . "\.\’ ' L \;) - ' .
thus S ; ) o '

"

Fops = 1/\f c F,.el = K F,.el " pmmmem e (I11-12-8)
This. scale factor was also optimized: subsequently in the
1east-squares refinement of atomic parameters. .
" ~ '

g Ihe normalized structure factjrs which were used
in the statistical phasing process were computed as :
2 A
. n ‘Fh’kll ,
! ' , " : - .
. Epk1'= e L \ mmm———— (III-12~QlA Q
€ Z fie-B(‘Siﬂ 0/)\ ) L. e

<

-
¢ +

He(e,.‘B' represented the average vibrat;onal thermal

parameter obtained from Wilson plot and ' €' an integer

z&l;ﬁ'usuallyttaéas‘value Of 1 but can have other values for.
’d
-special 'sets of reflections in certain space groups. For
. - \ . . .
example,ain P 21 /C € = 2 op'hol and oko, since for these ©
?

sets, half of the spots are missing due to the C-glide

plane and(the two fold screw axis, respectively.

st

‘StatisticaLly,.the qther spots present are twice ‘as strOng:)

-,

.o
‘ .
. .- f/-.'«f\”/ * <
- . . o
. -

Ty e
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I1I-13 STRUCTURE SOLUTION :

s L

The structure solution ﬁas”obtained by either

‘using ﬁhe heavy atom method or direct methods. The Pattersoh,

J

.synbhesis was computed using the NRC progrém FOURR [54] and

MULTAN}[SS] was used in the case of direcR’method;
9 .

<

I11-14 THE HEAVY ATOM METHOD : [ 56] .

' For the Patterson synthesis Jg input required
was the,CD file and RE file (Ihkl'Mt was a 1ist of .
peaks,from which was deduced the heav;~a§om position. The
heavy atom was used ﬁo calculate struceure~fbctors using the
program LSTSQ [57 1 and the FOURR was usedftOecalculate’én

"Observed" or‘"Difference"xelectron densi&y map revealing

more atom positions. These were added to the *CD' file using

~

CDEDIT bePore another structure factor calculation and

Fourier, until all atoms were loca

Subsequently, the least- 's refinements were
also_ acc%mplished using the program LSTSQ The input for

LSTSQ. was the CD file and RE file. The output was the CD

- file with the refined co-ordinates for the atoms along with

the refined value ofé_('. Ref‘inements proceeded unt11 the

RS

residual indices no longer decreaqsd

v - * /’



III-15 DIRECT METHODS : MULTAN N

*'The first step in‘this program ie the generation
ef'ail the tripies i.e. h,k,1; h'fkh]ﬂ; h-h',k-k',1-1", The
nexﬁ step considersﬁfpecial triples h' = h-h'; k' = k k' 1!
=I1-1' known as 2:%rela;ionships. The,pheses can be asignen
with high probability of correctness for some of the h'k'l',
Thus sign of Epp 2i,21 18 probably~+ve and independent of
the phase of Ep ) 3 provided‘both Eh,k,1 and Epp pk,21 wWere

strong. . ’ _ p

S{Epn,ok,21} = S{Epk,1 = 1}  ===ccooooee- (II1I-14-10)

Where, *S' represented the sign of the Eg taken into

consideration.

o

For the next step, choosing the best starting set,
the reflections are ordered according to the strength of
theih contribution to the phasing process. Repeatedly, jthe
weakest or the poorest is eliminated together with all the

triples to which it contributes. Meanwhile, the remaining

reflections are tested t? check that the origin can still be

defined. If not the most recently eliminated reflection is

one which defines the origin. The process continues until,

‘the necessary number orf‘crigin defining reflections is -

.found.These wmeflections are assigned arbitrary phases, At.

this sbqge n (ushally 3) more reflegtidns are chosen for

inclusion in the starting set. These reflections are

| i )

,';



1

assigned every combination of‘phﬁseé to make 2N starting
Sets,’eaqgig;which is used to phase the'restléf-the strong

data using the tangent formula :

R
» -
A} . -
Z Wht .Wh-h' Ep',Ep-p* 8in( .¢h'+ ¢h-h') '
= 2, o
fan Py = —=m-mme SRR S S —— cmccmnocne (II1I-14-11)
z Wht.wn-h' Epr'.Ep-n' cos( d’hw ¢h‘-h‘)
, h! ' ’ .
"~ Phs must be 09 or 1800 for the centrosymmetric case. When
\
the probability that a predicted phase is correcﬂ exceeds a

\

threshholg vilue (0.98) a new phase .is" accepted and used to
phase more data. e ‘ -
.Since \ MULTAN' computeé 2N sets Sf phases it is

. >
necessary to-have some fiéﬁre of merit to indicate the most

¢ . : -
probable correct phase set. The fighres of merit are based ‘ (

on the intgrnal consistency among the reflection phases;

‘(Abs FOM and RESIDUAL) and correct prediction for certain

)

Uéeflections to be very weak (PSI ZERO). A combined FOM is : :

printed which normally allows the cholce,pf the correct . -

——

" phase .set, -
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I1I-16 GEOMETRY : [58] : A}
o : : .
' ) ‘ Bond lengths and bond angles are calculated from

the following equations 1N

)
2

1 :'J (Axa)2+(Ayb)2+(Azc)2+2abeA&c0437+2achAzcosﬁ+

/

°
+2bc Ay Azcos@® 000 —meemeea- (III-15-13) o
— ez . _ Where, a, b, ¢, @, g,y are the unit cell

parameters.

6= cos=1 [(AB)2+(AC)2-(BC)2/2(AB)(AC} =——---um- (I1I-15-13)
, » \?-. ' ) "
. , < :
v ... ~ Where, "BC' is the non-bonded distance. *
B.

. "AC

Fig.II1~16-11

SO

e
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L

The estimated standard deviatlon for bond 1length

'0(1) and bond angles¢7(6) are calculated accordlng to the’

following equations : -
. ' . ¥

o(l) = \/ (02x1+_azxz)(Ak/l)2+(02y1;q2Y2)(tsy/l)2+(0221+

"

0225)(82/1)2 mmm———— (I1I-15-14)

‘ .
! ' where, X7 and x> are the estimated average isotroplc

e\ - sg@ndard deviations in the x-coordinate of ateml1 and atom2
‘rei%ectively.

L 00 \/ 2/1, A+ 01(123)2/(1,2)2(113)2», 03/(113)2 c—————

L -----(111 15-15) : | (5

B

L

where, * 04t *"0,'und * 03' are standard deviations of

Tatoms 1,2, and. 3 respectivély. The bond distances and apgles
were calculated using)above equations by the followlng

programs H ’ ., T

‘ .

A - . "3 .

& o

- o « . [3
N . - f v
R S - L4 ‘
” o . N
~

L |

;; DISPOW : [59] ‘ ' - \;-ﬂ, /

) molecule from a 1ist of atomic- and positidnal coordinates.

- The. program was sometimes used to deduce a‘moleculan

"structure from a dollection of peaks frpm'a:Foukier. The

ansles.foy the refined structure. rk? !

' '

+ v
P S L U Paer S ot e . L - - R o

‘The program calculates the geomstry of the

~output‘was the final,geagetry with esd's of bond lenéths/and n



Y

. UNIMOL : [60] , e e

The prograh locates a contiguous molecule in cafes

where the co-ordinates referwto symmetry related pieces of a

molecule. The program computes bond distances in a manner

‘very similar to DISPOW, and stores a list of bonds for each

atom on the CD file. These 1lists can be used for ca}culating

hydrogen atom positions.

» ['S .
~

I11-17 ORTEP : [61] T

The diagrams of‘the molecular structure
represented as."ball‘and stick" type fi@ures' uere'produceﬁ
using the program "ORTEP" (0Oak Ridge Thermal Ellipsoid Plot
Program). Diagrams we;é drawn on a Nicolet "Zeta" X-=Y

plotter interfaced with the University CDC Cyber,&lu.

Stereoscopic, pairs ‘of figures were also"drawp by this.

-

program for example unit eéll baqking diagrams.

L SR



x
= . .
5 ¢ '
-
, v
¥
. .
- K
'
- v
B
.
s -
. N °
.
.-
- i
a
. .
,
. - el
¥ .

»

.. ’ . ' . . o g+
. - . - - v B - i B
Lot - ' « - " ¢ . ‘- . *
. - - ” ) - . ] . N
. i . . . .
’ . - N ;¢ . - ~:) . ) - T -
- . r— .. N . ) . A - -
g : a0 - T S s .
. : . R L . )
) , . o . - 4 \ - . - v, i“\ﬁ.. i
\ o I R A
gv. - L . . = . . N - . ) - .. |
i R - . o" . 4s . . . P . oo , . . . -~
. R L3 P . d o .
= S ’ - ’ o
~ o~ . . . . . -
o ’ = . B r . . o : Lo o
) = o N . 5 - K
. - L : o ' - fore ! - ) ) - . P
. . . -
; ‘ , - 0 . . ) B E R : . S
. | . A . PR g ..Nl.. . o
. - o - - - - - ° A
’ . ) - 0] _— P . N S
. ) . : : = ..
' ' . L N - } f .- .
N . . . ke * - -
. - “ .. o ) - . . . St ) D,u - i
< - ; Co T T e
- B - - - - .
) o | ) ’ cL ) - -, LI . -
. L i -t - L - . A oL, . :
=T . | - . . . . . .
. N N - . - T . - -
. > . i - . - . )t - - Lo
. . . - N R T, R
. : - - Lo o T .
. .. I . . N . L T T,
t ) . - .
:d” . o i . R
. : - 4 .
. < . N .
-~ N |. i A
. . ) . ]
- - ) . N - T, . . .
’ \n ” -
R B .4 N - ' : -
. - ) - 1 ’ ,. n‘. - 2 .v.




IV-1 INTRODUCTION :

t\ '

Organo=sul phur compounds are one of the important
features in organic’ehemistry and bio-chemistry. There are
many'naturally'occuring sulphides and disulphides including

_pen151111ns, eephalosporins etc,. Many sulphur cotaining

reagents have been developed fqr S-S bond forming reactions.’

[62-64].
In view of sulphur's pronounced tendency to

catenate; it is reasonable'to assume the existence of a

-

large class ‘of metal complexes containing sihple linear
¢ I3 . »

catenated;po’lysul,igands. Tr‘afi_sit:ion metals and sulphur
have greet affinft for one another. The main interest in
~ . I

‘these compiexes is due to the fact thet\tbey.open a wide .

field 1n synthetlc and theoretical aspects of sulphur
‘chemistry. In addition to thi there is a great interest in
sqlphur metal interactions bxi::Le of the catalth poisoning
properties of sulphur compounds. |

. Sulphur forms a-0 -bond using sp3 hybrid orbitals

with metal orbitals of appropriate geometry. However, w-'

bonding is also possible with an empty td! orbital of
sulphur and a metal ‘d' orbital.

I

-
“~

76



“angle of 989,

" IV-2 ELEMENTAL SULPHUR :

The first realization of the importange of
) 4

catenation in sulphur chemistry resulted from early solution

_molecular weight determinations on elemental sulphur. These

studies were conducted in 1900's and suggested that each
sulphur molecule was composed of*eight sulphur atoms,
Sg is the most stable form of sulphur, Its crown

shaped structure was gsﬁablished'from crystal structure

studies in 1935 [65] with S-S distance of 2,068 and dihedral

-

.

"Owing to the .lone pair of electrons on sulphur

. atoms, a Zig-iag:chain is fofmed 3

. .



The distance between two sulphurs is 2.06Rf -and a

dihedral angle.of 100° is ob§erved. [66].
. * ‘

-
. .
i ‘

IV-3 SULPHUR CHAINS : .

The Di  and “Monochlorides" of sulphur have been.

4 -

known since 1800 as-valuable'synthetic reagents. [67].

5012 ' -+ . SpClp

As’ bhey possess two leaving groups they gan form

. either polymer ohains or rings under apprOpriéte conditions.

:Theso neagents are unstable with respect to
' "disproportionation s

-

SC1ly == S5C1ly —* SjCiz,.*z_—‘ SnClz- ‘......._38 +Cl2 .. N

;
. <
. Lo . . . . . . .
H
. D N
- . .
. A . -, . -
I . . . . e
. . . * LN .
* - v N . ) . N
.
\
. .
\
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‘IV-4. SULPHUR AS A LIGAND IN METAL COMPLEXES :

T ——————— ————

Max. Schmidt [68] was able to form a sixk, membered

ring containing five sulphur atoms and one metal atom, where

/'\/

ordination of the‘riwatom.

N . . s

e '. . ' . . ‘ A s
. . -, ,
- . L] . ' ) - ' ' . Wt

“'; . Complexes containing cyclic polysulphane chelating
ligands often have strongly preferred ring sizes [69= 71]

For the complexes‘Cp2M85, where M = Ti, Zr and Hf, thS ring
!

-size is six despite careful attempts to prepare smaller'

rings.

' \

characterized in complexes such as CppMoSy {721, CpoWSy -

‘. [73]. PtS15 (741, (PPh3)3BtSq [75], CppTiSg (761,

. . . f . [}

3 . I C I

. - . N4

The two cyclopentadienyl rings complete the co-‘

Polysulphide ligands have been structurally



» 2RVSH + RSyNPht. — RVSS;R + 2HNPht

Co

o L.

AN - ¢ 4
’ N . (2,
S . .

sy

CpCo(PMe3)Ss [77]1, and CppVSg [781. The synthesis 5;,

trisulphanes with transition metals was unreported..

- . !
. ' 1 ) . o
9 ‘ :
. v 4

IV-5 REAGENTS FOR -SULPHUR CHAIN FORMATION : ' e

Many sulphur transfer reagents .have been used to

yield Organometallic compounds containing catenated 591phuf

1

as a ligand. - - - _
;Sulphur transfer reagents of‘the'type,Réxﬂpht

where Npht .= Phthalamide, x = 1 and 2, and R is an organic

group provide an efficient route to unsymmetrical organic

polysulphanes by reaction qith thiols. [79] £~_7n.

s

oo . ¢
------ (IV-5-1)

Ry

13

\

Similarly, Cng(SH)a will ‘react with the -above -

s o ¢!}

. S . .
reagents to give cyclic polysulphanes. ¢

-
\

Vo

b AN

7
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/e
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§\ . \ . ' ' -’ ‘ ' ) ‘ \ ' - ’ -
. \ _ ‘ Anhydrous lithium polygalphides, have also been-

. \\\ . )
\ exploited- as sulphur transfer reagéif for the formation of

Laan ™ .

- polysulphanes of the typg CppMES (E =S, Se ; M = Ti, Hf,
§ N
Zr) from the dichloro precursors : |

Dy

’ .8
@ N .&' ° l' [

\ . , h
Q/ ) | | |
M/c AS\ /e‘

/ \

\ gf-- (IV~5-3)

+ LiZS/Lf283 — M

. . ' The compounds I and II were found to be air

stable. Their N.M.R. spectra displayed variation with
' - S
temperature :

LY



s . -~
-
’ N

At low temperature TH N. M R. two p%ﬁks are

/ -
observed and a chair to chairwinterconversion Cpékss
species takes place, but as the temperature is inc?éased the ,

' two pesks collapse to a singlet. SRR ’ . j;
’ - . . *

1V-6 Pt(CBHqNOZ)SSCH(CH3)2(PPh3)2 T o A

Sulphur-transfer reagents "of the type RSyNpht
oxidatively add to. platinum in the complex (PPh3)2PthZHn)
£0 give the first platinum disulphanes :

——  p

PPh, NPht

»~

‘i

Where R = CH(CH3)p, CHpCHoCH3, CHpCgHs, p-CgHyCHz, ‘NPht. .. @'

While most diSuiphanes tend to slowlyuloéé
sulphur upon standing in solution and could not be isolated
..by ehromatography, the Pt-disulphanes obtained directly by

' the abpve reaction do not lose sulphur in this way.

The route to catenated sulphur complexes of’

| ‘piatinum exploifg%a type of reactivigy’prgviobsly unrepd
. N o " . ’ ) . . .' L )
82 : e, . R .5\4



[s]

‘reagents. S - L ) '

]

for the sulphur-nitrogen bond in the sul phur xranéfer

4 -

The présencé-of sulphur—phthaii\mide linkéﬁ in the

édmplexes cis-(PPh3)QPtNPhtksquht), where x’ = ' and 2
promo@gd their treatment with thials and thiolate anions in

p . . .
an, attempt to extend the catenation. This was successful for

_ the complex where x = 1. The Phthalamide sulphur bond is

.

less reactive in the complexes than in the original sulphur

transfer reagents.[§2]" "

~

L

\

-

CRYSTAL DATA :* . SRR
" ‘Given the novel nature df-épé Pt~S-S-R group *it
waa,decided to investigate the.érystal[structure so'that its

<

precise éeoﬁetry cdould be estabiished. By making a

\iéomparison with tﬁe similaﬁ groups‘some\insight into the
factors influencing metal- sulphur chain stability might

'eventually be achieved.

s>

The crystal studied was a thick yellow plahe with'

4

dimehsions 0.5 x 0.4 x 0.1 mm. Zero and-first level

’Wéissenberg and Precession,photographs were used to check

crystal quality and provide preliminary information about

‘the 'space group and unit cell dimensions. The systematic

'absences for hol; 1 = 2n+1, and oko; k = Zntj define’the

space group tobe P 24/c.. . - . . . T e

-

hY



The cell dimensions a = 11.963(4)R , b =

'i7.382(5)8 , c = 22. 036(8)8 , 5:’ 115.28(3)0 , V= 414198

,'-Z = 4 were obtained on the ’diff‘ractometer‘. Thus, 20
ref‘lections were centered at both +ve and -ve 2_0 values
and averaged 20, o , X and ¢ angles were.used in the
refinement. o , | . . .
' " The structure ‘was solved using a three dimensional

Patterson synthesis which revealed the position of “the heavy

Pt atom. For 21/0, the co-ordinates of equivaalent positi-on

in the real cell are .x,y,z';'-x,-y,-z; -x',1/2+y,1/2-z;. X,1/2=.

LY, 1/2+2, Qhereas, "‘Patterson ‘peaks are present at :

<
-

(1) .0,0,0 - x i S

N

(11) +2x,1/2,1/2+2z x 2. (Harker S@ction)

(1i1) 0,1/2+2y,1/2  x 2. (Harker' Liné) -
. (iv) +2x +2y+22. S ox 1, -
(v) +2x,-2y,+22 x 1 ’ ;

On the Harker section,‘ a peak is pr‘eSent at 0. 153,
0.50, 0 1998 and on the Harker line at 0. 0 0.1375, O. 500

‘ ,whioh yielded the position of the Pt atop at x'= 0.153, y =

0.1375, z = 0.1998. To check, look for the peak at :-

2x..= 0. 306 = 0.275, 2z = 0.6040 and it was present -at

(1v)

iy
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4347 reflections in the range 3 5°<20 <RS° (MoKa , )\

4

-

Thé remaining noﬁéhydrogen atoms were located on
Fourier syntheses. The S&ructure was. refined isotropically
and then anisotropically by using block diagonal least
square matrices. After 5 cycles of least-squares refinement

the residuals converged to R = 5.5% and Rw': 9.2% for the

“"

0. 7107?) with I>30(I)

e

iDESCRIPTION OF THE STRUCTURE :

The geometry around the Pt atem was found to be

square planar. (Fig.IV-6-2). The bond lengths in the Pt co-

" ordinaﬁioﬁ sphere are Pt-P4 2'2, 255(3)3, Pt P2 z. 22295(3)3,

Pt-N = 2. ouu(9)ﬂ Pt-Sq =.2.353(3)R, The P1-Pt P, angle 1is
98.4(1)0 . The geometry deviates from perfect square planar
o i oa,

configuration'due.to_the'presenoe of bulky triphenyl.

phosphine groups present around platinum : the two triphenyl

phosphine groups show normal bond lengths and bond angles
internally .. v . B
The bond distances and bond angles are listed in

Tab1£\IV-6-1 » and positional co-orﬂinates of the atoms are

i

listed in-Table 1V=6~2.

" A comparison of the bond angles and. bond distances

around similar square pianar platinum complexes has been

summarized in Table 1. ) T , BT

- .
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. TABLE 1 : [83-87) MOLECULAR PARAMETERS AROUND SQUARE PLANAR
) PLATINGM : ' o RE .
emm e .. - --------;;------c.----.}-------;------& ------- e Y L L L L L L
’ COMPLEXES . BOND DISTANCES(R) BOND ANGLES(®)
° , ' o 'Y ’ - ! . ,'
. ™~ J Pt-Pq = 2.265(3) Py-Pt-Pp = 98.40(1)
. ’ ’ f
: \“P /’N\\ Pt-P, = 2.295(9) . Py=Pt=Sy = 85.41(1)
' - o S . PteN = 2.044(9) . 8y-PE-N = 89.70(3)
4h §—S,~CHCH Pt-54=2.353 s
) X : -54= .353 Po-PtaN= 8§.9(3)
B AE S e S A G M S Shunar s E o WD AR o S S e L LD L L P L L ¥ v ¥ Y ) L XY rrrr s r T T I rr - e D W N e e e
o _a“ "
o Pt-Pq = 2.286(2) - P1~Pt-Ps= 97.65(7T)
' -¢,P ' %H ‘ X . 1 1 2
, "‘\Pt/ ST PrePy = 2.279(2) Sq-Pt-P; = 89.27(T)
! . . h . z
/ : . "PteSy= 2.340(2) Ss-Pt-Pa= 90.06(8)
*F H . Pt=Sp = 2.340(2) * Sy=Pt-Sz= 83.14(8)
- - © s PtePy = 2.288 P1-Pt-P5' = 98.0
'¢3Pl , -/O;SNH 1 . 2
\ Pt-Py = 2.261 Py-Pt-0q = 85.1
/Pt\ o Pt-0q = 2.173 04=Pt-0p = 86.0
Y O,SNH - Pt-0, = 2.088 02-Pt-Pp = 90.8
e ettt et I
- . . ’ ) . . + . . > -
- ~ ¢ . h
86
e . -
\ l
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Table 1 continued : .

to

- COMPLEXES © BOND DISTANCES(R)
- ' e > —.:-:'- —‘--—--—--—-—:-n----—-------—--——‘ ------ '- ----------- - s a» on e o - - - - o

- - ' Pt-N = 2.05
N N s = 2.220
NV | Pt-S = 2.22

Pt . Pt-Cly= 2.299

%
o\s/ \x

i Cl . Pt=Cls= 2,276
(¥ . 3 2

= 87.3 .
S = 93.4.
s 89.7

-
N

-t

-—- o - . o e D D o D S T D B D P D B P A N G5 G GRS R W D CL LI LY LD LD Ll ol

“Pt-Py=2.337(3)

b N X
R A Pt-Pj = 2.287(3)

. 8% :
e / N\ . Pt-S372.379(u)
PE=C=22.01(1)

Py=Pt-Py = 96.9(1)
Py=Pt-S3= 82.6(1)
Pa-PtsC=z 89.3(4)
C-Pt-Sys '91.7@9)

Lea

¢4 ) ) : ) i—r
- t-s a 2.195
: [ A / ’
c'g\ 3 o Pé-Sz = 2,20 . -,
0 . Pt B Pt-Cly= 2.3 D ,
& o PCa . Puetigm 2fes e
.-:‘:----------———-- ---'.-—.-‘--——u------‘.------ ;-“----’--‘-n------.--d—-- ------- r

" _N=Pt-Cl = 94,6
N'-Pt-Cl = 85.4
!

3
.
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) " Table 1 continued- : L 5 ,
‘- o B0 B W e B = oW -—--,--.---‘-‘.---‘----‘-‘--'-.--‘--‘---é' ------------ _‘ ------- .--;-
. COMPLEXES . BOND DISTANCES(R) ' BOND ANGLES(®)
mine -e - - W M B G S @ - --—--—q—--l--T-c-‘d ----------- Aatuiatuteiaiatadeded - --'- ------------ -
' 2+ -N .0 -Pty-Noz 89.7
LA Po-Ny=2.052(T) - Ny=Pry=Np= 83
‘ TS N pt - - Pt§Ny = 2.057(5) Ny=Pty=No= 90.3
/X N L
. . < N, N, | - " ' \ .
l Sy - (a) X '
* s B T-' Pt-Cly= 2.302(2) Cly-Ptp-Cl3= 90.5
. . / . :
. C|i\ / 5 Pt-Clo= 2.303(2) .o Clg—szfC13f_92.20.
/."*\ . Pt-Cl3zz 2.309(2). Clp-Pta-N3 = 89.1
-, ¢, c1, . Pt<Ng = 2.024(5) Cly-Ptg=N3 = 89.1
SR S et ) AU R e e mnm
i . N J . ‘ . Pt-Cly= 2.318(3) "Cly=Pt=Sq= 89.20
+ \ ’ ,\ | FRNE t e . T )
_ , CI,_\ /c& Pt<Sy = 2:217(2) . §1~Pt=S, & 89.40
G \ /0\ PS = 2.209(3) Sp~Pt-Clpz 89 .43
A s&\Q, Pt-Cla= 2.313(2) Clp-Pt-Clq=, 92.67
- e w '- ; - d - .%-{-------‘ ------ ‘------;---‘-‘--.‘ ----- —--“--h--;-;----a-ﬁ-
- ST - © Pt-Cly= C1y-Pt-Clpf 91.9
’ “ c| P clz . ,
™ . : Pt-Cls= 2.305(5) * €Cl4=-Pt-Sq= 88.7
, ) /;/ \s<¢ Pt=Sq = 2.192(4) S1-Pt~Sy 5 82,7-
A - _Pt-Sy = 2.188{4) Sp=Pt=Clos 90.4
4 ¢ Yo, T L
..J}m,- - -:- - e - : --u-‘--.---—,——— d - - " -"--_- ------ 7----$--’--d--——-|-—--’
o T 88 -
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C - The Pt-S dxstance of 2 3)3R falls in the same

pange as_that found in ([trans- d1chloro(DMSO)(pyrldine)PtII]

»2.224R [83]1; [cis- (PPh3)2(SH)2Pt] 2.360()R é%,3u032)8'

(843, (cis- [PtClg](meso PhSOCH,CH»-SO0Ph) ], 2.217(258 and
2.209(3)R [85], but is significantly lgnger than found in
” "c%s-Lrac—c;s1,2,bis(Phenylsulphinyl)ethylene dichloro PtII]}
2.19$R {861 and cis;[Ptc12(rac-éis-PhSOCH=6HSOPh)], 2.i9éﬂ
[87]. In summary;'the Pt-S distance is similar to that for.
pthei'simple thioIateﬁ}igands. (881 ‘

.‘ The Pt-N distange of 2.044(9)R agrees well with
the trans-[dichloro DMSO (pyridine)PtII], 2.058 (891, bis
(2-amino ethénol)ai;iodo§t1i), 2.06R(901, (érans 61chIorof
bis(qjéloﬁexylamine)PtII], 2.0788% [9i] (tetramine PtII
bis-trichloro(2,6, dimethyl pyr1d1ne platinate(II)],
'2.052(7), 2.057(3), 2.024(2)R [92] | -

In addition to this the Pt-N bond length of 2.044R
iﬁl in good ayreement with the published data on Pt- amine
compqounis. [93 9y ] : . N

The S-S b?nd length o£[2.037ku)ﬂ-1§iin the same

-
-~
»

range as found ‘for thé'mosthorg;hig and inergénic cdmpounds.
{95-96], but differs sliéhtly.frog186 and Sg bond distances
of 2.06R. ' T _

The most interestiné feature -observed in ‘the-

complex is Fhe Pt-S-S-R moiety in which the torsion angle is-
g ] . j

89.4°. A discussion and comparison of torsion anhle with
. .1

——
™

. 89 h
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. %-Csﬂsw}ed to the formation of tungsten disulphahes.‘[97].'/
OQ‘ ) ' ¥ ' ‘ M e ‘ ‘141
o @ . . NPHSR ~. O SR
} ’ ¢ ) . . / o\.
- ' vw=gH + |NPhtsSR -~ W—S-|—SSR
\ ‘\\\ bh""ﬁSFR ///, \\\\ —S-R
C C C C ¢C
6 § 6 1 6 6 o6 )

-

‘other eompiexes is deferred until later. J,
LI . .

/

‘A

. ( T
1 S /~ '
Iv-T, (13-C5H5)W(CO)3-S-5-p-CeHinCly = ~ . |
" The reaction of sulphur transfer reagents of the

4

type RS,NPht ( NPht = phthalimide group, X = 1,2, R = Organi

c

group) with tungsten thiol complexés pr(CO)3SH, where, Cy =

cd

Tungsten disulphane complexes are stable in the

fsolid state but slowly lose sulphur. in solution. Many

attempts were made to. prepare trisulphanes but they’

decomposed to complicated mixtures upon workup. The tungsten

90
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pblysulphanes are less stabie~than organic di- and
'trisulphanes, however the oxidized tungsten disulphanes are
“more stable than organic analogues RSSOR [98]. . - ‘.
As for the Pt complex, the primary purpose of the
crystal structure determinatidn was an interest in the
geometry of the M-SS-R linkage. | - =~
- b / ‘ e s

. ' /
- . ‘ - ;

CRYSTAL '‘DATA : : -7

_ The crystal studied‘was’of red colour having a

brick like ‘'shape. Preliminary Wéissenberg and’ Precession
photographs showed“ 2/m Laue’ symmetry and Systematic absences
which limited the possible space groups to P 27/¢. Accurate
‘cell dimensions obtained on a fully automated Picker FACS-1
. four circle diffractometer equipped uith,awgraphite.
monochromator End coupied to PDP/8a minicpmputen_uere'a =
| @, 640(3), bz 11.400(3), e = 12.872(3)8, B = 94.58(2), z
Wove1ss6.38 L . o

n

rﬁ»;

. The structure was 'solved By "heavy atom" methods
h.using 1672 reflections with I>30‘(I) callected in the range
3 50 <2 <45.00 . ‘The heavy atom method located thé position

/

of ‘the W atom. For P 24 /c the Patterson peaks are present'i

at ¢ - . // o ‘ .
' (i) 0,0,0 - | ¢ o
%1«: .(115 fz£k1/z,1(g,2é- ,ﬂi.Z (Harker Sectionl:- g
| 'Ciii) 0,1/242y,342£ el 2 - ‘?Harker Line) |



: R ({v) Jék,+2y,+2i S ox1
(v) +2x,-2y,+2z  “x 1. . .
On the Harker section,a peak is present at
0.1596,0.5, -0.2155 and 6n the Harker line, at 0. 0, -
0.1528, 0.500, which yields the position of the W atom at X

-0:1596,‘y..0 .1582, z = 0. 2155 To check look for the peak

at : 2x = 0.3192, 2y = '0.3164, 2z = 0.4310 and it was found at

)

(iv).

Thekpositions of the other non-hydrogen atoms,

‘were found using a Fourier electron density map. The

" structure was refiped isotropically and later\by block
diagonal least squayes procedures using anisotropic thermal

_ ' parameters but neglecting contributions from hydrogen a S.
| jZf;e

The final. unweighted and " weighted discrepancy factors
/ RF = .4, OS "RWF = 5 %.

~ DESCRIPTION OF THE STRUCTURE :

Tungsten, being divalent (disystem), has five co-

P

L

v

ordinating ligands. There are. two possible geometriesf

— 1

pfoposed'for,the metal with co-ordination No.5. These two

Y

.
Iy

‘angles. For this reason many 5 co-ordinate complexes do not
have either structure but a structure which is intermediate

between these two. . .

,
92 . » R

. .

.

structures do not differ much in energy, therefore, one can

be converted into other by very small changes-in bond

- . ’
et
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1

' -(Cuﬂgs)c1gw( B-S)( p- SEt)zWClg(SCu'Hg) 2 uu2(3)ﬂ [112]

_ the ?me range found 'for most org,a‘nic"and inqrgani_c
ounhd

S o
- N T
- | \ 4T
L T
L % L. ‘ Lo
, L M i ; \,M/

. Trigonal. bipyramidal Square pyramidal |.

i

W-Cq = 1.928(10)R, W-Cp = 1 989(10)9 W- c3/ 954 (10)R, W-

5 K=
ha

S = 2.506(2)8, W-Cay = 2.342(9)R .

dev iation is observed

the same .as fourid in [W3OSB(H20)] -2, 21455’ [.1

is significantly longer than in (PhuP)z[(Ss)Fe82w52] W-S
= '2.156(3)P ‘and "W~ Sb = 2. 2147(10)14> [113],
(PPh3)(CH2Ph)[WClsS] ‘for the anion [wc1581 2, 132(13): HN

" The S-S bond 1ength of. 2. 053(4)9 in W-S-S-R is 1

comp s. [115-1161. ) ¢ o

The bond distances around\-the Watom are as folldws :

0y
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Table 2 {OLECULAR PARAMETERS EOR CARBONYL AND

CYCLOPEITAD ENYL DERIVATIVES OF TUNGSTEN :

- s us e . e ---------—%-b-‘-----i--- ---------- ‘.----q-------‘;‘ ------
“COMPLEXES DISTANCES(R) ’ ANGLES(®)

e S S S
//7 L W-CgHg W-C  C-0 W-C-0"

(Ce2t§ (ring? (carb)

prmmmmaSeeSSsssme= wmmmnme : """"""""""""""" mm—emeemsee -
(15-C55H5)W(CO) 3SR — .- 2.3%0 1.957 1.163 176.9
"".-""---"" ---------- —-----:--—----q.---..---------.l ---------- ; :--16.-
[(GgHg)W(COY3]; - 2380 ot6. 1.9’ 175.2

\ .

T e ,
[(C5H5)W(CO)3AU(PPh3)] 2.01 2.362 1.970 1.161 172.0
v I .

T TS ¢ T TTTTTTTTTTEE T E T E T ToTTTETTE T T
{ (CgH5)W(CO)3PH] -— . -- 1.960 1.180 168.0

- N . »7 . .

- o - - - o - -las e o os wn W v = - - omom - - e e on - s - - S $5 AD WP D A GBS D . -
L3 ‘.

[(CyH10S2)W(CO)3CL(SnMeCLy)] -— . 1.96 1.16 175.0
--‘-‘----“-----‘--‘-;---h---a----‘ ------------ " -----—-‘.—-—-——-—--i-
(% o . ) ,

[(CyoHgN2IW( COYgBr(GeBry)) ,oe= . 191 1019 17100
-C----oh‘—--n-----’ ---------- T T r e r Yyl #‘_l_-—----;------.’------‘---
[(Cgﬂ5)2WSu].\ ' %.61 — - = -
................. l_-__--7;____-------_----___-_-b---zz---------_-

- 1' RN 1 -~ ‘ Y 4
LCCgHY) (SMe) xW(CO)y ] - - 2,00 1.13 167.0
—-—o--------—-—}”--—\ ------------ -----------n-‘----:-—--—-—- --------

- l * \ .
- « -~ -
‘ !
. f,: -9Y4 € '
‘ o N 3
- = e
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Table II cotinued :
’-------------——---:-:- ----- - o s an - T - - - . - - - - - - - - e s w o' = - - -
i . . f
COMPLEXES DISTANCES(R) ’ ’ ANGLES( © )
/ -y D T D A S WD S S e Gl G D W D P G WD N D T D e -:. ------------- --'-‘---"—ﬁ -------- -—— e -
. '\/-/— ~ Y [
’ . W-CgHs  W-CgHg W-C - C=0 W-C=0
. (Cent? (r‘ing? (Carb) )
MFTTT T - e emesc e man - ——— - Tt -
% [EtuN}[‘H(CO)qu] - - ' 1.96 1.15 -
- - - - ....‘.L ------------------- - U - - - - - - - [ A T
[(Ph2C2)3y(C0)] - 1.99° 1.16 -
- A e P D D W D D D D D G WS D M G S G Gk G W s e Ry e - o - e . ‘ —————— 1---—-'. ---------
.\;,' - [{(CcHg)W(CO)2(A1Me)5}n]  2.016 \ =-- © 1,97 1.19 "173:0
= TSRS 272 g I-CTO DR

[{(C5H5IW(CO)3}3A113C Hg  2.04 1.16 176.0
. ‘ N . fb" M '
** [W(CO) yCCNCEH 7)cs) -— e 2.064 1.104-" 176.2% "
T . : 1.155  179.3
- B ToTTTTTTTTTETTTT TR TRt TreTEEEETT
* [(CgHgIW(CO)3Cil  ° * 2.001 2.326 ° 1.99 = 1.139 177.3 -
- = o e e -------—-Q-;'- ----------------- ----;—---'----"-','-
[{(C5HgIW(CO)31GaCqHE1 - 2.00 2.35 1.96 * == 175.0
Y -_°_'____-__‘ ------- - - """":" “““““““ lakhadedeb et b datndeddandeb wem-
. @T‘ . ' " '
® L4 ’ "’-
t ( i '
! ’ ¥ - a ) . . : L
95 ) SR
v Y ¢ . -0/"' s ’
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T bohd is formed by the dﬂ'orbital .of metal and dﬂ'onpital of

. of ‘89, 5° is obserVed whereas, in-the case of*w complex(II) -

‘1t is 63 1°'

COHPARISON OF THE M-3S-R LI!KAGE IH Pt AND H ¢

-

Takq into consideration only the metal and the

sulphur moiety of the’ two complexes and compare :

w_l 2-506 s'2o059 81'756 Cz
: /\\ a N/

ot

In the case of the Pt complex(I) the torsion angle o

The large variation in the dihedral angle
might be’ accounted for by the steric effect due to the

LY

aromatic ring in the case of the tungsten complex. Also, a

96
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: orbitals of sulphur atom to metal dﬂ‘orbitals :

M s ';_

sulphur atom.

aT  dT B ‘ L
2" ‘

M S' ) : ~'- “\ , R

t a

Whereas, back bonding takes place from the pr. -

S

.
.
-

dT  pr’ . , , , '
o,

Due to this, some change 1n the lone pair
distribution on the sulphur atom is. expected resulting in a

change in ‘the torsion angle. The relative contributions of

r‘these effects can not be easily evaluated.~

It appear that dihedral angle falls in the range .
800-900 for the unstrained disulphidesfand the value of

torsion’ angle will be less for the strained complex [117]

N




o IV-8 [kn?-c@ﬁsﬁs%ug)ec(,ﬂs] s '
' ' The complex CppTi(SH)p was treated with two

| Tequivalents of RSImide, where Imide =‘Phthalamide, R-=
- CHMe,, B-CGHqCH3 and Imide = succinimide; R‘= CgHg, to give
the symmetrical disulphane CppTi(SSR),- when R = CHMe2 and

_the unsymmetrical trisulphanes CpgTi(SR)(SSSR) when R = CgHs
"and p-CgHyCH3. Examples of metallo trisulphane [119] are
rare, and the presence of this grouping was not suspected. X
The-crystal structure qetermination of. the compound expected
te,md‘ symmetrical disulphide was i‘niti'at’:e’d, ‘t‘:o’ addla
fbrther example to‘the raﬁge of known st;uctures. Oﬁiy
'“zuring‘the etructUre'soiution‘was‘the lrue neture of the

compound recognized. . . ' N .

]

. .8SR

O

L @ \ s
o SH (
~,~T' + 2 R-S-I-ide __< x |
No | @

SSS-R

LY

II-1 R = CHMe,, III-2 R = p-CgHyMe; III-3 R = CgHs.

98



CRYSTAL DATA :

The crystal of [(y5 ~C5H5)2T1(S85CEH)SCEH5 ) pas

red with a brfik 1ike shape. The crystal system. was

' moneclinic and systematic absences define the space group
p 21/t. The lattiEe:ccnstants obtained on the four circle.
Ldiffraetometer were a = 7.79“(55, b = ]H.66u(]0),‘c'=s
18.360(10)8, B = 101.90(6)°, 2 =4 V = 2053.3K, dgay = 1.4908
em=3.a hemishere of 3783 refléctions’ measuredfonsaPicker
FACS 1 automated diffractometer yielded 1912 indepentdent
reflections. The structure was solved by direct méthogs
using 100 refLections with E>17 and was refined by block-

)
diagonal 1east square, procedures. The structure was refined

wisotropically and later anisotropically, 6 cycles of least-
. squares refinement converged the residual factor to R = 3.11.
and Rw = 5.0%. Hydrogen atorns were included in the
,calculated'positionéi

1 .

DESCRIPTION OF THE STRUCTURE. :

~In, [(WS -C5H5)2Ti(SSSC6H6)806H6] there is a’

"‘difference in the two Titanium-Sulphur distances Ti- S1 =

. 2. 439(3)Q ;°Ti=-Sy = 2,.381(3)R, but this may not be entirely

"dqe to 1its unsymmetrical structure since similar asymmetry

was observed for CPzV(SPh)z [120] The two S-S distances ,
S1-82 = 2.053(3),'52-33 = 2.011(3)R are within the ranges

. .
. .

. . A

* ’ 9 9
.
Lo
- + IS
+ '

od



,ebserved’fer trisulphides and variation between them’is
yﬁreSuhably a'cotse§uence of different subsituents
‘terminating the S3 chains. ) | .

Theé Sq-Sp-~S3 angie of 109 3(1)° is also within the'

ranges observed for jtrisulphides (121].

-

—

The torsion angle between Ti-S1-sé-s3 13%0_4430
~and’ between S1-52-83-C2q is 78.976° [122]. o
\The angles between Ti-$,- 32,31.32-33 and 82—83-021
are 115.6(1)° ,109, 3(2)° and 106. 3(430 respectively. The
non-bbnded'disﬂbnces from' Su-s1,o$u-52 and Sy-S3 are 3.6d5,
~'4 .352 and 3.838 % respectively. k
- . The geometry around Ti atom is some what distorted
" tetrahedral. The parameters around the co-ordination sphere“
of Titanium are Ti-Sy = 3.381(3), Ti-Sy = 2.439(3), TL-CNT4
= 2.0491(1) and Ti-CNT2 = 2.0363(1) R. The angles around Ti

are shown below :

127.33(2)

CFig.Iv=6-1

s % s

100



. N . . , i . . .
/ . The two qyclépentadie Yyl rings are w- bonded'to'the
Eécatbm. The rings are staggered 'with centroid. to Ti

dlstances of 2. ou3u(1) and 2.0363(1)R. The average Ti-Cp

carbon distances ‘of 2. 369ﬂ is comparable to those found for
(4

. similar complexes [1231 of‘ the type (n5-c5+15)2nx2 (X=€1,S).
The Cp-M Cp angle in the complex under study is 132. 55(ﬂ)° .

. This value falls 'in the same range ‘as'that obtained in

CpaWSy (135 1y° , £n5-05(CH3)5]2T1c12 (137. u)‘; (12441,

s ‘ A list ‘of bond diStances and angles, and list of

positional co-prdinates ‘are given in Table IV-8 .5 and Table
IV~ 8 6 respecéively. . i . L

-t

Cp2'1718,5(~132.7)° , /CngoSq (T3ll 0)° , Cp2v55(13u 1o ,

T

-
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Distances
e ——————

Pt-PI

Pt-P2.

Pt-S1
Pt-N

c121-6122

C121-C126

€c122-C123
C123-C124.

C124-C125
C125-C126

. P1-C13T

C131-132

C131-C136
€132-C133
C133-C134
€C134-C135
C135-C136

"N-C1

€1-01:
c1-C3
€3-C4
c2-c4
€2-02

-

’Tgble IV-6;1

h

-

Distances and AnglFs jn C47H4]N02P PtS

'—l-‘,—‘had—l—l

.t ol bk ol wid "
. . -

2.265(3)
2,295(3)
2:35333?
2.044(9

1. 84

1 39(2
.36(2

l 42(2

1.37(2)-

. 1.40(2

1.40(2
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S1-82
s2-C11
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€11-€13
P2-C211

c211-c212 "

€211-C216
€212-C213
C213-C214
€214-C215

€C215-C21%

P2-C221

€221-C222

$721-C226
€222-0223
€223-C224
€224-C225
€225-C226

P2-C231

€231-C232

€231-C236

© €232-C233
* €233-C234

C234-C235
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€8-C3

-
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’ Table IV-6-1

-—

- Angles

OOOOOOOD

N-C2-C4

P1-Pt-P2

-.P1-Pt-S1

Pi-Pt-N

“Pt-P1-CIN

Pt-P1-C121
Pt-P1-C131
C111-pP1-C121
Cil11-P1-C131
€C121-P1~C131

116-C111-C11
111-C112-C1
112-C113-C11
113-C114-C11
114-C115-CT1
116-C116-C11
116-C111-P1
112-6111-P1
v,

€216-C121-C122
€121-c112-C123
€122-C123-C124
€123-C124-C125
C124-C125-C126
c125-c126-c121
€126-C121-P1

c122-€121-P1

C136-C131-C132
C131-£132-C133
C132-€133-C134
€133-C134-C135
€134-C135-C136
€135-C136-C131

+ €C136-C131-P1

€C132-C131-P1

Pt-N-C1

" Pt-N-C2 -
- C1-N-C2.

N-C1-01
N-C1-C3
01-C1-C3
N-C2-02

-

02-C2-C4

- C1-C3-C8

N
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" p2-pt-51

P2-Pt-N
ST-PE-N
Ptop2-C211
Pt-p2-0221

. . Pt-p2-C231

€c211-p2-C221
C217-pP2-C231

£221-P2-C231 .

»

€216-C211-C212
€211-C212-C213
C212-C213-C214
€213-C214-C215
C214-€215-C216
C215-C216~C211

.€216-<C211-P2

€212-C211=P2

£226-0221-C222
€221-£222-C223
£222-C223-C224

'£223-0224-0225
. €224-0225-(226
€225-C226-C221

€226-C221-P2
C222-C221-P2

£236-C231-C232
. £231-€232-€233

€232-€233-C234
€233-C234-C235
€C234-C235-C236
€235-C236-C237
€236-C231-P2

.C232-C?31~P2
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Table IV-7-3 ' . .
« .

L3

Distances -and Angles in-CjgH;,0,8,W

~ Distances
W - Cll 2.343(10) W - Cl ++1.928(10),
W - Cl2 2.397(9) ) W - C2 1.989(10) .-
! W - Cl3 2.344(9)" W - C3 . 1.954(10)
~ W - Cl4 2.304(9) , W -8l 2.506(2)
W - Cl5 2.313(9) Sl - 82 . 2.053(4)

“s2 - €21 . 1.756(9) ° Cc23 - C24 1.39(1)
—. C21 - C22  .1.40(1) S . €24 - C25 1.36(1)
. Cc21l - C26 1.39(1) Cc25 - C26 1.41(1)
C22'- C23  1.40(1) C24z - C30 1.54(1)
ClL - 01 . 1.20(1) c3 - 03 1.16(1)
c2 - 02 1.13(1) ‘ - ' T
ell - €12 - 1.45(1) , ~C13 - 'Cc14 1.40(1)

Cll - Cl15 1.38(1) . Cl4 - C15. -1.45(1)
"Cl2 - C13. 1.41(1) - ‘ ' .
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Table IV-7-3 -
’ &
. CLeH ,0.5,W )
- \ ’ l "\J/ hd . 4 -
Angles . / i .
S1 - W - Cl1. 98.6(3) Cl3 - W - Cl4 .35.1(4)
sl - W-Cl2 _,  80.7(3) Cl3 - W — C15 . 58.7(3)
Sl « g - C13 ~  100.0(3) Cl3 - W - C1 97.8(4)
sl - W - Cl4 134.9(2) \Cl3 - W ~ C2 '155.7(4)
.81 = W - Cl15 132.9(3) Cl3 - W - C3_ 120.0 ()
SL - W -Cl 80.0(3) .
S1 - W - C2 72.6(3) Cl4 - w - Cl5 36.6(3)
S1 - w - C3. 136.3(3) . .Cl4 - W ~ Cl " 104.7(4)
, . Cl4 - W= C2 143.7(4)
Cll - W - c12/ﬁ\~“, 35.7(3) Cl4 - W - C3 87.4(4)
Cll - W~ C13 © 58.9(4) ;
' Cll -'W - C14 " 59.6(4) Cl5 - W = C1 139.2(4)
Cll - W - C15 - 34.1(4) ClS - W - €22 108.9(4)
e Cll - W - Cl1 156.3(4) €15 - W - C3 .~ 86.1(4)-
~ Cll - W A\ C2 '98.6 (4) g o
Cll - w-¢C3 °  ©  116.1(4) Cl -wW-C2 . 103.4(4)
- ClL - W~ C3° 78.0(4)
,C12 - W - C13. 34.613) « c2 -y - C3 76.5(4)
cl12 - W --C14 58.5(3) - . _ ’
* Cl2 - W - Cl5 57.9(3). W~ Sl - s2 113.3(1)
. cl2-w-cl . 122.0(4) -8l = 82 = €21 104+343) —_
= Cl2 - W- C2 121.5(4) W - Cl - 76.7(8) =~ ©
Clz - W - C3 142.7(4) ¥ - c2 -/02 176.3(9)
uﬁb ~. A W= £3 403 Y77.7010)
.C15 2 Cl1 = €12 | 107.3(9 N ‘
. Cll#& €12 - C13 1727
~€l2 - C13.- Cl4 109. 5(9) , :
- €13 - Cl4 - cl5 »106.3(9) : o
cM - €15 - c11 109.6(8) :
_ €26 ¥ c21 - c22  12043(8) ~ 2
f C21 - €22 - €23 . 119.2(9) )
e C22 - €23 ~-.C24 120:9(9)
. C23 - C23 - €25 - 118.2(8)
., C24 - C25 - €26 = '121.6(9) ,
" €25 - €26 - C21 . 118.8(9)
. * [z lq8
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'+ Table IV-8-5 ' Sl o S
TabJe 1. Distances and Angles’ 19'(cs'ﬂs)zn(scsusﬂgscsus).;." - T '
: ot T Distances . “.c v °
At’om‘1 N M;'o[n 2 Distance (R)‘ . ‘ At'om 1” Ato’m'”é - Distance
™oo-.oe() o 2.385(6) T - T e(e) v 2,363(7)
o - C2) C2.348(n) - - L, M -0 L) o 2.353(7)
ST -3 2.365(7) oo m - o) 2.349(7)
‘1 - cle) -, T 2.3es(6), . . T - €(9) /2.355(7)
T - Cs) S2.378(7) . T - c(i0) 2.352(7) .
TH. - coRiP o T2.08901 . . T -- ONRR 2.0363(1)
k! - sy 2.480(3) . ,s(1) =7 s(2) . - 2.053(3)
ST - e s(a) 2.381(3) < s(2) - s(3) . 2.017(3)
Cs(3) Looc@) . 1assm - T . s(4) - v T 1.759(6)
c(21) - c(22) ©ola3ssm) 7)) - c12) . 1.397(9)
. ey - c(zs)\ o L3eim) ¢(11) .- €(16) . 1.380(9) |
c(e) - o) .389() Jc2) -+ c(13) - 1.385(10) .-
. c(23) - - c(4) . - 1.3584014) - o . C(F3) - C(14) " 1.368(11),
-c(28). ~ c(25) ' 1.357Q06) c(14) - cis)" 1.377(10) -
c(25) - c(26). . 1.408(13). - cas) - clie) - 2.389(9) -
oo e ey ey e s odn ooy
N () BN o )} con3) . o7 - B . 1.40(7)
S - c@ - vss(m . . oe) - o9 T n3e(1)
o8y Y- L g(s) 401} T de) T - gio) - 1,37(1)
Soes) - M T.40) 0. £Q0) -¢ () . ~.1.39(1)
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Table 1 confinued'a oy, \
S Angles -.° . ’

A"
3

‘ Atom 1 At;orrf 2 . Atom3 ‘ Angle (deg) Atom’l Atbm 2 Atom 3 Angle. (deg)

CCNTRT - 71~ - CNTR? 132.55(-). - T .- Ts(1)- - s(2)  ms.5(1)
CNTR1 -. Ti - s(1) 109.64(~) s(1) - s{(2) - -s(3)  109.3(1)
CNTRI - | Ti ‘S s(4) ~ 101.36(-) -, S(2) - S(3) < c(ar) 196.8(3)
CNTRZ - T £ s(1) 99.34(-) CTE - S¢4) = c(11)  118.5(2)
CNTRZ = Ti - S(4)  110.88(-) - '
Cs(1) < T2 s(ae) 98.3(1) . ‘ ,
1) - c(2) .- c(3) .108.2(6) £6) - C(7) - c(8)  107.4(7) -
c(2) - c(3) - c(4). w7.¥¢6) . -T7) - c(8) - c(9) 108.0(6) .
C(3) - c(4) ~ c(5) - 108.7(6) - c(8 - c(9) - C(19)  108.0(7)
C4) - c5) - .cr) 1076, 6(9) - C(l0) - c(6)  108.3(7)
c5) - €)= £(2) 108.0(6) c(10) - £(6) - £(7)-  108.3(6)
©.5(3) - c(21) - c(22) T 2. 5(6) . s(4) - ¢ ‘-,,c(12)' 118.8(5) .
s(3) -7 c(21) .- &(26) 15.5(6) 1 S(4) c(n) < C(16) . 121.9(5)
tc(22) - c(21) - c(26) \721 9(7) ., c(a) - (1) - ¢(16) - 119.2(6)
'c(zl)w- c(22) - c(23) 118.3(8), €(11) - c(12) - €(13)- " 120.3(6)"
c(22) ~ €(23) - c(28F  120.8(9) Ce(12)¥<l c(13) L c(va) .120.3(7)°
c(23) - ‘c(28)- - c(25)  120.2(8) c(13) - c(14)-- ¢(15) . 119.7(6)
c(24) - ct25) - c(26)  121.2(8)-. c(14) - -¢(15) - c(16) 120.7(7)
c(25) - ¢(26) < c(a)  117.7(8) c(15) .- c(16) - c(11)  119.8(6) -
Esds _in pa?‘entheses refér tao tl:f'l'a'stsignif%can.t digit(s) ) E ' . ,
of the preceding number. . : -, T . . .
. b ) - i )
b CNTR1 and CNTRZ are the centroids of the C5H5 r'lngs, , ‘
. Cl- CS and C6-C10, -respectivély. . - Lo - PR
. . - " '/.n
S - o112 t ;e



" Table IY-8'=6.
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Atomic Parameters X,Y,Z and BISO for Cp
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IV-9 CONCLUSION T :

Pl

4 »

The data obtained from the determination of the
crystal structures of the three complexes as deScribed f

thls the31s represent only an introductory survey.wlhe main

questlons remain unanswered ¢ T

.

What facors influence the torsion angles in the
. / LTI

M Sx-R chains and why are the two -M=85=R complexes so,

~different in this reSpect? \ ' ',.‘ “

a

Why does the stability of the chains vary ~For
example, why is the tungsten trisulphane unstable in the'
solld state and in solution, while the tftanium_trisulph ine
is'stable‘in botn? Why is the tungsten’disulphane unstable
in sdlution though stable in the solid state.

" A'much larger range of. struotures will need to be

. , ]
solved 1n order to detect trends which may have bearing on -

. 2 ¥
.these questions.

+
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