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Tha-fﬂllowmg computer}nram% Were used dtiing the coursg of the work:” | / R
I - . . . B M " “ W F N w ) ’:
: 5 . . . . " Tt Rt |
‘ i C s A " : L

, CAD4 - lefractometer control program by Enraf Nr}mus
PROFIT - Data radustion pnogram. inc.!udmg profﬂe fitting (Strarfsov et ai 1989)

_. “SHEL}(SES - Structure saluuon program (Sﬁalcsrick 193;;) N N _.\- . fﬂ-f*;j “
v SHELXLES - Siructure refinement prbgrqm i(She:ldnck 1993) T
‘_ 'xTALsz Stite of programs (Hall efaf, 1992~ * ° e h&
L F 5 inparticular the followumsmutmes were used; )
\ - ABSCAL - Scald drffractdmeter data for: psw:can absorptian -

b

"ABSORB -Apply Gaussmn, an‘hi ytical and gpherfbal absnrphéén co'rﬁac“mhs __F-,-., .

ADDATM Load atoin pérama%rs tobinaryfie. 7. T . e T
e ADDREF - Place and reducs ’}eﬁ&ctlon data ontd bmary“ﬂe,j o A

-ATABLE Prepare table of atomi¢ parameters for publ.&atinn Fy iz, va-_‘;f! e

BOND[A Caleuiate bond !ar‘!gthéiand angles. , 7. e
A fff QONTRS dontouPFouriermaps . e <3 ’ -
7 Q&?&:’Lé& Refine atomic args ?t%rs by Ieast-squares _ | -

&I@AT Process CAb Sﬂluo et d other dlffractometer tapesm;.r B

FC - Caleulate struci/re factors s ,,. : -

h FOURK - Mapj’ ver-Lipson and Fast Fourier transform, . - .

LATCON - Refifié lattice coristants from two theta valtes. "~ .

CL}RTEP Calculate thermal e!hpsord data Yor plaiiing. “ |

F'IG - Display and manipulate molecular caardmates _

HII@TX - Apply p}ot commands for specif‘ c graphlcs dewces

3, ' ' LANT Interpotate slanted map frorﬁFOURR map. T R

i

$ORTRF - Sort and merge reflection data onF, F2 andl . ) o
. TARTX Create and update bmary\ai,)ta file with t..ell and symmetry data.
NRCVAX - Suite of prc.-gré@w [Gabe ot al, 1939) | g, T
SGHA@(AL Produces graph‘t:éal represantations of molecules. (Keller 1968) -
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’ 'chen‘usta frorm uging structural inf“:rmation, with gréat success when, fi
B dasigmng synthetir routes to new Qrcducts. lnvestsgatmg the prapamas materials

ot

grurn lhe time when it was first postulated that atoms mu!d jntaract with eac.h othar Q

o

to form molecules, _t.mrmsts have been interasted in the nature and pmparlies of

these atomic- sygreg htes., L was soon. realised that »asoma knawledga ofithe "

e wnderstanding of Zhan'

, properties. As chemsts knowledge and understanding gréw, their concept of a
.. mol l,ar'strué'ture S0 evolved. From whare it was i

structures of thase olsculéa would be central in

of the ratios of the \ / rious alements in the structure, /& point whera it also inciudes'
mfonnatmn sbout ;613 connectivity batwaen theco at%s and their ratative posutmns

in thiee dimans:mhal spacs. Today the funda{ne

nnd research in many branr:has of chiemistry. ,/ms however has nut }preventad
example,

._.ﬁ

or when studymg the raactmns of malecu!as

o d

-‘-Thare are many techniquas avadab!e that can be used o obtam stmctur&
Information sbout & molécule of interast. Most of these are based on the mteracnan
of alebtromagnetic radlatmn with a mmple c:cmtaming the malecule So, fof axamplé Lo
techniques such as mfrarad spectroscapy, ultraviolet and visible spectroscopy as.
| \\ieii as nuciear magnetic resongnce spectrosd:opy are’ nased on the ab&orptrdn of |
_ *%_-aj}ﬂrmmgnatm radmtion by tha mclawle undiar investigation. Such techmquas can. -
o ganaraly’ be-used o obtain information wnceming the atomic rgonnechvity and "
lﬁmﬁrﬁmai aroups preaent in the molecule. The appeal of thess methods lie thbmin
‘_ that they are rélatlvely gasy t use and thiat quund& and solutions rmn be used xas '

samples,

'

To abtam detaulead atmt,tuml H\mfonnatmn. mcludmg interatomic distances an

stereochammal data it is neiuehmry fo L.ate one of the dlffraotton-basad technigues. -
Of these, singla-crystal Jf.-ra?' deﬁtactmn has assumed @ readmg posztnon. mamly'

4

J

A A

fmore thnfLan enumeration”

| laws qoverning molecular
. structures are still far from wgall understood and is the source of miuch spaculatwn- |

o

o,
=
. ,—.-—'-_-_*- =
° .
.

R ]



L

. and qj'z\!y

o o i [+ . o v C - :
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laitica accardmg fo the eqiiation: #; f -,
! nl' a v oo . _' .
i . P ST : .- j a
/f’f U U ! ; ded sin Bm”"- n?. J_‘.{_ -
which J k;ﬁ as. Bragga x-ray arqld ractpd b f.i gt of cry*ital pl

-_can the phase angle,a\,, | P ¥

. e I '
bacause nf the affordability and hencs availabnhty of equlpman;‘/ ln this :aachmque g / _°
single caystal is exposéd o & moﬁbchmmati& beam of x-réys Andihe angularf '
distribution &nd intensities of the dlffracéd beame are recorded. Erom these-the/
e!ectron density - dts‘tnbutwn in tha crystal may b@ datq;'fmnad and hence t
‘bosltluns of atoms mrerred ’ o

ﬂabause of ihe internal ragulanty of ﬂwstals Knrays aref itfre

en this aqs.‘ié on is sat;s ed i‘hq.f: diﬁ’ract e’d haam then app&n

pl rgtqt ,auﬁmg the refiection hk.f wa
""nt '. U ip thcp dlfeaman c:;f the i it

e

i‘ell 'TIl

\E% at nies’irﬁ fheylnin N

@ structure. factor s thaM gawan bv \ ITE

A i

Fhkf Fm:: e"F’(’ahkf) = z&”’ﬁﬂ'lz"-'(’"{}f + /S%VJ * "'I
where P and F,,, are the ’ph}s/ ahd ampiitude, ms;:aectwel?\
The sum is over all ate )/(n the unit ce‘il and 1 is the's calttering fa tor $f th%a j-th -_
atom at the value of siz(u O/ corresp.ondmga d« the aragg ﬁa iy m.a The pos} iona.ﬂ \\ \\\ ,
ooordinates of the atams, x, ,and z, are quprassed as 7& fﬁ%?aiwngs of the urj oeff |
adges Thus i the atomw positlons are kr\ in, then Fm \ba tﬂakulated and 7L

T

tftha dt ra::* dbearrr '\

g_h

i .l' 3 ) _‘;i.{
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htis :mpartant to réalize that‘aach atom In the' unit ca!l {and hence in thef & sfal)
- contnbuies to the intensl@‘ of aach reflettion by an amount that depanw onits |,
.+ position in the unit cell, its scaﬁ@ﬂng power and fo &lasser extent, tha acattenng

angle Thus each Fm contains infosmatmn about the entire crystal structurs

= . - / o

| Tha alaé‘t?ong density in a crystal is mrmaﬂy tapresfenta&' 'by )jmans of a
' three-dlmans-onal map of the dlectron-density function plxyz), caiéulatad by Four;ﬁr'
" synthasis at various points i, the unit cell. Fourier summat:on methods arg used

* because the electron dansnty withit a crystal is a-triply perigdic functign and hanca

- canve éxpreasea by the triple summation of appropriately phased wavgs Thus it is -
fhe simulgtion of the action. of & lens and is a suifanatioh of waves of krown
amphtude F,,,,, and phase Opyg THE aiectronwdensity dlatl‘il'.'fdtml'l is g!ven by the L

faltowing aquatwn o i
1 ! B ) ) ’ » \\\\: ) B " 0o . - “_’
" p(xyz} = -'-’\; m Py oxp-2mithx + ky + 1) . , -,
Cy T A _” RZ,? 5 L .

1 where Vis the volume of the unit ceil. This equation can aiso be Written in the frofn ;.

Y:-j . . kS
:\\\ p(xY2) = —3 %’,} Fiixi cOS[2R(MX +ky + 12) = otpi)

i !

[l i o ((

wher® the amplitudes, <y, and the phasgs,

N

wish to calculate ihe electron-densuty map.

Since the e!gctron-densiﬁr functioh may be akprassed“ag & Fourier sefies with the
strycture factors as coefficients, the structure factors may also be expressed in

terms of the elestron denaity Thus the structure factor, F,,, is the ““'nuﬂer transform
of tha elactron density p(xyz): - /- . ; LI

Y.
¥
1
P -

Fhit = .ﬁ; pxy2) eicpdd:j’ gy

&

7 R

, of the d'g‘racted beams appear
explicitly. Note thet whlla the structure ampiitudes are dirsctly accessible hy
experiment, the phase angles ‘are not; they have io be obtamed in some way if wef



o : B ' -%,ff.'na

. (whess & is zm(hx + ky + lzn. and th elactmﬂ dansity is tha Jinverse - Fouriar !
transform of the struéiure factor: B T IR

: . o ] e @ LR ) . a-
R P(’W?T “-Jg'? Frua ﬁgcrfb_(-l'tb).% TR
Ca . e B v . h’d _ . ) {‘\

"
o

n this Iast equatuan a tnpla summation is usad becausa(/Fm ig nnly observed at ®

Eiscrata points Thus the intensity of a Biadg refle&tion is pwporuonal to the value at

"::} Lo

that reciprocalatiice point, ik, of tis sqq?reof the Fourlsr transf-:nn of the electrbi © .

density R : T

P

il

n

SO far nnly tne klnetnc theury of x-ray diffractuon has been considered. Thatcs, cmly
| D  the mterferer\w effects between t4e elementary waves scatiered Wwithin the vulgma
© e . of the crystal have baen cofsidérad, In fact, this theory n@ects twi :mpartant
L phenomana Firstly,” wheni the incident wave pr&&:aga!es through the r.rystal its
o intenmty decreasss gradually bacause a part of ils ensrgy is transferred to the

. ' o,
o, _scattered Bearn, Atrd secopdly, the diffracted waves interfere with aach other and -

wsth the inmdant bgam., The thaory whrch takes all thase phenamgna Into account
and artalyses the wave-field set p s a,whole is called”the dynamiweqry of
- diffraction. it was fitiated by Ewald, and fater on Laue showed thet Ewagﬂ’s theory i’
- aquivaient to analysmg the pmpagahon nf any electromagnetac fuarlM ihrough a
mrfdium havmg 8 parludacally vary-ng complex dislettric conatant o

Dynamic effects develop gradually in g crystal ang it may be shown that for
. sufficiently srall thicknesses the incident beam is nct weeakenad congideraply. The

I

diffracted waves are rot so strong as o give rise 10 remarkable mtarfaren { eﬁects '

with the incidert beam and the effects of absarption are negligible. Undi,_“hese
conditions {theoretically, thicknesses <10? - 10* ¢m) the kinematic theoty is a fairly

accurate apprcwmatian to dynamic theotry. In practlce hnwaver the ccrrcaspcndmg -
equations proved tq be valid even for crystals hawng dlmensions of several tenths |

o

of a mnlhmeter Th:slis due to the structure of real crystais

h Low
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A simplified model of & real crystal was proposed by Darwin (1914 &1922) when he

. showsd thaf it can be ideally schematised !ike 8 mosaic of crystamne blocks w:!h
- “dimensions of about 10“’ em, tilted very slightly to sach ofherat angles of the.order
of fractions of a minute of arc, Each block is separated by fauits and cracks from .
othér blocks. The m’arterenoe batwesn waves only orours inside a\tery single block, S
" whose d@ensuona satisfy the theoretical conditions of appl:wabrhty of the Kirnematic
theory. Betause of the loss of cohsrenoa betwean the waves difiracted from -
different lqjocks. the diffracted mtenaity from the who!e crystal is aqual to tha @m

ove" thé mtensmes diffracted from evary single block o

o

{ut' . P

A gré@;j ad\(%méga of the x-ray method is lts ablllty to. shnw some totally unaxpectaél .
and euv‘bﬁslng structires with completa certamty

G

|

The dataned structure, that is obtainéd from an x-réy structure analyéis is important
' to chemists because it prowdea the chemlst with the followmg information about the

molecule:

The atomic connactivity

Interatomic distances (such as bond lengths)

Conformational information

Stereochemical data "

Informatien about non-honded Interachnn (such as hydmgan bondmg)
i_nformat_son concaming the motion of atoms in the crystal -~

4]

cf;" - -. - . % %

~ In some cases where excaptnonal care Wwss taken during the" collection of the "
" diffraction data it i also passible to obtain reliable slectron denslty informatnon

f:_ This lnfon_v:ation is of gre<\ use in theoretﬁcal studies ooncerning g

. molecular shape, _ &3 -

ondmg and

i n thls project, a nurnber of compounds wq;re studied by A= a‘&y rystallographic
" methods. These structures were then used to ;answai‘ queastionsarelatmg to :

_ |
i. The matalqnetal“bcmd length in Mn-Re kimers.
it. Bonding in heterapentalenes. ' )
1ii. Conformational preferences in single -an‘l'ro N-substitted acetamhde
darivativas S

i

G

4]
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iv. Hydrogen bcnding In Triglymne Sulfata R o
v+ Reaction product -dentif"aatlon and charactensagson o

L

In most cases, the structums could be salved by mutine struutura detarminatnon :

techmqués For the purposes of this project this is conszdemd to involve the
solution of a structure not mﬂuenced by disorder or any other sysiematlc. ,problam

*In.a number of cades,” however, these routine methods failed fo give data rehébla

"anough to answer the questions st hand. in these cases it wes ganerally possible to
improve /the acouraay and prégision of the experiment in order to obtain tho
1nf0rmationoat the desired accuracy, This was done by reducing the effects of somg

of the kngwn systematic errors. The systematic effects encountered I this préject :

and the methads by vmlch they wﬁm mtnmnsed are hsted in Table 1.1. .

]

)

kel

[Fable 1.1: Bysematic pmblems in xo.ray analysis

 |systemaiic problem [Possible setions o Ao,
Absorption 11/“ aller crystal .
. v : pirical absorption corrac;:iuns:
o ' s A ply analytical absorption correction =
T (Crystaltecay 1, Apply linear decay comestion :
[ : _ 2. Apply non-lingar absorption corrections ,
i i 3. Perform study gt ow temperature i ,
' Extinction IConsider during refinement =~ © e
" . [Thermal diffuse soattennn iPerform study at iow temperature -
. |Pisorder . 11/ include disorder mode in refinement
l‘- _ ' 12 Perform study at fow temperature

. 1
Hl k "

ki

When the diffraction experirhént is performed at low temperatore, the )_(~ray __
diffraction pattern oblained from crystalline matter would change. The extent of the

changes depends on the crystal under investigation as well as the temperature
range through which cooling has taken place. A small changa in temperature could

Jead to hardly any dsspemupla change in the diffraction pattern, uniess the crystal
undergoes a phase change. In tfils case the diffraction pattern could change -

dramatically, depending on the nature-of the phase change that takes place. Thus,
for example a disorder-order phase fransition could rasult in diffus® layer lines in the

diffraction pi arn resolving into sharp reﬂectlons This and other types of phase
transition colld also be assamated with changes in the unit cell, wiich on its own
hag a dramatic effect on the spatial distribution of reflections.

u

L&)



- On tha ‘\uther hand, *a ct;ys#al doas nﬂt undergo ¢ a8 phasa changa on. cooling, ths-

. fary 88 in the diﬁractinn patte*p ara mog: aubt!a, avan for lar,ge thanges in .
S g pgratura Flrstly, ther unit call of the crystal wﬂ! undarg& a slight reduction in size
f‘ due tc tharma“l (;untractuon This wcutd cﬁuse a sllght spmadmg out of the reflections
in the diffractior pattem One rust, alsc bear in rmr]d that the stru hure . factor
expression aa wntten p{evmusly refar& to atoms at rest with corraspan’ o'g toa
statiohary atomlc mod%! Thi thermal mcatinn of an atam can be taken into gesdunt it~
the scattering fé}:lor for the stationary atom is repl cl by the scattanng factar ax

wbtating atorn, F', which has the farm ' _ o R
e o " o -as S N
K . The riu'grg;iiy B, knewr as the Daby?-Wallerfacte;. is related 1o the atomic vibration -
) [”. by: . o . . " | PO . . . ) . | j. un B
L : | . U . . - B = an u2 " ’{ | [ .
. \\l{'l . £I‘:.I ) \\ ) N L+ I8 ..\l

whera uis tha -mean-square amplituce of atomic wbrat@ﬂm The aﬁect af the.
: additinnal factor | in the stfuture factoi expression, Is ¥ causg an mcreased fall-off of -
intan ﬁnty with respact to sin 0 f A, :

Thus on mohng gh order reﬂectmns show the most obwous changes in the
. sense. that they be&me mare intansa. More quportantly, they t{qcome measurable.
~ Therefore the number of measured reﬂections included in a data set incraases'
significantly. This results m better, more pracase structura refmements lncludmg._
impravedﬂgures of merit,. °

S o
) h

With this it mind and because of pi‘gblemp_ sncountered with the cryostat used in
previous projects, a computer cbntrolied cryostat was also designed and buit, it was
_ then tested by collecting the low temperature data used in this project.

W
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Tab!a\z tists the structures determlned qjuring tha moursa of this pwja@t aﬁd ia;* -
Tairly mprasantativa of the typa af structuras amenablq fo study by smali mcoiacula--_,

a

x-ray dlffractlan methods, = - ¢ . ¢ .-
|Table 1.2: Structurss datarmlnad in this pmjem " e
Structure| - Moleoular Formuls Ghemical formula |
Code | - - I
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CHAPTERZ A
Crystal Structure Detenninatioh e
.jb‘-‘i—‘ ) _. ) o . . . h . .O - m . u
21 ﬁntroducﬂo[f P o

" The object of q.rystal structure detarminition‘ts to identify and iocate the positions
- of all the atams within the unit esll, and thus, to- completeiy define the struciure ol
the crystal Fur x-ray diffraction mathods th|§ can be accomplished because of ;ha
- Fourier reiatlansh:p whicl axists between the slactron density distribution within the-
unit call and the infensities of the X-ray beams diffracted by the crystal.”The
posstinns of atoms are then assumed o ccrrespond tﬁ the aentras of cwmds of v . " -
Gharge. To accomplish this In practica it is necessery for & number of distinet stages °
to he mmplated auscassfuﬂy Aﬁa as thase stages are to be completed in sequerice
»:ut is unpartant that as few aITors a8 possuble be mtroduced at each stage Flgur%z 1
shows the sequence of overits that compnsas tha/,averag{p moderr Keray structure -
;latarminatmn The pnncipal steps being: _‘ o | | N
. Crystalgrowth . . . e
+ Specimen selectian and prepérati&n o o
,+ Crystal maunting :_ e
~+ Datgcolegon ., - . ., . ©
o+ Stucture sglution - o
"+ Stucture refinement U
+ Calculation of georntrical pafameters  © |
Te W Grapmca! representation of the structure

In the remainder of this chapter each of these steps will bs discussed briefly.
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22 E‘.Wstal growth |
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@ " P 1' ' - e

it m obvious mat smtab!e crystais should be aulable befc-;e the cmtal siructure of

& mavrial can be determined. Unfurtunateiy, ldnecausa uf the quality’and the sit of

the crystais needed, it is oﬁan netcessary for, brystals to be grown specially for the

diffractici analysis. In general the growth jshould be slow so that a repular -
arrangement of molecules or lons, leadiryy to a well-—formed crystal ‘may b
abtained. The aim is to reach a point at whlch tha soluton is just saturated and then
to slowly, lower the saturation peint while lim:tang thi rate of nuc.loation, _sn that only

a few crystals can growtoa relativaiy iarge size, ' 7

=] ,- :
r%

° Tha meth@.l most frequently employed is slaw evapnration, which unfnﬂunate!y
aften deposits crystals as a microstystalline crust on the walls of the container just

gt the surface of the safutfan As the solvant evaparates, the 3uluﬂan recedes
leaving the ;r.:rqgt ina posut:on whare it is not effechve in inducing grmd crystal'
growth, Futhennore Pit is so diffioult to control the evaporation from small volumes of

‘ solution that appreclable_ amounts of solvent, a few millilitars, are raquired, O

Y

The secand methad c:ommohly used s slow coolmg Cooling rates from levalod

temparaturas for solutions contained in Iabaratory vessels of ord’nary size are 6ften

- toa rapid to produce aenything but microscopic crystals, The rate of cooling can be
~ slowed scmewhat by -placing the vessel containing the solution int a large contéiner ;

of hot water or by surrounding i with sufficient insulatmg material. The whoie -

process can aiso be carried out with advantage in a Dewar vessel. Extremsly slow

_ rates of cooling ran be cbiained in a well-insulated and thermostatted oven by

reducing the thermostat sattmgs: graduany

If difficutty is expsn‘enced i growing satisfactory crystals from single éolifenis‘by
gither of the above methods, mixtures of fwo or more solvents should be tried.
Changing the nature of the solvent often has a prgnaunced effact on the mrystal

‘habit and the s:ze ot the crystals growf)n since properties-that may infiuence crystal
. }r /
’ . .- W . \

Q

g{'&;

2

R

{3



w

& - - Tt
. : L o
: . . . B u a . . .
- o L B - . . .
“ Y - " ’ w 1 6
. . . . r“\ . B
. , . . .

[

ﬂ a

Another method that can often giva gs:mc:iF sqngle crystals with rrnl ig*am amt:unta of
salule i«z by altemg thes solvent by vapqur diffusion as tllustrated in FIQU[‘B 2.2

f v )
.-||.' : ) ' .
G ’-\. ¥ w : . . ‘.'. .: LJ"'——' B . .. . )
& a2 0 v w: \ k! o
i c 5 \\mw 83
o , A -
> . Figue2.2 "'Crysta!lisatian by vapﬁur diffusion . .

=

"
u < W

A so!uhan of tha substance in snlvent 8, is cantaindb intube T A second aalvent Sz,
plaged in the closed beakar B, is chosen such that it.produces wuth S a maxture (13
which the solute is loss soluble that in S, glone. Sjo* »<¥ffusion o B, intd T {and 8,
out) will cause crystaflisation, which Qder favourdble conditions, can Tesult in tha”

- growth of relatively large single crystals. i s, i ore volatile than, $1| it is possiblé

_ Diffusion in the llquid phase can also be used fo grow crystais Fughm 2.3 shows
g arrangemant that dapends on t‘he dnfferer'mes in densuty to maintain the initial _

“Yor the volume of the solution {o mnreasa during crystallssah:m and thua avmd the
froublesome crusts.‘that often form wher sp!utssns evaporate In’ order to ubtam

good mixing of S,. and 3, as they dlﬁ’use together it is heipfutfgl their densmes be
relatively s;rmlar, or, pre‘embiy that 8, bf‘-” denser that 8,
ke ST I

g £ -
L] ot Ay L
i W a "

separatmn between solu*ents 5, and 8, “The solute must always be disao!ved in the,

sc:lvent in w?aich it ig ﬁ'mrre soluble. Crystals appear' at the interface betwaefi S1 and
S2 aﬁd grow as the solvénts mix by diffusion. :

,k

. growh, s”""' as sy d*e""m"c constant, wsoosity. SQh'atum and solbilty, can be
~variedina cantrclled mariner aver wide ranges - n

¢y

o

nu
N




Figure 2.3 : Crystaliisation by liquid diffusion

Satisfactory crystals san sometimes also be grown from the mett by slow bdb‘l‘ing
This method s not amenable to the wide vanatlons in conditions attainable with the ~
methm’é already ‘outlined, and has/o”n/lﬁimﬁed application in growing qrystals of .
orgamc compaunds For tertain inorganic substances-and metals, however, meltmg
and crystalllzlng in a.zone growth techmque is capable of producmg very largg ﬁﬁd,- u@, “““

i‘; 2 AR T

pure crystals, . . o P fﬂ '? L:f X
P ° Mo [ o e od

Sj/&llmauon is another method of hmlted appiicablﬂty. but one ;Légt &c:ﬁ!@ﬂﬁi; ywcﬂ’ns ?f

well. N"a solid vapourises readily wuhuut '“mpcsitmn "*éhbi;matmn ,cam b ”\Q\

'conswjarad us an alternative to other. maiﬁpds if a Qas condenses rapld!y as h suiis:i -

orra relativeiy cold, surface, crystal growth is impaired and uniy 8 mtcracryz\qllme

mass resuits. Howevaﬂ.(;f sublimation is' carvied-out slowly, so that large crybt)s__

grow at tha expense dlf sinaller anes, very large crystals may sometimés ba

. obtain_ed

: “\\ _

' 2.3 Specimen selection and preparation o
_ A crystal whose stiucture is to be determined must be a single crystal, not cracked
- or a conglomeratg. This may be checked by examining it under a polarizing
inir:roscupe If ratq"ted about an axis normal to the pdlarising material, the crystal
should aither appdpr uniformly dark in al;r,.nsrtions or ba bright and extinguish, that
is appeat umforn*;ly dark, once every 90°, Crystals made up of two or more
fragments with diﬂ*arent onantatmns will often reveal thefhselvas by displaying both
dark and Ilght regu:ms at the same time. \

\
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Choosing a crystal of suitddle size is also important, If it i too large it would nm be

bathed homogeneously by tha cammatad beam of X-rays, If it is too smal on the -
othar hand. it would, rasult in diﬁicu!tles in measuring the dlffratztéd intensities.
| rahabiy Anpther Important effect in datenmning 2 sultable crystal si2a is the
abgorption of x-reys by the crystal, and it can be ahown that the optimum thickness
I8 & function of th? linsar al;!orptson eoefficient and is .QIVBI’!) by .

L

e

5

=

. tm:m“.”

Al thase phenomena could leat tc: /xanous systamat:c errors in the measurad g
diffrat:tion intensities. : : -

“if a cryqtat is too large it may be pusslbie to cut it with & razor blada or with a solvefit
matéﬁ fibre, ldeaily one :should try to find & crystal thgt is, or can be ground info an
éppro::imately spherical, shapa. as this . wculd_ rﬁ‘immaze absorption effects

Altamatively & crystal with well defirigd faces should be selected, a8 thesefaces can

" be indexed, nieasured and\usad for caleulating analytical absorption éorrectlons

-'2.4 'C‘rysfal mountlng\_

- Howsver, son rystals are too soft, fragile or gensitiva for even delicate cutting and
| mampulatlon and st be used in the shape in whrch they grew.

=

For preliminary studies aza well as the subgequent lntansity date collection using a
diiractometer, the selectad crvstal is generally attached to the end of a glasy fibé
using an adhisive. In cases where the erystal is unstable, the cryetal may be put

n LY o . ) o 18.1

h

M Q

W

© inside a thin-walled capillary (Lindemann tube) and the capillary sealed. An

appropriate atmosphare may be maintainechwithin the capillary to ensure stability
The fibre or capillary in turn Is fixad into a brass pin using sealing Wax. (Sea figures
2.4 and 2.8) The pin is used for handiing the assembiy and attaching ’f to the -

goninmater head.

P
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. ure ‘f 5 : Crystal mounted in glass capillary |
Thisse, mounts are ow‘éver not suitable for use in low tamperatum studies: The

" f-gluas used to bind the crystal 1o the rod and the different coefficients of expansion

of thie materials usad in these mounts may cause stresses on.the cn_'ystal It hes
been shown (Argoud & Muiler“ 1689) that thesa str&ssgﬁ aoould laad o strong
modifications of diffraction intevasnties The suggested method for mounting eryStals
o for low temperature studies is illustrated in Figure 2.6, where the crystal is attat,had

foa quartz rod, that had begn drawn into a fibra, usinga small amount of gilicone -

grease. . ‘ .

I}

- Figure 2.6 : Low temperatura mount
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- 2.5 Data collection
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bl

The collaction of trystatlographic diffraction date posaé two 'quite different pmbiemé

The first is the determination of the geometry of diffraction, from which) the size,

shape, and symmetry of the direct and reciprocal Iattices may be calculated The
second is the assngnment of an observed intensity to every point in the reciprocal

fattice, which may ultimately be related to the distribution of electrons in the unit cell.

Historically photographic methods served both etids, but automatechdiffractometers * *

have largely replaced them for mtensaty data collection, F'hotographs. howavar,
reveal significant portions of the reciprocal lattica snmu!taneousiy, making them adaai
for cunfirmmg the quality of a crystal and for estabmhzng the erystal systen) and
space group of a crystal

foal

In photographic methocls a camera containing & pier:e of fllm is placed behind or

- around tha crysta! with allowance for entry of the direct bearn from the collimbtor;

Th( cameras used are constructed 5o that the indexing of the raflections is

- unambiguous and, with the precassion camara, simple. The mdicas of the diffracted

beams ahd the orders of diffraction may be determined by-inspection or by
calculation from the positions of the spots on the film. With most.cameras, direct

racording of the diffracted beams gives dark spots on the photographic film. I -
“recent years Polaroid film has been used for preliminary indexing and space group

determination; in this an intensifier (such zinc sulfide) faces the X-ray source and
the visible light emitled is recorded on the Polaroid film. Such films give positive
images rather than negative ones. The degrae of blacknass (or whiteness) of a spot

depends on the expoaure time, on the intensity of the diffracted beam and, ta some

extent, the conditions of. developren of the fiim.

In A diffractometer, the film is replaced by a photon detector an the intens;ty of a
dﬂ’fractad beam is determined by counting the photors associated with it, Generauy |
sucfi detectors can only measure a single beam st a time, and thus the diffractex
beam mtansmes have to be measured sequentially. This could result in difficulties
whan collectmg diffraction data for crystals which show slgnifscant rad:atiou damage

TN
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| lefmctnmeterpﬂnciples - L :
| Most contamporary diff'actomaters are of the fcur—cirda typa and are wmpletaw

‘computer gpntmilad The assormal geometry of & four-circie diffractometer is shuwn

in figure 2.7. The incident X-ray beam and the diffracted baam. whan orlentated for
'maasurament. lie i the horizontal plane which contains the crystal. The crystal can,
~ ba rotated about three axas and the detector about a faurth axts, sil four axes must
intersact -at the crystal The crystal |s mounted on a gomometer head ‘which is
sttached o a sp:ndl& The head is provided with centering slides and a hanghL
adjustment 30 that the orystal can be preaisaly positionad at tha: mtersectmn of tha

- thren axes about which it can ‘be rotatad The spmd'a, o whiich the hesd is

mounted ceri be rotated about its axis, wh*m is dasugnated the ‘pmaxls. by iha
coritroliing compuiar The spindle asaambly. Inc!uding the crystal, can be.rétated

| shout a perpendlcular axis, dasignated thery-axis, by rotation of ring B inside the
.. stationary fing A (ﬂgun(ﬁ 2.7). Thig x~ring together with the sp:ndla asseinbly and the

crystal can be rotated about & vemcal axls. dasignated tha m-axus

3 d'-‘

1Y "

3

43

Figure 2.7 : The geometry of a four-circle diffractometer -
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The purposa of the three mtanbn 8xes, <p, x and o, is to enable tha ndrmal ta a

- gelected raﬂectmg plana hi to be brought into the honzonta! plane, definad by the
axes of the collimator C and the detector b a0 that it is inclined to the incident beam O

: at an angle of 90° - 8. The dstecior D, ussually | smntllfatton counter, s mnunted«on
an arm which enables lt to be rotated about & vertlcal axis, designated tha 29 axis, |
coincident with e o-axis 0 that it is inclined In the horizontal plane at 20 to the
forward duractwn of the incident beam; the detector ls then torrectly pt:nsltim;;ed to ,_
‘measure the intensity of the X-ray beam reflected from the selected hk! plane. The
“fact that the crystal can be rotated about three axes, leads 1o a degres of ﬁexnbnmy ..
" inthe way in which it can be movad into the reﬂecting posltuon for any gwan st of
'hklplanaaﬂ L =

] Ij‘}’

Since the crystal is mounted la't random, it is inifially nacessary tb datermina the -
orientatiun of its 7eciprocal laftice relétive to the fixed reference axes of the

i
dnffraceometer. X, Y Z, These rafatenap axés are orthogonal, right-handed and

such thet X {s directed along the fomrarc# direction of the incident X-ray beam whils
Z is vertical (ﬂgure 2. 6) If the hii reciprépcal latties vector, d',; o where |t.:i‘mll =AMy, -

has coordinates X, Y, 2 when the scalas of ¢, x and v are zera then it is apparent
that in order to bnng o, i into the raﬂactmg position the rotation on 4 must be tan!

XIY, on x, sin'(-Zid',,), and oh o, sin Vel g, Whore diy, = _JXE. ;I-Y2+Zz.. Irs order to
ke able to galeulate these angles for a particular reflection it is necessary to know X,

Y, Z for the corraspondmg reciprocal lattic vector. which implies the neoess{fty to
know the orientation of the reciprocal lattice axes relative to the diﬁraﬁtometer
reference axes. This can be qchieved by searching a predetannmed 8 range for

reflecttons and then daducing the orientatlan of the recipmcal umtncali from the
measured .4, and @ of the remrded refiections. If the components af the reciprecal
lattice vector a” along the diffractometer reference axes X ’Y Z are &y a,,, &, the -
", components of b" are b’,, b,,. b’,, and the components of &” are ¢’ " €y Gy thenthe .

coordinates X, Y, Z of the hk! reciprocal lattice point are given by the aperation of
what is known as the UB matrix on the m\d}oeb hil -

2
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-
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Since crystals usually réf“d ot over a small range nf 8 and gine.e it is tha total mtens;ty ° '

rgaching thexdetector frém agiven mﬂ&ctlan that ia required tlrae orystal is mtatad

threugh the mﬂec'tmg posntuon sboutt the 0)":&)(!5 at constant speed For accurate ;
intensity rieasuraments it is important both to.set the Ium:ts of such g scan oorracﬂy
o or sach reflection and to maintain the mtanslty of the :ncldent bedin at a constant | )
) magmtuda within ameptable hmlts The background mtans;ty is estimated from " ‘g
measafements at the limits of the chosen @~scan and subtrartad from tha péak ; \ i

'maasuraments m ysald the nahntagratad iniensfty of the reﬂectmn . s YR

. o.:__.. n | | oy H? Y e ‘
? ' : "I

The. y-ring pannits complete rotdtion of the cystal Bbout th& y-akis, but its R

* construction, involves quite sophisticated engineering, which is expansive, and- "7
moreover, its thlckness may inhibit the measurement of diffracted beams as well as /_f,:/ |

i

rd

culhmator In thie so-called kappa-ax:;} diffractometer an axis designated « is inchnesf'
° gt 50°to the o-axis and can be rotated about thé a-axis; the x—-axis Slestltufgﬂf for " i
the x-axis of the Eulerlan four-gircle d:ffractnmeter In the kappavaxis duﬁraz:tomater
the ¢—axis is nounted on an arm a&ac@d to the zc-axns sca that it can be r‘ntafed on &
sniail circle ebout the k-axis. The whole 4::: assembly can be' rota’ted about the
w-axis: The kappa-axis difffactometer s in its engineermg simpler than the Eulerian -
- four-circle diffractometer and has the advaritage that the X-ray refléction from any o
hki plane can be remrded a8 the plane is rotated through 380" about its normal.
- Such an azimuthal scan may be utilised for making empiric'al absg{gj_lgﬁ_ corections
to intensity measurafnents. With the Eulerian four-circle difiractomster, azimuth_al C
=86ans &re also possible, but are Iih'nite“d by the necessity to avoid collision of the
4-ring with the collimator and by the obstruction of the diffracted beam by the x-ring.

e
B . . o
s - - ( 3 . (:;\ o

restricting rofation on the a-exis by the necessity to avoid collision with the 7~ .
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. As has alrerdy been mdsca‘atad most modern d:ﬁractnmstars ara carnputer

eantralled and niany software routines heve Been implamentsd to facihtate thie tasks

of tha operator. With these routinas the operator, havmq éenterad tha prystal q;n the

| diffractometer, could; . : . )) n
—7  « Search through a region of space and. use the reﬂectmns o deté;m:ne
 anorientation matrixand uniteell.” |
+ - Transfrom the call if nec:assary .

« [dentify reﬂgctions to he used as position and Entenslty controls
« Belupa procedura for automatically oollasting ﬁe data.

L

fi?jta raductlon ”]} |

Once the net integrated infensity, I, of a Bragg reflection. has besn measured, it
must be corrected by some factors that take inte account the relatwe length of tim@

fihe crystal was in the diffracting. position, the axtent of polarization of the Xe-ray v

beam and tna absorption of X»rays by the crystai This may be done by the following
~equation o | : . &
o | o PRy = lhk;(m;pA):"

" where F,, is the structure amplitude, The L% fector, L, takes into consideratidin
how long each set of lattice planes was in the maé’hng posatlon, and dapands on

the techni@e ueed for data coflection. The polarization factor, p; origmates fromthe °

fact that the vanatlon of the reflection efficiéncy of X-rays with the suattering angle

‘o deperids pn the polanzatubn status of the Incident beg &Eﬂs@isqm factor, A
bagr

takes mtc account the reduction of the intensuty due fo & ‘tﬁe ‘furays by
the crystal It may be computed gevmetriceily from eng o, t ynf;; ety i of
kriown shape End size or estimated by measurmg the vanat If mtensity of a
reflection as the crystakis rotated abuut the scattenng veclnr
; ) v
o : [ a o . u & 53 .
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2.7 Structurd solution

I\

-
From the equatiun AR

w oo . . p(x,y,z)c:z %%%; Fme--ZuI(!‘lX+ky+fz) JI- i

] Q

where Vis the__ﬁ;eli \?olume and..Fhk,(_the structure factor for a particular set of indices
" h, kand /, the electron density distribution throughout {he unit cell may be obtained,
provided that both the magnitudes aﬁd the, phases of the siructure factors are
knowri, As has already been ssen the magnitudes of the structure factcre:} may
readliy be denvad from the intensities of the diffracted Xeray baams Unfortunataty |
thau relatwa phases cannhot be determined exp&?\{mantally, which represents one of

: the main obstacles that have to be overcome during the course of a structure )
.- analysls This situation as been called the "phasa problem" wathln crystailographnc

-circles !

[

i

Therefore a vital aspect of any X-ray structure determination is the determination of - °
a set of Gﬁhases which coresponds to a trial structure ‘which is chemically
mpadingful. Some of the main technicues that have been developed with the aim of
aoc:ompiishing this initial structure solution will | now briefly be mnsmared

Trial and omor methods

A tentative atomic arrangement is found in some way and the phase angles are

caleulated from the coordinates in the modal. A numbér of arrangements can be

tested systematically; the correct model is usually identified’ by comparing the - -
observed and calowiateti structure amplitudds. This method was the one ?M\p

originally but is not used much any !onger, unless the structure is extremaly ssmp’l&

o i

Direct methods

The electron densltyL st be pusuwe or zero but never negative singe alectrons are

- naver lass than absent, This requirement, together with the, information that there

are peaks at atomic positions but that-slsewhere the map is falrly flat (near zero),

" implics that there are mathematical mnstramts on possible phase angles Q/ rle and ]
R - AN
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S Usuady only ihe hlghest E values ate %sad any intense fﬁlghne reﬂectinﬁs a;?t -
. theréby giveri hlgh we:ght in the calculations that follow. An ((nalys:s of the statistlcé‘r
distri!autxon g,the E valuas will indicate ‘whether the stmctu}*e is cantrosymmetnc or ”

e reflactions with indices hi), h'k'l' and hhL KR I+, the s;gn;,m-,tha respective A

. Hauptman 1950] The bast set of phases may ke found by ‘diract methads‘ In thesa ¥ P

4]

methods the pheises are chosen to give the least nagatwe alectron-density map.

Tha szmplast case is thit of centrosymmetric: structures, where the phase problam *_ “o

Teduea& to th%t of determining the sign of each A,,,d. For exanipla, for three mtense

¢ Sow

terms in the swucture factor axprassiﬁn are related by the ?o!lowmgaequatuoﬁ

69 o ?ﬁ(hkl) ag__s{'h'm . s(h-ft{‘i ek, 1) S,

kv

where s means sngn f.)f' (se + or -) and ~ means prabably aqual to' and strosses’ tha o

) importam%g of the probahrlity aspects of these eyuations, If two of thége sngns |

(phﬁsas) arg known, it is possibla to derwe the thid. grom such ralatmnships itis " U
often possibie to derive phasaa for almost all ib;ense Bragg r&flactlons Gmca tis 0.
these inlenge Bragg reﬂectians that domlnata the eleciron—dé’nsgty map,, it & - ;»g;?,f
posssbla to obtsin @ gcmd approximattan to that map ﬁna&agous methuds arpused s
for non- centrosymmetnc stmctures e \‘« AR e 3’ ‘

" E? oy U AR

F"*‘ such analysas lhe structure amphtudes are nurmaiised @emawng ‘the effecf(a .
of fall-oft of scattering with angle o that only the geometric ﬁgrﬁpanant By is le‘tu oo

- =

[

nen-caFTEsyametric. The triple products amony high E values, that is any friplets *
with dl&is hil, W'k, and h+hikek i+’ are found and, after fixing tha phaSes of 0
sonfie origin determining reﬂectmns the signs of dg many E vaies s posslble are
developed from triple products of the type listed above and probability formula:a,

Ususaliy there are seversl sets that satisfy the truncated data st 0 _ussd Oftent it i ﬂl_ "
pussibla to ideritify the correct set bn,, the basis of the probability associated with * <O
sign relationships. Otherwise several electron-denmty maps (computed from E .
values) may haave to be calculated and/saarched for raasonable gaometry of peak

posmons ! ' R o D
i - ‘ o m::') k\\ T

e kit e et s Tae s mp m
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Patterson and' haavy atom mothods _

I?’ one or a few atoms in a struf;tura have hlgh atcmlc numbers and therﬁfore

dommate the scatt*ermg, the stucture delennmatlon may be simplifiad by first fmdmg |

the posumns Gf these few atoms. The method fnr dmng thig 8- ta (:alcuiata a _

F’atterson function (Paﬂersmm 1934, - 1935), which Uuses thb squares nf tha _ "

amphtudes of the diffracted beams and a cumne function |
P(_u, W) = -,f-; ) %‘#ﬁ,;, goslzn(hu_q. ke + W)

=
v "

o
B}

When compared with tﬁe equation for the'eiectmn density distribution in the unit
" call, fwo main differences became apparent The structure faciors are sqyared and
there are no phase terms’ in the aquatlorb Thus this equation may be avaluatedf?
d:racﬂy from the experimental data, Peaks in the Patterson map can ba shown to
reprasent vectors getwean atoms. the haight of the peak belng propurtlonai to the
>{> produc{ of the atomic_ numba's of the two atoms at the ands i the vectar So, a
-Pattersnn map for a unit cell cuntalnmg N atorns will c»sntam about N peaks,
hnwavar if ane or two atams have h;gh atomic numbers the vectors between them
very h!gh and will doninate, the map Themﬁre. if the space group of a
/ng is‘ﬁpown, then the posrtluns of the haavy atcoms within the unit cefl can be
/ determmeu S

| !somorphaus mplacamnnt .
isormorphous campounds are isustructural and capable of forming solidd sal [ItIOﬂS In
tha method of tsomorphous feplacement | tiifferences in intensities from crystals of
isostructural compounds differing only in the idantlty of one atom is measured. The
. varying aiom, usual!y & heavy atory, Is located by Patterson methods, and from this
- phases may be derived if the ésructure is centrosynimetric. Qtherwise more
o j~ .. isomorphs must be studied. This method of soiving the phase problem is of great
{ . Cvalue in prcntaln crystallcmraphy (Blundel! and - Johnsorn; - 1978), - but is only :
\ - occasmnally applied to small moléculas g
. .

. k]

B [}
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a

“in genesal, 5ust aﬂer the struc*;ura has been ‘solved the calculeted difffaction pattam h
doas not agreaqnptlmany with that obtained exparimentauy‘ It i also quite feas:ble

that the trial structura abtamad dunng the solation is not yet compiete or corftaing

@prrie structufal anomaim& These situations may be resdlved by the usa of ’

!aast-squares refmment and differsnce Fourner math&ﬁs

Q{q

!n essenre, the ieast—squarés« prodess involves the adjustmg cf‘a scalD factor and .

e pnsmonal and &spiawmant parama!ers of the atoms in the unil L»E“ 50

~ obtain the best agresment batween the experiméntal ¥4 end the calculat Al
e Quantities derivad from the structure moclel 4n it mog.t usua! "apphcatnon the

tachnique mlmmizes the func.tlon )
. W '
R= 3 w{IFoI - asu—-.ﬁ)

%

g

. ;__ g \\

.where the sum is taken over the entire set of crystallographically indepéndant terms

&1 wis the weig. ¢ for sach term, and G is thle"feciproéafi of the scale facter Kfor |F].

Let p, (= 1,2,....n) be the variables in IF;I ;vhagsé values are 16 ba refined. Then -

w }J P i
o . . hp} q . Q

R : [ X
or ™ _ 1 h

EWAQ@ n/)

values,@ is expandad as a Tayior series to tha flrst nrdar

) | H._._",}J

o
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AP +§) = Ap) - E T e 5!*1
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where e shift g is tha ‘correction to be applied to parametér p,, and p and a
reprasent the complate sets of variables and correqtlcns Substututmg ba::k Ieads e

tha narmai -equations « -

[ & lFel 8 LE"o| 8 |Fa!_. |
w
”fg [% “opr, oy 5-° l§ E st o]
The n normai equations may be expressed neatly in mafrix fm:m;
o , ' - #
) " &
AL =D or §ay&; =
s where ) . : ..\. . B
° : - ‘l,ﬁ'!Fo| 5 lRgl _
ay = }ﬁ: - 0py &pj o e o
and . L K._}.._ A . o o A
. - 8 1Fg . :
E WwASE WL

/“‘-’ . B \
- . l[ \,_.% i T
Tha® normal equatum\ are snlveq by tandard mathemaﬂcal proeadures Ris

important to ramemmpt that the Miest-squares procadura provides th% best fit for the:
perameters that’ have been inciuded into the modlel. Hence, it-is essential to
examine the final difference Fourier map at the complefion of _rg,laaét-squarés "

reﬂner-nang. after saveral cycles of -calculations have led to negllq_lﬁle differéncaa g,

(G the | quner series with |F,| mafﬂcaents is represented as p,(x. y. z) and the
\Gofrespon ing synthesis with |F.] as o.(x, v, 2}, then the difference-Fourier sy'qthesis

Ap(x, v, 2} may be obtained in asingle-stage caicq!atian from the equation -
e " a v} ] ’ " i S T
& an L Wt . " - ) e ) .

b

ai’-_;(x,y. z) - % % 5 2 (IFq_! '-'-:ﬁchf)f_._‘pda:[2nff3;< +ok¥,_."' ?:';’)a\-i m;] -

) ni M o g ar .
: S a 3 LA
By . B d -
i b

‘Since the phasaa are substécntlally correct at this gtageﬂ‘ of khe ‘structure

L oee [t
-

M

e e e e et i a e Al e 4 o Lt o oA, St kAP A AR g P b 4 = L, L T

determination, it is in effent, a subteaction, point by point, of the 'calctlated’ or trial° -
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.. s customary to eliminate the very wéak reflections by use of athreshold that | °

Q c. . a @ " )
8 oo
Fourier synthesis from that of the 'obsarved’ or éxparimemaﬂy based synthesis.
This map should be featureless as any peaks or troughs could Ind:cate errors in the

structure mode| used for the refmament

-l
]

The agraement' betwssn the scaled dbserved ar;d the calculated 'struétﬁre—factar
amplitudes may also be evaluatad by means of a relaability factor. An overall

reliability factor (R—factor) may be defined as:

' model Another useful mdex used in structure refinement is the so called gcmjness

]

- re(z KIFol - Foll )3, KiFol
. L NhR T ki

For a wefl-refined structure model, the value of R approaches a smal valug (about
1% at best) corresponding to the emors in both’ lhe experimental data and the

c,-ff“ t where:

s [z wd::ai - 7l ]

Q
¢ N \\\\\!

for n refinable parameters and m observations, w i§ the weight factor associated -

< with each structure amplltude Sis a measure of the degree o which the found

distribution of differenoes between 1| and |F] fits the distribution expectéd from tl'lgv\ 2

wetghts used in-the refinement. If these weights ara colTact, whlch implies that thg
errors in the data{)are strictly random and carrectly estimeted, and if the' modsl
broperly represents the, structure that gives rise to the data the vaiye of 8 ié 1 D

D

The very weak reﬂectic;ns inan x-réy diffraction data set have relativély largq drrors

 and those for which the background exceeds the peak will have négative net

intensmes They are undsfined and cannot therefore, be used when refining agamst

is, r*ﬂechons with intensities iess than some posltive tﬁreshold value such as' 2@(!}
are given zem wisight, ‘The use of any thrasho!d however mtroducas 4 bias in the _
data and is mdefensrble in principle; it is thsrefare much better to rafing against 'F-},F '

© sothat all deta can be includad, Actordingly the functmn h

. "
g 2
. . - {‘\
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- | /
is minimised. This sagaamq> leads ta a sat of nesmel equations as seen bafora, as weﬂ
as relata;:l ralaabilty factors. etc ' '

& =
[

" When comparmg refingéd structurea itis |mportant to note what parameters ware

T <\ |
29 Gaometﬂcal parameters J}‘? _ S '. J)J .

.....

Follawmg a y&mnagraph:c analysis, the atornic pas(;mns wrthin""the unit ool ard
normally expressacl in terms aﬁ?acﬂanal coerdinates. To interpret and compare
molecular-structures chemically, it is,useful to describs’ the structure in terms of
bond - lengths, bond angies, torsion angles etc; Relatmns used to ca!cu!ate the
geometnsal pgrameters inclucse: |

" Bond Lengths
In the triclinic case trle d:stanea betwean two points in fractidhal coordinates (x,, Yo .
z,} and (%, ¥ 2, 2,) is given by the law of cosines in three dimenbbian. |

" Y - 1
(axa)z b + (A26)% - ZabaxAycosy |2
" - 2acAxAzcosp ~ 2bcAyAzcosa

2

whera g, b, ¢. &, B, v are the ool paramoters.

E.‘Jand anglaa* . | JU - :
The angla 4 subtended bv bonds AB-arid AC (Flgure 2.8) can be calculated in .
various ways, If iha lengths AB AC-ahd BC are known, then the law of m‘fsmas ’

provides a direct means of computmg the angie ST -
_{_’; . ¢ : ) . . o ot S
Y B = gos (ABI’HAG}’-(BC:’ . o /’
() 0=cos [ TZABAD) |
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5:1' " '. w7 . = . (’,’-"1 .
"+ If the axes of the unit cell are orthogonal, the angle can be calculated from tha
dlractmn cosines of the line segmt'ns AB and AC . _ .
; '9' - 005'1(31 fz + MMy + Mng) . S
[ " ) ) . n.‘. . ) i
whers I,. my, n, are the chrentmn cosines of AB and 13, mg, n, are tha da?actuon ]
. cosines of AC. S - : ' J
N S, |
£ .
Figure 2.8: Bond anglés - | |
° Torsion angles T - |
°!“-“or a saquence of four atorns A B GCD the torsiﬁn angla m(ABC.IB) is def‘ned s o
_ the angle betwesn the normals to the planes ABC and BCD (sve Figure 2.9). By -
}
cc;r}mntswn (Klyne and Pralog. 1960} o ig positive if the sense of mtation from BAfo o
B viewed wn BC, is ¢l e, otherwise it is negative1l(Frogn th_la deﬁgltuan and
Figj.are 2 ?et n be. shwm h{ | o ] - E
Y 7} - L R
" ) ro N - 1 : Vb . L o
. - ‘Cﬂ sm ( ab?c sino. slr!;r)_ _ °
| |
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Mezn planes o e

in dlscussmg the geemetry of & melecule, it may be dssirabla to.test the planarity of '-
a group of atoms. This is best done by fttmg a least-squares plane through the

atoms of interest, where a laast-squares plane Is that plane which minimises the
function }:‘. dm, whsre d, are the perpendlcular dlstances of the m atoms from the

plane The calculatlons mvalved in detarminmg this plane have baen ullustrated by |
Schomaker of a/ in 1958,

“r

oy

Puckaring parameters

_' A large number of compounds contain cyclic fragments and it is insightful to

ccmpares the observed conformations of these rings with the known’ preferred
confonﬁatians of such rings. By using puckering parameters this comparison may be
made. quantitative!y These puckering parameiers stem from the generalisation, in
tarms of cartesian etmrdinatas by Cremer and Pople (1 975) of the expression
derived by Kilpatrick and others in 1 847, to r[lescribe the out-of-plane diSplacement

Inf the j* atom, perpendicuiar to the-mean plaha of @ monocyclic ring. In generai the .-

N.3 puckermg parameters derivable for an N membared ring consists of puokermg
amplitudes an” phase angles. The pyckermg amplitudes Hralaa.’ua to the extent of
puckermg whilc wie phasa angles refer to tha nature of the pt.\ckenng

il . I

2.10 Graph!cal r‘éprésenfaffloﬁ of structum#

Following a small molecufe crystallagraphic: analysis, .the results are generally

representsd in some graphml from, This is because a large amount of chemically

__ meanmgful information may be canveyad using a single picture, The exact nature’ of

the repressntation .will depend an the informettion that needs o be conveyed,
Fraquently, smal!,molacu!es"‘ara reprasentad in terms of ba!i~and~'stick or ORTER
diagrams. These diagrams are mustly used to disseminata details about the

" molscular conformatioris as well as the numbering scheme employed. The latter
having the advantage In that It also includes & representation of the anisotropic.
. displacement of atoms sbout their mean positions. 0:1_ the t:ther hand, packing

&
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o

adzagrams can be used ta show intermolecular interactiuns such s hydrogren o
bonding, or to rllustrate snme mterestmg packing feaiuras exhibited by the moleculs,

"

Lastly, various Fourier maps may" be uged to show intarestmg features. found in tha
elactron density dlstnbution wﬁhln the molscule. '
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_CHAPTER 3
Cryostat des:gn, canstructlon and (@sting
3.1 lntraductian | . ey

As discussed eariler in this thesis, it is highly desirable to’ coliect siriglé-écrystai-
diffraction data at low temperatures. To accomplish thisa number of cryostats have
been designed and built. A number are also avallsble from commercial mstrument
manufacturers and suppliers,

In gamral cryostats sultable for use in thq.\collectmn of 3~d|mensmnal sing!e-cwstal

d;ﬁfaﬂign data ry be classified accorfi ‘irg to the presanca of amf wmdows thaugh ‘

7
which tr}a beam of x-rays have to travel as well as the cryogen used

Ligquid helium (LHe) cryostats generally onniain wmdows (usually Ba) to separata

the cmld chamber from the room temperat‘ure enwroment This reduces the preclsion
of the daﬁractometer by absorption and- parasat:c X-ray scaftering. This is the
 tonfiguration generally entountered with continuous flow ¢ryostats (Goppens &f al,

1974 Albertsson ef al, 1978) with fi.xdble, low-loss transfer fines, Iy recent years,
ciosed~cycle refngeraturs on, Displexas have also been used in de@ignmg cqmstats
for single-crystal diffraction studies 1Hendnkspn et al, 1986) The lower running cost

of these deslgns make them. partlcularly attrasctive for lohg term experiments, An .

alternative dss:gn, exempliﬁed by that of Greubel &f &/, 1980, does not make use of

in most llqu:cl-nltrogen {LN2) cryostats. Exarnpias of such cryustats; include the
Open Nitrogen Jet LT?OB marketad by Oxford lnstruments and the Liqwd Nitrogen
Cryastat manufactured by, Enraf Nmius _' S | AEE.

LU

o

it

U any wundows or a cold chaml:ner. instead it employs the gas-flow prihcipla also used _

A gas flnw cryostat operates on tha princapla of blowing a stream of oold gas over .. -

the erystal to be studied. To minimize condensation the cold stream is envalop@-d in -
& concentric strearm of warmer gas (see Figure 3.1). |

EL

n
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® cansiderabts dnfrculty was mpananced using an ea,riiar version of the Nomus

- ofyostat that nperates on this pnncipla In this design, shown schamatnaﬂy in Ftﬂure

- 3.2, the cold and wamt stream of gas is genarated by evaparatmg* the mirogan in
boiling umts The cold stream is then’ kept cold until it reaches ihem

| sglwered 'ﬁlass Dewar tul;a The warm siream is warmed to appmxlmately room

temperature and convoyed to the nozzle of the cryastat by & pmae of plastic tubmg.
The main problems ware traced fo the sensing of the cryogen level in tha transfer "

Dewar. Transfera,ﬁnm the supply Dewar dtd ot toke piaca re!iably resultmg in an
inability tn kaep the Iavel of cryogan rolatwely constant. On at lssibt two occas %s

this rasulted irn damages to the haatmg elements of the transfar Dewar. F‘rob £

weré also exporienced with tha“temperature stabalrty s the c:ryostat had no fnc;hty

for controlling the temperaturs. on speaking to other users-of this and more recant

“models from Nonius sirmuiw probiems were rfeparted It was thus dacnaed to
extensively ﬂ(&lfy tha cryostat ' G’ _‘ | '
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- Figure 3.2 : Schematjc diagram of Nonius cryostat
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32 Modiﬂcat’ion i:onceptsfcﬂieria
‘ . _
In the original cryostat the level of the cryogen in the transfer Dewear was sensed by

- thermistors, that is resistors with a large negative temperature coefficient. Thus

when submersed In LN2 they have an infinitely high resistance. Unfortunately”

" repeated cooling to such low. temperatures causé Ieversible changes in the .

* sensors were included in the supply Dewar to give an deSatIC)n of the' g

characteristics of the thermistors. Also they often canniot withstand the mechanical
stresses placed on them and they break in two. The behaviour of thermocouples are
well known and they have keen widely used in cryogenics for the megsuring of law -
._temraratures Thus it was decided that they could be used f(;ur the sensing of the

cryogen levels For the recording of the EME's produced by thd thermocoupies, as

}:e!! as the necessary decision making, it was decided o uss a pmsnal computer. |
IThis would allow for the greatest varsatility in the recording anuf\hantm! hecassary.
Usmg & computer also allows for & number of posasbia iure exmmsmqsfg\mvei
'ﬁ’(' w\%n :

LN2 was consumed and i& decide when next to rafiil ﬂ'jﬁm ppfy Pc{‘ﬂ ;r *‘
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To tes* these concepts a 'pmtotype was designed' built énd tested.
Coppar»conatantan thermnwuples were installed in the - -sryost@t as shm in Figure
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Fiéure 3.3: Thermocouple placements

e

All these themwocduples allowed for the monitoring of the cryogen levals in both the

transfer and the supply Dewars, as well as the temperature of the cold siream near © o

the crystal Also included is a safety device which is used to sense the possibility of

the system running out of cryogen. The thermocouples were connected td
'aperattonal amplifiers which amplified the signais before sending it to'a 12 bit AD

cmnverter installed in en XT compute:r. The A/D convertor stores the l:MF's from the
ther_r_nocuuples in gpecific memory locations within,_ the computer from where they

&

may be accessed by & control program. Control of additional electrical devices is .

also achieved via the AID onverfbr, The basic logic required for the “ccntgolmf the -

.
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34 Di§¢¢;‘$${ari' _an“d conclusion . )

o

Initial testang of the pralgtyps shawsd that aven w;thaut tha usd afﬂanwtamperature |

" control “facilitios, temperatuna stab[l:tuas 0@ the ordér of one n{i’egrea could be >
achieved. Tho czyustat was' then used tn collact Epproximately five data sats

anludmg thnsa of 17 and 18 in this thesis, Durmg these data collections Yre cryostat -
o remained oﬁaratmnal for extended periods of time. Overall, it could be connluddd
that this demgﬁ overcamas tha probiems experienced prior {6 modification and holds

‘promise af being  both mhabhe and user fiiendly. Further lrgpravbri’kﬁntsa) ;:m::r

.0 expansions.could include the azidzticm ofa temperatura éﬁontr‘&l facmty Thls%l.lld be

. awomphshed by mcludmg a ~haating r:ml i 1he calu sirs.:am, "and then cuntrollmg the
K L powagupp!ied to it from the mmputer This would improyadhe tefhperature stabnht;r '

transmng

>

ﬂ’

M %'I % 4]

]
-

inem -

3

of the cryostat and also facilitate the choizg of the ta'npﬁ ture affwhich the analysss
7= s done. This wauld greatiy facuiutafe the study of ditferent phasas and phase -
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;

8

gt



2

a

a

<

e * “ . o % .
| ) N o ]

= P
o, . 4

o oo . 3

CHAPTER 4
The metal-metal bond Iength in MnR_e dnmers

o

41 lntr‘odqcﬂoég

While performing rodtine investigations info the structures. of organometailic
_eompunds, a value of 2.96A was obteined ‘for the. Mn-Re bond length in %,

tMnRe(CO)g(GNBu‘)) Although this &ﬁah@is was based on ralatively poor date, this _- |

'a-.>

vaiue a%pearad “ncmnal" bacause:,
f\ The value Iay halfway hefwean the reprmed metal-matal hond !angths for
Mnﬁ(CO)m [2.8038(6)A (Churchill et a% 1961), 2.895(1)A (Maﬁum\ Iy 1952)]

and Re,(CO}y, [3.0413( A (Churghill etaf 1081 '
i An Yeray structure determination of MnRe(CO]m gave the valua as 2 96A
(Struchkov etal, 1967). . ‘“‘
e, T 0_. c«'\H ) ) ' | ? L
"- . o \V\‘\Q . . l a 3 . ' . " o . - :m m
o 0 ” T TN,
O L ¢ P =

When the stru tuw was hnwaver. redetermined to correct for caaﬁam BITors; made in

the assignmerit of the spaceqroup (Rheingold ef al; 1986) the autl'lq':gjeporied a

siworier bond length of 2.809(1)A, & value nearly ideritical to the Mn-Mn bond length

in an(cc))m This redetermined value suggests that the bond lengths of
' hetercnuclear dimers may ot be related in any intuttwe manner to the bond lengths
“in the homanuclear dimers.



Tq ontam furthar mfcfrmatian Sti the metal-meta! band isngth in hatemnuctaar MnRa |

o dimers, it was decidéd to also determlna the stmcturespaf the lwo re#atacg
campnunds 2 and 3, Because of the. variqty of substituents mvolved it shtmid aisa

bs posslbie ta assess the mﬂuenga of dnffsrent atenr ancl eisctmnw effﬁcts on tha -

Mn-Re bond langth L
. o /5’ HzcéHs
o oc Mn P/*CHzCﬁHs
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Lla,

) '3.2\ Crystallographic analysis . |

v e

refinement, ﬁ“’; f?
{Table 4,1 : Crystal and refinement dats -~ - ‘ v
Sompound T 2 3
Empiricat formula _ G HMNORe | CuH. MnOPRe | C,H,MnNOPRe:
. {Pormula weight / g.rmol” 57636 | 707.58. 808z . |
. [Wavstength/A 15418 0.7107 0.7107
Crystat aystem " Monoeiic v Triclinic Manoclinle
|Space group Pam | P-1 P2/

la/A 12.0808(7) Y| 123407 17.861(3)
1biA 20.834%8) 1 . 14.308(10) 9.818(2)

15.2223(13) _ 20.505(4)

/

%

Crystals of 7, 2 and 3 for analyses were grown from a’cetonamexahe aolutiaﬁs and

suitable speclmenfa mounted on glass fibres for the study Cell deterfh:natlons. using -

25 hngh-ardar reflactions, ahd data coliections were done on Enraf-Nonius GAD4
four-ircle dsffractomaters equippad with graphite mcnochmmators crysta's of 1
decayed excessively'in the X-ray beam when using Mo-Ka. radiation, and hact to be

collscted using less energetic Cu-Ku radiation. Data reduction included corections
for Lorentz, po!anzanan and backgrourd effects.- Crystal decay was carrected -‘

linsarly for compounds 1 and 2, whi!é a fifth-order polynomlal was usad for
compaund 3, Empirical ‘absorption cﬁrmctmns (North ot al; 1968), were appliad t2
the intensity déta of compounds 1 and 2 Analytscal absorpﬂnn corractmns,
calculated by the ABSORP roufine of the NRCVAX set of programs were applied to
the intensiiy data of comp"a’ﬂr:d 3. This routing requires that the faces of the crystals
be Indexed and measured. it then uses this anfarmatlon to calculate the necessary
ccrrec*ions by a Gausslan mtegration method.

Unit-cell parametars and detaﬂs of the ﬂata oollectmns are given in Tabla 4, 1.

) ] ..I.n

]

L%

Aloric coordinates for the structures are hsled in Table 4. 2 Table 4.3 and Table 4.4
raspectwely The structures were so!ved using Patterson and difference-Fourier
techniques, afd refined by least-squares based on F2 Hydrcgen atom pgsiticans

were generated peometrically -and rsfined in riding mode in the final cyc!as of

reﬁnemant Tha SHELX suite of programs were used fqt structurs snlutian ‘and

(oA _

19.108(8)

£

: i -;,"i!

= = T ~ sy P
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wﬂ ’ d ) 68.49(5} . ’ = | - _“' ’ '_L‘,L . .‘0
pr 91.683(8) 78380 | - 113.450(10) |
T - BRUBMY R I
Volumes/A' B | 2074l saAsdy L .
S Y SR . S |
L0 [ Mg | - 2,008 R 1885 |
" {Absorption cosffiolentimem” |- 18,035 < AALT 42T o
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[Residual density / & A : ) B | 5 '
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iy Table 4.2; A%r;l)itf: cogrdinatas (x 10°) and squivalent isotropic disp!auement parameters (A,
i i b 1 or .
. . xla BN | Uy
| Mna) 3083(1) ~3454(1) 1288(1) 41(%)
| Ro{A) 1805(1)° -A282(1) 2557(1) " 38(1)
O(1A) 4238(10) -, 2671{7) -27(8) 1114) .
oA} - 4252(8) ~2938(5)  288348) - . 8B(3)
1oeA . 15801 ~A141(5) 44D 70(2)
GA). 4665(9) -A541(8) - 1224010) 103(4)
O(EA) 1300(8) |7 -2488(8) - 1491(8) 90(3) -
O(6A) 1841(10) ~3054(4) " a743(7) - B2®)
Q(7A) ©- 4172(8) -4510{6) - 8519(6) 93(4)
O@EA) - ° __-208(n . | c3884E) 1572(6) 88(2)
OEA) 732(8) “.8134(4) “BE23(8) 88(2) .
b N(AY " 2230 _-5462(4) 12808} " A5(2)
| GUA) * 3771(11) . 29817 A0 ~ B8(4)
"C{2A) 3703(10) - 3130(8) , - 2260(11) ' "80(3)
[ C(3A) . 215209) ~3880(6) 485(8) 51(3)
t CUA) 4038(12) 24T 22201 70(4)
L G(5A) 1051(10) - <2846(8) “1413(9) B3
cen) .t 181r®) ~3494{8) a3ns@) 48(3)
C(78) L 3358(10) " 4430(8) - . 3157(9) “ B4(3)
CEA) " 501(8) . -A025(5) TR0 > (2
cEA) 174 | -4208(5) 33497 8@
1 TL10A) 2i218) | - -5p3ss) I 1718(n) )
CH1A) -1 2385(10) 8 -6002(5) . BEAE) 49(3)
1 S(12A) L 1318¢10) |  B3m410) | 82007 133(6)
C{13A) 3801(17) ~ «8398(9) §79(14) 120(8)
D48y - 2593(18) ~5707(8) - 280(18) 109@) . » |
M@ S e t1277(h ~3520(1) - 8284(1) O
Re(B) R " 8703(1) -STH(1) 8o47(1) 37(01)
QUBY > | 185N ~3382(5) - GEBIS) . 83(%)
ORB) 1868(9) | - -2913(5) 8731(6) 75(3)
| O(38) - 1201(B) 24127(5) . 5219(8) 88(2)
O(4B) 1180(7) 4766{4) ~ 7875(8) 83(2)-
O(68) i, 1786010 ~2264(4) 8157(8) 86(5)
O®BB) 4116(8) -2407(5) 7885(8) 75(%)
tomsy 2641(9): " A272(5) 8867\7) 7203y
| O(8B) 3602(9) wI284(8) - 5035(7) _88(3)
©L.o@EB) 8102%7) -4045(4) 6899(7) V83
- NUB) n 3086(7) -5208(5) B8306(6) B
ledy v -206() - ~3422(5) B850(8) AN
O{2E) 1astentoy - | 314108 8080(9) 53y
1314(10) (1 -3007()  5941(0)° 4903
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4303(8)

| G(48) j 1226(0) 7504(8) A5(3)
|-cEBy - ‘ 1811{9) ~2757(8) B472(8) LB0(3)
C(e8) - 2968(10) - - -2008(5) 7382(0) " 57()
C(78) 36843(8) -4105(8) 8154(8) 45(3)
| cesy 3897(0), “3454(8) 5735(9) B3y
- | G(@B) . 5243(8) +3930(5) 8903(7) 44D
1 €(10B) 3308(9) -4 700(5) 6533(8) - A8(3)
C(11B) 2745(9) -5880(5) 814200) .. 52(3)
C(12B) 1477(13) | -5008(7) 5055(13) 89(5)
G(138). 3372018) | 8051010 5300(14) 118(8)
C(148) 020(48) 8944(13) 97(8)

B2870)

| Tabie 4.3 : Atamic coordingtes (X 10°) an

d equivaient isotropic displacement parameters {A¢,
£ . ' '

R0y 2
| N ¥ 2l Uy
Re(A) 2285(1) 1607(1) . 1215(3) (1)
Mn(A) 1442(1) - 388(1) | 2re(t) 42(1)
- P{A) 2737(2) 3220(2) - . 1166(2) 42(1)
O(14). s ° B8N -2284(7) 1258(5) 78(3)
o@EA @)y 912(7) 287(8) B2(3)
O(34A) 32088 ¢ | - -5¥1) -58(9) _ BB
| oA 2044(8) -1318(7)  2402(8) 80(3)
O(5A) ~186(8) - ) 2649(8) N
OBA) ~ AB26(8) 795(8). £40(5) 65(3)
| OGzA . 2260(8) 593(7). _ 2948(8) 78(3)
LoEA) 218{8) 2003(7) * 1833(8) <8R
“O(BA) 2482(9) 2373(7) -584(8) T8
@A) 959(10) 15i008) 1287 _ 568(3)
CEA)  BIB(i0) . .| . 435@) . 653(7) 86(3)
1.cen) - 2861(11) 154(9) . 457{9) £8(d)
CHA) . 2350(10) -35(8) 1047(8) - 50(3)
| e(5a) 417(10) -242(9) 2123(8) 5403y
©(8A) - 8795(10) 1138(8) 1024(7) 48(2).
C7A) 2259(10) 285(6) 2344(9) 51(3)
C(BA) . 885(10) . 1856(8) 1477(8) - B&(3)
C(BA) 2357(9) 2027(8) - 90(9) 524
c(ioa) 2636(10) 2268(8) 2132(7) 49(3)
e 1817(6) A760(7) 2322(6) 80(2)
C(i3A) ~ 1608(8) 5e04(6) |  2aee@® | 80
| C(14A) 2850(8) 8110(5) 2836(6) 808
- C(15A) . 3808(8) 5592(7) 2227(8) BO(2)
| C(16A) 3807(8) 4858(7) 2182(6) 80(2)
L G(11A) 2765(8) A242(5) 2210(¢) 80(2)

__}
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‘a8

" ._ [ .I u

’
G(17A). . 1802(8) 4221(8)  BOS(8) - A3 ©

1 ceeay L T2 | sor8@ “112(5) ures

- C(204) “540(8) 41880 -852(6) 79(2)

- Cl21A) 1284(8) | A858(D) ~1450(4) 790
o228 - 2189(7) 5314(8) - 1569(5) %@
G(25A) - 23648) - 5105(7) -529(0) T8
C(18A) 1607(8) 4437 - 08" TR
C(4A) 4081(8) > 3858(8) =~ &07(7) ANB)
C(RBA) 5806(6) 3193(6) | -42(d) 88(1) S
C(27A) 6634(6) 2888(8) A7(4) 68(1)
C(284) . 7042(5) 2205(6) ] 631(%) 88(1)
G(20A) 8455(8) 2266(8) A 1313(4) _88{))

| G(30A) 5480(6) 2700{8) 1317(4) 865(1)
C{25A) 5110(5) 5254(8) eR0(s | 8B(1) -
Re(B) 3191(1) 2150(1) B234(1) 51(1)

M) = M28() 1853(1) 7578(1) 485(01)
F(B) 2003(2) 2456(2) 5278(2) a9(1)
O(18) 5181(9) 1855(8) .B8BTM). 62(3).
O(@2B) , 3032(6) 3703(8) 78B4 0674
O3B 5024(10) OB - | 8308 118(4)

| OB  B136(5) -HB{(8) 7287(1) 100(4)

1 D(5B) © 2118(10)  SME® 8549077 105(3).

I oer) -  BANB(D) . 1691(10) 5410(6) 116(5)

| o 2662(8) 180(7) 8870(7) 85(3)

| o8B} o 1043(8)  2306(7) 7382(E) 85(3)
O(98) ap03(8) 4404(8) 5834(7) - §2(3)
C(1B).  4741(12) ° ~1714{10) 1827(9) 87(4)
C(28) -3430(11) -2000(11) ~ 2405(11) CCY AR
o(38) "5208(13) 20470121/ 8884(0) 854y

1 Cumy A755(11) T 2609(8) -~ 85(4)
G(58) 2803(12) 1087¢11) 8148(9) P8(4)
C(6B) 4585(12) 1887(11) 5649(8) 72(4)
C(7B) - 2810(10) 876(11) 8634(8) e
C(B8) 1801(10) . P22 - 8930(8) - B33 -
C(9B) 3504(10) | 350%(I%). -  5854(8) 59{3)
c(10B)’ gos(10) 2245(9) - 5332(8) 61(4)

| cti2B) 1563(8) S068(8) 4801(5) 982
C(13B) 1810(8) 5093(7) 4731(5) 88(2)
C(14B) 1807(9) 8102(8) 5438(7) 062
C(15B) 1157(9) 5287(8) 8105(5) - - 88()
©(16B) p10(8) 4362(7) 6DB5(5) 96(2)
G(118) 1113(8) 4263(8) - B359(7), 98(2)
C{178) 1420(10) 1301(8; | 5308(8) &1(4)

| G(te) 1531(7) 41536) . | 842}

e

809(8)

TR, e

]

f
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) _~305(8) 1851(7). 8822(4) 84(2)
BT o WABTHY) 1390(7) 4270(8) B4(2)
Troleee o d «15388) 1240(7) 5050(5) 2 ,
1otes) -822(8) 1180(7) - 5382(4) 84(2)
T G(188) 450(7) 1351(7) 4033(8) . | 84(2)
" G{24B) 2770(10) 3107(10) 4281(7) 83(%)
1 ¢t2eB) 4835(8) a510(6) 2864(8) 83(2)
| cm 5800(7) 3208(8) 3570(8) . 83()
e 8057(8) 2483(7) 3307(8) 832 °
G - 5§149(8) 1781(6) astee) . | - 832
C(308) 4084(7) .- 1093(6) - 8812(8) - 83(2)
C(25R) 3027(6) N 2858(7) 39808(8) . 83
'Tabl&é a4 m}c rc%orﬂlnntes (x 10‘) and equivalent isotropio disp!aoemant paramoters { A,
(4] -
L yib Zle l.l
Re o 7381(1) armi) 1933(1) 43(1‘,\ .
- Mn v 6261(1) 2478(1) 591(1) B3(1)
P 8206(1) A72014) -3052(1) AB(1)
N 8769(3) 1451(4) * 2702 B7(1)
o) 5045(3) 1281(5) -715(3 104(2)
O2) 5834(3) 5412(5) 88(3) 84
o) 5008(2) . 28REE) - 1304(2) 79(1)
oWy | esdeE) 216(8%." 1281(3) 83(1)
[o® 712@) 2481(5) 211, 80(1)
() . 5OP8(3) 5944(4) - 1866(3) . 88(1)
o(7) 8005(3) 5683(5) o -1041(2), a{1)
O(8) '8685(2) 18774 | 1908() 78(1)
__B528(3) 17300 = -207(3) " 89(3)
= B056(3) 4308(8).. 285(3) - §8(2)
©(3) 5547(3) 2620 1087(3) 80(1)
| ¢4 $823(3) ) 1032%) 82(1)
cE T181(3) 2499(8) " 356(3) 84(1)
o) 8495(3) 5127(6) .. 1860{3) 8Ot
1 em ST A003(8) 1368(3) 50(1)
ci8) " 8212(3) P435(5) 1933(3) 54(1)
G(d) 8987(3) 2302(5) _ 2448(2) 47(1)
c(10) 6462(4) 403(6) 3M05(3) . | 84D
&(11) 5032(6) 1082(8) 3388(5) ] 4 13108
- Ci12) 7215(6) © 415(11) +3701(8) 160¢4)
C(13) 8109(8) -735(%) . 28345 | - 182(8)
G(14) B742(3) ga59s) | . 9045(8) 51(1)
| 6(18) 2 9531(3) 68683(0) . | 2503(3) 85(%)
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lepe - o | esr0(4) - 79317 3485(4) L T5(2)
© lean - M441(5) S904(7) 3017(5) 98
{ ©(18), o ees2s) 8854(8) - 2554(8) 0@
c(19) 1 B 7385(8) 2748 | @
{ c@0) ' 7714(3) S220(8) - 3854(3) < §1)
c(21)  B150(8) . G004 1 - 428(3) . 752
C(22) L TTTTHA) 354N 4723(4) 83 .
C@3) - | epsaM) | 81228 * 4530(4) 79(2)
C(24) ° 8525(4)  5443(8) . 3919(3) 72(2)
cEsy - . BBYOT(3) . 40858 [ 7 3485(3) 81
C(ze) L ooze® | 35845 _3509(3) 5X1)
le@n eB71(3) - | 3338(8) 3366(3) 84(1)
| ce8y 10288(4) 2418(7) 3765(4) 816
Io(29) o285 [ 1781(8) 4328(8) b 982
£(30) OBAA(Sy R | 4537(4) N
C(31) 2014(4) 2852(6) 4168(3) STEE
4.3 Results"f{:and Discussion ° o 0

i\

3 was obtained from the reaction of 1 with PPh, As can be seen in Figures 4.1 o
4.3, the crystal structure determination of the three complexaa 1 3 revaal that

: substztution had taken piace at the Re atam in avery instance. - .H

Comﬁound 1 was‘ synthe-:used from MnRa(CO).o and 'BuNC using Pdo as a cetalyst,
. while compound*2 was synthasisad from MnRe{CO),, and P(CH,C H,),. Compound

| '_ Selectad bond length and bond angle data are gwen in Tabla 45. From thggata the

fol!owmg conclusions can be drawn;

i. The Mn-Re bond lengths are all ciose to 2.96A. This value i little aﬁected by -

axial, equatorial or axial-squatorial substitution patterns, \3 ,

i, There are no bridging carbony! groups, The ligands on the metal atoms are in
a staggerad arrangement with G-Mn-Re-C torsion engles in the range 45:5°

- for all three structures. , |

Jii. Typical M-CO bond lengths are obsérved; ie., M-G(Q) bands that are cis to
// the Mn-Re bond and rans to a CO droup are longer than M-C(0) bonds that
are frans to a M-M bond or the 'BuNC graup.

o
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PR 1ha position of the hg#mds in tha coardination sphera i that expected frgm -

T -~=»}the stana*elactromc propartins qf’BuN ﬁgmheﬂ p@asghgge ligerid. ‘ )
. . o . . W : 05‘- A . e 7 . -
fTable 4.5+ Seiected bond lengths () + - < S T
vy N -- | 2 T3
o A .B- “\\ A |5 By | o e
JMn-Re T 2ese@ [ 2eve@ 2.056() . | 2.959(2) , | 20863, '.;j @
MGy, | 1.788014) | 1.792((1) 177202 O 4 179D 1.794(8), |°. ”
(Medaz o 86@) . 1.832(13) 1_.§26(12) 1:836(14) 1.ssamﬁ
Mo-C(3) < | Leas(14) | 1.824(13) 1.83(2) AT0@ o 8@ ] ooy
MGl - 1826(13) | 1.815(11) | 182004y | 1832 |  1.8%D | i b,
Mn-G(5) 1.850(12) |~ 1.810(12) 1.85(2) 180 | 1838 | - O
Re-C(8) CHBE8013) | cn.052010) 1908012 [ 2006014) |- 19748) | . , -
KoY o | A901012) | 1084(12) | 190 ~ |. 108@ | qg8®)a| - -
{ReCE | 2971 | 1863018 | 1972013 = 1.042(14) (-, 1.968(%) “f-
Ro-C(8) 718000113 ~. |  1.883(11) 1090 [, 188¢) 20708) |
Re-C(10)  |. 2008(11) L . 207200 y “-r, , oo <
C(10)-N() 1.447(13) 1.148018) NS T N e
Re-P . R 2353&‘3.) 2300 | am’ms)c S 5

L ) s )

The crysta!lngraphm data indicates-that gz thls u:é&éj the MM b’oﬁq léhgtl)s Plys htt]e .
information eBout the ibosman or Qﬁga‘ea of subsititutiorr of the\\‘\;," B
has been shown that bond lengthaﬁmg ¢an tak&;lace as staﬁc&crav)gld' k_lncreaaes, |
the amount of steric crowding in wﬁ{blykea 7- 2% mimma! Thns of course provides
strong evidencs for a borfcl length of +2.96A for MHRB(CO)W as cmgmally obsarved,
{S‘truchkov st a; 1967 ) It ‘should be nited thabqlffcultles were expenenced by .
Rhemgold and co-workers in analy::mg the m.ﬁa(con., data (Rhe:nacld gt at’ o .
19576\)\"’nay dealt with the drsardar associaled with the Mn and Re positions by fou S P w
ditfarent strategies,” &l giving & Mn-Re bona langth of approxtmataiy 291 A No'
'clusorder was observed in our invasﬂgations. primarily becausa sybstltutitm hadenly .

taken p!ace on tha Reg’atam. Qur deta suggesfs that thalr bond Iength shouid be

. L
R

'_l

treated with caution. L R R
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‘CHAPTER 5 i P
Bonding in heterapentalene type compounds o
| oo i
5.1 lntroducﬂon R 0 |

" If pentalene were to be retuced accordmg to the scherne in fagura &1 the product |

 would ba axpectad to have a planar aromatic structur& ' ( A
¥ _ .

Figure5.1 :.=Reduc¢ion af.ﬁantalena |

. v : '

Hypothétiéa?i’i?thia reduction could be achieved by replacing some of the tarbon.
atoms in-the pentaiena framework by other atoms. The ﬁrst structure of thm ﬁature -

reparted was that of thro-thiophen {Figure 52} {Bezzi et al; 1958] which qu

- obtamed by treating dizwetyl-acetons with phosphorus p@ntasulphide

. . \.‘\.\ o ﬂ“k'*"\m ..(“‘w./*-u,., e - o
;:_'il L o n ! q! - . } "._'? . . ) .
- EER U A
S T g B '.G' o
Figure 5.2 Th:u-ihlaphen ’

g

Bezzi of al roported the ﬁstrt}cture to bo characterised by no-bond resonance which

conferred upon it an aromatic nharacter The eleclronic structure of this compound.
was soon investigated [Giacumsttﬁ et al;, 195€] and this ted to the structure being

“desaribed it terms of the resonance _hybrid between foul structures {Figura 5.3)

[Mamml of af 860]. When consideritig the stabilization of certers with 8ix vaiénce
electrons through electron-rich three-center bc:r\fdmg, Gleiter and Hofimann (1968),
suggested that thiwthuophthene contains an electmn rich cthree-csnter bord.- This

s
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g T

e
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" Subsaqueritb to this, a number of the structures of. related molacuzeb have been

' determined, These ‘structures d:ffered from thic-thlophen in substltuems &s well as
ﬁaa type and numbar of hetervatoms in the pentalene frammrk AH‘ B}Ehlblted the.
linear tri-atomic sequenea that is maracteristlc of this group af molecules. -

w

i . . : . Y

| . » w0
T ) : . o) =}
rr

" bond bamg further atabilisad by the fact that all three amms farm part of a zr-alectran
~ tystem, |

&

. T
o e et L s
- a x
. .
¢ o
. [ .

' thure 5 3 Resananca scheme for ﬂ'uo-thmphan .
. i

4]

Gur interest {3 thesa structuras started from collaburat‘on with"Reld and co-workers s

. to characterize a- number of  reaction products, which, basad an pravious g
- exparience and NMR avidence, were expe;'ted to contain_ hetsrapentaiane
framqwﬁrks We report here the results of these structural anaiysea It also bacame '
__clear that thq nature of the bmndmg in these campeunds is st:ll not wetl undemtood

~ and that,rio simple predictive method (oxisted for predicting bond, clengths in these
foampounds Finally a claarer understaﬁding was sought by oomparing & number of

new structurés, with known structures from the, literature, To facilitate this
eomparison, the bcnd order of each of the bonds in the pentalene framework was
naadted in order 10 cumpare structures contamlng dlfferant ato}n types.
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5. 2 Crystai structure of § &Dmydro-f 4-bis-g-tafylimino-2aa -thig-2, 3,

__ diselepa-»#a,ﬁa-diazacyclopenﬂ' Mpenta!ene.

L
o

The titla o/érnpound 4 crystailises’ in the triclinic system arrd contains twq “fnolecdies

A and B in the asymetric unit. These molacules differ confonnatuonally in terms of )

the orientation of the aromatic rings relatwa to the rest of the molecula Bc:oth

molecules exhibit the- charagteristic structural features of heterapentalenes, with’

Iong Sa-5 bonda and wide Se-S-8¢ bond angle. All other bond iengths in the .

hetarapentalene fram&work are inte’:madlate hetween those of snngle and double
borids. : .

/'ﬁ:'&“ _/‘N"m_\_‘ - il'-«,.,_' ,aN'- o o

)T ;;m

8o —i-§ —50 "

=

The Se-8 bond lengths in molecule A, 2, 5044(12)A and 2 5‘309(12)A, are gresker by

14.1 and 15.3% respectively than (two-centre twogaiectron) cm;aler\\ Se-8 single )
bond lengths [2.195(15)5, Allen et a/1987). The Se-S bonds In molecule B are
' 2.5007(14)A and 2,5639(14)A In length and thus longer that the Se-§ bond (2.195A)

by 13.9 and 16.8% -respectiveiy The lengths of the corresponding bonds and the
size of the wrresponding ‘bond argles in the two halves of the triheterapentalene
framework in A and B are very similar, differing from oné another by at most 0.063 A
and 1.42° respectively. ' R N é ‘

1

L]

Compound 4 crystallized from dichlcromethaq;e-.aoetomitri'le'?3 (1:3), as- red

needie-shaped crystais, m, @,458-46(‘1!( {decomposition). Cell determination, using

25 high-order reflections, and data collection were done on an Enraf-Noqlus CAD4
four-nlrcie diffractometer equipped with a graphlte monochromatqr Data reductmn _
included correction for Lorentz and polarisation effects usir standerd Enraf Norglué
Toutines, and abaorptlon offects were corrected for empiris Hy {Morth et al; 1196&’)0 .

N

Three standard reiﬁectsons raonitored every hour showed or‘huﬁndom fluctuations.
Unit gell parameters and details of the data collection are gwen in Tabla 5 1. The .

. . . f,i o . . \_-_h
s U N .
: . o .

&



(3 n.::. . : " .
/ stmcture was sulvad by diract methods uaing SHELXQ@B\)&M mfmad u’bmg
) © SHELXLYS. All non-H atoms were raf‘ned with amsatrupic dusplacamant param%ters
“H atorﬁs were placed gaometrscaj!y in the final cycles of refnamant and allowed to
. refine with a common rsotmplc dmplacament paramater. Flgure 5.4 shows a !agai‘lad " .'
: “SCHAKA’L dlagram of the. molecuie ‘and indicates the atomic numbarmg scheme
used. Atomic Goordi natas and salected bond iangths am hsted i Tabla 52 and’
- Table 5.3 respectively. The salectad torsion angles listed In Table 5.4 allustmte the
° " conformational differences between the twrs mg?leculas In the assymgiric unit. o0
8 U . = | |
“ N raﬂnamamdam
; ’ Compound  * ” 4 |
= [Empirical fohula - CuHNS5e, e
: ]Formuta weight / g.mol* 49835 @
" [Temperatura/k. Sl oms ] -
IWavalengtivA 0.71069 a -
° " | {Crystal systom* _ Tglinie i °
- {Space group - ]
2 boe lark ° L 1B.428(2)
WA 13423(6) -
1 p A { _dpuse@)-
o o . o _ 1‘_!.2@5(2) ] y
' L0 A 84.81(2) _
o ' Vo!umpiA“ ' '19311.-(3(10) A
° 2{’;’“ . | 4
o oY Mg 2 1691 -
Absgrption coaﬂlclantfmm‘ apd2, -~
Noco) B - 976 v
u o Dc.ystal sizg/mm’® ‘ (pmﬁm 0 o
o T Jfengs 5 " 9cpe80 a
.l / ¢ . fndex anges: o v N
. hepe o - V17
T colk ~16-318
Y :\_,;; L ,d . 10312
" % o """|neﬂeaiona ml!mad’ ‘3. 0 7998
s 0% Indeperdent refledtons | 7784 . oy
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) - JE“ - oo18
o :namrmstraims/mmatem TTBA0ATE S
. Max shift, Az ¢ 0,000 “ n
| Residual density fo.A% " oS 5
” (L1 S o 148 . .
_(Api-m ~1.200
{Raliabliity indices,
/1. (1> 20() 0082
1WR2 (I > 201)) - 0138 - .
| R1, (il data) 0.116 |
N - wR2 (all datg) - 0145 o
) s 6.922 R
N
o
e "
% . " P ~
F i F-igura, 5.4: Labelled Scha’kal diagram of 4 o
Table 5.2 Atortio coordinatas (x'io‘) and gqulvalant isotroplc dispzacamant paramatera(A’ xm T
for 4. -3 __
Na o ¥ o0 Uy
Settdy | ariaqh -, 2061(1) 4962(1) so()
Se(2h) _  eadall) zio6(n) | 208101) 5oy
SUA)" _Besr(t) 2341(1) 3562(1) 45(1)
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T i@y 8545(8) . 240/(3) 21969 ° | sy {1 -
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5.3 Crystal st‘ructure of 3 &Dlphenyl-z 2'-pyﬂdylaminn-1-thfa~6 Ba,?. g

-diselenapentaiene. . S R

) : S f’r!--. -
- j S e
i o e

« " 'The title. cnmpsaugd s crystall:ses in the tricfinic system and cortaing ‘two .
- indegendent molaculas. A and B dn the dssymedric unit These malecules d:ﬁer_l

_ i “characteristic atructural features of heterapentalenes, with long "Sé»Sa and Se-S
’bonds ant wide S%e@ bonoﬁng!e fAll other bond%lgths in the heterauentalene
# framework are lnlerméciuate betwasn those of single an double bnndLa ’

f
a:y - . Ph f* /E’h\\ \n / N - L_)
. . ) .y N A A nooa
" / : [l . % [")ﬁ/ \|] ‘ .-:’T/ . ._ %‘} S Zf’
3\ | o o 3 ] o *-'M v wh T e
. The Sea-ﬁa and Se-S bond lengths in mo!ecuie A, 2465(2)A and 2. 498(3)A, are.

a greater by 5. 3% and 13.8% respectively than the Qyomntre two-elactron) ouvalent
- $e-86 and Se-8 single bond lengths {2, 195(15)A and 2.340(24)A, Allen ef al; 12))3;{1

The Se-Se and Se-S bnnds in melecule B a;e 2.488(2)A and 2. 495(3)A in length '

and thus graeteu‘ than the, S‘\.‘kﬁt@ (2 340A) and So-S (2:165A) by 6. 3%, and 13
reSpectwely The lengths nf cnrrespondtng bonds and the sizeé of the corresporiding

_ _cnnfonnahonaly in terms of the. orientation of the aramanq rmgs ‘relative to the
. pentalens’ framework of the rest of the molecule. Both mcleculas exhibit thvz_

bond anq{es in molecu?e A ahd molecule B are very s:m:lar 5\d|ffﬂi ql fram oge’ - ;

L.ompeund) §.crystallized from cycla-hexane, as red neadle-shaped c;ystals. m P
482-483 K. Cell determination, using 26 high-order refiections, and data collaction
- were done on an Enraf-Nonius CADg four-circle diffractomater equped with & -
graphite monuchrmnator Data redugction included aarrectim for Lot entz and
" polaris ‘icn effects using standard Erref Nonius routines, and absorption effects

i

monitored every | #aur Bhuwed only random fiuctuations. Unit cell par‘amatars and

‘?ﬂl)

were correct%l qui' ampiricaliy (Morth et al; 1968). Three standard: refloctions

’ ' L
. . & B e
b . : [ R
\ ) ) .o . e
Y .

. another by 4t mast 0. 023A andU Q“Tespectively : L L
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geometﬂcall; i the fine cyc:les of nament and achad o refa 18 with & common
| - isstrapic d;spiat:ement paramater ue 5.5 shows a iabefled PCHAKAL diagram
> ~ okbthe molecule and also :ndi&ates the. numbarmg scheme usad nmtc coordinates .
.y and selected bond lengtha are fistad in Table 5.6 Gnd Table 5, ‘respactivaly. The
selected torsion ﬂng!as fistad in Table 5.8 iliustrate the confory ational differences.
betwesn tha wo. malacu&es in the assymatric unnt E
"ﬂ . o > @ ey
ooy " _[Table 5,5-": crystfnand raﬂno_msnt daia _ o,
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5.4 Crystal structure of N-Pmyi-z-pnenyf-z-(s-phenylf-,w 12 o )
; dlsefenal-s-ylidine)acetamide, Coe | e

.‘J
“»‘. ) R @

o : _

" The trtle compound ¢ crysfall’tses in the mbnoclinic system wsth Hne molecule in tha

' asymmatrlc unit:Although the molecule contains & planar framework, and could be
oons!dered as the heterapentalens depmted in Figure 5. 6, the. Se-Se'bond Iangth m‘

-2, 3875’{9)#\ and the Se-0 distancﬁ ofi2. 34& A would seem to .indicate that this o -
. : structure should be considersd to be mmnocycllr.: As such the Se-Se bond length is -

" ! only slightly Iohger that Iha covalent %—ﬂ‘e bond length of. 2“'-}40(24}A (Allen ef pf

- \\1 %87). . AR

o

1 . ! u
L‘}”(\"' e

3//» \Tw\{;\% {ﬂ, “[x”:\u

e § - e O
l-agure 5, 6 Possible heterapentaiene equivaient to B

Campaund 6 crystall:sed from a mixture of dichioromeathane and hexane as orange

crystals; m. p ¥ 472-473K Cell detenmnation. using 25 high-order reflections, and
data collectiun wers, done on an Enraf-Nonius CAD4. fbur-clrcle dlffractoﬁ'leter _‘

equipped with 2 graphite morochromator, - Data reduction mcluded correction for

Lorertz and polansatmn effects  using standard Ervaf Nonius routines, end

absorption effects were oorrectqd for empirically (North ef al; 7968). Threa standard

reflections monitgréd évery héu howad an average decrease of 9.8% and thiswas .

corrected for linearly. Unit cell parameters and details of the data collection are |
given in Teble 6.9. The structure was solved by dtrect methods using SHEL}(SBS

and raf“ ned using SHELXLQS by ieast—squares methuds, based on F*, -AII nan—H

3 “
. . (."J]
Ty . ‘ L\\'J .



atcms were rafned with anisatropic displacement parametgrs H atoms were piaced

__ gaometrically in the' fna! cycias of refinement and allowed to refine with a cnmmm
B isctrapic displacement parameter. Finurs 57 shows & labellad SCHAKAL 6@ m_____

of the moleculs and lso indicates the numbanng sshemea used, Atomic mar%nmeg

and selscied bond Iengths are listed in Table §.10 and Table 5.11 respachvely L

<

......

Table &, Q crystaPﬁnd mﬂnament  date

Compound -

Empirical Torrfiula

cﬁﬂ‘,nos:ag |

*  |Formula welght / g.mof* - 4818
[Temperatuse/K 205(2) .
Wavelength/A - 0.71089
v [Otystal systam" © T Monoulinis:
[Space group P2m
WA B.876(4) .
oA U 10,9395(8)
oA o - 10,346(6)
e )
B . 7.47(1)
i o0
"Volumez&* 1950.3(10)
' i 4
o Mg 1822
Ahsorption cqsfﬂc!ent!mm B 3.786
_. Fooy g52
+ (Crystal size/mm? 04x0.2x03
Range 340530
_{index ranges : -
h «43-»13
k PR BV 1
U . 327
iReflectlons coletted 872 .
Iindependent reflections - 5893
Pt - | 0.058
Dataitestraints/parameters | . 5683/0/245
© [Max shitt, Az S
- |Residual density / .A® CL T
LYW - 0.813
(Ap)m -,716
i G U;
, . °

(N
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i Figure 5.7 : Labelied Schakal diagram of 6 "
Table 5.10: iﬁumlc coordinates (% 10") and equivalem isotropir:. dispiacement pammetam
: . (A2 x’lﬁ"‘) for 6 N
x/a yis e Uy
Se(1) 2324(1) 1960(1) « -602(1) 55(1)
Se(@) 3767(1) 1289(1) 420(1) a0
' N - 49068(3) 211(3) 1998(2) P, &1}
Gy 4455(4) » -90B(4) 4387(2) L L
L&) 2482(4) -133414) B0B(2) - ) .
e 3012(4) ~416(4) 320(2) 38(1]
e : 2013¢4) -825(4) -289(2) 39(1)
C(®) 9563(4) | 305(4). - wT38(2) A1)
C(9) 4744) - [ 108(8) © 1336(2) 48(1)
C(10) - A41(8) . BI3(S) ~1638(2) 55¢1)
fean \_ A880(8) 70568 . ~2479(2) (2]
e - ~560(8) AREC) 2433(3) 79(2
~ o Y o
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5.5-Crystal stmcture of 1 &B:s(e 1yllmino)-5, Mihydro-z,zaf 3
triselena-ia sa-sdiazacyclopema{gﬂpmtaiem, < | _u E

i LI

The titie compound 7 crystall;ses in ihe monoiinic crystal system ;and exhib:ts the
charactensnc structural features of heterapentalenea with long Se-Se bonds and

vwde Se-8s-8e bond angle. All other bond !engths in the hdj‘tarapsntalene framework

 8re mtennediate between those of singla Snd double boncls , e o
& - N . I‘{‘U
.. ﬂ \r \V’“ -
' e
. - . —.F—" Se A Al - )
% | . 7 ) : g:’},

L
W1
P ¢

The Se-Se bond Iéngths in 7 2.5260(6)A and 2 B%O(S)A are greater by 10.9% and  ©
+ 18.6% than the gtwo»rsentre two-slectron) .covalent Se-Se singls bond fength ”
.2 340(24)A Allen-ef al, 1987} T he tengths of correspondmg honds ancl the size of
corresponding. bond angles in the two hgiva«s of the triheharapentalene framework
are very similar, differing From one annther by at most 0 06A and 2.2° respactf%:;
campound 4 crystallised from dichlorgmethane»hexane (1 3} as orange
m,edl%haped crystais; m.p. 443—451K Cell determlnahom using 25 high-order
rei’lectlons and data collection were dnna on an Enraf- Nor'ius CAD4 four-Circle
ddfrac:tometer equipped with a graphite nmonochmmator Data reduction included
. cotrection for LorentZ and polarisat:on effects using standard Enraf Nonius rj tires,
and absorptlon effects were oorrected for empirically (Nortts et al; 1968 /J Three
standard reﬂacﬂons monitored every. hour showed &n average decrease ok(a%
and this was corrected for linearly. Unit cell pa:rameters and details of the data
collection are given j m Table 6.12. The structure was solved by direct methods using
aHFLXSBS and refmed using SHELXLS3 by least-squares methods, based on F
All non-H atoms were refined with anisotropic drspiaoement parameters. H atoms’
qare placed |eometncaliy in the final cycles of refi nement and allowed td rsﬂne with

@ rfommnn Isotropic displacement parameter. Figure 5 8 shows a labeuéd SCHN{AL
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diagmm of the molgcule and slso indlca‘es the numbermg scheme used. Atomic v ;
coordinates and selected bond iangths are fisted In Tahle 518 and Table 5. 1’4 s
respactivefy, 0 o : o
- . Fafie 53 crystal anﬂ refnemenidaia ] -
v Compound 7 .
e [Emplricat formula Qﬁﬂﬂﬁea :
“Formula_weight/ g.mot* 41512 - N
o Temperature/X 205(2) - = ,
& © Nvavelength/A  ° 071073 g
+ i {iL‘ Crystal system Monotlinic  °
,f[ju_ o “;, | ISpace gmup ¥ p2/s o ¢ .
5 f - A > B.005(1) oy
— " A i3,717(2) :
N wA -- " 14.950(%) '
’ o " 6 & . an T '
S e - §3.42(1)
W L _ N ’ '
volumerA R 1300.808) Co.
iMer® s 2105
Absorption coefficient/imm” | 8,404 C ?
F(Q00) : 792 |
- {Crystal size/mnt® 0.38x 0.13 x 0,10
Range = 2.3¢0525 ’ :
Inhd'ex ranges
D 1k -og:;g © o ‘
o 414 AN o
" |Reflections coliected 4585 P .
" 4 |independent reflections 2208 y’/ Q_ﬁ' . |
. Rm \\i\ | . 0..03_1\ 1 L4 ) 3 ‘
l Datafrefstr&ntsfpammamrﬁ 2208/0/147
IMax shift, Az 0 . ;
Residual densiy / e A® 0542 0 |
A .
( ::'g;:_ & qf”
Reliability indices ) ? ;
R1 (> 2¢{D) 0.026' -
R2 (1 = 2a{) 0,059
R1  (all data) - 0.052 __ |
R2 {all data) L 0083 . o
., s . 0.7 - L
: ol : g
0 N
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QF‘igura 5.8 Labelled schaik.at uiagrém of 7

=

ol

Table 5.13: Atornic coorinaies (x 10‘) and valent isntmpic cusplﬂ(:uamem paramaters OAF,
x10%) for 7 (_gq m} _
o - xa Tyl zlc Uy
Se(1) 4 268(1) " BA46(1) ) L2022, 48(1)
Se(2) 1851(1) Bas(l). -1 o082y F“u" 371
Se(3) 3445(1) o, 804801y « 5g40(1) 4601 -
N() A51¢8) | - 6486(2) 1212(3) RO
[ N@) 1086(3) 8841(2) . ° 29612 35(1).
NGy = 2456(3) . BA78(2) 4500(2) 34(1)
IN@ ° _ 3558(4) . 5988(2) 8285(2) . #40),
: o) 349(4) . 7084(2) 1878(3) 38(1), .
o Le@ 1788(4) 7080(2) 3845(3) 31(1)
lew 31T4(8)  6804(2) 5878(3) 38(1)
C() 2074(5) | 5488(2) 4223(3) 4101)
&(5) 12605) | 5574(d) 4068(3) . 44(1)
C(®) -08(5) 8607(3) L A75@) [ say
o -1847(8) $131(3) -578(3) 0@y
C(8) o] 42438) B137Q), .| 483 S0y
201 (5) ¥ 8012(3) _ 8245(3) O

CO)
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5.6 Crystal structure of 2,3-aiethyl-6 ?-»dihydro-sﬂ«zaﬂ“rse!en&nz 3

4a, ?a-tefraazacyclopenﬂ'gg]lndene-1{2}1},4{3[-_@)—6!5&10::&

W
"

" The iitie aornpcund 8, crystalliaes in the monoclinic.crystal _system. and axhibits"the_: o

characteristic structural features of heterapentalenes, with long Se-N bonds and

witle N-Se-N bond angle. All other bond lengths in the haterapanta!ene 1thmework |

‘are intermediate betwsen thosa of single and double bonds

&

.
PR
L3

&

f-‘}ju

o P

8 . . . G
o . o

@

- Compouﬂd 8 conta ns elongated Se—N bonds of Iength 2, OBO(SJA and 2. 042(E)A
- ,whuch are gréater by £.6% and 9.2% respectively, than the two-cehtga two—electron

Sa-N covalent boﬁd of length 1 B7A, based on the sum of the sovalarnt radn of Se

and N (Pauling; 1960).- The- lenigths of -corresponding bonds’ and. the size of

carresmndmg bond angles in the two hélves of the triraterapentalane framework

are very similar, dlﬁerlng from ane _Janother by at most 0 _02?A and 1.2¢ rq_gpectwely

Compound 8 ciystalliéed from dichloromethane-hexane (1:3) as yellow riesdie
shaped cr‘ystals‘ m.p., 468-469K. Cell determination, using 25 high-arder reflections,
and data collection were done on an Enraf-Non!us CAD4 fourcircle diffractomater

. equipped with a graphite maochromator, Data reductlon mcludéd c;nrrection fnr

Lorentz and polarisation effacts using standard Enraf Nonius routines, and
absorption effects were corrected for empirically (North et al 1968). Threa standard
reflections monitored every hour showed only random ﬂuctuatlnns Mt cell

- parameters shd details of the data collection are given in Table 5.15. The structure

was solved by direct mathods usmg SHELXSBB and refined: using SHELXLI3 by

least-squares methods, pased on £2 All ﬁun-H atoms were refined with amsatroplc ._

dispiacement parameters H atoms were placed geomatncatly in the final cycles of
: e, . . I

o Py o 3 -

i

R o = T P

ke A g v
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 réfinement ancl allowa{ll to raﬁne w:i*'l & common isotropic dlsplacement parametar .

Figure 5.9 shows a lahalled $CHAKAL dlagram of the molecule and alsu Indicetes

0o

“the numbering scheme used. Atgmic coordmates and selec;ted bond lengths ar@ - o
 listod i in Table 5.16 and Table 5. 17 respactivaly. o 5
Tub-le 545: grysta! and ref‘nument data - © . :
Acompound e 5 -
* [Empirieal formula cmg&ni’sa, : y
p [Formuta weight / g.mof* 42018 ° . o
«Tenmeratura/K 203(2) e w o
WaiLengwA L 0,71073 ’ . o
" [Ciytiatsystem - | Monoclinic : .0
1Space nroup PR, "y . :
’ lo/A 5.322(2 aL é
° blA_ 10.581(3) b
clh 12,839(2) % ’ :
ol .80 L
. e . w07 082000 _‘ o 5 ,,
) W st o0 T
' \Volume/A® . T15.8(4) e
. oz e, S - ] f
e b/ Mgm? ¢ - 1.901 1. e
' Absorption caa:mmenmnm-* CoreeE . LS
Foogy - oo [ MR R e
Crystal sizaimr® 5 72X 012 % 042 e,
! o [Rénge o 28cpea | o 7
¢ C 4 %) lindeXx ranges : : ] =y
. u h e » . °
§ RN "k D-pid = |
oy { “A8-n1B , e
E' |Reﬂectson‘§ sollecied. 4379 ° . S
independent raﬂactlons 2493 0
| Ry c b T 0078 - |
Dato/restraints/parameters | 2103/0/154 4\ .
 Maxshit, Az | o a.001 : :
Jf/ {Residual density / e.A* N 573;:4 ' ®
B @EE 0476
Reliability indices .y i
Rl (> 20()) 0.037 N
wR2 (! > 2a(i)) 0.088 -
Rt (all date) 0,088 e
R2 {all date) 0078 |
is | 0.921 )
, . |
5
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Figure 5.8 : Labelléd Sehakel diagram of 8

o

o,

i
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Tabie 5. 16 Atlomic socrdinates { x 1D'J and equlvalent isotropic dlsplacemem parameters ( A?,

O

x10° ) for 3 _ .
T x/a yib 2/c Ug'”.
se(1) 786(1) " 4889 8270(1) - .§7(1)
Se(2) G465(1) . ~1856(1) - §43401) - 43(1)
Se(4) 10380(1) “4727(1) 5448(1) 64{1)
- N(1) ~ 4938(10) ~2886(5) 8105(4) 42(1)
NE) 4138(9) -3833(8) - 7856(4) 4301)
| Ni@ 8Y47(9) - 42015(8) . 6629(4) 4501y 3 |
N4 8687(10) ~1143(5) 7354(4) 45(1)
o) 3062(11) A716(7) #605(5) 4911) o
| 6(2) B774011) -2635(6) ThT4(4) 30(1)
¢(3) 8826(11) 1889(7) 8582(n 45(2)
C{4) 53B5(13) ~3918(9) 5822(5) 56(2)
C(5) 5681{13) ~5129(8) 8307(5) 80(2) .
| C(B) 3474(12) AD22(8) 8033(5) " 64(2)
5] W (’..:.—)o"



Q‘ .
:‘.-'3282('1_3) | 42%(9) orE 582) °
- 5037¢18) 20170 | - 10078(8) 8y
e b 10143(18) 1> 52(8) 74088 | . 570N
- ET90(0) O T T
i [)Jr"" . | ] . N g, _“n .
' B, iy
Table 5.17: Selacted bonddengths (A) fnr8 v
Be(iyG(i) o 1.820(7)
“ ISe(DCE) -11.881(8)
© {Se@-N(h 12030
iSa(2)-N{4) |2.042(5)
S6(3)-CE) 1,838(8) o
NG 11.310(9) 0 5
. NRSE) 1.8318)
NG, 1.440(8) )
ANGY-C@) 1.344(7) .
© NECE 1.413(8)
T O 1,288(9) ‘_ N\
e j A e .
& ° .
@ ¢
" “ o % <L =i
[
! W7

- o e Ema AW mn Em Al L omm el i mee e . -
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S ¥ 4 Etystalfstructure of 5-g-methoxwheny!-z-g-methoxyphenyl . U
«imino-3 zigvhenyl-‘l,s Ga,l‘»frlselenapentalene . o

. s - © ’ "' : f ’ 1

The title compouncl 9, crystalhses in the mo?lacﬁmc crysta! system, anc! exh:b:ts the B j

) characteristic structyral festures of heterapantaienes; with the Se-Se honds long 5
& and the Sa-Se-Se bond angle wide. Aﬂ other bond lengths in the hetampantalane | 3.
" ._framework arg intermediate between those of single and dauble bonds, L

’Wr‘““*r"\

e )

Ly ’ ' H

&

- The Se-Se bond lengths In 8 2. ﬁﬁ'g)ﬁ. and 2. 598(2)A are greater by 8. 6% and _
_11.0% then the (two-centre two-electran) covalent Se-Se single bonr.““ WL ’?7 2
- [2. 34 (24)A, Ailan et ar 1987]. The lengths of uorrespondmg bonds and the s:z@ of ~
G oorrespondmg bond angles in the two halves of the tnheterapentaiena framework Q
| differ somewhat but this wuuld be consistent with tha assymetric substitution pattarn
on the pentalene framework ' - ”& '

P

’7 Qompound 9 crystallised from benzane -as purple needla-shaped crystals mp. n

506-507 K. Celi determination, using 25 high-order reflections, .and data callection
were done on an Enrai-Nonius CAD4 four-circle diffractometer equped with a
graphite monochromator. Data redugtion included  correction for Lerantz and
polarisation Sttects using standard ‘Enraf Nonius routlnes and absorption effects
were corrected for empirically (North et ali 1988), Three standard refiections

- midnitored every hour showed an average increase of 3.2% and this was corrected
for linsarly, Unit cell parameters and details of the data collectign are given in Table
5.18. The structure was solved by direct methods using SHELXS86 and refined
using SHELXLS3 by least-squares ynethods, based on £2. All nop-H atoms were
refined with anisotropic  displacement parameters. H atoms were placed i

geometrically in the final cycles of refirement and aliowed to refifte with a common - o

ey

]
2! :
7

s
-3
—
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V4, o e

L
_\(“% o / o . O . kS . ¢ ."_
o o {Qop;c spiammant parametar Fagure 5. 10 shows a labelled SGHAKAL d:agram

of th molecule-and also indicates the numbenng schame used, Atomic ccaorqjinates
and selectad bond langths are listed in Tabla 5.19 and Table 5. 20 raspactwely

o . Table 5,18 : Crystaland refinementdata | =~ .~ G
Y - - [Compound G ETRE e |
e _ IEmpirical formula 1 &4H,NOSe, -
L 7 " Formuis waight / g.mol" TEL T R T
b - . Temperature/K . 203 | T T
d - Wavelength/A - | 071080 T

° * {Crystal system ' - Monoelinte Y -
e R T iSpace group P2 UGS
e B*"' WA R S

e N e TEmE@) |0 o F (3
o S 7 N RIXTUNEN -

o o v k) | "

" o N 02 | o
. Volume/AF "t 1 . 2385(9) AR
el e z S A ’ - I
AT prMgmd 1887 -

- e Nosorpfion cosfaentimm™ | - 4,687 " o
y o ©OFeooy .84 - K
- © (Crystal size/mm® - 035%08x10- | a
g Range - 7| 25920 N
, e  [Index ranges : R |
¥ < - h e i %\ 10510 ) ®
v [ oo w " S P :
o - 24 e
IReflections coltected N S
{independent reficbons 8573 i
R 0058 .
|Dalahéstralntsfparamaters A .
Wyustitaz ol 0001 ol
¢ esidual density / 8.A° et - N
A T
u fagf ol e | s
[Religbllity indices | o
L? 0> 20(h) - 3’232
132 p » 20(1) . ) 0:193 .
- R1 (sl dats) CREL IR )
\} wR2 (ali date) - s o v
B 0,832 -
> Jf\h . . \\" > . R
- O ! f::. ,J_ © i o
® iy ) 2“116‘{ W ) u I e
> ep \;_-\.‘,f A ¢ & &
o o o B .

[



. Figure 5,10; Lablled Schakal diagram o9t

* [Tabie 5.18: Atomio mazﬁinate» { x 10%) #nd equivalent isotm;;lc dlsplaf-ement pammaters (A2,

x10%) for -8 .

) */a ~yi 2o . Uy
Se(1) 2441(1) B185(1) 5321(1) 4401)
Se(2) 8393(1) - 8747(1) T4 40(1)
Se(3) _ 93181, 5352¢1) A031(1) . 48(1)
o) . " 680(3) 9222(2) 5183(2) 82(1).
o) 18835(5) 4408(2) 1780(2) a1y
N 10125(5) 8223(2) 2712(2) 5001)
C(4) - 9037(8) 6145(2) 3381(3) 42(1)
o) “7617(8) 6648(2) 3500(2) 33(«;)
G(©) _8333(5) 8565(2) 4080(2) f‘qt%
Q) -4927(6) TU87(2)  #303(2) i
C(8) 3546(8) 7020(2) A704(2)

c(0) 2124(8) 7585(2) 4304(2, 40(1)
G(10) '~ 2405(6) . 8307(3) AB01(3) 48(1)
e AN5@) - 88370): A7247) 54(1)
c(12) ~514(7) TS 5072(3) 4B{1)
©(13) B4 *Igw ), o 5254(3) 59(1)
e 14) A5BE) ot TAR | 5127() 3501)
G(15) -3321( ROy ~ B566(4) _BS(2)
| e 7424(8) TRATE * 2080(2) “37(1)
GH7) 8130(7) 7201(3) 28573 51N
c(18) 5688(7\ | 773A(%) 1807(3) 62(2)
G(i8) T116(8) - B3 BED . | 81
C(20) 8307(8) asam,- 2378(3) 65(2)




1

[ean - TURET, @ . peasE "56(1)
- {oE) 11567(8) . BTS5@) . 1 2534(3) - 44(1) -
| c@3) F 12084(8) 55020 | - _3028(3) 44(1)
. G4 ° ~14373(8) 5140 | 2780(9) 45{1) T
C@285 "V, | 14338(6) A882(3) 2053(3) 48(1) o
| | C(26) 12028(7) .5028(3) . | . 1589(3). 81(1)
lc@n b 1ssan " 5478(3) 18083 50(1)
£(28) > 17415(7) 4210(4) T 2248(%) 75 - "
t Qg! " r 0 ’ <
o ) 0 . - . . , '.‘.nl
. [Table 5.20; Seiectad bond isngtha (A) for 8 B
- [Be(iyC®) A &
“ T Re(1)-Se(2) 2.642(2) "
T e ;LrSe(zyac(a) 2 11,8954 N
L |se(2)8e(d) | 2.508( .
o e e BB ”
| Y “ CW)-C(5) o 1419 - - R
v - PErcie) 1.390(5)
EEMe) o [4z0@ .
e me® - 1.361(0) R
" » ®
v T
8 o . ]
- :
{rr o fl;! ] <)
' .j W o ! a
& ] : . i ,| £
S o ! |f
O | )
g
2 wy, te 0

\ nllao. - 0_0'-,_'



58 Grystal structure of 1,4-Bls-g-ethoxyphenyllmixia-5ﬁ-dihydrmz
: s-fiitma-zaﬁ.‘-selenada, Ea~diazacyclopenta[ggpema!ene. S

"'The title compound 70 crystalhses |n the tm::imlc system and. mntama two

miolecules, A and B in fhe asymmetric umt Thase mnlacules differ conformauonaliy
m terms of the orientation of the arbmatic rings reiativa to the pentalene framework
of the rest of the molecule. Both molecules exhiblt the cheracteristic structural

" features of haterapentaianas. wrth Iong 8-S¢ bonds and w;de $-8e-8. bond angle.
Al other bond lengths, in the. hetarapemalene framewark are :ntenhediate batween-

T those of single. and double bands C e e
O \ R [ | . ! ¢
_ A /N“\ ,_/N. M HIN\,,V/’::»
3 JOrT T T -
o ™~ I - PR, 89 vwur § T \OE‘I' .
10

]

“The Se-§ bond lengths in molecule A 2.478(4)A and 2.493(4)A are greater by
12.9% and 13.6%. respectively than the (two-centre 't\vi')‘blectrdn) tovalent 6@'-.::
"ssngle bond-ength [2.195(18)A, Alleri &f a/1987). The Se-§ bonds i in molecute B ara ;

%

2 467(4)A and 2,518(4)A in fangth and thus longer that the Se-8 hond @. 195A), by
!2 4 ard 14 7% resmctwely The Iengths of the corresponding borids and the size |

 of the’ correspondmg bond angles in the two halves ‘of the tﬁhetarapentalﬁne .
framéwork in A and B are very similar, differing fromane another by at most 0.015 A O,
md 0.6°, and 0.051A a.nd 0.76° respa;.‘*tive‘ly. . o \},&\

f

, ccmpound 10 crystalizse& from dnchlqmmathkane a8 tﬁ'-aght yellow neadla k‘shaped"" "
crystals; m.p. 465.466K. Call determinatapn using 25 high-order reﬂectians, ‘and .
data collection were done oh an Enraf-Nnmus CAD4 four-circle’ dlffraﬁtometar o
equlpped with a grgphite monochromator. Data racluctmn included correction for
_ Lorentz. and polaribation - e%fects usmg standard Enrai‘ 'NoRius mutines andq'

absorptidh effects were corracted for smpirically {North 8t al: 1968), Three. atandard
reflections momtored every hour showed an average decrease of 5.7% and this was

] LT ' . ' . K ' . . . ! .u
| l“ i Lo . . oo ; o L ﬁ I:-' fD R "
; Bl

C

. '

G
o

a

£
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W

. [#]
& o ) .
= N " o o

—— for 'lmearly Unit cell paramme%énd;detéﬂs of the gata colieation are
. given in ‘Table 5.21. The stricture was so ﬁ

and refined using SHELXLS3 by least-squares methods, based on F2 All non-H

~ atoms wera rafined with anisotropic displacement parametérs. H atoms wée placed
| gaumatncaily in the f‘nal sycles af re!"nament and all%wad to rofine Wnth a mmmon_-
_ _:sotroplc displacemant parameter., Figure 5. 11 shéws a Iaballed SCHAKAL diagram
of the molecule an& also :ndlcates the nurnbaring scheme used. Atamrc cpordingtes -
- and selésted bond l\bngths are listeql in Table 5.22 and Table 5.23 resnpectwaly The

elocted torsion aan us listed in-Table 5.24 :Ilustrata tha ooﬁfonnatlcmbl dafferehcas

| butwaen the two F?g, tles in the assymetric u% J
Table § 21° v Crystal and refinement data o
. [Compound . 10 .
ol . |[Empirioalformula . © |, CHNOSSBe |y
.7 Formuln weight /gm0t | <505.54
a0 o - ° [Temperature/g - © 203(2) _
"o o. [Wavelengih/A = 0.71073,_
 [Crystalsystemm U Trsfinig .|
.7 Isfface group . . EY
. < WA - - 13.875(10)
E 5 L .," - ]bfA “'""f- 1441@ | B
' | : mA . \Lm " 18,390(8)
. v pAABE)
=~ -. fv" = < 118,25(3) w
Lo ~ e ] THEHE)y -
© VolumeA TR )
p/Mgm® 185 oL
) ] - {Absorption coé?ﬁclanﬂm[n o 4682 | i )
| - - [Fooo) . tode - B
: Crystal sizefmma T 0AEX02X 1 T e -
__ Range C 1 e 260230 Y~
v iindex ranges . e ! :
ST | A B '3
a L o 8-10 .
N S . 20 K \ .
- | Reflections collected | -~ 13044 |1\
=N | lindgpendent refloctions - 12576 \\ .

d by direct methods using-SHELXS86

g




w

i

1

ni .

Ry 0.021

Data/restralmts/parameters | ' 12578/0/382
o IMexshif, Az ' Q182
Y47 Residul density / e.A*

e . 1257

(ap);:_ R

|Rellabifity Indices |

Rt ¢>20(): 0.058

wii2 {1 > Zo() 0.185

R1 (all data) 0.121

¥R2 (all data) 0473

s 1.072

Flgurni5 11 Labe\ed Schakal dtagram of 10

o~

W

83

[Table §.22: Alomio coordinates (x 10‘) and equlva!ent isotropic displacement parameters { A?,

xw)far 10 o
‘ - wa _ y!b e 4 uge
Se(A) 4625(1) . BOBT() © 46813(1) 47(1)
R 5807(1) .| ' 9778(1) 8077(1) 57(1)
$(24) 3528(1) ~_eoBs(1) 3574(1) . 50(1)
N(iA) | 85313 ! ) 9131 B172(3) 57(1)
e 5628(3) 8141(2) 8ag1(d) 47(4)
N(34) " 4B4A(Y 6488(2) 5733(2) 45(1)
N(4A) 3430(3) - A712(2) 48210 1 . 48(Y)
| DA 2621(8) 8005(4) 785(4) 158(2)
OZA) 147(3) B23(2) 1456(2) 70(1)
C(1A) 6040(3) L247(3) 71723 48(%)
G{2A) 4954(3) " T517(3) 5811¢1) 44(1)
G(3A) 3763(3) - 5456(3) AT10(3) 451}
C(4A) 4971(4) 68330(3) bu25(8) 57(1)
| oA, 5716(4) T4790).. 7611(3) 82(1)
C(BR) 6B21(4) 10624(3) 8432(3) _54(1)
Ci7A) 8017(5) 116364) |  8982(4) 86(1)
» ] i ;?j '
AV ( =

/



o

| S(8A) 8270(8)

- | CEAY 7317(4) 0 12049(4) 8998(4) . « 73(1)
c{10A) 6165(5) 1217704) | B4DS(A) OB
GI1A) - 5005(4) 11THA) - - 8225(4) 7201y -
O(12A) | ° 8308(7) 14722(8) 9519(7) - 147(3)

EERE 8111(8) 15768(5) 9B36(5) 100(2)

| CUi4Ay 2634(3) 3773(3) 3628(3) 45(1)

leasay, 1504(4) © 3620(3) 2911(3) 80(t) -
[ 811(4) 2649(3) 2118(4) o 83(1)
CH7A) 1013(3) 1757(3) 2267(3) - 52{1)
C(18A) 2012(3) - 1682(8) |  8302(3) . 51(1)
C{184) 2701(3) 2885(3) 4105(3) 48(1)
C(204) . 257(4) 128047~ 1845(4) 74(1)

| GIR1A) -867(5) 1050(4) 843(4) 872
Se(B) 1570(1) 8078(1) 2980(1) 58(4)
s(18). 2396(1) - _Og4B(1) 5027(1) 80(1)
§(28)- 410043 B0BB(1) 3168(1) aa(1)
N(1B) 1428(2) - 10278(2) 8262(2) 4501)
Ni2E) v T2AR)  BBEB() 5308(2) 43(1)
N@EB) - -4680(2) ,B845(2) 4488(2) 44(%)
N(@8) A2413) A 5 50472 - 3818(2) ~ 4B(1y
O(18) 2033 /0 14702Q) 8204(2) . 810)
O28) w3338(2 7 F  6uA() TN . 58(1)
C(18) 1503(3) 8871(3) 5614(3) 43(1)
¢(2B) 841(3) 7808(3) 4630(3) A4
£(3B) . »441(3) §872(3) . 3823(3) oet A1)

| C(4B) <720(3) BU04(3) © 5130(3) T AT()
C(5B) A24(3) _ B104(3) 5691(3) 48(1)
CEB> - 2000(3) 11392(3) B701(2) 45(1)
Ce7B) 3407(3) 12081(3) 6846(3) 55(1)
C(8B) 3606(4) 13174(3) 7152(3) 57(1)
(R 3317(3) 13618(3) 7742(3) 48(1)
G(108) 23318 12850(3) 77033 52(1)
c(118) 1739(3) - 11886(3) 7279(3) - 50(1)
C(126) 3700(4) 15171(3) 8925(3) 5B(1)
G(13B) 4535(4) 16382(3) 9383(4) 88(1)
C(148) Ay A700(3) 3H77(3) 32343) 45(1)
C{158) i 2367(%) 3208(3) 3540(3) 48(1)
“C{16B) -2003(3) 2127(3) 2020(3) 5i{1)
CTH) «2787(3) 1775(3) 2172(3) 48(1)
C(188) 2133(3) ~ 2534(3) 1850(3) 56(1)
C(19B) -1505(4) 4819(3) 2374(3) 57(h) -
G(20B) 3TA84) - 306(3) 00B4) 88(%)
C(218), -2882(4) -B97(3) 5084y | T00)

126008

T 9248(5)

T

N ]
&



) ot |f B e
o R m- K ) "
Tablesas Selected bnncl Ienmhs (A) for m _ S - :
Se(ANCEA) 1.850(4) ’ ee(a) £(@2B) _ 1.849(3) 1
Se(AMS(1A) » . |2.478(4) Ss(B)-S(113) 2.497(4) i
[Se(h)-S(2A) 2.49314) Se(B)-S(B) 25184 @
|saArCHA) _[1t41¢4) - |8(1B)-CEB) | 1.742(3) 1
- [Ban)-c(ea) 173204y S(2B)-C(8) 1454 R
INCIAXC(IA) 1.256(8) - ANCBLCUB) - ° [1.284(4)
 INGA)-C(2A) 1.337(8) N(2B)-C(28) 1.328(4) . )
IN(2AXC(1A) 11.400(5) N(2B)-0{1B)_ 1.4006) . )
NEAKCEA) |1.324(5) [NEB-cEB)  ~1.3204) N
& NGANC(EA) 11.412(5) N(3B)-C(3B) S M4 - .
. [N(#A)-»G(aA), 11,284(5) _ IN(4B)-C(38) 1.280(4) - )
| , _ {.
R 'Téblasm saiscted torsion anulssc)for 10 W, © -

U IGUAPNUIANCIBAYCITA) | -105.2(3) [C(1B)-N(B)-CIGE)~ ) -4.8(8)
CAARNAIA-CIBA-C(H1A) ~ | 79.2(5) ICUB-NUIB)-COB)NCU1E) | 172.0(8)
[C(3A)N{4A)C(14A)C(15A) | -38.8(5) [C(3B)}NMB)-C(148)-C(158) | 167.2(4) | 0
[C(3A)-NUA-CO4A)C18A) {149.3(3) C(3B)-NUB)-ClI4BMC(19B) | -15.3(8). |

| - :
E e . .G ’
| | f
> - |
o s .;
]
i
N i
[
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5.9 Crystal structure of 2,3-Diethyl-5,6,7,8-tetrahydro-2a1*- thia-
2,3,4&,%tetraazécyclopenwazglane-1(2!-1),4(3H).~dlselape.

7

“ The title oornpound 11, crystaliisas in the monuchmc cnrstal system and exhlblts

thé characteristic stmctural features of heterapantalenes, with !ong 8-N bonds £nd
- wide N-8-N bond angle. All other bond lengths in the heterapentalsne famework -
" are intermediate between those of single and double bonds, o a

: "N F;"‘."-“"'"'S P N\ | ¢ e
B | e
1

Compound 11 contains eidngated N-§ bonds [1.8765(13)A and 1.8032(14)A] which

.are dreater by 9,7% and.11.3% respactively, then the two-center, two-glectron N-8

bond [1.710(1 9), Allen et al;1987]. The %engths of the corresponding bonds and the

size of the corr ponding bond anglﬂfﬁ” in the two halves of the heterapentalens
framework are very similar, differing from one another by at most 0.027 A and 0.83°

respectively , = ! _ 0

The title compound was recrystallis'ed from @ mixture of dichloromethane and

hexahe (1:2) as clear crystals, m.p. 413-414 K Cell determination, using 26 |

high-order reflections, and data coliection were done on Enraf-Nonius CAD4

four-circle diffractometer equipped with a graphite monochromator, using standard |

Enraf-Nonius routines. Dats reduction was done using the PC version of NRCVAX
and included correction for Lorentz and polarisati’ém offects. Absorption effects were
corrected for analytically, using the ABSORP routine from the NRCVAX sulte of
programs. This routine required that the faces of theh_ crystal be indexed and

“measured, It-then used this information to calculate the necesseary corrections by a
- Gaussian integration method. Three standard reflections monitored ‘dvery hour

showed cnly random fluctuations, Unit cell parameters and details of the data

“'.



no& Ce

: mlleqﬁﬁ:\am given in Table 5.26. The structure was solved by diract methads using -
SHIELXS86 and refined usung SHELXLD3 by loast-squares. methods, basad on F2,
Al non—-H atoms were refined with amsntmplc dlspiacemam parametars Ha. me

were placed geumemt:aﬂy in the final cyclas of rafunamant andl aliowad to refing with

g gommion :antroptc dlsplacement parameter Figure 5.12 shows & labalied ]
SCHAKAL daq;lram of the'molecule and also indicatgs the numbering schems used.
Atormc conrdlnates and salacted bond lengths are I:sted m Table 5. 26 and Tably: |

o 3?

§.27 respectwaly )
| fTabie 5.25: Crysisl and refinement data_
[ dCompound g
® . [Emplrical formola 1} G, H NS,
_ [Formula welght 7 g.mof B0R.47
’ ‘Temperature/K o 203
; WavalengthvA 0.7107
Crystal system ~ Monaclinic
° * |space group P2,
N 5815@) +
A s 10,0885(10)
oA e 13.0482(10)
e o o
[ 10013(2)
e 80
g VUIUI'IBBJ'A“" 7268.003)
. I = ,:Iz ) ) 8
' n/ Mg.m* 1094
Absorgtion cosfficient/mm” |- 0499
[F(000) 1 a0 -
[Crysial size/mm® 0,37 x 045 x 0.9
. [Remge 2540540
5 - findexranges: o
i . “10-+10
K 1318
o 23528
| Reflections coliected 5043
independent reHections - 5043
h Data/restralits/parameters | " 5043/0/165
AU Maxshit, Az .00
iRegiduel density / 2.A° 0,288
A 2
éa&i?f 0o
&




[

o

T
\___—___ ,u&:.‘
A *i-*kl.
P L .
Iﬁ“-“tﬁ‘,‘.

R

 [Reilabliny indiges | &
Rt Grzom oo 0030 .

e e ‘0,058

(all '¢ataz’§}:3 ) 0.094

i3 . 0.948

88

{Table.5.28; Atomic coordinates (X 109 and equivalent isotropic dispiacement parameters ( A%,
. x10% for ¥4 ' '
T - xl4 i yfb 26 U!.q -
5(1) o 3ee2(ty . ar4 1850(1) 48(1)
5@ - ey L - 388(1) A312(1} 8301).
$(3) B326(1) ~2801(1) 1069(1) 82(1)
N{T) 621@) 454(2) 8u7{1) ()
L0



et

4 -- . %
- NE@) - 1745(2) B0 | 2851¢1) 54(1)
N 201902 785(1) (). .4561)
i) “8385(2) -4708(1) 24081y |y
. 1 e “4712(2) -818(1) o253y | 4 42y
el A485(3) A5 438201) 5B(1) .
C@d 4003(3) SO0 [ 4270(2) IO E
cH) 4918(3) B8IBE) | B 88(1)
o ) T085(3) -2897(2) BO5D(1) 58(1)
1.6 7255(2) ~1507(2) ~1458(1) 4701y
o 1803(2) 217(2) 3383(1) . 4a8¢1)
C(8) 842y | - 20 -40(1) “B5(1)
S o1 4T91(5) ~T71(3) CoB622) | 86
C(10) 185(3) 2058(2) R 80(1)
Caty Ty 1037(4) 3266(2) - 2873(2) B
4 (:3 [Tabie §.27: Geienied hond lengths (A) for 11
S Baeen) | 1.7148(13)
|s<1)~um | .." 1.8785(13)
' C[BNG) - 1.0032(14)
o s@-em 1.8619(13)
' [B13)58) —1.8797(14)
. IN(D-L(8) o . 4.300(2)
“ Neem 1281(2)"
NE-c) | ECC
[NG-C AN -
[N()-C(1) 1.342(2) - .
IN@#)-c@)° 14252
] @ o .

)
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510 Crystal structure o; 8,7,8 - Tetrahydro - 2,3-dliphenyl - 281~
thia - 2,3,4a,8a - tetraazacyclopentfedazulone <12HL4[SH] <,

(1}

L

‘The’ titte compound 12 cryjtaliises ir/” the triclinic _system and ‘contains two

N hqféwlas, A and B in the assymetric unit. These molecules differ conformationally
> iyrterms of the orientation of the arometic rings rélative to the pentalene framework

o,
r'd

R . s

.9

L

of the rest of the molecule. Both Molscules exhibit the characteristic structural
features of heteranentalenes, with lona 8-Se bends and wide §-Se-8 bond anae.

All other bond lenaths in the heterapentalene framewdm'a{\e“inteﬂnedihte hetw-:_aén -

those of sinale and, double bonds. b

8

The N-8 bé})'td Iehgihs in molecule A 1.910(3)A an;:l 1.90{1;3)-A are greéter by 11.7%
and 11.1% respectively than the (two-gentre two-electron) covaleht N-8 singie bord
length [1.710(19)A, Allen et &1987]. The N-S bonds'in molecule B aret.90734)A
and 1.901(3)Ain length and thus longer that the N-8 bond (1.710A) by 11.5% and «
1.2% res_pebtiggly. ‘Thef‘ lengths of .L'ghe corresp:pnding b:onds _and the size of the
corresponding kond angles in t!}g two halv_es of the heterg entalens frgmework inA .
and B are very similar, differing frnmﬂone‘"‘ another by at m&m.mo A apd 0.3°, and
0.009A and 0.3° respectively. - .
' _ , LS
Compound 72 crystallised fronn, MeCN-CH,CI, as fight --yeildw crystals; fi.p.
419-420K. Cell determination, (bing 25 high-order reflections, and deta collection

‘were done on an Enraf-Noriius (*CAD_&‘ four-circle diffractometer equipﬁ%d with &
. graphite ‘thnochmmator_ -Data reduction included “correction for Lorentz and

palarisat'ion effects l:siﬁg standard Enraf Nonius routines, anci it it

e

(35

. S o
_ o, .
S (:} i G ‘90
a e
n
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540 Crystal structure of 5,6,7,8- Tetrahydro .2 3-dfphenyl P

thia - 2,3,4a,8a - tetraaza::yc!apent[gﬂazulune -1[2H],4[3H}-f

. diselone. @

- In terms of the arlerewon of the aromatsc rings relative to the pentalene frarmework ~
- of the rest ofcthe molecule, Botg Molecules exhibit the characterlstnc structural
B fqgtures of heteranenta!enes with lona  S-8e bonds and wide s-se-s bonc! anale.
Al other bond lenaths in-the heteranentalene framawork are mtarmediate Butween ..
those of sindls and{:}ouble bonds. o o A

\ R .
. : ao- _
o - o
P

The &fitle conpound 12' crﬁslallises in the.triclinic system andi contains two

molecules, A and B in the assymetric urit. These molecules differ conformationally

L]

. B
’ NI ’
: not o
. Y

"_‘«.t - ;- o
. 1QE () .
. o | 0 12 - “ {E |
2 . . . - \]'

The N-8 bondengths in molecule A | 910(3)A and 1900(3)}\ are greater by 11 %
and 11. 1% respectwely than the (two-centre twmelectron) covalent N-§ single bond.

lerigth E1 71001 9)A, Allgn ef aHQB?’] The N-8 bonds in molecule & ‘aret 90734)A

and 1.901(3)A i it i u;,t“\ and thus fonger that the N-8 bond (1 ?10}5.) by 11 5% and .

11.2% respectwel ' The lengths of the corresponding bonds and the size of the

corresponding bnd angle.. in the two halves of the heterapentalene framework in A
and B are very similar, differing from one another by at m?st e, 010 Aand 0.2°, and

0. UDQA and C. a° reSpactwa!y : : e

R

Compound 12 crystallised from MeCN-CH,Cl, as light yellow erystals; m.p.

41 9-420K, Cell detérmination, using 25 high-order reflections, and data ¢ '«,o'llectian

were dong on an, Enraf-Nonius CAD4 four-cirgle drﬁraua@meter eyLipped with &

graphite munochmmator Data reduction included corracthn forﬁ.l.}orentz Dand

polarization effects usmg standard Enraf Nonius routines. and at gotption ety
5

g ' ' u - [
i : s .
. ) S » ’ {
: 13

92
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were corrected - for e:mpirical!y (North et al; 1968). 'Thraa standard reflections

monitotad every hour showad only ranc'@m ﬂuctuatlgns Umt eall paramatargs gnd
~details of the data cu!lechan gre given in Table 5. 28, The structura was solved by .
direct methods using SHELXS% and refined using SHELXLQS by Iaast—squalesf
methnds based on F°. All non-H atoms wesre refired with amsotrgpm displaceh‘lent

parameters, H atoms were placacl gearriatncally in the final cycles of ref‘namant and. .

- gllowed to reﬂne wath a common isolrdpic dnsplar.:emant parameter Figure 6.13
shbws a !abeiied S(..HAKAL diagram of. {4 maiécui& and” also indlca?as the
numbering scheme usgd. Atomw coordinates and sales_:t_ed bend lengtha are listed in
Table 5.29 and Table 5. 30 respactively. The seiected"-tnrsion angles listed in Table
6.31 nlluatfate tha confnnnatianal d;fferencas between the two molecules. in the

asymmetnc unit,

o

. {} S
. ‘\""' f .
\\3 S e

ol

- ey
Table 8,29 : Crystal and refinement data
[Compound . LR
[Esnpifiéal formulas ~ ~ €N $5e,
{Formula weight /g.mol" 492.35
. |Termperature / K 283(2)
- IWavslength /A - 0.71069
Crystal systeni _Trclinie
", 1Space group P
A 9.385(7),
Sl T 14.373(8)
YT S . 14,530(5)
cofap 89.11¢4)
Cope v 88.2Tdy
W BE.T0(4)
Volure/A? - 16958(2)
1z 4
pl Mg.m? _ - .aro,
Abgorption _coeticient/mm™ 3.894
(F(ao0) B 976
- [Crystat sizefmm?® |° oBx0.7%1.1
_ I:\l”anga - "1 2<hes
. |index ranges : .
h B PO =1 L
k 18518
P . 20518
|Reﬂectluns coilected i

9042

.....



2] r&;:\: . . . . Ed | N lf S
o i ,_ N ! ke o
° [inc>pendent reflections . | - Bl e
Ret oo
Data/rosiraints/parameters |  B441/07488 |-
'M&X Shiﬂ, AZ T . . . N ‘0'0?3 : _,," 3 : ot
Residual density / A% - T o
(Bi)nas - C ] 1.169 I [
(A "L ~0,800
*=‘  [Reliabitity indices _
By SR d>2a0) . : 0.026 -
WR2 (I = 2a{l}) " 0,088
R1 (8l data) _ 0079
wR2 (aif data) 0A05
|8 1.07 | 4

Y
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Table 5,20 Atomle coon:!lnates (% 10‘] am equlvaient lsotmplt: displacement pammeiars (A*
v x103) for 12

L X yib_ 2/t Ly
Se(1n)” 1880(1y  -f. - 8485(1) T 102810 | . es(1)
Se(2A) 2018(1) 7106(1) 4882(1) 53(1)

18018 . 1240 - | 7837 - 7588(1) - a8
N(IA) 3836(3) C7986(2) 8630(2) “42(1)

- M(2A) 1611 - 8058(2) 8IS BV )
N(3A) 1674(3)" 767008 | 6760(2) 38(1)
N(@dA) . 3914(3) 7209(2) " 8333(2) - 40(1)
o18) - 2698(3) 8181(2) 9108(2)" C 31
G(2A) i 2207(2) TIA(2) 7508(2) U
C(3A) 2622(3) V389(2) 6030(2) . a8
CEAY o 304) a162(3) ° 8494(3) - BT(1)
C{5A) <, ) ~BOB(4) " 7343(3) 3149(3) s1(1) -
oy - 7 -844(4) 7888 L 7131 58(1)

| CEAY j 1B 7924(3) 8604(2) 54(1)
c(ea) ;_508B(3) 8038(2) 1 63T1@) 38(1)
C(9A) - 5848(4) e - | ereR) 471
C(104) ' 6879(4) 7283(3) 10253(3) _59(1)
1 GU148) - 7510(4) _BO70(4) 10356(3) 83ty
" G(12A) BO80(5) /| - 8862(9) 2975(3) _ 89(1)
G(13A) “EP8M4). 8860(3) 470(3) 5701)
C(144) - - 51803y  6978(2) 58322 | . 39(1)

- [ C(154) 1 5%e6(8) 6054, L | . sato@ .o [ 8a(l)
cen 6883(5) 575804 V| . BA103) .78(1)
TBATA) " 7T80(4) . B350(4) 5048(2) 744)
G(188) - 7387(8) 7305(4) .+ 5D58(3) 88(1
C(184) " 8064(4) TE12(3) 5457(3) 84(1)
So(1B) ~3113(1) 45269(1) 8414(1) IO
| Se(28) -2800(1} 9880(%) - 8997(1) D)
| S(18) ~781{1) - 125801(1) 7484(1) . 35(1)
N(1B) ~ -1081(3) 13848(2) 7857(2) 1) .o

4 N(28B) -3260(3) 13306(2) - 7B21(2) 3B ..
N{aB) -3183(3) 1779(2) TATH(2)° 34(1)
N(4B) - ~§35(3) 11318(2) 7177(2). B7¢1)
C(1B) -2415(3) 24131) o) 36(1)
OBy «2580(3) o 128B9(2) 7508(2) - 331y
C(38) “2323(3) 11025(2) ~ TSRy 381
CMB) -A847(3) 1 138022 | TR 47y

| oEB) . -Baddd) 13073 > . .o eme@ s -0 BO()

- C(6B) GETY o *$2087(2) G ET R
o{7B) A885(3) ] 14841 7781(2 o 434

12(3) - 14406(2) " 7955(3) 44ty

B

4

o P
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o g4
] 1t K _
o . ! m T
o £(9B) ’ 78T, 14741(3) 7195(3)° 871 ©
G(108) o405 | 1522003 72885 V[« 95(2)- ,
- C{116) 2518(5) 15302(3) B117(8) N
o(128) 1819(8) 15054(3) 8890(5) 93(2)
L G{138) o L B30(4) ° 1 14554¢3) 8800(2) 881y
c(i4m) 1)) . 107702 - 8023 OB
G(15B) . B77(4) . 10815(3) ~ 8007(3) 5001)
| eass) U owne [T 1014) 5785(3) _B5(1)
ST L GUTB) . b 2BO0M) . QBBA(3) B481(4) 62(1)
LC(el) 25384) 10035(3) TI87(3) 831 -
< | o)’ 1. 1288(4) ~ 10485(2) - T609¢8) | AS(1)
_ [Tabie 5.30: Selected bond mnnms(A)fur 12 -
' [Se(1ARC(1A) 18243 ¢ - [Se(1B)}C(1B) 182803 |
l6(2A)-C{34) 5,826(3) Se(R)-C(3B) 18259 1
. SUANCERA) | 1.719@) ., {SUB)-CEB) e
18UAMNQA) B 100003) ~  [SBMNGE) | 190188
BrANMY 1.910(3) $115)-N{4B): o 1R07()
- INUAXEEA) CA3044)  IN(UBMC(IB) 13000
. ’ -r!pa(;'mc(zm 1.945(4) N(B)-C(2B) 1.344(4)
| ING@ANCUAY %?\Q(df NEB-C(18) °1.410(4)
o NGBARCEA), ;;  IN(RB)-CeoB) 1808 1 = e
v INGARCEA) : ) T [N(IB)-C{3B) 14980y 0 oLy
T INMARG(EA) . 1 3 \@) NEB)-CEB) 1.30:1(4)%' o
" . _— [ ) ’ I R - .
e - ) . \ o ﬂ.' %N
<y {Table 5.31: Sslected torsion angles (%) for (2 R L i e
3 [BEAMWNMA)CUAALCASA) | 92.1(4)  |S(IB)N(4R)-CEI4B)-C(158) | -88.7(3)
’ {s(w N@A-COIAANS(10A) | -B1.4(4)  [S(1B)NMUB)-C(4B)-C(18B) |  74.3(5)
“ [SUANNIANC(BAL-CIOR) B [SUBKNUIBN-C(8B)-COB) | SJ5.7(4)
ISUAMNUANGEAXC(I3A) | B48@3)  [S(IBMN(IB)-CEBNC(ISE) | -98.9(4)
’ D b o
e P ‘ . !J r Y *I 0
- -
.nj_“ ! . O El | < f | o off .
o Y L “
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5.11 Crystal structure of 6, T-Dihydrmzup}:enyl~5H-2&1"~th£a~3~selena-

1,2-d!azaayclopentmmdem

J

0

_The title compound 13, crystamses in- the triclinic erysrtal system, andﬂ exhibits the

charaeteristic structural features of heterapentalenes, with elongated Se-8 and S-N
bonds and wide Se-S-N bond angle. All other bond lengths in the heteraventalens

framawork are intermediate between thuse of single aqd doubie bonds

S -GN ™ - o

13-

The Se-S and S-N bond lengths in 13, 2.5891(10)A and 1.81 7{3)A, are greater by

18.0% and 6.3% respctively than the (two-centrs-two-electrofy) covalent Se-8 and

S-N singié bond lengthé' 2,195(1 ss;A and 1.710(19)A, Allen &t al1987].
. 5 | |

Gampound 13. crystalhsed fram hexane as green crystal m.p. 368-370K Cell

Enraf-Nunlus CAD4 .four-circle  diffractomete? equipped . with a graphite
monochromator Data reduction inciuded sofrection for Lorentz and pn!ansatlon
effects using standard Enraf Nonius routines, and sbsorption effects were corrected
for amplrlcally {North'ef al: 1968). Thré‘e standard reflactions monitored every hour

8 comn1r.~nU isotroptc?f dvsplacement parameter Figure 5,14 shows a labelled.
SCHAKAL diagram 9’}46{ °»ﬁiecule and also indicates tha numbering scheme used.

[I 9]

_determination, usmg 25 high-order reﬂectlons and data collection were done on an )

_, showed only random fluctuations. Unit cell parameters and detells of the datd"s -
+ eoflection are given m Table 5.32. The strutture was solved by direct methods using
" SHELXS86 and refined using, SHELXL93 by least-squares methads, based on F2
~ All non-H atoms wers refined with anisotropic displacement parameters. Heatoms

“ were placed geumatncally in the final cycles of refinement and alibwed to refine with



- 534 reapactwaly ¥
"’[‘rame 532 Crysial and refinsmek} dafa
. [compound L
,, {Empirical formula C,sH,N,S8e
7 [Formula weight / g.rhiol" © a2t
amnperature/ £ 2032y
- Wavelength/A 0.71089
- [Crystaf system Triclinie
& -iSpace group P
" o A 7.868(2)
/A | 78188
e/A “L 0 11,884(2)
i o B0.24(2) .
e N orEO@ o ¥
‘ W N T 117.80(3) ° u
VolumerA? / | B15.4(4)
| ke o _J2
’ p/ Mg 1.858
P Absorption cosffictent/mny’ 3197
s - {Bf000) » 308 .
= Crystal size/mm? 0.45 X045 % 0,85
; rfi b ! ]IRange ' I 3£0s30. @
SF L, Wiedexranges: | B
[ ° \ h g owe
a9 ko (/ 40210
)t oyt v D18 -
B // " [Reflections coliegled 3726
) Sl R o 0.023
independent refisctions .| . 8573 .
. . |Datakestraints/parameters | 3573707155
© 7 Maxshift, Az ~ -D.o1
Residual density /2.A%. -] © "-1“01?=-
Je éﬁ;i’;:_; W ¥ 4028 é}; :
' . O | Rg[lat;lllt?ndiw&?: oo “ ot
A P : 7 R1 ¢ :,23.((?)) 0129 _ -
R 4 (au data) 0.123 - |
- Isz (all data) 0.143
s 3 0014 -
a rs S
& 4

~ Atomic coordinates and saleeted bond Iengths are listed in Table 5, 33 and Table
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Figure 5.14: Labelled SCHAKAL

diagram of 13

. [Table §.33;

=

i
&
|
)

Atornic coortiinates ( x 10% and equivalent isotropic displacement parsmetens (A%, .
x10% for 18 "t ° _ -
R - © o xa L yib alc- o
Se 140471} 3023(1) 9173(1) A1)
) 885(1) 2674{1) 32770) 50(1)
N(1) ~201(4) 220308 4672(2) o AB1)
N(2) . 204704 816(4) 4855(2) v EO()
C(1) 1120(3) 1009(5) 738(3) 83(1)
o). -2434(5) 227(4) 1531{3) 49(1) .
() -1658(4) BSA(4) 2121(3) 45(1) -



@ 50815 ET) ) )
GB) -  F  -A9I8(E) -1847(5) 8290(3) o BB(Y)
ce ~B760(5) ATI() 2050(3) - 5811)
(7 R T 42808 7 ) 424303y )
o(8) . 920(8) . 3200(4) B722(3) 47(1)
cE . . 2074(5) A978(5) s889(8) | 8I()
leuoy - T 3800(6) BO47(5) 8745(3), 84(i}
S - T . 8175(8) 5400(0) 7745(3) 85(1) -
R 1434(8) 3B44(8) _T7I5(8) C0)
legey . ] 30up) o 2710(5) _8769(3) . saqy -
[Fable 5.34: Seleciod bond lengihs (4 for 13
Bes, - - 2.5801(10)
18N T ABITE)
T Be-CH) ) 1.819(3)
__ __ SECE) 1.715(3) "
\ | INE.sﬁ-fgz)' A 1.821@) . Y
o N / NE@-CH, 1.814(4) - .
0 L ci)-cE " | 1.3805)
‘ T T ) o 1.416(4)
cErcM 1406(4)
| o
u ° o N u .
f\:} ) . I.‘n .
5 . 9 ";\I , . C':‘! .:\ .,c::l
s ) 0 ‘“..
? T
. AN ) ¢
B, %r::g}_\::"u La -l ) . .; | e
e 3 . 1, o o o a
h - X ~— «
’ y iul -

B
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1‘2 Discussion o I

- The c:haracterist:c structt‘}ral features of haierapen!a!enes mc@!e 8 p!anar b:cyclic
_ "'system and & finear tri-atomic seduance with elongated bonds. These features have
been obsarva;:l in the heterpentaleng structures (listed int Table 535) that have

been determined during the course of this work, as well as in the known structures

. listed In Table 5. '{ 8. Thelengihs of the bonds in the heieregantalene framework in-

thesa structures arg llsted i Table 37 uslng the labelllng set nut in Flgure 5.15.

E

.
e : o . 5 =

11“ ~_. " "“-«Jr"r‘;10
) . i
R M {Nr{ |
| iR g Vg
| Figure 5.15 : Borwd labels usad. . J

rl
C e

. A convenient way of looking at the bondmg in these héierspentalene syatems is m "

terms of ac akeieton cmnmsting of both lacalised and delnt:ahsed bunds whers the o

¢ system in tha tri~ hqtematam saquence is equivalent to that in trihalide: ions and

may ba referred to as. 8 thrae-center four-eiastron bond Futhennore there is dlso s

de!ocahsaci n system r:ompnsnng the ten eiez,trons m p orbitals pen'pts*ﬂdu:LmaTt to the

_plane of the two fusacf rings, that% as system analognus to that in naphtﬁalena .

Henca the partia| bonds in the linear tg’a-heteraatom sequence are both o and % m '

character Bt ‘weakey than the othar ‘bonds in the mo!scula and. therefore more

susceptable to changes in bong length when, the o systam or the n systam s .

. parturbed to some degme

: - he ' [0 . e
" b
” -

This dependence of the i;ond Iengths on the-subsiitution pattern in'th'e mojacule.

has been dlSGUSBBd ex'ehsiveiy in the’ case of. 6a~thm-thmpnenas (Hordvik and

'ﬁ Saethre; 1972) and can alsn be seen in the bord lengths listed in Table 5,37,

]
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} Tahle5.37 : Observed hetaraperialens bond lengthe. B
Sfuchie | ol.giénce 1t .1 2 3 4 .5 8 4 7 8- .8 1o i
o S=ge8 |- 24731 2.507(2) 1.831(3} 13933 1350035 | 1402000 | t.25TY) | 1830 190805 .
an T§-8e-8 ] 246715 2372(2) 1.589{5) +.310(8) 305 12936 | Hee0) 0. 1687(8) |7 1.800(4) Ry
@ [ Segel 24445 20438y L oaMaz | 1A | 142014 ¢ 13910@ 1302y | 18215 | 1588(i0) &
| sss ] 23dom | zaawy | 170 ] 1S7HE) [ t4e | 108 | 158 | 17m@ | 1705 -
SaSe-Je 2575(3) o zseey 1 1sseey | A7a31) | 1427@1) | 139530 | 1A% | 18MHTT | 1.80402% L~
i} i oz | 223%n | 1635 | 136205 ] 1435 | 133G(6) | 1.3656) | 16385 | 174M4 | B
i) T 8SS -1 223G 22614 1788 | 1F702 | 1.430(11) | L42(12) | 1367(13) | 18850 | 175505
N 258 23281y 226701} | AESHD | LWEE § v14BE 1423y | Q9753 | 1652 1.744(%;
& 558 2400 ;22993 162907 | 4380[8) | 144811) | 13989 | 13400 cL 1EMWE) | -17815)
G - _Se-8eSa 25453 | 25633 | 1IrEm) | 1375(n0) | 148723 | 1444(2n) | 1307028 § 1B1{ZD) | 1.83920)
o, 1 S8S 1 23500 | 23007 | 167m | 13Wm | tw0i@ | 143 | ctawm | Aeram | A7IE)
(i) NSM . 58I5%) 19517) | 1307(10) | 1414010) | 13520100 { 4.345(10) | 131501} | 7 1324(8) 1760 | odsaum Lo 18280
* iy NIN 1969!5) 184 | 1318(8) 14452 ) fammy | 4.318@ 14228 1 133 t7n | 120m 1.207(3)
pa CNEN | toME | 183@ | 1368 | 1487 4337 | 12D 1 1414 | 1338 1228 . 1.2 131747}
0 NSN | 108E 3 10435 $3EO(E- | LA 1.3340 1504 | taBAy | 1SI0 | 17I36) | h2mEr | 1210)
G | NSeN § 2045B) | 20220 | 1.2030) | 1418 | 13080 | 13315 | 4445019) | 120413) | 1857 | 167605 | 17028) P
£ SeSSe | 2EsmONZ ; 280407 | 18I | 141865 13200 | 12345 1.412(5) 15845 | 17IEG T 127K, | 1oveE
e 22850 | 2E5IH4 | 2500714 | 1.900) 140705} 1.325() 132935 | 1417(6) 1,889(5; 172805} 12726y T 128267
Ga | S8eBe | 24583 24652 | 1854 136858} 1.45067) 1.028) 427 | 16835 187905 1 .
&k S-3aSe 2.455(5) 2488(2). | 18615y ; 13%GEPE | 14098 | 44038) | 147E) 1.562{63 . | ~ +.0735) N
5 C-BaSe | 2348 . | 236778} | 1E7HA 1.35865) 14265 | 19500 | 146U8 122005 1 1294 S )
r Se-SeSe | 20560(3) | 2EWAE) i t8USE: 5408 | 1A% 1 1325 AEERMG 1 16349 1.867(2) 129 | lusiE)
g NSeld | 204 |20 13WE | 144900  3FEY 1,344(7 TATHE | 1280 | 1LBAE) 4.838(6) $.8207}
2 SeSeSe | 2538 | sy | 1e72q |- i3 1.428(8) 1.206(5 f4YS) . 1855(R 19934} _ v
102 5Se3 24354y | 2Ry | tvayy | te00m). | tsore) | 1wes paagm | t7ae |ossse | 2um | 1288
13b S-2¢-5 251814 2457043 1.742{5) 1.A402{5) 132608 | 132044 $.417(5) 174504) | 1.840(3; P 12684y | 12844 .
1 NEN 18765013 § 1S0BZ(15) | 120143 | 142802 § 134602 | 1.23n% 142802 1200637 | 17140013y | 167974} | 18819051
128 St dSN 19000 | 1.9159) +.30204) JAXM ¢ 43444 1.393(4} 1.495:4) SR 17i0E 0 16245 | 18280 |
1zh - HEN | 11D 1.907(3) 1004 | 14184y | -1.34000 1.354(4) 1.4104) LFUEEY]  1.712(3) . 1.826(3) 1.825(3)
1%} NESS8s | SI7Y | 2810 | 18183 13605 | 1.41604) 140604 | 130 | 1Rl | 1715
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' whereor{r s the: ordar of the bond of Iength nt, repressnts the sum of the cov’éi%nt o

. e "U CP ‘ ._.Q-. ]5
o o

. When considering the bond lengths listed in Table 5.37, it is clear thet the bind

~ lengths within related hatarapantalene fragments are simitar. What i8 not t:iear,'-

‘*ﬁ&wever is whether the bonding in molamias containmg differant types of atoms~
within, me haterapentalene structure is ﬂomparable This qussuan may be
adtiressed by datermming the orders of the bonds that make up the heterapantalene
fragment - v ‘

‘The orders of bonds Lan be evamatad by us’ng thb empincal!y derwed ralatnon

lag -u) n (f lt""‘

o /J s

o

radii of the atoms :nvolvaq and cis an empirically derivad mnstant Table 538 lists =
the orders of the bonds listed i Table 5.37, as svaluated using this re!atmn The .

-,values used fm“ the consfant c and fhe "covalent radn are those Suggeeted by \’“j

Paulmg (1960). and may be in nead of Some refining. The results are navertheless

©overy mformatiw For axample, if one ?oaks at the sum of the bmnd orders of bond&n«
and 2, it is consistently ciose\t&umty This result is consistent with what wouid be * .
expected for- threa-center fouwiectron bonds. Another mtarasting obs ervationn:ﬁ .

relates to the order of bonds 4 and 7. It is clear that two different-agiounts: of
delotal )s/atmn are prasent The twe axtreme cases are :Ilustrated in Figure 5.18 wzth
th /ﬂv/arage bund orders for the two cases are shown in thure 517.- 1he
asymm@try observeﬂ in the hbnd orders can be ascribed to “the asyrr{:étm,

@

X

' Figure 5.16. Types of delocalisation obsorved in heterapentalenes

fl&;
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- {Table 5.38 ; Caiculated orders of heterapentalene bonds. i
1. - . . ‘Bond L
Structare{ 1 2 | 3 14| 5,18 7 8 | 9o |1 N
L0 o704 (95 [ 1745 [ 16 {18114 | 1.1 ] K
h ] 08 10454714818 (18] 1512
iy Jerlos [12 1714 | 18 [AP] 151 1.3
Gv), |04 04 | 14 ] 1.8 | 18 [ 18 { 1.8 | 14 | 14
) |05 |05 (4347|1516 | 18] 15 | 1.1 M
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) "03 | 08,1818 li4 186 [ 17|17 {13
() (o5 o877l 1415716 18 ] 12 )
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i 05 Fos |47 [ ie |17 {114y 2 |2
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oy loslos" 1811118 (187144 (13 114 2771 2
vy |08 (08 1812718 18] 11114113 [481 14 ]
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4 loalodli2]tal1818l12 1213119 2
sa |04 jo7 |18 [ 18] 15|16 [ 15|18 12 |
b jo4log 13181168 186|186 | 35|13 .
7 o4 ldaT12] 121648} 12 11211931 2 | 2
8 06 {06 [ 1.7 {11 [ 16 {15 [ 1.2 ] 1.8 | 14 | 14,1 14 ]
| 6 Joalos | 18l1a[16]464 46113 | 12 i
102 |04 )04 [ 13 ]13 |16 58| 42 )13 |14 | (8] 2
100 |04 | 04 | 18 | 4.8 | 1.6 | 46.] 12 | 1.3 | 14 | A9 | 4.8 |
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Those average bond orders may be used to pradict thé axpgctad bond ienaths o u_

. 6ther related comrmunds The bond order ca.lmlations méy also bé refined by :

Il

~ improved estimates of 1ha ampincal constant as well @s the covalent radii of the.

atoms. lt would be mtevasting 1o see lf the caiwlated bond orders culid ba used ta-

pradmt the bond tanqths in tellgnum aontammg hatarapentalanas The advantage of "

: mnsidanng thasa sttuctures ifi terms of the observed bond orders, mstaad of borgd
Iengths hes therein that-atructures oon!amlng diffarent typas of atcms may raad:ly
“be oompared o, e K - . -
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* Conformational preferences in single ortho, N
substltuted acetanilide denvatives. S e *

[+]

© "The relatwe spatial’ digposition of tha moietres attachad to the nitrogan gion) in

smgle-odho N-substituted  acetanilide: derivatwes has long been of interest

o _(Staskun 1980 and é{@ert et al: 1884). The dISPOSItIDﬁS of particular interest isthe .

y preferred confom'cati}bn of the amide carbony! group (Figure 6.1) as well as that of .~ *
the alkyl s.:bststuent oh the maffiyleng bridge (Fagure 8. 2) S ’ .

e
T4

. eXo -confqr;natiqr; o o qprjo dcmfonmtiOnl

Figure B.1: Possible orientations of.the carbony! group

. . . N;’ b
R ‘.5.1 . LU J”}R .

Figure 6.2 : Possible orlentations of the aikyl group

Previous studies have include;t* investigations into the pneferrad gorformation in the
solid state as well as In solution. Tﬁe letermination of the cr{ratal structures of 14 N
and 75, contributes to this growing body of know!edge The ohserved Q\onfarmatzons
may be compared by ieferring to the torsion angies defmed in Flgure 6 3

R
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Va o When the i:rystal structures of campounds 14 and 18 were datarmined the amlde P “

carbcnyl group was fduand m theé exo-contormation in both atructuras Further, the i
. orho substufuentx on the phzanyl Fing, :and'tha R group attac:hed to the ruzroqgﬁ A
at‘bm via the methylene brid o were found on thie sgme side ‘of the’ ‘amide p!a‘na | @W
. This is clear from the fact thitt the torsion angles (& and b in Figure 6. 3) ligted in
L Table B'i have the same Sign, This result d‘ﬁers from that m‘ Bosyans and _/
O co-workers (1987), wha in ih rinvaﬂlgatmtr Into iRe structures ufthrea sing&e-on‘ho, //
@ ' N-substituted amide darwativ 8, {Xvil), (xwlg and gxix), found jhe ortho substituant
> " and theaR group on nppos:te idles of the amide piéne. (The torsion angles & and
 for \éx\rti), (xviiiy and (xx) listed in Tahle 6.1 “have opposite signs). In all fi w# |
L -structures donssdered the amide r:arbonyi group Is found in the @} confbrmatzon IF ‘
A would thus appsar that wh:{a the, confonnahon of the ;r’.. : carbmnyi graup s
<. . Independent of the natuy of the acyl group, the preferred co.:ofmation of the alkyl .
' substatuent , may notig, A molecuiar mechanica study shuuld be able fo foveal if
the r,onformatmn adoptad by 14 and 15, is mdeeﬂ & Inw-enargy confnrmation. or

L

-

merely their preferred confonnation in tha solid stata. y o A
1 ° 7 ) Rl @ a @1
‘E-’? I 8 @
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T k4 5 i:?‘ K vt
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The c,rystal structures of 74 a‘hd 15 w@re deterrﬁmed from data cullected en Enraf
" Nonius diffractumetsrs using graphit monachromated Mo-Ka. radiation. in each |

of . B .on

. &
.. ® * o
}::, o 0“ o
{.O- | ) ) .'r
v 5 e.:l | . :] ' U._' (x"‘ix) . . . .. y n . [’
- - | Table 8.1 <Torslon angles define In Tyure 6.4 - . e
> .. | Compound * | ‘Torsionanglea | ‘Torsion angleb
o 14 10200 | -B35()
] Sk 04.3(8) | - -BAB(3)
(xvll} . AU L i@
(evil) C03A(R) | 1089 °
" (xi¥) ﬂ’{j; T 10160 | . 100.2(9)- <

[A] ) @
.o o
&

case the caliyas detammsd from 25° accurately meadured high-order reflections.

Data reductlon mc!uded carrectlnns for Lorentz and pmansaﬁgm effects using .
standard Eanus mutmes Stantiard rafiectluns menitored hourly showed énily ,
random ﬁucluatlc{y.-QJrﬂt cell paramatars and the detai!{s of the data coliections arg

. given in°Table 6.2, The strustures were solved by diract methods sing SHELXS86’
and’ refined by least-squarss methods bgsed on F2 ausmg SHELXLQS Al
© non-hydrggen atoms w:are refined w:th amsotrnpic dlsplacement parameters, whilg o

.. H atoms werc refined i riding ,mo&e with a common isotropic displacemerit

parameter. Figyre 6.4 and Figure £.5 show SCHAIW diagrams of the compaunds"

: and indicate the labelling schemes used. Atoric epordinates are listed in Tnble“

6.3 and 6.4 respectively. > S | 0,



L e ’
<y . - o m o : 112
. | o
@i . _ - _ o g !
Table 8.2 ; Crygtal and refinement gaia | ¢4
Teompound - . | 1% - 1§ - °
| Empirical formula G H.CINO G, NO - |
Formuls welght /gmol® - | = 25872 -~ 230.31 ’
o, Temparature / K 293(2) e poa °
e Wavelength /A 0.7108¢. 071688
Crystal system Manoclinic " Moaoglinis °
| Space group. P2/p __P2am .
ald T 9387(H . |°.  0.303(4) S
ClerA / 13,5606(0) 13.827(2) -
TetA " 10.580(4) 10.89(2) .
lwly . a0 . MR : i I
prr N\ - 191.81(2) 102.42(9)
yie N jra. N 80 |
. Volume FA2 1322.2(7) U483
e 4 .
i Mg.m 108 N ’
| Absorption coefficient / mm 0278 . 0.074
F{00r) - 544 N
o | Range Al pBspgs0 | ¢ 350£30 ,
R " [index ranges : _ o ) . _
| h w5 “13 313 7 4813
ko AL 1518
oo o - 14 «4-215
Reflections coliccter 4738 o -, 4780 )
indepandert reflections - 383 5883 . .
Ry \ 0.013 0.0393 A
Datarastraints/paramsters | o 3831/0/164 . B883/0Me4
Widwenitt, 6z ' ¢ 0.001,
o - | Residual density 7 e.4° :
S| 0.249 0.500
7N\ - 0,302 -0.572
' . | Retfbility indices - 5
f 0> 26(0) 0.0411 0.1078
o wR2 (I > 2a(1}) 01284 '0.3348
Ri (sl dete) {.0682 07485 .
wRZ (all date) 0.1357 - 83704 .
g iw) 8 1,084 .0 1058
| . '
W
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x‘l ﬁ‘) for 14,

Table 8.2: Atomic woordinates (x 10") and aquwalant !soiroplc displacemant paramaters (A%,

w

= x/a’ yfb ' /o Uy
CE ~ 4898(1) . 8211(1) 3680(1) 58(1)
|© 918(1) - 5852(1) 7080(1) 83(1)
N 2455(1) 8705(1) 8543(1) 451
Gy - 2426(1) 7318(1) 4340(1) M) -
G2 | 2710(1) 8055(1) 3630(1) | 49D
G4 3288(2) - 8638(1) . 4035(2) o 870
C(4) 3587(2) | . - 9085(1) 5346(2) > 58(1)
C(&) 3305(1) - | . B350(1) 8188(1) 52(1)
T 2708(1) C7Ase(1) §678(1) “41(1)
{em . 1686(2) §336(1) - 8542(1) -~ A4(%)
om -100(1) apaa0) 5035(1) 42(1)
cE®) 271(2) 7945(1) ° C8195(1) 50(1)
¢{10) ~1540(2) 8462(1) 5714(2) 83(1)
ci) Lo -212102) 7888(1) 4871(1) 68(1)
lcua. . -2843(2) 7008(1) 4719(2) as(1)
C(13) “1304(2) 8476(1) 51981 83(1)
o(14) ., 4748(2) §199(1) 7285(2) at(1)
C(15) 4523(2) 5583(2) §480(2) 'r'm)

I

Frable 6. 3 Atomic courclfhates {% 10”) and equlvaleni isa wu, displacement parametars ( A"

%10%) ufor 16
Wa yb ge um
0 ' 909(2) 5612 - |  1950(2). _7201)
N ,. _ 2455(2) 18860 | 1442 B1(1) 4
ey - ° 2734(2) 2448(2) © 61802 45(1) -
&@ 32878 7 3345(%) O 1ia4Q) 58(%) .
c(3) 25873 4002()  F.3 300(3) -86(1)
C(4) ©a338(3) 3064(2) o a24@ 4 65(1)
1 e . R794(3) 9088(2) W14620) 57(1)
C(6) 2478(2) 3211(2) L) 48(1)
c[) L 1928(3) | 1350Q) _-1331(2) 58(1)
G(8) 17 1007(8) 1326(2) - 1430(2) 50(1)
c(®) - -192(2) 1650(2) 830(2) 45(1)
c(10) ~205(3) ) ~+ 1074(2) B5(1)
c(11) ~1628(3) 848102 814(3) B4(1)
c(12) 2735 | . 2005(%) ° -120(3) vy
C(13) -2662(3) 1994(3) 380(3) 1)
C{14) A414(3) 1485(2) 108(2) ° 50(t)
C(15) 3736(3) 1203(2) 225908) 87(1)
c(18) ' 4862(4) 582(2) " 1501¢4) i 88(1)

e

i.l.’.F

=
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. CHAPTER 7
Dx-ray diffracfion study of TGS

Due fo its elgctru-aptsc properties tnglycine sulphate ("'GS} has bean studzed
extensively Of particular interast has beenfa’ effect that doping the crystals with

impurities hag~on its ferroelectric propertivs. (Ravi et af ; ‘19‘33) The influen%a of
laser light on its X-ray. diffraction pattern hs€ Blso been investigated (Zhukov et al

1991). In thls stuéiy it was found'that the intenisities of some of the Bragg reflectior’s B -

mcraased significantly when TGs was irradiated with Iaser ltght perpend=3uiar toits

b-axis, : ' | R

oy

The aim ofthis study was to try and reproduce the results obtained by Zhukov and

- co-workers ir 1991, and aisn fo investlgata the H-bending network present in TGS ..
by means of a fow temperature diffraction study. It was hoped }hat this could lead to

some undersianding of the mﬂuance of Iaser ilght on the diffraction pattern

A

- Very large crystals of the title camp!ex were grown from aqueous solutions

containing stoichiometric amounts of glycine (NH,GH,CODH) gnd sulphuric acid
{H,80,) by slow evaporation. Crystals selected for analysls were groung into
sphere? with radii in the range 0.2 to 0.3 mm, using a Nonius erystal grinder. cetl
determinations, using 25 high-order reflections, and gata collections were done on

and the relatively light elements prfasant in the cfystals, ne absorpticn correnhgns
were applzed to the data.

Uniﬁ cell parameters ahd details of the data collsctions are given in Table 7.1.
Atorlc coordinates for the structures are listed in Table 7.2 and 7.3 respectively.
The structures were refined, starting with coordintes retrieved front the Cambridge
Crystallographlc Database for & previcus anelysis (Solans et ar 1985], by
least-squares methads ﬁjgsed on F"‘ usirg SHELXLE3: The ORTEP diagraﬂs shawn

: . ‘\z\
y - SN Nx
Y S

- - Enraf-Nonius  CAD4  {our-circle  diffractometers equipped with graphite;
. monachromatars and M0~K<z radnaticm The fow temperature data was collected
using the cryostat dascnbed in chapter 4. Because of the shape of the crystals used

9

5]
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in Figureg'? Hand. 72 show the numbermg sohem

e

[l

]
Bl
. \lt B L]

118

D

/y?d in tho anaigsus. In both »

structures fhe positions af the hydrogen atomé nm riBived i rvxdrpgen bonding
were calculated geumetrzcally, and reﬂnad ndmg an trfa atbm to w!mh if'is bonddd,

b

The refmaining m' Izjfdmgen"éfoms are both invai

t\gn hydmgen bonding and their

" positions were mﬂarre‘ﬂ frm the difference Fourier maps, ccaiculated uging the . FE
| low-temperature data, shown in Figures 7.3 and 7.4. These pos:ﬂons were refined .

isotropically u‘smg maommon isotropit displacement paramster for all the: hydmgen
atoms. Table 7.4 lists the coordinates of all the hydrogen atorys as determuned from o

" the low-tetnperature data Jhe hydroﬁen bonds presant in the crystal areg illustratad

in Figura 7.5, whilst the stacklng of the moleclles along the c—axrs is showry in tha ( "
packing diagram in thuré 76.,- ﬁ is mterestmg fo note that ata first glanca a‘lothe

C5

L]

“ilycine molecules in TGS are” pra
{H,N*CH,CO,). =

¥

2 . ‘55
Table?'l - Crystal and refinamont daié - B
Compound L2 16 . 97
Emplical formula ., CHN0,8 S /Q_H,,Nat}i,,s o
. | Formuly weight / g.mol* 3520 o 82320 ¢ oG
[ Temperature /K 2932 o 100§\ S
Wavelangth A oh{{es 074080 - . I
Crystal system Menoﬂinm > 1 ¥ Monogiinie " . |s ¢
| Space group Pz}‘J P2
alh v, 4 bieeY(s) ~9.1508(4)
/A 12.649(1) t2.5800%) ¥
. telA 1 5.731(6) B8
B/° 105.554(8) 408,180
Volume 7 A? 840.1(7) 832.08(4)
z 3 2 B ]
pi Mg.m® 1871 1699
| Absorption Gootficient / mm = $.311 0.315
F(OO0) s B0 B0
"Crystal distieter 7 o 0.6 0.4
Renge . ol 2850x38 280562 |,
Index ranges :  a [ )
Lt 7 44 -22 Y LTI
k .~ -»20 , -1 - 31
| 78 2 13
| Reflactions collected " 3068 e o)
independent reflections | . 4283 rT 1
Ay

0"

sePt in tlﬁle zwitterionic - forn of glycine . - "

fw

Y

«\g
e

4

)
.

W v

5
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| Reliability indices " ) N
-~ d Ri (>20() 00205 . | . . 00281
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-} R - (il deta} - vy DRSS o Y 00397,
| {all data) b 00808 00914 | °

8

T 0816 s

1.089 (1 _

”~ b

e a9,
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Figure 7.2 : Labelled ORTEP diagrarm of 17

 [rable 7.2; Atomic coondinates (X 10% and equivalent Isotrople displacement parameters (A%,

x10°% for 16

: % y/h’ zlt U,

| 8 0007(1) 2500 2735(1) *701)
=R - BBEG(1) - R517(1) - 85(2) _30(1)
| 0@ 857441) ~ 2494(1) 3BOTR) 28(1)
o) " 10874{1) " 1559(1) _3746(3) 30(1)
O . 10849(1) 3463(1) 3764(2) 20(1)
1 ©(11) BOBB(1) 2423(2) 10287(2) 38(1)
Ot 1B) 4853(2) 2828(2) 13288(2) - 48(1)
G{1) X 4B94(1) 24002 1 11170(3) 28(1)
o) 3401(1) 2446(2) . D248(8) 30(1)
N(1) _ 3583(2) 2874(2) 6539(2) LA
o@R21) 2137(2)  ABE2(1) -480(3) a8(1)
O(21B) 4484(2) 5102(2) . 192503 45(1)
cEn 3018(2) 5238(1) 42408 28(1)
22y 24B5(2) 5885() a500(3) . 30(9)
| N@) 831(2) g7a2(1) 2887(0) 26(1)
oE1) . 7763(2) 4851(4) 10553(3) 38(1)
O(31B) 538201) | © 46b2(2) 8405(3) <))
0| C@31) | . B8B32(%) 4678(1) T8710(3) 25(1)
| ©@2) ¢ 7205(2) 4301(2)  6508(3) 30(1)
N@ 8946(2) " 4205(1) BOB4(3) 26(1)

(
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Table 7.3: ATorIG poordinetes | X 10‘) and aquzvalem isotropic displacement parametars { A%,
. X105 fof’ 17 - ]
x| 29& Ty e Uy
(1) 9088(1) . 4 2500 T 07() - e_(ﬁ
od) 9B75(1). 2525(1) - . 21 LU
of2) _ 8547(1) . 2488(1) 3447(1) 10(1)
03 10878(1) . 1553(1) 3706{1) 10(1)
O(4) _, 10826(1) 3474(1) 3752(1) 10(1)
o(i1) i - 6081(1) . A 10144(1) - 18¢1) -
1 ot AS60(1) D244 13208(1) . 1B .
(1) _AQUB(1) © 2335(1) 11054(1) ~10(1)
le@ -  B4D4(D) 2408(1) 9139(1) ey 7
- N(1) 3573(1) 2887(1) 8845(1) - 1y o
O(21) 2087(1) 4971(1) -488(1) 13(1)
0(218) CA4E0) b - 5108(1) - 2078(1) 17(1) ’
c(21) 2062(1) *. 5204(1) 1500(1) 10(1)
c(22) O 2A12(1) 5858(1) o |.  3580(1) ° (1)
| N . TAT{) 5738(1) - 28BB(1) %, 8(1 .
- { oB1y 7788(1) - 4007(1) . J0871(1) O
1 O(31B) 5374(1) 4880(1) "8474(1) ey >
c(31) 8a11(1) *4852(1) - Braa(l) - 9(1)
¢(32) 7272(1) _ 4302(1) \e482(1) 11(1).
N(3) 8037(1) 4204(1), 68301 8(1)”
Tahle TAY Hydrogera coondinates {x 10‘) and isntm;n‘1 ic displacament paramatem {AY, x10% for 17 |,
’ */a oy zle C o L;“ .
H(2A) . 3036(7) —fra5011) BB79(5) 23(1) -
tE@e) - 2802(11 27T DB76(10) EOTR
H(1A} 2611(11] 3042(10) 5823(15; 2401)
H{1B) 4073(13) 2406(7) .~ 6058(15) 2400
H{1C) A141(14) 3515(9) 7201(8) U . | N
H{z2A) 2718(5) 5233(7) ~ADI0(22) 2400
| H@28) 2821(7) 312011 . | 3074(9) 24())
H(2¢) 442(4) . 5904(10; - 2N -24(1
TH(2D) B 351(5) 5104(8) 2508024 ¢ 2411)
H(2E) 453(4) ~ 6185(10) 1626(22) U 24)
H(32A) 8663(8) .- |- 3623(10). ,BO2B(Ty ©A0)
14(32B) 6855(3) 4788(7) 5190(20) . 24(1)
- HEA) 2188(3) 4048(10) 5817(20) | 240
H(38) | Badom) b 38T3() 8216022 |  24(y -
| H30) 9204(5) 4956(9) 726923 - | PAMN)
HD 7066{20) 2518(215 | © 112B6(33) 1} 24(1) 1.
H() 4847(21) 4877(20) - " A003(34) ) |
1 RN
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_ the various ﬂﬁfractometer arm& » "o

;5132 B N
: f

S .
74

P

the Brapg reﬂectlons of TGS when irradzated by [aser light f = . 630 nm;

" | @erpendrcurér“to the b-axis hava bean reported QLz’t’hs.:ktmf at all 1991) lt WaS aisn
"o reportad that- the mt@nsity médmum was ‘reached jupt aftar
radlatfon on’arid that the mogt noiiceable changes where ob~
 refiections, "% R |

o L

In our anélysis TGS uryatais]«eré l_r?adiated wz%ﬁ laser' ligbé#aﬂ baﬁ&ry-po%er;d S8

®

_ jhmg the iaaa /
rvéd for Iuw-angié

sohd sate diadle laser (A = 670 nm) mounted on the goriometer head as shown in

LS

Figura 7.7, Before any maasuramants ware made it was ensured that the addltuonai

Zystal to move within the X-ray baam. Care alsg had to be taken tl'?oughout the

tudy 1o ansara fhat the lager and lts mount “did nat cause any collismnsrﬁetwean

L . E
o Db ' ’ : . @

e |
[
N 'I'- : "U
@omometer, _ - Battery- .

anure 7.7°L \\\a‘ ad§ mounted on gamometerhaa&

o

Bl
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» 4 B w w L
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. ar B y
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a

o In a previaus mvé:}satlon, mci*eases uf up to ﬁb% it the mtegrated intam‘tlas of z

o stmin placed on guniugnetamaad by the rr;%;;nted Iaser did not cause the centered -
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-.ams opic. 1 was also nbtad that the observed
_revert-ibie mdefmitaly ln ntheé'“g,words, after,
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P

.0 N-oxide: and Mitrophenal #(Fuquem ot af; 1892).
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ich indmc:ual raﬂe&imns are sctad depems on ths ofidn tion, af tha iaser >
t@ raspect to the unit call &r the crystal “Thﬁt is the obAs __d‘phanumenén i
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. qrffrgcteg intensity <

RN

/’r

B
S
P
p B

fes gF the two hydrogen -
' ' | thesa complexes_ 4

hydrﬁgen bonding seen in’ TGS has also bvan nbsarv fn ather cn;sia!s mth‘_l_.,'
* nonlingar propartlea‘F or a’)taxj-;pla in {he 11 cnmplax fannubatween mnltrapxndmef
It has- been " suggésted. thaf'
hydrug%n bonding piays arh important rele in acentrm malérrals ‘with nanlanear S

prnpartias it is cgnoewablb that the c¢hanges in the, Bragg tntensmes ubsarved
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" The crystal. structure of 5~Ethylamino~3mp~toly!-‘ T
11. '2, 4-thra- sélenazol« uylium Bromida S a
g M . ’ B | SRS . P
“The structura daterm hation of the tltle aompound 18 obtained by !ntarmolacuiar B
- «oxidative, couplmg of aompound (xx)( :th bromine {Lal, “1992). was Undertaken to - z
“confitm that Se-$ coupling in 78 had indeed ocoured, .rather that SB-N aoup!mg ;
which wou]d lead to the mmenc salt [od). The cataon in the salt is a darivative of ‘ ‘
the 1A, 24~ﬂ1iaselanazoi-« wylium catlon, a naw hataroaro miatic system whase ° | \ i
dewa?ves are being employed in a riw! systhesis of hypervalent heterocyclic. , - " ji
compﬁunds (Lal. 1982), The length of the S-S bond [2. 1.893(8}A] is nearly the- 3
. same as the accepted covalent 88-8° bond length [2:185(15)A; Allen, Kennard, .- |
Wataen Brammar Orpen’ - d Taylar, 198?]oThe C(2)-Se and C{1)~S bonds are ' i
essentially C(sp’)—Se and G{sp*)-8 smgia bonds respe\s\twely The cation in the sélt -
.18 is planar and the heterocypl?a; rr*ig bnnd lengihs mdicata ‘that there ls some j
" welectror delogalisation extanding over the G{2): N(1), C(1}, N séquence, with ©
 the cmwm and the C(‘l)-N(Z) bonds shoder than the G(‘!)—N ) bond. " A )
. ! ua ” .’F N . . H . # ;s:
S I
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" The litte co
o reéctiur{ 'mnxiure aﬁer washing with acetonifn!e, mp. 511 - 5%3& As the crystals®
_proved to be unstab!e in the x-ray I:Laam at amb-ient ten‘rperature, data y"”e
coliected-at 123K 'Fﬁ’is was dorne usmg a liquid mtrﬂgen ga.,«ﬂow cryostat moun%ed ’

\\\\\

18 was obtainad as yellow need!e-s’*aped crystals, from the

Hn a CAD4 d‘ffractomater. equ.pped wrth standard Enraf “Nonius data- COHQ&IOI’L o

mutmes Data reduction, mcludmg Lerentz pﬂlarisatmn and analytical absorpﬁon '
corrections was dona. using the_ ‘Pc versinn of the. NRCVAX set bf pmgrama Unit

. calt dimensions and details of the datia Qoﬂsctlon are gi\mn ln Tabl'e 8.1. The

structure was solved by dirgct méthods using SHELXSBG and refined by fu!l»matﬁx '

~ least-squares methads based on, F2 using SHELXLQ:S All von-hydmgen atums
were refined with anlsotmpic dfsplaoement paramaters Hydrogen atoms ware
placed in gemmatncally caltulated pasltlof “and a]lowed to refine in ndi?c moda in
the final cycles of refinement. Figure 8.1 shQWs_ a labelled ORTBKdzagram of the -

molecule and the atomic.uordinates are listed in Table 8.2,

- \ ¢« i} o . 8
S e ’ . “ . . ) .

"7 [Table 8.1 Crystal and refinenent data.
Compound _ 18
_ | Efpirical formula .. CHBMNSSe |
{ Formula weight / g.mol” 364.16 s
| " Tempetature / K . 128(2) DA
2 Wavelength / A " p1089 .
~ lCrystalsysten | . Monoolimic | ° -
‘I Space group “P2Mm | e @
Y. 7R3 '
c b/A N 1 10.4340010) '
o/A CATAEDE) -
uf U TSI, . - .
& ﬂ{“ | o _. | JQQ.*‘-C“.'-(T) _ | .
L "

n - o - ~F
. L . fe” . 126
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/; _:._Q__ | =] r‘j2?
[+ . , = ?!a " . T N _,n Qb g - Lh :
o { volume /A% . . 1209.9(4) - _
ko n' fé' G i a4 ) % 3} "
| pmfb 1881
Absorption coefﬁciant!mfn‘ T 8042
F(000) s 718 -
Crystal size / me 0.34x 0,16 x 0,14
Range 2350530 |
Index ranges: . | - -
h o D840
K - R 7Y
@z, W #7 " o | Refleclions collestéd IR . e
* Indapemﬂanl reflactions o BYTB . L N ©
. Ry T
: Data!restraintsmarametam o 3776101148 P _ Y
] L J Maxshitaz . T} - Do e S -
| - T Residual dens’ty.'e.}i‘“ ER/ o
S /Y | 1052 ‘"
{ B . - 1,042
* | Refiabilty indice: e o
| R1 go2oy " P 00356
WR2 (1 > 2a{1)) | 0.0923 "
" Rie (ail dats) - 0.0806
“wR2 (all data) ’ | 0.0007 o
' ) - .988 =
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Table 8.2 Atoml&camﬂlnatgs (x 10‘) and o aqu!vatenl rsotroplc d(splacament pammatem(ﬁ\’ e
T X for LR; ) Ay
® . o ﬂa i 2 ‘i yib o _ ) z]c . U-SS . h
T _ 5532(1) o 4SBT | . B88E(Y) L 18(1)
| sy . 3300(1) - 8077(1h A138(1) - 140
18 137(1) a724(1) o BORI(N) . " 11(1) :
NG, 3184(4) 9059(3) 6614(2) A1)
N@) 4128¢4) - | MRy - 6538(2) S
oM ° 788(0) ' - 7845(3) 5811 120 |
cE) 2821(4) - 9320(3) 4868(2) S b ;
] o 2034 - 10587(3) __#804(2) 12(1) |
G = 1695(5) 477y © 5142(2) ) -

o | OB 1010(4) 12889(%-1 4899(2) 13¢)
C@) " aph(4) - 13000(3) H07() 13(1) J &
o7 ~4080() -, 12007(3) 2573(2) 13{1} o

- 1.5@) 4758(4  10883(3)  "380R(2) 13(1)
o) -, 28(6) o | 14307(3) \, 8655(2) ° A
N D307 | 8318(3) . T2000) RO
GE 34BN5) “7815(4) . T8B5(2) LS
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Chapters_ T oy
"The crystal s&ructure af 3-benzoyl~5-methyl-a ;f
21 -—benzascxazo’le N N
o The title mmpcund 19 was |dent|fued on thﬁ basis of & single crystal x-'ay structura r
- datarmination it had bapn optamed from the treatment ofgxxn) with excesa sadlum : \»
- dichloroigocysnurate (mii) iy maihanolie Bquecus padium hyamxsde . .
X o . P > P O—ij : ;;_-;
" ‘ o ;Ph
i 4‘{;!??""..::';"':53.,. .
o P l ] . ‘_.od’ ¢ 70
7 BT b
| 19 9. T
. The yellow crystal selected for the analysis afforded data refiable enough tor aliow | i
o for the r&.ﬂnfment using fsotropic displacement parameters, of the positions of the. ;
hydmgen aloms, located Lsing differense Fourier maps. The fused ring system
within the title oompound is planar, with its atoms deviatmg‘fmm the mean plare by ‘Q_
at most 0.013A, ‘Tﬁa 0(2}0(1)-0(8)-0(2) torsion arzgle -1 1:8(3)°) indicates that the ’
: #ﬁ carbonyl group deviates somewhat from the mean plane of the fused ring system.. , r
: The G{1)-C(8) bond, of length 1.471{2)A, shows that there |s some _delocalisation of
alectronic charge teking place batween the fused rmg system and the~carbonyl !
iy grpup in general-urs>bond lengths and angles tsf the htle tompound are virtually
:clent;cal to fHe° correspanding bond lengths and  angles  in ;
! 2 bsnzoyl-z't e:'.ilsoxazole (Sundaralingam and Jefirey; 1962). - ' ‘
i a
! < " L . | . " < '- B
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" monochromator. Data raduction mc!uded curr:j:ﬂ
. effects using standard Enraf Nomus

4
L

\ PR
. Gt - A

B} T, "l'

Gell datarmmatmn, using 25 hlgh~urc[ar raﬂectmns, and daté cigllactmn were done

oft _an Enraf-Nonius CAD4 faur-pircle ‘diffractometer graphzta
tines orptitm offacts were correciad for
empirically (North ef af; 1968_] Three standerd reflections moﬁltored every hour
showed only randam fluctuations,
collection, solution and refinement ar
by direct methods using SHELXSSE an

Y

fined using SHELXLO3 by least-squares

" methods, barsed on F2. All non-H atama wga refined with arisotropic d:splacement_

=t

L=

%1:1 wad with ¢ B
tz and po!ansattcm' .

it cell paramoters, as well as délails of the data
given in Table 9.1, "The structure was salved

e map wm

parameters Figure 9.1 shows a lat:plled ORTEP dlagram of the molevule-and also

’mdmatas the" numberih® scheme used in the analysis. Atornic coordinates and

K

o

9 S
Table 9.1 : crystal ang r!eﬂne:mnt data
1 Compodng/ 49
Emplrical formuta _ _b'c,,H',,-No.ﬁ.
Formula welght/g.mo® ||~ 2a7.28
Ternperature / K Lo, 208(2)
| Wavelatgth #A 0.71080
| CrystaRsystem - _ Monoclinic
Spate group Coe”
[ a/k _24.41504)
bIA 5.7540(10)
o/ A 17.143(2)
| YL o0
Upe _ D4AB3(T) |
AN 8 o
| Voiume 7 &3 2400.9(8) "
2 8
p/My.m? ' 1.913
- Absnrmmn coefficient /mm*| 0088
| Feo) | 882
crysla!sze!mnﬁ OSxGExOJI
Range 2, 8 50580
Index, ranges ; ‘ o P
h w134
'k ~1~38
1® © R4 +24
Reﬂectioﬁ?coﬂec:ed 4379

)

selectod bona\__l"engths are listed in Table 9.2 and 'Table 9.3 raspectively.

.c,-;\
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g0 , ) .

indepandeant reflections L
.—-RJ.!— R . A --f{l * o 0.056! n
| Datajresirainte/pararieters *t 3472101207

Max Shist, Az o Q.00 §

Residual dénsity / oA |

{AP)ma p 0391

{Apdwn ~(.261 |

Reliability indices - 1

R (1> 20()) 0.0533 0

wRz {1 » 20()) - 0.1924 .
1 K1 (all date} 0.0887 "
Fwik2 (altdatay 0.2042 . -
18 ’ 1478 =

Figure8.1: Labellgd ORTEP ciagram of 19
Table o2 Afomic coordinates (x 10‘) and equlvalent isotm;i; displacement parametera (A%,
: ~ x10% for 19 -
- o0 xla . vibh - oo e U.,,, ” ]
{ o) | 876(1) 2587(2) - 1527(1) 54()
0(2) 2008(1) 2311(3) . 2473(1) 85(1) . . Jv
N 455(1) - 4036(3) B27(1) 55y |
Sy 1107¢7)- | asdB@ | 1780(1) 0N /
“C(2) 133701)- 5126(2) - 1317¢1) - e
C@) N 1807(1) 8566(3) 1272(1) “480Y)
o Lee - 1780(1) 9337(3) 742(1) - 53(1) -
{_Jje) 1283(1) | 8730(3) 247(1) o
G(6) VL 82801) T424(3) 270(1) . 5A{1)

SN
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Foin mnlecuias hydrogen honding in corystals s “weli as the Ident:f‘catlon andg

"

Chapterm R

3 Ik - “ N

cancludmg unscussmn \, el

In "recent years,'éeppmximate?y 10 QOO ?réw crystal étrﬁ&ures ha&e bean added.

annualiy to the Cambridge crystail(pgraphm database. Tﬁus fact is a tesﬂmony to the
Jmportdnce of -structural data within chemlg.try In general these structures,
determined by é%a!j m&le«;ule cwsta!lographic methods, forfn-the basis on which

chemists have now founded their kriowledge of molecular structure. In this thesis, .

the tesults of 19 successfulLy refined structures have been presented. These

structurg detarminatians. in addition to contributing do the body of known crystal * -
 Structures, weré ‘undertakert for a.umber of chemical reasons, and the issues

.atidressed included the nature of someimemicai bonds, canformational preferenc:es

charﬁctensatmn of reaction pmdur;;s

AR

a - Ly

lmﬁmvaments and devs.upments in crystaﬂographic methodciegy as we'*“‘

jul

advances- in the f‘:ﬁlds of cumputilg and automated diffractometry have greatly

reduced the eﬁoﬂ reqwrad for the successful compiltion of a structurs
determinatlon it is,-however, still far from being .as routinely . apmllcabla s, for
example proton NMR Spectroscopy The raason for thie is that both the precision

and atcuracy of each’ cwstallographnc analysis may be mfiuenced by &lhumbar of

factors, heyond the ¢ontrol of the crystailugrapher - o
\ :

When for example, meaauring ti‘uei intensities of fif X-ray . dlffraction pattem a
h

‘multitude of problems may be encountered, T -y be categonsed as
Instrumental problems, crystal prablems and user problems, These include randcm

errors such as misalignment of the instrument, fluctuations in the powar of the x~ray

beam, failure of the detecting system, rnon-un‘ffomziiy of a low—temperature gns
stream, if us&d, crystals moving on their mounts and mtenmttent X-ray shuiter
" failures. There are other errors, such as those derived fmm crystglodecay in the
x-ray beam, which are systemallc and may bs carrected from by measuring
penodacally a faw standard ref!ectmns to check on ihe constancy of the axpanrnental

)

CD M
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u seﬁ-un The absorptwn (> e“k-ray beamby the t:rystal ls alsn sysfemaﬂc and’may o
be ymmm@ad by the.use’lpf either empifical or analytmal absorpti:fﬁ mrractian |

mathuds For ‘the !attar the faces mﬂ the crystal are accurately maasurad and.

indd ed, and this iﬁformatnon then usad tc determine appmprfata mrreatznn factors
¢h reflection measured “There are a!so other types of errors that are mnrgn
it to torrest for tniess p;nore lnfonnatlon is avarlabio, thasse uac!uda mult:pfe

fu ©

_ reflection, extmclmn and thermal diffuse scattenng These type of errors arer

k- 1R

o
LTS

il

nnnna nnly cansidered when an extremely sitcurate crysial struét\t'rm is raq.airgd

| . . " ] .
\ e n !

g’i

| Disorder\tao can qausa sarzoirls prublemsu during crystaliographac Invmtigattens
. Real crys?gls deviate from the idaal picture of a parmdsc;.alls« Q?rféct repetitmn of &

< unit. Becagse of thermal metsbn. stoms ostiliate arourtd‘ an equ:librqum position

space, I.e. over the different unit

- that mby Influence the outcome of the analysts Care

within the i coll, and, is r,lesbnbed by the anlsotro ac dispiacemant parameters,
For some cn,'stals @ry large :.quvemeﬁts are posnib L and thims rfsults in’ c,i,;namic
disorder. Because the: diffractson gxpenments shaw trme—averagad mtualinhs the: .
observed eleahun éans\' . appaars to be ameared ojt. This problam may generally
| ent gt reducesi. temperatures
Another type of dtsorder thq}\Tay ocour in crystals s rafa d to 88 tic disorder,
* anid in this case the ‘average chntnts of the it ce‘ﬂ is obtained by avaragmg over .
lls. An -lmp_odantn mpie of this type of disnrdar,n_' -

alloys is the s !bstatutlona! disorder. where the

\phould also be taken whthe
results of crystallographlc analyses are ccsnmdared or rnpared S
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