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SECTION I GENERAL INTRODUCTION " . B
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The purpoue“of this thesis is to pgcscn’t the crystol

h ‘;t'ructuré_ of three compounds done by ‘x-fa;.,dif-fra‘ét‘ion‘ methods, | . | \-«.

. The three comp‘ou'n'ds are : . ' _ e - | . | h
'(1) ’ -C5H5Fe(00)(PPh3)CF*(CF3)2 “ . namad Fl’uo'rfe 1 . o
(2) : w= CsﬂsFe(OO-)(PPh;)GF2CF3 named Fluorfel
3) : m- C5H5COI)(PPh )CFZCF3 v named Fluorco | .
' . The met:hods of preparing (1) and (2) are simi}.ar. . » )

' They involve th‘e raplacement of a cnrbonyl group in- ﬂf’csllrl-c(co)g(._,b ST
and ’"‘-CSHSFe(CO)zczFS by a tti.phenylphosphine moleculb ’ )

"'respectively.(ﬁ2 ,63) o . . ‘ ‘
e T+ P(CgHg)y ;o \“ I
~ . f -CsHgFa{C0),C3Fy > T-CgH Fe(CO) (PPh;)C3Fy ,

SRR , - w'20°c A - ‘
4 ! * ) ‘m'; h , ' J ‘.
' v P(Cglls)q . T -
e RS csnsu(cmz(czrs) —> w-csllslrc(cox(thl)czrs i i
. ' ‘- 20°¢ : e
N . St - o - . .'“ o ,

whe:.‘e 1( -csﬂsre(co)zc:,l?; and 1('-C5H5Fe(00) 2021’5 are boch orange.

compounds lyntheaizad f&m the decarbdnylat:ion of the l’luo acyl etsl .

L 4

N ' S ‘e

cdmplex (63) ¢ '- S N '

;’ . li (64) . :

b 'rhp third cunpound -CSHSCG‘I( Ph3)CzF5 vas prepnred

’ PR ('
// - . .. ‘ ! NV
// " T ’) - -1- ' ’ P . . R ‘ ' v
/ © b S T
I . A \ ("j . LY &r
¢ Lo ,
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'ﬁrom triphenylphoabhinq (0..30' g, 1,14 moles) ond u-CSH5Co(CC)(C2F5)I.
; (0.3 g, 0.67 mole) in 50 ml of benzene The reactants wtrc*

heatbd in benzené!for 2 hours at Sb Aftcr the solvcnt \

- ' ’ ‘*; was removed in vacuo rhe blaék crystalline product waa'
S *5; purified by recrystallizatibn from o bcn/%yc pe&roleum |
, ether mixture, '(0.25 8, 60, yield) ’ N '
' " .':",' The compounds  have the’ following common fenturéu \

: they'pre,nil n-cyclopentadienyl.derivntivca. thc metals

.';_ are fqur céeordiﬁated and have triphenyphospﬁine as a lignhd.
Fluorfe ‘1 AND Flaorfe 2 both have a curbonyl group, whiLg ' “.
Fluorco is co-ordinated to Iodine. e

v. ,'Thgre are two points of’particular'inférzst in

these tompounds,whichxare also undér investigation by Dr. - .

« M,C, baitd of Queen}s Univérsitj’z ’ - : .

ka) : -The anglen of rotation about Fe-c bond, which he is

R S attempting to correlate with the N,M.R P-F coupling conatanta‘

See FIG (1), It should be noted that it is a little- dangorous'

“to correlate solid ata}e .dats ( from a crystallogrnphic structure )

L o

K with aolution data ‘obtained from N.M, R
. (b)) s The infrared: spcctro of some triphenylphoaphlne complexes * - .

of this type «show two anbonyl [rGQULnLiLH whuru ouly one

’

is expectedlgtn solution). This is bcllcved to originatc Irom

b

L

N “ . . <
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the two possible chitaltcies of the’ P(Ph;) 'propelier' -

combined with the aaymetric contre on Fy illustrntod an

the ﬁoltowing iigures :

. Vo
- 1
(L) .
¢ .
Ipy '
%\ (
i
ot '
- .
’ } !
oloy 'R '
' \
C3F
7 |
'
. . \ ,
L ) left hand screv ! .right . hand screw
these two‘isomhrs have the same I.R,
. ‘ , |
¢t ,
| S '
o
. ‘a Y .
- [ ’ [ '
', 5 !
LN Cp
‘ : .o FD-_~ F:EE 3
L |
' ! , C o \; CEBF:77
‘ . .
' : <::<:)
i : ! N -
) - Theso,éﬁb have the aame“I,R. ' .. { -
(1) and (2) ‘are 'different’ moldizles, they ore : : 3 o
'S ' ,' }
cnlled dinstereomers Unfortunately, as only,pne peak is ° l,hg B
- ‘."Q“’l '

»

" observed 1n the sdlid, acnte (1 c., prcaumnbly onl} one dinetotcomer

13 present in the cryatnl), the crystal structure. annlyses T e
aré unlikely to confirm thi’s, o "
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| SECTION II  INTRODUCTION
PART (A)  CHEMICAL

(1) ' :  CHEMISTRY OF TRANSITION METAL-CARBON BOND

»

L, .. . A transition metal cen be linked to a carbon,
through a single electron-pair bond, or through a link poss 8sing

‘ mul:iple bond charaoter The electron-pair metal carbon

.

metal,and the carbon atom. Zhus 1in metal-carbon linkages in carhonyls,

and ‘perheéb in .so&te'cy ides, 1t is bal“i.aved that there is
~ ‘ N . P ) L. .
not only & ¢ bond, involving donation of an electron pair

k1

in an sp orbital of carbon to a vacant orbital on the metal,

mt also a partial o f bond The Iatter can nrile through overlap
oE . fulefd d or’ -hybi'id orb}ul of the motal and & vncant,

o «or partian’y’vacant, unhybridizgd p: orhitnl o[ the carbm\

) ‘umilnrly, in t’hc so-called ¥ x Lomplc:kea where unsaturntod
k] 1’ .

“hydrocarbon molpculen or 1onn donnte ’Relncgronn to form g bonds

0 ]

:o metal iy -bondi.ng il beli.eved tn occur \;hrough overly

~

. -of fiiled métal d orbitals wPth vacant antibonding orbitals.




N | on 'the hydrocarbon moieties, The U component of the bond plays

. : - an important role, beceuse it provides a mechanism £or removing
‘ : : . ]

electronie charge from the metal into bonding region} between

v . - A ,1“4 K} T » .

RN -

“ . the H.gand and the met,al, thereby ptrengthend.ng the metal carbon

3

- linkag;an.»Thia'strengthening by ﬂ-, bonding cannot operate betyeen -~

e ’ v -

¢+ . transition metals arid the carbon atoms of alkyl groups because ‘o

e
-

. . the latter have nosldé-energy vacant orl’:.itél's;" ~ ,
. ' it i:a not mirplt:ising, ‘therefore,_chnt' alkyl group-. C
). ' trangition metal linka_ées ore usually 'lcsa stable than those <
| ‘between trgha'i'tien' metals and 77¢ electron donors which possgess the '

% C :
. — n* antibonding orbitals It‘is less obvious, however, why alkyls ’

., - ) " of trahsition metala should in gener;é bc less stable than those \ .

T 4 s

‘. S »

| of the metals of the main groups of the Periodic Classificat-ion

o ' . ,..\“’ e Many of the simple ‘a!.kyl ;:ransition metal complexes exist | )

o2 3 . o
R ‘ ’ only. at low temperatures an%’ gome are also extremely senditive

-

to ait 'and‘moisture The latter property id also found with" . -

. alkyl compounds of gome metals of the main groups of Periodic Table o

b (e g, alkali metals), but is mot found with organo-ébmpounds of .

a2

e o other met:al such as Tin, Moreover, alkyl compounds of main group o
T ’ ' .~ metals tend to be mpre st:able thermally than t'heir transition

. . ) .

‘ \ . metal counterparts, Séveral‘ suggestions havc_ been put forward to

account for these observations, . : i

&
3
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cJaffe a;\d Doak (1) believe that normal 0" bonds lnvolving

. a carbon sp3 orbital ‘and 'a auitable orbital on a transition
M ©

metal are weakjr than those to main group metals because vathey

.have only about one-third of "the fonic resonancé energy which

7

stabilizes alkali metal alkyls and only about half the covalent
ene‘rgy that leads to stable bonde to. other main group clcmcnts.

5
3

"‘,‘ . Tra.nsition metal complexes containlng alkyl and

aryl groups 0' bonded to the metals are found to' have digferent

Y

‘,»stabilities Several transi.tion metal coi\plexes have been
» ’ .
prepared in which aryl groups are 6' bonded to the metals, '

* ‘They are often; mo;e stable ‘than thelr alkyl analogs, and

somet imes exist where the lattcr\\imngt .beg prcp:lred, The

. : enhanced stabilify could perhaps be due to the highex: electromegativity

-'of aryl groups compared with - alkyl 1ea<ling to a larger ionic .

. -~

resonance energy in the-carbon-metal 6 bond, or to the posstbllity
0

of ‘n' bonding between the metal's d electrons and vacant 7( ) ‘
' orbitals On the baaia of the limited data avallable it would ) e

- appear that‘ a bonds between aryl groupe and transitlon mctulsJ .

- are 1eas ro\auat than the bonds in °comparable °X comple’{cs invol\;ing

)

s -

olef:lns, polyolefins, or aromatics. ‘ . '

’ -
' %
* Chatt ond Shaw(2,3) proposod that the occurenets\f metnl-

L
[ ¢
B

‘carbon -§ bonds s ueunlly fnvorcd by the ﬂmull:mcmm prononco
' a8

U on the metal of epecific ligands,} cyclopentndlenyl groupa, etc. )

’ Twell uo‘,

These ligands are those which are believed to form

btonds to tganaition metale It wvas eugseetell that ‘tHe efﬁoct . 2

” R - -

Ty e LY v

T T

5,
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‘boﬁding lowers the energy of the highest ‘energy d orbital

‘that in the'more stable organohderivativea of the transition

’gas configuration In terms of 1igend field theory this i

-

J . ! [
" .

of this Tt bonding in the complex 1s to enhance the energy '

difference Letween the highest energy\orbitnl which cnntaigglg}cc-7
\

trons  and ‘the lowest energy orbital which is vacant . 7t'electrona

Lad
. .

¥

which contains electrons by involving these‘electfons
- ' \\‘- X ~

in bonding, In this mannér the energy requit&d to promote

the electrons into a vacantfofbltal of the complex na

a prelude to decomposition is incrcascd. o

In'this respect it is interesting to note

metals either the Sidgwick Effective Atomic Number Rulc

J N >

~

1s obeyed, so that the metals have the closed shell

configuration of  the rare‘gases' or the number of elecgrons“,

aasociated with the metals is two leas than the rare - |

1- predicted to give rise to relatively

' high ligand field. stabilization Unlike the situation with

‘ with s bonded groups, - | 1=u‘ ff' -"‘ .

;eonfliguration. The 6 bondwl proups arce vnly one=cloctron

main group metals such as tin or lead it 418 not possible

to surround a transition metal with a sufficient number .\< B
.k .o .

of Alkyl or aryl groups to achicve a rnre gna electron - .

L

donors, considering the metal_to be in the zero-valont state,

‘~;Since traneition metals laek anywhere uPté“eight (n10‘368432)'

electroxs to attain their Bffective Atomic Numbor it would

" be atericelly imposlible to achieve th&l sq;l solely

RO SRR !

P N g TR
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;1gngth compared\with thé metnl-carbon (alkyl) valud 1is cxpcctcd

A more‘detai}ed description is as follows *

) ? .

b : BONDING IN METAL TO FLUOROALKYL DERIVATIVBS

A review on fluorocarbon derivatives of met:als(u‘) has been

Y published by .R M. Treichel and F.G.A, Bg:ne The relative stability .,

of metL1~a1ky1 pndzflubrOakal complexes cén’be discussed from
. c !

two points of view which are noflneceséarily mutally cwclusivc‘

(1).- An eh@entially eleccrostatic model would imply that the s

bonding of the fluoroalkyl group to ‘the metal may lead to considerable
metal orbital contraction and a ﬂtronger carbon d"bond than for
che case of equivalent alkyl cdmplex. (2): A second explanation

is based on the ﬁossible X -acceptor roperties of the fluoroal 1 .
' ¥

group with tespect to filled *etal orbitals, In both theae des-

criptions -a shortening of the metal~-cariton (fluoroalky15 bond

)

"1 ra

(1) : By applying the idea of.Jaffe and Dgak mentioned

before, the metal-carbon bond should be expected to be more

stable, Thio is because perfluoro&ikyl.groups
are highly electron attracting, thia~w111 increase the electronegntivity

v

difference between the transition metals and the orgnnic groups,
conscruently, it would rnﬁse the ionic resonance energy and
thus ataéilize the'bonds |

(il) In texms of thc valence bond approach,- the relnttvcly

great chermal and aetobic stability of transition metal fluotoatkyls

3
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' has been explained(5 6) as the result of resonance be‘aeen such

[
t

¥ canonical forms as = o Cov

~ ~ , .
. ‘ . . -
, t ‘ ’ . .
2 . -
. 3 Lo~ .
. 1
- . S ’ Lo : : .
© : R S . ,
. . N ~ "
. '. +
- . '

. - Cotton and McCIéverty(Z)’\‘auggested ,thét tlie metal-
. % [ Y

v

* b ] —

S ,-~-£1uoroa1ky1 linkage is strengthened as @ result of dX = d*back
| donation from the metal" to the li.gand 1 the 1nfrnrcd spectra
N " ~of some perflu(;ro-methyl .compounds, the carbdn-fluorine stretching -
modes af CF3Mn(CO)5 occur some 100 em~1 lower than those in simple -
. perfluoromethyl compounds such as CF3(21 This i.s intcrprctcd

Aas a result of electtons drifting from the dn orbit:als o[\nppropriatc
(i,.e., “quasi-E") symmetry, st . d

' A ‘ . M, churchill Has eluci.dated the crystal atructure (6)
of ’ K;CSHSRh(CO) (C.ZFS)I to investigate the metal-carbon }wnd '
RN ~1e9§th.i'11i¢_; perfluoroethyl ?grgup-/u in -the‘ éxpé‘qte;l staggered
N : copvfomtic;n, the Rh-B disténce beiné 2,08 R comphred to the . .
.‘ rhodim—carbonyl distance of 1,97 }: Since the dil'fer-cncc between B
the cova.l'ent radii‘of sp3 and, sp hybri.dized cnrbon atoms is 0,07 A ,‘
'the excess ﬂcharacter in the rhod!.um-carbonyi bond rcsults ‘

'm a decreaae of only 0,04 A relative to ‘the rhodium-perfluoroathyl

unkage. A mnilariy mu difference is found. for the (:4:»--(31"2
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3

and Co-CN bondo in K3[CG(CN5)GF CFZH] examined by ‘R. Mason
and D R, Russell (8) I‘or transition metal (non-fluorinated)
alkyls(9- 11) however, the difference (A) in metal-carbon*bond e .

lqngthp for the alkyl and carbogyl groups "is significantly Lo

3
]

'graater (sce Table 1. 3 T R

1
«

b°“d in ‘H- .;HSRh(CO)Sc2H5)I is considerably shorfer than ' = ’ e

- might be expected for a simple n{etal-carbon’ ¢ bond. However, .
' .. . . * Vv ‘ . . T
L evidénce~of bond shortening cannot differe tiate between orbital .  * .

\

contraction on the rhodium atom (due to high electronegativity(4)

P ‘ ' . . 0 .
. . " . . i

L 'f ' : These comparisons suggest that the rhodium perfluoroalkyl .

o — //: ° ‘l C‘\‘ . 1
ffé”JV \of the perfluoroothyl group ) and the altcrnativc of W donation

- 4

from the-metal dx ,orbitqls (in this cnse, dgy.d\h_yz) into

-7 -

+ C=F antibonding orbita18~ Although the C-- Cs bond length .- R ) L

= ‘ (1 57 t 0,04 A ) is not aignificantly different from a simplc _— .

L - i

T - gfve some.support for dK -6 back\donation As back donation ,: .

e increases the double-bond character in the. rhodium-perfluoroethyl ' n‘ e
- A - \ . ‘;'x
linkage, the anglel Rh-C“-C, , h—c ~F1, Rh-q‘-Fz axe expccted ' 1

A .

e to incréase from the regular tetrahedral value (due to the i creasing

——— e - -

N

~f“'/‘ single bond angles around the c(.carbon of the perfluoroethyl do L ¥’
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! TABLE (1) : A ' COMPARISON OF METAL~ CARBON BOND LENGTIIS w
oo e ‘ IN SOME TRANSITION METAL FLUOROALKALS AND ALKYLS.
‘ ";;" vouprex™ BOND  dne (with es).h AT
— ,-ofu.vh(co)(c;r‘, )1( 6) fn=Ck o 2.09. (-m.n;;)
| ) R1=CO B . AN AN n>) R ANN'A
. . (p‘) ¢ ’ - a - .
K'3[_Co( ,N)a)CFchgH] "7 Co=Cly . ()9() (20, ()Jh)
. L C, ) . v
‘ ' . C?"CN(l,rans) '1.'92'//( '(\,Otl;) (-)O;OO’>
. ' ° N - ( ) - M . ,
n-C:)H,)Mo(CO)BC,zllg( ')? Mo-CHye R ' }“ (40,04) | ®
T S . Mo-CO =~ - . 1,97 (10, 03) ' o,;;z, .
(0(,) “G(HC!HI )-(;H)l"r: (CO) J0) ) )
be“-bH) _f 2ot (o)
- - ‘ l"'"'"—u")(ll".‘ills) ‘ ,/”hl..‘:l\l ( '.”r““‘) y“l-':u't ’
‘1.5(}5H5Re(CH3)QC‘)H5'CH'3( ll)eaa-cH_B(aw.) 2.2% (10.03)
‘ S " e 2,00 .o
Al ’ - Al\’ ‘ R R *
A
s . ' i ) v
“1 \ N . .‘ ) - . . , ’ ‘ ‘ y
FUNTE U . T Y
. -)H&- Ais ‘the contract,ion of the metal-carbonyl (o: c,\;ﬂnidoﬁj'b\ﬂ'ld .

Length relative to the netal-alkyl (or Iuoroalkyl )'dianaude'

aiter corrbction has been made for tho dirreront hybridizaf ion

stdbes of the carbpn at,oms. T T T : :
L4 . . . . .
. oe ! ' - . »
g - N . N ! o ..
! l' . "‘ ’ ﬁ' ¢ " -
. - ol ’ . -
, @ N ] - . E .
4 \ ’
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Consistent results hava been obtained by Mason and P ’

Ruueu in K3[Co(CN)5CFZCF2H] which shows a Co-(‘“ C' angle - o

L J .I ’
) ' A of 119 7 ¢+ 0. 9 Also, in 7( ~CstigMo(CO) 4 C4F7 stuQied by - s : '
' 65 ce g
' < . ’ “
Churchill and Fennesaey( ), Mo~ G =Cs 123, i° . :
[ ! ’ / N . ’
\ ? It must bc ’realired howevcr, chat ,nonfluorinat!ed e '
transifion metal alkyls ?1” show M-(.‘ - Cy angles ‘grcntcr than’ '
» -
: t\n regular tetrahedral value. .o
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.. .. ., (2) : BONDING IN ( h=CgHg ) METAL COMPOUNDS ° . : . S

The bonding betveen cyclopentadienyl and metal ia hest

N
-

T treated by the LCAO-MO approximation(la) Taking ’trocene as

an\xample, a semiquantitative enérgy diagram :l.s given 1n P‘IG (2) | .
E,acl‘LCSHS ri.ng,\ takﬂen as a regular pentagor'\, has

-five Mo's,;one'atréngly bonding (a),a, degenerat‘e pai:r which

are waakl_x bonding (el),t;nd a ('legencrat'e pnipw/hich are markéélls'.'

[ N - . . .
- .,

, . antibonding (e,), as’shown in FIG (3). . "

to \ . The pair of rings taken together then has ten
- orbitals and 1f DSd symetry is aXmed so that there is a ' o

canter of symnetry in the (h5 C5H5) molecule, there will be

centro-symetric () and’ antisymetric (u) combinationa On ‘ ’ o
the left’ of FIG,(2) is the original set of orbitals in the rings,
and on the right are the valence sh'eil _(Jd,iw,ap) orbitals o~ ) .

D \ ' ’ N ,’
of the iron atom, In the centre are the Mo'st fo med when t:he ring

1

iy orbi.t:als and t:he valence orbitals of the iron atom internct

For farrocene (‘hS-CSH5) Fe, tl;ete are 18 electrons to . .

- .
Yo - .o

'b,a accomodated : five X elpctrons.froug each Cslig rirgg and ‘eight’

valence ‘shell electrons from the iron atom. It.will be seen that . S
A T : ) o T e
the pattern of MO'e 18 such that there are cexaclly nine bonding ‘
. ; ot . T ) R '

' N ! ’ \ ' N .
MO's and®ten antibonding ones, llence ther 18 electrons must

L

o . N 4 L - , ]
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Matecuior orbitais’

ORBITALS. OF THE °C 51}5' RING.
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/ ‘ / 'jfill,th'e bonding M0's, giving a closed coq%guration. :

Since the occuﬁied orbitals are either of a 'type ,"which

' are: each symetric eround the 5 fold molqcular axis s \or
c.

' they are patfi Of . o, % .type which are 3180, in pairm , T

e
symmetrical nbout the ax&s*“’ no intfinaic barricr to 1nternn}
[ o ‘ e -
. * AN
rotation is predicted, The very low lmrrim. 8. observaed R

¢ B , , “

m;y be attributed to van der t{aals' forces d;regtly bet&eet}
. thévrings - - : L o .
, a ’ It can be seen in FIG (2) that smong the principal
G’"’ ”bonding 1nter‘actions is that 3iving ri,se to the strongly

bonding e;8 and strongly antibonding elg* orbi(:als In

order to see the nature of this particularly important

&7

interaction more clearl.y, FIG (4) shous hoy rirfg and metal orbitals.
.. _ . =+ overlap, This particular 1nteraction is in general the

most Imporcant single one because the directionai propesties

- of the el-typed d orbitals (d and d ) give excellent : L &
overlap with the altype ring ‘R" orbitals. s ‘ . .

[ / | o (h5-051{5) Met:al compounds can be considered either N B . ,',
" ionic o¥ .covalent "compounds . - .. L& : ST

—
©

/,. : ) .
N 1) . Ionic COmpounda . ‘ , ‘ s ‘ L j;

Kt 'Y

C&clopentadiene is weakl.y acidi.c, dissocintlng
to form H* and the pentagonal fon csns . with the cations of .
' . ¢ o - . v

) Coee very alectropoaitive metals, this ion foms easentially . S S

’/' . ' iontc compounds chh may] upptoprht:ely be caued cyclopentadianidu. ,_' ,'/




# ' The principal ones are formed by the alkald meéala‘ Mcsﬂg,
the alkaline-earth metals, M(C5H5)2, the lanthanides and the
actinideﬁ M(C5H5)a Europium gives Eu(Cgll. )3. 1n nddiLlon,

st Mg(ﬂsﬁs)zl also seeme to be ionic, since the Mn(IL)
therein reiginsvits spin sextupLet d5 configuration, and the

compoun&liq strongly antiferromagnetic much like other ionic

MnX; compounds. The ifonic cyclopentadienides are typically very
. <L o b . L T
~reactive toward air and water and react readily with ferrous

chloride in tetrahydfofuran to give ferrocene, . '

(é) : Covalent Compounds :

If 18 also ;ossible to have - covalent (hS- CSHS)M groups
. even,when the meta% atom has no valence-shell d.orbitals’
‘“”m\provided it has p orbitals of Buitable énérgy and sizc, As
ghown iﬁ ﬁfc.(s), a pair ‘of pxand p; orbitais can overiap
with the e r orbitals of Cslig in much the same way as do.

‘ﬁkz and d orbitals ’rhe CSHSIn and 05H5T1 modcculcs are

>
of th&s type of. bonding.

»

~ -

o0 M
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: l'fU'f- (4 ) ¢ A l’J"’l‘bllML\WIN(. HOW ONIE O ‘I‘lll'. ¢ . -nw. ok I/\|,n-

’

\., co
< o Az OVERLAPS WITII AN °) PXPE RING 0 - TEAL Y Gk
) ‘o
o » ., A DELOCALIZED ME‘I‘K’b—RINu BOND. TUE VIIW IS A cnoss
, R © SUCTION TAKEN IN TIE X% PLANE. - S ,

;j:’;i . , . , ‘

- o .
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. CFIG. (5) - ey s
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(3) THE TRANSITION METAL~PHOSPHORUS BOND, ° :
., . 'Transition metal-complexes having ph&sphinc ligandse
-PX3 are. found to be stable(14,T5 jThe reasor fBF—E“TE—EEEFTTTETWKA—**“

effect 1s that phosphine acts as a ( bond donor_ and a ;r-bond

| acceptor, the vacant 3d orbiluals of the phosphoru@;_being " )

capable ‘of interaction with fille;l nonbonding d orbitdls e
‘ of a transition metal, THus ‘back donation (shown ‘in i"I'S:.(Q)) . .c, .
ot f:rom a fillled”métal d orbital tc; an empty phoéphoru§ 3d L ‘:
orb'ital in t'lhe. sz 'liggnd canseccur 8o ‘s'trengt:l.cning o .
—the bond. - R o' N
.. The extent to which E)at;k donation o;:cui?s depends on ‘, ‘
* the electronegativity of the group X attached/ to the pl sphonus
atom, A more electrlx\negative X leads to great:er M dn - Pdrv 1 ..
bonding., If this x bond is of " gregter imiaort:ance t‘ha}n the g~ ' '..:
_— ) ,

bond, ‘a strengthening and hdncc shortcninr of the M- l’X3
\

should result. If ¢ bonding is of importnucc, thcn i.ucrcasing the

- Macivigy of X will lead to a weaker and longer M-P e

'
'

bond‘,* - B ‘)
. T

For gxample, structures of PhJPQr(CO)S/and (Pho) PCr(CO)5

have béé,n detemined( 6). The P~-Cr bond in the latter compound b
a(‘ . ’ . » ' ; y ) .
. ' ) . Y
¥y o, .
@ ,"-h._ -‘ - - 4 ) h‘:’\‘p
ot K 7 ’ N v
) n o‘ - ) v - 3::@
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18 0,11 A shorter than in the formexr, The Mdn— Pd« GShding in-

TR

'

such compound seéms more sighlfiéant then-d’bondiag.
Furthermore, the ‘structure of nJCSHSFe[P(OC@H5)3]§L(17)

"shows a Fe-P bond length of 2, 15A This bond is also markedly

shorter than the be-P ‘bond found in n-CsﬂsFe(CO)(G'-’6H5)P(05H5)3,

2,24 A(ls). This is due to the presence of more the electronegative

l

elément (0) in the former compouhd, ) -

o A %imilar shortening of the bond of the ccntral atom
with the phosphorus (or arsenic ) is observed in many .. i' ~.
]analogous complexes of the transiti;n metals. In ghe molecule
(C0) Mn (W) [P(Cls) 1M (C0), (1), €he Mn-P distance of 2.28 & ' "

. is less than the sum of the tetrahedral tadius of phosphorus

M AN R~

E—
Ty

SRR
. .

(1.10~RD(20) and the radius of Mn(1.39 A)E21).’ : o ’

<

Of irterest is the fact that fhe length of thg&y- I
J'\_.,"‘"‘" T

bond ( M==Mn, Co Ni ) is practically independent .of whether ﬁle

. P is a bridge or terminal atom. Examples of this are the

' structurés MnﬂSNO)(CO)z[P(C6H5)3]2( ), CO[%C&‘S)zH]:;BTZ,

and: Nigr(c6H$)2H1312<23> in which the P atom 15 tepmindl , -

and on the other hand, the molecules (CO)4Mn(H)[P(C6H5) ]Mn(CO)4(19)

7

- [(Ceis) 0o (CgHs) 1, and [(CHs) ;PN (CHg)1; P

y .
where the P ‘are bridge atoms, S L ' .

f. ) . . . . .. \ .
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The lengths of the metal-phogsphorus bonds in these

v

complexes are as follows .:

=3 3

M= érminal H2,28 Mn- bridge :

Co-P 2,20 Co P 2y

o= 3

} o
P! : . terminal el ~»brid ge—— "=, A
2 °
A

. . N r,- ' ' b
S ' \ o NE Pterminal » 2.18 Ni~P bridge 2.16

:>‘o

. % ©
] > In the complexes with arsine ligands strengthening

.

. " of the metal-arsinic bond 1is also observed Thu§ ‘in the

strugture of mono—o-phenylene-bia-(Himethylarsine) iron

e .tiicarhon&l(zs)

RN

the average Fe-As distance of 2,33 A is.
. f A
considerably less than the sum of the covuldnt rﬂdii nf

the iron and arsenic atoms (2.50 A )(20)' The multiplo.naturc

T B
. - of the metal Arsenic bond 1is also 1nd1cated by the Pt-As bond

. . o ', lengths (2.39 and 2, 40 A)in theeomplexea is Pt{C6H [As(CHa) 1. }zpl (26)
| . * and Pd{c H;[As(CH,), ]2}21 (27) (the sums of the single bond ’
. . . covalent radii, according to the data of these aubhors are 2,49

and 2;52-& respectively,) - - ‘ ' .




\7
[N
-
/
-
5
«f
'
N

. - dx y

fllled orpital

- . FIG.(6) DIAGRAM. SHOWE NG THE ACK .BONDING PRON A’ FILLED
METAL d .ORBITAL 10 AN FMPTY PHOSPHORU IR
'ORBITAL IN THE PX3 LIGAND, TAKING THE IN'I‘LHNUCLEAR
M3, AS JuE X AKIS, AN EXACKLY STMILAR OVERLAP

" OCCURS IN THE XY PLAND USINGTHE uxy (’Pm“l'{':“ -
. R4 ¥ “g
B : L e .




" PART (B) : CRYSTALLOGRAPHIC | Coe— c T N
(28, 29)

\ (1), : DIFFRACTION OF X-RAY BY CRYSTALS

¢ 1 ‘ " A ‘crystal consists of dtoms arranged in a -
, ‘ n

R i Dattemﬁth&t‘,repegts__ggj:i_o@.cslix in three dimensions,

© It 1is built from blocks of regularly repeated unit structures:

* .

53 space, and these units'a}e\atacked side by side in three

@ dimensions A lattice or grid system can be formed by

drawing grid lines at equal ‘ﬁ\tervals correspoﬁa‘ing to the

.repeat distances of the stgucture; as a consequence, the surroundings
i
- o ’
of each grid+line intersection or lattice point, are identical,

v

In a three-dimensional 1attice the volume .

’r

-

T . element or tTpsrs'l‘re‘l‘ép"tped“whvse LUbLD are sa.cécouivr

: grid lines is termed a unit cell, which can generate the

-

R , whole crystal by translating along the three edges, named ' .

/
a,b, "and c. The angles between the axes-are o , P il

¥, wit etween cgn € etween a and ¢, an
, iho(,b bupnd ¢, e de, d ¥

between a and b, * " \

L4

. ‘ Since tlfe repeat inter-stomic distances are
\ ¢

\

—» oE sbmwm%a-mé wavolcngth (1 M.
. ' Vg

B « it was suggested by Laue early in 1912(3Q)b, that the

R S\periodic structure asa,crystal can be used to diffract x-rays‘ \

In the same year, Bragg discovered that the - . “\

_/\difﬁ-sction process 18 analogous to the reﬁlection of . C s
1ightbya plane n\irtox‘. Each gtid constricted can ‘act as a | |
three-dimenaionel'diffraction g:?at'ing or ;‘ef'lection" plane/.
e IR

g, \
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‘s . \ , .‘ ' : _l ) s N n ' , N
- « ' As shown inFIG(7), the diffraction angle’2@ , - -

.which is the angl.e between the Incident and reflectcd benm

directi.om is specified by the Bragg equation :

oL i B = sl y oy
() . ' ' . , 2dpk1 E ‘() , £. J

- t

/[ - whrere 7L is the wavelength of~ Eht!—x*tadfation—aml—(hkl—i& e

the spacing of a set of planes (hkl) defined by the Mlller

-

.indices, constructed tbrough the po‘;.nts comprising the
. grid, 'The #ngle 6 made by the incident bcat;. Eq’unl the angle made by
) : ‘ . - LR

. the diffracted beam at a stack of planes, herice, the diTfructed ~
. / ' ' t : A S
. : . Beams are also termed reflections, . 5
L , . Ny " ’ ‘e
‘ In order to visualize more clearly how diffraction,

. . gecurs when the crystal is rotating along one .of its axes,"

oo y . LY

itris neceﬁsnry to intreduce the concept of the rcc.iprocakl q,‘i
. ' : lattice. The reciprocal latt.:i:ce may ,be defincd as follows :

consild-er a normal to t;.ach possible direct lattice

plane (hkl) .t,o radiate frojm some lattice point taken as
‘ /" ) ——
< orgin and terminate each normal at & distance 1/dp1 ,
» ° PO

) from thia origin, where dpiy 18 the petpendicular distance

-
N

- 'between planes“of the get (hkl). The set of po:tnts 80 - detcmined Sy

: constitutes_ the teciprocal Iattiéc (r.1.). The normal .
from the'o'rigin of the unil: ecll to the plancs (L 00 )'&0 1 0)
. (0 0l1) ot a distance 1/8, /b, 1/c, respcctivcly will be the ‘

‘reciprocal axes a*, b* R ¥, By construction, a¥ must be

-




perpendicular to tne b ¢ plane; similarly the b*c* plane”
. - of the r,1, must be perpendicular to-the a direct axis,

", o ) . Y -
R Consider e crystal in a beam of x-rays of wavelength

- : . }&‘; orignted in such a way that the X-zay beam .is paralilel
o ')"

— ”'T a;k-c“—piﬁhe‘“ X0-(FIG:8 )ﬁr? “tine-{inthe—direction

“of t,he beam and passing’ through the r. l origin O, Let C- ’

L]

be a point on X0 such that CO=.1/%4, , then draw a circle
t

-+ with center C'and radius co Suppose P, one of the r, l

*

‘po'ints lies on the circumference ag in fig. (8), where

¢ : o
. h saine 2“1/‘1 . !:

3

. oP e
;. sinB« —-2-—-ﬂ | f‘.‘“? op-: 1/dpa

N Y2 .
a zhklx;\'- o . |

'

4

Ci.e. 1A= 2,d.8in
. ' \ '
- . d

. * This derivatidon implies that vhenever a 1,1,
¢ W J '

point coincide\s with a eircle consgructed as described

', Bragg's law is ,ee\tisfied and reflection occute The “construction

is not limited to the a* c section, but will hold for all
e

points on t.he sphere produced by rotating the. circle

-

e about its diameter O B, By rotating tho lattice about ies'
/ i ,
- origin, various r. l.s.points can be brought into coincidence

” >

» . with the surface of t;he sphere of reflection (.la the
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e \ . corresponding reflection observed, ' ' :
. B If the crystal is oriented so that the xrray .
' * : beam is perpendicular to a direct lattice axis, since levels
S ) , e e Ny
, of Tr. 1. poinr.s are normal to‘this—axia,—it-_;s-evj‘den; that
/ rotation apout.the axis will cause each level of points to
intersect the sphere in a circle, The diffracted rays’ will
4
Y pass from the center of the sphere,thtrough these ci.rcles formiﬂg
4 [
’ ' o cones, the zero ‘level being a flat cone. The cone axes
- .
are coincident and parallel té the rotation axis, ,
* 4 .
' 1f the ref'lection sphere .is surrounded by a fiﬂt\', then . .
__the reflection can ‘be met. (sce FIG, (9)) ' ’ K s ' .
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"(2) :  SPACE GROUP DETERMINATION -

S \ ."' ’
To investigate the crystallographic diffraction

. the cell co,nst:‘ants,and space group. A weissenberg photograp

data, fihst some }Ttogﬁiﬁfﬁ‘“ﬁrbfrdowt#deﬁrm&ne& -~

'

: {8 a rotation photograph of about 180°. with a cylindrical.mel'hl )

»

,dcr_een that allows only one layer line at a time fo reach thé

. ) £ ‘ .
film, - e ) ‘ \
The £ilm is. shapéd into a cylinder around the

sphere of reflection and parallel to the axis of crystal rotation,

the \i stance of ‘a ,spot from the center line 18 proportional

" in thé layer screen back and forth at a constant rate”

pl
to the angle 20 of the diffracted beam. The camera is dcsi.gncd

so that 1 m m, in the 20 .direction pn the unrolled film

9

is equal to 2° in 26 . Also, since the film is moved past the slot‘
, ) \

while the crystal is being rotated uniformly, the position Qw

"of the sﬁotslin the'dix‘,'ection a"long the central line of

vy

the f{lm will be p;oportional to- the crystal rotation,

-

; "rhus, a Welgsenberg diffraction photograph can Tecord

]

ol

bnly one layer of reflections, i.e,, if the crystal is

.

orien;:ed dbo,ut the - a qxis, then a layer of (o,k,f) or

(1,k, 1) etc, ‘cah"'be obtained, Since a Weissenberg photo can

‘ . ' A T
, supply information qnly ofnl planes perpendi.ular to the

—
:

‘. .xotating axi.a;' in order to obtain more 1ii£omation' on the

- A N

-3l




b, Y

other planes without remounting,the¥ctystal along the other

. ™

hx{s, a precession 'camera is best uged, .

v " The precession camera was dcsignod~hy nucrgcr(32)

in the 1940s, It is a moving crystal, movinb [ilm, dcvxcc for )
1. 0 A,

undistorted record of diffraction spots from which the -

angles and distances of the lattice,may be read off

3 The precession theory is as follows : consider

-

" a direct lattice axis which is parallel to the incident beam,

the zero level r,1, net which is perpendicular to it is

thus ttﬁgeﬁt'to the sphere of reflection at the origin

. e " as.shown in FIG. (10 a), If the c:ystaI'%s rotated through a

E : “small angle.ii avout an axis perpendjcular to the beam,
K ‘ -, then the r.1l, net will cut the sphere which passes through the

origin O as is illustrated-:in FIG (10 b).

-
r

) S ‘\ If the crystal is moved 1n such a way that the direct

| S, ¢ , w
*axis -AQ0 revolves about the beap, keeping the constant angular

- “'sepérgtion P. , the intercepted circle will revolve about

the origin in the 'r.,1. plane; the diffracted rays,

P ssing from the center of the, sphé%é throhgh*the points
on the circle, will project ad&undistorted image of their tpl- L

: ationship onto the film as in FIG (10 c)

- 0
. . . ’

o *

T, 1.0
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Since it is ndt only the zero-level r.l. net. that

sl

. ' &
will pass through the sphere and cause reflections , it is : . N

. P

necessary to use a screen to isolate the reflections of the

.reciprocal net desired, The screen is placed .parallel to

the film , between the film and the.crystal. The arrangement
. ' is such that the cone of diffracted rays from the plane. of -interest -
will pass thrqugh,tt:he clear ring on its way to the film, \"
As the crystal tnoves, the level screen precesses to keep the C e

normal through its center coincident with that through th¢ center

of! the reflectmg ‘circle. In this way, the-dxs, o jngement as shown by

FIG ,(11) is maintained while the crystal a:tis revolves about the
beam,
B N Ve ’ ,
C The film to crystal distance is usually 60.0 m m,
: for Zero level ixhotographé, 'th‘e‘ film being advanced toward. - " N \
the t:rystél for recording uppep levels, The maximum value of

F. is 30°, _ . )

The relationship of reciprocal lattice space aqd /
Y

1

frecession geometry is thus shown by FIG. (12)

By using the Weissenberg and precession photographs to ",

comp]\ement each other the presence of symmetry and the systematic

L absences can be determined, and thus the sp.u.c _group can be

L} o -
e

de&uced (33) ' Y.

) . s .
. o

! o »"\\ R \ . e ,

N

e
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( &
(3) :  DATA COLLECTION .
. The reasonforcpilecting the intensities ol the;

reflections is that from these data, one may deduce the electron-

tdensity distribution in the crystal-cell, The intensity of a

reflection’is defined .as : "a measure of the total number
of photons of the characteristic wavelength being used which
are diffracted in ‘the properfdirectioq by.a.reciprocal.lattice

point passing f!om Fhe:outside to 'the inside of the sphere of

\ ‘

‘ . reflection or vice vensa,

! ’ ' ' ' | 1.0 (34,35)

Ideal intensities defined as above are impossible)

to collect since they always accompanied«by a certain amouég

sources, e,g. the diffuse scattering of x-rays of all wavelengths
‘by all objects in the beam, including air and the 'cryst:al,,i
A more serious problem arises from the non-monochromaticity

of the xTnay beam due to the K, line and Ehe sep&ration of

I3
Kol and Kaz.'

The amount of data availablc for any crystal is Iimited

' ™
by the wavelength of the radiation used since the radiqs of

the reflection sphere is equdl to 1/ . Therg is a more pfactical

it . > ’ ’
771imit because intensity becomes very low~at«angleS~aboue~454s265

of other scattered radiation (background )arising from diffarentl'

e e et i

using MoK, radiation \Because of symmetry of the reciprocal

| lattice, those reflections having 1ndices related in certain .
i
waya will have the same 1ntensit1es, so only one portion’ cut from




R SRV S}
-

" the sphere ( a hemisphere or less ) need us%liy be measui:cd.’

' "A four=-circle diffngétometer is used to collect the'

@

intensity data and a scintillation detector with a pulse-

Aheightll analyser(36) is curreﬁtly'us‘ed for the measuring of
/ intensity, The diffractometer has Four angles (28,0}, X, 7’) ,
which may he used to sct'up the or_icntp:qntion of the crystal - |
so as to bring any desired plane into Ehe reflecting position,
The detector is mounted on the 26 c'irc}e, the A and P arcs
are used to bring any‘desired. r.l. point into contaét with the
sphere of reflection in the’ plane defined by the source, |
crystal and -detector (i.e. t;'he Zexo lével weissenberg position).: g
The & scan may be used to carry ; lattice point of the cemtral »
line of the film on a zero-level Weiésenber.:g’ from outside of the
sphere of reflection to the inside, A 20 scan will pass through i
. xeflections on a common central row, -
In setting up the orientation of the crystal irix the’
diffractometer f;)r the data 'collectioru\, a minimum ;)f 3 reflections a;:e
\" required, Twci reflections can be meéburoed apprfoximately
, from the w«:‘issénberg zero level, Fror‘n the zcro lovéll.Wcisscnbcx.:g |
< photograph, a strong refl’gction is chosen. 1ts measured 26 |

angle is set on the diffractometer (Im m from central line=2%),

) M_gheq_&flz., and P are set to zero, and  scanned until the

reflegtion chosen is located. ((}is parallel to$ but is not used
because a collision will occur.) Scanning 26 at this

predetermined P value could confirm the axial diffraction

intenéitfy pattern, Another 'refle.ction( chosen from éh'e




<

'

+  The position,of thelthird reflection can be predicted by using

N

..

' are refined : the variable-~tell parquters, (}and X of Ehea C <

reflection ( chosen-such that their 7% angles are close to 0° and

.
| "o
.

zero level Weissenberg® can also be found using this method.

the ? reflections already found (and centered)plus the "filw
C s . , o

heasuredlhnit cell parameteré; or, if there }s a reciproeal

axig parallel t'o¢ -, then with ‘%=90°, areflection on the

thixd qxis can be fodnd. Centering of these reflections nl;ows
calculation of an initial orientaq%on‘matrix. TQelve‘more reflections '

“are centred, which are chosen with suffidiently high 26- values -

- /

and positions covering the reciprocal lattice reflections.

evenly and completely, To ensurc that the crystal is criented properly,

a least squares fgfinemeﬁt is done at this.stagé. The input : 3

parameters to the least squares refinement are the six approximate

°
P

cell constants andh},f{,,ana‘? for a primary and a secondary ‘ i

their. ¢V angles are separated by about'90d), The following ) !

.

N v

primary feflecfionp ahd A of the secondary fgfectionu The *. . ¢
. ° \ _
estimated standard deviations of the cell parameters quoted "

,are'computed’as a result of this least squarcs refinement.The % )

~« LS
refined () and X, values of the primary andféecondaty reflections

- arb_gggdggg_c;mpute an orientatiocn matrix fdr the crystal whigh

EIRIE R e N B T

%77

S RO

¥

is then used for'data~collect16n. .

s

.




The reflections comprising the three reciprocal unit ‘ \

cell 'axes are measured before data collection is started, Their

intensities are compared to those measured after data-

ccollaction to ensure the stability of the é}ysca1 and of the .,

instrument The e- 20 scanning method is used to record A

°

- o

the integrated intensity ‘of the reflections The crystnl is

“moved slovly (1 per minute ) so-that the reflection being méasured
passes through the sphere ‘of' refleot'ilm in its equatorial plane,
'i'he length of the sean,. specified for low a“ngle reflections .

3

is determined. This varies according to the mosacity of the-.

. Vo B, . )
cryatal examined and the value of 28 . At high values of sin@ /, , = - ,

A

the geparation between a1 and a2 diffraction is more pronounced . .

than at low aggﬂes To dllow for this g =y spl:.tting a

'dispersion factor for MoKa radiation is be used by the Picker , .

Nuclear data ebllection program to- compute the actual angular
‘ §
scan “length, for every _reflection. o

B
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(4) :  DATA REDUCTION . =

. N

The intensity data so collected is just the raw
. # . o . LN
data, In order to extract the correct observed ntensity,

o

it is necessary to do the following corrections}

(1) : Removal aof background intensity - ,

. The reflection intensity I can be obtained from the
equation :

1 =.N- B1 + By J(t /2t ...".... . 2\)
. r [ B 2 H(Eq b @ ~‘~\£\

, - .
. /

‘where N ig the peak‘count in the scan tiﬂe.t seconds, By’

and B, are the background counts on either side of the, peak,

each measured for ty seconds If Iis computed to bc less than

J

0.0, the reflection 18 considered absent The standard deviation

Y

g (1) of the intensity I is calculated by ¢

’: ‘ ( B + n ) )' t 2 1'/2
S LN+ —— (r_")z 1 (0.0m)2 1
; o . 2 . tp

. 00‘0'0‘:00'0000(3)

1f tha 1nt:ensity 1'is less than 30 (1), the reflection.

M&Lﬂ@d as useless baaed on countins e;:rors. Along with che

- apsgnt reflecti.om, these :eflectionl will be rejected arid

used neitﬁxer for structure solution nor for’ t;eﬁnuunt.

1

. T




(2) : Lorentz correction :
S ,

o

The'Loreni:z cdtrec}:ion arises because’ the time requir'ed"

- for a r.l, point to pass through the sphere of reflection varies . -..
with its position 1n reciprocal space and the direction it approaches
.t:hg sphere, It depends on the precise measurcmeht technique used,
o L = sin - | (4) - J
sin 20 ,@1;1.26 - sinfy | -

“where /,1‘ equi;-i‘nc'lination' setting anglie for Weissenberg geo étry.‘

Then

, for'zero level"reflections as mégéured on the diffracfometet, . r

L= 1 ' "-suanntnlnku;..(S). <
’ sin 28 T o

———

)\ .(3) : Polarization eorrection e .
. i ' | | |
Polarization of the x-ray beam decreases the intensity of

[}
R

the diffracted ( reflected ) x- ray, ',l‘his effect is dependent

only on the diffraction angle, thus, oBserved 1ntensitiea

. " must be multiplied by 1/p where j"
. . .. ( cos? 26:}1 +1) o
\ 1/P° P ()]
: (c082 2 6 + c:os2 2 65 Do

- : Cm:'rection for (2) and (3) can be applied simultaneously using

Tcomp&&e%%—eomhiued.l.],,\nhich is specific to the diffrnctometer . 4 .

o geometry used is defined as : . ,

4 "

- . ¢ L, ;_,‘(C“Z 20 +'c0'3226a,) \ ’;“__”. : ~ '

e . sin 20, (coiz ,26, +1) /‘n -
' : Dot L. pd . o :

s . - { /




-~ ————

) i : , : 4 ' .
where 6‘3.‘“‘“ B ore .tne;diffl:'action angles at the sample\:
ci‘ystal and monoéhz;_omato':; cr);stqi' ,respect\ivel,y. ‘

The quantity required to derive the crystal’structure

.

is what is called the structure factor,’ F1 which is related to

[P

the observed intensity by . F ocd1 (37)( It can be calculated,
theoretical}y from the position of the atoms in the ce11 when

-~

they are known ) Thua, taking the above corrections in account (38, 39)

3 . , . . . :

l Fhlgll

R N
ol
-

=

P
o
<
M
~
Q0
"~

s

o

,After'data redaction, the numbers obtained are T relative' s (Feel)

L)

are ootained : ‘ ) .
lF rell = K' l FO'l = ’Ihkl / Lpoooq('g)

-(4) : Absorption’ Correction (40-42) . . - <
PN : : , . . . -
, ~ This effect arises from the proportion of -the incident

and diffracted beams absorbed by the .crystal, It depends on the

path length througﬂ-tbe:crystal and on the material of vhich
the crystal is composed, Correction can be made by éalculatinéG \
the aﬁsorptionfor the actual ‘path length travelled within the

crysthl by the beam refiecting from each infinitesimél portion

: of the crystal and then irtegrating. ghcse resultc ovciéz?g///

entire volume of the cryatal : e : -
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{5) :  INTENSITY STATISTICS ‘ '
* . a 4 ‘8 . N ‘ . ' /

Once the corrections have been made, the output

: dar,a is ready to use, The major function of this data is to '

-

compare it with the theoretically calculated structure: factors '
based on the asgdméd arrangement of atoms; -~ ‘ “a

| T}\e ;c‘-ra)".s’cattering‘power(ld) For each kind of .atom
in the ce11 fo, is a' function only of the atom type artd Si‘i’e/ﬂ, .

At s:l:n e /3 = O it is equal to the total ntmber of elechons .

in the atoms, while, as sin b /7, increases, the scattering -
’ T ' . -

factor decreases : this variation of scattering factor is a
' . . i

. . - ' . ‘ . ., .
consequence of the finite size of the stationary atom. However, .
. - .

the electron distribution in anatom will not be in statipnary,

state, it ‘will viprate'about a mean bésition. The magnitudé;

\

of the vibration depepm—the Eempcraturb(44) and the mass

of the atom, The effect of such thermal motion is. to sp;:‘ead

the electron cloud Q;re;r a larger volume and thus reduce the . ,

'

' swt_teriné power (f) of a real atom :

 ga g eBONIO) ATy
"_where the ‘thermal parameter B=s 8,:2}12 . . .
P‘ is the m&m—square nmplit:ude éf afomic vibration, ' b -. ‘
. ‘l‘his is the so-called isotxopic case je where t.he L T M !
vibration is aphq'rical'and B is called the Lsothe'mal,parqqet/er'. o

. . . N ~N , “
,

,o




u L
.

In the anisotropic case, the thermal paramg_ter:is

v replaced by six parameters v;hich} describe the 'amplitude an;l'

~orie't'n:all:ic?n of vibration as anellipsoid : i

4

(11)

e e ~(Ay1hd + Book? + P3g12 +2ppphk + 2By3h1 +2pp3kl)
(o] ) . ..

'

' - ) _ , L )
°  Finally, in order to compensate for the fact that the clc‘:trons are

N LI

' not free in the molecules but are bound,"‘]?he free electron
* ’
' - ‘ ] ‘ ' .
scattering fattog fj must be corrected by a real O f' (usually
- - negative ) and imagi'nary'iAf" dispersion correction, This

. corrdction i ¥y significant for .'heavy' atoms,
! : ‘ '

Since I = < Frel . 2 > av

rel

" ' where Ieel is an average observed corrected intensity, the

theoretical average intens_vity Libs is equal to 'f"l'lfie where

N is the number of atoms contained in a uiit cell. .
A

i.e. [ - N - ‘ 2 2 .
’ Ihb's=?,:,f312em(““6 WAL ......a

. 2 2 oo
- e-zn(sin_e)/a ;':V fg42 ..tee..a(13)
as

"

c iabs 5
. N e
. ~-2B(8in“ 6 ‘,/ A2 )5 fe.iz,,.....(ll;) Y
, N

If Tpep
. ‘Irel = C-

[l

;ﬂ*jﬁn(sinzﬁ A% vereeses(L5)
£

‘

A e ' 7

taking' the natural logarithm of both sides,

In (~piEel ) = MC- 2 (61026 /p2 ) ........(16)
fo1? : - S
D L . , ' o




"This /is khown as a wilson Plot, after A.J.C. Wilson,

s e e i TY

7 e

e *ﬂ”if

' ' ‘\.}

the result. should be ‘a straight line where the intex’c

(s*m2 (8] /7"2 )y = 0,is ln c, And the slope is =2B.
S

‘1£=x 1/JT, then | Fa |=Kl1"m1| ‘
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12

i

0

of electrons per unit volume near the'poinflin the unit cell

-

‘that has coordinate x,y,z,

The Fourier expansion F ié :

| f‘@,?)ﬁ'

where Fﬁkl is'the structure factor(59-61). yhose amplitude
{s determined both by the scattering factors for the individual
atoﬁ and By their phdse e; , The phase {s determined by the f;actibnal

co~ordinates of the atoms contriﬁuting to Lhc.rofloctiup. The wnit

bhase difference

1 XXz
T . hkl “hk

LY

F

being 2rx, thus.

J =2 (hx +ky + 1z )

The structure factor is expressed by :
F (hklh) = f-f'j p2n (hxi +kyj + 1zk)

Z

é?

fj cos 2 (hxi + kyj + 1zk ) + 1i Zﬁjsin’,Zn(’hx'ﬁk&jﬂzk)‘

= A+1iB ...

ana JR)| 2= A2 4 B2 L (D9)

¢

errena.(18)

- (6) : STRUCTURE FACTOR CALCULATION AND THE PHASE PROBLEM

Let F(x.y.z) represent the eleccrén density or number

o* 21 (hx+ky11z)

i

'

ee...(17)
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"Un_tsoi'it‘t‘mately, the information from the intem)ity data is. proportional

‘-equation (18) 'becomos :

1

to F 2 byt not F, so t,he sign (phase) for F is still pot

hkl

determined. iy . . . ,

L]

The';'ph'ase angle associated with the structure factor is

.

-

'ivon : h . . ,
given by ¢ = tanl  Ph S
e —————— 0..--...--.-;(20)
TR “ApkL v -

0

" Since the phase angle ig, not known from the observed
4 . ! ‘ ll
data equation (18) cannot be 'solved for (xj,yj,zj) ‘

, For a cencrosymmetric struc%ure, X,y,z2 Xx,y,z and "
o , “; ‘
ke

Fpr = Apkl ' .0

where Ahkl -2 Z f cos 2;: (hxj + kyJ + lzj)

The ph&se angle is 0 or y and t:he structure [act;or rcquires
only a sign to be deteminéd in order to kolve equation (18)

The fundamental ptoblem in crystallography is the
determinat‘ion of ::ha phase angltg‘s‘: or for ‘a centrosymmetnc ,
structure, the sign asaocia;ﬁdith each structurc factor, Thist' ‘
c;n 'on’]_nywbe done b;; detemiﬁlng the position, eof some,' of the

o

- A - . . s
molecule {in. the unit cgell, Then it is possible to calculate <

‘approximatd. Fourier Synthe‘sfg of ‘D (x,y,2), which will show

o

. Al . I3 ' . .
the position of some or all of the-rest of thée atoms,

.
' ¢ - e
3
R . . ‘ =
[ B
1
¢ * PR ! @ "
) '
©
< -
~
. . . R [
¢ ~ .
- 4 L
v
4 .
.or ~
- 4 e Lad ¢ N ' "'
: R ¢ S .
- N , ' ‘v
A 1] M .
v PA . . °
A v ’ - S 4 N
. . ’ . »
‘ o [ / s ‘/r N ‘ A
v ¢ ¢ . o, -



(7) : PATTERSON SYNTHESIS (“"6 “‘8) R

. ? . ‘ ' v - L 4
. , : If the mole¢ule contains a single atom heavier than’

the rest, it is possiﬁle to find .out the position o’f heavy

<~ - atoms approximately from a Patterson map. : e A T
o " A Patterson mag_ is produced by the funﬁié”ﬂ": ——
P '(u,v,w) = -2. h -kz %”Fhkll cos 2 1 (hu bRV 4 1w) h
. ;- \Y ) '

(2 # -

thus, the coefficients used in the Fourier summation are'the
' ' oo _—
squares of the observed structure Bactors,  so there are no

, - o
phases involved. The peaks P (u,v,w) in a Pattersorr synthesis

.correspond to.interatomic vectors, The information is used tp -

. .
l ' '

solve for the positions of the heavy atoms in the cell, The A ,

largest peak ( normalized te 999 )  is obBerved -~  at ,

' .
/s ¢ f .
o p——- . . '

the origin, There should be N2-N vectors riot on the origin (where’

7 N is the numher of atoms in the cell). There 'Ls considerable

overlap of peaks due to the diffuse charactér of the atom An

L.\

gpace, This is minimized by the so called ' sharpened . Patterson
'functi;an', The acattering’ pq;ver “of the at:om ia'cotrected for
Lt | -the thermal motion and for its dependence on sine /a ( T
5-'. The squares of the sharpened structure factora sre calculated from |

the squares of their obs,erved structure factors by using :

-




(

e e \d are used .

}

-50- "

[ 0.1667 + (sinze A% [Fobs] bkl

) [ife ]2 -B(sinze )/7L

o . T # -
T s ST ¢ 1) N

.(F

) ; 2
sharp “hkl =

' a . ) . -

‘where B 18 the overall thermal pardmeter (usually:about 1.5

¢
[

’

to 2 ) and fe..is the mean atomic scattering f:\ctor for. the |

- e T

atom, These equared strdcture factors so_abta,

“in the Patterson synthesis : B ‘

7

The intensity of a Patterson peak resulting from the

vector between two atoms of atomic numbers Zl and 22 ‘is 999

o

times the ratio Z1Zy /;_-_ Zj where N is the number of aépm
j=1 - - 1
in the unit cell. Peaks.due to vectors between symmetry related S ,

atoms enable’ the positions of these atoms to be fixed in relation

to the symmetry elements concerned, Such peaks have one or

.

more co-ordinates fixed by the nature of the symmetry operation

and they are found on 'Harker sections' and 'Harker linhes '

in a Patterson synthesis, ( . . ' {

Thus, a -Patterson synthesis yields approximate positional.

parameterswgpa{ "Heavy -"' atoms and these may be uscd together

Pl

with the"g.brational paremeteré to calculate phases for IFF\M]:, o s

possibly after some refinement, ‘ .
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A (8) :  LEAST SQUARES REFINEMENT OF ATOMIC PARAMETERS (4%

l

for caic'ulation of'phases may be 'obi:ained be ‘minimizi'ng the

[}

|

oo e d_amplitudes g sl :

,

The quantity to be minimized is :

. ' | D = ¥ Wk (lFo' - ,kFc’ ) ...........(23)
hkl ,
lkFc(pl....

For higher,qccuracy, the bestr set of atomic parameters

differencea bétween observed IF | and calculated ]F [ structure

R ey

g M [l -1 ?(51 P:2 Pn)l ] 27,

( jw1,2,;,r.,,‘.'.'r; Yoo (24)

4

¢ ‘ . "
' Since the structure factor is not a Iineaf function,
‘ 13

must be approximated by expressing

i

F |as ’raylor series and

/’,
.neglecting second and higher povers,

! ! ! .
! .
' . ....,.......c......(zs)

where Pye+o. Py may be’ the scale, posi'tidnal and thermal

A P ) = Pj - ﬂj ' . .
- where the ‘aj are approximat:e " trial paramet:era "

"Sub ituting equati.on (25) 1ip (24) :

—_

[yt = i Gy w';‘”

. paramcters after improvement, Thus : S A .

!




152;

z it (]F |- |kF (agie... el ATl g :.....,"kFcl PR 0
hkl , . arl ?Pn’ Py

Cj=1,2,......n ). 000 . (26) .

.."lkFé‘APn ))‘EF_C_I = 0

' By expansion and rearrangement of (27), the following set of

(T

‘ equations can be obtained :
| ‘ ' ' ,
- r N . ) .. -
Z_ Wy ()|kFcr‘ )ZAP AR 3|kFgé )lkFct‘ ..... Zwr?lkFcrl )IkI.'cA .
YPy b3 J] )pz . 2P1 Py

S ,
= z: Wy AF .Lkr_'_
A - sl 2Py ,’

Z We )I cr'” 'CJAP Z W ()'l ) AP + .. ..Z W )IkFétHkFc'tl WP
i — APq

rsl . P2 P rzl P ,
(28).... ' . IP2 r=l Jp2 P,

0

Z" AF, IIKF ¢y
el op, 2

Z_ W )f“"’c:l*“’cr'p +£ w3|“crlal"Fcr{Ap2 Zw'l"F

touo.ou‘ n

o ‘\rq ¥ ap1 Crel dPn 3P el

}
: m
2 3 upar, el
" .

r=l . Pu
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‘. 4 ’ .
The abové system of n equations in n uiknowhs , the A ﬁj'S,' are
. N 1

linear and can be solved convenieﬁtly by matrix methods as

Ll

4 .. . s '
«  follows : the normal equationg(28) may be written as

1 ' . . .

A ) . ct ‘
allxl‘ + ‘8123(2 + K] .t aln& = Vl
a 'x + » — + s 0 é -+ a x | V
214 azzxz_ . o |
—— - —"_—“ — — e — : m— ;*“‘ - ’ o — e f(’q‘
| ‘ E ¢ , .
, . Xyt anzxz et fnpkn T = Vo

o' achrl AIFcrl " 3 Fed
Where a 22 W x:= AP, Vi Z_yﬂ‘ y_
T S 2P BPJ i Aj ’ =< W,
1 ,

* . -
in matrix_form : n ’ . v

a ;"7 a
12 es v 00 vs e ln xl vl
\\‘. 822‘ o.n-‘avoo;caz . L
\ ! . Mo . xZ Vzl !
) = ’ S . 0...(30)
« :
an2 ccnllooocooo/a" ’
. " on X Vi
’ 01‘, Lt ) \
AX =V ' o A
J,.,w'ﬂ — ) A IUO‘OIO'CGOOOCO(SI).. . . ' '
.. thus, Xmglvo |
E} . ' ‘ ‘\t
[y . .‘ b
b ‘
’ t’ ' . )
L2 . -
cd" < r !
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factors,

. '54" ' ‘ o ) (

IS ! '\

o

‘The computer progrém SFLS can sepa‘rate the matrix

into several matrices ‘(up to' 9 in .number ). A'Pj's élre' obtdiqed and ‘

the new parameters can be used in calculating improved structure

s

The Least Squares calculation must be repéated

using approximate values derived from ‘the preceding calculation,

- The process is complete-when -there ~is,no~signi£ican_tﬁct__1?_lg&e_ in the

. ' 0 ¢

\

parametersbetween two successive cycles. ‘ .

If Wpgq 18 the wpigh;: of. AFpyq( which is set equal

to the reciprocal of sigﬁa )s the estimated standard deviation

of parameters (pj) can be obtained ftom :

4

0 (py) =ﬁjj [ Whit AFak1 2. ] /(m=n)
; ..(32)

€ s 089 0 00 s 0086 0000

o
L.

', where m is the number of bbservations, n is the ntmber of

. 1 ’
] S

parameéeré. 'bjj is the diagonal element of the inverse matrix,
The discrepancy index R is the residual, or "reli&bﬂity T

factor' which can be \computed from :

] e

» y .
S — .
‘r ‘= -kl 'IFobs‘Hﬂd - lecallhk;I
, - T tﬁl | Fobs| it .
S S e (3) |
) .aa‘ g \"
)
-\ ‘
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. - ~ ' . . , 4 2 . . .‘0“0““.\
‘ 5 ( hlgl‘whkl (lFoIhk1~ch|hk1 ) 112 5

. 2 ' .
" L W I Folua T ,

o

R

&
1

czo‘u'-cinuuaa;-o--0‘0000_0%0:(\34)

’

The " Goodness of fit " index, is defineﬂ'.lgy :

i
S = ol - 1Tl 4 L
hkl hkl Yo' hkl c'hkl )1/2 i
' ) o o :
. ' ) . .h(n-m).- - S ,"‘A‘;.,
. - . .
. - ' ‘ ' :
- ) ) ‘ \\..ono.oocvo'ocooa-ooa.c‘oca(BS) . ,
, ' _ : SO
. A v .
« - : v - . ' N

where n and m are numbers of observation and variables, respectively, *

[ i . e
. - . ) ‘
N "4 . .
13 - Ve
- .
v
" ! ‘ . ‘ /\
‘. v
’ “ . . Ny i -
‘ ' o y
y. ] -
[ . - -
7 0 "
‘ 4
" d \ ) , ‘ .
Yoo oL =
- S ! &
- : e :
.\ - t - C
. ' ,
. .
. " ; o -
f N . - ) , .
. 0 oo . .
- ¢ N : .




(9 ) : FOURIER SYNTHESIs (50-33)

+
., . ' ' : . '

It is pd'ssible to calculate lo (x,y,z)'using~

equation(]'l) when the approximate positions of the atoms
*
and thermal parameters are kngwn, Thus by using the refinei

I

co-ordinates and temperature factors of a heavy atom found

’ “

from a——Patte%son—ssynthegirH—set~of—approximtﬁy wrrc. ct

ph_ases may be calcmlated. The Fourier synthesis-ca;lculated
using the observed valuea of thkll “~and the calculated

ph;'ases usually shows the positions of further atoms in the

structure®as electron c_lensity maxima, The parameters for the

W, _ newly found atoms can be refined by the least-squares method

+ . and a new, better set’ of plmscs obtained, which In turn,
’ 2

will produce an improved Fourier synthesis The process is?®

,repeated until a11 the atoms are found .

~

.
4 i

g . ~ It ‘1g possible to calculate a I‘ourier synthesis
L using the differences between the 'observed' and 'calculated'
. S
: structure factors, g: such a synthesis, the contributions
b3 . ) ' . . .
! T “’ **  of the atoms which were used to calculate F, are Ysubtracted'
i‘ g ' out and the remaiting i"\_nturcs of the structure arc shown
t'\. T ) . , o - . . ! &
¢ ° more clearly, - .,
, \ .
A4 N
. ’ 4 ¢ ' .
’ ' [ “
. * ; '
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' < e : e (54-58)
(10) : THE DIRECT METHOD FOR SOLVING THE PHASE PROBLEM ‘

- . ¢ ‘s o
2 . , '_ S “tjl

R .

The method for solving the phase problem

/
by using the Patterson ﬁunction"ﬁi? been cllscusscd For. most
Pk

ceﬂtrbsymmetric space groups, in which the phase probl'em
}
+ I 1
__means simply finding a plus or minus sign for.each observed

-

structure amp,l‘.itude, the Direct method can also be used. coneniently.

— In this method, all structure amplitudes .

|F°bs|',.after corrections been made, -are convertes to the normalized

; ‘o . . . . '].

., . ' s’ucture' factors.E(57), where

L , . Tl 1 :
. hkl == . ’ .----4('36)
i ' - . € Z sz Y. 4
) - ‘ v S , . j atoms - ' T
: C in cell :

N is. the total number of “atoms in the atoms in the cell and

£y is the atomic scattering factor, ¢ is an integer which

; P is uséd to adjust the data at a symmetrical location in ;ecipr‘oca'I '

space, for 'example, in space group P2/c, &£ =2forhol

-

and 0 K 0 reflections and £= 1 for the rest, Then the E

' values are scaled such that the averaée E2=1,

Thg basis of this method is described by bayre(ss)

in:1952 It can be shown t:hat

o 4; Z_
. .. Fhkl hkl h- 1 ’Fh'k'l' « Fhoh!, k-k' )1- 1'

“‘. ' . uooolnq?l'lio(-??) ) C

-
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'where ?Bhkl is a calculable scaling term, The equntion

means .that any structure factor Fh,kl is determined by the

13

groduct of all the pairs of structure factor&whose indices

add to give (h,k,1), Sayre pointed out that fqr ‘the- case

: ] : A .
. where Fhkl is lar,ge, the series must tend strongly in one

direction ( + or - ') and this directign is .generally determined

by the a greemmngmduetwetww

Thus for three large reflections, - S ' .

J»"' ' ‘ - ) ’ ' ’ ? ! *
S CFpg )~ 8 (Fpri'nt ) oSO Fhen jkeke, 11"

; ) L e ‘

S ' oA, .(38)

’ ' j ! ' o P, ' '
Practically, only those reflections whose normalized,k structure

sl ' / & ( e.g. 1.5)

factors are greater than a ceftain value Epg,,

ot

o ' ' are used, All grc;\;ps of réflections related by : h,k,1; '
¢, : ‘1 . ) o -

R',k',1'; h=h',k-k',1-1' are sorted out, Up to three reflections

tT kK s are chosen to fix the origin and given positive signs. None

' ] . Y

'qiay be (even,even, even ), 'thi.‘parivty of the second must

' differ from the first, and thf:':arity of the ‘third myst

di'f.fer from both the 'oth'ers and their sum,

.~ . . . Al

M more reflections ('M can be up to six) are chosen

.

whieh should not all have ev'en, evéh, even ﬁarity. ‘ﬁlese, Jogether R

. . .

with the origin determing reflections, form the startiﬂ‘g\

o

. Signs are g:lven to the E!‘lkl values of each of the M rqflections,

)




g - . | ' .
and since they can either be'positive,of negative, there are A . ‘

2“ ﬁoseiple ccmbiné%Tbne. The starting set are then used 2M 7

. ! . .
times in the following equation L e g ) o K

% , —

S ( Ehkl ) r\J ﬂ\z:‘:‘f E. h'k'l' ;B h"h' k~k ll-ll 1 ’ ) "
NN (39) i -
V '[‘ . ¢ B

i

ere S meang 'sign of ' and 2 means'probably equal to'
The reflections are selected from the list of reflections

- e

starting with the lowest rank (most intense ) and working up.
k By expanding the set of phases which are ecither
retained or discarded depending on their agreement with those "
previously determined, more terms are entered into the summation,

.and the réquitement for higher intensity reflections lessened.

The starting set, within any one of the 2" tries, are nat

ailowed to change .sign.

After Ehe,treafment of NR rcflcg&}qhs 2M.¢imes, the

s

phasing information is summarized and compared, i.e., the

, qumber'of cyctes'ueed'fo: a run, thé numbers of positive and
; i o . o
negative reflections in the set and consistency index C

which defined as : 1 ' )
. lEhu 22 Z Ehl k'l - Eh“h', k-k' ,1_1"[ b
_ |3hk1l‘ £rZ IEh*k'vl |Bpeb' K-k 122312

o

....."...‘...‘.".(40)‘ 4
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A ¥
- . where { > means averaged over'af}l h,k,l. . e

. The correct solution should' have' : ’

5 - : " | ! .

k (a)  Highest consistency. ’ '
‘e "

(b) 'A;)proximate eciqal numbers of '+ and '-'. \

(c)_ Number of cycles should be least, R -,

duced set of phases are used in computing ﬁm

% -+ Fourier synthesis, which, if the correct solutionhasbeen . -
. . chosen, will show some or all of the stricture, T'b'ex‘:cafter”a .

series of least:squares cycles and Fourier calculations-

A ]

- '.
are used to gomplete the structure solution. \
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SECTION III ; EXPERIMENTAL /

& T o
PART. (A) INTRODUCTION . R
, Co, P .
] Three compounds (1) P n‘—CSHSFe(GO)PPh:,CF(CF:,)2, '
, . o (2) n-CsﬂsFe(CO)(PPh3)CF2CF3 and (3) = CSHSCO(I)(PPh3)CFZCF3

were supplied by.professor M.C.Baird of Queen's university, .

e ) Kingston,co?ﬂﬂ:'ario.«AlI"fhree compounds—are resonably—soluble
’ )

in CH)Cly, benzene, and acetone, but :are much les8 soluble = ..
‘ in ethanol, ethyl ether and saturated hydrocarbons, They X N
are all somewhat air-sensitfve in solution. ¢ T

'

Recrystallization of the threc compounds .was done

.
¢ ' ., -

in this ]:aboi'atory. Fluorfe 1 and Fluorfe 2 were rccrys'tull'i.zcd

‘

r from.a mixture of dichloromethane and hexane, Since Ci,Cl,

. is very volatile, it evapdratea more rapidly, leaving t;'he
L I -

' h compounds in hexane in whi.ch they are rather insoluble.

Well shaped red and yellaw crystals were obtained from Fluorfe 1

t

and Fluorfe 2 respectively., Fluorfe 3 was recrystallized from.

. ' . " N : .
methanol and dark brown crystals obtained., . ) 2
.- '
! +
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PART (B) INSTRUMENTAL TECHNIQUE . r~ !
: R o ‘ ) ) KA
' ) L; A single crystal of the right sizé,which appeared to
' be wholle under a microscope, was selecgeﬂ. It was afixed to

. . . - .
b . - . * . ¢

a borosilicate glass fibz‘%‘usirig a mixture of glyptal cement
. ’ N . N

"

" and amylgacetate, The fibre was in turn fixed securely to
Ve . " o ! *

o -

1 flexifnle copper wire -attached to a gohiometer head. [The .

- -
. . -

heqd was mounted on the/ goniometer in Such a way, that the I

crysta} would be bathed 1n the diff'racthmetcr xdray’s beam,
, . ! P X )
‘The Weissenberg and osdillzﬂ:ion photographs of the .

L 3 N

L three crystals under i.nvesti.gation were obtaihed on a ?harles o
v PR L )

. [
&
*

Suppe; ‘Co. 'PreCession Camera .

A molybdeme fine focus x-ray ftube was: powered at 40

o

3 f 9-
KV and 20~mA by a Picker Nuclear x-ray generator (model L
X TS )
‘number 809 B). The:wavelength.bf the molybdenmn-radiation ol

19

filtered with Zirconium’ foll was taken as 0 71069 A Tbe .

.
A A
s

films used were Kodﬁk 'No- screen’ . ‘ oL

i . The data was collected by a Picke:"’ Nuclear automated

. L 9 \
. four- ci‘rcle dif}ractometer operated by a, P D, P 8/s dedicated
mini-comput:er A Picker N\ictlear constant potcntial diffraccion -

g .

- generat:ar (model number 6238 E - stable to v(ithin 0 1 KV and -’ =

e

0.02 mA- ) prwided the power (AO KV 18 mA) for a molybdeﬁm X~ ’ /(
o oS

. ray tube The take off mgle was 3,6 for the direct beam and

4
. ¥
i

'

R
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‘crystal took place in a plane perpendicﬁlar to that of

-63~

this wes monochromated using the (0 0,5) face.of' a vgraphite‘ A
monccﬁqoma;or 'crystal ', .f o - (\

The 0..'710t">9 4 X, radiation of molybdenum was passed
through a 1 mm, égameter pinhole collimetor directed at the

éample'crysfal. The sample was situated 14.0 cm from the point

at which the x-rays were monochromated. Diffraction at the ‘

monochromation, A receiving aperture whose size was determined by

horizbntai and vertical slits was located 23.0 cm from the grystal

kN ,
and 2 cm from a scintillation counter. - .
,~ I3 -

The detector was operated at about 1000 volts (5. 60

A}

helipot setting) and the pdlse height ‘analyser was set to

" receive 1007 of the x-rays MoK, intensity, A scan, usipg a

~

0.2 KeV window (upper- level setting of 2,0 and 107 mode),

of peak intensity versus baseline discrimida;or level was

recorded from 10.0 KeV to 0.6 KeV. The differential pulse ¢ ) v

height distribution curve so obtained was used to establish the

upper and lower level of discrim{natbr voltage for 100

peak acceptance.
v !

The centering of reflections was ‘done by a P.D.P 8/s-

computer alignment’ program supplied by the.Picker Nuclear Co,

| P &




.

&

Forlthis prb'E:ess the slits in the geceiving collimator\

T were partly shut to ensure higher accuracy. Count:ing at each

angular- setting was for 10 'seqond periods. Location of

half inte:)'sit/y on both sides ?E'the'peak Ji);:rmitted the computudon

4

of. the peak center, Accurate values gf 20,08, A and P
were obtained at both + 268 and ~ 26 ( for the h k 1 and ~h .
-k ~1 reflections ) and the\ results were averaged. ) . | -
A series of three nickel foil attenuatogé on & rotating
disc were located at the aperture.' Above 104 cps attenuators )
made of nickel foil and calibrated to facgprs of 2 781,
7.959, and 38,190 were automatically inserted in the aper;ure for
the most intense reflections. To ensure tﬁe crystal was not -
det‘eriorat.:ing ’o} chanéirig its position in relation to the
orientation matrix during the collek\tion of‘ data, check
réflections.(usually axial) were monitored, ﬁost oftén these

. i
reflections varied slightly in \tharmony ‘and onc’ was chosen to

sqale the data, ' ' Co '

In determining these crystal structures, all computing

) e ) « *
was dqﬁe on the Control Data Corporation (C.D.C) Cyber 70

_computer, Computer programs used are as follows :

Program PREP was used for data reduction, It brought all the \
counts to 'common basis by applying the attenuator factors-

'

to p'eak counts ‘and backgrounds. The int:ehsity of the strongest

4.

v

PREPER




,fdr'all atoms were obtained from the computation of Ibers and

N ’65', )
R
) . - -.“ - 2 ,
selected check reflection was used to scale the data to ‘ . )
a common standaﬁd for all reflections. The mean atomic o
scattering factors, at iptefvals of sin® /A of 0.05 ﬁ'l, ' @

-

others(6 )This program 1nterpolated "he scattering factor fj

of the reflection concerned,

'

{

!

for an atom j glepending on the partictnlar sin & /7\~ value’ ?
' | ' !

?

|

Program NORMA brepared normalized structure factors for = . A |
. R ’
input to REL, It scaled the E values such that the average

g2 = 1 It also print out the mxmbem of Ehkl which were ' o ,

] 4 1

; greater than 1 0, 2 0 and 3 0 reSpectively. , . ) .

Program REL used the output data of NORMA to compute- the.
phase for each reflectipns by the Dircct method. Several -

parameters were involved in this program and are explained

a8 foll_ows s ! . ] o .

NBACK 18 a parameter used to determine how the
' signs are treated "If NBACK is set equal to 0,

_as soon as a new sign is determined in t:he first

o
s -

cycle, the reflections whose signs had not .been

determined earlier arc \rcexnmincd. In subsequent

cycles, the mome/nt a new ,8ign is 'determined it | )
‘> i used to _determine new. signs further down the

- o _list only. Recycling continues until there are - A

.. no more charges; or to a preset maximum number.

“m

M M . >
[ ] s z . 2 '

7 . N
' .
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. PROBL is a minimum value for P below which thé newly

~66-

s
, £

) . -
v

If NBACK is set‘équal tbAl, the new signs determined ;re
ﬁot used to determine further signs until the first

: of the cycles is finiéhed.
P is the‘probabilify of the‘evcnt'tﬁné a sién has been

. correctly determine&. This probability depends . upon the

‘ mannitude'of the normalized structure factors as well as
5 Py .

the-vélue PROBK which is approximately eduai to N'}/z

( where N is the number of atoms in the unit cell ). ‘

determined sign will not be used in further phasing.

Lo PROB2 is the minimum value of P for a phasc to be cousidered

determined in the output :

~

' o ' o .
1 P= 0,51 0,5¢tan h | ;/M/N CEpk1 Fh'k' ' Bp-ne k-k' £-¢'

(41)

Program RELFOR was used to process the solutions and pass a chosen

!
T

soluéion tp FORDAP. o ’

.

?rogram FORDAP was used to calculate the Pattersory function, Fourier,,

.

. and difference Fourier syntheses, R ‘ )

‘ Program SFLS was used for structure factor\calculations and

9 ~
.

Least Squareq.refinément. , Co

»

4

Program NUCLS, refined certain parts of the molecules as if they
‘ 6o % , '
were regid deies. Fo¥ calculating structure factors, the rigid

group contributions were summed separa{elxﬁfrom non-rigid afom#c

. \ 4
contributions. The Least squares process was similar to that in
- . , A ‘

) 1]

. .
D ) . o R
) s . ; ,
. . '
)
,



>

, SFLS except that separation of'phe problem into small matrices
' . : . , v ' '

was not possible.

Program UTILITY was &sed-to compute the geometry for the molecule

g
4

whose atomic positions had been determined Also it analysed

o

thermal‘parameters in terms of ‘ellipsoids. The program first

\ C o

converted the positional fractioral coordinates to orthogonalized

coordinates qnd:the nd lengths angles ectc., were computed -« .
using standard technjques, The standard deviation of o bond’

.length, @ 1. was puted usingvtbe follo&ing equation =«

Oe =16 % . 0 %2 (507 FOE1 1t Gy )- B

: \ 2 4 ’
GFTr 465 6 P (P @

where (§ yx1 and C{ x2 are the estimated standard deviation in , 7

S . the x psrameter of ‘atoms 1 and 2 respe is the

, " bond lenggh;/,,,///’f”T’/ ' ' . . !
; in a":\u& and -

o

ogram DRAFT was used to draw the molecules
stick' form, It also drew the packing diagrams showing how.

the molecutes pack in the unit cell, o

' f . ;
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! . Lo .
' PART (C) . STRUCTURE DETERMINATIONS . \
A K ‘ . , oo
¢ o (1) : THE MOLECULAR AND CRYSTAL STRUCTURE OF r-CsHsFe(CO) (PPh3)CF (CF3),
‘S" ! . ! h v
¢ .

Interpretion of Weissenberg h 04,h 1'_1 and précession

hkO,hkl, 0k1, 1 k f levels gave the following a

information :the Laue symmetry 2/m indicated a monoclinic

- space Broup; h lflhas twice the.number of spots ou h 0,?; on h 0,?,

' B 5
- photographs, along 0 k 0, k=2n was present and k=2n 11

,0= 2n were present, £ = 2n:l were ahs‘ent; on.h 14, all { were pr“esent.'l‘his

implies "a c_g’livde perpeﬁdicular to b, From the precéssion

was -absent. This impljed a 2 {old screw axis existing,
Lo

péréllei to b, Thus the space group was P2;/c (No.14),

CRTE -
P

@ , J ¢
\\
The unit cell parameters were determined as follows: .

-
"

‘ 0 3
a 9.219 (8) A ) vV ;242609 &
b - 9.135 (4) A M.W. 579.83 amu
' * ' . o + .
© _e. 28.834 (17)A z 4
. Y ' : -1
, o 90.00 | degy 1.58 g ' w
| o 'S '
B 92.43(2)
¥ 90.00° ' L o /

'

. There were 2421 reflections éollected in the
hetnisphére'i hk £ ¢to 20 pax = 45.. Only 1672 reflections
for which I greater than 36 (I) were used in the solution,

Inspection of the sharpened three dimensional Patterson aynthes'is'

"only one position consistent with all Fe-Fe vectors, This

suggested 7 PoFNthie-—positionsfor-the heavy *atom iron, but

"




a

vas at x= 0,025, y= 0,075, z=0,125, This atom was used in

4 rhe'positionsq§ﬁ5$e remaining atoms were yielded in the

R at this stage dropped to 13 6 %. After. five cycles of

©

calculation of the f1rst approx1mate electron dcnsiLy
J , ‘e
synthesis P(x y 2) which was‘not very informative : The

R factor at this point was. 57.37%. The set of data were then

treated by direct methods to obtain the phases. All reflections

whose normalized structure factor E was greater than 1.5 were .
) ' tod
used, REL yielded a solution with 97,77, consistency using

the following starting set : ° - ; N
_h oo £ " E ‘
-4 4 3 . " 2.89 (
1 1 263

. 1 6 12 2.59
.4 L2 1 2,59

N 2; 1. 2. ]

S 1 L 2.56

-3 " -1 13 - 2,51

)

'/. " ’
FE™ P, two phenyl rings and six fluorineswere shown by RﬂL.

v

'subsequent approxhnate electron density syntheses

The structure was refined by the mcthod of least

T .

squares using the full matrix method, The discrcpnncyulndcx,

'anisotropic temperature factor refinement, R was reduced to

6.8 % and Rﬁi‘.IS.l Z.-The YGoodness of f£it'indes was T;ﬁ“p

. A

.y
5
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~

"dividing the parameters into three matrices. The finél atomic

‘=70~ " s LN

Owing to computer memory reqtrictiohs,~1east.squares refinement ;
o ' | ' B
of positional and anisotropic thermal parameters necessitated

parameters are~given in TABLE (2). .

RESURTS : » . v -

¢

L2

e i

3

The geometric cénfigurakion of the moiequle of ~ .-

Y S
x-CgHsFe(C0) (PPh;)CaF; is shown in FIG.(1)). TABLES(3) \
and (4) list bond length and bond angles, ;espeétively. The -

averaged‘bondvlengths and angles for the fhree phenyl rings’

. -
and the cyclopentadiene ring are collected together in TABLE -

(5). THe packing diagram is given in Fygc.(14). ' ::i/)/——~/4 L
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e s TABLE.(2) .
- POSITIONAL AND ANISOTROPIC THERMAL PARAMETERS FOR ‘Fluotfe 1*

B X Y , s
1 Fe -0.09319(15; —O.a2756(16g 0.12803(9;
2 P 0 14723(26 -0.42156(31 0.11728(
3. 0 711(€) " —0.4405(10) .0.02973(3
4 Fi1 gﬂ#b) -0.1993(7) 0.1194(2)
5 Fia ‘ -o 2206(6) - -0.1402(6 0.0649(2)
6 Fi3 -0.2574(7) 0.0099(6 0.1203(2)
-7 Fal. 0. 0047(6) ~0.2084(6) 0.2137(2;
8 F32,' -0.0732(7) . ~0.0003(N) AR TSIALE (o
9 F33 - -0.2239(6) . = -0.1688(7) - 0.2050(2; ,
10 F2) 0.0L41(5) ~0.1278( %) 0.1182(2
11° CP1 -0.1529(14) 0.3438(12) 0.1325(4)
12 CP2 P 7 -0.0596(13) 0.5849(1») 0.1725(4)
13 CP3 ~0.1292(14) 0.4994(14)} 0.1976(4)
1, CP4 -0.2681(13) 0.5329(13) -0.1728(4)
15 CP5 -0.2775(13) 0.4389(1)) ©0.1342(4)
16 C1 - -0.2392(11) -0.1316(11)  0.1104(4)
17 C2 ©-0.1038(10) =0.2039(10)" 0-1372(3)
18 C3 -0.0997(10) - ' =0.1439(12) 0.1870114,)
19 Gy L =0.1350(10) . =~0.4257(12) n—oﬁﬂn(u)‘
20 Cl1l 0. °1n°§10% . -0.3337§|z§ 0. 065 ¢§5)
21 gl OL30p3( 10 —oLsnoR( L AN 3)
22 'él'; m. ﬁ?b(Ll) —0.2980( 1.2). O.0E(4)
S0 ohy DR D
25 Cl6 0. 1323(10) ~0.2446(9) . 0.0362(3)
26 C21 0.2207(10) To0. 3946(10) 0.1082(3)
27 C22 0.1552(11) 0.3133(10) 0.0714(3)
28 €23 £ 0.2116(13) 0.1764(12) .0.0602(4)
29 C24 0.3366(15) -  0.1186(12) 0.0851(5) "
30 €25 0.4010(12) 0.1997(13) '0.1211(4)
. 31 C26 . 0.3463(11) " 0.3389(13) 0.1341(4)
" 32 €31 0.2566(9) -0.3442(11) 0.1660(3)
33 C32 0.2634(10) ' -0.4172(12) 0. 1660(3)
34 C33 0.3405(11) -0!3489(13) 0.2477(3)
" 35 C34 0.40, (ll) ~0.2105(13) 0.2419(4)
_~36 C35 © 0.39®(12) . -0.1413(13) © 0.1979(4)-
37 C36 0.3230(10) } -0.2066(11) 0. 1605(3)
E) { )

[}

*. : Esd's are shown in parenthese;é. These are ripght justified to

the least significant digit in the preceding number.
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TABLE (2) cont .

¥ Fa3™
oo Bga¥
- e "2)
. 78.5%%‘ | u%a)
| e 9.2(42 =4
1 Fe - .g%,g('go) %76(14) lé(l)
2 0 199( 1) - L76(u) e
L 7 162(10) 17
L Fia 164(10) TS A
5 F12 189(d1) 1020103 i
6 Fi3 164(10) e B
7 Fpl . 198(11) e 3
2 Laa(10) . 79(8) ' e
2 90(8) LEsSA 7(3)
F21 165(22% 72018 ey
CPL 166(21 o) o
Cp2 124(21)  Tasab) R 6l
CP3 136(20)- i) e
CP4 124(21) 107(1@) e
& CPs e o 3
5 C1 104(1) I e
. 150 . 93(16) iRt e
‘—’—‘Lﬁwv 76(16) 68(L6) SN |
Cp . 91(16) D | @)
ci1 | 9&(16? 138(1?) 102
C12 . 123(17) Potets o
013i 157(19) orsls e
-Cyy, " 101(16) Tk | (3
2 125(16) P )
Ci6 61(1Ls) o) Fol
C21 144(17) . T i
Con- 150(21) 99(21) B ‘
Cog 184(23) 2 a0) 12 - 'i
C 129(18) 109(20) o we al i
€25 89(17) 105(16) 7(2) - ) -7(6) . 1
G266 . 4,3(14) - ¥31(18) e 410 @ : 1 ’
C31 116(17) 180(21)" . o i -3(2) ;
€32 76(16) . h(22) e ‘17(.M) l
€33 " 75(16) ' Lan(22) e By l ‘
834 137(2())) 1 5
33 © 76(15 -
c3g " 76(
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’ -
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_ “TABLE. ( 3 ) ot !
) | ) / : PRIN(‘IIPALIINTEEMOLECULAR BOND DISTANGES(A): |
| Fe-P ' l;.252(3) " cPy-0P, 1.46(2)
Fe-C, B X 5 TCON CP4-CPy .=-l-l+4(22/ .
| 'F‘e-—Ch 1.76(1) o | CPyOP, | l-1+’/(75 h
gy 116(1) Coomr 1":1;1;2)‘

» R ’ 'p_qn “1.846(9) CP5-CP l.uz,(g) ,
g LERO) . Calip. O R
) P-Cy) 1.836(10) . 01'2-013 | 1:14-2(1) T

CpFp - Lk2(1) T Giply .}'.'43'(‘1)
[ Yse) o, .- Suts T 1.42(1)
f CrFy o | 131 . dulf;"clé o Lso(d)
. Cy-Fin o133 T cpety, - - Lao(d)
L oy L Cate . 1.a2(1)
o Cyty 1.54(1) . Gaplp3 1.40(1) . \‘
e o Ogyely, . L.43(2) .
L c3'-F32 C 1.3k ~ Cg~Cay 1.3?(2) i
| | ‘0'3'1733.' | i.34(1) | C;-Cop, i.z,g(z) S
) C31-C32 L40(1) Cop-Cp1 - L.44(1)
.c°32-cB3 1.44(1) a Fe-CPy R 2_-l7(l)
‘ (:3'3_03‘+ 1.‘42(2).‘ . Fe-CP, . e 2.15(1)
A:(‘;},},-c% 1.42(2) | ‘ ‘Fe-CPlgl e 2-15(1)7
. 035;0364. -’ L) Fe~CP, | ”m‘;z'.lé(l‘) , |
] “ 0.36'_0‘3‘1‘ 1.91(1). : lfe-CPS e ,‘2-}}(1)' . j
- * ] T‘he ‘&"s shown in parenthesis. 7 : 1:
2 - — T N |




TABLE (4) : -

. 'PRINCIPAL BOND ANGLES® IN Fluorfe .l (deg.) . . .
" FePCyy . 120.813) FeC,0. 17170100 ;

C11PCy 984 . C4FeC, 96.2(4)

//’. ' © ' Gy1PCyy - . 104.2(4) ' ‘PPeC, 92,6(3)
Loy ‘ 1S

o FeBGyy - . 114.6(3)° S em wGFeR— o 'T99.3(3) <o -
. , . ,

FePC, . o 111,7(3) | PReC, . +92.303)

.

DR ‘ ' BEIIREY? ot
CpPCy . T 105.5(4) . ggFecp  115.1(5) e

Fe0201 [l

113.046),, . CpFeP . '120.0(5) -
| PeCF; | 113.2(6) Y CpFeCp . 125.8(2)

FeCCy - 18.3(7) —

PR ENE——

Ci6263 . 17L& L -

A

N

rd

< G§CoFg) ©101.4(7) i}
U CioFy e 102.0¢7) . . B -
5 - - F21C5C4 10L.4(7)

F,162C; 102.0(7)

T : C362CL o 107.1(8) ‘ .
| :
< .. . .%* The cad's shown in parenthesis, . '
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_ RING PARMMETERS FOR Fluoxfe l¥ ~ ‘
. ) 'PHENYL-RING 1 * *. PHENYL RING 2
. " - .- 1 : o '
', BOND- DIS'.‘;ANCE C31'C32 1 .41 (1) [t CII‘C]_Z 1 .42(1) )
(4) ,‘c32-;N.44(1) Cp=Cyy - l.42(1). - o
. [ ’ — * < s . . ' ' ’
L . C33~Cy4 - 1.42(2)" " Cli'cla 1,43(1) - f TN
R 1.4212)~ -~ e ¥ oL .
034 C35 u 14 (2) Cl[, cls .1"2(1) o
: ¥ Cys=Cyg  1.39(2) oGy Li40(D)
o 4 C3e-Cyp.  L.4l() Cg-Chy.  E.40(1) G
. AVERAGES 1 , 59y I.'AIVEBKEEHS‘ L.4001) -
Y i . ’ ) ¥ - : ‘?.‘/ <'\i .
BOND ANGLE + €35C3,C32° 121.-2'(9). ‘31‘1‘3,1‘.101'6 122.4(8) . ~
(des.) C33C3,C3p 118.6(9% €11C12C13  118.2(9) - . . T
- , _ . . -8 . ",
S . 034033032 120.0(1) © €12€13C14 120.1(9) . SO
e " ' ce e ;! b .
'C33F34C35 ,119.0(1) 013CL4915 119.7(9') Ce ‘: .
C36C;5C3; 121.0(1) C16C15614 120.3(9)
‘ e L N ’ s
'S Cy5036Cyy 120.0(1) €1€16C15 119.2(8) .=
AVERAGES  “159 1q9) - AVERAGES “pig gy
PLANE DEVIATIONS C31 . ~0.002605 Gl -0.003687 .+ - . .0 -
' €32 .0.001030 ‘012 0.011194 R —
€33  05.00L601 €13+ 20,002439 . .. o~
Cay *0-0026'_94 . Cl4 .. 0,004134 N Ll .
C35  0,001178 Cis-  0,003512 ce
" Ty 0.,001489 C16 _.0,903'71’5 SR ‘
i ‘ 1“ ‘. ° : .
) . “l . .. ‘ ) . R
[ ‘ - . -_ . C R ’
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. _.TABLE (5) ~CONL.~ ¥ L
* ‘ N -t - 0 ¢ ‘: 3
bi . . L f Yo o . ui \ . T r? . ! |

_ PHENYL, RING 3 st 'CYGLOPENTADIENYL RING

1.41(2) . «~ Cpl{Cp2 - 1.46(2)

. '1.'40(2) *. sz— 3""¥ 1.44(2)
1@ Ut cpa-cfs v 1.47(2)
1.39(1) B 'Cpfo-CPS T 1.41(2)

, 1.442(2)}\,, . ogpj-Cpif.». ]_“4(2)

1.44(2) . AVEBAGES | /0y

1.42(2) o . R

. v R

. BOND ANGLE)‘. © T CphCe Cye 120.8(9) . ° _gpscm"sz 105.0(1)
Qdeg o . . o
.@ﬂe‘;ucmc23 119.5(9) cplep2cp3 109.0(1)

<

C,gC2302 121.0(1) © gp2cplces 108.0(1) C . - .
%024025 119.0(1) - - §p3Cp4Cps 106.0(1). b .

‘k G cC. 122021), cpacpicpl - 112.0(1) - {
. ' .~‘{r", 24825 Cyp.122. . CpaCp5Cp 0(1) .

N N AU - A , ‘
- ~ - N ] 4', N ] .
BRI CZICZ'GCZS usto) ."A‘_’ER.-“GES} 108.0¢1) ¢+ ©
[ . - e ‘, . - N e v 3 s ‘ ) i
. . P , ] o . LS . , - )
T T S o, AVERAGESV 120.1¢9) - : o A
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ol . . vPLANE DEVIATIONSC,; '*0.001632 | = cpl | O, 006627 - -
’ g < N t‘ ) ! ‘.' ty \ ' ' T # ' ™
R A, "Cgp  -Digossas . . o-epZ -0, oo 6
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., (2) MOLECULAR AND CRYSTAL, STRUCTURE OF n-GS§5Fe(CO)(PPh3)CF2CF3

oy .
.
L]

E

Interpretation of Weissenberg 0,k A 1,k, £3 and

precession h,k,0; h,k,1; h,0, k? h,0 1 photographs, Iimited the space

group assignment to P2;/c (No.l4) as.describe before,

r
+

but the Weissenberg rotation axis was "a" this time while
' <

[ - “

] . o
in 1~CgHgFe(CO) (PPh,)CF(CF4), it had been "b*,

~

The unit cell parameters are listed as follows :

"

a 11.843(7) A v 2339.10 A3 N
.. .. . \‘i ' .

b 10,510(24) A . MW. 529.83 amu

. ' ' . ’ ) ’
¢ 18.807(12) A L2 ‘g ,
a . 9.,0° . deal 1.905 g cm™l
. ~ ® ’ C ' 3
B 875 0 ¢ .
-~ ¥  90.00°

!
The sharpeged Patterson‘syutﬁesis suggested-
\he position for Fe at x=0 125, y._O 25, z-rO 63’» In view
of the difficulties encountered with Fluorfe 1 , 'the data

\ were treated by direct methods hnnediately : thus all reflections
with normalized structure factors E grcater than 1,5 were

u8ed to determine the phases initially, however, this

did not work bccnuse too few rc[lcctions wcrc used, After
changing Eg;, to 1.3 and -alsl‘o PROI{ 1 and PROB 2 to 0.8%.
REL‘?ieidedla eolutiou with 9§z consiatency using the following

'

.| starting et : - _ o | ' ~":\'

4
. ¢

N3




(53

(2%

, h 4 E .
e 1 0- 312 '
) 1 1 0 " 2,67 ,
. -1 1 1 2,02 .
6 1 0 -3.03 : ‘
-1 1 0 -2,65
1 2 4 2.48
7 4 “2,41°

-2
A Fourier -based on the oixtput: ‘'of REL showed two passible

posftion_s for P, one' with y= 0,180 and another ‘with y= 0,30,

The former, ha\}.ing the larger peak, was used for a Fourier,

‘calculation, A Fourier based on Fe and P from REL showed more '

\ . ' . -
atoms : Cy, Fp1, F32, F33, Fyy, Fy;. A structure factor

calculation based on these atoms plus Fe and P was dome : the

@

R factor improved to 3_9‘;/. At this time, it was suspected . '|

the phosphorus position was' not correct, so a fourier .

* - map. was calculated basga on.Fe only, the R factor was 48,2Y%;

‘ii: showed that the P positiorn was at y® 0,315, This had been

<

- 7" ghown by REL before, but the wrong i:eak had been selected,.’

This occured because ‘the _position of Fe at 0.240, yiélded a

. _pseudo mirror-plane .at y= 0.2'50. The fourier based on Fe, P

* ghowed most of the structure. ( R‘fact:or,' 40:‘80" The

' * ' ‘
‘remaining atoms were all found after sceveral cycles,
i . 3 L C -80=
. "y ) '
i s




The reflection data of Fluorfe 2 werc re-collected
" later and then averaged' with the first set,

There a total of 5080 reflections collected in »

. . ™

two sets of data but only 1421 above 3@ were used for the least
squares, 'The first set of data was collected in the quarter . C

) sphere *h,k,{ with 20 max= 455 the_second set comprised

..

the quarter sphere }\,k,tﬁ with 28 m.ax = BOf,The structure o .. ‘

was refined- by the method of -full matrix least squares, .
. . . b ] ¢

Because the number of reflectiong was limited, the structure X

3 .
. s

could only be ‘refined isotropically, (Since anisdtropic

temperature factors have six parameter to refine, this requires - : ——

considerably more observations,) . . !

(> T ‘ " In an attempt to improve the ov;_\'rn’ll quality of LIu/" '
. structure,we re,fiqu' the structure with rigid idealized \/O | .

'phenyi'rings (CIE:1.39 4). This reduced the 24 .variables |

for one ring (18 positionalvériables plus six thermqi para;nete'rs)

to lé .variables f\or.: o;le t"igid ring (Xos Yoo ic, 6 s f ,é) ' g

plus 6 thermal parameters (X c 1s the pogition of

center of the ring, e, ? i are orientation-angles of the .}

'rinz) Thus, a total of 72 parameters (including parameters for |

O
" the rest of the molecul.e ) were reduced ‘to 3’6 _The purpose in doQg \ ]

s this was to try to_ let: the remaining variables of the whole .o ‘

o * ‘molecule re}ine better, Unforltl:unately, At did ,nothin:g to -

@
')

)

- 4, A
ha3 - v s -
B N TG T T —




3 . . nimprove the structure,. The least squares isottopic refinemenh\//\
converged at R= 16 9/ and .R = 15.5% and the " Goodness of fit"
- 1s 3,976, The final atomic paramgfers are given in TABLE (6) .
. RESULTS : : 1

The quality of this crystal structure is very

i

unsatisfact'ory.‘ The redason fot thig is that the reflectién
. i‘nt‘ensity wag tbo wsak due to the crystal being too small,
‘ tt has nbt;been possible to grow a larger cz;'yst:al.‘ ‘
| The geometric configurat'ion of the molecule
of FLUORFE 2 i{s shawn in FIG,(15), The packing diagram is? ’ J
v given in FIG, (16) TABLES (8) and (9) list the bond lengths and L
. bond angl'es’;respecti,veiy; The average bond lengths and angles

for the c&clopendienyl‘ting are given in TABLE (10),

Table (7) 1151: the plane deviations for cyclopentadienyl ring.
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TABLE

Fe

Cl
C2
“.6 Fal
7 F22

EEA D
o

9 F31
10 F32
11 F33
12 CP1
J3 cp2
14 CF3
15 CP4
16 CP5
17 RING1
18 RING2
19 RING3

(6) POSITIONAL ARD ISOTROPIC THERMAL* PARAMETERS FOR Fluorfe 2 .

X

~0.1273(4)
-0.2878(2)
~0.234(3

+-0.190(4)

-0.124(11)
-0.136(3)
-0.261(2)
~0.097(12)
-0.115(2)
. 0,006(3)

—0.168(4)

0.019(4)
0.041(4)
-0.CC7(4) -

~0.060(4)
-0.009(1)
-0.239(1)
-0.3893(15;
-0.5136(16!

OO0 000000000000

-83~

-

-

.298( 6)

78(53
L9 (4
.276(5)
0.365(5)

—

MP—‘!—‘MH%NN\A’PN
~~
W

. 0.606(2)

0.1616(17)

0.3197(18)

POOPONEP00000000000

A
»

o)

N A R
w N

CHaRpR
W RHOTOUT

O

. .
WS WE SWW e
LN NN AN SN N NN N NN (s~ ]

PO VRN W N RO\
M Mol el e e " e e e e i et O \UD

LEESS

T N Nt

396(9) .

o (A2)

* : Isothermal parameters in A%

**': Esd's are shown in parentheses. These are righl justilied to Lhe least
significant digit in the preceding number. : '

PHI  THETA . RHO |
RING 1 ~0.59(4) -1,19(2) -0.41¢4)
RING 2 -1.63(3) . =0,65(2) 3.99(2)
RING 3 - 1.03(1)

' =0,08(2)

kb/?51(3),

" DABLE. (7) DEVIA'.IIONS FROM THE PLANE FOR THE CYCLOPENTADIENYL RING .
© ¢pl . =0.,110525
“cp2 . . 0.027165 . ..

' cp3 0.046290 " . o "
A Cp4 -0,093104. . - ;o %)

‘cps  0,130175 - T




TABLE (g )
, | ,
o . PRINCIPAL INTERMOLECULAR BOND DISIANCES(A) ™
Fe-P 2.21(1) : Cz-c%j( 1.7(2)
Fe-C2 2.07(12) | C3-F33  1.3(1)
Fe-C1 .  1.80(5) - ' C3-F3l 1.1(1)
‘ ] .
. Cl-0° . 1.18(6) C3-F32 . 1.4(1)
P=C4L1 . 1.95(2) cri-Cr2 " 1.31(%)
+ ‘ , N P- +
* P-C51 1.54(3) CP2-CF3 L.oi(o)
P-Cé1 1.76(2) CP3-CPL  1.4%(7)
C2-F21  1.4(1) CP5—CRL | L1.56(7)
C2-F22 1.7(1)° CP5-CPL  1.20(8)
N , :
l' 1 2 ‘
i . ‘
DISTANCES FROM IRON TO CYGLOPENTABIENE(A)™
Fe-CP1 1.85(5) '
’ ' K R ,
Fe-CP2 - 2.10(4) | ' -, ’
Fe-CP3 2.21(4)
Fe-CP4 2.09(4) o
Fe=CP5 2,08(5) > \)
e averaged | 2‘. ’ .
*, . % i The.ésd's shon in parenthesis.
B 4
: | -84 " ‘
1 N \ )
'-'. . | " ' \:‘ -
Lo l,; - a; . ‘
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’
TABLE'(9 )y . |
 PRINCIPAL BOND ANGLES* (deg) |
© FePCs] - 117(1) FeC,0. o .lﬁbgh)
| .FePCg 121(1) .. CFeP 92(2)
" FePCy,) 195.0(9) ' éFeQZ | 108(4)’
'CPC;.  106(1) . CiReCy - ()
+ €,1PCq 082) FCofpp - T4(6)
C51PCsy 99(1) ' '§220203-_ : 106(3) *
FeC,Fp) 104(7) R CyColy  116(0)
FeCzeé . 96663 : FreC ”“&rxs} -t
FeC,Cq . 140(3) o 'chécpcaQ.) 119.2(2)
- BaaC2Cy " 100(8) 'Cchl%aN.):‘ f Lﬁ%(i); g
FaCy.  116(9) - o
CFalafy  TW(6)

o * ] '. . "
*l : The esd’s shown in parenthesis. '
' . TBLE (30) - ( ' .

Y

- BOND LEN(;FHS AND ANGLES FOR THE CYCHOPENDIENE RING

" - ANGLES BONDS
| .cpscplop2  106(4) . Cpl-Cp2  1.31(8) '
*CplCp2Cp3 106(4) Cp2~€P3  1.54(6) * .
. - i - , :;\
Cp2Cp3icp4 98(3) . Cp3=CRA  1.55(7) ¢
- cp3cpacps  109(5) CP4=CRS  L.56(%) .
cpaCpSOPL © 116(5) . . CpS-GBL 1.29(8) | |
—-—‘-—-——- ———sa— o ‘. . , .
“averaged lO’Z(h) : | L.45(7) - o
' : . N . | . : : LR [
. “85~ . L “
. ‘ "
. * - ‘
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\\\\\\\\:\i\\\» (3) THR MOLECULAR AND CRYSTAL STRUCTURI OF ujggu5001(rvh;)cv2avé/¢ -
- <, i . . ~‘ S RN

h inversion center The crystal wae . mounted dlang the c axia -
- ' . . “! '
The unit cell paramecers sre listed’as fallows TR ‘
A} ’ * ‘ : - - . * ' ; .. )
. ‘» ¢ . s ¢s &‘< ) ’ ca6
- a 9,564(4) A v }-22;.46 A : S N
. '] [} } . *
b 10.609(4) A MW, 631,84 amu e
* 0 e, 12,058 (5)A° dea1' 1.717 g em-1 ’
T . - . e R .
o 91,50(2) X oz 2 ! ’
T ¢ -
o 92,32€2) S 0,
~ ¥y 8682 T
1 ‘. . - “77 Tttt/ - - ""R' T e T ——*—‘*H—.—‘.*,.._.L‘“_~ e .
’ . Reflections were collected in a hemiaphere of o -
th tk,f with 26 _..* 45, A'total of 3657 reflections’ were '

P

" solved stnce it contained 1, a very heavy atom, This atom } '

, cryst:al ayatem Thua rhere was ne laue eymnecry other than’ an

collected and 2458 reflections, used inche laast squarqs. ' B

. was used to :':un.a structure factor oalcu'l'ation; the R factor

'nomlly after lovoral cyclu

—

. . ya ,
S S -
Interpretation of Weiuenbcfrg h,K, Osh,k,,j. and

(]

preceubon h,0,0; h,1,4; 0,k 0; 1,k,4; photographa 1imited the apace group

A1

auignment to P1 (No, 1) or Pl (No,2) of the triclinic - '_

‘ -

max o I

Inspection of the sharpened Patterson syntheoes
ouggeat:ed the position for I at x~ 0,16, y-O 375, z=~0, 175.

The phase problem in this crystal was relatively easy + ' , '

-

[y

was 43%, The pout:l.on of ‘the rmining atoms worh found L

A




Frprn uam-

SCa &t

S

2,
<

s

R,

A TR AR

i

P e Ee S B T

N

-

_t:;opic\ally, R converged to 5,97 aid R,, .converged to-5.4/, Tipe

.given—intTABLE (11) and TABLE (];25.-' . T ”

\arg collected'together in TABI;E (15). - l\‘.

A o ' o . ’
The struct:ure was refined by the method ot laast
° f

es using a fhll matrix: .The. duc:epancy 1ndex R raduced .

.
-

)

% aﬁr isotropic refinement The dntn were ,correcced

for absorp’tion at this point The cryn:al dtmennonl wera

a#proxfmately 0,34 x 0.24 x 0 28 m,m, qn'd the. 1inear. absotption

<1

coefficient ‘was 21 29 £om ’lfurther.reﬂncmcnw wore done anlso=

'Goodnégs of fit' was 2,333, The final atomic parameters are

-

4
.

RESULIS : ' .

¢ - The geome}:ric configuration of the- molecule\ of

.
)

]

,Fluorpo Ii shown in P‘IG (17). The packing dingram is given In
FIG..(IB).I TABLES (13) and (14) u.st: bond length and bond
‘ar;gles respectively, The averaged bond lengths “and qngfeg e

for the Ci"{ree phenyl rings aﬁd gyplbpenﬁadigne ring

- N o '
. . y B
. .




timtiran

TABLE (11)

V4 1 I
2 Co
3 P s
L Fn
5 P12
/6 I‘lf
g sz
8 F
9 ©f1
10 - CP2
11  CP3
12 CP, .
. %ir CP
Cl
15 Cl2
16 Cljs
17 ¢l
.18 C1b
19 Clé
20 C21
21 C22 -
22 023
W\g . 23  C2
o2 25,
e 25 €26
26, Gzl
27 ti32
28 .C33
29 C34
30 C35:
" 3L - C36
32 C4
S A
-~ ’ ‘,‘/ ,.‘ ~. - oL,,‘
AR

Esd's ‘are ahowrt in parentheus.
- the loast siznificant. digit 1n the procoding ‘number,

. POSITIONAL PARAMETERS FOR Fluoreo”

.

0,0350(1
-0.029§1
~0,032
T 0.420(1

0O, ljl;(

7
0 276(1).
0.020(1
0-0575

<0474

0.575(1).
063X 1)
o, ')R'/( 1.
Ouhit3(l
0.274(1
0.272(1
0.221(1
0,224 (1
0.250(1
0. 2hh§}
0, 3450(1

0.200(1
0.332(1) -
0.429(1) °
0, l.em§
(1-‘&’)0 .
o1a(1

X Y S
0130400207 - 0.48319(7)
0.1927§z; - 0.2573?1§
0.3023 0.1898(2

-0,240(1) - 0.183(1)

-0, 15(1) 0, 360(1 )
-0.122(1) 0,203(1
- 0.007(1 0.064(1
=0.034(1 0.216(1
316$ 0.346(1
0.388(1 0.229(1
0.296(1 0.127(1)
0.172(1) 0.174(1
0.18151 0.310(1
0.207(1 0.3183(1
0.149(1 0.296(1
0.080(2) 0.297(1
0,069(1) o.lao(zg
0.124(2 0.069(1
0.193(1 Q. 064 (L

0.377(1) . . 0.028(1) .
b.523(1). -0.001(1) *

0.481(2 0.219(1
0.333(1 .192(1
0,280(1) -0.068(1
0.456(1 0.279(1
o.soz.§1 4 0.381(1
'0.625(2) 0.436(1

' 0.698(2) - 0.398(1)
00061‘8(2 0.299 ..L
0.52651 0.242(1

r0.129(1) - - 0.238(1)
2 0:192(1

\

.Y
\hLOV\LI

'I'hoea are right Juutiried to




S TABLE (12) ANLSOTROPIC THERMAL PARAMETERS FOR Fluokco'{x 10%) .. .

. Prr o P Byg o Py My . 7 Ry
. «‘:\ . L - . ‘ ) & . ’
, 1 1 CL6h4(26)  72.4(8)  106.2(9)  =16.4(9)  =0.6(10) - 4. 8(6) L
L20 Co \ 853 65(2)  sp(L) . -1o(2) (2) (1) .
3 P . B6(5) - 64(3 58(3) ~25(% 0(3) . 5(2) ‘
o Fl1 C80(11)  267(13)  201(11) - -65(M)  -29(9)"  68(10) .
5 Fl2 171(15) -7 141(10 ?_63£1u§ L~7(10), -b5(1 ; © b5(10)
6 Fl3 ¢ 182(15)- 379(1 113(10) 5, .~ =21(13) *1.7?(1 _=2(10)
7. F2 135(11 107(7 , 171(3) =LE(8 o2 T aL(7)
, 8 F3 111(103 199(103 an(e) . -M(n) 607y - .18e6)
] 9 CP1 . s L54(22 159(17)  u8(1L) - =2k(16) 0 AA(13)  17(11),
10  Cbk2 132(22) 135(15% w(12) T 1(16) /7 s0{18)-  «15(11).
¥ i : 1L cp3 °  188(2y) 123(15) 6101 -a(l1). 20(13) 2340
’ S A Leh(22).  1an(lh)  ha(le) 26y -a(in) o =2(10
. © 13 Cpy C1e7(24) T 150(16) Y 43(10) - 1O(LG) ML) o L2(10]
. Sl a1 T 7ua7) ,130(14 58(10) 5. =30(13) -TA(lO) ~10(10)
¥ Cl2 184(24) . 152(17 57(113 15(17) 15(1)  =24(11)
© 16 €13 ° 184(26) . 207(20 _asgu 24.(19' 10(16)  -2(13)
.17 CLy - ‘105(22)  241(24) " "88(1h) -51(20 (i) . =17(14)
.18, (1Y 180(27) - 213(22 69513 -91.521 12(1'g : 242:11.;
v 19, Cl6 ¢ 140(21 123(14) 87(12 =59(1) =14(1 27(11
. 20 c21 | _123(19 ' 66(11)  46(10) T 2(1% -9(11? {t’)
21 C22 . 111{21 1ozé14) 64(1L) (1) © 9(12) - 3(9
. 22 . C23 - 248(30 107(15) 7?(12; “4(12 c20(16) - 7(10)
- 23 C 205(27 82(13} 760 o016 =12010) L 6(10)
%4 C25 213(25) 48(10):  &4(L2). -;g(m) C2L(1k) b -h(Y)
25 026, 181§25) 125(16) 100(13) C23(17) . 13(1n) -12(11)
26 ° Tal o 110(17) 66(1.1§,' “o(10) L =7012) =51 L —12(8) .
27 C32 105(19) 80(12)  L46(LA)  «200(13)  =a(Ih) o 1u(i)
‘ 28" 633 170(35% 128(16) 162(L8 -97(17 _-36(18) 24(142
- s .29 C3y 195(27 125(16 121.§1'5 -#4{17)  -54(17 27(133
. 30 €35 . 173(26 1so§13 101(14 ~55(18)  =46(15) = -0(13)
< 31 C36 263(23 134(15) * 64(11) —5,3516 - =36(13 3(10)-
- 32— G4\ 1232l 156(20) — 112(16) =L,8(18) *» =30(14) 26(14)
T - 33 s ' 7o(1e)” 85(11) 80(;1) -332115 (1) | 19(9)

- I




1

~ \ T TABIE (13) oy ~ o
I o ~ [ . . : o * c. .

-

PRINCIPAL INTERMOLLCULAR HOND DISTANCE: (A)

f
]

/

’ -
¢ .

*Co-P ©o2.290(3) . TRITEEE 1.40(2) ;
Co-liy . i 23051) . - w121y 1.41(2) |
a Go-Cs '_2.01.1,(11) - '  cy3-cu, . ! :1.4‘5(,2)
 Carty " 136(1) Slewecty L)l -
" SR 'CS-FQ ©oLa6(1) . Crs=Cls - Laa(2)” |

. Cgey - L(2) TN 1502

U 11" BT Tk EREIC
. L byFy o 131(2) N1 c22-0% S1.4102)

. | .Cp=F12 P 1.31(2) - - Cs3-Cob " 1.42(2)
" P-én R ’1.‘35(1)  . - C2h-Cy L 1.43(2)
P-C;; . . 1.18'5(1). C25~-C2, ¢  1;.‘1,1(2)'
P-C.BI O Ley) - "'(,‘2',1-"09.}. ' 142(2)

cPIcP2 LAK(®) - Cealeasz. LAa)’ L,

g CRMP;»;»J, 1.44(2) . C32-033 - .1.40(2) | ‘
CPCRL T LAM2) . o 033G - L.39(2)
’ U ometrs T Ls(2) oot 1.41(2)

. o GP5-CPL 1.48(2) - . C35-036 . . - 1L.40(2)
Y - e C36-C31 - COLAL(R) ’
i C ' / . c, '

** DISTANCES FROM CODALT 70 GYCLOPENTAULMNE(A) .- . o
. Co-001 (1) . - CeseR,. . Za2(l)
. Co=CP2 2.14(1) N Co<CP5 . 2.12(1) o
o CeOP3 T 2.09(1) C@ugge : 2.42(1)

5 -

*

'Jie."




S,
TABw:(m)

PRINCIPAL BOND ANGLES*(deg)

Conll

G112y
CoPCy)

CoPCyy.

' C21FC3y

CoCeF
5 3 .

‘ COCst

COCSGA -
C4CsF2.

Falsf3

% ¢ Esd's in

121.7(4) -,
105.3(5)
99{9<;) |
116.4(3)
108.0(3) .
103.8(5)
112,7(7)

ogem

120.2(8)
102.9(9)
164.9(9)
105.4(8), "

parenthesis.

100Cy -

'_IPCOCQ'

ICoP..‘
F205P‘3 !
. 'ChAC5F2‘

“

".PCol

ICoCP(év ) '

CPCoP(av .

]

(93.9(3)
C95.(3) .

ob.47(9) -

T 105.4(1)
1‘03.'0(.9)—, 5
104.9(9)
9L.47(9)
116.7(3;
118.4(3)

3
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. AR TR T . ’
' -  TamE 15). : /w;
S o .' T RING PARAMETERS FOR Fluorco™ » A
. P g < ¢ .
‘ o PHENYL I{fNG'l T \:;fr’rf{;zwn RING 2 P
+ 'BOND(K§STA“°E ‘Cu".chig 1,40(2). ' . Cy7Cy3 14202
, : © €°Cpy  L4L(D) | S Cpplye - L.41(D)
. ) TSI WL R CyCys  1.42€2) -
B © 0G5 1.37(2) Ca4<Cy3  1.43€2)
w OCre . L@ T ity L4LED)
- : . Cyg=C11 " 1.45(2) . Cpe=Cyp  1.42(2)
\ - —
\ - f.vmass 1.,42(‘2) AVERAGES 142
: m?g:;"‘f‘gﬂ ) °}2C11°15 ”117-;0(1?0 655021022 'F-21.0(\1‘I W
: . »01131‘2313 {12“1.0(1) . Cpplualye 121.0(1) .
1 ‘o ‘élhciﬁ‘cm 120.0(1) ¢, .006C,5 118,0(1) ¢
QL3C14015 120.0(1) . “ Czac-zacz;ah 121,008
|| ? ©14Cy 501 120.0(1) - - CpsC2uCps 120,0(1)
' 5 CysCiefy 122.0(1) CpuC25021 119.9(1)'
D | ”ﬁ%“?’é 120000 RVERAGES 0700y
f g ', _— .» (:;s 003864 o . -0.004135 o
A |, DEVIATIONS 4 12 -0.006577. oy - ,*/(;.\()@05 B
| / N L Gip o t0.00205 g Lo o017 ;
/ ‘;"‘_‘,14 | E‘}""”"f“ } Cpy 0.005106
L Cps . 0003712 oy 2o,00250
' g ] Cr6 -n\.omss,,..'qé g -0.005248 - -




f e i . .
N A
. 3
’ o S
IS
N 3

e DEVIATIONS *

PHENYL RING 3

BOND. DLSTANCE L '
) CyCiz 143
| C3p-C33 . 1.40(2)
Ll "C33=C34  1.38(2)

C34Cys - 1.41(2)
C35=C36 ~ 1.40(2)

036“931 . | 1 041(2) 1

C T WERAGES -y 1v2)
v S Lo T
’ .‘.' /' “ . ,
BOND/ANGLE 'C36C3154% 120,0(1)
.(deg.)/ " O :
* ¢ i 'HC31032C33 ) ’117 .0.(1)
L lE<\;> G12C33C3; 124.0(1)
Y . . C33C34835 119:0(1)
L., % CyC3sC36 I18,0(1)"
s { . C45036Ca1 '121.0(1)
. foo \ .

.

. PLANE Cjp ' =0.019504 |

- C;;  0.008727
0 . €43 N 0.005668 °
PR Cay  =0.009460
LA - Iﬂﬁ.' o :
' d " . o ,035 + - =0,001202 '
) - Gy  0,015771 - -

bAVERAGES‘ {120'6(1)~r

°

(  CICLOFENTADIENYL RING

- . Cpl=lp2

.

TABLE (13) CONT, .-

. Cp2-Cp3

Cp3-Cp4

L]

Cp4~Cp5

Cp5-Cpl -

\L;4662) .
1.44(2)
1.41(2) S
1.45(2) A

1,48(2)

" AVERAGES

A

Gp5CpLCp2 166.@(1)
Cpl Cpgbp& '
:ngcb39§4'
CpSQpAQpS
.CpACPSCpl

1.45(2) - .

'
-

\ .
108.0(1) -

110,0(1) .
107.0(1) K
109,0(1).

AVERAGES

cpl
¢p2
tp3
Cpb

Cp5

' o
o . . N
1 . 4 N \ . , oo
ST ST - -\ '
B N .
° .
oos,
.
'

4108.0(1),# B o
“0.0058075.
-0.0e775  C o L]
0.007467 |, . E
S.om017 T
-0.002481
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. SECTION IV - - DISCUSSION

-

l,’ " Fluorf 1, n-CSHSFe(CO)(PPhg)CF(CF3)2 and I‘luorfe 2,

n-csl{sFe(CO')(PPhﬁCFzﬁF:, are similer compounds, In both compounds,'

>

' the central‘ ironvatom is coordinated to ‘9 cgrbonyl group, a,
' / .

triphenyl pﬁo.sphiﬁe molécule, and a cyclopentadienyl ring, A

»

) perfluoroiaopropylé group .18, co-ordinated to the iron in Fluorfe 1

while a- perfluoro-ethyl"group is coordinated to the iron in

Fluorfe 2, v ﬁ
Fluorco, n=C HSCOI(PPh))CI‘:!C% is a cob.ﬂt cédmpoynd, the
Co ion is coordiuated ¢\\a fodine atom, a cyclopnntadienyl ring, ]

’

a'triphenylph’osphiqe', and a ,perfluor_o-ethyl group.

The three compounds may be regarded as an pseudo octahedral

A

complex of a metal fon (piemo stool). The valence angles at the

centyral metal atom of three compounés are as follows : - .
: nas. A ! .

j‘ Fluorfe 1 Fluorfe«?2 . ' Fluorco
i X ‘, , P ' ‘s . ) S P I
) CFeC, . 96 oFer . Bl - geooy 9
,PFeCz' -92° - - PFeC, 108° \ PCoCy , ' 95°
: G FeP | 92*" CyFeC;, T 89%  ICoP * 94

These angles are close to 90 juat aa in other
sui-sandw:l.ch % ccmplaﬁ fjor example, in ;ﬁtwo '{somexs '
.of 1!"05115?61(1’(00535)312( ’ ),, the angles at the Fe atom have -

"': an avoragu of 9, 8° 1n x~c5u5!'a(¢0)(1’l’h3)(6’-051!5)(1) anslu




v

. . . N R . .
. ~ at the Fe atom have an average of 90,03, . ‘In the molecule -

n-csﬂswn(c0)3(69) the valence\anglen Ccarbonyl .__N\\::: Cearbonyl

4

3 . ' average 92+2- whereas in the scrkctur; of n-CSHSRh(CD)(CzFS)x, the

corresponding anglesat the Rh' atom (between the 'lean’ ‘of the

stool), “have an average of 89,141, 0

(B) THE CYCLOPENTADIENYL RING
I

- T The cyclopentadienyl king 1- plan;ixin Fluofih | .

4

'and Fluorco (the maximum deviation of the carhon atoms from ' .

—_

the plane of the ripg 16°0,007 A in Fluorfe 1 and 0, 009 A

" 4n Fluorco). ' . i
. ‘ ' o
The distance from the iron .to the middle of the ‘V}
S

cyclopentadienyl ring is 1,7571 A in Fluorfe 1 and Fe=C (cyclo- .
pen:adienyl)»diacances are equal wiéhin the limits of the ‘?“£~
determination ? the average dist&nce 18 2, 14(1) A which is ) -
longer than the distance found in sandwich‘complexeg of the

& . - * .
ferrocene type (2,06 K)<57),and ferrocene derivatives, This

increase relative tor'full' sandwich, however, is'uSual and i8

i S ' , ’observed in neéarly all half eandwich . complexes of the transition
N metala, attesting to the weakening\of the % incaraction between

L . metal and’ cyclopentadiennyl ring. Thus in the structures

' [n-csusre(co)zlzu") and (n-ciuslve(co)2]5n(c5u5-)3(15) .the Fe — C

—_—

,(cyclopentadienyl) distances avaragq 2, 11Aand 2, 095 A, In

(u-csﬂs)Fe(co)[P(65H5)3](0' Cs“s): the‘pveraae Fe ~—-0(cyelopentadieny1) .

qquals 2,10 A S

. S - s




]

, . .
L7 . , \\

Th'e Fé — C(cyclopented'ienyl) distances are apparently

‘not equal in Fluorfe. 2, They range from 1, 85(5) to 2.08(5) A

‘1t is hard to say “whether the, tng 13 reaLly tilted with respect

L}

t6 the iron atom, or whether this an artifact of ‘t.he poor

- A =

. refinemente

\d\ . .
In Fluorco, the C — C bonds i.n the cyclopentadienyl ring
are equal within esds, range from 1. 41 to 1,48 A The
distance. from the cobalt to the middle of the ring is 1, 729 A

¥’

The Co.— C(cyclopentadienyl) distances- are approximately equal,

ranging from 2,09(1) to 2/14(1) A, (average' to 2.12(1) &).)
(C) THE CARBONYL MOIETIES . ) BT R S

a

The M ~CEQ moieties' of Fluorfe 1 and 2 -arc not ( \
. lix;ealr as frequently fﬁund.,'(.la) The valence angle of Fe — ol 1 )
s 170" in Fluor‘fe 1 and 176 ®* #n Fluorfe 2. A very ‘genei'alv
ob'urvat:ion of the ;tmctures of mef:al carbonyls and metal~
. cyanides is. that tha M—CEOQand M— CE "N bond angles RV
‘ahow syatemati.c deviations from a value of 180 . A racionauzécion ’
" * of this has been ,given for the case of M(CO)3 frasment:s”o)
(D) THE TRIPHENYLPI‘DSPHINE GROUPS ' S

' RS

- The coordination of the P atom is diltorted tetrahedral,,
In Fluorfe 1 and 2, che Fe — P bond lengtha qqunl 2,25 A

and 2,20 A reapectively s which are closeto “those found in other
iron phosphine complexes, e.g8, (n\ HS)[P(05H5)3]FQ(OO)I(1) (2,23 A)

’ ‘.’l.'hus, in the present caae, there is: a conﬂdera\b}e shortening

of this bond in comparinon with the sum: (2 45 X ) of the ' R

cﬁvaiént:’ radii of .1:anj.(1.35'A)(‘11,) and~ph§qphoruq (;.10'3)(12).‘




¢
b4 - .
- ' - v ‘ 1

. This dhortening is an indication of*‘le coﬁsiderable dativb

interaction dn(Fe) —-— dn(P), which increasea the multiplicify of
.vthe Fe — P bond (see introduction) Thia bond 1a even shorter
v (2,15 8) in the two 'isomegs'o 8) of. (n-CSHS)Fe{P(OCGHS) 151,
The chirality of the tripheqylphosphine "propeller“ :'VJU'~1: ' %F
in these compounds, is 1ndiceted on Figs 19a,b, and c. These | |
ﬁ“ o figures are drawn w th similar configuration at the metal

AN a . .o
asaymetric cgyf%e (It should be pointed out chat the three

T T

crystal structurea ‘are all centroaymmetric, and clntain both * -

- enantiomers) Fluorfe 2 and Fluorco axe very similar compounds,
!

differing only in the gétal "and the substitution of 1- for co

[}

in the latter, It is interes:tng to note cherefore,ﬂthaf they

o

N 'repreaent "pseudo" diasteromers, and this obaervation lends
e same aupport to the explanation proposed for the'C € O stretchlngi;
doublet in Fhe 1.R, of this type gf»compound. : o -~
(E) THE PERFLUOROALKYL GROUPS | ‘ | b 'N\\§

£

}
The perfluoroisopropyl group in Fluorfe 1 and che

oo

pnrfluoroethyl group in Fluorco are in the’ ntaggered eongormntion'

PR o

as expected “The Fe — qz distance in Fluorfe 1 is 2,06 A,

thls shortening of metal~ carbon(fluotoalkyl) bond length comrured

-~

AR SR A

- T et g
TR O T N Py b
e

with metal-carbon(alkyl) ‘18 expected (see introﬂuction) because

of the dn -'0'* ‘back donation The nveraged Fe — qa — ce arigle

xin Fluorfe 1 1s 113, . The tncrease tn metal-carbon-carbon ‘ . S ’,

bond angla from the fo:mal op angle of . 109 28 is expected, B ‘,. s

thi- baing a gencral phenoucnon in trlnuition notal fluoroa1hylu

a8, duc\tibed bafora. -Again, - thc co - (‘a - 05, co Coy Fz,

LI ! ‘t:



F16.19 b




Y the Fe,™ C

TR vl Fa I i« 7

A T A . B it 4 A, M X 2

i a
o0

. -~ o °
Co = C, — F3 angles'in Fluorco are 120.2 , 109.6 , 112.7 ,
.fesbectively, t:he increase 'of"t:hese angles from the ragular

tetrahedral value ‘may be due to th§ crcnscd rcpulni(m of the .-

‘electrons in the Co— C, bond from thyse in "thc C C
C(x * Fg,y Cy 7™ F3 bonds.. This eJ}id%ce shaws that « donation H{

- from metal dn orbitals into c—F antibonding orbi!sals exists,

-

Such’ shortening of Me == Cy bond and increase of the angles at Ca e

'{s also observed in n-csusah(cm(czr‘s)x.(?) - o

-

" In Fluorfe 2, the perfluoroethyl g.foup is also in a

‘ , . o
staggered conformation the Fe — C, distance {is cequbl to 2,07 A,

—_— CI3 angle is 140 but such a large deviation
k]

o

from the formal ‘sp angle of 109 is abnormal, The large increase

of this angle. cannot be caused by the electronic r;apulsions between

',‘the CF, and CF3 group, and is presumably a- further result of

: 4

" -, the poor refinement of thia structure, R e

(F) MOLEGULAR CONFQRMATION = , N

— L3

In Fluorfe 1, the angle hetween the planes defined by

"Cz —~ Fe - P and FZI == C3 — Fe u 21 t:he alightly atnggered

confomation is shovn in FIG(19a), see also Fm(lS) Tha

bulky t:ri.phenyl group is oriented in auch a way that 1: is oppocil:o '

‘to the ‘two. CF3 groupa .and close to Fay. The confbrmation of
Flurofe 2 ,13 shown in pm (19b), sce also nc(lS) . the 01’3

group 1lies remote from the Ph,P group, closer to thc o

.grpup. Poor reﬂnemem: precludes. very cxac;: conclulionl rcaa.rdi.ns

the di.hedral angles, LT,

v ' -
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In Fluorco, the angle between’ the planee defined by

‘

<
Csf- Co.— P and F3 — Cg — Co is 43° , the angle between the

planes: Cg — Co ~— P and F2 < 'CS Co 13 81 t:hé staggered

| conformation is shown in 1?1(;(19«:), see also FIG(U ). In this

triphenyl phosphme group ‘48 oriented opposice t:d the CF3
and slightly éloser to Fsy, t:his ‘can be’ rationalizcd by assuming that the CF3

15 closed to the less bulky atom I as compared to the Cp ring.

.These three conformations can be partly rationnlized

’

,

if 11: is assumed that the order of bulkinesa is :

' ‘4 @

PPh3>Cp>I'> co. )
» . .
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SECTION - V : CONCLUSION

)

L]
.

. Among the three crystal structures reported in this
’tﬁeéis,'?luetfe.l and ‘Fluorco can be considered satisfactory
, » .

from,the point of view of their accutécy. Ihe'tﬁird‘structqréy

]
.«

Fluorfe 2, hae’not been ‘well refined,.and attempts to improve

it have been defeated by difficutly in: reqryatailizf\g~the~small

eample available (and the falIure of the Baixrd group to repeat

, .
‘

the preparation). , ’ .

;

Further;work might involve the eetimation of the
\'

" effect of 1ntetmblhchar‘forces on the molecular conformatiéns

.

o : . ,
8o that c?rtelations etween the observed crystal structure

- ¥

and the solution N.M.R, data could be Justified or disallowed,
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