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IX.
SUNMARY,

The werk described in ¢his thesis &s divided into
'fﬁvnimain parts end one apprendiz, Parﬁ&‘I a‘IXE dnaiuviﬁh the
accounts of tha:xéaay'studieé of thwee derivatives of
bis={diphonyl-phoaphine)=ethyianine, (C H 5 ) oPoNa(C,H 5 )p(C K 5) 2
.Part IV describes the cryesal struveture analysis of lead
thiocyvanate and Part V summarises the chemical syntheass of
somy aminophosphine complexss. Ths appomdiz cortains some of
the: methods and thsories nsed in X-Ray Crystallogrephy.

In all the X-Ray work, the heavy atom toéhnique
was used teo ovarcomé:tha phase problem. Intensities uware
astimated viaually and the refinement of sach structure was b
the thrse-dimsnaional least-squarcs snalysis.

PART T s This scction contains an account of the
X-Ray siudy of dichlero-bis«{diphenyl=phosphine)-ethylamine
pelladiun (II),casﬁzstﬁpdCIQ, The results obtained show
that the ligand is bhidentate and that the complex has a
ciseconfiguration., 0ther featurss of the‘pallédium comrplex
are descridbed. |

PART II : The crystal structura of the ethyl iodide
adduct of bise~(diphenyi-phosphino)=sthylamine,

(caas)zpm.(czrxs)y(czus)(c6ns)2°z" is established. The two
pheaphorus atoms differ aignific&ntly in thelr configuration
and'ths'quatarnisation takés»pléco-az‘one Psatom only. Other
points discussed iaclude: the delocalisation of the lome pair
‘on nifrogen and evidence in faevour of diepnw bonding in PoNeP

syatems.



II%,
PART ITI : This contains information about the X-Ray

structure analysis of bis-(d&phenylwphosphino)wcxhylamina
molybdenum tetracarbo#yl,caéﬁasﬂPQMQ(GO)ka’The-ﬁolybdanum atem
iaAoctahedrally coordinated with the ligand occupying two
neighbouring sites. An atétompt is made %o obitain the Mow=C
bond order from the cbsevved MosC bond lengths. Additiomal
evidence was obtzined in support of dy-py back-bonding in
PaNeP systemo

PART IV & The crystal structure of the lesad
thiocyanate, supplisd by Miss Ida Woodward of Queanis
Univeresity, Beifasi, is reported im this ssection, Results
shoy a sizefold cooxdination of Pb and bonding through S and N
of différen% thiocyanate ions,

PART V¥ Th@-ﬁtans&%ian matal complexes of sone:
amino~phosphine compounds have bssn prepared, The ligands wsed
are of the formula «~ Ph, P«~NR<P.Ph

2 2(
Comploxes with the above ligands have been formed wiih

R = H,Ms,Et,nPr and iPr).

Niekel (IT¥) iodide, bromide; nitrate and thiocyanate, The
corresponding complezes of mercury {11} iedide, bromide and
chloride were alseo préparedo ¥ith bis-(diphenylephosphino)e
sthylamine, the palladium (II) chloride complex and the
mono-ethyl iodide adduct were prepared, whilst the disulphide:
and diselenide of tho-bis-(diphanylophosphino)-methylamino
wvere formed.

Paxrt of tho work on the chamical syntheses was
published in the Jouzrmal of the Chemical Society,

(Payne ot al.,J.C.Sc, 1964, 1543).
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PART I

X-RAY STHEUCTURE ARALYSIS OF DICHLORC=BIS { DIPHENYL-PHOSPLING)




1'3

tol. INTRODUGEION ,

Aftor She extensive wosk of C.A.A. Michasiis (1890-1903%),
the study of eminopboaphines hae developed slowly.
Little or nothing was repsried in $he chemical 39arngia patil
1946 whon Crimmel sad cowwsrkhers dogscribed the synthesis of
PhUIPNPL from ?313 and aniiine. However, since then ‘
sevoral other inorganic chemisis have jelmed in the %ask of
discovering thefchamiatfy'af %h@»@mi&@p@@@phﬁﬁﬁse

ithough Eﬁ@h‘36ﬁﬁ nas now been dons im this fisld of

PN compounds, tho imterprotetion of many of the resctions
invelved ramainsraﬁnfa&aéa Kogpia§@€f>(195ﬂ) in bis Eouk
on organs phodphorus chemisiry wriles: "Many of the rathes
interaniing ﬁaacﬁzen used in the syﬂahesis and
integcsnvar&ipas ot %big f&milﬁ arg very imperfectly understood
For this reasen, a éaééidegabie confusion exista in the
ligerature on this ﬂubjae%,t@ the preseont day. v?h@
eiimln&tian of such csnfuaa@ﬂ is @z@ramaly_neaess&ﬁy sod it
accompliahmsnt is one of the great challiepnges in she field
of organa phospherus ccmp@uﬂés”.
Van YVamser further comments thad, "Kesoclapoff might haéa-adﬁed
that some of %he‘s%rueﬁuras assigned tc a number of organie
compounds iﬁwnlviﬂg PN bonﬁa warsa paﬁan»ly absurd;

As inﬁereae gEren in %&a abswistsy of aminophosphines,
it bgcams eovident %haﬁ X«Iav work wWas necessary to sclve soms
atructural prbblams in this field. Gne such pwoblam ie the
typas of bsnding in %mrvalana P-l systems and the bideniaie
;natur@ of ethyl = okﬁm{ﬂipﬁ@nylﬂ?h@@phin@}w&miﬁ& i complex

forpafiiog with ths tracsition notals.




£

Tuore i8 cleapiy a.ﬁsaé far I-Ray crystallograpiice wozl:
hut, 2% the Zima @f wpidting., Do such work hee beer publishked,
githey on the ligand idscsl? oy om its @m@pléxeau This
shesis therefore deScribss the first structure analys és of
somponnds of this class. | |

?h§ 1igande ethyl bisw(dipheﬁylmpbosphinn)»amina was
firsﬁngxapa?aé-ﬁg G. Bwart {(1962). He prepared the
ImarcaxEinudié@'&éﬁﬁc% of the ligand but the ssructure of
the cogplex was not knowne

rit-iﬁ’reascﬁablé $o assume that, since the ligand with
a PNP skelston has two phosphorus é%amg and one nitrogern,
it i= c&pablelef beﬁaving as elithor a bidentate iigmnd 0
2 &ac@wardiﬂaﬁed-mercgry or as 2 monodenitate ligand to &
3=es=ordinated ma?@é&ys

in fur%heynwégk on eam@&ex formation by Pavne et al
(1964}, the chsgiéal studies were more im favour of the
bidensate pature of the ligand than of the monodentates
but, since me SeRay informetion was aveilable regarding the
gﬁruc%&?e‘and the stersochemical nature of these éamplezesg
it %é@‘nas easy %o say with any certainty the mature of ths
bonding of the ligaﬁdAin complex formmtion and $o explain the
exach %ypé of bonding around the two phosphorus aﬁqm§ epd ths
sitrogon bridgiog them.

In order %o elucidate these érobismég the X-Ray structurs
apaivess of the Dichlorow=bla=-{dipheryl-phosphine)-sthyiamina~
paliadius {IX) waz usdertaken.

Bgveral zamnies of %his complez vers preparad ag deseribed



Subseguant echeniscal ansivoiz shoved fthe fozauiaz %6 bo
@5% 5»?2&?«@&312@ o crvstalis vers pale yellsw ncedles
end ware of such good gualisy that many f‘aégs vose wisible.

Small single crym‘s’ms wore ploked for *’\i.«»m?,? werk.

The preliminary photogrephic werk was kindly dona by
Mr. Gyte famarlir-sf this Begaaﬂémanﬁ, |
1e2. QUYSTAL DATA

13

- Cpyskals 0-*2’-1{{@%‘5. } }%v:gzgm ok, (mz., wEo 591.13) .
‘aye orthorhowmbic. %3?‘““2& w ZD00 I o-0z & “, b= 3.7 60 - 0°02 &,
g = 1387 2 o-02 Jz. woluge of umnit ceil, ¥ = 5106 A3
messured densisy, .' g = 1o%6 gﬁ;;’&cg ealculated density
pe = 1ok gm/ce for 8 molecnies per uni® vell. Thoe Sotal
mpmbar of electrons pory unid éen, ¥{000) = 238%,
Eﬂ’g g @ BL1G, me ap © 3038 Tho Limsar abscmpéion
coegficient, fox Culic, « radicticn (X = Lo342 g); Bo= 92 em oy,
M. Bo = 277 = L0, ‘
1.3 SPACE GRGU? §W?biﬁEH§EI§W

The fallwiag sysﬁ:amat:ie halvings wore ohsSerwved from
Yailssonberg photegrap%as of the principnl SZonvs -

o B0 s B z: Zn which indliceies the preseace of a glids
plém along a paxfpezzdicuiaz; €0 g.

kG 3 k = 2n this ipdicates é.'al‘ axis aiong b,

BOL ¢ L = 24, giide plens along g rnormal to b,

BOO 5 & = 85, 2 2’;3_‘ azis slonz a, | |

Ol + k= 2ng & giide pisas aleng @,norml to g and

1'

00k : 1 = 2 indicaice = 22 axis aieng 8.

These conditicns vasnbignously irndicate the spase group



F2,/b2 /o2, /a ise. ?bsa(nig)o

1o QSENSITY w&
The Yeissenberg vhotographs of the neis hOl, Okil and

hiO-hk10 were taken omploying the auitiple=Ffilm techniqus #ne
to Robertson (1943). The imtensity date vwaich consist of
about 3000 indepondent reflections wers visualliy estimatad by
caﬁparison‘wi&h a ealibrated intensity step wedgs. Crystals

of an average width 0°015 cm wers ussdt the value of about
0°5 for R was sufficiemtly small that abooxpiion correciiouns
could be neglected. Correctiong were hcwe?ér mede for the
Lorents, polarisatiocn amd zotation facters (Tumall, 1939).
The oblervsd in%eﬂaigiss wore pliaced on & ralaéive scale befere
being converted to the etmicture-factor amplitudes, |Fo|. the
valuss of which wore iater placed on the same scale by

sorrelation with the corresponding vailues of the saloulated.

structure amplidtudos.

Patiterson prejections down the ihrpee azes (21, 18 and 15 i)
were compuded. The poesclution of psaks wee ver? pooy in sach
of ¢the projections whon ordinary E% values were used.

Later the F%‘valuas were shagpened by convesrsion teo r%u@g),

the values ef F%M(§)€Appendix§wexa usod, end the effect of

this was that most of the diffuss psaks cbtainsd in the
unsharpensd maps bocamd vaé? prosiment. For example, Fig. (1}
is the unmshaspened Paitterson projection P(VW) with wistually

ne psak spart from ths origin. %h@é this was sharpaned

(Fig. 2} many poals such 28 A, B, C besamns outstanding and eocuid
e attributed to the Pde-Pd voctors. In this way, ths othexr tweo




o

Contour scale equally qrbilrcrﬂ

Sharpuned Palterson projection  P(v,w)

Fg2

Contour scole equally orbitrary

Unsharpened Palierson projection PyW) ©

Fig!




L
sherpsned Patterson projzchbions V) and P(U¥) wers obtained

apd solved. From the olght sgulvalent positions of the apsce
group (Pbea), positions ¢f the heavy abtem - heavy atom vectors
were worked oud {Taeble 4). 4

For the projection B{UT}, double weight Pd-Pd vector psaks
‘wore sxpocsed ag Aziﬁg 4 = 2y) on line P(%, V), at 31(23, &3
on line P(U, §)} and 2 simgle weight peak as 61(23. 2y) in a
generel pesiticn. These peaks were found prasent (Fig. 3 ]
and from these the x a2nd ¥y co-srdipaies of palladium atom Wore
dsternined. Ia the same way P{U, ¥V}, has the correspoanding
palladium = palladium weetsr peaks at Jl_,r ™ and © {(Pig. 4.
thesae @@&és gave the valves of = and 3. Similar veetor peake
found in P{V, ¥), Pig. (8 )kcanfizmeé the values of ¥y and =
alroady sbtalmsd fren obher twe projections.

The goeordinstes of pailadium atom so detezmined wers

X = 0°1650; ¥ = 0-0142 and 3 = G°2097.

106, STRUCTURE DETIRMIHATION

¥ith the abowo valuss of Palladium co-crdinnSss ths firsd
got of stsructure Pacters waes ssicunindted wish an isstzopis
temperatnreg fagter, B = 3°?A%. Structure factore were caleculstsd
for 2,795 observable reflcctiens. The starting reliability
gactor, R, was 86%. Tormes with very large (’Fé’ w SF@!} and
espéciaily with positive signs were consldered te bave doubtful
phasas hence discardsd. So that only 960 terme were seleated
for the first JFI=dimepsicnnl Fourier synithesis. Computation of
tho Fouricr synthosis vwas slong the B-azis. The zesuiting
F=dinonsional map gave part of the é%ruc%uﬁag Tour other pesiks

ware revealed aronnd the poalliadivm. Thaese four peaks wars



TABLE 1,

Pboe - INTER-ATOMIC YECTORS.

Xy ¥o2 oy dey, =z =x,80Y,8-2  deou, -y, 402

Ry Y02 = Bohely,22 Ry, be2z 502,22y, %
don beoyv,=2) %,4-2y,-%2 - %QZXQ%aZy,% 2. 4,422
=%, 5oy, &2 o2£9%9%a22 2.2%,2v, & - %402y, -27
dox oy, hez | 2w -2y33  -2x,i,he22  $,4-2y,22 =
ofg=¥s=2 2%, =2y,<22 $-Zx,%,0 9,3-2y,% 2,0, %-22
st heys2 | A=2x,4%,0 =2x,2y, 22 45, %022 0, d42y, %
xvéay;§¢z T, 8=2y,4% %,0,%022 2x,=2¥,2z 025,40
dex, v, 5-2 4,0,%-22 0,442y, % £425, 4,0 2%, 2y, -2z

“Xg=Yy-2 $-st, %0y, Ho%-y,her ey, d-x
) ¥o2 2x,2y,22 $e2x,%,0 Boks2y,4% $,0,%+22
$ont, B=Y, =2 ‘ééixgé,ﬂ. 2%,-2y, =22 é?ﬁgéQZZ Co2-2y,%
Rodoy, hez | 0,802y,% 5.6,%4-8% «23%,2¥,-22  ¥-2%,%,0
Jox, -y, 4oz | 4,0, 3622 0,%-2y, % 423,40 “2x, -2y, 22
3y oY o=2 - $,%5-2y,-22  -2x,%,%-22 §=2%,-2y,%
$on, fov,2 4,842y, 22 - 5=25,2y,% 2%, %,%52%
K, §=yo g0z 2%, %, 8022 $o2%,-2y,% - %,4-2y, 22
$e%,Y,3-2 262%,2y,% 2%, %,%-22 3, %22y,-22 -
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[

Sharpened Palterson Projm\'ion P {u,v).

Fig 3.

Contous Scale -vuoﬂg arbifary .

™M
Fig4. Sharpened Tabecson projechon P(U,W ) .

Contour scole e.o’uaﬂj arbitrary .
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eztalndy which poals wogrs

chiovine ané wa?*h s p&@ﬁph@ﬁ&ﬂ.siﬂ@@vﬁ%$&@ ataems

SO s B 2 . g
atonic pumbhers ie; 2 3%, ¥ » L%, Homte, in

round of szracaure Ea@f caleulasions, apard from &he
@&El&d&gm'ﬁh@ a%ﬁa?ﬁf@u@ atems were pul 1m a2 phesphorug £fong -~

That LAs

o

£

pSinge the atomie seatteyimg facters »of phesphoras foyx
the four.
- The velue of ‘R foll by 6% frem $he last valuo (Tabie 2 )

- The @@cénﬁ rounﬁ of'FéuriarAWEn%hesiﬁ'wag computed with 1200

LSEES o Aﬂ@thar sim pealks which eouzq be &ﬁ%xibaﬁea L ono

S
Cj

fats ph@ﬂyl.g@@aps 143 bac%ma avraraa&o A@&yﬁ frawm Ghone,

only She nitzegen atonm beldging the two phoegvhorue of

&

s iseated vith ssme certainty. Yo odher vaak conld e
assizned o amywafw%h@ ramaining a%ams. Tustand, thore wous
giffuse neaus eapeeiaﬁiy aroond pailizdius

5 a5 o iy 05 B
whioh miszhs by

e Sld ot

-

ﬁiff?aqﬁion rippﬁgab Thus only twelve atome Were uted Ln che

shisd se% of atousture-factor esiculatiems.  The
by 1335 terme were solochesl far the talyd Youwier synthesdis.

The mnap @bﬁainad“ee eaieé ﬁae &ﬁrnaﬁurs (E g‘ 5) of the cwsplex.
The subseguent stravture-Sacier Q&l@%ﬁ&%i@nﬁimava am R wmime

of 28e8%.  After this, iws other Fourisr Syntheses VerG

cempudted te ensure Bost posisticns for the wsoms and 26 s8¢
thers was consistoncy in $heo signe of the salenlzted nerusiuss

Pantordx
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TABLE &,

TR IS LK KT,

P

CDH%S& oF &Fﬁi?ﬁls

127 » © o p{uy) " ?
8o w v p(yi) a "
Found QSILédigm“atem.

: O ‘ ' " SO .
lst Strugfura-facteor calsulations,Bp = 3.74(she tenp. Taston .

R 2'48%'
968 Ra?lectiens ?or ths 1st.. 3-5 Fouriar syﬁthesi@,
Found pau4.§ P/E1 atome.

o~

2nd. Structure-factor sa&bulétiana,epd e 3¢7§% Eﬁ’Cl = &aﬁgd

R = 40%

1200 Reflections For the 2nd. 3-D.Fourier synthesis,.

E Found . Fd ¢ & BCL + G0 + ¥ atems.
Jrd. Structura»?dctar calculatiewa,ﬁpd o ly Epr1 2 6.5,
- . ‘ Bc/x = 4, 5?- |
RBS?%

1935 Raflsctions for - tns 3rde 3=D Fouria: aynthesis,

4

Found £11 thas 32 atoms sxcept the hydrogen
- o sioE

&‘1

8o

ﬁv

?

&th. Structure-factor galculatxans,us ng th@ above tesp. Faskse

] = 2803%




Adjustments of Cardon eton positions In the bemzeons 2ings
chtainad Fron the projssticne down ths o,b,and o Bu3s.

Sth. Structurs=-Fagtor csisulatioms, using the abiove teoap. Tasbore

7]
i"‘a
I3
L2
=3
k2N

B
2500 Raflsctions for tha &th. 3D Feum;es gynthsslis,
Found Whole .structure,

6th, Structure~factor eslculationg;temp. FTactors unchanged,

R o= 23.0%
2?35>R@?lect;qns‘fbrvtha‘Sth 3-D Foyrier synthezsis.
Found - Whols agfuctuge.

Peh. gtrugture-facteor calcuiatians,'temp,‘?am%nra unchangad.

R.a 21.5%
2735 3-D (Fo = F¢) Fouriar syqthgéia;
All stoms lncluded,
8th, 5.F cazculations,apd = 3.3,8p) = 3.6, By . 3.8

Q% 23@ “qgg‘ﬂ'a?c.

R.= 18.4%




IagLe 2. ~Cont'd -

ist. Cyels of 5.F.L.5. ﬁafinemeﬂt,%p,aﬁl,ﬂpdare anisaﬁroﬁic_
' while 8g,8c,rewmain isciropie
R = 15.4%
2ng. Cyzle of S.F.L.S5. Refinemant.
* | R = 15,359
3rd,>0ycle of S.F.L.S. Refinemsnt.
| R = 14,524 |
4th, Cycls of S5.F.L.S5. Refinemant.
R = 13.20%
Sth. Cycle of S.F.L.S. Rafinament,.waighting echeme changed.
R = 11,69%
6th, Cyecls of S.F.L.S5, Refinemsnt.
' R = 11.30%
7th.lecla of S.F.L.S. Ré?inemeﬁt,anisotropic temp, factors are
calculated fer all atows.
R = 11.26% :
tast S.F. calculations.

R = 10.90%




LeFo SLRUCTURE BOFINBMIEE

PoEt e R )
The £irst cbage imvelved ke elismdnation of sesies
tersinaiion effecte by compubting ome oyole of difforence

Feurier synthasis. Fho Gcsmpevatnre faotors vere alse

£

adjueted and %%@ §m§aﬁ$@y'u&$ siigh%iy improved {(the vaiue
at this stage vas %3@&%$9

TFurther refincmoat vas made ?.$h® method of
&@a&ﬁmﬁqamé@@w The Leasi-sguarss blogkedlaogonal orogramms
writbon by Profosser Grplckshark and Mr. §. Smith for the
E.0.8. © cemputer at Glasgeyw Univerelly vas used.

Tﬂé meig&ﬁing soheme $izst adeoptod reguires
(g @ Py / 637, min.  IFFLE = ¥ min (P win = L-50).

L.zser thisa wap found unsultable for the Styps of phetographls

form - _
' " , 2 a4

\F‘E = E-i’i?;g‘ a3 gé‘a % < ?g iﬁ;‘@%g 54 p:,; §§? §§§2

whese p, = 2 = F_ min, p, = 2/

-

ini=chife factors

]
e
£
&
ge
eM

Pnroughoud gﬁ%vﬁﬂfiﬁﬁﬁﬁﬁ%; the beon
{Rollett?’s) recommended in She Least-5GuUarss DrogILEme YOTS
veed with &@ﬁ@ digsretion, devending on the progress achieved
in the preceding oycics of refimemant. Yo zensval, the ohife
factora @8, 0°9 and €7 vere used and it vas only when the
structuvre was cenverging that the shift 1-26 was applied.

Each atowmle wasifion vas evaluated féom B2 x jf%aﬁgig
while & 2 = 2 matziz was selved for the overall scale-fastior.

Tho thormel vikwoebicus vers computed from = &




8,
vibrations of the rest of the atoms (mainly carben) were given

isotropic refinement in all but the last cycle, (Teble 5).

 Seven cyecles of least-squares brought the atomic parameters
to convergence. The reliability-factor of the las¢ set of
scaled structurs-factors was 10°-90% (Table 2),

The final atomic co=ordinates obtained from the seventh
least-~squares cycle are shouwn in 'i'aﬁle 3 , while the
correopouding stahdard deviations a.x;e listed in Table L.

The interatomic bond lengths are listed in Table 6 with
estimated standard doviations. The standard deviation,g(A-8),

of & bond betwesn stoms (A) and (B) is given by the ?ormule,
o(a=3)* = o(a)? « o(8)?

vhere o(A) and 6(B) are the standard deviations in co~ordinates
of the»atons {A) and (B). ;’ ‘The inter~-bond angles with
estimated standard deviations are listed in Table %

The standﬁrd deviation, .0(6} in radians, for an angle {B) formed
at atom (B) by the atoms (A) and (C) is given by the formula,

200 . [oP(a 2 1 _2¢es 8l . )
(8 [(m)l’ » o (an)7 } ot ]

AB.BC (8c)?

(Robertson and Cruickshank, 1953).The intramelecular non-bonded

and iIntermolecular distances less than 4°0 :. are given in
Tables S8awdGThe shortest of these distances is 3°30 X. which
suggests the absence of any interactions between molecules
_otfwr than those of ths van der Waals type. Table 10 1lists
the dquatiom of the best ﬁcan planes defined by a given

mmber of atoms and, the pevypendicular distances of these and




TaBLE 3.

IS T . 21

DICHLDRO=-BIS{DIPHENYL-PHOSPHING J=ETHYLAMINE-FALLADIUR X

FRACTIUNAL ATORIC COUNDINATES

ATOMS (x/a) {y/b)

pd 0.3351’ D.5122
ci1(1) . 0.4273 0.5%02
£1(2) 0.2647 0.6093
p{1) 0.2627 0.4201
p(2) 0.3831 8.4060
] 80,3136 0.3537
£(1) 0.3055 0,2717
c(2) 0.3437 0.2296
c(3) 6.1363 0.4176
c(as) 0.0866 0.4645
c(s) 0.0909 0.4916
c(s) 0;1439 0.4770
c(7) 0.1941 0.4295
c{8) _ 001904 0.4016
c(9) 0.4076 0.3961
£(10) 0.3819 0.3981
c(11) 0.4199 0.4045
c(12) 0.4865 0.4104
c(13) 0.5179 0.4098
€(14) 0.4769 0.4049

(z/c)

0.2109
0.2089
0.1586
0.2175
0.2641
0.2675
08,2651
0.3397
0.4439
00,4085
0.3177
0.2618
4,2837
0.,3880
80,5540
8,4578
00,3804
0.3863
0.4750

J.5584

= Cont®*d -




TABLE 3 - Cont'd -

FRACTIONAL ATOMIE COORDINATES,

ATOmS (x/a) = (y/v) {z/c)

c(i5) 0,1938 08,3227 0,0952
c{16) . 0,1697 0,2994 0.0086
€(17) 0.1857 0,3383  «0,0776
c(18) 0.2210 0.4026 - -0,0728
c{19) 0.2443 0.4274 8,020}
£{20) 0.2299 0.3870  0,1061
c{21) 0.4795 0.3039 0.1943
c(22) ' 0.4350 0.3600 0.1710
c{23) 004251 0.3815 0,0777
c{24) 0,4601 003481 0.0028
c{25) 0,5056 0.28%4 o 0.0275

t€(26) 0,5171 0.2702 0.1222




STANDARD DEVIRTIONS IR ATOMIC COORDINATES {in El

ATORS ek o {y) a(z)
P4 0.001 0.001 0.602
ci(1) . . ©.006 0.008 - - 0.006
c1(2) . 0.005 8,004  0.006
B{1) | W.008 : 0.004 ’ 0.006
p(2) . 8,008 . 0,004 0.006
8 0,013 ~ p.013 0.016
c(1) 0019 0,820 0,023
c(2) : 0.023 .} . 'B.026 0,028
c(3) 0,018  p.c18 0,022
c(s) 0,021 © Q.D22 0.025
c(s) -~ D0.023 . g.022 G.025
c(e) ~ B.021 0.020 © 0.025
c(7) 0,017  0.017  g.021
c(8) . 0.018 0.018 0.023
€(9) 0.024 0,024 0.026
£{10) . D.023 N 0.023 0.027
£(11) 0,018 0.019 . 0.023
£(12) 8,020 . 0,019 . 0.p24
c(13) 0.025 - 0,026 . : 09d27

c(18) . 0.027  0.026 . B.031




TABLE 4, - Cant®d =

STANDARD DEVIATIONS IN ATORIC COORDINATES {in R)

ATORAS o{x) oy} az)
c(15) 0.021 0.621 0.024
c(16) 0,019 © 0.020. 0.022
c(17) 0.020 0,021 G.024
c{18) [0.022 0.021 0.024
£(19) 0.022 ' 0,021 0.024
c(20) 0,016 -~ D.016 0,020
c(21) _ 0.019 ; : 0.020 0,023
c(22) 0.017 0,018 0.021
c(23) g.02y - 0.022 0.024
€(24) 0.028 | 0,029 0.028
€(25) BN - S 0,022 0.024

c(26) 0.018 0,020 0,024




yagLe 8,

FIRAL ARISDYRDPIC THIRMAL PARAWETERS {Uij).

- AToms

P
ce(ij
c1(2)
p(1)
P(2)

(1)

c(z)

c(3)

c(a)
£(5)
c€(s)
£(?)
c{s)
c(s)

c(1o0)

c(1i1)

£(12)
£(13)
c(14)

(uir)-

0.026

0.034

0.046
0.022
0.024
0.039
0,056
0,066
0,332
0.036
0,053
0.034
. 0,042
0.041
0.068
0.062
G.052
0.044
0.067

2.008

(u22)
8.025
0.046

0.036

3,027

0,026

0.023
0.038
g.021
0.632
0.0U63
0,087

8,046

00035 ’

0.056

0.072

Gol44q

0.044

0.041

0.062

}.080

(u33)
49,043
0.074
G.048
0.051
8,037
6,026
0.058
0.142
01.073
0,063
0.083
0,073
0.031
0.017
0.026
G.082
0.033

0.057

{2u23)

=0.380
g.qaqQ
0.004
0.004
8.007

0,024

8,029

0.366
~0,024
=0.023
-0.008

0.023

0.004

”0000& -

°U~U3.0
0,011
~0.409

-0.018

aa;aaa_

(2u31)
-3,002
0,031

0.002
=0,005
-0.001
-0.003
0,007
-0.045
0,011

0.023

0.005
~0.014
-0.017

0.0L0

0,502
-3.017
=0.825
-0.023
~0.042

Cont'd -

(2u12)

0,063
=-0.021
B.024
2,004
50003
=0,004

-0.007

- 0,002

{3,017

=0.034
0,010
0,034
-8.,009
=0.820
0.019

0.020

U.014




ATORS
c{1s)
£{16)
£{17)
£{18)
€(19)
£{20)
c{21)
£{22)
£(23)
c{24j
£{28%)

c{z8)

FINAL AMISOYROPIC 71

(urz)
0.043

0,037

0,045

0.049
0,054
0.031
8.025
0.035

0.054

0.081

0.051

0,045

{u22)

4,040

~3

G004

0,063

0.056
8,065
0.031
0.050
0.035
0,056
0.075
0,053

0,040

0,036
0,001
9,001
0.022

“80006

0,003

~B.015
-0.014
~0.013

=0.008

s

3.

{2u31)
9,006

=0.046

00,6060,

“Goﬁﬂg

-0.017

505 Dnl

(2ui2)
0,605

]

o.006
6,034
éoaag
¢.o08
0.013%
n.004
6.008
g,008

=i, 053




Pd
Pg
Pd
Pd
#(1)
p(1)
P(1)
p{2)

p(2)

p(2)
c(1)
c(1)

€(3)

- €(3)
£(a)
£(s)
c(s)
€(7)

prsss

YABLE, 8o

. o
Intse-stomle Bond Lecotha fin &,
witin estimeted Standard Daviations.

P{1)

p(2)
£1(1)
ci(z)
N
£(20)
c(7)

2]

c(z2)
c(iy)
"
c(2)
c{s)
c(a)
c(s)
c(s)
c(7)

c(s)

2.22{0.004)

2,23(0.004)
2,37{D,008)
2,37(D.005)
1.73{0.01)
1.79(8.02)
1,72{0.02)
1.72({D.01)
1.83(0.02)
1.84(0.02)

1.45(0.02)
1.50(8.03)

1.42{0,03)
1.40(0.03)
1.33(0.03)
1.38(0.03)

"1,41(0.03)

1.40(0.93}

£{9)
c{39)
cila)
c{11)
£{1z)
£{13)

c{15)

c(1s).

c(zs)
c{17)
€(18)
c{19)}
c(z21)

c{21)

c{22})

- £{23)

c(24)
£(25)

4

]

c{10})
c(1a)
c{11}
£{12)
c(13)
C(1s)
c(is)
€{z20)
c{17)
C{18)
c{19)
t(zo)
£(22)
€{2s)
£{23)
c(26)
£{25)
c{26)

1.84{0.04)

1.66(0,04)

- 1.34{0.03)

1,4G6{0,03)
1.41{0.08}
1.61(0,08}
1.3%(0.53)
1,37(0.03)
1.42(6.03)
1.35(0,63)
1.45(0.03)
1.62(0.03)
1,39(0,03)
1,40(0.03)
1.36{(0.03)
1,40(0.04)
1,44(0.04)
1.38(0.03)




R B L SR
TABLE 9.
RR1- A

€1{1) »Pd " = él(ﬁ) 94,8 {7} = ©(8) = £(3)
p{l)' - Pd = 9{2) 71,4  €i{8} -ci3} =cla)
_é{z}, -® =p{2)  97.7 o8} - c{ie) - c{ul)
Pd - B(1) = €{7) 137.6  £{18) - £{11) - £(22)
c(7) L égi)peiagzu) 103,55 e{i1) - £{12) - giizb
# - #(1) - £(20) 108.6 (12} - €{13} - c{ia)
pd L P(2) - N 95,2  £(13) - €{14) - £{9)
B e P(1) -c(7) 3.2 c{18) - el8) - £(in)

Pd - P(1) - c(20) "120.2.  ©£(156) - C{16) - €{17)
8d - #{2) - €(21) 118.5  €(16) - €{17) - £{18)
L - P(2) - £{11) 106.8 €{17) - £(18) - £{18)

. Pd = P{2) - €{22) 115.5 c{i8) - €(19) - c{28)

LI p(2) - £(22) '1ué°? c{i9) - cf20) - £(15)

Pd - P(2) = & 95,0 £{20) - c(18) - ©{i&)

€(31) - P(2) - £(22). 111.0  €(21) - £(22) - £(23)
€(3) - c(4) - c{5) 112.8  c{22) - c(23) - C{24)
£{4) -C(5) - C(6) 120.8  ©£{23) - £{24) - £{28)

£¢s) - c(6) - €(7) 122.1  €£{24) - c{(25) a‘c(zsj

- c(7) - €(8) 117.4  ©(25) - £(26) - £(21)

c(s)

c{28) - €{21) - £{22)

Some_sslscted interbond snglss with their e.s.d.
€11} - Pd - Ci{2) 94.8(D.17)
P(1} - pd - {23 71,4{0,18}

(1) -8 =p(2) 97,7{0,70)

119.4

[\4
By
23
o

el

121.8

i12.9

1209.6

119,85

118.,7
121.8

116,9

126,56
117.9
12r.1
118,6

1e6 .8




od
pg
og

pd

2d

Bd

P4
€i{1)
£1{1)
£i(2)
c1(2)
ci(2)
€i{2)
(1)
p(1)
B(1)
#{1)
B{1)
p(1)
p(1)
p(2)
p(2)
p(2)

P(2)

INTRA-MOLECULAR NOW-BINDED

TABLE 8.

080

o000

o0 o

ceco

eco

o900

o oo

ooe

N
£(22)
£{20)
£(11)
£(23)
c(V)

£{19)
p(2)

c1(2)

(1)
c{19)
c(6)
c(7)
P(2>
t(19)
c(15)
c{1)
c(6)
c(e)

t(22)

©(23)
c(16)
£(12)

(1)

2,94
3,50
3,50
3,54
3,54
3,60
3,63
3.46
3,64
3,43
3,76
3,81
3,99

2,71

2,77

2,84
2,85
2.86
2,87

3097

2,72
2,74

2,86

2,91

p(2)
p(2)
#

M

c(1)
c(1)

c{1)

(1)
c{1)
c(1)
c(1)
£(1)
c(2)
c(2)

£{2)

coo C{11)

ooo C{7)

eee C{22)

ooo C(10)
coe C(IS)
oso C(21)

eoo C(20)

soo C{22)

coo C(B)
oo £(10)

eoo €(21)

- Dont'd -




p(2)"
c(2)
c(3)
c(4)
- £{a)
c(s)
c(s)
c(6)
£(6)
c(7?)
c(7)
c(?)
c(9)
c(9)
c(10)
£{10)
c{10)

C(2§)'

oed

coo0

o000

cGo

00O
X ]
opo0
NN
-D'OO

o000

TABLE 8, = font'd -

INTRA-BOLECULAR MON-BONDED DISTANCES.

C(Zl)

c{22) 3.88

c(s)
c(s)
c(7)
c(7)

c(s)
£(20)

c(15)

5(20)’

c(1s)
c{19}

c(13)

c(12)
c(14)

c(12)
c(13)
c(16)

2,92

2,74

Q{ll) coo 'c(zs)

c{11)
{11}
c(11)

5(12)_

£{12)
"£(15)
£(16)
£17)
c{18}
c(21)

c(22)

G(22)

£(23)

£(23)

€(24)
€(2s5)

¢ oo

co0

o000

- -]

900

o0

- -

-]

c{z4})

£(2z2)
c(21)
c{22)
£{22)
c{ig)

c(i9)

©(20)

£(20)
£(24)
c(26)
£(25)

g({as)

€(26)
c(26)

c({16)

2,81
2050
2,88
2.49

3,99




£1{1)
£1(1)
£1(1)
£1(2)
Ccu2)
c1(2)
£1(2)
£1{(2)
e1(2)
£(1)
£(2)
c(2)
£(2)
£(3)
£{3)
£(3)

¥ €0

CAK 4

oce9

L ]

L 4R 2

»>e

o e

oeo

*06

....

INTER=ROLECHLAT DESTANCES

<&

C{3}4i
C{17)i
c{isis
c(3)ii
C{1a)dv

{24444

ey

£(3)i1
c{8)ii
c(xs)u
c{17)i
£{18)¢
c{17)vi
ﬁ(l?)vi
£(18)vi
£(24)vui
c(l&)vi
C(l?:i

. 3095

3,97

3.89

3.92

€{25)vii 3.67

£ &

o~ Py
23

Y

@]
oy
Fry

j
cis)
c(5}
c{6)
c(7)
c(s)
c{s)
c(8)

t

Caed

c(9)
t{g)
£(9)
£{12)
c{12}
£{13)
£(13)
c(13)
£{13)

* e Qg

The subscripts refer to ths following

i é”x!
ii é"xg
iiil"xg
iv 1aex,

l=y,

loyy

1=y,
=y,

bez
~d+2z
o
oz

t{z4)d
INE=BEEN
cl{1eys
C{(i8)v1
c{ia):
£(18)%
C{13)1iv
c{25)vi
C{26)vi
C{i3Yiv
C{rs}iv

C(16)usit

£(25)vi

pesiticas:

v idox, li+y, z
14-y, 1%‘?

vi o,
viidsx,

Yo

viii lden, y,

E%éz
14z

3,86

3,59




YABLE 30

EQUATIONS OF BEAN PLANES AnD DISTANCES(E) oF
AT0MS FACH THESE DLAMCS, '

Y

{a}  Plane theough Pd, L1(1), ©1(2}, (1}, B(2]}.

0.1808x - 0.2675y - 0,951%z » 3.7348 = ©

Pd - -D.014 €{5) — -2.257 C{31) =1,483
e () 0,021 c{6) «1.255 M -0,152
£1(2) 0,013 c{7)  -1.281 £{1) 0,206
(1) 0.026 €(9)  -3,765 £(20)  1.517

B(2) =0.018 c(io) -2.500 €(22) 1.552

(b) Plane through P(1), P(2), R, C{1),
0.2082% = 0.1629y - 0,9608z + 3.1580 = O

P(1) g.050  Pg 0,157
p(2) 0.052 c(2)  -0.614
N -0.181 -

(1) 0.07¢

Dihedral engle betwsen plane (a) and plane (b) is l7s°°




, 9.
sthor atome from the planes. Some of the more important
Gihedral angles beftweon planses are pmesan%eﬁ in Table 10,
Pable 13 liass the sbserved aﬁgueture amplitudss and

caloulated sarucﬁawe factors.

1.8, szchssxe)ﬁ'

This analysis has osteblished the structure and the
agsaﬁtiai sﬁezeechamiaﬁﬂy of @ie&ieﬂaadigw5ﬁiph9uy§mphﬁ@@ R
cothyiamine pelladivm {II) snd proves uwnombigucusly shs
bidentate mature of tho P.M.P ligend, Pigs {3},(c), W,

The mé&n piana ﬁh@@&gﬁ P — pa, €i{i}, c2{2}. P{L}
and P{2) was caleuleted i?abie 3@3 The deviatiens frew
thiz piemo are imiﬂ’nifa,cmzm ''''' T Fhe nlansrity L€ guﬁp@?@@d
by the angles as paliadiam which add vp to about 366%.

Normally the substituents on paliasdium sccupy She pcornors ofF

-a sguaro; buk the Pormmation of the ﬁ‘oﬁxf memboered Fing and

she rigid nature of P.H.P skeloteon make o aguere arrongsmend
impossible. The Pbdep i3 ik 5 0,1%%. T€ ¢his wewe Be e
ebout 0%, this would yeguire sz ongls of ebowd 50°% Ffor the
P.l.P which 1o not Foasible in wisw of thse Ffaud vknt the
P.N.P  angle in the free ligend is of the order 310” {Part IIL}.
on the ctues hand, 1f P-@uﬁ’ worz e be shoui 100 amg

?agé.p wore 4o retain norwel 90%, ihig wonld emil For DArrewess
angles at the phosphorus sfews szd of cowrse aé&rnass of Pd
and the nitrogen abvme. whioh obwicusly would imvelve mows
gEvain. The strusture obbainsd therefore is predably

sphinus for & sStable cvetem-




Dichroro  Bis (DipHENYL PHOSPHING) ETHYLAMINE Fhiiabium Tl movecure .

Fig5. fltomic avranggmenl:s as viewed n projection down the < oxis.

-~




1@,
' " “» 7 34 wpd rigem 8 o - l_,{}° Q
Thg mean Pd-# bond lengih @ c22s, {ipdividunl 2.8.4. o @ﬁ}

Lo ahgaafl»asuiy diffarens frowm

fop Pd-P single Bﬂ?ﬁ {zvm of

» haws sLhoan T
of Pa=¥ bond disng anca s gw- nave sieon frem ¥we

g i Qb ooy GREnER
Tag We@@»?-&ﬁ@&@ GfF FLedkY g very mueh soallsp Ihen S0v
and thue m&k@ﬂ Ampwssmn&e & clhenp-~gnd @aﬁ»ﬁn ovaerinp ¢f the

ﬁa@@hiﬁ&is ‘hotweon aash Dows, P4 apd P invelved in fhe “-bonds

but may iead %a a ponelineayr., indezachlon whioch vl

't

;
&

bt

B

a———

conceivably result. i& bond shorienlig, Figs, T o W |

”h@ socond is yzs@a iy more impesrstand - namely the slfsad
of ¥he N-bending in the BYS %em”_.'ihia vigw im %‘faﬂgﬁthéé
by the observed lengihemlng of the PG bend, {1 in trans

positiocn te P) which can bs dizcussed in tesas of the Syess

jsbe

@fﬁéa%a The two impdependend ?ﬁw?i hond Lewggas of Ze%54
{individual e.2.d & 0005 A} vhen compared with the e
‘unsymmetr*ca& bridge “ﬁ 8% bond lengthe in [{stvywrems) PaSi_ i,

Basuzigos 6*& ‘al, 1958, differ a‘igﬁl.%‘icam‘aiy fmow ths bridgs

bﬁﬁ, agyaas w' %be Dy 5&@@ Fd a&i'&i@ﬁ&ﬁ@@7€2°3§% = D°0LE A)
 trens $o @ha alefin » Pd bend. he eerrawgnndiﬂﬂ
uamymme%wmcai ?dnﬂl &istaaaaa ﬁn cne of the uwc
rysaallagraphlcaliy difae?e&? gdimers of {és %;9d axg gi]
Gargengar et al, 1961, fﬁli@w the samo trend. The traas effae
was élso‘painéedAgu@ by Holden ot ai (1953) who diségverad
a-aimil&z leagﬁhsaiag~af the m@@azwehiorin@ bém@ trans 56 an
siefin linkage im Boisets salg, K{iﬁgﬁ&) Pg.CL

33*326“2

Hundaerlich ot al, 1%3%).
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in the studies of H-2lliyl complex of Pelladium,
Rowe (1962) amd Oberususli ai; al. {1963) independently
recorded the value of 2°h0 A for Pd~Cl; aiss, Smith (1965)
determined the same structure {(53:«55) PacLl, at - 150%C
and obtzingd a value of about 240 X for the Pd-Ci in ¢hiaz
allyl compound. | Even Shough &the chlozine abtous in PHP
palladium complex are non-bridging the moanr valus Qf
Pa-C1L (2¢37 2) compa.reé quite well with tho valucs recoxded
for bridge Pd-CL uhero Ci is trans to 2n allylic group.
The € --z'::x-»o::3 in the allyl compiex studied by Oberhansili (1965}
is 69 = 1°, this value is guite close to the p«ﬁo}" angle
of 7i°h 2 0:°15° pecorded in the present work so that a
strong simum-ay axists bgitveon Sthem. It seens pcamihle
therefore that the %i:é-up of 76°4% is not the chief factesr
responsible for thse shortening of Pd«P; pather this might
be due to¢ d7~dX boadlng, ths' affeet of whaich resulte
as well in Pd-Cl longthenmiang, Fig. i+ U,

The argument of trans offect was advanced by Chats
and Wilkins, (1952} to oxplein the possibility of GEe-dS
bond formation in cis=trans conversion of [P(Et) 33?t(:1
In their ai.seuaszon. thoy postulated that the amount of
double bond cheractor in the P4=F bond would be more ix the
trens-complex than in the cis-complex. This will im effect.
give rise ¢to longer P6<Ci bond in the traps~gcomplex.
In ocomploxes with a variety of phosphine ligands of different
f=bonding capacity, the formatien of the trens—isomesr mighs

be imposaible whore the trans offect ie very lazxrge. An






2o

f=2

ipteresting application of Shis argument haz been found

in ?Fg whers 1% i eonily poasibls o form the eis-fovnm
2 < b’?s-" ‘1'.
af PSCL. (? }9 {Chats % al., LH5L).

nvestization provides anasthey

fa

Tha siructure tmﬁ&@
piece of evidenss in favwour of the trans effeci supsuially
vhen conmpared with the sthey avallebls Pd=P hond lengihs
in reiated c@mﬁiexasa Dulte recently, Bailey et al, {1965}
publighed the siructurs of trans=di-isdo-bis={dimethyl
phenylmphdsphﬁna} pa{rij., A comparisom of bend isngihs
‘wiﬁh sum of the calculated single<bond covalent radii
in Bailey’s compsund snd in She present s&ﬁnc%ur@ shows
some evidencse of W-bonding in the PA=PF of the latdewx.
Pigo.L shéwé Balleys results while Fig.XI is the result of

the present work.

\x/

I b P@aﬁ

e 2.942 o.0158, 2SS = 2,612 0.0138

cad,” 2,388, @uoz al,® 2063

Trans-complex
(Bailey's

rig. (1)

?aayobeaz 2,22= oooohﬁnga=clab‘ﬂ- 2,37= 0§903§

2 - & . '
PP, @ 2,988, ¥Pa-ci s 2,278

¢al.
Cis=complex

(Present work) u{vaiues cbtainsd from the sum of einglo-bomd

e X
& (1) covalant radii).



B
4A8%0:02

o cfz)

\-5

cQ

O <T

2.5
96 +0:006_A
g >




i3,

toyia flguras compare

yalues whevesss She

shgrtening is ab@mﬁ ﬁqlﬁy ionger %han the thesrsticsl.,
This can be attribduted to the trans-effect in secerdsnce
with Chatt=-Wilkins? Theovry. _
In the erystal study of miuzadamfaaphaﬁyis%au?“ -

dimeﬁhy?wargsn®3mmai adium (XX 2 %a?henaan {1962) recordsd

vaiu@ @f.9039§ for Pd=4s b&?d Aasteaa ef %he theoratical '
value of 2¢5@§ and ¢laimed that. this ﬁh@r%ening ?@pr@s@ﬁﬁs
the first dirsct éﬁwcdﬁ%b@ﬁﬂiﬁg‘batwaemk?d‘amd As, I¥
this is true of Pd=is 1% is #rébabiy tyue of Pd=F under
.ths sonditions discuzsed above.

a2
i

The daviatioms (Tazble 10) of the aﬁ@m@'?(l)o s},

¥ and €{1) from their mean plane ave ineign fi@aﬂa~“7wﬁﬁi@7ﬁ

EHP é?stam is almost planar:. Ths twe in&@y@maﬁmu e
lengthe of 10?2529;@3%2 sug 1,723°6,0258, {Table 6), ax
squal. Their mean value (1,726E) 45 much shorter %ham‘%h@
aumiaf/the single bond covalent radii 5108&330 In
phaoesphonitrilics and sssociasted c@mpeuﬁ@a QPédé@ckQ Eéég}g
%P &aﬁds ¢o be gwaai@w than £2$®; but the PHP angle ip %
cempound of @?Q?QGQ?ﬁ ghows that its nitregen is iﬁ’
&uhstantia?ly ﬁﬁz;@ ent @ﬁ?if@ﬁm@ﬁéa ?ﬁs‘c@mpariﬁaﬁ af L.72
with 1.8/ for P=¥ boud len gth shows there ig sheriening

which may bs due to ﬁm%Gﬁﬂimg‘ﬁh&$ substontiating thse thsory

of delocalisstion dealt with in Part IZ, In phesphoniivilics
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5,681, F5 have been messarad

A foazw ~mﬁwbmf@ﬁ rips iz Tormed by PUER and P& whickh

ave appraximataly copianar {Table (@), Amngles of the ring

sum wrp to 35@®9 The P=F distance 1z about qaéﬁgv Theds ig

wather shert compared with the sum ¢f van der Wasleg sadi
Some overiap of @c@rbit iz iz not impossible, LAround
eaeh phosphorus aiom, the average valegncy angle ie

approximately 15§95$¢ The imndividual angle however yan

fzom about ¢ 3O 4@ lZ@géindivﬂdLal Bo8o8c &8 abount

t4
@
12
43)
B
o
&
24

L& ﬁa.ﬁ@%.su?p?isiﬁg that the anglass at phesphorusg

£,

feom the tét?aheérai &rrangément zg the naturs and
of the groups a%ﬁaehéﬁ i@ the phosphorus atoms will ceunse
some sivaln to be introduced,

Thé average length of the aromatic svarbam=carbaomn
bomds im the four benzens rinmgs invelves is 1,39320.008%.
?&isvvalue ie im good agirecment with the accep%@m va&mw of
1.397R {Sutton et al, 1938}, the averagae an*lss of the
benzene rings is about 120°., The mean P<C aryi is 3.81%0.018,
Ggmpaziscﬂ of the individ#al v&lﬁes of P=0 ar?i bend lengths
with thoas fee@sé@d by other workers such a8 J.J. Baly,
Sarteil and Brockway, Erlich, and Owston, ete,, ave

eummarised in Teble 3%,
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i6.

ueual o £ind aégia@ sigse $0 the tetruhedral - 109°%,

in which &?3 nybridisatisn zan Do posiulated. The forsation
of g-bondz batween phoaphosus and nidtrsgem. which 18 sonsidozred
to be spg aybridised, and tws S-bonds betvesn thoe BAMS
phesphozus and tws other substituconts gives wise %o 2 aitustion
whare both phospherus and nitrogen poessess & lone pair of
slentrons, This 1@&&# to ko problem as o vhich atum would
be mere capable of donaging lts loms paiy’@ﬁ in othey words,
which atom has $ths groster base @%3@¢g$ha

Gonsidering the electronegativities of the fwe
principal atoms {P and W)}, nitrogen with an sleclirensgativisy
of 3, {(Pauiing, Huggins, 1933, and Sanderson, 1958}, mighi be
ezpacted ¢o be mope basic than phesphorus with & value of 2p
bk, experliments have ahewn that the reverse 1ls tho eass.

Burg (1958}, in the preparetion of & 1 : I methyl iocdide adduet
of dimetbyleaminodinetoylephosphine found that the mathyl

group was attachsed $o phospherus, indicasing that the groatsw
alectron éﬁnor bonding pover resides on phoesphorus. Thus &
phosphonivm compound was obiained rathsr then an ammonium.

Me, PH.Me, ¢ Mol = {§5®3§"aﬁ sai@g)“‘f‘.

The problem of guaternisation in PNP systom might be
similar to the 2bove repertsd by Burg. Thooretically, ome
might conmsider the iomne pair of elsctron on nitrogem in the
PNP system to beo complate;g delocalised over the whole system
vie the 34 orbitals & i.c. %he 2 orbital containing the icne
pair as being suiltably pesitioned %o aliow an gveriap with the

diffuss vacant set of 34 orbitais on phospherus, thus, resulting



3 = dy back=bending- 7
rosulting im Dy = dy DACE bondling (

Such an overiap of ovbitals can he shown
rosul Ting Im Do T Gy BEURSLOewsen s

3 7 % B oy 3 by Ef
Such an overiap of osrbitals can bDeé 200WR

diagramnatically for a P=F-P sysitem?

®,B. this diagram ig nod
intended to CcoOnRVay an
idaa of a co=linsar

atructure for the F=K=P

skelaten,

Ancther problem which makes the PoN<P compounds
different from some other phosphines is the question of how
many phosphorus centres are involved in quarternisation.

In compamndg caentaining Fw@ggayg the two phosphorus aioms
have been reported guarternised, {Hewartson et al, 1962};
but, the molscular welght determination as well as the
Nom.r, studies {Payne st al, 1964} on P-N-P compounds poini
to the faect that omnly ome of ths two phosphorus a2toms is
involved in quarternisatisn,

Of late, there has been varied opiniens omn whether or
not the bond in P-C{aryljis affected by the conjugation imn
the benzene ring. Since this structure involves the two
types of bonds, the Pngaryléand Pwﬂlnlkylk it 13 of intersst
to compare the bond-=lengths to see whether there is shortening
of bond in P«C{aryllwhich will in effact suggest that
phosphorus intsracts with the =bonding im the benzene ring

to which 4% is sttached,
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a 5. ONYSTAL DATL
2,20 CRISTAL DaTe~ o
Pha crystals of the ethyl-icdlde sdduect of
bie={diphenyl pheephingj-ethylaninge vers prepared as desozibed
in Part V of this thesis. The compouud gave white needle-iike |
exrystals which were feund suitable for X-Ray wozk after sicw
recrystaliisation in nitrometbans. The crvatals of Lozxmuis
_ , , | .o .
. PR o P {{ 1. °
[(Géﬁs)aeaﬁsP H ﬁ.gﬁgj (Géﬁs)zl 2% {mol. we. 569°1) ave
orthorhombic with gz = 13°00 % 0:03, b = 2122 < 0¢0F,
¥ 1 By
g = 10:04 £ 0003 &2 volume of ualt cell, V = 2061ck A%
meagsured density. p, = L°32 g=/ce {By floatation in XI ssiufion}:
caleculatad donaidy, o P 129 gmfoe = for b molesules per unld
. N B Aty eled § 2
oell, F(000) = 1152, )F5 = 2809 while )2 . = 1537 )
The linear abmerpdicn ccofficient Tor X-Reys (A = Lo3542 4).

L oM. PE. = %7 S 1%.

4= 166 cm
2:3. SPACE GROUP DEVEIGITHAT TOK

Rotation, ceoilladion end moving-Ffilm photographis magheds
vere used and Cu-Xa (% = 1°3542 E} radiatien wae cmpisved.
The cell dimensione were determined from rotation and equitorial
layer=liine Yeissonberg photographs. Tho Space group vas
uniguely detexrmined £rom the systematic halvhgs.

hol ebsen: whon L = 2n ¢ 1,

CkO abaent when k = 2n + 3,

UG0L absent wher 1 & 2n + 1.

These conditicns avre satisfied by 9212121
(Dg» No. 19} space gzoup. 7The multiple £ilm teechnique,
(Rébsr:&mm, 1943}, was empleoyed.

Zeho INTENSYTY paTs

o Enfemsity dedr were obisined visually wred Ghe sounid




1%
and squi=inclipatien upper=layer Yeissenberg photographs
taken from cxystals rotated abous the nsedle-axis {c-crystal
axis). Smeil orvsials of approximately square crossesgection

2
(0°020 = 0°021 cm”™) wers used. Ho correction was made for

absorption or spoi shepe, but tke usual corrvections vere applied.

The various layers hkO-hk$ were placed eon the sawe scale by
comparison of EIFG‘ and Z‘Fa“ and the scale obiained was
adjusted to zpproach unisy throughout the processes of

structure=factor caloeulations.

The position of the ilodide ion was obtained from ths
Patterson projection P(ﬂ,?), Pig. 13 and, from a
three~dimensional Patterson fumction.

For an orthorhombic caystal, the expression for the
Patterson function r{uvy) cen be written asi- |

8 ' 2
P(UV¥) = v z X Z!Fhk:i.& Cos 2mU Cos 2%V Cos 2¥
Prior te ecach cemputation the coefficient i!‘” 3 2 ﬁ,h the abave
expression was modified by

MS = [? exp(bsin‘?'ﬂl 12) i

The Teoc«.I vootors ¢o be sxpected in the space group
!’212121, with ome molecule/asymwetyric unit, are shown in
Table 12. The % and y co-oxdinates of the iodide ion ware
obtained from the Pattarson projection, while the Havker
seotions at U = 3, Vv = 3 and ¥ = } on a 3-D Patterson map gave

the co~ordimotes x, y and z.

The peaks corresponding ¢o the Icco..I veotors are denoted




TABLE 12.

.9212121 - JIYTER=RTOMIC UECTilﬁso
ATORIC z -
POSITIONS H,y¥,e2 fert,oy,%02 | den,d-y,-2 | ox,%ey,%-2
Ry Yo 2 - $e2x,2y,% | %,342y,22 2%,,%;&%22
ﬁaggey,é-vz -23x,-2y,% - =2%,%,%22z2 § %,%-2v,22
$oxod-y,-z § %,%4-2y,-22 i 2%,%,%-22 - $e2%2,-2y,%
%, koY, B-2 czvx,éoieh b 4,422y,-22 § $-2x,2y,% -
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Fig. ) Sharpened Polterson Projection P (uy) o ‘l A
Contour scale :1«0"3 arbil'rars,
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iy e P 3 G -y R B s B ¥ e M o
by %1’ }:3& and 47 4n ¥ st e G znd de i“%?u‘ii ST CEETA R W I R R T
g Gy A5 e
da@@wﬁimeé from those aza
7 o a2 - i N e
mﬁa = ol vin = OeoL35, 2o ow GoLG5.

structure Pactor§esleoulatsd For © alons with teupsraiurs
factor, B = 3°3 §;, gave an H-value of 39%. The Tirst
three~dinmgneionsl Fourler 8ymth@siai for which the observed
structure ampiitudss znd phase anglesoaloulated or the iodide
ion alone wers empiéye&ﬁ gnabled approzinsts so-crdinstas to ba
assigned to F(1). 7{2) and nitrogen. These atows were includsd
in the next sitructure=factor oaloculations, witn B = Boi fTor tha
phosphorus atoms and B = 4°5 for the nitrogen.  The valus
of R diminiskhed %o 33°4%.
The seeauﬁ Fourisr syntheslis vas computed wiih &h@ improvad
- phage constanis in comjumction with the observed sstruciture
emplitudes 28 coeefficients, the map obteinmed revemled almost
the whole structure, apart from the ethyl group @f the leodide
ion. v Thue, in the subseguent structurs~fascter caloulation
30 atoms out of the 32 atoms {mon-hylregen) were insiuded apd
the value of 3 = L7 was used for carbon atoms. R was 2h°5%.
The subsequent thres-dimensional Fourisr synthesis shswad
all the atcms {excep: hydrogen). ‘Caleulation of 2 fusthew
sat of structure Tactors, with ozmch atom included as its
appropriate chemical type yielded an agreement factor of 22:%%.
During the course of refinoment, hewveverx, we carbon atons
(the athyl radical of the icdide ion), were discoversd teo have
been badly pesitioned from the resalt of the previoune Fourder
synthesis. This ercor was later discovered to bo dua ta

diffractien zippies creats

[

on P{2) zlong tha e~axis abouk
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2%
vhich data wers collecbed. the §amb1e&s wags solved by
computivg a differemce Fouriey synithesis in the region of the
P(2) with structurve-factor data caloulated without the two
carbon atoms inguestion. ¥rom the wep cbtaimed, t'ha twe
atoms were located fzirly accurately.

206, STRUCTURE REFINEMENT

Refinement was by the Least-squares mathod az descoribsd
sarlier in thia thesis. Anisotropic tempezature factors vwers
assigned to iodine and phosphorus, while the temperaturs
factors of the rest remain isotropic. '
The veighting scheme used was -

3 '1/[’1 * "'ol *P ’rolz * ’3"0‘31}

whers Py 2 x Fuin, p, = 2 F max,, Py = 0. (cmickshankﬂa),
Foé most part of the refinemant, the shift factor used ware
in the order 0-8, 0°9, 0-7 and 1-°26. Convergénoe was attainsd
after ten cycles of icastesquages. The finzl wvaiune of R,
excluding uncbserved reflections was 13:0%. The course of
the whole analysis is shown in Table 13. Por the stracture-
~factor caloulatioms throughout, theoretical atowic scattoring
factors were used: those of Berghuis et al. (193%) for
carben and nitrogen, and the Thomas-Fermi values (1935)
for phezphorus and iodire were chosen.
2.7. REsuLTS

The final values of‘!’J » Foo A, and B ave given in
Table 14. The final positional parameters aro lisied in

Table 15 while the corresponding standard deviations cscoupy
Table 16.
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1100

- 2nd,

1221
3ed,
12231
4th,
 lat,
2n§o

3rd,

TREBLE 13,

BOURSE OF AMALYSIS.

Reflsctione for the Patisreon projsciien P{UY),
L ® s 3D ?éttarsnﬁ gyntheais,
Found I=
Structure-factor cslculations, Bi- = 30332
R = 39,0%
Reflections Ffor the lst. 3-D Fourisr synthssis,
Found I ¢+ 2P ¢« N

Strusture-factor calculations, Bp = 4.1, 8y = éasgz

R = 33,4%
fReflactions for the 2ad. 3=D Fourisr synthesis,
Found I & 2P ¢k26c + 8
Structura-factor calculstioas, ét a 60732
R = 24,.4%
Reflecticns for ths 3rd, 3-D Fourier syathesis,
| Found All the 32 atoms (ron-hydrogen),
Structura-factor calculstions, temp., factors remain same.
. R & 22,3%
Cycle of S.F.L.S. Refinement, 8;-, B8P, (anisctropic).
"R = 17.75%
Cycle of S.F.L.S5. Refinsment,
| R = 16,60%
Cyels of S.F.L.5, Refinement,

R = 15070%

- Cont'd -




ath,
sth,
6th,
7th,
Bth,
9th.,

10th.

Cycls

Cycle

Cycls

Cycle

Cyecla

Cycle

Cycle

of

of

of -

of

of

of

of

TABLE i3.- L8nt'd -

COURSE OF ANALYSIS.

8. F.L.%9. Refinsmunt,
R = 14,58%

§.F.lL.S, Refinement, {Dnly 30 2toms included hsre),
R = 13,79%

5.F.L.5. Refinsmant,
R = 13,481%

SQFsLQS; Refinement, (All 32 atoms included).
R = 13,.24%

S.Fo.L.S, Refinement,
R = 13,11%

S$.F.L.5. Rafinsment,
R = 13,06%

S.FoL.5, Rafinement, (Final data scaling),

Final R s 13.00%
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FRACTIONAL ATCMYC COOERINATLE.

ATOMS (=/a) N 74 (z/e)
o 0.6962 0.3538  -0.1660
e(1)  ©0.6983 8.1038 8,1208
p(2) - | 8.8097 0.2124 10,2323
3 : 0.6956 0.1875 © 0.1815
£(1) 0.6065  8.2273 0.1992
oz 0.5580 0.2215 10,3400
13(3) ' 0.7870 | 'D.3444 - 81577
c(a) - 0.7006 Gz 8,2151
£(s) o o.7783 . 8.4270 0.3448
t(s) . 0,7908 0.3878  0.4308
on 0.8083 0,315 g.4238
c(a) 0.8002  0.2963 1.2568
c(9) 8.6370 - - 0£.1088  _g.o296
o)  ges3ls 0,1704 . -B.1222
c(11) . 0.5937 9. 1661 ~0.2591
©(12) 0.5535 0.1088 -0.3047
£(13) '0,5475 0.0628 | -0,2288
c(14) 0.5893 | 0.0520 -0.1081
c{is) 0.8590 0.1686 0.3656
c(i8) . 0.9573 0.1535 6.3751

= Cont'd -




.
AL ATOMIL COORDINATES,

oNECa

FRACTION

ATORS Awfa} {y/u} {2/0}

{17} B.997% 90,1252 8.497%
c(18) 0.,9373 - 9.1095  0.6055
c(19) 0.6250 0.1143 9.60%38
c{20) 0,7932 “ 0.1489 0.4815
g(21) 0.4972 0.0664 0.2637
c{22) 0,6078 0.0651 ' 0.2271
c(23) B.6451 0.0292 0.3427
c(24) 0.5006 -0.0087 0.4308
£(25) 8.4735 -0.0044 8.4042
c(z6) 0.4389 | 10,0326 | 0.2991
c(z27) 0.8988 0.2083 VM 0.0878

£(28) 0.8995 0.1852 -8.0252



TASLE 1§,

STANDARD DEYIATIONS IN ATGRIC LOORDINATES (in R)

ATORS ofx) oy} oz}
1 0.003 0.003 0,004
p(1) ~ D.008 5,008 0,010
B(2) 0,009 | - 8,009 6,012
8 0.030 0,027 6,635
£(1) | 0,032 0,033 0,042
c{2) 0,035 6.036 0,047
£(3) 0,062 0.056 0.050
c(a) D.041 0.041 0,047
c(s) 6.038 0,038 © 0.049
c(s) 0,042 0,055 0.0S0
e(7) 0,042 8,040 0,047
c(8) 0,082 08,039 0,046
() 8,030 | 0,031 0,040
c(10) 0,037 0.040 0,045
c(li) 0.034 0,036 0,043
c(12) 0,042 0.044 0,052
c(13) 0,042 0.060 0.054
c(14) 0,051 0,031 0.039
c(1s) 0,026 D.028 0.038
c(16) 0.083 0,047 0,053

- Conttd =
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The final temparpture=iaci ol poramolers 222 meaz‘éed b
fable 17. Intremolccuisr bomdsd distances, intramolecular
pon-bonded £ 6 g, el intermelesuler distances LA é’; are
compiled in 'ﬁ’&i‘:v.!.éﬂ 18, 1% amd 20. Table 21 1ists intorbond
angles.

2.8, DISCUSSION

The structure of the ethyleicdide addust of _
pige{diphenylephosphine ) ~othylenine has been established.

The adduct is a2 phosphonium compound, guarternlaatican i&king
place at ono P-atom only. Results sheow shat P{1) and P{2)
aiffep migﬁiﬁs&.n’ﬁy in theliz éanﬁguratien P{2) is the
quarterpary phesphorus scoupying She cendtre of a totrshedrsan
with mean bond angle of aboub 1098 & 0°71°. The bornds
around P{1) correspuonding %o a substantisiliy 8p3 hybﬁ.c&iasﬁ
atom bave mean bendwanglc of 102 + 0-70° and would seem o
involve 2 large amount of pnbharae‘srsfo

The mean P-C (aryl) is 1°8% & 0-02 §, while P=C (aikyl}
is 1?8; £ o0-05 g. These valuos are within the renge recorded
in other compounds of this olass (Table 33). Thess values
do not suggest any A-bond formation in P-C (aryl). This point
is discussed further in the summery (Pert IV).

The P{2)«H distances, 1°73 o 0:093 X, agrees quite well
with the value of L1-72 g recardad in the previcus wogk but
diff@r@ significantly from the other P-H distance [P(1)-N}
of 1-88 4 0"03,‘:- This differonce confirme the chemical
distinction betwoen the two pheaphorus atomso. Since the eum

-
of 4he 8inglo~bond cavalent radii {(1°84 A) im gquite closs to



FINAL ABISOTROPIC YHERMAL PARAMETERS {Uij).

ATGRS
i 0.073 6.070 3,075 0,045 0.042
p(1) 0,022 8.028 4,030 =0.00% =0.018

p{2)  0.019 0.048 0.062  -0.025 0,018

FINAL ISOTROPIC THERMAL PARAMETERS (Uii!s
{(for Nitrogen and Carbon atoms).

M 0.044 c(1o) 0.050 c{z0) 0,066
c{1)  0.037  c(11) .03 c(z21) 0.029
c(2) 0,047 - c€(12) 0,063 c(22) 0,012
c(3)  d.09s c(13) 0,091 c(23) 0.035
c(a) 0.056 c{14) D.028 £(24) 0,062
c(5) 6.050 c{15). 0.020 c(23) 8,057
c(6)  0.082 c(1s) 0.061 c(26) 0.035
c(?) 0.056 c(17) 0.061 c(27) 0.112
c(8) 0,054 c(18) 0,079  ©(28) 0,141

c(9) 0.028 c(19) 0.043

0,06

=0,000

=0.022



(1)
p{L}
P(1)
P(2)
p(2)

p(2) .

P{2)
£{3)
c(a)
c(5)
£(s)
c(7)
c(s)
€(9)
c(1p)
c(r)

]

TAEBLE 18,

Interastonic Bond hengibbia in ﬁ,
gith mabimated Stenderc Dsviatlons,

N 1.88{0. 33‘ £{12y - ©{13)
z{9)  1.74{0.04) {13y - ©f{14)
€22} 1,81(0.03) c{1a) - ©(9)

N 1.78{0.03) (15) = ©(i6)
c{8) i1.20{0.04) . £{16) = ©C(17)
£(15) 1.77{0.04} £(17) - c(ie)
£(27) 1.81(0.08) c{18) - c{319)
£{6) 1.55(0.07) c(is) - £{z0)
£(5) 1.34(0.07) c(20) - c{15)
£{68) 1.30{0.07) £{21) - ©{22)
€(7) 1.63(0.07) c{22) - €{23)
c(8) 1.32{0.07} £(23) = ¢€(24)
€(3) 1.80(0.07) £{24) - C€{25)
£(10) 1.61(0.05) £(25) - c(26)
c{11) 1.@7(0.05)‘ c{26) - £{21)
€(12) - 1.43{(0.08) £{27) - ¢€{28)

S

s
-
<)
[\

Juing
&3
L]
fase]

~3

s

P
e

[ #5]
Dy
oy
w
L
[
o
s’

Sad
»
(213
(X
-~
o
®
L]
o
e’

)

>
fead
>Ry
o]
[$3]

te

1,49(0.97;

1,23(0.07)

1.57(3.06)
1.50(B.86)
6%
53
1.,52{0.65)

5840,

z";:?

@..;
4 33
,?rs

!’mo-

(=2 ]
-]
i
w
&
[}
]
&

o

1.465{0.06}
1.52(0,.06)
2.48{0.08)
1.48(0,08)

1.56(0,07)



P(1)
p{1)
P(1)
P(1)
p(1)
p(1)
p(1)
p{1)
p(1)
p(2)
p(2)
p(2)
p(2)
p(2)
P(2)
p(2)

TaBLE 19,

INTRA-ROLECULAR NOWN-BONDED DISTANCES:,

oo

[ -

000

con

coo

30

oo0oo

[ -]

Qo0

00¢

00

c(23)
p(2)
c{i)
8(21}
c(27})
c(1s)
c(28)
c(2)
t{(20)
c(16)
c(7)
c(20)
c(1)
c(3)
c(28)
c{2)
c(2)
€(22)
c(1s)
c{a)
c(27)
C(20)

c(28)

€(3)

2,84
2,99
3,01
3,02
3,57
3,58
3.60
3,82
3,96
2,77
2,81
2.84
2.86
2.88
2,92
3,65
2.54
2.90
2.90
2,93
2,99
3.34
3.53
3,55

]

oo ¢

000

couw

o090

oo o©

coo¢

c(21)
€(23)
c(7)
c(a)
£(22)
c(3)
c(21)
€(7)
£(22)
c(21)
c(s)
c(20)
c{7)
t(s)
c(7}
c(e)
c(27)
c(s)
c(a)
c(7)
c(7)
c(a)
c(s)
c(1s}

= Cant’d =



c(7)
c(7)
c(8)
c(s)
c{8)
c{s)
£(9)
c(e)
c(s)
c(10)
€©(10)

c(io)

c{11)
- e(11)
c{11)
€(12)

IABLE 19 -Cant'd-

JIHTRA-BOLECULAR ¥OK-BONDED DISTANCES.

2090

000

voo

Quv o

0D

oo

c{zam)
£{1s)
c(15)
c{27)
c{z0)
£(16)
c(13)
c(i1)
c{12)
€(12)

c(14)

c(13)
c(13)
c(1a)
c(19)
c(1s)

3,50
3,98
2,81
3.06
J.e2
5,80
2.52
2,67
2,99
2,51
2,58
2,79
2,37
2,88
3,70

2,40

c{12)
£(18)
£{15)
c{i6)
£(18)
£(20)
c{21)
c(21)
c(21)
c{22)
£(22)
c(22)
c{23}
c{23)

c{24)

covQ

© Q0

o990

o090

coe

€(19)
c{27)
c(28)
c{z0)
£(27)
€(23)
£(25)
€(23)
c{24)}
c{28)
€(24)
c{25)
c{(25)
c(26)

c(26)

3.92
2.89
3.9%
2,54
3,09
3,55
2.56
2.58
2,95
2,56
2,58
3.01
2,57
2,89

2,48



TRELE 20,

IHTER-MOLECULAR DISTRNCES < 48

e ©{3)v  3.59 T{11) ... CE2D)uil
i ooo £{153ii 3.94 C{12} ... D{24a}vis
p(1) ;.. c(25)i4ii 3.83 £{12) cos  T{28)uit
(1} ... . E{28)y 3,88 £{12) ... ©{8)ii
6(2) eee C{17)Wi 3.80 £{i3) ... C(28)vii
fc(4)' coo L{26)viii3.83 C{13} ... £{&)ii
e{s) ... ©(12)i 3.86 £{18) ... C(22)viii
£(5) ... C(13)1 3.93 €(18) ... ©{21)wiis
€(5) ... C{25)vi 3.98 £{18) ... ©{23)viii
C(6) o. C(26}wi 3.71  €{18) ... C{26)viis’
C(6) ..o £{28)vi 3,85 £(18) .. C{25)viii
C(6) ... €{12}4 3,85 £(18) ... ©£(23)viii
(7 .. £{32)1 3.39 £{22) ... C{25)34%
{9 ..o 'é(zsju 3,99 £(24) ... €{26}iv
€(10) ooo C{28)v 3,85
THE ENVIRONMENT OF IoDINE << of.
1 cee P(2) 5,37 i ce.  €(27)
1 eos C(1)  4.84 I eee C(10)
1 ceo C(3) 3,51 I cee M
The subscripts refer to the Follcwing positionst.
i 1*“: Yo 2 v =fex, fey, -z
4 <len, y, z vi  hex, 4oy, l-2
138 Lhex, -y, ~%e2 vil <dox, Rey, l-z
v 15““9 =¥ 4oz viii lox, 4oy, 4-2

5,83
3.62
3,91
3,93

3,73

5,15
4,22

5.12



1 - p(2)
c{1)
c(3)
c(3)
1 - £{27)

() ot ved
] 6 &

1 - £(i0)
N

c
o~
[
e
)

X = N

=
0

p(2)

[¢]

-~
N
-3

~r
[}

p{2)

[x]
~
[
wm
S
]

p(2)

[ x]
o~
o
L
L]

p(2)
p(2)
p(2)

= <«
-~
(-4
~
¢ !

=
0

P(1)
N - p(1)
c(22)
€(3) - c(a)
c(a) - c(s)
c(s)
c{s) -c(7)

P(1)

c(6)

INTERBOHD BHGLES (°),

- N
- ¢{2)

P(2)

c(a)

[}

c(28)

]

[}

c(11)

P(2)
P(1)

t

c(27)

c(1s)

b

c(s)

€(27)
c(15)

L]

t(22)
--c(e)
- €(9)
- t(8)
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ETHYLIODIDE ADDUCT OF BIS-(DIPHENYL-PHOSPHINO)-ETHYLAMINE.

o<

Fig, 5, Atomic arrangements as viewed down the a-axis.
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188 % 503 2, thie value is probably the first szample of
a true P-N single bond roporisd For this clase eof eamponmﬁ@;
The mon=Llinsarity of the P-N.P skeleton 13 established,
tho apgle P-H-P beipg 111°1% 2 2:6%. This value is smalles
¢han any repsried in the phosphonitrilis systems {Paddock, 1962)
vhich suppoxis the stabtement mads in Part I that the nitrogen
in the P-NeP system 12 in a difforent onvironment from that
in the other systeus go far luvestigated.

The clozest approach bhetvesn }'?!:3}'9 and I~ 48 5°37 = 0°01 3,
Investigatien of the surrsundings of the iedide ion revsaled
that P(1) iz ever fuwther away fxom I (a¢ 6 2) and thed
K 48 at 511 © 0-03 A.  The Séructures of several quaternary
nitrogen compounds containing W' ...I” heve been studied and
all the shorbest ¥ ...% distances reported arxe less then § o
In the crystal structhure analyses of caracurine IX dimethiodide
and macusine-A iodide (McPhusil ot al. 1961, 1963) ¢he shortest
¥*...T" distences ave hok2, h-52 aud 458 &. MoEay of al.
(1955) aiso reported a walue of %-38 2 in morphime hydriedide.
Hence all ths ovidence supporte the visw thas guaternisation
occurs at one of the phosp&oms atowms and not at the nitrogen
atom of the P-N-P system.

It soonms that sizmo anrd shaps ars the frRetors controlling
the pagking of the moiscule rather than charge.

The closeet contacte between I and the carbon atoms
are 3‘51 and L°13 g., which agree well with the shortest C...I
distances of 3°66, 3°87 and 396 Z in cavracurine IX
Gimethiodide (McPhail and Robexrtson, 1961); 3°7h and 394 2
Feported in hunterburmins-f mothicdide (Asher. 1963).




CETHYLIODIDE ADDUCT OF BIS—(DIPHENYL-PHDSPHIND)-ETHYLAMINE.

Fig., 6.,

Packing of the molecules in preojection down the c-axis,



2’6 [
In view of She reiadtivelir high stnsdavd dsviations
(T&blelé } an extensive discussion of She hond-lengths betvoen
bl atows WALI pot he atsespiod. Hovevsy, the valuves
& J

% with normzlly socosptaed values

el
&
%
&
@
3
3

£

obtained are iz oneral
The average carben {@§3)mcagb§n {@pjb bond length is 1056,23
this is‘aimilarlﬁo the accepited value of‘1°5k7 g in diamond.
The mean bond angle of the benzssne rings is about izaﬁ. buk
the averaga aromatlic oarbon-carbon bond length 1s i°&7 X
vhich is much longer then the exzpecsed vaigg of 1039? ;

(Sutton et al, 1958).
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INPROUCTLON

Pheoretical Concept of bonding in
Bis={diphenyl~phosphinc)ethylani ne-wolybdenus-tetracarbonyl:

The bonding ia this complex may be viewed as one whiek
involves two m2jor components. Onr one hand, the bend |
formation between the phosphine iigand, and the motal
molybdenums and, on the other hand, the bond between the metal
and the carbonyl group. Bach of theso invelves mainly the
i‘omtion ef & ~ bond apd probably accompanied by H-bond
formation due is back - co-ordimation.

In the vase of a motal—cé.rbouyi formation, @ ¢ -~ bond
is formed by a dative overlapv of the filled carbon @ - orbital
vith an empty metal & = orbital. (Mig. 12). In order to
stabilise the ¢ « bomd, there is dissipation of the ezcess
negative charge from the e!,guorbita}. of the wmetal intoc an ompty
anti~bonding p~orbital of ths carbson. Thus a d,gepﬁ

back=bending, (Fig; 1b), accompanies the formation of a O - bond

Fig. 1b M=C U « bond and %A=-bond formation.
_ DMagrammetric representation of the whole mechanism can be wade
in terms of the Valence Bond Theory (Cotton et al.,1962).
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i8 secen Hc iower the (-0 bond order and Tthie sheuld razull in

the increase L $-0 carboenyvl Eemﬁ. loength compared with 1its

value in fraee CO. The above mechanlism gives bolth He<C and

cmd partial double bond characteyr, thus up ¢to 2 point the

affect ¢f ¢ = homd formation strengthens the T-bonding anid

vice versa.

The mechanlisk boecowass mors compliceted if the metal sarbonyl
is8 complexsd 4o Sous other slectron 4oONSrS. Up 211l nov it is
8111 pet poszibls lo dotect € « ¥ synergic bonding 1n sempiexer
vith P, 42 or8 by infra red; but, it is generaily assumed
that soms ®-bo *ding iz aasoclisatsd with these poor A-slealtuom
donorg. Poilbklane snd Bigorgne {1962} working on tha
triphenyl-phosphine-uolybdesun sricarbonyl Tfound ¢hat the
carbonyl freguency which occuyrs at 1980 amml in molivhdomwss
hoxacazrbenyl is Lowersd te 18733 cm™t and 1954 en ™ in she
triphenyl phosphins complaex. The docrsase in the vaius of
fréquenay is due %¢ the 3trony Z-dondlng betweoenm ths mefal ioxn
and the cazxbon of the carbonyl group. This in offect wilil
reduce the (-0 bond order and results in C«0 hond Lengthering.
The extent %o which this order is lowered is dependend on the
raturs of the zubstitusnis etdschesd 3o phesphorus.
Bloctronegativity is she uhief festor iafioencing ithe
Bubstituons FEOULS o The -0 stretehinz fregusney ia
?3‘33:3.(539) q was found slwuos? same as that in Ni (Cﬂé 5

{Bigorgue ane Falwer, L9EG).
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1§ %he thoory of delecaldisatlon af clepireps in PEP
gystem 18 coxveni, and, apeuwming that the phosphopus douss not
interact with ithe Z«bondimg im the comjugnited system {benzons)
to which 1t 18 ajtached, i¢ is roasonabls te assume ¢that bhe
bonding betweoan the ligand ~ PNP » and the metzl = molyhdonum «
18 similar to that bhedtvesn carbounyl group and the megal.
Donation of siectrong by tho phosphorus atom &0 the central
matal agtom will resuld in & g-~bond formmtion, Fig. 2a.
A transfer of the excess negative charge on the metal inte tha
enpty d-oxbital of phosphorus will resuld in a dﬁada
back bondinz which helps $o sirengthen ¢the S=bond fermation and
vice versa. In a PNP-molybdenum carbonyl complex, the
presence of a CU group {a beitss E-bonder) wiil reducs the
amount of E-bonding in the Mo~? bond. This effect will ks

transmitied into the PNP system and the rezultant ¥-N hond ordus

is increased. Iif %the above coperation is coprrect, ony eXxpociw
to have shorder average P-¥ bonrd lengih in ?NPM@(CQ}& thag

ix} PNPPACL say.

2?

>

Fig. 2a. Formation of Mo-P o-bond and d_~d, back bendlaz.
The existonce of RWebouding in Ho~P would result in fhe
lovering of C-0 bond order which would nocessitate Lower

Stretching froquenmcy. Payne and ¥alker (1965) recorded
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said of the FU¥F skeleton in this cemplex.

td@f@fﬁwé Lo a, a0t mars kﬁgQ“W?”d@ﬁ te

;E@wazimg @%'%é@‘imﬁzﬁa@iﬁgkgf all the bomd oxrders .

ﬁis@uaaédo The a~1§$ hment of the ztrusiure snd

i‘;‘z

rs%e?e@ch mzs%?y 2F Bi $={é1y3@£?A&B§@5$hi§@

maly&ﬂar =@ %k&ﬁ&?bﬁﬁ?& would thus be of

the umdéraﬁa ”in? of ﬁhe “afiﬁasv%enéiﬁﬁﬁ'iﬁ?@ivﬁﬁ =

»@he F&ﬂay crygtal atructmra an&lyals wasg . uﬂﬁw? salkens
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3‘.‘26 ORYSREL. Lnu’?ﬁ

The oryetals of bis-{digbonyl-phoaphine)-etbhylam no~
smolybdomum-iotracsarboayl ., .
[(caﬁg)as\?;ﬁigii’;zﬁgi P {@émﬁ)gmgw%} {moil. we. 6218} awe
opthorhombic. The vnid cell dimensiome are g = 1649 b4 G5,

L N |
B 1721 X 00k, g = 20°36 L 0-0k 4 and the volume 6f the

@ .
anit cell = 3701 &35 o L% g,«"w?’ {by fieatatior im

e
%Y aolution): Suay = Leh? gfes, & = 8. F{000) = 2528;
jp for CuEa « radiaticn {A = 13542 g‘a; is 950 -:m"z‘«

4ll atoms socupy & genoral eighit«fold set of positions.

) s ﬁz y < S
. Zfaﬁﬁ 3: 33 .?53 1 Re 86 = 3859 ! MPEe = 207 w» L%5,
3.3+ SPACE GRGUP DETERMINATION

The space group vas uniquely determiuned €rom the fellevimg
 syatgmatlc absenges: s

‘b0 31 when hek is odd

ut: 3 i ¥ 1ip pdd

Okl # k is odd

”

RGO 3 0% i is odd
OokC = " k 1is odd
C0L = hd 4 is odd
These oandi#ions are satisfied by the space group Phoun
(B h)’ Ho. 60).

3-33._ INTENSITY m&

The crystal system vas found fyroenm oscillation photogsuphe,
and the unit coll parametors were desermined from rotation asnd
moving filwm photogzephs. Tho reciprocal lattice was smployed
bY Pocordimg Sho intensition of theo hOl to RB7R iayers with &
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using the stap-vedgd
polapisation and Tenell Tacteors had been appilisd, 1700
aon=-zerd indepondont struciure amplitudses were svaluaded,

A trial set of coegrdinates for the melvbdenua atom

was obtained from o saharpened throe=dimentional Petisrscn

synthesis, The ¥o,..Ms vecteors oxpecisd by the applicadicn i

the Pbon symneisy are givem im Table (22}, Prem such &

Patterson map, Me,..Mo vector peak is sxzpected st ¥ - 2u,

4 - 2y, é; this peal marked A im Plg.l wes found om zectiom
Vv w 55/240, The values of % and y wers first worked out frem
this double welszh$t peak. ALlso Aaeuoﬁ@ vecker pealks expesied

at 0, = 2y, &; and at 4, §, § -~ 23 were found om sectionz 2

¥ e 80/280 and ¥ = 120/240 respectively. These are merksd
B‘and €C in Plge, 2 and 3. From these vecsor poaks the =, v
agd 2 co=oxdinaten of Me atom wsré worked out and thés@

values were confirmed by tho co~ordinstes derived from the

singls weizht pesak at 2x, 2y, 2z on seciion at V = 807240

(P1z.3). The co-ordinates obtained feoxr the meiyhdenum adomr

in this way wors:

/g = @.)3220 y/b & 9032#9 %fe = 001360

8ince these cc-ordinates are inm goneral positions they shou

give a satisfactory phass determinetiom of the structure

facter, The first set of structure Ffactors calculated using

‘these values for the co-ordinates gave an Revalue of 50%.

The prebable signs given by the molybderum aiom wers naed

with the obzerved otrwodnre amplituds as esefficismnis §2 ©o

wowr Beal o

2 normal Lerents,

-
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Bik 22,

UREP

AT

I x,y,2 Sexpdoyodez dexidey, oz wnyy Rez
Ho¥, 2 - 302,342y, %  $,852y,-22 2%,0,4¢22
$oxod=yodez | $-2u,4-2y, % - -2x,0,%422 4, 4-2y,22
deny ey ez | §,4-2y,-22 ZXﬁD,éeﬂz'h = 942%, §=2y, %
=2 Yo B2 ~2x,0,%-22 épioZy,»zé $-2x,de2y, % -
=Xgofy <2 <2%,<2y,-22 %,%,4-22 $-2%,%,0 0,-2y,%
bou,dey, -2 | £, %,%-22 2x%,2y,-22 0,2y, 4 éézxgégg
S, Bev, 2 $-2%,4,0 8,2y,% =2%,2y,22 Q,ig,ée-?é
Ho=Yodez 0,<2v,% $52%,%,0 $,%.%022 2x%,-2y,22
=%y =Y, =2 dousdeyod-z dexodey,z myey,dez
XY, 2 2u,2v,22 %, %, 3022 %+22,4,0 B.2y,%
$ox by, dez | 4,4, 4022 =2%,-2y,22  0,-2y,3% $-2%,%,0
$62x,4-y,-2 | $22%.%,0 0,-2y,% 2x%,-2y,-22 &,%,%4-22
=Xy Yo 4-2 G,2y,% $-2x,%,0 3,4,%-22 =23, 2y, =23
=Ry =Yp -2 - 32,82y, % %,%4-2y,-2z -2x,0,%-2z
dox, doy gz | e2u, 02y, - 22,0422 $,4e2y,-22
fxt, oy, 2 $,4e2y,22 -2x,0,4022 - ési*2¥o°?z
Xo=¥ohoz 2x%,0,%+22 $,8=2y,22 &#?xoée2y9§ =




2 Ryt Mo-Mo vector at V= +%is0, W= 0 IA
Contour scole squally arbitrory.

[} |
Fy. 2. 3-D Shwpened Pallasgon Baction Va Yo 1 ] A

Contour scale qunlg arbitrory .

s

%5

m_!:l_ﬁﬁm_ﬁsﬁmm~ °| 1. A

Canteur scale squally arbitrary,




$he TLE8t =D Fs&fi@r'ayﬁﬁ&@aiac Poe outcoms was & host of
giffracsion vipples syround molybdenuwm, phoesphorus and the
fourth oxygen, 0{4), which iﬁi@i&iiv coadlegcod with its carbon,
¢{6). iHowever, twc peaks wave prominent and eguidisiant from
the molybdenum atomi tho disisnces caleculated justified

¥o-P bond leongiths. Thorefore, these two pasks were inciuded
‘with M@ in the mext round of struciure-factor caloulations.

R fell to 39%.

With fthese wore raliable signs the second Fourler syathosisz
was compuited with all ths 1700 aen~zmore terma. The map
obtained wravsaled tae behzena ringes attached tb the twe
phosphoruzs atoms, the PEP skteloton and the probable positiens
of the first threc carboayl groups. In the ﬁidst of
diffraction rippics still left, only the 24-carbon atoms of S$he
phenyi eroups could bé located widh somo precision. Henco only
'27 out of the 38 non~hydrogen atoms of the complex were ineiuée&
in the tuird round of phase detsrmining process. The
reliability-factor at this stage was 29:4%. The third Fouries
synthesis compuéed gave the‘poaiticns of all the atoms.

R-factor vas dovn %o 2§°&%.
' At this a&&éey it was decided that refinement of atomic
parameters by the least-sguares wethod might prove better and

faster than by Fouvior svatheses.

3.6. BEPINEMENT

The block-diagonal clemen:s of the least-squares Progreswse
wore used. The veighting schems and thé shift-factorz adopted

are same ae bafore. Aﬁiaa@ropic tomperaturs facters wers

assiguned o the Molybdemmm, phosphorne and oxygen stoms whils



IABLE 23,

LCOURBE _OF AHRLYSES.

1706 Reflsctions for ths 3I=D Patterson syﬁahﬁﬁise
Found flolybdanun ataom,
ist, Structurecfactnr_@azaulatiéna, g a.aoxaﬁz(tha iempo facto®)
R = 50% | o
1020 Reflections for the lat. 3-0 Fourier synthasis.
Found flo ¢ 29
2nd, Structqracfagter.calculétinﬁsgﬁp » 4.008%
R = 39%
1700 Raflections for the 2nd. 3D Fourisr synthasis,
Found fio ¢ 2P ¢+ 24C
3rd, Structure-factor calculstions, 8 = 305032
R = 29.4% -
1700 Reflactions for the 3rd, 3-0 Fourlier synthesis.
Found  All the 38 atoms {non-hydzogen).
8th. Structure-factor caloulations, Bgsy = 3.508°
R = 24.4%
lst. Cycle of S.F.L.S. Rsfinement, By,(anisatrapic).
R = 16.6%
2nd. Cycle of S.f.L.5. Refinemant,
| R » 11.79%

3rd. Cycle of S.F.L.5. Refinement, By,,Bp,8g,8gxfanisotropic).

R =« 10.47%
4th, Cyclie of S.F.L.S. Refinsmsnt,
R = 10:064%
5th., Cycles of S.F.L.5. Refinsmsent,
' R = 10.00%
8th, Cycle of S.F.L.8. Refinessnb, Data raesgaled.

Finel R = 2.48%
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the resmeinding eiomd ware glven Lootreple dcomperalure £actors.
Joavergence wasz aiftalned aficr 8ix cvelss of Loasbt~s8guares.
Phe fimnl agreement vas 2.45%. The whols coursse of anelysis
iB as shown on Tahle 23,
3¢7. RESULTS

The final ssaled oberved and caleulated stxucture
amplitudes ars complled in ?&blelzaf Table 25 condains
the stomic coe-syrdinates amwi thoir correspsnding standerd
deviatinna a&a iisted in Table 26. The thermal vibraticus
geeupy Table 27. The intey-atomic bhond-lengths with theis
rgapective standard deviations are complled in Table 23,
Inter-atomic bond angles are reconded im Table 29 with theils
corresponding atandard deviatiens. X Intra-melecular argd
inter-moleculayr distamces <b 2 ars listed in Tables 30 and 31
rospectively. . Table 32‘009315%5 of the dsviagtion of atems
from some selected mean planes, and some important dihedral

angles.




TABLE 24,

Fe

H K L |1’e|

Fe

HoK L lPo'

Fe

H K L IPO'

Fe

H K L |Fo

Fe
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FRACTIONAL ATOMIC CUGORDINATES.

ATOES (zfa) ‘ {v/e) (z/e)
flo 8,324} 0,3283 6.1874
p(L) 0,2554 0.4262 T Bel174
p{2) 0.2558 0.4362 ‘ 0.2504
(1) 0.4927 0.4053 , B,1556
0(2) ' 0.3764 0.2139 0.0777
0(3) ' 0,4036 0.2321 0.3046
- 0(a) 0.1668 0.2311 0.2019
N * 0.2034 0.4731 0.1807
c(1) G.1710 0.5592 | 0.1756
£(2) D.0791 0.5541 0.1912
c(3) 0.4305 0.3774  0.1693
£(a) 0.3577 0.2546 0.1173
c(s) ' 0.3735 80,2704 0,2629
c(s) 0.2233 0.2699 0.1582
t(7) 0.3491 0.5618 0.1060
c(s) 0.3153 0.4986 8.0756
c(9) | 0.3391 0.4784 0.0087
c(10) 0.3972 0.5293 -0.0238
c(11) 0.4267 " p.5927 . 0.D076
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RTOMS

c{12)
c{13)
c(18)
c(1s)
c(186)
c(17)

c(18)

c(19)

c(zo)

c(21)
£(22)
c{23)

c{24)

- €(25)

c(26)

c(27)
c(28)

€(29)

c(3o)

TABLE

2

-~ Dont*d o

FRACTIONAL ATORIC CODRRINATES,

{x/a}

0,4020

0.1803

D.1704
0.1168
0.0774
0.0853
0.1368
0.3006
02542
a.zgxé
0.3741
' B.4198

0.3858

01830

0,2148

0.1648

0.G930

0.0525

0.1041

{y/b}

Do4455

0.46580

0.5339
G.8487

0.5944

05327

0.4078
0.3922
003559
0.3474
0e3574

0.3683

{z/e)

0.0712
0.0552
0.03338
~-0.0161
-0.0490
=01, 0310
0.0208
0.2934
10,3311
0.3591
0,3507
0e3171
0,2860
0.3124
0.3761
0.4250
0.4156
0.3494

42953 -




STANDARD DEVIATIONS I ATURIC COURDINATES {in 1)

ATO@S

fig

p(1)
p{2)
o(1)
a(2)
8(3)

0(a)

c(lf
£(2)
c(3)
c(a)
c(S)
c{s)
e(7)
c{a)
e(9)
c(iu)
c(11)

o={n

8.0062
g.u0s%
6.005
0,016
0,820
3,821
8,016
0.018
8.021

g.028

0.019

0.022
0.021

0.020

0.0617

0.018

0,018
0.023

0.024

0,831
8,029
8.027
06.029
0.028
8.030

5,032
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STANDARD DEYIATIONS IN ATOMILC LCUORDIWATES {4in

B )

J

RTOMS oix} oy}
c(az)  0.022 8,030
£133) 6,019 - 6.027
c(18) g.024 2.030
c(1s) - p.02a 0.032
£{18) 6.020 \ 0.62¢
c{17) 0.020 0.029
c{re;}. 60022 §.029
-6{19) 0.016 . 0.027
£(z0) ‘ g.o21 -~ 8,032
£{21) . B8.025 . 0.035%
c{22) 0.028 0.036
c(23)  0.025 0.032
c(24) | 0.01% 0.027.
£{25) © . 0.018 , 0,029
c(26) . 0,026 ‘ 0.033
c(2?) ~ . 6.029 0.038
c(28) 6,031 0,035
c(29) 0,032 0,038

€(30) 08.027 G.034

o{z)

8,621
8,018

0,023

0,023

0.019
0.020
0.021

1] 0816

8.020

- 0.025

0.02%9
6.022
g.019
0.018
0,025
G.028

nobsp

0,031

0,625




P
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FINAL AMISOTROPIC THERWAL PARANETERS {ud il

atoms  (u1r) (u22)  (U33)  (2u23)
fio 0.034 8,039 0.022 0,004
pP(L) 0,031 0.043% 0.018  <0.004
P(2)  0.035 0,020 0,020  =0.000
B(2) 0,055 0.08% - 0.064 0.001
o(z) 0.119  0.0%1 0.057  <0,075
5(3)  0.107 0.108 0,066 0.102
0(4)  0.066 0.023 0.06%  -0.055
§ 6,039 0,063 0,023  -0,001
FINAL ISOTROPIC THERMAL PARAREYERS (uij),
{for Carbon atoms).
c(1)  0.042 £(11) 0,055 £{21)
€{z)  0.072 £(12) 0.051 £{22)
c(3) 0.034 £(13) 0.036 £{23)
C(4)  0.045 £(14) 0.056 £(24)
c(5)  0.049 c(15) 0,059 £(25)
£(6) 0.041 £(16) 0.044 c(26)
c(7)  0.031 c(1?) 0,048 c(27)
c(8)  0.034 c(18) 0.050 c{28)
c(9)  0.032 c(19) 6.029 £{29)
c(10) ©.052 c(20) 0,048 £(30)

(2031)
0,800

-0.000

3,008

0,014

g.018
"80070
8,024

0.001

0.066.

0.077

8,087
0.040
G.038
0.069
0.077

0.080

- B.088

0,071

{2u12)
1,007

=0.00%L

0.008




33
HISCUSSION

L]

The final vesnlts of this amalysis establish the
meleculayr structure and the wgiative ster@}zchemietry of
bis={diphenylephosphins)-ethvisnine molybdenum tetracarbonyl.
The character of the P»?inil ligand is confirmed as bideniats
with ths two phosphorus atoms occupving eiénpositicna The
soordination about ths molvidenum atowm is disto:ted
oetahedral, the distoriion arising from the bridging nitzogen _
atom in the P=N~P ligand, which restricts the position which
coordinating phosphorus atemsr can take uo. The };)..Q;.,p angle
is 64.8% 0.18C, other angles at molykdenum centre range from
86° to 100° {Tabie 29).

Each of the phosphorus altomns iz approximstely
tetrahedrally bomded with an average: valency angle of
109.5 20,30° (Table 23;. The mean P~C{aryl) bend lemgths is
1,81 # 0,018, It is noteworthy that the four -independent
PoC{aryl) bomd lengths give approximately the same valuese
varying from 1,80 to 1.81% (Tabie 28. The mean PN bond
length (1.971 % 0.018) compares quite favourably with the P=N
bond length (1.72 £ 0.082) in paliadium complex {Part 1) and
doee not differ signifieantly from the value of 1.75 3 0.03%
for the bond distance between anitregen and 'bhe {foure
coordinated phosphorus in the ethyl fodide adduct {Part IX).
The(lp-ﬁ\«l’ engie 103.8 £ 1° in this compound (PNP=Mo=
tetracarbonyl) is intermedlate between the value of
97.7 £ 0;9"obtained in the palledium complex (Part I) and the

value of 111.1 £ 1,67 registersd in the ethyl iodide adduct




BIS-(DIPHENYL-PHOSPHIND)-ETHYLAMINE MOLYBDENUM TETRACARBONYL.

Fig., I. Atamic arrangements as viewed down the a-axis.
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flo
o
Yo
flo
£lo
flo
p(1)
p(1)
p(1)
P(2)
p(2)
p(2)
0(1)
0{2)
6(3)
o{4)
c(1)
c(i)

c(7)

c(s)
c(9)

TABLE 2B,

Intar-gtomic fcond Lenatha in ﬁn

with estimatasd Standayd Dsviations.

P(1)
Bz}
c{3)
c{a)
c{3)
c(s)
K
c({s8)
€{13)
£(19)
£{28)
M
£(3)
c{a}
€¢{5)
c(6)
c(2)
“ -
c(s)
c(9)
t(10)

2.49{D.007)
2.52(06,007)
1,98(0.02)
2.00(0.02)
1,97(0.02)
2,00(0.02)
1.69(0,02)
1,80{0.02)
1,81(0.02)

3.81(0,02)

1,81{0.02)

1,73(0.02)
1,17(0.03)
1,11{0.03)
1,18(0.03)
1,16(0,03)
1,57(0.03)
1.62(0.04}
1.37(0.03)
1,44(9,03)
1,46(0,03)

£(10)
£{11)
c(12)
c(13)
£(14)
£(15)

€{1s)

c(17)

c(18)
£(19)
c(z0)
€(21)
t(22)
c{23}

C{2a) .

c{2s)
c(2s)
c(27)
c(28)
£(29)
c{30)

=

[

]

£(11)
£(12)
c{7}

€{14)
c{is}
c{is}
c(17)
c(18)
c(13}
c{zo)
c(21)
c{22}
c{23)
c{24)
€19}
c{26)
c{27)
c(a28}
C(29)
c(30)
c{25)

1.35{(0.04)
1.,40{0.03)
1.46{0.03)
1.43{(D.04}
1,41(0,03)
1,42(0.04)
1.42{0.04}
1.39{0.03)
ioaziunos)
1.44(0.03)
1.,36(0.04)
1.41(0.04;
1,33(0.04:
1.43{0.04}
1,45{0.03}
zcaz(o;us}
1,43{0.04)
3.22{0,04}
1.51(0.04}
1.49(0.04)}
1,40(0,03)



P(1) -
p(2) -
c(3) -
c(a) -
£(s) -
c(6) -
p{1} -
P(2) -
c(3) -
c(4) -
c(5) -
c(e) -
o =

fio =

8

c(s)
c(s) -
£(13)-

flo

3

c(19)-

Mo
flo
flo
fie
fio
flo
fio
fio
fo
flo
fic
o
p(1)
p(1)
P(1)
P(1)
P(1)
P(1)
p(2)
P(2)
p(2)

%

9§

[}

]

TABLE 29

INTERBOND ANGLES (°)

P(2)
c(3)
c(a)
c(s)
c(6)
P(2)
c(3)
c(a)
c(5)
c(6)
p(1)
r{2)
M
c£(s)
c(13)
c(13)
N

N

N
c{19)
c(25)

65
163
96
91
173
31
99
io0
90
&9
91
igo
96
111
126
iol
a7
107
94
129
117

P(2) - c(25) 99

" £(8)

[

c{i9)
N -

p(1)

0

[}

B(1)
P(2)

0

flo -
fo =
o =
o =
fio =
o =

c(3)

]

c(12)

1]

c(7) -

(]

c(9)
c(20)

)

c(11)
(18) -

L]

£(13) -
c(14) -

c(1s) -

p(z) -

p(2) -

c(3) -
c(4) -
c({s) -
c{s) -
P(1) -
p(2) -
e -
c(7) -

c({s8) -

0

c(9)

[}

c(io)
c(i1) -
c(12)

0

c(13)

[}

£{14)

¢

c(1s)

[}

b

c(1s)

- Cont'd

c(2s)

P{2)

c{1) |

c(1)
0(1)
0(2)
0{3)
0{a)
c(s)
c{se)
c{a)
c{s)
c(9)
c(io)
c(11)
c(12)
c(7)
C(14)
c{15)
c(1ie)

c(17)

107

111

104

124

128

177
179
178
175
164

86

84

122

117
121
123
116
117
128
1l4

124



- £{18) 118 £{23) « €{24)

c{1s} = 6{17) -

2419} - C{i8) - C{13} 121 £{30) - £{25)
ti24) - €{22) - cf{20) 118 £{z8) - £{28)
£(19) - £(20) - c(21) 119 c{26) - £{27)
£{26) - £{21) - ©(22) 123 £(27) - c(z8)
£(21) - €(22) - c(23) 120 £{28) - £{(29)
£{z2) - £(23) - c{(24) 121 £{29) - C(30)

Somg sslscted Bond anagles with their 8.s.d.

p{1) - Bo - P(2) 64.8(0.18)

2(1) - ¥ = P(2) 203.8(1.00}

it

1

4

3

]

e



BIS-(DIPHENYL*PHDSDHING)-ETHYLAMINE MOLYBDENUM TETRACARBONYL.

[-_. %

Fig, II. Atomic arrangement as viewed down the c-axis.



{(Part x¥}. OCiber bond lengthe and songles® shown in

Tables 27 and 28 are mormal snd call for no commend cxoedh
for N-C(1-62 £ 000@.3)9 which must be in exror.

| A four membered ring is creoated by P(1)., ¥, 0(2) and

Mo, like the PoN-PwPd it is approximately planar (Teble 5i).
The regularity of the four-mexbasrsd rng fomuwed by ths P-NP
ligapd in gomplex formation with the transiticon metalz can be
soen by comparing the iwo rings formod by the P=N-P ligand
with paliadium and molybdenum atoms (Figs. IIX and IV).

Hean values of bond lengihs are used in the diagrams.

Fig il Fig W

Examivations of tho above disgraws (Figs. III end IV) shows

that aopart from the P~ distance whileh is virdtually same in
the ﬁﬁo‘camplexaag ths valency sagle at each of the fousxr
phosphorns atoms 1o appyeximaéezy 552, EBvan the PP distamsas
are about $the same, despite the Imelt that the PoNeP ligapnd is
attachod ¢o different entities in the iWe complexes.

The esguation of tho mesn plang calsuiabed trough

CR{i}, P{2), c{k) and C{5) is O-8hix ¢ 05307 « 0-0848 = 7°R2Z w i

vhera x, ¥, & are gowcrdinates oxpressed in Angstreome uniis.
The deviabtions of tho atoms from this plane ars gults saell
{Table 32:. ‘



fic
flo
flo
o
Mo
flo
mg.
Ao
flo
p(1)
P(1)
p(1)
p(1)
p(1)
P(1)
p(1)
P(1)
P(2)
P(2)
p(2)

o900

o o0

oo

o9oa

o oo

o0co

00o©

TABLE 30,

INTRA-MOLECULAR NON-SONDED DISTAMCES.
0(2) 3,09 0(1) ... C{4) 3,52 0(s)
0(8) 3.13  0OL) ... C(11) 3.56 0(4)
N 3,15 0(1) ... C{8) 3.72 0(a)
6(1) 3.17 0(L) ... €{B) 3.764 R
0(3) 318 0(2) ... C(1) 3.41 W
c(8) 3.7 0(2) ... €(3) 3.48 o
€{25) 3.7r 0(2) ... €{2) 3.65 ®
£(33) 3.83 0(2) coo C{B) 3,66 N
€(18) 3,92 0(2) ... C(5) 3.86 W
P(2) 2.69 6(3) ... C(16) 3.42 N
£(9) 2.75 0(3) ... C(15) 3.68 &
c{18) 2,78 0(3) ..., €(3) 3,73 W
£(18) 2.86 O0(3) ... €(6) 3.75 ¢(1)
c(s) 3.20 0(3) ... c{2) 3.83 ¢c(1)
c(3) 3,22 0{3) ... C{21) 3.83 ¢{1)
€{a) 3.42 0B(3) ... €{20) 3.85 C(2)
€(19) 3.95 0(3) ... £(4) 3.87 C(3)
C{26) 2,73 0G(4) ... £(22) 3,39 C(3)
€(30) 2,81 0(4) ... C{30) 3.46 c(3)
€(6) 3.10 0(4) ... €(12) 3.50 | c(3)
- Cont'd =

000

G e o0

000

o6 ¢

o9 o0

000

000

c(1a)

€{2s8)

c(24)

c(s8)
c(13)
c(19)
£(2s)
(7}
c(30)
c(18)
c(6)
c(14)
c(7)

c{26)

. c(s)

c{a)
c(a)
c(s)
c(s)

c(6)

3.78
3.78
3.9%
2,80
2,82
2,84
2,92
3,47
3,25
3.45

3.82

2,865

2,80

3,40

3,97



p(2)
P(2).
p(2)
p(2)
C(6) oce
c(6)
c(s6)
c(6)
c(7)
c(a)
c(8)
c(a)
c(9)
c(9)
c(9)
c(10)
€(10) ..o

£{12) ...

TABLE 3g - Comt'd -

INTRA-MOLECULAR NON-BONDED DISTANCES,

€(5)

c(3)

c(8)

0(a)
c(25)
c(30)
c(14)
c(13)
C(24)
€(13)
c(is)
c(14)
c(13)
c(18)
c(14)
c(7)

c{26)
c(23)

3,47
3,49
3,82
3,95
3.38
3,46
3,57
3,79
3,71
2,79
3,24
3,90
3.07
3039
3,86
2,79
3,90
3.74

(£

0(4) ;,,'c(7)

a(e)
o(a)
o(a)
o(a)
c(1z)
c(15)
c(1s)
c(15)
c(1s)
c{i6)

c(16)

c(23) .

C(17)
€(i9)
c(19)
c(19)
c(20

0060

coo

£{23)
C(4)

c(21)
£(s)

c(ia)
c(is)
€(12)
c(1i)
£{21)
c(13)
c(20)
c(23)
c(2a)
c{2s)
c(26)
c(3a)
c(23)

3,51

3.93
2.88
3,71
3,74
3,99
2,80
3.96
3,81
3,97
2,75
3.08
3,96

2,82

c(3)

c(a)

c(a)

c(a)

c(s)

c(20)
c(21)
c(21)
c(22)
c{22)
c{22)
c(22)
c(17)
c(25)
c(26)
c{27)
€(27)
c(28)

c(9)
c(6)
c(s)
c(24)
c(s6)
c(9)

c{2a4)

c(9)

c(28)
c{29)
c(9)

c(27)
c{14)
c(z28)
€(29)
c(30)
a(2)

g(2)

3.98
2,79
2.96
3,77
2.83
3.95
2,77
3.67
3,70
3.79
3,91
3.92
2,79
2,77
2.83
2,86
3,37

3.47




p{2)
{2
p(2)
o(1)
0(1)
0(1)
0(1)
(1)
o(1)
8(1)
0{2)
0(2)
0(3)
0{3)
N
¥
c(1)
(1)
c(1)

LE B J

o8B0

cde

oce

e

TABLE 37,

INTER-MOLECULAR DISTARCES < 4R

C{2)v
c(2)v
C{7)v
0(3)it
c{8)ii
C{23)iv
€(7?)v
C{3)i1
0(1)ii

c{28)v

c(28)4

c(16)ii

€{3)11

0{3)i4

£(20)v
c(2a)v
c{18)vi
c(13)vd
€(25)vi

3.986

3.77

3.585
3.54
30,62
3,69
3.74
3,79
3.81

3.86

3.47

3.67
3,77
3.90
3,56
3,77
3,87
3.508

3.80

€{1)
£(2)
c{2)
€{2)
c{2)
c{3)
€{3)
£(3)
c(3)
LB
£(9)
c(9)
£(g)
c(1g)
c{io)}
€(18)
c(10)
c(11)
c{12)

o® 0

£(30)vi
e(2)is
£(30)vi
£{18)vi
C{25)vi
£(28)v
£(T)v
t{%8)ii
c(3)it

c(19fvi

- C{21)4

C(22)1
c(20)i
c{1l)iv
c(i0)is1
c{23)v
£{248)vy
c(15)4
c(1s)4

The subscripts refer to the following positions:

i
i3

1ii l-x, i-y,

&°*o 5”Yo ‘é*z

l-x, ¥,

jo2

l-z

iv  liex, Idsy, li-2

v 1d-x, léoy, 2

vl 1fex, #oy, 2

3,97
3;55
3.57
3,89

3,91

3,66

3,68
3,99
3,99
3.94
3,67
3.91
3,95
3,63
3,70

- 3,92

3,99
3.74

3.71




TABLE

EQUAYIONS OF MEAN PLascs amp pistasces {R) or
AT0MS PRGN THESE DPLARES.

{a) Plene through C{5), ©{4), %o, 2{1), 8(2), ¥,

8.8253x% + 0.858ly - §.0862z2 - 7,28%0 = O,

c(é? .aoaz? BRI 8.162
c{4)  -0.082 e(s) 2,002
o 8,033 £(6) ~1,935
P(3) 8,155 |

p(2) . 0.020

N -8.143

(b) Plems thraugh B(1), P{2), W, C(1),

‘0.8384x ¢ 0.5438y - 0.03562 - 7.424Z = O,

p{1) 0.060 . @ 6.049
p(2) 8,059 £(2) ~1,269
N -0,195 ' |
c(1)  0.076

(c) Plene thgoughlp(l), c(e), €(s), #(2),

0.B442x% + 0.5295y - U.0B40z - 7,2215 = B,

| P(1) 0.067 c(3)  1.996°
c(a) -0.061 c(s) ~1.951
c{a) 0.060
p{2) . -e.086

Dinedral angls between plane (a) andvplans (h) g8 177°
a " w o ’ (b) w " (c) » 177’1?
Tha 3, ¥, z in the piane sgquations refar to the

coprginates in 3 sxpreseod in terws of &, 8, g.

-




35.

Equidistant from the plane ave C{3) aud C(6) ¢to form a
diétortad sctahedral arvangsmant as suggesied by the values
of the valency angles at the moliybdienum.
The average value of Ma=C is 1,99 % 0.01R while the mean C=0
bond lemgth is 1.15 % 0,0158, This vaiue of 1,998 for
Mo~C is a bit shorter than the value of 2,06 2 0,028 obtained
by Najarian (19%7) for the Me~C bond Length in molybdenum
hexacardonyl. Thias difference is prebably significant in wiew
of the dependence of Mo={ bend length on bond order (cgttqn 8t
al, 1965).

The bend erder in the Mo-C of PHPMo tetracarbonyl can
be estimated by adepting the method suggested by Cottom et
al {1965). Evaluation of this 3s wital for a thorough
understanding of the dencor=acceptor property of the PeaNopP
ligand and probably may lead te¢ additional evidence in
support of the delecalisation of the nitregen lono pailr.
Tthetructure of cise{Diethylene triamine) molybdenum
tricarbonyl has recehtly been published {Cotton et al, 1965).
The comparison of the Mo=C bond lengths obtainsd by Cotton
with those vecorded :n the present work shows some differences

and helps towards the defermination of the bond-order of Mo=C

in PlMPMe-tetracarbonyl.

Cotton et al. ' Preseat work. |
Ho = C(1) 1.93 £ 0,028 Mo = ¢(3) 2.00 £ 0.028
Mo - ©(2) 1.95 % 0.02R Mo = C(%) 1.98 % 0.028
Mo = C(3) 1.9% % 0.02% Mo = C{5) 2,00 & 0.02%

Mo = C(6) 1.98 & o0.028

Mean Mo « C = 1,948, Mean Mo = C = 1,998,



, 36,
Thess two values of Mo~C though close differ appreciably in

their values of bond~orders (Fig, V). The values of

2,06 % 0,02 (Najarin, 1957) and 2,08 % 0.04% (Brockway,1938)
for Mo-~C in molybdenum hexacarbonyl ara on the other hand

much longer then either Cotton's value or that obtained in the
prasent work,

From all available data, Cotton et al (1965) obtained the
graph shown below (Fig. V) for determining the Mo=C bond-order
from a known valus of Mo-C bond-length. The value of Mo=C |
bond length (10992) in the present work is plotted on Cotton's
graph and its position ia indicated by A. Position B

corresponds to the Mo-C bond length and bend-order in the
molybdenum hexacarbonyl.

23

> 8 * B

Me—C Boad teaghh ()

(o] i ' : 3
Mo~C Bond onmu' —
Boud»ordoro 1.5 and 2,0 have been assigned to Mo-C 1n
molybdenum hexacarbonyl (B) and ein-no(diann) tricarbonyl

marked (C). The basis of a.oignnont has been discussed by

F@,\[

Cotton (1964), From the poaition of A on the graph the



3%
bonducrde: in Mo«C of FNP-Mo-tetracarbaonyl is about-lo?ﬁz

This 1s consistent wiﬁh the theory that there should be meore
of double bond charactey in Mo=C of PHP~Mo=tetracarbonyl than
iﬁ the Mo-C of the welvbdanum hexacafbonyl‘sinc@ PelN=P iigand
is a poorer donor then carbon mcnaxiﬁee
| The sheoritening obsarved in Mo=C wonrld cauvass the
langthgning of the C=0 bend, although C~0 bomd lengths in
eomplexes are not reliable enough for determining différences
between bond-orders inm the range 2 to 3, thefe is‘evidenca 14
support the abeve statement of 0 lengthening from the
spectra sfudy. Payne et al (1965) obteined the values of
1980cm™% for the C=0 stretching frequency in the hexacarbonyl
and 1873cm=l in the PHP«Mo=tetracavbonvil.

The above value of bond=order (1.75) for Mol suszgests
therefore that there is more of dw-pW bonding in the Mo«C
of the: complex than of the molybdenum hexacarbonyl. This will
also mean that the central metal atom dissipates more of iis
chargq into the p =orbital of the Ceaten zrather than into the
d =orbital of phosphqruso The situation leaaves the Mo=P as
formed from almoét@?hbondo Also if there is partial double
bond formation in PN due to delocalisation of slectrens as
previously diecuaéad. this will enhance the single bond
character of Mo-P. In fact, the value of 2,50 & 0,005%
obtaincd for Mo-P in this P«N«~P complex is not significantly
different from the exzpected velue for a Mo=P single bond (2.46%)

(Rundqvist, 1965). This result supports the establishad fact
that C-0 is a better fp~bonder than phosphorus cempounds and

gives & cenclusive evidence on the delocalisation of electrons
in PeN-~P ligand.



Compound P=Calkyl {P=Caryl Refesrences.
[Ptz(SCﬂ)2c12(PCSH?)2] 1.88 - Rowe st 8l,, 1960
[(cshs)(ﬁznsgzp]aac13 1.86%20,05|1.77£0,08 Cotton»et al., 1964
[(pth)znet]pac12 - 1.8120,01| Present work.
P(CH,), 1,84%,003 - Lide et al., 1958
P(CH3)3 1.85%,003 = Bartsll et al,, 196Q
PPl ), - 1.832.003) Daly,3.3., 1964
[pyzpuztn,pbzztl*z* 1.8120,06(1,81%0,02| Present work.:
[Raﬂtla(PEtth)zl 1.86 1,78 Ehrifieh et al,, 1963

- 1,81%20,01) Preasnt work.

[9h2Poﬂ£t°PRh2]lo(C0)‘

(Gondolangth values are mean whers there are

type),

several of similar
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LEAD THXCCYTANATE
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Bele INTROLUCTLON

The complexiay ability of the ﬁhiacy&n&%e ion has led
to i%s use im qualitative and quantitative amalyses, nggele 19635
The thiccyarate ion exhibi&a Alinkege isomerxisnm, bnndinb to the
metal ioun sithor through ite au;pbur o ait?agenvagama
Vhen bonded through suiphuyr, the compounds formed are called
thisoyanates if, however, tha bond is through nlizrdgen,
the name iscthiocyanate is appropriste. For simplicity this
class of componnds will be referred 2o as thiocy&n&ﬁés {without
rogard to whether the metal i6m is Swbonded or Nebonded)
throughout this toste.

Yary liﬁﬁia haa>heen done in the study of $ransition meial
thiceyanates by X«Ray methsds, but information is available
from ectherx phyazcai methods for seme thiocyanate complsxesa
By siudying the C-N and C-8 s%retshing freguencies aﬁtemp&s
have baen made (stis et al, 1961) %o classify the iscmers of
-the transition moetal thiocrvanates. In theirxr discussioms, it
san be infeired that the elements of the figst transition sexies
are bonded through N in the formation affﬁhi@cyaaaﬁe complexzes
whereas the elements of the seccond and third series are bonded
threough sniyhur. Lieber ot al, (1959)¢ used measured ch
froquensies to decide botween thiocyanato -~ and isothlocyanato =
bonding. Fujita et al, (1956), Hitchell eﬁ al, (1960) have
all examined this critericn in extensive details and have msde
some broad correlations. Difficulty arises, howeveyr, in that
thoe C-N frequéncy i3 affectod by a number qf varisbles apart
from $he donor ateom, and imn particuiar overlap occurs between

the 2wo ¢laBsos.
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From tho measvrsncsds of She G (755 so™>) and the
Gt {2114 951"12 stretohing freguencies of lead thiscyanate,
Torrance {1965) foumd that thers was not enough ovidence ‘1

from the above values ¢o predict the typs of linkage involved

SR NS

in lead thioccyanate. Provious workers have proved that

Mn, Ni, Co and Cu form iscthioccyanates (that is HNebonded).
Thie is gstablished 1n the crystal structurs analysias of

[Co(nes), 17, Takencki, 1957, of [Ni(mi,), (NCS),], Zudancv

Y
et al, 1950, N. Gil11{1961) nhas shown that thiocyamate groups
8syve %wo functicns in tha structure of Cd(SGN)g“, that 1is
bonding through sulphur and nitrogen to form a atrﬁcture sugh
as SCN = M - SCN. Tho situation im lead thiccyanate ia

not certain.

4.2, EXPERIMENTAL '

A sample of the compound - lead thiocyznate - preparsd
by Dr. Bacon of the Queents U nivcz-éiey,; Belfast was kindly
mdov available to us by Bua Idg. Woodward also of Quuen’s
Univereity. Crystals for the X-Ray work were obiaimed by

cusgting to suitable simes. A crystal of an avesrage width

| 0°015 om was used for oollecting intensity data. = The value
of UR = 5°2 wes used to correct for absorptions, R « the radius - ‘
being taken aa half the average width. The ratios of the unit 'f
translations as predicted by Groth, {(19068) are 0°63L ¢ 1 s 1-625.
Groth cell as related to that used in this work is shown in
™Mge Lo | The unit cell iransformation matrix 18 given by ‘
mo/em/toz. |
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Koly. CRYSPAL DATS

Crystels of isad thicoyanate with ¥ = 33533

s

e

4 (<
72 0002, g = 8:27 T 0-03 Ag

L3

&
€
<
)
-
14
(229
it

-4
b o . m‘~®3
B = 020 « 0-5°%, Voluma of the anit cell, V = H3¥<§5 A-.
Pear ° LeQ7 g/cma, 42 = ke F{COO0} = 560. po= G850 em - Fom
X-Rays, (h = 1°502). 2‘£§ = G2k, EJii = 682.
Absens spocira t1  (hkl) when hek is odd

(roi) = 1 is ead

2

(Dro) & is odd.

Space Group: C2/¢ - cgh or 8¢ ~ b The centred space group

Jsﬂ
C2/z was chesen without prior applicstion of any statistical
teats. The choice appears o have beon justifisd by the

succgssiul sclutlon of the adtruciupe. Thiz reguires tha
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Pb ~ atom to be in 2 special pesition edither at a centras of

symmatry or on a two-fold axis.

The position o€ Pb ~ atom vas dotermimed from a 3eD.
Patterson synthesis. . The atom (Pb) was found to occcupy a
special positien O, y, 4. Atsempt to solve othsr vectors
obtained in the mbp only resuited in the probable pesition of
sulpbur. The ee-orﬂinatea‘%hus‘foand wore for | _

Pb- x= 0°009 | . v = 0°115 s s s 0250, <

8 X = 00329 , y=a-0:115 , ®=0-172. |
Since the porition of sulpbusr was not eertain,.only the
co-ordinates of lead were used in the firﬁt structure - fasior
caloulation. Refactor was 30-0%, (Tablesh). Using the y
signs appropriate to the rest of4the atoms and delta “
(lFbl-'Fc') as coefficients, a three-dimensional difference I
Pourier synthesis vas computed along the z-azis. Pseudo-
~gymmotry and anisotrople effects around Pb rendered the map
obtained difficult te intorpret. In the subseguent structure-
~factor calculation lead kaq agssigned anisotrop?c tenperature
factor, ~ R dropped to 27:2%, and in a second difference map,

" the thioccyunate group was obvious. The positions of sulphur,
" carben and nitrogen (Figs. 2,3, and &) are marked B, C, and D
on Figs, 2, 3, 4. VWhile tﬁo whole structure revealed by means
of superimposed contours is shown in Fig. 5. Thus co-ordinates
werse asg;gnod to sulphur, carbon and nitragen. A set of

struoture~factors caloulated with all atoms gave an R-value of

22 3%.
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b.6. STRUCTURE REFINEMENT

The reTinement of ihis structure wes by the fullemaiywiz
leastegqueres method using the progsanme devised by
Cruickshank and Smith, The detalls of ¢he programme have been
dascridbed elsavhare., Aftexr six cyecles of zofinement wiith
isotrepic tempsraturs factors for all atoms apart from lead
%hsrnofaétor-was 13.9%. This fell te 1k.6% when four
veflexions helieved to have been affected by extinction were:
removed, All atoms were now assigned anisetrepic temperature:
factors and the refinement coentinued., Sinece: the carbon and
unitrogen atoms weres difficulit to refine at this stage, they

wvare kapt constant while the Fefinement of lead and sulphur

ceontinued. Convergence: wae aitained after nine cyelas and the

final Refector iz 13.76%, (Table 3%).
h,7. RESULTS

The final fractional co~ovdinates and the cerresponding
a&aﬁdard deviations are listed in Table 35 while the: final
anisotropic temparature factors cccupy Table 36, The
orthogonal coordinates are im Table 37. Table: 38 contains the
inter-atomic bond lengths., The inter-band angles are compiled
in Table 39 and the final |Fo| and Fe in Table kO, The
packing diaegram of the structurs viewed dows theo unique: axis
(b) is shewn in FPig. 7.



LEAD THIOCYANATE.

Fig. 7. Packing of the molecules viewed down the unigue axis (b).



COURSE OF AXKLYSIS,

AT

3.D Patterson synthesis,
Found Pb;
1st, Strugturaafactqr.calculationeg pr - 107532
R s Sﬂooﬁ
lat. 3-D Differance Fourier syathesis,
Spurious peake rendered Bap uselses,
2ad, Structure-facter calculetions, (aniscisopic temp. fastor),
R = 27,2%
2ad, 3-D Differsnce Fog:ier.svnthesiso
_ | Found  All light atoms,
3rd, Structuge-rtactor calculationsglm = 30522 for light atoms,
| R = 22,3% |
1et. Cvcle of SYF.L.S. Refinemsnt, only Pb is anisotropis.
| - R 8_2002% | | |
2ad, Cyele of S.F.L.5. Rafznenéﬁt,
| R = 18.6%
3ed. Cycla of B.Fol.So. Reflndﬁant,
4 R o= 17.5%
4th, chlo of S$.F.L.5. Refinemsnt,
| | "R . 16,58
~ S%th, Cycla of §.F.L.5. Refinement,
R » 15,8%

= Conttd =



IASLE 34 -Cont'de

COURSE OF ARALYSIS,

6tho Cysle 6f SoF oL.5. Refinemsnt,
R a 3505%
Removal of érsfle@tions dus to extinction, (alil stoms anisotrepiC)
R = 14.6%
7%h, Cycle of S.F.L.5, Refinement, (C and ¥ kept sonstant),
R = 14,0%
Bth, Cycle of S.F.L.%, Refinmsment,
R = 13.89%
9%th, Cycle of S,F.L.S5. Rafinemont,
CR.om 36T
Final esseling of data,

R = 13,76%
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k.5, DISCUSSION,

The X-Ray atudy of ?b(cﬁs)z has establisned bonding
of I'b to both § and N of differsnt SCN-ions. Every Pb makes
(close) contacts with two S and four N atomse~ all of different
thiocyanate residues. Dach 5 atom makes one {close) contact
ﬁith Pb while one other 5 atom makes a rather large céntact of
3,148 and sach N atom makes two (closa) contacts with
differeont Pb atom, Thia.arrangemant gives rise to»é slx=-fold
coordination of Pb with all thiocyanate groupe aquidistant,

Figc 6,

z F’igp 6. View in Xedirection.

- The thiocyanate group is linear within the limit of the
accuracy of the data. This structure agrees with the bent

" MeS={ bond postulated by Lewis {(1964) for sulphuy donded
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LEAD THIOCYANATE,

FRACTIONAL ATDMIC COGRDIBATES,

ATOMS

Pb

Pb

(x/a)
2,5000

0.2557

‘0.4429

9.3810

o

w

{y/b)

0.3867
0.0454
0.2839

0.1351

STANDARD DEVIATIONS.

0.0000
08,0013

g.0070

v'DOODBS

TABLE 36.

0.0006
0.0842
0.0149

0.0137

{z/¢)

0.2500
0.1726
0.0586

0,1133

0.0000

0.0020
0.0078

0.6099

FINAL ANISOTRDPIC THERWAL PARAMETERS (Uii).

e

atoms (UIl)
Pb 0.014
s 0.041
u 0.033
& 0.064

(u22)
0.006
0,150
0,270

0,126

(u33)
0.018
0.094
0,066

0.073

(2u23)
0.000
0.049
0,022

‘”0 0041

(2u31)
-0,001
0,005 -
=0,021

-0 0009

(2u12)
0.000
0.002
0.054

-0,116



ATORS

Rb

Pb -

TABLE 37,

ORTHOGOMAL COORDINATES,

{x}
4,857
2,871
4,303

3,701

INTER-ATORIC BOMD LENGTHS (in R).

§ 3,06
§ 3.i4

N 1,24

(v}
~2,540
-0.299

1,865

.888

TABLE 38.

Pb
Pb

c

=

=

R 2,73

N 2,72

S

1,58

(z)
1.898
1,327
0.334

0.807
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TABLE 40.

Fe

frol

L

K

{rol

L

K
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ligand. The C=N and ¢-S5 bond lengihs of 1.24 and 1,548

(raspectiv&ly} with high sftendazrd devintions are much
different from the values szpscied for LN ¢triple bond and C=S§
single bond. However, they do not¢ differ very much from %the
values registorsd in somes other thiccvanates. YIn his study of
I.R. spectra of Kethiocymnats Jomas (1958} obiained values af
1.17 and 1,612 for C=N and C=S, In some Reinechs salts in
which ﬁhiccyanatés bond Shrough sulphbuyr valuas of 1,37 and
1,64 have been recerded, Lewis et a2l {1564},

The loss of triple bond charpaciesr in CoN and the gain of
doubkle hond chavacter in CoS5 are supported by the measured
frequencies of C<N and C~S in differemnt compounds. In organic
nitrilas; the CelN astretching frequancy is usually 23250@m°1
wvhilst the C=5 sitrstch in mezrcaptalins are in the-region
600-700em=, this shifts to a region 700-8C0cm™} in thiocyanate
complexes, {Nyholm et al., 196k), The shortaning or
langthening of bonds in this fonie cempouhd nay bhe explained

in terms of a resonance balance between @ncas} and |NSC=5L
3, S
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ks,

Several samples of bis-{diphenyiw~phosphine)e
sthylamine palladium {II) couplex weve prepared im differsnt
medla by varying the mols ratics of metal halide and ligend.
Chemicai analysis'show that Ctheso are all 1l:1 complaxes, Vroxm
the erystal stracture amnalvsis ef tho palladium cemplex
{part I), it vas obvious that the ligand (PNPE%) is bidentate;
Turthar atteupts were ﬁade 20 tést this aspeet by preparing

the aminophosphine complexes of some other transition medslsz.

The ligands usasd z»e bis-{diphenylephosphino)-alkylamire of the

formulas Ph,P.NR.P.Ph, {R = ¥, Me, Et, nPr or iPr),

2
With NiX, (X = I°; Br™,; CNS" or ﬁog), apart from the 131
conplex, it was possible €0 prepars the 1t2 and 231 cemplexes.
Since the latiew raﬁioslde noet conform ¢to the Patio of motal
to ligand im the palladium complex, the ex&sot nature of ths
1:2 énd 2:1 is mot known. An at¢tenpt €0 prepaso the
marcury{fI) halide complaexcs leads to the isclation of the
131, 1:2 and 2313 adducts. The arrangements of atoms in the

1:2 and 213 arse unceriain,

Tha.diéulphiées and the diselenides of
bis-(diphenyl-phosphino)-méthylaminefwersvpreﬁaraé by reacvion
of the ligand with an exzcess of suiphur or selonium
(precipitated) in boiling benzeme. In éach case white needle-
like crystals soparatad on éoolinge Additien of sthyl iodide
to %he ligcand (PXPEL) im etﬁer resulted in a 111 adduct. The
quatérnisation has been proved by X«Ray work (Part II) to

occur at one Pe-atom onlye.

|
|
|
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Equidistant from the plane avse C{(3) and C(6) %o form a

distorted octahedral arrangsment as suggestad by the values
of the waliency angles at the moiybdenum.
The average value of Me=C is 1,99 % Occlﬁ while %the msan C=0

bond lemgih is 1.15 2 0.0158. This value of 1.99% for ¥

MoeC is & bit shorter than the value of 2,06 2 0,028 obtained
by Najavian (1957) for the Me«{ bond ilemgih in melybdenum
hexacarvonyl. Thia difference is probably significant in view
of the dependence of Mew={ bond leangth on bond order (c@ttgn 8%
al, 1965).

The bond order in the Mo-C of PHPMo tetracarbonyl can

H'!z
i
Ui

be sstimated by adopting the method suggested by Cotton ot
al {1965). Evalunation of this iz wital for a thorough
understanding of the dencr=acceptor property af the PeNoP

ligand and prohébly may lead to additional ewvidence in

support of the delecalisation of the nitregen leone pair, :
The: structure of cis~{Diethylene triamine) molybdenum |
tricarbonyl has recently been published {Cotton et al, 1965). !

The comparison of the Mo-C bond liengths obtained by Ceotion

with those recorded :n the present work shows some differences

and helps towards the determination of the boad-order of Mo=C

in PliPMo-tetracarbonyi.

Cotton et al. | Present work. V
Mo = C(1) 1.93 2 0,028 Mo -« ¢(3) 2.00 % 0,028 j
Mo = C{(2) 1.95 % 0,028 Mo = C(4) 1.98 & 0.022
Mo - C(3) 1.94 % 0.02% Mo = C{5) 2,00 % 0,028

Mo = C(6) 1.98 & 0.028

Mean Mo = C = 1.9%%8. Mean Mo = C = 1.99%.
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These two values of Mo-C though close differ appreciably in

their values of bond-orders (Fig. V). The values of
2.06 % 0,028 (Najarin, 1957) and 2,08 % 0,04% (Brockway,1938)
for Mo-~C in molybdenum hexacarbonyl are on the other hand
much longer than either Cotton's value or that obtained in the
present work, |

From all available data, Cotton et al (1965) obtained the
graph shown below (Fig. V) for determining the Mo=C bond-ordex
from a known valus of Mo-C bond~length. The value of Mo=C '
bond length (1.99%) in the present work is plotted on Cotton's
graph and its position is indicated by A. Position B
corresponds to the Mo-C bond length and bendeorder in the
molybdenum hexacarbonyl.

2

T B

4

-
b

Mu—C Boad leigh ()

— . FigV
o 2 3
Mo-C Bond order —>
Bondeorders 1.5 and 2,0 have been assigned to Mo=C in
molybdenum hexacarbonyl (B) and cis=Mo(diens) tricarbomyl
marked (C). The basis of n-oignmont has been diseussed by

Cotton (1964), From the position of A on the graph the

b




3%
bonduordex in Mo«C of PNP-Mo~tetracarbonyl is about 1,752

This 1is consistent wiﬁh the thsory ¢that there should be more
of double bond character in Mo=C of PiP~Mo=tatracarbonyli than
in the Mo«C of the wolybdagum hexacarbanyl.sine@ Pali=P ligand
is a pooreyry doner then cazrbon mcnexﬁdee
| The shortening obssrved in Mo=C wonrld causs the
langthgning of the C=0 bond, although C-0 bomd lengths in
complexes are not rellable enough for determining differences
between bondeorders im the range 2 0 3, theée is evidsnce %o
support the above statement of C~0 lengthening frem the
spectyra sfudy., Payue et al (1965} obisined ¢the valuss of
.‘i.98<.)tzu‘1""l for the.0=0 stretching freguency in the hexacarbonyl
and 1873cm=l in the PKP«Moe=tetracarbonvi.

The above value of bond=erdor (1.75) for Mo=C suggests
therefore that there is more of dw-pW banding in thevﬁénc
of ths: compiex than of the molybdenum hexacarbonyl. This will
also.mean‘that the central metal atom dissipates more of iits
chargqfinto the p =orbital of the Ce-azten rather than into the
d =orbital of phosphqruso The sisuation leaves the Mo-P as
formed from almoétcyhbondo Also if there is partial double
bond formation in P-K due to delocalisaiion of electrens as
‘proviously discuséed. this will enhance the single bond
character of MowP. In fact, the value of 2,50 % 0,005R
obtainsd for MowP in this P«N~P complex is not significantly

different from the exzpected velue for & Mo=P single bond (2.468) |

¥
CH

(Rundqvist, 1965). This result supports the established fact
that C=0 is a better fp~bonder than phosphorus compounds and

gives a cenclusive evidence on the delocalisation of elecirons
in P=~N~P ligand.

i
{

i
M




Compound P-Calkyl jP-Caryl Refersness.
[Pt ,(SCH),C1,(PCH,),] 1,88 - Rowe st azopAleso
[(cshs)(ézns)zp]aaCLS 1.86%0,05|1.7720,08| Cotton ag 2l,, 1964
[(thp)zﬂct]Pdc12 - 1.8120,01| Prssent work.
P(CH, ), 1,642,003 - Lide et al., 1958
9(ca§)3 1.85%£,003 - Baxtell et al., 1960
P(P ), - 1.832.003| Daly,3. 3., 1964
[ppzpuztp;phzzt]*z‘ 1.8120,05|1.81%0,02| Pressnt work.
(Reﬂtla(PEtzPh)z] 1.86 1,78 Ehrlich et al,, 1963
lpth,uctqpahzlno(co)é' - 1,8120,01] Present work.

(Bcndelength valuss are mean whers there ars

typ.) °

gaveral of siailar
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Bele INTROVUCTION

The comploxiay abilicy of the fthiveyansse ion has led
to 188 wse in qualitative and guangisative an&lysas,_{?ogei, 1662
The thiccyanate i10n exhibitaAZiukage isocmeyrios, banding toe tha
matal ion either through ite sulphur or aitregan'agama
Vihen bonded through sulphur, %the compounds formed are celled
thiocyanate. 1%, however, tha bond iavthrough alsrogen,
the namo iscthiocyanate is appropriate. For simplicity this
class éf-canpeuﬁds will be refexrred to as thiaey&n&tﬁs {without
r@gard to whether the metal ion is 8-bonded or He-bonded)
throughout this texste.

Very little hes been dome in the study of Sransition metal
thiocyanates by X«Ray methsade, but information is available
fron othesr physiezl mothods for some ihiocyanate complexes.

By situdying the C-N and C-3 s%retchiﬁg frequencies atsampés
have bsen wmads (Leuis et #1, 1961) %o cliassify the ieamersvﬁf
the trangition metal thiocvanatss, In their discussioms, it
can be infeérad that the elements of the first transitien series
are bonded through N in the formatiom offéhiacyanate cowplexes
whereas the elements of the second and third seriss are bonded
through sﬁiphur. Lisber ot al, (1959), used me&auredvdqx
frsquensiea to decide betuaén thieocyanato =~ and isothlocyanato =
bonding. PFujita et ai. (1956), Mitchell ¢§ al, (1960) have

all examined thie criterionm in extensive dotails mnd heve made
some broad correlations. Difficulty arises, however, in that
the C-N frﬁquéncy is affected by a number qf variebles apart
from the donor atom, and in particuilar overlap occurs between

the two 0lagzss8.
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From tho weatursmonds of She D-5 (755 am ~) and the

Cat {2314 em"1) stretching fregusencies of lead thiocyanate,
Torrance {1965) found that there was not enough ovidense

from the above values %0 predict the typs of lLinkage involvad

in 1ead thioccyanate. Provious workere have proved that

Mn, Ni, Co and Cu form iscthiccyanases {that is Hebonded).
This is ostablished in the orystal structurs analysis of

[cawcs)h}z"', Talkencki, 1957, of [Ni(NH (Ncs)zj. Zudanov

3) 1
et al, 1950, N. Gi113{1961) has shown that thiocyamate groups
serve two functions in tua structure of Gd(SCN)g", that is
bonding through sulphur and nitrogen to form a strﬁcture such
as 3CN = M = SCN. Tho situation im lead thiocyanzte is

not certain.

4.2. EXPERIMENTAL

A sample of the cempound = 1956 thiocyarate « preparsd
by Dr. Bacon of the Queen‘®s Univorﬁiﬁy; Belfast vas kindly
made.available to us by Biss I¢a Hoodward also of Quoen's
Univereity. Crystals for the X-Ray work wer§ cbtained by
cugéting to suitable simes. A crystal of an‘;varage width
0°015 om va§ used for oo;lecting-iatenaity data.  The value
of uR = 5°2 wes used to caorrect for absorptions, R « the radiuns
being taken aa half the average width. The ratios of the unit
translations as predicted by Groth, (1908) are 0631 ¢ 1 s 1-623.
Groth cell as ralated to that used in this wsrk is shown in
Plge 1. | The unit cell transformation matrix is given by
zoo/oxo/mz. |
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technigus {Robomison, 198%). The ©iu Yaosor usad du
cosrelots the indensidties on Sucoageive Tilmo of 2 fexios is
nonwgguitorial lavers was calevinted from

R o= 1229 exp{0:Gh sce 4) wharo 4 = the angle which the

©
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incident beam makces wifh the normal o the £ilm, {Ro
Trhe intensiiles wWors corrected by ths uwlsal factors.
Tho vVArious Bones Woro pigood on the same roiasive scals by

compgaziaon of the ohserved amd caleulated stizucture amplidwdas.

Koly. CRYSTAL DATA

Crystals of isad thicoyanste with ¥ = 3253<4 are moneslinic

<

. - e
2 ® 9°72 = 003, b w &57 £ 002, g = B8°27 = 093 Aj
Fod
B = 92°0 2 ¢-5°.  Voluwmo of the unit cell, V a 52%<i A-,

o Be0F g/cmg, 4 = k. F{000) = 560. p o= 4680 g ~ Sow

2

Peal , v J .
x"ﬁays, (}k &= 1"52!»2)9 Z f; = [I?Ré}; Zfia‘ = 682-

sbsent spoctra t  (hkl) when hek is add

odd

ted
s
@

(noi) u

' (0kD) ® & 15 odd.

Space Group: C2/¢ - C6 or Co ~ ﬁz.

2k
€2/z was chosen without prlor zpplicutian of any statistical

The centred sSplcs gyoup

testso The choics appears to have beon justified by the

succgssinil solutlen of the airuveduse. Thiz requires the



——

. 41,
Pb ~ atom to be im 2 special pesition elther at a centre of

symmetry or on & $wo-feld axis.

5.5, HEAVY ATOM POSITYOK
The position 6f Pb ~ atem was determined from a 3-D.

Patterson syntbéaiso . The atom (Pb) was found to occupy a
special position O, y, 4. Atsenpt 0 solvae other vectors
obtained in the map only resulted in the probable peosition of
sulphur. The co=ordinates tims. found ware fop

Pb- X = 0'006 | » y = D115 s & = 0250,

8 x = 0329 » y 2 =0°115 s g s 0-172.
Since the popition of sulphur was not eaﬂain.A only the
co-oxrdinates of lead were used in the ﬁrﬁt structure - facior
calculation. Refactor was 30-0%, (Table3h). Using the
signse appropriate to the rest of the atoms and delte
(trol.-hd) as coeffiolents, a thres-dimensional difference
Fouriexr aynthesie vas computed a2long the z-axis. Pseudo~-
~gyamotry and anisotroplo effecid around Pb rendered the map
obtained difficult to 1njkarpret. In the subseguent structure~
-factér calculatioan lead Qac' assigned anisctropic temperature |
factor. R dropped to 2702‘}. and in & second differance map, ﬁ
" the thiocyunate group vas obvious. The positions of sulphur,
“ carben and nitrogen (Pigs. 2,3, and &) are marked B, C, and D
on Figses 2, 3, 4. VWhile tt;e whole structure revealed by means
of superiamposed contours is showa in Fig. 5. Thus co-ordinates
were assigmed to sulphur, carbon and nitrogen. A set of ‘
structure~factors caloulated with all atoms gave ln Revalne of

220 3%.
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4.6, STRUCTURE REFINEMENT

The relinement of ithis strusture was by the fullemadwriz
leastegsqueres method using the prograwme devised by
Cruickshank and Smith, The detalls of the programme have boen
dascribaed elsavhare. After six cycies of rofinecment with
isotrepic fempsrature factors for all atoms apart from lead
%ha-R-faﬁtar wae 13,3%. This fell %o i1k.6% when Four
vefiexzions helieved to have: been affected by extinction were:
removed, A1l atomsz weve now assigned anisetrepic temparature
factors and the rpefinement centinued., Since the carbon amnd
nlitregen atoms were difficult to refine at this stage, they
wars kapt eonstaat while the refinement of lead amd sulphur
continued. Comnvergence: wae aiftained afier nimne cyeclas and the
final Re~fector is 13°76%,’(Tab15»3k)q
4,7. RESULTS

The final fractional co~ozdinates and the ceorresponding
s$a§dazd deviations are listed in Table 385 while the final

anisotropic temperature factors cccupy Table 36, The
orthogonal coordinates are im Table 37, Table: 38 contains the
intor-atomic dond lengths, The inter-bond engles are compiled
in Table 39 and the final |Fo| end Fe in Tabie kO, The
packing diagram of the structurs viewed down the unique: axis
(b) i3 shewn in Pig. 7.



LEAD THIOCYANATE.

Fig. 7. Packing of the molecules viewed down the unigue axis (b),.



TABLE 34,
COURSE OF AXRLYSIS,

3-D Pattarson synthesis, -
Found  Pb.

l1st, Strusture-factor calculatione, “ 107532

®on
R = 3000%
lst . 3-D Differsnce Fourisr syathesis.
Spuriouve peaks rendered Hap useless,
2nd. Structure-facter ecalculetions, (aniscisopic tsep, fastor).
R s 27,2%
2nd, 3-0D Differsnce Fourisr_eynthseiso
‘ _ | Found  All light atoms,
3rd. Structuze-factor celculations, B = 3,582 for 1ight atoms.
| | [ = 22,3% |
lst, Cyclé of SY¥F.L.S, Refinement, only Pb is anisotropic.
- R w2028 |
2ad, Cyecle of S.F.L.S, Raftnenén%g
| R = 1856%‘
3969 Cycla of S.F.L.S5. Refinement,
4 | R = 17.5%
ath. Cycle of S.F.L.5, Refinemsnt,
- R - 16.5%
- 83h, Cycla of S.F.L.S. Refinement,
R » ISOSﬁ

- Cont*d -



IABLE 34 ~Donttd-

COURSE 0OF ANALYSIS,

Gth, Cysle of S.F.lL.5: Refinement,

R s 15,3%

Removal of 4reflections due to extinction, (all stoms snisciropiC)

7th. Cysle of S.F.;L,S,

8th, Cycle of S.F.L.%.

9th, Cycle of S.F.L.S.

Final sseling of date,

R = 14,68

Refinement, (C and ¥ kept sonstaant),
R = 14.0%

Rafinement,
R = 13.89%

Raf inement,

R = 13,76%
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b.5, DISCUSSION,

The Xpnuy study of Pb(0§s)2 has establisned bonding
of I'b to both § and N of differsnt SCN~icns. Every Pb makes
(close) contacts with two S and four N ntomse all of different
thiocyanate residues, Dach $ atom makes onme {close) contact
ﬁith Pb while one other 5 atom makes g rather large contact of
3,148 and sach N atom makes two (closa) contaets‘with
different Pb atome This.arrangumant oives rise %o é six=fold
coofdination of Pb with all thiocyanate groups equi&iatant.
Figo. 6. |

View in Xedizrection.

- The thiocyanate_gronp 18 linear within the limit of the
accuracy of the data. This structure agrees with the bent

" MwSwC bond postulated by Lewis (1964) for sulphur bonded



ATOmS

Pb

Pb

TRABLE 35,

LEAD THIOCYAWATE,

FRACTIONAL ATOMIC COQRDIMATES,

(x/e)
0,5000

8.2557

0.4429

0.3810

{y/b)

"0 03867

=

80,0454
0.2839

0.1351

STANDARD DEVIATIONS.,

0.0000
0,0013

0.0070

20,0085

TRABLE 36.

0.0006
0.0041
0.0149

0,0137

{z/e)

08,2500
0.1726
0.0586

0,1133

0.0000

0.0020
0.0078

0.0099

FINAL ANISOTRDPIC THERWMAL PARAMETERS (U3{).

ATOMmS
Pb

S

M

@

©

(uir)
0.014
0,041
0,033

0.064

(u22)
0,006
0,150
0.270

8,126

(u33)
0,018
0.094
0,066

0,073

(2u23)
0,000
0.049
0,022

"00041

(2u31)

=0,001
0.00%

«0,021

-0,009

(2u12)
0.000
0.002
0.054

~0.116



ATORS

Pb

Pb -

TARLE 37,

ORTHOGONAL COORDINATES,

() (v?
4,857 - -2.540
2,871 -0.299
4,303 1,865
3,701 0.888

TABLE 38,

INTER-ATORIC BOMD LENGTHS (in R),

§ 3,05 Pb - ® 2,73
§ 3,14 Pb = N 2,72
” 1024 C b s 1054

(z)
1.898
1,327
0.334

0.807
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ligaend., The CwN and C-S bond lenzibs of 3.24 and 1,548
(respectively) with high standard devintioms are much
different from the velues axpscied for S« triple bond and {=3
single bond. Howvever, they do not differ very much from the
values vregistorsd in soms other thioccyvanates. In his study of
I.R. spectra of K-thiocynnaits Jomas (1058 obiained waluss of
1,17 and 1.61% for C=N and C~S, In some Reinechs salts im
which ﬁhiocyanatés hond through sulpbur vailues of 1.37 and
1,68 have been rscorded, Lewis et al, (1664}, |

The loss of triple bond characiey in C-N and the gain of
double bond charaster in C=S are supporised by the msasured
frequenciss of C«N and C~S in different cowpounds. In organic
nitrilas; the CeN atretching frequancy is usually 2,250@@“1
whilst the CeS strstch in mexcaptalns are in the region
600»700cm’19 this shifts to a region 700»8000m“1 in thiocevanaie
complexes, {Nyholm ot al., 196k), The shortening or
longthening of bonds in ¢this lonie compouﬁd nay be explained

in terms of a resomance balance betwesn @zcss} and |NSC=S



OF SOME AMINOPHOSPHINE COMPLEXES




ks,

Several samples of bis-{diphonyl-phosphing)e
ethylamine palladium {IX)} ccuplexz were preparad in differsnt
modla by varying the mole ratiocs of metal halide and ;igande
'Chemicai analysis'show that ¢thes? are all l:1 complaxes, From
the erystal strueciture amnalvsis nf thas palladium complex
{Part 1), it was obvious that the ligand {PNPEt) is bidentate;
furtber atteupts were ﬁade 26 teat this aspect by preparing

the aninophiosphine complexes of some other ¢ransition metals.

E:i

The ligands used are bis-{diphenylephosphino)-alkylamire of the

formmlae Ph,.P.NR.P.Ph, (R = ¥, Me; Et, nPr or iPr),

With NiX, (X = I7; Br , CNS" or Nag)s apart from ths 131
complex, it was poessible €0 prepare the 1t2 and 2:1 cemplezes.
Since the lattaew raﬁios_de not conform %o the ratioc of metal
to ligaxnd in the pailadium complex, the exzot nature of ths
1:2 and 2:1 is mot known. An atsenpt o preparvre the
marcury{II) halide complaxes leads to the isolation of %he
1:1, 1:2 and 213 adducts. The arrangements of atoms in the

1:2 and 213 aras uncertain.

The<diéulphides and the diselenides of
bis~(diphenyl-phosphino)-méthylaminefwera~preﬁarad by reaction
of the ligand with an excess of sulphur or selonium
(pracipitated) in boiling benzeme. In Qach case white needla=
like crysfals separatad on éoolinge Addition of oathyl iodide
to %the ligand {PNPEL) in etﬁer resulted in a 111 adduct. The
quatdnnisation has been proved by X~Ray work (Part II).to

occur at one Peatom onlye




CXPERIMENTS AND RESULTS.

Dichlorohia(dipﬁenyiphasphiﬁc}@%hyl&min@paﬁlﬁdiumiXij:

Bis{diphenylphosphine jethylamine {5,268 g., 0.0200 mola) in
varm acetone (120 mi.)} and water (2 ml.) wae sdded drspwise
to potassium tetrachloreopailadate(IX) (3.265 gy, 0,010 mols)
in water (100 wl.) and acetone (& ml.}, and on standing gave
a ysllow crvetelline solid (6,081 g., 67%), moepo 276<278%
{from alcohol] Found: C,53.%ks H,h.3; C1,30.85 W,2.7¢ P,10,8%3
¥ {from unitecell and density mecsuvements), 590,
026H25C12NP2P5 raguires C,52.8; Hebo3y C1l,12.0; N 2.4
P,10,5%: M55 .

Bis{diphenylphosphino)ethylamine ethyliodide.=

Bis{diphenylphosphine jethylamine {(0.978 go, 2.36 mmcls) with

erystals {0,533 g.3 B0G%) (Foundr I,23.2. CzsﬂaeIKPz requires
1,22.2%).

Bis(diphenylphosphino)é@thylamina {1c509 Eos
3.79 mmoles) was refluxed with suiphur {0,253 g0y 7.91 mmoles)
in sodium~dried benzene (235 ml.). After removal of the axzcess
of sulphur, the =sslution was evaperated, to give
bis{diphenylphesphinothioyl)methylamine, which formed long
whito needles(from absolute alcohol), m.p. 168«1709
(Found: C,64.8; Hi5.03 N,3.0; P,13.1. 025H23wP252 requires
Cob6l.8; Hy5.,03 Ny3.03 PoLl3.4%), The diselenide was prepared
by refluxing with an excess of seleniunm (precipitated) in
benzene. The filtrate gave wvhite needle-like crystals

Bh,P.NMe.PPhy Sen (96.7%), mop. 192%1°C, (Feund: €,53.8;

1
|
!
1
i
i
'
|

{0.58 mlo, 5.65 mmoles) of sthyl fodide gave white needle-like |




/ k7,
Hyho23 Polloedp requives Co53.95 Bo4o2s Pollol$)o

The aminophozphine complezes of nickel {IZ) and
mezeury (IX) were prepazed by the addition of the iigead
- dissolved in het.acaﬁaﬁa to.th@-earreSPQndiug_me§ai‘&&lﬁ im
‘hot ethanol, Th@-reémlté Qf'fhﬁﬁﬁ chemical aﬁa&yaeﬁ‘a@a:ﬁiéﬁaﬁ
ir Teble UL, The word 'requires! is abbreviated 'R! and ‘
ffound? is abbroviated *F'; other symbels in the table refewm

o the following eoﬁpoundaﬂsm

X

R = thPﬂ?HPha
RII

= Ph,PNPMePh

2
21 . PNPELPh, %;

2

B*Y = Ph,PNPuPrPh, |
v
RY o PhPNPIPEPh, .
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RESULYS OF CHEMICAL ANALYSES (Cont'd).

SPECIMEN| cCOmPLEXEC R F R F R F @t

No. w L WM W W™ W (°c)
moks. 1) R¥Mlpacy, 62,8 53.1 4.30 4.30 2,40 2,70 27721
"2 a"(ugngpz 28,2 28,4 2.35 2,60 1,20 1,23 17822
" 3 n"(n;cxz)z © 33,4 32,9 2,79 3.02 2,00 1,80 174Z1
" a}rll(se), | §3.9 53,8 4,20 4,20 2,52 2,50 192¢1
" s|Ati(miz,),  29.5 26.2 2.28 3.63 1,35 1,33 234%2
»  6|RI¥(n11,),  30.8 29.9 2.57 3,96 1.30 1.40 19432
»  7{R¥NiI, 43.8 43.7 3.66 3,51 1.89 1,78 200%}
» 8l riVniEe, 50.2 45.0 4.18 4,22 2,17 2,32 295%1
= 9| R'NiBe, 50.2 50.0 4.18 4,32 2,17 0.59 300%2
* 10| R!INgsr, 48.6 48.4 3,72 3,79 2.27 2,00 30822
" 11 Rinaxz 41.3 42,9 3,00 3,50 2.03 1.80 168%1
" 12 RINLBrz 47.7 47,9 3.48 3,66 2,32 2,20 250%1
- 13 (aii)zng(uns)zsvos $8.2 4.41 4.48 5,70 6,26 185%3
» 14] (RIV) N1(ND,),57:2 59.7 4,92 5.21 5.50 6,27 174%1
" 15 (n“)znz(nus)z 5702 57,4 4.92 5,28 5.50 6,46 17822
" 16| R'HgBr, 38,6 38,8 2,82 3.00 1,90 1.76 157%1
» 17| plluger, 39,5 39,4 3,03 2.98 1,84 2,00 20222
« 18 nillugeez 40,3 40.2 3.23 3,20 1,81 2,06 187%)
» 19| (R™V),(HgBs,), 33.5 32,7 2.80 2,95 1,40 1,70 163%1
" 20 R¥wgss, al.l 41,1 3.43 3,56 1,78 1.86 17322
" 2 RINgI, 34,3 34.1 2,50 2.67 1,67 1.80 150%2
“ 22| (R¥).mg1,  47.8 47.6 3,70 4,04 1.83 1,79 1651
» 23| (R'E1) Hgl, 49,1 47.8 3.90 4,00 2.00 1.80 1822
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2.
¥ith the advanmcement im hie X-Rey teehnique, H.L. Bragg's
School solved sems of $he problsme iavelved in silicats
sEruchuyres.

The heavy coaputation often invelived in this work of
gtructure analysis made the ewrly work very slew and tedious.
Many structures sclved at fix vst were in twe dime Biﬁ“%

but the availabllity of the recent high speed

&
R
£
fto
&
5:4' »
B
i

aleotronlc computers ﬁ&& wmads pessible the investigation
in three dimensions of structures which might net have
yielded %o the gff@r%g of one individual in a lifetime
of 2ld styie c@m@uﬁaﬁién@

Among erganic Q@ﬁpﬁgﬁﬁsg Prograss was at fizst slww
but the pace aceelﬁﬁgﬁaﬁ as soon as the structures o &he
normal pagaﬂfia chain, of the benzens r$n§ an ﬁ naphthal eng
nucleus were well gatabiished {sinsce theae ’@rﬁ the skeiuton
of many organic Structures). Subseguensiy, structures
af such cemplox subsﬁaﬁces as phth&ls@yaniﬂeﬁs sterolds,
carbghyérat@s. pe@i&iilin and vitamin B 12 wsre detorminsd.

1e2c X-R4Y DIFFRACTION ACCOROING TC LAUE

A crystal can be defined 2% a substance in which the
inﬁérnal atomic or molecular arsangement i rogular and
periodic in thres dimensaicns over distances which are largs
compareé Wieh,t&evﬁnit bf pericdiecisyo.

If ¢the ateoms 1n a-eryatal are replaced by points cach
arxay pf pointe th&s formed represents a lattice of the
cyystal. In order to provide the latitice with ¢the moans

of scattering radiasticn, it is assumad that =n slectrom is



- gescribod my e go=gpriinate vecSor g o vl

v, ¥ and ¥ ara im’:eg@rg and are caliesd ithe

OORDe Fe .

&
tog
o
"
Lo
:
e
&

fiz. i, if an atom is indexed m, %h
n 4 L, and the v‘@st@:&? botween thos 18 the transiation &,

1l wevsletss from Sheses

&3

thon for full cewsperaticn of

a condition is sought such shai wvavelels from ztous

nand n + 1 arglve abt the point of sbesrvation widh

gifference in phases The path difference beivesn wavelasio

of m % 1 and 0 48 va « .4 whon measured in wave longthn.

wRaT R AW



2 e 1 ARy on A
ORG Sugr Lass
f’f;.r o !’ﬁ ;e £ 2%
o £ o 5 &
Y *_’_,?i ¥ 9‘::'; 5 G ey

?w&"}c:’;m B é.g,ﬁiiﬁ

and (g ﬁi},g = L3 {1.9)
i (g = 321») = 8, fr.h)

¢ o ‘ {‘@;‘_‘.m ¥ } a8 = f‘n)?} {1,.5;}

If one congid

L

of spscing &, and 2 mouochromatic X-Ray bern falling on 19

at a glaneing angle 9, Fig. 2, and aiss assumes thad

E o o= e oy e B8 E amom B R N, S SR S R
:i:gm reflenia & Yery sgaell frectisen of the ipoident

£y
3

an Dj.i.ukuomg small renough Tor the weskening effect of ¢this

«

reflection on the imcident ampﬁi&‘mda to be n@giecteﬁ
tharoughe u"?: t&m c;.f:&% %hem full r&iaf@vﬁ&wenf; ia obtaiasd

sheuld all Eha sve:;,}.am‘:mi waves aryive in the seme p KRS0



The Lane eguations ayra nmoubliiabls Foux direst anpilcnikisa
$6 diffraction problems. W.l.o Sregs (1) (19143) showed
thely significancs by reloting the intesgewrs R, &, 1 o the
CMillevian indices of the laiiice slames. The relationabiyp

betwean Brags's Lew and the Lave equations is shown below:

Since 2/b.8 = 1, {1.3)

L
B/%eS = 1, (1.9)
and gfi.8 = 1:  (1.10)

thorefore, by oublracting eguatioen {1.9) from {1.8)

{a/tbb » b/k)eS w 03 (1.1L) i.e. the vesctor §

€

ig perpendicular to {afk = b/k}; ¢he latter ocan be shown
to bs the plans @f-ﬁiiler indices. Similarly S is
perpandicular migs'a - g/i}e  Thus m Pig. 3 {1}

g iw p@wendicui'ai‘: b0 ¢hne plane defined by the iﬁﬁ@fﬂ%;ﬁt&

a/n, b/k, ¢/li i.e. pians with Miller indices hkl.

LA

&/h

| Fig. 5¢) Fia. 3(). |
Since by definition tho vector S bisects the incident snd

 the Qiffracted beaws, Fig. 3(ii), and it is perpendicilax
to thse .latttics hkil, a elosse analogy wifbh reflection is
msiiy dr?wn. | The spacings d(hﬁﬂ) ¢f the plames is the
perpendicular distance from the plane hkl to the origim

{(Fig. 3(i) aad it is equal to the projeotion of a/h, b/k
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vadiation and she velume thpoughout which $he electrons
are distribuited. Thus the scattering fastor, £, willi
appreach Z for small anglss of sca@%aring and will falil of¢
with ipcreasing angle a%t a rate that for a given wave leangth
is determined by the Gistribution of eleoltrons ipm the abou.
Atomic scattoring facltors have heen deduced for zany
atoms from the intomsities of reflections messured for
crystals whose struciures have been established (James {2}
and Brindley, 1931}« But it is also pessible to caleulato
the values from the elecironie structurss (Hartree, 1928) of
the atomsa. Othor vorkers whe have done enormous work
in this branch inoclude (Thomas {3}, Fermi (4) MecWeeny {(5),
Tomile and Starn,(ﬁ);'ﬁerghuis st al (7}. So far the
calculated values have agreed guite reasonablise with the
ekperimenﬁalo
1.5. TEMPERATURD ?ACT@E
In prac%ice the theoretical atomiec scattering factors
evailable in tha literatures make no allowance for the atowie
thermal vibratione Foxr auch caleulations atoms ave assumed
to be at roest but even at a&soluﬁe Zeyo atoms haye a finite
amplitude of osaillationo The frequency of this oscillation
is so much smaller fhan'that of the X-Rays that to a2 train
of X-Ray waves the atoms would appear statioanary but
displaced from their truzs positions in the iattics.
The gensral result is ¢o spread the eloctron distribution
‘and so decreése the intensitiecs of the spectra. If she

X-Rays are incident at an angle ? and the mean thermal
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w48 abthraciiven, oy perfors oscillatlons whial

IS

arxre larze compared wiith sths movemonts of atpmg whiech have

strong covalent bonds within the molecule. For sucgh casaes,

anisotropic temperature factor may be rsquired. This problem

has been discussed by Cruickshank {1956) (i10a, b).

If the motion 18 anisetropic, then the tharmal
displacements reguire an assumption of an eiiipsoi&al
diatribution rather tharn spherical. In this case, the mean
digplacemens is represonted by a vector function of &
tensor lnstead of a single vector normal ¢o the reflecting
plane. Thus in an anjisotropic barmonic petential fielid
the vibrations of atoms can be described (10a, b) by a
symmatrical t@asarfU? with eix independent componsnta.

Each atom in the structurs paguires one such teasesr
u¥, The woan a§uaxe dieplacoment or amplitude of vibration

in & direciion of & unié vector I with compoasnts

{1l& 2oe 13) gan ba writhten as
2 3
wﬁf {(“ ‘:; i { pa
u =L Lij li ij {1.21)
im=i j=1i
g y
= Hlil l¢4231 4ﬂnﬁi 3%?012313£¢2ﬂ1311_ égﬁeg aii
3 ¢
Since U23 = Ugg, edc. {1.22;

U aad L are here defimed werot. the reciprocal axes &%, b¥%, 2%

sc that the compoment of U inm the (1,0,0) direstion parailsl
to &% is

2
133 = Ull
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A orxystal with ¥ atems por uvald sell

Bg oonsledy of H fﬂ&@“ ronotraiing Lattipes ttics :
poliuts ccoupiecd Ly obans. Individuaily, eacu of thase ‘

iattices wiki obey Lauve and Bragg conditisns bt in genossel
the intensidlics of the vwarlious pianes will depend on the
adowic srrangenends within the unitd coll.

ER
f Tria

Tho pogitio Sho 3 atom, 8itudisd a2t ths point

=, wheyro 2 v, anpd 3 are fracticons of the upit csli

a8 g y » - 4 = i
7 373 3 |
vectors can be representod by
PR E RGP T.DF S X .
et B L S {(r.25}.
The path differonce botwesn the waves ssatiaxed by the atonm in

ik . . R
3 position and an atom afb the origin con b written as

A, 5 and the coxrespsniing phase difference as zggé 8.

J
So that for all the atoms in She j'o onit coll, the wave
AN .
scattered hes an expression figipffﬁ?oﬁ?§~5§ = azﬁ Tye 10819

S omnrangion Tar 513 the oftowms dn the vwrpid apdkl fa sivenm by
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¥ o L. onp 21 1,.8 £1.27) whora €, i the atowmie
J=l : &
. . LB

secatiering factor of the 3 Gh .

N

o S 2a3i{=.83 ¢ v.b8 + m,28), {1.28)

e o 2 = i . o=l doi Fo E.

L ® 4 3

=1 9
since £y @ = a v y.B ¢ %,8. {1.25)

(3

& - b Y o i 8 en Ty - F Y ) e 55y e AT Py oy s
5 iz o comunlex resulbant which zan be reprssentsd by an

seastered by the refleoticn (hkl) are given by the eguatican

E' wle giw
{nx1} " § {bki)

y{hkl) can bs separated into ths real 2nd imaginary parss

(hhi}

m i
L ks

B sip 2%{bx, + kv, < 13,). £1.32)
ih?f&l) g, j - { 3’3 & J} &1‘». 3&”:’

Cat

B =0, for a camﬁ#oaymmeﬁric system {provided origin is

at cenire of Bymmedry).

'?(hkl){” J(Ag - 32) {1.33}
and ﬁ{hkl} & tan "t Qé’ {1.38)

The structure facter can also bae axpresssed in Serms

of the electron density, 0{xys). At a point x, v, %,
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sxpression for fthe $o82l soatitering in unit cell volume

T 42 given as

P X3
S
20 v@\l’;‘ g g g’}{g r‘v} o ?(Qr’“;"?’?'\t";k’v@l&"‘ 3 e dqdi 5'? ooy
L{hkl?’ & A uo..yia ¥ XH SRR § BBEY A d&} £¥ A jt..z gé‘:a?ﬁgv
o &
@ 8 O

It is an established facd that o psricdic funetion

Sinee & erysstal

@
Ld
]
@
o
]
g
3
&
'
bl
9
€y
=
g;.
i
<8
gg
]
2
2
Iy
(RN
&
k2
i
[
5]
P-‘m
&
)
3

Pouriser Bepies. . In ganeral, a Fouslser Serles oan be writften

a2 & functien T{®} whieck is tho sum of an infinite nusber of

3

welghtod cxponsesilais of positive aond negabive valuss of

§

A phase angls ¥, oxpresssd as
542
<

o) o 4,
nwu="

A exp{in®) {1.38),

F=

o T{®} = 2‘ A exp{~-in®) {1.87).

E=4

The latter form has been found useful in the crystal
studies. This functien can be sxtended o sccommodate
sevaral variables éuch as the case with the slectron density,
p{xys), which is a funetion of the three sxial co-ordinates.
Since every poing in space has to ke covered, thoere should

be & triply infinite nmabor of Feurler ceefficients A
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= VR o0 {n.42}
y F(mﬂ);’v {1.59)

50 that ﬁb(p(li"

Vhen this value [squation iie&3}} 0¥ %he TFouxier
cpefficisnt 15 substituted in equasion {1.738), the ezpresaiocz
fox the slectron density‘becomes

@ ®

1oy 2: w24l (hxekysln)
pleya) = ¢ L4 L Flua) ® ’

(le%@')

but the aheve Fourley Sories expressiocn for sthe electron
density can be written in suck & way that the resultant
?(hkl) iz split impteo 1¢s ocmpaaeuts-a’?{hklﬂa
the amplitude and @(511}, the phase angls.

Thus the appropriate eguation in the wmest gemoral case

{no centre of symuetry) is

e ‘ .
plxzys) = 2’2‘2; ifﬁﬁ%éi} cos gﬁ[hxokyélguahklje {(1e58)

The phase anglg g(hkl} can be reg&rﬁed as messuring
the displacement of the peak af the wave from the origim.
In the centrosymmeirical case howsver tae displacement
is rostricted to O or % in radians provided the origin is
taken as a cantre of symnetry. These two possible values
of the displacement éan be taken‘caré of by making the signs

of the coefficients either positive or xiagaﬁive, an&*«,_ﬁo for 3




(4-a.
2 This ehould resd:- .... and soc for such a centrosyametricsl
oizuctuze tne Fourier series can be writien as

o0
P(xyz)q:a!iﬁlglﬂ!dﬁhmmzﬁ(hﬁ@ky#lz)Oooooocooloaﬁc
~ 0 v
THE PATTERSON FUNCTION - F2 gepd

1080

In 1934, a nes approach to the sclution of phase problea wes
developed by A L. Patterson. In this technigque, the calculation does
not involve the phass, instead the known structure factor emplitude
is used to gsnerate all possihle interatomic vestor poaka available
the structure, This howsver aftaen results in the overlap of maay
vactors but immediate success of this mesthod lies in the fect that ¢
interatomic vector peaks due to relatively heavy atoms are vary
prosinent and these often lead to the atomic coordinates of the heay
atoas whose phases are used as 8 prqludo to the sctual phases dus to
"all the atoms, Thus the struciure is solved. The Pstterson Punsction

can be wzitten as

it
P(U,V,¥) = vj]]h(xyz)p(xéu,yev,z+n)dxdydz cososscseseccco kol

000
In general, for a system of N atoms, N(N-1)/2 non-origin vector
peaks will appear on a Patterson map,

The probability that every vectos peak that appesss of ,......0

continued an pege 15,
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fracvicn of structurs fecisrs whose phases sheould be

rogardgad 52 bheluz apprezimately goxrock are uasd Lo

a figst Fourdsyr synithesis wihich resulis in & wap revealing

a2 21, of tha Fsatures of the sirugditura. Y only parbd
streciure 18 obtained afber the Firat Fo

phasing <calculatiosns and this sudsassive avprovissiian i

aontipusd undil the whols 24ructurs is revealed.
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shrugteres of Phthalegyanine comslax

is true thas, in general, diract

aps ot possible, yed in special casas they

ﬂoﬁaﬁimes the 3ﬁrue%ur@ containg cpe or LYo
apagial pmsiﬁiaﬁﬁ, aéé this aton may 2o muoch avershadow

all tha étner a@ﬁmé in’tha'uni% caell shat it combrels ke
signs of the 3trucﬁﬁré_f'ﬂtays;_ GneHSuch benvy atom at shs
arigin will @ake:a11,>¢r neérly'allo the struaoctuse factors
ﬁositivée A:fiiéﬁ.Feuriar synthesis basad on these tarus

will reveal the positions of all adoms bud if ¢aleulablions



i8.
of the subasquent sirusture fastors result in signs of
éh@ Sarus changing, thoen zne or twe Ffurther Fourier syntheses
axe often sufficlent. This wmethed was ussd in the case-ﬁf
platinum phthalocyanine {Robertson et ail {1957} {14),
where it was cleapx that aithough there were £wo malacu;es/aai%
~eell the two Platipum atoms had to lie at centres of symmetry
and predominautlﬁ determined the signs of t¢the Fourlex %eém@.

1.310. METHODS OF STRUCTURE RSFINCMENT

(=) DIFFERENCE FOURYE® SYNIHESIS

The discvusfion up to this point hiaz been mainly on

the moethods of detemnianlng the atomic positions ia crysials
in erder o establish the struciure and the stercochsmistry
of the compeuﬁd‘under inveatigation. Even when the structure
is povealed by these preliminary methods. the atomic parametere
are seldom accurate snough to give the best possible atemic
 co=ordinatee that can be derived from the intensity data end .
hence the process of refinement 12 necessary.

A very efficient msthod of refinewment discussed by
Booth (l?hé,b} {15) and Cochren (&951) {16) is based on the.
sDifference Fourier Synthesisz®. The expression for the
Difference Fourier synthesis is easily cbtained by subtracting

the pc expression from that of 90.

o> o
Thus if ¢, = ZL}, 2} o~i® (1.51),

where @ = z‘;(w;+ hy,gé- 134) (L.52),

R, A
and P, = ZDZ,Z %,3 e™1® {1.53).
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Then by subtracting eguaticn {(1.83) frem{i.%2),
o
. P e §
3\ T s Ta  wim o e
@@ a» g}a - L T ,} .fz:aw_{?uwr.nu 3 {é;o ﬁ}l.f.} -
Ll

Bug (?ﬂ) aﬁé(?@},ar@ both complex gquantities characterised
rd

by amplituds §Fg and phage constant o,

Therafore if (@ ) niﬁ gai' {1.35),
» ig -
sad (»,) =fF, e {1.36),

When F and ¥ walpes in {1+55) and {1.%6) are substituted

in equation {1.58) the expression becomes

W B
S I N o Ml b o~ Hp=) (1.57),
e [ s A mu?mam
- 2
'Y & . )
=/ LE = Mo i(vee,, ) {1.38)
- ® v
Applying F- edells Law, Fhkl = gﬁﬁi
-
. R R {ﬁghki 2%he 2ZFky  2"ig :
Thua Qa - 98 = ilj L= ¥ QG‘-&{ - %Mh -@T - @.,EB,,.
o B
(1.52)
vhere G = tan -1 ?/

Thus || bacomes a coofficient of the Pourier synthesis but
unlike F_ synthesis, signs prec§&9|£>‘ o

The sign, positive or negative, depends on whether
or not |F | - |§fc§ £ 0. When ;Fo! - ’Fct = O, the
exprassion gives Zero and {this is the case expected theoretically
vhen a structuka has beon exactly determined, However, this

does not happen in p¥aetice. The final difference map often

oan
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QORCRLARO S0 &,ét«*"’f.t BA e

Toe o fpemps Lo bhe
apsimation of atomle paranetars émﬁ gums Gue B9 dlmperfectionn
in the data. .-

&aéagding'ﬁéwﬁﬁnﬁ‘ na Usonran, ©F &he-uaiaﬁia%e&
coegrdinates {xayﬂaﬁ} aLs pla@ﬁaé‘éu éu@ difference T,
the directions of Steepest ascent at thsse p&in&s give the
‘directicns of the shifts of the atoms from Sheir pésiéisﬁa as
revaaled by the electron~density map.  The magni+uue of the

shif{ can be ualnula+eé from the relation :
€ e p mlrffmgﬁmmii] / {2 {o)pl (1,5ﬁ);'whéfe'9@ w 3(P§§g
¢ is the magnfuuda of the au¢ft;
Oy Pq zre the é@éézfg&'aﬂﬁ:caleﬁlateé électraﬁ'éénsiﬁi@a
respéctiveiy, an& §0(@}'££‘%he elaéﬁfan'ﬁangity-ai‘eae atomie
céuﬁré‘wﬁaré p'ﬁaa:an average value af .0, '

1.10{k) waaawaﬂavaaﬁs METHOD

Hughes {1.951) inﬁroﬁuced the mothod of leactesguazes
refinement. This like %he differenae,?ouris?’aymgh@ﬁig
overcomes %hé afﬁécts due %o terminatien of series and &isa;
provides 2 means of diminishing the iafluence of inaccursais
coefficients on the resuliss

The object of this process is bo £ind ‘the hast'sez of
atamic parameters that wzll result 1n minimx&ang %he guantity
< -
Ra) “(hkl}[(?aihkl)! - PFoqu} F*  (2e62)
.,9&1
where t&a sun is ovem thie sot of @rYSEQllﬁgE&phiehliy 1aéepenﬁe

obaerved plarnes aad W {nki) is & welght for QaehAﬁegm. Lo the

dar1VG€ paranchers; bhe value of the wolght which glvse %
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lowest standard deovistion can be representsd by

Hinki) = lﬁgﬁgh_¢3 whars F, . .y 18 She ¢
T RkE LGB §
deviatlon for each ?ﬁ,i e Calculatoed struciture factoxs
arc obtainsd from fthe relation A
N o 28ifux 4% kv < i3 ) . £
F, = L8 n a n {1.62).

By‘ugiﬁg Tayloxrts series, the expressiocn (L.61) can
approgsimase £ 2 linear egquation. If the unrefined
ce=prdinates of the ngb atom are e V» B8 the correct
position can be defined as ‘

X, € xn; Yo ® € Yy 5, * e z .

So that

FG o f(xﬁ ko s xﬁ. yn 4 € Yﬁ” En. + € ﬂn)‘ (1063)

and F = F(x v gn)o {3.06!})
Then by applying'faylsrgs saries, 3
Fa F w ? % [{{@ EF + &y aFe > ez aFe) - F_ ] {1.65),
§§“ ﬁgg; R e
g
) : ag a?a BFQ
Thus §F = Ea(e %, gﬂw L g;; > e zn§§;) (1.66).

n

An equation of the type {1.66) can be set up for all the
measured structure amplitudes and these equations usueily
greatly out nuwber the unknowns. If rofinement is aleag

=, y, 2, these equations can be reduged to SN normal equations
(N being the numbex of atoms) and the a®® of these can be
obtained by multiplying both sides of the abservational
equations by ¥ ;E“ and, adding the left-hand sides and
right«hand sides of ﬁho equations separately, W being the

welghranb functian for the sumsation over all the Sorms within
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the iimiting sphere. Thus

= «©
&p  ep

A " -
) wm)%w Zw{ gm} ex, v (5z2) (g% ey,, + (g )('g’“) 51
g n x4

ar_ 3p_ 7, asf : : ,
ng{gm < Oé’:;ffﬂ‘ g"" & 3?" } (1967)
s
=
. - &
where Z: denotesz a sum over all the terms except the n°h,
B’ ' -
v 8P 3P,
Ii_%h@ a§sms are well reselveﬁgisaa% terme &8s Z‘sgk gém are
SF 2
likeély to be small compared with ‘Z‘f(séfgg} o
: s 2
_ a?e OF
Algs 1if the azes are orthoegonsl or nsariy so. z:gﬁﬁ“ -
AR ' ' € Fn Vn

can be neglected and the noimal equation (1.67) reduces to

Z {aFB 2 Z 8?3 Vi
€ =, & %f.‘\ggw) = & ¥ (ar) = gi.és}
o » n .

Hence the normal equation can now be soived by ordinary
methods. Similar equations ean be obtainad for the
temperature factors, the £ being replaced by up to six
thermal parameters (bil'_ bzgg bas bga. hig),%o give up te
6N normal equations. The scale factor can alseo be refined
by the least squares method.

Alternatively equation {.68can be expressed in matrix form

Zaij € = by {(1.69)
2: aF BF

where a (2.70)s
and b Zw ) {ia?i)v

where Py ﬁg, p, ave the parameters cccurring ;n the Fe’
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