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ABSTRACT

This thesis describes a variety of exchange reactions of
phosphorus derivatives of the type QﬁP where Q can be silyl, germyl
trimethylsilyl, tributyltin and trimethyltin. These phosphines are
treated with silyl and germyl halides and the products of reaction are
investigated by n.m.r. spectroscopy.

Ferther exchange reactions were carried out on the phosphines

(type QBP) with—PF2Br. A pew diphosphine (GeH3)2

PPF2 was isolated and
many other diphosphiines were prepared in solution, though for a variety
of reasons no other derivatives were found to be isolable. It was
possible to obtain the n.m.r. parameters of & ‘wide variety of compounds. -
The formation of bis(PFz) and tris (PF,) was observed in the
n.m.r. spectrum of a reaction involving the tin phosphine (BupSn)jP

5

and an excess of PFzBr. The doubly and triple substituted phosphines

n and (PFz)jP could be identified in the various

i.e. (PF2)2PSnBu3
gpectra that were recorded.
Borane adducts were prepared of several of the new diphosphines

and were likewise characterised by n.m.r. analysis.

As (ce35)2

PPF2 was isolsble, it was characlerised by vibrational
spectroscopy. The photoelectron spectrur was recorded and preliminary
structural ideas could be made. The gas phuse electron diffraciion study
enabled the bond lengths and 8ngles‘to be measured.

The diphosphine (GeHj)zPPF2 was farther subjgcted to reaction

with a variety of reagents to investigate cleusvage of the P-P bond,

co-ordination on to organometatlic compounds and possible farther exchange.

Conclusions and suggestions for farther work are made.
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'N uair & bhios an sgadan mu thuath,

bithidh Murchadh Ruadh mu dheas.

Ggelic Proverb.



- INTRCINCTICON -

FREAMBLE

For same 120 years the 'éhmistry of diphosphanes has been

| investigated. The first diphosphane to be prepared was PEIzF
which was described by Ritter (1) in 1855 - it _took until 1966
when PF, was first prepared by Rudolph (2) for the geries

L
PZXL;. (wher'e X=1I, Br, Cl & F) to be completed.

The preparation of IE‘H3 from caleciwn phosphide Yyields a small

amount of PZH A modification of ihis processby use of

h.
electric discharge improves the yield to 30F of P.H, .
The mixed. fluorcphosphine cempound PFZPHI; was prepared by

Rudolph (4) and Bzndler (5).

Varying substituents of the organic sort have beemn  found in

diphosphines. notably CF,, CH,, Ph and stuvdies of the aliyl

3 73

diphosphanes have been undertaken, using n.m.r. conforrational
analysis, by Ha}ris (6). The conformatiuns of & methyl @i
phosphane and methyl diphosphane have been similarly postulated.
The preparation of the last two phesphines utilized electron
discharge teclnigues. CF3 derivetives of diphoaphine were first
noted in the form cf [(CFLB)ZQ& 'by Heszeldine & Emel_’éus (&) in
1953 while Pucolph prepared the nen s‘ymmetrical diphosphine

FQPP(CF5)2 in 1971 (g).

The first-silyl derivative of Zdiphcsphine was reported



oy Baudler in 1973'(7) when (Ph.M'e5SiP)2 was prepared by

treatment of (KPh P) ; With e, Si Cl.

This study of diphos;ﬂﬁ.nés confines ‘ifself to the investigation

of compounds with the zensrel formula :

PFZ - PQZ ! Q= CH}’ SiH}’ MEBSiI .G-GH}’,' MGBSn, qu' Sn.

In postulating synthesis of these reactions one can therefore

consider three basic reaction meschanisms.

i) Simple exchange -QjP + PF, X =3 Q.ZP"Ei'}."‘2 +Q X

+ - + -
ii) JTonie mecranism . MP Qz + PF2X -3 Q’2 PPF2 + MY

iii} Todine abstraction Qb FI + FQPI + Hg -- (CFj)Z' PPF2 + Hg‘?I2

In order to investigate the reactions outlined in the preamble

it is necessary to outline aspects of :

a) Silyl and Gerinyl Chemistry,

b) Organo - silyl, - germyl, ~ %in chizmistry with phcsphorus
e){i) Flucrophosphine - chemistry. and ii) P-P bonds in general.
d) n.m.r. ‘eckniguss concernirng phosphorus chamistry.

& other physical methois,

a) Silyl &Gernyl Chenistry

Trake and Riddles review published in 1970 (11) describes in
‘great detzil the synthesis, structure and prog;érties of silyl

and germyl compounds of the type



MR, X, (MH,), ¥, (MH3)3Z where X = I, Br,Cl,F

3)2
Y = S,S5e; Te, & Z = N,P,As. This review shows by various
diagrams the reaction schames involved by the chemistry of
the above carpounds. Since 1970 there kas not been mﬁch new
reported chemistry in volatile silyl and gerﬁlyl chemisiry
with the excepticn “hat the mixed sulphide fram the

+ following reaction:was reporteds:

(s; H3)2 S + Geﬁjx-ﬂiGeHBSSi H3 (12)

Preparation of this compound also took place by an ionie

mechanism in which

Ny ;.Nnt+ (-STSiHB) vas -treated with GeH,. . . Subsequently
however disproportiomation tock place (13) .

Ebsworth discusses reactions of the: salts Li+(1' SiH,‘)" (14)

The review by Drezke and Riddle deals with M=P chemistry (¥=5i, Ge)
&t great length and requires sane bringing up to date for
the purpese of 1:1%:13 work in relaticn to Methyl and

trifluorosilyl phosphines

(Sil"j)z P has been prepared by the photclysis of mixtures of
-

siH, and PF3 (15). Hydrolysis of the (SiFB)z P yielded
’ ) N

(SiFB)g PH & SiF i, the latter having been prepared by

5
exchanging the trimethyl tin group of MeBSnli’I-I2 for SiF‘3 with

SiF, Br, (16) and (17).

3



4

The properties of MHBPH2 + (MHj)2 FHl have been further investigated
by Fritz  (18) who prepared metalletion compounds of the type
Li Al (FH SiHj)LF and. by DPahl et al. (19) where the decomposition

and redistribution of GeH3 PH2 is described as follows ;

GeR, pH, . 2Pidly, B,Ge(P,), + HGe(PH,); + Cel

32 4

slowly
H?_Ge(PHE)e

(GeB, ), PH + (GeR,) P + P,

Photcelectron spectra of SiH3PH2 and GeH5 PB2 are described as

well "as those of (SiH,),P & (GeH,)sP by Ebsworth (29).

Recent electron diffraction studies of mixed silyl/methyl
phosphines in the series ;
3 2 3 3 2

Si H, PH, ; SiH_ PH Me,. SiH, BMe

show that in contrast tc ile niirogen ansiczuesno large

geanstrical effecis oceour on the substitution of H by s::H5 (21)

b} Organo silicon , - germenium , - tin chemistry -

Organo tin , germanium and lead phosphines were discussed in great
detail by Schumann .in 1969 (22), he describes the synthesis. of
31 ' ‘

phosphines and arsines . At this stage “ P n.m.r. was rather a
novelly end coupling constants hetween tin and phosphorus had
not been measured although the chemical shiftg (of:?ﬁP)'were

recorded.



In 1959 the first reports of a tin phosphine appeared -~
namely Eiy Sn~P-Ph, (23), The first tertiary organotin phosphine

(Me5Sn)3P was reported in 1960 (24).

Farly preparative methods involved heating PhLSn with phoé.pho_rus
in a sealed tuhe . ‘
Improvemsnis, howevsr, appeéréd in specific syntheses when

-Gloekling & Hooton in 1963 (25). prepared a variety of tin, lead

& gerpanium phosphines by the following routes using triethylamine.

to remove BX.
1 .
1 -
RBMZX-rRzH{-——-)R}M PR 2

R' = alkyl

3] _":._, - 1
2R3MI+R PH, - (ijzm

Secondary organcmetallic phosphines using R’PHa

were obtained in 1964 (26)
with the tris orgasnometallic phosphines (R3M)3P resulting from treatment

of a mixture of PH3 end .RBI'}X_ with triethylamine.

thus 5

IR + Hi;Etjlf“-:—a @3”)31’ +3 E%N“Hcr
Schtgnann discusses the preparzation of RZ}.E(PR'Z)z , where the
dihalides, 32}0{2 a-fe used instead of RBMX.
The trihalides eg RI\DIB R = Bu, ¥e) react with -phosphine to give
only polymerie products while a tetrameric phenyl stannyl phosphine

derivative. - was isolated from a mixture of F’hSﬁC'lB, Pﬁj and Fy,N.

P——SnPh
Sn_'ﬁ) 1 Ph 1

| LS
P.--Sn—".
~ I _
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The tetra chloride., SnCl, reacted to give (PhEP)L Sn
on treatment with thPH + Eth.
Resctions of phenyl-tin (& germanium ) phosphines are

described by Schumann in 1969 (28)

Organosilicon ghosphines have been investigated by Fritz in
1966 {27). The simple tris trimethyl silyl phosphine was
first mentioned in 1959 (30) and its chemistry is thoroughly

reviewed by Birger (31).

A 24% yield of (LEe3Si) 3P results from the reaction of Li,P and

Me,3iCl.
€y i

Reaction of (Me,81); P and H,0 resulted in two reaction schemes.

3

(Mejsl)j P+ H0 —-b‘}.{ef- Si PH, + (Mejsl)z 0.

3

(e;51) , P +TEO - (Me ), PH + & (Mes51), 0

Fritz's work wiﬁh lithiwn selts of the anions PR, =

where R ranges fran H, F_‘»iHj ana MeBSi, enabled him f-:o zzsushle

a range of phosphines which he characterised by n.n.r. and infra
red spectroscopy. (32)5(33)

Recent work on organozilicon , = germznium and tin phosphines’ has

been doninzted hy Schurari. In 1971 eyelic organanctallie

phosphines were prepared (34).



Thus:

3 MezceCl‘ + 3PhPH2 + 6 Et3N ———

2
Ph
P/
“9; NG
I -
Ph-P P-Ph
N .

/7
Hégqhe

Choice could be made of the metal and starting phosphine and
good yields were obtzined - in the case above a yield of 5&%

was obtained,

KMEBH)Q P Byt and Me3MP (Bu *)2 were prepared, agein
by Schumann {35) uzing the organometal chloride and magnesiwm,

cg .

iz
2 Me SiCl 4+ Bu Ypol+ 26g  — 1311"(51141%):2 + 2 MgCl,

Similarly juise of Bu *RCl & FCl, resulted in By PSiMe, &

3 3
(He3Si)3P being formed,In the latter case a yield of 62% was
obtained.

Having prepared these phosphines, reactions of these phosphines

were studied and exchange reactions yielded yet more

phosphinss.
ez a) Me;f1i P Ph2 + MeBGe@'_ — Me,Ge P Ph, + Jie,5i0]
b) Me,8i PBul | Me GeCl, — MeGe - FBuy +1® SiCl

3 2 | , 3
- Ccl



c) Mejsi 1?(131:;‘“)2 + Me c;e015 --¥C1, -<;e--1>(13~.:“t_)2 + Me . SiC1
t

5
Me
" . + .
d) + GeClh > 013c;e P(Bu ) ot Me}SlCl
e) (Me,S1).P + 3(Me Ge €L,) --> (Meﬁ,c;ecn)3 P+3Me,SiCl
- o . . <

In the case of {e) ebove a yield of 977 was obtained from
(Me5Si)3 P end considering the good yields made on the
preparation of (MejSi)7P the reaction route of exchange of

3

metal proved successful in the s¥ntheiis of other phosphines.

The one exception to the exchange series outlined sbove

proved o bs SnCly. On treatment of 1auJ‘2 P SiMe, with

SnCl, Gn, Butz PCl + SnCl#¥e,8iCl were formed which
implies an oxidative cleavage of «: Si-P bond during the
exchange,

If, however, ths reaction is carried out in benzene and

there is ¢n excess of Bu*2 P Si Me3 then elimination of Bu; FC1

" will take place,

e But,, P si M85 + E 011* —-— (Bu“EP)2 ECL, * ZMeBSiCl

*‘*Butz PE C1 % Bu‘z FCL +2 He SiCl

'

Reaction of Bu® P Si Me, with other rhesphines |, to lose

3
Mej.‘:‘.i Cl has also been studied by Schumern. (38&)

¥e_ S5iCl
1

3 R . . - o 4
a) Bu, P Si Me; + Bu 2.P (Mezsnc;) 3 Megun(Bu ,2P)2



- Me 3SiCl
+Bu® 5 P{ MeSnClz) <— Me?n ( ButEP) o

cl

b) Butz" P-Si-Me,

c) (i) Fluorophesphine Chemistry

Flucrophcsphine chemistry has come a long wey since Moissan
firsf prepared PF3 in 1884 (42). Many reviews have_been
written on this aspsect of chemistry and Nixon's is probably
the best known and canprehensive. (39)

Schmutzler . (40), (41) has also been active in this field.

As with silyl &nd germyl chemistry, vacuum  and/or inert
atmosphere technigues have to be used in the investigation
of fluorophosphines as they are often poisonous » Pyrophorie,

easily hydrolysable as well as having unpleasant smells,

From 197C onwards fluorcphosphine derivatives of the grdups

V & V1 were reported as being isolated.

Sharp prenared comnounds of the type PFZ—- NHR

R = Me, B¢, Bu” Bu® (43) while Rankin (44) preparec PR, NH,,

and (PF2)2NH;, the compound (PF2 )3N was detected by mass spectrometry,

. {(om ). described i i !
P2 FA(LE.) + PFZH{Z(&,G) & \ﬁ_z)jP (47) are descrided in Nixon's
review gnd as well as in the. original journals,

. (49)
Devid Arnold in his thesis describes the reactions of PFQX
with LF’(-S:LHBZ]H3 N while J. Wright in his, discusses the amine

- derivatives PF X/N(QMH,) H. , where M = Ge,Si. (50)
: ] 2 2 27 _ :
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Of the Group V1 fluorcphosphine derivatives , those of oxygen

are best known,

Nixon discusses PFEOR compounds and (EFE)ZO has been imcwn since

1966 (51).

(¥F,),

preparation of (PF2)2’0 by Centofani in which (Bunjsn)eo

S was first prepared in good yields following the

was treated with PF_Br.
<

% Sn)_ was similarly treated with PF_Br to give (PF.) 8 (53).
[

S(Bu”s8n),

(PFQ)ZSe hz;s also been I:Gl'»(_zl’"t&d and reactions, structural
_i.xnplicétions and spectroscoplc properties have besn described,
(54)&_ (55)

(PFZ)ZSE was detected in an n,m.r, #ube reaction in which (Sm3)2se

had ~ been. treated with PF2 Br (h9). ,

It is generally stsnderd practice to prepare a borane adduct
of any new difluorophosohine compound. The BH3 adducte of P,,FL,
. 4
PF2PH2 & TR, P(CF3)2 (9) & (56) are discussed by Rudolph. Other
workers have made adducts using the higher boranes eg (PFEN MeQ)
i : Y. B
iBH,,  PFH: BH, (PFH), oF, +(PF N Me2)135}17, (PZFA): BH,

(57) & (58).

Parry has prepared a wide variety of BB_ adducts.of.the types i

3
PFX. BHB, P P(M¢2)3_'n: - B, (50) & (60).



LR

The Chemistry of *hs P-P bond

i) Phesphorus, .red, black or yeliaw can be found as F, end
the element itself is reported to have Leen isolsted
in 1669 by Brand who prepared ‘it from uriﬁe_
The study of the P-P bona since then kas ‘c-ee.n mainly
conf‘ined to pelyphosphide chemisiry snd "von Schnering has
been most active in this field., In 1973 he reported the
X-ray‘diffractipn of the clathrstes GEESAEXS where A =
P,As ,%b, ¥ = C1,Br,I (61).
In the ezziple zbove the 38 Ge & BA atoms build up a three
dimensional framework of tetra hedrzily tound stams, Tn 1676
the magnesium polyphosphide was reported ‘and P-P distances -
of bgtwaan 2.184A° and 2,252 £ were notea. This conpound wes
prepared by‘heating_ﬁagneéium filingé with red phosphorus
with .‘t—race adfitions. of sulphur & Jodine (€:).

The compound KP, ., reported in 1967 (63)is said to be triclinie
P 1

5,
with P-P distances of 2,188 - 2'.302,

(1i) Routes to the P-P bond.

Diphosphine itself is prepared on the hydrolysis of Ca P?_'" This

3

and the gyrophoric nature of PH

3

reaction also yields much P..-3

itself is s2id to be die to.small amounts of PEHA presant,
PQHA first reported in 1936 (64) is un=teble and decomposes
to give P'H5 and polymefic phosphorus hydrides: .of variable

composition. (65), .



The Tetrahalo-@iphosphines.

PQFh is prepared by the coupling of two PF2 groups,

2pr, I + Hg —> P.F, + Hg. I, (2)

PEFL is easily hydrolysed to give (PFz) .0 + FF_ H.

P201 is prepared by the electron discharge of.a mixture of

L

PCL,+H, under redueed pressure (66).

P214 was first prepared by Ritter.{1), when he drcpyed a
solution of icdine in glacial acetic acid into rhozghorus

trichloride. P214 can also be preparec by the simple solution

of PL;.& 12 in t’.‘.S2 « The reactions of.PQIA are summarised in
Schmutzler's review {41).

Fmsley and Hell in their bock 'The Chemi'stry of Phosphorus' (£7)

1ist the main ways of meking diphosphines under the following

headinzs.

1) Dehydrohalogenation .

B,FH + R', PX -9 Ry P-¥R',, + HX

The HX can be removed by hHeat or by the use of heaze eg.
This method is especially useful for the preparaticn cf

asymuetric di-phosphines or even for chein lengthening,

eg ?Ph.FH + Br P Ph --» Ph,P- P(Ph) - FFh,
2 2 e N 2 . - £
- ) +2‘_‘--_‘.thHEr.

ii)} Coupling Reactions

Treatment by alkali metals, Hg, Mg & Bu 3 T on phosphorus
halides, |
dioXan

ie.2 Ry PCL + 2N& --3 R,P-PR, + 2 NaCl.

12
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and , 2 PnFCl + Bun3 P ooy Ph PP Th 4 Bun-5 1,

3ii) 'Anomalous' Grignard Reactions

In this case diphosphine disulphides ere: produced using
alkyl 3rignarffzeagent.;Aryl grignards give the exzpected

P(s) Ars‘, on treatment with P‘SCl3 .

eg 2 PS C1, + 6R MgX --3 R,P(S) - P(s) R,
2 2

3
+ 6MgXCl + R-R
The resultant disulphides can be desulphurised by Bun3 P

or Fe or,Cu,

iv) Reactions involving diphosphines

Chemical attack on the diphosphines qually'results in the
cleavage of the P-P hond. .

This can be brouzht ebout usirg thre following reagents
Alkali'métals (68), Helogens (69), water, alkenes (71),

Lithiun alkyls (71) & disulphicdes or diselenides.

]

Lewis acid behaviour derends upor the groups attached

f

-to the phosphorus , As reported before,the stapdars reaction
of any fluorphosphine compcund is the borane adducet formation

and the diphozpbine is also treated in this way; as P-SiH, is

3

remarkably non-tasic,’ the adduct would be expected at the PF2-

¥ ]
section of the wolecule w{th & silyl and fluorophosphine end .

D) _Phvsical Methods in Cheracterising thosnhine: derivatives

CPOURIER TRANSFOHL N.M.R.
.Great use of F.T. n.m.r, was made to characterise the phosphines
prepared and here it must bs noted trat ths convention used in

this work regarding sign of ciiemical shift is that positive
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shifts are those which occur to higher frequency than resonznces of the

standard employed.

These shifts are naturally of the opposite sign when the field convention
was in use.

31P n.m.r. was of most use in characterisation and a clear account of the
technique is given in Emsley and Hall (67) and inI;Topics of Phbaphorus
Chemistry' (72). Harris, in a quarterly review (73),-discusses the n.m.T.
possibilities as far as other nuclei are concerned, egcluding 1H, 31P,19F

and 13 119Sn

C. Of interest to this work are the n.m.r. specira of tin.
is readily observed and although the gyromagnetic ratio is negative, thué
resulting in a negative Nuclear Overhauser Enhancement on proton decoupling
good spectra may nevertheless be obiained, if gated decoupling techniques.
are used. This is explained in detail by Kaptein and others (74). Involved,
is a pulse delay of some 30 seconds, allowing the relaxation time (Te) to
be completed before the decoupler is switched on again..

31

P n.m.r.:

Engelhardt (75) in 1972 correlated arlar'ge range of. 31p chemical shifts

for phosphines of the type. :

(RgM) PK, ~ where M=5i,Ge,Sn. ReH, CH,, C X=H,CH,,C_H

H CH_ .

65" 749 3'7°6°9
Use of van Wazers theory (72) and chemical shift increments for the type
and number of R3M groups, imply that(pad},bonding is important in Ge-P

and Sn-P bonds, which is not the case in Si-P bonds.

Engelhardt related the chemical shift of the range of phosphines
to the electronegativities of the substituent groups and the occupancy of

the P(Bd)n- orbital, n_.



thus § = 11828.5 - 7719 € , 408 nan
where‘z is a messure of the electro negativity
The aifference between experimental and calculated values was &

measure of the relative non importance of (p — d)¥#r. honding.

. . 1
Other empirical hethods have been used : in the study of 3 P
chemical shifts notably by Fritz (32,33,75,76 ) , £ renge
cf =ilyl phosphines rof the type (R)PH (R)PE.CE3 (R)P(CH

(R) FH, (R) PCH3 gnd (R)3P vas prepared where (R) = {cn ) SiBs_

31

Data resulting from the °'P speétrum was studied and a formula

for evaluating the resultant shifts was proposed.

gBlP = 120 a+ 80b + 20.5¢c + 24 - 1Ze - 5.5ab - 10be - 1iae.

where a= number of P-Si bonds, b= no. of P-H bonds.

c d = no pf Si H bbnés

no.‘P—CH3 bonds

e = no.of 5i = CFy bonds.

3

Fritz stated that use of this formula geve resultant theoretieal

1

shifts which were 2.5 ppm. within the experimental figure.

For his silyl phosphines Fritz also ccrrelated the coupling

29 31

constan‘t7 J Si Py

15

In 1974 Schumann detected (77) all the possible compounds (ie 10) .

when (M6381)3 P was‘treated with MeBGeCI &.Me3SnCl. The resultant
shifts of the ﬁew compounds were assigned on the tesis of the
empirical methods outlined,

There kas bcen reccntly much discussion concerring the ’1Pn.m.r.

spectra of P-P compounas.

Conformational anzlysis by n.m r. alone took over a page in the
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Chemical Society Annusel reports of 1975. T}lis Ciscussion

is elsc recorded in communications relating te diphosphines,
notably by Harris (79) (80) & McFarlane (81), where the tetrs
alkyl diphosphines have been studied.

Consideration of n.m.r. pareameters, mainly J.(PP) obtained

1P n.m.r. spectroscopy, backed up with '130 +_1H N.M.T,

fram 3
spectroscopy led to the promotion of a structure involving
the gauche configuration.

J(PP) was found to vary considerably with the substituent

cn the phosphorus atoms. . This varieticn is noted below.

Di phosphine . '.'!_!.;’P) Refrence.

B _FPFH, ~108 86
2 z
(CH‘,,)2 FF (CH3)2 | —1801 - & .
F, PP, L am L
F, P FF, - =230 8
(GF3) , PP F, =234 83
(CF5)2 FP (CH3 )2 -256 83
Et, FP (CH), ), - 282 82
(:H3.1=.m‘i PP Bu? CH, -290 81
t -
(CH3)2PP (Bu )2_ , 318 &1
(CH,}, PP (But), . -318 it
But, P P But . -451 81
Z < .

The dramatic effect of addition of the - butyl groups is shown

in the variation in J (PP)
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This difference arose for two reasons,

i) Oriéntation of the lone pairs on yhospbo?us

ii) Hybridization changes in phosvhorus itself erising fram the
bulk of the t-butyl groups.

Reference shows that only 5% at most of Butz FP Buzt is in.
the trans configwration at — 60 C and that the gauche case

is predicted as being the predominstiing .rotamer,

Structural Methods

4s u lsrge mmber of phosphine & fluorophosphine canpounds are
volatile they are ideally suited to ges phase electrondiffraction.
In 1934 Brockway and Wall (87) determined the gas phase structure

f .
o PF3

Since then many fluorophosphine.derivatives have been examined.

Other volatile phosphines have been studied in the same manner

eg. the gas phase structures of the silyl phosphines SiHBPHQ,

SiH, -PH.CH3 & s:m3 P(CHj)E (89) showed that they had more in common

with (CHj)j P and the methyl phosphines thén (SiH3)3N which is

_planar.

(GeH,) 303

A
not - they have bond angles MR of 95.50& 95.40 respectively,

N is planar (92) whereas (SiHj)jP énd (Geﬂ P (¢5) are

The stJ.:uc‘tures of F,FNCO, F ENCS & F, PNH-51 H3 (90) (91) have
recently been determined - the latter structure has tc be interyreted
in terms of a mixture of two conformers, this ides 1s slso - -suggested
by the infra red spectrum of the vapouf. Short H}.... F non bonded
distances exist ané the conformation ebout N is assumed’ to be

planér.



Di phosphine structures have been determined for P2FL_& PE(CF3)4

(88). A brief description follows:

P2 Fh showed a trans conformation with the gauche conformer
being presnt at less than 108, PH and PZ(FHE)A were also
discussed (93) (9&). The structure of PF2 Pﬁz‘was determined by
ricrowsve -spectroscopy by Rudolph (96)

A table of J(FP) and r(P-P) is shown below.,

Compound . I(pE) - r(P-P)
F,FFF, -227.4, 2.281
H,PFH,, ' -108,2 2.219
F,FPH, | -211 2,218
(01:15)2 1=~*f=(cn})2 o =179.7 2,192
(cF,), PR(cF,), " not known z.182

The date availsble shoﬁ thaf all gasecus phosghines have the
trans conformation with the excertion of PEHA' The trans
conformation can be understcod tc be the pest stable by inﬁoking
steric repulsion and/or lone pair interactions. The two effects
are least felt by“Pé% .

With the exception of microwave, gas phese structures can only show
an average picture of the.molecule.in terms of trans and gauche
conformations.

In a study of PZ(CHj)& by RAMAN and Infra Red spectwoscopy , the

trans conformer was found to be dominant in the s0ligd state
: v . »

horever the liquid structure was.found to" be gauche..'

Durig et al (97) discuss rules for the deteruination and prediction
of cdﬁformational stabilities.

The P-P bond length, with the exception of r(P-P) in PéFL is shown
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to be insensitive to éubstituents as the table of bond lengths illustrates.
From these observations it seems that conformations and bond lengths do
not suggest or support the theory of po-Fdy .bonding where ‘the 3p
electrons of ‘the one phosphorus atom are capabie of overlap with the
nominally unoccupied 3d orbitals of the other phosphorus. The P-P bond

is basically.a obond with each phosphorus having ﬁo substituent groups

and an electron pair.



Chapter 1

Exchanges of Group EE derivatives on Group izgphosphines

INTRODUCTION

In 1970 the method reviewed for the preparation of trigermyl
phosphine was via an exchange process, thus:

i B — H 2 SiH. B
(S1H3)3P + GeH3 r > (Ge 3)31 + 391H3 r

The preparation of trigermyl bhosphine is therefore
relatively straightforward once trisilyl phosphine is
availaple.

Trisilyl phosphiae was reported to have been‘made by the

reaction of SiHBI, with Vhite ph05phoru§ as well as by the

- method of Amberger & Boetters. ( 116)

3 SiHBBr & 2KPH  —-» (SiH3)3P + 2PH. + JKBr

3

The latter method was found to bhe the most satisfaciory

2

of the two but yields ohtained were never hich enough to
warrant experiments using more than 1 m mole of phosnhine

at a time. It was therefore thought that an easier wav to

" prepare the trisilyl and tri germyl phosphines was reauired.

Tdeally an exchange typé reaction would be the best - if a
triphosphdine involving three good leaving groups could
be prepared in quantity and the leaving groups exchanged

for silyl or gérmyl groups then the preparation of the

trisilyl and trigermyl phosphines could be simplified .

20



Conditions, that is temperature and reaction times would be studied

31

by “ P n.m.r. speétroscopy.

Where: = exchange of silyl and germyl groups on sulphur involve
only one intermediate i.e, H3SiSGeH3 » two intermediates are involved
in exchanges on phosphorus. Isolation of these would be difficult due

to the range of intermediates.

PP s W iR,

where M and Q are both hydride or alkyl derivatives of
silicon, germanium or tin.
This investigation was therefore prompted by a wish to prepare

(GeH3)3P readily, and in large amounts.

21



Resilts and discussion.

The systems investigated were as follows :

Rn 1.1, (SiHB)BP + GeH X X = C1, Br

3

Rn 1.2. (GeH3)P + SiHBI

Rn 1.3. (Me3Si)3P + GeHJX

Rn 1l.4. (Me351)2PH + GeHBX X

Rn 1.5. (Me Si)3P - SiHBBr
Rn 1.6, (Bu 3Sn) P

él, Br
Cl, Br

3 GeH3C1

Rn 1l.7. (Bu:35n)3P + GeHBBr
Rn 1.8. (Bu 3Sn)3P

Fn 1l.9. (MeBSn)3 P

Fn 1,10 (Me35n)3P

R.l.1. (SiH_ ) P + GeH X :

+

+

Me 8iCl
3

GeH E1
3

SiH_Br
-3

+

+

The reaction had always been used previously in the preparation

of (GEHj)jp but no intermediate compéunds ie.(SiH3)2 P GeH3

+ (GeHB)2 P SiH_ had been deftected. Low teﬁperaturern.m.r.

3

work was employed and a ratio of 3 germyl bromide to 2
phosphine was used.

31 . . s .
In the P spectrum, lines were assigned to_(SlHB)BP #
(GeH3)3P at - 378 ppm and - 337 ppm respectively. Two lines
lving betweeﬁ were therefore assigned to (SiH3)2 P GeH3
and SiH_ P (GeH3)2 with line positions = 366 and =352

3
respectively. In the above, proton coupling was removed by
decoupling experiments. Selective decoupling of the silyl
and germyl protons was not possible. ilowever examination of
spectra ‘obtained by proton n.m.r. corroborated the

intermediate theory. It was possible to measure éﬂﬂi for

SiHBP(GeHB)2 by observing the 1H spectrum employing

22
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phosphorus decoupling at the frequency obtained from the

31

P spectrum.

3

The GeH, - lines were shown to be of gquartet splitting, the
cppi B '
silyl shown to be septet splitting ‘EH = Q.8Hz,

¥hen the n.m.r. tube was warmed to room temperature the
trisilyl phosphine was gradually used up and lines due to-

(GeH3)3 P increased in the 31? spectrum.

This system was also observed with GeH3C1 with the same results. .

1.2, (GeH ) P if_I-
in.1.2., (Ge 3)3 + §;ﬁ3;.

This is the 'back' reaction of the above. S{HBI is very
reactive and the exchange of the Iodine to germanium is

well knowne

Rn 1.3. (Me_Si)_ P + GeH
ey

3 L

3

‘Treatment of (MéBSi)BP on 4an n.m.r. tube scale with GeH3C1
resulted in only (GeHj%'P being observed when the ij n;m.r.
spectrum was recorded. .The reaction had gone to completion
after 100 seconds at - 500C. The next step taken was to make
(GeH3)3P on a preparative scalé. This involved the
condensation of GeHBCl on to (Me35i)3P¢ When thelmixtnre

was allowed to warm to room temperature the products could

be fractionated on the vacuum line and the reaction was

N
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found to be quantitative in HeBSiCl.

3

. iy G
(Me351)3P + 3 eH3

Cl1 --) (GeH_) P + 3 Me_SiCl
._3A3.
The chloride was used as MeBSiCI is readily separable

from (GeH_) P on fractional distillation.

33

R.n. lfh' (Me351)2 B+ GeH3x

(Mejsi)sz which was prepared by.treatment of (Mejsi)BP
with H20 was farther treated with a 1:1 ratio of GeHBBr
onlan n.m.r. tube sca]e.. The products which were detected‘
and assigned by exarination of their n.m.r. spectra vere as
follows ;(ChemicaJ shifts are shown]

IMeBSi)jp ~ 253 ppm

IMEBSi)ng:- 237.6 ,(GeHB)ZPH: - 309.5, MeBSi-P—(§eH3)2_3og

(MeBSi)-PHz;- 236.1, GeHBPHZ: - 268, (MeBSi)zp GeH3 -28C
i 2 D . P -

(M9351) PH GeH3 269.2 ,(GeH3)3 337

In assigning peaks in the n.m.r. specltrum use was made of

the proton decoupled & non decoupled spectrum-to differentiate
' v
P

I |

Fow many hydrogens are cGirectly honded to phosphorus, The

~ ~ 1
- PHZ, '/,PH & type phosphorus as ithe large JE%Q shiows
finer proton - phosphorus couplings could be selectively
decoupled thus enabling the distinction between MeBSi +

GeH3 groups to be made. The difference in chemical shifts

between (Mejsi)JP + (GeH)? is large ‘enough to work out



,
the intermediate compounds expected chemical shift value.

(See correlation charts)

The presence of {GeH_)}_P must be explained. (Me Si)3 P is

33 3

involatile and as the products of the reaction between

~

(Me351)3 P+ H20 were fractionated,and the (Me3

was distilled into the n.m.r. tube,it must be concluded

5i)
1)2PH

that no (MeBSi)3 P was present at the start of the n.m.r.

tube experimenf. Some disproportionationPf the type

Z(RﬁPH -~3RPH, + R3P must have taken place where R = GeH3

2
or MeBSi.(Me3Si)2 PH itself showed no tendency to
disproportionate although farther experiments with

derivatives of (GeHj% P shiowed in fact some tendency to

disproportionation.

Rn 1.5 (MeSi)BP + SiHBBr‘

The reaction between SiHBBf and (MeSi)B'P in a 2:1 ratio
was followed using the variation temperature facility
of the n.m.r. spectrometer, After warming to - 500C for

a few minutes the products were assigned by a cheiical shift

study as followsw

(MeBSi)ZP SiH3 - 279 ppm
Me351 P (SiH3}2 = 337 ppm
P (S1H3)3 - 375 ppm

The results were obtained using the proton decoupling facility
of the spectrometer. When the decoupling ceased no directly
honded PH coupling was. observed proving no hydrolysis of the

phosphines. .



This method of preparation of (SiH3)3P is not practical
on a large scale as it is difficult to separate MeBSiX from
{SiH3)3 P. It was possible in the n.m.r. experiments to

selectively decouple the SiH_ & MejSi protons. The values

3

3

~

of 2JPH for the SiH3 protons was 16Hg-and for the JPH value .

for the methyl protons, SHZ were measured.

Rns 1.6. (Bu" Sn), P+ GeH Cl
o Ea 3—

In this reaction and the next two (with SiHBBrI MeBSiCIJ
problems were encountered as the 31? spectrum of (BUBSH)3P
was found to be temperature dependent in both $ + lJ(SnP).
When the exéhange reactions were carried out , épectra] lines
‘were often hroad énd separation between the two sets of tin:
satellites was not always resolved.

(BuBSh)SP was treated with GeH,Cl in a 1:2 ratio. At - 50°C

the spectrum recorded, showed only (GEH3)BP' The experiment

was repeated with another solvent (CD2C1 ‘instead of CDCIB)

2
and again only (GeH,) P could be detected. However

towvards lower frequency two broad resonances were observed.’

These were not assigned.

Rns 1.7 (BunBE’ﬂ)jE + SjiH_ Br

Use of the above methed, with a 1:2 ratio of phésphine to
bromide, enabled the route. to (SiH3)3P to be studied. The

intermediate products (Bu Sn)ZPSiH3 + (Bu_.Sn) P SiH_ were

3 3 3

jdentified. The chemical shifts range from - 358 for (Bu

3

5 P
n)3

26



at - 60?0 to (SiH3)3 P at - 375. The number of Sn groups

bonded to phosphorus could be determined by the redative heights

17 g

of the tin satellites. Both Sn and Sn satellites were observed.

(BuBSn)zP 5133

position at «364 ppm, the tin couplings were 784, 732.5Ha

was therefore identified atzqhemical ehift

Bu_5Sn P(SiH3)2 had position = 375 ppm and tin couplings 667.0

3
+ 635.0H8. (Sn has isotopes 1l?Sn + 119Sn).

(SiH3)3p could nnt be detected but as it also has a chemical
shift of -375 ppm it is likely to have been obscured,

This scheme wouldhave potential in the preparation of (SiH_ ) P

33

as (Bu Sn)3 P is readily prepared, stored and can be

3

conveniently used in reaction with SiH _Br. The co~ product

3

BUBSnBP is separable from (SiHB)BP.

Rn 1.8 (Bu*.Sn). P+ Me_SiCl
4 4 LA

The abo;é methbd was yused with a 3:5 ratio of phosphine

to MejSiC1. This time however tﬁeré was ﬁO'reaction apparent
by 31P n.m.r. detection methods at -~ 60°C, Warming to room
temperature produced no newi phosphines, the only change whith
had occurred was a chemical shift change for (BuBSn)3P. After
8 hours it was no longer possible to resnlve the tin céup]ings
although the average value did not change.

There was no trace ofr(MeBSi)3 P in the spectrum or of any

other phosphine of the type:

5i . -
(Me3 1)n§ (SnBuj)B:i



Rn 1.9 (MéBSn)jP + GeH3C1

(Me Sn)3P was treated with a 2:1 ratio of GeH3C1 at - 60°C

3
31

(GeHB)BP could be identified by its - P chemical shift and

the spectrum of the non-proton-decoupled spectrum. Another
peak at - 339 showed a seplet with proton'decoupling_removed,

suggesting the formation of (GeH3)3 PSnBuBB. The spectrum of

the tube contents when brought to room temperature was

complex’ as broad lines appeared. The transfer of (MEBSH)3P

into an nem.r. tube involves some glove bag procedure in which
" it is difficult to ensure the total absence of water. In this

experiment some (GeH PH was observed.

3)2

Rn 1.10. (Me_Sn). P+ SiH_Br
. 3 ) p)

As in the case of. the gérmyl reaction:{1.9), @ 2:1 addition of SiH,Br

3
(SiHB)BP at =374 ppm and a . disilyl phosphine postulated as

. was made to (Me Sn)BP. Products ldentified at - 60°C were

(SiH3)2 P SnMejf

APPENDIX

Reaction of (Bu_Sn)_P and HCE '
T

An n.m.r. tube scale reaction was followzd by

119 3

Sn and 7 P

n.m.r. spectroscopy involving direct observation of the nuclei.
{Bu Sn):5 P was treated with an equivalent amount of HCl gas.

3
A range of phospline products was produced: (Bu

3

Bua,Sn PH_ + PH_.
3 2 3

Sn)BP, (BUBSH)ZPH_

28
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These were identified by the proton coupling of the proton

119

directly coupled to phosphorus. The Sn tin spectrum

was also directly observed, using gated decoupling techniques.

The n.m.r. data of these tin phosphines is tabled below

Sn)E PH
Phosphine L293§g)3£_ (BUJSH)Z PH (Bu3 n)PﬁzTA

_.g.
ppm SP -347 -326 289 282
ne- Lopsn) - 914.2,873 727,700 4500 — R
(ri9,n17y -~ - .

15(8) - 157.3 . 170.0 - 186.0
8119$ﬁ +36 +30 +17 -

The value of J(Sn-Sn)was 283 Wz in'the case of (Bu;Sn)BP.

Conclusion:

ihé results already discussed show %he way in which phosphorus n.m.r.
spectroscopy can be used-to monitor a resction. In the case of the .-
preparation of (GeH3)3P . oﬁcerthe conditions were establ?shed for
exchange on an n.m.r. tube scale then preparative scale syntheses
could be employed.

Tﬁe study enabled the inter mediate phosphines to be detected and the
chemical shift comparison$ obtained have proved useful in assigning
the much more complicatéd reéctions involving fluorophosphine
derivatives. Such cérrelations are shown in the following chapters.
The prospect of preparations 6f a variety of silyl derivatives from
lthe phosphiﬁes-provides & simpler and more secure way to study these

species.



CHAPTER 2

' The Prepartion and identification of diphosphines of the type

I’_Fg:lf;@.e' with same reactions.
Introduction:
This chapter describes the chemistry of several phosPﬂines
in their reactions on treatment with PF2X (where X = normally
Br sometimes Cl & I).
Many reactions were carried out in & 5 mm n.m.r. tubes,

consequently reaction pathway and products are discussed in

the light of experimentsl spectrs obtained for each reaction.

SUMMARY
The formation cf (FF2)2$ and its selenium analogue fram
treatment 6f disilyi 5ulbhides and selanidés with PFéBr
suggested that a similar reaction might occcur between PFEBr
and the grou;;jiiphosphines, indee& the compound (SiHj)é PPF2
had already been cbteined on an n.m.r. tube scale by the.
addition of PFzﬁr to (51H3)3P' When this experiment was
repeated on a preparative scale it was found that the diphosphine
could not he isclated.v
Treatment of (GeH'3)3P with PF Br resultéa in a stable & isolable
diphosphine (GeHB}EPEF2 being formed. This reaction was
congiderably fﬁstex,at the same temperature , «than- that involving
trisilylphosphine.
A comprehensive studyuof.the reaction of phosphinss and PFQBr
was carried out using n,m.r. spectroscopy. The various reacticns

are summarised below.
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1) Q3P+PF2Br — Q, FFF, +  QBr

where Q = SiH,, MeS,Si, MeBSn, Bu,Sn, GeH5 .

2) RRQ + FFBr —3) R, FFF, + Q Br

3

R= Cﬁj, Q = MeESi
3) a) QFFF, + HC1 —3 Q. FF, +QCl

b) Q,FFF, + MBr --3 Q.M.PPF2 + QC1
Q = SiH,, ¥ = GeH,

3 3
. H O & HBr
L) RPQ, + 2PFBr £ RPH, PF_ + 2QBr
. Z <
+ (PF2)20

3p € 19F N.mr . spectra are readily cbserved and could-

be analysed in first order terms without difficulty.

Reaction Schome 1 -

Routes to PFPQ, -aré summsrised in the’table appended (number 3.1).

: = y o 19 1
Reactions were investigated &nd in all examples 9F & 2 P n.m.r,

spectra were cbaserved and it is pertinent.to .describe . here the

operation. Stick diagram.é are inserted into the text for clarity.

The BJP speotrum of le:‘ Q 2

This spectrum comprises two sets of resonances, one set of which

: |
is due to the fluor ophosphine phosphorvs at high freguency and the
other to the group E phosphorus to low frequency, the separation

is of the order of 500 Tpm.

The proton decoupled spectira are illustrated below iR stick

diagrams.,for each phosphorus,



3]? resonance to

13(er)
- high frequency ' I —

|| H | ]

- J(eP)-

31

P rescnance to

A" J

low frequency

(expanded}

||| |

e

2J(PF)

Without proton decoupling a more complex specirum arises, In

.((}eHj)2 PPF, each line is further:split into seven.

The'1?j‘. _spectrum of FF.P C"\!.z

In this case there is only one rescnance vwhich when cbserved

with proton decoupling is simply a doublet of doublets thus s

r s)

1
J(rr)
23(PF
The determination of  products obtained and furmed in these

reacticns was carried out by observation of the flucrine and

phosphorusn.m.r. spectra, as cbserved for the two phdsphcrus -

© sets of resonanaees and for the flucrine set of resonances,

32
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The resultant parameters ere therefore ;

5P(p) P (m BF, J(ep), '3(rm), %a(ev)
with the pro'ton couplings 2,1PH,), 3J(lPI_i), 4J(.FH)
Isclation of one of the compounds with s—u't.)selquent structure
determination renders the assigmment of the rI.‘m.r. spectre
unambiguocus.
Teble 2.2. shows the renge of diphosphines produced and the

n.m.r. data gathgred from the reactions outlined below.

Rn2.1. (Sms)sp' + PP Br

% three to one excess of’ PFE,Br to phosphine was used and
after 9 days (SiHj):2 IE’.P’.:'"‘2 was detected, bowever attempts té
isolate this diphosphine were thwarted by the concur.ii_ent
formation of SiHjF at the roum temperature of reaction.

In this case the 'H spectrum can &£lso be observed and this

reaction is desctibed.slsewhere (49).

Rn2.2 (GeHy); P + FFBr

A 3.1 ratic was sgsin used and the ]Hspectrum was observed which
was similar to that described above. In both cases a doublet
of doublets of triplets is obtaimed. This reaction proved to

be rather faster and unlike thé silyl reaction,no GEHBF could be

detected,
i t

Both reactions appear to be complete after the. 1st. fluorophosphine

has replaced an MH, group as no evidence of : (PLF‘?)‘,2 PSiH, or

3

'EPFQ)ZP G~‘3H3 or even (PF2)3P was found under the conditions used.

Rn 2,3 (MeBSi)}P + PP Br " PF,C1
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In this experiment, use was made of the same ratios as above and the

diphosphine - PF2P(SiMe3)2 was observed after studying the n.m.r.
spectra obtained. The compound MeBSiF was also detected in the 1H
and j;gF spectra.

Reaction 2.4. (BuSn).P + PF Br:
If the conditions used above are applied in this-;eaction then-an
abﬁndance of unidentifiable,red, polymeric and insoiuble material results.
In order to detect a diphosphiné at all then a 1:1 ratio of reactants
was used and the n.m.r. 3pec¥ra vere recorded at —60°C. The tin satellites

117,119

from Sn were observed on the characferistic spectra outlined above

~ in the stick diagrams. It was later found that a 3:1 ratio of PF,Br
resulted in the formation of (PF2)3P, which.is unstable at room
temperature, although was reasonably stable at -60°C.Details of the

bis and tris difluorophosphino - phosphines are described in the

following chapter (Chapter 3).

Reacti 2.5, (Me_Sn)_ P+ PF _Br:
eaction 2.5 (e}_n)J B

This reaction proved to be much more vigorous than the one described
immediately above. The product PF2P(SnMe3;)2 » which was observed from
3

the reasction, was so unstablé fhat onlj one ~ P spectrum could be
obtained from one n.m.r. tube reaction at & time. The fluorine spectrum
of this épecies was not found. The reaction was found to have taken‘place
at -95°C. Excess PF,Br results in the formation of (PF, )P

(2) Reaction Scheme 2: .

Reaction 2.6=. R2PQ + PF2Br ‘“‘“9. R2PF2 + QB?.

R = CH3 7 Q= Me3Si'



The phosphine Me,Si-P-Me, was nade and treated with a 1:1

3
ratio equivalent of PFzBr. At room temperature a vigorous
reaction was nroted &nd a red, insolublejaﬁd‘ poiymericw:matézl'ial
formed, from which no spectrum could be obtained.

Repetition of the experiment at -60°C proved.%o be more
successful in that the 31? spectrum showed the cﬁaracteristic
patterns. A frésh n.m.r. tube had to be maae up for each
part of the ij spectrur as well as for the 19F spectrum. An
attempt was made to record the proton spectrum but with no

success. The 51? and 19F spectra show that (CH PPF2 has been -

3)2
formedbut that is is very unstable., Attempts tg prepare PF2P (CH3)2

from reactants K_Bliez + Pcml proved unsuccessful as PF3 was the

cnly product observed; details shown as experiment 7,6(&).

Reaction Scheme 3

QFFF, + MX ——$ Q.M. PFF, + Q-Cl

H Q=3GeH, , X =C1

i

i) M

ii) M = SiHy, Q= GeH5, X=1

4ii) M = GeHB, Q = SiHj, X = Rr
Rn. 2.7
PF;(ceH3)2 + HCl — (GeﬁEJ FH. FF, + GeH3 cl

‘(GeHE)z PPF, had already been isolated and it is discussed in
detail in Chapter L.
- The 3]'P-sp6ctrwn cbtained with proton decoupling, showed peaks

" which were assigned to starting material & to Pl"zll‘ﬁ.(}e}-l3 on the

baszsis of the low frequency resonances.

A doublet of doublet of doublets was also detected and this was



assigned to PF2PH GeH3 on the basis of the presence of

non equivalent fluorines on the ﬁhosphorus to high frequency.
This assignment wes borne cut ty the ISF spectrun when resonances
due to the two fluorines could be observed. The 19F spectrum could
| be described in 'lst order terms' and a gegihql F-F coupling
could be measured;
The non equivalence of the fluorines must be due to the chirality
of the second phosphorus.
The AB.patte¥n expected is doubled by each phosphoﬁus making a
total of 16 lines altogether. This compound was examiﬁed at
both room temperature & -60°C =and the compound had a lifetime
long enough to fuily observe the spectrum of both phosphorus's
& flucrines although a gradual disprdportionétion to (GeHE)E, PH
& (GeHB)3 P was detected accompanied by the precipitation of a

yellow solid from the solution. The solid was not identified.

Rn 2.8

(51115)2 22 c:reH3 B -9 Siﬂj GeH3 FFF,,
+ SiHj Br

An n.m.r. tube containing (SiH3)3P + PF_Br was left at room
tempefaiure fof 10 days and knowing that (SiHj)2 PPF2 was present;
the products were distilled into another tube and germyl bromide
was added in a 2:3 ratio -(of (smj)5 P to (GeHBBr),)
Both sgctions of the observed ij spectra obtained showed three
sets of patterns,already typical of di-phosphines
a} (Sing?PFz - kﬁown ﬁD be here

b) (GeH5)2 PPFz - = known from above

c) (Siﬂj)(QeHjerPF2 - postulated as it has a phosphorus: chemical

shift to low frequency intermediate to that of the (Siﬁj') , PFF,



& (GeH3)2 PPF2. The 19F spectrun and low frequency 33? spectrum
illustrated " non - equivalence of F in the case of the

. 'mixed' diphosphine, SiHB(GeH3)PPF2 .

Rn 2,9 Preparation of other QPH PF2 phos:phine.,derivatives:
hY

~

(MeSSi) 5 3 FF, C1  --¥- .PFZPH—Si- Me,

It is known from David Arnolds thesis that' trea tment of (SiH3)2PH
. with PF;, Br produced, albeit short lived, SiH:,’.PH. FF,.

When the reaction with (MeSi), FH was similarly undertaken
;Dnly (Me5Si)2PPF2 could be detected in the spectrum ie there
was no PF2_ PH,.S:‘LMe}. .
As (Me381)3 P is involatile under vacuum at room temperature
only (Me}S:i.)2 F + Me Si PH, (trace) could have been present

in the tube7origina11y] before addition, b;y distillation, of PF201.
Thelrange of pi'losphines PH;B, Mejsi}'ﬂz, (MeJS:Q2 FH & (MeBSi)j P
was also detected {vhich implies that disproportionation by
catalysrts had cccurred. Such disproportionations had also been

observed sarlier, The (MejSi) 3‘P had been added to the n.m.r.

tube in a glove bag witha syringe, prior to treatment with water.

Rn 2.10 ‘_(EE}SE)Q_EI_'I + PEBr -¥> (Bu;Sn) PH PF,

-X¥> or (PF,) PH
£ L

From results obtained in earlier experiments it was known that
(Bujsn)B' P when heated with FC1 gas reacted to give (Bu,Sn), PH.
An n.m.r. tube was made up with (BuBSn) sPgtreated with HCL.

Addition of PP ,Br, with the idea of forming both the mono-FF,,

compound and the bis PF2 compound, followed but as in the '



example above only PPEP(SnBuj') o could be detected from a range
of temperatures frem - 60°C to 10°C. At this high temperature
the solution solidified to a red mass with the consequent

disappearance of the lP resonances, Treatment of (BuJSn) P

with HC1 wéuld also yield BuBSn.Hiz which ¢An further treatment

with PF Br woulq be expected to yield FF. PH2, however ncne was

detected,

React_ton Séheme g; _

H,O0/HBr .
RRQ, + 2FF,Br e R.PH.PF2+2 Q Br + (PFZ)EO

R:CH3 Q:\SI‘LB‘IJ-3

: n .
Rn 2,11 CHBP(SnBu )2 + FF Br --X3 CH,3P(Sn;3u3) FF,

(Postulation)
_--z? of_le(rfFQ) 5

In all attempts at the above reaction only FF,PH GH} could be det-

eeted. All precautions were taken againgt moisture entering the
systemthrough reagents and all fluorophosphine was purified

to remove HBr., The presence of CHjPH PF however permsted and its

asslgnment was made as it had previomsly been “prepared by the
treatment of (PFZ)ZS with MeFH,.

. "=y PR, PHCH; + HPF—35

3

I“F?_,‘E’H,CH3 was found to be longer lasting than FF P(CH )2 as far as

the observaulon of n.m.r. spectre was concerned. Where PF P(CH )

lasted an hour at - 6OOC, ;‘PE-Q]-:'H'CH5 was found to be stable for

several hours at -LLOOC enabking a full set of spectra to be cbtained,
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" Rn 2.12 (BuBSn)z PMe + 2 GeH

50; - (GeH3)2 m§
' T+ 2 Bu38n01
( ceﬁ3) p, Pde + PFBr —Xvy PF2P(CH3) Geﬂj
. In the example illustrated aﬂawre.,on}q;.1'-‘3?21”!1.011'7> could be

~

detectedy under similar conditions applied.

From results gJescribed in Chapter 1, (GeH3)2Me was prepared

via an exchange route on (BUBSn)Z PMe with germyl chloride.

It should be noted that in ail ‘the reactions involving 't;;n
phosphines large amounts of PF3 were formed on warming the
tube. The actual amounts of diphosphines were smal_l and the
difficulties in recording the multiplet resonances were not

aided by 'fold back' from PF'3 and starting materisls,

Discussion of the n~properties of P]?‘QEQ2 + PP PQ'Q .

This section must be dealt with in terms of B:LE n.m.r. & 19.3? n.m.r.
as data from these spectra are the only physical data available.

as most = of the compounds were not :isolable . Reactions of {Ge}':'[j)zP}?F2

.

are dealt with separately.

Studies of the chemistry have been described and the reactions with

B2H6 follow .

Comment has already been made on thermal stabilities of the various
diphosphines preparelc'i.

The n.m.r. data for the disphosphines produéed is shown 1.n ‘tab1e2.2.
The péra‘meters whi&l were readily obser'ved are B P(F) ?,P(M)., .1J‘(f’F)
 %(eF) and '3.(PR) | | |
It can be seen ‘ﬁ:'Om the table that the chemical shifts ‘of'.. the high

f'requency phosphorus nuclei .are all around + 300 ppm ( n.b. pé_::sitive



shifts are those defined as to higher frequency than H5P01+ ),

The chemical shift u;)f the other phosphgrus in the mpiecule-
ie.the shift to low freequency, shows much moré -varis;tion. This
variation is shown,with the aid of correlatiox} diagrams, to be
dependent on the 'metal' substituent on the pht;ﬁphOI‘US-
Correlation diagrams, similar tc those constructe& in chapter q
show parallel changes in &P with the substifuent. Each

diagram is later described in detail.

2 .
The values for BF , lJPF & JFF do not show considerable
variaetion - again it is worth pointing out the non-equivalence

P

of the fluordines with PF2PB GeH ,the resultant set of 8BF &

3

show some considerable internal variation.

The parameter which shows the most striking variation is.]’PP which

varies from 381 HZ in the case of (Me;51) ;FPF, to 235 HZ in
CHjPH FF,. The coupling constant Lsep {n (GeH5)2

-ye in sign, as in the case of PQFh’ hence the values assigned to the

PPI"‘2 was found to be

diphosphines for lJ'PP are assumed to be negative.

Table 2.3 #1lustrates the variation in JEP for a variety of
diphosphines, No temperature dependence was found in the |
value of 1JPP from room temperature to - 100°C and in the case

of PQFL ncne was found down to - 114000.

t

For the simple hydride di-phosphines with silicon and germanium i.e.

(SiHB)Z PFF, & __(GeHB) o PPF,JFP is 80 HZ smaller than for the

alkylated metal diphosphines . eg. -(Siﬂj)z PPF p = 301H=z.

2 Ip

(BuBSn)z P?Fz Jop = 382Hz.

| . (MeBSi_)'z .PPF2 jPP = 381Hz. .

qPF‘ RS
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As no deteetion of BuBSn PH.PF2 was made a general discussion

of trends in 1JPP for compounds of the type QHP FF, is impossible

although both SiHj-PH—PF & GeHj— PH-PF show reductions in IJPP

of 45 HZ from the corresponding values for (SlH ) & (GeH )2 PFF,

respectively. : E

Commentary of the Correlation Diagrams D 3,1 --- D3.§

The diagrams illustrate the linear realtionships between the
chemical shift and the no, of groups bonded, toc the central

phosphorus, of a particular type. The horizontal axis shows

the chemical shift of the central phosphorus w.r.t. H5POI+ standard,

The vertical axis shows the type & no. of groups.

D.3.1. shows the relationship between the groupings PF2, H,

SiH

5, bound te Phosphorus.

D.3.2, Groups PFZ’ H, SiMej-

This correlatibn, it must be noted, is by no means as
successful. This is‘undoubtedly due to the variation in 8P for

the series (Me3Si)3 P -3 PH5.

D, 3.3, GroupsPF “H, GeH3

This, like the diagram D 3.1 shows a vlear linear relationship

within the system. The central value of ~164 lies on the precise

T ex er:unental value for FF PH GeH, as measured, for 5P(Ge).
P 3

The 'not yet prepared' compounds (PF ) P & (PF2)2 P GeHj have

thelr &P (M) predicted from the dlagram

41
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D. 3.4 :Groups PF2, Hejsi, (';eH3

The central position here would predict the value for SP(M)of

{SiMejy(Geﬂj)PPFz. This compound was not prepared.

D.3.5 Groups PF SlHﬁ, GeH3
The central position is that for PF P(SJ.H )Gv:H3 which has been
observed in the n.m.r. spectrum of lP. The predicted value lies

well within the experimental value,

D.3.6 ; Groups FF_, H, SnBuj.
Attempts to prepare (PF2)2 FH & FF_PH SnBu; have been described. The
Predicted ¥alues for &P are indicated .

To sum up, the most successful correlations were found to be those
which involved the groups FF,, H, SlH3 & GeH (- any three of four)
The groups BuBSn & Me3Si could be inecluded only if H were to be
excluded to illustrate the I‘81at10nsh.1p

The correlation diagrams“illustrate another way of representing

the relationship and interéependence of the ‘groupe on the central

phosphorus to the chemical shiff. As discussed in the 1ntroduct10n

Engelhardts relationship was found. to be

= 11828.5 - 7719§~ 408 nm

Where g' was the electronegat1v1ty . nfr the norbltal P(34d) occurancy.

Fritz desoftbed a relationship concerned only with the type of

substituent groups on Phosphorus-,



§ (°1P) = 120a + 80b + 20.5¢c + 2d - 12e
=5.5 ab - 10 bec ~ 11 ac
The deviations in non linearity must be accounted for by slight

structural charges due to crowdng by the methyle-butyl groups on

e

silicon and tin iegﬁectively.

Isolation and Stability of diphosphines
or ail the diphosphines prepared and observed spectroscopically
in an n.m.r. tube only (Geﬂj)z PFF, was isolable. The compound
is described in a later chapter more fully but it is worthwhile
stating that it is stable in the gs plase at a pressure of 5 m Hg,
stable in the 1iquid phase at room temperature fbf a few minutes
(itApolymergseg slowly) & stable in solution (benzene) for several
weeks at room temperature,
(Slﬁj) PEF ,never isolated despite many varied attempts
could be dlstllled,wlﬂu some decomposition to SlﬁjF kept in
solution (benzene) for several days, again with decomposition to
FF, & SiH.F,

3 3
- Attempts to prepare the diphosphine by exchange of GeH3 - for SiH3

1

in (GeH,), PFF, failed although GeH,I was detected in the I.R,

spectrum using SiHéI‘as the exchanging group.
|

The tin phosphines were quite unstable in solution unless cooled.

;(Bu55n)2 PEF2 was eventually prepared readily in solutiobn., . once

the correct temperatures & solvent had been assessed. The compound

Vhe Sn) PTF proved to be the most elusive of all as only ‘the 51

spectrum could be determined despite.several attempts 16 record / K

- 43
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observe the F spectrum, with fresh n.m.r. tubes. 1Isolation of °
these diphosphines would prove to be impossible as separation
from RanBr (produced by the reaction) would have to be carried
out . ‘ )

Ad (Cﬁj)é PTFZ was not expecféd to be particui;rly unstable ( in a
vacuum) an attempt to prepare the diphosphinegbyAcondensation of
FF_Br & (SiMej) P(Cﬂj)z,followed by warming fo room fempefature

~ was made., This resulted in a vigorous evolution of heat with a
red, polymeric insoluble material left, with only FFy & Mejsmr as
the volatile camponents. The reaction could however be controlled,
but even, at the temperature of reaction (about - 60°C) in solvent,
the compound lasted only about an hour. The ins4ability of +this

species is baffling and as yet no reasoning can be proposed for it.

Some reactions of diphosphines

In thé earlier section various expghange reactions and additions of
HX have beeﬁ deséribed,.

A chapter is devoted to (GéHJ)2 PTF2rand-its reactions,

Tﬁe borane adducts of same of the diphosphines ‘were prepared in
n.m.r. tubes and these are discussed here with the bofane adduct

Qf‘(GeH.a)2 PFF, to complete the series.

R.n 2,13 (GeHj)z FFF, + BH, —3 BH5:PF2P(GeH3) ..2

When a 1:1 mixture of'diphosphine- & borape was allowed to warm in
an n.m,r, tube, the proton spectrum showed that another species

was present.
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‘ 1 .
The observation of the "H spectrum showed two regions when
Boron decoupling was employed. These were interpreted as being

due to GeH_, & BH, protons and from the consideration of coupling

3 3
constants.that the BH3 group was associated with the PF2 group
and from the consideration of peak heights and area that only
one BH_ had co-ordinated.

3 _
s . 1 .
Spectra were difficult to record due to broadening by 1 B. This

was reéolved'suc;essfully in the case of the highlfrequency
phosphorus n.m.r. spectrum and tﬁequartet splitting due to 11B
(1 = 3/2)w§s clearly visible at J (PB) = LOHZ .

:Atiempts to resolve the low frequency phosphorus sﬁectrum
resulfed in the splitting beginning to appear but not enough
to enable a measurement of é; coupling constant to be carried
out, | |

The 19

F spectrum of the adduct'proved to be interesting when
the decoupler was switched off from decoupling protons. The
~ decoupkd spectrum shows a doublet of doublets with ;J(PF) =

1210 He &. 2JfPF}=jl HZ. When the I;roton coupling was retained .J (EF)

was seen to be 23.5 Hgz and the J(?F) » ;alue is 2H'z When 5
e .

the horon proton splitting is considered a pseudo quintet results

- consideration of the germy) proton splitting illustrates the 2HZ

"splitting into mﬁltiplets. (See .spectra )

The prpton couplings to fluorine and both phosphorus atoms were

corrohborated by the proton spectrum. The n.m.r. data.a:e

presented in table 2,4, The 11B chemical shift was established

from an experiment in which 1y waS 'tickled' from the protons

in the observation of the proton spectrum. Vithout this
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decoupling no detection of the resonance due to hydrides of boron

protons was possible. The JBF ' was not detected, it

must be very close to zero as can be seen on the spectrum.

n
.14, (Bu S P B H, -~ BH_: ) SnB
Rn 2.14, ( u3 n)2 PF2 + B H, &> 3 PFZ\P( nBu 3 )2

-

Bu_Sn)_ PP i i M.r. ‘

( Uy n)2 .F2 was flrst prepared in an n.m.r. tube and Bzﬂs
added to the n.m,r. tube contents. The borane adduct was
31 19

observed in both the P spectra and the F spectrﬁm.
The adduct proved to be as unstable as the di-tin-diphosphine
itself and on warming to room temperature the contents of the

n.m.r. tube :Solidified.

3n 2,15, Pg{’(cnj)z + ByHg == BH, PFEP(CHB)z

The diphosphine was prepared from treatment of (MeBSi)P Mez

with PFBr at - 78°C, then BH was ‘added in a 1:2 ratio..

The high frequency phosphorus spectrum was the only one
obtainable anda pattern of a triplet of déublets was obtained
suggestiné the adduct of PF2P(CH3)2 was present. However it
must be nofed that the value for ’JPP decréésed from 250 HZ in
the, diphosphine to IQQHZ for the adduct. Normally the borane
adduct causes an increase in JPP. The adduct proved no more
stable than the d£phosphine and quickly decomposed.

In all the diborane/diphosphine experiment the adduct of

PFzﬁ was detected.

In the case of (SbBu3)2 PPF _ decomposition to PF2H' can only

2

" arise from water present or recaction with the boron hydride.
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To check this (GeH3)2 PPF2 was tested with B2D6 and the

vhosphorus spectrum was recorded, No trace of PFZDBD was

3

observed when the tube was left at Toom temperature for

several days allowing the contents to decompose.

~

It must be stated that other decomposition products included

PF (PF2)2 O over this time and as a precipitate had clouded

31

over the tube good spectira were impossible to obtain,due to

this and to fold back ofother peaks.

Bome comments on the nym.r. data:

The data in tables 2.2, 2.3 & 2.4, ha;e been assembled mainly
from this work. The actual trac ihgs of spectra are présented
here and a commentary on recording conditions is attached

to each one,

Using the facility to sgitqh decoupler and observe modes of
the specirometer, some 1195n spectra @Te recorded. Recognizable
‘apectra were ..obtained after only 154 pulses, but as each
pulse required a delay of 50 s: to élimiﬁate the overhauser
‘depletion, spectra took a lbng time to }ecérd.

J . .and 3J (1198n)

FSn * “P5n FSn

and when a theoretical spectrum is evaluated the tracing

Table {32 shows the values of 1J

1
can be superimposed on the rather noisy spectrum to verify

the peai( positions. This spectrum is appended.

In chapter 1119

'8n ‘spectra are discussed with respect to the
phosphines (BUBSH) P and (MeBSn)3 P and their
3 _

derivatives.,.



Appendix to Chapter ..

A brief incursion was made into Arsenic cbemistry. On an
n.m.r. tube scale (SiH3)3 As was treated wi%h PF. Br,
however‘§f§8r-many months at room temperature.no reaction
could be observed.

It would be worth experimenfing with-(BuBSn)3 As or

(GeH3)3 As to see if PFZ-AS Ebmpounds could be prepared,

in a similar route to the compouﬁd P'(-PF2)3 .
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Chepter 3

Introduction;

The preparation and identification of tri & tetra phosphines :

The tetra phosphine (PFz)jP was first proposed by Solan & Timms
in 1968 (47) by the thermal decomposition of P,F e The product

was identified on the besis of its n.m.r. & mass spectra.

3 torr/900°C low temp fractionation,
BF, ———  (FR)5P

5 mm quarts tube
The mass épectrum showed P, Fe + gt 2381m/e.
The product was observed to melt at -68°b, decompose rapidly
in the vapour phase & in the liquid phasé shove lOOC,
A more conventional chemical process was sought to prepare
this compound.
Chapter 2 describes how no farther substitution was observed
in the caée of the‘%eacyioﬂs involving treatmeﬁt of (GEH3)3P

and (SiH,).P with FF X to form FF_FQ,.

3)3
Thé tin phosphines providea & ready route to_(PFEIjP by similar
exchange and in fact alteration of the stoi¢hiometry resulted in

the preparation of-(PFz)zlP 8n Bun3 as well This paft is concerned .
with the preparation and identification of the tri and tetra
phosphines,
Attempts to prepare’(BFz)2 PH & (FF,), PMe are described as are
attempts to isoléte the tetraphosphine itself.
The products of reaction were identified by.ij.n.m.r.

If the spectrum of the central, 'tin' phosphines is considered

én a first ordér basis for each phosphine -- then,ignoring

fluorine splittings. the'ﬁasic:pattern can be expected as follows.



Compound Basic Pattern expected for P'.
F2PP'(ShBu§)2 P' split by one PF,- group doublet.
(F2P)2P'(Sn3u‘3‘) P' split by two PF,- groups triplet.
(PF2)3P' ~ P' split by three PFZ* groups guartet.

Continuing on a first order baais the fluorine splittings can be

superimposed on the patterns predicted above.
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Reaction 3.1 ;

The reaction of (Bu Sn)5 PF,Br: _.

A 3:1 ratio of fluorophosphine to tin phosphine mixture was
made, and reaction,at room temperature , was allowed to
proceed. On warming & rapid reaction toock blace which yielded
PF'5 as the only volﬁtile component together with".A a mass

of red polymeric material, PF3 was detected by I.R. spectroscopy.

The reactiop was repeated in an n.m.r. tube using the same
ratio of reéctants + solvent (dtbenzine)). When the n.m.r.
tube wés warmed to room temperature only PF3 could be observed
in the 31P spectrum. The contcnts of the n.m.r. tube had by

this time solidified to a red mass, which was not identified,

Low temperature n.m.r. work was then used to detect the various
nroductsexpected from the reaction of (BUBSH)BP with PF,Br

in ratios of “1:1, 2:1, 5:2 & 4:1 (FF,Br; P(SnBu,), } The solvent

3)3
used initially was CDC1; which melts atl—§4°c.
When the ratio was i:l (Bu Sn)2 FFF, was detected among the
products of reaction; for a ratio of 2:1 (PFZ) PSnBu3 was
identified, for a ratio.of 5:2 both (PF2)2 PSnBu & (PF ) P
were formed; whlle a ratio of 4:1 ,the only Pdeproduct was

(PF2)3 + Simple analysis by 8P(Sn) + coupling constants

identified the components. Detailed analyéis follows in the text,

1
These experiments were repeated in different solvents -

CIbCE & d8 toluene. The temperatufe of the reaction was that

of the probe of thé,n.m;r. machine. The 5:2 ratio tube was allowed

to warm to -7800 in a slush of Acetone & 002 before it was

- placed in the probe. At fhat temperature a slight yellow colour

1



could be seen in an otherwise clear solution, Only PFQBr and
(Bugn )P with a little PFy could be detected. At -70°C

no reaction took place. At -60°C however a reacfon 50

vigorous occurred that it caused the lock, on deuterium,to be
lost, On a quick examination of the tube,\the contents were
slightly yellower but nevertheless clear,and:bubbiing was noted..

A recording of the spectrum resulted in the observation of

BI‘ b

‘resonances due to (PF2)2P SnBu '(PFz)jP with some FF,

(BuBSn)jP.& a-little PF3’
(Bujsn)2 P PF2 was the main compound found and the presence
of it and tﬁe other fluorophosphines was corroborated by the
19F spectrum .

The tin phosphine proved to be stable in solution at
texperatures below -30°C, Decomposition took place rapidly

above that temperature to PF3 & red insoluble polymeric materiai.

RN 3.2 (MeBSn)JP.-r FF, Br,

Reaction mixturss of 1:1, 2:1 & 3:1 ratios of PFZBr:Phoséhine
were allowed to react af -96°C in datoluene solvent in an .

n.m.r, tube . T_‘he comppund PFE_I?(SnMe3)2 was detected at that
temperature and was. stable for a few minutes so that only the
high frequeney spectrum of'ij was observed. The chemical

shift of + 326 ppm is the highest recorded. Repetition of the
experiment failed 'to show PF2P(SnMe3)é.

The 2:1 ratio failed'similarly,'showing only that PF, was présent.

3 ,
However the‘3:1 ratiq.resulted in the expected formation of(PF2)5P

which was stable in solution as before -(PF2P(SnMej)2 is also .

discussed in Reacfion 2.5, )
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Isolation of (PF,):P:

Rn 3.3.

3_. -
SnBr at

It is not possible to isclate PFZP(SnBuj)z & {PF PSnBu

AN
from solution as they would have to be separated from Buj
low temperaturé;.'Isolation of (PF2)3 P ho;ever at first sight
aprpears to be possiblg?in principle.

A 3:1 ratio mixture of PF,Br and (BuBSn)BP on an experimental
preparative scale was allowed to-warm in a glass ampoule

to - 239 and all the volatiles at this_temﬁerature were

distilled into & clean pyrex trap. When the fractioﬁ was warmed

to separate the components decomposition was noted on the glass

walls of the trap. 'PF5 & PFéBr were ‘the only products identified

from the reaction. A yellow green deposit was left on the
apparatus. ihis éuggests fhat (PF2)5 P had in fact been formed,\
'énd}as was 'stated by Solan & Timms (47) decomposition on

yarming after condensation occurred. The experimental section’
describes the quantities used.

Another route to (P_Fz)3 was atfempted.'

t ) + —
Rn.3.h., 3PF,CL + PHy + 3Et;N --3 (FFy) 5P + 3Et;NH C1

. Accordingly, an n.m.r. tube was made up with equal proportions

of PF201 & E+3N to a third of PHj. The phosphorus spectrum

showed-only PF3 present at —6000, farther warming precipitted

a brown solid in the n.m.r, tube. It is interestingto
|

speculate on what is happening in this .reaction, but the fact

that PFB.is so readily formed at so low a temperature suggests

that (PFE)}P has been proéﬁced and has decomposed, probably

due to the presence of Et5N-
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Schemes to prepare other tri phosphines @

A reaction scheme to prepare the unkhown compound (PF2)2 FH was
devised.

Reaction: 3.5:(BusSn) PH + FF,Br —3 (PF,), FH + 2Bu,SnBr

Since (SiH,), PH, treated with FFBr (49) yielded PF,PH SiH,

then by analogy treatment of (Bu3Sn)2 FH with PF2Br would yield
both PF,PH SnBu, & {15’1?2‘)72 PH if substitution occurred in a
.similar way as in the case of;the;tertiary_ph03phi9§'(Bu;Sn)3P.
It is known from chapter_l that treatment of (BuBSn)3 P with
HC1 in a 1:1 ratio produces tBu3Sn)2 FH. An n.m.r. tube
containing‘(BuBSn)3 P + HC1 was treated with a 3:2 molar.
proportio£ of PFZBr.

On warming to -60°C only PFZP(SHBUB)Z could be detected and
farther warmingto ~Z0 produced no change until the usual
decomposition took place. ﬁo sign of (FF,), PH or PF,FH SnBuj
could be detected in the - P spectrum. To be decisive this
éxP;riment woulé have to be repeated using pure (Bujsn)2 PH

as the nresence of BujsnX (X=C1,Br) in ?he reaction would prevent
farther substitution due to an equilibrium being set up. The
reaction desgribed involved warming a mixture of.(BUBSn)B? and
HC1 before treatment with PF.EBr.

In chapter 2, the reaction between (Buﬁsn)2PCH3 & PF

2Br‘ls

described. (PF2)2 PCH3 was the expected product: however PFEPHCH5

was detected instead.
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. i P SnBu. with di ;
Rn 3.6 Reaction of (Ple2 nBu, with_diborane

It was considered interesting to see if borate would
coordinate on the PF, groups of (PF,) PSnBu..
Any reaction of this compound would have to be carried
out 'in situ' after preparation from(BuBSn)B*P and PF2Br;
The scheme is laid out below.

(Bu_Sn)_P + 2PF Br --3 (PF_)_P Sn Bu_ + 2 Bu_Sn Br

3 3 2 ? 2°2 3 3
B H

26

(BHB:PF2)2P Sn Bu3

(BuBSn)3 P was first treated with PF2Br in an n.m.r. tube

and the reaction was allowed to proceed for a few minutes
. A

at ~60 C, The tube was then frozen down and B H, was added.

The 31

P n.m.r.spectrum in the low frequency region was
recorded. Centred oﬁ =108 ppm a triplet could be detected with
‘.separatiqn 435HZ,
In the high frequency region a triplet o£~doub1ets was
detected with the doublet splitting at 440HZ. The larger
splitting (triplet) was 1246HZ.
The 19F spectrﬁm showed the pr;sence of ij' PFzBrQy and H3
and two hroad peaks centred on -?5 ppm with a splitting of

B:F2PH.

1243H2Z,

1
The value of JPF)agrees in both spectra as does the
1 . )
value for Jﬁ??;n the sets of phosphong . spectra. The
observed values of 440 Hz &435 HZ must be assumed to be the
same Goupling as the peaks were too poorly resolved to

enable the computer to print out positions,,
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- 1
The coupling ZJPF)was not resolved in either the 31, low frequency

-

. 1
spectrum or in the 9F spectrum.
If the low frequency 31P spectrum is to be interpreted in

1
Ist order terms then the fact that a triplet with JPP

A

of 440 HZ is observed means two chemically equivalent phosphorus
nuclei. The_strupture (BHB:PFZ)2 PSnBt.i3 is therefore ;.

postulated.

The coupling 1JPP of the original phosphine is 360HZ

and an increase of 80HZ to 4ho ﬁZ is consitent with the other

borane ‘adducts -formed although the value of 1JtPP)in (BuBSn)é-

PPFzzBH3 is 100 HZ bigger, than that of the diphosphine.

It could be argued that only one BH_ group is coordinated

3

if some means of exchange can be envisaged eg.
!SnBu3 ' i .
\ / \ /F — N N
P—F <— F— . P~
T : | I
3 : : BH3

Thig would account for the smaller increase in JPP referred

re
to above, “
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Discussion of the n.m.r.- spectra obfained from H:‘Fz)zPsn_‘m3
& (_PF2)3__IE

Solan and Timms in their communication stated that

the spectra obtained for thé tetra phosphine could be

interpreted in térms of 1lst order consider‘_at_ions,

therefore these are now discussed with a view to making

tentative identifif:ation of (PF2)2P5|1Bu3 &(PFZ)BP'

~(§§élh£SnBu; {referred to as P'P):
s % —

In this example the cenfralhﬁﬁéépﬂéiﬁé}cézéie%'ééﬁéii}fto the
two phosphorus nuclei and would interact with the four
fluorine nuclei. Hence, the expected spectrum for P
would be a triplet of quintéls . with the couplings:
ldPP] & szPF) respectively, |

Tﬁe fluerophosphor us P:l which resonates at higher
frequency would show a pattern, in 1st order terms,
of a wide triplet due to‘iJPF with a ‘fin‘er doubl;at
splitting due to th_e adjacent phosphorus - long range
interactions would -complicﬁte the structure of the
spectra but a recognisable triplet of doublets might be

19

expected. The "’F spectrum would,on the same basis show a

doublet of doublets with couplings to phospharus of lJPF

and 2JfPF} - It would be worthwhile comparing with the
I

31P & 19F spectra of PzFé‘

(P;?z)jp

31

Similarly the P spectrum of the central phosphorus - '
of (PFz)jP would be expected to show a patternpf a quartet of
septets.. That of P' would again be a triplet of doublets considering

o ' . N . n
_fl?st order interactions, similar to (PF2)2PSnBu3.



Detailed examination of n.m.r. data:

Table 3:1 shows the n.m.r. parameters which were extracted
from thespectra'observeg.of the compounds (PFa)zPSnBu3 &
(pF2)3P° N
(PF2)3‘P
The correlation diagram which illustrates the system for (PFz)BP’
[ﬁ:San . PFé[indicates a value for &P which would range between
20 & 50 ppm. Solan & Timus ihdicgted a-dif_ference mSP;,WSP'._.)_
of 245 ppm. The value SPI would therefore be between + 265
ppn at + 295 ppm.
It is important to have an idea where these resonances

- occur as spectral widths and offset values for fhe spectrometer
have to be calculated to avoid 'fold back' from the resonances
of other compounds, presentf{n the n.m.r. tube, In the example

3

The spectrum was readily recorded for the central i:hosphorus

PFzBr, {Bu Sn)BP & . PF3 would all cause fold back.

(P) and was' a quartet of septets, 'i;e.lJCPP)r= 324HZ, 2J(9F)=
6}HZ,
The resonances due to P1 were observed 240 ppm to higher
frequency from the central phosphorus resongnces and the
value of 1JPP obtained for the low frequency spectrum,
JZQHZ,was corroboyated in‘the high frequency spectrum, This
took the form of a triplet of doublets, the cent;al doublet
showed a farther small triplet splitting of 4OHZ while the outer
lines showed doublet spiitting of gé‘ﬁz. This,spectfum is

illustrated in stick diagram format overleaf.



The 31P n.m.r. spectrum, to high frequency of H}P_O of (PF }2:

— 'Jprfszmz.

., 50 Bg. ‘ 40Hz. - 50Hz.

&

e

yd
Y

3
N4

1., h
Jop)= 1215 Ba.

The 19F spectrum showed a doublet of doublets which again

corrlobbrai-;eé the value_s of lJfPF) & 2JPF) observed in the
phosphorus :spectra. Lines of 2nd. order effectS'wefé:élso séeﬁ.
The spin system to whigh this belonés is (AJKXjé%M and w;s
too complex for a computer analysis to be underéaken..
Tracings of spectra are shown and experimental details are
hescribed-in the experimental section.

ﬂl:'l"‘z)2 ’ P.SnBu3

Ise of the correlation diagrams gave.an initial idea

of whefe 'to find the central .phosphorusq' resonarices.

A triplet of gquintets is the expected pattern and thié
was indeed observéd_with the .addition. that the central
peak of_the cental quintet showed triplet splitting

of 4.4HZ and the outermost lines of the central quintet '
were spl-it.intro doublets with separation 9HZ.

The value of IJPP) at 360HZ was corroborated by measuring
the Pl resonance, which appeared at 334 ppm to higher
frequency, at +301 ppm.

‘'The spectrum of the high frequency phosphorus nuclei

proved ﬁore gifficult to record at the spectral width -

required. The spectruw predicted to be. a triplet of

59



doubléts,ldid indeed show this pattern, but 2nd. order
‘effects were quite marked, Thevalue of 1'J@’P)corroborated
the fact that the peaks came from the same compound.

The central doublet showed quintet spllttlng of 70HZ whxle ’
the outer 11nes Beparated from the centre by Xpﬂ 1215 Hz.
showed very complgx patterlis as can be seen.

The Y9 spectrum shows a doublet of doublets withvlines of
lesser intensity.

¥from these lesser lines a value of 2JFT7can be deduéed,
this - assumes the nuclei are not equivalent. Use of the
spin system (sz)zshows which lines should be taken‘ and

a value of 195HZ was obtained, for this coupling conatant.

In each example of ﬁhe spectra of (PFz)2 PSnBu3 some 2nd,
order effects were observed. .‘A' computer _simulaf;‘.on was
used to analyse the.spectra, considered as a spin-:
systen1(;12)2 M.

However it was not possible to reproduce the fine triplet
spli?ting in the spectrum of P(Sn).

This meaﬁs that the two fluorophaphineﬂgroups show

inequivalence either in theﬁselveslaSuFﬁhfza or toc each other as

’ %ZF2 . This is illustrated below.

The diagram shows that the fluorines should be non-equivalent as

F1 is trans to tin, while F2_is trans to the PF2 group.
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Again ,spectra havebeen traced and are each presented with
details of how they were recorded.
Tuble 3.l. lists the n.m.r. parameters of (BuBSn)n P(PF2)3_n

117

11
It was not possible to detect Sn & ke

Sn satellites on
the spectra of (PF2)2PSnBu, nor was it possible to record

3
11 ‘ :
9Sn spectrum of the compound., The feature common to

the
the 4 phosphines in the series is &P and the gradation
from ~347 ppm in the case of (BuBSn)BP to +24 ppm for
(PF2)3P is shown. This is by no means steady,as the
correlation diagram D3.6 shows. The Qalue owaP}-for the
fluorophosphine,also shows some variation from 322 to 264
ppee The compound (PF2)2 P Sn Bu3 has parametersrnearer
to (pF2)3P_f°r“$P' 5 F & aﬁﬂﬂﬂ; for . SPE, ldﬁﬂﬁ it is nearer

to the parameters for i (SnBu PPF._.

3)2 2
It is worthwhile considering the reasons for this, why the

(PFZ)Z - compound should be so similar to one as far

as one parameter goes and then more similar to the other.

There may be important changes in the structure and angles
on the central phosphorﬁs.

The series of compounds has generated some interesting
spectra and it would be helpful to achieve a good analysis
of the spectra by compu£e; simulation. Comparison with other
(PF,),

prepare such derivatives.Obviously closer study of some of these ¢

PR would be interesting, if a way were to be found to

complex systems would yield a range of spectra from which
more accurate line positions could be defined. If cleaner ways
are found to prepare'these derivatives then the second order effects

can be measured,



Chapter 4

3 i . PF
Preparation and Properties of (GeHBl2 F2

N.M.R.tube experiments had shown the presence of diphosphines

-
~

of the type PFZ—P sresulting from treatment of (Ge%)}P with PFzBr.

19 31

The diphosphines were characterised,byIH, F and " P n.m.r.

The reactions scheme used in the synthesis of(Ge%?zPPFz is
given below.

(GeH3)3P+. PF_Br -—~=-—3 (GeHB)ZPPFz +GeH3 Br.

2

This reaction could be brought about either in solvent or as a
direct reaction between the phosphines.

In the case of (SiHB)ZPPF the reaction was studied using

2

both sets of cénditions,but in each case (-SiHjéPPF2 was not
detected. The direct combination route rapidly led to the

formation of PF3and SiH _F; that in CCl_F, as solvent,

3 3

produced the same result only more slowly. In the germyl

case however, isolation was relatively straightwforward.

Co~-condensation of the two phosphines, followed by a simple

|

fractionation,'led to spectroscopically pure diphosphine.

. This diphosphdne, having been isolated, was fully

characterised and the study of its chemical reactions

was undertaken.

62



63

Most of the reactions of the new diphosphine were carried

out in sealed n.m.r. tubes with subsequent identification

. . 3 1

of products by, mainly " P, n.m.r. ,though 1.R. was also used.
, .

The gas-phase structure of (GeH )PPF2, determined by elect

-ron diffraction , is described in the following chapter,

4.1.

Preggrétiaﬁ :

Experimental details are describedin chapter 6;

In the case of the germyl diphosphine, easy synthesis
was found when the difluorophosphine was co-condensed
with trigermyl phosphine. The producté were later
fractionated on a vépuum line, the byproduct, GeHBBr
bging retaingd for farther (GeH3)3P preparation,.
ho2.

Molecular weights

As the vapour pressu;e of the diphosphine at 293K is only
4mmHg measured on a spiral gauge, the accuracy in determining
the molecular veight is + 5% as the spiral accuracy is

to 0.2 mmHg. The resultant molecular wéight from several
ekperiments wasl24? which is Qithin the experimental error

calculated from the 251 theoretical molecular weight.



The transfer from ‘' ygocuum line to bulp will result in some
decomposition of the diphosphine over grease to PFB' thus

accounting for a consistently low reading.

k.3, ' Mass Spectra -~
(98)

As in the case of (GeHB)P , complicated mass spectra arise,

uhiéh are due to the gemanium isotopic distribﬁtion
analprot061bs; on ionization. The mass spectra are only

of interest in as mich as the parent ion was detected at low
ionizing_potentiai with the pattern expected of a molecule
with two germanium atoms.

L.k,

Photo electron Spectrum g

The photoelectron spectrum was recorded and assignments were
made of the peaks obtained in yunning . the spectrum by

(99,100)

cecmparison of the spectra of (GeH3)3P itself and other
difluorophosphines. In the P.E. spectrumof (GeH3)3P bands
occur at 9.0, 10. 4, 11, .2-13 .2 e.v., these were assigned

. . ) |
on the basis of C3v symmetry to a, class,P(3pz) for the

, ?

lowest;onisation potential where there is a lone pair.
The band at 10.hev. is the GeP bonds level formed from the
3pxy of the central phophorus with the s and Po orbitals

of germanium, The remaining band is due to the GeH bonds.

(¢ ) at 11.2-13.2ev.
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is concerned the 3 pz phosphorus

Ag far as (GeHB")zPPF2

electrons are shown at 9.kev, the GeP bonds at 10,4 ev and the

GeH bonds centred on 12,3ev.

"For fluorophosphine compounds the spectrum of P2F4 serves

as comparison. In this case two bands were formed for the P3P

lone pairs at 9.64 and 12.45ev centring on 11.0ev. This

is the same as the ionization potential of the lone pair

on phosphorus in PF_H, In (GeHj)ZPPF2 this same level was

2
found at 11l.5ev and was thus assigned to the PF2 lone pair.
The P-P bonding level in PZFA was assigned to theband at
%4.4 ev; similarly the specfrum of (GeHB)EPPFz has a band
at 15.0ev. which is thus assigned to the P-P bondingrlevel.
Fluorine lone pairs and‘P-Frbonds occur, typically, between
15.8 and 19.kev. consequéntiy £ﬁe baﬁd'betwegn 15.5ev.

and 19,3ev was assigned as the szrzand-P—F levels.

The spectral details are summarised below in a table,

Positio aks Assignments
@, bev P(Ge) 3p=z
10, kev . Ge-P ér
11.5ev P(F) 3 p=z
12.3ev . Ge-H "o
15.0ev - PP C

15.5-19.3ev . F lone pairs, P-F bonds
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4.5 Vibrational Spectra:

I.R. spectra of (GeH )2PPF2 were obtained in both gaseous and

3
sclid states. Low frequency I.R. was also obtained using
a solution of the diphosphine in pentané.\

Raman spectra of the solid were ob£ainedA aﬁd all the band
pesition are given in table 4.2,

In the i.H.-spectrum of the vapour 3 regions are easily

distinguished.

1) The GeH stretch region of ca. 2,000 em™ )

2) The GeH3 deformation region of 867 cm -1

3) The PF stretching region at 811 r;m-l
The distinction between bands due to PF stretching and those due
to germylrdeformatioﬁ was made using the I.R. spectrum
of the solid.
ASsignments of the peaks were again made with the comparison

. . 98 .
of the spectra of trigermylphosphine and some fluorophosphines,
In trigerm. ylphosphine the GeH stretches occur at 2062 and 2079cm-1
in the infrared spectrum of the vapour. These bands are

assigned to a. and e symmetry classes respectively.in C3v
i .

1
symmetry.
In the infra-red spectrum of.(GeHB)zPPF2 the germyl stretch

occurs at 2083 cm -1; the different modes are not resolved.

The deformations of both.phosphines are now considered,



The germyl deformations on (GEHJ)BP occurred at 872, 839,(;;11"1

799 and 753 cm_l. The germyl deformations in (G(:HB)aPPF2

occur at 867 c::ln-1 -

The rocking modes are now compared.

. -1
The germyl rock in (GeHB)BP"occurs at 516 cm = and
558 cm_l. The spectrum of (GeH3)2 PPFz shpws bands at
-1 ”1 Ty ]
509 cm and 562 cm ~. VYhen the spectrum of the crystalline
diphosphine was recorded, these bands showed increased

absorbgnce. This is also the case in (GeH3)3P5 itself.

The P-F &tretches are very strong and appear at Bl]cm-l.

The P-P stretch however, could not be‘diétingpished from
the remaining germyl and fluorophosphine rocks and wags,
howéver in the Raman spectrum of 1liquid Pqu(z).a'very
strong and polarisable band,_assigned to %PP occurrgd

at 541 cm-l. The Raman spectrum of solid (GeHB)zPPF2
was reForded and a strong sharp band occurred at 4&7-cm_1.
This could well be due to vPP; the shift in frequency

would be consistent with the P-P stretch involving heavier

gfoups.

L.6. Nuclear Magnetic Resonance Spectira :

The 1y, 19 ana 3’ nuomer. spectra are described in chapter
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two of this work where (GeHB)ZPPF2 is treated as a member of the
series PFZPQ2

The proton spectrum is a(ﬁoubletidf triplets. The phosphorus

spectrum consists of two sections,

To - high frequency the proton decoupled speétrdm is a triplet

of doublets, With proton coupling retained each line shows
sevenfold splitting.

To: low frequency, the proton decoupled spectrum is a doublet

of triplets. Again each line is split sevenfold when proton

coupling is retained.

The fluorine spectrum is a doublet of doublets when protons

- are decoupled. Retention of proton coupling splits each line
into seven.

The n.m. r. parameters are listed in Table 4,1. Signs of coupling

constants were based on first finding the relative signs by spin
; 1 :

tickling to a self consistent set. "JPF was then assumed to be

negativel(49);

Implications for structure :

The empirical. formula (GeH3)2PPF2 is easily satisfied when the
molecular weight experiwent and mass spectra are considered.

Whep the vibrational spectra and n.m.r. spectra are considered it cen

be seen that (GEEB)2PPF2 bears close resemblance to (GeH3)3P as far as



the arrangement of germyl groups round the central phosphorus is

concerned.

With the preiiminary.deductions, the structure of the diphosphine
(GeH3)2PPF2 » was completed by a study of the structure in the gas
phase by electron diffraction. This experiment and the proceésing
of the data is discussed in Chapter five, with the results.

Reactions of the diphosphine are now described.
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Chapter &4, Part 2

Some reactions of (GeH_ ) PPF_ :

32— 2

In chapter 2 some reactions of (GeHB)ZPPF2 were discussed with
other diphosphines. This section deals witﬂ a variety éf
reactions which were attempted because the diphosphine was
isoLable. In deciding which reactions to investigafe, a
‘study must-be made of the chemistry of germyl compounds,
fluorophosphine derivatives and diﬁhOSphines. The
introduction to thié thesis.covers all these topics,

The reactions which were undertaken-were divided into 3

parts.

a) Cleavage of the P-P bond

b) Co-ordination of {GeH PPF2 to an organometallic

compound,

3)2

c) Substitution.

Because of the facilities available and the fact that 1'H,

19

F + 31P n.m,r, spectra would result from reactions, most

of the reactions were carried out on an n.m.r. tube scale.



A

a)Cleavage of the P-P bond ?

it is known that treatment of P2F4 with (CH3S)2 + (CHBSe?E

yielded the compounds PFZSCH3 and PFstCH3' In other words

the P-P bond has been cleaved, Now, as (Ge_HB)szF2 is not a
symmetrical diphosph ne the cleavage products if any could be

of interest, Therefore reactions were carried out in which (GeHB}z-

PPF2was treated with disulphides and disel@nides.

BN 4.1. (GeH,), PFF, +(CE3S)2

The diphosphine was treated with a dimethyldisulphide in a

[}
mole for mole ratio. After 2 days reaction at room temperature,

could be detected. (GeH3)2 PH , GeH

3
31? ES 1H N.m.r, spectraa.

sz-scu3 PH,, (GeHB)BP

+ (GeH3)25 were also observed in the
As P2F4rreacted cleanly with (CHB'S)2 then onemight have
.expected (GeH3)2 PPF2 to yield PF250H3

This latter species was,however,not detected.

d (GeH P-S-CH .
and (Ge 3)2 3

Rn 4.2. (GeH_) PPF CH_S
20 (Gell,) PR, + (CH Se),

In a similar way the diphe@sphine was treated with dimethyl

diselenide. Within one hour's reaction time at room

temperature PF=SeCH_ had been detected. (GeH ) P + (GeH ) FH
2 3 33 32

were also found among the products but as in case abeve;
no sign of a compound, (GeHB)ZP;SeCHB, was detected anong the
I
products by n.m.r. analysis.

The above two. reactions had been devised to try and

synthesise a species such as (GeHj)zPYCH3 where ¥ = S8 or Se.

Such a species may be subject to resrrangement and even oxidation

" of phosphorus to P(V) may oecur..



Rn 4.3:(99§312gg§2 + (ggﬁc(o)s)2=

Treatment of the diphosphine with (CH C(O)S)2 in an nem.r.

3
tuhe was carried out. After several weeks at room

temperature the only fluorophosphine :species present in any
significant quantity was (GeHj)zPPFzg under these conditions no

reaction occurs.

b) Co-ordination of the diphosphine to organometallic compounds

"A brief attempt was made into the reaction of the diphosphine
with some M@, Fe + Pt systems.

i) Simple exchange reactions with Mo carbonyls.

+ ' -
siia P Mo(CO
Rnk.4 (GeH3)2 PPF, + N'Me py of )51
An equimolar mixture of the above = was allowed to

react in CDC13. It was hoped that when the N*Mepgl—
had been removed the dibhosphine would be comordinated.:
However, even at - SOOC the only product observed was PFB.

A mauve o0il separated.out and no farther studies of

this system was made.

Rnk&.5. (GeHB)BPPFz + Mo(CO), C.Hg
The molybdenum carbonyl derivative was treated with
(GeHB)ZPPFZ in a 1'% 2 ratio. The experiment, as before ,
was carried out in an n.m.r. tube and the reaction initially
studied at 7'60°C.

It was - expected that norbornadiene would be replaced by the

| diphosphine,
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No change was detected at this temperature. Eowever, after
4 hours at_tooﬁ temperature the peaks assigﬁed to starting
material, (GeH3)2 PPF2, had broadened in the phoéphorus
spectrum gnd another, much broader PF2-P type pattern, very
Poorly resolved, could be discerned, : -

. This was purely transient

19

as oneamination of the " “F spectrum the compound was not

identifiable and GeH,F, PF,, + (?Fz)zo were detected. The

colour of the sclution had changed from brown to yellow

but had remained clear. Repeated observation of the proten

& phosphorus spectrum confirmed the presence of PF_, PH

3 3!
n.b.d;ﬁGeHBF and unreacted PF2P(GeH3)2.

ii) Insertion into a bridged species :

Rn. 4.6, Fez(CO)g + (GeH3)2 PPFz

' The iron carbonyl Fe2(00)9 was chosen?s substrate to see if
(GeH3)2 PPF2 would react in a way in which insertion took
place. A one to one mixture of the above in deuterochloroform

showed no sign of reaction after several months.,

iii) Oxidative additions involving Pt 1V derivatives.:

 Rns L.7 & 4.8:

Studies of reactions between Groyp_lin hydride derivatives
and PtH.X (PEt3)2 have been carried out by Ebsworth. {(111).
(X = c1,-i).

These studies involve the formation of a six co-ordinated Pt
species initially followed 5y rearrangenent to four co-ordinate

platinun and the liberation of hydrogen.
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Reactions between the trans Pt species and (GeHJ)zAPPF2
were investigated by 31P n.m.r. In every case, whether with
equimolar proporitons of reactants or with an excess of the
phosphine, decomposition beéan at the melting point of

the solvent. PF_ + PH3 were found and orange-red solids

3

resulted, The systems were not investigated farther.

c)Substitution reactions :

Rn 4.9, (GeH3)2PPF2

Several substitution schemes have already been described in

P
+ FZI

chapter 2, namely treatment with HCl and SiHBI.
In addition to these,PF21 was used in a reaction withf(GeHB)éﬁﬁé

to prepare (PF2)2PGeH3 as GeHBI would be the co-producte

An equimolar mixture of PF21 & the diphosphine was

éllowed to react in an n.m.r. tube. No change was fouﬁd after

several days though the amount of PF_, always present as PFZI

3

readily decomposed, was found to increase after prolonged

standing at room temperature.

In addition'taq.these classified reactions some miscellaneous

reactions were studied.

Rn 4.10. (GeHB)zPPFz ‘+ BF

; 3
Vigorous reaction occurred on warming a mixture of these
two subétrates to room temperature, PF3 was the only
prodwt to be detected and as a pale yellow solid‘séﬁaratgd ocut’

31

farther P study was impossible.

This reaction should be repeated using the variable temperature

_fécility of the n.m.r, spectrometer to enaﬁle any BF2 species

10 be examined.



.11. PPF_ + PF
Rn 4.11 (-GeHB)g g * FFe

This reaction was not asvigorous as in the case above but
PF3 was the only product to be identified. Yellow solids

appeared and as above the system was not farther investigated.

Rn 4.1 GeH P Sg
2 & 4,13, (Ge 3)2 PPF, + S, (c;.3113)2 PF, +SE

These reactions involved an n.,m.r. studj’of mixtures

of phosphine with an excess of either sulphur or selenium,
Carbon disulphide was used as a solvent with the required - .
deuterated solvent,

Aftef several months reaction at room temperature several
changes océurred.

HPFES was detected in the case of sulphur treatment. It is

75

likely that sulphur has reacted with the germyl protons on prolonged

decomposition, In the selenium case no HPFZSe was detected.

Conclusion

Of all the reactions described above only those involving
the disulphides and diselenides proved to be clean. These
were the oniy reactions where an identifiable postulated
product did in fact result. Attempis were made to identify
the co-product i? reaction with (MeS)2 or (MeSe)z.

The reaction could be extended to other biphosphine
deriyativeg anﬁ is wogth& of farther study.

A feaction schemne of all the reactions described both

here and above has been drawn upe. and appears in a table(4-3)



Chapter 5

The Determination of the Gas Phase Molecular Structure of {GeH )

32"

PPF_ by Electron Diffraction.
-

Introduction

From the spectroscopic data, already discussed on (GeH3)2PPF2
a lot may be deduced ahout the molécular structure. As this is
the first diphosphine of its type to be iscolated it is necessary
to compare itlﬁith a) ggrmyl phosphine derivatives and b) other
PF2 compounds. It can be gxpected that the bonds about the

germyl phosphorus will be arranged in a similar way to those

of (GeHj)JP (95). The angle Ge-P-Ge is 95.4°,

) (108)
3’2

F and H are discussed. A most recent study of the structure of -

In Rankins study of PFéN(CH non bonded interactions between’
PFES-GeHB found the shortest F-H distance to be:27] pm = as

the sum of Van -.ifder Waal's radii is 255 pm (109),a weak hydrogen
fluorine contact is possible.

It is already known from consideration of the n.m.r. data

. that (GeHB)2 PPF, showed no temperature. dependence when

2

1JPP was considered.
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5.1. Molecular Model and Refinement ,

The model chosen for the refinement of the data obtained
from the photographic plates, was that for PFEZ{MH3)2
which can cater for any angle at Z.

An example of the type of molecule is PFzNMe whose structure

(105)

2

was determined by Rankdn in 1971. 1In. this model, where
it is assumed that both the PEé and Z (MHB}2 groups have planes

of symmetry,'the structure may be defined by eight parameters:

A A A A
the angles of F-P-Z, F-P-F, M-Z-P, M-Z-M together with the three

bonded distances of the skeleton FZPZMz. Farther, a dihedral
angle is defined as that between the planes bisecting the
A A
angles F-P#F and M~2-M, and each including the P-Z bond.
The hydrogen atoms on M are fixed by the M-H bond length
and the Z—M-H angle. Local C3v symmetry was assumed for the
ZMH groups.
3 , : o
For (Geuﬂs)g PPF2, there are the four independent distances:
: A A A
PF, PP, P Ge, GeH and 6 angles Ge-P-Ge, Ge-P-P, F-P-F,

A A
F-P-P, P-Ge ~ H & dihedral (defined above)

Refinement :

The radial distribution curve P(R)/R is shown on figure (p 144)

and this'shoys-the stﬁte of refinement used to evaluate
the bond lengths and angles. The peak at about 160 pm
corresponds to the‘P-F bonded distaﬁce in the_Same area. .
At about 220 pm the P-P and P-Ge bonded distances appear

and are not resolved,

7
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Clearly, when the peaks overlap it is not possible

to refine all the distances, with their amplitude;

of vibration, consequently many refinementg were
attémpted by fixing some amplitudes or tijng others
together in some fixed ratio.:. \

The best refinement was one in which both the P-F &

PGe amplitude was free to refine, while the P-P;and

GeH amplitudes were fixed.

Peaks which appear beyond 246 pm afe due to thé various
non~bonded atom pairs. Their positions‘depend‘on the
independent distances and the six angles which define
the structure. Two of the F-Ge non bonded distances
had.their amplitude Ztied and the non bonded distance
amplitude, allowed to refine and with the ;ying

ratio :of 1:1 resulted in the two distances being equal.
It was found necessary however, to fix' the émplitu&e

of the shortest non bonded F-Ge.distance. |

The PfF non-bonded distaﬁces had their amplifude refined
freely as had the P.Ge and Ge.Ge non bonded distances.
If was necesgary to fix all the other amplitudes to typical
values (106). By consulting, again, the P(R)AR) plots ,
non bonded distgnc?s are clearly shown, at 300 pm,

350 pm and 470 pm, these compared to P..F +P,.Ge, Ge.Ge,
F.Ge, and 2x F..Ge respectively. At about 400 pm there is another

peak in the curve which is the remaining F..Ge non bonded

distance.
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All the angles, except P-Ge were left free to refine,
however the #ihedral angle was first determined by means

of an "R factor Loop" in order to get an approximate

value before farther refinement was carried out, P-GezH
was first allowed to refine but it was found'beceSSary to fix
ite.

As the F,.F and F.P non bonded distances were similar,

their amplitudes and the angles F-P-F, F-P-P were clearly corr
-elated although, as was said, it was found neéessary to
fix the amﬁlitude for F...F.

‘As.so many parameters were refined, there were inevitably
strong correlations between the bparameters and these are
listed in the lmst Sq;&res corfelation matriX, (Table 5.3.)
Allowance is made for this in the quoted errors for.the
parameters listed in table 5.2. The erras include random
errors obtained in the leasf séuﬁres analysis, with an
allowance for systematic error%e.g. wavelenéth and camerai
height,

In the final refinement, the R factors were HG = 0,14,

RD = 0.11 where these R factors have been defined (105).
Details éoncerning the éxperiéent and data reduction/
refinement stages ‘are described in the experi:meﬁtal

section in Chapter 6,

Results and Discussion :

The parameter of obvious interest in a discussion concerning

diphosphines is the P-P bond. For comparison with (GeHB)zqué
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. r(P-P) is listed for several other simple

diphosphines, below, in picometres.

cémpouﬁd o r{P-P) : Reference

(e.d.) PF, 228.1 :n .003  (88)
" PZ(CHJ)& 219.2 . + 0.9  (94)
" P2H4 221.9 10.4 (93)
" - PZ(CFB)Q | 218.2 +0,8 (88)

n P2F2(GeH3)2 217.7 +0.8 tb%ﬁ_work
( Awave P2F2H2 . 221.8 :3.8 {96)
( X ray) leh' 221,0 'te.o (107)

As was mentioned in the introduction the length of the P.P
(with the exception of Png in this case) is fairly
constant. The variation in this range is from 218 pm to
222 pm, some 2% variation. |

The angles at the Phosphorus attached to fluorine was
also’worthy of cbmparison with other fluorophosﬁhines

These are listed in a table below,.

A A
Compound PPF * FPP Reference
PF, 95.4(3) 99.1{4) (88)
PF,PH,, 97.2(% 1.6) 98.2(21.2) (96)
PF,P(Gell3),, 98.9(Z 0.8)  98.5(%1.6) This work

In‘(GeH3)3P the angle Ge-P-Ge was found to be 95.4° and in
(GeH3)2PPF2 the angles Ge-P-Ge and Ge-P-P are 96.6° a#d 95.7°
respectivei&. ;t would be worthwhile to compare these angles with
other dlphosphlnes as well as with (GeH3)3P itself. (GeH ) oPPF, shows

the smallest variation in comparison with the two angles and
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the angle XPX in PX3 (which is not listed)

-A .
PF_PX “PPX « XPX
2 2 —_ —
P2F4 95.4(3) 99,1(4)
01, - o) .
P2( t:uj),t 101,1(7) 99.6(10) '
szh 95.2(6) 91.3(14)
Pz(CF3)4 106.7(7) 103.8¢8)
PF, PH, 90,3 0.4 93.2 #- 1.,0°

PF,P(GeH))  95.7 + 0.9  98.6 tTaia

PZIk 93,6 102.2
Lastly, the presence or otherwise of F..H interactions
has to be consideréd{ The shortest F...H bond was found
to be 320,9 pm, which puts it well above the distance
calculated ffom the sum of the Van der Waal's radii
of 255 pm. It ﬁust therefore be assumed that these
interactions play little part in establishing the

conflrmation of the ﬁolecule.
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Chapter 6

Experimental Section

1. Synthetic Methods:

The volatile compounds were handled in a standard Pyrex-glass
vacuum system, fitted with greased ground-glass and "Sovirel"
polytetrafluoroethylene taps. Apiezon N and L greases were used
on glass taps and joints. Off-line experiments were conducted with
detachable apparatus fitted with "Sévirel" taps..The amounts of
volatile compounds and molecular weights were calculated from gas
volumes, assuming Boyle's Law. Materiais were fractionated at
convenient temperatures using slush baths of liquid nitrogen or
solid carbon dioxide in a suitable solvent (110)

Solvents for n.m.r. tube reactions were commercially available
and purified as follows.

CCl.F, C‘D6, CIC1

376 >

C6H6 was distilled off sodium; CD2C12 and CH2012 were distilled through

molecular sieve. Other solvents were pure enough for use or were

and T.M.3. were spéctroscopically pure;

purified by standard methods.
Ammonis and diethyl ether were stored over scodium wire, then

distilled; dimethyl ether was distilled off LiAlH, and then

4
fractionated on the vacuum line.

Starting ﬁaterials for reactions were prepared as outlined bélow.
Checks for purity were made by both infra red and n.m.r. spectroscopy.
All other compounés vere éither commercial products, or were

prepared by standard methodé. The reade? is referred to "Inorganip

Syntheses",
The range of alkyl tin phosphines was preparéd the standard way,
Aﬁith the addition of the alkyl tin chloride to a mixture of PH3 and

triethylamine. The resultant phosphine was extracted int¢ ether,

filtered and dried on & vacuum line.



Compound Preparation Reference

(1) Cl2PNMe2 P013 + HNMeZ 112
(2) F2PNMe2 (1)+ SbFB 112
(3) F,PX (2) + HC1,HBr or HI 112
(4)  GeBBr GeH, + EBr + Albry 113
(5) SiH Br PSiCl; + LiAlH,, then HBr 114
(6) S1B,C1 (5) + HgCl, ( streaming) : 115
(7) (sm3)31= © (5) + KFd,, . 116
(r:_s) P, (BP0, + heat | 117
(9) AsH, 85,0, + KEH, ) : 118
(10) BH, / B,D¢ KBH4 /KBD4 fﬂ3(D3)Po4 | 119
(11)(R33n)3P ' 120
(12) r~1oc7118(co)4 . 121
(13) Me-Se-Se-Me Me 50 4 * Se + NaOH 122
(14) MezPPMeZ ( MezP(S) )2 + Fe 123
(15) Me PH " + LiA1H4 124
(16) LiPHe,, (15} + Buli ' 125
(17) Me,SiPHe, (16) + Me3SiCI ‘ 125

Where other materials mentioned in the text have been used, reference
has already been made concerning their preparation in fhe introduction.
However variations in preparation of some of the methyl and dimethyl
pﬂosphiﬁe derivatives were made to (a) adapt their use to the n.m.r.
tube scale requirement and (b) take account of the commercially

available reagents at the time.

-
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2. Instrumentation. !

Infra-red spectra were recorded on a Perkin-Elmper 225
grating spectrometer (4000 - 200 cm-1), or a Beckmann RIIC F5720
interferométer (400 - 50_cm_1), using gas cells equiped with Csl
vindows, a solid/condensation cell with CsI wiﬁdows ,» Aand a
solution cell fitted with polythene windows ( for the Beckmann).
Raman speétra ﬁere obtained using a Cary 83 sPectrophotometer with
argon-ion 488.nm. laser excitation. Mass spectfa vwere recorded with
a double focussing A.E.I. MS 902 spectrometer.Ultra violet
photoelectron spectra were recorded an a Perkin-Elmer P316 spectrometer
having He(I) excitation {21.22 eV).

N.m.r. spectra were recorded on Varian Associates HA100 and deuterium
locking XL100 spectrometers. (126,127). Both spectrometers were fitted
with variable temperature control,and the facility to_carry out

douﬂle resopancé experiments in the case of the BA100, came from .

use of a Schlumberger F3/30 frequeﬁcy generat&r which was monitored

to ensure coﬂsistency (128). Various modificetions to the XL100
permitted direct observation of many 'faier‘ nuclei.

Electron diffraction'déta were collected phofographically on
Kodak plates, using Balzer'é KD.G2 instrument, with a rotating
sectof, at the University of Mancﬂester Institute of Science
and Technology.( 129) . ihe electron waveléngth was detgrmined
directly by measureient of the accelerating voltage and also
from the diffraction ﬁatterns of benzene. Nozzle to plate distances
of 250, 500 and 1dooﬁm were used.with the samples meintained at room
temﬁerature. A Joyce:Loebl aufomatic microdensitometer was used
to convert the data‘to diéital form. The data was then handled -
by.estaﬁlished-methng and programmes on the ICL computer at.the

Edinburgh Regional Computing Centre. ( 130,131,132). Distances



85
quoted are ra values which correspond to the centre of gravity of
peaks in the radial distribution curve P(R)/R (133,134).
Errors in distances, amplitudes of vibration and angles have been
increased to allow for systematic errors (133). Davis has given a
general account of procedures adopted in the electron diffraction study

N

of gases (135).

3. Experimental details :

A1l reactions were carried out under vacuum in clean apparatus
which was streamed with silyl halide to remove traces of moisture.
Many of the reactions were followed in 5mm n.m.r. tubes which
vere filled under vacuum with condensible material , or filled
~in a dry, nitrogen filled glove bag with solid or non- volatile.
material. The n.m.r. tube was then sealed with a gas-torch at a

previously formed constriction. It was often necessary to pre-heat
n.m.r. tubes in .. acetope/carbon dioxide,.after removal from

liquid nitrogen storage . This reduced the risk of broken tubes
~when the spinner for insertion into the probe,was fitteé.

The experimental details of the reactions described in the text

follow on the next page.
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Chapter 1 Experimental section ;

Reaction l.1. (SiH_)_P+ GeH_Br
-2 333 —
0.2 m mole of (SiHB)BP was . treated with 0,3 m mole of

GEHBBr' in an n.m.r. tube. CGD6 and TMS were used as solvents

31

After 5 minutes reactions at -10°C the - P spectrum was

recoded. Resonances due to {GeH )3P and (SiH )3P were

3 3

observed, those due to the intermediates postulated., After
. ! . -

several days reaction at room temprature the spectrum

showd no sign of (SiHB)BP' only a shift in:distribution

" of the intermediates to the germyl side. Some (SiHj)ZPH

was detected with the consequent formation of (GeH3)2fﬂ and

GeH PH SiH .
3 3

Reaction 1.3. (Me Si) P + GeH _Cl
: _3 2 3=

a) n.m.r. tube scale

0.5 m mole of (MeBSi)BP was syringed into an n.m.r. tuhe

in a glove bag filled with dry nitrogen. The n.m.r. tuhe

was transferred to the vac.uum line and 1 m mole of GeH Cl}

3

was distilled into ite The solvent used was CDGIB;
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At -50°C only (MeBSi)jP was detected when the 31P spectrum
was measured and at toom temperature (GeH3)3P was predominant.,

b} Preparative scale

~

As (Me3Si)3P is involatile,‘it has to be syringed. 1 mili{i
litre weighs 0.941 grammes, therefore, aé its molécular weight
is 250, tﬁen 1m mo}e haé a volume, at room temperature, of
0,23 millilitres.

4 m moles of (MéBSi)BP were treated with GeH,Cl (13 m moles) in

3
an ampoule fitted with g greaseless tap. The ampoule was
allowed to warm to room temperature and the volatile products
were fructionated. (GeHJ)BP was held in a trap at ~46%

. e Lo . 31 '
while Me351Cl passed through. I.R.& P n.m.r. spectroscopy

confirmed the products of reaction.

Reaction 1.4.

(Me Si)_ PH + GeHBQF

3

(MeBSi)é PH was prepared the standard way (reference 31)
from trektment of (MGBSi)3p with water. The water was added

to dried ether and a solution of (MEBSi)BP in ether was added



to this. All reactions at this stage were carried out inra glove
bag filled with dry nitrogen; the solution of phosphi ne, by this
time in an ampoule fitted with a greaseléss tap, was transferred
to the va cuum line for distillation.

0.3 m mole of HP%fMeBSi)z was treated with 6.3 m mole of

GeHBBr. The solvents used were TMS.and C6D6 in a 4:1 ratio.

The n.m.r. spectra were recorded at -20°C. A wide range of

‘phosphines was detected.

Reaction 1.5.

(Me 5i) P + SiH Br

-0u5 m mole of phosphine were treated with 1 m mole of

SiH _Br in an n.m.r. tube using CDCl, as solvent. The 31P

3 3

spectra were recorded at o SOOC and the presence of

(MeBSi)BP SiHB, Me _Si P(SiHB)z + (SiH )JP was observed.

3 3

Reaction 1, 6 (Bu,Sn} P + GeH_Cl
P J 3~

|
O.5 m mole of phosphine was weighed out in an n.mer.

tuhe and the tube was pumped on a vac ‘uum line for 4 hours.

1 m mole of GeH3C1 was added and CDCl3 was the solvent.
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. o
P spectra were recorded at =50 C. This experiment was
repeated with CD2C12 as solvent.

Reaction 1,7 (Bu_Sn)_P + SiH_Br
T 3 3=

0.3 m mole of (BaSn%P was treated in an n.m.r. tube with 0.5
m mole of SiH Br. CDC13 was the solvent. The spectra were

initially recorded at - 60°C.

Reaction 1.8 (Bu_Sn).P + Me_SiCl
3 F 3
0.3 m mole of phosphime was treated with 0.5 m mole MeBSiCI
in an n.m.r. tube with CDCl3 as solvent. Observation of the reaction

o
commenced at - 60 C,

Reaction 1.2 (Me _Sn)_ P + GeH Cl
2 Meyonl, 3=

0.3 m mole of (MeBSn)jP was treated with 0,6 mmole of GeH301 in

was the solvent used. The 31

3 P spectrum

an n.m.r. tube, CDC1

was initially recorded at - GOOQ.

Reaction 1:10 (MeBSn)QP + SiHJBr

0.3 m mole of (NEBSn)3P_Was treated with 0.6 m mole of SiHBBr
in an n.m.r. tube, CDCl3 was the solvent used and the 31P spectrum

was recorded at —GOOC,_initially.

89



Appendix Reactions

Preparation of L@gg§g)}2:

Bu SnCl + FHy —_—) (B'_u35n)3P +3 EtBHH+C1-
. Et.N

A 200 ml, ampoule, fitted with a greaseless tap, was evacuated and

then 9.1g of Et_N and 29.2g of Bu3SnC1-was added. The ampoule was

b

frozen in liquid nitrogen and pumped down on the vacuum line. 23 m mole

of PH_ were then condensed intc the ampoule, which was then removed

3

and allowed to warm to room temperature. A white solid was observed

to precipitate on warming and after several minutes moré Et3N was added.
The ampoule was then opened to air and the phosphine was extracted into
ether. The solution was.filtered on a sinter and the ether rémoved

on a rotary evapotator. The phosphine was pumped on a vacuum line

and was analysed by I.K. and n.m.r. spectroscopy. & yield of 85%

was achigved subsequently if the PH3 was added in stéges to ex&ess 

with ether, though this gave problems with disposal. ”

Heaction of (Bu,Snj P + HCl:
_ 7

The phosphine was ireated with 0.45 m mole of HC1 (a 1:1 mixture) gas

31 19

by vacuum distillation in an n.m.r. tube. The P and Sn n.m.r,.

spectra showed the presence..of (BuBSn)BP ,(BuBSn)EPH , (BuBSp)PHé & PH3-

90



91

Chapter 2 reactions PREPARATIONS OF P-P:

Scheme 1

Q3P + PF_ Br -~ QZPPE; + Q& Br

2
Q = SiH_,Me.Si, Me Sn, Bu. Sn, GeH
3171637y BG O, Buy By BeHy
. i B
Rn 2.1 (SlelﬁP + PF Br

3P was treated with 1.5 mole of PFéBr

in a dry ampoule fitted with a greaseless tap. The

i) 0.5 m mole of (sng)

reactants having been condensed into the ampoule were
‘allowed to react at - 64°C. It was noticed #p&t,a yellow
orange selidmhad_started to form. Fractionation of the volatile
produqﬁs,af‘thisistage, followed by infra- red anal&sis

clearly showed (SiH5)3 P, PFzBr'+ SiH,F with no trace

of SiHBBr or the expected product (SiH3)2 PPFZ.

On recombination of the (SiH3)3R and PF2Br,into the

ampoude and allowing farther reaction time up to
seven days at room temperature, it was observed that a

considerable amount of a red-orange solid had appeared

-
and that the only volatile products detected by I.R.

spectroscopy were gome SiH_F and some PFB. It was

3
also observed during the operation of the high vacuum -

equipment that non-condensible gas (Hz) had been

produced,



ii)

1 m mole of (Si%?B P +-PFEBr were added separately

by condensation to' an ampoule containing CFClB( 2mis).

The ampule was allowed to warm to -64°C and a yellowish
solid started to appear, Fractionation of the volatile
products at -6400, followed by IR spectromeiry showed

the presence of SiH‘

3

.dthérﬁrééctions-yieldiﬁg décomposition:prodﬁcta~r§sulted as

F with unreacted (SiH3)3P. However. -

"the -"vacuum line was by this time showing a deposit

of a yellow/red solid.

iii) 1.5 m mole of (SiHj)BP was similarly treated with

iv)

2.5 m mole of PFzBr in'Arcton' -as.solvent. On
warming to room tempérgture theré was considerable
effervescenee;nd a solid(yellow /green in colour )
appeargd after 10 minutes, However examination of
the fraction,remaining at uGAOCJshowed the presence

of (SiHB)BP and (smj)3 PFF_ breakdown products.,ie

2

SiHBF + PF3 + yellow/solid on IR spectroscopic analysis.

An n.m.r. tube reaction .

(SiHB)BP {0k m mole) + PF2Br {1.0 m mole) were
i

added to an n.m.r. tube containing CFC].3 + TMS in an
80% / 20% ratio.

As decsribed in Arnolds thesis (Ref. 49) (51H3)2PPF2

was detected by its n.m.r. spectra.

92
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Rn 2.2 (Geﬂ}_)3 P * PF,Br

i) 0.15 m mole (GeH3)3P and 0.3 m mole PFzBr were allowed
to react at room temperature after condensation into

an n.m.r. tube containing the following solvents CFCIB,
C6H6 and C.D.

Over a period of 21 days the formation_of(GeHj)zfmmé:.wasfﬂ'r.

observed with its co-product GeHBBr. No farther

31, , 19

substitution was detected as exhaustive 1H, F

n.m.r. showed PF Br {unreacted), GeHB)2 PPFz, GeHjBr,

and a little.PE3 as the contents. No trace of GeH F was

3
detected. "’

ii)The preparation of (GeHB)2 PPFa is described in the

section under chapter 4 experimental details.

Rn. (M93§l)3 P + PF _Br,

0.070g of (Me Si)'gp(o.3 m mol_e) was weighed into a

3
nitrogen filled n.m.r. tube'in a glove bag. The
nema.r. tube was then pumped for 1 hour on the vacuum

-line, -1 m mole of PFzBr was condensed after gddition of 06D6.
19F

bl

(Me3si) 2PPF2'.!,(-PF2)20 and PF, were detected in the ” P and

3

. . 1 .
spectra while Me351Br was detected from the "H spectrium after

ca.. 10 minutes reaction at room temperature.
| .

. le, Si) P %) PF _Br,

3)Rn23(1‘e)1 +PF2_1_, HBr
0.5 m mole of (MeBSi) 3P was added to an n.m.r. tube
into which CGDG‘ .wa8  later condensed. 0.5 m mole of

Pcmi were then added,



After 10 mins,at room temperature, the contents of the n.m.r.
tube were examined by 31P n.m.r. and (MeBSi)zPPFz was detected

by its n.m.r. parameters.

n
. B
Rn 2.4 (Bu_ Sn) P + PF Br

i) (BunBSn)BP prepared + purified (see details :unrder Appendix

experimental details for Chapter 1) was weighed ocut
(0.23g= 0.25 m mole) and syringed into an n.m.r. tube
fitted with a B10 cone. The tube was then evacuated and

pumped for 2 hours.

6

Benzene & d- .. benzene weré Qdded as solvents and 0,8
m mole of PFzBr was added to the tube., On warming the

tube after sealing, a red solid was observed to form

31
e

qifh rapid effervescence. Th P n.m.r. spectrum showed

the presence of PF

JNith a little (PFz)zo'as the main

product.

ii) ©.845 g (0.95 m mole) of (Bu Sn)BP was syringed into

3

an ampoule fitted with a greaseless tap. 3 m moles of

PFzﬂr were then condensed into the ampoule which was

allowed to warm to -23°C. An orange/brown solid was

observed. Tﬁe volatile products were fractionated

: , o .
through a trap in a slush bath at - 96 C. No volatile

products were observed at this temperature however the

trap at —196°C contained PFB(Z.U.m mole.)

94



'iii) C.5 m mole of (BuBSn)BP was treated with C.3 m mole

of PFzBr in a n.m.r., tube, Deuterochloroform

was the solvent used. Use of variable temperature

3 n.m.r. enabled the spectrum of (Bu Sn)szF2 to

3
be recorded at - 60°C. It was poessible .to store
this compound in solution at this tempcrature‘for
several hours without appreciable decay to PF3 and
poiymerb solids althoﬁgh a yellowish deposit was
eventually observed.
Reactions were carried out ﬁsing different ratios
of PFZBr to phbsphine and these are described in the

experimental detail section of Chapter 3 reactions.

Rn 2.5 (MeBSn)BP + PFQET

i) 0.35 g (0.7 m mole) of (NEBSn)3P w;s added to an
Nem.r. tube by a similar.method to that above,
The sclvent selected was dgtoluene and 0.8 m mole of
PFZBr was added. In order.to pre?ent ice forming on
the outside walls of the n.m.r. tube it was necessary
to warm the tube to - 78°C before fitting a .?pinner.
to enable the n.m.r. operation ta be recorded at
- 100%.
The compound (MeJSn)z FPF,, was detected and s
its parameters established from spectra Were-therefpre

recorded.
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Other ratios of (MeBSn)jP and P?z Br are described under 4B

section dealing with {hapter 3 experimental details.,

- P B A "
Scheme 2 R2P Q: + PFzBr _— R2 PF2 + Q@ Br._

= CH. .Q = Me_Si. .
R 3 ;Q e3 i

Rn 2,6 (Me_Si) P ( CH )_+ PF_ Br:
3 32 2

i) 0.5 m mole of MEBSiP(CHB)z was treated with 0.5 m mole

.. 2
PFaﬁr in an n.m.r. tube containing d CD201 The

n®
solvent was condensed on to the phosphine and the tube
warmed to permit mixing. A farther layer of solvent was
added before the PFzBr was condensed into the tube, On
31

recording the P spectrum of the contents of the tube
at -80% no peaks could be attributed to known compounds

with the exception of PF3 and (PF2)20.

ii)The above experiment was repated with d8 toluene as the
solvent and great care was taken in inserting the tube into
spinner and Qariabie temperature spectrometer. The tuhe
was warmed to «60°C and the spectrum of (CH3)2PPF was

2

recorded. This arrangement had to be repeated to collect the
| .
data for all the n.m.r. parameters as the tube was of

" only limited use,even at -6O°C1a5 (CHB)Z PPF, was found

to be very unstable,



Rn 2.6 (a) KPMe2 + PF C1

KPMe2 C.4 m mole was treated with PF2C1{0.5 m mole)
using an n.m, r, tube filled with benzene aé.golvent;
-in an initial attenpt to make PF2P(CH3)2. No reaction
at room temperature was apparent until after 8 weeks

the tube was farther examined and was found to contain PH

and PFZCﬂ with a yellow solid.

Scheme 3

QFPF + MX --3 QM PPF, + G Cl
2 2
2
i) M-H, Q=Gell,, X = C1
“3i) M=SiH =GeH. X =1
2 Hy Q 3
iii) M = GeH - SiH. X = Br
3 9 3

Rn 2. PPF,
n 2 ?(GeH3)2 PF,, + HCI

e

0.2 m mole of (GeH3)2 PPFZ were dissolved in.a 20% C6D6/TMS
and treated with 0,2 m mole of HCl., The tube was warmed

te - 60°C and the spectrum showed the formation of GeHjﬁﬁrPFz

with some unréaéte@;ﬂ%;f(GéHB)z. A yellow solid was observed
to appear on contifived storing at this temperature. The

products fpumrd’on warming: to room temperature were (GeH3)2IH

and (GeH3)3P indicating some disproportionation. PH

L]

was also detected,
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R . SiH PPF Gell_ Br:
n 2.8 (Si 312 , + Ge 3 r

Step A: Preparation of (SiH3)2 PPF,,see above.

Step B: Rn of (SiH3)2 PPF,, with GeH3 Br

The contents of an n.m.r. tube containing (?iHB)zPPFz

were distilled into another n.m.r. tube; this was done

by placing the n.mer. tuﬁe into an ampoule so that the

tap of the ampoule just covered the sealied end of the

tube, pre?iously scored. On'rétation of the tap the_ seal
breaks and the contents of the tube, in this case (SiHB)zppF2

4SiH F, PFzBr + some QSiHB)3 P were distilled into

3
another tube. As 0.2 m mole of (SiHB)B P had been used

in step A it was decided to add 0.3 m mole of GeH Br.
1
The ‘'‘mixed' silyl/germyl -type was detected by 3 P n.m.r.

specti 08CODy.

Rn (Me351)3 P+ H,0 --4'(Me351)2 0+ 2 (Me351)2 PH .

Rn 2.9 (Me Si)2 PH + PF, Cl:

3

3

so it has to be added to the n.m.r. tube using a syringe.

{Me Si)3 P is not volatile under :vacuum at Yoom temperature

0.3 m mole was added to an ampule fitted with a greaseless
| .
tap and an n.m.r. tube on the side arm. O.15 m mole of

H_ O were added after dissolving the phasphine in dry Et

2 04

2
in a glove bag. The EfZO was removed by pumping én the

ampoule which had to be cooled with ice. The n.m.r.

solvents were distilled into the side arm,n.m.r. tube



and the (MeBSi)2 PH formed was also condensed and dissolved.
PFz €1 (0.3 m moie) was added. The tube was warmed to room

temperature and the P spectrum was recorded. (Me Si)z PPF

3

was the only diphosphine observed and on allowing the tube

2

" to remain at room temperature a yellowish solid appeared
while the n.m.r. spectrum showed an increase in the amount
of (MeBSi) PH2. and the appearance of (MeBSi) 3P.
Rn (Bu”_Sn) _P + HC1 --3 (Bu"_SnCl + (Bu" _Sn)_ PH

3 3 3 3 2

n .
Fn 2.10 2 (Bu _Sn) PH + PF Br.:
BALELE g 2u ), 2 1——:r——

0.5 m mole of (Bu}Sn)3 P was syringed into an n.m.r. tube
and treated witH‘O.S m ﬁole of dry = HC1l gas, the latter was
condensed into the tube with the solvent CD2CL2. The tuhe
was warmed and cooled until no pressure was detected at rooﬁ
. temperature. The PFzBr was then condensed (0.75 m molé) and
the tube sealed. OUn warming tb- -60°C only PFZP(SnBUB)2

was detected as the diphosphine, Warming the tube gradually
to room temperature resulted in é red solid forﬁing with FF

3
+ (PFZ)ZO‘observedq in the spectrum as well.

Scheme &
H_O/HBE

Br. -—w--3 RPH.PF2 + 2Q Br

RPQz + 27PF2

+ GPF2)20

= C = Y
R HB. Q = SnBu 5
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n
. B
Rn 2.11 CHBP(Sn Bq 37)2 + PF, Br

i) 0.13 m mole of CH3.P (SnBun3)2 was added to an n.f.r.

tube by syringe, d 8 toluene was added, 0.7 m mole of

31

PFzBr was added. Observation of the P n.m.r. spectrum

showed mainly PFB' €PF2)20 , however on repeatedly

"

. V B n
resett ing the offset lines to shift fold back the

species sz PH. CH_ was detected. The reanents were

3

then checked. PF2Br was fractionated several times to
remove all traces of HBr and the phosphine was pumped
for 4 hours to remove traces of water, Repetition of this

experiment yielded no PFz H'CH3' only'PF3 and a red solid.

Rn 2.12, (BuBSn)z PMe + 2 GeHSCl --—9(GeHJ)2 FMe + 2 Bu33n01,

then.

PM Br :
Rn (Geﬁj_)_2 e + PFZL.

Sn)2PCH + 1.3 m moles GeH301 were

3 3

condensed into an ampoule. After 30 minutes at room

0.65 m mole (Bu

temperature the volatile contents were distilled into
an n.m.r. tube and were treated with 1 m mole of PFzBr.

Warming to - 60° showed the presence of PF2PH.CH3.

The formation of borane adducts is.neit detailed. Di borane was
prepared and stored under a vacuum, at liquid nitrOgen temperatures.
The sgﬁe care has to be taken with it as was taken with thé

derivatives of silane discussed earlier.



Experimental Section for the borane adduct sectiom of
Chapter 2 .

Reactions of Q Q' P-PF

- 2

Rn 2,13 {GeH 2"22

Rn 2.1 GeHJ_]_ FP -*—Bzuﬁ

0.2 m mole of (GeHB)Z PPF was treated with 0.2 m mole.

2
of BQFB in an n.m.r. tube using a 50/50 mixture of . T:;M.S. and

d6 benzene as solvents.
On warming to room temperature the n.m.r, spectra of the
P,F,H nuclei were recoided and, the parameters obtained for

BH3: PF P (GeHS}z. This experiment was repeated With'BQDG to
2 .
restablish’ the reason for H

3B:PFEH formation.

Rn 2.1# (BuBSn}zP PF2 + BZ%

0.46 m mole of (BuBSn)BP was treated with 0.% m mole

PF Br in an n.m.r. tube using d2CD2C12 as solfent.
0.2 m méle of BZHG were then-added and the fube was
sealed. The n.m.r. spectra showed a boron adduct
attributed to BH3:PF2P(SnBu3)2-° Slightly less PFzBf was
added compared with tin phosphine to ensure no (PFZ)ZPSnBu3
could - form,

Bn 2.15 PF, P(CH3)2 + BH

0.5 m mole of Me_Si P(CH3)2 was treated with 0.5 m

3

8
mole of PFzﬁr in an n.m.r. tube using d toluene to

dissolve the silyl phosphihe and as a buffer between

11
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the fluorophosphine and solution. The tube, still
attached to the vacuum line was warmed to - 78°C for

5 minutes and then cooled to - 196°C. 0.25 m mole

of B2H6 was then added.- On recording the spectrum at

-BOOC. A boron adduct of a diphosphine, attributed to BHsPFz-

P(CHB)2 was observed and although it was as unstable as the
parent diphosphine, nevertheless some n.m.r. parameters were

obtained.
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Chapter 3 Preparations and Reactions

En 3.1.

i) The (BuBSn’BP was treated with 3 m moles of PFaBr in an
ampoule fitted with a'greaseless tap. The ampoule was
allowed to warm to - 230C and the contenté‘were obsérvéd to
effervesce and turn a reddish colour. Fractionation through a
trap at -96°C into one. at -196°C yielded oﬁly one product
which was identified by its I.R. spectrum as PF?, although.

decomposition in the traps was observed.

ii)This experiment was repeated in an n.m.r. tube using solvent.
0.25 m mole (BuBSn)BP was treated with 0.8 m.mole PFzBr usiﬁg'
a 20% db benzene/benzene mixture as solvent. The tube, aftef
sealing, was allowed to warm to room temperature and quickly
a red/brown depoéit was formed,virtually solidifying fhe

31

contents of the n.m.r. tube. The "'P n.m.r. spectrum showed

PFj Mwith some (PF2)20,as the only product.

iii)(Bu_Sn) P + PF_Br 1:2.2.
P 2 =

0.45 m mole of (BUBSn)BP was treated with 1 m mole of
PFzBr in an nym.r. tube using CDCl3 as the solvent.
Warming the tube to -60°C resulted in a yellowish tinge with

no solid appearing. Theij n.m.r. was recorded showing

, P+ (PF) P Sn B i PF_)0.
the presence of (PF2)3 + ( Fz)z n Bu, with PF3+ ( sz?
iv).25 g (BuBSn)JP(O.B m mole was treated with 1.2 m mole of

PFzBr in an nem.r. tube using CUCl3 as the solvent. The
spectrum of 31P was recorded and resonances attributed to

(sz)jp from the literature were observed. (Ref 47).
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Rn 3.2 (Me_Sn) P + PF Ban
d:2 Uy nly + TTo8

i) (MeBSn)BP, O.4 m mole, was treated with FF Br, 1.3 m mole,
5 .
in an n.m.r. tube using d Cchn2 as the solvent

19

o
The F n.m.r. spectrum was recorded at -~ 100 C and showed only

the formation of (PFz)BP;even at this temperature with relatively
. 1 .
short reaction times,due to the sensitivity of 9F compared

with 3t

P to apcumulate data, no sign of -intermediates

namely (P_Fz)zPSnMe3 or (PF2)P(SnDh3)2 was observed.
ii)(Me3Sn)3P,0.6 m mele, was treated with PFZBr,O.9Mmole in

an n.m.r. tube with d2 CD2CL2 as the solvent. Recording

the spectrgm of this system at - IOO%showed therpresence

of PF3 even at low te%peratures.
Rn 3.3:

'3 PF_Br « (BuHBSn) 3 P -3 (PFZ)BP +l3IBun35nBr

1.5 g of tin phosphine (1.7 m mole) was treateq with

5m molg of PFzBr in an.ampoule fitted with a gréaseless tap

The reaction was helid at - 64°C for a few minutes. It_was

noted that a yellow solid was being précipitated. The

contents were then fractionated through a trap at —46?0

into one at -19B°C. The giass ampule itself was held at - 2300-

PFB_and a_little PFzBr was all that remained in the volatile

fractions. However a yellow/green deposit had been left

on the gla55war4;after the céndensed fractions were
fractionated. The ;mpoﬁle had an orange solid left behind,
whiéh was not identified.

No farther attempts were made to isolate (PF2)3P by this route,
" though allow temferature fractionation apparatus should bg‘employed

to purify the tetraphosphine.
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Rn 3.4 ° 3PF.Cl + PH_ + .3Et.N
2 F 3

i} 1.5 m mole PF2C12 was condensed into an ampoule, fitted
with a greaseless tap, and treated with an equimolar
amount of E£3N and 0.5 m mole of PH3. Thg mixture was
allowed to warm slowly, and & yellowish/brown solid formed
rapidly. The volatile products were removed and.wére
found to be PFB.

ii) 6.9 m ﬁole‘ﬁf PF201 was condensed'info an n.m.r. tube
and treated with an equimolam? amount of Et_N.and 0.3

3

m mole of PH . CDCl3 was added between condensations

3
as the solvent. When the tube was warmed to -60°C a
. 31
brown solid was observed to form and the P n.m.r.

3

room temperature only Pts,was observed.

spectrum showed only the presencé of PF, +PF§CI. At

Rn 3.5 Route to (PFz} PH :

0;5 m mole (ﬁuJSn)jP was treated with HCI(O.S mole)
in an n.m.r. tube using d201)2C12 as the solvént. The

tubhe was allowed to watm to room temperature until

liftle pressure could be detected in the Mg cuum system
which would indicate that the HCI had been used up. 0,75
m mole PF. Br was then added. pFZP(SnB“B)Z was the only
product detecfea‘in the diphosphine series at -60°C and

:PF3 was all that remained apart from a red solid at room

temperature,

Rn. 3.6. (PE2)__2PSnBu3 * BH.: (131 ratio)

0.5 e mole of phosphine was treated with 1 m mole of PF2Br in an

n.m.r. tube. CD2012'was the solvent. The tube was allowed to warm

to -60°C, ‘then giborane. was added. PF JPF,Br and H,B:PF.H were

3 3

foun§ wiyh (BHB:PF2)233n3u35 o



Chapter 4, part 1, Preparation of (GeH ) PPF. .
P et

The reaction described in experiment 2.4. was attempted on a

preparative scale.

(GeHB)sP + PFBr -——-);.(nen_),).zrppz +. GeH,Br.

3
1 m mole of (GeH3)3P was condensed into an ampoule fitted with a
e . .
greaseless tap. 2 m mole of PFzBr were then condensed into the ampoule.

It is very important at this stage to ensure that HBr is absent from

the PFZBr-;-fractionation through & trap held at -120°% will suffice.

The ampoule was allowed to warm to room temperature for ten
minutes. The products of reaction were then fractionated on the

vacuum line. As an excess of PFZBr is used<then theoretically no

unreacted (GeH3)3P should .remaim. Conseguently GeH3Br has to be

separated. Fractionation through a trap held at -46°C allowed
GeHBBr to pass through, while the diphosphine was held. This
reaction gives a high yield based on (GeH3)3P. |
Caution: ' _

As (GeHB)szwas prepared from treatmept of (MeBSi)3P with
GeHBCI, it is imperative that GeH301 is free from HCI.
Chapfer 2 deals with reactions of diphesphines with HX.



Chapter 4 Pt. E s Experimental Details,

Reaction 4.1. (GeH}lzg£f2+(MeS} s

(GeH3)2PPF2 (0.2 m mol®) was tmated with (MeS)z (0.3 m mole)
in an n.m.r tube with CDCl3 as the solvent. The (Mes)z was
- obtained commercially and was purified by vacuum distillétion
to remove gatef, "The 31P n.m.r, spectrum was recorded at
'-56{ and at room temperature but no change was observed, in
the segment to high frequency. After 2 dayd reaction this
segment was re-recorded and the spectrum showed the ﬁresence
of PFZSCH3 ’ identified by its chemical shift and coupling
constant-J‘PF. The low frequency segment of.the phosphorus
Specprumjnﬁi;ated thaf (GéHJ)B P had been formed (it was

not previously there), with smaller amounts of (GeH3)2PH

19

and (GeHB)PH . The " °F spectrum confirmed the presence of

2

PFé&CH and some PF2H was also detected..The proton spectrum
3 .
indicated that some (GeH )23 had also formed in the n.m.r. tube.

3
Rn 4.2

(GeHB)zPPFz + [MeSe),

(GeHs)2 PPF2 (6.2 m ﬁoie) was treated with 0.2 m mole of
(MeSe)2 which had been freshly prepared and which had also
been purified by Va&cuum distillation to separate water
and.poiyselenides. The colourof (MeSe)2 is orange red and
on warming the tuSe to room temperature the colour became

less intense over a.period of 45 minutes. The proton
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spectrum duickly verified the presence of PF25e0H3 and
some other Germyl phosphines. The phosphorus spectrum
of the reactants and products was recorded and from it
the presence of Pl“zﬁe(}!{3 was confirmed from the section
of the spectrum to high fregquency of phospﬁpric acid..

The low frequency spectrum howver was complex with (GeH )zfﬂ

- 3
+ (GéH3%5P being identified as the major components.

No other flines of significance were confirmed and it was

not possible to detect aline with Se satellites.

Rn 4.3 (GeH3)2 PPFZ + (Acs)z

A sample of (AcS)2 was obtained and dried on molecular
sieve, Thg 5 reactant was pumped and approximately 0.2

m mole was weighed into an n.m.r. tube iﬁ a dried nitrogen
filled glove bag. The eguivalent amount of (GeHB)zPPF2
was added , .in this éasé;.zl m mole, and the‘reaction was
allowed to proceed at room temperéture for severai dayé.
No observable change took place which could be detected by

n,m.r, spetroscopye.

Reactions with Molybdenum Carbonyls :

+
. P C HM o) 1~
Rn 4.4 (GeHB)zlPFz + N Me gHigho {C )51

0.2 m mole of the molybdgnum compound was treated with
0.2, m ﬁgle-of (GeH3)2 PPF2 in an n.m.r. tube. Tﬁe solvegt
used with CDClj. ‘A mauve oii was observed'separéting

from the CDC1, but only PF3 was detected, by ?IP N.Ma.Y.

3

spectroscopy.
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Rn 4.5, Mo(COA) norbornadiene + (GeH3)2 PPF2

0.15 m mole of the molybdenum carbonyl was weighed .into an

n.m.r. tube and the solid was dissolved in CDC1 0.3. m mole

3‘
of (GeH3)2PP_F_f2 was added and the tube was sealed in the usual

way. b

lH n..r. showed the presence of norbornadiené and as the
so;ution gradually changed colour from bréwn to dark green.
GeHBF was detegted in the 1H spectrum and some complex broad

band structure was also detected in the phosphorus spectrum

resembling the _(,PF P)pattern in the same area as (GeH3)2 PFF,

_.which was still there in quantity. After prolonged standing

. at room temperature,{(GeH PPF2 eventually decayed to

3 2
] .

gn 4.6, (GeH3)2 PPF_ + F’e‘(co)9

2

0.2. m mo}l" of Fez(CO) was added to an n.m,r, tube and

°
carefully pumped for a'fewiminute on a vac:uum line. -

The solvent pDClB,was added before an equivalent amounf

of (GeHB)2 PPF2 was added. That reaction was followed by
n.m.r. and none was found to take blace ag the (GeH3)2PPF2

remained as the only product identifiable by n.m.r.

Coordination type reactions with Pt systems

" Rn. h.z;

1

C
(GeHB)z PPF, + HPt (PEt3)2 1 (trans)
0.15 m mole of HPt(PEtB)z'Cl was treated with .15 m mole

'of (GeHB)zPPFé in an n.m.r. tube,

@8 toluene was used as the solvent on the first attempt .
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The spectrum was recorded with the n.m.r. tube at - 60°C but

as H, gps was evolved there was poor resolution and after the

2

reaction subsided a red/orange solid could be observed in the
tube. The free phosphines, detected, were PE3 + PH3 before

the tube contents solidified and resolution was totally lost.
This experiment was repeated in CDCl3 with much the same
result,

Rn 4.8 (GeH3)2PPF2 + m(PE-tj)zI (trans )

0,15 m mole of PFzP(GeH3)2 was treated with 0,15 m mols

HPhiPEJE)zl. The platinum . - iodide compound as in the case

of the chloride had previocusly been preweighed into an n.m.r. tube

and then pumped on a vac yum line. Cchl2 was the solvent.

A bright red solid appeared on warming and with the liberation

of Hyy the only products observed and identified by their
n.m.r. spectrum were.PF.3 and PHB.

Substitution reactions

(GeH3)2 PPF2 + PF21

Rn 4.9

0.2. m mole of (GeH,), - PPF, was treated with 0.2 m mole of
PFéI. The reaction was carried out in an n.m.r. tube with CDC1
as the solvent., No change was observed save gradual

decomposition.

Experimental details of the miscellaneous reactions

‘Rn _4.10 (GeH3)2 PPF, + BF,,

0.15 m mole of (GeHJ)PPF2 was treated with C.15 m mole

BF. in an n.m.r. tube using TMS & benzene as the solvents,

3

3
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Warming the tube to room temperature resulted in the contents

effer?gacing with the formation of a pale yellow solid.

The only identifiable product in the 31P spectrum was PF3.

Rp 4,11 (GeH3)2 FFF,, + PF5
0.15 m mole of (GEH3)2 PPF2 was treated with 0,15 m mole
PF5, in ‘an n.m.r. tube using TMS and benzene as thg solvents.
On warming, & gradual clouding of the clear solution was
observed. The colour of the precipitate change& from

white to yellow in 30 minutes. The only productlidentified

was PF. and some unreacted {GeH

3 PPFz .

3)2
Reactions with Sulphu S i H

Bn 4.12. (GeH3)2‘PPF2 +.8 1 in ng)

0.15 m.mol of (GeH3)2 PPF  was treated with 1.50 m mole of

" had previocusly been

Sulphuf (yellow flowers). A3 CS2 L

chosen as the solvent, it had to be added last as there is

a greater risk of fracturing an n.m.r. tuhe with the freezing

down of this solvent than there is with the freezing/remelting

of bengzene, Therfore, benzene JIMS and the (GeHB)2 PPF‘2
were vacuum distilled into the tube before 052 was added.

The solvents were added in egual amounts.

No change was observed until months later. when some

HPF2$ was observed in the system with (PF2)20 + PFB.,

Reaction 4.1% (GeHB)ZPPFZ “+  Se.

A similar method to fhat outlined above was used when 0.45 m mole

of Se was added to 0.15 m mole of the diphosphine. Aftef several

months, at room temperature, only decomposition products of

ﬁceﬂ3)2PPF2 were found, namely'PF3van§ (PFz)éO.
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CONCLUSIONS AND FUTURE WORK

Certain of the preceding chapters have been ended with a
conclusion, related to that section. However the work as & whole
requires scme summing up.

L of gll the diphqsphines of the type PFZPQQ' which were prepared,
only (GeE3)2PPF2 was found to be isoclable. The reésons for thié are
not clear although the esse with which the silyl derivative forms
SiBBF does point at least to structuralldifferences within the
molecule as béing'in part responsiblé. Thérefofe it would be
ugeful to persevere with the iéolation of (SiHB)zPPF2 56 that its
structure could be determined. It is possible to distil this species
and given & large amount of (Siﬂ3)3p , reasonable quantities of
diphosphine could be prepared.

The instability of the species (cH PPF2 is surprising; another

3)2
route to its preparation , from say, (QHB)2PGeH3 should be attemp?ed.

More routes to the\(PFz)QPQ type compounds could be explored.

If the tin phosphine, (Bu;Sn),FE could be purified, then treatment
with PFzBr may result in,at 1éast, an opportunity to observe its
n.m.r, spectrum.

Investigations of the chemistry of the tri—alkyi germanium
phosphines should be made. For instance; why should the reaction
with PFzBr stop when one group has been e%changed in the case of
trigermylphosphine an% continue till full exchange has occurred in
the case of the tri-alkyl tin‘phosphines ? Perhaps there is an ‘

alkyl germyl derivative which results in the formation of a stable

and isolable bis (PFz) species.

Once reactions with PF2X have been studied, there remains the

reactions of PFBr2.
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Reactions with PFBr2 are likely to be somewhat more complicated and

3 19

1P and “F n.m.r. spectroscopy would prove useful at sorting

out the reaction of':

?
PFBr, +2 (ce33)3P ——— (P(GeH3)2)2PIi

With the tin phosphines the reaction scheme appears to be endless

and even treatment of (Geﬂj)zPPF2 with PFBr. could result in removal

2
of a germyl group..
~ If more use is made of the tin phosphines as a preparative route

then some studies of the polymeric systems should be made. In this
work polymeric residues were never farther investigated. Solids
are an anathema to any vacuum line chgmist. |

The cleavage of the diphosphine by disulphides and diselenides
should be fgrther investigated, as should reactions of P2F4 with a
selection.of disulphidés and diselenides,

Finally‘another route to the formation of the tetraphosphine-
(PF2)3 _
electron diffraction. This would illustrate what part,crowding ,

P should be attempted, and its structure determined by

by the (PF2) moiety plays in the determination of the structure.
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CORRELATION DIAGRAMS

The corners of each triangle ip the diagram represents Q3P.~
‘Points along thg edges represent QéPQ' and QPQ'z, while the
centre of each triangle reﬁresents the compound QQ'PQ'’.
Q,Q‘,Q;' are defined by the system on each diagram.
Chemical shift is measured on the horizontal axis.

Chemical shifts of known derivatives have been marked at the
relevant position. Those numbers in paréntheses represent the

chemical shifts of compounds which had not been prepared.



 CORRELATION DIAGRAM D.3.1:

Phosﬁhorus chemical shifts.

System { H, SiH PF2) ,

3 ?
- Predict (PF2)'2PH = —44ppm.

, (PF2)  PSily = -80 ppm

Other intermediates as shown

24
! =375 (Sin3)3p

7 l
0 ppm -100 ppm V500 opm ] 2300 ppm

(¥4



'CORRELATION DIAGRAM D 3.2:

'Phosphorus chemical shifts
System (H, SiMle; , PF,)
Predict (PF2)2PH = ~50 ppm.

: (PF2)2PSiMe3 = =20 ppm.

PFZPH.SiMe3 = =134 PPm.

3
f =240
-236
(-50) - =231 .
(-20) -128 —251
1o ppmJ : [-100 ppm ~200 ppd (Me_5i)_ P
(PFZ)BP - 3773

ccl



- Correlation Diaggam D 3.%:
- Phosphorus Chemical Shifts

System (H, GeH, , PF, ) e

_ 3
~ Predict (PF2)2PH = -48ppm.

(PFé)zPGeH3 = 70 PPm.

| (-48)

(PF2)3P

=138

FH

-242

-268

-164 .

-192

~300

24 - I 0 ppm

(=70 .

' ~-100 ppm

_] =200

=337

ppm ~-300 ppm
(GeH3)3P

74



- ‘ ' ’ (ceH )P
" CORRELATION DIAGRAM D 3.4: | 3

S : . o =337
Phosphorus Chemical Shifts . . :

: System ( ce'H3 ,$1Me3 » FF, )
Predict (sz)zpcen3= e 70 ppm.

(PF2)2PSiMe3 = -30 ppm.. - |

_PFngééﬁazFf?MeB) = -1?3 pptt.

rel



. CORRELATION DIAGRAM D 3.5

"' Phosphorus Chemical Shifts

System (GeH3 ,51H3,-PF2)

Predict (PF2)2PG9H3»ﬁ-70 ppm. - -

(PFE)E'PSiH3 =80 ppa.

O ppm

-1 OOl-ppm '

200 kpm

=300

| ppm

1TA



. CORRELATION DIAGRAM D 3.6:

Phosphorus Chemical Shifts
' Systen (H, SuBu, ,PF, )

Predict PF,PH.SnBu, = =154

=347

‘?FZ)BP ‘J ppm

|
=100 ppm

—204 ppm

-300Ippm

(Bu3Sn)3P

9l



Continuous wave

proton spectrum of

(GeH3)2PPF2

ghemical shift 3.74 ppm.

L2



ar——

_ 31P : SpéCtl“U mof ‘ | Acquisition time 4.0s
. \ - : 10607 transients, '
(G@ H 3 125 P F2 _ Room temperature,
T
100 Hz
-193 ppm |

8c1



P spectrum of
I(SiH3)2P PF,
H decoupled

6Z1



H coupling retai hzd

0Ll



31P spectrum of (GeH. ) PPF

and (GeH HPPFz_:

Proton decoupled, section to low frequency showing the phosphorus

bonded to germanium,

Recorded at room temperature.

| 000 Hz @ |

}-200ppm

13



; 1ﬁ”spectrumfof- (GeH PPF,

3)2

four seconds scquisition time, 17 transients, recorded at 25°C.

The lower spectrum shows effect of boron decoupling, while
the non decoupled spectrum to the top shows no distinguishable borane

‘protons. The germyl protons appear to the left, at a chemical shift

of 3.84ppm. The boron protons are at 1.27ppm.

1008z | '

cel



3

P spectrum of !GeH3!EPPF s BH :'

=3

prdton decoupled, high~frequency,

section. The phosphorus bonded

to fluorine.

L

| 100Kz | ,

Recorded at room temperature
167807 transients.
O.4second acquisition time.

Faf ol |



| Low "frczquency half of the
— = =, - — = ~ | |
2O I9F Spectrum of

) . PPE..BH

(Gr.zH3 5 PPFR,BH,

7€
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This is the spectrum of the phosphorus bondéd to tin and shows the

expected doublet of triplet pattern. The tin couplings are all resolved.

The couplings tc tin are
. 705 and 737 Bz. (' sn

and 1% respectively)

“ R

2
~ Jpp

JPP= 382.6 Hz and

= 45.3 Hz.

Acquisition time = 0.8 s.
No. of transients = 6438,
Recorded at -60°C.

Chemical Shift = -169ppm

1000Hz




1000Hz.
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31P spectrum of ngasnlszFz-’

This is the central doublet (of

a triplet) of the spectrum of

the phosphorus bonded to fluorine,
The tin satellites of the two

bond coupling are not resolved

separately. 2JSnP =.92 Hz.
1 1

This spectrum was obtained after
1778 transients with an acquisition.

time of 0.8 seconds.

The chemical shift of this

phosphorus is 322 ppm.
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19

F spectrum of {Bu,Sn) FPPF
- [ - 2

This shows half of the spectrum to higher frequency.

17 119

The satellites due to Sn are not separately resclved.

3

Sn and
2 ' .
JSnF is 65 Hz, JPF = 45,3 Hz and Ehe large separation

due to the one bond coupling of phosphorus to fluorine is 1188H=z.

The value of

Thie spectrum was obtained after 200 transients with an acquisition time

of 1.6 seconds.

100Hz |




‘ 1198n Sgec¥rumoof

(Bu.Sn 5P lines 1 and 3

@BSnzgm lines 2 and 4
.tQEBSnJPHE line B,

L " . (n.b. the other line
i appears on the shoulder
* .of 1line 3 )
- 700 transients, proton
. decoupled, Pulse delay 50s,
a Acqu{sition time 0.8s. .

1000Hz. S

2,91
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1195n spectrum of PFAHSnBua:
[~ l
Recorded at -60°C.
proton decoupled,
154 transients,

Acquisition time 0.4 seconds, pulse delay = 30‘égconds.

Chemical shift 18ppm,(CH3)4Sn taken as Oppm.

1000 Hz.

—_—

Chemical Shift 1 3 O ppm (CH3)4Sn
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19 : ;
F spectrum of a mixture of (PFZ)_3P and (PF; ZEPSnBu3

Recorded at —-60°C on a F.T. spectrometer.

proton decoupled,

127 transients

Acquisition time 0.4 seconds.

Four sets of resonances, from the left numbers one and three

are due to (PF2)ZSnBu3. Kumbers two and four., those due to (PF2)3P°

“

1000 Hz. I



1 -
Low Frequen0¥53 .

P
gpectrum of

LPFQ)_EPSnBu,r:

2,842 transients,

proton decoupled.

‘2sec. acquisition time

- 335
ppm

100Hz |

»
[

L9y



HIGH FREQUENCY spectrum of 15 in (PP, ) PSnBu,

Recorded at -60°C ; 11,273 transients. '

0.4 seconds acquisition time,

——

27



Low frequency part of *P nmr sp'ectrum of * P(PE))
' : . _ ' 23 Recorded at -60°C.

13,668 transients,

- . 0.4 8, acquisition time.

242 ppm 100 Hz

el
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Electron Diffraction Data for (GeH.).PPF.:
A 2

250 mm Intensity dats

A (\/\ AW

P ANE o WA N
\)\j'«\J 81 [k \/16\/'2b \/24\/ 128 M32\%

Radis] distribution plot P(R)/R:
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Table 1.1:

Receptivity of nuclei in n.m.r.:

Nucleus, I = + ‘ Naturél abundance Gyromagnetic Receptivity
X c, Ratio Y& E
‘s 99.8 26.7519 1.000
19 100 | 25.167 0.8335
31p 100 10.829 0.0664
Mgy - 7.67 -9.530 3.47 x 10~
119y 8.63 -9.971 " 4.50 x 1077

)’x hes units 10 rad T-1aa-1 '

3
cx/99.8 Yx

Receptivity is defined as D =l );?

(after Harris)



Table 1.2

N.m.r. dats for some Trinbutyl tin phosphines:

Compound B P 5 Sn
rpa Prm

(Bu}a)}? -347.4 36

(ﬁuBSn)zPPFZ -169 18
(Bujsn)ziﬁ ~326 30
(ngsn)chg3 -226 1§.5
BuBSnPHE -289 17
Notes

(a) Chemical shifts for tin relative to (CH3)4én.

(b) Where two tin‘couplings are entered,-that for

13 (up) /2

918,

131,

127,

830,

500

877

705

700

793

Others

.~

J(@Bn) = 281 Hz.

2X(En)= 928z,°I (SuF) 65Hz

6= 15882,
2 A 2
J(sfn)= 320Hz, “J(HP)=5Hz

13 (5p) =170z,

1198n is entered first

{c) These chemical shift data were obtained at room temperature with

the exception of those from (Bujsn)zPPFz, which were cbtained at

-60°¢.

146
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Table 2.1: Summary of routes to PE2§QQL:

() QP + PFBr ——--»PF, PQ,  + QBr’

(i) (si R.T. .
SiH_)_P + xs. PF.Br --1-Iy (SiB. ). PPF.
3’3 2 e 185757
) ‘ R.T ' :
(ii) (GeH,).P " —=:2: _> .(GCeH,) PPF_.
33 10 mins. 32 2
‘ R.7T.
(iii) (Me,Si),P " -=22:——5 (Me,Si) PPF, .
5773 1 hour 3ree
(b). QPQ'  + PRBr ~——-s PF2PQ2‘ + Q'Br
. -60°%¢
Me2P81He3 + PF,Br 36'?(053) PP,
(c) QFFF, + QX ~-------=> PF_BQ} or ?FZPQQ' + QBr
(1)  (SiHg),PPF, + GeH,Br ;frg;ggﬂs.P(SiHBgPFz
our ]
+ (GeH3)2PPF2
(i) ' . R.T. o
(GeH3)2P3F2 + SiH,T —=i=t-s (51513)‘,291:15*2
30 mins
' R.T. . _
(iii) (GeHB)ZPPFe + HC1 i > (_GeHS)PHPFz

30 mins.
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Table 2.2 N.m.r. data for diphosvhines of type PEQEQQL:

Compound BBy BEq SE Z(e) 'I(er) 'I.(eP)

(SiH3)2PPF2 288.6 -211.8 -82.9 +69.8 -1224 -301.0
(SiHB)GeHBPPFz 290.3 -202.7 -82.8 +69.6 -1222 -299.0
(GeHB)ZPPFZ 291.5 -192.8 -82.4 +68.6 -1214 -295.7
(Me,5i),PPF, 314.0 -128.7 -85.2  60.7 1196 381
(Bu Sn),PPF, 322  -169.0 -71.0  45.3 1188 382.6
(HEBSn)zPPFz 326 -160 n.o. 48 1188 380
(cB;),PPF, 294° -53.5 -81.8 72 1178 250
: 2J(P1F2)
(GeHB)PHPFz 291 -164 -80.2 91, 1203 250
-93.8 65 1191 : . 192 Hzs:
(518, )PHPF, 291 168  n.o. 18 1200 255
n.o. N.0. N.0. n.o
(mj)mppz 291 -91 -99 88 1177 235 n.0.
n-a 65 n. O.-
Notes.

(&) Other n.m.r. parameters are listed for (GeH3)2PPF2 and
(CH3)2PPF2 elsewhere. ‘
(b) Where the fluorines on phosphorus have been chemicallyA
inequivalent, values for F1 and F2 have been shown, where
values were obtained.

(c) & negative sign before & couﬁling'constant means that the relative

signs for that compound were measured specifically.
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Table 2.3: 1J(PP) in Diphosphines:
Diphosphine 13(pp) /Hz.
PH, _ -108.2
| PI?IeZI-’I*!e2 | ~-179.7
PF,PH, -21
PF, ~227.4
Cl’:%PHPF2 ' 235
(CHBJZPPF 250
GeH ;PHPF,, 250
SiHBPHPF 255 Ref. 49
(GeH3)2PPF -295.7
(818;)(Gell;)PEF, -299.0
(SiH,),PPF, : ~301
(Me3Sn)2PPF2 ‘ 380
(M93$i)2PPF2 _ 381
(BuBSn)zPPFe 382.6
(PF ) PSnBu3 360
(FF,) P . o 323
S=PF.,PHeH | 308 © Ref. 55
Se=PF,PleH 320 "
)
S=PF2PM62 ' - —350 n
BB3:PF2P(GeH3)2 —375_
BH3:PF2P(SnBu3)2 487 -
(BH3:PF2) 2PSn.'Bu3 440,

Note: Relative signs are given where they have been measured.



N.M.R. data for borane adducts:

Table 2.4 :

Compound SE(F)
3.PF P(GeH 238,
3 1 PF P(SnBu3)2 248
3.PF P(CH3)2 . 206

(BH 3-PF ) PSnBu3 223

.

-215

EP(y)

7 "'207.2

SF

EB(x)

.84

EN

b2

40

o)

-1210.

1186
1130

1246

o)
375
487
194
440.

Note (a) The identity of the last two spéciéa is by no means certain, as mentioned in the text.

(b) Additional couplings for B, ¢ PF, P(GeH ) are available: %BP(FQ 40 Haz.

| Z=Ge Z=B
J@H(Z)] 2.0 23.5
iP(F)H(Zj) 9.2 0.7

y 18. 5.5
(B(ce)iiz) e

>

-

0Gy



.'Table 3.1 N.m.r. parameters of phosphines,_ gBu3§p_)ﬁ£(ﬂ2)3_n“-

¥

1
i}

119, : 2.
Lompound _ 5 78 ﬂ)'(F) E,'(cent:re) EE '-I(PF) lI[(PF) '-IfPP) "Other
'(Eu_),Sn)3P 36 - —34’? | = - - - pee t. 1.2
(Bu,Sn),PPF, 18 322 -169 =71 45.3 1188 382.6 "
o 5.
(131_133n)9(1=FQ)2 n.o. 301 =33 -85.1 59 1186 360 JCPP)_ 195Hz.
P(PF2)3 - 264 +24 -89.2 61 1215 324

G|
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Table 4.1: N.M.R. data for LGeH})ZPPF?and (SiH.,)_,\PPFZ_
v s

&8

SP(F)

BF

oep)
23(pp)

15,62

Ge

3.80 ppm
291.5 ppm
-192.8 ppa
-82.4 ppm
~1214 Hz
68.6 Hsz

~295.7 Hz
16.5 Hz
10.9 H=

3.1 Hz

Si

——

3.82 ppm
268.7 ppm
-211.7 ppm
-84.3 ppm

~1225 BHz
70 Bz

=301 Hz

17.0 Hz
9.1 H=z

2.5 Hez

152
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Vibrational Spectra for (_(‘re_Hj!E}“PFE

Table 4.2:
Vapour{IR) Solid(IR) Solution(IR)
21_ pentane

2083 s 2080 8

867 s

851,sh 860 s

838,833 dbt.

795 s

757,748 dbt.

811 vs TI0 vs

562 m 560 s

509 w 520 m

486 w

444 m 7 450 m

30 m 384 m 38 s

350 w '

266 m
2%6 s
214
110 m

86 m

Solid( ‘R) - Assignment.
2063 B v GeH
867 va ° 8 r;eH3
813 w
767 m v PF2
667,653 w
F GeH3
/0 Ge]:'{3
447 m
392 w v P-Ce
- 368 m
344 w
325 8
280,268, 251 w
239 s
163, 153 m
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Table 4.3: Summary of reactions of (GeH,).PPF_ :
32—

o R
(ceE; ) PP, (MeS), » PF.+SCE
22 2 3
P (Mese)
G2 2%, Hey Frgetts
8 ) GeH PHPF,
(SiH3)2PPF2 (fTé)zPCeHB-or (PF2)32
Table 4.4.: Some thsical Propertiés of‘(GeHEAEPP é ‘

(1) Colourless liqﬁid st 297%K.

(2) Vapour pressure; 5 + 1 torr at 293K.

(3) Can be contained in a trap held at 227K, under vécuum.
(4) Molecular weighfg 24T+ 5% g mo1” . (obsefved) _

251 g mdif1(calculated).-
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Weighting functions, correlation parameters and scale factors

Table 5.1

Camera Height As 8 . 8 8, 8

mm,
250.1419

500.1555
999.8169

The

nm : 7 p/h :
0.400 6.800 9.000 26.000 30.000 0.4632

0.200 2.600 4.500 13.500 15.600 0.4980
0.100 1.000 2.000 6.750 7.700 0.4998

value of the wavelength was 5.660 pm.

Scale factor

©0.744+

0.826%
0.956~

0.024
0.021
0.033

155
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Table 5.2

Molecular parameters for (GeﬂlePPFE=

(a) Independent distances fDistance/pm Amplitude/pm
r, PF 158.1 * 0.5 . 3.9 +0.7

T»  p-P - 217.7 2 0.8 . 5.0 (fixed)
Ty PeGe 232.0 2 0:f o 5.2 + 0.4
T, Ge-ll 151.2 = 1.4 8.0 (fized)

(b) Dependent distances

di  F..P -288.0 ¥ 4.0 10.9 + 1.2

d2  F..Ge 462.7 X 4.2 | 14.6 + 1.0

43  F..Ge 407.0 £ 6.6 16.6 + 3.1

d4  F..Ce 328.7 = 3.0 15 (fixed)

d5  F..Ge 462.3 233 14.6 (tied to uy)
6 F.F 239.5 £ 3.7 . 7.5 (fized)
a7 PiiGe 333.6 £ 2.6 15.2 + 3.0

a8  Ge..Ge 351.9 < 3.0 13.6 + 1.3
49  P..H - 316.4 = 1.4 12.0 (fized)
shortest (P..H) 332.0 ¥ 3.2 | 16.0 (fixed)
shortest (F..H) 320.9 £ 3.1 . '20.0 (fized)
shortest {Ge:.H) 375.5 1 2.9 '20.0 (fixed)
shortest (R..H) 246.9 ¥ 2.5 20.0 (fixed)

(c)‘Independent Angles (degrees)

+

> 1 (Ge=P-Ge) 98.6 -,1.1
>2 (Ge-P-P)  95.7 % 0.9
>3 (F-P-F) 98,5 % 1.6
-4 (F--P)  98.9%0.8 .

> 5 {P-Ge-H). 109.5 (fixed)
> 6 (Dihedral) 156.1 = 2.4
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(GeHBZEPPFE :Least-squares Correlation Matrix (x 1000):

Table 5.3%:

ri re r3 r4
4000 -85 78 -611
1000 435 60

1000 87

'-1900

<1
190
169
~29
=210

1000

<2

142
-276
-366
100
304
1000

<3 <4 <6 . ul

31 =267 -124 -113
-212 -134 168 =306

-609 116 494 -218

-11% 218 151 198

=49 67 =241 -101

u3:  ub )

-4 34
274 57
524 191
-16 -108

27 13

591 =321 =736 229 -29% . 59

1000 ~435 ~807 313 ~606 -236

1000 180 -57
1000 =245

1000

128 146
458 76
~76 -25

1000 211

1000

ub

158

~36
-191
86
108
148
~269

=140

79

36

1000

u? ..

-62

-155
1000

ult

-85

-152

194
-884
563
93
-215
23
131

22

13
-243

1000

-666
774
163

~106

-248

13

112

450

848

1000

.kt

233

- k2

173 83

k3

=399 -332 =230

=310 =350 ~236

—33% 169 13

24
269

526

~237
-457

455

-5
.
242

19

29
119

1000

~109

498

574

~396-

-475

337
-176
-103

299

=167

258
288
550

1000

-1
428
598

-368

-327

214

=157

~247
220
-297
349
341
269
439

1000

1 -

r2 .

23
rd
<1
<2
<3
<4 |
<6
ut
u’
ud
ub
u7
ult
ui2
Kkt
k2

k3



