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ABSTRACT

The mass spectra of compounds of the series (06F5)3-n
MPh, (n =1,2,3, M = P and As), (06F5)38b’ Ph3Sb and
(GéFS)ZSbPh have been studied in detail and the important
modes of fragmentation were elucidated, aided by meta-
stable ions. Various trends attributed to the central atom
and or the substituent groups have been noted and, where
applicable, compared to recent studies on related phenyl
and pentafluorophenyl compounds of groups IV and V. The
mass spectra of Tluorine containing organometallic com-
pounds exhibit characteristic migrations of fluorine to the
central atom, giving an increasing abundance of MFt, MF2+,
and RMFT (R = Ph or C6F5) ions on descending the group.
The mass spectra of pentafluorophenyl, antimony, and arsenic
compounds show a greater fragmentation of the aromatic ring
than those of phosphorus. The mixed phenyl pentafluoro-
phenyl derivatives show a characteristic pattern depending
on the number of phenyl groups present but show the general
characteristics ofjboth the tris(phenyl) and tris(penta=-
fluorophenyl) compounds. The diphenyl pentafluorophenyl
derivatives show the loss of biphenyl ion as the most im-
portant step, the loss of phenyl to give the ion PhM06F5+
being of secondary importance. The :'bis(pentafluorophenyl)
phenyl derivatives fragment primarily by loss of Ph06F5 to
give 06F5M+ ions , the abundance of these increasing rapidly
from phosphorus to arsenic., This species then, exhibits a
characteristic fragmentation observed in the tris(penta-

fluorophenyl) compounds. However, the abundance of (06F5)2M+
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species in these compounds is small. Ions of the type
CéHhMcéFu+ and tetrafluorobiphenylene ions CéﬁhcéFh+ also
are observed on substitution of a phenyl group for a penta-
fluorophenyl group. The fully fluorinated species (CéFk)2M+
is not observed, although octafluorobiphenylene ions,

(C6Fh)2+’ are evident in several spectra,

The appearance potentials of the major ions were obtain-
ed from the ionisation efficiency curves. Attempts were
made to correlate these to the effect of the central atom in
substituent groups, but the large errors involved prevented
the reaching of quantitative conclusions, although it would
appear that the electron is removed from the ligand in the

ionisation of the parent molecule.




INTRODUCTION




Mass Spectrometry of Organometallic Systems

Although the use of mass spectrometry in organic chem-
istry has long been established only comparatively recently
have the mass spectra of organometallic compounds been studied.
This is perhaps due to some of the difficulties encountered
in the handling of metal containing compounds in older con-
ventional instruments, such as air sensitive compounds or
those with low volatility. Decomposition of some compounds
to leave the free metal as a conducting film in the ion source
also presented problems. These have been perhaps overempha-
sised in the past and improved instrumentation and sample

handling techniques have promoted a rapid growth in this field.

The three main fields of interest are: 1) the determina-
tion of the apparent molecular weight, and from exact mass
measurements, its gmpirical formula., Detailed studies of
the isotopic patterns can also give information about the
composition of the molecule, Some difficulties may be en-
countered here, for although in most cases the peak or group
of peaks at the higher mass is assumed to be the molecular
(parent) ion, this is not always true, However, where there
18 no parent ion it is sometimes possible to deduce the mo-
lecular weight of the compound from a detailed study of the
remainder of the spectrum. In additlon, the relatively high

temperature of up to 300°C needed to volatilise some samples
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may be enough to cause either decomposition or polymerisa-

tion of the sample in the probe.

2) A detailed study of the relationship of the frag-
mentation pattern to the structure of the molecule, This is
often facilitated by complex isotope patterns, which are
evident in all but twenty of the elements likely to be en-
countered by organometallic chemists. The expected isotope
patterns for two or more polylsotopic elements are easily
calculated, but the spread of these give complex patterns that
may be difficult to interpret, especially when hydrogen is
present. The relative abundance of the ilons arising by re-
arrangement processes can be used as a rough indication of
their stability, but it is not always possible to write
specific structures for such ions as valency changes are

often invoked.

Information concerning the mode of fragmentation 1s
derived by analysig‘bf the metastable peaks observed in the
mass spectrum, The intensity of these diffuse peaks 1s re-
lated to the intensity of the ion from which they arise,
and although the more intense metastable trénsitions are
readily observed, weaker peaks are often difficult to see at
all, The type of ion source and mode of operation of the
instrument also affects the intensity of the metastable

transition and,in order to carry out a thorough analysis of

the breakdown patterns, spectra at very high gain must be



obtained.,

Metastable peaks arise from ions formed on electron
bombardment having lifetimes long enough so that a signifi-
cant number will reach the analyser to be recorded at the
expected m/e ratio, but short enough so that many of them
will dissociate in the analyser and result in diffuse peaks
at non-integral masses. In a Nier-Johnson double focusing
mass spectrometer, these ions which break down in the field
free region between the electrostatic and magnetic analyser
will be recorded as peaks of mass m* and arise from an ion of

mass m, breaking down into another mass m2 and an uncharged

1
fragment of mass (ml-mz), such that m™ is given by m22/m1.
Fragmentation modes have been described solely on the evi-
dence of metastable transitions, but although a transition
has been found it does not mean that the process occurs in a
single step.

3) The studfhéf the appearance and ionisation poten-
tials of similar ions produced from similar molecules will
give a very approximate indication of the relative bond en-
ergies in these molecules. The appearance potentials of a
large number of transition metal ions together with some es-
timates of their heats of formation have been reported.
There has been little correlation of these values due to the

lack of necessary thermodynamic data. Some recent theoreti-

cal calculations show that in a few cases the observed trends
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can be explained in terms of the type of bonding present.

The mass spectra of some metal carbonyl compounds has
been recently reviewed by Lewis and Johnson (1), and a cov-
erage of the organometallic field in general has been given

by Bruce (2).
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Mass Spectrometry of Perfluorocaromatic Compounds

Before 1966, there were no systematic studies made on
these compounds, but the appearance potentials of a few
pentafluorophenyl derivatives were reported by Cotter (3),
Majer and Patrick (lf), and Dibeler et al (5). The mass
spectra of the series CéFSX (X = H,C1,Br and I) have been
reported (6) (7) along with that for hexafluorobenzene (5).
Recently, some organic pentafluorophenyl compounds have had

their mass spectra determined (8),

FPor the simple halides CéFSX the abundance of the ion
06F5+ increases along the series F<(Cl1l<I<Br, and the major
process in each case is loss of CF3.to form an ion retaining
the halogen atom. The major ions are 03F3+ and CSF2+ , the
former of these being formed by loss of C,F, and (X from
[TbéFSX_7 *. The férmation of CSFS+ is only observed in the

case of hexafluorobenzene and arises by loss of CF. Most
polyfluorinated coﬁb6ﬁnds show intense peaks resulting from
fragmentation of the ring by loss of CF, GFZ, and CF,, the
losé of CH, CHp, and CH3 from the analogous hydrocarbons not
being observed. In addition, most aromatic'hydrocarbons show
intense = peaks due to 1ossvof a proton , but in fluorocar-

bons the peak due to loss of a fluorine atom is very weak.

Inorganic pentafluorophenyl derivatives usually show loss

of a metal fluoride species, either as a neutral fragment or
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radical as one of the maln features in their mass spectrum.
This usually origiﬁates not from the parent ion but from the
ion corresponding to the loss of one pentafluorophenyl group.
Thus, in the mass spectrum of (06F5)3P (9), the loss of PF‘2
and PF3 is observed, and similarly for the tetrakis(penta-
fluorophenyl) derivatives of group IV, the loss of MF3 from
the ion (06F5)3M+ is also reported (10). No loss of any
neutral M - H species has been observed in any hydrocarbon
analogue. This phenomenon is not confined to main group
elements. for Bruce (11l) and King (12) have shown that various
fluorocarbon complexes of transition metals also loose metal-
fluorine species. In the case of some iron and ruthenium -
complexes it appears as a neutral fragmemt or radical but in
some of manganese it appears as the ion MnF+. FbF2+ is also
observed to be lost from 17(06F5)2PF9(CO)3;7Q under electron
bombardment. (9}

Fluorine is also observed to migrate in these compounds
from the aromatic ring to the central atom. Again, this is
found for (GéFE)hM (M = Ge and Sn) to give species such as
(06F5)2MF+ and CéFSMF2+ from the ion (C6F5)3M+ by successive
loss of céFh (10). It is also observed in the mass spectrum
of (CéFS)BP (9) for which Miller gives a possible reaction

mechanism as

F F +

F ¢ [ F ¢ +
/.» ——> CgFsPF | CgH,

F:C'Fg~,}? Z F. m/e 217 m/é 11,8
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The product formed by a fluorine transfer may also be
ejected as neutral species, Thus in the mass spectrum of
[ (CeF5),PFe(C0)3 7, , a metastable is found corresponding to
the loss of a CéFEFoF species. Loss of CEHSGGF is also seen

in the mass spectrum of 05350001AH1AF6° (12)

The loss of a metal fluoride species in pentafluorophenyl-
derivatives of the main group elements gives rise to a strong
peak at m/e 296 which can be considered to be ionised octa-
fluorobiphenylene, and could arise by two simultaneous steps
of the scheme above. This is only observed when there are
fbtwo or more pentafluorophenyl groups in the molecule. Thus,

for the ion (CgFg)P* observed in the mass spectrum of (CyFg)3P*

+
' = PF, 7 N
QRGN G=6

m/e 365 ) m/e 296

The pentafluero- derivatives of group IV, in addition
to giving the perfluorobiphenylene ion above, also give quite
appreciable amounts of perfluorotriphenylene lon, which has

the structure:

.m/o u&;

by loss of MFS from the abunaant ion (06F5)3M+ (M = group IV).
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+
The loss of MF, from the ion (06F5)2M (M = group IV and V)

3
gives the ion C12F7+, presumably having a similar structure

to that for perfluorobiphenylene but minus a fluorine atom.
The remainder of the spectrum of these compounds is usually
composed of fluorocarbon fragments‘derived from the perfluoro=-
phenylene type ions by loss of CF, CF,, and CF3. Fluorine
migrations have also been observed in trifluoromethyl phos-

phiénes and arsines but not in tris(triflubromethyliamines (13-

Where there is also hydrogen present the loss of HF
becomes significant. King (12) has found that this is a
common process in a variety of species containing fluorine

and hydrogen.

The formation of perfluorophenylene ions is not a re-
sult of thermal decomposition of the sample or the dimerisa-
tion of tetrafluorobenzyne in the ion source for in the
mass spectra of coﬁbdunds where there is only one pentafluoro-
phenyl group, no ions due to 012F8+ are observed although a
tetrafluorobenzyne intermediate has been postulated to
arise by 1ithium fluoride abstraction from ﬁentafluorophenyl
lithium (16-18)., In addition, the mass spectrum of deca-

fluorobiphenyl (19) shows only small amounts of octofluoro-
biphenylene, and since the abundance of the former is very
small in the compounds studied, the formation of 912F8+

from this is thought unlikely. Rearrangements in the ion
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source, however, do occur in pentafluorophenyl compounds,
for it has been shown that (06F5)2PX and CéFSPXZ (X = Cl1

and Br) give the ions (06F5)3P+ and (CéFS)ZPX+ respectively (9).

The mass spectra of similar compounds in a group often
show regular trends as one descends the group. Thus, for
the tetrakis (pentafluorophenyl) derivatives of group IV (10)
the amount of metal fluoride ion observed increases in going
from silicon to lead; the intensity of the molecular ion
showing a parallel decrease., Only lighter atoms show frag-
ments s3till containing thé metal atom after partial fragmen-
tation of the aromatic ring has taken place, Thus, the
mass spectrum of (CéFS)uSi shows a weak peak due to (CéFS)Z
SiCEF3+. For the tin and lead derivatives the loss of a
complete pentafluorophenyl ring and the elimination of the
metal fluoride species are the dominant features &n the
mass spectra. The modes of fragmentation become increasingly
more complex as one prodeeds to lighter atoms, due to the
increasing strengﬁivbf the metal-carbon bond. Derivatives
of pentafluorophenyl compounds show a dependance of their
fragmentation patterns on structure. Thus, tris(pentafluocro-
phenyl) phosphine sulphide, (CéFE)BPS, looses a sulphur atom
as the first step but the oxide (CéFS)BPO’ looses a fluorine
atom and a Cer group more easily, and is then followed by
the species CgFg0 (9). The most favoured process is usually
an odd electron ion fragmenting to an even electron ion,

Which in turn glves rise to other even electron ions. This
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process is also the predominant one for phenyl derivatives of
‘group IV (20-22), but other similarities between these and

pentafluorophenyl derivatives are few.

The Pentafluorophenyl Derivatives of Group V

Other fluorocarbon derivatives of Group VB elements
have been studied in considerable detail, but the penta-
fluoro derivatives have not received much attention until

recently,

The tertiary phosphines (06F5)3M ™ = P, As and Sb)
have been prepared by the Grignard method (23,2l4) in fair
yield but higher yields are obtained by the use of the more
reactive pentafluorophenyl lithium (25). The phosphine is
also the only product of the reaction of 06F5MQBr'ﬂith
PSCl3 (26). Recently, Massey et al (36) have prepared
tris(pentafluorophenyl) phosph&#ne and stibine by the direct
reaction of pentafiﬁbroiodobenzene with the corresponding
element. The antimony derivative is claimed to be more
susceptible to hydrolysis than either the arsine or phosphine,
slowly loosing a pentafluorophenyl group (3&). Increasing
fluorine subatitubion in triphenyl phosphine results in a
stronger interaction between the unshared electron pair on
the phosphorus atom and the W electrons on the aromatic ring,
thus decreasing the basitity of the molecule as a whole.,

Tris(pentafluorophenyl) phosphine does not form a phosphorus



-11-

salt with methyl iodide (23) and is more thermally stable
thén its hydrocarbon analogue, whereas tetrakis(pentafluoro-
phenyl) ail@ne is of lower thermal stability than tetra-
phenyl silane (23). The compounds in the series (CeFS)nPR3-n
(n = 1,2 R = Me Et and Ph) have been reported by the reaction

of the corresponding organochlorophosphine with CéFSMgBr (25).

The series of phosphorus halides (CéFS)ZPX and (CéFS)PX2
(X = C1 and Br) have been prepared by the reaction of penta-
fluoromagnesium bromide with the stoicheometric gquantity of
the phosphorus halide (26,27). The bromides 06F5v4MBr2
(M = P and As) can also be readily obtained by the cleavage

of methyl (pentafluorophenyl) mercury by the reaction (28)

petroleum

CéFBHgMe + MBr3 = CéFSMBr2 + MeHgBr l

M =P or As

ether

Recently, the two pentafluorophenyl chloroarsines
C,xF5AsCl and (06F5)2A301 have been obtained; the former by
reaction of pentafluorophenyl magnesium bromide with a large
excess of the trihalide and the latter by either further
reaction with pentaflusrophenyl magnesium bromide or more
conveniently by the reaction of the Grignard reagent with
dimethyl aminoarsenous dichloride. (29)

HC1
é—————> (06F5)2A801

2C¢FcMgBr + MezNA3012-————: (CéFS)gAsNMe
This latter reaction was also found to glve improved yields
over that described above for the preparation of the analogous

phosphorus halide (30).
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The two fluorophosphines GéFSP’F2 (9) and (CéFS)ZPF (31)
have been reported by the fluorination of the corresponding
chlorides with anhydrous potassium fluopride iﬁ sulfolone or
with antimony trifluoride (32); the latter preparation giv-
ing higher yields. Miller investigatedtihe ‘reatiton of tris-
(pentafluorophenyl) phosphine wifh sulphur to give the sulphide
and with echlorine to give tris(pentafluorophenyl) dichloro-
phosphersane (66F5)3P012 (33)e The series of fluorophosphor-
ones (C6F5)nPF3_n and their corresponding oxides (CgFg),P(0)
F3-n (n = 1,2) are also described (32).

Pseudo halide derivatives (céFS)nPX3-n (n=1,2,X = CN,
NCO and NCS) and Ph(CéFS)PX are also known (3l4). The prepa-
ration of pentafluorophenyl phosphine and tris(pentaflucro-
phenyl) phosphine has been reported by the reduction of the

corresponding halides with lithium aluminum hydride (27).

The preparations and chemical reactions of some com-
pounds ccntaining«;tf-P bond have been investigated., Tetra-
kis(pentafluorophenyl) diphosphine (06F5)AP2 has been pre-
pared by reaction of (06F5)2P01 with metallic mercury (35).

The mixed diphosphine éf(céFg)PhP_7é and the cyclic compound
(06F5)Ph are also reported (37). Tetrakis(pentafluorophenyl)
diphosphine reacts with chlorine to give bis(pentafluerophenyl)
trichlorophosphor&éne and forms a complex with iron pentacar-
bonyl to give éf(céFs)gPFe(GO)3;7é (35). Analogous complexes

are formed with the corresponding diarsine and Fe(CO)5 (38).
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Hydrolysis of the mono and dihalides of phosphorus give
the corresponding phosphinous and phosphonous acids respective-
ly (26) and alcoholisis gives the corresponding alkoxides (38).
Primary amines and ammonia react with the bis(pentafluoro-
phenyl) phosphorus halides to give the derivatives (CéFS)zPNHR
(R = MePhCH, and t-Ba ) (30), and the phosphamide (06F5)2PNH2
(26) respectively. Dimethylamine, however, gave tris(dimethyl-
aminotetrafluorophenyl) NN dimethyl phosphinamide by nucleo-
philic displacement of a ring fluorine (26). The expected
product of the reaction of (06F5)2PX with dimethyl (30) and

diethylamine (27) has, however, been reported.

Pentafluorophenyl phosphorus dichloride gives the expect-
ed compound on tkeatment with various amines and the compounds
C6FSP(NHR) (R = MeCHpPh and But) GyF P(NMep), and CyFyPClNMe,
have been prepared. (30) The cyclic compound, bis(pentafluoro-

phenyl) phosphonitrile [f(CéFS)an;ZK (26) . is also reported.

Green and Ki;kﬁétrick (29) have described some of the
chemistry of the two (pentafluorophenyl) arsenous halides
and prepared the corresponding oxides by hydrolysis and the
sulphides (CgF5AsS)), and /7(C Fy),As_7,S by reaction with
silver sulphide from whiqh the correSponding chlorides may
be reformed by treatment with mercuric chloride. Mecuration
of (CgFg),AsCl and [’606F5)2A34723 gives separable isomeric
mixtures of /[ (C4Fg)oAs_7,, this also being the product of
the reaction of "bis(pentafluorophenyl) chloresrsine with

phosphine and trimethylsilane. Mercuration of 06F5A3012 pro-
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duces the four membered ring compound (66F5As)h°

Chambers and Chivers (39) have prepared bis(pentafluoro-
phenyl) antimony chloride by the fluoridation of pentafluoro-

phenyl boron dichloride with antimony trifluoride above 2500.

The series of compounds (06F5)nM"Ph3_n (n=12,3M=
P As and Sb) has been reported by Kemith Nichols and Pea-
cock (25) from the reaction of pentafluorophenyl lithium
with the corresponding halide. Yields are higher than those
reactions reported using Grignard reagents but the yields

fall into the order P< As < Sb.



Appearance Potentials Studies on Some Inorganic Systems

Assuming that the specles considered are in their
respective ground state and that there is no excess kinetic
energy involvedjthe appearance potential (AP) of the ion At
formed by the reaction:

AB + 8 —m78 > At + B + 26
equals the heat of reaction (A HR)’ and is thus
AP(A*) = AR, =AH; (o) +AE(B) -AH (4B)

§ § §
where AH' (A*+), AH (B) and AH' (AB) are the mean heats of for-

mation 1i the gassphase of f;e respective species. The appear-
ance potential is also related'to the bond dissociation energy
D(AB) and the ionisation potential (I) by the equation:

AP(A*) = D(A-B) + I(A) = I(A-B) + D(a-B*)
Where the ionisation potentials of radicals are not immediately
available they can sometimes be found by considering the
process
e —> AT + B +2e (1)

+
Yo — > A+B +20 (2)

AB
AB
The difference in the appearance potentials of the processes

(1) and (2) gives the heat of reaction for the overall process
A+ B —> A+ B

o

If the ionisation of A is known, the ionisation potential of B

can be found.,

Thus from a study of appearance potentials one can

sometimes determine the two fundamental quantities necessary
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to understand chemical reactions, ie,the heat of formation
and the bond dissociation energy. Unfort%pately the heats
of formation .. and lonisation potentialgiorganometallic
compounds and ions are not usually available, and although
various theoretical calculations have been made to determine

the quantities for some organic molecules (4j0) they are of

little value in dealing with organometallic compounds.

The determination of appearance potentials for some
organometallic species has only been of recent interest.
The available data suggests that although workers have clailmed
that their results, are reprodicibly accurate, there appears
to be no theory, as yet, to explain the observed trends in
all the classes of compounds studied. The lack of correlation
may be due to several factors., It appears that some iodns
are formed in excited states and hence have higher appearance
potentials than those in the ground state, and the various
results reported for some metal carbonyls (2) show that they

are not at all in agféement with each other, this perhaps

being due to differing experimental conditions.

Recently some tris (ﬂ-diketonate) meﬁal III complexes
(41, 42, 43, Ili) have been studied for which it is found
that althaigh the theory of Koepmans (li5) should be applicable,
this is not the case, The theorem states that the eigen value

of the highest occupied molecular orbital approximates to
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the negative of the molecular ionisation potential. In these
complexes it is the ligand and not the metal atom that deter-
mines the ionisation potential, although some molecular or-
bital calculations support Koepmans theorem and are quanti-
tatively consistant with the accepted electronic structure of
these molecules (42). There is also a remarkable parallel
between the appearance potential of the ion M(acac)2+ and the
highest occupied molecular orbital of M(acac)3 (L1). This

is the only trend to be observed, the values of the appearance
potentials themselves showing few explainable trends. In
these compounds it appears that the unpaired electron result-
ing from the ionisation of the molecule is local ised mainly
on the ligand although localisation on the metal is not ruled

out,

Foffani et al (446) has related the donor power of the
ligand to the measured ionisation potential in some transition
metal carbonyl nitrosyl complexes. The lonisation potentials

are significantly lowered when PCl,_ or P(OEt)B‘is substituted

3
for a carbonyl group and thils lowering is attributed to the

greater donor capacities of PCl. or P(OEt)3 relative to COQ,

and hence to the ionisation potintial of the ligand itself.
Some studies on metal carbonyls (l47) on the other hand show,
that the metal atom tends to dominate the ionisation potential
of these molecules but variations within a group are anomalous

with respect to the metal atom and are often within the limits

of experimental reproducibility. Average ionic bond energiles



=] 8e

have been calculated from appearance potential data for the
manganese and rhenium pentacarbonyl halides (L,8) and show

only very general conclusions about the metal carbonyl bond
strengths although the general conclusions of Foffani are

valid in this case. However a shift of 20% of the difference
in the ionisation potential of two free ligands 1s noticed

on the exchange of one ligand in the metal carbonyl for another.
A similar shift is noticed on exchanging the metals and tends
to support the conclusion that in these cases the primary

ionisation is from the metal orbital and not from the ligand.

Some calculations of bond dissociation energies from
appearance potentials have been made in organosilanes (L49)
(50) trimethyl tin derivatives (51) and some alkyl aryl
stannanes (52,22). Although conclusive evidence is lacking
it appears that in the latter case, the electron that is
reméved in the primary ionisation is derived from the Sn-C
bond and not from the metal ;tom. The removal of a non-
bonding 4 electronjffbm the tin atom would result in the Sn-C
bond energy being approximately equal in both the ion and
the molecule which is not observed., the Sn-C bond energy
in the ion being some 30 kcals/mole lower thén that found in
the unionised molecule., Davidson (50) in an investigation
of the appearance potentials of the class of compounds MeBSi X
(X = Me;Si, Me, H, Cl, Br, and I) has shown that a plot of

the dissociation energy of these against those obtained from
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MeBCX (X = MeBC, Me, H, Cl1l, Br, and I) consists of two dis-
tinct parallel lines one for silicon carbon and silicon hy-
drogen bonds and one for silicon halogen bonds. A similar

plot of the dissociation energy of Me C-X [D(MeBSi~Xl7 against

3
MeX shows only a single straight line. The interpretation is
that although silicon hydrogen bonds and silicon carbon bonds
are weaker than their carbon analogues silicon halogen bonds
are stronger. Using the method to calculate the apparent
electronegativity proposed by Pauling (53) it has been also
shown that the electronegativity of silicon 1s approximately
equal to that of carbon and hydrogen., There is also a

relationship between D(Me.,Si-X) - D(Me-X) and the difference

3
between the ionisation potential and electron affinity of X
(X = C1, Br, I), from which it is suggested that there is an
increase in (p-»d) bonding in trimethyl silyl halides in

the order Cl>Br>1I.

There have been few appearance potential studies made
on aromatic fluorifie compounds., The appearance potential of
several fluorobenzenes (3) (5l ) and some pentafluorobenzene
derivatives have been reported (li) along with the appearance
potential measurement of the major ions Occuring in hexa-
fluorobenzene (5). The ionisation potentials of the molecular
ions suggest that there are both large inductive and resonance
effects operating in these compounds, but are of opposite

signs to each other (5l).
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Cullen and Frost (55) have studied the ionisation po-

tentials of the series (CF3)3_nAan (n =1,2,3 X = Me, H, and

Cl) and Me3_nAan (n=1,2 X = H and Cl1). In the latter
series an irregular decrease in ionisation potential occurs
as the number of methyl groups is increased and can be
attributed to the inductive effect of the methyl group and
the electron withdrawing effect of the chloro group raising
or lowering the energy of the lone pair. However, in the
former series although a similar trend is obserﬁed where

X = Me or H it is not observed for (CF3)2A301 and Ascl3

where the ionisation potential of AsCl_ is higher than that of

3

(CF,).,AsCl and perhaps indicated that the electron withdraw-

302

ing power of the CF_, group is less than that of the chloro

3

group.

The aim of this work is to examine in detail the mass
spectra of the series (06F5)3_nMPhn (n =0,1,2,3 M = P,As
and Sb) and to attempt to correlate the appearance potentials

—

of the major ions ééﬁthe central atom and substituent groups.




-2l

EXPERIMENTAL
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Techniques

Standard ground glass apparatus was used for all prep-
arations. Vacuum sublimations were carried out in a stand-
ard sublimation apparatus equipped with a central cold finger

2mm of mercury and at tempera-

at vacuums of better than 10~
tures a little above the melting point of the sample. Cool-
Ing of the cold finger with a mixture of dry ice and acetone

was sometimes necessary to effect sublimation.
The identification and purity of the compounds was de=-
termined by elemental analysis melting point, infra-red and

mass spectra.

Infra-red Spectra

Infra-red spectra were recorded on a Perkin-Elmer 237 B
double beam grading spectrometer in the region 4000~625 cmml,
All samples were examined as pressed KBr discs. The spectra

were found to be constant with the published data (24).

Mass Spectra

Mass spectra were obtained on high resolution double
focusing and medium resolution single focusing spectrometers.
These were AEI MS-9 and Hitatchi-Perkin Elmer RMU-6 respective-
1y both operating at an ionisation voltage of 70 ev., a cur-

rent of 50my and a resolution of about 1000. Samples were
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admitted either indirectly from a heated glass storage
reservoir at temperatures between 200 and 250°C or directly
into the ion source via a heated probe operating at hO-BOﬂ;.
Spectra from the MS-9 were recorded on UV sensitive paper

at three galvomometer sensitivities in the approximate ratio
1:3:9.6 and those from the RMU-6 machine (Morgan Schaffer
Corp.) were recorded similarly at four sensitivities in the
ratio 1:2.5:8.5:29. The two machines gave essentially sim-
1lar spectra. Mass counts were started at mass to charge
ratio of 20, Internal calibrants were used for the identi-
fication of high molecular weight species and any background

was subtracted where significant.

The intensitlies of the peaks were measured with a var-
iable scale ruler set so that the relative intensities could
be read directly. The observed metastable transitions were
assigned, and the intensities of some polyisotopic ions of
antimony were calculatéd with the aid of a computer programme

(100) and were found to be the same as those observed, within

experimental error.

Appearance Potentials

Appearance potentials were determined on a Bendix

Time-of-Flight Model 12 mass spectrometer equipped with a

1,-107 ion source. Samples were introduced directly into

the ion source on the heated tip of a Model 8,3 A probe op-
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ating at temperatures of100-70 eC and monitored by a thermo-
couple. In general the mass spectra obtained on this machine
were similar to those obtained on the higher resolution in-
struments, but the intensities of a few peaks were different
due to a different operating mode and source geometry. In
addition, the very much lower resolving power of this in=-
strument made the resolution of consecutive masses above

m/e 250 difficult.

The method used for obtaining the appearance potentials
of the ions is similar to that used by Loyd and Stafford (56).
The ionisation voltage control was fitted with a pulley wheel
and driven by a small syﬁchronous electric motor, operating
at 1/3 r.p.m., by means of a rubber O-ring. The electron
energy output was connected to the X-axis terminal of a
Hewlett Packard Moseley 7005 B X-Y recorder and was monitored
simultaneously on a digital voltmeter, the Y axis terminal
being connected to electrometer output of the spectrometer.
The X scale was l)éQ‘per inch. The scanning gate was opened
to its widest setting and moved onto the ion whose appearance
potential was to be measured by use of the manual scan
heliopot, which was then adjusted with the Qernier control
so that the recording galvonometers showed a maximum deflection.
The gate was then locked in position and the ionisation
voltage set two to three qv, below that of the expected appear-
ance potential, The X-axis was zeroed at some convenient

point and the ionisation efficiency curves were drawn auto-
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matically on inch graph paper. The recorder and analogue
electrometer sensitivities and time constants were adjusted
so that the ionisation efficiency curve was as steep as
possible with a minimum amount eof noise., The same set of
operating conditions were used during each set of measure-

ments.,

Mercury and Krypton were used as calibrating standards,
Krypton was admitted via the inlet system from a gas storage
bulb, mercury arising as background from the diffusion pumps.
The most intense peak of the isotope pattern of each was
used for measurement., Where the compound under consideration
had significant peaks in the mass range 196-20l, the mercury
was removed by liquid nitrogen and oxygen from the background
spectrum substituted as the second standard, This gave less

reproducible results than the mercury or krypton standards.

At least two standards were used for each compound and

the appearance potential of these was determined immediately

before and after a particular compound had been studied.

There was no variation over the time required to complete
a get of experimental determinations but a drift over longer

time periods was noticed.

For each ion in turn a set of eight to ten ionisation

efficiency curves were obtained and the appearance potential
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taken at the point where the first definite reproducible rise
from the base line was observed, Errors were evaluated using
the standard mean deviation method. Although efforts were
made to bring the ionisation curves as parallel as possible
to these of the standards some ions gave such shallow curves
that an accurate determination of the appearance potential

was impossible.

Wood and Waldron (57) have shown that by this method
the measured appearance potential is inversely proportional
to the pressure in the lon source. Accordingly, efforts were
made to keep the rate of evaporation of the sample as low
and as constant as possible by carefully adjusting the tem-
perature of the probe but high enough to observe all the sig-

nificant peaks in the mass spectrum.

The values of the appearance potentials were obtained by
taking the difference in the values for the initial break
in each curve forhfﬁe ion under consideration and the standard
and then adding the appropriate correction factor to each

value based on the following standard values (93):

Mercury mfe 202 10,l ew,
Krypton m/e 8l 1.0 ev,
Oxygen m/e 32 12.2 ey,

Ions that gave no sharp break in the ilonisation efficiency
curves from which an accurate determination of their appear-
ance potential could be made where almost invariably from

those that could arise by two or more processes,
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Thus although the ion due to SbF2 in the mass spectrum
of (C6F5)38b is the base peak, the ionisation efficiency curve
showed only in very gradual rise after increasing the volt-
age some 5-7 ev. This ion can arise by several paths each
having its own energetigs and will thus make the determination
of its appearance potential by the initlial break method
difficult, since a large amount of kinetic'energy is probably
acquired., Ionisation efficlency curves that were parallel to

the standard were normally only obtained from the ions RnM

(n =1,2,3 R = Ph, CéFS’ M = P, As and Sb),

Sources of Materials

The sources of starting materials used in the prepara-
tions for this work are given in Table 1 and were used
without further purification. Commercially available sam-
ples of the compounds for mass spectral study were purified
by either sublimation or recrystallisation from hot ethanol.

All compounds were sublimed once prior to mass spectral

analysis.,

The Preparation of bis(pentafluorophenyl) phenyl phosphine

In a three necked flask fitted with an oil sealed
paddle stirer was placed magnesium turnings (3.0 g 0,125
mole) and 50 ml of dry diethyl ether. A small crystal of




Table 1l: Sources of Materials

Compound

Pentafluorobenzene )
Bromopentafluorobenzene )

Phenyl dichlorophosphine )
Diphenyl chlorophosphine )

Phenyl dichloroarsine )
Diphenyl chloroarsine )
n Butyl Lithium )
Triphenyl arsine )
Triphenyl antimony )

Triphenyl phosphine )
Antimony trichloride )

Arsenic trichloride

¥ Tetraphenyl diphosphine

Sugglier

Pierce Chemical Co,
Rockford, Ill.

Stauffer Chemical Co.
New York, New York

Alfa Inorganicg
Beverly, Mass.,

British Drug Houses,Poole
Dorset, England

Allied Chemical
New York, New York

Strem Chemicals Inc.
Danvers, Mass.,

Samples of tris(pentafluorophenyl) phosphine and tetra-

kis (pentafluorophenyl diphosphine previously prepared by Dr.

Jo M, Miller were available.

Samples of bis(pentafluorophenyl)

phenyl stilbene and diphenyl chlorostilbene were kindly donated

by Dr. D, J. Nichols from the University of Edinburgh,

¥ The sample obtained showed on mass spectral analysis

gross contamination by the oxide PhZP-P(O)PhQ. The melting
point of the sample was found to be 86-105°C., (Lit. value 121 C)
and was observed to fall to 86-90 C over a period of two

weeks due to gradual oxidation by the air., Attempts to
synthesise tetraphenyl diphosphine by literature methods (58-
60) gave a crystaline product m.pt. 196-198 C which also

showed the presence of oxygen in its mass spectra., In addition
the mass spectra obtained from the Bendix machine was very
different from that obtained on the RMU-6 (Morgan Schaffer
Corp.) in that the peaks of interest P P, and Ph,P were of
such low intensity that no appearance potential measurements

could be made.
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iodine was added and a solution of bromopentafluorobenzene
(24s7 g8 ,0,1 mole) in ether (50 ml) was added dropwise with
constant stirring. If the reaction did not start immediately,
a few turnings of magnesium activated with a 1:1 solution of
ethylene dibromide in ether (5 mls) were added. After the
reaction had begun the contents of the flask turned cloudy
and the rate of addition of the bromopentafluorobenzene
solution was adjusted to give a reasonable rate of reflux

of the ether. When the addition was complete the reaction was
allowed to proceed to completion for half an hour, ylelding

a dark black-brown solution. The solution was decanted free
of the unreacted magnesium and added dropwise to a stirred
solution of phenyl dichlorophosphine (8.0 g, 0.0,8 mole)

in dry ether (50 mls) at d'C. When the addition was complete
the solution was gently refluxed for an hour after which time
it was cooled and the excess Grignard reagent hydrolysed

with 50 mls of iN hydrochloric acid. The ether layer was
separated, washed three times with 50 ml portions of dis-
tilled water and éfléd overnight over anhydrous sodium sul-
phate. Evaporation of the ethervgave a dark brown oil which
was passed down an alumina column (855100 mesh) with Ligroin bpt.
(68=75°C). An almost colorless eluant was recovered, leav-
ing a heavy black tar at the top of the column. The light
yellow oil obtained on evaporation of the solvent slowly
crystalised to give off-white needles (12.3 g 57.7%) mpt.
52-54° G, which were sublimed under high vacuum at 70-80° ¢

to yield bis(pentafluorophenyl) phenyl phosphine (9.5 g,
it .5%) mpt60-62°C 1ig value 69-70°C(24a) (25).
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The preparation of tris(pentafluorophenyl) arsine, stibine,
and diphenyl pentafluorophenyl phosphine were carried out
in an analagous manner, and the results are summarised in

Table 2.
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A Summary of the Preparations

Using Pentafluorophenyl Magnesium Bromide

Compound
Pregarea

(CéFS)BAS
(06F5)3Sb

Eh2PcéF5

PhP (06F5 ) 2

Halide Crude Sublimed Mpt.
Used Yield % B e
AsCl, 78,9 69.5 104 -
10
(0,06 mole)
Lit.106
SbCl, 79.1 56.0 72=
h
(0,06 mole) .
Lit. T4
Ph,PCl 61.2 U7.2 69-
71
(0.1 mole)
Lit e 69-
70
PhPC1.,. 57.7 .5 60-
2 62
(0.1 mole)
Lit ° 69“‘
70

Analxsis
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Preparations Using Pentafluorophenyl Lithium

Bis(pentafluorophenyl) phenyl arsine, %}ph?nyl penta~
fluorophenyl arsine and diphenyl pentafluo;;ézgkine were
prepared by the action of pentafluorophenyl lithium on the
corresponding chloride using the method of Kemmitt,Nichols,

and Peacock (25).

The use of pentafluordphenyl lithium as a reagent for
the preparation of pentafluorophenyl derivatives was discov-
ered by Coe (63) who used a metal-halogen exchange reaction
between bromo pentafluorobenzene and n-butyl lithium at -78%¢,

GéFSBr + n-GuHQLi-——a 06F5L1 + n-qquBr

Lowvtemperatures were necessary to prevent the formation of
fluoride ion through an intermediate benzyne system (63,6l).
Excess amounts of the halo-pentafluorobenzenes reacted with
pentafluorophenyl lithium to give 2-bromo nonafluorobiphenyls
which were used in, the preparation of other 2-substituted

nonafluorobiphenyls (18). The preparation of penta-
fluorophenyl lithium was improved by Harper et al (65) who
used the reaction of pentafluorobenzene with n-Butyl Lithium
at -78°¢C.

C6FSH + nCquLi —_ 06F5L1 + n-CL'_H10

This has the advantage that inert butane is the only side
product. The rate of formation of pentafluorophenyl lithium

is however extremely dependent on the solvent used. In hexane



ether the reaction is only complete in 2 hours but with ether
or ether-tetrahydrofuran as a solvent’it is complete in 5 min-
utes. Kemmitt et al (25) prepared compounds in the series
(CéFS)nMPhB-n (n = 1,2 and 3 M = P,As and Sb) by use of this
reagent and reported superior yields to those obtained via

the Grignard proceedure at lower cost since pentafluorobenzene
is the much cheaper starting material.than bromopentafluoro-

benzene.

Details of the preparations are summarised in Table 3

and a typical reaction is described below.

The Preparation of Diphenyl Pentafluorophenyl Arsine

A 500 ml three necked flask was fltted with an oil sealed
paddle stirrer, an efficient water condenser and a by-pass
dropping funnel. The apparatus was flushed for 10 minutes
‘with dry nitrogen, (further dried by passing the gas through
a 2 ft. tube packed with "Drierite") and a solution of penta-
fluorobenzene (9.25 g 0.050 moles) in anhydrous ether (100 ml)
admitted to the flask, which was then cooled to -78°C with

an acetone-dry ice bath. A solution of n-butyl lithium

(2l mls) of a 22 wt % solution in hexane (3.52 g , 0.055
moles) was then added dropwise to the stirred solution.

When the addition was complete the solution was stirred for

2 hrs under a blanket of nitrogen.
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Then a solution of diphenyl chloroarsine (13.87 g ,
0,052 moles) in ether (50 mls) was added dropwise and then
the contents of the flask were allowed to warm to room tem-
perature, The solution changed from colorless at -78°G to
dark brown at room temperature and a fine precipitate of
lithium chloride was observed in the flask. The solution
was filtered and hydrolysed with 1N hydrochloric acid (50 ml)
washed with water in two 30 ml portions and the ether layer
dried over anhydrous sodium sulphate. The solvent was re-
moved in vacuo and the dark brown oil that remained passed
down &n alumina column and eluted with naphtha solvent. The
brown tar remained at the top and evaporation of the solvent
yielded pale brown crystals (11.25p54.5%) of diphenyl penta-
fluorophenyl arsine mpt 60-63°C, Final purification was
achieved by vacuum sublimation to give 9.6 g L6.5% of the
pure product mpt 62-6l C Lit. value 63-6l. C. (25). A similar
reaction performed with dry THF as the solvent gave 8.2 g of
a semi-golid mass that was difficult to crystallise or sub-

lime, due to some unidentified by-product.



-35-

Table 3: A Summary of the Preparations

Using Pentafluorophenyl Lithium

Compound Halide Crude Sublimed Mpt.

Prepared Used Yield 4 YIeld % °C

Phas (C4Fg), PhAsCl, 119 11O 73=75
(0,025 mole) Iit.73-75

PhZAscéFS Ph,AsCl Sl L6 62=-6l
(0.052 mole) Lit.63-6l

PhoSbC,Fy Ph,SbC1

(0,01 mole)

i The reaction was carried out in an analogous manner
to that described, except that after filtration, the fil-
trate was not hydrolysed with water in case this removed
the pentafluorophenyl group. The ethereal filtrate was
evaporated to yleld a small amount of an o0il which did not
crystallise or show any sign of pentafluorophenyl groups
in its IR and mass spectra.

Previous attempts to synthesise the halide PhZSbCl
by the reported methods (66) failed and because of“the
small amount (3.6 g) supplied to us, another reaction could
not be attempted. The reported yield of the required
C¢FgSbPh, is only 25%, based on the amount of Ph,SbCl used.
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RESULTS AND DISCUSSION
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The figures 1-11 show the mass spectra of the compounds
under study. These were drawn up from the Tables I-~XI that
are found in the Appendix and are plotted with the mass to
charge (m/e) ratio vs. the intensity of each peak relative
to the base peak, which is normalised to 100 % relative a-

bundance.

Figures 12-21 show the proposed fragmentation schemes
for the compounds based on the observed metastable transitions
and any analogies that might reasonakly be drawn from their

neighbors.

To facilitate comparison, tables | and 5 show the a-
bundances of each ionic species (over 1 to 2% relative in-
tensity) as a percentage of the total positive ion current.
These are formed by summing all the isotopic contributions to
each ion species in turn and then dividing this by the total

ion current.

Table 6 shows the mature of major charge carrying species
as a percentage of the total positive ion current. Where
necessary the spectra is normalised so that the sum of each

separate species is 100%.

Table 7 shows the observed metastable transitions.
These were in the main fitted to the observed metastable
peaks by a computer programme such that all peaks over 2%

relative abundance were considered. Where the transition
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was very broad because of polyisotopic elements, the total
range was divided intec 0,3 a.m.u. sections and each was

considered in turn.



Figure 1: The Mass Spectrum

of Ph,P at 70 ev,
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Figure 2: The Mass Spectrum

of Ph,As at 70 ev.
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Figure 3: The Mass Spectrum

of Ph,Sb at 70 ev.
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Figure lj: The Mass Spectrum

of (C¢Fg),P at 70 ev,
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Figure 5: The Mass Spectrum

of (06F5)3AS at 70 ev,
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Figure 6: The Mass Spectrum
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Figure 7: The Mass Spectrum

of thggéFg at 70 ev,
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Figure 8: The Mass Spectrum

of PhoAsCy Fr at 70 ev,
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Figure 9: The Mass Spectrum

of PhP(CyFr), at 70 ev.
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Figure 10: The Mass Spectrum

of PhAs(C¢Fg), at 70 ev.
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Figure 11l: The Mass Spectrum

of Pth(Cégs)p at 50 ev,
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Figure 12: Fragmentation Pattern

for Ph3M (M = P, As, or Sb)




(s Hs); M* > (Cs Hs ), MG 1T
P 391 P 39
Ae 69 As 0-]
-C, He M
Sb 65 675 Sh -~
. ..
(Cs 15),
= GHs P o7
i As 61
~Ph, v Sb 67 |
¢ - + X -
(6”'?) mt 2 -Ha (¢ 1), M Mo (GH)}
P 36 P Jo6 ‘P23
As 2:8 As 12:6 As magked éy%ﬁ;
Sb &1 Sb 32 $b 5-1
\ ~ G Hs ~C Hy
GHsm™ M >C, Hs*
P It2 ey P o
As 434 As 2-3
Sb 57.0 C, H, Sb 2.7
3 P 3.7
~C, Hg _ ¥
Sbsonl.? As 5 q ,452 H2$6
Sb 4.2 and
m* CHy = Cpus™
p- p - P I
hs ~ As 05  As 2.8
Sb 12 S, 0-3




Pigure 13: Fragmentation Pattern

for (06F5)3—P-







Figure 1ll.: Fragmentation Pattern

for (CéFS)Bég
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Figure 15: Fragmentation Pattern

for ( C6F5 )3§_‘g
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Figure 16: Fragmentation Pattern

for CéFgPRhg
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Figure 17:

Fragmentation Pattern

for CgFrAsPhy
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Figure 18: Fragmentation Pattern

for (CéFS)Zggg
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Figure 19: Fragmentation Pattern

for (CuFg),AsPh
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Figure 20: Fragmentation Pattern

for (06F5)2SbPh
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Table LL: Mass Spectra of

(CpXg) M (X = H,F M = P,As and Sb )

as Percentage of the Total Posltive Ion Current
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A, Ions Containing Central Atom

(CgXg)sM 42,0 39.1 9t 6.9
(CgXg) MO X 1.7 3.9 0.5 0.1
06X5M(Céxu)2 0.5

(CX )M 16,9 3.6 9.1 2.8
012X9M o2

(Cg, ) M 19.6 0.8 12.4
06X5MX .8 9el1

06X5M 1.8 11,2 15.2  L3.4
CeXy M 3.7 0.8 5.4
MX, 0.7 11.h

MX 1.2

M

Total 67.9 85,8 57.8

71.0

Antimony
X=F X=H
19.0 6.5

1.0
10.1 5.1
3.2

9.0
10.9 52.5
,_!.-2

17.2

3.1
0.l 1.2
70.7 727
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B, Ions Not Containing Central Atom

+ Phosphorus Arsenic Antimony
Ion X=F X=H X=p X=H - X=PF X=8H
(céx:s)2 0.7 0.5 6.1 0.3 7.7
Claxg 005 006 O.LL 2.8 002 5-6
(0. %) 6.7 2.3 10,5 masked by 5.2 5.1

6Xﬁ e PhAs'eF 6.6
c 1.7 0.3 3.0 masked by . 0.9
12X7 CéHLLAs+
Cl2X6 On9 101 099
09X7 1.5 1.1 0.3
011X5 1.7 1.8 1.3
06X6 Oo)_.l. 0.1 109 0.2 lah
C6XSH 0.6 0,2 ‘ . 069
céxg 0.2 1,0 0.l 263 0.2 27
céxu 0.3 1.1 0.3 « 0,5 0.5
C6X3 8 - 5.1 0.2 , 1.3 0.2
06X2 1.1 1.l 0.6.
CSXS 0.5 1.1
c_X 0. 0, 2.0 ' 1.1
53 70T |
CSXZ N %% § 0.8
CL'.XB 1.6 2.8 207
g x 0.5 0.3

L2



"=

+ Phosphorus Arsenic Antimony
Ion X=F X=H X=F X=H X=F X=H
¢.X ' O. 0.8 0.6 O. 0.

% 5 5 0.3
0.
CMXZ 2
C6X 0.1 0.3 0.2
CSX l.].oo 1.2 0'9
C3X2 0.2 0.1
CX3 6.5 0.2 0.1
CX 0.1 0,
5 | 3
cX 0.7 0.l

Total 33.3 8.1 36,2 17.5 25.7 2T.4
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Table 5: Mass Spectra of
zgngipéFB)B_n (n=1,2M =P or As)

and Pth(06F5)2 as Percentage of the
Total Positive Ion Current




~6ly-

A, Tons Containing Central Atom

Ion Ph,PCy Fo PhP(CEESle Ph,AsC,F-  PhAs(C.Fg), PhSb
- - (G Fs)
Parent * 21,9 1.5 lholy 5,0 1.3

Parent = H * 3.5
Parent -2H + 0.6

Parent = F | 0.8 0.8

(06F5)2M+ 0.3 0.8 0.6
C,FgMPh™ 1.2 3.6 0.8 1.8 1.7
Cg ), MPh" Oult 0.3

CyFsMCeH), * 0.5 |

céFLM06Hu+ 2.9 6,2 1.2 oly: 2.l
06F5MF+ 0.6 1.8 1.8
06F5M+ 0.7 12,1 1.1 29.3 2.8
CoF M 0.3 0.5 0.2
Ph2M+ 242 1.5

PhMCH) * 0.y 0.1

(CH, ) M 6.5 3.5

PhMF* 3.2 6. 3.2 o0 5.6
PhM ™ .l 9e7 1.1 1.0
CgH), M 2.3 1.5 349 2.0 2.9
MF," Ouly | 2.7 7.2
MF* 0.3 .0
M* 1.l

Total 51.2 Ll.écé 2908 5307 5309
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B. Ions Not Containing Central Atom

)

Ton

(CeFg),

(CeF), )5 0ol
CyoF7

PhC,Fy 0.1
CoFyp CoHy 0.7
CeFy, 0.6
CéFSH 0.k
CyFg 0,5
Ph, 737
PhCyH), 1.l
{CeH) ), 0.3
CeF3 0.2
CyF2 0.l
G3Fy 0.3
CeHy 0.6
CgHg 1.9
CF, 1.0
cuH3 2.9
C B, 0.9
C3Hjy 0,8
HF

Total 21.1

Ph,PC,F  PhP(C Fy

0.1
0.5

1.3
Ol
1.3
O.h
O.lk

1.5
3.5
0.3
0.2
L.8
k.9
6.5
1.3
1.1

28.5

12 Ph_AsC e Phas (CoFr),

1.0
1.1
0.l
0.3

30,8
2.2
masked by Phas*
0.3
0.2
0.1
1.5
6.0
0.1
6.1
1.0 |
1.0

Ol

52,5

1.1

4.5
2.0

0.5

0.5
0.1

1.3
0.6

0.7
5.7

6.6
1.2
0.5
0.5

25.8

PhSb

(C Fe)o

0.9
1,0
1.1
1.3
0.6
0.3
0.3
1.0

O.lt
0,2
0.1
0.1
-11.0
0.1
11.7
2,1
0.5
0.1

32.8
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Table 6: Nature of the Charge Carrying Species as a Per-

centage of the Total Positive Ton Current.

Ion Type M = P As Sb
=F H F H F

Nt 68 86 58 71 71

Mo X 67 86 ks 71 51

MxX,* 1 - 13 - 20

M+ - s o - 0 e 5

C X" 33 W h2 29 29

cmngFa.+ 5 - 9 - 9

N = Total metal containing species

Compound, N o x*t ¥ C X MF, "
Ph,PC, Fg 71 29 3
PhP(C¢Fg) o 62 38 7
Ph,AsCFy 36 6l 3
Phas(CyFr)p 68 32 6
PRSD (C4Fy) Y 3 7

# mostly PhMF+

T Sgectra renormalised from Table 5 so that the sum of

N' and ¢,X,* = 100%



Table 7: Observed Metastable Transitions
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Ph.p"

T calc. found
PhPY — 3 PhyP céﬁu*’ + H 260.0  260.0
m/e 262 m/e 261

Ph,PT ———> PHRT + (CgHz)p WS 4k
m/e 262 m/e 108

+ +

Ph,P" ———> (CgHy) P + Hy 180.7 180.9
m/e 185 m/e 183

(GgHy )P —> (CgHy)p" + P 126.2 126.4
m/e 183 m/e 152

For a complete assignment of all the metastables that have

been observed, see reference (67).

Phihs
calc, found
+ +
PhjAs ————> PhpAsCgH) + H 304.,0  304,0
m/e 306 m/e 305
+ +
PhyAs ————> Phas - + (CgHg)p 75.5  75.5
m/e 306 m/e 152
noagt +
Ph,As ——> (CéHu)ZAs + H2 | 225.0 225.0
m/e 229 m/e 227
+ +
(Céﬂu)ZAs R (céﬁu)2 + As 101.8 101.9
m/e 227 m/e 152
Ph > ;" + o H, 33.8 33,8

n/e 77 m/e 51



PhySb

Phash’ — 5
m/e 35, 352
Physh’ ——>
m/e 354, 352

PhZSb+ _—

m/e 277, 275

+
(CoH, )5S0 —>
m/e 275, 273

Phsbt —
m/e 200, 198

Ph+ —_—
n/e 77
{CgF5) 3P

(06F5)3P+————+>
m/e 532

(C4Fg) P —>
m/e 532
(CeFg) 3P —>
n/e 532
(C6F5)2P06Fhf—>
m/e 513

=69

thsbc6ﬂu+ + H
m/e 353, 351

+
PhSb + (06F5)2
m/e 200, 198

+
(Céﬂﬁ)ZSb + H2

m/e 275, 273
m/e 152

Ph* + Sb
m/e 77

m/e 51

(Eéﬁs)zpcéFu+ + F
m/e 513
(06F5)2P+ + CéFS
m/e 365

+
CeFgP + (CgFg),
m/e 198

+

(CéFS)zP + CéFu
m/e 365

calc, found

352,0 )
350-352
350,0 )
113.0 )
111-113
111.h )
273.0 )
271-273
271.0 )
8lL.6 )
81,-85
8.0 )
29.9 )
29,8
29,6 )
33.8 33.7

calc. found

4oL.6  L9lk.5

250,14 250,14

73.7 73.8

259.7 259,04
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jgégslsg@ (continued)

+
m/e 296

(CePg) P — >
m/e 365

( 06F5)2P+ —_—
m/e 365

+
(C6F5)2P e
m/e 365

+
(C4Fg) P ——>
m/e 365

+
m/e 365
4
06F PF  ——>

5
m/e 217

CFP
65 -
m/e 198

+
06F5P e
m/e 198

-+
Oyaly” —

m/e 277

+
m/e 277

* + PR
9

m/e 315

CqoF

(CéFLL)Z+ * Eip
m/e 296

* + PP
7

ClZF 3
m/e 277

+
CéFSPF + CéFh
n/e 217

+
06F5 + 06F5P
m/e 167

-
06F5 + PP

~m/e 167

+
C,Fy + P
m/e 167

4
C,F, + PF
m/e 110

3

+
GAFS + CF2
m/e 227

calc, found
259.2 259.4
272.0 272.0
21L0LL 240.6
2102 210.3
129.0 128.9
76.4 76.5
128.5 128.8
140.9 1.2
61.1 61.1
186.0 180.0



Lgégslag (continued)

+ +
CyFy > CgFy + C,F
n/e 2,1 m/e 167
¢, F " C,F.' +F

6') —> Y62 T

m/e 1,8 m/e 110

+ +

> P

C Fy —> CFy" + CF,
m/e 167 m/e 117

+ +

m/e 296 m/e 14,8

+ +
C6F3 S CSF + CFé
m/e 129 m/e 79

calce found
115.7. 116f0
81.8 82.0
82,0 82.0
7h. 0 7.0
48.hL 48.hL



£§62513é§
+
(CFy) ;A8
m/e 576
(CeF) 4as”
m/e 576
(06F5)2A§+
m/e 109
(CgFg)phs”
m/e 1109
(06F5)2As
m/e 1109
(CgFg) hs”
m/e 1109

06F5AS
m/e 2,2

v

+
CéFsAS
m/e 2l2

v

+
(CFy o
m/e 296

'

m/e 129

h 4
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(CFg)As™ + C Fy

m/e 1109
06F5A3+ + (C
m/e 22

3
012F9 + AsF
m/e 315

(CéF,_!_)2+ + AsF

m/e 296

012F7+ + ASF3
m/e 277

+
CbFSAsF + C
m/e 261

+ AsF

F+
Ce 2

3
m/e 129

+
CéFLJ.AS + P
m/e 223

+
CllF6 “+ CF2

m/e 216
CLF  + CF
5 2
m/e 79

calc,

found

6T5)o

6L

290,

101.7

22,6

21l .2

187.6

166,.6

68.7

205.5

20,5

L8.l

290.5

101.7

2h2.6

21,2

187.5

166.5

69.0

205.0

205.0

48.6
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C,F.).Sb '
1_6_513__ calc. found
(CéF5)BSb+ s (06F5)28b+ + CFg 334.7 332-335
m/e 62, 622 m/e 14157, L55 167 332.8
+ +
(06F5)3Sb —_— CéFSSb + (C6FS)’2 134.8 133-135

m/e 62, 622 m/e 290, 288 133.4

(CéFu)2+ + SbF 192.6 191-193

+
(CgFg)p8b"  ——s >

m/e )-I-STQ )-|-55 m/e 296 ‘ 191.7

1 + + )
(0655)23b —————>  CppF, ¢ SbF3 168.,6 167-169
m/e 457, L4L55 m/e 277 167.9

+ +

CyoF7 > C,Fg +F 2,0.3 2L0.5
m/e 277 m/e 258
GSF3+ = CSF2+ + F 82-1 82c®
m/e 117 m/e 98
O, " > CeF,t + By 81.8 82,0
m/e 11,8 - m/e 110

+ +
CoFg > CSFB + CF, 82.0 82.0
m/e 167 m/e 117




Ph,PC,Fe

+
Ph2P06FS S ———

m/e 352

+

m/e 352

+
Ph,PCFy”

m/e 352

+
PhZPcéFB 3y

m/e 352

-+
PhZPC()FL;_ S

m/e 333

+
m/e 275

PhP06F5+ ———y

m/e 275 o

+
m/e 255

-
thP

m/e 185

\\J

pht

n/e 77

V

+
PhaPcéﬁh + B

m/e 333

PhP06F5+ + Ph
m/e 275

+
PhPcéHu + CéFSH
m/e 18l
ht 4o Pop

2 ¥ 6 5
m/e 15l

+
CéEuPcéHh + C, H

66
m/e 255

CéﬂhPC6Eu+ + HF
m/e 255

+
G6icéﬂh + 51
m/e 22l P and HF

B
Céicéﬂn + P

m/e 22l

o

m/e 183

B
CuHB + 02H2
m/e 51

calc,

found

315.0

21l;,8

96.2

67l

195.3

236.5

182.4

196.8

181.0

33.8

31h.6

215.0

96.0

67..L

195.5

236.7

182,.1

197.5

181.0

33.8
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PhP(CE_S)

PhP(C, 5)2+ —_— 06H4P c F ) + H
m/e L2 m/e uul
PhP(CéF5)2+-——————4;~ PhPcéFgcéFu + P
n/e Lli2 m/e 123

RhP(CéFS)2+ —_—
m/e L2
RhP(06F5)2+ _—
m/e W2
PhPcéFécéEu+-—-_~m;
m/e 423

v

+
PhP06F5
m/e 275
CéﬂuPcéFLﬁ N
m/e 255 -
Ph"
mn/e 77

v

06F5PPh + 06F§

m/e 275

+
06F5P + C6F5Ph
m/e 198

o+
PhROGR, © + O T
m/e 256
C,HPC,F ¥ + HF
67U 67
m/e 255

+
06Hu063u + P
m/e 22l

+
m/e 51

calc,

found

40,0

10l .8

171.1

88.7

154.9

236.5

196,8

33.8

1110, 0

140l 8

170.0

88.7

154.8

236,5

197.3

33.7



QQQASCEES
Ph2A306F5+ _—
m/e 396

+
Ph2A806F5 —_—>
m/e 396

+

m/e 319

+
PhZAs

m/e 229

v

A *
P 2 s

m/e 229

Y

Ph2As+

n/e 229

v

(CéHh)2A3+—-—————;

m/e 227 -

(CéHu)2A3+-——————9
m/e 227

+
PhAsF -
m/e 171
pht —

m/e 77

~T6-

+

CéﬂuAscéFh + 97

m/e 299 Ph and HF

-+
5
m/e 15

+
CéFuAscéﬂu + HF
m/e 299

h + F
P 06 5As

+

m/e 227

+
Ph_~ + A
2 -]

m/e 154

PhAs+ + Ph
m/e 152
(C.H) ) T As

L2
m/e 152

+
m/e 151

CéﬂuAs+ + HF
m/e 151

Hy

+
ChH3 + 02

m/e 51

calc,

found

225.8

59.9

280.3

225,0

103.6

100.9

101.8

100.4

133.3

33.8

226,.,0

59.9

280,1

225.0

103.3

100.8

102,0

100.5

133.0

33.8



PhAschg_‘Sl.2
Phas (CgFg)y’ ———> (G Fg) ,AsC Hu + H
m/e 1186 m/e ABS
Phas(CgFg),” — > CgFghs® + PhC Ty
m/e 1186 m/e 2,2

+ +
(C6FS)2AS 2 CéFS + GéFEAs
m/e 409 m/e 167

+ +
PhAscéFS > CéﬂuASC6FL + HF
n/e 319 m/e 299

+
CéFuASC Hu 3y

m/e 299

PhAsF*t

m/e 171

PhC, F

L

6 5
m/e 24l

+
Ph

:

m/e 77

\’

+
m/e 221,

céﬂ'hAs+ + HF

m/e 151

+
C6Hﬁ063u + HP
m/e 22l

+
c.H +CH
43 272

m/e 51

calc,

found

1185.0

120.5

69.0

280.3

167.8

133.3

205,6

33.8

185.0

120.5

69.0

280.3

168.0

133.5

205.9

33.8



PhSb (C,Fz),

Pth(06F5)2+ ——

m/e 5329 53&

+
PthchS
m/e 367, 365

+

v

CéFSSbF
m/e 309, 307

06F58b+
m/e 290, 288

PhSbFT

v

m/e 217, 219

Ph*

v

m/e 77

|
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C,F.Sb"T + PhC F

6°5
m/e 288, 290

e
GéFLSbcéﬂﬁ + HF

m/e 347, 345

+
SbF2 + Cégu

m/e 161, 159
4
SbF +-C6Fu

m/e 12, 140

C,H Sbt + HF
6L

m/e 199, 197

+
CuHB +* CZH2
m/e 51

cale., found
157.5 156-158
156.0
328,1 328-326
326,1
83.9 82-86
82.3
69,5 68-70
68.0
179.8 179-180
179.7
33.8 33.8
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Tris Phenyl Compounds Ph M

3

All three spectra (Figures 1-3) were found to be iden-
tical in their fragmentation patterns and similar to that
previously reported for triphenyl phosphine (9) (67). The
proposed fragmentation schemes are shown in Figure 12 and
the observed metastable transitions in Table 7. A unique
feature of these compounds is the formation of the ion II
from the diphenyl metal ion I shown below. In the case of

phosphorus’ion II has been named the phosphofluorenylium

cation
Scheme 1
.Hg ! 'M ‘
OO0
M
I IT IIT

Hydrogen loss from the parent ion is also observed and
supported by the appropriate metastable ion in all three de-
rivatives. This 1s prominent transition for the phosphorus

Antensily of the
derivative where the,molecular ion is some six times that of
the corresponding arsenic and antimony derivatives (Table l).
Williams has formulated this ion as:

T

and has shown by the appropriéte metastable ion that this
could lead to an ion of type II by loss of benzene., It seems
likely that other parent-H ions could have an analagous

structure to this although due to their small abundance, the
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corresponding loss of benzene from these ions was not ob-

served.,

The other main fragmentation pattern in these compounds
1s the loss of biphenyl from the parent ion which from the
rapid rise in the abundance of the phmt peak (Table l}) plays
a more important role in the cases of arsenic and antimony.
However, it seems curious that the abundance of CéHuM+ shows
no great variation.along the series in spite of the evidence
provided in the case of phosphorus by metastable peaks that

show that this ion comes predominantly from PhM+ (67).

Although there 1s a rapid fall in the abundance of the
ion (CéHu)2M+ in going from phosphorus to antimony there is
no analagous decrease in the abundances of the Ph2M+ ions.
This suggests that the scheme outlined above now plays a

less dominant role than does the scheme below ;

< --  Scheme II
+ ++ =Ph
PhBM’“____‘_le_, 2 U LI SN
A =]
--Ph2

which is observed for the heavier elements. Further evidence
is provided by the inerease in the aromatic hydrocarbon

+
fragments Phy ", Ph+, and ChH3+ in going from phosphorus to
antimony and the presence in the mass spectrum of (06H5)3Sb

of a metastable peak describing the reaction:

phMt* — > pht+ M
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which can be attributed to the relatively weak carbon-antimony

bond.,.

In a recent note Zeeh and Thompson (72) reported the
+
formation of ionsof the type (Géﬂh)EM (M = As and Sb) in

the mass spectra of Ph,As and PhBSb but not in PhBBi, al-

3
though ions of the type PhM'™ (M = As, Sb and Bi) are found
in all three cases, Except in the case of PhBi+ they then
loose a hydrogen atom to give ions of the type 06HMM+' From
this evidence it is concluded here that for (06H5)3B1 scheme

IT is now the solely important mode and nicely supports

the hypothesis outlined above.

It is of interest to not that triphenylamines do not
give the ion PhN: because the predominant mode of fragmenta-
tion in these is the loss of HCN and HZGN. The analagous
loss of HCM and H,CM is not observed in other phenyl Group

V derivatives.

The fragment ion CuH3+ arises by the metastable sup-
ported loss of acetylene from the phenyl ion Ph+ and has
approximately the same abundance as the latter ion. This is
a common process in all compounds which fragment to give a
phenyl ion, but by contrast pentafluorophenyl compounds do
not show loss of perfluorocacetylene from 06F5+ to give the

analagous perfluoro ion CuF3+.
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The abundance of the biphenylene ion IIT tends to show
a slight increase in the order P< As< Sb and.could arise from
the scheme I in the case of phosphorus or from biphenyl
produced in scheme II, for in the mass spectra of biphenyl
itself, the biphenylene ion is the third most abundant peak (68).
If scheme II is now the dominant process for the arsenic and
antimony derivatives this could in part explain the observed
trends in the abundances of the ions PhZM+ and (06H5)2+
since the two processes leading to the formation of (CéHh)2+

can be considered to be equally energetically favourable.

The mass spectrum of (CéHS)BP has been studied in detail

by Williams et al (6,7 69) by the effects of deuterating
various key positions on the aromatic ring. The formation

of the phosphafluorenyl ion II has been shown to proceed

by the loss of one hydrogen from each ring and not by for-
mation and subsequent rearrangement of a benzene intermediate
on one ring. They showed by Deuterium labelling experiments
that the hydrogensbéﬁ each ring are randomised prior to the
formation of ion IT from I and are postulated to take place
via the formation of excited states since it_is known that cer-
tain benzene derivatives show 1 to 2 and 1 to 3 shifts on
photochemical excitation. These are thought to be due to

the formation of isomeric structures in the excited state (70).

The formation of the biphenylene ion III also takes place
via hydrogen randomisation, which is in contrast to the for-

mation of the M-l peak and its subsequent loss of benzene to
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give the ion II, for which Williams has shown that randomisa-
tion of hydrogen does not occur and that it is almost cer-
tainly an ortho hydrogen that is lost in the formation of

the M-1 ion. Formation of phosphafluorenyl ions are common
in the mass spectra of some phosphoric acilds where the most

common ion has the structure IV.

Iv
+
This leads to a suggestion by Haake et al (71) that the PhZM

ion may not be as shown in I above but is in the form

/
Hy M
The perfluoro derivative of V perhaps can more readily ex-

plain the observed loss of MF, species in the mass spedtra

2
of (GéFg)BM compounds., In the case of triphenyl phosphine

Williams has formulated the ion at m/e 186 as

VI

and has shown that this arises from Ph,P' by loss of benszene

3
(67)e This process is not important for PhBAs and Ph3Sb as
analagous ions to VI are of very small abundance, and meta-
stable transitions corresponding to the loss of benzene were

not observed from the parent ions,
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The mass spectra of the Group V derivatives are very
different from those of Group IV (20-22) in which the loss
of benzene and acetylene from metal containing lons are com-
mon phenomena. In these compounds nearly all of the ion
current is carried by metal containing ions, the abundances
of the aromatic fragments being negligible. The most fav-
oured process is one leading to even electron ions from the

o+
very abundant even electron ion R.M (M = Group IV elements).

Some similarities to Group V deriiatives are however evident

in that the ion R3M+ looses benzene to give an ion which could
have a structure analagoué‘h>VIaboveJand also biphenyl to form
the ion RM*, Except in the case of leadyloss of biphenyl is
also noted from the lons R@M+ and R2M+ to give R2M+ and M+
respectively. Group V derivatives show that 70-86% of the
total ion current is carried by metal containing ions (Table 6)
and that the fragmentation patterns leading to an even or odd
electron ion is equally likely. It is also interesting to note
that while Group V derivatives have strong molecular ions,

the Group IV derivéféves show exceedingly weak parent ions

but by contrast give very strong RBM+ ions., There seems to

be some evidence that one or three coordinaticn is preferred
in these compounds. In the tetraphenyl derivatives of Group
IV the electron removed on the initial ionisation of the

parent ion must almost nessecarily come from a bonding or-
bital, but in Group V compounds this could equally come

from the non bonding pair on the central atom. This could

account for the above observation in the relative abundances

of the parent ions in these molecules and the relative abun-
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- dances of the ions formed by loss of one phenyl group.
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Tris(Pentafluorophenyl) Compounds

In contrast to the tetrakis pentafluorophenyl deriva=-
tives of Group IV reported recently by Miller (9) and the
tris phenyl derivatives of Group V described above, there are
few trends observable in the mass spectra of tris penta-
fluorophenyl derivatives of Group V. Their mass spectra and
fragmentation patterns are shown in Figure -6 and 13-15 re-
spectively. The molecular ion is the greatest for the phos-
phorus derivative (L,2%), falls to 9...% at arsenic and rises

+
5)2M

peak also shows a similar but smaller variation. On the

to 19% in the case of antimony (Table li). The (06F

+
other hand the abundance of GéFSM rises rapidly from phos-
phorus (1.8%) to arsenic (15.2%) and then falls in the case

of antimony (10.9%), the peak due to C,F M  staying roughly

6FHM
constant. There is a strong constant rise in the metal
fluoride species MF2+ on descending the series which is in-
dicative of the weaker carbon-metal bond and a relatively
stronger metal-flﬂ;fine bond forming on proceeding to heavier
elements, The loss of decafluorobiphenyl from the parent

ion 1s supported by the appropriate metastable peaks for all
the members of the series (Table 7) but uﬁlike the hydro-
genic analogues, the (06F5)2+ ion is only of very small a-

bundance.

Loss of a fluorine atom from the parent ion was sup-

ported by a metastable transition only in the case of phos-
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phorus but can be considered to be equally probable in the
other two members of the series. The structure of this can
be considered to be analagous to that proposed for the

parent-H ion in the triphenyl derivatives of GroupV.

The elimination of metal fluoride species in the mass
spectra of pentafluorophenyl compounds is now a well es-
tablished feature and has been described for many various
systems (9-11). In the case of the pentafluorophenyl de-
rivatives of GroupV loss of MF, MF2 and MF'3 radicals from
the ion (06F5)2M+ gives rise to the fluorocarbon ions 012F9+,
(GéFh)2+’ and 012F7+ respectively. Although the reaction
scheme:

i By @+.

e
+

N ,
explains the loss of MF2 from (CéFS)ZM to give (CéFL)Z s

»

the structure'VIIis—perﬁéps less suitable for explaining
the loss of MF and MF3 radichls, There was no evidence that

ions of the types VIIIand IX. .

VIIT -
play an important role in the fragmentation routes of these
compounds, even if they are formed at all, Their hydro-
genic analogues however are very important in the mass spectra

of the trisphenyl derivatives of Group V. No metastable
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transition corresponding to the loss of hexafluorobenzene
was found, although the ion 06F6+ was observed, and is again
in marked contrast to the phenyl derivatives of Group V,
where the loss of benzene is observed in the mass spectrum

of Ph Pv(67). The alternative formulation of ion VII as

B

. | +
is more suitable in explalning the formation of C6F5MF species
although this is perhaps less suitable in explaining the loss

_ of metal fluoride radicals.,

The other fluorocarbon peaks are due to the further
o
t F
fragmentation of the fluoroaromatic lons Cq, 9 , (06 H 5 0
and Cq,5F by typical loss of C, F C_F CF CF, and F
127 y;yp 6L|.’ 5 » 2’ ’ ’

radicals.

The ioss of CF3 is not observed in these coﬁpounds and

appears to be generally quite a rare phenomenon, although

it has been shown to be eliminated from 06F6+ by the appro-
priate metastable ion (99). The similarity of the fragmen-
tation patterns leading to the fluorocarbons accounts for

the great similarity in the abundances of the latter in all
three compounds. However, the abundance of the peak due to
(06F4)2+ shows a maximum at arsenic (10.5%) while that due

to 012E7+ shows a gradual rise on descending the series. This

may be due to the preferential splitting out of AsF2 by ar-
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senic instead of AsFB, because as noted above the abundances
of the (06F5)2M+ peaks do not show a similar maximum, It

is noticed that the abundance of the peak due to 012F7+
which arises from the loss of MFB from (C6F5)2M+ increases
in a regular fashion and may be due to the tendency of the
heavier metals to form the neutral metal trifluoride rather
than the metal difluoride radical. The lower molecular
weight fluorocarbon ions GxFy+ (x = 1-6 y = 3-5) also show

a maximum at arsenic and therefore must arise from the frag-

mentation of the cépsmx+ and C,F.M' (M = As or Sb) by loss

65"
of the radicals of MF2 and MF. The loss of a CéF3 radical
+
from the ion CéFgM to give the ion MF2+ is observed in the

arsenic derivative. Phosphorus on the other hand shows only
a small amount of PF2+ (about 0.2% abundance) and is shown
by the appropriate metastable (Table 7) to lose a phosphorus
atom from 06F5P+ to give 06F5+ which then fragments further
by loss of CF,, F and F'2 to give lower molecular weight
fluorocarbons. The total percentage of the ion current
carried by fluoroéé%bon fragments also shows a rise at ar-
senic and a corresponding fall in the total percentage of
the ion current carried by metal-containing ions (Table 6).
Miller (10) found that the sum of the metal fluorocarbon
containing ions in Group IV tetrakis (pentafluorophenyl)
compounds show a maximum at germanium, but the total metal-
containing ions peaked at lead. Agailn there are few sim-

ilarities between the pentafluorophenyl derivatives of Group

V and Group IV besides the loss of a metal fluoride species.
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In Group IV the spectra become progressively simpler as one
descends the group, the intensities of the ions falling in a
regular fashion, except those due to G6F5M+, (06F5)3M+, and
MF2+ which show a rise . The spectrum of (06F5)u51 shows
peaks that are due to partial fragmentation of the aromatic
ring and which contain a metal atom. Comparable peaks were
not observed for the Group V derivatives although the rise

in the abundance of the peak due to 06F5M+ is in a way sim-
ilar to Group IV where it is absent for Si and Ge derivatives

and is some 15 times stronger for lead than for tin,

As for the tris(phenyl) derivatives of Group V frag-
mentation occurs from both even and odd electron ions to an
equal extent but there appears to be a change of the type of
reaction:

MY ——3 Rt 4+ M
found in the phosphine to the reaction:

M —> Mt +R
found in the case_;f‘arsenic and antimony derivatives as
shown by the appearance of a bare metal ion in the (CéFS)BSb

spectrum,

A mechanism has been proposed by Cavell and Dobbie (73)
to explain the observed fluorine migration in some trifluoro-
methyl derivatives of arsenic and phosphorus, these not being
observed in the analagous nitrogen compounds. The explanation

is that during the migration of the fluorine, the non bonding
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p orbitals on the fluorine interact with the vacant d orbitals
on the central metal atom. Nitrogen lacks these orbitals, so
fluorine migration is rendered difficult., This is also applic-
able to Group IV derivatives, for it has been shown (10)

that thé compounds (C6F5)3COH and (C 6 S) CO give no ev1dence
of fluorine transfer to the central carbon atom, although
transfer of one to three fluorine atoms observed for the other
tetrakis(pentafluorophenyl) derivatives of Group IV (10).
Simultaneous migration of up to two or three fluorines has
also been observed (9, 73, Th) in many of the other compounds
studied., Similar explanations involving 4 orbitals thus seenm
applicable for the pentafluorophenyl derivatives of Group V.
Hawthorne Simpson and Mays (75, 76) have suggested that where
there are unsaturated orttbonded organic ligands present, these
become Wbonded to the metal during fragmentation., This is '
perhaps preferable in explaining fluorine migration in aryl
trangition metal complexes. Studies on ortho meta and para
fluorophenyl derivatives of transition metzls show that

ortho migration iguéhe most preferred. Reactions of this

type will give rise to CéFSMF2 and (G F ) MF species as

652

observed for Group IV derivatives and to the species CéFgMF

observed in Group V but is less satisfactory in explaining

the formation of metal fluorides and perfluorophenylenes.

It is of interest to note that in all three compounds

there is a significant peak at m/e 168 due to CéFSH. The

intensity of this can vary up to over three times the inten-
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sity of the peak at m/e 167 due to 06F5+. Similar peaks have
been found in other non hydrogen containing compounds (7)

and are presumed to arise from an ion molecule reaction be-
tween C6F5+ and some hydrogen containing specles present in

the mass spectrometer, most probably water vapour.
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Bis(pentafluorophenyl) phenyl Derivatives

In these compounds there is now a competition between
the fragmentation modes
1) (CgFg),MPh* — 5 PhGyFg" + CoF M
2) (CgFg) MPRT —— PRMC,Fy* + CFg
3) (CEFg)MPRT ——>  CoFcM' + PhO, Fg
although the appropriate metastables were not always observed.
The fragmentation patterns are presented in Pigures 18, 19,

and 20 andithe spectra in Filgures 9, 10, and 11.

For the phosphorus compound all three modes are shown
to be equally 1ikely, there being some slight preference on

examination of the ion intensities for routes 2 and 3. Tetra-

arise by the following scheme:

fluorobiphenylene ions CéicéHu+ are also observed and could
-HF - ot 2N =

7 .

H F N S

m/e 275 m/e 255 m/e 22l
and also by the loss of HF from Ph06F5+. The relavant meta-

4
-

stable transitions are shown in Tabie 7 and processes similar

to this can be postulated for the arsenic and antimony deriva-
tives., The ion PhP06F5+ can also fragment as shown in Figure

18 to give the ions Ph?, PhP*, and PhPF' the latter two ions.

loosing H and. HF respectively to give CéﬂhP+. The arsenic

and antimony derivatives are presumed to give analagous frag-

mentation patterns to this,
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The production of the purely aromatic fluorocarbon
species is via loss of phenyl from the parent ion to give
(66F5)2M+ or in the case of phosphorus and arsenic by the
metastable supported loss of PhcéF5 from the parent ion to
give 06F5M+. These species then fragment according to that
described above for the tris(pentafluorophenyl) derivatives
by loss of CéFA’ MFZ’ and MF‘3 etc., The fragments formed
thus are generally of low intensity and show no metastable
by which one can determine the unambiguous fragmentation psat-
tern. There are no méjor peaks due to a fluorocarbon speciles
containing more than six carbon atoms except for the octa-
fluorobiphenylene ion and 612F7+ which only appears in the
case of the antimony derivative. The absence of higher molecu~
lar weight fluorocarbon ions 1is explained by noting that
route 3) is the dominant pathway, that leading to the for-

+
mation of (GéFS)ZM playing a minor role.

The effect of the central atom in these compounds is
slight but noted cﬂ;fécteristics are the uniform decrease in
the molecular lon intensity from phosphorus to antimony and a
similar Increase in 06F5M+ species. The pho;phorus compound
shows loss of a proton or fluorine, to be important modes
while the arsenic derivatives only shows loss of a proton, and
the antimony derivative shows nelither. However, this may be
due to the weakening in intensity of the molecular ion. The
M - F ion for the phosphorus derivative also showed loss

. . +
of a 06F5 radical to give the ion CéPuPPh N
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The increase in the abundance of the CéFSM
species and the weakening of the carbon-metal bond in prefer-
ence for a metal fluorine bond is shown by the appearance of
MF2+ in the arsine and of MF2+ MF'+ and M+ species for_the

stibine.

Appropriate metastable transitions show that in this
case they are formed by loss of a Céph radical from the ions
CGFSSbF+ and C6F58b+. These transitions were not observed
in the mass spectrum of (CéFS)BSb. There is no metastable
evidence for the formation of tetrafluorobiphenylene in the
stibine as was found for the phosphorus and arsenic derivatives
but the loss of HF from PthcéF5 was noted.to give céFthcé u
which then presumably further looses Sb to give C icé U

In addition there are small peaks at m/e 186 and m/e
206 present in all these compounds, the peak at m/e 186
being due to presumably CéF6 ion., However, only the mass
spectrum of (C6F5) ,Sb shows a significant peak at m/e 186
these being almost completely absent in the case of tris(penta-
fluorophenyl) arsenic and phosphorus. Since the abundance
of 06F5+ is in all pentafluorophenyl cempbﬁnds studied ex-
tremely low, it would seem that the abundances of CéFS+
- and CéFé are not related to each other and that C6 6
could possibly arise from the scavenging of a fluorine atom

by the pentafluorophenyl ion by a mechanism that is enhanced

by the presence of a phenyl group in the molecular ion.
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The ion at m/e 206 which is quite abundant in (C6F5)2PPh
could be formulated as 06F7H+ in which it is possible that
a molecule of HF is added across the double bonds in hexa-

fluorobenzene.



Diphenyl Pentafluorophenyl Phosphine and Arsine

The ma jor routes of fragmentation shown in Figures
16 and 17 are comparable in both compounds and can be classed

into the three reactions:

1) CgFgMPh,t — 3 Phy* o+ céFSM'
+ +

2) CgFgMPh,  ———5 PhM + CeFg

3) CgFgMPhyt — 5 C4FMPh™ + Ph

although not all the appropriate metastable transitions were
observed, The mass spectra are shown in Figures 7 and 8.

Only the phosphorus derivative shows the metastable supported
loss of a proton and a fluorine atom, The M=F ion then shows
further loss of benzene to give the tetrafluorophosphafluor-
enyl ion CéF@PCéHh. The parent ion Ph2P06F5+ also looses
pentafluorobenzene to give the ion PhPcéﬂ t (structure VI p83)
while that of the arsenic derivative shows the simultaneous
loss of Ph and HFJ?pﬁgive the ion CéFhA306HZ' Tons of the
type céEﬁM06H4+ arise by loss of HF from CéFSMPh+ which

then further fragment by loss of M to give the tetrafluoro-
biphenylene ion CéFucéHZ. This is supported by the appropriate
metastable transitions for both compounds, the phosphorus
derivative also showing that these reactions can also occur

in a single step. The formation of Ph2+ by route 1 is the
predominant pathway and this in turn can loose H2 to glve the
biphenlylene ion (GéHu)2+ which is also formed by loss of M

from (céﬂu)Z MY, This reaction is metastable supported as is
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the loss of H, from the ion Ph2M+ to give an ion of the type
(Céﬁﬁ)ZM+' The metastable peaks in the spectra of the arsenic
derivatives also showed that the ion Ph As+could lose As and

2

Ph directly to form the ilons Ph2+ and PhAs+. The loss of

Géﬂﬂ from (Céﬂu)zAs+was also supported by the appropriate
metastable, These transitlions were not observed in the spec-

trum of Ph3As nor were they found for the phosphorus deriva-

tive.

4

3

were found and are presumed to arise by the loss of M’F3 and

Small amounts of the fluorocarbon ions 06F2+ and 06F

MF2 species from the ion 06F5M+, which in turn is formed by
the loss of biphenyl from the parent ion, although these
transitions were not metastable supported. The ion PhMG6F5+
also fragments by loss of GéFSM’CéFS and CéFh to give the

ions Ph+, PhM* and PhMF+, the latter loosing HF to give
CéHﬂM+’ which also arises by loss of H from PhM+.

The major mogé’of fragmentation is by route 1 and in the
case of the arsenic derivative comes almost a third of the
total ien current. This compound gives an unusually large
amount of the ion PhcéF5+, presumably by loss of PhAs from
the parent ion. The spectra of these two compounds are
otherwise very comparable, the only large increase is in the
abundance of Ph * lon and in the ions derived from this.

2

The spectra of these mixed compounds appears to be
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dominated mainly by the nature of the central atom and not
by the substituent groups. The increasingly electroposifive
nature of the central atom 1s shown by an accompanying in-
crease in the amount of fluorine migration observéd as one
descends the group and also by the preference of the heavier
central atoms to remain attached to the pentafluorophenyl
group than to the phenyl group due to the greater electro-

negativity of the former.

Thus, for the 'bis(pentafluorophenyl) phenyl derivatives
the main fragmentation mode is by the metastable supported
loss of PhcéFS to give 06F5M+ the abundance of which rises
rapidly from the phosphorus to arsenic., The diphenyl penta-
fluorophenyl compounds show.that loss of the radical CéFSM
is now the important mode to give Ph2+. Even though the
mass spectrum of PhZSbcéFE was not obtained it is probable
that this would be very similar to that of the arsenic deriva-
tive andkshow a very large abundance of Ph+; indicating that
the pentafluoropheﬁ&iAgroup prefers to remain attached to
the more electropositive antimony than to arsenic or phosphorus,
This may also be reflected in the abundanceg of the molecular
ions which show a regular decrease on descending the group
and hence a greater increase in the probability of fragmenta-

tion.
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Low Voltage Spectra

The spectra of some of the above compounds were oOb-
tained at 16 to 20 ev. in order to observe the major mode
~.of fragmentations and to obtain an indication of the order

of magnitude of the appearance potential of some of the ions,

Although the spectra were only counted in an approxi=-
mate fashion by comparison with those obtained at 70 ev, and
the ion intensities were not accurately measured, they showed
that for the tris compounds R3M+ (R = Ph, C4Fg, M = P,As, or
8b) the molecular ion was in all cases the strongest. Other
peaks were due to R2M+ and RM+. There were no other signifi-
cant peaks, for even in the case of (06F5)3As and (CéFS)BSb
the very strong peaks due to MF2+, (GéF)_I_)Z+ and G6F5MF+ ob-
served at 70 ev., had but almost disappeared, but are just
evident in the mass spectra of (06F5)38b at 20 ev,

The mixed dé;iQatives also showed their base peak to
be the molecular ion except in the case of Ph2A306F5 where
the peak due to th+ is the bade peak. The other significant
peaks all contain the central atom and for the compounds
(GéFS)ZﬁPh show the characteristic peaks due to PhM06F5+
and 06F5M+ and those for CéFSMth showed peaks due to Ph2+
and PhM+. Other than the peak due to Ph2+ there are no
significant non-metal containing ions in these spectra.
Also although there were very small peaks due to Céﬂg+aﬁd
G FoH”, |
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Some clastograms of percentage ion current plotted against
voltage were initially obtained at the start of this work,
The spectra of each compound was recorded in decreasing

steps of 5 ev. from 70 ev, until 10 ev. or until no further
peaks were seen. The plotted curves showed from their shapes
a fragmentation pattern that was judged to be toc complex for
further investigation by this method and was not further
persued, In addition, the errors were quite large and not
even a good indication of the appearance potential of any
ion could becobtained, Such clastograms have, however, been
used to yield information regarding the probabilility and rates

of various fragmentations in a number of simpler molecules. (lL0)
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Appearance Potentials: Some Methods of Determination

The first true or adiabatic ionisation potential of a
molecule is by definition the energy difference between the
ground vibrational level of the lowest electronic state of
the molecule and the ground vibrational level of the molecular
ion. 1If, however, the potential energy curves for the mole-~
cule-and molecule ion have minimums at appreciable different
internuclear distances the turning point for the v-o level
of the molecule may be outside the effective Franck-Condon
region for the molecule, in which case the o-o transition and
consequently the adiabatic ionisation would in general not be
observed by electron impact methods. Only relatively small
displacements are necessary to prevent one from observing the
adiabatic ionisation potential, and as a consequence of this,
ionisation potentials as determined by electron impact methods
are higher than those determined spectroscopically and can
be considered to constitute an upper limit to the adiabdtic

P

values.

The experimental determination of lonisation and appear-
ance potentials compares the ionisation efficiency curve of
the ion umder consideration with that of some reference mole-
cule, Most commonly the reference molecule is a noble gas
where ionisation potential can be accurately found by other
methods and is of nearly the same magnitude as that of the

specles under study. Some methods of determining the ionisa-
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tion potential from the ionisation efficiency curves are

discussed,

Linear Extrapolation Method

The method of linear extrapolation was introduced by
Vought (77) in which the linear portion of the ionisation
efficiency curves is extrapolated back to zero ion current,
the value of the intercept on the energy axis is the ionisa-
tion potential and the comparison of thils value to the ex-
trapolated value some standard gives the true ilonisation
potential of the unknown. For nearly all of the ions whose
appearance potential has been measured by this method, the
value obtained is higher than those obtained by other means
but it does have the advantage of providing an upper limit
and is rather simple in its interpretation. Svec and Junk
(78) have used the method of ratio extrapolation in which
the ionisation efficiency curves for the sample and the
calibration gas a;é‘éimultaneously extrapolated at a constant
ratio te the energy axis. The difference between the ex-
trapolated values is then taken as the difference in ionisa-
tion potential for the calibrant and samplé. This method
can only be used where the ionisation efficiency curves are

of similar shape.
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Initial Break Method

In this method, the ionisation efficiency curve is
extrapolated back to its intersection with the energy axis
at which point the ion current is zero. This is not a very
satisfactory method for at the foot of the ionisation effic-
iency curve, the signal to noise ratio is poor and also the
ionisation efficiency curve at this point approaches the
energy axis nearly asymtotically., This makes the determina-
tion of the initial break quite difficult since there is no
sharp break actually observed. In addition Wood and Waldron
(57) showed that by this method the appearance potential
observed is inversely proportional te the pressure in the
ion source. However, Field and Franklin (79) and Svec et
al (78) have used this method to obtain results.that are

in close agreement with those found by more elaborate methods,

Extrapolated Voltage Differences Method

PN

Originally put forward by Warren (79) this method is
quite popular and has been found by several workers to give
reliable results. In this method the samplé and a calibra-
ting gas are admitted to the ion source as an intimate mix-
ture and the ionisation efficiency curves drawn. The lon
current scale of either of these two is now arbitrarily
adjusted so that the linear portions of the two curves are

parallel and the voltage differences AV for various values
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of it determined and plotted on a separate‘graph. The

curve thus obtained is extrapolated to ¥V = 0 and the value

of AV thus obtained is taken as the difference between the
appearance potential of the calibrant ion and the sample
under study. This has been found to give reliable results
for the determination of ionisation and appearance potentials
if the peak under study is greater than 3% of the base peak
for the extrapolations are made over the range of 0,05 to
2.0% of the 00ev. ion current. .As in the vanishing current
method this method also gives values of ionisation potentials

close to those obtained for true adiabatic processes,

Semi Logarithmic Plot Method

Lossing et al (80) found that plots of the logarithm
of the ion current versus electron energy of many substances
were parallel in the region of 1% of the 50 ev. ion current.
Reproducable values of 0.,05-0,10 ev. have been obtained and
the curves are paéziiel in the region 2 or 3% to 0,1% of the
50 ev. ion current. By using an intimate mixture of sample
and calibrant gas and adjusting the pressure of each so that
the ion current of each at 70 ev. 1s the saﬁe s 8o0o0d values
can be obtained providing that the ionisation potentials
are not too high or the ion intensities and hence the ion
currents, too low., In the parallel region the voltage dif-
ference between the calibrant gas and the sample gives the

value of the ionisation potential.
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Oritical Slope Method

From a mathematical treatment by Honig (81) the ioni-
sation potential is found by determining at what voltage a
‘line of slope 1/2 RT or 2/3 RT becomes & tangent to the
curve obtained on a semi-logarithmic plot. R is the Botz-
mann constant and T the absolute temperature., This is not
as satisfactory as the Warren method but gives fairly repro-
ducible results for the determination of many different

appearance potentials.

Energy Compensation Techniqgue

Developed by Kiser and @allegos (82) the technique is
based on the concept of the logarithmic plot method described
above and being instrumental in nature eliminates the necessi-
ty of obtaining a complete ionisation curve in the determina-
tion of ionisation and appearance potentials., The ion cur-
rents of the caligf§£ing gas and the gas being studied are
measured at 50 ev., and recorded on separate channels of a
dual channel recorder. The sensitivities of each channel
are now increased to some convenient factor between 100 and
1000 and the electron energy decreased until the apparent
recorded ion intensity is the same for each ion as it was
at 50 ev. The difference in voltage required to accomplish
this for the standard and unknown is taken as the difference
in the appearance potentials of the calibrating gas and the

sample,
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Retarding Potential Difference Method

Fox et al (83) have devised a very accurate method
of determining appearance potentials using retarding poten-
tial differences and a modified ion source. By a suitable
arrangement of grids and by applying the current voltages
the energy spread in the electron beam is kept to an ab-
solute minimum. An additional spread in energy caused by the
ion source not being an equipotential volume is removed by
a pulsing voltage so that ions are formed in a field free
region. TUsing this method the errors are to within : 0.05 v,
and although it was originally applied to a magnetic mass
spectrometer, Melton and Hamil (8l.) have sucessfully applied

it to a pulsed linear time-of-flight spectrometer,

Recording of Data

The determination of appearance potentials by manual
readout from a coﬁ;éﬁtional ion source is a tedious process,
and has lead to some modifications of mass spectrometers such
that fast determinations of ionisation effiqiency curves can
be made. The first of these (85) is for use with an M,S.9
mass spectrometer with just a peak switching facility normal-
1y used for precise mass measurements. This enables two
peaks of :different m/é to be displayed alternately in the

oscilliscope by automatic switching of the ion accelerating

voltage at constant magnetic field. The circuit is devised
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so that after a display of the sample and calibrant gas the
electron beam energy is reduced by 0,05 ev. and the trace
recorded on the mass spectrometer recorder. The stepping
motor is activated every li seconds so that rapid recording
of ionisation curves can be made. The monitored peaks are
made equal at approximately 30 ev.,, and it assumed that
this equality persists down to the threshold voltage.
Sample pressures are adjuéted so that the linear portions
of the ionsation efficiency curves are parallel and the
multiplier gain adjusted so that these are as vertical as
possible. Values of the appearance potential may be ob-

tained from methods described above.

Davidson et al (50) have found this method to be
rapid and simple although it violates the condition that
the electrostatic fields in the ion source should be held
constant.during appearance potential measurements., However,
- good results can be obtalned if the mass ratio of the two
peaks is less th;;"i.7 and differ in appearance potential by
less than 1.3 v. The other type of modification is for use
with a pulsed time-of-flight mass spectrometer (86) which
takes advantage of the multiple analogue output system., The
chart drive of a two pen recorder can be synchronised with
the continuously decreasing electron energy. A start-stop
timer is used to simultaneously energise the chart drive and
electron energy control, whose potentiometer was rotated by

a synchronous motor mechanically coupled to the potentiometer
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through a gear rack, 'The ionisation efficiency curves of
the sample and standard can then be obtained simultaneously

in less than 2 minutes.
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Discussion of Appearance Potential Results

Due to the method of determination and some of the
difficulties encountered in determining the appearance poten-
tials of some of the ilons, the values quoted are not to be
taken as absolute, and could be in error by up to one to two
volts., Ions that gave similar curves to that obtained for
the standards are shown in Table 8 (A). The values in Tables
8 (B) and (C) are for those ions that gave poor lonisation
efficiency curves due to either low abundance or as was
usually the case from a mode of fragmentation that could in-

volve several pathways.

Some typical ionisation efficiency curves are shown in
Figure 21, It can be seen that the standards and the molecular
ions gave curves that become nearly vertical at 2 volts above
the value taken the initial break. The major ions R2M+ and
RM* showed a tailing effect of 1-2 volts after the appearance
of the lon and bef&géfthe curve rose rapidly upward. Frag-
ment ions that could possibly arise from several pathways
showed shallow curves with no indication of where the true
initial break was actually occuring. In addition, for mean-
ingful results to be obtained in these studies it 1is necessary
to assume that there is no excess energy involved in the
fragmentation, Morrison (87) has shown that extensive tailing

of the ionisation efficiency curve shows evidence for the

presence of excess energies,
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Figure 21: Some Typical Ionisation Efficiency Curves
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Appearance Potentials in e,.v.

' +
(A) Parent Ions and ions R2M+ and RM (R = CéFS’ Ph)

Compound parentt PhoM PhM (Céggleﬂi_gégsg
Ph,P 8.4+0.1 12.9+0,1 12,8+0.3

PhgAs 8.7+0,1 13.1+0.2 12,840.2

Ph,Sb 8.540,2 13.0+0.2 9.6+40.2

(CeFg)gP  9.9:0.1 13.940.2 11.7+0.3
(06F5)3As 9+9+041 U.7+0.1  1)4,0+0,.2
(06F5)33b 10.6+0.1 15,040.,2 13,3+0.2
Ph,PC Fy 8.9+0.1 =~ 15.3 ~ 1.0

Ph,AsC Fy  7.940.1 10.7#0.1 10,240.2 11.5+0,2
Ph P(CgFg), 9.5+0.1 12,3+0,2
PhAs (CyFg), 8.840.2 11.4+0.1
PhSb (C,Fg) 12,0+0.3
(CeFg) Py 9aL0.1 10,8+0,2 12,7+0.2
Compound ggggégs

Ph,PCgFg B ~ 13,3

PhpAsC,Fy 13.040,1

PhP(CyFg), 15.,1+0.2

PhAs (CoF), 13.540.2

~ no standard deviation assigned as curve showed no

initial break
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(B) Metal Containing Fragment Ions

Compound __ Parent F. ipégulﬁm+ c 1M CéggMF+ PhMF "
Ph,P 14,,040.2  16.3+049

Ph,As 12.8+0.2

Ph,Sb 13.240.2

(CeFg)gP  10.320.2 16,240,2
(GFg)zhs  11.140.1 1.1+0,2
(CgFz)3Sb  12,540.2 13.940.3
PhPCFy  11.640.2  ~1L.0 ~ 13
Ph,AsCyFy ~13.0 ~ 11,9
PhP (G, Fg), 20.0+0.2 18.0+0.,3
Phas (C4Fg) 5 . 13.740.3 12.740.2  20.3
Compound Co ) MG H), " MF,,*

(GoFg)4As ~ 16,0

(GgF5)4Sb ~ 17,5

Ph, PG, Fg ~ 13,7

Ph,AsCyFy ~ 10,9

PRP(CFg),  17.1#0.2

PhAs(C Fg), 12.310.2
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(C) Non-metal Containing Fragment Ions

Compound  PhC,F. ' ¢crcE’  (¢,r) " pn *

65 651260, 63,22 2
Ph,P
PhyAs 11,7404
Ph,Sb 11.9+0.2
(CéFS)BP 12,0+0.3
(C Fg)qAs 1,640, 3
(06F5)38b 12.9+40.3
Ph,PCeFy 12,6+0,2
PhoASCyFy 11.4+0,.2 9e5+0,1
PhP(C,F),  13.9:0.3 18,3+0.2 12,040,2
PhAs (GgFg), 11.7:0.2  ~21.3
PhSb (CyFz),
Compound Ph" Cu§3+ (C4H, )" 012§7+ 66§3+
Ph;Sb ~ 18,0 ~ 21,5 ~16.0
(CxFg) 3P 16,640,5
(CeFy) 548 1 .8+0,3 16.240,3
(CéFS)BSb P 17.8+0.3
Ph2A806F5 l.h+0,2 21.040.3
PhP(C,Fg)y,  15.6+0.3  20.2:0,3 19.1+0.3
Phas (G Fg)y 15.7#0.2  ~ 22.7
PhSb(CyFy), 15.4#0.3  ~20.5



..1]_5..

Stevenson (88) in a study of some alkyl compounds
showed that if in the fragmentation scheme |
+
R4R > Ry, + R
172 | . 1 2
the ionisation potential of Ry is less than that of R

L
then no excess energy is involved., This has also been
found to hold for some organo stannanes (22) but in the com-
pounds studied here, the appearance potentials of the R2M+
species are of the order of 5 ev greater those found for
R38n+ species. Assuming a value of the mean bond dissocia-
tion energy for Ph-P to be 3.0 ev, Ph-As and Ph-Sb to be

2.6 ev (8,9) the ionisation potential of the Ph_M' species

2
is found to be about 10 ev which is greater than the most
reliable value for the ionisation potential of the phenyl
radical (9.4 ev) (I4}). Thus it appears that there is ex-
cess energy involved in the dlssociation
PhgM" ———> PhM" + Ph
and PhM"———> PhM' + Ph

The ionisation efficiency curves of Ph M+ and PhMT species

2
tended to show extensive tailing and the high abundance of

R+ and R2+ species when compared to similar Group IV deriva-
tive supports the above hypothesis. Similarly although the
bond dissociation energies of (C6F5)3M compounds are not known,
they can be assumed to be almost equal to those of PhBM.

The ionisation potential of the pentafluorophenyl radical

has been found to be equal to that of the phenyl radical (5)

and since AP(Ph,M) < AP( chéFg s/ 2M) one would expect that
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excess energy is involved here on successive loss of a

CéFS group.

The heats of formation of the pentafluorophenyl deriva-
tives are not known, nor can they be reliably calculated since
recent experimental determinations on some simple pentafluoro-
benzene derivatives (90) show that the values obtained are
lower than those calculated by as much as [0 Kcal/mole. This
is thought to be caused by an unknown variation of the C-F

bond strengths around the aromatic ring.

From the known heats of formation of Ph3P and Rh3As

in the gas phase for which the most reliable values are
+ 72.l4 Keal/mole for Ph,P (91) and + 92 Kcal/mole for PhyAs (92)
the heat of formation of the ion R3M+ is found to be 11.5 +
0.2 ev for Ph3P+ and 12,7 + 0.2 for Ph3As+. These values

in themselves are not significant and they cannot be used to
derive the heat of formation for the ilons RZM+ and RM" since
there is no way of gééimating the excess energy involved.

Thus the results are thus only discussed in a relative way

and are not judged to be conclusive.

The appearance potentials which equal the ionisation
potentials of the molecular ions shown in Table 8 A demon-
strate a gentle increase with the number of pentafluorophenyl
groups in the molecule. This is a similar trend to that ob-

gerved by Cullen and Frost (55) and is shown quite clearly in
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the case of phosphorus, but not so well in the case of ar-
senic, the value obtained for Ph2A306F5 being lower than that
for PhBAs. Only the values for the antimony species Ph_Sb

3

and (C Sb were obtained, the molecular ion for Pth(06F5)2

675)3
being of such low abundance (L4.5% relative intensity) that

no measurement of its appearance potential could be made. The
ionisation potential of (CéFS)MPE (9.1 ev) is slightly lower
than that of (06F5)3P° Its mass spectrum was in agreement

with that reported by Miller (9).

The explanation for the trend is that in these cases

the primary ionisation is by removal of the electron
from the subgtituent group and not from the metal as there is
no large variation on changing the central atom, The ionisa-
tion potential of these central atoms (P 10.5, As 9.8 and
Sb 8.6 (93) ) show a quite appreciable variation and if the
the electron was removed from the p-orbital on the metal this
should be evident in the ionisation potential of these mole-

ey

cules regardless of the substituent groups.

The photoionisation potentials of thelseries Ph3M
(M = N,P,As,Sb and Bi) have been measured by Vilesov and
7zaitsev (9L). The ionisation potential for triphenylamine is
the lowest value in the series depite the fact that the ion-
isation potential of nitrogen is the greatest. There is how-

ever a correlation between the observed ionisation potential

and the absorption spectra for these molecules and they can
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be explained by assuming that the measured adiabatic ionisa-
tion potentials will correspond to transitions from non planar
molecules to planar ions. The ion NR3+ is known to be planar,
as distinct from the pyrimidal structure of the unionised spe-
cies, 1In the other Group V derivatives the presence of d
orbitals on the central atom may undergo p-d hybridisation and
cause the pyrimidal structure to be evident still for the

ion RBM*. These authors conclude that in GroupV derivatives
other than nitrogen the electron removed by ionisation is

from the central atom since the photoionisation cecurves indicate

- an indirect transition 1s occuring and is more in keeping with

the ion still retaining its pyrimidal structure.

However, it 1s suggested in this work that the removal
of the electron from the lone palr on the metal would decrease
repulsion effect of this lone palr and cause the ion to be-
come more planar, The errors given by the Russians are not
smallbenough to confidently support the trend reported and
although the valuegnfeported here are 1 ev gfeater thean thelrs,
and can be ccnsidéred approximately constant (within possible
error of 0.3 ev)., The variation between the values reported by
the two methods is not uncommon since photoionisation potentials
on some metal carbonyls show that the latter values are lower

to by about 0.5 ev,

It is considered in this work that there is still no

evidence that the flrst lonisation potential is the removal
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of an electron from the metal lone pair,

The higher appearance potentials obéerved fori the tris-
pentafluo:ophenyl derivatives also support the hypothesis that
the electron is removed from a substituent group. If it was
removed from the atom, the appearance potentials would not
remain constant since it has been shown that the pentafluoro-
phenyl group is essentially the same as the phenyl group in

its bonding properties and behaviour to ionising radiation. (5)

However, an alternative explanation involving electronic
interactions may be possible since the electronic spectra of
some aryl arsines show an exc¢itation of a‘non bonding electron
from the lone pair to an antibonding W orbital of a phenyl
group (95). In two compounds where the configuration around
the central atom is the same, the energy difference iIn the
charge transfer bands should be approximately equal to the
difference in ionisation potential of the arsenic lone pairs.
Aryl compounds congéihing fluorocarbons show a lower value
than that theoretically derived and is attributed to an in-
teraction of the fluorocarbon with the aryl group. This inter-

action may also be evident in the trends we observe for CéFS

derivatives,

It is also seen that for the compounds which give the
+ +
ions Ph2M and PhM 1in abundances high enough to permit a

determination of thelr appearance potential and assuming the
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the absence of excess kinetic energy , in no case is the
appearance potential of PhM+ greater than that of Ph2M+.

In the compounds Ph3M the difference between the appearance
potential of PhM+ minus that of the molecular ion shows a
regular decrease in the order P> As > Sb. The order (GeFS)M+<
(06F5)2M+< (06F5)2M+ is also observed for the compounds (CéFS)BM
but no trend is seen. 1In contrast however the appearance po-
tential of the ions CuFgP® (C4Fg),P* and (CéFS)uP2+ derived
from tetrakis (pentafluorophenyl) diphosphine are in the

order (G4Fg)) P, ¢ (CgF5), M < CuFgM* and demonstrates that tle
P-P bond, estimated at 50 kcal/mole (96) is much weaker than
that of carbon-phosphorus, which has been found to vary be-
tween 60-70 kcal/mole (97). Thus in this compound one would
expect that the first fragmentation step after initial ionisa-
tion would be the symmetfical cleavage of the P-P bond and

is accounted for in the observation that for (céFS)MP2 the
base peak is due to the ion (06F5)2P+ (9).

If fragmenté;ién of these compounds 1is by successive
loss of a phenyl group one would expect that the appearance
potentials of each ion in turn would show a successive rise.
has been observed with the fragment ions derived from Mo(CO)6
(98) by successive loss of a neutral CO species. The inference
1s that the fragmentation modes of these species do not involve
a successive loss of a phenyl radical but occur mainly by a

loss of neutral biphenyl. This in part explains the observed

trend of appearance potentials Ph3M+<PhM+< Ph2M+ and is
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further supported by the rapid increase in the abundance of
the ion due to PhM' in the compounds Ph3M on going from phos-
phorus to antimony. The observed trend in the differences
between the appearance potential of PhM+ and the parent gives
an indication that this process 1s becoming energetically
more favourable in descending the group. The lons (CéHL!_)zM+
CéHhM+ however have higher appearance potentigls than ph M*

3
Ph M+ and PhM+ and, although no trends are observable, they

2
show that the formation of these species is energetically less
favourable as it requires the breaking and reforming of cer-
tain bonds. The difference between the appearance potential
of the ion thM+ and the parent ion is constant at L.L-L.5 ev
and that between PhM06F5+ and the parent ion Ph2M06F5+ is L.l
ev. for Ph,PC¢Fy and 5.1 for PthscéFS. This difference is
the bond dissociation energy of the metal-phenyl carbon bond
in tl®» 1ion and, assuming that the value obtained for Ph2A96F5
is in error, can be computed to be of the order 101-104 kcal/
mole., This value is a little high for a carbon-metal bond,
since in the groundhéﬁate they are normally in the range };0-
60 kcal/mole (93) but ionisatioh may cause an increase in bond
order, Values of a similar order of magnitude are obtained
from considering the differences in appearance potentials be-
tween the ions PhM06F5+ and the parent ion in the compounds
PhM(CéFs)Z. The ions CéFSMF show a general decrease from
phosphorus to antimony which again might be indicative of a

decrease in tle metal carbon bond strength of these compounds;

lower values showing increasingly favourable energetic dissocia=-
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tion of Ph06F5 for the migraﬁion of one of the fluorine atom
to the central atom. On the other hand the appearance poten-
tials of PhMF' show no regular trend except that those ions
observed from thMcéFS species have lower appearance potentials
than those derived from PhM(06F5)2’ so that the observations

on CéFgMF+ ions may be entirely fortuitous.

The ions Ph2+ Ph* and CAH3+ show a very approximate
consistancy in the order Ph2+< Ph+<(C&H3+ and can be thought
to arise by an energetically similar process to each other,
The appearance potential of Ph+ from benzene has been found
to be U5 + 0.3 ev by Dibeler (5) which is of the same order

as the values reported here.

In}summary, one can say that ions which arise by re-
arrangement processes such as CéFﬁcéHA+ GéF&McéHu+ and PhMF+
and which require bond formation as well as bond breaking
have higher appearance potentials than those which are formed
by bond destructioﬁhéﬁove. The exception is in the case of the
formation of (CéFh)2+ which must be particularly favourable

energetically.
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APPENDIX

Tables of Relative Ion Abundances

IT
ITT
Iv

VI
VII
VIII
IX

XI

h
P 3P

3
EhBSb

(CgFg) 4P
(CgFg)3As
(C4Fg) 35b
(CeFg)pPPh

Ph, As

{ CéFS )2A8Ph
(CéFE)ZSbPh
CéFSPPhZ
GéFSASPhZ
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Mass Spectrum of Ph3_I:“ TABLE I
Mass/e Rel, Int.% Ion* Mass/e Rel. Int.% TIon"
51 5.0 CAHB 154 2.1 Ph,
57 2.1 157 3.3
63 2.1 CSHB 170 2.5
65 1.6 CgHg 187 1.5
77 3.2 GéHS 182 1,0
78 11.3 Géﬁé 183 61.0 (GGHLL)EP
91 2. 184 13.0  PhPCH,
107 11,6 C,H P 185 10,0 ) PhoP
6" 186 1.3) ¢
108 32,0 ) PhP ‘
109 2.9 ) 260 1.5 PhP( Col), Yo
115 2e7 261 1202 PhZPCéHL‘*
131 2,2 Ph3P2+ 262 100.0 )
263 20,0 ) Ph.P
133 2.5 26ly 2.0 ) 3
152 Tl (céﬂu)2
153 1.9 Gy 5Hg
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Mass Spectrum of Ph35§ TABLE II
Mass/e Rel. Int.% Ion” Mass/e Rel. Int.% Iont
39 1.7 03H3 150 1.3
50 1.2 C),Hy 151 1.3 CgH) As
51 6.3 CHH 152 100,0 PhAs and
3 (CeHy )2
. 153 1.9 Phcéﬁu
77 6.0 06H5
156 13.9 )  Pn,
101 1.9 216 1.0
115 2.3 228 L.9  PhAs(CgH, )
230 1.3 )
126 1.7
306 28.5 )
127 1.3 307 5.9 ) PhyAs

128 2.2
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Mass Spectrum of Ph3§g TABLE III
Mass/e Rel. Int.% TIon' Mass/e Rel., Int.%4 Ton™
39 1.1 C4H, 15l 17.6  Ph,
50 1.6 C)H, 155 9.7 C10Hig
51 9.0 ©,H, 197 8.2 cgyspttAt
52 1.1 Gy B, 198 100,0  phsb*lel
76 1.l Oy, 199 13.1  cgHesp el
77 8.l CeHg 200 75.5 ) Phsp*ie3 |
78 5.2 CeHg, 573 5.9 g (Cat, ) 502
Los L 276 1.1 )
1 oo 277 6.5  Ph,sp*l23
ooy B E e
126 1.1 3 22 ) Physp o
127 1.2
128 2.0
151 3.2 Gy oHo
152 16, (CgHy),
153 21,2 ... PhCgH),
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Mass Spectrum of (CéFS)Bg TABLE IV
Mass/e Rel. Int.%4 TIon' Mass/e Rel., Int.% Ton"
69 21,0 CF,(~18) 258 2.7 CqoF
PF§(~ 2) 12
265 1.6 011F7
79 11.5 GSF 24
266 .0 (CGFS)BP
93 1.6 CBFB
277 5.0 )
98 1.2 CEFZ 278 1.1 ) C12F7
110 3.3 C,F, 296 17.0 ) |
297 2-& ) (CéFé)g
117 2.7 05F3 ¢ "
31 1. C. ,F
129 1.0 ) 1279
1,8 1.0 CéFh 365 413.0 )
366 6.2 ) (CéFS) P
168 1.8 C,FcH ) . )2
13 2 (C.F PC
179 1.0  CgF,P 65727 6"
51l 3.8
198 5.3 CéFsP
532 100,0 )
217 14,0 ) 533 20.0 ) (CéFS) P
218 1.0 ) CyFgPF 53l 2.0 ) 3
227 be9  Cp3Fg
2}_1,.6 1.2- - - cllF6
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Mass Spectrum of (CéFS)Bég TABLE V
Mass/e Rel. Int.%  Ton Mass/e Rel. Int.% Ton"
31 5.0 CcP 165 2,0
69 1.2 CFy 167 2.8 CyFy
7).‘. l;l C3F2 168 195 CéFSH
79 8.0 CoF 173 1.0
85 5.9 177 1.2
86 1.5 ChFZ 185 1.0 |
91 2.1 CéF 189 1.5 c11F3
93 6.2 03F3 192 1.8
91{. 8:5 AsPF 196 2'0 ClOFL}.
98 8.1 ) 203 1.1
99 1.6 ) 05F
2 208 1.1 C11F
110 8.6 ) it
111 1.5 ) CFo 215 1.0
113 82.1 AsF, 223 o9
117 1.3 ) 22l 1.0
118 1.5 ) CgF |
3 227 11.6 )
129 33.0 ) 228 1.6 )  OppFg
130 3.5 ) CyFy
. 236 1.0
137 1.2 23 9.2 ) GéFSAS
21,6 6.5 )
1 1.5 217 1.1) o F,
12 1.1 258 2.0 )
11,8 6.8 CoFy, 259 1i ) CppFg
261 61.9 )
156 L.L 262 5.5 ) C¢FAsF
158 10 265 5.5 0yyFy

161 1.0
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Mass Spectrum of (06F5)3é§ (continued) \'4
Mass/e Rel. Int.% Ton' Mass/e Rel. Int.%4 Ion"

277 18,1 ) 391 1.0

218 3.5 ) C12Fy

1409 She7 )

296 63.5 ) 1110 9.6 ) (CeFg), As
297 11.1 ) (C6Fh)2 ,

298 1.0 ) 113 1.1

315 2.1 ClelJ— hdyly 1.8

33L 3.4 (CéFS)Z 557 1.9 (CéFs)zASCGJF'h_.
e e 25 ) o

- C,F A

359 2.5 578 1.6 ) 675737
371 1.1

390 2.1
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Mass Spectrum of (CgFg)3Sb TABLE VI
Mass/e Rel. Int.% Ion' Mass/e Rel. Int.% TIon”
31 3,8 CF 159 100,0 )
50 2 6 CF 161 71cl ) SbF2
o 2
165 1.5
69 1.0 CF3
7u L o 167 2.5 CoFy
’ 32 68 941 P
7 8.9 ) 1 . % SH
86 2.1 C,F, 186 2.1
93 5.0 C3Fy 196 1.3 clth
gg ng ; ogF 208 1.9 C11F),
2 227 11.6 )
iig ;.8 ) 228 2,1)  C11Fg
0 %6F2 2hy1 1.0 C.F
117 11.0 ) : 97
118 S 1.1) CgFs 216 3.1 ¢ F
121 2.1 ) 258 8.6 )
123 2.0 ) Sb 259 | 3.0 ) Cy1pF
B e 20 o
277 Slhie3 )
137 1.9 - 278 11,0 ) Gy pF
121
140 18,1 spF* 288 56 )
1t - 289 5.7 ) CéFSSb+121
’ 290 3.6 )
12 13.5 SbF+123 291 - he5 ) 66F53b+123
1,8 5ot ) 296 3.6 )
149 1.0 ) CeFy, 297 8.0 ) (CeHy)y
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Mass Spectrum of (CéFS)BSb (continued) VI
Mass/e  Rel., Int.% Ton' Mass/e Rel. Int.% Ton'
307 Lyo3 L57 37.6 ) *
308 b2 R I 701 ) (CgFg),sh 23
121
309 37.6 ) 603 2.1 (C,Fe),8b C
30 753 céFSSb123F 6F'5)50 Cp By
60l 2.9
- el 605 2.5  (CyFg),Sb-0
312 3.1 ) 675725 Tetl
¢ p 606 2.2
31 ik Cq F
_ 1279 622 ~ 83.2) 121
33k 2.7 (CeFg), 623 23.7 ) (CgFg)4Sb
621, 65.1 )) 123
626 2.9 )
L55 47.0 ) 121

1156 9elt ) (C4Fg),Sb
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Mass Spectra of PhP(Cégle TABLE VII
Mass/e Rel, Int.% Ion?t Mass/e Rel, Int.% Ton
50 9.5 0, Hotand 111 ol
CEy © N
N 117 2.5 CgFy
51 52.0 0B +
3, 127 148.7) PhPF
52 3.3 GAHA 128 3.9)
57 o1 129 12.1) N
N 135 1.5
6§ 1¢ 9 CSH;
4+ 137 1"4’
69 h0.7 GF3
L . 11 1.0
7 2.2 C,F
32 118 1.0 CeFy, *
+ 155 1.0
77 5605 céFS
N 156 2.0
78 5.2 CeHy
+ 161 1.2
79 1.5 CSF +
. 167 3.0 C,Fy
80 10 7 CSFH +
168 2.9 c F5H
81 3. 6
174 1.0
82 1 05 e
175 1.5
83 2.1 N
179 2.3 GéFuP
85 1.8 +
180 2,0 G F, Ph
88 2.1 | by
N 181 1.2
93 2,1 03F3
+ 185 1.3
186 10,0 CéFé
99 3.0 06F2H+
187 3.2
101 2.0
107 12,2 c.u pt 193 10
» P
674 196 2.5

108 2.7 phpt
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Mass Spectra of PhP(CyFg), (continued) VII
Mass/e Rel., Int.% TIon" Mass/e Rel, Int.% Ton”
110 28.2 C,F 255 40.0 } C,HP.C,F
62 >th 6.5 ) 6 6L
198 97.5 ) C,FeP
199 TolL ) 258 1,5
20l 2.9 273 1.5
205 1.8 27h .8 CéﬂuPcéFS
206 21.2 ) CeFrH 275 28.3 )
207 2.8 ) 276 IL.2 ) PhPC, Fg
211 1.0 277 1.8
217 he7 C¢FgPF 296 L.0 (CeF, ),y
221 5.2 ) PhP(C, Fy)
221.5 1.2 ) 67572
323 1.8
223 1.3 334 1o ( \
. G, F
22l 11,0 ) Géicéﬂh ‘ 6752
225 3.1 ) 365 2.5 (CéFS)ZP
227 2.6 372 1.3
229 1.2 23 5.9 ) PhPC,F_C,F
| | byl 1.8 ) 675767k
25 1.6 ) Iyl 1.2 céﬂuP(céFS)z
2[].6 l.2 - - ﬁ2 10002 ; ( )
3 21. PhP(C, F
Ly 2.9 ) 67572
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Mass Spectrum of (CégslesPh TABLE VIII
Mass/e Rel., Int.% Ton' Mass/e Rel. Int.% TIon*
20 1.9 HF 206 2.1
39 1.8 C3H, 223 1.7 CéFaAs
50 1.3 Cqu 22l 6.6 CéFﬁcéﬂh
51 23.2 C&HB 225 2.0 CéF&Ph
52 1. Cuﬂu 227 1.2
h 1.0 C,H 22 100,0 )
672 2l 3 8.5 )  GyFghs
‘ 2l 16.3 )
7 1.1 CeH), 2,45 263 ) PhC6F5
77 20,1 CgH 261 6.1 )
277 1.0 ) GéFSAsF
78 2. CyHy
296 3.8 (C,F,)
9l 1.1 AsF L2
299 13.9 )
99 1.0 300 2.3 ) CéFHAscéHu
110 2.1 06F2 319 5.9 )
320 1.1 ) PhAsC6F5
113 10.1 AsF,
117 1.1 Cc_F
53 1,86 1.8 )
129 N _ G4F3 1,87 | 3.1 ) (CéFS)ZAsPh
153 1,2 PhaéHu
15 1.8 th
168 2.0 CéFSH
171 13,6 )
172 1.2 ) PhASF
186 1.8 CéFé
192 1.0
205 1.3
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Mass Spectrum of (C Fg),SbPh | TABLE IX
Mass/e Rel. Int.% Ton" Mass/e Rel. Int.% Ton'
27 7.0 C,H 150 7.0 )
2”3 15% 1.8 )  Pn,
31 1.0 CF
156 1.1
38 1.0 C3H,
159 31.5 )
39 1.0 03H3 161 23.0 ) SbF,
50 15.0 GAHB 165 1,0
51 85,7 CAHB 167 2.0 'CéFS
52 L6 CuHu 168 2.l CéFSH
Th 3.0 C.H, 17l 1.0
75 ol 06H3 175 1,2
76 .1 CéHu 186 Lol CyFe
77 78.7 CyHy 187 1.5
78 6.1 - CeH, 192 1.0
79 1.7 CgF 193 1.1
121
93 1.1 03F3 197 11.9 Cy H, Sb
98 1.5 0sF, 198 ol PhSb Lot
99 1.8 199 9,1 06Hﬁ3b123
110 1.8 G, F, 200 3.0 Phsbl23
111 1.0 20l 1.5
117 2.4 CSF3 205 1.9
121 6.0 ) 206 269
123 o7 ) Sb
217 22,5 )
129 3.2 66F3 218 2.2 ) PhSbF
219 16,7 )
140 17.7 ) 220 1.3 )
2 13,1 ) SbF
L7 1,0

153 1.0 012H9
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Mass Spectrum of Pth(Cég‘_S_LZ (continued) IX
Mass/e Rel. Int.% Ton* Mass/e Rel. Int.% Ton"
22 9.0 C,H C,F 345 9.0 )
Iy 6767 3&6 1.% ) Gy F), SOCH
225 2.0 PhcéFLL 347 6.8 ) b
3,8 1.1 )
227 3.0 c, F
2l 7.9 ) o %22 -9 % PhSHC, F
2,5 1.2 )  PhGgF, 367 5.3 ) 65
46 1o o p 368 0.9 )
2 :
258 2.2 CllF6 ﬁ?g %‘2 3 (C,F.).Sb
] 36 157 1.5 ) 675’2
277 7.0 ) 1458 0.5 )
278 l.2 )  CqpFy
532 .5 )
288 100,0 ) 121 533 1.2 ) (CéFs)ESbPh
289 7.5 ) CuFgspl?l B3 3.5 )
200 7.6 § 535 0.9 )
291 5.6 ) 06F58b123
296 5.8 )
297 1.0 ) (CéFu)z
307 7.0 )
308 0.9 )  CgFgsb?'F
309 SelL )
310 o.% ) 06F58b123F
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Mass Spectrum of PhePC,ES TABLE X
Mass/fe Rel. Int.% Ton Mass/e Rel. Int.% Ion
39 .3 63H3 92 3.9
L5 1.l 93 1.5
50 5,1 G, H, g;z 98 1.1 CgF,
51 16.1 0, Hy 99 2.0 GSFBH
.0 01 1.6
52 2 Guﬂh 1
56 1.7 102 1.5
57 3.6 10l 1.0 CéH?
62 1,2 CSHé 105 1.0 C H,P
63 3,0 0533 106 1,1 06H3P
65 2,0 CgH 107 12,0 GéﬂaP
68 1.1 108 21,3 )
109 2.6 ) PhP
69 5.9 CF
3 110 2.1 CyF
7l 2.0 CgH, 2
: b 111 1.6
7 3. C,H
673 115 2.7
76 2.2 Céﬂh
117 1.1 CcF
77 10.5  CgHg 3
. 123 1.1 C, HPF
78 3.2 CeHg
12} 1.0 CLH,PF
79 1.2 C_F 2
5 125 1.1 ¢, H_PF
80 1.8 . 673
12 1.3 C, H PF
81 3.5 6l
127 16,6 )
82 1.6 128 2.8 ) PhPF
8 200 ®
3 129 1.3 06F3
88 1.1 131 1.2
89 1.5 133 2.1
90 1.2 135 1.2
91 1.8
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Mass Spectrum of Ph,PC F (continued) X
Mass/e Rel., Int.% Ion+ Mass/e Rel. Int.% TIon™*
139 1.2 187 1.9
1,0 1.2 198 3.9 06F5P
U1 2.0 ‘ 20l 1.1
150 2.0 205 2.7
151 1.3 206 6.6 C6F7H ?
152 1.5 (céHu)2 207 1.3
153 T.7 PhC Hy gg% %.g ;
. c,F C
15} 39.5 ) 671476
155 7.9 ) Ph, 225 1%*3 g
- 2 . ¢ F PC,H
156 1.9 64 6l
273 1.0 ¢, F.PC H
157 2.y 67577673
2 2. ¢,F_PC,H
159 1.1 G 5 6F5PC6H),
275 5.8 )
16 .8
7 2 06F5 333 3.8 PhePcéFu
168 2.t CeFH 334 2.1 thpcéFuH
1 . . :
70 2.5 350 3,8 GéFSP(06q+)2 |
176 .2 ) .. 351 16. PhPC, F.C, |
176.5 1.0 ) Ph2P06F52+ b 6 5761
352 100,0 )
179 1.3 353 21.2 ) PhZPcéF
351, 3.8 ) 5
180 1.4
181 2.2
182 2.l
181 6.8 PRPC/H)
185 10,9 Ph,P
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Mass Spectrum of PhﬂAsCEES ’ TABLE XI
Mass/e Rel, Int.% Ion+ Mass/e Rel. Int.% Ion+
20 1.9 HF 156 1.2
39 3.7 C4H, 168 1.2 C4FH
L1 1.1 cBHS 171 11.3 PhASF
50 5.3 Cuﬁg 186 1. CéFé
51 21.5 O Hy 198 1.2
.8 H 06 1.
52 2 G, H, 2 3
63 1.2 . 22 3.9
i 1.1 CH, 225 1.3
75 1.7 CyH, 227 11,5 (Céﬁh)zAs
76 1.8 ) 228 2.0 PhAs»,c()HLL
230 1.1 ) Ph_As
78 6.9 G H, L . 2
22 3. ¢, F_AS
101 1.8 65
2hly 3.3 PhC, F
102 1.1 65
286 1,2
113 1.5 AsF, :
299 .3 ¢, H AsC,F,
115 1.6 67 6Tl
126 1. 6
319 2.l PhAsC,F
127 1.1 5
198 6 396 13.1 )
2 1. 397 2.8 ) PhZAscéF5
149 1.1
150 1.3
151 13,7 CéﬂhAs
152 3.7 ?hAs ?nd
CLH
153 10.6 Phéc%Hi
15l 100,0 )
155 1.8 )  Phy



1.

2e

3.

Se

6.
To

9.
10.
11,

12.
13.
1.
15.
16,

17.

18,

19.

'

J.
M.

~1),0-

REFERENCES

Lewis and B, F. G, Johnson: Accounts of Chemical

I.

L.

R.

H.

R.

I.

I.

M.
M.
I.

Research 1, (1968), p.2)5-256,

Bruce: Advances in Or%anometallic Chemistry.
Academic Press 6, (1968) p. 273-333.

Lotter: J. Chem, Soc, 1520, (1965).

Ma jer and C. R, Patrick: Trans. Farad. Soc, 58,
17, (1962).

Dibeler, R. M. Reese and F. L. Mohler: J,Chem,
Phys, 26, 30k, (1957).

Mg jer: Advances in Fluorine Chemistry, 2, 55, (1961).

Bruce and M. A, Thomas: Org.Mass"Spectrom,lv

Garfinkel, B, S. Kobrin and V., A. Koptral: Zh,
Obsch, Khim, 38,1815,(1968).

Miller: J, Chem, Soc,(A),828,(1967).
Miller: Can,J. Chem: L7, 1613,(1969).

Bruce: Org, Mass,Spectrom,2,63, (1969) and ref-
erences therein.

King: J. Am_Chem, Soc, 89, 6368,(1967),

Dobbie and H. J. Buéleus: J.Chem,Soc.A: 9335(1967).
Dobbie: ~J. Chem, Soc. A,1515 ,(1966).

Babb and J, M. Shreeve: Inorg.,Chem, 6s35151967.

Goe, R. Stephens and J. C. Tatlow:J, Chem, Soc,
’ 3237, (1962). .

N. Brewer agd J. Hearly: Tetrahedron Letters,[ 709 s
(1965). ’

Fenton, A. J. Park, D. Shaw and A. G. Massey:
J, Organometal Chems 2 14375 (196L),

Fenton, A. G. Massey: Tetrahedron,gl,3009,(1965).



-141-

20, R. Enrione and T, Warren: Abstracts Division Inorg.
Chem  Am_Chem, Soc. 156th A.C.S Meeting
Atlantic City Sept. 1968 Paper 112,

21, F. Glockling, andégSR.C. Light: J,Chem_Soc, (A), 717,
(1968). :

22. D. B, Chambers, F, Glockling and M, Weston: J. Chem.
Soc. (A), 1759, (1967).

23. L. A. Wall, R. E. Donadio and W. J. Pummer: J. Am,
Chem. Soc., 82, §}8146, (1960).

2ha. M. Fild, 0. Glemser and G. Christoph: Nasurwissenschaf-
o ten, 21, 590, (1965).

24b. M. Fild, 0. Glemser and G. Christoph: Angew. Chem.,
74, 953, Internat, Ed. 3, 801, (196l).

25, R. D. W. Kemitt, D. I. Nichols and R. D. Peacock: J.
Chem. Soc (A), 2149, (1968).

26. D. D. Magnelli, G. Tesi, J. U. Lowe and W. E, McDuiston:
Inorg. Chem, 5, 4,57, (1966).

27. M, Fild, 0. Glemser and I. Hollenberg: Z. Naturforchung,
21, 920, (1965).

28. R. D, Chambers and J. Cunningham: Tetrahedron Letters,
2389, (1965).

29. M. Green and D, Kigkpatrick: J. Chem. Soc. (A), L84,
(1968).

30. M. G. Barlow, M. Green% R. N. Hazeldine and H. G. Hig-
_.8son: J, Yhem. Soc. (C), 1592, (1966).

31. J. M. Miller: PhD Thesis, Cambridge University, (1966).

32, M. Fild and R. Schmutzler: J., Chem. Soc. (A), 840,
(1969).

, _
33. H. J. Emeleus and J. M, Miller: J. Inorg. Nucl, Chem.,
28, 662, (1966).

34. M. Fild, 0. Glemser and I. Hollenberg: Naturwissenschaft-
en, 53, 130, (1966).

35. He. G. Ang and J, M. Miller: Chem and Ind., 94, (1966).

36, 3. C, Cohen, M. L. N. Reddy and A. G, Massey: Chemn.
Comm,, 451, (1967).



-1 2-

37. M. Fild, 0. Glemser and I. Hollenberg: Naturwissen-
schaften, 54, 89, (1967).

38, M. Cooke, M. Green and D. Kirkpatrick' J. Chem. Soc (A),
1507, (1968).

39, R. D. Chambers and T, Chivers: J. Chem. Soc., 3933,
(1965).

40, R. W. Kiser: An Introduction to Mass Spectrometry and
Its Applications: Prentice Hall, Engle-
wood Cliffs, N. J. (1965).

hl. G. M. Bancroft, C. Reichert and J. B. Westmore : Inorg
Chem. 9 Z_, 870 E] (1968 ) @

42. S. M, Schildcrout, R. G. Pearson and F. E, Stafford: J.
Amer. Chem. Soc., 90, 4006, (1968).

L43. C. Reichert and Jé B, Westmore: Inorg Chem, 8, 1012,
(1969).

4y Go M. Bancroft, C. Reichert, J. B. Westmore and H. D.
Gesser: Inorg. Chem., 8, 474, (1969).

5. T. Koopmens: Physica, 1, 104, (1933).

h6. A, Foffani, S. Pignataro, G. Distifano and G. Innorta:
J. Organmetal. Chem., 7L73, (1967).

47. G. A. Junk and H. J. Svec: Naturforsch, 23b, 1, (1968)
and references therein.

48, G. A. Junk, H. J. Svec and R. J. Angelici: J. Am. Chem.
Soc, 90, 5758, (1968).

49, J. A. Connor, ‘R, w. Hazeldine, G. J. Leigh and R. D.
Sedgwick: J. Chem. Soc. (4), 786, (1967).

50, 8. J. Band, I. M, T. Davidson and S, A, Lambert: J.
Chem. Soc. (A), 2068, (1968).

51. A. L. Yergey and F. W. Lampe: J. Am. Chem. Soc., 87,
4120k, (1965).

52. D. B. Chambers(an%BF. Glockling: J. Chem. Soc.(A), 735,
1968).

53. L. Pauling: Nature of the Chemical Bond, Cornell Universi-
ty Press, Ithaca, N. Y. (194). p.58.

5. R. Bralsford, P, V., Harris and W. C., Price: Prol. Roy.
Soc., 258, 459, (1960).



55.

560

57&

58,
59.
60.

61.
62,
63,
6ly.
65,
66.
67.

68.

69,
70,
1.

72

We

P.

Je.

Re

Je

Re

D.

~1y3-

R. Cullen and D. C. Frost: Can. J. Chem, LO, 390,
(1962), =

J. Loyd and F. E. Stafford: Mass Spectrometry In
Organic Chemistry, Chapf. 10. Advances
in Chemistry Series 72, A. C. S., Washing-
ton, D, C,

Wood and J. D, Waldron: Mass Spectrometry, Institure
of Petroleum, London, 1952. p. 16.

Dorken: Chem. Ber., 21, 1505, (1888).
Kutchen and H. Suchwald: Chem Ber., 2;,‘2871, (1958).

W. Bennett, H. J. Eméleus and R. N. Hazeldine: J.
Chem. Soc., 1565, (1953).

Nield, R. Stephens and J. C., Tatlow: J. Chem. Soc.,
166, (1959).

M., Brooke, R. N. Chambers, J., Heyes and K. W. Musgrave:
Proc. Chem. Soc., 9, (1963).

L. Coe, R. Stephens and J. C. Tatlow: J. Uhem, Soc.,
3227, (1962).

P. N. Brewer &22 H. Heany: Tetrahedron Letters, 709,
(1965},

J. Harper, E. J. Soloski and C. Tamborski: J. Org.
Chem., 29, 2385, (196l).

Dub: Organometallic Compounds: Vol III, p. 68l,
Springer Verlac, N. Y. (1968).

H, Williams, R. S. Ward and R. G. Cooks: J. Am,
Chem. Soc., 90, 911, (1968).

‘H. Benyon, R. A. Sauders and A, E., Williams: The

Mass Spectra of Organic Molecules, p. 128,
Elsevier, N. Y. (1968).

G. Cooks, R. S. Ward, D, H, Williams, M. A. Shan and
J. C. Tebby: Tetrahedron, 24, 3289, (1968).

Bryce-Smith and H. C. Longuet-Higgins: Chem. Comm,,
593, (1966).

Haake, M. J. Frearson and ., E, Diebert: J. Org.
Chem., 3l., 788, (1969),

Zeeh and J.(BeéT?ompson: Tetrahedron Letters, 111,
1969).



73.
7.
75.
T6.

TTe
78.

79
80.

81.
82.

83.

8ly.
85.
86.

87.
88.
89.

90.

Jde
Fo

R.

R.

Re

C.

M.

Joe
D.
K.

I.

G.

D.

H.
Je

We
P.

Ee

W,

Je

V.

A.
R,

He.

D.

“1y)y -

Cavell and R. C. Dobbie: Inorg. Chem., 6, 1450,
(1967). .

Cavell and R, C., Dobbie: Inorg. Chem., 7, 690,
(1968).

Hawthorne, M. J. Mays and R, N. F. Simpson: J.
Oorganometal. Chem., 12, 407, (1968).

Mays and R. N. E. Simpson: J., Chem. Soc. (A4),
1936, (1967).

Voughs: Phys. Rev., 71, 93, (1947).

Svec and G. A. Junk: J. Am, “hem. Soc., 89, 790,

(1967).
Warren: Nature, 165, 810, (1950).

Lossing, A, W. Tickmer and W. A. Bryce: J. Chem,
Phys., 19, 1254, (1951).

Honig: J. Chem. Phys., 16, 105, (1948).

Kiser and E. J. Gallegos: J. Chem. Phys., 66, 947,
(1962).

Fox, W. M., Hickmann, D, J. Grove and T. Kjedaas:
Rev. Sci. Instr., 26, 1101, (1955).
Phys. Rev. , 84, 859, (1951).

Melton and W, H. Hamil: J. Chem. Phys., L1, 3L6l,
(196l,) and references therein.

Gallegos and R. E. Klaver: J. Sci. Instr., L,
- Lh2r, (1967).

McDowell and F. E. Saalfeld: Inorg. Chem., 6, 96,
(1967).

Morrison: Rev. Pure and Appl. Chem., 5, 22, (1955).
Stevenson: Discuss. Farad. Soé;, 10, 35, (1951).

Sirr: Z. Anorg. Allgem, Chem.: 311, 92, (1961),
C.A., 56, 15001.

Cox, He A. Gunory and A, J. Head: Trans, PFarad.
Soc., 60, 653, (196l).



=1 5=

91, A. F. Bedford and C. T. Mortimer: J. Chem. Soc., 1622,
(1960).

92. C. T. Mortimer and D, W. J. Sellers: J. Chem. Soc.,
1965, (196l).

93. V. I. Vedenyov, L. V. Gruvich, V. N. Kondrat Ev., V. A,
Medvedev and Yel. Frankevigi: Bond Ener-
gles, Ionisation Potentials and Electron
Affinities, Arnold, London, 1965.

9. P, I. Vilesov and V. M. Zaitsev: Dolk, Akad,., Nauk.
SSSR., 154, 186, (196l). English Trans-
lation, p. 117.

95. W. R. Cullen and R. M. Hochstrasser: J. Mol. Spec., 5,
118, (1960).

96. M. Huggins: J. Am, Chem. Soec., 75, 4123, (1953).

97. C. T. Mortimer: Reaction Heats and Bond Strengths,
Pergamon Press, London, 1962.

98. R. E. Winters and R. W. Kiser: Inorg. Chem., l, 157,
(1965).

99, F. G. Drakesmith and M. B. Jones: Vacuum, 19, 31, (1969).

100, A. Carrick and F. Glockling: J. C“hem. Soc. (A), 40,
(1967).





