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ABSTRACT.

Aminophosphine complexes with the empirical Formulae mxzp(NMEZ)S

(M = Zn, Hgy X = Cl, Br, I3 M = Cd, X = C1}, mxzzp(mmez)3 (M=Hq, %=C1,B8r,I;

M = Zny Cd, X = Cl) and tris(2-pyridyl)phosphine complexes

X Py 5 P (M = Zny Hg, X = Cl,Br, I) and MX2(Py3P)2 (M=Pt, X=Cl) have been

reinvestigated, . The mode of co-ordination in the complexes were studied

using i.re Raman and n.m.r. (lH, 31P, lSC, lngg) spectroscopy. The new

1%

comp;exés HgCl2PhP(NM92)2, PtIZ(Pysp)z and X, Py, 5 (M = Zn, Hg, X=Cl,8r,T)

were prepared and studied,

r

I.r., spectra in the P-l region indica%e that the szp(Nﬂe and

2)3
mxzzp(wme2)3 complexes are co~ordinated through the phosphorus atoms.
-]
Far ie.r. spectra (400-40 cm ) indicate that the MXZP(NMEZ)S complexes

are dimeric with bridging halngens. The mXZZD(NMe comzlexes show

2)3
one or two metal-halogen stretching frequsncies consistsnt with (11) ions
in pseudo-tetrahedral QnQironments,

Assignments are made for dimeric trans-symmetrical cis-symmetrical
and unsymmetrical species in CDC1

31 13,
Py and ~ C nem.r, spactra,

' ion Znt N on the besis
5 solutien of Zn lZP(H 82)3 n the besis
.
of TH,

Variable temperéture lH n.M.re studies on HgXZZP(Nmez)3 indicate
a fast exchange of phosphdrus ligandss, The order of the rate of phosphorus

ligand exchange is

I > Br >>Cl

s}
3'H - {}'%ﬂﬁ INDOR spectrum of HgClzp(iMe indicate one phasphine

199

2)3
. , . . . 1
ligand bonded ¢ Hg{II)e Hg decounling exneriments on the "H spectrum

of ch122p(mne?)3 indicate two phosphine ligands bonded to Hg(IT).



i9g 31 . .
One-bcnd Hg=""P nuclear spin coupling constants for

z Ol (M c s -he
)3 and HgClz.hP(hhez)Z are in th

HQAZP(MMe2)3 (X=C1, Br), HgClZZP(MﬂeZ

range of directly bonded 199H9~319 couplings,

I.r, Spectra in the regions 1600-~1550 and 700-600 cm”lbindiqate
that in the ZnXZPyEP and ZnXZPy3PS complexes the three pyridyl nitrogen
atoms are co-ordinated to Zn(II),

I.r. Spectra in the P—>5 region indicate the presence of Hg-5
bonds in the HgX,Py,PS complexes.  Far i.r. Spectra (400-40 cm—l) indicate
that ZanpySP and ZnXZPySPS are dimeric with Zn(II) in 6-co-ordinate
pseudo-octahedral environments, HgXZDySPS complexes are also dimeric
with Hg(II) in pseudo~tetrahedral environments.

A trans-symmetrical structure is propossd for HQXZDyBPS and
HgXZPySP complexes.

The onz bond lSCnglP nuclear spin counling constants for HQXZPySP

complexes in DMS0~d. solution increased relative to the free ligand denoting

6

a substantial change in phosphorus hybridization on co-ordination of
phosphorus and hence the presence of a Hg-P bond,
Two very strong absorptions at 324 and 300 em™ for PtCl2(PySP)2

are correlated with Pt~Cl stretches for a cis-Pt(II) halide complex,

1

. iste " A
3(195p Slp) for F’tClZ(PyEP)2 is consistent with the nresence of a

£
Pt~P bond,.
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INTRODUCTION



ZINC,CADMIUM AND MEXRCURY.,
HISTORICAL, USES AMND TOXICOLOGY.

The use of zinc as an alloy with copper to make brass was known even
before the earliest civilization but its importance'as a metal became knouwn
in Europs at about 1500 A.D,

One of the largest modern uses of zinc is in galvanizing. The low
melting point of zinc coupled with its higher position in the electrochemical
series relative to iron makes it effective in protecting irnn and stsel
against rust when used as a metal coating(l)°

| Zinc is an important constituent in the growth of many plants and
animals, It is found in a number of metalloproteins and enzymes. However,
large amounts cause mallaise, dizziness, vomitting and purging<2). The low
toxicity of.zinc is probably due to the fact that it is rapidly eliminated
from the body,

(3)

was discovered in 1817, 1Its major sources are from zinc ores,

1

Cadmium
Cadmium is also used as a metal coating from iron and steel against
corrosion, Although it is less electropositive than zinc, it has a familiar
action,
Cadmium is one of the most toxic of metals. Cadmium depresses growth
and reduces protein and fat digestion, causes hypertension and cardiovascular

(2),

problems, It accumulates in the kidney, liver and reproductive organs

mgrcury(a) was one of the first metals known to man., The alchemists
took a great interest in it and tried to convert it into silver or gold.
Aquinas studied the solutions of metals in mercury and called them amalgams,

The only naturally occurring ore of mercury is the red cinnabar, mercury

all the metal is cobtain

(&)

~3

(A1) sulphide, from which practicall



Ze

Tremendous interest has been developed in the presence of mercury
in the environment, including the biological food chain. Mercury salts
are highly toxic. Mercury is retained by the liver, kidney, brain, heart,
lungs and muscle tissues, It complexes with - SH éroups, thus interfering
with enzyme processes(z).

Zihc,4cadmium and mercury follow copper, silver and gold in the
Periodic Table and have two s electrons outside filled d shells, and
therefore are not transition elements in view of what is known of their
present chemistry, However, they show similarity to the transition
elements in their complex formation with such ligands'as amines, cyanides,
ahmonia, halide ions and phosphines,

Unlike copper, silver and gold in which one or two 'd' electrons can
be lost to give ions or complexes in the (II) and (I11) oxidation states,
zinc, cadmium and mercury have very high third ionization potentials (the
energy required, in electron volts, to remove an electron from the filled
'd! orbital) and hence the divalent étate is important for these elements,

Mercury is unique in this respect in that the univalent state, the mercury (T)

3 2+ . . :
ion, Hg,” ', is also stable in neutral or acidic solutions,
<~



NICKEL PALLADIUM AMD PLATINUM, HISTORICAL, USES AND TOXICOLOGY.

The first pure nickel metal was isolated in 1804 by Richter, Nickel
occurs naturally in silicate type ores as sulphides and oxides.

Nickel has numerous uses commercially, for example, in situations
wvhere corrosion resistance is of major importance such as in stainless
steels, Copper~nickel alloys, because of their resistance to corrosion,

_ . . . . . (4)
are used widely especially in marine environments .

The importance of nickel in biological systems has recently been
(2)
°

documented It is involved in the structural stability of biological

macromolecules, It is also known to cause cancer of the respiratory
system(s).
Palladium(a) was first discovered in 1803 by Wollaston who named
it palladium after the asteroid Pallas,
Palladium (and platinum) is used in the petroleum industry for the

reforming of cracked petroleum fractions thus upgrading the octane rating

of gasoline,

Palladium is known(z) to produce acute damage to the liver and kidnay

cells,

(4)

The first report on platinum was by the English physician
William Brownrigg in 1750.
Finely divided platinum finds use as a dehydrogenation and hydro-

genation catalyst in organic chemistry and in nuﬁerous other ways(a).

| There are at present no data available as to the toxicity of platinum
compounds. Homéver, some platinum compounds are knoun to be potentially
active against cancer(s)°
For the transition elements, the energy involved in the removal of

successive 'd! electrons is comparable to ths extra energy geined in the

formation of extrs bonds. This fact can be connected with their variable



(7)

valency °

Nickel displays the oxidation states - 1, 0, +1, +2, +3, +4 but the
+2 state is the most common,

The commonest oxidation state for both palladiﬁm and platinum is

the (1I) state while the (Iv) state is stable for both elements.



STEREOCHEMISTRY OF ZINC, CADMIUM AND WMERCURY COMPOUNDS,

The stereochemistry of transition metal complexes is determined by
ligand field stabilisation energy effects, This is the "splitting" of the
5d orbitals (i.e. dxy’ dxz’ dyz’ d(XZ_y2) and dy2 of the metal ion in the
complex, which were originally of equal energy in the "free" metal ion, into
doubly degenerate and triply degenerate energy levels effected by tha
preferential distribution of the d electrons in the 5d orbitals according
to Aufbau, Pauli exclusion principles and Hund's rule such that the orbitals
along the axis of the ligands are raised in energy while those directed
away from the ligands are lowered in energy relative to the 5d orbital
energies in the hypothetical isolated metal ion, The difference in energy,
ZSE, between the two sets of energy levels being the ligand field stabilisation
enerqy since such distribution of the d electrons results in minimum
repulsion between the d electrons and the electron clouds of the ligands.
Because of the complete d shells the stereochemisiry of zinc and cadmium
compounds is determined only by electrostatic forces, covalent bonding
forees and ionic size<8).

Most neutral monodentate ligands can be considered as dipolar, Ffor
such ligands, complex formation in solution involves work done against
electrostatic forces of repulsion bastueen the ligands to bring them together
to co-ordinate, An extra energy term, the lattice energy, arising from
the electrostatic interaction between the metal ion and the ligand is
involved in order to isolate the complex in the solid state,

Covalent bonding forces may be of two kinds @

(1) interaction between electrcn pairs in the bonds of the molecule,-
that is, bond pair-bond pair interactions (this increases with increase

in the degree of covalency) and (2) that due to weak interactions between

the molecules,



TABLE I

STEREQCHEMISTRY OF SOME ZINC, CADMIUM AND

MERCURY CLMR0UNDS,

CO~-ORDINATION
NUMBER GEOMETRY EXAMPLE REF,
2 linear Zn(CH3)2 9
2 linear Hg(CH3)2 10
4 tetrahedral znc1, " 11
4 pseudo~tetrahedral PyZZnX2
X=Cl,B7,I 12
4 tetrahedral zn Br, " 13
4 pseudo-tetrahzdral (MBA’N)HgBr3 14
5 Distorted trigonal- [ (amine)Zn
pyramidal @?cmmez)z] 15
5 Distorted trigenal- [(amine)Cd(82
ramidal "CNT
pyramida CNﬂeZ)Z ] 15
5 trigonal bipyramidal HQZNH 8r2 16
6 octahedral [ HQ(CSHSND)G
17

(0104)2]




7e

For size considerations the optimum ratio, radius of central ion:
radius of ligand ion, below which the ligands cannot be accommodated, is
important. Zinc, cadmium and mercury are large enough to have co-~
ofdination numbers of four, five and six in their complexes. Table 1
shows the preferred co~ordination numbers in some Group 1IB metal complexes,

The preferred co-ordination number (the number of nearest neighbours
to the given atom irrespective of the bonding between them) of an atom in
a compound is determined by several other factors, the most important of
which are :

(1) the oxidation state of the métai.

(ii) the nature of the ligand,

(iii) the type of bond (especially if double bonding occurs).
(iv) steric effects., "

These factors have been discussed in some dépth by Nyholm(v). Ons
suggestion was that the more polarizable the ligand (ease ﬁo distortion of
the electron clouds and hence more transfer of negative charge onto the.
metal ion) tﬁé less the co-ordination number. This explains the preferred
co-~ordination nﬁmber of six by zinc towards water molecules as in Zn(H20)62+
while for the more polarizable chloride ion, €17, the co~ordination number
is four as in ZnCl42" ione

The literature describes two main types of complexes of lLewis base
ligands containing Group VB donor atoms with Group IIB metal halides. The
mngztypes have been assigned tetrahedral monomeric stereochemistries while
the (msz)Z types the dimeric and halogen-bridged structures(la)(lg)—(zz)
although other types have also been described, Most of the investigations
on the mode of bonding in these complexss have centred on the use of i,r,

spectroscopy and assignments of metal-~phosphorus, “Q(mmp), metal-halogan,

19)-(23)
"&(m—x), have been proposed ( Vs



(18)

flannegt al investigated a large number of cadmium (II) and mercury
(1I1) halide complexes with tertiary phosphines of the type LiX, (m=cd(11),
Hg(II), X = Cl, Br, I) and LCdl, L = EtSP(AS). The molecular formula
of the L, (Cdxz)2 were confirmed from molecular weight measurement; in

crganic solvents. Three isomeric forms have been suggested for the

compound (Etsp)2 (Cd Brz) .

: ”/,.f‘ E5t3 r
B %@Ksﬁt

- I trans-symmetr1cal

. .‘Egriiixt:éir ABr
Ef3P ‘PEfB

II cis~symmetrical

-IN N2 Et
3

.. Br, )cr?P

III Unsymmetr¢cal

Crystallographic data of (CdBr EtSP)2 wss interpreted to indicate

272

that it has a centre of .ymmetry and therefore has the transesymmetrical
structure (I), also that the cadmium atoms are in tetrahadral environments,

In the complexes (Pth)Z'HgX the tetrahedral envirenment of mercury

2’



has been assumed by a comparison with the known structure (Et7AS)2 Hgl (18).
J

(24)

2

A recent x~ray crystal structural determination of the complexes

RSPHgCl2 (R = Ph Me, Et) were interpreted to indicate that Ph3P HgCl2

contains discrete chlorine-bridged dimers while MGZPHQCI contains a zig=

2
zag arrangement of (MEsp, HaC1)* cations linked together by chloride anions. e

—

EtSPHgCl has been considered to consist of a chain like arrangement of

2

monomeric £t P, H9C12 units linked together by relatively long intermolecular

3

Hg-~Cl interactions. In MBSP HgCi, and Et3P HgElz, the mercury atoms are

2

in a five-co-ordinate trigonal bipyramidal environments,

Thus the possible midevvariety of stereochemistries that these types of
complexes can exhibit dependson the nature of the ligand,

Octahedral polymeric adducts, for example, CdCl2 (NH3)2, HgBrz(NH3)2

(25)-(29)

and Cd BrZ(CSHSN)Z are also known as shoun below (Fig.l)



10,

C!H;%g\a m*‘"isf\’ ~ HSN

\ ~

o7 RAVN N e

Fige 1

The tetrahedral environment for cadmium (II) in (thp)z CdX, (X=C1,Br,I)

had been suggested on the basis of the knewn crystal structure of

[Cd (NH:,))Z‘][RB% ](18).

STEREQCHEMTISTRY OF MICKEL, BALLADIUM AND PLATINUM

COMPOUNDS ,

Nickel (II) forms spin~-free (containing twe unpaired electrons) four-
co-ordinate and six co-ordinate octahedral compléxes (30). The octahedral
complexes are formed by a large number of electronegative ligands such as
water and amﬁonia. The éguara-planar foﬁr co~ordinate complexes are formed
by ligands which can provide large crystal field stabilization energies,
and also b? ligands which have the ability to form <4 bonds., The tetrahedral
complexes can either be spin-free or spin-paired although the majority’of
known compounds in the solid state are spin-free irrespective of the ligand
field,

The majority of the complexes formed by palladium (II) and platinum (IT)
are of the square~planar type although in solution solvent molecules may

(31)

_ occupy vacant octahedral sites « Table 2 shows a few of the numerous

complexes formed by nickel, palladium and platinum,



11,

TABLE 2

OXIDATION STATES AND STEREQCHEMISTRIES OF SOME

NICKEL, PALLADIUM AND PLATINUM COMPOUNDS,

DXIDATION CO-ORDINATION GEOMETRY EXAMPLE REF
STATC NUMBER
nNi® 4 Tetrahedral (PF,),Ni 32
NiI ’ ¢ 4 pseudo- Ni(PPh,). X
' tetrahedral 373
(X=Cl,Br,I) 33
11 8 )
Ni®T o, d 4 Square Planar NlBrZP(EtS)2 34
4 Distorted
tetrahedral NlBrZ(pphE)Zv 5
5 Square NiBrZTriarsine 36
pyramidal
6 Cotahedral [ {vilat-pic) §
(cio,) 6 37
, 4)o 37
nittl o, o7 5 TBP NiBr, (Pile,Ph), 38
T8 ;
Pd" , d° 4 Square Planar pdc12l (Ph),PN 39
szsp(ph)Z]
8 ' 40
pt (11) , d 4 Square Planar trans=-
Py, PtCL,




12,

DONOR _AND ACCEBRTOR PROPERTIES OF LIGANDS AMD METALS,.

(41)

flstals have bsen qualitatively classified into those having
Class "A" or "Class B" character. Class A elements (eg Zn2+), form their
most stable complexes with ligands in which the co~ordinating atom is a
first row element (N,0, F) rather than those of analogous ligands in which
the electron donor is a second gow element (P,5,Cl). Class B elements form
their most stable complexes with P, S and Cl or the subsequent ligand atoms
in the family of these elements, The third group of electron acceptor
elements (eq Cd2+) have a border line behaviour. Among the most pronounced
Class B acceptors are Cu(1), Pd(11), Ag(I), Pt(I1) and Hg(II).

Pearson(az) gave an alternative classification of metal ion-ligand
interactions. Metal ions which are small often have high chérge (hence

high charge to radius ratios) and have no valence shell electrons that are

pasily polarized or removed; such ions are known as "hard acids" (e.ge

it mgtt).

These are effective in zlectrostatic bonding and display
class A behaviour, Metal ions which are large, of low charge, or have
valence-shell electrons that ars easily polarized are "soft acids". The

latter form covalent bonds gffectively and display Class B behaviour

2
(e.g. Cu”, Agj cd?*, Hg2*, pd*, pt2*, Hg"), while borderline behaviour

2+

is shown by the third group (e.g. Zn", N12+, Cu2+).

Ligands have similarly been classified into those that are "hard"
_(non-polarizable) and toose that are "soft" (polarizable). "Hard bases"
have non-polarizable valence shell electrons and are effective in forming

electrostatic bonds (e.g. H,0, Clu, NHS)’ "Soft bases" are effective in

2

forming covalent bonds (e.qg. R28, R

[y

<P Rzns), with some borderline cases

(e.q. pyridine). The genmeralisation is that soft acids {orm most stable

complexes with soft bases and rnard acids with hard bases. A guantitative
' (43)

interpretation of these qualitative classifications has been given in whic
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the authors correlated the magnitude of the donor-acceptor interactions

with the electronic properties of the metal ions and ligands,

»



AMINOPHOSPHINES DR TERTTIARY PHOGPHINES AS LIGANDS.

Aminophosphines are phosphorus compounds in which the phosphorus
is directly bonded to nitrogen. Much attention is being given to their

study in recent years, probably because they serve as potential ligands,

and some of their complexes are useful polymerization catalysts(44),

Tris(dimethylamino)phosphine, P(NMBZ)S, is known to impart flame retardant

(45)

and ion-exchange properties to cotton fabrics
Phosphorus has the outer shell electronic configuration (3323p3), and

from Hund's rule the bonding electrons of phosphorus (I1I) are represented

by Ble, Sp'l, szl, then the lone pair is located in the 3s orbital,

Y
. (46)
However, Vilkov

and co-workers suggested from electron diffraction
studies on tris(dimethylaminc)phosphine that the phospharus atom is Sp3
hybridised. There is some controversy about the structure of tris(dimethyl-~

4%
amino)phosphine('?). Electron diffraction study(aﬁ)

on tris(dimethyl-
amino)phosphine was interpreted to indicate that the nitrogen atcms are Sp2
hybridised. Thus the nitrogen non-bonding lone pair must reside in the

2p2 orbital, Therefore in aminephosphines there is the possibility that
either nitrogen or phosphaorus can furiction as the donor sites in adducts
and complexes, Also there is the possibility of delocalization of the
nitrogen lone pair into the 3d orbital of phosphorus to form a 2p(N%?3d (PXT
bond; this could reduce interaction of the nitrogen lone pair with the
sigma bond framework since bonding electron pairs and non-bonding electron
pairs inter-repel differently, the order of repulsion being given by(aa)
bonding = bonding <<  bonding«—s non-bonding < non-bonding & non-
bonding. As an aid to understanding the mode of bonding in aminophosphines

(46)(49)(50)

structural determination? and theoretical calculation of

51
geometric parameters have been presented( ).

A recent photoslectron spectrum of tris(dimethylemino)phosphine was



15,

(52)

interpreted to indicate that the molecule has a Cs symmetry with

two of the nitrogen lone pairs interacting in a sigma manner while the
remaining nitrogen lone pair interacts in a 7t fashion with the phosphorus

lone pair.

(51)

The geometry and electronic structure of P(NWe has been determined

2)3
by the CNDD/2 method, The result indicates the near planarity of the

molecules P(Nmeé)3 (NPN = 118°),  This contrasts with the experimentally

determined angle of 96.50 in the vapour state by Uilkov(46). However,

(51)

criticised this later value on steric grouncs

96.3°)(50)

Dorschner and Kaufmann

as it equals the FPF angle observed in F‘F,3 (FPF= in which

steric effects of the fluorine atoms on the bond angle is expected to be

less demanding than steric cromdhﬁ due to the N~dimethyl groups in P(Nmez)3

The strength of a base is defined(53) in terms of the protonated base,

Thus the base strength is a measure of the boriding between a base and a

proton and therefore a measure of the sigma bonding ability of that base.

(51)

The calculation was used to show that in tris(dimethylaminc)phosphins

the phosphorus atom is more basic than the nitrogsn atoms and will function
as the donor centre. The weaker kasicity of the nitrogen atoms in tris-~

(dimethylamino)phosphine relative to the phosphorus atom was rationalised

in terms of Zp(N)K —— 3d (P)ﬁ bonding, The calculation(SI) also

indicates that in XP (NMe (X= 0, S, Se) the nitrogen atom remains less

2)3
basic than the oxygeh and sulphur atoms, and the latter function as the

donor centres as observed experimentally(s‘) (55).

(56)(57)

There is some evidence that the phosphoryl link, PO, and other

similar types of links (eg, P-5, P=Se) do have some pi character,
For a lzrge number of XSPD compounds including (Et U)SPD the average bond

length T (pP-0), X3PD, is 1,46 % U.DZAD, which is much shorter than other
o(57)

. NP . +
types of P=0 link fopr which the average is 1,52 - 0,004
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-For a tetra co-ordinate phosphorus as in XSPD with Sp3 hybridised
sigma orbitals, four of the valencé electrons are involved in sigma
bonding with the ligand orbitals while the fifth .odd electron occupies
one of the 3d orbitals., The oxygen atom in P - O is Sp2 hybridised with
t@d lone'pairs occupying nohnbonding orbitals, A simple valence bond

description of bonding in the phosphoryl link is given below (Fig.2).

(57)

FigeZe Valence Bond Descrintion of PO link

It has been suggested (57) that of the five 3d orbitals, the SdXZ

has the minimum interaction of the sigma bend frame work and is the one
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which is involved in the 2ﬂT —_— 3dg bonding,.

In the XP(NMez)S . SBries(Sl) the involvement of the phosphorus
3d orbitals in the P-X bonds (X = 0, S, Se) effects a negligible p(N)ﬁ—%
d(P)ﬁ electron transfer,

Studies on other aminophosphines also suggested that the P-N bond
(58)(59). An x~ray diffraction study(ag) shows that

has a pi component

the bicyclic aminophosphine 0P (Nie CHZ)SCMB has the structure

and that the nitrogen atoms are near planar, This has been attributed
partly to a donor 2p(N) —— 3d(P) pi bonding and partly to the steric
interactions of the nitrogen methyl groups with the methylene hydrogens,
The P-N bond length of 1,5588°7 in 0P (NMe CH,), CMle is very short compared

with the single P-N bond length of 1,77a°(50) i

- j/:
o Ny

an indication of a pi component in the P-N bond,

The solid state structure of PFZ (NMeZ)(SD) has the planar framework
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N——ro—FP
C/ ‘

The environment about the nitrogen atom would be pyramidal if the lone pairs
were exerting their full stereochemical influence. The presence of 2p(N)—y

3d(P) pi bonding in PF ngz is further indicated by the fact that

2
the P-N bond lenéth, r (P~N) = 1,628A%, is very short compared to the single
band length of 1,77A° quoted above,

The use of Nem.Te, ieTs and hydrolytic data showed that in the
chloramination and alkylation of many nitrogen-phosphorus compounds,
the point of attack is always the phosphorus rather than the nitrogen
atoms(Sl)° |

It has also been shown from structurzsl studies that By—— dgbonding
is greater betueen first and second row elements than between two second
row slements. For example nitrogen has a planar environment in HZNDFZ(SZ)
but the H2DP fragment is not planar in HZPPFZ(ﬁz). Also while the heavy
atoms in trisilylamine, (SiH3)3N’ are planar those in trisilylphosphine
are not(M)o

The delocalization of the nitrogen lone pair in By —— dybonding has

been invoked to éccount for the lower basicity than expected in trisilyla-
ming o

Relatively little work has beer done cn the co-ordination chemistry

of aminophosphines with Zinc (11), cadmium (II) and mercury (II) halides
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and with nickel (II), palladium (II) and platinum halides although

/ ~
cos . 66 )= (70
numerous transition metal carbonyl complexes have been described (66)-(7 ).

(71)

X~ray crystal structure of the boron edauct, (CH3)2NPF -indicates

284H8
that the phosphorus, nitrogen and the two carbon atoms are essentially
coplanar but there is a considerable shortening of
P=N, F(P-N) = 1,593A° and P~F, T(P-F) = 1,534A° bond lengths compared to
the free ligand values of T (P=N) = 1,628A° and T (P-F) = 1,610A°
respectively,
~ 0
An increase in the FPF angle is observed in the adduct, FPF= 96,5(3)
’”~

compared to the free ligand value, FPF = 91,5(3)°,

(72)

Clemens, Sisler and Brey studied the reaction of (CH3)2 NP (CH

3)2
with Al (CZHS)S‘ They reported that a phosphorus-aluminium bond was formed
when the rTeagents were directly combined but that the structure changed to

give nitrogen-aluminium bond when the adduct was heated.

Co-ordination through the phasphorus atom in P(NMe2)3 with the boron

hydrides BH,, B(H)(CHZCH3)2 has been observed experimentally. llB, 4 and
31P NeMere studies indicate phosphorus-boron honding(73)(74). However,
BClS, BF3(75) and PC13(76) attack the nitrogen atom and dissaociate the P-l |
bond:

b4 -— il v |,
P(NMez)S’_§A3(X_FZ c1g mQZNBAZ + Py

Parry and Schultz (77) described 1:1 adduct of P(Nh’!ez)3 with A1CL,.

The adduct AlCl?)P(NMEZ)3 has been shown to be dimeric in methylene chloride

solution with the initial structure

[<WE2N)3 P-pP (N fe, %J+[NR2(A1C13)2]‘

Noth and Vettar(78) studied the complexes CdIZP(NMQQ)g, Cdlzzp(mmez)3

HgIZP(NMQz)ﬂ and HgIZQP(NMQ From molecular weight studies and by
J .

2)3'
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O
.

comparison with x-ray crystal structure of other dimeric phosphine complexes
(18)
of cadmium (II) and mercury (II) reported by Mann et al they suggested

exists in solution as undissociated binuclear complex

P
\P

(2) Co~ordination is through the phosphorus atom, Some of the other

that (1) CdIZP(NMeZ)3

d

reported aminophosphine cémplexes are shown in Table 3.belom.



TABLE 3

Aminophosphine complexes with some Metal Halides,

Suggested mode Method of

Compound of bonding Investingation Ref
trans-Pt0122P(NMe2)3 p : NeMeTs 79
.trans-PtIZZP(NMeZ)S P ier, 66
trans-pdc122P(NMe2)3 P i.Te 66
trans~Pd122p(Nmez)3 : p i.r. 66
ZnC1,E£,NP(Ph), P or N Conductivity 80
CdCletzNP(Ph)2 ' P or N Conductivity 80
PhP(NRZ)ZHgIz

(R=Me, Et, Pr) P Ref 18 59

Cruickshank(Sl) studied zinc (II) cadmium (II) and mercury (II) halide
complexes with P(NIYlez)3° He formulated them as 1 : 1 dimeric and 1 : 2
monomeric.complexes on the basis of molecular weight measurements which
were close to dimeric and menomeric values respectively., The experimentallx

observed molecular weights are shown in Table 4 below :
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TABLE 4

Molecular Ueight Data for Some Aminophosphine

(81)

Complexes

Molecular Weights

Compound Solvent Observed Calculated
[ZnCl P(Nile,, ) ) C_H 629 600
2 2’3 |2 66
L ZnBr,P(Nile, )., 1, CeHe 809 777
[ZnIZP(NMe2)3 "2 CeHg 997 : 965
[Hgmzp(mmez)3 jz CHC1, 837 869
[HgBrzp(NME2)3 ]2 CHCL, 1068 | 1048
[ Hg1,P(NMe,, )., ]2 CHEL, 1267 1235
HgC1 ZR(Nile )., " Cryoscopic 579 598
HgBrZZP(NMB2)3 Cryoscopic 653 687
HgIZZD(NFﬂe2)3 Cryoscopic 704 781.
ZnC122P(NMe2)3 Cryoscopic 536 | 463
CdC1,2P (e, ), Cryoscopic 576 510

I.r. and n.m.r. evidence were used to deduce that co-ordination was through
the phosphorus atom in these complexes, The 1 : 1 and 1 : 2 complexes were

also suggested to be dimeric with bridging halogens and monomeric with C2v

symmetry. for the MP2X2 skeleton respectively from far i.r. spectra(sl),

Low molar conductivities, J\m, (A = 0.7 ohm™t mote™? cm“z) were

obtained(sl) for the 1 : 1 complexes of P(Nie with Zinc (II) and cadmium

2)3

(I1) halides in benzene solutions and for 1 : 1 mercury (IT) halides in
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chloroform solutions ( J\m=o.2 t:ohm"l mole'-l cm~2). These results were

(81)

interpreted to indicate the existence of binuclear undissociated
complexes in solution,

In conclusion, present evidence seems to suggest that the P-N bond in
aminophosphines has a pi component, and that P-—— d pi bonding betueen
filled 2P orbital of nitrogen and the empty 3d orbital of phosphorus gives
the phosphorus atom a greater electron density than the nitrogen atom and
makes it a stronger electron donor relative to the nitrogen atom,

However, the possibility of bonding through nitrogen cannot be ruled

out,



Complexes with tris(2-pyridyl)phosnine and tris—[Z pyridyl)nhosohine

sulphide,

With relevance to the present work, the known complexes of tris

(2-pyridyl)phosphine and other pyridyl derivatives are shown in Table 5 belouw,

Some complexes of tris{2-pyridyl)phosphine and Desrivatives.

Suggested Method of
Compound bonded atam investigation Ref
ZnX,, ({:ﬁi:LJS p tri-dentate
(X=C1,8r, I) through i.r. 81
N
0
HgX,, ((,\DJ3 p P iete 8l
(x=Cl, Br,I)
PtC1,2 ( 0 p i.re 81
PdC1,2 (@) P p i.r. 81
Zn( [}i:l) p (Cl tri-dentate polarography 82
Zn( L&i:LJ P (ND ) through polarography
N polarography 82
NiX,) (@1 HQD Ph, ), N f.T. 83
X= Cl,Br,I
Niﬁ([jg:]—)ng (C104)9 tri-dentate x~ray powder
through difractiong 84
pyridyl solid_state
nitrogens and solution

1eT,




The HgX2 ( [}é:l_)s P complexes were assigned dimeric halogen-bridged
structures on the basis of i,r. spectra,
Low molar conductivities,
J\m, (N = 10 - 16 ohm™ mole™t cm“z)
were obtained(al) for the HgX2 ( []i:l.)sp complexes in dimethyl-formamide
(DMF) solutions (10"3M). These results were interpreted to indicate the
existénoe of molecular complexes in solution by comparison with literature
values for ionic . pyridylamine complexes in similar solvents (lﬂngm) as

shown in the Table below -

Solvent Range of Values, J\m electrolyte

e No,, 105(83) p2t g2-

85 -
Me No, 144 ~ 219 (8°)(84)(86) c2* 2x

8 -
DIF 60-99(%7) , A%+ g2
DNF 142 ~ 180 (87)(84)(86) o2t 2x~
e No, 75-95( 88) p* €

The ZnX2 ( []q:llSP complexes were assigned the ionic structures

[mz ( @)3 9]2" [ X, ]2’
on the basis of '
(i) Conductivity measurements in nitromethane solution (10'3m, An =
94108 ohm™ moyenl cm'l).
(ii) the possibility of existence of the (mxa)z” ions were also suggested
from metal-halogen stretching frequencies in the far i.r. spectra,
No complexes of tris(2--pyridyl)phosphine sulphide have been described

in the literature; however complexes of triphenylphosphine sulphide
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(Selenide) are known. The erystal structure of HgC12Ph3PSB(89) was
interpreted to indicate that it consists of discrete chlorine-bridged
molecules (I) with the mercury atoms in a distorted tetrahedral

configuration, with the bonding through the selenium atom,



' CHAPTER ONE

EXPERIMENTAL TECHNIQUES
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EXPERIMENTAL TECHNIQUES,

Introduction,

In the present study extensive use has been made of nuclear magnetic
resonance (n.m.r.) infrared (i.r.) and Raman spectroscopy. These and other
relevant aspects of the experimental techniques will be briefly discussed.

(om)

Nuclear Magnetic Resonance.

Isotopes of elements with either odd atomic number (odd number of protons

in the'nucleus) or odd mass number (odd total number of protons and
neutrons) for example 1H, lgF, 31P have a magnetic moment b,

An isolated nucleus with a magnetic moment & placed in a static magnetic
field Bo has 2I + 1 orientations of the Spin I in the field direction and
Bo is considered to be along the z-axis of the laboratory co~ordinate system,
Since thevnuclear magnet also possesses an angular momentum it precesses

about Bo with angular velocity,V,given by

N =% Bo
2N
where \6:.% is the magnetogyric ratio of the nucleus,h :h where "'\

is Planck's constant.

For a nucleus with Mg = s 1/2, there are two orientations in the field
directions corresponding to v
(a) alignment aganst the field (M= +1/2), i.e. the higher energy situation
(b) alignment with the field (Mg= - 1/2) the lower energy situation
The difference in energy between the two energy levels ;s given by

/NE =hY

Before the sample containing the nuclei, for example protons, is
irfadiated in a magnetic field, the protons will have populated the two
states ol slightly dif%ereht energy according to a Boltzmann distribution
and there will be a slight excess of nuclei in the lower energy level,

If an alternating electromagnetic radiation i1s applied to the sample along



Ithe X=~axis, an anergy,[ﬁ‘E1 will be absorbed by the nuclei if the
frequency of the irradiation is the same as the Larmor precession frequency
of the nucleus and this leads to the promotion of nuclei from the lower
to the higher energy level, This is the nuclear magnetic resonance effect,
fn order that absorption of energy by nuclei should continue in a
nuclear magnetic resonance experiment, there must always be an excess of
nuclei in the ground state. This excess is maintained by the release of
enerqgy, [ﬁ,E, to thé environment by the nuclei in the excited state., This
transfer of energy from the spin system to the environment (termed the
lattice) is called spin-lattice relaxation, The life time of the excited

state i1s measured by the spin-~lattice relaxation time Tl.

The method just described where a very weak radiofrequency is appliied
continuously to the sample and the energy absorbed is measured as a
function of field/frequency is called the continuous wave method, the
resonance condition can‘be achieved by either varying the frequency and
maintaining the field constant (frequency sweep) or by varying the field
and maintéining the frequency constant (field sweep). The spectrum thus
cbtained is a functicn of frequency. In thess procedures, we excite the
resonance position of only one nucleus at a time,

lH'n.m.r. for all complexes were recorded as saturated solutions in
CDCJ.3 using 5 ml nem.r. tubes on a Jeol C~60-HL n.,m,r. instrument at 60 MHi
operating frequency and a field strength of ,Jé:rKilogauss.

In the case of ZnBr,P (NMe2)3 and zn012p (NM92)3 where poor resolution
made assignments'difficult an additiocnal 220 MHz spectrum was'recorded by
pmc Y., Harwell,

31p n.m.re were recorded either on a Varian XL - 100 instrument operating
on a field strength of 23, 490 gauss at 40,5 IMHz operating frequency or on

a Jeol C~-60~HL instrument,
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Variable temperature lH nem.r, were run on a Varian HA-100 instrument.
The mercury~199 internuclear double resonance (INDOR) spectrum was
recorded on a Jeol C~60~HL instrument fitted with a frequency synthesizer

Schomandl ND 100M and amplifier JNm-SDnNC(gl).
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Chemical Shifts(gz)

The field at which bare nucleus absorbs electromagnetic radiation is
changed when electrons surround the nucleus. An applied magnetic field
induces the electrons to circulate and the magnetic field, Bl’ thus
produced opposes the applied magnetic field at the nucleus, Thus for the
resonance condition for an isolated nucleus

3 e

to operate for a nﬁcleus in a bond, a greater field, (Bo + Bl), must be
applied, The nucleus is then said to be shielded by the electrons. As
chemically different nuclei of the same element in molecules are in
electronically different environments, they are shielded differentially

and hence absorb electromagnetic radiation at different regions of the
spectrum at constant applied magnetic fields. It is this feature that makes
n.M.r, spectroscopy invaluable to chemists for structural determination,

For comparative purposes the chemical shift is often given by a field

independent parameter,ig y in parts per million, (ppm), where

8. M - He  10°
r

and Hs and Hr are the magnetic fields at which the sample and reference
compounds give n.m.T. signals,

The 31p chemical shifts for the three doublets of ZnXZP(Nmez)3 (x=C1,
Br,I) were determined on XL-100 instrument by the double resonance method(gz).
The range of chemical shifts will be discussed under the n.m.r. of

the respective nuclei,

Convention for Chemical Shifte,

Chemical shifts in this work ara given as positive downfield of the

following reference compounds :
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1

“H : Tms ( (CHB)asi)
3¢ s TmS
31p :  HgPO, (85%)
199 ,

Hg : (CHS)ZHQ

(94)

The Nuclear Spin=Spin Coupling Constant

This is exemplified by the electron mediated interaction between two

13¢ < 14 coupling. The interaction of the

directly bonded nuciei as in
proton nuclear moment with the electron spin in such that an antiparallel

alignment of the nuclear and electron spins is effected (diagram below)

13

°l

v“
pd

The antiparallel alignment of the other electron in thelSC -lH bond is

governed by the Pauli exclusion principle. The interaction of the latter
electron with the 13C nucleus again produces an antiparallel orientation,
Thus the coupling constant is a measure of the ability of the spin orientation
of one nucleus to affect (via the electrons in the bond) the energy of
another nucleus, and so produces a splitting in the spectrum of that nucleus.
If for antiparallel orientation of spins the energy of the system is
minimum, then the coupling constant is defined to be positive, The model
just described predicts that all one bond couplings will be positive; this
however is found experimentally not to be correct and more complex theories
have been develoﬁed to accommodate this fact,

The range and magnitude of coupling constants will be discussed under

the nem.r. spectra of the respective complexes.

lggHg - 3lp coupling cnnstants were determined from thelH spectrum

by the double resonance method(QS),
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(95)

Fourier Transform Spectroscopy

In @ magnetic rescnance experiment the sensitivity of a nucleus is
measured in terms of the strength of the signals. This depends upon the
relative number of upward and downward transitions between the two almost

equally populated energy levels, From the resonance condition

QA"%(B*’ (\62% )

nuclei with low magnetic moments (e.g,lSCAL~: 0,79 Bohr magnetons) and
hence low values of consequently have small values of Ac. Such nuclei
have the populationbdifference of nuclei in the two energy levels even
smaller than for nuclei with higher values of }L(e.g.lH,}l = 2,79 Bohr
magnetons) at the same field strength Bo, Coupl ed with the low} value,
lSC has low natural abundance (1.1% compared with 1G0% ForlH) thus
increasing the difficulty of detection by a factor of hundred,

One method of enhancing the sensitivity is to use super-conducting

(96) which give very strong magnetic field strengths. The sensitivity

(97)

magnets
can also be increased by the method of time averaging and by the use
of pulsed Fourier tfansform methods,

The advantage of pulsed Fourier transform n.m.r. over continuous
wave NeMeTo is that in the former information about the resonance position
0? all the nuclei of one type in the sample is obtained simultaneously while
in the latter this information is obtained one at a time,

13

C nemsr, spectra of P(Nrflez)3 complexes were run as saturated solutions

in CDC1., at room temperature (ca 298°K ) with TMS at Oppm on a Varian XL-100

3

pulsed Fourier transform instrument with complete proton decoupling. The

operating frequency is 25.2 MHz.
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Infrared and Raman Spectroscopy,

There are great advantages in applying both infrared and Raman
techniques to the same compound, In particular, for compounds with a centre
of symmetry the vibrational frequencieé can be completely assigned if both
technigues are used, Most metal-ligand stretching vibrations occur below
600 cmml and can be found in the far infrared regione. Raman spectroscopy
is also ideally suited for studying such vibrations since it can be extended
as low as 10 c:m"l the limit being 0 r:m"l which is the frequency of the
exciting line, Raman spectroscopy offers additional advantage over infrared
as water is an excellent solvent because its polarizability changes little
during vibration, Consequently the Raman scattering is very uweak,

Raman Speotroscqu(QB)

The Raman effect is essentially a scattering phenomenon; the frequency
of the scattered light is analysed. In 2 normal Raman spectrum the
exciting frequency is such that it is not strongly absorbed by the sample.
When the radiation is absorbed by the sample it is called fluorescence,
When it is scattered by the molecules of the sample it is called Rayleigh
scattering. Raman (1928) discovered that the scattered radiation has either
the same frequency,‘oo, as the incident radiation (Rayleigh scattering)
or different FrequenciesA(Raman scattering). Jhen the high energy protons
of the monochromatic radiation interact with the molecules of the sample,
they are raised to a highly energetic unstable state, The Rayleigh
scattering is due to tho;e molecules which return to the ground state by
emitting the same energy\l,as the incident radiation, Some of the
molecules come to rest at a vibration level;‘%g by emitting energy of
lower Frequency[ﬁwoé%called a Stokes line; a few molecules initially
in a higher vibf;tional state emit energy at a higher Frequency,<§o+ £S<§

(anti~Stokes lines) by returning tc the ground state. The anti~Stokes lines
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are weak at room temperature and are not normally observed (Figed)

Fig 3.
|
|
I
I
[

——— =

Ny l l -+
l N
! l

STORE KAYCEIGH LINE ANTI- STOKES LINE

The Raman frequency shift, (&), is the difference in frequency
between the incident radiation (Rayleigh line) and the Raman scattered
radiation, These displacements correspond to the frequencies of

vibration of the molecule,

The electric field of the electromagnetic radiation induces an
oscillating dipole moment & in the molecule which is proportional to the
polarizabilityd(ease of electron cloud movement in an electric field)
of the molecule, that is

M = <«E o
where E. is the electric field, :
Therefore for a molecule to absorb energy and to show a Raman effect,

there must be a change in the polarizability of the molecule while fpr
infrared activity, the dipole moment must change. For centro-symmetric
molecules a vibration which is active in the Raman is ipactive in the
infrared and vice versa,

In addition the polarization of the emitted light can be measured by

analyser and designatedas polarized or depolarized. For symmetric



vibrations of the molecule the light is polarized and for asymmetric
vibrations it is depolarised,

For Raman active transiticns, the selection rules are that the
vibrational guantum number,\o y of a mode must change by £;9:a11 and the
rotational quantum number, J, must change by&J = O, % 2 where the zero
corresponds to the Rayleigh scattering and the = 2 corresponds to the
Raman transitions, .

Raman spectra were run either as liquids or polycrystalline solids in
sealed cylindrical Raman tubes on a Spex Ramalog 4 instrument fitted with

Coherent radiation 52G ion lasers (Kr* and Ar*).

Infrared Spectroscqpy(gg)

Infrared spectra can be divided into three regions: thg pear infrared
(12000~4000 bmhl), the mid-infrared (4000-200 cm-l) and the far infrared
(200-10 cm”l) and the létter is concerned mainly with the pure rotation
spectra of molecules.

The éoncept of "group freguencies" is one of the most powerful tools
used in the determination of molecular structure by vibrational spectroscopy.
In many molecules vibrations tend to affect mainly one bond or a set of like
bonds (i.e. a group) with the rest of the molecule moving only marginally in
order to preserve the centre of gravity of the molecule. The vibrations
can be resolved into a set of independent motions called normal modes,

For a molecule possessing N atoms each of the N atoms can be described in
terms of three cartesian co~ordinates. The total number of degrees of
freedom is therefore 3N, For a non~linear molecule, the total number of
normal vibrations is 3 N-6 and 3 N-5 fer a linear molecule. The degeneracy,
symmetry and spectral activity of the normel modes can be deduced by

mathematical group theory. Thus the vibrations in the molecule which give
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rise to each spectral band can be assigned. The group frequencies can
also be identified by correlation of the observed absorption bands with
published infrared spectra of similar classes of compounds, The

probability of infrared transition between two energy levels is given by

Mam : = _(\T:f ‘L\‘(m &t

where \*;]’ \ﬁ1 are the upper and lower vibratiopal wave functions and
}L is the elactric dipole moment, If the molecule has a permanent dipole
moment then the bond length will change as the molecule vibrates,
Consequently & will change.

" Infrared spectra 4000-200 cm—l were run as Nujol and fluocrolube or
hexachlorobutadiene mulls on a Perkin Elmer SP 225 infrared grating

spectrophotometer,

Far infrared spectra were measured as polythene discs using-a fourier
transform interferometer FS - 720 fitted with a recording wave analyser and

a Fourier transform computer FTC - 100/7,



CHEMICALS.

Dry Saolvents,.

Petroleum ether (40—600), chloroform (analytical grade), anhydrous
diethyl ether, Tetrahydrofuran, Benzene, ethanol, were all purified and
dried by published methods(loo). Anhydrous dimethylamine and phenyl

dichlorophosphine were obtained commercially,

Anhydrous Metal halides,

Anhydrous zinc chloride and anhydrous zinec iodide were obtained
commercially from organic/inorganic Chemical Corporation, California, U.S.A,

(101) by treating the commercial

Anhydrous cadmium chloride was obtained
grade CdCl2 2H20 with thionyl chloride which had been freshly purified by
distillation with triphenylphosphite and dried over potassium hydroxide
pellets in a Vacuum desi€cator for 12 hours,

Anhydrous zinc bromide was obtained by heating the commercial grade
zinc bromide at 150° under Vacuum.

Mercury (II) chloride, mercury (1I) bromide and mercury (II) iodide
were all 6? analytical grade quality.
Platinum (II) chlorice was obtained from Johnson Mathey Chemicals,
London.
Copper (I) chloride was prépared by the method of Keller and mycoff<102),

The analytical data for the anhydrous metal halides prepared are as
follous:

ZnBr, (Foundg#8r; = 70.7, calc 70.95); CdCl, (Found C1; 38,3, calc, 38.7);
Cu(1)cl (Found, Cl; 35.8, calc. 35.9).

Platinum iodide Monochydrate, DtIZHZD
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Preparation of trisgﬂimethxlamino)phosphine.(104)

A petroleum ether solution of phosphorus trichloride (50.4 ml, 0,57
mole) was added dropwise to anhydrous dimethylamine (250 ml, 3.8 moles)
" dissolved in petroleum ether (bp 40-60°) at -73°,

+H -
PCly « 6Me2NH _______,(MezN):;P + 3Me2N 5 Cl

The reaction mixture was stirred mechanically during the addition and then
overnight under nitrogen, washed with dry petroleum ether and the washings
added to the filtrate the petroleum ether was removed in a rotary evaporator
to yield a paie straw coloured product which on vacuum distillation yielded
a colourless liquid (bp 28° / 0.3mm).  Yield ca. 30 gm (38%) based on
phosphorus trichloride. Because of the hygroscopic nature of the product
precautions against moisture were taken during the preparation. The
criteria for purity will be discussed under i,r. and ne.m.r. spectra of the
product,

Bis(dimethylamino)phenyl phosphine.

(59) . _
from anhydrous

This was prepared by the method of Ewart et al
dimethylamine and phenyldichlorophasphine, The latter was purif&ed by
Vacuum distillation before use. The purity will be discussed under the

i.r. and n.m,r, spectra of the product,

Preparation of Aminophosphine Complexes,

(81

The compounds were prepared following similar procedures of handling
reactants and solvents in a Lintott dry atmosphere box filled with dry

nitrogen,
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and HgX,, 2p(Nme2)3 (x=C1l, Br, I)

HgX,, P(NMe2)3

For example, tris(dimethylamino)phosphine (1.625 gm, 0,01 mole)
previously dried over molecular sieves (4A) was dissolved in chloroform
(30~40 ml)., fercury (I1) chloride (2,7152 gm, 0.0l mole) was added
to the tris(dimethylamino)phosphine solution. The mixture was magnetically
stirred until complete dissolution had taken place to give a clear colour-~
less  solution. The complex was isolated by pouring the solution into
dry petroleum ether (bp 40-60°). The precipitate was filtered, washed
several times with dry petroleum ether, dried first under dry nitrogen
and then under Vacuum to give a white solid product,

Yield ca. 4.3 gm,
The HgX, ZP(NIYIez)3 complexes were similarly prepared by using
stqichiometric quantities.

ZnXZP(NMB (X = c1, Br, I)

2)3

In a typical reaction Zn (1I) iodide (3,192 gm, 0,01 mole) was suspended
in a dry benzene (100 ml). Tris(dimethylamino)phosphine (1,625 gm, 0,01 mole)
was added dropwise to the suspension. The mixture was stirred magnetically
while refluxing until complete dissolution took place with precautions taken
against moisture. The complex was precipitated by filtering the solution
into petroleum ether (bp 40-600). The white precipitate was filtered,
washed several times with dry petroleum ether and dried in a stream of
dry nitrogen in a Lintott dry box. The complex looses the ligand if an
attempt is made to dry it under Vacuum, Yield ca. 4.8 gm (99.6%)

cd Clz’P(NMBz)S

Anhydrous cadmium (11) chloride (1.833 gm, 0,01 mole) and tris(dimethyl-
amino)phosphine (1.625 gm, 0,01 mole) were mechanically shaken (ca 6 hrs)

in dry tetrahydrofuran (100 ml),. The complex was isolated by filtering
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the solution into dry  petroleum ether (bp 40—600) when it precipitates,
The white product was filtered and dried in a dry atmosphere box under
nitrogen,

Zn c12 2P(Nme2)3

Zinc (II) chloride (0.6825 gm, 0,005 mole) and tris(dimethylamino)
phosphine (1.625 gm, 0,01 mole) wers shaken (overnight) together in dry
benzene (100 ml) in a reaction vessel fitted with Rotaflo stopcocks until
complete dissclution had taken place., The solvent was removed on a Vacuum

line to give colourless crystals of the product (2,3075 gm).

cd c12 2P(NM92)3

Tris(dimethylamino)phosphine (3.25 gm, 0.02 mole) was dissolved in
dry benzene (40 ml) and cadmium (II) chloride (1.833 gm, 0.0l mole) was
added to the benzene solution in a reaction vessel fitted with Rotaflo
stopcocks, The reactants were mechanically shaken (overnight) until
complete dissolution had taken place to give a clear colourless solution,
The solvent was removed on a Vacuum line to give a colourless product
(5.08 gm),

Bis(dimethylamino)phenyl phosphine Mercury (11) Chloride

Hg Cl, Ph P(N me2)2

A solution of bis(dimethylamino)phenyl phosphine (1,960 gm, 0,01 mole)
in anhydrous methanol (40 ml) was added dropwise to a magnetically stirred
solution of Hg(l1l) chloride (2,715 gm, 0,01 mole) in anhydrous methanol
(200 m1). The’mhite crystalline product was filtered washed with methanol

(yield 4.5 gm) and then recrystallised from dry acetone (yield 3.4 gm),
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Elemental Analysis,

The analytical results are shown in Tables 6 and 7. The elemental
analysis shows only the ligand to metal ratio in the complexes but does
not indicate if they are dimeric,

The 1 : 1 complex of tris(dimethylamino) phosphine with cadmium(II)
chloride does not give a consistent elemental analysis for all different
samples of the same complex prepared. This is probably because the complex
decomposed readily at room temperature. It is uncertain whether this
complex has the Formulation[deCl2 P(NMBZ)3 ]2 as proposed by Cruickshank(al)
since he gave metal and halogen analysis only which were not supported by
a molecular weight measurement, This complex was insoluble in all organic
solvents tested except chloroform, in which it has only very low solubility,
Attempts were made to obtain single crystals of this complex from tetra=
hydrofuran solutions but with no success,

Elemental analyses were done by Mrs, Y. Harkness and her staff of -
the Chemistry Department, Glasgow University,

Elemental analyses for ZnBrZP(NMG2)3 and ZnIZP(Nmez)3 were done by
Alfred Bernhardt, Elbach, West Germany,

Molecular leights,

Attempts were made to determine the molecular weights of the complexes
by mass spectrometry but they gave no pafent ions,.

Experimental Difficulties,

All the Zinc (II1), cadmium (II) and mercury (II) halide complexes with
tris(dimethylamino)phosphine and the mercury (II) chloride complex with
bis(dimethylaming)phenyl phosphine dzcompossed at room temperature. The
zinc complexes turned into a damp mass after some weeks even if kept in a

dry box. The cadmium and marcury complexes decomposed after some weeks
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gven if kept in a refrigerator and didAnot yield satisfactory analysis,
The bis(dimethylamino)phenyl phosphine complex decomposed after a few days
to a black solid,

WUe did not get all the 13C data as we would have liked bedause of

instrumental difficulties,
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CHAPTER Two
INFRARED AND RAMAN SPECTRA OF

“AMINOPHOSPHINE COMPLEXES.c
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INFRARED AND RANAN SPECTRA OF PhP(Mie,), AND PhP (nfe, Jig C1p
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TABLE 11

VIBRATION PhP (e, )., HeC1,PhP (e, ).,
IR R IR R
CH stretch 3060 (vs) 3030 b,s , .
2971 sh 2945 w,b 2972 w
2880 vs 2901 w
2830 vs 2853 s
2785 vs 2830 w
2808 s 2760 ms
Ph-P(?) 182 vs 1495 (w) 164 vs
or 1,56 b L5 w 1438 vs
C.H.jdef‘(?) 1436 vs U200 w 1408 sh
CH; rock 1288 sh 1280 bw
1262 vs
1140 s,sh 1176 w 1146 (ms)
1116 vs 1129 sh
1109 vs 1105 (ms) 112 w
1098 vs 1079 vs 1060 ms 1030 w
C-N stretch 1060 vs 1048 vs 4
1028 w 1011 vs 1020 w 1004 vs
1000 sh
976 vs 983 sh 972 vs
P-N siretch 960 vs 9%6 sh
' 752 vs 756 ms
P-N_stretch 736 vs 72k vs
unassigned 708 vs
696 vs 696 ms
672 vs 680 ms
638 vs 6.3 w
620 w 627 w
Unassigned. 546 vs 551 s 548 ms
532 sh 530 ms
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TABLE 11 (CONT)

VIBRATION PhP(INe,,),, HgC1, PhP(Nile,),

IR R IR R
514 sh

Unassigned W vs 455 w
416w 3y ww
30 w 312 ms
22). vs 280 w 280 w 279 ms

28 w 230 W -
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INFRARED AND RAMAN SPECTRA OF AMINOPHOSPHINE COMPLEXES.

INTRODUCTION

P~N Stretching frequencies,

The frequency range for P-~N bond stretching in phosphorus~nitrogen
compounds is not well defined.
s (105) . -
Chittenden and Thomas calculated the single bond P-~N stretching
frequency in phosphorus~nitrogen compounds to be at 755 cm"l. However,
in a review of numerous results of compounds containing the groupings:

PNH,, PNHR, (R = alkyl group)

PNR,, (R = alkyl, aryl, Alk 0O, Ar 0 etc)

P-N<i:::j?:%2 PeN=Cy P~N-P,

105)

They( found no bands in the region 750-680 cm"1 which could bs assigned

to a P=N stretching frequency and they assigned them to the region 1.053-
879 cm“l. Payne and Walker (106) assigned YpaN to the region 920-897 cm_1
in compounds of the type

(pth)2 NR (R = Me, H, Et, Pri)

but gave no svidence for the assignment., Lérsson(lo7) studied the

hydrolysis of compounds of the type:
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He observed that the decrease in intensity of an absorption band at
-1
730 cm = was closely parallelsd by the amount of dimethylamine liberated,

He therefore concluded that this band must be attributed to a vibration

.

skeleton, As only the P=N bond of this skeleton was broken during the

of the

hydrolysis, this supported the gssignment of the 730 cm"1 band tOQP-N.

(108)

Burganda assigned two strong i.r, absorptions at 950-935 cm-l to the

P-N stretch in P(Nfﬂez)3 while a weak band at 715 cm-l was attributed to
) (108).
2 2’3

600 cm-l was tentatively assigned to the P~N stretch in P(Nf‘ﬂez)3 but he
(109)

An intense band at
(108)

the vibration of the grouping P-NC, in P(NmWe

gave no evidence for all the assignments, Mathis et al noted that

in trivalent phosphorus compounds the P=N stretching frequency varied

between 1010 c:m"l and 790 cm—l, By comparison of the i.r. spectra of

--0
the compound LJ;}l—{:{

and twenty~three phosphorus-nitrogen compounds including

[3;1._NMQZ(I ), MePINMe,)o(1r) | PINMe, )4 (1)

They cbserved only one band at 969 en™! for (I ) while doublets were

observed for (II) and (III) at 971-952 em™t and 951 -~ 935 —

(108)

respectively, These they attributed in the case of (I) to a P=N

stretching vibration and for (II) and (III) to the symmetric and anti-
symmetric stretching freguencies of the PN, and PN, groupings respectively.

2 3
(109) s . . .
variation in P~N stretching frequencies was suggested

The observed
to depend on overlap cf nitrogen lone pair orbitals with empty phosphorus

d orbitals inl%__.~9dw bonding. This resulted in increased P-N
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(109) that the effect of

stretching frequency. Further they noted

conjugation of the nitrogen lone pair on P-N frequency was more important

than either

(1) the electronegativity of substituents on phosphorus

(2) the possibility of conjugation of the substituent with phosphorus,
The observed increase in P=N stretching frequency was found to

correlate well with the barrier to rotation about the P-~N bond measured

by nem.r., and the Kinetic rate of exchange with methyl trifluoro acetate(lag).

(110)(111)

Vidal et al assigned the P-N vibration in (mezw)spo at

735 o™t to 740 en”t,

In the present work the maximum frequency shifts to higher frequencies
in the P(NFﬂez)3 complexes relative to the free ligand value were observed
in the regions 1000-800 et and 750-650 cm™ L. Thus the P=N stretching
frequencies in the two regions were correlated but which of the vibration

modes is symmetric or antisymmetric cannot be ascertained,

I, Results and Niscussion.

I.r and Raman Spsctra of tris(dimethylamino)phosphine

Complexes,

Only the absorption frequencies in the complexes which vary significant-
ly from the free ligand values are shown in Table 8. No distinction
is made between symmetric and antisymmetric modes,

P(NMez) is very hygroscopic and was always handled in a dry atmosphere

3

box filled with dry nitrogen. Similarly i.r. mulls were prepared in a

dry atmospheres box. The R—»0 vibration occurs as a very strong band at

-1 (112)

1208 cm~l in (MB?N)3 P—0 and in complexes at 1185 cm The

acymmetric C-N stretching vibration in OP(NMe2)3 also occurs in this region

(1195 Cm-l)(SS)(lOB)O However, present i.r. evidence indicates thatl in



~ -1 (112) (55) -1 (111)

0P (NMe P— 0 is at 1208 cm 1207 or 1210 cm

2)33
The absence of bands.in the last three regions seems to indicate the absence
of phosphine oxide as an impurity in the P(NFﬂez)3 prepared.

No Raman spectra were obtained for the complexes 2”012P(Nm92)3’
ZnBrZP(NMB y ZnIzp(ng

’ 2n0129(Nme2)3 Cdc12P(Nme ’ Cdc122p(Nme

2)3 2)3 2)3 2)3’

f'
HgIZP(NMez)S, HgBrZ?P(Nhe2 3 and H9122P(Nr|1e2)3 because the samples burnt up
in the laser beam, Therefore correlation of Raman spectral evidence to
phosphorus or nitrogen co-ordination in the complexes will be considered

only with reference to HQCIZP(NmEZ)S’ HgBrZP(NMHz)S and HgClZZP(Nmez)3°

Mode of co-ordination in tris(dimethylamino)phosphine Complexes -

A Summary of infrared evidence.

Phosphorus or MNitrogen co-ordipation

I.R. P~N stretching fregusncies. Region 1000-600 cm-l

The P-N stretching freduencies of all the complexes are shouwn in
Table 8, The P~N frequency shifts in all the complexes relative to the
unco-ordinated P(NMe2)3 are shown in Table 9, It can be seen that bands
usually, but not always, shift to higher frequencies., These observations
will be discussed under P-N stretching frequencies (page 68)e
The minimum shifts of the AQP-N bands to higher frequencies for the

various complexes are as follows :-
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Compound 964 om™t band 688 cm~t band
ZnX, P(NMe2)3

(X=Cl,Br, ) : 1 20
znr:122p(Nrne2)3 24
CdClZP(Nrﬂez)3

(:c|c122.P(|\1mez):3 ' _ 32
HgX, p(Nmez)3 8 32
HgX., 2P(NIY182)3 12 32
(X=C1,BrI)

trans-

PtC122P(NMe2)3 12 4

(113)

The trans-~ Pt C122D(NMB has been shown to be phosphorus bonded,

2)3
The observed shifts in ~3P~N to higher ffequencies may be interpreted

as arising from an increase in P-N bond order because of increased delocali-

zation of the nitrogen lone pair inte the phosphorus d orbital, This

results from the introduction of positive charge on phosphorus on co-

(77)

ordination of phosphorus’to a metal ion, Parry and Schultz observed an

increase of about 20 c:m“l in the P=N stretching frequency in the complex
(MBZN)SP. (Mezm)2 PCl. AlCl,

compared to the free ligand value, This was associated with an increase
in the P~N bond strength resulting from delocalization of the nitrogen
lone pair in pi‘bonding with the phosphorus,

(111)

»
and BCl, adducts (mezN)3 PO.BF ., (mezm)3 P0.BC1,

J.r studies on the BF

3
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have been interpreted to indicate that co-ordination is via the phosphoryl
oxygen atoms,. The position of the P—0 stretching frequency in the

BF’3 and BCl3 adducts at 1145 and 1125 cm"l respe;tively is less than that
of the free ligand at 1210 cm_l. Accompanying the decrease in ~ PO

is also an increase in the frequency of the P=N band located at 740-735 cm-l
in the free ligand to 765 cm—I'in the adducts, These results have been
interpreted as arising from an increase in the dipole of the P——0 bond
upen co;ordination at the oxygen. This effects a concomitant increase

in the order of the P=N bond resulting in an increase of its frequency,

(110) has been offered for the observed decreass

A similar interpretation
of between 11-30 cm-'l in P—2 0 bond stretching frequencies in the complexes
(mezw)3 pngxz( C = cl, Br, I, CN, CFZCDO) relative to the free ligand

value and the accompanying increase of 10-20 cmml in the P=N bond stretching

frequencies with respect to ils original location at 735 cm"l in the free

ligand,

CdCle’(Ns’ﬂez)3 and CleZZP(NMB show very large «QP-N shifts of

2)3

-88 on~t and =76 ont respectively referred to 964 cm"l.

Phosphorus or Nitrogen Co~ordination (?). Raman Spectra of HgCl2P(Nm92)3

HgBrZP(NMe2)3 and HgClZZP(NMeQ)B

The P-N bond Raman stretching frequencies in P(NMe2)3 is observed
(Table 8) as weak and moderately strong bands at 965 and 659 cm—l
respectively, These bands shift to higher frequencies in the complexes

as shown in the Table below.



Raman P=N stretching Frequency shifts, Z§§)P~N, in some fercury (IT1)
Halide Complexes with P(Nmez)3
CSQP—N cm—l

Compound Relative to ~°P~N Relative to‘\)P~H

at 965 cm T at 659 cm
HaCl, P(NMez)z : + 20 + 18
HgBr,, P(Nme2)3 + 27 + 18, + 17
H9C122P(NMG2)3

These frequency shifts may be interpreted as resulting from phosphorus
co~ordination as considered earlier, No Raman bands in the P-~N region

were observed for HgCIZQP(NMBz)S.

Differences in Raman and Infrared Frequencies in HgClZP(NMQz)z,

Hgarzp(wrﬂez)3

The differsnces between i.r. and Raman frequencies (4000-40 cm—l) in
ch12p(wmez)3, HgBxP(lile, ), are shoun in Table 10, It is seen that
usually, but not always, there are non-coincident absorptions. If in the
mixture of possible isomers thare are no common i.r. and Raman bands then
each component has also no common bands. In the case of coincident
absorptions in a mixturé it is not possible to distinguish whether the
components have non-common absorptions or note However, bacause of the
possibility of existence of bands too weak to be resolved, no further
conclusions can be drawn,

Region 400 ~40 cm ™

szzp(wme (m= Hg, X;Cl, Br,1) show one or two mztal-halogen

)
23
. . ~ -1
stretching frequencies, Mx, (206-108 cm ) (Table 17 Page 78)

Mx is at 286 cm“l in ch122p(wmez)3 and at 261 and 245 cm'l in
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cdcl, 2P(NMQ2)3. These results are consistent with M(II) ions
(M = zZn, Cd, Hg) in pseudo-tetrahedral environments. Metal-phosphorus
stretching fregquencies \QMP, are observed as weak absorptions at 102, 112

em! in HgC122P(NMe2)3, and HgBr,, 2P(Nifle respectively,

2)3

mx?p(NMe (M = Zn, Hgy X = Cl, Br,I) Complexes.

2)3

The ratio of bridging metal-halogen stretching vibration, “Qb(mx),
to the terminal metal-halogen stretching vibration is in the range 0,69~
0.72 (Cf ZnZCn440.7l) indicating bridging halogen atoms in the MXZP(NMB2)3
(M = Zny X= Cl, Br, I) complexes, This ratio is in the range 0.60 to
0.64 in the ngzp(wm'ez)3 (X = cl, Br, I) complexes close to the calculated

range (0,57 - 0.62) in the (PhSPHgX X = Cl, Bry I) complexes indicating

)y
bridging halogen atoms. (Table 19 page 83 )

\Qmp in H9C12P(NMQ 3 and

2)
HgBrZP(NF{Iez)3 are at 100 et respectively,
( Table 19 Page 83 )

Each of the absorption regions will now be discussed in detail,

Region 2900-2700C cm?} CH stretchinn frequencies,
P(ngz)swas found in this work to have multiple i,r. and Raman bands.

in the region 3000-2790 cm"l. This compares favourably with the multiple

absorption observed(lla) in the region 3000-2800 c:m"1 for the methyl groups

in N-methylaniline. Most investigations have centred on the low frequency

band at 2800 cm"l for diagnostic purposes. Hill and Meakis(lla) pointed

out that for an alkyl N(CHS)2 group (e.ge. as in isobutyldimethylamine) two
absorntion bands 2825~2810 and 2765-2725 cm"l are observed in this negion.

These have bteen assigned to the symmetric CH stretching frequencies of the

' 108
CH3 groups attached to nitrogen. Burganda( )

(at 2795, 2840, and 2780 cm“l) in P(Nmez)z and assigned them to CH, groups.

observed three bands
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(115)

Braunholtz et al noted that an N~CH., group with a lone pair of

3
electrons on the nitrogen has a characteristic CH symmetric stretching
frequency in the region 276072820 cm-l and that on co-ordination of the
nitrogen lone pair a shift to higher frequencies above 2900 c:m-'l is
observed. Thus the strong band in the region 2800 cm"l is absent in
quartenary ammonium salts (e.g. dimethylaniline methiodide) but present in
free dimethylaniline. It is also absent in dibromo,l, 4~dimethyl-pipera-
zine palladium (11), indicating that both nitrogen atoms in 1,4~dimethyl~
piperazine are involved in co-ordination with the palladium atom. Thus
Braunholtz et al(ll5) concluded that "the absence of a band of moderate
strength in the r=gion 2830 cm—l is a relisble criterion for the absence
of an N-methyl group with a lone pair of electrons",
In dimethylaminodifluorophosphine, mBzNPFz, in which the presence of
a pi component in the N-P bond has been shown from x-ray structural studies
the CH symmetric stretching frequency of the N(CH3)2 group occurs at
2815 cm'"l but disappearance of this band is observed in PﬂeZNPFZ.BF3 in which
(116)

the nitrogen atom is co-ordinated to boron® .

In P(Nie the CH stretching frequency occurs at 2790 c:m"l and in the

2)3
Raman spectrum at 2783 cm-l,(Table 8). In the zinc (II) halide complexes
this band occurs at 2800 cm-l. In the cadmium chloride complexes it is
present as a broad and strong band at 2790 cm-l. It is observed in the
region 2880-2795 z:m"l in the mercury (II) halide complexes. It occurs

as a weak broad band at 2870 c:m"l and as a very strong band at 2790 c:m"1 in
the Raman spectrum of HgBrZP(NMBZ)3 and HgCIZZP(NMez)z respectively,

(117)

The complex Hg(SCN)ZD(Nme contains P-Hg bonds as shown later

2)3
by ne.me.r. evidence but its structure in CDCl3 solution is unknown., However,

a strong i.r, absorption at 2060 cmml ascribed to a bridging thiocyanate

group(lle) indicates that it is probably dimeric in the solid stats,

(0

.
‘
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In trans-PEC1 P(NiMe,), which contains Pt-p bonds (113)

CH stretching
frequency, <DCH, occurs as a shoulder at 2830 cm™+ and iﬁ Hg(SCN)ZP(NFﬂez)3
en is at 2830 et (Table 8).

However, presence of an absorption in the region 2800 cm-l in the
complexes does not necessarily indicate a metal-phosphorus bond since
a necessary conditipn for the disappearance of this band is the involvement
of all three nitrogen lone pairs of (MezN)BP in bonding., If only gre
or two of the three hitrogen atoms are co-ordinated this band could still

be present,

Region 1500-~1100 cm"l :CH3 deformation frequencies,

(=]
Barcelo and Bellanato(ll“) used data from electron diffraction studies

on monomethylamine, dimethylamine and trimethylamine in the assignment

of experimentally observed vibrational modes of these molecules, They(llg)

assumed that

(1) in the replacement of H in ammonia by methyl groups, the ammonia
molecule suffers little changes

(2) mono~ and dimethylamine have Cs symmetry;

(3) trimethylamine has C., symmetry,

K\
. -1 . (119)
Thus the absorptions at 1496 and 1404 cm ~ were assigned to the

symmetric and that at 1466 cm"l to the antisymmetric CH3 deformation modes
in gasebus (CHS)ZNH°

De Bol;ter and Groenueldt(lzu) assigned a series of bands observed
in the i.r. spectrum of (Me,N),P0 in the region 1481-1405 ent to the

fundamental of the CH deformation mode by comparison with that of dimethyl-

(121

amine(llg). Bellamy ) made the following correlations for the CH3

6eformation modes in methyl-nitrogen compounds :

-1 -1
CH3NH2 : 1462 ca 7, CH3N3 : 1417 cm 7,

‘ -1 -1
. < T '\ - Vi
CHLNC 2 1429 cm 7 (Mezu)2 : 1460 cm ,



By comparison with the results above, the strong i.r. absorption at 1464 cm"l
and the shoulders at 1470 crn-'1 and 1480 r.:m”l (Table 8) are correlated with
the CH3 deformation modes in P(NMez)S. This absorption is present

(Table 8) as a shoulder at 1480 cm"l in ZnClzp(NMQ while the other bands

2)3

in this region in the other Zinc (II)halide complexes show little shift
relative to the free ligand value,

in CdClZP(NMB a shift of 4 cm™" below 1464 cm™r in the frees ligand

2)3
is observed while this absorption is absent in Ed6122P(NME2)3.
A shift to frequencies below 1464 cmm1 is observed (Table 8) in all

the mercury (II) halide complexes with p(NMEZ)S'

Trans—PtClZP(Nmez)S,(Yg) which has been shown to be phosphorus-bonded, shous
. -1 -1 . (117)

a shift of about 8 cm ~ below 1464 cm ~ while for Hg(SCN)ZP(NMeZ)3 a

negligible shift is observed (1465 cm-l).
Table 13 shows shifts in the i.r. CH3 deformation frequencies in the

mercury (II) halide complexes,

Table 13

CIH3 Deformation Frequencies, SCHS,

Shifts in Mercury (II) Halide Complexes with P(NMe2)3

Compound | | SCH3 en™t &CHZ en™t
P(NMB2)3 1464 VS -
HgClzp(Nmez)3 1460 VS =4
HQBrZP(NMe2)3 '. 1460 VS 4-4
HQIZP(NMBZ)S 1450 VS el4
HgClZZD(NMQ2)3 1460 VS -4

HgBr22P(NMQ2)3 1448 VS =16

Hglzzp(mme,,)3 146G V5 -16




Region l?OO—llODcm"l CH3 rock frequencies,

CHS rock vibrations depend largely on the surroundings. This

vibration deforms the N - C - H bond angle and is alsc sensitive to the

(122). For example the

(122)

electronegativity of the substituent X in X--CH3

- . . ~1
appropriate rock frequencies in cm are as follows :

1

Si~CH, near 800 cm~l, PaCHg, near 880 cm , S--CH3 near 960 cm~1 and Cl-—CH3

3

near 1016 cm—l. Since the Alred-Rochow electronegativities of the

substituents, X, are in the order

N >>c1T>s >p >
it is expected that the N-CH3 rock will occur above 1016 cm'l. Barcelo

and Bellanato(llg) assigned the i.r. bands at 1244 and 1129 Cm—l to the

NH this

symmetric and asymmetric CH, rocking modes in CH3NH2 and for (CH

3 3)2

band was assigned(llg).at 1155 cm-l. Two i.r. bands cbserved as a medium

shoulder at 1152 c:m"l and as a weak shoulder at 1106 cm”l were assigned(lzo)

to the CH3 rocking modes in DP(NMe2)3 by comparison with similar systems(llg)

From the previous discussion the strong band observed at 1200 t:m-l in

the i,r. spectrum of P(NMe may be correlated with the CH3 rocking mode,

2)3

A new absorption band appears in the region 1370-1270 c:mm1 in all the
complexes, These are correlated with the CH3 rocking mode. The absorptions

occur at highest wave-

at 1370 cn™* in CdClZP(NMe and Cd0122P(NMe

2)3
1

numbers (cm"l) by about + 70 cm .  The absorption at 1200 en™! in free

2)3

P(NMB2)3 shifts to lower frequencies in the complexes (ca - 16 to -~ 80 cm”l)

Region 1100-1000 en~ L Can stretching frequencies.

Mayhood and/Harvey(123) made correlations between i.r. absorption
frequencies and the presence of dialkylamino groups in fourteen organic

asters of phosphorus, containing dimethylamino groups, of the tyvpe

e, NPCL,, (meZN)ZPDCl, (e, ), MeP0 etc. They(lzs) described bands at 1190

2 2)2
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-1
and 1064 cm as probably arising from the C~N vibration of the - N(CH3)2

(123)

Qroup. They supported their assignment by calculating N C-N to be

-1
at 1178 cm 7, In the assignment of the vibrational frequencies in

P(Nmez)s, Burgaeda(los) attributed an absorption at 1055 cm“l to the

vibration of the C=N bond in the = N (CH3)2 group, Burg and Sarkis(lza)

to the region 1079 Cmal.

assigned the C-N stratph.in(CFaf(O) - N(CH3)2

However, no evidence was given, The fundamental C~N vibrations of

-~

gaseous dimethylamine and monomethylamine were assigned at 930 and 1044 cm *

(119) (125)

respectively Fleming et al arbitrarily assumed the symmetry

Cg for the molecule (CHS)Z\N'PF2 and from group theoretical considerations

mads acsignments for the fundamental vibrations in (CH NPF2 by comparison

3)2
with those of dimethylamine, trimethylamine and trifluorophosphine. Thus

they assigned the C-N étretch to absorptions at 1191 and 980 cm"l.

(120)

De Bolster and Groenveldt attempted a complete assignment of ths

vibrational frequencies in (MBZN)SPU by normal co-ordinate analysis and
assigned the strong shoulder absorption at 1169 and the medium absorption
at 1067 cm-l to the C~N stretching by comparison with similar
compounds(lua) (123“125).

By comparison with the systems above the abserption observed at

1056 cm"l in P(NMe was correlated with the C-N stretch in this worke

2)3
An examination of Table 9 indicates that in general there is a shift

in the C~N stretch to higher frequencies above 1056 cm"l in all the complexes,

Table 9 also indicates that in general AN ORT < ZES:Q(P-N).

This is expectad since C-N is one bond away from the co~ordinating centre,

if phosphorus co-ordination is postulated as discussed earlier,



Region 1000-~650 cm?l P~N stretching freguencies,

The P-N stretching frequencies in P(Nﬁ’ae2 3 gnd in the complexes were
discussed on page 58 it was noted that in general there was a shift to
higher frequencies in the P~N vibrations in the complexes relative to the
free ligand values (Tables 8 and 9).

In all the complexes except for CdClzp(NMQ s the P-N stretching

2)3
frequencies in the'region 800~600 cm-l were split into multiplets in which
some components were shifted towards higher wave numbers while the other
components were shifted towards lower wavenumbers (cmnl) compared with
the single strong band in ﬁ(NMeZ)S. A similar effect occured for some of
the bands in the region 964 cm-l. This may be attributed to solid state
effects, »

P-N in the zinc (II), cadmium (II) and mercury (II1) halide complexes
investigated here was previously assigned(sl) to the region 750-650 cm"l
on the grounds that the bands in this region moved to higher frequencies
on co~ordination of the ligand. However, since some of the bands in the
regions 1056 and 964 Dmml also moved to higher frequencies on co~ordination
of the ligand, shifts in the position of the absorption bands alone ars

insufficient to make assignments and the magnitude of the shifts to higher

frequencies also need to be considereds
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II1. Infrared and Raman Snectra of RBis(dimethylamino )phenyl-

phosphine and HgClZPhP(NMBZ)Z

Introduction,

The absorption frequencies in the ligand, PhP(NMe2)2 and
HgClZPhP(NMQz)2 are shown in Table 11, PhPD(NMe2)2 has strong i.r. and
Raman bands at 1193 and 1204 thl attributed to the P ——0 stretch (55),
while the P-—0 benﬂing mode occurs as a medium band at 461 and 473 cm"l
in the i.,r, and Raman spectra respectively, Tentative correlations of
the absorption bands with the fundamental vibraticns are made by comparison
with those of bis(dimethylamino)phenylphosphine oxide(ss). No distinction
is made here bestween symmetric and antisymmetric vibraticns.

Results and Discussion.

Reaion 3060-2720 cm—l: CH stretching frequencies,

The absorptions in this region have been correlated with the C~H stretch

modes of the group - N (CH3)2 by comparison with DhP(O)(Ni’ﬂez)2 in which

- 114
\)CH is at 2875-2790 cm 1 (55) and with other similar compounds(loe)(*l )(115).

A shift to low wavenumbers (ca 25-30 cm-l) is observed in the i.r. spectrum

of HgClzphp(NHe compared to the free ligand values,

2)2
Region 1500-1400 cmul

PR a4

P—phanyl Rinn Yihrztions,

trong bands at 1000 cm"l and betwean 1450-1425 c:m"l have been assigned
to phenyl ring vibrations of the P-phenyl group in compounds of the type
C2H5Ph(0}(DH), CHS—C6H4P(H)(U)(OH)(126) by empirical correlaticns of
(126)

reference spectra)of organophosphorus compounds containino phenyl groups .
oo (127) .. . ( , : " .
Corbridge listed a series of compounds (eg PhSF, PhP Clz, Ph.EtZ) in

. -1 , .
which the medium or strang absorntion at 1450-1425 cm and a weak absorption

at 1010-590 cm~l had been assigned to the planar ring deformation of a
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5)

phenyl group attached to a heteroatom, De Bolster(5 assignad the

~ absorptions in the region 1487-1404 ’::m-l to the CH, deformaticn mode in

3
PhP(D)(NMe2)2 with no assignment for the aromatic bands. It is suggested
that the absorptions in the region 1482-1436 en™l in PhP(NMe2)2 could

arise from P~Ph or CH3 vibrations, or a combination of both,.

4 Region 1098-1000 Cm“l C~N stretching Frequencies.

The observed absorptions in this region are tentatively correlated with

the C~N stretch as discussed earlier(los)(lzo)(lza)(126)(127).

Region 1000-600 Cm"l P-~N stretching Freguencies,

De Bolster(sﬁ) assigned the antisymmetric P=N streﬁch to the medium
band at 965 em™l in PhP(O)(N{ﬂez)2 and the symmetric stretch to the medium
absorption at 729 N

The absorption iﬁ the region 800-600 et in PhP(Nl‘ﬂez)2 is very
complex containing at lgast seven lines. Therefore these absorptions do

not arise from "pure" vibratiocns but rather involve coupling with other

modes, It is suggested that the resonance effect shown below
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will result in increased delocalization of the nitrogen lone pairs into
empty d orbitals of the slightly positively charged phosphorus in

PhP(NMez) It is therefore expected that the P-N stretch in

2.
PhP(NMe2)2 will occur at slightly higher frequencies than in PhP(U)(NMe2)2

where an empty phosphorus d orbital is involved in i — dgbonding with the

(57)

oxygen atom . From the previous discussion on P~N stretching frequencies
(105)(106)(109)(110)(111) the very strong absorptions at 976 and 960 Cmﬂl
~and at 752 and 736 cmnl, are correlated with the P-N stretch in PhP(NMez)z.
Complete and unambiguous assignment would be possible only if the

structure of PhR(NNe were known, From the structure the number of

2)2
i.r. ahd Raman active fundamentals could be calculated; the theoretical
absorption frequencies in the molecule for the variocus groups could then
be calculated, using force constants from model compounds, and compared
with the experimentally observed absorption bands in phP(NMez)z and in

similar compounds,

Phosphorus or nitrogen bonding in HgClQPhP(NMBZ)é?

It is not possible to draw any conclusion from the P-N region of the
spectrum as to the possibility of phosphorus or nitrogen bonding in the
complex,

Infrared and Raman spectrum of HgClZPhP(NF{IIez)2

No common bands are observed in both the i.r. and Raman spectrum,
However, because of the possibility of existence of bands which are too

weak to be resolved, no further conclusions can be drawn,
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III, Far infrared spectra of tris(dimethylamino)phosphine complexes,

Introduction

Metal-halide stretching Vibrations,

It is often easy to make assignments unequivocably for the metal-halide
strétching vibrations because the frequency of the vibration will decrease
as the mass of the halogen atom increases., Therefore accurate assignments
can be ﬁade by comparing spectra of the chlorides, the bromides and the
iodides, However, difficulties can arise when the structure of the
chlorides, bromides and iodides are different since other effects may
counteract the mass effect,

In most cases coupling could occur between the metal=halogen stretching
vibrations in the far i.r. and other skeletal modes in the molecule.

(128)

Therefore the former may not be 'pure!' vibrations Despite this

certain valuable and useful correlations are possible,

Same of the factors which determine the position of a metal-~halogen

stretching vibration, “Qm-x, are the following(lzg)

(i) A larger mass of halogen corresponds to a lower frequency of the “Qmux,

(22)

for example:

-1
Compound “°m~x cm
(ph39)2 cdcl, 268, 261
(Ph3P)2 Cd Br, 195,
176, -
(PhoP), Cd I, 166
145

) \
(1i) Non-bridging halogen atoms yield higher frequencies of Yt(m-X) than

128
‘Qb(m-x) for bridging halogen atoms, For example( )
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Compound '\Qb(mx)cm~l ‘vt(mx)cm—l
. bridging . terminal
(A1 c13)2 (gas) 340 506

' | 438 625

420 606.

301 484

Zn2 Cl4 297 435

Metal-halogen stretching vibrations of some Group 1IB metal-halide

complexes are given in Table 14 below

Table 14

Metal~halide stretchinng Vibrations of some Zn(11), Cd(1I),

Pseudo~-tetrahedral complexes,

Compound '\omx cmml Ref
120
2n6122(m92m)390 315
285
; 6 120
Cd8122(MB2N)3PD 265
e, N 200 120
CdClz(LezN)SPU
y 263 120
ZnBrzz(MQZN)SPO
227
285 128
Zn(NH3)2C12
213 128
Zn(NH3)28r2
d ' 268 22
Cdc12(pph3)2
261
329 12
ZnClZPy2

291
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Metal~phorphorus stretching Vibrations,ﬁvmp.

Table 15 summarizes thes data for some known ﬁ9mp vibrations,.

Table 15
—V

Summary of Infrared data for some mp vibrations, cm"l

Compound ﬁomp cmml Stereochemistry Ref,
(PhEP)ZZnCI2 ‘ ‘1665 pseudo tetrahedral 22
(Ph3P)22nBr2 157s pseudd tetrahedral 22
(ph:,,r:)2 znl, 153s pseudo tetrahedral 22
(phgp)2 cdcl, 136m pseudo tetrahedral 22
(PhSP)2 CdBr, 134m pseudo tetrahedral 22
(PhSP)2 Cd 12 133s pseudo tetrahedral 22
(Ph3P)2 HaCl, 137u,108m pseudo tetrahedral 22
(Ph3P)2 HgBr,, 132w,104u pseudo tetrahedral 22
(ph'3r3)2 HoT , 133sh, 98vw pseudo tetrahedral 22
cis~PtC12(Pm§3)2 362m square planar " 130
trans~Pt812(PMG3)2 413w square planar
382u SQuare pignar 130
‘\bmp lies. in the range 460~91 cm"l° From the evidence available

to date;\omp is often weak to medium in intensity,
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Metal-Nitrogen Stretchinag Frequencies, .\>MN.

Table 16 summarizes data for some literature -\QMN assignments, -NQMN

vibrations are strongly dependent on the mass of the ligands. Thus for most

-1 (12)(131)

metal-ammine complexes AQMN lies between 277-500 cm Houwever,

-1 (132)

for hexa-ammines of divalent metals \qMN is near 300 cm *\QMN for

metal-pyridine is in the range 200-287 cm-l (12).

N

It is expected that
MmN in (MBZN)SP complexes will occur in the range 200-287 cm-l.
In general the metal nitrogen vibration is weak to medium in intensity.

Table 16

Metal-=Nitrogen Stretching Frequencies, ~QMN, For some Metal (I1)

Complexes.

Compound Co~ordination -\QMN t:m"l Ref
Number
Zn(NH3)6 c1, | _ 6 300 133
Zn(NHS)G Br, 6 294 133
Zn(NH,) I, 6 282 133
Zn (NH3)2 C1, 4 ' 421 13;
Zn(NH3)2 Br, 4 392 . 133
zn(NH,),, 1, | 4 414 133
Cd(NH3)6 ci, 6 298 135
Cd(NH3)6 Br,, | 6 - 291 133
Cd(NHg)ﬁ I, 6 277 . 133
cis-Pt(NH,), cl, 4 510 134
cisQPt(NHS)Z Br, © 4 492, 485 134
trans—Pt(NHj)z c1, : 4 509 1%4
tranSuPt(NH3)2 Br, 4 | 531, 506 128
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Table 16 Cont

Co-ordination

Compound Number —\OIWN cm‘l Ref
ZnClZPy2 4 218 12
ZnBr2Py2 4 219 12

4 ' 222 12

ZnIZPy2
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"Results and Discussion,

The i.r. spectra (400-40 cm-l) of the complexes are shown in Table 12,

1:2 Complexes of Zn(11), Cd(1I) and Hg(1l) Halides.

Metal-halogen Stretching Freguencies, \OMX.

The number of i.r. active normal modes in MA2X2 compounds (A is a

monodentate ligand) predicted(ss) from group theory for the metal-halogen

stretching uibration.\bmx are as shown in the Table below,.

. Local -~
Stereochemistry Type Symmatry ffl=X
group i.Ts active
Tetrahedral mx4 Td t2
Pseudo~tetrahedral MA2X2 ’ sz a; + b2

Thus two M-X vibrational absorptions are characteristic of l‘ﬂAZX2

compounds (Table 14 pagé 73 ) while those of the type MX,~ have only one =X

4

‘stretching vibration as shown in the Table below.

Anion \me Cm-l
ZnCl,~ 298
4

CdCl4 | 260
HgCl4 : 228
HgBr4 169

46
Hg]f4 ) 118

43
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"‘Dmx in ZnC122P(NF{Ie2)3 and CdClZZP(NMe2)3 are easily assigned as

very strong absorptions at 288, 305 (:m“l and at 261, 245 (:m'-'1 respectively

(Table 17) below by comparison with R\Omx values in (MBZN)SPD complexes(lzo)

Table 14 page 73 )o
Table 17

/

Metal-halogen, “9m~x, and Metal phosphorus, ‘<)m—P,

Stretching Freguencies of Nx, L Complexes with P(NMe2)3

2

Compound \QMX o™t ~i-p cn”t
ch122p(mmez)3 305(s,sh) |

288 vs
EdC122P(NMe2)3 261 (s,b)

245 s
ch122p(Nme2)3 _ 206 (s) 102 wsh
HgBr,2P (Nile., )., 135 (s,b). 112 w
HgI22P(NME2)3 108 (vs) not observed
Pt8122P(NMB2)3 336 s unassigned

The observed VX values in ZnCl,2P(Nfe,),, CdCl,2P(Nfle,)., HaX,2P(NMe, ),
(X = c1, Br, I) (Table 17) are in the region of those assigned(el) for this

vibration as follows.

-1
Compound NQMX cm
ZnClZZP(NMe2)3 305 (s), 290 (s)
CdCl,2P (e, ), 260 (s), 245 (8)
2 2°3
HgC122P(NMB2)3 205 (s), 190 (s,sh)
H98r22P(NMG2)3 136 (s), 130 (s)

C i 101 (s
Ha1,2P (e, ) (s)

.
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Bl
The Y 1 (81)

MX vibration at 101 em ~ in ngzzp(wmeZ)3

confirmed, Instead a very strong absorption at 108 cmml was correlated

could not be

. ~ X
with mX in H9122D(NMQ2)3,

An examipation of Table 17 indicates that in some cases only one

metal~halogen stretching fregquency is observed. However, failure to resolve
/

the expected number of skeletal stretching frequencies is not uncommon

for pseudo~-tetrahedral MA2X2 complexes(l2).

The pseudo-tetrahedral environment of Cadmium (II) in cdc122p(Nme2)3
may be further inferred by comparison with CdClz(Pth)z, the crystal

(135) of which was interpreted to indicate that the cadmium atom

structure
is in pseudo~tetrahedral environment as predicted from i.r. spectroscopy
( Vmx : 268, 261 cn"t),

PtClQZP(NMEZ)3 shows a very strong absorption at 336 cm_l attributable
to a Pt-Cl stretching fpequency for a trans-platinum (11) square planar
complex(ss).

Metal-phosphorus stretching Frequencies, “Qmp.

The absorptions tentatively assigned here as ‘°mp (Table 17)
are rather weak in intensity. In addition these absorption bands are

in the same regions as free ligand absorption bands, Although the .\QMP

values agree to some extent with those made earlier(sl) as follouws,

-1
Compound Mp cm
HgE122P(NMB2)3 100 w, sh
HgBrZZP(NMeZ)3 | 110 w, sh
HgIZZP(NMB2)3 109 (w,sh)
they cannot ba conclusive in themselves as evidencn for meztal-phosphorus

bonding in the complexes,
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No mass independent peaks were observed in the spectra of

HgCl?2P(NMQ and HgBrZZP(NMB but '\QMD in these complexes were

2)3 2)3

correlated with the absorptions at 102 and 112 cm-l (Table 17) respectively

(X = 01,Br,1)(22)
(81)

by comparison with —\DMP values for Hng(PPh3)2

(Table 15). The weak shoulder absorption at 109 cm-l attributed

to KQIHP in H9122P(Nh’192)3 could not be confirmed,

Other bands in i.r. spectrum of 1:2 complexes with
(erneZ)3

These bands are shown in Table 18, It is seen that some of the
bands are either the same or shifted slightly in position relative to the
free ligand absorption bands, These have not been given any specific
assignments,

Metal-Nitrogen Stretching Vibrations (?).

No bands are observed in the i.r. spectra of 1 : 2 complexes of
Hg(1l) halides which are dependent on the mass of the halogen apart from

\Dt(mx) which could be correlated with WNMN in these complexess
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1:1 Complexes of Zn (I1), Cd (31) and Hg (I1) halides with

P(NMe2)3

Terminal metal~halogen, \ot (i-x) and bridging metal-haloqen,

b (M-X) Vibrations.

Deacon et al(22) studied 1 : 1 complexes with mercury (II) halides

of the type (thpHgX (x = C1, Bry I) in the far i.r. region (400-40 cm”l)

V

2)2
One Yt (M-X) vibration and one Vb (M=X) stretching vibration both of which
were dependent on the mass of the halogen were predicted and found for

these compounds from group theoretical treatment, A sscond but more
complex form of the —\Dbl (m=X) stretch had been predicted(22) for the
(Ph3PHgX2)2 compounds but this occurred at a lower frequency relative to
theh\ob (~X) considered earlier and was also dependent on the mass of the

(22)

halogen, The assignments are given in the Table below,

ix em™t Viex en™? Spiex)  Volmex cn™t '\QMP~1
Compound terminal bridging t(m-x) bridging cm
(Ph.PHaCL,), 287 s 180 (s) 0,62 97(s),83 152m
(Ph3PHgBr2)2 198 s 111 (s) 0.57 60 (sh) 129s
(PhZPHgIZ)Z 156 (s) 110 m 0,62 50 m 135
86 m - (m)
(128)

For gaseoks (AlCls)2 the ratio

Sy (nx) (dimer) = 0,68
Si(mx) (dimer)

and for Zn2C14, éhe ratio is 0,71, For most dimeric transition metal
complexes *28) this ratio lies in the range 0.60 to 0,85, The calculated
ratios for the (Ph3PHgX2)2 compounds alsa lie in this range,

The cryst=z=l structure(za) of (PhZPHgClZ)2 indicates that it is halogen
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Table 19

Far i.r. (400 - 40 om-l) Parameters in MX.L Complexes
L

e ax) Vb (X ) Vo (mx) Ybly x ent Vip

Compound am emt St (X) bridging
Zn012P(NMe2)3 : 333 240 0.72 124 not

sb bs vs observed
ZnBrZP(NMe2)3 248 172 0,69 88 not

Vs ms Vs cbserved
ZnIZP(NMe2)3 2i6 155 0,71 78 not

ms s m observed
Cdz:12P(Nm92)3 278 not

s observed
H9012P(Nm92)3 280 168 0.60 100

ms vshb s
HgBr,P(Nite,, ), 186 114 0.61 not 100

Vs Vs observed sh
HgIZP(NMEz)3 148 96 0.64 not not

Vs Vs observed observed
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bridged and dimeric in agreement with i.r. prediction(zz)'
In the present work, the My (-X) and \Qb(mnx) correlations in

MX2P(NMB compounds are shown in Table 19,

2)3

N
The calculated Z mig ratios are in agreement with those considered

earlier,
'\Qt(mx), \Qb(mx) are very strong absorptions in all the Zn (1I), Hg(1I)
halide complexes. ' These correlations are in near agreement with those

made(Bl) for the dimeric MXZP(NMe2)3 complexes as follows :

Compound i) b (m) i)
ch12p(Nme2)3 327 (s) 240 (s) 120 (s)
296 s,sh 225 (s,sh)
ZnBrZP(NF{Iez)3 259 (s) 190 (s) 95 (msh)
230 (s) 170 (s)
ZnIZP(NMeZ)E 216 (m) 155 (s) 77 (m)
142 (mysh)
CdC1,P(Nife, ), 277 205 (m) 100 (s)
270 (m) 228 (m) 88 wysh
Hgf:lzp(mmez)3 282 (s) 168 (s) 88 (w,sh)
118 (s) 72_(m)
HgBrZP(NMeZ)3 190 (s) 116 (s) 55 (mysh)
HQIZP(NmeZ)3 147 (s) 87 (s) 42 (w)

The medium shoulder absorption at 95 en™? attributed(el) to \le(mx) in
ZnBrZP(NMeZ)3 could not be confirmed but rather a very strong absorption
at B8 om™Y was correlated with the complex \le(mx) bridging mode in
ZnBrZP(MMe2)3. A band in the region 83-97 en™! was also observed in

~ \ (22)
> 1gC °
(IJth) (i‘,: r‘lz)z
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For r:dn:l,zp(x\xmez)3 only \)t (M-X) was assigned with some certainty
by comparison with the assignments(zz) for CdXZ(PPh3)? (C=Cl,Br,I).

Metal-phosphorus stretching Vibrations, '“Qmp.

No absorptions were cbserved in the spectra of the ZnXZP(NMBZ)S

complexes which were independent of the mass of the halogen and which could
be assigned to \Qmp. The absorptions at 170 cm"l, assigned(Bl) to—\bmp

in ZnClzp(NMBZ)S, ZnBrZP(NMBz) and at 165 on > in ZnIZP(NFHez)3 were not

3

observed, A similar phenomenon was observed in (thpHgXZ)2 (22); that is,
no mass independent peaks which could be assigned to-\bm—P were observed
and only tentative assignments were made for.<qmp in these latter compounds
(Table 15)e

Strong absorptions at 100 cm-l in HgClZP(NMB2)3 and as a shoulder

at 100 Cm_l in HgBrZP(NMez) were independent of the mass of the halogen

3

and may be assigned to \Omp vibrations, No band was observed in this
. "
region for HgIQP(dﬁez)z.

Metal~Nitrogen stretching Vibrations (7)

Apart from \Qt(m-x), \Ob'(m—X) and V¢ (M-X) no mass dependent
absorptions were observed in the i.r, (400-~40 cmhl) spectra of the

mxzp(mmez) (M=Zn,Hg, X=Cl,Br,I) complexes which could be assigned to

~ i-n,

3

‘Raman Spectrum of HgClZP(NMBZ)S,HgBrZP(NMBZ)3

The Raman spectra of these complexes are shown in Table 12, It has
not been possible tec make any specific assignments for these frequencies but

they are rather used to ascertain whether the complexes have a centre of

symmetry or not (see page 61)e
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CHAPTER THREE

- NUCLEAR MAGNETIC RESONANCE
SPECTRA OF AMINOPHOSPHINE

COMPLEXES
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