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°R.F. Hudson, “Structure and Mechanismin Organo-Phosphorus Chemistry,’
1965, pp. 135-141, 216, See also R. G. Harvey and E. R. De Sombre, Topics in Ph

57.
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the same principle:
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k bonding in the latter. W

(17.19)
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Table 17.2 Infrared stretching fre-
quencies of some phosphoryl

compounds

Compound  ¥po(cm™') 2
F3PO 1404 11.70
F,CIPO 1358 10.75
CI;PO 1295 8.85
C1,BrPO 1285 8.52
CIBr,PO 1275 8.19
Br,PO 1261 7.86
$5PO 1190 (12)
Me;PO - 1176 (6.0)

/

The double bom_i characte_r -introduced by the latter strengthens the bond and accounts
for t_h_e extraordinary st.ablllty of -the_ phosphorus oxygen linkage. Note that this exfra
s.tablh_ty cannot _be attnb|_1ted to 1onic resonance energy (a priori a reasonable sugges-
tion since the difference in electronegativity is greater in P—O than N—O) because
the dipole moment of the nitrogen compound is greater than that of the phosphorus
compound, a result completely unexpected on the basis of electronegativities, unless
consideration is taken of canonical form 17.19 (II), which would be expected to lead to
a reduced moment. -

.~ A comparison of the bond energies also supports the above intepretation. The disso-
ciation energies of P—=0 bonds in a variety of compounds lie in the range of 500—-600 kJ
mol ! compared with values for N — O of about 200-300 kJ mol~" '® The value for
the latter is typical of what we might expect for a single bond, but 600 kJ mol ! is stronger
than any known single bond (see Chapter 6, p. 263). A closer examination of the strengths
of various P=0 bonds in terms of infrared stretching frequencies shows some interesting
trends. For a series of similar molecules, such as the phosphine oxides, the stretching
frequency provides an indication of the strength of the bond (Table 17.2).'* The highest
stretching frequency among the phosphoryl compounds is that of F;PO, and the lowest
of the halides is that of Br;PO (the iodo compound is unknown). When the stretching

in the form of wavelength, 1 = 1/v) are plotted as a function of the sum of
tituents, a straight line is obtained (Fig. 17.1). This rela-

p electronegativities from the stretching [requencies
ich are internally. self-consistent and which agree
see Table 3.13) except in the case of groups such

frequencies (
the electronegativities of the subs

tionship has been used to obtain grou
of phosphine oxides, for example, wh
with those obtained by other means (
as —NH, which can compete in the 7 bonding.'*

» Academic Press, New

10 R F. Hudson, “Structure and Mechanism in Organo-Phosphorus Chemistry,

York, 1965, pp. 67-70. ) .

11 Note that the dissociation energy, R;PO — R;P + O, is not a sensitive mea i
¢ the remaining three bonds may be strengthened or weakened in the dissociation process. The IR stretchm_g
ce constant, k, and the reduced mass, y, of the molecule. If the molecule !s
rger mass of the R,P group, the reduced mass 15
in the force constant. For similar mole-

ve measure of the P=0 bond energy

sinc
frequency is a function of the for
assumed to be a light oxygen atom vibrating on a “fixed” la
(, and so changes in frequency will reflect corresponding changes

d to the total bond energy- )
See also M. A. Davis, J. Org. Chem., 1967, 32, 1161,

constan
cules the force constant will be relate
12 J v Bell et al., J. Am. Chem. Soc., 1954, 76, 5185.

and papers cited therein.
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Fig. 17.1 The relation between the stretching f requency (expressed as w:ti;\:t:i]fl?t% d )P = O compounds.
negativity of the substituents. Circles represent halides, squares other su ith permission ]

(From J. V. Bell et al., J. Am. Chom. Soc., 1954, 76, 5185. Reproduced with pe

~ The correlatiop between the eiectronegativity of substituent groups and the strength
of the P=0 bopq provides support for a n-bonding model bqt_ not for the alternat{ve
dative o-only model, The latter might be expected to be destabilized as electron density

bond, weakening it. In contrast. if the oxygen can back bond to the phosphorus through
a d-p 7 bond, the induced charge on the phosphorus can be diminished and the P=0
bond strengthened.

The bond lengths in

phosphory] compounds are in accord with the concept of double
bond character.!3 Ip, the simplest case, that of P40, there are two P—O bond lengths.
There are 12 relatively long ones (163 pm) within the cage framework pro

d the oxygen atoms external to the cage.
0 bond lengths (~0.85) is about the same
as C=C to C—C or C=010C—0.

Isoelectronic with the phosphine oxides are

the phosphonjum ylids, R3;PCH, 14
Like the oxides, two resonance forms

+ .
R3P_CH2 — R3P:CH2 (17.20)
() (1

contribute to the stability of the phosphonium ylids but not the co
ylids, R;N*—C-H 2- This difference is reflected :

'3 The complete discussion, including partial jonic character, is too Jop
Adv. Inorg. Chem. Radiochem., 1963, 5, 347, and K. A. R- M
' The nomenclature is unfortunate since the “-oni
polar nature (resonance structure (I)) whereas the “-ine oxide™ hame seems to focyg more

on the covalept nature
(resonance structure (I1)). Electronically, both types of molecules are resonance

hybrids of () and (11).
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. ey v o5t v SiH,
NS === N d H,5 — N < H,Si—— N 4
M, SiHy = SiH,
{a)

13

Fig. 17.2 Delocalization of the Jome past 0 trslylanuoc. (a) Resonance structures. (b) Overlap of ds,

and p,, orbitale

many not beng sufficvently basc to abstract a proton from water and, in fact, not dissolving

in water unless strong acds are prosent '

Evidence {rom bond angles
The trimethylamine molocule has a pyramadal strucure much like that of ammonia
with a CH, N CH, bond anghe of 1075 4 1 contrast, the tnsilylamine molecule

is planar. Although stenc flects of the larper ulyl groups might be cxpected to open up

the bond angles, 1t socms hasdly prosasble that they coald foree the lone pair out of a fourth
“tetrahedral” orbatal and male the molecule perfectly planar (even & N has bond angles

of 1161 11 seoms motrc fikedy that the Jone pai adopls a putc p orbital on the mtrogen
atom hecause orbitaly on the three ulicon atoms G overlap with it and delocalize the

lone pait over the entire systam (Fig 172
Rather sumlar resulty arc ohtained by companng the bond angles n the silyl and

methyl cthers (Fig 17.3) and nothocyanales (Fig 174) Inthe former the oxygen 1s hy-

bridized approvimately sp’ with two lonc pais on the oaygen atotn 1n dimethyl ether
as compared 1o an approxumate sp’ hybnd i dimloxane with # bonding. In the same
way the methyl sotliocyanate molecule, CH,N € S, has a lone pair localized on
the nitrogen alom, hence 1 bent (N ~ sp’), but the delocalization of this lone pair into

3 hack-bonding x orbital to the sihcon atom of HSIN 8 leads to a hinear structure
for this molecule.

The hypothesized delocalization of lone par clectrons in the above stheon com-
poands 1 supported by the Jowered basicaty of the silyl compounds us compared to the

-
. -

2 A W Jebason, " Yhd Chemustry,” Academsc Pross, New York, Hnd
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Fig. 17.3 Comparison of the molecular structure of dimethyl ether and di

CH3

ON o O@j -

Fig. 17.4 Comparison of the molecular structure of methyl isothiocyanate and silyl isothiocyanate.

. Y the absence of disiloxane
adducts with BF 3 and BCl
(CH 3)20 + BF3 - (CH3)20 g BF3 (17-21)
" (SiH,),0 + BF 3 — No adduct (17.22)
and by the absence of trisilylammonium s;ilts. Instead (')~f Onium salt formation trisilylamine
is cleaved by hydrogen chloride: '
(SiH;5);N + 4HCI —, NH,CI + 3SiH,() (17.23)

Theoretical arguments against d orbital Participation in Nonmetals

Several workers have objected to the inclusion
The principal objection is to the large promotion

s2pd® —, stptTmgm1

where m = (P), 1 (S), or2 (Cl), to achieve a maximum multiplicity and availab
electrons for bonding. A second factor which does not favor the utilization of d
is the poor overlap that they make with the orbitals of nei

of the free sulfur atoms, for example,'® are shielded ¢

'® These same general arguments apply to the other nonmetals as well.
" In the simplified Slater scheme (p. 36) the d orbitals are assumed to
tronic unit for each electron lying “below™ them.

ility of
orbitals
ghboring atomg. The 3d orbitalg

ompletely'” by the lower-lying

be shielded to the extent of 1.0 elec.
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