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SOME REACTIONS OF DIPHOSPHORUS TETRACHLORIDE

Charles B. Lindahl and William L. Jolly
Department of Chemistry and
Inorgenic laterials Research Division
of the Lawrence Radiation Laboratory

University of California
Berkeley, California

Diphosphorus tetrachloride. can act either as a monofunctional or as
a difunctional Lewis base.
. The nature of the product resulting from the reaction of nickel

éarbonyl and PgClbr at 0° depends on the relative amounts of the reactants.

4 large excess of N‘i(CO)LL with PQClh forms a yellow-white solid P2C14[N1(CO)3]2

which decomposes rapidly when warmed to room temperature and decomposes
slowly even aﬁ —450 after the evolved CO and excess Ni(CO)h are removed.
" large excesses of P ,C1) with Nl(CO))_l. form a brownlsh-yellow solid m(co) (P
. When there is no large excess of either reactant,_a'yellow mixture of
compounds (whosebapparent composition approache; P2Clh~ Ni(CO)2 when equal
amounts-of reagents are employed) forms.

Diphosgﬂorus tetrachloride does not react, or reacts only extremely
slowly, at 0° with Fe(CO)S, cr(co)6 or'Mo(co)6. |

With a large excess dfiBBr3 at OO P Clh reacts to form Br3B . PBr3,
boron chloro- bromo-trihalides and phosphorus subhalides. Boron trichloride
and BF3 show no reaction with P2Clukat o°. This is consistent with the
- oxder of Lewis acid strengths BBr3> BC13>~BF3.

Diphosphbrus’tetrachloride reacts with B2H6 causing slow decomposition

.producing Hg, BCl and BHCl

® OSpeech to be given at the ACS Méeoing, September 8-13, 1963 by Charles B.
Lindahl. .

1),
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Some Reactions of Diphosphorus Tetrachloride

By Charles B. Lindshl and William L. Jolly

Diphosphofus tetrachloride, with a lone pair of electrons on'each 3
',phosphorus atom; can behave as a Lewls base. The reactivities of chlg
with the compounds m(co)h, Fe(CO)S, -Cr¢co)6, Mo(CO)é, 313133, 3013, BF3
- and B2H6 have been investigated in order to compare the acid-bese resctions
of chl&.with those of PCl3 and to determiné whether P2Clk can act as
either a monofunctional or a difunctional base.

Phosphorus trichloride(l) displaces as many'és four molecules of
carbon ﬁgnoxide pexr nickel carbonyl to give Ni(PC13)ua The literature ';'
2lso contéins three reports on reactions of Ni(CO)h‘with organic di- |
phosphines. Burg and Mahler'Z) report the reaction of P @3)h with |
Ni(co)l_L to yield P2(CF3‘)1+ [Ni(00)3]2. The preparation of P2(C6H5)4 [N;(co)332(3)<
from ClP(C6H5)2 and sodium in boiling xylene has been reported in a
Cerman petent by échweckendiek. Ross(a)'reports the preparation of
PQ(CH3)_LL '[:\Ti(co)B]Q,w th an excess of Ni(CO)LL over 152(033)1L and

Iz N4 ' + : s > : .
A _.zz(QHB)LL Nl(CO)2]X wit? equal amounts of reagents o an excess of P2(CH3)A. -

Reactions with Ni(CO)k:

When P,C1; is alloved to react with Ni(CO)A at 0°, carbon monoxide

277k -
is readily evélvede After a reaction period, usually of several days, the -
- sample was frozen at -1960 and the carbon monoxide measured. The sample
was then allowed to warm and unreacted PQClh'and Ni(CO)u were removed to

;deterginevthe ratio of reactants. Teble I lists a series of reactions

‘using varying ratics of reactants.:
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Table I.
Reactions of’gi(co)h With P C1)

Ratio of Reactants s o Ratio in Products

Rua mmoles Ni(C0), mmoles CO evolved moles CO evolved  mmoles Ni(co)¥-
moles P,CL, - mmole Ni(CO)yreacted mmole P,Clyreacted mmole PCl, -

L 128 0.5 IR Lo T 2.0
o  #.968."*A"‘i‘-_ ;6.987 o - C1.99 t:'. | . a2 .

s 13,170 : a0  -}. | f" 1.96 ;;[f‘.. 163
1.015 I _‘Vs»__ I - S
0.8879 . 1.87 . LB - J 0.947

Jok930 .96 55 ¢ ool

7 - - '50.385§ | ""1.98 ﬁ : N 1.22 R ‘ 0.615'

8 0.2388 . .- 2.0 | 10.956. 0.468

Ui = w

N
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With & large ‘excese of Ni(CO)L!I_ (Runs 1 and 2), one millimole of

PCLy, reacts with two millimoles of N1(C0)), giving two millimoles of CO
and a produ_ct of empirical formula P,ClL) - [nva( 00)3.] . This ms.terial is
" a.yellow s'olicsi. when in the presence of excess Ni(CO)u at 0°, and is
yellowish-whife at -hSo.after the CO and excess Ni(CO)h are removed.
When the CO and excess m(co)u_ are removed, the compound evolves CO and R
wi(co ))‘L slowly even at -45° and very rapidly at room temperature. For
exemple ix; run 2, after zjemoving the uanreacted Ni(()o)l{~ in/ three hours at
_45°, 1t was fownd that apparently 2.02 millimoles of Ni(C0)), bad reacted
| per millimole P,Cl). After L2 more heurs at -1+5°,. further evolutibn of
small é.mbuﬁ'ts of CO and Ni(CO)h indiﬂa‘ted an empii‘ical coméosition of

e.m [NJ.(CO)3 1.71 for the residue. Run 1 (from which initial-remqval of
: uz;reacted I\Ij.(CO\)LL at -45 gave an apparent ratio of 2.00 Ni(CO))# reacted
per P v...1+) {Jas warmed to Oo for 2L hours evolving sma.ll amounts of CO and B
Nj.(C‘O)llr giving a residue of empirical compos:.‘cion P Cll;'[N'i(co)3)l.78’
Werning t‘hls to room temperature caused it to evolve large amounts of CO
and ‘cum black rapidly indicé.ting the presenee of large amounts of metarllic

| nickel. Within-foui' hours the material bad fallen from a ratio of 5.12 CO .
| : per P2Cll;' (cdrrespo\nding to 1.78 Ni(CO-)u reacted per PQClh) to .2.43 co
| " per P Cll; Ane‘bher 20 hours iowered it to 2.00 CO per PQCJ‘A (co'rresponding‘. |
to the empirical vf.'omule. PQCll"'Ni(OO)a). Ce.rbon monoxide continued to be
elowly evolved.s At theréndvof bne_ week the ratio was‘ 0.60 CO per PQCl).;
in the semple. Thus the comi)osition of the material changes rapidly from
6 to 2 co per P oLy, and then sl‘owiyevol\.res most ox“.all' the remaining CO
at room tenrperauure. ' | | | o '

When rough]y equal amounts of Ni(CO)L} and P Cll& axre allowed ‘co react

(Runs b and 5), a yellow solid of appmdmamvemplrical formuls P CJ.)+ Ni(CO)

' i’oms
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With a large e#cess‘bf chlh (Run 9), one millimole Ni(CO)h reacts
| wita two millimoles of P ,CL,, with evolution of two millimoles:of CO. A
brownish yellow 80134 with the empirical formula Ni(CO) (P,C1,), remains.

| The rbsults may be exnlained by assuming that in all cases a transient
:intermedlaue of compositlon PECIk’ N‘i(CO)3 formed. In the presence of

-

'exceés‘Ni(QO)h,:fhelreaction
»m(cc.))l& + :e2011§- .m(co)s — '(CO}3N:L° chl;- Ni(CO)3 + co:
‘took plaée.f In the presence of ‘excess chlh’ the reaction
‘P2011+ + P c1h Nl(CO) ‘-—-> P,CLy,* Ni(CO)e_o PC1), + co

ook vlace. When there weas ﬁeither a large excess Of,PQClu nor of Ni(co)h,
the concentration of the intermediate was relétively large gnd some poly-"
ﬁerization took place. Prdbabiy a complex mixture of product54éontaininé
species such as 2,01, Ni(C0), P,CL,*H(C0),, (CO)SNI-,0L) -N3(CO),R,CLy, " NE(CO) 5,
etc. was formed. With equal amounts of reagents, the products tend toward
the empirical formula Ni(CO)aPEClL. Even a 100% or 200% excess of P,Cly,
or Ni(C0)), produced a mixture. This suggests that the formation of a
pacsphorus nickel boﬁd'to be dependent only upon local concentration effects,
with ﬁd subsequent rearrangemehts to reach an equilibriumc

Tt is 1nteresting that no more tban two molecules of carbon monox;de
were ever displaced from nickel‘carbony;. This is in contrast to the re-
action withlP013, which caﬁ‘displace.éll four carbon monoxide molecules.

It is not clear whether this iIs due to a éteric effect or to a weaker basicity

on the pert of P,Cl . (Although P,CL, would be expected to be & better
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 Lewis base than P013 on the basis of & simple inductive effect, it is -
possible that some double bond chsracter in the P-P linkage causes &a.

weekening of the base strength.)

. Reactions with Other Cerbonyls:

Uhen P Cll was placed in & sealed tube with Mo(CO)6 for L0 days
at 0°, less than ©.002 CO per P ,C1), and less than 0.009 CO per 45(C0),
‘wes evolved. No CO was evolved when P Cll+ was placed with Cr(CO)6 for
.k3‘days at o°. Iron pentacarvonyl placed with P‘?CII.Lr gave about 0.02 CO

ver Fe(CO)5 or P ClLL in one run of 39 days at Oo,- Subsequent warming of

2
this sample to room temperature for 37 days gave an additional 0.02 milli-’
noles Co'pér Fe(CO)5 or Paclho During this time at room temperature part

- of the,chl& undoubtedly also decomposed. Another xrun of 77 days at o°

produced 0.05 CO per P Clb and 0.10 CO per re(CO) Both runs produced

e
reddish brown solids wh;ch suggest that at least part of the carbon mohoxide
vwaS'produced by'the kndwn-decomposition of Fe(CO)5e Thus we conclude that ,
P_CL) reacts only extremely slowly or not at all.with Fe(CO) Mo(CO)6 and
Cr(CO)6 Schweghendiek(B) reports the preparation of P (C6H )A Fe(CO)u]

by reaction for several hours at l70~180 o Suchﬁcondiuiops would readlly

decompose P Clhf "Irvine and Wilkinson( 1) report no replacement compounds

2

of P013 with molybdenum and chromium hexacarbonyls at temperatures up to

150°.

Reactions with Boron Halides:

When & large excess of BBr_, is allowed to react with chl4 at 0° or

3
- room temperature in a 'sealed tube, PBrsz‘EBrS, other volatile chlorine
conteining PBX, compeunds {vhich yield PBr3° BBrB, BCl3, EBrCl,, EBrCL

end presumably phosphorus trihalides), and a yellow orange non-volatile 133
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 phosphorus subhalide mixture which contains some boron halides are formed.

We suggest the following mecba.nism.

P2Cl)4 *. ZBBI'3 —> Paclk . 2BBr3

PCL) " 2BBr, —> PC1 Br BBr, + & (PClzBBra)x

l(PX BX,), l(Px) +BX3

Borozi tribromide probably causes the rupture of the phosphorus~-phosphorus

. bond in P Cll{- by forming a Lewis adduc‘b which is unstable. This decomposes

to the boron ‘crihalide-phosphorus trihalide addition compound and a reduced
phosphorus-boron specles which rearranges e.nd decomposes in paxrt to give
boron 'trihali@ie. .Ealogen exchange occurs in all products producing the’

. materials P.Br3". BBr3 and BCl3 and an appropriate mixture of BBrECl and

BBI‘"lé depending on the excess of BBr3

pnosp.oms and. boron is also found in the complex PC].3 BBr3(5 ) which

decomposes on standing to yield BCl3 and PBr3 When an excess of BC:."L3 is ‘

placed in a sealed tube with PQCZL1+ at O the reactents can be recovered .

'Exchange of CL and Br between

unchanged even after ‘t:wo months. No change in pressure of BC13 vepor is
observed when it is exposed to P Cll} at o° oxr room temperature No change.

.in p“'\.ssure of BF3 vapor is observed when it is exposed to P C.'Ll+ at 0 or

roon temperature. The fa.ct that neither BCL noxr BF foms an adduct or other-

. , 3 3
-wise reacts with PZCl&‘ is consistent with the order of Lewilsacid strengths |

" BBr.>3BC1l.>BF..
3.3 3.

Reaction #ith Diborane:

'_ When BeHé is exposed to‘ch'li&‘ at Oo, a slow increase in pressure, due

' prime.fily %o evolution of H2 continues over a long period of time. This
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experiment wras terminated after 17 days of continuwous Ha evolution. Borovn,f C
trichloride and BHCL, (iden'bified by thedx infrared spec-t-.ra) were also

evolved Evidently P, 014 reacts wi’ch B }16 causing slow decomposi‘bion rather

/".- A

m &DJ recognizable complex formation.

RS
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