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Abstract ~ The decomposition yields of 1,2-bis(diphenylphos-
phins)ethane (dgo) n cyclohexane and in methanol solutions

- saturated with or No0 have been determined from the ab-
sorption decrease at nmm. The decomposition yields of
dppe.HCl dissolved in Ar or N,0 saturated methanol have been
determined, too. Teking into account the obtained results as
well as the variations of the absorption bands and the HMR
slgnals, a radiolysis mechanism has been suggested. Applying
the steady state approximation, the reaction rete cona‘ban?s
have been caloulated : k(e & dppe.2EC1) = 5.80105 1 mo1~' -
s~1 ; k(H + dpps) = 2,89.1010 1 mol-1 s=1 ; k(CH.OH 4 dppe) =
= 1,164107 1 mol=1 s=1. Also the decomposition yfeld of dppe
in the solid phase has heen determined and ESR studies have
been carried out.

IRTRODUCRION

1,2-Bis(diphenylphosphine Jethane (dppe) belongs to the ligands employed frequent-
ly in order stabilisze the higher and the lowest oxidation states of transitions
metala"'s. Compounds of transition metals with dppe are widely used for fixation
and reduction of molecular nitrogonz's'a. The possibility of fixing and reducing
molecular nitrogen by ultraviolet irradiation of Mo and W complexes with phos-
phines in a nitrogen atmosphere was repor.‘t«d.9 Jonising rediation applied to the
complex of 08(II) with 12 (but without any other donor-acceptor ligands) in
aqueous solution does not lead to the reduction of nitroges. 'C

From the above facts we may conclude that the change of radiational fixing
and reducing of 32 depends notably on the stability of the ligand to stabilize
the nitrogen complex. This ability results from the reactivity of the ligands
towards unstable radiolysis products (beside their capacity to stadilize the low
oxidation states of the central atom). This work was therefore aimed at the re-
dical products as well as at getting some insight into the mechamime of the ra-
diolysis of dppe. These studies will be extended later to radiational-chemical
processes occuring in complexes of d-electrom metals with dppe and N2 under the
influence of ioniging radiation.

RESULTS AND DISCUSSION

Typical changes in the ‘absorption spectrum of dppe caused by irradiation are
shown in Pig.1. As indicate in Fig.1, the irradiatiom results in am absorption
decrease at 253 mm and im am appearemce of a new bamd at about 230 mm. Because
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Mg.1., Variatioas in ;ho absorption spectrum of dppe in methanol solution {(C =
= 104 mol dm~2) 1md1utoq with a dose : O ~ nonirr.dil?sd; 1 - 0.98-1?18;
2 - 1.96¢1018; 3 - 2,94.1018; 4 - 3.92.1018; 5 - 4,90+10 4 6 = 5.80°10 8,
7 - 6.90.1018; 8 - 7.80.1078; 9 - 8,80+1018; 10 - 9.80.1018 v m1-1,

of the position and high intensity, the 253 nm band may be attributed to the
charge-transfer transition of I electrons of the phosphorus d orbitals. Indireet
evidence of this delocalisation is different frequency of valence vibrations of
P-Coromatio (1440 c:")" in comparison with P-O,), . (1280 - 1320 en~ 1)1, me
alternative 5+ J transition, acceptable because of its position (230 - 260 mm)
would have a much lower intensity since it is forbidden bdscause of symmetry. 12
The intensity decrease at 253 nm caused by irrediation is related to the disrupt-
jon of C-P bond. csns, formed in this effects, shows a vibrational structure of
the bend of low intensity attriduted to the N+ T traneition (see Pig.1).

The 230 nm dand, taking into saccount its position and intensity, may be attri-
buted to the charge-transfer transition of the ~CH«CH- T electrons to the d or-
bitals of phosphorus. The doudble dond of the -CH=CH- group results the remo-
val of hydrogen from -cnz-cnz-. The phosphine with ethylene group (n,P-CH-cB-P(:)
is well known. 13

The above interpretation of the variations in absorption shown in Pig.1 are
confirmed by the results of NMR studies of both the non-irradiated and irradias-
ted dppe ¢ R signals at 2.1 ppm (triplet) resulting from -cnz-cnz- as well as
the signal at 7.45 prm resulting from csns group both decrease, while at 7.65 pm
and 7.1 ppm there appear new distinot signals related to the csns and -CH=CH~
groups respectively.

The number of decomposed molecules of dppe and dppe+2HC1l in methanol and of
dppe in 06312 saturated with argon or nzo depend non-lineary on dose and conoen-
tration as illustrated in Fig.2. The radiation decomposition yields of dppe and
dppe+2HC1 are shown in Table I,

From inspectién of Table I, ene learns that in argon saturated solutions the
decomposition yield is higher only in the case of dppe:2HCl. It may therefore
be concluded that dppe-2HO]1 is decomposed by o;. In methanol solutions, dppe
reacts with the +CH,OH redicals as indicated by a little higher yield in the
presence of 120. In cyclohexane, the decomposition yleld does not depend on the
saturating gas practicaly. Consequently, in cyclohexane dppe reacts with H atoms,

In the solid phass, the number of decomposed dppe molecules is & linear
function of the dose in the invesigated dose reange. The decomposition yileld of
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Mg.2. The number of decomposed ggpo-zmn molscules in methanol sclutions saturs-
ted with argon (A} and with N ( tions of t*. dose ooncontn-
tiong ¢t 1 « 1e107%; 2 = 310~¥%; -5o10 $ 4 - 7107 mol dm~

Tadle I. Decomposition yields of dppe and dppe+2HC) in solutions

Methanol solutions Cyclohexans solutions
¢ dppco 2HO1 : dppe c
“m‘ “m‘

-3 5% &% mtur, satur, a6 -3
mol dm withuvithlzo 1 with Ar with Np0 2 jmol dm™” with Ar with N0

{e 10:‘ 0,16 0,08 0,08 0,114 0,12 0,006 1-10: 0,07 0.09
%+ 10 0.35 0.17 0.18 0,160 0.23 0.070 Se 10_5 0,23 0.24
e 10"4 0,52 0.23 0.29 0,200 0,31 0,110 1+10 3 0.46 0,54
J+10~4 0,76 0.45 0.3%3 0,300 0.45 0.150 | 5.10"° 1,50 1.60

'AG, - G(-dp;ong’) solution satursted with Ar - G(—dppeng*) solution saturated
with 850

Mz = G(-dppe) solution saturated with §,0 - G(-dppe) solution saturated with Ar

dppe in the solid phase aquals 1,69 molecules per 100 eV.
The ESR signale of irradisted dppe in solid phase is shown in Pig.%. Fig.3
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Fig.3. BSR signal at 130 K of dpps irrediated in the solid phase by a dose 10 kGy.

indicates that the irradiation of dppe results in & non-resclved signal of Loy *
= 2,059, This signal is vanishing at 210 K and its shape remaining unchanged.
Kesping in our minds an axial symmetry of the paramagnetic centre (g“ - 2,0%9)
and band width we can relate this BSR signal to the anion-radical (dppe)”. Porma-
tion of similar anion-radicals the addition of e to the phosphines were
observed by some of authors. 14-1 According to mlyuin of the superfine structure
of the spesctra and on the valus of the g parameter (sav = 2,0023 ;3 Ag = 0.001) it
is assumed that for the anion rsdicals (Ph,P)” or (Ph,P=0)” the unpaired electrons
were delooaliged in the entire aromatie rings € ').15"15 On the other hand calou-
lations of the electronic charge distribution in (Ph3P-O Y bvased on Hftckel method,
gave the following density values of the unpaired elsciron at the C,-H, C -H and
P atoms 3 §p = 0,21, Jp_ o = 0,083 and {f , = 0.084, respeotively's, A gaod
agreement bet\nen the cxparinntal and the éalculatod values was feund 3 J‘

S g-c, = 0.076. 15 Taking into account the g - parameter anisotropy it is aamed
that tle §, - parameter in (dppe)” is higher than in (Ph,P=0)" and the \mpairod
electron ia located on 3d orbital, Due to anisotropy we can find the dublet (a -
= 0,87 m?) with non-equivalent intensity in the ESR spectrum (rig.'i). Above
mentionead aP value is in good agreement with the literature data. 15 The approxis-
mate value of the ‘PP parameter (5' = 0,368) was determined from the aP value

as well aa from the Mc Connel relation for S <1 Band aesuming that Qc .p 18
equal Qc B ({theoretical value for % g 18 ca. 2.36 mT)

The lower yield of decomposition of dppe in solutions saturated with argon
does not rule out the possibility of formation of dppe” anions. The disappearence
of dppe  may occur in a reaction with 06341‘2 or 03303" without the decomposition
of dppe. This conclusion seems to be confirmed by the higher decomposition yield
in the solid phase,

Taking into consideration the above results, the following mechanism of the
radiolysis of dppe may be assumed 3

(© s w— e, s HR

&P [,'dppeﬂz] 2+, e'; — [dppoHZ]"'

2> [dpp032] . N radiolysis*products
dppe + H2
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L ©\ P~CH,CH,-P
A 1,1
b H, +=P-8HCH,-P<

(3e) [dpponzlz* + H —» dppeE* + H;
4) :P-&chz-rz —» =P-CHuCH-B= + H
© ) .
(4a) N-c11201121>< - CH, + ~CH,CH, =P
H -
) dppe + e: - (dppe)

(6) (dppe)~ —+» 1radiolysis products (solid phase)
(6a) (dppe)” + ca,,ox; (csnjz) —> dppe + H, + CBy0 (CgHy )
(6b) CH;0 + CBy0F =—» CE,0H + CH,OH 20
&) CH3011 + e -n-o CH3O + H
(7Ta) W0 + o, _29.. N + OH + OH
(8) CH;0H + H (CH) —» CH,0R + nz(nzo)
(9 CHyp + H — CH,, + Hy

8. CgHg + pP-CH,OR,-P< 21
dppe + R -—E

. =p-lHOH,-PZ + R-H

(108) [dppeH,)®* + cH) 0B —» [dppeH]* + OH,OH}
1) R « R —» R-R

(10)

# - The formation of alky)l radicals by thermal hydrogen atoms has been well

known for a long time 2 and the addifion of ydrogen-atoms to aromatic
rings has been observed many authoruﬁ'es.

The employment of the steady state approximation to reactions 1 and 7 lead to
the relationship I, while the same approximation applied to reactions 5 and 9 and
to reactions 10 and 11 leads to II and III, respectively :

CH,OH]
I I&;-ﬁ-# k7[

o5  k,[appen;’] G.;

1 1 ko BeHya]

= +
G(-dppe) Gy k3 [dppe]Gy

11X —&—- 1 + 1 2k1L 4 a—T—
4%  “on,om k40 [drpe

Con,0n
AG1 and AGz - see on the tabdle

The dependence of 1/AG and 1/G on 1/C are showm f(n 4 and 5, respectively.

From Fig.4 (11no1) the values of G..'. = 0,59 and - 1.0’7010'3 were
1 ez
s

determined, From those values results l:.,/k1 - 2.59°10"5. Assuming k,, = 1,5¢ 10‘

1 mo1~'s~1 27, the k, was found equal 5.8+ 108 1 mo1~"s"'. It results
Gcnzox = 1,0 and _GE-KJJO.; * -EJ_‘ - 4'23’10-3 from the line 2 in Pig.4.

2
Assuming 2k, = 4.3-10% 1 mo1™"e™! 7T, k. = 1.16:107 1 mo2~'s"",

From Pig.5 GH = 1,1 and g = 1,59 and consequently k9/k3 = 1.7-10"4.
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Fig.4. Dependence of 1/AG on the reciprocal concentration of dpps+2HCL (line 1)
and dppe (line 2) in methanol,
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#ig.5. Dependence of 1/G on the reciprooal concentration of dppe in cyclohexane
saturated with argon.

Assuning kg = 4.9:10° 1 mo1™"a™! 2?7, the value of ky wes found aqual to 2,89-10™
1 mo1~ e~ T,

Prom the above results one may conclude that dppe shows high reactivity towards
H atoms and a moderate reactivity towards OB?_OK. The decomposition by solvated
electrons is limited to protonated dppe.

Prom the results of thesse studies, we are led to conclude that dppe 8s ligand
does not react with the slectrons., The irradiation of the complex of Mo(IV) with
dppe indicated that the ligand remains nnohanged.zs’zg

EXPERIMENTAL

dppe (Pluka) was purified by a repsated extraction with petroleum gtherp and 1
cryqtalluation from methanol. For the purified dppe Ep5apg = 1.65¢104 dm? mol™ '~
cm=

., was found in cyclohexane,
dppe«2HC1 was obtained by dissolving dppe in a 2 M solution of HCl at lowered

temperature (about 220 K).
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Methanol and cyclohexane of analytical grade were used without further purifi-
cation.

The solutions of dppe in methanol or cyclohexane were saturated with apgon or
Ho0_for 15 minutes and after that irrsdiated with a dose rate of 1,63.1015 eV -
om=3 3'1, using & cobalt source (Issliedovatiel, USSR). After irrediation, the go-
lutions_were diluted with the apprepriate solvent to the concentration of 5¢10°
mol dn~> and their absorption was measured at 253 mm.

The dose was measured with Fricke’s dosimeter and corrected for electron density
of methanol and c{olohemo.

Samples of solid dppe put in glass tubes which were filled with argon after
deasreation and sealed. Afterwards, the sealed tubes were irradiated.

The ESR spectrs were recorded with JEOICO JES~ME-3X spectrometer by using non-
signal spectrosil capillaries. NMR signals were measured with BS-487C spectrome-
ter. For the spectrophotometric measurements Beckman 5240 and Specord UV-VIS
spectrophotometers were used.
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