Inorg. Chem. 1986, 25, 1505-1506 1505

partly from the fact that a specific ligand such as chloride would
not be expected to have a constant value as L is changed. The
difference between the AOM parameters for the ligands studied
to date are outside of the uncertainty limits. In summary, the
relative position of triethylphosphine in the two-dimensional
spectrochemical series for the PtCl;L" series is as follows: for
o donors, PEt; > NMe,; > C,H, > CI~ > Br~; for = donors, NMe,
> CI" > PEt; > C,H,.
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The effect of copper ions on the product composition in cataltyic
free-radical processes in aqueous solutions was interpreted as
indicating that short-lived intermediates with copper—carbon bonds
are formed in these processes.”? Recently it was shown that
indeed reactions 1 and 2 can be followed in agqueous solutions by

k

Cu?*,, + R — [Cull-R]?*,, (1)
k

Cu*,, + R — [Cull-R]*,, ()

using the pulse-radiolysis or flash-photolysis techniques*® (where
‘R is an aliphatic free radical). These techniques enable also the
study of the properties of the [Cu''-R]**,; and [Cu"~R]*,
complexes.

In all the systems where reaction 2 was studied, the cuprous
ions were prepared in situ by the pulse or flash. The study of
reaction 2 was therefore limited to free radicals for which reaction
1 is relatively slow, i.e. k; < 1 X 103 M~!s7!, and preferably to
systems for which the transient [CuM~R]**,; is extremely short
lived; i.e., t;; < 1 us.> We wish to report here that one can
overcome these limitations by preparing solutions of Cu*,, via

Cu*,, + Cr?*,, — Cu*, + Crlll, 3)

By use of this reaction, solutions containing [Cu*,,]/[Cu?*,,] €
0.2 can be easily prepared and kept for several hours.” As k,
is in many systems over two-orders of magnitude larger than k,,
reaction (2) can be directly followed. (The reactions of Cr!'l;,
with aliphatic free radicals are very slow.)®

As the methyl radical is the simplest aliphatic free radical and
the properties of other free radicals are compared to it, we decided
to study the reaction

Cu*, + -CH; — [Cu"-CH;]*,, 4)

The corresponding reaction with Cu?*,, is extremely slow.® The
properties of [Cul'™-CH,]*,, were earlier studied applying the
flash-photolytic technique.* However the limitations of the
technique did not enable a detailed kinetic study or product
analysis.

Nitrous oxide saturated solutions containing (5-30) X 10# M

CuSO,, (2-20) x 1075 M, Cr'""; and Cu*,,, and 0.1-1.0 M
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Figure 1. Spectrum of CuCH,*,; measured 10 us after the pulse:
N,O-saturated solution containing 9 X 10™* M CuSQ,, 2 X 10* M
Craq“, and 0.09 M (CHj,),SO at pH 3.9; pulse intensity 1500 rad/pulse.

(CH,),SO0 in the pH range 0.7-5.0 were irradiated by 0.3-1.5
us pulses of 200-mA 5-MeV electrons. The experimental setup
was identical with that described earlier in detail.* The pulse
intensity was 800-3000 rad. At pH 23.0 the following reactions
as well as reaction 4!2 have to be considered:

H,0 > ¢,;", -OH, -H, H,, H,0,, H,0%, (5)
H;0
ea” + NO —— -OH + OH-,, + N,
k=87 % 10° M1 19
e + Cu¥, —Cut,, k=31X100M's!? (7)
‘H + Cu*,, — CuH"

(6)

8
5%10°< k<2x100M1gtl0 ®)
+ "0 2+ _
CuH aq — Cu aq + H2 + OH aq (9)
k=4x103g110

k=70x10°M1stl

In more acidic solutions reaction 11 competes with reactions 6
and 7.

€ + HiO* —.H  k=20x10°M1s!? (11

Under these conditions one might expect a competition between
reaction 8 and reaction 12.

. H,0*
H- + (CH;);SO — (CH;);8OH —— (CH,),8"* + H,0
(12)

The latter reaction has been observed only in strong acidic solu-
tions.!> We have not detected under our experimental conditions

(1) Kochi, J. K. Acc. Chem. Res. 1974, 7, 351. Free Radicals; Kochi, J.
K., Ed.; Wiley: New York, 1973; Vol. 1, Chapter 11.

(2) Walling, C. Acc. Chem. Res. 1975, 8, 125. Walling C.; Kats, S. J. Am.
Chem. Soc. 1971, 93, 4275.

(3) Freiberg, M.; Meyerstein, D. J. Chem. Soc., Chem. Commun. 1977,
934; J. Chem. Soc., Faraday Trans. 1 1980, 76, 1825, 1838.

(4) Buxton, G. V.; Green, J. C,; Sellers, R. M. J. Chem. Soc., Dalton Trans.
1976, 2160 and Buxton, G. V.; Green, J. C. J. Chem. Soc., Faraday
Trans. | 1978, 74, 697,

(5) Ferraudi, G. Inorg. Chem. 1978, 17, 2506.

(6) Das, S.; Johnson, J. R. J. Chem. Soc., Faraday Trans. 1 1980, 74, 1779.

(7) Shaw, K.; Espenson, J. H. Inorg. Chem. 1968, 7, 1619.

(8) Meyerstein, D. Ph.D. Thesis, The Hebrew University of Jerusalem,
1965.

(9) Anbar, M.; Bambenck, M.; Ross, A. B. Natl. Stand. Ref. Data Ser.
(U.S., Natl. Bur. Stand.) 1973, NSRDS-NBS 43.

(10) Mulac, W. A.; Meyerstein, D. Inorg. Chem. 1982, 21, 1782.

(11) Veitwisch, D.; Janata, E.; Asmus, K. D. J. Chem. Soc., Perkin Trans.
2 1980, 146.

(12) The reactions of free radicals, except e,q", with Cr(IlI),q are known to
be very slow® and are therefore not considered.

(13) Chaudhri, S. A.; Goelb, M.; Freyholdt, T.; Asmus, K. D. J. Am. Chem.
Soc. 1984, 106, 5988.

0020-1669/86/1325-15053%01.50/0 © 1986 American Chemical Society



1506 Inorg. Chem. 1986, 25, 1506-1508

ICT 810-—-—RD

;g?é R 2,09 ‘ie'BE sle& xzaspa; Nﬂ

UoL : 2.00E 2 2.%E 2M.- APFRC: 2.3 1 2.@% |
13 148 W UMIN =53 w

UMAX ? .

10 -885 M. HOVE LENGTH: 2 NM.
SET_CROSSHAIR FIRST TO PEAK-T/START THEN VIWF-T/END
VALUE HIT ANY KEY

a b

T

L osee

mm‘—rut—rﬂm.L——rﬁn' . —

Figure 2. Typical kinetic plot for a N,O-saturated solution containing
9 X 107* M CuS0,, 2 X 107 M Cr?*,, and 0.09 M (CH;),SO at pH
3.9. Insert: Fit of the decomposition reaction to a second-order rate law.

in the acidic solutions 0.7 < pH < 3.0 any transients not observed
above pH 3.0; however, the yield of the transient assigned to
CuCH;*,, see below, decreased with decreasing pH. These results
suggest that either reaction 8 competed efficiently with reaction
12 or that the radical (CH;),SOH is unreactive toward Cu*,q and
Cu?,, or forms no observable transient when reacting with them.

Thus in solutions at pH 23.0 all the primary free radicals are
transformed under the experimentaly conditions into -CHj radicals
during the pulse. Under these conditions one observes the for-
mation of a short-lived transient. The rate of formation of this
transient obeys a pseudo-first-order rate law, the rate being
proportional to the concentration of Cu*,,. We therefore assign
the transient to CuCH;*,,. The specific rate of reaction 4 cal-
culated from the results is k, = (3.5 £ 0.4) X 10° M~ 57! in good
agreement with the earlier estimate of Ferraudi of k, = 10° M~
g3

The spectrum of CuCH;*,, (Figure 1) is in good agreement
with the partial spectrum reported by Ferraudi.® It is of interest
to compare the spectra of the Cu™-R complexes reported in the
literature. A,,, = 340, 375, 395, 395, 450, and 385 nm for
CuH™*,'® CuCH,*, CuCH,CH,0H*,* CuCH,CH(CH,)OH"*}?
CuCH,OH*?* and CuCO,,5 respectively. These results are in
agreement with expectations for a LMCT absorption band. The
observed order of A, is in agreement, where known, with that
of the corresponding (H,O)Cr'"'-R complexes,'* !¢ which were
also assigned to LMCT transitions. It is of interest to note that
the results suggest that the optical electronegativity of unsubsituted
alkyl radicals, -CH;, -CH,CH,OH, and -CH,CH(CH,)OH, is
smaller than that of hydrogen atoms.

The decomposition of CuCH;*,, at pH >2.5 obeys a second-
order rate law with 2k = (1.8 £'0.2) % 10" M~ 57!, the rate being
independent of the concentrations of Cu?*,;, (CH;),SO, and
CH,CO,Na; see Figure 2. These results are in disagreement with
those of Ferraudi;’ we have no explanation as to the origin of the
discrepancy. In acidic solutions, pH <1.5 the decomposition
reaction obeys a first-order rate law; eg,atpH 1.0 ks .= (2%
0.5) X 102571, Aliquots (100-mL) of solutions containing 8 X
1074 M Cu?*, 2 X 107* M Cu*, 2 X 107 M Cr(Ill),,, and 0.09
M (CH;),SO at pH 3.7 and 1.0 were irradiated by 15 pulses,
giving a dose of 5.0 X 10% rad. The gaseous products were an-
alyzed by gas chromatography. In the solutions at pH 3.7, ethane
was the product whereas at pH 1.0 methane was the product.

The results thus suggest that at pH >2.5 the decomposition
of CuCH;*,, occurs via
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2CUCH3+aq g 2Cu+aq + C2H6
2k = 1.8 X 10" M1 57!

The mechanism of this reaction does not involve the homolytic
decomposition

(13)

CuCH,*,; = Cu* + .CH, (14)
followed by
CuCH,*,, + -CH; — Cu™,, + C,Hg (15)
or
2(-CH,;) — C,H, (16)

as the observed rate of reaction 13 is independent of the con-
centration of Cu*,,. The results do not enable a detailed analysis
of the mechanism of reaction 13, which might occur directly as
written or via a rate-determining methyl-transfer reaction

2CuCH;* — Cu(CH;),*,, + Cutyg amn
followed by a fast reductive-elimination step
CU(CH3)2+aq g Cu+aq + C2H6 (18)

The dependence of the rate of decomposition of CuCH;*,; on the
ionic strength, up to 0.1 M NaClO,, was studied. A plot of log
kvs. u'72/(1 + 1.33u'/?) gave a slope of 0.8 £ 0.1, in reasonable
agreement with the expected slope of 1.02 for reactions 13 or 17.

The results in acidic solutions indicate that under these con-
ditions the heterolytic decomposition

CuCH;*, + H;0%,; —~ Cu?*,, + CH, (19)

is faster than reactions 13 or 17.

It is of interest to note that CuCH;*,, decomposes via a bi-
molecular or a heterolytic process, depending on pH, but not via
a homolytic process as observed for CuCH,OH",;* and
[CuCO;],4* This observation indicates that the metal-carbon
bond strength in CuCH;*,, is stronger than in CuCH,0H*, and
[CuCO,],q Alternatively this observation might be due to the
slow rate of reaction of methyl radicals with Cu?*,,* which if
reaction 15 is also not fast will result in kinetics that apparently
do not involve a homolytic contribution.

Registry No. CuCH;*, 67049-30-3; CH,., 2229-07-4; Cu®, 17493-
86-6.
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The Rh(I) binuclear A-frame complexes [Rh,(CO),Cl-
(dppm);,)BPh, and [Rh,(CO),Cl(dam),)BPh, with the structure

where E = P or As and
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