< AD=A063 660 MASSACHUSETTS INST OF TECH CAMBRIDGE DEPT OF CHEMISTRY F/G 7/3 :
] COMPETITIVE RADIATIVE DECAY AND METAL=MFETAL BOND CLEAVAGE FROM ==FTC (1))

JAN 79 J C LUONG? R A FALTYNEKe M S WRIGHTON NOOO14=T75=C= onao
UNCLASSIFIED TR=1%&

END

DATE

FILMED
J=79




R —

ADA0 63660

PY.

Sy o i =

4

DDC FiLE co

——BY e o Tevee Ph3ERETCL 3T, T8 Pheranthrof ine) (E = Sn, Ge) exhibit optical

* (ﬂ ' a”-'")f. 0’;

Unclassified

SECURITY CLASS!IFICATION OF THIS PAGE (When Dats Entered)

REPORT DOCUMENTATION PAGE

RES Y 7S 124 TIONS! . =
BEFORE COMPLETING FORM

1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALNG NUMBER
ONR-TR-14
4. TITLE (and Subtitle) Competi tive Radiative Decay and 5. TYPE OF REPORT & PENIOD COVERED

Metal-Metal Bond Cleavage from the Lowest Excited| Interim Technical Report
State of Triphenyltin- and Triphenylgermanium-tri-

carbony1(1,1 0-phenanthroiine)rhenium 6. PE1F. 4ING ORG. RZPOR: NUMPER
7. AUTHOR(a) 8. CONTRACT OR GRANT NUMBER(s)
J. C. Luong, R. A. Faltynek and M. S. Wrighton NC0014-75-C-0880"

9. PERFORMING ORGANIZATION NAME AND ADDRESS

Department of Chemistry”
Massachusetts Institute of Technology <;:\\\\, NR-051-579
| Cambridge, Massachusetts 02139 C}{Z\\
Yy &£ L
$ /\:67
7

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

11, CONTROLLING OFFICE NAME AND ADDRESS ‘>|2. REPORT DATE
Department of the Navy <:25§; e A T ng 1970
Y

13. NUMBER OF PAGES

N i ] ]
gnrio”lqlqlﬁco) 15. SECURITY CLASS. (of this report)

“,. s/
s s
,fg) O Unclassified
/ 1Sa. DECL ASSIFICATION/ DOWNGRADING
R ‘ SCHEDULE

Offjce of Nayal.Research

16. DISTRIBUTION STATEMENT (of this Report) N

Approved for public release, distribution unlimited. Reproduction is
permitted for any purpose of the United States Government

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, I different from Report)

Distribution of this document is unlimited.

18. SUPPLEMENTARY NOTES

Prepared for publication in the Journal of the American Chemical Society.

19. KEY WORDS (Continue on reverse aide if ary and identity by block number)

optical emission, bond cleavage, quantum yields, lowest excited state,
excited state dissociation constant

emission (~750 nm) from the lowest excited state in CHzC1,/CCl4 solutions at
.298°K and_also give E-Re bond cleavage ¢ = 0.25) upon photoexcitation under
the same conditions. Both the relative emission quantum yield and the reaction
quantum yield for C1Re(C0)3(1,10-phenanthroline) formation are independent of |
excitation wavelength cons?stent with reaction and emission originating from thg
Towest excited state. The emission is now quenched by CCls in benzene solution|

ruling out excited state, bimolecular, electron transfer to CCls as the, (over)

DD ,75v%; 1473  £oimion oF 1 nov 68 is ossoLETE Unclassified
8/N 0102014+ 6601 |

?)ﬁsr THIS PAGE (When Deta Entered)

- T e - CESES———



e

TR T N

Unclassified
X

pCURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

reaction mechanism. Rather, the mechanism is 1ikely slow £10%8 sec']) E-Re
dissociation. This notion is in accord with a Towest excited stateswhich is
(E-Re)oy, + (1,10-phenanthroline)n”CT in character.

)( (a lmox, %p’“j _fu)

_ACCE SSI0N for

ms
Dog R
UNABLOY#0

] .;--ynm, ps,’rs
. ‘;',‘;VCML

SECURITY CLASSIFICATION OF THIS PAGE(When Date EBntere)




OFFICE OF NAVAL RESEARCH
Contrac%@-ZS-C-ﬂSM ) /

g
J’VECHNICAL/KEPGR}/O. 14

—— 2t s TR b ——

RIS oS S o i
Competitive Radiative Decay and Metal-Metal Bond Cleavage from the !

\:

Lowest Excited State of Triphenyltin- and

Triphenylgermanium-tricarbony1(1,10-phenanthroline)rhenium \
i !

by “
@ John C.[Luong, Robert A./Faltynek st Mark S/ Wrighton’ / |

B ——

“"Department of Chemistry '
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139 /

Reproduction in whole or part is permitted for any purpose of the 3
United States Government. -

Approved for public release; distribution unlimited.




L U0 W e g (s S

R T |

v ——

Competitive Radiative Decay and Metal-Metal Bond Cleavage from the Lowest

Excited State of Triphenyltin- and Triphenylgermanium-tricarbonyl(1,10-

phenanthroline)rhenium s

§

*
John C. Luong, Robert A. Faltynek, and Mark S. Wrighton

Department of Chemistry
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

Abstract: The complexes: Ph3ERe(C0)3(].10-phenanthroline) (E = Sn, Ge)

exhibit optical emission (~750 nm) from the lowest excited state in

CH2C12/CCI4 solutions at 298°K and also give E-Re bond cleavage (¢ = 0,25)

upon photoexcitation under the same conditions. Both the relative emission )
quantum yield and the reaction quantum yield for ClRe(C0)3(1.lO-phenanthroline)
formation a}e independent of excitation wavelength consistent with reaction

and emission originating from the lowest excited state, The emission is not

quenched by CC]4 in benzene solution, ruling out excited state, bimolecular,

electron transfer to CC]4 as the reaction mechanism. Rather, the mechanism )
is likely slow (~10§ sec']) E-Re dissociation. This notion is in accord with

a lowest excited state which is (E-Re)ab + (1,10-phenanthroline) w*CT in

character.
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Competitive Radiative Decay and Metal-Metal Bond Cleavage from the Lowest
Excited State of Triphenyltin- and Triphenylgermanium-tricarbonyl (1,1Q-
phenanthroline)rhenium . ‘

sir:

The rate constants associated with dissociative excited state processes
in organometallic complexes have generally not been evaluated, despite the
need for such measurements in directly assessing excited state reactivity.
There are now a number of reports of bimolecular excited state reaction

1-7 In this communication

rate constants for electron and energy transfer.
we report the synthesis and electronic spectral and photochemical character-
jzation of a set of complexes Ph3ERe(C0)3L (E=Ge, Sny L = 1,10-. "~ -
phenanthroline, 2,2'-bipyridine ) where it is possible to evaluate k*dissoc.
associated with the excited state dissociation (1). This represents the

first such determination for any metal carbonyl complex, and in particular,

k*
[E- Re]* —91SS0C: f. 4 pe. (1)

these results bear significantly on the now well-studied metal-metal
bonded complexes.s']5 - :

Spectral properties for complexes studied are given in the Table; they
are prepared by slow addition of a THF solution of Ph3ECI reaction to a THF
solution of the appropriate [Re(C0)3LJ' under Ar. lReCD&L]' is prepared by the
1% Na/Hg reduction’of C1Re(C0),L in THF solvent. Tﬁe highly colored E-Re
bonded complexes are formed in good yield (v50%) and can be purified by
precipitation from concentrated CHZCI2 solution by addition of isooctane.

The complexes which have received detailed study to date are for E = Ge

and Sn and L = 1,10-phenanthroline and these two substances have satisfactofy
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elemental analyses (Alfred Bernhardt, West Germany). Anal. (C33H23N203Re5n);
Calcd (Found) % C = 49.52 (49.34); H = 2.90 (2.92); #N = 3.50 (3.26)3(Cy5~

H23N203ReGd %C = 52.54 (52.66); %H = 3.07 (3.12); N = 3.71 (3.84). |

§———

The uv-vis absorption spectra of the complexes Figure 1 and Table are
similar to those previously found® for (0C)gRe-Re(CO) 4L, except for the

differences in the energetic position of the bands. We

as in the previously studied Re-Re system. Asusuc'af’b’ad’]ﬁ']8 for such metal carbonyl
complexes the CT absorption depends markedly on the solvent; for example

the first absorption maximum is at ~440 nm in CH3CN and ~470 nm in benzene.

il

attribute the first absorption band to a metal-metal éb to Ln* CT transition j
- Ph3ERe(C0)5 complexes absorb only at wavelengths <350 nm, ruling out a l
op * o* type transition in the visible; Oy + o* transitions are generally :
not too solQent sensitive.8 The 2,2'-biquinoline complex has been prepared
and compared to the others, and the first band is at substantially lower energy :
in accord with the (E-Re)ob > Lo CT assignment.sb’8d fé
What is novel is that some of the Ph3ERe(C0)3L complexes exhibit detect- ‘,
able émission upon photoexcitation in fluid solution at 25°,
Figure 1. The emission yield is fa%r]y low (0«:10'3) and the complexes are
very Photosensitive (¢ = 0.25) and the excitation spectrum for wavelengths
longer than 300 nm shows that the emission effidency is wayelength independent. The enission
lifetime in degassed 0.55_CC14/CH2C12 solution is 2.6 usec and 1.8 usec for
PhsﬁeRe(CO)3(1.lo-phenanthroline) and Ph3SnRe(CO)3(1,lO-phenanthroIine),

respectively, at 25°,
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Photoexcitation of the complexes in degassed CH2C157CC14 solutions also
results in photoreaction. C]Re(£0)3L is formed quantitatively chemicaliy,
and the reaction quantum yields for Ph3GeRe(C0)3(],10-phenanthro]ine) and
Ph3SnRe(C0)3(1,10-phenanthroline) are independent of the excitation wave-
lengfh, Table. Thus, it appears that reaction and emission are detectable
from the same lowest excited state. Consistently, the em{ssion and reaction
are quenched by the triplet quencher anthracene (ET = 42 kca]/moﬂg). The

lg'and the Stern-Volmer constant obtained

quenching obeys Stern-Volmer kinetics
is the same for emission, lifetime, and reaction quenching, Figure 2. This
confirms that chemistry and emission result from the same excited state. The
fate of the Ge- or Sn-centered fragments has not been quantitatively
determined, but E-C1 bonded compounds have been identified as products

upon irradiation in the chlorocarbon solutions.

Importantly, it appears that the reaction of the excited state is of the
dissociative type and is not one wheré the excited state reacts bimolecularly
with the chlorocarbon, The eyidence for this is twofold. First, the
complexes emit in benzene solution but concentrations of CC]4 up to 1M do not
quench the emission, while irradiétion in the presence of even O.IM_CC14 gives
clean generation of ClRe(CO)3L. Second, irradiation of the reactive complexes
in THF and other solvents yields eff?cient conversion to as yet unidentified
products which do not have an E-Re bond as evidenced by bleaching of the low energy visible
spectrum. The disappearance quantum yidds are simflar 1o _'dnse faund h the presence of CC14.
Knowing the reaction quantum yield and the emission lifetime under the
reaction conditions allows the evaluatiop of the rate constant (k*dissoc) for ‘
conyersion of the exéited state to product. For the Ge and Sn complexes studied
here the valugs of k*dissoc. are 'I.OxIO5 and l.3x105 sec‘]. respectively.20
Assuming that.the excited state does not relax to a lower state which reacts very
rapidly, these can be regarded as being associated with excited state dissociation

of the E-Re bond, eq. (1). The excited state rate of E-Re bond cleavage is

e
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very conservatively 10" times the ground state rate constant, since there is

no detectable dark reaction over observation times of ~two weeks under conditions

1

where the excited state rate constant is ~105 sec '. Such tremendous enhancement

in reaction rate constants is probably common upon exc{fatian of organometallics,
but rarely have we had the opportunity to measure the excited state reaction
rates. The (E-Re)ob -+ Ln*CT transition only reduces the o bond order by
one-half, in.;ontrast to the situation in an(co)]0 and related complexes

where the o> 0* can reduce the Mn-Mn bond order to zero? 'The,k*dissoc.

values that we have measured are actually quite modést, but it is very likely

that the k* for op* o* type excited states would be several orders of

dissoc.
magnitude higher than for the (E-Re)ob -+ Lm*CT excited states studied here?]
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Figure 1. Absorption and emission of Ph3GeRe(C0)3(_1,10-phenanthroline).

! The emission spectra are corrected for variation in detec;cor sensitivity
and are excited at 480 nm. The sensitivity for the 298 and 77°K emission
is not the same, and the absorption spectral change from 298 to 77°K is

not corrected for solvent contraction. *

Figure 2. Stern-Volmer plots for anthracene quenching of emission intensity

(o), emission lifetime (o) and reaction quantum yield (A) for 2 x 10'3m ’
P.h3GeRe(C0)3(1,10-phenanthro'|ine) at 298°K in a degassed CH2C12 solution of ;

. 0.5 M CC1,. 1
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