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Irradiation in the LF band$A; — 1E(1) and!A;g — *Ayg 'Eg leads to NH photolabilization oftrans[Ru-
(NH3)4(P(I1))H20]%2* complexes and to Niand P(ll) photolabilization ofrans-[Ru(NHz)4(P(l11))2]2" species.
For both series of complexaBy, has essentially the same experimental value of 88403 mol/einstein. The
@p(yy values for the bis(phosphane) complexemns[Ru(NHz)4(P(11));]?" are in the 0.0340.070 range for
P(lll) = P(OCH)3 and P(OGH,4Cl)s. No clear relationship could be established between the cone @ngide
phosphane or the formal potenti&! ruguyruqy and the correspondingnq, and ®p(y data for the complexes
studied. The NHligand is selectively photolabilized when th@ans[Ru(NHz)4(P(Il1)),]? and thetrans[Ru-
(NH3)4(P(llI))H,0]?" species are irradiated with energies corresponding totAhg — A,y and 'A; — A,
transitions.

Introduction be observed?13 However, photooxidation has also been

. . . observed at high energies for [Ru(Mkpy]?" and [Ru(NH)s-
Most photochemical work concerning ruthenium complexes CH3CNJ2* specied2 14

is related to charge transfer absorptién¥. The ligand field The electronic spectra in solution of thans[Ru(NHs)s-
bands (LF) in ruthenium complexes with unsaturated ligands (p()),]2+ andtrans[Ru(NHs)«(P(II1))H,O2* complexes, P(I1l)
are usually obscured by the more intense charge transfer bands- p(QRy, P(R), exhibit well-defined® 16 ligand field bands
and therefore are less accessible for photosubstitution staéfes. (LF), without the interference of intraligand (IL) or metal-to-
In studies of ruthenium complexes having only saturated jigand charge transfer (MLCT) absorption.

ligands!~* photoredox reactions occur from higher energy ~ajthough inert with respect to substitution reactions, owing
charge transfer from the complex to the solvent (CTTS) (4 the strong Ru(Iy-P(lll) back-bonding®22 interaction in such

statesi>!3 In some instances, CTTS and LF states are close in complexes, the Ru(ll) center is also quite resistant to oxidation,
energy and both photoredox and photosubstitution can thereforemaking the internal conversion from LF states to CTTS states
more difficult. Therefore, this class of compounds offers a
* To whom correspondence should be addressed. unique opportunity to study the ligand field excited state

) %’:fgﬁ?t g“?"gggd 'g\déajCiéccsh/e*ﬁftg%cctﬁ%;"f%gl97261'3 and photochemistry without complications due to redox or secondary

references therein. thermal reactions.
(2) Carlos, R. M.; Newmann, M. G.; Tfouni, Enorg. Chem, in press An additional incentive to undertake this work is the
(see also references therein). i i i i
(3) Thouni, E.. Ford, P. Clnorg. Chem 1980 19, 72 and references </ Satlity of the phosphanes (phosphites and phosphines) with
therein. respect to theiw-donor ands-acceptor properties and steric
(4) Pavanin, L. A.; Rocha, Z. N.; Giesbrecht, E.; TfouniJiorg. Chem hindrance, which can be controlled by changing the substituents
® g?l9l 3& 2%?5 a_r‘dEfeéereknC?Atgetfemt- Central £ Phot on the phosphane ligand. This paper describes in extensive
ilva, M.; Tfouni, E.Book of AbstractsCentral European Photo- . .
chemistry Conference, Krems, Austria, 1993; p 55. pho.toreactlvny _study .of the Ru(ll)_ center in a contr(_)IIed
(6) Balzani, V.; Scandola, Supramolecular Photochemistdohn Wiley environment, with particular emphasis on the role of steric and
& Sons: New York, 1986. electronic effects.
(7) Zukerman, J. dnorganic Reactions and MethadgCH Publishers:
Weinheim, Germany, 1986; Vol. 15. Experimental Section
8) Ford, P. C.; Wink, D.; Dibenedetto, lhorg. Ch Rev. 1983 30, . .
®) 2%. n foenedetio, fhorg. Lhem e 3 Chemicals and Reagents Ether, ethanol, and acetone were distilled
(9) Kalyanasundaram, K2hotochemistry of Polypyridine and Polypyridine ~ under reduced pressure before use. All other materials were reagent
and Porphyrin Complexe#Academic Press: London, 1992. grade and were used without further purification. Ruthenium trichloride
(10) Roundhill, D. M.Photochemistry and Photophysics of Metal Com-
plexes Plenum Press: New York, 1994. (14) Hintze, R. E.; Ford, P. Q1. Am Chem Soc 1975 97, 2664.
(11) Ford, P. C. Innorganic Reactions and Methad&uckerman, J. J., (15) Franco, D. W.; Taube, Hnorg. Chem 1978 17, 571.
Ed.; VCH Publishers: Boca Raton, FL, 1986; pp-869. (16) Franco, D. Winorg. Chim Acta 1979 32, 273.
(12) Ford, P. C.; Stuerner, D. H.; McDonald, D. £.Am Chem Soc (17) Franco, D. Winorg. Chim Acta 1981 48, 1.
1969 91, 6209. (18) Sernaglia, R. L.; Franco, D. lhorg. Chem 1989 28, 3485.
(13) Matsubara, T.; Ford, P. @org. Chem 197§ 17, 1747. (19) Franco, D. WCoord Chem Rev. 1992 119, 199.
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(RuCk:3H,0) was the starting material for the synthesis of the Table 1. Spectral Characteristic& ruqiyruq), and Rates of
ruthenium complexes. Doubly distilled water was used throughout this Aquation for Ruthenium(ll) Ammine Complex€sin Aqueous

work. Solution (CRCOOH, 1.0x 1072 M)2
Syntheses.[Ru(NH;)sCI[Cl, [Ru(NHs)_sHZO](PFs)z, andtrans[Ru- trans[RU(NHs),LY] 2* a 1% M- o K

(NH3)4(P(OR})2](PFe)2 (R = CHa, CoHs, 'CsH7, CaHs, 'CaHe, CHAC, L v ameml Vs BCS S,ZP;(O?(')S

CsH12N3) were synthesized and characterized according to literature

procedured®1® trans[Ru(NHs)4(P(l1))H,0](PFs), were generated in -~ P(OCH)s H.0 317 57 0.50

solution from the correspondirtgans-[Ru(NHs)a(P(111)),])PFe). salt by 392 0.29

dissolving a known amount of the solid in 10102 M trifluoroacetic P(OGHs)s H20 316 64 0.50

acid solution. P(OC:H) H,0 36 56 048
trans[Ru(NH3)5P(CBH4-mCI—|_3)3](PF5)2 andtransr_[Ru(NH3)4(P(Q3H - P(OQ3H97) 33 Hio a1e 6:4 0:44

p-CHs)s)2](PFs)2 were synthesized by the following procedure: A 0.5 388 0.32

g sample of ligand was dissolved in 150 mL of dry deaerated acetone p(QC,Ho)s H,0 316 5.5 0.48

under continuous argon bubbling, in the dark. After 20 min, 200 mg P(OGH,Cl)s H,O 313 6.3 0.61

of [Ru(NHs)sH20](PFs). was added, and aftd h ofreaction, the excess 387 0.15

solvent was eliminated by rotoevaporation. A precipitate formed upon P(GH12Na3) H>0 329 34 0.59

addition of 100 mL of ether and was collected under inert atmosphere, 379 0.32

washed with copious quantities of ether, dried, and stored in a vacuum P(GHa-m-CHg)s H-0O' 380 82 0.50

desiccator in the absence of light. The yields were 40% and 60%, P(CsHa-p-CHs)s HO' 370 7.9 0.50

respectively. Anal. Calc farrans[Ru(NHs)sP(CsHa-m-CHs)s](PFe)2: P(OGHes)s HzOf 316 7.8 0.66

C,32.32;N, 8.97; H, 4.65. Found: C,31.81; N, 8.78; H, 4.59. Found E(ggan)g EZSC ggg 12-? g-gg 240

for trans{RU(NHs)a(P(GHa-p-CHy)a)(PFs)z: C. 31.93; N, 8.88; H, (OCH)s (och)s 202 51 : :

4.61. The aquo specigsans[Ru(NHz)P(GHs-m-CHs)sH20](PFs)2 360 0:45

and trans[Ru(NHs)qP(CsHa-p-CHs)sH,0](PFs). were generated in p(oGHy), P(OGHs)s 260 4.3 0.65 2.20

solution from aquation of the corresponding species [RujB{CH.- 297 26

mM-CHa)3](PFs)2 and trans-[Ru(NHz)a(P(CsHa-p-CHa)3)2] (P Fe)2. 359  0.44
trans[Ru(NHs)4P(OGH11)sH20](PFs). was obtained dissolving 0.5~ P(OCsH7)s P(OCsHy)s 262 4.8 0.63 8.40

g of the ligand P(O€H;1)3 in 80 mL of previously deaerated acetone. 294 3.1

After 20 min, 200 mg of [Ru(Nk)sH-O](PF;). was added to the  P(OGHo)s P(OGHo)s ggi ‘2"% 0.64 1.90

solution with continuous argon bubbling in the dark. After 3 h, 20 :

mL of neopentyl alcohol was added for precipitation. After 24 h, the P(OC:Hq): P(OC:Hq): ggi ‘21'% 0.60 1.30

precipitate was collected and washed with ether, dried, and stored in a ’

vacuum desiccator in the absence of light. Yield: better than 60%. POGH.Cl)s POGHCl)s géi 32 7 0.96 450

Anal. Calc: C, 24.39; N, 7.59; H, 6.42. Found: C, 23.24; N, 7.36; 204 3.7

H, 6.25. All the complexes were characterized by -tWsible o
spectroscopy and cyclic voltammetry aUncertainties:Amax & 2 nM; € + 10%;E* + 0.02 V; Cy+ = 1072
P ; ) . —10% 25.0 + 0.2 °C. ? Ethanol/water, 1:1Cr, = 1.0 x 1075 M.
Spectra. Electronic spectra were recorded at room temperature using ¢ Ethanol/water, 1:1Cr, = 1 mM. ¢ Calculated on the basis @&,
quartz cells. Spectral deconvolution was performed using the Gaussiare optzined thro’ugﬁ degonvolutioﬁ techniqi@his work. P
deconvolution routine of the HP 8451-A system software. The EP
spectra were recorded at liquid nitrogen temperature, using a BrUKerextrapoIating back to 0%. Reported quantum yields are the average
ESP 3C_)OE spectrometer. . of at least three independent determinations.
Cyclic Voltammetry. The cyclic voltammograms of the complexes Photoaquation of Ammonia. Since electronic spectra dfans
were taken with a Model 170 PARC electrochemical system consisting [RU(NHs)3(P(ORY),H0)]2+ andtrans[Ru(NHs)s(P(OR))2]" should
of a Model 175 Universal programmer, a Model 173 potentiestat e very similar and since the use of an ancillary ligand to substitute
galvanostat, a Model 376 voltageurrent_conversor, and a Model Re ¢ equatorial Ni ligand is precluded by the sluggishness of this
0074 X-Y recorder. The electrochemical cells were of the three- inarmal reaction. we decided to quantify the Nptoduced from pH
electrode type with a saturated calomel electrode (SCE) as the referenceneasyrements at pk 4.0. The pH changes were used to evaluate
electrode and a platinum wire as the auxiliary electrode; the working e release of ammonia from the Ru(ll) coordination sphere. After

electrode was a glassy-carbon electrode. photolysis, the pH values of the dark and irradiated solutions were
Photolysis Procedures. Irradiations at 313, 330, 370, and 390 nm  determined. The quantum yields were calculated from differences in
were carried out by using an Osram 200 W-Hgnon lamp in an the hydrogen ion concentration of these solutions.

Oriel Model 6292 Universal arc lamp source with an Oriel interference Photoaquation of P(lll). These reactions were followed by
filter for monochromatization£10 nm band-pass), an infrared filter, measuring the aquo complérans[Ru(NHs)4(P(lI))H,0]** formed
and a thermostated cell holder. Photolysis reactions were carried outupon photolysis. The aquo complex was evaluated from spectropho-

in aqueous trifluoroacetic acid solutions containing £.00°%to 1.5 tometric measurements of the complex iwans[Ru(NHz)4(P(I11))-
x 1073 M of the desired Ru complex. Ferrioxalate actinometry was (pz)]2*.1519 The pyrazine derivativelfax = 352—370 nm interval e
used for light intensity measureme#i#$. Solutions for photolysis and = (31-57) x 1®® M~t cm™!) was generated by adding a weighed

dark reactions were prepared and deaerated with purified argon in aamount of pyrazine to the photolyzed Ru(ll) complex solutions. Initial
Zwickel flask and transferred to 1.0 cm path length quartz cuvettes ( pH values of the solutions for P(lll) guantum yield measurements were
= 4.0 mL). During photolysis, the solution was continuously stirred adjusted ta=2.0 and=3.0.

by a small magnetic bar in the cell. All photolyses were carried out at . .
25.0+ 0.1°C. Corrections were made for thermal reactions during Results and DISCUS_SIOI’]

photolysis by using a dark unirradiated sample prepared in a manner N agueous solutiortrans-[Ru(NHz)s(P(I11))2]** undergoes
similar to that for the photolyzed sample. For spectroscopic quantum thermal aquation, yielding theans[Ru(NHz)4(P(l11))H20]%*
yield determinations, the samples subjected to photolysis were periodi-complex ions, eq 1 (see Table 1). The half-lives for these
cally monitored by recording the UWis spectra. Digital Micronall reactions in acidic mediaC+ > 1074 M), where the free
B375 and Analion PM600 pH meters were employed to evaluate pH
changes as the result of photolysis.

Photolysis conversions did not exceed 10% for phosphite photo- H2O + trans[Ru(NH,),(P(OR))]

aquation and 20% for ammonia photoaquation. Quantum yields were op
calculated by plotting quantum yields versus percent reaction and trans[Ru(NH,),P(OR)H,0]" + P(OR), (1)

2+ K
kg
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EA - in the 0.44-0.66 V interval. Therefore, as judged from the
R — E®' rugnyruqry data (see Table 1), both classes of compounds are
E — not very air sensitive.
isc For the phosphane complexBS ryqyruqy is at least 0.5 V
more positive than those for the hexaammir® 17 V) and
isc aquo pentaammine-0.18 V) specie€® As a consequence, and
- in analogy with the behavior of the acetonitrile complekes,
the charge transfers from the complex to the solvent bands
ic (CTTS) for the trans[Ru(NHz)4(P(l1))2]2" and trans[Ru-
(NH3)4(P(I))HOJ%" species are expectédo occur at energies
JE— — higher than 35.7 10° cm™! (280 nm) and out of the energy
— range of the irradiation used in the present study.
The electronic spectra of solutions containitrgns[Ru-
NHy (NH3)4(P(I11))5]?* and trans-[Ru(NHz)4(P(111))H,0]?* species
aquation are quite different? Fortrans[Ru(NHg)4(P(l11))2]%" complex
GS ions, two absorptions can be easily identiffetf aroundi =
260264 nm andi = 294—297 nm, which, according the to
expected values for a®dow-spin ion of D4, symmetry, have
been initially attributetf1” to A1 — By, Ey and A —
phosphite ligand is quickly hydrolyzed, are on the scale of 'Eg "AzgLF transitions, respectively (Table 1). A more careful
hourd”-19 (see Table 1). The hydrolysis of the free phosphite analysis of the electronic spectra, using deconvolution tech-
is acid Cata|yze‘aV21 and therefore does not produce any Change niques, allows the identification of a weak band around 360

I
H

A, N A ) )
aquation

Figure 1. Qualitative Jablonski diagram ferans [Ru(NHs)4(P(l11))] 2"
and [Ru(NH)4(P(1l1))(H20)]?" type complexes.

in the solution hydrogen ion concentration. nm (€ = 45 M~ cm™?). Considering P(lll) to be a strong-
In the complexes studied, phosphanes lead to a thermalfield ligand, the higher energy band (29297 nm) should be

labilization of the trans position and a delabilizafior?®22 of assigned to ahA14— 'E transition, corresponding to az, yz

the cis positions occupied by the ammonia ligands. These — Z €lectronic promotion. The lower energy band (359 nm)

systems show a thermal back-reaction at pH:.0. At Cy+ would be a'A1q — Az transition, corresponding to aty —

> 10735 M, the phosphite quickly hydrolyzes to phospho- X — Y* promotion.

natels-19.21 For theCy, trans[Ru(NHz)4(P(I11))H,0]?* complex ions, the

observe# absorption in the range= 298-380 nm (see Table

H,O + P(OR),— P(OH)(OR) + ROH ) 1) has been attributé&'” to the symmetry and spin-allowed

1A; — 1E(1) LF transition. Again, a more detailed analysis of
The phosphonate and the phosphite, in equilibrium in solution, the electronic spectra, using deconvolution procedures, allows

are not abl&192223t0 coordinate to therans[Ru(NHs)s- identification of a weak absorption at= 379-392 nm ¢ =
(P(II))H,0]?" species. 15-32 Mt cm™). In these cases, # replaces a P(ORDf
higher LF strength. Using the same reasoning as inDlpe

P(OH)(OR), < P(O)(H)(OR), (3) cases, the higher energy band can be assigned aan 1E

transition (arxz, yz— z2 promotion) and the lower energy band
Therefore, the solutions employed to measure phosphite pho-to an*A; — A, transition, (anxy — x2 — y? promotion).

toaquation were adjusted @+ > 103 M to avoid the thermal Usually, the 'A; — A, transition is reported to be
back-reaction of phosphite. As judged from the electronic and obscured& 26 by the strongetA; — E(1) transition at higher
voltammetric spectra, in acidic solution€(+ > 1074 M) energy. The existence of a lower energy weak baad (~
protected from light, thérans-[Ru(NHs)4(P(l11))H20]%* com- 'A2) in d® low-spin systems withCs, symmetry has been
plex ions do not exhibit any evidence of decomposition on a described for other & low-spin complexes containing ligands
time scale of week¥~19.22,23 with O, N, S, and P donor atoms.

Regarding the phosphines, the aquated P(lIll) ligand lives The possibility of these low-energy bands being assigned to
sufficiently long to possibly recombine with thieans[Ru- spin-forbidden transitions must also be considered. Since the
(NH3)4PRs(H20)]?>* species formeéd® However, sinceCpi low-energy bands for both series of complexes reported here

< 1075 M, under our experimental conditions, the recombination (D and Cy,) are associated with axy — x? — y? excitation
reaction has been neglected on the time scale of the experimentsand the equatorial ligands for all the cases aresNtHeir
Table 1 also summarizes the voltammetric and electronic energies are expected to be nearly the same. Howeveihe
characteristics of the complex ions dealt with in this work, and — Az transitions for theC,, species lies at energies lower than
Figure 1 illustrates the general electronic spectral features ofthe observedAq — Ay transitions for theDsn, complexes.

these species. Therefore, considering the observed low molar absorptivities
The voltammetric curves fdrans[Ru(NHz)4(P(l11))2]%" and and the spir-orbit coupling effects in the case of ruthenium
trans[Ru(NHz)4(P(I11))H20]?t in aqueous solutions exhibit, in ~ complexes, it is conceivable that an alternative assignment for
each case, only an electrochemically reverdfoR®23 one- the low-energy bands of both series of complexes can be made
electron process. For the bis(phosphane) speciek;fgiyru) attributing them to the spin-forbidden transitiohs; — 3A;

values are usually in the range 0-63.96 V, whereas for the — and *A;g — A5 However, this last assignment has same

mono(phosphane) complex ions, the redox formal potentials areinconsistencies. If the weak band is assigned to the spin-
forbidden transitions, the absorptions at 313 and 297 nm must
(20) Vasconcellos, L. C. G.; Frugeri, P. M.; Mazzetto, S. E.; Franco, D. to be credited to théA; — 2A; and'Aq — 2Ay4 transitions,

21) wén'\frigl;fjcrg)tg] Pé%%?‘r]agggl%z 1365 and references therein respectively. Nevertheless the molar absorptivities for these
(22) Nascimento Filho, J. C.. Rezende. J. M.; Lima Neto, B. S.; Lima, J. transitions are too high for these symmetry-forbidden transi-

B.; Franco, D. W.J. Mol. Catal. 1994 90, 257.
(23) Lim, H. S.; Barclay, D. J.; Ansom, F. Ghorg. Chem 1972 11, 1460. (24) Macartney, D. Hinorg. Chem Rev. 1988 9, 101.
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tions2526 Furthermore, we observed recently in our laboratory
that the luminescence of Th{lat 545 nm, is suppressed by

Mazzetto et al.

Table 2. Quantum Yields for Photoaquation Reactions of
Ruthenium(ll) Tetraammine Complexes

the compounds dealt with in this work.

trans[Ru(NHz)4LY] 2+

The possible photosubstitution reactions for these complexes
are depicted in eq 4. Reaction 4 occurs both thermally and

trans [Ru(NHy),(P(IN)L] 2 + H,0 7=
trans[RU(NH,),(P(I1I))(H,0)*" + L (4)

photochemically for L+ P(lll); the reactions for I= H,O were
not investigated. Reaction 5 does not occur therréa®) on

trans [RU(NHy),(P(IIN)L] 2 + H,0 =
[Ru(NHy)4(H,0)(P(1)L]%* + NH, (5)

the time scale of the experiments but occurs photochemically
for all the complexes studied. Reaction 6 is not observed either

trans [Ru(NHy),(P(IN)L] 2 + H,0 —=
trans[Ru(NH,),(H,O)L]*" + P(lll) (6)

thermally or photochemically for & H,0 but is observed for
L = P(IN).

The observed photoreactions are all photosubstitutions and
are consistent with transitions involving depopulation of a Ru-
(I1) orbital of t,q parentage and population obé orbital of g,
parentage, leading to an excited state withg8e;® electronic
configuration capable of undergoing substitution reactions.

Photolysis of trans-[Ru(NH3)4(P(lll)) 2]2". Table 2 sum-
marizes the quantum yield data for the photoaquation reactions
studied for these complexes.

Continuous photolysis of acidic solutions (gh 4.0) with
monochromatic light leads to the photoaquation of ;Nithd
P(OR}. Upon P(ORj aquation, thetrans[Ru(NHs)sP-
(OR)%H20)]%" species, which absorbs in the= 313—-317 nm
interval (see Table 1), will be formed.

The characteristic absorptidisof the trans[Ru(NHz)4P-
(OR)H,0J3* (for R = Et, Amax= 285 nm,e = 8.1 x 1* M)
and trans-[Ru(NHs)4(P(OR})2]3" specie®® (for R = Et, Amax
=292 nm,e =5.9x 1® M~1cm™) are absent in the electronic
spectra of the photolyzed solutions. Furthermore, photolyzed
solutions of trans[Ru(NHz)4P(OR%(H.OJ?" and trans[Ru-
(NH3)4(P(ORY),]?" are EPR silent. Therefore, it is reasonable

0.2 ir® D, Dp(oR),
Y deg nm mol/einstein mol/einstein
P(OCH)s P(OCH)s 107 313 0.3G£ 0.02 0.034+ 0.002
370 0.32£0.0# <1072
P(OGHs)3 P(OGHs)z® 109 313 0.3G£ 0.02 0.040+ 0.003
370 0.27+0.0# <1078
P(OC3H)3 P(OCsH7)s 130 313 0.3H0.02 0.044+ 0.003
P(OCGHog)3 P(OCHg); 112 313 0.35£0.03 0.060+ 0.003
P(OC4Hg)s3 P(OCsHg)s 172 313 0.34£0.03 0.067+ 0.004
P(OGH.CI)3 P(OGH4Cl); 110 313 0.33:0.02 0.070+ 0.003
P(OGHs)3 cor 109 313 0.2A4 0.03
P(OCH)s H>O 107 313 0.36£0.03
390 0.34+0.05
P(OGHs)3 H0 109 313 0.34:0.06
390 0.30+0.04
P(OC3H7)3 H20 130 313 0.35:0.02
P(OGHog)3 H>0 112 313 0.36:0.04
390 0.32+0.06
P(OC4Ho)3 H>0 172 313 0.36£0.03
P(OGH4Cl)3 H20 110 313 0.36£0.02
P(OGHs)3 H>0 128 313 0.36£0.03
P(CsH12N3)P H.0 102 330 0.32£0.04
370 0.30+0.05
P(GHs-m-CHg)s H20O 170 330 0.4Gt0.03
370 0.40+0.03
P(GsH4-p-CHz)s H20 145 330 0.36£0.04
370 0.36+0.04
P(OGH11)3 H>0 170 313 0.35:0.02

aCone angle; ref 302 Reference 20¢ Reference 31; the previous
value of ®poep, = 0.12 was misreported.313 nm forlA;; — 1Eq(1)
transition; 370 nm fofA;y — A, transition.

Therefore, the pH changes @4+ < 104 M are determined
only by the photolyzed NElligand.

Photolysis of trans-[Ru(NH3)4(P(lll))H ,O]?*. Table 2
shows the quantum yields for the photoaquation reactions of
this complex. Continuous photolysis with monochromatic light
of aqueous solutions results in ammonia photoaquation (eq 5).
The experimental results indicate that no photooxidation of the
Ru(ll) complex occurred during photolysis. Under the experi-
mental conditions, phosphane photoaquation was not observed
and water photoexchange was not investigated. The exchange
of the water ligand with the solvent was spectrally undetectable
and the thermal lability of the water ligand, due to the high
trans effect and trans influence of P(lll) ligands, precluded
isotopic labeling studies.

Reaction 6, corresponding to phosphite photoaquation, would

to conclude, as expected on the basis of the electrochemicalgeneratérans[Ru(NHs)a(H20)]2*, which absorb® ati = 277

data, that no photooxidation reactions take place during the
photolysis process.

The photochemically or thermally forméxdns[Ru(NHz)4P-
(ORX%H,0)]%" by itself does not affect the solution hydrogen
ion concentration. The actdans[Ru(NHz)4P(OR}H0]%" has
a K, highe®1819than 169 and the phosphitephosphonate
equilibrium does not involV&:1821 proton release or uptake.
Furthermoré? these thermal and photochemical aquation reac-

nm (¢ = 499 M1 cm™1) and is electroactive at0.14 V (vs
SCE). The photolyzed solutions iw&ns[Ru(NHs)4(P(l1))H0]?"

do not show any detectable absorbance increase at 277 nm or
any electrochemical process attributable totthas[Ru(NH3)4-
(H20)2]32+ couple. Furthermore, the addition of excess
isonicotinamide (isn, 0.50 M) ligand to the photolyzed solution
did not produce any absorption At= 474 nm € ~ 10* M1

cm™Y) indicative® of the presence dfans[Ru(NHsz)4(isn)]?T,

tions are partially suppressed by the phosphane back-coordinawhich would be formed under these conditions. Reaction 5 was
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(25) Lever, A. B. P.Inorganic Electronic Spectroscop¥lsevier: New
York, 1968.

(26) Orchim Mand JaffeH. H. Symmetry, Orbitals, and Spectra(sS);
Wiley-Interscience: New York, 1971.

(27) Rezende, N. M. S.; Martins, S. C.; Marinho, L. A.; Santos, J. A. V.;
Tabak, M.; Perussi, J. R.; Franco, D. \Morg. Chim Acta 1991,
182 87.

(28) Mazzetto, S. E.; Rodrigues, E.; Franco, D. Rélyhedron1993 12,
971.

accordingly the only photoreaction observed by spectrophoto-
metric, potentiometric, and differential pulse polarographic
measurements in the photolyzed solutions.

Quantum Yields. All complexes studied in this work display
essentially the same quantum yield values for ammonia pho-
toaquation. This is the main measured reaction for these

(29) Isied, S. S.; Taube, Hnorg. Chem 1976 15, 3070.

(30) Tolman, C. A.Chem Rev. 1977, 77, 313.

(31) Mazzetto, S. E.; Plicas, L. M. A.; Tfouni, E.; Franco, D. Worg.
Chem 1982 31, 516.



Selective Photolabilization Reactions Inorganic Chemistry, Vol. 35, No. 12, 1998513

)
~N

complexes. An attempt to correlate the photochemical behaviors

of trans[Ru(NHz)4(P(ll1))2]?" andtrans[Ru(NHz)4(P(Il1))H O]+
complex ions has been carried out by selecting phosphane W ]
ligands that present significant differences in steric and electronic g o5
effects. <
No clear correaltion could be established betwégphos- g
phane cone angle) arilyy, for thetrans[Ru(NHs)4(P(111))2]>" Q
complex ions. Neither could a trend be observed by comparing 003
E*' ruanyruqy for such species and their respectidg. 3
Similar results were obtained for th#ans[Ru(NH3)s-
(P(1l)H201?" complex ions. High¥ ligands inhibit thermal 014
bis complex formation, leading only teans-[Ru(NHz)4(P(IIl))-
H.OJ?". However, the observed similarity of tii values for 00250 " 300 ! 350 j 400

ligands with quite differen® values suggests that steric effects X(nm)

can be neglected in these photosubstitution reactions. Figure 2. Electronic spectra in aqueous solution (CBOH, 1.0x

Considering the Ru(IFyP(ll) bond to be coincident with the 153 \) of the trans [RU(NH3)a(P(OGHs)s)2]2+ complex ) and the
z axis, ammonia photolabilization must have arisen in all cases result of deconvolution (- - -) for this complex.

from labilization on thex and/ory axes, whereas phosphite
photoaquation must have arisen from labilization onzhgis. intersystem crossing to¥\,, LEES, since NH s exclusively

For Cy, trans[Ru(NHz)4(P(I1))(H20)]* complexes, no phos-  photoaquated. Irradiation with light of 313 nm is followed by
phite photolabilization was observed, and since water photo- intersystem crossing to lower energy excited states, the lowest
exchange was not investigated for these complexes, the experiof which is3A,. The P(lll) labilization should arise from ¥
mental quantum yield results for the photochemical process state lying betweeAE and3A,. Since irradiation at 370 nm
could not be explained by population of the drbital alone,  does not lead to P(lll) labilization, thi state which leads to
since NH photolabilization was also observed. Continuous P(l11) labilization should lie above or nedA; as illustrated in
photolysis of these complexes shows essentially the sameFigure 2.

ammonia photoaquation quantum yields (Table 2). Taken together, our results suggest that equatorial ligands
Taking into account the fact that Nighotolabilization occurs - ¢4 pe selectively photoaquated through the appropriate choice
for all complexes and that it comes fro_m Iabl_llzatlon onthe experimental conditions. With appropriate wavelength
and/ory axes, then the electronic configuration of the LEES gg|action, it could be possible, through deactivation, to populate
should have a contribution from theedy orbital. only the excited triplet state of lowest energy and consequently
Examination of -lz_fble 2 shows a striking feature for tfzes achieve the desired effect of selective ligand photosubstitution.
[RU(NHz)a(P(ID)]*™ species. Whereawy, Is iradiation - As far as we know, this work describes the first example of
Wavelenghth |rt11dep<;ndent, Pl ghotolablllzano? 'S nOth Itis selective ligand photolabilizatidn!! in Ru(ll) complexes. The
noteworthy, that the P(OM@)an .P(OE@.comp EXes Show synthesis of species involving ligand substitution in the equato-
Pa1T photplablllzatlon when _|rrad|ated with light of 313 nm rial position, laborious because of the inertia of the thermal
but exclusive NH photoaquation whepi; = 370 nm. reaction, could possibly be achieved through photosubstitution

The ®pyy wavelength dependence has some interesting : : DT X
Lo o S reactions. Experiments in this direction are underway in our
implications. The absence of P(lll) labilization upon irradiation laboratory and will be reported later

at 370 nm implies that, in this case, tlz& orbital is not
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Initial excitation to a A, state is followed by efficient 1C9509847



