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The Cr(NH)s(py)3t ion has been obtained by metathesis of CrgN@e,SOF* in pyridine, isolated as the
perchlorate salt, and characterized by absorptiga@at 467, 352, and 260 nm) and emission spediras@t 668
nm, 7 = 2.0us at 20°C in water) and by the py aquation rate 5 x 1074 s™! at 80°C). Ligand-field (LF)
band irradiation in acid aqueous solution {201 HCIO,4) induces photoaquation of py#(= 0.26) and NH (®

= 0.16). HPLC indicates that the latter reaction gives rise to bisthandtrans-Cr(NHz)4(py)(H.0)3", with the
predominance of the cis isomer. This is the first CrgX{?" species wher®, > ®y,: the result is compared
with the predictions of various photolysis models and is taken as chemical evidenc@éoeptance by the py
ligand. The photostereochemistry is also discussed. The phosphorescence is totally quenched®ys;Cr(C
(kg = 2.7 x 10°® M~1 s71), while the photoreactions are only in part. On 470-nm excitation@thédyy, ratio

is ~1 and~2 for the unquenchable and the quenchable contributions, respectively. Such a difference, suggesting
at least two reactive precursors, can be interpreted in terms of the photochemistry proceeding from either the

lowest doublet and quartet excited states or, alternatively, fronfEhand“B, states. Irradiation of the very
distinct absorption of coordinated pyridine results in both doublet-state emission and loss of py and NH
Comparison of this photobehavior with the LF results gives an efficiency of 0.7 for conversion of the py
localized* states into the Crlocalized LF states, confirmed by the wavelength dependence of the relative
emission yields. Some py release & 0.03) is concluded to originate in ther* states.

Introduction labilization, a prediction never before tested foaccepting
. . ligands in relation to the current photolysis mod€ls.
A number of pyridine complexes of chromium(ill) have been“an 5qgitional point of interest is that, upon coordination to

known since the early “”?es of coordination chemisty. the metal ion, the N-heterocycle retains its typical, intense UV
Altho.ughiliome have received spgctrosc@rﬁcand photo- spectral band associated with-7* transitions. Such a ligand-
physicat ™1 attention, no photochemistry has been reported to |5cji7eq (LL) absorption is often clearly distinct from both the
date for any of these compounds. LF and the charge-transfer (CT) absorptions which occur at
Various features of the pyridine ligand (py) warrant an |ower and higher energies, respectively. These species are,
examination in a photochemical context. One is the fair therefore, suited to an investigation of the possible migration
degree ofr acceptance, as inferred from4@nd electronit® of the excitation energy from LL, or ligand-centered, to LF, or
spectroscopy and expressed by a comparatively large negativnetal-centered, states.
value of thesrpy parameter in the two-dimensional spectro-  As an approach to the exploration of the excited-state
chemical serie8!! This is expected to bear significantly on  chemical behavior of the Empy moiety, we have chosen the
the selectivity of ligand loss caused by ligand-field (LF) cy(NH)s(py)3* prototype. Pentaammine complexes have, in
excitation. Thus far, the only monodentateacceptor group  fact, played an important role in the experimetét and
dealt with in photochemical studies of chromium(lll) has been heoreticall development of chromium(lll) photochemistry:
cyanide. However, the €/CN o bonding, exceedingly strong  more than a dozen Cr(N§EX? species have been investigated,

even in the excited states, overpowers any possilgentribu- with anionic and neutral X ligands spanning a variety of
tion to preferential bond clg:avage, so thaeffects cannot be  gjectronic and bonding properties. Since the complex in
evidenced for this ligan#-'> On the contrary, as the €py question had not previously been described, a synthetic challenge

o-bond strength is not extreme, thebonding component of 55 added to the photochemical study.
pyridine is postulated to be a discriminating factor in photo-
Experimental Section
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1) Pfeiffer, P.Z. Anorg. Allg. Chem1902 31, 401.
g2; For a literature sur%/ey SIO to 1969, see: Garner, C. S.; House, D. A. (CN)s]*" were prepared by standard methods. [CrgNte.SO)]-
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Caution! Even though no inconvenience was incurred in the present was reflected into the detector by a mirror not interfering with the
preparations, perchlorate salts of complexes with organic ligands shouldexcitation beam. Correction was applied for the different incident
be regarded as potentially explosive if heated or shocked. intensities at the various wavelengths: such intensities were measured

(Pyridine)pentaamminechromium(lll) Perchlorate. A 600-mg both by actinometry and by a thermopile, with a better than 95%
amount of [Cr(NH)s(Me;SO)](CIOQy)s (1.2 mmol) was dissolved in 100  agreement.

mL of anhydrous pyridine at room temperature, and the solution was  The setup for determination of photoreaction quantum yields was
heated at 60C for 30 min under magnetic stirring. The reaction flask that already describ€d,equipped with a thermopile calibrated by
was stoppered to prevent contact with air moisture. The original purple- ferrioxalaté® and Reineckafé actinometry. The half-width of the
red color gradually turned orange, but some red, unreacted startingirradiation bands, selected by a monochromator, was 14 nm; the light
material reprecipitated. The solid redissolved on cooling; the solution intensities were ca. & 107° einstein s. Stirred samples of 2.5-mL
was then kept at room temperature in the dark for 24 h to complete the volume,~5 x 1073 M in complex and 1.0x 1072 M in HCIO4, were
reaction. Dilution with an equal volume of ether resulted in the photolyzed at 20.6:= 0.3°C in 1.0-cm cells. Absorption of radiation
appearance of a yellow salt that was recovered on a sintered glass filterwas complete at 254 nm and only partial in the vis region: in the latter
repeatedly washed with at least three 20-mL portions of absolute case, the absorbed energy was evaluated by a reported proéedure.
ethanol, and vacuum dried ovep@2. The crude product (360 mg)  Total photolysis was usually 315%. Emission and photoreaction
was dissolved in a minimum quantity (ca. 10 mL) of water, and the quenching were studied in the presence of 1.504-1.5x 10 M
residual turbidity was removed by centrifugation. Dropwise addition Cr(C,O,)3*~ at the same pH of 2.0. In all experiments, parallel analyses
of 10 mL of 70% w/w HCIQ precipitated yellow crystals; after standing  of photolyzed and dark samples allowed for any possible thermal
in a refrigerator for several hours, these were collected by filtration reaction background.

and washed and dried as above. The overall yield was 240 mg or 40%.

Anal. Calcd (found) for [Cr(NH)s(py)](ClO4)3°H2O: Cr, 9.76 (9.8); Results

C, 11.27 (10.3); H, 4.16 (4.1); N, 15.78 (15.6). , o i

Analyses and Instrumentation. Cr was determined spectropho- Preparation. Even though (pyrldlne)pentaammlnecobalt(lII)_
tometrically at 374 nm, following decomposition of the complex salt and several substituted-pyridine analogues have been described
with 1 M NaOH and oxidation to chromate by alkaline hydrogen in the literature?®24no chromium(lll) complexes of this type
peroxide. Calibration plots were obtained by use of £r@tandards have been reported to date. In the case of cobalt(lll), the
at pH 12, withe values around 4.% 10° M~ cm™. C, H, and N customary synthetic procedure was replacement of coordinated
were determined by standard organic microanalysis. dimethylformamide (dmf) by the N-heterocycle in dmf solution.

Analysis of free py and NElin photolyzed solutions involved  Similar attempts with both Cr(Ngs(dmf)** and Cr(NH)s-
separation of_ the releaseq ligands from the reaction mlxtures_. This (Me,SO¥* in the respective dipolar aprotic solvents, and also
Washaccompl_lfhh%dlgyl\(zll'J\ltlocr:l thrtou%hxzzlg.GHcg? CO'”VrU;‘.T of lfat‘ﬂon in methanol suspensions, either resulted in no reaction or led
exchanger with . aCloat pH 2.0 (HCIQ). re at the to complex decomposition on prolonged heating. The failure

(tripositive) complexes were retained by the resin, the pghid NH;* . .
ions were completely recovered in a 10-mL volume of eluate. When is evidently due to the fact that the preference for N-donor

Cr(C,0,)#~ was employed as a quencher, ca. 1 cm of anion exchanger ligands relative to O-donor ligands is, in general, lower for Cr-
was layered on top of the cationic resin so as to adsorb this complex (1) than for Co(lll).2
also. Pyridine was measured spectrophotometrically at 256 5500 The new Cr(NH)s(py)®" species can only be obtained if the
M~ cm?) with reference to the absorption maximum of the pyridinium  metathesis of Cr(Ngs(Me,SOF*+ is carried out in pure,
ion; alternatively, and often as an internal check, the samples were anhydrous pyridine. Since the solubility of the reactant in this
alkalinized and the absorbance_ of the organlc'bawﬁo Mt cm*l) liquid is modest (ca. I& M), relatively large amounts of the
was read at 257 nm. Ammonia was determined by an Orion 95-12 petergeycle are required. Some complication arises from the
selective electrode and a Radiometer PHM-84 potentiometer: the . ,q\ai decrease of the solubility in pyridine of the parent
sample pH was adjusted to ca. 13 with NaOH, and standardization was L .
performed during each run by means of a series of freshQNH- complex Wlth increasing temperature an'd' from the absence of
NaOH solutions. any reaction under heterogeneous conditions even aC6d
Analysis of the photoreaction products was also carried out by an the réaction is protracted at room temperature after the residual
HPLC technique, using a Dionex GP40 chromatograph, an AD20 Substrate has redissolved, the yield is improved and, more
detector, and a 4600 integrator. A 25-cm PCX 500 cation-exchange importantly, contamination of the product by the starting
column was employed, and the eluant was 1.5 M KCl in 2% acetonitrile/ material is prevented. The two (equally charged) species are,
water at pH 2.0 (HCI). Crpy complexes and pyHwere determined in fact, hardly separable by selective reprecipitation with various
by their absorption maxima at 260 and 256 nm, respectively. Typical anjons and by either cation-exchange or gel-filtration chroma-
elution times were 4.4 min for pyH ca. 12 min for Cr(NH)4(H-0)- tography.

(py)*", and ca. 17 min for Cr(NE}s(py)**. The method was standard- Absorption Spectrum. Figure 1 displays the UMvis

ized in the course of each determination using pgd Cr(NH)s(py)*" . ;i . .
solutions of known concentration: the reproducibility was always higher features of (pyridine)pentaamminechromium(lll) in aqueous

than 97%. solution. The two LF maxima at 467 and 352 nm, associated
UV—vis absorption spectra were obtained with either a Cary 17 With the *Azg — #T5g and *Ayg — *Tyg transitions in theO

instrument or a Hewlett-Packard 8452A diode-array spectrophotometer.@pproximation, are compared in Table 1 with literature data for

Emission spectra were recorded by a Perkin-Elmer 650-10S spectro-the closely related imidazole (im) compféxand for Cr-

fluorometer with an R928 photomultiplier. Phosphorescence lifetimes (NH3)¢>".26 These are consistent with the occurrence of the

were measuredyba J & K System 2000 frequency-doubled ruby laser,  CrNg chromophore in the novel compound. The small red shift

delivering 20-ns pulses of 200-mJ energy at 347 nm. The decays, of the spectrum of Cr(NEJs(py)3* relative to the hexaammine

monitored by an R928 tube, were fed into a Tektronix 468 oscilloscope

ano_l th_en Ieast—squares—processed. All samples use_d_for ab_sorption anfilg) Riccieri, P.: Zinato, EJ. Am. Chem. Sod975 97, 6071.

emission measurements were filtered through @#BMillipore filters. (20) Hatchard, C. G.; Parker, C. Rroc. R. Soc. London, Ser. 2056
Procedures. Relative phosphorescence yields were obtained as 235 518.

ratios of the intensities;, emitted at 668 nm upon excitation at various  (21) Wegner, E. E.; Adamson, A. W. Am. Chem. Sod 966 88, 394.

A's. The method employed saturated solutions of the complexx7.5  (22) Riccieri, P.; Zinato, EZ. Phys. Chem. (Munici)972 79, 28.

2 ; 3 ; (23) Gould, E. SJ. Am. Chem. S0d.965 87, 4730;1967, 89, 5792.
10% M in 1 x 10> M HCIO,), the absorbances of which were 5,3 =0 11" £" S " johnson, N. A.: Morland, R.Borg. Chem1976 15,
sufficiently high (-3 in the vis region;>20 in the UV region) that 1929.

virtually all the emission occurred from the front window of the cell.  (25) curtis, N. J.; Lawrance, G. Anorg. Chim. Actal985 100, 275.
The fluorometer sample holder was modified so that part of the emission (26) Mgnsted, L.; Mgnsted, G\cta Chem. Scand., Ser.1874 28, 569.
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Table 1. Spectral Absorption and Emission Features in Aqueous Solution

absorption: 1, nm €, Mt cm™?) 2Eq — “Aog emission
species Pog— T Pog— T T * A, nm To0, US ref
Cr(NHa)s(py)3* 467 (40.6Y 352 (34.1Y 260 (2900) 668 2.0 c
Cr(NHg)s(im)3+ ¢ 466 (41) 353 (35) 25
Cr(NHa)6*" 465 (40% 351 (33} 666 2.2 26,28
py 257 (3050) 27
pyH" 256 (5500) 27
a0y approximation? 0.5 M=t cm2, ¢ This work.4im = imidazole.¢ Other literature absorption data in ref 2&mission data.
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Figure 1. UV _(Ieft sca_le) _and vis (right scale) absorption spectra in Anm
gquegul;; SOIUt'(.)C?: _solid line, Cr(N)d(py)*"; dashed line, pyridine; Figure 2. Emission spectrum of Cr(Ngk(py)** in acid aqueous
otted line, pyridinium ion. solution (10 M HCIO,) at room temperature.

is in agreement with the spectrochemical position of Py €
1970 cn1?) slightly lower than that of NkI(Dg = 2155 cnt?).1!

The very distinct, intense band at higher energies is readily
attributed to py-localized, or LL, fully allowedz—x* transi-
tions, on the basis of its correspondence with the spectra o ) ) ) o
pyridine and pyridiniun?’ reported for comparison in Table 1 Ph.otophysms. The complex Iulmlnesces in acidic aqueous
and Figure 1. The virtually unperturbed absorptions of the py Solution at room temperature. Figure 2 shows the moderately
and Cr\; moieties suggest little coupling between the pyridine INtense and structured emission band, assigné&go- “Az;
7 system and the chromium(lll) d electrons. (On) phosphorescence. The emission decay is monoexponential

The even stronger absorption deeper in the UV is typical of With 7= 2.0+ 0.1xs at 20°C. Both the maximum and the
a CT transition, the direction of which (ligand-to-metal or vice lifetime are very close to the values reported for the CrwH

versa) remains undetermined. model compound (Table £j. _ o
Thermal Solution Behavior. The Cr(NH)s(py)®* ion is The relative emission yields as a function of the excitation

quite inert in acid aqueous media at room temperature. In both €Nergy, ardssdlsez = 1.03+ 0.05 andizeo/l4s7 = 0.73+ 0.07

0.01 and 2.0 M HCIQ its absorption spectrum does not change (three determinations), where the subscripts denote the wave-

appreciably for 24 h: this circumstance was beneficial to the !engths (nm) of irradiation.

photochemical study. Pyridine aquation (eq 1) becomes effec- The phosphorescence is quenched by the O48* and
Cr(CN)*~ ions. Stera-Volmer plots for aqueous solutions are

Cr(NH 3t + H.O" — Cr(NH.).(H.0¥" + pyH" (1 linear, with bimoleculak, parameters at 26C of 2.7 x 10°
(NF(pY) * (NFQs(H;0) Py @) and 0.40x 10° M~ s71, respectively. The higher quenching
tive at higher temperatures, as evidenced by the accrual oféfficiency of the tris(oxalato) complex is in agreement with
pyridinium ion in solution, the red displacement of the LF bands, €nergy-matching expectations. The doublet state enekges
and, particularly, the drop of optical density in the 2880 are, in fact, 14 300 cnt for Cr(C;0,)s*~ #° and 12 500 cmt
nm interval, where free py and pyHabsorb less than  for Cr(CN)*",* as compared witlEp = 15 000 cnit for Cr-
coordinated py (Figure 1). The movement of the crossing points (NH3)s(py)**. That, at least in the latter case, the quenching is
during the spectral evolution denotes subsequent, stepwise losédeed one of excitation energy transfer is shown by experiments
of NHs, as expected from the reaction cascade to which Cr- in M&;SO, where induced 800-nm emission, typical of Cr(€N)
(NH3)s(H20)3* is subjec®® In order to reduce the error caused IS observed._ Such emission would not be e_xp(_ected to be
by the disappearance of the primary product, the rate of reactionobservable in water because of the shef lifetime of
1 can be estimated from the initial decrease in absorption at Cr(CN)>~ in this solven€! Also the OH" ion behaves as a
482 nm, corresponding to an isosbestic point between G)gNH
(H20)** and its successive aquation producis-Cr(NHa)a- (28) Walters, R. T.; Adamson, A. WActa Chem. Scand., Ser.1879 33,
(H20);**. The pseudo-first-order rate constant determined in ,q 5A3damson’ A. W.J. Inorg. Nucl. Chem1966 28, 1955.

(30) Danndl-Fickler, R.; Kelm, H.; Wasgestian, H. B. Lumin.1975
(27) UV Atlas of Organic CompoundsVerlag Chemie; Weinheim, 10, 103.
Germany, 1971. (31) Conti, C.; Castelli, F.; Forster, L. 8. Phys. Cheml979 83, 2371.

0.2 M HCIOg at 80°C isk =5 x 1074 s7%; that is, py aquation
is about 3 times faster than NHquation of both Cr(Ng)e®*
and Cr(NH)s(H20)*™ (k = 1.5 x 1074 s71) under the same
fcondi'[ionsz.6
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Table 2. Photoaquation Quantum Yields of Cr(Nk{py)*" at pH Table 3. Excited-State Bond Energies (ch) of Cr(NHs)s(py)3"
2.0 and 20°C Calculated by Use of the Parameteasid Procedures of Refs 11
lirmy nm CDpyb ‘I)NHgb and 37 5
* * — * — * —
470 0.258+ 0.014 (6) 0.156+ 0.013 (5) state ¢*pop.)  I*(Cr—py)®  I*(Cr—NHg)ax  I*(Cr—NHa)eq
470, @ 0.0444+ 0.003 (4) 0.042t 0.007 (5) ‘E (81% &) 7 490 8 560 11880
254 0.229+ 0.011 (5) 0.11%H 0.011 (5) “B, (100% dz_?) 12 760 14 370 8980
254, @ 0.066- 0.007 (4) 0.031: 0.005 (5)

3 gpy = 5800 cnT?; 7py = —580 cnT; onw, = 7180 Ty} ;ing, =
aQ denotes photolyses in the presence of g%~ as quencher; 0 cnT!; B = 700 cnt. ® Average values for the nonlinearly ligating

the quantum yield values are extrapolated to infinite quencher pyridine ligand (see text).

concentration® The uncertainties are given as standard deviations; the

numbers of independent determinations are given in parentheses. these regions, minimized the corrections for mixed absorption.

good quencher, as it usually does toward a variety of chromium-'” addition, the intrinsic photoreactivity of this complex,

(lll) emitters: at pH 12 (NaOH) the phosphorescence is totally CONSisting of racemization onlyd( = 0.09) did not cause
extinguished. any analytical interference. The percentages of the two Cr-

Photochemistry. Irradiation of either the LF or thern*- (NHs)a(py)(H,0)*" isomers under quenching conditions are
(py) bands of aqueous Cr(NJ4(py)?** brings about a red shift within the range observed in the absence of quenche_r.
of the vis spectral maxima. Three isosbestic points (the The Cr(NH3)s*" —py System. The spectrum of an equimolar
positions of which change slightly with the type of excitation) 2dueous solution of Cr(N§** and pyridinium is quite similar
persist in all cases up to at least 15% total conversion. Analysis [0 that of Cr(NH)s(py)** (see Table 1) since the hexaammine

of free ligands reveals that both pyridine and ammonia are ion absorbs very little in the 23270 nm range where the
photolyzed in parallel and to comparable extents: absorption of the organic molecule occurs. Irradiation of this

mixture at pH 2.0 into the pylocalized band does not produce
hv Cr(NH,)y(H,0)** + pyH* ) any observable effect on Cr(N}43": neither phosphorescence
Cr(NH,)(py)’”" + H,0" ‘[ nor NH; aquation is photosensitized by the uncoordinated
Cr(NH,)(py)(H,O** + NH,"  (3) heterocycle.

The quantum yields for py and NHbhotoaquation at 20C Discussion
and pH 2.0 (HCIQ) upon LF andrzr* excitation are collected
in Table 2: each entry is the average of four or more runs. The
values obtained by direct analysis of py and Ngree, within
experimental error, with those independently measured by HPLC
analysis of pyH and Cr(NH)4(py)(H20)3+.

As the latter complex could not be preparatively isolated for
a UV spectral measurement, its HPLC determination was base

on the reasonable assumption that the molar absorptivity at 260N|_|3.13'14 From another standpoint, the preferentially photo-

; 3+ 3+
E(r)r;hlstgéesesin;:;zgCi:g\lf?ggpg)mzir;d;\réNp;k)ﬁgpgggH?gpdnsiblesubstituted ligand is here the one lost in the thermal reaction,
for absorption at thi’s Wavel,ength where either Crgygt or irl cqntrast with the previous typically “antithermal” photolabi-
Cr(NH3)s(H20)3t is quite transparent(< 5 M~ cm™1). The lizations. . L
assumption was validated by the concordance of the results for More specifically, the present unusual result can be primarily
the two products of reaction 3 ascribed to ther-acceptor character of pyridine, as opposed to

HPLC also provides evidence that batls- and trans-Cr- the & donation of all other common monodentate ligands,
(NHs)4(py)(H,0)%+ are photogenerated: the band of the aqua excluding CN. Significantr acceptance by the py ligands has

pyridine product is split into two peaks that are not fully been inferred from Iqw-temperature, single-crystal electronic
separated, their maxima being only ca. 1 min apart in the absorption angfemlssmn speitza, %Z.V\.’e” E;S from IRhanotI)Raman
chromatogram. The peak with the larger area has a |Onger]§pec(tjrc_)50ﬁpy h ans;]Cr(py)lez b f]‘ _|t|on? supportm;\s een
retention time. It was not possible to establish with absolute ound in the phosphorescent behavior of a grourans Cr-

: : : ; .(py)sABZ" complexes (A, B= halogenides or kD) in various
certainty whether this corresponds to the cis or the trans |somer_,§7'7 K glassed. The extent ofr bonding has also been expressed

however, experience with cation-exchange resins suggests a ci o ; .
geometry for the major product, since the more polar cis quanuta_t_lvely by LF spectral analysis of these complexes using
complexes usually undergo slower elution than their trans Lﬁiﬁg?wg?d?rggﬁgggﬁrslzgcrtnrggﬁ:a(rnp\i(gglll)s.e:;g?f%?ﬁrg%ir
counterparts. The peak areas allow an estimate of3206 bond has been found to be negative580 cnt?). denoting a

trans isomer. Any possible difference between the isomer considerable degree afback-donatiort. This conclusion has
proportions on 470- and 254-nm excitation is hidden by the been the subject of some dispdfe2® our study then provides

large variability arising from incomplete band resolution. . . . -
The two photoreactions are partially quenched by the above- & test for this matter from a photochemical point of view and,

mentioned emission quenchers. The results for EI(E% in general, a test of the photolabilization theories for mixed-
quenching are included in Table 2. For solubility reasons, these“gznd complexesélln a;}yet;nexplored ?|gjatlon. 3+ is O
experiments were performed under conditions where only ca. ot unexpectedly, the LF spectrum of Cr(§Jk(py)*" is O

. . p )
92% of the phosphorescence was quenched; given in the tablé'ke.’ 'although n 'th'e agtuaC4U szmmetry the®Ty, state 1S
are the quantum yields extrapolated to infinite quencher anticipated to split into itsB and“E components. By using

concentration as previously describtBdThe use of the tris- theo, andm. AOM parameters of py and Ntgiven in Table
(oxalato) ion proved advantageous in both the 470- and the 254- 33 S s T Ad A Whorg, Chem1962 L 531
nm photolyses, because its spectral minima, occurring just in 2343 sfn?tis,"D.'W'.inorgmcsﬁgh.igmoigi, 315?;1' T

(35) Glerup, J.; Mgnsted, O.; Sdfex, C. E.Inorg. Chem198Q 19, 2855.
(32) Riccieri, P.; Zinato, E.; Damiani, Anorg. Chem.1987, 26, 2667. (36) Gerloch, M.; Woolley, R. GProg. Inorg. Chem1984 31, 371.

LF Photolysis: Comparison with Theory. As a general
remark, (pyridine)pentaamminechromium(lll) is the first ex-
ample of a Cr(NH)sX#" complex where the LF photoaquation
efficiency is larger for X than for Ngl In fact, in all the
pentaammines studied earlier, the quantum vyields for photo-
dsolvation of the heteroligands were found to be lower, sometimes
by orders of magnitude, than those for photosolvation of
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3 (or the correspondinBq. values), the splitting is estimated According to theory (Table 3), in the mainly axially anti-
as ca. 450 cmt.l! The lowest quartet excited state, on the bonding “E state most of Nkl would be lost from the
electron distribution of which all the models are focused, is coordination site trans to p:3” The related stereochemical
determined to bé&E, with most of itss-antibonding charge (81%  modet#2 predictscis-Cr(NHz)4(py)(H20)3* as the exclusive
d2)%" on the py-NH3; z axis. product of this photoaguation mode. Indeed, the likely cis

Both the earlyo/r MO model$8:39 elaborated around the  configuration of the major product is congruent with the
original notion of photolabilized axi8and the subsequent AOM  expectations, but the finding that also the other isomer is
developmerit correctly predict the observed photoreactivity photogenerated is somewhat unexpected.

(Table 2). The former qualitative approaches explain the |n the framework of this model, such a finding requires a
preference for py release in terms of a generabnd weakening  more elaborate explanation. An alternative possibility forsNH
along thez direction, combined with the loss af stabilization loss is equatorial bond labilization, the obvious candidate of
for py but not for NH: the d. and d; orbitals depleted by the  which is the uppefB; state,o antibonding entirely in thexy
“B, — “E transition are, in facty bonding towardr-acceptor  plane (Table 3). The proximity2RT) of B, and“E would
ligands such as pyridine and nonbonding towardsNAfhese  enable some population é8,, whether in thermal equilibrium
changes are quantified by the Vanquickenber@eulemans  or in nonequilibrium proportion, the latter consequent to
methodology, whereby the excited-state bond eneilg(€s — branching during relaxation from FranelCondon states. The
L) are evaluated as a function of tiee ands. AOM ligand photoselection rules, however, anticipate a cis product for this
parameters®37 the I* values are reported in Table 3. The mode alsd142
finding that®py > ®nys is accounted for by the lowest strength  he rans product would only arise from aquation of in-plane
of the Cr—py bond in the’E state. NHs in the lower“E state (where a 19% fraction of the-
While for our complex the expectations of the two types of gjectron density is in they plane)®” The reaction would take
models coincide, as has been pomted]ét?lf,@ms is not always place through a trigonal bipyramid (tbp) with py in an equatorial
the case. As mentioned earliecgaacceptor ligand that behaves position, obtained by bending of the pZr—NH; axis after
in a different way is CN. The extremely strong ground-state departure of Nk the tbp would be generated in #&; excited
o component of the CFCN bond (described by the top value  giate in which solvent attack would be allowed trans to the
of ocn) is still dominant in the excited state(s) despite the \,oaker-field py ligand. A sequence of this type was first
decrease of its absolute magnitude: any possible Competitio”proposeé‘l"‘?’when the unusual finding of 15%ans Cr(NHs).-
between cyanide and other ligands duerteffects ( stabiliza- (H,0)P?* product in the photolysis of Cr(NgF2* 4445 led to

tion for zx donors andz destabilization for CN) is thus  (he recognition of the need for electronically excited tbp
completely obscured by the effects?24! By contrast, sinceé  tarmediates.

Opy IS in the central range of the, parameters, thery It should be kept in mind that, although there is now sufficient

contribution can play its role in competitive bond cleavage. The evidence for associative or concerted photolvsis pathwavs in
present results may therefore be taken as indepectentical c 1-14 ap ysis p ay
cationic Cr(lll) complexed!~4 the predictions of the foregoing

evidencefor Cr—py 7 back-bonding as deduced from spectros- dissociative model have usually been found to hold. It has been

copy. . argued® that these two aspects are not necessarily in contrast:
Concerning_ther,, value employed to calculate the the photoreaction intermediates may well be asymmetric hep-
quantities of Table 3, it is worthwhile to recall that pyridine phol - Y W ymmetric hep
tacoordinated species where the departing and entering ligands

has been established to be a nonlineacceptor; i.e., itrans are loosely bound, their motions being controlled by the same
zt+ i !
Cr(py)AB®" species, each py molecular plane forms an angle electronic driving forces that operate in the limiting dissociative

with the equatorial plane of the complex defined by the four icture
Cr—N bonds® The AOM parametrization then requires two P o . ) ) )
terms related tor bonding? and in principle, two different* The likelihood of a*E path leading to the trans isomer is
values would be needed. The use of the average paramgter corroborated by the fact that the calculated axial and equatorial
= —580 cn? given in the literaturd!! appears the most ~C'—NHs bond energies of Cr(Ngks(py)>* jr“ ‘E (Table 3) are
reasonable approach, also in view of possible fast rotation of N0t very different from those of Cr(N§F>* (9120 and 11 600
the py ligand in the pentaammine complex. cm Y and are virtually identical to those of Cr(NJd(H,0)3"

A last note is that preferential aquation of the formally weak- (8590 and 11 860 cm),* another complex for which formation

field ligand (py) on the formally weak-field axis (pyNHs) does ~ Of 10% trans photoproduct has been repoffed.
not comply with the historical photolysis rules of Adam<8n, It is quite possible that also in other Cr(MgX*" systems
which would predict mainly Nkl aquation. The rules were  minor amounts £10%) of trans products have previously gone
generally found to hold for systems withdonor ligands (with undetected because of analytical inadequacy, as stereochemical
the well-known exception of §,111314the LF (ando bonding) analysis was generally based on LF absorption spectra, not
strengths of which tend to decrease as the extentdination always sufficiently different for the two Cr(Ngi(H.0)X**
increases. isomers. A further, and perhaps more important, limiting factor
Stereochemistry of NH; Photoaquation. HPLC definitely in this regard is the frequent, unavoidable formation of stereo-
indicates formation olboth Cr(NHz)4(py)(H.0)** isomers upon retentive thermal products from either the reactant or the major
NHs photorelease, even though the uncertainty in their propor- photoproducts.
tion is relatively large; furthermore, it suggests the cis config-  Finally, it should be noted that if there is any equatorial

uration for the predominant isomer. component of NH loss, whatever the precursor state, then the
(37) Vanquickenborne, L. G.; Ceulemans,JAAmM. Chem. So0d977, 99,

2208. (42) Vanquickenborne, L. G.; Ceulemans,JAAm. Chem. Sod978 100,
(38) Zink, J. 1.J. Am. Chem. Sod972 94, 8039;Mol. Photochem1973 475.

5, 151;1Inorg. Chem.1973 12, 1957. (43) Vanquickenborne, L. G.; Ceulemans,lAorg. Chem1979 18, 3475.
(39) Wrighton, M.; Gray, H. B.; Hammond, G. $lol. Photochem1973 (44) Wong, C. F. C.; Kirk, A. DIlnorg. Chem.1977, 16, 3148.

5, 165. (45) Kirk, A. D. Inorg. Chem.1979 18, 2326.
(40) Adamson A. WJ. Phys. Cheml967, 71, 798. (46) Kirk, A. D. Comments Inorg. Chemi993 14, 89.

(41) Riccieri, P.; Zinato, Elnorg. Chem.199Q 29, 5035. (47) Mgnsted, L.; Mgnsted, G\cta Chem. Scand., Ser.1884 38, 679.
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preference for py labilization relative to axial Nk even higher energy between these states consequent to bisc is different from
than inferred from the overafb values. the outcome of direct relaxation of Frane€ondon states. Such

LF State Reactivity. The partial quenching of the photo- a relaxation, hence the fast photochemistry, may involve
reactivity of Cr(NHs)s(py)3* upon total doublet-state quenching dissipation of excess vibrational energy along different reaction
conforms to the behavior of several chromium(lll) am- channels, as described by the DOSENCO théary.

(m)ines!31* While there is agreement in assigning the un- Either hypothesis is affected by some difficulty, however.
quenchable (or fast) component to reaction from the lowest In the first case, the genuine quartet chemistry would be
guartet excited state(s) in competition with intersystem crossing, characterized bybp, ~ ®ny; , not in full agreement with the
the actual origin of the quenchable (or slow) component is still theoretical predictions discussed earlier. The second possibility
atissue. Customary hypotheses for the latter, doublet-mediateds somewhat inconsistent with the aforementioned model for
photochemistry have been (i) direct doublet reaction, (ii) Solvent-assisted bisc, which postulates population of the two
crossing to the transition state of a ground-state reaction, andquartet states via the two different routes “in the same or very
(iii) delayed reaction through the quartet state(s) following back similar non-Boltzmann proportions” because the solvation
intersystem crossing (bisc). Recent detailed studies of solvent,environments of the FranekCondon quartet (believed to react
temperature, and pressure effects on the emission lifetime ofmainly during relaxation) and the doublet states are thought to
trans-Cr(cyclam)(NH)-3t do support bisc as the main route of  be very similar, both being similar to that of the ground stéte.
doublet-state depletiotf. In relation to this point, the barrier ~ This picture would also rule out thermal equilibrium between
to bisc that the slow photochemistry would have to overcome “B2 and“E, notwithstanding the very small separation of these
has been propos#ftto be lowered by strong solventomplex states in the present system.

interactions, with respect to the value obtained spectroscopically, In summary, the available data do not allow a definitive
sometimes judged too high to be compatible with such a process.choice between the two alternatives, although the first appears
Bisc would lead to a sort of solvent-perturbed excited quartet more appealing; in order to gain further insight into the problem,
species from which reaction would proce€dThe matter may a detailed investigation is planned on the wavelength and
be further complexed by the possible occurrence of long-lived temperature dependence of the two LF reactive contributions.
seven-coordinate chemical intermediates deriving from the decay UV Photolysis and Communication between LL and LF

of the doublet (via bisc? which could be confused with the ~ States. The 668-nm emission induced by irradiation of the py
above excited species. moiety of the complex, shows that the ligand-centeretistates

Returning to the quenching of the photochemical reactions, are partially converted to the Cr-centered LF states. Ipig
the patterns of various complexes giving rise to%e? or even l467 ratio gives an efficiencyyc = 0.7 for such an internal
threé? photoproducts have been recognized as good evidenceconversion, while théssdl467 value close to unity indicates that,
in favor of bisci21432the same product distributierincluding as usual, within the LF manifold there is a virtually complete
the stereochemistryfor the fast and slow pathways points to a cascade of the excitation energy to the lowest excited state(s).
common reactive entity, which can be only the quartet state(s). Independent information opc can be obtained from the 254-

At variance with these patterns stands our observation thatNM Photolyses. Table 2 shows that, on passing from LF to LL
in the LF photochemistry of Cr(N8s(py)** the mode ratios ~ €Xcitation, there is a change in both the absolute and the relative
are quite different for the unquenchab® /@y, ~ 1) and efficiencies of the two aquation modes, as well as in their
the quenchabledfy,/®y, = 0.21/0.11~ 2) contributions. This quenchable fractions. Given that the quenchability, like the
clearly implies more than one reactive state, to say the least.Phosphorescence, is a peculiar LF property, the quantum yield

The simpler interpretation of this result envisages a doublet- 10" €ch photoreaction in the absended,) and in the presence

state reaction, either direct or indirect via tunneling to a ground- of quencher @25,°) can be expressed by
state intermediate, in addition to a quartet-state reaction: the
doublet is attributed a higher preference for py release (which
is the more quenchable mode) compared with that of the quartet. 0 0
The preference of the doublet (or an intermediate derived from D5y = P +17cPre (5)
it) for py aquation, which is also the thermal mode, is consistent
with the electronic and structural similarities of the doublet and where®,, refers to the photochemistry proceeding via e
the ground state. Doublet reactivity would not be totally novel, states andb g and @ (? are the data for 470-nm irradiation.
as it has been demonstrated in the case of Crgsp§y> Combination of egs 4 and 5 yieldsc = 0.76 & 0.05 for the

In light of current thinking, an alternative explanation is Py mode andyc = 0.71+ 0.10 for the NH mode, both in
conceivable, however, based on an exclusive quartet-stategood agreement with the emission results.
reaction. In this view, the multiple states involved are, naturally, ~LL — LF internal conversion physically corresponds to
4E and“B,, which theory suggests are inclined to loss of py energy migration from the peripheral pyridine molecule to the
and NH;, respectively (Table 3). Our findings can be accom- central chromium(lll) ion. There is no evidence for such a

modated by assuming that the partitioning of the excitation transfer when the two species are not linked together; Cs{&NH
(py)*™ may then be regarded as a simple supramolecular

D5y =@ + 7P 4)
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The & quantities obtained from egs 4 and 5 are 003 weakening consequent to population of th&py) orbitals
0.01 for py and<0.01 for NHs. In spite of the large uncertainty,  involved in thesr acceptance of theygdand d, electrons of
some pyridine aquation can be concluded to originate from the chromium(lll).

LL state(s) or, at least, from states (e.g., CT) other than LF and
to be accompanied by little or no NFquation, which would

be entirely attributable to LF reaction. The labilization of
pyridine in the LL state(s) can be accounted for by-@y bond 1C950904Z
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