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in all the solvents tried. It did not melt below 320° and
was paramagnetic, with a magnetic moment of 4.5 Bohr
magnetons at 24°,

Anal. Caled. for CypHxN:OS:Fe: C, 48.0;
Fe, 11.2. Found: C, 47.7; H, 4.2; Fe, 11.0.
Bis-(a-pyridylmethylene)-ethylene-bis-(thioglycolic Hy-
drazide (XXVII).—Freshly distilled pyridine-2-aldehyde
(2.2 g.) was added to a warmed suspension of ethylene bis-
thioglycolic hydrazide (2.4 g.) in ethanol (20 ml.). The
solid soon dissolved and then after a few minutes the crys-
talline product separated.- It was recrystallized from much
ethanol and thus obtained as a white powder, m.p. 190°.
Anal. Caled. fOI‘ CmHzoNeOzSzl C, 51.9; H, 4.8,
Found: C, 51.7; H, 4.9.
Bis-(a-pyridylmethylene-(ethylene-bis-(thioglycolic Hy-
drazide) Iron(II) Thiocyanate Dihydrate (XXX).—A solu-
tion of iron(1I) sulfate heptahydrate (0.2 g.) in a little water
was added to a solution of XXVII (0.3 g.) in dimethylform-
amide (10 ml.), Addition of saturated aqueous potassium
thiocyanate solution (5 ml.) to the intensely red colored

H, 4.0;
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solution led to precipitation of a solid which was recrys-
tallized from ethanol and thus obtained in dark red needles,
m.p. 210°,

Anal. Caled. f0r ConzoNstS4F€'2Hzo: C, 385; H,
3.8; Fe, 9.0. Found: C, 38.3; H, 3.5; Fe, 8.6.

Ethylene-bis-(thioglycolic-a-pyridylmethylamide) (XXXI).
—Ethyl thioglycolate (5.32 g.) and 2-aminomethylpyridine
(4.32 g.) were heated together at 180° for 6 hours. The
solid which separated on cooling (809) was recrystallized
several times from ethanol and obtained in colorless needles,
m.p. 155°,

Anal. Caled. for CigHpNO,S,:
Found: C, 55.4; H, 5.8.
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Photochemistry of Complex Ions. I. Some Photochemical Reactions of Aqueous
PtBr; %, Mo(CN);~* and Various Co(III) and Cr(III) Complex Ions
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Studies have been made of the photochemistry of aqueous Co(NH;)s 48, Co(NH;):X *2 (X = SCN, CJ, I), Co(CN),X 3
(X = CN, C}, Br, I), Co(C204);78, Cr(NH;);:SCN*2, Cr(NH;).(SCN),~, Cr(C:04): 7% Mo(CN);~4, and the exchange system
PtBr¢~2-Br~. Quantum yields were obtained for the oxidation-reduction decompositions, aquation, racemization or ex-
change reactions that occurred, usually for two wave lengths, one in the ligand field band region and one in the electron
transfer band region of the absorption spectra. The results are interpreted to indicate that the chemical nature of the
excited state is qualitatively independent of the wave length of the light used. On the other hand, the net consequence of
light absorption depends upon which of several possible courses is taken subsequent to the formation of the primary excited

state.

The present investigation represents the initial
effort of a program to develop a more quantitative
understanding of the photochemistry of complex
ions, and of its relationship to the thermal reactions
of such ions and to the current interpretations of
their spectra.

The general photosensitivity of Werner type
complex ions is well known, of course, although
only a scattering of quantitative observations ap-
pear in the literature. These include the reports
of Linhard and of Schwartz and co-workers!? on
certain acido-amines of Co(III) and Cr(III), and
on various hexacyano complexes. Recent investi-
gations of the photochemical aquation of ferrocy-
anide ion have been made by Emschwiller.?
Vranek* has studied the photo-decomposition of
Co(C204)373, Taube® noted the photochemical
exchange of Cl— with PtCly~2, and Plane and
Hunt® recently found very low quantum yields for
the photochemical exchange of H,O® with hexa-
aquochromic ion. Finally, fairly extensive studies
have been made of the photochemical decomposi-
tion of the uranyl oxalate, ferric oxalate and mer-
curic oxalate complexes.”
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Linhard, et al.,' observing that light of 366 mu
led to production of I, and of Na from the cor-
responding acidopentaminecobaltic complexes, con-
cluded. that the primary act involved an electron
transfer from ligand to metal, in accord with the
general interpretation of the near ultraviolet, high-
intensity bands as being electron transfer in type.
Williams® has similarly interpreted such bands in
the case of Fe(II) and Fe(I1I) complexes.

On the other hand, the low intensity bands,
usually in the visible, observed with most first row
transition metal complexes are interpreted in terms
of transitions between 3d levels whose degeneracy
has been partially removed by the ligand field.1.11
Thus, for an octahedral field, the d,y, dy, and dy,
orbitals, whose electron density is directed away
from the ligand positions, are lowered in energy
relative to the d,? and dy2_,2 orbitals, whose electron
density is directed toward ligand positions. The
absorption of light in the ligand field band is thus
thought to involve promotion of an electron from
a Tsg to an Eyg 3d orbital, and might be expected to
lead to a repulsion between the ligand and the
metal ion.

Qualitatively, then, it might be expected that
absorption in the region of an electron transfer
band should lead to a oxidation-reduction process,
and absorption in the region of a ligand field band,
to a displacement of the ligand and hence to a sub-

(9) R. J. P. Williams, J. Chem. Soc., 137 (1953).

(10) J. Bjerrum, C. J. Balhousen and K. Jorgensen, Acte Chem.

Scand., 8, 1275 (1954).
(11) L. E. Orgel, J. Chem. Phys., 28, 1819 (1955).
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stitution process. One of the purposes of the
present investigation has been to test this conclu-
sion.

Experimental

Preparation of Compounds.—[Co(NH;)¢¥(NO;); was pre-
paredaccording to “Inorganic Syntheses, 12 [Co(NH;);C1]Cl,,
from the carbonato tetramine by the method of Walton,!3
the corresponding C1% labeled compound by heating [Co-
(NH;);H:0]Cl; according to the procedure of Linhard and
Weigel,! and [Co(INH;);C1¥]+2 in Cl- free solution by re-
moval of the free C1~ with a stoichionietric amount of silver
nitrate. [Co(NH;);1]Cl, was prepared according to Lin-
hard and Weigel, and [Co(NH;);SCN](ClOy)s, as described
previously!t; Co%-labeled complex was similarly obtained.
The series K3[Co(CN);X ], X = CN, Cl, Br, I, was prepared
according to procedurcs previously described,!®™¢ as was
KMo(CN);. K;CO(Cy04); was obtained according to “In-
organic Syntheses,”'” and its resolution by strychuine pre-
cipitation as described by Johnson and Mead.!®

K;Cr(Ce04); and [Cr(NH;);SCN](ClOy): were obtained
by the procedures in '‘Inorganic Syntheses,”'!”and as given by
Adamson and Wilkins,! respectively. Potassiumt Reinec-
kate, K[Cr(NH;)(SCN),], was of C.p. grade, further puri-
fled by recrystallizations from warm water. Finally, K;-
PtBrg and K:PtBr, were prepared according to Gutbier and
Bauriedel®® and Biilman and Anderson.?® In this last case,
the preparation involves reduction of PtBrs~2 by oxalate ion,
and it might be noted that it is important to avoid adding
excess oxalate even though reduction may not be complete;
any unreacted bromoplatinate should be filtered out of the
liot solution before letting it cool. In general purity was
checked by comparison of spectra with those of analyzed
compounds and was considered satisfactory in all cases,
except for the K;Co(CN)sCl, which probably contained some
hexacyanide.

Apparatus.—The solutions to be studied werc placed in 1
cnl. spectrophotometer cells and exposed to light of wave
length selected by the use either of Baird-atomic inter-
ference filters or of appropriate glass filters, or of combina-
tions of the two such that only thie desired “‘window’” was
present. The light source was an AH-6 Geueral Eleetric
liigh pressure, water cooled miercury lamp. Light iuten-
sities were measured by the use of the ferric oxulate ac-
tinometric solution’ or by meauns of a bolometer. This last
consisted of a 5-cm. copper disk, blackened on one side, aud
having a 10® ohm thermistor mounted on the back. The
assembly was placed in a Dewar flask equipped with opti-
cally flat Pyrex windows, and the radiation inteusity was
determined from the rate of temperature rise of the disk,
as followed by the change in resistance of the thiermistor.
A Wheatstone bridge circuit was eniployved, using a Honcy-
well vacuum tube null indicator. Intensities obtained by
means of the bolometer were inn excellent agreement with
those using the actinometric solution. The intensity of
absorbed light, needed for quantum yield estimates, wus
obtainted from thie difference in bolometer readings for the
cell filled with water and with the solution in question.
Values ranged from 107% to 1077 eiusteins per minnte (in 10
cc. of solution).

Absorption spectra were obtained by meaus of a Cary
recording spectrophotometer and radioactivity measure-
ments were made by means of either a thin window G.M.
comter or a scintillation counter, according to the type of
radiation involved. Optical rotations were obtained usiug
green light, and a J. and J. Frik polarimeter. Fluorescernce,
in the case of Co(CN);C173, was checked using dust free
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solutions and an adaptation of a BS Light Scattcring Plio-
tometer (Phoenix Precision Instrument Co., Phil.).

Procedures,—The general procedure cousisted of expos-
ing a solution of known concentration to light of chosen
wave length, determining the net light absorption, and, after
suitable intervals, the type and amount of reaction. With
the Co(CN);X ~? series this was done by following the pro-
duction of free cvanide ion by means of a Liebig? titration,
and also by the change in absorption spectra with time.
The decomposition of Co(Cy04); ~2 was followed both by this
last meaus and by the amount of CoC.0; formed, usiug
labeled complex; racemization was determined from the
loss of optical activity, corrected for dccomposition. ‘The
aquation of Co(NH;);Cl*2 was followed by usiug labeled
complex and precipitating AgCl% whicli was then counted;
the production of free thiocyanate iou, in the case of the
various thiocyanato complexes, was followed by meaus of a
colorimetric test using ferric ion.!* The ammount of aquo
complex and of Co(II) formed from Co(NH;):SCN*2 was
determined by using Cof-labeled complex, removing unre-
acted complex by a series of precipitations of its perchilorate
salt (see ref. 14), and then precipitating the aqguo comsplex
as the ferricyanide salt and Co(1I) as tlie hydroxide.

In those cases where I» was produced, staudard thiosnl-
fatec was added before irradiation, and then back titrated;
this procedure was followed to avoid thie decrease inn appar-
ent quantum yield that would otherwise have resulted from
light absorption by I,. In general, where the light absurp-
tion by the products was much less than that of the mitial
species, the reactions were followed to near completion and
good first-order rate plots were obtained. In other cases,
as with the chloro and thiocyanato pentamines, it was
necessary to use initial rates, based on tle first few per ceut.
of reaction.

Where oxidation-reduction decompositions occurred, the
irradiated solutions were kept slightly acid by means of
acetic or hydrochloric acid; this was done to prevent clonding
as a result of Co(OH), precipitation rather than because of
any obvious effect of pH on the photoclicinical renction
itself.

For thie ploto-exchange of Br~ with PtBre™2, labeled
complex was prepared by pliotochemical exchange, in con-
ceutrated solution, with Br® ioun, followed by precipitatioa
as KyPtBrs. The radiobromiide was obtained by means of
a Szilard-Clialmers reaction on ethylene bromide, using a
Ra-Be neutron source. In thie photochemical exchange
runs, separation was accomplished by precipitating out
CsPtBrg and then AgBr from the exclhiange solution, und
counting these as solids, after allowing sufficient timie for
cquilibration of the Br® isoniers.

Results

The results are sununarized in Tables I and II,
except for those on the decomposition of Mo(CN)s™*
and the PtBr, ~>-Br~exchange, discussed separately.
For the convenience of the reader, the absorptiou
maxima and corresponding extinction cocflicicnts
are given for each compound.

Where absorption by products did not interfere,
good first-order rate plots generally were obtained.
Thus Fig. 1 shows the progressive change in ab-
sorption spectrum of Co(CN);I~%, terminating in
that of Co(CN);H-.O~% and Fig. 2, the rate plots
for the various members of the Co(CN);X ~3 serics.
In the case of Mo(CN)s™4 irradiation led to thc
production of free cyanide ion, presumably through
aquation reactions. The quantum yield at 370 mu
was about unity after sufficient irradiation for one
cvamde ion to be produced per molybdenunm. A
complicated reactionn sequence was clearly iu-
volved, however, since the original yellow solution
developed a red color on irradiation, which fauded
on removal of the solution frown the light, and which,
on further exposure, changed over to greent, and,
finally, to a light blue. The green stage cor-

121y Sce W, C. Pierce and E. L. Haenisch, *"Quanlitative Annlysis,”
Jolin Wiley and Sons, Inc., New York, N. Y., 1945, p. 230.
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TABLE I

PrHOTOCHEMICAL REAcCTIONS 0oF Co(III) CoMPLEXES

Abs. max. and

extinct. coeff.

Nature of reaction

No. System (mpu/e) on which ¢ based ¢
12 0.014 M Co(NH,)s*? 475/55; 340/49 370 No reaction obsd. (<0.01)
Same, in 0.08 M KI 475/55; 340/98" 370 I, produced 0.77
500 I, produced .0015
7 0.01 M Co(NH;);Cl+2 530/48; 360/45 370 Aquation, trace Co*+ .052
550 Aquation 0066
11 Sarne, in 0.08 A7 KI, 0.0033 530/48; 360/80* 370 I, produced .40
M 8,05 550 I, produced .009
1 0.0025 M Co(INH,);SCN *2 500/170; 330/1000 370 SCN - produced .31
(aquation/Co*+ = 0.47)
550 SCN -~ produced 0034
(aquation/Co** = 4.1)
13 .01 M Co(NHj)sI +2 585/75; 380,/1880 370 I, produced 3.0
550 I, produced 0.47
(very little aquation)
8 L006 A Co(CN)e~? 310/190 370 Aquation .89
5 .005 A Co(CN);C13 310/128; 380/94 370 Aquation .25
10 L0056 M Co(CN):Br—? 395/170 370 Aquation .89
6 006 M Co(CNy;I-# 330/2630; 500/87 370 Aquation .95
550 Aquation .67
4 .1 M Co(Cy04);8 420/220; 605/170 370 Co*+, CO; produced 1.0
550 Co*+, CO; produced 0.0069
(levo-complex) 550 No photoracemization (<0.1)

@ I'or comparison purposcs; no maxihuim preseut.,

responded to about one cyanide released per molyb-
denum,

The photochemical exchange between PtBrs—2
and Br~ clearly involved a chain reaction, since
quantum vields up to 500 were found. While
linear McKay plots were obtained, a rather high
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Fig. 1.—Photo-aquation of [Co(CN);X]73 at 550 mu.

zero time exchange generally was observed, and it
was difficult to achieve good reproducibility,
especially at high quantum yields. This is il-
lustrated in Fig. 3, showinug the variation of ¢ with
light intensity, at 450 mu; the lines are drawn with
a slope of one half. At high light intensities, re-
producibility was better, and Fig. 4 shows the
variation of quantum yield with complex concen-

tration, under such conditions. The behavior at
360 mp appeared to be the same as at 450 mu and
similar quantuin yields were obtained. (The
absorption spectrum of PtBrs~2? has a maximum
at 310 mpu, with € 1.6 X 104 a shoulder at 360 my,
witl e 6500; at 450 mu, ¢ 920). No detectable
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FFig. 2.—Photo-aquation of [Co(CN);X]™3 at 370 mp
(X, wave length at which D was measured, intensity of
absorbed light in einsteins/min. X 10%): (CN, 380, 0.56),
(Cl, 380, 3.6), (Br, 380, 2.9), (I, 500, 330, 6.5).

net decomposition occurred; specifically, the
quantum yield for PtBr,~2 or Br; production was
less than 0.1, The addition of scavengers such as
allyl clhiloride and acetone did not affect the quan-
tum yields for exchange. No specific test wasmade
for possible effects of dissolved oxygen.
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TaABLE II
ProtocHEMIcAL REAcTIONS OF Cr(I11) COMPLEXES
Abs. max, and Wave
extinct. coeff. length, Nature of reaction
No. System (mu/e) mu on which ¢ based ?®
2 0.0049 M Cr(NH;)sSCN *2 300/6000; 500/80 550 Aquation 0.060
370 Aquation 0.083
3 0.0078 M Co(NH;)2(SCN)s— 390/91; 520/103 370 Aquation 1.4
550 Aquation 0.7
Same, in methanol (Same) 370 SCN -~ formed 1.4
550 SCN -~ formed 0.5
Same, in nitromethane 390/92; 520/118 370 SCN - formed 0.47
9 0.01 M Cr(Cz0,);~# 420/97; 570/75 370 No reaction <0.
550 No reaction <0.01

Discussion
The PtBr;—2-Br— Exchange System.—The data
clearly indicate that a chain mechanism is operat-
ing, and the scheme (1)-(2) is proposed as a
possibility

03]
PtBrs~% 2 PtBr;~2 + Br (0
ke
ks
PtBr,~ + PtBrg™2 T PtBrs~2 + PtBr;~2 (2)
The radicals PtBr;~2 and Br are supposed to ex-
change rapidly with Br— ion. Reaction 2, the
atom transfer process between PtBrs=2 and Pt-
Br;~2 is proposed as the chain carrying reaction

—
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Fig. 3.—Quantum yield as a function of light intensity in
the PtBre~2-Br ~ system.

rather than one of the possibilities involving Br
atoms because of the lack of effect of scavengers on
the quantum yield. Also, the reverse of (1) is
taken to be the termination step, rather than a
disproportionation of PtBr;—2? into PtBrs—? and
PtBrs~2, such as was invoked by Taube? in the case
of PtCl;~2, because of the absence of any appre-
ciable net decomposition of the complex.

The scheme leads to rate expression (3) for the
quantum yield for exchange

¢ = ¢1 + K(PtBre=2)/I'/ (3)
Here, ¢, denotes the quantum yield for exchange
through the reverse of (1), and K is given by
ks(¢/ks)'/2.  Since ¢; must be less than unity,
equation (3) predicts that ¢ should vary approxi-
mately according to the second term, as was ob-
served experimentally (see Figs. 3 and 4). On the

other hand, other schemes lead to similar rate laws,
so that the above is only illustrative and not
proven. The inverse square root dependence of
¢ on light intensity does require, however, that the
termination step be bimolecular in radical or chain
carrying species.

20

10

1 1 1 ! 1 L L Il

2 4 6 8 10 12 14 16
C X 104, moles/1.
g, 4.—Quantum yield as a function of PtBrs™* concentra-
tion.

Results with Co(III) and Cr(III) Species.—
The first systems studied, as marked by the
sequence numbers in the tables, tended to bear
out the initial hypothesis, namely, that absorption
in the region of an electron transfer band should
lead to a homolytic breaking of the metal-ligand
bond and hence to oxidation-reduction decompo-
sitions, while absorption in the region of a ligand
field band should lead to an ionic splitting and
hence to substitution reactions. Thus, in the
photochemical decomposition of Co(NH;)sSCN +2,
if aquo-complex formation were attributed to ionic
splitting and Co(II) formation to homolytic
splitting, then the ratio of ionic to homolytic fission
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rose from 0,47 for light of 370 mu to 4.1 for light
of 350 mu. Also, for the series Co(CN);X —% only
the aquation product, t.e., supposedly ionic split-
ting, resulted even though ultraviolet light was
used, in accord with the ligand field character of
the absorption band involved. Finally, the photo-
chemical PtBrs—2-Br~ exchange clearly involved a
homolytic splitting of a Pt-Br bond, in accord with
the electron transfer character of the band.

With further work, however, serious questions
developed. In the case of Co(Cy0O4);7% the intra-
molecular racemization reaction is considerably
faster than the thermal decomposition!®; the
racemization apparently involves the sequential or
simultaneous loosening of the ends of two oxalate
groups... it is quite sensitive to the presence of di-
and trivalent positive ions and would be expected
to be readily induced by the type of ligand repulsion
present in E., state. Our finding, however, was
that light in the region of the crystal field band led
to oxidation-reduction decomposition rather than to
racemization.

In the case of the series Co(CN);X 3, the quan-
tum yields for aquation decreased in the order
I, CN, Br, Cl, which is #not the order of the spec-
trochemical series, as might be expected if the
primary act were an ionic fission, but 75 the order of
increasing difficulty of oxidation of the ligand.
This suggests that the primary act is a homolytic
fission, even though the final product is an aquo-
complex and the absorption bands involved are of
thie ligand field type. Furthermore, the results of
series 11, 12 and 13 made it clear that oxidation—
reduction reactions could result from light absorp-
tion in the region of a ligand field band, if an easily
oxidizable ion was attached to the metal ion.
Thus yellow light led to a very efficient oxidation—
reduction decomposition of Co(NH;);I+2, even
though aquation is faster, thermally (in the ab-
sence of I~ ion, as was the case here.)?? Also
striking was the observation that yellow light,
which caused aquation of Co(NHj;);Cl*+2 with a ¢
of 0.007, led to production of I» when KI was
present, with a ¢ of 0.009, and that Co(INH;)s*?,
which was quite stable to yellow light by itself, was
again able to sensitize iodide oxidation. The
active species in both cases was probably the
(complex)(I™) ion pair, but the point is that the
transition involved with light of 550 mu was pre-
sumably still of the ligand field type since ion pair-
ing affected neither the intensity nor the position of
the band (from the data of Evans and Nancollas,2?
some 659, of the hexamine complex was present
as the ion pair).

It thus appears that in the case of the Co(III)
complexes, the presence or absence of photochemi-
cal oxidation-reduction reactions depends more on
the oxidizability of the ligand than on the wave
length used or on whether the band should be desig-
nated as electron transfer or ligand field in type.
Also, aquation and racemization reactions, even
though favored thermally, are not mnecessarily
favored photochemiically even though absorption is
occurring in a ligand field band.

(22) R. G. Yalman, Tuis JourxaL, T8, 1842 (1951).

(23) M. G. Evans and G, H. Nancollas, Trans. [Feraday Soc., 49,
363 (1953).
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In the case of the Cr(III) complexes, no oxi-
dation—reduction processes at all were observed,
nor were there very large differences in quantum
yields for aquation between 370 and 550 mp.
Some solvent effects were studied in the case of
potassium reineckate. In water and methanol,
the photochemical reaction appeared to follow
exactly the same course as the thermal, namely,
replacement of thiocyanate (up to two or more per
chromium) by solvent; in the thermal reaction the
loss of the first thiocyanate is followed by the more
rapid loss of at least one more,? and the ¢ value of
1.4 in methanol indicates that a similar situation
prevailed photochemically. Interestingly, how-
ever, there was an efficient reaction in nitromethane,
leading to release of thiocyanate ion, although the
complex is stable for weeks at 80 in this solvent,
in the dark. Finally, the photochemical aquation
of Mo(CN)s~¢is assumed to follow the same mecha-
nism as Co(CN); 3, discussed below.

A Proposed Mechanism for the Photochemical
Reactions of the Complex Ions Studied.—It is
possible to give a consistent explanation of all of
the above results by supposing that the immediate
chemical consequence of the absorption of a light
quantum is the same in all cases and that the type
and yield of final product is determined by com-
petitive subsequent processes.

Specifically, it is supposed that the immediate
consequence of light absorption is a homolytic
fission.

First Stage Process:
M(IIDAX + by —> —> M(IDA:X + A (4)

where A represents excess energy and is supposed to
be dissipated rapidly by exchange of vibrational
energy with the surrounding medium, concurrently
with a more or less rapid recoil of the ligand from
the complex. As suggested by the double arrow,
there may be intervening states between the pri-
mary excited state and that in which bond fission
has occurred. The essential assumption is that the
species M(II)A; X is the common precursor to those
formed subsequently.

The fate of M({II)As-X is now considered to de-
pend upon the energy with which the oxidized
ligand recoils from the complex, or, more generally,
upon the size of A. If A is large, then process 6
below is favored, in which sufficient separation be-
tween complex and ligand develops for solvent to
become interposed so that a net reaction is con-
summated, while if A is small, the opportunity for
the return process 5 will be large. The over-all
quantum yield is thus determined by that for (4)
and by the competition between the second stage
processes 5 and 6 and should therefore be lower
the more difficultly oxidizable the ligand and the
longer the wave length. This is in accord with the

Second Stage Processes:
M(IDA; X —> M(IID)AX + A/
(favored if A small) (5)
(IT)A;-X —> M(IDAH.0)-X
(favored if A large) (6)
sequence for the Co(CN);X—? and Co(NH;):X

(24) A. W. Adamson, THIS JOURNAL, in press.

ligand return:

separMation:
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(X =1, Cl, NH,) series, and with Plane and Hunt’s
observation of a very low quantum yield for Q8
exchange between solvent and the hexaaquochromic
1on,® and with the lack of photodecomposition of
Cr(C.04);2 found here. Also, of course, the over-
all quantum yields tended to decrease with in-
creasing wave length.

The nature of any net reaction is now supposed
to be determined by the fate of M(II)As(H:0)-X.
If electron transfer is energetically favorable and
can occur with high frequeticy, then process 7 may
take place; this leads to aquation as the net re-
action, Alternatively, continued separation of the
homolytic fission products may occur, leading to the
net oxidation-reduction reaction 8.

Third Stage Processes:

electron return:

M(IDA;(H,0) X ~—> M(IIDAILO -+ X~ D)
net oxidation-reduction reaction:
M(IDA;(H,0)-X —> M(II) + 5A + X (8)

It is perhaps necessary to emphasize that the above
scheme represents stages in a more or less contin-
uous sequence and that the various species are not
iecessarily true intermediates in thermal equilib-
rium with the medium.

The significance of the scheme is that the se-
quence 4, 6, 8 is essentially that for the thermal
oxidation-reduction decomposition so that it is
reasonable to expect that if the thermal process
oceurs readily, the photochemical ane should also.
On the other hand, the sequence for photochemical
aquation, (4), (6), (7) is undoubtedly nof that for the
thermal aquation or racemization. That is, the
stage M(I1)A;(H:0)-X is not traversed in the ther-
mal process (see ref. 24, 25 for a discussion of the
latter). In consequence, the ease of photochemical
aquation is supposed to depend upon quite other
factors, such as ligand oxidizability, than does the
thermal process. One can thus see an explanation
for the otherwise puzzling observation that the
oxidation-reduction decompositions of Co(CeQy),~*
and of Co(NH,);I*? dominate photocheuically,
although the racemization and aquation reactions
dominate thermally.

If fon pairing is preseut, oxidation of 1 Y~ ion can
veeur by electron transfer either as a second stageor
us a third stage process, as shown by (9) and (10).

Second Stage Process:
MDA N]Y™ - [MODACN Y o> M)
SA R NTRY (97

(25) A, W, Adamsou e 13
(19535).

Basedn, (oda Chem. Nemed 9, 1201
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Third Stage Process:

[M(IT1)A;(H.0)-X{Y ~
MU + 5A + X4 Y

—
()

IM{IDALFLO X

If (9) competes favorably with (5), then photo-
oxidation can occur even though the complex by
itself is quite stable by itself. This explanation
accounts for the observed photoéxidation of I- in
tlic presence of Co(NH;)s ™ even though the absorp-
tion band involved is not one affected by ion pair-
ing.

It is of interest to consider uot only why the
various reactions occurred, but also why they did
not occur, z.e., the cases of low over-all quantum
yield. Plane and Hunt® observed that there was
no fluorescence in the case of Cr(Ha.0)q*? ion, and
concluded that energy degradation through a serics
of radiationless transitions to high vibrational
levels occurred. It was qualitatively observed
that the complexes studied here did not fluoresce,
and in the case of Co(CN);Cl=3, u quantitative
test showed that the fluorescence of visible light,
with 370 mu incident light, was less thau 19, of the
absorbed intensity. In our systems too it must
then have been possible for 50 to S0 kcal. of ab-
sorbed energy to be dissipated by the complexes
without any net reaction occurring. The proposed
scheme suggests that this energy dissipation takes
placein steps (as Aand A”).

In summary, while the mechanism suggested is
largely ad hoc, it serves to organize the results on a
consistent basis and, moreover, has had predictive
value. The study of systems 11 and 12 was under-
taken with the expectation that if process 4 were
indeed important then induced I~ oxidation
should occur. Siilarly, induced oxidation of
Fet++ should occur in the presence of Co(CeOy) 1,
this has not yet been investigated. Iven though
the mechanism may well be incorrect i detail, cur
general findings indicate that photochemical re-
actions of complex ions {at least thic ones studied)
do not depend much in nature on the wave leugth
of light involved and, m particular, do not depend
upon whether the absorption band would be con-
sidered to be clectron transfer or lignnd ficld in
type.
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