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The photochemical behavior of aqueous solutions of 
Pt(NHMWrW0d2+ was investigated, using 254 
and 313 nm light. Spectrophotometric measurements 
showed that, besides the photoisomerization reaction 
to the nitrito isomer Pt(NH,~)~(NHr)(ONO)‘+ ((p2%= 
0.11; p,T,3=0.29), NOz- photoaquation and/or an ox- 
idation-reduction reaction also occurred ((~~~~=0.54; 
(p~=O.23). The relative importance of the last two 
processes and the nature of the oxidation-reduction re- 
action was then investigated by means of chemical 
analyses carried out on solutions irradiated with 254 
nm light. 

Some results concerning the thermal and photoche- 
mica1 behavior of Pt(NH3)r(NHJ(GNO)2+ in its solid 
state and in aqueous solutions have also been ob- 
tained. 

Introduction 

The NOz- ligand has long been known to give rise 
to nitro and nitrito isomers when it is coordinated to 
co ItI.’ The elucidation’ of the mechanism by which 
the nitritopentaamminecobalt(II1) ion, Co(NH?)s - 
(ONO)*+, may be prepared starting from Co(NH&- 
(HzO)~+ has recently allowed the preparation of other 
M(NH&(ONO)“+ complexes (M = Rh”‘, Ir”‘, and 
Pt’“).3*4 The rearrangement of these nitrito complexes 
to the corresponding nitro isomers has also been in- 
vestigated: More recently, it has been shown that both 
the nitrito and nitro isomers of Pt’” are actually in their 
amido forms Pt(NH&(NHz)(ON0)2+ and Pt(NH& - 
(NH&NO?) , *+ both in the solid state and in aqueous 
solution.5 In this paper we report the results of an 
investigation on the photochemical behavior of Pt- 
(NH,),(NH,)(NO#+ as well as some related results 
concerning the nitrito isomer.” 

Experimental Section 

Preparation of Compounds. The nitrito isomer, 
Pt(NH&(NH2)(0NO)Z+ (hereafter, Pt-ONO), was 
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prepared as Cl- salt according to the procedure pre- 
viously reported.4*5 We wish to point out that it was 
impossible to obtain purified samples of this com- 
pound.’ The nitro isomer, Pt(NH&(NHJ(NOz)*+ 
(hereafter, Pt-NO& was obtained by thermal isomer- 
ization of the nitrito isomer in the solid state,4’5 and 
purified by repeated recrystallizations. The [ Pt(NH&- 
(HzO)]CL complex, which is a possible product of 
the thermal and photochemical reactions of both the 
isomers, was prepared as indicated in ref. 7. All 
the other chemicals were of reagent grade. 

Apparatus. For the photochemical experiments in 
solutions, radiations of 254 and 313 nm were obtain- 
ed using the irradiation equipment previously describ- 
ed.’ Solutions were irradiated in spectrophotometer 
cells housed in thermostated cell holders. The inten- 
sity of the incident light, measured by means of the 
ferric oxalate actinometer? was of the order of IO-* 
Nhv/sec. For the photochemical experiments in the 
solid state, the irradiation was performed using a 
Hanau Q 81 high-pressure mercury vapor lamp with- 
out any filter. 

Spectrophotometric measurements were carried out 
with an Optica CF 4 NI spectrophotometer, which 
makes possible both manual measurements and auto- 
matic recording. The infrared spectra were recorded 
with a Hilger and Watts Model H 900 spectrometer. 

Chemical Analyses. The following chemical ana- 
lyses were accomplished on the irradiated solutions: 
(1) titration of reductant cationic species (Pt” com- 
plexes, see later) with potassium permanganate;” 
(ii) determination of the NOz- concentration by the 
method of Vogel,” slightly modified; (iii) determin- 
ation of the NO,- concentration with chromotropic 
acid!2 In the last determination, the interference due 
to nitrite was eliminated by reduction with sulphamic 
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acid;13 the reduction with ureaI did not give satisfac- 
tory results (see also ref. 13). 

Procedures. The photochemical experiments on 
Pt-NO2 in aqueous solutions were carried out at 25’ 
and with pH -7. At this pH value the Pt-ON0 
complex, which is one of the photoreaction products, 
is sufficiently stable, whereas in acid solution it ra- 
pidly undergoes thermal reactions (see later). The 
reactant concentration [2x 10m4-2 x low3 F] was such 
that the light was completely absorbed by this com- 
plex for suficiently long irradiation periods. The 
general procedure was as follows. Two l-cm spectro- 
photometer cells were filled with 3 ml of freshly prep- 
ared solution. One of the cells was placed in the 
thermostated cell holder of the irradiation equipment. 
During the irradiation, the solution was stirred by the 
bubbling of a stream of purified Nz. In order to 
provide a control for possible thermal reactions 
(which, however, were found to be negligible in the 
experimental conditions used), the other cell was 
placed in a thermostated cell holder maintained in the 
dark at the same temperature. After suitable irradi- 
ation periods, both of the cells were brought to the 
spectrophotometer and the changes in absorbance 
caused by irradiation were measured using the diffe- 
rential spectrophotometric method in the range 220- 
320 nm. Chemical analyses were also carried out 
on the irradiated solutions by the methods described 
above, using the following procedures (in any case, 
blank experiments were carried out on analogous 
samples kept in the dark): (1) The irradiated solu- 
tion was percolated through the Dovex l-x8 anionic 
exchanger in its OH- form and then titrated with 
potassium permanganate. This method accounted for 

250 300 X(nm) 
Figure 1. Electronic absorption spectra of aqueous solu- 
ti;iryf: (a), Pt(NH,),(N~~I:)(ONO)‘+; (b), PtWHMNH& 

; (cl, Pt(NHM-LO) Curves (d) and (e) represent 
the Solution spectra of Sam&es of Pt(NHI),(NH~)(ONO)‘+ 
which underwent partial thermal and photochemical isome- 
rization in the solid state, respectively. 

(13) A.C. Holler and R.V. Huch, Anal. Chem., 21, 1385 (1949). 
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the reductant cationic species produced upon irradia- 
tion. (2) The NO*- analysis was carried out directly 
in the irradiated solution. This analysis accounted 
for both the free nitrite ions and the Pt-ON0 com- 
plex produced upon irradiation; we verified, in fact, 
that the nitrifo isomer released quantitatively the NO*- 
ligand when the reagents for the nitrite analysis were 
used. (3) The irradiated solution was percolated 
through the Dovex l-x8 anionic exchanger in its OH- 
form and then the NOz- ions released by the nifrito 
isomer (see point 2) were determined from the per- 
colate. The NO,- ion concetration was directly measur- 
ed in the irradiated solution. 

In order to investigate the thermal behavior of 
[Pt(NH&(NH2)(ONO)]Clz in the solid state, a sam- 
ple of the compound was stored at 50” in the dark 
and its i.r. and U.V. spectra (the latter recorded after 
dissolution in water) were measured after suitable 
periods. The photochemical behavior of this com- 
plex was investigated in a similar way by irradiating 
a powdered sample of the compound at room tem- 
perature (see Apparatus). The thermal behavior of 
Pt-ON0 solutions was studied at 30” by means of 
spectrophotometric measurements in the U.V. spectral 
region. 

Results and Discussion 

Spectra. The electronic absorption spectra of the 
two isomers are shown in Figure 1. As previously 
mentioned, we were not able to obtain purified sam- 
ples of the nifrifo isomer. However, the spectra of 
samples obtained from three different preparations 
were nearly in agreement with each other and with 
the spectrum reported in ref. 4b. The molar extinc- 
tion coefficients reported in the figure for this com- 
plex are mean values evaluated from the spectra of 
the three samples. As far as the nifro isomers is con- 
cerned, the spectrum of Figure 1 shows a maximum 
at 260 nm, as does the spectrum of ref. 4b, but our 
molar extinction coefficients are very much higher 
(up to five times) than those reported in ref. 4b; such 
a difference will be discussed later on. 

Thermal Behavior. Before beginning our photo- 
chemical studies, we carried out some experiments in 
order to elucidate the thermal behavior of the prepar- 
ed isomers. No thermal reaction was observed both 
in solid state and in solution for the P&N02 complex. 
This was in agreement with the results reported in 
ref. 4. For the Pt-ON0 complex in the solid state, 
we found that, as reported in ref. 4, only the linkage 
isomerization occurred (Figure 1). As far as the 
thermal behavior of the nifrito isomer in aqueous so- 
lution is concerned, we observed that, contrary to 
what is reported in ref. 4, this complex did not give 
rise to the linkage isomerization reaction alone. In 
fact, if this reaction would be the only one that occur- 
red, the absorbance should decrease in the range 220- 
241 nm and increase in the range 241-304 nm (see 
Figure l), while it actually decreased in the entire 
spectral region examined (Figure 2). The appearance 
of a well defined maximum at about 260 nm seemed 



to indicate that some linkage isomerization did re- 
ally occur; however, the analysis of the spectral chan- 
ges showed that at least one other reaction took place 
which caused a decrease in absorbance over the entire 
spectral region examined. Two possible thermal re- 
actions of Pt-ON0 which can cause a decrease in ab- 
sorbance in the range 220-304 nm are the NO*- aqua- 
tion and an oxidation-reduction reaction. However, 
on the basis of the observed spectral variations, we 
could not decide which of these two reactions accom- 
panied the isomerization; in fact, Pt(NH&(H20)4+ has 
practically negligible absorptivities with respect to 
those of Pt-ON0 in the 220-320 nm spectral region 
(see Figure 1 and ref. 4b), and the oxidation-reduction 
products would also not absorb in that spectral region. 
An evaluation of the kinetic data showed. that the 
reaction which took place simultaneously with the 
linkage isomerization had to be at least three times 
faster than the isomerization reaction itself. It should 
be noted that both these reactions were slow in neu- 
tral media, but that their rates increased strongly at 
pH lower than 4. We would also like to note that 
the spectrum (curve e in Figure 2) of an aqueous Pt- 
ON0 solution at the thermal equilibrium (i.e., conta- 
ining the nitro isomer as well as Pt species which do 
not absorb) was found to be in fair agreement with 
that reported in ref. 4b, where, however, it was wrong- 
ly assigned to the nitro isomer alone. 

At 1 t 

a 
b 
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250 300 h (nm) 
Figure 2. Spectral changes caused by the thermal reactions 
at 30” of 1.3x10-’ F Pt(NHI),(NH,)(ONO)*+ in aqueous so- 
lution: (a). 0 hr: (b). 9 hr; Cc), 23 hr; (d), 32 hr; (e), at _,__ 
the thermal equilibrium. 

Photochemical Behavior. [P~(NHJ)~W(NOI)] - 
Cl,. The photochemical behavior of the nitro isomer 
in aqueous solution was investigated, using radiations 
of 254 or 313 nm. In both cases, it was observed 
that (i) for short irradiation periods, the changes in 
absorbance were proportional to the number of eins- 
teins absorbed by the solution (zero order reaction), 
(ii) the absorbance of the solution increased in the 
range 225-230 nm, (iii) the absorbance of the solution 
decreased in the range 235-320 nm, and (iv) no post- 
photochemical effect took place. 

Point (ii) indicates that some nitro-+nitrito photo- 
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isomerization occurred (see Figure 1). However, the 
absence of the isosbestic points at 241 and 304 nm 
(point (iii)) suggests that the isomerization reaction 
had to be accompanied with at least one other photo- 
reaction whose products had lower absorptivities than 
those of the two isomers at 241 and 304 nm. Two 
possible photoreactions of Pt-NO2 which fuifil this 
last condition are the NO*- aquation and an oxidation- 
reduction reaction: both these reactions, in fact, lead 
to products which have negligible absorptivities with 
respect to those of Pt-NO2 in the 220-320 nm spectral 
range (see also above). If we assume than, that the 
photoisomerization and one or both of these two 
last photoreactions occurred, the spectral changes ca- 
used by irradiation should be accounted for by the 
equation 

A,--A=C,E~,-N~~+C~(EP~--NO*-EPL--ONO) (1) 

where A, is the initial absorbance value of the solu- 
tion, A is its absorbance value after a given irradia- 
tion period, and ept-NQ and EPt_ON0 are the extinction 
coefficients of the nifro and nifriio isomers, respec- 
tively. In this equation, C1 represents the concentra- 
tion of the nitro isomer which underwent the photo- 
reaction(s) other than the isomerization (hereafter 
this reaction(s) will be called adecompositionn), and 
CZ represents the concentration of the nitrite isomer 
formed. Actually, we observed that the experimental 
spectral changes fit very well (within 5%) with the 
above equation, and therefore on can conclude that 
photoisomerization and adecomposition>> reactions oc- 
cur simultaneously. For each run quantum yield va- 
lues for the adecomposition>>, (pd, and for the photo- 
isomerization, qi, were calculated from the mean va- 
lues of Cl and CZ, which were obtained at 10 different 
wavelengths from equations of the type of equation 1. 
The means of the quantum yields obtained for 5 runs, 
and their uncertainties are as follows: 

254 nm: (pF0.54f0.05 rpi=0.11~0.01 

313 nm: cp,=O.23+0.02 cpi=o.29+o.03 

Further information regarding the nature of the 
c<decomposition>> reaction was obtained from the che- 
mical analyses carried out on solutions irradiated with 
254 nm light. The results obtained were as follows: 
1) The irradiated solutions contained cationic species 
which released NOz- due to the action of the reagents 
used for the NOz- determination (this result agrees 
with the occurrence of the photoisomerization reac- 
tion); 2) A cationic reducing species and NO3- were 
present in the irradiated solutions. Considering the 
cationic reducing species as a two electron reductant 
(e.g., divalent platinum), its concentration after a gi- 
ven irradiation period was about twice that of NOa- 
(rppttl -0.4, (PNOJ- N 0.2); 3) The irradiated solutions 
contained free NO*- ions. Their concentration after 
a given irradiation period was about twice as great 
as that of NOj- (TN%- -0.4). 

Point 2 indicates that a photooxidation-reduction 
reaction takes place in our system. The experimen- 
tally observed 2: 1 ratio between (pptll and (PN03- rules 
out the possibilitv of a siniple two-electron transfer 
from the NO1- iigand to the central metal (which 
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stoichiometrically requires (PW = (PN~~-), and more- 
over, it suggests that the NOZ- ligand contributes 
only one electron to the reduction of the platinum 
ion. Therefore, it seems logical to assume that the 
photooxidation-reduction process of Pt-NO2 is ana- 
logous to that observed in the photochemistry of Co- 
W-L)sWM ‘+,’ i.e., that it should involve a one- 
electron transfer from the NOz- ligand to the central 
ion, followed by the disproportionation of the NO* 
radical and the reduction of Pt”’ by some other che- 
mical species present in the solution. If this oxida- 
tion-reduction reaction alone represents the adecom- 
position)> process, it should result that (pptli = (pd 
and pNO,-= (PNOZ-. However, since we have experimen- 
tally observed that (ppt” <cpd and (PNo3- < yNo2-, one 

could conclude that some Nor- photoaquation also 
occurs, whose quantum yield should be about 0.1-0.2. 

Pt(NH3)r(NH2)(ONO)Clz. Since it was impossible 
to obtain purified samples of this compound,5 only 
qualitative experiments were carried out. The U.V. 
irradiation of the complex in the solid state caused 
the nitrito+nitro linkage isomerization. In fact, both 
the i.r. and U.V. spectral changes obtained upon ir- 
radiation of a powdered sample of the compound were 
identical to those observed for the thermal isomeriz- 
ation in the solid state (Figure 1). 
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