
Inorganica chimica Acta, IO1 (1985) 71-75 71 

Photochemical and Thermal Behaviour of Isocyanide Complexes. 
IV*. Photochemistry of Fe(CNCH,)6(BF4)2 in Acetonitrile 

L. L. COSTANZO, S. GIUFFRIDA, G. DE GUIDI and G. CONDORELLI 

Istituto Dipartimentale di Chimica e &mica Industriale, Universitd di &tam& V.le A. Dorh 8, 95125 Gztania, Italy 

Received August 3,1984 

Abstract 

The irradiation of acetonitrile solutions of Fe- 

(CNCH& ‘+ in bands of the ligand field provoked 
consecutive reactions of photosubstitution CNCHs- 
NCCHs. Two partial steps of the process were evid- 
enced: at the beginning a monosolvated intermediate 
Fe(CNCHs)5(NCCHa)2t (I) was formed; subsequently 
this latter in turn underwent photosolvation to Fe- 
(CNCHs)4(NCCHs)22t (II). Both the solvated inter- 
mediates were isolated and characterized. The quan- 
tum yields of the two consecutive processes were 
calculated; it was found that both the quantum yields 
decreased as the irradiation wavelength increased. 
A general mechanism of photosolvation for 
isocyanides of Fe” was proposed. 

Introduction 

From numerous studies on the photosensitivity 
of Fen complexes in aqueous medium [l-5] , it was 
shown that on irradiation a progressive photoaqua- 
tion, leading to Fe’+ or Fes+ ions, occurred through 
indistinguishable primary photoreaction and secon- 
dary thermal and photochemical processes. Recently 
we have undertaken an investigation in acetonitrile 
on some isocyanide complexes of Fe” with mixed 
ligands: Fe(bpy)2(CNCHs)22+, Fe(bpy)(CNCHs)42+ 
and Fe(bpy)(CNCHa)2(CqHION4)2+ [6-81. The 
results showed that a photosolvation occurred also 
in this solvent, but it was possible to evidence the 
partial steps of the whole process, with formation 
of stable solvated intermediates. The previously 
studied compounds exhibit intraligand and charge 
transfer bands, the ligand field bands probably 
hidden by the more intense ones. In this paper we 
consider the compound Fe(CNCH&2+, which exhi- 
bits only bands of the ligand field, in order to obtain 
information regarding the weight of the excited 
band nature on the photochemical process. 

*For Parts I-III see refs. h-8. 
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Experimental 

The compound Fe(CNCH3)6(BF4)2 was prepared 
by treating K,Fe(CN), with (CHa)2S04 under reflux 
at 60 “c for some hours. Following extraction by 
water, the product was precipitated by saturated solu- 
tion of NaBF4 and recrystallized from methanol. All 
chemical reagents were reagent grade. 

The elemental analysis was carried out with a 
Carlo Erba elemental analyzer Mod. 1106. The PMR 
spectra were obtained in CD2C12 at 80 MHz on a 
Bruker WP-80 spectrometer. All UV and visible 
spectra were obtained from a Perkin Elmer 330 
spectrophotometer equipped with a 3600 data sta- 
tion. 

The monochromatic radiations of 350 and 254 nm 
were obtained using a Rayonet photochemical reactor 
equipped with sixteen 24 W lamps. The intensity of 
the incident light was 5 X lo+ einstein min-’ for 
both radiations. Before the irradiation, all samples 
were de-aerated by prolonged bubbling of nitrogen. 

Results and Discussion 

The compound Fe(CNCHs)6(BF4)2 exhibits 
in acetonitrile the absorption spectrum characteristic 
of an octahedral low spin compound d6 with two 
bands in the UV range, attributable to ligand field 
transitions (h,, 318 nm, e 350; h,, 267 nm, e 
360). 

The compound was thermally inert, but irradia- 
tion at all wavelengths of its aborption spectrum 
caused release of isocyanide ligands and substitution 
by solvent molecules NCCHa. By following the spec- 
tral changes (Fig. 1) of irradiated solutions at various 
times, at first we observed a shift of the absorption 
towards the visible with isosbestic points at 331,297 
and 276.5 nm and the appearance of a new maximum 
at about 365 nm. On continuing the irradiation, the 
optical density at 365 nm decreased and a new 
maximum at about 410 nm was evidenced; the isos- 
bestic points shifted to new wavelengths (381, 328 
and 307.5 nm). 
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TABLE I. PMR Data in CD2Clz. 
Et 

Fe(CNCH&‘+ 

I 

II 

6 CNCH, , PPm 

3.49 

3.64; 3.41 

3.63 

6 NCCH, 9 PPm 

2.34 

2.46 

The course of the spectral changes was consistent 
with two consecutive steps of photochemical solva- 
tion. At the beginning, the light was absorbed mainly 
by the starting compound and only the formation of 
the first solvated intermediate I (X,,, 36.5 nm) 
was noted. When the concentration of I attained a 
value such as to compete with the starting com- 
pound in the light absorption, the formation of 
another intermediate II (h,, 410 nmj became 
evident. The second group of isosbestic points appear- 
ed when the concentration of Fe(CNCHs)e’+ was 
negligible. It was noteworthy that at an adequate 
concentration of II the irradiation caused no further 
increase of the maximum at 410 nm, but a widening 
of the band and a shift of the isosbestic points. On 
interrupting the irradiation, the absorbance at 410 
nm increased until a constant value was reached and 
the original isosbestic points between I and II were 
reestablished. This latter process indicated that for 
light absorption the intermediate II released further 
isocyanide ligands, that in the dark back-displaced 
solvent molecules. 

In order to clarify the nature of the solvated inter- 
mediates we attempted to isolate the intermediates I 
and II. To this purpose we prepared enriched solutions 
of I or II through irradiation at suitable wavelengths 
(respectively, at 254 nm for the enrichment of I 
and at 350 nm for that of II). These intermediates 
were precipitated from the solutions by the addi- 
tion of a small amount of ether and were analyzed 
without further purification, to avoid the alterations 
occurring during this process. The elemental analysis 
showed that both Intermediates had the same compo- 
sition percentage as the starting compound, within 
experimental error. The PMR data, obtained in CDs- 
Cls, are reported in Table I. In the starting com- 
pound the peak at 3.49 ppm is due to the methyl 
protons of the six equivalent isocyanides. In 
compound I the peak at 2.34 ppm is attributable 
to the methyl protons of the coordinated aceto- 
nitrile, while the peak at 3.64 ppm is due to the 
four isocyanide molecules in plane that are in cis 
position to the acetonitrile; the peak at 3.47 ppm 
is due to the protons of the isocyanide in axial 
trans position to the acetonitrile. In compound II 
the peak at 2.46 ppm is due to the two acetonitrile 
molecules both in axial positions, while the peak 
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Fig. 2. UV spectra of the isolated photochemical inter- 
mediates I (- - - -) and II (-. -. -) (for comparison the 
spectrum of the initial compound ( -_) is reported). 

at 3.63 ppm is due to the four isocyanides in plane. 
Therefore on the basis of these symmetry considera- 
tions and in agreement with the peak areas we con- 
cluded that the intermediates I and II are respectively 
the mono- and bisolvated compounds: 

c ,‘C I 
c - FL’-c 
N’ ’ C 

C 

I fRN 
/’ 

C -Fe-C 

N’ ’ C 

I II 

No useful indication was provided by the IR spec- 
tra, as in our experimental conditions the stretching 
band VoN at 2240 cm-’ of the solvated intermediates 
is not significantly altered in respect of the starting 
compound. 

The UV spectra (Fig. 2) cpnfirm that the isolat- 
ed intermediates were the mono- and bisolvated 
compounds. In fact we found two bands, respec- 
tively at 365 nm (e 450) and at 285 nm (E 290) for 
I; at 410 nm (e 550) and at 322.5 nm (E 270) for II. 
It was noteworthy that the positions of the absorp- 
tion bands were those expected respectively for 
the compounds Fe(CNCH3)5(NCCHs)2+ and Fe- 
(CNCHS)Q(NCCH&~+ on the basis of the rule of the 
average environment [9]. According to this rule the 
wavenumbers of the d-d bands of the mixed com- 
pounds are given by the following relation: 
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From the above results we conclude that the 
overall photochemical process was the following: 

Fe(CNCHs),” & 
3 

Fe(CNCHs)s(NCCHs)” + CNCHs (1) 

Fe(CNCH3)s(NCCH3)‘+ & 
3 

Fe(CNCH3)4(NCCH3)2++ + CNCH3 (2) 

Fe(CNCH3)4(NCCH3)2 h 
3 

Fe(CNCHs j4_-x(NCCHsj2 +x + xCNCH3 (3) 
(0 

The quantum yields of the first (@r) and the 
second step (Q2) of the process were calculated from 
spectral data which allowed us to obtain experimental 
values of the concentrations of the initial compound 
and of the intermediates I and II vs. time (Fig. 3). 
Spectral data were collected after the absorbance 
at 410 nm was constant; this ensured that the 
reentry of CNCH3 in eqn. 3 was completed. From 
Fig. 3 we noted that at all times the concentration 
sum of the components of the irradiated solution 
was equal to the initial one; this observation sup- 
ports the validity of the proposed mechanism. Upon 
constant stirring the kinetic rate equations describ- 
ing the variation in concentrations can be written 
as follows: 

M.103 

d [Fe(CNCH3)6+‘] 
- 

dt 

alL e0[Fe(CNCH3)6*] (1 - 10-CEC) 
ZZ- 

V 2k 

d PI 
(ii) 

dt 

L (@r~,[Fe(cNcH~)~++j - Qpzer [I])(1 - 10-zEc) 
=_ 

V SC 

d[II] L $eZII](l - lPfC) 
-_=- 

dt V zec 

where L is the light intensity, E is the extinction coef- 
ficient of the species considered, Z’EC is the 
absorption of all the species present and V is the cell 
volume. 

Fig. 3. Variation of the concentration of the initial com- 
pound (a) and of the intermediates I (b) and II (c) with 

time; (i) hexc 350 nm, (ii) A,,, 254 nm. 

suitable computer program; the values of @r and az 
found were (error within 1%): 

h % @2 

254 1.60 X IO-’ 0.25 x 1o-2 
350 0.95 X 10-2 0.15 X 1O-2 

The derivatives of the concentrations vs. time We noted that analogously to the findings in the 
and subsequent calculations were obtained by a dicarbene compound [8], the ratio of the partial 
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quantum yields was constant at the two wavelengths 
and the first step of the photosolvatlon was more 
efficient than the second one The mcreasmg 
quantum yields with excltmg radiation pointed to a 
dlssoclatlve mechanism heterolytlc fission of the 
Fe-C bond and the consequent dlffuslon apart or 
reentry of the released hgand, dependent on the 
energy of the exciting irradiation A further fmdmg 
supports this mechamsm Upon lrradlatlon of a solu- 
tion m the presence of blpyndme, we noted the 
formation of Fe(bpy)(CNCH3)42+ 

Mw 
Fe(CNCH&2+ - 

Fe(bpy)(CNCH3)42+ t 2CNCH3 

Unfortunately a quantltatlve study of the process 
was not possible because of the relative extmctlon 
coefficients of Fe(CNCH&2+ and Fe(bpy)- 
(CNCH3)42+ (respectively 130 and 2750 at 350 nm) 
Besides, we controlled that the mltlal compound 
and the mtermedlate I underwent no thermal reaction 
after addition of blpyrldme, that 1s to say, this hgand 
was not able to displace solvent molecules It 1s 
reasonable to suppose that the photochemical forma- 
tion of Fe(bpy)(CNCH3)42+ occurred by reaction 
of blpyrldme with an unsolvated pentacoordmate 
intermediate formed m the dlssoclatlve primary act 
the blpyrldme competed with solvent m attacking 
with one end the free posttlon and it rapldly expel- 
led a second CNCH3, thereby leadmg to the 
formation of a chelate 

The overall results obtamed m our investigation 
on the lsocyamde complexes of Fe” [2-81 , tend to 
suggest that the primary photochermcal act 1s the 
same for all the compounds studied, mdependently 
of the solvent used, whle the whole process IS typlcal 
for each case because the thermal and photochemtcal 
stab&y of the formed intermediates is influenced 
by the nature of the substltuents and of the solvent 
For hght absorption an heterolytlc fission of the 
Fe-C bond occurs, with formation of a dlssoclatlve 
state [pentacoordmate intermediate, CNCH3] The 
solvent substitutes the lsocyamde but, m the presence 
of free hgands, they can compete with the solvent 

m attackmg the sixth pontoon. In agreement with the 
increase. of the quantum yields with the energy of 
the mcldent l&t, the two fragments, trapped m the 
solvent cage, can either diffuse apart or undergo 
recombmatlon, depending on the excess energy neces- 
sary for the bond fission 

From the independence of the photochemlcal pro- 
cess of the excited band nature, we conclude that the 
hgand field states, populated by direct excltatlon 
as m Fe(CNCH3)62+, or by fast decay from higher 
charge transfer states as m the lsocyamdes at mixed 
hgands, are responsible for photosolvatlon The 
decrease of the quantum yields from the Fe(CN- 
CH3)62+ to Fe(bpy)2(CNCHB)22+ confirms this hypo- 
thesis, because this decrease 1s m accord with the 
increase of the stablhzatlon of the hgand field caused 
by blpyndme or carbene groups 
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