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Interaction of the iridium(iii) trihydridophosphine complex 
with fullerene C60 under thermal and photochemical excitation 
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The interaction of the PPh3-stabilized iridium trihydrido complex H3Ir(PPh3) 3 with 
fullerene C60 under thermal and photochemical excitation was studied under anaerobic 
conditions. Heating (100 ~ or photolysis by the visible fight of the H3Ir(PPh3)3--C60 
miScture (-1 : 1) in toluene leads to the appearance of new absorption bands at 435, 600, and 
650 rim, which are characteristic of the rt/-coordinated C6o in several fullerene-containing 
metal complexes. The kinetic behavior of the H3Ir(PPh3)3--C60 system in benzonitrile was 
investigated using a Nd3+--YAG laser (3. = 532 nm). The quenching rate constant deter- 
mined from the dependence of the effective fast-order quenching constant of C6o(T ) on the 
concentration of H3Ir(PPh3) 3 is equal to 1.1 �9 109 L mol - l  s -1. The quenching of C60(T) by 
the iridium hydridophosphine complex follows the reductive mechanism to form a C60 
monoanion. The ESR signal with g = 2.0000 and AH = 0.17 mT (at room temperature) 
and characteristic absorption bands in the aear-IR region at 940, 1004, and 1076 nm support 
the formation of the C60 monoanion during the interaction of the triplet-excited C60 with 
H3Ir(PPh3)s- 

Key words: fullerene C60 , laser photolysis, quenching rate constant, ESR spectroscopy, 
near-lR spectroscopy, iridium trihydrido complexes. 

The discovery o f  fullerenes, a new allotropic modifi- 
cation of carbon, resulted in the intense study of their 
chemical properties,1 including their interaction with nu- 
cleophiles z -4  and metal  complexes. 5-8 The ability of  a 
C6o molecule to form different types of coordination 
compounds t suggests the possibility o f  using fullerenes as 
a pol3~unctional ligand in metal complexes, which is 
capable, for example, of  changing the type of  coordina- 
tion at different oxidation states of  the metal, and of 
functioning as an electron and/or  hydrogen acceptor, etc. 

In this work, we studied the interact ion in the 
H3Ir(PPh3)3--C60 system under  thermal  and photo-  
chemical excitation. 

Results and Discussion 

Toluene solutions of  C60 containing the ir idium(m) 
hydridophosphine complex for a long time undergo no 
visible changes in the  dark, under anaerobic  conditions 
at room temperature.  Heating or irradiation o f  these 
solutions by light with wavelength 3. > 400 nm or light 
of the second harmonic  of  a Nd3+- -YAG laser (532 nm) 
results in substantial changes in the absorpt ion spectrum 
of C60. 

When a H3Ir(PPh3)s--C60 (1 : 1) mixture in tolu- 
ene in a sealed ampule  is heated at 100 ~ the color of  
the solution changes from violet to intense-green. New 

absorption bands (Fig. 1) at 435, 602, and 650 rim, 
which are characteristic of  ful lerene-containing low- 
valence rhodium, iridium, and palladium complexes 
(see, e.g., Refs. 7 and 8), appear  in the visible region of 
the absorption spectram. The values of the molar absorp- 
t ion coeff icient  @435 = 4800, ~:602 = 2300, ~650 = 
1800 L tool -1 cm - l )  for the rl2-fullerene complexes 
formed in this system differ noticeably from the 
values for the known fullerene-containing complexes, 
for e x a m p l e ,  ( r lS-CgH7)I r (CO)( r l2 -C60)7  (~r = 
8000 L tool - l  cm- l ) .  No hydrogen is evolved at the 
stage of  formation of the complex (green solution). The 
addit ion of  oxygen results in fast decolorization of  the 
solution and the appearance o f  free fullerene (TLC, 
Silufol-254, benzene--hexane,  1 : 10), which indicates 
that the iridium hydridophosphine complex with fullerene 
formed is unstable. 

Changes similar to those observed under the thermal 
treatment (see Fig. 1) are observed when a HsIr(PPh3) 3 -  
C60 (3 : 1) mixture in toluene is irradiated by light with 
k > 400 nm under anaerobic condit ions,  i.e., when the 
photoexci ted fullerene (3C60) and /o r  the complex are 
generated. It is noteworthy that when the H3Ir(PPh3) 3 -  
C60 mixture in toluene is ei ther  heated or irradiated by 
visible light, the absorption at I076 nm in the near-IR 
region and the ESR signal from the C60"- radical anion 
do not a p p e a r )  The fact that C60 in toluene is not 
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Fig. 1. Absorption spectra of the H31r(PPh3)3--Cro mixture 
([Ir] = [C60] = 1.4- 10 -4 mol L -l) in toluene before the reac- 
tion (/); after heating (100 *C, 0.5 h) in a sealed cell (2); after 
photolysis (L > 400 rim, 0.5 h), [Ir] = 5.03" 10 -4 mol L -1, 
[C6o ] = 1.4-10 -4 mol L -1 (3). 

reduced by such strong reducing agents as Cr I! and Sn II 
can be related to a very weak coordinating ability of  the 
C60-" radical anion, but the addition of a polar solvent 
(THF, MeCN) results in the reduction of C60 in both 
systems. 9 

The kinetic behavior of  the H3I.r(PPh3)3--C60 (1 : 1-- 
10 : 1) system in benzonitrile in the absence of oxygen 
was studied by laser pulse photolysis using excitation by 
the second harmonic of  a Nd3+--YAG laser (k = 
532 rim). The differential absorption spectrum after a 
laser pulse corresponds to the T--T-absorption of  the 
triplet C60. The spectrum exhibits a characteristic band 
with maximum at 750 rim. A decrease in the lifetimes of  
the excited states at 750 nm (absorption maximum of  
the triplet state of  C60) indicates that 3C60 is quenched 
by the iridium hydridophosphine complex (Fig. 2, a). 
The quenching rate constant determined from the de- 
pendence of  the effective first-order quenching constant 
of 3C60 on the concentration of  H3Ir(PPh3)3 is equal to 
1.1 �9 109 L mol - I  s - I  (Fig. 2, b), i.e., it is close to the 
diffusion limit by an order o f  magnitude. An increase in 
the optical density with the characteristic time coincid- 
ing with the lifetime of  3C60 is observed at 950 rim, 
which corresponds to the absorption of C60"- (T--T-  
absorption of  3C60 is absent). This fact indicates that the 
absorption at k = 950 nm appears due to the product of  
quenching of  3C60. Thus, the triplet-excited fullerene is 
quenched by the H3Ir(PPh3) 3 complex via the reductive 
mechanism. The quantum yield of  the formation of  
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Fig. 2. a. Changes in the optical density at k = 750 nm 
in time for triplet-excited C60 in benzonitrile ([C60] = 
8.7.10 -5 tool L -l, kex e = 532 rim) for [H3Ir(PPh3)3] = 0 (/) 
and 8 - 10 -4 tool L -L (2). b. Dependence of the inverse lifetime 
of 3C60 (/c) on the concentration of H3Ir(PPh3) 3 t~enzonitrile as 
the solvent). 

C60"- (q~ -~ 7%) was estimated from the ratio of  the 
optical density of3Cro (k = 750 rim) at the moment  t = 
0 to the optical density of  C60"- (k = 950 nm) up to 
the moment of complete quenching of 3C60. 

Figure 3 presents the absorption spectrum of the 
H3Ir(PPh3)3--C60 (10 : 1) system in benzonitrile in the 
visible (Fig. 3, a) and near-IR (Fig. 3, b) regions after 
photolysis. Absorption bands at k = 940, 1004, and 
1076 nm appear in the near-IR region of the spectrum 
of the reaction mixture after steady-state photolysis 
(30 rain) under anaerobic conditions, which indicates, 
according to previously published data, 3,4,1~ that the 
C6o ' -  radical anion is present in the solution. In the 
near-IR region, the absorption spectrum of the evacu- 
ated sample remains unchanged for a long time, but the 
absorption bands disappear immediately after exposure 
of  the solution to air, which is also typical of  the 
fullerene radical anion. 3 According to the data of spec- 
trophotometry, the reaction of 3C60 with the iridium(m) 
hydr idophosphine  complex results in the reduc-  
tion of  ~10--20% fuUerene to C60"- (Et076 = 1.2-- 
2.0- 104 L tool -I  cm-I)  1~ 



2034 Russ. Chem.Bull., VoL 46, No. 12, December, 1997 Goldshleger et al. 

D 1.0 a D / /  0, 

300 500 700 900 ~./nm 

Fig. 3. a. Absorption spectra of the H31r(PPh3)3--C60 mLxture 
([H3Ir(PPh3)3J = 8" 10 -4 tool L -I, [C60] = 8.7- 10 -5 mol L -l) 
in benzoni~rile before (23 and after laser photolysis (2) 
(Nd3+--YAG laser, ). = 532 rim). b. Absorption spectrum ofthe 
sample in the near-IR region after photolysis (L = 532 nm) in 
vacuum (3) and after exposure in air (4). 

The formation of the radical anion of C60 when the 
H3Ir(PPh3)3--Cr0 system in benzonitrile is irradiated by 
visible light is also confirmed by the appearance of the 
ESR signal. The ESR spectrum of the sample studied, 
which was recorded at 77 K immediately after the irra- 
diation was completed, consists of two lines: an intense 
line with g = 1.9969 and AH = 0.47 mT and a weak 
line with g = 2.0001 and LxH = 0.24 mT (Fig. 4). Only 
one line with g = 2.0000 a n d / t H  = 0.17 mT is observed 
at ~20 ~ Storage of the sample at ~20 ~ is accompa- 
nied by slow changes in the ESR spectrum monitored at 
77 K: the intensity of the line with g = 1.9969 de- 
creases, while the intensity of the line with g = 2.000t 
increases, and 2 months  later only the line with g = 
2.0001 remains in the spectrum. The second integral of 
the ESR spectrum remains unchanged, i.e., the number 
of paramagnetic centers does not change. The compari- 
son of the second integrals of the ESR spectra of the 
sample studied and the standard solution of the nitroxyl 
radical shows that the sample contains 3 �9 10 .6 mol L -1 
paramagnetic centers. This value agrees by an order of 
magnitude with the concentration of C60"- determined 
from the optical spectra. The width and amplitude of the 
ESR spectrum of the sample studied remain unchanged 
during storage at -20  ~ It is mentioned in Ref. 4 that 
the Bu4N + counter ion affects noticeably the stabiliza- 
tion of C60 ' -  formed due to the photoinduced transfer 
of an electron between R3N and C60. 

The ESR spectrum of the sample recorded at 77 K 
immediately after irradiation resembles 11 the ESR spec- 
trum of the C60"- monoanion  at the temperature of 
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Fig. 4. ESR spectra of the H3Ir(PPh3)3--C6_0 system 
([H31r(PPh3)3] = 8 �9 10 -4 tool L -1, [C60] = 8.7- 10 -7 mol L -~) 
in benzonitrile at 77 K after photolysis (1), after storage at 
-20 ~ for I (2) and 2 months (3). 

liquid helium. However, as the temperature increases to 
77 K, the spectrum is t ransformed due to averaging of 
the Jahn--Teller distortion by thermal  oscillations of the 
C60"- molecule. Perhaps in this  case, associates of the 
C60"- molecules are formed, i n  which averaging of the 
Jahn--Teller distortion is difficult at 77 K. The slow 
change in the ESR spectra dur ing  storage can likely be 
explained by the slow deaggregation of these associates. 
At -20 ~ the spectrum exhibits only one line with g = 
2.0000 typical of the free C60"-.  Apparently,  at -20  ~ 
the associate--free C60 ' -  equi l ibr ium is shifted toward 
the free C60"-. The nature of these associates and the 
reason for their slow deaggregation are presently un- 
known. 

When the mixture is irradiated by the full light of a 
xenon lamp, no ESR signals appear  probably due to the 
fact that transformations occurr ing in the H3Ir(PPh3) 3 -  
C60 system are more pronounced.  We failed to identify 
an active ir idium-containing species in this system. It 
should be noted that no spectral proofs for the formation 
of iridium(w) were obtained by  studying the electro- 
chemical or chemical ox ida t ion  of the i r id ium(m) 
hydridophosphine complexes, lz 

The formation of the ~2-fullerene complexes in the 
H3Ir(PPh3)3--C60 system on heat ing  in toluene prob- 
ably occurs through the stage of formation of the iridium 
dihydrogen complex, which is the real intermediate in 
reactions of iridium trihydrido complexes with electro- 
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philes, for example, H+. 13 The oxidation of iridium and 
generation of C60"- become possible in benzonitrile due 
to the photo induced transfer of an electron from 
H3Ir(PPh3)3 (oxidation potential +0.55 V) 12 to C60 
involving the triplet-excited state of C60 (oxidation po- 
tential +1.14 V). An increase in the polarity of the 
medium facilitates the charge separation. The effect of 
the donor--acceptor  properties of solvents on the stabi- 
lization of C60"- has been mentioned previously. 4,9 

Scheme 1 

;~ > 400 rim, l benzonitrile 

[H31r(PPh3)3" +C6o "- ] 

1 
C6o'- 

g = 2.0000 
= 1076 nm 

H31r(PPh3) 3 + C6o 

toluene I t~uene 

= 43s, }02, 650 nrn I = 

Hlr(H2)(pph3)3(rl2"C60} 1 

Thus, the interaction in the H3Ir(PPh3)3--C60 sys- 
tem (toluene or benzonitrile as the solvents) under 
anaerobic condit ions was established (Scheme 1) to oc- 
cur via different routes in the dark and under  irradiation: 
on heating (100 ~ in toluene to form ~q2-iridium 
complexes with C(,0 and under irradiation of the system 
in benzonitrile with the oxidation of iridium by the 
triplet-excited C60 (Nd3+--YAG laser, ~. = 532 rim). 
The photochemical reaction in benzonitrile results in 
the appearance of the absorption band in the near-IR 
region and the ESR signal (~, = 1076 nm and g = 
2.0000, respectively) for the C60"- radical anion. 

Experimental 

Toluene and benzonitrile were purified by standard proce- 
dures, j4 The H3Ir(PPh3) 3 complex was obtained by a known 
method, 15 IR (Vaseline oil), v(Ir--H)/cm-l: 1740, 2130. 

Steady-state photolysis (;~ > 400 am) of the H3Ir(PPh3) 3 -  
C60 mixture was carried out at -20 *C under anaerobic condi- 
tions ([-cm quartz cell) using a Xe lamp (100 W) with a system 
of thermal and light filters. Laser photolysis of the 
H31r(PPh3)3--C60 system was carried out by the second har- 
morfic of a Nd3+--YAG laser (X = 532 run, pulse duration 
12 ns, pulse energy -10 rrd). The detection system has been 
described in detail previously. 16 

Absorption spectra were recorded on Specord M-40 and 
SF-8 spectrophotometers in 1-cm quartz cells. 

ESR spectra were obtained on a Radiopan SE/X-2544 
radiospectrometer with a modulation of 0.125 mT and a 
microwave power of ~3 mW at -20 ~ and 77 K. 

Solutions of H3Ir(PPh3)3 and C60 (H31r(PPh3)3--C60 , 1 : l) 
in toluene were heated at 100 ~ for 0.5 h in a sealed ampule 
until the solution attained a stable green color. Heating of this 
mixture with argon bubbling does not result in similar changes. 

The authors are grateful to A, S. Lobach for the C60 
sample (purity 99.5%) and A. P. Moravskii for develop- 
ment of the procedure for determining minor quantities 
of hydrogen. 
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