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Abstract 

A new family of compounds of general formula [FeCp ((+)-DIOP)(p-NCC,H,R’)][PF,] (R’ = donor or acceptor group) was 
synthesized and characterized for non-linear optical properties. Spectroscopic (IR and ‘H t3C and “P NMR) and electrochemical 
(cyclic voltammetry) studies are consistent with charge-transfer from Fe” to coordinated benzonitrile via d-rr* back donation. 
One compound of this family, [FeCp(( + )-DIOPXp-NCC,H,NO,)][PF,] has an SHG value 38 times greater than that of urea. 

1. Introduction 

Recent results [l] have shown that organometallic 
chemistry is an attractive area for the synthesis of new 
compounds with non-linear optical (NLO) properties, 
motivated by relevance to optical device technology 121. 
The necessary, but not sufficient, criteria for a material 
to exhibit large second-order optical non-linearity, are 
that it should consist of polarizable dipolar molecules 
and that it should crystallize in a non-centrosymmetric 
space group. 

Our aim has been to improve the SHG properties of 
organic molecules by coordination to a metal centre. 
Benzene derivatives with electron-donor substituents 
such as methoxy and amino at one end and electron- 
acceptor groups such as nitro and cyano at the other [3l 
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are suitable for coordination to our organometallic 
moieties. 

In previous work in this field, we studied complexes 
[MCp,CSR>(p-NCC,H,D)][PF,l (M = MO’” or WI”; 
R = alkyl or aryl; D = donor group) and found surpris- 
ingly low values for second harmonic generation [4]. 
Nevertheless, spectroscopic and X-ray structural evi- 
dence showed higher r-delocalization in the nitriles 
after coordination and this encouraged us to study a 
different organometallic partner, [FeCp( + )-DIOPl+, 
where a chiral ligand ensures the crystallization in a 
non-centrosymmetric space group. Moreover, to under- 
stand whether the organometallic moiety is better as a 
donor or as an acceptor, two different types of nitriles, 
I.‘-NCChH,R’, were used, where R’ is either a donor 
group as before [4] or a strong acceptor group such as 
NO,. In this last case, the nitrile is quite unusual since 
both NzC and NO, are acceptors groups, the latter 
being stronger. 
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2. Chemical studies 

Nitrile complexes were prepared by iodide abstrac- 
tion from the parent neutral complex [I-eCp(( -t I- 
DIOP)I] by TlPF,, in the prescncc of a slight cxccxs of 
nitrile in dichloromethane at rc!otn ternpcrature. After 
work-up. orange or red cry%tls of [FcCpCi i- Ll)lOt’)- 
(p-NCC,,l-I,R’)][Pt;,] . ucie obtained in 01. X0’; yield. 
The compounds arc fairly stable Iowa-& oxidatictn in 
air and to moisture both in the solid state and in 
solution. The formulation is supported by analytical 
data, IR and ‘I-l. j’ I’, “C: NMR spectra (Table I). as 
discussed helow. .l‘hc: molar conductivities of 10 ’ M 
solutions of the complexes in nitromcthanz. in the 

R= I 
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from the metal fragment to the coordinated nitrile 
would be impossible [7]. 

1.00 

The ‘H, 31P, “C NMR spectra of the (+ )-DIOP 
ligand did not change with nitrile coligand, although 
there was a significant difference between the spectra 
of the free and bound nitrile. For instance, the jlP 
NMR spectrum of [FeCp(( + )-DIOPXp-NCC,H, 
NH,)][PF,] in (CD,&0 at room temperature dis- 
played two doublets at 56.7 ppm, an AB pattern with 
J(P,P,) = 48.3 Hz, showing two inequivalent phospho- 
rus atoms, whereas free (t-j-DIOP shows a singlet at 
26.6 ppm in the same solvent. The ‘H NMR spectrum 
also showed a significant deshielding of coordinated 
(+ )-DIOP and an obvious inequivalence of CH,, CH 
and CH, groups. The enhanced deshielding observed 
for one of the CH, groups can be understood if one 
assumes that the structure of the parent compound 
[FeCp(( - )-DIOP)(I)] is maintained [8] when the iodide 
is replaced by the substituted p-benzonitrile. A molec- 
ular model based on tetrahedral geometry at the iron 
centre and a chair structure for the seven-membered 
chelate ring of the coordinated phosphine shows two 
inequivalent methyl groups, one of them close to the 
benzonitrile ligand current. 

ACP 

o.oo--------- 

-l.OO- 
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Fig. l. Plot of A(C,H,) 1’s. ~7~ for complexes [FeCp((+)-DIOPXP- 
NCC,H,R)l[PF,l. WC,H,)= s(C,H,), +H - S(CSHS)K~,,). 

NMR spectra, respectively, there is a linear correlation 
between ACp (‘“C NMR) and ap Taft parameters 
( ACp = 6Cp (p-substituted benzonitrile) - 6Cp (ben- 
zonitrile)), corresponding to the equation A(Cp> = 
-0.056 + 1.017~~ (Fig. 1). These results seem to indi- 
cate that if the substituting group increases the donat- 
ing ability of the nitrile, the iron transmits electron 
density to the Cp ring, and consequently back-donation 
is diminished. 

Despite the fact that all compounds display sharp 
signals for the qS-C,H5 ring in the narrow ranges 
4.13-4.32 and 80.32-81.91 ppm for the ‘H and 13C 

TABLE 2. “C NMR data for complexes [FeCp((+ )-DIOPKNCR)I[PF,l 

4 
.oo 

Compound 
[FeCp(( + bDIOPXp-NCR)]+ 

R= 

NH, 

NCH,), 

NCH,), 

S(ppm), assignment 

81.17 (C,H,); 111.33 (Cl); 120.02 (C3, CS); 130.09 (C2, Ch); 132.10 (C4); 136.58 (CN) 

80.38 (C,H,); 97.1.5 (Cl); 114.63 (C3, C.5); 133.53 (C2, C6); 142.00 (CN); 152.4.5 (C4) 

39,77(N(CH,),); 80.32 (C,H,): 95.21 (Cl); Ill.57 (C3, C5); 133.09 (C2, C6); 139.10 
(CN): 153.02 (C4) 

39.91 (N(CH,),); 80.56 (C,H,); 88.04 (C8): 111.64 (C3, C5); 120.78 (Cl); 129.17 (C2, C6k 
138.78 (CN); 152.10 (C7); 152.67 (C4) 

81.16 (C,H,); 107.50 (Cl); 117.24 (C3, C5, ‘J(CF) = 22.8): 134.14 (C2, (~6, ‘J(CF) = 11.5); 
135.66 (CN) 

81.91 (C,H,); 117.03 (Cl); 124.32 (C3. CS); 129.96 (C2, Ch): 130.10 (CN); 149.70 (C4) 

81.46 (C,H& 100.X7 (C8); 124.20 (C3. CS): 12X.41 (C2. C6); 138.95 (Cl); 148.21 (C7); 
148.91 (C4) 

81.35 (C,H,); 111.33 (Cl); 119.48 (CN); 124.2X (C7, C9); 128.22 (C3, Cll); 12X.37 
(C6, ClO); 132.89 (C2, C12); 143.60 (C-4); 144.94 (C5); 147.92 (CX) 



This is also consistent w?th the IK dat;t f’or t4C‘N). 
Finally, comparison of ’ H and “C’ NMR data (Tables 1 
and 2) for complexes and uncoordinated nitriles (see 
Experimental section) shows a general trend of shield- 
ing ot’ protons H , and If 4 after coordin;lticbn. regard- 
less of whether the substituent is ;I r-ac’ccptor or ;I 
sr-donor. The deshiclding obscr~ed t’or the carbon (>i 
the coordinated N-<’ functional pl-oup i> lower fo1 
acceptors; this corroborates the postulalcd Increased 
back-donation inferred from the IR gcctr:t. 

3. Electrochemical studies 

The electrochemistry of each compound w;is studied 
by cyclic voltammctry in dichloromzthanc ;rnd acctoni- 
trilc between the limits imposed by the solvent\. i.c,. (‘(I. 
- 1.5 and 1.6 V (T’ahle 3). ~T‘ctrabutylanlm~~nrunr hex- 
afluorophosphate was the supporting clecrrolytc. 

The electrochemical behaviour of the family of com- 
pounds [FeCp(( + )-I)IOP)(NCC,,H,R)1- 15 character- 
ized by a reversible rrdox wave attrihutcil to Fell + 
Fe”’ oxidation, in the range 0.75~-0.91 V. t:~t2mplified 
in Fig. 2. 

However. where R = Nt-1, and N(CH ;I_ the clcctro- 
chemistry was considerably more complcu und, in spite 
of many experiments. we understand it only partially. 
[FeCp(( -t )-DIOP)( IPNCC‘,,H, NH: 11 * sl~cwctl anodic 
processes at L,,,, mz 1.310 V (B) and I.400 V ((1‘) without 
corresponding cathodic pcaka in addiiiclrl 10 the 
reversible: wave at II,, I, = 0.X10 V (A), ;ittributcd to 
Fe” --) Fc”’ oxidation. ~111 the very first s\hccp. peak R 
appeared as a shoulder on wave C‘. but .J h later. ;L 
voltammogram of the same solution ohtairtcd in the 

[FeCp(( + )-DIOPXNC-c!d] 
[FeCp(( + )-DIOPX ~-NC&U I -,,I 
[Fe(‘p(( t )-DIOP)(~-N(‘-!IJ-O<‘I I ;I]. 
[FeC‘p(C T i-l)1OP)( /‘-N<‘-(‘1 r\;Fi, ,I 

Il.74 

I.12 
I. 3.5 
0. 7 I 

1.117 
O.Sh 
ii.;4 

(I,37 

I Ii 

I 1 
I il(i1 
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mogram quite similar to that obtained from the solu- 
tion 1 h after the first cycle, but some problems arose 
in its characterization. This is still under investigation. 
However, we hope eventually to understand the overall 
oxidations, which probably occur on the coordinated 
nitrile. 

The oxidative electrochemistry of [FeCp(( + )- 
DIOP)(p-NCC6H4N02)]+ showed the highest poten- 
tial observed for the redox pair Fen + Fen’ in the 
entire family (Ep,* = 0.910 V). This is in good agree- 
ment with IR and 13C NMR spectroscopic data above, 
because release of electron density from the iron(I1) 
centre to the nitrile group via r back-donation should 
increase the oxidation potential. 

4. SHG studies 

We have tested for second-harmonic generation of 
some of the compounds synthesized in this work. The 
experiments were done with powder samples obtained 
as described in the Experimental section, without any 
further grinding, using the Kurtz powder technique. 
Since all the compounds are red, light from an 
Nd: YAG laser operating at 1.064 km was Raman 
shifted to 1.907 pm with a high pressure hydrogen-gas 
cell. The relative efficiencies of second-harmonic gen- 
eration (SHG) are summarized in Table 4. 

The compound [FeCp(( + )-DIOPX p-NCC(H)=C- 
(H)C,H,N(CH,),)][PF,] exhibits the highest SHG effi- 
ciency, possibly due to the ethenyl group in the nitrile 
substituent which gives this molecule the most exten- 

TABLE 4. Evaluation of SHG 

Complex A SHG signal 
(error f 10%) 
(urea = 1.0) 

[Fe]-N-C 0.0 b 

[Fe]-NGC -0 0 N(cH,), 0.2 

4.2 

3.3 

38.0 

0.0 h 

0.0 

a [Fe] = [FeCp(( + )-DIOP)]. ’ 1.064 pm. 

sive rr-delocalization in the series of amine-substituted 
organometallics. 

The best value of SHG was obtained for [FeCp(( + )- 
DIOP)(NCC,H,NO,)][PF,], which is 38 times more 
efficient than urea. This suggests that the [FeCp(( + )- 
DIOP)] fragment, acting as a r donor uia d-rr*(NC) 
orbitals towards the NO, acceptor group, enhances the 
hyperpolarizability of the coordinated nitrile giving rise 
to a large molecular second order hyperpolarizability, 
which is related to non-linear optical properties. 

In contrast to the amine-substituted compounds, the 
incorporation of the truns-ethenyl group in the p- 
nitrobenzonitrile ligand leads to a vanishingly small 
non-linearity in the compound [FeCp(( + )-DIOP)(p- 
NCC(H)_C(H)C,H,NO,)][PF,l. As reported before [9], 
we also found that neither the certainty of non- 
centrosymmetry, nor the enhanced hyperpolarizability 
of the chiral molecule guarantees large values of non- 
linearity. This suggests that solid state factors related 
to crystal symmetry and molecular orientation could be 
at the origin of small SHG signals. 

Crystals are now being grown in order to study the 
crystallographic structures. This, we believe, may con- 
tribute to a better understanding of our system. 

5. Experimental details 

All experiments were carried out under dinitrogen 
or argon by use of standard Schlenk techniques. Sol- 
vents were purified according to the usual methods 
[lo]. Solid state IR spectra were taken on a Perkin- 
Elmer 457 spectrophotometer with KBr pellets; only 
significant bands are cited in the text. ‘H and 3’P 
NMR spectra were recorded on a Bruker CXP 300 
spectrometer, and 13C NMR spectra were recorded on 
a Varian Unity 300 spectrometer at probe tempera- 
ture. Microanalyses were performed in our laborato- 
ries. Melting points were obtained on a Reichert Ther- 
movar . 

The ‘H (acetone-d,) and 13C (chloroform-d) chemi- 
cal shifts are reported in parts per million downfield 
from internal Me,Si and the 31P NMR spectra are 
reported in parts per million downfield from external 
85% H,PO,. 

( + )-DIOP ‘H and 13C NMR data are quite similar 
for all the complexes: ‘H: 0.95 (s, 3H, CH,); 1.21 (s, 
3H, CH,); 2.51 (m, 4H, CH,); 3.32 (m, 2H, CH); 7.56 
(m, lOH, C,HS); 7.71 (m, 4H, C,H,); 7.84 (t, 4H, 
C,H,); 8.29 (t, 2H, C&H,). ‘“C: 26.42 (CH,); 26.82 
(CH,); 28.20 (CH,, ‘J(C, P) = 20.4); 31.16 (CH,, ‘J(C, 
P) = 23.2); 74.87 (CH,‘J(C, P) = 12.34); 78.20 (CH, 
‘J(C, P) = 12.34); 108.84 (C(CH,),); 128.92-134.10 
(aryl CH); 138.67 (C-ipso, aryl CH); 141.77 (C-ipso, aryl 
CH). 



[FeCp(( -t bDIOP)I] was prcparetl following the pro- 
cedurc described previously [ 1 I/. 

All the complexes were prcpnred by ~hc process 
described below. ‘I‘0 LI solution of [FcCp(( -C bDIOP)I] 
(1 mmol) and the appropriate nitrilc N<X‘,,Ii,R (2 
mmol) in dichlorometharl~ (-10 ml) was added l’lPF;,> ( I 
mmol) al room temperaturi‘ with stirring. ILL’ niixturc 
was stirred at room tenipl:raturc t’or- 17 11. A chanpt‘ 
was observed from dark-violet lo orange with simult:1- 
news precipitation of thallium iodide. After filtration. 
the solution wx e\apctratcci under \~;t~uurn to ciryncsb 
and washed scver:d times with clhcr [(‘I rt‘movc the 
excess nitrite. Tic rc4icluc’ L\as rccrystalli~i*cl i‘rom tii- 
chloromcthanc/ cthcr. 

[FeCp(( t )-DIO1’)(NCC’,,~Ii)JIPt~,,]: 00% yield. n1.p. 
IXXT (dcc.). IR (KBr): dCN) 3210 cm ‘_ Anal. Found: 
C, 5O.W; H. 4.70: N, 1.90. C,;H1,F<,FcNO ,I’:. calcd,: 

C. 50.53; H, 4.83: N, 1.61’;. 
[Fcc’p(( t )-DIOP)( p-NC(‘,~I,C’H~)][P~,~i: 90’; 

yield. m.p_ lX7”C’ (clcc.). IK (KBr): rd(.‘N) X3U cm ‘_ 
Anal. t:ound: C’, 59.10: tl, 5.35; N. 1.07. (‘,,tl,lF$e- 
NO,P;. calcd.: C. 50.03: H, 5.03; N. I .30fb. 

[FeCp(( -i- )-DIOP)( p-NC’C,,H,OC’H;)][I’F~~,]: 70:; 
yield, m.p. 16OLIWC‘. IK (KBr1: IJ(CN) 2210, (OCt-13) 
1265 crn~ ‘. Anal. Found: C. 5X.48: f-1. 5.?8: N, 2.70. 
C,,H,,F~,I~eNOJ’;. calcci.: C. 58.87: I-I. 4.03; N. 1.565. 

[FeCp(( + )-DlOP)( p-NCC,, H ,NH J )l[PI:,,]: OOic 
yield, m.p. t57- lS4”C. IR (KBr): (NH ,! 34W. 3400, 
v(CN) 2210 cm ‘. Anal. Found: c‘. 58.3-b: !t. 5.M: N. 
3.28. (I’,,t~I1;F,,F~N.C>.P,. calcd.: C, 5S.S.3: tl. 4.91; N. 
3.17’J. 

[I-eCp(( + bDIOt’)( /‘-NCC,,HIN(CH ;), ,][PI;,]: WC; 
yield. m.p. 187°C (dcc.). IK (KBr): (N(C’t-1 i)3) 2960, 
v(CN) 2210 cm ‘. Anal. Found.: C. 50.30: I-i. 5.40: N, 
3.31. C,,HJ71;,FeN,0.P;. calcd.: <‘, 59.35; H. 5.20: N. 
3.07%. 

rrrrrzs-[FeCp(( + bDIOP)( p-NCC(HJ=C(H )C‘,, H iN- 
(CH3JI)I[PF,,I: XS% yield. m.p. 207-709°C’. IK (KHr): 
(N(CH 11,) 2960, r,(CN) ‘205, 1010 (CH=CtI) cm ‘. 
Anal. &,md.: C, hO.li7: I-i, 5.45: N. .3. i 7. Cl7 H ,‘,- 
F~,FcN,O,P;. calcd.: (‘. 60.27: H. 5.27: N, .3.Wc;, 

[FeCp(( + )-DIOPU /,-N(‘C‘,~-l,C‘,,I-ij)][PF,,]: 85’:; 
yield. m.p. 16%17lT. IR (KBr): rj((‘N) 2220 cm !. 
Anal. Found.: C‘. 60.74: H. 5.06: N. 1.97. Ca,,H,,,f-;,FeN- 
O,P,. talc,: C. h’..37: H. 3.91; N. l.&S’~,;. (‘I’he sample 
loses weight during the manipulations) 

[FcCp(( + )-DIOP)( I’-NCC,,H, F)][PF,,]: 50’; yield, 
m.p. 152°C (dec.). IR (KHr): rdCN) 2210 cm ‘_ Anal. 
Found.: C, 53.50: H. 4.99: N. 1.11. (‘,3HqYi..f:eN0.P3. 
CH.Cl, calcd.: C. 54.45: H. 4.46: N. 1.3-tc;, 

[F.eC‘p(( -t )-DIOP)( I,-N(‘C,,~~,NO,)][PF;~]: &iTi;’ 
yield. m.p. 173Y (dec.1. IR (Kt3r1: rdCN) 2315. (NO,) 

N<‘(‘,)H< i’tl): 7.3.: (1. ‘t-I. tI;. t-I;): 7.70 (m. .3H. 
t-l,, H,. ii,,). “C: lil.‘J7 (C’l,: llS..W ((‘N): 1X.75 
((‘3. (‘5); f31.06 CC”-‘. (‘0): 1311.41 ((‘4). 

IT-IWC’,, ti &‘I 1.; i ’ l-1): J.10 (\. .Af-1. C‘H :); 7.37 (cl. 2H. 
Ii <. t-1,): “.07 (cl, 711. 11,. tt,,,. 

[,-rx(‘C ~‘H,O~‘H _ (‘11): i.XC) (b,. 3t1, O(‘H ;I: 7.08 (d. 
3H, H,. f-1;): 7.M cd. 21-f. f-1,. tI,>). 

/I-N(‘C,;tI;NlI, (‘H): 3.55 (b. 2H. NtI,): 0.77 (cl. 
313. ti I. ti5,: 7..G (tf , -‘ti. 11,. II,,). “C‘Z OX.SK ((‘I ); 
Il3.07 f(‘i, 0): l?O.x! ((3%): I.~J.iX ((‘2. (‘(1): 150.67 
i(‘-t). 

tI.LIII.s-/I-N(‘(‘(~I)=C(t~)(~,~H ,N(C’H ;I, (‘H): 3.01 (s, 
6li, N(<‘H:J.): 5.S.i (cl. 111. H,. ‘.1(tH;. I~~,)= 17.0); 
A.72 (d. 3tI. H :. Ii.): 73 (ii. IH. H . . ‘.I(H,. H,) m= 
17.0); 7.11 (tl. 2t-1. If,. IH,,). I’(‘: ?‘J.70 (N((‘H;),); 
XS.04 (C’S); 1 I I.34 ((~‘3:(3: 119.41 (C‘N): 171.00 (Cl): 
I2X.h’) ((‘2. (‘01: 150.18 ((‘7): 151.55 ((‘4). 

p-NCC’,,Il,I- (Iti): 7.35 ct. 31-i. t4 :. 11,): 7.Sh (4, x-1. 
II 1. H,,). ‘IC‘: 10S.15 (C‘i 1: Ilh.37 ((‘.3. (‘5. -?‘./(C. I;) = 
7’:X): ll7.5Q (C‘N): 134.33 CC‘?. (‘6. ‘.I(<‘. 1:) = 0.1). 
1(,4..;;(, cc‘-+. ‘.I(<‘, TV) =z ‘55.5). 

/I-NCC,>I1,NO, [‘II): S.li (cl. 2H. ti>. l-i,,): 5.43 (d. 
2H. H;. Iii), I:(‘: -1 l(1.W (C‘N): 118.1.~ (61): 174.13 (Ci. 
(‘5); 13?.3S (<‘7. C’h): 13Q.V ((‘4). 

~~uil.~-l,-N(‘(‘(ti)=(‘( tI)(‘,,H,NO~ (‘t-l): 0.59 (cl. II-I. 
1~1,. ‘./(I{ -1 H,) c l(>.L)?: 7.70 Id. if-i, t17. ‘./(I{,. H,) = 
IO.‘)): 7.0” (tl. 71-i. t-1 . . tr”,,); S.77 (ti. 7H. ti ;. H,). “C: 
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100.94 (C8); 116.96 (CN); 124.33 (C3, CS); 128.09 (C2, 
C6); 139.11 (Cl); 147.72 (C7); 148.97 (C4). 

2 3 h 7 -- 

L-J/ 
12 II II) 9 

p-NCC,H,C,H, (‘H): 7.48 (m, 3H, H,, Hs, H,); 
7.69 (d, 2H, H,, H,,); 7.83 (s, 4H, H,, H,, H,,, Hi,). 

p-NCC,H,C,H,NO, (‘H): 7.93 (d, 2H, H,, Hi,); 
7.99 (d, 2H, II,, H,,); 8.16 (d, 2H H,, H,,,); 8.35 cd> 
2H, H,, H,). 13C: 112.65 (Cl); 118.28 (CN); 124.30 (C7, 
~9); 128.08 (C3, C6, ClO, Cll); 132.85 (C2, Cl2); 
143.08 (C4); 145.33 (C5); 147.88 (C8). 

5.3. Electrochemical apparatus References 
The electrochemical instrumentation consisted of a 

Princeton Applied Research Model 173 potentiometer, 
a Model 175 voltage programmer, a Model 179 digital 
coulometer and a Omnigraph 2000 X-Y recorder of 
Houston Instruments. Potentials were referenced to a 
calomel electrode containing a saturated solution of 
potassium chloride. The reference electrode was cali- 
brated using a 1.0 X lo-” M solution of ferrocene in 
acetonitrile containing 0.10 M LiClO, for which the 
ferricinium/ ferrocene potential was in agreement with 
the literature value [121. The working electrode was a 
2-mm piece of platinum wire for voltammetry and a 
platinum gauze for the coulometry experiments. The 
secondary electrode was a platinum wire coil. Cyclic 
voltammetry experiments were performed at room 
temperature in a PAR polarographic cell or in a 
three-compartment cell equipped with medium poros- 
ity glass frits. Solutions studied were 1 mM in solute 
and 0.1 M in tetrabutylammonium hexafluorophos- 
phate as supporting electrolyte. 

(a) M.L.H. Green, S.R. Marder, M.E. Thompson, J.A. Bandy, D. 
Bloor. P.V. Kolinsky and R.J. Jones, Nature, 330 (1987) 360 and 
refs. therein; (b) B.J. Coe, C.J. Jones, J.A. McCleverty, D. Bloor, 
P.V. Kolinsky and R.J. Jones, J. Chem. Sot., Chern. Commun., 
(1989) 14X5. 
D.J. Williams, Angew. Chem., Int. Ed. Engl., 23 (1984) 690 and 
refs. therein. 
(a) A. Dulcic and C. Sauteret, J. Chem. Phys., 69 (1978) 3453; (b) 
C. Combellas, H. Gautier, J. Simon. A. Thiebault, F. Tournilhac, 
M. Barzoukas, D. Jusse, I. Ledoux, C. Amatore and J.N. 
Verpeaux, .I. Chem. Sot., Chem. Commun., 44 (1988) 203; (c) C. 
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