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The resonance Raman spectra of Fe(LC12)3C12 and Fe(LCls)sC1 ~ (where LC12 
and LCls denote 4,4'-didodeeyloxy-2,2'-bipyridine and 4,4'-dioctadecyloxy-2,2'- 
bipyridine, respectively) have been measured along with their excitation 
profiles. The exciting lines of an Ar + laser have been used. The bands appearing 
in the RR spectra within 1 200-1 600cm -1 (expected to arise from the bipy 
moiety C--N and C--C vibrations) suffer the greatest resonance enhancements. 
Both depolarization ratios of the Raman bands and excitation profiles reveal the 
interaction of the resonant electronic states. 
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Resonanz-Raman-Spektren von Eisen(II)-Komplexen mit 4,4'-Didodecyloxy- 
2,2'-bipyridin und 4,4'-Dioctadecyloxy-2,2'-bipyridin 

Es wurden die Resonanz-Raman-Spektren yon Fe(LC12)3C12 und 
Fe(LCls)3C12 zusammen mit ihren Excitationsprofilen gemessen (LC12 und LCls 
bedeutet 4,4'-Didodecyloxy-2,2'-bipyridin bzw. 4,4'-Dioetadecyloxy-2,2'- 
bipyridin). Dazu wurde ein Ar+-Laser benutzt. Die Banden im Bereich yon 
1 200--1 600cm -1, die den C--N- und C--C-Vibrationen zuzuordnen sind, 
zeigen die grSBten Resonanzverst~rkungseffekte. Sowohl die 
Depolarisationsverhi~ltnisse als auch die Excitationsprofile dokumentieren die 
Wechselwirkung in den resonierenden elektronischen Zust~nden. 

Introduction 

Resonance  Raman spectra  of  bis- and  tr is-a-di imine complexes of  
Fe ( I I )  and  Os(II)  were s tudied extens ively  1-3 in order  to  resolve the 
ambigui t ies  in the ass ignment  of  their  absorp t ion  bands  4-7. Inspec t ion  
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of  bo th  exci ta t ion profiles of  the complexes being s tudied and  the  
depolar izat ion ratios of  the  Raman bands  has revealed t h a t  the  
shoulders on the h igh-f requency side o f  the main  electronic band  
(~E +- 1A1) of these compounds  are a lmost  exclusively due to vibronic  
t ransi t ions  1 

Recent ly ,  several ru then ium( l I )  complexes wi th  su r fac tan t  bipy 
derivat ives  such as d ioctadecyl  or bis(dihydrocholesteryl)  esters of  4,4'- 
d icarboxy-2,2 ' -b ipyr id ine  were believed to  be useful as ca ta lys ts  of  
water  photolysis  for solar energy  conversion sys tems s'9. These 
complexes, however,  were shown to decompose gradual ly  dur ing the 
photolysis  process because of  hydrolysis  of  the  ester groups  l°'H. 

The aim of  the present  s t udy  was to app ly  resonance Raman 
spect roscopy to the  i ron(II)  complexes of  long al iphatic chain bipy 
derivatives,  Fe(LC12)aC12 and Fe(LCls)3C12 in the  hope of  moni to r ing  the  
influence of a long-chained l igand on the enhancement  of  Raman bands  
originat ing f rom bipy moie ty  vibrat ions.  Moreover,  it seems interest ing 
to determine whether  or no t  the  enhanced  modes derive their  in tens i ty  
f rom the electronic s tate  involved in the t rans i t ion  observed a t  ca. 
19 500 em -1. 

Experimental 
Syntheses 

Both ligands, 4,4'-didodecyloxy-2,2'-bipyridine and 4,4'-dioctadeeyloxy- 
2,2'-bipyridine were synthesized according to a described procedure 12. 

Iron(II) complexes, Fe(LCI~)3C12 and Fe(LCls)3C12 were prepared by the 
following method: 

Anhydrous FeC12 (0.005 mol) and LC12 (LCls) (0.001 mol) were placed in a 
round-bottomed flask containing 100 cm 3 of CHC13. The mixture was refluxed 
for 0.5 h. The resulting deep-red solution was filtered off and concentrated to ca. 
25 cm 3 in a rotary evaporator connected to a water aspirator. Then the solution 
was diluted with absolute ethanol (1:1) and concentrated further until its 
volume was reduced to ca. 20 cm 3. After cooling at 0 °C for 24 h wine-red crystals 
formed. The product was collected, washed three times with 3 cm 3 portions of 
ice-cold ethanol and dried over P205. The purity of the complexes was checked 
by elemental analyses. 

Calculated for Fe(C3~H5602512)3C12: Fe 3.28, C 72,0, H 9.96, N4.94. Found: 
Fe3.61, C71.8, H9.00, N5.28. 

Calculated for Fe(C46Hs002N2)3C12: Fe 2.97, C 74.4, H 10.57, N 4.27. Found: 
Fe 2.53, .C 75.1, H 10.97, N3.81. 

Spectral Measurements 
Resonance Raman spectra were measured on ~ Jeol JRS-S 1 spectrometer 

equipped with a Coherent l~adiation CR-3 argon ion laser using exciting lines 
between 476.5 nm and 514.5 nm. A typical exciting line power measured at the 
sample was ca. 100mW. The spectra were measured in 1.5-10-3M CHCl~ 
solutions employing the spinning cell technique (ca. 1600rpm) 13. The 
1 221 cm-  1 band of chloroform was taken as an internal standard. The intensities 
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of the Raman bands were determined by the triangulation method. Once the 
intensities were found relative to a band of the internal standard, they were 
corrected for the v 4 dependence of the scattering effect, self-absorption, and 
photomultiplier response. 

Visible and UV absorption spectra were run on a Hitachi spectrophotometer 
in CHC13 solutions. 

A T 

400 500 600 ~ (rim) 

Fig. 1. Electronic absorption spectra ofFe(LC12)3C1 e (A) and Fe(LCls)zC1 e (B) in 
CHC13 

Results and Discussion 

The electronic absorption spectra of Fe(LC12)3C12 and Fe(LCls)3C12 
(Fig. l) show a strong band in the visible with a high energy shoulder. 
The main band appears  at  18500cm -1 in both iron(II)  complexes 
whereas the shoulder is observed at  19 600 and 19 500 cm -1 in LC12 and 
LCls complexes, respectively. Thus, the positions of the main absorption 
and the shoulder are shifted to the red by 600 cm-1 and ca. ] 000 cm -~, 
respectively, as compared with those observed in Fe(bipy)32+ 5--7 
Moreover, the peak-to-shoulder separation amounts  to 1000-  
1 100cm -1 in both iron complexes studied, whereas it equals ca. 
1 600 cm -~ in the parent  Fe(bipy)32+ compound 5. 

I t  follows from the far-infrared studies of LC12 and LCls iron(II)  
complexes tha t  the insertion of long-chained a lkoxy group into 4,4' 
positions of the bipy molecule does not affect the point  symmet ry  (D3) of 
the parent  bipy complex 14. I f  so, it would be reasonable to assign the 
main absorption to a 1E ~- 1A 1 transit ion 15 while the shoulder on the 
high-frequency side can arise from either vibrat ional  progressions 5' 6 or 
another  CT transit ion 7' 16. I f  the shoulder ~vere of vibronic origin then 
the max ima  of the excitat ion profiles should be a function of the 
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wavenumber of the fundamental  involved ]'2. In such a case the 
wavenumber of the Raman band providing the greatest contribution to 
the electronic sideband is expected to be very  close to peak-to-shoulder 
separation of ca. ] 100 cm -1. On the other hand, if it is not  the ease, i.e. 
the sideband arises from another CT transition, the excitation profiles 
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Fig. 2. Excitation profiles of Fe(LC12)~C12 

should maximize at the same wavenumber (that of the electronic CT 
transition) 2. As the exciting frequency approaches tha t  of the shoulder 
some Raman bands of Fe(LC12)uC12 and Fe(LCls)~C12 exhibit 
considerable enhancement.  Positions of these bands are listed in Table 1 
along with depolarization ratios measured at  514.5nm and tenta t ive  
band assignments. Inspection of these data  reveals that:  (i) the pat tern  
of the resonance Raman spectrum of either the LC]2 or LCls complex 
resembles tha t  of Fe(bipy)32+, i.e., the same normal modes are enhanced 
irrespective of the ligand type, (ii) the values of the depolarization ratio 
are somewhat higher than those expected for totally symmetric modes 
under resonance conditions ]7 but  there are no inversely polarized bands 
present. 
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Exci ta t ion profiles for Fe(LCI2)3C12 and Fe(LCls)3C12 are displayed 
in Figs. 2 and 3. First  of all, it should be noted tha t  the positions of the 
excitat ion profiles max ima  in the 19 500 c m - ]  region of both  compounds 
are not dependent  upon the vibrat ional  frequency. This result 
demonstra tes  tha t  the electronic absorption at  ca. 19 500 cm -1 is not  a 
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Fig. 3. Excitation profiles of Fe(LC]s)3CI 2 

vibronic sideband of the main visible absorption. In  addition, it can be 
easily seen from Figs. 2 and 3 tha t  the 1 100 cm -1 fundamental  is not the 
one exhibiting the strongest enhancement.  Among the bands observed 
in the R R  spectra of Fe(LCI~)3C12 those a t  1 497, 1 555 and 1 620 cm -1 
experience the most  pronounced enhancement.  Similarly, in the LCls 
complex the bands appearing a t  1 500, 1 557 and 1 617 cm -1 show the 
largest increase in intensity. The results of normal  coordinate analysis of 
bipy and its Pd( I I )  complex is' 19 have demonst ra ted  tha t  the bands 
found in the spectrum of bipy between 1 200 und 1 600 cm -1 arise from 
coupled C---N and C ~ C  skeletal stretching vibrations. Other 
fundamentals  present  in the R R  spectra of both  LC12 and LCxs 
complexes are enhanced to a lesser extent.  
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Table 1. Resonance Raman spectra of Fe(LC12)3C12, Fe(LCIs)3C12 and their parent 
compound, Fe(bipy)32+ 1 (cm-1) 

Fe(b/py)3 2+ Fe(LCt2)3C12 Fe(LCls)3C1 ~ Assignment 

v Pz v Pl v p~ 

1 607 0.39 1 620 0.54 1617 
1563 0.40 1555 0.47 1557 
1 490 0.43 1497 0.38 1 500 
1 321 0.39 1 340 0.52 1 345 
1 277 0.34 1275 0.46 1276 
1 173 0.36 ~ + 
1 109 P 1 100 P 1 102 
1067 P - -  
1035 v __ 
1025 0.71 - -  

768 0.26 - -  
6 6 2  0 . 1 9  - -  

6 4 2  a~ _ 
- -  570 P 566 
- -  455 P 461 
370 0.22 - -  

0.51 v (C--N) + v (C--C) 
0.49 v (C~N) + v (C--C) 
0.32 v (C~N) + v (C--C) 
0.47 v (C---N) + v (C--C) 
0.40 v (C--C) + v (C---N) 

p v (C--C) + v (C--~ ~) 

P 5 (C--O--C) 
P 5 (C~O--C)  

+ par t ly  overlapped by the 1 221 cm -1 CHC13 band. 
P polarized band. 
@ depolarized band. 

I t  is i n t e re s t ing  to  no te  t h a t  two new b a n d s  showing on ly  fa i r  
r esonance  e n h a n c e m e n t  (cf. exc i t a t i on  prof i le  p lots)  a p p e a r  in t he  R R  
spec t r a  of  Fe(LC12)3C12 a n d  Fe(LCls)3C12 complexes .  T h e y  are  l oca t ed  a t  
455 ,570  cm -1 in t he  fo rmer  complex  a n d  a t  461 ,566  cm -1 in t he  l a t t e r .  
Since these  b a n d s  canno t  resu l t  f rom s y m m e t r y  a l t e r a t i on ,  i t  seems 
poss ib le  to  ass ign t h e m  to r ing  de fo rma t ions  w i th in  C - - O - - C  r ing  
f r agmen t .  

Accord ing  to  t heo re t i ca l  t r e a t m e n t  of Raman sca t t e r i ng  17 t h e  va lues  
of  d e p o l a r i z a t i o n  ra t io  (P l) for t o t a l l y  s y m m e t r i c  modes  m u s t  a p p r o a c h  
the  l imi t ing  va lue  of  1/3 when  the  s y s t e m  is b r o u g h t  in to  r e sonance  wi th  
inc iden t  f requency.  This  p r ed i c t i on  holds  when  a single nondegene ra t e  
e lec t ronic  s t a t e  con t r i bu t e s  to  t he  t o t a l  s ca t t e r i ng  i n t e n s i t y  (A t e r m  
enhancemen t ) .  H i g h e r  Px va lues  obse rved  for some b a n d s  in the  R R  
spec t r a  of  Fe(LC~)3C12 and  Fe(LCls)3C12 (Table  1) ind ica te  t h a t  t he  B 
t e r m  (mixing two  exc i t ed  e lec t ronic  s ta tes)  also c o n t r i b u t e s  to  t he  
sca t t e r ing  in t ens i ty .  I n  such a case the  resonance  e n h a n c e m e n t  is no 
longer  r e s t r i c t ed  to  t o t a l l y  s y m m e t r i c  modes  b u t  also invo lves  t he  
v i b r a t i o n s  hav ing  a n y  s y m m e t r y  which  is con ta ined  in the  d i rec t  
p r o d u c t  of  the  r e p r e s e n t a t i o n s  of  the  two e lec t ronic  s ta tes .  



Resonance Raman Spectra 959 

In  conclusion, it follows from the presented experimental  da ta  tha t  
the shoulder on the high-frequency side of the main visible absorption in 
Fe(LC12)3C12 and Fe(LC18)3C12 arises ra ther  from separate  electronic CT 
transit ion than  the vibrat ional  progressions. 

This work was supported by the R.I.9 (Polish Ministry of Science, 
Education and Technology) and MR. I. 9 (Polish Academy of Sciences) grants. 
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