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AGGREGATION - AN INTERESTING PHENOMENON IN POLYMETHINE DYES 

U.Schedler, B.Ziemer, J.Bendig, T.Harder Department of Chemistry, Humboldt- 
University, Hessische Strase 1-2, 101 15 Berlin and L.Dahne Institute of Organic 
Chemistry, Technical University Braunschweig, Hagenring 30,381 06 Braunschweig, 
Germany 

Abstract 
Bisdimethylamino-tri- (BDT), -penta- (BDP), -hepta- (BDH), and nonamethines (BDN) 
on surfaces were investigated with regard to detect absorption bands caused by 
aggregation. The experiments prove that the aggregation tendency increases with 
prolonging the chain length. A new method preparing non-aggregated and aggregated 
layers of heptamethines on surfaces of glass was used. X-ray results and RHEED 
measurements were compared. We think that a "thin layer modification" is formed. 

INTRODUCTION 

Aggregation of polymethine dyes has an imrnense importance for sensitization of 

photographical materials and semiconductors [I I. Furthermore there are references 
that polymethine aggregates show nonlinear optical properties with high efficiency 
121. In order to  clarify common structure-property relations we investigated open- 
chained polymethines which are easy to  survey and they have only small organic 
substituents which influence should be neglected. 
Polymethines with the following formula were investigated ( I  ): 

X = GI, Er, I, N3, CIO,, BF, 

n = 1, 2, 3,4 
p̂ CI" n N  I C H 3  ' CH, I+ x -  

A lot  of different types of aggregates are formed 131: 
- no aggregation in the case of trimethines 

I ~ j t b r e o d o x , s  

- I-dimensional aggregation in the case of pentamethines 

[521]/13 
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14/[522] U. SCHEDLER ET AL. 

In dependence of the kind of anion, bisdimethylheptamethines (EDH) exist in 
different aggregate structures, e.g.: 
- 7-dimensional aggregation in the case of perchlorate (EDHCI04 , Fig. 2) [41 and 

- 2-dimensional aggregate structure consisting of layers parallel (001 ) in the case 

of the bromide salt (BDHEr, Fig. 3) [51. There are brick work like connected 
heptamethine cations. 

thread 2 

Because of the well known fact, that the aggregation tendency of open-chained 

polymethines increases with prolonging chain length, the unknown aggregates of 
heptamethines and nonamethines were investigated. 
Experiments show that aggregation takes place on different surfaces of glass, paper 
and silver halides and also in polymer matrices. A novel method to prepare and 

investigate polymethine aggregates in thin layers on surfaces of glass was used. 
In order to  determine the kind of aggregates diffuse reflection spectroscopy, UVNlS 
transmission spectroscopy and electron diffraction (RHEEO) were applied. 
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AN INTERESTING PHENOMENON IN POLYMETHINE DYES 

Aggregation of Polymethines (heptamethine and nonamethine) on Surfaces 

1 
312 nm 

[523]/15 

1 -  
412 nm 

0 ,  

Paper 

Bisdimethylamino-tri- (BDT), -penta- (BDP), -hepta- (BDH), and nonamethines (BDN) 
on surfaces were investigated with regard to detcet absorption bands caused by 
aggregation. In the case of tri- and pentamethine absorption of aggregates could not 
be detected. The aggregation of heptamethines and nonamethines was studied on 
surfaces of glass and paper. In the case of heptamethine absorption bands at 580 
nm and 630 nm, in the case of nonamethine at 740 nm and 830 nm were detected. 

These absorption spectra, polymethines on surfaces of paper, are presented in the 
following Figures (4a - d): 

Wavelength / nm WaVelengthIm 
Fig. 4a: BDTCIO, monomere non-aggregated Fig. 4b: BDPCIO, monomere non-aggregated 

Wwelength / nm 

0 

dw 7&’ dw 

Wavelengthlm 

Fig. 4c: BDHCIO, non-aggregated and Fig. 4d: BDNCIO, non-aggregated and 
aggregated aggregated 

We investigated different kind of paper with differences in surface roughness. It was 

found that the absorptive capacity is very important. 
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16/[524] U.  SCHEDLER ET AL. 

Filter paper with a very great absorptive capacity causes fast evaporation of the 

solvent, that means no aggregation takes place. 
A very fast evaporation of the solvent is the precondition to  prepare non-aggregated 
polymethine layers on surfaces. 
But a leveled, smoothed surface of paper with a small absorptive capacity shows 

good aggregation. 

Glass 

Knowing the results of experiments with paper (evaporation of solvent) it is possible 
using a new method to  prepare non-aggregated and aggregated layers on surfaces 
of glass. 

Aggregates of heptamethines were prepared on surfaces in thin layers t o  minimize 
the influence of the kind of the surface. The UVNlS spectra obtained as 
transmission spectra are shown in Figure 5a and 5b: 

Wavelength / nm 

Fig. 5a: BDHCl0,non-aggregated and 
aggregated 

M8 nm 

Wavdength I nm 

Fig. 5b: BDHBr non-aggregated and 
aggregated 
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AN INTERESTING PHENOMENON IN POLYMETHINE DYES [525]/17 

Electron Diffraction (RHEED) of BDHBr on a Surface of Glass 

In order t o  determine the aggregation stucture of BDHBr on glass the compound 
already investigated by UVNlS spectroscopy (Fig. 5b) was investigated by RHEED, 
too. 

Fig. 6a: 

BDHBr aggregated on 
a surface of glass in- 

vestigated by RHEED 
(typical) 

Fig. 6b: 
BDHBr aggregated on 
a surface of glass in- 
vestigated by RHEED 
(selected site) 

Fig. 6c: 
BDHBr aggregated on 
a surface of glass in- 
vestigated by RHEED 
(exception) 
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18/[526] U. SCHEDLER ET AL. 

The Debye rings of the RHEED patterns could not be matched with the X-ray 
Debye rings. The electron diffraction patterns of the single crystal shows two 
mirror planes (orthorhombic or higher symmetry ! 1, what is not in accordance with 

monoclinic symmetry of phases former investigated by X-ray analysis. 
That's why we think this "thin layer modification" represents a metastable 
intermediate phase of BDHBr. 
But in both cases (X-ray and RHEED) a hexagonal substructure is recognizable in 
the corresponding diffraction patterns, showing that common structures should 
exist. 
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AN INTERESTING PHENOMENON IN POLYMETHINE DYES [527]/19 

CONCLUSIONS 

The experiments prove that the aggregation tendency increases with prolonging the 
chain length. In the case of BDHBr t w o  types of aggregates on surfaces are formed 
in contrast t o  single crystal structure results: a metastable one (only observed on 
surfaces) at 580 nm and a stable one (more similar t o  those in crystal structures) 
a t  630 nm. The nonamethine has the greatest number of absorption bands caused 
by aggregates but it has a lower stability than the other investigated polymethines. 
Heptamethines and even more nonamethines should show very significant 
differences of non-linear optical effects between monomeres and aggregates due 

to  their very good aggregation behaviour. 
Further surface analytical methods, e.g. atomic force microscopy should be applied 
t o  study the aggregate structures on thin layers. 
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