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Abstract. Fluorescence upconversion experiments and ab initio calculations show that S2-
Q. electronic excitation transfer (to several Bchl Q. transitions) is the primary pathway for 
carotenoid to Bchl energy transfer. Calculations on a carotenoid-BS50-BS50 aggregate 
suggest that the carotenoid may mediate BSOO-BS50 BET by modifying the BS50 
transition density. 

1. Introduction 

Carotenoids have been the subject of increasing study as their photophysical 
properties and vital importance to photosynthetic organisms have become better 
understood [1]. One focus of recent work has been the function of carotenoids in 
the peripheral light-harvesting complex (LH2) of purple bacteria in which 
carotenoids harvest light and efficiently transfer excitation energy to nearby 
bacteriochlorophyll (Bchl). Recent high resolution crystal structures of LH2 from 
several species have spurred detailed analysis of structure-function relationships 
in the complexes [2]. In particular, we will consider the crystal structure of 
Rhodopseudomonas (Rps.) acidophila [3] which reveals a symmetric ring 
structure of nine repeating protomer units, each consisting of two closely spaced 
B850 molecules, one B800 molecule and one rhodopin-glucoside (RG) carotenoid 
which closely approaches both B850 and B800 pigments. We have performed 
fluorescence upconversion experiments [4] and novel ab initio calculations of 
coupling strengths [5] and orbital overlap effects [6] between RG and nearby Bchl 
pigments in the LH2 of Rps. acidophila to determine the dominant pathways of 
electronic excitation transfer (BET). 

2. Results and Discussion 

The upconversion data (Fig. 1) yield an in situ lifetime of 54±8fs for the 
carotenoid S2 state and a corresponding wavelength dependent rise in the Bchl Qy 
state that is 110±25fs at the peak of the steady-state emission (840nm). Modeling 

666 

T. Elsaesser et al., Ultrafast Phenomena XI
© Springer-Verlag Berlin Heidelberg 1998



c: 
o 
Ul 

.!!? 
E 
w 

15+---~---r--~--~----~--+ 

10 

5 

-500 o 500 1000 

Time (fs) 

the data using estimates 
of the internal conversion 
timescales [4] and the SI 
to Qy transfer rate [7] 
suggests a RG S2 to Bchl 
Qx transfer time of 90fs. 
This 90fs estimate 
represents an average of 
transfer from RG to any 
of several nearby Bchl 
pigments. Furthermore, 
any involvement of B800 
Bchl or direct S2-Qy 
transfer was ignored in 
the model. Knowledge of 
the coupling strengths 
between the various 
chromophores is needed 

Figure 1. Fluorescence upconversion data and fits. to extract more detailed 
Solid line and open circles are RG S, emission. information from the 
Dashed line and solid circles are Bchl Qy emission. experimental data. 

Accurate estimation of coupling strengths is difficult in LH2 because the 
molecules are close together «15)\) and irregularly shaped (e.g. RG is twisted) so 
use of the ideal dipole approximation (IDA) is questionable. We have calculated 
Coulombic couplings between RG and all nearby pigments through the use of a 
new ab initio transition density 
cube (TDC) method which ~l~;~C ~~.~~c ~~;2B ar:5~;~B 
avoids the IDA and gives (.16 .• S0lem (.101, 104lem (.46. 45)cm (11..32)em 
accurate Coulombic coupling (l6.2llps (OA.14lps (2.16lps (36. 140)ps 

strengths even for distorted 
molecules at very small 
separations [5]. Combining 
these coupling strengths with 
spectral overlap values allows 
us to estimate rates of energy 
transfer (in the weak coupling 
limit [8]) which are 
summarized in Fig. 2. These 
estimates suggest that 
significant amounts of energy 
flow from RG into several 
neighboring Bchl pigments and 
that interaction between 
pigments of different protomer 
units is important to light 
harvesting function. Along 
with estimates of the SI-Qy 
coupling [7], these calculations 

(.19. ·44)cm 
(12. 26)p. (ll , lll)cm 

(3.3 . I. l)ps 

Figure 2. Center to center separations, coupling 
strengths and energy transfer times between RG 
S, and neighboring Bchl (Q" Q) transitions. A, 
Band C labels denote different protomers. 
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show that S2-Qx EET (to Qx transitions on several Bchl pigments) is, by far, the 
primary pathway for carotenoid-Bchl transfer. 

The IDC method allows accurate estimation of the Coulombic coupling 
between pigments which is the primary component of the electronic coupling at 
donor-acceptor separations beyond their van der Waals radii. However for 
pigments which approach very closely such as RG and BS50, short range 
interactions (orbital overlap dependent) may become important [9]. For example, 
large ab initio MO calculations of an aggregate of two BS50 Bchls, one BSOO 
Bchl and one RG show that substantial electron density is shared between BS50 
and RG [6]. Thus the transition density of each is likely perturbed by the presence 
of the other. To examine this effect further, we have generated IDCs for an inter
protomer dimer (~BS50B and aBS50c) of Bchl and for a multimer of this dimer 
with RG lB. Examination of these TDCs shows that the carotenoid does influence 
the transition density of the BS50. Interacting these TDCs with BSOO TDCs to 
determine the BSOO- 'BS50' coupling both with and without the carotenoid will 
quantify this effect [6]. 

3. Conclusions 

Fluorescence upconversion experiments suggest <lOOfs EET times for the S2-Qx 
energy transfer, making it the primary pathway for carotenoid-Bchl EET. This is 
corroborated by ab initio TDC calculations that find strong coupling between the 
S2 and Qx transitions. IDC calculations also suggest that there are many minor 
pathways, acting both within and between protomer units, which each channel a 
few percent of the carotenoid excitation to Bchl. In addition, calculations carried 
out on LH2 pigment aggregates indicate that the carotenoid may mediate BSOO
BS50 EET by modifying the transition density of the nearby BS50. 
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