
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 08:52
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Laser Induced Hole Filling of
Bacteriochlorophyll d Monomers of
Green Sulfur Photosynthetic Bacteria
Antennae
Pavel Kroh a , Jakub Pšenčík a , TomÁŠ Polívka a , David Engst a &

Jan Hála a
a National Research Center of Photosynthesis and Global Climate
Change: Department of Chemical Physics, Charles University, Ke
Karlovu 3, 121 16, Prague, 2, Czech Republic
Version of record first published: 04 Oct 2006.

To cite this article: Pavel Kroh , Jakub Pšenčík , TomÁŠ Polívka , David Engst & Jan Hála (1996):
Laser Induced Hole Filling of Bacteriochlorophyll d Monomers of Green Sulfur Photosynthetic
Bacteria Antennae, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 291:1, 201-207

To link to this article:  http://dx.doi.org/10.1080/10587259608042748

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259608042748
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


claims, proceedings, demand, or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

8:
52

 1
8 

Fe
br

ua
ry

 2
01

3 



Mol. Cryvsr. Liq. Crysf., 1996, Vol. 291, pp. 201-207 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1996 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands under 

license by Gordon and Breach Science Publishers 
Printed in Malaysia 

LASER INDUCED HOLE FILLING OF BACTERIOCHLOROPHYLL d 

MONOMERS OF GREEN SULFUR PHOTOSYNTHETIC BACTERIA 

ANTENNAE 

PAVEL KROH, JAKUB P s E N c k ,  TOM& POLIVKA, DAVID ENGST AND 
JAN HALA 

National Research Center of Photosynthesis and Global Climate Change: 

Department of Chemical Physics, Charles University, Ke Karlovu 3, 121 16 Prague 

2, Czech Republic 

Abstract. Spectral hole burning was used to study bacteriochlorophyll d (BChl d) 
of green sulphur bacteria Chlorobium vibriofome. The zero phonon hole (ZPH) widths 

( ~ H B )  burned in the absorption and fluorescence spectra of BChl monomers were small in 

comparison with the ~ H B  of BChl oligomers in whole cells. The phenomenon of laser 

induced hole filling (LIHF) of a primary hole after burning of secondary holes at a 

different wavelengths is reported for BChl monomers. Relative hole filled area depends 

mono-exponentialy on the secondary burning exposition. The hole filling coefficient (T) 

decreases linearly with the distance between the primary (he) and the secondary burning 

wavelengths (AS ) for hs < he. 

INTRODUCTION 

Green sulfur bacteria Chforobiuceue are strictly anaerobic photosynthetic 

prokaryotes. The main antenna systems (chlorosomes) consist of an enveloping layer 

containing BChl u and of several rod-like elements containing BChl c, d or e together 
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202 P. KROH er al. 

with carotenoids. BChl c, d and e are organized in highly ordered aggregated states 

where the geometrical arrangement and photophysical properties are rather due to 

pigment-pigment than pigment-protein interactions. Aggregates of chlorosomes can be 

converted to monomers and lower-state aggregates. This process is hlly reversible. 

Spectral hole burning (SHB) technique enables a determination of excited state 

lifetimes (pure relaxation time, TI). Using integrated intensities of ZPH and phonon side 
band hole, Huang-Rhys factor (A‘) characterizing electron-phonon coupling can be 
estimated. The SHB in absorption and fluorescence spectra was used to study BChl d of 

green sulfir bacterium Chlorobium vibriofonne. 
The phenomenon of LMF of a primary hole after burning of secondary holes at a 

different wavelengths was studied as well. In this contribution we report results of LMF 
experiments performed on BChl d monomers. Several theoretical models describing the 

LMF suggested in literature”” are discussed. 

MATERIALS AND METHODS 

The persistent SHB measurements were performed on BChl d prepared by 

I-hexanol treatment4 from Chl. vibriofonne. At low temperatures (4.2 K), fluorescence 

was excited in Soret absorption band using 458 nm line of Argon laser. Emitted light was 
analyzed by double grating monochromator and a cooled photomultiplier. The same 
monochromator equipped with a tungsten lamp was used to scan absorption spectra. 

The persistent holes were burnt by a cw dye laser. The typical burning power was - 
100 - 400 mwcm-’. The burning fluences was - 1 Jcm”. At very low temperatures (- 1.9 

K), a scanning ring dye laser was used both to bum and to scan absorption spectra 

(typical output power - 50 mW, linewidth - l o 3  cm-’). 

RESULTS AND DISCUSSION 

Low temperature (4.2 K) absorption and fluorescence spectra of Chl. vibriofonne 

intact cells and BChl d monomers and lower-state aggregates are shown on Figure 1. 
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LIHF IN BACTERIOCHLOROPHYLL d 203 

FIGURE 1. Low temperature absorption and fluorescence spectra of 

whole cells of Chl. vibrioforme and BChl d monomers and lower-state 

aggregates. 

A chlorosomal BChl d band at - 730 nm dominates in the absorption spectrum of 

intact cells, accompanied with a shoulder at - 810 nm due to BChl a. Absorption 

spectrum of I-hexanol treated samples consist of a monomeric BChl d band at - 660 nm 

and of a BChl d lower-state aggregates band at - 690 nm. In fluorescence, the 

chlorosomal BChl d band is shifted to - 775 nm and it is accompanied with a BChl a 

shoulder at - 825 nm. The fluorescence spectrum of I-hexanol treated samples consists 

of three bands corresponding to BChl d monomers (- 670 nm), lower-state aggregates 

(band at - 700 nm, shoulder at - 725 nm). 
Excited state lifetimes were estimated from ZPH widths. The excited state lifetimes 

of BChl d monomers, obtained from SHB at very low temperatures (- 1.9 K), were - 30 
ns. This lifetime fits well with the results of time-resolved measurements on isolated 

BChl’s, in the absence of energy transfer. On the other hand, broad ZPH’s obtained in 

absorption and emission of systematically studied BChl c, d and e oligomers found in 
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204 P. KROH et al. 

chlorosomes of green sulfur bacteria correspond to - 2-5 ps lifetimes. These lifetimes 

reflect fast energy transfer between BChl c, d and e clu~ters~’~. 

Electron-phonon coupling strength S- 1 was estimated from SHB spectra at 

maximum of the monomeric BChl d absorption (- 661 nm). 

Typical spectral behavior and time evolution of LIHF performed on BChl d 

monomers is documented on Figure 2. The 3d-plot shows a bleaching of the primary 

hole burnt at 660.8 nm during the secondary burning at 659.6 nm. 

FIGURE 2. Typical behavior of laser induced filled spectra. Primary 

hole burnt at 660.8 nm (40 s, 225 mW/cm*), the secondary hole burnt 

at 659.6 nm (50 mW/cm2). 

Relative area of the primary hole (A) depends mono-exponentialy on the 

secondary burning exposition A = A,+ A,,.exp (-P.t/z). The constant T is here referred to 

as a hole filling coefficient. AS (A,,) is a non-filled (filled) part of the primary hole after 

filling saturation. Two typical mono-exponential dependencies of the hole filling are 

presented on Figure 3. The hole-width remains unchanged during the LIHF experiments. 

Spontaneous filling was not found in all presented hole filling experiments. 

The hole filling coefficient (t) slightly decreases (i.e. the filling efficiency increases) 

with the spectral distance between the primary (he) and the secondary (XS) burning 

wavelengths for As < he. The decrease could be approximated by a linear fit in the 

studied spectral distance range 0 to 9 nm. The parameters of this linear dependence 
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LIHF IN BACTERIOCHLOROPHYLL d 205 

together with declination from it were systematically studied for monomeric BChl. For 

hs > he the efficiency of LMF was much smaller and under conditions of our 

experiments the filling could not be quantitatively characterized. 

r = 0.9 J 

. 
m . . .. 

m .  
m . 

FIGURE 3. Two selected mono-exponential dependencies of the hole 

filling. Spectral distances between the primary hole and the blue shifted 

secondary burnings were 1.3 nm (left) and 7.5 nm (right). 

The increase of the filling efficiency with an increasing spectral distance between 

the primary and the secondary burning wavelengths was previously observedz3. In this 

case the effect was explained by energy transfer. However, such an explanation is 

excluded in our case. The hole filling is probably caused by excitations of antihole sites 

via pure electronic and phonon sideband transitions as proposed by Shu and Small'. In 

this explanation, it is assumed that sites not involved in primary burning do not 

contribute to the bleaching of hole which is filled. As the antihole is dominantly built at 

the short-wavelength side of the ZPH, the LMF was significantly more efficient for hs < 

he than for AS > he, in agreement with results of Shu and Small'. The integrated 

intensities of the hole and its antihole should be equal as the overall absorption intensity 
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206 P. KROH et al. 

is conserved during the non-photochemical hole burning, however, being spread over a 

broad range makes the antihole rather difficult to detect. In contrast with Shu and Small', 

filling of the primary ZPH does not depend linearly on the fluence at h ~ .  (filling was 

mono-exponential) and the filling efficiency was not independent of the h~ . 

We assume that the kinetics in LIHF via antiholes reflects a kinetics of the 

secondary hole burning. Under widely accepted conditions' the solution of kinetic 

equation of hole burning process could be written in the following form: 

where ~ ( m ,  i) is time dependent inhomogeneous distribution function, k 4 m )  and k ,  are 

rate constants of forward and backward photoreactions. Assuming a weak burning 

fluence (k-.,(u) + k+).t << 1. the exponential hnction could be approximated linearly as it 

was described for cresyl violet in PVOH'. This condition is not fulfilled in our case 

(semisaturated regime) of the LIHF experiments on BChl d, where the filling kinetics 

follows an exponential dependence. 
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