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GATED SPECTRAL HOLE BURNING OF Zn-TETRABENZOPORPHINE IN 

THE PRESENCE OF VARIOUS ORGANIC ACTIVATORS 

INDREK RENGE AND URS P. WILD 

Physical Chemistry Laboratory, ETH-Zentrum, CH-8092 Zurich, Switzerland 

Abstract The influence of a broad range of solid and liquid additives on the pho- 
ton-gated hole burning has been investigated in toluene-benzene solvent glass con- 
taining Zn-tetrabenzoporphine(ZnTBP) at 8K. Two different mechanisms of gated 
spectral hole burning have been observed. Photoisomerization of olefines. sensitized 
by means of energy transfer from the highly excited triplet level of ZnTBP can lead 
to the hole formation with the efficiency as high as @2=5x10-3 per absorbed gating 
light quantum. Electron transfer processes in the presence of most favourable accep- 
tors (C2CI , DDT) and donors (triethylamine) can be realized with the efficiency 

the composition of the system Polymer films activated with the same 
additives display comparable hole-burning properties. 

a2=1x10- P . The quantum yield of the one-color process is relatively independent on 

INTRODUCTION 

Most of the optical experiments using spectrally highly selective photochromism have 

been performed on the photoactive solids which are based on one-quantum processes. 

The destructive readout sets severe limits to the possible applications of the organic hole- 

burning materials for optical data processing, such as octaethylporphine' and chlorin2 

doped into polymer matrices. 

Two-color gated hole burning was first realized for a derivative of zinc tetrabenzo- 

porphine (ZnTBP) in poly(methy1 methacrylate) (PMMA) film.3 The hole-burning effi- 

ciency increased at least by a factor of 100 when the selective radiation of the He-Ne 

laser was combined with pulsed UV excitation of a N2 laser.3 A detailed study of the 

same system with halocarbon additives (CH2C12, CH2Br2, CHC13) has confirmed that the 

triplet state is involved in the phototransformation process4 It probably donates an elec- 

tron to the halocarbon acceptor after the excitation by a second (gating) quantum4 Later, 
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266 1. RENGE AND U. P. WILD 

the ability to support the two-color hole burning in ZnTBP complexes have been reported 

for a variety of  compound^.^-^ In general, little correlation was observed between the effi- 

ciency and the characteristics of the activators. Therefore it is difficult to optimize the 

properties of photoactive materials for gated hole burning. 

The present study was undertaken with the aim to establish relationships between 

the structure of potential activators and their efficiency in supporting the two-color hole 

burning. Frozen solvent glasses have been used as their composition can be varied more 

easily than that of the polymers. 

EXPERIMENTAL 

A 0.lml aliquot of ZnTBP (7x104M) in pyridine and lmmol of the activator were dis- 

solved in toluene-benzene mixture (2: 1 v/v) and diluted to the final volume of lml. The 

solution in a lmm glass cuvette was quenched in liquid Nz and loaded to the continous 

flow cryostat (CF1204, Oxford) where the temperature 8K was maintained. Holes were 

burned at -630nm with Lambda Physik dye laser (LPD 3002E) pumped with an LPX 100 

excimer laser. A 500W incandecent lamp coupled to a fiber bundle and supplied with a 

combination of color glass filters (transmission maximum 490nm, 10% transmission cut- 

off limits at 450 and 580nm) was used as a gating source. The detection of the burned 

holes was accomplished by scanning the dye laser and by measuring the transmitted 

intensity with a sensitive photodiode (Molectron J3S- 10). A less sensitive photodiode J3- 

09 monitored the intensity of laser output pulses. The signals were averaged and divided 

by using Molectron JD2000 Joulemeter Ratiometer. 

RESULTS AN D DISCU SSION 

Figure 1 shows one- and two-color holes burned in the presence of styrene and two of its 

P-methyl substituted derivatives. Both holes can be recorded in a single scan as the red- 

light exposure during the one-color hole burning has negligible influence on the already 

existing two-color hole. For styrene, anethole (trans-P-methyl-4-methoxystyrene) and 

asarone (P-methyl-2.4,5-trimethoxystyrene, 70% cis) the one-color process Occurs with 

the yield of @1=(0.8-1.8)~10-~. 

Only about 0.11 quanta pass the triplet cross-section area (2.8A2 lo) during the aver- 

age triplet-state lifetime of 40ms"at the green light intensity of 4mW/cm2. Because the 
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FIGURE 1 Spectral holes in ZnTBP/toluene-benzene glass containing 1.3M of 

activators: 1 - styrene, 2 - trans-anethole, 3 - cis-asarone. Holes were burned at (A) 

15873cm-'(630nm) and (B) 15868cm-' (630.2nm) during 100s with 5mJ/cm2 of pulsed 

(20Hz) light. The gated hole (left) was burned first with simultaneous exposure to 4mW/ 

cm2 of continuous green light. 

triplet quantum yield is close to unity (-0.85"). one can easily estimate the phototrans- 

formation probability after the triplet molecule has absorbed a gating quantum(O2). The 

gating ratio(G) was defined as a ratio of areas of the holes burned under identical condi- 

tions, with and without the gating light incident on the sample, respectively. The triplet- 

state phototransformation probability increases from O ~ C ~ X ~ O - '  in styrene to 2x10m3 in 

anethole and further up to 5 ~ 1 0 - ~  in cis-asarone. The respective gating ratios are 1.4, 18 

and 30. 

The most efficient additives contain one or two double (>c=O) or triple (-C=N) 

bonded heteroatomic substituents conjugated with a single ethylenic fragment: tram- 

butenal or croton aldehyde (O2=5~10-~; G=70), a mixture of cis- and truns-dimethyl-2,6- 

octadienal or citral(5~10.~; 40), rruns-cinnamaldehyde (2x10"; 40), 2-methyl-2-penten- 

4-one or mesityl oxide (6x10"; 9), diethyl maleate (6x10"; 15). cinnamonitrile (5x10"; 

9) and fumaronitrile (1.5~10"; 10). 

Both the high activity of cis-alkenes and the spectral distribution of the product 

within the inhomogeneously broadened band contour (data not shown) can be rational- 
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268 I .  RENGE AND U. P. WILD 

ized in terms of the isomerization of the alkene sensitized by highly excited triplet por- 

phyrin. The structural change in a co-dopant molecule produces a shift of the 0-0 transi- 

tion frequency of the pigment which, of cause, remains intact. 

Figure 2 shows the data on the quantum yield of one-color burning (a,), the triplet 

phototransformation (ionization) probability a2 and the gating ratios G of the halogen- 

ated hydrocarbons as a function of the irreversible reduction potential values (Kd) taken 

from refs 12 and 13. The one-color burning yield remais approximately constant 

[@,=(8&4)~10-~] for all the acceptors with -Ed values (vs SCE) ranging from 0.3V 

(CBr4) to >2.6V (C2H2C12). The gating effect appears first for the activators with 

-Ed<2V and increases with increasing the electron affinity of the acceptor. The gating 

ratio is also quite well correlated with the magnitude of relative free energy of intermo- 

lecular electron transfer (Figure 2C). 

At mom temperature the solution of ZnTBP changes color from bright green to 

olive-green in some minutes upon addition of CC13CN. CBr4, ally1 chloride and hexa- 

chlorobutadiene. Fortunately, the pigment is very stabile with respect to other efficient 

activators, such as C2C16, 1.1 -bis(4chlorophenyl)-2,2,2-trichloroethane(DDT) and 7- 

hexachlorane. These additives can be doped easily in polystyrene at the concentrations as 

high as 1M. The photon-gated hole-burning characteristics of polymer films are similar to 

those of frozen solvent glasses. 

A two-quantum mechanism was suggested for the photoinduced charge separation 

at 77K in the Zn-etioporphyrin-triethylamine(TEA) system, where TEA acts as an elec- 

tron donor.I4 A considerable gating effect is also observed for ZnTBPmA (1.3M) sys- 

tem (-5; Q1=2.5x10-5). Larger effect appears in the presence of N,N’- 

dimethylpiperazine (8; 1 .5~10-~)  and in neat CH2[N(CH,)& (27; 1 . 3 ~ 1 0 - ~  at T=18K) 

which has the highest density of electon-donating rerr-amino groups. The influence of 

much stronger n-electronic donors N,N,N’N’-tetramethyl-p-phenylenediamhe (-3) 

and tetrathiafulvalene (G=2.7) is rather small. Quinuclidine, 1.4diazabicy- 

clo[2.2.2]octane, N.N-dimethylaniline and pcamtene were found to be completely inert. 

Concerning the inefficiency of some good donors in supporting the gated hole-burning 

process, it is conceivable that extensive structural relaxation of the cation radical is neces- 

sary in order to prevent recombination of the initial ion pair. 

Burning of permanent holes obviously requires irreversible structural changes in the 
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FIGURE 2 One- and two-color hole-burning parameters of ZnTBPholuene-ben- 

zene glass in the presence of 1.3M of halocarbons as a function of irreversible reduction 

potential of the acceptor (from refs 12 and 13): 1 - CBr4, 2 - C2Cl6, 3 - C~HSCCI,, 4 - 
CCl,, 5 - DDT, 6 - allyl bromide, 7 - CH31, 8 - CHC13,9 - C2Cl4, 10 - allyl chloride, 11 - 
CH2C12, 12 - cis-C2H2C12. G values for substances with unknown Ed are depicted on 

the right-side panel of C. 

system. For example, 1.3M of “inert” compounds, nitrobenzene and benzophenone, can 

quench the gated hole burning in the presence of 1.3M croton aldehyde by-50% by 
means of energy (or electron) transfer. Dicyanobenzenes (0- and m-) and 4-hydroxyben- 

zaldehyde used as activators in refs 5 and 6, respectively, have negligible influence on 
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270 I. RENGE AND U. P. WILD 

hole burning in solvent glass matrix. Also, no additives have been reported to be intro- 

duced to the PMMA film which showed a good gating effect in ref 3. The residual sol- 

vents (CHCI,, CC14) may be responsible for the gating observed in these studies. 

CONCLUSIONS 

Gated hole burning of ZnTBP with more than 100 different activators have been exam- 

ined in toluene-benzene solvent glass under identical conditions. Because of the high 

energy of the T, state (-4eV above So'') both electron and energy transfer processes are 

possible. cis-trans-Isomerization of the ethylenic compounds can lead to remarkable gat- 

ing when relatively small groups that can be displaced in solid environment are available. 

Halocarbons with reduction potential below -2V vs SCE (after refs 13 and 14) are ineffi- 

cient. The same is true for planar acceptor molecules (quinones, substituted nitroben- 

zenes, aromatic anhydrides) forming charge-transfer complexes with ZnTBP. Extensive 

structural relaxation of redox products (anion radicals of alkyl halogenides or cation radi- 

cals of tertiary aliphatic amines) is a necessary precondition of permanent gated hole 

burning. 
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