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LASER FLASH PHOTOLYSIS STUDY OF THE PRIMARY PROCESSES IN THE 

PHOTOCHROMIC REACTION OF 1-ACYLOXY-2-METHOXYANTHRAQUINONES. 

* ** 
N.P. Gritsan , A. Kellmann, F. Tfibel, L.S. Klimenko 

Laboratoire de  Photophysique MolCculaire du CNRS, Universite Paris-Sud 

ORSAY, France 
* 
Institute of Chemical Kinetics and Combustion, Novosibirsk, Russia 

** 
Institute of Organic Chemistry, Novosibirsk, Russia 

Abstract The nanosecond laser  f lash photolysis ( t ime resolution 3 ns) 
has  been used t o  study the  primary processes in photochromic reaction 
of three  0-acylic derivatives of I-oxy-2-methoxyanthraquinone with 
methyl ( I ) ,  ethoxyl (11) and diethylamino (111) in migrating acyl. The 
triplet-triplet absorption spectra  of the  reactive t r iplet  states of 
quinones I1 and 111 were detected. The t r iplet  and ground states 
absorption spec t ra  of the  photoproduct (ana-quinone) were observed ; 
the  quantum yields of ana-quinone formation and t h e  rate constants of 
a l l  elementary s teps  were measured in toluene at room temperature. I t  
was confirmed in the  present work tha t  photochemical migration of acyl 
groups is a n  adiabatic process occurring on t h e  t r iplet  potential 
energy surface.  

INTRODUCTION 

A new photochromic process, thermally reversible photochemical migration of 

acyl groups, has  been discovered before for  a ser ies  of 1-acyloxy-2-methoxy- 

anthraquinones'" 

with R : CH3 (I) ,  OCzH5 (111, N(CzH5I2 (111) 

The influence of temperature ,  solvent and migrant nature  on the  rate 

constant of thermal migration of the  acyl group was previously studied . The 

spectrum of the  excited t r iplet  state of the  product was detected and a 
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260 N.P. GITSAN ET AL 

t r iplet  adiabatic mechanism was proposed in the case of photochromic 

t ransformations of compound I ,  but t h e  detailed study of t h e  primary 

processes required a bet ter  time resolution . 
The purpose of the present study was  t o  investigate by nanosecond laser 

photolysis the  primary photochemical step, migration of acyl  group, and t o  

study t h e  influence of the acyl group nature  on the rate constant of th i s  

process. 

2 

EXPERIMENTAL 

The substituted anthraquinones investigated were synthesized and purified 

according to reference 2 and the solvents used were Merck Uvasol grade. 

Concentrations used were 2-5 x M. The third harmonic (355 nm) of a 

pulsed YAG laser  (Quantel YG 441 ; pulse width at half maximum 2 ns) was  

used as the  excitation light source. The laser  f lash photolysis set-up and 

the  detai ls  of t h e  experimental technique was described in reference 3. 

RESULTS AND DISCUSSION 

Transient Species 

Transient optical density (OD) changes obtained on laser excitation at 355 

nm of deoxygenated toluene solutions of compound I1 at 297 K were monitored 

in the spectral  region 300-800 nm, over a time range extending from a f e w  

nanoseconds t o  a few tens of microseconds a f t e r  the laser  pulse. The OD 

changes were found t o  be linearly dependent on the laser energy at low 

energies but to sa tura te  at higher energies due t o  ground s t a t e  depletion. 

The t ransient  spec t ra  obtained immediately a f t e r  the end of the laser  pulse 

(t = 01, at 50 ns and 5 ps a f t e r  the  pulse are shown in the figure. All 

kinetics are s t r ic t ly  f i rs t -order .  Since the time phases observed can be 

f i t t ed  at all wavelengths by three exponentials with the same t ime 

constants, these constants are assigned t o  the  lifetimes of three t ransient  

species; their  values are respectively 12 ns, 1.1 ps, and 150 ps. 

The longer lived t ransient  spectrum is assigned t o  a photoproduct with a 

s t ruc ture  of ana-quinone (a-Q)'". Saturat ion of the solution with oxygen (9 

x 10-3M [O 1 )  efficiently accelerated the  decay of the microsecond t ransient  

and did not reduce t h e  amount of ana-quinone formed. According t o  th i s  

result we  assumed previously tha t  this  spectrum is t h a t  of t h e  t r iplet  

2 

2 

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
 1

3:
22

 1
8 

Fe
br

ua
ry

 2
01

3 



LASER FLASH PHOTOLYSIS STUDY 261 

0.35 , , , ,  1 , , , 1 ,  

0.30 

0.25 
w 
0 
f 0.20 
m 

m 

LT 2 0.15 

Q 
0.10 

0.05 

0.00 

FIGURE Transient absorption spectra  recorded upon laser excitation at 

355 nm of compound I1 (2.5 x M) in degassed toluene at 297 K: , 

at the  end of t h e  laser  pulse; , 50 ns and A , 5 p s  a f t e r  the  end 

of the  pulse. Full line represents  the  absorption spectrum of 

anthraquinone 11. 

state of the  ana-quinone. The high value obtained f o r  t h e  quenching rate 

constant k (2-3 x lo9 M-'s-') is  indeed character is t ic  of t r iplet  quenching 

by oxygen. I t  is reasonable t o  assume t h a t  t h e  end-of-pulse absorption 

spectrum is  due mainly t o  the t r iplet  s t a t e  of the anthraquinone. The 

following scheme is  proposed from the  experimental resul ts  : 

q 

hv 3 * k l  k2+k 0 x1021 
Q -+ Q ) *  ---+ ( Q 1 +3( a-Q ) *  a-Q 

The behaviour of compounds I and 111 can be also described by th i s  kinetic 

scheme. 

Ouanturn Yields 

The quantum yields of ana-quinone formation were determined in toluene at 

297 K by comparing the  a-Q concentration obtained upon excitation of 

solutions of compounds I ,  I1 and I11 with the concentration of t h e  t r iplet  

of acridine used as a standard . I t  was  found t h a t  for compounds I and I 1  

the  quantum yields are close t o  1. The quantum yield of ana-quinone in t h e  
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262 N.P. GITSAN ET AL. 

case of 111 i s  significantly smaller : -5 x lo-'. 

CONCLUSION 

In the three  substituted anthraquinones t h e  photochemical migration of acyl 

group takes place via t r iplet  states. A s  shown in the table  given below the  

nature  of substituent in migrating acyl has  an important effect  not only on 

the  rate constant of thermal migration , but a lso on t h e  rate constant of 

the  photochemical migration. Indeed substitution by electron-donor groups 

resul ts  in a significant decrease of the r a t e  constants  of both 

photochemical and thermal reactions. 

2 

TABLE Rate constants of the  elementary reactions in toluene at room 

temperature  

- 1  
kq, I/mol s k 3 ,  s 

- 1  - 1  
Comp. R k l ,  s k2, s 

I CH3 > 5x10' 0 . 9 ~ 1 0 ~  3 . 1 ~ 1 0 ~  1 .2X1O6 

I I I N(CZH512 5 . 3 ~ 1 0 ~  - - 2.g2 
I I OC2H5 8 . 2 ~ 1 0 ~  0 . 9 ~ 1 0 ~  2 . 5 ~ 1 0 ~  6 . 5 ~ 1 0 ~  
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