
I. Introduction 

In general, the values of-the relaxation titnes of the 
radhtionkss transitions in dye mofecufes are kno\\n 
to be in the range of nanoseconds (see, for instance 
ret ( 11)_ In the tast years, however, for a large num- 
ber of dyes in fluid solutions the values of the times 
of depopulation of the singIet state St hme been found 
to be shorter than nanoseconds [Z-14]. 

Such dyes can be used for mode-locking of pico- 
second pulse lase:s and for pulse selection [ 15]_ pro- 
vided that they do not decay after their escitation. 
hforeover, dyes with short vibronic relaxation times 
are important for the photochemical stabilization OF 
mofecuIar systems, especially, of plasts and man-mJde 
fibres_ 

Typical esampks for dyes with short vibronic relax- 
ation times are the polymethin dyes_ The group of 
polymethin dyes used in our investigations is shown in 
tig I_ 

Aheady Hofer et al_ 116) pointed out. that for poly- 
methin dye moIecules there is a connection between 
their structure and the radiationless decay rate of their 
first singiet state_ From the fluorescence quantum 
yieIds measured they found an increasing fluorescence 
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Fig_ I. Structurd formulae of the ~011 merhin c\anine &es 
used. 

intensity and. consequently, a decreasing radiationIess 
depopulation rate with increasing length of the poly- 
methin chain within the homologous cyanine series 



used_ This effect w.ts esplained by sreric hindr3nce be- 
t\seen the two end groups destroying the planar struc- 
ture. This means, the equihbrium positions of one or 
more (torsional) normal modes of the molecule in its 
excited electronic state are displaced relative to the 
electronic ground state_ According to fig. ?-a such 3 
displacement diminishes the St -So energy gap. 

Further. deformations of the potential surface in 
the escited state m3y give rise to an additional de- 
crease of the energy gap (fig. 2b). Such transient con- 
formation,rl ch,mges diminishing t!re St-So energy 
gap lead to a strong increase of the corresponding re- 
Ltsation rate parameter [I 7]_ Since the effect of steric 
hindmnce of the end groups should increase with de- 
creltsing length of the polymethin chains the dye moie- 
cules with the shortest chains can be expected to have 
the shortest vibronic relaxation times which is also 
confirmed by the experimental results of Derkatscheva 
et al. [3] _ On the other hand in the case of very long 
polymethin chains Derkatscheva et al. [3] found the 
vibronic relaxation times to increase with increasing 
chain length_ This result was explained by 3 decrease of 
the electronic energy g3p St -So with increasing chain 
Iength (red-shift of the absorption mrtxima). 

hfourou et al. [IS] explained the fast vibronic re- 
laxation in polymethin cyanine dyes by rearrangements 
of dipoles arising from the solvent molecules. It is 
cle3r, that such rearrangements may also lower the 
energy gap in a way shown in fig. 2. The relaxation 
times due to both the intramolecular and the inter- 

molecuktr conformttiondl changes will be dependent 
on the viscosity of the solvent. and therefore from 
both modeis the observed influence of the viscosity of 
the sohent on the fluorescence lifetime of po1ymethin 
dyes [?_;I can be expldined. 

In the present work we ~111 prove the above hypo- 
thesis of the connection between steric hindrmce and 
r&xation rime for several polymethin dyes with fiuo- 
rescence lifetimes 5 shorter thdn 100 ps at room tem- 
perJture. EspecLtlly. we have measured the dependence 
of r on temperature because for intran~oI2cuI.rr con- 
form3tionaI changes the existence of activation thresh- 

olds should be expected .ts is known, for instance_ 
from the direct photoisomerization of sttlbene [ 19.20]. 

2. Chemicals 

The cyanine dyes investigated (fig_ 1) were pre- 
pared 3s folIo\vs. Bis-( 1 -ethyl quinoIine-?)-trimethin 
cyanine iodide I (cryptocyanine) [2 I] I 10 g of Iepidine 
ethrodide, I 1.0 g of ethyl orthoformate and 40 ml of 
dry pyridine were boiled under reIht\_ CuprouS 
brown crystals began to separate_ After cooling the 
neocyanine ethiodide was removed and recrystallized 
from 1.5 P of absclute ethanol. The yield of com- 
pound II was 1.3 g, m-p. 2S3-386°C. 

The pyridine mother liquor was poured into boiling 
lvater, cooled 3nd filtered in order to isolate the dye 
1 .I ‘-diethyl4,4’-carbocy3nine iodide. The obtained 
solid has a golden Iustre and ~3s recrystallized four 
times from 3bsoIute ethanol_ After drying in vacuum 
at 100°C the yield of prisms of cryptocyanine with a 
green lustre wds 2.5 g, m-p. ~50--253°C. 

Bis-( 1 -ethyl quinoline-r?)-trimethin cyanine iodide 
III (pinacyanol) [22]: 5 g of quinaldine ethiodide, 5.5 
ml of ethyl orthoformate and 3-O ml of dry pyridine 
were boiled for 4 h under reflus. After cooling and 
separation of the green needles the solid dye III was 
recrystallized from alcohol. The yield was 3.3, g after 
drying in vacuum at lOO”C, m-p. 287~-290°C_ 

(l-ethyl4-quinoline) (l-ethyl4-quinoIine)-methin 
cysnine iodide IV (cyanine) [23] : To a boiling solu- 
tion of 2_5 g of lepidine ethiodide and 7.15 g of qui- 
noline ethiodide in 30 ml of absolute ethanol was ad- 
ded under stirring to a solution of 0.5s g of sodium in 
30 ml of absolute ethanoi. After 20 min the mixture 
was cooled, the dye filtered off and washed several 
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3_ _Appxltus 

The csperimcnrzl technique used I-ix ttlc tillic rc- 
sokc! m~ziurcnlcnts is described iii dctaii cI3cwIlcre 
12-Z j _ lkiefly. the dye nloIccu1es \x err cscited by the 
second h~rnlonic of ;I mode-locked Sd-gh33 Iaer (X = 
SO nnl)_ In thi3 way, tllc dye nloIecuIc3 x\crc exited 
in the short-~~-awIcryth region of their &,-St sbsurp- 
tion bad, as is seen from fig_ 3_ The experiments 
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Fq 3. Norrndized absorprion profits of polymer&n cyaine 
dyes solved in erhanot (IO” %l)r cqpmcyanine (I), neo- 
cyanine (II). pin~cyanol (III). cyanine (Iv). isocyaninc W)_ 

\\crc carried out wit11 single pidscs, their &mtion .mI 
cncr_f density being about i 0 ps and about IO t’ pho- 

tons cn~-z, rapcctivcIy_ The tinlc bc!laviour of the 
t1uorc3ccncc riuIiation was 3tlldicd by a strtxk cxncrd 
with 3 tinlc resolution of about 35 ps_ The directly 
scattered light w;ts supprcsscd by gl.~ filtck. In rtddi- 
tion to the fluorescence Iigilt an ztttcnuated part of 
tllc exciting pulse STIS detected by the streak camera 
(fig_ 1)_ 

4_ Results and discussion 

The ffuorcsccnce lifetimes nlexxred 3f roonl tcm- 
perature are shown in table I _ For cyanille and iso- 
cyaninc they arc seen to be shorter than for those dye 
n~oIcculcs with Iongcr polymcthin chains (pinac~anol 

and cryptocyaninc)_ The fluorescence kinetics of the 
riye molecules with the shorter polymethin chains 
doseiy foIIowvs the p&e shape_ Therefore. their Iluo- 
rescence lifetimes should be less than 35 ps_ 

In a host matris of poiystyrol the value of the 
fluorescence lifetime of cryptocyanine wxs found to 

l-;iblc 1 
Ftuorcscencc liferimes of polymcrhin c\‘anine dyes in erhanot 
DMSO. and polysrs rol (10m4 11) at room tempersure 

- 

Erhzmol DMSCI POl> sryrol 

pinacy zmol 
cryprocyanine 
cyanine 
iso-cyanine 

(50 f 9) ps (70 + 9) ps 
(80 = 9) ps (2.4~02)rIs 
35 ps 3.5 ps 
35 ps 35 ps 
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be 2.? ns. On the other hand. the fluorescence iife- 
time of cryptocyanine in ethanol shows a strong de- 
pendence on temperature (fig. 5). From r = SO ps at 
room temperature the value off increases up to 3.2 
11s at -66-C_ Note, that -66°C ethanol still is J Iiq- 
uid. A similar but weaker dependence on temperature 
was measured for pinacynol (fig_ 5)_ As mentioned, at 
room temperature the fluorescence lifetime of cyanine 
both in ethmol and in DMSO is shorter than the limit 
of resolution of our detecting system. At --54OC, how- 
ever, in both solvents we observed a fluorescence life- 
time r =Z 100 ps. This shows that the freezing point 
of the solvent (for DXISO S”C) does not dramatically 
change the relaxation behaviour. 

The values of the fluorescence lifetime of cyanine 
and iso-cyanine and their comparison with those of 
pinacynol and cryptocyanine can be considered as a 
proof of the hypothesis that steric hindrance of the 
end groups in the St state leads to conformational 

c!iaiges (torsions of the pLmar structure) giving rise 
to .I diminution of the fluorescence lifetimes. Strong 
sreric hindrance should be expected for molecules 
\tith very short polymethin chains and for rhose with 
a structure simtlrtr to tlta of neocymine. This could 
be an argument for esplaining the fact that we did not 
observe fluowcence radiation of neocyanine. 

As mentioned m section 1. hlourou et al. [lS] sug- 
gested .m intermolecular dipole-dipole intertction 
giling rise to the short rela\cttion times of the poly- 
methin dyes. In this case the relaxation times under 
consideration should be strongly depertdent on the 

polxitl of the solvent used. We did not succeed in 

mex.urmg the dependence of the relaxation times on 

the po!arit> of the solvent because of the insufficient 
solubi!ity of the dyes used in nonpolar solvents_ How- 
ever, a serious objection to the mechanism suggested 

in ref_ [ 1 S] can be made by analyzing the dependence 

on temperature of the rekration times as measured, 
for example. fol cryptocl rinine (fig_ 5). in the range 
of temperature under consideration the viscosity of 

the solvent ethanol is changed unessentially but the 

value of the fluorescence hferime increases from r = 
SO ps at room temperature to i- = 3.2 ns at -65°C. 

which csceeds the corresponding value for crypto- 
cyanine in polystyrol at room temperature_ By as- 
suming an inrramolecuiar conformarional change which 
is based on a potential surface .E shown in fig. 2b the 
experimental result cm be understood_ In a similar 
way as in the Orlandi-Siebrand mode1 [25] of the 
photoisomerizarion of stilbene the dependence on 
temperature of the fluorescence lifetime of the poly- 
methin dyes under consideration cm be esplained by 
the existence of a potential barrier for the conforma- 

tion,tl change. From fig_ 5 an Arrhenius law fcr the 
dependence on temperature of the decay rates k = 
7-t = _-I exp(-E_,/kBTJ can be derived with the fitting 
parameters A = IO’” s-l, E_% = IS50 cm-l for cryp- 
tocyanine and A = S X lOI1 s-t. EA = 526 cm-l for 
pinacyanol. 

Finally we note that the value of the decay rate of 
pinacyanol in DMSO measured by us (k-l = 70 ps) is 

different from the value given in ref. [2]. The reason 
for this could be the different anions of the pinacyanol 
in our experiments (I-) and in ref. [2] (Cl-), which 

leads to different potential curves with respect to the 
conformational change. 
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