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ANTHRACENE sulfonates are known to undergo 
various photochemical changes like photo
peroxidation 1 and photodimerization 2 • They 

have also been used as singlet oxygen sensitizer 8 

and as suitable probes for polarity of the medium". 
The luminescence properties of dissolved substances 
depend essentially on . co!lc.~ntration. Therefore to 
substantiate such studtes It IS necessary to evaluate 
various parameters .relating to self quenching, if any. 

Apart from trivial radiative inner filter effect, 
increase in the concentration of the molecules taking 
part in emission processes may lead to depopulation 
of excited state by nonradiative processes also, caus
ing reduction in the fluorescence quantum efficiency 
without any drastic alteration in the fluorescence 
spectrum. The absorption spectrum remains 
unchanged but the fluorescence lifetime is reduced. 
Forster5 has identified four types of quenching 
mechanisms which can be characterised by the 
effect of concentration on fluorescence. decay times, 
and viscosity and temperature dependence of 
fluorescence efficiency. In any one system more 
than one mechanism may be operative, the boun
daries between them being not very strictly defined. 

Basically all types of quenching involve complex 
formation of some kind in their ground or excited 
states. The ground state complex formation leads 
to static quenching and is not truly excited state 
phenomenon. The complexes formed in the excited 
state are termed exciplexes. One of the mechanisms 
suggested for concentration quenching is through 
the formation of excimers, the dimers formed in the 
excited state by collision between an excited and a 
ground state molecules 8 • 

The phenomenon was first observed in pyrene 
molecules 7 • Such excimers have large radiative 
lifetimes and enhanced nonradiative decay proba
bilities. The system obeys diffusion-controlled 
kinetics. In the other extreme is the long range 
resonance energy transfer mechanism of Forster. 
In the long range energy transfer mechanism, the 
migration of energy from molecule to molecule is 
brought about by dipole-dipole interaction and 
may not lead to quenching by itself. It is necessary 
to have an energy sink or trap. In many systems 
such traps are provided by trace amounts of 
aggregates present in solution. This is the important 
mechanism in plant photosynthesis where energy 
absorbed by antennae chlorophyll molecules is 
transferred ~o the reaction centre which is suggesled 
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. h radiative to be a chlorophyll dtmer8 T e non · · d. tances 
resonance transfer may 0 take place at d~stances 
greater o than around 15A. At closer . IS maY 
( < 15 A), electron exchange mechamslll 
become operative9 • 

non-
The excimers may be fluoresceJ:?-t or ause 

fluorescent. The nonfluorescent exctmers ~ ers 
immediate quenching whereas fluorescent excilllve
of aromatic hydrocarbons emit at a longer wathe 
length shifted by about 6000 cm- 1 to red from r 

. · •8 reve -monomer band. The exctmer formatton 1 ted 
sible and diffusion controlled phenomenon, a~ec a 
by temperature and viscosity, and requdes of 
minimum distance of approach of the or ~r ers 
3.4 'A of the two partners. Nonfluorescent exct~ion 
also require. close approac!J. and hence con?entr:ui~Y 
quenching ts prevented m molecules wtth. n 1 
substituents such as is the case fo~ 9,1 ~-dtphe n~. 
anthracene10 •151 • When the interactton ts stro. n 
photodimerisation may result1°. Con:centratt~e 
quenching may involve either decrease .m the ~ate 
constant of radiative process or increase tn the en
constant of nonradiative processes or both, dep 
ding upon the system under study. 

• • c • c0 rmation Geometncal reqUirement .or exctmer J. th.ra· 
leading to quenching is not always clear· An 8 of 
cene excimers11 are known to have two ~¥pe S5o 
structures (i) sandwich structure and (u) diJJler 
structure. The former may lead t~ photo self 
formation whereas the latter may JUSt ~aubfe for 
quenching since the geometry is not sutta table 
bond formation. The 55° dimer is the more ~fJller 
type (Fig. 1). In the absence of p~oto ·~tinS 
formation, the excimer may relax by dts~o~l n of 
into two ground state molecules or by emtssto 
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Fig. 1. Geometry of anthracene photodimer and excimer. 
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red shifted excimer fluorescence leading to quenching 
of monomer fluorescence. 

in which N is the Avogardo's number; n is the 
refractive index of the medium K9 is an average 
orientation factor resulting from the rapid rotatory 
Brownian motion of the donor and acceptor ( =2/3), 
JF(v) dv is the fluorescence emission spectrum of the 
donor expressed in wavenumber and normalized to 
unity, E(il) is the molar extinction coefficient of the 
acceptor. 

The. dipole-dipole energy t~ansfer is demons: 
trated m concentration depolartzatton of :tl~ores 
cence whereas collisional quenching follows stmple 
Stern-Volmer kineticsu expressed as 

q,~f.Pt=l + kq-r: [QJ ... (I} 
=l+Ksv [Q] 

where </;~ and 4;1 ar,e th~ quantum yields of 
fluorescence in absence and tn presence of quencher 
of concentra'tion [Q) respectively, K • ., i.s the Stern
Volmer quenching constant and kg ts the r!ite 
constant measured for bimolecular quenchtng 
process. 

The critical transfer distance for energy transfer 
by dipole-dipole mechanism can be experimentaJJy 
obtained from the measurements of polarization 
degree as a function of concentration C mol 1-1. 
The expression given by Weber18 for concentration 
depolarization effect is 

For a diffusion controlled process18 the rate 
constant of a bimolecular react!on can be. expr~sse~ 
by the Einstein-Smoluchowskt18 equatton ase 
on Pick's law of diffusion 

k _ 41TNDR (t + pR ) M-ts-1 ... (2) 
lHJI-P- - ~~ 

. 1000 V11'D'l 

The factor within the bracket accounts for the 
transient quenching effect and is normally of the 
~rder of unity, such that the equation reduces to a 
Simple form 

4nNDR 
k,uu=P 1000 

... (3) 

Where D is the sum of the diffusion coe~cients of 
the two interacting partners, R=(~,. +rb) LS thbe b~l~tm 
of the two interaction radii and p ts th~ .Pro a 11 Y 
of quenching per encounter. For c?lhston~l quen
ching, interaction radii is identdied wtth t~e 
~olecular radii, r. When the e~ects o~ electrosta1t~c 
Interactions due to charged spec1es are mtroduced , 
the equation becomes, 

k 4"11'NDR ~ . ... (4) 
tHJJ=P lOOO 'e5-l . 

~ith d=;=Z4Za e<Jfe (r.+rb) kT, whereand ~ ~: 
dtelectnc constant of the solvent, z.. . 0~ the 
the numbers of charges wi~h proper t~!n case of 
molecules A and B respecttvely. In nd the 
concentration quenching the fluoresc_erd !nd R= 
quencher are molecules of the same ktn 'fie inter-
2r and D=2D . quenching involves speci d' tive 
action to disslP~te the energy along nonra ta 
Pathways. 

The quantum mechanical formulation of 0~n~f~~ 
transfer by Forsteru requires that the abs .P . n 
spectrum of the acceptor must overlap the. emtsstf 
spectrum of the donor. The efficiency of mter~o ~~ 
cular dipole-dipole transitions. may be expr~ss!hi~h 
terms of a critical transfer dtstance, Ro· ba b"Iity of 
Probability of transfer is equal to the pro a d as 
decay ·of the excited molecule by all o~~r)~o F~om 
expressed by the decay constant, T=(~ ' • s . 
the Forster equation, R0 is expressed as follow · 

I ., -~(v) •(V) .dv 
R.0

6 = 9000(ln IO) K 2 </J 1 
128115 n..,N 

o v• 
J "'F(v) dv 

0 

where S is the slope of ( ! -; ) vs C plot and 2r 

is the molecular diameter. 

Materials and method : 
Anthracene 1- and 2-monosulfonates and 1,5-

and 1,8-disulfonates, abbreviated as l-AS, 2-AS, 
1,5-AS and 1,8-AS, were prepared from corres
ponding quinones by the method described earlier1.. 
Glycerol (B.D.H.) was distilled twice under reduced 
pressure and emission impurities were checked. 

Absorption spectra were measured manually by 
Perkin-Elmer spectrophotometer, Model Hitachi 
200. The fluorescence spectra were recorded with 
a Perkin Elmer MPF 44 B spectrofluorimeter. 

The fluorescence intensity at different concentra
tions of anthracene sulfonates were measured at an 
angle 90° to the direction of incidence in a Brice 
Phoenix Universal Light Scattering instrument 
model 1000 series, with suitable primary and 
secondary filters. A HP Hg-discharge lamp 
(85 watts). type AH-3, was used as the excitation 
source. 365 nm line of mercury was selected for 
excitation. The solutions were taken in 1 em all side 
clear silica cell. The cell was covered with black 
paper on two adjacent sides leaving only a small 
opening (0.3cm width, 0.4cm height) in the direction 
of excitation as well as in the direction of 
observation. The edge of the cell at the joint 
portion was also covered with black paper to avoid 
scattered and reflected light. In effect, the total 
fluorescence was measured from the solution of 
volume 0.3 xO 3x0.4ml. 

Such arrangement is expected to minimise error 
due to re-absorption and re-emission and to also 
diminish the area of incomplete illumination within 
the area of observation at high concentrations of 
fiuorescer. As the overlap integrals of the absorption 
and emission spectra of these sulfonates are small, 
specific correction for re-absorption and re-emission 
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sugg~sted by. Robatgi and Singhatu was not 
apphed. An mterference filter (413 nm) was placed 
bef?re the pho~ol!lultiplier to cut off the overla 
region of the emission spectrum to further minimis~ 
the re-absorption and re-emission errors in the 
measurement of fluorescence. 

~luorescence J?Olarization intensities were measu
r~d m. the same mstrument at right angles to the 
dire~ton <?f propagation of the incident light. The 
solu~tons m glyce.rol (90%) were excited by both 
verttcally and honzontally plane polarized light of 
wavel~ngth . 365 nm •. obtained by using polarizer 
supplied .wtth the mstrument. Both, horizontal 
and verttcal components of the fluorescence light 
were measured by using the analyzer. 

T~e degree of polarization (P) was determined 
by usmg the refined expression proposed by Azumi 
and McGlynn1e. 

P= lge-lsa (las/l"r~) 
IRs+ Isa(lss/Ias) 

wher~ B represents the .Polarization direction with 
electrtc ve~to~ perpendicular to the plane formed 
by the excttatton be~m .and th~ observation beam: 
B repr~sents polanzatton dtrection with electric 
vector tn the plane formed by the excitation beam 
and the observation beam. 

Results and Discussion 
The Stern-Volmer plots 4>0 1!4>1 vs C, for anthra

cene 1- a~d 2-mono sulfonates and 1.5-and 1,8-disul
fonates m water are given in Fig. 2. For the 
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measurement of ~" 10-1M solution of each 
anthracene sulfonate in the corresponding solvent 
was taken as standard. Corrections for re-absorp· 
tion, re-emission, refraction and the geometrY of the 
experimental set up was taken into consideration. 

In aqueous solution the concentration quenching 
of all these anthracene sulfonates obeys the Stern· 
Volmer equation. But in glycerol solution nd 
measurable amount of quenching was observed snv 
the slope of the S-V plot was negligibl · . • 
quenching constant, K,,, for concentratto~ 
quenching was measured directly from the slope ~n n 
the experimental rate constants for concentr.aUO 
quenching (k;"' 11) were obtained from the equauon 

k...,,_K," 
q ---

T 

... {8) 

where -r is the lifetime obtained by single-phot~~ 
counting technique repo!ted earlier~ 9 • T~..,e, ra,n 
constant for concentration quenchmg, ka ' all 
aqueous solution so obtained experimentallY f~ 1 
the anthracene sulfonates are given in Ta e fo; 
column 5. They are of the same order as that 1~1 
anthracene 9.3 x 1011 , 9.7 X 1011 and 11.7 X 109 Ill:0 el 
s- 1 in benzene, chloroform and kerosene respectLR Y 
obtained by Bowen et a/19• The low value of AS 
but high value of rate constant (15 X 1 09 ) fo\~~tne 
is expected because of its very low 11 ~1 as 
(T=145 ns) and quantum yield (~~-::::0. tes 
compared to anthracene and other sulfona1 5~ 
Similar observation was :made by:_Bowen111 for ' 

o~--------~----------~2----------~3----------~4----------~s 
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Fig. 2. Stem•Volmer plots: .fl~/.flt vs C for different anthracene sulphonates in water at 30•. 

e-+1-AS 
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dichtoro 
s.rnau (I<. anthracene whose K 8 " was found to be 
fluoresce •v = 11) mainly because of small value of 
for coro nee efficiency. On the other hand, K." 
lifetime ~enhe (Ks 11 =650) is large because of its long 
number tn t e excited state. The K 1 11 values o.f a 
benzene orhlanthracehe derivatives in solvents ltke 
to lie b'; oroform and kerosene are observed18 

or our~ wee~ 10 to 100 which supports the va!ue 
Constant Xpenmentally determined S~ V quenching 
Under stutff anthracene sulfonates. The systems 

F Y Were not deoxygenated. 
diele~~.anthrace~e sulphonates, charge and solvent 
Ching 0}c Properties are also important. The ql!en
than tha l,5- and 1,8-disulfonates is less. effictent 
evident} t lor 1- and 2-monosulfonates m water 
and c Y ue to two units of negative charge 
For f~sequently greater electrostatic repulsion. 
greater • tt'S such repulsion is expected to be 
grou 8 an 1,5-AS due to two negative charged 
its sl~ at the same side of the ring. Consequently, 
A.ssu~e for concentration quenching is very small. 
of anthg concentration quenching of fluorescence 
controU rdcene sulphonates to occur by diffusion 
rate co e process only, a theoretical value of the 
using e nstant can be calculated for each system 
in co}~n. (4). The k~''60 values are presented 
Water n 6 of Table_! for two difierent solvents 
k~.., ... oban~ glycerol. Experimental K • ., and 
4 and 5 tained . in water are reported in columns 

respecttvely. 

values. The anomaly is likely to be due to pR 
values which may be much larger than the assumed 
collision radii with p=l. This indicates that long 
range dipole-dipole mechanism of Forster type is 
also involved in concentration quenching. Very low 
calculated values of k~.n. • 0 in glycerol are under
standable since the probability of diffusion~controlled 
encounter formation will be very small in such 
viscous solvents. 

Theoretical formalism for diffusion-controlled 
reaction is under rescrutiny by Ware et a/20• The 
models have been developed111 which allow calcula~ 
tion of rate constants for systems which follow 
partly diffusion controlled kinetics. For the systems 
with excited state lifetimes shorter than I 00 ns and 
in conventional solvents, nonstationary processes 
also become important which require apparent rate 
constants to become time dependent. The classical 
expression for apparent rate constant k(t) is then 
expressed as 

k(t)=p4n Da-N'[t+('1fD~)119 ] (9) 

where u=encounter distance and D=zD .. +D,. 
The term within the bracket, which corrects for the 
transient quenching, will become important for times 
shorter than a 9 fD or near this value. At times 
much longer than this, k(t) is approximately equal 
to 4wNoD, and steady state diffusion takes place. 

TABLE 1 

Compound </>o<a> 
'T ns 
Single K 1''> I mol-• k 6 "'P x w-D<c> ktl•eo xto-•;d>. 

q ... q 
I photon 1 moi-•s-• 

method 
(1) {3) (4) {5) 

I moJ-•s-• 

(2) 
l-As 0.25 7.30 80(W) l0.9(W) 

{6) 
2.6(W) 
0.0044 (G) 
2.6 (W) 
0.0044 (G) 
1.24 (W) 
0.0002 (G) 
1.24 (W) 
0.0002 (G) 

2-AS 0.40 4.50 50(W) ll.I(W) 
-

t,s·-As 0.26 3.22 27(W) 8.3(W) 

1,8-As 0.16 1.46 22(W) J5.0(W) 

g>_Ai K. Gupta and K. K. Rohatgi-Mukherjee, Ref. 3. 
(b) B_Ycerol, W •water . 
(d Calculated from equation (1) (c) Calculated from equatLOn(8),'l o 

) Calculated from equation (4)• using r (I~AS and 2-AS) -4.27 J\. and r (1,5-AS and 1,8-AS) -4.63 A; D (l~AS and 2-AS) 
~~4xto-• cm•tsec in water and 8.1 xlo-9 cm•fsec in glycerol and D (1,5-AS and 1,8-AS) -5.9x to-• cm"/sec in water 

-.. 7·50 >< IO-• cm•fsec in glycerol. 

antlrhe experimental values of rate constant .for 
value acene sulfonates are higher than the the~re!t~al 
exp 8 measured for the diffusion controlled hmttmg ress· · · "fab) ton tncluding charge eff~t as shown m 
the vel· These differences may be expected due to 
tion a ue of 'r' which may still need some corre'?· 
der :s solvation effect has not been takel_l into consl
ted ~ton. The value of diffusion co-effictent ca!cula
duc rom r value obtained by density data also mtro
re.a~ some. error. There may be some error due to 

sorption l'e-emission phenomenon. 

larg!h~~e corrections, however, cannot expl~in the 
tff'erences in theoretical and expenmental 

The instantaneous rate constant is then time inde
pendent. For 1 ~AS 

o 11 (8.54) 11 X I0- 16cm 11 

-r.,=2Da =2x0.64xi0- 5 cm 2 s- 1 =S.7 xw-los 
(10} 

The lifetime of l-AS, T=7.4x t0- 9 , is greater than 
this critical time "' 0 by an order of magnitude. 
The transient term may not contribute much to the 
overall rate constant. If at all, the transient term 
may have some contribution to make for 1 ,5-AS and 
1,8-AS whose lifetimes are 3.22 and 1.46 ns, respec-

lively. The values of ( 1 + V ~~7), assuming p =I, 

S81i 
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u=2r and D=2Da., are 1.16, 1.20, 1.30 and 1.45 for 
1-AS, 2-AS, 1,5-AS and 1,8-AS respectively, 

On expanding the equation (9), we obtain 

'D(p ) + 4~N'D ( )• k=431:N a -==-- pa 
v'~~'Dl' 

which when multiplied throughout by the lifetime .,. 
becomes 

4:rzN'D 
kr=4~N'D (p0}r+ V';)!;DT (pu)•r 

K, v =4:1rN'D-t(pa)+4N' ]/;;DT (pu)1 

on rearranging and introducing the charge factor 

B{=-a-) a quadratic equation is obtained: 
~-1 

4N't/11'Dt B (pa)2 +41TN'DTB (pa)-Kav=O 
which is of the form 

axll+bx+c=O where x=pu and is given by 
-b±ybi-4ac 

x= 2a 

and a=4N'~y1TDT. b=4N'BnDT, C=-Ksv 

The values ~f pa so calculated are o reported in 
Table 4, column 2. The values 7.43 A, 13.5 A , 
32.2 A and 40.7 A for l-AS, 2-AS, 1,5-AS and 
1,8-AS are far different from kinetic collision radii. 

On the other hand, the critical transfer distance 
R 0 between molecules fixed in position in viscous 
medium can be calculated from spectroscopic data 
using Forster equation15 • Assuming <K11 > = 2/3 
which implies that the rotational lifetime for the 
solute molecules is much smaller than the actual 
radiative lifetime T, the values of R 0 in A and 
critical concentration C0 in mol per litre are given 
in Table 2. C0 values were calculated from the 
relationship 

1 3000 C= 
0 V0 4nRgN0 

TABLE 2 

Compound J(v)xtO•• J}o C 0 x to• 
M-• em~ A M/1 

l-AS 13.56 19 5.7 
2·AS 14.63 20 49 
1,5-AS 15.61 19 5.7 
1,8-AS 7.35 17 8.0 

assuming R 0 to be the radius of a sphere with the 
excited molecule in the centre and only one quencher 
mo!ecule within the sphere. The overlap integral 
was calculated graphically with the help of 
planimeter (Fig. 3). 

R 0 values were also calculated from the data of 
concentration depolarization of anthracene sulpha
nates in glycerol solution. The plot of (1/p0 -1/3) 
vs C according to Weber's equation (7) is shown 
in Fig.<~. The slope S of the straight line and 
R0 values derived therefrom are given in Table 3. 

5&2 

l-AS 
32 
20.06 
4S 

TABLE 3 

2-AS 
24 
19.01 
46 

t,S-AS 
15 
5.83 

43 

1,8-AS 
7 
3.05 

44 

aooo----------
7000 

6000 

5000 

4000 

3000 

1000 

I 

I 

I 
j 

I 

24 25 25 

\) x 104 {cm·']-
- - - . t anthracene 

Fig. 3. Plots of E(v) F(v)/v• vs v for dt~ere~ coeffictellt 
sutphonates. E(v) is the molar eK:m~tiO~he relative 
at wave number v em-• and F(v) ts e numbef 
fluorescence quantum intensity at wav 

--l·AS 
........ 2-AS 
~--1,5-AS 
- -- •• 1,8-AS '-e . rn t~< 

According to dipole-dipole . mechan~~ti~n is 
critical transfer distance . Ro m a ~ute mole
calculated on the assumptton that the s fixed in a. 
cules are statistically distributed and y transfer 
medium of infinite viscosity, so that energ nsfer and 
is a much faster process than m'lSS tr~e spectra 
rotational randomisation is compl<?t~. T d tlle !to 
were measured in aqueous solutwn a~enCY· Oil 
values were defined for 50% transfer ~ffilated froJll 
the other hand, the R0 values ca cu ch bigltet 
concentration depolarization data are mu pic Jatll· 
than those calculated from spectrosc~ously alsO 
Such discrepancy has been observed.p;evconcentra.f 
and has been discussed by Kawskl · ing o 
tion depolarization arises due to ~op~j:lfere!lt 
excitational energy over mol~cul~s . 0 on dte 
orientations before finally tmpmgtng original 
photomultiplier detector. In the pro~es~ion. 'flle 
orientation is lost leading to d~polartr rotational 
effect increases with concentratiOn. centrati~rt 
depolar~zation is superimposed. o~ code ree l'fl 
depolanzation, observed depolara;attOn ~trattO~ 
be much higher. At the same. tupe c~~tirne an 
quenching will reduce the radtattve Itf ge "'atue 
decrease the depolarization degree. A ar 
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of R. .11 alon ° \YI also be obtained when diffusion occurs 
to d~ With energy transfer, i.e., the molecule is free 
dift"usio use an~ transfer energy. The influence of 
to· anthn °~1~tpole-dipole transfer from anthracene 
been stad-1 die acid in alcohols of various '1 have 
Viscons u Ie by Elkana et al'n; In the most 
di8crepa~olv~nt (glycerol) they found an unexpected 
from e cy etween the values of R 0 , 27A obtained 
from 8 nergy tra!lsfer data and 22.4 A obtained 
there f:ctrosco~tc .data. They have ·shown that 
b~tween ~ vanat(on of intermolecular distance 
Brown· ono~ and acceptor, as ·a result of 
state. 1Th mo~on, during Ufetime of the ·excited 
dift'usion 1eoret~eal approach to the problem . of 
research :C,. 2 ~~e;gy transfer is a field of actlve 

The two situations, the reactions controlled by 
diffusion and the reactions controlled by resonance 
energy transfer, are examples of two extreme 
conditions : (i) the diffusional mixing is complete 
and the system obeys S-V kinetics and (ii) the 
molecules are fixed in position and energy transfer 
occurs by resonance interaction, Forster kinetics is 
valid. It is observed that concentration quenching 
is n~gligible in glycero! solution •. the slope of S· v 
plot IS nearly zero. Thts observatton goes against 
the hypothesis of quenching by energy transfer. 
Normally one does Mt expect quenching when 
energy migrates from one molecule to another of 
the same kind.. The concentration quenching in 
chlorophyU, whtch also shows much higher rate 
constant for quenching than that predicted by 
diffusion controlled mechanism, has been recently 
explained by Beddard and Porter1111 >~18 assuming 
quenching by energy transfer to those statistical 
pairs which are approximately 10 A apart at . the 
instant of excitation. The quenching occurs through 
excimer formation within such statistical pairs 
Anthracene and their derivatives are known to for~ 
dimers and excimer&10• Various substituted anthra
cene sulphonates also form photodimers although 
with low efficiency in deaerated solutions ll. The 
low efficiency of.pho~odimerization is likely to arise 
because of stenc hmdrance to sandwich confi
guration due to bulky so; groups but quenching 
may occur in nonsandwich configurations. If this 
mechanism is valid, there should be quenching in 
glycerol solution also. The life of such statistical 
pairs should be greater in viscous solvent as 
compared to a solvent of low viscosity. That 
energy transfer does occur between anthracene 
sul~honates i~ ~finitel~ established by concen
tratton ~~polarization ~tud1es. These studies predict 
large cr1tical ~ansfer distances. 

'I'he d"ff · Walk 1 uston length v 2Dr based on random 
solutio model"'. for these mol~cules in aqueous 
coltunnn and m gly~ero~ are given. in Table 1· 
Within 1 0 5~ The 2dtft"uston lengths m glycerol he 
Virtuau · A. to 0:4 J\. OD;IY i.e., the molecules ~e 
movemy fixed In posttion although Browman 
solutio:n! / ~otation is complete. In aqueous 
derabJ 8 v 2DT > R0 , diffusional motion is consi-

e. All the data are collected in Table 4. 

TABLE 4 
p.,. R Ro ../2D-r or+ ,J'i.'fh 
in (F<?r~ter) depolari· 1 x A. 1 za1_onin 

t-A.s 
2-As 7.43 19 4S 30 37.4 
l,S.J\8 tJ.so 20 46 24 37.5 
J,s-As 32.20 19 43 19 SJ.2 

40.70 17 44 13 53.1 

l-AS 
eo 

70 
2-AS 

60 

so -~ 
I 40 

~ 

10 20 30 

C X 104 (MoH8/Litn) 
s~ots of (1/p -l/3) vs C for different anthracene 

Phonates in 80% atyc::erol-watcr mixture at 30° • 

Concentration depolarization studies do not 
differentiate between transfer by single step or by a 
number of steps. The transfer distance from 
spectroscopic data using Forster equation is based 
on one step transfer. When -rD'*>TET ener 
migration by excitation hopping creates a stati~ 
tical distri~ution of excited centres A*+A~ 
A+A•, Wtth kBT as the energy migration rate 
constant, Stern-Volmer kinetics can still be 
applied 11 ". Since the experimental S-V plots are 
good-~inear straight lines in all the systems, the inter
pretatton of !}le ~ata should be based on combined 
effect. of diffustonal . q~enching and excitation 
hoppmg. The !\OJ?-·radiative traps for quenching b 
en~rgy transfer IS bkely ~o be ground state dime.; 
whtch may be present m very trace amounts and 
hence not detectable spectroscopically. Yuen 
et a{u has pro~ose~ a revised mechanism of concen
tration quenchmg m chlorophyll using the dimers 
as the energy traps. The existence of dimers and 
h!gJler aggregates was established by very sensitive 
~ifference spectro~cop~. The absence of quenching 
1n glycerol solutiOn 1s then due to inhibition of 
diffusional quenchina due to high viscosity and 
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inhibition of quenching by energy transfer due 
to nonformation of aggregates. The flat anthracene 
moieties with hydrophilic substituent-SO; can 
fonn aggregates. Specially for 1,5-AS which has 
highest solubility amongst the sulfonates under 
study the observation is that for concentration 
variation between IO- 8 -10- 9 M, the fluorescence 
spectra remain unaltered in intensity and shape 
presumably due to aggregate formation 9 • Aggregate 
formation in napthalene sulphonate has been 
established by light scattering studies99 • 

On examining the experimental value of pa 
derived from concentration quenching data, 
(Table 4, column~2), the values for monosulphonates 
are less than 1\~· Assuming p=l, the interaction 
radii, pa, is 7.5 a for l-AS and 13 A for 2-AS, 
suggesting short range quenching by exchange 
mechanism. The energy dissipation within the 
encounter complex can be brought about through 
perturbation of energy levels of colliding partners 
whiclt can promote forbidden transitions, hidden 
under the allowed energy state, by vibronic coupling. 
But foR disulphonates, the large values of piT 
envisage long range energy transfer. Since the 
lifetime& of the molecules rD• are small, a hopping 
mechanism may be assumed before being trapped by 
a ground state dimer. Answer to the question as 
to why should monosulphonates and disulphonates 
should differ in the quenching step is not apparent 
immediately. Another interesting observation is 
that the experimental values of pa and diffusion
lengthsi V2D~ add up to constant values which is 
37.5 ~ for monosulphonates and 52·5 A for 
disulphonates. An explanation for this is also 
not available. In disulphonates, two units of 
negative charge present an electrostatic barrier to 
6lose approach recommending long range inter
actions, whereas monosulphonates can manage to 
come close together with specific orientation. The 
ground state dimers may be mere stacked species 
held together by 11'-'71"* interaction or hydrogen 
bonded through -S08 groups and water molecules. 
Quenching by 55° dimers is also a possibility. 
Furthermore, in concentrated solutions the average 
orientation factor K 9 may not be completely 
ran<f:omised s 0 specially so in cases of the charged 
spectes. 
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