
Solvatochromic Fluorescence 
of 8-(Phenylamino)-l-naphthalene-ammoniumsulfonate (8,1 ANS) 
in 1,4-Dioxane/Water Mixtures, revisited 
Ste fan H . H ü t t e n h a i n * a n d W o l f g a n g Balzer 
Fraunhofer-Institut für Umweltchemie und ökotoxikologie, 5948 Schmallenberg-Grafschaft 

Z. Naturforsch. 48a, 709-712 (1993); received January 11, 1993 

The correlation of the solvatochromic fluorescence properties of 8-(phenylamino)-l-naphthalene-
ammoniumsulfonate (8,1 ANS) in 1,4-dioxane/water mixtures with £ r (30 ) and Af values of the 
respective solvents shows that besides the polarity the nature of the solvent mixture determines the 
fluorescence intensity / and the Stokes shift Av. Different amounts of hydrogen-bonding are 
suggested to be responsible for the different slopes of the correlation line plots. 
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Introduction 

E n v i r o n m e n t a l f ac to r s o f t en s t rong ly in f luence t he 
f luorescence of a p p r o p r i a t e l y qual i f ied molecu le s 
[1,2] . T h e decrease in f luorescence in tens i ty a n d t he 
b a t h o c h r o m i c shift of t he emiss ion w a v e l e n g t h of 
8 - ( p h e n y l a m i n o ) - l - n a p h t h a l e n e - a m m o n i u m s u l f o n a t e 
(8,1 ANS) wi th increas ing po l a r i t y of its e n v i r o n m e n t 
is well k n o w n a n d its a p p l i c a t i o n as a f luorescence 
p r o b e in biochemical s tudies is well d o c u m e n t e d [3 -7 ] . 

K o s o w e r a n d c o - w o r k e r s h a v e inves t iga ted the in-
fluence of the solvent po la r i ty o n the emiss ion energies 
E{ (calculated f r o m the respective emiss ion wavelength) 
a n d the f luorescence q u a n t u m yields of d i f ferent ly 
subs t i tu t ed 8,1 A N S molecu les us ing d i f fe ren t so lvent 
mix tu res of r is ing po l a r i t y [8], the cha rac t e r i s t i c 
f ea tu re in each case be ing a b i l inear d e p e n d e n c e of E{ 

on the so lvent po la r i t y p a r a m e t e r £ r ( 3 0 ) . T h e semi-
empir ica l so lvent po la r i t y p a r a m e t e r £ r ( 3 0 ) , as i n t ro -
duced by D i m r o t h a n d Re i cha rd t , is de f ined as 
the m o l a r t r ans i t i on energy of the l ong -wave l eng th , 
s o l v a t o c h r o m i c U V / V i s - a b s o r p t i o n b a n d of a specific 
p y r i d i n i u m - N - p h e n o x i d e b e t a i n e dye, c a u s e d by a n 
i n t r a m o l e c u l a r cha rge - t r ans f e r a b s o r p t i o n [ 9 - 1 1 ] . 

T h e t w o - s l o p e - b e h a v i o r let K o s o w e r c o n c l u d e t h a t 
the f luorescence of the 8,1 A N S molecu le ar ises f r o m 
t w o different exci ted s tates . A c c o r d i n g t o th is t h e o r y 
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8,1" A NS 

Fig. 1. 8-(phenylamino)-l-naphthalenesulfonic acid ammo-
nium salt (8,1 ANS). 

t he s lopes r ep resen t the s o l v a t o c h r o m i c b e h a v i o r of a 
n o n - p l a n a r " S l n p " s ta te a n d a m o r e sensi t ive " S l c t " 
c h a r g e t r ans fe r s ta te of the molecule , respect ively. 

In sp i r ed by th is p a p e r s we w o r k e d o n the app l i ca -
t i o n of 8,1 A N S for the de tec t ion of e n v i r o n m e n t a l 
po l lu t ion a n d as a dye for s taining thin- layer c h r o m a t o -
g r a m s fo r qua l i t a t ive a n d q u a n t i t a t i v e ana lyses 
[ 1 2 - 1 4 ] . D u r i n g th is w o r k we no t i ced t h a t bes ides 
po la r i ty , p K a -va lues of the e n v i r o n m e n t - o r t he sol-
ven t app l i ed - a re a p p a r e n t l y i m p o r t a n t fo r t he sol-
v a t o c h r o m i c f luorescence charac te r i s t i cs of 8,1 A N S . 
T o f ind o u t m o r e a b o u t the inf luence of p r o t o n s o n t he 
f luorescence of 8,1 A N S we were in te res ted in c o m p a r -
ing the ET(30) d e p e n d e n c e wi th the inf luence of s o m e 
o t h e r po la r i t y p a r a m e t e r s , e.g. the o r i e n t a t i o n po la r i z -
abi l i ty A / [15], T h e resul ts reveal t h a t fo r a c o m p l e t e 
desc r ip t ion of the p h e n o m e n a the specific p r o p e r t i e s 
of the 1,4 d i o x a n e / w a t e r mix tu re s h a v e to be t a k e n 
i n t o a c c o u n t . 

0932-0784 / 93 / 0500-721 $ 01.30/0. - Please order a reprint rather than making your own copy. 

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



710 S. H. Hüttenhain and W. Balzer • Solvatochromie Fluorescence of 8,1 ANS 

Experimental 

8,1 A N S w a s b o u g h t f r o m Aldr ieh a n d pur i f ied by 
r epea t ed c h r o m a t o g r a p h y on silica gel us ing t o luene / 
e t h a n o l 1 : 1 as e luan t unt i l t he th in- layer c h r o m a t o -
g r a m ( T L C ) s h o w e d o n e spot . 1 ,4-dioxane (Aldr ich; 
G o l d Lab le , > 9 9 % ) a n d d ion ized wa t e r were desti l led 
u n d e r n i t r o g e n p r io r to use. T h e a b s o r p t i o n spec t ra 
were r e c o r d e d o n a Ph i l ips P U 8720 U V / V I S Spec-
t r o p h o t o m e t e r , the f luorescence spec t ra o n a P e r k i n -
E lmer M P F - 3 L f luorescence p h o t o m e t e r . All m e a -
s u r e m e n t s were car r ied o u t a t 20 °C us ing a 10 p m o l a r 
so lu t ion of 8,1 A N S in the respect ive so lvent mix ture . 
T h e f luorescence intensi t ies were re la ted to t hose of a 
s a m p l e d isso lved in p u r e 1 ,4-dioxane wh ich was set 
equa l to 1000. T h e c o r r e s p o n d i n g Av a n d Af va lues 
were ca l cu l a t ed a c c o r d i n g to [2]: 

Av = 1/Aabs - 1/Aem , 

Af = (e - l ) / ( 2 e + 1 ) - (n2 - 1 ) / ( 2 n2 + 1 ) . 

Dielec t r ic c o n s t a n t s (e) were t a k e n f r o m l i t e ra tu re o r 
by i n t e r p o l a t i o n of these values [14]. Ref rac t ive indices 
were m e a s u r e d wi th a Zeiss A b b e r e f r ac tome te r . 

Results 

L a n g h a l s et al. [17] first d e t e r m i n e d the inf luence of 
so lvent po l a r i t y on the longes t wave leng th a b s o r p t i o n 
b a n d m a x i m u m (/.abs) of 8,1 A N S . In c o n t r a s t to the 
resul ts of K o s o w e r et al. [8], they f o u n d a dis t inct 
effect. S o l u t i o n s of the dye in 1 , 4 - d i o x a n e / w a t e r mix-
tu res exh ib i t ed a s ignif icant h y p o c h r o m i c shift of the 
a b s o r p t i o n b a n d m a x i m u m with r is ing a m o u n t s of 
wa te r , wh ich cou ld be desc r ibed by the genera l e q u a -
t ion ET = ED- l n ( c p / c * + 1 ) + £ ° . 

F o r r e c o r d i n g the f luorescence spec t ra of 8,1 A N S 
in the respect ive mix tu res , we chose the exc i ta t ion 
energies as t he closest in teger wave leng th wi th respect 
to the c o r r e s p o n d i n g a b s o r p t i o n m a x i m a . O u r m e a -
s u r e m e n t s of the c o r r e s p o n d i n g emiss ion wave leng th 
of the dye in the app l i ed so lvent mix tu re s as well as 
the po l a r i t y d a t a of these m e d i a a re s u m m a r i z e d in 
Table 1. 

These p a r a m e t e r s were used to ana lyse the re la t ion-
ship of the fluorescence intensity / a n d the Stokes ' shift 
Av wi th the t w o po la r i t y p a r a m e t e r s £ r ( 3 0 ) a n d Af 
respect ively. T h e resul ts a re s h o w n in F igures 2 a - d . 
They d i sp lay its well k n o w n b a t h o c h r o m i c shift a n d 

Table 1. Polarity data of 1,4-dioxane/water mixtures and the 
excitation and emission wavelength of 8,1 ANS in the respec-
tive solvent. 

H 2 0 3 E r ( 3 0 ) b A/ - 10 2 c ; d 
exc 1 d 

em 

(cl/1) kcal/mol nm nm 

0 36.0 2.36 377 462 
0.75 38.1 2.97 377 462 
1.10 39.0 3.90 377 462 
1.46 40.0 4.34 377 462 
2.00 41.5 5.26 377 463 
2.66 41.8 6.57 376 463 
3.00 42.1 8.24 376 464 
4.80 43.5 11.08 376 465 
6.50 45.0 13.91 376 467 
7.80 45.7 15.61 375 469 
8.50 46.0 16.27 375 470 

11.20 47.0 19.56 375 472 
15.00 47.9 21.91 374 474 
18.20 48.6 23.43 373 475 
21.00 49.2 24.57 373 475 
26.00 50.2 26.06 373 476 
29.10 50.7 26.68 372 477 
36.50 51.9 27.81 371 478 
37.60 52.1 27.95 371 478 
44.00 53.0 28.60 370 480 
51.50 54.0 29.20 370 482 
57.00 55.0 29.58 369 486 
62.00 56.0 29.96 368 487 
69.00 57.0 30.36 368 492 
81.00 59.0 31.01 360 499 
90.00 61.0 31.48 358 507 

a Percentage of water by volume mixed with 1,4-dioxane. 
b From [8] and [12] or by linear interpolation. 
c From (2). d ± 2 nm. 

t he s i m u l t a n e o u s decrease in f luorescence intensi ty . 
T h i s is n o t on ly t r u e for the S tokes ' shif ts b u t a l so for 
t he re la t ive fluorescence in tens i ty . 

T h e genera l a spec t s of the c o r r e l a t i o n a re obv ious ly 
very s imi la r fo r b o t h po l a r i t y p a r a m e t e r s . In c o n t r a s t 
t o t he p lo t s p r e s e n t e d by K o s o w e r et al., however , o u r 
m e a s u r e m e n t s offer a t least a t r i l inear r e l a t i onsh ip in 
case of the £ r ( 3 0 ) d e p e n d e n c e s as ind ica ted by the 
c o r r e l a t i o n lines. W i t h the t h r ee - s l ope -behav io r - es-
pecial ly o b v i o u s f r o m the p lo t / versus £ r ( 3 0 ) - o n e 
f o u n d the in te r sec t ions of the c o r r e l a t i o n lines to rep-
resen t m i x t u r e s wi th a wa t e r c o n t e n t of a b o u t cp= 1.39 
± 0 . 3 2 mol/1 a n d cp = 28.60 ± 1.39 mol/1, respectively, 
fo r b o t h dependenc ie s . 

I n the case of the Af p lo t s n o l inear i n t e r p r e t a t i o n 
f i t ted t he d a t a po in t s . O n e can see f r o m the cu rved 
line, howeve r , t h a t it cons is t s of t h ree dif ferent pa r t s , 
i nd i ca t ed by t w o inf lec t ion p o i n t s a t a n w a t e r c o n t e n t 
of a p p r o x i m a t e l y 3 mol/1 a n d 23 mol/1. 

O n a c loser i n spec t ion it even seems m o r e likely 
t h a t t he t r i l inear i n t e r p r e t a t i o n of the ET(30) resul ts 
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Fig. 2 a - d . Plots of the fluorescence intensity I (given in arbitrary units ± 5%) and Stokes' shift Av of 8,1 ANS in 1,4-dioxane/ 
water mixtures versus the polarity parameters £ r (30) and Af. 

a re on ly a n a p p r o x i m a t i o n . A cu rved l ine migh t m e e t 
t he r e l a t i o n s h i p of t h e f luorescence p rope r t i e s of 
8,1 A N S a n d solvent p o l a r i t y far be t t e r t h a n l inear 
curves . 

Discussion 

O u r inves t iga t ions c o n c e r n i n g the s o l v a t o c h r o m i c 
f luo rescence p rope r t i e s of 8,1 A N S s h o w tha t the p o -
la r i ty of the m e d i a used c a n be desc r ibed by £ r ( 3 0 ) -
va lues as well as by t h e o r i e n t a t i o n po la r izab i l i ty 
(L ippe r t ' s pa r ame te r ) . P l o t s of f luorescence in tens i ty I 
o r S tockes ' shif t Av, respect ively, ve rsus these p a r a m e -

ters d i sp l ayed in gene ra l the s a m e f u n c t i o n a l cour se . 
H o w e v e r , c o n c e r n i n g t h e £ T ( 3 0 ) d e p e n d e n c e s t h e tr i-
l inear i n t e r p r e t a t i o n m e a n s a s t r ik ing di f ference t o t he 
str ict t w o - s l o p e p lo t s p r e sen t ed by K o s o w e r et al. [8, 
9]. O n t he o t h e r h a n d o u r resul ts seem t o be in a c c o r -
d a n c e w i th the inves t iga t ions of L a n g h a l s [17] o n t he 
p o l a r i t y of b i n a r y so lven t mix tu re s . As a genera l ru le 
his p lo t s of several semi -empi r i ca l p o l a r i t y p a r a m e t e r s 
versus ln (c p ) s h o w e d a l w a y s a s t r a igh t l ine a n d a n o n -
l inear c u r v e (which L a n g h a l s p r o v e d b o t h to be cov-
ered by a single e q u a t i o n ) . I n case of 1 , 4 - d i o x a n e / w a -
ter m ix tu re s , howeve r , t h e p lo t a d d i t i o n a l l y exh ib i t ed 
a s e c o n d l inear c o r r e l a t i o n line, s t a r t i n g a t a w a t e r 
c o n t e n t of 22 mol/1 c o r r e s p o n d i n g t o a n £ r ( 3 0 ) - v a l u e 
of 51.9 k c a l / m o l . I n case of the £ r (30)-values o u r re-
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suits of the so lvent d e p e n d e n c e of t he s o l v a t o c h r o m i c 
f luorescence p rope r t i e s of 8,1 A N S para l l e l ed these in-
ves t iga t ions . W h e r e a s t he o r i e n t a t i o n po la r i zab i l i ty 
can be l o o k e d a t as a p a r a m e t e r t h a t is ca l cu la t ed f r o m 
c o n s t a n t s t h a t descr ibe t he m o r e s ta t ic p o l a r inf lu-
ences, semi -empi r i ca l ET (30)-values t a k e d y n a m i c 
processes l ike h y d r o g e n - b o n d i n g i n t o a c c o u n t . T h e 
la t ter d o m i n a t e s the overa l l po la r i t y of the so lven t 
mix tures . T h u s , it can be c o n c l u d e d t h a t t he th ree -
s lope -behav io r of the 8,1 A N S p lo t s d i sp l ayed a c h a r -
acter is t ic i n t e r ac t i on of t he 1 ,4 -d ioxane /wa te r mix-
tures used wi th specific p r o p e r t i e s of t he dye. W e 
suggest d i f ferent a m o u n t s of h y d r o g e n b o n d i n g of the 
mix tu re s t o be the m o s t p r o b a b l e e x p l a n a t i o n of t he 
p h e n o m e n a . I t was d iscussed ear l ier t h a t p r o t o n s h a v e 
a n i m p o r t a n t inf luence o n t he f luorescence of 8,1 A N S 
[4, 5] a n d , c o n c e r n i n g e n v i r o n m e n t a l effects o n th is 
molecule , A i n s w o r t h a n d F l a n a g a n d i s t ingu i sh be-
tween the t e r m s " h y d r o p h o b i c " a n d " n o n - p o l a r " [18]. 
In a n ear ly p a p e r , dea l ing w i th glycerol so lu t ions of 
the closely re la ted 6,2 A N S a n d s o m e of its N - a l k y l 

der iva t ives even K o s o w e r et al. p o s t u l a t e d exci ted 
s ta te p r o t o n a t i o n to a c c o u n t for the i r f luorescence 
charac te r i s t i c s [19]. 

We sugges t t ha t the m o s t a p o l a r mix tu re s h a v e 
m o r e o r less the solvent s t ruc tu re of 1 ,4-d ioxane wi th 
enc losed i so la ted wa te r molecules ; a t a wa t e r c o n c e n -
t r a t i o n of a p p r o x i m a t e l y l - 2 m o l / l poss ib ly w a t e r -
w a t e r h y d r o g e n b o n d i n g m a y a p p e a r besides w a t e r -
1 ,4-d ioxane h y d r o g e n b o n d i n g a n d finally, at c o n c e n -
t r a t i o n s a b o v e 22 mol/1 the s t ruc tu re of l iquid w a t e r 
m a y d o m i n a t e the s t r u c t u r e of the mix tu re . C o n c u r -
ren t wi th th is the abil i ty to p r o t o n a t e the SI exci ted 
s t a t ed of 8,1 A N S rises. T h u s , s u p p o r t e d by l i te ra ture , 
o u r resul ts focus on the fact tha t the s o l v a t o c h r o m i c 
f luorescence p roper t i e s of 8,1 A N S d o n o t solely de-
p e n d o n the po la r i ty of the e n v i r o n m e n t b u t a re 
ma in ly inf luenced by t he p r o t o n act ivi t ies of t he sol-
vents used . M e a s u r e m e n t s of the f luorescence p r o p e r -
ties of 8,1 A N S in p u r e solvents of r i s ing po la r i ty dis-
c r i m i n a t e d be tween p r o t i c a n d a p r o t i c shou ld s h o w a 
dis t inct l inear co r r e l a t ion of its o w n [20]. 
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