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EFFECTS OF DIFFERENT STATIONARY PHASES AND SURFACTANT 
OR FYCLODEiTRIN SPRAY REAGENTS ON THE FLUORESCENCE 
DENSITOMETRY OF POLY CY CLIC AROMATIC HYDROCARBONS 

AND DANSYLATED AMINO ACIDS 

t f 
A. Alak, E. H e i l w e i l ,  W. L. Hinze, H. Oh and D. W. Armstrong" 

*Contr ibut ion from: Department of Chemistry 
Texas Tech Un ive r s i ty ,  Lubbock, TX 79409 

ABSTRACT 

The d e t e c t a b l e  luminescence of twelve dansyl  amino a c i d s  and f o u r  
po lycyc l i c  aromatic  hydrocarbons (PAH's) s p o t t e d  on f i v e  common TLC s ta t i -  
onary phases  was evaluated.  The d e t e c t a b l e  luminescence v a r i e d  apprec i ab le  
f o r  compounds a s soc ia t ed  wi th  d i f f e r e n t  s t a t i o n a r y  phases.  The use  of 
s u r f a c t a n t  and cyc lodex t r in  sp ray  r eagen t s  caused luminescence enhancements 
on some s t a t i o n a r y  phases b u t  n o t  o t h e r s .  The r eagen t s  d id  no t  a f f e c t  a l l  
compounds t o  t h e  same degree i n d i c a t i n g  t h a t  q u a l i t a t i v e  information could 
be obtained i n  some cases .  The l a r g e s t  luminescence i n c r e a s e  f o r  a com- 
pound spo t t ed  on s i l i c a  g e l  w a s  f o r  pyrene ( i .e . ,  47-fold) sprayed wi th  
sodium cholate .  The degree t o  which t h e  p l a t e s  were d r i e d  a l s o  a f f e c t e d  
t h e  luminescence i n t e n s i t y .  
d i scussed  . 

P o s s i b l e  reasons f o r  t h e  observed e f f e c t s  a r e  

INTRODUCTION 

The d e t e c t i o n  and q u a n t i t a t i o n  o f  luminescent compounds i n  

TLC is a n  important  and h igh ly  sensitive technique (1). S ta t ion -  

a r y  phase and spray reagent  e f f e c t s  can apprec i ab ly  a l t e r  t h e  

luminescence behavior  of a v a r i e t y  of compounds. 

t h e r e  a r e  few a n a l y t i c a l  s tuf i ies  which cons ide r  t h e s e  e f f e c t s  

Unfortunately 
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1274  ALAK ET AL. 

(2-4). Fluorescent probes have been effectively used to examine 

the surface characteristics of derivatized silica gels (5, 6) and 

a number of interesting studies have been done on materials used 

to induce room-temperature phosphorescence on supports such as 

filter paper and silica gel (7-13). 

Solutions of micellar aggregates and cyclodextrin molecules 

have recently been used to enhance the fluorescence of a variety 

of compounds (14-16). There have also been reports on the use 

of micellar mobile phases to improve luminescence detection in 

LC (17, 18). As yet there have been no systematic studies on 

the use of surfactant and cyclodextrin spray reagents to enhance 

the scanning densitometric determination of luminescent compounds 

on a variety of TLC supports. 

characteristics of several dansyl amino acids and polycyclic 

aromatic hydrocarbons (PAH's) on five common TLC supports are 

examined. The modifications of the luminescent intensity of 

these compounds using different spray reagents are evahated and 

discussed. 

In this study the luminescence 

EXPERIMENTAL 

Materials. High purity a,B and Y cyclodextrin was obtained 

from Advanced Separation Technologies, Inc., 37 Leslie Court, 

Whippany, NJ 07981. Sodium dodecyl sulfate (SDS) from Bio Rad, 

cetyltrimethylammonium chloride (CTAC) from Fisher, sodium 

cholate from Sigma and Zwittergent 3-12 (a zwitterionic surfactant) 

from Calbiochem were used as received. Silica gel (K6), reverse 

phase (KC18), alumina (K3) and cellulose (K2) TLC plates were 

obtained from Whatman. Polyamide -6 TLC plates were obtained 
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FLUORESCENCE DENSITOMETRY OF PAH 1275 

from Brinkmann. 

Burdick & Jackson. 

coupled t o  a C-R2AX d a t a  s t a t i o n  w a s  used f o r  a l l  determinations. 

Methods. One m i c r o l i t e r  of 10-3M so lu t ions  of twelve dansyl 

amino ac ids  and four  polycycl ic  aromatic hydrocarbons (Table 1 )  

was individual ly  spot ted (Drummond micropipet) on f i v e  types of 

TLC support ( i .e . ,  s i l i c a  ge l ,  alumina, C -reversed phase, 

c e l l u l o s e  and polyamide) . 
with a Shimadzu CS-910 densitometer i n  t h e  fluorescence mode. 

The exc i ta t ion  wavelength was 256 nm f o r  t h e  PAH's and 320 nm f o r  

t h e  dansyl  amino acids .  

f r o n t  of the  de tec tor .  

sprayed with a 1% solu t ion  of e i t h e r  SDS, CTAC, sodium cholate ,  

Zwittergent o r  8-cyclodextrin f o r  10 seconds a t  a d is tance  of 

2 f e e t .  

and 75 minutes (dry p la tes )  a f t e r  spraying. Blanks ( i.e., 

prespotted plates sprayed with water containing no reagent)  were 

run i n  a l l  cases .  

HPLC grade water and methanol w e r e  obtained from 

A Shimadzu CS-910 scanning densitometer 

1% 
The spots  were scanned and quant i ta ted 

A "W-DZ" cut-off f i l t e r  w a s  placed i n  

The chromatographic p l a t e s  were then 

The spots  w e r e  then scanned a t  2 minutes (wet p l a t e s )  

Spot t ing reproducib i l i ty  was lt2.3% as determined from t h e  

ana lys i s  of 10  i d e n t i c a l  experiments. 

cence caused by p l a t e  t o  p l a t e  inconsis tencies  (within a given 

l o t )  was +3.2%. 

The v a r i a t i o n  i n  f luores-  

RESULTS AND DISCUSSION 

A compound's fluorescence can vary tremendously when i n  

contact  with d i f f e r e n t  TLC matr ices .  Consequently, s t a t i o n a r y  

phase e f f e c t s  on luminescence de tec t ion  and quant i ta t ion  can be  

appreciable. Figure 1 i l l u s t r a t e s  the  magnitude of t h i s  e f f e c t  
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1276 ALAK ET AL. 

c 

- f f  L 

Figure 1. 
t e c t a b l e  luminescence of one nanogram of dansyl g lyc ine  spot ted 
on each p la te .  SG = s i l ica  g e l ,  A1 = alumina, RP = dimethyloc- 
tadecyls i lanated reversed phase, C = c e l l u l o s e ,  PA = polyamide. 
The de tec tab le  luminescence w a s  18 t o  25 g r e a t e r  on polyamide and 
c e l l u l o s e  then on s i l i c a  g e l .  The de tec tab le  luminescence on C18 
reversed phase was 10  t o  15 times g r e a t e r  than t h a t  on s i l i ca  
g e l  while  alumina r a r e l y  produced more than a 2-fold increase  over 
s i l i c a  g e l .  

A comparison of t h e  s t a t i o n a r y  phase e f f e c t  on t h e  de- 
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FLUORESCENCE DENSITOMETRY OF PAH 

for dansyl glycine. 

other compounds in this study. The magnitude of detectable 

luminescence varied on different stationary phases as follows: 

cellulose 2 polyamide > C18-reversed phase > alumina > silica gel. 

The detectable luminescence of dansyl amino acids on cellulose o r  

Analogous results were obtained for the 

polyamide plates was as much as 25 times greater than on silica 

gel. 

better than on silica gel (about 2-fold) while it was as much as 

15 times greater on C18 reversed phase plates. Possible reasons 

for these effects will be discussed at the end of this section. 

The detectable luminescence on alumina was only slightly 

The effect of surfactant and cyclodextrin spray reagents on 

the luminescence of dansyl amino acids and PAH's varies consider- 

ably for different stationary phases. In fact, significant en- 

hancements were only observed on silica gel and alumina (Tables I 

and 11). The spray reagent effect on luminescence on reversed 

phase, cellulose and polyamide plates was much less pronounced 

and was as likely to cause modest decreases in luminescence as 

increases (Tables 111, I V  and V ) .  It is apparent that the ana- 

lytical usefulness of these particular spray reagents is mainly 

limited to silica gel and alumina. It is also interesting that 

the stationary phases on which these reagents produce their 

greatest effect are those which seem to "inhibit" the fluores- 

cence of dansyl amino acidsand PAHs the most (i.e., silica gel 

and alumina, in Figure I). 

A closer look at the data in Tables I and I1 reveals several 

interesting trends as well as significant differences in spray 

reagents. 

limits and increasing the linear dynamic range is illustrated in 

The usefulness of these reagents in lowering detection 
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1283 FLUORESCENCE DENSITOMETRY OF PAH 

Figure 2 for dansyl glycine. B-Cyclodextrin and CTAC have a 

much greater effect on the luminescence of the dansyl amino 

acids than the other surfactants (Table I). It is interesting 

that CTAC has its greatest effect when the plate is freshly 

sprayed (i.e., still wet) whereas $-cyclodextrin has a greater 

effect when dry. 

produce a greater effect on silica gel and alumina when freshly 

sprayed. 

structures (e.g., micelles or bilayers) in the wet media. A 

given spray reagent tends to affect all the dansylated amino acids by 

about the same amount (for a given stationary phase) although 

there are small variations (Tables I-V). The polycyclic aromatic 

hydrocarbons (PAH) tended to show greater variation on silica 

gel and alumina but very little on the other stationary phases. 

Pyrene gave the largest fluorescence enhancements of any compound 

tested (Figure 3 ) .  Enhancements of 20 times or more (Table I, I1 

and Figure 3) were not unusual for any freshly sprayed chromato- 

gram. Sodium cholate produced the greatest overall luminescence 

increases for the PAH's although B-cyclodextrin and Zwittergent 

were also effective. On the other hand, CTAC was the most effect- 

ive reagent for the dansyl amino acids, closely followed by $- 

cyclodextrin. 

effect on the dansyl amino acids in the dry state. It seems that 

there is a certain amount of reagent selectivity in the lumines- 

cence enhancements of different compounds. 

ially useful in the identification of certain substances. 

Nearly all of the surfactant spray reagents 

This could be a result of the presence of aggregational 

Sodium cholate and Zwittergent produced little 

This could be potent- 

A complete elucidation of the mechanism(s) through which 

the luminescence is controlled and reasons for the variations in 
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A 

I V I  

0 0,2 0,4 0,6 0.8 

NAWLES OF PYRENE SPOTTED 
Figure 3.  
the calibration curve of pyrene on s i l i c a  g e l .  0 = no spray re- 
agent, h = Zwittergent sprayed and dried, 
sprayed and dried, 0 = sodium cholate sprayed and dried, 0 = sodium 
cholate fkeshly sprayed. 

Plots  showing the e f f e c t  of different  spray reagents on 

0 = f3 -cyclodextrin 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1286 ALAK ET &. 
it a r e  beyond t h e  scope of t h i s  paper. 

statements can be made concerning the  r o l e  of the  s t a t i o n a r y  phase 

and spray reagents  i n  luminescence de tec t ion  on TLC p l a t e s .  

F i r s t l y ,  t h e  observed enhancements due t o  t h e  spray reagents  were 

not t h e  r e s u l t  of increased s o l u b i l i z a t i o n  of t h e  fluorophor on 

t h e  sur face  of t h e  s t a t i o n a r y  phase o r  t o  i n t e r n a l  r e f l e c t i o n s  

from a l i q u i d  sur face  layer .  Spray "reagent" blanks (e.g., pure 

water, H20/methanol, e t c )  cons is ten t ly  caused reduced luminescence 

on a l l  s t a t i o n a r y  phases. Secondly, when luminescent compounds 

are spot ted on t h e  more s t rongly  adsorbing media ( i . e . ,  s i l i ca  

ge l  and alumina) they produce s u b s t a n t i a l l y  less f luorescence 

(Figure 1). The spray reagents ,  however, produce t h e i r  g r e a t e s t  

e f f e c t s  on these  s a m e  media. 

absorption can increase  t h e  nonradiat ive rate constant of pyrene 

(19) which leads  t o  a decrease i n  fluorescence. It w a s  f u r t h e r  

reported t h a t  t h e  addi t ion  of c e r t a i n  compounds (such as long 

chain alcohols  o r  glycerol)  would p r e f e r e n t i a l l y  i n t e r a c t  with 

t h e  strong adsorpt ion sites thereby allowing pyrene "to be adsorb- 

ed i n  areas of weaker in te rac t ions"  (19). This tended t o  diminish 

t h e  probabi l i ty  of s t a t i c  quenching of t i g h t l y  bound pyrene as 

w e l l  as enhance t h e  p o s s i b i l i t y  of dynamic eximer formation 

(due t o  t h e  g r e a t e r  mobil i ty  of pyrene (19)). Certainly many of 

these  phenomena are poss ib le  i n  t h e  present  system as a l l  of t h e  

spray  reagents  s t rongly  adsorb t o  s i l i c a  ge l .  

B-cyelodextrin, formation of s t a b l e  inclusion complexes with t h e  

fluorophor would be another important f a c t o r  ( 4 ) .  Furthermore, 

it i s  w e l l  known t h a t  mice l la r  aggregates can enhance f luorescence 

(15,16) and t h i s  could be a f a c t o r  i n  t h e  f r e s h l y  sprayed chro- 

However, some general  

It has been reported t h a t  s t rong 

I n  t h e  case of 
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FLUORESCENCE DENSITOMETRY OF PAH 

matograms. 

drying, however. Spray reagents  have e s s e n t i a l l y  no e f f e c t  on 

luminescence of compounds spot ted on C18-reversed phase p l a t e s .  

I n  t h i s  case t h e  adsorpt ion sites have been s i l a n i z e d  and t h e  

r e l a t i v e l y  nonpolar environment of any e x i s t i n g  aggregates is no 

b e t t e r  than that which already e x i s t s  on t h e  s t a t i o n a r y  phase. 

Sur fac tan ts  a l s o  adsorb somewhat t o  c e l l u l o s e  and polyamide. 

ever, i f  t h e  environment provided by t h e  sur fac tan t  o r  cyclodex- 

t r i n  is less hospi tab le  t o  t h e  luminescent spec ie  than t h e  sta- 

t ionary  phase, then one observes decreased luminescence (Tables 

11, I V  and V) . 

The aggregat ional  s t r u c t u r e  would be destroyed upon 

How- 
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