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EFFECTS OF SOLUTE 
FOCUSING ON ZONE SHAPE 

IN COLUMN - PLANAR SEPARATIONS 

DENNIS C. SHELLY' AND 
VINCENT L. ANTONUCCI 

Department of Chemistry and Chemical Engineering 
Stevens Institute o f  Technology 

Hoboken, New Jersey 07030 

ABSTRACT 

So lu te  t r a n s f e r  a t  t h e  i n t e r f a c e  i n  column - p l a n a r  
s e p a r a t i o n s  i s  c h a r a c t e r i z e d  by n o n - s e l e c t i v e  b u l k  t r a n s p o r t  f o r c e s  
such as e l u t i o n ,  s o l v e n t  evapora t i on ,  and c a p i l l a r i t y  as w e l l  as 
t h e  s e l e c t i v e  chromatographic  f o r c e  o f  c l a s s i c  t h i n - l a y e r  
development. U l t i m a t e  zone shape w i l l  be d i c t a t e d  by a comb ina t ion  
o f  t h e s e  fo rces .  Band broadening i n  t h e  p l a n a r  medium can be 
suppressed us ing  s o l u t e  focus ing ,  a techn ique  whereby a s t r o n g  
s o l v e n t  i s  used t o  f o r c e  a l l  s o l u t e s  t o  m i g r a t e  t o g e t h e r .  D u r i n g  
an a n a l y s i s  o f  focused and nonfocused zones we observed apparent 
" o r t h o g o n a l i t y "  i n  t h e  c a p a c i t y  r a t i o  vs. e f f i c i e n c y  r e l a t i o n s h i p s  
f o r  t h e  two t rea tmen ts .  T h i s  suggests t h a t  t h e  e x t e n t  o f  zone 
d i s p e r s i o n  d u r i n g  s o l u t e  t r a n s f e r  a r i s e s  f rom t h e  a c t u a l  
d i f f e r e n c e s  and s i m i l a r i t i e s  o f  t h e  two d isp lacement  modes. 

* Author  t o  whom correspondence should be addressed. 
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INTRIIDUCT ION 

SHELLY AND ANTONUCCI 

Column - p l a n a r  separa t i ons  have undergone p e r i o d i c  

development f o r  n e a r l y  two decades, b u t  p r a c t i c a l l y  no e f f o r t  has 

been devoted t o  c h a r a c t e r i z e  o r  q u a n t i t a t e  s o l u t e  t r a n s f e r  

phenomena a t  t h e  i n t e r f a c e  o f  t h e  two dimensions. R e c e n t l y  s e v e r a l  

r e p o r t s  o f  advances i n  i n s t r u m e n t a t i o n  and new a p p l i c a t i o n s  f o r  t h e  

techn ique  have appeared ( 1 - 4 ) .  O f  p a r t i c u l a r  s i g n i f i c a n c e  i s  t h e  

most r e c e n t  work o f  H o f s t r a a t  t ? t  a1 ( 5 ) ,  who have d i scussed  t h e  

unique o r i e n t a t i o n  o f  zones depos i ted  on a moving l a y e r  and 

attempted t o  c h a r a c t e r i z e  t h e s e  zones v i a  dens i tomet ry .  The 

s p a t i d l  i n t e g r i t y  o f  t h e  chromatographic  zones was a t t r i b u t e d  t o  

t h e  e f f e c t s  o f  e l u t i o n  and t h e r e  was a weak dependence on e l u t i o n  

t i m e  noted. 

The r e l a t i o n s h i p  o f  b o t h  d isp lacements i n  a two-d imensional  

separa t i on  has been t r e a t e d  e x t 2 n s i v e l y .  Giddings has i l l u s t r a t e d  

t h e  d i f f e r e n c e s  between separa t i ons  where one and b o t h  o f  t h e  

d isp lacement  mechanisms a re  independent ( 6 ) .  For two independent 

d isp lacements t h e  o v e r a l l  peak: c a p a c i t y  i s  t h e  p roduc t  o f  

i n d i v i d u a l  peak c a p a c i t i e s  f o r  each d isp lacement  dimension. When 

b o t h  d i s p l  acement modes c a r r y  some degree o f  s i m i l  a r i t y  t h e  o v e r a l l  

peak c a p a c i t y  i s  approximate1 y equal t o  t h a t  f rom e i t h e r  

separa t i on .  The t e r m  " o r t h o g o n a l i t y "  has been used t o  r e f e r  t o  t h e  

r e q u i s i t  d i f f e r e n c e s  i n  d isp ldcement  modes i n  o r d e r  t o  achieve t h e  

mdximum t h e o r e t i c a l  peak capaci.:y. Freeman has i n t r o d u c e d  t h e  t e r m  

"nonredundancy" ( 7 )  t o  r e f e r  t o  t h e  r e l a t i o n s h i p  between nodes i n  a 
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ZONE SHAPE IN COLUMN - PLANAR SEPARATIONS 2713 

mode sequencing experiment. A t e s t  o f  redundancy was proposed i n  

which c a p a c i t y  r a t i o ,  k ' ,  and e f f i c i z n c y ,  N, were r e l a t e d  as 

Here, qr i s  t h e  o v e r a l l  peak capac i t y .  

a m p l i f i e d  t h i s  t rea tmen t  somewhat ( 8 ) ,  s t i l l  t h e r e  are no 

acceptable q u a n t i t a t i v e  methods f o r  demons t ra t i ng  mode redundancy. 

Sagl iano e t .  a l .  have 

The goal o f  our  work i n  t h i s  area was t o  deve lop  a b e t t e r  

understanding o f  s o l u t e  t r a n s f e r  i n  column - p l a n a r  separa t i ons  

th rough  a r i g o r o u s  e v a l u a t i o n  o f  t h ?  i n t e r f a c e .  S o l u t e  f o c u s i n g  

was used i n  an at tempt  t o  recove r  " l o s t "  e f f i c i e n c y  d u r i n g  s o l u t e  

t r a n s f e r .  Dur ing a n a l y s i s  o f  e f f i c i e n c i e s ,  p r e  and p o s t  f ocus ing ,  

we observed anamalous r e l a t i o n s h i p s  between e f f i c i e n c y  and c a p a c i t y  

r a t i o  f o r  two d i f f e r e n t  s e p a r a t i o n  mode combinat ions,  p a r t i t i o n  X 

a d s o r p t i o n  and a d s o r p t i o n  X adsorp t i on .  

MATERIALS AND METHODS 

I ns t rumen t  a t  i o n  

A column - p l a n a r  chromatographic apparatus was c o n s t r u c t e d  i n  

ou r  l d b o r a t o r y .  D e t a i l s  o f  i t s  o p e r a t i o n  have been d2sc r ibed  i n  

seve ra l  p r e s e n t a t i o n s  (9-11). i lur  i n s t r u m e n t  i s  s i m i l a r  t o  t h a t  o f  

H o f s t r a a t  e t  a1 (1) and J i n n o  ( 4 ) .  The column chromatography 
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2714 SHELLY AND ANTONUCCI 

por t ion  of t h e  instrument  c o n s i s t e d  of a m i c r o i n j e c t o r  va lve  w i t h  a 

500 n L  i n t e r n a l  loop (Modle 7520, Rheodyne, C o t a t i ,  C A )  and a 

Varian 8500 (Varian Assoc., Sunnyvale, C A )  h igh p r e s s u r e  s y r i n g e  

pump. A moving loop  i n j e c t i o n  technique  was used t o  minimize band 

broadening due t o  i n j e c t i o n  (12). A fused s i l i c a  microcolumn (0.25 

mm 1.0.) was packed w i t h  5 um Spher i sorb  ODs-2 ( A l l t e c h  Assoc., 

Waukegan, IL) reversed phase m a t e r i a l  using a computer-control led  

packing appara tus  (13) .  Glass- , l ined s t a i n l e s s  s t e e l  microbore 

columns (1.0 mm I.D.) were a l s o  prepared i n  s i m i l a r  f a s h i o n ,  one 

packed with 5 um Spher i sorb  ODs-2 and t h e  o t h e r  packed with 3 um 

Spher i sorb  NH2 m a t e r i a l .  

Scanning dens i tomet ry  was performed on a Camag Scanner I 1  

(Camag, W r i g h t s v i l l e  Beach, NC) i n  t h e  f l u o r e s c e n c e  mode (365 n m  

e x c i t a t i o n  and > 400 nm e m i s s i o n ) .  

a chromatographic i n t e g r a t o r  (Model 4290, S p e c t r a  Phys ics ,  San 

J o s e ,  C A ) .  P re l iminary  evaluat.ion of the microcolumn p a r t i t i o n  

s e p a r a t i o n  was accomplished using a modified v a r i a b l e  wavelength U V  

d e t e c t o r  (Model 87.00, Knaucr, Woodcliff Lake, NJ) ( 1 7 ) .  

O u t p u t  s i g n a l s  were recorded on 

Chemicals and Reagents 

High performance 1 i q u i d  chr-omatography-grade s o l v e n t s  (Burdick 

& Jackson,  Muskegon, M I ,  USA) were used f o r  micro HPLC and s o l u t e  

focus ing .  All chromatographic p l a t e s  were 10 x 10 cm non-F254 

S i l i c a  Gel 60 HPTLC p l a t e s  ( E .  Merck, Darmstadt, F R G ) .  The 

polynuclear  a romat ic  hydrocarbon mixture was obta ined  from Chem. 
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ZONE SHAPE IN COLUMN - PLANAR SEPARATIONS 2715 

Serv i ce  ( P / N  PPH-IOM, Chem. Serv ice,  West Chester, P A ) .  The model 

s o l u t e s  naphthalene, anthracene and p e r y l e n e  were a l s o  ob ta ined  

f rom Chem. Serv i ce .  

Microcolumn Chromatography 

P a r t i t i o n  m i c r o  HPLC was performed u s i n g  a 98% a c e t o n i t r i l e / 8 %  

water  mob i l e  phase on a 530 mm l o n g  microcolumn and a 94.7% 

a c e t o n i t r i l e / 4 . 1 %  methanol / l .Z% water mob i l e  phase on a 180 mm l o n g  

microbore column. A 250 mm l ong  m ic robore  column was used w i t h  a 

mob i l e  phase t h a t  cons i s ted  o f  8% heptane i n  cyclohexane f o r  an 

a d s o r p t i o n  separa t i on .  A l l  column separa t i ons  were performed a t  

t h e i r  a p p r o p r i a t e  optimum l i n e a r  v e l o c i t i e s .  E f f i c i e n c y  

c a l c u l a t i o n s  were performed manual ly  us ing  c a r e f u l  measurements o f  

peak w i d t h  a t  h a l f  h e i g h t  f rom a r e t i c l e ,  Capac i t y  r a t i o  

c a l c u l a t i o n s  were based on to values,  es t ima ted  by t h e  appearance 

o f  system peaks r a t h e r  t h a n  a v o i d  vo lune marker compound. 

T r e n d - l i n e  p l o t s  o f  F1 vs I n  k' were c o n s t r u c t e d  w i t h  Harvard 

Graphics (So f tware  P u b l i s h i n g ,  Mountain View, CA). 

So lu te  Focusing 

A f t e r  d e p o s i t i o n  o f  t h e  column e f f l u e n t  on to  HPTLC p l a t e s  and 

measurement by scanning dens i tomet ry  each " t r a c k "  was d i s p l a c e d  5 

nrm w i t h  0.5% a c e t i c  ac id  i n  methanol (on  s i l i c a  g e l  p l a t e s )  and 

w i t h  t e t r a h y J r o f u r a n / c a r b o n  t e t r a c h l o r i d e  1 :1 (on reve rsed  phase 
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2716 SHELLY AND ANTONUCCI 

p l a t e s ) .  A Camag t w i n  t r o u g h  chamber was used. Each " t r a c k "  was 

again measured by scanning dens i tomet ry ,  making sure t h a t  t h e  beam 

adequate ly  fo l l owed  t h e  e n t i r e  t r a c k .  

RESULTS AWll DISCUSSION 

P a r t i t i o n  X Adsorp t i on  Combination 

A 1 6  component m i x t u r e  o f  ,?o lynuclear  aromat ic  hydrocarbons 

was separated us ing  a C18 m i c r o c ~ ~ l u m n  and a 32/8 a c e t o n i t r i l e / w a t e r  

mob i l e  phase. F i ve  peaks were used i n  t h e  c a l c u l a t i o n s ,  peaks 5, 

7, 10, 12 and 13. A l l  components were r e s o l v e d  w i t h  b a s e l i n e  

r e s o l u t i o n .  F igu re  1 (-) shows t h e  r e l a t i o n s h i p  between N and 

I n  k '  f o r  t h i s  column separa t i on .  Upon t r a n s f e r  t o  a s i l i c a  g e l  

HPTLC p l a t e  t h e  s o l u t e  bands a re  broadend as shown i n  F i g u r e  1 

(+). E l u t i o n  c o n d i t i o n s ,  c h a r a c t e r i s t i c  o f  a d s o r p t i o n  

chromatography, would imp ly  t h ( 3 t  non-polar  s o l u t e s  ( s t r o n g l y  

r e t a i n e d  i n  p a r t i t i o n )  m i g r a t e  e x t e n s i v e l y  w i t h  a p o l a r  mob i l e  

phase. Th is  e x p l a i n s  t h e  n e g a t i v e  s lope t o  t h e  LC/TLC p l o t .  

However, a f t e r  f o c u s i n g  t h e  t r e n d  i n  N vs  I n  k '  (+) r e t u r n s  t o  a 

n e a r l y  e q u i v a l e n t  r e l a t i o n s h i p  t o  t h a t  o f  p a r t i t i o n  on ly .  Zone 

shape o f  t r a n s f e r e d  s o l u t e s  was i n f l u e n c e d  by  t h e  column mob i l e  

phase, s o l u t e  p o l a r i t y  and s ta t ' ona ry  phase o f  t h e  p l a n a r  medium. 

Since d e n s i t o m e t r i c  scanning was performed i n  t h e  column s e p a r a t i o n  

a x i s  o n l y ,  t h e  e f f e c t s  o f  f o c i i s i n g  were reco rded  as enhanced 

e f f i c i e n c i e s  i n  t h i s  dimension. A complete d e s c r i p t i o n  o f  what 
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- LC only + LC/TLC +& LC/TLC focused 

16 comp PAH mlx 

Figure 1. Par t i t i on  X Adsorption Experiment 1 

happened t o  t h e  so lu t e ,  upon t r a n s f e r ,  i s  not addressed. T h i s  will 

be t h e  subject o f  two fu ture  papers. 

T h i s  experiment was repeated under ident ica l  conditions and 

t h e  r e s u l t s  are shown i n  Figure 2 .  Though the  precision o f  N 

values is  not pa r t i cu la r ly  good, t h e  t rend- l ine  analyses show very 

s imi la r  r e su l t s .  In both these  cases ,  t h e  maximum capacity r a t i o  

was approximately 2, implying t h a t  a l l  so lu t e s  spent l e s s  than 

twice the amount o f  time i n  t h e  s t a t iona ry  phase as compared t o  t h e  

mobile phase. 
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F i g u r e  2. P a r t i t i o n  X Adsorp t i on  Experiment 2 

We evaluated t h e  e f f e c t  o f  magnitude o f  c a p a c i t y  r a t i o  us ing  

t h e  model s o l u t e s  naphthalene, anthracene and pery lene.  Using t h e  

same t y p e  o f  mob i l e  phase, i d e l l t i c a l  column pack ing and p l a n a r  

s t a t i o n a r y  phase, t h e  r e s u l t s  a re  shown i n  F i g u r e  3. Lower 

e f f i c i e n c i e s  are due t o  a l a r g e r  I.D., s h o r t e r  column (See 

M a t e r i a l s  and Methods s e c t i o n . ) .  Here, t h e  maximum c a p a c i t y  r a t i o  

i s  n e a r l y  8 and t h e  unfocused t r e n d - l i n e  does n o t  have a n e g a t i v e  

slope. However, t h e  p o i n t s  f i t  b o t h  l i n e s  b e t t e r  and t h e  focused 

s lope i s  more p o s i t i v e  t h a n  t h e  unfocused one. F i g u r e  3 i s  
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Ln (Capacity Ratio) 
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Naphth. Anthrac. + Perylene 

Figure 3.  Par t i t i on  X Adsorption Experiment 3 

s ign i f i can t  t o  the  extent t h a t  i t  suggests intracolumn and 

chromatographic broadening can dominate over extracol umn e f f e c t s .  

T h i s  implies t h a t  perhaps a s ign i f i can t  amount of e f f i c i ency  lo s s  

during so lu te  t r a n s f e r  i s  non-chromatographic; e f f e c t s  more v i s i b l e  

a t  low k' values. 

Adsorption X Adsorption Combination 

The model compounds naphthalene, anthracene and perylene were 

separated on an amino microbore column interfaced t o  a s i l i c a  gel 
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20 
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5 

0 

Efficiency (~1000) 
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-X- unfocused # 2  ++ focused # 2  
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Figure 4. Adsorption (-NH2) X Adsorption ( S i O H )  Experiment 

HPTLC p la t e .  The column mobile phase permitted a " r i n g  c l a s s  

separation" analogous t o  t h a t  described by Wise and co-workers 

( 1 4 ) .  Here, the  capacity r a t i o s  ranged t o  nearly 40 and the  

e f f i c i enc ie s  were qu i t e  good. 

are shown in Figure 4 .  Notice t h a t  t h e  experiments do not agree 

very well ,  b u t  t h a t  i n  both cases the  t rend- l ines  for  t h e  focused 

so lu tes  have lower slopes than tl7ose fo r  unfocused so lu tes .  T h i s  

i s  opposite t o  t h a t  observed i n  Figures 1,  2 and 3 .  T h i s  implies 

The r e s u l t s  o f  dupl ica te  experiments 
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t h a t  f ocus ing  decreased e f f i c i e n c y ,  o r  perhaps t h a t  e f f i c i e n c y  

i nc reased  d u r i n g  s o l u t e  t r a n s f e r .  I t  i s  p robab ly  more accu ra te  t o  

say t h a t  min imal  s o l u t e  m i g r a t i o n  ocu r red  d u r i n g  f o c u s i n g  f o r  t h i s  

combinat ion,  i m p l y i n g  t h a t  t h e  s e p a r a t i o n  modes were s i m i l a r .  

Adso rp t i on  X P a r t i t i o n  Combination 

The same amino column separa t i on ,  as above, was i n t e r f a c e d  t o  

a p a r t i t i o n  p l a n a r  medium (RP18) i n  t h i s  exper iment .  

E t h y l a c e t a t e l m e t h y l e n e  c h l o r i d e  (111) was used as t h e  f o c u s i n g  

s o l v e n t .  The r e s u l t s  o f  t h i s  experiment are shown i n  F i g u r e  5.  

N o t i c e  t h a t  s i m i l a r  N and k '  ranges were seen. No t i ce ,  a lso,  t h a t  

fucused s lopes a r e  lower  t h a n  unfocused s lopes,  as above. However, 

t h e  d i f f e r e n c e s  i n  t h e  s lopes are much lower ,  wi th exper iment  1 

hav ing  o v e r l a p p i n g  t r e n d - 1  ines.  Obvious ly ,  even l e s s  s o l u t e  

movement was produced by focus ing ,  compared t o  t h e  exper iment  

r e f l e c t e d  i n  F i g u r e  4 .  

P a r t i t i o n  X P a r t i t i o n  Combination 

A reversed phase column s e p a r a t i o n  ( i d e n t i c a l  t o  t h a t  

desc r ibed  above) was i n t e r f a c e d  t o  a reve rsed  phase HPTLC p l a t e .  

In t h i s  exper iment  we observed complete l o s s  o f  r e s o l u t i o n  f o r  t h e  

s o l u t e s  naphthalene, anthracene and pe ry lene .  Though we d i d  n o t  

pursue o p t i m i z a t i o n  o r  d i a g n o s i s  o f  t h i s  combinat ion,  we b e l i e v e  

t h a t  naphthalene and anthracene m i g r a t e d  i n t o  one peak and p e r y l e n e  

was pushed o f f  t h e  p l a t e .  T h i s  suggests e x t e n s i v e  m i g r a t i o n ,  
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1 1.5 2 2.5 3 3.5 4 

Ln (Capacity Ratio) 

unfocused #1 + focused #i 

* unfocused # 2  - focused # 2  

- 

Naphth. Anthrac. Perylene 

F i g u r e  5 .  Adsorp t i on  (-IVH2) X P a r t i t i o n  Experiment 

p robab ly  n o n s e l e c t i v e  e l u t i o n ,  Eventhough t h e  s e p a r a t i o n  

mechanisms were presumably t h e  same, the s e l e c t i v i t i e s  o f  t h e  

column and p lana r  media were v e r y  d i f f e r e n t .  

Summary o f  N v s  I n  k '  Slope Data 

Much can be drawn f rom an a n a l y s i s  o f  t h e  c a l c u l a t e d  s lopes 

f rom t h e  above f i g u r e s .  Table 1 shows a l i s t  o f  these da ta .  A l l  

p a r t i t i o n  X adsorp t i on  exper iments r e s u l t e d  i n  focused zones w i t h  
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Table 1. N vs Ln (k’) Slope Data 

C18 vs SiOH* 
unfocused -3181 -7091 
focused 9090 15818 

C18 vs SiOH 
unfocused 50 
focused 320 

Cl8 vs RP18 
unfocused 
focused 

NH2 vs SiOH 
unfocused 5100 8700 
focused 1000 8000 

unfocused 7967 9684 
focused 7960 8867 

LOSS OF RESOLUTION 

NH2 vs RP18 

* 
16 Component da ta ,  a l l  o t h e r  data were 3 component 

much g r e a t e r  e f f i c i e n c y  t h a n  unfocused ones. I n  f a c t ,  i n i t i a l  

exper iments generated n e a r l y  o r thogona l  r e 1  a t  i o n s h i  ps. Both 

a d s o r p t i o n  X a d s o r p t i o n  and a d s o r p t i o n  X p a r t i t i o n  exper iments 

produced focused zones w i t h  l e s s  e f f i c i e n c y  t h a n  unfocused zones. 

The focused and unfocused s o l u t e  zones were f a i r l y  s i m i l a r  i n  

e f f i c i e n c y ,  however. 

These d i f f e r e n c e s  and s i m i l a r i t i e s  are a t t r i b u t i b l e  t o  

thermodynamic aspects o f  t h e  v a r i o u s  d isp lacement  mechanisms. I n  

t h e  p a r t i t i o n  X adsorp t i on  exper iments we observe t h a t  t h e  

d isp lacements a re  very,  v e r y  d i f f e r e n t  ( n e a r l y  o r t h o g o n a l ) .  What 

we see, a c t u a l l y ,  i s  t h a t  t r e n d s  i n  s e l e c t i v i t y  f o l l o w  p r e d i c t a b l e ,  
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opposi te courses. Therefore, inc reas ing  magnitudes o f  p a r t i t i o n  

c o e f f i c i e n t s  are matched by decreasing values i n  s t i c k i n g  

c o e f f i c i e n t s  f o r  t he  respec t ive  adsorpt ion isotherms. The more 

d i f f e r e n t  these t rends  the  more independent t h e  displacements. The 

s i m i l a r i t i e s  o f  t he  adsorpt ion X adsorpt ion and adsorpt ion X 

p a r t i t i o n  experiments i nd i ca te  t h a t  s e l e c t i v i t y  t rends  are very 

s im i la r ;  hence, independence i s  no t  apparent. The amino column 

s ta t i ona ry  phase i s  unique i n  t h a t  it can d i s p l a y  p a r t i t i o n  and 

adsorpt ion behavior f o r  the stsme solutes ( 1 5 ) .  These two 

observations would seem t o  i n d i c a t e  t h a t  " t r u e "  independence o f  

displacement modes i s  on ly  a msthematical concept, because the  

separat ion "chemistry" ( i n  p rac t i ce )  produces a continuum between 

two t h e o r e t i c a l  extremes. Therefore, the chromatographic migra t ion  

dur ing  so lu te  t r a n s f e r  i n  a column - planar separat ion can be used 

t o  i nd i ca te  independence o f  displacement modes because t h e  decrease 

i n  e f f i c i ency  i s  due t o  s e l e c t i v i t y  d i f fenernces  (which have a 

thermodynamic o r i g i n )  between the  two modes. 

ACKNOULEDGEHENTS 

We are g ra te fu l  t o  the  Nat ional  I n s t i t u t e s  o f  Health f o r  

f i n a n c i a l  support under g ran t  BIYT AHR-A. We thank Prof .  Richard 

Hartwick o f  Rutgers Un ive rs i t y  f o r  the  loan o f  t he  Var ian syr inge 

pump. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ZONE SHAPE IN COLUMN - PLANAR SEPARATIONS 2725 

RERRENCES 

1. J.W. Hofstraat ,  M .  Engelsma, R.J. Van De Nesse. C. Gooijer,  
N.H. Ve l thors t ,  U.A. Th. Brinkman, Anal. Chim. Acta 186 

2. J.W. Hofstraat ,  M. Engelsma, R.J. Van De Nesse, U.A. Th. 
Brinkman, C. Gooijer, N.H. Velthorst, Anal. Chim. Acta 193 

(1986) 247-259. 

(1987) 193-207. 

3. D . E .  Janchen i n  Proceeding o f  t he  F o u r t h  In te rna t iona l  
Symposium on Instrumental High Performance T h i n  Layer 
Chromatgoraphy, Sept. 1987, Ins t .  f o r  Chromatography, Bad 
Duirkheim, F.R.G.  (1987) 185. 

4. C. Fujimoto, T. Morita, K .  J inno, HRC g (1988) 810. 

5. J.W. Hofstraat ,  S. Grif f ioen ,  R.J. van de Nesse, U.A. Th.  
Brinkman, C .  Gooijer, N . H .  Ve l thors t ,  J.  Planar Chromatogr. 1 
(1988) 220-226. 

6. J.C. Giddings, -- Anal. Chem. 56 (1984) 1259A-1270A. 

7. D . H .  Freeman, Anal. Chem. 53 (1981) 2-5. 

8 .  N. Sagliano, Jr . ,  T.V. Raglione and R.A. Hartwick in Lasers 
Molecules & Methods, Hirschfelder,  Wyatt and Coalson* 
John Wiley; New York, NY. (1989) pp. 643-668. 

9. M.L. French and D.C. Shelly,  20th Middle At lan t ic  Regional 

10. M.L. French, D.C.  Shelly,  Eastern Analytical Symposium, 1986, 

A.C.S Meeting, Baltimore, MD, Sept. 1986, abs t r ac t  BT74. 

Paper # 198. 

11. D.C.  S h e l l y ,  t4. Brassard, M.L. French, Pit tsburgh Conference on 
Analytical Chemistry and Applied Spectroscopy, 1987, Paper # 
84. 

12. M.C. Harvey and S.D. Stearns ,  J- Chromatogr. sci. 21 (1983) 
473-477. 

13. D.C. Shelly,  V.L. Antonucci, T.J. E d k i n s  and T.J. Dalton, J- 
Chromatogr. 458 (1989) 267-279. 

May, Anal. Chem. 49 (1977) 2306-2310. 
14. S.A. Wise, S.N.  Chesler, H.S. Hertz, L.R.  Hilpert  and W . E .  

15. D. Karlesky, D.C. Shelly and I.M. Warner, J .  Liq. Chromatogr. 
6( 3 )  ( 1983) 471-495. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


