
CHAPTER VI
ELECTROSPUN NANOFIBERS WITH FLUORESCENCE INDICATOR u v 254 

FOR DETECTION OF UV-ACTIVE COMPOUNDS

6.1 Abstract

T h e d e v e lo p m e n t  an d  a p p lic a tio n  o f  e le c tr o sp u n  p o ly c r y lo n itr ile  n an ofib er  
p h a se s  for  u ltra -th in  la y e r  ch ro m a to g ra p h y  (U T L C ) are d escr ib ed . T h e  d e v ic e s  u se  a 
n a n o fib ro u s  sta tio n a ry  p h a se  w ith  f ib er  d ia m eters  o f - 1 5 0 - 2 2 5  n m  an d  th ick n ess  o f  
- 2 5 p m . S ep a ra tio n s  o f  m ix tu r e s  o f  w a te r -so lu b le  fo o d  d y e s  w e r e  p erfo rm ed  to  
illu stra te  th e  c a p a b ilit ie s  o f  th e se  U T L C  m ed ia . A n a ly s e s  o f  th e  re ten tio n  p rop erties  
o f  the in d iv id u a l p r e se r v a tiv e s  c o m p o u n d s  are a lso  s tu d ie d  b y  u s in g  th e  e -sp u n  P A N  
n a n o fib er  p h a se  w ith  f lu o r e s c e n c e  in d ica to r  U V 254. T h e  c o m p le te  a n a ly se s  w er e  
fou n d  to req u ire  le s s  d e v e lo p m e n t  t im e  and  so lv e n t  than  ty p ica l T L C  m eth o d s. T h e  
e f f ic ie n c y  o f  th e  sep a ra tio n s  w a s  su b sta n tia lly  im p ro v ed  co m p a red  to that 
d eterm in ed  u s in g  c o m m e r c ia l p h a ses .

(Key-words: th in  layer  c h r o m a to g ra p h y , U V 254 in d ica to r , sep a ra tio n  o f  p reserv a tiv es  
c o m p o u n d s , N a n o -S ta tio n a ry  p h a se , e le c tr o sp in n in g )
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6.2 Introduction

T h in  la y er  ch ro m a to g ra p h y  or p lan ar c h ro m a to g ra p h ic  te c h n iq u e  w a s  
d e v e lo p e d  in  th e  1 9 5 0 s  and w a s  w id e ly  u sed  fo r  a v a r ie ty  o f  a p p lic a t io n s  in c lu d in g  
id e n tif ic a t io n  o f  d ru gs and to x ic  su b sta n ces  in  b io lo g ic a l f lu id s , m o n ito r in g  w ater  
s u p p lie s  for p e s t ic id e s , a n a ly s is  o f  p h arm aceu tica l p ro d u cts , and  e v a lu a t io n  o f  the  
f la v o r  p o ten tia l o f  p lan t m a ter ia ls  [1 ]. N o rm a l p h a se  s il ic a  g e l  is  th e  b est  e s ta b lish e d  
an d  m o s t  w id e ly  u se d  sta tio n a ry  p h ase  [2 . 3 ] . T h e  m o st  s ig n if ic a n t  c h a n g e  ca m e  in  
th e  19 7 0 s  w ith  th e  in tro d u ctio n  o f  h ig h  p er fo rm a n ce  T L C  p la te s . C o m p a red  to  T L C  
p la te s , H P T L C  p la te s  h a v e  th in n er  layers c o n ta in in g  a sm a lle r  s iz e  o f  p artic le , 
p r o v id in g  sh orter  m ig r a tio n s  d is ta n c e s , faster  sep a ra tio n s , an d  lo w e r  rea g en t and  
m o b ile  p h a se  c o n su m p tio n  [2 , 3 ] .

U ltra th in  la yer  ch ro m a to g ra p h ic  (U T L C ) p la te s  w e r e  in tro d u ced  in  2 0 0 1  to  
im p r o v e  th e e f f ic ie n c y  o f  T L C  and H P T L C  p la te s  in  term s o f  s e n s it iv ity , a n a ly s is  
t im e s  and  a m o u n t o f  c o n su m a b le s  [4 , 5 j. U T L C  p la tes  are m a d e  b y  c o a t in g  a g la ss  
su b stra te  w ith  a m o n o lith ic  s i l ic a  g e l, c rea tin g  a 1 0  p m  th ick  so rb en t layer  
ch a ra c ter ized  b y  1 - 2  p m  m a cro p o res  and 3 ^ 4  n m  m e so p o r e s . S ep a ra tio n s  o n  U T L C  
p la te s  are fa ster  an d  req u ire sm a lle r  reagen t and  sa m p le  v o lu m e s  than H P T L C  and  
T L C . In m o st  c a s e s , U T L C  p la te s  h a v e  a lo w e r  lim it  o f  d e te c tio n ; h o w e v e r , th e y  a lso  
e x h ib it  lo w e r  r e so lu tio n  d u e  to shorter d e v e lo p m e n t  le n g th s  and lo w e r  a v a ila b le  
s p e c if ic  su r fa ce  area  [5 ], U T L C  p la te s  h a v e  b e e n  sh o w n  to  p r o v id e  a b etter  in terface  
in  c o u p le d  T L C -m a ss  sp ec tro m etry , w h ere  th e  th in n er a d so rb en t la y er  o n  U T L C  
p la te s  im p r o v e d  th e  s e n s it iv ity  o f  T L C  a tm o sp h e r ic  p ressu re  m a tr ix -a ss is te d  laser  
d e so r p tio n  io n iz a t io n  m a ss  sp ec tro m etry  (T L C -M A L D I-M S ) b y  1 0 - 1 0 0  t im e s  ov er  
H P T L C  p la te s  [6 ],

R e c e n t ly ,[7] e le c tr o sp in n in g  has b e e n  sh o w n  to  b e  an  e f fe c t iv e  m eth o d  for  
c rea tin g  a e le c tr o sp u n  p o ly a c r y lo n itr ile  (P A N )  n a n o firo u s  sta tion ary  p h a se  for  
U T L C . B in d e r  m a ter ia ls  m a y  h a v e  a  n e g a tiv e  im p a ct o n  th e ch ro m a to g ra p h ic  
e f f ic ie n c y  o f  T L C  d e v ic e s  d u e  to  th e  in trod u ction  o f  h e te r o g e n e o u s  in tera c tio n  sites. 
E le c tr o sp in n in g  o f  th e  s ta tio n a ry  p h ase  in U T L C  a llo w s  th e  p ro d u ctio n  o f  b inder-  
free  U T L C  p la te s  and  g iv e s  th e  sc ie n t is t  c o n tro l o f  sta tion ary  p h a se  m at th ic k n e sse s
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and c h e m ic a l fu n c t io n a lity  p resen t u s in g  a m in im a l am o u n t o f  m a ter ia ls  ( ~ lm L  o f  
p o ly m e r  s o lu t io n ) [ 8 . 9 ] .

S in c e  m o st  su b sta n c e s  sep ara ted  on  m o d if ie d  p la te s , ( D io l - ,N H 2 , and  C N -)  
are c o lo r le s s ,  th e  m a jo r ity  o f  m o d if ie d  s il ic a  p la te s  c o n ta in  th e b lu e  f lu o r e sc e n t, ac id -  
s ta b le  u v  in d ica to r  F 254S [1 0 ] . S a m p le s  that a b so rb  sh o r tw a v e  u v  at 2 5 4  nm  are 
d e te c te d  d u e  to f lu o r e sc e n c e  q u en c h in g . In th is  w o rk , a m a n g a n e se -a c tiv a te d  z in c  
s il ic a te  w a s  u sed  a s  f lu o r e sc e n t in d ica to r  ( U V 254) b y  m ix in g  d ir e c tly  in to  
p o ly a c r y lo n itr ile  so lu t io n  prior e le c tr o sp in n in g  p r o c e s s  [ 1 1 1. T h e  e -sp u n  P A N  
n a n o fib e r  p h a se  w ith  U V 254 w a s  u se d  for stu d y  th e  sep ara tio n  o f  7  p r e se r v a tiv e s  and  
b e v e r a g e  sa m p le  and co m p a r e d  w ith  a  c o m m e r c ia l s i l ic a  T L C  p la te .

6.3 Experimental Details

6 .3 .1  M a ter ia ls
C o m m e r c ia lly -a v a ila b le  P A N  (w e ig h t-a v e r a g e  m o le c u la r  w e ig h t  »  

5 5 ,5 0 0  D a , w e ig h t  c o m p o s it io n  o f  m eth y l a c ry la te  c o m o n o m e r  = 8 .6 %; T h ai A c r y lic  
F ib re, C o ., L td ., T h a ila n d ) w e r e  u sed  to  prepare th e  e -sp u n  P A N  n a n o fib e r  p h a se  b y  
e le c tr o sp in n in g  p r o c e ss . D im e th y lfo r m a m id e  (D M F , research  gra d e o f  9 9 .9 8 %  
purity; S ig m a  A ld r ic h ) w a s  u sed  as th e  so lv e n t  o f  P A N  so lu t io n . M e O H  (grad ien t  
grad e > 9 9 .8 %  for G C ) w a s  p u rch ased  from  S ig m a  A ld r ich . T o lu e n e  (S u p r a S o lv ® )  
w a s  p u rch a sed  from  M er ck  (D arm stad t, G erm a n y ). A m m o n iu m  h y d r o x id e  (N H 3 

25 % ) w a s  a n a ly tic a l gra d e  and o b ta in ed  from  V W R  (D a rm sta d t, G erm a n y ). For  
in itia l s tu d ie d , 5 w a te r -so lu b le  fo o d  d y e s  w er e  a n a ly z e d  w h ic h  are tartrazin e ( E l 0 2 ), 
q u in o lin e  y e l lo w  (E 1 0 4 ) ,  a lp h a -n a p h th o l o ra n g e  ( E l  11 ), e r y th o s in e  (E 1 2 7 ) , and  
b rillia n t b lu e  F C F  ( E l  3 3 ) . F lu o r e sc e n t in d ica to r  U V 254 w a s  su p p lie d  from  M a ch erey  
&  N a g e l  (D u e r e n , G erm a n y ). A c e to n itr ile  (C h r o m a so lv ®  for H P L C ) w e r e  p u rch ased  
from  S ig m a -A ld r ic h . H P T L C  p la te  s il ic a  g e l 6 0  an d  c y a n o -m o d if ie d  T L C  p la te  
(su p p lie d  b y  M erck ) w e r e  u sed  for c o m p a r iso n  ex p e r im e n t. T h e  a n a ly te s  w er e  7 
p r e se r v a tiv e s  w h ic h  are sorb ic  a c id  (S o ; E 2 0 0 ) ,  b e n z o ic  a c id  (B ; E 2 1 0 ) , 4 -  
h y d r o x y b e n z o ic  ac id  (p H B ), m e th y l 4 -h y d r o x y b e n z o a te  (M E ; E 2 1 8 ) , e th y l 4 -  
h y d r o x y b e n z o a te  (E E ; E 2 1 4 ) , p rop y l 4 -h y d r o x y b e n z o a te  (P E ; E 2 1 6 )  and b u ty l 4 -
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h y d r o x y b e n z o a te  (B E ). T h e  stru ctu res o f  7  p r e se r v a tiv e s  c o m p o u n d  w e r e  sh o w n  in  
F ig u re  6 .1 .

6 .3 .2  E le c tr o sp in n in g
A  1 0 -m L  g la ss  sy r in g e  c o n ta in in g  5 m L  o f  th e  P A N  in  D M F  so lu tio n , 

atta ch ed  w ith  a s ta in le s s  s te e l n e e d le  w ith  an ou ter  d ia m eter  0 .91  m m . T h e  n eed le  
w a s  c o n n e c te d  to  a  h ig h -v o lta g e  gen era to r  (M o d e l E S 3 0 P -5 พ ;  G a m m a  H igh  
V o lta g e , F L , U S A ) ,  o p era tin g  in  th e  p o s it iv e  D C  m o d e . A  tip -to -ta rg et d is ta n c e  o f  10  
cm  w a s  u sed . A  rota tin g  c o l le c to r  c o v e r e d  w ith  c le a n  a lu m in u m  fo il w a s  u sed  to  
c o l le c t  th e  e le c tr o sp u n  p ro d u cts . T h e  e lec tr ic a l p o ten tia l w a s  v a ry  in  ran g e  o f  16 -2 0  
k v .  T h e  e -sp u n  P A N  n a n o fib er  p h a se s  w er e  c o l le c te d  c o n t in u o u s ly  for 9 0  m in u tes. 
Prior to  further u s e s , th e se  f ib er  m ats  w er e  p la c e d  in v a c u o  at roo m  tem p era tu re (2 5  

±  1 °C ) to r e m o v e  a s  m u ch  s o lv e n t  from  th em  a s p o s s ib le  [1 2 ] ,
S c a n n in g  E lec tro n  M ic r o sc o p y  o b se r v a tio n s  w e r e  d o n e  w ith  a L e ica -  

Z e is s  L E O  4 4 0  M ic r o sc o p e . E a ch  sp e c im e n  w a s  c o a te d  w ith  a  th in  la y er  o f  p la tin u m  
prior to  the S E M  o b se r v a tio n . T h e  d ia m eters  o f  th e  in d iv id u a l f ib er  s e g m e n ts  w ith in  
ea c h  s p e c im e n  w e r e  m ea su red  d ir e c t ly  from  th e  S E M  im a g e s  u s in g  Im ag eJ  so ftw are . 
N o  le s s  than  f if ty  d ia m eters  w e r e  d eterm in ed  o n  d ifferen t f ib e r  s e g m e n ts  and the  
a v e r a g e  v a lu e  w a s  ca lc u la te d .

A fte r  the e le c tr o sp in in g  p r o c e s s , the a lu m in u m  fo il w a s  cu t into  
recta n g u la r  p ie c e s  a p p r o x im a te ly  3 cm  X 4  c m . T o  ob ta in  th e u n ifo rm  sta tion ary  
p h a se  in  th ic k n e ss , th e  p la te  w a s  cu t from  m id d le  part o f  th e  a lu m in u m  fo il .

6 .3 .3  S tan dard  S o lu t io n s
T h e  5 w a te r -so lu b le  fo o d  d y e s  w e r e  w e ig h e d  (2 5  m g  e a c h  o f  E l 2 7  

and  E 1 3 3 ;  5 0 m g  ea c h  o f  E 1 0 4 , E l  11 , and  E 1 0 2 )  and  d is s o lv e d  in  10 m L  o f  
m eth a n o l. T h e  m ix tu re  s o lu t io n  w a s  u sed  for  a ll ex p e r im e n ta l.

F or  th e  p r e se r v a tiv e s , d is s o lv e  th e  7 p rese r v a tio n s  in d iv id u a lly  o f  30  
m g  o f  b e n z o ic  a c id  and  2  m g  e a c h  o f  so rb ic  a c id , 4 -h y d r o x y b e n z o ic  a c id , m eth y l 4 -  
h y d r o x y b e n z o a te , e th y l 4 -h y d r o x y b e n z o a te , p ro p y l 4 -h y d r o x y b e n z o a te  and  butyl 4 -  
h y d r o x y b e n z o a te  in lm L  o f  e th a n o l.
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6 .3 .4  E x tra ctio n  o f  S a m p le s
L iq u id -liq u id  ex tra c tio n  te c h n iq u e  w a s  u se d  to  ex tra c t p reserv a tiv e  

c o m p o u n d s  an d  co n cen tra ted  th em . 5 m L  o f  b e v e r a g e  sa m p le  w a s  p u t in to  100 m L  
sep a ra tin g  fu n n e l. A d d ed  2  m L  o f  20%  su lfu r ic  ac id  to  p ro ton ate  a ll a c id  c o m p o n e n ts  
an d  b e c a m e  n o n p o la r  rea d y  to  b e  ex tra cted  w ith  n o n p o la r  p h a se . P o u r  2 0  m L  o f  
m ix tu re  o f  p e tr o le u m  e th er /m eth y l tert-b u ty l eth er  (1 :1  v /v )  in to  th e  fu n n e l. S h ak e  
th e  sep a ra tin g  fu n n e l an d  d rain  o n ly  th e  lo w e r  la y er  in to  a b eak er . R ep ea t w ith  
p o u rin g  2 0  m L  o f  the m ix tu re . A fte r  that, sa v e  and c o m b in e  the e x tr a c ts  after ea c h  
ex tra ctio n . D ry  the so lu t io n  b y  u s in g  th e R otary  E vap ora tor . R e -d is s o lv e  the  
ex tra cted  w ith  1 m L  o f  e th a n o l.

6 .3 .5  A p p lic a t io n
T h e  m ix tu re  o f  w a te r -so lu b le  fo o d  d y e s  s o lu t io n  w a s  p rin ted  o n  the  

p la te  w ith  th e  P R IN T E R  a s 3 m m  b an d s (w id th  in  ran g e  o f  0.1 -0 .3 m m ) a llo w in g  
m a x im a l 5 track s to b e  a p p lie d  on  th e e -sp u n  P A N  n a n o fib e r  p h a se  o f  3 X 4  cm  
(d is ta n c e  fr o m  lo w e r  e d g e  5 m m , d ista n ce  from  the le ft  s id e  5 m m , d is ta n c e  b e tw e e n  
b an d s 1.5 m m ).

F or the p r e se r v a tiv e s , ea c h  o f  s o lu t io n s  w e r e  sp o te d  w ith  th e  
A u to m a tic  T L C  S a m p ler  4  (A T S 4 , C A M  A G , M u tten z , S w itz e r la n d ) a s  ~1 m m  in  
d ia m eter  for  8 track s (d is ta n c e  from  lo w e r  e d g e  5 m m , d is ta n c e  fro m  th e le ft  s id e  
5 m m , d is ta n c e  b e tw e e n  sp o ts  3 m m ). V o lu m e  o f  10 n L  o f  e a c h  stan dard  so lu t io n  
w e r e  a p p lie d  o n  th e  p la te .

6 .3 .6  C h ro m a to g ra p h y
D e v e lo p m e n t  o f  w a te r -so lu b le  fo o d  d y e s  s o lu t io n  o n  th e  e -sp u n  P A N  

n a n o fib er  p h a se  w a s  p er fo rm ed  in  th e  h o m e m a d e  ch a m b er  ( 4 .5 x 1 .5 x 5 .5  c m ) w ith  a  
m ix tu re  o f  m e th a n o l, to lu e n e  and a m m o n iu m  h y d r o x id e  25 %  (4 0 :5 7 :3 , v /v /v ) . T h e  
m ig ra tio n  d is ta n c e  w a s  3 0  m m  from  the lo w e r  p la te  e d g e  and  th e m ig r a tio n  tim e  w a s  
8 m in . A fte r  that, the e -sp u n  P A N  n a n o fib er  p h a se  w a s  d ried  in  a f lo w  o f  air 
fo l lo w e d  for  10 se c o n d . F or  d o c u m e n ta tio n , th e  p la te s  w e r e  d o c u m e n te d  b y  u s in g  the  
h ig h  r e so lu tio n  sca n n er  (C a n o S c a n  9 0 0 0 F ; C a n o n ). T h e  S o r b flil T L C  V id e o  
d e n s ito m e te r  w a s  u sed  fo r  e v a lu a te  sp o t areas in  track s o n  a T L C  p la te  im a g e  w ith  
co n str u c tio n  o f  a ch ro m a to g ra m  (a n a lo g  cu rv e ) on  th e  d e v ia t io n  o f  track  In ten sity
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from  b a ck g ro u n d  In ten sity  and th e  su b se q u e n t q u a n tita tiv e  e v a lu a t io n  o f  the  
ch rom a to gram .

For th e p reser v a tiv e s , th e  p la te  w a s  d e v e lo p e d  w ith  1 m L  o f  a  m ix tu re  
o f  w a ter  and  a c e to n itr ile  (6 5 :3 5 )  in  0 .1 M  te tr a -n -b u ty l-a m m o n iu m  p h o sp h a te  in  
a q u eo u s so lu t io n . T h e  m ig ra tio n  d is ta n c e  w a s  4 0  m m  from  th e lo w e r  p la te  e d g e  and  
th e  m ig ra tio n  t im e  w a s  ab o u t 12 m in . T h e  p la te  d r y in g  in  a f lo w  o f  air fo l lo w e d  for  
1 0  s e c o n d s .

P la te  im a g e s  w er e  d o c u m e n te d  b y  D ig iS to r e 2  D o c u m e n ta t io n  S y ste m  
(C A M A G ) c o n s is t in g  o f  the illu m in a to r  R ep ro sta r  3 and th e  B a u m er  op tro n ic  
D X A 2 5 2  d ig ita l cam era .

6.4 Results and Discussions

6 .4 .1  C h a racter iza tio n  o f  e -sp u n  P A N  w ith /w ith o u t  U V 754 In d icator
T h e m o r p h o lo g y  and s iz e  o f  the e -sp u n  n a n o fib e r s  d ep en d  o n  a 

n u m b er o f  fa c to rs , su ch  as v is c o s ity  o f  p o ly m e r  so lu t io n , e v a p o ra tio n  rate o f  the  
so lv e n t, e le c tr ic a l p o ten tia l, and c o l le c t io n  d is ta n c e  [1 3 ] . T o  ob ta in  the o p tim u m  
p ara m eters, th e  co n ce n tr a tio n  o f  p o ly m e r  so lu t io n s  w e r e  vary  in  ran ge o f  10 -1 5 %  
P A N , th e e le c tr ic  f ie ld  from  1 5 -2 0  k V  and c o l le c t io n  d is ta n c e  from  5 -2 0  cm . T h e  
s e le c te d  c o n d it io n s  u se d  for  further s tu d ie s  w ere  12%  o f  P A N  in  D M F , 1 6 k V /1 0 c m . 
T h e c r o s s - s e c t io n s  o f  th e  n eat P A N  fib ers w e r e  rou n d  an d  th eir  su r fa ces  w e r e  
sm o o th . T h e  d ia m eters  o f  th ese  fib ers  w er e  u n ifo rm  w ith  d ia m e te r  o f  2 2 4 ± 6 5  nm  
[ 1 2 ,1 4 1 .

T h e  r esu ltin g  e le c tr o sp u n  p la tes  are m e c h a n ic a lly  s ta b le  and ca n  b e  
h an d led  in  th e  sa m e m an n er  as c o m m e r c ia lly  a v a ila b le  T L C  d e v ic e s .  M o st  i f  n o t a ll 
c o m m e r c ia l ly  a v a ila b le  T L C  d e v ic e s  u se  a b in d er  to  en su re  that th e  sta tion ary  p h ase  
p a rtic le s  rem a in  a tta ch ed  to the su b strate . O ften  t im e s  th e  p r e se n c e  o f  th is  b in d er  
l im its  the ch ro m a to g ra p h ic  p er fo rm a n ce  o f  the d e v ic e s . T h e  e le c tr o sp u n  P A N  U T L C  
d e v ic e s  u se  n o  b in d er  and  thu s are n o t lim ite d  b y  th e  ch ro m a to g ra p h ic  p erfo rm a n ce  
o f  a  g iv e n  b in d er.

T h e  sep a ra tio n  o f  p r e se r v a tiv e s  c o m p o u n d s  o n  e -sp u n  P A N  n an o fib er  
p h ase  an d  N a n o -S IL  C N  c y a n o -m o d if ie d  s il ic a  are c o m p a red  later. S in c e  m o st  o f
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p r e se r v a tiv e s  c o m p o u n d  are c o lo r le s s  and  n o t v isu a liz e d  u n d er uv lig h t, the T L C  
d e v ic e  sh o u ld  f lu o r e sc e . T h ere fo re , a m a n g a n e se -a c tiv a te d  z in c  s il ic a te  w a s  u sed  as  
F lu o r e sc e n t in d ic a to r  ( U V 254) w ith  a b so rp tio n  m a x im u m  at 2 5 4  nm  (green  
f lu o r e sc e n c e ) . T h e  am o u n t o f  th e  f lu o r e sc e n t  in d ica to r  w a s  v a r y in g  at 1, 5 and 10%  
พ /พ 0f  p a n  in  P A N  so lu tio n  p rior  e le c tr o sp in n in g . T h e  s iz e s  o f  in d iv id u a l fib ers at 
d ifferen t c o n d it io n s  w er e  su m m a r iz e d  in  T a b le  6 .1 . T h e  se le c te d  c o n d it io n s  u sed  for  
further s tu d ie s  w e r e  12%  P A N  w ith  10%  flu o r e sc e n t in d ica to r  U V 254, 1 8 k V /1 0 c m  
w h ic h  is  sh o w n  in  F igu re 6 .2 .

T h e  th ic k n e ss  o f  th e  n a n o fib e r  p h ase  w a s  a n a ly z e d  b y  p la c in g  the  
p la te  o n  a v e r t ic a l sa m p le  h o ld e r  to  e x p o s e  the cu t e d g e . Im a g e s  w e r e  tak en  and  
a n a ly z e d  b y  m e a su r in g  d ir e c tly  w ith  Im ageJ  so ftw a re . F igu re  6 .3  sh o w s  th e varia tion  
o f  sta tion ary  p h a se  th ic k n e ss  w ith  e le c tr o sp in n in g  tim e . A n  a p p ro x im a te  linear  
r e la tio n sh ip  is  o b se r v e d  b e tw e e n  e le c tr o sp in n in g  tim e  and  f ilm  th ick n ess . T L C  p la tes  
that w e r e  e le c tr o sp u n  for 1 2 0  m in u te s  w a s  a lso  e x a m in e d  but w a s  fo u n d  to h av e  
p o ly m e r  b ea d s  p resen t a lo n g  w ith  th e  n a n o fib e r s . T h is  m ix e d  m o r p h o lo g y  is  n ot  
d esira b le  for c h ro m a to g ra p h y  and  th u s o n ly  p la tes  fa b r ica ted  w ith  t im e s  o f  9 0  
m in u te s  w ith  th ic k n e ss  o f  ~ 2 5  p m  w er e  u se d  for  a n a ly s is .

6 .4 .2  S ep a ra tio n  o f  W a te r -so lu b le  F o o d  D y e s:  In itia l S tu d y
A  se t  o f  f iv e  w a te r -so lu b le  fo o d  d y e s  w a s  u se d  as a q u a lita tiv e  test set  

a s an in itia l v e r if ic a t io n  that th in  la y er  ch ro m a to g ra p h y  w a s  p o s s ib le  w ith  
e le c tr o sp u n  f ib e r s . T h e  f o l lo w in g  d y e s  w e r e  e x a m in ed : tartrazin e ( E l 0 2 ) ,  q u in o lin e  
y e l lo w  ( E l 0 4 ) ,  a lp h a -n a p h th o l o ra n g e  ( E l  1 1 ), e r y th o s in e  ( E l 2 7 ) , and b rillia n t b lu e  
FCF (E 1 3 3 ) . T h e  retardation  facto r  w a s  c a lc u la te d  u s in g  E q . (1 )  w h e r e  z s is  the  
d is ta n c e  tr a v e lle d  b y  th e a n a ly te  sp o t and Z f is  th e  d is ta n c e  tra v e lled  b y  th e  so lv e n t  
front:

h R p  =  I  X 1 0 0  (1 )

The retardation factors and standard deviation for replicate studies
with, ท = 5, for each laser dye are shown in Table 6.2. The mobile phase used for
these studies was a mixture of methanol, toluene and ammonium hydroxide 25%
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(4 0 :5 7 :3 , v /v ) .  C a p illa ry  a ctio n  o f  th e  so lv e n t  th ro u gh  th e e le c tr o p u n  fib ers  w a s  
o b se r v e d  a s  w e l l  a s  d ifferen t retardation  factors for th e  d y e s .

In T L C , p la te  n u m b er, N , is  d irec tly  p ro p o rtio n a l to  th e  sq u are o f  the  
ratio o f  a n a ly te  ( so lu te )  m ig ra tion  d is ta n c e , z s, to  sp o t  w id th , พ  (E q . ( 2 ) ) [ 1 5],

N  =  1 6  g ) 2 (2 )

T h e  c o m m e r c ia lly  a v a ila b le  s il ic a  p la te  w a s  a ls o  u se d  for  c o m p a r iso n  
but th is  p la te  c o u ld  n ot sep arate  th e  se t o f  5 d y e s  u n d er th e  sa m e  m o b ile  p h ase  
sy ste m . F ig u r e  6 .4  is  a  ch ro m a to g ra m  o f  the sep a ra tio n  o f  5 w a te r -so lu b le  fo o d  d y e s  
o n  the e -sp u n  P A N  n a n o fib e r  p h ase .

A lth o u g h  b oth  th e c o m m e r c ia l s i l ic a  s ta tio n a ry  p h a se  and the  
e le c tr o sp u n  p o ly a c r y lo n itr ile  sta tion ary  p h ase  are p o lar , d if fe r e n c e s  b e tw e e n  their  
c h e m ic a l s p e c if ic ity  o b v io u s ly  re su lt  in  d ifferen t re ten tio n  b e h a v io r  for id en tica l 
a n a ly te s . T h e s e  r esu lts  s h o w  that th e  e lec tro sp u n  d e v ic e s  are f e a s ib le  for th in  layer  
ch ro m a to g ra p h y .

6 .4 .3  A n a ly s is  o f  p rese r v a tiv e s  co m p o u n d
P olar n itr ile  sta tion ary  p h a ses are w e l l  su ite d  fo r  the a n a ly s is  o f  

p r e se r v a tiv e s  c o m p o u n d s . B o th  p o la r  and n o n p o lar  m o b ile  p h a se s  h a v e  b e e n  u sed  
w ith  n itr ile  sta tion ary  p h a se s  to e f fe c t iv e ly  sep ara te  p r e se r v a tiv e s . A  ch rom a to gram  
o f  th e  p r e se r v a tiv e s  o n  th e e -sp u n  P A N  n a n o fib er  p h a se  w ith  U V 254 w a s  sh o w n  in  
F ig u re  6 .5 . T h e  8 track s o n  the n a n o fib er  p h ase  are so rb ic  a c id  (S o ;  E 2 0 0 ), b e n z o ic  
a c id  (B ; E 2 1 0 ) ,  4 -h y d r o x y b e n z o ic  a c id  (p H B ), m e th y l 4 -h y d r o x y b e n z o a te  (M E ;  
E 2 1 8 ) , e th y l 4 -h y d r o x y b e n z o a te  (E E ; E 2 1 4 ), p rop y l 4 -h y d r o x y b e n z o a te  (P E ; E 2 1 6 )  
and b u ty l 4 -h y d r o x y b e n z o a te  (B E ) an d  b e v era g e  sa m p le , r e s p e c t iv e ly . T h e  m o b ile  
p h ase  u se d  for  th e se  s tu d ie s  w a s  1 m L  o f  a m ix tu re  o f  w a ter  an d  a ce to n itr ile  (6 5 :3 5 )  
in  0.1 M  te tr a -n -b u ty l-a m m o n iu m  p h o sp h a te  in a q u e o u s  so lu t io n . T h e  h R f v a lu e s  for  
ea ch  o f  th e  p r e se r v a tiv e s  w er e  s h o w n  in  T a b le  6 .3 .

T o  en su re  the a c cu ra cy  o f  q u an tita tive  a n a ly s is , th e  R  v a lu e  (F ig . 1) o f  
the a n a ly te  p ea k  w ith  th e ad jacen t p eak  m u st b e  larger than  1 , u n le ss  o th e r w ise  
s p e c if ie d . T h e  R  v a lu e  is  c a lcu la ted  b y  u s in g  the f o l lo w in g  e q u a tio n ;



119

^ _  2 ( D r 2 ~ DR i )
(น'2+Wi)

w h ere  D R1 and DR2 =  the re ten tio n  d ista n ce  o f  tw o  ad jacen t
p eak s 1 an d  2 , r e sp e c t iv e ly ,

พ  1 and พ 2 =  th e  w id th s  o f  tw o  a d ja cen t p ea k s  1 and 2 , 
r e sp e c tiv e ly .

T h e  r e so lu tio n  o f  sep a ra tio n s  are sh o w n  in  T a b le  6 .4
6 .4 .4  C o m p a r iso n  o f  M o b ile  P h a se  V e lo c i t ie s

O n e  o f  th e  k e y  a d v a n ta g e s  o f  the e -sp u n  T L C  p la te  is  th e  d ecrea se  in  
im m ig r a tio n  t im e  o f  a n a ly s is  d u e to  fa ster  m o b ile  p h a se  transport. T h e  e -p u n  P A N  
n a n o fib e r  p h a se  d em o n stra te  fa ster  m o b ile  p h a se  tran sp ort than  c o m m e r c ia l s il ic a -  
b a se d  T L C  d e v ic e s .[ 8 ] T h is  a l lo w s  for a d e c r e a se  in  a n a ly s is  t im e  as w e l l  as a 
d e c r e a se  in  th e  v o lu m e  o f  so lv e n t  n e e d e d  to p erfo rm  a n a ly se s , a ls o  w h ile  in crea sin g  
th e  e f f ic ie n c y  o f  the sep a ra tio n s. F ig u re  6 . 6  sh o w s  a  c o m p a r iso n  in  th e  m o b ile  p h ase  
v e lo c i t ie s  o f  tw o  c o m m e r c ia l s i l ic a  T L C  p la tes  an d  th e  e -p u n  P A N  n a n o fib er  p h ase . 
F or a n a ly s is  o f  in d iv id u a l a n a ly te s  and  for sep a ra tio n  s tu d ie s , th e  sep a ra tio n  w a s  
p erfo rm ed  o n  th e  T L C  p la te s  u n til th e  so lv e n t  fron t rea ch ed  a d is ta n c e  o f  3 0  m m . A  
s ig n if ic a n t  d e c r e a se  in  sep ara tio n  t im e  is  o b se r v e d  for  th e  e -p u n  P A N  n an ofib er  
p h a se  to  reach  3 0  m m  w h e n  co m p a red  to b oth  c o m m e r c ia l ly  a v a ila b le  p h a ses .

F or p o ro u s  m e d ia  in v o lv in g  sp h e r ic a l p a r ticu la te  la y ers , the  
re la tio n sh ip  b e tw e e n  th e  p o s it io n  o f  th e  so lv e n t  fron t and t im e  t  is  g iv e n  b y  th e  
q u ad ratic  re la tio n sh ip  sh o w n  in  e q s  4  and  5 :

N ->N
> II & (4)

2 K 0 d p { Y/ ๆ )  CO:ร <f> (5)

w h ere  z f is  th e  d is ta n c e  traveled  b y  the s o lv e n t  front, t is  the  
d e v e lo p m e n t  t im e , and  K is  the v e lo c ity  con stan t; K o  is  the p e r m e a b ility  c o n sta n t o f  
th e  la yer , dp  is  th e  a v e r a g e  p artic le  s iz e ,  y is  th e  su r fa c e  te n s io n  o f  th e  m o b ile  p h ase , 
and (j) is  th e  co n ta c t  a n g le  b e tw e e n  th e  m o b ile  p h a se  an d  th e la yer . [1 6 ]  T h is  eq u a tio n  
is  re la ted  to  th e  W ash b u rn  eq u a tio n  (eq  6 )

„  _  yR t cos 8 
z f = 2ฦ (6)
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w h e r e  the d e f in it io n  o f  th e  term s in  eq  1 are th e  sa m e  an d  R  is  the  
“e q u iv a le n t” c a p illa r y  rad iu s. W ash b u rn  o r ig in a lly  d er iv ed  th is  e q u a tio n  to  d escr ib e  
f lo w  in  c a p illa r ie s  o f  w e l l-d e f in e d  internal d ia m eter . H o w e v e r , m o d if ic a t io n s  o f  th is  
eq u a tio n  w e r e  la ter u sed  to  c o r r e c tly  d escr ib e  th e  r ise  o f  s o lv e n ts  in  p o r o u s  m ed ia , 
su ch  a s  fib ro u s filter  m e d ia , p lan ar ch ro m a to g ra p h ic  m e d ia , e v e n  th e  w ic k in g  
b e h a v io r  o f  w a ter  in  b isc u its  [1 7 -2 0 ] ,  In c o m p a r iso n  o f  e q s  1 and 2  to  eq  3 , th ey  are 
e q u iv a le n t  i f  ( K 0 d p )  =  R [2 1 ] . T h e  e -sp u n  P A N  p h ase  u se  n a n o fib ers  in stead  o f  

sp h er ica l p a r tic le s . A n  e x p r e s s io n  d esc r ib in g  th e  “ e f f e c t iv e ” rad ius for that structure  
w ill  n e e d  to  b e  d e te r m in e d  in  th e  future. H o w e v e r , th e  ex p e r im e n ta l re su lts  s h o w  that 
the e -sp u n  P A N  n a n o fib e r  p h a se  h as larger  m ig ra tio n  d is ta n c e s  than the  
c o m m e r c ia l ly  a v a ila b le  p h a se s  for  ea ch  d e v e lo p m e n t  t im e  e x a m in e d . W ash b u rn ’s 
eq u a tio n  d e sc r ib e s  w e l l  the re la tio n sh ip  b e tw e e n  d is ta n c e s  tra v e led  and ( t im e ) 0 5 for  
b oth  th e  c o m m e r c ia l p h a se s  an d  th e  e -sp u n  P A N  n a n o fib er  p h ase  (lin e a r  cu r v e s  in  
F ig u re  6 .5  h a v e  r 2 >  0 .9 9 ) .

6.5 Conclusions

T h e e x p e r im e n ta l resu lts  s h o w  that e le c tr o sp u n  P A N  n a n o fib ers are e f fe c t iv e  
as th e  sta tion ary  p h a se  for th in  la y er  ch ro m a to g ra p h y . T h e  d e v ic e s  h a v e  b e e n  sh o w n  
to d e c r e a se  t im e  o f  a n a ly s is  an d  v o lu m e  o f  s o lv e n t  n e e d e d . T h e v isu a liz a t io n  o f  
p r e se r v a tiv e s  o n  th e  sta tion ary  p h a se  w a s  e a s i ly  d o n e  b y  put U V 254 in d ica to r  d irec tly  
in to  p o ly m e r  s o lu t io n . In a d d it io n  to  e n h a n ce  c h r o m a to g ra p h ic  p er fo rm a n ce , e-sp u n  
P A N  n a n o fib ers  p h a se  is  a lso  c o s t  and t im e  e f f ic ie n t  and ca n  b e  a p p lied  for  d ifferen t  
su r fa ce  s e le c t iv ity  b y  c h a n g in g  th e  ty p e  o f  p o ly m e r .
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Table 6.1 M ea n  d ia m e te r s  o f  th e  in d iv id u a l f ib ers  o f  e le c tr o sp u n  P A N  n a n o fib er  
p h a se s  and o f  its  fo r m u la tio n s  w ith  d ifferen t a m o u n ts  o f  f lu o r e sc e n c e  in d ica to r
U V 254

A p p lie d  D ia m e te r s  o f  in d iv id u a l fib ers  ±  S D  (n m )
v o lta g e - 1 % U V 254 5%  U V 254 1 0 % u v 254
16 kV 224 ± 6 5 177±48 179± 50 181± 40
18 kV 181±58 155±53 161±48 165±45
20 kV 160±43 149±60 152±38 154± 48
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T a b le  6 .2  h R F v a lu e s  and  n u m b er  o f  p la te  (AO o f  w a ter  so lu b le  fo o d  d y e s  o n  e-sp u n  
P A N  n a n o fib er  p h a se  (ท = 5 )

hR f % Sd N
E 1 0 2 25 1 8 3 4 5
E l 11 33 4 8 2 8 6
E 1 3 3 57 14 2 2 8 8 5
E 1 2 7 73 16 9 5 9 6
E 1 0 4 9 0 1 9 4 9 7
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T a b le  6 .3  C o m p a r iso n  o f  h R p \a lu e s  an d  n u m b er o f  p la te s  (AO fo r  7  p rese r v a tiv e s  and  
an e x tra c ted  n o n -a lc o h o lic  b e v e r a g e  sa m p le  o n  (A )  e le c tr o sp u n  P A N  n an o fib er  
p h a se s  w ith  10%  U V 254  and  (B )  H P T L C  p la te  s i l ic a  g e l C N  p h a se s  (ท= 5 )

A )  E lec tro sp u n  P A N  
n a n o fib ers  w ith  10%  U V 254

B )  H P T L C  p la te  s i l ic a  g e l C N

h R p % R S D N h R p % R S D N
B E 17 1.3 9 0 4 4 4 0 0 . 1 0 3 9 3 7
PE  (E 2 1 6 ) 2 4 1.5 6 7 4 5 4 6 0 .6 5 4 1 6 1
E E  (E 2 1 4 ) 31 2 . 1 3 8 2 2 5 4 0 . 8 6 6 5 6 8
M E  (E 2 1 8 ) 4 0 1.5 6 0 0 5 5 8 0 .4 0 5 1 1 2
B (E 2 1 0 ) 45 2 . 2 37 11 6 5 0 .1 9 4 1 3 6
S o  (E 2 0 0 ) 4 8 2 .5 4 9 8 4 7 6 0 .4 0 3 7 8 3
p H B 5 6 3 .9 3 9 9 7 83 0 .5 5 5 2 6 3
B e v e r a g e 8 6 1 . 0 2 2 1 4 9 6 1 .1 6 3 1 3 9

S a m p le 4 7 2 . 6 6 2 3 3 7 6 0 .4 7 3 0 2 5
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T a b le  6 .4  C o m p a r iso n  o f  r e so lu tio n s  b e tw e e n  z o n e s  o f  a m ix tu re  o f  7 p reserv a tiv es  
o n  (A )  e le c tr o sp u n  P A N  n a n o fib er  p h a se s  w ith  10%  U V 254 and  (B )  H P T L C  p la te  
s i l ic a  g e l C N  p h a se s  (ท= 5 )
S ta tio n a ry  p h a se B E /P E P E /E E E E /M E M E /B B /S o S o /p H B
A ) E le c tr o sp u n  P A N  
n a n o fib e r s  w ith  10%
U V 254

1 .04 1 .26 0 .9 7 1 .3 4 1 .82 1 .16

B ) H P T L C  p la te  s i l ic a  
g e l C N

1.45 1.41 1 .33 0 .4 9 0 .5 6 1.43
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Polycrylonitrile (PAN) Sorbic acid (So) p-Hydroxybenzoic acid (pHB)

pHB-melhyl ester (ME)

o
pHB-ethyl ester (EE) benzoic acid (B)

F ig u r e  6 .1  S tru ctu res o f  p o ly c r y lo n itr ile  and 7 p r e se r v a tiv e s
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F ig u re  6 .2  S e lec ted  S E M  im age o f  an  e lec tro sp u n  P A N  n a n o fib e r p h ase  w ith  U V 254 

p rep ared  fro m  1 2% P A N  in D M F  w ith  1 0 % o fU V 2 s4 a t 18kV /10cm .
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F ig u r e  6 .3  T h ic k n e ss  o f  e le c tr o sp u n  P A N  n a n o fib er  p h a ses  and an d  its fo rm u la tio n s  
w ith  d iffe r e n t a m o u n ts  o f  f lu o r e sc e n c e  in d ica to r  U V 254 (1% , 5%  and  10% ) at 
d iffe r e n t c o l le c t in g  t im e s  (4 5 - 9 0  m in )
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F ig u r e  6 .4  D ig ita l im a g e  and  ch rom a to gram  o f  th e  sep a ra tio n  o f  a  m ix tu re  o f  5 w ater  
so lu b le  fo o d  d y e s  o n  an  e -sp u n  P A N  n an ofib er  p h a se
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F ig u r e  6 .5  D ig ita l im a g e  o f  th e  sep a ra tio n  o f  p r e se r v a tiv e s  an d  n o n -a lc o h o lic  
b e v e r a g e  sa m p le  o n  e le c tr o sp u n  P A N  n a n o fib ers  w ith  1 0 % UV254 w ith  a  
d e v e lo p m e n t  d is ta n c e  o f  2 . 0  cm
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Figure 6.6 Comparison of mobile phase velocities for different (A) layer types: 
HPTLC plates silica gel 60 ( •) , HPTLC plates silica gel CN ( v)  and electrospun 
PAN nanofiber phase ( s )  and for (B) different amounts of fluorescence indicator 
UV254: 1 0 % ( ♦ ), 5% ( □ ), 1% ( v), and none ( • )
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