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Electrospinning Apparatus 

High Voltage Source 

Syringe Pump 

Collector Plate or Wire 



Techniques studied 

•  Developing New Nanomaterials for Separation Science 
and Detection 

–  Nanofibers 
–  Composite nanofibers (nanofibers filled with nanoparticles) 

•  Techniques based on these materials 
–  UTLC 
–  Planar electrochromatography 
–  New nanofiber based detection concepts 
–  SPME  



Nanofibers 

Electrospun fibers with dimensions from 
•  150-500 nm diameter 
•  aligned and random 

Fibers composition studied thus far 
•  polyacrylonitrile *  
•  polyvinyl alcohol* 
•  polyhydroxybutyrate * (with fluorescent dye)- biodegradable and bacteria generated 
•  chitosan (biodegradable)  
•  polyvinylpyrrolidone* 
•  SU-8 epoxide polymer*  
•  carbon* 
•  polyacrylic acid and polydivinybenzene sulfonic acid and Nafion 
•  *separations devices generated 

 
 
 
 

 



Composite Nanofibers 

Electrospun fibers with dimension of 
•  150-500 nm diameter 
•    aligned and random 

Composites fibers composition studied thus far 
 
•  Polyacrylonitrile (with carbon nanoparticles and carbon nanorods) *  
•  polyacrylic acid and polydivinybenzene sulfonic acid and Nafion (with carbon 

nanoparticles and carbon nanorods) 

*separations devices generated 

 
 
 
 

 



Polymer Nanofibrous Substrates 

  Diameter (nm) 

PAN (10%) 460 ± 90 

SU-8 420 ± 90 



Electrospun Fibers SPME-LC 
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Impact of Solvent Exposure 

SPME Fiber Type  
(coating thickness) 

SPME Fiber Coating Swelling (%) 
Acetonitrile Methanol Water 

 
PA (85 µm) 

 
3.9 ± 0.4 

 
11.7 ± 0.2 

 
10.8 ± 0.1 

 
Epoxide polymer (18.8 µm) 

 
ND 

 
11.1 ± 1.4 

 
ND 

400 °C (11.4 µm) ND ND ND 
600 °C (6.2 µm) ND ND ND 
800 °C (3.7 µm) ND ND ND 

 



Ultra-­‐Thin	
  Layer	
  Chromatography	
  

Ultra-­‐Thin	
  Layer	
  Chromatography	
  (UTLC)	
  
–  Uses	
  thin	
  sta+onary	
  phase	
  (~10	
  µm)	
  in	
  comparison	
  to	
  
HPTLC	
  (~	
  200	
  µm)	
  	
  

–  Compe+ng	
  Technology:	
  Non-­‐tradi+onal	
  sta+onary	
  
phase	
  structures	
  
•  Silica	
  Monoliths	
  and	
  Nanostructures	
  

–  Improve	
  sensi+vity	
  while	
  reducing	
  analysis	
  +me	
  and	
  
amount	
  of	
  consumables	
  required	
  	
  

–  Lower	
  sample	
  capacity	
  than	
  HPTLC	
  



Electrospun UTLC 

•  E-UTLC, relative to commercial TLC phases: 
–  Increased efficiency (N) up to 500 times 
–  Decreased time of analysis by ~50% 
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Effect of Rotational Speed 

750 rpm 1000 rpm 

1250 rpm 1500 rpm 

10 µm 10 µm 

10 µm 10 µm 



Mobile Phase Velocity 
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Efficiency, N, at Optimized 
Conditions 

 
 

Analyte 

AE-UTLC 
(50:50 chloroform:heptane) 

E-UTLC 
(40:60 chloroform:heptane) 

N N 

Acebutalol 2800 270 

Cortisone 5400 240 

Propranolol 15000 8400 



Time of Analysis 
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E-UTLC/AE-UTLC 

•  E-UTLC 
– Greater efficiency/shorter analysis time vs. 

commercial TLC  
•  AE-UTLC 

– 50-100% greater mobile phase velocity vs. 
E-UTLC 

– 2-10 times greater efficiency vs. E-UTLC 
– Higher reproducibility by a factor of 3-7 vs. 

E-UTLC 



PAN/ Carbon Composite 

SEM images of 0.5% MWCNT-PAN composite 

electrospun nanofibers.  
 
 



Performance of Composite Nanofibers 

(A)phenanthrene,(B) fluoranthene,  (C) pyrene, (D) chrysene, and 
 (E) benzo[a]pyrene  



Speed of mobile phase flow 

Comparison of mobile phase velocities of (♦) 0.5% MWCNT-PAN plates, (■) 0.5% EPC-

PAN plates, and (▲) pure PAN plates using acetonitrile/water 70:30 as mobile phase. 



Separation of PAHs 



Composite Fibers 

•  High efficiency separations with 
improved selectivity and markedly 
higher speed separations with MWCNT 
composite fibers 



Stationary Phase: PVA 

•  Hydrophilic 
•  Biocompatible polymer 

n

OH

Diameter  : ~140 nm 
  
 

PVA Mw: 89,000 - 98,000 g/mol 
8% in water 
Distance between the needle and 
collector: 10 cm 
Voltage: 20 kV 
Feed rate: 0.005 mL/min 
Relative humidity: <30% 
 
 



Crosslinked PVA 

•  In-situ crosslinking of electrospun PVA 

 Diameter of the nanofibers: 
191±51 nm 



Water Resistance Test 

PVA nanofibers 
without crosslinking 
soaked in water 

Crosslinked,  
soaked in water 

Crosslinked, 
soaked in TLC mobile 
phase (butanol, methanol 
and water) 
 



High Separation Efficiency 

•  Greatly improved separation efficiency in comparison with silica 
gel HPTLC plate. 
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Lu, T.; Olesik, S. V. J. Chromatogr. B 2013, 912,98 



PVA UTLC Application I 

•  Separation of amino acids using ninhydrin as visualization reagent. 

•  By using PVA UTLC plate,  the baseline separation of four amino acids 
is achieved within 2.5 cm. 

–  High efficiency 

–  Different colors are favored for identification  

Arg Ala      Met Phe 

Lu, T.; Olesik, S. V. J. Chromatogr. B 2013, 912,98 

Mobile phase: BuOH: ethyl acetate: H2O (5:5:1.5) 



PVA UTLC 

•  Water resistant PVA UTLC plate was 
fabricated using in-situ electrospinning 
method. 

•  PVA UTLC showed different selectivity 
compared to Si-Gel plate. 

•  The separation efficiency was greatly 
improved. 



Electrospinning Silica 
Nanofibers 

SEM images of calcined SiO2/poyvinylpyrrolidone (PVP) nanofibers 
processed at different final temperatures of (a) 350 °C, (b) 400 °C, 
(c) 450 °C, (d) 465 °C, (e) 475 °C, and (f) 500 °C    



Plate height comparison 

Plate heights (H) on commercial HPTLC plates developed to 15 
mm (■) and 50 mm (■) and the randomly-placed calcined nanofiber 
E-UTLC plate developed to 15 mm (■). 



Chromatographic efficiency 
change with distance traveled 
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Comparison of 
Chromatograms 
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 of (1) Arg, (2) Asp, (3) Thr, and (4) Phe 
(A) a commercial HPTLC plate using a 70:15:15 n-BuOH/H2O/HOAc mobile phase  
(B) a randomly-placed calcined nanofiber E-UTLC plate using a 60:30:12 n-BuOH/H2O/HOAc 
mobile phase.  



Silica 

•  First time E-UTLC  with silica. Three silica-based nanofiber plates of 
similar mat thickness were evaluated: as-spun, crosslinked, and 
calcined nanofibers. PVP.  

•  No limitations in terms of mobile phases, analyte solvents, and 
visualization techniques were observed for calcined nanofibers.  

•  Plate heights as low as 8.7 µm, the plate heights achieved were 
significantly lower on the randomly-placed calcined nanofiber E-UTLC 
plates compared to the silica HPTLC plates which required a 
separation distance of 50 mm. 

•   Alignment of calcined nanofibers produced separations which were 
about two times faster than the non-aligned counterparts and notably 
faster than the HPTLC plates.  



Laser Dye Structure and pKaa 

Kiton red 620 (KR) 

 

Sulforhodamine 640 (SR) 

 

Rhodamine 101 (R101) 
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Laser Dyes 

Rhodamine 590 chloride 
(R590) 

 

Rhodamine 610 chloride 
(R610) 

 

Pyrromethene 597 (PM) 

 

 

-­‐

 < 2 

 < 2 

 3.6 

N+ N
B-

FF



Apparatus for Planar 
Electrochromatography 
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 Apparatus used for PEC 
(1) Horizontal chamber with lid, (2) platinum anode, 
 (3) anode reservoir filled with mobile phase, 
 (4) platinum cathode, (5) cathode reservoir filled with mobile 
phase, 
 (6) electrospun nanofiber stationary phase, (7) glass back plate 
 (8) glass cover plate, (9) Whatman 3MM wicks, and (10) high 
voltage power supply.  
 
 



Electrochromatography of 
Laser Dyes on  PAN 



Plate height versus migration 
distance 

(A)  R101 (●), R590 (▲), and R610 (■) 
(B)  KR (♦) and SR (●).  
 25:25:50 ACN/2-PrOH/25 mM citrate buffer, pH 5.6 (v/v/v) ran at 1 kV for 60, 75, 
90, and 120 s for each distance value. 



Comparison of Conditions 

Migration 

distance 

(mm)ab  

Separation 

time (min) 

PECa UTLCb 

6.9 1.00 1.60 

7.7  1.25 2.97 

9.6  1.50 3.13 

15.7  2.00 8.30 

Separation times  
in PEC and UTLC 

 and  
for the least retained analyte 



• Separations on E-PAN fibers achieved in 1–2 min. 
  
•  Minimum plate heights as low as 11 µm measured. 

• Compared to UTLC, PEC offered unique selectivity and 
decreased analysis time (> 4 times faster over 15 mm).  

.   
 

Summary of Planar Electrochromatography 



Matrix-Assisted Laser Desorption/
Ionization (MALDI) MS 
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http://www.magnet.fsu.edu/education/tutorials/tools/ionization_maldi.html 



Substrates for MALDI Analysis 

•  Inert substrates 
–  Gold and stainless steel 
•  Limitations: 
•  Cocrystallization with analyte 
•  Inhomogeneous sample 

distribution 
•  Interference at low mass region 

– from matrix  



Other Types Laser Desorption/Ionization MS 

•  Surface-assisted laser desorption/ionization (SALDI) 
•  Nanostructured inorganic nanomaterials are used for the 

energy absorption and transfer. 
•  Negligible low mass interference 
•  Homogenous sample distribution 

•  The inorganic nanomaterials usually have strong UV 
absorption. 

•  Two methods of sample preparation 
•  Pre-coated the inorganic nanomaterial on the target plate 

•  Simple sample preparation 
•  Direct mix of the inorganic nanomaterial with the sample 

solution 

•  Matrix-enhanced SALDI (ME-SALDI) 
•  Use inorganic nanomaterial with organic matrix 
•  Suppress the signals from organic matrix 



Challenges 

–  The ionization efficiency of large molecules  for  
SALDI is low. 

•  150,000 (SALDI) vs 1,500,000 (MALDI) 

–  Nanoscale materials contaminate the instrument. 

–  Only UV absorbing materials are considered to 
date. 



Carbon as SALDI Substrates  

Stainless steel 

                   Dale, M. J.; Knochenmuss, R.; Zenobi, R. Anal. Chem.1996, 68, 3321. 

800 oC carbon 

m/z 

Graphite/glycerol 

PEG 3,400 Analysis 

Lu, T. , Olesik, S. V.,  Anal. Chem., 2013, ASAP. 



Small Molecule Analysis 

•  No interferences in low mass region 
•  Clean spectra only showing the molecular ion or 

adduct peaks  

Lu, T. , Olesik, S. V.,  Anal. Chem., 2013, ASAP. 



Ionization Capability of Carbon Substrate  

•  Current upper mass limit of SALDI: ~150, 000 Da 
•  PEG molecular weight ~ 900,000 Da 
•  Multiple charged ion peaks  
•  Lower concentration favored 

Lu, T. , Olesik, S. V.,  Anal. Chem., 2013, ASAP. 



Polymer Substrates 

•  Polymeric substrates do not have strong UV absorption in 337 nm. 
•  High signal to noise was obtained from PS 4000 
•  No signal can be obtained from stainless steel 

 

PAN substrate 

SU-8 
substrate 

PS 4000 analysis 

Lu, T. , Olesik, S. V.,  Anal. Chem., 2013, ASAP. 



Shot-to-Shot Reproducibility 

PEG 4300 (mg/mL) 5  10  20  
Carbon-600 oC 

(RSD) 4 ± 2 (50%) 20 ± 9 (45%) 42 ± 7 (17%) 

Carbon-800 oC 
(RSD) 4 ± 2 (50%) 13 ± 2 (15%) 35 ± 20 (57%) 

PS 4000 (mg/mL) 25  50  100  

PAN  
(RSD) 50 ± 10 (20%) 40 ± 8 (20%) 10 ± 10 (100%) 

SU-8  
(RSD) 3.3 ± 0.4 (12%) 3.6 ± 0.6 (17%) 3.4 ± 0.7 (21%) 

Lu, T. , Olesik, S. V.,  Anal. Chem., 2013, ASAP. 



ME-SALDI-TOF mass spectrum of angiotensin I with the 
PVA substrate. 800 attmol of angiotensin I was applied and 
the CHCA concentration was 0.1 mg/mL. 

Protein M.S. with ME-SALDI and PVA 
substrate 



ME-SALDI: Improved Detection Limit 

•  The sample was prepared by a 
dried droplet method with 800 oC 
carbon substrate. 

•  The LOD is 400 attmol 
angiotensin I with CHCA as 
matrix. 

•  The LOD is 1 fmol when stainless 
steel is used.   

Angiotensin I with CHCA as matrix 
on 800 oC carbon substrate  

Lu, T. , Olesik, S. V.,  Anal. Chem., 2013,  

S/N = 3.2  



Summary 

•  Advantages:  high efficiency 
separations, a range of selectivities, low 
solvent consumption, biodegradable 
materials, viable as SALDI substrate 

•  Disadvantages:  low sample capacity in 
ULTC 
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Carbon	
  Ultra-­‐Thin	
  Layer	
  
Chromatography	
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Glassy	
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cm

	
  
SU-­‐8→carbon	
  



Study of Separation of Essential Amino Acids 

Lysine Threonine 

Phenylalanine 



Tunable	
  Reten+on	
  

Migra+on	
  Order:	
  
	
  
-­‐600°C:	
  Thr-­‐Phe-­‐Lys	
  
-­‐800°C:	
  Phe-­‐Thr-­‐Lys	
  



Plate Number, N 

Compound 600°C 800°C 1000°C Cellulose* 

Lysine 
 37,500±4500 6800±650 330±40 370 

Threonine 
195,000±6100 32,400±3400 330±20 2100 

Phenylalanine 
476,000±7900 29,600±4500 290±30 N/A 

Efficiency Comparison 

*S.A. Nabi, M.A. Khan, Acta Chromatogr. 13,161(2003).  



Essen+al	
  Amino	
  Acid	
  Analysis	
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Variation of Plate Number with 
Development Distance 

Plate Height 
(micron) 

Development 
Distance (cm) 

Lysine Threonine Phenylalanine 

4.6000 21.9048 3.0667 1.5185 
5.5000 16.1765 2.5000 1.3939 
5.9000 11.8000 1.0727 1.0727 



High	
  Resolu+on	
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Separation of Biomolecules 

Acebutalol Propranolol Cortisone 



 
Carbon E-UTLC provides 
•   Lower mobile phase use than other TLC separations 
•   Higher speed separations 
•   Markedly improved efficiency  -- 2 million plates/meter 
•   Devices are chemically and mechanically robust 

Carbon E-UTLC 


