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n Miniaturized Planar Chromatography 

as Citizen Science

G. Morlock, JLU Giessen, Germany
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A system for Citizen Science

5% best

20% best

rest
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The very first start a decade ago

G. Morlock J. Chromatogr. A 1382 (2015) 87-96
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… printed on the HPTLC layer

G. Morlock J. Chromatogr. A 1382 (2015) 87-96
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The magic dinner card for HPTLC 2006

The most frequently asked question at the 
symposium dinner was: What is the menu?

It was always pointed to the empty HPTLC 
foil in the menue cover on each dinner 
table… 
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The magic dinner card for HPTLC 2006

The most frequently asked question at the 
symposium dinner was: What is the menu? 

It was always pointed to the empty HPTLC 
foil in the menue cover on each dinner 
table… 

It took a while until a scientist started to 
heat the HPTLC plate as a heating plate was 
noticed on the buffet. 

The menue was printed on an impregnated
plate not using inks, but the sweetener
sucralose. Upon heating a chemical
derivatization made the writing visible.
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Inkjet printing of derivatization reagent

G. Morlock et al. J. Liq. Chromatogr. Relat. Technol. 30 (2007) 2171-2184
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Reagent printer

G. Morlock et al. J. Liq. Chromatogr. Relat. Technol. 30 (2007) 2171-2184
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Open source tools

Internet of things with Raspberry pi

Prusa i3 printer

Arduino mega 2560 and Ramps 1.4

Programming tools
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CAD of prototype

Open source apparatus

Layer print

D. Fichou, G. Morlock Anal. Chem. 89 (2017) 2116–2122

OC_manager software

STL GCODE
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Layer print

Problems encountered 

D. Fichou, G. Morlock Anal. Chem. 89 (2017) 2116–2122

Channelled pattern 
40 tracks/10 cm 

Paricle size

Organic binder

Fluorescence indicator

Layer thickness
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All-in-one open source system

CAD of prototype

OC_manager software

First OC prototype
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Precision of printing

T. Häbe, G. Morlock J. Chromatogr. A 1413 (2015) 127–134

UTLC plates 10 cm x 5 cm
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Spray-on (A) versus inkjet (B) application

Inkjet print of sample solutions

Miniaturized chamber

10 cm x 5 cm

Swan HP C6602 
cartridge 

InkShield

Ramps 1.4 with 
Arduino Mega

Raspberry Pi

D. Fichou, G. Morlock Anal. Chem. 90 (2018) 12647–12654
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Inkjet print of mobile phase

CAD of developing chamber

Food dye mixture
MeOH/H2O 5% Na2SO4 3:4

RP 18 W

Parabens in MeOH/H2O 1:3
EtOH/H2O/AcOH, 14:40:0.1

CN F254 s

D. Fichou, G. Morlock Anal. Chem. 90 (2018) 12647–12654
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Detection by LEDs

Visualization chamber: Raspberry 
Pi camera and UV-LED

no correction corrected            
800 ms, ISO 200
%RSD = 6.4% %RSD = 6.0%

200 ms, ISO 800
%RSD = 4.6% %RSD = 3.4%

Reference:
50 ms
%RSD = 3.7%

D. Fichou, G. Morlock Anal. Chem. 90 (2018) 12647–12654
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Data analysis: open-source rTLC software

D. Fichou et al.  Anal. Chem. 88 (2016) 12494-12501

Automatic video densitogram extraction

PCA of German propolis samples

HCA of German propolis samples
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Data analysis: ANN

D. Fichou, G. Morlock Anal. Chem. 90 (2018) 6984-6991
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Data analysis: ANN

D. Fichou, G. Morlock Anal. Chem. 90 (2018) 6984-6991
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All-in-one open-source system

Specifications
 96 dpi inkjet resolution (250 µm)
 50 µm mechanical resolution
 100 pL per drop
 26 x 31 x 26 cm3 footprint
 µL-volumes
 <10-min separations

Outlook
→ Solvent resistance
→ Automated sample supply
→ Luminescence detection

Steps targeted
• Layer/sample/mobile phase print
• Plate drying 
• Derivatization/bioassay print
• Detection by LEDs (UV, Vis, FLD)
• Luminescence detection
• Data analysis by ANN
• Cloud computing



G
. 

M
o

rl
o

c
k 

  
  

 F
o

o
d

 S
c

ie
n

ce
   

  
 J

L
U

 G
ie

ss
e

n
Printing cells on the plate

Aliivibrio fischeri bacteria passing inkjet nozzles

Printed in March 2008, G. Morlock CBS 102 (2009) 9
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Effect-directed analysis by HPTLC

A bioanalytical tool!

“…we know there are known knowns. 

These are things we know that we know. 

We also know that there are known unknowns. 

That is to say, there are things that we know we do not know.

But there are also unknown unknowns –

the ones we do not know we do not know…”   D. Rumsfeld, 2002
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→ IC50 of cryptotanshinone (CT): 65 ng/band 
→ equivalent to 365 μg S1 and 203 μg S2 root powders

→ Equivalency calculation to synthetic antibiotics
→ 1 ng/band CT ~ 0.6 ng/band ciprofloxacin ~ 2 ng/band marbofloxacin

M. Jamshidi-Aidji, G. Morlock Anal. Chem. 88 (2016) 10979−10986

S. m. roots S1 S2

Biodensitometry/densitometry

CT content
(mg/g) 1.8/1.6 3.2/3.9

Repeatability 
(%RSD, n=2) 8.7/0.4 7.0/0.9

Intermediate 
precision
(%RSD, n=3) 

16.3/1.4 15.2/1.6

Mean CT 
bioequival. 
content ± SD 
(mg/g, n=2)

a 1.1 ± 0.1 2.2 ± 0.0

c 2.7 ± 0.0 < LOD

Quantification or equivalency calculation
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D. Fichou, G. Morlock Anal. Chem. 90 (2018) 6984−6991

Data analysis: open-source ANN algorithm
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Screening →         fingerprints/profiles of 50 beers
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Ginger (Zingiber officinale) and its food products

S. Krüger, A. Bergin, G. Morlock, Food Chem 243 (2018) 258-268

Still active after processing?
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Safe product?

C. Stiefel et al. ACS Omega 2 (2017) 5242−5250
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Chromatography + bioassay > 2
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S. Kanyal et  al. J. Chromatogr. A 1404 (2015) 115-123

Detection by ESI-MS

HPTLC    UTLC



G
. 

M
o

rl
o

c
k 

  
  

 F
o

o
d

 S
c

ie
n

ce
   

  
 J

L
U

 G
ie

ss
e

n
Quantitative automated elution-based HPTLC-MS

T. Häbe, G.E. Morlock, in submission
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…desorption-based HPTLC-MS

DART ion source 

T. Häbe, G.E. Morlock in preparation
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Data analysis: open-source eicCluster software

D. Fichou et al. J. Chromatogr. A 1577 (2018) 101–108
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Reliable quantification

→ Mean r2 = 0.9992

→ Mean deviation: 4.6% (A. fischeri vs. pYES)

→ Method comparison

T. Häbe, M. Jamshidi-Aidji, J. Macho, G. Morlock, J. Chromatogr. A 1568 (2018) 188–196

Parabens?

Bioactives?

Quantitative HPTLC-EDA-DART-MS 
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 It makes sense not to drive always a Porsche.

 Taking the metro might be a good idea!

Rapid HPLC is like… HPTLC is like…

• Nice feeling?

• Fast?

• High costs?

• High image?

- But only for 1 or 2

- What about in the city?

- Who pays for the high budget? 

What is the ideal transportation system?

- Convenient feeling for many. 

- You are faster in the city.

- Saving costs makes sense.

- Unclear for what purpose… - Definitely not - but rational!

HPTLC in the age of ultra-rapid separations
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If science does not work out, make art!
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Thank you!

Next module on HPTLC-EDA-HRMS          26.2.-1.3.2020 


