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JUSTUS-LIEBIG-
UNIVERSITAT
GIESSEN J

Characterization: soy bean vs. sunflower lecithin .......&8
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Characterization: soy bean vs. sunflower lecithin .......&8
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Signal intensity [AU]

1.00 0.0

S. Kruger, L. Burmann, G. Morlock, J Agric Food Chem, in print




Minor phospholipids?
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Reduced sample preparation

Matrix-tolerant method

Parallel chromatography under identical conditions
High throughput (1000 runs per day) with minimal costs
Selective, simultan derivatization

Multi-detection (UV/Vis, FLD, derivatization, MS...)
More information about unknowns

Concentration during application
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Flexible working station (simultan multi-user)
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. Effect-directed analysis
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. Analytical workflow adjusted to the findings
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. Targeted mass spectrometry (MS-independend mobile phase)
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. The ease of super-hyphenations
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Sucralose

A

Milk, biscuit, chocolate, cola, bonbons, energy/sport drinks
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— Reagent sequence: 4 reagents on the same plate
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G. Morlock, G. Sabir, in preparation
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tization with ninhydrine: Asp (0.18), Aces (0.63)

G. Morlock, G. Sabir, in preparation



Sucralose in saliva
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— Release study from chewing gum
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G. Morlock, L. Morlock, C. Lemo, J Chromatogr A 1324 (2014) 215-223
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Rectangular application
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Lactose-free Mean recovery Repeatability
dairy product of lactose (%) (%RSD, n = 2)
Evaporated milk 5 76.2 3.1

16 99.2 0.5
Cream cheese

17 90.3 1.8
Mean + %RSD

90.5 + 10.5 1.3+1.0

(n=11)
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Analysis of cumarine

5 different cinnamom spice samples containing cumarine
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L. Winheim, S. Krtiger, G. Morlock, in preparation




Analysis of cumarine

9 different food samples containing cumarine

www.colourbox.de

vvvvvv.deutsche-wirtschafts—nacrichten.de

L. Winheim, S. Kruiger, G. Morlock, in preparation
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Samole Manufacturer Cumarine | Repeatabilities | Reproducibility
P (mg/kg) | (%RSD, n=2) | (%RSD, n=2)

of Sonnentor - gemahlen 3732 0.4/1.2
pice
Lidl Kania - gemahlen 1615 0.4/0.3 2.4
YogiTea - Frauenpower 19 1.4/3.2 4.5
Tea —
TeeQeschwendner 22 3.3/2.0 05
Kaminfeuer
Aldi Knusperone -
Cereals Zimt Chips 1 3.8/5.9 0.4
bcl;?]namon IKEA - Kanelbullar 16 1.4/4.5 6.6

Jam Gr_afschafter Konfitlre — 4 16/1.6 16
Winterzauber




Confirmation by HPTLC-ESI-MS
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Quality of honey — HMF -l
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Winkler HPLC-UV HPTLC-UV
HMF in HMF in Deviation Mean HMF Deviation Deviation to
honey, honey, to Winkler in honey, to Winkler HPLC. ma/k
mg/kg mg/kg method, % mg/kg method, % » MY/Kg
95.3 n/a n/a 75.2 -22 n/a
41.8 n/a n/a 30.8 -30 n/a
46.1 38.5 -16 39.3 -16 0.8
17.6 135 -23 13.7 -20 0.2
21.6 18.1 -16 18.8 -13 0.7
40.2 30.4 -24 28.7 -26 1.7
23.9 n/a n/a 25.1 +5 n/a
20 19 0.9

Cooperation with Apicultural Institute, Celle and Stuttgart

E. Chernetsova, A. Revelsky, G. Morlock, Anal Bioanal Chem 401 (2011) 325-332
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Method comparison

— HPTLC: UV versus MS

Sample# HPTLC-UV HPTLC-ESI-MS, SIM U\?S‘éﬁt&Z”MS
Mean HMF in  %RSD Reprod. Mean HMF in %RSD HMF in honey,
Plate 1 honey, mg/kg (n=3) (%RSD, n=2) honey, mg/kg (n=3) mg/kg
1 37.7 SN 4.4 36.4 18 18
2 50.1 2.8 2.3 57.1 10 -7.0
3 78.4 15 1.9 72.0 2.5 6.4
4 35.0 2.0 3.3 29.2 7.5 5.8
Mean 3.0 5.1

m/z 149 [M+Na]*

Signal ntensty [% |
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Method comparison

— Fast methods: HPTLC versus Reflectoquant

HMF content (mg/kg)

: | |
|ll[ ;[Ill ll[}l

A. Hostalkova, I. Klingelhofer, G. Morlock, Anal Bioanal Chem 405 (2013) 9207-9218
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A.Yili et al., J. Planar Chromatogr. 27 (2014) 11-18
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Agar agar Gummi arabicum
Standard calibration Samples Standard calibration Samples

Signal imensity [AU]

Sample tracks

Polynamial calibraton >

r=0.9888
sdv =047 %

Absorbance measurement at L = 830 nm < - —

drzars e
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G. Morlock, D. Schick, W. Schwack, in preparation
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Reduced sample preparation

Matrix-tolerant method

Parallel chromatography under identical conditions
High throughput (1000 runs per day) with minimal costs
Selective, simultan derivatizations

Multi-detection (UV/Vis, FLD, derivatization, MS...)
More information about unknowns

Concentration during application

© o N o o Bk~ w0 DdPE

Flexible working station (simultan multi-user)

=
o

. Effect-directed analysis

=
=

. Analytical workflow adjusted to the findings

=
N

. Targeted mass spectrometry (MS-independend mobile phase)

[N
w

. The ease of super-hyphenations
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1 turmeric

2 licorice

3 saffron

4 mixed herbs |
5 ginger

6 mixed herbs Il
7 chilli pepper
8 milk thistle

9 green tea

10 dates seed
11 spirulina

M. Taha, M. Krawinkel, G. Morlock, J Chromatogr A, in print
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EDA of elderberry (Sambucus nigra

— fresh versus dried fruit samples
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HPTLC-ESI*-MS of unknown zone at hR: 10
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S. Kriger, M. Mirgos, G. Morlock, in preparation
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Analysis of anthocyanes
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EDA of estrogen-effective compounds

— Spices — Beer samples

| | | | !

Kostrizer Guinness Licher Porter Karlskrone

] I
;h@slrit;tr

I. Klingelhofer, G. Morlock, J Chromatogr A 1360 (2014) 288-295
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1. Reduced sample preparation

2. Matrix-tolerant method

3. Parallel chromatography under identical conditions

4. High throughput (1000 runs per day) with minimal costs
5. Selective, simultan derivatizations

6. Multi-detection (UV/Vis, FLD, derivatization, MS...)

7. More information about unknowns

8. Concentration during application

9. Flexible working station (simultan multi-user)

10. Effect-directed analysis

11. Analytical workflow adjusted to the findings

12. Targeted mass spectrometry (MS-independend mobile phase)
13. The ease of super-hyphenations
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Breakthrough in the hyphenation HPTLC-EDA-MS —
a must-have method in the analyst’s toolbox

[M-H]

|dentification: Targeted

Bioassay: Non-targeted =
72\

Sample fingerprint and profiling

Gertrud Morlock, Chair of Food Science
@Justus Liebig University Giessen
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1. Reduced sample preparation

2. Matrix-tolerant method

3. Parallel chromatography under identical conditions

4. High throughput (1000 runs per day) with minimal costs
5. Selective, simultan derivatizations

6. Multi-detection (UV/Vis, FLD, derivatization, MS...)

7. More information about unknowns

8. Concentration during application

9. Flexible working station (simultan multi-user)

10. Effect-directed analysis

11. Analytical workflow adjusted to the findings

12. Targeted mass spectrometry (MS-independend mobile phase)
13. The ease of super-hyphenations
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\ |dentification: Targeted

Bioassay: Non-targeted

Sample fingerprint and profiling

Novel effect-directed profiling
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DPPH* reagent - radical scavenging test
ABTS reagent - radical scavenging test

+ Microchemical derivatization
Bleaching of B-carotene - antioxidant test

Algae Pseudokirchneriella subcapitata

Candida albicans

coetomuen D Informetion Trichophyton rubrum
Cryptococcus neoformans

Fungi  cradosporium cucmerinum
Apergillus niger

Colletotrichum
acutatum/gloeosporioides/fragaria

‘ ‘ Pseudomonas savastanoi
. TLC/HPTLC-EDA = Microbiological detection Bacillus subltilis

Aliivibrio fischeri

Escherichia coli

Bacteria
Pseudomonas syringae
Xanthomonas campestris
Erwinia carotovora/herbicola
Cryptococcus neoformans

Vagat Planar yeast estrogen screen (pYES)

(Cholin)esterase assay

«w/B-Glucosidase assay

J | l l Biochemical assays | Xanthine oxidase assay
Tyrosinase oxidase assay

G. Morlock, in Instrumental Methods for the Analysis of Bioactive Molecules,

B. S. Patil, G. K. Jayaprakasha, F. Pellati, Eds., ACS Books Publishing, 2014
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Challenge: Avoid zone broadening

Goodall & Levi, Nature 158, 675—676 (1946)

Food Science
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Detection of endocrine disrupting compounds (EDCs)

1 Parallel separation 2 Bioassay application 3 Mass spectrometry

,/ | | \
o { .

Any estrogens =y~~~ HPTLC-pYES ' Estrogens are in! Which ones?

in samples? LT Immersion 5 s/ «88¥ Bioautography 4h Content @ . i

A\ Vi

HO. -~

Planar yeast estrogen screen (pYES)
— using human estrogen receptor hERa

— in Saccharomyces cerevisiae

1. Routledge & Sumpter, Environ. Toxicol. Chem.
15 (1996) 241

2. McDonnell et al., J. Steroid Biochem. Mol. Biol.
39 (1991) 291

~{hER=",
nucleu:

cytoplasm

— blue fluorescent 4-methylumbelliferone

yeast cell medium

Modified from draft of
PYES expert group




Detection of EDCs
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HPTLC-pYES fluorescence signal intensity [AU]

Migration distance [mm)]
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I. Klingelhofer, G. Morlock, J. Chromatogr. A 1360 (2014) 288-295
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http://commons.wikimedia.org/wiki/File:Nonylphenol.png
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_) SplceS/tea I

— Propolis samples

JLU e s b IR i e

G. Morlock, 1. Klingelhofer, Anal. Chem. 86 (2014) 8289-8295
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What is it?
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Quantitation of CAPE in propolis e EE

CAPE content [pug/g]
CAPE content
Propolis sample referred to propolis
in sample [pug/mL]

weight (n=2)
P1(30%) 481 2028
P2 (30 %) 476 2009
P3 (25 %) 471 2387
12000
P4 (62 %) 348 710 %
£ 10000 -
P5 (not specified) 380 380° g y =56.49x - 1719.
2 8000 - R2=0.995
P6 (250 mg/capsule) 359° 1435 E =
2= 6000 -
P7 (30 mg/lozenge) 222 1089 :_% o
| 2 4000 -
lug/capsule, *ug/pastille, *ug/mL %
© 2000 -
'_
o
I
0 T T T 1
1 20 70 120 170 220
"a Amount of CAPE [ng/zone]

PROPOLIS
TINCTURE

MOUNTADN FYNICS

Iy —

G. Morlock, 1. Klingelhofer, Anal. Chem. 86 (2014) 8289—-8295
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— Screening of >100 samples showed

characteristic marker compounds

— Mainly 2 types of German propolis

G. Morlock et al., in preparation

Cooperation with Wala and Apicultural State Institute, Stuttgart



Plant origin of O-type propolis?

= = =
o =

Pinocembrin
Galangin

Naringenin
Caffeic acid

Chrysin
Kaempfero!

Quercetin
Apigenin

Chlorogenic
acid

Mix 1

Sample

Black poplar
(Salicaceae)

Birch

Sample

Horse chestnut

Mix 2

4

p-Cumaric acid
CAPE

Ellagic acid
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EDA of Salicaceae bud extract samples oot Scence i
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S. Hage et al., in preparation
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EDA of oillseed extracts
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S.-S.Teh, G. Morlock, Food Chem in revision
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DPPH* reagent - radical scavenging test
ABTS reagent - radical scavenging test

+ Microchemical derivatization
Bleaching of B-carotene - antioxidant test

Algae Pseudokirchneriella subcapitata

Candida albicans

coetomuen D Informetion Trichophyton rubrum
Cryptococcus neoformans

Fungi  cradosporium cucmerinum
Apergillus niger

Colletotrichum
acutatum/gloeosporioides/fragaria

‘ ‘ Pseudomonas savastanoi
. TLC/HPTLC-EDA = Microbiological detection Bacillus subltilis

Aliivibrio fischeri

Escherichia coli

Bacteria
Pseudomonas syringae
Xanthomonas campestris
Erwinia carotovora/herbicola
Cryptococcus neoformans

Vagat Planar yeast estrogen screen (pYES)

(Cholin)esterase assay

a/B-Glucosidase assay

J | l l Biochemical assays | Xanthine oxidase assay
Tyrosinase oxidase assay

G. Morlock, in Instrumental Methods for the Analysis of Bioactive Molecules,

B. S. Patil, G. K. Jayaprakasha, F. Pellati, Eds., ACS Books Publishing, 2014
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Detection of cholinesterase inhibitors

1 Parallel separation 2 Bioassay application 3 Mass spectrometry

{ ( Il |

Any biomarkers o HPTLC-enzyme M Biomarkers are in! Which ones?
in samples? /{ inhibition (El) '

ﬁ
-@1

[M-H]

— LC-EI-MS workflow for 20 samples in parallel within 2 h (6 min per sample)

Rosaceae
AChE

BChE

S. Hage et al., in preparation
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Detection of a-/3-glucosidase inhibitors

— Immersion in a-/B-glucosidase solution and incubation
— Immersion in 2-naphthyl-a/3-D-glucopyranoside and Fast Blue Salt as

substrate for visualization (5 min) OH H,CO HO
—» White zones on a violet background C '/ - {l’} Q_N_—N ®
\_/ N

Salvia officinalis

UV366 nm AChE a-/B-glucosidase B. subtilis

M. Jamshidi et al., in preparation
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— Immersion in Bacillus subtilis bacteria suspension and incubation
— Immersion in tetrazolium salt as substrate for visualization
— White zones on a pink background

M. Jamshidi et al., in preparation
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Detection of antibiotics food Science

Antibiotics in milk down to the ug/kg range Ciprofloxacin Marbofloxacin

UV 366 nm [a

Bacillus
subtilis e e AR - -

TN m ™ S,

[l ]
L

S182 S3 S4 M1 M2 M3 M4 M5 M6 S1 S2 S3 S4 M1 M2 M3 M4 M5 M6

A. Cardak et al., in preparation
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Quantitation of tanshinons in Chinese salvia
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Confirmation by MS and method comparison . cs.c-B8
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Detection of bioactive compounds Food science B

Vis

hRF 68 Tlla

hRF 52 Tl
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G. Morlock et al., in preparation
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Detection of bioactive compounds Food science B

«-Nach 3 min =0
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Mass spectra recorded after detection with bioassay — salt adducts are pronounced!
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Goal: From bioactive zone to sum formula I

...In a single run!

hR; value
Polarity

NMR UV/Vis/FLD

Structure Structural
confirmation information

Bioactive zone

HRMS Derivatization

Suggestion
sum
formula

Functional
groups

G. Morlock, in Instrumental Methods for the Analysis of Bioactive Molecules, B. S. Patil,
G. K. Jayaprakasha, F. Pellati, Eds., ACS Books Publishing, 2014
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Hyphenated technique Food Science [

HPTLC-UV/Vis/FLD-bioassay-HRMS/ATR-FTIR/NMR

1 Parallel separation 2 Bioassay application 3 Mass spectrometry

[ \[ ar \
Lol If ,

Any estrogens e~ HPTLC-pYES Estrogens are in! Which ones?

in samples? Immersion 5 s Content M

=5 Bioautography 4 h

AU O
\

o
CAPE ‘

Il

— LC-bioassay-MS workflow for 20 samples in parallel within 5 h (15 min per sample)

...iIn a single run ....0r for screening

UVVis/FLD Derivatization Bioassay HRMS ATR-FTIR NMR
Polarity

G. Morlock, in Instrumental Methods for the Analysis of Bioactive Molecules, B. S. Paitil,
G. K. Jayaprakasha, F. Pellati, Eds., ACS Books Publishing, 2014
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Multi-detection

L
\
X

3 B W :
= 7 LEY 0L
Sl Pl
L EN C
L £

s 4| <

M
VAR
o

ww‘m
e

Sorcprs

A
W WAV VI

\
[\ Wf/ Ve
Y,
B %
Aaro4ie05 pos 505005 BC T67 05 1A

000

WAL
0zsd VY

G. Morlock et al., in preparation
A. Moricz et al., in preparation




EDA of Pimpinella saxifraga L. root extracts

Plate strip 1
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T. Lapin, G. Morlock, in preparation
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Goal: From bioactive zone to sum formula I

...In a single run!

hR; value
Polarity

NMR UV/Vis/FLD

Structure Structural
confirmation information

Bioactive zone

HRMS Derivatization

Suggestion
sum
formula

Functional
groups

G. Morlock, in Instrumental Methods for the Analysis of Bioactive Molecules, B. S. Patil,
G. K. Jayaprakasha, F. Pellati, Eds., ACS Books Publishing, 2014
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HPTLC-ATR FTIR Feot scence Bl

Anti-inflammatoric compound isolated from Lactobacillus fermentum

100+

98+

1151,87,

23 I
,l‘l LA | AN WSNLSS, g

\ 1450,17 1086,49

96 1

9 -

92-
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90 - L
88~ & 1738,93

86 -

1229,51

%T

2335,97

84- 1 2850,96 2358,71

82+

80- 2852,13

Platesforl |

78+

Fn
76_’ ;u:l‘rngedgo.i . T i l 2922,17
] anes
2920731

74+

72 -
|

4000 3500 3000 2500 2000 1500 1000
Wellenzahlen (cm-1)

E. Dytkiewitz, G. Morlock J AOAC Int 91 (2008) 1237-1244
G. Morlock et al., in preparation
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Goal: From bioactive zone to sum formula I

...In a single run!

hR; value
Polarity

NMR UV/Vis/FLD

Structure Structural
confirmation information

Bioactive zone

HRMS Derivatization

Suggestion
sum
formula

Functional
groups

G. Morlock, in Instrumental Methods for the Analysis of Bioactive Molecules, B. S. Patil,
G. K. Jayaprakasha, F. Pellati, Eds., ACS Books Publishing, 2014




JUSTUS-LIEBIG-
UNIVERSITAT

HPTLC-NMR reotscence

— Hyphenation of HPTLC with IH-NMR via TLC-MS Interface

(u:!ngedgo'r 1
2anes !

Caffeic acid
15 pg/band

\ \ [\ } R
N a1 erakasitynaantd AN A oAl g W e ah

T T
TA 72 e 63 s 64 62 [ppm]

G. Morlock, Seminar HPTLC-MS, Fachhochschule Nordwestschweiz, Basel, 23.06.2010
— — — Go0ssi, U. Scherer, G. Schlotterbeck, Chimia 66 (2012) 347
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Goal: From bioactive zone to sum formula I

...In a single run!

hR; value
Polarity

NMR UV/Vis/FLD

Structure Structural
confirmation information

Bioactive zone

HRMS Derivatization

Suggestion
sum
formula

Functional
groups

G. Morlock, in Instrumental Methods for the Analysis of Bioactive Molecules, B. S. Patil,
G. K. Jayaprakasha, F. Pellati, Eds., ACS Books Publishing, 2014
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H PTLC'MALDI'TOF MS Of phOSphOllpldS Food SI:EE':H:EH
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S. Kruger, L. Burmann, G. Morlock, J Agric Food Chem, in print
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Confirmation by MS

Intensity

1 m/z 269
[M-H]~
E1

b1
%
4 2831 [M-HJ"
| L. I | CAPE
m/z et ] | Ovee e
2 300 350 400 [M*-H]- 2081
< 08
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3 E2 - 271
E e, v 295 1
5 2
1 J,,L e, L.LL-,. .LL_.LL, b bz
w3 100 200 300 400

mz

I. Klingelhofer, G. Morlock, J. Chromatogr. A 1360 (2014) 288-295
G. Morlock, I. Klingelhofer, Anal. Chem. 86 (2014) 8289-8295
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[Lochn, Kriger)
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W Effektive Analytik
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G.E. Morlock, g&more 01.14 (2014) 43-47
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Bioactive compounds of interest in botanicals
used as spices or food supplements?




GDCh course 338/15

GDCh

The day after i

GESELLSCHAFT DEUTSCHER CHENIKER

EDA by HPTLC-
(bio)assay-HRMS

Prof. Dr. Gertrud Morlock

"

12. November 2015
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EDA of 68 botanicals (#24-46) food science
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EDA of 68 botanicals (#47-68) -~

JLU Giel3en
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EDA of 68 botanicals

Ginkgo
Guarana
Kola
Pfefferminze
Oregano
Zichorie
Weinblatter
Kardamom
Zitronenschale

. Hagebutte

. Wacholderbeere

. Honigbusch

. Schafgarbe

. Passionsblume

. Hibiskus

. Gelber Fruchtetee

. Brombeerblatter

. Acerola

. Holunderbeere

. Gruiner Matetee

. Spitzwegerich

. Schwarzes Johannis-
beersaftkonzentrat

. Weilldornblatter #1

©OoNOOIAWDNE

Heidelbeere
Rosmarin
Lemon verbena
Eukalyptus
Melisse
Kimmel

Salbei

Hopfen

Majoran
Orangenschale
Liebstockelwurzel
Traubenkerne
Fenchel
Ginseng
Holunderbliten
Roter Frichtetee
Zimtrinde
Schachtelhalm
Sternanis
Orangenbliten
Basilikum
WeilRdornblatter
Charge 2
Kamille
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. Sanddorn

. Bockshornklee
. Thyme

. Ingwer

. Andorn

. Brennnessel

. Artischocken

. Nelken

. Gerdsteter Matetee
. Jasmin

. Sonnenhut

. Koriander

. Licorice

. WeilRdornextrakt
. Apfelschalen

. Sellerieknolle

. Galgant

. Knoblauch

. Taigawurzel

. Himbeersaftkonzentrat
. Traubenschalen
. Rooibos
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Characterization of bioactive compounds
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Goal: From bioactive zone to sum formula I

...In a single run!

hR; value
Polarity

NMR UV/Vis/FLD

Structure Structural
confirmation information

Bioactive zone

HRMS Derivatization

Suggestion
sum
formula

Functional
groups

G. Morlock, in Instrumental Methods for the Analysis of Bioactive Molecules, B. S. Patil,
G. K. Jayaprakasha, F. Pellati, Eds., ACS Books Publishing, 2014
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A ( Bioassay |/ ‘\
/| Identification: Targeted e v 4
T Y

' Hyphenations -

Bi : Non-targeted
loassay 9 /2\ )|
Sample fingerprint and profiling = ’/\’

Novel effect-directed profiling

Comprehensive information
Analysing samples as raw as possible
Identifying single compounds generating the effect

Reduced matrix interference

Improved capability of detection

11117

Support decisions in natural product search and health issues
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@ 2001

@ 1975 Ultra TLC
High-performance (UTLC)
. 1938 TLC (HPTLC) 5

Thin-layer
chromatography (TLC) —:j
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Office chromatography

Sampleg
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e Samples (nL) as Drying with * Digital image
lines or rectangles | |/ IR light scan or evaluation
: [ Peltier carrier table .
* Mobile phase (pL) * Image processing
as continuous line * Detection with S
S / UV/Vis light scans . Multlvgrlate data
¢ Derivatization of camera analysis |
reagents (L) \ -
as area ‘ /
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Novel layers

UTLC HPTLC
First report | 2001 [5] 2001 [47] 2007 [49] 2008 [28] 2009 [56] 2011 [60] 2011 [63] 1975 [3]
Layer type Maonolithic Monolayer on Ordered (non)po- Nanostructured | Electrospun Carbon-nano- Submicrometer | Particulate layer
layer channel bottom rous pillar arrays layer mat tube-templated | particulate layer
microfabrication | with cross
(CNT-M) linked polymer
brushes
Technique of | Polymerization | DRIE of Si-wafer Mid/Deep-UV GLAD of Electrospinning | Coating CNTs Slurry overlay Slurry overlay on various
fabrication on glass plate surface and lithography, DRIE of | inorganic oxides | of (composite) with silica by on Si-wafer and | carriers (glass plate,
(sol-gel pro- coating Si-wafer surface on glass plates polymer (pseudo) atomic | brush coating by | aluminium or polymer foil)
cess) and opt. and coating solutions on layer deposition | polymerization and coatings
photografting aluminium foil plus second
coating
Layer icon

Layer struc- Maonolithic Monolayered Monolayer coa-ting | Column array of | Spun mat of Silica coated Non-porous Spherical Irregular
ture texture with porous silicon or monolithic silica | verticals, posts, | nanofibers (@ (20-60 nm) particles coated particles of @5 - 7 um
1-2 pm bottom of a shell of cylindrical helices, zig-zags | 200-400 nm, herring-bone with a polymer
macropores nanochannel (0.7 | pillars (@ 4 pm, 10 | or blades cm to m long) hedge array (3-4 | brush layer
um wide, 0.3 pm | pm high, spaced (spaced 2 - 50 forming pm wide, spaced
deep) 0.3-1.7pum)ina nm) with cylindric 4-7 um) forming
70 pm (an)isotropic channels channels (50-
nanochannel structure 100 pm long)
Layer thick- 10-50 Monolayer Monolayer or 0.5 1.3-7 15-25 50 15 50-200
nesses (Lum) 0.05-0.3 um porous shell
Adsorbent Silica gel, poly- | C8,C18 C8; Silica, zirconia Glassy carbon, Silica, Polyacrylamide; | Silica, amino, cyano, diol, C2,
types (4-methyl- C18 [50] alumina, polyvinyl amino poly(GMA-co- C8, C18, cellulose, etc.
styrene-co- titania, C18 alcohol, DEGDMA-NH;)
chloromethyl- polyacrylonitrile [64]
styrene-co-
divinylbenzene)
Layer geome- | 60 x 36 or 0.7 x 20 0.14 x 40; 25x 25 or 30 x 60, indivi- 12 x 60 25x 25 200 = 100,
try (mm) 30x33 10 x 30 [50] 100 x 20 dually sliceable individually sliceable

G. Morlock, J. Chromatogr. A 1382 (2015) 87-96
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Le Club de CCM, 1998-2008
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