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Hyphenation

1980: term hyphenation by Hirschfeld

comprises the different approaches to combine mainly spectrometers
with chromatographic systems to get further information about the sample

hyphen (-) symbolizes this attempt of combination,
which did not reach its stage of full maturity so far

slash (/) is found for hyphenated methods at a maturate state

Nobody takes care about it!

2007: term “hypernation“ (super-hyphenation) by Wilson and Brinkman
— to place all of the required spectrometers into a single system
so that all of the spectroscopic information is obtained in a single run
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Problems associated with column-based hypernations

« Capital cost and strategies for dealing with the large amounts of data
produced by such systems.

o Complexity of instrumentation increases — difficult to operate in routine
* A single eluent (— optimal for all detectors) is difficult to obtain.

 Differences in sensitivity are challenging.

Less challenging in HPTLC-based hypernations

* Open system is highly adaptive to different sensitivities

» Cost-effective by modular instrumentation

« Generating less data due to targeted access to points-of-care

» Directly accessible for the respective optimal solvent
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— The main difference
HPLC: sample in solvent; after separation — sample in waste
HPTLC: solvent evaporated; after separation — sample on plate
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e HPTLC-UV/Vis/FLD-bioactivity-HRMS [15],
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ARTICLE INFO ABSTRACT

Article history: This review is focused on planar chromatography and especially on its most important subcategory high-
Available online 20 May 2010 performance thin-layer chromatography (HPTLC). The image-giving format of the open, planar stationary
phase and the post-chromatographic evaporation of the mobile phase ease the performance of various
Keywords: kinds of hyphenations and even super-hyphenations. Examplesin the field of natural product search, food
M_ass spectrometry and lipid analysis are demonstrated, which point out the hyphenation with effect-directed analysis (EDA)
P{lgh—pt‘; fo“m‘i'”cc thin-layer and mass spectrometry and illustrate the efficiency gain. Depending on the task at hand, hyphenations
ehroma .981‘1'3 v . can readily be selected as required to reach the relevant information about the sample, and at the same
Effect-directed analysis . . L. . . s .

Bioassays time, information is obtained for many samples in parallel. The flexibility and the unrivalled features
Cost-effective analysis through the planar format valuably assist separation scientists.

High-throughput system © 2010 Elsevier B.V. All rights reserved.
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Hyphenation with MS

Trends in Analytical Chemistry, Vol. 29, No. 10, 2010, 1157-1171 Trends

Coupling of planar chromatography
to mass spectrometry

Gertrud Morlock, Wolfgang Schwack

Coupling of planar chromatography to mass spectrometry (MS) and especially ambient MS is a relatively new field of great
interest. The direct sample access at ambient conditions and the feasibility to obtain mass spectra free of contamination within a
minute or even within seconds greatly contributes to the progress of planar chromatography. Targeted recording of mass spectra
on zones of interest is performed after evaluation of the chromatogram, thus providing high efficiency. Reported approaches for
coupling are divided into elution-based and desorption-based techniques. Devices of both categories are commercially available.
As a consequence of increasing importance, a rethink of the terminology of liquid chromatography with MS has to be considered.
© 2010 Elsevier Ltd. All rights reserved.
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1. Introduction

Planar chromatography comprises all
chromatographic techniques that have an
open planar stationary phase present as or
on a plane [1]. Therein, simple thin-layer
chromatography (TLC) is the most wide-
spread chromatographic technique:;
whereas high-performance TLC (HPTLC)
is considered as the most efficient and
powerful planar chromatographic tech-
nique, with optimized coating material
(lower particle size and narrower particle-
size distribution) combined with advanced
instrumentation for most of the steps of
the chromatographic process |2]|. Paper
chromatography is not used very much at

the MS by means of a specially-built inlet
probe [6].

Since that time, the spectrometry mar-
ket has continued to grow and column
chromatography has been brought for-
ward, but coupling of an open planar
system with MS required more effort than
column-derived techniques. Although
reviews about TLC-MS were regularly
reported by Busch [7—10] or Wilson [11-
13], it was not until the past decade that it
attracted interest because of several suc-
cessful approaches and the invention of
ion sources working under ambient con-
ditions and atmospheric pressure. which
enormously eased the introduction of a
planar object.
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ARTICLE INFO ABSTRACT

Article history: Thin layer chromatography (TLC)—a simple, cost-effective, and easy-to-operate planar chromatographic

Available online 2 February 2011 technique—has been used in general chemistry laboratories for several decades to routinely separate
chemical and biochemical compounds. Traditionally, chemical and optical methods are employed to

Keywords: visualize the analyte spots on the TLC plate. Because direct identification and structural characterization

TLC-MS

of the analytes on the TLC plate through these methods are not possible, there has been long-held interest
S in the development of interfaces that allow TLC to be combined with mass spectrometry (MS)—one of
Vacuum-based ionization . ] . ) . _ . .
T the most efficient analytical tools for structural elucidation. So far, many different TLC-MS techniques
Desorption/ionization . . . . . ) . .
Pamnt omoeoalio e have been reported in the literature: some are commerciallv available. According to differences in their

Ambient ionization
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Elution head-based HPTLC-MS — TLC-MS Interface

Inlet Outlet
— Laser on/off ——>
Flunger up/down =
Cleaning ——>
Plate/foil | Frit

- - &
Cutting edge | \ | |
Zones On/off connection valve to MS

|

H. Luftmann, Anal Bioanal Chem 378 (2004) 964-968
A. Alpmann, G. Morlock, Anal Bioanal Chem 386 (2006) 1543-1551




Elution head-based HPTLC-MS
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Falsification of food color with unauthorized Sudan dyes

Reactions on the plate The utmost selectivity change
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E. Pellissier, W. Schwack, CBS 103 (2009) 13-15
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Cutting edge geometry
— U. Jautz, G. Morlock, J Planar Chromatogr 21 (2008) 367
— G. Morlock , CBS 103 (2009) 16

4 mm 4 mm | ..’\
N ) -
mml I“””“ P -

Cutting edge height
- 0.2 mm for standard layers — CAMAG Bibliography Service CBS 102 (2009)

- 0.1 mm for extra thin layers — u. Jautz, G. Morlock, Anal Bioanal Chem 387 (2007) 1083
- 0.5 mm for preparative layers — E. Dytkiewitz, G. Morlock, J AOAC Int 91 (2008) 1237
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Performance data = TLC-MS Interface

Einlass Auslass

— highly reliable hyphenation

— highly targeted

HPTLC-ESI-MS Linearity Precision

(SIM, peak area)

Dyes hRg- | Calibration range | Determination Conc. %RSD,
value (ng/band) coefficient (ng/band) n=5

Dimethyl Yellow 65 12 — 234 0.9943 1125 8.1

Solvent Blue 35 41 10 - 52 0.9931 750 4.6

Sudan Red G 27 6—117 0.9984 564 8.8

Solvent Blue 22 17 21 -78 0.9976 750 3.8

Oracet Violet 2R 4 8 — 156 0.9752 1500 11.6

Mean 0.9923 8.0




Performance data obtained with the TLC-MS interface

ol UNIVERSITAT
\&/ GIESSEN

= before: check of performance data by HPTLC-Vis

Calibration for Solvent Blue 35 (%0RSD = 1.3%)

10000 7
Signal intensity [aU] Y o= -G36.076 + (21599020 % X3 /(178,308 + X2) sdv=1.33%

9000 — Solvent Blue 35

5000 —

Overlay of 5 analog curves (%0RSD < 1.3%)
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G. Morlock et al., in preparation




Detectablility by HPTLC-ESI-MS/MS

m/z 115 (-68 Da)
m/z 115 (-68 Da)

m/z 89 (-94 Da)
m/z 168 (-15 Da)
m/z 140 (-43 Da)

m/z 89 (-94 Da)
m/z 168 (-15 Da)
m/z 140 (-43 Da)
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200 pg/zone harman — 20 pg/zone harman

— LOQ better than 20 pg/zone harman (S/N 20)
— Detectability comparable to HPLC/MS

U. Jautz, G. Morlock, J Chromatogr A 58 (2006) 244-250




Elution profiles with different solvents
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Plate/foil | Frit

.

Cutting edge

Zones
™1 Methanol - buffer
| I L
0 L L L L L L LN L B BN LA N AL AL AL B \\HH—M&ﬂbWH LN DL AL B AL B
1001 Methanol - ethyl acetate - buffer
%_

1004

%_

Ethyl acetate — buffer

2.00 4.00 B.00 5.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00

A. Alpmann, G. Morlock, Anal Bioanal Chem 386 (2006) 1543-1551



DT Hands-free interface called ‘R3D3’
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Elution profiles 951 A
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Data of validation without IS

— Repeatability (%RSD, n = 6) in matrix: 5.6 %
— Linearity R?: 0.9973

1.0x1077
y = (12730 £ 329)x - (252000 + 103500)
E 7.5x105=
=T
E 5.0x10°+
2
S
2.5x105~
R?=0.9973
G | ] | | | ] | | | ] | |
0 100 200 300 400 500 600

Caffeine [ng/band]

H. Luftmann, M. Aranda, G. Morlock, Rapid Commun Mass Spectrom 21 (2007) 3772-3776




Analysis of samples containing caffeine

Pharmaceutical Energy drink

Sample mean = SD mean = SD
(mg/tablet) (mg/100 mL)

HPTLC/ESI-MS 102.09 £5.76 32.91+£1.60
RSD (%, n = 6) (5.6) (4.9)
HPTLC/UV 101.98 £2.30 33.71 £0.96
RSD (%, n =5) (2.3) (2.8)
Label 100 32

— Comparable findings to validated HPTLC/UV methods (F-test, t-test)




Comparison of automated interfaces

Parameter Precision Linear Response
%RSD r2

Quantification without internal standard

|> Elution head (autom.) <5.6 % 0.9973
DESI <16.8% 0.95-0.98
MALDI 10 % -
LA-ICP 17-41% > 0.90

Quantification with internal standard

Micro-junction ESI <44 % 0.9999
SALDI/APCI 7% 0.9991
MALDI <8.9% 0.9969
LA-ICP 3-40 % >0.98

G. Morlock, W. Schwack TrAc 29_10 (2010) 1157-1171




Pyridinol in tablets
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...Nno need for a higher separation power...

— Repeatability (%0RSD, n = 6) in matrix: 0.4 %

— Intermediate precision (%RSD, n = 3) in matrix: 2.95 %

— Recoveries of spiked samples (three levels): 98.5 - 101.9 % (+ 3.6 - 4.7%)
— LOD/LOQ: 0.6/2.0 pg/mL (6/20 ng/band)

— Up to 17 times less mobile phase consumption

— Up to 8 times faster

— Selectivity proven by spectral purity

UV/ \MS

Scan ES+

100 100, 369.1 1.57e7
80 r >0.9997 .
within a zone | [M+H] >
%_
+
3702 [M+Na]
»
Lagag
0 . A . A.‘l . N . A, L L, L . . l A‘mlz

200 250 300 350 400 450 500




Caffeine, ergotamine and metamizol in tablets
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M. Aranda, G. Morlock, J Chromatogr Sci 45 (2007) 251-255



Active ingredients in energy drinks
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Simultaneous determination by MWL scan (UV/FLD) — Derivatization — Vis
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Confirmation by MS
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M. Aranda, G. Morlock, J Chromatogr A 1131 (2006) 253-260




— Flavonoid/phenolic acid profil

Resinated buds, e.g. of
poplar and horse chestnut

Cooperation with Wala and Apicultural State Institute, Stuttgart




Information obtained from one plate
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Fast characterization Lipophilic zones —  Flavonoids — Flavonoids — Flavonoids —
berberine (366 nm)  AICI, (366 nm) Neu (366 nm) Neu/PEG (366 nm)
of samples by HPTLC

Native fluorescent
Visible zones zones (366 nm)

Sugars — Amino acids — Phenolics — Antioxidatives —
DPA Ninhydrin Fast blue salt DPPH*

E =
“‘ B




R Flavonoid/phenolic acid profil
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— German propolis

O O M M \Y

— Screening of 100 samples showed characteristic marker compounds

— 2 types of propolis




Flavonoid/phenolic acid profil

— Foreign propolis: additional green type




Plant origin in type O?

Pinocembrin

Galangin p-Cumaric acid

CAPE

Naringenin
Caffeic acid

Chrysin
Kaempfero!

Quercetin Ellagic acid

Apigenin
Chlorogenic
acid

Sample

Mix 1 Black poplar Horse chestnut Mix 2
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Desorption-based HPTLC-MS — HPTLC-DART-MS
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Direct Analysis in Real Time Mass Spectrometry

sample in

E. Chernetsova, G. Morlock, Rapid Commun Mass Spectrom, in print




Confirmation of marker compounds by MS
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ESI-MS full scan spectra
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G. Morlock, W. Schwack, TrAc 2910 (2010) 1157-1171
E. Chernetsova et al. Mass Spectrom Rev 2011, in print




Confirmation of marker compounds by MS

TLC-MS VERSUS TLC-LC-MS FINGERPRINTS OF HERBAL
EXTRACTS. PART Il. PHENOLIC ACIDS AND FLAVONOIDS

Mieczystaw Sajewicz,’ Dorota Staszek,’ Maja Natié¢,"? Lukasz Woijtal,"
Monika Waksmundzka-Hajnos,® and Teresa Kowalska'

! Institute of Chemistry, University of Silesia, Katowice, Poland
*Facully of Chemistry, Universily of Belgrade, Belgrade, Serbia
3Depaﬂmm of Inorganic Chemasitry, Medical University of Lublin, Lublin, Poland

(] In the previous paper from this series, we proposed mass spectrometric fingerprinting of a
complex and volatile botanical sample upon an example of the essential oil derived from Salvia
lavandulifolia. In that paper, we compared two variants of fractionation of such a mixture. A
simpler one-dimensional variant consisted of the low-temperature thin-layer chromatographic frac-
tionation coupled with mass spectrometric fingerprinting of each separated fraction (1D LT
TT.C-MS). A move sobhisticated variant was the two-dimensional Lowid chromatoorabhic svstem




More information about unknown samples

Sucralose in sewage and waste water

Variety of derivatization options

R-N = Vis " DPA=Vis | I ABA = UV 366 nm

White light UV 366 nm UV 366 nm




Confirmation by HPTLC-MS
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Analysis of sewage effluent and river water ‘#

HPLC-TOF or -MS/MS with isotopically labeled standard
...or HPTLC-Vis?

Vis - Plate 2

sS4 S5
Mean value (ng/L) Sample A | Sample B | Sample C | Sample D
HPLC-TOF or -MS/MS 5869 7302 186 200
(n = 6 laboratories)
HPTLC-Vis 5863 7034 247 218
(n=2)

G. Morlock, S. Grashorn, L. Schuele, J Chromatogr A 1218 (2011) 2745-2753



Additives in food packaging foils

UM[MEF@UT”T
PHESSEN
Vibrio fischeri >
-
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-
—
blank Pl
100 -
gj o
a0 .
I 0l
0
i
a:l -
ﬂj ]
a5 | mfz 393
3] 4
B:I -
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l:l LI T T hI l lL T T T
] 100 20 2 400 A00 50 T 200 aan

E. Dytkiewitz, W. Schwack, CBS 105 (2010) 13-15



Detection of additives in polymer packaging foils

Bis-2-ethylhexyladipate

MS signals Mass Mass A (ppm) Sum formula Assignment
of determined theoretical
HPTLC 393,2985 393,2981 -1,0691 C,,H,,0,Na [M+Na]*
zone 763,6077 763,6064 -1,7164 C,,Hg,O5Na [2M+Na]*
100
m/z 763
gj o
20 | -
o -
s
a7
a0 mfz 393
3] 4
a0 1 |
0 A
0 b hll h. i . i : .
u] 100 A0 ciil G400 S0 (=l Jao 200 o 1000

E. Dytkiewitz, W. Schwack, CBS 105 (2010) 13-15



HyC 0 ﬁ i i
3 V\j\/ \C)/\/\AO/\fAcm Bis-2-ethylhexyladipate

MS signal Mass Mass A (ppm) Sum formula Assignment
of determined theoretical
Plastic foil 371,3174 371,3161 -3,4071 C,,H,50, [M+H]*
HPTLC 393,2985 393,2981 -1,0691 C,,H,,0,Na [M+Na]*
zone 763,6077 763,6064 -1,7164 C,,Hg,O5Na [2M+Na]*

N




Dye analysis

EXIN ZXIN IXIN Z19 2d3 EXIN ZXIN LXIN 119 ad eXIN ZXIN LXIN - Bor  La3 eXIN 2XIN LXIN

- ——n — SR———

e

\/ — —

,,,,,,,,,,,, Up to 40 runs in 12 min using 8 mL solvent => 20-s runs with 200 pL solvent comsumption |

o E100
E1o7 E121 Ef41Cu
E103 E141Na

o8
o8
E122 E125 g4

Ef29% |
=i El Ef05

E;- rac e G it et

Mix1 Mix2 Mix3 ED1 Jog

G. Morlock, C. Oellig, J AOAC Int 92 (2009) 547-554




Dye analysis

EXIN ZXIN IXIN Z19 2d3 EXIN ZXIN LXIN 119 ad eXIN ZXIN LXIN - Bor  La3 eXIN 2XIN LXIN

Wy c——— e S S— — —

Up to 40 runs in 12 min usmg 8 mL solvent => 20-s runs Wlth 200 pL solvent comsumption

—_——— =0 —_—

Mix1 Mix2 Mix3 ED1 Jog Mix1 Mix2 Mix3 FD BT1 Mix1 Mix2 Mix3 ED2 BT2 Mix1 Mix2 Mix3



I Digital guantification
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m VideoScan - [Profile comparison]
"] File Edit Wiew Profile Extras Window Help =i

w| =] =] 2|82
Profile height
ED2 Mix 1 —  Kalibration fiir E122
40000 o
1 0000
20000 A
10000 o
000 - 4 51
I
42
2000 A
E122
2000
1000
o
' | ' I ' I ' | ' I ' | ' I ' I ' I ' I
oo oA 0z 0.z 04 05 0.6 o7 0.z [IR=] 1.0
Rf distance dovn track




Digital filters
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A No filter . B Red filter C Green filter D Blue filter

E122

E110

E131
-
é |

E142
> E126 Ei02
me—
>

e E132

a ( w

G. Morlock, W. Schwack, Die Aktuelle Wochenschau der GDCh,
Woche 26 (2009), www.aktuelle-wochenschau.de
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Dye analysis

E100 e E141 C STV
E127 E121 el —
E103 E141 Na
E122 E125 E101 | EL22, Probe
E122, Standad
E129 i
E110 E104 E105 )
E131 o
E124 E133
B 142 =123 E188 =i
S 151
E126 o o e
E101b ae0 R
E132 B 120 S 163 w0
Mix 1 Mix 2 Mix 3
180 5 = ‘
Al \ -
160 _NE*OE o / "\ E122 i/, "~
Nl /N e
140 - O o 20 / \ 1 :\)_ —
§ \ 7/ TN o
1201 N - %
= N\ o
% 100 4
:;E 80
2 \
60
04 y=-0.0015x" + 1.0906x - 0.6693
R?*=0.9999
20
O T T T T w\&
0 100 150 200 250 o S e )
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Search in spectra library
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Analpsis Library (30 spectra)
Spectrum *  HHL i aph £ Library Overlay Conelation ¢ Difference
7B 78_200
100 4 100

AU /\ \ AU
50 / 80
70

/ 70

B0 / B0
-
a0 | / &0

40 40
30 \ ! 30
20 20
10 10
0 - . : . - ] 0 . . . . . '
350 400 450 500 nm 600 350 400 450 500 nm 500
Add this spectum to libramy ... [ Agsign 7B_200 to current peak

F:\ElodiehSudan dyes.cna j

0.99928
0,98961 RFO0.36
0.90488 RFO0.32
0.90417 | RF0.33

Track : [3 :I
Position : MD{™ Rf6 {“ 037 ﬂ
Assigned substance : ‘73

Linkfiles \Compare analysis - library A Editlibrary A Compare library - library /




Confirmation by mass spectra
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"1 HPTLC-ESI/MS of the standard zone E122

100

80

'm/z 228 [M-2Na]*

60—:
40_:
20{
260 o 3(;0 | 4(I)O 5(;0 V 6(I)0 | | 7;2)0 80I0 mI/z
1[(2 HPTLC-ESI/MS of the respective zone in energy drink 2
80—:
] m/z 228 [M-2Na]*
60
40
20

200 300 400 500 600 700 800 m/z

G. Morlock, C. Oellig, J AOAC Int 92 (2009) 547-554




Rare examples for HPTLC
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A — —
Why stop here? [F
Dyes . N

Sample found O

Bakery |r.|k 122
formulation .
124

E127 E121 ET41Cu
E103 E141Na

Energy drink 1 133

122
~—

g2z Bl gy

Energy drink 2

E128

EM0  Eqo8  Eqpes

N




Rare examples for HPTLC
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- & U
@ AN :
o

Information obtained from a single plate |dentity '
Dyes Concentration | %ARSD 20 TR Mass signal(s) (full scan, (
Sample (400—800 nm) of
found calculated (n=2) m/z 100-900)
standard and sample
Bakery Ink 122 66.4gL | 00 > 0.99996 228 [M-2Naj? c
formulation
124 13.3 g/l 2.1 = (0.99957 279 [M-2Na]*
178 [M-3Na]* E121 ETITCL
Energy drink 1 133 9.1 mg/L 0.1 > 0.99964 373 [M-2NaJ* il
Energy drink 2 122 76.2 mg/L 36 > 0.99958 228 [M-2Na* e Ei

Et29
E 15




K. Minioti et al., Anal Chim Acta 583 (2007) 103-110
2G. Morlock, C. Oellig, J AOAC Int 92 (2009) 547-554

Cost comparison

Operating
costs/run (€)

Mobile phase

Statlonary phase

=> 11 X lower

Appllcatlonllnjectlon

=> 54 x faster

Time/run (min)




LC—_MS

TLC/HPTLC-MS - - HPLC-MS
JUSTUS-LIEBIG- Eluti . l | H
, - ution-based approaches Desorption-based approaches
=S| UNIVERSITAT PP : : P PP
\&/ GIESSEN
) ; : Atom bombardment FAB Chang et al.1984
Anderson/Busch 1998 Micro capillary arrow (fast atom bombardment) =

R S ] lon bombardment SIMS Kushi/Handa 1985 ' i

i . | secondary ion MS -

| | Van Berkel et al. 2002 | Surface sampling probe | ] ( yien M |
LO-C Ramaley et al. 1983 :
7 Hsu/Shiea et al. 2003 Overrun chromatography (laser desporption amaley et al. :
! chemical ionization) -
i el e Siscassassassascssscssssscessassassasnanacs i
o ! MALDI :
% : o (matrix-assisted laser Gusev/Hercules et al. 1995 :
i i : desorption/ionization) s i
S‘ i Chai et al. 2003 (overpressure layer Y N St D Ol eteeeececeseseresesererasasasasasasast i
=1 5 1
S i chiomgtography) Forced-flow techniques SALDI e - i
L RPC (surface-assisted laser Chen/Shiea/Sunner 1998 :
; [ Van Berkel et al. 2004 il —— desorption/ionization) i
= chromatography) : Laser light beam T :
! (electrospray-assisted laser 1 LIn/Shiea et al. 2007 :
....................................................................... : desorption/ionization) i
I
Luftmann 2004 | E|ution head-based interface i LA-ICP :
Prosek et al. 2004 : (laser ablation inductively | Resano/Vanhaecke et al. 2007 :
i coupled plasma mass i
! spectrometry) i
} i
i :
. LIAD :
: (laser-induced acoustic Cheng/Huang/Shiea 2009 !
i desorption electrospray :
i ionization mass spectrometry) i

i DESI Van Berkel et al. 2005 | |
; (desorption electrospray ionization) i
i Spray beam i
| EASI : :
i (easy ambient sonic-spray Eberlin et al. 2008 i
i ionization mass spectrometry) 1!
. e S G Ve
. FA-APGD _
: (flowing afterglow-atmospheric Morlock/Andrade/Hjeftje 2006 |
. . ‘ | isch
------ - Potential for Imaging MS | Excited gas beam , | |, Pressure 90w discharge) e,
i : DART
: (direct analysis in real time) 1 Morlock/Ueda 2007

G. Morlock, W. Schwack TrAc 29 10 (2010) 1157-1171




HPTLC-FLD-MALDI-TOF MS

MS Chromatogram

M. Schuerenberg et al., IMSC 2009, Bremen, Poster PMM 386




HPTLC-FLD-MALDI-TOF MS

X1047 184.08
] —r— Mass spectrum
= 47 ® LPC
I 5 3 104.10
-
% 25 524.38
Chrom“gtsogram =1 3 58.08 Aot
. 253. 1.2 ;
: 146,95 . 341,25 a4129 | |
0- i : | | g .
T T T T T T T T T T T T T T T T T T T T T T T T T 1
PG . 100 200 300 400 500 m/sz
&
= xio4 184,08 o] o
Il
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- AT ™
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w
£
E EEN R s |8
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= o P "‘.‘ i
----- i AR
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50 100 150 200 250 300 350 400 450 500 m/z

Bruker Daltonics Application Note MT-101




MS Chromatogram L Extracted lon Chromatograms (EIC)

.
L




Comparison of mass spectra
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PG 16:0/16:0Nay 767.5 |ao0oo

70000 - 740,35 [M+Na]*

60000

[M+H]* 7183

50000 -

PE 16:0/18:1 Na,

PA 16:0/16:0Na;

0 e e : e : ST
0 100 200 300 400 500 600 700 800 900 10

PC 16:0/18:1 760.5

250000

I~

760,45 [M+H]*
200000 -

725.6
SM 16:0 Na 150000 782,35 [M+Na]*
100000 -
524.4
50000 -
LPC 18:0
I | Loabd " aha bk ul I 0 t 2 . BPRSURET YR TV lu.L..‘ P ‘ - L.FL‘ML“ .
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Comparison of the approaches
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DART/APGD —

l

Lol

AN

Elution-head
based
Interface

D N N N N N NN

dry desorption technique «<— DESI

no plate preparation etc. «— SALDI, MALDI

ambient conditions, no high voltage «<— micro junction
simple spectra «— MALDI, SIMS

guantitativ with internal standard — scan function

strict protocol for plate preparation
complex spectra
guantitativ with internal standard — scan function

universally connectable to any LC-MS system given

plug & play interface (without adjustments or modifications)
whole plate (no cut)

all carriers on mostly all layers <— micro junction

whole zone incl. depth profile — high detectabilities
guantitativ without internal standard <— desorption techniques

targeted recording —> cost-effective, but no scan function
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HPTLC-DRIFT

Ellipsoidal collecting mirror

Moveable

Detector plate carrier
4—

l

Paraboloid mirror

IR beam V

Planar mirror
with diaphragm
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HPTLC-ATR FTIR

« attenuated total reflection infrared (ATR IR) spectroscopy

« samples examined directly (solid or liquid) without any preparation

Satple m contact
with evanescent wave Sample Holder

To Detector

Infrared Beam ATR Crystal

« zone eluted via TLC-MS Interface in 100 pL

» drop is directly applied and solvent rapidly evaporats
© fast protocol

© pg-amount per zone



HPTLC-ATR FTIR of an anti-inflammatoric compound
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Isolated from Lactobacillus fermentum

100-

98-
- 1151,8

2300
Lesh | Ass Yy A% oo

l 1450,17 1086,49

96
94~
92~
o0l Phosphatidylcholin 1229,51

88~ ﬁ 1738,93

86

%T

2335,97

841 2850,96 2358,71
82+

80- 2852,13

78+

76+ 292217
; 2920731
74+
72-
T v v v v 1 v v v v 1 v v v v 1 v v v v 1 v v v v 1 v v v v 1 v
4000 3500 3000 2500 2000 1500 1000
Wellenzahlen (cm-1)

G. Morlock et al., in preparation
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LLE Application Gradient development Derivatization Vis/UV/FLD — HRMS, NMR, FTIR

4

Zentrum fur Erndhrungsmedizin, Project-No. 2A IV-08, 2010




HPTLC/ATR-IR spectra
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Dithiophosphate additives in mineral ol

100

S
Zinc bis(O,0O’-didodecyl)

1379 679

70
Zinc bis(O,O’-diisobutyl)
— 60
5
50
1 | L
4 J
35 997

Transmission [%]

30
25
2 2957-2855
18

3000 2000 1000
Wavenumber [cm-1]

E. Dytkiewitz, G. Morlock, J AOAC Int 91 (2008) 1237-1244




Hyphenation with NMR
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— direct and online hyphenation

— limitations and possibilities

— coming soon




Raman: FT-SERS
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— based on the work of Dr. Klaus Burgert; Bayer Laboratories, Germany

Vacuum transfer 10 ng/zone p-nitrophenol
= 100 um SiO, layer covered with ~ 30 % Ag | | ‘"
| i |

0098 ‘|‘ | ‘l‘l“ ‘ | |

L] “

AL H |

J‘Hﬁ J U |

fad AT

| = -

Tungsten- Ag - - | ”i“ |
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1900 1700 1500 1300 1100 900 700 500 300 100
om -1




Content

Hyphenations with

. UV/VIS/FLD/derivatizations
MS
FTIR
NMR

oA W e

Bioassays




Effect-directed analysis — sum parameter!

DEUTSCHE NORM

Mai 2009

DIN EN ISO 11348-2

=
Z

ICS 13.060.70

Wasserbeschaffenheit —
Bestimmung der Ham 5
Lichtemission vl _Vibrio fischeri
Teil 2: Verfahren mit flussig getro
Deutsche Fassung EN ISO 11348-2:2

TN

008

Ersatz fir
DIN EN I1SO 11348-2:1999-04

on Wasserproben auf die
buchtbakterientest) —
kneten Bakterien (ISO 11348-2:2007);

—
i iy

i e

Mikrotox® bioassay (e.g. Marti et

7

Al. 2003)

sesaseees e
O |
FaaRaSeRRee
. Bt
mm [Oe 4%




e Chromatography-bioassay versus cuvette test
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— Sampe as original as possible
— Assignment of single compounds

Some days versus some months

— Bio-pattern is visible
— Polarity is clear

DEUTSCHE NORM f Mai2000 e e

DIN EN ISO 11348-2 /

ICS 13.060.70 / Ersatz for @ I
DIN ENM ISO 11348-2:19938-04

[esestese .

...only sum parameter! m.
e

=
Z

Mikrotox® bioassay (e.g. Marti et pl. 2003)

Wasserbeschaffenheit —

Bestimmung der Hemmwirkung von Wasserproben auf die
Lichtemission von Vibrio fischeri (Leuchtbakterientest) —

Teil 2: Verfahren mit fliissig getrockneten Bakterien (ISO 11348-2:2007);

| | Deutsche Fassung EN | 11348-2:2008 ||

- —
] [Cls ded

— Schlesinger et al., Crambe crambe marine sponge extract targets pancreatic and prostate
cancer stem-like characteristics, in submission




/HRMS NMR, FTIR

E

8
e

200

200
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w0
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300

Iil
L e
200

— HPTLC- VIS/UV/FLD EDA HRIVIS

A. Kloppel, W. Grasse, F. Brimmer, G. Morlock, J Planar Chromatogr 21 (2008) 431-436
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Primmorphe as bioreactor

D
OS lt G/‘

A

b

1 Acanthella acuta, very toxic

2 Axinella polypoides, primmorphs more toxic
than in situ sponge

3 Suberites domuncula, primmorphs more toxic
than in situ sponge

4 Dysidea avara, bioactive metabolites besides
Avarol and Avarone, loss of toxic metabolite,
synthesis of enhancing metabolite

5 Petrosia ficiformis with symbiotic
cyanobacteria,

6 Petrosia ficiformis without symbiotic
cyanobacteria, different pattern but equal toxicity

7 Axinella damicornis, synthesis of a new toxic
metabolite in primmorphs

8 Ephydatia fluviatilis, first documentation of
bioactivity, loss in primmorphs
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184 17923

=
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21321615

200

24121085

m/z 313 21615 [M+H]+
leading to avarone with delta (ppm) of 0.18

500 = ulu] T 200 Qoo

G. Morlock, W. Schwack, LCGC Eur 21 (2008) 366-371
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- A sponge might' be motionless,




Screening of natural products by HPTLC-Bioactivity-HRMS

v Combination of different methods (SPE, GPC, prep. HPLC) for fractionation can
be skipped — HPTLC is highly matrix-tolerant gt

v lIsolation and purification of substances, always followed by bloact|V|ty testing,
can be skipped*™ | ‘

v 30 sponge extracts separated in parallel under |dent|cal chromatographlc and
environmental conditions ~

v Directly extracted/desorbed from the HPTLC plate dnd transferdnto the-MS
within seconds or half a minute -

v Highly targeted coupling/with HRMS 68 after evaluatlon jUSt fromzones of
interest — very cost-effective

v Detectability of the extractiof interface comparable to HPLC — the Whole zone
inclusive its depth profile is extracted ' -

v' Bioassays not interfered by solvents — evaporated after Chromatography
— No inactivation o .

Photo A Jaklln Rovinj



HPTLC-VIS/UV/FLD-EDA

Cholinesterase inhibiting pesticides by esterases

— detectability down to 2 pg/zone
— using an esterase and substrate (1-naphthylacetate/fast blue salt B) solution
— white zones on a pink background

5000 /1 /\ [\

[AU] S
400,0

3500

00,0

2500 \

2000 \_\

150.0 K_

ml T
1. Paraoxon-methyl, 2. malaoxon, 3. paraoxon,
4, ethiOfencarb, 5. ChlorfenVinfOS, 6. dichlorvos Absorption measurement at 533 nm

R. Akkad, W. Schwack, J Planar Chromatogr 21 (2008) 411-415
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Detection of antibiotics with Bacillus subtilis

Determination of enrofloxacin
and ciprofloxacin in milk by direct
bioautography detection

# | Fromleft: M Sc. Wioleta Bak, Dr. hab. Irena
Choma, M.Sc. Edyta Grzelak, Dr. Karol Pilorz
1 and Dr. hab. Barbara Majer-Dziedzic.

):l o \{-I'-"._ 2 5 .'# -
ke it PR
éa 5 7 g ’f \1 -fﬂ“\;
iy - N
Sy
e i e ]
1 2 3 4 5 6 7 8 9 10

CAMAG Bibliogr Service CBS 106 (2011) 1-4



N— Detection with chloroplasts (spinach)
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— Photosynthesis inhibiting herbicides (— 100 pg/zone)

T

Er DGRIP

gl - : =y . _{r‘“\)_‘ CHz
{ Yoo e f } i

K. Burger, Bayer AG, Dormagen
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High-Performance Thin-Layer Chromatography
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Planar Chromatography —— UTLC

/ \ UltraTLC

DC/TLC HPTLC
Thin-layer chromatography High-performance TLC

W2 W Z18 203 £XWN ZXIW LW L1804 exiw gxiw b Bor 103 I 2XIN PN

y v ="
— £ e e |
' ' BN i I
-— .gg.::rgn
— standardized
: ' : — reproducible
— reliable
— quantitative
: — adequate
— point of care _ _ _
— compliant with regulations

— qualitative

J. Sherma, G. Morlock, J Planar Chromatogr 21 (2008) 471-477




Office Chromatography

Nanostructured UTLC plates

Print & Media Technologies

+
Chromatography

e Samp/es

m”'s’??g' e ——

SOlveny :
e Printing of samples (pL)

Solvent flow rs;:?fur&ed e Printing of mobile phase (uL)
10, a,
Sample flow on ,,ay’?aofpf)es ej? om'ceo,mmw IR scan for plate drying
' 9rapp, 4. UV)Vis scans for detection

L 5. Digital image evaluation

G. Morlock, C. Oellig, L. Bezuidenhout, M. Brett & W. Schwack,
Anal. Chem. 82 (2010) 2940-2946




Plastic Enclosul {
' A!Fo:\
Collector
| Syringe Pumﬁ |
1
0.9 1
08 § %
o PP
0.6 - {
o 05 ] { { {
¢
0.4
0.3
0.2
0.1 +
0= = = = i ; . - ;
0 10 20 30 40 50 60 70 80 90 100

% Acetone (Acetone:H,0)

Jonathan E. Clark, Susan V. Olesik, Anal Chem 81 (2009) 41214129
and J Chromatogr A 1217 (2010) 4655-4662



Nanotube UTLC

.\ L Q ADVANCED

Mo Cly, AR

. @ 2 ww.afm-journal.de
www.MaterialsViews.com C

Carbon-Nanotube-Templated Microfabrication of Porous
Silicon-Carbon Materials with Application to Chemical
Separations

Jun Song, David S. Jensen, David N. Hutchison, Brendan Turner, Taylor Wood,
Andrew Dadson, Michael A. Vail, Matthew R. Linford, Richard R. Vanfleet,
and Robert C. Davis*

recombination rates, and mobilities are

Carbon-nanotube-templated microfabrication (CNT-M) of porous materials is strongly influenced by nanoscale struc-
demonstrated. Partial chemical infiltration of 3D carbon-nanotube structures f_Ufiﬂg‘H] Often, mUltiple_ I?h}"Si‘fal proper-
with silicon results in a mechanically robust material, structured from the ties are coupled and are jointly influenced

. . . by nanoscale structuring, as is the case
10 nm scale to the 100 um scale. The nanoscale dimensions are determined for strained silicon: nanoscale strain con-

by the diameter and spacing of the resulting silicon/carbon nanotubes, while trol is used to produce higher mobilities
the microscale dimensions are controlled by the lithographic patterning than achievable in the bulk.’! Coupling




UTLC-MS

UTLC plate

w1 Filter paper

l. Vovk et al. J Chromatogr A 1218 (2011) 3089-3094
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