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Hyphenation

e 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

e 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




Hyphenation

Problems associated with column-based hypernations are:

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

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

» Differences in sensitivity are challenging.

All these problems are 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 on the plate

e Directly accessible for the respective optimal solvent

=> The main difference:
HPLC: sample in solvent; after separation — sample in the waste
HPTLC: solvent evaporated; after separation — still on the plate.
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Elution head-based HPTLC-MS — TLC-MS Interface
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Elution head-based HPTLC-MS
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Elution head

Cutting edge geometry — U. Jautz, G. Morlock, J Planar Chromatogr 21 (2008) 367

4 mm 4 mm

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




Elution profiles with different solvents
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Repeatabllity of the extraction

— %RSD = 6.7 % (6 ng/zone, n = 5)
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SIM elution profile of ITX @ m/z 255 [M+H]* and 277 [M+Na]*



Repeatability of extraction

SIM @ m/z 329 [M+Na]*
Repeatability (Y%0RSD, n =9): 7 %
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Analytical response
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Performance data obtained with the TLC-MS interface

= before: check of performance data by HPTLC-Vis

Calibration for Solvent Blue 35 (%0RSD = 1.3%)
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Performance data obtained with the TLC-MS interface

HPTLC-ESI-MS Linearity Precision

(SIM, peak area)

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

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

G. Morlock, W. Schwack, N. Brett, in preparation




Detectablility by HPTLC-ESI-MS/MS

m/z 115 (-68 Da)
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— 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




Hands-free interface called ‘R3D3’

x/y-Motor drive




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
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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 e

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, in submission




Active ingredients in energy drinks

Simultaneous determination by MWL scan (UV/FLD) — Derivatization — Vis
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Confirmation by MS
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Caffeine, ergotamine and metamizol in tablets
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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
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Effect-directed analysis — sum parameter!
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HPTLC-VIS/UV/FLD-EDA-HRMS

G. Morlock, W. Schwack LCGC Eur July (2008) 366-371
A. Kloppel, W. Grasse, F. Brimmer, G. Morlock, J Planar Chromatogr 21 (2008) 431-436




What is it?
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Case study: Structure elucidation

Correct substance assignment of a dye mixture?

Dimethyl Yellow

Oracet Red G

Solvent Blue 35

- Ariabel Red

Oracet Violet 2R www.88chér.com

Indophenol




Improved mass assignment

... from a single quadrupole MS — MassWorks software (Cerno)
WWW.cernobioscience.com

Dye hR.- | Monoisotopic Theoretical A (ppm) | Spectral Double Protonated | Assigned
value mass monoisotopic accuracy bond molecular to
measured mass of the equivalent formula
proposed ion
Dimethyl Yell 65 226.1402 226.1344 -25,5482 | 98.5341 8.5 C,4HgN; [M+H]*

Cy

Dimethyl Yellow
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Improved mass assignment

... from a single quadrupole MS — MassWorks software (Cerno)
WWW.cernobioscience.com

Dye hR.- | Monoisotopic Theoretical A (ppm) | Spectral Double Protonated | Assigned
value mass monoisotopic accuracy bond molecular to
measured mass of the equivalent formula
proposed ion
Dimethyl Yellow 65 226.1402 226.1344 -25,5482 | 98.5341 8.5 C,4HgN; [M+H]*
NHVe

Dimethyl Yellow



Improved mass assignment

... from a single quadrupole MS — MassWorks software (Cerno)
WWW.cernobioscience.com

Dye hR.- | Monoisotopic Theoretical A (ppm) | Spectral Double Protonated | Assigned
value mass monoisotopic accuracy bond molecular to
measured mass of the equivalent formula
proposed ion
Dimethyl Yellc;vv/ 65 226.1402 226.1344 -25,5482 | 98.5341 8.5 C,4HgN; [M+H]*
Oracet Violet 25 17 305.1610 305.1654 14.3803 | 98.0042 11.5 C,oH,,N,0O [M+H]*
Indophenol ,7 4 239.0839 239.0821 7.7270 85.4156 10.5 CHiiN,O, | [M+H]*

o 2

Z «-|--»
O
T

Dimethyl Yellow Oracet Violet 2R Indophenol
238 Da 199 Da




Request to supplier for single compounds
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— The elution order was wrongly assigned.




Improved mass assignment

... from a single quadrupole MS — MassWorks software (Cerno)

Dye hR.- | Monoisotopic Theoretical A (ppm) | Spectral Double Protonated | Assigned
value mass monoisotopic accuracy bond molecular to
measured mass of the equivalent formula
proposed ion
Dimethyl Yellc;vv/ 65 226.1402 226.1344 -25,5482 | 98.5341 8.5 C,4HgN; [M+H]*
Indophenol 7 17 305.1610 305.1654 14.3803 | 98.0042 11.5 C,oH,,N,0O [M+H]*
Oracet VioIet\Z} 4 239.0839 239.0821 7.7270 85.4156 10.5 CyHi{N,O, | [M+H]*
O NHVE

|
N\
Cr N O‘O

Dimethyl Yellow

O

/?

Indophenol

199 Da

0 NHy
0 NH,

Oracet Violet 2R



Improved mass assignment

... from a single quadrupole MS — MassWorks software (Cerno)

Dye hR.- | Monoisotopic Theoretical A (ppm) | Spectral Double Protonated | Assigned
value mass monoisotopic accuracy bond molecular to
measured mass of the equivalent formula
proposed ion
Dimethyl Yellow 65 226.1402 226.1344 -25,5482 | 98.5341 8.5 C,4HgN; [M+H]*
Solvent Blue 22 17 305.1610 305.1654 14.3803 | 98.0042 11.5 C,oH,,N,0 [M+H]*
Oracet VioIet\Z} 4 239.0839 239.0821 7.7270 85.4156 10.5/ C,4H{;N,0O, [M+H]*
| O NHVE ’/
<h Tl D s
o— P pd
S m
©/ NN O‘O Q N g‘g
o Q0 MH-
Dimethyl Yellow Chinoneanil Oracet Violet 2R




Case study: Structure elucidation

Correct substance assignment of a dye mixture?

K I Dimethyl Yellow

-
o Solvent Blue 35
Q Sudan Red G

U Solvent Blue 22

;j_ Oracet Violet 2R

Just partly:

1.
2.
3.

Ariabel red is Sudan red G.
The elution order was incorrectly assigned.

One compound was not the one intended to
be: The quinoneanil Solvent Blue 22 was
incorrectly labeled as indophenol.

Two manufacturers with incorrect label.

G. Morlock, W. Schwack, N. Brett, in preparation



Additives In food packaging foils

rio fischeri

mfz 393

5 i . . hl L

] 100 2m an 4010 | &0 T 00 am




Detection of additives in polymer packaging foils

CHs

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
0 | b
e ol
o -
a5
L N
a0 mfz 393
3] 4
2 1
0 A
a b : hll h. i . i : .
u] 100 A0 (=l Jao 200 o 1000

4010 |




Detection of additives in polymer packaging foils

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

CXIN Z2XIN

IXIN- 219 ¢d3  €XIN ¢XIN LXIN 119 dd SXW\I ZXllN LXIN 50[‘ Ld3 EXIN ZXIN

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

n IR E100
E127 E121 E141Cu
E103 E141Na

Hog

—os

E122 E125 g4

E129 il
E110 E104 E105

R T u-“-‘*!_ ﬁu—_ = it pen i et gt 0 e o i i LD

M|x1 Mix2 M|x3 ED1 Jog Mix1 |V|iX2 M|x3 FD BT1 Mix1 Mix2 Mix3 ED2 BT2 M|x1 M|x2 IVI|x3 7

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



Dye analysis

EXIN ZXIN

LXIN 219 ¢a3 €XIN ZXIN LXIW 119 CI:l SXW\I ZXlV\I IXIN Bor 1a3 eXIN ZXIN

v —

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

=S ——————————— Y ———

MIXT M1x2 M|x3 ED1 Jog Mix1 M1x2 Mix3 FD BT1 Mix1 Mix2 Mix3 ED2 BT2 M|x1 Mix_27 M{xé



Digital quantification

m VideoScan - [Profile comparison]

"] File Edit Wiew Profile Extras Window Help

FEERE T

Profile height
ED2 Mix 1 —  Kalibration fiir E122
40000 o
| 20000~
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10000 o
4000 ] S
I
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2000 A
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o
' | ' I ' I ' | ' I ' | I I I I
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Rf distance dovn track




Digital filters

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

E122

E110

E131
-
é |

E142
> E126 Ei02
me—
>

a ( w

—— E132

G. Morlock, W. Schwack, Die Aktuelle Wochenschau der GDCh,
Woche 26 (2009), www.aktuelle-wochenschau.de/2009/index09.htm




Dye analysis

T

oo

oo

E100 — E141 C & T T
E127 E121 PO = —
E103 E141 Na
|au) 24 s
E122 E125 E101 RE iy E122, Probe BT
Ly H R
E129 i ‘
E110 E104 £105 ) : I/
E131 e i
E124 2 E133 1 [
. E123 £l = ! e {f J
A —
B E151 1 , \N |
E126 | _J_l_ N —— ———
E1g1b E120 E163 - v (e N e e——
——m—— | — T — o
(R E132 ——— (NPT E124. Probe i o W
Mix 1 Mix 2 Mix 3
180 5 O = . ‘
I 3
_Na*DriS [AU] r/—\\
160 g / ‘5:\ E 1 22 Na+0'_ g _{,,'_{\)_ HO, }:}, f—X
140 o a0 / \ 1 :\ \Nﬁ_;\ /_
_ 120~ / \ s B
o | h 0
< 60.0
100 -
;E 80
£ i 7
60
104 y=-0.0015x" + 1.0906x - 0.6693
R?*=10.9999 20 4
20 oo
O T T T T oo T T T \A& T T
0 50 100 150 200 250 e e = e e b e

Menge [ng/band]




Search in spectra library

Analpsis Library (30 spectra)
Spectrum *  HHL ction araph € Library Overlay Conelation ¢ Difference
7B 78_200

Assigned substance : 173

100 | 100
AU /_\ \ AU
20 / 80
70 / 70
60 / 60
e
50 / 50
40 40
30 \ \ 30
20 20
10 10
0 - . . . . . i} . . . . : .
250 400 450 500 nm 600 350 400 450 500 nm 500
Add this spectum to libramy ... | Agsign 7B_200 to current peak
F:\ElodighSudan dyes.cna .
. i 0.39937
0.99928 RFO0.37
0.,98961 RFO0.36
Track : | 3 0.90488 RFD0.32
z= 0.90417 RFO0.33
Position : MD{ Rffs RO 037 :

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




Confirmation by mass spectra

"1 HPTLC-ESI/MS of the standard zone E122

100*_
80 ]
o0 'm/z 228 [M-2Na]*

40

20 ]

200 300 400 500 600 700

(%] ]
100

HPTLC-ESI/MS of the respective zone in energy drink 2

80 |
| m/z 228 [M-2Na]?
60

40 |

20

800

m/z

200 300 400 500 600 700

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

800

m/z



Rare examples for HPTLC

Why stop here?
Dyes

found

Sample

Bakery ink ;
) 122 -

formulation

E100

E127 Ei21 ET4TCu

E103 E141 Na

Energy drink 1

g1z E125 g4y

Energy drink 2




Rare examples for HPTLC

T

= @ M

Information obtained from a single

plate

—

Spectra correlation

N

AN

|dentity

Dyes Concentration | %ARSD Mass signal(s) (full scan,
Sample found calculated (n=2) IR LT m/z 100—-900)
standard and sample
Bakery ink 122 66.4 g/L 0.0 > 0.99996 228 [M-2Na]®
formulation
124 13.3 g/l 2.1 = 0.99957 279 [M-2NaJ*
178 [M-3Na]*
Energy drink 1 0.1 = 0.99964 373 [M-2Na}*
Energy drink 2 3.6 = 0.99958 228 [M-2Naj*

€

E121
E103

El25

ET471 Cu
E141 Na

E1i

E128
EL




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 |

|

| Anderson/Busch 1998 Micro capillary arrow |

- -

! Hsu/Shiea et al. 2003 - Overrun chromatography

| Chaietal. 2003 - [ gp|C .
- -~ Forced-flow techniques

| Van Berkel etal. 2004 | [ Rpc Y .

| Luftmann 2004 | E|ution head-based interface

Prosek et al. 2004 |~

G. Morlock, W. Schwack, TrAC, in submission
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- HPLC-MS |
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HPTLC-FLD-MALDI-TOF MS

MS Chromatogram

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




HPTLC-FLD-MALDI-TOF MS
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Bruker Daltonics Application Note MT-101




Quantification?

MS Chromatogram L Extracted lon Chromatograms (EIC)

.
L



Comparison of mass spectra

767.5 80000

70000 - 740,35 [M+Na]*

PG 16:0/16:0Na,
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LC-MS |

|

| Anderson/Busch 1998 Micro capillary arrow |

- -

! Hsu/Shiea et al. 2003 - Overrun chromatography

| Chaietal. 2003 - [ gp|C .
- -~ Forced-flow techniques

| Van Berkel etal. 2004 | [ Rpc Y .

| Luftmann 2004 | E|ution head-based interface

Prosek et al. 2004 |~

G. Morlock, W. Schwack, TrAC, in submission
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HPTLC-DART-MS

x10°

Intensity (584800)
B miz 25508693
(M+H)*
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HPTLC/DART-TOF-MS

3
10 Ihtensiy (23041)

a7 11261
20+
10-
30811580
) 427 13472 613.21753
23607587, 0010467 405,151 47821770 561.55612
0
100 200 300 400 500 600 700

hntensity (4518)

M 18200172 <

41135830 GluP1 AaoC Mix A Harman

53516514
2042318 610.18879

65.05083

100 200 300 400 500 &0 700
mz

G. Morlock, Y. Ueda, J Chromatgr A 1143 (2007) 243-251




Spatial resolution of DART

x10°  Intensity (11681)
10—
- 0.632
6 |
3mm
4 |
2 |
| T T T T T T T |
0 05 1.0
Time[min]

Speed: ~2 mm/10s



Detectability

1
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Blank
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Repeatability

Mass chromatogram of ITX @ m/z 255.087 [M+H]*
— %RSD =71 % (32 ng/zone, n = 5)

%1 IZZIEr Intensity (12875)

- 8.834

~—3.253
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APGD-HPTLC-TOF MS
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G. Morlock, W. Schwack, TrAC, in submission 0 Pt Anlssiy K‘ it st
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G. Morlock, W. Schwack, TrAC, in submission

Comparison of the approaches -~

DART/APGD —
- Y

l

Lol

v

v

v

v

Elution-head v
In?gff(;?:e Y
v

v

v

v

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



G Model
CHROMA-351018; Mo, of Pages 10

Journal of Chromatography A, =0 200110) xoo-x

Contents lists available at ScienceDirect

Journal of Chromatography A

journal homepage: www.2lsevier.com/flocate/chroma = ——
Review
Hyphenations in planar chromatography « HPTLC-UV/Vis/FLD-MS [13,14],
¢ HPTLC-UV/Vis/FLD-bioactivity-HRMS [15],
Gertrud Morlock*, Wolfgang Schwack * HPTLC-UV-FTIR [16,17],
e HPTLC-UV/Vis/FLD-FTIR ATR [18],
University of Holenfieim, Institute of Food Chemistry, Garbensirasse 28, 70509 Smettgart, Cermany e TLC-Vis-SERS [12].
ARTICLE INFO ABSTRACT
Article history; This review is focused on planar chromatography and especially on its most important subcategory high-
Available online oo 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. Examples in the field of narural product search, food

Mass spectrometry

and lipid analysis are demonstrated, which point out the hyphenation with effect-directed analysis (EDA)
High-performance thin-layer

and mass spectrometry and illustrate the efficiency gain. Depending on the task at hand, hyphenations

El'lrlfm_mal.'ograph].r : can readily be selected as required to reach the relevant information about the sample, and at the same
Effect-directed analysis : ; : i : J G L .
Binassays time, information is cbtained for many samples in parallel. The flexibility and the unrivalled features

Cost-effective analysis through the planar format valuably assist separation scientists.
Hizh-throughput system i 2010 Elsevier B.V. All rights reserved.



HPTLC-DRIFT
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Detector plate carrier
4—

l

Paraboloid mirror

IR beam V

Planar mirror
with diaphragm




UV-spectra of 5 phenyl urea herbicides
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Characteristic FTIR bands
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FTIR spectrum of neburon in drinking water
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HPTLC/ATR-IR spectra via the interface

Dithiophosphate additives in mineral ol
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=
=
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70
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60
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&

) 2957-2855

3000 2000 1000
Wavenumber [cm-1]

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




Raman: FT-SERS

— based on the work of Dr. Klaus Burgert; Bayer Laboratories, Germany
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HPLC-HPTLC

Fractions (1-2 min each)
controlled by cutting standards
are applied as area

HPTLC analysis of 18 tracks (fractions) per plate

online

Microbore 2.1 x 100 mm
Flow rate 50-100 pL/min




Surface water spiked with 50 pesticides

/

mv Plate 1, fraction 3 mv | Plate 3, fraction 25

25

Imidachloprid 0,1ug/L

Azinphos Ethyl 0,1u¢

Triazoxid 0,1ug/L

' | ' T ‘ \ ‘
A300 AZB0O AZ60 A240 A300 A280 AZ60 A240




HPLC-HPTLC

— based on the work of Dr. Klaus Burgert, Bayer Laboratories, Germany

—  predestinated for

separation problems due to lack of separation power

samples with varying matrix content (multi-method)

peak purity testing of HPLC peaks

problematic, time-consuming post-chromatographic derivatization in HPLC

— results obtained by two independend methods,
l.e. two different separation mechanisms

— gain in analytical quality

v

— still in use by Andreas Kinast
andreas.kinast@currenta.de
WWW.currenta.de

Sl
URRENTA%®
Performance for the chemical industry




Benefits

A picture is worth a thousand words

rThe powerful image | . ... digital quantification

More information about an unknown <

Parallel chromatography under identical conditions

Reduced costs : = :
——— —— Simplified sample preparation

Concentration 1:10.000 during application

M _ - Effect-directed detection (bioactivity-based)
[ e Detection | Cost-effective coupling to MS
Simultaneously for all (72 at one go)

Multiple detection & unlimited selectivity

Step-automatization [ Comparable results to other methods
——Quantitative & sensitive method

Robust system, no carry-over, no memory effects
Flexible analysis Rapid change of stationary/mobil phases/detection principles
Staggered system allows throughput of 1000 analyses per day

Use of one HPTLC system for different projects




More information about unknowns

1. Development 2. Development

White light

Mass imbalance caused by
light degradation product

New yellow impurity caused color differences
between batches of an API

C. McKinlay, CBS 101 (2008) 12-13




Benefits

A picture is worth a thousand words

> The powerful image Quick digital quantification

More information about an unknown

Parallel chromatography under identical conditions da

Reduced costs : = ,
= +—— Simplified sample preparation

Concentration 1:10.000 during application

il 1 Effect-directed detection (bioactivity-based)
- Detection | Cost-effective coupling to MS

Simultaneously for all (72 at one go)
Multiple detection & unlimited selectivity

Step-automatization [——Comparable results to other methods

- Quantitative & sensitive method

Robust system, no carry-over, no memory effects
Flexible analysis Rapid change of stationary/mobil phases/detection principles
Staggered system allows throughput of 1000 analyses per day

Use of one HPTLC system for different projects




Dye analysis

&
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— No resonable calibration function was obtained by TLC.

— For quantification, just HPTLC is reliable.




Benefits

A picture is worth a thousand words

> The powerful image Quick digital quantification

More information about an unknown

Parallel chromatography under identical conditions

——— Reduced costs | gimpiified sample preparation @l

Concentration 1:10.000 during application

il 1 Effect-directed detection (bioactivity-based)
- Detection | Cost-effective coupling to MS

Simultaneously for all (72 at one go)
Multiple detection & unlimited selectivity

Step-automatization [——Comparable results to other methods

- Quantitative & sensitive method

Robust system, no carry-over, no memory effects
Flexible analysis Rapid change of stationary/mobil phases/detection principles
Staggered system allows throughput of 1000 analyses per day

Use of one HPTLC system for different projects




Analysis of sucralose in cakes

extracted
in MeOH, filtered

Matrix of Biscuit Marmol cake Orange cake N
———— A Sucralose
T ——

= X T —

S —  (——

X

= = = Sucralose

A
B T e -

*

Sucralose

G. Morlock, M. Vega, J Planar Chromatogr 20 (2007) 411-417




Quantification of sucralose in cakes
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Quantification of sucralose in cakes

Mode A Reagent1l @ 500 nm

Samples hR, Sucralose found %R_SD Sucralose
(mg/100 g) n=3 labeled (mg/100q)
Biscuits 57 27.7 2.4 24.8
Marmol cake 57 48.0 2.0 45.3
Orange cake 56 43.9 0.6 45.3

Mode B  Reagent 2 @ 405 nm

Biscuits 56 27.9 1.5 24.8
Marmol cake 56 47 .4 0.5 45.3
Orange cake 56 44.2 1.6 45.3

Mode C Reagent 2 @ UV 366/>400 nm

Biscuits 56 27.1 0.9 24.8

Marmol cake 57 44.8 4.2 45.3

Orange cake 56 41.6 3.0 45.3




... In milk-based confection (Burfi)
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46 runs in 15 min using 15 mL mobile phase
=> 20 s per run with 330 pL solvent consumption [REEE
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... In further matrices

Sucralose

R I I

Milk, biscuit, chocolate, cola, bonbons, energy/sport drinks




Sample preparation and chromatography
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Facts for sucralose analysis

» High throughput (46 runs in 15 min by (anti-)parallel development,
15 min-staggered offline system) — 1000 runs/8h-day

* Resulting in 20-s runs with 330 pL solvent consumption

« Almost no disposal costs < 0.01 Cent/run

» Selective derivatization — compensates low separation power
* Reduced sample preparation: no SPE

» Analysis without acetonitrile!

 Ultra-rapid HPLC with 2 min gradient: 720 runs/24-h day

o Sample preparation: Need of SPE for MS or ELSD as detector

G. Morlock, W. Schwack, LCGC Eur July (2008) 366-371




Benefits

A picture is worth a thousand words

> The powerful image Quick digital quantification

More information about an unknown

Parallel chromatography under identical conditions

Reduced costs : = ,
= +—— Simplified sample preparation

Concentration 1:10.000 during application

il 1 Effect-directed detection (bioactivity-based)
- Detection | Cost-effective coupling to MS

Simultaneously for all (72 at one go)
Multiple detection & unlimited selectivity <@l

Step-automatization [——Comparable results to other methods

- Quantitative & sensitive method

Robust system, no carry-over, no memory effects
Flexible analysis Rapid change of stationary/mobil phases/detection principles
Staggered system allows throughput of 1000 analyses per day

Use of one HPTLC system for different projects




Multiple detection on a single track/plate

HPTLC-UV/Vis/FLD-MS

. 3 & 8 & 8 § 3 8 ®B B

e 5 8 8 8 g8 8 3 8 3 3§




All active ingredients in energy drinks

Simultaneous determination by MWL scan for UV/FLD — derivatization — Vis...

366/>400 nm

=
=
1

- s 58 8888 ¢

313/>340nm

3

-8 3333888
B




All active ingredients in energy drinks

— Confirmation by MS or UV spectra
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Benefits

A picture is worth a thousand words

> The powerful image Quick digital quantification

More information about an unknown

Parallel chromatography under identical conditions

Reduced costs : = ,
= +—— Simplified sample preparation

Concentration 1:10.000 during application

il 1 Effect-directed detection (bioactivity-based)
- Detection | Cost-effective coupling to MS

Simultaneously for all (72 at one go)
Multiple detection & unlimited selectivity

Step-automatization [——Comparable results to other methods

- Quantitative & sensitive method

Robust system, no carry-over, no memory effects
Flexible analysis Rapid change of stationary/mobil phases/detection principles
Staggered system allows throughput of 1000 analyses per day

Use of one HPTLC system for different projects




Method comparison
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Milch Milch Good quantitative results

Comparable to HPLC-ELSD?



Method comparison

HPLC-ELSD HPTLC-Vis
Sample Sugar found

(n=2) % %RSD % %RSD




Poor quantitative results

Propolis2
Propolis1
Schokolade
Milch

Propolis2
Propolis1
Schokolade
Milch Good quantitative results

Comparable to HPLC-ELSD? => YES

Analyses time

e HPTLC: 1 h => 3 min per sample

« HPLC: 5.3 h => 16 min per sample
G. Morlock, G. Shabier, in preparation




Benefits

A picture is worth a thousand words

> The powerful image Quick digital quantification

More information about an unknown

Parallel chromatography under identical conditions

Reduced costs : = ,
= +—— Simplified sample preparation

Concentration 1:10.000 during application

Effect-directed detection (bioactivity-based)
Detection | Cost-effective coupling to MS
'_ Simultaneously for all (72 at one go)
Multiple detection & unlimited selectivity

Step-automatization [——Comparable results to other methods

- Quantitative & sensitive method

Robust system, no carry-over, no memory effects
Flexible analysis Rapid change of stationary/mobil phases/detection principles
Staggered system allows throughput of 1000 analyses per day

Use of one HPTLC system for different projects




Planar Chromatography

Food analysis 1987-2007

Contaminants (6%) Fatty acids, Lipids,
. [ Phospholipids (19%)

Mycotoxins (13%)—.

Amino acids,
/| Peptides (4%)

Drugs (10%)—
gs (10%) : Carbohydrates (4%)

&
% TLC methos"-

% 0
Pesticides (%)~ O " Functional additives
(10%)
)
AdditN®
( \ Dyes, Pigments
Preservatives (7%) . (20%)

G. Morlock, W. Schwack, J Planar Chromatogr 20 (2007) 399-407



Planar Chromatography

— 1938 TLC

Thin-layer chromatography

—1975 HPTLC = "= s e
High-performance TLC

— 2001 UTLC
UltraTLC

v

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




Office Chromatography

(Miniaturized) Planar chromatography using office peripherals

E 3 .. o plate drying
4. UV)Vis scans for detection

\-_es.\Digital image evaluation

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




Nanostructured UTLC plates

Re-use of plate (5 x)

20 samples/min — 3 s/sample

Sample flow \ T Solvent flow




Ultrathin plate (UTLC)

S. Jim, M. Taschuk, G. Morlock, L. Bezuidenhout, W. Schwack, M. Brett
Anal. Chem. 82 (2010) in print







