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Ssummary

What is a polar molecule ?

Acrylamide Analysis

— Who is analysing it & Why ?

— Acrylamide in Food Matrices — new Allure Acrylamide LC column for Food
— Acrylamide in Water — new Allure Acrylamide LC column for Water

New Raptor Polar X LC Column

— Chemistry of the stationary phase

— Applications examples
e Glyphosate & Co.
e QuPPe — Quick Polar Pesticides
e PFAS (& TFA)
e Underivatized Amino Acids
e Water Soluble Vitamins

S
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Polar Molecules
Definition
* A molecule is polar if :

— It has polarized bonds = covalent bond between 2 atoms which have a significant difference in
electronegativity inducing the creation of partial charges (q) on both sides of the bond.

AND

— The average position of these partial charges is not “confused”

Solvant polaire et apolaire

Zone é€lectronégative (rouge)

Cycolhexane :
Solvant apolaire

Ethanol :

Solvant polaire Zone électropositive (bleue)
Zone électriguement neutre (vert)

* https://www.cours.jlrichter.fr/lycee/premiere-s/1sppc-6-de-la-structure-a-la-polarite-dune-entite/

e
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Polar Molecules

Definition

Polarity depends on :

— The difference in electronegativity between molecular
atoms

— Compounds geometry

The polarity of a molecule is measured by its dipole
moment

Dipole moment = (charge at each end of the dipole)
X (distance between charges)

lﬁg P, — IDE { [E]GL‘MHDI }
[Clwater

Moment dipolaire de |'eau

U

= 1,84 D, d(O-H) = 96 pm

=1l

LOgP = Iog ([C]Octanol / [C]Eau) - OCtanOl/Water

partition coefficient

—  LogP >0 > molecule more soluble in octanol than
water -2 lipophilic character - non-polar

— LogP < 0 = molecule more soluble in water than
octanol = hydrophilic character = polar

—  LogP < -1-> very polar

LogD is more precise than LogP because it takes
into account the modification of LogP in relation
with the pH of the aqueous mobile phase and the

pKa of the compound

www.restek.com



Polar Molecules
Current Solutions & Drawbacks

Reverse Phase + lon Pairing Equilibration time
MS friendly ?

Reverse Phase + Derivatization Time consuming
Cause of variability

*lonic Exchange Not ideal for mixtures (acids, bases and
neutrals)

*HILIC Equilibration time

Injection solvent match

Chelating agents (in mobile phase, to get MS friendly ?
rid of metallic ions)

*System passivation Equilibration time
Variability

e
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Acrylamide Analysis

Acrylamide is a compound formed when food containing asparagine
(amino acid) and glucose is cooked at high temperature. This reaction —
which is part of the Maillard reactions — occurs when foods (especially
those with high starch content) are roasted of fried. It is highly toxic and
the discovery of Acrylamide presence in some cooked foods has made
the vigilance around its potential biological effects greatly increasing in

the world. NH
2
HCP N

Acrylamide is a white, odourless solid, soluble in water and ||
several organic solvents, which is industrially produced as a

precursor for polyacrylamides, these being used as thickeners

or flocculating agents.

Pure Chromatography www.restek.com



Who is analysing Acrylamide & Why 7

. “Food” laboratories — on Food matrices
— Private

— Industrial
— Public

*  “Environment” laboratories — generally to analyse the decomposition of
polyacrylamide flocculating agents

— Private
— Public

e  Why?
— An exposure at a high level can cause neurological defects, cancer and reproduction problems.

— The International Agency for Research on Cancer (IARC) has classified Acrylamide as a potentially
carcinogenic substance (group 2A).

— Requested by Environmental Agencies = France : Concentration of 0,1ug/L in water (Direct
Injection)

S
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Acrylamide in Food Matrices

New Restek Allure Acrylamide LC Column, standards &
LC-MS/MS method

www.restek.com



Acrylamide in Food Matrices
Analysis Scheme

= | |

Grinding Extraction SPE (2 steps)
\ in water

|
Sample Preparation




Acrylamide in Food Matrices
Current Methods

* The most “popular” method wuses Porous
Graphitized Carbon (PGC) columns

* Most of the other methods use reverse phase
columns (100% aqueous or not)

S
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Acrylamide in Food Matrices
Analysis on PGC columns

425000-1:Acrylamide TIC(+)
12:Acrylamide-d3 TIC(+) PGC type, 2.1x50 mm, 5 um
4000004
] 0.001% formic acid in H,O
3750004
1 0.001% formic acid in ACN
3500004
] Matrix Time (min.) Flow (mL/min) %B
325000- Acrylamide
30000(}f 0.0 0.4 0
25000@ 2.7 0.4 90
22500& 2.71 0.4 0
20000(% 7.0 0.4 0
17500(% 22 °C
15000&; Acrylamide —d3
125000
100000-] . - .
Total analysis time :
75000
50000 PGC columns require longer (re-)equilibration time
25000
0

7‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I ‘
0.0 0.5 1.0 15 2.0 25 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 in

S
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400000+
12:Acrylamide-d3 TIC(+)

350000+
300000%
zsooooé
2oooooé
150000%
1oooooé

50000

Acrylamide in Food Matrices

Analysis on PGC columns

1:Acrylamide TIC(+)

JANS

Column Lifetime :

After 500 matrix injections, retention

time decreases by 40 s !

0

I
0.

[ R Sy e e B B B B B B
0 0.5 1.0

[ I B
15

RESTEK

T e T e e e e By B A Ay e e
3.0 35 4.0 4.5 5.0 5.5 6.0

Pure Chromatography

T T T T
6.5 7.0 min
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Acrylamide in Food Matrices
Analysis on PGC columns

Cycle Cycle
(7 min.) (5.5 min.)
| | , | |
| window | | window |
PGC-Coffee Extract Allure Acrylamide-Coffee Extract
= (EN16618) (EN 16618)
£24 24
£22 22
% 2 2
E18 1.8
g 16 1.6
14 1.4
0 200 400 600 800 1000 0 200 400 600 800 1000
Injections

Injections
® Lifetime @
® Instrument Uptime @
Result Quality @

e
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Acrylamide in Food Matrices
RESTEK Solution : Allure Acrylamide LC Column

Cat.# 9167552
Allure Acrylamide LC Column

Particle: 5 um, spherical
Pore size : 60 A

Carbon load : proprietary
End-capping: no

Surface area: 450 m?/g

pH range: 2.5t0 8

Max. Temperature: 80 °C
Equivalent Phases: Unique
Length: 50 mm

Internal diameter: 2.1 mm

NB : are also included in the Restek solution : deuterated internal standard (Ref. 30153), acrylamide standard (ref.
30494) & guard column 10mm (Trident)
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Acrylamide in Food Matrices
RESTEK Solution : Allure Acrylamide LC Column

1:Acrylamide TIC(+)
50000042:Acrylamide-d3 TIC(+)

450000+ 1 St

= Injection e better

100000+

50000+

0

B S T By B B B L B B B B B By By By R B B
0. 0.5 1.0 15 2.0 25 3.0 35 4.0 4.5 5.0 55 6.0 6.5 7.0 min

)
1:Acrylamide TIC(+)
2:Acrylamide-d3 TIC(+)

450000+

400000+

L ifetime :

th
w1000 The Allure Acrylamide LC Column

w Injection |1 o mains repeatable even after 1000

Injections

50000+

0

T O e B B By B B B B |
20 25 3.0 35 4.0 4.5 5.0 55 6.0 6.5 7.0 min
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Acrylamide in Food Matrices
RESTEK Solution : Allure Acrylamide LC Column

1L:Acrylamide-d3 TIC(+)
35000(»?2:Acrylamlde Tict) Allure Acrylamide 2,1x50 mm, 5 um
32500(; 0.001% formic acid in H,0
0.001% formic acid in ACN
30000(}: Time (min.) Flow %B
27500cﬁ mL/min
* faster o ea o
; 1.0 0.4 0
225000 2.0 0.4 90
200000 2.01 0.4 0
17500&? 55 0.4 0
1 22 °C
150000
125000 . . ]
Faster Analysis Time :
5000 The Allure Acrylamide LC column requires less
0000 time to (re-)equilibrate !
25000% J
o
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Acrylamide in Food Matrices
RESTEK Solution : Allure Acrylamide LC Column

‘ Reliability & Robustness

(x100,000)

6.04

. Lot1
4.04

Lot-to-lot variability is ]\

excellent (~3% RSD) "~ = 7 o e
and the retention time * Lot 2

stability makes data = A
processing easler ===
and data quality more : | 5t 3

5.04
[l
rellable N
3.04
2.04
1.04
0.0-
T T e L e e L e L TR B TP T o L B
0.00 0.25 0.50 0.75 1.00 1.25 1.50 175 2.00 225 2.50 275 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00 525 min

S
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Acrylamide in Food Matrices
RESTEK Solution : Allure Acrylamide LC Column

Cleaning Procedure

PGC columns * Allure Acrylamide

« The recommended < Cleaning included in each
cleaning procedure to analysis increases column
regenerate a column is robustness — less
long and complicated and Instrument downtime  to
it does not generally regenerate or change the
completely « restore » the column
column.

* simpler

F i, e
RESTEK



Acrylamide in Food Matrices
RESTEK Solution : Allure Acrylamide LC Column

Lead Times

PGC columns * Allure Acrylamide

3 to 4 weeks lead time + Restek always has the

are not unusual for this needed material on hand
type of column. This (stock & manufacturing)
means you have to and is ready to ship the
maintain a “buffer” stock products as soon as you
or suspend the analysis need them.

until column reception.

* faster

S
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Acrylamide in Food Matrices
RESTEK Solution : Allure Acrylamide LC Column

Acrylamide Reference Standard (200 ppb) and IS on Allure Acrylamide Column

Conc.
Peaks & (min) (ng/mL) Precursor Product
1. Acrylamide-2,3,3-d3 1.739 200 51 581
2. Acrylamide 1777 200 721 551
Column Allure Acrylamide {cat.# 9167552)
Dimensions: 50mm x2.1 mm D
Particle Size: 5pm
Pore Size: 60 A
Guard Column: Allure Acrylamide 10 mm, 2.1 mm ID, 5 pm {cat.# 916750212)
Temp.: 2°C
Sample Acrylamide {cat.# 304 94)
Diluent: Water
Conc.: 200ngfmL
Inj. Vol.: 10puL
Mobile Phase
A: 0.001% Formic acid in water
B: 0.001% Formic acid in acetonitrile
Time (min) Flow (mL/min) %A %B

0.00 04 100 0

1.00 04 100 0

2.00 04 0 100

2.01 04 100 0

5.50 04 100 0
Detector MSIMS
lon Mode: ESI+
Mode: MRM

T | P I P R R < S e e | T T T T T T T T 1
0.00 0.25 050 0.75 1.00 125 150 175 2.00 2.25 2.50 215
Time (min}
LC_FS0529
ke W righ i i
REmK © 2019 Restek Corporation. Allrights reserved. Reste!( patents and trademarks are the property o_f Restek Corporation. (Seewww.restek.com[Pate;nts—Tra_demarks for full list.) Other tradema rk_s in Restek llter_ature
www.restek.com or on itswebsite are the property of their respective owners, Restek registered trademarks are registered inthe U.S. and may also be registered in other countries,

e
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Acrylamide in Food Matrices
RESTEK Solution : Allure Acrylamide LC Column

Product Benefits **Restek PGC 1 PGC 2 C18 SB « Polar » C18
characteristics Allure Column Column Column column
Acrylamide
*Fast analysis High Throughput, Yes No No No Yes
INES faster results
*Retention time Longer Lifetime Yes No No Uncertain Uncertain
stability after
repeated matrix
injections
Retention and Peak Yes Yes Yes Yes No
separation of Quantification
interfering matrix Simplification
compounds
Limited peak Peak Yes No No Uncertain Uncertain

distortion after Quantification
repeated matrix Simplification
injections

P
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Acrylamide in Food Matrices
RESTEK Solution : Allure Acrylamide LC Column

e « Robustnhess » :

PGC-Coffee Extract
(QUEChERS)

e
= e~ S X
& @ =] OO ettatets et s st tsos
- | "t eme .
= -,
< -
= S0 s o
a3 -
e a1
-
b= 21
—
=% .
Allure Acryiamide-Coffee Extract
(QUEChERS)
-------- oA O D U ® e - - . - S - - - — e o - < - .~ - = L - - - - A..- - - o -

Lifetime test for PGC & Allure Acrylamide columns, after
QUEChERS extraction of a coffee matrix

S
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Acrylamide in Food Matrices
RESTEK Solution : Allure Acrylamide LC Column

e « Robustness » :

Allure Acrylamide-Acrylamide PGC-Acrylamide
2 2:5

£ ORISR £

£ 15 £ &

Q Q

E 4 £

[ o

S 05 o

s Y S 05

Q Q

& 0 &0

@ 0 200 400 600 800 1000 1200 o 0 100 200 300 400

Injections Injections

Lifetime test for PGC & Allure Acrylamide columns, after SPE extraction
(2 steps — EN 16618 method) of a coffee matrix

e
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Acrylamide in Water

New Restek Allure Acrylamide LC column, standards &
LC-MS/MS method

www.restek.com



Acrylamide in Water Matrices

Regulations and Limits examples

 EU 98/93/EC Directive : 100 ppt (0,1ug/L)

US EPA 8316 Method
(1994)

DIN 38413-6 Method
(2007)

LC-MS/MS LC-UV

SPE Direct Injection

Internal Calibration External Calibration (w/o Internal Standard)

Calibration Range: 0.03 — 0.3 ug/L MDL: 10 ug/L

Guideline Limit Value (Drinking Water):

e
RESTEK // Pure Chromatography www.restek.com
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Acrylamide in Water Matrices
Challenges

* The main problem in water matrices is the presence of
many potential contaminants = lonic Suppression

SPE Direct Injection

Contaminants

I removal Echantillon
. d’E
€E€EE€E€&Time au

Very simple
lonic Suppression +++

F i, e
RESTEK



Acrylamide in Water Matrices
Challenges

* Low LOQ in Europe (100 ppt for drinking water)

o

*  Will to simplify sample preparation

<

Large Volume Direct Injection

* Column Dimensions * Stationary Phase Chemistry * Particle Type

S
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Acrylamide in Water Matrices
RESTEK Solution : Allure Acrylamide LC Column

4 a4 gL SIS

50 pL Inj Vol 100 pL Inj Vol 150 L Inj Vol 200 pL Inj Vol
; Acrylamide Acrylamide : Acrylamide | * Acrylamide ??
“1 Suppression . .
; Zone . = Suppression Zone
E « Suppression Zone ] PP » Suppression Zone
j %M

* Isocratic - 0,001% Formic Acid in Water
* Concentration : 100 ppt (spiked)

e
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Acrylamide in Water Matrices
RESTEK Solution : Allure Acrylamide LC Column

200
11003

| Injected Volume : 150 uL SEW\JW
-—‘—%zi' B mi

Tap water

5.8

L

1dd QQT uoIllesiualuo)

Injected Volume : 200 plL E

Rlver Water oo ds o s ) 2 3 3 b s so ss o ds 7 s

onf
wrf
.
.
wrf
o
)
wnf
]
orf
.
e
i
,2
u
e
w
w
,u
w
sn

Injected Volume : 150 plL

Underground water
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Acrylamide in Water Matrices
RESTEK Solution : Allure Acrylamide LC Column

More retentive than usual reverse phase columns

Longer lifetime than PGC columns

Faster — no re-equilibration between runs

Simpler — direct injection

S
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Acrylamide in Water Matrices
RESTEK Solution : Allure Acrylamide LC Column

Product Benefits **Restek PGC 1 PGC 2 C18 SB « Polar » C18
characteristics Allure Column Column Column column
Acrylamide
*Fast analysis High Throughput, Yes No No No Yes
INES faster results
*Retention time Longer Lifetime Yes No No Uncertain Uncertain
stability after
repeated matrix
injections
Retention and Peak Yes Yes Yes Yes No
separation of Quantification
interfering matrix Simplification
compounds
Limited peak Peak Yes No No Uncertain Uncertain

distortion after Quantification
repeated matrix Simplification
injections

P
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Re pior

Colonnes LC

RESTEK Raptor Polar X
LC Column

Dual selectivity for the analysis of
polar compounds

e
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$
. Q
“Core-Shell” particle S

Hardware

New manufacturing process

e
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Raptor Polar X LC Column

Particle

* High Purity (Type B) Superficially Porous Particle (« Core-Shell »)
* Particle Size : 2.7 um

*  Pore Size: 90 A

e Surface Area: 130 m?/g

* High efficiency

Low backpressure

Faster separations

* HPLC <-> Fast LC <-> UHPLC
* Robustness VS matrix

oo
\ i >

S
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Raptor Polar X LC Column
Chemistry

« Dual » HILIC and IEX retention mechanisms
offering unique selectivity and versatility for the
retention and separation of polar compounds
who are usually difficult to retain or separate in
classical reverse phase, ion pairing, IC or HILIC.

Available
Retention
Meachanisms

HiLle

Works on the “native” polarity of the
compounds or on their charge to get retention
and separation, with no need for ion pairing
reagents, extreme pHs or “exotic”
chromatographic conditions.

S
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Raptor Polar X LC Column
Chemistry

*  Advantages of a stationary phase with a bi-functional ligand / mixed « packing » :
e Better control of the manufacturing process
e Homogenous surface
e Better lot-to-lot reproducibility
e More stable surface : better analysis-to-analysis repeatability

Multimodal Chromatography Comparison of Bonded Materials
-— -—
® iex
1EX %RSD: <1%
® RrP(C18) .M RP (C18)
%RSD: <1%
B1- Void %RSD: 2.424%
Mix of two sorbents Surface with two ligands B3
3

e _ 3

>
® IEx
B
® RP (C18) i .LMEX
RP (C18)
.

Mix of two sorbents Surface with two ligands Two chemists, Multiple months, Multiple Silica Lots

Pure Chromatography www.restek.com




Raptor Polar X LC Column

Chemistry

e High % ACN Mobile Phases =
HILIC « partitioning » = charged
polar compounds and neutral
polar compounds

* If HILIC « partitioning » is not
necessary, simple changes in the
mobile phase composition will
allow access to the ion exchange
characteristics of the phase

RESTEK

A single ligand capable of HILIC and lon Exchange retention
for maximum versatility when separating polar compounds

Available

Retention
Mechanisms

0
phase C, phase ¢, phase ¢,
N °"o;- R 1, R %,
() () "
By changing

HiLIc
HiLic

%

/% between simple /o»;
‘%‘ mobile phase ‘2
$§"‘ conditions, retention §?‘
=0 can be tuned to
Si

Si retain a wide variety
|
0 of polar analytes 0

Pure Chromatography
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Hydrophilic Interaction Liquid
Chromatography (HILIC) is a technique
used in LC for retention and analysis of
polar compounds

It combines a polar stationary phase
with mobile phases with a high organic
solvent content (typically ACN, above
60%), which creates a small aqueous
layer on the surface of the particle

Water soluble polar analytes are
partitioning into the aqueous layer
where they can interact with the ligand
and the particle surface

Partitioning is the main retention
mechanism of the HILIC mode. Itis a
very efficient technique for the
retention and separation of a wide
variety of polar compounds (acidic,
neutral and basic)

RESTEK

Raptor Polar X LC Column
Chemistry — HILIC mode

H,O Layer

Acidic, Neutral, and
Basic Polar Analytes

Silica Surface

J T
[ | |
A lon
| Exchange

S
]
o Polar X

L Ligand

Pure Chromatography
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Raptor Polar X LC Column
Chemistry — IEX mode

* lon Exchange
chromatography is based
on the ionic interactions
between the analyte and

on | the stationary phase

. Exchange
® ® i 4 * Mixtures are separated
according to their affinity
and their interaction with
the functional groups
present on the bonded
phase

i

® 0 * Inion exchange, water will
Polar X be the strong solvent, so to
Ligand | elute the compounds of

interest, it will need higher
aqueous mobile phase %
than in HILIC mode

Pure Chromatography www.restek.com



No derivatization, filtration and direct injection for Water matrices !

Mechanism(s) : IEX

Raptor Polar X LC Column
Applications : Glyphosate & Co.

o} 0 0 o] (o]
o L
HEN\/P\“O“SH HO \/\HLOH HO™ | OH

NH; i

AMPA Glufosinate Glyphosate

Main application and historical reason for the creation of the column

Compounds : Glyphosate, Glufosinate & AMPA

Important problem linked to glyphosate in the US and in Europe (carcinogenic potential)

Our solution : 8 minutes cycle time, re-equilibration included, with H20/CAN mobile phases (each
with 0,5% formic acid), compatible with MS detection

RESTEK

Pure Chromatography
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Raptor Polar X LC Column
Applications : Glyphosate & Co.

8000

TOMH

6000

3000+

4000+

J000H

2000H

100+

AMPA

0.757

Glufosinate

3.206

Glyphosate

5.798

Conditions:

Mobile 0.5% formic acid in H20
Phase A:

Mobile 0.5% formic acid in ACN

Phase B:
0.5 mL/min

Time (min)
0.0
5.0
6.5
6.51
8.0
35 °C

LN Injection 5 uL

Volume:

65
10
10
65
65

www.restek.com




Raptor Polar X LC Column
Applications : Glyphosate & Co.

20 ppt in water — Large Volume Injection (500uL)

Glufosinate

Glyphosate

|

AMPA

] ! \ru
05 10 15 20 25 30 35 40 45 50 55 60 65 70 mn
Vit v
RESTEK Pure Chromatography www.restek.com




Raptor Polar X LC Column
Applications : Glyphosate & Co.

phosphorylated compounds can chelate with metal ions
present in the LC system

Inject several times through
the injector and tubing to (but
without) the column head
and then to waste.

Transfer into a vial

RESTEK LC
Passivation
Solution (#32475)

e
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Raptor Polar X LC Column
Applications : QuPPe

Wieigh Sample into 50ml Cemrifuge Tk
High Waber Fruis and Wegetablas: 102 0L1g

ﬂ_u P PE Sa m D | E Rebrpdrated Org Froibs; 13,5 2 01g (S Seenpde]
. Dried Commemasddie=; 5§ + 0,058

Preparation

Overview

Aclprst Water Comdent of rostrices vt =S005% waber

fidd 100l Internal Stan dard

Add 10 mL Methened with 136 Fermie Sced Extraction
Sodamnt

Basically an
A-I:i!df:ﬁ!Ed MEthﬂnﬂ: | Shalos for 1 mriraata oF 15 s for dey commncditias |
Extraction |

{Prefamad) Fressesut soiract wil complanely fromen |

Cantrifupe for 5 min & = 10,0 g and -105C
dSPE for Lped resracral of Fagh fat matrices

Trarsfer and filer sopsrnatsed mio plasiic vis

Burilyes by LC- WIS/ VIS

e
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Raptor Polar X LC Column
Applications : QuPPe

1. AMPA
3. Perchlorate Mobile 0.5% formic acid in H20
4. Glufosinate Phase A:
5. MPPA
Mobile 0.5% formic acid in ACN
6' TFA
7. HEPA
8. Difluoroacetic acid m 0.5 mL/min
13 i'o Ethhlg;?]tc?n Time (min) %B
Raptor Polar X 30 x 2.1 mm 2.7um 11 Glyphosate oG 65
12. Bromide 5.0 10
13. Bromate Gradient:
6 14. N-acetyl AMPA 11.5 10
: H 11.51 65
: 17. N-acetyl glufosinate e B9

Injection 1 pL
Volume:

R o e o e e e e e e e e e e
00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 T5 80 85 90 95 100 105

Time (min)

Pure Chromatography www.restek.com




Raptor Polar X LC Column
Applications : PFAS

Legacy PFAS
. PFAS are synthetic chemicals used as surfactants or raw ATRERE Y AN o
. . . . . . OH
materials in industrial applications and consumer FEFFFFFF FRAFIEFE
Perfluorooctancic acid (PFOA)  Perfluoroectanesulfonic acid (PFOS)
products
PFOA and PFQS Alternatives
® PFAS are now C|aSSIerd as perSIStent enV|r0nmenta| / Perfluaroalkyl ether carboxylic acids (PFECAs)
H H R FRFHF O
pollutants with harmful effects on animal and human Y o ,ﬂ Fy\ )g% oo
health AN i
ea t * vﬁgmm%&oxldedlmeramd ammomumdsdlnxa 3H- perﬂuurononanoate
(HFPO-DA) (ADONA)
e  The US and the EU have banned the use and Polyfluoroalkyl ether Sulfonates (PFESAs)
production of some PFAS (PFOA & PFOS), hence the WBS(S% oYY MY N o
. A A ANAAN TN
emergence of alternative PFAS PEEE R
I:B-chIorchexadecaﬂuoro—3—oxanonane-l-sullonale) (11 Ehl‘:’":‘e‘Cma?:fgﬁ;;’gﬂgarl&l-Sl-l\fUﬂale)
*  Recent interest on ultra-short chains PFAS (C2 —C3) in \ Frme /
environmental samples Ulrashort & Short Chain S
. o g Fo0 RF O
. Ultra-short chains PFAS are very polar and are o o o mﬁfkm

therefore very difficult to retain with the usual reverse Tt 1) Pirornonc < (5D Pahorsbunss o 075K

F o\\/o F,F R FR F
phase approaches \\% %( PN 5
OH b “OH
AN FFF FO
Perfluoroethane sulfonate (PFEtS) Perfluoroproj sulfonate (PFPrS) Perfluorobutane sulfonate (PFBS)

S
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Raptor Polar X LC Column
Applications : PFAS

Short chains and ultra-short chains PFAS are
more retained but still elute in less than 4

v

Long chains PFAS elute

100 earlier, but still with a fl 2 (C2) minutes
good retention ” a LC Conditions : (Waters Acquity UPLC)
C3) | (C8)
( m) ‘ PE|OA (C3) Mobile 10mM ammonium formate,
g | |'| PEPIA Phase A 0.05% formic acid in H20
1
. (C4) | ‘ I (C6) (C4) ! Mobile 0.05% formic acid in 60/40
(€6 || ‘ L e Fea Phase B ACN/MeOH
v w I
T - m
(cs)§m|||||| R | TRA

f | | | [ Il | |1 / I".\ 400 ppt in 50/50 H20/MeOH
il [ | | | | || /| - SN
|1 | | | | | (. —
i1 |I o I [ [
[ ) o /o\

2’66 " " o.Bo 1 oo 350 —=Bo "~ =55 =. 0o "= 50 | 4.obo | 450 s oo™
100 =
(@]
)
17 o < Gradient Time (min) %B
o] L
2 I' O P
ol 8 0.00 85
& | a
a | < 5.00 85
z u |
N = I “Alternative” PFAS can Injection 10pL
— .
H | | also be analyzed on the Fow 0.5 mi/min
| | Raptor Polar X column
I | Analysis time 5 min
| x| |
| | o i| | Temperature 40°C
| a |
7% o0 o.50 1.00 ¥ 1.50 =2.00 - 2.50 3.00 3.50 N elel 4. 50 ! Ebgima
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Raptor Polar X LC Column
Applications : PFAS

. Good retention and excellent peak shape for TFA (careful though with possible
background noise linked to TFA usage - solvents and mobiles phases)

Cc7 Gradient Temps (min) %B ’ 9CI-PF3ONS
C8 0.00 95
Perfluoroalkylcarboxylic | 4.00 65
Acid 4.01 95
6.00 95
. c3
C9 Injection 10 pL
1
| cé f 11CI-PF30Ud
c10 | SOEnf 50/50 Eau/MeOH T
1 [ d’injection
| H Débit 0.5 mL/min
{ ' . ADONA
- ‘| il ‘ ‘ d'eamnap;/se 6 min
ci1l “ | ‘ ‘ Température 40°C
| ‘ ‘ TFA
c1 | 1Rl ' c2
T|| || i || Polyfluoroalkyl Ether |
’ﬁ I L Sulfonic Acid | 1
11 [ ' | | Perfluoroalkyl Ether
o 5P t - |}| ! iR HFPO-DA | Ty
3 .11| i | [ | || Carboxylic Acid
e =mans s “’t’*““f‘“‘ : NLL’LN P vensanares 1. TEG 200 250 300 350
1.00 1.50 2.00 2. 50 4.00 4.50

RESTEK /%
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Raptor Polar X LC Column
Applications : PFAS

Polar X: 2.7um -50x 2.1 mm

c2
: | Fluorotelomer Sulfonate
Perfluoroalkylsulfonic | 62 FTA N-MeFOSAR
Acid ' 4:2FTS ‘ - Di-substituted
| I. ;el_cémer Carboxylic Polyfluoroalkyl
‘ I “ Phosphate Ester
cs|| 2 | a
~ <
|I | _ % N-EtFOSAA =
| E 8: 2d|PA‘} N
I | P 5 | %
| & I ‘ &
C4 ‘ ' ‘ ‘I | 6:2 diPAP
l ‘ ‘ I ‘ ‘
CF]' | | . || 10:2 FTA | |"| f
QL EN | | Il
il L | " I
gpll || | | | l l | | liH | ||‘|||
3NN AN IR il | |
'||(“|||' '. ""' a in i TN
| ! f | |1 | |
JNNWAA ) t L o\ /Y SN AN il. . #L;h\ | |
1b0 T '_1 ;5 2_00 T 2.'50 T '3_b'0 ! 1.00 1.50 2.00 T00 T 50 200 3.00 3.50

Perfluoroalkylsulfon-
amidoacetic Acid

www.restek.com




Raptor Polar X LC Column
Applications : TFA

Development of a direct injection method or D&S for water samples

2x dilution with MeOH
Injection solvent : 50/50 H20/MeOH
TFA Analysis on Restek Polar column, 2.7um, 50x2.1mm

LE Conditions : [Watens Acquity UFLE)

10eM aivanoeiam formate, 0.05%

Miile Frase A formic acid in water

00s% formie aced in 60:40
acetorrilemnethanol

Erudinng Timm |min]

Miokile Prase B

E
B
E A N -

100 ppt in S0:50 water: meathanal Aun Trm B i

Bas 050 1.00 1.60 z.00 250 3.00 35D 4,00 450 Eoh ™

www.restek.com
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Raptor Polar X LC Column

Applications : Underivatized Amino Acids

Non-Polar Amino Acids

Positively Charged Amino Acids

H 0] CHy O 0] 0O
| H HsC
HzN/\H/O OH HC OH HS OH OH
0 NH, NH, NH, NH

Glycine Alanine Valine Cysteine Proline
0 ?H'-‘ 0 0 o (o}
NH, NH; NH; HN’ NH, NH;
Leucine Isoleucine Methionine Tryptophan Phenylalanine

o]

OH
NH,

Arginine

0
0
0
HaN®

Histidine

Polar Amino Acids

Negatively Charged Amino Acids

0 0 0 0 0
OH
NH, NH, N, N

Serine Threonine Tyrosine Asparagine Glutamine

0

OH OH

NH; NH,
Glutamic Acid

Aspartic Acid

RESTEK

Pure Chromatography

www.restek.com




Raptor Polar X LC Column
Applications : Underivatized Amino Acids

LC analysis of free amino acids is particularly difficult because these
compounds have many different physicochemical properties

Amino acids can be classified into 4 groups based on the chemical
properties of their side chains : non-polar, polar, positively charged and
negatively charged

In their native forms (underivatized), the retention and separation of
some critical isobars won’t be good on a “ standard ” reverse phase
column

The Raptor Polar-X column was designed for a balanced retention of

these compounds, while eliminating pre-column derivatization steps and
using MS friendly mobile phases (improvement of ionization efficiency)

S
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Raptor Polar X LC Column

Applications : Underivatized Amino Acids

Tryptophan
Phenylalanine

Mechanism(s) : IEX + HILIC

NN~

—_ O
N 2o

— — —
o B w

%

—_
D

. Asparagine

— —
o~

—_
©

N
[e=)

. Glutamic Acid

NN
N —

. Aspartic Acid

Gradient

Column

Injection

Injection
solvent

Flow

Analyse time

Temperature

Time (min) %B
0.00 88
3.50 88
8.00 30
8.01 88
10.0 88

Polar X 2.1x100 mm
5uL

500 ng/mL in 20/80
H20/ACN with 0.01 N
HCI

0.5 mL/min
10 min

30°C

Pure Chromatography
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Raptor Polar X LC Column

Applications : Underivatized Amino Acids

Mechanism(s) : IEX + HILIC

Critical separation Leu/lle (isobaric compounds)

2

3606
3de64
30e64
25061 Leu / lle 1. Tryptophan
- 2. Phenylalanine
20004 5
i 3. Leucine
24654 4. lIsoleucine
=18 4 5. Methionine
s 3 6. Tyrosine
20051 7. Valine
1 8. Proline
19651 9. Cysteine
. ,eo' 10. Alanine
o 8 11. Threonine
14064 12. Glycine
- 13. Glutamine
) 1 14. Serine
10684 15. Asparagine
1 16. Arginine
80s51 7 17. Histidine
60054 - 18. Lysine o
! 19. Glutamic Acid
s 3 \ o 20. Aspartic Acid
6
20081 1 19
1
] J U U kf\ k‘i 81l A 2
%3 0 10 15 20 25 30 35 40 45 50 55 5 70
Time min

i
=1
m
x/

Pure Chromatography
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Raptor Polar X LC Column

Applications : Underivatized Amino Acids in infant formula

. Mechanism(s) : IEX + HILIC

100

Tryptophan (1.17)
Phenylalanine (1.26)

Leucine (1.41) Sam ) le

Isoleucine (1.55)

Methionine (1.62) Preparation:

Tyrosine (1.69)

5

18
[ Taurine (1.91)
' . Valine (1.98)
6 9. Proline (2.29)
1 19 10. Alanine (3.00) 200 9 L

11. Threonine (3.12)

12. Glycine (3.62) formu |a +

13. Glutamine (3.87)

. ] 14. Serine (3.93) 800uL ACN

15. Asparagine (4.08)
3 16. Arginine (4.47)
f r 9 JT‘l . 17. Histidine (4.66) + 10 HL 1N
18. Lysine (4.97)
| 19. Glutamic Acid (5.89) HCL
| ‘ | 20. Cystine (6.10)
‘ | 17 21. Aspartic Acid (7.12)

\ | || *‘f‘ ]

{ 1 ] I | | 1 | ||
O+ 7 ™ — -Il\‘L‘ll:IJIL |||| h \\_' 1»-,]_3..&,:'-&.&. ™ k'_ I |I\'_- — |—‘II I\I_%\O_I T A T T 1 Time
-0.00 1.00 2 o]0] 3.00 4.00 5.00 6.00 7.00 8.00 9.00

©ND oA LN

%
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Raptor Polar X LC Column
Applications : Water Soluble Vitamins

Mechanism(s) : IEX = HILIC

B1: Thiamine B6: Pyridoxal B3: Nicotinic Acid B9: Folic Acid
? 9 H
HO-P-0-P-0 .
OH OH ‘\‘J\,‘ry o -
HyC (\g‘rNHz HO*lI:’—O I =
|
s oH N” CH
CHy
B1: Thiamine Pyrophosphate B6: Pyridoxal 5'-phosphate

e
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Raptor Polar X LC Column
Applications : Water Soluble Vitamins

«  Mechanism(s) : [IEX = HILIC j‘%ﬂ N o o com
N N= o] N
| P Y OH | H/\I\
HaC)\N H]C)\K‘\ (j)\ ) Npii\l[ :D/\Et coH
OH N ’
B1: Thiamine B3: Nicotinic Acid B9: Folic Acid
2250} Mobile phase : isocratic, 50/50 H20/ACN
o] with 0,1% formic acid
. 2] » Flow : 0,4 mL/min
*  No retention for I UV detection
. . 0085 | | {P
vitamin B1 e
. {'JE-EE' o
*  |EX -> electrostatic Vitarmin 83 N"” ) ,fji fi
. P T N
repulsion N WS oo
mj Vitamin B9

S
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Raptor Polar X LC Column

Applications : Water Soluble Vitamins

Mechanism(s) : IEX > HILIC

Vitamin B1 is retained

Salts reduce electrostatic
repulsion

High organic % helps
retention through

« partitioning » (HILIC mode)

HILIC mode becomes
predominant

RESTEK

NH, 0
0 COM
= =N\
'1 s S OH 2 EI\L
)\ = = N
HC™ "N e | P ,,1 I \j/\ﬁ COzH
N HNT SN N
OH
B1: Thiamine B3: Nicotinic Acid B9: Folic Acid
0167 . . .
Mobile phase : isocratic, 90/10 ~ 8
o4  ACN/H20 with 10mM ammonium .
012 formate, 10mM.pH 3,0 e AS Vitamin B1
Flow : 0,4 mL/min -
01 Column : 2,1 x 50 mm
Soel 1o+ 0,256 min
D[]Bj
0.044
0.027
0.00 -
O.O[]I ‘ Iﬂ.éﬂl ‘ IO.LIOI ‘ l[].IS[JI I IO.:%OI I I1E}d I I1.|20I I 1:10 I 160 I ‘1.510I I I2.|[]0I I I2.|2[]I . I2.|40I I I2.|6[]I I l2.‘80I ‘ I3.60I ‘ l3.|20I I IS.AOI I ISIB{JI I IS.:QOI I I4.0[]

Minutes

www.restek.com
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Raptor Polar X LC Column
Key Advantages & Benefits

. Excellent retention for water soluble compounds (polar, anionic, hydrophilic)

. Reproducible retention times & better peak shapes = better data quality

. Excellent lot-to-lot and column-to-column reproducibility

. Used with LC-MS friendly mobile phases = less instrument downtime and maintenance

*  Guard columns available

. No need for a complex and time consuming conditioning, no need to passivate the column
. LC Passivation Solution available when needed

. Large agueous volume injection = Better sensitivity

. Many (other) possible applications

S
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C18 ARC-18 Biphenyl FluoroPhenyl EtG/EtS
/
o
> 0
= o,
§ PROPRIETARY
> 0 (‘i 0 0

Si \; CH 2; CH B

i : —Si=CH, y—Sl=—CH,

e \(\i/\( CH, f) CH . !

REVERSED PHASE

MIXED MODE

Pure Chromatography

SPP Raptor LC Column Range

HILIC-Si Polar X

OH
Si
00O

[ HILIC/ IEX

New Phase
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Thank you for your
attention !

cyrille.lamboley@restek.com
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