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HILIC

Advantages

ü Retention of polar components → higher  intensity 

ü Several different stationary phases available

ü MS compatible

ü Use of ACN (low viscosity solvent) → higher flow rates & better ionization

ü Combination of 3 major LC techniques (NR, RP, IEX)

• Complex mechanistic separation

(Adsorption, Partitioning, 

H bonding, Ion exchange)

• Great effort for the method 

optimization and development

• More equilibration time



Method development

HILIC stationary phases

Unmodified bare 
silica gels

Polar chemically 
boned phases

(a)

(b)

(c)

(d)

(e)

BEH HILIC Acquity
(2.1 × 100 mm, 1.7 μm)

BEH Amide Acquity
(2.1 × 100 mm, 1.7 μm)

TSKgel Amide Tosoh Bioscience 
(2.0 × 150 mm, 3 μm)

Luna HILIC 
PHENOMENEX
(2.0 × 100 mm, 3 
μm)

ZIC- pHILIC SeQuant
(2.1 × 150 mm, 5 μm)



Method development

• BEH Amide
• BEH (silica)
• Luna (diol)
• ZIC-p-HILIC
• TSK-gel (amide)

Stationary 
phase

• Ammonium Acetate   
1, 5, 10 mM

• Ammonium Formate
1, 5, 10 mM

• Formic Acid 0.01%, 
0.05%

Mobile phase 
composition •80:20

•90:10
•95:5
•95:5 (0.01% F.A.)

Vial composition
(ACN:H2O)

HILIC 
Optimization

M.P.
(+) ESI: (A) H2O, 1mM Amm. Form. 0.01% F.A.

(B) ACN:H2O (95:5), 1mM Amm. Form. 0.01% F.A.
(-) ESI: (A) H2O, 10mM Amm. Form.

(B) ACN:H2O (95:5), 10mM Amm. Form. 

§ Flow rate: 200 μL/min
§ Column T: 40 °C
§ Chromatogram: 20 min (+5 min re-equilibration)



§ Positive & Negative ESI
§ bbCID mode

bbCID mode

Low CE (4 ev) (pass all)"MS spectra

High CE (25 ev) (fragment all)"MS/MS spectra

MaXis Impact
Ultra High Resolution
Time-of-Flight Mass

Spectrometer

Database

902 compounds

601 well-retained compounds (k’>1)

Chosen according to 
environmental relevance 

& 
HILIC chromatographic 

behavior

Method development

bbCID mode
Ü Target Analysis

AutoMS mode
Ü Suspect Screening
Ü Non-target screening

EPs, belonging to a 
diverse group of 

compounds



ü 100 mL wastewater (GFF filtration)
ü IS spiking (100 ng/L)
ü SPE           Mixed-bed cartridges
ü Extraction: Neutral, Basic & Acidic 

Compounds

Strata-X

Mixture:
Strata-XCW,
Strata-XAW,

ENVI+
" 100 times 

pre-concentration

Location: WWTP of Athens, Greece
Period: 8th March 2015 (Sunday)

Samples: 24-h composite flow-proportional
influent & effluent wastewater

Sample Preparation:

*Kern et al. EST (2009) 43(18):7039

as performed in RP target 
screening method.

Sampling & Sample preparation



Ü validation dataset 

v 85 compounds
v 10% of the compounds of the total database
v Representative physicochemical properties
v Compounds from every class of EPs

Ü Calibration curves (solvent, matrix & spiked samples) (6 levels of 
concentration)

Ü Repeatability, recoveries and matrix effect

Ü The screening detection limit (SDL) and the limit of identification 
(LOI):

• SDL: the lowest concentration level tested for which a compound was 
detected in all samples; 
tR + Precursor ion= 2 Identification Points (2 IPs)

• LOI: the lowest concentration tested for which a compound was 
satisfactorily identified in all spiked samples; 
tR + Precursor ion + fragment = 4 Identification Points (4 IPs)

Method validation



Linearity
Amisulpride-N-oxide

y = 772353x + 12721
R² = 0.9858
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§ 0.25 μg/L: 3.4-16 %

§ 0.025 μg/L: 6.0-17 %

§ 0.0025 μg/L: 11- 21 %

Validation Results



Validation Results

º Comparison RP – HILIC »

58 compounds
Common in RP & HILIC 

validation 
(representative tR)

Matrix Effect

RPHILIC
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Validation Results

º Comparison RP – HILIC »
Sensitivity

Slope (b), standard addition curve

• 19% compounds → higher sensitivity in HILIC
Due to tR ?

Due to physicochemical properties
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• 38% compounds → lower SDL-LOI in HILIC
• 51% compounds → lower SDL-LOI in RP
• 11% compounds → equal SDL-LOI

…compounds different 
fragmentation pattern RP-

HILIC



Validation Results

º Comparison RP – HILIC »

Different fragmentation pattern
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Irbesartan

5-Me-Benzotriazole4-Me-Benzotriazole
Benzyl-dimethyl-dodecylammoniumtramadolN-Desmethylvenlafaxine (norvenlafaxine)

phendimetrazine5-Methyl-Benzotriazole-D6 3 4-methylenedioxy-N-methylamphetamine (MDMA)2-phenylethylamineorphenadrine etafedrinetramadol-N-oxidePyrimidinol GabapentinSotalolcotinine N-N-DidesmethylvenlafaxineN-O-Didesmethylvenlafaxinemethoxyphenamine4-Acetamidoantipyrine mefenorexCarbamazepine 4-AcetamidoantipyrineCarbendazim CathineCarbamazepine GabapentinNorephedrineMethadone (METH)Carbamazepine-D8Carbamazepine-10-11-dihydro-10-11-dihydroxy BenzamidineCarbamazepine-10-11-dihydro-10-11-dihydroxy 3 4-methylenedioxy-N-methylamphetamine (MDMA)Tryptamine2-Aminoheptaneetafedrine azaperone (Na)Isoprocarb Lamotrigine-13C3-D3 Benzylpiperazine (BZP)mephentermine dimethylamphetamine Amantadineallo-THF (Allotetrahydrocortisol or 5a-Pregnane-3a-11b-17a-21-tetrol-20-one) (K)allo-THF (Allotetrahydrocortisol or 5a-Pregnane-3a-11b-17a-21-tetrol-20-one) (K) Propham1-benzylpiperazine3 4-methylenedioxyamphetamine (MDA)THF (Tetrahydrocortisol or 5?-Pregnan-3?-11?-17-21-Tetrol-20-one) (K)THF (Tetrahydrocortisol or 5?-Pregnan-3?-11?-17-21-Tetrol-20-one) (K) BenzamidineAtenolol-D7ephedrine4-Formylaminoantipyrine ClindamycinO-Desmethyl-venlafaxinefenproporex 3 4-methylenedioxyamphetamine (MDA)tramadolDeprenyl-N-oxidepholedrine (p-hydroxy-methylamphetamine)Atenolol acid (Metoprolol acid)

Climbazole

Amisulpride

1-Methyl-Benzotriazole
venlafaxine

Ranitidine
Benzotriazole (BTR) Celiprolol Metformin

piracetamFluconazole 2-phenylethylamine 4-Piperidincarboxamid
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2-phenylethylamineN-O-Didesmethylvenlafaxinenicotine1-7-dimethylxanthineTheophyline pholedrine (p-hydroxy-methylamphetamine)ephedrinetramadolO-Desmethyl-venlafaxineAmphetamineOxprenololN-Desmethylvenlafaxine (norvenlafaxine)2-phenylethylaminephendimetrazineAmisulpridevenlafaxineCaffeine ephedrineTramadol-D6propafenone pholedrine (p-hydroxy-methylamphetamine)NorephedrinePregabalin-racSotalolAmisulpride-D5Tyramine TyramineVenlafaxine-D6Benzotriazole (BTR) Cathine CathineCathinecitalopramCitalopram-D6 etafedrineGabapentinheptaminol Lidocaine AtenololMethamphetamine (MA)methoxyphenaminemethylephedrinemetoprolol nicotineetafedrineNorephedrine1-benzylpiperazine2-Aminoheptane3 4-methylenedioxyamphetamine (MDA)4-methyl-2-hexanamineAmantadineAtenolol-D7azaperone (Na)Benzothiazole (BTH) NornicotineNornicotineethopabate octopamine oxilofrine Erythromycindimethylamphetamine Phenylalanine (Phe)Codeine (COD)Cimaterolpiracetam N-desmethyl ClarithromycinCarbofuran-3-hydroxy PropamocarbProphamRanitidineRanitidine-N-oxidRanitidine-S-oxidsalicylamideN-Desmethylvenlafaxine (norvenlafaxine)Carbamazepine-10-11-dihydro-10-11-dihydroxy Bisoprololmephentermine hydrocodone TyramineetilefrineTyrosine (Tyr)Valine (Val)Benzylpiperazine (BZP) norfenefrine 

Metformin

isoleucine (Ile)Benzyl-dimethyl-dodecylammonium
N-N-Didesmethylvenlafaxinecotinine

Climbazole NorephedrineTripropylamine Bufexamac
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wastewater

isoleucine (Ile)

N-O-DidesmethylvenlafaxineN-N-Didesmethylvenlafaxine

Theophyline pholedrine (p-hydroxy-methylamphetamine)tramadolO-Desmethyl-venlafaxineAmphetamineOxprenololN-Desmethylvenlafaxine (norvenlafaxine)2-phenylethylamineAmisulpridevenlafaxineCaffeine Tramadol-D6propafenone ephedrinepholedrine (p-hydroxy-methylamphetamine)CathineNorephedrinemetoprolol Venlafaxine-D6Amisulpride-D5 CathineNorephedrineCitalopram-D6TripropylamineLidocaine Sotalolheptaminol Pregabalin-racCathinecitaloprametafedrineetafedrineGabapentinAtenololMethamphetamine (MA)methoxyphenaminemethylephedrinenicotineNorephedrineTyramineProphamPhenylalanine (Phe)hydrocodone AmantadineCarbamazepine-10-11-dihydro-10-11-dihydroxy Codeine (COD)4-methyl-2-hexanamine3 4-methylenedioxyamphetamine (MDA)N-Desmethylvenlafaxine (norvenlafaxine)Cimaterolnorfenefrine NornicotineNornicotineCarbofuran-3-hydroxy octopamine oxilofrine etilefrineazaperone (Na)PropamocarbRanitidineErythromycin Atenolol-D7ethopabate dimethylamphetamine mephentermine TyramineN-desmethyl ClarithromycinValine (Val)salicylamideBenzylpiperazine (BZP)Ranitidine-N-oxidBisoprolol Tyrosine (Tyr)Ranitidine-S-oxid1-benzylpiperazineBenzothiazole (BTH)

LeucineBenzyl-dimethyl-dodecylammonium

2-phenylethylamine
cotinine

nicotine
1-7-dimethylxanthine ephedrine

Climbazole phendimetrazine
TyramineBenzotriazole (BTR) 2-Aminoheptane Bufexamacpiracetam
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256 compounds

257 compounds

336 compounds 
detected in total

Criteria

• Ion Intensity > 250 (+ESI) / 150 (-ESI)
• Peak Area > 1000 (+ESI) / 600 (-ESI)
• deltaRT ≤ 0.4 min
• Accuracy: Error ≤ 2.5 mDa
• Isotopic fit: ≤ 100 mSigma

Wastewater Results

Effluent wastewater



Wastewater Results

Benzyl-dimethyl dodecylammonium

Cotinine

Clarithromycin

Ephedrine
Amisulprideirbersartan
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ü Complex 

mechanism of 
separation

ü Complementarity 
with RP 

Comparison of retention of selected analytes



O-desmethyl venlafaxine

N-desmethyl venlafaxine
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Comparison of retention of isomers

Wastewater Results



6.48 min

3.66 min
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2-phenethyamine
C8H11N

6.38 min

INFLUENT _7_3_15_RA5_02_10805.d: EIC 136.1121±0.005 +All MS, Masses excluded

4.01 min

Sample_15_3_inf_RE4_01_3616.d: EIC 136.1121±0.005 +All MS, Masses excluded, Smoothed (1.00,1,GA)
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Wastewater Results
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6.77 min

EFFLUENT_7_3_15_RA4_02_10803.d: EIC 103.0614±0.005 +All MS, Masses excluded

1.43 min

eff_8_3_2015_pos_RC3_01_8665.d: EIC 103.0614±0.005 +All MS, Masses excluded
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Wastewater Results

5.83 min

INFLUENT _7_3_15_RA5_02_10805.d: Benzyl-dimethyl-dodecylammonium, 304.2999±0.005, C 21 H 38 N 1, 5.8min

11.27 min

inf_8_3_2015_pos_RC4_01_8666.d: Benzyl-dimethyl-dodecylammonium, 304.2999±0.005, C 21 H 38 N 1, 11.2min
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C21H38N+



2.45 min

INFLUENT _7_3_15_RA5_02_10805.d: dexamethasone, 393.2072±0.005, C 22 H 29 F 1 O 5, 2.4min

6.66 min

INFLUENT _7_3_15_RA5_02_10805.d: Oxprenolol, 266.1751±0.005, C 15 H 23 N 1 O 3, 6.5min

2.03 min

INFLUENT _7_3_15_RA5_02_10805.d: Pyrimidinol, 153.1022±0.005, C 8 H 12 N 2 O 1, 2.0min

6.79 min

INFLUENT _7_3_15_RA5_02_10805.d: Tyramine, 138.0913±0.005, C 8 H 11 N 1 O 1, 6.7min
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HILIC
ü Compounds 

NOT eluted in 
RP mode Dexamethasone

2.5 mDa, 53 mSigma

Oxprenolol
0.2 mDa, 32 mSigma

Pyrimidinol
0.4 mDa, 35 mSigma

Tyramine
0.1 mDa, 5 mSigma

Wastewater Results

HILIC



2327 compoundsdatabase902 compounds

371 compoundsdetected336 compounds

203 
compounds
in common

133 compounds
only in HILIC

168 compounds
only in RP

Further 
evaluation

Why not detect some 
compounds in RP or 

HILIC mode?

104/133 present in 
RP db

95/168 present 
in HILIC db

Comparison HILIC- RP

HILIC RP



v Development of HILIC wide-scope target method

v Optimization & validation of the HILIC method

v In-house database with information for 902 compounds

v Application in influent & effluent wastewater samples

v Comparison with RP target screening method

ü Complementary technique for target screening

ü Use in suspect & non-target screening for additional information

Conclusions



Thank you for your attention!
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