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C8 or C18 Doesn’t Always Do the Job

Typical reversed phase conditions
Involve water/buffer with 5 to 100%
organic

Some very polar acids and bases not well
retained

ncrease retention with less organic

Performance of C18 columns under
nighly aqueous conditions not always
robust
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Pore Dewetting or Phase Collapse

Alkyl phases such as C8 or C18 can exhibit poor
retention or reproducibility of retention in low
organic mobile phases

Phenomenon known as pore dewetting or phase
collapse

Onset can be unpredictable

A method robustness issue often mistaken as a
column or lot issue

See Przybyciel and Majors, LCGC 20(6), 516-
523 (2002).

‘7%~ Agilent Technologies



What Do You Do?

Adjust method conditions

lon-pair chromatography

Alternate column choice (polar modified)

Normal phase
HILIC
Ligand exchange

Agilent Technologies



Adjust Method Conditions

Reversed-phase methods often use low pH

Basic compounds will be charged

Adjusting pH up (>8) will generally increase retention

High pH can damage many silica based columns

Choose ZORBAX Extend-C18 (to 11.5) or PLRP-S
(to 14)
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Extend-C18

C18 C18
NN~/
/SI\ /le

O O

Silica Support

* Bidentate structure
* Double endcapped
pH 2 -11.5 (at 40 °C)
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Basic Antihistamines at High pH

Column:

Mobile Phase:

Flow Rate:
Temperature:
Detector:

Sample:

ZORBAX Extend-C18
773450-902
4.6 x 150 mm, 5 pm

pH 7:

30% 20 mM Na,HPO, 70% MeOH
pH11:

30% 20 mM TEA 70% MeOH

1.0 mL/min
Ambient
254 nm

Antihistamines

Maleate
Scopolamine
Pseudoephadrine
Doxylamine
Chlorpheniramineg
Triproliding
Diphenhydraming
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lon-Pair Chromatography

Similar to reversed-phase, but an ion-pairing reagent is
added to the mobile phase

Alkyl sulfonate
Amine

’
"/\AAA/
*

Non-polar stationary phase

*Non-polar alkyl chain will adsorb into the
non-polar stationary phase

*Polar part of the ion-pairing reagent will
“stick-out” into the mobile phase

Agilent Technologies



lon-Pair Chromatography

Similar to reversed-phase, but an ion-pairing reagent is
added to the mobile phase

Quaternary amine
Carboxylic

acid

’
"/\AAA/
*

Non-polar stationary phase

*Non-polar alkyl chain will adsorb into the
non-polar stationary phase

*Polar part of the ion-pairing reagent will
“stick-out” into the mobile phase

Agilent Technologies



Some Common lon-Pairing Reagents

Pairs with Cations Pairs with Anions
o O
\Y%
CHy-(CHy); O !
N—
Alkyl sulfonates CH,-(CH,),” L R
RF O Quaternary amines
S o
FFFF

Heptafluorobutyric
acid (HFBA)
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http://upload.wikimedia.org/wikipedia/commons/a/a3/Mesylate_anion_canonical.svg
http://upload.wikimedia.org/wikipedia/commons/9/92/Quaternary_ammonium_cation.svg
//upload.wikimedia.org/wikipedia/commons/7/7f/Heptafluorobutyric_acid.png

lon-Pair Parameters

IP reagent
.Longer alkyl chain--more readily adsorbed by stationary phase

*Choose alkyl length which gives best separation (more retention of
amines with octanesulfonate than hexanesulfonate)

*Select cationic ion-pairing reagent for anions (e.g., acids)
*Select anionic ion-pairing reagent for cations (e.g., amines)
*Not both together

IP Concentration
*Increase retention with increasing IP concentration
*Increase concentration with %B - non-linear adsorption

opH

Buffer concentration

*Choice of organic modifier

0B

*Temperature

Agilent Technologies



lon-Pair Chromatography

Column: C8 or C18
Mobile Phase:

« Organic — often methanol

« Aqueous - Buffered with
appropriate IP reagent

* Temperature controlled
between 35° and 60°C

Cations — bases

Buffer: 25 — 50 mM
phosphate, pH 2- 3

IP reagent: 10-100 mM
hexane sulfonate

Anions — acids

Buffer: 25 — 50 mM
phosphate, pH 6 — 7

IP reagent: 10-40 mM
tetrabutyl ammonium
phosphate
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lon-Pair Chromatography Issues

*Higher level of complexity than RP, so generally
chosen only if needed

*Requires careful control of IP reagent, pH,
temperature

Gradient methods are more difficult than RP
*Equilibration is much slower than RP
*Column dedicated to IP

*IP-reagent in the injection solvent
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Amino Acids by lon-Pair

x10* | +ESI MRM Frag=80.0 V

251
2_
10 uM calibration standard 151
10 +ES| MRM Frag = 80.0V N stamc acid ! 9 i i
utamic aci
4 05- 148.1 — 84.1 HZNWDH HDWUH
.4 85 b

Counts
“

2- o 2
1_ . /, Glutamine Glutamic acid
x10°|+ES| MRM Frag = 80.0V Glutamine . 0 . 0
. 147.1 — 84.1 oh o
= |
§ y NH, NH, OH NH,
Asparagine Aspartic acid
*10* =
+ES| MRM Frag = 80.0V e Aspartic acid
ao=Bl0V| 310 740
feg“ a ZORBAX SB-C18 RRHT, 1.8 pm,
Rt 3 x50 mm, 25 °C, 1 pL in;
] 0.4 mL/min
X10° ESI MRM Frag = 74.0V Tl Asparagine A: water/ 0.5 % FA + 0.3% HFBA
H 025 1331 — 74.1 B: ACN/0.5% FA + 0.3% HFBA
g i 28 3 323436 0 to 5% B over 5 minutes

5991-0904EN
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Alternative Column Choices

« Some column phases resist “dewetting” for use at
low organic or 100% aqueous conditions

* Options include:

* Phenyl or Phenyl-Hexyl
* Bonus-RP (polar amide embedded)
* SB-AQ

[ =i—— Sl —
e Rl S =S
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ZORBAX Method Development Kits

ZORBAX Method Development Kit Information

Kits (SAP Description) Description Dimension
ZORBAX REHD pH Method Development Kit One of each: SB-C18, Eclipse Plus C18, and Extend-C18 21 x50 mm  5190-6152
ZORBAX RRHD Eclipse Plus Method Development Kit One of each: Eclipse Plus C18, Eclipse Plus C8, 21 x50 mm  5190-6153
Eclipse Plus Phenyl-Hexyl
@DHBA}( RRHD Aqueous Method Development Kit One of each: SB-Aq, Bonus RP, Eclipse Plus Phenyl-Hexyl 2.1 x 50 mm 5190—5154)
Poroshell 120 Selectivity Method Development Kit One of each: EC-C18, Phenyl-Hexyl, Bonus-RP 21 x50 mm  5190-6155
Poroshell 120 Selectivity Method Development Kit One of each: EC-C18, Phenyl-Hexyl, Bonus-RP 46x50 mm  5190-6156
oroshell 120 Aqueous Method Development Kit One of each: SB-Aq, Phenyl-Hexyl, Bonus-RP 21 x50 mm  5190-6157
(:urnshell 120 Aqueous Method Development Kit One of each: SB-Aq, Phenyl-Hexyl, Bonus RP 4.6 x 50 mm 5190—6153)
Poroshell 120 L1, L7, and L10 USP Method Development Kit One of each: EC-C18, EC-C8, EC-CN 46 x100 mm 5190-6159
Poroshell 120 L1, L7, and L10 USP Method Development Kit One of each: EC-C18, EC-C8, EC-CN 3.0x100 mm 5190-6160

Agilent Technologies



Phenyl Phases

« ZORBAX options include:
* Eclipse Plus Phenyl-Hexyl
* Eclipse XDB-Phenyl
 StableBond SB-Phenyl
* Poroshell 120 Phenyl-Hexyl

« Slight selectivity differences

» Choice of mobile phase important

‘7%~ Agilent Technologies



Catecholamines on Phenyl Phases

OH OH OH i
HO
HO HO HO 0OH
HN N MNH
HO “CH, HO " o ! H,
Epinephrine Norepinephrine Dopamine Tyrosine Levodopa
pKa =8.55 pka=8.4 pKa=8.89 pKa=10.1 pKa=8.72
mAU 1
0 ) ZORBAX Eclipse Plus Phenyl-Hexyl
403 3
304 4
N :
103 .
UE e /I\-—
0 é é lli !IE 1ID min
Eg— ) ZORBAX Eclipse XDB-FPhenyl
103 3
303 4
gt N\ 5
E _ . AN : AN
o 2 a4 T s T g ' 0 min
mAU 3 !
gg- 2 3 ZORBAX StableBond SB-Phenyl
403
303 N
203 A 5
103
DE T T T T T I T T T T T AI T T T T T T T T T T 1
0 2 4 [ 8 10 min
Norepinephrine, epinephrine, dopamine, levodopa, impurity®, tyrosine 0.2 mg/mL each 5 pL 4.6 mm = 100 mm, 5 pm columns. 5990_3616EN

Mobile phase = 0.1% TFA in water, 1 mL /min, 265 nm.
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Catecholamines by lon-Pair

OH OH
Ho O O Column
HN-_ | = NH, | = NH, 4.6 x 75 mm Zorbax SB-C18 , 3.5 ym
HO CH, HO HO

Mobile phase

Epinephrine Norepinephrine Dopamine A=0.025MKH.PO, + 0.3 mM
pKa = 855 pKa = 8.4 pKa = 8.89 i e
heptanesulfonic acid in water
1 Norepinephrine (pH = 3), B = acetonitrile
Absorbance 2 Epinephrine Flow rate
. : 1.0 ml/min
[mAU] L2, 3 Dihydroxybenzylamine  gyaigny
1204 (internal standard) at Omin 1% B
ﬂ l l 4 Dopamine at5min2 % B
120 - at7min15 % B
100 4 Column wash
80 - at8min1 % B
UV detector
60+ i variable wavelength detector
40 - 204 nm, standard cell
20 - Column compartment temperature
" U\ | 30 °C
0 +—J '\ — L
: : , , , , , Injection volume 5 pl

Time [min] 5968-2966E

Agilent Technologies



Catecholamines on Phenyl Phases

o ! ZORBAX EclipsePlus Phenyl-Hexyl
03 2 3, 0.1%TFA
[ a
ﬂE T T T T T T T T T‘L_ T T T —/I-\M- T T T T T T T 1
0 2 A f 8 10 min
AU
; 603 1
103 9 . Z0ORBAX EclipsePlus Phenyl-Hexyl
zﬂé j\ 1 0.2%TFA
E 5
o [\ S\ S
0 é 1Il lli ili IIEI min
mAU 1
803 :
603 2 3 ZORBAX EclipsePlus Phenyl-Hexyl
403 1 ; 0.2 % formic acid
20
04 T T T T T f:\ T T T T T T T T T T T T T T T T T 1
0 2 4 g 8 10 min
mAUE 1
jof 3 ZORBAX EclipsePlus Phenyl-Hexyl
ME 4 1.0 % acetic acid
203
03 T T T T T T T T T T T T T T T T T T T T T T T 1
0 2 4 g 8 10 min

Morepinephrine, epinephrine, dopamine, levodopa, impurity®, tyrosine 0.2 mg/mLeach5pL 4.6 mm = 100 mm, 5 pm columns.
Mobile phase = 0.1% TFA in water, 1 mL /min, 265 nm.

5990-3616EN
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A I i p h at i C A C i d S 25 mM sodium phosphate buffer, pH=2.5

1 Tartaric acid
Flow rate: 1.0mL/min 2 Malic acid
Temperature: 25°C 3 Lactin_: acit_i
Injection volume: 5pl 4 Acetic acid
Detector: 220 nm b Citric acid
1 6 Malic acid impurity
. 7 Propioic acid
mAUg 3 5990-3616EN 8 Lactic acid impurity
Run 1 1003 ) 4 5.6 9 Lactic acid Impurity
503 | 7 8 9
0 E JL JHLI ]JL H_ A i
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 T T T T T T T T T T T T T 1
2 4 6 8 10 12 14 16 18 min
mAl
Run2 100 l
. N
0 .JL,. JI.]L[L, |_|L W TR —
T T | L T T | I T T T 1 T | I T T T ] | I T T | B T | I T ]
2 4 6 8 10 12 14 16 18 min
mAU
Run3 100 ‘ |
50 h
I] T T 'IJL— I‘LJ IL IhILI | T T I"MI T T T | T T T | T T T I T T Ih-_l_q T __I-__I I T T I T T T I
2 4 6 8 10 12 14 16 18 min
mAU
Rund  1gp3 l
503 h I
] 3 JI.I JHI. JLL i JlLI . i 1 ]
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 T | T T T |
2 4 ] 8 10 12 14 16 18 min

1and 2) Run successivelywith no pause. 3) Pump stopped 30 minutes and restarted. 4) Pump stopped 30 minutes and restarted ZORBAX Eclipse Plus

Phenyl-Hexyl 4.6 mm = 150 mm 3.5 micron, p/n 959961-312.
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Nucleobases and Nucleosides

Eclipse Plus Phenhex 4.6 x 100 mm, 5 um

—
o

XDB-Phenyl
mAl 1 2
1ué A 7 8 )
= S\
’ =: ! ! ! ! | ! ! | | I |
1 3 4 5 ] T
=g SB- Phenyl
E 1 T a9
1003 5 8
= M\ A AN
i 2 H s 5 R

1. Cytosine 6. Adenine A: 20 mM ammonium
2.  Uracil 7.  Thymine acetate, pH 4.5 0 1

3. Cytidne 8. Guanosine B: methanol

4. Guanine 9. Thymidine 1 mL/min, 254 nm 4 1

5. Uridine 10. Adenosine 6 50

Agilent Technologies



Z/ORBAX Bonus-RP Phase

0—Si—" ™_"TPG ~_"R
* Alkyl phase

s  Polar group embedded
e « Triple Endcapped

*pPH2-9

0— Si— ™ _""PG" ~_"R

Agilent Technologies



Hair Dye Analysis on Bonus-RP

mAU
503
401
307

p-Phenylenediamine
2-Amino-3-hydroxypyridine
m-Phenylenediamine
4-Aminophenol
2,5-Diaminotoluene sulfate
o-Phenylenediamine
3-Aminophenol

; : ‘ Hydroquinone
14 16 18 min g 2-Chloro-1.4-phenylenediamine sulfate
10. 4-Methylaminophenol sulfate
24 11. Resorcine

12. 3.4-Diaminotoluene
13. 1.4-Diamino-2-nitrobenzene

14. 5-Amino-o-cresol
15. 2-Methylresorcinol
16. 6-Amino-m-cresol

Column 1 23
24

e i Ll

1 N ~ . 4-Nitro-o-phenylenediamine
L 17 4-Nitro-o-phenylened
0 /) 4 6 8 100 12 14 16 18 min 18 4-Amino-3-nitrophenol
Instrument:  Agilent 1290 Infinity LC System(installed with 1290 inline 19. B-Hydroxyindole
filter after injector valve, p/n 5067-4638) 20. 4-Chlororesorcinol
Column: Agilent Poroshell 120 Bonus-RP, 3.0 = 100 mm, 2.7 pm 21. 2,7-Dihydroxynaphthalene
Mobile phase: A, 10 mM acetate; B, ACN 22 1,5 Ditwd hthal
Gradient: 0 min 0% B Stop time: 20 min, post run 3 min i Ih‘y' r_mw nap t_ diene
2 min 0% B Flow rate: 0.5 mL/min 23. 4-Aminodiphenylamine
mn o %B mjecton 1l 24. 1-Naphthol
15 min 70% B : - -
18 min 80% B Detector: UV 280 nm 5991-1289EN

Agilent Technologies



ZORBAX SB-Aqg Phase

mAU 1 5
523 1 2 Peak ID
0] Sge & [\2 o
B- AN 8 = i / '\\ 1. Tartaric acid
' . JoN . . .
L — VJM__ 2. Quinic acid
0.25 05 075 1 1.25 15 1.75 min : :
may i 3. MH[IC aclld
30{ “fanberry cocktal ,ﬁ_ = 4. Citric acid
123: I|' R n 8= 2 5. Fumaric acid
0. N AN - A~ - B
0.25 05 075 1 1.25 15 175 min
malL 1
304 Grapefruit juice f - 0
S 8 o
X . _ | ,,,M”‘ﬁ-.-*j-k"-??-- OH 0 O\
0.25 05 075 1 125 15 175 min HU\H)\(LDH HO™ ™y “OH
"0 i 8 = o o
20. Orange juice I|||Ig - % E = Tartaric acid Quinic acid
10 I\ 8= pn < =
0 mv." NN N~
0.25 05 075 1 175 15 175 min
Column: Agilent Poroshell 120 SB-Ag, 3 x 100 mm, 2.7 pm OH
(p/n 685975-314) 0 OH 0 0 0 0
Eluent: 100 mM Potassium phosphate buffer, pH 2.5 HO OH J\L\ HO 2% OH
ot . HO OH
Injection volume: 5 plL OH
_T_Iuw ratl.:: gbﬁun(;Lfmln Malic acid Citric acid Fumaric acid
emperature:
Detector: DAD, at 226 nm 5991-1992EN

- Agilent Technologies




Normal Phase

* Polar stationary phase:
« Silica
* Cyano
* Amine
* Diol

* (Relatively) Non-polar mobile phase:
* Typical solvent systems hexane/methylene chloride,
hexane/ethyl acetate, methylene chloride/methanol,
hexane/isopropanol, etc.

‘7%~ Agilent Technologies



Normal Phase

*Very polar compounds will be well retained

* Reproducibility often an issue

 Important to control the amount of water in MP with
silica column

 Slow equilibration of silica columns

» Tailing peaks

« Cyano phase — equilibration faster, gradients possible

‘7%~ Agilent Technologies



HILIC
Hydrophilic Interaction Chromatography

* Polar stationary phase:
* Silica
* Amine
* Amide
* Diol

Agilent Technologies



HILIC
Hydrophilic Interaction Chromatography

* Polar stationary phase:
* Silica
* Amine
* Amide
* Diol

 Polar mobile phase:
« Water is the strong solvent
* THF<acetone<ACN<IPrOH<EtOH<MeOH<water
*Typically ACN/water
-Buffer controls ionization of analyte and stationary
phase
*Typically ammonium acetate or ammonium formate

‘7%~ Agilent Technologies



How Does HILIC Work on Silica?

Water layer must be adsorbed onto the stationary phase
Polar analytes partition in and out of this adsorbed layer

*Charged polar analytes can also ion exchange with charged
silica particles, I.e., cation exchange with amines

Combination of mechanisms drives retention in HILIC

*Retention/elution is from least to most polar — opposite of
reversed-phase LC

*HILIC offers more retention than reversed-phase for very
polar bases

‘7%~ Agilent Technologies
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HILIC Advantages

* Good peak shape for basic compounds where RP may give
tailing and/or low efficiency

 Low viscosity mobile phases with high organic content allow
the use of higher flow rates and/or long columns

« Enhanced detection sensitivity with MS
 Efficient spraying and desolvation in electrospray MS
* As much as 3X sensitivity

« Can directly inject ACN extracts from C18 SPE cartridges

‘7%~ Agilent Technologies
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HILIC Challenges

« Slower equilibration than RPLC
e Particularly true for bare silica columns
 Longer to equilibrate initially

 Longer to equilibrate when mobile phase changes
for gradients or method development are required

« Peak distortion with mobile phase / sample solvent
mismatch

« Mechanism not well understood

‘7%~ Agilent Technologies



Typical Conditions

* Silica column (ZORBAX Rx-SIL, HILIC Plus,
Poroshell 120 HILIC)

« Water (at least 2-3%, ~ 25%)/ACN
 Buffer (e.g., ammonium acetate)
* pH control, if necessary

‘7%~ Agilent Technologies



Equilibrate from high agueous to low
Critical factor when changing mobile phases

A: 25mM ammonium acetate with 2.5 mM ammonium formate

ZORBAX Rx-Sil, 2.1 x 150, 5um B: acetonitrile
10:90 A:B
Flow : 0.1 mL/min hvmi
Temp:25 C 1. t ym_me
DADL A, Sig=254,4 Ref=360,100 (EAHILIC PYRIMIDINES\BASES000021.D) Detection: UV 254nm,4, ref=360,100 2. Uracil
- may | Inj. Vol 0.5 pL 3. adenine
i ; Instrument Quat 1200 4. uanine
EqUIIIbra’[Ing from Samples: ca. 0.4 mg/ml each in ACN/water 5 gytosine
80 to 90% ACN

works

o J _JL

/Equilibrating from

95 to 90% ACN

does not work

well | J L

Agilent Technologies
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HILIC — comparison with C18

A Agilent Poroshell 120 HILIC, 2.7 pm, 3 x 150 mm 1. Napthalene
mAU 220 bar 1 2. Uracil
140-
120+ 0. 84 mL/min
133 ) 90/10 MeCN/100 mM pH 3.2
60 NH,HCO,H Buffer
20
0 J : :
1 1.

B
mA

120-
100
80
60
40-
20

0.2

0.4

0.6

0.8

2 14 1.6 1.8 min

Agilent Poroshell 120 EC-C18, 2.7 pm, 3 x 150 mm

224 bar

2

.

1

0.2

0.4

0.6

0.8

1.2 14 16 18  min

Agilent Technologies
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//upload.wikimedia.org/wikipedia/commons/b/b4/Uracil.svg
//upload.wikimedia.org/wikipedia/commons/4/4f/Naphthalene-2D-Skeletal.svg

HILIC Separation of Catecholamines
Poroshell 120 2.1 x 100, 2.7 micron

DAD1 A, Sig=280,8 Ref=360,100 (CATECHOLAMINE2\MIX1000025.D)

A: 100 mM NH4HC02
mAU S

g B: Acetonitrile
Poroshell 120 HILIC K oH
178 2.1 x 100, 2.7 micron H\CH 168 Bar
3 Hol
Ho Time(min) %B  Flow Rate= 0.6 mL/min
15€ OH Initial 97  2.1x100 mm
Nt 4 85
o 4.67 85
125 . & Ha on
ZS\OH - N - Het > o7
OH o on 6.67 97
10€ OH
75 1. Dopamine
2. Epinephrine
3.  Norepinephrine
50
5 Approx. 1 mg/mL each in 66:33 DMSO:MeCN
29 N . 0.5 pl injection
: : : : : : :
2

4 6 8 min

Agilent Technologies




HILIC Separation of B Vitamins

= z -
ﬂ} 0.4 mL/ min, Pressure = 216 bar 2 Oy OH
0.9 | 4 o]
0.8
07 = | NH
B gg | 3 TF =1.28 NH, SN
é []4 ‘ | TF =1.18 N=10153 4-Aminobenzoic acid Nicotinamide
0.3 1 | I CH,NO, CHN,0
02 R N = 18402 FA MW = 137.14 MW = 122.12
0'1]} fi. ) Al J
o]
010203040506070809101112131415161.7181920212223242526272829303132 HaC N
Acquisition time (min) j@ S NH

=10% 0.7 mL/ min, Pressure = 381 bar HaC N™ °N” 0
1.0 _ o HO 0
a3 1. 4 Aminobenzoic acid _ ~ A,

' L . HO™ ™" "OH
o os 2. Nicotinamide &1 ..
€ o TF =123 . .
305 | 3' thﬂflal"”n Riboflavin Nicotinic acid
804 F - 145 N= 8649 e
03 | - " 4. Nicotinic acid €N, CHNO,
0.2 ‘ N = 15805 I MW = 376.36 MW = 12311
[]I rl fi I'.
1) L A S
010203040506070809101112131415161.7181920212223242526272829303132
Acquisition time {min)

%103 1.0 mL/min. Pressure = 534 bar Agilent 1290 Infinity LC System with an Agilent 6410A ESI+
gg Agilent ZORBAX RRHD HILIC Plus, 2.1 x 100 mm, 1.8 pm
07 CH3CNJ’| 00 mM NHdHE[]2 pH 3.2 (9:1)

z06 -
S 05 TF =12 0.4, 0.7, or 1.0 mL/min
S ‘ TF =10 N= 8559 0.1 uL of 125 pg/mL each in CH,CN
02 N=12238 )
0.1 | l ; 25°C
0 i e A

0102030405060708091.01112131415161.718192021222324252627 28293037132
Acquisition time (min)

- Agilent Technologies




HILIC Separation of B Vitamins

I 1 | |
10 10 | ! | | Agilent 1290 Infinity LC System with an Agilent 6410A ESI+
1 : | | | Agilent ZORBAX RRHD HILIC Plus, 2.1 x 100 mm, 1.8 pm
05 W= 0113 i PW.  ~10.056 CH,CN/100 mM NH,HCO, pH 32 (9:1)
PW,,, =M PW, , = 0.107 | 0.4 mL/min
0 ! i | | 1 pL of 5.7 pg/mL each
"“132 H,0/CH,CN (3:1) | i i 2°C
05 PW iu uww]r PW 0.075 P, - 0063
s | m:' =u I
0 \ : s /N
1% H0/cH.CN (1:1) : | |
g 1 . i | |
S . PW,,=0064 : :
S 05 : | PW,,, = 0.050
PW,, <0017 / ! PW, ,=0.047
0 | | —"/HT“‘ |
1 | | |
2 T ] | |
1 4 o/cnen (1:3) | | |
1 1 Pw“zlz 0.031 : :
05 PW, 2:_0 018 /}k PW/ ,=0029 PW, ,=0.049
0 I\ | N /N
I ] | |
v | |
1y St P00 : :
05 PW i 0.019 E Pwi 0.024 PW,, = 0.048
s | n= I
0 N N AN

005 015 025 035 045 055 065 075 085 095 105 115 125 135 145 155 1656 175 185 195
Acquisition time (min)

Agilent Technologies




HILIC Separation of Sugars

]4
ACNMH,O : T0/30
ACN/Water: 70:30
1. Fructose
] 2. Glucose
2 3|l s 3. Saccharose
ln s 4, Palatinose
5. Trehalulose
6 2 4 & B 0 12 14 18 6. Isomaltose
1 |*
ACNMH,0 : 7526

ACN/Water: 75:25

1
3

I L T I T L L] L] T T T
0 2 4 8 B i 12 14 16 1B 20 22 24 28

ZORBAX NH, (4.6 x 250 mm) (Agilent Part No. 880952-708)
Mobile Phase: ACN : H,0, as indicated
1 mL/min, Detect. = Refractive Index

Agilent Technologies



Ligand Exchange (Hi-Plex)

« Used primarily for sugars, sugar alcohols,
organic acids

 Sulfonated polystyrene/divinylbenzene particles
* Hydrogen form, or Ca, Na, K, Pb

 Positively charged ion associated with sulfonate
* Interacts with the slightly negative hydroxyls of
sugars (ligand)

* Size-exclusion mechanism for oligosaccharides

Agilent Technologies



Ligand Exchange (Hi-Plex)

Temperature Flow Rate
Bonded Phase Range (mL/min) ‘Eluent
Hi-Plex Ca 80-90 °C 0.6 Water
Hi-Plex Ca USP L19 80-90 °C 0.3 Water
Hi-Plex Pb 70-90 °C 0.6 Water
Hi-Plex H for carbohydrates 60-70 °C 0.6 Water
Hi-Plex H for organic acids 40-60 °C 0.6 Dilute Acid
Hi-Plex Ca (Duo) 80-90 °C 0.6 Water
Hi-Plex K 80-90 °C 0.6 Water
Hi-Plex Na (Octo) 80-90 °C 0.6 Water, Sodium Hydroxide
Hi-Plex Na 80-90 °C 0.3 Water

« Mobile phase is typically water (or dilute acid)
« Temperature is main variable for adjusting resolution

Agilent Technologies



Sweeteners by Hi-Plex Ca

Column: Agilent Hi-Plex Ca, Peak Identification
1.7 x 300 mm 1. Stachyose b. Galactose
Mobile Phase: \Water 2. Raffinose 6. Fructose
Flow Rate: 0.6 mL/min 3 3. Sucrose /. Mannitol
Temperature: 85 °C | 4. Glucose 8. Sorbitol
Detection: ELSD
12
4 > |
6 8
th

0 min 23

Agilent Technologies



Organic acids by Hi-Plex H

Column:

Muobile Phase:
Flow Rate:
Temperature:

Detector:

Hi-Plex H
PL1170-6830
1.7 x 300 mm, 8 pm

Water with acid as specified
0.6 mL/min
60 °C

ELS (neb=80 °C,
evap=90 °C,
gas=0.7 SLM), Rl

1. Oxalic acid
) 2. Citric acid
1 : . 3. Tartaric acid
0.1% TFA using ELS ° 4. Succinic acid
J\ 5. lactic acid
I [
0 min 15
2 3
1
i 4 5
5 mM H,S0, using RI o
I [
0 min 15

VLCoD10

Agilent Technologies



Temperature Effects with Hi-Plex

Peak identification 1 2
1. Sucrose | 'ﬁ'l f\
2. Glucose | | | [
3. Fructose ' | || |
(i
| Il II |I q\
s ' \ |
o g ul -
80 °C )' L o
| I | ||""|| |I || |I
75°C ,"I \_ __)I| I| . ) I.'ﬁll:'\__
F|| ,' \
70°C ,a' ;. A \_ J .
85 °C |||' / "'
ot |\|\L J-I{,\__\ k_ _/ ;,\\_
| [ f
|||II [ [\
80 °C M N\
55°C .--"|||"'-. -"|'. \
| ) o
I||r||I h / \
50°C JII\ jllI \ _ B
| .
il I -
I||I L J,.'!II
45°C |\ Jl / \
1 'ILJH
a0°C J \J /\_
0 min 30

Conditions

Column Agilent Hi-Plex Ca, 7.7 x 300 mm, 8 pm (p/n PL1170-6810)
Maobile phase 100% DI H,0

Flow rate 0.4 mL/min

Temperature  Various

Detector Rl

Agilent Technologies




Temperature Effects with Hi-Plex

1 4

5
35 °C /\/\

40°C

45°C

60 °C fl‘ f”h‘ J \
65 °C ‘\ Jl‘Jh‘ f \

Conditions

Column

Maobile phase

Flow rate

Temperature
Detector

Peak identification

1. Citric acid

2. Tartaric acid
3. Glucose

4. Malic acid
b. Fructose

6. Lactic acid
1. Glycerol

Aqgilent Hi-Plex H, 7.7 = 300 mm, 8 pm
(p/n PL1170-6830)

0.01 MH,S0,
0.4 mL/min
>75°C

Rl




Mobile Phase Effects with Hi-Plex

45
H2SO4 1 23 ;
6
0.04 M P \ Peak identification
v 1. Citric acid
2. Tartaric acid
0.03 MV L 3. Glucose
/\_/\/\J\ 4, Malic acid
5. Fructose
0.02 Pﬂr J\L 6. Lactic acid
1. Glycerol
0.01M FAVA!

™ NL Conditions
Column Agilent Hi-Plex H, 7.7 x 300 mm. 8 pm
El.l]03_l\ﬂ‘_ /\./\_/\/\/\ /\L (p/n PL1170-6830)
Flow rate 0.4 mL/min
0.002M /\/L/\/\/\ FAWAN Detector RI
0.001 M /\/\_/\U\ A

0
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Summary

 What do you do when your analyte is too polar?

 Stick with reversed-phase but choose a more polar
phase

* Phenyl, Phenyl-Hexyl, Bonus-RP, SB-Aq
* Consider HILIC

 lon-pair chromatography

* Consider application specific phases:

« Carbohydrate Analysis
* Hi-Plex

‘7%~ Agilent Technologies



