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Hydrophilic Interaction Liguid Chromatography
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HILIC@ﬁﬁ'IEc‘:\ Ace’ronl’rrlled)*UA

R

Column:Silica 1 4.6x150mm

0> I

Mobile phase: Acetonitrile/10mM
phosphate (pH4.5) = (60:40),
(65:35), (70:30), (75:25),

I P

(80:20), (85:15)

Flow rate: 1.0 mL/min

80 % M
1

. o
75 % by Temperature: 30 °C
~ Detection: UV@220nm

85 % M

2 Sample:1=Uracil 0
A logP=-1.07 fL j\j
2 H O
AN 2=Urea
3 4 0

logP=-2.11 P}

HoN™ NH,
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HlLlCEE*ﬁ@ﬂElllbo) D:NH2HS A

( 7= ZOE)LEER )

ACN H,0 - HILICOD}}:E[IE (1990&@ y) -

Journal of Chromatography A
Volume 499, 19 January 1990, Pages 177-196

H,0

[Toh
-
—_—
—
—
—

Hydrophilic-interaction chromatography for the
N Y . separation of peptides, nucleic acids and other
F1 SEVIFR  polar compounds

ACN

Andrew J.Alpert

I

197750

i wxkn' | NH2, Aminoh=> AE7ZRZKY)L/IK
ZEIE CT/KAIH L EYIZ DI DF A,
1970 BSESMTICALSNTULYE,
T (EBMI(C(Z. HILICE— RZDHBD)

Figure 3. Gradient elution separation of saccharides (312). /
Column: MicroPak NH2. Mobile Phase: Gradient 10% to 40% ) < / x L

H20 in CH3CN at 2% increase per minute. Flow Rate: 60 ml/

hr. Detector: Varichrom (Varian, variable wavelength), A=

192nm. Sample: 5 ul solution of 100 ug of each solute. Sol/- q: ’Ii O) *}i E 1%% a % I T 7K*D IE %
utes: 1. Ribose, 2. Xylose, 3. Arabinose, 4. Fructose,

5. Glucose, 6. Galactose, 7. Sucrose, 8. Trehalose, 9. Raf- L‘b
finose. (Reprinted by permission of Varian Associates). ﬁ,ﬁz a 6 r: &) 0) iﬁ{$ Z L/ z *%E ﬁb
* X5 AT :

Ronald E. Majors, Recent Advances in High Performance Liquid Chromatography Packings and Columns, Journal of Chromatographic Science, Volume 15, Issue 9, September 1977, Pages 334-351,

Monosacc Disacc . _Trisac




ChromaNik

NH2HOS L (S UiJEM) DRERER

/ . . ’|£"—|‘-
DRI (EHABE) AT EHRER
S PaARY
ACN H,O 7FT=TL*EH’~J’§3%{I:
ACN ACN
ACN H,O ACN
ACN H;0 ACN ACN
ACN
H,O H,O H,O H.O H,O H,O
kst 0 2 0
KE— @ H,0 ACN H,O
H,O
H,0 H,O
,Su\ Si H,O 2 H,O 2
O "o\ 0710 oH QD v oon o4
/S' _Si o \/ OH HO N\ oy _ OH
[ S | \ Si si— N Si—F g OH
o) ~ - 0 si_ | ~o->'~o /OH HO _Si_ | HO” —O ./
N (5 0 i/ Sl' \ 910 s \ 071 5 S
! o~ \O / o— \O | o— \O
> ra
EMRES T TIESI0,0 o . (REDS
Op= OH
Z‘\y I\I7 77\'7 t]]'—ﬁi:#/l’% /\Si/ e} O\/ OH
I \_ Si siZ OH
0 o-Si | o~ ~o0 ./
\ | O Si/ Sll
0=Si~NH, :-,J-eﬁn 0T s O on
0 16 Fi¥ 0



ChromaNik

—H%BI7RNH277 7A03ﬂﬁ1£'|$ CHER

BRARZENEE LI, 40CTOKERSENE CODE@EBHR MM R 14E51ER

KA L ST
— RS UPBENH2OS AR, &
[PEh=KUL /K] BEME &
DEEERLEFTHELPT Y, | o
(200B5/E® I BIEITTI0% % *| 40 °oC rompeny B2
~50%IFEL %1t X HEA,B) :

0 100 200 300 400 500 600

B|RIEE/h
. ez AR BREG RIFEFRAIESEG (Gd@)
- o 7 #Z L SunArmor NH2 5 pm, 250 x 4.6 mm BEME: 74 b= kYU IL[7k = 75/25
e BEE: 74 b= kU JL/7K = 75/25 e 1.0 mL/min, 7 L38BE: 40 °C

X33
EHBIZ100%ICBIR U CREEHEE, HSAICE
RUT—EM, X BWMASUHE ONH2EHES
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SunArmor NH2 : ﬁ?'l‘ﬂ LEYIDEREF

FEDIRFIFBEDLEER BRAKEEANISLY
" TMS WAEIET—4.
RFH. H34E / {2454 12 DOWN
4 O .
fo3t B R b ’ 2 3 8)5'\/\/'\""2
NH2A S 4 ‘
— AR B9 NH2 D & it b FEX
1
3 OEMZRICLY
SunArmor ) | o WAz AL
NH2 4 0= Si._~_NH2
e o
)
' ! ' ' ' Qi aiRER
0 5 10 15 20 Bk > T
NS MAHETAENH2 5 pm, 250 x 4.6 mm AEER DB N 7'3 5% R¥FAHUP!
SunArmor NH2 5 um, 250 x 4.6 mm ALY IR\ GRIEYE)
B#E: Vb= bkU)L/K = 75/25 ° e E—I7-IRL IR Polar Group
FR: 1.0 mL/min, S AEE: 40C BEMET 2183841,
it RI B O
s 1 = Fructose Vial 8;Si ~ >NH2
2 = Glucose SENBFHL B @] 12 - —
3 = Sucrose N %iﬁ‘lﬁ( & %{%ﬁ
4 = Maltose 5 r{%ﬁ ﬂ _|
> SunArmor NH2 D T &
. R . \
R L T "ER
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‘r‘ £
HI LleJ 3 Ao)ﬁ;ﬁtbﬁﬁ F— iRt R TEMMAY tESRE

O
" Cr

Column k(A kM) | 1o NS0
ZIC-HILIC (5 um) (7) 155| 2.32 o

ZIC-HILIC (3.5 um) 8) 151| 2.28 SH o PUYY W)
Nucleodur HILIC (3 um) 6 2.33] 3.40

TSKgel Amide-80 (5 um) 9 3.80| 4.90 NH,
XBridge Amide (3.5 um) " 2.81] 3.64 N N
PolySULFOETHYL (3 um) @D . 1.15| 1.39 ¢ >
PolyHYDROXYETHYL (3 um) O 30 3.75| 4.93| MO~

CYCLOBOND I (5 um) ) 1.36| 1.68 e
LiChrospher Diol (5 um) (2 2.50| 3.30 OH OH PT /YY) (A
Chromolith Si (15 0.73] 0.85 "

HALO HILIC (2.7 um) {4) 1.59| 1.87 . ?
COSMOSILHILIC (5 um) (9 2.20| 3.00 ¢ \)N
Sugar-D (5 um) 10 1.88] 2.72| N">N7

NH,-MS (5 um) (5) 2.13] 2.90 00

SunShell HILIC-Amide (2.6 uUm) 9 3.55| 4.84

DU k(U) ZRBEEC, FKERE

ElEHE. WS35

OH 535y (V)

T b (ORDEF(FNEAL )

PDIERAF

Mobile phase: Acetonitrile/ammonium acetate

buffer (20 mM, pH = 4.76) = 90:10 [v/Vv]

Linear velocity; 1.0 mm/s, UV detection wave length; 254 nm,
Column oven temperature; 30 °C

(—HOFMIrION_YOFTI=HIL/)— 1004ESB T &0\, — : http://chromanik.co.jp/technical/pdf/technical_note_1004.pdf) 13
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LC—MS System:
E:& [ | Agilent 1100er LC system and Thermo Fisher LTQ™ equipped with
o AR a HESI source, operated in positive ionization mode for analysis of
100 ~ Tr:he standards. For the dietary supplement, an Orbitrap™ Exactive
Leu classic equipped with a HESI source and operated in positive
‘ lle ionization mode.

Column: 150 x 2.1 mm, 3.5 um iHILIC-Fusion(+)
50

Ty Progypro

(Gradient Elution: \

Arg
Val
] il Glu iys A) acetonitrile-water—1 M ammonium acetate, pH 5.75 (90:5:5)
g AS%L }\ B) water—acetonitrile—1 M ammonium acetate, pH 5.75 (90:5:5)
0 -
L] I L I L 1
10 15 20

0-0.5 min (90:10) A-B; 0.5 to 25 min, gradient elution from
\(90:10) A-B to (60:40) A-B. /

rel. Intensity (%)

—_—

Time (min)

Flow Rate: 0.3 mL/min

g'(I “J I\-U-jo IJ Column Temperature: 40 °C

2.50x10° - L unknown Injection Volume: 5 ViR
(5 eu . .
i o Amino Acids:
= —— val Arginine, asparagine, aspartic acid, glutamic acid, glutamine,
_gf: ' lle hydroxyl-proline, isoleucine, leucine, lysine, phenylalanine, proline,
= S tryptophan, tyrosine, and valine. 50 uM of each amino acid was
0.00 : | - |A - : ' | dissolved in water—acetonitrile (25:75) solution.
0 5 10 15 20
7.0x10° A
T
3 - P
L — ro 1
2 3.5x10°+
o 0
= | Glu ‘ - *
Il - o
0.0 - I : i - I ' l . ; © -so;
0 5 . 10 | 15 20 HILICON g © et
Time (min) % 15
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Available in both PEEK and Stainless Steel
SilicaBased, 1.8, 3.5 and 5 pm

o
"
L (® -CNHCH,CH,OH

=0
§ © -S0; and -PO;-
5 © -NeHy)S
2
®
iHILIC -Fusion
T2 3 57

RO

WA A > “737A=5m5m5 o

iHILIC"-Fusion
advances HILIC separations in HPLC and UHPLC

Available in both PEEK and Stainless Steel

/Silica Based, 3.5and5 pm

N\

I .
I .
HILICON
<BARERNHAES>
WoOOV—_yOT0/0Y—-X

Available in PEEK

(Polymer based, 5pm

: Wl" — L st J(A Bl )

2 2
;"°n (@ -C-NH-CH,CH,0H ;-J @ -C-NH,
z © -so; = © -Po;-
2 o N(CH,}! © -N(CHy}
g
iHILIC"-Fusion(+ iHILIC®-Fusion(P
\_ N J
Column:
9 1011 100 x 2.1 mm, 1.8 ym, 100 A, iHILIC-Fusion at 30 °C

1 s 2 25 3 3s 3 45 5 EG & 65 7

75
Counts (%) ve. Acquisition Time [min]

[ 85 5 ds 10 1ds M

s 12 12s 13 13s

Gradient elution:

A) acetonitrile/methanol (98/2, v/v);

B) 10 mM ammonium formate with 0.1% (v/v)
formic acid (pH 3.15) in ultra-pure (Milli-Q) Water

TIME 0 2 8 13 15 17 23
%A 95 95 65 25 25 95 95

Flow rate: 0.3 mL/min; Injection volume: 2 pL

1) Misoprostol, 2) Caffeine, 3) Adenine, 4) Phenylalanine,
5) Leucine, 6) Isoleucine, 7) Serine, 8) Tyrosine,
9) Folic acid, 10) Lysine, 11) Ornithine.

16
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SunShell HILIC-Amide

(

=]

EM : 7= RR)

©(§FSiMHrOKR

for HPLC (R : $kED)

SunShell HILIC-S

(

(

for HPLC, LC/MS

=]

=]

TA8 : = UhH)

9
for HPLC, LC/MS @8/8 >

SunShell HILIC Diol NEW

TA8 : =A—)L)

HO
©) OH
O;Si /\/\O/k/
(0]

>TIVE] HILICHAS A @ 2.6 pm

LB
Ca. 2.0 ym

sample : E R | =
| 7548 0
Y e S
C N - (W /N ATE A
\mﬁws / \/

BfEE 2.0 ym

2.6 um

[7] 5 M e

LaN!
2.6 ym
(core-shell) @H\L TEV_:EJ?
S UM %\

Sub-2 um
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HILIC-Amide : IRiRE & FHE{EIFHEO

. NH .
Nucleobases  sunshell HILIC Amide @y L, e
3
4 20 mM
|2 5 ¢ 7 2 i NH Uracil
1@8 (0Omin) . ﬁ/&o
NH2

3 4 s 3 AN X N\> Adenine

12 6 5 : / K"N =N
l “ \ A\ @B (30min) A ]
3 4

\> Hypoxanthine

k

i jM ¢ 3@8 (omin)  §
min
. A N o L
: e 5 |N/LO Cytosine
0 F

5 10 15 20 1871

T T T 1

™

0
Time (min) 'ﬂ: )5:
N
HN
Column: SunShell HILIC-Amide 2.6 pm, 150 x 4.6 mm :}'r\ I ,
6 )\ N> Guanine

Mobile phase: CH;CN/20 mM Ammonium acetate buffer(pH 4.7) = 90/10 HzN N H

Flow rate: 1.0 mL/min Sample: T = Thymine, 2 = Uracil 3 =Adenine E 0

Temperature: 40 °C 4 = Hypoxanthine , 5 = Cytosine , ? HN&H

Detection: UV@250nm 6 = Guanine, 7 = Xanthine 7 O)\N | N/> Xanthine
H

18
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HILIC-Amide

Nucleobases

40 mM

HIZ, EE{EeIEE (Omin) TOLLEL,
5

|
L L]L /LQ@Q*

1828
f T T T 1

0 5 10 15 20

Time (min) *« 2EBEFTSHI0DFIC. B
AR AER L. BEEUty -

—

Column: SunShell HILIC-Amide 2.6 um, 150 x 4.6 mm

Mobile phase: CH;CN/40 mM Ammonium acetate buffer(pH 4.7) = 90/10
Flow rate: 1.0 mL/min Sample: 1 = Thymine, 2 = Uracil 3 =Adenine ,
Temperature: 40 °C

Detection: UV@250nm

4 = Hypoxanthine , 5 = Cytosine ,

KA > b
EEMERFfEIL BT (C NBYRISIEE ] HE

%L.Ilﬁ:i

—_

== & EISREQ

NH )
A Thymine
N~ ~O
H

NH Uracil
NAO

H

NH2

XN Adenin
HN)I\> denine
P

N N

0

\> Hypoxanthine

k

NH,
B Cytosine
o

0

HN N
)%)j:r? Guanine

Ha2N N H

0O

H
HN)EN> .
)\N N/ Xanthine
H

o
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HILIC-Amide

Nucleobases SunsShell HILIC Amide
3
4
5
7
»LM |} ) 40 mM
3 4
5
A/J\J 6/\/& 60 mM
4

,M ¢ somm H, Z{t

D EFEED

T T T

10 15

Time (min)

o
O

Column: SunShell HILIC-Amide 2.6 pm, 150 x 4.6 mm

Mobile phase: CH;CN/40 mM,60 mM, 80 mM Ammonium acetate buffer(pH 4.7) =

Flow rate: 1.0 mL/min
Temperature: 40 °C

Detection: UV@250nm 6 = Guanine, 7 = Xanthine

20

Sample: T = Thymine, 2 = Uracil 3 =Adenine

4 = Hypoxanthine , 5 = Cytosine ,

90/10

—_

N

=2 RS - DEEFEE)

NH )
A Thymine
N~ ~O
H

O
NH Uracil
PN

N o
H

NH2

HNT X N Adenine

SN

N N

\> Hypoxanthine

k

NH,

| =N Cviosi
ytosine
N/&O
H
0
N
HN | \> .
)% Guanine
HNT N7 N

O
H

HN
)\ W Xanthine

o~ °NT N
: 20
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HILIC-Amide & Diol

. RS B sEE)

Purine bases sunShell HILIC $1J—X

NH2

(B = 10%) (B = 5%) ! Hf\IN\> Adenine

N
4 HILIC Diol
2 1 3 2 HN)tN\ ‘
- l - R“N | H> Hypoxanthine
0 5 0 5 10 0
3 HN \ :
):il? Guanine

HILIC-Amide NN

3
Besi~NH R 2 4
Do H{f J\ J\\ Jk (B=10%) .
M 1614 N H .
l l | 4 1 |N/> Xanthine

0 5 10 15 20 o N
Time (min)

o ~
7 e 7
Column: SunShell HILIC Diol or HILIC-Amide 2.6 ym, 150 x 4.6 mm

Mobile phase: A) CH;CN  B) 20 mM Ammonium acetate buffer(pH 4.7) , z;ﬂﬂg*ﬁ E{’Fm @E b\

A/B =290/10, A/B=95/5, Flow rate: 1.0 mL/min

Temperature: 40 °C Sample: 1 = Adenine, 2 = Hypoxanthine — H I LIC j ’ ) z \ 0)1@ 'I‘i

Detection: UV@250nm 3 = Guanine, 4 = Xanthine

21



ChromaNik

HILIC Diol

HO
10 MM Ba~o " Sunshell HILIC Diol

5"’ QUEIED,

25CNU\L

0947
1344

| 5 ¢ (2O8) ’ 3
]
2
25OCJ‘M2 Jb L 1043 40 C L——‘ 1356

0 Time (min) 5 O
Time (min)

Column: SunShell HILIC Diol 2.6 pm, 150 x 4.6 mm

Mobile phase: CH;CN/10 mM Ammonium acetate buffer(pH 4.7) = 90/10
Flow rate: 1.0 mL/min Sample: 1 = Thymine, 2 = Uracil 3 =Adenine ,
Temperature: 25 or 40 °C 4 = Hypoxanthine , 5 = Cytosine ,

Detection: UV@250nm 6 = Guanine, 7 = Xanthine

KA > b

REFNNEWL—7, FHE{EIREKERE

F' i tﬁﬁﬁiﬂ

NH )
A Thymine
N~ ~O
H

Uracil

NH
NAO
H

NH2
HNT X N Adenine

SN

N N

\> Hypoxanthine

k

NH;
| =N Cviosi
ytosine
N/&O
H
o]
N
HN | \> )
)% Guanine
HNT N7 N
0

H
HN)ﬁfN> .
)\N N/ Xanthine
H

0
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HILIC Diol : T8EMATEEE & 5B DI LL

NN

Rsc=1.01 (a=1.02)

Rs6=1.04 («=1.04)

R:DOREE, o DEEHRE

3 5 6
L J\/L 1542

Rs.=1.53 (@=1.05)

Rs¢=1.75 («=1.08)

20 MM 74
7 4
56
B=10% ‘12 1
80 mM 7y
e T
74
5
B=10% . 1
2
J 1748
0 Time (min) S

=)
S
i
\/
va

—J)L9D LT, BRE &

N
ot
T
aw
1
7N
y
il
[ILLIJY

Column: SunShell HILIC Diol 2.6 um,
150 x 4.6 mm
Mobile phase: A)JCH;CN / B) X mM
Ammonium acetate buffer(pH 4.7),
A/B=955/4.5, A/B=90/10
Flow rate: 1.0 mL/min
Temperature: 40 °C
Detection: UV@250nm
Sample: 1 = Thymine
2 = Uracill
3 =Adenine
4 = Hypoxanthine
5 = Cytosine
6 = Guanine

7 = Xanthine

5 NH, 6 0

|\N HN | N\>
HAO HQNAN N

Cytosine Guanine

2
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B EEMET. DS ARR (EE)

SUNArmor NH2 s®aBmsyasL0 Gl s i
o IETDATH. BMAXERIFIRI =) LT A
SunShell HILIC-Amide sx=ir.svgKiEiEs

o« HPLCH. B BEDIZSHDIGAHILICHS A

SunShell HILIC Diol (KBS E T 22 i F B AT A

o LC-MS(TEE. BREFIAFIHILICHS A

IEEMIL->TIZ KFR 100%F M TER T RE%., 3B A5 4 (Biphenylftt) DiEIRE B3R
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