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Abstract

Hydrophilic interaction chromatography (HILIC) has been focusing attentions of chromatographers in these years, because it is important and

useful for the separation of highly polar analytes such as pharmaceutical drugs, neurotransmitters, nucleosides, nucleotides, amino acids, pep-

tides, proteins, oligosaccharides, carbohydrates, and so on. Aqueous organic solvents are used as mobile phases on more polar stationary

phases in the HILIC mode separation. A variety of stationary phases including bare silica, and silica phases modified with amino, amide,

zwitterionic functional group, polyols including saccharides and other polar groups are used in the separation mode. This review discusses the

variation and the historical view of the stationary phases, and column efficiency of HILIC stationary phases in relation to solute and stationary

phase structures to provide a perspective of HILIC type stationary phases, and their separation efficiencies and retention tendencies.
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WAL S CER, A+ VLRIFEF R V720, Electrospray
Ionization—-Mass Spectrometer (ESI-MS) % #HERICH 7257
FrCE L TWwWb,

HILIC E— F T, WHREZRRBHE ) 2122 T, 73
¥k, 7N Vrk—n, Y78 RYRZ Y
VA3 FHEK, RSy, YZUFFA N VDL
% Kk WM E BRI DB S 722 ) A TV D3 BEV s T
HTHs [1],

ANKF VIR =RVt — V&2 &L R v—D X
) R —HM OB EMbHEHTRETSH S [1]. HILIC X
LA ME T AV IS T4y 2RV Y MERER
WS B EEICHEMH I~ ST 4 —DRBE—F &
LCTHAITE 525, ZOHBEMEREIC D W CIER 723 2 Mgt
PMEZ BN TRV, —#IZ HILIC E— F T s o
R MFTT 4RO TE RV LML
Tw3 [2],
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1. HILIC E— FOREEHM

HILIC &\ 9 fifafid, 1990412 Alpert 12 & o THRMIZIRE
SN7zA, EOBKHI AT HEZR HILIC /7 7 AR SN T
Wz lkdbdl, bEVEHEZHED LR [3]e SHEE
&7 5 T\ % HILIC 538 DO FIE % < A520034F DL IS 5855 &
nzboThs,

1.1 KBz ) A

FABHI SV AR o= F 757 4 —o iy [E
EMELT, 2077574 =D BPIRLBEECD
Tzo THWONTE . ZL T, REDOHZE, FFICHAks o
<~ NFT 74— L EmSH & A L 72 HILIC-ESI-MS ¥ A
FAREL B EIN TS, MS ¥ AT A ICHERHR SN 5 ESI
KA F VP& - T, HILIC OBEHIITFHATH S Z &1
%o RIEHIT ) AT X Z5HERGITEAMKT TV (i
WRRE) OMOERNEZORBYWTHE I ENEL,
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EDOWETT VLY MM T bR Twd, ZhIZOW
Tid Naidong DRl 22 H VTV D [4], FHEH T 4
% Betasil (Thermo Scientific, Waltham, MA, USA) [5], Hy-
[6], Inertsil (GL Science, Tokyo, Ja-
pan) [7], Kromasil (EKA Chemicals, Goteborg, Sweden)

[8], Atlantis (Waters) [9-11] 7 & T & %, Naidong D #&
FLOWE LTI AR ORFEEIL 5 um TH - 7278, TAEIE 3
um O FEFRE LA T2 HAWONTWS [9-11], Ac-
quity (Waters) 131.7um QR T2 RE L2 H T A TH Y,
HILIC £ — FO#E#lfk s a< 757 4 — (UPLC) (2
HwubshTtws [12],

persil (Thermo Scientific)

1.2 73 /9%

3—aminopropyl &% [l L 723 /1 & HILIC & — F D55 #
WAEWRETH %o 1970FARUTIZBEICHE O S HEIC T X/ &
VADA T LN, 4 HHILIC DR EE 25
nNzBHMHPcHEAsShTws [1,2], TEL T T 41
YMC-Pack NH2 (YMC, Kyoto, Japan) [13,14], Luna Amino
(Phenomenex, Torrance, CA, USA) [15], Hypersil APS2
(Thermo Science) [16], Zorbax NH2 (Agilent, Santa Clara,
CA, USA) [17] % &EWDH Do 73/ ) I DM GIIHE
SFogokie (18], 73 /W [19], X7FF [14], v
RUMR, X7 VAT F [20,21] 7 7% 4270 Y HGAEY
B [16] BEBPHMONT WD, T3 YA AT HDRFHE
IR T 5o ZIUIBUKMED S RA AR & A 4 ¥ 53
MHEAEH AW BT 25605570 ThH b, e THM
BReHEZFO0 T O MBI IE BB O pH 25HE 2 2 H)
BRI 7 I V) A H T HIENPLC & HILIC Ol J5 12
MR TH 525, 73 /7 EORISHES LI LIE
MR B0 ANVRZVALEY DI WA R, EEMHD
HOAH (FFICMS ZRIILBRICHWB GG, Ny o rIv
&L % 5) HETH 5,

1.3 7IFYU%

TIFEEBFAREOERELE LTELTIFYY A2 HE
L7:7% 7 2%, HILIC o5k s LTidkdb R 27—
LA TATD1IDTH b, RENR S T 4 1% TSKeel
Amide —80 (Tosoh, Tokyo, Japan) T V), HFEHE [22], X
7F K [23,24], ¥V INT I JALHE [25], TVE=T A
¥ o[26], 738 [27], KU 7=/ —) [28] % D5EE
WCIEELS R ENT WS, 2DOH 5 AT HILIC & W) ik
PRIEBEINDHN S, XTF ROy U FIFH s
TWwdo 7 3 FEREIILZENIZZE TH 5%, BEHHO pH
REHHEORIMCIE -T2 u< b7 5 APET B 0D
%o T i, TSKgel Amide-80 D% 4 7®D A 5 AT, 3um
DR T2 L 720 O35 S N7z, BEE S 7 um DI
A REZ, EMREO HILICHI 7 S A THEHLEFZ 5o
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1.4 A7 43 FiFBEKREER ) A

19834E 4 Alpert i3, 73I /Y UADERY A2 43I F
FEMMLC LS THLWI A TV ) I RX—ZDFEEMZ &
L7z [29]c RYAZ T ¥4 3 Fidflic @ HILIC ¥ 4 7
DT Ty bPAR—AKEFZ, A7 T VA3 FEGOMNKS
RR2LT IV VARG L > TRY (TANRTF V), K
J Q- FEFYIFLVTANLVEY IF), OFY 2-A )
RFIIFNT AN IF) REOFEMEREL 7,
NS OEEMEZFEL 25 F A 1E PolyCAT A, PolyHy-
droxyethyl A, PolyGlycoplex, 3 & UF PolySulfoethyl A & LT
3pum B L5 um ORLTF- % FE L 72 A T A 23 PolyLC A 5l
WENTws [3], BEICHE SN LB I RO )
TH b,
PolyHydroxyethyl A

-
—

V) VLT X B, SHEE (3],

~R7F K [30,31]

* V) THE, T OVHE, SR [32]

PolySulfoethyl A ~X7F F [33], ¥EILMALEY [34],
BE3E 5 [35]

PolyGlycoplex

ZDFATDH S NIL, Mo HILIC B 558 K12 X T
ZFOHEERE EREED) BT VEL VI ENRRETH
B 0%, SrHERIRPEO T TIZRIRIE W HEBAR TH 5. LC-MS
WCZDOHSLEEHATHE, YUIEHRBELTVERY v —
AHHETHIETR=ZAFA UHFEL BB ENH D, HlL
WHSATRIDHRIFAER I SR WA, BT L% ERRN
T2 CTR)—DBEMIRIL LIRS [36],

1.5 BEA F AR H

SYRCT VBT LAFF Y EANVK YT =F ¥ O
FieFo, ANVTFTNIFNRY L V2B LBEH L) H
AEAERTEINEHZEDTVDE, ZOH T 2IIHEA + >
WO T = o, hFF VaERCLAHTRETH B,
RFEW L A T 213 ZIC-HILIC (Merck Se Quant AB, Umea,
Sweden) TH V), +*+~4 ¥ [37], Bl rLZOFHLE
& (381, 7 X /4% [39], R [40], N-BEfLXRTF I
[(41] % EDOG RN D Do LC-MSIZZ DA T L E#A L
Th, VIMNEHBELTCVWER) =il 95 2 & TX—
AFGA VR BBIERBRERVIEFASATVS
[42]c ZOH T 23D B EEMEREE 5 2 5 B E
MRRBNWZ EVRRETH LD, BRUERLZENrEDL L
RWHILICHE A S A LS 25 [42],

1.6 Z Do 55 EEEA
ek, & 28y BEBUKED T OS5I Wb TE 72

b, HERE, HPER

VE—NVEEM [43], v 7 EEBEEMOH 5 4 b HILIC
T— FCTOHEEMATREZ S, HF 0 S EERITM ShTw
BV, VA= VSIS S AREE LT AN T A A= T —
bHY, SHAIBHIPMZ LI ERTFEEINE, Y 7uTF
AN VEREE LIV ML D H T 280F, RRNFH5ENIC
WS TWADS, HILIC E— FTHOSEEZ 3 5B Ml
HWRET, HHORF LI L ERL TS [44,45],

CIRERTEINIED72124- ) TS —= VAR Y A
Cosmosil HILIC (Nacalai Tesque, Kyoto, Japan) £, bV 7 V' —
NOBEICIED S == 7 R R > T2, BEIH
EEZHIEICE ST, VA F HEEME LTHE
Mc&% [46].

B, YVERN=NVAZ YL —%2 TS5 7 VEALEZY
1) 1 AYHILIC Bk e LTRESN 47l 20X
12, B LW AR RS 2 ARRETONTBY, oh
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-
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2. ki
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TTLIZGPNTVD) 25HELBOMGRERETHL, £
CIIHEEICHBEIN TV B 72U~ 7T A0 5 BERB B % e
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T, TR THEENRT CICZD A 5 2 OMWRED BT ICET
53D TIE LV, LML, FEEL LD L3555 FHEEICH
FoTWwaEE, LOWTLERUTROHIEHRTLEIC
FHTHBEEZ, WCF LD DTH S, HILIC D5
HEe—FTIE, BEDOTA NI ILVEHCTHAD S 5 L4
o LAY 20 DRFEIFIE, 3 BEVERE & FLiR U 7-BF e 205 £ 724
v [48], rHERTGR L S (O 7 A OEIRE B EAHAL
) 1B LTIE, RERHAPBERESINIZOTHETSEICE
72w [49], HILIC %% XJC HPLC \CFH L7420 [50], 4
T U EDREE— FTOHBEIISH LD [51] 3560
M a EFERINTEBY, 5% HILIC IZHT 5078135
BLTWZERNTFHEINS,

B, VAR A OFRK LICBAKEOEHRIEZ (b
B L7275 2%, —ZEOENBRAT TR FREE (3B
P5um DR FZ2FEL 72D D) ITHRT, 2~ 3fFH NS
HESM T ORI CHEmEREZRHUT 2 2 ePMbN TV 5, ¥
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®1 HILICHS 7 212 X 5 KFBIE L& oo #EvERe (BlamBs) Ol

Bl 10pum, FHEEH VKR VB, 85%MeCN—20mM AB, UV

FHEEA VKR Y BOSHECHERE S0 pum TH o722 & 2R T . ZOBOBEIHAE5% MeCN—20 mM AB (R DOBEHR
XE), MEITEATT RS (UV) Tiiabh/z2 2 2R T, GBI ORIIBF-AREEL, TNEho5 o 7
O< M5 LDE—=2IEZRICHELZIONE L, BE2ELHTDH 5. IR TOMRMORBEILIT b TW 52
EIDGHPOBRCEELH LT, TOROMEIE L ICESTHEAO SRR EEZ R T DO TIE RV,

MHBZFOWEER UV SRS 5 RL: BB ITBHE S BSI-MS © L7 Y e X 7L —A4 % Vb - BHE5HEr ; PAD @ /%
VAT yRua X M) —tlids ;) ELSD © 285 GHkaLIR I 27

TR OMEES AB I BEERT Y B = AR S CB L 7 T UERAEMENE S FB L ¥R MU U AREW ,PB LY YRS MY T A
BREW ; TB . U VBN ZF VT VB LRI

R > ) 7

TI/TUUA

it 10 um, FFHEEH VR VB, 85% MeCN-20 mM AB,  44-60 um, J5i& 7 VAR VB, 85% MeCN-20 mM
UV [13] AB, UV [13]
A - 20-35pm, 7 3 / 7V I —), 80% MeCN, RI [17]
73IF, REHE 10pm, YU FNVT7IF, 8% MeCN-20 mM AB, 50 um, ¥V FIV7 I F, 85% MeCN-20 mM AB,
UV [13] UV [13]
R F—IVH 21-25pum, T EJ)VE ¥ ¥, 90% MeCN, 20mMFB 13 um, 3um column, 7 b 5 % £ 7 1) , 85%
(pH2.9), UV [8] MeCN, 1 mM CB (pH5), UV [16]
VWA % - 58-100 ym, 7 X /B, 60% MeOH, ESI-MS [19]
~R7F NH - 22-95 um, 10 pm column, Y*X7F F, 92% MeCN
-25mM AB [14]
G| 10-12 um, BRI, X7 LA+ ¥ F 85% MeCN-20 14-20 pm, BiMHifk, X7 L+ N 85% MeCN-20
mM AB, UV [13] mM AB, UV [13]
PR 33-43 um by a 3 um column, )V 7 O ¥ EFFER,  43-180 um by a 10 um column, —F¥, 85% MeCN
87% MeCN-100 mM AB [11] [52]
% MR DR Z ) T AAHZ X o TIPSR D TV, 7T
ADSEETET B DOANE, B4 L - B RE AR
THEIEDRD D,
TIFYUH RY) (RZ T4 3IF) FHEEDYA
i 14 um, FHHEBHEAIVE VB, 85% MeCN-20 mM -
AB, UV [13]
o S | - -
TIF, REE 15um, ¥JFNVT73IF, 85% MeCN-20 mM AB, -
uv [13]
RYA—VE 250 pm, K 7 =/ —)VH, 84% MeCN, UV [28] -
7 X - 50-67 pm, 7 I /M, 80% MeCN-5 mM TB (pH
2.8), UV [3]
~_TF N BUIZ S, BEALDR T I VLY MEUTHEES 33-37um, 7 b /3, 89% MeCN-10mM TB, UV
nTwns, [14] ; 69-87 um, Y X7 K, 80% MeCN-10 mM
TB, UV [3]
A 13-16 pm, HEE#IE, X7 LF ¥ K 85% MeCN-20 -
mM AB, UV [13]
biEss 7 um G um KT, 13 um G pmBT), ¥ = b — 57-66 pm, ¥ 7 VALHE, 80% MeCN-10 mM TB ; 20
)V, 75% MeCN RI [53] -22um, ¥ TZ VA Y, 70% MeCN-10 mM TB,
PAD [32]
A H T ANDOEEOWAE IR EEMHOHFEIR D2 DD D
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b, HERE, HPER

Column BEA F 3EERIY Y A M) TV =R Y A
225 12-21 pm, FHEEH VKRV 85% MeCN-5 mM 11 um, ¥ =7, 50% MeCN-10 mM PB (pH 7),
AB, UV [13] UV 17um, %EF8, 50% MeCN-10 mM AB, UV
[46]
i L 15 um, €IV A, 70% MeCN-20 mM AB, UV [42] 33 um, XY A7 I T ¥, 90% MeCN-10 mM AB,
UV [46]
TN, REH 1Bum, YV FNLT7IF, 85% MeCN-20 mM AB, 17 um, JK¥, 90% MeCN, UV ;20 um, > 7 XV
Uv [13] &, 50% MeCN-10 mM AB, UV [46]
RUF =NV 26-35pm, 75K/ A4 K, 75% MeCN-30mM AB, 11um, @4 ¥ ;13 pm, /S ¥ ;14um; £V
UV [42] 4 ¥ 3 70% MeCN-10 mM AB, UV ;30 pm, b
AF T, 70% MeCN-10 mM CB, UV [46]
T3 - l4pm, 1,2,6-~FH > b Y F — )b, 90%MeCN,
ELSD [46]
RTF FH 3Bum, =a2—"U7F XYY ;56um, 77YF=r; 35um, = F ¥ ;¥ ¥, 70% MeCN-10 mM AB,
70% MeCN-50 mM AB, UV [42] UV,;33um, 7 %7 v ¥ Y1, 50%MeCN-10
mM AB, UV [46]
A E 17-21 pm, BEEIEH, X7 LA+ U F, 85% MeCN- 14um, 7V ¥ ¥, 90% MeCN-10 mM AB, UV ; 21
20 mM AB, UV [13] ;36-84 um X Z L4 F F, um, ¥F 3, 80% MeCN-10 mM AB, UV [46]
70% MeCN-100 mM AB, UV [42]
PR 33-38 um, Bk REHEEK, 70% MeCN-20 mM 30 um, 7 )V I — A, 60% MeCN-20 mM PB (pH 7),
AB, UV [42] RI, 18 um; VI —2A-1-1) VBT A5V, 60%
MeCN-20 mM PB (pH 7), RI [46]
Tt % B e DORFE I 2 v, S %
3. Xk 2008, 37, 1511-1518.
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