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Recent advances in microchip liquid chromatography
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Abstract: Miniaturization is an important trend in modern analytical instrument development,
including miniaturized gas chromatography and liquid chromatography, as well as micro bore
columns and capillary-to-microfluidics-based platforms. Apart from the miniaturization of the
separation column, which is the core part of a chromatographic system, other parts of the sys-
tem, including the sampler, pumping system, gradient generation, and detection systems, have
been miniaturized. Miniaturized liquid chromatography significantly reduces solvent and sample
consumption while providing comparable or even better separation efficiency. When liquid chro-
matography is coupled with mass spectroscopy, a low flow rate can increase the ionization effi-
ciency, leading to enhanced sensitivity of the mass spectrometer. In contrast, normal-scale lig-
uid chromatography suffers from its relatively high volumetric flow rate, which challenges the
scanning frequency of the mass spectrometer. On the other hand because of the small sample
size, other detection strategies such as spectrometric methods cannot provide sufficient sensi-
tivity and limits of detection. In this sense, mass spectrometry has become the detection meth-
od of choice for micro-scale liquid-phase chromatography. Miniaturized liquid chromatography
can diminish sample dilution efficiently when extremely small amounts of samples are used. The
main driving force for this miniaturization trend, especially in liquid-phase separations, is the

desperate need for microscale analyses of biological and clinical samples, given these samples
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are precious and the sample size is usually very small. At present, microscale liquid-phase chro-
matography is the only method of choice for such small, precious, and highly informative sam-
ples. The miniaturization of liquid chromatography systems, especially chromatographic col-
umns, would be advantageous to the modularization and integration of liquid chromatography
instrumental systems. Chip liquid chromatography is an integration of chromatography columns,
liquid control systems, and detection methods on a single microfluidic chip. Chip liquid chroma-
tography is an excellent format for the miniaturization of liquid chromatography systems, and it
has already attracted significant attention from academia and industry. However, this attempt is
challenging , and great effort is required on fundamental techniques, such as the substrate mate-
rial of the microfluidic chip, structure of the micro-chromatography column, fluid control meth-
od, and detection methods, in order to make the chips suitable for liquid chromatography. Cur-
rently, the major problem in chip liquid chromatography is that the properties of the chip sub-
strate materials cannot meet the requirements for further miniaturization and integration of chip
liquid chromatography. The strength of the existing chip substrate materials is generally below
60 MPa, and the material properties limit further advances in the miniaturization and integration
of chromatographic chips. Therefore, new chip substrate materials and the standard of chip
channel design such as channel size and channel structure should be the key for further devel-
opment of chip liquid chromatography. Mainstream instrumentation companies as well as new
start-up innovation companies are now undertaking efforts toward the development of micro-
chip liquid chromatographic products. Agilent, the first instrumentation company that intro-
duced commercial microchip liquid chromatographic columns to the market, has led this field.
Apart from microchip-based columns, Agilent introduced trap columns for different kinds of
biological molecules as well as gradient generation systems for microchip-based liquid phase
chromatography. Recently, another start-up company introduced microchip columns based on
the in situ microfabrication of the column bed rather than packing the column with a particu-
late material. Such developments in microfabrication may further propel the advancement of
micro-scale liquid-phase chromatography to an unprecedented level, which is beyond the con-
ventional components and materials employed in normal-scale liquid chromatography. This
review introduces the recent research progress in microchip liquid chromatography technolo-
gies, and briefly discusses the current state of commercialization of microchips for liquid chro-
matography by major instrumentation companies.
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Fig. 1 Chip substrate materials

a. glass chip!®). b. copolymers of cycloolefin, COC polymer
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chip!®®! ; b-A. capillary connection; b-B: PEEK connection.
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Fig. 2 Electron microscopy pictures of chromatography
chip column beds
a. open-tube bed*); b. colloidal self-assemble bed!™ ; c.

monolithic bed!*®! ; d. pillar array bed ®’.
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Fig. 3 Chip fluid control methods
a. electronic microvalve injection!®); a-A; before loading;
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5 B TSR T B I R S 1 I
ol A S SR ER SN ST 0 b R SR PR TEAS I 3R
FE o BR T 8HN-AT WOGHE DOk Ak, 2otk (41
T S FE 5242 B ( coherent anti-Stokes Raman
scattering, CASR'™)) IR SO (surface-
enhanced raman spectroscopy, SERS'®")) 1} 2%

P A G 88 2 AR 0 e B 2 T P 2 S
FER AR S (R R ) SR AT 4 b R I iy T
Bt HT A=A I i B Al AT LAAR 25 2y M it E A 7 g 2
b, IR BN - b T, B A
1) TAESG & 2] DU /AU 4 X B A k2
G I 7 3k A kA0 Ay S e 48 s e i i T
BB ARG T vk A S 0 i S A
—RRGIH R A E Far A PR, R
5 H UL RO 0 7 e B S e BRI, R
EELARAR IR RIS st L B R R AL B, Erkal 45
R fgpRX — B, HF & T —Fp 3D FTENAY AL A
WES R, BRIt 7 e A N T T RS 5 T
] AR 1 [ R 5 () SRR L 25 A R i . T Y
BRI R RN 2 R BN SR, A
LT R AR | PR ARG T 75 2 1 P A 5 VS R A
i, FEL AR A AR 4 foh FL K ( capacitively coupled
contactless conductivity detection, C*D) A5
T 00 s A T M, PR AN SR AR =, AR
PR AR A T 4 5 L 47155 Beutmer 45
Wit T —FF C*'D 5 B R 7, T4
EHIK TR 2P 5T, ] A IR PR AR A
e A B RO A . C* D G I 78 X+ 8] FF iy HL A A
A2 4y R TR 35 P AU Pk AN A, T B 3 A D0
WU AE S A

JoT R R B T AN R By LU Y B A FRL A N s
HEARE iz sh#GE AN TR] , A HL25 AT R[]
FIANTA], ST ot 25 8 B R O 7 vk o B 1 A
O3 PEAS UL ELAT W R Y R AR RN R DL KGR
P AT B[R] BE A B P2 I =2 & (W 40 B 15 B . A
Fb TG A I 25 AR F A 2 D B 3 A 0 85 2 AR
S S H ZNESECN I AR A R B SRR I A
HER T g A e 1 R R R A (i B A
U B AR M DA R BT 15 AE A1 A 58 T ) EE A G
R 5 G 8 5T AT SR R A B 5T O 1
O (T 5 B I T e B35 1 5 B s 1
TR Z [ R HEA R, H FEE O 635 i B
FHES U502 EST RS 5Tl Bl 3O g W2 il 2 25 U5
( matrix-assisted laser desorption/ionization,
MALDI) , ESI & P H ™32 5 1 A A e R A
FEWT R 50 i B # A e AR 1 2 15, Lotter
AR HERS I B A EST Wt EAT T RN R
5%, ARG T 4 28 ESI M F AR X o 1 Ra i &5 %
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i 539 &

FSZIE ( ILIA] 4b) |k BL7E v i (£ 400 nL/min )
FAET 4 Bt 7 mE B B A O, (R R AR
(<50 nL/min) Z&1FF, R4 9 ESI B 11 ( pulled
F1 ground HY) 7= A= Y FELIBL S BNARAE , B TR RCR
SEAE s e EST W O 77 B2 AR 5 T8
AR, — T Ay AT B I T AR T VR R AR A
A—BHide B WM& K BESI Wi 11, Dietze %% 7E
THVE SR A Woes i, 76 38 38 i A — Bt — i bR i hir
RINTAME, D5 ESI MG, XFFFHE414
FHRTIVEmRS OB R S & TR AW XL TTEE
FEAE R EST Mg (70 7 B8 I A kL, MALDI 2 £ 5
A3 R 7 7T Y i S 3 o 2 - - Rl 1 -5
BRI, ATEMEE TR M MALDI

|d) blunt emitter

> »\

......
...............................................................

AR A 4 B D RE S A 31 -MALDI-
MS #/0, Lazar % FF & T — o B 04 A €335
MALDI-MS ;ts B ( WL 4c¢) , %t B PL C18 i 3
M Ay €13 i 7 A, 78 €0 1% AT 18 1Y 1E 22 5 1) AR
TR o 5 £ A 38 G A 1Y MALDI Y SEGE, 7E
HEREIT 58 UETE 73 BT, BRI AN P H 8335 A Al 1)
PRMG , 1038 1 55 MALDI A8 38 18 AH % ) FL 78 4
Pt 1) A\ MALDI i it v, 154530847 MALDI-MS
R, fH T MALDI W54R 38 18 9l 42 U7 €015 4 58 1
0w, ATV WS B S A > X 35 3R AT T 1)
FR 3 B X i A59% ZR 42 v LSRR B A 0 9%
RS 8 T

4 EOF sample valve
Sample inlet

I'ransfer eluent EOF pumps

. Sample waste
Separation chann I

Sample outlet reservoirs/MALDI detection
.

4 TR GBIEGNE
Fig. 4 Some example of the detector in chip chromatography
a. LC-TPE chip!™’ ; b. glass chip ESI emitter design'?'; c¢. LC-MALDI-MS chip'*.

2 R eENEmTL

2005 4, Yin %Y {78 T L HE(S ( Agilent) /A A
HPLC-Chip/MS R4 WAL, bri &0 @ik &
JEHE AR LB B, AR 3 R ST
BELAN R U SR | 7R R A DL B AS b 0 T R
RGNS EREST, N T EE (R 2R, 7 A Ak

OIS RS A TR R LS RS, AR
B AN FROE B TR IK Bl | 7 B A
N, ARERI TR BN A 4 ARG R k™= i
DA s 7 ity (1) S B R O
21 RER

Agilent HPLC-Chip/MS &R 4t J& % HE1E 2\ 7l 1)
R B R AT i R R A S B A
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IR RS, LA OGRS 0 R WA N
FLE AR R, B 2R, SR E A
(40/80 nL, 37 5 wm Zorbax 300SB C18 #Kl) 43
itk (75 pmx 150 mm, # %5 5 wm Zorbax 300SB
C18 3Ek}l) \ESI Wi £ 275 Wi FE RS0, 8 A 45
FAFNSERL o] 7E — % B2 b E il S A Ad & Chip-
Cube RS 58 IMRE & BIARIEAS B 1E 2,
Chip-Cube RSt 1% 7T YIes 7538 iR A9 3 2R
AR MRS E R S B E . SR R
SRR B P EE AR E B R A S
B R R AL T 2Ny oy A
4k, Bishop %5'”' {iti T % $#1& HPLC-Chip/MS
FRGLIE I HL A A S B TR (ICP) B8 1R A 0 R Rl
ARG LT EA M ESI B, 1 i3 Chip-
Cube 43 Hr A8 [ 4 1] 119 < 20 5 25 2 >Rk 15 F ICP-
MS, ZR G T 70 BRI i % b i 44 R
B12, 7 AT, dE A R B12 {3 B B[] A9 AH X
PRl 224 0. 19% , #i HH BR A 14 ng/mL,
2.2 Sciex-Eksigent

cHiPLC % %: /& Eksigent 2\ w) JF & (85 5 (441
455, Sciex /N HE| W Eksigent 2\ &) W AH (015 7= 5
45, cHIPLC & GiA)3 4 it 44 & Eksigent-cHiPLC,
cHiPLC RG] [ARTHAE 3 sk A S AH ikt i, &
sk R ER ] I ANFE R DIRE (s 4 s ) ol
DIAHH BRI | 33X 15 cHIiPLC 5 F ] (4 2H & 7] 52 3
ZR 3 TAEBI, cHIPLC 43 M A P Al AL AR .
nano-cHiPLC (75 pwmx 150 mm) F1 micro-cHiPLC
(200 pmx 150 mm) , & F FE A B E 8 m E ,
Bl S [ S FEAT R, DA R ] e 8 1) [ AR JEORL
LS Fr 254 W S e AR G2 1T, HE B AR AR B AR
/N2 13 nL) . cHIPLC 40/ X3 A AR A =T DA
SEERP KOS RIS A B B, — kol i ik Ak
A543 B [ A m] LA 55 — K0t e g A7 e, 3 T
PERSE T DAY/ 6 T A A v £ A ] B AR R
cHiPLC &4 EZ 1 FH G d A, & A1 i 4
100 10U R AT BT T A
2.3 K45t (Waters)

IR R H AT PRGE 835 7™ 5 - ionKey/MS
Z 45 Hl TRIZAIC nanotile , J R (233 65 F BT 41 11 A4
I SEIR AT R R B e M4k, ionKey/MS it B~ 150
pm NARE A (R IR R 2 wm 3H AL, UPLC
OYE) WA GRS A, 2ot Bl IR R iKey 45
P SEIL S AN A Iz . IR G e B S Y
sz O, AT LA S« B4 RO A (plug and play) ™,

e KRR BE M T B T HAE N B AOK T 225, Zats
AR 38 AT DL B £ 4 J5 S il B ( pass column
adding, PCA) , X015 53 25 W s Ik g 1A 70, i By
Ja& e, ionKey/MS Z 48 F % i THEH
L2 F e %) TRIZAIC nanotile it A A /E K
WAEGH (180 pmx20 mm, 7 5 wm C18 #Hk})
TS A (180 wmx 100 mm, HE % 1. 8 wm HSS
T3 HORMSURL ) (4 T, 322 0 I A 28 [ o0 pr 1
A ITE 2 MoE i
2.4 PharmaFluidics

PharmaFluidics J& 0% F (035 s — Z AR 12
A, A7 T 2010 4F HAE 2017 454k WPAC H:F551)
Rk R &80, H A RS A% . 200 cm
wPAC 5 H #1150 cm wPAC 5 F . wPAC i H % 1
Si-Pyrex glass ZEATEL, B2 R 5 pm HARMY
AT AT P SRR A (FEIRE 2.5 wm) o FE RS0 AT PR 45
Fi i 200 cm wPAC 5 H AT LAZE 1.5 pl/min 555
SATLE T LA 35 MPa [ f1i847, FEFESIAE R R
iz i B R S I AR E M, wPAC
S BCA B SMAE R GE, o0 Fr i T 3 ) B A RS 7
AR EA B . R AL B A S AR
AP EE PEEK #3878 42 X FfE—
FEEE EIONT wPAC i F A X (H g2
U A RS Y L BR B LS S R S g
T VR RESH B i @38 7 &, pPAC it i BT
NG 3/0 . Mann BRAZLF HH T & A R
A, T WPAC i F#5#1 LC-MS/MS &5
YETE T 340 000 AN BT, B 1 i AR A 2 RS )
B A B AT N R A A A B R R
R T LT

3 SEERE

DT B — AN g ke e A = ATk
30 47 (HIE o iR AR AT SE A5 B e SE Rk 5 AR
e B, AT i B 0 R o0 R a3k )
v AR R R AR RGNS . HATAETE R M
FUET ot A BRI B B 5 oK 5ot
AR TR & BRI 7 G, ot A
TRk 4 AR A T2 30 3 4 /)N T R ST R T 3 T
SR BESCEL, X ROBE SRR, 3 38 RS 9 46 /N FD
B B IR 23 KRG i ARy . B R A 3
M BIR R BE 1358 7E 60 MPa DL, A1 kM 5 BR
il 7 R e F B B A i — 2 R T, X —
SRS A i DA T R B AL s e R MR, LR
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e R B RN RN T 0 R A WM B R B 7
Ml BT RS XS 6 — b o 1 O A A S S A S A BT
ISR SR RE I R, eAh, 50 i (i DT il
(5 MER 1R A8 TR AL AR BEAIG , 008 42 AR i AN B2
PLRGU il peoll ik 2 g8 — A7 M s HE 55 B A FF
ARFEE P AL [F %S T ff ke, HEWHE , K
AL SO &5 B . BAIE A5 Ak il
T YN T (T AR AR W B 25 43 B v b
CHE 2 FR AL — RS 6
T, 1ESGE ) S B H H R B TR ) 8, S R YR
TR R T S | T AR B DA S AR B I
i A7 AT RE Rk 5 K T4 R G A 48 A
(POCT) &idsk 19 77 =X, {H 13X — BRI A R ik — 20 42
O SRS A RS MR A BE B IESE L, A
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