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Quest on powerful analytical tools

Pharmaceutical

© CTM
© QC/QA
© Chiral Separation

Agriculture/
Food

© Pesticides

Environmental
© Pollution in air

© Water
© Soil

Life Science

© Proteomics

© Metabolomics

© Systems Biology © Additives

A0 m
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Current Chalenges in Chromatography

More Portability
Lower Flow Rates

Smaller Size
Instruments

More Automation

Shrinking Sample [

Size

New Separation |

Interactions

21 CFR Part 11|

Compliance
Better Standardization

Improved Analysis
Software

Easier Validation

Lower Cost
Instruments

Higher Throughput
Higher Reliability

Lower Detection
Levels

Faster Separations
Better Resolution

1%
2%

4%
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6%
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10%
12%

14%
14%

16%
16%
19%

oy

22%
32%
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Respondents

Source: R&D Magazing

Source:

Top three chalenges

Resolution 4y#pE

Speed 4B
Sensitivity Rz
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As chromatographers, what do we care?
--- Resolution (R)

; tm |
[ it
v,
f| W | 11 W. [ <—w=l—> <—T2->
R At
/lé (w1 + wz)

When R=1, Peak 1 and peak 2 are separated basically.

When R=1.5, peak 1 and peak 2 are baseline separated.




Resolution (R)

B a—l( ) k
R_% \/N 1+ k&

a
Column’'efficiency
Separation factor Retention factor




Column efficiency (N)

(where L is the column length and H is the plate height.)




van Deemter equation (1956)

VAN DEEMTER PLOT

+ Bterm + C term
H=A+ (Cxm)
H= A@) + Z C(d,)? o
— ) + — + p) V
Q.

d 2
A eddy diffusion
B longitudinal diffusion

A term

C  resistance to the mass transfer Average Linear Velooity () >




AP = @pnlLu/d?

P

¢ 1s the flow resistance factor,
n 1S the solvent viscosity;

L ist

ne packed length;

u 1s the mobile-phase linear velocity;

dp IS t

ne diameter of the packed particles.




Column efficiency

PNLvpg
AP = 7
p
(1 /7 um




Trend In liquid chromatography in the past 50 years

10 pum Particle HPLC

204 1970's /
H 15 — 5 kLM PCJI'HC Q
E 1980's
T N
P o- 3.5 um Particle
m 1990's

. | @uwprc g
5 ; I
1.7 um Particle : ||
2004
I:I T T ! ||| T T T
0 1 2 3 4 5 b 7

Linear velocity (mm/sec)




Where do we go from uHPLC?

UUHPLC?

sfHPLC (slip flow HPLC)?

eHPLC (pCEC)?

B 13
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: _ Detection
Packing material / window
O}l}let frit % .
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10 pum Particle
20 - 1970's ||

H 15 5 um Partic
E 1980's
T N
P 1o 3.5 um Particle ,
[].LI"I"I] 1990's I >
| e
1.7 um Particle | ||
2004 = ®
y . . pCEC >
. | | . | Submicron particles |
0 ] 2 3 4 5 2] 7

Linear velocity (mm/sec)
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Micro-Flow Imaging Instrument

CCD Camera
Y | B
o 3‘; c
5 3lg
Long pass s S
» filter
REET S O Dichroic
beam
splitter
: g Polan'zerJ [Ferro-electn'c
. . Rotator
Visible objective
Mask
3x YAG
Laser
355 nm
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Comparison of flow profiles in CE and LC

1 11 °
Rk

Hydrodynamic Flow

-
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High Efficiency Separation in CEC: 600,000 p/m

Separation of 4 PAHs on 1.5 um non-porous ODS .

Column: 100 pum i.d. x 28 cm packed length.
Mobile phase: 70% CH3CN/30% 4 mM sodium tetraborate (pH 9.1).

\oltage: 20 kV.
Injection: 5 kV/2s.

Detection: LIF, ex: 257 nm, em: 400 nm.

Sample:
a) Fluoranthene,

b) Benz[a]anthracene,

c) Banzo[k]fluoranthene,

d) Benzo[ghi]perylene.

UNIMICRO

Relative Fluorescence

Efficiency:
170,000 to 200,000 plates/column
600,000 to 700,000 plates/meter

Retention Time (min)

Anal. Chem., 70(22), 787, 1998, Dadoo. R.; Zare R..; Annex. D ; Yan, C 1s
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Miltions and Millions of ~
Theoretical Platesil!

i

UNIMICRO




5 second separation of 5 PAHs by CEC

Column: 100 pm i.d. x 6.5 cm packed with 1.5 pm non-porous ODS.
Mobile phase: 70% CH;CN/30% 2 mM TRIS (pH 9).

\oltage: 28 kV.

Injection: 1 kV/1s.

Detection: LIF, ex: 257 nm, em: 400 nm.

FLUORESCENCE INTENSITY

oae

o

3 4

RETENTION TIME (SECONDS)

Anal. Chem., 70(22), 787, 1998, Dadoo. R.; Zare R..; Annex. D ; Yan, C
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Advantages of CEC

© Combination of CE & cLC
-- double separation mechanism: suitable for both neutral & charged compounds.
© EOF-driven, no back-pressure, small particles
-- high efficiency, high selectivity & high resolution, plus fast speed.
© Micro fluidic technique
-- Economically attractive & environmentally friendly.

A0 m
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What are the bottle-neck for CEC?

1. Dedicated instrument; N AREENN
2. Dedicated column; v\

Killer aﬁp!ications. —
[ |

-

.t{‘\?l‘. ‘.- \
4, 5 \ ‘v




Part 2

LR B
(eHPLC or pCEC)
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Pressurized Capillary ElectroChromatography (eHPLC)

Micro-HPLC Capillary Electrophoresis
High-Fru:urc Capillary
LR
-4 Detector
Separation Column
I igh Violtage|
1=+ -
%— Detector _ L
Buffer EBuffer

{ !
'

Capillary Electrochromatography (CEC)

ﬂ[jl> Cap.am ‘-Separatiun ciu-m..mm : jl> [ o }

= Mobile Phase Mobile Phase
PUMP PUMP
A B
Makile Makile
phasze phasze

A0 m 25
UUUUUUUU




Advantages of pCEC (eHPLC)

1. High efficiency, resolution, selectivity and fast speed;
2. Miniaturized;

3. pCEC, capillary-HPLC and HPLC, all in one;
4. Gradient capacity;

5. Quantitative injection, fine tuning of selectivity.
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TriSep™-2000

TriSep™-2010GV

TriSep™-2100

TriSep®-3000 eHPLC
H=—{t

=@= W 27
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. UViVis __ELSD
J C \
i ! = =
. More suitable for thé separation of caﬁﬂglex compounds!
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Achievements

» Program on the Development of National Key Scientific
Instruments and Equipment (2011YQ150072).

» National Invention and Entrepreneur Award: Outstanding

» Shanghai Science and Technology Advancement Award:
First Place

» National Key and New Product.

»w BCEIA Golda Awards : 2.

» Patents: 83, including 4 US patents and 3 PCT.

v Articles: 300
T reenenreens o



NDCEC-UELSD coupling

| | nELSD

R
| 1 Carrier gas

inlet
Sampler _ : ! mle
1

13185088, 2 3. @iRkER,; 4. B8, 5. 7V&ER; 6. IU&E; 7. o, 8. BNEEIEH;
9. BEER; 10. MEI=18,; 11. REMHeE, 12. FZkE,; 13. HRER,; 14. &EGHtE,;
15. BOEGR, 16. YCEEEIEE,; 17. Y

=@= E ﬁ 30
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Response/mV

A0 m
UNIMICRO

140 —

120

100

80 —

60

40

20

t/min

PCEC-UELSD separation of sugar alcohol

Column: EP-200-150-5-Amide 80 (200 wm X 150 mm, 5 um,);
Mobile phase: ACN: H,O (40 mmoL/L TEA) =80: 20;
\oltage: +5KkV;

Current: 5.6 YA;

Injection: 50 nL;

Carrier: N,;

Evaporative Temp: 120°C; ,

Flow rate: 0.8 L/min;

Pressure: 4.3 MPa

31



LIF with 4-lasers

Yo V) 2 W

=@=iﬂﬁ 32
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Sensitivity test on LIF

350
2.0 - -6
. _ 10 M
300 -{ 18- )
1.6
250 —
7 E 1.4
§ 200 — =
E -
=" 150 -
=
clb—ln
“2 100 -
0 ‘; é ..'I’: AII é BI '} l é l é I1IDI1I1l1I2l1l3I1I4I1I5I1I6I1I7I1I3I1I9
50 - Time(min) 10 M
: 10‘8MHH ﬂ
0 - U
| ! | ! | ! | ! | ! | !
0 5 10 15 20 25 30

Time(min)
i
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Schematic diagram of pCEC- LIF

rovp

1,2 Reagent bottle; 3,4 Pump; 5 Mixer Valve; 6 Injection Valve; 7 loop; 8 splitting cross; 9 Capillary restrictor;
10 High Woltage; 11 Capillary chromatographic column; 12 waste; 13 Objective lens; 14 Filter system; 15 Laser;
16 Photomultiplier; 17 Data acquisition unit; 18 Data processing unit

UNIMICRO




PCEC-LIF separation of aflatoxins

2
1 3
26 - 4
24
22
20

124 -10kV

-15 kv

Response (mV)

-5 Kv

24 /\

04 0 kV
-t rrrrrrrrrrrrrrT1r 101711
2 0 2 4 6 8 10 12 14 16 18 20 22
Time (min)

Sample: 1.G,; 2.B,; 3.G,; 4.B,

@= %
UNIMICRO
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LUMS—eHPLC with flowrate of 150 nL/min

1. Built in vacuum pump and PC ;

2. Analyze on site;

3. Base on chip-technology, balance within 30 min;

4, Save 80% N2;

5. Easy for use and maintenance, completely tool-less;

6. Compatible with eHPLC, qCE, nano-LC, HPLC, etc;

7. On line dilution and injection to monitor a reaction.

36
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eHPLC-MS Separation of cyclic hepta-peptides (Microsystin)

500 1 Mc-LR
400 - Mc-RR
-10 kV
300
Mc-LR
200 - Mc-RR "™ coon  ou o
0 kV A
Mc-LR MERR WA Gl
100 n, o ?WN
+10 kV e
0 | | AMI' ! | | |
0 5 10 15 20
Time (min)

Reproducibility of eHPLC-MS separation of Mc

Run Retention Peak area
Time
1 5.55 153520
2 5.59 159197
3 5.57 151534
4 5.57 157320
: 5.59 153974
0 5,59 154009
RSD% 0.29 18




Reproducibility of eHPLC-MS

A
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15kV-10uA-0. 1mgml-0.5ul-27. mbf (MaSScope- o1
2.20
100.0 7
Gl 3.62
2.49 3.68
sood 0e2 152 3.02 372 473
60.0
S
40.0
20.0
[N BN LA LA DA DA DL BN R B

o 05 1 15 2 25 3 35 4 45 5§
Time (minutes)
W ScanTiC ] 195.0 miz

100.0 7

80.0 7

G60.0 7

40.0

20.0 7

|
AN

U.U'l'l'l'll'l'l'l'l'l"
0 05 1 15 2 25 3 35 4 45 5
Time (minutes)
W ScanTiC i 195.0 miz

15kV-10uA-0. 1mgml-0.5ul-26 mbf (MaSScope- o1
222
100.0

80.0 7

60.0 7

40.0 7

20.0 7

[N B B LA BN BN B BELAN BELEN BN ¥
o 05 1 15 2 25 3 35 4 45 5
Time (minutes)

W ScanTiC i 195.0 m/z

100.0 7 2.39
0.08 2096 4.36
0.0 0.31 1.6 3.52

G0.0 7 ‘

40.0 ‘

20.0 7

I\
0.0 trrtrtrTrTrr Tt et rtrta

0 05 1 15 2 25 3 35 4 45 5
Time (minutes)

W ScanTiC i 195.0 miz

2.20

100.0 7 2.98
3.37
10 3.45  4.34
0.70
. 3.82 4.69
80.0 1 2\84 )
60.0 1
2
40.0 7
20.0
I‘ L

[N B B B BN BELE BN BELAN BELEN BN R ¥
o0 05 1 15 2 25 3 35 4 45 &5
Time (minutes)
W ScanTiC ] 195.0 miz

15kv-10uA-0.1mgml-0.5ul-22.mbf (MaSScope- o1

100.0 7

80.0 7

G0.0 7

40.0 ‘

20.0 7 H

[N "R B BELEN B LA L L RN BELE R Y
0 05 1 15 2 25 3 35 4 45 5
Time (minutes)
W ScanTiC i 195.0 miz

Condition:

Column: 100 um i.d. x 20 cm, 3.0 um C18,
+50 um x 5 cm (decoupler)+15 cm (empty);
Moble: 80/20:ACN/H20+0.1% FA;

Flow: 166 nL/min;

Sample: 0.01 mg/ml Caffeine;

Injectionv: 1.7 nL;
Temp: 15°C.,

o B WO N -

6

RSD%

i [A]

2.2
2.22
2.2
2.2
2.2
2.22
0.4

LTHEA
1109616
1064812
1070160
1075024
1080975
1103332

1.6

VY FRILYE

%/ SHANGHAI JIAO TONG UNIVERSITY



Part3

eHPLC with HALO and sub 2-micron particles

40
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eHPLC vs nanoHPLC with 1.8 um particles

eHPLC vs uHPLC
3 , 3
eHPLC

5 | 1 4 eHPLC pHPLC
. Run Time 25 min 60 min

: L.J Solvent Consumed 4.5 mL 10.8 mL
O _|

o 10 20 3 4 5 6 70 8 Sample Consumed 1.0 ul 1.0 ul
3 Time (min) —

| —— nHPLC Column Efficiency 200000 92000
5 1 (naphthanlene)
1 2 3 4 Resolution(3/4) 9.5 9.7
0 eHPLCAH b B\ nHPLC R 2.

0 | 1‘0 | 2‘0 | 3‘0 | 4‘0 | 5‘0 | 6‘0 | 7‘0 | 8‘0 Efficiency: 2X, Speed: 2.5X, Sensitivity: 3X.

Time (min)
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eHPLC with Submicron particles

42



Capillary columns
packing material

43



Preparation

Preparation of Submicrometer silica particles :

Improved Stober method

T_M ﬁ? Ww /Q Ww & SiO, Particles
o 4 o 7 o Ve
25°C, NH40H, ethyl ethyl silicate in ethyl hydrochloric filtration,
alcohol, H,O alcohol, 2h acid, PH~7 dry
modification :
4 N 4 ) (" reacted with 16% n-octade- )
Silica particles were Rehydroxylated in -cyltrichlorosilane and 2%
calcined at 600° C 50/50% (Vv/V) nitric methyl trichlorosilane
for 6 h for three times _/ acid/water overnight —/ respectively in dry toluene
\_ J \_ - \With the protection of nitrog@

B 44
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100

95

Transmittance [%]
75 80 85

70

60

Transmittance [%]
80 85 80 85 100

75

70

L0 @ O
m@é%%' b -

Infrared spectra for a colloidal crystal 100/ 81mm 15,0k SEM)_ IR
(a) before and (b) after modification. SEM micrograph of 454 nm SiO,
][ o particles modified with C18.

46




) X # X4 A

SHANGHAI JIAO TONG UNIVERSITY

.

10.0kV 9.4mm x4.00k SE(M) 10.0um | 10.0kV 9.4mm x10.0k SE(M) e rr SIOéLlelw

A:  SEM of 320 nm ODS on a plate.
B-D: SEM of cross section of a packed 100 pm i.d. capillary,
A0 = B, X900; C, X4000; D, X10000. 47
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VY FAIAY

/' SHANGHAI JIAO TONG UNIVERSITY

SOLVAY CONFERENCE 1927 e ey '
A, PICARD E. HENRIOT P, EHRENFEST g, HERSEN T DE DONDER £, SCHRODINGER £ VERSCHAFFELT W.PAULlI W.HESENBERG R KFOWLER L, BRRLOUIN
P. DERYE M. ENUDSEN WL BRAGG HA_KRAMERS P.AM. CIRAC AH. COMPTION L. g0 BROGLE M. BORN N, AOHR
L LANGMUR M. PLANCE Mme CURIE HALLORENT2 AL EINSTEN P. LANGEVIN ChE. GUYE C.IR WILSON OW, RICHARDSON

Absants Sk W H BRAGG, H, DESLANTRES ! £ VAN A’I,‘l.l‘l = 2 4 r N Aoyl s
- olog.sinz.corm.crn/u/20144712122
i 49
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Separation of organic compounds with submicron particles ==~

In eHPLC and cLL.C

0.8 4

Intensity ()

2 B 8 2 =2 =2 2 o o
® & & 5 @ 2B & 4 4
- ! L ! f ! ! ! |
=2

Intensity (mV)
o
(2]
1

0.4 1 1

t (min)

Applied voltage: 10 kV;
1) thiourea; 2)a- naphthol; 3) benzophenone; 4) naphthalene; 5) biphenyl; 6) butylbenzene.
Q ,g - Column efficiency N (plates/m): 11,780 to 170,000.

UNIMICRO
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eHPLC separation of BSA with 603 nm C18
----N: 1,264,910 plates/m

intensity (mV)

@: %
UNIMICRO

Instrument: TriSepTM-2100 pCEC

Column: 30 cm total length (10 cm effective) 100
um id packed with 603 nm of nonporous C18
Mobile phase: 45% v/v ACN and 55% v/v H,0O
Applied voltage: -10 kV at outlet

Applied pressure: 15.5 MP

Injection: 0.22 nL (a sample loop of 1 puL with
splitting ratio of 4500:1

UV detection: 280 nm

Sample: 5 mg/mL BSA

51



eHPLC separation of lysozyme with 670 nm C18
----- N :1,391,520 plates/m

Instrument: TriSep™-2100 pCEC

Column: 30 cm total length (10 cm effective) 100 um id packed with 603 nm of nonporous C18
Mobile phase : 42% v/v ACN and 58% v/v H,O

Applied voltage : -10 kV at outlet; applied pressure :13.3 MP

Injection : 0.22 nL (a sample loop of 1 uL with splitting ratio of 4500:1

UV detection : 280 nm; Sample : 5 mg/mL

4.0+

> . n # tibonuclease A
a0 RZHERZTR B A
g .l 7 Lysozyme s cytochrome C s
i VA i : | 2 2R C s

1'0'\/—.Wf.”\ . - ) o-h————————qjgk\———\ , 0.4 vﬁﬁ‘—"f\dt.\r\ - -

t(min) 0 t(niin) 10 0 2 4 iy 6 8 10
N (plates/m) :1,391,520. N (plates/m) :1,011,560. N (plates/m) :989,730.

A0 m 52
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eHPLC Separation of Protein Mixture on submicron C18

| Lysozyme

20- Experimental conditions:

_ Carbonic anhydrase Column: 10 mm x 100 zm, 420 nm/C18-NPS
L5 Isocratic: H20: ACN (v:v, 57:43), +0.1%TFA
Pressure: 16.6 MPa,

Split ratio: 1/2250,

Linear velocity: 0.13 mm/s

- | Wavelength: 280 nm,

| Myoglobin Applied voltage: 4 kV,

' L\Mw Sample: lysozyme, myoglobin and carbonic
- anhydrase

° w0 * % @ Efficiency: carbonic anhydrase: 280,000 p/m.

Time (min)

1.0 H

Signal (mV)

0.0 4

A0 m 53
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eHPLC separation of peptides with submicron particles

7.4- 1
1 35- L
7.2+
1 2
7.0 2 3.0 3
_ ﬂ . 6kV
. 1
S 6.8 \ ‘\ 3 S 25
£ 66' L’wﬁs mixture & 2
6+ ]
el N
' 8KV
E 6.4 DE-11P 9 ] 12
c = ’
- ] 2 1.5 1
6.2 1 ﬂ ]
',\WWLA\MDE'].]. 1.0 3
o 1 . 10KV
MWJL LY-6
5.8 e ———— 0w

PCEC separation of 3 peptides with 420 nm C18-bonded silica particles;
N (plates/m) at 6 kV: LY-6, 1,752,000; DE-11, 460,000; DE-11p, 230,000.

@:Eﬁ 54
UUUUUUUU




EOF vs Voltage

104 A 315 nm
% 0.8- 420 nm
: 505 nm
:
< 0.6+ 780 nm
= " 820nm
S 0.4 -
2 o
L = 1800 nm
O 0.2- =
i = 3000 nm
J ‘4/
OO_ Z‘ ! I ! I ! I ! I
0 2 4 6 8 10
Voltage / kV

Experimental conditions: ACN/H20 (70: 30, v /v); pH 7.8; 10 / 30 cm and 100 pum.

@: i 55
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Parts

Automated qCE® -3010)

UNIMICRO
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What Is the bottle-neck for CE?

1. Accuracy and precession?

2. Detection sensitivity?

%ﬁ 57
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I Automated qCE

CE®-3010 * qCE- pUV/uLIF/uMS/uELSD/uECD

-

-
-
-
-
-
Pre
-

~——n
~~
~
~
~.
~
~
~.
Ss
- ~.
~.
~
SS
.,

ALIF
nECD \_-—_g
uMS
“ -
wy | 2 H =& pELSD

<
~~
~
________

40-nz More suitable for the separation of complex compounds!
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Schematic of Fully automated gCE (First in the world)

Ground electrode

Cellulose acetate membrane

Accurate injection with nL volume

Qualitative reproducibility <1% (time)

Quantitative reproducibility <2% (peak area)

© © O 0

Excellent New Products Award in the @

Electrical
Instrument Industry. Syinge Pump Decoupler

_________________________________________

Auto Sampler

|
° gl ) NaOH |
g.g -c | | B L i
*3 Wash Station I (
“TTRLL . Emnse =
Samples Syringe Pump) (H20) Waste

=@= W 59
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gCE reproducibility

— T
31.2 5
23.4 g 0d \
15.6 § }L
g 54
78 3 S L
< £ i
y o 5 10 L
7 = 20 E o ﬂk
y }‘ TR -20 4
% 2 & -
‘ P | -30 — T r r —
— —— ; . . A 1 2 3 4 5 T8
0 2 6 8 10 12 14 16 < .
Time (min) i [i]/min
1 2 3 4 5 6 7 8 9 10 RSD
TREAESIE] | 4.673 4.673 4.679 4.672 4.676 4.657 4.697 4.683 4.692 4.699 0.28 %
LA 41331 41015 41508 41754 41267 41831 41782 41392 41654 41576 | 0.63 %

A0 m
UNIMICRO
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qCE separation of six nucleosides

? ~ . § Vs
, N . . % oy "
N\H; N Ve A, &3 NH I N § \f “f 1 :g—!\ O o
‘ = " T o " !
< B i~ - N Y
b \,}I/ko I_J e {\ ou h, N‘/w
H - bl / |3
2 _ \\
0 1.0 pL/min A 0 A
_ ]
2 ,| ll | || |
> > ] L3pymin L QO .
E £
@ 3 4
2 ® l ﬁ h ﬂ
§' g_ -6 1.5 pl/min | U\
3 4 )
& (2 6 | |l
-8 0
1.8 pl/min ,l'\,_ll\\ll"k_ I\
-10 - ‘
| | -
-12 4 2.0put/min | UL
T v T : T . T ’ T ? T T T T T T T ]
0 5 10 15 20 0 5 10 15 20
Time/min Time/min

Constant flowrate Constant voltage

Capillary: 40 cm x 50 um i.d. , Sample: (a) fBIZIE, (b) 5-&-2°-BiEIRE, () IRE, (d) FRIEZIE, (e) FRE, () AE

Yuan Xu, Bangzan Ling, Wenjun Zhu, Dong Yao, Lin Zhang, Yan Wang, Chao Yan, Biomedical Chromatography, 2015, DOI:10.1002/bmc.3560
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