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UHPLC columnfor Ultra-High-Speed High-Pressure Separation

Durability is an indispensable quality to columns for ultra-high-speed high-pressure separation. A short
lifetime under high pressure, and therefore, a high column cost would make high-pressure separation less

attractive to chromatographers.

CAPCELL PAK C18 IF2

In response to such customer’s needs, CAPCELL PAK Cis IF2 has been developed. IF2 enables excellent peak
shape of basic compounds as well as the separation efficiency, while showing unsurpassed durability, hence
offers the best choice for real ultra-high-speed, high-pressure separation

Unsurpassed Durability against Pressure up to 100 MPa

.
Properties
Function | Poresize |, A\t/.eiagt_a st’ec'ﬁC S o Density | Applicable
roup nm article size acezarea (4 (mel/mz) p
9 (um) (m?/g)
Cis 8 22 480 155 1.5
4 N\
0014
® MGIIH 2.7 um
£ o e Brand A 2.2 um
L o IF2 2.2 um
E o012 e BrandE 1.8 um
z (] o IF 1.8 um
° °
< oolof ® °
% ° Column size : 2.0 and 2.1 mm i.d. x 50 mm
° [ ] . ° ° @ Mobile phase : CH;CN / H,0 = 60 / 40
® 0008 s 8 3 ° e ® ® o ® Flowrate :40°C
= H 1 o ® Temperature : UV 254 nm
o e ° e o © Detection :1.0puL
5 o o ° o . '
@ 0006} 8 g ° o o o ° Injection volume : 1. Uracil 2. Methyl benzoate
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Quick and Sharp Elution of Basic Compounds

The CAPCELL PAK IF2 showing sharp peaks for basic analytes,
provides excellent peak shape and separation efficiency even at ten-
time greater flow rate, while enables the analytes to elute quickly.

Flow rate: 0.2 mL/min. Column size
60 i
Pressure: 7.3 MPA Mobile phase
50 21
w0 - ® min.
) Flow rate
30 Temperature
o] Dett_ectlon
Injection volume:
10 4 Sample

I
o] 25 5.0 75 100 125/ 150 175 200 min

275 Flow rate: 2.0 mL/min,
250 Pressure: 72.1 MPA

o~
00 4 L 20 25min
-25 4 L L L L L L L L

o] 25 50 75 10.0 125 15.0 176 20.0 min

:2.1 mmid, x 50 mm
<A, 0.1% formic acid in water
B, 0.1% formic acid in acetonitrile
B. conc 13.0 to 20.7% (0 to 22min.)
:0.2 mL/min., 2.0 mL/min.
150°C
:UV 220 nm
:1.0uL
: (D Tetracaine (40ppm)
(2 Diphenhydramine (40ppm)
(@ Difenidol (40ppm)
@ Promethazine (40ppm)
(® Desipramine (40ppm)
(® Imipramine (40ppm)
@ Nortriptyline (40ppm)
® Amitriptyline (40ppm)
@ Trimipramine (40ppm)
Chlorprimazine (40ppm)
@ Nicardipine (40ppm)
(@ Verapamil (40ppm)
@ Clomipramine (40ppm)

Thegraphbelowshowsthedurability comparisonmeasured
range | under a pressure of 70 MPaby adjusting the flow rate of
2-9 each column. Among the columns whose specifications
of withstand pressure are known as more than 70Mpa,
CAPCELL PAK IF2 with pressure resistance up to 100 MPa,
shows outstanding durability as a UHPLC column truly
ideal for ultra-high-speed high-pressure separation.
Packingtechnologyisanimportantprocessthatdetermines
the quality of the column. To achieve such excellent
durability, we used considerable ingenuity in the packing
of the CAPCELL PAK IF2.

Column size: 2.1 mm i.d. x 50 mm
Mobile phase : H,O / CHsCN = 50 / 50

Flow rate : Adjusted to maintain the

- column pressure at 70 MPa
LN , Temperature : 40°C
oo s v b v Detection : UV 254 nm
""-..,___.___._ g - Injection volume : 1.0 puL.
" .::"". . Sample  : 1. Uracil 2. Methyl benzoate
Ve e e po 3. Naphthalene 4. Butyl benzoate

'l .,
\
LI = '\\
# Brand E 1.8 um e
N

4BrandC 2 um
4 BrandD 2 um
® Brand B 1.6 um

100 200 300 400 500 600 700
Injection count

Higher Loadability than Existing Products
We injected 50-time more concentrated imipramine
to compare the peak shape. The CAPCELL PAK IF2,
which is suitable for the separation of basic com-
pounds, sharply elutes even high concentrations
of basic compounds.

Column size : 2.0 or 2.1 mmi.d. x 50 mm

3500 Mobile phase : A, 0.1% formic acid in water

3000 F B, 0.1% formic acid in acetonitrile
B. conc 25 to 35% (0 to 2 min.)

2500 3510 95% (2 to 3 min.)

Flow rate  :0.2 mL/min.
Temperature : 40°C

Detection : UV 254 nm

Injection volume : 5.0 uL

Sample - imipramine 500 pg/mL

[mV]
o a

o o

o O
‘\ T ‘
ﬁ

CAPCELL PAK Cs IF2 52

Catalog No Inner Diameter (mm) Length (mm)
92883 2.1 20
92885 2.1 50
92887 2.1 100




UHPLC column for Ultra-High-Speed LC-MS analysis

With the improved performance of mass spectrometers, the requirements for columns are divided into
two properties: capability of fast crude separation and a superior separation efficiency that enables highly-
sensitive analysis of a smaller amount of samples. Both of them require high pressure resistance.

CAPCELL PAK C18 MG”I'H

CAPCELL PAK MGIII-H is an evolution of MGlIl in response to such needs. MGlII-H enables operation pressure up
to 50 MPa, showing outstanding durability, hence offers improved high-speed LC-MS of basic compounds with
flexible pressure resistance.

Unsurpassed Durability against Pressure up o 100 MPa

Function | Pore size | pAverage |spedficsur-| | pengity Applicabe The durability is determinated under 50 MPa by adjusting
article size | face area )
I 2!
group LT (um) (m?/g) (umol/m’) | pHrange | tha flow rate of each column. The CAPCELL PAK MGllI-H
Cis 10 27 300 15 23 29 maintains the number of theoretical plates even after 600
times of injection, so can be used with confidence.
4 )
«F 120
055 se MGIII-H
_§ é " \ Column size : 2.0 mm i.d. x 50 mm
| MGlI-MGlI-H Atan 25 % \ Mobile phase : H,0 / CH,CN = 40/ 60
05 C18AQ @ :" iI?SK S0TSQA Ec Flow rate  :Adjusted to maintain the
s qc\) é 60 column pressure at 50 MPa
@ Hydrospherer T8 20 MGIII Temperature : 40°C j
> ) 5 ~ Detection  : UV 254 —_—
& 0455 YWMCTHN® o >((ec"a r’\;esncrre @ TSK ODS100Z g—o' '"Jee“ii;;:’“e”-o IS " —=
Ta_ ‘ Inertsil ODS-4 [ ) ﬁ e L.LUNA L-column g 8 a0 Sample : 1. Uracil 2. Methyl benzoate
qg Inertsil ?(I;ﬁdag\é. C‘ESG‘ZU.C‘BUGmov ./QTCZDMC Pro C1s % % . ‘ ‘ ‘ ‘ ‘ 3. Napt':thalene 4. Bu‘tyl benzoate U
£ 041 P ..& =2 0 100 200 300 400 500 600 700 © 0
a L-column2 ° SUPERIOREX
C18AG120 T ® @ Zobax Extend Injection times
C18ACR C18UG80
035 Cadenza, Unison US-C1g
Symmetry C1g
03 | | |
19 2 2.1 2.2
Hydrophobicity e e e o
Minimized Bleeding

As another effect of the speC|a| precondltlonlng, the back-
AEQIERCIN AP ground (bleeding) most affecting the high sensitivity

range has been drastically reduced.

Specifications for MG Series Columns

/o/dlroo oplasiys-ojdy//

100
We conduct strict control by adding the symmetry of the 00
. . o . 80 Internal
peak shape and the retention coefficient for amitriptyline, . standard
. . i . . . 2 7049 material
which is sensitive to silanol, to the specifications. $ 601
IR
Column <
T —— MGl MGII MG 3 0]
- As (Py):0.90-1.50 | Shipment standard | Shipment standard & 30+ MGl
Pyridine/Pheno As (Ph): 0.90-1.20 specified specified & 204
Quinizarin As: 0.90-1.40 — - 101 MGII-H
0 ————————
Amitriptyline o . _ o 2 4 6 8 10 12 14 16 18 min
(neutral condition) As:0.90-1.30
Amitriptyline As: 0.90-1.30 _ _
(acidic condition) k:1.3-1.6

Excellent Reproducibility for Basic CAPCELL PAK Ci3s MGIII-H S3

Compounds under Acidic Conditions
The lot-to-lot reproducibility is an issue for isocratic 02782 20 20
analysis under acidic conditions, which is often conducted
as the LC-MS analysis of basic compounds. The MGIII-H is
developed with special conditioning similarly to that of
the MGIII during the manufacturing processes, therefore
can provide promised performance with confidence.

Catalog No Inner Diameter (mm) Length (mm)

92784 20 50

92786 20 100
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CAPCELL PAK C,;s MGIlII

JHISEIDO

The CAPCELL PAK Cis MGlIII, the third generation of the MG series, is developed to overcome the
column-to-column variation in retention of basic compounds under an acidic condition. The quality
of MGlIII will help develop improved methods in various LC-MS applications.

Characteristics and parameter mapping f Comparison of Shiseido HPLC columns

Function Pore size | Particle size |  Specific C% Density pH usp
group (nm) (um) surface (umol/m?)
(m?/g)
Cis 10 5 260 15 27 2-10 L
Cis 10 3 300 15 23 2-10 L
0.70
0.65 - #CNUG120
> 0.60 -
2
=
© 0.55 - #CIUGIZ0 #PhUG120
&
o 050 - cappe  $CBUGT20 #CIBAQ  @Atlantis
8 TSK8Ot®  @Hydorosphere.
& 045 - C18 MGIII ¢ Cis MGII-MG
5 clasorsa OgsaxQ'LUNAv Pro
(,3) 0.40 XierraMSY @ @ #C30
VR C18UGI20W . & @SUPERIOREX 0DS
creact Z%a“g;cm%sao o
0.35 -
0.30 I I I I
1.7 1.8 19 2 21 22

Hydrophobicity

Feature MGl | Mell | MG [UG120] ACR | AQ
High-purity silica vv vv
(undr ackic mobi phases)| YV | VY | v | v | o | v
(under neviral mosie prases)| ¥¥ | v | e | we | wa | na
LC-MS/MS vvv | vv v v v v
Multi-component analysis vv vV vv v vV vv
High-polarity compounds vv vv vv v (4 vvv
Pyridine/phenol test vv vv vv vv vV vV
Quinizarin vV - - - - -
Acidic durability vv vV vV vv | VvV vV
Basic durability (LA R AL AL ARLLARLdS (44
Semi-preparative scale - vV vv vv vv vv
3-um particle type vv vV vv vv vv vv

vvv:excellent vv:good(appliable) n/a: not applicable

The problem in the analysis of basic compounds under an acidic condition

The following figure is an example of column-
to-column variation under an acidic condition. The
compound used here was amitriptyline, a highly basic
compound used for the USP evaluation method. The
results were obtained under an isocratic condition (0.1%
formic acid/methanol). Retention times of the three
columns (Column A, anonymous) were found very
different under the mobile phase that was one of the
most common in LC-MS. The similar tendency was

observed in many other columns.

Based on our previous studies, we found the
responsible factor was related to the synthetic
byproducts and the residues of impurities from reagents
used for the synthetic process. We accordingly applied
a special pre-conditioning process to the column
production, which provided the stable retention to both

amitriptyline and naphthalene.

/\ Lot A

/~—_ LotB __

/\ Lot C

[min]

45 The retention reaches its maximum _
4 ,l -
=J
H
Fen 35
8
= P .
?_/ s 7Amltnptylme | Naphthalelg
25 )

Lot variation under an acidic condition
HPLC Conditions

Column :Column A 4.6 mmi.d. x 150 mm
Mobile phase :CHsOH / H.0 / HCOOH = 500/ 500 / 1
Flow rate ©1 mL/min

Temperature 140 °C

Detection *UV, 254 nm

Inj.vol. 5uL

Sample dissolved in :H20 (50 pg/mL)

Optimization of pre-conditioning (PC) time



MGIII---excellent reproducibility under an acidic condition

F 7.07 min

F P 7.07 min

5 10 [min]

L

MGIII---low-bleeding column

Total ion chromatograms (TICs) were compared among different Shiseido columns under a validated

gradient condition. The PC process was

especially in the region for highly hydrophobic compounds.

Internal standard

100 /

A0 EO D

CHCH,CH,N(CHs), CH,CH,CH,N(CH,); CHoCH,CH,NHCH3

1. Doxepine (M.W. 279.4) 2. Imipramine (M.W.280.4) 3. Desipramine (M.W. 266.4)

SOseRs

CHCH,CH,N(CHa), CHCH,CH,NHCH3
4. Amitriptyline (M.W. 277.4) 5. Nortriptyline (M.W. 184.2)
Column : CAPCELL PAK C1g MGIII S5 4.6 mm i.d. x 150 mm
Mobile phase :CH;0H / H,0 / HCOOH=450/550/1
Flow rate : 1 mL/min
. 40° DN
Temperature :40°C =
Detection :UV, 254 nm —+
Inj.vol. :TuL _C)

Sample dissolved in :H0 (50 pg/mlL)

found to reduce the amount of column bleeding to a large extent,

/&/dl'oo oplasiys o|dy//

90
80
8 70
5
g
3% X
2 5
&
§40
® Y
20
10
0‘rTI|III|III|III|III|III|III|I‘I‘I|ITIT MGIII
12 14 16 18

Comparison of column bleeding



JHISEIDO

“Column bleeding” influences LC-MS sensitivity (lon suppression)
Column bleeding not only interferes an analyte signal by its components with close m/z values, but may lower
an intensity of the analyte peak itself. The effect of column bleeding has been extensively studied throughout the

development of the MGlII series.

Total lon Chromatograms O @
ad x10 Q N o
P A
el rolotype Terfenadine
(MW. 471.31)
501 500
Columnsize  :2.0mmi.d.x 50 mm
_J-ML Mobile phase :A) 0.1 vol % HCOOH
- A 0
P TR 08 T i T & min B) CH;CN
0, i - 0, i - 0/
ﬂ Mass Chromatograms ﬂ B 10% (Omin) -> 100% (5.0 min) -> 100%
miz 472.50-472.53 (6.0 min) ->10% (6.1 min) Gradient
10004 1000
Column bleeding lowers both sensitivity FIOW rate : 200 “’L/min
st Temperature  :40°C
500 5007

Detection : MS ESI Positive
WMJ*M« Inj . vol. :2ulb

T T e T hme b 4 & bmn Sample dissolved in: Methanol (10 ng/mL)
- Influence of column bleeding on ion intensity of analyte (lon suppression)
~ MGIII---wide usage from high-polarity compounds to low-polarity ones
9‘, MG Series columns used to be categorized as “medium polar”. MGlIl, being treated with the PC process, has a
O higher polarity than previous MG columns. Separation of small organic acids was attempted to evaluate the polarity
@) of MGIII, in comparison with another Shiseido column and one of the competitor’s high-polarity columns.
-O 1 1 Malonic acid
— 4
q) 3 2 Lactic acid
2 5
.(i., 3 Acetic acid
C MGlIl (3.4MPa) 4 Gitric acid Column size :2.0&2.1 mmi.d.x 150 mm
(Vg o Mobile phase 0.7 vol% H3PO4/ CHsCN =99.5/0.5
. 5 Succinic acid
U M_N\Other high polar column (3.9MPa) Flow rate 200 pL/min
6_ Temp. :40°C
c Detection :UV210nm
~ UG120 (4.0MPa) Inj. vol. :2.0pL
> 0 i P 3 7 5 0 - Sample dissolved in : Mobile phase (500 ug/mL)
O Separation of organic acids
-+
C MGiIII---low pressure and high durability
« Low pressure and high durability. A similar
20.0
H separation efficiency to be obtained with
20000h fime 9.8 MPa 15.0 \M/ 25% less pressure.
-l';“ Tettime 9.5 MPa = P emsnarew . . .
e 2 « A new end fitting design (filter pore size,
min E100k— e
Column B g shape of through pore) to meet the new
& so column specifications.
it 2000 time « A new process to finish the inner wall of
1 otume %0 5500 1000 1500 2000
0 1 2 3 min Injection times the empty column.

Pressure change in continuous operations



LC-MS analysis of fourteen nucleic acid-related compounds

MGlIl is suitable for separations of polar com- LC-MS Conditions
. . . Column : CAPCELL PAK C18 MGIII S5; 2.0 mm i.d. x 150 mm
pounds. Nucleic acid-related compounds, which Mobile phase : ) 0.1 vol% CHICOOH B} CHiOH
are generally considered hard to retain in Cis col- B 2% (0 min) -> 20% (10 min) -> 2% (10 min) Gradient
Flow rate 1200 pL/min

umns, were also well separated with MGlII. Temperature :40°C

Detection : MS ESI Positive

Inj.vol. :2 uL

Sample :guanine (1000 pg/mL in 0.1 mol/L KOH ), xanthin (1000 pg/mL in
0.1 mol/L NaOH), uridine (500 pg/mL in 1% HCOOH), deoxyadenos
ine (1000 pg/mL in 1% HCOOH) and other solutions (1000 ug/mL in
1% HCOOH) were mixed together, and diluted to 1 mL with water.
Sonication (30 min) is necessary to dissolve some of the compounds.

11
13 '
678 g 10)) 12 1. Cytosine (MW. 111.1)

AT e NS T

2. Deoxycytidine (MW, 227.2)

3. Adenine (MW.135.1)

m/z 112 4. Uracil(MW. 112.1)

m/z 228

5. Guanine (MW. 151.1)
m/z 136

\AH?%J 6. Hypoxanthine (MW, 136.1
[P % miz 113 ine( )
A ﬂ Pt miz 152 7. Xanthine (MW, 152.1)
N )
mz 273 8. Uridine (MW.2442)
] ‘ m/z 153
H | o Thymi
)J f iz 245 Thymine (MW.126.1)

m/z 127 10. Inosine (MW . 2682)

o

—+

—+
O

m/z 269

11. Guanosine (MW.2832)
m/z 284

rl 12. Adenosine (MW.2672)
m/z 268
0

WWMMMMWWJ W miz 252 13, Deoxyguanosine (MW, 2672)
8 10 mi

2 4 6 min 14. Deoxyadenosine (MW. 2512)

Simultaneous separation of seventeen basic compounds with MGIIlI column

/o/d[roo oplasiys ojdy//

g
. , 19 1
~ vo
ol A \ 9 H ) E
o QL 0> 0 TN
N NH, o
1. Ranitidine 2. Procaine 3. Scopolamine 4. Lidocain 5. Yohimbine 13 17
|
- ‘ 16
- " AN ‘ g 12} || 5 T
o
AT oW0 g o
4
6. Quinine 7. Difenidol 8. Diphenhydramine 9. Verapamil
e e on, \ m/z 315
A
\NJV% ”’”Tvéfw:f@ % / &Q miz 237
‘ > miz 304
10. Promethazine 11. Nicardipine 12. Imipramin 13. Amitriptyline m/z 235
m/z 355
O ‘ \
H/\/N _ /"\/\N . B m/z 325
Q00" m/z 310
m/z 256
14. Dibucaine 15. Chlorpromazine 16. Chlomipramine 17. Nifedipine
m/z 455
R m/z 285
Column : CAPCELL PAK Cis MGIII S5 ; 2.0 mm i.d.x250 mm m/z 480
Mobile phase : A) 10 mmol/L HCOONH: contained 0.1 vol% HCOOH B) CHsOH m/z 281
B 20% (0 min) -> 20% (3 min) -> 55% (3 min) -> 55%(25 min) -> 20% (25 min) Gradient
Flow rate :200 pL/min m/z 278
Temperature 140 °C L m/z 344
Detect - MS ES Positive m/z 319
Inj.vol. 2L m/z 317
Sample :Methanol (Diphenhydramine: 10 ug/mL, Other sixteen compounds: 2 ug/mL) m/z 347
T T T T

T
0 5 10 15 20 25 min
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CAPCELL PAK Cis MGl

13

CAPCELL PAK MG Il is based on high-purity silica support, being one of the MG series columns. MG Il is designed
to provide excellent peak shapes for basic compounds under neutral mobile phase conditions. Its outstanding “
silanol-shielding” material was generated by the original polymer-coating technology.

Characteristics and parameter mapping 070
0ss |

The general characteristics of CAPCELL PAK Cis MG I

e

#CNUGT20

> 0.60 -
=
are same as that of MG. MG Il is an easy-to-use column B osso 106120 ePRUS120
]
with moderate hydrophobicity and moderate surface o 050 - Coope  SCBUGIZ0 e
(LU) TSK80t® @ Hydorosphere
7 045 - .
pOI a rlty’ q% c1 ESGI?ggs” 0353 CliMAGY}AIC PTG
XterraMS® @ & eC30
Function Poressize | Particle size | Specific surface | Carbon% | Alky group pH usp 9 040 - €18UG120 g\];,::luws‘UPER‘OREXUDG
group (nm) (um) area density | CIBAGTZUCIBACR |81y 2 0bax Kiend
(m¥g) (umol/m?) 0.35
Cis 10 5 260 15 27 2-10 L 0.30 | | | |
Cie 10 3 300 15 23 2-10 L1 1.7 18 19 2 2.1 22

Hydrophobicity

Why do we need a good column to be used under

nevutral mobile phase conditions?
Many physiologically active compounds and their metabolites possess a basic nature. Chromatographers keep on

seeking a good column for such compounds, free from peak shape deterioration caused by silica’s acidity, the inherent

\
() nature of silica-based columns.
o) <Problems in analysis of basic compounds under acidic, basic, and neutral condition>
@ m—y
O K\ pH Acidic Neutral Alkaline
° Poor rentention <« INRRERERGGRWith the surface cfSt_>
O Lack of selectlwty o .
-G A’ -~ . Problems in durability Basic compound R-NHg* F{-NH3+ *. R-NH,
_________ ~ ; i
o— Conventional ODS column _J Ay ; ' i
0 SN
N Al Qeak tailing Neutral silanol SiOH . Sk0T S si0”
2 gy e I :
- A»'\ Peak talllng”
wn pHI11.5
d 0 5 10 15 \\ZO[min]
(@} “CAPCELL PAK Cis MG II"is the solution for analysis of basic compounds
\
- under neutral condition
\ \
S~ \

.
.
-

hitp

Excellent peak profile
under neutral condition

CAPCELL PAK

“ pH=115

0 5 10 15 20[min]



Advantage 1 == Possible to avoid lowering pH for compounds unstable at acidic conditions.

Advantage 2 == Beginning a mobile phase optimization at neutral pH makes the process simple,
especially in LC-MS.

Advantage 3 == Good for compounds that show the highest ion intensity at neutral pH in LC-MS.

Excellent reproducibility

In addition to “Standard of Silica” and “Standards for Parameters of Packing Materials” (both documented by

Shiseido), a test with amitriptyline is used to quality-control the production of MG II.

N=10800
1 As=0.96
—
4/\\N=1 0800
As=0.91
—‘I Amitriptyline
AN=] 1700 Sample : Amitriptyline 50 ppm
As=0.91 Injection Vol. :5uL
'I Mobile Phase : CH3OH/20 mmol/L phosphate buffer=75/25
r T T T Temperature 140 °C
0 5 10 15 20 Flow rate :1.0 mL/min
[min] Detection 1 UV 254 nm

GLP/GMP Support Column

CAPCELL PAK Cis MG Il, a GLP/GMP support column, is attached with a test chromatogram and a certificate of

performance for packing materials used for it. In addition, it is possible to request three columns from three

different production lots for a validation purpose.

Wide pH range from 2 to 10

CAPCELL PAK Cis MG Il is a column having excellent performance and durability. The graphs below show the results
of the durability test under acidic and basic conditions, indicating that CAPCELL PAK Cis MG Il can be used in a wide

pH range.

Acidic Resistance

100%
80% L 84.9%
04 |-
60% Sample : Benzyl Alcohol
40% |- Uracil
Mobile phase : CHsOH/TFA/H20=
20% 10/1/89 (ph1.2)
oty IR T T N T T N T T T T N T N T O T | Temperature : 60 aC
01 3 5 7 9 11 13 15 17 19 Flowrate : 1.0 mL/min
Flow time (hrs) Detection : UV 254 nm

Alkaline Resistance

100% M

80% |-
60% [
40% -

20% |-

7/ T T B B

1 3 5 7 9 111315 17 19
Flow time (hrs)

92.6%

Sample

Mobile phase

Temperature

Flow rate
Detection

: Benzyl Alcohol

Uracil

: 4 mmol/L Naz:B+O7+

CH3OH/H.0=10/90
(pH10)

:50°C
: 1.0 mL/min
: UV 254 nm

diy

/&/dl'oo oplasiys o|dy//
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Shielding silanol groups at the highest level

The graphs below show the comparisons among columns of other suppliers in terms of tailing factor (As), Number of

theoretical plates, and pressure (MPa) of amitriptyline, which are the indicators of the influences of residual silanol.

As for MG Il, good values were obtained in the three comparative factors. The results indicate that MG Il is the best

choice for analysis of basic compounds, and has achieved the highest level in shielding silanol groups.

3.50

Peak Symmetry (As)

3.00

2.50

2.00

1.50

1.00 f——

osol- @ HHMHHHH H -

0
CisMGIT A

16000
14000
12000
10000
8000
6000
4000
2000

Number of theoretical plates

Column Pressure (MPa)

-

0
CeMGII A B C

0
D E F G CsMGII A B

Analysis using voldatile salts

Basic compounds were analyzed with

different columns using ammonium

acetate, which is a neutral salt often
used in LC-MS. Compared with oth-
er columns, CAPCELL PAK Cis MG I

showed the top level on peak symme-

try and number of theoretical plates.

In addition, MG Il also showed low

column pressure, which is one of the
features common to all the CAPCELL

PAK columns.

B Propranolol
Tzaghng Factor (As) ["IDiphenhydramine
15
10 Fe—
0.0

CisMGII A B C D E F G
. Propranolol

Theoretical Plate Number ['] Diphenhydramine

12000

10000

8000

6000
4000
2000

Hrl

il

il

0
CiMGIT A B D F

P:'Zessure (MPa) Ammonium Acitate
10 —H H —H
8 — — — — ! —_—
s - — < —H —H —H
4 [ — — — — — — —
2 - = —H H H H -

0

CeMGIT A B C D F G

1 N=8700
As=1.04
2 N=10000
Cis MGII S5 N\As=097  7.9MPa
¥ N=6200
As=1.1 N=7000
As=1.42
A S 8.4MPa
v N=4900
As=1.07 N=6100
As=1.22
B A 5.7MPa
W
N=410
_ N=3100
As=0.9 As=1.30
C 11.4MPa
vV N=8500
As=1.06 N=10600
As=1.17
D A 11.7MPa
N=4000
As=1.0 N=5300
E As=1.18 11.3MPa
Aec1 03 N=10400
F A As=134 10.8MPa
v N=4300
As=1.53 N=5500
G NAs=1.89 7.8MPa
V
0 2 4 6 8 10 [min]
Column size  :4.6 mmi.d. x 150 mm
Mobile phase : 10 mmol/L NHsAcO, MeOH/H.0=60/40, pH 7.35
Flow rate :1.0 mL/min
Detection : UV 254 nm
Injection Vol.  : 5uL
Temperature  : 40 °C
Sample : 1. Propranolol (100 ppm)

2. Diphenhydramine (200 ppm)



3-um particles for high-throughput analysis

CAPCELL PAK Cis MGII S3 Provides the solution to meet the high-throughput demand.

The largest number of theoretical plates is obtained around twice the normal flow rate (200puL/min for 2-mm
column) and is nearly maintained in the zone of higher flow rates. (Recommended column pressure: 15 MPa or

less, Maximum operating pressure: 20 MPa)

Flow rate vs Number of theoretical plates (NTP) .
4500 Run at more than twice the normal flow rate

4000 «The run time is shortened in inverse proportion
3500 to the flow rate!
2000 - Number of theoretical plates increases too!
O 2500
- Sample : Naphthalene
2000 - .
z Injection Vol. :5puL
1500 Column : Cie MGII S-3
1000 2.0 mmi.d. x 35 mm
500 —m— NTP Mobile phase : CHsCN/H.0=50/50 5
Temperature : 40 °C —
1 1 1 1 1 1 1 1 1 1 X _'_
100 200 300 400 500 600 700 800 900 1000 Detection :UV 254 nm O
Flow rate (uL/min) o c
S~
S~
o
Temperature vs Number of Theoretical Plates . ©
4500 70 Raise the temperature. —
4000 o - Lowering pressure and increasing number of O
3500 — —= 60 theoretical plates! ‘%
50 g —.
3000 = wn
o a )
— 2500 40 g Sample : Naphthalene .
= 2000 30 2 Injection Vol. 15 puL o
1500 % Column : C1s MGII S-3 O
1000 202 2.0 mmid. x 35 mm O
—E-NTP o Mobile phase  : CH:CN/H,0=50/50 o
500 Pressure Floe rate 1400 pL/min &
0 42) 5'0 6'0 0.0 Detection UV 254 nm O
Temperature (‘C) Temperature : 40°C,50°C,60°C ~—
S~

Popular Column Dimension

) : Pore | Particle ; Pore | Particle
e | Group | Grede | Sizo | Sze” | KRN L0, || iy | Groue | Grade | Sgo | Se | R
92469 C1s MGl 100 3 100 2.0 92519 Cis MGl 100 5 100 2.0
92470 Cis MGl 100 3 150 2.0 92520 Cis MGl 100 5 150 2.0
92479 C1s MGl 100 3 50 4.6 92521 Cis MGl 100 5 250 2.0
92480 C1s MGl 100 3 75 4.6 92531 Cis MGl 100 5 100 4.6
92481 C1s MGl 100 3 100 4.6 92532 Cis MGl 100 5 150 4.6
92482 C1s MGlI 100 3 150 4.6 92533 Cis MGl 100 5 250 4.6
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CAPCELL PAK Cis MG

Y/

MG stands for Miracle Grade. The enhancement of hydrophobicity had previously been considered to conflict with
the enhancement of surface polarity. This miraculous packing material, however, achieved an exquisite balance
through the fine control of polymer coating and alkyl group introduction.

A wide range of compounds (acidic, neutral, and basic compounds, low-polarity to high-polarity compounds, and
others) can be efficiently separated. This column is the optimum “first choice’, being free of specific selectivity, easy-
to-use, available in the pH range 2-10, and extremely durable.

Organic acids

CAPCELL PAK C1s MG S5 4.6mm i.d.X 250mm

@]
oo o Column :4.6mm i.d. x 250mm
@ Mobile Phase :0.1v0l% HsPOs / CHsCN = 97.5/ 2.5
e Flow Rate :1.0mL/min
Temperature 140°C
: . . . Detection :UV210nm
0 5 10 15 (min) Sample : 1. Malonic acid
CAPCELL PAK C1sUG120 4.6mm i.d.X 250mm 2. Lactic acid
@ 3. Acetic acid
4. Citric acid
© ©@© ® 5. Succinic acid
6. Propionic acid
UG120
T T T T
0 5 10 15 (min)
Nucleic acid bases, Nucleosides DNPH-aldehydes
S~
q) @ Column : CAPCELL PAK Cis MG S5 @ c )
4.6mm i.d. x 250mm olumn : CAPCELL PAK Cis MG S5
=~ Mobile Phase  :0.02mol/L KHzPOs / CHsCN = 98/2 1.5mm id. x150mm
QO Flow Rate - 1.0mL/min Mobile Phase :H:0/ CH:CN = 40/ 60
Py— @ Temperature -40°C Flow Rate :100pL/min
° @ @ Detection .UV 260nm Temperature :140°C
O Sample :1. Cytosine Detection :UV360nm
U 2. Uracil Sample : 1. Formaldehyde-2,4-DNPH
. @ 3. Cytidine @ 2. Acetaldehyde-2,4-DNPH
O 4. Guanine 3. Propionaldehyde-2,4-DNPH
5. Uridine 4.iso-Buthylaldehyde-2,4-DNPH
U @ ~ 6. Adenine 5.n-Valeraldehyde-2,4-DNPH
O m @ 7. Guanosine 6. iso-Valeraldehyde-2,4-DNPH
(D 8. Adenosine @
(V0]
c ©)
C
< %%
O
Q v
E § ! ! T 1 L L
~— 0 5 10 15 (min) 0 5 10 15 (min)
e o . .
o} Analysis of Arsenic Compounds by LC/ICP  Cresols
_-:: @ @ Column : CAPCELL PAK Cis MG S5 Column : CAPCELL PAK Cis MG S5
£ @ 4.6mm i.d.x 250mm 4.6mm i.d.x 250mm
@ Mobile Phase : 10mmol/L Sodium butanesulfonate, Mobile Phase :50mmol/L Sodium phosphate buffer (pH5.0)/
4mmol/L Tetramethylammonium CH3CN =90/ 10, 10mmol/L R-Cyclodextrin
hydroxide, 4mmol/L Malonic acid, Flow Rate :200pL/min
0.05vol% CHsOH Temperature :40°C
® Flow Rate :1.0mL/min Detection :UV 277nm @
Temperature :RT. Sample : 1. p-cresol
Detection :ICP 2. m-cresol
Sample : 1. Sodium arsenate 3. o-cresol @
2. Sodium arsenite
@ 3. Methylarsonic acid
4. Dimethylarsinic acid
@ 5. Arsenobetaine

6. Trimethylarsine oxide
7. Arsenocholine

0 : 10 15 (min) 0 2 4 6 8 10 12 (min)
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Capillary Columns

The MG S5 and S3 are now available in 0.5mm and 0.3mm i.d. !!

The MG phase is now available in capillary columns to meet the highest sensitivity and resolution, @%é@h
demanded typically in the field of proteomics.

At 150mm length, S5 (5um) and S3 (3um) offer NTP (number of theoretical plates) of over 10,000 and
14,000 respectively.

Peptide Mapping with high Resolution

HPLC Conditions
Column : CAPCELL PAK Cis MG S3 0.3mm i.d. x 150mm
0 10 20 (min) 30 40 50 60  Mobile phase :A:0.05v0l% TFA , H20
B: 0.05vol% TFA , CHsCN j
B: 109%(0min) — 50%(45min) — 50%(60min) —
Flow rate : 5uL/min e
Temperature :RT _O
Detection :UV210nm o o
Injection :60nL
Sample : Tryptic digest of casein
High NTP and Excellent Peak Symmetry
Column : CAPCELL PAK Cis MGS3

0.3mm i.d. x 150mm
Mobile phase :H20 / CHsCN= 25/ 75(v/v)

Flow rate 1 5ul/min
@ Temperature :RT
Detection :UV 254nm
® ® Injection :60nL
Sample : 1. Ethyl benzene

2. n-Propyl benzene
3. n-Butyl benzene

/@/dlroo oplasiys o|dy//

0 5 [min] 10 15

Column Dimension

phase type size i.d.(mm) length (mm)

0.3

5pum
0.5

Cis MG 150

0.3

3 um
0.5
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CAPCELL PAK UG (C;;, Cs, Ph, CN, NH,, SCX)

19

L
2
< >
o-\~

Excellent surface inertness
PYRIDINE/PHENOL TEST

Column : CAPCELL PAK UG120 4.6mm id. x 150mm
Mobile Phase : CHsCN/H20 =30/70 5
Flow Rate :1.0mL/min
Temperature :40°C 1 Cre Co 1, C 2 Pheny! 5 CN
Detection :UV 254nm 4 2 1
Sample : 1.Pyridine
2.Phenol 1
0 5 0 5 0 5 0 5 0 5
Water soluble vitamins Antiseptics
Column : CAPCELL PAK Ci1s UG120 S5 Column : CAPCELL PAK C18 UG120 S5
4.6mm i.d.x 150mm 4.6mmi.d.x 150mm
Mobile Phase : (5mmol/L Sodium hexanesulfonate Mobile Phase :0.05mol/L NaH2POs, pH4.5 /MeOH /
+ 20mmol/L H3POs, pH2.3) / CHsCN =50/35/15,4mmol/L
CH:CN=91/9 Cetyltrimethyl ammonium chloride
Flow Rate :1.0mL/min Flow Rate :1.0mL/min
Temperature :40°C Temperature :40°C
Detection :UV210nm Detection :UV 235nm
Sample : 1. L-Ascorbic acid Sample : 1. Methylparaben

2. Nicotinic acid

3. Nicotinamide

4. Sodium pantothenate

5. Pyridoxine hydrochloride
6. Riboflavin phosphate

2. p-Hydroxy benzoic acid
3. Ethylparaben

4. Dehydroacetic acid

5. n-Propylparaben

6. Sorbic acid
7.Thiamine 7. Benzoic acid
@ 8. Folic acid 8. 1so-Butylparaben
9. Biotin 9. n-Butylparaben
@ 10. Riboflavin (VB2) 10. Salicylic acid
®
2 ®
®
%le
@
B @
©), ®9
@ ©
U
MU

1
0 5 10 15 20 min 0 4

(o)

12 16 20 24 28 (min)




Acidic hair dyes

Column : CAPCELL PAK C1s UG120 S5 @
4.6mmi.d.x 150mm

Mobile Phase :50mmol/L Sodium 1-octanesulfonate /
CH3OH =60/ 40 (pH2.5, H3PO4)

Flow Rate :1.0mL/min

Temperature :40°C

Detection : UV 280nm

Sample : 1. Resorcin
2. p-Aminophenol
3. p-Nitro-o-phenylenediamine
4. m-Aminophenol
5. 0-Aminophenol
6. m-Phenylenediamine
7. p-Phenylenediamine
8. p-Toluenediaminosulfonate
9. p-Amino-o-cresol

. o o 0 4 8 12 16 20  [min]
Ingredients of cold medicines
®

Column : CAPCELL PAK Ci1s UG120 S5

4.6mmi.d.x 150mm @
Mobile Phase :0.05mol/L NaH2PO4 / CHsCN = ®

20/ 80 (pH2.5, H3POa4)
Flow Rate :1.0mL/min 9
Temperature :40°C ® )
Detection : UV 280nm ®
Sample : 1. Potassium guaiacolsulfonate

2. Acetaminophen

3. Caffeine

4. Salicylamide

5. Chlorpheniramine maleate

6. Phenol(l.S.)

7. Aspirin

8. Ethenzamide

—_—
l; :O ); 1‘2 1‘6 min
o o o o

Metabolites of testosterone Active ingredients of bearberry leaf
Column : CAPCELL PAK C18 UG120 S3 Column : CAPCELL PAK Cis UG120 S5

4.6mm i.d.x 150mm 4.6mmi.d.x 150mm @
Mobile Phase :H20/CHsOH /THF =55/38/7 Mobile Phase :H20/ CH3OH / 0.1mol/L HCl =
Flow Rate :1.0mL/min 94/5/1
Temperature :40°C Flow Rate :0.6mL/min
Detection :UV 254nm Temperature :20°C
Sample : 1. 60-Hydroxytestosterone a Detection : UV 280nm

2. 70-Hydroxytestosterone ® Sample : 1. Arbutin @

3. 6B-Hydroxytestosterone 2. Hydroquinone

(€]
4. 160-Hydroxytestosterone ® 3. Gallic acid
5. 16R-Hydroxytestosterone ©
6. 20-Hydroxytestosterone © ® [©)
7. 2R-Hydroxytestosterone
8. Androsterone [©]
9. Methyltestosterone A L
@

25 5 75 10 125 15 175 [min] 0 4 8 12 16

[min]

Tryptic digest of casein (peptide mapping)

Column : CAPCELL PAK C15 UG120 S5
1.0mmid. x 250 mm
Mobile Phase :A:0.1vol% TFA, H20
B:0.1vol% TFA, CHsCN
B 10% - 50% (45min) Gradient 50%6
Flow Rate :70uL/min
Temperature :35°C Gradier ous
Detection :UV210nm
Sample : 1. Tryptic digest of casein 108

0 10 20 30 40min
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Suitable for quick separation of polar compounds, which used to be retained too long in other Cis

phases.

®

®lo

5 10 (min)

Column

Mobile Phase
Flow Rate
Temperature
Detection
Sample

: CAPCELL PAK Cs UG120 S5

4.6mm i.d.x 150mm

:0.1vol% HsPO4/ CHsOH =70/ 30
:1.0mL/min

:40°C

:UV 254nm

: 1. Hydroquinone

2. Resorcin
3. Catechol
4. Phenol

Used for obtaining a different selectivity for analytes possessing an aromatic moiety.

Antiepileptics

Column

Mobile Phase

Flow Rate
Temperature
Detection
Sample

: CAPCELL PAK Ph UG120 S5

4.6mmi.dx 150mm

:{50mmol/L Na:HPOs +

50mmol/L KH:PO4 (pH6.8) } /
CHsCN=70/30

:1.0mL/min
:40°C

:UV 254nm

: 1. Phenobarbital

2. Carbamazepine
3. Phenytoin

©)

T T
8 12 (min)

A phase having the least retentive nature of all reversed phases and a different selectivity brought by

Cyano groups.

Steroids

Column

Mobile Phase
Flow Rate
Temperature
Detection
Sample

: CAPCELL PAKCN UG120 S5

4.6mm i.d.x 150mm

:CH:CN/H.0=35/65
:1.0mL/min

:35°C

:UV 242nm

: 1. Cortisol

2. Cortisone
3. Corticosterone
4, Testosterone

9 @

®

5 10 (min)



To be used as a normal phase under a water/organic mobile phase, or a weak anion exchanger under an

acidic buffer.

Nucleotides
Column : CAPCELL PAK NH UG80 S5
4.6mm i.d.x 250mm
Mobile Phase :0.05mol/L (NH4):HPO: (pH3.0)
Flow Rate :1.0mL/min
Temperature :40°C
Detection :UV 254nm
Sample :1.5'-CMP
2.5-AMP
3.5-UMP
4.5-IMP
5.5-GMP

A strong cation exchanger used for basic compounds.

Determination of biogenic amines Column
@@ Mobile Phase
Flow Rate
Temperature
Detection
Sample
@ p
®@
®
Gllol
_
I T T T T T T T 1
0 8 16 24 32 40 48 56 64 (min)

Excellent lot-to-lot reproducibility

)]
[©]
0}
@
®
8 16 [min]
: CAPCELL PAK SCX UG80

4.6mm i.d.x 150mm
:0.2mol/L CH:COONa + 0.02mol/L CH:COOH
(pH5.6)
:1.0mL/min
140°C
:UV 254nm
:1.Dopa
2. Creatinine
3. Norepinephrine
4. Epinephrine
5. Octopamine
6. Normetanephrine
7. Dopamine
8. Isoproterenol
9. Metanephrine
10. Tyramine
11. Serotonin

Column : CAPCELL PAK SCX UG80
4.6mmi.d.x 150mm LOTC
Mobile Phase :0.2mol/L NHsHzPO: (pH3.5) @GD .
Flow Rate :1.0mL/min ® =
Temperature :140°C ®
Detection :UV 254nm
Sample : 1. Uracil @
2.Thymine
3. Guanine
4. Cytosine ; i : . i :
5. Adenine 0 8 16 [min] 0 8 16 [min] 0 8 16 [min]
Highly durable
After 5 hours After 500 hours Column : CAPCELL PAK SCX UG80
@ 4.6mmi.d.x 150mm
@@ ©)] . .
Mobile Phase : 0.2mol/L NH4H:PO4 (pH3.5)
O] @ ® Flow Rate :1.0mL/min
© Temperature :40°C
E> Detection :UV 254nm
@) @ Sample : 1. Uracil
2.Thymine
3. Guanine
4. Cytosine
T 1 LA 5. Adenine

o

8 16 [min] 0 8 16 [min]
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CAPCELL PAK Cis ACR

JHISEIDO

CAPCELL PAK Cis ACR was synthesized through a modified polymer-coating technique, and
intended to show an outstanding durability under an acidic mobile phase. Its performance was proven in
the evaluation method originally designed for acidic resistance.

* ACR Capillary Columns are also available

Acidic resistance test

acetonitrile (%)
[e2)
a1
0\74

% =

98%

1.

exposure to 2% TEA

A 1 >
30 60 90 min
One cycle of Durability Test

Repeating
fourteen times
—)

HPLC conditions
Column
Mobile phase

Flow rate
Temperature
Detection
Injection
Sample

:Cis ACR 4.6mm i.d.x150mm
:A: 2vol% TFA in H20 (pH1)
B: 2vol% TFA in CHsCN
B: 65%(20min) - 0%(60min) - 98%(5min) - 65%(5min)
:1.0mL/min
:60°C
:UV 254 nm
:7uL
s uracil, amylbenzene

Comparison of Acidic Resistance

90

80

70 L

Retention maintained

60

100‘_{_

2o 000000 gee
R S ¥ B I
*.‘ﬁ*;*gg!!
X §"0
* o0
xxxXx

Duration of exposure to 2%TFA (hrs)

©® CAPCELL PAK C:: ACR
x Column A
a Column B
x Column C
m ColumnD
¢ ColumnE

0

5 10 15 20

(Column A - E : competitors’ columns
25 claimed to be acid resistant)

CAPCELL PAK C18 ACR compared to other CAPCELL PAK C18 phases

Surface Area Pore Volume Pore Size Particle Diameter Carbon Content
Tvpe m?*/g mL/g nm pm %
ACR 340 0.8 8 5 18
MG 260 0.9 10 5 15
UG120 300 1.0 12 5 15
uG80 340 0.8 8 5 18
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ACR Applications

Basic Compounds---Tricyclic antidepressants

Peaks of tricyclic antidepressants, highly basic compounds, are known to be easily affected by residual @
silanols of a stationary phase. The tendency is pronouncing under acidic mobile phases commonly used

in LC-MS. The following comparison is performed between CAPCELL PAK C;s ACR and Column F, one of the

major commercial columns, using five typical antidepressants. The ACR column shows a good baseline
separation for these compounds, while Column F shows a very unstable retention behavior, influenced

by a slight change in organic content in a mobile phase. The inertness of the ACR column was explained

by its completely polymer-coated surface structure.

(HPLC Conditions)

Column Size :4.6mm i.d.x150mm

Flow Rate :1.0mL/min

Temperature :40°C

Detection :UV210nm

Samples (@ Doxepine
CAPCELL PAK Cis ACR Q Desipramine
Mobile Phase @ Imipramine

@ Nortriptyline

0.1v01% HCOOH ,CHsCN / H:0 = 25/ 75 triptyl
(® Amitriptyline

Column F
Mobile Phase
0.1vol% HCOOH ,CH:CN / H.0 = 33 / 67

diiy

Column F
Mobile Phase
0.1vol% HCOOH ,CHsCN /H.0 =32/ 68
5 10 15 20
[min]
Peptide Mapping

Tryptic digest of fetuin

(HPLC Conditions)

Column Size :1.0mm i.d. x 150mm

Mobile Phase : A)0.05%vol TFA, H.0
B)0.05%vol TFA, CH:CN
B: 10%(0min) — 50%(60min)

/@/dlroo oplesiys o|dy//

Flow Rate :50uL/min
Temperature :40°C
Detection :UV210nm
Injection sl

Concentration of Sample : 7.5mg/mL (before digestion)

0 5 10 15 20 25 30 35 40 45 50 55 60  (min)
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Tryptic digest of casein

Profiles of tryptic digest of casein obtained with CAPCELL PAK ACR, MG, and UG120 are com-
pared as shown below. Acidic mobile phases are commonly used in peptide mapping
based on reversed-phase chromatography.

4 (HPLC Conditions)

ACR ¢ Column Size  :1.0mm i.d.x 150mm

Mobile Phase :A)0.05vol% TFA, H20
B)0.05vol% TFA, CHsCN
Gradient :B: 10%(0min) — 50%(60min)
Flow Rate :50 pylL/min
Temperature :40°C
Detection :UV210nm
Injection fIvin
Concentration of Sample : 5mg/mL (before digestion)

0 5 10 15 20 25 30 35 40 45 50 55 60
[min]

Some selectivity differences (indicated with arrows) were observed among these columns.

Tryptic digest of cytochrome C

(HPLC Conditions)

Column Size :1.0mm i.d. x 150mm

Mobile Phase : A)0.05%vol TFA, H20
B)0.05%vol TFA, CHsCN

Gradient :B: 10%(0min) — 50%(60min)

Flow Rate :50uL/min

Temperature :40°C

Detection :UV210nm

Injection :TuL

Concentration of Sample : 7.5mg/mL (before digestion)




CAPCELL PAK Cis AQ

Surface polarity parameter of typical reversed-
phase Cis columns

a (methyl benzoate/toluene)

Surface polarity parameter

Columns

characteristics

Specific surface area Carbon
Column of silica support content
(m?/q) (C%)
CAPCELL PAK Ci5 AQ 300 11
CAPCELL PAK Cis MG 260 15
CAPCELL PAK Ci5 UG 300 15

Column :4.6mmi.d.x 150 mm

Mobile Phase  :0.1vol% H3POa
CH3CN/H20=2/98

Flow Rate :1.0 mL/min

Temperature  :40°C

Detection :UV 210 nm

Samples : 1) Lactic acid 2) Acetic acid
3) Citricacid 4) Succinic acid
5) Propionic acid

Column :4.6mmi.d.x 150 mm

Mobile Phase  : CHsCN/H20=30/70

Flow Rate :1.0 mL/min

Temperature  :40°C

Detection :UV 254 nm

Samples : 1) Pyridine
2) Phenol

Analysis of organic acids

©)
@)
@
® ®

AN e

N '
/\ CAPCELL PAK
CiAQ
0 2 a 6 (min)
CAPCELL PAK Maunfacturer Maunfacturer
Cis AQ C A
(As: 1.02) (As: 1.41) (As: 2.15)
0}
@

As: tailing factor

€ - - eeeaa >
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Analysis of tricyclic antidespressants
10) ® Column :4.6mmid.x 150 mm
Moble phase  :0.1vol% HCOOH,
CHsCN /H20=25/75
Flow Rate :1.0 mL/min

Temperature  :40°C

Detection :UV210 nm
@ Samples : 1) Doxepine 4) Nortriptyline
© 2) Desipramine 5) Amitriptyline

3) Imipramine

% ‘.r’ 1.0 (min)

o) Analysis of nucleic acid base Column .46 mmid.x 150 mm
B- @ (] Mobile phase  : 20 mmol/L KH:POa.
o— © ©) Before o [©) Aftfer 20 h.our.s 20 mmol/L kaHPO4
O 3:;:2:“6'5'0" in Flow tate 1.0 mL/min
O © @ Temperature  :40°C
d H77min - g 1.68min g Detection :UV 254 nm
_O © © Samples : 1) Sodium nitrite 4) Guanine
o— 2) Cytosine 5) Thymine
(q,)’ 3) Uracil 6) Adenine
< I I
—l U
w
N T T T T T T T T . T T T T T T T T .
U 0 2 4 6 8 10 12 14[min] 0 2 4 6 8 10 12 14[min]
Q
£ Superior resistance to acidic and Excellent durability due to low
~ Basic conditions column pressure
Q
-+ [ Acidic resistance
== Pressure (Mpa)
- [ Basic resistance

12
10

©

o N O~ O

C Columns C



CAPCELL PAK CR

CR...Strong Cation Exchange & Reversed Phase

As a method to improve the sensitivity of basic drugs and their metabolites in LC-MS, Shiseido has
developed a unique stationary phase.

The new product, “CAPCELL PAK CR/" is a single column in which SCX and Cis are mixed inside. The
CR column is available with different mixing ratios that were not possible to obtain by connecting two
columns; SCX:Cis = 1:50, 1:20 and 1:4. Simply choose the optimum column that best suits your
separation.

They are intended to elute basic compounds possessing a certain level of hydrophobicity under a
mobile phase with a higher organic content than that for Cis phases, for obtaining a higher sensitivity in
LC-MS, or simply to obtain an altered separation selectivity.

Sensivity increase in LC-MS$S

When a very hydrophilic and basic compound is to be analyzed in LC-MS, the choice of mobile
phase may not be straightforward. An acidity and a large organic content are preferred to obtain a good
ionization efficiency (sensitivity), while an organic content is limited in order to keep an adequate
retention on reversed phase. CAPCELL PAK CR makes it possible to use a large organic content in a mobile
phase for hydrophilic compounds, such as procain, while only a very small organic content is allowed even
for an amide-embedded column, a column considered suitable for such polar compounds.

70% Acetonitrile
CAPCELL PAK CR 1:20 j
—
—
Conditions O
Column :Black : CAPCELL PAKCR 1:20 2.0 mm i.d. x 150 mm c
Red and blue : Amide-embedded column 2.1 mmi.d. x 150 mm
10% Acetonitrile
Amide-embedded column Mobile phase :A) 10 mmol/L HCOONH4 (adjusted at pH3 with HCOOH)
B) CH3CN
O cormn A/B: Black 30 /70, Red 90/ 10, Blue 95 /5
Flow rate 1200 pL/min
Temp. :40°C
Detection : MS, ESI, Positive mode
L Inj. vol. 12l
1 T T T T T T T T
0 5.0 min Sample : Procaine

Simultaneous analysis of acidic/neutral/basic materials

CAPCELL PAK CR allows the analysis of not only basic compounds but the simultaneous analysis of
neutral and acidic compounds. By varying the salt concentration in the mobile phase, it is also possible to
independently adjust the retention of the basic compound.

/@/dlroo oplesiys o|dy//

Conditions
1,3 Sample : 1. Flurbiprofen (acidic compound) Column :CAPCELL PAKCR1:4
2.Toluene (neutral compound) . . .
2 3.Verapamil (basic compound) Column size :2.0mmid. x 150 mm
4 4-Metoprolol (basic compound) Mobile phase  :a) 20 mmol/L CH3COONH4 (adjusted at pH4.0 with CH3COOH) /
a) 50 mmol/LL CH3CN =30/70
1, CH;COONH, b) 10 mmol/L CH3COONH4 (adjusted at pH4.0 with CH3COOH) /
3 CH3CN=30/70
b 4 ¢) 5 mmol/L CH3COONH4 (adjusted at pH4.0 with CH3COOH) /
) 10 mmol/L CH;COONH,
CH3CN=30/70
12
Flow rate 1200 pL/min
/\3 4 Temp. :40°C
9 ‘Il /N5 mmol/L CH,COONH, Detection :UV 220 nm
0 5 10 15 20 min Inj. vol. (b
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Choice of three different ratios

Reducing run time and improving the separation profile are possible with the same mobile phase
condition by choosing a different mixing ratios available in CAPCELL PAK CR.

Conditions
Column :Red : CAPCELL PAKCR 1:50
Sample : 1. Verapamil
2. Alprenolol Black : CAPCELL PAKCR 1:20
P Blue : CAPCELL PAK CR
. 4. Chlorpromazine ue: 1:4
CR 1:50 5. Ranitidine
Columnssize  :2.0 mmi.d.x 150 mm
Mobile phase : 10 mmol/L HCOONH4 (adjusted at pH 3.0 with
HCOOH) / CH3CN =30/70
CR1:20 Flow rate : 200 pL/min
Temp. 140°C
hl 2, 3 4 5 Detection :UV 220 nm
CR1:4 '
] Inj. vol. 124l
0 5 10 15 20 25 min Sample : Basic compounds 5 types

CAPCELL PAK CR -Atlas-

CAPCELL PAK Cis, CAPCELL PAK SCX, and three types of CAPCELL PAK CR columns were compared
in the separations of ten typical basic compounds. The figures below show structure, pKa value, and

change in retention time and selectivity under different mobile phases, for each compound. While CR

1:50 and CR 1:20 generally show selectivity close to those of Cis, CR 1:4 has selectivity totally different

from those of Cis and SCX. It is advised to utilize the results for method developments of other basic

compounds. HPLC Conditions
A. Ohkubo et al. J.Chromatogr. A 779 (1997) 113-122. Column size :20mmid.x150 mm
. - Mobile phase : 10 mmol/L HCOONH: (pH3,
CH3CN The Cyg phase retains compounds based on the hydrophobicity of the alkyl groups. HCOOH) 7 CHCN
70% I 1 | . h
60% 1] 1 Flow rate :200 ml/min
50% I 1 Temp. 140°C
40% L . I I Inj. vol. :2mlL
Sample dissolved in : CHsOH
Slight cation-exchange effect is added, but the
CHsCN | CAPCELL PAK CR 1:50| C,q nature (reversed-phase mode) dominates.
70% MLl
60% 1
50% | I | |
40% [T I / \
Cation-exchange effect is further added, but A
Ci'|730(i/N CAPCELLPAKCR 1:20| the reversed-phase mode still dominates. | “ Nifedipine
(] 1] ‘
60% (1T S Scopolamine
50% [ [ | .
40% [ | ] [ | W Verapamile
“{‘ - Lidocaine
- The phase has a selectivity totally different from I\ Procaine
CH;CN | CAPCELL PAK CR 1:4| those of Cyg and SCX.
70% | IR | Nicardipine
283" I I 1L lll I Diphenhydramine
o L1
40% I 1 i I I e A
Diphenidol
. . L Imipramine
Cation-exchange effect dominates. Cationic compounds are strongly o
CH3CN retained under the salt concentration used here. Amitriptyline
0% 1 I I 1 ] Q 0 20 30min
60% I I 11
50% I
40% |
O' T T T T P T T T T 2-0 T T T T 3('1 min
Retention Time \
HO' o | O N \
5%@ f:@ﬂm | o PR e o ) O a0
Scopolamine PN\/\O 2 Lidocaine . ~o Verapamil oM IS Diphenidol ( Amitriptyline
C17H21NO, Ci14H22N20 C o) O © Co1Hy7NO N~ CpoHasN
SN, ©\NHZ Mol Wt 23434 oz ©/\ ! WO Mol Wt 309.45 /Nlmiprami Mol. Wt.: 377.40 Nifedipine
1 a 8. . . i
pKa7.6 CPrT-(I:aI&eO ? Diphenhydramine PKa 8o Nicardipine ~ ° pKa 9.5 C1gH2gN2 pra s C19H2N20g
13H20N202 Ca6H29N30 Mol. Wt.: 280.41 Mol. Wt.: 374.39
Mol. Wi.: 236 31 VoL 20D 3 Mol Wi 479,52 pKa 8.0 ° pK; 7.2
pKa 8.8 pKa 9.0 pka 7.2



CAPCELL PAK C; DD (Double Durability)
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CAPCELL PAK C; DD, Different performances from those of conventional C; phases

Alkyl groups attached to silica-based packing material are cleaved when used in an acidic mobile
phase for a long period of time. When used in a basic mobile phase, the silica support dissolves thus
destroying the column. Durability of reversed phases has a tendency to decrease as the length of the
alkyl group decreases. CAPCELL PAK Cs DD (Double Durability) is a column with unparalleled acidic and
basic resistance. The high surface polarity and smaller hydrophobicity, compared to Cis columns, make
this product the best choice for short-time analysis of mixtures with diverse hydrophobicities.

Excellent durability (pH range : 1.5 - 10)

Excellent Acidic resistance

Acidic resistance depends on the concentration *Acidic resistance test conditions

of the organic content in a mobile phase. It is known Mobile phase  :(A) 2 vol%TFA, H0, pH1

that the higher the concentration of the organic (B) 2vol%TFA, CH:CN

content is, the more difficult it is to cleave the Si-C B 65% (20min)>0% (60min)

bond. The test method here uses a mobile phase of >98% (5min)>65% (5min)

pH 1 with no organic solvent, thus representing an Flow rate :1.0 mL/min

extremely harsh acidic condition. Temperature  :60°C Z
Detection :UV 254 nm —
Sample : Uracil, amylbenzene _O

Excellent Basic resistance

S~
S~
Silica is not hydrolysed under acidic conditions, “Basic resistance test conditions )
but unstable under neutral to basic conditions. The Column :4.6mm id.x150mm ©
test method uses a mob”e phase of pH 10 Wh|ch Mobile phase  :4 mmol/L Na2B4O7/CH3CN=90/10, pH 10.0 O
represents an extremely harsh basic condition. Flow rate 1.0 mL/min i
Temperature  :50°C -5
. Detection :UV 254 nm =0
Durability (%) , wn
Sample : Uracil, amylbenzene (D
100 —0
0O Acidic
- = Basic O
60 — .
40 — 8
20 — <.
. . O
CsDD A B c ~
Q)
S~
Low back pressure
Pressure (MPa)
15F Conditions
Column :4.6mm i.d. x150mm

10 Mobile phase  :H20/CH3CN=50/50
Flow rate :1.0 mL/min
5 Temperature  :40°C
O 1 1 1
A B C

CsDD
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Excellent peak shape of basic compounds

The polymer coating technology used for CAPCELL PAK Cs DD resulted in showing excellent peak
shapes for basic compounds. The figure down on the left is the comparison with other columns in “pyri-
dine/phenol test’, an evaluation method commonly used for silanol effects. A good separation was also
obtained for five tricyclic antidepressants, highly basic compounds (down, left).

Pyridine/phenol test Analysis of tricyclic antidepressants
As: 1.02

®
@ @
CAPCELL PAK Cs DD @
8
®
Column A @
As: 1.57 @

As 1.36 /k ﬁ Column B

Column C
As: 2.61 \
Column : Capcell Pak Cs DD S5
Condition 4.6 mm i.d. x150mm
Column : Capcell Pak Cs DD S5 Mobile phase  :0.1 vol% HCOOH,
4.6 mmi.d.x150mm CH3CN/H20=25/75
Mobile phase  : H20/CH3CN=30/70 Flow rate :1.0 mL/min
Flow rate :1.0 mL/min Temperature  :40°C
Temperature 140°C Detection :UV 254 nm
Samples : 1) Pyridine 2) Phenol Samples : 1) Doxepine  2) Desipramine

3) Imipramine 4) Nortriptyline
5) Amitriptyline

Suitable for quickly separating mixtures with diverse hydrophobicity

This is a comparison between CAPCELL PAK Cis AQ, and CAPCELL PAK Cg DD column. Due to large
hydrophobicity corresponding to the long functional group, CAPCELL PAK Cis AQ requires more time to
elute ibuprofen that has a relatively high hydrophobicity. On the other hand, Cs DD column, with its low
hydrophobicity, is capable of separating the sample in a much shorter time. In addition, because of the
high surface polarity that is equivalent to that of the Cis AQ, highly polar samples are effectively retained.

S~
0
S~
Q
0O
k.
0O
O
O
k%
e
7,
O
Q
L
S~~~
S~

s
—-— ©)
i CAPCELL PAK Cs DD
(4.6 mmid. x 150 mm) @
5.3 MPa
_ L
CAPCELL PAK Cis AQ S-5
(4.6 mm i.d. x 150 mm)
5.9 MPa 1, Caffeine Mobile phase : CH3OH/H20 = 60/40, 0.1 H3POa4
:2),, gthenzan;idel Flow rate : 1.0mL/min
» Bromovalerylurea  pataction :UV 220 nm
—
‘ . 4, Ibuprofen Teperature :40°C

o 4 8 12 16 20 24
[min]



CAPCELL PAK MF

CAPCELL PAK MF is a mixed-function phase for direct analysis of drugs contained
in serum, plasma or other body fluids.

« Direct injection of body fluids « Higher sensitivity using column switching method
« High recovery of drugs « Available as analytical columns and guard cartridges
« Very reproducible « Available in four different functional groups

Using the same polymer coating technology, CAPCELL PAK MF is designed to allow the direct injection of serum or other
biological fluids, without tedious and time-consuming pretreatment procedures. This is done by bonding hydrophilic
polyoxyethylene groups and hydrophobic groups (phenyl, Cs, Ci, SCX) to the polymer coated silica. This allows proteins
to pass through the column and elute in the void volume due to restricted access to the surface of the packing, while
retaining a drug of interest on the small hydrophobic phase. CAPCELL PAK MF columns have three main functions.

1) Protein removal
2) Sample concentration
3) Sample analysis

Protein x
Drug <P
£
Q
o
a
(=3
2
a
@— Hydrophobic group N e s e e e e e
O— Hydrophilic group Time
EXCELLENT DURABILITY
Analytical column Cartridge column
Column : CAPCELL PAK MF Ph-1 Column : CAPCELL PAK MF Ph-1 Guard Cartridge
4.6mm i.d.x 100mm 4.0mmi.d.x 10mm
Mobile Phase : 0.1mol/L Phosphate buffer / CH:CN =90/ 10 Mobile Phase : 100mmol/L Phosphate buffer (pH6.9) / CH:CN
(pH6.98) =90/10
Flow Rate 1 1.0mL/min Flow Rate 1 1.0mL/min
Temperature 140°C Temperature :40°C
Detection :UV 254nm Detection :UV 254nm
Sample :Trimethoprim Sample :Phenytoin

protein  phenytoin
CHsO
CH:O N%rNHe

CHsO | 2N k
NH: 100th (5000pl)
1
* soorn 75th (3750p1)
accumulated injection
volume=10mL
50th (2500u1)
k'=5.19 k'=5.20
Wzsth (1250pl)
1st (50pl)

— T T T 1
0 4 8[min 0 4 8[min 0 2 4 6 8 10 12(min)
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Direct Injection of Serum or Plasma / Single Column System
ANTI-EPILEPTIC DRUGS

Column : CAPCELL PAK MF Ph-1
-] ] " 4.6mm i.d.x 100mm
o N YO Mobile Phase :0.1mol/L Phosphate buffer / CHsCN =85/ 15
HsC: NH (pH7.09)
o) Flow Rate :1.0mL/min
Temperature :40°C
@ — Detection :UV 254nm
Q O Sample : 1. Phenobarbital (20pg/ml)
N O Y 2. Carbamazepine (5pg/ml)
®  CONH; N_o 3. Phenytoin (40ug/ml)
® O NH
o

0 4 8 12 16 20[min] 0 4 8 12 16 20[min]

Direct Injection of Serum or Plasma / Dual Column-Switching System
INDOMETHACIN

Primary Final
Separation Separation Column : CAPCELL PAK MF Ph-1
4.6mm i.d.x 50mm
CAPCELL PAK Cis UG120 S5
4.6 mm I.d. x 250 mm
Mobile Phase : A: 100mmol/L Phosphate buffer / CH:CN =
90/ 10 (pH6.9)
B: 100mmol/L Phosphate buffer / CHsCN =

» 50/50 (pH2.3, H:POY)

Flow Rate :1.0mL/min
) Temperature 140°C
® Detection :UV 254nm
Sample : 1. Indomethacin
J _—
0 4 8[min] 0 4 8 12 16 20[min]

Analysis of Carbamazepine and Phenytoin in Human Serum/Triple Column-
Switching System

(1) Conditions of Primary separation and Focusing
Column : CAPCELL PAK MF Ph-1 Cartridge
® ® © (2) 4.0mmi.d.x 10mm
Deproteinization Concentration Final CAPCELL PAK C1s UG120 S5
: : separation
' ' 1.5mml.d.x35mm
' ' Human serum Mobile Phase : 100mmol/L Phosphate buffer (pH7) / CHsCN
Iy » ¢ (1) 12.5 ppb _
4—>:< 4 (2)30 ppb =90/10
' ' Flow Rate :0.5 mL/min - 0.25mL/min
E E Temperature 140°C
: : Detection :UV 254nm
: : Standard
(1)12.5 ppb Conditions of Final separation
230 ppb Column : CAPCELL PAK C1e UG120 S5
1.5mmi.d.x 250 mm
Mobile Phase : 100mmol/L Phosphate buffer (pH7) / CH:CN
=70/30
Flow Rate :0.1 mL/min
r T T T T T T T T T T T T T Temperature :40°C
0 2 4 6 8 10 12 14 16 18 20 22 24 26 [min] Detection - UV 254nm
Sample : 1.Carbamazepine

2. Phenytoin



JHISEIDO

Trace Analysis of Drugs in Serum and

Plasmay/ Triple Column-Switching System

This analytical format consists of a CAPCELL PAK MF cartridge, a small intermediate column
and a main analytical column. @

DEPROTEINIZATION

CAPCELL PAK Cia i
Semi-micro Column MF Cartridge Column

=0
- § -
—

Autosampler

Intermediate
Column (C1a) d

s [ r
Pump 1 s =

ump g High-Pressure =1 Pump 2
[g @J 6-Way Valve 8g
I\IIJGEL Phase for Separation Mobile Phase for Pretreatment

This system using an infermediate column is designed to save run time when a 1.5mm
i.d.orsmaller columnis used. Proteins pass through the MF column, while drugs are retained.

FRACTIONATION AND CONCENTRATING

CAPCELL PAK Ciz

Semi-micro Column MF Cartridge Column

Autosampler

[E=1 Pump 2
a8

JEEL Phase for Separation Mobile Phase for Pretreatment

Intermediate
Column (C1g)

High-Pressure
6-Way Valve

Drugs are fransferred and concentrated in the infermediate column.

FINAL SEPARATION

/o/dl'0o oplasiys ojdy//:diy

CAPCELL PAK C
Semi-micro Column MF Cartridge Column
] Autosampler
Intermediate
Column (Cisg)
Pump 1 High-Pressure " Pump 2
a8 6-Way Valve @f
N%E#e Phase for Separation Mobile Phase for Pretreatment

The concentrated drug is separated in a final semi-micro column, An increased sensitivity
without any loss in chromatographic efficiency can be obtained.



