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RP-HPLC
Situation
» more than 800 RP packings are

commercially available today
» How to find the right packing for

my separation?
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Properties of RP Packings

» Hydrophobicity

» Silanophilic Activity

» Molecular Planarity Recognition (“Shape Selectivity”)

» Polar Selectivity

» Metal Content
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Selectivity iIn RP HPLC

» all modern classical bonded RP packings are looking the
same In terms of selectivity

» the stationary phases are optimized to solve as much

applications as possible and are suited for about 80% of
all applications today

» new stationary phases with other selectivities are needed to

solve the remaining separation problems
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Method Development in HPLC
Procedure

» rough choice of the column (C18, polar embedded C18,

Phenyl, etc.)

» Optimization of the mobile phase (pH, solvent strength, if

necessary gradient, type of organic solvent, buffer)

» Optimization of temperature

| bBTSCHOEE
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What is POPLC®?

I hase I timized iquid hromatography
I ersonal
I erformance
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Why POPLC®?

» POPLC® leads to the ultimate best column for each separation

Benefit: no longer ,,Trial & Error*

» In many cases no gradient elution is required
Benefit: possible use of all detectors (Conductivity, RI, Electrochemical
Detector), constant lonization in LC/MS, easy method transfer

» modular POPLInk® - column system decreases follow up costs
Benefit: economical and ecological

» POPLC® Optimizer Software is an excellent tool for Optimization,
understanding and documentation of HPLC separations

Benefit: adaptation of separation task is easy
| bBISCHOE J
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INITIAL RUNS, UP TO FIVE
DIFFERENT BONDED PHASES

Method Development in POPLC®

Scheme

COLUMN OPTIMIZED TO SAMPLE
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Method Development in POPLC®
Procedure

» rough choice of mobile phase (% organic, type, pH)

» one base measurement on each of n (often 3 to 5) different

stationary phases

» Determination (optimization) of the ideal stationary phase

via computer software
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Simple Principal of POPLC®

“Retention times are additive !!!”

I :tRA +tRB +tRC

total
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Possibilities of Realization for
POPLC®

1. Mixing of Stationary
Phases
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Possibilities of Realization for
POPLC®

1. Mixing of Stationary
Phases

2. Combination of Differnent .-
Column Lengths
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Avalilable Column Cartridges

Dimensions: ID 3.0 mm

Lengths: 10, 20, 40, 60, 80 mm
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Segmented Cartridge Column
One Column Fits All

/*f/ )
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Triazine Pesticides

Chemical structures
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List of column segments

Segments
Short HName Phaze Description Mumber | Length. mm = Add
| [C185H2 Pronto51L-100-5-C185H-2 25 10
2 C18EPS2 Pronto5IL-100-5-C18EP5-2 2h 10 Inzert
3 Phenyl Pronto51L-100-5-Phenyl-2 25 10
4 CH FProntoS5IL-100-5-CH-2 2h 10 Delete
5 C30 Pronto5IL-200-5-C30 25 10
Ok
« b Cancel

t
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B Components Properties . @&J
C18EPS |c18 | C30 | CN | Phenyi | Areas |
| PromtoS|L-100-5-C18 EFPS-2
B agic Calumn
Lenagth in mm: 40
Woid tirme in mir; Iﬁ Graph
Individual [+ Plates per column: 1600
Components name Ret.Time Plates | & pEr
1 |Simazin 1.28 1400 || =
2 Atrazin 1.89 1500
- Ingert
3 Simetryn 1.89 1600
4 Prometon 2.3 1600
i : Delete
LT Propazin 2.89 1600
[ Ametryn 2.93 1700
¥ Prometryn 4 66 1700
8 Terbutryn h.36 1800
Row Copy
Row Paste
PR p
QK | Cancel Apply Help
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Optimization parameters

Farameters
|Ipper Limitz
b ax. calumn lenath, mnm: 251
b . tirme, min: 20
Lawwer Lirniks
. Selectivity: 2
(+ Resolution: 1.8
Syztem void time, min: 006 i
m Pealk. broadening, min: noz
Yariantz list
* Al variants
" Matching variants
(] Cancel

{
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Best variant

B o e e o R, e

File Segments © Variants Options  Help

The Best Resolution

(|
- e
| The Best Resolution Set Time Component name
POPLC™ column composition: -7 Simazin
Segment: C18EPS, length: 10 mm x 5 = 50 mm 7.83 Atrazin
Segment: C30, length: 10 mm x & = 80 mm 8.44 Simetryn
Segment: CN, length: 10 mm x 12 = 120 mm 10.02 Prometon
POPLC™ column length: 250 mm 10.84 Propazin
Void time: 1.95 min 11.70 Ametryn
Plates per column: 8603 16.79 Prometryn
Selectivity: 1.097 (worst pair: Propazin - Ametryn) 19.69 Terbutryn
Resolution: 1.975 (critical pair: Propazin - Ametryn)
- -
4 3 4 3
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Fastest (Optimal) variant

B POPLC Optimizer - [Triazines NS.pri] ‘ =

File Segments Components P C Optimal Best Variants Options Help
Optimal Resclution

| - e
Optimal Resolution Set Time Component name
POPLC™ column composition: 4.81 Simazin
Segment: C18EPS, length: 10 mm x 2 = 20 mm 5.82 Atrazin
Segment: C30, length: 10 mm x 4 = 40 mm 6.21 Simetryn
Segment: CN, length: 10 mm x 1% = 150 mm 6.92 Prometon
POPLC™ column length: 250 mm T7.42 Propazin
Void time: 2.06 min T -BE Ametryn
Plates per column: 8609 10.54 Prometryn
Selectivity: 1.098 (worst pair: Propazin - Ametryn) 12.16 Terbutryn
Resolution: 1.818 (critical pair: Atrazin - Simetryn)

- -




Variants list

Humber of pozsible segment combinations: 142505

The OPTIMAL wanant number: 45435

The BEST wariant number: 90782

#| C1oEPS | c1g | cao| CH | Phergl | Murn.. | Length | MinSelec | MinPesal | MaxTime| =

45483 240 1.083 1243
45489
45430
45491
45432
45433
45434
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Separation of Triazine Pestizides
Prediction vs. Measurement

Prediction

IR | Measurement

A

" 20 30 min
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Explosives according EPA 8330

CH, ClHa
l n,N\N/\N/Noz NOz NO2 /O NO2 NHZ NO, NO,
9 () . O
N N
NG TN N N NO. o
O NO2 OZN/ g \No2 OzN N02 2
NO, NH,

1. Hexogen 2. Octogen 3.1,3,5- 4.1,3-DNB 5. Nitro- 8. 2-A-4,6-DNT 7. 4-A-2,6-DNT
(RDX) (HMX) TNB benzen
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CHg CHy

NO2 NO2 NO
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B Components Properties @'ﬂ_hj
C185H2 | C18EPS2 | Phemyl | CN | C30 | Areas |
| ProntaSIL-100-5-C185H-2
Brazic Column
Length in mm: 100
Woid time in mir: 033 Graph
[rdividual [ Flates per column: EO00
Componentz name Ret. Time | - o
1 |RDX 2818 4 -
2 HMX 1.792
Inzert
3 1.3.5-THB 3.637
4 1.3-DNB 4 832
Delete
5 HB h.579
[ 2-A-4 6-DNT 6.901
7 4-A-2 6-DNT 6.475
] 2.4-DNT 7.616
9 2.6-DNT 7.296 A
10 2-NT 9.045 i
11 2.4 6-THT 5.76
Row Pazte
12 4-NT 9.749
13 INT 10.453
14 Tetrul 4 A9R 3l
1| F
| QK | Cancel Apphy Help

t

bBEISCHOEE

CHROMATOGRAPHY

)




Emulated test run

B PoPLC Optimizer - [Explosives_EPA 8330. — [ [ E |
Eile Segments Components Parameters Comment Optimal Best Variants  Options  Help
B - B - Basic colymn type C1 SSH2-

- -
Segment type: CL185H2 Time Component name
ProntoSIL-100-5-C185H-2 L
POPLC™ column length: 100 mm 2.82 RDX 3
Void time: 0.39 min 1T HMX
Plates per column: &000 3.64 1,3,5-THB
4,83 1,3-DNB
5.58 NB
€.30 2-b-4, 6-DNT
- -
4 3 4 3

CHROMATOGRAPHY

{@@?I%S“Q@@HE&F@J




Best resolution variant

H rorLc Optimizer - [Explosum EPA 8330,

File Segments © Variants Options  Help

b oo ]
.

The Best Resolution

The Best Resolution Set

POPLC™ column composition:

Segment: C185H2, length: 10 mm x 13 = 130 mm

Segment: Phenyl, length: 10 mm x 1 = 10 mm

Segment: C30, length: 10 mm x 1 = 10 mm

POPLC™ column length: 150 mm

Void time: 0.57 min

Plates per column: 2000

Selectivity: 1.052 (worst pair: 2,6-DNT - 2,4-DNT)

Resolution: 1.208 (critical pair: 2,6-DNT - 2,4—DNT)|
Below the limit

o
Time Component name
4.2%5 RDX
2.82 HMX
5.74 1,3,5-TNB E
7.2% 1, 3-DNB
8.14 NB
10.28 2-A-4, 6-DNT
9.60 4-8-2, 6-DNT
11.37 2,4-DNT
10.83 2, 6-DNT
13.02 2-NT il

PIOF S
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Separation of Explosives according EPA 8330

Prediction vs. Measurement

238
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POPLC® Method Development

In Pharmaceutical Industry
Basic Runs on Different Stationary Phases

ProntoSIL 100-5 C18 SH 2
80x 3.0 mm

292

—Impurity A
-Impurity B

ProntoSIL 100-5 C18 EPS 2
80x 3.0 mm

292

—Impurity B
-Impurity A

1 2 3 45 6 7 8 9 10111213 14 15 16 min

Mobile Phase:
Flow rate: 0,5 ml/min
Detection: UV @ 270 nm

2 3 4 5 6 7 8 9 min

Acetonitrile/20 mM Phosphate Buffer pH 3 30:70 (v/v)

{ bBEISCHOEE
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POPLC® Method Development

In Pharmaceutical Industry
Basic Runs on Different Stationary Phases

ProntoSIL 100-5 Phenyl 2

ProntoSIL 100-5 CN 2
240 x 3.0 mm

292

—Impurity A

—Impurity B

120 x 3.0 mm
693
<
2
2
£
12345678 910111213141516171819202122 min
Mobile Phase:
Flow rate: 0,5 ml/min
Detection: UV @ 270 nm

2

4 6 8

10 12 14 16 18 20 22 24 26 28 mi

Acetonitrile/20 mM Phosphate Buffer pH 3 30:70 (v/v)

t
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POPLC® Method Development

In Pharmaceutical Industry
Best Separation within 20 Minutes

POPLC Optimizer - [NovartisO1bearb.P

File Segments Components Parameters Comment Optimal Best Yariants Options Help

The Best Resolution

The Best Resolution Set Time Comwponent naie
POPLC™ column composition: 13.25 1

Segment: C185HZ, length: 10 mwm x 9 = 90 mm 16.24 Impurity A
Segment: Phenyl, length: 10 mmwm x 2 = 20 mm 19.846 Impurity B

POPLC™ column length: 110

Void time: 1.23 min

Plates per colwom: 4371

Selectivity: 1.242 (worst pair: Impurity A — Impurity B)
Besolution: 3.550 (critical pair: 1 - Impurity 4)

L CHRUMATUGRAPHY




POPLC® Method Development

In Pharmaceutical Industry
Best Separation within 20 Minutes

qq_FVOOT0522 02434 (51235 Chamel A
0

292 AU

—-lmpurity A
-Impurity B

12345678 9101101314151617181920212 min & & & & & & T FEEE R EE R W R R R

Column: 90 mm ProntoSIL 100-5-C18 SH2 and 20 mm ProntoSIL 100-5-Phenyl 2
Column Dimension: 110 x 3.0 mm

Mobile Phase: Acetonitrile/20 mM Phosphate Buffer pH 3 35:65 (v/v)

Flow rate: 0,5 ml/min

Detection: UV @ 270 nm

CHROMATO
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POPLC® Method Development

In Pharmaceutical Industry
Best Separation within 20 Minutes

Results Table: Optimized Column

The Best Resolution Set

POPLC™ column composition:

Segment: C18SH2, length: 10 mm x 9 = 90 mm
Segment: Phenyl, length: 10 mm x 2 = 20 mm
POPLC™ column length: 110 mm

Void time: 1.23 min

Plates per column: 4371

Selectivity: 1.242 (worst pair: Impurity A - Impurity
B)

Resolution: 3.550 (critical pair: 1 - Impurity A)

Results Table: Measured Resolution

Resolution: 3.5 (critical pair: 1 - Impurity A)

Results Table: Predicted Retention Times

Time Component name

1325 1
16.24 Impurity A
19.86 Impurity B

Results Table: Measured Retention Times

Time Component name

124 1
16.9 Impurity A
19.6 Impurity B

{ beTSCHOR
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POPLC® Method Development

In Pharmaceutical Industry
Best Separation within 25 Minutes

File Segments Components Parameters Comment Optimal Best  Yariants Options  Help

The Best Resolution

The Best Resolution Set Time Comwpohent haine
POPLC™® column cowmposition: 16.32 1

Segment: C185H2, length: 10 men x 11 = 110 ram 20.34 Impurity A
Segment: Phenyl, length: 10 mm x 2 = 20 24.75 Impurity B
Segment: CN, length: 10 rm x 1 = 10 mem

POPLC® column length: 140 mm

Void time: 1.56 min

Plates per colwon: 5429

Selectivity: 1.235 (worst pair: Impurity A — Impurity E)
Besolution: 4.094 (critical pair: Impurity & — Impurity B)

L ~ CHROMATOGRAPHY




POPLC® Method Development

In Pharmaceutical Industry
Best Separation within 25 Minutes

4. V0070522_02 #32 [modified by vogelfrl] CS123.5 Channel_A
285 i .
? m 3.00 :' °
2 2
£ 5
T Q
E
] 2.00 -
I I I I I I I I I I I I I I
2 4 6 8 10 12 14 16 18 20 2 24 %  mip B .
Column: 110 mm ProntoSIL 100-5-C18 SH2 and 20 mm ProntoSIL 100-5-Phenyl 2
and 10 mm ProntoSIL 100-5-CN 2
Column Dimension: 140 x 3.0 mm

Mobile Phase:
Flow rate:
Detection:

Acetonitrile/20 mM Phosphate Buffer pH 3 35:65 (v/v)

0,5 ml/min
UV @ 270 nm

bBIScHOR
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POPLC® Method Development

In Pharmaceutical Industry
Best Separation within 25 Minutes

Results Table: Optimized Column

The Best Resolution Set

POPLC™ column composition:

Segment: C18SH2, length: 10 mm x 11 = 110
mm

Segment: Phenyl, length: 10 mm x 2 = 20 mm
Segment: CN, length: 10 mm x 1 = 10 mm
POPLC™ column length: 140 mm

Void time: 1.56 min

Plates per column: 5429

Selectivity: 1.235 (worst pair: Impurity A -
Impurity B)

Resolution: 4.094 (critical pair: Impurity A -
Impurity B)

Results Table: Predicted Retention Times

Time Component name

16.32 1
20.34 Impurity A
24.75 Impurity B

Results Table: Measured Retention Times

Results Table: Measured Resolution

Resolution: 4.1 (critical pair: 1 - Impurity A)

Time Component name

133 1
18.0 Impurity A
20. 7 Impurity B

{ beTSCHOR
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POPLC® Method Development

In Pharmaceutical Industry
Monitoring of the Retention Behavior

Impurity A

Impurity B

6 Phenyl + 10 C18

6 Phenyl + 9 C18

7 Phenyl + 8 C18

8 Phenyl + 7 C18

9 Phenyl + 6 C18

11 Phenyl + 4 C18

12 Phenyl + 3 C18

13 Phenyl + 2 C18

jl 14 Phenyl + 1 C18

15 Phenyl

T T
8 10 12 14 16 18 20 22 24 26 28min

{ bBEISCHOEE
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- Polar embedded C18
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Separation of 33 Compounds in LC/MS/MS
Optimized POPLC® Column

Prediction

G |Didofnac
fi

15 mi

Total lon Count

4 6 8 10 12 14 16 18 20

I [‘ : selected MS/MS Transitions

SRARANERRRRRNNN

RAMUA JNAN, AN jibsssences
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Separation of 33 Compounds in LC/MS/MS
Prediction vs. Reality

Analyte

HDA

DA

HA

Atrazin

Isoproturon

Diuron
Carbamazepin
Diclofenac
Chlortoluron
Methabenzthiazuron
Metobromuron
Monolinuron
Metoxuron
Metazachlor
Hexazinone

Simazin
Nicosulfuron
Thifensulfuron-metyl
Metsulfuron-methyl
Amidosulfuron
lodosulfuron-methyl
Prosulfuron
Triasulfuron
Triflusulfuron-methyl
Bensulfuron-methyl
Primisulfuron-methyl
Chlorsulfuron
Propazin
Chloridazion
Metamitron
Desethylterbutylazin

t

CHROMATOGRAP.
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Separation of 33 Compounds in LC/MS/MS

Isocratic Separation Gradient Separation

3.0e5
2.8e5
2.6e5
2.4e5
2.2e5
2.0e5
1.8e5
1.6e5

1.4e5

1.2e5

1.0e5

8.0e4

6.0e4

4.0e4

2.0e4 |

1465
12
106
804
|
Il 0t
I
I
il 40ed
ﬂ M‘
| I
I f“ r
A 2064 H
nl| I h |
an Y “\ . |
VAR -~ s i L.ﬂ I i R PR S
12 (T I RS T TR

Time, min Ting, fin

0.0
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Isocratic POPLC® Separation
Column: 120 x 3.0 mm
ProntoSIL 120-5-C18 SH : ProntoSIL 120-5-C18 ace-EPS : ProntoSIL 120-5-Phenyl 1:3:2
Flow Rate: 0.6 ml/min
Mobile Phase:
50 % Eluent A: 5 mM NH,OAc
50 % Eluent B: MeOH + 5 mM NH4O0Ac

Injection: 10 pl
Temperature: 25°C

Gradient HPLC Separation
Column: 250 x 4.6 mm Luna C18 (2)
Mobile Phase:
Eluent A: 5 mM NH,OAc Gradient: 4 min: 35% B
Eluent B: MeOH + 5 mM NH40Ac 12 min: 80% B
Flow Rate: 0.6 ml/min 25 min: 80% B
Injection: 10 ul

Temperature: 25°C | beIscHor |
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POPLC® Method Development

of a complex unknown mixture

wScouting Gradient*

mAU
120 -

100 -
80 |
60 | ‘

40 -
20 - ‘

=20 -

T T T T T T T T

0"1”2 3 4 5 6 7 8 9 10 11 12 13 min

Column: POPLink® column segment ProntoSIL 100-5-C18 SH2, 40 x 3.0 mm
Eluent: A: H3PO4 1 ml/l in H20; B: ACN; Gradient: 0 —100% in 10 min. n
Flow rate: 0.5 ml/min; Detection: UV @ 210 nm | o




POPLC® Method Development

of a complex unknown mixture
Basic Runs on Different Stationary Phases

ProntoSIL 100-5 C18 SH 2 ProntoSIL 100-5 C18 EPS 2
120 x 3.0 mm 250 x 3.0 mm

140 34,B1,B2 10 B2,B3
20| . B1,
100 S ~ P "
80 |||ov 0 o
60 |[|] @ -5 “‘J

1 (do]

40 © O -10 o QO
20 " , J\ 15 Al

o  lL—————————————
0 10 20 30 40 50 60 70 min 0 10 20 30 40 50 60 70 80 min
Mobile Phase: Acetonitrile/0.1% H,PO, 40:60 (v/v)

Flow rate: 0,5 ml/min

. BISCHOF
DeteCtlonZ UV @ 210 nm { mCHROMATJG?A?HY J




POPLC® Method Development

of a complex unknown mixture
Basic Runs on Different Stationary Phases

ProntoSIL 100-5 Phenyl 2

ProntoSIL 100-5 CN 2

250 x 3.0 mm 250 x 3.0 mm
mAU mAU
B1, B2, B3
60 1| B1,B2, B3 70 |
50 60
40 |l 50 | *
30 ||+ 40 | “'CT
20 . 30 | O
10 _b kb 20 | LOWO ‘
O ~ o~ MMV\
-10 0 -'L’N

0 10 20 30 40 50 60 70min

Mobile Phase:
Flow rate:
Detection:

0,5 ml/min
UV @ 210 nm

0 10 20 30min
Acetonitrile/0.1% H,PO, 40:60 (v/v)

{ beTSCHOR
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POPLC® Method Development
of a complex unknown mixture
Basic Runs on Different Stationary Phases

ProntoSIL 200-5 C30
250 x 3.0 mm

mAU

0 10 20 30 40 min

Mobile Phase: Acetonitrile/0.1% H,PO, 40:60 (v/v)
Flow rate: 0,5 ml/min
Detection UV @ 210 nm s




POPLC® Method Development

of a complex unknown mixture

Prediction of POPLC® Optimizer Software

POPLC Optimize

File Segments Components Parameters Comment Optimal Best  Yariants Options  Help

Y ariant 89396

<0 — T — ] >
A~ ~
Variant 89396: Time Compohent hnatne
Segqment: C1&8SH2Z, length: 10 wmm x 5 = 50 mm 5.46 A
Segmwent: C30, length: 10 mm x 20 = 200 e 5.29 1
POPLC™ colwnn length: 250 mm 15.29 2
Void time: 1.94 min 23.14 3
Max. time: 96.11 min (overflow of limit &60.00 min) 25.01 E1l
Plates per column: 17042 Z6.79 EZ
Selectivity: 1.077 (worst pair: Bl - B2) 28.78 E3
Resolution: 1.909 (critical pair: Bl - EB2) 32.78 5
Below the limit 43 .31 &
96.11 C
b b
< > < >

CHROMATOGRAPHY

t b‘BI‘SCHOFFJ




POPLC® Method Development

of a complex unknown mixture

Optimized isocratic separation
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Column: 50 mm ProntoSIL 100-5-C18 SH 2 and

200 mm ProntoSIL 200-5- C30
Eluent: A: H3PO4 1 ml/l in H20; B: ACN; 40/60 (v/v)
Flow rate: 0.5 ml/min Detection: UV @ 210 nm
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POPLC® Method Development

of a complex unknown mixture

Optimized Gradient Elution
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Column; ProntoSIL 100-5-C18 SH2 / ProntoSIL 200-5-C3050:200, 250 x 3.0 mm
Eluent: A: H3PO4 1 ml/l in H20:; B: ACN
Gradient: 40% B 50 min.; 40% - 100% B in 85 min.
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Flow Rate: 0.5 ml/min Detection: UV @ 210 nm




Advantages of POPLC®

» In many cases no gradient elution required

© constant detector background

© less requirements for HPLC devices

© no reequilibration required (faster analysis)

© reusable mobile phase

© detectors like RI, EC and conductivity are possible

» easy method development via software

> easy exchange of column parts (POPLiInk® column hardware)
» every HPLC column selectivity can be simulated

» This method can be applied in all areas of chromatography

from micro to prep LC, in GC, TLC, SPE und Flash Chromatography
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Summary

» Selectivity Is the most important tool in

HPLC

» The column Is the most important choice

» The optimization strategy Is important

» POPLC® offers a sim
future method develo

nle possibility for
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We did not invent
HPLC

but we make it

O

More information: http://www.POPLC.de




