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Have You Ever Had Peaks That You Can’t Resolve?
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Five Things That You Can Do To Improve The Separation

#1 System Tubing




HPLC Instrument Components

Gradient Delay or Dwell Volume

Beginning of Mixing /

End of Mixing
\ Extracolumn Volume

\

Number of Scans
or points

~

Data Sampling or Acquistion Rate
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Minor Dwell Volume Differences
Can Change Resolution

V, =0.43 Column: ZORBAX Rapid Resolution Eclipse
XDB-C8
4.6 X 75 mm, 3.5 um

Mobile Phase: Gradient, 0 - 100 %B in 52.5 min.

A: 5/95 methanol/ 25 mM phosphate
pH 2.50
B: 80/20 methanol/25 mM phosphate
M J\ pH 2.50
| | Jt_} J{ . Flow Rate: 0.5 mL/min

mL

0 10 20 30 40 Temperature: 25°C
Injection: S5puL
V.=20 Detection: 250 nm
D~ 4 . I
mL Sample: Mixture of antibiotics and
antidepressants
Upper trace simulates actual run data
entered into DryLab® 3.0 software
Lower trace is simulated chromatogram
for larger Vp
| | J{ h ﬂ_/{ I/A A y
0 10 20 30 40
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2. Gradient Separations- Instrument Impact on

Column Performance
Extra-column

Volume

\

Number of Scans
or points

~

4.3 Agilent Technologies




Effect of Extra-column Volume on a Gradient Analysis
of Alkylphenones

0.4 mL/min
t (min) 0 1.2

X102 [DADI - A:Sig=2544 NON_Opt_0-4mLin_Grad_011.d

1,

) Default 1290, 8.6 pyL Extra-column Volume %B 25 95

" P max=320 bar 1 uL injection of RRLC Checkout Sample (PN 5188-
071 R35 6=1 18 6529) spiked w/ 50 yL 2 mg/mL Thiourea in

061 n-=35 water/acetonitrile

051 c TCC: ambient

041 DAD: Sig=254,4nm; Ref=0ff

031 Sample:

02 1. Thiourea (v, marker) 6. Benzophenone
o1 jL ]\ 2. Acetanilide 7.  Valerophenone

0. 3.  Acetophenone 8. Hexanophenone
o m4 Propiophenone 9.  Heptanophenone
P e 5.  Butyrophenone 10. Octanophenone

"I Optimized 1290, 3.0 L Extra-column Volume yrop P

091

| _ Agilent ZORBAX Eclipse Plus RRHD C18

18 P max=323 bar _ 2.1 mm x 50 mm, 1.8 um, 959757-902

o Rs56=2.25 91% increase

08, nC:56 60% increase LC Rack System, 5001-3726

051

04 0.08 x 220 mm Capillary Tubing

031

02, V(0)0.6 L Flow Cell

e

0,

005 041 05 02 025 03 035 04 045 05 055 06 065 07 0.75 08 085 09 095 1 105 11 115 12 125 13 135 14 145 15 155 16 165 17 175
Response Units (%) vs. Acquisition Time (min)
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System - Signal Height

System volumes — System dispersion

Resolution 0.961
Syst8f dispersion not optimized

400

Peak width 0.037 min
300
2oo—f

] Peak width 0.038 min
100 -

0

05 1 15 2 25 min

mAU Resolution 1.902

Systeifi idispersion optimized
550
] Peak width 0.019 min
400-
350%
200
] Peak width 0.018 min
100-;
0-
15 2 25 min

05 1
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Tubing After Cutting

Even “properly cut” Tubing Has Problems

» Best Practice is to use “pre-cut” tubing (capillary in Agilent speak)
« Second Best — use a high quality tubing cutter
« DO NOT USE Side Cut Pliers or Scissors” (You Laugh, but it has happened)
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Five Things That You Can Do To Improve The Separation

#2 Column Connections
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Stainless Steel and Polymer Fittings

Which type is used and when?

Stainless Steel (SS) fittings are the best choice
for reliable high pressure sealing

» Agilent uses Swagelok type fittings with front and back
ferrules — which give best sealing performance —
throughout all our LC systems

PEEK (<400 bar System Pressure) fittings are
ideal where:

» Connections are changed frequently, i.e. connecting
columns

* Pressure is less critical

PolyKetone
« Easy, hand tighten column connection
» 600 bar Pressure Rating PN: 5042-8957 (10/pk)
 Fits to SS Tubing
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Compression Screws from
Various Manufacturers

Rheodyne

Parker 0.220 in.

0.210in.

Troubleshooting LC Fittings, Part I. J. W. Dolan and P. Upchurch. LC/GC Magazine 6:788 (1988)
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Mismatched Compression Screws

Extra

Threads are
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Column Connectors Used in HPLC

Troubleshooting LC Fittings, Part Il. J. W. Dolan and P. Upchurch. LC/GC Magazine 6:788 (1988)

0.090 R 10130

-, < - - -
in. n.




What Happens If the Connections Poorly Made ?

Wrong ... too long

Ferrule cannot seat properly

Wrong ... too short

X Mixing Chamber
If Dimension X is too long, leaks will occur

X

If Dimension X is too short, a dead-volume,
or mixing chamber, will occur
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mAU -
140 -
120
100 -
80 -
60 -
e
2
01

mAU

Influence post-column capillary connections

0

M A One bad capillary connection!
o 02 03

0.4 min

—

20 Fixed!
180 n
150 7
120 -
90
60
30-
0
0 0.1 02 03 0.4
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The Agilent A-Line Fittings
mportance of the Spring Loaded Feature

r
m
n
)
)
-
Y
m
]
»

Most commonly used fittings in UHPLC are
non-adjustable 2-piece or 3-piece metallic
fittings. Since different manufacturers of
column hardware have different design in
column end fittings, as shown in Figure 1, a
new set of tubing and fittings needs to be
installed for every brand of column to
guarantee that the stem length, namely the
length between the bottom of the ferrule and
the end of tubing, fits the column end fitting.

sal|ddns 97 8uIT-Y Jus|iby
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The Agilent A-Line Quick Connect Fitting
3 Single Steps to Connect a column

Agilent Technologies
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The Agilent A-Line Quick Connect Fitting

r
m
n
)
)
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»

Robustness
Monitoring of tailing factor and theoretical Chromatogram overlap before and after 200
plates number over 200 reconnections of reconnections

A-Line Quick Connect Fitting.

Phenol

Uracil
4-Chloronitrobenzene
Naphthalene

sol|ddns 57 aurT-y jus|iby

» No visible change of chromatogram after 200 reconnections.
« Tailing factors and theoretical plates stayed constant within the
experimental allowance through the reconnection procedures.

Fitting connection kept dead-volume free and leak-free after 200 times of reuses

Confidential
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Five Things That You Can Do To Improve The Separation

#3 Sample Solvent
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Split Peaks from Injection Solvent Effects

Column: StableBond =5-C5, 4.8 X 150 mm, 5 wm Maoblle Phase” 52% HyC 2 158% ACN

injection olume: 30 pL Sample: 1. Caffeine 2. Zalicylamide
A. Injection Solvent | B. Injection Solvent
. 100% Acetonitrile | Mobile Phase
),
o S m o S m

Tip: Imjecting in a solvent stronger than the mobile phase can cause peak shape
problems such as peak splitting or broadening
Trnck: Keep Organic Concentration in Sample Solvent < Mobile Phase

%% Agilent Technologies
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Five Things That You Can Do To Improve The Separation

#2 Sample Data Rate
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Detectors

For narrow peaks, high data rates!!!
Maintaining Resolution at High Analysis Speed

\\‘ PW=0.30sec 80Hz versus 10Hz (20Hz) Data Rate
| « Peak Width: —55% (—30%)
» Resolution: +90% (+ 30%)
* Peak Capacity: +120% (+ 40%)
* App. Column Eff.: +260% (+ 70%)
Data Peak Resolution Peak
Rate Width Capacity
80 Hz 0.300 2.25 60
40 Hz 0.329 2.05 55
20 Hz 0.416 1.71 45
10 Hz 0.666 1.17 29
PW=0.67sec 5 Hz 1.236 0.67 16
10Hz
Sample: Phenones Test Mix
PW=1.24sec 5Hz Column: Zorbax SB-C18, 4.6x30, 1.8um
Gradient::  50-100%ACN in 0.3min
0 0.1 02 03 04 05 min Flow Rate:  5ml/min
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Five Things That You Can Do To Improve The Separation

#5 High Efficiency Columns




Benefits of High Efficiency

Use of smaller columns
Faster Methods
Higher Sensitivity

Lower Limitations of Detection

Agilent Technologies



More Efficient Particles in Smaller Volume Columns
Reduces Dispersion Within the LC Column

a) Longitudinal Diffusion (dispersion)

Direction of Flow

o v

b) Radial Diffusion

Agilent Technologies




Greater Control of Particle Size Distribution
A Little Known Secret for Better High Pressure Performance

Differential Number

4000

3500 )Jﬂf%

3000 :

2500 / \th Competitor 1.7um
—§ 2000 /
R Agilent 1.8um

1000 JJ

500 - // H\H
b R
0 I T | T T
I 2 3 4 5 6
Particle Diameter (um)

(Packing from first generation 2.1 x 100mm, 1.7um column )
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Agilent Particle Choices for UHPLC

Longest History of UHPLC Particle Innovation and Manufacture

Superficially Porous Particle Sub 2um Totally Porous Particle
Poroshell 300 Commercial Intro 2001 1.8um Commercial Intro 2003

Agilent Technologies
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Comparable Performance Under Moderate UHPLC Conditions
RRHD Eclipse Plus C18 and Acquity BEH C18 (2.1 x 50mm)

1. Kathon 1A
i A: H,O (0.05v% TFA) B: ACN (0.04 v% TFA)
RRHD Eclipse Plus C18  tinco: 955 AB 2. Kathon 18
. , . : arbendazim
Highest Pressure 630 bar Tme29 8515 A8 4. 1,2-Benzisothiazol-3(2H)-one
Time 3.9: 85/15 A/B
. - 5.  2-Phenoxyethanol
Flow: 1.0 mL/min . .
2 : o 6. BenzoicAcid
Temp: 30°C 2 Methvl Parab
1 Injection: 1 uL : ethyl Faraben
Std. Conc: 50 ppm 4
3

3 min

Acquity BEH C18
Highest Pressure 690 bar | 2
5 7
s NN
25 min

Agilent has lower pressure due to better control over particle size and distribution

Agilent Technologies




Particle Durability Needed to Maintain
Performance at Consistently High Pressure

A: H,0 (0.05v% TFA) B: ACN (0.04 v% TFA) 1. Kathon 1A
Time 0.0 95/5A/B DAD: 275 nm (0 min) 2. Kathon 1B
Time 0.1 95/5A/B 225 nm (0.8 min) 3. Carbendazim
Time 0.25 90/10 A/B 255 nm (1.08 min) 4. 1,2-Benzisothiazol-3(2H)-one
Time 1.0 65/35A/B 5. 2-Phenoxyethanol
Time 1.1 0/100 A/B 3- I\Bﬂenzo'c Acid
. . ethyl Paraben
1.0 mL/min 2
1 uL injection 4
50 ppm standard .
podiie RRHD Eclipse Plus C18 3 !
2.1 x 50mm, 1.8um 3
1
/\ °
0.2 0.4 0.6 0.8 1 1.2min
Acquity BEH C18
2.1 x 50mm, 1.7um
1
0.2 0.4 0.6 0.8 1 1.2 min

Nominal High Pressure 800 bar on Both Columns

Agilent Technologies




RRHD Performance With Ballistic Gradients
Opens New possibilities for Resolution AND Speed

A: H,O (0.05 v% TFA)
Time 0.0  95/5A/B
Time 1.0  55/45A/B
Time 1.1 0/100 A/B

1.7 mL/min

1 uL injection
50 ppm std.
30°C

RRHD Eclipse Plus
C18
2.1 x 50mm, 1.8 um

B: ACN (0.04 v% TFA)
DAD: 275 nm (0 min)
225 nm (0.46 min)
255 nm (0.67 min)

Kathon 1A

Kathon 1B

Carbendazim
1,2-Benzisothiazol-3(2H)-one
2-Phenoxyethanol

Benzoic Acid

Methyl Paraben

NoOoOkwN =

Pressure 1017 bar

7

02 03

06 w 08 min




Confidentiality Label

-~ Agilent Technologies Noverber 15, 2016

35




RRHD and Poroshell Columns Provide Similar
Performance 1290 Infinity

Poroshell 120 EC-C18
3.0 x 100mm, 2.7um

mAU - Rsgs=1.98 WY o =0.043 min RS, 15=1.81 Pmax=331 bar
] F=0.86 mL/min
0—: I T I T I . I I I . I T T ‘ I T T ‘ ‘
0 4 6 8 10 12 min
RRHT Eclipse Plus C18
mAU ] Rses=2.28 . . 3.0 x 100mm, 1.8um
W7 5 =0.045 min Pmax=474 bar
0 M ]U\ F=0.86 mL/min
G: | | | | |
6 8 10 12 min
Rs. 22,90 RRHD Eclipse Plus C18
mAU - v W =0.036min I 3 3.0 x 100mm, 1.8um
] 14,13 Pmax=528 bar
50 Jk m F=0.86 mL/min
O ‘ | |
0 10 12 min

Group/Presentation Title
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High Flow Rates Also Possible on Poroshell
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In Summary: Optimize

« Tubing
« Connections
« Sample Solvent
«  Settings

« Column Efficiency
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