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Agenda InfinityLab

* What is a good peak shape and why is it important?
* How Is peak shape measured?

* Problems with peak shape

 Factors affecting peak shape

« Examples of peak shape problems

« Guidelines for improved peak shape
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What is Good Peak Shape and Why is it Important? InfinityLab

Good peak shape can be defined as symmetrical or Gaussian.

Good peak shape can be defined by:
« Tailing factor of 1.0
 High efficiency
« Narrow peak width
Good peak shape is important for:
« Improved resolution, sensitivity, and precision
« More accurate quantitation
» Longer usable column lifetime (based on system suitability criteria)

¥
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How is Peak Shape Measured?

Measures:
« USP tailing factor — at 5% of peak height
« Asymmetry factor — at 10% of peak height

Indicators:
« Efficiency — plate number
« Peak width — peak width at %2 height
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How is Peak Shape Measured?

USP tailing factor at 5% height

T T=W,  /2f

peak
maximum

Peak width at %2 height
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Asymmetry factor at 10% height

T Asymmetry factor = b/a
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How is Peak Shape Measured? InfinityLab
Column plate number as a function of experimental conditions

N(plate number) = L(column lenght) /H(plate height)

H varies with the linear velocity (u) of the mobile phase as it passes through the column (u=L/t,).

B
H=A+E+CU.

Van Deemter equation

A, B, and C are constants for a particular compound and set of experimental conditions. Linear
velocity (u) is variable.

» Ais eddy diffusion
* B is longitudinal (axial diffusion
* C isresistance to mass transfer
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How is Peak Shape Measured? InfinityLab
Van Deemter plot

A plot of plate height versus linear velocity

Sum curve: Van Deemter

Resistance to mass transfer

Plate Height (h)

Eddy diffusion

Linear Velocity (Flow Rate)

The point where minimum plate height is reached, is the “optimum?” linear velocity at which
the maximum plate number is reached.

Optimum flow rate = u (optimum linear velocity) x s (cross section area of the column)
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How is Peak Shape Measured? InfinityLab
Efficiency — column plate number as a function of experimental conditions

Column plate number (N) increases with: ~§
« Column packing quality Nﬂ-
« Column length @/2‘
« Optimal flow rate

* Smaller particle size tg=band retention time

« Use of superficially porous particles W, ,=bandwidth at half-height

« Appropriate pore size

 Lower mobile phase viscosity

« Higher temperature

« Minimized extra-column effect
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Problems with Peak Shape Aglnt

InfinityLab
« Tailing
* Fronting
« Broadening
« Splitting/doubling
| | | |
*~—r ot — . t e .t . 1
Tailing Fronting Broadening Splitting/doubling
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Factors Affecting Peak Shape InfinityLab

 Column

* Mobile phase

« Connecting capillaries and fittings
e System

« Sample
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Factors Affecting Peak Shape InfiniffyLab
Column related factors

 Silica type/acidity/metal content
e Column bonding and end capping
« Column packing

» Pore size/particle size/particle morphology
= Formation of voids in the packed bed

Agilent infinitylab 8
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Factors Affecting Peak Shape InfinityLab
Column related factors — silica type

OH HO OH OH ***OH
== Sl = e Si------+ ----- S Sl ===--
Free Geminal Associated
Silanols Silanols Silanols
. — -
decreasing acidity
OH
R - |
....... M------. - --M--.-- S| - -
Surface Metal Internal Metal

(activated silanol)
(most acidic)

Fully hydroxylated and metal free silica reduces acidity
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Factors Affecting Peak Shape
Column related factors — silica type

High purity, low acidity silica improves peak shape:

Type A Silica High purity, low acidity
ZORBAX Rx-SIL (Type B)

NH,
@cu CH.
@CHZ-OH

\

_ )

Mobile Phase: 5% 2-Propanol in Heptane Flow Rate: 2.0 mL/min.Temperature: 35°C

Agilent

InfinityLab

Improved peak shape for basic compounds with high purity, fully hydroxylated silica such as Rx-SIL
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Factors Affecting Peak Shape InfinityLab
Column related factors — silica type

Silica type — more acidic Silica type — high purity, Rx-Sil
Column: ODS, 4.6 x 250 mm, 5 pm Column: SB-C18, 4.6 x 150 mm, 5 pm
Plates: 92 Plates: 6371
USP Tf (5%): 2.90 USP Tf (5%): 1.09
OH H
‘ O\)\/N\(
Propranolol
pKa 9.5 L
S N
\ \ \ I \ \ \
0 5 10 15 0 5 10
Time (min) Time (min)

Mobile Phase: 75% 50 mM KH,PO,, pH 4.4 : 25% ACN Flow Rate: 1.5 mL/min

ZORBAX StableBond with Rx-SIL improves peak shape
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Factors Affecting Peak Shape InfirttvLab
Column related factors — silica type

mAU3 1. Famotidine
25 3 2. Cimetidine
—) 203 3. Pirenzipine ” Eclipse Plus C18 without TEA
15 4
. |
15 3 |‘| N=7800
. E I‘J L N 3 TF: 1.05
E . o
0 25 5 75 10 125 15 175 min
mAUE
;; ' '| Columns: 4.6 x 75 mm, 3.5 um
s ] | C18 without TEA Mobile phase:
‘ o 2 || 20% MeOH, 80% 20 mM phosphate pH 7.0
: E | | N=4300 Flow rate: 1 mL/min
E 1! 2 EKTF: 1.74 UV 254 nm
i S N A T
"3 — , , : , , , , Semi micro flow cell

0 25 5 15 10 125 15 17.5 min

mAl 7

25 3 |

20 3 |

) ;] | C18 with TEA (10 mM)

10 3 “

5 1 N=2700
0 b 1L N 3 TF:1.02

ull'lzfslllIE:""ITE.""1|n""15.5|'"1I5"'|1':'.5""miln

Effect of ionized acidic silanols on peak shape of amine-containing ulcer medications. A comparison of
Eclipse Plus C18 and another C18 column.
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Factors Affecting Peak Shape InfirityLab
Column related factors — column bonding and endcapping

Column bonding and endcapping

« Most Agilent RP columns are endcapped. Double and triple endcapping
minimizes the number of unreacted silanols and potential peak tailing
Interactions

» Bonded phases such as StableBond (which is not endcapped but has
bulky side chain groups sterically protect siloxane bonds from hydrolytic
attack at low pH. SB columns are not endcapped to provide stability,
lifetime, and reproducibility under acidic conditions.

» Bonded phases with embedded polar groups (Bonus RP, Polaris —
Amide-C18) or endcapped with polar groups, provide unique silanol
shielding, reducing peak tailing for basic compounds.

» Bonded phases that are stable at a high pH (Poroshell 120 HPH and
ZORBAX Extend C18) minimize the interaction of basic compounds with
free silanols, which reduces peak tailing.
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Factors Affecting Peak Shape InfirttyLab
Column related factors — column bonding and endcapping

InfinityLab Poroshell HPH-C18 with hybridized particle surface and double endcapping
IS designed to withstand high pH with good peak shape

Conditions: InfinityLab Poroshell HPH-C18, 2.1 x 50 mm, 2.7 pm
Instrument: 1260 Infinity Il Binary LC
Mobile phase: A: 10 mM Ammonium |'|| | F r| Injection 500
bicarbonate adjusted to pH ||| | f | |‘| |I
10.0 in water — __Jl'L . .| lLJ AN I | 'l1
B: Acetonitrile 15 2 25 3 35 1 4.5min
Flow rate: 0.4 mL/min |
Gradient: Time %B I'l [l || Injection 1,000
0 ] ||| p| |II || |'| i
5 95 — I e AN A
Sample: 513 is 2 25 - R ~ 45min
1. Methyl salicylate Ny r| F| Injection 2,000
2. 4 Chlorocinnamic acid I || A |I A I
3. Acetophenone [ N, N\ Y . W | G A
4. Quinine 15 2 25 3 35 4 4.5 min

5. Nortryptyline
6. Heptanophenone

o After 2,000 injections at pH 10, InfinityLab Poroshell 120 HPH-C18 showed no change in performance.
7. Amitriptyline
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Factors Affecting Peak Shape

Column related factors — column bonding and endcapping

High pH life time study

« Agilent InfinityLab Poroshell 120 HPH C-18
m Agilent InfinityLab Poroshell 120 EC-C18
& Non-Agilent Totally Porous Hybrid (3 pm)

105 » Non-Agilent High pH Superficially Porous 2.7 pm
]

100

w
o

=]
=

b | == [==]
an = on

% Initial retention time

-
=

=]
[£]

(=2
=

0 500 1,000 1,500 2,000 2,500 3.000 3.500 4.000 4,500 5,000
mL 10 mM pH 10 bicarbonate buffer

Poroshell 120 HPH-C18

) 3 6 Injection 1

\A;L_}LL 5

15 20 25 30 35 40 45 min

| Injection 500

I N

15 20 25 30 35 40 45 min
\Lﬂi\ | J\ Injection 1,000

N

15 20 25 30 35 40 45 min
XJ\J&\LL Injection 2,000

15 20 25 30 ———t 40 45 min
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Injection 1

L j
4 5 6
AN

15 20 25 30 35 4.0 45 min

I§jection 500
I | }\ I N R ] N
15 2.0 25 3.0 35 4.0 45 min
A Igjection 1,000
) o N

15 20 25 30 35 4.0 45 min

w Igjection 2,000
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Column: 2.1 x 50 mm, 2.7 um
Sample:

Methyl Salicylate
4-Cholorcinnamic Acid
Acetophenone
Quinine

Nortriptyline
Heptanophenone
Amitriptyline
Instrument; 1260 Infinity I
Binary LC

Mobile phase:

A: 10 mM ammonium
bicarbonate in water pH10
B: acetonitrile

Flow rate: 0.4 mL/min
Gradient method:

NoohkowhE

Time %B
0 5
5 95
5.1 5
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Factors Affecting Peak Shape InfirityLab
Column related factors — column bonding and endcapping

ZORBAX Extend-C18 at pH 7 ZORBAX Extend-C18 at pH 11

7
4 7

2,3

1 t. = 8.5 min 3 t, = 11.4 min

LU B

0 5 0
Time (min)

Time (min)

Mobile phase: 30% buffer: 70% MeOH; pH 7 buffer: 20 mM Na,HPO, ; pH 11 buffer: 20 mM TEA

Flow rate: 1.0 mL/min; Temperature: ambient; Detection: UV 254 nm
Sample: 1. Maleate 2. Scopolamine pKa 7.6 3. Pseudoephedrine pKa 9.8 4. Doxylamine pKa 9.2 5. Chlorpheniramine pKa 9.1

6. Triprolidine pKa 6.5 7. Diphenhydramine pKa 9.0

Column: ZORBAX Extend-C18, 4.6 x 150 mm, 5 pm
Retention and peak shape of basic compounds is improved at high pH on ZORBAX Extend-C18

DE 5085069444 ~Li- Agilent
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Factors Affecting Peak Shape InfirityLab
Column related factors — column bonding and endcapping

Single endcapped C18 from a Double endcapped
different manufacturer Eclipse XDB-C18
Tf ﬂ Tt L
1.2.95 1.1.79
2.1.90 ) 2.1.41
3.2.54 3.1.24
4.1.22 , 4.1.01
| ﬁ !L 3
3
_ L
S I A e T I
Time (min) Time (min)

Columns: 4.6 x 150, 5 um Mobile Phase: 60% ACN : 40% 10 mM phosphate buffer pH 7.0 Flow Rate: 1.5 mL/min.
Temperature: 40°C Sample: 1. Nortriptyline pKa 9.7 2. Doxepin pKa 9.0 3. Amitriptyline pKa 9.4 4. Trimipramine

Fewer silanol interactions on the double endcapped column reduce tailing of basic compounds
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Factors Affecting Peak Shape InfinityLab
Column related factors — column bonding and endcapping

mAU - Bonus-RP

1 2
C‘IH 15 i
Si—chy 10 -
CHg 5 i 3
0 ] v . ——

- O—Si—"~_~"PG ~_"R . .
Bonus- RP mAU Alkyl C8
15 - 2
CHs )
éi—cn—us 107
" ; NG
(5 ’ =

o—— SiiMPGMR 0 1 2 3 4 5 6 7 min

Columns: 4.6 x 150 mm; Mobile phase: 25 mM K,HPO,, pH 7.2 / (MeOH: ACN, 50:50), 45/55; low rate: 1 mL/min.
Detection: UV 254 nm; Injection volume: 5 puL
Sample: Anorectics (“Fen-phen”) 1. Phentermine pKa10.1; 2. Fenfluramine pKa 9.1; 3. Impurity

Good peak shape of highly basic compounds is readily achieved on Bonus-RP
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Factors Affecting Peak Shape InfirityLab
Column related factors — column packing

Pore size/structure

To get good peak shape, select column pore size according to the size of analyte molecules,
large molecules need large pore sizes for good peak shape

 Wide-pore (300 A and larger) columns can be selected for separating proteins and peptides

« Superficially porous Poroshell 300 columns can be used for more rapid mass transfer and improved
efficiency of large peptides and proteins at higher flow rates

« Superficially porous Poroshell 120 columns can be used for small molecules as well as peptides for
improved efficiency at higher flow rates

« Small-pore totally porous particle columns can be used for small molecules
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Factors Affecting Peak Shape InfirityLab
Column related factors — column packing

Effect of pore size and molecular size on peak width — gradient separations

— [H 300SB-C18 (300 A)
Il SB-C18(80 A)

& N Q>
AN R o S &
> A R Q & NN
N QIR QPR G SRS S
R S Sp & v N SO
& P %\° Y \“@.’ e A3 4 W7
W ) ) \3 2\ N\

Proper pore size selection results in sharper peaks for large molecules
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Factors Affecting Peak Shape InfinityLab
Column related factors — column packing

Poroshell particle technology

 Superficially porous, solid core particles with a porous outer layer — they provide both improved
throughput and higher resolution

» Superior peak shapes for faster, more accurate, results due to high-purity silica and advanced bonding
chemistries

« Poroshell 120, 4 um columns can provide higher efficiency at higher flow rates compared to 5 um totally
porous columns

» Poroshell 120 2.7 um columns can achieve similar efficiencies as sub-2 um totally porous columns with
substantially less pressure

« Poroshell 120 1.9 um columns can achieve superior efficiencies over totally porous sub-2 um columns

Totally Porous Particle (TPP) Superficially Porous

K\Sﬁ -

—>
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Factors Affecting Peak Shape InfinityLab
Column related factors — column packing

Smaller particles and superficially porous particles provide sharper peaks

=10° N .
1?_2 Agilent Poroshell 120 EC-C18, 2.1 x 100 mm, 2.7 pm W =0.039 Instrument: Agilent 1200/6410 LC/MS/MS
2 1 W, =0.038 O A: 5 mM ammonium formate with 0.01% formic acid in water
20% w”fn'g:g —0.044 e B: acetonitrile
”g; T W, =0.038 Flow rate: 0.4 mL/min

0 A A_ i - Gradient method:

08 1 1214 1618 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 54 56 Time %B
Acguisition time {min) 0 10

ﬂﬂi Agilent ZORBAX RRHT Eclipse Plus C18, 2.1 x 100 mm, 1.8 pm 05 15
£08 W, =0.049 W,,=0.041 W= 0.038 30 50
Egg W, ,=0.043 4.0 95

[]:2 L w,,=0.037 6.0 95

0d A A _B ' ' . _ Stop time: 6 min

08 1 1214 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 54 58 Post run time: 2 min

102 quisition time (min) Temperature: 60°C

10, Agilent ZORBAX Eclipse Plus C18, 2.1 x 100 mm, 3.5 ym >Mp '
w1 W, ,,=0.041 Injection volume: 5 pL
Egg W,,,=0.051 W,,,=0.047 Sample: Agilent LC/MS test mix (p/n 5190-0470), diluted 1:10 in water
“04 W,,=0.047 k l W, ,,=0.038

0.2

0 A

08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 54 58
Acguisition time (min)
”"23 Agilent ZORBAX Eclipse Plus C18, 2.1 x 100 mm, 5 pm

W, ,=0.069
W, ,=0.099 W, ,=0.065 "

4

1

gg , W, ,=0.082 W, ,,=0.062

- : i, A i,

08 1 1214 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 54 56
Acguisition time (min)
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Factors Affecting Peak Shape InfinityLab
Column related factors — column packing

High efficiency at high flow rates for ultra-fast protein analysis with Poroshell 300SB-C18

0.5 mL/min I I l h :
5 100%B in 4 min Column: ;ir?(s;SeI:n?;gOSSi-rrC]:lS

Agilent 1100 DAD
Agilent 1100 WPS with ADVR

1 mL/min ) _ Mobile phase:
5-100%B In 2 min A: 95% H,0, 5% ACN with 0.1% TFA

B: 5% H,0, 5% ACN with 0.1% TFA

Temperature: 70°C

2 mL/min l LL Detector: UV 215 nm
5-100%B in 1 min l, - Sample:

1. Neurotensin3. Lysozyme
2. RNaseA 4. Myoglobin

3 mL/min Im

5— 100%B in 0.67 min | ‘ L

4 mL/min I“I * UUL_N/,_

A I

5-100%B in 0.5 min —

0.2 0.4 0.6 min
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Factors Affecting Peak Shape InfinityLab

Column related factors — column packing

Formation of void in the column can result in bad peak shape

Mobile phase: 50% ACN: 50% water with 0.2% TEA (~ pH 11)
Initial

After 30 injections

G Y N

Multiple peak shape changes can be caused by presence of void in the column.
In this case a void resulted from silica dissolved at high pH.

_
|
_ N
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Factors Affecting Peak Shape InfirttyLab
Mobile phase related factors

o pH

 Buffers

» Temperature

« Organic modifiers

» Mobile phase additives (TEA, TFA, etc.) =

Te

: -
‘A
\ / \
4 ) ! i
= £ ! \
P’
\

Sk Agitent Technelgies
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ity e (LTS

- ! X
i apenanigec

s Ul
Wethseel o}

[
I
|
I
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Factors affecting Peak Shape InfinityLab
Mobile phase related factors — pH

Effect of pH on peak shape at or near the sample pKa

pH 4.4 N pH 3.0
Ibuprofen Column: ZORBAX SB-C8 4.6 x 150 mm, 5 um
pKa =44 Mobile phase: 40% 5 mM KH2PO4, 60% ACN
Flow rate: 1.0 mL/min.
Hs e I Temperature: ambient
CHy
o}
HsC
\ \ \ \ \ \ \ \ \ \ \ I I I \ \ \ \ \ \ \ \
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Time (min) Time (min)
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Factors Affecting Peak Shape InfinityLab
Mobile phase related factors — buffer

A =pH 7.0 water A=pH 7.0, 25 mM phosphate buffer

0 1 2 3 4 Time (min)
Time (min)

Column: ZORBAX Rapid Resolution Eclipse XDB-C8, 4.6 x 75 mm, 3.5 ym Mobile phase: 44% A : 56% methanol
Flow rate: 1.0 mL/min Temperature: 25°C Detection: UV 250 nm
Sample: 1. ketoprofen 2. ethyl paraben 3. hydrocortisone pKa 5.1 4. Fenoprofen pKa 4.5 5. propyl paraben 6. Propranolol pKa 9.5 7. Ibuprofen pKa 4.4

Buffered mobile phases enhance retention, resolution, and peak shape
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Factors Affecting Peak Shape InfinityLab
Mobile phase related factors — buffer

10 mM Phosphate, pH 7.0 25 mM Phosphate, pH 7.0
USP Tf USP Tf
1 1.1.62 1.1.41
2.1.65 1 2.1.50
2 3.1.63 3.1.33
4,1.77 ) 4.1.39 Columns: Eclipse XDB-C8
s 5.1.83 5.1.36 4.6 x 150 mm, 5 um
6.1.12 6.1.00 Mobile phase: 40% phosphate buffer, 60% ACN
1 P Flow rate: 1.5 mL/min.

g Temperature:40°C

5
6 Sample:  Tricyclic Antidepressants
i 1. Desipramine
I I 2. Nortriptyline
3. Doxepin
4. Imipramine
U ._J U 5. Amitriptyline
6. Trimipramine
\

| | \ \ | [
0 2.5 5.0 1.5 0 25 5.0

Time (min) Time (min)

Increasing buffer concentration decreases tailing factor (Tf)
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Factors Affecting Peak Shape InfirttvLab
Mobile phase related factors — temperature

n Salicylic acid\ 20° C
I “'l A
S——— ;/nl&_/ e N ____,/ﬁ\\_._’,.—_;_%_
0 1 2 3 4 min
ﬂ | Salicylic acid\ 30° C
.__,._._.,J||l_ __Jr‘\_)'llk /"ﬁ\\ N
0 | i 2 '
Salicylic acid o
ﬂ o ' J \ »~ Phenacetin 40" C
_ __V_J|L_I)”k_;'lk J\ . S — A~
0 1 2
\ Salicylic aiid 60° C
- f
. .____._JhL___Jll'L_a'”'x__.... Joo N AN
0 | i 2 ‘

| , 4.6 x 50mm, 1.8um
|

r__.vL JLJL )L )L/P'k fk
0 1 2 :
Conditions: A: 0.1% formic acid B: ACN w/ 0.1% formic acid (85:15) Detection: UV 254 nm

' Salicylic acid Column: RRHT SB-C18
L)
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Factors Affecting Peak Shape InfinityLab
Mobile phase related factors — organic modifier

40% 25 mM Na2HPO4 pH 7.0 40% 25 mM Na2HPO4 pH 7.0
60% ACN 60% MeOH
| USP Tf 5% USP Tf 5% Columns: Eclipse XDB-C8
1.2.11 : 1.0.72 4.6 x 150 mm, 5 pm
2.2.92 2.1.45 Flow Rate: 1.5 mL/min.
2 3.3.66 3.1.42 Temperature: 40°C
4.1.94 2 4.1.52 Sample:  Tricyclic
] 5.1.95 5.1.09 Antidepressants
6.1.31 6.1.03 1. Desipramine
2. Nortriptyline
4 5 3 3. Doxepin
4. Imipramine
5. Amitriptyline
| h ‘ . 6. Trimipramine
5

\ \ \ \ \ \ \
0 2.5 5.0 1.5 0 25 50

Time (min) Time (min)

Acetonitrile versus methanol
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Factors Affecting Peak Shape InfinityLab
Mobile phase related factors — mobile phase additives

No TEA 10 mM TEA
1 1
USP Tf 5% ; %}ff’%
. 1. 1.29 : S
2. 1.33 ° 1-23
3. 1.63 ¥ 4' 1.26
¢ . 4.235 ; c 11
| LH 5. 1.57 | ‘ t Sl
[ \ \ U U
0.0 2.5 5.0 I I I
Time (min) 0 2.5 5.0
Time (min)
Columns: Eclipse XDB-C8, 4.6 x 150 mm, 5 um Mobile Phase: 85% 25 mM Na2HPO4 : 15% ACN pH: 7 Flow Rate: 1.0 mL/min.
Temperature:35°C Sample: Amphetamines 1. Phenylpropanolamine 2. Ephedrine 3. Amphetamine 4. Methamphetamine 5. Phenteramine

Effect of TEA on peak shape of basic compounds
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Factors Affecting Peak Shape InfinityLab
Mobile phase related factors —mobile phase additives

Mobile phase A: pH 3 pH 3 pH 2.5
5 mM NaH2PO4 5 mM NaH2PO4 5 mM NaH2PO4
1% acetic acid 0.1% TFA
Column: StableBond SB-C18
4.6 x 150 mm, 5 pm
Mobile Phase: 40% A: 60% ACN
Flow Rate: 1.0 mL/min.
Temperature: Ambient
Sample: Ibuprofen, pKa 4.4
Tf=1.8 Tf=1.0 Tf=1.09
] - e
\ 1 1 T 1 1 T T

Effect of competing acids on the peak shape of acidic compounds
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Factors Affecting Peak Shape InfinityLab

Connecting capillaries and tubing

Capillary tubing dimensions can affect peak shape

~ 0.12 X 105 mm Red Tubing (1.2 pL) OC Test Conditions:
30 55% ACN

25 45% H20

2 Isocratic, 0.6 mL/min

15 . . .
¥ N = 10500 ;3;il&|njectlon of QC Mix
5 254 nm

0]

) ) ) ) i i.Z i.4 min

~ 0.25 x 700 mm Blue Tubing (34.4 L)

30

QC Mix (in elution order):
1. 5 pg/mL uracil
N 2. 200 pg/mL phenol

y N = 4500 3. 25 pg/mL 4-chloro-nitrobenzene
5 A 4. 40 pg mL naphthalene
6.2 6.4 6.6 6.8

0]
1 12 14 min In 50/50 ACN/Water

25
20

¢ 2.1 x50 mm, 1.8 um Eclipse Plus C18
» Peak broadening when larger volume tubing installed between autosampler & column
» 43% of the efficiency is lost with too much extra column volume
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Factors Affecting Peak Shape
Fittings

Agilent

InfinityLab

Swage|ok Waters
Improper fittings can lead to broad, spilit, Ei;iﬂﬂﬂ%; I iner-Acenie ;EJW;D

and tailing peaks

Different manufacturers supply different
types of fittings

Use the fittings recommended for your
system

Agilent LC systems use Swagelok-type
fittings for many instrument connections

B & =
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N L= —H D=

— ~— 109 in. == 0,130 in,

o EziiﬂthZZJEI e Eiimmﬂ;;;;ﬂlﬁ
S Lo

— - 0,080 in,

Valeo Upchurch
= (IDEX)

~— (0080 in. 0,080 in,

Different fitting types have different stem lengths
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Factors Affecting Peak Shape InfirttvLab
Fitting connections

Ferrule cannot seat properly Poor-flttlng connections
» Will broaden or split peaks or cause tailing
» Will typically affect all peaks, but especially

i  Can cause of carry-over

early eluting peaks

Too long
Mixing chamber mAU 4
1401 One bad connection!
1207
1007
— o]
60
407
201
0/ T T T T T
Too short 0 01 02 03 04 min
Good mAU
Properly fitted tubing, no dead volume f;S Fixed!
1501
' 1207
601
- i
_— o

0 041 02 03 04 min

July 13, 2020 Don’t Lose It: Getting Your Peaks in Shape DE 5085069444 ::: Agilent



Factors Affecting Peak Shape InfiriiyLab
Fittings — InfinityLab Quick Connect and Quick Turn

» Spring loaded design
« Easy; no tools needed! o

« Works for all column types zero-dead volume
* Reusable

» Consistent ZDV connection

Spring pushes capillary constantly towards receiving port

Quick Connect fitting

» Finger tight up to 1300 bar

« Hand tighten the nut, then
depress the lever

Quick Turn fitting
Finger tight up to 400 bar
Up to 800 bar with mounting tool
Up to 1300 bar with a wrench
Compact design, fits everywhere
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Factors Affecting Peak Shape InfirttyLab
System related factors

Detector

« Lamp
Detector setting — response time/data collection rate
Flow cell

= Max-Light cartridge

L
",
’ T
Al B
: i _.“"'b-:‘\.
..JJ B
- H“'T-._i

1290 and some 1260 systems

Lamp Flow Cell

Lamp and flow cells are available with RFID
to track usage and to predict replacement
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Factors Affecting Peak Shape S e
System related factors — detector lamp v

Detector lamp performance

DAab1 B, Sig=214.8 Ref=off (EALAMPS\RFOS1Z02W041301.0)

e . 2
Lamp from Agilent Peak 1 S/N =150
5 ] Peak 2 S/N =400 3
Peak 3 S/N =300

DAal1 B, Sig=214.2 Ref=off (EALAMPS\RFOS 1202030501, 00)

mal % o 2 -
aa A = Peak 1 S/N=15
s Peak 2 S/N =50
az Peak3 S/N =50

Lamp from second source
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Factors Affecting Peak Shape Aglnt

System related factors — detector setting

InfinityLab

DAD setting — choose the right sampling rate

Absorbance (mAU)

807
607
407

20

807
607

_fk L l‘t JL jk A Changes in Peak Width

40
20

80

M\ Ankkk L

60
40
20

0.1 min, 2 s response time, 2.5 Hz

05 1 2 2

5 5 '
0.013 min, 0.25 s response time, 20 Hz

05 ’ 25 ' and Resolution

0.0031 min, 0.063 s response time, 80 Hz

05 T Retention Time

Column: ZORBAX Eclipse Plus C18, 2.1x 50 mm, 1.8 um
Column temperature: 35°C

Flow rate: 1 mL/min

Gradient: 10-100% acetonitrile in 3 min

Signal: 254 nm, band width: 4 nm

Reference: 360 nm, band width: 100 nm
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Factors Affecting Peak Shape InfirityLab
System related factors — flow cells

Match flow cell volume to chromatographic peak widths

b 13 ul Standard Flow Cell:
\ For highest sensitivity and linearity
46-3mmID, 2.7, 3.5, 5 ym columns

1.7 pl Micro Flow Cell:
For highest resolution

UHPLC, 1.8, 2.7 ym
2.1-1 mm ID columns

Flow Cell Uv Signal Chrom. 5 pl Semi-micro Flow Cell:

Volume/Pathlength /Noise Resolution* Best compromise of sensitivity & selectivity
HPLC/UHPLC, 1.8 to 5 ym

4.6 -1 mmID columns

13ul/10 mm +++ -
5ul/6 mm ++ ++ Other flow cells include
Max-Light Cartridge cells for Infinity DAD
1.7 pl/ 6 mm + +++ 500 nL for capillary LC
80 nL for nano LC
* Depends on analytical conditions and column dimension 0.6 mm for Prep LC
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Factors Affecting Peak Shape InfirityLab
System related factors — flow cell

To get good peak shape, match flow cell volume to column

0.0050
0.0045
0.0040
0.0035

0.0030 BlaCk - 13 IJ.L fIOW Ce”

0.0025

! 00020 Blue - 5 “.L flow cell

0.0013

0.0010

ms-u LJJJ B o

0.0000

-0.00035+

w7
1.00 2.00 3.00 4.00 .00 5.00 7.00 5.00 9.00 10.00 11.00 1200 13.00 14.00 15.00

5 Minutes, 0.002173 AU MinLtes

3 x 100 mm, 1.8 pm column
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Factors Affecting Peak Shape
Sample related factors

« Sample load

« Sample solvent strength
« Sample cleanliness

* Metal complexation

July 13, 2020 Don'’t Lose It: Getting Your Peaks in Shape
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Factors Affecting Peak Shape InfirttvLab
Sample related factors — sample load

Sample overload may cause peak fronting/broadening/splitting/doubling.

» Peak fronting from sample overload — more sample than can
effectively partition, results in some sample preceding the rest of
the peak

* Reduce sample load to eliminate the problem.

- - | I | 10 pL
I A T R )
K I'/ h/*l' {  de— o/ / | / | ‘/ n (w W
0 -F.i.rphnrlh . Wy Y R — °"")\N \ bl K N L T P e i o ,q&,uv 56 e e i
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Factors Affecting Peak Shape InfinityLab
Sample related factors — sample solvent strength

Strong injection solvent may cause poor peak shape

Injection solvent: 100% Acetonitrile Injection solvent: mobile phase

|

\
10

Time (min) Time (min)

Column: StableBond SB-C8, 4.6 x 150 mm, 5 um
Mobile phase: 82% H20 : 18% ACN

Injection volume: 30 pL

Sample: 1. Caffeine 2. Salicylamide

July 13, 2020 Don't Lose It: Getting Your Peaks in Shape
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Factors Affecting Peak Shape InfinityLab
Sample related factors — sample solvent strength

Peak splitting when injecting a large volume of sample in a solvent stronger than the
mobile phase

‘" g
20 pL 3] A
'.u:
B[] ' ' v v v 1 1 t '
" . - - v T " s " . ™ ZORBAX SB-C18, 4.6 x 50 mm, 1.8 um
3 5 Mobile phase: 80%H20 with 0.1% TFA; 20% ACN
N R Injection solvent; 40% H20, 60% ACN
50pL A~
10 4
: M
100pL ©
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Factors Affecting Peak Shape
Sample related factors — sample cleanliness

« Dirty samples can partially clog the column inlet frit, causing
split peaks.

« Chemical contamination from the sample can reside on the
column and cause secondary interactions with analytes,
resulting in peak tailing and broad peaks.

Physical and chemical filtration can minimize these problems
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Factors Affecting Peak Shape
Sample related factors — sample cleanliness

Column contamination from the samples causing peak tailing

Plates Tf i Plates Tf ’

1. 7629 2.08 1. 7448 1.06

2. 12043 1.64 2. 12237 1.21

3. 13727 1.69 2 3. 15366 1.11 2

4 13355 1.32 4 19067 1.17

4
1
U 1 4
00 25 5.0 0.0 25 50
Time (min) Time (min)
QC test, contaminated column QC test after cleaning the column

Column: StableBond SB-C8, 4.6 x 250 mm, 5 um Mobile phase: 20% H20 : 80% MeOH Flow rate: 1.0 mL/min
Temperature: ambient  Detection: UV 254 nm Sample: 1. Uracil 2. Phenol 3. 4-Chloronitrobenzene 4. Toluene
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Factors Affecting Peak Shape
Sample related factors — metal complexation

« Analytes that can complex with metals may show poor peak shape
« Both tailing and fronting may result from metal complexation
« Metals are present in LC system, column, tubing, fitting ferrules, frits, etc.

e Column packed with high purity silica eliminates silica as a source of
metals
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Factors Affecting Peak Shape
Sample related factors — metal complexation

Metal sensitive compounds can chelate

H-¢c-0 H-c=0"na
Salicylaldehyde 6-membered ring complex

72T +2 @ -0
N'/M c -0-( M *2

OH @CNOH

8-hydroxyquinoline a-benzoinoxomine
5-membered ring complex 5-membered ring complex

Hint: Look for lone pair of electrons on oxygen or nitrogen which can form 5 or 6-membered ring with metal
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Factors Affecting Peak Shape
Sample related factors — metal complexation

Acid wash can improve peak shape
Before acid wash After acid wash with 50-100 mL 1% H3PO4 in 10% acetonitrile

00" 2 OCL, 00 . QL

5 Columns: ZORBAX SB-Phenyl
! 4.6 x 150 mm

Mobile phase: 75%, 25 mM ammonium phosphate buffer,
25% acetonitrile

Flow rate: 1.0 mL/min.
? Tf: 3.7 T 1.2 Temperature: ambient

N L . L_jL Sample size: 5 uL

1% H3PO4 in 10% acetonitrile solution is used on SB columns

0.5 % H3PO4 in 10% acetonitrile solution can be used for endcapped columns
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Guidelines for Improved Peak Shape

« Select columns based on high purity fully hydroxylated silica such as InfinityLab Poroshell line of
columns as well as ZORBAX Eclipse Plus, StableBond, Eclipse XDB, Bonus-RP and Extend-C18

« Select double or triple endcapped columns for mid pH or difficult basic compounds

« Select special bonded phases (InfinityLab Poroshell 120 HPH, ZORBAX Bonus-RP, ZORBAX
Extend-C18) for better peak shape at mid and high pH

« Select wide-pore columns for high molecular weight analytes

« Use spring loaded fittings such as InfinityLab Quick Connect and Quick Turn together with
appropriate size connecting capillaries

« Use buffered low pH mobile phases to reduce secondary interactions
« Use 20 — 50 mM buffered mobile phases at every pH

« Use mobile phase additives when needed

« Do sample cleanup

« Check sample solvent and its strength

« Use optimized flow rate and data collection rate
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Resources for Support

« Agilent University http://www.agilent.com/crosslab/university

« Tech support http://www.agilent.com/chem/techsupport

Agilent
UNIVERSITY

* Resource page http://www.agilent.com/chem/agilentresources
— Quick reference guides
— Catalogs, column user guides
— Online selection tools, how-to videos

* InfinityLab LC Supplies catalog (5991-8031EN)

« LC handbook (5990-7595EN)

« Best Practices for using an Agilent LC system (01200-90090)
 LC Troubleshooting poster (5994-0709EN)

* Your local FSE and Specialists

* Youtube — Agilent Channel (maintenance videos)

« Agilent service contracts

July 13, 2020 Don't Lose It: Getting Your Peaks in Shape DE 5085069444 Agilent


http://www.agilent.com/crosslab/university
http://www.agilent.com/chem/techsupport
http://www.agilent.com/chem/agilentresources
http://www.agilent.com/cs/library/catalogs/public/InfinityLab_5991-8031EN_Catalog_LR.pdf
https://www.agilent.com/cs/library/primers/Public/LC-Handbook-Complete-2.pdf
https://www.agilent.com/cs/library/usermanuals/public/BestPractice_en.pdf
https://www.agilent.com/cs/library/posters/public/5994-0709EN-poster-LC-troubleshooting-agilent.pdf
https://www.youtube.com/user/agilent

Contact Agilent Chemistries and Supplies Technical Support

1-800-227-9770 Option 3, Option 3:
Option 1 for GC and GC/MS columns and supplies
Option 2 for LC and LC/MS columns and supplies

Option 3 for sample preparation, filtration and QUEChERS
Option 4 for spectroscopy supplies

Option 5 for chemical standards

Available in the USA & Canada 8-5 all time zones

gc-column-support@aagilent.com

Ic-column-support@agilent.com

spp-support@aqgilent.com

spectro-supplies-support@agilent.com

chem-standards-support@aaqgilent.com

advancebio.glycan@Agilent.com

WebChat: product pages of agilent.com
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Appendix
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Column Cleaning Procedure for Reversed Phase Columns

Flush with stronger solvents than your mobile phase

Reversed-Phase Solvent Choices
in Order of Increasing Strength

* Mobile phase without buffer salts
* 100% Methanol

* 100% Acetonitrile

* 75% Acetonitrile:25% Isopropanol
* 100% Isopropanol

* 100% Methylene Chloride*

* 100% Hexane*

Use at least 10 column volumes of each solvent for analytical columns

*When using either Hexane or Methylene Chloride the column must be flushed
with Isopropanol before returning to your reversed-phase mobile phase.

July 13, 2020 Don’t Lose It: Getting Your Peaks in Shape

DE 5085069444 3% Agilent



