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Introduction

This technical note will describe the two dimensional optimization of gradient and temperature
using ACD/LC Simulator*. You will learn how to open data files, process the data (perform peak
picking and peak matching), check and edit HPLC parameters, push data to LC Simulator, build a
model, and choose the next run. We will also compare the predicted chromatogram with the
experimental chromatogram.

This example data set consists of four LC/UV data files containing nine components of interest.
The gradient is 5-95% B over 5 and 15 minutes and each gradient was acquired at 30°C and
60°C. The file names reflect the time and temperature of the experiment.

Opening the Data Files

=t
1. On the far right of the General Toolbar, select Full and New Window Mode Ifl .

2. From the General Toolbar, select Open/Import E? . In the Import dialog box, navigate to
the location of the example data files listed below. Select them and click Open.

30deg_5min_DAD.esp
30deg_15min_DAD.esp
60deg_5min_DAD.esp
60deg_15min_DAD.esp

Processing the Data

1. To process all of the data files together, from the Windows menu, choose Select All. Notice
the data tabs are now yellow. The data file currently being viewed is orange.

30deg_5min_DAD.esp 30deg_15min_DAD.esp B0deg Smin_DAD. esp BE0deg_15min_DAD.esp

Note The colors of the tabs may vary depending on your screen or settings applied.

2. From the Operation toolbar, select Peak Matching Feak Matching  to enter peak
matching mode. Notice that the Operation toolbar changes depending on the mode you are
in.
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3. From the Operation toolbar, select Peak Matching Options Optians... to specify peak
picking and peak matching options to use for this data set.

4. Enter the following peak picking and peak matching parameters in the 2-D Peak Matching
Options dialog box and click OK.

2D-Peak Matching Options EI 2D-Peak Matching Options |z|

Peak Picking | Matching Peak Picking | Matching
Saolvent Separation Threshald: | 6.0 e Spectral Matching Accuracy: 1.0 E
Concentration Threshold (%) (0.00 2 Overload Signal Threshold (%) |35.00 3

Peak Quality Threzhold: 4.0

Uze Concentration
E stimated Pealk "idth [Min): |0.05 ] ] =
M aw Concentration ratio; 0.1 -

Yitual Separation: (1 gg = . ) )
i b4 Min Concentration ratio: 01 e

i inj |1.50 &
Dead Time (Min} > Matching score: (3 & | |75 & |%

Minirmum Wawve Length [nm]: | 22000 2

| ¢'EIK | ’ x Eancel] [ ? Help ] | Q/EIK | ’ x Eancel] [ ? Help

Note For detailed information about these parameters, refer to the Introduction to UV-
Mutual Automated Peak Matching (UV-MAP): How to Optimize the Input
Parameters® technical note found on our website at

| http://www.acdlabs.com/download/technotes/100/chrom/uv_peak_matching.pdf

5. From the Operation toolbar, select Match Selected Files Fun o apply the peak matching
settings. Notice that the peaks are now labeled and matched.

6. To take a closer look at the peak matching, select Show Manual Matching Window

tManual Matching A new Manual Matching window and a Components Spectra tab
appears.
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7. Inthe Manual Matching window, each file (or chromatogram) is represented as a line and
each component is represented as a dot on that line. A black dot represents a component
found in only one file. A blue dot represents a component found in more than one file but, not
in all of them. A green dot represents a component found in all files. In this example, C_07
and C_08 are blue dots meaning they are not found in all of the files. In the 30deg_5min
experiment, C_08 is not found and appears to co-elute with C_05. In the 60deg_5min
experiment, C_07 is not found and appears to co-elute with C_05 also.

. JE0den_1 Smin_DAD.esp

Manual Matching

. 30deq_Smin_DAD esp
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8. Inthe Components Spectra tab, you can view the spectra of the components. To do this,
click on a dot, the component is highlighted in red and the spectrum for that component is
displayed. To overlay several components spectra at once, hold down CTRL and click other
dots. To overlay all spectra at once for a given component across all files, hold down SHIFT
and click the dot.

Manual Matching

. .Bbdeg_Smin_DAD EER

:
.50y _1 Smin_DAD esp - )l

B
i .\Bbdeg_Smin_DAD EER

.-SDdeg_Emin_DAD.esp 30deg_15min_DAD.esp 60deq_Smin_DAD. esp ComponentsSpectra
_ZC-:- onentsSpectra
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9. When you are finished comparing the data files, close the Manual Matching window.

10. Click Accept Changes V’ to accept the changes and exit peak matching mode.
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Export TIC to ChromManager

So far, we have been working with LC/UV data files for processing. In order to transfer the data
to LC Simulator for optimization, we need to work with non-hyphenated data files (also referred to
as flat chromatograms).

1. From the Chromatogram menu, choose Export TIC to ChromManager. This will create a
new data file tab next to the selected data file with _TIC added to the file name.

30deg_5Smin_DAD.esp J0deg Amin_DAD TIC

2. Repeat this step for each data file.

3. Now, we no longer need the LC/UV data files and can close them. With one of the LC/UV
data files selected, from the File menu, choose Close.

4. Close all of the hyphenated data files leaving only the data files with _TIC in the file name
open.

30deg_Smin_DAD TIC 30deg_15min_DAD TIC B0deg Smin_DAD TIC B0deg_15min_DAD TIC

Editing HPLC Parameters

Before transferring this data to LC Simulator for optimization, we need to input the HPLC
parameters. Some of the parameters are pre-populated depending on the type of data and how
the data was imported. Certain parameters such as dwell volume, dead time, and flow rate are
required parameters for optimization.

1. From the General Toolbar, select Edit/Show Chromatogram Parameters @
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2. Input the following parameters in the HPLC Parameters dialog box:
Dwell Volume = 0.05 ml
Observed t0 = 0.2 min
Flow Rate = 0.5 ml/min
Temperature = 30°C or 60°C depending on which data file is selected

HPLC Parameters

Sample Data

Sample Mame: | =1 |

Injection Yolume: pl  Operator [dentify:

Irish tal D at
Inztrumental D ata Detector

MWame: |G13158 L
Sensitivity I:l
- (0.05

Dwel Yolume: it Comment | | [ Save ]

Time Constant: I:l sec Tz | T vl | Sum v|
Extracolumn Yolume: I:l ml 2 [y |2DB | ta |354 |nm
Elution D ata

Temperature: | 30 (s [ &* Mobile Phases ] ﬂ Laad

=] Save

Colurnn Parameters

Colurnn M arne: Obzerved t0: it = Load
Length: I:l cm Obzerved Pressure: psi W -
| | | —
Diameter: I:l cm at a Flow Rate of: ml/rnir

Particle Size: microns % Carbor:
Pore Diameter: nm Bonded Phase:
Plate Mumber: Chiral: L Endcapped: A
[ = Load l [ Save ] I W 0K l [ X Cancel ] [ ? Help l

3. Inthe HPLC Parameters dialog box, click Mobile Phases ’ &* Mobile Phases ]to input the
gradient program.

4. Inthe Mobile Phases dialog box, right-click in the Solvents box, and choose Add. Input 100
in the % column and Water in the Name column for Solvent A.
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5. Right click in the Buffers box, and choose Add. Input 0.1 M TFA as the Buffer for Solvent
A.

Mobile Phases X
Phasea
Solvents
S Marme s
100.000 Wigter
Buffers
Walue Linit MName =
o.10a | TF&
oH : | | [ Calculate. .. ]
Flows R ate as Constant I:I
[ ¢ Ok ] [ x Eancel] [ ? Help ]

6. Right-click on the Phase A tab and choose Add. The Phase B tab is added and the
Gradient Program box is displayed.

7. Onthe Phase B tab, in the Solvents box, input 100% ACN for Solvent B.

8. Right-click in the Gradient Program box and choose Add. Add two lines to the gradient
program box and input the gradient program. (5 or 15 minute gradient depending on the data
file that is selected.) Click OK to close the Mobile Phases dialog box.

Mobile Phases X
Phaze B
M | Gradient Prograr
Salvents Time ol FB S
%5 Mame = 0.000 | 95.000 S.000
100.000 AICK 5.000 5.000 95.000
Buffers
“alue Limit Marme =
oH: | | [ Calculate. .. ] W [ Automatically Correct Last Phase
Elowe Rate az Constant I:l
l o OK ] [ anncel] [ ‘? Help
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9. Click OK to close the HPLC Parameters dialog box.

10. Highlight the next data file and repeat these steps to enter the HPLC Parameters for the
other data files.

Transferring to LC Simulator/Building the Model

We are now ready to transfer this data to LC Simulator for optimization.

1. With all of the data files still selected, click on the first file.

LC
From the General Toolbar, select Transfer to LC Simulator A
In the Select Mode dialog box, select RP Gradient/Temperature.

4. All of the experiments are summarized in the RP Gradient/Temperature dialog box in the
Combined tab. Notice the holes in the table where C_07 and C_08 are not found. LC
Simulator excludes components from the model that are not found in all of the experiments.

5. Inordertoinclude C_07 and C_08 in the model, we have to manually input the retention time
in the table. As mentioned previously, (in number 8 of the Processing the Data section) C_07
and C_08 co-elute with C_05. Double-click in the empty cells and input the following
retention times:

7OND v L7 5.94 4.07 £.43
8 NO « C08 E.06 E.6E 3.99
6. Click OK.

7. The following Suggestion dialog box appears stating that we do not have an optimal method
with the current Suitability Options. Click Yes to start the optimal method generation
procedure and to change the Suitability Options.

K2 Suggestion X

For current Suitability Options no optimal methods have been found vet,
whanld yau like ta start optimal method generation procedure?

| Ly | | Ono |

[] Don't ask me again

Note If you do not see this message, it may be because your suitability options are
different. If the Suggestion box does not pop up, from the General Toolbar,

select Generate Optimal Methods Fiapiae .
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In the Generate Optimal Methods dialog box, you can specify certain limitations (such as
Temperature, % B, and Time) or have the program suggest them for you based on the
Suitability Options. We are going to specify the Suitability Options first and have the

software suggest these settings.

Generate Optimal Methods

Temperature

fom (0 %[t (100 |C
Salvent B
fru:um|5 $| t|:||1EIEI - |3
Tirne

Maximal |15 = | min

Increment Step | 0.2 = | min

Gradient

M aximum Steps |1

Maximal | 100 %/min

Increment Step |1 T

g Suggest

I X

Increment Step |1
Selection Criterion

Minirnal Suitability |1

Tolerance |1

III I 4

b a=irurm Count |5

# n Suitability
ﬁ O ptions. ..

In the Generate Optimal Methods dialog box, click on Suitability Options

Note The Suitability Coefficient is a numerical value from 0 to 1. Suitability is
calculated as the minimum or product of separate normalized criteria: resolution
(with robustness), run time, retention factor, and column stability parameters. For
each criterion, you can specify the desired and permissible interval of values.
Normalized criterion is equal to: 1 inside desired interval, 0 outside the permissible
interval, and is calculated linearly from 0 to 1 in other cases. On the resolution
map, the suitability is expressed through colors from red (0) to green (1).

# i Suitability
éﬂ"[lptiu:uns... .
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10. In the Suitability Options dialog box, specify the following options. In this example, we are
calculating suitability as a product of resolution (minimal resolution is 1, suitable resolution is
greater than 1.8), run time (maximal run time is 15 minutes, suitable run time is less than 8
minutes), and retention factor (minimal k’ is 1, suitable k' is greater than 2) and have specified
acceptable intervals for each. Resolution and run time are the most important criteria for
suitability. If you specify the suitability options and optimal conditions cannot be found, you
probably need to change the criteria values for resolution or run time or both.

Suitability Options (RP Gradient/Temperature)
Suiktability

Comman Criteria | Colurnn Stability Criteria

Calculate Suitability az Resolution

®) Product () Mirirmum ¢ Suitable Bz
of Mormalized Criteria: = Mirimal Bz
L& ssve. |

Carmmarn Critena
- Fobustness by Solvent B, %

Fiezolution
Fun Time Fobustness by Temperature, C

Retention Factar k]

Save..

Fun Time, min

1L

Colurnn Stahility Criteria Suitable Fun Time <
[ tG(0-100%) b asimal Fun Time = (15
[]5alvent B

[] Temperature [] Setup Limits in Proportion to Dead Time

Retention Eactor [k']
Critical £one

[ Show Critical Zone ¢ Sutable k
= Mirimal k'
P Help

11. Click OK in the Suitability Options dialog box.

12. The following Question box appears, asking if we want to update the parameters in the
Generate Optimal Methods dialog box based on the Suitability Options we just specified,

click OK. (Clicking OK here is the same as choosing Suggest in the Generate

Optimal Methods dialog box.)

0 Would you like to update the parameters in the dialog with values
\-‘Q/ zuggested according to the current Suitability Optione?

| V’ (] | ’ x Ear‘u:el]

[] Don't ask me again

10
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13. Click OK in the Generate Optimal Methods dialog box.

14. The Generation Result dialog box appears and states that we have five methods found with
a suitability value of 1. Click OK and the resolution map is calculated.

Generation Result X

1 ) There are & method(z] faund with suitabilig 1.

Note If you want the program to find more than five methods, in the Generate Optimal
Methods dialog box, in Selection Criteria, increase the Maximum Count.

15. Those five methods and the original methods are displayed in the Table of Methods.

ACD/LC Simulator: Optimizations Window - [noname. lc7]
Fle Edit WView Mode Options Tools ACD/Labs Help

== R T ES O AR 1) = =

o ; Table of Methods Table Resolution | Gradient _Grad.Editer | | Experimental
D N B & | + ey Gradient Temp.,® of Feaks Editor  “FRes.Map =
LIl o L5 1 5f - % sssaemn 30 100
2 1= =6 | [ 5.358 (15 min) 30
3 * 0 5-958 (5 min) B0 a0
4 ; e
b 4 0693 5-958 (15 min) =11 .
e o
1 5.318 (15 min) 4 | 5
-1 e - m GO
=1 | .2 1 5.378 (15 min) 41 2
1 : B (15 min)
Temperature | |41 T . . & a4
- %‘? 1 5-94B (15 min) 41 £
P A 1 25-258 (0 min) W 2
Suitability | = .
5% Product of normalized -
Resolution | RN
un Time | [T A
¥ _ £ | > Solvent B, %
Min. B | 1.87 (3, 4 peak: T -
Run Time | 7.54 min poogy 4 SUMaos - s5e
Min. k' | 1211 peak] 3
00008 3
Peak M | 3 3 4
MName | C_03 00005 3 ¥ "
iR | 453 min E 21 -
k| 2195 00008 4 ! [7

Wwidth | 0.06 min 3 1 re 97
As 167 00003
Fre Rs/PostRs | 3711/1.92 E 8
Flate W | E7059 D000z
Flow Rate | 0.5 ml/min ~ | poooq 3
Solvent Used | 377 ml 3
Pressure %

LIS S AR S Ml LAY LAA) AL LA SRS MY Lkl Rk L) ML) AR LA LAAME LA LA
] oA 1.0 15 2.0 28 20 245 40 4.5 5.0 548 6.0 65 7.0 748 20

Data Input

Time, min
0456 Rs: 158 RP GradiertTemperature

1-ChemSketch j—Histury 4-Spechdanager 5-Database B-GC Sim

11
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Choosing the Next Run

The model has been created and now we need to determine which method to choose for our next
run. If you click on each new method in the Table of Methods, the resolution map,
chromatogram and other parameters (min Rs, run time, and min k’, etc.) are recalculated for each
method. We can choose any of the five methods since they all have a suitability value of 1. For
this example, choose the following method: 5-96 %B in 15 minutes at 41°C.

E2 ACD/LC Simulator: Optimizations Window - [noname. lc7]
Fle Edit Yiew [Mode Options Tooks ACD/sbs Help

| = | A5 o | b e +  Rs g oz Generate
g MODE f}‘}{, _|J_L _LJUL —N.: il '&Bé: fé Ei N\'Ill'n é\'h'- @ f/‘g Iﬁ Methods =
- - Table of Methods Tahle Resolution | Gradient _Grad.Editor | | Experimental
Mo, Time, min % B =~ + it Gradient Temp,®c | of Peaks tap Editar Bes. Map Foints | =
I;' @ = 0693 5-958 (15 min) =11 100
(=) 3
] S-8958 (S min) a0 e 208
3 _ a B0 1.85
. * 0 5-858 (15 min) 3 H . 162
3 ; -] )
- e 0 §-958 (5 min) &0 g ; 128
. 2 1 5-918 (15 min) 4 g an 1.16
a% 1 5-978 (15 min) 4 £ 0.93
i 5958 (15 min) 20
TenperEe 4 T % 1 5-96B (15 min) 2 0.569
T 1 2-948 (15 min) H = 0.6
Suitability 1 & b 1 25-258 (0 min) 50 20 a0 &0 20 0.23
" 0.00
a5 Product of nomalized ML > Solvent B, %
Resolutian 1 000078 L SUM 206 - 254
Run Time 1 PO
K 1 1T

0.00050 2 '| 5 =}
Min. Rs | 1.87 [3. 4 peak: 1[?1 B o
Fun Time | 7.54 min i
Min k' | 1211 peak] 0.00025 ]
Peak M | 1 /\
Mame | C M b’ ;

Data Input

96; 41 Rs: 187 RP GradientTemperature

1-ChemSketch | 2-Optimizations | 3-Histary 4-Spectanager 5-Database B-GCSim

Predicted vs. Experimental Chromatograms

Now, let's compare the predicted chromatogram with the experimental chromatogram.

1. From the Edit menu, choose Copy to SpecManager. This will transfer the predicted
chromatogram that we have selected in ACD/LC Simulator to ACD/SpecManager’.

2. In SpecManager, open the EndResult.esp data file also provided with this technical note.

3. Onthe far right of the General Toolbar, select Tile view .
From the Windows menu, choose Select All.
5. From the Windows menu, choose Synchronize.

12
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Fle Edit Yiew Process Apalysic Tools Series Options  Windows ACD/abs Help
dH del daal a a kil |3 Zseatnz o B (W] &|& B @

SetMoise/Feaks PeakPicking Baseline Smoothing Integration  Deconwolution  Annotation Assignment | hatch _

Organizer...
=
MOMAMEDD o =
o
2o
0.0005 o A
L——. QI w O
===} o
1y =4 =
o 00004 [ o
(%]
g - A
=1
% 0.0003 |
o &)
i
0.0002
= .00
i
=
:0: 0 1 2 3 4 4 B 7 g 9 10 11 12 13 14 15 16 17
= Retertion Time (min)
o EndResult esp |
4000
o 3200
(%]
c
2 2400
7]
o
© 4500
@. g00
§ 0
£
= a 1 2 3 4 4 [} 7 g ] 10 11 12 13 14 15 16 17
Retertion Time {min
EndResult.esp HPLC 14.57 min 00005 Offget 0000 | min | pte

1-ChemSketch | 2-Processor | 3-Database 4-LC Sim  5-Elucidator

Conclusion

This technical note describes the workflow for gradient and temperature optimization using
ACD/LC Simulator. We started with four raw LC/UV data files and peak picked and matched the
data then transferred it to LC Simulator. Then, we built a model based on suitability criteria that
we specified and determined our next experiment. From the comparison of predicted vs.
experimental chromatograms, we can see that the end results from the gradient and temperature
optimization are accurate.
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