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Chapter 1 Introduction

1 Introduction

1.1 General Overview

The PHOEBUS application program is designed to assist the scientist in creating and preparing the
electrolyte to be used in a separation via capillary electrophoresis. It provides the following
information for electrolytic solutions at 25°C:

» chemical characteristics (pH, ionic composition, buffer capacity)
» electrical characteristics (conductivity, estimation of the current, electrical power)

» electrophoretic characteristics (mean electrophoretic mobilities of the co-ion and the
counter ion)

In addition, the application program is also an useful tool to determine the effect of changes
in the pH, the ionic strength or the concentration of one of the components when such
solutions are developed for other analytical methods such as liquid chromatography, ion
chromatography and titrimetry.

There are two general modes of operation in Capillary Electrophoresis:
» Detection by Direct Spectrometry (Section 1.2)

» Detection by Indirect Spectrometry (Section 1.3)

1.2 Detection by Direct Spectrometry

In many cases, the electrophoretic separation is performed using an electrolyte that does not
absorb at the wavelength that is used to detect the compounds of interest. When this mode is
used, a direct UV spectrometric detection is possible, with the wavelength set at the absorbance
maximum of the analyte(s).

The optimization of the electrophoretic separation depends on two physico-chemical parameters;
the ionic strength and the pH of the electrolyte. PHOEBUS can be used to describe how to make an
electrolyte with a pH and the ionic strength that is selected by the user.

1.3 Detection by Indirect Spectrometry

If the analyte does not absorb in the UV-visible region of the spectrum, an indirect spectrometric
detection is used. In this approach, the electrolyte contains an ion that includes a chromophoric
group and the spectrometric detector is set at the maximum absorbance wavelength of the ion.
This mode of detection is commonly used for the analysis of inorganic cations and anions in
capillary electrophoresis.
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Chapter 1 Introduction

The sensitivity of detection via an indirect spectrometric method can be optimized by varying the
pH and the concentration of the co-ion of the electrolyte. The application program can determine
the composition that will provide the desired pH and the concentration of the co-ion of the
electrolyte which are imposed by the user. In addition, the program allows for selection of the
chemical form under which the co-ion will be mainly present in the electrolyte so as to optimize the
transfer ratio.

In summary, the application program allows the user to select the pH and the concentration of an
ion of the electrolyte (in general the co-ion). As an alternative, the user can select the pH and the
concentration of one of the chemical forms of this ion (if imposed values have a chemical reality).

1.4 Comparing Calculated Results with Buffer Properties

PHOEBuUS employs a number of theoretical models which simulate inter-ionic interactions to assist
the analyst in the preparation of an electrolyte for capillary electrophoresis. It is strongly
recommended that the analyst checks the properties of the buffer generated by the application
program before the buffer is used since the buffer properties may differ slightly from calculations.
To ensure that the buffer meets the requirements of the separation, the following points should be
kept in mind:

» Calculations are based on physico-chemical parameters at 25°C (pKa, ionic product of
the water, electrophoretic mobility).

* Measure the pH at 25°C using a calibrated pH meter.

* Make certain that the concentrations of stock solutions are accurate. If the stability of
the stock solution is questionable, prepare a fresh solution.

» Verify that the correct value of pK, (the acidity constant) and the electrophoretic
mobilities are used. This latter physico-chemical parameter is frequently poorly defined.

1.5 Outline of the Manual
The manual includes the following information:

+ Software Installation (Chapter 2) - describes how to load the program on your
computer.

*» PHoEBuUS Overview (Chapter 3) - explains how the desired mode of operation of the
program is selected and describes how various system parameters are selected.

» Buffer Preparation - Fixed pH/lonic Strength (Chapter 4) - describes how the user
enters parameters to prepare a buffer with a fixed pH and ionic strength, and how the
characteristics of the buffer are reported.

» Buffer Preparation - Fixed pH/Concentration (Chapter 5) - describes how the user
enters parameters to prepare a buffer with a fixed pH and concentration of one of the
components, and how the characteristics of the buffer are reported.
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* lonic Composition of an Electrophoretic Buffer (Chapter 6) - describes how the
program can be used to describe the ionic composition of a buffer.

» Databases (Chapter 7) - discusses the nature of the lons database and the Buffer
database. It describes how the lons database can be edited.

Chapters 4-6 describe the three operating modes of the application program and include exercises
which serve to help the user become familiar with the program. Each chapter describes a specific
mode of operation. The reader will note that some material is repeated in the three chapters since
each mode of operation of the application program can be used on an independent basis.
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2 Software Installation

2.1 Computer Requirements

2.1.1 Minimum Configuration

Personal Computer with Pentium 90 MHz, 16 MB RAM, 5 MB of available hard-disk space,
Windows 9x operating system, graphics board with 256 color capability, quad-speed CD-ROM
drive.

2.1.2 Recommended Configuration

Personal Computer with Pentium Il 200 MHz or higher processor, 64 MB RAM, 10 MB of available
hard-disk space, Windows 9x operating system or higher, graphics board with 16 bits color
capability, quad-speed CD-ROM drive or higher, printing capacity.

2.2 Installation

2.2.1 Windows NT 4.0 — Windows 2000 Installation

To install the program on a computer with the Windows NT 4.0 — Windows 2000 Operating
System:

a) Log on to an Administrator Privileged Account.

b) Insert the compact disc PHOEBUS into the CD-ROM drive. The Setup program should
start automatically. If Setup does not start automatically, open Windows explorer, click
the CD-ROM drive icon, and then double-click Setup.exe.

c) The program will lead you through the installation. The default directory for the program
is “C:\Program Files\Phoebus”. If that is acceptable, click on the large button in the
upper left corner of the setup window (Figure 2-1). To select another directory, click on
the Change directory button and enter the desired directory.
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PHoEBuS Setup

¥Z PHoEBuUS Setup

Beqgin the inztallation by clicking the button below,

Click thiz buttorn to inztall PHoEBUS software to the specified destination
— directany.

Drirechary:
{E:'&F‘ragram FilezyPHoEB LS, Change Directony

Exit Setup

Figure 2-1: The Setup Window

d) At the conclusion of the installation process, a message will indicate that the installation
was successful. Click OK in the installation message box to acknowledge that the
program was installed. An icon for PHOEBUS will be presented on the display and may
be copied as a shortcut on the desktop.

2.2.2 Windows 9x (or Millenium) Installation

To install the program on a computer with the Windows 9x Operating System:

a) Insert the compact disc PHOEBUS into the CD-ROM drive. The Setup program should
start automatically. If Setup does not start automatically, open Windows explorer, click
the CD-ROM drive icon, and then double-click Setup.exe.

b) The program will lead you through the installation. The default directory for the program
is “C:\Program Files\Phoebus”. If that is acceptable, click on the large button in the
upper left corner of the setup window (Figure 2-1). To select another directory, click on
the Change directory button and enter the desired directory.

c) At the conclusion of the installation process, a message will indicate that the installation
was successful. Click OK in the installation message box to acknowledge that the
program was installed. An icon for PHOEBUS will be presented on the display and may
be copied as a shortcut on the desktop.

2.3 Register your copy of PHOEBUS

The first time you attempt to run PHOEBuUS on a particular machine you must register the
installation using the process described below:

Note: PHOEBUS registration is machine specific. You must register PHOEBuUS on the
machine on which it is to be used.
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In order to register you will need to :

- report the Serial Number of your copy of PHOEBUS in the Registration dialogue box (Figure 2-
2). This Serial Number should be in the CD-ROM box.

- Complete the registration form named Registration_form.pdf. This file is located in the directory
where PHOEBUS has been installed (e.g. “C:\Program Files\Phoebus\"). Both the Registration
and the Serial Numbers must be also reported in the form. These Numbers can be copied and
pasted from the Registration dialogue box.

- Fax the completed Registration form to Analis.

PHoEBuS - Registration Step |

Y'ou must register to be able to use FHoEBuS.

Registration Number : | OPNP-VZHD
Sernial Number : I [supplied in the CD-ROM box)

I wWARNING: Registration is machine specific 1l

To obtain vour walidation code, complete the registration form : Fieqistration form. pdf
[located in the directory where PHoEBUS has been inztalled]
Dan't forget to report the above registration and serial numbersz.

Then gend the form by fax to Analis; Fax: ++ 32[0) 81 23 07 79

After vour zupplied information haz been checked pou will be given a walidation code.
|h caze of problem with the regiztration step, pleaze contact Analiz
either by phone : ++ 32(01 81 25 50 50 or by email :  ceofiwimanalis.be

Validation Code : I

Submit | LCancel |

Figure 2-2: The Registration dialogue box

A Validation Code will be promptly issued to you. To complete your registration you must enter this
Validation Code in the space provided at the bottom of the Registration dialogue box (Figure 2-2)
and click on the "Submit" button. Then if the Validation Code you have provided is correct, the
main PHOEBUS program starts and the Registration dialogue box will never appear.
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3 PHoEBUS Overview

3.1 Key Steps

In this chapter we describe:

Selection of the working program (Section 3.2)

Setting a variety of system options (Section 3.3)

How buffers are described in the program (Section 3.4)

- The general layout of the window used in the program (Section 3.5)

3.2 Selection of the Working Program

The main menu of PHOEBUS indicates the three modes of operation of the application program.

Select the radio button for the desired mode and click on Execute | The user can obtain
detailed information about familiarize to the finality of each program by clicking on Help |

PHoEBuUS - General menu

PHoEBuUS

Yerzion 1.3

T kode
(@ Capillary electrophoreszis (I Liquid chromatography. titrimety

T wiorking program zelection

® 1. Preparation of a buffer at fixed pH and ionic strength Execute

(! 2. Preparation of a buffer at fixed pH and concentration Help

il

! 3. lonic composition of an electrophoretic buffer Quit

Figure 3-1:The Main Menu

Note: The program will not present the Main Menu when it is opened if a different
startup option has been selected as described in Section 3.3.6.
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3.3 Setting System Parameters and Options

3.3.1 Overview

The application program allows for selection of a number of parameters such as the way that the
activity coefficient is to be calculated and the printing options. After you have opened the desired
mode of operation, click on Parameters in the Menu drop down menu or click on to access the
dialog box that provides access to the various pages for selection of system parameters (Figure 3-
2). Many of the options described in this chapter are set when the program is installed and then are
changed only on a very infrequent basis.

Parameterz and options E

Printing O ptians I Startup Elpticunsl Compound managementl

| Calculation of &ctivity coefficient I E lectropharetic maokbiliby I Equiprent I

" Cormection mode of activity coefficient versus the onic strength
) no comection
C comection according to DEEYE -HUCKEL equation [ioniz strength 1 to 10 mmalA)
) comection according to GUMTELEERG equation [ionic strength 10 ta B0 mmal]
) comection according to D&YIES equation [ionic strength 60 to 500 mmol/)

(® automatic corection [recommended]

] 4 | Cancel | Help |

Figure 3-2: The Parameters and Options Dialog Box
Figure 3-2 presents the tab used to select the Correction Mode of Activity Coefficient Versus the

lonic Strength dialog box. The other dialog boxes are accessed by clicking on the appropriate tab.

3.3.2 Correction of the Activity Coefficient for the lonic Strength

The activity coefficient (a;) of an ion is a critical parameter in the various calculations provided by
the program. It is related to its concentration (C;) by the expression shown in equation 3-1:

a =v.G 3-1
where vy is the ionic activity coefficient of the ion i.
The program allows the user to select the mode of calculation of the ionic activity coefficient at 25°
C according to the ionic strength (1) as shown in Figure 3-2. A detailed discussion of the various
approaches is presented in Appendix A2-1.

The choices provided in Figure 3-2 are:

a) no correction - the calculation is made with the assumption that the ionic activity
coefficient is independent of the ionic strength.

b) correction according to DEBYE- HUCKEL equation (ionic strength 1-10 mmol/l)
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c) correction according to GUNTELBERG equation (ionic strength 10-60 mmol/l)
d) correction according to DAVIES equation (ionic strength 60-500 mmol/Il)
e) automatic correction (recommended).

In most instances, the automatic correction option should be selected. In this mode, the activity
coefficient will be calculated via the Debye-Hickel equation if the ionic strength is less than 10
mmol/l, by the Glntelberg equation if the ionic strength is between 10 and 60 mmol/l and by the
Davies equation if the ionic strength is between 60 and 500 mmol/l.

The default mode is automatic correction.

3.3.3 Variation of the Electrophoretic Mobility Versus the lonic Strength

Two models are commonly used to describe the dependence of the electrophoretic mobility me(i)
of the ion (i) with the ionic strength | of the electrolyte at 25 °C, the Friedl model and the Debye-
Huckel model.

The default selection is the Friedl model. If desired, the user can select the Debye-Hiickel model or
no correction via the Correction mode of Electrophoretic mobility versus the ionic strength tab
(Figure 3-3). This dialog box is accessed by clicking on the Electrophoretic Mobility tab when the
Correction mode of activity coefficient versus the ionic strength dialog box (Figure 3-2) is
presented. A detailed discussion of the theoretical background of the models is presented in
Appendix A2.2.

Parameterz and options E

Printing O ptians | Startup Elpticunsl Compound managementl

Calculation of Activity coefficient | Electiophoretic mability I Equiprnent I

" Cormection mode of electrophonc mobility versus the 1onic strength

1 na conection
C comection according to DEEYE-HUCKEL equation

(® comection according to FRIEDL equation

] 4 | Cancel | Help |

Figure 3-3: The Electrophoretic Mobility Tab

3.3.4 The Equipment Tab

PHOEBuUS provides two general approaches for estimation of the conductimetric constant,
automated determination and standardization of the system. These approaches are presented on
the Equipment tab of the Parameters and options dialog box (Figure 3-4) which is accessed by
clicking on the Equipment tab on the Parameters and options dialog box.
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Parameters and optiong

Printing O ptionz | Startup Dptiu:unsl Compound managementl

Calculation of Activity cuefficientl Electropharetic makility  E quipment |

—Actual parameters
Instrument 1 j Caolumn diarmeter |75 *| um

i 0 Il length -
Conductimetric constant 735 -1 el a7 il

Calculation of conductirmetic conztant with 20 rmmald| E.Cl

e || IIMLSH| e
Current I21 s

k. | Cancel | | Help |

Figure 3-4: The Equipment Tab
a) Automated Determination of the Conductimetric Constant

If you choose this option, click on the down arrow by the instrument field and select the system that
you are using (up to five can be entered), enter the column diameter (in um) and the capillary
length (in cm), then press . The conductimetric constant of the system (in pm ™) will be
automatically calculated and can be viewed by opening the dialog box again.

b) Experimental Determination of the Conductimetric Constant

If the dimensions of the capillary column are unknown or badly defined, the program
allows to determine the conductimetric constant of the electrophoretic system. To
determine the conductimetric constant of the system:

1) Fill the capillary with a 20 mmol/l KCI solution and apply a moderate voltage
(e.g. 10 kV).

2) Read the value of the current and enter the observed values of the voltage (kV)
and the current (UA) in the appropriate fields in Figure 3-4.

3) Click on = 5tandardize |to calculate the conductimetric constant (in pm ™) of the

electrophoretic system, then click on to store the value.

3.3.5 Printing Options

The program allows the user to select the parameters that should be included in the printed report.
To access the Printing options tab (Figure 3-5), click on the Printing Options tab on the Parameters
and Options dialog box.
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Parameters and oplions

Calculation of Activiby u:u:ueffiu:ientl Electrophoretic: mobility l E quipment l
Frinting O ptions l Startup Elptinns] Compound management]

Pnnting resultz selection

v ielectical parameters

s:'g.{.,

v chemical compozition \/

v electiolyte preparation

k. | Cancel Help

Figure 3-5: The Printing Results Tab

The desired selection(s) can be made by clicking in the check box adjacent to each entry.

3.3.6 The Startup Options Tab

The Startup Options tab is provided to allow you to select the mode of operation that should be
presented when the program is powered up (Figure 3-6). To select the desired option, select the
appropriate radio button.

Parameters and options

Calculation af Activity coefficient | Electropharetic mability l E quiprnent l

Printing O ptions i Compound management]

Starting program selection
(% main menu
(! constitution of a buffer with fixed pH and ionic strength
() constitution of a buffer with imposed ph and concentration

() iohic composition of a buffer in capillany electphonesis

k. | Cancel Help

Figure 3-6: The Startup Options Selection Tab

Note: The General Menu, which is used to select other program options can be
accessed via the Return to general menu option on the Menu drop down menu.

PHoEBuUS Manual, December, 01. 3-5




Chapter 3 PHOEBuUS Overview

3.3.7 Compound Management

The Compound Management tab is provided for editing the buffers used in the program (Figure 3-
7).
Parameters and options

Calculation of Activity cuefficientl E lectropharetic mability I E quiprnent |

Frinting Optionz I Ctartup Option: - Compound managemment

"Hame

ACETIC ACID

lonlz]

acetate charge -1
;

k. | | Cancel | Help |

Figure 3-7: The Compound Management Tab

To delete a compound, highlight it and press the Delete button. The program will present a dialog
box for the user to verify the deleting of the entry.

3.4 Defining Buffers and Conventions for the Selection of Components
and lons

The user selects the buffer system in each of the three modes of operation of the program. This
section describe how a constituent of a buffer is selected and provides information about a few of
the acids, bases, salts and buffers that are commonly used in capillary electrophoresis.

Selection of a component of a buffer is performed via the components field (Figure 3-8) of each of
the working windows (e.g. the lonic Composition of an electrophoretic buffer at 25° C, which is
described in Chapter 4).

component 1 T component 2 i
" Hame
COMPOMENT 1 =]
|MAHZPD4 -
MAHS04
A HITRIC ACID

PHOSPHORIC ACID

POTASSIUM HYDROXIDE

FRIDINE 1
15001 ACETATE

Figure 3-8: The Component Field
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To select the component to be used, use the scroll bar to view the component name, and click on
it. The field will present the number of ions, the hames of the ions and their charge as shown in
Figure 3-9.

component 1 T compohent 2 i

"Mame
SODIUM BORATE j

number of 1on(z] in thiz component |2 "I

" lon[z]
(@ borate charge -1
w2 godium charge  +1

Figure 3-9: The Buffer Description

The following tables provide information for a few acids, bases and buffers that are used with the
program. To determine the information for others, simply click on the desired component in the
component field.

Note: It is not necessary to take H3O" or OH into account when entering the
reagents in the program.

Acid Number of | Chemical Name | Nature of |lonic Charge in the
lons of the lon the lon* Compound
HCOOH 1 formate A -1
H,SO, 1 sulfate A -2
H;PO, 1 phosphate A -3
Base Number of | Chemical Name | Nature of |lonic Chargein the
lons of the lon the lon* Compound
NaOH 1 sodium C +1
Ba(OH), 1 barium C +2
Imidazole 1 imidazolium C +1
TRIS 1 Tris C +1
Salt Number of | Chemical Name | Nature of |lonic Charge in the
lons of the lon the lon* Compound
Na,HPO, 2 sodium C +1
phosphate A -2
NaH,PO, 2 sodium C +1
phosphate A -1
Na,B,O-, 2 sodium C +1
tetraborate A -2
TRIS-HCI 2 Tris C +1
chloride A -1
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Biological | Number | Number of Number of | Nature of | lonic Charge in
Buffer of lons | Acid Groups Basic the lon* | the Compound
Groups
MES 1 1 1 Z -
Aspartic 1 2 1 Z -
Acid
Histidine 1 1 2 Z -
ADA 1 2 2 YA -

* A: anion; C: cation; Z: zwitterion.

3.5 The Operational Window

There are three modes of operation in the program which are selected from the main window
(Figure 3-1). When you select a working program, the monitor will present a window like that
shown in Figure 3-10.

PHoEBuS - Preparation of a buffer at fixed pH and ionic strength [25°C)
Menu  Buffer Help

Bl

- DHI—

component 1 T componeht 2 ) ionic strength I rnrnal /|
' Name " lon zelection
|COMPONENT 1 | _ _ —
| anion I | cation I | Zwitternon I
number of ion(z] in thiz component I'I 'I I acelate
" lon[s
@1[ ) charge charge in the component I-'I vI

iz charge || <<| £ m > |>>| Select |

Barnmoteny 1 Chesieal compodion | P st 1 B ]
Buffer I'I'.lDb.I|It_'r' — Yoltage 15 x| kv
loric st th - cationiz I )
onic streng | rnrnal /| - Colurnn diameter | 50 L
- ahiahic |
Dwverall length | a7 =1]]

Conductivity I mS om Estimate |
Buffer capacity I mmal/l.pH | rgtrumment 1 I_ et I_ it

Figure 3-10: The Preparation of a Buffer at Fixed pH and lonic Strength Dialog Box

The dialog box consists of two regions; a Components region in which the components of the
buffer are defined and a Results region which presents the data.
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The button bar on top of the window contains the tools used to execute a command, as follows:

e Return to the main menu E Reset and erase all data entries to
perform a new calculation

=l Open the database
E Calculate
Access a list of buffers for
spectrometric detection = Print

E1  Access the parameters and options tab

Commands on the drop down menus on the menu bar are directly equivalent to the buttons on the
button bar. As an example, the Menu drop down menu includes:

Back to main menu

Database of ions

List of buffers

Parameters

Quit (shuts the program down)
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4 Buffer Preparation - Fixed pH/lonic Strength

4.1 Overview
The optimization of an electrophoretic separation depends on two physico-chemical parameters,
the ionic strength and the pH of the buffer. The PHOEBUS application program is designed to aid in
the preparation of a buffer containing two components for which the user has selected the pH and
ionic strength. In addition, the program can be used to predict the chemical, electrical and
electrophoretic parameters of the buffer.
The optimization of the separation involves:

» the variation of the resolution versus the pH at constant ionic strength

» the variation of the resolution versus the ionic strength at constant pH.

In this chapter, we will describe the preparation of a buffer using at a fixed pH and ionic strength.
The general approach will be to lead the reader through each step in the process.

4.2 Preparation of a Phosphoric Acid/Sodium Hydroxide Buffer

PHoEBuS - Preparation of a buffer at fixed pH and ionic strength [25°C)
Butfer  Help

HOE L = = —0
- pH [

component 1 1 component 2 ) ionic strength I rarmol|

" Hame " lon selection

II:E”'\“”:.DNENT1 j | anion I | cation I | zwitterion I
_ hurnber of ion(z] in this compaonent IG I acetate

gn1[s] charge charge in the component m

(@ charge || <<| £ m » |}}| Select |

P ameiey T [ bmrinal Lol T E T % e y
Buifer "'?':'b_'“ti' — | Voltage 15 Y
lanic strength I - cationie | .
d el - Colurit diarneter | 50 L
- ahiohic |
Overall length | Ry M

Conductivity I m3/om E ztimate |
Buffer capacity | mmol . pH |hstrument 1 I— L, I— i

Figure 4-1: The Preparation of a Buffer at Fixed pH and lonic Strength Dialog Box
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4.2.1 Preparation of a Buffer at Fixed pH and lonic Strength Dialog Box

The dialog box that is presented when the Preparation of a buffer at fixed pH and ionic strength
selection is made on the main window is shown in Figure 4-1.

This exercise will generate a Phosphoric Acid/Sodium Hydroxide buffer, which is commonly used
for the chiral separation of a basic drug via capillary electrophoresis with detection by a direct UV
absorption measurement.

4.2.2 Entering Data

The following steps should be used to enter the data:

a) Click on the down arrow adjacent to the Name field, use the scroll bar to access
Phosphoric Acid and click on it. The component 1 region will indicate 1 for the number
of ions in this component and the ion 1 radio button will be activated with the legend
phosphate and a charge of -3 will be indicated.

b) If phosphoric acid is not included in the list of components, enter the name and click on
the button in the lon selection region of the dialog box.

ION to access phosphate in the field. (The >

button selects the next anion in the list, the < button selects the previous anion in the
list, << button accesses the first anion in the list, while the >> selects the last anion in
the list). After you have selected phosphate, the field should appear as shown in Figure
4-2. Click on = 5elect |

Use the arrow keys by

" lon zelection

| anion || cation || zwitteriunl
| phozphate

charge in the componhent |-3 vI

> | >>| Select I

Figure 4-2: The lon Selection Field

c) Repeat steps a-b for the second component in the buffer, Sodium Hydroxide. The
cation to be selected is Sodium and the charge is + 1.

d) Indicate the pH of the buffer. For this example, we will use 2.5.

Note: The useful range of the pH in capillary electrophoresis is between 1.0 and
13.0. The application program will not accept values outside these limits.

e) Indicate the ionic strength of the buffer (in mmol/l). For this example, we will use 50.
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Note: The useful range of ionic strength in capillary electrophoresis is between 1
and 150 mmol/l. If the ionic strength is less than 1 mmol/l, it is likely that noisy
electropherograms will be observed. If the value is greater than 150 mmol/l the
required power dissipation is greater than the thermoregulation capacity of the
instrument. The application program will not accept values outside these limits.

f) Verify that the calculation mode for the ionic activity coefficient is correct (Section
3.3.1). For this exercise, either GUNTELBERG correction or automatic correction is
acceptable.

presented in the lower half of the screen, as discussed in Section 4.3.3.

Note: If the message "This electrolyte cannot be made !"is presented, the
application program cannot generate a buffer with the indicated pH and ionic
strength (for example, a Phosphoric Acid/Sodium Hydroxide buffer cannot be
created at pH =2 and an ionic strength of 10 mmol/l).

4.2.3 Results

The results part of the dialog box (Figure 4-3) includes four tabs which describe:
» the electrophoretic characteristics of the buffer (Section 4.2.3.1)
» the chemical composition of the buffer (Section 4.2.3.2)
* how to prepare the buffer (Section 4.2.3.3)

a field to save data in the database. This topic is discussed in Chapter 7.

4.2.3.1 The Parameter Tab

The Parameter tab (Figure 4-3) presents a variety of electrophoretic and electrical
parameters of the buffer.

Parameters T Chemical composition | Preparation [ Save
Buffer mobility———— Voltage 15 -1 Ky
i s [G00 el { s[5 Commdanis [Ty
. - - - ahiohic: =
s S e Ovealingh [ am
eguation Conductivity 463 mS/om Estimate |
Buffer capacity | 38.4  mmol/l.pH Instument 1 [ 24 pa [358 mw

Figure 4-3: The Results Field
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The parameter tab includes:

» the buffer capacity (mmol/l.pH) indicates the ability of the buffer to counteract the
change in the pH. If the buffer capacity of the indicated buffer is small (<5 mmol/l.pH),
the reported value will be indicated in red. This would suggest that the user might
consider using a different buffer to maintain sufficient pH control to provide better
repeatability and reproducibility in capillary electrophoresis.

» the electrical conductivity of the buffer (mS/cm).

» the mean electrophoretic mobilities of the anion and the cation of the buffer are
. -5 2
expressed in 10 cm /V.s.

» the electrical current (nA). The maximum current threshold has been fixed arbitrarily to
100 pA. If the current is greater than 100 pA, a warning message will be presented on
the screen to alert the user to select a buffer with a lower conductivity.

» the generated electrical power (mW).

The column length and diameter are set via the Parameters and Options window (Section 3.3.4).
The user can change the voltage (kV) and click on Estimate | to determine the power

dissipation at various voltages.

4.2.3.2 The Chemical Composition Tab

The Chemical Composition tab (Figure 4-4) presents a detailed description of the chemical
composition of the buffer and indicates the concentration, apparent charge and activity coefficient
of each of the various ionic forms (e.g. Hz:A, H,A etc.). As an example, the apparent charge of
phosphate is equal to -0.75 on the example in Figure 4-4.

Parameters ] Chemical composition | Preparation 1 Save
Componert Chemical compound Charge | Achwity coefficient | Concenbration [rmol/(]f
PHOSPHORIC ACID - phozphate -0.75 B7.039 s

H3a n 1.000 17,043
H24[- -1 0810 49,994
HA[2-] -2 0,431 1,88E-3
A3 -3 0151 81EE-13
SODIUM HYDROXIDE - zodium 1.00 4E,095
Nal+] 1 0810 4E,095 -

Figure 4-4: The Chemical Composition Tab

4.2.3.3 The Preparation Tab

The Preparation Tab presents information about how the buffer is prepared (Figure 4-5). The user
can select the concentration (mmol/l) of each of the stock solution and the desired volume (ml) of
the buffer via the appropriate fields.
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Parameters T Chermical compogition T Preparation T Save )
wolurne |1 0o - I il I FHOSPHORIC ACID j stock zalution |'| ooo - I rarriol|
COMPOMEMNT mole number | concentration in concentration in wolumne of

[rannal] biffer (ol /] stack zolution [mmaldl) | stock salution [ml]
PHOSPHORIC ACID 670 E7.04 1000 B.70
SO0IUM HYDROXIDE 461 46.10 1000 41

Figure 4-5: The Preparation Tab

As an example, if one adds 6.70 ml of phosphoric acid stock solution and 4.61 ml of 1 M NaOH
stock solution and sufficient water to dilute to 100 ml (at 25 °C), the desired phosphoric
acid/sodium hydroxide buffer will be generated (with a pH of 2.5 and ionic strength of 50 mmol/l).

If a buffer cannot be prepared from the available stock solutions (e.g. a 1 mmol/l stock solution of
sodium hydroxide was used), the legend Too Dilute will be indicated in the volume of stock
solution field for the base.

If you want to change the concentration of the stock solution for the generation of the buffer, select
the component via the drop down menu (in the center of the Results area), then enter the desired
value in the stock solution field. As an example, if you wanted to use an NaOH stock solution
containing 500 mmol/l, click on the down arrow adjacent to Phosphoric Acid to access a list of all
species, click on Sodium Hydroxide and then enter 500 in the stock solution field.

Click on to print results. The display will present a dialog box which is used to enter the buffer

name. Enter the desired name and press OK (if a name is not desired, simply press OK). A typical
report is shown in Figure 4-6. The operator can enter the measured pH, the estimated current, the
date of buffer preparation on the report in the appropriate locations.

For the preparation of an other phosphoric acid-sodium hydroxide buffer having a similar ionic

For the preparation of an other phosphoric acid-sodium hydroxide buffer having a similar pH (2.5)
but a different ionic strength, modify the value of the ionic strength then click onE.
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at pH 2.50 and 50.00 mmol/l lonic strength - 25°C

- Estimated pH 2.500

CHEMICAL COMPOSITION OF BUFFER

Apparent charge of ion

Date of buffer preparation: by:

PHOEBus Software - OPTION 1

10/30/97 at 7:38:16 AM

PREPARATION OF SODIUM HYDROXIDE / PHOSPHORIC ACID BUFFER

(measured pH: )

- Buffer capacity 38.4 mmol/l. pH
- Average cationic mobility ~ +73.5.1E-5 cm2/V.s
- Average anionic mobility ~ -25.4 .1E-5 cm2/V.s

Component Charge Activity coefficient’  Concentration (mmol/1)

- SODIUM HYDROXIDE,, 46.095
sodium ion 1.00 46.095
Na(+) 1 0.810 46.095
- PHOSPHORIC ACID 67.039
phosphate ion -0.75 67.039
H3A 0 1.000 17.043
H2A(- -1 0.810 49,994
HA(2- -2 0.431 1.88E-3
A(3-) -3 0.151 8.16E-13
BUFFER PREPARATION - Total volume: 100 mi
- SODIUM HYDROXIDE
Concentration of stock solution: 1000 mmol/1
Volume of stock solution: 4.61 mi
Mole number : 4.61 mmol
- PHOSPHORIC ACID
Concentration of stock solution: 1000 mmol/1
Volume of stock solution: 6.70 ml
Mole number: 6.70 mmol
ELECTRICAL PARAMETERS (Instrument 1)
- Column length 57 cm
- Column diameter 50 lim
- Applied voltage 15 v
- Conductivity 4.63 mS/cm
- Estimated current 24 pA (measured current: )
- Estimated power 359 mw

:*Calculation of activity coefficient according to GUNTELBERG equation.

Figure 4-6: A Typical Report
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4.3 Additional Exercises
In this section we will generate a buffer containing TRIS (Tris (hydroxymethyl)aminomethane or 2-
amino-2-(hydroxymethyl)-1,3-propanediol) and the MES (4-morpholino-ethanesulfonic acid). This
buffer is commonly used in the 5-9 pH range. The general approach is identical to that described
above. For the purpose of this exercise:

» Select TRIS as component 1.

* The number of ions field for TRIS should be set to 1 and the charge is +1.

» Select MES as component 2 (MES is a zwitterion, so the user should click on

and search with || <«<| < JLCN > [>> | until MES is presented).

* The number of ions field for MES should be set to 1 and the charge is O.

* Enter pH =8.

» Enter lonic Strength = 20 mmol/l.

The parameters, chemical composition and preparation tabs are shown in Figures 4-7 through
Figure 4-9, respectively.

Parameters 1 Chemical composition | Preparation 1 Save
Buffer mobility———— Valta Iﬁ o
0e -
2 I - cationic | 171
lonic strength | 20,00 mmal/ - - Calurnt diarmeter I 50 P
Calculation of activity coefficient " Anienie I -28.5
according to GLNTELBERG Ovesllength  [757 ~ em
equation Conductivity | 1.01 mSfom E stimate |
Bufter capacity | 19.8 mmal/l.pH Iristrment 1 ET 78 mw
Figure 4-7: The Parameters Tab - MES/TRIS Buffer
Parameters | Chemical composition | Preparation 1 Save ]
Component Chemical compournd Charge | Activity coefficient | Concentration [mmal/]{
TRIS - Triz 058 34.424 —
BH[+] 1 0.867 20,000
B 1] 1,000 14,424
MES -MES -0,33 20,233
MH3[+)-R-CO0OH 1 0.867 2.70E-13
MNH3[+]-R-CO0[- 1] 1,000 0234
MH2-R-CO0[-) -1 0867 19,999 -

Figure 4-8: The Chemical Composition Tab - MES/TRIS Buffer
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Parameters T Chemizal composition T Preparation T Save
wvolurme |'| ooo "’I rol ITFHS j stack solution |1 Q00 vI rrrrcl|
COMPOMEMT male number | concentration in concentration in wolume of
[mimol] buffer [mmoldl] | stock solution [mmel] | stock solution [mi)
TRIS 3456 3456 1000 3456
MES 2023 2023 1000 2023

Figure 4-9: The Parameters Tab - MES/TRIS Buffer

The data in Figures 4-7 to 4-9 are interpreted in the same fashion as discussed above. As an
example, if we want to prepare a pH = 8 MES/TRIS buffer with an ionic strength of 20 mmol/l,
using stock solutions containing 1000 mmol/l, we would add 20.23 ml of MES and 34.42 ml of

TRIS and dilute to 1000 ml.

Click on to print results.
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5 Buffer Preparation - Fixed pH/Concentration

5.1 Overview

The PHOEBUS application program is designed to aid in the preparation of a buffer containing two
components with a user selected pH and a fixed concentration for one of the components. The
program can be used to describe the electrophoretic properties of the buffer, how to prepare the
buffer and the composition of the buffer.

The optimization of the separation and the sensitivity of detection depends primarily on:
» the concentration of the chromophore co-ion at constant pH
» the buffer pH at constant co-ion concentration

In this chapter, we will describe the preparation of a buffer at a fixed pH and with a fixed
concentration of one of the components. This mode of calculation is commonly used when indirect
detection is employed (i.e. the compound of interest does not have a chromophoric group); typical
application is the analysis of inorganic ions via capillary electrophoresis. In this case, the
spectrometric detector is fixed at the maximum absorbance of the co-ion. The sensitivity of the
analysis is a function of the pH and the concentration of the co-ion.

The application program is designed to create a buffer containing two or three components in
which the pH and the concentration of the buffer co-ion (or the concentration of one of the chemical

forms of the co-ion) are fixed by the user. The general approach will be to lead the reader through
each step in the process.

5.2 Preparation of an Imidazole/Acetic Acid Buffer

5.2.1 The Preparation of a Buffer at Fixed pH and Concentration Dialog Box

The dialog box that is presented when the Preparation of a buffer at fixed pH and concentration
selection is made on the main window is shown in Figure 5-1.
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PHoEBuS - Preparation of a buffer at fixed pH and concentration [25°C] M= E3

Menu  Buffer Help

EBE @ O=E gl

number of component[z] |2 'I

component 1 T cormponent 2 T St ] pH 1« I < 13
" MHame " Concentration | lon zelection
IEDMPDNENT ! j I j | anion || cation || zwitterion I
numnber of ion(s] in this component |1 "’I I— — I acetate
1 Ij
@u;:[sl charge — - charge in the component  |-1 ™

ba be determine

iz charge || {{l £ m » |}}| Select |

P apnatag T b ool T Frapannn T Gapes
B uiff bilit
Liffer r:-:u .|I}' I_ Voltage mE = Y
lanic strength | I/ - catianic _
: e . Colurnt diarneter | A0 pm
- gnionic |—
Owerall length I? o1}

Conductivity | mS Ao E ztirnate |

Buffer capacity | rrnal#]. pH | sy | i

| ntrument 1

Figure 5-1: The Preparation of a Buffer at Fixed pH and Concentration Dialog Box

An Imidazole/Acetic Acid Buffer is commonly used for the separation of a mixture of inorganic
cations with indirect UV detection. The imidazolium ion absorbs strongly at 214 nm and has an
electrophoretic mobility that is similar to that of the inorganic cations that are commonly separated.
This buffer contains both the imidazolium ion and the acetate ion.

5.2.2 Entering Data

The following steps should be used to enter the data:

a) Click on the down arrow adjacent to the Name field, use the scroll bar to access
Imidazole and click on it. The component 1 field will indicate 1 for the number of ions in
this component and the ion 1 radio button will be activated with the legend imidazolium
and a charge of +1.

b) If the imidazole ion is not included in the list of components, enter the name and click
on the button in the lon selection region of the dialog box.

10N to access imidazolium in the field. (The

> button selects the next cation in the list, the < button selects the previous cation in the

list, the << button accesses the first anion in the list, while the >> button selects the last

cation in the list). The component field should appear as shown in Figure 5-2. Click on
Select | The component field should appear as shown in Figure 5-2.

c) Use the arrow keys by
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"Mame
[MIDAZOLE =]
number of ion(z] in thiz component I'I "’I
" lon[s]
=1 imidazolium charge +1
Oz charge

Figure 5-2: The lon Selection Field

Note: The user can select either the total concentration of imidazole or the
concentration of the imidazolium cation. When indirect detection is employed, the
concentration of the chromophore (the co-ion) has to be taken into account in the
process of optimizing the transfer ratio.

c) To fix the concentration of the imidazolium ion; click on the drop down arrow on the
concentration field and select BH*, then indicate the desired concentration. For the sake
of this exercise, enter 10 (mmol/l).

d) Repeat steps a-c for the second component in the buffer, Acetic Acid. Instead of
selecting a concentration for this reagent, click on the check box adjacent to to be
determined in the concentration region of the Components field.

e) Indicate the pH of the buffer. For this example, we will use 4.5.

Note: The useful pH range for capillary electrophoresis is between 1.0 and 13.0 and
the application program will not accept values outside these limits.

When the user fixes the concentration of a chemical form of the ion instead of the total
concentration, the suggested pH range of the buffer is indicated. In this example the
advisable pH range is between 1 and 8.15 for the imidazolium cation.

f) Verify that the calculation mode for the ionic activity coefficient is correct (Section
3.3.2). For this exercise, either GUNTELBERG correction or automatic correction is
acceptable.

g) Click on the @ icon on the menu bar to perform the calculation. The results are
presented in the lower half of the screen, as discussed in Section 4.3.3.

Note: If the message "This electrolyte cannot be made !"is presented, the
application program cannot generate a buffer with the indicated pH and
concentration.

5.2.3 Results
The Results part of the dialog box (Figure 5-3) includes four tabs which describe:
» the electrophoretic characteristics of the buffer (Section 5.2.3.1)

» the chemical composition of the buffer (Section 5.2.3.2)
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* how to prepare the buffer (Section 5.2.3.3)

» afield to save data in the database (Chapter 7)

5.2.3.1 The Parameter Tab

The Parameter presents variety of electrophoretic and electrical parameters of the buffer.

Parameters T Chemizal composition T Preparation T Sawve
Buffer rtr.uzub.lllt_l,l —— Voltage 15 Y
lonic strength | - catiomc | +524
SIS SENS 10.04 mmol| o Column diameter I ] LT
Calculation of activity coefficient - anienis I 16,1 Qverall length I? o

according to GUMTELBERG

equation Conduchvity 0.86 mS Ao E ztimnate: |
Bufter capacity | 15.0 rirnal/l.pH | 4 Ly | 66 mw

[ ntrument 1

Figure 5-3: The Results Field

The parameter tab includes the following information about the buffer:
» the ionic strength of the solution (mmol/l)

» the buffer capacity (mmol/l.pH) indicates the ability of the buffer to counteract the
change in the pH. If the buffer capacity of the indicated buffer is small (<5 mmol/l.pH),
the reported value will be indicated in red. This would suggest that the user might
consider using a different buffer to maintain sufficient pH control to provide better
repeatability and reproducibility in capillary electrophoresis.

» the electrical conductivity of the buffer (mS/cm).

» the mean electrophoretic mobilities of the anion and the cation of the buffer are
. -5 2
expressed in 10 cm /V.s.

» the electrical current (UA). The maximum current threshold has been fixed arbitrarily to
100 pA. If the current is greater than 100 pA, a warning message will be presented on
the display to alert the user to select another buffer that has a lower conductivity.

» the generated electrical power (mW).

The column length and diameter are set via the Parameters and Options window (Section 3.3.4).
The user can change the voltage and click on Estimate | to determine the power dissipation at

various voltages.

5.2.3.2 The Chemical Composition Tab

The Chemical Composition tab (Figure 5-4) presents a detailed description of the chemical
composition of the buffer and indicates the concentration, apparent charge and activity coefficient
of each of the various ionic forms (BH", B, HA, A etc.).
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Parameters | Chemical composition | Preparation 1 Save
Component Chemical compournd Charge | Activity coefficient | Concentration [rmal/]|
[MIDAZOLE - imidazolium 1.00 10,020

BHI+] 1 0,300 10,000

] 1] 1.000 0.020

ACETIC ACID - acetate -0,38 26,479
HA 1] 1.000 16.444

Al -1 0,300 10,035

Figure 5-4: The Chemical Composition Tab

5.2.3.3 The Preparation Tab

The Preparation Tab presents information about how the buffer is prepared (Figure 5-5). The user
can select the concentration of each of the stock solution and the desired volume of the buffer via
the appropriate fields.

Parameters T Chemical composition T Preparation T Save
vohme [100 =] ml [4CETICACID v|  stock solution [200 =] mmold
COMPOMEMT mole number | concentration in concentration in volurne of
[rmol] butfer [mmoldl] | stock solution [mmol/l) | stock solution [mi]
IMIDAZ0LE 1.00 1002 100 10.02
ACETIC ACID 263 26,33 200 1316

Figure 5-5: The Preparation Tab

As an example, at 25 °C, if one adds 10.02 ml of 0.1 M imidazole stock solution, 26.48 ml of 0.2 M
Acetic Acid stock solution and sufficient water to dilute to 100 ml, the desired buffer will be
generated with a pH of 4.5 and a final concentration of imidazolium cation equal to 10 mmol/l.

If a buffer cannot be prepared from the available stock solutions (e.g. a 1 mmol/l stock solution of
Imidazole was used, the legend too dilute will be presented in the volume of stock solution field for
the base).

If you want to change the concentration of the stock solution for the generation of the buffer, select
the component via the drop down menu (in the center of the Results area), then enter the desired
value in the stock solution field. As an example, if you wanted to use an Acetic Acid stock solution
containing

500 mmol/l, click on the down arrow adjacent to Imidazole (on the preparation tab) to access a list
of all species, click on Acetic Acid and then enter 500 in the stock solution field.

Click on [&H to print results. The display will present a dialog box which is used to enter the buffer
name. Enter the desired name and press OK (if a name is not desired, simply press OK). A typical
report is shown in Figure 5-6. The operator can enter the measured pH, the estimated current, the
date of buffer preparation on the report in the appropriate locations.
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For the preparation of an other imidazole-acetic acid with a pH of 4.5, but a different concentration

PHoEBus Software - OPTION 2
10/30/97 at 7:38:16 AM

PREPARATION OF IMIDAZOLE / ACETIC ACID BUFFER
at pH 4.5 and 10.020 mmol/l IMIDAZOLE (10.000 mmol/l imidazolium monocationic form) - 25 °C

- Estimated pH 4.5 (measured pH: )
- lonic strength 10.04 mmol/l
- Buffer capacity 15.0 mmol/l. pH

- Average cationic mobility ~ +52.9.1E-5 cm2/V.s
- Average anionic mobility ~ -16.1 .1E-5 cm2/V.s

CHEMICAL COMPOSITION OF BUFFER

Component Charge Activity coefficient”  Concentration (mmol/1)

- IMIDAZOLE . 10.020
imidazolium ion 1.00 10.020
BH(+) 1 0.900 10.000
B 0 1.000 0.020
- ACETIC ACID . 26.479
acetate ion -0.38 26.479
HA 0 1.000 16.444
A(-) -1 0.900 10.035
BUFFER PREPARATION - Total volume: 100 ml
- IMIDAZOLE
Concentration of stock solution: 100 mmol/1
Volume of stock solution: 10.02 ml
Mole number : 10.02 mmol
- ACETIC ACID
Concentration of stock solution: 200 mmol/1
Volume of stock solution: 13.24 ml
Mole number : 13.24 mmol

ELECTRICAL PARAMETERS (Instrument 1)

- Column length 57 cm

- Column diameter 50 pm

- Applied voltage 15 kv

- Conductivity 0.86 mS/cm

- Estimated current 4 pA (measured current: )
- Estimated power 66 mw

:kCalculation of activity coefficient according to GUNTELBERG equation.
apparent charge of ion.

Date of buffer preparation: by:

Figure 5-6: A Typical Report
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6 lonic Composition of an Electrophoretic Buffer

6.1 Overview

The ionic composition of an electrolyte routine of PHoEBUS is used to determine the following
information about a buffer when the chemical composition of the buffer is provided:

» chemical parameters such as pH, ionic composition, buffer capacity

» electrical parameters such as electrical conductivity, electrical current, generated
electrical power.

» electrophoretic parameters such as mean mobilities of the cation and the anion of the
buffer.
6.2 The lonic Composition of an Electrophoretic Buffer Dialog Box

When the ionic composition of an electrophoretic buffer option is selected on the main window, the
dialog box shown in Figure 6-1 is presented:

PHoEBWS - lonic composition of an electrophoretic buffer at 25°C
Menu  Buffer Help
Bl
[ number of component(z] (2 ~
component 1 T component 2 T LAt 3 T cotgrard 4 firal walume Iﬂ il
" Hame " Concentration | ||| - lon selection
IEEIMF'EINENT 1 j @ dizsolution = = ——
| anion I | cation I | Zwittenon I
; . I rrirnualf|
nurmber of ion(z] of thiz component I‘I TI I acetate
" lon(z] O dilution
@1 charge I ml charge in the component |-1 vI
Q2 charge Iﬁ rarnal/| || <<| £ m > | 2 | Select |
I
o mynndaiy T i T ]
pH I Buffer I'I'.ll:l|:l-i|i|:_',' Valkage m Y
Jerie siamE i I rirmol/| - Gationic I Colurmn diameter IT L
- anionic I
Overall length | T M
Conductivity | mS Azm E ztimnate: |
Buffer capacity I rrnaldl.pH |mstrurment 1 I_ i I_ it
| zelect the number of component[z] in the buffer

Figure 6-1: The lonic Composition of an Electrophoretic Buffer Dialog Box
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The upper portion of the dialog box is used to enter information about the buffer and the lower
portion presents the results of the calculations.

6.3 Determining the Properties of a Citric Acid/Sodium Citrate Buffer

6.3.1 Data Entry

The following steps should be used to enter the data:

a)

b)

d)

f)

Click on the down arrow adjacent to the name field, use the scroll bar to access Citric
Acid and click on it. The number of ions in this component field will indicate 1, the radio
button labeled 1 below lons will be selected and the adjacent line will indicate citrate,
with a charge of -3.

If citric acid is not present in the list of compounds, enter the name and click on

in the lon Selection region of the dialog box.

Use the arrow keys by || <<| < JIEZN > |>>| to access citrate in the field. (The >

button selects the next anion in the list, the < button selects the previous anion in the
list, << button accesses the first anion in the list, while the >> selects the last anion in
the list).

Click on | Select |

If the solution containing citric acid has been prepared by weighing, indicate its
concentration in the buffer. For this example, we will use 4 mmol/l.

The left side of the component window the component field should appear as shown in
Figure 6-2.

CDI’I’IDDﬂEﬂt 1 T CDI’I’IDDI"IEI"I'Z 2 T A A i T AR A A & i
THame T Concentrabion
|CITRIC ACID | | @ dissolution
|4 rarnal|
nurmber af ion(z] af thiz component I 1 - I

“lons) O dilution

@1 citrate charge -3 I il
Oz charge Iﬁ rirmol /]

Figure 6-2: The Citric Acid Component Field

As an alternative, the solution could be prepared by dilution of a stock solution. In this instance,
you would click to select the dilution radio button and indicate the concentration of the stock
solution (mmol/l), the appropriate volume (ml) and the final volume of the buffer (ml) on the right
side of the field. This approach is described in detail below.

9)

Click on the tab for the second component and select sodium citrate. There are two
ions to be considered with this reagent.

PHoEBuUS
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h) For the sodium cation, click on and search with || <«| < JECN > [>>] until the

sodium is presented. Make certain that the electrical charge of this cation is set to +1,
then click on  Select |

i) Click on the Figure 2 relative to the ion n°2 (citrate anion).

j) For the citrate anion, click on and search with I ION until the

citrate ion is presented . Then indicate its electrical charge in the component (-3 in our
example) then click on = Selest |

k) For this case, we will dilute a 60 ml of a stock solution containing (100 mmol/l for
sodium citrate) to a final volume of 1000 ml (Figure 6-3) .

number of component(z] (2 *

component 1 | component 2 T ST T st | firial walurme I'IEIEIEI vI i
"Mame [ Concentration ™ ||| - |on seleckion
SODIUM CITRATE = [ [
I J ? dissolution " | anion I | cation I | zwitterion I
L]

number of ion(z] ik thiz component |2 TI | citrate
- IDﬂ[S] @ dilution

1 i charge  +1 i charge in the component |-3 "I

IEEI
(O] citrate charge -3 |1EIIZI vI mrmal.| || <<| £ m ¥ |}>| Select I

Figure 6-3: The Citric Acid Window

) Verify that the calculation mode for the ionic activity coefficient is correct (Section
3.3.2). For this exercise, either GUNTELBERG correction or automatic correction is
acceptable.

presented in the lower half of the screen.

6.3.2 Results

The results part of the dialog box includes three tabs which describe:
» avariety of electrophoretic parameters (Section 6.3.2.1)
» the chemical parameters in the buffer (Section 6.3.2.2)

» afield to save data in the database. This topic is discussed in Chapter 7.

6.3.2.1 The Parameter Tab

The Parameter presents variety of electrophoretic and electrical parameters of the buffer.

PHoEBuUS Manual, December, 01. 6-3



Chapter 6

lonic Composition of an Electrophoretic Buffer

Parameters 1 Chermical compogition 1 Save
pH [ 4984 Buffer mobity ——————— Voltage [ =] W
lonic strength IEE-T mmol] - caionic Iﬁ Calurnn diarmeter IT prmn
e i T
Eguation Conductivity ILT S Ao E stimnate: |
Buffer capacity IT mmal/l.pH Insturnent 1 IT Pt IW T

Figure 6-4: The Parameters Field

The parameter tab includes the following information about the buffer:

the ionic strength of the solution (mmol/l)

the buffer capacity (mmol/l.pH) indicates the ability of the buffer to counteract the
change in the pH. If the buffer capacity of the indicated buffer is small (<5 mmol/l.pH),
the reported value will be indicated in red. This would suggest that the user might
consider using a different buffer to maintain sufficient pH control to provide better
repeatability and reproducibility in capillary electrophoresis.

the electrical conductivity of the buffer (mS/cm).

the mean electrophoretic mobilities of the anion and the cation of the buffer are
expressed in 10°cm?/V.s.

the electrical current (WA). The maximum current threshold has been fixed arbitrarily to
100 pA. If the current is greater than 100 pA, a warning message will be presented on
the display to alert the user to select another buffer that has a lower conductivity.

the generated electrical power (mW).

The column length and diameter are set via the Parameters and Options window (Section 3.3.4).
The user can change the voltage and click on Estimate | to determine the power dissipation at

various voltages.

6.3.2.2 The Chemical Composition Tab

The Chemical Composition tab (Figure 6-5) presents a detailed description of the chemical
composition of the buffer and indicates the concentration, apparent charge and activity coefficient
of each of the various ionic forms (e.g. HzA, H,A™ etc.). As an example, the apparent charge of the
citrate anion is -1.80.
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Parameters T Chemical composition 1 Save )
Component Chemical compound Charge | Achivity coefficient | Concentration [rmol/|]f
CITRIC ACID - citrate -1.80 4.000 —
Hag, ] 1,000 001z
HzA(-] -1 0851 1,003
HA[2-] -2 0524 2.740
A3 -3 0234 0,238
SODIUM CITRATE - godium 1.00 18,000
Mal+] 1 0851 18,000
- citrate -1.80 E.000
Hag, ] 1,000 0018
HZ4[-] -1 0851 1,514
HA[2-] -2 0524 4111
A3 -3 0,234 0,357 -

Figure 6-5: The Chemical Composition Tab

To determine the properties of a citric acid-sodium citrate buffer having different concentrations,

prepare a solution from 75 ml of the stock solution rather than 60, access the sodium citrate field in
the components region, edit the ml field and click again.

Click on [&H to print results. The display will present a dialog box which is used to enter the buffer
name. Enter the desired name and press OK (if a name is not desired, simply press OK). A typical
report is shown in Figure 6-6.

PHoEBuUS Manual, December, 01. 6-5




Chapter 6 lonic Composition of an Electrophoretic Buffer

PHoEBus Software - OPTION 3

10/30/97 at 7:38:16 AM

PREPARATION OF CITRIC ACID / SODIUM CITRATE BUFFER

- 4.00 mmol/l CITRIC ACID
- 6.00 mmol/l SODIUM CITRATE

- Estimated pH 4,984 (measured pH: )
- lonic strength 26.65 mmol/l
- Buffer capacity 7.0 mmol/l. pH

- Average cationic mobility = +50.3 .1E-5cm2/V.s
- Average anionic mobility  -29.3 .1E-5cm2/V.s

CHEMICAL COMPOSITION OF BUFFER

Component Charge Activity coefficient”  Concentration (mmol/1)

- CITRIC ACID 4.000
citrate ion -1.80" 4.000
H3A 0 1.000 0.012
H2A(-) -1 0.851 1.009
HA(2-) -2 0.524 2.740
A(3) -3 0.234 0.238
- SODIUM CITRATE 6.000
sodium ion 1.00" 18.000
Na(+) 1 0.851 18.000
citrate ion -1.80" 6.000
H3A 0 1.000 0.018
H2A(-) -1 0.851 1.514
HA(2-) 2 0.524 4111
A3) -3 0.234 0.357

ELECTRICAL PARAMETERS  (Instrument 1)

- Column length 57 cm

- Column diameter 50 pm

- Applied voltage 15 kv

- Conductivity 1.53 mS/cm

- Estimated current 8 HA (measured current: )
- Estimated power 119 mw

;Calculation of activity coefficient according to GUNTELBERG equation.

Figure 6-6: A Typical Report

6.4 Additional Exercises

In this section, we will describe a buffer that is generated from sodium tetraborate. This buffer has
only one component and we will weigh sufficient buffer to prepare a solution of 20 mmol/I.

In aqueous solution, the tetraborate anion hydrolyzes as shown in equation 7-1.

B.O,> + H,O - 2HBO, + 2BO, 7-1

This anion behaves as if it was an equimolar mixture of boric acid and borate anion and the
PHOEBUS software takes into account the hydrolysis of the tetraborate anion.
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The components window is shown in Figure 6-7, while the two results tabs are shown in Figure 6-8
and 6-9.

number of component(s] |1 TI

cnmpunent 1 T SOATE R 7 T W s firal walurne I vI ml
"MName " Concentration ||| - lon zelection

|SEIDILIM TETRABORATE j @ dizzolution = = ——

| anion I | cation I | Zwitteron I
. . 20 mmaly|
nurnber af ionlz] of thiz component |2 "I I zodium

“lon(s) ) dilution

i tetraborate charge -2 I ml charge in the component 1

®2 sodium charge  +1 [ ~] el || < | < L > [>>] | selet |

Figure 6-7:The Components Field

Parameters 1 Chemical composition 1 Save )
pH I 9.193 Buffer mabilty———————— Voltage m Ky
i I - c:ationic |
ey | DI ] vt _ — Colurnt diarneter IT pm
Calculation of activity coefficient " Snionie I 5.4 Overall lenath I_
according to GUNTELBERG vErEtEng 1
equation Conductivity | 2.05 S Ao Estimate |
Buffer capacity I 48.0 mmal/l.pH Instrument 1 IT P Iﬁ v
Figure 6-8: The Parameters Tab
Parameters T Chemical compozition T Save ]
Companent Chemical compound Charge = Activity coefficient | Concentration [mmol /]
SODIUM TETRABORATE - borate -0.50 80,000
Ha, 1] 1.000 40,019
Al -1 0225 33,98
- zodium 1.00 40,000
Mal+] 1 0825 40,000

Figure 6-9: The Composition Tab
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7 Databases

7.1 Overview
The PHoOEBUS application program includes three databases:

* a database that describes the physico-chemical parameters of a wide number of ions
(Section 7.2)

» the chemical component database (Section 7.3)

» adatabase that describes buffers for spectrometric detection (Section 7.4)

7.2 Physico-chemical Properties of Common lons

7.2.1 Viewing the Database

The physico-chemical properties of common ions database contains a variety of information about
ions that are commonly used in capillary electrophoresis, including pKa and the electrophoretic
mobility at infinite dilution at 25 C. The data comes from references 5-9 in appendix 3.

To open the database dialog box (Figure 7-1), click on from any of the three applications or
select Database of ions from Menu drop down menu.

PHoEBuS - Database of ions HEi=] E3
Mode Edit Help

DRENC 2]
| phosphate %@
type I tn-anion charge [ 3

cation || mobility | |0 {341 83 [715
pka [2124 [7198 1232

Figure 7-1: The Database Dialog Box

In Figure 7-1, we present data for phosphate. The ion mobilities are indicated for all four species
(HsA, H,A", HAZ and A*) and the pKa values are presented for each of the three equilibria. The
maximum charge on the ion is presented in the charge field and via the icon in the upper right

corner.
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To view data for a given anion, cation or zwitterion, click on the appropriate button [__anion |,
| cation | or| awitterion |, then access the desired ion using the cursor
B - Bel

7.2.2 Editing the Database

To edit the data for a ion:

a) Click on . A dialog box will be presented to verify that modifications are desired.
Select OK from this dialog box.

b) Select the ion for which data is to be edited, and enter the desired data.

c) Click . A dialog box will be presented to verify that modifications should be saved.
Select OK from this dialog box.

d) Click to re-lock the data base.

Note: The electrophoretic mobility at infinite dilution of an ion must be indicated as
its absolute value (10->cm?/V.s).

7.2.3 Adding a New lon

If desired, you can add a new ion. To add a new ion:

a) Click on . A dialog box will be presented to verify that modifications are desired.
Select OK from this dialog box.

b) Click on [

c) Indicate the type of ion to be added by pressing| anion | [ cation |or| zwitterion |

d) Type in the desired nhame (e.g. p-chlorobenzoate), then enter the appropriate
electrophoretic mobility(ies) and pKa value(s).

e) Save the new data by clicking on . A dialog box will be presented to verify that
modifications should be saved. Select OK from this dialog box.

7.2.4 Deleting a lon
To delete an ion:

a) Click on . A dialog box will be presented to verify that modifications are desired.
Select OK from this dialog box.

b) Select the ion that is to be suppressed from the list of ions.

c) Click on to delete the ion. A dialog box will be presented to confirm that you want to
delete this ion.
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d) Click to re-lock the data base.

7.3 Chemical Component Database

If desired, you can save all the ions of a component in the program database. This is done by
clicking on the Save tab of the Results region of the dialog box (e.g. Figure 7-3) and then pressing

| Save |. This lets you save the information about the ions in memory so that they can be
used in future calculations.

A typical save tab is shown in Figure 7-3.

Pararneters T Chermical compogition T Save ]
1 |IMIDAZOLE x
| Save I
2 |SODIUM ACETATE x
3 | Cancel l
4

Figure 7-3: The Save Tab

If you want to delete a component, click on , to present the Parameters and Options dialog box,
then select the Compound management tab (Figure 7-4).

Parameterz and options E

Calculation af Activity cuefficientl Electrophoretic maobility I Equiprent |

Frinting Options I Startup Optionz Compound management
"Mame
| SODIUM ACETATE =l
lonls]
acetate charge -1
zodium charge  +1

] 4 | Cancel | Help |

Figure 7-4: The Compound Management Tab

Select the component to delete in the list, then click .

7.4 The Buffer Database

The buffer database provides the information about buffers that are commonly used for direct and

for indirect UV spectrometric detection. To access the buffer database (Figure 7-5), click on .
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direct UY T indirect L T bl azs spectrometny )

Buffer | pH min | pH max = |

phozpharic acid-sadiurm kydroxide 1.1 31

glycine-HCI 2.2 36

formic acid-zodium hypdroside 2.8 43

acetic acid-zodium hpdroxide 38 5.8

citric: acid-zodiun citrate a0 B2

MaZHPD4-HaH2P04 58 2.0

glycine-zodium hedroxide a.6 106

MES-TRIS 5.0 100

Figure 7-5: Buffers for Direct UV Detection
The direct UV tab (Figure 7-5) describes the pH range for each buffer.

The indirect UV tab (Figure 7-6) presents the maximum pH, electrophoretic mobility and
wavelength of maximum absorbance for each chromophoric co-ion as well as the buffer range for
various buffers.

Buffers for spectrometric detection M= E3
-

direct LIV T indirect Uy T Mazsz spectrometry

- chromophore  The chromophore co-ion must be zelected

I.:ati.;.n vI according to the pH range and the analyte

mobilities

Icreatinine pH < 4.89 mep=331 at 220nm j

Awailable butfer versus pH walue:

Buffer | pH min | pH max =
phosphonc acid 1.12 IE
citric acid 213 413
formic acid 275 175 -

Figure 7-6: Buffers for Indirect UV Detection

The top portion of Figure 7-6 presents information about various co-ions for the separation. As an

example, if you want to analyze cations, select |cation ~1. A list of the co-cations that could be
used will be presented (creatinine, 2-aminopyridine, imidazole, benzylamine and ephedrine).

The bottom part of the window presents the pH range for various buffers that could be used for the
separation.

To analyze anions, a similar procedure is used (the co-anions are sorbate, chromate and anisate).
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8 Appendix

8.1 Simplified Notation of lons

The following nomenclature is used to describe acids, bases and zwitterions in the program and on
printed reports

8.1.1 Acids

monoacidic HA A

diacidic H,A HA A%

triacidic H.A H,A HA* A¥

tetraacidic H,A HaA H,AZ HA® A*
8.1.2 Bases

monobasic BH" B

dibasic BH," BH" B

tribasic BH;" BH," BH* B

Alkaline and alkaline-earth cations are written with the appropriate chemical symbol (Na*, Ca*, Li*,
Ba®*, K*, Mg?*, etc.).

8.1.3 Zwitterions

Zwitterions with an acidic group (COOH) and a basic group (typically NHz"/NH,):

HsN*-R-COOH
HsN*-R-COO
H,N-R-COO

Zwitterions with an acidic group (COOH) and two basic groups (typically NHz"/NH,):

2 (H;N*)-R-COOH
2 (H;N*)-R-COO
HsN*-NH,-R-COOH
2(NH,)-R-COO"

Zwitterions with two acidic groups (COOH) and a basic group (typically NH;"/NH,):
HsN*-R-2COOH
HsN*-R-COOH-COO
HsN*-R-2COO
H,N-R-2COO"
Zwitterions with two acidic groups (COOH) and two basic groups (typically HsN*/NH,):

2(NH5")-R-2COOH
2(HsN)-R-COOH-RCOO"
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2(HsN")-R-2COO°

HaN*- H,N-R-2CO0"
2(H.N)-R-2CO0"

8.1.4 Conventions

For a strong base, (pKa > 20), the concentration of its conjugated acid will be only mentioned in
the table of results.

The ionic dissociation product of the water is 13.9965 mol?/I? at 25°C.

PHoEBuUS Manual, December, 01. 8-2



Appendix 2 Theoretical Background

8.2 Theoretical Background

8.2.1 Calculation of the Activity Coefficient at 25°C

The equation used to calculate the activity coefficient v, is dependent on the ionic strength (1) of the
buffer, as described in Section 3.3.2. The ionic strength (1) is given by:

1=%(3¥Ciz2?)
where C; is the concentration of the ion (mol/l), Z; is the charge on the ion.

In most cases, the user should select the automatic correction option, which selects the
appropriate equation.

a) Debye-Hiickel limit equation (reference 1, appendix 3) :

logy, = - 051 2> /I (I < 1 mmol/l)

b) Debye-Huckel equation (reference 2, appendix 3) :

JI

logy, =-051Z° m (I <10 mmol/l)
a

where a is a dimensional parameter of the ion corresponding to the minimal approach distance of
an other ion, B is a coefficient that is equal to 0.33 x10*° m™ in aqueous solution at 25°C.

c) Guntelberg equation (reference 2, appendix 3).

|
logy, =-0512Z’ 1;/\_“_ (1 < 60 mmol/l)

This equation is obtained when a is approximately 0.3 nm (so that the value of Ba is unity).
d) Davies equation (reference 3, appendix 3) :
N
logy, =-0.51Z?(———=—0.31) (I <500 mmol/l)

1+\/|_

This equation is used for solutions with a greater ionic strength.

8.2.2 Variation of the Electrophoretic Mobility Versus the lonic Strength

Two models are commonly used to describe the dependence of the electrophoretic mobility me(i)
of the ion (i) with the ionic strength | of the electrolyte at 25 °C. The user can select the desired
method (or no correction) as described in Section 3.3.3.

Friedl model (reference 4, appendix 3) :

mg,(i)=mZ (i)exp(— 0.77@)

Debye-Hiickel model (reference 5, appendix3) :
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my(i)=m2()- (02327 m3 +314x10° 2, )VI

where m;')(i) is the electrophoretic mobility of the ion i to infinite dilution (cm2.V*.cm™), Z; is the
charge of the ion i, | is the ionic strength of the electrolyte (mol/l).

The default selection is the Friedl model. If desired, the user can select the Debye-Hiickel model or
no correction via the Correction mode of Electrophoretic mobility versus the ionic strength dialog
box (Figure 8-1). This dialog box is accessed by clicking on the Electrophoretic Mobility tab when
the Correction mode of activity coefficient versus the ionic strength dialog box is presented.

Parameterz and options E

Printing O ptians | Startup Elpticunsl Compound managementl

Calculation of Activity coefficient | Electiophoretic mability I Equiprnent I

" Cormection mode of electrophonc mobility versus the 1onic strength

1 na conection
C comection according to DEEYE-HUCKEL equation

(® comection according to FRIEDL equation

] 4 | Cancel | Help |

Figure 8-1: Correction Mode of Electrophoretic Mobility versus the lonic Strength
Dialog Box

Click on the mode of desired correction, then click on . The window Parameter and

options closes. The selected mode of calculation is memorized and is taken into account for next
calculations.

8.2.3 Calculation of the Conductimetric Constant of the Electrophoretic System

The current that is established in a capillary filled with an electrolyte submitted to a high voltage
expressed by the equation 3-4:

le=V.K/K 3-4

where | is the electrical current (A), V is the applied tension (V), K is the conductivity of the
electrolyte (S.cm™), K is the conductimetric constant of the electrophoretic system (cm™).

The conductivity k of the electrolyte is expressed by equation 3-5:
k=YAC/l|z|=F ym,(i)C |z, 35

where A; is the ionic conductivity of the ion i (S.cm®>mol™), Z; is the charge of the ion I, C; the
concentration of the ion i (mol/ml), F is Faraday’s constant.
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The reader should recall that
A =Fm(i) 3-6

thus the conductimetric constant K depends on the overall length Ly and the inner diameter ¢ of the
capillary according to:

K=4L;/m¢ 3-7
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