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Hardware Installation

It’s important to understand that this system consists of two independent instruments
that can be used separately, or in combination with each other.

When just the syringe pump is connected to the PC, the
experiments defined for just the syringe pump software can
be used.
PC
When the syringe pump and the
Infinity controller are both
connected, the standard syringe
pump programs are available, plus
T two additional programs appear that
PC use the analog sensors attached to

the Infinity controller. Note, in order for the syringe pump and the Infinity controller to be detected, they
MUST be powered up prior to starting the reaction controller software.

The standard Infinity controller has analog inputs for two type T thermocouples, 1 pH probe, and one
pressure input. Additionally, one of the serial ports on the side of the controller is programmed to
operate an overhead stirrer, a second port is configured for a chiller, and a third port is available for an
additional instrument.

Analog inputs — If you wish to use the thermocouple and pH probe inputs, then attach the sensors to the
appropriate connectors. To monitor the pressure of an attached reactor, connect a piece of tubing from
the pressure transducer input on the back of the controller to the reactor to monitor.

Serial Inputs — Connect a 9-pin serial cable between the port on the side of the controller labeled
"Stirrer" to the serial port on the stirrer.  Connect a second serial cable between the port on the side of
the controller labeled "Chiller" to the serial port of the chiller. NOTE — prior to ordering, the model
number of the chiller and stirrer must be specified.




Software Installation

1.

Install the syringe pump drivers. If your system includes a syringe pump, the syringe pump
drivers must be installed. On the enclosed flash disk are two different syringe pump drivers, one
driver is used if your system includes a single position syringe pump and the other is used if the
system includes a dual positon syringe pump. Allow Windows to install the software and accept all
of the default settings. In some cases, Windows will prevent the automated driver installation, in
this case, copies of the drivers themselves are included on the installation folder for manual
installation. See the enclosed document titled Unsigned Driver Installation for help, or contact your
IT group for support.

Install the Infinity drivers.  On the enclosed flask disk, open the folder titled Infinity Drivers and
double click on the file titled Infinity_Setup.exe to install the Infinity drivers. Allow Windows to
install the software and accept all of the default settings. In some cases, Windows will prevent
automatic driver installation, in this case, copies of the drivers themselves are included on the
installation folder for manual installation. See the enclosed document titled Unsigned Driver
Installation for help, or contact your IT group for support.

Install the Infinity Controller Software. Open the folder titled Reaction Controller Software and
double click on the icon titled Setup.exe. Allow Windows to install the software and accept all of
the default settings.

Start the system for the first time. Connect the Infinity controller and the syringe pump to USB
ports on the PC. Turn on power to both units. Double click on the KEM-Rx icon that was placed
on the desktop during software installation.

| The initialization screen appears. The User
B=E | MUST look at the syringe pump parameters
that appear in the gray box and verify that
J-KEM Scientific Precision Syringe Pump the syringe size and the number of pump

Systen Confguraton ports is correct. If the description is correct,

e then click the Initialize Pump button to

Distbuion valve posdons -6 EE— complete the installation process. If the
description is not correct, the user must

enter the correct information manually. See

System Configuration the section titled Pump Configuration Form.
Pumps in system : 1
Syringe size : 10 ml

Distribution valve positions : b




Custom Controller Implementation

The controller has all the features listed in this user manual plus one custom feature implemented at
the customer’s request.  This controller supports all of the overhead stirrers listed, plus the option of a
motor operated by a user supplied ABB 3-phase motor controller. The standard stirrers operated by the
Reaction controller all use serial communications, the custom ABB controller requires a 0-10 Vdc input to
set stirring speed.  The user must specify, in the Reaction controller software, which type of stirrer is in
operation, a stirrer requiring serial communications or the ABB controller requiring analog voltage control.

The user specified which type of stirrer is being used in a new option placed on the main Reaction
controller user interface screen.  Start the reaction controller software, from the main screen click on the
Infinity menu, then click on Stirrer Type, finally click on the type of stirrer being used. The controller
stores the last option selected, which is recalled every time the controller is powered on.

Selection of the ABB stirrer.

The Reaction controller software must be set to a stirrer type of “ABB Stirrer”. The ABB controllers have
a cable terminating in a 3-pin plug. The plug must be connected to the mating terminal on the left side of
the Infinity controller.

KEM-Rx Infinity-II Reaction Controller Saftware g E E

Reaction Controller | pH Stat | Timed Addition | Mutti-Reagent Delivery | Concument Addition | Parallel Addition

H Stat | Timed Addition | Mutti-Reagent Delivery | Concu
File  Program | Infinity | Legging About

File  Program  Infinity Logging About Infinity Configuration

Calibrate pH Probe
Stirrer Type 4 ABB Stirrer

Instruments Configuration Serial Stirrer

@ Single pump addition {Pump
Dual pump addition

Syringe pump port
connected to the reactor : i
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Infinity Reaction Controller

J-KEM Scientific’s Reaction controller combines precision hardware to take measurements from analog
sensors like pH probes and thermocouples, a precision fluid delivery pump, and versatile software that
adapts to different hardware configurations to control and data log only the reaction parameters needed in
your research application.

The reaction controller consists of two hardware
modules, the Infinity controller analog box and the
syringe pump module. The Infinity controller reads
the input from analog sensors like a thermocouple
and pH probe, and operates instruments like
overhead stirrers and circulating chillers. The
syringe pump module dispenses fluids according to .
a user entered program. - i > R st ¢

Infinity Controller Syringe Pump

KEM-Rx software can be run in four modes, where each mode offers different features and ease of setup.
The four modes of KEM-Rx software depend on which pieces of equipment, (i.e., the Infinity controller

and syrlnge pump) are connected to the PC when KEM-RX is started.

Mode 1 — The Infinity Controller and Syringe Pump are
Both Connected to the PC

When all of the features of the Infinity controller system are
needed, both the Infinity controller analog box and the syringe
pump should be connected to the PC. The Infinity controller
provides readings from analog sensors like thermocouples, pH
probes, pressure transducers. The syringe pump is used to
deliver reagents or maintains solution pH. Control of
instruments like stirrers and chillers is provided by the KEM-
Rx software. In this configuration, all of the program tabs
(experiment tabs) of KEM-Rx software are active.

Mode 2 — Only the Infinity Controller is Connected to the
PC

With just the Infinity controller connected to the PC when
KEM-Rx software is started, all of the analog sensors on the
Infinity controller are available for use along with the control
of external instruments like stirrers and chillers. This
configuration is useful when the object is to monitor and
control a reaction, but there is no requirement for reagent or
fluid addition using the syringe pump. In this configuration,
only the Reaction Controller experiment tab is activated in the
KEM-Rx software, the other tabs (that rely on the presence of
the syringe pump) are inactive. Also, analog sensor group
boxes on the Reaction Controller tab (i.e., thermocouple, pH,
pressure) are inactivated.




Mode 3 — Only the Syringe Pump is Connected to the PC
With just the syringe pump connected to the PC when KEM-Rx
software is started, the software enables all of the fluid addition
experiment tabs. Additionally, on the Reaction Controller tab,
the stirrer and chiller controls are activated, since these can still
be operated by the KEM-Rx software. This configuration is
useful when you only need to use the syringe pump programs
that add (multiple) reagents at a function of time.

Mode 4 - KEM-Rx Instrument Control

When neither the Infinity controller or the syringe pump are
connected to the PC, KEM-Rx is still capable of operating and
data logging external chillers and stirrers.  This mode is
frequently useful in process plant operations. In this
configuration, none of the syringe pump experiment, or any of
the analog sensor inputs on the Reaction controller tab are
activated.

B | See the section titled KEM-Rx Instrument Control for
additional information.

An Open Community of Research

KEM-Rx automates all of the standard, and many exotic, fluid addition programs used in research
chemistry and biology. The KEM-Rx package includes both a standard setup project that installs KEM-Rx
on a PC, and optionally, a copy of the original source code (written in VVB.net) for researchers who want to
extend the application by modifying existing, or authoring new syringe pump programs.

When KEM-RXx is started, the initialization screen
shown is presented. Initialize the software and the
pump by clicking on the green Initialize Pump
button. Once initialized, KEM-Rx activates
different programs, depending on the model and
configuration of the syringe pump. The names of
the available programs appear on the tabs on the top
portion of the screen.  Each program is described
in a separate sections later in this manual. If the
syringe pump is not connected when

Dispense 0.1 ml Home. Dispense 0.1 ml Home

KEM-RX is started, then a notice appears stating that the pump was not detected and only the analog sensor
and instrument controls tabs that use the Infinity controller are activated.




Reaction Controller Program

This tab appears on the KEM-Rx software only when the Infinity-11 controller is powered on and connected
to the PC.

Reaction Controler [ pH Stat | Timed Addtion | Mutti-Reagent Deivery | Concurent Addiion | Paralel Adition | Program Buider | Pump Manual Control | User Suggested Programs [

user to operate the various

e o - analog input sensors

(thermocouples, pH probe,
pressure), and instruments

e amozaly Ao spmy  Acktion, Pl faume gy FIefl sty G H Limit = ..
T T - R IS - A N S connected to the Infinity
S " T controller.

— - v Additionally, multi-step

reagent addition, stirring,

s, 8 ot Tomptre Gt I and chiller programs can
R it et [ T i (] O S — be run in parallel.

Step 2 Step 2
Step 3 Step 3
Step 4 Step 4
Step 5 Step 5
Step 6 - Step 6

Step 2 0.0
Step 3 0.0
Step 4 0.0
Step 5 00
Step 6 0.0

Stop siiting when the program completes
Tum temperature conirol off when the program completes
Bxtemal Input/Output
Output 1(120Vae)  Output 2 Output 3 Montor Inputs
On o O On @ Of On @ Off Input 1: -- -~ Input 2:---- Input 3: ----

Manual Sensor and Instrument Control

Rx Pressure (Tomr)
Units

Off © Torr

Pressure I:I @ PsI

The top bar of the custom tab is the interface to turn On/Off and show the current reading of each of the
Infinities sensors and connected instruments. The standard Infinity configuration takes readings from two
thermocouples, one pH probe, and one pressure transducer. The standard configuration of the Infinity
also operates two instruments, a stirrer and chiller through a RS232 or USB serial connection.

The Infinity controller has input channels for two thermocouples.

Infinity TC. (L) To begin taking readings from either thermocouple channel 1 or 2, click in the box
associated with the thermocouple currently showing that the sensor is “Off”. The
thermocouple is initialized and begins to show the sensed temperature.

To turn a thermocouple channel off, click in the box showing the sensed temperature
and the channel will return to “Oft”




The pH probe is enabled by clicking in the pH
display box when “Off” is showing. pH readings
are a function of temperature and the user must
specify the object used to determine the solution
temperature. The options are:

TC1 - This is the Infinity thermocouple input 1. If this option is selected, connect a thermocouple to the
TC1 input, then place the probe in the monitored solution near the pH probe.

Manual — The user can enter the solution temperature in the text box provided.

Chiller — If a chiller is connected to the Infinity and is turned on, then this option is enabled. The
temperature of the chiller is used for pH measurements.

Temp Cont — If a J-KEM Scientific temperature controller is connected to any USB port on the PC and is
turned on, then this option is enabled. The solution temperature measured by the controller is used for pH
measurements.

To disable the pH probe, click in the pH reading box and the reading will show “Oft”. It is important that
the pH input be calibrated periodically, and especially before starting an important experiment.

To calibrate the pH probe, select Calibrate pH Probe from the
SEE | Infinity menu.  Enter the pH values of both the acidic and basic
0.00 | mV st somims | 45 standards and the temperature of the buffers in the text boxes
ot 0 eamtemen (20| | o idled

Step 1 Place the pH probe in the acidic buffer and allow it to equilibrate to the buffer. While the probe is
in the buffer, the millivolt reading of the probe is displayed, when the reading stabilized to a
relatively constant value, click the Accept button to record this reading.

Step 2 Place the probe in the basic buffer. Again the display shows the millivolt reading of the probe and
once it stabilizes to a constant value, click the Accept button to record the reading.

7.00  pH

[ Lave Cahbration ]

After calibrating on the basic buffer, the display changes to show the calibrated pH
reading of the probe. The probe can be placed in both buffers to verify its calibration, when
satisfied with the results, click the Save Calibration button.

Instrument Control Using the Reaction Controller Program

The Reaction Controller tab automates the actions of other manufacture’s instruments, like stirrers, chillers,
balances, and pumps by means of serial port commands. The Infinity controller is capable of
communicating with many different manufacture’s instruments, but the user must specify the identity of the
instrument and the serial channel that it is connected to.

Note: Configuration of serial channels is usually performed before the Infinity controller is shipped, but
serial channels can also be redefined by the user in the event that additional or new instruments are
connected. Instructions on how to connect and configure the software for various manufacturer’s
instruments can be found in the section titled Infinity Controller Configuration.




Stirrer Input
If at the time an order was placed, the stirrer is specified, then the Infinity is pre-configured for that stirrer,
otherwise it is configured for use with a J-KEM Scientific stirrer. The J-KEM stirrer is connected to the 9-
pin serial port on the side of the Infinity controller. Stirrers can optionally be connected to either a USB
port on the PC or the Infinity controller, or to the 9-pin serial connector labeled “Stirrer” on the side of the
Infinity controller. In the case of IKA stirrers, these must be connected to a USB port, due to their non-
standard communication protocol.  For the requirements of a specific manufactures stirrer, see the section
titled Infinity Controller Configuration.

Stirring The stirrer is enabled by clicking in the text box next to Speed
‘ Torque |:| \ (i.e., click on the word ‘Oft”).

The user can now enter the desired stir rate in the text box, then

String g
Off I:I S I:I enter the rate by pressing the Enter key on the PC key pad.
T This screen shows the normal display of the stirrer.
tirnng
200 Torque I:I
Stirring To change the stir rate, click in the box next to RPM. This
Off ICCTCRIEREEN | control present two options, the user can type a new speed in the
text box, then load the new speed by pressing the Enter key on the

Stirring PC key pad, or to turn the stirrer off, click on the yellow word
350 Torque I:I “Off”.

Chiller Input

If at the time an order was placed, the chiller is specified, then the Infinity is pre-configured for that chiller,
otherwise it is configured for use with a Polyscience chiller, available from J-KEM Scientific (other chiller
options are available). The chiller can optionally be connected to either a USB port on the PC, the Infinity
controller, or to the 9-pin serial connector labeled “Chiller” on the side of the Infinity controller. By
default, the chiller is specified to be connected to a USB port on the PC or the Infinity controller. For the
requirements of a specific manufactures stirrer, see the section titled Infinity Controller Configuration.

The chiller control operates with the same logic as the stirrer
control. To start the chiller, click in the “SP” box and enter the
desired temperature.

To turn the chiller off, click in the SP box, then on the yellow
word “Off” that appears to the left of the text box.

The chiller can display the internal bath temperature, or if an
optional external probe is connected to the chiller, it can display
the probe temperature also. Select the temperatures to display by
checking the Int or Ext check box.
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Reactor Pressure and Vacuum Regulation

The standard Reaction Controller has a built in vacuum transducer to monitor and data log reactor pressure.
Optionally, the vacuum monitor can be upgraded to a vacuum controller, which allows the user to
regulate the vacuum pressure inside of the reactor under program control.

The standard vacuum monitor feature allows the Reaction
Rx Pressure [Tor) Controller to display and data log the reactor pressure. The
Units second option allows the Reaction Controller to regulate a vacuum
© Ton pressure in the reactor. If the pressure control option is added, the
Pressure |:| @ Fsl Rx Setpoint box of control is enabled, otherwise it is disabled.

Pressure Display & Data Logging

The standard pressure feature of the Reaction Controller can be
Pressure I:I turned on by clicking on the word “Off” (red text) in the Pressure
display box. When this happens the word “Off” is replaced by a
continuous display of reactor pressure. Reactor pressure can also

be data logged and graphed.
Pressure I:I

Fx Pressure [Torr]

Pressure Regulation
Rx Pressure (Torr) The pressure control option allows the user to regulate the vacuum
pressure inside of the reactor under program control. If the
pressure controller option is installed, the Setpoint box of the Rx
Pressure I:I Pressure control and the table titled ‘Custom Pressure’ is enabled
to allow the researcher to enter a 24-step reactor pressure program.
Contact J-KEM for information on adding this option.

Pressure Connections

The vacuum transducer is built into the Infinity controller, and appears as a Swagelok compression fitting
on the back panel. Connect this fitting to the reaction system to monitor system pressure.

If the Vacuum control option is installed, then plumbing of the system is slightly more involved. See the
section titled Vacuum Regulator Setup later in this manual.

By default system pressure is displayed as absolute pressure. On the absolute pressure scale, full vacuum
is displayed as 0.0 torr (or PSI) and 1 ATM is displayed as 760 torr (or 14.69 PSI). If preferred, pressures
can be displayed relative to ATM being setto 0.0.  For instructions on how to set up the vacuum
regulator, see the section titled Vacuum Regulator Setup, later in this section.

On this scale, vacuum pressures are shown as negative values and positive pressures as positive values.
This preference is set on the Infinity Controller configuration form. From the Infinity menu select Infinity
Configuration, then from the Infinity configuration screen select Set ATM to Zero from the DVR
Configuration menu.
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Ramp Programs

The Reaction Controller form presents controls to
simultaneously 1) add reagents using the syringe pump,
2) operate the overhead stirrer, 3) operate a circulating
chiller, and 4) control the reactor pressure (vacuum and
pressure).

The ramps can be run individually or in parallel.

If the user enters and starts a syringe pump program in
the table provided, then the other syringe pump program
tabs will be deactivated while the pump program is

__| | running. The syringe pump program tabs are not

T — B | deactivated when just a stirring, pressure, and/or chiller
program is running. In this case, while the chiller and stirring programs are running, the user can program
and run any of the standard syringe pump programs.

Syringe Pump Reagent Addition Program

The reagent program allows the user to

Fesomn Addion Prosam enter up to a 24 step addition program.
comeded o e reacton= [ Before entering the program, you need
il et to 1) identify the port that the reactor is

attached to and 2) whether you want to

] Mansnreactenpttat: |20 1 Gelect the port the reactor is attached to. | use a single pump to add reagents to
Select a single pump or dual pump addition. the reactor, or for systems with a dual

position syringe pump, both pumps.

Roagent  Addion | AddiionRale Paute  RemRate | TCT 7 iy yowme = @1 | Fill in the tqb_le V\_/lth the d_eswed
Step1 C v 250 25 10 625 reagent addition information.
Step 2 B w 10,0 1.0 0.0 625 50.0 6.5 [A)
Step 3 D 10,0 2.0 0.0 62.5 50.0 7.51(B)
stpd F v 10 X 00 625 Reagent Port — Enter the port on the
b Sers a2 o pumps distribution valve that the
ep b . - v

reagent is connect to.

Addition Volume (ml) — Enter the volume of reagent to add, in milliliters.

Addition Rate (ml/min) — Enter the reagent addition rate for this step in units of ml/min.

Pause (min) — Following the completion of the reagents addition, the program can pause for a user entered
time before proceeding to the next table step.

Refill Rate (ml/min) — This is the rate that the syringe pump fills the syringe at. For viscose solutions, the
user may need to enter a lower fill rate than the default rate shown in the table.

TC 1 Limit (oC) — The user can optionally enter an over temperature limit for each step. If the over
temperature limit is exceeded, the addition of reagent pauses until the solution temperature falls below
the limit. Thermocouple position 1 (TC 1) on the infinity controller is used to sense this temperature
limit.

pH Limit - The user can optionally enter a pH limit for each step. If the pH limit is exceeded, the addition

of reagent pauses until the pH goes above, or below the entered limit.

12




jus 1his feature pauses the addition of reagent
while the pH exceedsz a user zet limit value.

Fause the addition i thiz ztep if ;

() The solution iz mare ACIDIC than the pH limit
() The solution iz mare BASIC than the pH limit

11U

=

=

pH Limit

6.5 [A]
7.5(B)

In the case of a pH limit, the user must additionally
enter whether the limit applies to the solution going
above, or below the limit, that is, if addition should be
paused if the sensed pH becomes more acidic or less
acidic than the limit. When a pH limit is entered, the
user is prompted to specify whether the limit should be
applied if the solution goes above or below the limit.
The table records the pH value entered and then
appends a letter to indicate the type of limit. If the pH
alarm should trigger if the solution pH becomes more
acidic than the value entered, a “(A)” is appended to
the value to indicate that it is an Acidic limit. If the
pH alarm should trigger if the solution pH becomes
more basic than the value entered, a “(B)” is appended
to the value to indicate that it is an Basic limit.

The column titled Volume Added is not part of the
current steps addition volume in this cell.

user input. During a run, the program shows the

Reagent Addition
Port

Step 1 B
b Swep2 C

Addition Rate
Yolume (ml)  [ml/min)

v 125 150
w10 10

- {min) Refill Rate  Temp
ause [min)  yrizmin)  Limit [oC)

50
50

pH

Limit
0:00:24 7
0.0

150.0
150.0

Volun)
Adde

125.00

‘=i Ne active step of the program is highlighted in green.
“For instructions on how to edit a running program, see
the' section titled “Editing an Running Program” later

atnis manual.

Reagent  Addition Addition Rate P,
Port Volume (ml)  (ml/min)

Stp2 |C 10
Step 3

Refill Rate  Temp
ause (min) (i) - Limit foC)

[ I I
00 150.0 50
150.0

Single pump a
Dual pump addition

ddition (Pump 1)

L¢]

aintain reaction pH at

EAEARIEAES

xmwipen a temperature or pH limit is exceeded, the

rent table line turns red and the pump stops adding

= T its content.
Por®™™  Vometml  fomig o Pause fmin) | TRESE 0P L P Raved iy it i H i
I e T D o o set®\hen the limit violation clears, the table lines turns
Y Swn2 & w0 0 00 1505 green again and the addition resumes.
When an addition step completes that line of the table
Roagenl  Addion | Additon Role .. i Hem ot Temn o T vl fIPNS gray and the next step is highlighted green.
Step 1 B w125 150 0.5 150.0 50 T 125.000
b Step2 C ~ 10 10 0.0 150.0 50 6.692|
Step 3 A 0.0 150.0
Step 4 - 0.0 150.0
Step 5 A 0.0 150.0
Step 6 A 0.0 150.0
The syringe pump can be used to build multi-step
reagent addition programs, as discgssed above, but it
- - also can be used as a pH-stat that titrates and then
o A T'"“:;‘ Gan 055 maintains a constant solution pH in an attached
Pump 2is delivering () Acid (©) Base Y reaction. The pH-stat option works differently with
- R Aud Volume 1.0 L | single and dual syringe pump systems.
Volume added {ml) Start Control
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pH-Stat for Single Syringe Pump Systems

Reagent Addition Program

@ Single pump addition (Pump 1) Reagent Addion  Addition Rate Pause  Refill Rate TC 1
Port Volume {ml)  (ml/min) {min) lfmin)  Limit (oC)
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0

— Volume
pH Limit A (ml)

e Syringe pump port > Step 1
Enable pH Control | to the reactor - - i

\
\
7.0 [Opdat=] 5 Step3 |
\
\
\

Step 4
Step 5
Step 6

A e e e e

A single pump system can run either a multi-step reagent addtion program, using the table on the right, or
the pump can be used to add acid or base and function as a pH-stat. To use the pump for multi-reagent
additions, fill in the needed information in the pump addition table and start the program.

To use the pH-stat, click the button titled Enable
| Disable pH Control | pH Control.

Meirtain action at pH): 70 [EEEEY| Tiration Gain 5 When enabled, the reagent addition table

T —— W disappears and the controls in the pH-stat box
- R P Voskems | 1.0 K become enabled. Titrations are one of the most
Volume added (i) Start Control difficult process that the Reaction Controller

performs, and so this process more than any

other requires that the operator use their good common sense as a researcher when setting up the titration.
For example, the choice of titrants is critical for success. Avoid the use of concentrated titrants line 6 M
HCI or 50% hydroxide, unless your reaction supports these. You must choose titrants that are appropriate
for the reaction being titrated, in most cases a dilute acetic acid or TRIS buffer is a good choice.

Here are the variables that must be entered before starting a pH-stat run.

Maintain reaction at (pH) — Enter the target pH that the solution should be maintained at. The allowable
range is 1 to 13. The target pH can be changed while the pH stat is running, to do this, enter the new
pH target value and then click the Update button. The new pH target is not entered until the Update
button is pressed.

Titration Gain - Determines how aggressively acid or base is added to the reaction in order to adjust its’
pH. For solutions that have little or no buffering capacity, or when titrating with hard acids or bases,
like HCI or NaOH, the gain should be set to 1 (or less, like 0.2). For solutions that have a significant
amount of buffering capacity, or if using soft acids or bases, like 0.5M AcOH or TRIS, then the gain
can be set to higher values (>10). Do not exceed gains of 100.0. If you are not sure what gain is
appropriate for your reaction, start the titration using a low value, then if the reaction is not titrated
fast enough, enter a higher value. A new gain can be entered while a titration is in process by
entering a new Gain value, then clicking the Update button.

Reagent in Use — If the pump will be adding acid, then click the Acid radio button, if adding base, then
click the Base radio button.

Molarity — Enter the molarity of the titrant.
Inlet/Outlet Ports — Enter the port that a reservoir of reagent is attached to as the Inlet port and the port

that the reactor is attached to as the Outlet Port.
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Fluid Volume — Enter the volume of the solution being titrated, not the size of the reactor.

When ready to start the titration, click the Start Control button. As the titration proceeds, the total volume
of reagent added is updated in the box titled Volume Added. The pH stat can be stopped by clicking the
Stop Control button. The titration can be resumed by re-clicking the Start Control button.

To prime the reagent inlet and outlet lines prior to staring the pH control program, select the option Prime
Syringe Pump Ports from the Programs menu.

pH-Stat for Dual Syringe Pump Systems

Reagent Addition Program
g Sn=pamplad o imat ] Addition  Addition Rate Pause  Refill Rale TC 1 it Volume
Dual pump addition Port Volume {mi)  (ml/min) {min) (m/min)  Limit ©C) P Added {ml)
— Syringe pump port P Step 1 | - 0.0 00
Enable pH Control connected to the reactor - M Step 2 | = (i} 0.0
70 | [EEEE 5 Sep3 | o 00 00
el O e 05 Sepa | b 0o 0o
Siep5 | - 0.0 0.0
o Step6 | - 0.0 0.0
it Co

When the reaction controller is connected to a dual pump system you have these options:

1) Use Pump 1 to run a multi-reagent addition program.

2) Use Pumps 1 & 2 to run a multi-reagent addition program.

3) Use Pump 2 as a pH stat to add titrate an attached reaction.

4) Use Pump 1 to run a multi-reagent addition program while using Pump 2 is used (in parallel) to act as a
pH stat adding acid/base to an attached reaction.

Options 1 & 2 are explained earlier in this manaul. Only Pump 2 can be used to run as a pH stat.

To enable the pH stat, click the button titled Enable pH Control. Enter the titration valves as explain
earlier in the section titled ‘pH Stat for Single Pump Systems’. To start the pH stat, click the Start Control
button.

The unique benefit of a dual pump system is that Pump 1 can be used to perform a multi-reagetn addtion
program while Pump 2 is being used to act as a pH stat. To run a reagent addition program, enter the
program steps in the Pump Addition Table, and then start the addition program. When using Pump 1 to
run an addition program and Pump 2 to act as a pH stat, these two pump functions are independent of each
other. You start the reagent addtion program while hte pH stat is running, and likewise, you start and stop
the pH stat program while the reagent addtion program is running.

To prime the reagent inlet and outlet lines prior to staring the pH control program, select the option Prime
Syringe Pump Ports from the Programs menu.
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Stirring Program

Stirring Program

Stirring Program
Stating Ending Step Time - | | A stirring program can be up to 24 steps long. Each step
RPM__RPM_ min) | | consists of a starting speed, and ending speed and a duration for
> Stepl the step. The speed of the stirrer is ramped from the starting to
Step 2 the ending speed during the duration of the step.
Step 3 At the end of a stirring program, the stirrer continues to mix at
Sep 4 speed in the last table entry. If you prefer for the stirrer to turn
Step 5 off at the end of the program, place a check mark in the box
Step b ~1 | titled “Stop stirring when the program completes”.

Stop stiming when the program completes

Temperature Control Program

Temperature Program

Temp Control Progr
Ihis tempersture anp s oppliedio ther © Tler | Temperare Gonoler A temperature control program is used to
Starting Temp (0C) Ending Temp (0C) Step Time (min) Hold Time (min) = -
e 00 g regulate the temperature of the monitored
Step 2 00 reaction, and can be up to 24 steps long. Each
z""j gg program step consists of a starting temperature,
3:5 00 an ending temperature, and the step time to
Step 6 00 - ramp from the starting to the ending
Tum temperature cortroloff when the program compltes temperature. At the end of each ramp step, the

user can enter a

time to pause the program (Hold Time) before proceeding to the next step. There are two options for
controlling the reaction temperature, the first is to control the reaction temperature using an attached
circulating chiller. This is possible when the reaction is run in a jacked reactor. The second option is to
use an attached J-KEM Scientific temperature controller and a heating jacket.

When the Chiller radio button is selected, then the programmed temperatures in the table are sent to the
chiller to implement the ramp entered. In this case, a chiller must be connected to the Infinity and
circulator fluid plumbed to the reactor. The circulator can both heat and cool the reaction mixture.

When the Temperature controller (only enabled if a controller is connected and turned on) radio button is
selected, then the temperature ramp is sent to the J-KEM temperature controller.

In this case, the temperature controller must be connected to a heating jacket on the reactor. A J-KEM
controller can only heat a reaction mixture and has no provision for cooling.

In the case when temperature is regulated by a circulating chiller, the user has the option of basing
regulation on the internal bath temperature, (by checking the “Int” check box in the Chiller display panel at
the top of the screen), or if an optional external probe is connected, regulation can be based on the external
probe temperature (by checking the “Ext” check box in the Chiller display panel at the top of the screen).
When both boxes are checked, control defaults to the external probe.
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When a temperature ramp step completes, the program doesn’t advance to the next step until the reaction
temperature (i.e., sensed temperature) is within 0.5C of that steps ending temperature. For example, if a
steps requires that the chiller, or temperature controller, ramp from 10 to 30C, but at the end of the ramp
step, the actual reaction temperature is 24C, the program pauses until that actual sensed temperature is
heats to 29.5C. Once the sensed temperature is within 0.5C of the current steps ending temperature, the
program advances to the next step. During this period when the program is paused waiting for the sensed
temperature to reach the requested ending temperature, the ramp table displays “Wait for SP” in the timer
display window.

At the end of a temperature control program, the circulating chiller or temperature controller continues to
regulate the reaction temperature at the last table entry. If you prefer for temperature control to be turned
off at the end of the program, place a check mark in the box titled “Turn temperature control off when the
program completes”.

Pressure Program

Pressure Program

Pressure Program

Setpoint (torr) | Duration (min)  # The pressure in the reaction vessel, both vacuum and positive
Step1  760.0 10 pressures, can be implemented using the pressure program table.
- 2::2 fizz ;: The standard Infinity measures the reactor pressure, but the
: Stop 4 - option of conFr_olllng_ reactor pressure is optlor)al. Contact Ace
Step 5 Glass for additional information.  This table is not enabled
Step G - unless the pressure control option is installed in the controller.
All programs run in parallel. Programs can be started
Porre™ Goion kg " oo il QI (e P Koberion simultaneously, or at different times.
s (o e —I— To start a program, select Start from the Program menu.
S 20 Trees A sub-menu appears that allows the user to start
 oms |8 2 Tiow individual programs, or to start all the programs
simultaneously.

Speed (1pm)  Duration [min) | Direction
Step1 100 1 Clockwise:
Step2 50 0:00:58 Counter Clockwise
Step 3 Clockwise

» Stepd Clockwise

S| | | =
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Menu Options - Commands under the Program menu include:

(2] System Priming B Prime Syringe Pump Ports - Selecting
i this option brings up a screen that allows
PUmD e e il g e the user to manually select syringe
Pump  Intellect pumps ports and withdraw and dispense

e LR " from the syringe.  This feature is useful
rt/mn " to purge air from inlet and outlet lines

prior to starting a run.

Start — The start menu presents a sub-menu that allows the user to start individual programs for reagent
addition, stirring, and chiller control. Also, all ramps can be started simultaneously by selecting the
option to Start All Programs.

Stop — The stop menu presents a sub-menu that allows the user to stop individual running programs for
reagent addition, stirring, and chiller control. Also, all ramps can be stopped simultaneously by
selecting the option to Stop All Programs.

Pause all Programs from Advancing to the Next Step — Selecting this option allows all running program
to complete the current step, but prevents them from advancing to the next step in the program. Note
that this option does not pause a running program at the point where the pause is started. For example,
if a temperature program is 5 minutes into a 15 minute step when the Pause feature is requested, the
current step does not stop running, but rather continues until the full 15 minutes of the step has
completed. It’s at the end of the step when the pause feature becomes active and prevents the program
from advancing to the next step. Running programs are stopped individually when they reach the end
to the current active step. The Pause feature is disabled by selecting this menu option a second time.
The reaction controller software has several edit and pause options, see the section titled Editing a
Running Program.

Reset Application - The menu option becomes active after all running ramps have completed, or the
ramps are manually stopped using the Stop menu option.  This option must be selected to reset the
application to a state where a new run can be entered.

Save Programs - This option saves the programs entered into the three program tables. The user is
prompted for a method name to save the programs to.

Recall Program — The user is presented with list of saved methods. To recall a method, double click on
the desired method name. To delete and existing method, single click on the method to select it, then
click the Delete button.

Recall Program — The user is presented with list of

saved methods. To recall a method, double click on the
desired method name. To delete and existing method,
single click on the method to select it, then click the

Delete button.

The Infinity menu opens a configuration window for the Infinity controller. This screen shows the
current configuration of the Infinity controller.
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Editing a Running Program

There are two options for modify the progress of a running reaction controller program, the program can

either be edited or paused.
Pausing a program allows the program to complete the currently active step, and then prevents the program

from advancing to the next step while the pause is active. A program pause is requested by selecting the

menu option Pause All Programs From Advancing to the Next Step from the Program menu.

Reagent Addition Program
Syringe pump port : : .
- A Addition Addition Rate Pause Refill Rate TC 1 - Volume o
cmecad o he reactor.- Port Volume (ml) (ml/min) min) @mi/min)  Limit @C)  PHU™  Added (m) [
@ Single pump addtion (Pump 1) Step1 |B vl1 02 0.0 313 0521
Dual pump addition
Step2 |D ~|5.0 05 0.0 313 60
[”] Maintain reaction pH at - 7.0 Step 3 { . 0.0 313
Stepd | - 0.0 313
Step5 | - 0.0 313
Step6 | - 0.0 313 -
Temperature Control Program Stimming Program Custom Pressure (Tomr)
This temperature ramp is applied to the: © Chiller Temperature Controller Stating Ending  Step Time “ Stating  Ending Duration
Starting T (oC) Ending T (©C) Step Time (min) Hold Time (min) ~ RPM RPM (min) Pressure  Pressure  (min)
it AR il ) ) Edit 100 200  001:39 Edt 760 500 0:02:40
Edit 10 20 0:00:41 00 E =y e o B0 o =
top 21 %0 A L o0 > - 300 w0 |2 > p 300 100 3
Step 3 Step 3
» Step3 |30 40 1 00 ol =
Step 4 Step 4
e = Step 5 Step 5
b oL aap 3 sxep 6
Step 6 0.0 - - i ep
__| Stop stiming when the program completes

" | Tum temperature control off when the program completes

For example, in the above screen, a solvent addition, temperature, stirring, and pressure program are all
running. If a Pause request is issued at this point all programs will continue to run until they complete the

active step, which in this case is Step 1 for all programs.

Temperature Control Program Stiming Program Custom Pressure (Tomr)
This temperature ramp is applied to the: © Chiller Temperature Controller Starting Ending  Step Time # Starting Ending Duration
Starting Te (©C) Ending T (©C) Step Time (min) Hold Time (min) * ik e =) E =) E
e A og == b e L L) Edit 100 200 00055 Edit 760 500 00156
L 1 2 0 3 200 300 2 500 300 3
St Step 2
Fep2 |2 = = o » = 300 400 2 » - 300 100 3
Step 3 Step 3
> Step3 30 40 1 0.0 o | ep
Step 4 Step 4
Lo = Step 5 Step 5
Step 5 0.0 ;p 6 scep 6
Step 6 0.0 2 ~ i ep
|| Stop stiming when the program completes
|| Tum temperature control off when the program completes
Bxdemal Input/Output P
| Monit uts Show
Outpit 1(120Vae) ~ Outp 2 Outut 3 ] Mok Programs are PAUSED Grophica
On o Off On (@ Off On (@ Off Input 1:---- Input 2: ---- Input 3: ---- Display

In the screen above, the temperature program has completed it active step and indicates that it is in a
Paused state by displaying the word “Paused” in the Step Time line. The stirring and the pressure
programs will continue to run until their current step completes, and then they also will pause. A paused
state is released by selecting the menu option Release Program Pause from the Program menu. When the
pause is released, programs resume by starting the next program step.

Programs can be edited while they are running, but editing a step that has not started and editing the
currently running step are performed differently.
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Temperature Controller

Temp Control Progr
This temp: ramp is applied to the: @ Chiller
Starting Temp (©C) Ending Temp (0C) Step Time (min) Hold Time (min)
> Edit 10 20 0:00:51
Step2 |20 30 1
Step3 |30 40 1
Step 4
Step 5
Step 6

0.0
0.0
0.0
0.0
0.0
0.0

m »

["] Tum temperature control off when the program completes

In the screen on the left, any of the values in
steps 2 & 3 can be edited by typing in new
values. Teh value of steps that have not started
can be freely edited, and additional steps can be
added at will.

Editign the active step is different. Step 1 is
active, and when a step becomes active the title
of that line is changed from “Step 17 to “Edit”.

Edit Active Temperature Step
7] Main
Starting Temperature  (current temperature)

Ending Temperature

(R A1)

C
Min
Load Data
M L]

u.o

Step Time
Hold Time
Temp: Control Progr
This temp: ramp is applied to the: @ Chiller Temperature Controller
Starting Temp (oC) Ending Temp (oC) Step Time (min) Hold Time (min) =
" e
! Step 2 |20 30 1 0.0
Step 3 |30 40 1 0.0
Step 4 0.0
Step b 0.0
Step 6 0.0 <

[ Tum temperature cortrol off when the program completes

To edit the values of the active step, clicking on
the word “Edit” that appears in the first colume
of the active line will cause an edit screen to
appear above the program of interest. Enter new
values of reach of the step parameters, then click
on teh Load Data button. The starting value, in
this case Starting Temperature, can nto be set.
When a edit occures, the current value of the
reactor is used as the starting value.

Note, that the active step of a program continues
to run according to the originally entered values
until the new values are entered by clicking on
the Load Data button.

T Fen 7D T TO.U T

Edit Active Temperature Step
[7] Main

Starting Tempersture  (curment temperature)

Ending Tempersture 45 [
Step Time 12 Min

Load Data e —
tin (s

Hold Time &

Temperature Control Program

This temperature ramp is applied to the: @ Chiller Temperature Controller
Starting Temp (oC) Ending Temp (oC) Step Time {min) Hold Time (min) *
o Paes 00—
| Sep2 |20 30 1 0.0
Step3 |30 40 1 0.0
Step 4 0.0
Step 5 0.0
Step 6 0.0 o

["] Tum temperature control off when the program completes

Temperature Control Program
This temperature ramp is applied to the: @ Chiller

If the active step
completes while the
user is editing the step,
the active step goes
into a ‘Paused’state,

Temperature Controller

B

Edit

Step 2
Step 3
Step 4
Step 5
Step 6

Starting Temp (oC) Ending Temp (oC) Step Time (min) Hold Time (min)

20
30

then when new
» g parameters are loaded
- : 0 to the step, the step
reformats and runs the

|| Tum temperature control off when the program completes

edited step data.

Note that the active step of a syringe pump addition program can not be edited.
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Graphing

change to graphical display, click on the button
on the bottom right of the screen. The software can display up to
3 graphs, each graph plotting different run parameters.

Run data can be displayed graphically on the main screen. To

located

The user can return to table display by clicking on the button
labeled Show Table Data.

Select Sensors

Capture Chart

Add Mew Chart
Close Chart

Graphing

Circulator
Circulator_5P

To start graphing, right click on the graph to
bring up a context menu.

Click on Select Sensors to display the list of
activated sensors and instruments on the
Infinity controller. Click on the sensors of
interest (which become highlighted), then
click the OK button.

The selected sensors begin to plot.
Additional sensors can be added to an active
chart by performing the same process again.

Up to three charts displaying different sensors
can be displayed. To add a new chart to the
window, right click on the existing chart, then
from the context menu select ‘Add New
Chart’. A second chart appears.

From the sensor selection box, select the
sensors to plot in the new chart, then click
OK.

This process can be repeated again to add a
third independent chart to the window.

Charts can be removed from the window by
right clicking on the chart to remove, then
selecting Close Chart.
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¥-Min |1
Y-Max 100
X-Anis |3
Update 1
Auto Scale

Asis Shift | gm mm o

By default, the X-axis length is 30 minutes long, and the update
time is 10 seconds. The length of the X axis and the update
frequency can be changed by entering the desired values.

When Auto Scale is checked, the scale of the Y- axis is
automatically adjusted to display all data points. To manually set
the Y-axis scale, uncheck Auto Scale, then enter the desired Y-axis
minimum and maximum values in the Y-Min and Y-Max boxes
provided.

The chart can be shifted to the right or left to display data points
that have scrawled out of view on the chart by click the Axis Shift
right and left arrows.

Other charting options are available by right clicking on the chart of interest, then selecting the desired

option.

Capture Chart — Task a screen shot of the current chart, then prompts for a name to save the chart to. This
is useful to capture a chart at a specific point in time.
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Data Logging

Reaction data, for any selected sensors or instruments, can be logged to the PC. Data can be logged in
both GMP compliant and GMP non-compliant format.

Run-time data is saved as a .csv file, which is
directly readable by Excel.

e Select data to log To start logging, select Setup from the Logging

ity Themocouple 2 i menu. A screen appears that shows the sensors

e e = and instruments attached to the reaction controller

' | that can be logged, only sensors that are enabled

' | can be logged, the enabled sensors are shown in

light green, those that are disabled appear in dark

green. To log any active sensor, place a check in

the box next to the desired sensor.

Entor ny nfomatont b saved wih he dta e Data can be logged in units of seconds or

minutes. Select the desired time unit, and then

enter the log interval in the box provided.

After selecting the sensors to log, click the Create

Log File & Exit button, this will step the user

through the process of entering a filename and

other logging options.

=& = |

bt Data Legging Setup

One option is whether data should be logged as a standard data

Log GMP Compliant Data 3 file, or logged in a GMP compliant format. GMP compliant data
2} _ logging creates a read-only Excel file with embedded encryption
\g/  Dovouwantto ba GIP complant data? codes. The data in the file can be displayed, and printed (plotted)

from Excel, but it cannot be edited without corrupting the
encryption keys. The encryption keys are used to determine if
the file has been modified since the time it was originally created.
Non-GMP compliant data logging creates a standard Excel data
file than can to displayed, printed and plotted.

[ s l [ ]

If GMP compliant data logging is selected, a login screen is
EEUELEETRn &) | presented where the User can be selected from a dropdown list.
The selected user must enter their user name and password, then
click OK to start logging

User
|Rabert Eliot ]

[ 0K ] [ Cancel ]

While the system is logging, the Logging menu shows the
number of points saved to file (in this case, 5 points).

File  Programs  Logging (5)
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New users can be added to the User database by selecting Add
SEEuElizenlonin 3] | New Users from the Users menu. In the screen that appears,

> enter the literal first and last name of the user, a UserName
User (which becomes part of the logged file identity), and a case
sensitive password. When all information is added, click the Add
User button.

Usgermame

Pagzsword

[ Ok I [ Cancel

Add New User
User Identity
First | Randy Last | Carter

User Name : RLCART Minimum of & charactars

Password : | StarResearcher

Passmords are case sensitive. must be at least
Add User 8 charactors long, and contain 1 letter and 1 number.

Users can be deleted by selecting Delete Users from the Users
&l | menu. To delete a user, select the user from the drop down
menu, enter the UserName and password and click the Delete
User User button.

Robert Smith w
Usemname

Pazzward

Cancel

External Inputs and Outputs

Estemal Input/Output
Output 1 [120%ac) Output 2 Output 3 Maritar Inputs - g . .
Gon Oof Oon G0t Oon Gof | InpwhlOW  Inpu2 HGH  Input3 LOW The infinity controller can be highly

customized with up to 16 high current outputs and 16 digital inputs. Typically, the Infinity controller has
three outputs and three inputs configured. These controls provide an interface for the user to manually
control the state of the outputs and read the state of the inputs. The state of the inputs and outputs can also
be part of an automated program, contact J-KEM Scientific for additional information.

To control the state of the outputs, specify the state desired using the radio buttons provided. Output 1
typically controls the state of a 120 (230) Vac outlet on the back of the controller, while outputs 2 &3 are
open collector outputs.

By checking the check box titled ‘Monitor Inputs’, the state of the three inputs will be continuously
updated on screen.
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Vacuum Regulator Setup

Hardware Setup for an Evacuation Only (single valve) Controller

"Tee" gas
oonnector

Vacuum Offset must be
proportioning onthisside \

vave \

To reaction system

w’.)l °®

Vacuum Pressure

DrylceTrgp Back of Controller

NOTE: The vacuum proportioning valve is very sensitive to contaminates which can cause the valve
to stick. A high efficiency trap must be placed between the proportioning valve and the reaction system to
protect the valve. Proportioning valves are not warranted against failure.

1.

3.

Connect the outlet of the vacuum proportioning valve to the vacuum source. The vacuum valve will
be one of two types. It will either have a silver coil on top of a silver body (PSV2 - PSV5 valves), or a
silver coil on top of a black body (PSV6 — PSV 8 valves). If the valve has a silver body, note that the
cylindrical portion of the valve is offset from the square body of the valve, connect the fitting closest to
the cylinder to the vacuum source. Connect the other fitting to the outlet of a dry ice trap. If the
valve has a black body, connect the port labeled “OUT” to the vacuum source and the port labeled
“IN” to the dry ice trap.

Plug the proportioning valve’s gray cord into the electrical connector on the back of the Infinity
regulator labeled “Vacuum”. Make sure the cable locks into position.

Connect the vacuum sensing inlet on the back of the Infinity regulator (a threaded or Swagelok fitting)
to a Tee connector between the inlet of the trap and the piece of equipment that pressure is being
regulated in. Wide bore tubing should be used to make all pressure connections. The length of tubing
between the Infinity regulator’s vacuum sensing inlet and the reactor under vacuum should be kept to a
minimum (no longer than 6 feet, but under 3 feet will yield more accurate results). To set up the
regulator, simply connect a USB cord between the Infinity-11 regulator and the Netbook PC controller.
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Hardware Setup for a Dual Control (dual valve) Controller

Ofst mus e - Back-fi
onthiss proportioning
\ vave
IITwi g&
Vacuum Offset must be X
proportionng onthisside \‘\‘
vave \

To reaction system

(&) L

Vacuum Pressure

Vaouum Supply

DryloeTrap ~ Back of Controller

NOTE: The vacuum and atmosphere proportioning valves are very sensitive to contaminates which
cause the valves to stick. A high efficiency trap must be placed between the vacuum proportioning valve
and the reaction system to protect the valve. Proportioning valves are not warranted against failure.

1.

Connect the outlet of the vacuum proportioning valve to the vacuum source. The vacuum valve will
be one of two types. It will either have a silver coil on top of a silver body (PSV2 - PSV5 valves), or a
silver coil on top of a black body (PSV6 — PSV 8 valves). If the valve has a silver body, note that the
cylindrical portion of the valve is offset from the square body of the valve, connect the fitting closest to
the cylinder to the vacuum source. Connect the other fitting to the outlet of a dry ice trap. If the
valve has a black body, connect the port labeled “OUT” to the vacuum source and the port labeled
“IN” to the dry ice trap.

Plug the vacuum proportioning valves gray cord into the electrical connector on the back of the
Infinity regulator labeled “Vacuum”. Make sure the cable locks into position.

Plumb the back-fill proportioning valve into the system as shown. If the system uses a silver PSV2 —
PSV5 valve, then leave the fitting that is furthest from the top coil open to atmospheric pressure (see
drawing above). If the uses a PSV6 —PSV8 valve, then leave the port labeled “IN” open to the air.

Plug the back-fill proportioning valves gray cord into the electrical connector on the back of the
Infinity regulator labeled “Pressure”. Make sure the cable locks into position.

Make the gas connections shown in the drawing above. Wide bore tubing should be used to make all
pressure connections. The length of tubing between the Infinity controller’s pressure sensing inlet and
the reactor under control should be kept to a minimum (no longer than 6 feet, but under 3 feet will
yield more accurate results).

26



KEM-RX, Software Only, Instrument Control

There are four operating mode for KEM-Rx software, where each mode make available different features

to the researcher.

Mode Options:

1) Software Only — This option involves using just the KEM-RXx software to automate the actions of both
an overhead stirrer and circulating chiller. This operating mode is the topic of this section of the
manual.

2) Software + Syringe Pump — This option uses the features of the software to operate overhead stirrers
and circulating chillers, but adds the functionality of automatically adding multiple reagents by means
of a connected syringe pump. To use this mode, connect a J-KEM syringe pump to the PC prior to
starting the KEM-Rx software.

3) Software + Infinity Controller — This option uses the features of the software to operate overhead
stirrers and circulating chillers, but adds the functionality of the analog sensor inputs of the infinity
controller, such as pH, pressure, and temperature monitoring and control.

4) Software + Syringe Pump + Infinity Controller — This option makes available all the features of the J-
KEM Rx-system. The instrument control functions of the KEM-Rx software, automated fluid addition
from the syringe pump and the analog sensor features of the Infinity Controller.

Software Only Mode

Often the only need of an experiment is to automate and data log a recirculating chiller and overhead
stirrer.  The analog sensors of the Infinity controller, and the fluid addition features of the syringe pump
are not needed, only the instrument control features of KEM-Rx software.

Hardware Setup

To use KEM-RXx software only for external instrument control, neither the Infinity controller or the syringe
pump can be connected to the PC.

If a stirrer is used, directly connect the serial port from the stirrer to one of the PC’s USB ports.

If a chiller is used, directly connect the serial port from the chiller to one of the PC’s USB ports.

If the stirrer or chiller is not fitted with a USB input, a USB to RS232 converter is available from J-KEM.

Start KEM-Rx software. You’ll be presented

Ino ot Detogll % with a message that neither the Infinity controller
o _ y or syringe pump were detected, click OK to
Meither the syringe pump or the Infinity controller were detected. .
{ L IC]rﬂ),ft:hecnmtrolsfnrremoteirlstrumern:corn:rol\cvillbea.:ti\ratet:l. Contlnue
0K

This run-time screen appears which contains the
control, ramping, and data logging features that
are available for the chiller and stirrer in the
Reaction controller software. For a full
description of how to operate the chiller and
stirrer features, and how to create and run multi-

e P e step programs, see the section in this manual the

— describes the features of the Reaction Controller
Program (in Section 1).
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KEM-Rx Software Registration

, _
e

' "~ | This software can be used 5 more times before it must be registered
W' with J-KEM Scientific. Do youwant to register it now?

When the KEM-Rx software is used without being
connected to the Reaction Controller instrument (i.e.,
Software Only mode), it must be registered one time by
means of entering a validation key that’s provided by
contacting J-KEM. This screen appears and shows
that the software can be used five times before the
validation key must be entered.  Once the software is
registered, this screen no longer appears.

J-KEM Software Serial Number A

"W Validation code: 14992963
~ J-KEM Scientific (314) 863-5536

. 1 Call J-KEM Scientific and provide the serial number: 00000

i

Chiller and Stirrer Identification

Instrument Configuration

After four uses of the KEM-Rx software, you must
enter the registration key. If you click Yes to register
the software, this screen appears. Record both the
Serial number and the Validation code, then provide
both to J-KEM to receive the software unlock key.
Once the key is entered, these screens will no longer
appear on startup.

From the list below. select the CHILLER From the list below. select the STIRRER
in use with this software. in use with this software.
PolyScience - J-KEM Scientific OHS -
Baud Rate 19200 - Baud Rate 9600

You must identify the manufacturer of the
chiller and stirrer that’s used with KEM-RX in
order for the software to select the correct
command set to communicate with each

- —swe | | Instrument. The identity of the chiller and

stirrer must be entered one time, before the

instruments can be used. This is formation is stored to memory and doesn’t need to be entered a second
time.. To specify the chiller and stirrer, select Instrument Configuration from the Infinity menu. From
the dropdown lists, select the correct chiller and stirrer and also the appropriate communication baud rates,
then click Save to store these instruments selections. Now exit, then restart the software for these changes

to take effect.

File Progam Infinity Logging ~About

Chiller (oC)

I

sp [O0F] M Wex

Temperature Control Program

This temperature: ramp is applied to the: © Chiller
Temperature Controller

Starting Temp (oC) Ending Temp (o) _Step Time (min) _Hold Time (min) *
» Step 1 0.0

Step 2 00

Step 3 0.0

Step 4 00

Step 5 0.0

Step 6 00

‘Stining Program

Reaction Cortroller | pH Stat | Timed Addition | Muit-Reagent Delivery | Concurrent Addition | Parallel Addtion | Program Buider | Pump Manual Control | User Suggested Programs

KEM-Rx software is now
ready for use.

For a full description of how to
operate the chiller and stirrer
features, and how to create and
run multi-step programs, see
the section in this manual the

Step 2
Step 3
Step 4
Step 5
Step 6

Speed pm)  Duration (min)  *

describes the features of the
Reaction Controller Program
(in Section 1).
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The pH Stat Program

This program adjusts and then continually maintains a solution pH at a user entered value by adding either
an acidic or basic reagent as needed. If the system includes a single syringe pump, then either acid or base
can be added, if it’s a dual pump system, then the user has two options. Using pump 2, the program can
add acid or base, whatever is not being added by pump 1, or pump 2 can add a reagent, other than acid or
base, while pump 1 maintains the solution pH. If the system has a single syringe pump, then the group
boxes for Pump 2 are disabled.

It is important that the pH input be calibrated periodically, and especially before starting an important
experiment. See the section titled “Calibrating a pH Probe” at the end of this section.

The pH control program requires that the

— . | chemist use reasonable chemist
e o experience when setting the reaction up.
L m Solution pH : For example, in most cases it’s better us
R LT T e use 1 molar acid or base as the titrant,
—_— —_— rather than 12 molar.  Also, it is

S—— = critically important that the outlet line be

primed with reagent so that as soon as the
pump dispenses a volume of reagent, the
reagent is actually added to the reaction
system. The outlet line should be placed
i directly in the solution itself so that even
very small volumes of reagent are
immediately added to the solution, rather
than waiting for a drop to fall from the
addition line that is suspended above the

solution.

Prime INLET Line — Priming is the process of expelling all

Prime Pump and Delivery Lines air from the Inlet, Outlet and syringe, and simultaneously
Pump 1 filling these lines with reagent, prior to beginning a program.

- Connect a length of Teflon tubing from the reagent bottle

Go to Port : hé (acid/base) to Port A on the pump’s distribution valve. A box
- is provided with controls that allow both the inlet and outlet
D 0.1 ml . . :

[ spemse % ] lines to be primed with reagent. As an example, assume that

the reagent is on Port A of the syringe pump and the reactor is connected to Port B. In the box titled Go to
Port, select Port A. Click the Fill button and wait for the syringe to fill, then click the Home button, this
should prime the inlet line. Now fill the syringe once again by clicking on the Fill button. Change the
pumps port to Port B.  Now click the Dispense 0.1ml button until the reagent completely fills the delivery
line.

Titrations are one of the most difficult process that the Reaction Controller performs, and so this process
more than any other requires that the operator use their good common sense as a researcher when setting up
the titration. For example, the choice of titrants is critical for success. Avoid the use of concentrated
titrants line 6 M HCI or 50% hydroxide, unless your reaction supports these. You must choose titrants that
are appropriate for the reaction being titrated, in most cases a dilute acetic acid or TRIS buffer is a good
choice.
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Experiment Setup
Titration Charactoristics
Process Target pH : 70

Default=1.0. Set the gain to > 1 for aggressive

Titration Gain: 1.0 -=1a SR
titration and < 1 for cautious titration.

Reactor Information
Volume of Reactor being Titrated - mi
Monitor Solution Temperature Using

TC 1 (on Inf) @ Use default : 25.0 oC

Pump 1 Configuration

Pump Content : Acid Base @ None
Inlet Port - A Outlet Port - B~
Pump 2 Configuration

Pump Content - Acid Base Reagent @ None
Inlet Port - A Outlet Pot : B~

Reagent Rate (ml/min) Volume (mi)

Process Target pH — Enter the pH to adjust and maintain

Experiment Setup
_ Lonthonvotes
the solution pH to.

When entering a new pH setpoint (target pH), the new pH
value does not take effect until the “Load New Value”
button is clicked. This value can also be changed while a
titration is running.

Titration Gain — Determines how aggressively acid or
base is added to the reaction in order to adjust its’ pH.
For cautious titration use a value < 1, for aggressive
titrations, use a value > 1. This value can also be changed
while a titration is running.

Volume of Reaction — Enter the volume of the reaction
being titrated.

Monitor Solution Temperature Using

Process Target pH - 6.0

(%) TC 1 [on Inf) () Use default : | 25.0 |oC

Solution Temperature — pH measurements are a function of solution temperature. You have the option
of connecting a type T thermocouple to the Infinity controller and placing it in the solution be monitored,
or simply entering a default temperature for the reaction. If a thermocouple is connected and placed in
solution, click the radio button titled TC 1. If you do not want to place a thermocouple in solution, then
check the radio button titled User Default, then enter the solution temperature in the box provided.

Pump 1 Configuration
Pump Content : (&) Acid () Base ) Mone
Inlet Port - Outlet Port: (B + Acid Molarity 0.2

Enter the Reagent Identity. Specify whether syringe pump 1 has
acid or base and is being added to the monitored solution. The reagent (acid/base) must always be
connected to Port A on the pump’s distribution valve. You must specify the port that the reactor is
connected to in the box titled Outlet Port. Enter the molarity of the acid or base being added.

If your system has a dual syringe pump, then pump 2 can be used to add either acid or base, or a non-
acid/base reagent.

Pump 2 Configuration

Pump Content : () Acid (%) Base () Reagent () None
Inlet Port : DOutlet Port: B+ | Base Molarity (0.2

Reagent Rate [ml/min] Yolume [ml]

Using Pump 2 to Add Acid or Base. Pump 2 can be used to
add the opposite reagent being added by pump 1. If pump 1 is adding acid, then pump 2 can add base.
Conversely, if pump 1 is adding base, then pump 2 can add acid. With both acid and base available, the
system can maintain a target solution pH under any reaction condition. To add acid or base, click on the
appropriate radio button to identify the desired reagent. Enter the molarity of the reagent in use.

Pump 2 Configuration

Pump Content : () Acid () Base (») Reagent () Mone
Reagent Inlet Port : Outlet Port : B w

Reagent Rate [ml/min) (2.5 Yolume [ml]) |25.0

Using Pump 2 to Add a Reagent. If pump 1 is used to add
acid or base, then pump 2 is free to add any other reagent to the reaction mixture. For example, if an
organic bromination is being run, pump 2 can add bromine while pump 1 titrates the mixture with base to
guench the HBr generated in the bromination.  Another example is for pump 2 to add a nutrient solution
to an enzymatic reaction, while the acid, or base in pump 1 is used to maintain the reaction at the desired
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pH. To add a reagent, click on the Reagent radio button. When the Reagent button is selected, two text
boxes at the bottom of the Pump 2 Configuration box are enabled that allow the user to enter the addition
rate and the total volume of reagent to add.

Acid Added : |0.000 ml Base Added : |0.000 ml Reagent (ml) : |0.000 When a reagent iS added, anew bOX
appears in the Run Time Data windows that shows the volume of reagent added to the reaction in real time.

Titration Gain — Titration gain is a factor that describes how responsive the solution is to the addition of acid or
base. For example, a liter of solution with no buffer capacity, such as pure water, will change from pH= 7 to pH= 3
with the addition of 1 ml of 1 molar HCI, whereas a 1 molar solution of TRIS buffer would only change about 0.02
pH units. The gain value directly affects how rapidly acid or base is added to adjust solution pH. If nothing is
known about the buffer capacity of the solution being titrated, then the titration should start using a low value of
gain, in the range of 1-5. If the titration is proceeding too slowly, then gain can be increased, and if it is proceeding
too rapidly or is unstable, then gain should be reduced.

Titration gain is
12 probably the most
important factor for
solution stability when
Thrt=02MME _ Renction Yolumee 20w Trget e 7.0 performing a titration.
Additon Gain= 3 Consider these two
10 examples which are
identical except for the
\ — sotonp titration gain. In the
This happens when the outiet of the reagentinto the —waresm || top example Gain= 3.0.
Good ming erered, For unbuffered water,
) and using HCI the
titration occurs much
7 — too fast and results in
an over-shoot of the

target pH. Inthe

o 05 1 15 2 25 3 3s bottom example, the
gainissetto 1.0

1w This results in a slower
ol unilared water eSO titration, but with much
u improved accuracy.

System begins to re-titrate
the soltuion

=——50lution pH
e ficid Added (ml)

Axis Title

Soluiton titrated to NaOH was manually added to the Solution re-titrated to 6.99
pH=7.02 solution to disturb the solution pH
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Factors to consider when setting the titration gain.

* The nature of the titrant. Using a soft acid, like acetic acid will titrate slower, so a higher gain can be
used. Using a hard acid, like HCI requires smaller gains. In the case of bases, using a soft base, like
TRIS will require higher gains than when using a hard base like NaOH.

* A very important factor is whether the solution being titrated has any buffering capacity. Unbuffered
water is the most sensitive medium to titrate. For maximum accuracy, titrating a solution with some
buffering capacity is very helpful.

The best strategy for selecting gain — For a new process, where nothing is known about the nature of the
titration, it’s best to start with a titration gain of 1.0. Observe the rate of pH adjustment for about 1
minute and then adjust the gain either higher or lower. The gain can be changed while a titration is in
process.

Menu Items —

Program - > Show System pH — Selecting this option causes the program to begin reading the pH probe
and displaying the result on screen. This provides a way to see system pH without starting the pH stat
program.

Program - > Start Control — This starts the pH stat program.

Program - > Pause — This pauses the addition of acid or base when the pH stat program is running.

Program - > Resume — This resumes a paused pH stat program.

Program - > Stop Control — This stops a running pH stat program.

The runtime screen shows the current solution pH,

Funtime Data the total run time, and the total volume of acid and
Solution pH : 7.00 base added. During the course of a run, the volume
Soluon Tenperature : 2.0 displayed in the Acid Added and Base Added text

S ";‘l'j'n Ti':'ne_ OEER boxes can be reset to a value of 0.0 ml by right
— clicking on the appropriate box, then selecting Reset

1 Volume.

106

The pH of the solution is displayed in real time on
the chart. X- and Y- axis scales can be adjusted

58 using the text boxes to change these scales on the
14 lower right of the chart.

Y Max | 13.0

1 YMin [ 1.0
0.0 12 24 Rimin] | 3

82
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Calibrating a pH Probe

i pH Probe Calibrati =k

Probe Selection

Select the pH probe to calibrate Probe 1 -
| m Vv MNMOTE: For the most accurate calibrations, ONE of the
m buffers must be a pH= 7 buffer
|
[ Accept ] ) Two Point Calibration
|
pH of Acidic Standard 20 @ Three Point Calibration
pH of Mid Standard 7.00 Buffer Temperature 250 oC |

pH of Basic Standard 10.0

To calibrate the pH
probe, select Calibrate
pH Probe from the
Infinity menu on the

main form.

From the dropdown list, select the pH probe to calibrate. The calibration screen offers the option of

performing a 2-point or 3-point calibration, it is recommend that 3-point calibrations be performed when

possible.

On-screen messages will appear instructing you to place the probe in Acid, Neutral, and Basic pH buffers.
The specific pH values are not important, but one of the buffers should be a pH= 7 buffer. For example,

the three buffers can be 4, 7, and 10, or 2, 4, and 7.

Enter the values for the three buffers and the current buffer temperature in the boxes provided.
The calibration routine prompts for the probe to be placed in the correct buffer at the correct time.
the millivolt reading from the probe to stabilize, and then once stable click the Accept button. After all
three buffers have been read, the screen begins to display the pH sensed by the probe using the newly

stored calibration values.
When satisfied with the results, click the Exit button.

Allow
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The Timed Addition Program

The timed addition program allows the pump to add any
volume of a single reagent at a user specified rate,
optionally, the addition rate can be made a function of
solution temperature and/or pH.

The range of possible flow rates depends on the syringe
size. The allowable flow rate range for the current syringe
is shown at the bottom of the screen in green text.

Run data can optionally be logged to a data file by selecting
Log Addition Data from the Program menu. If this option

aximum Delivery Rata : 97,500 mLimin inimuen Delivery Rats : 0,750 mLimin

is selected, the user is prompted for data logging options, then a data file name. Logged data always
includes time and volume added, then if the thermocouple and pH probe are enabled, these values are also
logged.

Experiment 5etup

To set up a Timed Addition experiment, you must enter the following

For Addition,

e W g e information.
Pum;] 2
Outlet Port B o Pumps 1 & 2 . . . . )
Ao voime . T3 aL Inlet Port — Select the port on the distribution valve reservoir of reagent is
[[] Add Syringe Content ConneCted to
Addition Rate : |12.0 mL/min B B A
Fil Rate : (6250 | mL/min Outlet Port — Select the port on the distribution valve that you want the
Flush System Following Addition reagent to be delivered out of.
Pump Intellect
Port : |C v

Votume N Addition Volume — Enter the volume of reagent to deliver. This program
Hote - i will delivery any volume from any syringe since it handles refilling the
syringe automatically. For example, this program can use a 5 ml syringe
to delivery 35 mls of reagent.
Add Syringe Content — The function of this check box is explained at the end of this section.

Addition Rate — Enter the flow rate for the addition of the reagent. The maximum flow rate is shown at
the bottom of the screen, there is no minimum flow rate. At the bottom of the screen is listed the
“Minimum Continuous Delivery Rate, this is the minimum flow rate that the pump can deliver at with no
interruption in the motion of the syringe plunger. The delivery speed of a pump can be changed during an
addition step, while the pump is running. Simply enter the new, desired speed into the Addition Rate box,

then click the "den fete= 22 wlsnin | G | change button that appears.

Fill Rate — This is the infusion rate that the program uses when filling the syringe. The program enters a
default fill rate that is appropriate for non-viscose, or aqueous fluids, but the rate can be changed to any
allowable flow rate for the pump. If the material being drawn into the syringe is viscose, then the default
rate would attempt to fill the syringe at a rate faster than the material would flow into the syringe. In such
cases, a slower fill rate, appropriate for the material can be entered. The fill rate can only be entered for
single syringe dispenses. Dual syringe dispenses automatically calculate the slowest possible fill rate,
depending on the dispense program entered.
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Flush Delivery Line
After the addition of the reagent is complete, it’s often desirable to flush the reagent that remains in the
delivery line into the reactor using a wash solvent. Depending on whether the outlet line is primed (see
later), the reagent remaining in the delivery line is part of the reagent volume that was requested to be
delivered, so normally, this reagent is flushed into the reaction system. The delivery line is flushed using
the settings in the “Flush System Following Addition” box immediately after the addition of the reagent is
complete. If you do not want to flush the reagent line, these boxes should be left empty.

Port — Select the port on the distribution valve that the flush solvent is attached to. This port can be

open to the air (to flush with air) or it can be a reaction or wash solvent.

Volume — Enter the volume of the flush solvent used to purge the delivery line..

Rate — Enter the flow rate for the addition of the flush solvent.

Dual Pump Systems Only
With a two pump system, the user has the option of selecting which pump to use for the delivery.
The options are to use a single pump, either Pump 1 or Pump 2, or to use both pumps alternating
delivery , which results in a continuous, delivery of reagent.
Select the pump to use in the selection box titled “For Addition Use Pump”. The main difference
between using a single pump (either Pump 1 or Pump 2) and using both pumps is the way the pump
refills when additional reagent is needed. During a single pump addition, the syringe fills with
reagent, delivers its content, and then pauses delivery, for about 7-10 seconds while it refills.
If this break in the continuous delivery of solvent is undesirable, the dual pump addition should be
selected. A dual pump delivery fill ones syringe while the other syringe is delivering, then just at
the moment that the one syringe empties, the second syringe starts. This results in a continuous,
uninterrupted delivery of the requested reagent.
If a single pump was used for the dispense and the option to flush the delivery line was selected,
then only that pump is used for flushing. If both pumps were used, then the volume of the flush
solvent is split between the two pumps and both pumps flush the delivery line.

Add Syringe Content Feature

A special case for the Timed Addition Program occurs when you want to add the entire volume of a
reagent, but you don’t know what that volume is. For example, let’s say you just worked up a reaction and
the product of that reaction is in a flask. You don’t know the exact volume of the reaction product, you
simply want to “add it all, whatever the volume is”. In this case, you can use the controls in the Prime
group box to withdraw all the product into the syringe, then rather than entering a specific volume of
reagent to add, click the check box titled “Add Syringe Content”. The program will calculate the volume
in the syringe and enter it into the Addition VVolume text box automatically. The syringe can be washed,
and the reagent left in the delivery line added to the reactor by using the feature of a Flush Step.

Once the appropriate addition data is entered into the
Experiment Setup screen, to start the addition, select
‘Start’ from the Program menu on the Timed Addition
tab. While a program is running, all other controls of
the KEM-Rx application are disabled.

A Timed Addition program can be aborted by selecting
Abort from the Program menu on the Timed Addition
tab.
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Temperature

Enable TC 1 on the Infinity Controller

] Pauze the addition if the
zolution kemperature falls BELOWS [ol] :

Pauze the addition if the
zolution kemperature rizes ABOVE [ol] : 100.0

Begin to decrease the flow rate at . 80 | ol

pH

Enable the pH probe on the Infinity Controller

Temperature and pH Dependent Additions

The addition of reagent can optionally be made a
function of solution temperature or pH. That is, the
user can enter temperature and pH limits that the
solution must say within for the reagent addition to
continue. If the solution parameters fall outside of
these limits, the addition is paused until the out of
limit condition is corrected.

To make the reagent addition dependent on solution
temperature, connect a type T thermocouple to the
Infinity controller and place it in the monitored
solution. Click the check box titled Enable
thermocouple on the Infinity Controller. You can
enter either, or both, a lower and an upper
temperature limit by checking the appropriate check
box, then entering a limit temperature in the

] FPauze the addition if the

salution pH falls BELOW pHe associated text box. If either the upper or lower

limit is approached, the addition rate is first slowed,
then if the limit is exceeded, the addition is paused.
When the solution temperature comes back within
the specified limits, the pump resumes reagent
addition. For an over temperature condition, the user
can additionally set the temperature where the
addition rate of the reagent begins to be adjusted.

] FPauze the addition if the
zolution pH rizez ABOYWE pH=

Select haw the zolution temperature iz meazured

[] Uze Infinity Thermozouple TC 1
Uze Manual Temperature [0C]: | 23.0

The text box titled Pause the addition if the solution temperature rises ABOVE (0C) is the temperature
where the addition is completely halted. The temperature in the box titled Begin to decrease the flow rate
at is the temperature where proportioning of the reagent flow rate begins. The flow rate is decreased
linearly between these two temperatures in 10% increments.

To make the reagent addition dependent on solution pH, connect a pH probe to the Infinity controller and
place it in the monitored solution. Click the check box titled Enable the pH probe on the Infinity
Controller. You can enter either, or both, a lower and an upper pH limit by checking the appropriate check
box, then entering a limit pH in the associated text box. If either the upper or lower limit is approached,
the addition rate is first slowed, then if the limit is exceeded, the addition is paused. When the solution pH
comes back within the specified limits, the pump resumes reagent addition.

Solution pH is a function of solution temperature. To use the thermocouple connected to the Infinity
controller to measure the actual solution temperature, check the box titled Use Infinity Thermocouple, then
place the connected thermocouple in the monitored solution. Alternately, the user can enter the solution
temperature to use for pH measurements by checking the box titled Use Manual Temperature, then entering
the temperature in the box provided.

36




The Multi-Reagent Delivery Program

The Multi-Reagent Delivery program is selected by clicking on the tab of the same name. This program
sequentially adds up to 16 reagents, at independent rates and volumes.  For each step the user can specify
the inlet and outlet ports, allowing multiple reagents to be added to multiple reactors.

Reagent Sequence Table — The user can
program up to 16 reagents to sequentially
dispense. Fill in only the steps that are

Pednge | e required. To create an addition step, start at

(mL/min)

= Step 1 and select the port on the distribution

Slon valve that the first reagent is attached to.

v |B250

v/aw Enter the volume of reagent to add and the

v |E250

2 rate of reagent addition for the step. After

v 6250

Slow the reagent addition is complete, the program

can pause for a period of time by entering a

v |e250

Slun Pause time in this column of the table. If the
pause time is 0, the program immediately

proceeds to the next addition step. Select the port to dispense the reagent out of, this is the Outlet Port.
The rate to fill the syringe can be optionally set, which is useful when filling the syringe with viscose
reagents. The program continues until all of the additions defined in the table are complete.

To reset the table for a new experiment, select Clear Sequence Table from the Program menu.

SYR-2400 Only
If the SYR-2400 (dual pump) system is in use, the table adds an additional column titled Pump
Address. In this column, the user can select which pump to use for each step, Pump 1 or 2.

Methods List =3 Once an experimental method if fully defined (by entering all

the required information in the Reagent Sequence Table), you
have 2 options. You can either start the experiment, or you

oo Temes can first save the method for future recall. The Methods

Shot Fiun menu contains three options:

General Delivery Seloct Method
elect Metho

File: |Methods.txt |

Save Method — To save the method currently defined on the
screens, choose this option. When selected, a pop-up
window appears prompting for a method name. Enter the
name, then click OK.

Recall Method — Selecting this option brings up a screen that
lists all stored methods. Select the desired method, then
click the Select Method button. The data from the selected
method populates the Reagent Sequence Table.

Delete Method — Selecting this option brings up a screen
that lists all stored methods. Select the method to delete,
then click the Select Method button.
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Before beginning an experiment, inlet and outlet lines can be manually primed by using the controls on the
Manual Control tab. Once the system is in an appropriate starting condition, reselect the Multi-Reagent
Delivery tab.

Once the desired addition sequence is defined in the Reagent Sequence Table, the experiment is started by
selecting Start from the Program menu on the Multi-Reagent Delivery tab.

A running program can be terminated by selecting Abort from the Program menu.

When Abort is selected a popup window offers the option of
aborting all remaining steps or just the current step. 1 you

pell=E (=) R ) (e}

c

Step Abort Requested E select Yes, the running program with any remaining
__ 0 addition steps are aborted. If you select No, he current step
3:/ s e el g el 0 is aborted and the program continues at the next addition
e W o step in the sequence. When No is selected, any reagent
g remaining in the syringe is returned to the appropriate
::e;'; . 2 reagent reservoir before starting the next step.

The function of a J-KEM temperature controller can be added to

o mL Step 7 the software interface of the syringe pump. This provides a
Bl single interface for processes requiring temperature control
Step 9

during the pumping sequence. For a full description of the

2:: :? temperature cont‘rol fqnction, see the section titled “Temperature
Step 12 Controller Functionality”.

Step 13

Step 14

Step 15

Step 16
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The Concurrent Addition Program

The Concurrent Addition Program only appears for Dual Syringe Pump systems. This program
simultaneously runs two completely independent reagent delivery programs, one from each pump, in
parallel with independent rates, port selection, and volumes.

The program can be used to simultaneously add two different reagents to the same process, or run two
independent processes.

Reagent Addition Program

E — _a:u Each pump has an 8-step table that
is used to construct the addition
o et QR sumpn Pasei | Pt [EEEEEIEE | | program for that pump. The
" — O—rT P addition programs for each pump
o - - O run simultaneously, but
s . — independently of each other. The
tables for each pump can have the
Pump 2 Reagont Addition Program _ __ same, or different, number of steps.
L vnmme[mu PR | myraime :m[mm] ggﬂm] A program terminates when the
- : —u = last user programmed step
= . T Flun Staus, Pump 2 completes.
Seps v P s Step 1

The table at the left shows an
[ J'KEM Scientific KEM-Pump SoftwareVersion MP A= example Of a flve Step program

entered for Pump 1 and a four step
e e e NS | | program entered for Pump 2. To
w2 s @w Tt Wb ew Moy e start these programs, select Start
s — from the Program menu on the
e - ME 0 Concurrent Addition tab. The Run
Status box to the right of each of
Pump 2 Reagent Addition Program the pump programs updates during
_ :ua.pm ] r;\m[m\] Emﬂﬂte Eunapm ] Dpause[mm] Ezi);ﬁm‘ the run to show the status of that
e o TR B Jew pump.
) omt NN ] O Run Status, Pump 2 A running program can be aborted
. o ew s by selecting the Abort command
from the Program menu. Aborting
a program terminates the run for
both pumps.
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Inlet Port — The port on the distribution valve that the reagent reservoir is attached to.

Volume (mL) — The volume of reagent to deliver.

Delivery Rate (mL/min) — The rate to dose the reagent from the syringe pump.

Outlet Port — The port on the distribution valve that the reagent is delivered from.

Pause (min) — Following the addition of the reagent, or a temperature equilibration step, the process can
pause for a set period of time before proceeding to the next step.

Refill Rate (mL/min) — The rate to fill the syringe can be optionally set. This is useful when filling the

syringe with viscose reagents.

To clear both tables in preparation for another program, select Reset Program from the Program menu.

Pump 2 Reagent Addition Program

ety
Weron Nekme | Dol e

vow ]

£

S

OuiaPon  Pase nid

The function of a J-KEM temperature controller can be
added to the software interface of the syringe pump. This
provides a single interface for processes requiring
temperature control during the pumping sequence. For a
full description of the temperature control function, see the
section titled “Temperature Controller Functionality”.
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Parallel Addition Program

This program uses a single pump (or dual pumps) to add a single reagent to multiple reactions in parallel at
independent addition rates. For example, a common reagent can be attached to one of the pumps
distribution valve ports (this is an inlet port), then delivery lines to 4 separate reactors are attached to 4
separate ports on the pumps distribution valve, (these will be outlet ports.).

[ JKEM Scientific KEM-Pump Software Version MP

The pump fills the syringe with reagent from the

Timed Addiion | MuliFlsagant Defvewy | Concunent Adkiion | Passlel Addiion | Program Buidar | Pumg Manyal Corvl

—_— — e common reagent port, and then sequentially
e v mmegsmime s memnn e e o HOHIM | gccesses each of the ports connected to the 4
sttt [(@ ] ETe | L different reactors. When each reactor is accessed,
S S s the pump delivers the aliquot of reagent needed to
L0 E— . . g .
T (i — satisfy the delivery rate specified by the user. This
S e (- i i process continues until the volume of reagent has

been delivered to each reactor at the rate specified.
Inlet Port — Select the port that the common
—r— e Rl e =P R L L L L
Exbsuwsup Couzfgugz A
7 - Fill Rate — Enter the speed that the pump should
e e e S use when refilling the syringe. This box contains
pnwb | Lol1gweic1z -
the default speed of the pump, but for viscose
reagents, the speed should be set to lower values.
Pump 2 Parameters
Inlet Port: A v Fill Rate : [31.250 | ml/min Additional Interval — This program works by

sequentially moving the distribution valve to the
outlet port of each reactor and dispensing small
amounts of reagent each time the port is accessed.
The Addition Interval value is the amount of time
that the pump pauses between addition cycles. One
cycle is the process of the pump dispensing reagent

For dual pump systems, a group box for Pump 2
Parameters also appears. The second pump can be
used to run a second series of independent additions
of different or the same reactors as those accessed by
pump 1.

from each active port. How often the pump starts an addition cycle determines the aliquot volume added
to each reactor.  For example, if the addition rate to a reactor is set to 1 ml/min, and the Addition Interval
is set to 1 second, then 60 times per minute, the pump will add 16.7 ul aliquots of the reagent to the reactor
(i.e,, 16.7ul *60 =1 ml). If the addition rate to a reactor is set to 1 ml/min, and the Addition Interval is
set to 5 seconds, then 12 times per minute, the pump will add 83.3 ul aliquots of the reagent to the reactor
(i.e,,83.3ul*12=1ml). The shorter the Addition Interval, the smaller the aliquot of reagent that is
added to a reactor, but short Addition Intervals may require many thousands of operations of the pump’s
distribution valve, causing it to age faster. In general, pick the longest Addition Interval that provides an
aliquot addition volume suitable to the addition requirements. If the addition interval is shorter than the
time needed for one addition cycle, the program will automatically change it to the shortest time possible.
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The reaction construction
table populates with one less

Pump Outlet Port Total Yalumn [mi] Addition R ate [ml/Hr] Statuz Delivered Yolume [ml)
bRt ; v I row than the number of ports
Fix 2 Purnp 1 w B A4 H H H
P e ; [—]:] on the pumps distribution
valve.
Enter the volume of reagent to
Pump Outlet Part Total Yolumn (o) Addition Fate [ml/Hr) Status Delivered Yalume [ml) add and the rate Of addition
B - 5 for each reactor in use. As
® ump v w12 X eady
A3 Pl v B v C_ ] the parameters for each
reaction are entered, the
_ : Status label for that reactor
Pump Outlet Port Total Yolumn [ml] Addition R ate (mlHr) Status Deliversd Yolume [mi] « 55
> Rl Fumel v B v |20 125 C_res DN turns to “Ready”.
Rx2  |Pumpl  v|C v 125 20
Rx3 Pump 1 w D w 125 0.50 Ready
To start the additions, select
Pump 1 Parameters Start from the Program menu.
Inlet Port : |A |+ Fill Rate : |31.250 | mi/min The table column titled
Experiment Constants Dellvered VO|Ume Updates
Addiion Interval (Sec) [ 10| | The sdten e s he e peted o e Runni continuously during the
unning course of the addition.
Pump Outlet Port T atal Yfalurmn [ml] Addition Rate [ml/Hr) Status Delivered Walume [ml) H
T - B _r o T o The only variable that can be
Ru2 Pumpl  »|C v 125 150 0167 Ch&ﬂgEd while arunisin
Rx3 Pumpl % |D w150 75 Ready n.oe3 progress is the Total Volume
of the reagent to all to a
particular reactor.
During a run, the addition to
U R any reactor can be paused by
Inlet Port: [A v Fill Rate : |31.250 | mi/min clicking on the “Ready”
Experiment Constants button in the run'time table.
Addition Interval (Sec) | 10 el elioind el e ) When clicked the state of the
Running button changes to Paused.
Pump Outlet Part Tatal Walumn [ml) Addition B ate [ml/Hr) Status Delivered Wolume [ml]
ST SR T s T To release t.h.e pause and
Re2 Pl w|C v 125 150 [ feay 12 resume addition to the reactor,
Fx 3 Pump1 % |D v 15.0 75 FReady 0.546 click on the “Pause” button to

set its state back to Ready.

Menu Commands

Program -> Start Starts the experiment. When a program is started, all other experiment tabs are
deactivated to prevent the user from starting a second syringe pump program while this experiment is

running.

Program -> End Experiment A program naturally ends when the requested volume of reagent is
added to each reactor. To end an experiment before all the reagent is added, select eh End Experiment

menu option.

Program -> Reset After an experiment completes, select the Reset menu option to clear the table in
order to enter data for a new experiment.
Program -> Upload for Autonomous Run Uploads a program to the syringe pump that allows the

program to run even when the pump is disconnected from the PC. See the section titled Autonomous

Syringe Pump Runs.
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Autonomous Syringe Pump
Runs.
The feature uploads the

Fie  Configuration  About

Timed Addition | Multi-Reagent Delivery | Parallel Addition | Progiam Builder | Purnp Manual Control | User Suagested Pragrams | User Program 1

syringe pump program to

Pump 1 Parameters

RAM memory in the syringe
pump module, and then
e executes the program from the

Inlet Port - |A v Fill Rate : |50 ml/min

Experiment Constants

Range - The Addition |
0 e Addition
Addition Interval [Sec) 2-120 Sec delays betwe:

Pump Outlet Port Tatal Volumn mi) Addition Fiate (ml/Hi] Status Delivered Volume (ml) Pump Steps per Cycle | Cyles to Completion P u m p S m e m 0 |’y . Wh e n a
R 1 Fumpl v B v 200 25 100 9500 .
b Rxz Pumpl ™| C v 150 125 50 14400 program IS run from the
Az 3 Pumpl % D v 85 0.25 [ Reaty | 10 40300

pumps RAM memory, the
connection with the PC is
disabled. After uploading the
program to the pump, the
KEM-Rx software can be

Program Ready

\!‘) The program is uploaded ta the pump. Click OK to Start, or Cancel ko Abort.

exited, since the pump no longer has communications with the PC.  The advantage of this option is that it
allows very long programs to be run without any need of being connected to the PC.

To use this feature:

1) Create the addition program in the table as normal.

2) Select Upload for Autonomous Run from the Program menu

3) In response to the message stating that the program was uploaded, click the OK button. Once the
program starts in the pump, the KEM-Rx software can be exited, and the PC turned off. ~ The program
uploaded to the syringe pump is erased when power is turned off to the pump.

The function of a J-KEM temperature controller can be added to the
software interface of the syringe pump. This provides a single interface for
processes requiring temperature control during the pumping sequence.

For a full description of the temperature control function, see the section
titled “Temperature Controller Functionality™.

Fan T
Addition Interval (Sec) | B0 | 212056 i, batveer

P OullelFor_ ot o (i)

TR -« C[)
2 Pt w

3 Pwpl w8
Pupl w8

Fus Prpl B
3 [
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Program Builder
Program builder allows the user to arrange a sequence of pump commands in order to accomplish virtually
any desired fluid motion/delivery program. Program builder can be run in either Local mode from the PC
that operates the syringe pump, or Remote mode where a separate PC sends commands to the PC running
the syringe pump. Remote mode is useful to incorporate the pump into a robotic or other automation

application.

£}

File  Program  Tempetature Controller

e A Hltiege bevay | Factetasion] Mosantue pungontonel| Ut s.gzecesrezen: N

About

Local Mode

The user creates a list of commands that

a0 B poaam st [sesenoees the pump executes sequentially. This
Pump 2 Port Loop Depth - 0 Part(1. 2) - . -
command list can include discrete pump
SRELETES actions, like change a port position, or
Spoed dispensing a volume, and the list can
Delay_Seconds . -
Delay Minos include loops and delay times.
Syringe Yolume (ml)
Volume in Pump 1: 20.000ml
Program Builder consists of several controls, the first is
Pump Selector Home the Command Selection Box. Depending on the options
© Pump 1 Fill installed on your pump, the command selection box
P 2 o opulates with the command available. For systems with
Both pop ' SYS!
DispenseAll a single pump, only the pump 1 pump selection is
SlowDispense activated. For dual pump systems, to have pump 1
itharaw execute the command, click the Pump 1 radio box, to
Slowwithdrawal , P '
Speed have pump 2 execute the command, click the Pump 2
Delay_Seconds radio button, and to have both pumps execute it, click the
Delay_Minutes . .
Both radio button. As an example, if Pump 1 were
selected, when the Home command is clicked on, the
resulting command is: Home(1)
if Pump 2 were selected, the resulting command would
be: Home(2), and if Both pumps are selected, the
command would be Home(0). An address of 0 is a
Port(1. 1) global address that causes all connected pumps to execute

Fill(1)
Speed(1. 12)
Home([1]

the command.

As command are selected from the Command Selection
box, they appear in the Program box in the order that they
were selected.
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Home — Instructs the selected pump to Home,
which expels the entire content of the syringe.
Remember — for multi-pump systems, you must
select the pump (Pump 1, Pump 2, or Both) to
perform the action before clicking on any

Pump Selector Home
() Pump 1 Fill
) Pump 2 Port
O Al Dispense
DispenseAll
Pump 3 SlowDispense
Pump 4 Withdraw
SlowWithdrawal
Speed

Delay_Seconds
Delay_Minutes

command in the Command Selection box.

Fill — Instructs the selected pump to Fill the
syringe to its maximum volume.

Port — When the Port command is clicked, a

Break input box opens to prompt the user for the port
Beep to go to.
Message Enter Syringe Pump Port
DIgITEll DUtpUt Enter the Part to move to [Input: & ta H, or 1 ta &),
If_Input{IsHigh)
If_Input{lsLow]) v
: Enter the
desired port, then clock OK
Dispense - Causes the pump to dispense the requested
volume. An input box opens prompting the user to input the | [T
volume to dispense. If a volume is entered that is greater Enter the volums to dispense in illiters:
than the current syringe volume, only the content of the
syringe is dispensed, then the additional requested volume is
ignored. If a volume is entered that is greater than the size o
of the syringe, en error message is displayed prompting the
user to enter a volume no greater than the size of the syringe.
DispenseAll — Causes the pump to dispense the entire user
entered volume, independent of what is the current volume O — X
or the size of the syringe. When selected, the DispenseAll Ente the valume to dispenseinmilers
.
command first prompts the user to enter the volume to
dispense, it then prompts the user to enter the port on the
distribution valve that the reagent is connected to. This 5
command works by first using the current content of the :
syringe to dispense the requested volume. If that volume is
less that the requested volume, then the pump positions the T X
valve to the port the reagent is connected to, and continues to e E e e e e
refill and dispense the reagent until the requested volume is elERE AL el
dispensed. When this command completes, the volume in
the syringe is 0.0 ml. s
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SlowDispense — The syringe pump has two delivery modes,
continuous mode and step mode. When possible,
continuous delivery mode is the best because it dispenses a
continuous stream of fluid with no pauses or gaps, but at
very low flow rates, continuous mode does not operate. At
the bottom of the form, KEM-Rx shows the range of flow
rates that can be achieved using continuous delivery mode,
rates below the minimum continuous delivery rate must use
step delivery mode. In step mode the pump delivers small
aliquots of fluid once per second to achieve the desired flow
rate. There is no lower limit to the flow rate in step mode.
When SlowDispense is selected, you’ll be prompted to enter
the volume to deliver and dispense rate in units of ml/min.

COUAUNGON2 qeIAGLA L9)6 |01 [LAwb | 12 0 |"gAD [0 | 8% P00 WRWIL

Dispense Volume [mL] E|
Enter the volume to dispense in milliiters:

ol
i
=]

Enter Dispense Rate

Enter the dizpense rate in units of ml/min.
Fate must be less than 1.875 ml/min

]
s

Cancel

Withdraw — Causes the pump to withdraw the entered
volume from the currently selected syringe pump port. If
the volume entered is greater than the volume of the syringe,
a message is displayed prompting the user to enter a smaller
volume.

Withdrawal Yolume [mL]

Enter the volurne to withdraw i milliiters:

35

SlowWithdrawal — The syringe pump has two delivery
modes, continuous mode and step mode. When possible,
continuous delivery mode is the best because it withdraws a
continuous stream of fluid with no pauses or gaps, but at
very low flow rates, continuous mode does not operate. At
the bottom of the form, KEM-Rx shows the range of flow
rates that can be achieved using continuous delivery mode,
rates below the minimum continuous delivery rate must use
step delivery mode. In step mode the pump withdraws
small aliquots of fluid once per second to achieve the desired
flow rate. There is no lower limit to the flow rate in step
mode.

When SlowWithdrawal is selected, you’ll be prompted to
enter the volume to withdraw and the withdrawal rate in
units of ml/min.

COUAUNGON2 qeIAGLA L9)6 |01 [LAwb | 12 0 |"gAD [0 | 8% P00 WRWIL

Withdrawal Yolume [mL]

Erter the volurne ta withdraw in millliters:

Enter Withdrawal Rate

Erter the withdrawal rate in units of mlfmin.
Fate must be lezs than 1.875 ml/min

Cancel

0ES
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Speed — Causes the pump to set the speed for
withdrawals and dispenses to the user entered
value. Speeds are set in units of ml/min.  The
entered speed must be between the minimum and
maximum delivery rate for the pump shown on
the bottom of the KEM-RXx screen.

Enter Pump Speed

Enter the pump speed in units of mL/min. Speed
must be between the pumps minimum and maxinum
d.

45.0

Delay _Seconds — Causes the pump program to
insert a delay for the user entered amount of time
before continuing to the next pump command.
Times are entered as seconds and can be floating
point numbers in the range of 0.001 to
20,000,000. For delays greater or equal to 1
second, the program displays a digital clock that
shows the amount to time remaining in the delay.
For delays less than 1 second, the digital clock is
not displayed.

Enter Delay Time
Enter the number of seconds to delay.

Cancel

125

Delay Minutes — Causes the pump program to
insert a delay for the user entered amount of time
before continuing to the next pump command.
Times are entered as minutes and can be floating
point numbers in the range of 0.001 to
20,000,000. During the delay, the program
displays a digital clock that shows the amount to
time remaining in the delay.

Enter. Delay Time

Enter the number of secands to delay.

25

Break — When the Break command appears in a
program, the program will run up to the
command and then halt execution. The
program remains at the Break command until the
user clicks the “Resume Program” button
appearing at the top of the screen

Program Listing

[ Hezume Program

Speed(0. 100)
Port[0. 2]
Home[0]
Loop[96]
Port[0. 1]
Speed[0, 75]
Fill{D)
Speed(1. 25]
Speed[2, 50]
Speed[3. 75]
Loop[10]
Parallel Dispense(1. 3.5000]
Parallel Dizpense[2. 2.5000]
Parallel Dispensze[3, 4.5000]
W aitForReady(0]

Delay Seconds[1. 1]

Close_Loop[2]
Close_Loop([1]
Port[0. 2]
Cneedifl 10001
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Beep — Causes the computers audio system to
play a beep sound as a warning or to capture the
users attention. When prompted, enter the
number of Beeps to play when the command is
encountered.

Audio Notice g]

Enter the number of beeps to sound.

Cancel

Message — Program Builder allows the user to
create up to 10 messages that can be displayed
during program execution. The messages are
saved to a comment table, then can be displayed
by passing the index of the message to display.
For example, the code segment to the right
causes the message stored at message

Program Listing

Home([1]
Port[1. 3]
Fill[1]
Meszage[?]

Comment

Mote 1 The syztem is about to dizpenze to the outlet port.

Make sure the reactor is stirming.

Maote 2 An over-temperature condition was encountered. Reszet the cooling system.

Hote 3 Reachion i1z Completell
Mote 4

Note 5

MNote &

Mote 7

Mote 8

Note 9

MNote 10

location #2 to display. This is a convenient way to pass program critical messages to a user. While a
message is displayed, the program pauses until the user acknowledges the message by clicking the ‘OK’

button that’s displayed with the message.

Save Comments

Messages can be added, edited or deleted by selecting the menu command “Display Comment Table” in the
Programs menu tab. When done entering messages, click the Save Comments button.
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Parallel Dispense — This command handles a special case for
multi-position pumps when it’s desirable for two different
dispense operations to occur simultaneously.

Most commands in the program file occur sequentially, and a
command later in the list does not execute until the one
preceding it completes. The Parallel Dispense command
allows the pumps to dispense different volumes in parallel
rather than sequentially. For example, in the short program
segment shown to the right, pump 1 will dispense 5ml while
pump 2 dispenses 2.5ml in parallel with one another. Earlier
in the program, the speed of pump 1 was set to 20ml/min and
the speed of pump 2 was set to 10ml/min, so even though the
two pumps are delivering different volumes, because they are
at different rates, they will complete the dispense at the same
time. When selected from the command list, Parallel
Dispense prompts the user for the volume to dispense from
each active syringe pump. The command WaitForReady(0)
is added by the program automatically to ensure that the
program waits until both pumps have completed the dispense
before proceeding.

Program Listing

Speed(D, 50]

Fill{)

Speed(l1. 20]

Speed(2. 10]

Port[0. 2]

Parallel Dizpensze[1. 5.0000]
Parallel Dizpense[2, 2.5000]
W aitForB eady[0]

Dispense Volume [mL]

Enter the wolume to dispense from Pump 1 in
milliliters:

Dispense Volume [mlL]

Enter the volume to dispense from Pump 2 in
millilibers:

24

Cancel

Parallel Withdrawal - This command handles a special case
for multi-position pumps when it’s desirable for two different
withdrawal operations to occur simultaneously.

Most commands in the program file occur sequentially, and a
command later in the list does not execute until the one
preceding it completes. The Parallel Withdrawal command
allows the pumps to withdraw different volumes in parallel
rather than sequentially. For example, in the short program
segment shown to the right, pump 1 will withdraw 7.5ml
while pump 2 withdraws 1.25ml in parallel with one another.
Earlier in the program, the speed of pump 1 was set to
20ml/min and the speed of pump 2 was set to 10ml/min, just
to show that the pump speeds do not need to be the same.
When selected from the command list, Parallel Withdrawal
prompts the user for the volume to withdraw from each active
syringe pump. The command WaitForReady(0) is added by
the program automatically to ensure that the program waits
until both pumps have completed the dispense before
proceeding.

Program Listing

Speed(0, 50]

Fill{)

Speed(1, 20)

Speed(2. 10]

Port[0. 2]

Parallel Withdraw(1, 7.5000]
Parallel Withdraw(2. 1.2500]
W aitForB eady[0]

Withdrawal Yolume [mL]

Enter the volume to withdraw into Pump 1 in
milliliters:
7

Withdrawal Volume [mL] %]
Enter the volume to withdraw into Pump 2 in
milliliters:
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Digital Output — If the pump is equipped with
the optional 10 package, this command sets the
state, either On or Off, of the specified digital
output. When selected, the program prompts the
user to select the output channel (1-3), then once
the channel is selected to specify its state (On or
Off).

For dual position pumps, each pump can have its
own output bank consisting of three outputs. If
the pump is configured with 3 outputs, these
outputs are operated by Pump 1, if it has 6
outputs, then the first three outputs are operated
by Pump 1, and the second three are operated by
Pump 2. Make sure that the radio button for the
correct pump is checked before selecting this
command.

Digital Outputs

Click on the output
Dutput Humber

1 2 3

Digital Dutputs
Select output state
Dutput State

ON OFF

If_Input(IsHigh) — For units equipped with the
optional 10 package, this command examines the
state of the specified input (1-3), and if the state
is High (i.e., >3 Vdc) executes the statements
that appear between the If_Input(IsHigh)
statement and the EndIf() statement. If the input
is low (i.e., <1 Vdc), then the statements in the If
block are skipped.

When the If_Input(IsHigh) statement is selected,
the program prompts the user for the digital input
to examine (Range 1-3). After selecting the
input to examine, the software opens the If
statement. Add any syringe pump commands
that should be executed if the selected input is
high. When done, click the EndIf() command in
the red box to close the loop. Note that another
If statement cannot be nested inside of an open If
statement.

Select Input Channel
Enter the Input channel to test. Range=1ta 3.

Cancel

EndIf()
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If_Input(IsLow) — For units equipped with the option al 10
package, this command examines the state of the specified
input (1-3), and if the state is Low (i.e., <1 Vdc) executes the
statements that appear between the If_Input(IsLow) statement
and the EndIf() statement. If the input is high (i.e., >3 VVdc),
then the statements in the If block are skipped.

When the If_Input(IsLow) statement is selected, the program
prompts the user for the digital input to examine (Range 1-3).
After selecting the input to examine, the software opens the If
statement. Add any syringe pump commands that should be
executed if the selected input is low. When done, click the
EndIf() command in the red box to close the loop. Note that
another If statement cannot be nested inside of an open If
statement.

Select Input Channel

Enter the Input channel to test. Range=1to 3.

EndIf()

120Vac Outlet — For pumps with the optional 120Vac outlet
installed, selecting this command provides the option of turning
the Outlet On or Off. When the 120Vac Outlet command is
clicked, a new screen appears that prompts the user to select
the outlet state, either On or Off. Click on the selected state.

Digital Outputs

Select output state
Output State

ON OFF

Open Loop — Clicking on the Open Loop button, opens a
programming element that allows the user to enter a series of
commands that appear between the Open Loop and a Close
Loop command. Any commands that appear between the
Open and Close Loop commands are executed for the number
of loop passes entered by the user. For example, clicking on
the Open Loop button brings up an input box that prompts the
user to enter the number of times to execute the statements in
the loop. Once the number of loop passes is entered, the
commands inside the loop are added. After adding the last
command to run inside the loop, the loop is closed by clicking
on the Close Loop button.

The nature of Loops (more commonly known as Do Loops) is
beyond the scope of this syringe pump manual to fully cover,
but several examples are presented for instruction.

Open Loop

Loop Depth : O

Loop Passes

Enter the number of times to execute this loop.
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oK

Cancel

Open Loop |

Loop Depth : 1

| Cloze Loop |
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Example 1 — Filling a microtiter plate.
Note, line numbers normally don't appear in pump programs, they

_ i 1. Port(l1, 2)
were added only for illustration purposes. 2. Fill[1)
This is a line-by-line execution of the program. 3- P"“[E.;J IIHE]
Line 1 — The pump positions the valve to Port 2. 5. D"ispenmn 0.0200)
Line 2 — The pump fills the syringe. b. Delay Seconds(1. 0.4)
Line 3 — The pump moves to Port 1 (connected to the outlet line). [ Close_Loop(1)
. . . & Port[1. 2)
Line 4 — The Loop() command is not executable, but it does load the 9. Home(1)
number of loop repetitions, in this case 96.
Line 5 — The pump dispenses 20 microliters
Line 6 — The program delays 0.4 seconds (to give the user time to
move the outlet probe to the next well in the titer plate).
Line 7 — The program examines how many times it has executed the
loop (Lines 5 & 6), if it is less than 96 times, then the
program jumps back to line 5, if this is this is the 96th pass,
the program jumps to line 8.
Line 8 — The pump moves the valve to Position 2.
Line 9 — The pump returns the remaining reagent to the reagent
reservoir.
What should be noticed in this program is that the user must make
sure that the syringe always has enough reagent in the syringe to make
the required dispense.
Example 2 — Filling a titer plate with automatic refills
In this example, the pump is fitted with a 10ml syringe, the reagent 1. Homell]
reservoir is on pump port 2, and the dispensing tip is on pump port 1. | 5 t@tA
This program will allow Loops to be nested 3 deep, in this case, the : E'!J.[:[% 1
loop is nested 2 deep. 6 Loop(8)
The program enters the first loop on line 2, this loop consists of all the | | D sl B.4)
9 Close_Loop(2]

statements from lines 2 to 10. The statements in the outer loop will be
executed 12 times. On lines 3-5 the pump fills with reagents and
positions the valve to the dispense port. The nested loop consists of
all the statements from lines 6 to 9. The statements on lines 7 & 8 will
be executed 8 times before exiting the nested loop. When the nested
loop is entered on line 6, the syringe has 10ml of fluid. After
executing the nested loop 8 times, the loop exits on line 9. When line
10 is hit, the program jumps back to line 3, where the syringe refills
with reagents, then positions itself back to the dispense port. It then
reenters the nested loop. The process continues until the outer loop
executes 12 times. At the end of this simple program, the pump has
added 1ml to each well of a 96 well titer plate (96 ml) using a 10 ml
syringe.

10.  Close_Loop(1)
11. Port[1, 2]
12. Home[1]

Rules for Ifs and Loops
Loops can be nested 3 deep.

A single If can appear in a Loop, but then no other If's or Loops can be nested until the If is closed.
A single Loop can appear in an If, but no other If's or Loops can appear until the Loop is closed.
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Temperature Controller Functions

Tined Addion | HukiFreagen Delivery| Concuren: Addion | Paralel ddion | Prosram Bulder | Pung Manad Cortal| User Sugaenied Frograr:

File  Program  Temperature Controller  About

Pump Selector

Home
C Pump 1 Fill

(& Pump 2 Port
O Both

Loop Depth : 0
Dispense
DispenseAll
Withdraw
Speed
Delay_Seconds
Delay Minutes
p

Pause Below Temperature
Pause Above Temperature

Syringe Yolume (ml)
Volume in Pump 1: 0.000ml
Yolume in Pump 2: 0.000ml

Program Listing

The function of a J-KEM temperature
controller can be added to the form.
This allows the user to control the

Pause Program

,_Temperature(1, 100.0)

erature(1. 25.0)

temperature of an attached reaction, or
control the addition of reagents as a
function of reaction temperature.

To add the controller to the form, connect
a USB enabled J-KEM controller to any
of the USB ports on the PC running the
syringe pump. Turn on power to the
controller, the select ‘Find Controller’
from the Temperature Controller menu.

Pump Selector

Home
® Pump 1 Fill

) Pump 2
) Both

Port

Dispense

DispenseAll

Withdraw

Speed

Delay_Seconds

Delay Minutes

Set Setpoint

Pause Below Temperature
Pause Above Temperature

Syringe Yolume [ml)
Volume in Pump 1: 0.000 ml
Yolume in Pump 2: 0.000 ml

Home[0]

Port[1. 2]

Fill[1]

Port[2. 5]

Fill[2]

Setpomnt(1, 100.0)

Pausze Below Temperature(1. 100.0]
Dispenze[1. 5.0000]

Setpoint[1, 20.0]
Pauze_Above_Temperature[1,. 25.0]
Home[1]

Home[2]

When the controller is added to the form, three new
commands are added to the Command Selection Box.
The function of these commands are:

Set Setpoint — Enters a new setpoint temperature
(i.e., desired reaction temperature) into the
temperature controller.

Pause Below Temperature — When this command is
encountered during a syringe pump program, the
program pauses or continues based on the current
reaction temperature. If the user enters a “Pause
Below Temperature” of 50° C, the progress of the
syringe pump program will pause as long as the
sensed temperature is below 50° C. When the sensed
temperature reaches 50° C, the pump program
continues.

Pause Above Temperature — When this command is
encountered during a syringe pump program, the
program pauses or continues based on the current
reaction temperature. If the user enters a “Pause
Above Temperature” of 40° C, the progress of the
syringe pump program will pause as long as the
sensed temperature is above 40° C.  When the sensed
temperature falls to 40° C, the pump program
continues.
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Editing Syringe Pump Programs

Program Listing

Home([1]

Port[1. 2]

Fill[1]

Speed(1. 5]
Dizpenze(1, 0.5000]

Program Listing

Home(1]
Port1. 2]
Fill[1]
Speed(1. 5]
Port[1. 3] (
Dizpense(1. 0.5000)

Program Listing

Home([1]
Port[1. 2]
Fill[1]
Speed[l1, 5]
Port[1. 4]
Dispensze[1, 0.5000]

Position cursor
here when done

Program Listing

Home[1]
ey -2 Speed command
Por(1, 4) < deleted

Dizpenze(1. 0.5000])

As long as a program is under construction, it is simply a text
file. As such, it can be edited, statements inserted or
deleted, or entire sections of code added. This section
describes the editing controls.

Inserting a Single Statement — While a program is under
construction, statements that were inadvertently forgotten
can be added at the point in the program they need to appear.
For example, if a Port statement should have been entered
between the Speed and Dispense statements, the Port
command can be added by positioning the text cursor at the
end of the end of the Speed command (immediately after the
right most parenthesis), then click on the Port command

Editing a Statement — The text of any statement can be
edited. For example, if the pump should have been directed
to port 4, rather than port 3 in the newly entered command,
the user can simply delete the ‘3’ and replace it with ‘4°.
When you are done editing, you must position the cursor on
the first line after the last program statement, so that new
commands are entered at the end of the program.

Deleting a Statement — Any line in the program can be
deleted simply by selecting the line in the program window
and deleting it. 'You must delete the entire statement and
remove any blank lines. Once the statement is deleted, you
must position the cursor on the first line after the last
program statement, so that new commands are entered at the
end of the program.
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Program Listing

Dispense[1. 0.2000]
Home[1]

Program Listing

Home[1)

Port[1. 2]

Fill(1)

Speed(1. 5]

Port(1. 4)
Dispense[1, 0.5000]
Dispense(1. 0.2000]
Home[1)

Program Listing

Add statement after

this line.

Home([1]
Port[1. 2]
Fill(1)
Speed[1, 5]
Port(1. 4
Home[1)
Home[1)
Home([1]
Home([1]
Dizpense(1. 0.5000)]
Dispense[1, 0.2000]
Home([1]

These statements
were added

Saving a Code Block — After a program is created, it might be
useful to save sections of the program that perform a useful task.
Then when new programs are created, rather than having to enter
the individual statements that perform the task, the entire block of
statements can be added at one time. To save a block of
statements, highlight the desired statements in the Program Listing
Box, then select Save Code Block from the Program menu. You
will be prompted to enter a name for the code.

Inserting a Code Block — Code blocks previously saved can be
added to a program under construction. Position the cursor at the
end of the line where the code block should be inserted after (in
this case at the end of the Port(1, 4) command) and then select
Insert Code Block from the Program menu. In this case, the code
block (previously saved) that was inserted are the four Home(1)
commands.

First character MUST be

a single quote mark.

LRCRTRY DT T ST e ]

e —

Home([1]
Fill[1)
Port[1. 4)

Port[1, 2] "Port 2 has the amine on it
Speed(1. 5] "Set the speed to a Fast rate
Blank lines with a single

Dizpensze(l1, 0.5000]
‘Here you should do two

Dizpense(1. 0.2000])
Home([1]

dispenses

AN

guote mark are OK

Adding Comment Statements —
Comments statements, or non-
executed text statements, can be
added at any point in a program.
Comment statements are useful to
document what the program does.

Comment lines can appear
on a line by themselves, but the line
MUST start with a single quote mark
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Saving a Program — Once a program is created, it can be saved to dish by selecting Save Program from the
Program menu. Once selected, the user is prompted for a file name to save the program to.

Recalling a Program — A program previously saved to disk can be recalled by selecting Recall Program
from the Program menu.

Deleting a Program — A program previously saved to disk can be deleted by selecting Delete Program
from the Program menu, then selecting the program to delete.

Menu Commands

These options in the program menu have the follow effects.

Start — The Start command causes the syringe pump to begin executing the program script as it appears in
the Program Listing window at the first command.

Pause Program - A running program can be paused by selecting this command. The currently active
command is completed, then the program pauses.

Resume Program — A paused program is resumed by selecting this command.

Abort Program — Causes a running program to terminate after completing the currently running
command.
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Remote Mode

In Remote mode, a remote PC, for example, a PC that's part of a robotic system or other larger piece of
equipment, sends serial commands to the PC controller operating the syringe pump. The commands
are executed one-by-one as they are received by the PC physically connected to the syringe pump.

Hardware connections - Contact J-KEM if you need additional assistance.
RS232- to RS232 serial connection using a null modem cable.
Baud — 9600, 8 data bits, 1 stop bit, no parity, no hardware or software handshaking.
Commands are terminated with a carriage return <Cr>, 0xOD (don't include a line feed).
Commands are case insensitive.

To activate remote mode, select Run by Remote Serial Command from the
Program menu. After selecting this option, a list of available comm ports
appears , click on the comm port used for communications on the PC
attached to the syringe pump. At this point, the syringe pump PC is ready
to receive commands.

PC Comm Ports
COM3

Serial Protocol. The remote PC initiates all communications by sending a
syringe pump command. The command is executed and the syringe pump
replies after the sent command is completed. Do not send a new
command until the pump replies to the current command. Note,
monitoring for the reply from the syringe pump is the only reliable way to
know when it's safe to send the next command.

The reply of a correctly formatted command is the command itself with
Wolur | the characters 'OK' appended to the end. All commands are terminated by
carriage return, of OxOD.

Synnge ¥

Example: Remote PC sends "HOME(1)", the reply is "HOME(1)OK<Cr>."

If an incorrectly formatted command is send, the pump replies with the command sent and then appends
the characters 'BAD' to the end.

Example; Remote PC sends "HOOME(1), the reply is "HOOME(1)BAD<Cr>"

If an improper command causes an unrecognized error, the pumps reply is simply "BAD<Cr>.

You must monitor for the pumps reply and not send a new command until the current command is
complete, because sending a command before the current command completes may cause the pump
program to hang.

Addressing — For a single pump system, the address of the pump is '1'.  For a dual pump system, the
address of the first pump is '1', and the second pump is '2'.  An address of '0' can be used at any time,
which globally addresses all pumps in the system.
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Command

Comments

Home(address)

Dispenses the entire volume of the syringe and resets all counters to 0.

Dispense(address, volume)
volume is the volume of fluid to dispense as a
floating point number in units of milliliters.

Dispenses the requested volume. If the requested volume exceeds the
volume in the syringe, the entire content of the syringe is dispensed and
the command terminates.

Dispenseall(address, volume, port)

volume is the volume of fluid to dispense as a floating point
number in units of milliliters.

port is the distribution valve port to refill from (the port the
reagent ison).  The port that the pump is on when the
command starts, is the dispense port.

Dispenses the entire volume requested, independent of the
size of the syringe, or the volume currently in the syringe.
This command only operates on a single syringe pump.
For dual syringe pump systems, a continuous delivery of
solvent using both syringes can be run using the command
Timeddelivery() below.

SlowDispense(address, volume, rate)

volume is the volume of fluid to dispense as a floating point
number in units of milliliters.

rate is the dispense rate in units of ml/min as a floating point
number.

Dispenses the requested volume at the specified rate. If the
requested volume exceeds the volume in the syringe, the
entire content of the syringe is dispensed and the command
terminates. The rate specified must be less than the
‘Continuous Delivery Rate’ for the syringe size in use or the
command will not execute.

Fill(address)

Fills the syringe to if maximum volume.

Withdraw(address, volume)
volume is the volume of fluid to dispense as a floating point
number in units of milliliters.

Withdraws the requested volume, but does not exceed the
filling the syringe to its maximum volume.

SlowWithdrawal(address, volume, rate)
volume is the volume of fluid to withdraw as a floating point
number in units of milliliters.

rate is the withdrawal rate in units of ml/min as a floating point

number.

Withdraws the requested volume at the specified rate. If the
requested volume exceeds the volume in the syringe, the
syringe fills, then the command terminates. The rate
specified must be less than the ‘Continuous Delivery Rate’
for the syringe size in use or the command will not execute.

Port(address, port)
port is the distribution valve port to move to.

Moves the distribution valve to the requested position.

Speed(address, speed)
speed in units of ml/min.

Sets the withdrawal and dispense speed to the specified volume, but does
not exceed the minimum or maximum speed of the syringe.

Timeddelivery(address, volume, rate, inletport)

This command is used to run the timed delivery

address is the pump address to use for the delivery. In a dual pump system,
if the address is 0, both pumps are used for a continuous delivery of reagent.
volume is the volume of fluid to dispense as a floating point number in units
of milliliters.

rate is the reagent delivery rate in units of ml/min.

inletport is the distribution valve port that the reagent is attached to, i.e., the
port the syringes refill from. The port that reagent is delivered to is the
port the pumps are set to when the command is issued.

program. For single pump systems, or dual
pump systems when you only want to use one
pump, this command is equivalent to the
Dispenseall() command.

For dual pump systems, this command allows
the user to use both pumps to dispense reagent
in an unbroken stream. This command is
equivalent to the Timed Delivery program.

For systems with the optional 10 package
Input(line)

line is the input or output line to test or set

Queries the state of the specified digital input. This command is unique
from all other commands in that it must return a value to the query. If the
input has a logical high state the returned reply is "Input(address)10K", the

If the input has a logical low state the returned reply is "Input(address)0OK",

(1-3). '1" indicates the logical high state.
state of the output. Must be either "On"
or' "Off". the '0' indicates the logical high state.

Output(line, state)

Sets the state of the specified output to the specified value.

For systems with the optional 120 VAC output
120V_Outlet(state)

state of the outlet. Either "On" or "Off"

Sets the state of the 120Vac to the specified value.
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Manual Control
This tab provides a way to manually adjust the syringe pump and distribution valves state.

At the bottom of the screen is
Pump 1 : V6 Pump 2 : V6 Pump 3 : None Pump 4 : None a window that shows the
LIPS LIRS current configuration of the
Port Positions : 4 Port Positions : 4 Syrlnge pump System The
information shown on this
panel must be correct for your syringe pump system. If you change the syringe size or the distribution
valve on the pump, you must edit the syringe pump configuration to reflect these changes. For instructions
on how to change the system’s pump configuration, see the section titled ‘Installing a Syringe or
Distribution Valve.’

Pump Module — Select the pump module to operate
J-KEM Scientific KEM-Pump Software Version MP on.

Timed Addition | Multi-Reagent Delivery | Concurent Addition | Parallel Addition | Proc

File  Configuration — Temperakure Controller  About Home — CIICkIng th|S bUtton causes the Syringe to
Pump Module Pump Motion Controls empty its content through the port the distribution
—— valve is currently set to.
Fill — Clicking this button fills the syringe from port
mL currently selected on the distribution valve.
.
. Withdraw — Clicking this button causes the pump to

Port: |Nore ~ withdraw the volume entered into the associated text
box. The pump will not withdraw more than the
_Backlash Steps 100
= volume remaining to fill the syringe.

Dispense — Clicking this button causes the pump to dispense the volume entered into the associated text
box. The pump will not dispense more than the volume remaining in the syringe.

Speed — Clicking this button sets the pump to the speed entered into the associated text box. This speed is
used for both withdrawals and dispenses.

Port — Selects the port the distribution valve is set to.

Backlash Steps — When the syringe performs an aspirate (withdrawal) motion, it normally withdraws a
certain number of extra steps and then reverses direction and dispenses the extra steps. This acts to re-
tension the pump in preparation for the next dispense motion. These extra steps are called backlash steps.
The default value is 100, but can be set to any value from 0 to 1000.

User Output 1, 2, and 3 — The syringe pump can optionally be equipped with three User addressable
output ports capable of sinking 170 mA each at input voltages up to 40 VVdc. These controls set the state of
the outputs.
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M ative Pump Command Strings

Allows native syringe pump command strings to be uploaded to a connected
pump. Thig iz an advanced feature that should be used by advanced users.

’ Enable M ative Cornmand

At the most basic level of operation,
the pump communicates using its'
native command language. KEM-Rx
software is designed to insulate the
user from the complexity of the native
command language, but for some very
advanced users being able to write a
command string directly to the pump is
a valuable feature. The structure of
the native command language is well
beyond the scope of this user manual.

Mative Pump Command Strings

Allows native syringe pump command stings to be uploaded to a connected
pump. Thiz iz an advanced feature that should be used by advanced uzers.

1w/ 4400244800001 5000440R

[ Upload Command ]

To enable the command input box,
click on the button titled Enable Native
Command. Once enabled, the user
can enter the desired command string,
then click the Upload Command
button. Include the terminating Run
command 'R" but not do not include the
terminating carriage return '0x0D'

Input / Output Options

This screen appears as one of the program tabs if any of the optional Input / Output packages are installed
on the pump. Depending on which of the two optional features listed below, are installed, different

portions of this screen will be enabled.

Powered off

Optional Input / Output Status —
This group box is enabled if the 1/0
Package option is installed. This
package provides three TTL level
digital inputs, three 24Vdc high current
outputs, and one 0-5Vdc analog input.

120Vac Outlet — This group box is
enabled if the programmable 120 Vac
outlet option is installed. This option
provides a 120 Vac outlet that can be
used to turn On (or Off) other pieces of
equipment under program control. If
both the 10 option and the 120Vac
outlet are installed, the 120Vac outlet
uses the User Output #1, which will be
unavailable for other uses.

60




The User 10 feature provides three high current outputs and three TTL level digital inputs.

Qut3 Out2 Outt None

00000 -

" Internal Electronics
Internal electronics

+24 Vde BV

4.7K

—

User output.
Center connector= 24 Vdc
Outer connector = Open collector

User Input
Logic

User output
logic

User input.
Center connector= 24 Vdc
Outer connector = Open collector

The connectors for the Input / Output ports are on the side of the syringe pump.

User Outputs - The outputs are
open collector and can sink 170
mA each at 24 VVdc. Wiring of
the outputs is shown in the
drawing above.

The KEM-RX programmers’
manual contains detailed
information on the functions
controlling user output. The
relevant function is:

Pump .UserOutput ()

User Inputs - The digital inputs measure TTL logic levels (0-5 Vdc)
and have 4.7 K pull-up resistors.

Logical 0 is any voltage <=1 Vdc.

Logical 1 is any voltage >= 3.5 Vdc.

The analog input returns the voltage applied to the input in the range of
0to 5.0 Vdc.

Do not apply voltages outside of the range of 0 to 5 VVdc or damage
may result to the pump.

The KEM-Rx programmers manual contains detailed information on
the functions controlling user inputs. The relevant functions are:

Pump.UserInput ()
Pump.AnalogInput ()

120 Vac Power Outlet Option

Off

The 120 Outlet Option — This option provides a 120 Vac outlet with 10
amps of outlet current that is under program control. The receptacle is
located on the back of the syringe pump.

When present, the state of the 120 Vac receptacle is controlled by user

output #1. The command to turn On the receptacle is:
Pump.UserOutput (1, SyringePumpDef.PumpPowerState.PowerOn)

The command to turn Off the receptacle is:
Pump.UserOutput (1, SyringePumpDef.PumpPowerState.PowerOff)

The function of a J-KEM temperature controller can be added to the
software interface of the syringe pump. This provides a single interface
for processes requiring temperature control during the pumping
sequence. For a full description of the temperature control function,
see the section titled “Temperature Controller Functionality”.

Highlights include:
e On-screen temperature display and control.
e 16-Step temperature ramp.
e An optional software add-on allows the rate of reagent
addition to be controlled as a function of reaction
temperature.
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User Suggested Programs

On occasion, users request custom programs that J-KEM thinks might be useful to other users. On the
User Suggested Programs tab are those programs.

The function of a J-KEM temperature controller can be added to the software
interface of the syringe pump. This provides a single interface for processes
requiring temperature control during the pumping sequence. For a full
description of the temperature control function, see the section titled “Temperature
Controller Functionality”.

B

I'lwszjd\m bt Azagent Deivery | Cancurent Addt

The Precipitating Delivery program is only

J-KEM Scientific KEM-Pump Software Version MP. avai Iable to dual Sy” nge pump Systems
Timed &ddition | Multi-Reagent Delivery | Concurent dddition | Parallel Addition | Program Builder | Pump Manual Control | L Th i s p rog ram uses O n e p u m p to ad d
File  Temperature Controller  About
— reagent/solvent to one port on a closed
Run Reci N Dual Sylin_ge Pump Pl:_lglam, . This program dispanse_s lhe_cnnlanl System reactor Wh I Ie SI m U ItanEOUSIy
of one syringe while withdiawing into the other at an identical rate. - .
P e oo o o e 1o Puee . withdrawing reagent/solvent from a second

port on a closed system reactor.

The net effect is that the fluids in the reactor
remain in continuous motion in a back-and-
forth flow patter.

For the first segment of the program, Pump
/ 1 delivers fluid into one end of the reactor

Q1D while Pump 2 withdraws from the other at
the same rate.
Reactor
Reagent Puin P Puén P
el When Pump 1 completes it delivery, Pump
2 starts to deliver and Pump 1 starts to fill,
thus reversing the flow through the reactor
Reactor
Pump  Pump
1 2
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Experiment Setup

Fill Pump 1

Home Pump 1

Fill Port & «

To make the experiments controls visible, click the
Run Precipitating Delivery button.

Experiment Setup — The Experiment Setup box
provides the option of initially filling syringe 1 with
reagent/solvent from a port, other that the port
connected to the reactor. To fill the syringe, select the
port on the distribution valve to connect to, then click
the Fill Pump 1 button. The experiment requires that
pump 1 is initially filled with reagent/solvent. After
the syringe fills, you have the option of emptying the
syringe or starting the program.

The option to empty and fill the syringe provides the
user the option of purging air from the system prior to
beginning the experiment. You can select any port to
Home and Fill on.

Experiment Runtime

Flow Hate [mlfmin] :

Hr Min Sec

Program Duration |00 : 00 : 00 [ | Forever

Reciprocation Port  |B w

Yolume Dizpenzed

- Stat 0.0/ ml

To begin the experiment, enter the desired flow rate
into the text box provided, then enter the desired run
time in the Program Duration box. To run the
program continuously, until being manually
terminated, check the ‘Forever’ check box.

Select the distribution valve port that the reactor’s inlet
and outlet are connected to on Pumps 1 & 2 (must be
the same port), then click the start button.

E xpenment Buntime

Flow Rate [ml/min]) : |5.25

Hr Min Sec

Program Duration |08 : 00 : 00 [ ] Forever

Reciprocation Port  |B W

Yolume Dizpensed

_ Stop

0.316| ml

While and experiment is running, the volume
dispensed text box continuously updates. The Flow
rate can be changed at any time, but the change does
not take effect until the pumps reverse direction.

While an experiment is running, what use to be the
Start button changes to “Stop”. To manually abort a
running experiment, click the Stop button.

Terminate Experiment and Empty Pumps

[ Empty Pumps on port - | JIFREEE

When the Stop button is clicked, a new box appears.
This box provides the option of emptying the contents
of both syringes on the selected distribution valve port.
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Temperature Control Functionality

Ressarch Controller Each experiment has the menu item Temperature Controller which adds a
software interface to a J-KEM Scientific temperature controller on the
experiment tab page.. The interface allows real-time monitoring of
reaction temperatures and remote control of the meters heating process.

E R

Hardware Setup

A J-KEM temperature controller with a USB interface is required. Connect a USB cord between the
controller and a USB port on the PC operating the syringe pump. Set up the experiment involving the
temperature controller and heater as you would normally.

Software Operation
To view the controller on the syringe pump forms, the pump must be powered. The menu options related
to temperature control are:

Discover Controller - Searches the USB ports on the PC. The first controller found on the USB bus
causes an image of a digital meter to appear on the screen. If the model of controller connected to the PC
has multiple digital meters, like the dual channel Gemini, or Apollo, only the first channel of the controller
is connected to the syringe pump software.

Pusition 1 Entering a Temperature Setpoint

The normal state of the meter is to show the current

temperature of the attached sensor.

There are 3 ways to enter a new setpoint into the meter.

1) A new setpoint can be entered into the physical meter
itself without the use of software even when the
controller is connected to the PC. A setpoint is
physically entered by pressing the physical “*” button
on the face of the digital meter, then pressing the Up or
Down arrow keys on the meter.

2) A new setpoint can be entered using the software by

Click the clicking on the “*” button on the face of the meter as it

UP button appears on the PC screen. When in setpoint edit mode,

the “*” button turns red and the current meter setpoint
appears in the display. While in setpoint edit mode,
clicking on the Down button will decrease and clicking
on the Up button will increase the setpoint. When the
desired setpoint is showing in the display, clicking the
red “*” button will upload the newly entered setpoint to
the digital meter, which will then return to displaying
the current process temperature.

3) Another method for entering a new setpoint is to click
the “*” button, placing the meter in setpoint edit mode
(the “*” turns red), then highlighting the current
setpoint, displayed on the meters face, and typing in the

immme hew sefpoint, you must new setpoint. When the desired setpoint is entered

Click the DOWN
button

Highlight temperature,
then delete

Type “2"

1. Either hit the Return (Enter) key

2.0, dlick on the Red = bution (i.e., typed) into the display, clicking the red “*” button
will upload the new setpoint to the digital meter.
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Installing a Syringe or Distribution Valve

Replacing a syringe and/or distribution valve is a simple task which takes about one minute, but if
performed improperly will result in leaks or damage to the pump.

Syringe and Valve Removal

Distribution
valve
Step1  Turn on power to the syringe pump, but do not
start the KEM-Rx software. Using something
with a long point (paperclip or pencil) press the
Syringe recessed Initialize button on the left face of the

pump to place the pump in a manual operation
mode.

Step 2  Using your finger, turn the Plunger adjustment
wheel until the plunger of the syringe is about
% inch below the top of the syringe.

Step 3  Remove the plunger connection screw (Cat #

Plunger SPSS) attaching the syringe plunger to the
connection screw ) 9 yringe plung

Home syringe pump drive mechanism.

button Step4  Using only your hands (no tools), unscrew the

syringe from the distribution valve body.

Initialize Step 5 If the distribution valve is being replaced,

button remove all of the tube fittings from the valve,

Plunger adjustment then remove the two screws holding the valve
wheel to the face of the syringe pump (Cat # SPCC).
The valve will pull straight off the pump now.

Syringe and Valve Replacement

Step 1 If the valve was removed from the pump, place the new valve on the pump and push gently until
the back side of the valve is pressed flush against the face of the pump. Now replace the two
silver screws that attach the valve to the pump. Reconnect any fluid fittings that were removed.

Step 2  Screw the syringe back into the valve using only your hands (no tools).

Step 3 Manually position the plunger rod so that the hole for the plunger connection screw aligns with the
connector on the back of the pump. Insert the plunger connect screws through the plunger rod
hole and into the connector on the body of the pump. It is critically important that this screw be
replaced properly. Follow this procedure exactly.

a) Insert the screw until it bottoms out in the connector on the body of the pump.

b) Using a screwdriver, press firmly on the screw and rotate it slowly counterclockwise until you
fell a slight click (this aligns the threads of the screw with the threads of the connector body).

c) Now tighten the screw into the connector until it’s firmly set.

Step 4 Press the initialize button (the pump must have power applied) and the syringe plunger will move
slightly. Using the plunger adjustment wheel, manually move the plunger until it bottoms out
leaving no volume in the syringe.

Step 5 Press the Home button. The plunger should move down, then return to top of the syringe.

Step 6 You must now configure the software for the new hardware.
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Pump 2 : Hone Pump 3 : Hone

Pump 1 : ¥6
Syringe Size : 10 ml
Port Positions : 4

Enable Native Command l I

Pump 4 : Hone

1) Start KEM-Rx and select the tab
titled Pump Manual Control. A window
at the bottom of the screen shows the last
entered pump configuration. If the
configuration is no longer correct and
must be edited, select Pump Configuration
from the Configuration menu.

¥3 Pump
Intellect

2) On the pump configuration screen,
select the pump, in the Pump to Edit box,
that was changed, then for that pump,
specify 1) the syringe size in the Syringe
Size box, 2) the number of ports on the
distribution valve, 3) the Default Pump
Speed, and 4) and the Delay after
Withdrawal (see below).
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Pump Configuration Form

For a pump to operate correctly, the software must be programmed for its current configuration, including
the number of syringe pump modules in the system, syringe sizes, the number of ports on each distribution
valve, and each pumps default speed. This information is entered on the Syringe Pump Configuration
screen. To open the configuration screen, select the Pump Manual Control tab, then select Pump
Configuration from the Configuration menu.

Default Configuration Reset — If you’re not sure how
to reset the configuration of the pump, a good place to
start is to reload the original pump configuration.

Once reloaded, you can make any changes using the
Pump Configuration Form as outlined below. To
reload the original settings, select Reset to Factory
Default from the Configuration menu.

To manually change system pump system settings:
1) First, select the number of modules (pumps) in the
system. For example, if your system has two V6

pumps and one Intellect valve unit, then select “3” for the number of modules in the system.

2) Once the number of modules are specified, the listbox titled Module to Edit populates with one title for
each module position.

3) Select the module of interest from the Module to Edit box to either see or change its current settings.

4) With the Module of interest highlighted, first specify the type of module that it is (either a V6 pump, V3
pump, or Intellect module). If the module type is a pump, you must specify the syringe size, the number of
ports on its distribution valve, a PAW delay time, and a Default speed for the pump (see later). If the
module is an Intellect valve, the only parameter that needs to be set is the number of ports on the valve.
PAW Delay stands for Pause After Withdrawal. For large syringes or very viscose fluids, its sometimes
desirable to pause the system for a set period of time after drawing reagent into the syringe to allow the
reagent to fully flow into and fill the syringe. For 25 ml syringes, the default value is 2000 ms, and for 50
ml syringes the default value is 3500 ms.

The default pump speed is the speed the pump uses at startup. The pump maintains this speed until the
speed is explicitly changes in the programs code.

Before exiting this screen, make sure that all parameters for all of the modules are entered.

5) Specify the 10 options installed in this system by checking the appropriate boxes.

The Syringe Pump Configuration screen allows the user
to control the actions of each of the syringe pumps in the
— system manually. Click the Run Pump Manually button
to load this screen. Highlight the pump of interest in the
Selected Pump box. The controls below have the affects
listed on the selected pump.

Selected Port — Clicking on a port letter causes the
pumps valve to go to the selected port.

10 Optian Insalled: ]

e L - Fill — Causes the syringe to fully fill.
' Home — Causes the syringe to dispense all of its content.

Withdraw — Causes the pump to withdraw the volume specified in the text box to the right of the button.
Dispense — Causes the pump to withdraw the volume specified in the text box to the right of the button.
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Infinity Controller Configuration

To open the configuration form,
£ Infinity Input/Output Board Configuration. Serial Number : 00000 FEX Select |nf|n|ty Conﬁguration from

Configuration €I DVR Settings .. R
- the Infinity menu on the Reaction
aaaaa Installed Autive Che Ch Enabled T Rate Data Millivolts Count: Calilbrate
[ 0[O o [0 o O — Controller program tab.
Fast Input 1 More v O [ ] i] O 0 0 O
Fast Input 2 TC. Type T v z ] B4 B0 O
Fast Input 3 Cic v 3 S 2 11 O - - - - -
Faslnptd | TC.Type T v E CRC O The |nf|n|ty Conflguratlon form is
Fast Input § PH Piobe v 5 ] O 8 B0 O .
e o0 o s v | 8 .« o — used to define the type of analog
Fast Input 7 Nore v O [ ] i] O 0 0 O - . -
b rotipes o B 1 8 8 — sensors used, digital inputs and
Serial Port Configurati H
Bt N B e A bl Bk outputs and other basic
b Portl RS2 P < Chile 600 o[ Nere = 5 3 ADC Ch- 0-8 (Default 8) ADCCh+ Ota7 n - r t. n tt. n M t
: o m oo : fig g f
Port1,RS232 | IKAOHS Stiner v I v |0OM4 v Do O ZGAEE‘" A contiguration setti S. osto
ataRate - 25,10, 15, 25, 30, 80, 60,100,
Port 2, RS232 | Mettler Balance ~ | 9600 ~ | Mone ~| - Digtal Inputs 500, 1000, 2000, 3750, 7500, 15000, 30000 h I
EE [ f— Voo Tttt these controls are not user
O —— accessible.
Counts: Actual ADC counts - including PG4 gain
Enabled Vialue (Range: 01023] & Analog Dutputs Range: -8.388 607 to 8,388 608
AN = [ [Oupat v| [(Selvolege | [ | Delaus
Pwh 2.0UT_3 O 0 - Range: 0 0 4035 Vol CJC Gain=2 TC Gain = B4 pH Gain = &
Pt 3. 00T_10 O o - Fange may be modified by inearization amp. Hducer Gain = 2 Data Rate =60

One important, user accessible,
Serial Port Configuration section is the Serial Port
Configuration table. In this table,
the user specifies what instrument

| nztrument Baud A ate Cornrm Part

1 PolyScience Chiller | 9600 » | nf, Port 1w . .
: Is connected to what serial port on
2 IKA OHS Stimer | 9E00 v | COMM  w the Infinity controller. The
3 Mone v | 3600 ¥ |Inf. Port 3 (» Infinity controller has three RS232
4 Mone ~ | 9600 v | Inf, Pot0 serial ports on 9-pin ports.
In the column titled “Instruments”,
Inf. Port 0 select the instrument connected to
Inf, Port 3 Inf, Port2 - Inf oML\ standard the Infinity controller. If the
. instrument you want is not present
in the list, contact J-KEM
Scientific for assistance. Set the
baud rate of the instrument, then
specify the comm port the
instrument is connected to in the

Comm Port column (i.e., Inf, Port *).  If serial connection to the external instrument (i.e., chillers, stirrers,
etc.) is via a 9-pin RS232 serial connection, then select “Inf, Port *”” and connect the instrument to the
specified 9-pin port on the side of the Infinity Controller. If the external instrument is connected via a
USB port, then select “USB” from the drop down list in the Comm Port column. The instrument itself can
be connected to either a USB port on the PC, or one the USB ports on the back of the Infinity Controller.
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Serial Communication Issues

Serial communication with external instruments is a very complex task, primarily because there are so
many different manufactures and each manufacture uses its own unique communication protocol and
command set (additionally, some manufactures do a very poor job implementing reliable serial
communications). J-KEM has simplified this complex task by pre-configuring the Infinity controller with
the communication parameters of the most common laboratory instruments. Three elements must be
addressed to successfully communicate with an instrument through the Infinity software.

1) The instrument must be connected to the proper Infinity (or PC) port.

2) The instrument must be programmed with the correct communication parameters (like the correct baud
rate). In general, the only parameter that must be set in the instrument is the baud rate. The baud rate
should be set to 9600. In any case, the baud rate set in the instrument (chiller, stirrer, etc.) must be the
same value specified in the Serial Port Configuration table. Contact the instrument manufacture for
assistance.

3) The correct cable must be used to connect the instrument to the Infinity controller. This is very
important, and is usually the source of errors. Below is a list of instruments that use non-standard
cables. If you do not have the correct cable, it must be purchased.

Instrument Specific Issues

The serial communication protocol for every manufactures instrument is different, additionally, some
instruments have special cable requirements. To the degree possible, know issues with common
instruments are listed below.

IKA Stirrers Because of the serial communication protocol chosen by IKA, IKA stirrers must be
connected directly to the PC, either a PC 9-pin serial port or a USB port.
IKA manufactures a wide verity of stirrers, but most fall into these categories.
Stirrers with 15-pin serial connectors — These stirrers require a custom USB to serial cable. This cable is
available from J-KEM Scientific (Cat# INFC-IKA15)
Stirrers with 9-pin serial and USB connectors — To use the 9-Pin connector, you must use the proper USB
to serial cable (Cat# INFC-IKA9). To use the USB connector, you must install the VCP driver
available from IKA.

Julabo Chillers | These chillers require a custom 9-pin serial cable. These are available from J-KEM
Scientific (Cat# INFC-Julabo9).

Huber Chillers | When available, connect a Huber chiller to the controller via a USB connection.

Huber offers a USB to serial driver that must be loaded on the PC before this
connection will be detected by the Reaction Controller These chillers require a custom
9-pin serial cable. These are available from J-KEM Scientific (Cat# INFC-Huber9).
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Heidolph RZR
Stirrers

Heidolph Hei-
Torque

These stirrers require a custom 15-pin serial cable. These are available from J-KEM
Scientific (Cat# INFC-Heidolphl5).

Serial commands for four RZR models are implemented, the models 2051, 2052, 2102,
and 2012Z. Each of these stirrers have different speed ranges. It is the user’s
responsibility to not send a speed outside of the stirrer’s range. In the case of the
Model 2102 stirrers, the user must manually place the stirrer in Speed range | or Il
using the stirrers front panel controls before starting a run with the Infinity controller.

Hei-Torque stirrers have a 9-pin serial port that should be used to connect to one of the
serial ports on the side of the Infinity controller.

Lauda Chillers

Connect the USB port on the chiller to a USB port on the Reaction Controller or
directly on the PC.

AceGlass Stir

Connect the USB port on the motor controller to a USB port on the Reaction controller

Controller orto a PC USB port. The default baud rate of the motor controller is 115,200. Both
the motor controller and the infinity controller must be set to this baud rate.

ChemStir by Either the USB port or the RS232 port can be used for communications. If the USB

ChemGlass port is used, connect the USB port on the motor controller to a USB port on the PC or

on the Infinity controller. If the RS232 port is used, connect the RS232 port on the
motor controller to one of the RS232 ports on the side of the Infinity controller. Make
sure that the serial connection switch on the ChemStir controller is set to the serial port
in use.
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