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Autolab Spectroelectrochemistry product range

1 Autolab Spectroelectrochemistry product
range

The Autolab Spectroelectrochemistry product range consists of modular
spectrophotometers and light sources that can be controlled from the
NOVA software. These devices can be used during most electrochemical
measurements for hyphenated experiments (see figure 1, page 1).

Figure 1  The Autolab Spectrophotometer and Light Source
This manual provides information on the following products:

= Spectrophotometers
— Autolab Spectrophotometer-UA for UV/VIS/NIR applications (200
- 1100 nm)
— Autolab Spectrophotometer-UB for UV/VIS applications (200 -
850 nm)
= Light sources
— Autolab Compact Deuterium/Halogen Light Source (200 - 2500
nm)
= Optical fibers
— Optical fiber for UV/VIS/NIR, 2 m/200 pm
— Optical fiber for UV/VIS, 2 m/200 pm
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2 Hardware description

2.1 Autolab Spectrophotometers

The Autolab Spectrophotometers are compact instruments based on
an optical bench with a focal length of 75 mm and a 50 pm entry slit
developed in a symmetrical Czerny-Turner design. These instruments are
fitted with a 2048 pixel CCD detector optimized for high-speed applica-
tions (see figure 2, page 2).

Figure 2 The Autolab Spectrophotometer

The spectrophotometers are supported by the Autolab NOVA software
and can be controlled at any time, with or without an Autolab potentio-
stat/galvanostat connected to the host computer.

The following features are included in the spectrophotometers:

= Order sorting coating to avoid stray light and second order effects.
= Detector Collection Lens for enhanced sensitivity.
= Deep UV coating to reduce second order effects from UV response.

The spectrophotometers can be connected to optical fibers using a stand-
ard SMA connection (SMA 905).

2.11 Scope of delivery
The Autolab spectrophotometer is supplied with the following parts:

= Autolab spectrophotometer unit

= USB cable

= SMA-905 cover

= DIO48.SPECTRIGGER.S trigger cable
» DIO12.SPECTRIGER.S trigger cable
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E Depending on the type of Autolab potentiostat/galvanostat used to
control the spectrophotometer, one of the two types of trigger
cables will be used. Please store the unused trigger cable for future
use.

2.1.2 Spectrophotometer front panel
The front panel of the Autolab Spectrophotometer is shown in Figure 3.
1

Power Scan

o O

SPECTROPHOTOMETER

32
Figure 3  The front panel of the Autolab spectrophotometer

1 SMA-905 connector 2 Scan LED
Used to connect an optical fiber from the Used to indicate if a spectrum is being
electrochemical cell. acquired by the spectrophotometer (the LED

is lit when a spectrum is acquired).

3  Power LED
Used to indicate if the spectrophotometer is
powered (the LED is lit when this is the
case).

2.1.3 Spectrophotometer back plane
The back plane of the Autolab Spectrophotometer is shown in Figure 4.
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Figure 4

12V DC plug

Can be used to power the spectrophotome-
ter. This power plug is not required when
the spectrophotometer is powered by a USB
port on the computer.

2

The back plane of the Autolab spectrophotometer

USB connector
Used to interface the spectrophotometer
with the computer and to provide power.

3 SYNC. connector

This connector can be used to synchronize
the spectrophotometer with another spec-

trophotometer.

2.14

4 EXTERNAL I/0 connector
26 pin, female SUB-D connector used to
interface to the Autolab potentiostat/galva-
nostat.

Spectrum triggering

The Autolab spectrophotometer is designed to work in conjuction with
the Autolab potentiostat/galvanostat. When used in this combination, the
spectrophotometer will work as a slave unit. The spectrophotometer can
be controlled in two different modes:

1.

Software trigger mode: the default control mode of the spectro-
photometer. In this mode, the spectrophotometer will measure a sin-
gle spectrum whenever a software trigger is received from NOVA
through the host computer. The measured data is immediately trans-
ferred to the computer. When this is finished, the spectrophotometer
can acquire a new spectrum if needed. This measurement mode is
accessible using the Manual control and the Spectroscopy com-
mand, in software trigger mode (see Chapter 4.1 and Chapter 4.2.1,
respectively).

DIO trigger mode: in this mode, the spectrophotomer is configured
to wait until a TTL trigger pulse, sent by the Autolab potentiostat/
galvanostat, is received on pin 6 relative to pin 1 of the EXTERNAL
1/0 connector (item 4 in Figure 4). NOVA automatically adresses the
correct pins when sending the trigger pulse. A single spectrum is
measured whenever the rising edge of a TTL trigger pulse is detected
and the measured data is stored in the on-board memory of the spec-
trophotometer. This measurement mode is only available using the
Spectroscopy command, in DIO trigger mode (see Chapter 4.2.2).
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When the spectrophotometer is used in Software trigger mode, the
measurements are controlled by the host computer. The timing for trigger-
ing in this mode is aproximately 50 ms.

When the spectrophotometer is used in DIO trigger mode, the spectro-
photometer reacts on the rising edge of the TTL trigger pulse (see figure 5,

page 5).
1 5V
N
0 oV
Figure 5  The spectrophotometer reacts on the rising edge of a TIL trig-
ger pulse

This means that very accurate synchronization can be obtained as the trig-
gering occurs on the timescale of 1 ms.

[} More information can be found in Chapter 4.

2.1.5 Specifications

The detailed specifications of the Autolab Spectrophotometers are provi-
ded in Table 1.

Table 1  Specifications of the Autolab Spectrophotometers

Specification Autolab Spectro- Autolab Spectro-
photometer UA photometer UB

Wavelength range 200 - 1100 nm 200 - 850 nm

Resolution 2.5nm 1.15 nm

Stray light 0.22 % 0.15 %

Sensitivity 310,000 counts/pW per ms integration time

Detector CCD linear array, 2048 pixels

Maximum number of | 1013 scans of 2048 pixels

scans

A/D converter 16 bit, 2 MHz

Integration time 1.1 ms-600s

Power requirements 12V DC/ 350 mA

Dimensions 175 mm x 110 mm x 44 mm
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2.2 Autolab Light Source

The Autolab Light Source is a compact deuterium/halogen light source.
It provides a good light output between 200 and 2500 nm for nearly all
absorbance chemistry applications. Deuterium emits light between 200
and 550 nm, where the halogen takes over up to 2500 nm (see figure 6,
page 6).

Figure 6  The Autolab Light Source

This light source provides a TTL-controlled shutter, which can be controlled
by the NOVA software.

The light source can be connected to optical fibers using a standard SMA
connection (SMA 905).

A\ CAUTION
Strong light source
This can be harmful to the eyes!

= Do not look at the light produced without approved eye protec-
tion gear.

A\ WARNING
UV light source
This can be harmful to the eyes!

= Do not look at the light produced without approved eye protec-
tion gear.
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2.2.1 Scope of delivery
The Autolab light source is supplied with the following parts:

Autolab light source unit

= 12V/1.0 Apower adaptor
= SMA-905 cover

= Power cable

2.2.2 Light source front panel
The front panel of the Autolab Light Source is shown in Figure 7.
2 3

—© © ©
D-DH-H OFF-TTL-ON .

LIGHT SOURCE Power N\

4
Figure 7  The front panel of the Autolab light source

1 D-DH-H switch 2 SMA-905 connector
Used to select the active light bulb(s) used Used to connect an optical fiber to the elec-
by the light source. In D position, only the trochemical cell.

deuterium light bulb is on. In H position,
only the halogen light bulb is on. In DH posi-
tion, both light bulbs are on at the same
time.

3  OFF-TTL-ON
Used to select the state of the light source
and the light source shutter. In OFF position,
the light source is powered off. In TTL posi-
tion, the light source is on and the shutter is
controlled by TTL. In ON position, the light
source is powered on and the shutter is in
the open position.

2.2.3 Light source back plane
The back plane of the Autolab Light Source is shown in Figure 8.
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99085,
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Figure 8 The back plane of the Autolab light source

1 12V DC plug 2 EXTERNAL I/0 connector
Used to power the light source. 15 pin, female SUB-D connector used to
interface to the Autolab potentiostat/galva-
nostat for TTL control of the shutter.

2.2.4 Unpacking and inspection instructions

Follow the guidelines below when unpacking and inspecting the light
source:

1. Unpack your new power supply and Autolab Light Source carefully.
Although the lamps are rigidly mounted in the light source, dropping
this instrument can cause permanent damage.

2. Inspect the outside of the instrument and make sure that there is no
damage to your unit. In case of damage contact Metrohm Autolab
immediately and do not use the instrument!

3. Remove the SMA connector cover. Only do this if the light source is
switched off.

4. Use this instrument in a clean laboratory environment only.

2.2.5 Shutter control

The Autolab Light Source is fitted with a metal pole switch (item 3 in Fig-
ure 7 which can be set to three different positions:

= OFF: the light source is powered off and the shutter is closed.

= TTL: the light source is powered on and the shutter is open or closed
depending on the input TTL signal provided on the EXTERNAL 1/0 con-
nector, located on the back plane of the ligth source (item 2 in Figure
8).

= ON: the light source is powered on and the shutter is open.

When the shutter control is set to TTL, the Autolab can control its position
by setting the voltage of pin 13 on the EXTERNAL 1/0 connector of the
light source to 5 V with respect to pin 10 of the same connector (item 2 in
Figure 8).

To close the shutter, pin 13 needs to be reset to 0 V with respect to pin
10. NOVA automatically adresses the correct pins when controlling the
shutter (see figure 9, page 9).



On

Off

Figure 9  The shutter control through TTL
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E The shutter will remain in the specified position until changed by

the user.

Specifications

The detailed specifications of the Autolab Light Source are provided in

Table 2.

Table 2 Specifications of the Autolab Light Source

Specification Deuterium lamp Halogen lamp
Wavelength range 200 - 400 nm 400 - 2500 nm
Stability <1 mAU/h <1 mAU/h
Warm-up time 8 min 1 min

Drift <0.25 %/h < 0.25 %/h
Optical power with 0.2 W 7 uW

600 pm fiber

Lamp lifetime 1000 h 2000 h
Temperature range 5°C-35°C

Power requirements

12V DC/450 mA

Dimensions

175 mm x 110 mm x 44 mm

Optical fibers

The Autolab spectrophotometer and light source are designed to connect
to the electrochemical cell using optical fibers. The standard dimensions of
the optical fibers is 2 m in length and 200 ym in diameter.

Handle the optical fibers with care. The fibers are flexible and can
be bent. However, if this is done excessively, the fiber can break and
will have to be replaced.
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Optical fibers

2.3.1 Optical fibers description
The Autolab optical fiber is shown in Figure 2.3.1.

1

Figure 10  The Autolab optical fibers

1 Label 2 SMA-905 connector
Specifies the type of fiber. Used to connect to the light source, spectro-
photometer and electrochemical cell.

2.3.2 Specifications

The detailed specifications of the Autolab optical fibers are provided in
Table 3.

Table 3 Specifications of the Autolab Optical Fibers

Specification AUT.FIBER.200.UVIR | AUT.FIBER.200.UV

Measurable 250 - 2500 nm 200 - 850 nm
range

Length 2m

Diameter 200 pm

Outer diameter 5.8 mm

Minimum bend- 18 mm
ing radius

Tensile strength 70 N

Temperature -60 °C- 180 °C
range
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2.4 Trigger cables

In order to control the Autolab Spectrophotometer and Light Source, the
supplied trigger cable is required.

Two different cables are available:

= DIO48.SPEC.TRIGGER.S: for all Autolab potentiostat/galvanostat
instruments except the PGSTAT101, M101, PGSTAT204 or M204.
Please refer to Chapter 2.4.1 for more information.

= DIO12.SPECTRIGGER.S: for the Autolab PGSTAT101, M101,
PGSTAT204 or M204. Please refer to (see "Trigger cable for DIO12
instruments”, chapter 2.4.2, page 12) for more information.

E The PGSTAT302F cannot be used in combination with the Autolab
Spectrophotometer and Light Source.

2.4.1 Trigger cable for DIO48 instruments

Figure 11 shows an overview of the connections provided by the trigger
cable for DIO48 Autolab instruments (part number: DIO48.SPECTRIGGER).

11
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Trigger cables

1 2
IJ—I ILI
Coa) 3
] ]

Figure 11  The trigger cable for DIO48 Autolab instruments

1  Spectro. connector 2 Light source connector
26 pin male SUB-D connector used to con- 15 pin male SUB-D connector used to con-
nect to the EXTERNAL I/0 connector of nect to the EXTERNAL 1I/0 connector of
the Autolab spectrophotometer (item 4 in the Autolab light source (item 2 in Figure 8.
Figure 4.

3 DIO connector
25 pin male SUB-D connector used to con-
nect to one of the DIO connectors of the
Autolab potentiostat/galvanostat.

2.4.2 Trigger cable for DIO12 instruments

Figure 12 shows an overview of the connections provided by the trigger
cable for DIO12 Autolab instruments (part number: DIO12.SPEC.TRIG-
GER.S).
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2

L

———J
[/ |

Figure 12  The trigger cable for DIO12 Autolab instruments

Spectro. connector

26 pin male SUB-D connector used to con-
nect to the EXTERNAL /O connector of
the Autolab spectrophotometer (item 4 in
Figure 4.

DIO connector

15 pin (DIO12) male SUB-D connector used
to connect to the DIO connector of the
Autolab potentiostat/galvanostat.

2 Light source connector
15 pin male SUB-D connector used to con-
nect to the EXTERNAL 1I/O connector of
the Autolab light source (item 2 in Figure 8.

13
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Spectrophotometer and light source installation

3 Installation

This chapter describes the installation of the Autolab Spectrophotometer
and Light Source.

3.1 Spectrophotometer and light source installation

In order to control the Autolab Spectrophotometer and Light Source, the
supplied trigger cable must be connected to these devices and the Auto-
lab potentiostat/galvanostat.

Two different cables are available:

= DIO48.SPEC.TRIGGER.S: for all Autolab potentiostat/galvanostat
instruments except the PGSTAT101, M101, PGSTAT204 or M204. This
cable is fitted with a male 25-pin SUB-D connector, which can be con-
nected to one of the two DIO connectors of the Autolab, a 26-pin
SUB-D connector, which can be connected to the back plane of the
Spectrophotometer and a male 15-pin SUB-D connector, which can be
connected to the back plane of the Light source. Each connector is
suitably labeled.

= DIO12.SPEC.TRIGGER.S: for the Autolab PGSTAT101, M101,
PGSTAT204 or M204. This cable is fitted with a male 15-pin SUB-D
connector, which can be connected to the DIO connector of the Auto-
lab, a 26-pin SUB-D connector, which can be connected to the back
plane of the Spectrophotometer and a male 15-pin SUB-D connector,
which can be connected to the back plane of the Light source. Each
connector is suitably labeled.

H The PGSTAT302F cannot be used in combination with the Autolab
Spectrophotometer and Light Source.

3.1.1 Instruments with two DIO connectors

This section describes the installation of the Autolab spectrophotometer
and light source for the following instruments:

= N Series Autolab
— PGSTAT302N
— PGSTAT128N
— PGSTAT100N

= 7 Series Autolab
— PGSTAT302
— PGSTAT30
— PGSTAT12
— PGSTAT100
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= pAutolab type Il and IlI

1 Connect the PGSTAT labeled connector to DIO connector P1 or P2
on the Autolab potentiostat/galvanostat instrument. The correspond-
ing connector will later be selected in the software, as described in
(see "Software trigger”, chapter 4.2.1, page 28).

2 Connect the light source labeled connector to the EXTERNAL I/0
connector located on the back plane of the light source (item 2 in
Figure 8).

3 Connect the spectrophotometer labeled connector to the EXTER-
NAL I/0 connector located on the back plane of the spectropho-
tometer (item 4 in Figure 4).

3.1.2 Instruments with a single DIO connector

This section describes the installation of the Autolab spectrophotometer
and light source for the following instruments:

= Compact Series
— PGSTAT101
— PGSTAT204
= Multi Autolab Series
- M101
- M204

1 Connect the PGSTAT labeled connector to the DIO connector Auto-
lab potentiostat/galvanostat instrument or module.

2 Connect the light source labeled connector to the EXTERNAL 1/0
connector located on the back plane of the light source (item 2 in
Figure 8).

3 Connect the spectrophotometer labeled connector to the EXTER-
NAL I/0 connector located on the back plane of the spectropho-
tometer (item 4 in Figure 4).

15
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Software installation

3.2 Software installation

To control the Autolab Spectrophotometer and Light Source, version 2.1.2
or later of NOVA is required.

ﬂ Please refer to the NOVA user manual for more information.

@ Make sure NOVA 2.1.2 or later in installed on the computer before
continuing with the installation.

Connect the Autolab Spectrophotometer to the host computer using the
provided USB cable. The installation of the spectrophotometer will be trig-
gered on the computer (see figure 13, page 16).

X
Device Setup
Installing AS5216
Please wait while Setup installs necessary files on your system. This may take
- several minutes.
1%
- -

Figure 13  The Spectrophotometer installer
The installation will complete automatically.

Start NOVA 2.1.2 or later. The Spectrophotometer will be identified and
listed in the Instruments panel of the Dashboard (see "Spectrophotom-
eter control”, chapter 4, page 17).
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4 Spectrophotometer control

Autolab spectrophotometers connected to the host computer can be con-
trolled using the NOVA software. The instruments can be controlled in
two different ways:

= Using the provided manual control (see "Spectrophotometer manual
control”, chapter 4.1, page 17).

= Using a NOVA procedure (see "Spectrophotometer procedure control”,
chapter 4.2, page 28).

4.1 Spectrophotometer manual control

Double clicking a spectrophotometer tile in the Instruments panel will
open the manual control panel of the corresponding spectrophotometer
(see figure 14, page 17).

File Edit View Measurement Help P search

Recent items What's going on

Open library ecent procedures

New pracedure No recent items
Import procedure

R
N
Recent data
No recent items
Import data
Recent schedules
Import command
No recent items

New schedule

Import schedule

> | »
3
z

8

]

Instruments

AUTE3079 VIRT00001 ASM80001

Q

N Hova 2.1 — [m] x

Figure 14  Opening the spectrophotometer manual control panel

The spectrophotometer manual control panel will be displayed in a new
tab (see figure 15, page 18).

17
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Spectrophotometer manual control

Hardware setup

Name ASMB0001

Serial number

Number of pi
Minimum wavelength
Maximum wavelength

Firmware version
FPGA version

Integration delay 0
Enable dark correction [l
Dark correction percentage 0

Number of smoothing pixels 0

Use high resolution ADc Il

Spectrophotometer display RSN s | Q7
o000 1
Start wavelength 175 ol
Stop wavelength 1333 Mmoo =
nm Integration time 500 m o003
nm Number of averages 1 . 45000 =
Measurement mode Continuous v % 40000 =
Light source shutter open [l ,5, 35000 =
= G g 30000 =
% g 25000 =
= 20000 =
15000 =
10000 =
5000 2
o

200 400 600 1000 1200

800
‘Wavelength (nm)

Figure 15  The manual control panel of the spectrophotometer

The spectrophotometer manual control panel provides two sub-panels:

» Hardware setup: a panel displaying hardware setup information of
the spectrophotometer.

» Spectrophotometer display: a panel displaying the measurement
controls of the spectrophotometer.

4.1.1 Hardware setup panel

The configuration of the connected spectrophotometer can be adjusted in
the Hardware setup panel (see figure 16, page 18).

Hardware setup

Sarial number ASME

Mumber of pixels 20458

Name |,_.5 \VB000

S

Minimum wavelength 173 nim
Maximum wavelength 1333 nm
Firmware version 002.031.000.000
FPGA wversion 000.001.000.000
Integration delay O ns
Enable dark correction .
Dark correction percentage O %

Mumber of smoothing pixels

Use high resclution aoc ||

Figure 16  The Spectrophotometer Hardware setup panel

The Hardware setup panel displays information or properties of the con-
nected spectrophotometer. The following properties are available:

= Name: an input field which can be used to give a dedicated name to
the instrument. By default, the name of the instrument corresponds to
the instrument serial number.
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= Serial number: a read-only field that provides the serial number of
the instrument.

» Number of pixels: a read-only field that provides the number of pix-
els of the detector of the instrument.

= Minimum wavelength: a read-only field that provides the lowest
measurable wavelength of the detector the instrument.

» Maximum wavelength: a read-only field that provides the highest
measurable wavelength of the detector the instrument.

= Firmware version: a read-only field that provides the firmware ver-
sion of the instrument.

= FPGA version: a read-only field that provides the FPGA version of the
instrument.

= Integration delay: an input field which can be used to specify the
integration delay in ms (0 by default). This delay time corresponds to
the time between the detection the TTL trigger pulse required to
acquire a spectrum (in DIO trigger mode) and the start of the integra-
tion cycle of the spectrophotometer.

= Enable dark correction: a ll toggle which can be used to enable
or disables the dark correction (default OFF).

= Dark correction percentage: an input field which can be used to
specify the percentile value of dark correction (0-100 %). For more
details, please continue to the section below about Dark Correction.

= Number of smoothing pixels: an input field which can be used to
specify the number of pixels used in the smoothing algorithm. When
this value is set to 0, no smoothing is used. The optimal value depends
on the fiber diameter, pixel size and type of spectrophotometer.

= Use high resolution ADC: a #5lll toggle which can be used to ena-
bles or disables the high resolution ADC of the spectrometer. When
enabled, the measured values are resolved using a 16 Bit ADC, when
disabled a 14 Bit ADC is used instead (default ON).

Table 4 provides an overview of the optimal number of Smoothing pix-
els for the Autolab spectrophotometers in function of the fiber diameter.

Table 4  Optimal smooth pixel settings for the different optical fibre

diameters
Fiber diameter (um) Optimal smoothing pixels
10 0
25 1
50 2
100 3
200 (default) 7 (default)
400 14

19
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Fiber diameter (pm) Optimal smoothing pixels
500 17
600 21

The smoothing function will not apply to the first x and last x
points, where x is the specified Number of smoothing pixels.

Dark Correction: The pixels of the CCD detector of the spectrophotome-
ter are thermally sensitive, which causes a small dark current, even with-
out exposure to light. The Autolab spectrophotometers are fitted with
dedicated black pixels. To get an approximation of the dark current, these
black pixels can be taken and subtracted from the raw data. This will hap-
pen if the Enable dark correction property is is enabled.

Since these optical black pixels have the same thermal behaviour as the
active pixels, the correction is dynamic. Enabling dark correction will there-
fore result in a baseline fluctuating round zero, and measurement data will
be less sensitive for temperature changes than with dark correction disa-
bled.

The weight of the black pixels subtracted from the raw data can be set
using the Dark correction percentage property. When this value is set
to 0 %, no correction is performed. When this value is set to 100 %, the
value of the black pixels is completely subtracted from the measured data.

This correction is different from the calculations of absorbance and
transmittance that involve a dark spectrum.

4.1.2 Spectrophotometer display panel

The Spectrophotometer display panel provides manual control of the
connected Autolab spectrophotometer (see figure 17, page 20).

Spectrophotometer display a N E H eo?
1
Start wavelength 175 nm 60000 3
Stop wavelength 1333 nm 2000 ’;
Integration time 500 ms 50000 —E
Number of averages 1 45000 é

Measurement mode Continuous b 3 40000 =

Light source shutter open .

@

P

3
g
g
!

30000 =

25000 =

Measured values (a.

20000 =

15000 =
10000 =
5000 =

L B B Ay e B B B

1000 1200

600 800
Wavelength (nm)

Figure 17  The Spectrophotometer display panel

20
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The following properties are available (see figure 18, page 21):

Start wavelength: an input field which can be used to specify the
start wavelength used in the measurement, in nm. This property is
automatically set to the lowest possible value supported by the spec-
trophotometer.

Stop wavelength: an input field which can be used to specify the
stop wavelength used in the measurement, in nm. This property is
automatically set to the highest possible value supported by the spec-
trophotometer.

Integration time: an input field which can be used to specify the
integration time, in ms (smallest possible value: 1.1 ms).

Number of averages: an input field which can be used to specify the
number of averaged spectra, as an integer.

Measurement mode: a drop-down control that can be used to spec-
ify the measurement mode (continuous or single). In continuous mode,
the spectrophotometer will acquire spectra until stopped by the user. In
single mode, the spectrophotometer will acquire a single spectrum.
Light source shutter open: a toggle that allows the light source
shutter to be opened and closed with a TTL pulse from the default
Autolab instrument. Please ensure that the hardware is set to the TTL
shutter control position using the toggle on the front pannel of the
Autolab light source when using this toggle.

Start wavelength 175 nim
Stop wavelangth 1333 nim
Integration time 500 ms

rumber of avarages 1

Measurement mode [Continuous -

Continuous

e &

Figure 18  The measurement properties

To start the acquisition of a spectrum, the st button can be pressed.
Depending on the Measurement mode property, the spectrophotome-
ter will acquire one or more spectra and display the measured data in the
plot on the right hand side (see figure 19, page 22).
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Spectrophotometer display @ QD EI H e0o?
Start wavelength 175 nm 0000
Stop wavelength 1333 nm 55000 _;
Integration time 500 ms 50000 —
Number of averages 1 45000 é
Measurement mode Continuous B = 40000 =
Light source shutter open . < 3
$ 35000 =
O stop B 3
= B 2 30000 =
@ =
2 25000 =
e 3
= 20000 =
15000 —
10000 =
5000
03
g

L A e e A B B S

600 800 1000 1200
Wavelength (nm)

Figure 19  Measured spectra are displayed in the plot on the right-
hand side

H The measured data is displayed in arbitrary units.

ﬂ While spectra are being acquired, the Hardware setup of the spec-
trophotometer cannot be adjusted.

If needed, the measurement properties can be adjusted while spectra are
acquired.

In continuous measurement mode, the acquisition of data can be stopped
by pressing the == button.

After stopping the acquisition, it is possible to save the last measured
spectrum as a Dark spectrum or as a Reference spectrum, by clicking the
® button or @ button, respectively (see figure 20, page 22).

Spectrophotometer display a fn E H Q0?7

1

Start wavelength 175 nm 60000 — SINe spectium s, Dark
Stop wavelength 1333 nm 55000 {
Integration time 500 ms 3
50000 —
Number of averages 1 =
Measurement mode Continuous v 45000 —
Light source shutter open . E
40000 —
Start 3 k|
8 2
«» 35000 —
% ]
k] E
g 2|
2 30000 —
o ]
2 3
§ 25000 —
= g
20000 —
15000 —
10000 —

5000 — 1

0
1

L At e Bt B

200 400 1000 1200

600 800
Wavelength (nm)

Figure 20  Saving a measured spectrum as Dark spectrum
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When a Dark or Reference spectrum is saved, a check mark (® or ) will
be visible in the top right corner of the Spectrometer display window
(see figure 21, page 23).

Spectrophotometer display 8 & E H | IRV i

!

Start wavelength 175 nm 60000 — Save spectrum as Reference
Stop wavelength 1333 nm 55000 {
Integration time 500 ms =
50000 —
Number of averages 1 7l
Measurement mode Continuous b 45000 —
Light source shutter open . :
40000 —
Start 3 3
s =
« 35000 —
£ 2]
S a
s 3
2 30000 —
o ]
2 5
§ 25000 —
= |
20000 —
15000 —
10000 —
5000 —

L L e I I By I B B

600 800 1000 1200
Wavelength (nm)

Figure 21  Saved spectra are indicated by a check mark
E It is possible to overwrite the saved Dark or Reference spectrum by
clicking the associated buttons again.

E Changing the acquisition properties will discard the saved Dark and
Reference spectrum.

The Spectrophotometer display panel provides the possibility to toggle
between different display modes, using the buttons (=], [, [2], [1]) located
in the top right corner (see figure 22, page 23).

Spectrophotometer display [ EA] El S L =1
65000 - s

Stop wavelength 1333 nm
. 55000 =
Integration time 500 ms 2|
Number of averages 1 50000 —
Measurement mode Continuous A 45000 =
Light source shutter open I E
3 40000 =
Start S 3
£ 35000 =
s 3
g 30000 =
2 =
§ 25000 =
= 3
20000 =
15000 =
10000 —
5000 =
3 T —
e

500 1000 1200
Wavelength (nm)

Figure 22  Controlling the display mode of the measured data
The following display modes are available:

= Scope mode ()): this mode shows the raw data from the spectro-
photometer in arbitrary units. This display mode is always available.
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4.1.2.1

» Dark corrected scope mode (52): this mode shows the raw data
(Smeasureq) Trom the spectrophotometer corrected with the stored Dark
spectrum (Sp,n), in arbitrary units. This display mode is only available if
a Dark spectrum is saved. The dark corrected scope data is calculated
according to:

S—d = SMeasured _SDark

« Absorbance mode (4)): this mode shows the absorbance values cal-
culated from the measured data (Syeasureq), the stored Dark spectrum
(Spark) @and the stored Reference spectrum (Sgeference)- 1his display mode
is only available if a Dark and a Reference spectrum are saved.

A= —|Og( SMeasured — SDark j

SReference - SDark

= Transmittance mode ()): this mode shows the transmittance values
calculated from the measured data (Syeasured), the stored Dark spectrum
(Spark) @and the stored Reference spectrum (Sgeference)- This display mode
is only available if a Dark and a Reference spectrum are saved.

T:100.(M]

Reference — SDark

ﬂ The modes can be toggled while spectra are acquired.

Step through data

The Spectrophotometer display panel provides the possibility to toggle

the Step through data mode on or off using the the & button in the top
right corner (see figure 23, page 24).

65000

Spectrophotometer display & QE BRI e
To

Start wavelength 175 nm ggle step through data

60000 —
Stop wavelength 1333 nm =
3 55000 =

Integration time 500 ms =
Number of averages 1 50000 —
Measurement t mode Continuous bd 45000 =
Light source shutter open I 3
40000 =
35000 =

30000 =

Measured values (a.u)

25000 =
20000 =

15000 —

s
5000 = I

2
s S A T ——

200 400 600 1000 1200

A

800
Wavelength (nm)

Figure 23  The Step through data option can be used in the Spectro-
photometer control panel

When the Step through data mode is on, an additional indicator is added
to the plot, showing the X and Y coordinates of the point indicated by the
arrow, as shown in Figure 23.



Spectrophotometer control

E The indicator is always shown for the first data point of the plot.

It is possible to relocate the indicator in the following ways (see figure 24,
page 25):

= By clicking anywhere in the plot area: the indicator is relocated to the
closest data point of the plot.

= Using the [«)/[-]: the indicator can be moved by 1 point at a time.

= Using the [«)/[—] and [CTRL]: the indicator can be moved by 10
points at a time.

» [«])/[—]and [CTRL] and [SHIFT]: the indicator can be moved by 100
points at a time.

Spectrophotometer display @ o BsI[A]e QP
65000 -

Start wavelength 175 nm
60000 —

Stop wavelength 1333 nm 3
55000 —

50000 =

45000 =
40000 =
35000 —

30000 =

Measured values (a.u)

25000 =
20000 =

15000 =

10000 — 206: (298,8,1089)
5000 =
E| 7 ——

200 400 600 1000 1200

800
Wavelength (nm)

Figure 24 It is possible to relocate the indicator using the mouse or
keyboard

4.1.2.2 Export data and plot
The Spectrophotometer display panel provides the possibility to export
the measured data. Measured value can either be exported to ASCII or

Excel format or as an image, using the provided &1 and &1 buttons in the
top right corner of the panel (see figure 25, page 26).
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Measured values (a.u.)

Sal] vocr
File format ASCII -

Wite column headers I

Column delimiter Semicolon(;) ¥

28000 =
26000 =

24000 — Decimal separater Comma (, ) -

22000 — Export

20000 —
12000 —
16000 —
14000 —

12000 2

10000 =
8000 =
6000 =
4000 =
2000 —

O_i"_‘l""\‘"'I"“I""\“"I""’_

200 400 600 800 1000 1200
Wavelength (nm)

Figure 25  The measured data can be exported

Clicking the B0 button displays a pop-out menu providing controls of the
format of the exported file (see figure 26, page 26).

File format |ASCII -
Write column headers
Column delimiter Excel
Decimal separator Comma () -

Export

Figure 26  The data can be exported to ASCII or Excel

The data can be exported as ASCII or to Excel. The following properties
can be specified:

File format: specifies the format of the output file (ASCII or Excel),
using the provided drop-down list.

Write column headers: a B8l toggle that can be used to indicate
if the names of the signals need to be added to the output file.
Column delimiter: specifies the symbol used as a column separator,
using the provided drop-down list. This property is only available for
ASCII output.

Decimal separator: specifies the decimal separator symbol used in
the output file, using the provided drop-down list. This property is only
available for ASCII output.

Clicking the ' =#et - button displays a save dialog window which can be

us

ed to specify the filename and location (see figure 27, page 27).
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My Save As X
“« v 4 B> ThisPC » v O Search This PC »
File name: | Export v
Save as type: | Text Files (".bd) ~
w Brawse Falders Cancel

Figure 27  Specifying the filename and location
E All of the available data is exported to the file.

Clicking the & button displays a pop-out menu providing controls of the
format the size of the exported image file (see figure 28, page 27).

Width 575 [}
Height 396 P

Export I}

Figure 28  Exporting the data as image

Two types of image types can be used when exporting plots:

» Pixel based output: the data is exported to a pixel based file format,
with or without compression (*.bmp, *.png, *.jpg, *.tiff, *.gif). When
this type is used, the size of the image is specified in pixels.

= Vector based output: the data is exported to a vector file format
(*.emf, *.svg, *.wmf). When this type is used, the size of the image is
specified in arbitrary units.

Clicking the = ==t button displays a Windows explorer dialog which can
be used to specify the path, name and file type used to create the output
image file (see figure 29, page 27).

%y Save As >
&« = ~ 4 s ThisPC » v @ Search This PC P

File name: | Export "

Save as type: |PMG files (*.png) ~

w Browse Folders Save k Cancel

Figure 29  Specifying the name, location and type of output file
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4.2 Spectrophotometer procedure control

The Spectroscopy command, available in the External devices group of
commands can be used to control connnected Autolab spectrophotome-
ters.

The Spectroscopy command can be used in two different modes, which
can be selected using the provided drop-down list (see figure 30, page
28):

Properties (=1

Software trigger

Command name Software trigger
Action |Software trigger A
) Software trigger
DIC trigger
Start wavelengih b=
Stop wavelength 1333 nim
Integration time | 300 ms

-

Mumber of averages

Enable light source shutter control .

Miore

Figure 30  Two modes are provided by the Spectroscopy command
1. Software trigger (default mode)
2. DIO trigger

H The Spectroscopy command description and properties available
for editing are automatically adjusted according to the specified
mode.

4.2.1 Software trigger

The following properties are available when the command is used in the
Software trigger mode (see figure 31, page 29):
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Properties =]
Software trigger
Command name Software trigger
Action Software trigger A

Device name  ASMBE000T

Start wavelength 173 nim
Stop wavelength 1333 nim
Integration time 500 ms

Mumber of averages

Enable light source shutter control -

DI connectar P hd
Shutter open .

More

Figure 31  Software trigger mode properties

Command name: a user-defined name for the command.

Device name: specifies the name of the spectrophotomer used in the
measurement. This property is automatically adjusted to the name of
the connected spectrophotometer.

Start wavelength: an input field which can be used to specify the
start wavelength used in the measurement, in nm. This property is
automatically set to the lowest possible value supported by the spec-
trophotometer.

Stop wavelength: an input field which can be used to specify the
stop wavelength used in the measurement, in nm. This property is
automatically set to the highest possible value supported by the spec-
trophotometer.

Integration time: an input field which can be used to specify the
integration time, in ms (smallest possible value: 1.1 ms).

Number of averages: an input field which can be used to specify the
number of averages, as an integer.

Enable light source shutter control: specifies if the command
should control the light source shutter position using the provided

| toggle. This requires a physical connection between the Autolab
potentiostat/galvanostat and the spectrophotometer. It is also neces-
sary to set the shutter control to TTL mode on the connected light
source.
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= DIO connector: specifies which DIO connector is used to interface to
the light source, using the provided drop-down list. This property is
only visible if the Enable light source shutter control property is set to
on. For the PGSTAT101, M101, PGSTAT204 and M204 instruments, this
property is not shown.

» Shutter open: specifies the state of the light source shutter, using the
provided Il toggle. This property is only visible if the Enable light
source shutter control property is set to on.

The light source shutter will remain in the specified state until
changed.

This mode requires a physical connection between the light source
and the Autolab DIO connector if the Enable light source shutter
control property is set to on. Please refer to Chapter 3.7.7 and
Chapter 3.1.2 for more information.

DIO trigger

The following properties are available when the command is used in the
DIO trigger mode (see figure 32, page 30):

Properties =1
DIO trigger

m | TS Frims

Command name DIO trigger
Action DIC trigger il

=

Device name  ASKME000T

Start wavelengin 173 nm
Stop wavelzngth 1333 nim
Integration time 500 ms

Mumber of averages
Get spectrum counter |1

Calculate Absorbance and Transmittance l

More

Figure 32  DIO trigger mode properties

= Command name: a user-defined name for the command.
» Device name: specifies the name of the spectrophotometer used in
the measurement.
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= Start wavelength: specifies the start wavelength used by the spectro-
photometer, in nm.

= Stop wavelength: specifies the start wavelength used by the spectro-
photometer, in nm.

= Integration time: specifies the integration time used by the spectro-
photometer, in ms.

» Number of averages: specify the number of averages used by the
spectrophotometer.

= Get spectrum counter: the counter value used by the triggering
command.

= Calculate Absorbance and Transmittance: specifies if the meas-
ured values should be converted to absorbance and transmittance
using values of a dark spectrum and reference spectrum using the pro-
vided I toggle.

If the Calculate Absorbance and Transmittance property is on, it is
necessary to link two single spectra to the Spectroscopy command. Two
input anchoring points will be added to the command (see figure 33,
page 31).

@ Edit links

Spectrum counter value
nput dark spectrum

oo

Input reference spectrum

Abscrbance

DIO trigger
O Device name O
O Start O
O Stop waveleng O
O Integration t O
O  MNumbergo [m]
Software trigger O Input reference |
O Davice name O O  Getspectrum counter O
0O start asngth O Spectrum number O
O Stoepwavelength O length O
O ntegration time O ured values O
O MNumber of averages O Index O
Wavelength O Potantial zpplies O
C Time O
(] WE(1).Current O
WE{1).Potentia O
]
]
O
]
]

Transmittance

Figure 33  Dark and reference spectra can be linked to the Spectro-
scopy command
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Using these two anchoring points, a dark spectrum and a reference spec-
trum can be linked to the Spectroscopy command in order to convert
the measured values to absorbance and transmittance.

These values are calculated using the measured values (Syieasurea), the
linked Dark spectrum values(Sp,.) and the linked Reference spectrum val-
ues (Speference) @Ccording to:

« Absorbance:

A= _Iog( SMeasured — SDark ]

SReference - SDark

« Transmittance:

T=100- ( SMeasured - SDark ]

Reference — SDark

@ The linked dark and reference spectra must be measured in the
same conditions as those of the Spectroscopy command they are
linked to.

@ The linked dark and reference spectra may be imported from saved
data files using the Import data command. The spectroscopic
measured values (Speasureq) COlUMN from the imported data file can
be linked to the appropriate anchoring point, either the Input dark
spectrum or Input reference spectrum. The imported data must
have been measured with an Autolab spectrophotometer using the
same conditions as those of the Spectroscopy command they are
linked to.

This mode requires a physical connection between the spectropho-
tometer and the Autolab DIO connector. Please refer to the Spectro-
photometer User Manual for more information.

To use the Spectroscopy command in DIO trigger mode in a NOVA pro-
cedure, the command needs to be stacked onto the electrochemical
measurement command that it is used with. Figure 34 provides an exam-

ple.
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File Edit View Measurement Help £ search

A& B\ x| =2« spectioslsctiochemisty X

N Nova2d - o b3

131 gpectroelectrochemistry > 4o/ —H QO@  Properties =]
2 AUTB3079
2 LSV staircase
.
|'H'|'H'| Lsv <
Autolsb control | | ApplyOV Cellon Wait3s Software tigger | | Software tigger | | LSV staircase celloff -
e
LSV staircase 5
M :
Estimat
DIC trigger
o s
Mere

Figure 34  Stacking the spectroscopy command on a measurement
command

Using this configuration, the Spectroscopy command used in DIO trigger
mode will be executed whenever the parent measurement command
(LSV staircase in Figure 34) will send a DIO trigger to the spectropho-
tometer.

At the end of a measurement, the electrochemical data will be provided
by the parent measurement command and the spectroelectrochemical
data will be provided by the Spectroscopy command (see figure 35,
page 33).

Spectrum number  Wavelength (nm)  Measured value (a.u) Index  Potential appliec (V)  Time (s} WET)Current (A) = WE(1)Potential (V) ~Spectrum counter value

0244141

0.244049

Plots o7 []

M Nova2l = a x
File Edit View Measurement Help P search
A 0\ x| Lo« Linear sweep voltammetry po.. X | W« Spectroelectrochemistry (11:59) X | B8  Spectroelectrochemistry X -
@ DIO trigger F

Figure 35  The spectroscopy and electrochemistry data is available in
the Spectroscopy command
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5 Storage instructions

When the Autolab spectrophotometer, light source, optical fibers and
other parts used in spectroelectrochemical measurements are not used, it
is recommended to protect the SMA-905 connections on all parts with the
supplied covers.

The optical fibers should be stored in a protective container when not in
use to avoid excessive bending.

All hardware should be protected from exposure to liquid and dust during
use and storage.



6 Warranty

Warranty

6.1 Warranty

The warranty on Autolab products is limited to defects or failures that are
traceable to material, construction or manufacturing errors, which occur
within 36 months from the day of delivery. In this case, the defects or fail-
ures will be rectified by Metrohm Autolab free of charge. Transport costs
are to be paid by the customer, if applicable.

3 year

instrument warranty

Glass breakage in the case of electrodes, cells or other parts is not covered
by the warranty. Consumables (electrodes, optical fibers, the lamp within
the light source, etc.) are not covered by the warranty.

If damage of the packaging is evident on receipt of the goods or if the
goods show signs of transport damage after unpacking, the carrier must
be informed immediately and a written damage report is demanded. Lack
of an official damage report releases Metrohm Autolab from any liability
to pay compensation.

If any instruments or parts have to be returned, the original packaging
should be used. This applies to all instruments, electrodes, cells and other
parts. If the original packaging is not available it can be ordered at Met-
rohm Autolab or at your local distributor. For damage that arises as a
result of non-compliance with these instructions, no warranty responsibil-
ity whatsoever will be accepted by Metrohm Autolab.
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