Instruction Sheet

Barometer/Low Pressure Sensor

Quick Eunneﬁur.__m -

Inline Connector

Included kems

Tuking, B0 cm (2 ft) - not shown

Connector, inline [4)

Connector, quick [4)

Required ltems

FASCO Interface

PASCO Data Acquisition Software

| Other ltem*
| PS-2500 PASPORT Extension Cable

Introduction

The PS-21134 Barometer/L ow Pressure S ensor measures
atm ospheric presswe ininches of mercury (HE), hectopas-
cals (hPa), kilopascals (kPa), and millibars (mB at).

The sensoris designed to work with a PASPORT-compatible
irferface (such asthe UI-5100 850 Univer sal Interface) and
PASCO data acuisition software (such as PASCO Cap

stone). With the data acquisition software, the sensor can be

used to measye the barom etric pressure over a period of
tim e, the difference in sy pressure related to a change in alti-

tude, or the change in presswe inside a plant due to transpi-
ration.

The sensor includes plastic tubing four inline comectors,
atcl four ek cormectors. The cuick connector attaches to
the pressure port on the front end of the sensor The inline
comector can be used to attach a piece of tubingto a
one-hole stopper, for example.

SetUp

Flugthe Barom eter/Low Pressure Sensor into one of the
PASPORT mput ports of a PASCO interface.

Intedace

PASPORT
Input Port
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Sensor

NOTE: If more distance is needed between the sensor and
the interface, plug the sensor into a PASPORT Extension
Cable, and then plug the cable into the interface.

*  Start the PASCO data accuisition software. Set up a data
display in the software. Begin recording data.



Barometer/Low Pressure Sensor

Suggested Activities

Specifications

e Valiie

150 1o 1150 hPa
150 10 1150 mB ar
15 10 115 kPa

4.4 1o 34 inches Hyg

Range:

Accuracy: +0.03 inches Hy

Resolution 0.001 inches Hy
Operating Temperature: | 0 1o 40 °C

5 to 95%, non-condensing”

Relative Humidity Range

“Condensalion on the unlt will negatively aflect performance.
Suggested Activities

Measure Pressure Differences

Use the sensor tom easnwe the difference in air pressure from
the floor to the ceilling of the dasstoom.

Measure Barometric Pressure
Set up the sensor and the data acguisition softw ate to record

batrometric pressure for a long period of time (24 to 48
hours). Compare the barometric pressue.

N L} m o L) o L ) L. -

B arometric Pressure Over Three Days

Plant Trans piration

Obtain a healthy plant seedling and soalk its stem in a bowl of
water. Make a 45° cut near the end of the stem.

PFlant-Tube Joint: Fill afoot-long piece of the supplied tubing
with water. To avoid air bubbles in the tube, submerge the
tubing in the water bowl, and ingert the seedling stem into
the tube wider water. Seal the joint with petroleum jelly

Sensor-Tube Joint: Creste a 2-3 cm ait pocket at the other
encl of the tube. Using a quick connector, connect the tube to

the sensor’s presswe port (WARNING: Do not allow fluid
to enter the pressure port, as thiswill damage the sensor)

Using a rod stand and two clam ps, buld the setup shown
below. Keep the sensor’s pressure pott 5—7 em higher than
the plant’s end of the tube.
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Tubing

Setup for Plant Trans piration
Quick

Connector

Click the Stert button to record presswe data for at least 400
seconds.

Fepeat data recording, but place a blowing fan next to the
plant to simulate transpiration conditions on a windy day

Compeate the two graphs of pressure versus time.

Setup the Barometer/Low Pressure Sensor
Using the PASCO Capstone Software

*  Inthe PASCO Capstone software, click the “H ardware
Setup” icon in the Tools palette to open the “Hardware
Setup” panel. Confirm that the B arom eter/Low Pressure
Sengor icon appeats with the interface’sicon

*  Click the “Data Summary”™ icon in the Tools palette to
opett the “Data Swnmary” panel. The panel lists the sen-
50175 1T B AEUE en erits.

*  Toselect the units of measure or make other changesto
the measurement properties, select the param eter in the
Sensor Data Swnmary panel, and then click the “Proper-
ties” icon (shaped like a geat) to open the Properties
panel.

Using the SPARK Science Learning System

*  Btart the interface and plug the sensor into a port on the
SPARK BLE.



Technical Support

*  Inthe sensor param eter screen, tap "Barom etric Pres
sure’ tolighlight it, and then tap “Show’ to open a graph
cisplay

250
fan
Eil | Record Tools
& 14 butten button

E

Cnd

*  Tapthe "Start” button to start recording data.

NOTE: To cheange the param eter or wnits, tap the “Tools’ but
ton in the graph display to open the “Ex perim ent Tools®
menu, and tap ‘Data Properties’ to open the Data Properties
gereen. Tap “Select Meanvement

local environumentsl law s and regulations to enmue that it
will be recycledin a marmer that protects human health and
the enviromm ent. To find out where you can drop off your
waste equipm ent for recyeling, please contact your local
waste recycle/disposal service, ot the place whete you put-
chased the product.

The Evropean Union WEEE (Waste Elec-
tromc and Electrical Equipment) symbol
(to the right) and on the product or its
packaging indicates that this product must
not be disposed of in a standard waste con-
tainer.



Oxygen Gas Sensor

senaor ampifier sansing
bber Hoppor elamant
- ¥
7 - 7
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sampling
connecting cable battle

Included Equipment

Sensor Amplifier

Oxygen Sensing Element (with deflector)
Rubber Stopper

Connecting Cable (3.5 millimeter)
Sampling Bottle

Required Equipment

PASPOART Interface

Introduction

Oxygen Sensing Element Life:

Galvanic fuel cells have a limited lifetime which is determined
by theirage and their exposure to oxygen. This is similar to
the life of a battery in a flashlight. If the flashlight frequently
used, the battery life will not be as long as it would have been
with limited usage. Similarly, the fuel cell’s useful life is
determined by its exposure to oxygen gas.

The fuel cell included with the PS-2126A has a useful life of
900000 oxygen percent (05 %) hours.

An example: If the sensor is used in a 100% oxygen atmo-
sphere, the life of the sensor may be calculated as
900,000 O % hours divided by 100% oxygen which is
9000 hours. This is about | year.

The life of the sensor in normal air (20.9% oxygen) is
900000 Os % hours divided by 20.9% oxygen which is
43,062 hours. This is about 4.9 years.

The sensoris guaranteed for a minimum of 2 years from the
date of manufacture. This is the absolute guarantee. 1fit is
used ina 100% oxygen aimosphere its life will be shortened.
If it is used in nomal air, its life will be 4 to 5 years. There is
reported evidence of this particular sensing element being in
use for almost 10 years. In the end. the useful life of the sens-
ing element is dependent on the manner in which it is used.

The PS-2126A Oxygen Gas SensoT measurcs oXygen gas con-
centration in percent (%) and parts per million (ppm) oxygen.
It cam be vsed to study plant, animal, or cellular respiration; air
quality; and the rate of oxygen (04} production in chemical
reactions (see the experiment on page 2 for one example).

Setup

Connect the Oxygen Gas Sensor to your PASPORT interface.

How it works: To prepare the Oxygen Sensing Element for use:
The Oxygen Sensing Element is a galvanic fuel cell with agas 1L
permeable membrane at one end. It is very similar to a hattery.

The fuel cell contains an electrolyte, anode and cathode. When

oxygen enters the fuel cell through the membrane, a chemical 2
reaction between the metallic cathode and anode and the elec-

trolyte occurs. This chemical reaction produces a voltage and

current that is present at the output jack at the other end of the

Oxygen Sensing Element. The current produced is propor-

tional o the concentration of oxygen present. 4.

Remove the Oxygen Sensing Element and deflector from
the packaging.

Remove the pink tape from the Oxygen Sensing Element.

Carefully thread the deflector onto the Oxygen Sensing
Element.

Slide the rubber stopper over the deflector.



Collecting O, Samples

5. Plug one end of the connecting cable into the Oxygen
Sensing Element.

6. Plug the other end of the comnecting cable into the Sensor
Amplifier.

7. Connect the Sensor Amplifier to the PASCO interface.
8. Refer to the documentation that came with the PASCO

interface and software for further instructions for data
collection.

Collecting O, Samples

To collect an atmospheric sample, hold the bottle upright and
open to the air. Insert the end of the sensing element into the

baottle. Press the rubber stopper into the neck to seal the bottle.

To collect expired air or

other gas samples, place the

sensing element inside a

plastic bag. Press any atmo- a
spheric air out of the bag.

Use a tube to fill the bag
with the gas sample. Hold,
tie, or clamp the bag closed
round the tube and sensing
clement cable to contain the
gas sample and exclude atmaospheric air.

When doing an experiment that requires a faster than usual
response time, the response time of the sensor may be
increased by removing the white deflector and stopper from
the Oxygen Sensing Element. This shortens the path to the
sensor's membrane allowing it to be populated more rapidly
with the sample.

The purpose of the white deflector is to deflect air from an air
stream into the sensing element and provide protection for the
gas permeable membrane. It also holds the rubber stopper.

While the white deflector is removed from the sensing ele-
ment, be careful not to place sharp objects near the membrane
as puncturing the membrane could lead to damage to the sens-
ing element and electrolyte leaking from the membrane.

Removal of the deflector is not required or recommended dur-
ing typical operating conditions.

Waming: Do not atow the sensing elemeant o contact liquids.

Calibration

The sensoris factory calibrated. However, for greater accu-
racy. you can follow these steps to calibrate the sensor:

1. With the sensor connected to a powered PASPORT inter-
face, place the sensing element in the empty sampling
battle. Outside air has an 0, concentration 20.9%.

2. Press the CAL (20.9% ) button on the sensorand hold it
for 3 seconds. The green light will flash on and off for4
seconds, indicating that calibration is in progress.

3. After 4 seconds, the reading will stabilize at 20.9%. When
calibration is complete, the light will stop flashing.

Note: If the grean Kght Rashes rapidly alter cakbration, the sensing ale-
mant may be axpired and # may nead raplacamant.

Experiment: Oxygen
Production from Liver Catalase

Eguipmenl required: Oxygen Gas Sensor with sampling bottle, baaf
or chickan fver, hydrogen peroxide, pipette, mortar and pestie, ice
bath, boiing water, and salely gogales.

Safely: Always wear salfely goggles when performing this experimeant.
Do not allow excessive prasswe o develop in the sampling botlle.

1. Place the liver in an open container and allow it to warm
to Toom temperature.

2. (Optional) Calibrate the Oxygen Gas Sensor (see above).
3. Grind the liver to a mushy consistency.

4. Place 10 mL of hydrogen peroxide into the clean, dry
sampling bottle.

Naote: Parform step 5 through 7 carefully and quickily.

5. With a pipette, extract | mL of blood/homogenate from
the ground liver and release it into the sampling bottle.

6. Insertthe end of the sensing element into the bottle. Press
the rubber stopper into the neck of the bottle just enough
to close the baottle, but not oo tightly

7. Start data collection on the computer or interface.

8.  After about 300 seconds, stop data collection.

9.  Clean and dry the sampling bottle. Repeat steps 4 through
& with cold liver homogenate that has been chilled in an
ice hath. Repeat again with liver homogenate that has

been boiled in water.

10, Compare your results from the three runs.



Model No. PS-2128A

= Specifications
80 . . .
- [ »* Range 0 ta 100% Oy concentration
u: - 0 o 1000000 parts per million (ppm)
% = o " Resolution 0.025% oxygen
L an = ] #* moiled
1 Repeatability +0.5% aygen
< I
8 w Accuracy +1% O at constant temperature and
Eu - prassune; +5% Os over operating
Time{ 5} * temparmalume range
- 0 * 100 *mn m? =50 =00 | | P 9
Operating temperature 0 to 40 °C
Relative humidity range | 0 1o 1003, noncondensing
Sensing Element Maintenance Sensing element 4+ years
useful lile
Storage: Sensing element 24 manths

warranty period
The Oxygen Sensing Element may be stored in its package
until its first use.

It is recommended that the sensing element be stored with the
threaded nose piece in the downward position. This insures
that the electrolyte remains in contact with the membrane for
extended periods of storage. Sensor life may be extended by
storing the sensing element in a refrigerator at 40°F to 30°F
(4°C to 10°C). Donot freeze the sensor or sensing element.



Instruction Sheet

pH Sensor

Incl Par

1. pH amplifier

2. pH electrode

3. Storage botile containing storage solution
Additional Part Required

= PASPORT interface or datalogger

Rel Part

+ Replacement electrode (PASCO part 699-195)
+ Flat-surface electrode (P5-2182)

+ pH buffer set (SC-2321)

Quick Start

1. Commect the amplifier to your PASPORT interface.
2. Comnect the pH electrode to the amplifier

3. If you are using a computer, commect the PASPORT interface
to it and start D ataStudio.

4. FRemowe the storage bottle from the electrode.
5. FEinge the electode with distilled water.

6. Immerse the end of the electrode in the solution to be mea-
sured.

7. Pressor click the start button to begn recording data.

Introduction

The pH Sensor messwes the pH of a solution. The measurement
isrecorded and displayed by the connected computer or datal og-
get. The pH Sensor iswell- suited for continuous recording and
discrete measurem ents.

Set-up

Connecting the Parts
1. Plugthe sensor’s PASPORT comector into any port of a
PASPORT irterface or datalogger.

[

Push the connector at the end of the electrode cable onto the
sensor’s electrode connector. Twist the connector tolock it in
place.

lo PASPORT
interface
pH elactroda I(*

A

Connecting the electrode and interface

3. If you are using a computer, cormect the PASPORT interface
to it and start D ataStudio.



pH Sensor

Removing the Storage Bottle
1. Holdthe electrode vertically so that the solution
will not spill out of the bottle.

T cag
2. Unscrew and remove bottle. Keep the storage
solution for later use.
5‘ battle
3. Pushthe bottle cap up the electrode shaft to A I
keep it out of the way. t::‘:;:s

Collecting Data

1. Einse the electrode with distilled water

2. Immerse the end of the electrode in the solution to be mea-
sured. The bulb-shaped glass membrane should be enfirely
immersed.

3. Pressor click the start button to begn recording data
4. Wheit for the reading to stabilize.

5. FEinge the electods again before placing it in another solu
tion.

Calibration

Calibration is not always necessary, especially if you are interest-
ing in measuring a change in pH rather than absolute pH walues.
For accurate m eamuements, first calibrate the sensor. Youwill
need two diff erent buffer solutions (pH 4 and pH 7 in this exam-
ple) and distilled water. The solutions should be at the same tem-
peratwre asthe solutions that you will measwe later.

The caibration procedure varies depending onwhich software o
datalogger you are using For more specific instructions, see the
documentati on for yowr softwate or datalogger

1. Ogpenthe calibration window or screen (In DataStudio, click
Setup ; then click Calibrate Sensors)

[

Select the “2 Point”™ calibration type.
3. ERinse the electrode with distilled water

4. Place the electrode in pH 4 buffer solution Whit for the read
ing to stabilize.

5. Click or select Read for the first calibration point.

6. ERemowe the electrode from the solution and nnge it with dis-
tilled water.

7. Place the electrode in pH 7 buffer solution Whit for the read-
ing to stabilize.

8. Click or select Read for the second calibration point.

Electrode Maintenance

Electrode Storage

Fot a storage period of a few weeks orless, ringe the electrode
with distilled water and place it in the storage bottle filled with
storage solution Tomake storage solution, combine equal parts 4
M potassivm chloride (KCL and pH 4 buffer sclution, with a few
drops of pH buffer preservative (buffer preservative is optional).

Youmay keep the electrode in the storage solution indefinitely,

but for long term storage, PASCO recomm ends storing the elec-
trode ey After div storage, the electrods must be restored (see

below) to rehydrate the glass mem brane.

Restoring the Electrode
Follow this procedure to improve the response of a slow elec-
trode or to rehydrate the membrane after diy storage.

1. Clean the membrane using one or more of these methods:

= If the electrode is confaminated with proteins, soak the
electrode in a solution of 1% pepsinin 0.1 Molar hydro-
chlotic acid (HCT).

«  Ifthe electrode is cottaminated with inorgatic deposits,
ringe the electrode with 0.1 M etlylens dinatric
tetra-acidic acid (EDTA) tetrasodivm sohution.

«  Ifthe electrode is contaminated with oil or grease, wash
the electrode in a mild detergent or solvent known to be
effective for the particular film .

«  Ifthe electrode is not responding gqu ckly, soak the elec-
trode alternatelyinl2 M NaOH (sodiuwm lyydroxide) and
1 M HCI (hydrogen chloride). Leave it in each solution
for one mimaite. Ringe completely between soakings and
endwith HC1.

[ ]

Soak the electrode in 0.1 M hydrochloric acid (HCT) for 15
mimies.

3. Boak the electrode in a pH 7 buffer solution for 30 mimites.

If the restoring procechure fals to improve the response of the
electrode, replace the electrode.

Replacement and Alternative Electrodes
* For areplacemernt electrode, puwrchase PASCO part 699-105.

A flat-sumface electrode, partP3-2182, is also avalable.

*  The pH Sensor is compatible with other combinaton pH
electrodes that have BNC connectors.



pH Sensor

Specifications
pH Amplifier
I Maximum sampling rate - 50 samples's
I pH Range . 0 to 14 [probe dependent)
I Accuracy . =0.1 after calipration
I Resolution . 0.005
I Repeatabllity . .02
I pH Ela:ctroda
I Type [ Gel-filled Ag-AgCl combination

elactrode

Cannector BNC
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