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Orion pH, ORP and ISE Theory

How pH, ORP and ISE Measurements are Made
Readout Device One of the many advantages of electrode technology is the variety of analytical methods available to

the user. The choice of method depends on:
e  Desired Speed and Accuracy Required

Sensing Electrode e Range of Sample pH or Concentrations
Reference Electrode e Sample Type (Dry or Aqueous)
e  Available Instrumentation
° Field or Lab Measurement
Essential Components
Regardless of sample conditions, the essential components of a pH or ion selective measuring
system are:

e ASensing Electrode and Reference Electrode (Half-Cell System) or a Sensing Electrode with
Built-in Reference (Combination System)
e AReadout Device (Meter)

A Solution Containing the lon to be M d
Electrochemical Measuring System * olution tontaining the fon fo be Measure

Sensing Electrode
When a sensing electrode comes in contact with a sample containing ions which it has a sensing

membrane for, an electrical potential develops across the membrane surface. The magnitude of the
potential relates to the concentration of the ion being measured, so that the higher the potential, the
higher the concentration.

Reference Electrode

To make a measurement, a second unvarying electrical potential is needed to compare the sensing
membrane potential with. The reference electrode provides this function. A filling solution within the
reference electrode completes the electrical circuit between the sample and internal cell of the
reference electrode. The point of contact between the sample and filling solution is called the liquid
junction.

Combination Electrode
Many sensing electrodes have the reference electrode built into the same electrode body. These

electrodes are referred to as combination electrodes. Combination electrodes provide the same
selectivity and response as a half-cell system, but offer the convenience of working and maintaining
only one electrode. In many cases, a combination electrode provides an optimized system for one
sensing membrane.

Readout Device
A meter (potentiometer or voltmeter) serves as the readout device to display the difference between

the reference electrode and sensing electrode potentials in millivolts, pH or concentration units.

Sample
The sample or standard solution is the final component of the system. The nature of the sample

determines which measurement techniques are appropriate for the analysis.
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Sensing Electrode

Several types of sensing electrodes are commercially available. They are classified by the nature of
the membrane material used to construct the electrode. It is the difference in membrane
construction that makes an electrode selective for a particular ion.

Glass Electrode
The most familiar type of sensing electrode, a glass membrane is routinely used for measuring pH

and some ions, such as sodium.

ROSS Ultra™ and ROSS™ Electrodes

The Orion ROSS Ultra pH, ROSS pH and ROSS Sodium Electrodes are glass electrodes with a
patented internal system that eliminates electrode drift due to temperature variations. ROSS
electrodes are available in both half-cell and combination system designs. These electrodes are very
stable and have fast response.

AquaPro Professional Electrodes
The Orion AquaPro Professional series offers performance a cut above standard Ag/AgCl pH

electrodes, because of its patented reference system and double junction design. The double
junction design isolates the silver from the sample and allows the electrode to be used in samples
typically not recommended for standard pH electrodes. The AquaPro electrodes are the choice of
anyone who is looking for stability and minimal maintenance in challenging samples.

ORP Electrodes

ORP (Oxidation / Reduction Potential) measures the oxidizing or reducing nature of a sample. This
gives an overall indication of how "reactive" the sample is. ORP measurements are becoming more
common in water, wastewater, process water and plating baths as well as other applications.

Thermo Electron offers several types of Orion ORP electrodes, from standard platinum electrodes to
ORP Triodes™, which measure both ORP and temperature together, to multi-parameter probes, which
measure pH, ORP and temperature or pH, ORP, conductivity and temperature. Accurate ORP
measurements are temperature dependent, therefore the Triodes and the multi-parameter probes
are ideal. Thermo also offers a ready-to-use ORP standard, which is both convenient and safe.

pHuture™ lon Selective Field Effect Transistor (ISFET)

This type of electrode contains a transistor coated with a chemically sensitive material to measure
pH in solution and moist surfaces. As the potential at the chemically active surface changes with the
pH, the current induced through the transistor varies. A temperature diode simultaneously monitors
the temperature at the sensing surface. The change in current and temperature are correlated by the
pH meter to a temperature compensated pH reading. Orion pHuture probes utilize ISFET for fast
response and durability.

The Orion pHuture Pentrode™, the world’s first pH, ORP, Conductivity, Temperature probe in a
standard electrode body, was selected as a Year 2000 R&D Top 100 award winner. This exciting
product features two way communication between the sensor and the pHuture MMS™ meter and
allows two parameters plus temperature to be viewed and all data to be logged simultaneously from
the same sample! The planar conductivity 4-electrode cell technology offers fast response and
accurate measurement. Other pHuture probes offer Sure-Flow® non-clogging junctions to keep the
sensor clean in dirty, viscous samples.

Solid State Electrode

This sensing membrane is made of a uniform or homogeneous solid substance. The Orion 94 Series
half-cell and Orion 96 Series ionplus® combination electrodes allow for many measurements such
as chloride, bromide, iodide, and fluoride. The 96 Series ionplus electrodes also incorporate the
Sure-Flow® reference system which provides fast response in an easy to clean design.
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Plastic Membrane Electrode
Electrical Contact This type of electrode has an ion exchange material contained in a solid plastic membrane. The

sensed ion is exchanged across the membrane, creating the potential. Both the Orion 93 Series half-
cell and Orion 97 Series ionplus® combination electrode systems measure calcium, potassium,
nitrite, nitrate, as well as other species. These electrodes feature a replaceable sensing membrane

module, allowing the user to easily rejuvenate the electrode. The Orion 97 Series ionplus
combination electrode use this module as part of the exclusive patented Sure-Flow®

Module Housing reference system.

Aqueous Reference

Solution Gas Sensing Electrode

Reference Element This electrode responds to dissolved gases in solution. The dissolved gas diffuses across the

(AgCl) membrane into a small volume of buffer, specific for each electrode. Reaction of the gas with the
buffer causes a pH change sensed by an internal glass pH electrode. Because the reference element

m,ﬁg:&%"e is built-in, a separate reference electrode is not necessary. Carbon dioxide and ammonia are among

the species measured by this type of electrode.

Plastic Membrane Electrode Sure-Flow Combination Electrode

The ionplus Series of combination electrodes illustrates how the use of combination electrodes
provides an easy-to-use and maintain measurement system with superior performance abilities.
Both the Solid State 96 Series and Plastic Membrane 97 Series ionplus electrodes employ the Sure-
Flow junction, which provides the most stable and reproducible reference potentials in an easy-to-
clean design. In the 97 Series ionplus electrodes, the replacement module acts as part of the
reference system design unique to Orion electrodes. Easily rejuvenate the sensing membrane and
reference junction by simply replacing the module. The ionplus flat surface design allows
measurement of small sample volumes as little as 5 mL. Reducing the solution volume saves
precious sample, plus lowers chemical usage and waste. The Orion Optimum Results™ series of
filling solutions used with ionplus electrodes contain little or none of the ion of interest to prevent

Reference Element

Inner Body contamination of the sample, which is especially important in low-level analyses. Optimum Results
Filling Solution filling solutions also minimize reference junction potentials, producing a faster and more stable
Outer Body electrode response. Effects on measurement accuracy from sample ionic strength, temperature and

background matrix are reduced when using Optimum Results filling solutions. Having small
temperature coefficients, these solutions prevent electrode potential shifts due to changing sample
temperatures. With other electrode systems, a 1 °C change in sample temperature can lead to
measurement errors greater than 4%. Using Optimum Results, the same change in temperature
produces less than 2% error with ionplus electrodes. By formulating the solutions to meet specific
Membrane application conditions, Optimum Results solutions improve the ionplus electrodes’ response time

and accuracy.
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Choosing the Correct Reference System
Three criteria apply when you choose a reference electrode:

e The reference electrode should provide a stable and reproducible potential under a wide variety
of sample conditions

e The reference electrode filling solution should not interfere with the sensing electrode. lons
that interfere with the analyses should not be introduced into the sample by the
reference electrode

e  The filling solution should flow freely with no fouling or plugging of the junction by the sample

Reference Electrode for Half-Cell Systems

Half-cell reference electrodes help complete the measuring circuit when using a half-cell sensing
electrode. Thermo Electron recommends two types of reference electrodes, both include the sleeve-
type Orion Sure-Flow® reference junction. The Sure-Flow junction provides many benefits, including
working in dirty or viscous samples without clogging. The simplest sleeve reference is a single
junction type, which uses a filling solution saturated with silver (in the form of silver chloride) to
satisfy the requirements of the internal cell. The double junction type is useful when the fill solution
of a single junction electrode contains an ion that interferes or reacts with the ion being analyzed.
For example, use of potassium chloride fill solution is undesirable for a chloride analysis because
the fill solution introduces more chloride into the sample and leads to falsely high results. The
double junction electrode allows for selection of a non-interfering solution to contact the sample. In
the case of chloride analysis, potassium nitrate, which causes no interference, may be used as a
filling solution. Double junction electrodes also allow some additional fill solution choices when
analyzing unusual samples that could cause changes in liquid junction potentials.

Combination Reference Electrode Systems
Half-cell systems use all purpose reference systems, which may not provide the needed performance

under some application conditions. With combination electrodes, the built-in reference system
meets all of the criteria for a reference electrode. Orion combination electrode designs provide an
optimum reference system for the specific ion of interest. In the case of pH electrodes, combination
electrode designs allow for unique electrode constructions for measuring flat surfaces, small
samples in test tubes or piercing solid samples and septa. Orion’s Sure-Flow junction design, on
many pH and ISE combination electrodes, improves electrode performance because the sleeve
construction allows a unique form flow rate of reference filling solution into the sample. The uniform
flow rate produces stable reference potentials for faster response and better stability. In addition,
the electrodes are cleaned by simply opening the reference junction.

Another reference system from Thermo is found in the Orion AquaPro electrode line where a high
performance polymer isolates the Ag wire from the sample. These patented double junction, low
maintenance electrode systems offer fast response due to an open junction. They are an ideal
replacement for calomel electrodes as they do not contain mercury and the isolated reference allows
them to be used with biological applications. AquaPro electrodes also offer excellent performance in
dirty samples.
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Junction Potential (mV)
0 —

Reference Junction Material
Orion pH electrodes are constructed with a variety of reference junctions, such as ceramic, wick,

fiber or Sure-Flow®, based on the material of the electrode and intended application. A pH electrode
whose junction material is compatible with the sample should be used. For most clean, aqueous
samples, any junction type is acceptable. However when measuring dirty samples, the Sure-Flow
junction is always recommended. Refer to pages 21, 61 and 62 for more information on choosing a
pH electrode with an appropriate reference junction. Most Orion ISE combination electrode systems
and half-cell systems employ the Sure-Flow junction for measurements in any sample type.

Equitransferent Filling Solution
Saturated KCI Filling Solution NaCl
-4 KCI
Na,50, Liquid Junction Potential
A liquid junction potential develops at the reference electrode junction where the sample and filling

-6 solutions mix. Changes in liquid junction potentials can cause errors during electrode
determinations. The liquid junction potential should be minimized for accurate measurements. In
routine pH measurements liquid junction potential errors are not noticeable. It would take a change
of 6 mV in potential to cause a noticeable difference at 0.1 pH, but liquid junction potentials are
seldom of that magnitude. However, many ISE determinations are made to 1-2% accuracy. This
situation could be altered by a typical liquid junction potential difference between the sample and
standard of 0.1-0.2 mV. Junction potentials arise when ions in solution move at different rates. This
occurs, for example, when sodium iodide diffuses into a less concentrated solution. The iodide ion,
which is larger, moves more slowly compared to sodium. Consequently, sodium leaves iodide
behind to build up charges that are added to the reference potential. Since the charge is not due to
the ion of interest, a measurement error results. Mechanically, to avoid build-up of sample ions
inside the junction, it is necessary to have a small continuous amount of reference filling solution
flow out into the sample. The flow must be just fast enough to overcome back diffusion of sample
ions into the junction. The electrode that best satisfies the above requirement is one that uses a
sleeve junction reference, such as the Orion Sure-Flow junction. This reference ensures continuous

except where K* flow as long as the analyst is careful to maintain a higher level of filling solution in the reference

and CI must be electrode compared to the sample level. The Sure-Flow reference electrode offers the added

absent advantage in that it can be quickly flushed in case of contamination.
Na*, K* CI', NOy Orion Generally useful.
equitransferent  Lower junction

T T 1
10° 107 107
Concentration (M)

Liquid Junction Potential

Typical Applications
€

Salt Concentration Us
KCl Saturated or4 M Generally useful

Reference Filling Solution

solution potential than The most important variable the analyst can control is the composition of the reference filling
saturated KCl in solution. If the analyst has the Orion Sure-Flow double-junction reference electrode, the optimum
dilute (>10° M) solution for each particular application may be selected. Orion Optimum Results™ application

ionic strength
samples. Above 0.5M
ionic strength KCI
is preferable

KNO; Saturated Trace CI
determination

solutions offer another aspect of control for the analyst. These reference filling solutions are used
with Orion ionplus® combination ISEs. Each solution formulation is designed to provide a minimal
junction potential for the particular application (patent pending). By reducing the effects of sample
temperature changes, Optimum Results solutions enhance the electrode stability and response time
to improve measurement accuracy.
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For Best Results Use Good Laboratory Practices
Follow the recommendations below for accurate pH and ISE measurements. pH and ISE electrodes

are sensitive measuring devices and should be cared for properly.

Proper Electrode Storage
Proper electrode storage maximizes electrode performance and extends the electrode life. See page

63 for pH electrode storage information. Generally, ISE electrodes are stored in the least
concentrated standard solution. Caution: Do not store the electrodes in distilled water. The filling
solution will be diluted and the electrode response will be slow.

Proper Maintenance and Cleaning
Inspect the electrode weekly for scratches, cracks or salt crystallization. If the readings become slow

or drifty, clean the electrode per the manufacturer’s instructions. Excessive cleaning may impair
electrode performance and shorten electrode life.

Electrode Fill Hole Cover
If using a refillable electrode, remove fill hole cover during calibration and measurement to ensure a

uniform flow of electrode filling solution. Cover the fill hole overnight and during storage.

Filling Solution Level
The filling solution level must be higher than the sample level to maintain a uniform flow of filling

solution. At least 1 inch above sample height is recommended.

Rinsin

Rinsinggprevents contamination by carry-over on the electrodes. Rinse with deionized water or an
aliquot of the buffer, standard or sample. Caution: do not wipe the pH electrode glass bulb. Transfer
of static charge onto the glass bulb will result in slow or drifty response. To avoid damage and
contamination do not wipe the ISE liquid membrane surface.

Stirrin

Stir all bguffers, standards and samples at a uniform rate to obtain a representative sample
measurement and improve electrode response time. Use a magnetic stirrer at a moderate speed.
Use a piece of insulating material (e.g. styrofoam or cardboard) between the stir plate and the
beaker to prevent heat transfer.

pH Buffers and ISE Standards
pH buffers and ISE standards should be accurate and free of contamination. Keep the buffer or

standard bottle tightly sealed. Do not re-use buffers and standards. Verify the buffer or standard is
within the expiration date before use. If trouble arises, always use fresh buffers or standards. Use
volumetric glassware to prepare solutions accurately.

Temperature

To account for pH slope, buffer and sample changes, use a separate or integrated automatic
temperature compensation probe (ATC) or digital LogR™ temperature compensation on Orion
PerpHecT® pH meters. For ISE electrodes, calibration and measurement should be performed at the
same temperature.

Calibration

Calibration verifies electrode slope and proper function. At least once a day, calibrate with two or
three buffers or standards that bracket the expected sample range. Choose pH buffers that are no
more than three pH units or no less than one pH unit apart. ISE standards should differ in
concentration by a factor of ten.
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Low Slope Troubleshooting

Clean and/or replace electrode The m.ost important prlnap.le in troubleshooting is isolating the components of the system and

Condition electrod \v- refer o electrode instructi checking each component in turn. The components of the system are the meter, electrodes, buffers

m(;nnJallogfczcng?tigngaope:o%elljeu:;s0 glectrode Instruction or standards, sample and the technique. If problems persist or if application assistance is needed,
ap contact our Technical Service at 800.225.1480.

Use fresh buffers or standards and clean glassware

Prepare fresh standards using proper technigue pH or ISE/pH Meter
Use recommended ISA for the selected ISE electrode The meter is the least likely problem in the system and is easily eliminated as a possible cause of
error. Orion meters include an instrument check-out procedure that verifies proper meter function or

High Siope locates possible malfunctions. Consult the meter instruction manual for complete instructions.

Clean and/or replace electrode pH and ISE Electrodes
Use fresh buffers or standards and clean glassware Before replacing a faulty electrode, review the electrode instruction manual and be sure to:
Prepare fresh standards using proper technique *  Clean the Electrode Thoroughly
Calibrate with buffers or standards at the same temperature ¢ Condition the Electrode Properly
e  Use Proper Filling Solutions
e  Use Proper Technique
“ e Review the Electrode Troubleshooting Checklist
Verify correct filling solution and compatibility with
the sample pH Buffers and ISE Standards
Calibrate and measure at the same temperature; use an ATC Always use fresh buffers or standards when problems arise. The quality of analytical results depends
probe for pH calibrations and measurements greatly upon the quality of the standards. Using fresh buffers and standards could save hours of
Clean and/or replace electrode frustrating troubleshooting. Upon exposure to air, buffers may absorb CO, or other material from the
Refer to the sample requirements and interferences sections air, causing a shift in the pH value. ISE standards may be contaminated or incorrectly prepared.
in Orion electrode instruction manual
Sample

If the electrode functions correctly in buffers or standards but not in a sample, the electrode may be

Erratic Response adversely affected by a substance in the sample. Refer to the sample requirements and interference

Verify correct filling solution and compatibility with sections in Orion instruction manuals for more information. Contact our Technical Service Chemists
the sample at 800.225.1480 for additional assistance.

Use recommended ISA for the selected ISE electrode .

Clean and/or replace electrode Technique

Review operation procedures and instruction manuals to verify that proper measurement technique
has been followed. For ISE measurements verify the method of analysis, direct or incremental
technique, is appropriate for the sample. Follow Good Laboratory Practices. See page 57.

Perform meter check-out; verify proper grounding and power

0ff Scale or Over Range Reading

Verify electrode connection; immerse electrode in solution Electrode Troubleshooting Checklist
Remove air bubbles by gently tapping the side of The chart lists the most common electrode symptoms and corrective actions.

the electrode
Clean or replace electrode

Condition electrode properly; refer to electrode instruction
manual for conditioning procedures

Perform meter check-out

Verify correct filling solution and compatibility with
the sample

Use fresh buffers or standards and clean glassware
Prepare fresh standards using proper technique

Refer to the sample requirements and interferences sections
in Orion electrode insteuction manual
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Why is pH Important?

pH is one of the most common laboratory measurements because many
chemical processes are dependent on pH. The speed or rate of chemical
reactions can often be significantly altered by changing the pH of the
solution. The solubility of many chemicals in solution, and their bio-
availability is dependent on pH. The physiological chemistry of living
organisms usually has very specific pH boundaries. In our modern lives,
virtually everything we use has been tested for pH at one time: from the tap
water we brush our teeth with, the paper we write on, the food we eat, to the
medicines we take, at some point a pH measurement was performed.

Basic pH Theory

The term pH derives from a combination of “p” for the word power and “H”
for the symbol of the element Hydrogen. Together the meaning is the power
or exponent of hydrogen.

The Chemical Equation for pH

pH is defined as the negative log of hydrogen ion activity, where the activity,
a.., describes the free hydrogen ion, or the “effective concentration”, in the
presence of other ions:

pH = -log a, or H+ =10

Thus, a pH of 3 is equivalent to a hydrogen ion activity of 10~ Molar (M), a pH
of 11 is an activity of 10™" M, and a pH of 11.5 would be a hydrogen ion
activity of 10" or 3.2 x 10 M. Water (H,0) dissociates into hydrogen ions
(H") and hydroxide ions (OH") in an aqueous solution. The following
equilibrium reaction is used to describe pH:

2H,0 = H,0" + OH" or simply H,0 = H" + OH

The dissociation constant, K,, is the product of the hydrogen and hydroxide
ion concentrations:

K,=[H][OH]=1.0x 10" M at 25 °C

At 25 °C, K, remains constant at 1 x 10™ M. Therefore, the concentration of
hydrogen or hydroxide ions can be calculated if the other concentration is
known. A pH of 7 is considered to be neutral at 25 °C because the activity of
the hydrogen and hydroxide ions are both equal to 107 M. The activity range
for the hydrogen ion, as defined by the dissociation product, is 100 to 10™
M. The activity range of hydrogen ion relates to a pH scale of 0 to 14. Each
unit on the pH scale represents a ten-fold change in the activity. For more
information, see notes (1) and (2).

Practical Application of pH

pH serves as a convenient way to compare the relative acidity or alkalinity of
a solution at a given temperature. As discussed, a pH of 7 describes a neutral
solution because the activities of hydrogen and hydroxide ions are equal.
When the pH is below 7, the solution is described as acidic because the
activity of hydrogen ion is greater than that of hydroxide ion. A solution is
more acidic as the hydrogen ion activity increases, therefore the pH
decreases. Conversely, as the hydroxide ion activity increases, the solution
becomes more alkaline, also referred to as basic, and the pH will increase. In
practice, pH electrode measurements are made by comparing readings in a
sample with readings in standards whose pH has been defined “buffers”.
These measurements are relative rather than exact thermodynamic
determinations of activity. pH electrode measurements can be used to detect
a titration endpoint, which will give the acidity or alkalinity in terms of total
concentration, rather than activity.
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Basic pH Electrode Theory

pH electrodes measure the pH of a solution potentiometrically. A
potentiometric measurement relies on an electrical signal. When a pH
sensing electrode comes in contact with a sample, a potential develops
across the sensing membrane surface. The membrane potential varies with
the pH. Making a measurement requires a second unvarying potential to
quantitatively compare the changes of the sensing membrane potential. A
reference electrode provides this function. Electrode behavior is described by
the Nernst equation:

Eressues = Eo + (2.3 RT/nF) log au.

Eneasurea 1S the measured potential from the sensing electrode, E, is related to
the potential of the reference electrode, (2.3 RT/nF) is the Nernst factor, and
log ay, is the pH. The Nernst factor, 2.3 RT/nF, includes the Gas Law constant
(R), Faraday’s constant (F), the temperature in degrees Kelvin (T) and the
charge of the ion (n). For pH, where n = 1, the Nernst factor is 2.3 RT/F. Since
R and F are constants, the factor and therefore electrode behavior is
dependent on temperature. pH and temperature effects are discussed on
page 62. The electrode slope is a measure of the electrode response to the
ion being detected and is equivalent to the Nernst factor. When the
temperature is equal to 25 °C, the Nernst factor or slope is 59.16 mV/pH
unit. Most Orion pH meters display the slope as a percentage of the
theoretical value. For example, a 98.5% slope is equivalent to a slope of
58.27 mV/pH unit for a two-point calibration. When a pH meter detects the
sensing membrane signal, reference signal and the temperature, the meter
software calculates the pH using the Nernst equation. Microprocessor
controlled Orion pH meters contain pH versus temperature values for
commonly used buffers. This allows the meter to recognize a particular pH
buffer and calibrate with the correct value.

Notes

(1) “Uses and Abuse of pH Measurements,” Feldman, Issac,

Analytical Chemistry, 28, 1861 (1956)

(2) "Determination of pH: pH Theory and Practice,” Bates, Roger, John Wiley and Sons,
New York, 1973
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Electrode Potential (mV)

500

100 °C (74 mV/pH Unit)
50 °C (64 mV/pH Unit)
0°C (54 mV/pH Unit)

Isopotential Point

f
7
pH

14

Change of pH Slope with Temperature
pH Values versus Temperature

25°C 1.68 3.78 4.01 6.86 7.00" 7.41

9.18

10.01

12.46

0°C 1.67 3.86 4.00 6.98 7.11 7.53

9.46

10.32

13.42

5°C 1.67 3.84 4.00 6.95 7.08 7.50

9.40

10.25

13.21

10°C 1.67 3.82 4.00 6.92 7.06 7.47

9.33

10.18

13.01

20°C 1.67 3.79 4.00 6.87 7.01 7.43

9.23

10.06

12.64

30°C 1.68 3.77 4.02 6.85 6.98 7.40

9.14

9.97

12.30

40°C 1.69 3.75 4.03 6.84 6.97 7.38

9.07

9.89

11.99

50°C 1.7 4.06 6.83

9.01

1.7

3.75 6.97 7.37

60 °C 1.72 4.08 6.84

8.96

9.83

70°C1.74 — 413 68 - -

8.92

80°C1.77 — 416 686 — -

8.89

0°C1.79 — 421 68 - -

8.85

Key
(1) Non-NIST phosphate buffer

pH and Temperature

The most common cause of error in pH measurements is temperature. There are at least five ways
that temperature variations can affect pH:

e  Electrode Slope

pH Buffers

Samples

Reference Element Drift

Temperature Sensor Errors

Electrode Slope Changes
The electrode slope will change with variations in temperature. Slope changes may be compensated

for manually, automatically with an automatic temperature compensation probe (ATC) or with digital
LogR™ technology on PerpHecT® pH meters. Orion meters calculate the slope value based on the
temperature input and automatically adjust the measured pH values. The illustration on this page
shows the change in electrode slope with temperature.

Buffer and Sample pH Changes

Buffer and sample pH values vary with temperature because of their temperature dependent
chemical equilibria. The problem of differing pH values is easily solved by calibrating the electrode
with characterized standard buffers whose true pH values versus temperature are known. pH buffer
values at different temperatures are given on this page. Orion meters calibrate with the correct pH
buffer values based on the manual, ATC or digital LogR temperature value. The problem of the
sample equilibrium varying with temperature in an uncharacterizable manner will always remain.
Therefore, calibration and measurement should be performed at the same temperature and pH
values should be reported along with temperature. For best results, an ATC probe should be used.

Reference Element Drift

Drift can occur when the internal reference elements inside the pH and reference portions of the
electrode are reaching thermal equilibrium after a temperature change. Long term drift or slow
response can last until the sample and electrode are at the same temperature. Orion ROSS Ultra™,
ROSS™ and PerpHecT ROSS pH electrodes use a patented internal reference that minimizes
equilibration time. The new ROSS Ultra electrodes are virtually drift-free over time.

Temperature Sensor Errors

When a pH and temperature probe are placed into a sample that varies significantly in temperature,
the readings can drift for two reasons. First, the temperature response of the electrode and
temperature probe may not be similar which prolongs equilibration and drift. Second, a sample may
not have a uniform temperature, therefore the pH electrode and temperature probe are responding
to different environments. Using digital LogR technology, Orion PerpHecT meters sense not only pH
but also temperature directly from the PerpHecT or PerpHecT ROSS pH electrode. Only PerpHecT pH
meters allow for direct temperature measurement and compensation from the pH electrode.
Patented LogR technology makes it all possible; this system is based on using the electrical
resistance of the glass-sensing bulb of the electrode as the temperature indicator. The logarithm of
the resistance varies almost linearly with the temperature. As the temperature increases the
resistance decreases. The algorithm that delivers this relationship is built into the PerpHecT meters.
With the combination of the PerpHecT meters and PerpHecT electrodes temperature compensated
measurements are made easier. Although other Orion electrodes may be used with the LogR feature,
the algorithm is optimized for the PerpHecT series electrode temperature response. Alternatively,
pHuture™ probes contain an on-chip temperature sensor. The pH and temperature response is
identical since measurements occur at the sensing surface. Therefore, drift is minimized and errors
due to environmental differences are eliminated.
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