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Advancing concentration measurement:
A novel approach utilising refractometry for acids and bases

Dr Frank Gottsleben and Sven Boetcher, Anton Paar OptoTec GmbH, Seelze-Letter/Germany

This article introduces a novel approach for measuring the concentration of acids and bases using refractometry: an alternative to traditional titration methods.
This technique offers significant advantages in terms of speed, ease of use, and resource efficiency, making it an appealing option for routine laboratory
analyses. With expert insights from Anton Paar, this section of the paper focuses on the traditional titration methods, outlining their principles, applications, and

inherent challenges.

Introduction

In chemical laboratories, the measurement of acid and base concentrations

is a fundamentally important task that is traditionally accomplished through
titration. This process is often resource- and time-intensive. The application of
refractometry as a measurement technique for the concentration measurement
of acids and bases promises to revolutionise this routine task by offering a
faster and less labour-intensive alternative. This paper will compare traditional
titration methods with refractometry, exploring the potential of the latter to
improve efficiency and accuracy in chemical analyses, and what the Abbemat
refractometer brings to the table.

Traditional titration methods

Titration is a cornerstone of analytical chemistry used to determine the
concentration of a known reactant in a solution. Through this method, a reagent
(titrant) of known concentration is carefully added to a solution containing the
analyte until a reaction endpoint is reached, typically indicated by a color change
or pH shift.

Principles of titration

The principle behind titration is straightforward: It involves the quantitative addition of
a titrant to an analyte until the end of a neutralisation reaction, which can be observed
via a physical change in the solution. This change is often detected by an indicator
specifically chosen to respond at the endpoint of the reaction. The amount of titrant
used provides a direct measurement of the analyte’s concentration based on the
stoichiometry of the reaction.

Figure 1: Abbemat refractometers from Anton Paar are able to measure the concentration
of acids and bases within seconds from just a drop of sample. They are a very economical
alternative to conventionally used titrators.

Types of titration

Titration methods vary primarily in the type of reaction central to the analysis:

+ Acid-base titrations: Determine the concentration of acids or bases using a pH
indicator or a pH meter to detect the equivalence point.

+ Redox titrations: Introduction of an oxidation-reduction reaction between the analyte
and the titrant, often using an indicator that changes colour at the endpoint.

« Complexometric titrations: Used for identifying the concentration of metal ions in
solutions through the formation of a complex ion, usually indicated by a colour change
with a chelating agent.

Challenges with titration
Despite its ubiquity, titration comes with several challenges:

« Precision requirements: The accuracy of titration depends heavily on the precise
measurement of the volume and concentration of the titrant.

+ Time and resource consumption: Each titration requires a lot of time for setting up and
calibrating equipment, as well as post-analysis cleanup.

« Temperature sensitivity: The reaction can be temperature-dependent, necessitating
strict control of laboratory conditions or corrections based on temperature.

« Skill dependency: The accuracy of titration often depends on the operator’s skill in
recognising the endpoint and managing the titration process.

Technological and methodological limitations

Further complicating titration are technological and methodological constraints:

« Equipment maintenance and calibration: Regular inspection and calibration of
titration equipment, such as burettes and pH meters, are essential for accurate
measurements.

+ Chemical waste: Titration can generate considerable chemical waste as each test
requires new reagents and often involves multiple trials for accuracy.

This section of the paper has provided a comprehensive overview of traditional
titration methods, setting the stage for discussing the advantages and
implementation of refractometry as a modern alternative. By comparing these
methodologies, this paper aims to demonstrate the potential of an Abbemat
refractometer from Anton Paar as an interesting alternative for concentration
measurement in chemical laboratories.

Introduction to refractometry

As a well-established technique in laboratory analytics, refractometry offers

a promising alternative to traditional titration methods. This method involves
measuring the refractive index of a solution, which changes in accordance with
the concentration of dissolved substances. This section delves into the principles
of refractometry, its operational methodology, and the advantages it offers over
traditional titration.




Principles of refractometry

The refractive index of a substance is a fundamental optical property that indicates
how much light bends or refracts as it passes through the substance. In the context
of concentration measurement, the refractive index varies with changes in the
concentration of a solution. By measuring this refractive index, refractometers like
Abbemat provide a quick and direct assessment of solute concentration without the
need for extensive sample preparation or chemical reagents.

Refractometer design and functionality

Refractometers are designed to be both user-friendly and precise. The basic
components include a light source, a prism where the sample is placed, and a detector
that measures the angle of refracted light. Modern digital refractometers display the
refractive index instantly, translating it through built-in algorithms into concentration
values that can be easily read and recorded.

Advantages of using refractometers

Refractometry offers several advantages over traditional titration:

+ Speed and efficiency: Measurements are almost instantaneous, typically taking only a
few seconds.

+ Minimal sample volume: Only a small drop of the sample is needed, reducing waste
and the need for large quantities of analyte.

+ Non-destructive testing: The sample can be recovered after testing, which is
particularly beneficial when dealing with expensive or hazardous materials.

+ Ease of use: The operation of refractometers is straightforward, requiring minimal
training compared to the skill needed for accurate titration.

Refractometry in practical application

The practical application of refractometry extends across various industries, reflecting
its adaptability and efficiency. This section provides a closer look at how refractometry
is used in real-world scenarios, highlighting its impact on improving laboratory
workflows and reducing operational costs.

Industrial applications

Industries that have adopted refractometry include:

« Pharmaceuticals: for purity checks and quality control of raw materials and finished
products.

+ Food and beverage: in the measurement of sugar content in beverages and syrups,
and for the control of solute concentrations in various food products.

+ Chemicals: for monitoring the concentration of acids, bases, and other chemicals
during the manufacturing processes.

Comparison with titration

In direct comparison to titration, refractometry often shows a marked
improvement in efficiency. For example, in a typical quality control laboratory
in the chemical industry, refractometry can reduce the time required for
concentration measurement by over 75% compared to titration. Additionally,
the reduction in chemical waste and the need for less stringent environmental
controls further enhances its inherent value.

Adoption in a chemical laboratory

Switching from titration to an Abbemat refractometer for the concentration
measurement of acids and bases can decrease the analysis time from minutes to
just 30 seconds per sample, significantly boosting productivity and reducing costs
associated with chemical reagents and waste management.

Limitations of refractometry

Despite its numerous benefits, refractometry is not without its limitations. The
technique is generally suitable only for binary solutions and may not be applicable

to more complex solutions without prior separation of components, because a
refractometer cannot selectively measure one single component in a multicomponent
mixture. It always measures the whole sample.

Advancing refractometry technology

As refractometry continues to evolve, ongoing advancements in technology at Anton
Paar are addressing its limitations and expanding its applications. The development
of more sophisticated calibration methods and the integration of advanced sensors
are improving the accuracy and versatility of refractometers, making them increasingly
viable for a broader range of analytical tasks.
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Figure 2: A micro-flow cell attached to the measuring prism of an Abbemat refractometer
allows convenient concentration measurements of aggressive or toxic chemicals, and avoids
contact with the chemical.

Comparative analysis of refractometry
and titration

This section provides a detailed comparative analysis between refractometry and
titration, focusing on efficiency, accuracy, and cost-effectiveness. The aim is to
highlight the measurable benefits of refractometry when integrated into laboratory
practices traditionally dominated by titration methods.

Efficiency comparison

Efficiency in laboratory operations is paramount, affecting throughput, cost, and overall
workflow. A direct comparison between refractometry and titration reveals significant
differences:

+ Time: As previously noted, refractometers like the Abbemat can deliver results
in seconds, whereas titration typically requires minutes to complete. This drastic
reduction in time per test can lead to increased laboratory throughput and reduced
queue times for results.

« Sample handling: Titration often requires extensive preparation including precise
measurement and mixing, while refractometry typically requires just a drop of the
sample, reducing the potential for human error and sample contamination.

Accuracy and precision

Refractometry offers a competitive level of precision for specific applications. The key
to refractometry’s accuracy lies in the quality of the refractometer and its calibration:

+ Calibration: Regular calibration with certified standards ensures that refractometry
measurements maintain high accuracy. The development of automated calibration
routines further enhances this accuracy.

« Temperature: Refractometry measurements are temperature dependent, which is why
modern refractometers have an automatic built-in temperature control that works very
quickly. During titration, changes in ambient temperature directly affect accuracy due
to the lack of appropriate temperature control.

Cost implications

Cost-effectiveness is another critical factor in method selection:

+ Equipment and maintenance: While the initial investment in a high-quality
refractometer might be a bit higher than a simple titration setup, the long-term savings
in reagents, maintenance, and waste disposal can be substantial.

« Operational costs: Refractometry requires fewer consumables and generates less
waste, offering significant savings in laboratories where high sample volumes are
processed. Additionally, the analysing speed of a refractometer reduces the labour
cost in the laboratory significantly, meaning a refractometer pays for itself within a
short period of time.

Integration of refractometers into existing
laboratory protocols

Integrating refractometers into existing laboratory protocols requires consideration
of both technical and operational adjustments. This section discusses strategies for
successful integration and ongoing use of refractometry in the existing laboratory.
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Training and adoption

Successful adoption of new technology depends heavily on user acceptance and
proper training:

« Training programs: Refractometers are easy to operate and almost self-explaining.
However, a comprehensive training for laboratory personnel on using refractometers
ensures accurate and reliable measurements.

+ Ease of adoption: Due to its straightforward operation, refractometry can be quickly
learned and integrated into daily laboratory routines, minimising disruption.

Standardisation and compliance

Ensuring that refractometry meets industry standards and compliance requirements
is essential:

« Standardisation: Developing standardised procedures for refractometry in various
applications ensures consistency and reliability across measurements.

+ Regulatory compliance: Adapting refractometry protocols to meet regulatory
standards is vital, particularly in industries like pharmaceuticals where compliance
with stringent guidelines is mandatory.

Technological integration

Incorporating refractometry with other Anton Paar laboratory technologies enhances
both functionality and data management:

« Data integration: Connecting refractometry equipment to laboratory information
management systems (LIMS) allows for seamless data recording and analysis.

+ Multiparameter measurements: The potential for multiparameter measurements by
combining the refractometer with other measuring technologies, e.g. the DMA density
meter, the SVM viscosity meter or the MCP polarimeter, provides many opportunities
to measure all parameters within one step. This can be combined with automatic
sample handling, further increasing efficiency.

Limitations and challenges of refractometry

While refractometry presents many advantages, recognising its limitations is crucial,
especially when integrating it into diverse laboratory settings.

Specificity limitations

Binary solutions: Refractometry is ideal for pure chemicals or binary solutions because
it does not measure one component selectively within a multi-component mixture.
Therefore, a concentration measurement in multi-component mixtures would not be
possible without further processing.
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Figure 3: Abbemat refractometer integrated into a multiparameter measuring system from
Anton Paar: Several parameters of a sample can be determined in a single measuring cycle.
Together with our sample changers, a large number of samples can be analysed in fully
automated single-run mode.

Applications

Chemical and pharmaceutical industry: In chemical and pharmaceutical companies
a significant efficiency improvement in quality control is possible by adopting a
refractometer, reducing both testing time and chemical usage.

Beverage industry: In the beverage sector, refractometers are typically used for the
quality control of the incoming raw material, but also for the measurement of juice
concentrate and the final bottled juice.

Food industry: As the sample doesn’t need to be liquid, a refractometer can be used

for the quality control of highly viscous or solid samples. Even if it cannot be used for
concentration measurement of one particular component in a multicomponent mixture,
a refractometer can speed up the quality check of mixtures, such as marmalade or
ketchup, by measuring the refractive index of the whole mixture.

Conclusion

Abbemat refractometers from Anton Paar offer a great alternative to traditional titration,
promising speed, efficiency, and cost-effectiveness. They suit modern laboratories

well, especially those requiring rapid turnaround and minimal sample handling. Despite
limitations with complex mixtures, the technology is an excellent alternative for the
measurement of acid and base concentrations and can be used for other applications,
such as quality control in the laboratory.
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