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From Measuring Result to Concentration -  
The Creation of a Custom Function 

Relevant for: users of DMA™ 35, DMA™ M, SDA M, Snap 51, DSA M, PBA measuring systems as well 
Anton Paar's range of online process systems, who would like to express the measuring result in a certain 

unit such as e.g. °Brix 

Most manufacturers of liquid products convert the measurement result such as density, sound 
velocity or refractive index into a more commonly used unit. 

A custom function - or user function - makes the conversion possible. 

 

 

1 Why create a custom function? 

Variables to characterize a binary or ternary liquid 
sample are for example density, sound velocity or 
refractive index - but what do the results actually 
mean? These results can be converted into 
“imaginable” units such as °Brix, percent or similar - 
an answer that most analysts prefer to the results as 
determined directly by the instrument. Many modern 
instruments are already equipped with numerous 
common conversion tables, but for more specific 
samples an individual conversion formula needs to be 
developed. 

A measurement result obtained by the meter can be 
expressed in terms of a concentration unit either by 
means of a table which is already incorporated into 
the software or, if no such table is available, by means 
of a custom (or user) function. User functions can be 
implemented into numerous Anton Paar meters such 
as DMA™ 35, Snap 51, DMA™ M, DSA M, SDA M 
and PBA measuring systems as well as into Anton 

Paar's range of online process systems (e.g. with the 

evaluation unit mPDS 5 or the transmitter Pico 3000). 
For process applications, the temperature must 
always be considered as an input value for the 
conversion formulae. 

Tip: Always check the instruction manual of the 
respective instrument for information on custom / user 
functions. 

2 Binary solutions 

2.1 Binary solutions 

A binary solution consists of two components, for 
example sugar (saccharose) and water. The more 
sugar is dissolved, the higher the density. The 
measured density is proportional to a certain sugar 
concentration (e.g. expressed in g/100 mL) in water. 
Components with a low density (e.g. ethanol) might 
reduce the density of an aqueous solution with 
increasing alcohol concentration. 

2.2 How to get to a user function? 

There already exist numerous custom functions for 
various instruments. The files of existing functions can 
be loaded into the instrument free of charge. In case 
no such files exist it has to be sorted out together with 
the local Anton Paar representative if it is possible to 
create the function.  

If it is possible, then data pairs are required containing 
the analyte’s concentration and the measured results 
(e.g. density, refractive index, sound velocity, 
temperature, etc.). For example, for a DMA™ 35 user 
function the concentration of the reference solution, its 
corresponding density and temperature are required. 
Sometimes this information can be obtained from a 
literature table (e.g. Landolt-Börnstein, compare 
Table 1). 
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Table 1: Densities in [g/cm³] of sodium chloride (NaCl) solutions [Landolt-Börnstein] 

Temperature 2 %w/w 5 %w/w 10 %w/w 15 %w/w 20 %w/w 25 %w/w 

0 °C 1.0151 1.0381 1.0768 1.1162 1.1566 1.1985 

20 °C 1.0124 1.0340 1.0707 1.1085 1.1478 1.1887 

40 °C 1.0060 1.0268 1.0622 1.0995 1.1377 1.1779 

60 °C 0.9967 1.0172 1.0523 1.0888 1.1268 1.1665 

80 °C 0.9852 1.0057 1.0405 1.0768 1.1146 1.1545 

100 °C 0.9718 0.9925 1.0276 1.0639 1.1017 1.1422 

 

Important: If a new user function needs to be 
established, the nature of the sample of interest as 
well as the required temperature and concentration 
ranges of the function have to be stated. 

If no such data are available, data of binary mixtures 
of different concentrations have to be recorded. 
Reference solutions of varying concentrations of the 
analyte of interest, dissolved in defined volumes of 
liquid, have to be prepared. 

 

Figure 1: Sample results must not exceed the allowed range 

All sample results have to lie between the reference 
solutions with the highest and lowest density, 
respectively, as graphically explained in Figure 1. 
The concentrations of the prepared reference 
solutions have to cover the entire range of results 
(e.g. concentration, temperature) that are expected 
from subsequent measurements. The more reference 
solutions with different analyte concentrations, the 
larger the number of data pairs. The more data pairs 
there are, the more accurate the created user 
function will be.  

Important: Only if the instrument is adjusted 
carefully, precise concentration determinations are 
possible. 

The data points, summarized in a user table, can be 
forwarded to the LDC/PI customer support division by 
the local Anton Paar representative.  

Important: The fee for the user function depends on 
the instrument under consideration. 

The local distribution partner can provide price 
information for establishing the user function. In case 
of DMA™ M instruments, the data points can also be 
manually keyed into the measuring instrument or 
imported as CSV-file as described in the respective 
instruction manual.  

For support for creating a custom function for process 
measurements please contact process@anton-
paar.com. 

3 Ternary solutions 

3.1 A little bit of theory 

A ternary solution consists of a component A, a 
component B, and a solvent, typically water. A and B 
can be solid or liquid. Here, one variable, such as 
density, is not enough anymore to characterize the 
sample’s composition: a second variable is required. 
This second variable is in most cases sound velocity 
or refractive index. 

Both components, A and B, can be determined 
simultaneously by measuring the density and an 
additional variable at the same time and under the 
same sample conditions (e.g. temperature) with 
DSA M or SDA M. Typical examples for ternary 
solutions comprise aqueous solutions of 
formaldehyde and methanol, or a solution of sodium 
chloride and caustic soda in water or an aqueous 
solution of sucrose and inverted sugar, the latter 
already incorporated into SDA M.  

The prerequisite for analyzing an unknown substance 
is that the determined variables (mostly density and 



 

XPAIA012EN-B 3 www.anton-paar.com 

sound velocity) react differently to changes in 
concentration of the two components A and B. 

Figure 2 graphically explains how the concentrations 
of the components of an unknown ternary solution 
can be determined by measuring the density and a 
second variable (here: sound velocity). The graph is 
based on prepared reference solutions of the 
components A and B of varying concentration in a 
solvent. 

 

Figure 2: Deducing density and sound velocity of an unknown 
sample 

3.2 How to proceed to get a user function 

Data are required from different known 
concentrations of the components A and B (reference 
data from literature or alternative measuring method) 
in the solvent. If no such data are available from e.g. 
tables, reference solutions have to be prepared with 
various concentrations of the components A and B 
and two variables (such as density, and sound 
velocity or refractive index), measured in the desired 
temperature range. The higher the quality of the 
reference solutions and the number of collected data 
pairs, the higher the accuracy of the custom function 
and the better the reference data will match 
subsequent sample measurements. The provided 
data have to be in the respective concentration and 
temperature ranges. If the custom function is 
supposed to be valid from e.g. 5 °C to 40 °C, 
measurements have to be carried out in this 
temperature range. 

Important: Only change one parameter at a time! A 
table has to be created containing all the information 
obtained from the measurements as well as the 
concentrations of the components A and B in the 
reference solutions. 

Table 2 gives an example of what a data collection 
with reference samples of known concentrations A 
and B should look like. 

Table 2: Required information for a custom function 

Concen- 
tration A 
(known) 

Concen- 
tration B 
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rature [°C] 
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[g/cm³] 
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result 2 

result 3 

result 4 

result 5 

result 6 
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result 10 

result 11 

result 12 

result 13 
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result 16 

result 17 

... 

result 1 

result 2 

result 3 

result 4 

result 5 

result 6 

result 7 

result 8 

result 9 

result 10 

result 11 

result 12 

result 13 

result 14 

result 15 

result 16 

result 17 

... 

The table with the concentration of the solutions A 
and B and the recorded temperature, density and 
sound velocity (or refractive index) results has to be 
submitted to the LDC/PI customer support division 
who will calculate the coefficients for the polynomial. 

Important: Tables for ternary solutions cannot be 
directly keyed into a DSA M density and sound 
velocity meter. 

The resulting custom function valid for the specified 
ranges will be sent back via e-mail. 

Important: The recorded data may not be linear over 
the entire concentration range. Thus, the calculated 
polynomial applies only for the specified density / 
sound velocity / temperature range where reference 
data were recorded. 

The generated custom function can be imported (e.g. 
via USB-stick) into the respective measuring 
instrument. 

Important: The calculation of a custom function 
based on submitted data is subject to changes. The 
fee depends on the instrument for which the user 
function was created. 

4 How accurate is the result? 

The accuracy of the measuring result depends on the 
quality of the reference data, the custom function 
(how many data points were used for calculation? Is 
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the function linear?) and the accuracy of the 
respective measuring instrument. In addition, the 
calculation behind the custom function has a certain 
inaccuracy that has to be considered. No matter what 
type of function is used (table or polynomial function), 
the number of available data that can be used as 
input is limited. Only the range between the known 
data points is considered. Even in this range a certain 
error can occur. Therefore, the more data is available 
for the function, the smaller the error and the more 
accurate the function. 

An example is given for a DMA™ 5000 M density 
meter with an accuracy of 0.000007 g/cm

3
 and a 

binary solution. The densities of two sodium chloride 
(NaCl) solutions with exactly known concentrations 
are measured and the differences ∆ between the two 
data pairs calculated: 

Example: NaCl 0.5 %w/w 1.001805 g/cm
3
 

   1.5 %w/w 1.008905 g/cm
3
 

The difference ∆ of 1.0 %w/w corresponds to a 
density change of 0.007100 g/cm

3
. Thus, the 

accuracy of the NaCl solution in this concentration 
range amounts to 0.00099 %w/w. 

                       

            
            

Due to non-linear behavior of real solutions, this 
calculated accuracy is only valid in the respective 
concentration range, i.e. the result might look 
different in higher or lower concentration ranges.  

If density/concentration tables from the literature with 
density values with only 4 or 5 digits are available, 
the achievable accuracy is limited accordingly. In 
such a case, a more accurate density meter, e.g. 6 
digit density meter, will not lead to an increase in 
accuracy. 

5 Already existing custom functions 

In order to find out whether the required custom 
function for binary or ternary systems already exists 
contact your local Anton Paar representative. Your 
local partner will be happy to help. 

If needed, one or more additional measuring 
parameters can be imported into the instrument. 
Contact your local Anton Paar representative to 
receive a file with custom parameter(s) in the correct 
format from Anton Paar. 

It is described in the DMA™ 35 manual how to import 
custom parameters. 

Tip: Your Anton Paar representative can download 
the most common custom functions for DMA™ 35 
(txt-files) from the Firmware/Software section of the 
Anton Paar Extranet. Existing custom functions for 
DMA™ 35 are available free of charge. Small fees 
apply for ex-factory installations. 

Table 3 contains a selection of available custom 
functions for binary systems and the ranges within 
these the custom functions are valid. These functions 
are available from Anton Paar upon request at a 
reduced rate. 

Table 3: Selection of available custom functions  

Substance 
plus water 

Tempera- 
ture 
range [°C] 

Concen- 
tration 
range 
[%w/w] 

Variable 
Suitable 
instrument 

Acetic 
acid  

20 0 – 60 Density DMA™ M 

Ammonia 20 0 – 30 Density DMA™ M 

Hydrogen 
peroxide 

20 0 - 100 Density DMA™ M 

Methanol 20 0 - 100 Density DMA™ M 

Propylene 
glycol 

20 0 – 60 Density DMA™ M 

Table 4 mentions the custom functions for 
DMA™ M / Abbemat 500 for ternary systems and the 
ranges within which the custom functions are valid. 

Table 4: Selection of available user functions for 
DMA™ M / Abbemat 500  

Substances 
plus water 

Temperature 
range [°C] 

Concentration 
A [%w/w] 

Concentration 
B [%w/w] 

Formaldehyde 

Methanol 
20 - 90 

0 - 55 
formaldehyde 

0 - 10 
methanol 

Urea 

Ammonium 
nitrate 

30 - 70 
29 – 45 

urea 

32 - 52 
ammonium 

nitrate 

Tip: There is a permanent development of new 

custom functions in progress. 

6 Summary 

If instruction manual and home page do not provide 
sufficient information, and if the local Anton Paar 
representative cannot obtain information from the 
Anton Paar Extranet, follow the summary of the 
procedure for laboratory instruments (LDC) and 
online process systems (PI) given in Figure 3 to 
obtain a user function. 
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Figure 3: How to get a user function for laboratory and process 
instruments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contact Anton Paar GmbH 

Tel: +43 316 257-0 

density@anton-paar.com 

process@anton-paar.com 

www.anton-paar.com 


