
 How to Achieve the Best Results 
Day-to-Day Density Measurement

Hints & Tips

Good Density Practice
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Modern digital instruments are easy to use and allow the density of 
 liquids to be determined with a high degree of accuracy. High-resolution 
instruments are however no guarantee for accurate results. This docu-
ment explains what precautions should be taken to avoid errors when 
measuring the density of liquids.

Contents
  

Test and Adjustment 4

Samples 12

Sampling 14

Cleaning 16

Result verification and documentation 20

Tips and Hints  
Density Measurement



4

The commonly held opinion that frequent adjustment of the instrument 
guarantees accurate results is not true. Any adjustment operation results 
in changes being made to the internal instrument settings. 
If the adjustment is not properly performed, all the measurements 
performed afterwards will be wrong. 

Instead of frequent adjustment, it is better to regularly verify the meas-
urement accuracy of the system by measuring a sample of accurately 
known density (e.g. distilled water or a standard) which is called test, 
calibration or check. Then the measured density is compared to the 
known nominal value of the sample.
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How often?

Which substance?

Which tolerance 
should be applied?

Test (Calibration)

Tests should be done routinely in relatively short intervals (days, weeks). 
Often a test with water is done every day, as it is done quickly and 
 ensures that the instrument works accurately. 

Readily available and stable solvents like deionized water, analytical 
grade toluene, or similar can be used. 
The most frequently used test substance is deionized water as it is avail-
able in almost every laboratory and in a high and reproducible purity. It 
might be necessary to degas it by boiling. 
A different test can be defined separately with larger intervals (months, a 
year), using certified and traceable standards for quality assurance and 
traceability purposes.
METTLER TOLEDO offers combined (density and refractive index) certified 
standards in different ranges:
• Water (0.99... g/cm3; nD 1.33…)
• Dodecane (0.75... g/cm3; nD 1.42…)
• 2,4-dichlorotoluene (1.25... g/cm3; nD 1.55…)
• 1-bromonaphthalene (1.48... g/cm3; nD 1.66…)

The following guidelines may help to define reasonable tolerances so that 
frequent error messages caused by tolerances which are too strict can be 
avoided. 
• For deionized water (where the uncertainty of the water is usually not 

known) the tolerance should be defined at 2 times the instrument reso-
lution plus the operator repeatability
Æ Never go below that value range, otherwise there is a high risk of 

frequently producing false failed tolerance tests, which are only 
caused by internal rounding. But keep it in general as narrow as 
possible according the instrument resolution and operator repeat-
ability.

• When using certified organic standards which usually have a relatively 
high temperature coefficient (density change with temperature change), 
please also allow for the specified temperature error of the instrument. 
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So there are four components which normally have to be summed up 
to form the tolerance, in order to avoid establishing tolerances which 
are too strict: 
Uncertainty of the standard, limit of error instrument, temperature error 
and repeatability.

If the value obtained deviates from the expected (true) value more than 
the defined tolerance, proceed as follows:
1. Check if the correct substance has been used, e.g. pure fresh deion-

ized water
2. Clean the cell thoroughly and completely dry it in the end (see chapter 

cleaning)
3. Measure the density air value and verify if it is correct, i.e. if the instru-

ment is completely clean and dry
4. Repeat the Test 
5. If the test continues to fail with varying results from each test, then the 

cleaning should be continued with more care, possibly using more 
powerful cleaning solvents and longer cleaning cycles, until the test 
plus the air measurements in between show repeatable behavior. Only 
when the tests fail with repeatable results should a new adjustment be 
performed. 

Adjustment
Usually density meters are adjusted with air and water.
The temperature for the adjustment should be the same as the usual 
measurement temperature, e.g. if samples are measured at 40 °C the ad-
justment should be done at 40 °C as well. (Take care when using water 
at higher temperatures! See chapter “samples with dissolved gases” for 
the proper sample preparation)

Only adjust the instrument if the test (calibration) fails but in a repeatable 
way (see chapter Test).
Prior to the adjustment the measuring cell must be completely clean and 
perfectly dry. To ensure dryness, the cell should be rinsed with a volatile 
solvent (e.g. acetone) and then dried by passing dry air through it for at 
least three minutes before performing an adjustment. 
Example: In the graph below 2 different adjustments are shown.
Blue dots and line Æ the cell was clean and absolutely dry at the begin-

What to do  
if the test fails?

Which temperature 
and substances?

How to proceed?
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ning for the air part of the adjustment. The water used as second stand-
ard is pure and not contaminated.
Pink dots and dashed line Æ the cell is not dried completely; there remains a 
small film of moisture (condensed water) along the cell walls, not completely 
removed by the dry air. The following water point then still measures correctly, 
as the water is not contaminated. The instrument uses a Zero point (for air) 
which is wrong (too high) due to the insufficiently dry cell in the beginning. Due 
to this wrong Zero point it also  calculates an incorrect slope which is too high 
and samples measured after the adjustment report inaccurate densities:
– Samples with densities lower than water give too low results.
– Samples with a density around water, and water, give correct results.
– Samples with densities lower than water give too high results.

Every error or offset caused by a wrong adjustment is a systematic 
 error – it will add on top of the error specification of the instrument!

Follow the instrument instruction to perform the adjustment.
After performing an adjustment:
– Always question the adjustment which you have performed – do these val-

ues make sense?
– Verify the validity by measuring air and deionized water afterwards. 

If you are not able to reproduce the nominal values which have been as-
signed in the adjustment, something went wrong, either in the adjustment or 
in the following measurements.

– When deviations are observed, repeat the adjustment (or the measurement 
of air and water) after correcting the problems (usually a more thorough 
cleaning and complete drying is needed)
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Define your Test procedures (interval, substances, tolerances) and 
your Adjustments (substances, temperatures): 
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Define your Test procedures (interval, substances, tolerances) and 
your Adjustments (substances, temperatures): 
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Samples

Be careful when measuring viscous samples and make sure that the 
samples do not contain air bubbles when you introduce them into the 
measuring cell. It often helps to warm the sample in a closed vessel 
and to allow it to stand for a few minutes before the measurement. The 
viscosity of the sample decreases on warming and air bubbles can more 
easily escape.

Make sure that all parts which come in contact with the sample are 
 resistant!
If concentrated acids or bases (e.g. H2SO4) are measured, rinse the cell 
rapidly after the measurement with lots of water to avoid excessive heat-
ing stress for the cell.

Air bubbles may form during the measurement as a result of the sample 
degassing. The solubility of a gas in a liquid usually decreases with in-
creasing temperature. For this reason, samples that show a tendency to 
degas (e.g. winter gasoline which contains dissolved butane) should be 
cooled to a low temperature below that of the measurement (e.g. stored 
in a fridge) before introduction into the measuring cell and stored in a 
closed vial filled to the top. 

Some samples require degassing prior to the density measurement.
To degas CO2 of samples such as soft drinks, stir them for several min-
utes until bubbling stops and/or use a paper filter. 
To remove dissolved air different techniques can be applied. Pure organic 
solvents can be put in an ultra-sonic bath for a few minutes. Other sam-
ples can be boiled for several minutes to remove the dissolved air. 
Example: when Water is measured at temperatures above approx.  
35–40 °C; problems often occur (due to dissolved air). To avoid this, 
boil the water for at least 10 minutes, keep it boiling until use and intro-
duce it to the measuring cell while still hot so that the cell has to cool the 
sample by at least 1 °C.   

If solutions or suspensions are allowed to stand, part of the solid material 
may settle or a concentration gradient may form. Stir the sample well be-
fore taking a sample. Make sure that no air bubbles are introduced dur-
ing stirring. If you have to measure suspensions, it is often not possible 
to completely homogenize the sample (e.g. ketchup or cream). 

Viscous samples

Aggressive samples

Volatile samples 

Samples with 
 dissolved gases

Non-homogeneous 
samples/suspensions
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In such cases, the measurement should be repeated several times and 
the mean value of the individual measurements calculated in order to 
obtain reliable values. 
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Avoid bubbles 

Sampling

Do NOT fill the cell just barely! Possible contamination would remain in 
the cell and yield a false measurement:

Make sure that the sample comes out of the cell at least an extra 10%, 
so that contamination can be pushed out and only new sample is left in 
the cell.

Fill the measuring cell at a slow speed and with a laminar flow  
(5–10 cm per second) to ensure complete wetting of the cell walls  
(no trapped bubbles along the walls). 
Make sure that no air is entrapped in the syringe. The plunger has to be 
pressed slowly and continuously without stopping.    

After the filling, check if the cell is bubble-free. Air bubbles (or a thin air 
film) are a serious problem. Even very small quantities of air cause big 
errors when doing density determinations:

Diameter of the air bubble  
[mm]

Max. Measuring error caused  
[g/cm3]

2 0.000838

1 0.000052

0.5 0.000003

The problem is that most small bubbles or air cushions (due to bad wet-
ting of the cell) are not or hardly visible by eye. Also in dark samples 
bubbles are hardly visible.
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Notes: 
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Cleaning

Inappropriate cleaning is the most common source of erroneous 
 results! Make sure that the measuring cell does not contain any 
 residue from previously measured samples or rinsing solutions.

Deposits of previously measured products are not always visible. For ex-
ample, if products containing oil or fat are measured, the measuring cell 
may be coated with a very thin film of oil. To prevent this, the cell should 
be cleaned with suitable rinsing solutions (as described later) and dried - 
preferably after each measurement. 
If all measured samples are of a similar kind and able to dissolve the 
residues in the measuring cell (e.g. when the density meter is used to 
measure different juices), it is also possible to do a large over-sampling 
with the new sample to ensures a complete removal of the old one 
(“analytical rinse”). 
Restrictions: 
• Immerse the sampling tube in the sample, then remove it so that air 

is sucked in the tube (~2–3 cm air in the tube) and immerse it again 
in the sample. Repeat this procedure approx. 5 times before the cell is 
filled for the measurement. This ensures that the old sample is properly 
flushed out of the cell.

• Verify the procedure to make sure that the required repeatability and 
limit of error are maintained. Measure the most critical sample first (for 
instance, the one with the highest sugar content) followed by deionized 
water then repeat this step a couple of times.    

• If for instance sugar containing products are measured, make sure that 
the cell remains filled with either sample or with water between meas-
urements to avoid the sample drying out and crystallizes sugar on the 
cell walls. 

• Completely clean and dry (as described below) the measuring cell at 
least once after each working day.
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Rinse Before the beginning of rinsing, remove all sample from cell and tubes. 
For each kind of sample 2 appropriate rinsing solvents have to be 
 defined.
Purpose of the 1st rinse: Must be able to completely and quickly dis-
solve all the sample, so that no contamination is left in the cell. This 
solvent is often not very volatile.
Purpose of the 2nd rinse: Must completely dissolve the 1st solvent 
above, and it must evaporate quickly without leaving any residue to en-
able quick drying afterwards. 
Please make sure that this solvent is free of water, otherwise it does not 
evaporate quickly enough. The use of acetone is preferred. If acetone is 
not allowed, use ethanol (must be puriss > 99.9%, NOT 96% and NOT 
denatured).

Some general recommendations for the rinsing solutions:

Sample Solvent 1 Solvent 2

Water based Water Acetone or Ethanol (puriss)

Acids Lots of water Acetone or Ethanol (puriss)

Fats and oils Deconex*  
(0.3 to 0.5% in water)

Acetone or Ethanol (puriss)

Petrochemicals Toluene or Petrol Ether Hexane or similar if temp. 
is > 30 °C 
At room temp. use low-
boiling petrol ether mixture 
or acetone.

Conc. Sugar 
 solutions / syrup  

Water (use enough water 
before rinse with acetone 
 Æ risk of poly merization)

Acetone (puriss)

* Deconex dissolves well in water, acetone, and ethanol! Available  
from METTLER TOLEDO
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Even very small quantities of rinsing liquids (or residues of previously 
measured samples) in the cell may cause substantial measuring errors. 
Example: If the density meter cell was rinsed with ethanol and not com-
pletely dried, and then a measurement of water is performed, the error 
due to remaining rinsing liquid is as follows:

Remaining Ethanol in Cell [µL] Measuring error caused [g/cm3]

  10 0.001500

  1 0.000150

  0.1 0.000015

  0.01 0.000001

Dry the cell completely with dry air by using a drying pump. 
Usually, ambient air is aspired through a bed of silica gel drying agent. 
Please make sure to replace or re-activate the silica gel well before it is 
spent (usually indicated by a color change). Using inactive silica gel car-
ries the risk that moisture from the ambient air is condensed out inside 
the cold measuring cell of your instrument, thus contaminating each 
sample with a layer of condensed water which clings to the cell walls. 
Such condensation will hardly be visible by eye. This risk increases the 
more the cell temperature lies below room temperature.
To check if the cell has been dried completely, i.e. an appropriate drying 
time has been chosen, measure the air density and compare it to the 
known value at that temperature.
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Define the cleaning procedures for your samples:
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Often the result has to be converted using a table. Looking up in or in-
terpolating from a table is error-prone and time-consuming. Automatic 
conversion using built-in tables (e.g. alcohol, Brix, temperature compen-
sation according to API) prevents reading or calculation errors and saves 
time. A digital density meter of the latest generation allows the use of 
built-in conversion tables to show the result directly in the desired unit.
METTLER TOLEDO Densito Density Meters have to following built-in result 
units / concentration tables:
– Specific gravity, light and heavy Baumé, 
– Sugar: Plato, Brix
– Alcohol: Ethanol in percent weight or percent volume
– Petro: API degrees and gravity tables for crude oils, refined products 

and lubricants
– Concentrations: using conversion formula y = a + bx

Hand-written results bear the risk of transcription errors. Depending on 
the environment, there is no guarantee that this kind of documentation 
fulfills regulatory requirements. 
Regulatory requirements are easy fulfilled when using a printer or PC soft-
ware. GLP-compliant printouts contain all of the necessary information 
for complete documentation. METTLER TOLEDO Densito can be used with 
the RS-P26 dot matrix printer for GLP-compliant printouts. 
Printouts must be manually managed and filed, which is a potential 
source of errors and incompleteness. Using PC software for data collec-
tion and management has the advantage of greater data reliability and 
easier future accessibility. 
The PortableCapt software (Excel macro) allows to transfer all measured 
data to an Excel file for storage, subsequent analysis or evaluation.

Result verification  
and documentation

Automatic result 
 conversion

Proper DocumentationRe
su

lt 
ve

rif
ic

at
io

n 
an

d 
do

cu
m

en
ta

tio
n



19



For more information
www.density.com
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