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Automated Analysis of  
Suspensions, Creams,  
Lotions, and Gels using  
SOTAX Assay Workstations 
 

Suspensions, Creams, Lotions, Pastes and Gels, otherwise known 
as “semi-solids”, can present problems for the analytical method 
developer or analyst. These can include, but are not limited to, 
dispensing accurate weights, thorough analytical transfer, uniform 
dispersions for extraction and filtration. Automation with the Tablet 
Processing Workstation (SOTAX TPW) or Active Ingredient Processing 
Workstation (SOTAX APW) can overcome these issues 
as well as improving overall analytical quality and the productivity. 
The following graphic (Figure 1) lists the possible methods steps 
that the SOTAX APW and SOTAX TPW that may be used to 
prepare and read samples. The overall capabilities of these instruments 
as they relate to semi-solids analysis will be discussed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 
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Sample Weighing 
One of the first and most fundamental 
tasks to perform when doing any assay 
is to weigh the sample. Dispensing a 
semi-solid to derive an exact sample 
weight can be tedious. More commonly 
an approximate weight is dispensed 
into a tarred container. In the case of 
the TPW or APW the same basic activ-
ity is performed. It is not critical to dis-
pense weights close to a target weight 
due to automatic adjustment of solvent 
dispense volume. Test tubes are used 
to contain the sample initially.  
 
Tubes can be automatically tarred with 
their weight saved in the secure data-
base prior to adding the sample. If a bar 
code reader is used, the identity of the 
tube is associated with the tare weight. 
The TPW and APW weigh samples us-
ing a five place balance in a shielded 
container to protect from the lab envi-
ronment. 

Sample Transfer 
Depending upon method requirements, 
the sample is sometimes transferred to 
vessels for dispersing in a larger sol-
vent volume or for the use of a specific 
type of dispersing device. When using 
the TPW/APW the sample does not 
necessarily need to be transferred. The 
sample may be dispersed in the sample 
tube if less than 10 mL of solvent is suit-
able. This is ideal for semi-solids be-
cause they are often sticky and not free 
flow-ing. Not transferring these materi-
als eliminates a method step and a risk 
to analytical quality. 
 
With the TPW, samples can be poured 
into a larger vessel (up to 500 mL) for 
volume or dispersing rea-sons if the 
sample is free flowing. If the sample is 
not free flowing, the sample can be 
flushed into a larger vessel us-ing the 
Transfer Station on TPW (Figure 3). 
The solvent used to flush the sample is 
typically used later on to disperse the 
sample. There are a number of options 
available using the Transfer Station in 
order to handle the diversity of this sam-
ple typ. 

Sample Dispersing 
There are two important aspects to dis-
persing a sample in order to extract a 
component of interest. The first con-
cerns adding the dispersing solvent in 
correct amount and type of solvent to 
result in the desired concentration of 
the component. The second important 
aspect is the mechanical nature of the 
dispersion. Instrument flexibility is re-
quired in order to select the appropriate 
conditions based on the characteristics 
of the matrix and the compound of in-
terest. 
 
Solvent addition affords the ability to 
add based on two ways. As you would 
expect, a specified volume can be set 
so that every sample has the same ex-
act volume of the solvent added. Alter-
natively the method may specify that a 
volume be added to result in a specific 
concentration. Because the instrument 
knows each sample weight, the solvent 
added can be adjusted so that each 
sample nets the same concentration. 
 
Dispensing to a specified concentration 
using the Add by Mass function is very 
helpful for at least two important rea-
sons. Semi-solid samples can be diffi-
cult to handle causing weight variability 
from sample to sample. This feature 
standardizes the samples without re-
quiring analysts to spend hours dis-
pensing consistent sample weights. 
Preparing every sample to the exact 
same concentration allows the method 
developer to target the “sweet spot” on 
the calibration curve and can reduce 
the span of the calibration curve. The 
database records the actual quantity 
dispensed for each sample which is 
used to automatically calculate the dilu-
tion factor which in turn is used to cal-
culate the assay. 
 
Regardless of the approach, multiple 
solvents may be dispensed and staged 
with different phases in the dispersion 
process. A solvent may initially added 
to open up the matrix so that a subse-
quent solvent ideally targeted for the 
compound of interest can be used. The 
TPW provides the ability to use up to 
five different solvents while the APW 
can use up to nine. 
 
 
 
 
 
 
 
 
 
 

Figure 2 

Figure 3 
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The Method of Dispersion provides 
several alternatives. Both the TPW and 
APW can disperse samples in the sam-
ple tube using the vortex mixer (Figure 
4). The vortex mixer is a reciprocating 
mixer which works well when the dis-
persing solvent that easily breaks up 
the matrix. It helps provide a uniform 
dispersion. If more mechanical action is 
required glass beads can be loaded 
into the tube at the start of the run. They 
would be included in the tare weight. 
Glass beads can provide a significant 
level of mixing. 
 

 
 
 
 
The APW also has the capability of us-
ing a sonicating probe with the sample 
tube (Figure 5). Unlike a sonicating 
bath, the sonicating probe works in sec-
onds or minutes vs. hours. Also unlike 
a bath, the actual power and time can 
be accurately specified so that every 
sample gets the exact same level of en-
ergy input. The probe includes a tem-
perature sensor that can be used as an 
indication of the amount of energy the 
sample receives. While the probe is 
ideal to help facilitate solubility it can 
also be used to facilitate dispersions. 
Minor sample temperature increase 
makes many creams and pastes more 
fluid to help break them up.  
 

 
 
 
 
 
TPW has a variety of ways to disperse 
and transfer using the Transfer Station. 
Solvents added to the sam-ple tube, 
with the help of the vortex mixer, can 
make the semisolid sample capable of 
being poured or flushed into the disper-
sion vessel. Further dilution or disper-
sion can be conducted in the larger ves-
sel using the high shear disperser (Fig-
ure 6). There are two different disperser 
probes and vessels available for this 
purpose. The disperser can run be-
tween 2,000 and 20,0000 rpm and is 
capable of producing colloidal disper-
sions. The speed, pulse time, and num-
ber of pulses are all controllable. 
 

Filtration 
Once a desired dispersion is created, 
the sample usually needs to be filtered. 
Because many semi-solids are colloidal 
matrixes, filtering them can be difficult. 
In many cases the dispersion process 
breaks down the structure of the sam-
ple. It may have flocculated, settled out 
of suspension, or perhaps has been 
significantly diluted. In these cases the 
filtration can be facilitated by inserting a 
settling period in the method prior to fil-
tering. It is also possible to select a can-
ula position to remove the supernatant 
so that a large portion of solids have 
settled out before filtering. The filter sta-
tion has the ability to accept a wide va-
riety of filter types provided by Pall (Fig-
ure 7). 
 
 

 
 
 
 
 
The control that is provided in the filter-
ing process is your biggest ally which 
can be difficult even in manual situa-
tions. Often, when we manually try to fil-
ter difficult samples, we use as much 
force as we are capable of applying. A 
very slow filtration rate controlled by the 
TPW/APW can process these difficult 
samples. Pall produces automation 
friendly filters that contain a pre-filter 
making semi-solids filtering much eas-
ier. 
  

Figure 4 

Figure 5 

Figure 6 

Figure 7 
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Dilution 
If the filtrate requires further dilution the 
TPW/APW can do this in a very solvent 
efficient way. Dilutions of 1:10,000 and 
higher can be accurately performed 
with a few mL of solvent compared to 
using volumetric flasks. There is a spe-
cific Dilution method step which recom-
mends solvent / sample volumes for 
best accuracy using 1 tube or 2 tubes. 
The Ad by Mass function can also be 
used to accurately dilute a collected fil-
trate. Each of these approaches has its 
own set of advantages and disad-
vantages. See Figure 8 for examples of 
dilution quality. Dilutions can also be 
accomplished by the amount of solvent 
used for the initial dispersion. 
 

 
 
 
 
Finish 
The finished sample can be conveyed 
to an HPLC, UV/Vis spectrophotometer 
or EasyFill sample collector. The HPLC 
or UV capability can also be used for 
other on line instruments such as Ion 
chromatography. If your company uses 
Empower® for HPLC management a 
comprehensive interface is available to 
automatically calculate results from 
your analysis using Empower® Custom 
Fields capability. Any single method 
can use two of the three available Fin-
ish selections, HPLC, UV, and Sample 
Collection.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Example 
Now that you have read many ways 
TPW/APW can be applied to the analy-
sis of semi-solid samples it might be 
helpful to see a real life example. In this 
case toothpaste is being tested for fluo-
ride and triclosan. The method written 
for APW includes 1) Adding Reagent 2) 
Vortex Mixing, 3) Dispersing with Soni-
cator, 4) Filtering, and 5) Diluting. The 
detail of each step has been expanded 
for view-ing (Figure 9). 
 

 
 
 
 
 
The Method Approach used is one 
where the sample will be dispersed in 
the test tube that contains it. A syringe 
is used for sample introduction so that 
the sample can be deposited toward 
the bottom of the test tube (Figure 10). 
 

 
 
 
 
Glass beads will be used so that the 
vortex mixer will thoroughly disperse 
the toothpaste. In this example 20 
5mm beads are mixed for 15 minutes. 
It works best to add the toothpaste to 
the top of the glass beads. Beads are 
commonly used as a means to break 
down samples (Figure 11). 
 
 
 
 
 
 
 
 
 
 
 
 

 
Dispersed samples were filtered after 
being allowed to settle. Samples were 
then injected into ion chromatograph to 
measure total Fluoride ions. Samples 
were then injected into HPLC to assay 
triclosan. Results are displayed below 
(Figures 12, 13, 14 and 15). 
 
Triclosan in ToothPaste A 
(%w/w) 

Sample Manual Robotic 

1  0.286  0.289  

2  0.290 0.287  

3  0.289  0.292  

4  0.283  0.290  

5  0.285  0.293  

Mean  0.287  0.290  

RSD  0.9%  0.7%  

 
 
 
 
 
Triclosan in ToothPaste B 
(%w/w) 

Sample Manual Robotic 

1  0.303  0.303  

2  0.296  0.305  

3  0.302  0.292  

4  0.305  0.297  

5  0.292  0.300  

Mean  0.300  0.299  

RSD  1.6%  1.5%  

 
 
 
 
Fluoride ToothPaste ppm 
 

Sample Manual Robotic 

1  1118  1122 

2  1104  1112 

3  1118  1100 

4  1120  1100 

5  1105  1116 

Mean  1113  1110 

RSD 0.6% 0.8% 

 
 
 

Figure 8 

Figure 9 

Figure 9 

Figure 10 

Figure 11 

Figure 12 

Figure 13 

Figure 14 
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Summary - Manual vs.  
Automation 
 

 Manual  Robotic 

Sample 
Prep 
Time  

120 min  40 min 

Solvent 
Used  

150 mL  30 mL 

 
 
 
 
Discussion 
There are a variety of features that al-
low creams, suspensions, gels, and 
pastes etc. to be fully automated in or-
der to improve productivity. Automated 
features can also assure analytical 
quality by removing most all analytical 
technique. While it may appear that 
method development is difficult it is ac-
tually fairly easy for the trained analyst 
for a couple of reasons. Most functions 
can be accomplished by several di fer-
ent means. Some functions over-lap 
both TPW and APW while others are 
unique to one or the other. Your SOTAX 
Technical Support representative work-
ing with Application Support can help 
you select the best tool for the job. 
TPW/APW have a feature called Varia-
bles. This capability is indispensable 
when its time to find the optimal settings 
to run your samples once the basic ap-
proach is decided. 
 
 
The toothpaste example demonstrates 
recovery accuracy and precision equiv-
alent are equivalent with much less la-
bor and solvent use. The automated 
method required only 30% of the time 
the manual approach takes and uses 
only 20% of the solvent. 
 
Please see your local SOTAX repre-
sentative to learn more about the anal-
ysis of your semi-solid samples. 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15 
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