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Experimental Procedure 
Optimization for SiliaMetS* 
Metal Scavengers
In the case that scavenging is incomplete or if you wish to 
increase scavenging efficiency, optimization steps can be 
undertaken as described in this Application Note. Various 
parameters can be changed one at a time or simultaneously to 
improve removal efficiency and this document is intended as a 
guide to improve your scavenging process.

* This procedure also applies to SiliaBond organic scavengers.
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Experimental Procedure Optimization

OPTIMIZATION STEPS
Following a screening test whereby the most performant scavenger has been selected, optimization steps can then be undertaken. 
There are nine main parameters that can be adjusted either independently one at a time or simultaneously, to improve overall 
scavenging efficiency. By experience, some are known to influence scavenging more than others and have therefore been grouped in 
three main steps. 

1 First step

1.1 Reaction time

Increasing the contact time of the scavenging process can lead to improve efficiency. In fact, scavenging should be pursued until a 
plateau is reached. The example below comes from the Application Note Appn_EP008-0 where the scavenging was done using the 
E-PAK technology, but nevertheless the same concept is applicable to the bulk media.

Figure 1. Ruthenium scavenging yield using E-PAK DMT at 65°C in toluene

1.2 Amount of Scavenger

The amount of scavenger can play a role and should be fine tuned once the initial screening is completed. 

Two different methods are suggested to calculate the amount of Scavenger required: the molar equivalent method and the 
weight / weight method. The first makes it possible to calculate the exact number of equivalents to add, however it also requires having 
previously determined the level of metal contamination. On the other hand, the weight / weight method will allow to skip the pre-analysis 
step at the expense of risking an overestimate of the quantity really needed. 

Molar equivalent method

For initial screening experiments, we suggest using 4 - 8 molar equivalents of scavengers relative to the concentration of the residual 
impurity. Once the optimized number of equivalents is selected, redo the calculation for the complete batch to purify.
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Here is how you to calculate the amount of scavenger to use:

For example, if you need to scavenge 800 g of material containing 500 ppm (mg/kg) of Pd (MW of Pd: 106.42 g/mol) with 
SiliaMetS Thiol with a loading of 1.2 mmol/g and you want to add 4 molar equivalents:

x 0.800 kg 
500 mg

kg
x

1 mol

106.42 g 
x

1.2 mmol 
x 4 equiv. = 12.5 g of SiliaMetS or SiliaBond

kg
x x

1 mol
x

1 g SiliaMetS 
or SiliaBond

x
mg

kg
g mmol 

equiv. = 

Concentration 
of the residual 
metal to 
scavenge in 
ppm (mg/kg)

Quantity of 
product to be 
treated in kg

MW of the metal 
to scavenge 
(g/mol)

Loading of the 
SiliaMetS or 
SiliaBond in 
mmol/g 
 
*found on the 
CoA or on the 
bottle’s label

Number of 
equivalent you 
want to add to 
your mixture

g SiliaMetS or 
   SiliaBond

1 g SiliaMetS 
or SiliaBond

The weight / weight method

For initial screening experiments we suggest starting your tests with 20 %. Once the optimized number of equivalents is selected, 
redo the calculation for the complete batch to purify.

g or kg

Quantity of 
product to 
be treated (g 
or kg)

x %

Ratio (% w/w 
(SiliaMetS or 
SiliaBond /
crude))

= g or kg of SiliaMetS or SiliaBond

800 g X 20 % = 160 g of SiliaMetS or SiliaBond

1.3 Temperature

Generally, it is recommended to perform initial screenings at room temperature and this usually results in scavenging being completed 
within few hours. When shorter scavenging times are required, higher scavenging rates can be achieved by increasing the temperature 
as showed in Figure 2. Increasing temperature not only improves the kinetic of the reaction, it can also improve the scavenging 
efficiency. The SiliaMetS and SiliaBond products can be safely used without degradation at temperatures up to 150°C.

For example, if you need to scavenge 800 g of material containing an unknown quantity of Pd.
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Figure 2. Residual concentration (%) of Pd(OAc)2 with SiliaMetS Thiol in DMF

2 Second step

If the attempts made in the first step did not allow to obtain a satisfying scavenging efficiency, a second step can be undertaken.

2.1 Combination of Scavengers

A strategy that may be worthwhile is to mix multiple scavengers together, as some have shown to exhibit a synergistic effect that can 
produce a higher scavenging yield than either one independently. For example, in the Application Note Appn_EP008-0, a combination 
of two Scavengers allowed to greatly improve the Ruthenium scavenging while using both separately gave lower results.

2.2 Subsequent treatments

In some cases (equilibrium process or the presence of multiple species), multiple treatments in a row are preferable over a single larger 
treatment. It should be noted that for optimal results, filtration between each treatment must be carried out.  An example of this method 
is shared in Case Study CS-SM010-0.  For their experiment, the researchers performed two subsequent treatments with SiliaMetS 
Thiol in order to reduce the Palladium concentration to the desired amount instead of doing one larger batch treatment.

2.3 Pre-treatment with activated carbon

For large quantities of metal removal, a good strategy could be to pre-treat the solution with SiliaCarb activated carbon prior to the 
Scavenger treatment. This is an approach sometimes used by SiliCycle’s researchers. For example, in the Application Note Appn_
EP002-0, a pre-treatment with activated carbon greatly reduced the Palladium concentration prior to the metal scavenger treatment. 

3 Third step

Finally, if the two first sets of parameters do not provide a satisfying level of impurities removal, a final third set can be attempted. While 
these tend to be less effective than the previous ones described above, their effect on scavenging has been helpful in some cases. 
Hence why they are still recommended.  



5

#SM001-1
APPLICATION NOTE

SiliCycle Inc. 
2500, Parc-Technologique Blvd, 
Quebec City (Quebec) G1P 4S6 
CANADA    

Phone: +1 418.874.0054
Toll Free +1 877.745.4292 (North America only)

Website: www.silicycle.com

Email: info@silicycle.com Follow us:  

DMSO (500 ppm)

DMF (500 ppm) THF (500 ppm)

2-Butanone (500 ppm)

Pd(PPh3)4

3.1 Solvent

A wide range of organic and aqueous solvents commonly used in laboratory and in process, such as DMF, DMSO, THF, 2-butanone, 
alcohols, ethers, chlorinated solvent, etc. can safely be used with metal scavengers. Exceptions are Si-Cysteine and amine scavengers 
(i.e. Si-Amine, Si-Diamine, and Si-Triamine) which should not be used under aqueous conditions. Moreover, some are solely 
compatible with aprotic solvents (Si-Carbonate, Si-Carbamate, and Si-Tosyl Chloride (also unstable in DMF)). 

As demonstrated in the Figure 3, the nature of the solvent can sometimes influence scavenging efficiency. If scavenging or reaction 
kinetics are too slow, changing solvent or adding a co-solvent should be considered.

Figure 3. Pd(PPh3)4 removal in various solvents

3.2 Mixing rate

SiliCycle’s scavengers are mechanically stable and offer excellent scavenging efficiency in batch processes agitated by overhead 
stirrers as well as orbital shaking under low to moderate agitation rates. If required, mixing rates can be increased to get better 
scavenging results. With faster stirring, scavenger dispersion in solution is improved. Since silica-based products have an excellent 
mechanical stability, no worries grinding nor crushing the SiliaMetS and SiliaBond products by applying a more vigorous stirring.

3.3 pH of the aqueous solution

When the scavenging is carried out in aqueous conditions, our recommended pH range is between 2 and 10. Depending on the nature 
of the scavenging agent, the pH can modify the functional groups present on the scavengers by charging them, thereby possibly 
affecting scavenging (e.g.: amine groups in acidic conditions). The various species in solution could also be affected by the pH variation 
modifying electronic effects, such as H-bonding for example, which could also have an influence on the scavenging efficiency. 


