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Rhodium Scavenging Study with 
Activated Carbon and SiliaMetS
In recent years, the new ICH-Q3D guidelines on 
concentration limits for the residues of metal catalysts 
have forced the pharmaceutical industry to search for 
new solutions to remove them. To help reach this goal, 
SiliCycle developed a new proprietary technology called 
E-PAK. The present study demonstrates the efficiency 
of activated carbons and SiliaMetS metal scavengers 
to remove rhodium residues, both in bulk and with the 
E-PAK cartridge.

about E-PAK technology in our brochure “Solutions for 
Scavenging of metal and organic impurities”.LEARN MORE

SiliaMetS® E-PAK®

https://www.silicycle.com/resource-center/brochures/solutions-for-scavenging-of-metal-organic-impurities-brosca
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To evaluate the performance of SiliaMetS to remove rhodium, a model chemical reaction was used based on the synthesis of a 
potent activator of b1-containing isoform of adenosine monophosphate-activated protein kinase, where Rh is a catalyst in the final 
cycloisomerization step. Scavenging studies were done on the resulting Rh contaminated product.

 

The above sequence is adapted from Zhang et al. (Org. Process. Res. Dev. 2018, 22, 681-696). 
The rhodium concentration in the crude product was measured at 1,925 mg/kg.

Rhodium Scavenging Study with Activated Carbon and 
SiliaMetS
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STEP 1: ACTIVATED CARBON SCREENING
Portions of different SiliaCarb activated carbon (50 % w/w and 100 % w/w to API) were pre-weighed in polypropylene tubes suited 
for a multi-reaction apparatus. Crude API in solution in ethyl acetate was added in each tube before being orbitally shaken at room 
temperature for either 1 or 4 hours. Then, each solution was collected and filtered (0.45 μm), providing samples to be analyzed by ICP-
OES for Rh content.

Table 1: Rhodium scavenging (%) using 50 and 100 % w/w of
activated carbon/API at 22°C in ethyl acetate for 1 h and 4 h.

In order to possibly further the scavenging efficiency, the test was repeated over 4 h and 24 h with the addition of two more sample 
ratios (Table 2). Furthermore, in order to see if temperature had any effect, the same test was performed at both room temperature and 
50°C with the 100 % w/w sample (Table 3).

Table 2: Rhodium scavenging (%) of four SiliaCarb CA/API samples at room temperature in ethyl acetate for 4 h and 24 h.

Table 3: Rodhium scavenging (%) using 100 % w/w of SiliaCarb CA/API at 22°C and 50°C in ethyl acetate for 4 h.

From Table 2 SiliaCarb CA at 100 % and 150 % w/w gave the best results. It can also be seen that prolonging the contact time from 4 
to 24 hours had very little influence on the scavenging yields while higher temperatures did have a positive effect (Table 3). Using the 
optimized conditions found above, solvent screening tests were then conducted (Table 4).

Table 4: Rhodium scavenging (%) using 100 % w/w of SiliaCarb CA/API at 22°C and 50°C in various solvents for 4 h.

Rhodium scavenging (%) using 50 and 100 % w/w of 
activated carbon/API at 22°C in ethyl acetate for 1 h and 4 h

Carbon
1 h 4 h

50 % w/w 100 % w/w 50 % w/w 100 % w/w

SiliaCarb CA 68 85 83 91

SiliaCarb VA 35 48 41 57

SiliaCarb HA 63 77 69 82

SiliaCarb VW 67 81 73 86

Rhodium scavenging (%) of four SiliaCarb CA/API samples at room temperature in ethyl acetate for 4 h and 24 h

Carbon
50 % w/w 100 % w/w 150 % w/w 200 % w/w

4 h 24 h 4 h 24 h 4 h 24 h 4 h 24 h

SiliaCarb CA 83 84 91 91 93 94 94 94

Table 3: Rodhium scavenging (%) 
using 100 % w/w of SiliaCarb CA/API 

at 22°C and 50°C in ethyl acetate for 4 h

Carbon 22°C 50°C

SiliaCarb CA 91 95

Rhodium scavenging (%) using 100 % w/w 
of SiliaCarb CA/API at 22°C and 50°C 

in various solvents for 4 h

Solvent 22°C 50°C

THF 74 74

Methanol 96 96

DMF 50 53

Ethyl acetate 91 95
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Interestingly, substantial scavenging differences were observed depending on the solvent. While THF and DMF did not allow good 
adsorption, methanol had the best efficiency toward Rh scavenging. Thus, a subsequent series of tests in methanol were performed 
to evaluate the effect of the amount of SiliaCarb CA used (Table 5). It is also noteworthy that a higher temperature did not affect 
scavenging results with methanol.

Table 5: Rhodium scavenging (%) using various % w/w of SiliaCarb CA/API at 22°C in methanol for 4 h.

Methanol proved to be a better scavenging media than ethyl acetate, with not only slightly higher yields but with the ability to work at 
room temperature to achieve those yields.

STEP 2: SCREENING USING SILIAMETS
A solution of the crude mixture of API was pre-treated with SiliaCarb CA providing a solution to be used for the SiliaMetS screening.

Different SiliaMetS were pre-weighed in polypropylene tubes suited for multi-reaction apparatus, followed by the addition of the pre-
treated API solution. As was done previously, the tubes were orbitally shaken for 1 or 4 hours at two different temperatures, prior to 
being filtered and analyzed by ICP-OES for Rh content.

Table 6: Rhodium scavenging (%) using 20 % w/w of SiliaMetS/API 
at 22°C and 50°C in ethyl acetate for 1 h and 4 h.

From the first SiliaMetS screening, SiliaMetS DMT, Diamine, Imidazole and Triamine proved to be the best scavengers for this 
application (Table 6). Increasing the temperature had little to no effect on the scavenging efficiency. The same experiment was 
repeated with the four most promising scavengers at room temperature, however this time at different w/w ratios to determine the best 
parameters.

Rhodium scavenging (%) 
using various % w/w of 

SiliaCarb CA/API at 22°C in methanol for 4 h

% w/w Scavenging (%)

75 93

100 96

150 98

200 99

Rhodium scavenging (%) using 20 % w/w of SiliaMetS/API 
at 22°C and 50°C in ethyl acetate for 1 h and 4 h

SiliaMetS
22°C 50°C

1 h 4 h 1 h 4 h

DMT 20 26 25 28

Diamine 24 30 27 31

DEAM 7 12 10 13

Imidazole 22 29 26 31

TAAcONa 12 18 16 18

Thiol 8 12 12 12

Thiourea 13 19 18 20

Triamine 22 28 26 29

Cysteine 17 22 20 22

AMPA 11 16 15 16
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Table 7: Rhodium scavenging (%) using various w/w of SiliaMetS/API at 22°C in ethyl acetate for 1 h, 4 h and 20 h.

The results in Table 7 show that SiliaMetS Diamine and Triamine yielded ~40 % of rhodium scavenged in the mixture at 125 % and 
150 % w/w of SiliaMetS/API.

It has been proven in the past that the synergy between different SiliaMetS can help to reach higher scavenging yields without 
inceasing scavenger concentration. Therefore, different mixtures of the four SiliaMetS were investigated.

Table 8: Rhodium scavenging (%) using 100 % w/w of SiliaMetS mixture/API at 
22°C in ethyl acetate for 1 h, 4 h and 20 h.

Based on Tables 7 and 8, by using a combination of SiliaMetS Diamine and Imidazole at 100 % w/w with the API, a slightly higher 
scavenging yield was acheived but with less SiliaMetS than needed with either scavenger by itself for the same reaction time. 

STEP 3: E-PAK EXPERIMENTS

E-PAK SiliaCarb CA treament

A 5 x 1 cm E-PAK SiliaCarb CA cartridge (containing 5 g of activated carbon) was inserted in the appropriate housing. To pre-condition 
the unit, 150 mL of methanol was used. Then, 200 mL of a solution containing 4 g of API in methanol was recirculated through the 
cartridge at room temperature (20 mL/min flow). Samples of 0.5 mL were collected after 1 h, 2 h, 4 h and 24 h, and analyzed by ICP-
OES for Rh content.

Table 9: Rhodium scavenging (%) and final concentration (mg/kg) on the E-PAK technology using 
activated carbon SiliaCarb CA at 22°C in methanol.

Note: Volume of solution treated on E-PAK cartridges: 200 mL. Flow rate: 20 mL/min

Labscale activated carbon E-PAK cartridge

The results in Table 9 show that the process decreased the Rh level over a period of 24 hours from 1925 mg/kg to 39 mg/kg providing 
3.4 g of the target compound (85 % recovery).

Rhodium scavenging (%) using various w/w of SiliaMetS/API at 22°C in ethyl acetate for 1 h, 4 h and 20 h

SiliaMetS
50 % w/w 100 % w/w 125 % w/w 150 % w/w

1 h 4 h 20 h 1 h 4 h 20 h 1 h 4 h 20 h 1 h 4 h 20 h

DMT 26 27 29 25 27 29 27 30 30 28 30 30

Diamine 34 36 37 34 39 39 36 40 40 39 42 42

Imidazole 32 33 33 33 35 35 36 37 37 37 39 39

Triamine 35 36 36 36 37 37 38 39 40 39 40 41

Rhodium scavenging (%) using 100 % w/w of SiliaMetS 
mixture/API at 22°C in ethyl acetate for 1 h, 4 h and 20 h

SiliaMetS Mixtures 1 h 4 h 20 h

Diamine/Imidazole 41 47 57

Diamine/DMT 41 45 49

Diamine/Triamine 41 43 43

Triamine/Imidazole 42 46 51

Triamine/DMT 43 44 50

Imidazole/DMT 39 42 46

Rhodium scavenging (%) and final concentration (mg/kg) on the E-PAK 
technology using activated carbon SiliaCarb CA at 22°C in methanol

Rh Initial 
conc. mg/kg

1 h 2 h 4 h 24 h

% mg/kg % mg/kg % mg/kg % mg/kg

1925 97.2 54 97.5 48 97.7 44 98.0 39
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E-PAK SiliaMetS Diamine/Imidazole treatment

Two cartridges in series were setup with a 5 x 1 cm SiliaMetS Diamine and a 5 x 1 cm SiliaMetS Imidazole (each containing 8 g 
of grafted silica). First, 300 mL of ethyl acetate (150 mL for each housing) was used to pre-condition both units at the same time. 
Meanwhile a solution of 8 g of SiliaCarb CA pretreated API in 300 mL of ethyl acetate was prepared in an erlenmeyer. The entire 
solution was recirculated through the cartridges at room temperature (20 mL/min flow). Samples of 0.5 mL were collected after 1 h, 2 h, 
4 h and 24 h, and analyzed by ICP-OES for Rh content.

Table 10: Rhodium scavenging (%) and final concentration (mg/kg) on the E-PAK technology using SiliaMetS Diamine 
(loading of 1.3 mmol/g) and SiliaMetS Imidazole (loading of 1.0 mmol/g) at 22°C in ethyl acetate.

Note: Volume of solution treated on E-PAK cartridges: 300 mL. Flow rate: 20 mL/min

Labscale SiliaMetS E-PAK cartridge

This process caused a Rh level decrease from 39 mg/kg to 7 mg/kg after 24 hours (Table 10), providing 7.8 g of the target compound 
(98 % recovery). A significant change in colour of the solution can be observed from the initial treatment to the final one going from dark 
brown to light yellow (Figure 1).

A

BC

   
 1925 mg/kg of rhodium 

Crude solution before E-PAK treatment 
with SiliaCarb CA.

39 mg/kg of rhodium 

Solution after E-PAK treatment with 
SiliaCarb CA.

7 mg/kg of rhodium 

Solution after E-PAK treatment with 
SiliaMetS.

Figure 1:  Pictures of solution before and after E-PAK treatment

A B C

Rhodium scavenging (%) and final concentration (mg/kg) on the E-PAK 
technology using activated carbon SiliaCarb CA at 22°C in methanol

Rh Initial 
conc. mg/kg

1 h 2 h 4 h 24 h

% mg/kg % mg/kg % mg/kg % mg/kg

39 80 7.8 81 7.4 81 7.4 82 7.0
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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:  

CONCLUSION
In the removal of rhodium from a reaction mixture, a preliminary SiliaCarb CA treatment eliminated more than 95 % of residual Rh, 
going from 1,925 mg/kg to 39 mg/kg after 24 hours of treatment, while a combination of SiliaMetS Imidazole and Diamine E-PAK 
cartridges further reduced the remaining Rh to 7 mg/kg. In this specific case, scavenging yields with the E-PAK were better than the 
bulk process. Improved diffusion could be a possible cause for this increase of efficiency.

Products
• LSHK-1-S: Housing Kit for 5 x 1 cm Laboratory Scale E-PAK Cartridges
• LS-CCA-51: E-PAK Cartridges, Activated Carbon SiliaCarb CA, 5 x 1 cm
• LS-R49030B-51: E-PAK Cartridges, SiliaMetS Diamine, 5 x 1 cm
• LS-R79230B-51: E-PAK Cartridges, SiliaMetS Imidazole, 5 x 1 cm

 


