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Table S1 GaBi Database flows used for solvents, additives, electricity for the LCA study. 

 

 
Table S2 Components connected to each power meter for Preparative Scale SFC Separations 

 

 

Table S3 List of acronyms used and the meaning for each.  
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Figure S1 Example system design for analytical (A) and preparative scale separations (B)
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Table S4 AMGS and LCA results for one kilogram of each solvent. 
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Figure S2 Separations of the high retention mix using SFC. Mobile phase consisted of 80% liquified CO2 and 20% 
MeOH. The organic solvent had triethylamine added to it at 0.1% (v/v) concentration. The flow rate was set to 2 
mL/min for each, and the column temperature was 40 °C. The retention order was diltiazem, verapamil, 
amitriptyline, thioridazine. 
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Figure S3 Separations of the high retention mix using SFC. Mobile phase consisted of 80% liquified CO2 and 20% MeOH. The organic solvent had triethylamine 
added to it at 0.1% (v/v) concentration. The flow rate and BPR pressure is listed for each separation. The column temperature was 40 °C for each. The retention 
order was diltiazem, verapamil, amitriptyline, thioridazine. 
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Figure S4 Separations of the high retention mix using SFC. Mobile phase consisted of 80% liquified CO2 and 20% 
EtOH. The organic solvent had triethylamine added to it at 0.1% (v/v) concentration. The flow rate was set to 2 
mL/min for each, and the column temperature was 40°C. The retention order was diltiazem, verapamil, 
amitriptyline, thioridazine. 
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Figure S5 Separations of the high retention mix using SFC. Mobile phase consisted of 80% liquified CO2 and 20% EtOH. The organic solvent had triethylamine 
added to it at 0.1% (v/v) concentration. The flow rate and BPR pressure is listed for each separation. The column temperature was 40 °C for each. The retention 
order was diltiazem, verapamil, amitriptyline, thioridazine. 
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Figure S6 Separations of the high retention mix using SFC. Mobile phase consisted of 60% liquified CO2 and 40% 
IPA. The organic solvent had triethylamine added to it at 0.1% (v/v) concentration. The flow rate was set to 2 
mL/min for each, and the column temperature was 40 °C. The retention order was diltiazem, verapamil, 
amitriptyline, thioridazine. 
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Figure S7 Separations of the high retention mix using SFC. Mobile phase consisted of 60% liquified CO2 and 40% IPA. The organic solvent had triethylamine 
added to it at 0.1% (v/v) concentration. The flow rate and BPR pressure is listed for each separation. The column temperature was 40 °C for each. The retention 
order was diltiazem, verapamil, amitriptyline, thioridazine. 
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Figure S8 Separations of the high retention mix using HPLC. The organic portion of each mobile phase composition for each solvent is listed and water makes 
up the remaining percentage. The organic solvent had triethylamine added to it at 0.1% (v/v) concentration. The flow rate is listed for each separation and 
corresponds to a system pressure of approximately 350 bar. The column temperature was 40 °C for all separations. The retention order was diltiazem, 
verapamil, amitriptyline, thioridazine. 
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Table S5 Solvent consumption and energy consumption information for the high retention mix separations.
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Table S6 LCA and AMGS Calculator results for the high retention mix separations. 
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Figure S9 Metric results for the high retention mixture of the 150bar BPR SFC separations and HPLC for the 
different metrics calculated. The displayed impact factors/greenness metrics are the greenness score (A), CED (B), 
GHG (C), ONGD (D), ACID (E), EUTR (F), and PCOP (G).
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Figure S10 Percent contribution to each impact factor from each portion of the system for the LCA analysis.  
Example SFC separations are for the high retention mix, and each are for the 3 mL/min and 150bar BPR 
separations. The separation with methanol, ethanol, and isopropanol in SFC are shown in A, B, and C respectively. 
TEA had a contribution of less than 0.5% of the total of each.
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Figure S11 Percent contribution to each impact factor from each portion of the system for the LCA analysis.  HPLC 
separations are for the high retention mix. The separation with methanol, ethanol, isopropanol, acetonitrile in 
HPLC is shown in A, B, C, and D respectively. The contribution of TEA and water was less than 0.5% and 0.02% of 
the total respectively.
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Figure S12 Separations of the low retention mix using SFC. Mobile phase consisted of 93% liquified CO2 and 7% 
MeOH. The organic solvent had acetic acid added to it at 0.1% (v/v) concentration. The flow rate was set to 
2mL/min for each and the column temperature was 40°C. The retention order was ketoprofen, hydrocortisone, 
prednisone, indapamide.  
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Figure S13 Separations of the low retention mix using SFC. Mobile phase consisted of 93% liquified CO2 and 7% MeOH. The organic solvent had acetic acid 
added to it at 0.1% (v/v) concentration. The flow rate and BPR pressure is listed for each. The column temperature was 40°C for all separation. The retention 
order was ketoprofen, hydrocortisone, prednisone, indapamide. 
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Figure S14 Separations of the low retention mix using SFC. Mobile phase consisted of 93% liquified CO2 and 7% 
EtOH. The organic solvent had acetic acid added to it at 0.1% (v/v) concentration. The flow rate was set to 
2mL/min for each and the column temperature was 40°C. The retention order was ketoprofen, hydrocortisone, 
prednisone, indapamide.  
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Figure S15 Separations of the low retention mix using SFC. Mobile phase consisted of 93% liquified CO2 and 7% EtOH. The organic solvent had acetic acid added 
to it at 0.1% (v/v) concentration. The flow rate and BPR pressure is listed for each. The column temperature was 40°C for all separation. The retention order 
was ketoprofen, hydrocortisone, prednisone, indapamide. 
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Figure S16 Separations of the low retention mix using SFC. Mobile phase consisted of 90% liquified CO2 and 10% 
IPA. The organic solvent had acetic acid added to it at 0.1% (v/v) concentration. The flow rate was set to 2mL/min 
for each and the column temperature was 40°C. The retention order was ketoprofen, hydrocortisone, prednisone, 
indapamide. 
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Figure S17 Separations of the low retention mix using SFC. Mobile phase consisted of 90% liquified CO2 and 10% IPA. The organic solvent had acetic acid added 
to it at 0.1% (v/v) concentration. The flow rate and BPR pressure is listed for each. The column temperature was 40°C for all separation. The retention order 
was ketoprofen, hydrocortisone, prednisone, indapamide. 

 



23 
 

 

Figure S18 Separations of the high retention mix using HPLC. The organic portion of each mobile phase composition for each solvent is listed and water makes 
up the remaining percentage. The organic solvent had triethylamine added to it at 0.1% (v/v) concentration. The flow rate is listed for each separation and 
corresponds to a system pressure of approximately 300, 350, 400 bar respectively. The column temperature was 40°C for all separations. The retention order 
was indapamide, prednisone, hydrocortisone, ketoprofen for the alcohol separation. The retention order for the ACN separation was prednisone, 
hydrocortisone, indapamide, ketoprofen.  
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Table S7 Solvent consumption and energy consumption information for the low retention mix separations.
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Table S8 LCA and AMGS Calculator results for the low retention mix separations
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Figure S19 Metric results for the low retention mixture of the 150bar BPR SFC separations and HPLC for the 
different metrics calculated. The displayed are the greenness score (A), CED (B), GHG (C), ONGD (D), ACID (E), EUTR 
(F), and PCOP (G). 



27 
 

 
Figure S20 Percent contribution to each impact factor from each portion of the system for the LCA analysis.  
Example SFC separations are for the low retention mix and each are for the 3mL/min and 150bar BPR separations. 
Separations with methanol, ethanol, and isopropanol are shown in A, B, C respectively. 
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Figure S21 Percent contribution to each impact factor from each portion of the system for the LCA analysis.  
Example HPLC separations are for the low retention mix at the flow rate that gave a pressure of approximately 
350bar. The separation with methanol, ethanol, isopropanol, acetonitrile in HPLC is shown in A, B, C, and D 
respectively. The ACN separation is for the 8 min for the hypothetical separation.
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Figure S22 Separations of the gradient mix using SFC. TEA was added to the organic solvent at 0.1% (v/v) concentration. The flow rate and BPR pressure is 
listed for each. The column temperature was 40°C for all separation. The gradients for the gradient mix separations were scaled based on the 2mL/min 
gradient. The resulting gradients were as follows. 2mL/min: 0-8min, 5-50%B; 8-10min, 50%B; 3min equilibration time. 2.5mL/min: 0-6.4min, 5-50%B; 6.4-8min, 
50%B; 2.4min equilibration time. 3mL/min: 0-5.3min, 5-50%B; 5.3-6.7min, 50%B; 2min equilibration time. 3.5mL/min: 0-4.6min, 5-50%B; 4.6-5.8min, 50%B; 
1.7min equilibration time. 4mL/min: 0-4min, 5-50%B; 4-5min, 50%B; 1.5min equilibration time. The retention order was indapamide, diltiazem, verapamil, 
thioridazine.
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Figure S23 Separations of the gradient mix using SFC. TEA was added to the organic solvent at 0.1% (v/v) concentration. The flow rate and BPR pressure is 
listed for each. The column temperature was 40°C for all separation. The gradients for the gradient mix separations were scaled based on the 2mL/min 
gradient. The resulting gradients were as follows. 2mL/min: 0-8min, 5-50%B; 8-10min, 50%B; 3min equilibration time. 2.5mL/min: 0-6.4min, 5-50%B; 6.4-8min, 
50%B; 2.4min equilibration time. 3mL/min: 0-5.3min, 5-50%B; 5.3-6.7min, 50%B; 2min equilibration time. 3.5mL/min: 0-4.6min, 5-50%B; 4.6-5.8min, 50%B; 
1.7min equilibration time. 4mL/min: 0-4min, 5-50%B; 4-5min, 50%B; 1.5min equilibration time. The retention order was indapamide, diltiazem, verapamil, 
thioridazine.
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Figure S24 Separations of the gradient mix using SFC. TEA was added to the organic solvent at 0.1% (v/v) concentration. The flow rate and BPR pressure is 
listed for each. The column temperature was 40°C for all separation. The gradients for the gradient mix separations were scaled based on the 2mL/min 
gradient. The resulting gradients were as follows. 2mL/min: 0-8min, 5-50%B; 8-11.3min, 50%B; 3min equilibration time. 2.5mL/min: 0-6.4min, 5-50%B; 6.4-
9.1min, 50%B; 2.4min equilibration time. 3mL/min: 0-5.3min, 5-50%B; 5.3-7.5min, 50%B; 2min equilibration time. 3.5mL/min: 0-4.6min, 5-50%B; 4.6-6.5min, 
50%B; 1.7min equilibration time. 4mL/min: 0-4min, 5-50%B; 4-5.7min, 50%B; 1.5min equilibration time. The retention order was indapamide, diltiazem, 
verapamil, thioridazine.
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Figure S25 Separations of the gradient mix using HPLC. TEA was added to the mobile phase at 0.1% (v/v) 
concentration. The flow rate for each solvent is listed. The column temperature was 40°C for all separation. The 
gradients used were as follows. ACN Gradient: 0-5min, 5-95%B; 5-8.5min, 95%B; 2.2min equilibration time. MeOH 
Gradient: 0-7min, 5-95%B; 7-12min, 95%B; 3min equilibration time. EtOH Gradient: 0-15min, 5-95%B; 15-19min, 
95%B; 5min equilibration time. IPA Gradient: 0-19min, 5-95%B; 19-21min, 95%B; 6min equilibration time. The 
retention order was thioridazine, verapamil, diltiazem, indapamide.
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Table S9 Solvent consumption and energy consumption information for the gradient mix separations. The maximum pressure was used to determine the 
density of CO2 used. 
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Table S10 LCA and AMGS Calculator results for the gradient mix separation
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Figure S26 Metric results for the gradient mixture of the 130bar BPR SFC separations and HPLC for the different 
metrics calculated. The displayed are the greenness score (A), CED (B), GHG (C), ONGD (D), ACID (E), EUTR (F), and 
PCOP (G). 
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Figure S27 Percent contribution to each impact factor from each portion of the system for the LCA analysis.  
Example SFC separations are for the gradient mix and each are the 3 mL/min and 130bar BPR separations. The 
separation with methanol, ethanol, and isopropanol in SFC is shown in A, B, and C respectively.
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Figure S28 Percent contribution to each impact factor from each portion of the system for the LCA analysis. Data is 
for the gradient HPLC separations. The separation with methanol, ethanol, isopropanol, acetonitrile in HPLC are 
shown in A, B, C, and D respectively.



38 
 

 
Figure S29 Preparative SFC separations of the preparative scale mix. The gradients were scaled with flow rate. The 40 mL/min gradient was 0-15 min, 5-50% B, 
15-18 min, 50% B, 2 min post time. The 60 mL/min gradient was 0-10 min, 5-50% B, 10-12 min, 50% B. The 80 mL/min gradient was 0-7.5 min, 5-50% B, 7.5-9 
min, 50% B, 1 min post time. Each separation was completed at 40 °C and a BPR pressure of 120 bar. Organic portions had diethylamine added at a 
concentration of 0.1% (v/v). The retention order was prednisone, hydrocortisone, indapamide, chlorthalidone. 
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Figure S30 Preparative HPLC separations of the preparative scale mix. The methanol and ethanol gradients were a 
30min gradient form 5-95% B with a 5min hold at the end. The flow rate for methanol was 10 mL/min with a post 
time of 7 mins. The flow rate for ethanol was 8 mL/min with a post time of 8 mins. The acetonitrile gradient was a 
19 min gradient from 5-95% B with a 4 min hold at the end. The flow rate was 16 mL/min with a 5 min post time. 
The isopropanol gradient was a 30 min gradient form 5-80% B with a 5 min hold. The flow rate was 8 mL/min with 
a post time of 8.5 min. The mobile phases had acetic acid added at 0.1% (v/v). The retention order for methanol 
was chlorthalidone, indapamide, hydrocortisone, prednisone. Indapamide was remove from the mix for 
isopropanol and ethanol. Prednisone was removed from the mix for acetonitrile. 
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Table S11: Separation information for the preparative scale separations. The mass of CO2 was calculated using a pressure of 300 bar at 25°C. 
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Table S12: Preparative SFC fraction information.  All SFC separations were done with a BPR pressure of 120 bar.
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Table S13: Preparative HPLC fraction information. Fraction volume was converted to organic mass using dwell 
volume and elution time. 
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Table S14 AMGS and LCA results for the highest and lowest retained compound in the preparative HPLC and SFC separations.  All SFC separations were 
completed with a BPR pressure of 120 bar. 
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Figure S31 Percent contribution to each impact factor from each portion of the system for the LCA 
analysis for preparative SFC. All separation are for 60 mL/min. Lowest retained compounds are on the 
left (A, C, E) and highest retained is on the right (B, D, F). Separation for methanol (A, B), ethanol (C, D), 
and isopropanol (E, F) are shown.
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Figure S32 Percent contribution to each impact factor from the portions of the system for the LCA analysis. Data 
shown is for preparative HPLC with methanol (A, C) and ethanol (B, D). The lowest retained analyte (A, B) is shown 
on top, and the highest retained analyte (C, D) is shown on the bottom.  
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Figure S33 Percent contribution to each impact factor from the portions of the system for the LCA analysis. Data 
shown is for preparative HPLC with isopropanol (A, B) and acetonitrile (C, D). The lowest retained analyte (A, C) is 
shown on left, and the highest retained analyte (B, D) is shown on the right.  
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Figure S34 Preparative SFC separation for the BPR study. The mobile phase was made of 15% MeOH and 85% liquified CO2. The organic portion had 
diethylamine added at a concentration of 0.1% (v/v). The flow rate was 60 mL/min, and the column temperature was held at 40°C for all separations. The BPR 
pressure is listed for each. The retention order was ibuprofen, prednisone, hydrocortisone, indapamide, and chlorthalidone.  
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Table S15 Separation information for the preparative scale BPR study. The mass of CO2 was determined using a pressure of 300 bar and 25°C. 
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Table S16 Fraction information for the preparative scale BPR study. 
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Table S17 AMGS and LCA results for the ibuprofen and chlorthalidone fraction of the BPR study. 
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Fig. S35 Energy consumption by the different parts of the preparative SFC. The description of what is attached to 
each power meter can be found in Table S2. A: energy consumption vs flow rate B: energy consumption vs BPR 
pressure 
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Figure S36 Example system design for NWPP energy (A) and wind energy (B).  
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Figure S37 Percent contribution to each impact factor for the analytical scale HPLC gradient separations using 
NWPP energy mix (A, C) and wind energy (B, D). HPLC separations utilizing methanol (A, B) and acetonitrile (C, D) 
are shown.  
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Figure S38 Percent contribution for the preparative scale separations using methanol. The SFC separation (A) is for 
the 60 mL/min separation at 120 bar BPR. The separation for HPLC is shown in B.  
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Table S18 Reductions in impact factors from changing the source of energy. All separations are using methanol. 
The analytical SFC had a BPR pressure of 130 bar and the preparative scale SFC was for the 120 bar BPR 
separations.  


