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Background
Supplemental Table 1 provides the commonly produced radionuclides produced during 47Sc production from Ti and V targets.
TABLE S1: Commonly produced radiocontaminates during 47Sc production from Ti and V targets.(1-4)
	Radionuclide
	Half-life
	Characteristic Gamma Ray Energy and (intensity) keV, %

	49Cr
	42.31 min
	62.8 (16.4)

	
	
	90.6 (53.2)

	
	
	152.9 (30.3)

	51Cr
	27.74 d
	320.1 (9.91)

	48V
	15.93 d
	944.1 (7.8)

	
	
	983.5 (99.9)

	
	
	1312.1 (98.20)








[bookmark: _Hlk172039351]Materials and Methods
[bookmark: _Hlk139875056]All chemicals used were analytical or trace metal grade unless otherwise stated. Water from a deionized 18.2 MΩ-cm Milli-Q System (Millipore, Billerica, MA), was in contact with Chelex 100 resin (Bio-Rad, Richmond, CA) for at least 24 hours before filtering under vacuum. All solutions were made with Chelex-treated water. Hydrochloric acid (HCl, 37% by weight, 99.999%) was purchased from Sigma-Aldrich (St. Louis, MO). Nitric acid (HNO3, 67-70% by weight, 99.999%) was purchased from Fisher Scientific (Hampton, NH, USA). Vanadium sheets, 2N8 purity, Ta sheets, 5N purity, and Al sheets, 2N8 purity, were purchased from ESPI Metals, Ashland, OR, USA. All periodic table analytical standards (mix 101, 103, 104, 5% HNO3, 10 mg/L) and SG-iTLC plates were purchased from Agilent Technologies (Santa Clara, CA, USA). Analytical-grade MP-50 resin was purchased from Bio-Rad (Lisle, IL). Carboxymethyl (CM) silica weak cation exchange resin was purchased from Eichrom Technologies (Lisle, IL) and empty 1 mL SPE fritted column, 0.2 µm additional frits, and column adaptors were purchased from Sigma-Aldrich (Supelco, Sigma-Aldrich, St. Louis, MO). DOTA was purchased from Macrocyclics (Plano, TX, USA). All glassware was cleaned in a 20% HNO3 bath overnight before use.
Theoretical calculations
[bookmark: _Hlk182402501][bookmark: _Hlk182845338][bookmark: _Hlk182402566][bookmark: _Hlk182845354][bookmark: _Hlk182845378]Theoretical calculations for predicting 47Sc and 51Cr yields used the previously reported cross-section values and equations.(5-8) Briefly, Stopping and Range of Ions in Matter (SRIM) and TRansport of Ions in Matter (TRIM) program was used to determine the exit energy of the different V targets as well as the ranges of ions for each of the thick target designs.(9) Yields were calculated in the same manner as Cingoranelli et al. for both V targets, where design A used proton energies of 21.7-24 MeV and design B, which used proton energies of 19.1-24 MeV.(8, 10) The theoretical yields  for design A targets were calculated for 4 h bombardment of 24 MeV protons at 40 µA while for design B targets were calculated  for 8 h bombardment of 24 MeV protons at 80 µA.
Distribution Coefficients (Kd)
Batch studies to assess the separation efficiency of MP-50 with Sc, Cr and V, using a similar procedure to McLain et al and Loveless et al.(11, 12) Briefly, 2 mL microcentrifuge tubes containing approximately 50 mg of MP-50 resin were incubated for 30 min with 1.1 mL of the desired solution on an orbital mixer at 10 revolutions per min. A metal stock solution for each acid was made with a metal concentration of 400 ppm. After incubation, 100 µL of the stock was added to the microcentrifuge tubes and incubated for 30 min. ICP-MS samples were taken before and after the samples were incubated. The following solutions were tested for Sc, Cr and V affinity on MP-50: 0.01,0.1, 1, 2, 3, 4 ,5 ,6 ,7 ,8 ,9 ,10 M of HNO3 or HCl and 0.1, 0.5, 1, and 2 M ammonium acetate pH 5.5 and water. The Kd values were calculated as in Loveless et al. shown in Equation 1.(12) 

Equation 1
Where Kd is the distribution coefficient, A0 is the concentration of metal ions (ppm) before and Af is the concentration of metal ions (ppm) after equilibration, m is the mass of MP-50 resin, and V is the volume of solution.
[bookmark: _Hlk172039421]Column preparation
1.5 g MP-50 resin was packed into a 3 mL SPE fritted column, with frits added at the bottom and top of the column. The MP-50 column was equilibrated using 20 mL of the following solutions: 1M ammonium acetate pH 4, Chelex water, 4M HCl, and 8M HCl. 
The second column used approximately 50-60 mg of CM (weak cation) resin packed into a 1 mL SPE-fitted column. This column was conditioned with 10 mL of each of the following solutions: 2M HCl, 0.1M HCl, water, and 1M ammonium acetate pH 4.
All columns and solutions were prepared on the day of separation.
Results
Distribution Coefficient (Kd)
[bookmark: _Hlk172542274]Supplemental Table S2 provides the reported Kd values. The Kd values demonstrate that Sc has a high affinity for MP-50 resin in HCl solutions, while V and Cr have a lower Kd value in high-molarity HCl solutions. These Kd differences were exploited to retain the Sc on the MP-50 column in high-molar HCl as V and Cr ions pass through.







TABLE S2: Kd values for V, Cr, and Sc for MP-50 resin in HNO3, HCl, and ammonium acetate buffer pH 4.
	Solution
	V
	Cr
	Sc
	Solution
	V
	Cr
	Sc

	HNO3 (M)
	Kd
	Kd
	Kd
	HCl (M)
	Kd
	Kd
	Kd

	10
	25.7±2.5
	12.5±1.2
	59.2±5.8
	10
	9.9±0.4
	40.4±1.7
	715.4±29.7

	9
	37.3±0.4
	25.9±0.3
	80.1±0.8
	9
	12.6±0.4
	64.1±2.1
	695.1±23.3

	8
	24.9±0.6
	6.9±0.2
	11.8±0.3
	8
	15.5±0.8
	66.7±3.5
	599.9±31.6

	7
	17.9±0.8
	21.6±0.9
	27.2±1.2
	7
	13.2±0.3
	62.4±1.6
	482.1±12.4

	6
	1.1±0.1
	1.7±0.1
	44.2±2.7
	6
	10.4±0.5
	57.9±2.5
	452.9±19.4

	5
	7.6±0.1
	9.8±0.1
	53.8±0.8
	5
	13.8±0.3
	63.8±1.5
	555.9±13.1

	4
	8.4±0.2
	10.8±0.3
	6.4±0.2
	4
	11.1±0.2
	62.1±0.1
	544.8±8.6

	3
	3.9±0.2
	8.4±0.3
	54.5±2.1
	3
	15.9±0.7
	88.1±3.8
	820.8±35.5

	2
	7.3±0.5
	12.1±0.7
	103.8±6.6
	2
	14.9±0.4
	96.3±2.3
	773.8±18.9

	1
	54.9±2.5
	471.7±21.8
	670.6±30.9
	1
	97.5±1.9
	34.5±0.6
	15621±300

	0.1
	57.3±1.9
	254.9±8.5
	296.8±9.8
	0.1
	297.5±9.2
	1308±40.5
	101752±3147

	0
	87.5±0.5
	961.9±5.8
	432.6±2.6
	0
	26.8±0.6
	642.1±14.6
	105791±2408

	Ammonium Acetate (M)
	Kd
	Kd
	Kd
	
	
	
	

	2
	15.3±0.9
	435.5±29.1
	0.9±0.1
	
	
	
	
	
	

	1
	19.2±0.8
	85.5±5.1
	0.6±0.1
	
	
	
	
	
	

	0.5
	21.2±1.1
	92.5±4.1
	30.5±1.6
	
	
	
	
	
	

	0.2
	464.7±7.5
	101±5.4
	550.1±8.9
	
	
	
	
	
	

	0
	160±11
	134.5±2.2
	1451±97
	
	
	
	
	
	









Development of MP-50 separation
[bookmark: _Hlk172542324][bookmark: _Hlk172542344]Design A targets (n = 3) were irradiated for 1 h to produce 47Sc and 51Cr for small-scale studies to evaluate the elution profile of these two radionuclides using MP-50 resin. The elution profile is provided in Figure 4 and Supplemental Table S3. The 51Cr was successfully removed from the 47Sc, where 88.9 ± 4.5% of the 51Cr passes through in the Flow-Through (FT) of the loading solution, and the residual (11 ± 1.3%) is eluted in 8M HCl. The 47Sc was eluted using 1M ammonium acetate pH 4, with 59.5 ± 5% in the first 5 mL, 25.3 ± 2.7% in the second 5 mL, and 8.1 ± 5.4% in the third 5 mL. The remaining 4, 5 mL elutions had 0.5–1.2% recovery per fraction.











TABLE S3: The elution profile of 47Sc and 51Cr for the small-scale study.
	Elution
	47Sc MBq 
	51Cr MBq 

	Starting: 8M HCl
	4.53±0.6
	43.4±2.5

	FT: 8M HCl
	0.06±0.004
	38.6±1.9

	E1A: 10mL8M HCl
	0.05±0.004
	4.77±0.5

	E1B: 10mL 8M HCl
	0.03±0.01
	0

	E2A: 5mL 4M HCl
	0.007±0.0007
	0

	E2B: 5mL 4M HCl
	0.004±0.000
	0

	E3A: 5mL MQ water
	0.004±0.0004
	0

	E3B: 5mL MQ water
	0
	0

	E4: 5mL (1M AA, pH4)
	2.7±0.3 
	0

	E5: 5mL (1M AA, pH4)
	1.15±0.2 
	0

	E6: 5mL (1M AA, pH4)
	0.4±0.03
	0

	E7: 5mL (1M AA, pH4)
	0.053±0.007
	0

	E8: 5mL (1M AA, pH4)
	0.04±0.01
	0

	E9: 5mL (1M AA, pH4)
	0.031±0.007
	0

	E10: 5mL (1M AA, pH4)
	0.05±0.00
	0







[bookmark: _Hlk172542352]The separation profile of the scaled-up separation of 47Sc from natV and 51Cr is depicted in Figure 5 and Supplemental Table S4.
TABLE S4: The elution profile for 47Sc, 51Cr and natV using 1.5 g MP-50 column.
	Elution
	47Sc
	51Cr
	51V

	
	%Recovery
	%Recovery
	%Recovery

	FT: 8M HCl: 10mL
	0.4±0.3
	77.8±5.1
	89.6±4.3

	E1: 8M HCl: 20mL
	0.1±0.02
	22.3±0.9
	6.9±0.8

	E2: 4M HCl: 15mL
	0.02±0.01
	0.03±0.03
	0.5±0.08

	E3: Chelex water: 10mL
	0.00
	0.00
	0.00

	E4: 1M AA, pH4: 20mL
	86.1±2.4
	0.00
	0.00

	E5: 1M AA, pH4: 20mL
	7.6±3.5
	0.00
	0.00



Addition of CM column using the design A separation.
[bookmark: _Hlk172542373][bookmark: _Hlk172542383]Adding the CM column to the MP-50 column allowed for the 47Sc recovery in a lower volume of 2M HCl. The elution profile for the targets irradiated at 40 µA, 4 h with target design A is shown in  Figure 6 and Table S4. The removal of natV and 51Cr was completed in the 4M HCl elution, E2, before elution of the 47Sc directly from the MP-50 column onto the CM column. 47Sc was collected in 1 mL of 2M HCl from the CM column. The overall recovery of 47Sc from the two-column system was 68 ± 4%.


TABLE S5: The elution profile for 47Sc, 51Cr and natV for design A targets using 1.5 g MP-50 column and 50 mg CM column.
	Elution
	47Sc
	51Cr
	51V

	
	%Recovery
	%Recovery
	%Recovery

	FT: 8M HCl: 10mL
	0.04±0.06
	88.6±1.8
	88.9±0.07

	E1: 8M HCl: 20mL
	1.1±1.4
	5.2±3.5
	6.9±0.1

	E2: 4M HCl: 15mL
	0.1±0.1
	0.003±0.0004
	0.5±0.2

	E3: MQ water: 10mL
	0.02±0.002
	0
	0

	E4: 1M AA: 40mL
	0.5±0.1
	0.01±0.002
	0

	E5:2M HCl: 1mL
	68.4±4.1
	0
	0



[bookmark: _Hlk164765810]








Scaled up production and separation using design B
[bookmark: _Hlk172542409][bookmark: _Hlk172542434]The separation for the scaled-up targets using design B, which were irradiated with 24MeV protons at 80 µA for 8 h (n = 3), is depicted in Figure 7 and Supplemental Table S6. The majority of the natV target material (97.8 ± 2.1%), and 51Cr (62 ± 6%) were collected in the loading solution's FT, and completely removed by E2, as observed previously. Additional washes of Chelex water and 0.1M HCl were added to the CM column before the elution of 47Sc, which had an average recovery of 72 ± 2.1% in 1 mL of 2M HCl. 
TABLE S6: The elution profile of 47Sc, 51Cr and natV for target design B, using a 1.5 g MP-50 column and a 50 mg CM column.
	Elution
	47Sc
	51Cr
	51V

	
	%Recovery
	%Recovery
	%Recovery

	FT: 8M HCl: 30mL
	0.7±0.6
	62.1±6.2
	97.8±2.1

	E1: 8M HCl: 30mL
	1.2±0.05
	36.1±2.3
	2.5±3.3

	E2: 4M HCl: 20mL
	1.3±0.1
	1.5±0.5
	0.02±0.03

	E3: MQ water: 10mL
	0.091±0.002
	0.001±0.001
	<0.001±<0.001

	E4: 1M AA: 50mL
	4.6±0.06
	0
	0

	E5: 1M AA: 50mL
	0.7±0.7
	0
	0

	E6: Chelex water: 10mL
	1.4±0.2
	0
	0

	E7:0.1M HCl: 0.5mL
	6.5±1.7
	0
	0

	E8: 1M HCl: 0.5mL
	72.2±2.2
	0
	0

	Remaining on MP-50
	15.5±0.5
	0
	0

	Remaining on CM
	0.031±0.006
	0
	0
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