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Some of the stuff | know about copper that

might be useful to someone else....and some
other stuff.
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Copper

Electron configurations:

Cu [Ar]4s'3d"° (metal)
Cu* [Ar]3d'° (strong reducing agent)
Cu?* [Ar]3d® (common aqueous oxidation state)

The Jahn—Teller effect is responsible for the tetragonal
distortion of the hexaaquacopper(ll) complex ion,
[Cu(OH,)s]%*, which might otherwise possess

regular octahedral geometry. The two axial Cu-O
distances are 238 pm, whereas the four equatorial Cu-O
distances are ~195 pm. This geometry is common

in crystal structures; the geometry in solution is uncertain®.

*Persson, Ingmar (2010). "Hydrated metal ions in aqueous solution: How
reqular are their structures?". Pure and Applied Chemistry. 82 (10): 1901—-
1917. doi:10.1351/PAC-CON-09-10-22



https://en.wikipedia.org/wiki/Octahedral_molecular_geometry
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Copper?*

Coordination number:

6 dilute aqueous solutions [Cu(H,0)s]** ionic radius: 0.73A
4 with certain ligands [CuCl,]* ionic radius: 0.57A
" Mealion | HsAB(n)
Na* 21.08

Pb2*(C.N. = 8) ionic radius: 1.29

zzz 182572 Sr**(C.N =8) ionic radius: 1.26

s 5o Ba?*(C.N = 8) ionic rad!us: 1.42

Zn?* 10.88 Ca2*(C.N = 8) ionic radius: 1.12
: Ra?*(C.N = 8) ionic radius: 1.48

Co?* 8.22

Pb** 8.46

Ag* 6.96

Pearson, R.G. “Absolute Electronegativity and Hardness: Application to Inorganic Chemistry” Inorg. Chem., 27, 734-740 (1988).
Shanno, R.D. “Revised Effective lonic Radii and Systematic Studies of Interatomic Distances in Halides and Chalcogenides” Acta

Cryst., A 32, 751 - 767(1976).



Copper compounds

Aqueous Soluble Agueous Insoluble
CuSO, Most Cu(l) salts
CuCl, CuO
CuBr, Cu(OH),

Cu(NO,), CuS

Cu(ClO,), CuCO,

Cu(ClO,), Cu(CN),
Cupric acetate Cupric citrate

Cupric phosphate

“The radioachemistry of copper” National Academy of Sciences, National Research Council, Nuclear
Science Series, F.F. Dryer and G.W. Leddicotte, Oak Ridge National Laboratory, April 1961.



Copper separation chemistry

Anion exchange from HCL (1x8, AGMP-1, TEVA, WBEC) [CuCl,]*
N-containing ligands (CU Resin, DOODA Resin) CuX,
Cation Exchange (SCX-Silica, CM-Silica, 50Wx8) Cu(H,0)¢%

S-E Fhiots—GLResin



Production of ®4Cu and ¢’Cu

Diagnostic: Therapeutic:

°4Cu (t;,, =12.7004 hours) °/Cu (t,,, =61.83 hours)

B* (B, = 653.1 keV) 17.52% B~ (Brnax = 561.7 keV)

B (B,.., = 579.4 keV) 38.48% v (184.577 keV, 48.7%)

€ 44.00%

v (511 keV, 35.04%) 68Zn(y,p)®’Cu
0Zn(p,0)®’Cu

54Ni(p,n)®*Cu 58Zn(p,2p)°/Cu

64Zn(n,p)®*Cu 57Zn(n,p)®’Cu
natzZn(p,2pxn)®’Cu

Nickel stable isotopes: 58(68.08%), 60(26.22%), 61(1.14%), 62(3.63%), 64(0.93%)
Zinc stable isotopes: 64(48.6%), 66(27.9%), 67(4.1%), 68(18.8%), 70(0.6%)

Huo Junde, Huang Xiaolong, J.K. Tuli, Nuclear Data Sheets 106, 159 (2005)
http://www.lnhb.fr/nuclides/Cu-64_tables.pdf




Target Dissolution

Zinc metal

Nickel metal

Easily dissolved in HCI,
HNQO,, or H,SO,

“dilute HNO,” + heat

HCLl + heat

A few drops of 30%

H202 helpS tO Fremove . Metallic zinc is a good reducing agent, dissclving readily in mineral
paSS|Vat|ng NIO laye r. acids as well as in strong bases, thus showing ita amphoteric character,

In general, no difficulty is encountered in the dissolution of metallic

zinc, although very pure zinc is attacked only slowly by hydrochloric acid.
Addition of a emall amount of Hi++ or Cu++ catalyzes the dissolution.

NAS/NRC Nuclear Science Series Monographs for Ni and Zn



Radiolabeling copper
°7/64CuCl, in ~1-3 mL 0.1 M HCl

Buffer to pH 5.0 - 5.5 with TM ammonium acetate

Yo TR & SR ¥ o a
Q%UHH \\’-(DH et

o (1-CH5-8-NHs)sarcophagine
TETA NOTA

High specific activity 8#%7Cu in dilute HCl or acetate buffer (N.C.A) 100 mg Ni/Zn
Remove radio-cobalt and other byproduct radionuclides to <1 ng.
Remove stable metal impurities to very low levels (<ng/mL = ppb)

>10° D.F.

Kostelnik, T.1.; Orvig, C. “Radioactive Main Group and Rare Earth Metals for Imaging
and Therapy,” Chem. Rev. 119, 902-956 (2019).



Copper Separations

(I ()

(I1,1V,
Na Mg (ty — (v) (V) (HLVI) Vi) (L7 (1)
K|1Cal|Sc|Ti|V |[Cr Mn|Fe|Co

Element of interest

.Typical Target Materials to produce radio-copper

Key radionuclidic impurity

Matrix impurities

(1)

(1,11)

(1)

(1)

(I1,1V)

Pb




Dw on 1x8 from HCI

2h, 21(1)°C, 100-200 mesh Anion Excha nge
Dw Ni, Ca, Mg, Pros:
Na, K, Al

| <1 - Good Cu from Ni from HCI
i - Load directly from target

5]
==

dissolved in concentrated HCI

- Recover %¥6’Cu in dilute HCl or

buffer.

™

Cons:

- Dw Cu <100

- Poor Cu/Zn selectivity

oy - Removal of Co, Zn, Fe, Ga can

[®)

be difficult

-1 0 1 . .
10 e 10 - Carryover of high HCl increases
concentration in final 64/¢7Cu.



Elution on MC7 cartridge of 1x8 Resin
50100;ﬂn 21U)C 2rnLhnm
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1 Cu 89%
107 ; 4 Fe 99%
1 Ga 99%
11n 31%
, | 1 Co 99%
1072 e
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Eluate



k' on TEVA vs HCI

10° T
104—;
103—;
K 102
101—;

100'5

50-100 pm, 2 h equil., 21(1)°C

K Ni <1 for all [HC

10"

10! 10°
(HCI], M

TEVA

All of the drawbacks of
1x8 and lower Dw Cu



Dw

107" -+ ————— ——————
107" 10° 10"

WBEC (2021)

1 —=—Zn
] —e—Cu
]l —&—Co
§ —o—Fe

102?
101?

1OO€

Pb

g

Dw Ni <1

[HCI], M

WBEC or TK201

Uses tertiary amines instead of
the quaternary amines of 1x8
and TEVA

Similar limitations but a
somewhat higher Dw Cu at
4-6M HCL.



107 -

1072

Elution on MC7 cartridge of WBEC Resin
50 100 um 21(1)C 2 mL/m|n

RS AL RRLRE RALRE RELRE R RRRRE AR RRRRE AR AN AR RRRRE RN RERLE AR :
1Load 6M HCI Rinse Rinse Strip

] 4M 0.05M

1+ 200ug metals 6M

1 " HCI HCI HCI

Mn

Ni

‘8

it

) 55 60 65 70 75 80

0 5 1015202530354045

mL Eluste
000000 N

1 Cu 99%

Fe 99%
Ga 99%
In 96%

Co 18%
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CU Resin

Pros:

- Great selectivity of Cu over Ni
and Zn.

- Allows removal of byproducts
and matrix impurities.

- Recover Cu in dilute HCL.

Cons:

- Load pH 2-5 HCI, HNO; or
H,S0,.



Elution on 2mL Cartridge of CU Resin
50-100 um 21(1)C 2 mL/m|n

O T oooe Aaiae
1 Loa + _ .
1 20 ppm metals (I;{g11s|\e/l Strip :
HC S“C/II {  >95% Recovery of Cu on
107 - Cu 4 2 mL cartridge with 500
5 1  mgZnorNi
= | RecoveryofCuino0.1-
S 10° - Co E BCOVery
S ] Zn Ni : O9M HCL.
93% Cu
107" Mn <0.01% impurities;
. Ga .
- In -
10-2 L L ot . L LB DL L L
0 5 10 15 35 40 45 50

mL Eluate



10° +—
| |—=— zn(Il)
1 |—e— Cu(ll)
10% 3
] l—»— Co(ll)

Z 10?2

10
1072 10" 100 10"

DOODA Resin
_90-100 pm, 21(1)C, 2h

103?

5 —e— Ga(lll)
3 |—*— Cr(ll)

—a— Ti(IV)

Ni(1l) -
Fe(lll)
Mn(ll) ]

101?

100—§

[HNO,], M

DOODA(C8) Resin

Pros:

- Good Cu from Ni from HNO,

- Load directly from target
dissolved in HNO,

- Recover ®#%/Cu in dilute HCl or
buffer.

R O O R
N N
R 4/&0 o} b
Cons: p—
- Dw Cu <50

- Poor Cu/Zn selectivity

- Carryover of HNO; into final
64/67C .



Elution on 5mL column of DOODA Resin

50 100 um, 21(1)C 2 mL/m|n

Load 8.0M HNO,

+ 10 mg/L metals
and 500 mg Ni

8.0M
HNO,

Ni(1l)

0

5 10 15 20 25 30 35 40 45 50

mL Eluate

80-90% Recovery of Cu
from 500 mg Ni with a
5 mL column.

Stripping with 8-9M HCIl
keeps Fe and In on the
column.

Works better for Mn
from Cr target.



Dw on DOODA-C6 Resin
50-100 um, 21(1)C, 2 hr

{ |—m— zn(I1) ]
104__ —@— Cu(ll) i
1 |—4— Co(ll) ]
1 —w—Ni()
| |—o—Fe()
1034 —— Mn(ll)
1 1—P—In(I)

] |—®— Ga(lll)
11— Cr(ln)
—0— Ti(IV)

107" 10° 10’
[HNO,], M

DOODA(CO6) Resin

Same as DOODA(CS8), but
improves Dw Cu to ~100.

R O QO R
R,N{O\_/O)»NR

Pl CgH,604N,
18%
NN
C3oHgoO4N,



Elution on 5mL column of DOODA-(C6) Resin
50-100 um, 21(1)C, 2 mL/min

Rinse Stnp
Load 8.0M HNO, 8.0M oM
+ 10 mg/L metals HNO,4 HCI
and 500 mg Ni

Ni(ll)

Cu(ll)
Ga(lll) In(111)

Zn(ll)

mL Eluate

Wit
\ & AMN(I1)
et

5 10 15 20 25 30 35 40 45 50

Improves yield of Cu to
>98% from 500 mg Ni
with a 5 mL column.



Dw on CM-Silica vs HCI

Dw Mn(ll) < 1

—— Zn(Il)
—&— Cu(ll)
—aA— Co(lIl)
—v— Ni(ll)
Fe(lll)

Ga(lll)

¥

10"

[HCI], M

10°

CM Silica
(Weak Cation Exchange)

Pros:
- High Dw Cu from 0.01 -0.25M HCl and
>1M sodium or ammonium acetate.
- Good Cu from Zn from HCL, HNO,, or H,SO,
- Recover %¥%7Cu in dilute HCL.

Cons:

- OK Cu/Zn selectivity, but not at target
masses.

- Need to evaporate target dissolution.

- Recovery of Cu in lower concentration of
HCl preferred.
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Elution on 2mL cartridge of CM-Silica

50-100 um, 21(1)C, 2 mL/min
—_—— ——

mL Eluate

: Rinse Strip
]Load 0.25M HCI 0.25M 8.0M HCI
++ 10 mg/L metals HC] through
jand 500 mg Zn Zn(ll) 1mL DOODA
>95% Cu
E <3% Fe
<0.001% Zn
1N
e Cu(ll)
3 // Ga(lll) |
Co(ll)
3 In(lll) Mn(11)
| i \W
10-2 R N AL '
0098 12 16 20 24 28 32 36 40



% Cu Eluted

Stripping Cu from QML cartridge of CM-Silica

100 -

80

60

40 -

20

20-45 um, 100 mg, 21(1)C, 5 mL/min

Dw-Cu
—=&— 0.50MHCI 45

—o 0.25M HCI 240
—4A&—(0.10M HCI 1500




% Cu Eluted

Stripping Cu from QML cartridge of CM-Silica (REVERSE)

20-45 um, 100 mg, 21(1)C, 5 mL/min

100 — B =u
80 -
60 -
Dw-Cu
40 ~ = 0.50MHCI 45
—o— 0.25M HCI 240
—4A—0.10M HCI 1500
20 -
04
| | | ' | | | ' | |
0 1 2 3 4 5 6 7 8




% Cu Eluted

Stripping Cu from QML cartridge of CM-Silica (REVERSE)

20-45 um, 100 mg, 21(1)C, 5 mL/min

100 -

80

60

40 -

20

—=— 0.50M HCI
—o  0.25M HCI
—A— 0.25M HCI

Dw-Cu

45
240 (Down-up)
240 (Up-down)

e S T
tetetetetets! Tatet

v
*
e

RS
Ll
-

L5
e

s b
!

TN a%a%




(1x8 to CM-Silica) — no evaporation

Method
Dissolve 100-500 mg Ni target in HCI
Load 10 mL on 7 mL column of 1x8
Rinse 20 -30 mL 8M HCI
Strip to QML cartridge of CM w/ 1M NH,OAcC

Rinse CM with 20 mL 0.10M HCI

Strip Cu (Reverse) with 0.25-0.50M HCl

Notes

Ni de-bulking
Ni removal
pH buffer and trap Cu

Remove Ni, Zn, Co,
Ga, In, Mn

Recover Cu



(DOODA(C6) to CM-Silica) — no evaporation

Method Notes
Dissolve 100-500 mg Ni target in HNO,
Load 10-20 mL on 4-5 mL column of DOODA(C6) Nide-bulking

Rinse 20 mL 8M HNO, Ni, Zn, Co, Ga
removal

Strip to QML cartridge of CM w/ 1M NH,OAc pH buffer and trap Cu

Rinse CM with 20 mL 0.10M HCI Remove Ni, Zn, Co,
Ga, In, Mn

Strip Cu (Reverse) with 0.25-0.50M HCI Recover Cu



(CU Resin to 1x8) — evaporate target dissolution

Method Notes
Dissolve 100-500 mg Ni or Zn target in HCl
Evaporate and dissolve in 5 mL pH 2 HCl

Load on 1-2 mL cartridge of Cu Resin Ni/Zn de-bulking
Rinse 10 mL pH 2 HCI Ni, Zn, Co, Ga, Fe
removal

Strip to 0.25-0.50 cartridge of 1x8 with 8M HCl Trap Cu
Rinse 1x8 with 1 mL 8M HCl

Strip 1x8 with 1-2mL of H,O or 0.9% saline Recover Cu

Triskem Infos no 6. July 2011.
https://www.triskem-international.com/scripts/files/59d1f4fc2c2091.54193347/tki6_en_binderonline_1.pdf



(CM Silica to 1x8) — evaporate target dissolution

Method Notes
Dissolve 100-500 mg Zn target in HCI
Evaporate and dissolve in 10 mL 0.25M HCI

Load on 2 mL cartridge of CM Silica Zn de-bulking
Rinse 10-20 mL 0.25M HCI Ni, Zn, Co, Ga,
removal

Strip to 0.25-0.50 cartridge of 1x8 with 8M HCl Trap Cu
Rinse 1x8 with 1 mL 8M HCl

Strip 1x8 with 1-2mL of H,O or 0.9% saline Recover Cu



Questions??7?
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