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WG1 - NECTAR for highly hydrolysable (HHC) and/or low-valence state (LVC) cations has 

prepared the recommendations for working with copper(I) ions in aqueous solution. This work 

is related to the task of WG1 defining the most appropriate and accurate procedures and 

experimental approaches for the study of the solution speciation of LVC (e.g., Fe(II), Sn(II), 

Cu(I)).  

 

The NECTAR recommendations for solution studies with copper(I) ions in aqueous media 

All reagents should be of the highest purity and all laboratory vessels should be acid washed 

in 1 M HCl (or HNO3) and subsequently rinsed with 18.2 MΩ·cm (or 0.1 µS.cm-1) Milli-Q water 

to minimize trace metal contamination. When preparing buffers, it is recommended to pass 

the buffer stock solutions through a Chelex-100 ion exchange resin to remove trace metal 

impurities. 

Working with Cu(I) in aqueous media is challenging due to its inherent instability to oxidation 

and disproportionation, therefore, it is strongly recomended to do all the experiments under 

anaerobic conditions (if possible in a glovebox and with a concentration of oxygen preferably 

below 0.5 ppm) and using deoxygenated solvents. Deoxygenated water can be prepared by 

boiling Milli-Q water for 1-2 h and allowing to cool under a nitrogen or argon atmosphere. 

Alternatevely, the boiling of water can be carried out under lower pressure at laboratory 

temperature. It is advised to prepare the solvent one day in advance and store the solution in 

a glovebox. Organic solvents, such as acetonitrile (used to prepare Cu(I) stock solutions, see 

below), can be deoxygenated using Schlenk vessels. Three to four iterations of freeze-pump-

thaw cycles or rigorous vacuum degassing followed by purging with nitrogen or argon, and 

keeping the solution in the glovebox are recommended (check the compatibility of your 

glovebox to the organic solvents). Alternatively, in the absence of a glovebox, you can keep 

your water and organic solvents under inert gas (nitrogen or argon) in Schlenk vessels, and 

purge daily with a nitrogen (or argon)/vacuum line to guaranty the absence of oxygen. The 
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concentration of oxygen dissolved in solvents can be estimated by the analytical methods 

discussed below. 

 

• The control of oxygen level in water 

The concentration of oxygen dissolved in aquoues solution can be determined by several 

analytical procedures. Instrumental analysis is based on voltametric analysis,1 measurement 

of limiting electric current at potentials lower than -0.45 and -1.35 V (vs. NHE) for two waves 

representing two-electron oxygen reduction: 

O2 + 2 H+ + 2 e-  H2O2 

H2O2 + 2 H+ + 2 e-  2 H2O 

 

Another approach is based on the measurement of the luminescence-decay quenching effect 

of oxygen on Ru(II) complexes of phenonathroline derivatives which are placed on top of 

optode.2 Both instrumentations are commercially available, but they require careful 

calibration of the instrument based on the knowledge of the oxygen concentration by an 

analytical independent method. 

Another possible approach is the redox titration procedure proposed by Winkler:3 

2 Mn2+ (aq) + O2 (aq) + 4OH– → 2 MnO(OH)2(s) 

MnO(OH)2(s) + 4 H+(aq) → Mn4+(aq) + 3 H2O(l) 

Freshly precipitated Mn(II) hydroxide is oxidised by oxygen to Mn(IV) oxo-hydroxide which is 

dissolved in mineral acid in presence of iodide: 

Mn4+ (aq) + 3 I−(aq) → Mn2+(aq) + I3
− (aq) 

Then iodine formed (as triiodide ion I3
−) can be titrated by sodium thiosulphate titrant solution 

of known concentration:    

2 S2O3
2- (aq) + I3

− → S4O6
2- (aq) + 3 I− (aq) 

Finally, the concentration of dissolved oxygen can be calculated as   

1 mole of O2 → 4 mole of S2O3
2− 

The solubility of oxygen in water is about 8 mg.L-1, i.e. 8 ppm, for laboratory temperature and 

normal air pressure (parcial pressure of oxygen about 20.9 kPa)4. The advantage of this 

absolute analytical method is that it does not need any calibration, it is very simple and it gives 

reliable results. 

 

• Preparation of the stock solutions of copper(I) 

All the solutions should be prepared and handled in an inert atmosphere (glovebox or Schlenk 

vessel/vacuum line). The stock solutions of copper(I) are commonly prepared by dissolving 
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tetrakis(acetonitrile)copper(I) tetrafluoroborate, hexafluorophosphate, perchlorate or triflate 

in degassed 100% acetonitrile (prepared accordingly to the above procedure). 

Alternatively, copper(I) stock solutions can be prepared by dissolving copper(I) choride in an 

acidified (0.1 M hydrochloric acid) 1 M sodium chloride solution previously degassed (see 

above procedure).5 Although Moffet et al. used 1 M sodium chloride, we found that copper(I) 

was slowly oxidizing under these conditions and sodium chloride concentration was increased 

to 4 M in order to achieve more stable copper(I) stock solution. 

It is also possible to prepare the copper(I) stock solutions using a disproportionation reaction.6 

Namely, a 50 mM copper(I) stock solution can be prepared by incubating for 3 h under 

anaerobic conditions a 1 mL of degassed aqueous solution containing 25.0 mM CuCl2, 1.0 g 

copper wire and 2-4 M acetonitrile previously degassed (acetonitrile is needed to stabilized 

the formed copper(I)). It is important to use a clean copper wire. In case of potential 

contamination of metal ions on the surface, it is recommended to clean the copper wire prior 

to use following the next protocol: the copper wire is incubated for 2 h with 

ethylenediaminetetraacetic acid (EDTA) under anaerobic conditions, through washed with 

18.2 MΩ·cm Milli-Q water, dried and kept it in the glovebox (or anaerobic conditions). 

Once prepared, it is crucial to keep the Cu(I) stock solutions under strict anaerobic conditions 

(glovebox). If not feasible, it is then recommended to prepare them freshly. 

 

• Determination of copper(I) ion concentration in the stock solutions 

The concentration of copper(I) can be determined using relative methods based on molecular 

absorption spectroscopy via the complexation with UV-VIS absorption metallochromic 

indicators such as bathocuproinedisulfonate (BCS; 2,9-dimethyl-4,7-diphenyl-1,10-

phenanthroline disulfonic acid) or 2,2’-bicinchoninic acid (BCA) as follows:  

- dissolve BCS or BCA (ca. 5 mM final concentration) in degassed water 

- from the stock copper(I) solutions, prepare three samples with a 4-fold excess of 

either BCS or BCA at the µM range to ensure the formation of the respective 

colored [Cu(BCS)2]3– and [Cu(BCA)2]3– species. Given the molar absorbance of the 

Cu(I)/indicators adducts (see Tables below) the use of samples containing approx. 

20 µM Cu(I) and 80 µM ligand) is suggested. These samples can be prepared in 

different buffer conditions (see Tables below). Prior to the addition of BCS or BCA, 

ethylenediaminetetraacetic acid (EDTA) can be added to the samples, at similar or 

slightly excess concentrations as the ligands, to prevent interference that might 

arise from the present of copper(II) (if any).7 

- record the visible spectrum in a 1 cm quartz cuvette and use the absorbance at the 

right wavelength to determine the copper(I) concentration using the 



 

 

4 
 

corresponding extinction coefficient (see Tables below): Take the average 

concentration determined from the three samples. 

 

Table 1. Spectral absorption features of [Cu(I)(BCS)2]3- in aqueous solution. 

λmax (nm) ε at λmax 
(M-1 cm-1) 

Medium conditions Ref. 

483 13300 20 mM Tris/MES; pH 8.a [8] 

483 12250  Hydroxylamine hydrochloride as 
reductant, pH range: 3 – 10.5 

[9] 

483 13000  20 mM phosphate; 100 mM 
NaCl; DMSO 30% v/v; pH 7 
(buffer A, see reference) 

[10] 

482 13350  100 mM HEPES; 10 mM 
ascorbate; pH 7.4.b 

[11] 

a. Not precisely specified. Those reported are the conditions at which Cu(I)/BCS 
titrations with proteins were carried out; b. Spectral absorption features were 
determined also for the [Cu(I)(BCS)]– species (λmax = 482 nm, ε482 nm = 3830 M-1 
cm-1), see ref. [11] 

 

Table 2. Spectral absorption features of [Cu(I)(BCA)2]3- in aqueous solution. 

λmax (nm) ε at λmax 
(M-1 cm-1) 

Medium conditions Ref. 

562a 7900 20 mM phosphate; 100 mM 
NaCl; DMSO 30% v/v; pH 7 
(buffer A, see reference) 

[10,12] 

562 7700 50 mM HEPES; 200 mM NaCl; 
0.20 mM ascorbate; pH 7.5 

[13] 

559 7840 100 mM HEPES; 10 mM 
ascorbate; pH 7.4.b 

[11] 

a. A maximum in the UV range was also reported, with λmax = 358 nm and ε358 

nm = 42900 M-1 cm-1. ; b. Spectral absorption features were determined also for 
the [Cu(I)(BCA)] – species (λmax = 560 nm, ε560 nm = 2300 M-1 cm-1), see ref. [11] 

 

• Equilibrium constants for Cu(I) hydrolysis 

Metal ion hydrolysis is an important process that should be considered when determining the 

formation constants of copper(I) complexes. Copper(I) hydrolytic species are believed to be 

[Cu(OH)] and [Cu(OH)2]-.14 The hydrolysis constants of these forms for zero ionic strength are 

collected in the Periodic Table prepared by the members of the WG1, and can be accessed 

through the link: https://www.cost-nectar.eu/pages/wg1_period.html. 

Various approaches can be used to predict values at different ionic strengths and in different 

ionic media (e.g., Extended Debye-Hückel, Specific ion Interaction Theory (SIT) and Pitzer 

https://www.cost-nectar.eu/pages/wg1_period.html
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models). The final selection criterion should be based on the availability of proper parameters. 

More at: I. Grenthe, I. Puigdomenech, Modelling in Aquatic Chemistry, Paris: OECD, 1997. 

Depending on the experimental conditions used in the determination of the formation 
constants of copper(I) complexes, other equilibria should be considered (e.g. acetonitrile-
Cu(I), chloride-Cu(I), ...). The members of the WG1 are currrently preparing a review on this 
topic. 
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