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S1. Linear Sweep Voltammetry  

 

Figure S1. Linear Sweep Voltammetry on Cu and Pt electrode using 62AlCl3 + 17NaCl + 15KCl 

+ 6MgCl2 electrolyte. 

 

 

 

 

 

 

 

 

 

 

 

 



S2. Current density- time (i-t) curves at overpotential −1.12 V 

 

Figure S2. i-t curves at overpotentials −1.10 V, −1.12 V and −1.15 V. 

 

 

 

 

 

 

 

 

 

 



S3. X-Ray Diffraction (XRD) 

 

Figure S3. XRD patterns of electrodeposited pure Al and Al-Mg alloys at different 

overpotentials. 



S4. Rietveld refinement 

The XRD results obtained were used to estimate lattice parameters of the Face Centred Cubic 

(fcc) Al phase employing “Rietveld refinement”1. Prior knowledge of the crystallographic 

information such as space groups of phases likely to be present in the samples were used for the 

refinement. In the present work, fcc Al phase is present as seen from the Supplementary Fig. S3. 

The software, FullProf suite (version: 7.20) was employed for Rietveld refinement as it is widely 

used2. Prior to refinement, the backgrounds of the raw XRD patterns were corrected using 

winPLOTR program3. Instrumental factors and/or presence of any non-stoichiometric compound 

(such as amorphous Al2O3) may lead to this background. The space group, peak positions and 

lattice parameters of pure Al (standards) are obtained from the standard ICSD reference data for 

Al [ICSD code: 44321]. 

The peaks of XRD pattern generally follow Pseudo-Voigt function (𝑝𝑝𝑝𝑝(𝑥𝑥))4. This mathematical 

function is a linear combination of two functions namely the Gaussian (𝐺𝐺(𝑥𝑥), Eq. (S1)) and  the 

Lorentzian (𝐿𝐿(𝑥𝑥), Eq. (S5)). All the parameters used in the Gaussian and Lorentzian functions 

are given in Eqs. (S2-S4, S6, S7). The weighed fraction of η is used for combining the Gaussian 

function and Lorentzian function to obtain the Pseudo-Voigt function given in  Eq. (S8). 

                                               𝐺𝐺(𝑥𝑥)|𝑥𝑥=−1 𝑡𝑡𝑡𝑡 1  =  𝑎𝑎𝑔𝑔 𝑒𝑒𝑒𝑒𝑒𝑒 �−𝑏𝑏𝑔𝑔𝑥𝑥2�                                             (S1) 

where,  

                                                                  𝑎𝑎𝐺𝐺 = 2
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

� 𝑙𝑙𝑙𝑙 2
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹2                                                 (S2) 

                                                                  𝑏𝑏𝐺𝐺 = 4 𝑙𝑙𝑙𝑙2
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹2                                                              (S3) 

FWHM: Full width half maximum 



                             𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹2 = �𝑈𝑈 + 𝐷𝐷𝑆𝑆𝑆𝑆2�(tan𝜃𝜃)2 + 𝑉𝑉 tan𝜃𝜃 + 𝑊𝑊 + 𝐼𝐼𝐺𝐺
(cos𝜃𝜃)2

                           (S4) 

where, U, V, W and IG are FWHM parameters 

Lorentzian function �𝐿𝐿(𝑥𝑥)�: 

                                                      𝐿𝐿(𝑥𝑥)|𝑥𝑥=−1 𝑡𝑡𝑡𝑡 1 = 𝑎𝑎𝐿𝐿
1+𝑏𝑏𝐿𝐿𝑥𝑥2

                                                         (S5) 

where, 

                                                                         𝑎𝑎𝐿𝐿 = 2
𝜋𝜋𝜋𝜋𝜋𝜋𝜋𝜋𝜋𝜋

                                                       (S6) 

                                                                         𝑏𝑏𝐿𝐿 = 4
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹2                                                        (S7) 

Pseudo-Voigt function �𝑝𝑝𝑝𝑝(𝑥𝑥)�: 

                                                                  𝑝𝑝𝑝𝑝(𝑥𝑥) = 𝜂𝜂 𝐿𝐿(𝑥𝑥) + (1 − 𝜂𝜂)𝐺𝐺(𝑥𝑥)                               (S8) 

where, 

                                                                         𝜂𝜂 = 𝜂𝜂0 + 𝑋𝑋2𝜃𝜃                                                    (S9) 

where, η0 and X are shape parameters. 

The values U, V, W, η0 and X was varied until a minimum χ2 fit was achieved for the refined 

data. The lattice parameters and minimum χ2 achieved for every overpotential is given in 

Table S1. The patterns corresponding to the fitted, experimental and the residual errors obtained 

are shown in Fig. S4. 

 

 

 



Table S1. Lattice parameters and minimum χ2 achieved for every overpotential 

Overpotential, η (V) Lattice parameter, a (Å) Standard deviation of a χ2 

Pure Al 4.0495 0.000954 4.315 

−1.05 4.0496 0.000004 1.813 

−1.07 4.0496 0.000005 1.286 

−1.10 4.0498 0.000321 5.66 

−1.15 4.0498 0.000004 4.522 

−1.17 4.0499 0.000002 1.090 

−1.20 4.0516 0.000002 1.803 

−1.25 4.0526 0.000467 1.813 

−1.30 4.0535 0.000264 3.002 

 

S4.1. Structure factors 

The structure factors (F) of the planes were estimated using the intensity (I) from the XRD peaks 

obtained after refinement. The relation between F and I is given in Eq. (S10)5. 

                                                                      𝐼𝐼 ∝ |𝐹𝐹|2                                                               (S10) 

The F is Fourier transform possessing a unique value at each (h k l) reflection. This follows the 

relation shown in Eq. (S11)5.      

                                              𝐹𝐹(ℎ𝑘𝑘𝑘𝑘) = ∑ ∑ ∑ 𝑓𝑓𝐴𝐴𝐴𝐴 . 𝑒𝑒𝑒𝑒𝑒𝑒(2𝜋𝜋𝜋𝜋𝛼𝛼ℎ𝑘𝑘𝑘𝑘)𝑙𝑙𝑘𝑘ℎ                                       (S11) 

where, 𝑓𝑓𝐴𝐴𝐴𝐴  is the atomic scattering factor of Al atom and  𝛼𝛼ℎ𝑘𝑘𝑘𝑘 is given in Eq. (S12). 

                                                  𝛼𝛼ℎ𝑘𝑘𝑘𝑘 = ℎ.𝑢𝑢 + 𝑘𝑘. 𝑣𝑣 + 𝑙𝑙.𝑤𝑤                                                         (S12) 

where, 𝑢𝑢 = 𝑥𝑥
𝑎𝑎

;𝑣𝑣 = 𝑦𝑦
𝑏𝑏

;𝑤𝑤 = 𝑧𝑧
𝑐𝑐
   



Here, the position of Al atom is given by (x, y, z). The lattice parameters of Al unit cell are given 

by a, b and c (all these parameters have the same value as it is an fcc system).  

The estimated dhkl values and F for all deposits obtained at different overpotentials are shown in 

Tables (S2-S10).  

Table S2. Structure factors for deposited pure Al 

 

Table S3. Structure factors for deposited at −1.05 V 

 

 

 

 

 

2ϴ h k l dhkl |F|2 

38.472 1 1 1 2.3380 1342.9181 

44.721 0 0 2 2.0248 1215.2780 

65.096 0 2 2 1.4317 905.6771 

78.229 1 1 3 1.2210 754.0677 

82.436 2 2 2 1.1690 711.5412 

2ϴ h k l dhkl |F|2 

38.471 1 1 1 2.3381 1342.9528 

44.719 0 0 2 2.0248 1215.3114 

65.094 0 2 2 1.4318 905.7131 

78.225 1 1 3 1.2210 754.1051 

82.432 2 2 2 1.1690 711.5789 



Table S4. Structure factors for deposited at −1.07 V 

 

Table S5. Structure factors for deposited at −1.10 V 

 

Table S6. Structure factors for deposited at −1.15 V 

 

 

2ϴ h k l dhkl |F|2 

38.472 1 1 1 2.3380 1342.9208 

44.720 0 0 2 2.0248 1215.2805 

65.096 0 2 2 1.4317 905.6800 

78.229 1 1 3 1.2210 754.0706 

82.435 2 2 2 1.1690 711.5441 

2ϴ h k l dhkl |F|2 

38.469 1 1 1 2.3382 1342.9991 

44.716 0 0 2 2.0249 1215.3568 

65.090 0 2 2 1.4319 905.7606 

78.220 1 1 3 1.2211 754.1550 

82.427 2 2 2 1.1691 711.6294 

2ϴ h k l dhkl |F|2 

38.469 1 1 1 2.3382 1342.9938 

44.717 0 0 2 2.0249 1215.3518 

65.090 0 2 2 1.4318 905.7552 

78.221 1 1 3 1.2211 754.1494 

82.427 2 2 2 1.1691 711.6236 



Table S7. Structure factors for deposited at −1.17 V 

 

Table S8. Structure factors for deposited at −1.20 V 

 

Table S9. Structure factors for deposited at −1.25 V 

 

 

2ϴ h k l dhkl |F|2 

38.469 1 1 1 2.3382 1342.9829 

44.717 0 0 2 2.0249 1215.3412 

65.091 0 2 2 1.4318 905.7440 

78.222 1 1 3 1.2211 754.1379 

82.428 2 2 2 1.1691 711.6119 

2ϴ h k l dhkl |F|2 

38.453 1 1 1 2.3391 1343.3510 

44.698 0 0 2 2.0257 1215.6993 

65.061 0 2 2 1.4324 906.1234 

78.184 1 1 3 1.2216 754.5348 

82.387 2 2 2 1.1695 712.0123 

2ϴ h k l dhkl |F|2 

38.442 1 1 1 2.3398 1343.6012 

44.685 0 0 2 2.0263 1215.9435 

65.041 0 2 2 1.4328 906.3813 

78.158 1 1 3 1.2219 754.8050 

82.360 2 2 2 1.1699 711.2846 



Table S10. Structure factors for deposited at −1.30 V 

 

2ϴ h k l dhkl |F|2 

38.434 1 1 1 2.3403 1343.7908 

44.675 0 0 2 2.0267 1216.1285 

65.026 0 2 2 1.4331 906.5770 

78.139 1 1 3 1.2222 755.0096 

82.339 2 2 2 1.1701 712.4914 



 

Figure S4. Fitted XRD patterns after Rietveld refinement of deposits at different overpotentials. 



 

S5. Trends in deposited Al, Al anodic dissolution and Al in spent electrolyte 

 

Figure S5. Trends in deposited Al, Al anodic dissolution and Al in spent electrolyte. 

 

 

 

 

 

 

 

 

 

 

 

 

 



S6. Phenomena occurring at anode 

 

Figure S6. (a) Polarization curves of Al W.E.; (b) Linear Sweep Voltammetry on Al W.E; 

(c) Current density-time curves at applied potentials +0.70 and +1.55 V vs Al chosen from (a); 

(d) FTIR spectra of the salts on anode at the end of experiments in (c). 



 

Figure S7. (a) i-t curves with different counter electrode areas at −1.25 V overpotential, (b) 

FTIR results on the salts forming over the anodes with different areas. 

 

 

 

 

 



Table S11. Summary of results from potentiostatic depositions with various anode/cathode areas 

 

(Al anode) /  
(Cu cathode) 

area ratio 

Al anode area 
relative to the 
smallest anode 

area used 

Al dissolution 
(mg ml−1) 

Na(AlCl4) 
formed? 

Mg in deposit 
(at.%) 

2.7 1 (≈2.7/2.7) 0.7 Yes 2.08 

19.2 7.1 (≈19.2/2.7) 2.9 Yes 1.13 

34.6 12.8 (≈34.6/2.7) 5.3 Yes 0.89 
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