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X-ray diffraction (XRD) measurements of the A2CoMnO6 and A2NiMnO6 thin films 

In Figure S1 the XRD patterns (θ-2θ mode, Cu-Kα radiation, Bruker AXS D8 Ad-

vance) of the A2CoMnO6 (a) and A2NiMnO6 (b) (A= La, Pr, Nd, Sm, Gd) double perovskite 

thin films (thickness d~100 nm), grown on SrTiO3(111) (STO) substrates are shown around 

the STO(111) reflex for better clarity. XRD patterns for all studied double perovskite films 

show only reflexes with (111) orientation, confirming the out-of-plane film epitaxy in (111) 

direction for all the double perovskite films. 
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Figure S1. XRD patterns of a) A2CoMnO6/STO(111) and b) A2NiMnO6/STO(111) (A= La, Pr, Nd, Sm, 

Gd) double perovskite thin film series (thickness d~100 nm) around the STO (111) reflex. 

Transmission Electron Microscopy (TEM) characterization  

In Figure S2 we present a high angle annular dark field (HAADF) image of a repre-

sentative Nd2CoMnO6(111)/STO(111) (NCMO) film. A low magnification HAADF image 

with selected area electron diffraction confirm epitaxial growth of the 100 nm thick NCMO 

film and the flat film/susbtrate interface. A high resolution HAADF image reveals a co-

herent epitaxial character of the NCMO/STO interface. The weak superstructure spots in 

the FFT patterns from the NCMO film (top) and STO substrate (bottom) show the pres-

ence of Mn/Co cation ordering. 
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Figure S2. a) A low magnification High Angle Annular Dark Field (HAADF) image of Nd2CoMnO6 

thin film; b) A Selected Area Electron Diffraction (SAED) pattern confirms epitaxial growth of the 

film; c) A high resolution HAADF image of NCMO/STO interface; d) FFT patterns from the NCMO 

film (top) and STO substrate (bottom). The weak superstructure spots marked with the white arrows 

in the FFT from the NCMO film show the presence of Mn/Co cation ordering. 

Magnetization measurements of the A2CoMnO6 and A2NiMnO6 thin films 

Figure S3 displays the temperature dependence of magnetization, M(T), measured at 

external field H=1 kOe of the A2CoMnO6/STO (111) (A= La, Pr, Nd, Sm, Gd) double per-

ovskite film series. One can see that all films exhibit paramagnetic-to-ferromagnetic tran-

sition with the corresponding Curie temperatures, TC, calculated from the minimum of 

the temperature coefficient of magnetization, TCM = (1/M)(dM/dT). The obtained TC val-

ues are in agreement with previous results for double perovskite A2CoMnO6 thin films 

and bulk samples [1–7] with a high degree of B-site ordering due to ferromagnetic Co2+-

O-Mn4+ super-exchange interaction. Note, that partially B-site disordered A2CoMnO6 dou-

ble perovskites display an additional transition at lower temperatures due to antisite dis-

order and vibronic Co3+-O-Mn3+ superexchange interaction [3–7]. Since point defects and 

antiphase boundaries (APBs) create antiferromagnetic Co2+-O-Co2+ and Mn4+-O-Mn4+ in-

teractions, the ferromagnetism for B-site disordered A2CoMnO6 double perovskites is 

weakened. Moreover, one can see a strong difference between the field-cooled (FCC) and 

the zero-field-cooled (ZFC) M(T) curves, indicating, probably, a competition between fer-

romagnetic and antiferromagnetic interaction for all the A2CoMnO6 films [2,4,6,8,9]. This 

well-known behavior for B-site ordered A2CoMnO6 double perovskites [2–5] is assigned 

to antiphase boundaries (APBs) within the lattice, subdividing antiferromagnetically cou-

pled B-site ordered clusters [2,9]. For the GCMO film an antiferromagnetic coupling of the 

Gd3+ ions with the B-site cations sets in for T < 50 K [10]. 
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Figure S3. Temperature dependent M(T) magnetization curves (FCC and ZFC, H=1000 Oe) of the 

A2CoMnO6/STO (111) (A= La, Pr, Nd, Sm, Gd) double perovskite thin film series. 

Figure S4 presents the temperature dependent M(T) magnetization curves of the 

A2NiMnO6/STO (111) (A= La, Pr, Nd, Sm, Gd) double perovskite film series measured for 

H=10 kOe as field-cooled (FCC) and zero-field-cooled (ZFC) curves. All films exhibit one 

paramagnetic-to-ferromagnetic transition with Curie temperatures TC corresponding to 

previous results for the A2NiMnO6 double perovskites [1,11]. The difference between the 

FCC and ZFC curves is reduced at H = 10 kOe. In contrast to the A2CoMnO6 series, the 

discrepancy for the FCC and ZFC curves is already small for H = 1 kOe for the A2NiMNO6 

series, as for example for LNMO [12]. An exception is the NNMO film: here for T < 30 K 

the magnetization decreases due to an antiferromagnetic spin-orbit interaction of the Nd3+ 

cations with the B-site cations [11]. A specific behavior is observed for the GNMO film for 

temperatures T < 50 K with a strong paramagnetic contribution of the Gd3+ cations, super-

imposing the ferromagnetic signal [11,13]. 
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Figure S4. Temperature dependent M(T) magnetization curves (FCC and ZFC, H=10000 Oe) of the 

A2NiMnO6/STO (111) (A= La, Pr, Nd, Sm, Gd) double perovskite thin film series. 

Table S1. Magnetic characteristics of Co- and Ni-series films. 

Double 

perovskite 

MS 

(mB/f.u.) 

MRem 

(mB/f.u.) 

Hc  

(kOe) 

Double 

perovskite 

MS 

(mB/f.u.) 

MRem 

(mB/f.u.) 

Hc  

(kOe) 
LCMO 5.92(10) 3.94(5) 6.8(2) LNMO 5.00(10) 0.19(5) 0.25(2) 

PCMO 6.01(10) 4.73(5) 9.8(2) PNMO 5.13(10) 0.87(5) 0.55(2) 

NCMO 5.81(10) 4.28(5) 10.9(2) NNMO 5.07(10) 1.28(5) 1.76(2) 

SCMO 5.94(10) 4.03(5) 18.1(2) SNMO 5.07(10) 2.23(5) 1.05(2) 

GCMO 18.19(10) 1.56(5) 2.5(2) GNMO 18.94(10) 1.34(5) 0.45(2) 

YCMO 4.75(10) 2.9(5) 22.6(2) YNMO 5.12(10) 1.19(5) 0.79(2) 
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