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ABSTRACT 

We report on the electron spin resonance properties (ESR) of a van der Waals bulk CrBr3 single 

crystal. Angular and temperature dependent studies are performed in the range of the critical 

temperature for ferromagnetic order. The angular dependent data enable the determination of a 

strong uniaxial magnetic anisotropy constant, K with the easy axis of the magentization being 

paralellel to the crystallographic c axis. The peak-to-peak ESR linewidth below the Curie – 

temperature shows contributions from the term (3 cos2 θ - 1)2, thus suggesting the occurance of 

long-wavelength (q → 0) modes of spin fluctuations typical for 2D systems. Finally we analyse 

the temperature dependence of the double integrated ESR intensity, resonance field and 
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linewidth for the direction of the magnetic field parallel and perpendicular to the c easy axis. We 

determine the Weiss’s contants, the thermal dependence of K and observe the crossover region 

from linewidth narrowing to broadening approaching the critical temperature. Overall, our 

findings show that bulk CrBr3 single crystals behave like a 2D ferromagnet with uniaxial 

anisotropy.   

 

I. INTRODUCTION 

Van der Waals magnets are gaining interest because they can be exploited for making new 

devices in spintronics and optoelectronics.1-6  They are also interesting materials from the 

fundamental point of view because new quantum phenomena and topological phase transitions 

can be observed.7-11 Among the large family of 2D magnets, the series of chromium trihalides 

CrX3 ( X = Cl, Br and I) is one of the most investigated.12  

There is a long standing interest around Cr-based trihalides. For instance CrBr3 was the first 

ferromagnetic semiconductor found by Tsubokawa in 196013 whereas CrI3 was one of the first 

materials studied by ESR.12 Magnetic properties of the Cr-based trihalides have been reported by 

conventional magnetometer3,13, electron spin resonance12,14-18,  Raman spectroscopy19-23 as well 

as  theoretically predicted.24-26  

Their magnetic properties arise from the octahedrally coordinated Cr ions in the oxidation state 

+3 which leads to a spin S = 3/2 according to the Hund’s rule and quenched orbital magnetic 

moment. These octahedra form edge-sharing networks in the crystallographic ab plane resulting 

in a magnetic honeycomb lattice which interacts by van der Waals interactions along the c axis 

and are spaced by ~ 0.7 nm (Figure 1). 

Although Cr-based trihalides are structurally similar, surprisingly, they have rather different 

magnetic properties. CrBr3 and CrI3 show ferromagnetic interlayer coupling with Curie transition 

temperatures TC = 32.5 K and 16.8 K respectively, whereas CrCl3 shows a antiferromagnetic 

interlayer coupling with Néel temperature TN = 68 K.14 In addition, CrCl3 is an 2D-XY system 

with in plane easy axis of the magnetization,27 whereas for CrBr3 and CrI3 the magnetization 

favours an alignment perpendicular to the Van der Waals layers.28 

More recently, these materials have gained renewed interest within the research field of two 

dimensional materials because of their layer-dependent properties which makes them ideal as 

magnetic components within 2D heterostructure-based devices.3,29,30 For instance intrinsic 
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ferromagnetism has been reported in a monolayer of CrI3.
3 Moreover, interesting phenomena 

such as chiral phonons and giant magneto optical effects31, van der Waals stacking–dependent 

interlayer magnetism,32 magnon-assisted tunnelling 33 as well as light induced electron spin 

resonance properties in CrCl3 and CrI3
34 have been observed. Among these Cr-trihalides 2D 

magnets, CrBr3 is particularly appealing from the technological point of view because of its 

stability to air, 3,35 robust 2D ferromagnetism and strong out of plane magnetic anisotropy.36 In 

addition, heterostructure devices made by combining CrBr3 with other 2D materials such as 

transition metal dichalcogenides37,38 as well as SiC39, GeC40  graphene41 are currently under 

investigation. Notwithstanding, only a few ESR studies have reported so far16,17,42  and the 

understanding of magnetic anisotropy and spin model system in CrBr3 is still under 

investigation.36,43 

Here we report a comprehensive angular and temperature dependent ESR investigation of a bulk 

CrBr3 single crystal which enable the determination of the easy axis of the magnetization, the 

magnetic anisotropy constant, K, and symmetry, and to get insights on the spin-spin correlations 

and spin dimensionality.  

 

II. EXPERIMENTAL DETAILS 

Single crystals of CrBr3 were grown by the chemical vapor transport method and were mounted 

on a suprasil quartz rod and into a goniometer with ½ degree sensitivity for crystal rotation 

measurements. A flat crystal with surface size 2 x 3 mm2 and thickness < 1 mm was selected to 

avoid saturation and distortion of the ESR signal. The ESR spectra were recorded with a Varian 

E15 spectrometer coupled to a Bruker super high Q cavity operated at X-band (~ 9.4 GHz). The 

static magnetic field was modulated at 100 kHz with modulation amplitude of 4 Gauss. The 

magnetic field was monitored continuously with an electronic counter and a Hall probe. Sample 

temperatures in the range 4–300 K were obtained with an Oxford ESR 900 cryostat. A DPPH 

sample was used as reference to determine the g-factors. MatLab generated routines were used to 

fit the spectra. Peak-to-peak linewidths ∆𝐻 were calculated from the full-width half maximum 

∆𝐻1/2 obtained from the Lorentzian fit with the relation: ∆𝐻 = ∆𝐻1/2/ √3. 

  

III. RESULTS 
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A. ESR angular dependence 

The angular dependent electron spin resonance spectra for a CrBr3 single crystal at T = 30 K and 

55 K are reported in Figure 2. The crystal is rotated in the out-of-plane configuration, that is by 

rotating the crystal around crystallographic axis a with respect to the applied magnetic field H 

with rotation angle 𝜃H (Figure 1c). The spectra show a Lorentzian profile from where the 

magnetic resonance field, 𝐻𝑟 and peak-to-peak linewidth, Δ𝐻 as function of 𝜃H are obtained and 

reported in Figure 3.   

 

 

Figure 1. View of a single layer of the CrBr3 crystal structure along the c axis. The octahedra 

sharing two corners are indicated along with the a and b axes of the P3 unit cell. Color code: Br 

– orange and Cr – blue.  b)  Perpendicular uniaxial anisotropy in CrBr3. c) Representation of the 

configuration used for the angular dependent studies with rotation angles 𝜃H formed between the 

magnetic field direction H and the c axis. Precession of the magnetization vector M (green 

vector) around the magnetic field H (red vector) perpendicular to the microwave field H1 (blue 

double arrowed line) in the ESR experiment. The magnetization absorbs the microwave energy 

when the precession frequency matches the frequency of the microwave photons.   
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Figure 2 Angular dependent electron spin resonance spectra recorded at temperature T = 30 K 

which is close to Tc  (a) and for T = 55 K (b).   

 

For T = 30 K, the magnetic resonance field 𝐻𝑟 shows an axial-like symmetry with maxima and 

minima close to the crystallographic directions b and c, respectively. The data can be fitted to the 

equation: 

𝐻𝑟(𝜃𝐻) = 𝐻𝑖𝑐𝑜𝑠2(𝜃𝐻) + 𝐻0       (1) 

  

where Hi is the perpendicular internal anisotropy fields and H0 is a magnetic field offset. From 

the result of the fit we obtain Hi (30 K) = (55 ± 1) mT.  For T = 55 K, the spectra show a weak 

dependence with θ H, and the fitting to the Equation 1 provides Hi (55K) = (9.4 ± 0.2) mT.  

The angular dependence of the peak-to-peak ESR linewidth, ∆𝐻 for T = 30 and 55 K (Figure 3) 

shows in both cases a periodic evolution with maxima and minima centered around the axes c 

and b, respectively. We note that for T = 30 K, ∆𝐻 shows a broader minimum with respect to T = 

55 K. We fit the data by using the following general expression:15  

∆𝐻(𝜃𝐻) = A(3cos2(𝜃𝐻) −  1)2 +  B𝑐𝑜𝑠2(𝜃𝐻) + 𝛥𝐻0           (2) 

  

where the linewidth amplitude constants are: A = 5.6 mT (0.75 mT) and B =  83.7 mT (15.5 mT)  

and the offset ∆H0 = 127.8 mT (102 mT) for T = 30 K (55 K).   
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Figure 3 Angular dependence of the magnetic resonance field (a and c) and peak-to-peak 

linewidth (b and d) obtained from the Lorentzian fitting of the spectra in Figure 2 at T = 30 K 

and 55 K.  Circles and solid lines are the experimental data and simulations respectively (see 

text).  

 

B. ESR temperature dependence 

Temperature dependent spectra recorded for H ⊥ c and H // c are reported in Figure 4. In both 

cases the spectra show a Lorentzian lineshape from room temperature down to 30 K with a 

gradual increase of intensity. For T < 30 K the spectra evolve into multiple resonances across the 

whole magnetic field range investigated with an overall decrease of the signal which tent to 

vanish down to T = 5 K (not shown). For T < 150 K and H ⊥ c we observe that the spectra shift 

to higher fields with a small degree of broadening, whereas for H // c the spectra shift to lower 

fields with a significant linewidth broadening.  
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In Figure 5a the temperature dependence of the reciprocal of the double integrated area of the 

ESR signal proportional to the imaginary component of the magnetic susceptibility (χ) is shown. 

For H // c and H ⊥ c, χ-1 follows a linear dependence for T > 100 K while at lower temperatures it 

plateaus to zero. By fitting the data in the temperature region with linear dependence to the 

Curie-Weiss’s law χ-1 = C/(T + 𝜃𝑊), where C is the Curie constant and 𝜃𝑊 the Weiss constant, 

we obtain 𝜃𝑊
⊥

 ~ + (72 ± 8) K and 𝜃𝑊
∥ = + (89 ± 20) K for the H // c and H ⊥ c, respectively.  

 

Figure 4 Temperature dependence of the electron spin resonance spectra recorded for H ⊥ c (a) 

and H // c (b).   

 

The temperature dependence of Hr for H // c and H ⊥ c (hereafter 𝐻𝑟
⊥ and 𝐻𝑟

∥) are reported in 

Figure 5b. At room temperature, 𝐻𝑟
⊥ = 𝐻𝑟

∥ = 336.8 mT (g-value = 2.008) and they both depend 

on the temperature by only ~ 1 % for T > 150 K. At lower temperatures 𝐻𝑟
⊥ and 𝐻𝑟

∥ increases and 

decreases respectively in a non-linear fashion. Below 50 K, 𝐻𝑟
⊥ and 𝐻𝑟

∥ increases and decreases 

respectively by approaching the Curie temperature, TC ~ 30 K. The temperature dependence of 

Δ𝐻 for H // c and H ⊥ c (hereafter Δ𝐻⊥ and Δ𝐻∥) are shown in Figure 5c. At room temperature, 

Δ𝐻⊥ = 269.7 mT and Δ𝐻∥ = 266.6 mT. Upon cooling both Δ𝐻⊥ and Δ𝐻∥ decrease gradually in 

nearly linear fashion, reaching a minimum around 50 K. For T < 30 K the spectra evolve into a 

multi resonance spectra which makes the analysis of the resonance field and linewidth 

cumbersome.  
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Figure 5 Temperature dependence of χ-1 (a), 𝐻𝑟 (b), 𝐾 (c) and ΔH (d). Lines in (a) are fit to the 

Curie-Weiss law (see text). Continuous red curves in d) are fitting according to the Ginzburg-

Landau model (Equation 3).   

 

IV. DISCUSSION 

The angular dependent ESR studies performed at a temperature close to the Curie temperature TC 

(i.e.  T = 30 K) and above it (i.e. T = 55 K) reveal the direction of the magnetization axes as well 

as the strength of the magnetic anisotropy and symmetry. In particular, the sine-like dependence 

of the resonance field with the rotation angle θH indicates uniaxial magnetic anisotropy (Figure 

1b). When the direction of the magnetic field is parallel to the easy and hard axes, the resonance 

field reaches the minimum and maximum values respectively.44 Therefore, from the results in 

Figure 3 we assign the easy axis of the magnetization to the c direction and the hard axis to the 

perpendicular direction.16 The value of Hi obtained at T = 30 K is about 6 times larger than that 
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obtained at 55 K and reveal the temperature dependence of the magnetic anisotropy energy. 

From the relation: K(T) = ΔHr (T) Ms / 2, where Δ𝐻𝑟 =  𝐻𝑟
⊥ − 𝐻𝑟

∥, Ms if the saturation of the 

magnetization we estimate the anisotropy constant and its temperature dependence (Figure 5c) 

which increase from K ~ 1 KJ /m3 for T >  50 K to K ~ 20 KJ /m3 for T = 30 K .42   

The first and second terms in Equation 2 correspond to the empirical dependence of the 

linewidth observed for 2D and 3D systems weighted by the factors A and B respectively. By 

comparing A / B at T = 30 K and 55 K, we obtain an increase of the 2D contribution at 30 K by 

about 40 %. Thus, these outcomes point towards the observations of 2D correlations in a 

ferromagnetic CrBr3 single crystal16 resulting from the dominant contribution of the long 

wavelength modes at q ~ 0.15 The 2D correlation together with the out of plane easy axis of the 

magnetization (Figure 1b) are usually described by a simple Ising model. However, recent 

magnetic studies on few layer and monolayer have shown that CrB3 behaves like a XXZ magnet 

instead of a simple Ising 2D magnet.36 In addition, combined ESR and magnetic susceptibility 

studies of CrBr3 have ruled out XY-like magnetism and the occurrence of a Berezinsky – 

Kosterlitz – Thouless (BKT) transition.16 

 

The analysis of the temperature dependence of the double integrated ESR intensity in Figure 5a 

gives Weiss constants which are higher than the expected Curie temperature TC ~30 K.24,45 The 

discrepancy between the Weiss constants and TC is ascribed to the effect of the applied magnetic 

field ( ~ 0.3 T ) in the ESR experiment to lift the magnetic phase transition,46 to magnetic 

frustration47 or both.       

The g-value = 2.008 at room temperature is close to the free electron g-value which indicates that 

the orbital moment of Cr3+ is quenched. Therefore, the contribution of the magnetocrystalline 

anisotropy is expected to be small. The opposite temperature dependences of the resonance field 

observed for H ⊥ c and H // c are consistent with the angular dependent studies and support the 

assignment of the magnetization axes.    

Finally, we discuss the temperature dependence of the linewidth. It is worth noting that the ESR 

linewidth for CrBr3 has been already reported at 9 GHz,17 24 GHz17 as well as high ESR 

frequency (240 GHz).16 The comparison between these studies have highlighted the effect of the 

ESR linewidth broadening for increased magnetic fields near the critical temperature TC due to 
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magnetic field induced suppression of spin-spin correlation. In the regime of small magnetic 

fields such as that the H << Hexc, where Hexc is the exchange magnetic field, the linewidth is 

expected to increase for ferromagnets. However, the crossover from narrowing to broadening by 

approaching the critical temperature is rarely observed in ferromagnets and it has been reported 

to be suppressed for CrBr3. More specifically, ERS studies of CrBr3 at microwave frequencies 9 

GHz and 24 GHz have reported a crossover region around 50 K with a weak maximum of ~10 

mT for H // c whereas no crossover region was reported for H ⊥ c.17,42 Instead, our findings show 

that the crossover of the linewidth near the critical temperature can be observed for both 

orientations H // c and H ⊥ c , and increases with no sign of suppression up to ~ 25 mT and ~ 12 

mT respectively in agreement with theory.48   

Finally, we analyse the temperature dependence of the linewidth with the Ginzburg-Landau 

critical model for the ESR linewidth:  

                                                       (3) 

 

where Q is a constant and p is the critical exponent depending mainly on type and sign of the 

interaction and on the dimension and symmetry of the spin lattice considered.49 The second and 

third terms take into account the temperature dependence above TC. From the fitting we obtain p 

= 0.80 ± 0.04, TC = 29 ± 1 K and α = 0.5 for both orientations. The value obtained for p is close 

to the one reported previously for other layered antiferromagnetic materials,49 more specifically 

to the value reported for the same material system albeit at higher ESR frequency.16   

   

V. CONCLUSIONS 

In conclusion we have studied the magnetic properties of a bulk CrBr3 single crystal. By 

exploiting the high sensitivity of the ESR technique we have obtained information about the 

fundamental magnetic properties such as magnetic anisotropy easy axis, magnetic anisotropy 

constant and symmetry as well as about spin-spin correlation and spin dimensionality with the 

critical phase transition parameter. In addition, we have observed the crossover temperature 

dependence of the ESR linewidth with diverging broadening near the Curie temperature in 

∆𝐻(𝑇) =  
𝑄

(
𝑇

𝑇𝑐 − 1)
𝑝 + 𝑚𝑇𝛼 + ∆𝐻 
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agreement with the theory of ferromagnetic resonance. Overall, our findings show that CrBr3 

single crystal behaves like a 2D ferromagnet with strong uniaxial symmetry.  
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