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With the development of quantum spintronic devices, the ability to control both spin and charge degrees 

of freedom in nano-electronics is a forefront necessity [1]. Characterization of two-dimensional (2D) 

semiconducting magnetic materials is an important area of research due to their low-dimensionality and 

versatility. However, the atomic scale transformations for quantum materials have yet to be thoroughly 

explored. Quantum systems often have phase transitions at low temperatures, altering their atomic 

ordering and electron spin. The competition of phases can often lead to changes in magnetic states and 

structural heterogeneity [2]. Scanning Transmission Electron Microscopy (S/TEM) is an advantageous 

way to perform atomic-scale imaging and spectroscopy measurements. In order to explore the low-

temperature phase phenomena, cryogenic STEM (cryo-STEM) has been developed in recent years to 

provide a technique that probes the complex states of quantum materials at liquid nitrogen temperatures 

from atomic to mesoscopic scales. 

 

Chromium trihalides (CrX3) form a group of 2D quantum materials with exemplary properties in which 

the magnetic state can depend sensitively on stacking and temperature. CrCl3, a chromium trihalide 

semiconductor with a Curie temperature at 16 K, above which it transitions from ferromagnetic to 

paramagnetic, has yet to be thoroughly investigated using STEM techniques. Previously, CrX3 materials 

have been reported to undergo phase transformation from a high-temperature monoclinic to low-

temperature rhombohedral by X-ray powder diffraction [3,4]. In particular, CrCl3 is reported to have this 

transition around 230 K. Though CrBr3 is demonstrated to experience the expected structural transition 

via 4D-STEM, STEM imaging by Ray et al. suggests CrI3 does not undergo phase transformation to 

rhombohedral at low temperatures, but there exists 0 ° and ±120 ° monoclinic variants that can appear to 

have three-fold symmetry resembling the rhombohedral phase due to stacking [5]. This fascinating 

structural disparity could be applicable to other CrX3 materials, altering previously established 

preconceptions. In this work, we elucidate the structural changes for low-dimensional CrCl3 both at 

room temperature and cryogenic temperatures. 

 

We obtain low-dimensional CrCl3 flakes 10 to 20 nm in thickness via mechanical exfoliation. The 

sample is deposited on a holey carbon copper TEM grid and coated with ≈ 2 nm of amorphous carbon to 

improve contrast. Subsequently, the sample is imaged in STEM mode at 200 kV with a convergence 

semi-angle of 27.4 mrad and an annular dark field (ADF) collection angle of 68 to 280 mrad. Atomic 

resolution STEM ADF images are obtained both at 295 K and 99 K, with the latter temperature well 

below the predicted structural transition temperature of 230 K. Furthermore, selected area diffraction 

(SAD) is used to confirm structural changes and variations observed. Notably, the structure for CrCl3 at 

the two temperatures studied (295 K and 99 K) are structurally congruous, which deviates from previous 

phase predictions. Our experiments show structural similarities between CrI3 and CrCl3 in retaining the 

monoclinic structure with rotational variants creating a three-fold-like symmetry in the diffraction 

pattern when stacked. Distinct structural transformations of CrCl3 as well as its implications for future 

device integration will also be discussed. [6] 
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