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Introduction 

2-Dimensional Layered Materials (2DLM) have recently gained outstanding attention due to their unique behavior, assured by material’s topology, and especially their compatibility with existing Si-nanofabrication technology. A new class of 2DLMs – a family of transition metal carbides and nitrides, called MXenes – was recently discovered by one of us. These materials, having the same topology as chalcogenides, hBN and graphene-family (the materials that have already proven scientific impact), are expected not only to share many properties with the other 2DLMs, but add a number of unique features and/or useful property combinations (e.g., chemically tunable surface combined with high conductivity and high strength, optical and magnetic properties), which are not available in presently known 2DLMs.
The Cr-based MXenes, Crn+1Cn and Cr2TiC2 have been predicted in recent DFT studies to show ferromagnetic behavior.  We emphasize that magnetic ordering has yet to be experimentally observed in any MXene system. Besides characterization of Crn+1Cn family, MXenes with Cr alloyed on the M-site are of interest, such as (Cr:Ti)n+1Cn.
Experimental.

During the first week at the MagLab we set the goal to measure magnetization of Cr2MC2 materials, with varying single M=Ti,V,Mn element, to understand the magnetic susceptibility within this MXene family. For this we began with taking AC susceptibility data vs. T, and H for several AC frequencies. 
Results and Discussion


Temperature and field dependence of AC magnetic susceptibility of three samples of three different Cr-based MXenes, namely, Cr2TiC2, Cr2VC2, and Cr2(Ti0.8Mn0.2)C2 were measured at MagLab. 
By comparing the (’(T) dependencies for different samples, we found that substituting Ti with V and Mn strongly affects magnetic properties of the materials. While both Cr2TiC2 and Cr2(Ti0.8Mn0.2)C2 samples exhibit negative (’ (diamagnetic), that of Cr2VC2 is positive (paramagnetic) in all the measured temperature range (1.6 K – 50 K). Furthermore, relatively small amount of Mn dopants in Cr2(Ti0.8Mn0.2)C2 substantially changes the (’ shape as compared to Cr2TiC2 samples. 

We found that the magnitude of (’ is decreases with increasing external field strength (H) for all the 3 samples. Moreover, the crossover temperatures for (’(H) dependence are different for all the three samples, namely: ~50 K for Cr2TiC2, ~10 K for Cr2VC2, and ~ 30 K for Cr2(Ti0.8Mn0.2)C2. More detailed structure investigation would be useful to further explain structure-magnetic properties correlation.
The magnitude of (’ was found to vary with the AC frequency (with decreasing signal-to-noise ratio at a lower frequency) while the shape of (’(T) was found to not depend on the frequency. Thus it seems like dynamics effects were not observed so far.
Conclusions

In MXenes three atomic layers of transition metals are interleaved with carbon. In our samples the Cr atoms occupy the outer layers (while Ti, V, or Ti/Mn are filling the middle).  Due to the wet synthesis of MXenes, water molecules exist between MXene layers. The water molecules were found to significantly affect the magnetic behavior of both Cr2TiC2 and Cr2(Ti0.8Mn0.2)C2 MXenes. 


In contrast with our recent report on double-transition metal carbides Mo2TiC2, Mo2Ti2C3, and Cr2TiC2 suggesting that (inner layer) Ti atoms have insignificant effect on (electrochemical) behavior (Anasori, ACS Nano 2015), the results obtained in MagLab experiments prove it matters for magnetic properties. 
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