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Ⅲ. Significance, aim, originality and expected outcome of this work (including why you need Photon Factory)  

The main aim of this proposal is to understand the mechanism of magneto-structural transformation in AXMn3 

(X = C and A = Ga, Sn, In, Ge) type antiperovskites by studying XAFS of constituent elements as a function of 

temperature. These materials undergo magnetic transformation from either paramagnetic to ferrimagnetic or 

ferromagnetic to antiferromagnetic phase depending on the A site atom. The magnetic transformation is also 

associated with cubic-cubic volume discontinuous structural transition. Being a cubic-cubic transformation, 

diffraction techniques have limited scope to explain the magneto-structural transformation especially since 

the magnetic order is antiferromagnetic or ferrimagnetic. Secondly, the magneto-structural transformation is 

believed to be dependent on Mn-C hybridization. Therefore, what is the role of A site atom in modulating the 

magnetic ordering? How does the hybridization between Mn and C atoms change during the 

magneto-structural transformation?  To seek answers to these questions XAFS (XANES + EXAFS) 

investigations as a function of temperature in these antiperovskite materials are proposed.  

 

We propose to study Mn K and Ga K EXAFS in the high volume and low volume phases of GaCMn3. These 

studies will allow us to determine Mn-C nearest neighbor and Mn-Mn next nearest neighbor bond distances 

and map any kind of local structural disorder that takes place as a result of first order magnetic transition. 

Study of XANES at the Mn and Ga K edges will shed light on changes in hybridization taking place between the 

nearest neighbors.  

 

A change in magnetic nature of first order magnetic transition can be achieved by substitution at the A site. 

For example the transformation which is from ferromagnetic to antiferromagnetic type in GaCMn3 changes to 

paramagnetic to ferrimagnetic in SnCMn3. A temperature dependent study of local structural study around the 

metal ions in compounds of the type A1-xA’xCMn3 (A and A’ = Ga, Sn, Ge, In) will enable to develop an 

understanding of the factors responsible for the above change in magnetic transformation.  

 

Therefore it is also proposed to conduct temperature dependent EXAFS study across magnetic 

transitions in above class of materials. With these proposed experiments we intend to unravel all 

factors responsible for magneto-structural transformation in AXMn3 type antiperovskites. 
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Ⅳ. Proposed experimental method and layout (schemes can be included). The reason why you choose 

the station or required beam specification (photon energy, flux, beam size, etc). Justify the requested 

amount of beam time. 

 

 

It is planned to record Mn K edge XAFS in transmission at four different temperatures. XAFS 

data will be recorded from -200 eV to about 1000 eV with respect to the absorption edge.  

 

The following compounds belonging to GaCMn3 type antiperovskites prepared by solid state 

reaction will be taken up for EXAFS study:  

 

Ga1-ySnyCMn3 (y = 0, 0.2, 0.4, 0.5, 0.6, 0.8 and 1). 

Ga1-yGeyCMn3 (y = 0.1, 0.2, 0.3, 0.4 and 0.5) 

Sn1-yZnyCMn3 (y = 0.2, 0.4, 0.5, 0.6, 0.8 and 1) 

Ga1-yInyCMn3 (y = 0.1, 0.2, 0.4, 0.6, 0.8, 0.9 and 1)  

 

 

Mn K edge energy is 6539 eV and Ga K edge at 10367 eV Other metal ions except Sn and In also 

have their K edge energies in the range 10 – 11 KeV which are perfectly  suited for XAFS 

beamline 12C at Photon Factory. This beamline has the facility of recording XAFS at several 

temperatures below room temperature right down to 10K.   

 

Total time proposed is calculated as follows: 

- Total no. of scans at Mn K edge (25 samples) at each temperature – 25  

- Total no. of temperatures - 4 

- Time for one XAFS (XANES + EXAFS) scan in transmission mode – 1 h each 

- Total time for XAFS – 100 hours 

- Total time for EXAFS at K edges of other metal ions – 12 hours 

- Time for beamline alignment etc – 2 hours 

- Time taken for cryostat cooling and warming – 6 hours  

 

Total beamtime requested at the XAFS beamline 120 hours (15 shifts) 

 

Ⅳ. Proposed experimental method and layout (schemes can be included). The reason why you choose 
the station or required beam specification (photon energy, flux, beam size, etc). Justify the requested 
amount of beam time. 
 

 

 



担 当 者 ( )
Responsib le beam line staff's nam e

１.ス テ ー シ ョン 担 当 者 との 打 ち 合 わ せ は 済 み ま し た か ？

持 ち 込 む 装 置 、器 具 　 (Equipment you bring to PF）
None

施 設 に あ る 装 置 、器 具 　(Facilities and equipment in  PF）
BL 12C or BL 9C in transmission mode and low
temperature cryostat

２.実 験 タ イ プ は ？

実 験 責 任 者 Kaustubh  PRIOLKAR

Test experim entsBeginners
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Ⅸ .必 要 とす る 装 置 ・器 具  (Equipm ent to  be used）

Ｐ型 課 題 の 場 合 、以 下 の 項 目 を チ ェ ッ ク し て くだ さ い 。 For P  category applications

     W hich type o f app lication?

済 み  (Yes, I have) □ 初 心 者 型□
     H ave you consu lted w ith  responsib le beam line staff?

□ 予 備 実 験 型

Financial support will be sought from Govt. of India and Goa University

GaCMn3, Ga0.8Sn0.2CMn3, Ga0.6Sn0.4CMn3, Ga0.5Sn0.5CMn3, Ga0.4Sn0.6CMn3,  
Ga0.2Sn0.8CMn3 and SnCMn3 - safe to handle, no hazards 
 
Ga0.8Ge0.2CMn3, Ga0.7Ge0.3CMn3, Ga0.5Ge0.5CMn3 - safe to handle, no hazards 
 
Sn0.8In0.2CMn3, Sn0.6In0.4CMn3, Sn0.4In0.6CMn3, Sn0.2In0.8CMn3 - safe to handle, no
hazards 
 
Ga0.8In0.2CMn3, Ga0.6In0.4CMn3, Ga0.4In0.6CMn3, Ga0.2In0.8CMn3 and InCMn3 - safe to
handle, no hazards

20080442, 20100410, 20100638, 20110202, 20110513, 20130013

Ⅴ . 試料名(必須)、試 料 お よ び 実 験 法 に 関 す る 安 全 性 に 対 す る 記 述 、対 策  (化 学 、生 物 、放 射 線 、高 電 圧 、高 圧 ガ ス 、真 空 汚 染 等 )
    List of samples (Obligatory). Rem arks and safety m easures against possib le hazards (chem icals, b io log ical m aterials, rad iation,
    h igh vo ltage, h igh pressure, contam ination o f vacuum , etc.).

Ⅶ . PF出 版 デ ー タ ベ ー ス 登 録 番 号  (Registration num bers o f  your papers in  PF Pub lication DB )

Ⅷ . 外 部 資 金 獲 得 状 況  (F inancial support concern ing th is research pro ject)

Ⅵ . 本 申 請 に 係 わ る 先 行 課 題 で の 成 果 ・論 文 、本 申 請 に 関 わ る 試 料 ・装 置 の 準 備 状 況
    Accom plishm ent and/or pub lications in  your previous research program s in  re lated fie lds. Status o f sam ple/equ ipm ent preparation.

The Spokesperson and Local contact are both well versed with EXAFS technique and PF
beamlines. As a part of past proposals, PF beamlines 12C, 7C, 9C etc have been used to
record XANES and EXAFS on several type of compounds. In addition the Spokesperson has used
XAFS beamlines at different synchrotron centers like Elettra, SPring-8, Soliel, etc.
Several publications have resulted from these experiments and the registration numbers of
publications from PF beamline are given below. More papers are in review process or in
process of submission


