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ABSTRACT

In the present era of technology, materials science plays a crucial and indispensable role in

developing numerous advanced technologies across various sectors, including health, comput-

ing, defense, and many more. It is intriguing to note that magnetic materials belonging to a

distinct class of materials, exhibit a wide range of applications. The properties displayed by

magnetic materials are strongly influenced by factors such as the crystal structure, spin order,

and interaction. These characteristics can be thoroughly explored and examined using diffrac-

tion techniques like x-ray diffraction (XRD), powder neutron diffraction (ND), and magnetic

properties such as dc and ac magnetization and transport properties measurements. In the

area of magnetic materials, Heusler alloys have emerged as the most promising candidates in

contemporary research due to their high magnetic moment and high Curie temperature (above

room temperature). This is primarily used for applications in various fields such as spintronics,

thermoelectricity, shape memory alloys, and many more. The unique properties and versa-

tility of Heusler alloys make them highly attractive for further exploration and utilization in

cutting-edge technological advancements. In this context, we prepared Heusler alloys and in-

vestigated their structural and magnetic properties by performing various experiments varying

the temperature and magnetic field.

In this thesis, the structural and magnetic properties of Ni2Cr1−xMnxAl (x = 0, 0.25, 0.5)

Heusler alloys have been investigated using x-ray diffraction and magnetic susceptibility (χ–T)

(dc and ac), and isothermal magnetization measurements at low temperatures and high mag-

netic fields, respectively. The Rietveld refinement of x-ray diffraction patterns attribute the

coexistence of both phases of cubic (L21) and tetragonal (L10) structures, respectively. The

analysis of χ–T data show an irreversible behavior with the paramagnetic effective magnetic

moment (µeff) of about 1.6 µB/f.u. for the x = 0 sample. Interestingly, the χ–T curves of the

x = 0.25 and 0.5 samples show the broad bifurcation between zero-field-cooled and field-cooled,

which reveals the coexistence of ferromagnetic (FM) and antiferromagnetic (AFM) type mag-

netic interactions with increase of µeff = 2.3 and 3.3 µB/f.u., respectively. The inverse χ curves

are fitted using modified Curie-Weiss law, which indicates the enhancement of FM ordering

with Mn substitution, possibly due to the exchange interaction between Mn–Mn atoms. The

detailed analysis of magnetic isotherms using the modified Langevin model confirms the SPM

cluster embedded in the FM/PM matrix above the blocking temperature. Notably, suppress-

ing the bifurcation and shift in the magnetization towards low temperature by applying the

magnetic field may suggest the presence of spin glass behavior. This is further investigated by

analyzing ac–χ data and determining spin relaxation time using the Vogel–Fulcher law and a

critical-scaling approach to confirm the cluster glass-like behavior for both the x = 0.25 and

0.5 samples. Moreover, the low temperature-specific heat capacity presents anomalous behavior

with an increase in the Sommerfeld coefficient.
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Further, the investigation of the nuclear and magnetic structures in Heusler alloys has been

performed using the temperature-dependent powder neutron diffraction on the polycrystalline

inverse Heusler alloys Cr2Co(1−x)CrxAl (x = 0, 0.2). The nuclear and magnetic structures are

revealed by the Rietveld refinement of powder neutron diffraction patterns in the temperature

range 100–900 K, where the magnetic structure is obtained below 750 K temperature using the

space group I4̄m2 and wave vector (k = (0, 0, 0)). The inverse tetragonal structure is confirmed

and consistent over the large temperature range from 100–900 K of the x = 0 sample. Interest-

ingly, the transition temperature (730±5 K) is obtained with the fitting of the ordered magnetic

moment as a function of the temperature using empirical power law M(T) = M0 (1− T/TC)
β

and intensity of the (110) peak mimics the magnetization behavior by decreasing the intensity

as increasing the temperature. The spin configuration of the microscopic magnetic structure

suggests the fully compensated ferrimagnetic behavior where the magnetic moments of Cr2 are

antiparallel with respect to the Cr1, and Co moments. Moreover, the observed anomaly in the

lattice parameters at 730±5 K suggests that the distortion in the crystal structure may play an

important role in the magnetic phase transition.

Generally, some types of disorder are found in Heusler alloys; however, a few alloys show the

ordered structure. Therefore, we have prepared the quaternary Heusler alloy, and in-depth anal-

ysis has been performed on the structural and complex magnetic interaction across the phase

transition using the x-ray diffraction and magnetic data as a function of temperature and mag-

netic field of the quaternary CoFeV0.8Mn0.2Si Heusler alloy, respectively. The Rietveld refined

XRD pattern suggests that the sample is found to crystallize in a single-phase cubic Y-type

structure belonging to the space group F4̄3m (no. 216). The ferromagnetic nature is obtained

from the thermo-magnetization, recorded in the temperature range 300–700 K having the fer-

romagnetic transition temperature ≈446 K, which is found from the derivative of field-cooled

data. The saturation magnetization is found to be 2.2 µB/f.u. at 5 K, concur nearly with the

Slater–Pauling rule, a prerequisite for half-metallic nature. The values of asymptotic critical

exponents (β, γ, and δ) and the TC are extracted through detailed analytical analysis including

the Modified Arrott plot, the Kouvel-Fisher (K–F) method, and the Widom scaling relation.

Interestingly, the estimated values of β = 0.369 and γ = 1.445 closely approximate the theo-

retical values of the 3D Heisenberg model and validate the second-order thermodynamic phase

transition across the TC. The obtained exponents lead to the collapse of renormalized isotherms,

represented by the relationship between the magnetization (m) and the applied magnetic field

(h), into two distinct branches above and below the TC, which validates the reliability of the

analysis. Furthermore, these exponents suggest that the spin interaction follows a decay pattern

of J(r) ∼ r−4.99, indicating a short-range magnetic ordering akin to the itinerant-electron 3D

Heisenberg model.

To study the bulk properties of Heusler alloy in thin film form, we have successfully grown

an epitaxial thin film of Co2CrAl Heusler alloy on the single crystalline MgO(001) substrate



using a pulsed laser deposition system. The x-ray diffraction pattern in θ-2θ mode showed the

film growth in single phase B2-type ordered cubic structure with the presence of (002) and

(004) peaks and the film oriented along the direction of the MgO(001) substrate. The ϕ scan

along the plane (220) confirms the four-fold symmetry and the epitaxial growth relation found

to be Co2CrAl(001)[100]||MgO(001)[110]. The thickness of about 12 nm is extracted through

the analysis of x-ray reflectivity data. The isothermal magnetization (M–H) curves confirm the

ferromagnetic (FM) nature of the thin film having significant hysteresis at 5 and 300 K. From in-

plane M–H curves, the saturation magnetization values are determined to be 2.1 µB/f.u. at 5 K

and 1.6 µB/f.u. at 300 K, which suggests the soft FM behavior in the film having the coercive

field ≈522 Oe at 5 K. The thermo-magnetization (M–T) measurements at 500 Oe magnetic field

show the bifurcation between field-cooled and zero-field-cooled curves below around 100 K. The

normalized field-cooled magnetization curve follows the T2 dependency, and the analysis reveals

the Curie temperature around 335±11 K. Moreover, the decrease in the resistivity indicates

semiconducting behavior with the temperature and has a negative temperature coefficient of

resistivity (5.2 × 10−4 /K) in the film.



सार 

प्रौद्योगिकी के वर्तमान युि में, पदार्त गवज्ञान एक महत्वपूर्त और अपररहायत भूगमका गनभार्ा है स्वास्थ्य 

सगहर् गवगभन्न के्षत्ोों में कई उन्नर् र्कनीकोों को गवकगसर् करने में, कों पू्यग ोंि, रक्षा, और भी बहुर् कुछ 

है। यह ध्यान रखना गदलचस्प है गक चुोंबकीय सामगियोों के एक गवगिष्ट वित से सोंबोंगिर् सामगियाों, 

अनुप्रयोिोों की एक गवसृ्तर् शृ्ोंखला प्रदगितर् करर्ी हैं। चुोंबकीय सामगियोों द्वारा प्रदगितर् िुर् ऐसे 

कारकोों से काफी प्रभागवर् होरे् हैं , जैसे गिस्टल सोंरचना, स्पस्पन िम और इों रैक्शन। एक्स-रे गववर्तन 

(XRD), पाउडर नू्य र ॉन गववर्तन (ND), और चुोंबकीय िुर्, डीसी और एसी चुोंबकत्व और पररवहन 

िुर् माप जैसी गववर्तन र्कनीकोों का उपयोि करके इन गविेषर्ाओों को िहनर्ा से खोजा और जाोंचा 

जा सकर्ा है।  चुोंबकीय सामिी के के्षत् में, हेस्लर समसामगयक अनुसोंिान में, गमश्िारु्एँ उच्च 

चुोंबकीय क्षर् और उच्च कू्यरी र्ापमान (कमरे के र्ापमान से ऊपर) सबसे आिाजनक उम्मीदवार 

के रूप में उभरी हैं। इसका उपयोि मुख्य रूप से गवगभन्न के्षत्ोों जैसे स्पस्पों र ोगनक्स, र्मोइलेस्परर गस ी, 

आकार मेमोरी गमश् िारु् और कई अन्य के्षत्ोों में अनुप्रयोिोों के गलए गकया जार्ा है। हेस्लर गमश् िारु् 

की अगद्वर्ीय िुर् और बहुमुखी प्रगर्भा उन्हें आिे की खोज के गलए अत्यगिक आकषतक बनार्ी है 

और अत्यािुगनक र्कनीकी प्रिगर् के गलए उपयोि कररे् हैं| इस सोंदभत में, हमने हेस्लर गमश् िारु्ओों 

को रै्यार गकया और र्ापमान और चुोंबकीय के्षत् को बदलने वाले गवगभन्न प्रयोि कायत करके उनके 

सोंरचनात्मक और चुोंबकीय िुर्ोों की जाोंच की। 

इस र्ीगसस में, Ni2Cr1−xMnxAl (x = 0, 0.25, 0.5) हेस्लर गमश् िारु्ओों के सोंरचनात्मक और 

चुोंबकीय िुर्ोों को एक्स-रे गववर्तन और चुोंबकीय सोंवेदनिीलर्ा (χ-T) (डीसी और एसी) और 

आइसोर्मतल चुोंबकीयकरर् का माप िमिः  कम र्ापमान, और उच्च चुोंबकीय के्षत् पर उपयोि कररे् 

हुए जाोंच की िई है। एक्स-रे गववर्तन पै नत का रर वेल्ड िोिन इसका शे्य देर्ा है की िमिः  घन 

(L21) और चरु्ष्कोर्ीय (L10) सोंरचनाओों के दोनोों चरर्ोों का सह-अस्पस्तत्व है। χ-T डे ा का गवशे्लषर्, 

x = 0 नमूने के गलए लिभि 1.6 µB/f.u. के प्रभावी चुोंबकीय क्षर् (µeff) के सार् एक अनुत्क्रमर्ीय 

व्यवहार गदखार्ा है। गदलचस्प बार् यह है गक x = 0.25 और 0.5 का χ-T वि नमूने िून्य-फील्ड-

कूल्ड और फील्ड-कूल्ड के बीच व्यापक गवभाजन गदखारे् हैं, जो िमिः  µeff = 2.3 और 3.3 µB/f.u. 

की वृस्पि के सार् लौहचुोंबकीय (एफएम) और प्रगर्लौहचुोंबकीय (एएफएम) प्रकार चुोंबकीय 

अोंर्ः गियाओों के सह-अस्पस्तत्व को प्रक  करर्ा है। वु्यत्क्रम χ वि सोंिोगिर् कू्यरी-वीस गनयम का 

उपयोि करके गफ  गकया िया है, जो इोंगिर् करर्ा है Mn प्रगर्स्थापन के सार् एफएम ऑडतर में 



वृस्पि, सोंभवर्ः  Mn-Mn परमारु्ओों के बीच परस्पर गवगनमय अोंर्ः गियाओों के कारर् है। सोंिोगिर् 

लैंिगवन मॉडल का उपयोि करके चुोंबकीय समर्ाप रेखाओों का गवसृ्तर् गवशे्लषर् अवरुि र्ापमान 

के ऊपर एफएम/पीएम मैग रक्स में एमे्बडेड एसपीएम क्लस्टर की पुगष्ट करर्ा है। गविेष रूप से, 

चुोंबकीय के्षत् को लािू करके कम र्ापमान की ओर गद्वभाजन और चुोंबकीकरर् में बदलाव को दबाने 

से स्पस्पन ग्लास व्यवहार की उपस्पस्थगर् का सुझाव गमल सकर्ा है। इसे आिे एसी-χ-डे ा का गवशे्लषर् 

करके और वोिेल-फुलचर कानून और गिग कल-से्कगलोंि दृगष्टकोर् का उपयोि करके स्पस्पन गवश्ाम 

समय का गनिातरर् करके दोनोों x = 0.25 और 0.5 नमूनोों के गलए क्लस्टर ग्लास जैसे व्यवहार की 

पुगष्ट करने के गलए जाोंच की जार्ी। 

आिे, हेसलर गमश् िारु्ओों में परमारु् और चुोंबकीय सोंरचनाओों की जाोंच र्ापमान पर गनभतर पाउडर 

नू्य र ॉन गववर्तन का उपयोि पॉलीगिस्टलाइन इनवसत हेस्लर गमश् िारु्ओों Cr2Co(1−x)CrxAl (x = 0, 

0.2) पर गकया िया है। परमारु् और चुोंबकीय सोंरचनाओों को र्ापमान सीमा 100-900 K में पाउडर 

नू्य र ॉन गववर्तन पै नत के रर वेल्ड िोिन द्वारा प्रक  गकया जार्ा है, जहाों से्पस समूह I-4m2 और 

र्रोंि वेरर (k = (0, 0, 0)) का उपयोि करके चुोंबकीय सोंरचना को 750 K र्ापमान से नीचे प्राप्त 

की जार्ी है। वु्यत्क्रम चरु्ष्कोर्ीय सोंरचना की पुगष्ट की जार्ी है और x = 0 नमूने के बडे र्ापमान 

सीमा 100-900 K पर सुसोंिर् होर्ी है। गदलचस्प बार् यह है गक सोंिमर् र्ापमान (730±5 K) 

आदेगिर् चुोंबकीय क्षर् की गफग ोंि के सार् प्राप्त गकया जार्ा है इमे्पररकल िस्पि गनयम M(T) = 

M0(1 − T/TC)β का उपयोि करके र्ापमान का एक फलन β और (110) गिखर की र्ीव्रर्ा र्ापमान 

बढाने के रूप में र्ीव्रर्ा को कम करके चुोंबकीयकरर् व्यवहार की नकल करर्ी है। सूक्ष्म चुोंबकीय 

का स्पस्पन गवन्यास सोंरचना पूरी र्रह से मुआवजा फेररमैगे्नग क व्यवहार का सुझाव देर्ी है जहाों Cr2 

का चुोंबकीय क्षर् Cr1 और Co चुोंबकीय क्षर्ोों के सोंबोंि में गवरोिी हैं। इसके अलावा 730±5 K पर 

जाली मापदोंडोों में देखी िई गवसोंिगर् से पर्ा चलर्ा है गक गवरूपर् गिस्टल सोंरचना में चुोंबकीय चरर् 

सोंिमर् में एक महत्वपूर्त भूगमका गनभा सकरे् हैं। 

आम र्ौर पर, हेसलर गमश् िारु्ओों में कुछ प्रकार के गवकार पाए जारे् हैं; हालाोंगक, कुछ गमश् िारु् 

आदेगिर् सोंरचना गदखारे् हैं। इसगलए, हमने चरु्िातरु्क हेसलर गमश् िारु् रै्यार की है, और िमिः   

एक्स-रे गववर्तन और चुोंबकीय डे ा का उपयोि करके चरर् सोंिमर् में सोंरचनात्मक और जग ल 

चुोंबकीय अोंर्ः गियाओों का र्ापमान और चुोंबकीय के्षत् के एक फलन के रूप में चरु्िातरु्क 

CoFeV0.8Mn0.2Si हेसलर गमश् िारु् का िहन गवशे्लषर् गकया िया है।  रर वेल्ड पररषृ्कर् 



एक्सआरडी पै नत से पर्ा चलर्ा है गक नमूना गिस्टलीकृर् करने के गलए अोंर्ररक्ष समूह F-43m 

(सोंख्या 216) से सोंबोंगिर् एकल-चरर् घन Y- प्रकार की सोंरचना में पाया जार्ा है। लौह-चुोंबकीय 

प्रकृगर् र्मो-चुोंबकीकरर् से प्राप्त होर्ी है, जो र्ापमान सीमा 300-700 K में दजत की जार्ी है गजसमें 

लौहचुोंबकीय सोंिमर् र्ापमान ≈446 K, जो फील्ड-कूल्ड डे ा के वु्यत्पन्न से पाया जार्ा है। 5 K पर 

सोंरृ्स्पप्त चुोंबकीयकरर् 2.2 µB/f.u. पाया जार्ा है, जो लिभि से्ल र-पॉगलोंि गनयम से मेल खार्ा है, 

जो अित-िारु् प्रकृगर् के गलए एक िर्त है। स्पिोनु्मख गिग कल घार्ाोंक (β, γ, और δ) के मूल्य और 

TC को सोंिोगिर् अरो  प्लॉ  सगहर्, कौवेल-गफिर (K-F) गवगि, और गवडोम से्कगलोंि सोंबोंि से गवसृ्तर् 

गवशे्लषर्ात्मक गवशे्लषर् के माध्यम से गनकाला जार्ा है। गदलचस्प बार् यह है गक β = 0.369 और 

γ = 1.445 के अनुमागनर् मूल्य 3 डी हाइजेनबित मॉडल के सैिाोंगर्क मूल्योों का बारीकी से अनुमान 

लिारे् हैं और TC में दूसरे िम के र्मोडायनागमक चरर् सोंिमर् को मान्य करर्ा है। प्राप्त घार्ाोंक 

पुनसातमान्यीकृर् समर्ाप रेखाओों के पर्न की ओर ले जारे् हैं, चुोंबकीयकरर् (m) और लािू चुोंबकीय 

के्षत् (h) के बीच सोंबोंि द्वारा दिातया िया है, TC के ऊपर और नीचे दो अलि-अलि िाखाओों में, जो 

गवशे्लषर् की गवश्वसनीयर्ा को मान्य करर्ा है। इसके अलावा, इन प्रगर्पादकोों का सुझाव है गक स्पस्पन 

इों रैक्शन J(r) ~ r −4.99 के क्षय पै नत का अनुसरर् करर्ा है, जो एक छो ी दूरी के चुोंबकीय िम के 

समान भ्रमर्-इलेरर ॉन 3 डी हाइजेनबित मॉडल का सोंकेर् देर्ा है।  

पर्ली गफल्म के रूप में हेसलर गमश् िारु् के र्ोक िुर्ोों का अध्ययन करने के गलए, हमने स्पोंगदर् 

लेजर जमाव प्रर्ाली का उपयोि करके एकल गिस्टलीय MgO(001) सब्स र े  पर Co2CrAl हेसलर 

गमश् िारु् की एक एगप ैस्पक्सयल पर्ली गफल्म को सफलर्ापूवतक गवकगसर् गकया है। θ-2θ मोड में 

एक्स-रे गववर्तन पै नत ने (002) और (004) चोग योों की उपस्पस्थगर् के सार् एकल चरर् B2-प्रकार 

आदेगिर् घन सोंरचना में गफल्म की वृस्पि को गदखाया और गफल्म MgO(001) सब्स र े  की गदिा के 

सार् उनु्मख है। । पे्लन (220) के सार् में φ सै्कन चार िुना समरूपर्ा और एगप ैस्पक्सयल िोर् सोंबोंि 

Co2CrAl(001)[100]।।MgO(001)[110] की पुगष्ट करर्ा है। एक्स-रे परावर्तन डे ा के गवशे्लषर् के 

माध्यम से लिभि 12 nm की मो ाई गनकाली है। समर्ापीय चुोंबकीयकरर् (एम-एच) वि 5 और 

300 K पर महत्वपूर्त गहसै्टररसीस वाली पर्ली गफल्म की फेरोमैगे्नग क (एफएम) प्रकृगर् की पुगष्ट 

कररे् हैं। इन-पे्लन M-H विोों से, सोंरृ्स्पप्त चुोंबकीयकरर् मान िमिः  5 K और 300 K पर 1.6 µB/f.u 

और 2.1 µB/f.u होने के गलए गनिातररर् गकए जारे् हैं, जो गफल्म में मुलायम FM व्यवहार का सुझाव 

देर्ा है गजसमें 5 K पर जबरदस्ती के्षत् ≈522 Oe है। र्मो-चुोंबकीयकरर् (M-T) माप, 500 Oe 

चुोंबकीय के्षत् पर फील्ड-कूल्ड और िून्य-के्षत्-ठों डा विोों के बीच गद्वभाजन 100 K के नीचे गदखारे् 



हैं। सामान्यीकृर् के्षत्-ठों डा चुोंबकीयकरर् वि T2 गनभतरर्ा का अनुसरर् करर्ा है, और गवशे्लषर् से 

कू्यरी र्ापमान (TC) लिभि 335±11 K का पर्ा चलर्ा है। इसके अलावा, प्रगर्रोिकर्ा में कमी 

र्ापमान के सार् अितचालक व्यवहार को इोंगिर् करर्ी है, और गफल्म में प्रगर्रोिकर्ा का नकारात्मक 

र्ापमान िुर्ाोंक (5.2 × 10−4 /K) है।  
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Organization of Thesis Chapters

The research conducted for this thesis is structured into seven chapters, each exploring different

aspects of the topic. A concise overview of all the chapters is provided below, highlighting the

key outcomes made in each one.

Chapter 1 of the thesis provides an introduction to Heusler alloys, with a primary focus on

their structural properties and an examination of potential structural disorder. It also presents

the fundamental properties of these alloys and includes a comprehensive literature survey. The

subsequent section of the thesis delves into the critical behavior of Heusler alloys, emphasizing

a thorough review of previous studies conducted on cobalt-based and other Heusler alloys.

This analysis aims to analyze the magnetic interaction in the proximity of the ferromagnetic

transition temperature, particularly in the context of spintronics applications. Furthermore, it

highlights the motivation behind investigating different types of Heusler alloys, which exhibit

complex magnetic interactions at low temperatures, resulting in various magnetic features such

as spin glass and superparamagnetism. Lastly, the chapter provides a concise overview of thin

film Heusler alloys deposited on single crystalline substrates, utilizing different systems such as

pulsed laser deposition and sputtering techniques. This overview emphasizes the significance of

thin film systems in a wide range of applications.

Chapter 2 presents the experimental details for the synthesis of bulk and thin film of Heusler

alloys. For describing nicely this section, we divided the experimental part into two main

sections. Firstly, we described the process of preparing bulk Heusler alloys using an arc melting

under the protective environment of an argon gas. Secondly, we focused on the growth of an

epitaxial thin film of Heusler alloy. We utilized the cutting-edge pulsed laser deposition (PLD)

system to describe the deposition process of the thin film. The PLD system is equipped with an

ultra-high vacuum-compatible chamber connected to a load lock, enabling precise control over

the deposition process. Furthermore, we provide a detailed explanation of the characterization

techniques employed to analyze structural, magnetic, transport, and topographic properties of

our samples. These techniques include the following: high-resolution x-ray diffraction, scanning

electron microscopy, energy dispersive x-ray spectroscopy, powder neutron diffraction, atomic

force microscopy, superconducting quantum interference device (SQUID), and physical property

measurement system (PPMS).

Chapter 3 provides the detailed study of the structural and magnetic properties of the

Ni2Cr1−xMnxAl (x = 0, 0.25, and 0.5) Heusler alloys. Our analysis comprised dc and ac

susceptibility measurements (χ-T), isothermal magnetization measurements at low tempera-

tures and high magnetic fields, and x-ray diffraction. The Rietveld refinement of the x-ray

diffraction patterns at room temperature unveiled the coexistence of cubic (L21) and tetragonal

(L10) structures in the alloys. Notably, the χ-T curves of the sample with x = 0 exhibited



an irreversible behavior, showing an anomaly around 4 K. In contrast, the samples with x =

0.25 and 0.5 displayed a broad bifurcation between the zero-field-cooled and field-cooled curves,

along with non-saturating behavior in isothermal magnetization measurements. These observa-

tions indicated the coexistence of ferromagnetic (FM) and antiferromagnetic (AFM) magnetic

interactions. We employed the Curie-Weiss (CW) law to fit the inverse χ curves and deter-

mined the effective magnetic moment (µeff) for each sample. The µeff values were found to be

approximately 1.6, 2.3, and 3.3 µB/f.u. for the samples with x = 0, 0.25, and 0.5, respectively.

The increase in the effective moment and the shift from negative to positive CW temperature

indicated an enhancement of FM ordering with Mn substitution, possibly due to the exchange

interaction between Mn-Mn atoms. Further analysis of the magnetic isotherms using the modi-

fied Langevin model confirmed the presence of an interacting super-paramagnetic (SPM) matrix

at low temperatures. At higher temperatures, the model revealed SPM clusters embedded in the

paramagnetic (PM) matrix. Notably, the suppression of bifurcation and its shift towards lower

temperatures under an applied magnetic field suggested the presence of spin glass behavior. This

was supported by the analysis of ac-χ data and the determination of the spin relaxation time

using the Vogel-Fulcher law and a critical-scaling approach, which confirmed a cluster glass-like

behavior in both the samples with x = 0.25 and 0.5. Moreover, the low-temperature specific

heat capacity exhibited anomalous behavior, increasing the Sommerfeld coefficient (γ) observed

with Mn substitution. This behavior indicated the presence of cluster spin glass behavior.

Chapter 4 presents a detailed analysis of the temperature-dependent neutron diffraction pat-

terns of Cr2Co1−xCrxAl (x = 0, 0.2) inverse Heusler alloy. Our investigation aims to uncover

the microscopic magnetic structure of the alloy and explore its fully compensated ferrimagnetic

nature up to the phase transition temperature. The Rietveld refinement of the diffraction pat-

terns confirms the presence of an inverse tetragonal structure by using the I4̄m2 space group

across a wide temperature range of all the samples. The refinement of the magnetic phase with

a wave vector k = (0, 0, 0) reveals the ferrimagnetic nature of the samples. These transition

temperatures are determined by empirically fitting the variation in the ordered net magnetic

moment and the intensity of the (110) peak as functions of temperature. The spin configuration

of the microscopic magnetic structure indicates a nearly fully compensated ferrimagnetic behav-

ior, where the magnetic moments of Cr2 are antiparallel to those of Cr1 and Co. Additionally,

we observe an anomaly in the thermal expansion and lattice parameters at 730±5 K, suggesting

that the distortion in the crystal structure may play a significant role in the magnetic phase

transition.

Chapter 5 explores the critical phenomena displayed by a quaternary CoFeV0.8Mn0.2Si Heusler

alloy through measurements of dc susceptibility χ(T ) and isothermal magnetization (MH)

across paramagnetic to ferromagnetic transition temperature. The x-ray diffraction analysis

conducted at room temperature reveals that the sample possesses a single-phase cubic Y-type



structure, belonging to the F4̄3m (no. 216) space group. The magnetic properties, charac-

terized by the dc susceptibility χ(T ) and isothermal magnetization measurements, exhibit a

ferromagnetic behavior with a second-order thermodynamic phase transition from paramagnetic

to ferromagnetic at approximately 446 K. The saturation magnetization at 5 K is determined

to be 2.2 µB/f.u., as obtained from the isothermal magnetization. This value closely adheres to

the Slater-Pauling rule, indicating a half-metallic nature of the alloy. To investigate the critical

behavior in more detail, we calculate precise values of the asymptotic critical exponents (β, γ,

and δ) and the Curie temperature (TC) using various analytical methods such as the modified

Arrott plot, the Kouvel-Fisher (KF) method, and critical isotherm analysis. These values play

a crucial role in identifying the second-order thermodynamic phase transition and magnetic

interactions in the vicinity of TC . Furthermore, we employ the KF approach and the Widom

scaling relation to deepen our understanding of the system. The estimated values of β = 0.369

and γ = 1.445 closely align with the theoretical values of the 3D Heisenberg model. The renor-

malized isotherms, plotting magnetization (m) against the applied magnetic field (h), collapse

into two distinct branches above and below TC , further confirming the reliability and precision

of the obtained exponents and our analysis. Moreover, these exponents indicate that the spin

interaction decays as J(r)∼r(−4.99), suggesting a short-range ordering behavior characteristic of

the weak itinerant-electron 3D Heisenberg model.

Chapter 6 provides an investigation of the structural, magnetic, and transport properties of

an epitaxial thin film of Co2CrAl Heusler alloy. Using the pulsed laser deposition technique,

the film is grown on a single crystalline MgO(001) substrate. Analysis of the x-ray diffraction

pattern in θ-2θ mode reveals that the film exhibits a single phase with a B2-type ordered cu-

bic structure. The presence of (002) and (004) peaks indicates the film’s orientation along the

MgO(001) direction. Further confirmation of the epitaxial growth relation is obtained through

a ϕ-scan along the (220) plane, which exhibits four-fold symmetry. The epitaxial relation-

ship is identified as Co2CrAl(001)[100]||MgO(001)[110]. The film thickness is determined to be

approximately 12 nm based on the analysis of the x-ray reflectivity data. The isothermal mag-

netization (M-H) curves demonstrate the ferromagnetic (FM) nature of the thin film, showing

significant hysteresis at both 5 K and 300 K. The saturation magnetization values obtained

from the in-plane M − H curves are found to be 2.1 µB/f.u. at 5 K and 1.6 µB/f.u. at 300

K, indicating a soft ferromagnetic behavior. The coercive field is approximately 522 Oe at

5 K. Thermo-magnetization measurements conducted at a magnetic field of 500 Oe reveal a

bifurcation between the field-cooled and zero-field-cooled curves below approximately 100 K.

The normalized field-cooled magnetization curve follows a T2 dependency. Analysis of the data

yields a Curie temperature of approximately 335±11 K. Additionally, the low-temperature re-

sistivity measurements exhibit semiconducting behavior with temperature. Notably, a negative



temperature coefficient of resistivity (5.2 × 10−4/K) is observed in the film. Our findings pro-

vide valuable insights into the structural, magnetic, and transport properties of an epitaxial thin

film of Co2CrAl Heusler alloy grown on a MgO(001) substrate using pulsed laser deposition.

Chapter 7 serves as a comprehensive conclusion to our research endeavors to understand the

detailed structural and magnetic properties of Heusler alloys. Using various characterization

techniques, as discussed in the preceding chapters, we examined these alloys in bulk and thin

film forms. By synthesizing, we have done the investigations to understand the properties of

Heusler alloys. Our comprehensive analysis has shed light on our potential studies and provided

valuable insights for future research directions with the limitations and constraint encountered

during the research.


