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atomic matters

atomic properties and magnetism of solids vs. Material Prop erties

Some breakthroughs in Solid State Physics

« The relationship betwen colors and symmetry of complex’ metal ions
(H.A. Bethe, Ann. Phys. Lpz. 3 (1929) 133) /‘ | .{;. :
7 Y
« Modern Quantum description of paramagnetic state of complex metal ions
(J. Elliot, K. W. H. Stevens, Proc. Roy. Soc. A 215 (1953) 437, A 218 (1953) 553)

« Theoretical description of EPR spectra of transition metal ions
(A. Abragam and B. Bleaney 'Electron Paramagnetic Resonance of Transition...’ Clarendon Press, Oxford (1970)

* Detection of CEF states in intermetallic compounds by INS experiments
(70° 80’)

* Integration of calculation methods of spin-orbit and CEF |ﬁ“teract|on
(2003 R.J. Radwanski, Z. Ropka A novel approach to the crystal-field theory... arX|v org/'__
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atomic matters

atomic properties and magnetism of solids of atoms or ions in crystal
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atomic properties and magnetism of solids of CEF, spin-orbit and magnetic interactions
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atomic properties and magnetism of solids of Pr*3ion in PrRu,Si, calculated in |L,S,L,,S,>
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atomic properties and magnetism of solids of Pr*3 ion in PrRu,Si, calculated in differrent bases
E[K] | groundterm | energy levels |Ererg\,f Ei[meV]] E [K] |ground multiplet| energy levels |M| show transitions r
ool 0 | +3/| +4
2000 Prasecdymium
5000 [}‘:E ] 41:1
IL,S.L,.S,> J.J.> | =5; S=1; 1=4
1000 ground multiplet: YH4
_‘ - o=2110": p=—7.3 107"
_ H v=6110""
- tetragonal Dy Cy, D34 Dy ~
-1000 sign  value unit
2 B}=|- +|15512820fKk ~
N Bi=+ v|0.1152380¢ Kk ~
Bi=|+ v0.1047619( K ~
s 'Y Bi=|- +|0.0048529¢{Kk ~
: } Bi=| ~[0.0181985ik ~
ground state ground state = =




ICPMCS 2016: 18" International Conference on Physics, Mathematics and Computer Science - Dubai UAE. June 1-2, 2016

)

relative intensity [

atomic matters
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for Pr*3ion in PrRu,Si, - INS simmulated spectrum
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atomic properties and magnetism of solids of Pr*3ion in PrRu,Si, and expected values of <m;>
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atomic matters

atomic properties and magnetism of solids of localized electron systems
Occupation of higher states E, increases according to Mann statistics
exp(— £, J
N. =N K
Z

Z(T) = Tr[exp (— /(HT J] =Z exp(— i(;)J

F(T)=-k,T InZ(T)
ucr) = wen-1( 50 <y 2 [F};f;]
EAT)]

k,T

B

m(T') =‘ng2£2< J > exp[—

Where: aindex - is a directional component, i - numbers the Hamiltonian eigenstates, <J' >expected value
of the total angular momentum throughout the coating on the a axle in the i-th state.
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simulation for Pr*3 ions in PrRu,Si, single-crystal
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atomic matters

atomic properties and magnetism of solids
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atomic properties and magnetism of solids

g

Recalculation from isostructural compounds with known CEF parameters /4(
Point Charge Model CEF parameters estimation

Indirect studies from experimental results:

* Inelastic Neutron Scattering (INS)

« Optic, IR, UV Spectroscopy

« Mossbauer spectroscopy

« X-ray spectroscopy

« Theoretical structure calculation of charge distribution (DFT...) _

« Magnetic thermal studies (magnetic susceptibility, specific heat, R
magnetocrystalline anisotropy...) e
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Calculator
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atomic properties and magnetism of solids transformation of CEF parameters between different ions

base |L,S,.L,,S,> His =Heer + Hso +Hyeeman = ZZBfﬁf(L,LZ) +AL-S+ ug(L+g.S)-B,,;

base [J,J,> H, =Hr +Hyeorn :ZZB,:? 6?(-—]:-—]2) + G, 15 3B,y
CEF ZAm Vm A’I)J’;?A ) B: (‘LJZ): Q!(J){: .1:.;_} > A;n 92 =
i.m.n B:(]_‘_JL{): 9”(]_,)"-‘-:;"::,‘} }A;‘?‘.‘ 04 i

The recalculations of CEF parameters B,™ are passible in isostructural series according to scheme:

B" > A" > B

n n

known parameters set for another ion
defined ion in CEF
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Ag?*ion in Cs,AgF,
Ce3*ion in Ce,Fe,,B
Ce3* ion in CeAs
Ce3* ion in CeBi
Ce3* ion in CeFeAsO
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Ce®* ion in CeRu,Ge,
Ce3* ion in CeRu,Si,
Co®*ion in LaCoO,

Cu?* Cu(C,HgN,),Ni(CN),

Dy3* ion in Dy,Fe,,
Dy®* ion in DyCl,
Dy®* ion in DyNi,
Dy®* ion in DyNi,

Dy3* ion in DyRu,Si,

Dy3* ion in ethyl sulfate

Dy3* ion in LaCl,
Dy3* ion in Dy,Co,-,
Er3*ion in Er,Fe ,B

Er3*ionin Er,Fe,

Er3*ion in ErAl,
Er3*in ErBa,Cu;0,
Er3*ionin ErCo,
Er3*ion in ErFe,
Er3*ion in ErNi,
Er3* in ErNi,B,C
Er3*ion in ErNig
Er3*ion in ErNiAl
Er3*ion in ErP
Er3*ion in ErRh
Er3* in ErRu,Si,
Er3* in ethyl sulfate
Er3*ionin LaBr,
Er3*ion in LaCl,
Fe?* ion in FeBr,
Ho3* ion in Ho,Fe,,
Ho3* ion in HoCo,
Ho3* ion in HoFe,
Ho3* ion in HoNi,
Ho3* ion in HoNig
Ho3* ion in HoP
Ho3* ion in HORh
Ho3* in HoRu,Si,
Mn3*iin LaMnO,

of material properties in paramagnetic satate

Nd3* in Nd,Co,
Nd3* ion in NdCl,
Nd3* ion in NdCo,
Nd3* in NdFeAsO
Nd3* ion in NdN
Nd3* ion in NdNi,
Nd3* in Nd,Fe,,B
Nd3* ion in NdP
Nd3* in NdRu,Si,
Nd3* ion in NdS
Nd3* ion in NdSe
Ni2* ion in NiO
Np3*ion in NpGa,
Np3* in NpPd,Al,
Pr3* in ethyl sulfate
Pr3*ion in LaB,
Pr3*ion in LaCl,
Pr3*ion in PrAg
Pr3*ion in PrAs
Pr3*ion in PrBi
Pr3*ion in PrCl,
Pr3*ion in PrNi,
Pr3*ion in PrNi,Si,
Pr3*ion in PrNig
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atomic matters

Pr3*ionin PrS
Pr3*ion in PrTe
Pr3*ion in PrRu,Si,
Sm?3* in ethyl sulfate
Sm3* in Sm,Fe;,C,
Sm3* in Sm,Fe ;N,

Sm3* in SmBa,Cu;0,

Sm3*ion in SmNig
Tb3* ion in TbNi,
Tb3* ion in TbNi,Si,
Tb3* ion in TbNig
Tb®* ion in TbP
Tb3* ion in TbPO,
Tb3* in TbRu,Si,
Tm3* in ethyl sulfate
Tm3* in Tmys YAl
Tm3* in TmRu,Si,
Tm3*ion in TmSb
U3*ion in UGa,

U3* ion in UPd,Al,
U4* ion in URu,SI,
Yb3* ion in YbP
Yb3* in YbRu,SI,
Yb3* in YbCu,Si,
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atomic properties and magnetism of solids

Selected calculations, based on parameters taken from scientific publications [13-45], were performed using
ATOMIC MATTERS.

* In all cases the |L,S,L,,S,> base is better for precise
magnetism calculations and spectra recognition

+ The |J.J,> base is not adequate for some rare earth (RE) ion cases,
especially for crystals containing Yb3*, Ce3* and Sm®* ions

« Calculations on complex number matrices always give more precise spectra
information. Full, correct directional magnetic information is provided by calculations on

complex number matrices only.

Working with atomic matters revealed its usefulness. Visual calculation results, full 3D interactive CEF potential
visualization, quickly accessible tools for convention and unit recalculations, and comparison of data graphs from
different result sets make the application intuitive and effective.
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atomic matters

atomic properties and magnetism of solids

Mean Field

Approximation
atomic matters MFA

Atomic matters MFA IS a software extension of atomic matters for magnetic phase
transition simulation according to Mean Field Approximation.

Atomic matters MFA provides temperature dependences of anisotropy constants K,
specific heat (A) and many other properties of materials in magnetic phase transition
temperature region.
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ato m ic m atte rs We kindly invite you to cooperate

. . . . in our projects!
atomic properties and magnetism of solids

Thank you for your attention ©

For more information, software and result downloads,
please visit our website:

www.atomicmatters.eu
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