
1 
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ñʅʝʡʪʨʦʥʦʛʨʘʬʠʷ ʤʘʛʥʝʪʠʢʦʚò - ʨʝʮʝʥʟʠʷ 

     ʇʨʝʜʣʘʛʘʝʤʘʷ ʯʠʪʘʪʝʣʶ ʢʥʠʛʘ ʫʥʠʢʘʣʴʥʘ: ʵʪʦ ʠ 

ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʦʥʦʛʨʘʬʠʷ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʢʨʘʩʥʳʡ 

ʫʯʝʙʥʠʢ ʜʣʷ ʚʩʝʭ, ʢʪʦ ʭʦʯʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʚʣʘʜʝʪʴ 

ʤʝʪʦʜʘʤʠ ʩʠʤʤʝʪʨʠʠ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ. ʂʥʠʛʘ ʜʦʩʪʫʧʥʘ 

ʣʶʙʦʤʫ ʚʜʫʤʯʠʚʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʫ, ʜʘ, ʚʧʨʦʯʝʤ, ʦʥʘ ʠ 

ʨʘʩʩʯʠʪʘʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʥʠʭ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʚʨʘʪʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʨʘʩʰʠʬʨʦʚʢʠ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ ʠʩʢʫʩʩʪʚʘ ʚ ʥʘʫʢʫ. 

     ʇʨʠ ʚʩʝʭ ʜʦʩʪʦʠʥʩʪʚʘʭ ʢʥʠʛʠ ʘʚʪʦʨʘʤ ʥʝʣʴʟʷ ʥʝ ʩʜʝʣʘʪʴ 

ʦʜʥʦʛʦ ʩʝʨʴʝʟʥʦʛʦ ʫʧʨʝʢʘ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʤʘʛʥʠʪʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʟʘʜʘʚʘʷ ʝʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʤʝʥʪʦʚ 

ʩʠʤʤʝʪʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ʢʨʠʩʪʘʣʣʘ (ʪ. ʝ. 

ʠʩʧʦʣʴʟʫʷ ʪʝʦʨʠʶ ʧʨʝʜʩʪʘʚʣʝʥʠʡ,  ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ ʚ 

ʢʥʠʛʝ), ʥʦ ʪʘʢʞʝ ʟʘʜʘʚʘʷ ʝʝ ʩʦʙʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ ʤʘʛʥʠʪʥʦʡ 

ʩʠʤʤʝʪʨʠʠ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʦʙʘ ʩʧʦʩʦʙʘ ʦʧʠʩʘʥʠʷ 

ʵʢʚʠʚʘʣʝʥʪʥʳ. ɺʳʙʨʘʚ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʝʥʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʘʚʪʦʨʳ ʩʜʝʣʘʣʠ ʩʣʠʰʢʦʤ ʢʘʪʝʛʦʨʠʯʝʩʢʦʝ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ 

ʤʝʪʦʜ ʤʘʛʥʠʪʥʦʡ ʩʠʤʤʝʪʨʠʠ ʥʝ ʥʫʞʝʥ ʠ ʦʥ ʠʤʝʝʪ 

ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʥʝ ʩʣʝʜʦʚʘʣʦ ʙ  r

ʜʝʟʦʨʠʝʥʪʠʨʦʚʘʪʴ ʯʠʪʘʪʝʣʷ ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ, ʠ ʚ ʨʘʟʜʝʣʘʭ 

ʦ ʤʘʛʥʠʪʥʦʡ ʩʠʤʤʝʪʨʠʠ ʩʣʝʜʦʚʘʣʦ ʙ  r ʩʢʦʨʝʝ ʦʪʤʝʪʠʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʦʙʦʠʭ ʧʦʜʭʦʜʦʚ. 

 

ɹ. ʂ. ɺʘʡʥʰʪʝʡʥ, ɺ. ɸ. ʂʦʧʮʠʢ 

ʋʌʅ,  137 (1982) 542-543 
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I . ʋʧʦʨʷʜʦʯʝʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ 
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1904 - 2000 

ʃ.ɼ. ʃʘʥʜʘʫ 

1908 - 1968 

ʀ.ɽ. ɼʟʷʣʦʰʠʥʩʢʠʡ 
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ñʆʙʳʯʥʳʝò ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ɢ
1

T

M

CT

ɢ
1

NT T

ʌʝʨʨʦʤʘʛʥʝʪʠʢ, M Í 0 ʧʨʠ ʊ < ʊʉ 

ɸʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢ, M = 0 ʧʨʠ ʊ < ʊN 

ʄʘʛʥʠʪʥʘʷ ʠ ʘʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʳ 

ʩʦʠʟʤʝʨʠʤʳ. ɽʩʪʴ ʤʘʛʥʠʪʥʘʷ  

ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ. 

ʌʝʨʨʠʤʘʛʥʝʪʠʢ 

ɛ1 Í ɛ2 

ʉʢʦʰʝʥʥʘʷ  

ñcantedò ʩʪʨʫʢʪʫʨʘ 

Pictures are from ñMagnetic Structure ï  

Group Theoryò of Andrew S. Wills 
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ʄʘʛʥʠʪʥʘʷ ʠ ʘʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʩʦʠʟʤʝʨʠʤʳ, Tm/Ta Í n.  

ʅʝʪ ʤʘʛʥʠʪʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. 

ʄʦʜʫʣʠʨʦʚʘʥʥʳʝ (ʥʝʩʦʠʟʤʝʨʠʤʳʝ) ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ 

Tm >> Ta 

ʇʦʧʝʨʝʯʥʘʷ ʩʧʠʥʦʚʘʷ  

ʚʦʣʥʘ 

ʂʨʫʛʦʚʘʷ ʩʧʠʨʘʣʴ 

Au2Mn, 1961 

ʕʣʣʠʧʪʠʯʝʩʢʘʷ  

ʩʧʠʨʘʣʴ 

Magnetic diffraction lines  

are narrow! 

ErMnO 3, TN = 42 K 
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ñʅʦʚʳʝò ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ɻʝʦʤʝʪʨʠʯʝʩʢʠ ʬʨʫʩʪʨʠʨʦʚʘʥʥʳʝ ʤʘʛʥʝʪʠʢʠ: ʧʨʦʪʠʚʦʨʝʯʠʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦʩʝʜʝʡ 

(Gerard Toulouse, 1977); 43-  ̫ʐʢʦʣʘ ʇʀʗʌ, 2009, ɸ. ɻʫʢʘʩʦʚ ñʌʨʫʩʪʨʠʨʦʚʘʥʥʳʝ ʤʘʛʥʝʪʠʢʠ 

ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʠʨʦʭʣʦʨʘò 

Triangular lattice:  

YMnO 3 

Kagom® lattice: ZnCu3(OH)6Cl2 Spin ice: Ho2Ti 2O7 

N-ʚʝʨʰʠʥʥʳʝ ʤʦʜʝʣʠ  

ʇʦʪʪʩʘ (R.B. Potts, 1952) 

Jij  ~ cos ɗ 

N = 2 N = 3 N = 4 

ñIsingò, 1925 
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European Conference on Neutron Scattering, July - 2011:  
What's new in magnetic neutron crystallography? 

Plenary Lecture: Monopoles and Magnetricity  in Spin Ice 

ñMagneticò Microsymposia: 
ÅLow-dimensional magnetism 

ÅMagnetic thin films 

ÅNanomagnetism 

ÅMagnetic structures and excitations 

ÅFrustrated magnetism 
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ɺ ʤʘʛʥʠʪʥʳʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʚʳʨʦʞʜʝʥʥʳʭ ʬʨʫʩʪʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʞʥʦ 

ʠʤʠʪʠʨʦʚʘʪʴ ʤʘʛʥʠʪʥʳʝ ʤʦʥʦʧʦʣʠ ʠ ʩʪʨʫʥʳ ɼʠʨʘʢʘ.  

ñʇʨʘʚʠʣʦ ʣʴʜʘò: 

ʥʘ 4 ʢʦʚʘʣʝʥʪʥʳʭ  

ʩʚʷʟʷʭ ʢʠʩʣʦʨʦʜʘ ʧʦ 2 

ʧʨʦʪʦʥʘ ñtwo close ï 

two farò. 

O2- 

H+ 

H+ 

 ʉʧʠʥʦʚʳʡ ñʣʸʜò: 

2 ʩʧʠʥʘ ʥʘʧʨʘʚʣʝʥʳ 

ʚʥʫʪʨʴ ʠ 2 ʩʧʠʥʘ ʠʟ 

ʦʢʪʘʵʜʨʘ ï ñtwo in ï 

two outò. 

ʉʧʠʥʳ ʚ ʩʪʨʫʢʪʫʨʝ ʧʠʨʦʭʣʦʨʘ  

ʢʨʠʩʪʘʣʣʦʚ Dy2Ti 2O7 ʠʣʠ Ho2Ti 2O7.  

ʐʝʩʪʠʢʨʘʪʥʦʝ ʚʳʨʦʞʜʝʥʠʝ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʩʧʠʥʦʚ: 3 (ʦʩʴ 3 

ʧʦʨʷʜʢʘ ʚ ʢʫʙʝ) x 2 (ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʦ ʦʩʠ ʪʝʪʨʘʵʜʨʘ) = 6. 
ɼʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʵʣʝʢʪʨʦʥʥʳʭ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ  

ʤʘʛʥʠʪʥʳʭ ʟʘʨʷʜʦʚ. ʕʪʘ ʬʨʘʢʮʠʦʥʘʣʠʟʘʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʤʦʥʦʧʦʣʠ ʠ ʩʚʷʟʳʚʘʶʱʠʝ 

ʠʭ ʩʪʨʫʥʳ ɼʠʨʘʢʘ ʚ ʩʧʠʥʦʚʦʡ ʨʝʰʝʪʢʝ. D. J. P. Morris et al., Science 326, 411 (2009) 

ñʅʦʚʳʝò ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ 



Magnetic ordering in nanoporous matrix 

Nanoporous silica MCM-48 matrix 

Neutron diffraction pattern of MnO inside a 

47 Ȕ pore matrix. AFM lines are clearly seen.  

Dependencies of MnO normalized magnetic moment (left), Neel 

temperature and critical exponent index (right) on pore size. 

Pore size, Ȕ 

Neel temp., K Crit. index, ɓ 

(a) 

(b) bulk MnO  

I. V. Golosovsky et al., PRB 72, 144409 (2005) 



Structural and magnetic size effects in NiO (13, 100, 138 ʠ 1500 nm) 

Diffraction patterns of NiO with 13 nm 

and 138 nm crystallite size 

Magnetic peaks in diffraction patterns 

of NiO with various crystallite size 

Widths of nuclear and magnetic peaks in diffraction patterns 

of NiO with 1500 nm and 100 nm crystallite size 
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ʋʧʦʨʷʜʦʯʝʥʥʘʷ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ï ʷʚʣʝʥʠʝ ʢʚʘʥʪʦʚʦʝ 
(Ordered magnetic state is quantum phenomenon) 

ɼʦ-ʢʚʘʥʪʦʚʘʷ ʵʨʘ:  ʜʠʧʦʣʴ ï ʜʠʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ   

Eab ~ ɛaɛb/r
3,  ʧʨʠ r ~ 2 ¡,   E ~ 10-4 ï 10-5 eV Ÿ TC ~ 1 ï 0.1 K   (H* å 5Ā106 ʕ), 

         ʥʦ ʜʣʷ ʞʝʣʝʟʘ TC å 1000 K Ÿ E ~ 0.1  eV  

ʂʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ:  ñʦʙʤʝʥʥʦʝò ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (exchange interaction)  

      HE ~ IĀ(SaSb) - ʛʘʤʠʣʴʪʦʥʠʘʥ ɻʝʡʟʝʥʙʝʨʛʘ ï ɼʠʨʘʢʘ ï ɺʘʥ-ʌʣʝʢʘ 

 

                                                                                              - ʦʙʤʝʥʥʳʡ ʠʥʪʝʛʨʘʣ 2rdr)dr()r(V )r()r(I 11b2aab2

*

b1

*

a

CCCCCC
jjjjññ=

Werner Heisenberg 

1901 - 1976 

Wolfgang Pauli 

1900 - 1958 

Paul Dirac 

1902 - 1984 
John Van Vleck  

1899 - 1980 
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Energy depends on spin state! 

Sa 

Sb 

Sa Sb 

Ɋ-function for fermions   must by antisymmetric! )rɢ()r(ɣ
CC

Ö=j

 = ű(r) ï coordinate part  = ɢ(r) ï spin part 

 ű(r) 
Symm. Antisymm. 

S = 0  

(singlet, antisymm.) 

S = 1  

(triplet, symm.) 

Quantum theory:    ñExchangeò interaction, Electrostatic (Coulomb) potential  

   HE ~ IĀ(SaSb)  Heisenberg ï Dirac ï Van Vleck  Hamiltonian,  

   Magnetic ordering is possible at T ~ 1000 K ! 
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× ñʆʙʤʝʥʥʦʝò ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (exchange interaction),  I ab(SaSb)  

× ɼʠʧʦʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ    ɛaɛb/r
3 

× ʉʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ,    (v/c)2Ŀ(lasa) 

× ʉʚʝʨʭʦʙʤʝʥ ʂʨʘʤʝʨʩʘ-ɸʥʜʝʨʩʦʥʘ (superexchange) Mn2+ - O - Mn2+ 

× ɼʚʦʡʥʦʡ ʦʙʤʝʥ (double exchange)    Mn3+ - O - Mn4+  

× s-d (f) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ      Asb(siSb) 

× RKKI ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ     cos(2kFRab)/Rab
3 

× ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ɼʟʷʣʦʰʠʥʩʢʦʛʦ-ʄʦʨʠʷ   D[SaSb]  

× ʄʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ   (SaSb)
2 

× KugelïKhomskii coupling    t2/UĀ(SaSb) 

× é 

ñʄʘʛʥʠʪʥʳʝò ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  

Ǧ = -   Aij ȄiĀȄj +    Bij (ȄiĀȄj)
2 +     Ci Ȅi

2 +    Dij[ȄiȄj] + é  ä
ji ,

ä
ji ,

ä
i

ä
ji ,

Many-body problem. Density functional theory. Dynamical mean field approximation. 
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Refinement of atomic and magnetic structures of Sr2GaMnO5+d  

Sr2GaMnO5, sp.gr Ima2, G-type AFM  

d å 0.5 d å 0 

T = 200 K 

T = 1.5 K 

Sr2GaMnO5.5, sp.gr P4/mmm, C-type AFM  

AFM G 

AFM C 

V.Yu.Pomjakushin et al., PRB (2002)  
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Refinement of atomic and magnetic structures of Sr2GaMnO5+d  

Sr2GaMnO5, Ima2,  

G-type AFM  

d å 0.5, AFMC 

d å 0, AFMG 

Sr2GaMnO5.5, P4/mmm,  

C-type AFM  

V.Yu.Pomjakushin et al., PRB (2002)  

Ordered magnetic moment for  

d å 0 and d å 0.5 
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Refinement of atomic and magnetic structures of Sr2GaMnO5+d  

d å 0.5,  AFMC d å 0,  AFMG 

AFM  ñverticalò 

exchange 

  

 

 

AFM G 

FM  ñverticalò 

exchange 

  

 

 

AFM C 

AFM  ñdiagonalò 

exchange between 

MnA and MnC 

AFM   ñhorizontalò exchange 
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ʉʤʝʰʘʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʦʩʪʦʷʥʠʷ  

(La0.2Pr0.8)0.7Ca0.3MnO3,    DMC instrument, ɚ = 2.56 ¡, SINQ (PSI) 

TN = 130 K, TC = 100 K,   at T < 80 K: FM (85%) + AFM CE(15%) 

T > TN, ̫ ʜʝʨʥʦʝ + ʧʘʨʘʤʘʛʥʠʪʥʦʝ ʨʘʩʩʝʷʥʠʝ 
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(La0.2Pr0.8)0.7Ca0.3MnO3,    DMC instrument, ɚ = 2.56 ¡, SINQ (PSI) 

TN = 130 K, TC = 100 K,   at T < 80 K: FM (85%) + AFM CE(15%) 

T < TC,  ʜʚʝ ʤʘʛʥʠʪʥʳʝ ʬʘʟʳ FM + AFM  

ʉʤʝʰʘʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʦʩʪʦʷʥʠʷ  
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(La0.25Pr0.75)0.7Ca0.3MnO3,    DMC instrument, ɚ = 2.56 ¡, SINQ (PSI) 

TN å 130 K, TC å 120 K,   at T < 80 K: FM (85%) + AFM CE(15%) 

ʊ > 150 ʂ,  ʧʘʨʘʤʘʛʥʝʪʠʢ 

120 < T < 150 ʂ,  AFM  

T < 120 ʂ,  FM + AFM  

ʉʤʝʰʘʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʦʩʪʦʷʥʠʷ  

ʊ > 150 ʂ,  ʧʘʨʘʤʘʛʥʝʪʠʢ 

T < 150 ʂ,  AFM  

LPCM -16O LPCM -18O 
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II . ʄʘʛʥʠʪʥʳʡ ʥʝʡʪʨʦʥʥʳʡ 

ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ  
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Neutron sources for condensed matter studies 

I. Continuous neutron sources II. Pulsed neutron sources 

FRM II, Germany  

ANSTO, Australia 

CARR, China 

PIK, Russia 

W = 0.1 ï 5 MW  

Pulsed in time, 5 PSs 

ISIS, UK  ESS, Europe 

LANSCE, USA  LANSCE (new) 

SNS, USA Ch-SNS, China 

J-SNS, Japan IN-06, Russia 

IBR-2, Russia 

W = 10 ï 100 MW  

Const in time, 234 RRs  

Region Operational RRs 

Africa 9 

Americas 66 

Asia/Pacific 59 

Europe (with Russia) 100 

Region Operational PSs 

Africa 0 

Americas 2 

Asia/Pacific 1 

Europe (with Russia) 2 
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Neutron detectors. New generation.  

GEM at ISIS, UK DRACULA at ILL, France  

TOF diffractometer  

ZnS/6Li detector, ɋdet å 3.86 sr 

ɚ = const diffractometer 

Linear-wire, 3He PSD, ɋdet Ó 1 sr 



Soller Collimators  
Monochromators  

Position Sensitive Detector  

variable takeoff  

ɚ = const, ʜʠʬʨʘʢʪʦʤʝʪʨ D20, ILL (ɻʨʝʥʦʙʣʴ) 

4 monochromators, 

5 take-off angles, 

Soller collimators 

Variable bending double- 

focusing Si-monochromator 
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High-intensity and high-resolution diffraction  

with ɚ = const diffractometer 

Diffraction  pattern obtained in 2 minutes on D20 (ILL)  in high-resolution mode. 

NAC-standard, Hansen et al. 2003. 
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Optimization of neutron powder diffractometers for 

magnetic and structural studies 

Magnetic structures: 

- medium resolution: ȹd/d º 0.01  

- optimized for large dhkl (up to 20 ¡) 

0.0 0.1 0.2 0.3 0.4 0.5 0.6

In
te

n
s
it
y
 

DMC
SINQ

o-18h.grf

0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3

H(=1/d), Å-1
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n
s
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y

0.8 0.9 1.0 1.1 1.2 1.3

o-18hf

HRFD
IBR-2

1
/2

 0
 1

/2
 

0
 0

 1
/2

 

AFM  

Atomic structures: 

- high resolution: ȹd/d º 0.001 

- optimized for dhkl from 0.6 to 3 ¡ 

(La0.25Pr0.75)0.7Ca0.3MnO3 



Disk Choppers 

Detector 

58Ni Guide 
Monitors Guide Carousel 

 m=0-3 

Monitor  

Nimonic Chopper 

6500 

9000 

12000 

35000 

47500 

50000 

Collimator  

Sample Tank 

15000 

Focussing snout 

Moderator  

Unpoisoned 

Decoupled CH3 

Vertical ballistic funnel  

m=3 

Monitors 

Beam Stop 

Details of the focussing sections 

weak  focussing 26x13 mm2  12x6 mm2  

m=2  

26x13 mm2  12x6 mm2  

m=2  

10x5 mm2  

m=3-4  
strong  focussing 

TOF high-resolution magnetic diffractometer WISH, 

ISIS, UK  

WISH schematic drawing 



TOF high-resolution magnetic diffractometer WISH (ISIS, UK)  

for simultaneous refinement of crystal and magnetic structures 

from D. D. Khalyavin et al., Phys. Rev. B (2010) 

Diffraction  pattern of CeRu2Al10 at T = 10 K  

measured with  WISH diffractometer. The  

inset shows the refinement of the pure 

magnetic scattering. 

Detector system of the WISH diffractometer. 

ZnS scintillator detectors are covering all 

scattering angles between 10Ü and 175Ü. 



ñKurchatov-LLBò single crystal anvil cells 

Compact ñKurchatov-LLBò high-pressure  

cells for low-temperature neutron diffraction 

Igor Goncharenko 

02.06.1965 ï 04.11.2007 

(diving accident in the Red Sea) 



I .N. Goncharenko (2004) ñNeutron diffraction  

experiments in diamond and sapphire anvil cellsò 

High Press. Res. 24, 193  

Diffractometer G6.1 MICRO at the LLB (Saclay) 

Focusing system and Kurchatov ï LLB  

pressure cell on specialized high-pressure 

diffractometer G6.1 (LLB , Saclay) with 

ɚ = 4.8 ¡ 

GdAs measured at 

T = 1.4 K and 

P = 8.5, 30, 43 GPa 

with G6.1. 

PRB 64 (2001). 

G6.1 with sapphire or diamond anvil cells  

allows neutron diffraction experiments at:  

pressures as high as 50 GPa, 

temperatures down to 0.1 K,  

applied magnetic fields up to 7.5 T.  



ñToroidò or ñParis ï Edinburghò cell 

Toroid cells are used at: 

- POLARIS (PEARL), ISIS (1992) 

- HIPD, LANSCE (1994) 

- DN-12, FLNP, JINR (2002) 

- HRPT, SINQ (2005) 

- ... 

WC TiZr  

Steel 

BN Sample 

Cd 

nuclear 

magnetic 

ñToroid type high-pressure device: history and prospectsò 

L.G. Khvostantsev et al., High Pressure Research (2004) 

HRPT, SINQ: 

NiO 

P = 0 ï 9.5 GPa 

T = 300 K 

ɚ = 1.5 Ȕ 

Vs = 100 mm3 

t = 4 hours 

Pmax = 10 GPa (WC) 

Pmax = 30 GPa (diamond) 

T = 90 ï 1000 K 

Vs = 30 ï 100 mm3 
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ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ 

Å ʩʠʥʭʨʦʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ  

  ʚʦʟʤʦʞʥʦ ʨʘʟʜʝʣʝʥʠʝ ʩʧʠʥʦʚʦʛʦ ʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʢʣʘʜʦʚ, 

 ʵʣʝʤʝʥʪʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚʙʣʠʟʠ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ  
 

Å ʤʶʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ɛSR) 

 ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʜʦʣʷ ʦʙʲʝʤʘ, ʟʘʥʷʪʦʛʦ ʤʘʛʥʠʪʥʦʡ ʬʘʟʦʡ, 

ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʨʝʥʳ ʤʘʣʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ  

 

Å ɔ-ʨʝʟʦʥʘʥʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (Mºssbauer effect)  

  ʄɽ å ɛSR, ʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʟʦʪʦʧʦʚ (87 ʠʟʦʪʦʧʦʚ 46 ʵʣʝʤʝʥʪʦʚ) 

 

Å ʷʜʝʨʥʳʡ  ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ (NMR) 

  NMR å ɛSR, ʥʦ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʥʘ ʦʙʨʘʟʮʝ (~104 ʵ) 
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ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ɛSR ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʉʭʝʤʘ ʠ ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʘʜʘ m+  

Muon spin spectroscopy (ɛSR): ɛ+ Ÿ e+ + ɜɛ + ɜe 

Only a few number of muon beams are available at: PNPI, PSI, TRIUMF , ISIS, J-PARC 

Muon spin rotation or relaxation, with or without external magnetic field, are investigated. 

 

The main relation: N = N0e
-t/ŰĀ[1 + aP(t)cos(ɤt + ű)] ï positron intensity as a function of time 

ʇʨʝʮʝʩʩʠʷ ʧʦʣʷʨʠʟʘʮʠʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʚʥʝʰʥʝʤʫ ʧʦʣʶ 

ʀʟ ʖ.ʄ.ɹʝʣʦʫʩʦʚ, ɺ.ʇ.ʉʤʠʣʛʘ ñʏʪʦ ʪʘʢʦʝ 

ʤʶʦʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘò 

ʉʦʨʦʩʦʚʩʢʠʡ ʦʙʨʘʟ. ʞʫʨʥʘʣ, 1 (1999) 76 

a ~ VM 

ɤ ~ Bɛ 
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La2CuO4.04 

lco-04

Neutron diffraction on La2CuO4.04  and La2CuO4.02. The AFM  

(100) peak is clearly seen for x = 0.04 and is absent for x = 0.02.   

Muon-spin polarization P(t) 

for La 2CuO4.02. At T=4 K 

the magnetically ordered 

state is clearly seen.  

The AFM  volume fraction 

seen by mSR.  

La2CuO4.04 

AFM (100) 

Microscopic phase separation in La2CuO4+x induced by 

superconducting transition: neutron diffraction & ɛSR study 

Physica C272 (1996) 277; Phys. Rev. B 58 (1998) 12350 

La2CuO4.04 single crystal: 

Splitting of diffraction lines  
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Pb1.1Ba0.9Fe2O5: neutron-diffraction and 57Fe ɔ-spectroscopy study 

Crystal and magnetic structures of 

Pb1.1Ba0.9Fe2O5.  Magnetic structure 

is AFM with a propagation vector 

k=(0, İ, İ) and TN = 625 K.   

I.V. Nikolaev et al., PRB (2008) 

Temperature dependence of the 

ordered magnetic Fe moment.  

TN = 625 K.   

Mºssbauer spectra recorded 

at 78 and 543 K. No magnetic 

splitting at T above 520 K.   

Two possible spin configurations: 

G+ / G+ and G+ / G-.  

The fast switching causes 

vanishing the Mºssbauer spectra 

splitting for T>520 K. Time scale 

of 57Fe ɔ-spectroscopy is ~10-7 s.  
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III . ɸʥʘʣʠʟ (ʦʧʨʝʜʝʣʝʥʠʝ) ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 
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Case example: AFM magnetic structure of MnO, TN = 118 K 

New lines: (1/2 1/2 1/2), (3/2 1/2 1/2),   (3/2 0 0), etc 

Am = 2a 

Bm = 2b 

Cm = 2c 

C.G.Shull, J.S.Smart 

Physical Review (1949) 

AFM of MnO  

Fm3m at room temperature 

R-3m at low temperature          

(Ŭ = 60.7Ü) for T Ò TN 
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ʅʝʡʪʨʦʥʥʳʡ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 
(ʤʘʛʥʠʪʥʘʷ ʥʝʡʪʨʦʥʦʛʨʘʬʠʷ) 

ʆʧʨʝʜʝʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʩʥʦʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: 

× ʧʘʨʘʤʝʪʨʳ ʤʘʛʥʠʪʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ  (a, b, c, Ŭ, ɓ, ɔ) 

× ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ  K = (kx, ky, kz)  

× ʢʦʦʨʜʠʥʘʪʳ ʤʘʛʥʠʪʥʳʭ ʘʪʦʤʦʚ   (xi, yi, zi) 

× ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ   ɛi 

× ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ   ɛ = (ɛx, ɛy, ɛz) 

× é   

ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʘʪʦʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʡ ʘʢʩʠʘʣʴʥʳʡ ʚʝʢʪʦʨ! 
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ʇʦʣʷʨʥʳʝ ʠ ʘʢʩʠʘʣʴʥʳʝ ʚʝʢʪʦʨʘ 

ɽʩʣʠ m || Q, ʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʦʣʷʨʥʦʛʦ ʚʝʢʪʦʨʘ ʥʝ ʤʝʥʷʝʪʩʷ, 

ʥʘʧʨʘʚʣʝʥʠʝ  ʘʢʩʠʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ 

ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ.  

m 

R 

v 

v' 

ɋ 

ɋ' 

ɋ ~ [vR] 

ɽʩʣʠ m  ̂Q, ʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʘʢʩʠʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʥʝ ʤʝʥʷʝʪʩʷ, 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʷʨʥʦʛʦ ʚʝʢʪʦʨʘ 

ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ.  
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ʄʘʛʥʠʪʥʳʡ ʚʢʣʘʜ ʚ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ 

For collinear magnetic structure: 

I hkl ~ æFhkl , nucæ
2 + M hkl

2ÖæFhkl , magæ
2  

Fhkl, nuc = ×j bjÖexp[2pi(hxj+kyj+lzj)ÖTj, 

Fhkl, mag = 0.539Ö×j SjÖPj(Q)Öexp[2pi(hxj+kyj+lzj)ÖTj,  

Mhkl
2=[1 ï (eÖm)2] = sin2ɔhkl. 

ɔ 
m=S/S 

e=Q/Q=Hhkl/Hhkl 
Imag= 0,     if  e||m 

Imag=max, if ê m 

bm ~ P(Q) sn |S ï e (SĿe)| for atom with spin S,   e=Q/Q is scattering vector 

P(Q)=Ú ɟ(x) exp(i Q x) dV  is magnetic formfactor,   sn = İ is neutron spin.  

Scattering length (fm), 1 fm=10-13 cm  

Cu: bn = 7.7, bm = -2.65 (S = İ)  

Mn: bn = -3.7, bm = -10.8 (S = 2) 

P
(Q

)2
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Sni =    exp(2́ iK Lʊn)ĿS
L

0i  -  ʟʘʜʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʯʝʨʝʟ ʣʫʯʝʚʳʝ 

ʚʢʣʘʜʳ (SL
0i), ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ (ʚʝʢʪʦʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ) ʩʪʨʫʢʪʫʨʳ K L ʠ ʚʝʢʪʦʨ ʚ 

ʨʝʰʝʪʢʝ ʢʨʠʩʪʘʣʣʘ Tn. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ 

K L = K1 = (1/2 0 0) 

A = 2a, B = b, C = c 

For S0 = (0 1 0) and Tn = (h 0 0): 

Sh = exp[2́ i(1/2 0 0)Ā(h 0 0)]ĀS0 = (-1)hS0 

Sk = exp[2́ i(1/2 0 0)Ā(0 k 0)]ĀS0 = S0 

ɺʝʢʪʦʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, K L 

ä
L

K L = K1 = (1/2 1/2 0) 

A = 2a, B = 2b, C = c 

For S0 = (0 1 0) and Tn = (h 0 0) 

Sh = exp[2́ i(1/2 1/2 0)Ā(h 0 0)]ĀS0 = (-1)hS0 

Sk = exp[2́ i(1/2 1/2 0)Ā(0 k 0)]ĀS0 = (-1)kS0 

Sn = exp(2́ iKʊn)ĿS0 
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ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʧʠʢʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ K L 

ʅʝʡʪʨʦʥʦʛʨʘʤʤʘ NiO ʚ ʤʘʛʥʠʪʥʦʡ ʬʘʟʝ. 

ʅʘ ʨʘʟʥʦʩʪʥʦʡ ʢʘʨʪʠʥʝ ( IT low ï IT high)  

ʯʝʪʢʦ ʚʠʜʥʳ ʷʜʝʨʥʳʝ (ʨʘʩʱʝʧʣʝʥʥʳʝ ʥʘ I + 

ʠ I -) ʠ ʤʘʛʥʠʪʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ.    

M M 
M M 

M 

N 

N 

N 

N 

Case example: AFM magnetic 

structure of NiO, TN = 523 K 
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I(d) ~ F(d)A(d) Ɇjn Ln (Fn, nuc
2 + M n

2ÖFn, mag
2 )ű(dn-d)  

    ï ʧʨʦʬʠʣʴ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘ  

c2 =Ɇ wi (Ji - I i)
2 ­ min ï ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ: 

a, b, c, Ŭ, ɓ, ɔ ï ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

nj - ʬʘʢʪʦʨ ʟʘʩʝʣʝʥʥʦʩʪʠ j-ʛʦ ʘʪʦʤʘ 

xj, yj, zj ï ʢʦʦʨʜʠʥʘʪʳ j-ʛʦ ʘʪʦʤʘ 

Bj ï ʪʝʧʣʦʚʦʡ ʬʘʢʪʦʨ j-ʛʦ ʘʪʦʤʘ 

ɛj ï ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ j-ʛʦ ʘʪʦʤʘ 

űa, űb, űc ï ʦʨʠʝʥʪʘʮʠʷ ʤʦʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ 

ʋʪʦʯʥʝʥʠʝ ʠʟʚʝʩʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

ʄʝʪʦʜ ʈʠʪʚʝʣʴʜʘ 

King Carl Gustaf of Sweden, in Stockholm,  

31 March 1995 awarded  Dr. Rietveld with 

the Aminoff  prize 

H.M. Rietveld ñA profile refinement method for nuclear and magnetic structuresò 

J. Appl. Cryst. (1969) 2, 65-71. 
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ʋʪʦʯʥʝʥʠʝ LPCM -90 ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ 

ʆʙʨʘʙʦʪʘʥʥʘʷ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ ʥʝʡʪʨʦʥʦʛʨʘʤʤʘ ʠ ʨʘʟʥʦʩʪʥʘʷ ʬʫʥʢʮʠʷ (ʚʥʠʟʫ). 

ʐʪʨʠʭʠ - ʨʘʩʯʝʪʥʳʝ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʬʘʟ, ʫʢʘʟʘʥʥʳʭ ʩʧʨʘʚʘ.  

Pnma, a = 5.464 ¡, b = 7.690 ¡, c = 5.442 ¡, ɛFM= 1.55(6), ɛA1= 1.98(4), ɛA2= 1.96(4) ɛB. 

Nuclear 
FM 
AFM -I  
AFM -II  

Rp=3.4%, c2=3 



ʋʪʦʯʥʝʥʠʝ LPCM -x ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ 

ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʠ 

ʠʟʦʪʨʦʧʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʚ LPCM -75 

ɼʣʠʥʳ ʩʚʷʟʝʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʬʘʟʘʭ LPCM -70 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʧʠʢʦʚ ʚ 

LPCM -50 (ʘ) ʠ LPCM -80 (b) ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ 16ʆ ʠ 18ʆ 

ʐʠʨʠʥʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʜʣʷ ʜʚʫʭ 

ʩʝʨʠʡ ʦʙʨʘʟʮʦʚ LPCM -75 (HRPT & SLS) 
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ʏʪʦ ʭʦʪʝʣʦʩʴ ʙʳ ʫʤʝʪʴ ʜʝʣʘʪʴ? 

I. ʂʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʦʜʥʦʟʥʘʯʥʦ ʠ ʧʦʣʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʦʥʢʨʝʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʩʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨ 

II . ʋʪʦʯʥʷʪʴ ʠʟʚʝʩʪʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʤʝʪʦʜ ʈʠʪʚʝʣʴʜʘ) 

III . ʇʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʥʝʠʟʚʝʩʪʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ 

 ʦʧʨʝʜʝʣʷʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ, ʩʦʚʤʝʩʪʠʤʳʝ (ʧʦ ʩʠʤʤʝʪʨʠʠ) ʩ 

ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

IV. ɺʳʙʠʨʘʪʴ ʘʜʝʢʚʘʪʥʳʡ ʧʫʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ III, ʘ ʠʤʝʥʥʦ, ʨʝʰʘʪʴ 

ʝʝ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʛʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ, ʠʩʧʦʣʴʟʫʷ: 

 - ʰʫʙʥʠʢʦʚʩʢʠʝ / ʮʚʝʪʥʳʝ ʛʨʫʧʧʳ / 3 + n ï ʤʝʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

 - ʥʝʧʨʠʚʦʜʠʤʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʝʜʦʨʦʚʩʢʠʭ ʛʨʫʧʧ  
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ɸʥʘʣʠʟ (ʢʣʘʩʩʠʬʠʢʘʮʠʷ) ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ 

I. ʐʫʙʥʠʢʦʚʩʢʠʝ ʛʨʫʧʧʳ II. ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʬʝʜʦʨʦʚʩʢʠʭ ʛʨʫʧʧ 

ʆʧʠʩʘʥʠʝ! ʇʨʝʜʩʢʘʟʘʥʠʝ! 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʪʘʣʢʠʚʘʶʪʩʷ ʜʚʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʤʥʝʥʠʷ, ʯʘʩʪʦ ʛʦʚʦʨʷʪ ï 

ʠʩʪʠʥʘ ʥʘʭʦʜʠʪʩʷ ʧʦʩʝʨʝʜʠʥʝ.  

ʅʠ ʚ ʢʦʝʤ ʩʣʫʯʘʝ!  

ʇʦʩʝʨʝʜʠʥʝ ʥʘʭʦʜʠʪʩʷ ʧʨʦʙʣʝʤʘ. 

 

ʀʦʛʘʥʥ ɺʦʣʴʬʛʘʥʛ ʬʦʥ ɻ±ʪʝ 

1951 ɸ.ɺ.ʐʫʙʥʠʢʦʚ 

 ñɸʥʪʠʩʠʤʤʝʪʨʠʷò 

1955 ʅ.ɺ. ɹʝʣʦʚ, ʅ.ʅ. ʅʝʨʦʥʦʚʘ, 

 ʊ.ʉ. ʉʤʠʨʥʦʚʘ  

  ñ1651 h ʫʙʥʠʢʦʚʩʢʘʷ ʛʨʫʧʧʘò 

1965 W. Opechowski and R. Guccione 

 ñMagnetic Symmetryò 

1966 ɺ.ɸ.ʂʦʧʮʠʢ ñʐʫʙʥʠʢʦʚʩʢʠʝ 

 ʛʨʫʧʧʳò 

1937 ʃ.ɼ.ʃʘʥʜʘʫ ñʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 

 2 ʨʦʜʘò 

1951 ʃ.ɼ.ʃʘʥʜʘʫ, ɽ.ʄ.ʃʠʬʰʠʮ 

 ñʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘò 

1968 E.F.Bertaut ñRepresentation 

 analysis of magnetic structuresò 

1979  ʖ.ɸ.ʀʟʶʤʦʚ ʠ ʜʨ. 

   ñʉʠʤʤʝʪʨʠʡʥʳʡ ʘʥʘʣʠʟ 

 ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨò 
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III -ɸ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ 

ɼʚʝ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʩʭʝʤʳ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʤʘʛʥʠʪʥʳʭ 

ʩʪʨʫʢʪʫʨ: ʚ ʧʝʨʚʦʡ (C1') ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʛʥʠʪʥʳʝ ʛʨʫʧʧʳ, ʥʝʜʘʚʥʦ ʧʦʷʚʠʚʰʘʷʩʷ ʚʪʦʨʘʷ (C2) 

ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ. ʆʙʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ 

ʫʞʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʜʣʷ C1', ʜʣʷ C2 ʵʪʦʛʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʙʳʣʦ ʩʜʝʣʘʥʦ.  

 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʭʝʤʳ C1' ʠ C2 ʵʢʚʠʚʘʣʝʥʪʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʦʛʦʡ 

ʤʘʪʝʤʘʪʠʢʠ, ʪ.ʝ. ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʚʦʟʤʦʞʥʘ ʚ ʦʙʝʠʭ ʩʭʝʤʘʭ. 

 

ʋʪʚʝʨʞʜʝʥʠʝ ɹʝʨʪʦ (Acta Cryst., 1968) ʦ ʪʦʤ, ʯʪʦ C2 ʷʚʣʷʝʪʩʷ ñʙʦʣʝʝ ʦʙʱʝʡò ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ, 

ʯʝʤ C1', ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʧʨʘʚʜʘʥʥʦ.   
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Shubnikov (or Black & White or Antisymmetry) space groups 
(H. Heesh, 1929, Shubnikov, 1945) 

A.V. ʐʫʙʥʠʢʦʚ 

1887 ï 1970, ʈʦʩʩʠʷ 

ʅ.ɺ. ɹʝʣʦʚ, ʅ.ʅ. ʅʝʨʦʥʦʚʘ, 

T.ʉ. ʉʤʠʨʥʦʚʘ  

ñ1651 ʰʫʙʥʠʢʦʚʩʢʘʷ 

ʛʨʫʧʧʘò ʄʦʩʢʚʘ, 1955 

A.ɺ. ʐʫʙʥʠʢʦʚ  

ñʉʠʤʤʝʪʨʠʷ ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʷ 

ʢʦʥʝʯʥʳʭ ʬʠʛʫʨò ʄʦʩʢʚʘ, 1951 

ʅ.ɺ. ɹʝʣʦʚ 

1891 ï 1982, ʈʦʩʩʠʷ 

R R = ʠʥʚʝʨʩʠʷ ʮʚʝʪʘ 

m' 

R ſ 1'  

g Ã 1': t ' , 2', 3', 4', 6', m' etc. 

m 

m 

ʆʧʝʨʘʮʠʷ ʠʥʚʝʨʩʠʠ ʩʧʠʥʘ ʧʦʭʦʞʘ ʥʘ ʦʧʝʨʘʮʠʶ 

ʠʥʚʝʨʩʠʠ ʮʚʝʪʘ, ʥʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʥʠʤʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʮʚʝʪ  - ʩʢʘʣʷʨ, 

ʩʧʠʥ ï ʘʢʩʠʘʣʴʥʳʡ ʚʝʢʪʦʨ! 
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ʆʧʠʩʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ. ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ (ʧʫʪʴ C1') 

ʐʫʙʥʠʢʦʚʩʢʠʝ (ʯʝʨʥʦ-ʙʝʣʳʝ) ʛʨʫʧʧʳ ï ʢʣʘʩʩʠʯʝʩʢʠʡ ʩʧʦʩʦʙ  

ʦʧʠʩʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ (Heesh, 1929, ʐʫʙʥʠʢʦʚ, 1945). 

ɸʥʪʠʩʠʤʤʝʪʨʠʷ (ʯʝʨʥʦ-ʙʝʣʘʷ ʩʠʤʤʝʪʨʠʷ) 

     R ſ 1' 

     R(ƺ) = ǒ 

     R(ŷ) = Ź        

ʈʝʰʝʪʢʠ:      14 ­ 36 

ʊʦʯʝʯʥʳʝ ʛʨʫʧʧʳ:  32 ­ 122 (32 + 90) 

ʇʨ. ʛʨʫʧʧʳ:      230 ­ 1651 (230 + 1421) 

ɛ0 

ɛ1 

G' = g Ã 1': 1651 

g:          230 (ʦʜʥʦʮʚʝʪʥʳʝ) 

g & 1':         230 (ʩʝʨʳʝ) 

g' = gĀ1':       1191 (ʯʝʨʥʦ-ʙʝʣʳʝ) 

ʉʧʠʥ ʠ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ï  

ʘʢʩʠʘʣʴʥʳʝ ʚʝʢʪʦʨʘ. 

Pnma: Pn'ma, Pnm'a, Pnma'  

 Pn'm'a, Pnm'a', Pn'ma'  

 Pn'm'a'  

m 

S 

S' 

mË 
S S' 

ɽʩʣʠ ʢʨʠʩʪʘʣʣ ʦʙʣʘʜʘʝʪ ʵʣʝʤʝʥʪʦʤ 

ʩʠʤʤʝʪʨʠʠ R ʩʘʤʠʤ ʧʦ ʩʝʙʝ, ʪʦ ʵʪʦ 

ʟʥʘʯʠʪ, ʯʪʦ ʚ ʣʶʙʦʡ ʪʦʯʢʝ  

M(r) = ī M(r ), ʪ.ʝ. M(r ) = 0.  
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Magnetic (Shubnikov) space groups 
is description of all possible magnetic structures that remain within the unit cell 

Primitive orthorhombic cell is transformed 

by T' into edge centered (Pc), base centered 

(PC) or body centered (PI). 

Magnetic lattices: T' = TĀ1' 

P Pc 

PC PI  

Acta Cryst. (2008). A64, 419.  

D.V. Litvin ñTables of crystallographic properties of 

magnetic space groupsò 

Pnma  Ÿ  Pn'ma, Pnm'a, Pnma' , Pn'm'a,  

 Pnm'a' , Pn'ma', Pn'm'a'   
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ñʇʨʦʙʣʝʤʳò ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʛʨʫʧʧ ʩʠʤʤʝʪʨʠʠ (ʧʫʪʴ C1') 

ʇʦʣʥʦʪʘ ʩʠʤʤʝʪʨʠʡʥʦʛʦ ʦʧʠʩʘʥʠʷ 

 ʢʫʙʠʯʝʩʢʠʝ FM ʩʪʨʫʢʪʫʨʳ, ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʝʰʝʪʢʠ (CrCl 2), é 

ʇʨʦʙʣʝʤʘ ʧʨʝʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ: ū = lim ʐ  ʧʨʠ 1' Ÿ 1 (ʃʘʥʜʘʫ, ʃʠʚʰʠʮ) 

 ʜʣʷ Ŭ-Fe G = Im3m, ʪʦʛʜʘ ʢʘʢ ʐ  = I4/mm'm'    

ɺʠʥʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ: ʚ G ʥʝʪ ʧʦʚʦʨʦʪʦʚ ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʡ ʫʛʦʣ ű 

ʄʦʜʫʣʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ: ʚ G ʤʦʜʫʣʠ ʩʧʠʥʦʚ ʩʦʭʨʘʥʷʶʪʩʷ 

ʅʝʩʦʠʟʤʝʨʠʤʳʝ ʩʪʨʫʢʪʫʨʳ: ʥʝʪ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʎʚʝʪʥʘʷ ʤʘʛʥʠʪʥʘʷ ʩʠʤʤʝʪʨʠʷ: M = g(r) Ŀ A(S),  

ʛʜʝ A(S) ʥʝ ʪʦʣʴʢʦ ʦʙʨʘʱʝʥʠʝ ʩʧʠʥʘ, ʥʦ ʠ ʝʛʦ ʧʦʚʦʨʦʪʳ ʥʘ ʣʶʙʦʡ ʫʛʦʣ. 

ʖ.ɸ.ʀʟʶʤʦʚ ʠ ʜʨ. ñʅʝʡʪʨʦʥʦʛʨʘʬʠʷ ʤʘʛʥʝʪʠʢʦʚò ʄʦʩʢʚʘ, 1981, ɻʣ. 1, Ä 6 

ñʅʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʩʠʤʤʝʪʨʠʠ ʤʘʛʥʝʪʠʢʦʚ ʩ ʧʦʤʦʱʴʶ ʰʫʙʥʠʢʦʚʩʢʠʭ ʛʨʫʧʧò  
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Representational analysis of magnetic structures  

(classification ʉ2) 

Erwin Felix Lewy-Bertaut 

1913-2003, France 

Head of ñLaboratoire de 

Diffraction Neutroniqueò 

(1958) and ñLaboratoire de 

Cristallographieò (1971) in 

Grenoble. 

 

In 2007 Erwin Felix Lewy 

Bertaut Price of European 

Crystallographic Association 

(ECA) and the European 

Neutron Scattering Association 

(ENSA) has been established. 

Acta Cryst. A24 (1968) 217 

ñʗ ʥʝ ʤʦʛʫ ʥʝ ʫʧʦʤʷʥʫʪʴ ʢʘʢ ʤʦʷ ʨʘʙʦʪʘ ʙʳʣʘ ʚʩʪʨʝʯʝʥʘ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʩʦʦʙʱʝʩʪʚʦʤ. ʂʨʘʪʢʦ ʛʦʚʦʨʷ, ʵʪʦ ʙʳʣ 

ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʩʢʝʧʪʠʮʠʟʤ, ʝʩʣʠ ʥʝ ʧʦʣʥʘʷ ʚʨʘʞʜʝʙʥʦʩʪʴ. 

ʆʛʣʷʜʳʚʘʷʩʴ ʥʘʟʘʜ,  ̫ ʜʫʤʘʶ, ʯʪʦ ʪʘʢʘʷ ʨʝʘʢʮʠʷ ʙʳʣʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʯʨʝʟʤʝʨʥʦʡ ʤʘʪʝʤʘʪʠʟʘʮʠʝʡ ʵʪʦʡ ʨʘʥʥʝʡ ʨʘʙʦʪʳò 

H. A. Hauptman ñHistory of X-Ray Crystallographyò 

(Nobel Prize in Chemistry 1985) 
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ʄʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʘʢ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 

 I. ʄʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠʟ 

ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʚ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʬʘʟʫ. 

 ʇʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ II  ʨʦʜʘ ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʟʣʦʞʝʥʠʝ  

  ȹɟ =         Cɚ
ɜĀɣɚ

ɜ,   ɣɚ
ɜ ï ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʠʩʭʦʜʥʦʡ ʬʘʟʳ, Cɚ
ɜ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʤʝʰʠʚʘʥʠʷ, ɜ ï ʥʦʤʝʨ ʥʝʧʨʠʚʦʜʠʤʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

   
 II. ʇʨʝʜʩʪʘʚʣʝʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʛʨʫʧʧʳ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨ 

ʵʣʝʤʝʥʪʦʚ ʩ ʪʘʢʦʡ ʞʝ ʪʘʙʣʠʮʝʡ ʫʤʥʦʞʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʥʘʙʦʨ 3x3 ʤʘʪʨʠʮ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʝ ʵʣʝʤʝʥʪʘʤ ʩʠʤʤʝʪʨʠʠ. 

  

 III. ʇʝʨʝʭʦʜ ʢ ʥʝʧʨʠʚʦʜʠʤʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ï ʧʝʨʝʚʦʜ ʤʘʪʨʠʮ ʢ ʙʣʦʢ-

ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ. 

 

 IV. ʂʦʥʮʝʧʮʠʷ ʦʜʥʦʛʦ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʃʘʥʜʘʫ): 

 

 ȹɟ(ɜ) =    Cɚ
(ɜ)Āɣɚ

(ɜ),   

ä
n

ä
l

ä
l



57 

ɻʨʫʧʧʦʚʳʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ (ʪʘʙʣʠʮʘ ʂʝʡʣʠ) 

2/m 1 2y my 

1 1 2y my 

2y 2y 1 my 

my my 1 2y 

my 2y 1 

2/m = 1, 2y, my,  

ɸʨʪʫʨ ʂʝʡʣʠ (ʂʵʣʠ) 

(Arthur Cayley ) 

16.08.1821 ï 26.01.1895 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

1

1 1

1

1

1

1
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ʅʝʧʨʠʚʦʜʠʤʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʫʧʧ 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʛʨʫʧʧʳ: ʛʦʤʦʤʦʨʬʠʟʤ ʟʘʜʘʥʥʦʡ ʛʨʫʧʧʳ G ʚ ʛʨʫʧʧʫ ʥʝʚʳʨʦʞʜʝʥʥʳʭ 

ʣʠʥʝʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ W (ʩʪʨʦʛʦʝ ʦʧʨʝʜʝʣʝʥʠʝ) 

 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʛʨʫʧʧʳ: ʟʘʤʝʥʘ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ G ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ D(g), 

ʠʤʝʶʱʠʤʠ ʪʘʢʫʶ ʞʝ ʪʘʙʣʠʮʫ ʂʝʡʣʠ (ʧʦʥʷʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ), ʪ.ʝ., ʝʩʣʠ g3 = g1Ŀg2, ʪʦ 

D(g3) = D(g1)ĿD(g2) 

 

ʊʨʠʚʠʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ: D(g) ʜʣʷ ʚʩʝʭ g ʝʩʪʴ ʪʦʞʜʝʩʪʚʝʥʥʳʡ ʦʧʝʨʘʪʦʨ E 

 

ɺʝʢʪʦʨʥʦʝ (3D) ʧʨʝʜʩʪʘʚʣʝʥʠʝ: 3D-ʤʘʪʨʠʮʳ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʪʦʯʝʯʥʳʭ ʛʨʫʧʧ 

 

ɽʩʣʠ ʵʣʝʤʝʥʪʳ ʛʨʫʧʧʳ G ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʚʠʜʝ ʙʣʦʢ- 

ʜʠʘʛʦʥʘʣʴʥʳʭ ʤʘʪʨʠʮ, ʪʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʙʣʦʢʦʚ  

ʦʙʨʘʟʫʶʪ (ʧʨʠʚʦʜʠʤʳʝ) ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʫʧʧʳ G 

 

ʄʘʪʨʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʨʫʧʧʳ G ʥʘʟʳʚʘʝʪʩʷ ʥʝʧʨʠʚʦʜʠʤʳʤ, ʝʩʣʠ ʤʘʪʨʠʮʳ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʙʣʦʢ-ʜʠʘʛʦʥʘʣʴʥʦʤ ʚʠʜʝ  

ö
ö

÷

õ

æ
æ

ç
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Ÿ ö
ö
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æ
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ʉʚʦʡʩʪʚʘ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʨʫʧʧ 

ʇʝʨʝʭʦʜ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʚ ʚʠʜʝ 3D ʤʘʪʨʠʮ (ʚʝʢʪʦʨʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ) ʢ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʥʝʧʨʠʚʦʜʠʤʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʘʥʘʣʦʛʠʯʝʥ 

ʨʘʟʣʦʞʝʥʠʶ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ ʧʦ ʥʦʨʤʘʣʴʥʳʤ ʤʦʜʘʤ. 

ʏʠʩʣʦ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʢʦʥʝʯʥʦʡ ʛʨʫʧʧʳ ʨʘʚʥʦ 

ʯʠʩʣʫ ʢʣʘʩʩʦʚ ʩʦʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʛʨʫʧʧʝ.  
     ʕʣʝʤʝʥʪ a ʩʦʧʨʷʞʝʥ ʵʣʝʤʝʥʪʫ b, ʝʩʣʠ ʚ ʛʨʫʧʧʝ ʥʘʡʜʝʪʩʷ ʵʣʝʤʝʥʪ c, ʪʘʢʦʡ, ʯʪʦ a = cbc-1. 

 

ʉʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʨʘʟʤʝʨʥʦʩʪʝʡ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʨʫʧʧʳ ʨʘʚʥʘ 

ʧʦʨʷʜʢʫ n ʛʨʫʧʧʳ.  
     ʋ ʛʨʫʧʧʳ ʠʟ 4-ʭ ʵʣʝʤʝʥʪʦʚ, n = 4, ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ 4 ʦʜʥʦʤʝʨʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

                                            

 

ʀʟʦʤʦʨʬʥʳʝ ʛʨʫʧʧʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʥʝʧʨʠʚʦʜʠʤʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

 

ʈʘʟʤʝʨʥʦʩʪʠ ʤʘʪʨʠʮ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʚʣʷʶʪʩʷ ʜʝʣʠʪʝʣʷʤʠ 

ʧʦʨʷʜʢʘ ʛʨʫʧʧʳ. 

 

ʆʜʥʠʤ ʠʟ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʝʜʠʥʠʯʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ũ1. 

 

ʅʝʧʨʠʚʦʜʠʤʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʘʙʝʣʝʚʳʭ ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʛʨʫʧʧ ʦʜʥʦʤʝʨʥʳ. 

(1, 1, 1, 1); (1, 1, -1, -1); (1, -1, 1, -1); (1, -1, -1, 1)                             2/m = 1, 2y, my,  1 Ÿ 
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ɸʥʘʣʠʟ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʪʝʨʤʠʥʘʭ ʅʇ (ʧʫʪʴ ʉ2) 

(representational analysis) 

1. ʈʘʟʣʦʞʝʥʠʝ ʧʦ ʥʝʧʨʠʚʦʜʠʤʳʤ 

    ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ (ʅʇ) ʧʨ. ʛʨʫʧʧʳ 

 S0 =än äl Cɚ
ɜ Sɚ

ʢɜ,  

 Sɚ
ʢɜ ï ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ ʅʇ 

2. ɺʳʙʦʨ ʦʜʥʦʛʦ ʅʇ 

 S0 = äl Cɚ
ɜ Sɚ

ʢɜ,    ɜ = ɜ0  

3. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Cɚ
ɜ 

 ʤʝʪʦʜ ʈʠʪʚʝʣʴʜʘ  

S(r) ï ʚʝʢʪʦʨʥʘʷ (ʘʢʩʠʘʣʴʥʘʷ) ʬʫʥʢʮʠʷ, ɜ ï 

ʥʦʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ɚ ï ʥʦʤʝʨ ʙʘʟʠʩʥʦʡ 

ʬʫʥʢʮʠʠ, K ï ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʩʪʨʫʢʪʫʨʳ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʥʘʜʦ ʟʥʘʪʴ: 

- ʚʝʢʪʦʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ K, 

- ʬʝʜʦʨʦʚʩʢʫʶ ʧʘʨʘʤʘʛʥʠʪʥʫʶ ʛʨʫʧʧʫ G, 

- ʢʦʦʨʜʠʥʘʪʳ ʤʘʛʥʠʪʥʳʭ ʘʪʦʤʦʚ.   

4. ʉʦʦʪʚʝʪʩʪʚʠʝ ʵʢʩʧʝʨʠʤʝʥʪʫ 

 ʤʝʪʦʜ ʈʠʪʚʝʣʴʜʘ  

ʅʝʧʨʠʚʦʜʠʤʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʝʜʦʨʦʚʩʢʠʭ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ) 

ʛʨʫʧʧ ï ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʧʦʩʦʙ ʦʧʠʩʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ  

(E.F.Bertaut, 1968, ʖ.ɸ.ʀʟʶʤʦʚ, 1979) 

ʃ.ɼ.ʃʘʥʜʘʫ: ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ II  ʨʦʜʘ ʠʜʝʪ ʧʦ 

ʦʜʥʦʤʫ ʥʝʧʨʠʚʦʜʠʤʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ 

ʛʨʫʧʧʳ G ʚ ʧʦʜʛʨʫʧʧʫ G'. 

Sn = exp(2́ iKʊn)ĿS0 
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Computer programs for analysis of neutron diffraction 

Å Indexing, K-vector:  SuperCell [1] 

Å Symmetry:   BasIreps[1], SARAh[2], MODY [3] 

Å Solution:   FullProf [1] (simulated annealing) 

Å Refinement:   FullProf, GSAS [4] 

Å Visualization:   FPStudio [1] 

Å Phase transitions: ISOTROPY [5] 

1. Juan Rodr²guez-Carvajal (ILL) et al., http://www.ill.fr/sites/fullprof/  

2. Andrew S. Wills (UCL)  http://www.chem.ucl.ac.uk/people/willis/  

   magnetic_structures/magnetic_structures.html 

3. Wieslawa Sikora et al.,  http://www.ftj.agh.edu.pl/~sikora/modyopis.htm 

4. Bob Von Dreele et al.,  http://www.ncnr.nist.gov/programs/crystallography/ 

   software/gsas.html 

5. H.T. Stokes et al.,   http://stokes.byu.edu/iso/isotropy.html 



Magnetic ordering in Sr3YCo4O10.5+ŭ (ŭ = 0.02 and 0.26) 

Crystal structure of 

the Sr3YCo4O10.5+ŭ 

compounds 

Co1 

Co2 

Co1 

Rietveld refinement of the T=14 K 

DMC data of the Sr3YCo4O10.76 

Rietveld refinement of the RT 

HRPT data of the Sr3YCo4O10.52 

The evolution of the 

diffraction patterns 

with temperature. 

The magnetic peaks 

are marked with 

numbers 1ï4. 

The positions of all 

magnetic Bragg 

peaks coincide with 

those of the nuclear 

ones: propagation 

vector is K=(0 0 0). 
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Magnetic ordering in Sr3YCo4O10.5+ŭ (ŭ = 0.02 and 0.26) 

D.V.Sheptyakov, V.Yu.Pomjakushin, O.A.Drozhzhin, S.Ya.Istomin, E.V.Antipov, I.A.Bobrikov , A.M.Balagurov 

ñCorrelation of chemical coordination and magnetic ordering in Sr3YCo4O10.5+ŭò PRB 80, 024409 (2009) 

Co1 

Co2 Refined magnetic moments 

on the Co1 and Co2 sites for 

the Sr3YCo4O10.52 compound 

Co2 

Co1 

1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ ʫʟʣʘʭ ʜʦʤʠʥʠʨʫʝʪ:  IA å IB > IAB 

 

 ʉʚʷʟʴ ʤʝʞʜʫ ʫʟʣʘʤʠ ʤʘʣʘ, ʧʝʨʝʭʦʜ ʚ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʘʚʠʩʠʤʦ, ʥʝʪ 

ʩʚʷʟʠ ʤʝʞʜʫ IR. 

 

2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ ʜʦʤʠʥʠʨʫʝʪ:  IAB > IA å IB 

 

 ʆʜʠʥ ʧʝʨʝʭʦʜ, ʤʦʤʝʥʪʳ ʥʘ ʦʙʦʠʭ ʫʟʣʘʭ ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɹʘʟʠʩʥʳʝ ʚʝʢʪʦʨʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʦʠʤʠ ʫʟʣʘʤʠ, ʜʦʣʞʥʳ ʧʨʠʥʘʜʣʝʞʘʪʴ ʦʜʥʦʤʫ IR. 
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Magnetic ordering in Sr3YCo4O10.5+ŭ (ŭ = 0.02 and 0.26) 

Basis vectors (BV) of the irreducible 

representations of the little group of 

propagation vector k=[0,0,0] for the space 

group I4/mmm. The atoms of the non-

primitive basis are defined as follows. For the 

Co1 site:  

1: (~0.25, ~0.25, 0), 2: (~0.25, ~0.75, 0), 

3: (~0.75, ~0.25, 0), 4: (~0.75, ~0.75, 0),  

and for the Co2 site:  

5: (ı, ı, ı), 6: (ı, Ĳ, Ĳ),  

7: (Ĳ, ı, Ĳ)  8: (Ĳ, Ĳ, ı).  

Highlighted are the basis vectors of the IR, 

according to which the magnetic ordering is 

occurring in both studied compounds. 

IR BV Atom m||a m||b m||c BV Atom m||a m||b m||c 

y2 

1 

2 

3 

4 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

y2 

5 

6 

7 

8 

1 

-1 

1 

-1 

1 

1 

-1 

-1 

0 

0 

0 

0 

y3 

5 

6 

7 

8 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

y4 

1 

2 

3 

4 

0 

0 

0 

0 

0 

0 

0 

0 

1 

-1 

-1 

1 

y4 

5 

6 

7 

8 

1 

1 

-1 

-1 

1 

-1 

1 

-1 

0 

0 

0 

0 

y5 

5 

6 

7 

8 

0 

0 

0 

0 

0 

0 

0 

0 

1 

-1 

-1 

1 

y7 

5 

6 

7 

8 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

y7 

1 

2 

3 

4 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

y8 

5 

6 

7 

8 

0 

0 

0 

0 

1 

-1 

-1 

1 

0 

0 

0 

0 

y8 

1 

2 

3 

4 

0 

0 

0 

0 

1 

-1 

-1 

1 

0 

0 

0 

0 
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5 

6 

7 

8 

0 

0 

0 

0 

0 

0 

0 

0 

1 

-1 

1 
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2 
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4 

0 

0 
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0 

0 

0 

0 

0 

0 

0 
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y12 

5 

6 

7 

8 
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0 
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0 

-1 

-1 

1 

1 

3G

5G

9G

Co1 

Co2 

Co1 


