Quantum Spin Liquids 2025

Experimental Enigmas & Theoretical Challenges « 6-10 October 2025 « Budapest, Hungary

Prevalence of highly dynamic magnetism in langbeinites
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P2,3 cubic structure (non-centrosymmetric)

two octahedral sites for metal ions

a tetrahedral site for an anion

a cation
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Hikita, JPSJ 49, 1421 (1980)

Table I. Classification of the types of phase transitions in langbeinite-type crystals.
““x_.__‘& Transition
Classification T;zg‘zirf_i:n Crysta;. temptirajire T5(°C) T(°C) T(°C)  Ref.
(Abbreviated name) ™
P2,3 (NH.),Cd»(SO4); (ACS) —181 2)
Pll"!l T1L,Cd(S0,) (TCS) —181 —153 —145 3)
Group I ' P% Rb,Cd2(S04)s  (RCS) —205* —170 —144 8)
Pﬁ.zizl K.Zn,(SO.)s  (KZS) —186** Pre% 136 *
Group IT P2,3 K:Mn;(80,); (KMS) - 82 9, 20)
\ PJ2'12121 K:Cd1(SO.);: 159 7)
Group ITI No (NH,)2Mn2(504); (AMS) 6)
Transition T1:Mn2(SO.); (TMS) 6)
* present authors: to be published, ** determined by optical and dielectric measurements, *** undetermined.
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o ferroelastic and ferroelectric properties

o role of XO4 disorder

Moriyoshi, JPSJ 64, 4726 (1995)
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o double trillium lattice o connectivity of the trillium lattice
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o connectivity of the trillium lattice
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MnSi (Mn trillium lattice) Non-Femi-liquid nature
of the nommal state
of itinerant-electron ferromagnets

C. Pfleiderer, S. R. Jullan| & G. G. Lonzarich+

o p-induced QPT =————p

o skyrmions

* Physikalisches Institut, Universitiit Karlsruhe, D-75128 Karlsruhe, Germany
l t Cavendish Laboratory, University of Cambridge, Cambridge CB3 OHE, UK

Nature 414,427 (2001)

Skyrmion Lattice in a Chiral Magnet

S. Miihlbauer,? B. Binz,? F. Jonietz,® C. Pfleiderer,™* A. Rosch,>
A. Neubauer,® R. Georgii,»* P. Bdni®

Science 323, 915 (2009)

Quantum Spin Liquids 2025, Budapest lvica Zivkovic



MnSi (Mn trillium lattice) Non-Fermi-liquid nature

of the nommal state

of itinerant-electron ferromagnets
o Skyrmions C. Pfieiderer, S. R. Jullan{ & G. G. Lonzarich

o p-induced QPT =————p

* Physikalisches Institut, Universitiit Karlsruhe, D-75128 Karlsruhe, Germany

t Cavendish Laboratory, University of Cambridge, Cambridge CB3 OHE, UK 13
(@) A2
Nature 414,427 (2001) a5 e
- - ] ] o™ 3 h
84 el
Skyrmion Lattice in a Chiral Magnet /;” o)
‘“:’15' x:ﬁ -
S. Miihlbauer,? B. Binz,? F. Jonietz,® C. Pfleiderer,™* A. Rosch,> S ST B -
A. Neubauer,® R. Georgii,»* P. Bdni® < g”"% 5

Science 323, 915 (2009) !

PHYSICAL REVIEW B 78, 014404 (2008)

Fate of partial order on trillium and distorted windmill lattices

PHYSICAL REVIEW B 74, 224441 (2006) Sergei V. Isakov,! John M. Hopkinson,” and Hae-Young Kee**
Unstitute for Theoretical Physics, ETH Zurich, CH-8093 Zurich, Switzerland
Geometric frustration inherent to the trillium lattice, a sublattice of the B20 structure 2Brandon University, Brandon, Manitoba, Canada R7A 6A9
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PHYSICAL REVIEW B 112, 104429 (2025)

Classification of spin-% fermionic quantum spin liquids on the trillium lattice

Ming-Hao Li®,' Sounak Biswas,"> and S. A. Parameswaran®!

'Rudolf Peierls Centre for Theoretical Physics, Parks Road, Oxford OX1 3PU, United Kingdom
2Institut fiir Theoretische Physik und Astrophysik, Universitcit Wiirzburg, 97074 Wiirzburg, Germany

® (Received 14 November 2024: revised 9 June 2025; accepted 17 July 2025; published 19 September 2025)

We study fermionic quantum spin liquids (QSLs) on the three-dimensional trillium lattice of corner-sharing
triangles. We are motivated by recent experimental and theoretical investigations that have explored various
classical and quantum spin liquid states on similar networks of triangular motifs with strong geometric frustra-
tion. Usjng the framework of projective sylmmetry groups (PSG)_we obtain a classification of all symmetric
Z> and U(1) QSLs on the trillium lattice] We find two Z spin-liquids, and a single U(1) spin-liquid [that
is proximate to one of the Z, states. The small number of solutions reflects the consfraints imposed by the
nonsymmorphic symmetries in the space group of the trillium lattice. Using self-consistency conditions of
the mean-field equations, we obtain the spinon band-structure and spin structure factors corresponding to
these states. All three of our spin liquids are gapless at their saddle points: one of the two Z, QSLs is nodal,
while the U(1) case hosts a spinon Fermi surface. One of our Z; spin liquids hosts a stable gapless nodal star
that is protected by projective symmetries against additions of further neighbor terms in the mean-field ansatz.

We comment on directions for further work.
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K,;Mg,(SO,), 2-: SO0,, WO,, MoO,, SeO,, CrO,, BeF,
3-: PO,, AsO,

4-:Si0,

majority of 2+ ions (Cu not possible?)

A 4

Na, Rb, Cs, Tl, NH, / Sr, Ba
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K,B*B**(PO,), A*A2B3,(PO,),
K,Ni(SO,), K,CrTi(PO,), KBaCr,(PO,);
K,C0,(SO,), K,FeSn(PO,), KSrFe,(PO,),
Cs,Fey(MoO,),
K;Mny(SO,);
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K,B>B*(PO,), A*AZB*,(PO,), -
K,Nin(SO,)s { K, CrTI(PO,), : KBaCr,(PO,), " site mixing
K,C0,(SO,)s :_KEF_eS_n(_P94l3 ) KSrFe,(PO,),

Cs,Fey(MoO,),

KoMn,(SO,);
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K,B3*B**(PO,), A*AZ*B3*,(PO,),
(m e mmm e m s m— === v—> ordering around 10K
K,C0,(SO,), K,FeSn(PO,), KSrFe,(PO,),
Cs,Fey(MoO,),
KoMn,(SO,)
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Boya, APL Mater. 10, 101103 (2022)
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K,B**B*(PO,);
K,CrTi(PO,);
K,C0,(SO,); K FeSn(PO,);

Cs,Fe,(MoOQ,),

K,Mn,(SO,),
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K,B**B*(PO,);
K,CrTi(PO,);
K,C0,(SO,); K FeSn(PO,);

Cs,Fe,(MoOQ,),

K,Mn,(SO,),
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KyB**B**(PQ,)s A*AZB*5(POy);
K,Ni,(SO,) K,CrTi(PO,), KBaCr,(PO,);
K,C0,(SO,), K,FeSn(PO,), KSrFe,(PO,),
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) ©
c 2 Sy, 2 :
|_|J % -_=._ = (=} |
€05 N © |
1 L i ._
0 0.5 1 15 2 100

Yao, PRL 131, 146701 (2023)
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K,B*B**(PO,), A*AZB3,(PO,),
K,CrTi(PO,), KBaCr,(PO,),
K,C0,(SO,), K,FeSn(PO,), KSrFe,(PO,),
Cs,Fe,(Mo0Oy,),
K;Mny(SO,);
a b

Tetra-trillium lattice

Jy = 0.364(2) K
Jy = —0.144(1) K

Js = 0.798(2) K
o = 5.545(1) k— |

Js = 2.657(1) K

/4
W Ko Niz (SO4)s

* Tetra-trillium I
'] '] ']

0.5 1.0 1.5 2.0 2.5
J5/Ja

PM S =1
PM S =1/2
'] 1
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)

-2-10 1 2

(0,0,1) in A™1

210 1 2
L L 0)inA-!

(L. .

0.6

0.4

normalized S(q) (a. u.)

0.2

0.0

Gonzalez, Nature Commun. 15, 7191 (2024)
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K,B*B**(PO,), A*AZB3,(PO,),
K,CrTi(PO,), KBaCr,(PO,),
K,C0,(SO,), K,FeSn(PO,), KSrFe,(PO,),
Cs,Fe,(Mo0Oy,),
K;Mny(SO,);
a b

Tetra-trillium lattice

Jy = 0.364(2) K
Jy = —0.144(1) K

Js = 0.798(2) K
Jy = 5.545(1) K/

Js = 2.657(1) K

normalized S(q) (a. u.)

—-2-10 1 2

(%. %.U) in A—!

normalized S(q) (a. u.)

e 05
7 0y 1 2
S 0.0 '*V/ (J5:J5:05) W ATT
S A
/4
W K2Niz (S04)s PM S =1
—0.5 F ¢ Tetra-trillium PM S = 1/2 4
0.5 1.0 1.5 2.0 2.5 Gonzalez, Nature Commun. 15, 7191 (2024)

J5/Ja
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KoB**B™*(PO,)s A*AZ B> (PO,)s

K-Ni,(SO,) K,CrTi(PO,), KBaCr,(PO,), ; . 2 2l
=t i | g 1

K,C0,(SO,), K,FeSn(PO,), KSrFe,(PO,); ; é 0 ¥ ol
= S -1 S -1}

CSzFez(MOO4)3 =2 = 2 '—-"‘g 2
K,MNn,(SO,)s a . L of

B-field induced behavior p: g : = :
— — = L

= S 1 1
0.20 L= = > B e .
7 i = o

0.15 < Lo | i 1
: o ™ of

s S -1 S -1
e S o 98

& 0.10 i
- - 2 B :I:f 2
: By 3 o -

0.05 = = 0 R

: 5 £

= = 9 ~3 -2

0.00 2-10 1 2 2-10 1 2 2-10 1 2
h/J (1,0,0) in A~ (75 73,0) in A~ (75> 75,0) in A~
4

NS | _ Gonzalez, unpublished
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K,B*B*(PO,)s A*AZB%(PO,),
K,CrTi(PO,), KBaCr,(PO,)
K,C0,(SO,)s K,FeSn(PO,), KSrFe,(PO,),

Cs,Fe,(Mo0Oy,),

K,Mn,(SO,),
B-field induced behavior
0.20

h/Jy

s ‘ Gonzalez, unpublished
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dM /dh

“
n

—8— T =0.20218

T =0.06428
—8— T =0.02995
—— T =0.01395

=8 T =0.01152
1 1

6 7
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K,B*B*(PO,)s A*A?B%,(PO,),
K,CrTi(PO,), KBaCr,(PO,)
K,C0,(SO,)s K,FeSn(PO,), KSrFe,(PO,),

Cs,Fe,(Mo0Oy,),

K,Mn,(SO,),
B-field induced behavior
0.20

& 0.10

h/Jy

Gonzalez, unpublished
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Magnetization (arb.u.)
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20 30
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K,B3*B*(PO,), A*A?*B3+,(PO,),
K,CrTi(PO,), KBaCr,(PO,),
K,C0,(SO,); K,FeSn(PO,); KSrFe,(PO,);
Cs,Fey(MoO,),
KoMny(SOy)3

B-field induced behavior

050

0.1K, 0T, E=[-0.1,0.1]meV, dQ=0.03A-1, lin 0.1K, 13T, E=[-0.1,0.1JmeV, dQ=0.03A-1, lin 0.5K, 13T, E=[-0.1,0.1JmeV, dQ=0.03A-1, lin

13T,
0.5K

045

040

035

1,1,0[RLU]

025

020

015

2 3 4

1
0,0,1[RLU] 010
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Intensity (a.u.)

0.35

0.30 A

0.25 A

0.15 4

Q Plane Cut along L

® o0 To01K
® 13T,01K
d® 13T 05K
-0.5 0.0 0.5 1.0 1.5 2.0 25 3.0
L (r.l.u.)

width=0.03A-1, minPixel=0.03A", E=[-0.1,0.1]meV
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K,B>*B**(PO,), A*AZB3,(PO,),

K,C0,(SOy)3

K,CrTi(PO,)s KBaCr,(PO,),

K,FeSn(PO,)s KSrFe,(PO,),
Cs,Fey(MoO,),

Ko;Mny(SQO,),
B-field induced behavior

0.1K, 0T, E=[0.5,1.1]meV, dQ=0.03A-1, lin 0.1K, 13T, E=[0.5,1.1]meV, dQ=0.03A-1, lin
T T T T T T e o T T T T T T s T

13T,

0.5K, 13T, E=[0.5,1.1]meV, dQ=0.03A-1, lin

13T,

oT, .
5 0.5K

|
-
T

11,0 [RLU]

-2

-20 -15 -10 -05 00 05 10 15 20 25 30 35

0,0, 1[RLU]

20 -15 -10 -05 00 05 10 15 20 25 30 35
0,0, 1[RLU]
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-20 -15 -1.0

05 00 05 10 15 20 25 30 35
0,0, 1[RLU]

0.00300

0.00275 -

0.00250

o
=}
=}
N
N
3}

0.00200

Intensity (a.u.

0.00175

0.00150

0.00125 -

0.0040

0.0035

0.0030

0.0025

0.0020

0.0015

0.0010

0.0005

0.0000
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K,B*B**(PO,), A*AZB3,(PO,),
K,Ni(SO,), K,CrTi(PO,), KBaCr,(PO,);
K,Co0,(SO,) K,FeSn(PO,), KSrFe,(PO,),
Cs,Fey(MoO,),
KoMny(SOy);
(f)
] S P - RIn2
. ,g K;C0,(S0O,);
O spin crossover 8.4l -
5=3/2 — S=1/2 5 1 —or
’ ot
0 10 TZ(TQ 30 40
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Xu, Adv.Electron.Mater. 2400308, (2024)
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KoB**B™*(PO,)s A*AZB*5(POy),
K;Niy(SO,), K,CrTi(PO,), KBaCr,(PO,);
K,Co,(SO,) K,FeSn(PO,), KSrFe,(PO,),
Cs,Fey(MoO,),
K Mny(SO,),
()
R =T Rin2
. = K,Co,(SO,);
o spin crossover 8. a0,
S=3/2 — S=1/2 —or
:
o cubic — monoclinic T % w W
. T(K)
(chiral, polar) ) v — ) KCorS00,
9931 b e 015F o
? e 2 - H90.12
29-92 r © 90.09 °
g P2, _-" P2,3 "E_go.os P2, P2,3
%9,91 :': 00:08
0: 90.00 | ? 9 o
9.90 : : : : : : . . . .
50 100 150 200 250 300 50 100 150 200 250 300
T () T

Xu, Adv.Electron.Mater. 2400308, (2024)
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KoB**B™*(PO,)s A*AZB*5(POy),
K;Niy(SO,), K,CrTi(PO,), KBaCr,(PO,);
K,Co0,(SO,) K;FeSn(PO,); KSrFe,(PO,),
Cs,Fey(MoO,),
KoMny(SO,)s
(") ®es eosson - [ om0
6 ] —— ! . )
I S s T e Rin2 avf .
) £ K,Coy(SO; o H\\.\
3 : T
o spin crossover g4 . 5 . N
S=3/2 — S=1/2 —or g =3 | T e
3'2_ s 3 T ad aT R ——
« BT BT ol
o ™ s s 100 K
=—g= 120 K
. . . i i i B2 =g 150 K
o cubic = monoclinic %o 10 BT e sz e T SIS |
. TIK) H(T)
(Chlral, pOIar) (Gl K00S00, = (e) K,C0,(SO,); (d)** (e)®
993} b | e 90.15 ° T L e Kyl (50,0
‘g @ o ',.4""" w012 aal 40
) .. 12}
o magneto-electric & Py o . naf .
gomr g~  90.09 ° " (" . & 20
E B =) [eln} ""-r__.-..- - iy ,_,._"_f_l
g P2, _._9 P2,3 590.06- P2, P2,3 E| \‘I (] : )
‘gg,m ] . ot ) —0oT
% E | 04f =——3T 2l N—1
asl BT 8T
¢ 90.00 ° @@ ° eT 9T
9.90 : : s : : ; . . . . 08 T 40 T S S S—
50 100 150 200 250 300 50 100 150 200 250 300 By B0 100 110 120 130 140 150 ] e 1 110 1A 130 140 150
T(K) T(K) ) T i)
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K,B>*B**(PO,), A*AZB3,(PO,),
K;Niy(SO,), K,CrTi(PO,), KBaCr,(PO,);
K,C0,(SO,) K,FeSn(PO,), KSrFe,(PO,),
Cs,Fey(MoO,),
KoM, (SO,);
. 2.0
25 \ T"=06K
o spin crossover e R
S=3/2 —> S=1/2 L . o3 e A 1.0%
1000 F 4O I AN 1o s
. . . —~ ia | ' = % e
o cubic — monoclinic %mn,- 1z, ﬂ £ | | %Emﬂm
. E i = 0.1 1 10
(chiral, polar) v 1| TN z ol reol 10
— 10§} =) i 15
g g ] E2F ol LF-usk ~ ~ 0G
£ et = | [ - Y 500G
o magneto-electric O '} SEyl reomk - 300G |
0.1k - 10
0.1 | 7 10 100 0.0 03 7(K)06 09

£ (1)

Magar, arxiv 2508.07687 (2025)
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K,B*B*(PO,), A*AZB%,(PO,),
K Nix(SO,)s K,CrTi(PO,), KBaCr,(PO,),
K,C05(SO,); K,FeSn(PO,); KSrFe,(PO,);
KaMn,(SO4)s

o S=2, strong SOC
o cubic
o single Fe ordered moment

O magneto-caloric

Kubickova, Chem.Mater. 36, 7016 (2024)
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K,B>*B**(PO,), A*AZB3*,(PO,),
K;Niy(SO,), K,CrTi(PO,), KBaCr,(PO,);
K;C0,(SO,)5 K;FeSn(PO,); KSrFe,(PO,);
Cs,Fe,(MoQO,), K,Ti,(PO,), KSrTi,(PO,)s
Ko;Mn,(SO,), K,YbSn(PO,),
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K,B*B*(PO,)s AAZB3,(PO,),
K,Ni(SO,)s K,CrTi(PO,)s KBaCr,(PO,)s
K,C0,(SO,)s K,FeSn(PO,), KSrFe,(PO,), |
Cs,Fey(MoO,), K,Ti,(PO,) KSrTiy(PO,)s Berna Esmer
K,Mn,(SO,)s K,YbSNn(PO,),
0.1 1250 7
— )
Q
o 0.08 L1000 ©
’3 -
S 0.06 750 2
- =
-~ 3
E‘ 0.04 500 &
)
-.<_1.)- —
o
£ 0.02 250 o
> .
0.0 5o

0
0 50 100 150 200 250
Temperature (K)
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K,B*B*(PO,)s AAZB3,(PO,),
K;Niy(SO,), K,CrTi(PO,), KBaCr,(PO,);
K,C0,(SO,)s K,FeSn(PO,), KSrFe,(PO,), |
Cs,Fey(MoO,), K,Ti,(PO,) KSrTiy(PO,)s Berna Esmer
K,Mn,(SO,), K,YbSn(PO,)s
0.1 1250
—~ )
w
O 0.08 11000 ©.
: =
6 0.5 > : =
. . —3$— f=91Hz g 0.06 750 -
T [ —§— f=287Hz = 5
e O 04 —— f=911Hz = 0.04 -500 ©
24 2 f = 2880 Hz GEJ 5
s B f=9104 Hz — -—-'
e h, g 03 ©0.02 250
- 3 L ) >,< [
2 R £ 0.2 S
€, % f=91Hz - : S
2 ] _ H\« 0.0 0
=T e ~| = 0 50 100 150 200 250
<° 1] f = 2880 Hz 001 Temperature (K)
~ f =9104 Hz =
0 . . . 0.0 | .
0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4
Temperature (K) Temperature (K)
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K,B3*B**(PO,), A*AZ*B3*,(PO,),
K5Niy(SOy)4 K,CrTi(PO,), KBaCr,(PO,);
K,C0,(SO,)5 K,FeSn(PO,), KSrFe,(PO,),
Cs,Fey(MoO,), K,Ti,(PO,) KSrTiy(PO,)s
K;Mn,(SO,), K,YbSn(PO,),
0.1 1250 7
— ©
12 T T T T T | 1 ! ! q')
= O 0.08 11000 ©
s ] S 0.06 750 g
W ""E-- E]
o= Y \'\h 7 E 0.04 -500 E
L 3 -; GJ
d ¥ .. (0] —
g ' ', - ()
% ool S e, : $0.02 1250 =
w e e T < '
L&) = . _..__DL'__,:‘"-_'_‘Q_ %
04 = RS ,}: i x" a ""_"‘l-“ . 00 0
ot ';.:‘F R 0 50 100 150 200 250 =
PN T e T Temperature (K)
naf & g e ey Tl ) Ml Sl
| L 1 I I‘-‘h Dlh:: > -yt iopo--oy : :-;;:”:-:

Tamperatura (K)
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K, Tip(POy4); — Koy Tin(PO,),

1x S=1/2 / f.u. » <1x S=1/2 / f.u.

Curie-Weiss: C ~ ng?S(S+1), n=?, g=?

©
|

Xdc (emu/mols, , Oe)
= = = =
o o o (]
N = o) o

[
©
o

0

K,B>*B**(PO,), A*AZB3*,(PO,),
K;Niy(SO,), K,CrTi(PO,), KBaCr,(PO,);
K,C0,(S0O4)5 K,FeSn(PO,)s KSrFe,(PO,),
Cs,Fey(MoO,), K,Ti,(PO,) KSrTiy(PO,)s
K,Mn,(SO,)s K,YbSn(PO,)
"‘f.""w.h
E T :~‘--,¢
£l AR ]
= L ., “ _n__.li—l‘-u-:'-.::"_.._ﬂ__\‘
sk L e e
. h‘:- - - ﬂ.::; “
o2t ¢ ;p’. . ' H“i . -~ :‘ ~ellTeel
[ 1 1 t‘-‘h hDI::_ - ; - -z =§ = ::;;:;-L_;

Tamperatura (K)
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-1000 —.

- 750

-500

-250
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0
50 100 150 200 250
Temperature (K)
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. . oo

K,B*B*(PO,), A*A2B(PO,),
KNL(SOQ), K,CITI(PO,), KBACr,(PO,). 1x S=1/2/ f.u. - <1x S=1/2/ f.u.
K,Co,(SO,) K,FeSn(PO,) KSrFe,(PO,)
ZrraTan 2 e 2V e Curie-Weiss: C ~ ng2S(S+1), n=2, g=?
Cs,Fe,(MoO,), K, Ti,(PO,) KSrTi,(PO,)s
K,Mn,(SO,)s K,YbSn(PO,),
0.1 1250
— )
Q
O 0.08 11000 ©.
| > -
10000 9=1.5-1.6 (1/4 spins) S 0.06 750 2
5 so00- = 0.04 500 &
< - )
s Q —
5 o= L 0.02 1250 =
w el *
2 = g
"5000 7 0.0 0
. 0 50 100 150 200 250
10000 - 6K Temperature (K)

T T T T T T T T T T T T T T T
0 2000 4000 6000 8000 10000 12000 14000
Magnetic Field [G]
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K,B*B**(PO,),
K,Ni(SO,), K,CrTi(PO,),
K,C0,(SO,), K,FeSn(PO,),
Cs,Fey(MoO,), K,Ti,(PO,)
K,Mn,(SO,), K,YbSn(PO,),

d(Ti1 — O) = 1.925/1.954 Ang

d(Ti2 — O) = 1.993/2.021 Ang

ESR Signal [A.U]

Quantum Spin Liquids 2025, Budapest

10000 -

5000

-5000

-10000

A*A2B3,(PO,),

KBaCr,(PO,);
KSrFe,(PO,),
KSrTiy(PO,)s

g=1.5-1.6 (1/4 spins)

K, Tip(POy); — Koy Tin(POy),

1x S=1/2 / f.u. » <1x S=1/2 / f.u.

Curie-Weiss: C ~ ng?S(S+1), n=?, g=?

6K

. T T
2000

—
4000

T .
6000

T
8000

T T T T T T
10000 12000 14000

Magnetic Field [G]

0.1 12507
—_ )
Q
o 0.08 L1000 ©
3 -
S 0.06 750 2
c £
-~ 3
E‘ 0.04 500 &
5 Q
$0.02 1250 =
> .
0.0 5o

Temperature (K)

. 0
0 50 100 150 200 250
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KoNix(SO,)s
KoC0,(SOy),
Cs,Fey(MoO,),
KoMn,(SO,),

d(Ti1 — 0) = 1.925/1.954 Ang

d(Ti2 - 0) = 1.993/2.021 Ang

DFT

Ti2yz 0.20189
Ti2xy 0.20047
Ti2xz 0.20034

K,B*B**(PO,),
K,CrTi(PO,),
K,FeSn(PO,)s
K,Ti,(PO,)
K,YbSn(PO,),

10000 -

5000

A*AZB3,(PO,),
KBaCr,(PO,);
KSrFe,(PO,),
KSrTiy(PO,);

g=1.5-1.6 (1/4 spins)

-5000

-10000

ESR Signal [A.U]
o
N l N M

6K

0
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. T T
2000

T T T T T T T T T T T
4000 6000 8000 10000 12000 14000

Magnetic Field [G]

K, Tip(POy4); — Koy Tin(PO,),

1x S=1/2 / f.u. » <1x S=1/2 / f.u.

Curie-Weiss: C ~ ng?S(S+1), n=?, g=?

0.1 12507
—_ )
Q
o 0.08 L1000 ©
3 -
S 0.06 750 2
c £
-~ 3
E‘ 0.04 500 &
5 Q
$0.02 1250 =
> .
0.0 5o

Temperature (K)

. 0
0 50 100 150 200 250

Ilvica Zivkovic



K, Tip(POy4); — Koy Tin(PO,),

K,B*B*(PO,), A*A%B¥,(PO,),
KNL(SO,), K,CITIPO,), KBACH,(PO,); 1x S=1/2 /f.u. — <1x S=1/2/ f.u.
K,C0,(SO,) K,FeSn(PO,) KSrFe,(PO,)
ZrraTan ? e 2V e Curie-Weiss: C ~ ng2S(S+1), n=2, g=?
Cs,Fe,(MoO,), K,Ti,(PO,) KSrTi,(PO,),
K,;MNn,(SO,)s K,YbSNn(PO,),
15K, 4.8A AR o SN
B T 05
d(Ti1 — O) = 1.925/1.954 Ang 30 prrre ey e 0.30 ; i
25} S T ' 025 = 2 - i 04 2
d(Ti2 - 0) = 1.993/2.021 Ang 5 5 4 5
o Z0F le © 103 8
2 151 & ES3 s
E 15} 0.15 E lop 2
DFT W o 2w, 25
—— 10| 0.10
Ti2yz 0.20189 | g 01 E
Ti2xy 0.20047 05| [aned g I0-05 = . ; | '
Ti2 20034 S R . b dlelenset et 1
2xz0.2003 O GE A5 N B0 2e Ag O %0705 10 15 20 25 30 35 °C
101 A% Q1 (A7)
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K,B>*B**(PO,), A*AZB3*,(PO,),
K;Niy(SO,), K,CrTi(PO,), KBaCr,(PO,);
K,C0,(S0O4)5 K,FeSn(PO,)s KSrFe,(PO,),
Cs,Fe,(MoO,), K, Ti,(PO,)s KSITi,(PO,)
K,Mn,(SO,)s K,YbSn(PO,)
150 T T T 1500
5 K, YbSn(PO,) § KSrTi,(PO,)
S S
> 100 _i= 1000}
5 o
£ E
z -
S 50F @‘ 500 F
a 0 Oo L 2 2 3 3 - ﬂ A A L A A
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Temperature (K) Temperature (K)
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K,B*B*(PO,)s AAZB3,(PO,), _ N _ _
p— ; > site mixing (x-ray diffraction)
I
K,C0,(SO,)s |_K,FeSn(PO,), ) KSrFe,(PO,),
Cs,Fe,(MoO,), K, Ti,(PO,) KSITi,(PO,)s
K,Mn,(SO,), K,YbSn(PO,)
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A cewras
K,B*B*(PO,), A*A?B,(PO,), (magic angle spinning)
K,Ni(SO,), K,CrTi(PO,), KBaCr,(PO,);
K,C0,(SO,), K,FeSn(PO,), KSrFe,(PO,),
Cs,Fe,(MoO,), K,Ti,(PO,) KSrTiy(PO,);
K,Mn,(SO,), K,YbSn(PO,)
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K,B*B**(PO,),
K,Ni(SO,), K,CrTi(PO,),
K,C0,(SO,), K,FeSn(PO,),
Cs,Fey(MoO,), K,Ti,(PO,)
K,Mn,(SO,), K,YbSn(PO,)

KszSI’](PO4)3 6?“"

% = spinning side bands

o = B0KHZ

¥ye = 15 kHZ

1 1 | 1 ]
1000 500 0 -500 -1000
P chemical shift (ppm)
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A+A ’2+B3+2(PC)4)3

KBaCr,(PO,);
KSrFe,(PO,),
KSrTiy(PO,)s

31P NMR-MAS
(magic angle spinning)

Ilvica Zivkovic



A oewrwes

K,B*B**(PO,),
K,Ni(SO,), K,CrTi(PO,),
K,C0,(SO,), K,FeSn(PO,),
Cs,Fey(MoO,), K,Ti,(PO,)
K,Mn,(SO,), K,YbSn(PO,)

KszSI’](PO4)3 6?“"

% = spinning side bands

o = B0KHZ

¥ye = 15 kHZ

1 1 | 1 ]
1000 500 0 -500 -1000
P chemical shift (ppm)
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A*AZB3,(PO,), (magic angle spinning)
KBaCr,(PO,);
KSrFe,(PO,),
KSrTiy(PO,)s
— exp
— fit
| | | | |
1000 500 0 -500 -1000

3P chemical shift (ppm)
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31P NMR-MAS
(magic angle spinning)

KoB**B™*(PO,)s A*AZB*5(PQOy)s
K,Niy(SO,), K,CrTi(PO,)s KBaCr,(PO,)
K,C0,(SO,)s K,FeSn(PO,), KSrFe,(PO,)s
Cs,Fe,(MoO,), K, Ti,(PO,) KSITi,(PO,)s
K,Mn,(SO,), K,YbSn(PO,)
K2Ybsn(PO4)3 6?“"
% = spinning side bands
o Vs 60KHZ
— exp
— fit
v, = 40 kHz
Vs = 15 kHz
| | | | |
1000 200 0 500 71000 1000 500 0 -500 -1000 1000 800

P chemical shift (ppm)

Quantum Spin Liquids 2025, Budapest

3P chemical shift (ppm)

K2 Tix(POy4)s

— exp
— total fit
—— individual fit

600 400 200 0 -200
%P chemical shift (ppm)

Ilvica Zivkovic
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