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The X-ray powder diffraction study of [(CHs)sNH|MnCls x 2H>O (TrMAMnCI) single crystal
confirmed the chemical composition and symmetry of the investigated compound and refined
the lattice parameters in comparison with the previous data: a = 16.7492(7), b = 7.4241(3),
¢ = 8.2119(3) A, unit cell volume V = 1021.13(7) A%, Temperature and field dependences of the
magnetization of TTMAMnCI single crystals have been measured. They shown that TrMAMnCl
behaves as a canted one-dimensional antiferromagnet with the Neel temperature T = 0.98 K.
Taking into account the data of ESR, magnetic specific heat and structural study, behavior of
the magnetization can be explained by assumming that there is a hidden canting of the spin
along the b axis in the investigated crystal. The broad maximum of the magnetization observed at
T = 2.5 K (just above the ordering temperature) was related to the effect of the noticeable short-
range order by analogy with the related compounds with alkylammonium cations and linear chains

of the magnetic ions complexes.
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I. INTRODUCTION

The magnetic behavior of low-dimensional spin
systems has recently come under intensive study.
[(CH3)sNH]MnCl3 x 2H50 (TrMAMnCI) crystals belong
to the compounds with chemically chained Mn(II)
complexes with weak links between the chains and are
a logical choice for such studies.

The structure of TrMAMnCl was for the first ti-
me presented in [1]. According to that paper, the
crystal belongs to the orthorhombic symmetry with the
space group Pnma. The lattice constants were found
to be: @ = 16.733 A, b = 7.422 A and ¢ = 8.198 A.
This compound contains polymeric MnCly chains whi-
ch are parallel to the b axis. The distance between
the nearest Mn ions along the b axis was found to
be 3.711 A. The ratio of the intra-chain Mn-Mn di-
stance to the inter-chain distance is 1:2.2, which is
compared with the ratios 1:2.8 and 1:1.3 for the related
linear chain compounds [(CH3)4N]MnCl; (TrMAMnCl)
and CsMnCl; x 2H50 [1]. The reported magnetic
susceptibility for this magnetic crystal has shown these
compounds to be antiferromagnetically ordered at the
lowest temperature (ITy =~ 1 K) with a canted
spin structure [2, 3]. Unfortunately, although Merchant
et. al [2] investigated two isomorphic compounds —
[(CHg)gNH]MIlBI“g X QHQO and [(CHg)gNH]MHClg X
2H50 — they have presented the dependences reflect-
ing the magnetic properties only of the former of the
two because both crystals are similar in this respect.
They only announced a more exact Neel temperature for
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TrMAMnCI: Ty = 0.98 K. This value was also confirmed
by the magnetic specific heat and ESR study [4].

Taking into account that the crystals with transiti-
on metal complexes and alkylammonium cations were
found to be magnetic multiferroics [5-7], a precise study
of the magnetic properties of [(CH3)sNH|MnClz x 2H20
compound would be considered as a very interesting
fundamental and applied problem.

Finally, if we take into account that the exchange
interaction perpendicular to the b axis chain is consi-
derably weaker than that along the chain, TrMAMnCI is
suggested to be a one-dimensional (1D) antiferromagnet
with the spin S = 5/2 and the Neel temperature Ty =
0.98 K [4, 8].

II. EXPERIMENTAL

The samples of [(CH3)3sNH|MnCls x 2H50 were grown
at a constant temperature from the aqueous solutions
of [(CH3)sNH]|Cl and MnCl;x4H50 salts taken in the
stoichiometric ratio using the slow evaporation method.

X-ray powder diffraction (XRPD) data were collected
in the transmission mode using a STOE STADI P
diffractometer [9] with the following setup: Cu Ka;-
radiation, curved Ge (111) monochromator on primary
beam, 2 6/w-scan, angular range for data collection
6.995-90.305°26 with increment 0.015, linear position
sensitive detector with the step of recording 0.480°26 and
time per step 440 s, U =40 kV, I = 37 mA, T = 25°C.
A calibration procedure was performed utilizing SRM
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640b (Si) and SRM 676 (Aly03) NIST standards. Preli-
minary data processing and X-ray phase analysis were
performed using STOE WinXPOW [9] and PowderCell
[10] program packages. The crystal structure was refined
using the Rietveld method with the program FullProf.2k
(version 5.40) [11, 12|, applying a pseudo-Voigt profile
function.

The magnetization M of a single-crystal sample of
TrMAMnCl was measured in the temperature range
of 1.8-200 K along the principal axes of the crystal
with the use of an MPMS-XL Quantum Design SQUID
magnetometer. The measurement field was 100 Oe and
the sample’s sizes were 0.3 x 0.3 x 0.7 mm. The largest
value of M was found to be along the b axis. Therefore,
detailed investigations of the magnetic properties were
performed applying the magnetic field in this chosen di-
rection.

The field dependences of the magnetization M (H) were
measured at fixed temperatures in the vicinity of the
ordering temperature 1.8-10 K and with magnetic fields
up to 14 T.

III. RESULTS

The X-ray diffraction study was performed in order to
confirm the chemical composition and symmetry of the
investigated single crystals. The grown light pink crystals
were crushed into a grayish white powder for XRPD.
X-ray phase analysis confirmed the bulk homogeneity
and showed the presence of [(CH3)3sNH|MnCl; x 2H20
compound. Its crystal structure has been completely
determined using 2X-ray single crystal diffraction data
in [13].

R;=0.067 ]

2 R,=0.023 ]

[ R,,=0.030 1

£ Ry, =0.023 |
z ¥?=1.69

* dithcsia gt ':

100 0O TR0 0 O O RN

“k ke et .‘J ey d 1

5.0 135 22,0 305 390 475 560 o645 730 8LS  90.0
2009
Fig. 1. Observed and calculated X-ray powder profiles for
[(CH3)sNH|MnCls x 2H30 sample. Experimental data (ci-
rcles) and calculated profile (solid line) are given with
calculated Bragg positions for [(CHs)sNH]MnCls x 2H20
(vertical ticks), difference curve (bottom solid line) and values
of reliability factors after Rietveld refinement

Rietveld refinement was performed using the
structural model [13], with fixed positions of hydrogen
atoms, and gave the more precise lattice parameters in
comparison with the data of [1, 13]: a = 16.7492(7),
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b = 7.4241(3), ¢ = 8.2119(3) A, unit cell volume V =
1021.13(7) A3 (space group Pnma) (Fig. 1).

Studying the magnetic properties of TrMAMnCl
crystal it is necessary to bear in mind that the ground
term of the Mn2* ions is S, and the magnetic moment

corresponds to S = 5/2 with an isotropic ¢ factor g =
2.00 [4].
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Fig. 2. The magnetization measured along the b axis as a
function of temperature
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Fig. 3. The inverse magnetization as a function of

temperature (solid line presents a linear fit)

The magnetization of TrMAMnCIl single crystal
measured along the b axis as a function of temperature is
presented in Fig. 2. It shows the dominant paramagnetic
behavior at T' > 5 K. Unfortunately, we could not reach
the Neel temperature Ty = 0.98 K. The broad maxi-
mum observed above the ordering temperature — at
T = 2.5 K — would be related to the effect of the
noticeable short-range order which was observed in the
related compounds with a linear chain of transition metal
complexes [14]. Moreover, this conclusion correlates with
the data of ESR and the magnetic specific heat study of
TrMAMnCI crystal [4].
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At above 17 K, the magnetization of the crystal is well
described by the Curie-Weiss law (see the solid line in
Fig. 3) with the Curie-Weiss temperature of § = —(6.1+
0.1) K. Given the sign of the Curie-Weiss temperature,
it is possible to conclude that the exchange interaction
between the Mn2" ions in the chains is antiferromagnetic
[15].
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Fig. 4. Magnetic field dependences of the magnetization in
vicinity of the ordering temperature

The sharp rise of the magnetization at temperature
below 25 K is reminiscent of the behavior of the
corresponding magnetic susceptibility of TrMACoC] [3]
and TrMAMnBr [2] compounds. This behavior can
be explained if we assume that there is a hidden
canting of the spin along the b axis in the investi-
gated crystal. The magnetic behavior was interpreted
in terms of a collection of one-dimensional linear
chains of the manganese-chloride complexes, with weak
antiferromagnetic coupling along the chain as well
as between the chains. This is consistent with the
structural results. The bridging Mn—Cl-Mn angles of
94.83° and 92.13° are in the range where ferro- and anti-
ferromagnetic superexchange contributions are expected
to roughly cancel each other. The hydrogen-bonding
network provides a superexchange mechanism between
the chains [13]. The reported magnetic susceptibility

for this magnetic crystal also has shown them to be
antiferromagnetically ordered at the lowest temperature
(T ~ 1 K) with a canted spin structure [16].

This conclusion also correlates with a considerable
nonlinearity of the field dependences of the magnetizati-
on observed at the relatively high values of the magnetic
field in the temperature range just above the orderi-
ng temperature and the mentioned temperature T =
2.5 K, respectively (Fig. 4). Such a behavior confirms
the suggestion about a hidden canting of the spin along
the b axis in the investigated crystal.

IV. CONCLUSIONS

The X-ray diffraction study confirmed the chemi-
cal composition and symmetry of the investigated
TrMAMnCI single crystals and refined the lattice
parameters in comparison with the data of [1, 13]: a =
16.7492(7), b = 7.4241(3), ¢ = 8.2119(3) A, unit cell
volume V = 1021.13(7) A? (space group Pnma).

The measurements of the temperature and field
dependences of the magnetic parameters have shown
that TrMAMnCI behaves as a canted one-dimensional
antiferromagnet. Taking into account the data of ESR,
magnetic specific heat and structural study [4, 13, 16],
the behavior of the magnetization can be explained
if we assume that there is a hidden canting of the
spin along the b axis in the investigated crystal. The
magnetic properties would be interpreted in terms of a
collection of one-dimensional linear chains of the metal-
chloride complexes, with weak antiferromagnetic coupli-
ng along the chain as well as between the chains.
The broad maximum of the magnetization observed at
T = 2.5 K, namely, above the antiferromagnetic ordering
temperature, was related to the effect of the noticeable
short-range order by analogy with the related compounds
with alkylammonium cations and linear chains of the
magnetic ions complexes [2].
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CTPYKTYPA I MATHITHI BJIACTUBOCTI KPUCTAJIIB [(CH;3)sNH]|MnCl1; x 2H,O0

B. B. Kauycrauux®, FO. B. Yopuiii®, II. FO. JTemuenxo?,

L @isumnuts gaxysvmem, Jvesiscorut nayionarvrut ynisepcumem imens Isana Opanxa,
eya. Jpazomanosa, 50, JIveis, 79005, Vkpaina,
2 Tvsiecoruts noyionarvnut yrisepcumem imeni Isana Opanxa, Timivnud darysvmem,
eya. Kupuaa i Megpodia 8, JIveis, 79005, Yxpaina,
3 Dizuko-meznivnutl tHemumym nusvkus memnepamyp im. B. Bepxina HAH Yrpainu,
npocn. Hayxu 47, Xapxie, 61103, Yxpaina

MarniTHa moBefiHKa HU3bKOBUMIPHUX CIIIHOBUX CHCTEM OCTAHHIM 9aCcOM € 00’€KTOM iHTEHCHBHOI'O BHU-
Buennsi. Kpucramm [(CHs)sNH]MnC1; x 2H30 (TrMAMnCI) HanexaTh 10 KBa3i0JHOBUMIDHUX CHOJIYK
i3 HeckiHueHHUMHU JlaHIfOraMu, yreoperumu Komiuiekcamu Mn (I1), npuuomy 3B’43Kku MiXK JIaHIOramu
caabki. YpaxoByodu, [0 HU3KA CHOPIHEHWX KPUCTAIIB i3 KOMILIEKCAMH MMEPEXiJHUX METAJIB Ta aJKi-
JIAMOHI€BUMY KATIOHAMW BUSIBUJINCS MATHITHUMHU MYyJIbTH()EPOTKAMU, JeTAbHE BUBYEHHS MATHITHUX BJIa-
cruBocreil kpucrasa TrMAMNC] MoxkHA PO3TIAIATH AK AyKe IKaBy (MYHIAMEHTAJIbLHY H TPUKJIAIHY
mpobemy.

Hocaimxenns monokpucranis TrMAMnCl meromom noporikoBoi nudgpakiii X-poMeHiB i rBepamio
XiMiTHUI CKJIa] Ta CUMETPIIo IINX MOHOKPHUCTAJIB, a TAKOXK JIAJI0 3MOTY YTOYHUTH TTapaMeTPH KPUCTAJIi-
YHOI I'PATKU MOPIBHAHO 3 monepeaHiMu pauuMu: a = 16.7492(7), b = 7.4241(3), ¢ = 8.2119(3) A, o6'em
enemerntaproi komipkn V = 1021.13(7) A2,

Buwmipsiso TemmeparypHy Ta Hoab0BY 3asiexkHocTi Hamaraigentus MorHokpucranis TrMAMCI, ski 3a-
CBiTumIIH, IO 1eii MaTepiajl TOBOIUTHCS K OJHOBUMIDHUN aHTH(MEPOMArHETHK 13 HAXUIOM CriHiB. Bepyun
no ysaru gani EIIP, BuBtueHHsA MaraiTHOI MATOMOI TEIJIOTH Ta CTPYKTYPH, MOBEIIHKY HaMarHi4eHOCTI MO-
JKHA MOSICHUTH, SKIIO MPUIYCTUTH, IO B AOCTIIIKYBAHOMY KPHUCTAJl € MPUXOBAHUI HAXWJI CIIHIB y3I0B2K
oci b. MaruiTHi BI1acTUBOCTI MOXKHA IHTEPIIPETYBATH B ME2KaX MOJIEJI, 0 PO3IVISIAE CYKYIHICTh OJHOBH-
MIpHUX JIHIAHAX JAHIIOTIB i3 MeTaI-raJOreHHIX KOMIIJIEKCIB 3i CJIabK0I0 aHTH(EpPOMArHITHOIO B3AEMOIIEI0
fK y3J0BIK JIAHIIOTA, TaK 1 MiXK JraHmoramu, 3 Temneparypoio Heitnsa T = 0.98 K. Ilupoxwnit makcumym
HaMarHiyeHocTi, sKuil crocrepiraBes BUILE Bl TeMiieparypu aHTH(GEPOMArHiTHOIO BIOPsAKYBaHHs (1Ipu
T = 2.5 K), 6yB noB’s3a1uil i3 1posiBoM GJIMZKHBOIO LHOPAAKY 33 AHAJIOIIEIO 31 CLOPLAHEHUMH CLOJLYKAMU
3 aJIKiJITaMOHIEBUMHU KATIOHAMU Ta JIHIHHUMU JIAHITIOTAMU KOMILJIEKCIB MArHiTHUX WOHIB. 3a TeMIEparypH,
Bumol Big 17 K, nHamarnivenns kpucraja 100pe omucyeTbes 3akonoMm Kiopi—Baiica 3 remneparypoio Kopi—
Baiica § = —(6.1 £ 0.1) K. 3Baxaiouu Ha Bix’eMHUIi 3HAK UHOTO IIApAMETPA, MOXKHA 3POOUTU BUCHOBOK,
mo obMinna B3aemomis mixk ffomamu Mn?T y jammorax 3a CBOEO HpUPOIOIO0 € aHTHdEPOMArHITHOIO.

KurrouoBi ciroBa: anTudepoMarHeTuk, MarHiTHI BJIACTUBOCTI, HAMATHIYEHICTh, HU3bKOPO3MIpHI Cri-
HOBI CHCTeMH, PEHTTEeHIBCbKA MOPOIITKOBA IH(PPAKITis.
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