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The X-ray powder di�raction study of [(CH3)3NH]MnCl3 × 2H2O (TrMAMnCl) single crystal
con�rmed the chemical composition and symmetry of the investigated compound and re�ned
the lattice parameters in comparison with the previous data: a = 16.7492(7), b = 7.4241(3),
c = 8.2119(3) �A, unit cell volume V = 1021.13(7) �A3. Temperature and �eld dependences of the
magnetization of TrMAMnCl single crystals have been measured. They shown that TrMAMnCl
behaves as a canted one-dimensional antiferromagnet with the Neel temperature TN = 0.98 K.
Taking into account the data of ESR, magnetic speci�c 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 e�ect 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)3NH]MnCl3×2H2O (TrMAMnCl) 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 �rst 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: a = 16.733 �A, b = 7.422 �A and c = 8.198 �A.
This compound contains polymeric MnCl2 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]MnCl3 (TrMAMnCl)
and CsMnCl3 × 2H2O [1]. The reported magnetic
susceptibility for this magnetic crystal has shown these
compounds to be antiferromagnetically ordered at the
lowest temperature (TN ≈ 1 K) with a canted
spin structure [2, 3]. Unfortunately, although Merchant
et. al [2] investigated two isomorphic compounds �
[(CH3)3NH]MnBr3 × 2H2O and [(CH3)3NH]MnCl3 ×
2H2O � they have presented the dependences re�ect-
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

TrMAMnCl: TN = 0.98 K. This value was also con�rmed
by the magnetic speci�c 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)3NH]MnCl3×2H2O
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, TrMAMnCl is
suggested to be a one-dimensional (1D) antiferromagnet
with the spin S = 5/2 and the Neel temperature TN =
0.98 K [4, 8].

II. EXPERIMENTAL

The samples of [(CH3)3NH]MnCl3×2H2O were grown
at a constant temperature from the aqueous solutions
of [(CH3)3NH]Cl and MnCl2×4H2O salts taken in the
stoichiometric ratio using the slow evaporation method.

X-ray powder di�raction (XRPD) data were collected
in the transmission mode using a STOE STADI P
di�ractometer [9] with the following setup: Cu Kα1-
radiation, curved Ge (111) monochromator on primary
beam, 2 θ/ω-scan, angular range for data collection
6.995�90.305◦2θ with increment 0.015, linear position
sensitive detector with the step of recording 0.480◦2θ 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 (Al2O3) 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 re�ned
using the Rietveld method with the program FullProf.2k
(version 5.40) [11, 12], applying a pseudo-Voigt pro�le
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 �eld was 100 Oe and
the sample's sizes were 0.3 × 0.3 × 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 �eld in this chosen di-
rection.

The �eld dependences of the magnetizationM (H) were
measured at �xed temperatures in the vicinity of the
ordering temperature 1.8�10 K and with magnetic �elds
up to 14 T.

III. RESULTS

The X-ray di�raction study was performed in order to
con�rm 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 con�rmed the bulk homogeneity
and showed the presence of [(CH3)3NH]MnCl3 × 2H2O
compound. Its crystal structure has been completely
determined using 2X-ray single crystal di�raction data
in [13].

Fig. 1. Observed and calculated X-ray powder pro�les for
[(CH3)3NH]MnCl3 × 2H2O sample. Experimental data (ci-
rcles) and calculated pro�le (solid line) are given with
calculated Bragg positions for [(CH3)3NH]MnCl3 × 2H2O
(vertical ticks), di�erence curve (bottom solid line) and values

of reliability factors after Rietveld re�nement

Rietveld re�nement was performed using the
structural model [13], with �xed positions of hydrogen
atoms, and gave the more precise lattice parameters in
comparison with the data of [1, 13]: a = 16.7492(7),

b = 7.4241(3), c = 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 6S, and the magnetic moment
corresponds to S = 5/2 with an isotropic g factor g =
2.00 [4].

Fig. 2. The magnetization measured along the b axis as a
function of temperature

Fig. 3. The inverse magnetization as a function of
temperature (solid line presents a linear �t)

The magnetization of TrMAMnCl 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 TN = 0.98 K. The broad maxi-
mum observed above the ordering temperature � at
T = 2.5 K � would be related to the e�ect 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 speci�c heat study of
TrMAMnCl 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 θ = −(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].

Fig. 4. Magnetic �eld 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 TrMACoCl [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 �eld dependences of the magnetizati-
on observed at the relatively high values of the magnetic
�eld in the temperature range just above the orderi-
ng temperature and the mentioned temperature T =
2.5 K, respectively (Fig. 4). Such a behavior con�rms
the suggestion about a hidden canting of the spin along
the b axis in the investigated crystal.

IV. CONCLUSIONS

The X-ray di�raction study con�rmed the chemi-
cal composition and symmetry of the investigated
TrMAMnCl single crystals and re�ned the lattice
parameters in comparison with the data of [1, 13]: a =
16.7492(7), b = 7.4241(3), c = 8.2119(3) �A, unit cell
volume V = 1021.13(7) �A3 (space group Pnma).
The measurements of the temperature and �eld

dependences of the magnetic parameters have shown
that TrMAMnCl behaves as a canted one-dimensional
antiferromagnet. Taking into account the data of ESR,
magnetic speci�c 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 e�ect 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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Ìàãíiòíà ïîâåäiíêà íèçüêîâèìiðíèõ ñïiíîâèõ ñèñòåì îñòàííiì ÷àñîì ¹ îá'¹êòîì iíòåíñèâíîãî âè-
â÷åííÿ. Êðèñòàëè [(CH3)3NH]MnC13 × 2H2O (TrMAMnCl) íàëåæàòü äî êâàçiîäíîâèìiðíèõ ñïîëóê
iç íåñêií÷åííèìè ëàíöþãàìè, óòâîðåíèìè êîìïëåêñàìè Mn (II), ïðè÷îìó çâ'ÿçêè ìiæ ëàíöþãàìè
ñëàáêi. Óðàõîâóþ÷è, ùî íèçêà ñïîðiäíåíèõ êðèñòàëiâ iç êîìïëåêñàìè ïåðåõiäíèõ ìåòàëiâ òà àëêi-
ëàìîíi¹âèìè êàòiîíàìè âèÿâèëèñÿ ìàãíiòíèìè ìóëüòèôåðî¨êàìè, äåòàëüíå âèâ÷åííÿ ìàãíiòíèõ âëà-
ñòèâîñòåé êðèñòàëà TrMAMnCl ìîæíà ðîçãëÿäàòè ÿê äóæå öiêàâó ôóíäàìåíòàëüíó é ïðèêëàäíó
ïðîáëåìó.

Äîñëiäæåííÿ ìîíîêðèñòàëiâ TrMAMnCl ìåòîäîì ïîðîøêîâî¨ äèôðàêöi¨ Õ-ïðîìåíiâ ïiäòâåðäèëî
õiìi÷íèé ñêëàä òà ñèìåòðiþ öèõ ìîíîêðèñòàëiâ, à òàêîæ äàëî çìîãó óòî÷íèòè ïàðàìåòðè êðèñòàëi-
÷íî¨  ðàòêè ïîðiâíÿíî ç ïîïåðåäíiìè äàíèìè: a = 16.7492(7), b = 7.4241(3), c = 8.2119(3) �A, îá'¹ì
åëåìåíòàðíî¨ êîìiðêè V = 1021.13(7) �A3.

Âèìiðÿíî òåìïåðàòóðíó òà ïîëüîâó çàëåæíîñòi íàìàãíi÷åííÿ ìîíîêðèñòàëiâ TrMAMnCl, ÿêi çà-
ñâiä÷èëè, ùî öåé ìàòåðiàë ïîâîäèòüñÿ ÿê îäíîâèìiðíèé àíòèôåðîìàãíåòèê iç íàõèëîì ñïiíiâ. Áåðó÷è
äî óâàãè äàíi ÅÏÐ, âèâ÷åííÿ ìàãíiòíî¨ ïèòîìî¨ òåïëîòè òà ñòðóêòóðè, ïîâåäiíêó íàìàãíi÷åíîñòi ìî-
æíà ïîÿñíèòè, ÿêùî ïðèïóñòèòè, ùî â äîñëiäæóâàíîìó êðèñòàëi ¹ ïðèõîâàíèé íàõèë ñïiíiâ óçäîâæ
îñi b. Ìàãíiòíi âëàñòèâîñòi ìîæíà iíòåðïðåòóâàòè â ìåæàõ ìîäåëi, ùî ðîçãëÿäà¹ ñóêóïíiñòü îäíîâè-
ìiðíèõ ëiíiéíèõ ëàíöþãiâ iç ìåòàë-ãàëîãåííèõ êîìïëåêñiâ çi ñëàáêîþ àíòèôåðîìàãíiòíîþ âçà¹ìîäi¹þ
ÿê óçäîâæ ëàíöþãà, òàê i ìiæ ëàíöþãàìè, ç òåìïåðàòóðîþ Íåéëÿ TN = 0.98 K. Øèðîêèé ìàêñèìóì
íàìàãíi÷åíîñòi, ÿêèé ñïîñòåðiãàâñÿ âèùå âiä òåìïåðàòóðè àíòèôåðîìàãíiòíîãî âïîðÿäêóâàííÿ (ïðè
Ò = 2.5 Ê), áóâ ïîâ'ÿçàíèé iç ïðîÿâîì áëèæíüîãî ïîðÿäêó çà àíàëîãi¹þ çi ñïîðiäíåíèìè ñïîëóêàìè
ç àëêiëàìîíi¹âèìè êàòiîíàìè òà ëiíiéíèìè ëàíöþãàìè êîìïëåêñiâ ìàãíiòíèõ éîíiâ. Çà òåìïåðàòóðè,
âèùî¨ âiä 17 Ê, íàìàãíi÷åííÿ êðèñòàëà äîáðå îïèñó¹òüñÿ çàêîíîì Êþði�Âàéñà ç òåìïåðàòóðîþ Êþði�
Âàéñà θ = −(6.1± 0.1) Ê. Çâàæàþ÷è íà âiä'¹ìíèé çíàê öüîãî ïàðàìåòðà, ìîæíà çðîáèòè âèñíîâîê,
ùî îáìiííà âçà¹ìîäiÿ ìiæ éîíàìè Mn2+ ó ëàíöþãàõ çà ñâî¹þ ïðèðîäîþ ¹ àíòèôåðîìàãíiòíîþ.

Êëþ÷îâi ñëîâà: àíòèôåðîìàãíåòèê, ìàãíiòíi âëàñòèâîñòi, íàìàãíi÷åíiñòü, íèçüêîðîçìiðíi ñïi-
íîâi ñèñòåìè, ðåíò åíiâñüêà ïîðîøêîâà äèôðàêöiÿ.
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