
This article was downloaded by: [University of Haifa Library]
On: 16 August 2012, At: 09:01
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Electron Paramagnetic
Resonance Study of
Magnetic Ordering in MnPS3,
Mn0.79PS3(4,4′-bipy)0.42 and
Mn0.84PS3(1,10-Phen)0.64

Compounds
M. K. Bhide a , R. M. Kadam a , M. D. Sastry a ,
Jingui Qin b , Chuluo Yang b , K. Yakushi c , Yasuhiro
Nakazawa c , Kenji Ichimura d , A. K. Sra e & J. V.
Yakhmi e
a Radiochemistry Division, Bhabha Atomic Research
Centre, Mumbai, 400 085, India
b Department of Chemistry, Wuhan University,
Wuhan, 430072, China
c Institute of Molecular Sciences, Okazaki, 444,
Japan
d Department of Chemistry, Kumamoto University,
Kumamoto, 860, Japan
e Chemistry Division, Bhabha Atomic Research
Centre, Mumbai, 400-085, India

Version of record first published: 27 Oct 2006

http://www.tandfonline.com/loi/gmcl19


To cite this article: M. K. Bhide, R. M. Kadam, M. D. Sastry, Jingui Qin, Chuluo
Yang, K. Yakushi, Yasuhiro Nakazawa, Kenji Ichimura, A. K. Sra & J. V. Yakhmi
(2000): Electron Paramagnetic Resonance Study of Magnetic Ordering in MnPS3,
Mn0.79PS3(4,4′-bipy)0.42 and Mn0.84PS3(1,10-Phen)0.64 Compounds, Molecular Crystals
and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid
Crystals, 341:2, 119-124

To link to this article:  http://dx.doi.org/10.1080/10587250008026127

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 0
9:

01
 1

6 
A

ug
us

t 2
01

2 

http://dx.doi.org/10.1080/10587250008026127
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mnl. C r w  uiid Liy. C r w . ,  2000. VIA 341, pp. 119-124 
Keprintb availahle directly from the publkher 
Photocopying permitted by license only 

0 2000 OPA (Overbeas hhlirher\ A\\ocialionI N.V. 
Puhlkhed hy license under the 

Gordon and Breach Science Puhlirherz imprint 
Printed in Malayria 

Electron Paramagnetic Resonance Study of 
Magnetic Ordering in MnPS3, 

MnOeg4PS3( 1,10-Phen)0.64 Compounds 
M.K. BHIDE~, R.M. KADAM“, M.D. SASTRY~, JINGUI Q I N ~ ,  
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Mno,,,PS3(4,4’-biPY)0.42 and 

KENJI ICHIMURAd, A.K. SRAe and J.V. YAKHMIe 

aRadiochemistry Division, Bhabha Atomic Research Centre, Mumbai - 400 OSS, 
lndia , bDepartment of Chemistry, Wuhan University, Wuhan 430072, China, 

‘Institute of Molecular Sciences, Okuzaki 444, Japan, dDepartment of Chemistry, 
Kumamoto Univer.sity, Kiimamoto 860, Japan and eChemistry Division, 

Bhabha Atomic Research Centre, Mumbui - 400-085, India 

We report Electron Paramagnetic Resonance (EPR) studies on intercalation ferromagnets 
Mno,,9PS3(4,4’-bipy)o,~* and Mn0,84PS3( 1 ,  10-phen)0,64 and their antiferromagnetic host 
MnPS3, in the temperature range 300 - 15 K. The nature of the organic guest cation appears 
to have a strong influence on the magnetic hehaviour of this inorganic-organic hybrid system. 
The continued appearance of the exchange-narrowed sharp line, characteristic of the para- 
magnetic phase, even at 15 K suggests that the bulk of the intercalate ferromagnets in this 
system do not attain a completely ordered state. 

Keywords: Electron paramagnetic resonance; intercalate ferromagnets 

INTRODUCTION 

The antiferromagdc b-dnsition metal phosphorous trichaloogcnides MPS3 (M = 

Mn”, Co” and Fe’y, whcn M is in high spin state, crystallize in layered stntctures 

(monoclinic, space p u p  CYm) and exhibit a unique non-redox intrrcalation 

chemistry. In them, the van der Waals forces hold the layers together, into which large 

organic cations from a solution can get intercalated as cationic guests, discharsing 

intralamellar M” cations back into solution to maintain charge balance. The invalaytr 

M”-vacancies can lead to a dramatic modification of the magnetic behaviour of the 

host wmpounds, making them exccllcnt candidates for designing new molecular 

magnets”]. Intercalation of 2,2’-bipyridine (bipy) or I,lO-phenanthrolinc @hen), for 

instance, expands thc interlayer spachg and transforms a quasi-2D antiferromagna 
MnPS, (TN = 78K) into molecular ferromagnets b d S , Q , 2 ’ - b i p y ) o ~  and 

&,UpS,@hen)O& which exhibit spontaneous magnetization below 40K. Similarly, 

intercalation of 4,4’-bipyridine in MnpS3 or FePSl (TN= 12OK) transforms them into 
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120/[924] M.K. BHIDE rt ul. 

MnoflpS~(4,4’-b1py)~~~ and F~MpS3(4,4’-bipy)O~ whrch &bit fernmagnetx 

bchawour below 35K and 6OK, respecbvely In the recent past, we have made 

extensive use of EPR to obtam valuable mights mto the nature of the m c  
behawour m molecular magnets“ ’1 ~n par tauk ,  we have nportcd the appearancc of a 

ferromagneUc resonance signal m the range of temperature 40 - 2 5 5  at the expense of 

the exchange-narrowed pamqpebc b e  for Mno~PS3(2,2’-bipy)o~ as well as the 
existence of two L W t  Mn sites m tlw compound[6’ Our present EPR stuLes on 
the fcrmmagncts MnonPS3(4,4’-bipy)O4~, &UpS3@hen)oa and thar host MnPS3, 
mdmte a profound influence of the nature of the mtercaIated orgamc guest on the 

magnmc behawour of the MnPS3 - mtercalates 

EXPERIMENTAL 

The details of synthesis of these W S 3  - intercalatcs have bcm published elsemite&. 

Briefly, the host compound MnPS3 was prepared first and characterized using X-ray 

powder diffraction to be single phase (monoclinic, space group C2/m; o = 6.094 A, b 

= 10.589 c = 6.817 A, and #?= 107.23”). ’Ihetwo intercalate samples wereobtained 

by slow reaction of MnPS3 with 4,4’-bipyridine or 1,lO-phenanthroline in a vacuum- 

sealed ampoule. The product was characterized using elemental analysis, I.R., TGA 
and X-ray powder diffraction. All the X-ray reflections could be indexed in the space 

group C2/m with a, b and #? values bemg almost identical with those of the host 

MnPS3. The c axis and the lattice spacing showed a large expansion for 

Mno.7pPS3(4,4’-bipyb4~ and MpoySSdphenb~ as expected. SQUID maennometric 
measurenicntS showed these two samples to be bulk fernmagnets below 35 and 40 K, 
respectively. EPR data was taken on a B h r  ESP300 EPR s-r operating in 

X-band. The second derivative spectra were also recorded for improved resolution. A 

closcd-cycle He refripator (Air Products, Inc.) and a Lake Shore temperatun 

wntroller were used to control the tanperature of the sample (-2x3~1 m3) bemeen 

15-300K. 

RESULTS and DISCUSSION 
The specba for the pure MnPSa showed a broad h e  located at g = 2.004, 

concomitantly with a sharp and intense line at g = 2.002. Whereas the sharp resonance. 

peak did not show any temperature dependence, the broad line reduced in intensity 
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EPR STUDY ON MnPS3. Mno.,9PS,(4,4'-bipy)a42... [925]/121 

upon oooling the sample and disappeared close to its Nee1 temperaturc (Fig. 1). The 

sharp line has the katures of an ex- compoaent of a panmaend. 

htmstmgly. an umaolved doublet, conwponding to g = 2.053 and g = 2.029 

appeand below TN. Howcvcr, no zero field signal was observed u p  coohag down to 

14 K, unlike in some the case of somc other compounds, pointing possibly to the 

absence of glassy boundarics[q. 

FPH 
1 I I I I I 

3200 3400 36.00 
H (Gauss) 

FIGURE 1 Secand derivative plots fix MnPS, at &&rent tanperatura. 

Fig. 2 shows the first derivative EPR spectra for the sample &mPS~(4,4'-bipyb4~ at 

dil3kmt tcmpcraturc~ in the range 300 -15 K. In the high tanperature C 

regicmtbespeceaconsistof a rather broad and symmetric line at g = 2.003. The sharp 
kink is the g-marker signal fna DPPH loaded in the seumd resonator of the dual 

cavity. Thc first derivative spectra (Fig. 2) become quite aqmmebic as one cools the 

sample, producing almost a step-li feature on the high-field shoulder. This s u m  

that it shauld be comprising of a very broad lim, superposed by at least one sharp line. 
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FlGURE 2 First derivative EPR sptxtra for &mPS3(4,4’-bipy)042 

Thesc features become apparent only at and below the Curie temperature (T, = 35 K), 
and am reflected (deconvoluted) clearly in the second derivative plots. The broad EPR 
feature in Fig. 2 is characteristic of the dipolar broadened p”lmagnetic line., and 

contributes only to the baseline of the second derivative. plots (Fig. 3). The second 

derivative plot at room temperature consists of just an exchange-narrowed sharp line, 

but two additional broad features emerge in it upon cooling (Fig. 3). For instance, at 
I5 K we have an exchange-narrowed sharp line PI at g = 2.003, a broad feature P2 at 

g = 2.003 and, another broad feature FM at g = 2.04 which appears only below 35K. 
The broader component P2 has its pcak position comciding with the exchange 

narrowed paramagnetic line P 1. TIUS implies that they both belong to paramagnetic 

phase except that P2 is dipolar broadened and not yet entered the exchange-narrowed 

regime. and might, in faa, be intermediate between the broad feature of Fig. 2 and 

exchange-narrowed component P I .  This points to the existence of a magnetic 

urhomogeneity which made it possible for paramagnetic and ferromagnetic signatures 
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EPR STUDY ON MnPS3, Mn,,,,9PS3(4 ,4‘-bipy)0.4*... [9271/ I23 

.- 
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FIGURE 3 sscoad derivative plots for Mrro7pPS3(4,4’-bipy)~.~ at mom 
temperatureandatI5K. 

observable in the same sample. The line FM is due to the ferromagnetic resonance 

shifted to lower fields due to demagnetization andor internal fields. The continued 

appeannce of the exchange-narrowed sharp lime, characteristic of the paramagnetic 

phase, even at I5 K suggests that the bulk of this compound has not attained a 
completely ordered state. This experimental evidence for the conristence of 

paramagnetic and fcmmgnetic states over a wide temperature range suggests one or 

both of the following: (i) thc compound is inhomogeneous, particularly with regard to 

the ‘bipy’ cootent, with a spatial fluctuation of magnetically ordered and disordered 

states; and/or (ii) the compound is homogeneous but there is a temporal fluctuation 
betweeo the ordered and disordered states, the wrrelation times, as estimated from the 

g-values, being 2 0 . 5 ~ 1 0 ~  sec. It is informative to point out that similar EPR features 

were observed for the compound w,MpS3(2,2’-bipy)C.~,~ too, though to a much smaller 

extent ‘‘I. 

The morn temperature EPR spectrum of ~ . ~ P S & h e n ) a ~  consisted of a broad 

h r e  at g = 2.004 and a sharp feature at g = 2.002, which did not show any 
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124/[9281 M.K. BHIDE et ul. 

temperature dependence upon cooling down to 14 K. A zero field line, however, 

appeared p r d y  below the Curic temperature (T, = 40 K), a kature attributable 

to the prrsencC of regions of fiwtrations. 

In conclusion, our studies show that the ferromagnets obtained by intercalating 

‘bipy’ or ‘phen’ in between the layers of the anaferromagnet W S S  arc 

inhomogeneous with spatial fluctuations in regard to the organic guest cation and/or 

temporal fluctuation between the ordered and disordered states. 
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