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NMR study of a magnetic phase transition in Ca;CuNi,(PO,)4: A spin trimer compound
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3p nuclear-magnetic-resonance (NMR) studies have been performed in trimer spin chain compound
Ca3CuNi,(POy)y, in the temperature range 4-300 K. In the range 16-300 K, the spectrum corresponds to a
typical overlap of two powder patterns, consistent with two inequivalent phosphorous sites, having different
shift parameters. A comparison of the isotropic hyperfine field (H;f;’) and the axial part (Hj7) obtained in the
paramagnetic phase of CazCuNi,(POy),, with those obtained in CazCus(POy)4, suggest a stronger interchain
exchange interaction in CazCuNi,(POy),, which is possibly the reason for the higher antiferromagnetic tran-
sition temperature in Ca;CuNi,(POy),. The temperature dependence of the spin-lattice relaxation rate (1/7))
shows a clear signature of long-range magnetic order in CazCuNi,(PO,4),4 below 16 K (Ty). Ty agrees quite
satisfactorily with that obtained from the derivative of the molar susceptibility versus 7" plot. The NMR line
shape below Ty shows the signature of a considerable distribution of the internal magnetic field in the ordered
state with the existence of two magnetic sublattices with opposite direction of polarization with respect to the
direction of the external magnetic field. A comparison of the behavior of the 1/T data in Ca3CuNi,(PO,), with
those in Sr3Cus(POy), clearly suggests that the mechanism of the relaxation changes from a two magnon-

mediated Raman process in the former to a three magnon-mediated process in the latter.
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I. INTRODUCTION

Low-dimensional quantum spin system is a fascinating
subject of interest because it exhibits many unusual as well
as interesting physical phenomena due to the dominance of
quantum effects.! The ground state and low lying excitations
depend on the spin value in Heisenberg antiferromagnetic
(HAF) uniform chain. While it is a quantum disordered state
(spin liquid) and the magnetic excitation is gapless in a spin-
1/2 HAF uniform chain, a gap exists in the excitation spec-
trum for integer spin values.?

A gap also exists in §=1/2 HAF bond alternating chains
with 0 < a =1, where the alteration parameter a=J,/J; and
the two exchange interaction parameters, J, and J; are
J(1*= ). Recently it has been suggested that S=1/2 AF
chain with period 3 exchange coupling shows a plateau in
the magnetization curve at magnetization per site m=1/6
(1/3 of the full magnetization).* This phenomenon in quan-
tum spin chains is analogous to the quantum Hall effect-
topological quantization of a physical quantity under a
changing magnetic field. A trimer chain is the first spin sys-
tem that has been predicted to show a magnetization plateau.
Examples of spin trimer systems are rare in nature. Few
compounds known to date include LasCu;Mo0O;, in which
the three Cu®* spins form a triangle so that the AF intratrimer
interactions are frustrated,’ nevertheless the system under-
goes an AF ordering near 2.6 K.

A;Cus(POy4), (A=Ca,Sr,Pb) is another spin trimer sys-
tem in which the intertrimer exchange interaction J, is 3 K
while the intratrimer interaction J; is about 126 K.%7 As a
result of this the ground state of this compound is a doublet
and is a model system of linear HAF trimer. In principle,
such a doublet ground state can be changed into a singlet
ground state by substituting a Cu?* (S=1/2) spin in the tri-
mer by Ni** (S=1). This would offer the opportunity of re-
alizing a gapped quantum spin trimer system. To investigate
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this Podlesnyak et al.® studied inelastic neutron scattering in
Ca;Cu;_,Ni(PO,4), (x=0, 1, and 2). They have shown that
for x=1, three types of trimer: Cu2-Cul-Cu2, Cu2-Cul-Ni,
and Ni-Cul-Ni are created. As a result the singlet ground
state could not be realized in this system. For x=2, only
trimer of the type Ni-Cu-Ni are present. Moreover for x=1,
Jeuwcu has been found to enhance to —4.92 meV from
—4.74 meV observed in x=0 and Jc,;=-0.85 meV for x
=1 and 2. It was further shown from structural investigation
using elastic neutron-scattering study that the middle posi-
tion of a trimer, in each case with x=1 and 2, is occupied by
the Cul atom and the Ni atoms prefer the end positions,
which were occupied by Cu2 atoms in the parent compound
(x=0).° These results along the magnetic-susceptibility mea-
surements further confirm that x=2 compound undergoes an
AF transition at 20 K (7), whereas the x=1 compound does
not order down to 1.5 K and follows the Curie-Weiss law in
the range 1.5-300 K. On the other hand, the pure compound
(x=0) was reported to undergo a ferromagnetic transition at
T-=0.91 K and the y~!' vs T curve shows a clear signature
of a reduction in the value of the net spin of a trimer to one
third of its value below 45 K.” This strongly suggests the
dominance of nearest-neighbor (NN) AF coupling compared
to that of the next-nearest-neighbor interaction in the pure
compound. Furthermore, it follows from the neutron-
scattering results that the replacement of one Cu®* (S=1/2)
by a Ni** (S=1) reduces appreciably the magnitude of the
NN AF interaction within a trimer. As a consequence, the net
spin of each trimer remain unchanged down to 1.5 K. Thus
the partial replacement of Cu?* by Ni’* in a trimer alters the
magnetic property of Ca;Cus(PO,), significantly.

The motivation of the present work is to study the local
magnetic properties of Ca;CuNi,(PO,), using *'P nuclear-
magnetic resonance (NMR). Figure 4 of Ref. 9 shows the
trimers when projected in the ab plane in Ca;Cus(PO,),. In
Ca3CuNiy(POy),, the Cu2 positions at the ends of a trimer
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would be occupied by Ni ions. It also shows the bonding of
the magnetic ions within a trimer, with two types of phos-
phorous atoms, viz., P1 and P2 present in the unit cell, via
the oxygen atoms. From the figure it is seen that P1 atom is
bonded with Cul and Ni spins in a trimer, therefore it can
probe the intratrimer exchange interaction through the trans-
ferred hyperfine interaction. P2 connects the Ni spins of the
trimer belonging to the neighboring chains and therefore can
probe the intertrimer exchange. Thus having only one type of
trimer, NMR would provide valuable information on both
intratrimer and intertrimer exchange interactions including
the electron-spin dynamics.

II. EXPERIMENT

Polycrystalline sample of Ca;CuNi,(PO,4), was synthe-
sized using solid-state reaction method by heating a stoichi-
ometric mixture of CuO (99.99%), NiO (99.99%), CaCO;
(99.99%), and NH,H,PO, (99.99%) very slowly up to
600 °C and then annealed at 900 °C during 120 h, with
several intermediate grindings. The sample is characterized
at room temperature using x-ray diffraction with Cu K«
radiation (\=1.5406 A). All the peaks can be indexed on
the basis of monoclinic structure with space group C2/c
and cell parameters: a=17.716(1) A, b=4.82002) A, ¢
=17.846(1) A, and B=123.64(1)° which agree satisfactorily
with the reported values.” The dc magnetic susceptibility was
measured in a superconducting quantum interference device
magnetometer of Quantum Design (MPMS) in a magnetic
field of 0.1 T in the temperature range 4—300 K in the heat-
ing cycle. The NMR measurements were carried out in the
fields of H=1.39 T (v,=24.005 MHz) and at H=7.04 T
(vg=121.423 MHz) using a conventional phase-coherent
Thamway PROT4103 pulse spectrometer. The spectrum was
recorded by changing the frequency step by step and record-
ing the spin-echo intensity by applying a 7/2—7—/2 solid
echo sequence. The temperature variation studies in the
range 4-300 K were performed in an Oxford continuous
flow cryostat with a ITC503 controller. Shift is measured
with respect to the position of the *'P NMR line (vg) in
H5PO, solution.

III. RESULTS AND DISCUSSION
A. Magnetic-susceptibility measurement

Figure 1 shows the variation in magnetic susceptibility,
Xy With temperature in Ca;CuNi,(POy),. The nature of the
curve is similar to that reported by Pomjakushin et al.® Ob-
servation of a comparatively broad peak at the antiferromag-
netic transition temperature (Ty=20 K) suggests the domi-
nance of one-dimensional nature of magnetism in this trimer
spin chain compound. The enhancement of x in the range
4-10 K was also present in the result reported by the earlier
authors. It could arise from some impurity phase present in
the sample or from an intrinsic contribution of the compound
itself. Above 50 K, x,, followed well the Curie-Weiss behav-
ior, with the Curie constant C=2.78 emu K/mole and Weiss
constant #=—26 K. The paramagnetic spin value per mag-
netic site Cu?*/Ni** calculated from the value of C,
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FIG. 1. (Color online) Variation in magnetic susceptibility with
temperature in Ca;CuNiy(PO,)4, measured in a field of 0.1 T. Curie-
Weiss behavior represented by dashed line. The inset shows the
variation in y and dy/dT with T in the range 4-50 K.

amounted to S,,=0.95. All these values agree well with those
reported previously.” The inset of Fig. 1 shows the variation
in the derivative of x with 7 which shows a sharp fall at
around 16 K, indicating the actual AF ordering temperature
in this compound.

B. NMR spectra and shift parameters

Figure 2 shows the *'P NMR spectra in Ca;CuNi,(PO,),
at different temperatures in a field of 7 T. At any temperature
in the range 26-300 K the spectrum shows a typical overlap
of two powder patterns for nuclear spin /=1/2, having dif-
ferent component of shift parameters. In the range 16 K
<T<26 K the linewidth of the individual components in-
creases appreciably so that the overall spectrum looks like a
single broad line. Below 16 K, in addition to this line toward
the high-frequency side of v, there appears a new line to-
ward the lower frequency side of vg. Intensity of this new
line gradually increases till 9 K. Below this temperature, no
further enhancement in intensity of this line is observed. Fur-
thermore, the width of the line toward the high-frequency
side of vy increases appreciably below 16 K, where the bulk
susceptibility showed a decreasing trend. Therefore, this en-
hancement of linewidth gives a microscopic evidence of the
development of long range magnetically ordered state below
16 K. The large linewidth also indicates the extent of internal
magnetic field distribution in the ordered state. From the
present NMR experiment in a field of 7 T, the magnetic
ordering temperature appears to be in the range 14.8 K
<Ty<16 K, which is very close to that observed from the
dx/dT vs T plot (inset of Fig. 1). Furthermore, the appear-
ance of a new line on the low-frequency side of vy in addi-
tion to that at the high-frequency side of vy indicates the
presence of two sublattices with opposite direction of the
electronic spin polarizations with respect to the direction of
the external magnetic field.'? It is to be noted that even in the
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FIG. 2. (Color online) 3'P NMR spectra of polycrystalline
Ca3CuNi,(POy), at different temperatures recorded at H=7 T (rep-
resented by open circles). Theoretical line used to fit the experimen-
tal spectra (dashed line), along with two consistent lines (continu-
ous lines) corresponding to resonance lines of two inequivalent
phosphorous atoms are also shown. Vertical line represents refer-
ence position at frequency 121.423 MHz.

ordered state though the linewidth increases appreciably, the
line position is not altered significantly with respect to that in
the paramagnetic state. This indicates that the local magnetic
field (H,,.,) at the *'P site even in the AF ordered state is not
much enhanced compared to that in the paramagnetic state.
Possible reason for this could be the reduction in the magni-
tude of H,,.,; at the 3P nuclear site due to the nearly anti-
parallel alignment of the electronic spins of the neighboring
ions in the AF ordered state. Over and above a further reduc-
tion in H,,.,; could also arise from considerable quenching of
the Cu>* moments due to the presence of two different sub-
lattices a and b with antiferromagnetic and ferromagnetic
intratrimer spin alignments as suggested from neutron
scattering.” In order to determine the shift parameters, the
experimental spectra in the whole temperature range are fit-
ted to the equation

v=vg[1+K,, + K, (3 cos> —1) + K, sin’> 6 cos 2¢],

where K;,,, K,, and K_,, are the isotropic, axial, and the
anisotropic parts of the shift, respectively, arising from H,,.,
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produced at the *'P nucleus site due to the electron-nuclear
hyperfine and the dipolar interaction. vy is the reference fre-
quency as mentioned earlier. # and ¢ are the Euler angles
between the principal axes of the hyperfine coupling tensor
and the direction of the external magnetic field (Zeeman
field).

In the temperature range 16-300 K, the experimental
spectra are well fitted by considering the theoretical line as a
superposition of two lines with different values of shift pa-
rameters, with the internal field being axially symmetric for
both the sites as it was in the pure compounds Ca;Cu;(PO,),
and Sr;Cus(PO,),.""!> Thus the substitution of two Cu atoms
by Ni atoms does not affect the nature of the anisotropy of
the internal field at the *'P sites. These two constituent lines
should correspond to two types of phosphorous atoms
present in the unit cell of Ca;CuNiy(PO,),. As the intertrimer
exchange interaction is weak compared to the intratrimer ex-
change interaction, so the spectral line with larger shift is
assigned as due to P1, which is bonded with Cu?* and Ni**
ions within a trimer, and that with the smaller shift due to P2,
bonded with Ni** ions of trimer belonging to neighboring
chains. Figure 2(a) and 2(b) shows the theoretical spectrum
superimposed on the experimental line together with the two
constituent lines corresponding to P1 and P2 in the tempera-
ture range 16-300 K. Figure 3(a) and 3(b) show the tempera-
ture dependence of K;,, and K, respectively, for P1 and P2.
Both the shift parameters increases continuously with de-
creasing temperature in the range 300-75 K for the two sites.
Below 75 K, this is further enhanced particularly for P1 site
which could be a signature of the development of short-range
magnetic correlation within the trimer chain.

We have also performed the NMR experiment at a much
lower resonance frequency of 24 MHz with H=1.39 T. In
this case below 60 K, the shift parameters could not be de-
termined accurately, because of the poor S/N ratio, due to
the line broadening for critical slowing down of the electron-
spin fluctuations. However, when the measurements were
done in a field of 7 T, with »=121 MHz, due to the much
enhanced signal sensitivity at a higher resonance frequency,
the S/N ratio remains satisfactory throughout the range
4-300 K, even in the critical spin fluctuation dominated re-
gime and hence offers the opportunity of recording the spec-
tra close to Ty. The shift parameters obtained by fitting the
spectra recorded at H=1.39 T in the range 60-300 K are
also included in Fig. 3. The close agreement between the
values obtained by analyzing the spectra at two widely dif-
ferent resonance frequencies justifies the accuracy of the ob-
tained parameters.

The shift is related to xy,;, by the relation

H
K= KO + IV_IL‘};JLBXXPM(T), (1)
where H),, is the hyperfine field, K|, is the chemical shift, N is
the Avogadro number, and x;,;,,(T) is the contribution of
electronic spin to the magnetic susceptibility. As long as hy-
perfine field remains constant, K should follow x(7). Contri-
bution to H) arises from the transferred hyperfine interac-
tion, which is a property of the electronic structure and the
dipolar interaction, neither of which is temperature depen-
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FIG. 3. Temperature variation in (a) K;,, and (b) K, in the
temperature range 16-300 K, measured in a field H=7 T: open
square is for P1 site and star is for P2 site, and in H=1.39 T:
solid-black triangle is for P1 site and solid-black circle is for P2
site. Inset shows the variation in (a) K;,, and (b) K, for both P1 and
P2 sites against y;, with temperature as implicit parameter.

dent. Although K(T) need not have the same symmetry as
x(T), the temperature dependence of K(7) should reflect that
of x(T). The inset of Figs. 3(a) and 3(b) shows that both K;,,
and K, varies linearly with x(7) in the range 26-300 K.
This linearity suggests unique hyperfine coupling constant
over this temperature range. By using the above relation we
can determine the values of isotropic and the axial parts of
the hyperfine field for these two sites. Table I shows the
values of H:? and H%} for the P1 and P2 sites for the com-
pound Ca;CuNi,(PO,), together with those obtained in
Ca;Cu;(PO,), (from our measurement) for comparison.

It is seen that for P2 site (which probes the interchain
exchange), both the isotropic and the axial parts of hyperfine
fields are enhanced in Ca;CuNi,(PO,), compared to that in
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Ca;Cu;(POy),. As the dipolar field has negligible contribu-
tion to ;ff“ , therefore an increase in the magnitude of ;ff”,
indicates an enhancement of hyperfine contribution which
could result from an increase in the interchain exchange in-
teraction. On the other hand HZ} contains both hyperfine and
the dipolar contributions, so its increase should signify an
enhancement of both these contributions in Ca;CuNi,(POy),.
As the dipolar contribution is proportional to the bulk sus-
ceptibility and we have used the susceptibility of randomly
oriented powder sample for estimating Zj’ﬁ from K, versus
x(T) plot [inset of Fig. 3(b)], the anisotropies of the shift
should be attributed only to the hyperfine contribution. To
estimate more exact value of the hyperfine coupling constant,
for each direction, it is necessary to measure the anisotropy
of the susceptibility by using a single-crystal sample and to
analyze the shift data by using the K versus y plot. Never-
theless, the present findings clarify the reason for the higher
magnetic ordering temperature in Ca;CuNi,(PO,),. On the
other hand in case of Pl site, the magnitude of H;ff" in
Ca;CuNiy(PO,), is seen to be smaller compared to that in
Ca;Cu;3(PO,),. This indicates a decrease in the nearest-
neighbor intrachain exchange in the former compared to that
in the latter, which agrees with the suggestion from neutron
scattering.’

C. Nuclear-spin-lattice relaxation rates

To gain more insight about the dynamics of the magnetic
phase transition in the trimer spin chain compound
Ca;CuNi,(PO,),, which orders at a considerably higher tem-
perature compared to the few such known compounds, we
measured the spin-lattice relaxation rate 1/7), which is a
very sensitive probe of the low-energy electron-spin fluctua-
tions, as a function of temperature. 1/7; is measured by the
saturation recovery method using a single /2 pulse. Mea-
surements were performed in presence of the external mag-
netic fields of 7 and 1.39 T in order to see whether the
strong-field dependence of 1/7; reported in case of
Ca;Cu4(PO,), (Ref. 11) is also present in CazCuNiy(POy),.
We have also measured P 1/7, in isostructural
Sr3Cus(PO,), at H=7 T for which the same at H=1.39 T
was reported earlier.!? Figure 4 shows the variation in 1/T)
with T for Ca;CuNi,(PO,), at H=7 T in the range 4-300 K
and those measured at H=1.39 T in the range 60-300 K,
due to the reason discussed in Sec. III B. It is to be men-
tioned that 1/7; of P1 and P2 sites are not same throughout
the whole temperature range for both 1.39 and 7 T. The inset
shows the variation in 1/7, with T at two different fields
H=1.39 and 7 T in Sr3Cu3(PO,),. In this compound, the
values of 1/T; for P1 and P2 sites are same for both fields. It
is seen that 1/T; in Sr3Cus(PO,), is strongly field dependent

TABLE 1. Values of 'P hyperfine fields.

H;¢ for P1

H;? for P2

HZ} for P1 HZ; for P2

Compound (kOe/ up) (kOe/ up) (kOe/ up) (kOe/ up)
Ca3CuNi,(POy), 1.103 £0.005 0.538 £0.009 0.278 =0.002 0.273=0.003
Ca3Cus(POy)4 1.172 £0.007 0.423 £0.005 0.279 = 0.003 0.267 =0.005
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FIG. 4. (Color online) Variation in 1/T, with T in
Ca3CuNi,(POy), for two fields: solid-black circle is for P1 and
solid-gray triangle is for P2 when H=7 T. Solid-square magenta is
for P1 and open-blue triangle is for P2 when H=1.39 T. Inset
shows the 1/T; vs T curves in Sr3Cu3(POy), for H=1.39 and 7 T.
The error bar in each data corresponds to the size of the symbol.

as reported in case of isostructural Ca;Cuz(PO,),, whereas
the same in Ca;CuNi,(PO,), shows negligible field depen-
dence. This shows that the substitution of Ni** (S=1) in
place of Cu?* (S=1/2) strongly influences the relaxation
mechanism. 1/7} in such compounds is governed by the
thermal excitations of the 34 spins and can be written as

1
7= 2%k TEA@PY (9 0,) o, 2)
1

where 7, is the nuclear gyromagnetic ratio, A(q) is the wave-
vector-dependent hyperfine coupling, and Y'(q,w,) is the
dissipative component of the chain dynamic susceptibility
evaluated at the nuclear Larmor frequency ,.'> The values
of 1/T, in CazCuNi,y(PO,), remains almost constant with
temperature from 300 to 26 K for both the sites. This is a
typical feature of fast spin fluctuation (w,> w,) of the para-
magnetic moments. Within the localized spin model in a
high-temperature limit,'* the value of 1/7, at a nonmagnetic
nucleus can be written as

1 —
= \27(2y,Hp) 7' S(S + 1)/(Bw,,) (3)
1

with the exchange frequency of local spins w,,

=kp|0,,,|/[AiVzS(S+1)/6]. The constants z=2 and z'=2 cor-
respond to the numbers of exchange-coupled local spins and
those of the local spins interacting with the probing nucleus,
respectively.'* Taking v,=1.083 X 10% s~! T~! for the phos-
phorous nucleus, Hﬁ;ﬁ'z 1.103 kOe/up for Pl and Hﬁf;’
=0.538 kOe/ up for P2, §=-26 K, and S=1 for the spin of
Ni%* and S=1/2 for Cu**, the theoretical value of 7T} is 3.19
ms for P1 and 9.24 ms for P2. These calculated values are
approximately three times greater than the experimental val-
ues of 77=1.82 ms for P1 and 77=3.2 ms for P2. The dis-
crepancy suggests some additional mechanism such as the
orbital fluctuations may contribute to the spin-lattice relax-
ation process in the paramagnetic state of CazCuNi,(PO,),.

PHYSICAL REVIEW B 81, 064409 (2010)

) 5
100 | T 4 ]
~, 3
1]
K eak  E 2
"=
0
] o -1 Il 1 Il
10 b e 0 15 30 45
0 T(K)
£ “]
= 1
4K
g
S 9 2 90000
’ | 201 154 1 e o |
§ b d
- 10.5 K M 9
1 1 o
0.05 1 P
T(s) . .
3 15 75
T(K)

FIG. 5. (Color online) Temperature variation in 1/7 for P1 site
in Ca3CuNiy(PO,), in the range 4-100 K. Upper inset shows a
o, . 1 (T*TN) —a . .
critical behavior 7 oo T 17 near magnetic ordering temperature
16 K with @=0.5 for P1 site. Lower inset shows the spin-lattice

relaxation decay curve for 4, 6.4, and 10.5 K.

Below 26 K, 1/T; starts to enhance indicating the effect of
the slowing down of the 3d spin fluctuations below this tem-
perature. Appearance of a pronounced peak at 16 K clearly
suggests the occurrence of a magnetic phase transition at this
temperature. In the range 6.4—16 K, 1/7; decreases sharply
indicating a pronounced reduction in the contribution of 3d
spin fluctuations to 3P nuclear relaxation process. Interest-
ingly, the value of 7 is enhanced by an order of magnitude
with in the temperature interval of 4-6.4 K, as seen from
Fig. 5. This is further clarified from the decay curves at 10.5,
6.4, and 4 K shown in the lower inset of Fig. 5. This finding
could be a signature of another phase transition occurring at
further lower temperature below 4 K. To study this in detail,
measurement of 1/7; well below 4 K is necessary, which
could not be performed because of our experimental limita-
tions. The strong-field dependence of *'P 1/7; reported in
case of Ca;Cu;(PO,), was explained satisfactorily by the ex-
change enhanced three magnon-mediated relaxation process
suggested theoretically.!! Similar behavior of 1/7, in
Sr3Cus(PO,),, observed from the present measurements (in-
set of Fig. 4) further confirms that the relaxation mechanism
remains same for substitution of Ca by Sr. However, replace-
ment of Cu by Ni almost suppresses the influence of mag-
netic field on 1/7 process. This finding suggests a negligible
contribution of three magnon scattering process to 1/7; of
Ca;CuNi,(PO,)4. The dominant contribution arises from two
magnon-mediated Raman processes due to exchange
scattering,'> which is expected to be field independent. In
order to check this finding with the theoretical prediction of
Hori and Yamamoto'® we have calculated values of
kBT/JCu—Ni=1'Ol Wlth JCu—Ni=_0'85 meV and T=10 K to-
gether with those of Ay,H/J=1X10"* and 5% 107*, respec-
tively, with H=1.39 and 7 T for Ca;CuNi,y(PO,),. A com-
parison of these values with those in Fig. 3 of this reference
indicates the possibility of the three magnon-mediated ex-
change enhanced relaxation process is less probable in this
compound, compared to that of the Raman process. The up-
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per inset of Fig. 5 shows that the variation in 1/7| with T
follows the relation 1/T;<[(T-Ty)/Ty]™® in the range
16 K<T<50 K, with Ty=16 K and «=0.5. The value of
a is in close agreement with the theoretical prediction for a
three-dimensional Heisenberg antiferromagnet.'®

IV. CONCLUSION

We have investigated the static and the dynamic magnetic
properties of the trimer spin chain compound
Ca;CuNi,(PO,), (which is known to undergo an AF ordering
near 20 K), using 3P NMR studies in presence of the exter-
nal magnetic fields of 1.39 and 7.04 T, in the temperature
range 4-300 K. At any temperature, in the range 16-300 K,
the spectrum corresponds to a typical overlap of two powder
patterns, consistent with two inequivalent phosphorous sites,
having different component of shift parameters. The NMR
results also suggest an enhancement of interchain exchange
interaction in Ca;CuNi,(PO,), compared to that in
Ca;Cu;3(PO,), (T¢-=0.91 K), which could be a reason for the

PHYSICAL REVIEW B 81, 064409 (2010)

enhanced Ty in the former. The NMR line shape below Ty
shows the signature of a considerable distribution of the in-
ternal magnetic field in the ordered state with the existence
of two magnetic sublattices with opposite direction of polar-
ization with respect to the direction of the external magnetic
field. Behavior of 1/7; in the temperature range 26-300 K
shows the typical feature of fast spin fluctuation (w,> w,) of
the paramagnetic moments. However, a comparison of the
magnitude of 1/7; with that of the calculated one indicates
some additional fluctuating field possibly from orbital mo-
tion of the 3d electrons apart from spin also contribute to the
relaxation process in the temperature region. Variation in
(1/T,) with T shows a clear signature of the appearance of
long-range magnetic order in Ca3;CuNi,(PO,), below 16 K
(Ty). A comparison of the behavior of the 1/T, data in
Ca;CuNi,(PO,), with those in Sr3Cus(PO,), clearly suggests
that the mechanism of the relaxation changes from a two
magnon-mediated Raman process in the former to a three
magnon-mediated process in the latter.
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