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Magnetic susceptibility of antiferromagnetic nickel 
diglycine dihydrate* 

R. Calvo,a> 0 . R. Nascimento,b> z. Fisk, and J . Suassunac1 

Department of Physics, Uniuersity of California, San Diego, La Jolla, Califorma 92093 

S. B. Oseroff and 1. Machin 

Centro de Fisica, Instituto Venezolono de lnuestigaciones Cientfjicas, Apartado 1827. Caracas 
/OJOA, Venezuela 

The magnetic susceptibility X of nicke] diglycine dihydrate has becn measured between 0.6 and 120 K. The 
high-temperature data were taken in powder and follow a Curie law behavior with µ '" = 3.189 µ 

8 
and an 

antiferromagnetic Curie tem~rature T<: = 2.47 K. At low temperatures the x vs temperature curves for 
powder and oriented single crystals deviate from the Curie law; they show a rna1'imum ,tat about 2.21 K and 
an abrupt decrease at lower temperatures. The observed behavior of ,t for nickel diglycine dihydrate indicates 
dominating antiferromagnetic interactions between Ni ions. A phase transition to an antiferromagnetic phase 
occurs below 2.2 K. 

PACS numbers: 75.30.Cr 

INTRODUCTT.ON For T>20 K t!le c!a ta foll o1J a Cur i e l aw 

- 1 
X (1 ) The chernica l environment o f t he meta l i ons in 

metal derivatives of aminoac ids is simi lar to that 
found in some proteins(l) and their study could be 
useful in learning rnore about the el ectronic struc
ture and magnetic coupling between metal ions in these 
rnacromolecules. 

A leas t squares f i t o f Eq. (1) to t he data in Fig . l 
gives C:l.269 emu K/mole and a posi tive Tc:2.47 K 

In this paper we report measurernents of the mag
net i c susceptibility X in nicke! digl ycine dihydrate 
[ Ni(NH2co2cH2) 

2
2H

2
0 J in a wide temper ature range. 

The data were t aken primarily in c rvstall i ne powders , 
but preliminary data in oriented s ingle crystals ar e 
also presented . The suscept ibili t y data show a tran
s i tion o f nickel d iglycine dihydr ate (NiDD) to an 
an tiferromagnetic phase below 2 . 2 K; at h i.ghe r tem
peratures single ion interactions are the most im
portant. A detailed description o f the rnagnetic 
properties of NiDD is not yet available and we use 
an effec tive molecular field mode l to discuss the 
experiment al data. 

EXPERIMENTAL DETAILS 

Nickel di glycine dihydra t e was synthesized as 
outlined by Stosick(2) and detailed by Sen et al (3). 
The material was puri fied by successive recrystal
lizations. Single crystals weighting about 10 mg 
were obtained by slow evapora tion (typically two 
months) at room ternperature from a water solution. 
Powder samples were obtained f rom the singl e c rys
tals. 

A Faraday magnetometer was used to measur e X 
between 0.6 K and 120 K. tn chis tem9erature range 
the d i amagnet ic corrections are telatively srnall. 
The magnetic suscept ibility of the sample holder was 
subtracted from the data. 

In single crystals, which cleave along t he bc 
plane , we were able to identify t he b axis and 
measure X in the b, c and bxc directions . 

RESULTS AND CONCLUSIONS 

- 1 
The inverse molar susceptibility X vs. tem-

per ature T data for powdered NiDD are shown in Fig.l. 

i ncl.ica ting that the antiferromagne t ic interactions 
. . 1/2 1/2 

dominate . Us i ng µeff=g(S(S+l)) =(3kC/N) , where 

N is Avodagro' s number and s~1 for Ni2+ ions , we ob
tai n ehe values g=2. 253 and µeff=3. 186 µB for the 

gyromagnet i c factor and the effec t ive magnetic moment. 
These values are expected for high spi n oc tahedral 

compounds of Ni2+ refl e cting the e ffect of t he spin
orbic interaction on the c rystal field levels of the 
ion(4) . 
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Inverse magnetic susceptibility X vs. 
temperature T for powde red NiDD. The 
s olid circles are the experimental data 
and the solid line givcs the best fit 
with a Curie la~ behavior. 
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The magnetic susceptibility )( vs. T data for 
powdered NiDD below 20 K is shown in Pig. 2. The data 
in this range were taken with a field of 1400 Gauss 
and were found to deviate from the Curie law behavior. 
The susceptibility shows a rounded maximwn <x=0.172 
en;ui/mole} ar~und T-2.2 K, and an abrupt decrease of X 
'Wl.th decreas1ng T below 1.5 K, as expected for domi
nating antiferromagnetic interactions. 
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Pigure 2: Experimental values for the magnetic 
susceptibility X vs. temperature T for 
powdered NiDD. 

We show in Fig. 3 the single crystal data taken 
below 20K for H=l400 Gauss along the o, c and l>xc 
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Experimental values for the magnetic 
susceptibility X vs. temperature T for 
magnetic f ields along the three crystal 
axes. 

crystal directions. The susceptibility X along these 
three directions shows a T dependence similar to that 
observed in the powdered samples; X is similar along 
the b and the c directions, and it is 81llaller along 
the bxc direction. A measurement of the angular 
variation of X has not yet been performed and there
fore the principal directions of the susceptibility 
tensor for NiDD are not known. 

The crystal structure of NiDD was f irst studied 
by Stosick{2) and recently refined by Castellano et 
al. (5}. The space group is P21/c with am7 .616A, 

b~6.601A, c=9 . 651A and ß•63.48Ä, with two NiDD mol
ecules in the unit cell. Each of the two equivalent 
(but rotated) Ni atoms in the unit cell is sur·· 
rounded by two carboxyl oxygens, two ananine nitrogens 
and two water molecules, in a distorted octahedral 
coordination. The Ni atoms are in layers parallel to 
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the bc plane, each connected to the f our nearest Ni 
atoms by strong hydrogen bonds. The magnetic inter
action between nearest Ni atoms in the same plane is 
the strongest because the smaller interatomic dis
tance and the existence of the strong hydrogen bond. 

The Hamiltonian describing the magnetic proper
ties of NiDD in the presence of an external magnetic 
field is 

d{=r. °lf(i,>.) .'D<>.> .s(i,>.) 
i=l ,N 
>. 

+ r. gßif.s(i, >.) 
i=l,N 
>. 

+ r. s(i,>.) .J(i,>.,i' , >.').s(i',>.') (2) 
i,i'=l,N 
>.,>.' 

In Eq. (2), S(i,A} is the spig of the Ni ion in the 
A site of the ith unit cell, D{A) is the fine struc
ture tensor for Ni ions in the >. site and J(i,>.;i ' , 
).') is the magnetic interaction between S(i,>.) and 
S(i',>. ' ). We call >.=A and A~B the two sites for Ni 
ions in the unit cell of NiDD. Specific heat 
measurements(6) on NiDD indicate a phase transition 
at T0 =0.88K and a complex Schott ky contribution 
which allows to obtain D/k=-14.SK and IELkl=l.l3K 
for the principal values_of the tensors D(A). The 
principal directions of D{).) are not known and the 
crystal data give no reason to assume that they are 
the same for both Ni atoms in the unit cell. 

A simple molecular field model has been used 
to analyze the effect of the last term of Eq. (2). 
the crystal data on NiDD discussed above suggest a 
two sublattice model, where each sublattice is 
identified wich one of the Ni atoms in the unit 
cell . Even if the identificat ion of the magnetic 
sublattices is different from that given by Berger 
and Friedberg(7) to explain their data in nickel 
nitrate dihydrate, the algebra involved in our 
calculations is very similar to theirs. Then the 
rnagnetic field acting on the Ni ions in the A and B 
sublattices is reolaced in Eq. (2) by 

and 

where ii is the external field, MA and ~ are the A 

and B sublattice magnetizations and n1 and n2 the 

molecular field parameters(7}. The calculation 
given by Berger and Friedberg has been ext ended in 
order to introduce the effect of the non axial spin 
Hamiltonian parameter E which is non-zero for NiDD 
(6). In our calculation we have assumed D(A) diag
onal and equal for both Ni ions in the unit cell of 
llliDO. 

Using the value of Tc given above , and the 
values of T0 , D/k and lE/kl obtained from the 
specific heat data(6), we obtained n1=1.34 and n

2
=0.62 

for the intersublattice and intrasublattice molecular 
field constants, respectively. These values of n

1 
and 

n2 would indicate antif erromagnetic coupling between 

nearest and next neighbors in NiDO. This result is 
qualitatively different from that obtained for nickel 
nitrate dihydrate(7) where there is a ferromagnetic 
interaction within each layer of Ni ions and a weaker 
antiferromagnetic coupling between layers. The values 
of X calculated for powder and oriented single crys
tals of NiDD using this model are in poor agreement 
with the experimental data particularly below 5K. The 
reasons for this disagreement are, probably, the fact 
that the effective field model neglects any effect 
originating in short range order and .also because we 
are not considering that the tensors D().) are not di-
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agonal and are rotated for the two Ni ions in the unit 
cell of NiDD. It seems that a_theory t.Jlat consider 
the different orie.ntations of D(A) and D(B) , and a 
less simplistic magnetic structure of NiDD is needed 
to explain the data. Paramagnetic resonance measure
ments of the Ni2+ ions and neutron diffraction 
studies of the ordered phase would be useful for this 
purpose. 

* 
a) 

b) 

c) 
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