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Abstract 

The thermally stimulated current (TSC) has been measured for diaminooctane Fe-Cd 
tetrachloride compounds in the temperature range that includes their phase transition points. 
The dilution of the metallic layers by non-magnetic Cd ions (15, 27, 40, 50, 60, 70 and 80 
mol%) decreases the TSC until the critical concentration (~50 mol%) is reached, then it 
increases again. 
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1. Introduction 

As a general rule in transition metal complexes, there are multiple phases 
indicating some structural differences. In recent years much effort has been devoted 
to relating the electrical properties to structural changes in compounds of the 
general formula (CH2)n(NH3)2MC14 [1 6], where n - - 2 ,  3, 4 . . . .  ; M = F e  2+, 
Mn 2+, Ni 2+ . . . .  The structure of  these complexes consists of an octahedral layer of  
MC142- anions with the alkylenediammonium chain occupying positions between 
the metal-containing layers. The modular  structure of these compounds is signifi- 
cantly deformed by an applied external electric field. High fields may induce 
corresponding regions inside the phase or additional phase transitions [7]. The 
presence of the organic group between the metal-containing layers leads to superex- 
change interaction between them. The weak hydrogen bond N-H. . .C1 between the 
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layers will lead to a monoclinic unit cell, especially at low temperature. This weak 
bond is due to the presence of NH 3 groups between the layers. This study is 
therefore devoted to the influence of dilution using non-magnetic ions such as Cd 
on the thermally stimulated discharge current (TSC) of the main skeleton for the 
compound (CH2)8(NH3)2FeCI4. The effect of applying an electric field at high 
temperature is to develop a charged sample, the so-called thermal electret. After 
formation, a charged electret shows two major types of behaviour [8]; on the one 
hand, the TSC is obtained even at constant temperature, and on the other hand, a 
pyrolelectric current is obtained by varying the temperature which has a magnitude 
proportional to the rate of change of temperature. Dipolar orientation and trapping 
of charge carriers generated in the bulk as well as injected from the electrodes are 
the mechanisms responsible for electret formation. The trapping of charges can take 
place at various trapping sites--surface states, chain foldings and molecular 
disorder [9]. 

2. Experimental 

The samples under investigation were prepared using Analar reagents (B.D.H) 
with a 1:1 molar ratio of (CH2)s(NH3)2C12 to FeC12.4H20 or CdC12.6H20 
respectively. Acidified triply distilled water was used to dissolve the reagents. The 
materials were heated for ~ 1 h with a passage of stream of oxygen-flee nitrogen 
gas to prevent the oxidation of Fe 2+. Sudden cooling was used to obtain the 
samples. Recrystallization was carried out and the sample was washed with ether 
and ethanol having a ratio of 1:2. The samples were dried in a glove box, then 
ground and compressed under a pressure of 5 tons cm -2 into pellet form with 
diameter 1 cm and thickness ~ 0.1 cm. The top and bottom surfaces of each sample 
were polished, coated with silver paint, and checked to assure ohmic contact. 

The samples were polarized by heating to a polarizing temperature Tp = 230°C, 
after which the polarizing field (0.2 kV cm-1) was applied and the temperature was 
kept constant at Tp for a polarizing time lp  = 1 h. The samples were subsequently 
cooled to - 1 5 ° C  with the polarizing field on for TSC measurements. After 
removing the field the samples were earthed immediately, then heated at a constant 
heating rate (0.4 K min 1). The temperature was measured using a type K 
thermocouple placed in contact with the sample. The TSC was measured by using 
a Multimeter, LEVEL Type TM9BP. 

3. Results and discussion 

Measurements of the thermally stimulated current (TSC) for diaminooctane-  
C d - F e  tetrachloride samples with different cadmium concentrations (15, 27, 40, 50, 
60, 70 and 80 mol%) reveal two or three maxima, designated by ~, fl and ~, in order 
of decreasing temperature, as shown in Figs. 1 and 2. The y-peak which generally 
occurs at lower temperatures may be due to the thermal agitation of the dipoles. 
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Fig. 1. Temperature dependence of TSC for samples of diaminooctane Cd Fe tetrachloride with 
different Cd concentrations (mol%): ([53) 15%; (O)  27%; (©) 40%; (A)  50%. 

This is small and the probability of the alignment of the dipoles due to the 
previously applied field is still large. The gradual increase of the sample temperature 
will create some distortion in the metal-containing layers, and this will be accompa- 
nied by a change in the symmetry of the system. One may thus expect this change 
in symmetry to play a role in the occurrence of the y-peak. During the experimental 
work, it was observed that the phase transition 7 is accompanied by a reversible 
colour change that resembles the thermochromic character of many organic com- 
plexes [ 10]. Continually increasing the temperature will increase the thermal agita- 
tion and disturb the ordering of the organic groups bound between the 
metal-bearing layers. This disordering results in another transition called order-dis- 
order; this appears in the form of the fl-peak in Figs. 1 and 2. A t  the same time, 
weakening of the hydrogen bonding between the NH3 group and the MCI4 2- layers, 
and also the change in puckering of the system caused by heating, will both help to 
induce such a transition. 
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Fig. 2. Temperature dependence of TSC for samples of diaminooctane Cd Fe tetrachloride with 
different Cd concentrations (mol%): (O)  60%; (©) 70%; (A)  80%. Inset: the dependence of the 
maximum TSC on the Cd concentration. 

Going on through the TSC spectrum, the thermal energy increases, resulting in 
an increase in the movement  of the organic groups. This contributes the conduction 
process, causing an increase of  the TSC at the a-peak. The decrease of  the TSC 
after the s-peak may be attributed to chain melting, which increases the degree of 
freedom of the electric dipoles to a limit which may overcome the reverse effect of  
the electric field, and to further weakening of H-bonding by heating. 

Overall, from the experimental data, it is observed that the ~, fl and 7 peaks are 
shifted to lower temperatures by increasing the Cd 2+ ion concentration until that 
concentration reaches a critical value. At that point the trend is reversed. Consider- 
ing the Cd ions as an impurity in the main lattice, one can attribute this behaviour 
to the increase of  the impurity ions in the compound, thereby decreasing the nearest 
neighbour interaction between the Fe ions. Because of the change in the interlayer 
and interlayer interaction between the electric dipoles, the phase transition may be 
expected to occur at lower temperatures. This is supported by the experimental data 
in Figs. 1 and 2. Past the critical Cd 2+ concentration, the main skeleton of the 
complex exhibits a new perturbation such that the iron ions will be considered as 
the impurity ions and the main lattice will be the cadmium ions. Therefore the 
phase transitions take place at higher temperatures. 
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Cor re la t ing  the values o f  the TSC with different concen t ra t ions  o f  c a dmium ions, 
it is clear  that  on  increasing the c a d m i u m  concen t ra t ion  the TSC is sharp ly  
decreased.  This  m a y  be due to the inters t i t ia l  pos i t ion  o f  c a d m i u m  ions in the lat t ice 
causing resistance towards  the po la r i za t ion  process.  

A closer look  at  Figs. 1 and  2 reveals that  the effect o f  this d i lu t ion o f  the metal l ic  
layer  by Cd  2+ ions is to decrease the TSC. This  decrease is observed  up  to cer ta in  
concen t ra t ion  o f  Cd inside the Fe  layer. Beyond this po in t  the current  increases 
again;  see the inset in Fig.  2. We  infer tha t  the c a d m i u m  ions have as a separa te  uni t  
cell on increasing their  concen t ra t ion  up to ~ 50 mo l% (cri t ical  concent ra t ion) .  In  
this case the po la r i za t ion  m a y  be due to the sum o f  two dist inct  processes,  one o f  
them re la ted  to i ron  ions and the o ther  to c a dmium ions. A b o v e  the cri t ical  
concen t ra t ion ,  the po la r i za t ion  begins to increase g radua l ly  due to the effect o f  
p r edominan t l y  c a d m i u m  ions in the lattice. In  this case, the effect of  the depo la r i za -  
t ion process  due to i ron ions is negligible in compar i son  with the po la r i za t ion  o f  
c admium ions in the lattice. At  the same t ime some o f  the i ron  ions will be oxidized 
to Fe  3+, ini t ia t ing an e lect ron t ransfer  react ion Fe  2+ ~ Fe  3+ + e -  These electrons 
will help in the conduc t ion  process  and increase the TSC up to 60 mo l% o f  Cd.  
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