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The effect of y-irradiation on the thermal properties of KNH4SO4 single crystals in the 
temperature range 300-600 K is investigated. The variation of Cp as a function of radiation 
dose is determined. Analysis of the results indicates that changes induced in the thermal be- 
haviour of KNH4SO4 crystal by y-irradiation might be due to direct collision with lattice 
atom and multiple atom displacement. 

The presence of impurities and/or defects in crystals leads to various 
changes in their physicochemieal properties. The changes induced may have 
a marked effect on the physical properties of the crystal and might even 
modify it for use as detectors and in thermal imaging applications [1-4]. 
Such defects of various types and distribution could be introduced in the 
crystals by several kinds of radiation. 

Pure ammonium sulphate and mixed crystals of metal ammonium sul- 
phate have been investigated quite thoroughly [5-12]. However, the problem 

of the nature of phase transition and the behaviour of N I ~  and SO~- ions in 
the region of phase transition have not yet been solved. Moreover, the effect 
of irradiation on the thermal properties of such crystals have not been done 
according to our knowledge. In this work, some studies on the effect of y-ir- 
radiation on thermal properties of KNH4SO4 single crystals in the tempera- 
ture range 300-600 K are reported. 
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Experimental 

Single crystals of potassium ammonium sulphate wcrc grown by slow 
evaporation from an aqueous solution of K2SO4 and (NH4)2SO4 in cqui- 
molar ratio at temperature equals (313 K). To obtain single crystals of good 
quality, a small seed, from the single crystal already grown, was suspended 
in the saturated aqueous solution at 313 K. A small rotor was used to rotate 
the seed cxcentricaily during the crystal growth. Chemical analysis and opti- 
cal inspection were used as quality and purity control. 

Specific heat Cp measurements were performed using a Shamadzu DSC 
TA30 thermal analyzer. 

The measurements were done on 15-30 mg samples using a constant heat- 
ing rate of 5-10 deg/min. The samples were 7-irradiated in air and at room 
temperature using a 6~ gamma cell 220 manufactured by Atomic Energy 
of Canada Ltd. The used dose rate was 1.4-105 Rad/min. The specific heat 
Cp of irradiated samples with different dose up to 0.6 MRad was deter- 
mined. 

Results and discussion 

Differential scanning calorimetry traces for non-irradiated a well as ir- 
radiated KNH4SO4 crystals in the temperature range 300-600 K were used 
to obtain the temperature dependence of the specific heat of KNI-I4SO4 
crystals as shown in Fig. 1. It is clear from Fig. 1 that for all samples, the Cp 
vs. T curves exhibit anomalies. The anomalea occurs over a relatively wide 
temperature range instead of abrupt changes in the vicinity of the phase 
transition. 

This behaviour might be due to the fact that KNH4SO4 contains two 

kinds of ~ and one kind of SO~- ions in paraelectric and ferroelectric 
phases. These ions are distorted from tetrahedral symmetry in both phases 
and are accompanied by electric dipole moment [13]. The K + ions tend to 
replace the N I ~  (II) rather than the NI-I~ (I) ions and hence broaden the 
transition and transform it into transition close to second order [9, 14]. The 
considerably large excess of heat capacity of KNH4SO4 crystals, which was 
observed in a wide temperature range, has been interpreted recently as due 
to the inter-chain interaction [15]. 

Gamma irradiation will induce certain defects in the crystals and every 
domain wall could be considered as a sort of imperfection. Moreover, the 
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local strain in the vicinity of the local damaged centre will cause greater dis- 
turbance than any induced impurity. Gamma irradiation affects the transi- 
tion temperature T, as well as the values of Cp at transition. 
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Fig. 1 T e m p e r a t u r e  d e p e n d e n c e  o f  the  specific hea t  Cp of  KNH4SO4 crystals for  d i f ferent  

y- rad ia t ion  dose:  - -  0, - - - 0.2, o 0.4, A 0.6 M R  

The behaviour of Tc and Cp at transition as functions of radiation dose 
are shown in Fig. 2. The value of Tc increases while that of Cp at transition 
decreases with increasing irradiation dose up to about 0.2 MR. Then, as the 
radiation does increases, Cp at transition increases reaching a value of 
~-7.8 J /g-K at 0.6 MR while Tc decreases reaching a minimum value of 

505 K at 0.6 MR. This behaviour of Cp could be due to the fact that ?-ir- 
radiation affects the release of charge carriers as well as the trapping 
process. 

At low exposure, however, the trapping process is assumed to be negli- 
gible and the increase in carrier concentration needs more thermal energy 
to enhance their effect on Cp. Hence, the induced specific heat Cp as a func- 
tion of exposure dose reveals a minimum at an optimum dose near 0.2 MR. 

J. Thermal Anal., 37, 1991 



58 KASSEM, AL-MURAIKHI: THE INFLUENCE 

x,," 

i._.u L 
E 

L) 
510-  - ' ~  6 

5001 I I 
0 0.2 0.4 0.6 

Dosej M rad 

Fig. 2 Variation of Tc and Cp at transition with ~,-radiation dose for KNH4SO4 crystals 

Since the temperature dependence of the specific heat near the phase 
transition is close to second order, as mentioned earlier, then it obeys an ex- 
perimental law [9]: 

A Cp = Z ( Nu2 / R T2 ) exp ( - u l R T ) (1) 

where N is the number of atoms displaced from the equilibrium position, u 
is the activation energy; R is the universal gas constant; Z is the coordina- 
tion number, i.e. the number of neighbours of each atom. 

Figure 3 shows the dependence of In (A Cp~l ~ ) on 1/T for irradiated as 
well as un-irradiated crystals. It is clear that the experimental points could 
be approximated by straight lines with the exception of a temperature inter- 
val in the vicinity of the transition. The slopes of the straight lines give the 
activation energies which are listed in Table 1. The number of atoms dis- 
placed from the equilibrium position (N) could be obtained from the inter- 
section of the lines. Taking Z = 4 for the crystal [11], the values of N for the 
samples are estimated and given in Table 1. 

The data given in Table 1 confirms again that ?-irradiation induces 
defects in the crystal. The maximum change in the number of displaced 

atoms is ~- 1.9-10 8 for a radiation dose of --" 0.2 MR. 
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Fig. 3 Dependence of In ( A CpT 2 ) on 1/T of KNH4SO4 crystals for different 7-radiation dose: 
(D) 

Table I 

Dose T M Rad u~ J/mole N 

0 24.23 1,26-108 

0.2 19.55 3.2 "10 s 

0.4 23.01 1.89-10 s 

0.6 28.10 2.09" 108 

From this work, it is established that y-irradiation changes Tc, broadens 
the transition and transforms it into transition close to second order. 

The authors  of this  paper  would like to thank  Professor  Dr. Latifa AI-Houty, Chairman 

of the Physics Depar tment ,  University of Qatar,  for her  assistance in thei r  work. 

References 

1 H. P. Beerman, Ferroelectrics, 2 (1977) 123. 
2 M. E. Kassem, A. M. EI-Khatib, E. F. El-Wahidy and H. E. Gado, J. Mat. Sci. I~tt., 6 (1987) 507. 
3 E. H. Putley, Semiconductors and Semimetals, Vol. 5, Academic Press, N. Y. (1970). 

]. 7 h e m ~  Anal, 37, 1991 



60 KASSEM, AL-MURAIKttl: THE INFLUENCE 

4 M. E. Lines and A. M. Glass, Principles and Applications of Ferrc~lectric and Related Materials, 
Oaredon Press, Oxford (197"/). 

5 B. T. Mattlfias and J.P. Remcika, Phys. Rcv., 103 (1956) 262. 
6 S. Hoshino, IL Vedam, Y. Okaya and R. Pepinsky, Phys. Rev., 112 (1958) 405. 
7 M. E. Kassem and S. Hedawy, J. Mat. Sci. Lett., 7 (1988) 1009. 
8 IC Hasebe and S. Tanisaki, J. Phys. Soc. Jpn., 44 (1978) 529. 
9 V. P. Burtseva, S. E. Vasil'ev and V. M. Varikash, Soy. Phys., Solid State 30 (5) (1988) 877. 

10 A. Sawada, S. Ohya, Y. Ishibashi and Y. Takagi, J. Phys. Soc. Jpn., 38 (1975) 1408. 
11 B. M. Mroz', J. A. Tuszynski, H. Kiefte and M. J. Clouthcr, J. Phys. Condcns. Matter, 1 (1989) 783. 
12 T. Osaka, J. Phys. Soc. Jpn., 45 (1978) 571. 
13 Y. S. Jain and H. D. Bist, Phys. Stat. Sol. (b), 62 (1974) 295. 
14 M. Kasaham, M. Sasakawa and I. Taksuzaki, J. Phys. Soc. Jpn., 39 (1975) 1022. 
15 IL Imai, J. Phys. Soc. Jpn., 52 (1983) 3960. 

Zusammenfassung n Es wird der Einflul3 von Gammaeinstrahlung auf die thermischen 
Eigenschaften von KNH4SO4-Einkristallen im Temperaturbereich 300-600 K untersucht. Die 
~nderung yon C/, wurde als Funktion der Strahlungsdosis bestimmt. Eine Analyse der Ergeb- 
nisse zeigt, dab die gammastrahlungsbedingten Ver~inderungen im thermischen Verhalten yon 
KNH4SO4-Kristallen einer direktvn Kollision mit Gitteratomen und einer mehrfachen Ver- 
lagerung von Atomen zugeschrieben werden kann. 
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