
This article was downloaded by: [Tomsk State University of Control Systems and
Radio]
On: 17 February 2013, At: 05:48
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
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl15

Effects of γ-Irradiation on Tri-
Glycine Sulfate
J. A. Gonzalo a c & R. A. Arndt b
a Puerto Rico Nuclear Center, Mayaguez, P.R.
b Brookhaven National Laboratory, Upton, New York
c Brookhaven National Laboratory, Upton, New York
Version of record first published: 21 Mar 2007.

To cite this article: J. A. Gonzalo & R. A. Arndt (1966): Effects of γ-Irradiation on Tri-Glycine
Sulfate, Molecular Crystals, 1:1, 83-96

To link to this article:  http://dx.doi.org/10.1080/15421406608083262

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.

http://www.tandfonline.com/loi/gmcl15
http://dx.doi.org/10.1080/15421406608083262
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Molecular Crystnls. 1965. 1701. 1, p. 83-96. 
0 Copyright 1966 Gordon and Breach Science Publishers 
Printed in Great Britain 

Effects of r-l rrad iation on Tri-G lyci ne 
S u lfatet 
J. A. GONZALO: 
Puerto Rico Nuclear Center,s Mayaguez, P. R. 
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Received August 3, 1965 

Abstract-The effects of y-irradiation below the Curie point on the ferro- 
electric tri-glycine sulfate (TGS) were examined. Principal among these 
effects is the change, as a function of radiation dose, of the energy absorbed 
by a sample in going from the polar state to the non-polar state. This energy 
was found to be 0.73 cal/g for a virgin sample and 0.44 cal/g for a sample 
irradiated to 5 x 106r. The shift of the Curie point toward lower temperatures 
( - 5" C for 5 x 106 r)  was found in the specific heat measurements as well as 
in the electrical measurements. The internal bias which appears in the 
hysteresis loops of irradiated samples was studied as a function of tempera- 
ture, sample thickness, and time of application of the a.c. measuring field. 
Both the internal bias and the coercive field exhibit a linear increase with 
increased y-ray dose. 

Introduction 
Since the investigations carried out by Chynowethl in 1959 on 
x-radiation damage in tri-glycine sulfate (TGS) an increasing 
number of papers have appeared on this subject.2-6 In the present 
investigation, we have measured the effects of y-irradiation on the 
specific heat anomaly of TGS. When samples of TGS are irradiated 
below the Curie temperature, changes are seen in the ferroelectric 
hysteresis loops and the polar-axis dielectric constant. The 
hysteresis loops exhibit a bias, after irradiation, and the position of 
the dielectric constant anomaly shifts in temperature as does the 
specific heat anomaly. The starting material for both the electrical 
measurements and the specific heat measurements was the same 
crystal of TGS. 

-f Work performed under the auspices of the U.S. Atomic Energy 
Commission. 

8 Guest Scientist at Brookhaven National Laboratory, Upton, New York. 
3 Operated by the University of Puerto Rico for the U.S. Atomic Energy 

Commission. 
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84 MOLECULAR C R Y S T A L S  

Experimental Procedure 

Samples (about 0.3 cm xO.3 cmx 0.1 cm) for the electrical 
measurements were cut from a single crystal of TGS which was 
donated by Dr. S. Triebwasser of the IBM Research Center. TWO 
opposite faces of each piece were coated with silver paint; each 
piece was then sandwiched between aluminum foils and placed 
between the electrodes of the measuring circuit. The crystals were 
contained in a cell which was provided with a heater and thermo- 
couple so that the crystal temperature could be changed and 
measured. A Sawyer and Tower circuit,’ with phase compensation, 
was used for displaying the hysteresis loops. Photographs were 
taken of the oscilloscope traces at each of the temperatures reported. 
The a.c. voltage at these points was kept on for a very short time 
to avoid “a.c. annealing”. The irradiation facility for this part of 
the experiment was a 2000 curie Co60 source with a dose rate of 
0.77 x lo6 rlhr. 

The specific heat anomaly was measured by using a micro- 
calorimeters having linear temperature rise. In each case the 
sample was powdered TGS - 0.13 g, which was packed tightly into 
a copper capsule. Since the micro-calorimeter was of the differential 
type, an inert dummy was made up to match closely the heat 
capacity of the sample and its container over the range of tem- 
perature of interest. This dummy was a capsule, identical to that 
of the sample, containing sufficient iron filings to duplicate the 
thermal capacity of the sample and its container a t  room tempera- 
ture. This procedure assured that any differences between the 
sample and dummy were small compared to the anomaly being 
measured. Each experimental run of the micro-calorimeter was 
calibrated by comparison with a small mass ( -  3 mg) of Rose’s 
metal which, in turn, was calibrated with a small amount of pure 
gallium. Temperature rises of about 0.4” C/min were used. Other 
rates of temperature rise were used and the positions of the peaks of 
the specific heat anomaly were compared. The peaks did not shift 
and it is concluded that there were no significant differences in 
thermal conductivity of the sample as a function of irradiation. 
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E F F E C T S  O F  ? - I R R A D I A T I O N  85 

The irradiation facility used for this part of the experiment was a 
Co60 source whose dose rate was 1.0 x lo6 r/lir. I n  series A of runs 
the same sample of TGS was irradiated in increments of $ hr or 1 hr 
and measured after each incremental dose t o  achieve the total dose 
while in series B several samples were irradiated to the total dose 
reported. 

Hysteresis loop observations in irradiated TGS show that,  if the 
sample is irradiated without any previous electrical or thermal 
treatment, double loops appear. These loops are equally and 
oppositely displaced along the electric field axis but their relative 
size varies, in general, from case to case. If, before irradiation, the 
sample is heated through the Curie point and then cooled slowly 
the irradiation gives rise to  two, equal sized, loops. If a very strong, 
external d.c. field is applied to the sample for a long time before 
irradiation, or during irradiation, the original hysteresis loop does 
not split but is displaced. The direction of displacement depends 
on the direction of the external field. There are some differences in 
the behavior of the internal bias of single and double hysteresis 
loops. All of the results on hysteresis loops given here refer to 
double loops unless otherwise specified. In addition, these loops 
are assumed to be symmetric along the electric field axis. 

Results 

For y-ray doses up to 3 x lo6 r, the increase of internal bias was 
nearly linear, the increase being 1.4 x V/cm/r. The change of 
the coercive field also showed a linear dependence on dose with an 
increase of 2.1 x Vlcmlr. These results are in good agreement 
with previous data, 

The internal bias in single loops showed a temperature dependence 
similar to that found for Rochelle salt.g I n  Rochelle salt the 
internal bias is nearly constant a t  temperatures near the lower 
transition point and drops off near the upper transition point. I n  
double loops, however, the internal bias varies in a manner similar 
to that observed for spontaneous polarization ;lo becoming un- 
observable a t  temperatures greater than the Curie point, To.  
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86 M O L E C U L A R  C R Y S T A L S  

Figure 1 is a plot of this behavior for a sample irradiated to 3 x lo6 r. 
The applied voltage was the same at  each temperature and between 
each measurement the voltage was turned off to avoid “fatigue” 

7 

a 
5 3  
-J a 
cc 2 2  
W 
!- 

I z 

0 
0 10 2 0  30 40 50 

TEMPERATURE IN “C 
Figure 1. Behavior of internal bias as a function of temperature for a sample 
exhibiting a split hysteresis loop. Dose was 3 x 106 r. 

of the hysteresis loops. There is an effect which tends to decrease 
the bias with increasing time of application of the sweeping voltage 
(“a.c. annealing”). Only a few seconds were necessary to take the 
photograph at each temperature. Figure 2 shows a series of 
photographs of the double loops at different temperatures. 

As already mentioned, the double loops of y-irradiated TGS 
crystals showed “a.c. annealing”. This appeared as a sliding 
together of both halves of the double loop under the influence of 
the externally applied a.c. field. This phenomenon was also 
observed by Chynoweth,’ in the X-ray investigation, after short 
periods following the irradiation. In the present case partial 
“8.c. annealing” was observed in many samples even after the 
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E F F E C T S  OF y - I R R A D I A T I O N  

4 5 O  c 48" C 
Figure 2. Oscilloscope traces used to  obtain the points for Fig. 1. 
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88 M O L E C U L A R  C R Y S T A L S  

I I I 

(RECOVERY -A.C. OFF) 

_ _ _ _ _ _  _ - -  - -  --- 
0 - - - - - - - - - -  

- 

- - - 
( A N N E A L I N G  - A.C. ON)  

samples had sat at  room temperature for several weeks after 
irradiation. The internal bias appeared to consist of a permanent 
portion, which remained unchanged several hours after the applica- 
tion of the a.c. field, and an “annealable” part which decreased 
exponentially in about 5 min. Figure 3 shows the variation of the 
internal bias, at room temperature, with time of applied a.c. 

0 

4 

a a 
b m a a 
2 2  
m 
4 
m 

field (13.5 kV/cm). The recovery of the initial value, once the a.c. 
field has been turned off, takes place in approximately the same 
manner as the annealing ; it  is initially very rapid, then approaches 
the initial value asymptotically. Several pictures taken at different 
times during the annealing process are reproduced in Figure 4. 
The amplitude of the external ax.  field influenced somewhat the 
life-time of the process, faster annealing being produced by stronger 
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E F F E C T S  O F  y - I R R A D I A T I O N  89 

amplitudes. Observations of the internal biasing field with several 
samples of different thickness showed an approximately constant 
value for crystals receiving the same radiation dose. I n  addition, 

3 min. 15 min. 

Figure 4. Oscilloscope traces which were used in obtaining the points for 
Fig. 3. 

irradiating a thick crystal and diminishing the thickness of it 
(by cutting or grinding) produced the same effect. 

Figure 5 shows replicas of recorder traces of calorimetric measure- 
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90 M O L E C U L A R  C R Y S T A L S  

ments on a virgin sample and a sample irradiated to 5 x lo6 r. The 
base line is determined by extending the linear portions before and 
after the anomaly. The area between the base line and the curve 
for the virgin sample corresponds to 0.71 cal/g and the area for the 
irradiated sample corresponds to 0.44 cal/g. It must be pointed 
out that in the actual trace, the straight portions used to determine 
the base line are of the order of 6 in. or longer. The rise of the 
trace between 0°C and 5°C is inherent in the calorimeter. In  

I I I I I I 1 - 1  I 

0 10 20 30 40 50 60 70 80 90 
TEMPERATURE, O C  

Figure 5 .  Reproduction of recorder trace for specific heat anomaly measure- 
ments. Temperature increase was about 0.4" C/min. 

Figure 6 are the results of the energy anomaly as a function of dose. 
Those points marked with a circle are for series A and those marked 
with x are for series B. Although for each measurement the 
temperature of the sample was raised to about 125"C, there 
appears to be no substantial annealing of the radiation induced 
damage since the two sets of points follow approximately the same 
behavior. A further check of the change of the anomaly was made 
by replacing the inert dummy used in all of the above measurements. 
For this differential measurement one side of the calorimeter 
contained a virgin sample and the other side contained an equal 
amount of TGS irradiated to 5 x lo6 r. The measured energy 
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E F F E C T S  O F  ) / - I R R A D I A T I O N  91 

difference was 0.31 cal/g which is very close to the difference shown 
in Figure 6. Since the sample powders had effectively the same 
surface area this last check also served to eliminate the possibility 
of the effects of adsorbed gases on the measurement of the samples 
in the previous runs. The energy anomaly for a virgin sample 
reported here falls between the value of 0.50 cal/g of Hoshino, 
et aZ.1° and the value of 1.07 cal/g of Strukov.ll 

0.8 

0.7 

pl 
\ - 

0.6 
m 
0 0.5 
OT 

m 
m 
a 0.4 

X 
- L o .  

I i 

i 
O'I 0 1 

0 I 2 3 4 5 6 
DOSE IN 106 r 

Figure 6. Energy absorbed by TGS sample as a function of y dose. Open 
circles are for series A and x ' s  are for series B. See text for series A and 
series B conditions. 

It was difficult to determine accurately the shift of the transition 
temperature, particularly in the irradiated samples, due to the 
broad peak of the response of the calorimetric measurements. 
Figure 7 shows the temperature shifts along with the shifts deter- 
mined from measurements of the dielectric constant. Por virgin 
samples the error in determining the temperature of the peak on the 
calorimetric measurements is about Q degree while in the case of 
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92 M O L E C U L A R  C R Y S T A L S  

samples irradiated to 5 x lo6 r the error is about 1 degree. Tem- 
perature shifts for series A of calorimeter runs are shown by open 
circles, series B by x , and from the dielectric measurements by 
closed circles. The temperature shifts of the transition temperature 
reported here are in good agreement with those of Yurin, et aL4 but 

- I 1  t 
2 - I 0  - 9  t 
c z - 8  
0 
a 

-7 
w 
3 - 6  
LT 

0 

z -5 
I- 

% -4 

- 3  
I 
v) 

-2 

- I  

0 

Figure 7. Shift of Curie point as a function of y-dose. Open circles are for 
series A of calorimeter runs, x for series B, and solid circles are for dielectric 
measurements. 

are considerably greater than those of Hilczer and Jaskulski12 who 
report a shift of about 2.3" C for a dose of 5 x lo6 r at  a dose rate of 
1.5 x lo5 r/hr. 

The points on Figure 7 referring to dielectric data were taken 
from measurements of the dielectric constant as a function of both 
temperature and irradiation as shown in Figure 8. Using the data 
of Figure 8, if one plots the reciprocal of the dielectric constant vs. 
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i 

- 
- 0 VIRGIN 

- A 1 . 1  X I O ~  r 

0 2 . 7 ~ 1 0 ~  r 

v 4.0~10~ r 
- o 1 0 . 0 ~ 1 0 ~  r 

- 

temperature, one obtains a series of straight lines that are parallel 
except at  temperatures very near to  the Curie point. The slopes of 
these lines yield the Curie constant of 3200" K and show the value 

1 0 ~ ~  I I I 

I I I 
30" 40 " 50 O 60" 

TEMPERATURE, "C 
Figure 8. Dielectric constant as a function of temperature. No d.c. field for 
compensating the internal bias was used for these measurements. 
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94 M O L E C U L A R  C R Y S T A L S  

of the Curie constant does not change with irradiation. It has 
recently been found that, if the dielectric constant is measured in 
the presence of a d.c. field to compensate for the internal bias, the 
curves, as shown in Figure 8, all come to a sharp peak.13 Further, 
a plot of the reciprocal of the dielectric constant vs. temperature 
obtained by this type of measurement yields a straight line all the 
way to the Curie point for irradiations up to 10 x lo6 r. 

Discussion 

The general expansion for the energy, A ,  in terms of the polariza- 
tion, P, is given by 

For a virgin sample of TGS we have, according to reported 
values,14 

c = 3200"K, To = 49"C, 

em4 
coul2 ' 5 = 72 x 10'- 

ern' 5 = 4.1 x lozo- and the value for the spontaneous polariza- 
~ 0 ~ 1 4  

coul 
em2 

tion, P,, is 2.8 x 10V- a t  20°C. In  the above values E is the 

dielectric constant. 

The change in energy of a virgin sample of TGS in going from the 
polar state at 20°C to the non-polar state at 49°C is given by 
Eq. (2a). 

A = - 2i? (2O0-49")p:+$ 
C 
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E F F E C T S  O F  Y - I R R A D I A T I O N  95 

Putting the terms of Eq. (2a) into the same units gives 

A = -0.715cal/g+0.18cal/g+0.05cal/g = -0.49cal/g. 
(2b) 

This value is close to that obtained from the calorimeter measure- 
ments (average 0.73 calig). It is apparent from Eq. (2b) that it is 
justifiable to drop the P6 term from the remainder of the discussion. 

It is tempting to extend the thermodynamic treatment to 
irradiated TGS in the manner of the Okadag treatment for Rochelle 
salt. Following Okada, then, if a sample of TGS is irradiated with 
y-rays, uncompensated charges are distributed homogeneously 
throughout the sample. The effect of these charges appears in the 
thermodynamic expansion for energy as a shift of the Curie point, 
ATo, and an internal bias, E,. Equation (1) then becomes 

2-T 
C A = ---(To-dT0)P”$a5P~-E,P = A + d A  (3) 

Since E = aA/aP then 

4-T 
c: (4) E = --T-(T 0 - ATo)P + 5P3 - E,. 

Experimentally both ATo and E, are linearly porportioiial to the 
radiation dose. 

From the calorimeter measurement, LA, at a dose of 3 x lo6 r, 
is 0.27 cal/g. If the measured values of ATo and Eb are used in 
Equation (3) ,  however, AA is only about 0.07 cal/g. Even greater 
discrepancies exist if Equation (4) is solved for E,  and compared to  
the measured value of E,. Equation (3)  also predicts a linear 
dependence of rlA on dose but this dependence is not found. It is 
concluded that such a simple thermodynamic treatment is in- 
sufficient for describing the irradiation effects of TGS. 

The primary difficulty is applying thermodynamics to ferro- 
electrics lies in the fact’ that the theory is one for equilibrium states. 
In measurements of the specific heat anomaly equilibrium con- 
ditions are probably more nearly satisfied than in cases of electric 
measurements. A second difficulty is that it is difficult t o  account 
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96 M O L E C U L A R  CRYSTALS 

for all contributions to a thermodynamic treatment. For instance, 
in the above discussion, no mention has been made of interaction 
between domains or defects produced by irradiation. Consequently, 
effects like the increase ,of coercive field and “ax.  annealing” 
remain unexplained for the present. 
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