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ABSTRACT. Large single crystals of pure and doped Triglycine sulphate are obtained 
in the temperature range 44 to 28°C using the falling temperature technique. The 
divalent ions NiH , C02+ and Cu2+ as weU as the trivalent Cr'+ and Fe3+ are used as 
the dopant ions . The effect of these ions upon the speed of growth, crystal 
parameters , density , crystal morphology , surface relief, colour and crystal purity is 
presented. The variation in the measured physical properties is strongly dependent 
on the complexes formed by the dopants. 

Single crystals of triglycine sulphate (NH2CH2COOHhH2S04 (abbreviated as 
TGS) are applied extensively in pyroelectric detectors. Their modified forms as 
well as their isomorphs are known to possess the highest pyroelectricity (Schwarz 
and Poole 1970, and Lock 1971). In many cases, they are the most suitable 
materials for constructingpyroe!ectric detectors operating at room temperature. It 
is also known that TGS has been used as piezoelectric material. The importance of 
such material for technological applications has carried its growth onto Skylab III 
(Lal 1981). 

The ferroelectric activity of TGS was discovered by Matthias et al. (1965) . The 
Curie temperature of TGS lies in the vicinity of 49°C. The phase above the 
transition has a monoclinic symmetry and belongs to the centrosymmetrical class 
21m . Below the transition temperature, the mirror plane disappears and the crystal 
belongs to the polar point group 2 of the monoclinic system. Ferroelectricity is 
found along the direction of the two-fold polar axis (the b-axis) (Wood and Holden 
1957, and Hoshino et al. 1959) . 
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TGS single crystals have been grown by different techniques at room 
temperature, below the transition temperature, or in the paraelectric phase (Duley 
and Finnigan 1973, Tsedrik et al. 1975, Srivastava and Singh 1976, and Pandya and 
Vyas 1980). Deviation from stoichiometry not only changes the shape of TGS 
crystals (Koldovskaya and Gavrilova 1961) but also leads to the crystallization of 
diglycine sulphate under specific conditions (Whipps et al. 1972). The pH value 
affects considerably the habit of crystals growing from aqueous solution. Tsedrik et 
al. 1975) e.g., studied the effect of the concentration of hydrogen ions on the rate 
of growth of different faces and the homogeneity of the crystal. Special seed shapes 
for different crystaIlographic axes have also been tried (Loiacono and Osborne 
1978). The effect of doping such a crystal with mono-, di-, tri-, or tetravalent ions 
on the kinetics of growth have been also studied by different workers (Toyoda et 
al. 1961, Lielicrap and Wood 1977, and Tsedrik and Kravchenya 1977). 

The aim of this article is to report our findings in obtaining large, perfect and 
homogeneous TGS single crystals . As a first step, a selection of the growth 
conditions is made to grow pure crystals ofTGS. A study of the effect of adding di-, 
or trivalent ions to the solution (under the same conditions) on the grown crystals is 
our second goal. 

The crystals have been subjected to the measurement of some physical 
properties including the morphology, density, and X-ray measurement of cell 
parameters. A detailed study of the physical properties of the grown crystals wiIl 
foHow in another pu blication. 

Experimental 

The apparatus and methodology used in the present study are exactly the same 
as described previously by the authors (Gaffar et al. 1980). A decisive factor for 
growing defect free crystals is to control the conditions of crystalIization by taking 
care of the thermal stability. CrystalIization by both continuously slow cooling and 
by saturated solution techniques have been tried. The continuous slow cooling 
technique is found to be the most convenient for growing TGS since the rate of 
evaporation of the solution of TGS at 44°C is relatively high (about 0.06 mVcm2 of 
the surface area of the solution/day). A period of about 72 hours is spent for 
insuring thermal stability between the different parts of the crystallizer before 
adding the solution. The same interval is needed after adding the solution to the 
seed crystal before beginning the proposed schedule of cooling. During the first 
week, the temperature is lowered at the rate of 0.15°C/day. Then, the cooling rate 
is raised gradually until it reaches its final value of 0.3°C/day. The rate of growth 
along the c-axis is approximately half that along the b-axis. GeneraHy the rate of 
growth is about 0.5 mm/day. 
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The powder of TGS is obtained from the reaction of glycine (PROLABO
99.7%) with sulphuric acid in a 3 to 1 molar ratio. The formed powder is 
redissolved in distilled water, filtered and then dried. This process is repeated two 
or three times to insure high purity. 

As a seed, natural crystals of about 3-4 mm each edge with well developed 
faces are used. Several TGS seed crystals are obtained by decanting about 200 ml 
of saturated solution of TGS at - 35°C into a small beaker which then is left to cool 
slowly to room temperature. After several days, some small crystals of well defined 
edges 2-3 mm each side can be obtained. The choice of the seed is one of the most 
important factors controlling the homogeneity of the growth. A seed with a cut 
made along a particular axis is found to be a failure as it is a source of additional 
nucleation in the solution. Thus, we chose "as grown" small crystals in platelet 
form, with about 16 mm2 in cross section and 3-4 mm in thickness, as our initial 
seed. The most developed faces of the seed are clearly (001) and (110) while the 
(010) face is almost missing. 

The seed crystal is cemented on a teflon platform using special adhesive. 
Simultaneous growth of more than one crystal is possible. The temperature is 
controlled to an accuracy of ± 0.05°C. All our crystals are grown in the 
ferroelectric phase at about 44°C. The pH value of the solution is adjusted around 
3.6. 

Two groups of ions are chosen to be the dopants in the present study. The first 
group consists of the divalent ions Ni2+, C02+ or Cu2 +. The second group contains 
the two trivalent ions Cr3+ or Fe3+. The salts used are in the form of sulphates 
(PROLABO 99%). The concentration of the dopant in the growth solution is 1%. 
We also report trial experiments with 2,3 and 5% in the case of Cr3+. 

Excluding the case of Cr3+ ions, the addition of impurities decreases the rate 
of crystallization especially for C02 + and Cu2 +. An odd behaviour is found while 
growing Cr3+ doped TGS crystals. The addition of Cr3+ in the concentration of 1 % 
changed the regime of crystallization owing to the high chemical activity of these 
ions . At a concentration of about 3% it is very difficult to grow monocrystals as the 
rate of crystallization becomes very fast even without lowering the temperature 
(caused by temperature fluctuations). When the concentration of Cr3+ reached 5% 
we were not able to grow monocrystals. Other dopants do not change the regime of 
crystallization as much as in the case of C~+ ions. Doped TGS crystals up to about 
6 cm3 have been grown in about five weeks. 

The lattice parameters of the grown crystals have been measured using a single 
crystal diffractometer with 1O-4A accuracy for the axial lengths and 10-2 degree 
for the angles . The surfaces of the grown crystals are examined using a polarizing 
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microscope. The concentration of the dopant in the crystal is determined using the 
microprobe technique . 

Results and Discussion 

Purity, Habit and Crystal Colour 

For undoped TGS, clear transparent crystals with about 40 sq. cm area and 3 
cm thickness have been grown in about 8 weeks. They are free from visible 
inclusions and without any cracking. In most of the crystals , the (010) face was 
present even if it was absent in the seed. Crystals doped with Cr3+ are violet in 
colour , gradually increasing from light at 1 % to dark at 5% doping (polycrystals in 
such case). Crystals doped with Ni2+ are slightly green , while they are blue in the 
case of Cu2+, yellow-brownish for Fe3 + and pink for C02 +. All crystals are 
transparent in most parts, with some visible strains for crystals doped with Cr3+ 

owing to the high rate of crystallization, see Fig. 1. 

" 

2 . TGS + C.-J+ 
4. TGS + Cu 2 + 

6. TGS + Fe3 + 

Fig. I-a. 1. Pure TGS 
3. TGS + Ni2+ 
5. TGS + Co2+ 
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Fig. I-b. Habit of TGS pure and doped crystals with di· or trivalent ions . 

In solutions of TGS containing di- or trivalent ions, metal-glycine complexes 
are formed and enter the crystal lattice during the growth process. The formation 
of glycine-copper complexes has been studied by Losche and Windsch (1965) 
applying EPR. Taurel et a1. (1958) using NMR found the concentration of glycine 
copper complexes to be proportional to the pH value of the solution. Stankowski 
(1968) reported that Cu2 + ions form two magnetically equivalent planar complex~s 
with molecular glycine groups II and III in TGS. These complexes are differently 
oriented with respect to the b-axis of the crystal. On the other hand Cr+ 3 forms two 
groups of magnetically equivalent octahedral complexes with glycines II and III 
and sulphate ions (Waplak and Stankowski 1969). These complexes are differently 
oriented with respect to the crystallographic axes. The change in shape of the 
doped crystal is due to a change in the dynamical growth properties. The dynamical 
equilibrium between dissolution and growth of the various crystal planes is 
modified in comparison to the equilibrium for pure crystals at the same degree of 
supersaturation. This is a result of directionally selective "building in" of the 
complexes from the solution into the crystal. 
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For the C02 +, Cu2 + and N?+ ions forming planar complexes, the shape of the 
crystal is slightly modified and the rate of growth remains practically unchanged . 
However, crystals containing Cr3+ or Fe3 + changed drastically as a result of the 
formation of octahedron-shaped complexes . The growth process leads to shapes 
elongated in the direction of the a-axis. Figure 2 shows the change in shape ofTGS 
crystals doped with Cr3 

+ at different concentrations . 

1 

Fig. 2. 1. TGS + 1% Cr3 + 

2. TGS + 3% c~+ 
3. TGS + 2% Cr+ 

Dislocation, Domain Configuration and Dopant Concentration 

Figure 3 shows microphotographs of the surface relief of ~ 2 mm thick cleaved 
plates of pure TGS single crystals as well as doped ones etched with water. From 
the figure, the etch pits corresponding to the dislocations, which are linear defects, 
are clearly visible. Obviously, the surface relief is strongly dependent on the type of 
ion involved. The general structure illustrates the existence of anti parallel domain 
configurations but the size of such domains differs from one sample to another. 
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One can notice that the sample containing NiH is either a single domain or, at 
least, it contains less domains in comparison not only with the doped samples, but 
also with the pure ones . 

Pure sample Ni 2 + doped sample 

-- . " ~~ 
'- \ ' . .', ... 

Co2 + doped sample Cu 2 
+ doped sample 

Cr"+ doped sample Fe3 + doped sample 

Fig. 3. Surface morphology of TGS pure as weU as samples doped with di- and trivalent ions x 1720. 
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We examined also the concentration of the impurity ions and their distribution 
in the crystal with the microprobe technique, and concluded that the distribution of 
ions in the crystals is not homogeneous. Within the experimental error of the 
technique , the concentration for all crystals grown from solutions containing 1 % 
additive is about 200 ± 20 ppm (mean value). For crystals containing 2, 3% Cr3 + 

the values are 280 ± 20 ppm , 320 ± 20 ppm , respectively. 

Lattice Parameters and Density 

The lattice parameters of pure and doped TGS crystals shown in Table 1 are in 
good agreement with the literature (Wood and Holden 1957). Generally, the 
maximum variation in the parameters is observed in the crystals containing Nj2+ 
ions, as is also concluded from the physical properties measured for these crystals . 

The density of the grown crystals, determined at room temperature by the 
hydrostatic weighing in toluene with an accuracy of 10-3 is given in Table 1. The 
results show complete coincidence with the literature (Wood and Holden 1957) , 
and the variations in the densities for the doped crystals indicate that the impurity 
ions enter the lattice in interstitial positions. The concentration of the ions in the 
crystal depends not only on the ionic radii and the atomic weight of the dopant , but 
also on the valency and chemical activity of the ions. The calculated and measured 
densities, shown in Table 1, are in good agreement indicating that the grown 
crystals are free from inclusions. 
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Table 1. Lattice parameters and density of pure and doped TGS single crystals. 

Sample 

Pure TGS 

TGS + Ni 2+ 

TGS + Co2+ 

TGS + Cu2+ 

TGS + C~+ 
TGS + Fe3+ 

Ionic radii 
of the 

dopant (A) 

-
0.69 

0.72 

0.72 

0.63 

0.64 

Atomic 
weight 
of the 
dopant 

-

58.69 

58.44 

63.57 

52.01 

55.85 

alA) 

± 0.001 


9.167 

9.132 

9.162 

9.174 

9182 

9.171 

b(A) 

± 0.001 
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12.642 

12.638 

12.638 

12.633 

ciA) 

± 0.001 


5.729 
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5.714 

5.727 

5.723 

~o 

± 0.001 

105.58 

105.97 

105.60 

105.72 

10582 

105.59 

ViA) 
± 0.01 

639.49 

635.25 

63774 

637.63 

639.40 

638.69 

Density 

measured 
± 0.001 

1.639 

1.691 

1.674 

1.685 

1.672 

1.698 

Calculated 
± 0.001 

1.679 

1.690 

1.683 

1.684 

1.679 

1.681 
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