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TGS and DGS crystalshave been grown from the aqueoussolutionsandthe resultsarereported in this paper.It hasbeen
found that the pH of the solutionat thetime of crystallizationis the mostimportantparameterdeterminingthecrystallizationof
thedifferentglycine sulfatecompounds.It hasbeenshownthat for thecrystallizationof TGS therequiiedpH is >1.5.

The most well known glycine sulfatecompound molarproportionsof sulfuricacid andglycine of 1 2
is triglycine sulfate (TGS). It exhibits ferroelectric and 1: 3 also give TGS crystals.They have further
propertiesat room temperatureand has a variety of reportedthat the solutionshavingpH> 1 .9 give TGS
applicationsin technology [1 3]. Anhydrousdiglyc- crystalsand,if the pH is between1 and 1.9, non-TGS
me sulfate compound. DGS is a non-ferroelectric crystalsare obtained,i.e. diglycine sulfate anhydrous
orthorhombic crystal 14,91. After the discovery of or diglycine sulfate monohydrated.On the other
the ferroelectricactivity of TGSin 195bby Matthias hand Szczepanska[11] has reported that for the
et al. [5], manyworkershavegrownsingle crystalsof growth of TGS crystals the optimum pH of thesolu-
TGS [6 81. However, recent reportson the growth tion shouldbe 1 .5.
of glycine sulfate compounds show controversy Since the pH of the saturatedsolution, besides
regarding the required growth conditions for these varying with the proportions of reacting solutions,
crystals [4,9 11]. The presentauthorshavesystem- also varieswith the temperatureat which the solution
atically studiedthe growth of TGS andDGS crystals is saturated,thesecontroversialresultsposethe ques-
from aqueoussolutionsand the resultsarereportedin tion: Do saturatedsolutions of glycine and sulfuric
this paper.An attempthasbeenmadeto establishthe acid when takenin 3 : 1 molar ratio alwayshave the
requiredconditionsfor the growth of TGS andDGS required pH for the crystallizationof TGS? Table I
crystals and it has been shown that the pH of the gives the conditionsfor the growth of TGS andDGS
solutions (and not the molarity ratio of the reacting crystals as reported by various workers. From the
solutions)at the time of crystallizationis the most table it is evidentthat the requiredgrowth conditions
importantparameterdecidingthegrowth of the crys- are not conclusive.There is a controversyover the
tals. required pH for the growth of particular crystals.

Most of the researchworkers [12 14] havegrown From the information on hand it is not known
TGS crystals from aqueoussolutions of glycine and whether it is the proportionsof glycine and sulfuric
sulfuric acid taken in stoichiometric molar ratios, acid or whether it is the pH of the solution that
Whipps et al. [9] and Wood and Holden [41have determines the crystallization of a particular corn-
reported that when proportionsof amino acid and pound.
sulfuric acid are takenin equal molar ratio, they ob- In the presentstudy a number of aqueoussolu-
tamedDGS crystals.Contrary to this, Dominquezet tions with variousproportionsof glycine andsulfuric

al. [101 havereportedthat whenglycine and sulfuric acid were taken.The pH of thesesolutionswere mea-
acid are taken in equal molar ratios TGS crystalsare suredwhensaturatedat room temperature(28°C).In
obtained.In addition to this, they haveshown that eachcase seedswere obtainedby free evaporationat
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Table 1 Table2
Conditions for the growth of TGS and DGS crystals as Conditions for the growth of TGS and DGS crystalsas ob-
reportedby variousworkers servedby the presentauthors

Authors Growth conditions Growthconditions pH of the Molar ratio Triglycine Anhydrous
for TGS crystals for DGScrystals saturated of glycine sulfatecrystals diglycine

solution andsulfuric obtained sulfate
Whipps Proportionsof amino Proportionsof at 28°C acid (TGS) crystalsob-
etal. [91 acid to sulfuric acid aminoacid to sul- tamed(DGS)

of 2 : I and 3 : 1 furic acid of 1:
alwaysgive TGS give DGS crystals 0.5 2 : 1 None All thecrystals
crystals 1.0 3 : 1 Very few Most of the

Woodand Solutioncontaining crystals
Holden [4] glycineand sulfuric 1.25 3 : 0.87 Most of the A few crystals

acid in equalmolar crystals
proportionsgives
DGS crystals 1.5 3 : 0.72 All thecrystals None

Dominquez Solutionscontain- If thepH of the 2.0 3 : 0.58 All thecrystals None
eta!. [10] ing sulfuric acid and solutionis between 2.5 3 0.43 All thecrystals None

glycine in thepro- 1 and 1.9, it gives
portionsof 1 : 1, non-TGScrystals

2 and 1: 3 give
TGS crystals;when The type of the compoundcrystallizingdependson
thepH of thesolu- the actualpH of the solution at the timeof crystalli-
tion is >1.9, it gives zation.
TGS crystals ..

(ii) Solutionshaving 1 .0 ~‘ pH ~ 0.5 alwaysgive DGS
Szczepanska ForTGS crystals Solutionshaving cr”stals
[11] optimumpH pH < 1 give mono- ..~ . .

requiredis 1.5 hydrateddiglycine (iii) Solutions having 1.25 > pH ~ 1.0 give either
sulfatecrystals;at TGS or DGS crystals.Within this pH range the num-
averylow pH, DGS ber of TGS crystals increaseswith pH. At pH = 1.3,
crystalsareobtained most of the crystalsobtained are TGS; however,a

fewDGS crystalsare obtained.
(iv) Solutionshaving 2.5 ~ pH> 1.5 alwaysgive TGS

the constant room temperatureand were plantedin trystals.
the respectivesolutions.Crystalsgrowth was carried (v) For the crystallization of TGS crystals, 1 .8 >
out at the sameconstanttemperature.It was found pH> 1.5 is ideal since at higher pH the solution is
that the morphologyof the crystalsvariedwith the unstable.
pH of the solutions. Two different types of crystal
were found to crystallize,which were identified as The authors are thankful to Dr. V.P. Bhatt for
TGS andDGS crystals.The crystalswere identifiedas some useful suggesionsand to ProfessorM.M. Patel
monoclinic and orthorhombic from the crystal mor- for his keeninterestin thepresentwork. The authors
phology, which was confirmed by X-ray analysis. are also thankful to BhabhaAtomic ResearchCentre
Chemical analysis of the crystals confirmed this for awarding a researchfellowship to one of them
identification.The resultswere also supportedby ob- (D.D.V.).
serving the phasetransition,the hysteriesloop and
the domainsof theTGScrystals.The resultsobtained
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