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PROPERTIES OF TGS AQUEOUS SOLUTION FOR CRYSTAL GROWTH
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A studyhasbeen madeof the propertiesof triglycine sulfate(TGS)aqueoussolution relevantto its use for single crystalgrowth.
Measurementsof thesolubility, indexof refraction,density, viscosity, diffusivity, andoptical dispersionarepresentedanddiscussed.
A knowledgeof thesepropertiesis of importancefor controlling andmodeling the growth processandfor obtaininghigh quality
singlecrystals.

1. Introduction to P21/m at 49°Cwith a lossof both its pyroelec-
tric andferroelectricproperties[2].

Single crystals of triglycine sulfate Fig. 1 showsa facettedTGScrystaland identi-
(NH2CH2COOH)3(H2S04)are grown from aque- fies variouscrystallographicdirections.TGShasa
ous solution and are of interestbecauseof their monoclinic structurewith a = 9.41 A, b = 12.63A,
physical propertiesand their application as in- c = 5.73 A and$ = 110°23’[3—5].It alsopossesses
frareddetectors.As a pyroelectricmaterialat tern- a naturalcleavageplanewhich is perpendicularto
peraturesbelow 49°C,TGS possessesan axis of the b-axis, which is the pyroelectric axis. Thus
spontaneouselectricalpolarizationwhich is along cleavedsectionsgive properorientationfor useas
the (010) crystallographicdirection[1]. Theelectri- infrared detectors.
cal polarizationis temperaturedependentandit is In order to makea good quality detector,one
this propertywhich is utilized in fabricatingther- with a low noiseequivalentpower (NEP) or high
mal infrared detectorsfrom single crystals. TGS detectivity (D), a high quality singlecrystal must
undergoesa spacegroup transformationfrom P21 be used [6,7]. Common crystallographic defects

suchas inclusionsanddislocationsarebelievedto,~: adverselyaffect the detectivity of TGS and de-
termineits limits of sensitivity. In order to under-

(111) stand, control and model those aspectsof the
(001) (021) growth processwhich lead to high quality single

crystalsa study wasmadeof the physical proper-

(121) ties of the TGS growthsolution [8,9].
(1011 (110) (010)

(110) (121) 2. Measurementsand procedure

(111) The first step in seededsolution crystalgrowth

(1001 is to determinethe solubility curve. The research
literaturecontains much solubility data, howeverFig. 1. Typical TGS crystalhabit, illustratingvariouscrystallo- . .

graphic directions. The polar axis is in the (010) direction, thereis a wide spreadof values in the data from
along the b-axis. The cleavageplane is perpendicularto the different investigators.For this reasonwe carried
polar axis. Out our own determinationover the temperature
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ponents some water vapor is often driven off
during the heatingstageleadingto anuncertainty
in the final concentration.Also onewould like to
monitorthe concentrationat varioustimesduring
a crystal growth run or to re-use a partially de-
pleted solution. This requires the ability to de-
termine the concentrationof an existingsolution.

We found that the index of refractionof aTGS
solution is a sensitiveindicatorof its concentration
[13,14]. The index of refraction of samples of
known concentrationswas measured.Thesemea-
surementsweremadeusingan Abberefractometer
with a temperaturecontrolled samplestageusing
light of A = 5893 A from a sodium vapor lamp.
The temperaturerangeover which the measure-
mentswere madewas from 24 to 60°Cand the
concentrationswere from 30 g TGS/100cm3 H

20
to 60 g TGS/100cm

3 H
20. Oneadvantageof this

methodis that it only requiresa samplevolume of
a few milliliters to make the measurement.Fig. 4
shows the index of refractionversustemperature.
The saturationconcentrationandisoconcentration
linesare also shown.

In some experimentsit may be necessaryto
work with light of a wavelengthdifferent than the

Jig. 2. Shadowgraphimage of TGS crystal gro~.ingfrom
solutionillustratinggrowthplume. 5893 A sodium light. For example, we havebeen

using a HeNe laser of 6328 A for schlierenand
shadowgraphimagingof the growth process.Thus

range 25 to 50°C.The techniqueused was to we needto determinethe dispersion relationship.
accuratelypreparesolutionsof specific concentra- Measurementsof the indexof refractionweremade
tions, insert a seedcrystal and then slowly adjust on samplesof TGS solutions of different con-
the temperatureuntil the seed was in complete centrationsand at different temperaturesusing
equilibrium with the solution and no growth or both the sodium lamp and the HeNe laser. In all
dissolutionoccurred.In somecasesweconstructed casesit was found that the value of the index of
a shadowgraphimage (fig. 2) of the seedcrystal. refractionwas 0.0014lower for the 6328 A light.
Theseimagesvery clearly delineatedthe presence The dispersionis
of a growth or dissolutionplume andwasthe be~t dN‘dx = —3 2184 < ~
method for accuratelydeterminingthe saturation /

temperature. where dN is thechangein index of refractionand
Fig. 3 shows the solubility curve for TGS. For dA is the change in wavelength (A). One can

comparisondata of Brezina, Davey and White, calculate the index of refractionat other wave-
and Nitsche are also shown [10—12].The data lengthsby usingthetwo-constantform of Cauchy’s
from thesethreeinvestigatorswaschosenfor corn- equation
parison becauseof the relative close agreement NA = A + B/A

2,
amongthemselves,while many other investigators h
havepublisheddataconsiderablydifferentin value. w ere

When an aqueoussolution is madefor crystal B = = 366216
growth by weighing,mixing,andheatingthe corn- 2 dA
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Fig. 3. Solubility curve for AqueousTGS solution.

The constantA for a given solution concentration
1.3850 C’& and temperaturecan be gotten from the data in

fig. 4. For greateraccuracyover a wider range of
wavelengthsthe above procedure could be cx-
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Fig. 4. Variation of the index of refraction with temperature Fig. 5. Apparatusfor measuringthedensityversustemperature
andconcentrationof TGS solutions, at various concentrationsof TGS solutions.
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Fig. 6. Density of TGS solutionsversustemperature.
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Fig. 7. Density of TGS solutions versus concentration measured at 30°C.40°Cand 50°C.
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__~ tended using measurementsat three different
wavelengths and applying the three-constant

_______ Cauchyequation

___ i_FL i~oij N~=A+4+-~.

U

In analysingoptical imagesof the growth pro-
cess the significant optical parameteris N, the
index of refraction. However, in relating this to
fluid dynamic equationswhich model fluid flow
andmasstransportone needsto convertfrom the
index of refraction, N, to the mass density, p.
Hence a series of measurementswas made to
determinethe density as a function of concentra-
tion and temperature.The measurementswere
made using a chain balance and glass specific
gravity plummet(fig. 5) capableof measurements

— to ±0.0001 g/ml. A temperaturecontrolledglass
cell controlled to ±0.1°Cwasused to containthe

Fig. 8. Apparatus used to measureviscosityof TGS solutions, solution and measurementswere made over the

5 1.10 -

TEWERATURE—°C

Fig. 9. Viscosity of TGS solutions versus temperature. LI
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8 - crystal from solution it is necessaryto know the LI
- massdiffusion coefficient.As a crystalgrows from

6 - solution a concentrationdepletion layer forms
5 . around the crystal. New solute must be trans-
4 . portedfrom the bulk solution acrossthe depletion

3 . layer to the crystal—liquid interfacefor continued
growth. The concentrationgradientis the driving
force andmassdiffusion themechanismgoverning

2 this masstransport.The massdiffusion of TGSin

water was measuredusing a two-chamberglass

I cell. A solution of TGS was allowed to diffuse
0 i~-~: from the bottomchamberthrougha porousglass

a - frit into the upperchamberwhich initially con-7 . tamedpurewater.Thediffusion cell wasimmersed
6 1 in a thermal controlled water bath controlled to

±0.01°C.Fig. 10 shows the diffusion coefficient
- of TGS in water as a function of the reciprocalof

3 - temperature.

2-
3. Summary

A studyhasbeencarriedout to measureprop-
10 30 3.1 3.2 33 34 ~j~j ertiesof aTGSaqueoussolutionrelevantto its use

~ for singlecrystal growth.The data from the solu-
T (°K)X bility curvewill sufficeto startgrowingfair quality

Fig. 10. Diffusion coefficientof TGS in water asa function of single crystals. However in order to mathemati-
thereciprocalof temperature. cally model the growth process other solution

parametersas presentedin this paper are also
necessary.To study the dynamics of the growth

range 24 to 50°C.Figs. 6 and 7 show the con- processusingoptical techniquessuch as schlieren,
centration and temperaturedependenceof the shadowgraphor interferometryrequiresa detailed
density, knowledgeof the optical index of refraction and

Anotherparameterusedin modelingfluid flow how it is relatedto temperatureandconcentration
is viscosity. It relatesmomentumtransferto fluid changesas well as density. Using the index of
shear by the relationship T = — 1.tdv/dy. The refractionto determinethe solution concentration
viscosity was measuredfor concentrationsof 5 g enablesone to monitor in real time the concentra-
TGS/100 cm

3 H
20 to 45 g TGS/100cm

3 H
20 tion in a crystal growth apparatusand gives one

over a temperaturerangeof 20 to 55°Cusing a the flexibility of making adjustmentsin the tern-
Ubbelohdeviscometerimmersedin a temperature peratureto keepaconstantdegreeof supersatura-
controlled water bath (fig. 8). Viscosity is de- tion to maintaina constantgrowth rate.
termedby measuringthe time requiredto drawa
known volume of fluid through a capillarywith a
constantpressuredifferenceacrossthe fluid col- References
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