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Design of a solution crystal growth crystallizer with a versatile
electronic reciprocal motion control for a crystals holder
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A description of a modified crystallizer for growing large crystals from solutions along with the design of a
versatile electronic reciprocating control system to change and reciprocate the motor speed containing the
seed holding rod for solution growth crystallizer is presented. In this system, rotation rate and number of
revolutions in the clockwise and counter clockwise direction can be adjusted as and when desired. This
electronic system alleviates the problem of jerky motion of seed holder during reciprocation as in earlier
mechanical systems. Good quality crystals of important nonlinear optical materials such as Methyl-(2,4-
dintropheny)-aminopropanoate: 2-Methyl-4-nitroaniline (MNA:MAP), L-Arginine Phosphate (LAP) L-
Histidine tetrafluoroborate (LHFB), L-Arginine tetrafluoroborate (LAFB) and others have been successfully
grown using this system. The complete crystallization apparatus along with electronic circuit can be easily
fabricated with readily available components by graduate and undergraduate students.

© 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
1 Introduction

The growth of crystals from low temperature solutions occupies a prominent place especially when materials
are not stable at elevated temperatures. A number of concepts for solution crystal growth systems are found in
literature [1]. One of the best concepts for growth of both inorganic and organic crystals from solution is by
temperature lowering of solution, provided the material has positive temperature coefficient of solubility. In
this method, a saturated solution of the material to be grown, is prepared at a chosen temperature and kept at
this temperature for 24 hours. Then the seed holding rod is inserted in the growth chamber and its rotation is
initiated. The growth process is initiated by lowering the temperature slowly. The temperature of the solution is
lowered at a pre-programmed rate typically 0.05K to 2.0K per day depending on the solubility of the chosen
material. The complete crystallization process may take from a week to several weeks. To terminate the growth
process the grown crystals are taken out of the solution without the thermal shock.

A solution crystal growth is a highly complex process and depends on various growth parameters such as
quality of seed, temperature of growth, temperature lowering rate, character of solution, seed rotation and
stirring of solution besides other conditions. To grow good quality crystals, above cited parameters have to be
optimized for each crystal.

2 Experimental

A schematic diagram of a modified solution crystal growth system designed and fabricated in our laboratory is
shown in Fig. 1 after designing number of crystallizers [2-4] in our laboratories. A 250 ml crystallizer jar (4),
which holds the growth solution, is placed inside a 2.5 liter jacketed kettle (3). The linear and reciprocating
motion of the Teflon seed holder (5) is controlled by a rack-pinion arrangement (8) and electronic circuit (7)
respectively. A reversible motor (6) is used for rotating the seed holder. The temperature of the growth solution
is controlled and programmed by circulating water using NesLab bath (1). To prevent evaporation of the
solvent specially designed oil Teflon seal (3) and RTV/Teflon seal (3) are used. The main features of our
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crystal growth system are: (i) better temperature stability even with sudden fluctuations in room temperature,
(i1) better control over evaporation of organic solvents, (iii) a mechanical screw type arrangement for pulling
the seed crystal at a controlled rate, (iv) the possibility of varying the seed orientation and type, and (v) a
versatile electronic reciprocating control system to change and reciprocate the motor speed containing the seed
holding rod.
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Fig. 1 Design for a new crystallizer for growing organic Fig. 2 The Photographs of MNA:MAP seed and
crystals. (1) Circulating bath; (2) Jacked reaction kettle; (3) aloevera-tree type growth (a), without aloevera-tree
RTV/Teflon seal; (4) Crystallizer jar; (5) Teflon seed holder; type growth (b)
(6) Reversible motor; (7) Circuit for reciprocating and control-
ling the stirring rate of seed holder; (8) Arrangement for
pulling the crystal during growth; (9) Teflon tape cover; (10)
Solution; (11) Seed crystal; (12) Teflon seal; (13) Glass lid.

Better temperature stability was accomplished by loading the growth solution in a beaker kept inside the
jacketed vessel. An air gap provides extra insulation. Moreover, spontaneous nucleation at the bottom of the
growth vessel, which hampers the growth and the crystal yield, is completely eliminated. By providing an extra
lid on the inside beaker and a Teflon seal over the jacketed vessel, the evaporation of the solvent was reduced
dramatically. The inner beaker is filled halfway with solution rather than three-forth as unlike normal methods,
and the growing crystal is pulled in a controlled fashion. The filling of the inner beaker, to three-forth, is not
required. In this way not only is the crystal annealed in situ but also spurious aloevera-tree like growth near the
seed in some crystals such as MNA:MAP, is greatly reduced or completely eliminated. Fig. 2 (a) shows the
seed crystal along with MNA:MAP crystal grown using usual technique i.e. without pulling the growing
crystal. Fig. 2(b) shows the same crystal grown with pulling and aloevera-tree type growth is avoided.
Furthermore, large crystals can be grown from a smaller amount of expensive mother liquor as the crystal is
pulled while growing.

Besides temperature control, the uniform rotation of seeds is required so as not to produce stagnant regions
or re-circulating flows, otherwise inclusions in the crystals will be formed. To study and achieve uniform and
optimum transport of solute to the growing crystals, various seed rotation mechanisms have been used in the
past [2-5]. The unidirectional rotation of the seed leads to the formation of cavities in central regions of a
crystal face because of lesser solute transport than edges and corner of the growing crystal. Furthermore, non-
uniform solute supply favors the formation of thick layers which subsequently lead to the trapping of
inclusions and to generate dislocations. Periodic rotation of the growing crystal in opposite directions
suppresses edge formation but does not eliminate the formation of central cavity. To avoid these defects and
stagnant regions of solution, eccentric or clock-wise and counter clockwise motion of the seed holder is used in
growing crystals from solutions. A few mechanisms [2-5] have been used in the past, to generate reciprocating
motion of the seed holder such as electro — mechanical [3] and rack-pinion [4]. In the electro-mechanical
system, a connection of the motor polarity is reversed mechanically by using a micro-switch. In this
mechanical system, there is a jerky motion on reversal, which sometimes causes seeds to fall down. The jerky
motion also creates a turbulent flow in the fluid and hence non-uniform transfer of solute to the growing faces,
thereby defective crystals may be formed. The micro-switch has to be changed frequently due to mechanical
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failure. Furthermore, effect of seed rotation rates on the growth rate and the quality of the crystals can not be
systematically studied. It is because rotation rate cannot be varied. In the rack-pinion arrangement, there is no
jerking motion but one has to change gears to change rotation and reversal rate, which is quite an involved
process.

To improve on these drawbacks, in our Crystal Growth Laboratory at Alabama A&M University, a
versatile solid state electronic circuit for reciprocating the direction of the seed holder is designed along with
added features such as facility to vary rotation rate, stopping time on reversal and time for clockwise and
counter clockwise motion of crystal/seed holder. These designed features will allow the crystal growers to
study more decisively the effect of seed rotation rates on the growth and quality of the grown crystals, thereby
optimizing this important parameter for growing better quality crystals.
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A schematic diagram of the basic electronic circuit for reciprocating motion control is shown in Fig. 3. In Fig.
3, the timer (Chip LM 555, U3) produces square wave timing pulse. It may be set for a particular frequency
(POT1) and duty cycle (POT2) in combination with timing capacitor (C3), and reset if necessary by switch
(S2). The timing wave form is divided by the J-K flip flop chip 74LS112 (U1) to one half the timer frequency.
Parasitic oscillations are suppressed by capacitors (C1, C2 and C4). The two wave forms are combined by
NAND gates chip SN7400 (U2) to alternately turn on the transistor (Q1 and Q2) to control the solid state
relays (1 and 2) which connect the alternate sides of the motor capacitor to the 110 VAC return line. Similarly,
the transistor (Q3 and Q4) alternately turn on the indicator lamps (LED1 and LED?2).

Current limiting and bias is provided by resistors (R1 through R8). Motor rotation speed is controlled by
potentiometer (POT3). A power supply consisting of the step down transformer (T1), Voltage regulator (U4)
and associated filtering circuit (D1 and D2, C5 and C5), and voltage setting divider (R9 and R10) provides 5
VDC to the circuit. The operation of the circuit causes the following sequence of states in the system: during
first interval, the seed holder motor runs counter clockwise; during next interval, the motor comes to a stop;
during next interval, the motor runs clock wise; and during next interval, the motor again comes to stop. Then
the entire cycle of operation in repeated, and the intervals can be varied as needed for a particular crystal
growth experiment.

3 Results and discussion

Various new nonlinear optical crystals which holds promise for their use in nonlinear optical devices such as
L-arginine phosphate, L-Histidine tetrafluoborate, L-arginine tetrafluoro borate, Methyl-(2,4-dintropheny)-
aminopropanoate: 2-Methyl-4-nitroaniline (MNA:MAP) and L-pyroglutamic acid of high quality have been
grown using above mentioned reciprocating system, by temperature lowering technique described elsewhere
[6-10]. In the investigator’s observation and experience, there is definite improvement in the quality of grown
crystals and success rates of the growth runs, which is evident from the transparency and less scattering under
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laser illumination. This reciprocal motion control electronic system for solution growth crystallizers has been
in use in our laboratory for several years, and is working satisfactorily.

It is worthwhile to mention that this simple and versatile crystallization apparatus can be fabricated in any
college or university or scientific laboratory from readily available components. Besides its use in physics or
chemistry laboratory experiments, it can also be used for doing extensive research on the effect of important
parameters such as seed rotation rate, stopping time of reversal, and number of rotation in clockwise or counter
clockwise direction on the quality and growth rate of technologically important crystals.

Acknowledgements The Authors wish to thank Mr. Kyle Leslie for assembling, fabricating and testing the circuit.
Thanks are also due to Mr. Garland Sharp for fabrication some of the components of the crystallizer. This work was
supported under NASA INSSTC cooperative agreement NCC 8-250. The partial support from National Science Foundation
Capacity building project HRD-0236425 is also acknowledged.

References

[1] K. Sangwal, “Elementry Crystal Growth”, SAAN Publishers: Lubin, 1994.

[2] R.B.Laland M. D. Aggarwal, NASA Tech Briefs 8, 419 (1984).

[3] M.D. Aggarwal and R. B. Lal, Rev. Sci. Instr. 54, 772 (1983).

[4] A.K.Batraand S. C. Mathur, Res. Indust. 20, 29 (1984).

[5] A.Holden, A. Thompson, and R. H. Growing, “Crystals with a Rotary Crystallizer”’; Bell Telephone Laboratories:
New York, 1964.

[6] M. D. Aggarwal, J. Choi, W. S. Wang, K. Bhat, R. B. Lal, A. D. Shields, B. G. Penn, and D. O. Frazier, J. Cryst.
Growth 204, 179 (1999).

[71 W.S. Wang, M. D. Aggarwal, J. Choi. K. Bhat, T. Gebre, A. D. Shields, B. G. Penn, and D. O. Frazier, J. Cryst.
Growth 198/199, 578 (1999).

[8] C.Owens, K. Bhat, W. S. Wang, A. Tan, M. D. Aggarwal, P. G. Penn, and D. O. Frazier, J. Cryst. Growth 225, 465
(2001).

[91 M. D. Aggarwal, W. S. Wang, K. Bhat, P. G. Penn, and D. O. Frazier “Photonic Crystals: Crystal Growth
Processing and Physical Properties”, in Handbook of Advanced Electronic and Photonic Materials and Devices;
Nalwa, H. S., Ed; Academic Press: New York, 2001; Vol. 9, p. 193.

[10] H.W. Zhang, A. K. Batra, and R. B. Lal, J. Cryst. Growth 137, 141 (1994).

© 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


