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GHOWTH OF LARGE CRYETALS

Introduction

This problem was undertaken with the purpose of investigating
several methods of preparing large perfect crystals from solution. The
erystals studied were those of Chrome Alum, Copper Sulfate and Rochelle
Balt.

Historical

In spite of the important uses which crystals find in various
Pphysical phenomens, very little work has been done oq“tb@ subject of
preparing large crystals by laboratory methods. The literature con-
tains véry few papers on this subject. ks
| In 1808, F. Kruger and %. Finke obtained a patent (Cerman
no. 285,£40) for sn apparatus designed to produce crystals by crys-
tallization from a solution which wasvkept in eirculstion by a
stirring device. A heating element which could be vefy delicately
adjusted was set up in a supersaturating vessel, and & means for
cooling wa3 arranged between the crystallizing dish and the super-
saturating vessel. 1In 1915, J. J. Valetonldescribed an improved
&pparatus of this type. J. C. Hostetterfearpied this type of appa-
ratus to « high degree of perfection by means of accurate temperature
adjustments. v- _

In 1916, the E&eetrocnemiﬁche ¥erke took out a patent
(Austrisn no. 71,587) on the growth of'crystals from solutions in

which the chief novelty was the use of a suction device to produce

a lower temperature and circulation of the solution. Rohrman and

Quylors grew large perfect crystals of Chrome Alum by precipitation




upon a seed crystal from a saturated solution.

Jax M. B;axe4 published a paper describing two methods of
growving crystals. The first was to place a vessel containing a
saturated solution in which a seed crystal had been placed into a
water bath at some temperature above room temperature. The whole
system was then allowed to cool down to room temporature. Thus
the excess salt was precipitated upon the seed crystal. The other
method was to hang & seed crystal in sn inclined vessel. ©Solid
salt was placed in the upper end of the vessel. DBy gently heating
this end, a good, steady growth could be given to the seed.

R. V. Yoored of the General Flectric Company obtained
excellent crystsls of Rochelle salt by a method which was a modifica-
tion of Blake's first method. His method was to pla;e a solution of
Roch«lle salt saturated at sbout 450 in a water bath whose temperature
could-be accurately controlled Ly a'wereury thermoregulator. The
temperature was allowed to drop about & half-degree a day until room
tenperature vwas reached. Perfect erystals about ¥ inches long were
grown in about a month. Potassium Alum crystals were also growmn by
this apparatus.

Experimental kethods

Three different methods for the growing of crystals'uere
studied. The first one was that of simple precipitation from a
saturated solution. 4 small crystal was suspended in a saturated
solution, and the erystal was allowed to grow by the supersaturation
caused by evaporation of the solution. Two methods of growth were
studied under this general method. In one case the crystal was

&lloved to grow in the laboratory st room temperature. This was
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5*aused the crystal to dissolve. 4 slight'decrease in tenperature, with

E
.

ffts‘resulting decrease in solubility, caused a shower of fine crystals
iEo precipitate. When the erystsl was small &8 rise in temperature would
i;&use it to disappear entirely. To overcome this difficulty a thermo-
fjtat was construcﬁed. The thermostat consisted of two boxes, one
;ylaced inside the other. The intervening space was filled with corru-
Gated paper. Heat was supplied by & small ten-watt bulﬁ placed in series
j}ith a bimetallic Junction which served as a thermoregulator. The regu-
flator vas set at 250. A fan was installed to maintain uniform tempéra—
? ure throughout the thermostat. The mexizum tempera?@re rluctuation

as less than 10,
Tne‘next method consisted of m&intaining saturated solutions
| f the salt =t two different temperatures. The vessels contgining the
olution were joined by a bridge of the salt sclution. 4 teuperature
| 1rfer§nce of ten degrees was obtained by keeping oune container at room
' epperature, and cooling the other with tap water, the temperature of
fhich was constant at sixteen degrees. The theory of this method was
that the salt from the warmer solution would diffuse through the bridge
to the colder solution, where it would supersaturate the solution. The
hexcess would then preecipitate upon a saad'crystal.

The third &ethed was to palsiwarmfaaturated solution through
porous ciay cup into a cooler saturated solution, where the excess
Salt would precipitate upon a seed crystal. A clay cup was filled with

saturated solution, and some excess salt was placed in it. A small

heating unit, consisting of a gla#x loop through which resistance was
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passed, was placed in the ecup. DIy means of a transforumer, 110 volts
were cut down to 3, so that the heating effect of the coil was about
one or two watts.. The cup was then placed in & battery jar containing
& saturated solution of the salt, and seed cerystals were suspended
around the cup. |

-

Experimental Procedure

By the first method, crystals of Chrome Alum and Copper
Bulfate were grown. Seed crystals were prepared by eboling a hot
saturated solution. It 1is best to use seed crystals as small as can
be conveniently handled, since the seed will always appear inside the
crystai‘ The seeds were suspended in the saturated solution by means
of a thread. Vhen the cryétal had grown until it weighed 1 gram, it
was pemoved from the thread and growu by Keeping it covered with a
saturated solution. 1t was necessary to place the crystal in & fresh
solution daily, and to scrape off any small unuclei which might form
on any of the surfaces. The cxystai had to be turned over regularly,
since the face in contact with the cryahallizing dish did not grow.
¥hile the crystal was small, evaporation of the solution proceeded in

such & manner that the seed could not take up the pracipitated salt.

A& layer of small crystals foruwed at the bottom of the dish, and small.

huelei developed on the faces of the erystal. 4s the surface area of
the'érystal grew larger, however, the crystal took up practically sll
Of the precipitated salt, and it was not.necessary to clzan off the
erystal or change the solution as often. By the same method, Copper
Eulfate crystals were grown. The erystals weré first grown on a
thread, and then placed on the bottom of a crystailizing dish and
growth continued as befoure. Growth of the erystals can be continued

indefinitely. 4 Chrome Alum erystil about three inches on an edge




was grown, and & Copper Sulfate crystal about two and s half inches
long was grown.

For prelimlnary experiments on the second method, two elght-
inch test tubes were used as containers. They were Jjoined by means of
a hglf—imcn glass tube ¥ inches long. One test tube was kept at room
temperaiure, while the other was cooled by tap water. Hochelle salt
was used in this experiment. In the test tube held at room temperature,
golid Rochelle salt was placed, and a sced crystel was placed in the
cooled test tube. In this swall set-up, & goodé growth could be given
to seed crystals. Crystals about one-half inch ldng were grown in
two or three days.

An effort was then mude to adapt this method to the g%owing
of crystals on a larger scale. The test tubes were replaced in 500 ece.
titrating flassks. They were joined with half-inch glass tubing fastened
by means of De Khotinsky cement into holes blown into the side of each
flask. 4t first this apparatus aeeméd to wark'successfully, since the
erystal grew as before, but later 1t was noticed that the crystal dis-
Solved instead of continuing to grow. There was solid salt in the
bottom of the cooled flask, so it seemed that there was a concentration .
gradient in the flask. Also, salt precipitated in the tube connecting.
the two flasks, clogging up the tube. 4ihus, it was necessary to devise
S OMe: ﬁeans of keeping the solution in wotion sc that the concentration
throughout the container would be uniform. ' .

To do this, containers of tin were made. They were three
inches square and five inches high. They were Joined by two brass
tubes, one inch in diameter. One tube was placed one inch above the
dther. 8ince one container was kept at a teamperature of ten degrees

1bove the other, the warmer solution would tend to flow through the



‘loaer tube. This would keep the solution slightly agitated. The inside
of the crystalliring vessel was coated with paraffin in order to prevent
the formation of erystals on the sides of the tin container. AL first
only one seed crysﬁal was suspended in the crystallizing dish, but it
did not seem to be sufficient, since a layer of erystals formed on

the ﬁottom of the container. By suspending 2 seed crystals instead of
one, this difficulty was OVercome . This'mpparatus worked very well;
crystsls about an inch long were growa in thirty-six hours.

The third method, that of diffusion through a clay cup,
proved entirely unsuccessful.} The surface of the clay scemed to offer
an ldeal surface for crystallization, since the salt collected on it
rather than on the seed. There doeﬁ not seem to be any way to overcoue
this difficulty; since any surface which would be permeable would zlso
be sufficiently rough to act as a nucleus for crystallization.

Since the erystals grown were to be used for demonstratiﬁn
purposes, it was necessary to devise some means of preserving them
from disintegration, since Chrome Alum snd Copper Sulfate lose their.
water of erystallization gquite readily. 4 swmall Chrome Alum crystal
wag coated with label varnish in an effort to preserve it, but the
Vapor pressure of the water of crystallization of the Chrome slum was
80 high that it blistered the varnish layer. & meihod which proved
satisfuctory was to seal the erystal under an atmosphere saturated
with water vapor. for experimental purposes a crystal was placed on |
a glass plate, and covered with a beaker, the inside of which was :
slightly dampcned. Tna'beakér was than sealed ;o the glass plate with
@ealing wax., &t rst,.the seal was not air tight, and the crystal
began to disintegrate, but when it was resealed the results were

satisfactory. A small crystal has been Kept for si- weeks, showing
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_Thﬁ second method is the one which is mbst likely to yield -
good pesults. It offers a means whereby a crystsl can be grown con-
tinuously nithéut being disturbed in any wa:%l.. The guestion of the
thread to suspend the seed crystal is not as serious in this wethod,
Since the supersaturation of the solution cun be controlled so that

t is very slight, in which case the salt will precipitate on the



"N 8:

seed. The reason for the comparatively poor results was the faet that
the teuwperature control of supersaturating vessel and the crystallizing
vessel were much too crude. The experiments performed indicate that
erystals can be grown, but slight temperature variations cause ;ne
erystal to be cloﬁded. If the erystal dissolves siightly and then
grows again, the erystal will not be ¢clear.

j - The Chrome iAlum crystal belongs to the regular system,
according to the clagsification by Veiss. This group has three axes,
all st right angles to ons another. ?hé grystal form is an octahedron,
dark green in color. Copper Bulfate belongs to the triclinic systen,
having three unequal axes, alllat other than right asngies to one
another. The crystal is blué in color, and ciear, alshough for the
reasons given the crystals became cloudy. Experiments showed that
any misshapen crystal will revert to the normal structure. Twinned
erystals of Chrome Alum and Copper Bulfate grew intd one, indicating
thet twinning is a temporary difficulty. '

Three methods for growing crystals were investigated.
Large crystsls of Chrome Alum snd Copper Sulfate were grown, snd a

method for their preservation devised.
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