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Growth of Mercuric lodide Crystals
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Mercuric lodide (Hgp) is a semiconductor candidate for the construction of X- and gamma-ray detectors for
digital medical imaging due to its high atomic numbeg§Z= 80, 2 = 53). Also, Hgp has a wide optical
band-gap (2.13 eV) and high photon absorption coefficient for high-energy radiation. Different structures can
lead to varying electrical and optical properties of the final material. In this worlk efgktals were produced
by the solvent evaporation technique. The solvents used were ethanol (solubility around 20 mg/fal)at 25
ether (solubility around 3.5 mg/ml at 26) and acetone (solubility around 24mg/ml af25. The evaporation
conditions were varied in order to produce different final crystals. Téma&d cells are responsible for crystal-
lites formation due to the &nard-Maragoni convection in the liquid. Millimeter-sized crystals can be obtained
as seen by Scanning Electron Microscopy.
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I. INTRODUCTION tures were found at the bottom and at the wall of the reservoir.
The solvents used in this study were ethanol, acetone (both

Many studies on high band gap semiconductor were pubWith 99,5% purity from LabSynth Ltda.) and ether (99.99%
lished in the last decades, mainly for applications in X- andPurity from Chemco Ltda). Different concentrations of kgl
gamma- ray detectors [1-5]. The desired properties of the m&&an be obtained at saturation: 20 mg/ml in ethanol, 24 mg/ml
terial are a high band gap (that leads to a low background cufh acetone and 3.5 mg/ml in ether [16,17].
rent) and a high atomic number (that leads to high stopping Four experimental conditions were used: the solution was
power, and thus detection efficiency). In this context, the merplaced inside the reservoir, which top was not covered, and
curic iodide (Hgp) is one of these promising semiconductors.the system was inserted inside an exhausting hood that oper-
Its characteristics are high band gap around 2.13 eV [5-7] andtes at maximum exhaustion. This will be called high evapo-
high atomic number [6-7]. ration rate; the solution was placed inside the reservoir, which

Besides these characteristics, pHglan have 3 different top was not covered, and the system was inserted inside an
solid phases: in-Hgl, has a tetragonal structure and red exhausting hood, which was turned off during the experiment.
color; i) orange-Hg} has also tetragonal structure, but with This will be called medium evaporation rate; the solution was
Hg atoms in different positions from the previous case andlaced inside the reservoir, which top was covered with fil-
it is obviously orange; and iiiB-Hgl, has an orthorhombic ter paper, and the system was inserted inside an exhausting
structure and is yellow [3,8-9]. hood, which was turned off during the experiment. This will

In this work, we investigated the cheap and easy crystaPe called low evaporation rate; the solution was placed inside
growth technique of solvent evaporation. For varying evapothe reservoir, which top was covered with PVC-film, and the
ration rates either a lateral film at the wall or millimeter-sizedSystem was inserted inside an exhausting hood, which was
crystals at the bottom of the reservoir can be formed. Thigurned off during the experiment. This will be called super-
process is mainly dominated by theBard-Maragoni con- /0w evaporation rate.
vection in the liquid [10-12]. The crystals are investigated The high-rate condition was used for ethanol and acetone,
with Scanning Electron Microscopy (SEM). which rates were-10ml/h for ethanol and-40ml/h for ace-

tone. The medium-rate condition was also used for the same
solvents, leading te-0.5ml/ml for ethanol and-1.4mi/h for
acetone. The low-rate condition was used also for the same
Il EXPERIMENTAL solvents leading te-0.1ml/h for ethanol and-1.2mi/h for
) ) ) ) acetone. Finally, for the last condition of super-low-rate, we
Hglz films were previously obtained by physical vapor gpiained the results 0£0.01ml/h for ethanol~0.5ml/h for

transport (PVT) and physical vapor deposition (PVD) [13-14]. acetone and.1.7mi/h for ether. These results are summarized
In order to look for a cheaper fabrication process, we useg,, iaple 1.

the solvent evaporation technique, which was already used for
crystals growth [1,15].
The solution (70ml) must be prepared with a volatile sol-
vent and Hg powder (99,9% purity from Carlo Erba S.A.). il RESULTS AND DISCUSSION
The solution is placed inside a glass reservoir. The solvent is
evaporated from the system, with varied and controlled rates. Each experimental condition leads to a specific evaporation
After the complete evaporation of the solvent, different strucrate as seenin table 1. On top of that, each condition leads also
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. hood flux air
TABLE |: Evaporation rates for several Hg¥ solvent saturated so-

high
lutions under varying conditions of evaporation (see taxt).= not ev%nporation
available. 3 rate
Evaporation Ethanol Acetone Ether I TT?
Condition (ml/h) (ml/h) (ml/h) T, T .
High-rate 10 40 na ? Le=Te 1'c
Medium-rate 0.5 1.4 n.a.
Low-rate 0.1 1.2 n.a.
Super Low-rate |0.01 0.5 1.7 R i
[ evaporation
[II rate

to a final different rearrangement of the Hghaterial that is
left behind (after the complete evaporation of the solvent), as
can be seen at the left side of Fig. 1.

The four solvent evaporation final conditions, using ethanol
as solvent, are presented in Fig. 1. The same saturated sol{ .
tion was used for all the experiments. Fig. 1(a) correspondgqiC.}
to the high-rate condition. It can be observed that most of the

low

TTTf

evaporation

“H filter paper .0

Hgl> material evaporated together with the solvent. A small M

amount of material remains at the bottom and at the wall of the T T, T-T < 1°C
reservoir and the inner glass cylinder that was inserted to hely v

the visualization of the process during evaporation. The mea

sured temperature gradient from the center to the border o

the surface of the solution was aboGCL(T;>T,). Fig. 1(b) s, PVC-film S‘fl’er'l":,"
corresponds to the medium-rate condition. Besides the sam mm‘n “ i:?‘f oranen
results as in Fig. 1(a), an additional well-defined thin ring can L-T,< 1'c

be seen at the walls. For the low-rate condition presented i
Fig. 1(c), we observe that more material remains at the wall|
and at the bottom of the reservoir. In addition, the previously
well-defined ring of Fig. 1(b) now becomes thicker, leadingFIG. 1: Pictures of and solvent evaporation scheme from different
almost to a surface film. Finally, for the case of super low-evaporation conditions. The results correspond to ethanol as solvent:
rate, millimeter-sized crystals are formed at the bottom of thex) high-rate (10 ml/h), b) medium-rate 0.5 ml/h), c) low-rate (0.1
dish, and no film is formed at the wall of the reservoir or theml’h) and d) super low-rate (0.01 ml/h). Note that a glass cylinder
inner cylinder. For the last three evaporation conditions thevas .inserted in the middle of the dish for additiorjal visualization of
surface temperature gradient is smaller thé@,but it could  the final result of the process of solvent evaporation.

not be precisely measured with our experimental set-up. Fur-

ther improvements are under way.

The results observed in Fig. 1 are the final consequence of At the other extreme of the experiment, if the temperature
the same effect: convections in the liquid. When confined irdnd surface tension gradients are both kept as small as pos-
a reservoir, all liquids present a surface tension. In the case &fble, the transport of solute by the weakrBard-Maragoni
this study, the surface tension depends on the position. GivegPnvection will be even less important. As a final result, Hgl
the fact that the evaporation depends on the surface tensiofill be able to nucleate crystal sites, and a crystal formation
then a surface with varying surface tension leads to an evapdill take place, leading to large millimeter-sized rectangular
ration flux gradient, as illustrated in Fig. 2. This evaporationCtystals. These crystals are better seen in the SEM picture in
cools the surface and a temperature gradient is formed. Thisig. 3(a).
temperature gradient generates a line convection that is called Evidences of Hgl crystal growth using the solvent evapo-
Bérnard’s cells [10-12]. The completed system is influencedation technique were already reported in the past using ethyl
by the Bernard-Maragoni convection and the solute is carriedalcohol [18] and acetone [8], but no definite explanation was
to the wall, where it is fixed due to the electrostatic forces. presented for the phenomenon of crystal growth. Further nu-

The final result of the process described above can be seéferical simulations should be developed based on our pre-
in Fig. 1(c). With increasing evaporation rate, the amount ofsénted model. It should be kept in mind that the evaporation
material deposited at the wall of the reservoir should diminishprocess depends on the total surface area of the liquid, and on
and that is indeed the case as seen in Fig. 1(b), where onlytge total starting volume, among other variables. For our ex-
thin-ring remains. If the evaporation rate is further increasedperimental case, these two were always kept constant equal to
to extremely large values, theéBhard-Maragoni convection about 20 criand 80 ml.
will have no influence at all on the transport of the solute. Rectangular-shaped crystals, with a length of about 0.5 mm
Note that the evaporation rate used in Fig. 1(a) is 20 timesre seen in Fig. 3(a). The experiments were conducted under
larger than in Fig. 1(b). ambient light illumination. A small crystal size distribution
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4+ evaporation flux gradient mm. For some cases, as in the bottom center of Fig. 3(b), large
4 craters can be observed from the top surface of the rectangle.
. This is not totally understood until the moment.
” surface tension
H‘ T T T T T + We also have no definite explanation for the fact that the
i 13 T crystals grown in the dark are larger than the crystals grown
< = under illumination. Our guess is that during light exposure,
high energy photons are absorbed by the sHglolecules.
Somehow, crystal nucleation and growth is enhanced when
the molecules are not excited. According to our knowledge,
glass this effect has never been studied before for any semiconduc-
= - Ak tor material. Further studies should deal with this subject with
/ surface more details. For instance, as an alternative process, varying
T — temperature illumination conditions could be used together with thermal
gradient evaporation during the production of thin films.
FIG. 2: Bernard-Maragoni convection.
100 r - 1 - 1 1 - 1 "7
112

Crystal Hgl, P 137.3]

is observed. Some ramifications may have occurred due to
localized instabilities of the &nard cells during the@&@nard-
Maragoni convection. Finally, the process presented and dis-
cussed for the case of ethanol can also be extended for the
other solvents (data not shown here due to the lack of space).
Nevertheless, the appropriate evaporation rate should be tuned
for each case.
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FIG. 4: Raman Scattering for the crystals from Fig. 3(b) at the top,
compared to nanoparticles from M.Abdulkhadar [19].

The structural properties of the crystals shown in Fig. 3(b)
FIG. 3: SEM pictures for crystals grown using ethanol as solvent angyere studied by Raman scattering spectroscopy. The results
the super low-rate condition: a) evaporation under normal ambienjre shown at the top of Fig. 4. In this spectrum, the four
illumination and b) evaporation in the dark. Raman-shift peaks are identified at 30, 40 112 and 137.3
cmL. These results can be compared to the few data available
An additional experiment was conducted in order to inves4n the literature. The bottom spectrum of Fig. 4 corresponds
tigate the possible influence of light during the crystal growth.to Hgl, nanoparticles in air [19]. No appreciable difference
The same experimental conditions adopted for the case of thean be seen, besides the fact that our spectrum is smoother,
data in Fig. 3(a) were reproduced in the dark. The resultingind there is only a peak shift difference at about 112 %tm
crystals are larger as can be observed in Fig. 3 (b). The rectathat might be due to the size effect. No additional data are
gular aspect ratio is reduced and the crystals are as big as 1aFailable in the literature.
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IV. CONCLUSION be tuned for each case. Illumination during the evaporation
process leads to smaller size crystals than in the dark, what

We investigated the solvent evaporation technique for thédicates that crystal formation might be influenced by the ex-
production of Hgp crystals. A model for the evaporation Citation of Hgb moIecuI_es. Further studies shou_ld focus on
process was proposed based on the formatioreoh@d cells  the structural and electrical properties of the obtained crystals,
during the Bernard-Maragoni convection. For saturated so-2nd @ numerical simulation should be developed to confirm
lutions using ethanol as solvent, most of the solute evapdthe proposed solvent-evaporation model.
rates with the solvent for evaporation rates of 10 ml/h. With
reduced evaporation rates, a well defined ring is formed ofcknowledgement

the wall of the dish. The process can be slowed with evap- _
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