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Residual gases in Hgi2 crystal growth ampoules 

J. LASKOWSKI ,  M. OLE, DZKA, J. PRZYt_USKI 
Warsaw University of Technology, Institute of Inorganic Technology ul, Noakowskiego 3, 
PL-00664 Warszawa, Poland 

Gases evolve in sealed borosilicate glass ampoules containing Hgl 2, which influence the crys- 
tallization of Hgl 2. It was found by mass spectroscopy that they are mainly H 2, HzO, CH 4, CO, 
CO2 and NO. The composition of gases depended on the mode of Hgl 2 preparation. The 
amount of gases evolved covered the range (2-12) x 10 -Tmol/g Hgl 2. The Hgl2 vapour trans- 
port rate in ampoules containing different samples of mercuric iodide was measured. Other 
ampoules filled with Hgl 2 were degassed and preheated in various ways which influenced the 
Hgl 2 crystallization rate. On the basis of the experiments carried out a procedure was elaborated 
permitting a 35-fold increase of the Hgl2 vapour transport rate under identical thermal con- 
ditions. 

1. Introduct ion 
Gases present in sealed crystal growth containers and 
not introduced there purposely are called residual 
gases. They can originate from the walls of the 
ampoule, starting material for crystal growth or 
vacuum system atmosphere. Sometimes permeation of 
gases through the container's walls must be also con- 
sidered [1]. 

Water vapour and carbon dioxide were evolved 
from glass baked in vacuo. The gas evolution reaches 
a maximum at about 570 K for borosilicate glass [1]. 
In [2-4] traces of water vapour were observed in sealed 
silica ampoules. Detailed studies were carried out by 
Murray et al. [5]. They observed the evolution first of 
all hydrogen from fused quartz ampoules and also of 
CO2, CO, H20, N2, 02, SO2, H2S, CH4 and other 
hydrocarbons. They measured the pressure of these 
gases, which equalled from 10 -2 to 13 torr at room 
temperature (RT). Evolution of small amounts (10 -2 
torr) of nitrogen and hydrocarbons in borosilicate glass 
ampoules was also found by Murray et al. [5]. In glass 
made sodium lamps the residual pressure of hydrogen 
and water was 0.004-0.011 torr after sealing [6]. 

The presence of residual gases in the vapour crystal 
growth system is important since these gases: 

I. influence the mechanism of vapour flow (eg. [7]); 
2. decrease the rate of crystal growth (eg. [8, 9]; 
3. influence the morphology of crystals (eg. [10]; 
4. can change the properties of crystals (eg. [l 1]. 
The presence of residual gases during the growth of 

PbS crystals was observed in 1954 by Pizzarello [12]. 
Harman and McVittie [10] found the presence of CO 
and CO2 in the amounts of 0.5-20 tort at RT in 
ampoules for the growth of Pb~_ ~Sn,Te crystals. Car- 
bon oxides were the products of chemical reactions 
between the impurities introduced to the system with 
the starting material. The content of residual gases 
affected the crystal habit, and their high pressure 
prevented the growth of large crystals. Russell and 
Woods [! l] observed carbon oxides in quartz ampoules 
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for CdS crystal growth up to 5 torr. CO reacted in the 
system and also CS~ and COS were presented in the 
gaseous phase. The chemical reactions caused changes 
in stoichiometry and thus in electrical conductivity of 
CdS crystals. Mazelsky and Fox [13] found a relation- 
ship between the growth rate and quality of mercurous 
halides crystals and residual water vapour in the 
ampoule. 

The presence of residual gases was not sufficiently 
studied during the crystallization ofHgI 2 . Omaly et aI. 

[14] on the basis of the HgI 2 transport rate in a closed 
ampoule suggested the existence of HgC12, HgBr2, Hg 
and 12 in the gas phase. Recently Skinner et al. [15] 
reported the presence of NO 2 in ampoules for Hgl2 
crystals growth. This gas prevented large Hgl 2 crystals 
being obtained. 

The existing growth procedure permits tetragonal 
HgI2 monocrystals to be obtained of a mass of up to 
1000 g. A decrease in the amount of residual gases in 
the ampoule shortens the time of growth, which is 
important especially for experiments in space. A con- 
trol of the amount of residual gases is essential, since 
the overall pressure in the ampoule also affects the 
shape and morphology of the growth of c~-HgI 2 crys- 
tals [16]. For example a pressure in the range of 2-10 
torr favours the growth of platelets. 

The presence of residual gases in ampoules for HgI 2 
crystallization has been mentioned in our previous 
works [17, 18]. In the present work we determined the 
composition and amount of residual gases and also 
their influence on the rate of HgI 2 vapour transport in 
differently prepared ampoules. Experimental pro- 
cedures are described in detail since they affect greatly 
the results obtained. 

2. Experimental procedure 
2.1. Starting materials 
Mercuric iodide studied in this work was prepared by 
different procedures. All reagents were POCh Poland 
products of analytical purity, 
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Batch A. This material was obtained in aqueous 
solution from the reaction 

Hg/NO3/2 + 2KI = HgI2~ + 2KNO3 (1) 

Mercuric iodide after thorough washing with water 
was dried in the air at 330 K and then outgassed (2 h 
at l0 5 torr) and sublimed in a sealed glass ampoule 
at 490-420 K. 

Batch B. The sample was obtained in aqueous 
solution 

HgCI 2 + 2KI  = HgI2,L + 2KC1 (2) 

and then carefully washed with water. Drying in 
vacuo was followed by sublimation of this material in 
a sealed ampoule (490-420 K). 

Batch C. The material was synthesized from mercury 
and iodine (nj:nHg = 2.2). Mercury and iodine were 
placed in a glass ampoule, which was then evacuated, 
sealed and slowly heated up to 490 K. Excess iodine 
was sublimed off. 

2.2. Prepa ra t ion  and  sealing of the ampoules 
Borosilicate glass (Sovirel France) made ampoules of 
1.76cm diameter and 17cm length were used in this 
work. They were equipped with one or two "break- 
seals" (see Fig. la and b, respectively). The following 
procedure of ampoule cleaning was applied: 

1. washing with HNO3/24 h/, acetone and deionized 
water; 

2. evacuation to 10 -5 torr with thorough methane- 
oxygen flame degassing at about 600 K. 

T A B L E 1 Treatment of the ampoules studied 

Q 

b 

Figure 1 Ampoules used (din = 1.76cm, 1 = 17cm), (a) one break- 
seal; (b) two break-seals, 

Mercuric iodide was introduced into the ampoule 
in a dry argon atmosphere. The ampoule was connec- 
ted to a vacuum line/oil diffusion pump with liquid 
nitrogen trap/and evacuated up to the pressure of 10 -5 
tort. Then one of the following three procedures was 
applied: 

1. the ampoule was degassed for 1-10h, usually 2h 
(designated by the letters EV in Table I); 

2. the bottom part of the ampoule was heated (the 
furnace temperature was 470 K) and mercuric iodide 
condensed in the upper part of the ampoule (this is 
designated by VS in Table I); 

3. the bottom part of  the ampoule was heated in 
such a way, so as HgI 2 was deposited in the middle 
section of the ampoule. After sublimation of  a whole 
charge, the process was repeated and HgI2 condensed 

Ampoule No. Ampoule type HgI~ used Mass of Hgl 2 Ampoule treatment 
(Fig. 1) (see sections 2.1) (g) (see sections 2.2 to 2.5) 

MI a 
M2 a 
M3 a 

M4 b 

M5 b 

M6 b 

M7 b 

QI a 
Q2 a 
Q3 a 
Q4 a 

A 5.98 VS; SO; PH (2h at 550K); 
B 6.00 CS; TR (A, I ,  �9 in Fig. 3); 
C 6,14 CS; BS; EV; SO; TR 

(zx, [], o in Fig. 3). 
A 11.07 EV; SO; CS; TR (zx in 

Fig. 4). 
A 11.06 VS; SO; CS; TR (rq in 

Fig. 4). 
A 11.04 2xVS; SO; CS; TR (o in 

Fig. 4); PH (24h at 640K); 
BS; 2xVS; SO; CS; TR 
(qD in Fig, 4); PH (24 h 
at 640 K); BS; 2xVS; SO; 
CS; TR (o in Fig. 4). 

A 11,06 VS; SO; PH (0.3h at 
540 K); CS; BS; EV; SO; 
TR (x and | in Fig. 5); 
CS; TR (0 in Fig, 5); PH 
(24h at 640 K); CS; TR 
(o in Fig. 5). 

A 6.0 EV: SO: PH (2 h at 550 K): 
B 6.0 BS - after breaking the 
C 6.1 seal the gas phase was 

analysed by mass 
spectrometer. 

Abbreviations (for details see sections 2.2 to 2.5) 
VS, sublimation in dynamic vacuum; 
SO, sealing - off; 
PH, time (in hours) and temperature (in K) of preheating; 
CS, sublimation in closed ampoule; 
TR, mass transport rate measurements; 
BS, breaking the seal; 
EV, evacuation 
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in the upper part of the ampoule (designated by 
2 x VS in Table I). 

The ampoules were sealed-off using a methane- 
oxygen flame (designated by the letters SO in Table I). 

2.3. Ampoules annealing 
Sealed ampoules were preheated in a vertical or 
horizontal furnace at a temperature stabilized with an 
accuracy of + i K (designated by PH in Table I). The 
time and temperature of annealing of the ampoules 
are presented in Table I. 

To obtain the vapour source for mass transport rate 
measurements, mercuric iodide was deposited at the 
end of the ampoule [19]. The ampoule was placed in a 
horizontal furnace at 480 K and the end of the ampoule 
was kept at room temperature. The time of HgI z 
sublimation depended mainly of the pressure of 
residual gases in the ampoule. This process is desig- 
nated by the letters CS in Table I. 

2.4. Pressure measurements and 
re-evacuation of the ampoules 

The annealed ampoule was connected to an oil 
manometer attached to a vacuum line and the system 
was carefully degassed. Next the seal was broken and 
the pressure of residual gases was measured. The 
accuracy of measurements was +_ 0.1 torr. Then the 
ampoule was outgassed up to 10 -5 torr. The evacuation 
could be accompanied by sublimation of mercuric 
iodide (see subsection 2.2). After about 2 h the ampoule 
was sealed-off. 

2.5. Mass transport  rate measurements  
The vapour transport rate of HgI2 was measured 
gravimetricalty by compensating the mass decrease 
in the source observed on a balance. Each transport 
rate J was determined as an average value from 
4-6 measurements under stationary transport con- 
ditions. The detailed procedure of mass transport rate 
measurements and experimental errors of these studies 
have been described and discussed previously [19]. All 
the experimental data are presented as the logarithm 
of J coordinates against the reciprocal temperature T 
system. 

2.6. Mass spectrometric  investigations 
The anapoules equipped with a "break-seal" (Fig. l a) 
were carefully cleaned and filled with different samples 
of mercuric iodide, respectively. In one of the experi- 
ments HgI2 was not added. Each ampoule was attached 
to a vacuum line, degassed for 2h at 10 -5 torr, sealed- 
off and then pre-heated (2h at 550K). To analyse 
the residual gases the ampoule was connected to a 
quadrupole mass spectrometer QSM 500 (Obrep, 

TAB LE I I Pressure and composition of residual gases 

Poland) and the seal was broken. The ampoule was 
placed at room temperature. 

3. Results and discussion 
The treatments of all the ampoules studied in this 
work are presented in Table I. About 6 g of HgI2 was 
placed in each ampoule QI, Q2 and Q3 (batch A, B 
and C, respectively). After preheating (2 h at 550 K) 
the composition of residual gases was determined by 
means of mass spectrometry. The total pressures in the 
ampoules studied were also measured. The results 
obtained (also in the ampoule Q4, to which HgI~ was 
not introduced) are presented in Table I[. 

The final pressure in the glass ampoule used in this 
work (cleaned, degassed and preheated as described in 
subsection 2.2 and Table I) was less than 0.1 tort and 
hydrogen, water vapour and carbon monoxide were 
first of all the residual gases (see ampoule Q4 in 
Table II). 

The pressure and composition of residual gases in 
ampoules containing mercuric iodide depended on the 
kind of HgI 2. As a result of the procedure applied the 
largest amount of gases evolved in ampoule Q t, in 
which was placed HgI 2 synthesized in an aqueous 
solution from Hg(NO~)., and KI (batch A). NO was 
main component of the gas phase. It seems that the 
starting material (batch A) is contaminated with 
Hg(NO3) 2 used in the synthesis. Low-temperature 
sublimation is an insufficient Hgl 2 purification method 
in this case, since Hg(NO3)_~ sublimes in vacuo [20J. It 
is known [21] that Hg(NO))_, decomposes at above 
420 K according to the reaction 

Hg(NO3) 2 --+ HgO 

+ nitrogen oxides (NO, N_,O, NO=,) (3) 

NO observed in our mass spectrum could also be a 
fragmentation product of NO 2 and/or N,O in the 
spectrometer. 

Water vapour was the main component of the gas 
phase in the ampoule Q2 containing HgI2 synthesized 
in water solution from HgC12 and KI. Mercuric iodide 
(batch B) was dried in vacuo and then sublimed in the 
same ampoule. As a result of different procedures 
applied for the preparation of Hgl 2 (batches A and B) 
the residual water vapour pressure in ampoule Q I was 
lower than in ampoule Q2. 

In ampoule Q3 containing mercuric iodide synthe- 
sized from mercury and iodine (batch C) the gas phase 
was mainly composed of carbon oxides (CO and 
CO2), hydrogen and methane. It is known [22], that 
iodine, even of high purity, is contaminated by organic 
compounds. The gases observed by us are probably 
the products of chemical reactions running during the 

Ampoule No. Final pressure 
(torr) 

Composition of the gas phase (tool %) 

H2 CH 4 

Q1 3.1 15 I 
Q2 [.8 7 2 
Q3 1.1 26 i0 
Q4 < o. i 39 1 

H20 

3 
71 
6 

35 

N2 CO 

18 
14 
38 
17 

NO 

50 
2 

3 

0 2 

3 

CO2 

13 
4 

20 
2 
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Figure 2 Mass flux of HgI 2 against reciprocal temperature relation- 
ships calculated according to ID vapour transport model for 
various residual gas pressures at RT. (Lines labelled with residual 
gas pressure in torr.) 

preheating of the ampoule at high temperature. This 
mercuric iodide sample (batch C) evolved a smaller 
amount of residual gases than the studied materials 
prepared in aqueous solution (batch A and B). 

In the experiments carried out by us the amount of 
residual gases evolved in sealed ampoules containing 
HgI2 and preheated at 550 K was within the range of 
(2-12) • 10-7mol of gases per I g of HgI 2. The lowest 
final pressure of these gases was found in the ampoule 
into which high-purity mercuric iodide was introduced 
[23]. This powder was synthesized from elements and 
purified by multiple distillation by Nicolau [24, 25]. 

No essential changes of final residual gas pressures 
were observed between the experiments differing in the 
condition of HgI2 introduction to the ampoule, i.e. in 
air or in dry argon atmospheres. 

In the closed ampoules containing small amounts of 
other gases besides mercuric iodide, the Hgt2 vapour 
transport between the source and crystallization zones 
is of an advective-diffusive character [17, 19] and 
calculations of the total mass flux can be made on the 
basis of the one-dimensional diffusive model 1D [26]. 
In Fig. 2 are presented the calculated relationships of 
the HgI2 vapour total fluxes against reciprocal tem- 
perature [27]. Calculations were made for different 
pressures of inert gases and for the experimental con- 
ditions applied in this work (i.e. transport distance 
and temperature profile in the furnace, see also [19]). 
The binary diffusion coefficient D (cm2sec -I) was 
calculated from the relationship 

D = 0.04fi 2-~ (4) 

where P (arm) and T (K) are the pressure and tem- 
perature in the ampoule, respectively. It can be 

Figure 3 Mass transport rates of HgI 2 measured in the ampoules 
(A, zx) MI, (11, 13) M2 and (o, O) M3 into which various samples 
of mercuric iodide were introduced (see Table I). 

observed in the Fig. 2 that increases of residual gases 
pressure causes a decrease in the HgI2 vapour trans- 
port rate at a given temperature, particularly at low 
residual gas content in the ampoule. 

In Fig. 3 are presented the results of HgI 2 vapour 
transport rate measurements obtained in ampoutes 
MI, M2 and M3 containing different samples of 
mercuric iodide (batch A, B and C, respectively). The 
ampoules were treated in the same manner (subli- 
mation before sealing, preheating at 550 K) and then 
vapour transport rate measurements were carried out. 
Different results were obtained for particular ampoules, 
since various amounts of residual gases evolved, i.e. 
3.1, 1.8 and 1.1 tort in ampoules MI, M2 and M3, 
respectively. After evacuation of these gases and 
resealing of the ampolues about 6-20 times greater 
transport rates of HgI2 were obtained at given tem- 
peratures in these experiments. 

In Fig. 4 is presented the temperature dependence of 
the HgI2 vapour transport rate in ampoules differently 
degassed. Each ampoule M4, M5 and M6 contained 
about 11 g of HgI2 (batch A). Ampoule M4 was 
evacuated for 1.5 h and after sealing-off the vapour 
source was formed and transport rate measurements 
were carried out. In ampoule M5 mercuric iodide was 
sublimed in dynamic vacuum prior to sealing. The 
mass transport rates measured in ampoule M5 were 
at given temperatures 2.5 times greater than in ampoule 
M4. If the sublimation was carried out twice prior to 
sealing-off (ampoule M6) then the measured mass 
fluxes of Hgl2 were about 3.5 times greater than in 
ampoule M4. Ampoule M6 was equipped with two 
break-seals (Fig. 1 b). It could be evacuated and sealed 
three times and the mass transport rates of HgI2 
measured at a respective temperature became greater 
and greater (see Fig. 4). When comparing the results 
obtained in ampoules M4 and M6 at about 400K a 
nearly 35-fold increase in the HgI2 vapour transport 
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Figure 4 Mass transport rates of HgI 2 measured in the ampoules 
(a) M4, (D) M5 and (e,  ID, O) M6 degassed in a different way 
(see Table I). 

rate between the source and crystallization zones was 
found. 

Preheating of ampoules containing HgI2 caused an 
increase of the total pressure and decrease of the HgI2 
transport rate. These changes did not occur when the 
ampoule was annealed for 24 h at 640 K. In Fig. 5 are 
presented the results obtained in ampoule MT. After 
HgI2 sublimation in vacuo and sealing-off, the ampoule 
was preheated, the seal was broken, gases evolved 
were outgassed and the ampoule was resealed. 
Immediately mass transport rate measurements were 
carried out at 365, 380, 392 and 403 K (marked as X 
in Fig. 5). The temperature was then lowered to 369 K 
and mass fluxes of HgI 2 were measured at eight dif- 
ferent temperatures within the 369-410 K range (| in 
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Figure 5 Mass transport rates of Hgle measured in the ampoule M7 
preheated at various conditions (see Table I). 

Fig. 5). It is evident that evolution of gases occurred 
during the first annealing of the ampoule at tem- 
peratures higher than 392K and because of this at 
repeated HgI2 transport rate measurements the mass 
fluxes obtained were about 2.5 times lower (a similar 
effect is observed in ampoule M1 at 364-373 K, see zx 
in Fig. 3). Annealing of ampoule M7 caused a further 
decrease in the transport rate, two-fold after annealing 
at 480K (rs in Fig. 5) and further two-fold after 
annealing for 24 h at 640 K (e in Fig. 5). After com- 
pletion of these measurements the seal was broken and 
the pressure of residual gases was measured, 0.7 torr 
at RT. 

4. Conclusions 
1. In HgI2 crystal growth systems residual gases are 

present. They are mainly NO, H20, H2, CO, COz and 
CH4. The composition of gases differs considerably 
depending on the mode of synthesis and purification 
of mercuric iodide. 

2. The evolution of (2-12) x 10-Tmol of gases per 
I g of HgI2, depending on the HgI2 used, was found 
when applying the same sealing-off and preheating 
procedures. 

3. Residual gases, mainly H2, H20 and CO evolve 
in small amounts (< 0.1 torr at RT) in washed, 
degassed, sealed-off and then annealed borosilicate 
glass ampoules. 

4. Evolution of gases causes a decrease in the rate of 
HgI2 vapour transport between the source and crystal- 
lization zone, i.e. decrease in the rate of ~-HgI~ crystal 
growth. 

5. The application of an appropriate procedure 
causes a decrease in the content of residual gases in 
ampoules and increase in the HgI2 mass flux value. 
The use in this work of ampoules with two break-seals 
and the carrying out of successive ampoule preheat- 
ings and HgI2 sublimations in dynamic vacuum 
caused about 35-fold increase in the HgI, transport 
rate. 
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