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The tendency for darkening of the mechanically abraded and polished, etched and 
cleaved surfaces of hexagonal ZnS single crystals has been examined simultaneously with 
eleetron diffraetion studies. The obtained results showed that there is a strong connection 
between the quality of the crystal surface and the tendeney for darkening. 

l .  Introduetion 

According to pictures published prevŸ [1] the Zn preeipitates pro- 
dueed during the photoehemieal deeomposition of ZnS do not eover homogene- 
ously the surfaee of the erystal. In the case of most of the erystals the Zn 
preeipitates follow the staeking fauhs [2] perpendicular to the e-axis, as it was 
observed mieroseopieally. In the case of a few other erystals not showing any 
oriented disorder and the surfaee of whieh seemed smooth before darkening, 
the orientation of the preeipitated Zn eould not be observed. 

The question arises whether the orientation of the Zn remaŸ if a layer 
is removed from sueh a erystal and the surfaee so obtained is irradiated. 
To decide this question a layer has been removed from the surfaee of erystals 
with meehanieal abrading and polishing, and then they  were irradiated in 
humid air. The s tudy of the darkening of these erystals, however, gave sur- 
prising results: even a f t e r a  5 hours" irradiation no darkening observable with 
the naked eye eould be seen on the abraded and polished surfaees, whereas if  
the surfaee was removed only by etehing (without abrading and polishing) 
the darkening appeared in the same forro as on the original erystals. 

2. Experimental proeedure 

The single crystals used for our experiments have been grown from 
vapour phase in our laboratory [3]. They were prisms of a hexagonal structure. 
The length of the prisms was 5--6 mm, their diameter 3 mm. The crystals 
emitted the blue band characteristic for self-activated ZnS-s excited with 
365 mm mercury line. 
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The electron diffraction s tudy of the crystals was carried out with a 
80 KV electron beato (2 ----- 0,0417 l )  in a JRM 6-A type electron microscope. 
Crystals were attached to the preparate-holder by a mixture of glue and silver 
coUoide. For evaluation the patterns were compared with a transmission 
electron diffraction pattern of a gold foil made under the same conditions 
of operation. 

The crystals were irradiated in humid air by  a 250 W high-pressure 
mereury lamp fed from a stabilized source without filter. The intensity of the 
exeiting light was approx. 100 mW/cm 2 on the crystal surfaee. Microphotos 
were taken by means of a MEF-type Reichert universal mieroscope. 

3. Results 

3.1. Study of the darkening of mechanically abraded and polished and 
afierwards temperature-treated crystals 

The effect of abrading and polishing on the tendeney for darkening of  
the crystals could be easily cleared. Single erystals suitable for polishing 
were available. After testing tha t  the crystals chosen for the experiments 
eould be darkened in a relatively short time they were abraded and polished 
mechanicaUy. Abrading took place with a Naxos-type sand-cloth N O 600. 
Polishing after the abrading was done with SiC or AlzOa. In the latter case the 
finest fraction was used. Both methods led to the same results. 

The result was tha t  the tendency for darkening of the crystals strongly 
decreased after such treatment.  Fig. la  shows ah abraded and polished erystaI 
surfaee. The same surface is given in Fig. lb after a 5 hours' irradiation. In this 
figure larger and smaUer Zn islands can be observed. I t  must be remarked 
tha t  the covering of the treated surface with such particles is n o t a  regular 
phenomenon. In case of the majority of the treated crystal surfaces no or 
hardly any metal precipitation eould be observed after a 5 hours' irradiation. 

The reason why we publish the rarely occurring surfaee picture is t ha t  
this demostrates better the change of the surfaee picture after the heat t reat-  
ment. 

Heat  treatment was carried out in purified •2 atmosphere. The t ime 
of the heat treatment varied bctwcen 30 minutes and one and a hall  hour at  
a temperature of 900 ~ C. 

Fig. lc shows the same crystal surfaee after a 1 hour heat t reatment  at  
900 ~ C. In the picture it can be well observed tha t  the surface of the crystal 
clears after sueh heat t reatment,  i.e. a bleaching effect takes place.* 

* W i t h  t h i s  p h e n o m e n o n  a n d  w i t h  o t h e r  f o r m s  of  t h e  b l each ing  effeet  we i n t e n d  t o  
dea l  i n  a n o t h e r  pape r .  
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The surface of this heat  t rea ted crystal  after  10 minutes irradiation is shown 
in Fig. ld.  I t  can be seen clearly tha t  after the heat  t r ea tment  the tendency 
for darkening was noticed after  a 10 minutes '  irradiation,  while a 5 hours '  
i r radiat ion is not  sufficient to produce such darkening (see Fig. lb) after abrad- 
ing and polishing. 

Fig. 1. Mierophotograph of the surface of a ZnS single crystal (a) after abradi,g and polishing 
(b) aftera 5 hours' irradiation, (c) after I hour's heat treatment at 900 ~ C, (d) after 10 minutes" 

irradiation (128 fold magnification) 

Parallel with the above experiments the electron diffraction s tudy  of  the 
crystals  took place too. The systematic  examinat ions showed tha t  the diffrac- 
t ion pa t te rn  along a crystal  surface ha rd ly  changes. This seems ve ry  advant-  
ageous for the comparison of results as we were unable to make both  a dif- 
f ract ion pa t te rn  and microscopic picture of  the same part  of  the crystal  surface 
because of teehnical reasons. 

Single crystal  spots and Kikuchi  lines appeared on the electron diffrac- 
t ion pat tern  of un t rea ted  single crystals indicat ing tha t  the chosen surfaces 
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were single crystal faces, Fig. 2a shows such a picture. After mechanical 
abrading and polishing the electron diffraction patterns of the same surfaces 
showed diffuse Debye-Scherrer rings (Fig. 2b). This means that  the surface 
consists of randomly oriented crystal fragments, produced by mechanical 
treatment.  

After a 1 hour heat treatv~ent at 900 ~ C the crystal surface recrystallized 
and very good single crystal surfaces were formed. This is proved by the appear- 
ance of single crystal reflections, An example for this is given in Fig. 2c. Since 

2a 2b 
~x 

O 
2 c  

Fig. 2. Electron diffraction pattern of the surface of a ZnS single crystal (a) before, (b) after 
abrading and polishing, (c) after 1 hour's heat treatment at 900 ~ C 

because of abrading and polishing the part of the lattice (directly beneath the 
fragmented zone)also became slightly deformed [4--5] and during reerystalliz- 
ation the very fine fragmented layer grew to this deformed matrix, so the 
recrystallized surface layer formed in the course of the heat treatment is also 
somewhat deformed. Consequently, the single crystal reflections are a little 

diffuse, too. 

3.2. Study of the darkening of crystals etched afier abrading and polishing 

Fig. 3a shows the microscopic picture of ah abraded and polished crystal 
surface after a 30 minutes' etching in I-IzSO 4 ~- HzOz solution. Irradiating the 
crystal surface obtained a strong darkening can be observed already after 
a 20 minutes" irradiation (Fig. 3b). 
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Fig. 4a gives the electron diffraction pa t t e rn  of an abraded and polished 
erystal  surface af ter  etching for 10 minutes.  In  the photograph  i t  can be easily 
observed t ha t  the single crystal  reflections and  in some eases even the Kikuchi  
lines reappear .  Besides the single crys ta l  reflections weak Debye-Scherrer  rings 
can also be seen in the picture.  This shows t h a t  the etching t ime in the present  
case was not  sufficient for the to ta l  removal  of  the f ragmented  layer  produced 

Fig. 3. Microphotograph of an abraded and polished ZnS crystal surface (a) after a 30 minutes" 
etching, (b) after 20 minutes' irradiation (128 fold magnification) 

Fig. 4. Eleetron diffraetion pattern of ah abraded and polished ZnS sirtgle erystal surface 
(a) after 10 and (b) after 30 minutes' etching 

b y  mechanical  t r ea tmen t .  Increasing the t ime of etching (30 minutes)  only 
single crystal  reflections and Kikuchi  lines appeared  (Fig. 4b) i.e. the  surface 
was a l ready a fine sŸ crystal  face, 

3.3. Study of the darkening of crystal surfaces produced by cleavage 

As lar  as the au thors  know there  is no l i tera ture  concerning the cleavage 
of  ZnS single crystals and the s tudy  of surfaces so obtained.  This t ime our  
airo was not  the s tudy  of  this quest ion either.  We only endeavoured  to obta in  
a new surface wi thout  greater  damages as in the  case of  mechanical  t r ea tmen t .  
Hexagona l  prisms were used for these exper iments ,  too, the c-axis of which 
was parallel to the geometr ical  axis of the crystal .  Cleavage took  place in the 
plane of the c-axis. The surfaces obta ined were of different  qualities. Perfec t ly  
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smooth surfaces were produced as well as such on which steps could be ob- 
served. These crack steps might  be caused either by  stresses causing t h a t  
the cleavage does not  work exact ly  along the respective crystal  planes, 
of by  imperfections in the crystal.  E.g. it  is well known t h a t  when an 

Fig. 5. Microphotograph of a c|eavage surface of a ZnS single crystal (a) before irradiation, 
(b) after 2 minutes' irradiation (256 fold magnificatiov) 

6 �84 

O 
Fig. 6. Electron diffraction pattern of a cleavage surface of a ZnS single crystal 

otherwise perfect crystal contains screw dislocations intersecting the plane 
of cleavage a crack on passing along this plane leaves steps on the otherwise 
smooth cleavage surface [6]. 

Fig. 5a gives a cleavage surface of an average qual i ty  before irradiation.  
After a 2 minutes '  i rradiation the Zn precipitates are well observable. (Fig. 5b) 
A certain regular i ty in the position of the precipitates is remarkable.  Obvious- 
ly  a decoration of the crystal  defects is in question. [7]. In our case precipit- 
ation appeared both along the stacking fauhs,  and the broken steps. The for- 
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roer ate always parallel with each other, while the position of the latter relative 
to each other is different in each crystal. 

On electron diffraction patterns of cleaved surfaees ZnS Debye-Scherrer 
rings were never observed. Only single crystal reflections and Kikuchi lines 
appeared (Fig. 6). This proves that  the freshly cleaved surfaces are very good 
single erystal faces. 

4. Discussion 

I t  is well known that  a meehanical t reatment of the surfaee both in the 
case of metals and semiconductors may lead to an "amorphisat ion" of the sur- 
face layer, i.e. a formation of a layer consisting of extremely small crystallites 
[8]. As proved by  our experiments, a similar layer appears on the surfaces 
of ZnS single crystals by  mechanieal treatment.  ZnS single crystal faces show- 
ing good single crystal refleetions in a natural  state gire no single erystal 
reflections after mechanical abrading and polishing. The upper layer of the 
surface is damaged. In this damaged layer there is ah outer fragmented zone 
which consists of randomly oriented crystal fragments. 

Since with the appearance of the damaged surface layer the tendency 
for darkening of the erystals considerably decreased, we have to suppose that  
the reason for this is just  the "amorphisation" of the surface. I f  a crystal with 
a damaged layer was heat-treated at 900 ~ C for ah hour, i.e. the very fine 
fragmented outer zone was subjeeted to recrystallization, the tendency for 
darkening grew parallel with the appearance of single crystal refleetions on 
the electron diffraetion pattern. If  the fragmented layer is removed by  etching 
i.e. a new crystalline surface is produced, we again obtain the inerease of the 
tendency for darkening. The new surface appearing by  eleavage of the crystals 
is a very good single crystal surfaee. In this case no decrease of the tendency 
for darkening was observed. 

Accordingly, the results of our experiments unambiguously led to the 
conclusion that  there is a strong eonnection between the quality of the ZnS 
crystal surface and the tendency for darkening. 

In the first place one can suppose that  the reason for the strong decrease 
of the tendency for darkening after mechanical t reatment is tha t  after polish- 
ing abrasive particles remain embedded in the surface. I t  was recently estab- 
lished conclusively by  a radiometrie technique [4] that  such particles are really 
present in lapped steel surfaces. But in our case this is not the reason for the 
decrease of tendency for darkening. This is also justified by  the following 
experiment. 

As was seen above (point 3.1), the tendency for darkening which existed 
before meehanical t reatment  can be practically restored by 1 hour heat treat- 
ment at 900 ~ C. This obviously means that  the causes of the decrease of the 
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t endency  for  darkening --  p roduced  during the mechanical  t r e a tm en t  - -  cease 
to exist. I f  we suppose tha t  these causes would be associated with the embedd-  
ing of  the abrasive particles in the  surfaee, then  these causes should act a f te r  
the heat  t r ea tmen t ,  too, because at  the t empera tu re  ment ioned  the AlzO 3 or 
SiC does not  evapora te  f rom the  surface. The following exper iment  was carried 
out.  A ve r y  fine dispersed AlzO 3 of SiC powder  was set t led on the original 
(untreated)  as well as the abraded  and polished crysta l  surface, respect ively.  
The q u a n t i t y  of  the set t led mater ia l  was so lit t le t h a t  its presence was ha rd ly  
detectable  by electron diffraction investigations.  After  a 1 hour  heat  t r c a t m e n t  
in N• a tmosphere  at 900 ~ C, the rings characterist ic  for  AlzO 3 resp. SiC could 
be similarly observed on the e lec t ron  diffraction pa t t e rn  as bcfore. This shows 
tha t  the particles set t led on the surface before the hca t  t r e a tm en t  remained  
real ly  on ir a f te r  the heat  t r e a t m e n t  too. In  such a way  these cannot  be res- 
ponsible for the  strong decrease of  the t endency  for darkening af ter  polishing 
and the intensive increase of  it  a f te r  heat  t r ea tment .  

GOBRECHT and Kv•z [9] not iced a slight decrease of  the t endency  for  
darkening of  ZnS-Cu luminophores  when milling them.  Unfor tunate]y ,  these 
authors  did no t  make parallel s t ruc tura l  studies. F rom other  works [10], how- 
ever, it  is known tha t  on the Debye-Scherrer  d iagram of  milled ZnS lumino- 
phores the diffraction lines widen and their  in tens i ty  decreases. At the same 
t ime background  grows also. All this indicates t h a t  a f te r  milling strong inner  
deformat ions  appear  in the surface layers of the crystal ,  i.e. the  first  s tcp 
towards the format ion  of  the v e r y  fine f ragmented  surface layer  has t aken  
place. Consequently,  the t e n d e n c y  for darkening must  have  decreased also, 
whieh has been observed by  the  au thors  of [9]. 

Na tura l ly  the above described connect ion between surface damage and  
t endency  for darkening gives no ansver  to the quest ion of why the t en d en cy  
for darkening decreases with damaging.  Fur the r  studies are required to clarify 
this question.  
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BYlI4~IHHE HOBPEM~(,~EHH~I H O B E P X H O C T H  MOHOI-(PHCTAYlflOB ZnS 
HA HX CK.J-IOHHOCTb I-( FIOqEPHEHI4IO 

FI. IIlBHCT, li. I~OBAq H M. tibAPKAIZI--~IHI-(E 

P e 3 ~ o M e  

Hcc~eRoBaaacb CK~OHHOCTb K noqepaeHH~ reKcaronaabHHx MOHOKpHcTa~~OB ZnS c 
MexannqecKH m~H~0BaHnO¡ H n0anBopanH0~, pacKonOT0~, a TaK~e TpaBneHHO¡ noaepx- 
HOCTb~. Hapa~nenbHO £ TaK~e npon3Be~eHo a~eKTp0HH0~~~paKRHOHHOe n3yqeHne aTHX 
noaepxHocTefi. H0~yqeHHue aKcnepnMenTa~bHble pe3y~bTaT~ noKa3~Ba~T, qT0 nMeeTca 
TecHafl CBfl3b Me¡ KaqeCTBOM n0BepxHOCTn KpHcTan~oB n nX CK~0HHOCTb~ K noqepneHu~. 
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