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Introduction 

Whiskers are siugle crystals, one dimension of which is much larger than 
the two others; they are usually a few microns thick. The "whiskers have been 
known for some hundred years [1], but the filamentary forms of materials 
became the suhject of an extensive programme of scientific investigation 
only in the last two decades when it was revealed that the physical properties 
of the whiskers are in many respects quite different from those of the bulk 
single crystals. It was Prof. Z. GYULAI, our late master, 'who first demonstrated 
in 1954, that the mechanical strength of whiskers depends on their thickness, 
and the strength of thin whiskers is hundred times greater than that of the 
large bulk crystals, approaching in some cases the theoretical strength .of 
perfect crystals [2]. 

The 'whiskers are of great industrial importance. Recently some whiskers 

are used as the main part of some composite materials. The advantage of these 
materials is the high strength at a lo'w weight. The 'w-hiskers have also provided 
extremely useful single-crystal specimens for the study of the general physical 
properties of solids. An excellent survey has been puhlished on this subject 
recently [1]. In the last ten years we also published several reports about 
investigations concerning the gro'wth and mechanical properties of sodium 
chloride whiskers [3-11]. In this paper results of electron microscopic in­
yestigations concerning the surface structure of N aCI whiskers are reported. 

Experimental technique 

The inyestigated whiskers 'were g£Own by three methods. In the first 
method a small piece of sodium chloride crystal (-with dimensions of a few 
millimeters) was put into the middle of a flat Petri-dish, which contained 

" Presented at the International Conference on Electron :\Iicroscopy held in Varna, 
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saturated aqueous solution of NaCI dopped with 0.03 % polyvinyl alcohol as 
a poison. Having covered the dish and kept it at room temperature, the gro'wth 
of very fine "whiskers on the sides of the seed crystal could be observed. Within 
a few days bundles of whiskers with a length of a few cm-s have grown on 
each of the four sides of the seed crystal. After drying them they could be cut 
with a razor-blade and used as samples. They could be caught by a forceps as 
a thin plate, because the whiskers joined to a kind of a felt. The second method 
for growing whiskers was that published earlier by us [4], i.e. to grow them 
on a cellophane membrane from pure saturated solution of sodium chloride. 
In the third growing method the whiskers were gained by growing on ceramic 
materials according to the well-known GYULAI-method [2]. 

The sodium chloride whiskers are not suitable for direct observation in an 
electron microscope. The thicker crystals are not transparent to the electron 
beam, the thinner ones, however, quickly evaporate in it. For this reason the 
carbon replica method [12] and the so-called gold decoration technique elabo­
ratedby BASSETT, [13] BETHGE and others [14.,15] have been applied. The proce­
dure of the gold decoration method consists in evaporating in high vacuum 
a very small quantity of gold onto the surface of the sample heated to 150-
200 cC. Under these conditions the gold does not form a continuous layer. 
The gold atoms don't lose their kinetic energies at once, they are migrating 
on the surface, and where the conditions are advantageous to nucleate, they 
form a small gold particle. Such places are the surface steps, the surface defects 
and the impurities on the surface. The arrangement of gold particles is fixed 
by a layer of carbon deposited on top of the gold layer. The carbon replica 
with the embedded gold particles was then taken off by dissolving the whiskers 
in water, and fished onto a micro grid they were examined in the electron 
microscope. It '\\-as demonstrated by BASSETT [13] and BETHGE [14, 15], that 
the gold decoration traces out the relief of surface in atomic dimensions. It 
shows steps with height of 2.81 A, although the lateral resolution of our elec­
tron microscope is only 25 A. This is the main advantage of the gold decora­
tion technique. 

The gold decoration was carried out in a Balzers type ~1icroba-3 vacuum 
apparatus at 10- 5 torr. The samples were taken into a microfurnace built in 
the vacuum chamber. Before decoration, the samples were heat-treated at 
different temperatures, - as high as 500 cC for 5 to 90 minutes to remove 
impurities from the surface and in order to build down thermically the sur­
face. The decoration was usually made at 150-180 cC. 

The microscopic investigations were carried out in a KEM-l-l type 
electron microscope made in the G.D.R. Its resolution reached 25 A, its 
highest operating voltage was 60 kvolt. The magnifications were up to 30 000>< . 
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Results 

The application of thin replicas enables us to see both sides of a whiskel 
at the same time, because after dissolving the sodium chloride the thin carbon 
layer covering both sides of the whisker is stretched into one plane by the sur­
face tension of the water (Fig. 1). 

-:-:-:-:-: :--:--":,: whisker 

/ / 

Fig. 1 

Table I 

Time and temperature of the heat treatment 
of the samples in Figs 2 to 14 

Fig. Time Temperature 
No. min °C 

2 25 

3 60 380 

4 5 400 

5 90 380 

6 60 380 

7 60 380 

8 10 400 

9 30 500 

10 60 300 

11 10 400 

12 10 500 

13 5 420 

14 10 200 

Fig. 2 shows an overgIowth on the side-edge of a whisker. This kind of 
overgrowth was already observed by us in on optical microscope too [5]. The 
structure of the side-edge may be better observed by applying the decoration 
method. In Fig. 3 a thick band appears to consist of several lines which show 
the side-edge of a whisker built down thermally. 

The decoration method makes possible to reveal even the finer over­
growths on the edge of the whisker, because the structure of overgrOW1:hs is 
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Fig. 2 Fig. 3 

quite different from that of the other part of the whisker. In Fig. 4 one may 
observe quite well that the steps on the two parts of the whisker lie orthogon­
ally to each other. 

, In some cases the side faces of the 'whiskers thermally built down exhibit 

patterns referring to scre'w and edge dislocation, respectively. A two lamellar 
system belonging to two opposite screw dislocations is seen in Fig. 5. The 
distance of the two dislocations is about 0.5 ,Li, and the width of lay.:rs on the 
surface built down is about 0.2 p. As BETHGE has shown [14,15], the decorating 

a 
particles indicate atomic steps as high as 2 (i.e. thc half value of the identity 

distance). 
Fig. 6 shows a lamellar system belonging to screw dislocations in the 

same sense. The cores of the screw dislocations are spaced about 1.8 .u from 
each other. (The lowpr part of Fig. 6 is a picture of a carhon sheet belonging 
to another 'whisker.) In some cases lamella series consisting of concentric 
circles adhering to the thermally huilt down 'whisker surfaces are seen (Fig. 7). 
According to Bethge's explanation these lamellar systems form around the 
emergent points of dislocations which have Burgers vectors parallel to the 
crystal surface. Recently, this lamellar system was intcrpreted by SERNA and 
BRu [16] so that it had heen formed hy the slip of a screw dislocation. In our 
opinion, in our case the explanation hy BETHGE is correct. Namely it is im­
probahle that more screw dislocations would have slipped together at the same 
time during the heat treatment, and the heating would have stopped just at 
the time when the middle circles of the lamellar system had not disappeared 
yet. The explanation of the origin of the ohserved dislocations (at grow'th or 
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Fig. 4 Fig. 5 

Fig. 6 Fig.; 

by handling) will he the subject of further iuyestigations. It is certain, how­

eyer, that in the case of 'whiskers grown from a solutiO:1 clopped with poly­
yinyl alcohol, the screw dislocations tClok part in the formation of oyergrowths, 
as it is sePll in Fig. 8, demonstrating a dpcoratcd picture of oyergrowths formed 
along a whisker's side-edge. 

The eyaporation of whiskers proceeds by formation of hole seeds (German: 
Lochkeime). The nearly rectangular spots outlined by the decorating gold 
particles are in general different in size: they may he too small to be identified 
dse than by the four gold particles situated in corners of the small area (Fig. 9). 

4 Periodica Polyfe<.:bnicn El. ~\T:::? 
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In our previous paper it has been demonstrated that during the growth 
of NaCI whiskers from a solution poisoned with polyvinyl alcohol [7-8], the 
poison (i.e. PVA) builds in into the whiskers. 

The effect of the incorporated poisons appears in three different ways 
in the decoration method. If the surface contamination is too heavy-, the sur­
face steps are not decorated. If the surface contamination is reduced hy heat­
ing the ·whiskers to a higher temperature where most of the contaminations 
burn and leave for the vacuum space, decoration is produced, some part of 

Fig. 8 Fig. 9 

the surface being covered by spots consisting of small gold particles. These 
spots (Figs 9-10) indicate the parts of the surface covered by the remained 
contaminations. The third form of the effect of contaminations manifests itself 
hy the saw-toothed form of the steps: namely the contaminations hinder uni­
form step-formation (sce right side in Fig. 4). 

In the middle of the "whisker's face grnerally a pattern indicating lamellar 
growth is found. These patterns are related to the crystallization of a drop 
of solution remaining on the surface, and to the emerging points of a channel 
running in the whisker along its axis. In certain cases quadratic holes have 
heen seen on the carhon replica (Figs 9 andll). On these parts of the whisker 
surface probahly secondary ·whiskers occurred which had stabbed the carbon 
replica. 

Wc have studied several plastically deformed whiskers too. Fig. 12 shows 
the sides of a plastically bent whisker. The ·whisker was heated to 500 QC for 
5 min in vacuum as high as 2.5 . 10- 5 torr before the deposition of carbon. 
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Fig. 10 Fig. 11 

On the deformed places the 'whisker was built down strongly and thus the 
neutral zonc clearly appearcd, where no stress in the whisker acted (Fig. 12). 
The slip bands werc made visible by simple carbon replica, the finer slip lines, 
however, by the gold decoration technique (Figs 13 and 14). The slip steps are 
straight in general, but sometimes one may observe cross-slip as well. 

Fig. 12 Fig. 13 

4* 
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Fig. 14 

We are grateful to }Irs. BOSZOIDIE:YYI-:'\AGY for aid in the preparative ,,·ork. 

Summary 

The surface structure of :'\ aCl whiskers has been studied by electron microscopy using 
carbon replica and gold decoration technique. The evaporation processes of the whiskers 
are interpreted; some plastically deformed :'IaCl-whiskers are examined. 

References 

1. Eepe;'Kh"OBa, r. B.: HIITeBlDHble FPIICT;tXlbl. 1:-13.1. «HaYl(a«, .\\oclma 1969. 
2. GY(;LAI, Z.: F estigkeits- und Plastizitatseigcnschaften ...-on :'I 'lCl-:'I adclkristallen. Zs. f. 

Phys. 138, 317-=-321 (195·1). ~ 
3. ]ESZE:\SZKY. B.-HARD!A::"::". E.: Yisible twist on sodium chloride whiskers. :'\ature 

189, 213 (1961). . 
4. ECCHCKlI, E.-XapnIaHH, 3.: HCKoTopble 3iI:\lelJ<lHllB 0 pOCTe II '11eXaHlJlleCI,llX CIloilCTB<lX 

HllTeBll.1HblX KpllcTa:LloD 1\aC1. l{pllCTa:l:lOrp<l11llm 7,433-436 (1962). 
5. GY(;LAI, Z.- IL\'RT'IL-\':\:I", E.- J ESZE:\SZKY, B.: Zerrei13festigkeitslllessungen an :'I aCl­

:'Iadelkristallen (Whiskern). Phys. Stat. So!. 1, 726-729 (1961). 
6. HARDIA:\2\", E.-]ESZE:\SZKY, B.: Whiskers.* }lagyar Fiz. Foly6irat 11, ·111-,129 (1963). 
7. HART'lIA:\2\". E.: Ionic conducti...-ity of :'IaCI whiskers. Acta Phys. Hung. 24. 225-233 

(1968). . . . ~, 

8, XapnlaHH, 3.: 3::cKTponpoIlo:IHOCTb HllTCBll.1HblX 1'!)IJCTa:urJB. l{pIlCTa:J:JOrpilljJll51 13, 
1089 (1968), 

9. HARDIA2\"", E.-ToTE, A.: The Young's and shear moduli of :'\aCI whiskers. Aeta Phys. 
Hung. 26, 285-289 (1969). 

10. XapDlaHH, 3.-Po;'l,aHcI,llu. B. H.-l{PY:'KILlllHa, A. n.: 0 n:laCTIl'IHOCTlI HlITCIllUHblX 
KpllcTanJlOD, Dblpa~eHHblx pa3Hbl'l1ll '11eTO:W'IUI. l{pIlcTa.l.lorpa(!JliB 14, 951 (1969). 

11. XapnlaHH, 3.: B.lllBHlle KaTIIOHHbIX nplmeceu Ha POCT HlITCDlUHbIX KpIlCTa.liIOD NaCl1l3 
paCTBopa. l{plIcTa.l.lorpaqJIIB 14, 1120 (1969). 

12. BRADLEY, E.: Evaporated carbon films for use on electron microscopy. Brit. ]. Appl. 
Phys. 5, 65-68 (1954). 

* In H ungariall 



ELECTROS JIICROSCOPIC L\TESTIGATIOS 139 

13. BASSETT, G. A.: .-\. new technique for decoration of cleavage and slip steps on ionic crystal 
surfaces. Phil. .Mag. 3, 1042-1044 (1958). 

14. BETHGE, H.: Oberflachenstrukturen und Kristallbaufehler im elektronenmikroskopischen 
Bild, untersucht an l'iaCI (I). Phys. Stat. Sol. 2, 3-27 (1962). 

15. BETIiGE, H.: Oberflachenstrukturen und Kristallbaufehler im elektronenmikroskopiscben 
Bild, untcrsucht an !'IaCI (II). Phys. Stat. Sol. 2, 775-820 (1962). 

16. SER?i"A, J.-Bm:, L.: Surface phenomena and dislocations in alkali halides. Surface 
Science 12, 369-384 (1968). 

B6la ]ESZE:'<SZKY J B d 
D E . c' H. ... u apest XI., Budafoki ut 8, Hungary 

r. 1\ III ART}IAi"i" 


