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SUMMARY 

Contac t  fQces of thin films of a-phase isotQcfic po lypropy lene epitQxially 
crystQIlized on benzoic Qcid ore exQmined by Qfomic force microscopy 
(AFM). The AFM imQges reveQI the Iomellar structure Qs well os the methyl 
side group pQttern, thus enobl ing the discriminQtion be tween  two structu- 
rQIly dif ferent con tac t  surfaces in fQvour of the 'four' fQce type, with one 
methyl group per helix turn exposed. Furthermore it hQs been verified, thor 
the observed helices ore r ight-hQnded, 

INTRODUCTION 

ScQnning tunnel ing microscopy, STM, [ ] ]  Qnd Qtomic force microscopy, 
AFM, [2] reveQI submolecular  Qnd even Qtomic surface feQtures. AFM, 
however,  is more suit{able for surfQce onalysis of polymeric mQteriQIs, the 
vast mQjority of which is non-conduc t ing .  AFM detec t ion  of screw disloco- 
tions in dendr i t ic  crysfQIs of po lyethy lene hos been reported first [3]. The vi- 
suolizQtion of polymer chQins has been Qchieved on flQt surfQces of cold- 
extruded po lyethy lene [4]. Methyl end groups of l ineor Qnd moleculQr 
folds of cycl ic olkQnes, which form the surfQces of the respect ive monocry-  
stols, give well def ined responses in the otomic scQle AFM imQges [5]. 

This report deols with AFM studies on isotQctic po lypropy iene (iPP), Its epi- 
tQxiQIly crystallized a-phQse is highly suited as o model  for polymer structu- 
re investigQtion by this new method,  In view of its chQracferistic quQdrite 
morpho logy  [6] it is indeed possible to determine the helicol hQnd ond set- 
t ing of the const i tuant  3~ helices ond to predict  the methyl group pottern 
in the exposed iPP (010) plQnes [7], 

EXPERIMENTAL 

Lower moleculQr weight  iPP is p roduced by thermQI chain scission of high 
molecular  weight  iPP under vucuum Qnd vQporizotion on gloss cover slides 
[8]. No isomerizQtion occurs during this process. The product  is comel ted  
with benzoic Qcid be tween cover slides and slowly crystallized in Q tempe-  
rofure grad ient  [9]. After removal  of benzoic oc id by dissolution in hot me- 
thanol,  the sQmple is ready for AFM exominat ion,  
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A commerc ia l  scanning probe microscope 'Nanoscope I1' (Digital Instru- 
ments Inc., Santa Barbara, CA, USA) has been used at ambien t  condit ions. 
'A' type head  and V-shaped canti lever, 200 #m in length, with a force 
constant  0.12 N/m were used. In AFM images the z-variations [z - the direc- 
tion perpend icu lar  to the examined surface) in the surface profile of inter- 
a tomic  force registrated during scanning are grey or color coded.  The 
brighter patterns correspond to sites with higher repulsive force. Only low 
pass fi ltering was used for large scale images, and filtering in Fourier space 
was app l ied  for the a tomic  scale ones. 

RESULTS AND DISCUSSION 

1. iPP thin film structure 

Crystallization on benzoic ac id results in the format ion of an in terwoven ar- 
ray of c lose-packed iPP lamel lae standing edge-on  [10], as shown by 
electron microscopy (Fig. 1). The lamel lae are at an angle  of nearly 80 ~ (or 
100~ in an a r rangement  very reminiscent of the more loosely in terwoven 
solut ion-grown quadri tes [6]. Electron dif fract ion patterns of gold decora-  
ted thin films ind icate that  the iPP b-axis is normal to the film surface [(010) 
faces are exposed) and that  the lamellar thickness is ~ 12 rim. 

The crystal lographic structure of the c~-phase of iPP - determined by Natta 
and Corradini [11] - i s  character ized by the al ternat ion of (010) layers  
made of ant ichiral  helices which, in addit ion, exhibit dif ferent settings in 

Figure 1: Transmission electron microscopic picture of iPP 
- epitaxial ly grown on benzoic ac id 

the structure (Fig. 2). As concerns the exposed [010) planes, it follows that 
successive layers are made of helices of a l ternate hand, with either one or 
two side chains - methyl  groups - exposed. Successive (040) lateral faces 
thus differ widely in terms of methyl group density and ar rangement .  The 
simplest - looser - a r rangement  corresponds to a lozenge array of methyl 
groups 0.65 nm apar t  with an obtuse angle  of 99.6 ~ (Fig. 3a). The second - 
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Fiqure 2: Two unit-cells iPP 

denser - arrangement involves a two-fold in- 
crease in methyl group density which, is 
achieved by addit ion of a methyl group at 
the center of the previous pattern (Fig. 3b). 
The two patterns thus resemble the 'four" and 
'five" faces of a dice. In addit ion the principal 
rows in the 'five" faces, i. e. the short diagonal 
of the lozenge, are parallel to the helical 
path and thus materialize the helical hand if 
these faces are exposed, Whereas the 
above structural analysis makes it possible to 
determine the hand and setting of iPP heli- 
ces in the quadrites [7], neither this analysis 
nor diffraction evidence indicates which of 
the two possible (0t0) faces actually interacts 
with the benzoic acid substrate surface. The 
answer to this question was sought by AFM. 

Ficlure3: Lozenge arrayCH 3groups in iPP 

a__ 'four' face pattern, one CH 3 group exposed, left handed helices 

b 'five' face pattern, two CH 3 groups exposed, right handed helices 

2. AFM examination of iPP contact  surfaces 

A well resolved and ordered large scale view (340x340 nm) of the contact  
surface is represented in Fig. 4. A slighty corrugated surface is formed, with 
several ridges - wide "hills' and protrusions, The cross-section of the image 
shows that the "brighter' rows are separated equidistantly with a periodicity 
of 12.8 nm. This is demonstrated in the frequency distribution evaluation in 
Fig. 5. This periodicity corresponds well to the average lamellar thickness 
determined by low angle electron diffraction of gold decorated films. 
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The fo rmat ion  of r idges - .04 nm high - rather than  depressions has its pro- 
bab le  origin in d i f ferent  t he rma l  con t rac t ions  of the thin po lymer  film and  
its suppor t  on coo l ing  from - 130 ~ C to room tempera tu re .  We note  tha t  
the l inear therma l  expans ion  coe f f i c ien t  of benzo ic  ac id  is - lx10 -4 cm /  
~ wh ich  for AT ~ 100~ implies a 1 %  l inear con t rac t i on .  Since the ex- 
pans ion coe f f i c ien t  of l inear crystal l ine polymers a long  the cha in  axis is 
zero or even  sl ightly nega t i ve ,  the shr inkage of the substrate in a direct i -  
on paral le l  to the po lymer  cha in  must be a c c o m o d a t e d  by the interla- 
mel lar mater ia l  only: Due to the result ing compression,  this mater ia l  must 
bu lge,  i. e. p roduces  the observed r idge. 

Figs. 6 a n d  7 offer the key for the d iscr iminat ion b e t w e e n  the two structu- 
rally d i f ferent  c o n t a c t  surfaces, - the "four' and  the 'five' f a c e  t ype  - as well 
as the ver i f i ca t ion  of the hand  of the hel ices under  observat ion.  Fig. 6 pre- 
sents two  lamel lae  in 48 x 48 nm scale. The mo lecu la r  structure of the (010) 
p lane  of the lame l lae  has been  resoLved in the a tom ic  scale images, in 
Fig. 7 the well  resolved pat terns are visible, with main per iodic i t ies .69 + .05 
nm and  ,66 + .05 nm in the d i rect ions a and  c, with 13 = 98 + 3 ~ . The p ic ture 
is remin iscent  of the "four' (010) f ace  of iPP. The repea t  d is tances of the 
AFM images are close to the co r respond ing  c rys ta l lograph ic  parameters ,  
a = .665 n m ,  c = .650 nm, 6 = 99.6 ~ . The compar ison  of the a tom ic  scale 
image  with the methy l  g roup  pat te rn  d rawn from the known crystal struc- 
ture is g iven  by Fig. 3a. Furthermore, the helix axis in Fig. 7 is known to be 
near ly  normal  to the lamel lar  sur face of Fig. 6', it is there fore  o r ien ted  from 
lower left to upper  r ight corner.  Superposi t ion of Fig. 3a on Fig. 7 tak ing in- 
to a c c o u n t  the cha in  or ien ta t ion  ind icates tha t  the pa t te rn  in Fig. 7 is the 
mirror image  of tha t  of Fig. 3a. As the lat t ice represents a tayer of left han-  
ded  hel ices, it fo l lows tha t  hel ices of Fig. 7, be ing  their mirror images,  are 
r ight h a n d e d .  Addi t iona l ly ,  Fig. 8 presents a th reed imens iona l  a tom ic  scale 
p ic ture.  The Fast Fourier Transform plot in Fig. 9 gives e v i d e n c e  for a mono-  
c l in ic lat t ice.  

A w ide  var ie ty  of p ictures have  been  o b t a i n e d  on d i f ferent  areas of ep i ta-  
xial ly crystal l ized iPP film. They all i nd ica te  'four' pa t te rn  c o n t a c t  surfaces. 

CONCLUSION 

AFM of the (z-phase of iPP, wh ich  was epi tax ia l ly  cryslal l ized on benzo ic  
ac id  has b e e n  per fo rmed with methy l  g roup resolut ion. The pictures reveal  
the lamel lar  sur face or ien ta t ion  and  the c o n t a c t  f ace  structure. The 
observed  lozenge s h a p e d  pat te rn  of methy l  groups is consistent  with the 
known crystal structure. It ind icates  tha t  (010) faces with the lower densi ty 
of methy l  groups are c o n t a c t  faces in the epi taxy.  The structural  analysis 
fur ther makes it possible to de te rm ine  the hand  of hel ices wh ich  bear  the 
observed  methy l  groups. Given the resolut ion ach ieved ,  a tom ic  fo rce  mi- 
c roscopy  b e c o m e s  s igni f icant  tool for s t ructure- re la ted prob lems of poly-  
mers, such as paral le l  or ant ipara l le l ,  syncl ine or ant ic l ine  a r r a n g e m e n t  of 
chains, structural  disorder, as wen as for analyz ing their crystal structure. 
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Fiqure 4: AFM large scale top-v iew of 
iPP - 340 x 340 nm 

Fiaure 5: Frequency plot of Fig. 4 
yields 12,8 nm lamellar thickness 

Figure 6: AFM top view iPP - 48 x 48 nm 
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