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ABSTRACT

— /
Fourier transform IR transmission and multiple internal reflection

spectroscopy were used to characterize polyethylene and polypropylene surfaces

and to compare with their bulk properties in regard to the degree of cr:,stallinity

and molecular orientation . Surface crystallinity of the cold drawn polyethylene and

polypropylene samples is found to be similar to the bulk crystallinity values.

In order to improve accuracy of the surface orientation measurement , a new

rotatable sample holder , which utilizes a double—edged square parallelogram

rather than conventional single—edged rectangular trapezoidal plates was designed.

This enables the polymer film to be mounted and rotated orthogonally while

maintaining identical contact. As a result , the three optical constants , kx,

ky, and kz can be determined by using four equations , thus providing a check on

the reliability of the data. Preliminary results obtained with this new sample

holder indicate that the surface of cold drawn pol yethylene has lower orientatin~i

t h~~i~ t~~~ hL~~~, ~i1:Ie ~i~ i : r  oriLt~t~it ioa ~~~~~ were ob.- Dr vc- J ~:b~ -r~ C O ’ ~~~r Ti ~~~2~ ~} ie

ri cfa ce ~; i t i i  ~hc bulk of cold drawn po1ypropy lene.~~
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y
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INTRODU CT i0~

nv iti. ,rtant.. I r o p e r t 1~~s of d poi cr  s ’tc ~ a~ ~id ~~~- i ~~ri , fric: rJ~ -~i d

c raz ing ,  w e t t a b i lit y  and chemical  r e a c t i v i t y 1 3  are be l i eved  to be s t r. n~~J v  in-

fluenced by the detailed structure and the clicaical composition of the sarface.

Since the surfaces can be represented by different structures and compositions

from the hulk , depend ing on the processing conditions , for example , caref ul char-

acterization of the polymer surfaces is therefore essential to understand and

improve surface related properties. The degree of crystallinity and molecular

orientation on polymer surfaces are two importan.t properties which would provide

structural information . Fluornoy and Schaffers~ first provided a theoretical

treatment for internal reflection of polarized radiation from the surface of an

anisotropic , aisorbing f ilm, in order to determine surface molecular orientation .

More recently, other researchers 5 9  utilized their treatment in studying anis—

otropy of IR absorp t ion on processed polymers. The analyses in an ideal situation

require a rotatable polarizer and rotatable ATR sample holder to ensure the

sair~ contac t  be~~~~~n the p~~1vne r and 1~ c -v ’ t ~~l .  in thn pr ev iou~ ~;cr ~~, r~~ at—

able polariz ir was SO~~~~ t~~ i~ C S used .  Houcv~~r , v i~ her the sample was l i fL c J  ~ft e r  c’n~

spcctrrr ~ t~~-c :~. ~~~~~~~ ~v f~fl° ~~~~~ p~~~.: f L ~~: ~~~~~~~~~~~ i ,

t~.J ~~~~~~~~~~~~~~~~ ~ut ~cn ic: :~~r t - ~) ~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~

the cons tancy ~;n cI ia~ ir~iacv of contac t  ~~~~~~~~~~ the A~~R c r y s t a l  and f i l t a  ~~~~~~

had to be assessed between these two operations by us ing an internal standard

peak which is not sensitive to the changes in orientation . Identificat ion of such

an internal standard is often difficult and sometimes impossible. Therefore ,

a special ATR sample holder has been designed in this work that can be rotated

by 90 0 which requires only a single sample mounting. This was achieved by us ing

a double edged square—parallelogram (or trapezoidal) KRS—5 crystal rather than

the conventional , single edged , rectangular—trapezoidal KRS plate. As a result ,

—2—



the three optical constants , kx , ky, and kz, as def ined in Figure 1(a) are

d t t  c r r Y n c ( 1 by t i c  i c~; our equat ions , tb pr vid Eng a check on t h e  r c l  h a k i  t h y

of the data. Surface crystaliinity and molecular orientation values are thus

obtained.

EXPERIMENTAL

Polymers

High density polyethylene and polypropylenc~ were used . Polyethylene which

had a density of 0.962 g/cm
3 
was from Soltex Company of Houston, Texas (Soltex

F346B). Isotactic polypropy lene (Amoco 1050—14) had a density of 0.905 g/cm
3.

The films were blow molded at the Army Materials Research Center, Watertown ,

MA. A small degree of uniaxial orientation was detected on these films. In

order to observe the changes in crystallinity and molecular orientation as a

function of uniaxial drawing , elongation was carried out at room temperature

at a rate of about 2f~b /;~in to the dr r v  r~~ io  o f  up to ~~). Univ cen~~cJ nert b y::

of the draw film were analyzed .

- ~~~

The spec troscopic inves tigat ions  were carr ied out using a Dig ilab F ~S—i L

Fourier Transform Infrared spectrometer , with typically 100 scans at a reso-

lution of 4 cm ’. Multiple internal reflection attachment and the crystals were

purchased from Harrick Scientific Company . The twin parallel mirror attachment

(TMP—VOO) enabled easy and efficient alignment , with the capability of changing

the inciden t angle from 25° to 750 , though a constant incident angle of 53 0 was

chosen In this study. At this incident angle , the relative uncertainty for the

absorption constant k = 0.1 did not exceed 1%, with an arbitrarily chosen abso—

lute error of 1O~~ for the absorbance
10 .



In o rder  to solve the problem of d t f f e r e j t c o n t act  be tween  samp le and

r c f l e c t  Ion c~ ‘. t ~~1 t~~ ( i l  C US:-o c in  t i c  i t  ri . :i~ t ion , a ne ’ .’ d ev i c e  was desi; : nc~i

to enable the  use c)~ the  s.iac ’ s t a p le .  Square polrnc’r f i l m s  (17 .5  n~rn x 17.5 tarn)

we re p lacou b oth  s ides  of t h e  K RS — 5 (or  Ce) i n t e rna l  r e f l e c t i o n  e lement , as

shown in Vi d l l r (  I ( b )  . The ci e n e i i t  an d  f i i n s  were  pressed between two f a b r i c —

coated p ressu re  p la tes  sy m m e t r i c al l y ,  such tha t  the t r a n s m i t t e d  i n t ens i t i e s  were

the same when t h e set—up was rotated 90° (Fig. 1(c)). Since the sample holder was

rotated with the sample intact , the contact between sample and the crystal will

be the same . A polarizer of the tri ple diamond rype (PDDO1B) from 1-larrick Scien-

tific Company was used to give plane—polarized IR radiation . The polarizer could

be rotated through 90 0 to give either the transverse electric (TE) or transverse

magnetic (TM) components with an efficiency of 99% h 1
• Combinations of the sample

holder rotation and the polarizer rotation provided the following four equations

and three unknown optical c:nstants as derived by Fluornoy and Schaffets~ :

ln R ., = -h~k -
J~~i .X  V Z

1, _
i p —“1k.::

In g,1 — -

where c~, ~ , y values are constants of 87.48, 16.73, and 181.89 respectively .

Only three equations were needed for determining all three optical constants ,

while the fourth equatio~i provided a check for the reliability of the data.

The reflectivitics were measured spectroscop ically and adjusted for the number

of internal reflections and the differences for the transmitted intensities for

the TM and TV. components. The ratio of k
~
/ k represented a molecular orientation

on the plane of the surface , while the ratios k / k and k / k would providex z y z

.4—
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i n f o r m a t i o n  about  the radial d i s t r i b u t i o n  of molecu la r  o r i e n t a t i o n  nea r  t h e

s u r f a ce .  ‘l’he e~ ecu] a r orleata L i  on of t i e  l e i l  k poih .~acrs was de Lerr illu I u:~ ~~~
A 1;convent ional  t r ansmiss ion  technique , and us ing  the  d i ch i r o i c  r a t i o  (~~~~
_) as

the ra t io  of k
~
I ky • C r y s t a l l in i t y  on pol ymer su r f ace  was de te rmined  us in :

the absorbances for the previously assigned crystalline and amorphous bands

after ca l ib ra t ing  for  the d i f f e r e n c e s  in the penet ra t ion  depth  of the IR beam

at different w8venumbers. Bulk crystali.inity was obtained by the transmission

technique. For crystallinity measurements , unpolarized radiation was used .

Polymer film thicknesses were in the range of 25-~5Ojm , while the maximum

depth of the surface under study was l.8~ ri rherefore , the contribution from

the film surfaces to the transmission data was negligible .

RESULTS AI~D DISCUSSION

As examples to demonstrate the applicability of the new, rotatable sample

holder , both high density polyethylene and polypropylene were uniaxially cold

drs~~. an~ tic a~ aa rre1t cc stahl L O I t V  a’: o i Ec I : i a T  ~~r i o n t s t~~cn e orc  t~~~~s’ rc h a . :

a function of thc draw ratio both on surfaces cud the bulk.

The ~c t e - t  .~ - c r c e  ~f :r;~ tab b i i h t ’ :  ~~~~ ~ p : t 1 ~~- :~

on e:b. . : ~~.h:L , L~~:’ c 1 
h~~a. . : y r i  ~~~~~~~ 1i~~~~ ~

the eq uat ion derived by Hendus and Schnell t 2 :

X = 100 R/(R + 6.1/16.4)

where R was A i / A ...j . The reason for the choice of these bands
1894cm 1303cm

over 72Ocm~~ and 73Ocm~~ bands was twofold : first , these bands were less sensitive

to crystal orientation than the latter bands; and secondly, the intensities of the

former bands were small so that even the bulk absorption for the thick samples

could be simultaneously obtained .

For polypropylene, the apparent crystallinity was obtained as the ratio of

—5-.
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the  cr v st a l l i  no 997cm 1 
band and t h e po rt i ~ t ent 975cm

1 
h nd. The r c u l t  S of

t h e  c c v c t n l l  h E I r  r:casurements wo rc~~ iic .: Ia F1 ;;tU t ’ ?.~~ .s x~i e e t e h , l ’i : :u i ’c 2

showed t h a t  t he  a pp ar en t  c r yst a l l in i t y  of the bulk increased with in crc ocin k

draw r a t i o  both  in pol ye th y lene and pol yp ropy l ene . It was obvious f r o m  Fi~~. 2

t ha t  the surface crystailinity is about the same as that of the bufl :  for both

samples. This trend should not be generalized for the comparison of bulk and

surface crystallinity because of many instances where the bulk and surface

having quite different crystallinity values had been observed before , depending

on the thermal processing or the crystallizatior~ substrate effect
3 .

For the determination of molecular orientatIon the strongly dichroic

2Ol6cm~~ band for polyethylene and ll60cm
’
~ band for polypropy lene were used .

Transition moments of these bands were believed to be almost parallel to the poly-

mer chain axis. The results of the orientation measurements were plotted in

Figure 3 and Figure 4 for polyethylene and polypropylene , respectively. From these

f igures , it was noted tha t  the ratio of k /  k , where x is along the s t re tch  direc-

t ion , becomes gr ta~~~~~’t aa  cue as the ~pocfnca ~~~ stre tched. This ‘~~ :s e:.oc~ t c: ,

since the  I h~ nan.i: use -]  :u r  ca !cu]z . t icn  wore pa-- ailol to the chain aai s.  i :-:e ce r.

t he r a t , 
~~/ 1. f r ’ ‘he :c r’ : ; : . ~ a:H ‘Hi wa~ :a e’:ilt Hf~ c’r r- t -

~~~ -‘ 5 ç’ -
~ 

‘ 

~: H . , o - .a~~~~.- : L- ’  ~~~~~~~~~ ~~~~~~~~~~~ ic sc-

data , the riup c of k vs. draw rati for t h e  hu lk. w~na g rea t er  t h i . r i r . f ar

surface. Especially at the high draw ratio, the surface showed smaller values

of k /  k than the bulk , suggesting some mechanism of relaxation of orientation

on the surface. The exact nature of this phenomenon is now under investigation.

On the other hand , both the surface and the bulk of polypropylene showed very

similar values of k I k up to the draw ratio of about 8. Fluornov ’~ had shown
x y

that a polypropylene film drawn uniaxially at 152°C at a rate of 2000% / miii a lea

had similar values of k / k for both bulk and surface at a draw ratio of 8.
x y

—6—



The d et e r mI n a t i o n  of k and the  e s t i n e.i t ion  of the  e r r o r s  a r t .: now i n
z

and u ii ] i c  r e p o r ted  l a t e r .

CONCLUSIONS

We have demons trated in this work that a new sample holder utilizing a

double—edged , square—parallelogram , rather than conventional single—edged ,

rectangular—trapezoidal KRS—5 crystal , can be used to quantitatively stud y

the surface molecular orientation . This new device allows the polymer film

to be mounted and rotated orthogonally while main ta in ing  identical  con t ac t .

Preliminary results obtained with this new sample holder indicate that in

cold drawn polyethylene , surface orientation is somethat lower than the

bulk orientation , while similar orientation was observed when comparing the

surface with the bulk of cold drawn polypropylene . The degree of surface crys—

tallinity was also compared with the bulk of these cold drawn samples. Even

though the crystallinity increases linearly with increasing draw ratio for both

poir.’etb ” ie ne and p o i e p r n a- i I cue , th e surface ~nd the b u lb :  are  c h ar a c t ~ r ~~.

in~ la r  va lue s  of  crvstal i  in . f ev .

—7—
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FIg. 1. Two perpendicular arrangements of rotatable polymer
sample holder. (la), assignment of coordiante axes ;
(lb), pathway of mul tip le internal reflection before
and after ro t a t i on  with double— e dged  square—para l le l -
ogram; ( ic)  shows r o t a t a b l e  samp le  holder  a s sembly .
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Fig. 2. Degree of crystallinity as a function of Cold
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