
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Aging of Pressure Sensitive Adhesives. II: Use of Multidetector Sec
Daniel J. P. Harrisonab; W. Ross Yatesac; Julian F. Johnsona

a Department of Chemistry, Institute of Materials Science University of Connecticut, Storrs, CT b

Research Laboratories, Eastman Kodak Co., Rochester, NY c Lexington Laboratories, The Kendall
Company, Lexington, MA

To cite this Article Harrison, Daniel J. P. , Yates, W. Ross and Johnson, Julian F.(1983) 'Aging of Pressure Sensitive
Adhesives. II: Use of Multidetector Sec', Journal of Liquid Chromatography & Related Technologies, 6: 14, 2723 — 2737
To link to this Article: DOI: 10.1080/01483918308064942
URL: http://dx.doi.org/10.1080/01483918308064942

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918308064942
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 6 ( 1 4 ) ,  2723-2737 (1983) 

AGING OF PReSSURE SENSITIVE ADHESIVES. 11: 
USE OF MULTIDETECTOR SEC 

* + Daniel J. P. Harrison , W. Ross Yates 
and Julian F. Johnson 
Department of Chemistry 

and 
Institute of Materials Science 

University of Connecticut 
Storrs, CT 06268 

ABSTRACT 

The use of multiple detector size exclusion chromatography is 

In this 
described for the study of aging of pressure sensitive adhesive 
films based on styrene-isoprene-styrene block copolymers. 
preliminary investigation of thin films, room temperature oxidation 
resulted in the formation of an easily detected carbonyl chromophore. 
While the chromophore concentration was monitored with a UV detec- 
tor on the chromatograph, the molecular weight distribution was 
measured with a differential refractometer. Several important 
general implications of this combination of detectors in SEC are 
described. 

INTRODUCTION 

The first paper in this series (1) described initial efforts 
to elucidate the nature of aging changes in the commercially 
important styrene-isoprene-styrene (SIS) block copolymers, especi- 
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2724 HARRISON, YATES, AND JOHNSON 

a l l y  a s  they are incorporated i n  pressure sens i t i ve  adhesives 

(PSA) . The use of multi-detector s i z e  exclusion chromatography 

(SEC) has proven extremely valuable i n  t h i s  study, and seve ra l  

aspects of i t s  appl icat ion w i l l  be  described herein.  

The use of SEC f o r  t h e  analysis  of polymers has been widely 

reviewed (2-5). Since SEC i s  primarily used t o  determine t h e  

molecular weight d i s t r i b u t i o n  (MWD) of polymers, i t  has found 

extensive use i n  study of polymer degradation, many such applica- 

t i ons  of which have been discussed by Abbb (6). Relative changes 

i n  MWD are very r ead i ly  observed, and with extreme care useful  

information can a l s o  be obtained on t h e  k ine t i c s  of oxidation 

chain sciss ion.  

The usefulnebs of SEC f o r  t he  ana lys i s  of random and block 

copolymers has been increased on occasion by using two o r  more 

detectors  (7,8,9,10). I n  these s tudies ,  t yp ica l ly  one detector  

(usually u l t r a v i o l e t  o r  infrared)  is  used t o  monitor t h e  concen- 

t r a t i o n  of t h e  comonomers, while a second detector  ( r e f r ac t ive  

index o r  l i g h t  s ca t t e r ing )  monitors molecular weight. Harmon and 

Fo l t  (7) used such a technique t o  measure t h e  comonomer r a t i o  i n  

SBR. In  a similar study, Stojanez e t  a l .  (8) invest igated both 

random and block styrenefbutadiene copolymers. In t h e  lat ter,  the 

copolymer composition w a s  determined by SEC, infrared spectroscopy 

and nuclear magnetic resonance spectroscopy, and although r e s u l t s  

f o r  the block copolymers were i n  very good agreement, t he  random 

SBR r e s u l t s  var ied somewhat. This was a t t r i bu ted  t o  a change i n  

the W ext inct ion coeff ic ient  of styrene,  depending upon the  

sequence length i n  t h e  random copolymers. 

Dual de t ec to r  (W/RI) SEC has a l s o  been used t o  determine the  

d i s t r i b u t i o n  of o l e f i n i c  l inkages i n  elastomers (11). In  some 

elastomers, small  amounts of unsaturated monomers are incorporated 

f o r  crosslinking, and t o  estimate t h e  concentration of these 

external  double bonds, Anderson reacted double bonds i n  the  elas- 
tomer with 2,4-dinitro-benzene sulfonyl  chloride,  thus forming a 

chromaphore with a high ext inct ion coe f f i c i en t  a t  254 nm. While 

t h e  SEC separated the  "stained" elastomer by molecular s i ze ,  t he  
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2725 AGING OF PRESSURE SENSITIVE ADHESIVES. I1 

R I  detector  measured t h e  t o t a l  concentration of polymer and the  W 

detector  provided the  concentration of external  double bonds. 

Thus, the d i s t r i b u t i o n  of external  double bonds as a function of 
MW was determined. 

In  the  oxidat ive chain sc i s s ion  o f  polyisoprene, a s i m i l a r  
e f f e c t  is obtained. According t o  Shelton et. al. (12), the end 

group residues after the  chain sc i s s ion  of polyisoprene are 

typ ica l ly  aldehydes and ketones. However, approximately 50% of 

these residues are a,B-unsaturated carbonyls, which are known t o  

have an extremely high ex t inc t ion  coeff ic ient  a t  about 237 nm 
(13). 
behave i n  an anaglogous manner. 

W and R I  detectors  i n  SEC f o r  studying aging i n  SIS formulated 

PSA's which i s  invest igated i n  t h i s  study. 

It i s  expected t h a t  t h e  polyisoprene mid-block i n  SIS w i l l  

It i s  the  use of a combination of 

It should be pointed ou t  t h a t  multiple detector  SEC has 

received some criticism by Bressau (14), who contends t h a t  t he  

connecting tubing and f i t t i n g s  between detectors  not  only changes 

t h e  e l u t i o n  volume but a l s o  alters t h e  shape of t he  chromatogram. 

I n  h i s  experiments, 20-50 c m  cap i l l a ry  tubing and high dead volume 

f i t t i n g s  were used. By shortening tubing lengths and using only 

low dead volume f i t t i n g s ,  t hese  problems can be minimized. 

The SEC used i n  these experiments consisted of a Waters 6000A 
solvent  del ivery system with a model U-6 sample in j ec to r ,  4 

p-Styragel columns (10 , 10 , 10 , and 500&, a Varian model W-50 

va r i ab le  wavelength W detector ,  and a Waters Model R401 R I  

detector.  These detectors  were connected i n  ae r i e s ,  with t h e  R I  

following t h e  UV detector .  Valco low dead volume f i t t i n g s  were 
used i n  a l l  connections. 
detectors  w a s  S25 c m  and the  cap i l l a ry  I D  w a s  .05 cm. 
through cel l  w a s  cy l ind r i ca l  ( lmm x 6mm) t o  minimize mixing. The 

solvent  w a s  f r e sh ly  d i s t i l l e d  unstablized THF, and t h e  flow rate 
was  1.5 cm /min. The instrument was ca l ib ra t ed  with narrow MWD 

5 4 3  

The tubing length between t h e  W and R I  

The W flow 
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2726 HARRISON, YATES, AND JOHNSON 

polystyrene standards (Pressure Chemical), but s i n c e  the  Mark- 

Houwink constants were not known f o r  t he  SIS  block-copolymers used 

i n  these experiments, da t a  are reported as a function of e lu t ion  

volume. 

Rubber solut ions (20% SIS by weight) were mixed f o r  24 hours 

i n  the dark on a gen t l e  w r i s t  a c t ion  shaker, using nitrogen-degassed 

toluene (reagent grade) as t h e  solvent.  SIS waa from a commercial 

l o t  of Kraton 1107 (Shel l  Chemical Company). The r e su l t i ng  solu- 

t i ons  were s tored i n  t h e  dark under argon u n t i l  used. 

Solutions were coated with a Gardner Ultra Film Applicator on 

25-pm polyethyleneterephthalate fi lms taped t o  g l a s s  plates .  The 

coatings were f i r s t  dr ied i n  the dark a t  20-25'C f o r  one hour 

under a continuous, slow nitrogen purge. 

40'C i n  a 3300-Pa vacuum f o r  4 hours. 

small nitrogen leak was provided t o  t h e  drying system t o  sweep 

away any r e s idua l  toluene o r  oxygen. It i s  l i k e l y  t h a t  most of 

t he  butylated hydroxytoluene (BHT) incorporated i n  t h e  rubber 

manufacturing process w i l l  be removed i n  t h i s  vacuum drying s tep.  

They were then heated t o  

During t h e  heating cycle,  a 

W spectra  of polymers i n  unstabi l ized THF were recorded with 

a Beckman Model 25 spectrophotometer. 

RESULTS 

In  order t o  determine t h e  optimum wavelength f o r  t he  W 

detector ,  UV spec t r a  of both polystyrene and polyisoprene i n  THF 

were recorded. While t h e  polyisoprene can only be detected below 

232 nm, the polystyrene can be detected below 232 nm, and a l s o  

between 250 and 270 nm. Since i t  w a s  found t h a t  t he  R I  detector  

responded w e l l  t o  solut ions of e i t h e r  polystyrene o r  polyisoprene, 

the UV detector  w a s  operated a t  259 nm, t h e  absorption maximum f o r  

polystyrene i n  t h a t  region of i t s  spectrum. It should be noted 

t h a t  W spec t r a  of t h e  polymer solut ions cannot be recorded below 

%224 due t o  a max imum a t  -220 f o r  THF. Further considerations 

of detector  wavelength w i l l  be  discussed later. 

It w a s  found t h a t  when solut ions taken from t h i n  SIS f i lms 

were analyzed on t h i s  SEC, t h e  UV and R I  r e s u l t s  were q u i t e  
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AGING OF PRESSURE SENSITIVE ADHESIVES. I1 2727 

I I I 1 

I I I I 
18 20 2 2  24 

Retention Volume 

FIGURE 1: SEC chromatograms of unaged 4 pm SIS  Films. The W 
detector  wavelength w a s  f ixed at  259 a m  and t h e  r e t en t ion  volume 
w a s  recorded i n  m l .  

d i f f e ren t .  As seen i n  Figure 1, the  R I  detector  indicates  t h a t  

very l i t t l e  degradation has occurred t o  t h i s  0.16 m i l  unaged SIS 

film. This molecular weight d i s t r ibu t ion ,  i s  typ ica l  of unaged 

S I S  block copolymers. The l a r g e  peak a t  17.8 min (Q2.5 x 1 0  mu) 

revresents  t he  SIS tri-block molecules, while t he  shoulder a t  18.8 

min ( ~ 1 . 3  x 10 amu) r e s u l t s  from S I  diblock fragments which did 

not  couple i n  synthesis.  The small peak a t  22.5 min (Q10 mu) i s  

polystyrene (PS) homopolymer which terminated p r io r  t o  anionic 

polymerization with isoprene. For a general  discussion of  t he  
synthesis of these block copolymers see Dreyfuss, et  al. (15). 

On the  other  hand t h e  W detector  response i n  Figure 1 

5 

5 

4 

appears t o  ind ica t e  t h a t  subs t an t i a l  degradation of tr i-block SIS 
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2728 HARRISON, YATES, AND JOHNSON 

TABLE 1 - 
SEC Fraction Location 

Fraction 

1 
2 
3 
4 
5 
6 

Retention Volume ( m l )  

16.0 - 17.8 
17.8 - 18.5 
18.5 - 19.2 
19.2 - 20.8 
20.8 - 21.5 
21.5 - 24.0 

molecules t o  di-block S I  fragments has occurred, if one views the  

response i n  t h e  usual way as an indicat ion of MWD. Since the  RI 
response is  unmistakably MWD, i t  would appear t h a t  very l i t t l e  

degradation t o  t h e  SIS f i lm has ac tua l ly  occurred, and t h a t  the 

small amount of degraded mater ia l  must contain a chromophore whose 

molar ext inct ion coe f f i c i en t  (E) i s  subs t an t i a l ly  greater  than 

t h a t  of polystyrene a t  259 nm, thus yielding a l a r g e  UV response 

i n  t h i s  region. 

In  order t o  determine t h e  chemical moiety responsible f o r  the 

very l a rge  absorbance a t  259 nm, a 3 . 8 ~  th i ck  f i lm of SIS w a s  
dissolved i n  THF and fract ionated i n  the  SEC. Six f r ac t ions  were 

collected,  two from the  SIS region, one from between the  SIS and 

the  S I  peaks and th ree  from t h e  S I  t o  t h e  PS region (Table 1). 
W spectra  (220-29Onm) were recorded f o r  each of these f r ac t ions  

and the  r e s u l t s  are summarized i n  Figure 2. It w a s  observed t h a t  

f r ac t ions  I and 2 are composed l a rge ly  of polystyrene and polyiso- 

prene, as expected. Fraction 3 shows some traces of polystyrene 
as w e l l  as a broad shoulder centered a t  240 nm on the l a rge  

polystyrene/polyisoprene absorption. I n  f r ac t ions  4, 5, and 6, 

very l i t t l e  polystyrene is observed a t  260 nm while t h e  shoulder 

observed i n  f r ac t ion  3 is  now resolved i n t o  a peak which has its 

maximum a t  approximately 237 mu. 
The Woodward-Fieser r u l e s  f o r  carbonyl compounds (13), 

predict  t h a t  a subs t i t u t ed  (%,@-unsaturated carbonyl w i l l  s trongly 
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AGING OF PRESSURE SENSITIVE ADHESIVES. I1 2 729 

C 
C .- 5 
C 
U 
2 a 

2 :  
-----44 240 260 280 

Wavelength (nm)  

FIGURE 2: Ultraviolet spectra of SEC fractions in THF. The 
retention volume range of each fraction is shown in Table 1. 
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2 730 HARRISON, YATES, AND JOHNSON 

absorb between 220 and 250 nm. It has been shown by Shelton et  

al .  (12) t h a t  such compounds are formed i n  the  oxidative chain 

sc i s s ion  of polyisoprene. While low MW compounds l i k e  2-butenone 

are a v o l a t i l e  product of t h i s  oxidative chain sciss ion,  other  a,$ 
-unsaturated carbonyls may e x i s t  as end groups on t h e  isoprene 

chain a f t e r  sciss ion.  

In  addi t ion t o  t h i s  maximum of 237 nm, a s t rongly absorbing 

shoulder a t  Q250 nm is  a l s o  observed i n  f r ac t ion  3-6. This i s  

probably a s imi l a r  res idue with a s l i g h t l y  d i f f e r e n t  s t ructure .  

Thfs shoulder extends w e l l  beyond 259 nm and thus is  responsible 

f o r  the in t e r f e rence  observed i n  the  W chromatogram (Figure l ) ,  

s ince its ext inct ion coe f f i c i en t  may be as much as an order of 

magnitude g rea t e r  than t h a t  of PS a t  t h i s  wavelength. 

t he  R I  detector  shows very l i t t l e  material i n  the  S I  t o  poly- 

s tyrene region of t h e  chromatogram, a s m a l l  amount of material 

with a high ext inct ion coe f f i c i en t  produces a l a rge  W detector  

response a t  259 nm. 

Thus, while 

As a r e s u l t  of t h i s  f inding,  SEC chromatograms of 2.5-um SIS 

fi lms w e r e  recorded with the  va r i ab le  wavelength W detector  at 

237 nm. A comparison of UV chromatograms a t  237 NIL, 226 nm and 

259 nm is shown i n  Figure 3. A t  226 nm both polystyrene and 

polyisoprene absorb strongly,  while t h e  a,$-unsaturated carbonyl 

residue absorbs only moderately. The S I  and SIS peaks thus 

resemble those found i n  t h e  R I  response, and are s t rongly r e l a t ed  

t o  MWD i n  t he  polymer; t he re  is  however some interference from the 

strongly-absorbing carbonyl group, as seen by comparison with the  

R I  chromatogram i n  Figure 1. The SEC chromatogram run a t  237 nm 

is  very sens i t i ve  t o  both polystyrene and PI .  The chromatogram 

recorded a t  259 nm is less sens i t i ve  t o  t h e  carbonyl group, and 

moderately s e n s i t i v e  t o  t h e  polystyrene, however, t he  carbonyl 

group s t i l l  dominates. 

These r e s u l t s  point out  a p o t e n t i a l  problem from using a 

fixed wavelength UV detector  alone t o  study MHJI i n  polymers 

suscept ible  t o  oxidation. 

been used i n  t h i s  study, as an example, t h e  r e s u l t s  would have 

I f  only t h e  W detector  a t  254 nm had 
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AGING OF PRESSURE SENSITIVE ADHESIVES. Z I  2731 

UV Detector  4 ' "  Wavelength (nml 

Retention Volume 

FIGURE 3 :  SEC chromatograms of 2.5 lm~ SIS films using a va r i ab le  
wavelength W detector  a t  259,  237 and 256 nm. 

been very misleading. Data col lected a t  254 run would lead one t o  

be l i eve  t h a t  extensive degradation of S I S  tr i-block t o  S I  diblock 

had occurred, while i n  f a c t  very l i t t l e  occurred, and the  small 
amount of degradation which did occur was  accompanied by formation 

of a product with a very l a r g e  ext inct ion coeff ic ient .  Infor- 

mation obtained simultaneously from UV (226 m) and RI detectors  

prevent t h i s  misinterpretat ion.  Thus, whenever possible,  it is  

desirable  t o  use both detectors  simultaneously when studying 

unsaturated polymers under conditions of degradation. 

From t h i s  information i t  seems t h a t  t h i s  is  a very sens i t i ve  

method of detect ing carbonyl groups t h a t  r e s u l t  from the  oxidat ive 

chain sc i s s ion  of polyisoprene. However, i n  order for t h i s  tech- 
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2732 HARRISON, YATES, AND JOHNSON 

t 
t 

Z 
0 - 
I- 
W 
U 
Iz 
LL 

I I . 0  

1 KTENTIDN TIME 

FIGURE 4: SEC d i f f e rence  chromatograms us ing  an W d e t e c t o r  f ixed  
a t  237 nm. Normalization of t h e  chromatograms was achieved 
through d iv id ing  t h e  de t ec to r  response by t h e  response a t  t h e  SIS 
peak (16.8 ml). The unaged sample was  taken from a bulk  SIS l o t .  
The aged f i l m  w a s  coated from t h e  same l o t  and had a dry th ickness  
of 8.6 pm. It was aged i n  a i r  f o r  seven hours a t  8 O O C .  

nique t o  be  a t  least semi-quantitative,  a method of normalization 

must be designed. Using t h e  information obtained from both R I  and 

UV de tec to r s ,  we have found t h a t  t h e  concentration of SIS  molecules 

i n  a given sample i s  e s s e n t i a l l y  constant,  f o r  s h o r t  aging times 

a t  temperatures no g r e a t e r  than  about 8OOC. Also, s i n c e  t h i s  

an ion ica l ly  polymerized polymer has  a very  narrow MWD, one can 

achieve normalization by d iv id ing  each poin t  on t h e  chromatogram 

by t h e  SIS  peak he ight .  
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AGING OF PRESSURE SENSITIVE ADHESIVES. I1 2733 

1 
I 

difference 
10 H 

RETENT I ON T I ME 
FIGURE 5 :  SEC difference chromatograms using a R I  detector.  
Normalization of t h e  chromatograms w a s  achieved through dividing 
t h e  detector  response by the  response a t  t he  S I S  peak (16.8 ml). 
The unaged sample w a s  taken from a bulk SIS  l o t .  The aged f i lm 
w a s  coated from t h e  same l o t  and had a dry thickness of 8.6 um. 
It was  aged i n  a i r  €or seven hr.  @ 8OoC. 

Once the  d a t a  have been normalized, changes i n  the  carbonyl 

content can be followed with aging time. I n  order t o  f a c i l i t a t e  

such an experiment, a difference chromatogram is determined by 

subtract ing t h e  chromatogram of an uncoated and unaged sample from 

one of a coated and/or aged sample, so long as each chromatogram 

was previously normalized t o  t h e  SIS peak height.  The area under 

t h e  r e su l t i ng ,  difference chromatogram represent t h e  carbonyl 

content i n  t h e  sample being investigated.  

standardized t o  lcm x lcm x t h e  f i lm thickness,  the r e l a t i v e  

If t h e  f i l m  volumes a r e  
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2734 HARRISON, YATES, AND JOHNSON 

concentration of carbonyl groups i n  a f i lm  can be calculated from 

the  area under the  difference chromatogram. Using such a standard 

sampling volume, t h e  relative concentration of carbonyl groups i n  

f i lms of varying thickness can be compared. 

Figure 4 illustrates t h e  subtract ion procedure used. I n  t h i s  

case, t h e  chromatogram of SIS bulk polymer is subtracted away from 

one of an aged (7 hr ,  8OoC, A i r )  8.6 pm SIS  film. The a rea  under 

t h e  difference chromatogram is then calculated and used as a 

measure of t h e  carbonyl content i n  t h e  specimen. To i l l u s t r a t e  

t he  soundness of t h i s  technique, f i gu re  5 shows the  subtract ion of 

t h e  R I  chromatogram of SIS  bulk from one of SIS f i lm  aged seven 

hours a t  8OoC i n  a i r .  
two fi lms a r e  e s s e n t i a l l y  equivalent,  with no appreciable mass 

change of SIS t o  S I  having occurred. 

The difference chromatogram shows t h a t  t he  

DISCUSSION 

Although SEC is w e l l  su i t ed  €or s tud ie s  of polymer degrada- 

t ion,  detector  choice i s  crucial .  I n  t h e  case of t h i n  SIS block 

copolymers f i lms a f ixed W de tec to r  a t  254 nm can give misleading 

r e s u l t s  due t o  in t e r f e rence  from carbonyl bands. By using both a 

va r i ab le  wavelength UV detector  and an R I  detector ,  t h e  extent of 

oxidation i s  e a s i l y  followed. Further, i f  t h e  W detector  is set 
t o  a wavelength a t  which t h e  degradation product absorbs, substan- 

t i a l  information on t h e  degradation process can be obtained. Such 

a method has been developed f o r  studying t h e  oxidation of t h i n  SIS 

block copolymers f i lms used i n  PSA's. The method measures the  

formation and/or de t e r io ra t ion  of carbonyl groups which absorb a t  

237 nm. Such groups are typ ica l ly  found as chain end residues 

a f t e r  oxidative sc i s s ion  (12). 

Further improvement of such experiments could be made by 

using a W spectrometer which is  capable of quickly scanning (1-2 
sec.) the flowing eluent  from the  SEC (16). This would y i e ld  a 

separate  W spectrum f o r  each segment of t h e  chromatogram. Thus 

typ ica l  components could e a s i l y  be iden t i f i ed .  
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In the  SIS fi lms examined i n  t h i s  study, the presence of 

small amounts of oxidative chain sciss ion products had a dramatic 

e f f e c t  on the u l t r a v i o l e t  detect ion of these materials. It is 

believed t h a t  surface oxidation of these fi lms was responsible f o r  

t h i s  e f f ec t .  

diene (PB) fi lms exposed f o r  short  periods t o  room temperature a i r  

showed a dramatic increase i n  adhesive bond s t rength t o  other  iden- 

t i c a l  f i lms. It was believed t h a t  surface oxidation was respon- 

s i b l e  f o r  t h i s  e f f ec t .  Polyisoprene a l s o  undergoes such surf ace 
oxidation. However, s ince chain sciss ion predominates over cross- 

l inking, no covalent bonds are formed across the adhesive inter-  

face, as i n  the  case of PB, and no increase i n  adhesive s t rength 

is  realized. 

It has been shown by Chang e t  al. (17) t h a t  polybuta- 

The fi lms studied i n  these experiments were very th in  (Q.5 

urn) and tha surface t o  bulk r a t i o  was su f f i c i en t ly  high t o  allow 
the  detect ion of these materials. Other methods such as mult iple  

i n t e r n a l  ref lectance infrared spectroscopy (MIR/IR) proved too  

i n sens i t i ve  t o  de t ec t  t h e  surface oxidation i n  these films. 

However, i n  S IS  f i lms aged f o r  several  hours a t  95OC MIR/ IR  was 

found t o  be very useful. (1) The r e s u l t s  of those experiments 

were found to  be i n  agreement with the  FTIR studies  of Shelton 

(12). 
Future s tudies  w i l l  f u r the r  characterize surface oxidation i n  

These data  w i l l  then be used t o  develop a model of t he  SIS  films. 

influence of surface oxidation on t h e  aging of SIS based PSA's. 
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