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ABSTRACT

Chemical composition—depth profile in the range covering 100°A to 2~i was

obtained with well—characterized polyether poly (urethaneurea) elastomners

by combining FT—IR internal reflectim technique with ESCA . In FT—IR tech-

nique, either the i”t ident angle of the internal reflection attachment was

changed or a thin film, which is transparent to most of IR radiation , was

cast directly on the reflection plate to redu’ce the depth of the IR beam

penetration in order to obtain surface chemical composition at various

depths. Our results show that the flexible, soft segment is more abundant

on the surfaces, especially at the air facing surface, as compared with

the bulk composition . This trend is observed not only in the first lOO°A ,

but also into a much deeper depth , such as l~ . Our results suggest that

the migration of oligomers (“u 5000 NW) such as tritners or pentamers, which

h~vc soft segments at both ends is responsihl.e for the observed 1dj~h con t en t

of soft segment on the surface. The presence of the oligomers are m di—

c~’ t i  by CPC and the .:trac~ ion s :~ c.~; i~ 1 1~~~ L thai: tLey ~. mn .’e ~~~~~~ ~~~-it

of € ~it ~:cr ~~~e 1 L  a;~~.~~ n cc~~~ar~ d with  ~L bulk :.c’~~~c~~l~~~~u .
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Polyether  polyurc thanes  or po lyurethaneur eas  are  I m u l t  i -  ~~~~~~~ ;. n t e d

copolymers consist ing of short , hard segments  (u re thane  or ur o :~s)

connected with sof t , rubbery pol yether  segments.  The p r o p e r t J c . ~ of t~~a a

polymers , as thermoplastic  elastomer s , arc pr imari ly a t t r i b u t a b l e  to

the phase segregat ion of so f t  and hard segments , leading to t i m e

formation of hard segment domains , which are dispersed in the rubbery

polyether matrix. A variety of compositional and processing variables

are known to a f f e c t  the degree of bulk phase segregation and the volume

fractions of the hard segment domains in bulk”2. Furthermore , at or

near the surface, the thermodynamic and kinetic factors may alter the

ratio of volume f r ac t i ons  of hard to sof t  segment phases . Our previous

work with two commercially available polyurethane materials , Avcothane
T

and Biomer 1’
~~, ind ica ted  tha t  the c o n c e n t r a t i on  of the s o f t  se~~~ent

incresed sharply  n en r  t L e  su r f a c ~~, especially at the s u r f a c e  ~~~ic n  fac c~i

air  d u r i n g  the soj ’ . r r t  c~~n t i m : g  o~ ccec1ure 3 ’
1 
‘~~ . ~~~~e to t !c  pro~~r~ o~~: rv

nr ~tu r c  01 t i~c — e C J  .:. tc:i :J pc’ , : - ~~s , 1 L  ~ i f f ~~c~~~ t~

bulk s t r u c t u r e — s u r f a c e  p r op e r ty  rc ] .at ionsh ips .  flowever , in o t h e r  block

copolymer system~ , similar types of behavior have been observed .

For example, Thomas and O’Malley reported that in polystyrene—polyethylene

oxide block copol ymers , the amorphous polys tyrene  was more abundant

near the s u r f a c e , as observed by ESCA 6 . Also McGrath et al reported

that in polycarbonate—pol ydimethylsiioxane block copol yzner , ESCA scans

mainly showed the polydimethy lsiloxane spectra
7. These results obtained by

ESCA provide information on the surface chemical composition only in
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0
t i R  i r -;t  I Oft\ la’~cr  . I w i l l  b V L L \ u s e f ui  to have th~ s ur f a c c

chemical c o m p o s i t i o u — d ~~’ t i i  p r o f i le  noL onl y for the  f i r s t  100A , but

also covering a couple of micron. Toward this goal, we have combined

FT—JR mult iple internal reflection technique and ESCA analyses and

obtained surface chemical composition—depth profiles with well—

characterized 8’9 amorphous polycther pol y(ure thaneureas ) , which is a

well phase—segregated system in the bulk. In FT—IR internal reflection

technique , e i ther  the incident angle of internal reflection attachment

was changed or a thin film (which is transparent to most of IR

radiation) was cast on the reflection plate to reduce the depth of

the IR beam penetration, thus enabling us to do depth profiling.

EXP ERr tEN TAL

N ater~ als. Two samples of po lve ther  pol yurethaneurea s  based en

2 ,4 toluene d i i socyana te  (2 , 4 T D J ) ,  e th y lene diainine (ED) , and

poly t e t r ame thy lena oxide (PT~10 , ~~~ . .  1000 or 2000) were u: ;ed. T~ e

ch~~~Jcal  St~~ ’ c t J : c  ~~ ~~~~ “J ~~ i . a  ~~~~~ I .  ~‘~e ‘ t . L ~~ n i a ;  of ±.:~

polymers by solution pol~merization has been described b e fo r e 8. One

samp1,~e has the molar ratio of 2:1:1 for 2,4 TDI:ED:PTHO (N.Y . 1000),

while the other sample has the molar ratio of 4:3:1 for 2,4 TDI:ED:PTMO

(M.W. 2000). The average urea content (hard segment content) in the

bulk is the same as 30% for both samples. The molecular weight by GPC

and the thermal transitions for these two polymers are summarized in

Table 1. Both samples show extensive phase segregation with the

latter being even better in phase segregation than the former. Both 

~~
-~ :
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samp les arc comp it at e l y amorp hous.  l’ yaL r films were cast fro;,~ 57~

DMF solution and dried under vacuum oven at 50°C for at least 2 days.

Methodm . FT—JR internal reflection spectra were obtained by

using a KRS—5 reflection plate at the incident angle of either 45° or

60° with Wilks ~Iodel ~
‘
~9 int~ r n m ~ r o f l e c t  ion attachment. Calculations

on the equation t h a t  flarrick der Cd m show that the surface depth

that the IR beam peni t r u e d  was d ot  . and 1. 3~~I for 450 and 600

incident angle, reopi ’ctiv~- lv. Ke1— F~~ ~opo1vme r from 3N Company

was used to reduce t~~~~ p ene tr at ion ti I ~ . IR beam by casting directly

on the KRS—5 plate 3. The Lh1~~~.. s of thi fil:a was O.66p, therefore,

at the incident amia:le of 60 , tt~ e~ I~-~ tiv e depth that was averaged

was O.6p. The spectra of K el- i o~ tib trac ted from the internal

reflection spectra 1v i~;i~. a1 subtraction . -~t~\ scans were obtained

on a Physical Electroni cs r kn, ii ~s, I’I!I ~Ll i4~ ESCA/\uger Electron

Spectrometcr by c:i:i~ ~~~~~~~ 
r~:d:at~~ n a t  lO~ torr vacuum at ~mbicnt

tempe ra t ~u e  . I ~c w i  ~dew ~. u  ~~,: a 10 cv ~nd the scan r at e  wns 0.01

S c:a~ a 15 ( •  . .1 ~~In  j~~~ ’ , 0 Zfl 1 n
I

was ad jus ted  to  be the  sane so as to compare the area d i rec t ly.

Results and Discussion

Before we present the results on surface chemical composition ,

it will be useful to comment briefly on the bulk phase segregation and

the domain organiza t ion  of the two samples we chose fo r  the s tudy.

Both of these samples are pol yether  poly (u reth aneureas ) , which have

2,4 toluene diisocyanate and ethylene diamine as hard segment and

poly(tetramcthylene oxide) as soft segment, as shown in Scheme I.

___________ — 

~~~~
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One samp le (2 :1:1 compos i t ion  of 2 , /u TDI :ED :PT M O 1000) has 1000 . U .

polyether  while the other  (4 :3: 1 composition of 2 , 4 TDI :ED:PTNO 2000)

has 2000 ~I.W. polyether as the soft segment. However , the total

weight percentage of the hard segment (urea) and the soft segment

has been controlled to be the same. In both of these samples , the

phase segregation and domain structure were greatly improved as

compared with diol extended analogs , as evidenced by the lower Tg

of the soft segment phase and the higher Tg of the amorphous hard

segment domain11 (refer  to Table I). The presence of the amorphous ,

relatively pure hard segment domain was supported by small angle x—ray

scattering and DSC studies for both samples12. Between these two ,

PTMO 2000 polymer exhibited better phase segregation than for the PT~IO

1000 pol ymer in terms of p u r i t y  of so f t  segment phase. In Pf~O 2000

sample , the sof t  segment phase is almost ‘ure , f ree  f rom solu~~il izcd

hard segment while in the  PT -I0 1000 samp le , the  ~oft  a c ~ ,nen t  ~~d L L I ~~~~z

contains an appreciable amount of solubilized hard segment13 .

hith this hr c~~;roori JniioannLion s~ atc~~, ~ a ~‘1II n:~i di ~~c n r s

re .ulrs on the burface C:1e :uiCai conr or;ition obtru ~ned ~ i~ h t~~aa ra

samples. Figure 1 shows the plot of the relative ratio of soft

segment/hard segment as a function of the averaged surface depth for  the

air facing surface of both samples. The ether absorption peak at 1110

cm 1 was used as representing soft segment content whereas both of

the urea carbonyl peak at 1640 cm~~ and aromatic peak at 1600 cm~~ were

used as representing the hard segment to confirm the reliability of the

data. There seems to be a good agreemen t as shown in Figure 1
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b e t  w~~~n t h e  t w o  values ;  i .e.  A 1110 ~~~~ ~ A 1640 cn ’ 
( t  r i a ng l e a )

ari d 
~~ll0 cnH- / A1600 cm ’ 

( s q ua r es )  as the r at io  of so f t  se~n uuun t / 1 iard

segment. These intensi ty ratios were obtained a f t e r  calibrating

for the differences in the penet ra t ion  depth of the JR beam since

the penetration depth at 1110 cm~~ would be somewhat greater than that

at 1600 cm~~ or 1640 cm~~. It is also useful to point out that the

data plotted in Figure 1 r e f l e c t s  the composition averaging the specif ied
11

depth f rom the surface , rather  than the composition at that depth.

~lso the specified depth is the theoretical maximum value when

assuming ideal contact between sample and crystal plate. Some

interesting features can be pointed out from Figure 1. For both

samples, the relative ratio of soft segment/hard segment increases when

one comes near the surface.  When the averaged depth is 1.9~~, this

ratio for PT:iO 1000 sample is about the same as the bulk conposi t ion

(as obta ined by the trmis:.:issic I~ t~~~lnii 1uio ) but the ra t io  fo r  J~TT~0

2000 samp le is s l I g h t ly  hi~’ber than the bulk composition. But nearer

the suriac?. a ~~ i~~::•ut ’ ~ ~ .n c ’ : ] ’: C :n’T’ Y z ,  I~~a :‘~~~~~~:~~~, t : e  L z ~

for the PTMO 2000 samp le shows g rea te r  extent  of non—uni fo r r  Lt y  of the

components than for  PT~1O 1000 sample in such a way that more s o f t

segment is found than the hard segment.  Figure 2 shows an analogous

plot for the glass facing surface of both samples. Very similar trend

is observed between Figure 1 and Figure 2, except that for PTMO 2000

sample, a slightly higher ratio of soft segment/hard segment was

observed in air facing side than for the glass facing side. Since

it is difficult to achieve the contact efficiency of 100Z between
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sa mple  and t c  cr ’.’ n t n l  pla te , t hu  i S a I C  ‘ 1  am .n : : nhl f l t  of unc irt a ntv

in the depth values in FIgure 1 and Figure 2. However, it is reaso nable

to expect the similar contact efficiency throughout our experimental

procedure. Therefore , t h e  trend would remain the same , eve n though

the cu rves would be sh i f ted  toward the shorter  depth.

For the surface chemical composition in the first 100 or so ,

ESCA analysis was used. Since nitrogen is originated only f rom hard

segment and the oxygen is mostly f r om sof~t segment , the rat io of 0/N

ESCA peaks is used as representing the relative content of soft segment!

hard segment . The ratio of 0/N in the bulk can not be directly measured

by ESCA but has been estimated from the composition to be about 4.

The ESCA results  on the surface composition of these polyu rethanes are

summarized in Table 2. It is ohv~ ous f rom Table 2 tha t  the rat io o

0/N on surfacts of both samples is greater  than that  for  the bulk ; i . e . ,

more soft ~e~e ~nt. i foenci on Li? snrfncC s t han u n~]d be c~:i :ct ed F r cn .

the hulk average . Yhen two samp ] es are c . n:pnr e d  w i t h  each oth:r ,

i T ~~~2 2000 r ~~ilc~ e:~ uih ts LhL s r~~ei .1 to a : iciu grL1~~ r o~~t e i t .  ~~~~~~

I I~ hJ lC 0 : ,  s::.~n 1 c .  W i t h  L j C  sri . .  s n : p lc. a .  u su r f  . .a sho :a i~~ 1.. t

ratio of Of~ . These ESCA results appear to be consistent with the

trend indicated by FT—IR results .

Other researchers found similar behavior of non—uniform d is t r ibut ion

in other block copolymers by ESC A and have interpreted it due to the

lower surface energy characterist ic of the component more abundant

on the surface~ . Ce rtainly,  in ou r systems , sof t  segment po l ve the r has

lower surface energy than the hard segment (aromatic urea) . However.
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our resuLts show tha t the non—un form distr~ ]i ut ion is observed

at a depth much beyond what would be expected since the length of the

soft segment can not be more than a couple of hundred angstroms . A

careful examination of CPC scans of our polymers show a small amoun t of

lower molecular weight (o~ 5000 M.]~.) species as indicated in Figure 3.

The relative amount of these species is about the same ~or both samples.

In order to separate these lower molecular weight species , the polymer

(4:3:1 composition of PTMO 2000 series) was stirred in DMF at room

temperature for a very brief time (15 minutes). Usually a couple of

hours of stirring is required for a complete solution of these polymers.

Therefore, the extractables obtained after such a brief time of stirring

are expected to be composed of mainly lower molecular weight species.

JR transmission spectra of the extractables taken after the solvent is

dried shows t i.O intensity ratio of :\ —1/A —l to be about 4,1110cm 1650cm

wh~ ch ind icates that the lower moleculer weight species have cinch hi~ 1:er

soft segment concentration than the bulk composition . Therefore , tiic se

sp~ c~ zs nrc 1L:u].-; to ha rri~.~~rs or n c n t  sc ers such : as h — L r : S~ f~.,

S?f t—}1rjr —f o 1t~-b; rd—SofL with sotc :eg~ erits at bo ..h end: . Duiiixg ~i~c

drying process these trimers and pentamers would migrate toward sur-

faces. The migration would be expedited since the solvent, dimethylfor—

mamide appears to be a better solvent for PTMO (soft segment) than for

the hard segment. Since these oligomers would contain much higher con-

tent of soft segment than the bulk average , the surface chemical compo-

sition would be richer in the soft segment. This trend is what we

observe by FT—IR and ESCA techniques. The fact that the PTMO 2000 sample

exhibits a greater extent of this trend by about a twofold as compared with



8.

the PTNO 1000 samp le can be expla i ned since ti e oli gome rs 01 PUfl 2000

would have about twice the ratio of soft segment/hard s e y nen t  as compared

with those of PTMO 1000, as long as the oligomers have ‘[NO ends .

Conclusion

The surface chemical cn np o s i t i on  depth profile of wel ]—chnrrctcrized ,

well phase—segrega ted polyet.her polyurethaneureas were determined

by a combinaticnof }T—IR and ESCA techniq ues , in the su r f a c e  dep th range

of 100A° to 24. Our results show that the flexible , soft serment is more

abundan t on the surfaces , especially at the air surface as compared with

the bulk composition . This trend is observed not only in the first b O A
0

but also when a much deeper depth such as lu level is averaged. Our

results su~ c~.sL that the migration of o.Ligoners (‘\ 5000 ~‘t) such as

trimers or cntanerc , whi ch  have s o f t  ue~~sen~ s nt b o t h  end:; is ru spcnsfbl

for the observed high c on t e n t  of soft segment. on the s’r :~ace. ibc,  presence

of ~‘h:c  o].~.~~ nc ::s are ‘
~~~n, : :~~ ~7 f r r .~ t ! : a ~~~.,~~: a e L i : u s t n - U c c  ~~~ ‘‘cr ~

c~~st t c y  b i i  ighe~ ~u~~u ~~~ cc  so ~.e ; 1.C: ’ . L  ~ h . ’ c.:. ,: nay od  wa .

hulk composition .
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TABLE I

Cha rac ter iza t ion  of Pol y othe r Pol yur e thaneureas
based on 2 ,4 Toluene D f l socv an : : t e , e thy lene diamine

and polytetramethiyiene oxide.

Sample MnxlO 3 
Urea Tg1* Tg2**
wt.%
(bulk) (°C) (°C)

2,4 TDI—ED—PTMO 1000

2:1:1 21 30 —53 192

2 , 4 TDI—ED—PTMO 2000

4:3:1 36 30 —74 190

* Tg of the soft segment phase

** Tg of ~rhe amorphous hard segment domain

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 

f~~~~~~’t
” -.. — . . . . -‘ - ..--—



TABLE 2

ESCA Intensity Ratios
of two Polyether Poly (urethaneureas)

2,4TDI—ED—PTMq 1000 2,4TDI—ED—PTNO 2000

Intensity Ratio 2:1:1 4:3:1

Ai r Class Air Class

O/N* 12.21 6.01 19.36 12.53

* represents the relative ratio if soft segment/hard segmen t on the
surface (‘—100 A °).
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0 ~~— 2 ,4TDI-ED—PTMO 2000
(4:3:1)

C e O

.~~

~ 6 2,4 TDI—ED—PTMO 1000
(2:1:1)

AvL i’oge ~:tr f a co  . .cpth (~ )
Fig. 1. Relative ratio of soft segment/hard segment as a function

of the averaged surface depth for the air facing surface.
(Square points: A~1110 cm 1  ‘~ A1600 cm~ - triangular poin ts:
1110 cm 1 / A1640 cm 1 ~ 
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~~ 2,4 TDI—ED—PTh1o 2000
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1~~~! 2 .

0 0,5 1.0 1.5 2.0
•Average Surface Depth (ia )

Fig. 2. Relative ratio of soft segment/hard segment as a functionof the averaged surface depth for the glass facing surface.(Square points: A
1110 cm~~- 

/ A1600 cm l ; triangular points:A
1110 cm 1 / A1640 cm 1 ~
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2 ,4 TDI— ED—PT ~i0 (1000)
2:1:1

/

N,’

2 , 4 TDI—ED—PT MO (2000)
4:3:1

Fig. 3. GPC Scans for polyether polyurethaneur cas
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