
;W lXVESTT(<"i'I'IOS 01' T'O12Y\1ELC C:O,1TINC:S 1JSF.T) T N  
IlYDR(-)(:E?: ?I~ZSl- l l?  STOlLl(:1: GT'LRS 

N. H. Turner 
C1letr:istry I l i v i s i o n  

Naval l<escart:h L a b o r a t o r y  
Idasl i ington,  L). C .  2C1375 

.IR ST1Gli:T 

S-L-L;~' p h o t o e l c c t r o t n  s1)cc:t:roscupy !]as bccn uscd  t o  
i r i v c s t k g a t e  t h e  ~ ~ r f n c c  c:i7rnpinsitii-j11 ( t o p  50 .?) of sc)rrlc 
f l u o r i n a t e d  pol!~r!iers that :  c . i t h e r  llnvc hecn, cir r o u l  (1 
b c  , 1.iscd t o  c o a t  t h e  s ~ o i - ; i g e  b u l b s  - i l l  Iiydrogc-1-1 m a s c r s .  
The r e s u l t s  i n d i c a t e  i x ~ a d e q u i l c  i e s  of  sornc. of  t h e  
c o a t i n g s ,  and t l ie  l(3t1g tE:rni e r f e c t  01 cxpo:;urc t o  
hydrogen a toms .  R e c e n t l y  deve loped  f l u o r i n a t e d  
po lymers  h a v e  been i n v e s  t - iga tec l  n1.s~ a s  pnss ib1 .e  
c o a t i n g  rnateri 31s. 

TS'LKODL!CrLLON 

I d i t 1 1  l ~ y r l r o g e r  nl;.lsel-:r; l r n r l ~ l -  c o n s i d e r i i l  i o n  ;is :I t i r , l i r~g  :;t nntliird i n  t h e  
ShVSTAR (21 o1);31 P o s i t  i n n i n g  S>,ste~:.:, th i s  p;3per wi 11. repcnrl 1.lic. r e s u l t s  of  
a s t u d y  of some o f  t l lc  I ' l t i i7r inatcd j)olymer s u r f a c e s  t l i ; ~ [  11;)ve been u s c d  
i n  1-1ydrogt.n mascr  s t o r a g e  1)u lbs .  'I'l-ic l l o s s i b i l i t y  o f  th t .  u s e  o:F sollie 
f l u o r i n a t e d  po lymers  r e c e n t l y  t levc loped  a t  t l i e  Naval. Resea rch  I2 ibo ra to ry  
(NRT,) 113s been c o n s i d e r e d  a l . so .  Th.c s u r f a c e  of  t-hc l lydrogcn Inascr 
s t o r a g e  b u l l ~ s  may p l a y  311 i m p o r t a n t  r o l e  i n  botfi  111c s h o r t  t e r m  arid 1.ong 
t e r m  s t a b i l i t y  of  t h e  nl;~.ser.  F n r  t?xiimple, i t  1ias heen  rc11orLetl Lliat t h e  
l o w e s t  sur i 'ace 1lydrof;en tltorrr ri-cotllbiilatlion c o i . r r i c j  c n t  cnl~scrvet-1 (bv 
abotit. two orders of  m a g n i t ~ i d e )  i s  tiht i n  ~itiic:h t i l t .  :<i l r t . ;3c~ 11n~; heen 
cloclted \ ; j i t . t~  Teflon ( I ' ) ;  t t i i s  e f t le i : t  coulc! hc ,<on;c~;lint l n r j i e r ,  11ut 
P I - e c i s i o n  o f  t h e  r e p o r t e d  r e s u l t s  ivas p o o r .  '!.lli:; ;?omparisi:~n rblas n?adi. 
w i t h  a wide num1)er of  surface rrcat:ili:-.nt:; ( 2 ) .  :lyiil-o(.!i.~ a t o m  ri~ci:)n?binn- 
t i ( 7 ~ 1  wn1.11.tl take ;wn\: 11y~lrogen ;.it-onis tl- at c:oulci bc i:ll~c.!.Lvcii i n  t l ic  n a s c r  
i l c t i o n .  Thus ,  t l lc  s i i r f a c c  o r  tile ? ~ ~ ~ t l r n g e n  lvnscr S ~ O ~ - ; I ; I S P  h11111 ili3i1ld 
ror~t r : i .buLe ~ : o  t l ~ e  pnorl. .: ,  ut-~tltil-stood t c m p c r a t u r c  cLi:c>ct c ~ r i  Frr?q~ienry 
c11an.ges t h a t  have 1)cen n o t e d  vitll livdrngt3n rnasers .  

Over t h e  p a s t  s e v e r a l  v e a r s  many 1-1t.w tccl-i~ll'cjues [ -or  Llic i n v e s  t:ig;-i [:inn n f' 
s u r f ; i c e s  have  hecorrle w i c l c l y  tlvail.:-ible.. Or~e of t h e s e  -r-cc.eiit rnct:lic,ds is 
X-ray Pllot .oc. lectron Spectroscopy (XI'S),  arici i i .  h a s  been  ~ ~ s e d  t o  invt .5-  
t i g a t e  i h c  s u r L a c e s  ot" a large nr~mbe-r- of mat i~r r i . r .11~ i r l c l ~ ~ d i r l ~ ;  j)c:~l.~~niers. 
A t i lornuzI1 r e v i e w  o f  xT)r \ , , , j t l h  an i.?mpl-1;is.i.s i111(71.! ~~1110rr3c::~rl~o11 pol-yrncus h;3s 
1,c.en ~nadc-. by C : ~ R I : ~  (2nd F e a s t  [:::l!, hu! ;2 .re\.: Iiig11lij;l:ts : < i l l  he ~ i l i c ? - l  
h e r e .  ii lo\,: i n t e n s i t - -  :i-r?y so1src.c- (~~suall!. abclut 1115 :3 o r  1486 c > I r )  
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imp inges  upon t h e  111ilterinl o f  i - n t e r e s t .  Both o r b i t a l  and v a l e n c e  c l e c -  
Lrorls are e j e c t e d ,  i11ld tllc k i r l c t i  c e n e r g y  o f  r h e s e  e l e c t r o n s  i s  metlsnreci , 
Tk:e hindi .ng e n e r g i e s  o f  the. var- io1.1~ l e v e l s  o f  a n  el.cment r a n  bc d c t c r -  
mined f rnrn t h e  f o l l o w i n g  e q u a t i o n  : 

i s  the b ind i -ng  e n e r g y  o f  the  l .evc l  of  i n r e r e s t ,  h~ i s  t h e  pho ton  
e n e r g y ,  E i . s  t h e  k i n e t i c  e n e r g y  o f  t h e  e j e c t e d  e l e c t r o n ,  and i s  

S P 
t h e  work f u n c t i o n  o f  t h e  s p e c t r o m e t e r .  X P S  s p e c t r a  can  b e  o b s e r v e d  f o r  
a l l  o f  the e l e m e n t s  e x c e p t  hydrogen  and h c l i u m ,  and eac.11 e l emen t  h a s  a 
un,i.que spec t rum.  The mean e s c a p e  d e p t h  f o r  X-ray i n d u c c d  p h o t o e l e c f r o n s  
i s  aboul: 20 A,  b u t  w l t h  carbonaceous m a t e r i a l  t h e  mean e s c a p e  d e p t h  may 
be  g r e a t e r .  Changes i n  t h e  a t o m i c  env i ronmen t  can  h e  f o l l o w c d  by t l ie  
obsc rva t io t z  o f  s h i f t s  in t h e  b i n d i n g  e n e r g y .  For  example ,  t h e  s h i f t  i n  
t h e  h indi .ng  e n e r g y  f o r  t he  C Is I . i ne  i s  a b o u t  7 eV between p o l y t e t r a -  
f luoroc . . thylene  (PTFE, compounrl I) and p o l y e  thy  :l.enc (3) . 

'Fhrce d i f f e r e n t  t y p e s  o f  f l u o r i n a t e d  polymer  salupl e s  have  bc..c.n i u v e s -  
L i g a t e d .  A l l  o f  t h e  sampJ.es were  p u t  o n t o  % by I cm s t a g e s ,  The f i r s t  
seL- o f  sarnples was a FEP T e f l o n  c o a t i n g  o f  v a r i o u s  c o n f i g u r a L i o n s  on 
gold-coxtcd  A1 and q u a r t z  s t a g e s ,  and w a s  prepizrecl ~ i n d c r  tfic d i r e c t i o r - I  
o f  D r .  R .  Vesso L- o f  t h e  Srni t h s o n i a n  As t ronomica l  O b s e r v a t o r y  (SAO) , Cr-~m- 
b r i d g e ,  Mass. 'I'he coa t i ngs  coverecl e i t h e r  p a r t  o r  a 1 1  o f  vhe u n d e r l y i n g  
s u b s t r a t e  and were  t h o u g h t  t o  be  on t h e  o r d e r  o f  a few thousanrl  A. ALI 
was s e l e c t e d  as one  s u b s t r a t e  s o  t h a t  the 4fI p h o t o e l e c . t r o n  l i n e  c o u l d  7t2 be used  as a s t a n d a r d ,  and rlua.rtz was r h o s c n  o  s imul .a tc  a subs t . ra ( :e  
u s e d  i.n a nuscr. The c o a t i n g s  were  made f rom a n  FEP-120 d i s p e r s i o n ,  :.in 

aqueous  d i s p e r s i o n  of FEP Te f l on c o n t a i n i n g  a v o l a  ti1.e w e t t i n g  itgen t ; 
PEP T e f l o n  i s  a m i x t u r e  of  p o l y t e t r a L l u o r o c t h y l e n e  (TTFE) and po lv -  
hcxa f l u o r o p r o p y l e n e  (~1:$) , Compound T I .  

The second  s e t  o f  sanlplcs was f rom a f i l m  of I:EP T e r l o n  t h a t  came rror11 



t h e  stnr;xy,c b1l1.b o f  a used maser  i ' r o ~ n  SAG. Tlli s LllTrk L i l n l  1,a.d 1)eell 
rernoved .Lrom t:lic I n a s e T  b u l b  by al-1 l o v e r r ~ i g h t  s o a k i n g  w i t h  n .few c c  o f  
w a t e r .  , I f t e r  r c c c i p l  a t  ?;Iil,, t h e  snrr~plc w a s  i r lanipul i l tcd w:ith r:l.c+anetl 
tweczcrs and  p l  aced on f r e s h ,  c l  e;.3::1 a1 uminu~n f n  i 1 ; p l  a s t i c  glovc:s wcre  
u sed  a1 SO ill t l ie  - l i a r ~ d l i l l g  o 1' tl-ic f . i  l i x .  h T t i e ~ ~  Lht! :jat~ll.)-I e WLIS 11t1 Col.de(1 , 
t w ~ )  d i s t i l l c t  regions of t h c  i ' i l i r i  were obscrvec i ;  one region w a s  c l e a r  arid 
t h e  o t h c r ,  mucl-i s ~ n n l l e r  i n  area, li,~cl i1 browrn c-olol-. :'lit t l ~ i r d  set  o f  
s i l m p l e s  w a s  n l l u o r i n a t e d  diglvci.d:fl  e t l ler ,  cc1nipoul1c-! TTL, and t h e  
c o u p l i r ~ g  agent cn~npound TV, a f l  rii71:i1iattiti arlli>-c-13-iiic, . t~l i ic l i  form ;.I v e r y  
11i.~11 mol.ecular w e i g h t  cross-1  i i ~ k e i l  po1:ri;wr. l'.l.~.lcnri.n;iteti ;il.!iincs liavc 

L T I  

I - )  

Spc.ctr;l  wcre o1) tn incd  w i  t l i  ::I t ' hys j  (:.i>l I;ici-:t- cci~i i  .:s :,;P5,/.ll;!: e l  e c  t. rl.)r-l 
- ; .  -- < 

s p e c t r o m e t e r  o l s c r a t i n j i  i r l  tilt 10 Pa r e ~ : i o r ~ .  'le :i-1.,2\- 5iii.1rc.c: w;.is MRR,,~ 
rac l in t io t i  (1'53. 6 eV) a t  10 T(i7 and  '30 or+ 4i i  :.:A , ~ n a  .i ;:i1:;:1 r,rlel:gy (7;: ~ : i t l ~ c ? r  
:I09 or 25 V was used  f o r  ull , ~pec l .  :-:in The a r c 3  (:)I n:~; i ly : l ; i s  i s  :.I I c w  
mnl . Elemcntnl r a t i o s  werc c!i.tc?:~.ir-lc.d i r o : ; ~  t h t i  r--!oilcl i i ~ v e l o p e i i  by 
Carter, S r t i ~ c i . t z ~ ~ ,  and i;;.ir l so11 (4; , ::ls f ; i r r t ~ r ~  i i.1 c q : 1 , 2 f  i (:)TI ( / )  , 



N i s  the a r e a  
photoel .ec t ron 
p h o t o e l e c t r o n  

under t h e  curvc of t h e  p h o t o e l e c t r o n  peak,  o i s  t h e  
cross s e c t i o n  ( 5 ) ,  X i s  t h e  m e a n  e scape  d e p ~ h  of ~11e 
( 4 ) ,  and S is t h e  spec t romete r  response ,  a s  a  f u n c t i o n  o f  

r g y  ( 6 ) .  More de ta i l ed  cons idern t io r i  o f  t h i s  model f o r  t h e  dctermina-  
t i o n  of e l e m e n t a l  r a t i o s  i n  polymers w i l l  be given c l sewher r  ( 7 ) .  
cne 

RESULTS IWD DISCUSSION 

A. Thin FEP Film from SAO 

Tn F i g u r e  1 i s  shown t h e  XPS  spectrum of a t h i n  f i l m  made from FEP- 
120 d i s p e r s i o n  on a q u a r t z  s u b s t r a t e .  Froin known b i n d i n g  e n e r g i e s  ( 8 ) ,  
t h e  v a r i o u s  peaks i n  F i g u r e  1 hnvc been i d e n t i f i e d  and  the  a tomic  l e v e l s  

BINDING ENERGY IN ieV)  
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F igure  1: XPS spectrum of a q u a r t z  s t a g c  coat-ed w i t h  FEP 1 2 0  Tef lon  
d i s p e r s i o n .  Elemental  peaks  a r e  idcnt- i  Fietl 011 the f i g ~ ~ r c .  

i n d i c a t e d .  T h c  I d e n t i f i c a t i o n  of t h e  X-ray-inducecl F A u g c r  peaks  w a s  
made on t h e  bas i s  of  t h e  observed k i n e t i c  e n e r w .  T n  a d d i t i o n  t o  t h e  

t h a t  p o r t i o n s  of the c o a t i n g  a r e  s o  t h i n  (perhaps  10-20 A a t  t h e  most)  
that: t h e  underlaying quartz s u b s t r a t e  can be observed.  If the  peaks  
a s c r i b e d  t o  0 and S i  a r c  n o t  cnnsiderecl ,  t h e  spectrum i n  F i g u r e  1 is  
very s i u ~ j l a r  t o  t h a t  r e p o r t e d  by  Clark  and F e a s t  ( 3 )  f o r  P'L'FR, 



From ,2 d e t a i l e d  analysis o f  t h e  s m t l l l  p e a k s  due  Lo t h e  h.29 Ka. radia- 
L i o ~ l  ( 9 )  i t  was r o ~ l c l u d e d  t h a t  t h ~  nlinnr pr.31~ on ilie h ig l i  k i i l ' ? i c .  e t ~ e ~ y  
s i d e  o f  t h e  rnain C'ls pealc, was d u e ,  i n  p a r t ,  t o  sorrle hydrocarboxl  p r e s e r l i  
i n  t h e  c o a t i n g ,  p o s s i b l y  t h e  r c s i -due  o f  t h e  w c t t i n g  a g e n L  i n  t h e  T:Et3-120 
d i s p e r s i o n .  

T a b l e  1 gives  he e l e m e n t a l  ratios d e t e r m i n e d  [ o r  t h c  q u a r t z  satnple  
covercd by tflc FCP-120 c n a L i n p  d e t e r m i n e d  by t l l e  u s e  o i  c q u a ~  ion 2 .  

R a t i o  

C P ~ / S ~ O  2 15 - + 1 
(Secont l  l oca t i . on  or1 s a n i p l ~ )  

T1-1e o b s e r v e d  S i / T ,  and  i:/F (C a s ~ r i b e ~ l  t o  C-F bonds )  I - a t i o s  a g r c e  well 
w i t h  t h e  t h e o r e t i c a l  r a t i o s .  T1ie:;e r c s u 1 . t : ~  a rc  g r n t i  r y i n g  cons i c l r r i l l g  
t h e  app rox l tna tkons  madc a n d  sornc n f  t h e  small sign;-il s o b s e r v e d  . F(nr L1-ic 
a n a l y s i s  01 t h e  c/V r a t i o ,  t l ic c o n t r i . b i . ~ t i o n  bv t i l e  d i .  L f ~ : r e t ~ l  C-p bonds  

! i.n EIFP t o  t l l e  C l s s i g n a l  h a s  bc.c~-1 rieil:lcc:ted (9) . Tllc res1.llt:s sllow t11~1t 
little, i f  a n y ,  O i s  p r ~ s e n t ,  cxccipt t h a t  1-rom t h e  i4l .1~1-tz.  011 3 COTI- 

p l e t e l y  polymer c -oa tcd  go ld -co~re r~ i c l  -11 s t a g e ,  o n l l -  :I vc.1-; r a i n t  C) signal 
w a s  o b s e r v e d .  Thus ,  i t a p p e a r s  i l l a t  t11e coati n:: o r -  .<11r T c ~ c c  r11n L a m i n i l -  
t i o n  c o n t r i b ~ i t e s  v e r y  l i t t l e  11 I.(:) Che q~ir Cac:c 1-e;li L)IJ .  

A f t o r  t h e s e  ~ I I C ~ U ~ R ~ ~ I I . ~  ri'slll ts wC-.rI' ~ b t n i n c d  f l - r i 1 1 1  l iii: ' i / O  21-ld C/F 
r a t i o  r n c a s ~ l r e i ~ ~ e ~ ~ L s ,  ,?n ;3tl'c:iript 1i-;3? n~ncie t c - i  t ' i r~d tilt nrriourlt 01' Llie 
f l u o r o c a r b o n  c o a t i n g  r e l n ~ i v e  tc:) t l i e  q u a r t z  s~.tl ,sLra! e. I.'r71- t h j  s p ~ i r p r ~ s c  
t h e  number o f  a p p a r e i l t  CF g r o u p s  vs. t h e  nuly~bcr r:lf S i O  g r o u p s  is o f  

2 I? 
i n t e r e s t .  The (:/Si., 1:/0, C / O ,  c ~ r l d  F / S i  r a t i o s  were i:lcLcrminetl w i t h  t h e  
p r o p e r  c o n s i d e r a t i o n  t o  s t - o i c h i n m e t r y  , a n d  tlic. ~ - e s r i l . ~ s  3.re g i v e n  n l s o  i n  
Table  I. U n f o r t u ~ l a t e l . y ,  Lhesc r a t i o s  do n o t  l i c l p  <qnswcr t h e  c luc s t i on  of  
w h e t h e r  t he r e .  a r e  b l ank  spots i.n t l i ~  c : c~a t i . t ~c  cir j rlst s o m e  v P r v  t h i n  
s e c t  i o n s .  



B.  T h i c k  FEP Filrn From SAO 

In Figure  2 ( c l e a r  p o r t i o n )  and F i g u r e  '3 (brown p o r t i o n )  tht. XPS 
s p e c t r a  01 the f i l m  o b t a i n e d  from a used hydrogen maser a r e  sliown, T h r  

BINDING ENERGY IN eV 
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Figure  2 : XPS s p e c t r u m  of thc c l e a r  p o r t i o n  o f  t h e  FEP 'Teflon From 
a u s e d  hydrogen maser.  

s p e c t r a  were from t h e  s i d e  of t h e  f i l m  t h a t  was b e l i e v e d  t o  he e q ~ o s c d  
t o  hydrogen atoms ( t h i s  t e n t a t i v e  s u g g e s t i o n  was prompted by the  s h a p e  
of t h e  f i l m ) .  A l l  of the  f i l m s  appeared t o  be con t inuous ,  s ince  peaks 
from the  s u b s t r a t e  benea th  t h e  f i l m s  were n o t  d e t e c t e d ,  and t h e  C/F 
r a t i o  (C a s c r i b e d  t o  C bonded t o  F) was c l o s e  t o  t h e  expec ted  r a t i o  
(0.5) l o r  FEP Tef lon .  By t h e  same t y p e  o f  a n a l y s i s  mentioned p r e v i o u s l y  
i t  was concluded t h a t  t he  c l e a r  p a r t  o f  t h e  f i l m  i n d i c a t e d  a small  
llydrocarbon c o n t r i b u t i o n  t o  the C I s  s i g n a l ,  w h i l e  on t h e  o t h e r  s i d e  of  
t h e  f i l m  there appeared t o  be l i t t l e ,  i f  any,  hydrocarbon type  C pre-. 
s c n t .  Oxygen was n o t  d e t e c t e d  on e i t h e r  s i d e  o f  t h e  c l e a r  p o r t i o n  ol  
t h e  i i l m .  

The spectrum i n  F i g u r e  3 (brown f i l m )  h a s  marked d i f f e r e n c e s  from 
t h e  spectrum of  the  c l e a r  p o r t i o n  of t he  f i l m .  'The s p e c t r a  from b o t h  
sides of t h e  brown c o l o r e d  f i l m  were  s i m i l a r .  The C s i g n a l  due t o  11011- 
f l u o r i n e  bonded C was about  one t h i r d  of t h a t  due t o  F boudcd C ,  whi le  
the 0 presen t  had about  one s i x t h  t h e  i n t e n s i t y  of t h e  non- f luor ine  
bonded C.  TIlese r e s u l t s  d e f i n i t e l y  show t h a t  there a r e  d i f f e r e n c e s  
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Figure 4 :  Spectrum A. XPS spectrum o f  cnmpounds I11 and I V  w i t h  
50 percent by weight  powdercd PTFF,, Spertrurn B. KPS 
spectrum of compounds I T 1  and I V .  
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F i g u r c  '3: XPS spectrurr l  or t f i c  b r o w n  p n r ~ i o i n  of  t1115. PEP Tcf lor l  
f rom a user3 i-1'7droger-I I-,asi.r .  

t h r o u g h o u t  the  ex ten t  
t r e a t m e n t  of Che f f l m  
g i v e n  w j  t h ccr t a i n t y  ; 
brown portions o f  the 

C .  XKI. Developed  Y1.11 

1. - a b s o l ~ l t c .  r e s l l l t : ~  o f  t1.1~se a n i j 1 . y ~ ~ ~  cannot h e  
however, tllc. ( i f f  f e r e ~ ~ ( : t ' s  'D(+tweci7 t h e  r11:;1r 2nd 
iyi l.rn (-In ;.:I) pear t-(I !IC real. . 

11-1 F i g u r e  4 ( s p ~ c t r ~ . l m  Ej I i l i ~  .\?>i; ;jlectril:. (-if !kip i.po:;V pc)lynli ' t '  

n1.i xtt lrc derived Irol:~ cor r~~>n~in i i s  Tli a n d  1L' .i il: sih<n\-il, 3 ~ ~ t i 1 i  1 P C ~  ( : o r ~ ~ i d c r t ~ -  
r i o I1  of t f l e s e  spectl+;3 v:i.j.l 1)c - ; i~~c lu  e l sewl ic - I -e .  17') 111:t ;I f e w  c;>mmentrs 

t o  be close to t h a t  o f  11-~e cr.;pi?c-,t~:d hul.lc i.o!rlposi 
t h e  reg ion  are  expected also. t-;pectrurn .A in I:igi.lrc 4 i s  the s p e c t r u m  
of t l i e  po lymer i zed  m i x t u r e  of cntnpnunds IT1 arid TV c o n t i i i n i n g  50 p c r c e ~ l t  
by w e i g h t  o f  powdered PTFT:. As cxr, be s c c n ,  t h e  d i . i : f e r ence  betwccrl the 
spccrrn i n  i ' j gu re  4 i.s m i ~ ~ i m a l .  I n  a po lymer  system si.milar to thaL i n  
spec t rurn  A of  F i g u r e  4 ,  Tiulzston, ( : r i f f i . t l ~ ,  a n d  Bowers (10) fnnnd  tl-1a.t. 
the f r i c t i n n i l  bel~avior c l o s c l y  resembled t l i a ~  n f  pure PTFE. As a 




