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Background

LTI  carbon is  one of  the very few synthet ic  mat_
e r i a l . s  gene ra l l y  recocn i zed .as  su i t ab le  f o r  l onq  tá rm
b lood  con tac t  app l i ca t i ons  ( l ) .  A l t hough  a  l a r i i e
number of  hypotheses have been formulaté¿ wi th ies_
pec t  t o  t he  b lood  to le rab i l i t y  o f  ma te r i a l s ,  a  g ;en_
eral  theor .v  or  mechanism is  not  yet  avai labie.  

' ' I t

is  known that  in  cer ta in s i tuat ions the local  hemo_
dynamics can p lay a predominant  ro le (2)  an¿ in most
cases  the  so l i d -b lood  i n te r fac ia l  p rope r t i es  can
p la "v  a  p redominan t  ro le  (2 ,3 ) .  I t  i s  assumed  tha t
understanding the-p lasma prote in adsorpt ion process
on to  so l i ds  used  fo r  b lood -con tac t  app l i ca t i bns  w i l l
l ead  a  be t te r  unde rs tand ing  o f  so l i d -b lood  i n te r -
a c t i o n s  ( 1 - 3 ) .

.  A.number of  pre l iminary studies of  p lasma pro_
te in adsorpt ion onto LTI  carbon-Sgrfaces are avái l_
ab le  (4 -7 ) .  Rad io iod ina ted  - ( t l z s ¡ -n "o te ins  have
been  u t i l i l q¿ -by  f im ,  e t  a l .  ( q )  t o  measu re  adso rp -
t ion of  ind iv idual  prote ins and prote in mixtures bn
LTI  carbon.  His resul ts  ind icate the carbon very
rap id l y  adso rbs  a lbumin .  Th i s  i s  cons i s ten t  w i t - h
K im 's  mode l  o f  b l ood  i n te rac t i ons  v i a  a  p la te le t_
adhesion mechanism (8) .  l , l ic rocalor imetr ic  ancl
e lec t ropho re t i c  mob i l i t y  s tud ies  o f  p ro te ins  on to
LTI  carbon have been done by l i ¡ r i ' las,  et  a l .  (5) .  The
extension of  the adsorbed layers have been measured
d i rec t l y  us ing  e l l i psomet ry  by  Fens te rmake r  e t  a l .
a t  l ' l B S  ( 6 , 7 ) .

Character izat ion of  sur face propert ies of  LTI
ca rbons  has  been  ra the r  l im j t ed .  Ba ie r ,  u t i l i z i nq
con tac t  ang les  and  i n f ra red  spec t roscopy  (9 ,  l 0 ) , án¿
S c h o e n ,  u t i l i z i n g  s c a n n i n g  e l e c t r o n  m i c r o s c ó p y  

. ( í l ) ,

have studied such sur faces before and af ter  b iood 
"

exposu re .  Eps te in  e t  a l .  have  u t i l i zed  e lec t rochem_
ical  methods to s tudy the LTI  carbon-aqueous solut ion
i  nter face (  l2  ,  I  3)  .

Extensive measurements have been made on the bulk,
composi t ion and st ructure of  LTI  carbons and exner i -
ments wi th modi f ied sur faces have been repor ted ( . |5) .
Di rect  measurement  of  the composi t ion of  LTI  carbon
surfaces by modern sur face ana' ly t ica l  tools  however
are not  avai lable.  Here we report  Auger and X-ray
photoelectron spectroscopy studies of  such sur facás.
I t  i s  expec ted  tha t  such  da ta ,  coup led  w i th  e lec t ro -
chemical  and prote in adsorpt ion data,  may a id in  under-
standing why LTI  carbon is  re lat ive ly  b lóod compat ib ' le .

llaleJi a I s aL{Jle.,.t hods

Unal loyed LTI  carbon samples were prepared in the
convent ional  manner (14) .  For  the photoelbctron
studies,  three lo ts  of  samples (4 b,  C)  f rom the
same coating run were prepared. Specir,rens from a
di f ferent  coat ing run (Lot  D)  nere used for  Auger s tu-
d i e s .
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_  Lo t  A  was  p laced  i n  c l ean  g lass  v i a l s  immed ia te -
, lV qf ler  coat ing and examined wi thout  any subsequent
nano t tng  o r  t , r ea tnxen t .  Lo t  B  was  u l t r ason i ca l l y
c leaned  i n . i sop rop ,v l  a l coho l ,  a i r  d r i ed ,  and  s tó red
¡n  g lass  v i a l s  p r i o r  t o  s tudy .  Lo ts  C  and  D  were
ground and pol ished in several  s teps and contacted
meta l  ox ides ,s i l i con  ca rb ide ,  d iambnd ,  wa te r ,  de te r_
gen t ,  i sop ropy l  a l coho l ,  and  e thy l  a l éoho l .  

-The

f i na l  c l ean ing  was  done  i n  e thy l  a l coho1 .  The  i amp les
of Lot C were packaged in a soit blue foam and are'
representat ive of  the sur face which is  normal ly  de-
l ivered to medical  device manufacturers for  fu i ther
processÍng.  Lots A.and B have very rough porous
su r faces .  Lo t  C  and  D  a re  h igh l y  po l i sñea ' ye t - i t i t t
shotvs some porosity and microscratches at lóOX maq-
n i  f i  cat i  on.

_ X-rqy photoelectron spectorscopy was done on a
Hewlet t -Packard 5958 ESCA ut i l  iz ino '  

-monochromat ic

At l fu t -2 radíat ion.  The samples were mounted in a i r ,
inser ted in to the spectrcrneter  and analyzed in a
l0-v torr  vacuum at  ambient  temperature ut i l iz inq g00
watts  of  x- ray power (at  the x-ray anode,  not  at  the
samp le ) .  The  i ns t rumen t  reso lu t i on  was  no rma l l y  0 .g
eV measured as the fu l l  width at  hal f  maximum oi  tñé
C- ls  l ine f rom graphi te.  Al l  spectra are charge rá-
ferenced to the C-Is  l ine at  284.0 eV.  Wide sóans
(0 to 600 eV) were performed for surfáce e'lemeniai
9 lg j yses  as  we l l  as  de ta i l ed  20  eV  scans  o f  t he  C_ l s
(275 to 295 eV) and O- ls  (520 to 540 eV) regíons.
The spectra were not  resolut ion ' ,enhanced, '  ór  cu"ve
resol  ved.

_ _Auqer e lect ron spectroscopy was done on a physi_
cal  E ' lect ronics Industr ies Auger microprqbe Model"54l .
Sur face analyses were carr ied out  at  lb-9 torr .  Deptñ
p ro f i l i ng  was  pe r fo rnpd  us ing  the  i n - s i t u  i on  beam 

'

sput ter ing gun at  l0-c torr .  Scan speeds used were
on the order  of  2-5 eV per  second.  The pr imary beam
vol tage was general ly  mainta ined at  3KV w¡r i le  i t re
modulat ing vol tage was 3V at  low energ. !es (<600 eV)
and 6V for  h ioher  energies

Please note that  the ESCA and Auger s tudies were
no t  ob ta ined  on  i den t i ca l  l o t s .  Auqe r  s tud ies  we re
pgl forme{.at  the General  Atomic Co.  ín Oct .  1976,  the
ESCA studies t {ere done at  the Univers i ty  of  Utah '
i n  Feb rua ry ,  1977 .

Re_gl ts and Conclusi ons-_

Lot A had a highly porous surface with carbon
particulate matter on the surface. The surface com-
posit ion as detennined by ESCA is given in Table l .
l ' lote the. low oxygen. content, which-appears to be párt
of a carbon-oxygen bond. No other eiéments are eii¿-
ent on the surface.

Lot B had f iner carbon part iculates on the sur-
face but othen¿ise is. ident ical  to A, includlng the
ESCA resu l ts  (Tab le  l ) .
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The  as  rece i ved  Lo t  C  shows  a  much  h ighe r ' oxygen
concen t ra t i on  and  subs tan t i a i  quan t i t i es  o f  s i l í con
(Tab le  l ) .  O the r  e lemen ts  p resen t  i n  t he  su r face
i n c l u d e  t r a c e s  o f  s u l p h u r ,  p h o s p h o r o u s ,  c h l o r i n e  a n d
p o s s i b l y  a l u m i n u m .

Lo t  C  p rewashed  i n  me thano l  shows  no  ev idence  o f
s i l i c o n .  T h e  c a r b o n / o x y q e n  r a t i o  i s  c a .  l 0 : ' 1 .  T r a c e s
o f  ch lo r i ne  we re  p resen t  on  the  su r face .  The  fac t
t ha t  t he  s i l i con  l i nes  we re  read Í1y  removed  by  a
b r i e f  u l t r ason i c  me thano l  wash  suc lges ts  a  su r face
c o n t a m i n a n t  a s  t h e  s o u r c e  o f  s i l i c o n ,  p e r h a p s  a  s i l -
i cone  re lease  agen t .  The  on l y  l i ke l y  sou rce  o f  such
a  con tam inan t  i s  t he  b lue  foam in  wh i ch  the  samp les
were packaoed.  ESCA examinat ion of  the foam reveal-
ed re l  a t i  ve ly  h i  qh concentrat i  ons of  s  j  I  j  con on the
su r face  as  we ' l l  as  n j t r ogen  and  ch lo r j ne  sugges t i ng
a  po l yu re thane  foam w i th  a  s i l i cone  an t i - s t i ck  o r
re lease  agen t  and  t races  o f  poss ib le  I ' l aC l  f r om
h a n d l i n g .  T h u s  w e  t e n t a t i v e l y  i d e n t i f - v  t h e  s i I i c o n
on  the  as  rece i ved  Lo t  C  as  s i l i cone  ma te r i a l  t r ans -
fe r red  f rom the  foam pack ing  ma te r i a l .  S tud ies  o f
me thano l - c l eaned  Lo t  C  ma te r i a ' l  (S i l i con - f ree )  con -
tac ted  w i th  t he  f oam con f i rmed  tha t  t he  s i l i con
{s j l i cone )  on  the  foam read i l . v  t r ans fe rs  t o  t he  ca r -
DOn .

Auger  ana l ys i s  o f  Lo t  D  con f j rm  the  ESCA resu l t s
obta ined on C,  Oxygen was found on the sur face at
a  l eve l  on  t he  o rde r  o f  l 0  a tom ic  pe rcen t .  A  t r ace
amoun t  (<  1  pe rcen t )  o f  so rbed  n i t r ogen  was  a l so  gen -
e ra11y  de tec ted .  Dep th  p ro f i l i ng  showed  tha t  bo th
the oxygen and n i t rogen are found only onothe sur-
f ace .  A t  a  dep th  o f  app rox ima te l y  30 -50  A  i n to  t he
carbon,  the oxygen s ignal  had dropped by a factor  of
l 0 ;  n i t r ogen  was  no  l onqe r  de tec ted .  S ince  Lo t  D
was  no t  packaged  fo r  sh ipmen t ,  t hese  spec imens  d id
no t  con tac t  t he  po l yu re thane  foam.

T a b l e  I

Su r face  E lemen ta l  Ra t i os  f o r  Va r i ous  LT I  Ca rbon  Sam-
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er ia l  i s  j ne r t  bu t  l eaves  open  the  ques t i on  i n  t he
case  o f  l ess  i ne r t  ma te r j a l s .  Fu r the rmore ,  t he  ro le
o f  t i gh t l y  bound  su r face  impur i t i es  i n  ac t i va t i ng
the  c lo t t i ng  mechan i sms  shou ld  be  i nves t i ga ted .
S im i l a r  s tud ies  on  a l  l oyed  LT I  ca rbons  w j l l  be  pe r -
formed in the future-
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