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A  ha t€r ia l8  re .ea lch  group a t  the  Un iver -
s i ty  o f  DeDve.  has  been rev iewing  the  med! .a l ,
b to log ica l ,  and f ra te r ia ls  l i te ia tu !e  on  .u rg ica l
and eaperihentat loplant mate!ials. ln o.de!
to accompli5h such a study 3ystehaticaUy and
ef f i c ien t ly ,  i t  wa3 necessa ly  to  dev ise  a  l i te ra -
tu !e  c lasB i l i ca t ion  sy3 tem,  The sy . tem wi t l  be
br ie f l y  p led€nted .

Tbe publi.ation8 dealing with implant mater-
ial. ale Ecattered throughout the medical and
b io log ica l  l i te ra tu re  a i th  l i t t le  o rde !  o r  c la66-
ification f.od a hateriald potnt of view. The
in te re3 ted  inveBt iga to .  must  ge le raUy *eed
tbe8e leference. out oI the literature and i3
rben faced eith the problem of leading and fuy-
ing to mar<e 3ohe sense out ol the jumble oI
paper8  he  ba .  ob ta ined.  I .o l tunate ly ,  Dr .
Graur. bibliography (l) is available but it i6
lihited to a listiDg of leference8 by author and
title, though there are plal6 to .ubdivide the
b ib l iography  by  mater ia l  t ype4 l ) .  One must
6till con.ult the o!iginal work and evaluate ir,
The s l l i cone mate ! ia i6  a rebxce l leDt lv  .ev iewed
in  Dow Corn ing 'B  quar te r ly  Bu e t in {2) .  Unfo ! -
tunately, no Buch publicatioh exidt8 for the oth-
er  med ica l  mater ia ls .  Though the le  ha6 been a
receot  f lu . !y  o f  in te res t  in  hed ica l  mater ia ls
includins seve.al reviews (3) and conJe!enceB
(4) ,  the  l i te .a tu le  i s  6 t iu  a  l ib ra r ian 'd  n igh t -

we c la .s i fy  our  re fe rencer  accord i rg  to fou !
major Sroups which ale then Bubdivided into
second and th i rd -o fde !  g .oup ing !  {5 ) :  L  Author -
ri r 6 t aurho! only : IL Maie rial e -metare s-;ii;-v s,
cerah icB,  dyn tb€t i c  o !gan icd ,  B i l i coneE,  na tu .a r
ploduct6, and compo8itedi uI 4!!liSg!999-
ar t i l i c ia l  o r  gan8,  va8cu la r  dub8t i tu tes ,  o l tho-
ped ics ,  €l ec t .on ics ,  denta l ,  "p la . t i c  Bu!gery ,
coarins8 and membran€s ; lv. I:g!9::igjgl
Ef fec t6  -coagu la t ion ,  tox ic i t y ,  fo .€i gn  body  re -
ac t ions .  co ! roB ion  and ion i ra t lon .  mechan ica l ,
the lma l ,  e lec t l i ca l ,  chemica ! ,  a rd  phy8 ica l
p !oper t ie6 ,6 tanda.ds  and.pec i f i ca t io . . ,  e t  a t ,
Each re fe rence is  en te ied  on  a  a l i t€c t - re t r ieva l
card which is then coded and propelly puDched
(51 The ca ld6  and accesso. ie .  a .e .omerc ia l

Th is  ia  a  d i rec t - re t r ieva l  3y3 tem wh ich  i .
quire versatile. It can unde!8d extentive

expa$ioD and detailed sub-gloupirg, It i.
palticularly useIul to the individual investig;!
who wants  ro  keep abrea8t  o f  the  l i te !a tu r .
without dro*ning in it.

W e  a r e  c u ! r e n t l y  u B i n g  r h e  m e r h o d  " r  ,
le fe re lce  source  fo r  p lanned research  anc . .
an  expe! imenta l  l i te ra tu re  c lass i l i ca t ion  io :  . l
. o m p u t c r i z e d  r e r r i e v a l  s y s t e m  w h i r h  i 3  . n u

n Ha! ry  R.  G.au ,  M.D.  , r rB ib l iography  o i
Fo .e ign  Sub6 iance lmp la l ts  in  Recon8t rucr j r?
surse !y, " Il3!:!bg!9jj9:,3 (r 9 6a) 30 6i Pia! ri.
R e c o n 8 t .  s u r g . , ! 2 ( I 9 6 2 ) l  r 3 l 2 3 ' e a r r i e r  e n k t . i
in  T !ansp lan ta t ion  Buu,
Z ,  The BuUet in ,  Dow Corn iDg Cente .  io f  Ara
to  Med ica l  Research ,  Mid land,  Mich ,
3 .  B .  D.  Ha lpern ,  t rM€d ica l  and Denta l  l i se - .
o f  P o l y m e r 6 . ' 5 o ( .  P l a 6 t i c s  E r g r s .  L  .
( J u l y ,  r 9 5 6 ) I 5 .

S .  Era ley ,  '  Imp lan lab le  Synthe t ic
Mater ia ls , ' r  Ind .  Res .  ,  (Jury ,  1966)66.

V.  L  Got t ,  "Causes  and Prevebt ion  o .
T h r o m b o s i s  o n  P r o s l h e r i (  M a t e - r a ) s ,
5 u r g ,  ( e s .  .  o  t J u n e .  r Y o o , z r * ,

6ee a lso  the  June,  1966,  i ssue o l  AS i  ! t  '
J  o l  Mate ! ia l8  fo r  e i8h t  paper€ on  in lp ian l

4 .  N.  Y ,  Acad.  Sc i ,  Con{ .  on  I 'Mater ia r€ 1n
B i o m e d .  E n 8 ! 9 . '  J u n e  9 - 1 1 ,  I 9 6 6 i  a I s o G o r d . ! !
Re6.  CoDJ.  on 'Sc ience and Techno logy  o f  F . i , i
ma ie l ia ls , r '  Aug.  29  -Sept .  2 ,  1966.
5 .  "ASM-SLA Metauurg lca l  L i te ra tu re  C l rEr  '
i l i ca t ion :  ln te rna t iona l  lSecoDd)  Ed i t ion , "  ADr i
Soc .  fo r  Meta l€,  C leve land,  r958.
6 .  Comple te  in lo rha t ion  and sa les  l i te ra tu r .
ava i lab le  { rom:  E-Z  So i t  Sys le rs ,  35  Easr
wacker  D! .  ,  Ch icago,  60601.
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Coagulation-Resistant Coatings by Enzyme Inhibition. l. Initial Study15-12

Introductlonr lhe blood-contaci app11c-
ttT6;i-?-pesthetlc devl c.s a!€ sev6!6ty
h1trde!6d by th6 ploblen ot coagulatlon
on trte forelgn su.face. Tb15 !rob16n 1s
conbat€d !y ih€ uso of lor tr66 enorsy
su l face8, r  such a6- the  s111cono3,  o l  b t
th6 us€ ol helallne o! beparln-11keJ
su.tac€s. Th€ low 6nor8y sulfac6s teld
to  p lo lohg uho le-b lood c lo 'L tnq  t lne  bu t
do not pr6v€nt olottlna. Th6 b€parh
surtac.. oft.n suffe! flon hepalln 61ut-
1o! dd !6qu1r6 perlodlo helarlnlzetlon,
rhlch causBs addlilonal ploblens.

Coau la t lodr  B lood coqu lab lon  occur3

oro of the blood coaAulatlon 6nzteoB,
probably by u eloctlo.tatlc attractlon
nechanlsn nidch r€sufts In denatuatlon
and acttvatlon of the enzy-r€, 11 the
'rcascsde'r ih€ory of coagllatlon, Fecto!
XII (6a86ne Facto!) ts actlvatod sd
th6n !.acts Hlth Facto! JG (PTAI to fom
a conpl6t rhlch ln tuln leact8 ln a csE-
cad6 n€chdlsn. th6 56oA€!3 thoolt ac-
. o u i s  l o -  t h e  c o n l s c t  o c L I v E L I o n  p h e n o D -
onon bt tbe a9lsstiuty ot the plotblor-
o In  no16.u1o.u  Regs!d1ess  o f  qh lcb  lb€c-
ry on6 subscrtbss to, lnhlbltols of th6
coaa l la t lon  enzy 'o !  tnvo lv8d ln  contac9

3ii' X"l1ll"lT"fl"T :-"":f ::-T, :6":-'::'a .uy€l ron  6re  xnoEn.  l r8ens  !Rcror ,
PTa,o  pro thronb ln .  /  sd  th ronb lno  bav6
afl been 1r*!1b1ted by vallous enryn€

Ratlonalo: If cotdlatlon oo torelcn

dlsn. sd 1f cortah c;odcals e!6 ,oom
vhlvh.en lnblblt th6 factoli lnvolved,
thsn tt ls loasonablo to ait6npi the
deve lopn€nt  o t  d  d t l - t l roDbogon ic  sa-
lacs by th€ bonitlbg ol €nzlae hhlbltolE
to s sultabl€ substrat€. Alothe! a!-
pro.ch 1. to lnclude th6 lnhlblto! sltbln
rhe  d9 !er1a1,  ss  hes  b6on don6 Lr l th  bep-
arlD,t or by ?Fitucln8 a g!6cla1 oo-po1y-
n€r of th€ lrfiIb1tor. Ib1s latt6r 46thod
15 also ude! study 1n o@ labolatoly.

}lethod: U$v of th6 tu)h1b1tor6 of th6
to;EnT,t1on in,y*" ."u do@tlo co@p-
obds, e.a., lh.nyUydrarlne, DNF€, dd
!h.nyl1socy@at.. It 1a !61atlv6ly 1611
estrbllsh€d that alonatlc conpound6 a!6
stronAly adsorb€al on a glapblts sudac6+0
lbug a  co l lo lda l  e rapF l te  sa lEce,  .uch
as  th r l  us€d bJ  Got t , r l  rou ld  be  erp€c t6d
to edsorb alonatlc corpoeds. AsstuIng
tha t  tho  dronat lc  po l !1ob ts  edsorb6d
f la t  oD Lbe su l face . ru  conforna t lons  or
nsy  or  Ln63e co .pouou u* l " t  s l l1ch  s l lu ,

th€ actlve aroups to {stlck-outrr flob the
surfac6. Such alleg€nents rould t6nd to
lncroase the  l . ) r tb '  to "y  e f t .c l l  een€s3 o f
th6 1..hlblto!, but 1ts decroasod nobl11ty
, l sh t  h lnd€!  t tE  o r foc t l ve16ss .  I "€ d€-
a r€6 o f  ln l ^ lb l r Ion  vou lq  bs  a  b8 ldco  o f
th6se tactors, alone ,lth th6 no!ftal 1nh1-
b l t ton  k ln€t l cs  o f  th6  sys ten .

Polystyr6h6 ed polycarbonate t6st
tubes havo b66n p.6pared wtih col,loldal
8ra!h1t€ coatln8.. 1tr6 solutlons used
; !6  s tn r la l -  uo  rhos6 d€scr toed be  Gor t ,nbu l  hh .  techn lque Is  ruch  d l f fe len t  b€-
ca!36 of th6 uevon aI! llow rlthl! a teEl
t u b 6 ,  I h i s  p r o b l€n ' s  o v€r . o o€ b y  u s l n B
a s t !6d  o f  oospres led  a1r  o !  n t t loaen
ln t loduced a t  th6  bo t to f i  o f  the  tes t  tub4
nle rerult ls a ulloln alr flos, 6ven
dry Ina ,  and d  u l rom coat lng .  The cos t -
ed dd bak6d test tubes a!6 th€n dlpp6d
ln tho lnhlbltor solutlon @d d!1etl.
I tee  aro  rh€n us6d fo -  th6  d€i 6 rn lnd t lo r
o f  in  v t t lo  who le  b lood c lo t t lna  t lne . lz

Resr l ts :  Thourh  orc - In lnaa rs lu l ts  a r6
v€ry  p ron ls lnE,  ndy  nor€ l6sh5 rug t  be
p6ltorn6d b€for6 concluslons ca b6
r€ach€d.  Th6 d6 ta l1ed resu t ts  r l l t  b6
proEented  tn  a  la te !  papo! .

1 .  !Y ]4AN,  D.J , ,o t .a l . ,  T rds . i "n .  Soc . t t t .
rn r .o rsan6(TAsAro t  (1965)  x I ,  Jo l .
2 ,  F A l a ,  R . 0 , ,  e t .€1 .  ( 1 9 6 6 ) , P r o c , l c t h
Atu .  oonf .  Easrs .  v€d.B lo l . ,  E ,261.
3 .  TNBIGEI ,  J .s . ,  e t .a1 .11965) .  J . I ,hor .
CardloYasc suls., 52, 7116.
l ! .  l { .8 .  sErcERS (1956) ,  O l ronb.Dra tb .

5.  soHcmtir ,r :Rs, J.c.o.,  ei .aI .  (1965).
B loch lh  B lophys  Ac ta ,  101,  166.
6 ,  RATNoFF, .0 .  D. ,€t .  s t .  (19611.  J .Ct tn .
Inves t , ,  40r ,  81L.
7 .  n r |Y ,O.ad 8OY,  s .  S .Erz r io losJ ,2b ,187.
8 .  caLDrEt ! ,  I { . J . ,dd  sL f fnns ,  i r . r t . ( r965)
th loob,Dtd th .Ha6ro ! !h . ,  1  ) ,  )7  3 .
9 .  tJ !FNAGE- ,C.A. , . t ,a l .  (196? ) ,  su lg ,  61 ,11
1 0 .  o s I l b l a 1 t h , J . r , l . r  e t .  a l .  ( 1 9 5 8  ) .
J ,  a lp l .  Ch.E. ,  E ,  1116.
u ,  o 0 T f ,  v . r . ,€t , a l ,  ( 1 9 6 1 + J .  I a s a T o , . { , 2 1 J ,
12 ,  Tho coogu le t lon  tosrs  a !€ be tng  oond-
uc ted  a t  rhe  na ls t6d  Labora tory  lo r  Exp-
e!1nente1 suraera, B. Pato4, Dtlecto!,
at the U!lv. of Cololado l{edlcel Cent6r,
Doive!, Cololado! US!.
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MATERIALS
SCIENCE& ENGINEERING-

AMODERNMULTIDISCIPLINE

\A/Fr\c 'oqe'rrFr mu,h oJ modern ,ol id-\r  e'  '  '  h c m i . | | \  J n d  , o t i L l A r a r F  p f ) , ;  s .  i n ,  t u J e
the principles of €ngineedng design and math
ematical analysis, and add some medicat and
biological principles and you have the modern
discipline called marerials science and ergl
neering. Whar is itl It is, titeralty, the srudy
and applicarion of the engineering and scien,
tilic aspecrs of marerialsi merats and afloys,
cemmicr poiymers, aDd composires.

Tl , i r  f i ( ld rrnSFs t"um rt ,e mo,r \optr i { i
cated iheories and mathemaricat methods !o
the Dosr pracrical everyday appticar;ons and
@vers. everyd tg in berween. Ttre scope and
drversty are so grear that it has been caled
a superdiscipline by some, a way of artachxg
problems or a state oI rnind by others. W. A.
Tiller, chairman of the depa.tmenr of mate_
rials science ar Sranlord University, feels rhar' ' .  .  .  m pr iJ ls \" jen,e ;s nor i  di"  ip l i le in i ,s
own right bur is aD area wherc disciptines
converye to givc balanced undersrandiq abour

Mulddilcipline, superctisciplin€, or inter-
discipline, materials s.ience and enginee nA
rs concerned wi the lundamental phenom-
ena of how atoms and motecutes come togerher
to torm solids, rhe microscopic ard ma.ao-

JOSEPH ANDRADE
University of Utoh,
Solt Lqke City, Uroh

s.opic structure of dese solids, rtreir physical,
chemical, and mechanical properties, incl, per-
raps most rmporrandy, how rhese solids and
their p.operties can be utitized {or rtre benefir
ot nran. As rhe srru.rure_propefty relation-
ships in solids become berter understooat,

Fisue _1. A synthetir potrner beins D*ted ,npalani rrsn'm, showhs int€rnat hicrotbrits, 500

€
s
s
a

E
i

A P R I L  1 9 7 0  C H E M I S T R Y



the materials scientist becomes more concerned
with modifyins aDd optimizing rhe shucrue
to futher imprcve and even tailor-design the
properties. This has been called molecular
engineeIing.

Materials science and engineering is one of
tlre oldest fi€tds of inquiry and endeavor kno n
to man. Man was fonning and firing poftery
long before re.orded history. The hisrory and
evolulion or civilialion ir,e[ are 'e(orded in
terms of metallu.gical advances-for example,
"Bronze Age," and 'Ircn Age." Some of the
first tools used by prehisrori. man we.e com-
posites (bones) and man became concemed
with polymen vhen he firsr began ro use

Metals, ceramics, and poiymen constitute
three fundamental .lasses oI materials, each
nith its relatively unique elemental nakeup,
b o n d i n g  r \ p e .  / n d  r e s u l r a n r  ( h J r a , r e r i , r i ( s
and properties. Many mate als .annor be so
easily .ategorized; there are large areas of ov€r-
lap between the thee {undamentat types.

Perhaps the best way ro introduce one ro
the subject oI materials scie ce and engineer-
ing is to p.esent an outline vhich will perhaps
,e e to whet you appetire and encouage you
to do a litde reading in those areas which
intrigue you.

The subj€cts in materials science and engi
neetng can be broadly and generally broken

-Bon.ling. Metalli. bonding in merals and
alloys, ionic bonding between dissimilar aroms
in ceramics, and covalent bonding along rh€

Fisure 2. Gta$ srhere are often used itr study-
ins fabiicition of nat€rials by sintedng. This
scannins: elect.on microgr.ph shows the neckins

C H E M I S T R Y  V O I 4 3  N O  4

chains in polymers vith secondary bonding
between the chains, as well as sone covalenr

-Peching. Dtectional bonding (ionic and
some covalenq, nondirectional bonding (ne-
ra l l ic .  vJn der  t4aai" ) .  rnd d i f leren,e\  in
atomic or ionic sizes
-Structure. Crysralline srruciures (metats,
most cerami6), anorphous or noncrystalline
rnaterials (glass, nany polymers), semi- or
pala-crystalline ma.erials (many polymers),
crystai structur€ types, ionic crystals, molecu-
lar  ovval ' .  po l lmer i .  , ry , ra ls .  ,nd .hdin
folding
-Sutaces dnd. LlelecLs. Bonding discominuL
tiet surface energy, atomic or molecular va-
can.ies, dirlocations (a missing or dislocated
p l a n e  o f : r o m s r .  s p d , e . h J r g e \ .  r n d  r a r / t ) \ i ,
-T hermod)namics and kinetics. Entropy , tuee
energy, laws of thermodynar cs, activarion
ereltr, reaction rates, equilibdum, difiusion
processes, and phase analysis
-Degrud,ation and. corrosion. Electromorive
series and galvanic corlosion, oxidation, solu,
b; l i tv .  ' rabi l i r ) ,  ( l ra in \c ; \ ion.  and enzymar i t

-Mechanical behaaior. Elasric properties, me,
chanical rests, stress, srrain, Iracrue, creep,
fatigue, plastic deformation, dislocarion theo-
ry, strengthening mechanisms, and p.ecipita,
don hddening
-Phr sicat fu operties. Itectricat conducriotr,
electron emission, semiconducro$, themr-
electriciry, rDagDetic properries, superconduc-
tivity, dieiectric and oprical properties

of glass spheres (0.001 inch dianeter) aner hat-
ing to the temperatlre wher€ 3.5% shinkage has
occured uai-site ot DtdL

1 4



Fisue 3. r.iclogr&Dh of chemic.Ur 'apoFdeDc-
ited lqncsien hanreated (X rI,000) .dz@;dn

-Biomedical behauiar. Blo.d coagularion,
hemolysis (rcd celt deslru.tion), foreign body
r€action, colTosion and degradarion in biotots-
ical eDvirorments, cell/matedal interactio!!,
and biochemical mare.ial cfiects
-Molecular 

"neineering. supdaloys, high
remperarure marerialsi biologicatly comparible
materiats, polyner synthesis, .omposite rnare-
rials and structurc modifications

Nearly all of lhese areas have direcr, practi-
cal applications in engineering and technol-
og\ .  T ' .e  developmpnr or  \L ,pc 'J l lo) \  Ior  je l
engines, of high temp€rarure-rcsistam mare ,
als, of .eranic body armor, oI s€miconducror
materials and devices (responsible lor rhe
diode, transistor, and electronics revolution),
oI materials for use in arrificial internal or.
gans, of the plastics now in conmon use
(sryrofoam, Dacron, Plexiglas, and polyethyl-
ene) of las€rs, and of rhe Apollo spacedafr
and Lunar X{odule all o{ these developmeDrs
and applications of mrteriats depend on rhe
principles and techniques of materials science
and engineering.

In mlst colleges and univelsities, narerials
science is in the engineerhg school or coUege
. ,nd one nuv , r r i \ f )  r l r .  ba\ i ,  .ore o .ngj
neerrng .ouNes as well as the particular rc-
quircments ot th€ nnterials proglan. ln some
cases the rnaterials curriculum is an opdon or
division within anorher department.

The p.osp€ctivc natedals m:Ljor should
selecl a curiculum wifch is balarccd nl all
arcas of nraterials science. Nlany deparrmenrs
carry the name bur ire merely merallu$r or
ceram;.s departmetrrs whicll have changed
their nanle without changing rheir e tphasrs
or curiculum. Th€ requirem€nrs of modern
clgineering make it imperative drat all niate-
dds be considercd nr any application, as each
ctass of matcrials has rclarively udque proir-

erti€, which make ir suitable for diverse ap,
plications.

There is no materials science society ro
vhich you can wrire lor iniormadon but there
are societies in the respecrive marerials areas
which do have information available {or dis,
tribution.Iach one is, however, biased rowrds
itsown parti.ular interesr, and you mustveigh
them all together and in perspective. Some of
thcse groups are: Ame can Cerami. Society,
4055 Nofth High Street, Columbus, Ohro
43214j American Insritur€ {or Metalurgical
Engineen (AIMI), 345 lasr 47rh Srreet, New
York, N.Y. 10017; American Sotiety for Met,
als (ASM) , Merais Park, ohio 44073r Socicry
of Plastics Engineers, Inc., 65 ?rospe.r Sheer,
Stamfod, Conn. 06902.

Nlany excelleDr and rcadable books are atso
a\r i IJb le.  lhe Doubleday S. ien,e iF ' ies is
particularly relevanr and inexpensive. Some
arer "Ceramics in the Modern lvorti:t,,,M.
Chandler, 1967j ciant Motecules: the Tech,
nolog] of Plasrics, Fibe$, and Rubber,', M.
Kaufman, 1968; "class in the Modern World, ,
I. J. I. Maloney, 1967j Merals ir the Mod-
ern Worl4" E. Slade, 1967; ..Spare-parr Su.-
gery," D. Longmore, 1968. Ttre September,
1967, issue of S.ientilic Ametican is atso an
excell€nt introducrion to matedals_

T\e . rude r  pdrr i (u lJ , l )  ;nrF.e\ red in  b io-
medical marerials wilt find information and
prograns more d;ficult to come by. Severat
graduate-level programs exist, but undergrad
Lratc couNes are viftually nonexisrent. How-
evea dre Univeniry of Urah's division of
materials science and c gineernrg is presenrly
ofleing biomaterials course work on the ur
dergradlate levc]. Thele are abour 100 cot-
l .ge\  and . I r i rer \ j r i .s  of lF" ing progr . ,m,  in
materials, and among rh€nl you shouid find a
faculty and cur cuien suire{:t ro your inter
ests, goals, and ideals. Ior furth€r i'formatio,,
on college study, consult your counselor, the
socieries menrioned above, or rhe author ar
:006 MelTill trnginee.ing Building Univer.
siry of uiah, salr Lake ciry, urah 84n2. o

JOSETH tINDR/|DL r.Leiled. hi, B.S. ftom San
Iase SLdte Colege in Calilomia in materiak scietrLc
dnd hk Ph.D. ik tt69 ftum the Unixersiry af Den
tet. Presentl, he is ai asnpnt fuofe$ot in ttte
ttixision ot' noleriols scicnce and cngineering al
the Unire6ity ol Utah ond ulso hotdr an appoinL

'n ' I r ' |a t  v l  tL , t f \  in  l  J iJ i .
sion aJ arLificiat orsans ol the Couege al Mediine.
Hn mdjar interests are the interactions tuhi.h accur
ot the interla.e betueen hokliaing materink ahrt
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