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   [l]be structure  ancl  dynainics of  giass fortnei's are  spal,ially  inhoniogeneous  with  t].,pical

sca,le  of  nanometcrs.  [[ihe inffuence of' this inhoinogeneity  on  the glass t,ra,nsit･ion is consid-
ered.  Using I.inclemanii criterion  of  melting,  the  ]oc:ally Iiquid- and  solid-like  pa,rticles are

defined and  a  percolat,ion prob]erri fi.)r liquid aiit'1 so]id  clusters  is f'ortllulated. On  the  basis

oi' percolation  theery  it is shown  t,haL in strong  g]ass foriners t,he d>rnainic inhoillogeneit,y is
higher t}ian in t'ragile ones.  The  sta,nclard  deviation of  the  lognormal  spatial  distribution of

tlEc rriean  square  at,oiMic displacenients <r2> is ft}und to  be equal  r･o C).1÷ C).2 ft}r fragilo glass
formers, O.5 for intermediate glycerol and  O.7 tbr strong  B20/s . The  cojiiparisen  with  the free
volurrie  size  distribution ill a  f'rag'ile po]yrrier shews  a  s,ood agreee]nent.  wl/tlt  the predictioiis
of  thc  model.

SZ. gntmo(Salcti()Il

   0ne of  the iinport･ant properties 
'for

 characteriz･ing  difl'errent g'lass foriners is the

degree of fragility. [["he latter was  iiitroduced  by Angelli) and  shows  the speed  with

which  viscosity  of  supercooled  liquid decreaFiefr with  T/'[l'l? . [grhe strong  liquids exhibit/

comparatively  slow  decrease of  t/he viscosit]y  tknd  fragi],e ones  exhibit,  a  fast drep of

the xriscosity  witl] temperature  near  [lli. The  physical ba,sis ot' the degree of  fragility

is st･ill not  "rell  understood,  2)

   In the  present paper  we  connect  t･he deg].'ee of  fragility with  the  dyriamical in-
homogeneity  ()f a  system.  As  a  parainet/ei' whi'ch  can  cha,racterize  the  dynainical

inhomogelleity, we  c;hoose  the mean  square  thermal  ateinic  displac,ements <r2>, In a

glass, due  to the structure  fluctuations, <r2> is djffereut in diil'erent points. "Xe will

show  here that thc width  of  the spatial  distribution fiznction of  <r2> is collnect,ed

with  the degree of  fragility. 
,
 being higher in stronger  gla,ss fbrmcrf/,.

g2. Model

   i- the rnodcl,  the Lindemanii criterion  of  rneltillg3)  is used  vvhich  assumes  that

at  the  melting  teinperaturc  <r2> is equal  to a  univei'sal  fractj,on of  the  square  inter-

atoinic  distance.. iL･et us  define loc'ally liquLcl- and  solid-like  particles t/is ones  witli

<r2> >  r?. and  <r2> <  r7  respcctively,  whei'e  
'rZ

 is soine  criti(;al  va' lue ol" <r2>, It is

assume(l  that  the tirne window  of  averagjng  is not  higher t,han some  periods of  the

atomic  vibrations,  i.e., it is ef  the  order  of  a  picosocond,  tc) avc)id  the  infiuence of  dif

f'usion on  <r2> in the c:ase  of  the  liquid-like part,icles, In these term.s:, a  glass lbriner a,t,

any  tcinperature contairis  both liqiiid- and  so].id-like  regions,  their relnt/ive  concentra-

tion being dependent on  temperature. Since these reg;i'ons  are  distrihute,d randomly,

a  perco]ation  approach  is suitable  for thci, problern. Two  percoLatjon threshol(is are
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characteristic  for the s,v. sttin.  IXihen t,emp. erature.  is raised,  thc first one  corresponds

to a  point  Tk where  a- fi.rst, infinit,e liqui(1-likc cluster  appears  ill t･he systein,  [Ehe

second  ttn'esheld c'orresponds  to e, tempera//,iltirc [l'lz at  which  the  last infinite solid-
like chist･er  disappears. In the  contj.nuuin  :i D  perco]a,tion niodel  thesc t,wo point･s
correspon(1  

'to
 a critica] concan'tratiinn  p. ry 15%  ol' liqujd- or  solid-like  particles, re-

spectively.  
4}
 Tlierc,/･ is also  a  third iinporttant' teinpercature i'or tthe inodel,  nainely,  the

tempe.ra,ture [J}. at  whi{;h  a,vcrag'ecl  c)ver  t'he "/hole  systein  <r2>, denoted by be2 is equal
to the Lindemann  vaiue  Ti2. 

'Ohviousl:,r,
 (1ize tto the defiiiition, 7i2([l'1) f{ r2L 1> r"2(7'h)

holds. We  assurne  t･hat･ .iust this  to,ynperature, :2"L, corresponds  to the  glass trallsition,

T･. n 
r-'J

 [Ib, i.c., tt2([l'b) =',' T'?,. [Iihis assurnpt'ion  can  be consklerecl  as pl/ieiioinenological
ebserv･et･ioll similar  to the  Lindernanrt criteriom.  of  nieltitig.  

5)'6)

   In acl･dit･ic)n to [l}J there, are  at/ leas't, t"ro cinaracteristic:  te]nperatures  "rhich  are

llsed  tc) describc the  hehavior o{' tl],e viscDsity  in the liquid-glass t･ransition, [g]'hcy
are  t･he L]k)gel,-R.ilchei'-[i]aminaiRi t.einl)erat,ure 7i) alld  the  crossovei'  teinl.)erature TL,

Tb <  T,ij <  lgi.. fll'} is dre.fined b.x, a, phei)oxileiiological fit･ of  the  viseosity,  at  [!- >  [E'b: 
7)

?1 ,--- 7]oexp(B!('T.  
-
 7k))). 

'[I]lie
 raLiD  

':l'k/V'o'
 is higher iii stroiig  glass forine.rs than in

fragile oiie  and  is oue  of  the  possible Tneasures  of  the  degree of fragility. 
2)-8)

   
'g'he

 cressover  t/einperatu,re ZC, is g/iredicte.cl by the  niode,  coupling  t,heoi'y (),I()tl')
as  a  t,e.rnperature  ot' an  idea,lizc-d glas$ t'ransitien. This temperat'ure which  tbr fragile
liqiiids iff highe.r t,hall 

'lt
 ]q by C e-50 K  ('S'l.f'CIb =  1.1÷ 1.2) is fr)und iii rriany  cxperiineiits

(see, e.g.,, rei,r･iews  9) and  10)), [s'-, may  be do,fined by, applyin.ff  a  power  law /for

the  teinperature  t./lepen,deiic,e  of  the  viscosity,  explicitly  7] [x (T --- [.ny.)-V, T  >  7'}.

Indi{;a'tions f'or a  crossovt?,r  teinpe,rtxt･ure are  f'ound also  in iilterniediate and  strong

siipercooled  liquids, llainely,  glyceroli]) alld/ B20:i.i2)Ti3) It ineans  Lhat, [i:, inay, have

phy. sicts'l ineaniyig  a''iso  in such  croinplex  liquids. In glycerc)1 and  B203  the  ratio  [si}',flg']g

is sufficientl}r  higher than  iii fragile li({'uidf,' and  is equal  t,o 1.5･--1.6. Below  we  will  show

that  "rithim  t.he  t"rai'ncs fof  t,hc percoia,t,ic)n approac.h  there is a  possibility te interpret

[ft),, ll, ns  Tg ax)d  T2 :aiid the  {:ritica}  exponent  ty as  a  critical  iiidex of  conduct,ivity.  .

   Close, to the  percolatrlon thres.hold, variables  relat,e(l  to the percolatioii can  be
expressed  as  a power  f.'unc:S.ion of' z) -  pu,,, ll.ii particular, the conduct･ivity  a  has t･he

crit,ical  e,xpoueu'[  t:4) (T /:)c (g) - x).)t, "rhere  typica]}rv.' t r"  2 holcls. The  conce.ntration

p(T) ot" atoms  vt?ith <7'2(T)> >  7"i el()s'e io 7'> can  be e'xpancled  in power  series  of

ri'-

 71z, sc) i'esult,s  in "  o( (T - [E'lt)t, 
'ii

 >  Lny'le. On  
`L'he

 othe'r  hand, pt'IC'lli preclicts that

withi.n  the  scenario  ot' an  ideal glass transition the seltLdiffusion  coefl'icient  D(T')

has to vaiiish  at  t･he (:Tosso'ver  poi]'s Te according  to a  pow(]r law as  does 1/7v:9)

D  oc l.!･r7 ･y. CZIi- fl'l,):'. Cn. >  7L･, '>,  =  2 ÷ 3.9) Comparison of the  percolatien result
f/er cr i"itlr, thc} ts,ICrE prerliction leads t,o t･he hypot,hesis that, 7'lz is i;he cvossover

tempc.raturc  
'7'1,.

   Con'-/puter sinAulatior,s  show  th,at tho  d.･istribution of  <r'2' ('Y')> can  be described by,

a  lognorinal functioll, 
L'i)

 .t"(,z') =  (27ro2)-i･!2exp(-(ln<r2>/7i2(7-))2/2a2). [ff]he widt,h

ef  t.'he distributicn, o', is a  m.easiire  of  the dy. nainical  inhornegeneity, In Ref, 15)
ii･ was  showTi  that under  t,he conclition  that  Tt and  V'2 co'jncide  with  7"o an(i  1"ts

respcctivel>,r, one  has the following relation:

NII-Eleetronic  
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                          J'i((i[Z'･L,l=l'ISIi:L'nt);'eff (2i)

Since below 7'b r2(T) or T  it means  that ff :=  ln(1'g!7'o). As it was  inentioned  above,

the  ratio  1'g!fb is a  rneasure  of  the  degree of  fragility of, a  glass fbriner. [lrhus, the

spatial  fluctuations of  <Tx2> are  higher in stro/rig  glass forrriers than in firagile ones.  [I]'he
width  g  of  the  ln<r2> distribution can  be chosen  as a measure  of  the  inhomogeneity,
This parameter, as  found from the ratio  Zb/1'b, ii]creases i'irom 0.1÷ 0.2 for such

fragile glass forTners like CKN,  PS, salol  to O.5-t.-O.7 for interrnediate glycerol and
strong  B203  and  to  1÷ 1,2 for the  inost  strong  si}ica,tes,  

8)

   The predictions  of  t･he model  "r(]re  checked  by  comparisoxt  with  the data on

de2(T) obtained  by inelastic neutvon  scatteriiig  for polybutadicne,, polystyrene, se-

lenium, o-teTphenil  and  glycerol. 
i5)

 A  reasonable  agreement  was  obtained  betwecn
experiinental  data and  the inodel,  Anothe: possible  check  comes,  froin the positron
allRihilation  life.time spectroscopy  (I'ALS) daLa on  the size  distributien of  the  firee

volurne  holes. Th(,i coinputer  simulations  sho"r  that distribution of  ln<T'2> coincides

with  that of  ov  (2/3)lnV)･!I,'() where  Iib is some  reference  vokime.  
i4)

 This is under-

standable  since  the dynamical  inhomogeneity  is caused  by t,he structural  one  and

the coeM,cient  2/3 corresponds  to  what  one  can  expec:t  fr'om dimonsional arguments.
Hence, according  to the  model,  the size  distribution function of  the  free vo}ume

holes should  have. the larger width  af  the stronger  the glass foriner, Addittonally,

the model  predicts tha,t (2!3)af fe  a  fbl ln(7b/7"o). There  are  the  }'ALS data for
the dist･ributk)n of  free volumes  in poly(vinyl alcohol)  (PVA). 

]'6)
 One can  expect

that it is a  fragi].e glass fbrmer like poly(vinyl acetaie).  Fer the latter the  f'z'agility

is close  to that  of  CKNi7)  so  we  take  as  a  reugh  estimate  ef  a  for PiilA the value

O.e8 t5) like ['or CKN.  The lognornial fit of  the free voluine  distribution functioll for
PVA  froTn R,ef. I6) gives fff  Ri  O,1 (Fig. 1) which  corresponds  to a  Ri O.07, in good
agreemenb  with  the  expecting  value.  Another  way  to find a  is the examination  of

deviation from the  gaussiaR law neutron  sc;at,tering functi,on. S(q,t), If <r2> are  in-

hoinogeneously distributed than  q-dependence  of  S(q,, t), in general, deviates from
the simple  exp(-Aq2)  dependence, ty. pical fbr dynarnical]y hoinogeneous harmonic

solid.

   In the present approach  the only  parameter  whic]i  distinguishes strong  and  frag-

ile liquids is the degree of  the (lynaynical  inhomogeneity, i.e,, a.  This para,meter
determines also  the relative  siz･e of  the  iiite/rval between  [Z'b and  7i.. If one  sllpposes

that  the viscosity  in the  iriterval between  Z7 a.nd  7'1, depends only  on  th.e concentra-

tion of  the liquid-like regions  then  in coordiriates  scaled  by  the  magriitude  of  this

interval one  has  to obtain  a master  plot for the viscosity  of  the  strong  and  fragile
]iquids, Such coordinate  can  be chosen,  for example,  to be ([ZMI,!T)(7:, 

--
 T)/([I'1, 

-1"g).

In Fig. 2 log[ny/ny(Tb)] vs  this scaled  temperature  is shown.  Instead  of  [Tl, we  used

soine  fitting ternperature  [Z'1, which  provides coincidence  wit.h  a  master  curve.  For
the  latter, Iog[7?177(7b)] vs  the scaled  coordintLte  of  OTP  wit･h  T,, iE [I} was  chosen.

Figure  2 shows  the mast}er  plot for t･he viscosity  of  sorne  liquids, both  fbr fragile

(like OTP)  and  strong  (like B203).  Deviatioi'is from the master  curve  occur  only  at
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g3. Coneiigsion

   In conclusion,  there is a  connection  between the dynarriical inhornogeneity of

glass formers and  their degree of  fragility: strong  glass formers are  more  inhomo-

geneous than  fi'agile ones,  This property  is refiected  in higher fractional intervals

([!'b 
-

 [Ib)1[Il] and  ([TL 
-

 [Tb)/[1'l? in the  strong  glasscs formers. It is shown  that the

quantitative  rneasure  of  the  dynamical inhomogeneity, t-he width  a  of  the  lognormal

distribution of <r2>, correlatcs  with  the  ratie  [I};/7b, which  is one  of  the definitions
of  the degree of  fragility. Ill particular, we  obtained  a  to be equal  O,1÷ 0.2 for f'rag-
ile glass fbrmers, O.5 fbr intermediate glycevol and  O.7 tbr strong  B203,  This  va}ue

is also  close  to 2f3 from the  width  of  the free volume  size  distribution as  tt was

demonstrated here for a  fragile polymer  system.
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