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Infrarcd spcclroscopy has heen used {O anal)'!.e the struclUral changes in sílmplcs rrepared hy (he sol-gclmelhod. Silica gcls were prcparcd
from alcoholic solutions 01"tctraethylorthosilicate (TEOS) kecping Ihe IhOrrEOS ami EI-OllrrEOS molars ralios constanl and cquallo
11.66 <tnLl-l. rcsrcctivcly. The IR srcctra was carricLl out in Ihe \Vet state, hefore or after gclation while the gel was slill irnpregnated ti)'

pon: liquor. The IR speclra of these gels. rneasurcd as a fUllctioll of Ihe gelalion time, contirlll Ihallhe tlnal slruclure 01"lhe material is in
relntionshir with lhe pattern in lhe late slages 01"Ihis gelalion process. The preliminar)' results 01"IR allows sOllle slructural considerations to
he advanced ahout Ihe final SiOl glasscs ohlaineLl.

Key\\'(mfs: Sol-gel; infrared srcrtroscopy: glasses: slruclure

Se prescnlil un estudio de la eslruclllm local de SiOl preparado por la lécnícl sol-gel. utilizalldq cspcctroscnría infrarrojn. l\1uestras de sílic:l
gel fueron preparadas ulilizando (:OITIOprecursor orlosílicato L1ctetmetilo nEOS). Las llllll'slras analizadas (orrcsponden a composiciones
nl1l una relación molar conslanle de elanol (EI-OH)rrEOS L1e-l y de H20rrEOS de 11.6fJ. Las mediciones de infmrrojo fueron efecluadas
para liL'mpos de gelación inlermedios en los ('uales las muestras aún se cncuen(ran húmedas. Se presenlan especlros infrarrojos en función
del tiempo de gelación y se discule la evolución estruclur;ll de las muestras para las clapas tina les del rroceso de gclación: estas mediciones
Cllntir1ll;1llque la estruclura filial dc la sílíca gel eSlá delelminada por la esll'lll'tur¡l que rrc."t'lIlan en cslas etap;ls del proceso.

f){'Scri¡/lurn: Sol-geL cspel"!roscopía infrarroja: vidrios: c•..tnKtura

PACS: Hl.:!O.Fw: 63.50.+\: flIAJ.Fs

1. Introductioll

Bccausc of 1l1cir cxccllcnt propcrtics. silka glasses have heen
receiving considerable atlenlion. The sol-gel process is par-
licularly suitahlc rOl"thc prcparalioll of oxide glassL's and in
recenl years has gained scicnlitk and tcchnological impOl"-
tance 11. :n Thc sol-gel mule is ft.x:ognizcJ as a goml (cch-
niquc fOl"forming thin films. cO<lling amI fnr (he preparation
oftlhcrs ¡[mi calalysts [;l-G].

It is slill diflieult lo prepare massive glasscs, using lhe sol-
gel roule. will1 dcsirahlc shapes hecausc uf hOlh fracture anu
hloaling during tlring. JI is thercfore nI" scicntillc ami leeh-
Ilological inlerest 10 si ud)' lhe structural dcvclopmenls OCClIf-
ring at various stagcs 01"lhe entirc sol-gel 10 glass proCl'SS anu
illvcstigalc lhe factors intlucncing slruclure and hencc prop-
enics [G).

Tl1e rheological data dClllonslrate thal thefe is a majO!"
e\'olulion of slruclure during lhe sol-gel Iransition [7]. The
syslem e\'ol\'es frolll a sol. where Ihere are individual parti-
cles lllore 01"less weakly inleracling with cach (llher. lO a gel.
whicll hasicall'j hCc(HIlCSa continuos lllolcclIle occupying lhe
cnlire volllllle. Conscquenlly. il is importanl lo characteri/l'
lhc c\yllltion (JI" lhe slrueturc nI" Ihe sol Juring lhe gcia(ion
pnll'I'Ss.

Acconling (o I1cr ISI. thc tinal struclllfe occurs in lhree
•..la~es: 1) PolYlllcritation of 1ll0nOlllers lo fOfm partirles; 2)
(iroWlh 01' ¡nnicles; and ,') Linking 01"particles into ehains.
Ih~n n~lworks thal ~xtend throughoul lhe Iiquid Illcdiul11.
lhickcning illO a gel. DlIring Ihe dc\'dopl11Cl11 01' Ihcse slages.
the structllre 01"•..ilica gel goes from l11onOlllcrs Ihal inclutle
isolalcd letrahedr;ll units. passing throllgh l1loleculcs chains
thal arc occasionally L'l"o\s-linked :lt1d finally lhese molcclllcs
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chains cnlangk: and forlll additional hranchcs rcsulting in
gl.'la¡ion: tha! ¡s. a lhrl'c-dimcnsional inlcrconnectioll 01" lhe
Sin, lctrahcdral unils. In (!lis process (he linal structurc is in
relalionship wilh lhe samplc rrcparalioll condiLions. llIainly
Ihe water (untcnts [3. DI. Tlle average vallle 01' the Si-O-Si
anglC's in Ihe fundamental slructural unils, determines very
importanl fcalurcs in lhe main slruclurc 01"lhe s¡lica gel. f('a-
Imes such ~I:lhe presente uf a prcdominant linear structurc
(Iilll'ar (l1ain 01' Illolcculcsl [DI 01' lhe prcsC'llcc 01' lhn.'c- antl
fouf-Illcmhers r¡ng.s struclurc 110-]31.

Thc IR SPCClroscopy h;lS provcn lo he a very slIcccssful
techniquL' lo 1"0110\\'the gclalioll proccss in ,,¡liea ami s¡¡¡cate
,,:'slems 11.1] ami in a general way Ihe IR Icchniquc helps lo
lIndersland lile: cvolulion ami <.:onfonnalion 01' !he SiO] slruc~
luro IG-l:q.

Several aUlhors have reported delaileJ slUJies ol' Ihe SiO]
slruclure, lIsing malhematical deconvolu(ions 01' Ihe IR ah-
sorplion main hands. Some 01' thcm !lave reponed thal the
shoulder 01"Illain slrelching SiO] hand cal1 he composed 01' a
sel oI' slIh-hantls. Kirk antl Lange r15, 161. ror example, ha ve
reported vihra(ional modes al 1254. 1170. ami 1200 CIII-1 •

Thcsc additional hands have heen related lo disorder-induced
modes in <lmorpholls SiOl tilrns. Seifert el al. 1 I 7J have sug-
gesled Ih<1IIhe presence 01' 1\1,.'0or more seIs 01'Sial slrelch-
ing hands Ihal could he aSstlCialed with Ihe presence 01' (wo or
more slruclUre (ypes present in the fully-¡mlymerized glass.
lhe!' fountl lwo compone nI al 1157-1160 cm-1 and 120Y-
1215 cm 1 for the main slretching hand shouldcr al 125 ..•
cm-l. \'lI~cL'licll has proposeti a t\\/o-slate model [18J 1'01'lhe
SiOl gIass slrllclure. in which thefe are al Ieasl two distincl
popllla(ions of Si-O-Si anglcs \\'/ilhin (he lelrahcdral nel\\'011,
wilh values m'ar 138° ami 1"'5°. The rclalives proportion 01'
Si-O-Si angles with this values (.:an be infcrred wilh lhe po-
silion ami nand intcnsitics 01' lhe IR speclra. The posilion 01'
lhe hand in 11ll' IR spectra is in relationship with the (J ~lIlgle
hond. The changes 01' frequency can hc cxpbined in terms 01'
changes in Ihe hond <lJ1gk al Ihe oxygen atom si le. agree wilh
I.ucovsky [1 ~l]. and lhe widlh oflhe hond-slrelching hand de-
ri\'es rrom a sum over a dislrihution 01' narrow modes. each
associaled wilh <1particular Si-O-Si hond <Ingle in lhe slalis-
tical dislrihulioll. <lnd centered around the average val LIC.

Other ¡¡ulIlors found Ihal lhe central frequency 01' Ihe
l!lean slrelching hand 1070-1 ()XOcm-I scale monolonical1!
wilh Ihe: oxygell alom <':OIU.:elllfatioll wilh valucs 01' 1075
CI11-] in sloidliolllclry sile lo Y-J.Ocm-l in O doped <lmor-
pl10us "ilicon [:lO]. Boyd [:ll[ reponed a deconvolution 01'
lh(' main slrelching hand consislently in l\Yo distincl ,sepa-
r;¡le Gall,,~ian proli1cs at I(J5(J and 1OX5cm l. He re1a(ed lhis
suh-hand" lo the ('xislellce 01' t\Vo din~rcnt slructurc Illodcls
01' alllorpholls SiO] disclaillling lhe gellerally ,1LTCpICdcon-
linLloll", r~l1ldtllllnelwor'" arrangemenl (CRN).

In Ih(' prL'senl papel' wc study hy IR S¡)('clroscopy the
L'volutioll 01 lhe local slrllcture of Sin,! in lile lale slages 01'
Ihe gelatioll prllcess. prepared wilh the sol-gel Illethod. In
Ihis cOlllril1l1lion. the kinc(ics sludies have heen COllducled
in lhe wel slalc. i.e.. hefore gelalioll or arter gelatilln whik

Ihe gel was slill illlpregnaled hy pore liquor. Thc purpose
01' (he presenl study is: 1) lo follow lhe structural evolu-
lion 01' Ihe silica~gL'1 during IhL' gel-glass Iransilion and 2)
lIsing a tklailed decoll\'olulion 01' lhe IR ahsorptioll hands. 10
give a qualitativc inlerpretation (JI' Ihis slruclural cvolulion.
011 lhc hase nf varialioll 01"lhe posilion ami relative intensi-
lies 01' foundcu suh-hands. lha( correspond lo lhe coexis(cnce
01' poplllalions of ditTercnl Si.O-Si angles, lhm delCnnine the
slruclllral features 01' (he silica gcl.s.

2. Expcrimental procednrc

The slaning SOllltiolls \\'erc prepared hy mixing IClraelhyl Of-
IhosiliC<ltc (TEOS), wi(h distilled water anu ethanol. \Ve use
a conslanl molar ratio 01' elhano! to TEaS nf 4: I ami also
a conslanl molar ralio 01' water to TEOS 01' I 1.66. This lasl
quanlity corresponds 10 a percenlage of waler oí' 70 pcrcent.
These quantities correspond 10 lhe (omposilions used ror
coalings 122]. The solution was prepared mixing lhe TEaS
ami tllc elhanol separalely. a hOlllogenolls SOllllioll nI' all Ihe
cOlllpollenls was ohtained mixing lhelll, togelher wilh water.
for anOlll 15 minutes using magnctic stirrer. The proccss of
gclation was carricd oul at room temperature. \V!len the vis~
cosit)' lhat accompanics Ihe gclation reached a spccilk value
Ihe solid phase s!arts lo appear (ror lllese preparation con-
ditiolls this ¡minI \Vas reached 72 hOUfS later). Pieces \vere
dried al roolll cont!ilinns to fOfm a powdcr. Various samples
\\'ere prcpared lindel' Ihe same conditiolls at ditlcrenl times
or ge!alion. The limc in wllich Ihe salllples ,uHi IR speclrllm
were ohlainctl corrcspol1ds lo lhe ord}.'r 01' days hctween one
10 olher. Tl1c f1rsl sample (TI) was takcn 72 hours aflcr Ihe so-
lulion was preparcd: Ihe second one (T 2) 36 hOllr ..•Iater. lhe
Ihird (lne (T:d 3(1 hours afler the second olle. amI so 011wilh
Ihe resl nI' l!le samplcs: 1\\/0 addilional samples were laken:
one 01"lhern (T L)' Ol1l' lIlonlh later 01' lhe T;=¡<.ImlIhe lasl one
('1'T) (\vO lllonths later 01' Tt.; The TT sample was annea!etl
al 350 e ror JO llIinulcs in order lo rerno\'e organiL' residues
and liqunr nI' pore.".

Thl' infr;IITd (IR) speclra \vere carricd oul in a Nicolcl
IR SpL'L'lromcter lIlodL'l 205 FT-IR lIsing the KBr pL'llel tech-
niquc. \Ve prcpared lhe samples rol' IR rnea.surelllcnts ground-
ing lhe solid salllple" and lhe KBr finely, afler lha! sample and
KBr WLTeIlli.xcd amI gmundcd as li((le as possihiL' lo ilchievc
good llIixing in ordcr lo rninimize lile KBr contri hUIion on lhe
IR spe<.:trlllll. The s<lmple concentralion in lhe mixture Ihat \\'e
uscd \Vas OA9r. Thl' disc was prepared lInder pressure using
a hand operated press.

3. Expcrimcntal '"l'snlts ami discHss;nn

The infrared ahsorption spt'Clra 01' g('ls in Ihe ran~c ..•00 lo
-J.OO()Clll-l ohlaincd at ditlcrent gelation times are presellled
in Fig. l. From this ligurc is possibk lo observe wcll dellncd
ahsorplioll hands. Inlhcse speclra.lhe band in the rangc 2500
to "'()()I) cm-I (indicated hy lhe nlllllhe:r 1) corn.'sp(lIlds lo lhe
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FI(;URE l. IR ahsorption spcclra fm samplcs al gelation times of
TI t(lT~,.

Ff()URE 2, IR <:lbsorption spcctra al 1000--1300 cm-I, for s<:lmplcs
al gclalion limes of TI toT.",.

fundamental stretching vihrations 01' diffcrent hyJroxyl
groups 11'-1]. It is composcJ of a supcrposition ol' SiO.H
strctching vibrations anJ very small contribution fram lhe
hydralion ol" lhe KBr. Thc wcak bantls obscrved al around
30m cm-1 (indiealed oy loe numoer 2) eorrespond lO C-H
slrclching vibrations as cvidClll frolll lhe TEOS [23J. Thc rci-
¡¡I¡ve <llllplillltlc of Ihcsc bantls dccrcascs with Ihe incrcasc of
(he gc!alion time, indicating lhe cvolulion 0'- chcmicals re,H;'

liolls. 1I is possihlc lo observe, from this figure. a slllall resido
ual fcalures !lcar 2900-3000 cm-I tille lo organic rcsiducs
(clhanol or TEOS)_

In Ihe inlcr\'al hCI\\'CCn 3600 and ..1.000 CI11-1 the hands
are mainly due lo O\'crtones or cOllloinalions 01' vibrations
(lf Si-OH or H20, The hroad ahsorption hand bctwecn 3000
and 3600 cm -) correspond to fundamenlal slretching vihra ..
tions 01 dillerent hydroxyl groups, 1I is generally cOlllposed
(JI' a superposition 01' Ihe following slre{(;hing Illudes: 3400
\l) 35()() CIII-1 correspond lo ahsorhed waler; 3540 cm -1 cm-
respond lo silanol groups linked lo molecular waler lhrough
hydrogcn ounds; 3660 cl1l~ I corrcspond 10 pair 01' surface Si
and OH Illulually Iinked by a hydrogen hond alld internal
Si-OH: 3750 cm-l correspond lo free Si-OH on lhe surface
nI' lhe gel.

Th~ hano al 1620-1650 cm-I (indicating by the nUIll-
her 3) is assigned lo lhe defonnalion 01' molecular waler
1620 cm-l 114]. lhe presence 01' lhis oand indicales thal ver)'
Ii!tle lllolecular waler. ir any. remained in lhe gel s al lhis
slage; hesitles lhe KBr hydralion conlrihules lo lhis hand [1.11.
¡\11 addilional and very \l'cak hand near 1650 cm-I is oh-
SL'rvcd. which could hc tille lo residual ethanolll-1].

In alllhe IR spcclra 01"the gels stllllieo in lhis \\'01'1.;sho\\'
1\V1lahsorption hands at arountl 450 ano S50 cm 1 (indi-
cated hy numher 5 anJ 6. respectivel)'). which are charac-
terislic of silicon oxides (25]. The lowesl rrelJuency \'ihralioll
al 450 CI11-1 is a rocking mode in whir.:h Ihe oxy'gcn atommo-
lion i...out 01' the plane of the Si-O-Si bond: lhe hand aosorp-
lion al XOOClll-I is a bending vihralion in which the oxygen
is in lhe planc of lhe Si-O-Si hond ¡¡nd ¿¡long Ihe dircclion 01"
the hisl'clor nI' Ihe Si-O~Si anglc [2G].

During the I"ormalion uf a gel from lhe reaclioll
01" letraethylorthosilicale (TEOS) and H20 in alcoholie
mcdium, a oroad IR hand appear from 950 lo 1350 em-1

(indicated by the numhcr ..•.) composed 1'01'two shoulders.
The lcft shoulder al 950 CI11-1 is assigned 10 the vihration uf
Si-OH [2'iJ ano Ihe right shoulder from 1000 to 1350 cm-I

corresponos 10 asymlllelric Si-O-Si Slrelching mOlions ['261.
The right shoultkr or hand is more inlense ano is !lamed the
main bando This band indicales lhe fonnation of Ihe SiO:2 net-
work. lheir intensity incn:ase very rapidly acconJing 10 lhe in.
crease of conneclivily of lhe SiO-,! network (polyrneril.ation)
produccd by condensalion reactions [1-1]. From lhe Fig. 1 is
nol evident lO ohserve that this hallO coulo he composed 01"
ti comhinalion of varioLls suh-hands with a dominant peak or
suh-hano at 1070-1 OXOcm-l: lhis hand is a tlislinclivc 01"lhe
SiO, IR speetra (151,

In Fig, 2 we show Ihe speclra 01' lhe main IR band for
salllplcs TIlo T;;. In Ibis figure \ve can ohserve lhal the shapc
ollllainlR hand is d);Jnging aCl'ording to the evolulioll ofllle
gelalion process. therc is Iloticeahle dccrelllcnt al the len al1l1
cenlral pan of the hand. Thc hchavior nI' lhe main hano. al
1000 lo 1350 cm-l. rcl1ecls lhal at lhcse stages 01' the gela-
lion proccss. the chemical n:aclion is still prcscnl and lhe
struclural con formal ion is carrying out dcrivcd 01' lhe poly-
Illerizalion 01' lllonOlllers: forming and growing of parlicles:
and Iinking of particles inlo chains.

In Fig. 3 a dcconvollllion on Ihe IR spectra was carricd
oul. fnr salllplcs T1. T.,) ami TI. al Ihe range corresponding
lo Ihe Illain hand. The speClra werc dccomposed in l¡ve ah-
sorplioll hands. which k!ave lhe hest Illling tu the experimcn-
lal dala, Thc dashcd cur\"cs correspono 10 Ihe measurnl ah-
...orption and Ihe solid ones are Ihe SUTll01' lhe llvc ahsorplion
h:-lIlds (doleo olles) ohlained from Ihe decomposilion. As can
hl..'SCl..'nfmm lhes!..' Iigures. lhc position nI' the hands are al
ahOlU 1(110. 1075. Ilú(). 120n. ami 12-1-0Clll-1 (indicated
hy suh-hand I (O 5 rCslk,(,ti\"ely); with varia(ion 01"the order
01' 25 cm-l. \Vc can ohserve lhal lhe relalivc amplitude 01'
the hands slrongly dcpends 01"lhe gelation time, indicaling a
structural C\"Ollllioll,

R{>\'.Alex. F(\' . ..w (6) (199X) 575-579
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can he rdlel'ting Ihe existcllcc of SiO. spccies l20]. Ihl.' cxis-
tcncc 01" lhe-sc nOI1-stoichiollll'lric SiO:! spccies is very proo-
able during lhe processes of hydrolysis and condensalioll.

Tlle hands al 1160, 1200. and [240 cm-l. indicaled by
suo-hand 3 lo 5. arc very similar lo lhe hands reported prc-
viollsly I"or lhermally prepared Si01 samplcs and have heen
assigned lo: 1) disorder-indllced moJcs coupEng in amor-
pholls Si02 I];j. lG]; 2) lhe presencc of tWD or more s(ruc-
turc lypes presenl in lhe flllly-polymerizcd glass 1) jJ; ami 3)
dislinct populations 01' Si-O-Si <Ingles \\'ilhin lhe letrahedral
ncl\vork liS] .

For lhe !irsl slages in lhe gelalion process (samples T2
and T.,. in Fig. 3) lhe sllh-hand al ahouI 12-1-0cm-l is pre-
dominanl ()Ver lhe oand at ah(HII 1070-1080 cm-l. \\'hcreas
ror \'Cry much highcr times 01"gelalion (samplc T L)' Ihe situ-
alioll is iJl\'erted and lhe hand al aholll 1070-1 OROCIll-1 slart
!O he dominan!. Assuming that. lhe relati\'c inlensily 01' suh-
hand in lhe our IR speclra is in rclationship with lhe nUlllhers
of siles wilh a parlicular Si-()-Si hond <lJlglc. we associale
fOl"lhe hand al 1240 CIll-1 a !leal' IXO° Si-O-Si angle, This
assignmenl is in agrCCJ11enl \o,.'ilhOlsen el (//. rol' lhe case of
Si02/Si inlerface [:!S] and is also consistenl ••••.ilh lhe simple
forcc conslanl moJel [2;'). 2911hal predicts an increase in fre-
C]lIency wilh incrcasing hond anglc.

The varialion in lhe relalive inlensilics 01" lhe hand JI
I070-IOX() CI11-1 is in relaliollship wilh lhc I"ormalioll 01' Si-
O-Si <lIlg1l's of aboul 1440 IDI ami wilh cxistencc nI" a CRN
slrllelure. Al T1 anLl T.-) lhL' band al 1240 cm-l is largc re-
spect lo lhe hand al I070-IOXO cm-l. al TL this fael is in-
verted and lhe intensil.y 01' lhe hand al 1070-1 OXOcm-I slJr!
lo he predominant. J( is possih1l' lo ohscn'c. from the Fig. 3.
ho\\' the rclalivc illtcnsity of the sllh-hand al 1160 cm -1 (suh-
hand 3) deCfease according lo Ihe inCfeasing or lhe gclalioll
time. This rael can he associaled lo evnlUlion 01' lhe chemieal
reaction slill prcsenl al this stages 01' gc1alioll. a!so is asso-
cialct! lo Ihe increment 01' silCS wilh Si-O-Si angles near lo
1RO° amI O-Si-O honds ang1l's grcaler lhat I 10°. On lhe eon-
Ira.'y. lhe suh-hand 4 has an incrcmenl nr its relativc inlensity
aceording lo lhe gcJalifln lime.

lhe hands, I 160 ami J 2.H) L'm-l. ha\'c heen associated
lo lhc prescllee of populaliolls nf s¡tes wilh angles 01' Si-O-Si
gre;l\er Ihan 144°. ami are inlerprclcJ as duc lo lhe formation
of a linear or chain-likc strllclurc \vhich is ohviollSly a highly
disordcrcd strw..:ture. These c()ndilions ohviously rcsults in a
1ll000L'opcn .\trllclurc 19] very dillerenl to thc well accepled
CRi'\ ,1 lIll'l lln.' 01 SiO] preparcd hy Ihcnnalmelhods.

Figur\'" 4 "ho\\'s a dccon\ollltion orlhe main IR ahsorption
hand for lhl' ..;.unple Tr (Ihe anncaled ..;ample), in lhis figure
il i, possihk' (o apprccialc Ihe gre¡¡( sillli!arily (Ir Ihis hand
\vilh Ihe IR l"q)()rtcd fm silicon o\idcs prepared hy lhermal
llh:lhod, [10], rOl' lhis tigul"l' \Ve Gln ohserve Ihat (he dllllli-
nanl kallln: ollhis hand is Ihe slIh-hand al 1070-1 ()X()cm 1,

Ihe hands al lló(). 1200. ami 1240cl1l-1 arc still present. OUl
Iheir inlensilics havc diminished respccllO Ihe inlensilies lhat
we ohsl'fn'd al T2. T.-,. and TI.' This indicates lhallhe final
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The hanJ al abollt 1(1751'1Il-1, suh-hand 2. is Ihe well-
J...110WIl strctching Si-O-Si hano assigncd to a optically ac-
li\'c oxygcn aSYIIlTllctril: Slrclch 1'0 moue (in-phasc Illotion
()j" adjacclll (l.\ygcll alOl11s)1101. The 10 1O cm- I. suh-hand l.

FU¡URE J. Dccollvolution 01 the main IR ahsorli(lll hand ~¡( ()70-
1.100 Clll-1 for: a) :-.ampJcs ¡tI gclation tim~ of'¡:l. h) .,;llllpll' ...•dI
!!L'I;lli\ll1líllll' ofT.", ;IIHlc) .•••alllpk. al ,!,!",JaIÍ()1lllllll' 111'1'1.
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Fr<;ll!{,\ 4 Decon\'Olution 01'lhe main IR absorption hand al 1)70-
13011rlll l for lhe samplc ;11~elation time of TT and al1l1calcd al
3:'11 e lor JO minutes.

slrllclm~ for this samplc is Iikc a CRN structure. and the
l-t-t° Si-O-Si hond angle are majority favoring the three-
dimensional inlel"COnneClioll of lelrahedral SiO.! lInils.

Thl' results. \\'e silow, indicalc (hat lhe material for Ihe
slages with times 01' gelation helween TI amI TL, il is nol
fully hydrolY/cd, prcsents a structure dcviate from SiO.! stoi-
chiolllctry, ami Ihe silcs Wilh Si-O-Si hond angle grealcr Ihall
l-t-l° are majority. For Ihese samplc the spcclra relkcl Ihe
l'<H'XiSlence of JilTercnt slruclures and prcsence nI' out of

1000 1050 1100 1150 1200

Wavenumber (cm-1)

1250 1300

sloichiolllclry SiO\" spccies. For samplcs ",ill1 a large lime
01' gclation and allllealed. the dominanl struclun: is the CR:'\
strllcture ami the dominanl specie is lhe SiO,!.

4. Cnllc!lISinll

The IR spectra can he a lIscful tooI lo follow Ihe structural
changes which occur when lhe gelation is in cnurse. The re-
sults prcsenled in Ihis worl.: indical~ Ihat when the gelation
process occurs an e\'oIUlion in the slruclure takes place. in
\\'hich Ihe 11111llher(Jf si tes with Si-O~Si hontls angles grealer
lhan l-l.-l.° ami ()~Si-() hond angles gn:aler Ihal 110° are in-
crea sed wilh lhe gclation lime, hecoming lo a linear chain
strucWre in lhe Iale slagc 01' gclation.

The results indicale liS lhal the presellcc of lhe hands al
1160. 12()(). and 12-t() CIll-1 are \"er)' similar 10 the hands due
to a disonlcr-indlH.:ed lTlodc coupling in amorpholls SiO:! and
lo Ihe presence t)f I\HllU'lllorc slructure types conscquence of
dislincl poplllatiolls (Jf Si-O-Si anglcs within the lctrahcdral
nCI\\'orl.:.

\V~ conclllde lhal. during Ihe gclaliol1 process: lhe struc-
tme presenls;¡ polYlllcric charactcr and a pr~domil1ant linear
chain slrm:lure.
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