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Sesavali

siliciumorganuli polimerebi mniSvnelovani komp le gsur i Tvisebebis
gamo rogoricaa maRali Termuli da Ter moJang\vTi stabil uro ba, dabali
gaminebisa da kristali zaciis temperatura, sxvadasxva fiz i kuri maCve neble -

bis na klebi damokidebuleba temperaturaze, atmosferosa da sinaTlis sxi -
vebisa d mi mdgr adoba, farTod gamoiyeneba tegnikis sxvadasxva dargSi.

xazovani oligomeTilhidridsilogsani warmoadgens sa intere so sawyis
maalas savarcxliseburi polimerebis sinTezisaTvis, maT bazaze miRebul
poli merebs SeiZleba gaaCndeT iseTi Tvi sebebi rogo ricaa pro - an anti -
adhezi uro ba, amfifiluroba an hid ro foburoba, Txevad -krista luri buneba
da zed apiru li agtiu ro ba; isini warmoadgendnen gamkerav agentebs, gam tar -
ebs da a r axazo van optikur ma salebs, elegtroluminis cenci ur da bagq teri -
ciduli Tvi sebebis mgone polimerebs. aRniSnuli polimerebis miRebis sa u-
keTeso gzas war maadgens hidrosililirebis reaq ci ebi, mimdinare [ SH adgi -
ur jgufsa da ujeri bmis Semcvel naerTebs Soris [1 -11]. ukanasknel xanebSi
di di yuradR eba miipyr o sa varcxli seburi agebulebis Tana polimerebma,
sadac hidro fo buri Tvisebebis mgo ne meTilsilogsanur mat ri casTan da kav-
Sirebulia sxvadasxva ti pis, sig r 4s da bunebis orga nuli Cam nacvlebeli
jgu fe bi, ro mel Ta varir ebiT SeiZ leba aR ni Snuli polimerebis Tvisebebis
cvli  leba da maTi farTo g amoyeneba sxvalasxva sferoSi. sa  var cxli  seburi
agebulebis Tanapolimerebidan aRsani Snavia meTil  si logsanuri Ta napoli me
re bi sxvadasxva klasikuri mezo genurijgu f ebiT gverdiT jaWvSi, rac T ana
polimerebs Txevad -krista lur bunebas aniWebs [12 -14]. Tumca aRsaniS navia,
rom polidial kil siloq sanebSi ZiriTadi jaWvis agan damoukideblad me zo -
ma fuli mdgomareobis warmogmna Se imCneva umTavresad ar aklasi kuri me zo -
genuri jgufeb is Semcuveli alkiluri (eTili, propili) Cam nac vleb lebis
gar kveuli sigrZeebis dros ( R=CHzn+1, N O 1517]. aRsaniS navia, rom meo fa z -
is tem peaturuli intervali Tavis mxriv da mdide bulia Camnacv le beli
jgufebis sigrZeze. es das kvna SeiZleba gavakeToT p olidi pro pil sil ogsa-
nidan poli di eTil silog sanze gadas vli sas mezofazis tem peraturuli in -
ter val is mkveTri zrdiT [1,12,13]. amdenad, sxvadasxva organ uli Camna cvle be-
li da funqciuri jgu febis Semcvel axa li organosi log sanuri ol i gomee -
bi sa da polimerebis sinTezi da kvleva aqgtualur problemas warmo ad gens.

bolo xanebSi axali fotoluminiscenciuri da maT Soris sa varcxli s-
eburi agebulebis Txevad -kris taluri Tvi sebebis mgone mdil siloq sanuri
ol ig onerebis da po limerebis sinTe  zisa Tvis far Tod gamoiyeneba meTilhid -
rid silo gsanebis gimiuri modifika ciis reaqciebi. savarc xlismagvari ag eb-
ul ebis meTi | hid ridsilog sanuri oligo merebis da polimerebis sinTezis
ori umTavr esi gza ar sebobs; es aris agtiur 1 Si-H bmis Semcveli naerTebis
hid r osi lili re bis da dehidrokon densaci is reaqciebi ujeri da hidro gsi -
| is Semcvel funqciur jgu febian naerTebTan.

hidrosililireba kvlav farTo Ses wavlis sag nad rCe ba da mniS vndo -
vania aRni Snul kvle  vebSi gar damavali me ta lebis roli. kvle vis Sedegebi
damdki debulia uje  ri naerTebisa da si la nebis strugturaze, aseve katal -
zatoris bu  nebaze da reaq ciis Catarebis pi ro bebze [18]. agreTve mravali
informacia ar  sebobs meTil - da eTilhidridsilogsanebis g i miuri modi  fi ka-
ciis re aqciebiT Txevad -kristaluri bunebis pol i mee bis mi Rebis mimarTu -



le biT [19,20] romelic ganxilulia sadisertacio masalis literaturis
mimoxilvaSi.

samuSaos mizani: meTilhidridsilogsanebis gimiuri modifika ciisre ag
ci ebiT axali tipis meTilsilogsanuri oligo me ebis sin Tezis prep arati u-
li me To debis SemuSaveba; miRebuli oligomerebis a da poli meebis f iz k-
ur -gimiuri Tvi  sebebis Seswavla da maTi praqtikaSi gamoyenebis gze bis Zi eba.

mecnieruli siaxle: Seswavlilia a,w- bis(trimeTil silog si) meTil hidr -
id sil oqgsanis hid rosililirebis reaqciebi vinilalkogsisilanebTan, sxva-
dasxva ka talizatorebis: pla ti naglo rwyalbadmJavas 0.1 M xsnari (tet  ra hid -
rofuran  Si), kars tedis da nax Sir badze da fenili plati nis Tana obisas mo
re agire kom ponerte bis sxvada sxva moluri Tanafa r dobiT sxva dasxva tem pe
ra turebze. sin  Tezi re bulia oligomerebi eTogsisililuri fragmentebiT
gver diT jaW vSi. Seswaui lia mierTebis procesis kinetika. gamoTvl i lia
re aqciis siCqaris mud mivebi da aqtivaciis energia. dadgenilia rom rea qcia
sawyis stadiaze meo re ri gisaa. aRniSnuli produgtebi gamocdil igna s af -
ar velebis dasam zadeblad da naCvenebia maTi perspeqgtiuloba am mimar Tul e
biT.

ganxilulia savarcxliseburi aRnagobis si li ciumorganuli oligo me
re bis miReba, rom lebic gverdiT jaWvSi Seicaven propel oqgsitri eToqgsisi | -
i1 irebul da propil ogsi trimeTogsisili lirebul jgu febs. am mizniT Ses -
wavlil i gna U ,-bis (i md&il silo gsi) meTil hidrid silogsanis hidri du li
mier Tebis re accia alil  ogsitri  eToqsi si lanTan da alilogsitri metal sil -
anT an. sinT ezi re buli oligo merebis Sedgeniloba da aRnagoba SeswaMi lia
furie gardag  mmis iw, H da 1 bmr speqtruli gamokvlevebiT. d adgeni lia,
rom reaqcia SeiZ le ba warimarTos rogorc markovnikovis wesiT, aseve mis
sawinaaRmdegod o d nav gansxvavebuli intensivobiT 1,4:1.

naxevradempiriuli gvantur -qimiuri  AM1 meTodiT gaTvlil igna muxtis
si di deebi. Teoriuli gaTvlebiT dadasturebulia bmr speqgtruli gamo kvle -
vebis Se degebi. gaTvlilia polimierTebis reaqciis kinetikuri parametrebi:
siCqaris mudmiwebi da aqtivaciis energia. sinTezirebuli oligo merebi war -
maad genen sain te re so produqtebs da SesaZ le belia gamoyenebul ignan ro g-
orc S em&avSire ble bi sxva dasxva saxis kompoziciuri masale bis, aseve si -
li kahid ro gele bisdasi li kaaerog elebis misaRebad

pirvelad igna Se  swaulili a,w-bis (tri mé&il silogsi) meTilhid rid silo -
gsanis hidriduli mierTebis re aqgci ebi 4 -vinilciklo -1-hecsenTan katal iza-
to re bis - platina glor wyal badmJavas, naxSirbadze dafenili plati nis da
karst edis katalizatoris Tanaobisas mae agire kom ponentebis sxva dasxva
moluri Ta  nafardobiT sxva  dasxva tem pea tu raze. sinTezirebuli o | igo-
merebi warmo adgenen gamWuvirvale, blant si ste mebs, romelebic kargad ix -
snebian ar omatul gamxs nele bSi. Catarebulia oligomerebis furie gar dagm
nisiw, Hda Tsped ruliga mdkvle vebi. dadgenilia rom hidrosi li li reb-
is reaqcia midis ro gorc far  me is da markovnikovis wesis mixedv iT, aseve
ci klohegsenis fra gmeh Tanac. Seswavlilia reaqciis kinetika, gaTvlilia
siCgaris mudmi vebi da aq ti vaciis en er gia.

hidri du li mierTebis reaqciis sruli daxasiaTebisaTvis, naxev rad empt
r iuli gvantur -gimiuri me TodiT AM1, Catar ebul igna T  eoriuli gaTvle bi.
adi vaci is energiebis da warmogmnis siTboebis Se dareba miuTiTebs, rom re -
agcia Se iZle ba warimarTos samive mimarTulebiT. Teoriuli gaTvlebis Se -
degebi Tan xvdenaSia bmr spe gtroskopiul da literaturul monaceme bTan,



Catarebulia gel -SeRwevadi qromatografiuli gamokvleva. qro mato gra -

fi uli mrudi bi modaluri xasiaTisaa. gamoTVlili a oligomeris sa Sualo
mde kuluri masebi da poli di spersoba. aseve Catarebulia diferen cialuri
skani reba di kalorimetruli da fa rToku T xovani rentgenografiuli kvle ve-

bi, ra nac aCvena, rom ol igome saTvis Se imCnea orien do Termulipi ki. Yo-
velive es mig viTiTebs imaze, rom me Til hidri dsilogsanis modifikaciis
pro cesi mi Rweul ia. aRni Snuli olig omerebi S eiZleba gamoyenebul ignan
ro gorc gamkerav ag enebad, aseve po li merul mat ri cebad axali sili ci um
or ganulipo li merebis mi saRebad.

siliciumorganuli oligomerebis sinTezis mizniT, romle bic gver diT
jaWvsSi Seicaven ujer bmebis Semcvel ciklur frag metebs , Seswav ilig na
a,w-bis (tri mé&il silogsi) md&il hidrid silogsa nis hidriduli mierT ebis re -
acci a 5vinil  -2-norbornenTan katalizatoris - platina glor wyal badndavas
Tanaobi sas. sinTezi re buli oli gomerebis Sedgeniloba da struqtura da d-
genilia fun  qci uri da elementuri analiziT, aseve furie gardagmnis iw, *H,
3¢, H,HCOSY da C,H-kore laciuri bmr speqtrebis saSualebiT. Seswavlilia
rea qciis kinetika, gan sazRvrulia reaqciis kinetikuri paramet re bi. spedqru -
li gam okvlevebi dadasturebulia naxevradempiriuli kvantur -qimiuri  AM 1
Teoriu ligaTvl ebiT.

oligomerebisaTvis Catarebulia farTokuTxovani rentgenografi uli
da gel -SeRwevadi gromatogra fiu i gamok/le vebi. dadgenilia, rom isini
war maadgenen erTfazian amorful sistem ebs da gaaCniaT bimodaluri mo le -
kulur -mauri ganawileba. gansazRvrulia saSua lo molekuluri masebis
mniSvnelob ebi da polidispersoba. molekuluri ma sebis sidideebi gvi Cveneb-
en rom napovni sa Sualo molekuluri masa 4,6 -jer aR emateba sruli h id ro -
si li lirebis dros mi Rebuli oligomeris molekulur masas, rac miuTiTebs
imaze, rom hidro si li lirebis mimdinareobi sas ad giliagvs makro  mde kula -
T Soris h idrosili lirebas, rom lis drosac warmoigmneba gantotvili age -
bule bis pol i meri.

Seswavlilia oligomeTilhid rosilogsanis hidrosi lili re bis reaqci e-
bi al ilcianidTan kar stedis katalizatoris Tanaobisas. sawyis produq te b-
ad hi drosililirebis reaqciebSi gamo yenebul igna trimeTilsilogsi jgu -
f ebiT blo  kirebuli poli mdil silogs anidaal il -cianidi.

a,w-bis(trimeTilsilogsi)meTilhidridsilogsanis all  cia nidTan hid -
ro si lilirebis reaqcias vatarebdiT sxva dasxva tem peraturul in ter valSi
no reagi re ko nponentebis 1:70 TanafardobiT. r eacciis mimdi  nare obisas va fiq -
sire bdiT aq tiuri 1Si-H bmis koncen tra ciis cvlilebas dro Si. lite ratu -
ru lim onacemebisagan gansxvavebiT, da dgenilia, rom hid ro sililirebis re -
accia ar mim dinareobs sru  lad da gvrCeba reaq ciaSi Se usvleli aqtiuri
1Si-H bma.

miRebuli olig omerebis Sedgeniloba da aRnagoba dad genilia ele men
tu ri analiziT, furie gardagmnis iw , *H, 1°C da 29Si speqtruli ga mokvle veb-
iT.

oligomerisaTvis Catarebulia gel -SeRwevadi gromato gra fiuli gamoky-
le va. ol igoners gaaCnia far To monomadal uri molekulur -masuri gana wi-
leba.



meTilhidridsilogsanis alilcianidTan hidri duli mi er Tebis reaqci -
Is sru li daxasiaTebisaTvis, Cvens mier na xevradempiriuli gvan  tur -gimiu ri
mdo diT AM1, Catarebul igna Teoriuli gaTvle bi .

naSromis praqtikuli mni Svneloba : SemuSavebulia savar cxli seburi
ol igomee bis miRebis preparatiuli meTodi da miRebulia meTilsilog san-
uri ol i gomer ebi alkogsilis jgufebiT gverdiT jaWvSi. sinTezirebuli
mdila | kogsi siloq sanebi warmoadgenen saintereso prod ugtebs ga unjobe se-
buli Tvise  bebis mgo ne hid ro gelebis da silikaaerogelebis misaRe bad. sin-
Tezirebulia uj eri bme bis Semcveli silicium orga nuli oligo meebi, rom -
le bic warmoa dgenen Termoreaqtiul sistemebs, isini SesaZ le belia gamo yene-
bul ignan karbojaWv uri polimerebis modifikato rebad, aseve SemakavSire b-
le bad sxva dasxva ti pis kompo zi ci ur i masalebis misaRebad. @ metal silog sa-
nuri oligomerebi pro pil ci aniduri frag metebiT gverdiT jaWvSi war mo-
adgenen perspeqtiul sist emebs or gano-ar aorganuli polimerebis misaRebad.

publikaciebi: disertaciis ZiriTadi masala gamoqgveynebulia 7 sameaqi -
eronaS ro misada 8 same niero Tezisis sa XiT.

naSromis aprobacia: [l sru li ad ruseTis kargi nis konferelnei a,
me -20 0 4 0 , kovim2®®4 w., V respu bliku ri konfere ncia qimiaSi, Tbi li si
2004 w., saer TaSoriso samecniero sesia miZRvnili n.s. enik olopovis 80
wlis Tavi sadmi,er e van i 2004 w. , sruli ad ruseliTciamX ki
or ganuli naerTe bi: si nTezi, Tvi seba, gamoy e ne b a o, moskovi RROO0S5
is tegnikuri simpo zi umi da maRalefeqturi fu nqciuri polimerebi, saf ra n-
geTi, monpelie, 2005 w., Ill saerTaSoriso konferencia polimerebis epoga da
konmpozitebi, italia (i sqgia) 2006 w., ivnisi;, s aer TaSori so kontker en
ol opovis gaxsen eb a 0, m@ 206 &, oqtomberi; kavkasiis | saerTaSoriso
simpoziumi polim erebsa da Ta namedrove polimerul masalebSi, Thbilisi
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da gamoyenebuli literaturis nusxisagan ( 179 dasaxeleba, 1 0 gv) da Seicavs
18 sgemas, 19 cxrils da 65 naxazs.



Tavi 1
literat uris mimoxilva
1.1.hidrosililirebis reaqciebis
zogadi mimoxilva

hidrosililirebis reaqciebi gamoirCevian didi praqti kuli mniS vnd o-
biT. isini warmoadgenen yvelaze efeqtur da mosaxer xebel meTods Se sabami
si siliciumorganuli naerTebis misaRebad . maT farTod iyen  eben, ro gorc
Sesabamisi sililire buli dabal mde kuluri naerTebis, aseve maRal mde -
kuluri naerTebis misa Rebad da maTi modifikaciisaTvis. maTdami ga moweu -
li didi in te resi ganpirobebulia meTodis simartiviT, mo xer xebulo biT,
Tanamde produqtebis ararsebobiTa da SesaZlo sin Tezebis Zali an di di
ric xviT, romlebic SemdgomSi SeiZleba gamoyenebul iq nas sxvadasxva praq -
ti kuli miznebisaTvis [19].

siliciumorganul naerTTa mrewvelobaSi farTod gamo iye neba hid ro -
si | ilirebis reaqciebi, erT -erT yvelaze farTod gav rcelebul meTods Si-
C bmis formirebisaTvis warmoadgens Sem deqi tipis reaqcia [20]:

— _ kat R3S SiR3
R +HSR; —> +
3 R>— R/—/

am tipis reaqciebi farTod gamoiyeneba organuli funqci urijgu fe bis
Sencveli polimerebis misaRebad. pirveli Sro mebkatalizuri hidro sili -
| irebis Sesaxeb gamo cemul igna 1947 wels someris mier [21]. kvle vebiT
dad genilia, rom hidrosi li i re bis katalizatorebs warmoadgenen garda -
maval metal Ta kompleq sebi.

hidrosililireba SeiZleba aseve gamoyenebul ignas mon o meebis sin  Te-
zis Tvisac. magaliTad, trialkogsisilanis mier Tebi sas ujeri bmis Sem  cvel

naerTTan miiReba eTogsilis jgufebis Semcveli siliciumorganuli naer -
Tebi:

Pt

aseve literaturaSi [22] aRwerilia cC=C, CI C, tifso0, ganlliN
naerTebis hidrosililireba. C=CbmasTan hidrid sila nebis mierTebisre aqg
cia zogadad SeiZleba gamoisaxos Semdegi sqge miT:
~ -
—C=C—+H—S ———> H—Cli—Cll—Sl—
| | ~ ~
am SemTxvevaSi mierTeba mosalodnelia warimarTos ori mi marTule biT:

markovnikovis wesis Tanaxmad an mis sawinaaR  nadegod
~ ~
RCH=CH, +H—S— —> RCH,CH,S —
~

-~
RCH=CH, +H—S— — RCHS

~

CH;



SedarebiT ufro  rTulia sammagiCl C bmis hidro sili lire ba, radgan ac
sanmmag bmasTan SeiZleba moxdes, rogorc erTi , ise ori  molekula hidro si -
la nis mierTeba. aqac analogiurad re accia mimdinare obs markovnikovis  an
fa r meris wesis Tanaxmad

-

RC=CH +H—Si: — R-CH=CH-—S Z —>H_S|= R—(I:H — CH,-Si -z
Si=
L~ -
RC=CH+H—S — —> R —(ﬁ—& —
CH,
C [ ®masTan erTi molekula hidridsilanis mierTebisas SesaZlebelia
sami tipis produqgtis warmogmna [20-22:
1 " R‘
v . ca R SiR3 _ SIR
R— +HSR 3
3 \——/ + \—\SiR3+=< R
xolo C=0, tpik deri bmebis hidrosililirebis dros w yalbadi
ukavSirdeba naxSirbad atoms, xolo sililis jgufi uf roeleq tro uaryo-

fiT Jangbadis an azotis atoms:

| _ 7 | L~
—C=0+H—S— —> H-C—-0-S—

- -
—CEN+H-Si: — H—(|:=N—Si—

Tu molekul is SemadgenlobaSi Sedis ramodenime tipis uj eri bma re -
acia  SeiZleba garkveuli pirobebis  SegmniT wa imarTos sasur veli mima -
Tu lebiT

aRniSnuli  reaqciebis mimarTuleba da siCgare ki gani saz Rvr eba gamog/e-
nebuli  katalizatori T, gamxsnelis bunebiT , ujeri naer Tisa da hidrid si -
la nis struqturiT

mas Semdeg rac | | . spaieris mier 1957 wels aRmoCenil igna hid ro si -
li i rebisaTvis Zlier efeqturi katalizatori - pla tinaglor  wyal badmJa
va [23], dasabami mieca sxvadasxva garda maali metalebisa da Camnacvlebe-
li  jgufebis gavlenis Seswavas hidrosi |i lirebis procesSi [24]. savara u-
dod hidrosilili rebis procesis aqtiuroba mcirdeba Camnacviebeli hd o-
genidis ric xvis gazrdiT . ibornisa da botis mier [24] Seswauvlil igna, rom
mier Tebis xarisxi HSICLMe-is eTilenTan mierTebisas mcirdeba Semegi Can
nacvlebeli jgufebis mixedviT : H,C=CH, > H,C=CF, > F,C=CFCIl > F,C=CF,, xo lo
lu isma aRniSna [25] rom HSIiEt-is mierTeba MesSiCH=CH,-Tan mimdinare obs
ufro  swrafad , vidre HSIEg -isa CI3SICH=CH,-Tan. luisis mier aseve Seswav-
lil igna (EtO)sSiH-is mierTeba para-Canacvlebul stirenTan  p-XCgH,CH=CH,
(X=H, Me, OMg, CI) da aRmoaCinarom mierTebis SefardebiTi xaris xi ic vle ba
rgSi : Me>H>OMe>Cl.

gamoyenebuli  katalizatoris tipis  mixedviT hidrosilili rebis reaq-
ci ebi SeiZleba mimdinareobdes sxvadasxva meqganizmiT. ker Zod, iseTi katali -



z atorebis gamoyenebisas rogorebic arian : mesameuli aminebi, luisis mJa
vebi, matarebelze  dafenili metale bi, cigleris katalizatorebi da VI
jgu fis metalTa konplegsebi , hidrosililireba mimdinareobs hetero li tu -
ri mier TebiT , xolo Tavisufal  -radika luri iniciato  re bis Tanaobisas an
Ter muli  inicirebisas hidrosililireba SeiZleba warimar Tos Tavisufal -
ra di kaluri meqganizmiT - homdituri mierTeba [22].

unda aRiniSnos , rom bolo  wlebSi gansakuTrebuli yurad Reba eTmoba
hid rosililirebis reaqci ebis Seswavlasa da maT gamoyenebas sxvadasxva ka-
ta lizatorebis gamoyenebiT sinTe zi re bulia  mravali  sasurvel Tvi sebebis
mqgone siliciumor ganuli  naerTi da Seswavlilia maTi hidro sili |i re bis
meqganizmi [26].

1.2.hidrosililirebis katalizatorebi
da reaqciis meqganizmi

siliciumorganuli naerTebis miRebis erT -erT yvelaze gav r cele bul
da miRebul meTods warmoadgens hidrosili li re ba. hid ro silili reba SeiZ -
| eba warimarTos rogorc kataliza toris mo nawileobiT, aseve Ter muli da
fotogimi  uri inicirebiTac.Uuj er naerTebTan hidrosila nebis mierTebis re -
agciebi uka tali zatorod mimdinareobs daaxloebiT 300 °C-ze. ultrai is fe ri
si naTlis, eleqtruli muxtis an o-gamosxivebis gav leniT re  acci ebi uf ro
dabal temperaturebze mimdin areobs.

ujeri naerTebis hidriduli mierTebis reagcia maRal tem pera tu rebze
katalizatoris gareSe mimdinareobs Tavisu fali ra di kalebis warmogmnis
xar jze. magaliTad, HSiCls-is Ter mudi di  sociacia mimdina re obs Tavisufal
bt ra dikaluri mega niz niT. jaW vis inicireba xdeba [ SH bmis Termuligax | -
eCQr/is Sedegad, ris drosac miRe buli sililis ra di kali ukavSir deba uf ro
méad hidro  genizebul naxSirbadis atoms. procesis meganizmi Se iZle ba ase
Caiweros:

jaWvis inicireba: HSIiCl; ¥ %- H G (BiCls

CBiClz + CH=CH, %% - (QCH,CH,SIiCls
jaWvis gadacema : QCH,CH,SiCl; + HSICk Y%Y- CHsCH,SIClk + CBiCls
jaWvis gawyveta: QCH,CH,SIiCl; + HO% Y% - CH3CH,SIiCls

reaqciis produqtebSi wyalbadis ararseboba miu TiTebs, rom jaWvis ga -
wyveta wyalbadis atomebis rekombinaciebis xar jze ar mimdinareobs. jaWvis
gawyvetis mizezi agreTve ar aris tri glor sililis radik alebis di meri -
zacia, radganac triq lor sil anis Termuli mierTebisas olefi neblran ar wa -

r moigmneba heqgsaglor disilani.

Termuli da fotogimiuri inicirebiT mimdinare hidridul mierTebis
re aqciebTan SedarebiT upiratesoba eniWeba katali zato ris monawileobiT
mindinare hidrosililirebas, vinaidan am Sem TxvevaSi miRebuli produgtis
gamosavali Zalian mcirea. magaliTad, triglorsilanis eTilenTan Termu -
li mierTebis re accia mimidinareobs 280 9C-ze wnevis qveS da reaqciis daw ye-
bi dan 35 sT -is Semdeg eTiltriglorsilanis gamosavali Seadgens da axlo -
ebiT 60% -s [26, 27].



airad fazaSi triglorsilanis fotogimi uri mierTeba eT il enTan mim

di nareobs raodenobiTi [28] , Xolo ac  eti liszeJan gis Ta naobisas eT il tri -
glorsilanis mxolod 4% -lani gamosav IiT [29] , maSin roca benzolis ze Jan
gis Tanaobisas aR niSnul re aqcias saerTod ar agvs adgili.

ultraiisferi da 2-gamosxivebiT mimdinare hidrosilili re ba ujer bmk
an naerTebTan mimdinareobs radikalur - jaWwvuri me ganiz miT [30, 31]:

R3SiH+ M - RsSi- + -H

mocemuli reaqciis gamosavali aris bevrad mcire vidre gar damavali
metalebis da maTi kompleqgsebis Tanaobisas mimdi nare hidrosililirebis
re aqciis gamosavali.

koloiduri rkina, rkinis karbinoli [32] da Pt/SIG, [33] akata i zeben me
Til diglorsilanis eTilenTan mierTebas 100 -150C-ze, maSin roca  H,PtCl
-6H,O-is gamoyenebisas reaqcia mimdinareobs oT axis te mperaturaze 93% -iani
gamosavliT  [34]

vercxli, TuTiis mtveri da TuTiis gloridi akatalizeben hid ro sila -
nebis mierTebas aldehidebis da ketonebis karboni | is jgufTan [35  -37] Tu-
Tiis gloridi agreTv e warmoadgens trialkilsilanebis mi er Tebisre acri is
katalizators nit r lebis C'N sammag bmasTan [38].

Zalzed efeqturia ujeri C=C bmis Semcveli naerTebis hid rosi i i -
re bisas platinis Semceveli katalizatorebis ga moyeneba, rogoricaa, maga -
li Tad, spaieris katalizatori [23,39] anu H,PtCk gaxsnili propanol -2-Si
(iz opropilis spirti) da karste dis katalizatori [40] anu H,PtCk gaxsni li
te trameTil  di vinil di silogsanSi [(CH,=CHSIMg),0], aseve SeiZleba pla ti -
naglor wyal badmJava gaxsnili iyos diogsaneTanolSi [41] dimeTil kar bi nol -
Si [42,43] an tetrahidrofuransSi. katali zato ri efeqturia mi nimdu rikon c-
entraciisas, 5x10°- 5x10° moli gadaangariSebuli olefinis erT molze.

rogorc cnobilia, H,PtCk-6H,O [44] hidriduli mierTebis re acciis aTvis
yvelaze farTod gamoyenebuli katalizatoria, Tum ca amasTanave gaaQia ga -
r kveuli uaryofiTi mxareebic: ar ixs neba naxSirwyalbadebSi, xSirad re -
agciis srulad warmar Tvi saTvis aris gacxelebis aucilebloba da in du qci -
uri periodi reaq ci is dawyebamde. ukanaskneli fagti mowmobs kva dratul -
pla naru li  d®platinis komplegsis warmogmnaze, romelic Seicavs la bi lur
li gandebs da vakantur koordinaciul orbitalebs.

hidrosililirebis reaqcia ujer naerTebTan mimdinareobs ka tali zato -
ris rTuli gardagmniT. platina mierTebis pro ces Si mo nawileobs faq  ti ur -
ad ramdenime formiT, rac arTulebs ki neti kur kvlevas [45].

spaieris katalizatoris - H,PtCk®H,O-is xsnaris Senaxvisas (izo pro pi-
| is spirtsa da tetrahidrofuranSi) mimdina re cvli le bebi Seswavlilia
el eqtronuli speqtrebis saSualebiT L xi | ul da ultraiisfer ubanSi.

dadgenilia, rom H,PtCk®H,O-is izopropanolis axladdam zadebul
xsnar Si jer kidev arsebobs PtCk2tis ioni (speqtrSi Seim Cnea PtCk? ionis -
aTvis d amaxasiaTebeli STanTgmis zole bi 267, 360 da 465 nm ubanSi). d amza-
debid an 10 dRis ganmavlobaSi xsnar Si PtCl?tis Semcveloba matulobs ( PtCly

%is ion isaTvis dama xasi aTebeli STanTgmis zolebi 240, 380 da 474 nm
ubanSi). 10 dRis Sem deg cvlileb ebi speqtrSi TiTgmis aRar SeimCneva.

10



erTi wlis ganmavlobaSi dayovnebuli katalizatoris speqtrSi aR maCe
nilia STanTgmis zoli 290 nm ubanSi, romelic SesaZloa Seesabamebodes ac -
et onisa da platinis kompleqsuri naerTis speqtrs.

spaieris katalizatori ( H,PtCls®H,0) gacilebiT swrafad sta biliz de-
ba tetrahidrofuranSi, vidre izopropilis spirtSi. amrigad, plati nag
lor wyalbadmJavas xsnari (tetrahidrofuranSi da izopropilis spir tSi)
Senaxvisas ganicdis cvlilebas. ami tom P{lV) aRdgeba Pt0)mde.katali zato -
ris urTierT gmedebiT ga nxsneleb Tan SeimCneva izopropilis spirtis Sem TXx-
vevaSi t aceto nis, xo lo tetrahidrofuranis dros ki misi glo rire bisa
da hidro glo rirebis produgtebis gamoyofa.

H,PtCk®H,O-is gaxsnisas izopro pilis spirtSi an t etrahid ro furanSi

mindinareobs Pt (IV)-is nawilobriv aRdge na Pt (I)-mde Serdegi sqemiT [45,46]:
H,PtClg + Me,CHOH — H,PtCl, + MeCOMe + 2HCI

—
O\ + H,PCl,
H,PtClg + L >
0 /< )\ + PtCl,

HO(CH,),Cl + Pt(0)

L~ HO(CH,),CHO + HCl

rogorc sgemidan Cans H,PtCk®H,O tetrahidrofuranSi gax sni sas ganic -
dis cvlilebas: gamoiyofa HCI da tetrahidrofu ran Si xsnaridan gazur -T-
xevadi gromatografiis saSualebiT iden ti fi cirebulia2 -glor -2,5diglo r-
t etrahidrofurani da 1 -gqlor buta nol -4. ufro Rrmad igna Seswauvlili te -
t rahidrofuranis ur Ti erT gmedebis reaqciebi daS lili platinis kata i -

zatoris Su  aled produqtebTan [47]:

2 ¢ > +HPtClg —> 2HO(CH),Cl + PXCly

0
i > +PHCl, O\+HCI+PtCI2
o) o «
0
[ ona )\ e
O O Cl
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+ PtClz + HCI
+ PtC|4 —_—>> O
o cl

Cl
O\ +H,0 — HO(CH,);CHO + HCl
o «
katalizatoris Senaxvisas adgili agvs Pt(IV)-is aRdgenas Pt(O}mde, ro -
mé ic Semdeg gamoilegeba xsnaridan.
xilul da ultraiisfer ubanSi eleqtronuli speqtrebis sa Sual ebiT
dadgenili a, rom izopropanolis da tetrahidro fu ra nis xsnarSi arse  bobs
Pt(1V), Pt(lll) da Pt(ll) saxiT.
hidrosililirebis procesSi gamoiyeneba platinis katali zatoris
sxvadasaxva saxis komplegsebi. erT -erTikla  sia Pt(0)}ovani komplegsi, rome -
| ic Seicavs vini  Isilogsanur ligands [48,49] aseTi katalizatoris tips
miekuTvneba karstedis katalizato ri, romelic miiReba diviniltetra meTF

il disilog sanisurTi er TgmedebiT platinaglorwyalbadmJavasTan [50, 51]

s S + H PIClg —3= PE,(MVIMYi), +MYiD,M"
\/ \O/ \/

platinis katalizatore bis monawileobiT mimdinare hidro sili  li rebis
re aqciebisaTvis yvelaze miRebulia e. w Colk -haro dis meganizmi, ro méc
Sed geba calkeuli JangviTi mierTebisa da aRdgeniTi eliminirebis el enen-
ta ruli safexurebisa gan [2024,395254] magram aris ramodenime faq tori, rom -
| is axsnac ar xer  xdeba Colk -harodis meganizmiT, rogoricaa: in dugci uri
periodis cvla di sidide, Seferili nawilakebis warmogmna reaq ci is da nTav-
re bis pirobebSi da a. S.Aam faqgtorebis asax snel ad mowode bul iiyopla ti n-
is katalizatrebis monawileobiT mimdinare hid ro sililirebis re acriebis
sxvadasxva meganizmi, erT -erTi me ganiz mi mowodebul igna le vi sisa da misi
Tanansromlebis mier, romelic emyareba hidrosililirebis dros ko lo id e-
bis warmoq mmas [5055. swored koloidebis warmogmniT igna ax snili sis te ma
Si feradi nawilakebis warmogmna. rac Seexeba induqciis periods, mi si xan g-
r Zlivoba damokidebulia, rogorc katalizatoris bune baze, aseve ol efini-
sa da silanis strugturazec, reagent ebisa da gamo yenebulika tali zato ris
ko ncentraciaze. am dros mimd inare procesebis as  axsnelad Se swaJ il igna
ol efinis reagciisunarianoba rogorc in di vidu alurad as  eve kon kurirebad
reaqciebSi  Pt(0)ani kom plegsuri katalizatoris ga moyenebisas. Katalizato -
r ad aRebul igna karstedis katalizatori, sadac MYYMYIY = (H,C=CH)-(CHs).-
SiIOSH(CH3),-(CH=CH,) [56]. lape r tisa da misi Tanam Sro mlebis mier mowodebul
igna karstedis kata li zatoris strugturuli aR nagoba [57]:
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“'S{"'G“'Ills'j._
\ \/ }}\ S
si TH Y
i"Si_sf' ‘&\L‘ >
A\ Si_
individualur egsperimentSi eqvimoluri TanafardobiT aiRes metal b-
is (tri meTilsilogsi)silani da olefini. reaqciis mimdinareobiT dadgenil
ig na rom reagciisunarianoba mcirdeba rigSi [58] hegsenilmeTil bis(tri md&i -
| silogsi)silani (MD"™®M) > vinilmeTilbis(trimetil siloq si)sila ni
(MDY™M) > vinil pentamdildisilogsani (MVY™M) > diviniltet ramdil disi | -
ogsani (M"™ MY™), xolo rodesac aiRes olefinis ori moli erT mol hid -
ro silanze, maSin reaqciisunarianoba Seicvala sruliad sapiris piro mi mar-
Tu lebiT: diviniltetrameTil disilogsani (MY™MY™) > vinil  pentamdi | di -
silogsani  (MY™M) > (MD"™M)vinilmeTilbis(trimeTil silogsi)si la ni > her
senilmeTilbis (trimetilsilogsi) silani (MD"™*™M) > vinil (tri me ogsi)si -
la ni ( MzT"™).
miRebuli Sedegebi imis maCvenebelia, rom hidrosi lili re bisas induq -
ci uri periodis dros adgili agvs gamoyenebuli ka talizatoris li gandis
ur TierTgmedebas damatebul olefin Tan:

Pto((CHz= CH)(CH3), SIOSI(CHg),(CH=CH,));
2(CH3CH,)3;SID + CH,=CHC(CHg);3 >

(CH3CH3)3S CH,CHLC(CHg)3 +(CHZCH,)3Si CH,CH,Si (CH3) ,0Si(CH5),CH = CH,

+ [ (CH3CH)3SICH,CH,SIH(CHa),| ,0+ (CHACH,)sSIH

hidrosililirebis reaqgciaSi induqciuri periodis dadgo misas kar ste -
dis katalizatoris struqturis cvlileba Se iZle ba gamoisaxos Semdegi
sgemis mixedviT:
o
—8i=O~g
W S }\ S
,xsii PL-"‘J”. / H/}h\h\f _ 2 Fl'i"}\\s_r’ N —-SI;II"OHII'qi,_
Si I \
\ f | f
—— 1"_"4:; \ 0 h \\-_1-’(} ( -'I}"
S P - !
/ /
=1 <
! == AN
RN r \sffiptgf!?ﬂj N S P
- /|.- P - 0, =, 0, :
S S ,ﬂs;:—f"‘““suag,
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ufro efeqtur b-maorientirebel katalizatorebs warmoadgenen tri eT-
il amini [59], trifenilfosfini [60], dimeTil form amii [61,62] da dieTil anm -
ot rieTilsilani [63,64] a-izomeris war majmnas xels uwyobs piridinis kom p-
leq sebi nikelis gloridTan [59].

diplatinis komplegsis Tanaobisas [{ Pt(SiRs)(1-H)[(CsH11)3P]}2] mimdinare hi -
dro sililirebis reaqgciebisas gamosavali zogadad ufro didia, vidre is e-
Ti ka talizatorebis gamoyenebisas, rogo rn caa HyPtCk Pt / C-;AI(R {Fe(€O}]
da a.S. aseve aRniSnuli kata li zatorebiss induqciis periodi bev rad ufro
mcir ea. Tumca aRsaniSnavia, rom katalizatorad [{ Pt(SIRs)(U-H)[(CeH11)3P1}o] di -
pla tinis kompleqgsis gamoyenebisas adgili aqvs bolo nax Sir badTan ar se-
buli ormagi bmis Semcveli olefinebis izomerizacias, rom | is siRrmec
temperaturis zrdasTan erTad izrdeba. izomeri zacia SeiZ le ba warimarTos
konpleqgsis daSIiT da Tavisufali pla ti nis warmogmniT.

1.3.C=C bmis Semcveli monomerebis hidrosililireba

C=C bmis hidrosililirebis reaqciebi mimdinareobs sxvadasxva kata i -

zatorebis Tanaobisas, Tu mca aseve SeiZleba warimarTos Termuli da fo -
to gimiuri inicirebiTac.
triglorsilanis eTilenTan Termuli mier Tebis reaqcia iolad mimdi -

nareobs 280 ~C-ze wnevis qveS:
CH,=CH, + HSICk Y%- H3CH,SIiClz

reaqciis Catare  bisas 35 saaTi s ganmavlobaSi eTiltriq lor silanisga -
masavali Seadgens daaxloebiT 60% -s [26,27.

triglorsilanis katalizuri mierTeba propilenTan mim dina reobs iseve
iolad, rogorc eTilenis SemTxvevaSi reaqci IS inicirebisas g-gamosxivebiT
pro piltriglo r silanisga maosavali Seadgens 70%  [65]:

CH3CH=CH, + HSiCk Y2%2- CHzCH,CH,SICl;

meTildiglorsilanis propilenTan mierTebis dros ko lo idu ri rkinis

da rkinis karbonilis [66] gamoyenebis SemTxvevaSi mi erTebis reaqcia konku -

r i rebs dehidro  kondensaciis reaqci asTan:
> CH3(CH3CH2CH2)S|C|2
CH3CH2:CH2 + CH38|HC|2 —>

——  CH3(CH,CH=CH)SICl, + H,

spaieris katalizatoris gamoyenebisas meTildiglorsilani uerTdeba

pro pilens oTaxis temperaturaze CH3(C3H7)SIiCl-is 92% gamosavliT[  33].

propilenTan mierTebis yvela reaqcia mimdinareobs farme ris wesis Ta -
naxmad - warmoigmneba propilsilanebi propilis ra di kalis normaluri
aRnagobiT:

CH3CH=CH, + H¥2Si' %%- CH3;CH,CH,Si?
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Canacvlebul olefinebTan mierTebis reaqciis dros, ro méic ka tali -
zdeba H,PtCk-iT, SeimCneva reaqciis siC garis Semci re ba wyalbadis atomis
el eqtrouaryofiTi jgufebiT Canac vle bisasrigSi [3334]:

CH,=CH,> CH,=CF, > CR=CFCI > CRL=CF,

aseve aRsaniSnavia, rom l-alkenebis SemTxvevaSi jaWvis zrdasTan erTad
C=C bmis reagciisunarianoba da reaqciis siCqare H,PtCk-is Tana obisas mcir -
deba Semdeqgi rigis mixedviT [70] :

CHs(CH,),CH=CH, > CHs(CH,)3CH=CH, > CH;(CH,),CH=CH,
hidrosililirebis reaqciis mimarTulebas, katalizatoris da ujeri

naerTis bunebasTan erTad, gansazRvravs siliciumis atomis muxti da mas T-
an mdgomi jgufebis buneba. gardamavali metalebis kompleqgsebis Tanaobis as
mindinare hidrosililirebis reaqciebis dros Camnacvlebeli jgu febis in -
du gciuri, steriuli da mezomeruli efeqtebi gavlenas axde nen méa li -
si li  ciumi bmis w armogmnaze, romelsac  savaraudod adgili agvs Su al eduri
komplegsis warmogmnisas. siliciumTan dakavSirebuli elegrto do noru i
jgu febi astabilurebs siliciumi - metalis Sualedur komplegss, es kar -
ad Cans hepten -1-is sxvadasxva silanebTan hid ri duli mierTebis re acci ebis
siCgaris mudmivas FfardobiTi mni Svnelobebidan  [22,7172}

silani Cl3SiH > GHsCILSiH > (GHs)CISIH > (GHs)3SiH

Ktard. 3.00 2.64 1.94 1.00

Seswavlilia hegsen  -1-is, hepten -1-is da decen -l-is hidrosi i li rebisre -

accieb i sxvadasxva silanebTan, rogorc katalizator H,PtCk-is da Pt/C Ta-
naobisas, aseve Termuli inicirebiT (280 °C). reaqciebi aRniSnul Se nTxve veb-

Si mimdinareobs farme  ris wesis Tanaxmad  [7375] :
CyHzp+1—CH=CH, + HSRR'R" — CHjy,1-CH,—-CH,-SIRR'R"
sadac n=4,5,8 R=Cl, Ph, Me

Seswavlilia [76] heqse  n-1-is da stirolis hidriduli mier Tebis re acci ebi
PhSiH-Tan nikel (1)  -is indeniluri komplegsebis Ta naobis as. reaqciis ga mo
savali Seadgens 50 -80%s. miRebuli produq tebi warmoadgenen regio - da ste -

reoizomerebis narevs.

Seswavlilia [77] hegs enl-is asimetriuli hidrosililirebis reaqciebi
di eTilmeTilsilanTan da trimeTilsilanTan trans -diglor(eTilen)piridin
Pt(I)-is Tanaobisas. dadgenilia, rom heq sen-1-is hidriduli mierTebis re ac
cia 1,1 -diCanacvle buli ole f i nebisagan (magaliTad UneTilsti ro li) gan -
sxvavebiT mimdina re obs dabal temperaturaze didi gamosavliT [78].

cnobilia, rom viniluri jgufis Semcveli olefinebi simet riulad an
ar asimetriulad miuerTdebian hidridsilans plati nis naerTebis kataliza -
t orebis Tanaobisas, Tumca aseve SeiZle ba hidrosililireba warimarTos
ze Jangis mogmedebiT an ultra iis feri sxivebis dasxivebiT [2377].

hidrosililirebis regio - da stereoseleqtiurobis kon tro li,reaq ci -
is temperaturisa da drois Semcireba, aseve gamo savlis gazrda SesaZ le be-
lia  sxvadasxva katalizatoris gamoye nebiT [19,22] .

Seswavlilia sxvadasxva aRnagobis cikloolefinebis hid ro sili i reb-
is reaqciebi HSIiCl;, CHsSiHCl-sa da CgHsSiHs-Tan. avto rebis mier kata |i  zato -
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r ad gamoyenebuli iyo samkomponentiani sistemebi, romle bis Se ic aven nikel -
is, molibdenisa da vanadi umis xelatur kom plegsebs trieTil fos finsa da
tri eTil al uminTan. msgavsi tipis katalizatorebs warmatebiT iyeneben Se -
uRle buli dienebis hidrosililirebis procesSi [79-82] .

spaieris da misi TanamSromlebi s mier Seswavlil igna [83] fe nil al ke-
nebis urTierTgmedeba (zogadi formuliT: Ph(CH),CH=CH, an PhCH=CH(CH)H,
sadac n = 0-4) sxvadasxva hidrosilanebTan platinaglorwyalbadmJavas Tana -
obisas:

H,PtClg

1. =Si—H + Ph(CHp)CH=CH, =Si(CHy),Ph +

a
+ =SICHPh(CH,),Me n=0,1,2
b

H,PtClg _
2. =Si—H + PhCH=CH(CHy)H ———— =Si(CHy).,Ph +

a
+ =SICHPh(CHy),Me n=0,1,2,4
b

orive SemTxvevaSi mierTeba mimdinareobs ori a da b pro dugtis war mo
gmniT. a da b produqtebis raodenobrivi Ta nafar do ba da mdkidebulia, ro -
orc olefinebis bunebaze, aseve hid rosilanebis Camnacvleblebze.

agreTve dawvrilebiT aris Seswav lili benzolis birTvebis Camnac vle -
ble bis gavlena a da b aduqgtebis gamosavalze [83}

H,PtClg , _
=S —H *+ RCH=CH, ——=Si(CHy),R + =SCHRMe : R=Ar
a b

CerniSevisa da misi TanamSromlebis [84] mier Seswavlilia ar il ftor -
si la nebis reaqciisunarianoba. aRmoCnda, rom fenildif tor silani iZ le va
mier Tebis orive produgts, upiratesad a-iz omeris saxiT, xo o difenil f-
t or silanis SemTxvevaSi Tanabari ra ode nobiT mi iReba rogorc a-, aseve b-
iz omerebi. am procesebis mimdina reo baSi mniSvnelovan rols asrulebs ve i -
| is ef eqti da steriuli fagtorebi. glorwarmoebulebTan SedarebiT aR in-
IS neba ftorhi  dro silanebis didi reaqcisiunarianoba.

aRsaniSnavia, rom stiroli gansakuTrebiT aqgtiuria hidro sili lirebis
re aqciebSi, procesi xSirad mimdinareobs oTaxis tem peraturaze. katal iza-
to rebad gamoiyeneba Pt, Pd, Rhda Ni-is naerTebi. gamoyenebuli silanis tipis
mixedviT hidrosilanis mierTeba SeiZleba warimarTos ormag bmasTan mdgom
rogorc a-, iseve b-naxSirbadTan [85:

SR,
Z SR,
+ HSR; — +

H,PtCk®H,O-is Tanaobisas tri meTilglorsilani gansakuTre bulad ur T-
i er Tgmdebs stirolis kidura naxSirbadis atomTan, m&in rodesac mdil -
an eTildiglorsilani uerTdeba ormag bma3an mdgom ro gorc erT , iseve
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mere naxSirbadis atoms [41,86] fenil di glor sililuri joufi uerT deba
mxolod kidura naxSir badis atoms.

avtorebis mier [87] Seswavlilia stirolis urTier Tgmeleba tri  eToqsi -
si lanTan karstedis katalizatoris Ta naobisas. dad genilia, rom reaqcia
mindinareobs ori mimar Tule biT, a- da b-izomeris warmogmniT, amasTan pro -
dugtebs Soris Ta  nafardoba Seadgens 39:61:

— (CH3CH20)3S| CH2CH2@
b-izoner i
- orononsan <)
C

CH=CH, + HSi(OCH,CH2)3 —

a-izoneri 3
siliciumorganuli oligomerebis sinTezisas Sem Cnell igna, rom ol ig -
onerebTan erTad adgili hgonda umniSvnelo raod enobiT cikluri na er Teb-
is miRebas, ris safuZvelzec dad genil igna , rom hidrosililirebis m imdi -
nareobi sas adgili gonda Sigamolekulur hidrosililireba sac [88-9(].
iurevisa da misi TanamSromlebis mier Catarebul igna vi nil cikloheq -
sendimeTilsilanis Sigamolekuluri hidrosili li reba 80 OC temperaturaze,

re acias atarebdnen 8 saaTis ganmav  lo baSi. miRebul igna 1,1 -dimeTil -1sila -
biciklo  -3,3,3%ionani 70% -iani gamosavliT:

Me

/
; Me
SII Me  H,pclg J/
H S|\

Me

amrigad, unda aRiniSnos rom molekulaTSoris hidrosi li lirebasTan
er Tad SeiZleba adgili gondes Sigamolekulur hid ro sililirebasac.

araSeuRlebuli dienebis hidrosililirebis Sesaxeb pet ro visa da misi
TanamSromlebis mier Seswavlil igna 4 -vinil  -1-ciklohegsenTan eTildiq I -
or silanis hid ro silili re bis reaqcia Pt/C Kkatalizatoris Tana obis as,
180°C temperaturaze. am dros 2 -(4-cik lo hegsenil) eT il di glor sila nis gamo -
savali Sead genda 81% [9]] reagcia mimdinareobs Semdegi sgemiT:

Pt/C

CH=CH, + HSIEtCl, CH,-CH,SEtCI,

xolo  katalizatorad platinaglorwyalbadmJavas gamo yenebi sas hidro -
si lilirebis reaqcia mimdinare obs uf ro dabal temperaturaze (10 0°C) 3 sa
aTis ganmavlo baSi [23, 91].

V. iurievis da misi TanamSromlebis mier Ses wavlilia 4 -vinil -1cik lo h
egsenTan triorganohidridsilanebis hid ro sili li re bis reaqciebi samkom po-
nentiani xelaturi ka ta liza torebis Ta  naobisas, rogoricaa Ni, Mo, V, tri  f -
enilfosfini da trieTil al umini. reaqcia am dros mimdinareobs vini lis
jgu fis xarjze Semdegi sgemis mixedviT [92]:

17



CH=CH, + RRR"SH CH,-CH,SIRRR"

dadgenilia, rom mierTebis aduqtis gamosavliano ba icvleba xe laturi
komplegsis agebulebisa da metalis tipis mixedviT.

dadgenilia, rom 4 -vinil  -1-ciklohegsenis hidrosili lireba hi drid or -
ganoqlorsilanebiT platinis katalizatorebis Tana obi sas mimdinareobs
manosilil warmoebulebis warmogmniT. igi ve monosi lilwarmoebulebze hi -
dridorgano  glor silanebiT pla ti nis kata li zatorebis Tanaobi sas ciklISi
arsebuli ormagi bmac ganicdis hidrosililirebas da miiReba disil il wa
r moebuebi maRaligamo  savliT

1957 w. sxvadasxva a vtorebis, petrovisa da spaie ris mier erT dro ul ad
igna mowodebuli ciklohegsenis hidrduli mierTebis reaqcia dime Til o
lor silanTan [23,91].hidro sili li reba Catarebul igna, rogorc nax Sir bad-
ze dafenili platinis katalizatoris, aseve platina glorwyal  badmJaas
Tanaobisas. pir vel SemTxvevaSi reaqcias atarebdnen 220 OC tempera turaze 6
saaTis ganmavlobaSi da gamosavali Seadgenda 20% -s, xolo ka tali zator -
platinaglorwyalbadmJavas gamoyenebisas reaq cia mimdinareobs uf  ro dabal
temperaturaze. reaqcia gamoisaxeba Semdegi sqgemiT:

+ HSlMGClZ T
SiMeCl,

ciklohegsenis meTildiglorsilanTan mierTebis reaqcia Catarebul iq -
na sxvadasxva katalizatorebis gamoyenebiT, kerZod nikelis komplegsuri
kata lizatoris Tanaobisas reaq cia mimdi nareobs sxvadasxva produgtebis
gamoyofiT  [93:

. Ni(Dmpf)Cl, SiMeCl
+ HSIMeCl, > SiMeCl, + |
H

34% 41%

gansxvavebiT platinis katalizatorebisagan am Sem TxvevaSi adgili aqvs
damatebiT disproporcionirebis Sedegad mi Rebuli produgtis gamo yofas
41%iani gamosavlianobiT.

saintereso gadajgufebebs aqvs adgili alilciklohegsen ishid ro sili -
lirebisas. 1  -meTilciklohegsenis a da 4 -meTilciklohegsenis urTier Tgmde-
biT meTildiglorsilanTan, katalizator platinaglor wyal badmJavas Tana
obisas miiReba, rogorc b irTvis hidrosili lirebis, aseve izomeri zaci is

Sedegad warmogmnili produq ti  [86]
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CH,SIMeCl,
+ HSMeCl, — )
SiMeCl, +
-~ © + HSIMeCl,
CH,SIMeCl,
+HSiMeCI2—>© +©+©

avtorebis  [94] mier Seswavlil igna 1 - da 4 -meTilciklo hecenis hid ro -
si lilireba triglorsilanTan da dadgenili igna, rom am dros adgili
agvs mxolod izomerizaciis reaqciebs. avto re bis mier mowodebuli megqa  niz -

mi gamosaxulia sqgemaze:

H-
+ HS|C|3 _—
_H'

CH; CH,SICl5
H B .
== Oi == | [ / “ycH _,G%C .
H
unda aRiniSnos, rom reaqcia 4 -meTilciklohegsenTan mim  di nareobs ga ci -
lebiT ufro nela, vidre 1 -meTilciklo hecsenis SemTxvevaSi, rasac ga napi-
ro bebs maTi gansxvavebuli indu gci uripe ri odi.
xolo rac Seexeba meTilciklohegsenis hidrosililire bas nikelisa da
vanadiumis katalizatorebis Tanaobisas, naCvenebia rom hidrosi lili re ba
mimidinareobs praqgtikulad izomeriza ci is gareSe . maagliTad , 1-meTil ci k-
lo hecsenis hidriduli mi er Tebisas fenilsilanTan katalizatorad £ vana
di umis oq sidis acetalac et atis gamoyenebisas hidriduli mierTebis re ac
cia mimdi nareobs izomerizaciis gareSe:
VO(acac i
+ HagPh Oz SIPhH,
nikel is katalizatoris gamoyenebisas ki 3 -meTilcikloheq  senis mier Te-

ba triglorsilanTan mimdinareobs Semdegi sgemis mixedviT:
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. Ni SiCl,
HSICl; ——>
+HSICl @7 * @—adg

amerikeli avtorebis benkeserisa da danis mier aRwerilia [95] pro pil -
ci kloheqg sanis hidro si lili rebis reaqcia da naCvenebia, rom am dros ad gi-
li aqvs erTdroulad ramodenime produqtis miRebas Semdegi procentuli
Serovelo biT:

S S E S

44% 33% 3%
7
+ +
3% 2%

kvlevebis Sedegad dadgenilia, rom fenilCanacvlebuli si log simeTi -
| encikloheqgsanebis reaqciisunarianoba mcirdeba mwkrivSi: HSiMe,Ph >
HSiMePh > HSIPh

avtorebis mier [ 9] naCvenebia rom, rodesac ciklohegsenis birTvSi Ca -
nac vlebulia vinilis jgufis Sem cveli radikali, maSin hidrosililreba
mindinareobs ara birTvSi Semavali orma gi bmis, ara med vinilis jgufis xa -
r jze. kerZod, Seswavlil igna vi nil cik lohegsenis eTildiglorsilanTan
hidriduli mierTebis reaqgcia naxSirbadze dafenili platinis kata liza to -
r is Tana obisas da miRebul igna 2  -(4-ciklohegsenil)eTildi glor eTil sila -
ni 81% -iani gamosavlianobiT:

_ SEtCl,
0
+ HsiEtcl, 189°C
6sT

xolo katalizatorad platinaglorwyalbadmJavas gamo yeneba vinil  cik -
lo hegsenis meTildiglorsilanTan hidrosili | ire bisas saSualebas iZ le va
hidrosililireba Catardes ufro da bal temperaturaze, xolo sin Tezi re -
buli produgti SesaZ le belia gardaigmnas ciklur silogsanad [44] ando -
giurad mim di nareobs hidrosililireba dimeTilglorsilansa da trieT 0Q-
si si lanTan g amosavali produqtebis maRali gamosavli anobiT [ 96,97:

- SiMeCl,
+ hsivecl, XS 10 -
2 T3qT CeHe [RR SO }n
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sadac R =Me, R"=

petrovisa da misi TanamSromlebis mier Seswavlil igna vi nil cik loh -
egsenis hidrosililireba dimeTilsilanTan, kata li zatorad aRebu i iyo
sistema Ni(acac)} + AlEt; + trifenil fosfini, miRebul igna 1 -dimeTilsili -2-(4-
cik lohegsenil)eTani. am SemT xvevaSi monoaduqti TviTon gvevlineba mahid -
ro si lilirebeli agentis rolSi, romlis urTierTgmedebas vinil ciklo heg
senTan mivyavarT 90% -iani gamosavlianobiT bisaduq tis miRebamde:

= S|M€2H CH2 S”Vlez H2C
VCH
+ H28|M62 —>

literaturidan cnobilia, rom vinilciklohegsenis hid ro sililireba

trimeTilsilanTan saerTod ar mimdinareobs ka tali zatoris nikelisa da

vanadiumSemcveli sistemebis Ta naobi sas [9§].

hidrosililirebis reaqciis mimarTulebas katalizatoris da ujeri
naerTis bunebis garda gansazRvravs sili ciumis atomis muxti da masTan
mdgomi jgufebis buneba. gardamavali metalebis kompleqsebis Tanaobisas
mindinare hidrosililirebis reaqgciebis dro s Camnacvlebeli jgufebis in
du gciuri, steriuli da mezomeruli efeqtebis gavlenas axdens metali b
si li ciumis bmis wrmogmnaze , romelsac savaraudod adgili aqvs Sualeduri
konmpleqsis warmogmnisas.

avtorebis mier Seswavlilia norbornadienis [99 hidrosi | ilireba me -
Til diglorsilanTan sxv adasxva katalizatorebis, kerZod naxSirbadze da -
fe nili platinisa da platinaq lor wyalba dmJavas Tanaobisas. reaqcia mim di -

nareobs Semdegi sqemis mixedviT:

+ HSIMeCl, —— + lb _ +
/ £ 7ZSiMeCI2 SiMeCl
! H

+ /)

H

orive katalizatoris SemTxveva Si reaqcias atarebdnen 50 -60°C tempera -
tu raze da raeqciebis Sedarebam aCvena, rom Pt/Cda H-PtCk axdenen sruliad
gansxvaveul gavlenas reaqciis mimdina re obaze. aRmoCnda rom platina  glor -
wyal badmJavas Tanaobisas yve laze meti gamosavlianobiT miiRe boda Ill pro -
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duqti, xolo Pt/Gs SemTxvevaSi 94%iani gamosavlianobiT miiReboda | pro -

dugti da saerTod ar gonda adgili 1l produgtis miRebas. aseve hid rosili -
li reba Catarebul igna trimeTilsilanTan 175 - 200°C temperaturis far -
leb SidaaRsaniSnavi a, rom am SemTxvevaSi mi Rebuli produqgtebis gamosav | -
i anoba gacilebiT mcirea, vidre meTildiglor silan Tan hidrosili lire bis
dros.

avtorebis mier Seswavlilia [9 2] endo -5-meTilnorbornenis hidros -
| ir eba triglorsilanTan katalizator -nikelis ac  eta| acetatisa da ftri -
fenilfosfinis Tanaobisas. reaqcias atar ebdnen 100C temperaturaze 7 sa  aT-

is ganmavlobaSi. miiReba endo  t2kmeTil 5 da endo £2-meTil -6-egzo(triq lor -
silil)bicik lo -[2,2,1]hepani.

ClsS
. N\~
/ + HSCly — » + /-
Me CI28| — Me
Me

miRebuli niv  Tierebis Sedgeniloba dadasturda bmr speqtriT [10Q sa-
id anac aseve dadginda rom, norbornilis radikalis Semcvel naerTebTan
re accia aris stereoseleqtiuri.

polaruli olefinebis hidrosililirebis stereogimia Seswavlil igna

endo - da egzo - ciannorbornenis h idro sili i rebis magaliTze nike | is ka -
ta lizatoris Tanaobisas.

endo ciannorbornenis hidrosililireba mimdinareobs maRa li kon versi-
iT (82%) da raodenibiTi gamosavliT miRebul igna ori izomeri Tana far do -
biT 11:10:

7
RS
/ + HS|R3 —_— + /
6 L1 ~5-CN RS — CN
CN

garda platinis katalizatoris mon awil eobiT mimdinare reaqciebisa,
aseve Seswavlilia norbornenis hidrosililireba fenilsilanTan itri umis
konpleqgsuri katalizatoris monawi le obiT {[DADMB]YH(THF)} ,, sadacli ga-
ndad aRebulia 2,2 -bis (tetra butildimeTilsililamido) -6,6-dimeTil bife ni-
li. reagcia mimdi nare obs 90% -iani gamosavliT [10%:

SiH,Ph
/ + PhS H3 —

plodisa da tonis mier Seswavlilia norbornenis hidrosililireba
paladium is komplegsuri katalizatoris Tanaobisas, sadac ligandebad ga -
moyenebul iyo giraluri naxSirbadatomis Semcveli ferocenebi, romelic
do nor is saxiT Seicavda pira zo | sa da fosfins, reaqgcias atarebdnen sxva -
das xva tem peraturaze katalizatoris 0,1% odenobiT:
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1) Pd(cod)Cl,/ligand OH
Vi HSCl,/Benzene N
2) KF/MeOH OH

3) H,O,/DMF

3
- R
avtorebis mier Seswavilia meTildiglorsilanis urTi er Tgmeleba no -
r bornenTan platinis katalizatoris Tanaobisas. reaqcias atarebdnen oT a-
Xis temperaturaze 24 saaTis ganmav lo baSi eTilis spirtis areSi , reaqciis
saboloo produqti iyo me Tilnorbor nendi eTogsi silani:
cl |CH3
| 0
Pt, 20°C .
— S — — — S —
/ + CHs S|' H Eon, piridini CHsCHAO OCH,CHs
Cl >
aseve Seswavlilia vinilnorbornenis hidrosililireba 50 0C-ze pla ti n-

is katalizatoris Tanaobisas, narevs acxelebdnen 4 dRis ganmavlobaSi, re -
accias atarebdnen azotis areSi:

CHj3
/ | 0
CH=CH, +H— S — _PLS0C,
| EtOH
CHj3
CHj
e CHs

I C2H50_S| - )
CH2'CH2_S|| _OC2H5

CH;
CH;

a.d. petrovisa da sxva avtore bis mier [34] Seswavlil igna silici umhid -
ri debis ujer biciklur naerTebTan mierTebis reaqciebi spaieris kata i za-
t oris Tanaobisas. siliciumhidri debis saxiT gamoyenebuli igna triq lor -
si lani, meTil - da eTildiglo rsilani, xolo ujeri bicikluri n aer Tebis
saxiT ki biciklo(2,2,1) -hepten-2, biciklo(2,2,1) -heptadien -2,5; 2-meTilbi ciklo
(2,2,hepten-5; 2-vinilbiciklo (2,2,1) -hepten-5 da ciklopentadienis di mei.

triglorsilanis, meTil - da eTildiglorsilanis urTier Tgmeleba bi -

cik 10(2,2,1) -hepten-2-Tan mimdinareobda 30 -60°C-ze (50% gamosavliT ):
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_ SRCl,
+ RSHCl, ——

sadac R=ClI; CH;; CHs.

biciklo(2,2,1)hepten -2-is triglorsilanTan urTierTgmedebis reagcia sa -
wyi si monomerebis sxvadasxva moluri Tanafardobisas (1:1 da 2:1) mimdi nare -
obs Semdegi sgemis mixedviT:

HSCl; ———H. + SiCl,

HSiCl; SiCl; + SiCl,
—

. SiCl
(D + S|C|3 —_— @ 3 |
) SiCl,
—
(D @ =

SiClg
_— .
+ SiCl; da aS

literaturaSi [102104] aRniSnulia , rom rTulad mimdinareobda re ac
ci ebi biciklo (2,2,1) heptadien -2,5Tan msubuq pirobebSi (atmosferuli wne va,
temperatura  (3040°C). reagcia mimdi nare obda mxolod sareaqcio nare Vis
gaxure biT 70 °C-mde avtokla VvSi (15 atm). 2 -(triglorsilil) -bici klo(2,2,1) -hep
t en5is gamosavali ar aRemateboda 44% -s. meTil -, eTil - dadi eTil gl or si-
la nebi uerTdebian biciklo pentadiens at mosfe rul wnevaze da 45 -70°C-ze
da iZlevian produqtebs 20 -80%iani gamo savliT.

biciklo(2,2,1) -heptadien -2,5is hidrosililirebiT miiReba ro gorc nor -
b, rnilenis tipis naerTebi:

R
aseve am ukanasknelebis nortriciklenad gadajgufebis pro duqtebi .
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naCvenebad, rom bicikloheptadienTan HSICl; da CH3SiHCl, mierTebis pro -
dugtebs SeiZleba miekuTvnos norbor nilenis struqtura:

:I: ,S|C|3 (D/SCch:IZ

garda amisa, ukanaskneli naerTis hidrirebam platinis Savis Tana obis -
as siciveSi, daamtkica mis molekulaSi erTi or magi bmis arseboba.

bicikloheptadienTan eTil - da propildiglorsilanebis aduqtebi war -
maadgenen norbornilenisa da nortriciklenis warmoebulebis narevs:

(I:ZHS CoHs CsH;
S|C|2 C|2 IS|C|2
. da . da

pirvel SemTxvevaSi Warbobs nortriciklenis tipis strugtura, xolo

mere SemTxvevaSi warmoigmneba didi raodenoba naerTebisa norbornilenis
struqturiT.

triglorsilanis urTierTgmedebiT 2-meTil -biciklo (2,2,1) - hepten-5-Tan
20%-iani gamosavliT miRebul igna aduqti, romelic warmoadgens 5 da 6
mdgomareobaSi tri  glor sililis jgufis Semcveli 2 -meTil -(triglor sil -
il) -bicik loheptanebis ori izo MES harevs:

CH3 CHg Cl3Si CHj
. + HSCl; ——> +
Cl3Si

narevebs warmoadgenen agreTve 2 -vinilbiciklo(2,2,1) -hepten-5-Tan da cik -
lo pentadienis dimerTan sxvadasxva siliciumhidridebis aduqtebi; radgan
am SemTxvevebSi sililuri jgufebis mierTeba mimdinareobs rog orc sxva da-
sxva ormag bmebTan, aseve molekulis bicikloheptanuri nawilis sxva dasxva
mdgomareobaSi (5 an 6).

KPC spegtrulma monacemebis Tanaxmad triglorsilanis urTi er Tgmede

bi sas 2-vinil -biciklo(2,2,1) -hepten-5Tan mierTeba mimdinareobs orive ormag
bmasTan daaxloebiT erT da igive gamosavliT:

CH=CH2 CH=CH2 CHZCHZSC|3
. + HSICly ——» Cl;S— . .
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tri, - meTildi - da eTildiglorsilanebis diciklo pentadienTan ur Ti -
er Tgqmedeba spaieris katalizatoris Tana obisas mimdinareobda 30+60C-ze.
anmasTan silicium hidridebis naxSir wyalbadTan mierTebis reaqciis pro  duq-
tebis gamosavalma Seadgina 38 -61% [105].

yvela formis  stereogimiurma  Seswavlam aCvena rom hidrosilanebis
or mag da sammagbmasTan mierTebis reaqciebi warmoadgenen transmierTebas
da SeuZlebelia endo- an egzo -izomer ebis warmogmnis al baTobis dadgena
[106].

avtorebis  mier Seswavlilia meTilhidridsilogsanis (M= 1900) safe xu-

re brivi hidrosililirebis reaqcia  aliltriftor meTilsul  fon amidTan
(5%) da alil  (triogsieTilen )meTilis  eTer Tan (95%) 5079C tempeaturaze
kar stedis  katalizatoris (P%0) tetrameTil divinil  di silogsanis kompleq -
si gsilolSi ) Tanaobi sas, toluol xsnarSi  [107]:

H

Sy :
Me3S|O%S||—O>;S|Me3 + CH»,=CH-CH7 NH-SO,CF3 + CH,=CH-CH,-(OCH,CH))3)Me ——
Me
Pt(0) Me Me

75-85°C _ | | _ LiH
M%SOFS—O%S—O SMe; ————>

8 sT < Y THF

OMe
SemdgomSi gamxsneli toluoli Secvlil igna tetrahidro furaniT da

damatebul igna liToumis hidridi ( LiH). dadgenilia, rom am gziT miRebuli
polieleqtrolit is gamtarebloba Sead gens 1,2x106 (sxsmb).

axali jgufebis Semcveli stacionaluri faza gaz -Txevadu ri groma to -
grafiisaTvis igna miRebuli oligomer Til hid rid silogsanis ( m=35) hidri -
duli mierTebiT bikis(2,6 -di -O-pertil  -3-O-hegs6-enil) -pentakis(2, 6-di -O-pert -
il -3O-meTil) -b-cik lo degstrin Tan platinis katalizatoris Tanaobisas te -
t ra hid rofuranis xsnarSi, cnobili meTodikiT Semdegi sgemis mixe dviT [1 08]:
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[OCH,(CH,)3CH=CH,],»

(RO CH
NZCEr NS Lk
\-cD/ + (CH3)3S0O Sli—O Si(CHg)3 —— >
™ (CH,OR); H
35
(A) (B)
[CH; | CH, CHy [CHy |
2.C,Hy | | | |
_— —O——|S|—O-—|S|— —Si—O——|Si—O—
I
C|3H2 (C|3H2)6 (C|3H2)6 (l:Hz
| CH; |y O O | CHs |
(RO)7\\_// (OCH3)s
\_-co/ © ;
(CHZOR)7 R:n-CsHll
aRniSnuli axali  stacionaluri faza gaz-Txevadur qro m#& grafiaSi
xasiaTdeba qromatografiuli svetis maRali efeqturobiT , warmoadgenen qi-
r aluri da agqiraluri izomerebis saukeTeso damyofebs . dafigsirebulia sa-
inte reso Tviseba, rom meta- da paraglor toluolis dayofis  unari mcir -
deba temperaturis ~ SemcirebasTan erTad 80-110C temperaturul inter val Si.
axali  savarcxliseburi aRnagobis polisilogsanebi Sere uli Camnacv
le beli jgufebiT miRebul igna polimeTilhidrid silogsanis hidros ili | -
i rebis  reaqciiebiT 4-alilogsimeTil -[1,3}diogsalon -2-on da tri (eTilen g-
li kol )alilmeTileTerTan kata lizatoris diciklopentadien plati  na(ll)
di gloris xsnaris  diglormeTilenSi Tanaobisas , acetonitrilis xsnarSi

8(PC temperaturaze . reagcia mimdinareobs Semdegi sgemis mixedviT [109]:

CH;  CH,
o —[—st—o—]?fs'i—o—h N
gﬁg}_ . i ‘VWOTS Pt ( P-1: :.-':[_x+:~r3 =0.445
HOT o oy SR pa: Yoer) 0,169
0—4, _.{-, iy P-4: wix+y) =0.085
0 Y >"O Pwc: x=0
Eﬁ'ra {\‘D"J:“o
dadgenilia , rom karbonatuli polaruli jgufebis SetaniT  gver diT
jaWvSi da masSi liTiumbis (tri f tor sulfo nil )imid is SetaniT miRebuli
polimerebis  ionuri el egrogamtarebloba izrdeba da amseriis poli mee -
bis aTvis Seadgens 1,6X103%Gm. naCvenebia rom poli mee bi romle bic Seicav-
en karbonatul jgufebs  didi raodenobiT = amJRavneberuf ro dabal el eq -
ro gamtareblobas  gazrdili siblantis da gaminebis tempera turis  gama
Seswavlilia poli(meTilhidrosilogsani)s (My=390) hidri duli mier Te-
bis reaqcia alilcianidTan karstedis katalizatoris Tanaobisas da sin -
Tezirebulia polisilogsanebi alkilci anidu ri jgufebiT gverdiT jawW VSi.
m Rebuli silogsanuri  matri cidan, poli(  eTilenglikol)dimeTileT eris
(pegdme) da poli(eTi len gli kol)dimeTakrilatis (pegdma) Termuli da muSav-
ebiT miR ebulia urTi erT gamWoli myari polimer eleqtroliti, ro mel Sic
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ion uri gamtarebloba icvleba 1.05xL0°+6.96x10%s@m reaq cia mimdi nare obs
Semdegi sqemis mixedviT [1 10:

Pt(0
S O‘<~ >7S| —CH; + _\l ( ) CH, —S| O‘< >7S| CHs3
n CHa CN n CHs

CN
pol isil ogsan-g-al il icianidi
T 7
H,C=|—C— O—CHCH;0);7~ C—C=CH, + HsC~O—CH,CH,O)r—CH;

+

CH, CHj
3°339g° obgdgos
n=4m=9,i=486 v
3mogmomabymo gem-g- 39a503> 39%3)
sgmogm30sbowo
avtorebis mier Seswavlilia ogtameTilcikloterasilog sanis ( Dy), tet -
rameTilterasilogsanis ( D4H) da tetrameTil di si logsanis Tanapo Ilime ri za-
ciis reaqciebi gogirdmJavas trif tor meTilirebul eTeris Tanaobisas 65 °c
temperaturaze, ris Sede gadac sinTezirebulia polidimeTil silogsan -meTi-
| hidrid silog sanuri Tanapolimeri. Seswavlilia aRniSnuli Tanapo i me -
is hi drosililirebis reaq ciebi alilglicidilis eTerTan da alil ci an
id Tan. reaqcia zogadad warimarTeba Semdegi sqemis mixedviT [111]:
Me  H Me H
H-S—O—S—Me H-S—O—S—Me
| | | | CF;SO3H
O + |O 9]
Me-S—0—S—H Me-S—0—S—H |\|/|e l\l/le
Ve HooMe  HgTOS—
D4H D4 Me Me
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e [0 ] [t ]ne
—0 Sli— S—0 Sli—H

e Me Me Me

m n

&/\O/V/(Snml i a il

Pt gl icidil is eTeri)

550C | NC/v/ Vr bi a il cianidi

Me
NC CN
V\—s| —of-g— o}—{> s| 0 SJ\/

aRniSnuli silogsanuri Tanapolimeri gamoyenebull igna, rogorc Sema -
kavSirebeli axallagebSi.

14. poliorganosilogsanuri polimerebisa da oligomerebis modifikaciis
reaqciebi hidrosililirebis reaqgciebis gamoyenebiT

Seswavl ilia meTilhidrid silog sanis hid ri duli mierTebis reaqciebi
al ilis spir t Tan, kata li zatoris platina glor wyal badmJavas Tanaobisas
3040°C-is tem pera turul intervalSi. dadgenil igna, rom platina glor wy-
al badmJaas Ta naobisas adgil i hgonda konku ren tuli dehidro kondensaci i -
sa da hid ri duli mierTebis reaqciebs, rasac Tan axlda Se ker vis re acci eb-
ic da uxsnadi sis temebis warmogmna. aRniSnuli re  acgiis dros hidriduli
mierTeba mimdi nareobda 20% -iT, xolo ka tali zuri dehidrokondensacia 50%,
amis Semdeg iwyeboda ge lis warmogmna. bir  Tvul mag nituri rezonansuli
spedruli kvle vebis saSualebiT literaturaSi naCvenebia, rom hidro sil i-
li reba mimdi nareobs ro gorc farmeris aseve markovnikovis wesiTac, maT
Sor is Tanafardoba aris 3:1. ganxi lu Ii reaqciis Sedegad miiReboda
sxvadasxva rgoliani po li  meebi. reagcia mimdinareobda Semdegi sgemis mix-
edviT[112,113]:

Me38io+SiMe(H)o{?nSiMe3 + MHO - CH,-CH=ch, —H2PCls
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) Me Me Me Me Me |
BV PRV AT SATAAYA Y I
(I) \H /(b)\ CsH6/ (ID CI33H6
CH, OH /(©\ CsHg 9 o)
- H(|:=CH2 @) ? 3 ©) (x)

sadac mas53, [(a)+(b)+(c)+(d)+(e)](x)=53

Sekervis reaqciebi SeiZleba mimdinareobdes rogorc mole kula TaSori -
si, ase ve Sigamolekuluri dehidrokondensaciisa da hi drosililirebis re -
agci ebis Sedegad.

Seswavlilia U, -bis(trimeTilsilogsi)meTilhid ridsiloq sanis hidri d-
uli mierTebis reaqcia alilglicidilis eTerTan platina glor wyal badm
Javas (0,1 xsnari tetrahidrofuranSi) da Pt/Gs (5%) Tanaobisas, reagcia mim -
di nareobs Semdegi sqgemis mixed viT [113,114]:

Me3SiO-[-SiMe(H)O'l—SiMe3 +CH2=CH—CH2OCH2—CH2—CH2CL>
m N/
0]
I\I/Ie I\I/Ie
—_— Me3S| Si-O ISl_O S|Me3
aLH b
@ ®)]
CH,-CH,-COCH,—CH,—CH,
N/
@]
sadac [(@)+({O)](x ) =n ; na30, 53.
IH birTvul magnituri rezonansuli speqtridan Cans, rom hid ri duli mer -
Tebis reaqcia umTavresad mimdinareobs farmeris we SiT.

avtorebis mier Seswavlilia alilmerkaptanis a,-bs(tri meTil sil og-
si )md&il hidridsilogsanTan hidriduli mi erTebis re accia patinaglor wyal -
badmJavas Tanaobisas. aRniSnuli reagcia mim dinareobs rogorc hidro sil i-
li rebis (44%) aseve dehidro kondensaciis gziT (7%) da miiReba sxvada sxvar -
goliani oli gomee bi, romlebic Seicaven gverdiT ganStoebebs, ro gorc

Tio eTeru li, aseve karbosilanuri bmebiT [115,116]:

Me,SiOFSIMe(H)O1-SiMe; + CHy=CH-CH,SH 208

(_I\I/Ie ] I\I/Ie _I\I/Ie 1)
D Me3SiO SI|_O' |S|-O 'S|I_O *SiMe3
3| CHs [LH )| S e

(l:HZ (I:HZ
(LSH @ | CH=CH2 J(e) %)
sadac [ (a) +(b)+(c)] (x)=n; nasa3.
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Seswavlilia a , -ls(trimeTilsilogsi)meTilhidridsiloq sanis hidri  d-

uli mierTebis reaqciebi akrilis mJavasa da me Takri lis mJavasTan plati na
glorwyalbadmJavas da Pt/Gs Tanaobisas. aR niSnuli reagciebi mimdi nare obs,
r ogorc hidrosililirebis ase ve dehidrokondensaciis gziT. upira te sad
mindinareobs hi drosililirebis reaqcia, romelic Tavis mxriv mi ndi nare -
obs ro gorc farmeris aseve markovnikovis wesis mixedviT. reaqciis mim di na
re obisas adgili agvs nawilobri v gelis warmogmnas, re  acci is Sede gad miiR -

eba sxvadasxva rgoliani oligomerebi [117,118]:

Me;SiO~ SMe(H)O-SiMe; + m CH,=CR -COOH _HoPCle

r_l\l/le ] _I\l/le ] —I\l/le ] _l\l/le ] P\l/le _I\l/le ] Me )
—>Me38io-——sli—o Sli—O Sli—O S.i_o Sli—O -Sli—O- Sli—O rSiMe;
o || |G | S | |Guer| |CH |lA g\
(IZO C|ZO (|3HR (liHR COOH © EZR
CR C,H3R| LCOOHI(c) LCOO (d) c
(LCH, J@l s o) o Jn )
R=H; Me;
sadac ma53, [(a)+(b)+(c)+(d)+(e)+(f)+(g)] (x)=3!"

avtoris mier aseve Seswavlilia akrilisa da meTakrilis mJa vas n-al k-
i lirebul da sililirebul eTerebTan U,-bis(tri  mdilsilogsi)meTilhid -
r id silogsanis hidri du li mierTebis reaq ci ebi. aRniSnul SemTxvev ebS mim-
di nareobs re aqciebi upiratesad farmeris wesis mi xedviT [119,120].

Seswavlilia cikloxazovani polimeTilhidridsilogsanis po limier Te-
bis reaqciebi akrilonitrilTan platinaglor wal badmJavas Tanaobisas, ro -
melic SeiZleba warimarTos rogorc C=C aseve CI[ Nbmis hidrosi lili re -
biT [121]:

— CH,=CH—CH=N-S=
=5 —H + CHy=CH-c=nN122C
— NEC_CHZ_CHZ_SE

Seswavlilia polimeTilhidridsilogsanis ( M,=2300) hidro sili lire bis
reaqcia 1 -(2-propenil)indolTan da 1 -(2-propenil)  -2,3dimeTilindolTan di o
| or(diciklopentadien)platina (II) -is Tanaobisas. narCeni [ SH bmebis sru -
li kon versiisaTvis dama te bul igna ogqten  -1. avtorebis mier aseve sinTe Zi -
re bulia rogorc indolis, aseve karbazolis jgufebis Semcveli poli me
Til or ganosilogsanuri oligomeri [122]:

CHj CHj H CH,

CH3
+S-0}—  A4-S§-0  —AS-ob—S§-or

AR
O Ot O
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sinTezirebuli polimerebi SeiZleba gamoyenebul ignas eleqtro  optikaSi.

Seswavlililia polimeTilhidridsilogsanis ( Mya 2 O)@r0 Ti erT gmdeba
fluoroscenciis unaris mgone fenolur spir teb Tan sxvadasxva katali za-
torebis Tanaobisas [123]:

Me Me

| |
Me:Si0+Si—03; SiMe; + ROH ca Me;SI045i -0 SiMe;

H R
x x :
N CH,
OH
OH OH OH OH OH

dadgenilia, rom H,PtCk-is, karstedis da trieTilaminis Ta naobi sas re -
accia midis agtiurad, Tumca mcire raodenobiT mi i eba Sekerili poli mee -
bi. ukeTes Sedegs iZleva RhCI(PPR)s, rom lis dr osac Sekervis reaqciebs ad -
gili ar agvs.

avtorebis mier polimeTilhidridsilogsanis hidrosili li rebiTpla t-
i nis katalizator ebis Tanaobisas, sinTezirebulia po limeTilorgano sil -
ogsanebi, romlebic gverdiT jaWvSi Seica ven mezogenur 4 -buT -3-enilogsi  ben
zo is mJavas 4 -meTogsifenilis eTers da 1 -(4-hidrogsi -4 -bifenil)  -2-[4-(10unde-
cenilogsi)fe  nil] buTans. sinTezirebuli elas tomerebi warmoadgenen Txe V-
ad-kris ta lur sistemebs da agreTve arian kargi gamkeravi agentebi [124].

Seswavlilia polimeTilhidridsilogsanis hidrosilili re bis reaqci e-
bi vinilis jgufis Semcvel mezogenur molekulebTan platina glor wyal ba-
d mJavas Tanaobisas. sinTezirebulia homo poli merebi, romlebic Txevad -kri -
stalur Tvisebebs oTa Xis tempe ra turaze avlenen. reaqciebi mimdinare obs
Sendegi zogadi sqgemis mi  xedviT [125]:

Me Me
L . H,PtClg N .
MesSIO IS|—O SiMe; + CH,=CH—R——> Mg;SIO IS|—O SiMe;
bl CH,
CHZ_R X
sad ac, x=120,

R= -CH>-0O-CgHy-CgHy-OCH3;  -CH,-CH,-O-CgH4-CgHy-OCHa;
'CH2'O'C6H4‘COO'C6H4‘OCH3; 'CH2'CH2'O'C6H4'C6H4'OC6H13;
-CH,-O-CgH4-COO-CgH,4-CN

avtorebis mier sinTezirebulia polisilogsanebi gromo fo ruli sul -

fo nil -indoluri da karbazoluri jgufebiT gverdiT jaWvSi hidrosili -
li rebis reaqciebis gamoyenebiT [126]:
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\ \
N [C10H8PtC| 2] J I

]
ot 5 gt ok —
(CH2)3 (C|:|2)3

CH CH
H5C2028'CGH4'N28F4 . JI CI:S|H3O\ [ | s | 3
y }n

(CH2)3 | (CHz)s (CH2)3
ateYe il U
s C2H5

aseve SeswaMi | ia a , -Wwis (trimeTilsi lo gsi )meTilhidrisilogsanis hi -
dri duli  mier Tebis reaqciebi al kenebTan, platina glor wyal badmJavasTana
obisas . pla ti naglorwyalbad mJaa aiReboda 4-5x10°g odenobiT 1g sareaqcio
pro duqtze . re aqcias vatareb diT moreagire komponentebis 1:35mduri Tana-
far dobiT , sxvadasxva tempeaturaze , rogorc gamxsnelis gareSe, aseve misi
Tanaobis as.

meTilhidridsilogsanebis hidriduli mierTebis re agciebi sxvadasxva
sig rZis n-al kenebTan katalizatoris platinaglorwyalbadmJavas Tanaobis -
as moreagire komponentebis TanafardobiT 1:35, rogorc nalRobSi , aseve

xsnar Si. reaqcia mimdinareobs Semdeg sgemiT [127,128]:

N . H,PXCl
Me3S|O-[-S|Me(H)O—lF18|Me3 +m CHZ:CH—(CHZ)FCHSZ—‘L

\
/ Me |\|/|e
—> MegSIO S| |S| —SiMe;
< C2H4 | >
(CHz)
l

g CH3 a JC
reaqciis Sedegad miiReba gam Wuvirvale, aromatuli tipis organul gam -
xsnelebSi xsnadi oli gomerebi d,,=0,060,10. oligomerebi war  macad genen gam

Wuvir vale blant siTxeebs an myar sistemebs.

Seswavlil  ia a,¥-bis -(tri meTilsiloq si) m&il  hid risilogsanis hidri d-
uli mi  er Tebis re acciebi stirolTan da Oa-mdil sti rolTan , katali zat o-
ris pla ti naglorwyalbadmJavas 0,1 M xsnaris (tetrahid rofuranSi) Tana  obi-
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sas, moreagire kom ponentebis 1:35 moluri Tana far dobiT, sxvadasxva te m
peraturaze, nalRobSi da ab solu tu rad mSrali toluolis xsnarSi  [129,130]:

i R

: | 0

Me;SiO SI|—O SiMe;+ m CH,=C Lare,
H m

s I\I/Ie = Me Me N
I I
—— MO8 -0rS-OF—=S-O[—SiMe;
A CHR|LH (b é @

- 43 J(X)

sadac: [(a)+(b)+(c)](x)=n? 35; R=H Me (T=-80°C- 90°C);
reaqcia umTavresad swra fa d mimdi nareobs pir veli erTi saaTis ganmav -

lobaSi. Semdeg ki - ufro da bali siCqariT. sinTezirebuli oligomerebi
war moadgenen garvirvale, blant, aromatuli ti pis or ganul gamxsnelebSi
xsnad oli  gomerebs d,,a0,070,09.

gverdiT jaWvSi ujeri da ariluri fragmentebis Semcveli sili Ci uno-
r ganuli oligomerebis sinTezis mizniT Seswav li lia aw-bis (tri meTilsi | -
ogsi) meTil hid rid silogsanis hidridu li mierTebis reaqcia fe nilace ti | en
Tan katalizato ris pla ti naglor wyalbad mJavas Tanacdbi sas. re accias at ar -

ebdnen moreagire komponente bis 1:35 moluri Tana  far do biT, sxvadasxva tem -
peraturaze (40+60°Q, ro gorc gam xsnelis gareSe, ase ve absolu turito Iu -
ol isxsnarSi( Ca 0 ,nid5i/l).

meTilhidridsilogsanis hidriduli mierTebis reaqciebi fe nil aceti -
len Tan gamoisaxeba Semdegi sqgemiT [131]:

Me

0
Me;SiO{—Si-0}-SiMe, + Ho=c 8T Cn

l
e
H

m

(— - B )
e e L
— MeSO ,Si-O Si-0O -Sli—O SiMe;
< >
CoH; E b) C,H3CqHs
) 3 e
L~ @ ©) @)
reaqciis Sedegad miiReba na  rinjisferi, aromatuli tipis or ganulga m
xsnelebSi xsnadi ol gomerebi d,,a0,070,09. romelTa Se dgenilo badastru -
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gtura damtkicebul igna fungciuri da ele meturi ana |li zT, aseve iw, 'H,
3%c da COSY bmr speqtrebis saSualebiT.

Seswavlilia oligomeTilhidridsilogsanis hidriduli mier Tebis re -
acciebi  propargilis spir t is trimeTilsililirebul eT er Tan pla ti na
glor wyalba dmJavas Tanaobi sas. re accia tardeboda moreagire kom ponene bis
1:35 Tenafar do biT, sxvadasxva tem peraturaze (40 +60°C) abso luturi to lu o-
| is xsnarSi.

hidriduli mierTebis reaqciebi Ses wavlil igna rogorc nal RobSi, as -
eve xsnarSi. nalRobSi reaqciis Catarebisas reaq cia mimdinareobda Zalian
acdtiurad da ramdenime wuTSi adgili hgon da gelis warmogmnas, rac axsni -
lia  nar Cen ujer eTilenur bmasTan jaWvTaSorisi hi driduli mi er Tebis
war marTviT da aseve jaWvTaSorisi dehidrokondensa ci isreaqcieb iT.a nit om
iIs azRvreboda sareaqcio sis te midan dehidrokondensaciis gziT gamo yofili
wyal badis raodeno ba.

propargilis spirtTan meTilhidridsilogsanis urTierTgme debis re ag
ci is dros SesaZlebelia Semdegi konkurentuli re acciebis warmarTva

=S-H+CH=C-CH,OH —> =S —-CH=CH-CH,0H

=Si-H +HO-CH,~C=CH ————> =Si-0-CH,"C=CH
-2

reaqciebis Seswavlisas dadg enilia , rom platina glor wyal badmJavas

Tanaobisas adgili agqvs konkurentul reaqciebs da gardagmnis maRal sta d-
i ebze miiRe ba Sekerili sis te mebi. Sekervis reaqciebis Semcirebis miz niT da
xsnadi oligomerebis misa Rebad avtorebis  mier zemoT aRniSnuli reaq ci ebi
Caarebul igna 50 -6°C tempea turaze absoluturi toluoli s 60%-ian
xsnar Si, magram gardagmnis ma Ral stadiebze mainc SeimCneoda gelis warmo o
mma. dadgenil igna , rom me Tilhidridsilogsanis propargilis spir t Tanur -
Ti erTgmedebisas hidri  du li mierTeba mimdinareobda 70% -IT, xolo ka tali -
zu ri dehidrok  ondensaciis reaqcia ~10%. amis Semdeg ki adgili gonda ge | -
is warmogmnis re agciebs. reaq ciis produgtis xsnadi nawilis gamosa vali
Seadgenda ~5060%. aRsaniSnavia, rom oTaxis temperaturaze dayovnebi sas,
dro Ta ganmavlobaSi xsnadi nawili isev ganic dida strug tu ri rebas sis te -
m&i arsebuli kataliza toris xarj ze. ase rom ze moTaRniSnulihid ro sil -
i lireba -dehidro kondensaciis reaqciebis dros adgili aqvs sxva dasxvargo -
li ani Ter moreaqtiuli oligomerebis war mogmnagq132]

Me 0

A _ _ Ca, TC
Me;SIO ?O SiMeg+ HC=C-CH, OSMez—>
H Im
r _ _ - ~
Me Me Me
—_— Me3SiO--—ISi—O- S-0 -Sli-—O SiMe;
9| G g (o) | CaHsOSiMe; s
¢
L OSIMe;|(a) | J(c) /(x)

sadac: [(a)+(b)+(c)](x)=n? 35,
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reaqciis Sedegad miiReba aromatuli tipis or ganul gamxsnelebSi

xsnadi oli gomerebi dya 0 -0, romlis Sedgenilo ba da strugtura dam -
tki cebuli aele meturiana liziT da 'H bmr speqtris saSualebiT.
1.5. meTilhidridsilogsanebi s urTierTgmedebis reaqcia dienuri

rigis naxSirwyalbadebTan

ujeri triciklodecenilis jgufebis Semcveli meTil si log sanebis sin -
Tezis mizniT  literaturaSi Seswauvlili a meTilhidrid silogsanebis (po i -
meizaciis xarisxiT m°30 n°53) da meTil hidrid silo qgsandimeTil siloq sa-

nuri  ologo me ( m°33, n°23) modifikaci is re agciebi triciklodekadieniT
[133]

sawyisi komponentebis winaswari gacxelebiT 60 -90°C inter val Sipla ti -
naglorwyalbadmJavas 0,1 MMxsnaris tetra  hid ro fu ranSi avtorebis mier naC
venebi igna, rom saw i si produgtebis polimerizacias an me Tanis el iminir -
ebas adgili ar qo nda. araviTari cvlileba ar igna dafigsirebuli furie
gar dagmnis iw da bmr speqgtrebSic. gaz -Txevaduri gromatog rafiuli an al i-
ziT damtki cebulia, rom tri ci klo dekadi eni aRniSnul pirobebSi poli me

r zacias arga nic dis.
triciklodekadienis strugturidan Cans, rom igi Seicavs or ujer bmas
1,2 da 9,10 mdgomareobasSi:

6
L5 10
2
p 9
3 8
literaturidan cnobilia, rom eleqtroaqceptoruli jgu febis didi
Semgvelobisas (meTildiglor silani) hidrosi li i reba ormag bmasTan spa i-
er is katalizatoris SemTxvevaSi mimdinareobs 9,10 -mierTebiT, mcire ra od en
obis dros (dimeTil glorsilani), mie r Teba midis, rogorc 9,10 aseve 1,2 -mima
r Tule biT. donoruli jgu fe bis SemTxvevaSi hidrosi lilireba mimdina re -
obs umTavresad 1,2 -mimarTulebiT  [134,135]
aseve cnobilia, rom triciklodekadienTan 1Si-H bmis eleqgt ro filuri
mier Teba mimdinareobs samwevriani gardama vali kompleqgsis war magmniT
[136,137]
(oa%%
/
:Si—Me
O™ HPClg Ny
+ H—S—Me Onne
\ /
""" :Si—Me
\
2

36



vinaidan 1 gardamavali komplegsis Sem TxvevaSi steriuli dab rkolebis

gamo komplegsis mdgradoba 2 komplegsze naklebia, ami tom upiratesi aris
mierTeba 9 -10 mdgomareobaSi. aRniSnulis da  sadastureblad gamoyenebul iq -
na bmr speqtris najeri proto nebis ub ani, sadac naTlad Cans jgufis pro -
to nebi T zezusti struq tu ris cvlileba
meTilhidridsilogsanebis da meTilhid rid silogsan -dimeTilsi log san-
is hidrosililirebis reaqcia tri ciklo dekadienTan mimdinareobs sxva dasx-
va rgoliani ganto tvili siste mebis warmogmniT [138]:
l\llle Me o
|
Me;SIO Sli-O Sli—O SiMe; + M w Cat, T°C
H /m \Me /n
Cve e e e a0 e
|
— Me;SIO S|i—o— Sli-o —|Si—O S|i—O S|i—o— S-O—T1(SMe0),SiMe;
} S
< (K (q)>

\- —1 () - -y g _(z)_ é -0 (o)

sadac: [(x)+(k)+(y)+(2)+()+(a)](p)=mF35;
avtoris mier dadgenil igna, rom temperaturis gazrdasTan erTad ad -

gi li aqvs Seke ri li sistemebis warmogmnas, romelTa procentuli Sem cve -
o ba tempera tu ris gazrdasTan erTad izrdeba.

xsnadi sistemebis m iRebis mizniT Seswavlil igna meTilhid rid siloq -
san-dimeTilsilogsanis hidrosililirebis reaqcia cis -1,5ciklooq ta di enT -
an. rogorc literaturaSia aRniSnuli agtiu ri *Si-H bmis koncentraciis
80% konversiis zemoT adgili agvs Sekerili sistemebis warmogmnas, rac mak -
r omole kul aTSorisi hi  drosilili rebiTaa axsnili. amitom hidrosili i -
re bas wyvetdnen 80% konversiamde. amdenad hidrosili lirebis rea gciazo ga-

d ad mimdinareobs Semdegi sgemis mixedviT [139]

Me38|0<8| O>'S|Me3 +30.LC|6>

([ Ne [ Me
—> Me&SO Sli—O Sli—O— H O}‘—SMeg
<
81 () (2) H
’6
L= Jx L § ) J(K)

sadac : [( x)+(y)+(2)+(p)I(ky 30;

Y
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sinTezirebuli oligomeri warmo adgens blant masas h,,=0,11, romelic

kargad ixsneba aromatuli tipis organul gamxsne lebSi. oligomeris struq -
tu ra dadgenil igna elementuri da funqciuri analiziT ,iwda 'H bir Tvu-
li magnituri rezonansis speqtrebiT.

avtorebis mier Seswavlilia meTilhidrids ilogsanis hidrosilili re b-

is reaq cia 1,3 -ciklohegsadienTan [140143:

Me
| H,PtClg
MesSIO |Si—O SiMe; + m ——
H

m
T I\l/le I\l/le -‘ I\‘/Ie 1 7 l\l/le [I\l/le —‘ )
—> MeSIO S-O11S0 Si-0O S-0 S|i—O SiMey
< J { J >
Dl eI LG
71 L ol 5?2) 1@ ) ®
sadac: [(n)+(k)+()+(p)+(a)1(x)° 30;
sinTezirebuli meTilsilogsanuri oligomerebi warmoadgenen rezini se-
bur sistemebs, romlebic kargad ixsnebian Cveulebriv or ganul gam xsnel eb-
Si, hy,=0.8. oligomerebis Sedgeniloba da aRnago ba damtkicebul igna fu no-
ci uri da elementuri analiziT, mole kuluri masebis gansazRvriT, iw da

bmr speqtruli analiziT.
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Tavi 2
egsperimentis Sedegebi da maTi gansja

2.1 meTilhidridsiloq sanebis hidriduli mierTebis reaqciebi
vinilalkogsisilanebTan

polisilogsanebisadmi didi interesi gamo wveallia mTavari ar aorga nu-
li jaWvis aRnagobis mTeli rigi upiratesobebiT naxSir badovan jaWvTan
SedarebiT  [144. aRniSnuli polimerebi farTod gama yeneba sxvadasxva sf e-

r oSi maTi iseTi Tvi sebebis gamo, ro goricaa maRali Tbomedegoba, afskis

wa mogmis un ari, bioSe Tavsebadoba, kar gi at mosfe romedegoba, da balig ami-
nebisa da IRo bis tempeatura, aseve Se saniSnavi reologiuri Tvisebebi

[145.

organuli polimerebi xasiaTdebian dabali simkvriviT, mogni lobiT, wa -
r moebis siadviliTa da fasis xelsayrelobiT. Tum ca, xSir Sem TxvevaSi
naTi zedapiris meqanikuri Tvisebebi ar pa suxobs maT mimarT wayenebul
moTxovnebs. aseve aRsaniSnavia, rom struqturul i masalebis gamoyeneba li -
miti re bulia maRal temperaturaze daJangvisa da eroziis ga mo. aseTi masa-
| ebis da farva organuli safarvelebiT araxel sayre lia, vinaidan isini
100C-ze maRal temperaturaze iola d berde bian da kargaven mognilobas,
adheziur obas da damcav Tvisebebs. aRniSnuli problemebis gadaWra Sesaz
le belia ma Ti zeda piris dafarviT silic i umorganuli polimerebiT [146,
147.

ukanasknel xanebSi didi samecniero da sawarmoo interesi en i Weba sl -
| kaaerogelebis miRebas. silikaaerog elebi xasiaTdebi an maRali fo rov neb-
iT, agvT dabali sim kvrive da Tbhogamtaro ba, didi ze dapiris farTobi da
ganWvirvaloba. silikaaerogele bi gamoi yenebi an Cerenkovis radiaciul d et -
egorebSi maRa lien ergiebis fi zi kaSi, Termul da akustikur su pei zo la -
t orebad sxvadasxva sfe ro Si, aseve TermobirTvul sinTezSi da he t erogenu -
li kata li zatorebis ma ta reb lad. silikaaerogelebi, rogorc wesi, Sed ge-
bi an SiO,-gan, Tumca dRes dReobi T did inte  r ess iwvevs orga nulira dikale -
bis Semcveli silikaaerogelebis sinTezi hidrofo burobis gazrdis mizniT.
amdenad, didi mniSvneloba eniWeba axa li sawyisi masalebis miRebas si li kae-
r ogelebis sinTe  zisaTvis [148, 149].

Cveni samuSaos mizans warmoadgenda sawarmoo mniSvnelobis produ qgtis
bt polimeTilhidridsilogsanis modifikaciis reaqci ebiT migveRo gve r diT
jawvsi alkogsisililuri jgufebis Sem cveli meTilsilogsanuri ol i gome
re bi, romlebic SemdgomsSi gamod gebod nen safarvelebisa da silik aerogele -
bis damzadebaSi.

sawyis produgtebad hidrosililirebis reaqciebSi gamoyene bul igna
tri  meTilsilogsijgufebiT bl o kirebuli polimeTil si logsani (gardagmnis
ori saSualo xarisxiT n &5 da n &5) da vinilalkogsisilanebi.

gverdiT jaWvsSi alkogsisililuri jgu febis Sem cveli meTilsi log sa-
nuri ol I gomeae bis miRebis mizniT Cvens mier Seswavlil igna poli mdil h -
drid silog sanis hidrosililirebis reaqciebi vi nil alkogsi silanebTan
sxvadasxva katalizatorebis: pla tinaglor  wyalbad mJaas 0.1IM xsnari (tet -
ra hidrofuranSi), kars tedis katalizatorisa da nax Sir badze da fenili
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pla tinis Tana obisas (Pt/Ci 5%). reaqciebs vatarebdiT m
bis sxvada sxva moluri TanafardobiT sxva

te r valSi, dadgenilia, rom gver
agvs karstedis,

sawyisi kompone ntebis winaswari gacxelebiT
diTi reaqciebis mim
platinaze dafenili naxSirba
ndavas Tanaobisas.

disada plati

Tumca reaqciis mimdinareobisas
zo van polimerebTan erTad warmoigmneboda gantotvi
t vili polimerebis warmogmna SeiZleba ganpirobebuli ignas
d ehidrokondensaciis reaqciebiT, rac TanxvdenaSia literaturaSi arsebul
maacemebT®n [150] aRniSnuli reaqciebi zog
Semdegi sqemis mixedviT

[151,152]:

oreagi re kom ponerte -

dasxva tem pea tu reb ze.

50 - 85°C temperaturul in -

dinareoba s adgili ara

naglor wyal bad-

dadgenil igna, rom xa -
li polimerebic. g
1 Si-H bmis homo-

anto -

adad SeiZleba gamosaxul ignas

sgema 1
a,w-bis(trimeTilsilogsi)meTilhidridsilogsanis
hidrosililirebis reaqcia vinilalkogsisilanebTan

Me;SIOf SiMe(H)J-SiMegt kMH,C=CH-Si(OR),R—=2—~
de N\ e e e
— MeSO S||—O ISl—O ISI—O S-0 SiMe;
' HeHs | \B ) \E )
¢z GHCHs A
(é:iHéR . SIOR)R'/ 1
] (OR)2R/ (a) i
sadac: m°35da 65, [(a)+(b)+(c) +(d)](e)=m;R=CHsda R'=OGHs xolo katalizat or -

ad aRebulia  H,PtCk-6H,0, nP35, k=1: | - 50°C; I' - 60°C; I? - 70°C; P35, k=2:1I - 50°C
da m°35, k=3:1ll - 50°C; katali zato ri i Pt/C, m°35, k=1:1V - 50°C; IV*- 60°C; IV? -
70°C; R=GHs, R'=OC,Hs, m° 65, k=1: V- 85°C (H,PtCk); VI - 85°C (karstedis ka tali za-
to ri ); R=CHs, R'=OCH;. m°65, k=1:VIl - 85°C (H,PtCk), VIIl - 85°C (karstedis kat  a-
i zato ri ). R=CHs, R'=CHs m°35, k=1:1X - 80°C (H.PtCle)
reaqciis Sedegad miiReba gamWovirvale, blanti oligo

ix snebian rogorc aromatuli tipis organul gam
ri gis spirtebSi (meTilis, eTilis da pro

ol igomerebis zogierTi fi

mee bi, romleb ic
xsnel ebSi, aseve dabali
pil is spirtSi). sin Tezi re buli
Zikur -gimiuri Tvisebebimo  cemuia cxrilSi 1.

cxrili 1
sin Tezi re buli oligomerebis zogierTi fizikur -gimiuri
Tvis ebebi
katali - gamosa | !Si-H% elementuri
# | zatori T°C | vali konver - | k | dy* Sedgeniloba, %
% sia C H Si
I H.PtCk 50 92 84 1 0.07 | 42.65| 8.96 | 24.07
42.15| 8.75| 23.77
|1 H.PtCk 60 91 88 1 0.07 | 42.76 | 8.82 | 24.06
43.38 | 8.76 | 23.56
E H.PtCk 70 91 90 1 0.08 | 42.88 | 8.25| 23.72
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4254 | 8.78| 3.35

Il H.PtClk 50 93 93.6 2 0.08 - - -
1 H.PtClk 50 94 94 3 0.08 | 42.96 | 8.53| 23.45
42.72 | 8.73 | 23.15
v Pt/C 50 93 1 0.07 - - -
V1 Pt/C 60 91 1 0.07 - - -
V2 Pt/C 70 91 71 1 0.07 | 41.06 | 8.7®@.| 24.82
4098 | 64 5.03
\Y H.PtCk 85 91 1 0.08 - - -
\ karstedi 85 95 1 0.08 - - -
VII H,PtCk 85 90 1 0.07 - - -
VIII | karstedi 85 95 1 0.08 - - -
IX H.PtCk 80 92 86 1 0.07 |43.12 9.10 | 27.22
42.65 9.03| 6.56
* . 25°C temperaturaze toluolis 1% -ian xsnarSi.
hidrosililirebis reaqciebi gamxsnelis gareSe mimdina re obs swra f ad,
rac arTulebs reaqciis kinetikuri p arametrebis dad genas da amasTan ad gi -
li  aqvs nawilobriv Sekerili siste méis warmogmnas platinaglorwyal badm
Javas Tanaobisas. agedan g amomdinare reaqciebi Seswavlil igna ab sol utu ri
to luolis ar eSi 50 -85°C temperaturul inte r valSi .reaqciis mi ndi nare obis-
as platinaglorwyalbadmJa vas Tanaobisas vaxdendiT dakvirv ebas aqtiuri
[ SH bmis koncentraciis cvli lebaze Cugaev - cerevi ti novis meTodiT.
Si-H, %
100
80
60 -
40 A
20 1 — .3
+ e 2
-1
0 T T T T T T T T T T
0 100 200 300 400 500 600 700 800 900 1000 t,wT

naxazi 1. [ Si bmis koncentraciis Semcireba droSi Uvkbis (tri -
mdi Isilogsi)meTilhidridsilogsanis mier Tebis as vi nil trieT o0Q-
si si lanTan H,PtCk-is Tanaobisas (1 mrudi Seesabameba 70 °C tempe a-
tu ras,2 - 60°C, 3 - 50°C)

1 naxazze mocemulia [ Si-H bmis koncentraciis cvli lebis  mrudebi po-
| imeTil hidrid silog sanis (m°35) viniltri eTogsisilanTan mierTebisas ko-
nponentebis  1:35moluri TanafardobiT . hid ro sililireba 50C-ze mimd nare -

41



obs 84% [ Si-H bmis konversiiT , 60°C-ze - 88%, 70°C-ze - 90%, saidanac Cans
rom temperaturis zrdasTan erTad reaqciis siCgaresTan erTad izrdeba re -
agciis  siR rme.

1/C
60 1

50 1

40 1

30 1

20 1

10

0 T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 GWT

naxazi 2. koncentraciis Sebrunebuli sididis damo ki debuleba
droze  Uxvkbis(trimeTilsilogsi) meTil hid ri dsilogsanis mier Te-
bi sas viniltrieTogsilanTan H,PtCk-is Tanaobisas (1 mrudi Se es-
abameba 70C temperaturas ,2 t 60°C, 3 £ 50°C).
me2 naxazze warmodgenilia koncentraciis Sebrunebuli si di disre aq
ci is droze damokidebulebis mrudi, saidanac Cans, rom hidro sili li rebis
re aqcia sawyis stadiebze aris meore ri gis. aseve gaTvlilia reaqciis siCqa -
re ebis mudmivebi sxvadasxv a temperaturaze: ksp-ca0,0301kep-c20,0598da k70-c30,1171
I/moli  -sek.aRniSnulire agciiste nperaturuli koe fi cienti Seadgens 232.
me3 naxazze mocemulia hidrosililirebis reaqciis siCqa r is mudmivas
lo gariTmis da mdidebulebis mrudi temperaturis Sebrune bul sidide sTan,
saidanac gaTvlilia reaqciis agtiva  ci isenergia Eyqrd 4 kiimé i
30,5 31 31,5 32 32,5 33 10T
0 : : : : :
-0,1 -
-0,2 -
-0,3 -
-0,4 -
_0,5 -
-0,6 -
-0,7 -
-0,8 -
IgK
naxazi. 3. hidrosililirebis reaqciis siCgaris mudmivas

logariTmis damokidebuleba temperaturis Sebrunebul
si didesTan Ux-bis(trimeTilsilogsi)meTilhidridsilo -
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gsanis mierTebisas viniltrieT ogsisilanTan

polimeTilhidridsilogsanis viniltrieTogsi silanTan hidro  sili li r-
ebis reaqciebi Seswavlil igna rogorc moreagire kom ponentebis ste qionmet -
r i uli TanafardobiT 1:35 (polimeTil hid rid silogsani me 35), aseve vini | t -
ri eTogsisilanis Warbi raode nobiT gamoyenebisas, kerZod TanafardobiT
1:70 da 1:105.me4 naxazze macemulia erTi da igive temperaturaze (50 °C) mo-
re agire komponentebis sxva dasxva Ta nafardobisas aqtiuri [ SH bmis ko n-
centraciis cvli lebadro  Si.

Si-H, %

1
100 X

|

0 200 400 600 800 10004 w

naxazi 4. [ Si bnis koncentraciis Semcireba droSi Uvkbis(tri = -
meTilsilogsi)meTilhidridsilogsanis mierTebi sas vinil  trieT -
ogsisilanTan 50 °C-s temperaturaze. 1 mru  di Seesabameba 1:35 md -
ur Tanafa rdobas, 3 - 1:70, xolo 4 - 1:105. 2 mrudi Se esabameba me
Til  vinildieToq sila nis mierT ebas platinaglor wyal badmJavas
Tanaobi sas, moreagire komponentebis 1:35 moluri Tana far do biT

zemoT ganxiluli naxazidan Cans, rom polimeTilhidrid silog sanisvi -
niltrieTogsilanTan hidrosililir ebisas steqi omeruli Tanafardobis
dar RveviT da viniltrieTogsilanis 2 -jerda 3 -jer meti raodenobiT aR ebi -
sas reaqciis siCgare da siRrme izrdeba (steqi o mérul Tanafardobisas is
Seadgens 84%, xolo viniltri eTogsi silanis 2  -jer meti raodenobiT gam oye
nebisas re aqcia mi dis 93,6% [ SH bmis konversiiT, xolo 3 -jer me ti raode -
nobiT 93,9%)

me4Nnaxazidan aseve Cans rom hidrosililirebis reaqcia po i meTil hi-
dridsilogsansa da meTilvinildieTogsisilans Soris vin iltri eTogsi si -
lan Tan (84%) SedarebiT mim dinareobs ufro swrafad da ufro Rrmad (86%
[ SH bmis kon ver siiT ).

me5 naxazze warmodgenilia [ Si bmis koncentraciis cvli le ba droSi
70°C temperaturaze polimeTilhidrid silog sanis vi niltrieTogsilanTan
hd rosililirebis reaqciis dros katali zatorebis plat i naglorwyalba dm
Javas da naxSirbadze dafenili pla tinas Tanaobisas, moreagire komp onerte -

bis 1:70 moluri Ta nafar dobiT, naxazidan Cans, rom platina qglorwyal bad-
mJa&as Tanao bi sas reaqciis  siCgare da siRrme aRemateba naxSir  badze da fe ni-
li platinas Tanaobisas mimdinare reaqciis siCqa re sa da siR r mes. pir vel
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SerixvevaSi adgili aqvs aqtiuri [ Si bmi$ konver si as 94%-iT, xolo meore
SemTxvevaSi 71%.

Si-H, %
100
80 1
60 1
40 1
—
20 - 2
) ’ - — 1
O T T T T T
0 200 400 600 800 1000 t,wT
naxazi 5. [ S i bmi$ koncentraciis Semcireba droSi U~rkbis -(tri -
mdilsilogsi)meTilhidridsilogsanis mierTebisas vinil trieT -
ogsisilanTan 70 °C-s te nperaturaze moreagire kompo nernebis 1:70
Tanafardobisas (1 mrudi Seesabameba platinaglor wyalbadmJavas
Tanaobisas mi ndinare reaqcias, 2 L Pt/C)
sinTezirebuli oligomerebis Sedgeniloba da aRnagoba da d genilia
funqciuri da elementuri ana | iziT, furie gardagmnis iw da bmr speq tru -
li monacem ebiT. | 1 oligomeris furie gardagmnis iw speqtrSi SeimCneva -

SiMe; [ SCHy-, iM8 da [ SO-S i BmebisaTvis damaxasiaTebeli STan  Tgmis zo -
le bi 765, 1200, 1265 da 1025 sml ubanSi. aseve furie gardagmnis iw speqtrSi
SemCnea hidro sili li re bis reaqgciaSi Seusvlel [ SH bmisaTvis da maasi -
aTebdi dabali i ntensivobis STanTgmis zoli 2165sm! ubanSi, romelic mi -
uT iTebs, rom hid ro sili lirebis dros [ SH bmis kon versia ar mimdinareob s
sru lad da miiReba sxvadasxva rgo li aniol igomeebi[ 153154.

aRsaniSnavia, rom karstedis kata liza toris gamoye nebis SemTxvevaSi,
poli meTilhidridsilogsa nisa da viniltrieTogsisilanis 1:70 Tanafar dobi -
sas uk anaskneli signa li ar SeimCneoda VIII oligomeris furie gardagmnis
iw speqtrSi, rac miuTi Tebs, rom aRniSnuli katalizatoris Tanaobisas aq -
ti uri [ SH bmis ko nversia faqtiurad srulad mimdinareobs.

me6 naxazze warmodgenilia VIII oligomeris 'H bmr speqtri, sadac Se -
imtheva [ Si -dsleSiMe; pro to nebisa Tvis damaxa sia Tebeli singleturi signa -
le bi gimiuri wanacvlebis centriT U=0.02 vmn da 0=0.03 vmn =CH-CHs fra gmen
t is meTilis protonebisaTvis damaxa siaTe beli multipleturi si gnai gi -
miuri wa nacvlebis centriT U=0.9 vmn, [ Si - Cfrh gmentis meTilenu ri
fragmen ti saTvis damaxasi aTebéeli tripleturi signali qgi miuri wanac vlebis
centriT 1.12 vmn(CH30)3Si-CH,- fra gmetis me Ti lenuri protonebisa Tvis da -
maasi aTebeli tripleturi signa li gimiuri wa nac vlebis centriT U=1.46 vmn,
=CH-CH;z frag mentis meTinuri protonebisaTvis damaxasiaTebeli multip le -
turi si  gnali gimiu ri wa nacvlebis centriT U=1.86 vmn. aseve Sei@nea CH3O
jgu fe bis meTilis protonebisaTvis damaxasiaTebeli tripleturi si gnali
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gi miuri wa nacvlebis centriT U=3.5 vmn. aRsaniSnavia, rom VIIl oli gomes
'H bmr speqt rSi ar SeimCneva [ Si bmisaTvis da maasia Tebeli signa li 4.1 -4,5
vmn ubanSi, rac zemoT ganxilul furie gardagmnis iw speqtrTan er Tad
muT i Tebs re acgiis srulad mimdinareobaze. rogorc speq tru limo nacemei-
dan Cans reaqcia mimdinareobs Zi ri Tadad far meis wesis mixedviT, Tumca
adgiliagqvs re  aqciis mar kovnikovis we siT warmarTvasac. VIloli gomeris H
bmr speqt r Si damate biT SeimCneva reaqciaSi Se usvleli [ Sijg Hfispro to -
ni saTvis da maxasialebeli dabali inten si vobis signali, rac m iuTiTebs ima-
ze, rom platina glor wyal badmJaas Tanaobisas re accia ar mim di nareobs
sru lad.

LR UL D L R L L

ppm 8 6 4 2 0

naxazi 6. VIl oligomeris IH bmr speqtri

me7 da me-8 naxazze warmodgenilia | 2 oligomeris IH, H,H-COSY, 1T, da
C,H-korelaciuri speqtrebi. IH da H,H-COSY bmr speqtrSi Seim Cnea [ Si -dde
-SiMe; pro to nebisa Tvis damaxa si aTebeli single tu ri signa le bi gi miuri wa -
nacvlebis centriT U=01 vmn da U=0.3 vmn,[ Si --CHd gmentis mdi le nuri
fra gmeti saT vis damaxa sia Tebeli tripleturi signali qi miuri wa nacvle bis
centriT 0.45 vmn, =CH-CH;z;fragmentis meTilis protonebisaTvis da maxaia Te-
beli tripleturi signali gimiuri wanacv lebis centriT U=0.95 vmraseve
(CoHs0)sSi-CH,-  fragmentis me  Ti lenuri  proto nebisaTvis damaxasia Tebeli
sig nali gimiuri wa nacvlebis cent T 0=1.15 vmn=CH-CHzfrag mentis meTi nu-
r proto nebisaTvis da maasiaTebeli multipleturi si gnaligi miuriwa nac-
vle biscen triT  U=1.35 vmn. speqtrSi aseve SeimCneva -CH,O- fragmentebis me Ti -
le nuri protonebisaTvis dama xasiaTebeli multipleturi si gnali gimi  uri
wanacvlebis centriT U=3.8 vmn. speqtrSi adgili agvs CH3CH,O- fragme ntis
méilis prot onebisaTvis dama xasia Tebeli signalis U=0.95 vmn zeddebas
=CH-CHsfragmentis meTilis pro tonebisaTvis damaxa siaTe belsi gnalTa n.

speqtruli mona ceméidan Cans, rom re agcia mimdinareobs ZiriTadad
far meris wesis mi xedviT, Tum ca adgili agvs reaqci is mar kovnikovis wesiT
war marT vasac.
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naxazi 7.

12 oligomeris

IH da H,H-COSY speqtrebi
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naxazi 8. 12 oligomeris 1 da C,H-korelaciuri speqtrebi

12 oligomeris 1¥ bmr da C,H-korelaciuri speqgtrebi  srul Tan  xnoba-
Sia 1H da H,H-COSY bmr spegtrebis monacemebTan da mowmobs, rom reaqcia mi m
di nare obs ro gorc markovnikovis, aseve farmeris wesis mi xedviT. 1 bmr
speqtrSi Se imCnevai CH,O-Sil frag mentis naxSirbadisaTvis dama  xasiaTebeli
signali 0=59.0 vmn,=CH-CH; fragmentis meTinuri naxSirbadisa Tvis signali
U=30.0 vmn,] SCHy-saTvis -0=18.2,(CH30)sSi-CH,- meTilenuri na  xSirbadisa T visH-
U=18.0 vmn=CH-CHj3 fragmentis meTilis naxSirbadisa Tvis  U0~9.0 vmn

sinTezirebuli oligomerebisaTvis Catarebul igna Termo gra vimetruli
gamokvlevebi inertul areSi. me -9 naxazze mocemulia V da VII ol igomere b-
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is Ter mogravi metruli mrudebi, saida nac Cans, rom aRniSnuli oligomerebi
xasiaTdebian m aRali Ter  mastabilurobiT, 5% -lani masis danakargi SeimCneva
Sesabamisad 350°C da 370°C temperatu raze. de st ruq ci is ZiriTadi pr o cesi
mindinareobs 370 -55@FC temperatu rulin  te r vaSi
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naxazi 9. V da VIl oligomerebis Ter mogravi metrul i mrudebi.(1

mrudi Seesabameba VII ol igomers, xolo 2 mrudi - V)
oligomerebisaTvis Catarebulia diferen cialuri skanireba di kalori -
me ruli gamokvlevebi. mel0 naxazze mo cemulia IX oligo meis difere nci -
al uri ska nire badi kalori me ruli mrudi . kvlevam aCvena, rom IX ol igome
r saTvis Se imCnea erTien do Termulipi ki, romelic Se esabamebanis i gamne-
bis temperaturas Tgané -65°C. yovelive es migviTiTebs imaze, rom meTi | hid -
ri dsilogsanis modifikaciis procesi miRweulia, vinaid an sufTa meTilhid -
ri dsilog sanis gaminebis temper atura Seadgens ~ -123C.
40
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2 25 —
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r
s 20
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15
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naxazi 10. IX oligomeris diferencialuri skanir ebadi
kalorimetruli mrudi
sinT ezire buli oligomeri VII gamoyenebul igna silogsanu rnsa far ve-
| ebis da samzadeblad , romlebic daitaneboda poli kar bo natis firfitaze.
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pir vel et ape Cvens mier Catarebul igna te t raeTogsilanis zol - geluri
pro cesi. Si(OGHps)4-is hidrolizs va ta reb diT spirtis xsnarSi 0.02N HCI xsna-
ris Tanao bisas (Ta nafardoba - Si(OCHs),: C;HsOH @ 0.02N HCI2,2:1:1). 18 saTis
Sermdeg miRebul masas vamatebdiT saerTo masis 0,8% 15%ian Zmar mJaas, saer -
To masis 50% raodenobiT wyals da oligomer VII -s (sawyisi saerTo m asis
toli raodenobiT). 4 saaTi morevis Semdeg damatebul igna  2-propanoli da
wyal i da miiReboda s ilogsanuri hid ro geli.

polikarbonatis firfitebi winaswar garecxil igna speci aurisa rec-
xi sa Sualebis - ALCONOX da wylis gamoyenebiT, Sem degizo pro panol iT da
gaSro bil igna azotis nakadiT. Cvens mier m omzadebuli xsna ri datanil iq -
na gasuf Tavebul polikarbonatis firfitaze . safarvelis datanis Tanave
polikarbonatis fir fi ta mo Tavsebul igna  RumelSi 100 °C temperaturaze 5
saaTlis ganmavlobaSi (n i muSi 1).

damzadebul igna meore nimuSi, sadac Cvens mier mi Rebuli xsnaris

datanamde polikarbonatis firfita grun tirebul igna mza safar veliT CT-
510 (meTakrilaturi safar veli). Cvens mier momzadebuli xsha riTgru nti re-
buli fi r fitis Sem dgo mi dafarva Catarebul igna zemoT gan Xilu i
meTodikis andogiurad (nimuSi 2).

silikonuri safarveliT dafaruli polikarbonatis firfi te bisaTvis
Caa rebul igna abraziuli kvleva. me -11 naxazze moce mulia simqrgalis
cvli le bis damokidebuleba ciklebis raode nobaze.

&0

L Al L) Al
[ 100 200 300 400 500 600

Cycles

naxazi 11. simqrgalis cvlilebis damokidebul eba cikle bisraode -

nobaze. 1 mrudi Seesabameba mrewvelobaSi farTod ga moyenebul

polikarbonatis firfitas samarko sa xel wodebiT GE, 2 mrudi Lt

nimuSi 2, 3 mrudi nimuSi 1, 4 mrudi L poli karbonatis da ufaravi

firfita

naxazidan Cans, rom meTakrilaturi grunti S gamoyeneba aunp besebs
Cvens mier damzadebuli safarvelis meganikur Tvi sebebs. aseve aRsaniSnavia,
rom nimuSi 2 (mrudi 2) sawyis etapze b pir veli asi ciklis Sesrulebisas
ukeTesi gamWuvirvalobiT xa si aT deba vidre warmoebaSi farTod g amoyenebuli
nimuSi GE*.
*abraziuli kvleva Catarebulia texasis universitetSi profe sor vitold
brostous laboratoriaSi, g. d., g. titviniZis mier.

49



safarvelis warmogmnisas mimdinare zol - geluri procesi, rom lis
dro sac adgili agvs hidrolizisa da kondensaciis reaq ci ebs SeiZleba
gamdsaxos Semdegi zogadi sgemis mixedviT:

sqgema 2. zol -geluri procesi

3

Cl)AIk . 3
J\N‘O—|Si—OAIk+ H,O0 ——— ~0-S-OH  + AIKOH

|

OAIlk O

p

3 3 3 3
8 3 b 5 o 5
O‘Sli—OH + A|kO—SIi‘CH2CH2—|Si‘CH3 e fV"O‘SIi—O_Si‘CHZCHz—Si‘CHg
| |
O

O O e) O 0]
o 2 j; e 2
swored zol -geluri hidrolizis Sedegad mimdinareobs me Takri la tu -
ri zedapiris dafarva silogsanuri ol i gomerebis Txe lia fs KiT.
sinTezirebuli oligomerebisaTvis Catarebul igna farTo kuT xovani
ren tgen ografiuli gamokvleva. me -12 naxazze mocemulia VII oligomeris di -
f rag tograma, saidanac irkveva, rom sinTe zi rebuli oligo mee bi war maadge-
nen erTfaz ian amorful sist emebs.
I
13.10 A
7.02 A
5 10 15 20 25 20°

naxazi 12. VIl ol igomeris rentgenografiuli mrudi

difragtograma  ze mkveTrad Cans ori magsimumi 2 Q=6,% da 2 Q=13,8 ubanSi.
ZiriTadi magsimumi 2 Q=6,% Seesabameba jaWvTaSorisi manZilis mags i méur

mniSvnelobas  d;=13,10U, xolo 2 Q=13,8 Seesabamebal,=7,02 U, romlis mniS  vne-
lo ba ufro rTuli xasiaTisaa da gansazRvravs rogorc Siga jaWvur, ag -
reT ve atomTa S oris urTierTgmedebebs [ 156.
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amdenad, Cvens mier pirvelad igna Seswavlili meTilhidridsi -

logsanis hidriduli mierTebis reaqcia vin il trieTogsi silan -
Tan da meTilvinil dieTogsisila  nTan platinaglor wyalbad mJa
vas, karstedis katalizatoris da naxSirbadze dafenili pla ti -
nas Tanaobisas. dadge nilia, rom reaqcia mimdinareobs rogorc

far meris wesis mixedviT, aseve mis sawinaaRmdegod. sin Tezi re bu-
lia oligomerebi eTogsisililuri fragmentebiT gverdiT jawW V-

Si. aRniSnuli produgtebi gamocdil igna safarvelebis dasam -
zadeblad da naCvenebia maTi perspeqtiuloba am mimarTulebiT.

aseve aRsaniSnavia, rom sinTezirebuli produgtebi SeiZleba

war natebiT gamoyenebul ignan silikahidrogelebisa da silika -
aero gelebis misaRebad. SesaZlebelia aRniSnuli oligo meebi
maTi multifungciuri jgufebis gamo gamoyenebul ignan sxvada -
sxva kompoziciur masalebSi SemakavS  ireblad.
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2.2.0 , -his(trimeTilsilogsi)meTilhidridsilogsanis hidriduli

mierT ebis reaqcia  alilis spir tis trieToqsi sililirebul da
trimeTilsil i lirebul eTerebTan

aRniSnul TavSi ganxilulia savarcxliseburi aRnagobis si li ciumor g-
anuli oligomerebis miReba, romlebic gverd iT jaWvSi Seicaven propil 00
sit ri eTogsisililirebul da propilogsitrimeT il silanur jgufebs. am mi -
zniT Seswavlil igna U,-bis(tri md&il silo gsi) meTil hidrid silogsanis hi d-
ri duli mier Tebis re accia alil ogsitrieTogsisilanTan da alilo gsitri -
md i Isil aTan.

sawyisi produqtis - aliliogsitrieTogsisilanis miRebis miz niT, Cvens
mier pirvel stadiaze Catarebulia alilis spirtis heterofunqciuri ko n-
densaciis reaqcia tetra eTogsisilan  Tan, moreagire kom ponentebis 1:2 Ta na
fa r dobiT, 809C°C temperaturul interval Si, mudmivi morevis pirobe bSi.
gamoyofili eTi lis spirti idevne boda sareaqcio aredan. sareaqcio pro d-
ugti gamoxdil igna vakuumze. reaqcia Ziri Tadad mimdinare obs Semdegi sq em
is mi xedviT [157, 158]:

_ . T°C _ .
CHZ—CH_CHon + S(OCZH5)4—> CHZ—CH_CH208(0C2H5)3 +C2H5OH

miRebuli alilogsitrieTogsisilanis fizikur - gimiuri ma xasi aTeble -
bi emTxveva literaturul monacemebs | 193], xolo rac Seexeba al il ogsit-
ri mdi Isilans, igi miRebuli igna ali lis spirtis heterofunqciuri ko n-
densaci is rea qciiT trimeTil glor silanTan, moreagire komponentebis 1:2
Tanafa r dobiT, abso Iuturad mSrali toluolis 30 -40%ian xsnarSi, pir -
di nis Ta naobisas oTaxis temperaturaze. reagcia mimdinareobs Sem degi sqge m
is mixe dviT:

CH,=CH—CH,OH + Me;SCl CH,=CH—CH,OSiMe;

-Py-HCI
miRebuli alilogsitrimeTilsilanis fizikur - gimiuri ma xasi aTeble -
bi emTxveva literaturul monacemebs [160].
meTilhidridsilogsanis hidriduli mierTebis reaqciebi al i logsitri -
eTogsisilanTan da alilogsitrimeTilsilanTan Se swavlil igna ka tali za-
t or platina glorwyalbadmJavas 0,1 M xsnaris (tetrahidrofuranSi) T anaobi -
sas, moregire komponent ebis 1:35 Ta nafardobisas, sxvadasxva tempe ra turaze
(60-80°C), absoluturi to luolis xsnarSi reaqcia ZiriTadad mimd I nareobs
Semdegi sqgemis mixedviT [157, 15 8]:
sgema 3
meTilhidridsilogsanis hidriduli mierTebis reaqciebi
alilogsitri eTogsisilanTan da alilogsitrimeTilsilanTan:
I\I/Ie
Me38iO<Sli-O>~SiMe3 + mCHZ:CH-CHZOSiR3_IC_:—(?é>
gom
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_ 'Y'e -
—> MesS-O Sli—O— O —SiMe3
) C3He (b)

>
OsiR
L OSRs | (a) J@

sadac, [( a)+(b}+(c)](d) = m°35: R=OGHSs, X* (60°C), X? (70°C), X (80°C); R=Me, XI (8@C).

sinTezirebuli oligomerebi warmoadgenen blant gamWuvi r vale pro duqg-
tebs, rom lebic kargad ixsnebian aromatuli tipis or ganul gamxsn elebSi
xvedriTi siblantiT h,,=0.08 0.09. oligo mee bis Sedgeniloba da strugtura
dantki cebul igna funqciuri da elementuri analiziT, furie gardagmnis

iw, 1H da 1 bmr speqtruli monacemebiT. oligomerebis zogierTi Tviseba
mac emulia me2 cxrilSi.

cxrili 2
meTilsilogsanuri oligomerebis propilogsitrieTogsisilanuri da
propilogsitrimeTil silanuri f ragmentebiT gverdiT jaWvSi
gano sa Kc 1 Si-H% elementuri
# | T°C | vali h*, | duA konver sia Sedgeni loba, %
% C H Si
X! 60 76 0.09| _ 1.1086 80 41.72| 8.52 | 21.25
41.46| 9.98 | 21.61
X? 70 81 0.09| _ 1.9314 86 42.12| 8.55 | 21.05
42.11) 853 | 21.17
X 80 88 0.09 | 7.08| 2.9652 93 42.51| 8.58 | 20.69
42.28 | 8.56 | 20.96
Xl 80 87 0.08| 7.35 - 94 43.14| 9.01 | 28.91
43.43| 8.82 | 28.83
*1%-iani absoluturad mSrali toluol xsnarSi, 25 0C temper aturaze.
sinTezirebuli oligomerebis furie gardagmnis iw speqtrSi SeimCneva
re aqc iaSi Seusv el [ S H bmisaTvis damaxasiaTebeli STanTgmis zo li2160 -

2165 smt ubanSi. speqtrSi aseve SeimCneva [ S Oi C [ bmisaTvis da maxasiaTebeli
STanTgmis zoli 1155 sm -1 ubanSi, xazovani [ S OIS i dmisaTvis damaxasiaT ebe-

liasi  metriuli STanTgmis zo li 1020 -1030 smt ubanSi, [ SMeda [ SMe; bme

bis aTvis damaxasiaTebeli STanTgmis zo lebi 1270 da 840 sm -! ubanSi [153155.
meTilhidridsilogsanis mierTebiT alilogsitrieToq sisila  nTan SeiZ -

le ba warimarTos rogorc markovnikovis wesiT, ise mis sawinaaRmdegod. nag-

r am vinaidan Jangbadis atomi ujeri bmidan meTilenis xidiT aris da cile -

buli, amitom misi gavlena ujer bmaze Sesustebulia da reaqcia orive m i ma

r TulebiT daaxloebiT erTnairi intensivobiT mimdinareobs. aRniSnuli

faq ti dasturdeba H da 1 bmr speqtru li monacemebiT, romlis Tanaxmad

ma kovnikovis wesiT mierTebis produqgti odnav meti raodenobiT war maq m

neba da Tanafardoba 1,4:1 tolia anu 58% (markovnikovi) da 42% (farmeri).

pro duqti Xa xasiaTdeba dubleturi bunebis meTilis jgufiT, gimiuri

wanacvlebis centriT d=1.19vmn. meTinis jgufisaTvis SeiniSneba g afar To eb-
uli  segsteturi bu nebis signali gimiuri wanacvlebis centriT d= 1.66 vmn
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da as eve meTilenuri protonebisaTvis tripleturi signali gimiuri w anac -
vlebis centriT d=3.6vmn

sgema 4

meTilhidridsilogsanis SesaZlebeli mierTeba
alilogsitrieTogsisila nTan

CH,=CH-CH,0SI(OC5Hs)3 + H-Si= MCHs-CI:H—CHZOSi(OCZH5)3+

/SI| ~ Xa
+ ESi'CHz'CHz“CHzOSi(OCzH5)3
Xb
XP niv Tierebis protonul speqtrSi SeimCneva siliciu nis atomTan mdgo -
mi meTilenis jgufisaTvis Sesabamisi tripleturi signali gi  miuri wana cv-
le biT d=0.9 vmn. eleqtro uaryofiT Jangb adis ato mTan dakavSi rebuli -OCHy-
mdilenis jgufis protonebisaTvis SeimCneva tripleturi sig nali gim iuri
wanacvlebis centriT d=3.72vmn. rac See xeba mesame meTe nis jgufs, mi  si
gi miuri wana cvleba d=1.66vmn tolia da aq zeddebas ganicd is meTinur pr  0-
to nebTan (naxazi 13).
S M A -
I]IIIIIIIIllllIllIlIIéllll|l|l|l|||
7 6 5 4 2 1 ppm

naxazi 13. X oligomeris IH bmr speqtri

Xa da XP nivTierebis 1€ bmr speqtrSi (naxazi 14) Se  dare biT sust vel Si
Jangbadis atomTan dakavSirebuli nax Sirbadis atomis Sesabamisi rezona n-

suli signalebi gvxvdeba gimiuri wa nacvlebiT  d=58.6vmn da d=59.3vmn Sesba-
misad. meTinis jgufis naxSirbadis atomis gimiuri wanacvleba d=32.3vmn, xo-
lo me Ti lis jgufis naxSirbadis atomisaTvis OCH,CHjz fragmrentSi d=18.6
vmnda meTilenuri jgufisaTvis OCH,CHs signali d=50.9vmn speqtrSi aR i niS-
neba silici umis at omTan dakavSirebuli meTilenuri jgu fisaTvis 1 Si-CH,-
damaxasiaTebeli rezonansuli signali gimiuri wanacvlebiT d=15.5 vmn xo -
lo naxSirbadis or meorad atoms Soris mogce ulina xSirbadisaTvis re ZO-
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narsuli signali gimiuri wanacvlebiT d=29.9vmn (X&), xolo meTinuri jgu fi -
saTvis Sei nCneva signali d=324 vmnSi ( Xb).

.

'Il][)'ollllllllldoll'llilliﬁhlIlllllll4l(’lllllllll2|011lllIII|)|I)m

naxazi 14. X oligomeris 1 bmr speqtri

xolo, rac Seexeba meTilhidridsilogsanis mierTeba s ali lis spi rtis

trimeTilsililirebul eTerTan, agac 1 Si-H bmis mierTeba SeiZleba gan xor -
ci eldes ori mimarTulebiT:

sgqema 5

meTilhidridsilogsanis SesaZlebeli mierTeba
trimeTogsialilogsi sila nTan

—> =Si-CH,-C?H,-C°H,-O-SiMe;

=S —H + CH,=CH-CH,-O-SiMe; —>t X2
— ESi-cI:ZH-<:3H2-o-Si|\/|e3
C'H, X|P

'H bmr speqtrSi (nax  azi 15) SeimCneva C°H,0 fragmentSi me Til enurijgu -
fi saTvis damaxasiaTebeli tripleturi signali, gimiuri wanacvlebis ce nt -
rnT d=3.4 vmnfarTo signali gimiuri wanacvlebis centriT d=0.45 vmn dama
xasi aTebeli protonebisaTvis 1Si-C'H,- fragmentSi  da -C?H,- fragmentSi mdi -
le nuri protonebisaTvis damaxasiaTebeli gafarToebuli signali gimi uri
wanacvlebiT  d= 1.5 vmnSi (e.i. farmeris mierTebis gziT miRebul pr odugt -
Si). speqtrSi SeimCneva mcire intensivobis multipleturi signali meTi | is
pro tonebisa Tvis =CH-CHs fragmentSi wanac vl ebis centriT d=0.9 vmn da ga-
farToebuli signali centriT d= 1.66 vmn, damaxasiaTebeli meTinis jgufis

pro tonebisaTvis fra gmentSi =CH-CHjs, rac miuTiTebs imaze, rom hidrosili -
lireba agac winas msgavsad mi ndinareobs markovniko  vis wesiTac.
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L -

ppm 10 6 0

naxazi 15. XlI oligomeris IH bmr speqtri

igive daskvna miiReba  C bmr speqtris ganxilvisas (naxazi 16). speqtrSi
SeiniSneba C°H,0 jgufisaTvis damaxasiaTebeli rezonansuli signali gim iu-
ri wanacvlebiT d=65.7vmn, rezonansuli signalebi 0.5 da 1.9 vmn damaxasiaTe-
beli -OSiMe; da ! SiMe jgufebisaTvis, speqtrSi SeimCneva rezonansuli si gha
li gimiuri wana cvlebiT d=13.8 vmn meTilenuri jgu fisaTvis 1Si-C'H,- fra g-
metSi da rezonansuli sig nali d=21.8 vmn damaxasiaTebeli me Tilenuri
jgu fisaTv is -C?H,- fragmentSi. 'H bmr speqtris msgav sad *C bmr speqtrSi
markovnikovis wesiT mierTebis produgtisa Tvis damatebiT SeimCneva meTinu -
ri naxSirbadisaTvis rezona nsu li signali d=26.9vmrSi.

mrrrr I rTrrryrr 17177 rriTrTa I L LI I |

ppm 100 75 50 25 0

naxazi 16. X| oligomeris 1 bmr speqtri
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naxevradempiriuli gvantur -gimiuri  AM1 meTodiT gaTvlil igna mu xtis
si dideebi alilogsitrieTogsisilanis da alilogsitrimeTilsilanis m 0-
le kula Si:
-0.2234 -0.1803
CH,—C?H—H,C—O0—Si(OC,Hs)3
-0.2370 -0.1525
C!H,=——=C?H—H,C—O0—Si(CH3);

alilogsitrieTogsisilanis SemTxvevasSi C'H, da C?H naxSirb adis atomebze
muxis sidideebi mcired gansxvavdeba erTmaneTisagan, rac albaT ganapiro -
ebs orive mimarTulebiT reaqciis warmarTvas. xolo rac Seexeba alil oqQsi -
ri eTilsilanis molekulas aq C'H,da C?H naxSirbadis atomebze muxtis si -
di deebi mkveTrad gan sxvavdeba erTmaneTisagan da siliciumis mierTeba uf -
ro metad saalbaToa, rom warimarTos C'H, naxSirbadis atomze. yovelive ze -
moTaRniSnuli karg TanxvdenaSia bmr speqtrul monacemebTan, rom mie r Teba
unmTavresad mimdinareobs farmeris wesiT.

Seswavlilia aqtiuri [ S H bmis koncentraciis Semcireba dro Si meTi -
| hidridsilogsanis hidriduli mierTebis dros ali | oqgsitrieT oqsi sisil -
anTan (naxazi 17). naCvenebia, rom tempe ratu ris gazr dasTan erTad izrdeba
hi dro sililirebis reaqciis si Rrme da si Cqgare.

Si-H %
100
80 A
60 A
40 A
20 A1
O L] L] L] L] L] L] L]

0O 20 40 60 80 100 120 140 UWT
naxazi 17. !Si-H bmis koncentraciis cvlilebis d amdki debuleba
dro ze. meTilhidridsilogsanis hidrid ulimi erTebisasal il oQ-
si trietogsisilanTan. sadac 1 mru di Seesabameba 80°C, 2 t70°C,
xolo 3 t6(PC temper atu ras

hidrosililireba ar mimdinareobs srulad da rCeba rea qciaSi Seu sv-
le liaq tiuri [ S H jgufebi. amitom hid ro sili li rebis reaqciis dros mi -
IR eba sxvadasxvargoliani oligo merebi.

dadgenilia, rom meTilhid ridsilogsanis hid riduli mierTebis rea gcia
al ilogsitrieToq sisila  nTan sawyis stadiaze aris me orerigis.ga  Tvlilia
hidrosili lirebis reaqciis siCgaris mu d mivebi sxvadasxva temper aturaze
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keo'c=1.1086, k70’c=1.9314, ki’c= 2.9652 lImoli  @ek, ( 9 = Aqtivecils) energia
tolia Egq°48kj/ moli.

Catarebulia rentgenografiuli gamokvlevebi, romlis sa SualebiTac
dadgenilia, rom miR ebuli oligomeri warmoadgens erTfazian amorful
sis temas, jaWvTaSorisi manZilis mniSvne lobiT  d;=7.08 A (naxazi 18 ).

I

7.08 A

423 A

5 10 15 20 25 20°

naxazi 18. X oligomeris rentgenografiuli mrudi

amdenad, Cvens mier pirvelad aris Seswavlili meTilhidrid Si -
log sanis hidriduli mierTebis reaqciebi al ilis spiritis

trieT ogsisililirebul da trimeTilsililirebul eTerebTan

kata li zatoris platinaglor wyalbadmJavas Tanaobisas da mire -
bulia sa varcxlisebu  ri agebulebis meTilsilogsanuri oligo me
re bi pro pilogsitrieToqgsilanuri da propel oqsitri metal sila -
nuri jgu febiT gverdiT jaWvSi. sinTezirebuli oligo merebi
war maadgenen saintereso produgtebs da SesaZ le belia gamo yeneb-

ul ignan ro gorc SemakavSireblebi sxva dasxva saxis kompozi ci u-
r masa le bis, aseve silika hid roge le bis da silikaaerogelebis
misaRebad.
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2.3. polimeTilhidridsilogsanis hidrosililirebis
reaqciebi 4 -vinilci  klo -l-hegsenTan

poliorganosilogsanebi gamoiyenebian mrewvelobisa da teq nikis sxv ad -
asxva sferoSi maTi gansakuTrebuli Tvisebebis gamo . polidimeTilsil ogsa-
ni, sa dac meTilis jgufebis garkveuli ra odenoba Canacvlebulia fun qci u-
ri jgufebiT, warmoadgens sain tereso masalas, romelic dResdReobiT far -
To kvlevis sagania da mas didi praq tikuli gamoyeneba agqvs. a  RniSnulina -
er Tebi Se iZle ba gamoyenebul ignan matricebad da moxdes maTi Semdgomi mo -
di fikacia axa i tipis polimerebis miRebis mizniT [161. gverdiT jaW vSi
uj eri fun qgci uri jgufebis Semcveli polimerebi da oligo merebi fa r Tod
gamoiyenebian karbojaWvuri polimerebis gamkerav agentebad, aqve a RsaniS na
via, rom gakervis re aqciebi SeiZleba warimarTos sxvadasxva gziT: Te r muli
ini cireba, fotoq | miuri inicireba da a.S [163. garda amisapo li mdil hidri -
dsilog sanis modifikaciis reaqci ebi warmoadgens saukeT eso gzasor ganul -
ar aorganuli hibridu li po limerebis miRebisaTvis, sadac ZiriTad si log -
sanur matri  caze xdeba gansxvavebuli Tvisebebis mqone fra gmentebis damyno-
ba. aRsaniSnavia, rom hidrosililirebis re acciebi miCneulia po  li mdil -
hid ridsilo gsanis modifikacii saTvis erTerT sauke  Teso meTodad [163.

Cveni samuSaos mizans warmoadgenda axali  siliciumo  r ganuli oli go-
mee bis sinTezi, romlebic gver diT jaWvSi Seicaven ujer bmebis Semcvel
fra gmentebs.

am mizniT, Cvens mier pirvelad iq na Seswauili a,w-bis (tri mdil sil o-
gsi) meTilhid rid silogsa nis hidriduli mierTebis re aqci ebi 4 -vinil ciklo -
l-hegenTan kataliza  torebis - platina qglor wyal badmJavas (01M xsnari tet -
ra hid rofuranSi, sadac plati naglor wyal badmJavaaRebuli iyo 4. 5x10°g ma
sis od enobiT 1 g sare accio pro duqgtze), naxSirbadze dafenili plati nis
(ai Rebo da sareaqcio masis 1% odenobiT) da karstedis katalizatoris Ta na
obisas. re acciebs va tarebdiT mo re agire kom ponentebis sxva dasxva mo luri
Tanafar dobiT  1:35; 1:70; 1:105xvadasxva tem pera tu raze 40 -100C [164168.

dasawyisSi reaqciebis Seswavla mimdinareobda gamx snelisga reSe, magr -
am am dros hidrosililirebis procesi warimar Teboda Zalian swrafad da
[ SH bmis konver si is dabal stad ebzec ki ( ~30%) SeimCneoda gelis war mog
mna. S&ervis reaqciebis Tavi dan acilebis da kinetikuri pa ra metre bis Se sw
aviis mizniT, SemdgomSi reaqciebi Seswavlil igna abso lu turad mSrali
to lu olis areSi ( C=0,035 moli/l).

sawyisi komponentebis winaswari gacxelebiT Sesabamis kata li zato reb -
Tan erTad da Sesabamis temperaturul intervalSi dadge nilia , rom maT ko -
ndensaci as, polimerizacias an sxvara ime gverdiT reaq ci as adgili ar agvs.

rogorc vxed avT 4 -vinilciklo -1-hegseni hidrosililirebisaTvis Se iC-
avs or aqtiur uj er centrs. amdenad meTilhidrosiloq sanis hidriduli mi -
er Tebis reaqcia 4  -vinilciklo -l-hegsean SeiZleba warimarTos oTxi mima r-
Tule biT: anti -markovnikovi (A), markovnikovi ( B) - nmerTeba vinilis jguf ze
da hidrosililireba ciklSi arsebul ujer bmaze para ( C) an meta ( D) po -
zi ciaSi:
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C 7=
at Hz |
HC=CH,+H—S=———> H,C—C —Si= + HC—CHj + HC=CH, + HC=cCH,

O 00 Q.

A B S= ¢
amdenad, meTilhidridsilogsanis 4 -vinilciklo -1-hegsenTan hidrosil I -
li rebis reaqcia zo gadad mimdinareobs Semdeg i sqemis mixedviT

W)

sgemat

meTilhidridsilogsanis hidriduli mierTebis reaqciebi
4-vinilciklo -l-hegenTan:

I\I/Ie
MesSIO Sli‘O SiMe; + nmH,C=CH
H m

e Tl |
|
> Me;SOr—8i-0 S—0 §-0 S—0 FSiM e,
<| CH, Q CoHy Q (f)>
\_© J@l CH=CH2_(b)§j JeL CaHyl(d) J(X)

k o

sadac: [(a)+(b)+(c)+(d)+E)+(N](X)=mP°35; cat - HPtCk®H,O - 40°C(XIl %), 509C(XII?) da
60°C (XIN(n=1). 40°C (X1l D), 500C (X1l 2), 600C (XIIl) (n=2), 60°C (XIV) ( n=3). 8°C (XV)
(n=4). CatPt/C - 8°C (XVIY), 90°C (XVI?), 100C (XVI)( n=2). kar stedi - 70°C (XVIIY),
8CPC(XVII2), 90°C (XVII) (n=2).

sinTezirebuli oligomerebi warmoa d genen gamWovirvale, blant siste m
ebs, romelebic kargad ixsnebian aromatul gamxs nele bSi xvedriTi si bla n-
tiT h,,=0.090.1. maTi Sedgeniloba da stru gtura dadgenilia funqgc iuri da
el emeturi analiziT, ase ve furie gardagmnis iw  , 'H, **C, H,H- da C,H- COSY
bmr speqgtrebis saSualebiT. oligomerebis zogierTi fizikur -qi miuri Tvi  se-
ba mocenulia cxrilSi 3.

Cat, T°C
——

cxrili 3
sinTezirebuli oligomerebis zogierTi
fizikur  -qimiuri Tviseba

aqgtiuri
gamosav | katal iz Tanafar |1 Si-H bmis Ty °C
i ali % | atori T°C | doba | konversia | h... d, Ul TR ¢
n % XV
Xl 85 H,PtCk 60 1:35 89 0.1 9.83 -57,-34
Xt 82 HPtCl 40 1:35 80 0.09 - -
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X11# 83 H.PtCk 50 1:35 82 0.09 - -
X1 88 H,PtCl 60 1:70 91 0.1 - -
Xl 78 H,PtCl 40 1:70 75 0.09 - -55,-30
X112 82 H.PtCk 50 1:70 83 0.09 9.82 -
XIV 90 H.PtCk 60 1:105 92 0.1 - -
XV 91 H,PtCk 80 1:140 99 0.1 - -
XVI 94 Pt/C 100 1:70 85 0.09 - -
Wik 92 Pt/C 80 1:70 66 0.09 - -
XVI° 92 Pt/C 90 1:70 76 0.09 - -
XVII 91 karstedi 90 1:70 87 0.09 - -58,-28
XVII'| 88 |kar stedi 70 1:70 80 0.09 | 9.82 -
XVII 2 88 |karstedi 80 1:70 82 0.09 - -
*1%-iani xsnari toluolSi, 25 0C.

Seswavlilia hidrosililirebis reaqciis kinetika. reaq ci is mi ndi nare -
obisas vakvir debodi T a q tt$i-Hl bmisSkon centra ci is cvlilebas dr 0Si.
dadgenilia, rom poli mdil hidridsilogsanis hid riduli mier Tebisas sxva -
dasxva ti pis ujeri bmis Semcvel na er TebTan moreagire komponentebis ste -
gi o metruli Tanafardo bi sas aqtiuri 1Si-H bmebis konversia sru  lad ar mim -
di nareobs. amdenad, viniluri tipis naerTi Cvens mier aRe bul igna Warbi
ra odenobiT. magram miuxedavad vi nil ciklo hecenis siWarbisa, hid ri duli
mierTebis dros yvela aq tiuri wyal badi ar mo nawileo bs hidro sili Ii reb-
is reagciaSi. me -19 naxazze mocemulia ! Si-H bmis kon ver siis mru debi a,w- bis
(tri  meTilsilogsi)meTil hidrid silog sanis hidri  duli mi er Tebis dros vi -
nil ciklo heqgsenTan katalizatoris pla ti naglorwyal badndavas T anaobi sas
sxvadasxva temperaturaze (  40°C, 50C da 60°C) saidanac Cans, rom tem peatu r -
is zrdasTan erTad hi dro sili i rebis siRr me izrdeba 75%dan 91%mde

(170 Tanafardobis dros).

Si-H %
100

80

60

40

20

0
t wT
0 50 100 150 200 250 300 350 400

naxazi 19. [ S i bmi$ koncentraciis Semcir eba droSi  Uxtbis (tri
meTilsilogsi)meTilhidridsilogsanis mier Tebisas vin il ciklo -
hegsenTan (1 mrudi Seesabameba 60°C, 2- 50°C, 3 - 40°C).
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me20 naxazze mocemulia koncentraciis Sebrunebuli sidi disd amdi de-

buleba droze, saidanac Cans, rom hid rosililebis re accia sawyis sta  di aze
mere rigisaa. literaturidan cno bi lia, rom polimeTilhidrids ilo gsaneb-
is hidrosili lire  bis re acriebi vinilur naerTebTan meore rigis pro cese-
bia moreagire komponentebis stegiometruli Tanafardobisas [ 169, 17(Q. aRsa-
niS navia, rom reaqciis rigi 1,4 -vinilciklohegsanis 2 -jer meti koncen  tra ci -
is SemTxvevaSic ar Secvl i la.
1/C
200 1
180 1 3
160 -
140 A
120 -
100 1
80 2
60 A
40 1 v1
20
0~ Y Y ' T '
0 20 40 60 8o 100t WT
naxazi 20. koncentraciis Sebrunebuli sididis dmoki debuleba
droze  Uxtbis(trimeTilsilogsi) meTilhid rid silogsanis mierT ebi s-
as vinil  ciklohegsenTan (1 mru di Seesabameba 66C, 2 £ 50°C, 3 £ 40°C)
gaTvlilia reaqciis siC garis mu d mivel sxvadasxva temperaturaze: keo c®
1,6156ks0°c°0,6157da kuo’c©0,2534l/moli  @ek, tem pera turuli ko eficienti F2,5.
2ke naxazze mocemulia hidrosililirebis reaqciis siC garis mudm ivas
| ogariTmis damokidebuleba temperaturis Sebrune bul sididesTan , saidan-
ac gaTvlilia hidrosililirebis reaq ci is agtivaciis energia E a1l &j/ mo
li.
Igk
0.3 1
0.2 1
0.1-
0
-0.13
-0.2 1
-0.3
-0.4 1
-0.5 1
0.6 -
naxazi 21 hidrosililirebis reaqciis siCqaris mudmi vas log a
rT mis damokidebuleba temperaturis Sebrune bul sidid esTan.
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