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uchuusuuveph cLKULNr® ALNREUSPAL

Uofjuwunwuph wpnhwlwunipyniup: Uhihynuwjhu wniphdbpubpp
(wnihuhjopuwuubpp)  wwwlwund U upfhghnd  wwpniuwynn  uhupbwnhy
wnipdGputiph fudpht, npnug wnihdGpwiht Ydwlupp Yuqdyws £ hpwp hwenpnnn
uhthghnidh b ppqwdup  (-0-Si-O-  uhjopuwuwiht  Yww) wwndubiphg:
Uphjopuwtuwiht  Ywwh bGplwpnigniuu - wybh  d6d E, pwu  opquuwlwu
wnihdtputiph Ydwtupp Yuqdnn C-C Yud C-0-C Ywubiphup, hush 2unphhy
wnihupopuwtubpt  odndwd U Jp owpp  wnwuduwhwwnynyeniuubpny’
otpdwywjniunigjwdp, pRYwduh UL funtwynipjwu pwpdp pwihwugbhniejwdp,
YEuuwYwyniunipjwdp, YEuuwhwdwwnmbnbihnypjwdp b wyu: Uju hwnynigynituubiph
ounphpy 1940-wlwu pywlwuubphg dhus wydd wnjhupopuwuubp wdbuwowwn
Yhpwnnigntt - qunwd b nwnwiuwuppywd  uhupbwhy  wnhdbpubphg  Gu:
Upryntuwpbpwlwu  wnjhupjopuwtubpp qdwjht Ywnnigwdpny hbnnijubp Gu
(Jwénighynipjniup 10-1000000 cSt), niubu rwppbp dwjpwihu fudpbip W wwpptp
dnitynywih quugqwdubip: Ejuuwmndbpwiht gwugbp uhupbgbine tywwnwyny'
wju wnlhdbpubpp Ywwnwhquunpubph uGpyunigqwdp Yupynd G wwpptp
Ywpnn wqbunubpny, npnug Yunnigjwépny wwjdwuwynpjwd, updwu hwdwnp
Ywpnn £ wwhwueyb) Gpluwp dwdwuwy:

Nwwh  suwynpynn  bjwuwndbpwht gwugh  Yunngwdépp UL
hwwnynyeyniuubpp bwywunpbt Ywjudws Bu W wnhdbeph dwypwjhtu fudpbiphg, W
Ywwnwihquwinphg, U Ywpnn wgbunh wbuwyhg: Wn huy ywwndwnny Yuyniu
Ywnnigwépny, npnawyh dnpdninghwyny b hwwnynyeniuubpny  upjhynuwjhu
Flwuwnndbpubph  upupbgp nbnlu Jdund £ wpnpwlywu L owpniuwyulwu
hGwnwgnwiniegniuttiph wnwugpwihu hhduwfuunhp k:

Ujuwunwuph twjuwwnwlyp:

1. Swpptp Ywpnn wqbunubph Yphpwndwdp upupbgb] bjwuwnndbpwhu
dwwnphgwutp U wwppbp  wnpnubp  wwpnwwynn  Yndwynghwnubn:
Nwnuuwupplp  wjiu hwwnynegnuubpp,  npnup wwwhndnd G wyn
Undwnghwubpnd  dhusk  50%  wnihnjubph  Yuunwdp'  wnwhund  npwup
nwnautiiny wwpptin wnihniubiph Yphgub:

2. Uhuptqwdé dwwnphgwubpnwd U Yndwnghwnubpnud ubpdnidt] vwppbip
dhghninghwwbu  wywhy Jdhwgnigniuubp  (HSUU), uwnighp  Juudwu L
wpunwqwwndwt pwuwynipniuubph  (gwép W pwpdp obipdwunphbwuubpnid) Ypw
wqnnn gnpdnuubipp:

3. <pdudtind  wyn  hwwynyeniuubph Ypw, nbnbph  wpwunbpdw)
wnwpdwu hwdwYwpgbpnd (HFSUL) huwpwynp Yhpwndwt hwdwp uhupbqb)
wmwppbp SUU ywpniuwynn pwnwupubp:

Wn uwwwwyhu hwutbine hwdwp dep wngl npybp Gu  hGunlyw
fuunhputipp.



1.Swppbp  dnGynywipt - qwuqywoény PDMSOH-hg L TEOS-hg
Ywwwihqunph®  wdhunwpnwh dwipwht - fudptipnd - wnihnhdbehiuhiopuwuh
(PDMSNH),  ubpywjnipjudp  uhupbgl]  uhfhYnuwjhu Elwuwnndbpubp’
dwwnphgwubp, huswybu twl  wwppbp  wnpnubp L SUU wwpniuwynn
Yndwynghwubin: <wdbdwnb PDMSOH-h bW PDMSNHa-h dnjtiyniwihu quugywdh
wqnbgnipniup uhupbqwsd dwwphgwubph W Yndwnghwnubph hwwnynieyniuubph
Unw:

Uhupbqynn dwwnphgwubiph ] Yndwnghwnubph npwywlwu
hwwyniejniuubpp Yuwunwpbjwgnpstiint tywwwyny TEOS-h  Lopuh  fudpbiph
wnbnwywdwdp' glhgbiphun (Gl) L 1,2-wpnwptughynng  (PGl), unwuwg
wilopuhuhjwup wdwugjuiubip Si-Gl 7 (nbwnpw(2,3-
nhhhnpopuhwpnuwhpoppnuphyww) W Si-PGI 7 (nbiwpw(2-hhnpopuhwnnwhy)-
oppnuphljww) L npwup ogunwgnpdti uphynuwihu Ejwuwnndbpubph uhupbtgh
hwdwp:  Nwnwuwuhpb]  Ywpnn  wgbunubph  wgnbgniginiup  upupbqynn
dwwnphgwubiph U Yyndwnghwubph hwwnynieiniuubiph ypw:

Nunwuwuppb]  upupbqwd uphynuwiht  Ewuwnndbpubph  Yhpwndwu
huwpwynpnieyniup pwpdp (Jhusle 300-350°C) gbipdwuwnpGwuubipnid, huswbu
wl  nwnwWuwuhpt]  win fwuwnndbpubphg SUU U gwdpwdnitynywhu
wnihniubph (Gl  PGl)  wpunwqwudwu  Yhubwplwu b wkpngnughwt'
huhwjwghnu hwdwlwnpgbpnwd huwpwynp Yhpwndwu hwdwp:

<pdugbind  updwd  Ywpnn  wgbunmubpny b uwnwihquwnpubpny
uhuptiqué  Jwwphgwutph W Yndwynghwubiph  nwnwiuwuppnigyniuubph
wnyjwiubiph ypw' upuptig UV wwpniuwynn pwnuwuputp: Nwnwduwuppb nbnh
phupwlwu Ywnnigwdph wgnbignipniup pwnwuph dnpdninghwih, huswtiu twl
Ylwudwu b wpunwquundwu pwuwyniejniuubph Yypw:

Ghunwlwu unpnypp:

1. Unwohu  wuqwd  hhnpopup wbnuywywsé  wnhnhdbphiuhjopuwup
(PDMSOH) Ywpynud £ wiyopuhupjwuh wéwugjwuiutpny (Si-Gl 7 L Si-PGI 7),
husp  huwpwdnpniggnitt £ wwihu Yuipny  Ypbwnbp  upihyntwght
dwwnphgwubph b Yndwynghwnubph Yupdwu dwdwuwlyp dh pwuh ophg dhush
dh pwup pnwb: Ywdwd Yupnn wgbumh punyphg' SUU-ubipp wwppbip
Uspw  YYwudbu b Yuwprnwquwwdbu  uhupbqwd Jwwnphgwubphg U
Yndwnghwnubiphg:

2. 8nyg £ wpdb, np wwppbp gwépwdnGynywiht b pwpdpwdnGyniwht
wdhuubph  (npwbu  Ywwwhquunp) Yphpwnniegniup  huwpwynpnipiniu
wmwihu unwuw] wwppbp dnp$ninghwubtipny  Ljwuwnndbpubp, husu  niup
npn2hs Upwuwynienu lwppbp SUU-ubph Ywudwu b wprnwqundwu ypw:

3. Unwohtu wuqwd uhupbtqyb b Yhpwnyb) £ wdhunwypnwhuinppteopuhuhjwup
(APTES) wdwugjw|' APTES-PGI, npu ogwwgnnpdytiy £ uhihyw-pubtipngbijutip
unwuwint hwdwp (APTES-PGI-T-H), npnup twjuwwbujwd Gu wwppbp
SUU-ubpp Ywudwu b wpnmwqundwu hwdwp:
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4. Ywwwpjwd woluwwmwupubph  ybpouwpryniupnid  uwnwgylp  Gu unp
nbnwaslbp quugipnup W $nipwgnihnnup hwdwp, huy nhyndptuwyh L
uhynnhtuh - pwnwupubpp, 2unphhy  wwpq  Ywnnigywsdph,  Ywpnn - Gu
wjpunpwup hwunhuwtuw] wpnbu huly hwjnuh pwnwueubtphu: LoJwsd
pninp  pwnwuputphg wwwhnyyby Gu nbnbph wuhpwdbon ppwwlnpy
pwuwynipjut Gplupwgywd wpunwgquunndp:

Anpsuwlw vywuwlnipyniup:

Utin Ynndhg uhtptiqywd upihyntwht Yndwnghwubpp  Yhpwnth  bu
pwpép obpdwuwmhbwuubipnud wkpngny gbubpwgunn hwdwlwpgbpnu, ophuwy’
upynwpt, Gl WHwd PGl wwpnwwynn EGYnpnuwht  Stubiint  uwppbipnid
ogqunwagnpddwu hwdwp:

Fhyindtuwyh U uhyninhuh pwnwuputinp, 2unphhy wwnq Yunnidywsph,
wjipunpwup Ywpnn Gu hwunhuwuw| wpnbu huy hwjnuh pwnwupubphu, huy
qwug|pnup b nipwaniphnnup pwnwueutinp unp ntnwalbp tu:

Lpwwnwpwlnyeyniuubpp:  Unbuwunuwlwt  woluwwnwuph  hhduwlwu
pnjuunwynipniut wpunwgnyws £ S ghrnwywu hnndwsdubpnid:

Uwmbuwfjununypjuu  Yunrngjwépp: UwnbUwfunuwlywu  wpfuwwnwupp
wpwnpywd £ hwdwluwpggwiht gwpdwdph 116 toh dpw b Ywqudwd £
ubpwdnieiniuhg, gpwlywu wyuwnpyhg, wpryntupubiph puuwpynwihg, thnpéuwlwu
dwuhg, Ggpwlwgnieyniuubiphg, gpwywu gwubhg U hwybwdhg (132 hnnud):
Muwpniwynw £ 60 uywp, 31 wynwwy b 10 nipdwghd:

Uzjuwunwuph thnpéwpYynudp:

SUBSTRATE FOR DELIVERING A BIOLOGICALLY ACTIVE SUBSTANCE WIPO
Patent Application W0/2022/219063, PCT Gazette 42/2022, 20.10.22 (1751).
Uwnblwfununigjwt  npnypubpp  gbiynigdl; Gu  hbwnlyw)  ghwnwdnnndubpnd’
«Xumua B ApmeHun», EpesaH, Apmenua 24-28.10. 2022, New Trends Chem 2023,
Yerevan, Armenia, September 24-28.09.2023:

dbnpuwyu  hp  Gpwfunwghunngeniuu £ hwwund - «dphihwy Unphu
UpdGuhw» UMC-hu L Abnuwpynyeniuubph buynipwnnp L<pduwnpwdhtu (EIF)
wotuwwnwuph hpwlywuwgdwup Shtwtuwlywu wewlgnipjwu hwdwp:

UchiusuuLh <hUuLULUL APNYULHLUNRGE3NRLE

Spwlwunieginiupg hwyinup k, np uhjhyntuwghu bwuwmndbpubp uhupbgynud
U hhnpopuhy Swipwihu fudptipny wnipnhdbehiuhopuwtp (PDMSOH) Yuntiing
uhthghnwip Gndniuyghnuw| b pwndniuyghnuwy (TEOS) Ywnpnn wgbuwnubipny,
Ywwwihquunpubph  ubpyuwjniegywdp: Uwlwju, wdBuwowwnp, npwbu  Jupnn
wqbuw Yhpwnyb| U nwnwduwuppyb § pwnkpopuhupjwup (TEOS):

<L 0RGSY-nd N4 jwpnpwunnphwnd wnweoht wugqwd uhfhynuwihu
Elwuwnndbputiph uhupbtgh dwdwuwly npwbu Yupnn wgbuwmubp oquwagnpdyt Gu
Si-GI 7 (upthghnuwih ghgipwn, ntinpw(2,3-nhhhnpopuhwpnwhpopenuhihljwn] L
Si-PGl 7 (uhihghntd 1,2-wypnwh|tu glhynjwn, nbwnpw(2-
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hhnpopuhwpnwhpopenuhihljww), npnup  uhupbqyt  Gu TEOS-h
thnfuwgnbignigjwdp hwdwwwwwufuwu wnjpnubph hGw: Ywwnwpyb) £ upyusd
Gpbp Ywpnn wgbuwnubph hwdbdwwnwlwu nwnwuwuppnigyntu: Nipdughd 1-nud
wwwnybpdws £ Bpbp Ywpnn wqubuwnubpng, ubbjwlwiht  obpdwumnptwuntd
yniyywuwgdwu Yuwuwnwihquwnpubph ubplujnygudp upjpyntwihtu fjwuwnndbph
wnwowgdwl nkwyghwubph ufubdwu.

HO._CHy

we  J

HO  0-Si-0_  OH
o

Dol
i

0.
%)

4C3HgO,

{ }A on + 4CyHsOH

04m40ﬂ

N\
—si— 4C3HgO
CHy / 7 aes
o,
Zs—
on HO OH O/
~_
Q n'/SI
HO  ©0-$i-0  OH HO
o \—g
HoJiOH HO

Nipughd 1. TEOS, Si-Gl 7 L Si-PGI 7 wpnn wqGuwnubpny uhjhynuwjhu
Ljwuwnndbph’ Jwnphgwubph upupbq (uyqpuwlwu Yewm)

Nipqughd 1-nd pbpdwd £ Yupywsd wnihdbph wnwowgdwu ulygpuwlwu
ytiwnp, npu punniunwd Gu 4dng PDMSOH-h hwpwpbipnyeniup 1 dnp TEOS-hu: TEOS-
h Gpypnpn dnihg ubudnd £ «pnbwjwlwu» gwugh wnwowuwip (wjuphupu
PDMSOH/ TEOS=2/1): Uluhwjin E, np gwugh wnwowgdwl wpwgnyeniup b
pohoubinh swihtipp Ywujwd Gu PDMSOH-h dwénwhynieniupg W dnjtynywihu
quugywdhg: Si-GlI 7-h L Si-PGl 7-h npwbu YJwpnn wqgbuwnubp Yhpwndwu
nbwpnu Lu nbwyghwu pupwunwd £ unyu dbluwuhgquny, uwywju wpnyniupnid
wnwugwwnynwd £ Gl W/ywd 1,2-wypnwhituglhyny, npp dunwd £ hwdwlwpgnid, husu
£l npn2hs wanbignieniu £ niubund  Jwwnphgwubph Yupdwu dwdwuwyh L
hwwynipgnwuubph  Jpw, hwunbu  quind npwbu  dwynnybu  wnwowgunn
wqblwnutin,  hhnpndhp - unppbnubp  (nbnwuynyetiph - Yphsutin) - hhnppndnp
dwwnphgwubiph db:

2.1 Uwunphgwubph uhupbtq

Pninp Ywupnn  wgbuwmubpny  upupbqyt; Gu dh wpp dwwnphgwubp
thnthnjubind Ywpnn wgbuwnmutiph, PDMSOH-h L Ywwnwihquunph pwuwywlwu
hwpwpbpniyeniutubpp W npnayb| Gu Yuwnwihqunnph ni wpnn wgbunubph wju
ujwqwgnyu  pwuwlubpp, npnup  wwwhnynd  GU  gwugh  wnwowuwin:
Uwwphgwubph upupbtgh dwdwuwy, npwbu Juwwwjhquunpubp ogunwgnpdyt
Gu APTES-p (wdhunwpnwhjnphtpeopuhupjwt), PDMSNH>-p  (wdhunwpnwhy
Swipwihu  fudptipny  wnipnhdbpehupopuwt), DAB-p  (1,4-nhwdhunpnipwl),
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HMDA-p (htpuwdbiphtunhwdhu), DBTDL-p (nhpniehjwuwgh nhjwnipun) W
ETA-p  (Epwunjwdhu): Lwyh wnubiny  APTES-h Ywnnigwdwjhu
wnwuduwhwwyneniup - (3 bpopuh  fudptp U wdhuwhu  funwdp)  wju
hwdwYwpgbpnd  nwnwuwuppdly £ APTES-h W Ywwwhwhy, U Yupnn
hwuwnynieinwuubipp: Uwwnphgwubp upupbqbint hwdwp, ogquwanpdyt| £ Gpyne
gnyg PDMSOH U PDMSNH2, npnup wwppbpdtp Gu  dwdnighynipjudp L
dntynywjhu quugywdubipny.

1. Aldrich’ PDMSOH, 2550-3570 cSt L PDMSNH3, 50 cSt, Mn 2500 g/mol

2. Gelest 1. PDMSOH 2000 cSt, 36000 g/mol DMS-S32 L. PDMSNH, 10-15

cSt, 850-900 g/mol, DMS-A1

Uwuwphgwubiph pwnwnpniintu %
Ywpnn wgbuwnp PDMSNH2 | Ywpnn wagbuwn Jupytint
wmbuwlyubp dwdwuwy
TEOS 3.5 3.5 5-6 on
Si-Gl 6 6 1-2 dwd
Si-PGL 3.0 15 Uh pwuh pnwb

Unyniuwy 1. Uwwphgwubph pwunwnpnipyniup

Nwnuuwuppnieniuuph wprynwipnd wywpagyb) &, np wju hwdwlwpgnud
wdhup Ywwwpnd £ ng dhwju Ywwnwihnpy $niuyghw, wyk bwwbu wgnnud £
dwwnphgwijh hwwnynyeniuutiph ypw: PDMSNH2-h pwuwyh wybjugnidu wgnnud £
dwwnphgwubph  $hghwlwu  (Ywsnunieinit),  dGfuwuphlwywu  (funniegyniy,
Ywpdpnypynit, wnwdqwulwuniyenit) hwwynyejniuubpp Jypw: Utuwwubiihnpbu
hwjnuwpbnyb) £ uwl, np TEOS-h  hGwn hwdbdww dinw Ywpnn wgbuwnubph
Yhpwndwu nbwpnwd, dwnphgwih Yupdwu dwdwuwyp Yupniy Ynbwwnynd k dh
pwuh ophg uh pwuh pnwb, pun npnwd ophtwy Si PGL 7-h 1.5% k| pwdwpuwn k,
npwtiugh Yuwpdwu wpngbiup pupwuw pnwbubph pupwgpntd:

Lwuh np upupbiqué Fwuwnndbpubpp Utwliwwbuws Bu  wbpngn|
wpwnwnpnn uwppbpnd oguwgnpddwu hwdwp, huswbu twl Ywpnn Gu hhdp
dwnwjt] wwppbp twywwwlubpny uhlhynut hdwwunubp unwuwne hwdwp,
nwiwnh npuup whiwp E oipdwlwniu |hutiu dhusl 250-300°C gbipdwuwnhGwuntd:
Un bywwnwyny Ywwmwnyby £ upupbigwé dwinphgwubtiph spdngpwyhdbwnppy -
dwuuwtyunpnuynwhy (TG-MS) ybpnidnigyntuubin, hush wpryntupnid wwywgnigyb
E, np upupbiqwé dwwphgwubipp stpdwlwyntu Gu hGwnlwpwn, fununnuiuwihg
Gu  pwpdp  obpdwuwmpbwuubpnd  hGnwgnundwtu  hwdwp  bwjuwnbuwd
Yndwnghwubiph hwdwp:

2.2 Undynghwubph uhupbq

Wu  pwdund  ubpywjwgdws Gu  dbpp  uywpwgpywsé  hhnpndnp

dwwnphgwubph hpdwu Jpw uptupbqwd Yndwnghwnubpp, npnugnd npwbu
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hhnpndhjwgunn pwnunphsubp wwpniuwyynd Gu wynihnubp (GI LW PGI), L
npwbu dnnbuwhu SUU dbipgwsd £ upyninpup: Upuebqyt Gu Yndwnghwnubiph
owppbip, npnup  huswbu  Jdwwphgwubph  nbwpnd  Ep,  wwppbpdnd - Bu
oginwgnpdywd  Ywpnn  wgbuwmubpnd, win  wppbpp  nwbu  hbnlyw)
wujwunwwihu uygpuwwnwnbpp' TEOS-ny owppp OC, Si GI-7-ny 2wppp' NW L Si
PGl -7-ny gwppp' NW-Pro:

Pninp wyn Yndwnghwnubiph nbiwpnid nwnwuwuhpby Gup'.

e Undwynghwubph SLuwynpdwt  wnwuduwhwwynyeniuubpp’  Ywudws
PDMSOH-h U PDMSNH2-h  dniGynywihu  quugwséhg (MM) L dnjGyniywyhu
quuqywsh  pwofunwhg  (MWD),  UYndwnghwnh  pwnwnpnipniuhg’  wjuhtpt
hhnpndhjwgunn pwnwnphgh (Gl, PGI wd npwg fuwnuninh) wantignigniuhg:

o Qbpdwywyniuniegniup (TG-MS)

o Pwpép U guwdp obpdwuwnmhbwuubpnd  upynwhuh, Gl-h, PGl-h
wpunwqwwndwu Yhubinhlwu

Lhwp T-nd pbpdws £ TEOS-ny L bGpynt wwppbp  dniynywihu
quugywdutipny PDMSOH-ny (MM 36000 UL 43500) uhuptqué OC pwpphg
Yndwnghwnubph ujwuwynpnn EiGYunpnuwipu dhypnuynwh (UEU)
nunwWuwuppnigiuu - wyjwiubpp: Wu  gnyg £t wwihu, np duwynpynn
Yndwnghwubpu nwbu wwppbp dnpdninghw, husu k| npnohs £ wnjhnjubipp
Jwudwu W upynwhup  wpnwquwudwu  pwuwynigniuubph  hwdwp:
Nwnwuwuppytp Bu twl wpu  hwdwlwpgbpnwd  udnpubph  dnp$ninghwih
thnihnfuneyniup' Gl-h dwutwyh thnfuwphudwdp PGI:

R

LY. 1. Qufu'OC 3 (41% GI, 43500), wg* OC7/2 (30% Gl, 36000) udniyutph UEU
ulupubp

Llwp 2-nd pbpjwsd £ OC 3, 0C7/2 L OC14/2 (41% wnihn, GI:PGl=
70/30, 43500) Undwnghwubphg UhYnwhtuh wprwqundwt Yhubnphywu:
huswtiu Gpunw £ OC 14/2-nwd PGI-h ubipdnidnuip npnp swithny nwiunwntigunwd &
upynwhuh wprnwquunudp' hwdbdwunwd OC-3 udniph hbwn (4,5 dwdnd' 75%
punnbd 98%-h), pwyg wybjwgund £ OC7/2 udnh htiwn hwdbdwun (75% punnbd
43%-h):



100
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s0 | /
70
60

250
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i ——0C3
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dund

LY. 2. 0.9% NaCl nénypnid OC 3, OC 7/2 L OC 14/2 Yndwnqhwnubphg
upYnnpup wpnmwquundw Yhubnpluu

Undwnghwubph nbwpnd Lu Yuwuwwpdt] Gu  obipdngpwyhdbinphy -
dwuuwbyunpnuynwhy (TG-MS) dbtipinwdniejniuutip, Jbpohtubpu  wnwpwgubiiny
dhusk  350°C:  Ywwwpqwd  nwnwduwuhpnginiuubpp hwunnd By, np
wmwpwgubilhu Yndwnghwiubiphg wnihnjubpp W uhynnhup wdpnnonipjwdp nnipu
GU quwihu, husp hwunwwnnd £, np wyu hwdwwpgbpp Yupnn Bu uwnwpt) d6s
pwuwyniypjwdp wnihniubph Yphsh ntp: UWJuwnne £ uwl Gl-h W upYnwhup
dpwgdbunwghwih wwppbpnieiniup, husp dGly wugwd bu wwwgnignd Lk, np
uhuptiqwd Yndwynghwnubipu niubu Ewlwu dnppninghwlwt nwppbipnieniuutip:

Utip Ynndhg upuptiqusé Yndwynghwnubpp hbwnwgnunnigjwu 5u Gupwpyyb)
2dmgwpwlywu dhihwy Unphu pulbpnigjuu Ynndhg, hwdwdwu hpkug Ynndhg
ubpywjwgynn  wwhwugubiph:  Upryniupnud  hwdwwbn  &np  Gup  pbipk;
Gypnwywlwu gjnunh wpunuwghn:

PDMSOH-qihynjutipny L wnwppbip Yupnn wgbtnubp® TEOS L Si-GL
wwpniuwynn Edniupnt -fupdwé hwdwwpgbph wnwowgiwu dEfuwuhqip

PDMSOH-GI fuwnunipnp Ednyupnt hwdwlwpg &, npinbin hhnpndhy Glp
hhnpndnp - uhjpynuwih - dwinphguynud nhuwbpudwsd £ wwpptip - gwihbiph
Ywpehiubph wbupny: Upu hwdwywpgnwd Gl-p L upihynup Ywehubph dhol
wnwowund k dwabiph pwdwudwu dwybiptu: Nwwnh Yupnn wgbunubpp, huswbu
Uwl  Yndwnghwubiph  wy  pwnwnphgubpp - hpug  $niuyghnuw|  fudptiph
(hhnpndhi-hhnpndnp)  hwadht wwppbp  Yepy  Gu - pwpfuynd PDMSOH-GI
fuwnunipnnwi: Ukup wnwewpynid Gup hbwnbyw| dGfluwuhqdp.

TEOS-p sh fuwnuynwd Gl-p hbwn, hGwnwbwpwp wju nbnwpwtuynd £
hhduwywunwd dhwju PDMSOH-nwd, Si-Gl 7-p ndynd £ Gl-h dbg, hbwnlwpwn
wbnwpwofuynwd £ Gl-h Ywehiubpnd: huy yGpwpbpynd £ Si-PGl 7-hu pwuh np
dnitynyh dwypbpnd wju nuh hhnpndnp funwip' b wwppbpnggn gihgbpwnh,
Ywpnn b wnbnwywpytp Gl-h b PDMSOH Ywphjubph pwdwudwu dwybpbuncd:
Lbwnbwpwp  Ywpnn  wgbunubph  wjuwhuph  nbnupwofunwit £ jupdwu
wpwgnipntuubph wjuwyhuh wnwppbpnyejwu hhduwywu wywwnbwn:
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Uw punhwdbup  Jwplwd £ npp wwhwtuond £ dwupwdwut
nwnwuwuppnipinu,  npwbugh  hGnwgqwinud  upnnwuwup  Ybpwhuyt
uhuptiqwd Yndwnghwubiph hwwnynyeniuutpp:

2.3. Swppbp Shghninghwlwn wlnpy shwgnipeyniuubp ywpniuwynn

pwnwupubph unwgniiu nt hwnlniyeyniuubph nunwWuwuppnipyniuutpp
<pduybny uhupbqqwd dwwnphgwubph L Yndwnghwubiph
nwnwuwuppnigniuubph  wpryntupnid unwgqwd  wyjuubph Jpw,  win
hwdwywpgbpu ogunwagnnpdyb| Gu wwppbp SUU-ubp ywpniwwynn pwnwupubp
unwuwnt hwdwp: Lwpu uphupbgqyty Gu dwwphgwubp (0.5 - 0.6 ud
pwpépnigjudp bW 2.5 ud wpwdwgdny d&S Ywnpubp  (bulk):  Wniuhbunl
uhuptiqwé Jwwnphgwubipnud Gl-h L PEG 200-h ubpdniddwdp uhupbtqyt) Gu
Yndwnghwnubiph dté Ywnpubp: Wunthbinl unwgyb] Gu pwnwupubp unyu
pwnwnpnyjudp L hwonpnwywunipjwdp hug hwdwwwunwufuwu
Yndwnghwubipp (bulk samples) (pwnwurutpu niutu 4. 5 ud wnpwdwghs U 0. 3-
0. 5 du hwuwnie)niu), dhwju fuwnubinig htwn nbnbu syupdwsd fuwnunipnp gyby
E MGwnphp wwundwub wdwuubph dJwybpbupu:
2.3.1 Hhyn$Euwy (WYP) U 2.3.2 Snpwgnihnnu (Spq) Ywpniuwlnn
Pwnwupubp
MWP-ny U dpg-ny pwnwuplbp unwuwint dbennninghwu unyuu k, huy
ubpywjwgywsés  dwwnphgwubph L Yndwnghwnubph  pwdunwd,  Jdhwju
Ywwnwihquunph wybjwgniihg wnwy twfu nbnu £ wybjwgyb:

P Yntnmw ughu udnipubph ningkhnipniu

100 wpwnwquwn nid 120 = Dcf 1 —= Dcf 2 p
== =8 Dcf | —a— Dcf 2 . —=Dcf 3 Dcf 4

S0 Def 3 ——ncfa| W z

B %o

0 g

R =

==4c_) 0

= £

20
o
0 0 24 48 2088 120 14 168
0 24 48 7xwd6 120 144 168 w
bpq. Ynimwuwyht udniubph ningbjhnipniu
50 FRleu hwmuwquwuwn ';:':%zdz q

= ®

‘S 40 ——e=mFRZ3 v FRZ 4 =

£ £,

g g

g £

s =3

= =

E] H

0 e ¢
o 22 a8 7 6 120 144 168
0 24 48 7axhwbe 120 144 168 und

LY.3. Dcf b Frz ywpniuwlnn b 4 wwppbp upnn wqbunubpny upuptqué
dwwnphgwubkph Ynunwlwjht wpnmwqundw (w, q) b ningGihnipjw (p, n)
gpwdhlubip

- —
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Atntiph - wpnwqwwnnwip  $hghninghwywtu  (nwdnyph dby (0.9% NaCl)
npnodbp £ uwblywpndnunndbwnppy Gnwuwyny  (Cary 100 UV-Vis
Spectrophotometer) 275 ud-nid (Dcf) W 259 ud-nwd (Frz): Gpynt nbintpny £
uphupbqyt| Gu dwwphgwubp, npnup dhdjwughg wwppbpyb) Gu dhwju upnn
wgqbunutpny: TEOS-nY dwwnphguwutip' Def 1 U Frz 1, Si-PGI 7-ny* Dcf 2 U Frz 2,
Si-Gl 7-nJ' Def 3 U Frz 3, Si-Gl 4-nJ' Dcf 4 U Frz 4 (Si-Gl 4-lwpnn wgbuwp
unwwnwgywd Gl sh wwpniuwynd) (uy. 3):

Uwlwju, pwuph np  bGpyne nbnbph  nbwpnd £ wpunwqundwu
pwuwynipniup phs Ep, hhdudbind dwwnphgwubph owywhdw| pwnwnpnyejwu
Upw, nwppbip hhnpndhjwgunn punwnphsutinny uptptiqyt) u Yndwnghwnutp (Gl
U wnihkRhiaU gihlyn’ PEG-200 wwpniiwynn), thnthnfubiing wjn pununphsutinh
nbiuwyp b pwuwyp:

Lwfu upupbqyty Gu  Swlwuwihu  Yndwnghwubp, npnugnud  Gl-h
pwuwynipyniup Yuwqdby) £ 20-23%: Gl-h wybjwgnwiu ng dh wgnbignigintu sh
niutigh) Gpynt ninwdhongutipny Yndwnghwubph Yupdwu dwdwuwyh ypw, puig
uwywuwnb] b YWP-h wpnwqundwu wdhu' 168 dwdnid Def 1/2-hg nnipu | GYG|
ntnh 28%, Dcf 2/2-hg 42%, huy Dcf 3/2 U Dcf 4/2 Undwnghwnubiphg
hwldwwwunwufuwuwpwp 63% W 78%, npp gpbieb Gpynt wuqud wyb) pwu
dwwnphgwubiphg:

Frz 1/2 Yndwynghwpg 168 dwdnud wpunwquunyb b nbnh 52%, Frz 2/2-hg'
26%, Frz 3/2 U Frz 4/2 udnipubphg wpunwquudwt pwuwyniypniup Yugqdnd &
hwdwwwunwufuwuwpwp 37 U 31%:

Gl-h  wwpniuwynipjwu  hbnwgw  wép  Jdhush  44-45%  pwgwhw)jinbig
wwppbipngyniu TEOS-h L djnwu Ywpnn wgbuwmubph dhol, pwuh np Gl-h wju
pwuwyny TEOS-ny U Gpynt nbntpny Ywupdwd udny sh duwydnpyty, huy djni
Gpbp Ywpnn wgbuwmubph nbwpnd  pwnwuputpp Ywpdbp Gu 10-15 pnwbh
pupwgpnw: Dcf-ny pwnwuputiphg wpumwqwunup hwub) £ 75%-h (Dcf 2/8 F),
82%-h (Dcf 3/8 F) L 93% (Dcf 4/8 F) (uy. 4):

HP-h Yntmwuyhu Snq. Ynimwlwyhu

100 wpuwwqumnid - =2 50 wpmwquumned
ES - g = FRZ2/8 ——e— FRZ3/8 —a—FRZ4/8
5 80 § 40
£ E]
g o ——Dcf 2/8 F é" 30
= J s
g w0 Dcf 3/8 F £ 20
= —— Dcf 4/8 F

10

N
[=]
Lo

0
0 24 48 Ty, f5 120 144 168 024 48 T age 10 e e

o

Ly4. WP U Ddpqg wwpniuwynn b 3 wwppbp Ywpnn wqbunubpnyg
uhupbqwé pPwnwupubph  Ynunwluwht  wpnwquudwu  gpuwdhlubp
(qthgtpht* 44-45%) b wwppbipneiniu YW$-h, dpg-ny pwnwuputipnd Gl-h
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pwuwyh wybjwugndp sh waqnb| wpnwqwundwu pwuwynigjwu Yypw W unyut §
pninp udnubiph hwdwp 35-40% 168 dwdnud:

Zhnpndhjwgunn  Yndwnubuwmh wbuwlyh wgnbgnieniup  pwnwupubph
hwwnynienwiubph ypw npnpbiint hwdwp  ppwywuwgyb)] b Frz pwnwupubph
hwdbdwwwywu  nwnduwuppneniuuph 2wpp, npnbn - Gl-h thnfuwpbu
ogquwagnpdyt E PEG-200, Ywpnn wgbuwp tnb| £t TEOS-p, huYy Ywwwihquwnpp'
PDMSNHa2: Uju nbiwpntd L uhupebqyb) b dwnphgw U Yndwnghwnutip:

Frz-u  Sdwywjwihu  udnpubiphg wpwwquwnynud £ dhuse 20 %,
pwnwuRubphg' 37 % huy ningbihnigniup Ywdnwd  50-58% (168 dwdnud): Lobkup,
np Gl-nd udniphg Frz-h wpunwquwnwip 58% L (uy.5), hul nwngkijhnieynitup
Yuwqunud £ 600%:

Wuwhuny PEG-200 upupbqwé pwnuputph ypw Lu nbnh phdhwywu
Yuwnnigywdpu nwh hp wanbgnieniup, pwjg wybih phs pwu Gl-ny udnipubiph
nbwpnud, pwuph np U dwywiwihu udnwubiph, U pwnwupubph nungkiihnieniup
gnbipt unyuu k U pwnwuputphg wpwnwqwwndp dedwunud £

Spq Yniwmwuwjht wpwmwqunnd
. FRZ 1 et FRZ 1/2 PEG
e++@.. FRZ1/2PEGF -.-B.- FRZ1/4PEG'F

BT

@
=}

wnnd % o
o o

(s}

wipunLg
o B

0 24 48 72 6 120 144 168
d'um9

LY.5 dpq Ynunwluiht wpnwqundwt (w) b ningGhnipjwu gpudhlubp p)
PEG-200-ny (11%): (Frz-0' dwwphguw), (Frz 1/2 PEG'éwyqwwyht udny)), (Frz
1/2 PEGF L Frz 1/4 PEG F' pwnwupubip)

Nwnuduwuppyb] Gu bwl wwppbp dnun- U nhwdhuubph Yuwnwihnpy
hwwynipyniuubpp PDMSOH+TEOS+H$ wwpniwwynn hwdwywpgh Jpw: Uu
nbwnw Uu upupbqyt] Bu dwwnphgwubp W Yndwynghwnubp (W66 Yunpubipny),
npnugnud Gelest 1 PDMSOH-p Ywpytb £ Ywpnn wgbun TEOS-nY, uwlwju 5
nwppbp Yuwwwihquwnpubpny' ETA, DAB, HMDA, PDMS-NH2 U APTES, npnug
pwiwlywlwu hwpwpbpnyeyniuubpp ybpgwd Gu hpdugbind  dwunphgwubiph
pwdunw YJwwwpywd nwnwduwuppninuubph dpw, hul  Yndwynghwnubpnid
npwtiu hhnpndhjwgunn Yndwnutuwn t Ybpgyt PEG 200:

Uwnnigyti] £ wdhup wgnbgnipniup (wwyjdwuwynpdwd Yunnigywdpwihu
pwuwdlny, dnEynyuiht qwugwony, Ywuwwihgnn  wdhuwghtu - fudpbiph
unipwpwuwyubpny) wnwehu htipphu dwwnphgwubtph Yuwpdwu dwdwuwyh ypw
U YWP-h wpunwquudwt pwuwynigjwu Ypw: buswbu bGpund £ ulwp 6-nud
wwwnybpdws gpwdhyhg nbnh wdbuwpwpdp wpnwqundwt pwuwynieiniup
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unwgyt; btu DAB L HMDA wdhuutipny pwnwuputinhg, npnugnd PEG 200-
gyt nny pwnwuputiphg, npnug n

0, .
20A’ I: “Hydb-h nimujuyht wpmwuqumnid

APTES 1/2F —=—PDMSNH2 1/2| F
—s— DAB 1/2F —--<+—-DAB 1/4F

—e— HMDA 12 F --e-- HMDA 1/4 F

) 21 18 72 96 120 111 168
Jund

LY.6 Y4$. wwpniuwYynn TEOS Yupnn wqbumny b wmwppbp wihuwhu
Ywwwhquwnpubpny uptupkqyué Yndwynghwnubphg Ynunwlwjhu
wpwnwquunip

Ywwwpyb] Gu ULU nwunwuwuhpnieiniuubp, npnup hwuwnwwb) Gu, np
uhuptiqwsd Yndwynghwubipu niubu bwlwunpbu wwppbp dnpdninghw (uy. 7):

Thyindbuwly wwpniuwynn pubpngbjubp

Lwuh np, nwunwWuwuhpnipnuutph wpryntupnd npnaqwd tnwppbp Ywpnn
wgbuwnubph wuqwd wdbuwphs pwuwynipniuubph nbwpnd nbnph £ niubunid
pwuwlwswihnipyniuhg — otnnd,  wyuptupu U Jwwphgwubpnd, W
Yndwnghwubpnwd, dhwndwdwuwy in situ wnwowund £ SiO2 pubipngbi|, nwwp
wnwudhu  hGunwppppnipiniu £ ubpyujwgund - wnwudhu  uhupbqud MW
wwpniuwlynn pubpngbiph upupebgp U hwwyniyenuubph nwnwWuwuppnie)niun:
hp pynipbinwihtu Yunnigywsdph wwwtwnny HWh-p upjhynuwiht hwdwlwpgbpnud
U npwugnud wnwowgnn pubipngbitph ypw hwjnup sk, b Ynuypbin gwugh np
hwwndwoénwd  Yunbnwpwsfudh, hul wnwudht upupbqwsd putipngbih nbwpnid
Yuwnnigwdph wwngnipjwu 2unphhy nwunwuwuhpniyenu hupuht wybiih rynipht
£ unwgyb:

Un uwwwwyny upupbqyt] u 4 wwppbp pubpngbtp' 1.TEOS-H, npp
unwgyty £ TEOS-h gpwyhts hhnpnihgny  Yunwihquinnph (9pwijht wdnthuwl)
wnYwjnipjwdp (Stober ntwlghw), 2. APTES-H, 3. APT-T-H (APTES-TEOS), 4.
APT-PGI-T-H (APTES-PGL-TEOS-T-H), npnup dJhdjwughg wwppbpynid Gu
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dwuthyubpp swihtpnd W &ubpny, pwjg niubu dGYy punhwupnyen pnnp
dwuupyubpp nubu swynnlybu Yunnigwsp:

APT-PGI-u (1-[3-wdhunwpnwh-phu(2-hhnpopuhwnnwopuh)uhihijopuhwnn-
wwu-2-n)) uhuptqyty Lt APTES-h Epeopup fudptpp  wbnwiwpdwdp 2-
hhnpopuhwpnwopuh fudptinny -OCH>CH(OH)CHs): Rubipngbiliph dnp$ninghwjh
wwppbpnigntut. wluhwywnpbu wannud £ thnphubphg wpunwqwundws Def -h
pwuwynipyniutph Jpw (uy. 8): Uhupbtiqwd pubipngbitpp pwgh wnpwuunbpdw
hwdwwpgbpnd oguwgnpdtiinig (npwbu |gnupsubin) Ywpnn Gu oguwgnpdyt
twl  npwbu  wbpopw| nbnwdhongubp, nwwh  nbnh  wprwqundwu
pwuwynipiniup npnayb £ Yuihnwh $nudwnp pnidbbpwiht nwdnypend (pH-6.86
Na*/K*/H2PO4): Uhwju TEOS-H-h nbLwpnwd £, np hwdbdwuwnigjwtu  hwdwp
wpunwqwundwu pwuwynipniup unnigyt) £ uwle NaCl-h 0.9% [nidnypnud APT-
PGI-T-H thnonig nbinu wpunwquunynid £ wdbuwowwn pwuwynigjwdp, pun npnud
ulqpuwlwu dwdbppu, husp SLwpwuwlwu wwppbpniejwu npulinpnud §: TEOS-H
U APT-T-H udnwubph dholt nwppbipnigyntut wjupwu k) bwlwu sk:

100 putipngtjiiphg Hyd-h wpmuquumnid

90
30
70
60 > ¢

® 50 |
10 §
30
20
10
0|

0 12 24 36 48 4405 72 84 96 108 120

—e—TEOS-H

—m—-APT-T-H
APT-PGL-T-H

—=—TEOS-H NaCl

LY. 8. MWP-p Ynunwlwjhtt wpunmwquund Yndwynghunwjhu pubpnqbjubphg
2.3.3. Quuqikpnu ywpniuwlnn pwunuupubp

Uptuwwnwuph wyu thnyntd bu ybpnugjwy 4 Ywpnn wgbuwnubinny uhupbqyb)
GU dwwnphgwubn: Lwlu uhuptiqyb b TEOS-nY dwwnphgw, npnd Ywpnn wgbuwnp
L Ywwwhquwnph tjuqugnyu woluwwnwupwiht pwuwynieniuttpp Yyipgqws
Bu unyunipyudp' huswbu bwfunpn Gpyne nbntiph nbwpnw 0.07g/0.34 dun| TEOS
L 0.07g/0,16 dunp PDMSNH2 1. 8 PDMSOH-h hwdwp: <wywuwpwdng
hwpwpbpwygnipjwu nbwpnw 0. 6 g ntinnu wgnunp pwuwyniegynitup 0,16 ddng k,
unyupwt £ Ywwwhqunpnud wdhuwihu fudpbph Unipwpwuwyp (gnidwpwihu
pwuwyp 0,32 ddn): Uwlwju nw pwldwpwp sbnuy, npwbugh dwwunphgwu
Ywpdbp: Uw Yupnn £ wwjdwuwynpdwsd |hubp Swugiapnup® Glg (11)-h phdhwlwu
Ywnnigwdpny, nwwnh Glg 1 udnynid PDMSNH2-h pwuwlyp wybjugyb) £ u
wdhuwhtu fudpbiph gnwWwpp Ywqut] £ 0,6 ddn): Ywwnwihquwnph pwuwynigjwu
wybpugnuwp pbpb| £ 10 opdw pupwgnd dwwnphgwih Ywpdwup' wnwowgubing
uyhwnwy, Ywsnwu, bwuwnpy udn: Uwlwju, TEOS-h L Ywwwhqwwnph
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ujwqugnyu  pwuwynigywdp (0,016 Jddn| PDMSNH2) hwdwlwnpgnwd, Gl-h
ubpdnwdnidp hhdunyht thnfunud £ Yndwnghwunubph Yupdwu wpwgnieyniup b nbinp
wpunwqwwundwu Yhubinphlywu:

Glg 1/1 Yndwnghwnhg Glg -h wprnwquwndwu Ynunwlwihu Ynpp gnyg L
wwihu wnujwqu Gpynt YpubinpY opowtiubp (uy. 11), pun npnd wnwehu 5 opbiph
pupwgnu nbnh wpunwqwuiwu pwuwynygntup gwdp k, uwlwju 6-pn opp
yupnyy pwpdpwund £ Juadbind  47%: Glg 1/2-nid Gl-h  pwuwynyejwu
wybijwgnuip dhusl 23% thnfunud £ wpunwquundwt yhubinhlwt 6hon hwlwnwyp:
wjuwbtiu, dpusle 5 op, wpunwqundwu wpwgnieintup wybiih pwpép £ GIg 1Sn-hg U
Glg 1/1-hg (uy. 9), wjunthbinle wju Yupny vwgnd t: Gl-h pwuwyh hbGnwqw
wép (35,4%) Glg 1/4-nud hwugbtigunwd | wpunwquundwt wpwgnejwu ujwqiwp
(36%):

7 Qq-h ninmujuyhtt wpmugqumng

(TEOS)

60 |——PGlg 1
—e—PGlg 1SnNC

50 —e—PGlg 1/1

| ——PGlg 172

40 —m—PGlg 1/4

30

20 |

10 -

o S T T
o 24 48 72 96 120 144 168 192 216 240
dud

LY. 9. Swppbp Yupnn wqbunubpny upuptqué udnubph 99-h
Yninwlywiht wpnwqunnidp w) TEOS- Gigl, GIg1Sn-0%, Glg 1/1-13%, Glg 1/2-
23, Glg 1/4 -35% qihgtiphu

Ywwwpywd nwnwuwuhpngniuubpp gnyg  Gu wwihu, np nbnp
tplwpwgdwsd  wpnwqundwu  Ypw  wgnnn  gnpdnuubpu BU' nbnwdhongh
pw2tundp hhnpndnp Ywd hhnpndpp dwubipnd Yud dhedwquiht dwybplnyeh
Upw, guugh dnpbninghwt’ Yuiujws Yupnn wgbunh wbuwlhg L Yndwynghuinp
pwnunphsutinhg:

2.4. Upihghnuih Bplopuhnh pubipnqbiitiph uhupbqp, uhyninhup L ghynjubph
ujuwwdwdp npwug Yutdwu-wpunwqundwu hwnnyyniuubpp
Cwoyh wnubny dbp Ynndhg uptuptiqusd WP wwpniuwynn pubpngbibph

nbwpnud unwgywsd fununnuwiuwihg wprynitupubipp wfuwwnwuph Yepoht thnynud,
uphupbgl] Gup Lhynwhu (Nct) wwpniuwynn pubpngbitp, npnup huswybu WP
wwpniuwynn  pubipngbiph  nbwpnd  Ywpnn Gu  oquwgnpdyti Jdh pwuh
uwywwwlubpny, Ywd wkpngn] gbubpwgunn  uwppbpnd, Ywd £ npwbu
[guujnuebn’ wpwuunbpdw| pwnwupubph uhupbgh dwdwuwl (UpYnunhuwihu
REpwwhwih hwdwn):

Yhpwnyby £ uhihghnwh GpYopuhnh pubipngbilh uhtiptigh Gpynt Bnwtwy’
nyunpwdwuwihu  dowynwd U Jdhodwquihu  Ywwwihg: Uhupbqwd pwpép
swynnybu U ny pnwwynp  uhihghnuh opupnh pubipngbipp W npwug
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Yndwnghwnubpp  Ywpnn Gu  hGunwppppnienit ubplwjwgul]  wwpptp
Yuuwpwuwywu wywhy dhwgnieniuubph W nbnwdhongubiph  Gplwpwgywsd
wqnbgnipjwdp wpunwquundwu hwdwlwpgbpnid:

bhghywlwu unppghnu dbpinwdniginiup gnyg £ gk, np uptupbqwsd
upthghnwih opuhnh pubipngtijph  dwynnlytuniygniup  qquipnpbt Ywtudws £
npwiug  wwwpwundwu  Enwuwyhg: Yphwpnuwpprdh  wnlwjniejudp TEOS-h
rrRYywihu hhnpnihgh nbwpnw unwgywsd uhthghnuh tplopuhnh putipngbiiph
wnbuwluwpwp Jwybpbup swihyws' BET (Brunauer-Emmett-Teller) dbpnnnd, niup
wdbuwpwpdp  wpdbpp' 749 0¥g nyunpwdwjuwihu  dowynd) L 684 JYq
(Uhgdwquih uhtplq): <hduwjhtu hhnpnihgh nbiwpnd BET dbpnnny swihynn
dwybtipiuh wpdbtipubipp qqwihnpbu gwdp Gu' 242 d%/q (nyupwéwjuwht dowydwu
hwdwp) W 137 d%/q (Jhodwquihtu uhupbtigh hwdwp): Yepwdowywsd b dwppywd
wnlinpwihtu upihywagbih nbwpnd BET dbennny swihdwé dwytipbup 277 4%/q L
Uu ndjuiubpp gnyg Gu wwihu uphghnwp Gplopuhnh pubtipngbitiph udnwubiph
wwppbp dnp$ninghwywt wnwuduwhwwnynigyniuubpp bW npwugnd uppwunh
uhjopuwt fudpbiph  wwpniwynyejwu  wwppbp  hwpwpbpwygnieniup,  husp
Ywpnn k uwb hwugbigut uhupbqywd pubipngbtiph' Gl-h W upynwhuh uywndwdp
wwppbp unppghnt hwwnneeinduubiph: Upjhghnwh Bpyopupnh hpdwu Jpw' Gl L
Upynwpht  wwpniwwynn pubipngblip  uwnwgytp Gu  dhwipng  uptupbgny U
Gpywuwnhéwu unppghnt dbennny:

Ldniy | Unppkuwm Lhyn | GQihgbpht, | Epwun
Ne (putinngti), | wht, 9 L
9 iq
Ldnip 2 1.0 150 - 3.0
Ldnp 5 1.0 150 2.0 -
Ldny 6 1.0 150 3.0 -

U.l]_|muwl| 2. ‘P‘uhpnth Eph punuwgpnipynilp
Llhwp 10-nd pbpdwsd Gu wnwug Gl-h U Gl-h mwppbip pwuwynieyntuubpny
(wnynwwy 2) upupbqwd uhynnpt wwpniuwynn pubipngbitphg uhynwnpup
wpunwqwwudwu Ynpbipp, npnughg wwng £ nwnunid, np wnihnih pwuwynypjuu
thnihnfudwdp huwpwynp £ wwwhnyb] upyninphup gbpwhuybh wpnwqundwu
pwuwynipyniu (uy. 10, Ynp S U 6):
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Uhjnnhtth Ynimwljuyhit wpmwgquinnid

Pyt

LY. 10. Ldnipubphg upynnpup wpnmwquundwu YpubnpYwu
Pninp unwgywsd dhongubipp (wwnphgwubp, Yndwnghwnubn, pwnwupubp
L pubipngbitip) Ywpnn Gu hhdp hwunhuwuw| wwppbp Shghninghwlywu wynphy
dhwgnipyniuubpny ugdwd nbnwaélbpp unwuwint hwdwn:

tRru4UsnhE3NhLLEN

1. Unwohu wuqwd TEOS-h wdwugjuiutp hwunhuwgnn  uhjhghnuh
wpnwhgughynwwnp  (Si-PGI 7) W upfhghnwh  glhynwwu  (Si-GlI  7)
ogquwgnpdytiy &u  Swypwjpt  hhnpopuhy fudpny  wnihnhdtiehiuhopuwuh
(PDMSOH)  htwn  ntwlyghwubpnu®  Ywpwsd  Euuwnndbpubp  unwuwnt
uwywwwyny: Uhupbtqytp bu uphynuwihu dwwphgwubp W dhusk 50%
wnihnubp wwpniuwynn Yndwynghwubip, npnup obipdwlwjniu Gu dhusl 250-
300 °C, b Ywpnn U Yppwnyb wkpngn| gliubipwgunn hwdwlwpgbipnu:

2. Upjhynuwjhu  Fjwuwnndbpubph  unmwgdwt  hwdwp  ogquwgnpdytp U
nwnwuwuppybp  GBu wwppbp dGnwn W ng dGunwn wywpniuwynn
Ynyywuwgunn juwnwihquwnpubp' wuwgh wnbp, gwdpwdntynqwihu L
wnihdbpwihtu wdhuubp b nhwdhuubp:

3. Uwnuwgyt] tu nhyindbuwy b upynnptu wwpniiwynn wywpgq pwnunpnigjwdp
pwnwuputn, npnup Ywpnn GU  wypUnpwup  hwunhuwuw| gnjniejnLu
niubignn pwqdwgbpn b pwguiwpwnwnphs pwnwuputphu: Uwnwgyb| bu
bnipwgnipnnt b GFwugibpnu wwpnwwlnn pwnwuputn, npnup wwwhnynud
Gu nbinbph wnwyb| GpYwpwgywsd wpnwqunnid:

4. Unwohu wuqwd upupbqyty £ APT-PGI' 1-[3-wdhunwpnwh-phu-(2-
hhnpopuhwpnwopuh)upih] opupwpnuw-2-n|, npu- ogquwgnpdyti £ APT-
PGL-TEOS-H (H-hpnpnihqww) uhjhghnidh Gplopupnh pubpngbp unwuwint
hwdwp: 8nyg £ wnpyb, np upupbqwsd pubipngbp, Ywpd dwdwuwynd
wwwhnynd £ $hghninghwywu  wywnhy  dhwgnieniuubph  (nbinkpp
wpunwqwwndwl pwpdp putwynyp)niu):

5. Uhwipny upuptiqny U Gpywunhéwu unppghnu dbpennny TEOS-h hhdwu Ypw
unwgyt| tu Gl bW upynunhu ywpniuwynn upthghnwp Gplyopuhnh pubpngbibp:
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ATABEKAH MAPU NEBAEBHA

WCCNEJOBAHUE CUHTE3A U COPBLIMOHHbIX CBOWCTB KOMMO3UTOB HA
OCHOBE CWIMKOHOBbIX NOJIMMEPOB

PE3IOME

YeTbipex3amelleHHble ravuepatbl (Si-Gl 7) u nponuneHramkonatel (Si-PGl 7)
TeTpastokcucunada (TEOS) BnepBble ucnonb3oBaHbl B KavecTBe 3PEKTUBHBIX
clumBateneid ANA MOMYYEHWA CLUATbIX CUIMKOHOBBIX 3NMacTOMEPOB B peaKkUMAX C
NONMANMETUICUIOKCAHOM C KOHLLEBbIMU TMapoKcunbHbiMu rpynnamu (PDMSOH). Si-
Gl 7 v Si-PGl 7 cuHTesnpoBaHbl no MeToamke, onucaHHoii B Patent RU2382046C1,
2010. lNokasaHo, 4Tto, B otanume ot TDO0C, ucnonb3oBaHME 3TUX CLUMBATENEn
NMPUBOAMT K COKpALLEHUIO BpeMeHU oBpa3oBaHMA CLUMUTbIX CTPYKTYP OT HECKONbKKX
JHell 10 HecKonbKMx MUHYT. TepMorpaBumeTpuyeckue uccnegosanusa Si-Gl 7, Si- PGl
7 W MaTpuL Ha UX OCHOBE MOKa3anu, YTO OHW TEPMOCTOMKM MpW HarpeBaHUM A0
300°C ¥ MOryT ClyMuTb OCHOBOW  KOMMO3WTOB, MPEAHA3HAYEHHbIX  ANA
UCMONb30BaHWA MpY BbICOKUX TEMMepaTypax.

WccnepoBaHo — BAMAHME — pa3nuuHbIX  KaTanuM3aTopoB  (coneli  onosa,
HU3KOMONEKYNAPHBIX W BbICOKOMONEKYNAPHbIX aMUHOB W [MAMWHOB) B peakLuAX
CMHTE3a CUIMKOHOBbIX 3nacToMepoB. BbiABneHo, 4TOo npupopa kKaTanusatopa
OKa3blBaeT CyLLIECTBEHHOE BAWAHME Ha KayeCcTBO M COpPOLUMOHHble CBoliCTBa
CWIMKOHOBBIX 311aCTOMEPOB U KOMMO3UTOB.

BriepBble  nonyyeHbl  CUAMKOHOBblE  KOMMO3UTbl C  WUCMOMIb30BaHUEM
cwwueateneii  Si-GI 7 wn  Si-PGl 7, cnocobHble ypep#usate go 50-55%
HU3KOMONEKYNAPHbIbIX nonnosnos (rnyuepuHa " 1,2-nponuneHrnavkons).
TepmorpaBumMeTpuyeckme WCCnefoBaHWA 3TUX KOMMO3UTOB MoOKasaau, 4TO npu
HarpesaHun fo 250-260°C npoucxoamT NPaKTUYECKU MOHOE BbIAENEHNE MONNONOB,
a matpuua Tepmoycroitumea fo 300°C. Mccnegyemble KOMMO3WTbI MOTYT CHyMuUTb
«KOHTeliHepamu» [JIA XpaHeHWA W BbIGENeHWA HUKOTMHA U nonuonoB. WX MoOmHO
UCMonb3oBaTb B CUCTEMAX reHepauuu aspo3oneil MpW BbICOKMX TemnepaTtypax B
MHranALMOHHBIX YCTPOICTBAX MEAULMHCKOrO Ha3HaueHUA.

MpepnoxeH MexaHW3M  POPMMPOBAHUA  KOMMO3UTOB C  PasinUyHbIMM
cwmBatenamMu. HavanbHblii 3Tan nonyyeHWA MCCnefyemblX KOMMO3WUTOB BKHOYAET
dopmuposarme cmecu PDMSOH -nonvonbl ¢ nocnepytowmm BeeeHuem cluuBatens,
KaTanusaTopa M ApYrux KOMMOHEHTOB Komnosuta. Cmecb ravuepuHa ¢ PDMSOH
npeacTasnAeT coboil aMYNbCUOHHYIO CUCTEMY, B KOTOPOI rnapodUbHbIA FAMLEPUH
JucneprupoBaH B ruapodobHOI CUNMKOHOBOIW MaTpuue B BUAE Kanefb pasfinyHoro
pasmepa. B 3Toli cucteme mempy kannamu rauvuepuHa v PDMSOH BosHukaet
noBepxHocTb pasfiena as. Beogumble B 3Ty cuctemy [pyrue KOMMOHEHTbI
KOMMO3nTOB  Mo-pasHomy pacnpegenatiorca B cmecu  PDMSOH-ravkonn B
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COOTBETCTBMU C WX C(PYHKLMOHANBHBIMK Fpynnamm U rugapodunbHO-rnapoobHbIM
6anaHcom.

Bnepsble Ha ocHoe cluuBarteneii Si-PGl 7, Si-Gl 7 u Si-Gl 4 cuHTe3npoBaHbl
MNeHKW, COAepallive [UKNOoeHak HaTpUA WM HUKOTUH, KOTOpble MoOryT ObiTb
anbTEPHATUBOW YKe CYLLECTBYIOLLUMM MAacTbipAM, KOTOpPble WMEKT  CHOMHbIN
MHOIOC/IOMHbIIA COCTaB.

Bnepsble cuHTe3npoBaHbl nneHku, cogepaiine PypasonuaoH u aHrnepoH,
KoTopble obecneynBatoT NPONOHIMPOBaHHOE BbICBODOMKAEHME MpenapaTa B TeueHue
onpefaeneHHOro nepuosa BPeMeHH.

lpoBepeHHble wWccnefoBaHUA MoOKasanu, 4To nneHkn ¢ PypasonupgoHom
BMECTE C aHTUMUKPOOHBIMU CBOMCTBaMM 06napatoT Takme BbICOKOW HabyxaemocTbto,
MO3TOMY MOTyT MCMONb30BaTbCA B KAuyecTBE CUCTEM TMOFMOLLEHNA 3KCCYAaTUBHON
MUOKOCTU Ha OMOrOBbIX MOBEPXHOCTAX.

MockonbKy Aame Npu cambiXx MasbiX KONMMYECTBAX PasIMYHbIX CLUMBAOLLLMX
areHToB B MpoLecce CMHTE3a CUNMKOHOBbIX 31aCTOMEPOB MPOUCXOAUT OTKIOHEHUe OT
CTEXMOMETPUU, B MaTpuLaX, TaKKe U B KOMMO3UTaX OJHOBPEMEHHO C peaKLueii
CLUMBAHMA NpPOUCXOAMT o0Opa3oBaHUe Kceporeneil AMoKcMpa KpemHua in  situ,
KoTOopble MOryT BHOCUTb BKnag B copbuuto n pecopbumnto PAC u3 KOomMNosuTos.
[ostomy cuHTE3 Kceporeneii BHE CUIMKOHOBOW cuUCTeMbl MpefcTaBiaAeT 0cobblii
MHTEpEC.

CuHTe3MpoBaHbl 1 UccnefoBaHbl 2 TUMna Kceporenei.

Kceporenn puokcmpa kpemHua Ha ocHoBe TEOS, copepallve ravuepuH un
HUKOTUH, MOMyYeHHble MEeTOAOM OfHOCTAAMIHOrO CUHTE3a W [BYXCTafMiiHOMW
copbuuu.

WccnepoBaHa  KMHeTMKAa — OecopbuMy  HUKOTMHA  MPWU  MOBbILEHHbIX
Temnepatypax (200°C) n3 Kceporeneii B 3aBUCMMOCTM OT HANMuYMA U KONMYECTBA
rvuepvHa. BeepeHnem ravueprHa B Kceporenb M BapbMpOBaHUEM €ro KolMyecTBa
MOMHO BIMATb HA KMHETUKY W KONMYECTBO BbICBOOOMAAEMOrO HUKOTUHA.

Kceporenn Ha ocHoBe TEOS u APTES, copepmawme [Okd: 1. TEOS-H
nonyyeH BogHbIM rugponusom TEOS B npucyTcTBumM KaTanvsaTtopa (BOAHbI aMmuak)
(peakumsa LTEGepa), 2. APT-T-H (rupponusat cmecn APTES u TEOS), 3.APT-PGI-T-H
(rmpponusat cmecn nponunenrnukonata APTES un TEOS.

Bbino nokasaHo, uto u3 kceporena APT-PGI-T-H [kd BbicBObOMpaeTcA B
Haubonbluem konuyectBe (98% B TeueHne 48 vacoB no cpaBHeHWIO € obpasuamu
TEOS-H n APT-T-H.

Bce paspabotaHHble 06bEKTbl, MONyYeHHblE B pe3ynbTaTe MPOBELEHHbIX
uccnepoBaHuii (MaTpuLbl, KOMMNO3UTbI, MAEHKW U KCeporenu), MoryT bbiTb OCHOBOW
IJIA MONYYeHUA NIeKapCTBEHHbIX POPM C pasMyHbIMU (PU3NONOTMYECKU aKTUBHBIMU
COeflIHEHUAMU.
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ATABEKYAN MARI LIOVA
STUDY OF SYNTHESIS AND SORPTION PROPERTIES OF COMPOSITES BASED
ON SILICONE POLYMERS

SUMMARY

Tetrasubstituted glycerates (Si-Gl 7) and propylene glycolates (Si-PGl 7) of
tetralkoxysilane were used for the first time as effective crosslinkers to obtain cross-
linked silicone elastomers in reactions with polydimethylsiloxane with terminal
hydroxyl groups (PDMSOH). Si-Gl 7 and Si-PGI 7 are synthesized according to the
method described in RU2382046C1, 2010 patent. It is shown that, in contrast to
TEOS, the use of these crosslinkers leads to a reduction in the formation time of
crosslinked structures from several days to several minutes. Thermogravimetric
studies of Si-Gl 7, Si-PGl 7and the matrix based on them showed that they are heat-
resistant up to 300°C and can serve as the basis of composites intended for use at
high temperatures.

The influence of various catalysts (tin salts, low-molecular and high-molecular
amines and diamines) in the reactions of the synthesis of silicone elastomers was
investigated. It is revealed that the nature of the catalyst has a significant influence
on the quality and sorption properties of silicone elastomers and composites.

For the first time, silicone composites with the use of crosslinkers Si-Gl 7 and
Si-PGl 7, capable of holding up to 50-55% of low molecular weight polyols (glycerin
and 1,2-propylene glycol) were obtained. Thermogravimetric studies of these
composites showed that when heated up to 250-260°C, almost complete release of
glycols occurs, and the matrix is heat-resistant up to 300°C. The studied composites
can serve as "containers" for the storage and release of nicotine and polyols. They
can be used in aerosol generating systems at high temperatures in medical inhalation
devices.

The mechanism of formation of composites with different cross-linking agents
was put forward. The initial stage of obtaining the studied composites includes the
formation of a PDMSOH-glycol mixture followed by the introduction of a crosslinker,
catalyst and other components of the composite. The mixture of glycerin with
PDMSOH is an emulsion system in which hydrophilic glycerin is dispersed in a
hydrophobic silicone matrix in the form of droplets of different sizes. In this system,
between the drops of glycerin and PDMSOH, there is a phase interface surface. The
other components of the composites introduced into this system are distributed
differently in the PDMSOH-glycol mixture in accordance with their functional groups
and hydrophilic-hydrophobic balance.

For the first time, films containing Diclofenac sodium and Nicotine were
synthesized on the basis of Si-PGl 7, Si-Gl 7 and Si-Gl 4 crosslinkers, which can be
an alternative to existing plasters that have a complex multilayer composition.
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APTES-PGI (tris(2'-hydroxypropoxy)-3-aminopropylsilane) was synthesized for the
first time, which was used to obtain silicon dioxide xerogels. It is shown that the
synthesized xerogels, unlike other xerogels, provide the release of a large and
controlled amount of physiologically active compounds (medicines) in a short period
of time.

For the first time, films containing Furazolidone and Gangleron were
synthesized, which provide prolonged release of the drug during a certain period of
time.

Studies have shown that films with Furazolidone, along with antimicrobial
properties, also have high swelling properties, and therefore they can be used as
systems for absorbing exudative fluid on burn surfaces.

Since even with the smallest amounts of various cross-linking agents during
the synthesis of silicone elastomers there is a deviation from stoichiometry, in
matrices as well as in composites, simultaneously with the cross-linking reaction, the
formation of silica xerogels occurs in situ, which can contribute to the sorption and
desorption of physiologically active compounds from composites. Therefore, the
synthesis of xerogels outside the silicone system is of particular interest. Two
approaches to synthesis of the TEOS-based silica xerogels containing glycerol and
nicotine used: one-step synthesis and two-step sorption procedure.

The kinetics of nicotine desorption at elevated temperatures (200°C) from
xerogels was studied depending on the presence and amount of glycerol. By
introducing glycerol into the xerogel and varying its amount, it is possible
influencing the kinetics and amount of the released nicotine.

The xerogels based on TEOS and APTES containing Dcf synthesized as
follows: 1) TEOS-H obtained by aqueous hydrolysis of TEOS in the presence of
aqueous ammonia (Stober reaction), 2) APT-T-H (hydrolyzate of TEOS and APTES
mixture), 3) APT-PGI- T-H (hydrolyzate of TEOS and APTES propylene glycolate
mixture ). Studies have shown that from the APT-PGI-T-H xerogel Dcf release occurs
in the greatest amount (98% within 48 hours compared to the TEOS-H and APT-T-H
samples).

All the developed products synthesized as a result of the present research
(matrices, composites, films and xerogels) can be the basis for obtaining medicine

forms with various pharmaceutical active ingredients.
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