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TONG HOP COPOLYMER BLOCK TREN co ‘SG POLY(DIMETHYLSILOXANE)
BANG PHUONG PHAP TRUNG HQP RAFT

SYNTHESIS OF POLY(DIMETHYLSILOXNAE) BASED BLOCK COPOLYMERS
BY RAFT POLYMERIZATION

Duwong Thé Hy
Truwong Pai hoc Bach khoa - Pai hoc Pa Néang; dthy@dut.udn.vn

Tom tat - Bai bao gidi thiéu viéc tdng hop copolymer block trén co
s& Poly(dimethylsiloxane) (PDMS) béng phwong phap tring hqp
kiém soat RAFT, mét trong nhirng phuwong phap trang hop kiém
soat phd bién hién nay. Toan bo qua trinh téng hop duoc tién hanh
theo hai bwéc. Budc mét 1a gén tac nhan chuyén mach mang
nhém chirc acid carboxylic Ién PDMS thwong mai cé nhém chirc
hydroxyl & cudi mach bang phan &ng ester héa. Bwdc hai la tring
hop monomer lIén PDMS da dwoc gén chat chuyén mach. Dong
hoc qua trinh trang hop da dwoc theo déi va két qua cho thay qua
trinh trung hop dwoc klem soat tt, copolymer tao ra c6 khéi lwong
phan t& nhw mong muén va dd da phan tan thap Ngoai ra, anh
hwéng cla viéc thay thé nhém chirc acid trén chat chuyén mach
bang nhém chirc ester 1&n sw kiém soat qué trinh tring hop ciing
duwoc khao sat.

Tir khoéa - tring hop kiém soat; PDMS; ester héa; dong hoc; do da
phan tan.

1. Pat vin dé

Tring hop gc thong thuong, cho dén hién tai, 1a phuong
phap duoc st dung pho blen nhat trong cong nghiép do nd
¢6 nhidu vu diém. Mot s6 wu diém ndi bat 1a viée tao goc tw
do d& dang, nhiéu monomer c6 thé dugc tring hop bing
phuong phdp nay, nhiét d6 trang hop khong cao, it nhay voi
tap chat (vi du 4am, dung médi proton) so véi tring hop ion
[1]. Tuy nhién, phuong phép nay cling c6 nhitng nhuoc
diém. Céac nhuoc diém quan trong la rat khé dé tong hop
copolymer khdi hodc ghép, kho kiém soat khdi lwong phan
tr (KLPT), d6 da phén tan (P) va vi cau tric phén tur. Cac
nhugc diém nay xuat phat tir thoi gian song rat ngén, khoang
1 gidy cuia cac gbc tu do [2]. Trong khoang thoi gian nay co
hang tram dén hang ngan phan tir monomer dwoc gin vao
gdc tw do dé hinh thanh phén tir polymer.

Phuong phap triang hop gdc kiém soat khic phuc duoc
nhimg nhuoc diém nay bang cach kéo dai thoi gian song cua
cac goc tw do 1én dén hang gio va bang cach giam toc do cong
monomer vao gdc tur do. Nguyén tac ciia tring hop gdc kiém
soat 14 thiét 1ap mot su can bang dong gitta mot lugng nho
gdc tu do hoat dong va luong 16n con lai & dang khong hoat
dong [3]. V6i trung hop kiém soat, co thé tao ra cac
copolymer khéi [4], [5], ghép [6], [71, hinh sao [8], [9]... mot
cach dé dang voi KLPT mong mudn va do da phan tan thap.

Ba phuong phap tring hop kiém soat phd bién nhat hién
nay l& phuong phap NMP (Nitroxide Mediated
Polymerization) [10], phuong phap ATRP (Atom Transfer
Radical Polymerization) [11] va phuong phap RAFT
(Reversible Addition-Fragmentation Chain Transfer) [12].

Trong phuong phép trung hop RAFT, ngoai monomer,
chit khoi mao nhu tring hop gdc thong thudng con sir dung
chét chuyén mach (CTA), 1a cac thiocarbonate dé tao ra can
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bang dong nhu dé cap 6 trén. Céu trac phan tir CTA c¢6 anh
huéng quyét dinh dén téc do trang hop va mirc d6 kiém
soat KLPT, do da phan tan cta polymer [13]. KLPT cua
polymer c6 thé du doan theo cong thirc 1.

[M]oXM. Xp
M, = ———enema—— [?TZ;ZWT + Mcra 1)

Trong d6: [M]o 12 ndng d6 mol ban dau ctia monomer;
Mmonomer 18 KLPT tir monomer; p 1a d6 chuyén hoa cua
monomer; [CTA]o 14 ndng d6 mol ban dau ctia cht chuyén
mach va Mcra 18 KLPT chét chuyén mach.

Nghién ctru nay st dung phuong phap trung hop RAFT
dé tong hop copolymer block trén co s¢ PDMS bang cach
trung hop tert-butyldimethylsilyl methacrylate (MASiI) 1én
PDMS di duoc gin chét chuyén mach (PDMS-CTA). Cac
polymer trén co s6 MASi da duoc iing dung lam chét tao
mang trong son chdng nhiém ban tir méi truong bién [14].
Ngoai ra, MASI ciling d3 dugc xac nhén la monomer dé
tring hop bang phuong phuong phap RAFT [15].

2. Thue nghiém
2.1. Héa chit

MASIi dugc tang boi phong thi nghiém MAPIEM, Cong
hoa Phap. o-hydroxyethylpropoxyl-m-propyl
poly(dimethylsiloxane) (PDMS-OH) 5000 g.mol?
(Gelest). 2-(Dodecylthiocarbonothioylthio)-2-
methylpropionic acid (CTAL), 4-cyano-4-
(dodecylsulfanylthiocarbonyl)sulfanylpentanoic acid
(CTA2) (Strem Chemicals), Dicyclohexylcarbodiimide
(DCC), 4-dimethylamino pyridine (DMAP), magiesium
sulfate, silicagel, hexane, methanol, dichloromethane
(DCM) va ethyl acetate (Sigma-Aldrich). Tét ca cac héa
chit trén duoc st dung khong qua tinh ché.
2,2-azobis(isobutyronitrile) (AIBN) (Sigma-Aldrich) dugc
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két tia lai trong methanol trudc khi st dung. Toluene
(Sigma-Aldrich) dwoc chung cit trudce khi sir dung.
2.2. Téng hop PDMS-CTA

Viée tong hgp PDMS-CTA dugc tién hanh theo quy
trinh d4 duoc mo ta [16], tuy nhién, c6 mot sé thay doi. Cu
thé nhu sau: 2,806 g PDMS-OH (0,5 mmol) va 0,092 g
DMAP (0,75 mmol) duoc cho vao binh ciu 3 ¢6 c6 thanh
khudy tir va hat chan khong trong 2h. Sau d6 phd chan
khong bang khi argon va cho 7 mL DCM vio trong khi van
duy tri dong khi argon. Tiép tuc nhé timg giot dung dich
chtra 0,273 g CTA1 (0,75 mmol), 0,309 g DCC (1,5 mmol)
trong 7 mL DCM vao. Binh ciu sau dé dugc ngdm vao bé
dau di dugc gia nhiét dén 30°C va duy tri nhiét d¢ nay trong
15h. Sau khi két thiic phan trng, hdn hgp dugc ngam trong
nude da trong 3h va loc dé loai bo két tua. Dung moi dugc
cho bay hoi bang hé thong c¢6 quay chan khong. 250 mL
hexane dugc cho vao dé hoa tan san pham va chuyén qua
phéu chiét. Tién hanh chiét 3 lan, mdi lan véi 100 mL
methanol. Dung dich PDMS-CTAI trong hexane tiép tuc
duoc két tua trong methanol. Két tha PDMS-CTA1 duge
hoa tan tré lai trong 100 mL hexane va dugc loai nuée béng
10 g MgSOs. Loc bo MgSO4 va tién hanh co quay chan
khong dé tach loai hexane, sau d6 san phém duogc cho qua
cot sac ki silicagel v6i pha dong la hén hop hexane/ethyl
acetate. San pham thu dugc loai bo dung mdi va say trong
chan khong dén khdi lwong khong dbi.

2.3. Téng hop polymer

Homopolymer PMASi dugc tong hop nhu sau: cho
10 mL dung dich trong toluene chira 3 g MASi (15 mmol),
44,4 mg CTA1 (0,12 mmol) va 4 mg AIBN (0,024 mmol)
vao binh ciu 2 ¢6 dung tich 100 mL. Nong d6 monomer
ban dau trong hé phan ung 1a 1,5 M va ty 1& mol
CTA/AIBN 1 5/1. Suc khi argon dé loai khong khi trong
binh trong 40 phit. Binh phan tmg dugc ngdm vao bé dau
da dugc gia nhiét 1én 70°C. Trong qua trinh phan ing, mau
dugc 14y dé phan tich bang mét syringe thdng qua ndt cao
su trén binh. Két thuc phan tmg, hdn hop phan tng duoc
két tua trong methanol. Polymer két tua duoc siy & 40°C
trong chan khong dén khdi luong khong dbi.

Copolymer duoc téng hop theo quy trinh twong tu nhu
quy trinh téng hop homopolymer. Sy khac nhau duy nhét
vé nguyén liéu phan tng la thay vi dung CTA thi & day
diing PDMS-CTA. Gi4 tri ndng d6 monomer ban dau trong
hdn hop phan tng va ty 16 mol PDMS-CTA/AIBN ciing
gidng nhur trong tong hgp homopolymer.

3. Két qua va thao luin
3.1. Xdc dinh mirc d¢ kiém sodt ciia CTA

Nhur di dé cap & trén, mirc d6 kiém soat ctia qué trinh
trang hop mot monomer phu thudc vao cdu trac phan tir
ctia CTA. O nghién ctru nay 2 CTA duogc lya chon dé khao
sat dbi v6i qua trinh tring hgp MASI. Hinh 1 biéu dién sy
kiém soat qué trinh tring hop cta 2 CTA dugc nghién ciru.
O Hinh 1a cho thdy quan h¢ gitta In([M]o/[M]). Trong do6
[M]o va [M] twong tmg 14 ndng d6 monomer ban dau va tai
thoi diém t, va thoi gian phan Ung 1a quan hé tuyén tinh.
Diéu nay chung to rang ndng d6 gbc tu do ¢ dang hoat dong
trong hé phan tmg dugc duy tri 6n dinh trong sudt thoi gian

nay [17]. Ngoai ra Hinh la con cho thiy c6 mot khodng
thoi gian ma & d6 toc do tiéu thy monomer gan nhu bang
khong, thoi gian nay dugc goi 1a thoi gian cam tmg. Bang
cach ngoai suy duong xu hudng, thoi gian cam ng cia
CTA1 va CTA2 ddi véi tring hop MASI xac dinh duoc
twong mg 1a 90 phut va 50 phat. S di xuat hién thoi gian
cam ung la do sy phan manh cham hodc su ngat mach cua
céc gdc trung gian trong giai doan tién can bang [18], [19].
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Hinh 1. () Ln([M]o/[M/) phu thugc thoi gian ciia s tring hop
MASi sir dung CTA1 (#), CTA2 (m), (b) sy bién doi My (TD-SEC)
khi sir dung CTAI (%), CTA2 (m) va sy bien doi cia D khi sir dung
CTAl (+), CTA 2 (e) theo dé chuyén hoéa monomer.
Ty I¢ mol MASi/CTA/AIBN la 615/5/1. KLPT trung bin/ so mong
muon tai do chuyén héa monomer 100% la 25 kg.mol. Trong
hinh b, duong nét diit la duong xu hudng cua so liéu thuc nghiém,
dwong nét lién la duong Iy thuyét vé sy thay doi KLPT polymer
theo thoi gian trung hop.

Tuy nhién, Hinh 1b cho thiy su kiém soat cia CTA1 va
CTA2 dbi v6i quéa trinh tring hop MASi hoan toan khac
nhau. Déi véi CTA1, ngay khi 0do chuyén héa monomer
rét thép thi KLPT trung binh s6 ciia polymer tao ra da cao
hon gié tri mong muon cua polymer cudi cung, 25 kg.mol™, 1
dong thoi bién thién KLPT polymer theo do chuyén hoa
monomer khong theo quy luat tuyén tinh. Diéu nay chimg
t6 su 16n 1én ciia cac mach phén tir polymer trong hé thong
phan tng 1a khong dong déu. Gia tri cia do da phan tan
nam trong khoang tir 1,4 dén 1,6 ciing cho thay diéu do.
Pbi voi CTA2, cac gia tri KLPT x4c dinh bang thuc
nghiém rat gin véi gia tri tinh toan (dya vao phwong trinh
1), d6 da phan tan giam nhanh trong giai doan dau va dat
gia tri khong doi, khoang 1,1.

Nhu vy c6 thé thay viéc st dung CTA2 trong tring
hop MASi cho két qua t6t hon so voi CTAL. Tuy nhién,
nhu da dé cap o phan truéc, viée thay doi cdu tric phan tir
CTA c6 thé anh hudng dén hiéu qua kiém soat ctia no d01
voi sy trung hop mot monomer nao d6. Do vay CTA2 van
duoc st dung de tong hop chét chuyén mach cao phan tir
cho qua trinh tong hop copolymer.
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3.2. Tong hop chit chuyén mach cao phin tiv (PDMS-CTA)

Dé téng hop copolymer khéi bang phuong phap RAFT
ngudi ta co thé ding mot trong hai cach. Cach thir nhit 1a
cho lan lugt cdc monomer vao hé phan tmg, cach thir hai 1a
gan chét chuyén mach 1én cac phan tir polymer dugc tong
hop trudc d6 hodc co san trén thi truong va sau d6 triung
hop monomer 1én chit chuyén mach cao phan tir nay.
Nghién ctru nay st dung cach tha hai. Phan ung dugc sir
dung dé gan chit chuyén mach 1én PDMS thwong mai la
phan ting ester hda (so @ 1). Do ddy la phan tng thuan
nghich nén hé xuc taic DCC/DMAP di duogc ding dé ting
hiéu sudt ctia phan tng [20]. Két qua chup phé 'H-NMR
cho thdy hau hét cac 1an thi nghiém déu khong thdy PDMS-
OH con du trong hdn hop sau phan ing. Mot vai truong
hop van con mot lugng nhé, khoing 5% PDMS-OH. C6
thé tach PDMS-OH khong phan tmg ra khoi san phim bang
cach chay sic ki cot silicagel véi pha dong 1a hdn hop
hexane/ethyl acetate. Hinh 2 biéu dién phd *H-NMR (duoc
do trén may Briker Advance 400 (400 MHz), dung mdi
CDCls, 16 scan) cua PDMS-CTAL sau khi da tinh ché.
Trén phd thu dugc déu co cac peak dic trung cua cic
proton trong PDMS va CTA1. Khi tao thanh ester, co su
dich chuyén peak cta cac proton tai carbon s6 9 va 10 trong
PDMS ban dau tir 3,54 ppm va 3,73 ppm dén cac vi tri
tuong tmg 1a 3,62 ppm va 4,25 ppm trong san pham. Trén
pho cua san pham khong con xuit hién 2 peak tai vi tri
3,54 ppm va 3,73 ppm chiing to trong san pham khoéng con
PDMS-OH. Trong qua trinh tinh ché san pham ¢6 thé co
sw mét mat ctia phan san pham c6 KLPT thap, vi viy KLPT
ctia san pham cubi cung phai duge xac dinh lai. Do trang
hop trung binh cia PDMS (n trong Hinh 2) trong san pham
¢6 thé duoc tinh toan théng qua cudng do peak trén phd
'H-NMR theo cong thirc 2.

n = loo72ppm _ 1 (2)
314,25 ppm

Trong d6: lo,072 ppm V@ l4,25 ppm 1a cuong do cac peak tuong

{mg tai 0,072 ppm (peak s6 5) va 4,25 ppm (peak sb 10).
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Hinh 2. Phé *H-NMR ciia PDMS-CTAL (16 scan trong dung

moi CDCls)

3.3. Téng hop copolymer block

Toan bg quy trinh tong hop copolymer block co thé
duogc tom tat theo so do 1.

DCC,DMAP
PDMS-OH + HOOC-CTA DCM. 30°C PDMS-CTA
_ Toluene 70°C .
PDMS-CTA + MAS AIBN PDMS-b-PMAS

So dé 1. Quy trinh téng hop copolymer block

Giai doan tring hop MASi lén PDMS dé tao ra
copolymer dugc tién hanh twong ty nhu tong hop
homopolymer, chi khac 1a CTA dugc thay bang PDMS-
CTA. Két qua khao sat dong hoc cho thiy déi véi ca hai chat
chuyén mach, PDMS-CTA1 va PDMS-CTA2, quan hé giira
IN([M]o/[M]) va thoi gian phan tng ciing 13 quan hé tuyén
tinh (dir liéu khong dugc gidi thiéu). Quan hé nay duge duy
tri trong ca hai truong hop dén do chuyén héa monomer trén
80%. Tuy nhién, ciing gidng nhu trong truong hop chat
chuyén mach ban dau (CTA1 va CTA2), khi sir dung chét
chuyén mach PDMS-CTAL thi su bién doi KLPT polymer
trong qua trinh phan ng khong nhu du doan theo 1i thuyet
(Hinh 3a) va san pham cudi cung ¢6 KLPT trung binh s0 1a
45 kg.mol™, gan gip ddi so voi gia tri mong mubn 1a 25
kg.mol™. G1a tri D mdc du giam dan theo d9 chuyén hoa
monomer nhung gia tri cudi ciing van con cao. Tin hi¢u RI
thu dugce tir TD-SEC (do trén may GPC Max) (Hinh 3b) cho
thdy su dich chuyén cta peak theo thoi gian phan tng vé
phia thoi gian luu bé hon. Biéu nay chimg t6 ¢6 sy tring hop
clia MASi 1én PDMS. Tuy nhién céc peak déu c6 2 dinh va
rong. Day 1a két qua ciia su 16n 1én khong dong déu cua cac
phén tir polymer trong hé thong phan tmg.

Véi chét chuyén mach PDMS-CTA2 thi sy kiém soat
qua trinh trang hop 1a rat tot. KLPT polymer thu duoc rat
gan voi gia tri tinh toan, gia tri D bé va giam dan theo thoi
gian (Hinh 3a). Peak tin hi€u RI luén luén co6 1 dinh hep va
dich chuyén vé phia thoi gian luu bé trong qua trinh phan
tng. Nhu vy c6 thé thy riang viéc thay nhom acid trong
cac CTA ban dau bang nhom ester khong lam thay ddi kha
nang kiém soat ddi voi phan ng tring hop MASi.
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Hinh 3. (@) Si bién déi My (TD-SEC) khi sir dung PDMS-CTAL
(#), PDMS-CTA2 (m) va sy bién doi ciia P khi sic dung PDMS-
CTAL (+), PDMS-CTA 2 (e) theo d§ chuyén héa monomer.
Puong nét dirt la dwong xu hudng ciia s lidu thire nghiém, diong
nét lien la duong Iy thuyét vé suw thay doi KLPT polymer theo thoi
gian tring hop. (b) tin hiéu RI tir TD-SEC khi sir dung PDMS-
CTAL(bén trai) va PDMS-CTA?2 (bén phdai). Cdc peak tir trdi qua
phdi tuong ting voi thoi gian phan iing la Oh, 2h va 3h. Ty I¢ mol
MASI/PDMS-CTA/AIBN 1a 475/5/1. KLPT trung binh sé mong
muon tai dé chuyén héa monomer 100% la 25 kg.mol ™.
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4. Két luan

Viéc thay nhom chirc acid béng nhom chirc ester trong
cac CTA khao sat khong 1am thay ddi kha niang kiém soat
ctia ching trong tring hop MASi. Chat chuyén mach cao
phan tir d dugc tong hop va dugce sir dung dé téng hop
copolymer block. Su kiém so4t ctia qua trinh tring hop da
dugc xac nhan qua viéc theo doi dong hoc cuia phan ting
tring hop. Copolymer thu duoc ¢6 KLPT nhu mong mudn
va do da phan tan thap.
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