TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 56.2021

KHAO SAT ANH HUONG CUA HAM LUQNG CHAT KHU THIEC (11)
2-ETHYLHEXANOATE DEN TINH CHAT CUA PMMA HINH SAO
TONG HOP BANG PHUONG PHAP ARGET-ATRP
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TOM TAT

Trong nghién ciru nay, poly(methylmetrylate) (pmma) da duwoc tong hop thanh céng
bang viéc phdn phéi phdn tir, bang cach khéi dong kich dagng kich thich céc kich déng duoc
tdi tao bang cdch té bao electron (art-atrp) duwéi don gian tién trinh loc ni to dé khir oxy trong
dung hoa monomer, cdi nay duoc ding d@é khir triing. ngéi sao 4b pmma véi trong lLieong phdén
tir ciia 40000 Da duoc thiét ké boi mét chom sao ban cdanh tay. Két qud cua sir cong huong
tir hat nhdn va quang phé hong ngoai cho thdy cau tric sao bon cdnh cia pmma véi nhom
chirc nang bromua end. vi tri trong lwong phdn tir trong lirong Ciia pmma tang tir 24400 dén
36300 dai Vi viéc tang cuong nong dé leong thiéc thir hai giam tde nhan. thir m.m téng hop
tai logi thiéc(ii) giam tdp trung tdc nhdn cia 0.20. cho thdy s on dinh nhiét tot nhat.

Tiwr khoa: Polyme, 2-ethylhexanoat.

1. PAT VAN BE

Hién nay, cac phuong phap tring hop polyme hién dai nhu tring hop goc chuyén mach
cong - tach thuan nghich (reversible addition - fragmentation chain transfer polymerization,
RAFT), tring hop ion, tring hop gdc sir dung nitroxit (nitroxide mediated polymerization,
NMP) va trung hop goc chuyén dich nguyén tir (Atom transfer radical polymerization, ATRP)
dang thu hit duoc Sy quan tdm nghién citu cta cac nha khoa hoc [1]. Cac phuong phap néu
trén c¢6 vu diém 1a kiém soat dugc trong luong phan tir, d6 da phén tan ké ca cu hinh dong
phén 13p thé ciia mach phén tir polyme. ATRP 1a mot trong nhiing phuong phap thanh cong
nhat trong viéc kiém soét trong luong phan tir cua polyme véi do da phén tan thap, ngoai ra,
n6 con cho phép tong hop duge cac polyme c6 kién triic hinh hoc nhu polyme block, polyme
hinh ring lugc, polyme hinh sao [2]. Ké tir khi dugc kham pha ra vao nam 1995, cho dén nay,
phan tmg ATRP d3 c6 nhiéu cai tién nham khac phuc nhiing han ché cua no, vi du nhu nong
d6 cua chat xic tac phuc chat kim loai chuyén tiép cao, tinh nhay oxi cia né6 & mirc oxi hoa
thap (vi du CuBr/phéi tir amin). ARGET-ATRP (activators rerenerated by electron transfer)
1a mét su phat trién ctia phuong phap ATRP ngugc, theo d6, phan tmg ATRP ¢ thé tién hanh
Véi phirc chat xuc tac ban dau M™Y/L ¢ mirc oxi hoa cao. Mot chét khir ¢ vai tro chuyén chét
xuc thc M™?Y/L vé trang thai hoat dong & muc oxi hoa thip bu cho sw ngat mach khong mong
mudn xay ra. Do d6, ATRP c¢6 thé tién hanh v&i ham lugng chat xtc tac thap dudi 100 ppm
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va cho phép su c6 mit cta oxi hoa tan chua duoc loai bo triét dé [3,4]. Cac chat khir da dugc
sir dung trong cac nghién cttu vé phan tng ARGET-ATRP c6 thé ké dén nhu nhu thiée (11) 2-
etylhexanoat (Sn(EH).), gluco, ascorbic acid, hydrazin hoac phenyl hydrazin [5-8].

Thong thudng, da sé cac nhém nghién ciru déu tién hanh phan tmg ATRP trong méi
truong khi tro va khtr khi dung dich (loai oxi) bang nhiéu chu trinh déng dac - hut khi - rd
déng (freeze-pump-thaw) va sau cung 1a nap khi N2 [9-11]. Tuy nhién, cach nay mat nhiéu
thoi gian, doi hoi hé théng thi nghiém phuc tap va c6 nguy co kém an toan trong sudt qua
trinh thyc hién. Do vay, trong nghién clru nay ching t6i st dung mot quy trinh suc khi nito
thong thuong dé khir oxy cho hé dung dich phan g ddng thoi khao sat anh huong caa ham
luong chat khir thiée (I1) 2-ethylhexanoat dén hiéu suat, trong lugng phan tir trung binh theo
d6 nhat va dang phé cia polyme thu duoc voi quy trinh suc khi nay.

2. THUC NGHIEM VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén liéu va héa chit

Metyl metacrylat (MMA, 99%, chtra ~ 30 ppm MeHQ, ty trong 0,94 g/ml), dugc mua
tir Aldrich (Hoa Ky), trudc khi sir dung MMA duoc chay qua cot nhdi oxit nhom hoat tinh
kiém nham loai bo chat uc ché MeHQ. Chit khoi mao pentaerythritol tetrakis (2-bromo-
isobutylrat) (PT4Br), véi cong thirc phan tir C21H32BrsOg hodac C[CH2OCO(CHa).Br]a, da duoc
ché tao tir trede nhu mo ta trong tai lidu [11], phd cong huong tir hat nhan proton (*H-NMR)
cho cac pic dac trung (OCH: - 4,28 ppm, s (8H); C-CHz - 1,91 ppm, s (24H)). Metanol
(CHsOH, 99,7%, ty trong 0,792 g/ml), axeton (99,7%), 1,4-dioxan (99,5%, ty trong 1,039
g/ml), dimetyl formamide (DMF, 99,7%) 14 cac hoa chit dong phan tich (AG) duoc cung cip
boi Cong ty Héa chit Quang Chéau (Trung Qudc). Tin(l1) 2-etylhexanoat (Sn(EH)2, 95%, ty
trong 1,25 g/ml) 1a san pham cta hang Sigma-Alrich (USA); 1,1,4,7,7-penta-metyl-dietylen
triamin (PMDETA 99%, ty trong 0,83 g/ml) 1a san pham cua hing Glentham (Vuong quéc
Anh), cac hoa chat trén dugc st dung truc tiép.

2.2. Quy trinh tong hgp PMMA hinh sao bén canh (4sPMMA)

Dung dich gc G1 ¢6 chira CuBr2 va PMDETA duoc pha ché gom 2,20 g dioxan, 0,30
g metanol, 0,020 g CuBr; va 0,16g PMDETA. Dung dich gbc G2 ¢6 chira Sn(EH). duoc pha
ché gom 2,00 g dioxan, 0,30 g methanol va 0,164 g Sn(EH).. Trong nghién ciru niy, ham
lwong chat khir Sn(EH)2 so véi tong khéi lugng dung dich dugc thiét 1ap 13 0,10; 0,20 va 0,30%
twong tng Va4i cac mau polyme tao thanh duogc ky hi¢u la 4sSPMMA-Sn10, Sn10 va Sn30.
Thanh phan nguyén liéu va hoa chét dé tong hop cac mau trén duoc trinh bay trong bang 1.

Quy trinh dugc ap dung cu thé dé téng hop mau 4sPMMA-Sn10, nhu sau: Cac hoa
chat dugc nap vao mot binh cau 2 ¢6 100 mL lan luot gom 10,7g dioxan, 10g MMA, 0,30g
dung dich G1, 0,159 dung dich G2, 0,183 chat khoi dau (PT4Br, khi d6 ty s6 mol giira
MMA va PT4Br 1a 400, twong (ng Vi trong lwong phan tr polyme mong muén Mr 1a
40000), binh cau dugc dit trong chau thay tinh chira dau silicon va dat trén may khudy tir.
Dung dich trong binh duoc suc khi N, trong thoi gian 30 phat nham loai bo khi oxi, sau d6
dugc dong kin. Phan tng duoc tién hanh & nhiét d6 70 - 80°C trong 20h. Két thuc ngét mach
phan &ng bang cach ngam véi nude lanh. Dung dich sau phan mg dugc pha lodng gap doi
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bang dung moi dioxan va duoc cho chay qua cot nhdi silica gel trung tinh dé loai bo cac
mubi kim loai. Polyme duoc thu hdi bang cach két tia trong dung méi methanol vai thé tich
gap 10 1an dung dich polyme, két taa duoc rira sach 3 1an véi methanol. San pham polyme
duoc siy chan khong ¢ nhiét do 60°C trong 6h va dugc bao quan trong binh hut 4m. i véi
cac mau con lai (Sn20 va Sn30) ciing duoc tién hanh tuong tu.

Bang 1. Khéi lwgng cac héa chit (g) dé tong hop 4sSPMMA
theo phwong phap ARGET ATRP

Tén nguyén lieu 4sSPMMA-Sn10 | 4sPMMA-Sn20 | 4sPMMA-Sn30
Dioxan 10,7 10,55 10,4

MMA 10,0 10,0 10,0

PT4Br 0,183 0,183 0,183

Gl 0,300 0,300 0,300

C(%) CuBr, (0,01%) (0,01%) (0,01%)
C(mmol/L) 0,469 0,469 0,469

G2 0,150 0,300 0,450

C(%) Sn(EH), (0,10%) (0,20%) (0,30%)
C(mmol/L) 2,33 4,66 7,00

2.3. Cac phwong phap phan tich

Phé cong huong tir hat nhan proton (*HNMR) duoc thyc hién trén thiét bi cong
huong tu hat nhan Brucker Avance 500 trong dung moi dimetyl sulfoxit-d6 (DMSO-d6)
VGi nong do 1-2 mg/mL & tan s6 500MHz. Pho hong ngoai bién doi Fourier (FTIR) cua
mau duoc ghi trén may quang phd hong ngoai bién doi Fourier Jasco 6600 (Nhat Ban) &
nhiét 6 phong, trong dai s6 song tir 4000 - 400 cm* véi 32 lan quét va do phan giai 4 cm?,
sir dung phwong phap vién KBr. Hiéu suat phan tmg duoc xac dinh bang phuong phéap can
trong lugng polyme sau khi siy kho hoan toan. Trong lugng phan tir trung binh theo d6
nhét (My) cua polyme duge xac dinh thong qua phép do do nhot dac trung va ap dung
phuong trinh Mark-Houwink-Sakurada, st dung nhot ké Ubbelohde. Polyme duoc pha
trong dung méi DMF ¢ cac nong d6 8, 4, 2 va 1 g/L, dung dich duoc loc qua dau loc dng
tiém voi ludi PTFE c6 kich thudc 16 0,2 um dé loai bo tap chat [12].

3. KET QUA VA THAO LUAN
3.1. Phin tich phé H-NMR

Hinh 1 biéu dién cac phd *HNMR cua cac mau 4sPMMA-Sn10, Sn20, Sn30 trong dung
méi DMSO-d6, trong d6, cac pic xuat hién ¢ 2,50 va 3,33 ppm don thuan 1a céc pic ciia nudc
va dung mdi DMSO du. Phan tich phd ¢ Hinh 2 cho thdy nhém C-CHs ¢6 3 pic voi cudng do
khac nhau & 0,75; 0,95; 1,16 ppm twong tng didc trung trung cho ciu hinh syndiotactic (rr),
atactic (mr) va isotactic (mm) cia nhom metyl trong dai mach phan tir PMMA. Duya trén két
qua tich phan cudng do, ty Ié thanh phan mm : mr : rr cta cac mau 4sPMMA-Sn10, Sn20 va
Sn30 1a gan nhu nhau va gia tri trung binh 1a 1,5% : 33,5% : 65%, ching t6 cau hinh khong
gian atactic cua cac miu 4sPMMA dugc tong hop bang phuong phap ATRP [13]. Pic xuét
hién ¢ 1,77 1a dac trung ctia nhoém -CH,- trong mach chinh cia PMMA. Pic ¢6 cuong dd manh
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nhét va rd nhat xuit hién ¢ 3,57 ppm 1a dic trung ciia nhom O-CHs. Pic & 4,28 ppm véi cuong
d6 rat yéu nhung v6 cuing quan trong dic trung cho nhom O-CHj xuat hién trong 18i hinh sao
cua 4s-PMMA di tir chat khoi dau PT4Br. Diéu nay ching minh dugc c4u tric hinh sao 4 canh
ctia 4sPMMA, hay n6i cach khac mach polyme da phat trién tir chat khoi dau hinh sao 4 nhanh
nay. Can luu ¥ ring, cdc mau san pham 4sPMMA déu khong co6 PT4Br con du, chit nay di bi
loai bo hoan toan trong qua trinh xtr 1y két tiia polyme 4sPMMA tir metanol.

3.2. Phén tich pho hong ngoai FTIR

Hinh 2 1a phd FTIR cua cac mau Sn10, Sn20 va Sn30, hinh dang cac phd trén hinh 2
cho thay cac dic diém giéng nhau cua 3 mau, dic trung cho cac pic hap thu cia PMMA.
Trong d6, dao dong hoa tri (ctia nhém -CH. va CHs, duge dac trung bai cac pic hép thy &
2842, 2952 va 2995 cm™. Dao dong bién dang (3) cia nhém CHs duge dic trung boi cac pic
1484; 1448 va 8(CH2) ¢ 1387cm’™. Pic hap thy ctia v(C=0) va 5(C=0) xuat hién & 1731 va
753 cm™; hai pic kép cua v(C-0) ¢ 1273, 1244 cm™ va 1194, 1148 cm™. M6t pic xuét hién
V6i cuong d6 yéu nhung lai rdt quan trong nim & vi tri 650-652 cm™ dic trung cho dao
dong hoa tri cia nhom C-Br cudi manh cua 4sPMMA hinh sao. Diéu nay dwoc khang dinh
bai chat khai dau PT4Br da duoc loai bo triét dé trong qué trinh thu hdi cac mau 4sSPMMA.,
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Hinh 1. Pho 'H-NMR ciia cic mau Hinh 2. Ph6 F-TIR ciia cic mau
4sPMMA-Sn10, Sn20 va Sn30 4sPMMA-Sn10, Sn20 va Sn30

3.3. Xdc dinh trong lwong phén tir sir dung nhét ké Ubbelohde

Hinh 3 1a d6 thi d6 nhét cia dung dich polyme (4sPMMA) trong dung moi DMF dugc
do & cac né)ng d6 khac nhau cho 3 loai mau 4s-PMMA-Sn10, Sn20 va Sn30. Co thé quan sat
16 duong thang hdi quy cia do nhét rat gon phu thudc tuyén tinh vao nong do. Gia tri tai do
nhét t6i han (hay d6 nhot dic trung) dugc xac dinh tir d6 thi 13 cac giao diém cua duong hoi
quy Vi truc d6 nhét. Trong lugng phan tir ciia cac mau polyme (My) duge xac dinh nhe phurong
trinh Mark-Houwink véi cac hing s6 K=1,5.10" (L/g), a= 0,667 duoc néu trong tai liéu [12].
Bang 2 trinh bay két qua xac dinh My, hiéu suat (H) va trong luong phan tir (ML7) theo cong
thirc: Mt = H.Mr [14]. Két qua & Bang 2 cho thay hiéu suat ciia phan @ng, trong luong phan
tr My ctia polyme ting khi ham luong chat khir Sn(EH), tir 0,20 % dén 0,40 %. Véi cung
khoang thoi gian phan tmg (20h) cac mau polyme hinh sao thu duge c6 trong lugng phan tir tir
24400 dén 36300. Didu nay co6 thé duoc giai thich bai toe d6 phan tng (chuyén héa) ting theo
ndng d6 CuBr duoc tao thanh, hay ting theo ndng do cuia chat khir Sn(EH)2 [15].
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0,040 1 ® 4SPMMA-Sn30 —— y =0,00246x + 0,01651 Bang 2. Hi¢u suét phan ting (H) va trong
® 4sPMMA-Sn20 —---y=0,00203x + 0,01403 ~
= 00354 4 4SPMMA-S10 - ;:0,00175x+0,01267 lwgng phén tir cia cac mau 4sPMMA tao
2 thanh lugng
%. 0,030 T
g 0,025 + Tén |Mmma Mpol H Myt = M
3 X \Y
£ oot mau | (@) | (g) | O6) | HMr
o oot p T Sn10 | 10 |525 52,5 | 22600 | 24400
0,010 + + + +
0 2 4 6 8
NEng 48 (€, g/L) Sn20 | 10 |6,64 | 66,4 | 26560 | 28400
Hinh 3. Db thi biéu dién do nhét cia dung sn30 | 10 1725 | 72.5 | 31440 | 36300
dich theo ndng do ciia cicmiu 4sPMMA ' '

trong dung méi DMF
3.4. Phan tich TGA

Hinh 4 14 cac gian 46 TGA cua cac mau 4sPMMA hinh sao dugc tong hop voi cac
ham luong Sn(EH), khac nhau trong dai nhiét tir nhiét do phong dén 600°C. Cac két qua
phan tich tir gian dd6 TGA nhu nhiét d6 bat ¢au phan hity (Tonser), nhiét do tai d6 miu co toc
d6 phan hay cuc dai (Tamax) va khoi lugng con lai cia mau ¢ cac nhiét d6 dugce trinh bay
trong Bang 3. Hinh 4 cho thiy cac mau polyme 4sPMMA hinh sao bén nhiét & khoang nhiét
dudi 250°C. Trong 3 mau khao sat gian d6 TGA cua mau 4sPMMA-Sn20 cé su dich chuyén
nhe Vé phia nhiét d6 cao, mau nay ciing c6 nhiét do bt dau phan huy (286,39°C) va nhiét
d6 Tamax (326,3 °C) cao hon so v&i 2 mau con lai (Bang 3). O dai nhiét do 250 - 450°C céc
mau 4sPMMA c6 su phan huy manh va két thic ¢ khoang 410 - 450°C. Két qua thu dugc
cho thay ham luong chat khir Sn(EH)2 anh hudng dén d6 bén nhiét cia 4sPMMA hinh sao,
diéu nay co thé lién quan dén polyme thu dugc c6 trong lugng phan tir thap khi sir dung ham
lwong chat khur 0,20% ppm. Véi cac ham luong chat khir cao hon (tir 0,40%), polyme thu
duoc c6 trong lugng phén tir cao hon tir d6 cai thién dugce do bén nhiét.

17 Bing 3. Cac dic trung TGA ciia cic miu

4sPMMA dugc tong hgp vé6i cac ham lugng
Sn(EH)2 khac nhau

Khéi lwong con lai (%)

Tén Tonset | Tatmax I’]hiét dé

mau | (°C) | (°C)

804

TGA (%)

404

ol . 300°C| 350°C| 400°C

O— 4sPMMASn10 W
—#—— 4sPMMA.Sn20 Ny
| S| 910/ 2661 315.2| 74,57 | 36,68 | 982

0 100 200 300 400 500
Nhiét 46 (°C)
Hinh 4. Gian db TGA ciia cAc miu vat | SN20| 286,4| 326,3| 84,18 34,88 | 491
liéu 4sPMMA duwoc tong hop
v6i cac ham lwgng Sn(EH)2 khac nhau | SN30| 284,21 326,2) 81,60 28,61 | 2,73
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4. KET LUAN
Quy trinh syc khi nito truc tiép vao hé phan ing trong 30 phut d dugc ap dung thanh

cong dé ché tao polyme hinh sao bdn canh (4sPMMA) bang phuong phap ARGET ATRP
Vi phirc chat xac tic CuBro/PMDETA va chat khir Sn(EH)2. Phé 'HNMR va FTIR cua cac
mau polyme da chtng t6 1i cau trac hinh sao va nhém chirc C-Br cudi mach caa cac polyme
tao thanh. Khi tang ndng do chét khir tir 0,10 %; 0,20 % dén 0,30 % (so vai tong khdi luong
dung dich), hiéu suat phan tmg va trong luong phén tir ciia polyme hinh sao thu dugc ting
tir 24400 dén 36300 Da. Két qua Phan tich TGA cho thidy 4sPMMA duoc tong hop véi phirc
chét xtc tac CuBr2 va chat khir Sn(EH), véi nong do tuong tng 13 0,01 % va 0,20 %, mau
polyme hinh sao thu duoc c6 @ bén nhiét tét nht.
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INVESTIGATING THE EFFECTS OF RECERENCE (11)
2-ETHYLHEXANOATE ON THE PROPERTIES OF SYNTHETIC
PMMA BY ARGET-ATRP METHODS

Khuc Duong Huy, Ngo Xuan Luong, Tran Thi Ha, Dam Xuan Thang,
Nguyen Thi Dieu Linh, Do Quang Tham

ABSTRACT

In this study, poly(methyl methacrylate) (PMMA) was synthesized successfully by
atom transfering radical polymerization with the application of activators regenerated by
electron transfer (ARGET-ATRP) under simple proces of nitrogen purging for the removal
of oxygen in monomer solution. Tin(ll) 2-ethylhexanote with different concentrations of
0.10, 0.20 and 0.30% was used as reducing agent, CuBr. complex catalyst was fixed at
concentration of 0.01% (100 ppm). Four-arm star PMMA with target molecular weight of
40000 Da was designed by a 4-arm star initiator. The obtained results of nuclear magnetic
resonance and infrared spectra led to the 4-arm star structure of PMMA with bromide-end
functional groups. Viscosity average molecular weight of PMMA samples increase from
24400 to 36300 Da with increasing tin(ll) reducing agent concentration. The PMMA
synthesized at tin(I1) reducing agent concentration of 0.20% shows the best thermal stability.
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