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NGHIEN CUU TONG HOP POLYME DAN DPIEN TU FEROCEN VA
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ABSTRACT

The semiconducting polymer based on ferrocene has been synthesized by the poly-
condensational reaction of ferrocene with benzaldehyde. The conditions of the reaction include
the molar ratio of ferrocene:benzaldehyde as 1:1.3 and the catalytic p-toluene sulfonic acid make
linear- soluble polymer. The external conditional reaction as duration of reaction: 60 minutes,
temperature: 10622°C make polymer has M,: 900 [1 1000 dvC and electric conductivity of

polymer is o: 107S/m

- MO PAU

Vat liéu polyme c6 kha nang dan dién da
dugc phat hién va nghién ctu tir nam 1970. Cac
két qua nghién cttu cong bo cho thdy dé vat lieu
c6 kha nang dan dién la trong mach phan tlr ¢6
cu tric m-lién hgp. Cac vat liéu polyme dan
dién thoi gian gan day duogc nghién ctiu va dng
dung rong trong linh vuc dién va dién tir nhu ché
tao pin, man hinh LED [1] v.v., vat liéu dién ttr,
chong an mon va bao vé kim loai.

Céc polyme dén dién c6 cau tric nt- lién hop
thuong rat khoé tdng hop ra du6i dang polyme
mach thang. Hau hét cdc polyme ban din nhu
polyanilin dugc téng hop ra duéi dang hat c6
mang khong gian nén ching khong tan trong
hiu hét cac dung moi hitu co gay khé khan cho
cac ung dung ti€p theo

Dicyclopentadienyl sat (ferocen) 12 mot hop
chdt co kim c¢6 cdu tric m- cua ion
cyclopentadienyl va ion Fe(Ill). Do ion
cyclopentadienyl c¢6 6 electron © va cdu tao
mach vong nén né c6 céc tinh chat tuong tu nhu
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hgp chat thom benzen. Ferocen c6 kha nang
phan tng th€ theo co ch€ 4i dién tit véi mot s6
chat thich hop tao polyme mach thang cé cdu
tric 7 lién hop trong mach phan ti [1, 2].

Trong bai bdo nay ching t6i da dua ra
phuong phap ché tao polyme ban dan trén co s&
dén xuét cta ferocen, nghién cttu xac dinh céu
tric, kha nang dan dién cua polyme dugc diéu
ché€ va khao sit anh hudng cua cac yéu t6 dén
cdu trdc cua polyme.

1T - TONG HOP POLYME BANG PHAN UNG
TRUNG NGUNG

1. Phuong phap téng hop polybenzylen-
ferocen

a) Tién hanh phdn iing tong hop

Cho vao binh cdu 3 ¢6 c6 lap nhiét k&, may
khuay 50 g ferocen va 25 ml benzaldehyt (ty 1&
mol giita ferocen va benzaldehyt 1a 1:1.3). Dun
néng, khi nhiét do 1én dén 90°C, khudy cho
ferocen phan tan vao benzaldehyt.



Thém 5 g axit p-toluensunfonic, ti€én hanh
phan tng tring hop ngung tu tai nhiét do
106+2°C trong khoang thoi gian 45 — 60 phuit.

Lap hé théng héi luu, thém 100 ml toluen,
ti€p tuc phan dng tai diéu kién nhiét do hoi luu
trong khoang thoi gian 100 — 120 phuit.

b) Tinh ché sdn phdm

Sén phim phan tng sau khi dé nguoi dén
nhiét do6 moi truong thém ti€p 100 ml toluen va
khuay déu cho dén khi polyme hoa tan hoan
toan trong dung moi.

Loc hit chan khong thu lay dung dich.
Thém ti€p 100 ml axeton vao, khudy tron déu.

Loc dé tach loai ferocen du.

Cat tach loai axeton ra khoi san phdm tai
nhiét do 60°C, sau d6 cat tai ap sudt 40 -50
mmHg, nhiét do trong binh t < 110°C d€ loai hét
dung moi.

Hiéu suit phan tng khoang 60%.

2. Phan tich ciu tric ciia sin pham polyme

a) Xdc dinh phdn tir khoi polyme bdng phuong
phdap GPC

Chiing t6i da st dung phuong phap GPC xac
dinh phan tr khéi clia polyme dugc téng hop
theo diéu kién trén. Két qua cho thay polyme c6
phan t khoi trung binh M,: 943, M,: 208. He
s0 trung hop M,/M, : 4,5 (hinh 1).
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Hinh I: K&t qua phan tich GPC cua
polybenzylenferocen

Gian d6 siac ky GPC ¢6 mot dinh pic duy
nhit cho thay polyme dugc téng hop ra cé phan
to khoi dong nhat. Ham lugng monome trong
sdn pham polyme khong ddng ké.

Chung toi da tién hanh phan tich nhiét cta
polyme trén thi€t bi SETARAM va di xac dinh
polyme ¢6 nhiét do thuy tinh hoa tai Tg = -20°C,
nhiét do phan huy tai 429°C.

b) Phé hong ngoai ciia polyme

Hinh 2: Ph6 héng ngoai ctia polybenzylenferocen
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Phé hong ngoai ctia polyme da duoc chup
bing phuong phdp ép vién KBr, thiét bi
AVATAR clia M§. Trén phé hong ngoai cla
polyme (hinh 2) xuat hién nhiing dao dong dac
trung ma céac chat ban dau khong c6:

Pic dao dong dac trung ctia nhém OH tai v:
3425 cm™ ¢6 dai rong xac dinh polyme ¢6 nhém
OH tai ddu mach.

Pic dao dong clia nhém CH tai v: 2928 cm™'.

Trén phé hong ngoai khong thay xudt hién

dao dong ctia nhém CHO cua benzaldehyt
tai ving 2900 - 2700 cm™ va 1715 -1695 cm’
cho thdy ham lugng benzaldehyt trong san phim
polyme con dudi dang vét.
c) Phé NMR ciia polyme

Phé H-NMR

Polyme dugc chup phé H-NMR trong dung
moi DMSO trén thiét bi BRUKER. Trén phé H-
NMR (hinh 3) c6 thdy xuat hién cdc dinh pic
dac trung:
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Hinh 3: Phé '"H-NMR clia polybenzylenferocen

Pic dao dong ctia benzaldehyt (dang vét) &:
10 ppm (CHO), 7,19 - 7.4 ppm (=CH).

Pic dao dong ctia géc benzylen 6: 2,34 ppm
(CH), 7,00 - 7,38 ppm (=CH).

Pic dao dong cia nhém CH-OH tai 6 1,63
ppm va 4,75 ppm.

Pic dao dong cha cyclopentadienyl tai o:
4,156 ppm.

Pic dao dong cta H trong nhan
cyclopentadienyl thé mono va tai vi tri 1, 2- va
1,3- 6:3,89-4,172.

Két qua phan tich phé nay duoc khang dinh
1o hon khi phan tich phé C-NMR cua polyme

Phé C —NMR (hinh 4).
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Trén phé C-NMR xudt hién cac dinh pic dac
trung.

Pic dao dong C clia benzaldehyt (luong vét)
tai 8: 192,3 (CHO); 136,4, 129,72, 128,977,
134,419,

Pic dao dong C cua nhom benzylen tai &:
21,44 ppm(CH); 125,38%, 128,28, 129,09,
137,83 ppm (=CH).

Pic dao dong cia C — OH tai 8: 66,5 ppm.

Pic dao dong cua cyclopentadienyl, thé
mono, th€ 1,2- va 1,3- trong dai 67,55, 67,61,
67,91, 68,2, 68,66, 69,1, 69,44, 93,2 va 934
ppm.

Tur két qua phan tich phé cliia polyme cho
thay cau trdc mach polyme c6 dang so do 1.
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Hinh 4: Ph6é C-NMR clia polyferocenylenbenzylen
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Do c6 cdu Erﬁc ~nhu. trén Trong d6:
polybenzylenferocen cé kha nang dan dién [2]. ) L 5
e dinh kh nime din dien i . b Z 1a tong trd cua mau (QQ/cm”)
¢ din d ndng dan dién cia polyme bang . . -
phitong phdp téng tré impedance Z’ (hoac R) la phan thyc cta Z;
Chiing toi da tién hanh xdc dinh dien tro L Z =[] cosH @
khéi va do dan cla polyme trén bang phuong Z” (hoac X): Phan do cua Z;
phdp do tong trd. Z'=1|Z|sin 0 (3)

+ Chuén bi mau

Polyme dugc pht thanh mang moéng trén
mau dong. Mau dong c¢6 kich thude 20x50 mm
dugc danh sach 16p oxit va lam nhdn bé mat
bang gidy gidp min. Lau sach bé mat mau Cu
béang axeton, nhing phu bé mat miu bang dung
dich polyme tir 2 - 4 luot. Khi bé mat polyme
kho khong dinh tay, sdy méu tai nhiét do 90°C
trong 4 gio. Do day cua 16p mang pha trong
khoang 0,1 - 0,3 mm va dugc do chinh xac.

Xic dinh dién tré khoi va do dan cta polyme
bang phuong phap tong tré

Téng trd cia mang polyme Z dugc xdc dinh
theo cong thic:

Z=7+jZ" (1)

0: Goc tan so.

T két qua do téng trd cla mang, ta xdc
dinh dugc gid tri R,, gid tri tdng trd cha vat liéu
tai diém phan cuc.

Dién tré khoi (p) cha vat lieu duge xac dinh
theo cong thic:

p=R/d (Q.cm) ©6)

Trong d6 d :do day clia mang (cm)

Do dan cua mang (o) duogc xac dinh:

o = 1/p (S/cm) (N

Mau duoc do trén thiét bi impedance cta
Agilent. Két qua do (hinh 5), dién tr& khoi va do
dan cua mau dugc ghi trong bang 1.
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Hinh 5: Téng trd chia mau polyme

Bdng 1: Do dan va dién trd khdéi ctia polyme

Do day ctia mang, cm Rp

p, Qm o, S/m

0,0105 8,57x10°

8,16x10’ 7,96x107

Do din dién polyme nam trong khoang gia
tri do dan dién cia céc vat liéu ban dan (10° —
10" S/cm).

Anh huéng cia cac yéu t6 dén hiéu sudt, ciu
tric va tinh chat caa polyme

Anh hudng cua xiic tdc dén cdu tric cua polyme

Tién hanh phan Gng téng hgp ngung tu
ferocen va benzaldehyt sir dung cac chit xtc tac
khac 1a cac axit HCI, H,SO, va axit Lewis ZnCl,.
Diéu kién ti€n hanh phan ting nhu sau: ty 1&€ mol
ferocen/benzaldehyt 1a 1:1,3, ham lugng chit
xdc tdc 5%, phan tng ti€n hanh tai nhiét do:
106£2°C, riéng doi v6i H,SO, tién hanh tai nhiét
do phong. Cic chat xic tdc st dung trong phan
ung la cac axit HCI, H,SO,, axit p-
toluensunfonic va ZnCl,. San phdm cta phan
ung duoc hoa tan trong dung moi la toluen va
phan tich phé IR, cdc dic tinh chia san phim
duoc ghi trong bang 2.

Tir két qua trén cho thdy néu st dung xic
tac 1a cac axit manh s€ tao ra polyme c6 cau tric
khong gian khong tan trong cac loai dung moi.
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Riéng doi v6i axit sunfuric qud trinh tong hop
polyme dién ra ngay tai nhiét do moi truong.
Doi véi cac axit Liuyt, trong qué trinh phan tng
s€ tao ra H,O gay ngod doc xic tdc, phan tng
polyme ngung tu s& khong xay ra.

Bdng 2: Diéu kién phan ting ngung tu polyme

Xiic tdc sit dung Tinh chét san phidm

HCl Tao polyme khong tan
trong toluen

H,S0, Tao polyme khong tan
trong toluen

Axit Tao polyme tan trong

p-toluensunfonic toluen

ZnCl, Khong tao polyme

Anh hudng ciia 1y 1é mol

Chiing to6i da ti€n hanh khéao sit tong hop
polyme véGi ty 1&é ciac monome ferocen va
benzaldehyt theo cac ty 1&€ mol ghi trong bang 3,
con diéu kién phan ting dugc ti€n hanh nhu phan
ting t6ng hop polyme phan I1.1.



Bdng 3: Diéu kién phén ting va tinh chat san phdm polyme ngung tu

Ty 1& mol ; 2
T ferocen/benzaldehyt San phdm polyme
. Ham lugng polyme khong tan trong toluen chi€ém 90%.
1 1:0,9 P . :
Polyme c6 cdu tric khong gian.
Ham luong san phdm khong tan trong dung moi 90%. Néu chi
’ 1:10 tién hanh phén tGng & giai doan (2) 1a 30 phut thi san pham s&
B tan trong dung moi nhung ty 1¢ chuyén hoa chiém 40% (tinh
theo ham lugng ferocen du).
3 1:1,1 ham lugng chit khong tan trong dung méi 1a 10%.
1:1,3 San pham tan hoan toan trong dung moi.

Ching to6i da tién hanh phan ung trung
ngung theo diéu kién tdng hop véi ty 1é monome
la 1/1.3, xidc tic su dung la axit p-
toluensunfonic nhung nhiét d6 & giai doan
ngung tu la 140+2°C, két qua van ra san phdm
polyme tan trong toluen va polyme c6 khoi
lugng phan tr 3300 dvC.

Tir két qua trén cho thay di€u kién nhiét do
chi anh hudng dén phan tir khoi clia polyme con
cac y€u t0i khac méi quyét dinh dén viéc tao
thanh céu tric ctia polyme.

IV - KET LUAN

Polybenzylenferocen dugc téng hop bing
phuong phdp tring ngung theo co ché
electrophin. Phan tir khoi cua polyme dugc trung
ngung khi ti€n hanh tring ngung véi ty 1€ mol
ferocen: benzaldehytl 1a 1:1.3, nhiét do:

10612°C, thoi gian: 50 - 60 phut va st dung xuc
tac 1a axit p-toluensunfonic, thi phan t khdi cta
san phdm khoang 900 - 1000 dvC.

Cic yéu t6 nhu ty 1& mol, xdc tdc st dung
trong phan Gng quyét dinh dén tinh chat va cau
tric chia polyme con yéu td nhiét do phan Gng
chi anh huéng dén phan tlr khéi ctia polyme.
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