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NGHIEN CUU TONG HOP POLYME DAN PIEN TU FEROCEN VA
BENZALDEHYT

Pén Toa soan 15-5-2008
NGO THI THUAN', NGUYEN VIET BAC?, HOANG ANH TUAN?
'Khoa Hod hoc, Trudng Pai hoc KHTN, Pai hoc Quéc gia Ha Noi
*Vién Hod hoc vdt ligu, Vién Khoa hoc va Céng nghé Qudn sit, B¢ Quéc phong
Vién K7 thudt qudn sy Phong khong — Khong qudn

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: 10642°C make polymer has M,: 900 — 1000 dvC and electric conductivity of

polymer is o: 107SIm

I- MG DAU

Vit liéu polyme cé khi niang din dién di
duoc phét hién va nghién cidu 6 nim 1970. Céc
két qua nghién ciu cong bS cho thdy d€ vat lieu
6 kha niing din di¢n 12 trong mach phan tir c6
cdu tric m-lién hop. Cic vat lieu polyme din
dién théi gian gin day duoc nghién citu va ting
dung rong trong linh vuc dién va dién tir nhu ché
tao pin, man hinh LED [1] v.v., vat liéu dién tir,
chéng in mon va bio vé kim loai.

Céc polyme dén dién c6 c4u tric 7- lién hop
thudng rét khé t8ng hop ra dusi dang polyme
mach thing. Hiu hét cic polyme bin din nhu

polyanilin dirgc téng hop ra dudi dang hat ¢6

mang khong gian nén ching khéng tan trong
héu hét cic dung moi hitu co gy khé khan cho
cic ing dung tiép theo

Dicyclopentadienyl sit (ferocen) 14 mét hop
chit co kim ¢6 céu tnic 7- cha ion
cyclopentadienyl va ion Fe(ll). Do ion
cyclopentadienyl ¢6 6 electron n va cfu tao
mach vong nén né cé cdc tinh chét twong ty nhu
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hop chét thom benzen. Ferocen cé kha ning
phan tng th€ theo co ch€ 4i dién tit véi mot s6
chdt thich hgp tao polyme mach thing c6 cdu
tric © lién hop trong mach phan i [1, 2].

Trong bai bio niy ching t6i di dua ra
phuong phép ché tao polyme bian din trén co s¢
din xuft clia ferocen, nghién cifu xdc dinh cfu
tric, kha nang din dién cia polyme duwoc didu
ch€ va khao sit anh hudng clia c4c y&u t6 dén
céu triic clia polyme.

11 - TONG HOP POLYME BANG PHAN UNG
TRUNG NGUNG

1. Phuong phép téng hgp polybenzylen-
ferocen

a) Tién hanh phdn img téng hop

Cho vao binh cdu 3 c6 c6 14p nhiét k&, mdy
khudly 50 g ferocen va 25 ml benzaldehyt (ty 1&
mol gifta ferocen va benzaldehyt 13 1:1.3). Pun
néng, khi nhiét d6 1én dén 90°C, khudy cho
ferocen phén tdn vao benzaldehyt.



Thém 5 g axit p-toluensunfonic, ti€n hanh
phin dng tring hop ngung tu tai nhiét do
1061+2°C trong khoang théi gian 45 — 60 pht.

Lip hé théng héi liu, thém 100 ml toluen,
tiép tuc phan Ung tai diéu kién nhiét dé hoi luu
trong khoang thdi gian 100 — 120 phit,

b) Tinh ché sdn phdm

Sin phim phan ¢ng sau khi dé ngudi dén
nhiét d6 méi truomg théem ti€p 100 ml toluen va
khudy déu cho dén khi polyme hoa tan hoan
toan trong dung moi.

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

Loc dé tich loai ferocen du.

Cit tich loai axeton ra khoi sin phdm tai
nhiét do 60°C, sau d6 cat tai dp sudt 40 -50
mmHg, nhié¢t d6 trong binh t < 110°C d€ loai hét
dung moi.

Hiéu suit phan img khoang 60%.
2. Phan tich cdu tric ciia sin ph4m polyme

a) Xdc dinh phdn tir kh6i polyme bdng phuong
phap GPC

Ching t6i di sit dung phuong phdp GPC x4c
dinh phan tir kh6i cia polyme dugc téng hop
theo diéu kien trén. Két qua cho thdy polyme cé
phan tir khoi trung binh M,: 943, M,: 208. He
s@ tring hop M,/M, : 4,5 (hinh I).
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Hinh I: Két qua phan tich GPC cha
polybenzylenferocen

Giin dé sic ky GPC c6 mot dinh pic duy
nhét cho thiy polyme dugc t6ng hop ra ¢6 phan
tlr kh6i déng nhdt. Haim luong monome trong
san phim polyme khong ddng ké.

Ching t6i da tién hanh phan tich nhiét cia
polyme trén thiét bi SETARAM va di xac dinh
polyme c6 nhiét d¢ thuy tinh hod tai Tg = -20°C,
nhiét d6 phan huy tai 429°C.

b) Phé hong ngoai cua polyme

Lo Er—3

Hinh 2: Phé héng ngoai ciia polybenzylenferocen
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Phd héng ngoai clia polyme dd duge chyp
bing phuong phip ép viéen KBr, thiét b_
AVATAR cla M§J. Trén phdé héng ngoai cia
polyme (hinh 2) xuat hién nhiing dao dong dic
tring ma cdc chdt ban ddu khéng cé:

Pic dao dong dic trumg ciia nhém OH tai v:

3425 cm™ c6 dai réng x4c dinh polyme cé nhém
OH tai ddu mach.

Pic dao dong cha nhém CH tai v: 2928 em™.
Trén phé héng ngoai khéng thiy xust hién

dao dong cia nhém CHO ciia benzaldehyt
tai viilng 2900 - 2700 cm™ va 1715 -1695 cm'™
cho thdy ham lugng benzaldehyt trong san phdm
polyme con dudi dang vét.
c) Phd NMR ciia polyme

Phé H-NMR

Polyme dugc chup phé H-NMR trong dung
mo6i DMSO trén thiét bi BRUKER. Trén phé H-
NMR (hinh 3) cé thdy xuit hién cic dinh pic
dac trung:
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Hinh 3: Phé '"H-NMR cba polybenzylenferocen

Pic dao dong cla benzaldehyt (dang vét) 6:
10 ppm (CHO), 7,19 - 7,4 ppm (=CH).

Pic dao dong clia g6c benzylen &: 2,34 ppm
(CH), 7,00 - 7,38 ppm (=CH).

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

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

Pic dao dong cia H trong nhan
cyclopentadienyl thé mono va tai vi tri 1, 2- v
1,3- 8:3,89-4,172.

Két qua phan tich phd nay duoc khing dinh
16 hon khi phén tich phd C-NMR ctia polyme

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

Pic dao déng C cla benzaldehyt (lugng vét)

tai &: 192,3 (CHO); 136,4'°, 129,729, 128,979,
134,41,

Pic dao dong C cha nhém benzylen tai 3:
21,44 ppm(CH); 125,38, 128,28, 129,099,
137,83 ppm (=CH).

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

Pic dao dong cia cyclopentadienyl, thé
mono, thé 1,2- va 1,3- trong dai 67,55, 67,61,
67,91, 68,2, 68,66, 69,1, 69,44, 932 va 934
ppm.

Tir két qua phan tich phé cla polyme cho
thdy céu triic mach polyme c6 dang so d6 1.
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polybenzylenferocen c6 kha nang dan dién [2].

Xic dinh khd ndng ddn dién ciia polyme bdng
phitomg phdp téng tré impedance

Chiing t6i di tién hanh xdc dinh dien tr3
kh6i va d6 diin cha polyme trén bing phuong
phap do tong trd.

+ Chudn bi miu

Polyme dugc phi thainh mang moéng trén
miu déng. Miu déng c6 kich thudc 20x50 mm
duoc ddnh sach 16p oxit va lam nhin bé mat
bing gidy gidp min. Lau sach bé mat miu Cu
bing axeton, nhing phit bé mit miu bang dung
dich polyme tit 2 - 4 lugt. Khi bé mat polyme
kho khong dinh tay, sdy miu tai nhiét d6 90°C
trong 4 git. Do day clia 16p mang phl trong
khoang 0,1 - 0,3 mm va dugc do chinh xac.

Xéc dinh dién tré khéi va d¢ dan céa polyme
biing phirong phip téng trd

Téng tr& clia mang polyme Z dugc xéc dinh
theo cong thitc:

Z=7'+jiZ" )

-y
%%.___% .
- A
i s
= 3 -
=it
E i

nep
ilg
Ul
!

Fe

" _P]h
Sodé 1 @ CH—~+Pp

OH

Trong dé:
Z 1a tdng trd cla miu (Qfem?)
7’ (hodc R) 1 phin thyc ciia Z;

Z' =|Z| cosd 2
Z” (hoic X): Phdn 4o cha Z;
Z =|Z|sin® 3)

0: Géc tén s6.

Tir két qua do téng trd cha mang, ta xic
dinh dugc gié tri R,, gid tri téng trd cha vat ligu
tai diém phan cuc.

bien trd khoi (p) cha vat liéu duge xdc dinh
theo cong thiic:

p=Rjd (Q.cm) (6)
Trong d6 d :d9 day clha mang (cm)
D6 din ctia mang (o) duge xdc dinh:

¢ = 1/p (S/cm) (N

Méu dugc do trén thiét bi impedance cha
Agilent. K&t qui do (hinh 5), dién tr& khéi va do
dén clia miu duge ghi trong bang 1.

1 48



30000
o :
E \j-\(]
Q 20000 :
5 j
o’
'|\I| 10000 g
0 I . —_— ,
0 8000 16000 24000
2
Z'(Qcm?)

Hinh 5: Téng tr& clia miu polyme

Bdng 1: Do din va dign trd khéi cita polyme

Do day clia mang, cm R;

p‘ Qm 0! S/m

0,0105 8,57x10°

8,16x10’ 7,96x107

P din dién polyme nim trong khoang gid
tri 40 din dién cia cdc vat lieu ban dan (10° —
102 S/cm).

Anh hudng cta cic yéu t6 dén hicu sudt, cdu
tric va tinh chat cia polyme

Anh hudng cua xiic tdc dén cdu triic ciia polyme

Tién hanh phidn ing téng hgp ngmmg tw
ferocen va benzaldehyt st dung cdc chit xic tic
khdc 12 cdc axit HCI, H,SO, va axit Lewis ZnCl,.
Diéu kién ti€n hanh phin ttng nhu sau: ty 1é mol
ferocen/benzaldehyt 1& 1:1,3, ham lugng chdt
xiic tic 5%, phan tng tién hanh tai nhiét do:
106£2°C, rieng doi véi H,S0, ti€n hanh tai nhiét
do phong. Cédc chat xiic tic sir dung trong phan
ing la cac axit HCl, H,50,, axit p-
toluensunfonic vd ZnCl,. San phidm cha phéan
iing dugc hoa tan trong dung méi la toluen va
phén tich phé IR, cic dic tinh cia san phdm
duoc ghi trong bang 2.

Tir két qua trén cho thdy néu sit dung xiic
tdc 12 cic axit manh s€ tao ra polyme c6 cau triic
khéng gian khéng tan trong cic loai dung moi.

1£L

Riéng d6i véi axit sunfuric qud trinh téng hop
polyme di€n ra ngay tai nhiét d6 moéi trudng.
Doi véi cac axit Liuyt, trong qua trinh phan ing
sé tao ra H,0 gay ng6é doc xic tdc, phan ing
polyme ngung tu s&€ khong xay ra.

Bdng 2: Diéu kién phan ing ngung tu polyme

Xiic tic sit dung Tinh chat san phim

HCL Tao polyme khong tan
trong toluen

H,50, Tao polyme khong tan
trong toluen

Axit Tao polyme tan trong

p-toluensunfonic toluen

ZnCl, Khéng tao polyme

Anh hudng cita 13 1é mol

Chiing t6i di tién hanh khéao sit téng hop
polyme véi ty 1¢ cdc monome ferocen vi
benzaldehyt theo cdc ty 1& mol ghi trong bang 3,
con diéu kién phan ing dugc tién hanh nhu phin
tng t6ng hop polyme phén I1.1.



Bdng 3: Diéu kién phan ng va tinh chét san phim polyme ngung tu

. Ching t61 did ti€n hanh phan Gng tring
ngung theo diéu kién téng hop véi ty 1é monome
la 1/1.3, xic tdc st dung la axit p-
toluensunfonic nhung nhiét d6 & giai doan
ngung tu 12 140+2°C, két qua vin ra san phim
polyme tan trong toluen va polyme ¢6 kh6i
lugng phén tir 3300 dvC.

Tir két qua trén cho thay diéu kién nhiét do
chi anh hudng dén phan tir khdi ctia polyme con
cdc yéu t6i khdc méi quyét dinh dén viéc tao
thanh c&u tric cta polyme.

IV - KET LUAN

Polybenzylenferocen dugc téng hop bing
phuong phdp truing ngung theo co ché
electrophin. Phan tit khéi clia polyme dugc triing
ngung khi tién hanh tring ngung véi ty 1é mol
ferocen: benzaldehytl 13 1:1.3, nhiét do:

Ty 1é mol . ,
T ferocen/benzaldehyt San pham polyme
1 1:09 Ham lugng polyme khong tan trong toluen chiém 90%.
T Polyme ¢6 cu tnic khong gian.
Ham lugng san phdm khong tan trong dung moi 90%. Néu chi
5 1:10 tién hanh phén dng & giai doan (2) 1a 30 phiit thi san phdm s&
v tan trong dung moi nhung ty 1& chuyén hod chiém 40% (tinh
theo ham lwgng ferocen du).
3 1:1,1 ham lugng chit khong tan trong dung moi 1a 10%.
4 1:1,3 San phdm tan hoan toan trong dung moéi.

106%2°C, thdi gian: 50 - 60 phiit va sir dung xtic
tac 12 axit p-toluensunfonic, thi phan tir kh6i clia
san phdm khoang 900 - 1000 dvC.

Cic yéu t6 nhu ty 1&¢ mol, xdc tic sir dung
trong phan ing quyét dinh dén tinh chat va cdu
tric cia polyme con yéu t6 nhiet 46 phan iing
chi anh huéng dén phan tir khéi ciia polyme.
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