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NGHIEN CUU S TRUYEN DAN PROTON TRONG CAC CHAT DIEN LI
DAN PROTON DANG POLYMER GEL TREN CO SO
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Abstract

The proton-conducting gel electrolytes were prepared by doping of poly(methyl methacrylate) (PMMA) with
phosphoric acid solutions in dimethylformamide (DMF). Conductivity activation energy was weak dependent
concentrations of polymer; it lies within about7 kJ/mol. At the same time, the viscosity activation energy changed
within 14-23 kJ/mol. This difference can be explained by Grotthuss type mechanism of conductivity. On the basis of IR
and H-NMR spectroscopy, we reported that phosphoric acid molecules formed hydrogen bonds with PMMA and
MTMA, which was the model of a PMMA single fragment. Possible schemes of proton transfer in the gel have been

proposed with the solvent and the polymer matrix
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1. MO PAU

Chat dién li polyme gel dugc coi nhur 1a vat liéu
dan thay thé cho chat dién li dang ran hién nay.
Polymer gel 1a mot dang c4u trdc duoc tao thanh tir
cac hop chat cao phan tir nhu nhitng mang ludi
khong gian, bén trong mang ludi d6 coé chira dung
dich axit véi dung mdi phan cuc. Gel c6 do dan dién
riéng nam trong khoang 1mS.cm™ & nhiét 6 phong
1a da kha niang tng dung vao céc thiét bi dién hoa
khac nhau trong d6 c6 pin nhién liéu. Mac du, da cé
mot s luwong kha 16n cac chat dién li dan proton
duoc tao ra. Tuy nhién, viéc nghién ciru ché tao chat
dién li méi ciing nhu bién tinh céc chat dién li c6
san nham muc dich cai thién dic tinh dan dién, do
bén nhiét, d6 bén co hoc,... van la mot muc tiéu can
dugc nghién ctru cu thé nhiéu hon.

Nghién ctu tinh chit cua cac chét dién li dan
proton dang gel trén co s& cua
poly(metylmetacrylat) cung véi dung dich axit trong
dung moi nghich proton da dugc nghién cau kha
rong rdi [1-3]. Tuy nhién, hién nay van chua c6 mot
co so ly thuyét ndo c6 thé chi ra dugc su phu thudc
cia d6 dan dién riéng véi thanh phan cau tao cia
gel, ciing nhu md hinh vé co ché truyén dan proton
trong gel.

Proton Ia mot ion dac biét boi nd khdng co 16p
Vo electron ngoai cling, do d6 proton ty do chi ton
tai trong moi truong chan khéng. Trong dung dich
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proton ton tai dudi dang ion bi sonvat hoa. Vi vy,
qua trinh truyén din proton dudi tac dung cua dién
truong c6 thé xay ra theo co ché day truyén (co ché
Grothuss) hoic co ché dich chuyén [4]. Béi voi co
ché dich chuyén proton, cliing véi 16p vo sonvat héa
di chuyén gitta hai ban dién cuc théng qua su
khuéch tan va chuyén dong nhiét. Co ché day
chuyén théng qua lién két hidro giita proton voi cac
phan tir dung mdi hoac phan tir polyme sé lam cho
qua trinh truyén din proton xay ra nhanh hon va do
dan dién tir d6 ciing cao hon.

Trong nghién ciu ching tdi tién hanh tim hiéu
vé co ché va dua ra md hinh cua qué trinh truyén
dan proton trong cac polyme gel, dugc tao thanh
trén co s cua poly(metyl metacrylat) (PMMA). Bé
giai quyét duoc van dé phuc tap trén, ching toi da
két hop gitra cac két qua thuc nghiém va két qua
toan luong tur trén co sé¢ md hinh mét nhanh cua
phan tt PMMA.

2. THUC NGHIEM
2.1. Héa chat

Poly(metyl metacrylat) (M,, = 350000 Aldrich),
metyl trimetylaxetat (Aldrich), axit photphoric
(dung dich 85 % - Khimmed — Nga), axit
phosphoric ran (Aldrich), N,N-dimetylformamid
(DMF — Panreac), benzoyl peroxid (70 %, Aldrich).
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2.2. Phuwong phap nghién ciu

Do dan dién cua gel dugc xac dinh bang phuong
phap do phd téng tro trén thiét bi do Solartron
1260A véi khoang tan s tir 0,1 Hz-1 MHz, U = 10
mV, va sai so caa phép do < 0,2 %; Do nhdt duoc
do trén thiét bi BROOKFIELD DV-II, d% chinh xac
+ 1 %. Phd hong ngoai IR-ATR dugc ghi trén thiét
bi VERTEX 80v (Bruker) véi tan s tir 400 cm™ t6i
4000 cm™, d phan giai 2 cm™. Phé cong huong tir
hat nhan dugc ghi trén thiét bi Bruker AVANCE-
500 tai nhiét d6 phong.

3. KET QUA VA THAO LUAN

Nhirng nghién ctu trude day cuaa chung toi [5, 6]
da chi ra rang, cac polyme gel trén co sé cua
PMMA va mot sé hop chat cao phan tir khac c6 do
dan dién riéng 16n hon nhiéu lan so véi dung dich
axit ban dau. Bdng thoi, khao sat nhitng yéu té anh
huong toi do dan dién riéng cua hé polyme gel cho
thay, PMMA doéng vai tro quan trong trong qud trinh
truyén dan proton. Poly(metyl metacrylat) c6 thé
dong vai tro dinh huéng su chuyén dich cua cac ion
dudi tac dung cua dién treong bén ngoai, ciling co6
thé 1a do ban than phan tir polyme tham gia vao tao
thanh lién két hydro véi proton cua phan tir axit dé
qua trinh truyén dan proton duoc dién ra véi tbe do
nhanh hon theo co ché Grothuss.

Can phai chd y rang, khi qua trinh truyén dan
ion thuc hién theo co ché di chuyén cua ting ion
riéng ré thi nang lugng hoat dong hoa dugc xac dinh
tir gi4 tri d6 dan dién riéng va tir gia tri do nhét l1a
tuong duong nhau. Trong nghién curu, ning lugng
hoat dong hda cua gel dugc xac dinh tir phuong
trinh Arrhenius théng qua su phu thudc cua do dan
dién riéng va do nhaot vao nhiét do. Nghién cau cho
thdy su phu thudc cua do dan dién riéng va do nhét
cua gel vao nhiét do (trong khoang khao sat) thé
hién theo phuong trinh Arrhenius.

Bang s6 1 thé hién két qua tinh ning luong hoat
dong hoa théng qua gia tri do dan dién riéng va gia
tri d6 nhot cua gel.

Bang 1: Gia tri ning luong hoat hoa theo do dan
dién riéng va do nhot caa gel

Thanh phan cua gel AE,, AE,,
(kd/mol)| (kJ/mol)

5%PMMA-[0,1H;PO,-DMF] | 7,89 20,25

7%PMMA-[0,1H;PO,-DMF] | 7,91 14,26

9%PMMA-[0,1H,PO,.DMF] | 7,02 | 23,08

Theo két qua bang 1 dé dang nhan thiy ning
lugng hoat dong hoa tinh theo do dan dién riéng
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(AE x) nhé hon nhiéu so véi nang lugng hoat dong
hoa tinh theo @ nhot (AE",). Két qua trén cho thay
quéa trinh truyén dan proton trong hé gel duoc dic
trung boi co ché truyén din Grotthuss, tic la sy
truyén dan proton theo mét mach dai théng qua cac
lien két hydro.

Pé chitng minh sy ton tai cua lién két hydro
gitra phan tir H3PO, vaoi phéan tir DMF va phén ti
PMMA chiing toi da sir dung phwong phap do phd
hong ngoai (IR) va pho cong huong tir hat nhan cho
céac hé polyme gel.

Hinh 1 thé hién két qua do phd hong ngoai dung
dich H3PO,-DMF va gel dugc tao thanh tir dung
dich do.
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Hinh 1: Ph6 hong ngoai ctia polyme gel c6 thanh
phin 9,0 % PMMA — [0,6 M HsPO, — DMF] va céc
hé thanh phan
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Tir hinh 1 d& dang nhan thay hinh anh phé hdng
ngoai cta dung dich HsPO, — DMF va polyme gel
tuong ung la rat gibng nhau va giéng véi DMF tinh
khiét. Pieu nay c6 thé dugc giai thich 12 do ham
luong DMF trong cac hé khao sét I6n hon nhiéu so
v6i HsPO, va PMMA. Mit khéac, ciing can chd y
rang tuong tuong tac giira axit voi PMMA va DMF
s& dugc thé hién chu yéu qua nhém C=0 cua DMF
(voi tan s6 ~1660 cm™) va PMMA (1727 cm’ Y [7-
8]. Vi vay, khdo sat cu thé vlng tan sb nay cd thé s&
cho két qua vé& su tuong tac gitta cac thanh phan
trong gel.

Sy mo rong pic twong ung voi dao dong C=0
cua PMMA va DMF vé viing tan sé thip (hinh 2),
chang t6 sy ton tai tuong tac giita phan te DMF va
PMMA véi HsPO, thong qua lién két hydro véi
nhém C=0 [8]. Su dich chuyén khong dang ké (~5
cm™) pic dao dong P-O(H) tai vung tin sé ~1000
cm™ gitra polyme gel va dung dich HsPO,-DMF c6
thé ching minh ton tai tuong tac (lién két hydro)
gitta PMMA véi phan tir HsPO,. Tir hinh s6 2(b) c6
thé thiy pic dao dong cua lién két C=0 trong phan
tr PMMA 1a rit nho vi ti 18 ham lugng
PMMA/H;PO, 1a nho hon nhiéu so voi ham lwong
DMF/H3PO,, do dé viéc khao sat twong tac gitra
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C=0 cua PMMA véi proton cia HsPO, gap rat
nhiéu kho khan. DBé khiac phuc khé khin nay, trong
nghién ctru chiing toi di tién hanh khao sat twong
tdc gitra cic phéan tu trong dung dich H3PO, vai
metyl trimetyaxetat (MTMA), duoc coi nhu mé
hinh 1 nhanh caa phan tr PMMA. Hinh 3 thé hién
két qua do phd hdng ngoai cua dung dich HsPO,-
MTMA véi nhiing ti 1& phan mol khac nhau.
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Hinh 2: Ph6 hong ngoai cua gel ¢6 thanh phan 1a 9,0
% PMMA - [0,6 M H3PO, — DMF] va 9,0 %
PMMA — DMF trong viing tan s dao déng C=0
cua phan tt DMF (a) va PMMA (b)

l|7'¢so 1770

Chung t6i da tién hanh phén tich cac pic twong
ung voi dao dong caa nhitng nhém chuc trong phan
tir HsPO, va MTMA. Trén hinh 3(a) dé dang nhan
thay, khi giam nong d phan mol cua axit xudng 0,1
thi vi tri pic dao dong cua nhém O-P-O dich chuyén
khoang 40 cm™ vé viing tan s6 cao so Véi vi tri pic
tuong ty trong pho IR cia HsPO, nguyén chét (446
cm™). Biéu d6 co thé lién quan t6i su tao thanh lién
két hydro giira phan tir HPO, va MTMA, nhu duoc
trinh bay ¢ hinh 4.

Phan tich ph6 hdng ngoai cua dung dich chira
MTMA-H,PO, trong ving tan sé tng véi dao dong
caa nhom cacboxyl trong phan t¢ MTMA (1734
cm™) cho thay, khi cho thém axit vao MTMA xay ra
su mé rong pic C=0 va su tao thanh pic méi nam &
viing tan sé thap. Su tao thanh pic maéi nay la két
qua cua Sy tuong tac gitra proton trong phan tir axit
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Nghién cizu sy truyén dan proton..

yH,PO,-MTMA
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t&i 1,0 (budc tang la 0,1)
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: . (b
Hinh 3: Két qua pho hong ngoai cua dung dich
H3sPO,-MTMA véi ti [é€ mol khac nhau: (a) tir
400cm™-1200 cm™ va (b) tir 1200 cm™-2000 cm™

Hinh 4: Lién két c6 thé gitta MTMA-H;PO,

vai nhém cacboxyl trong phan td MTMA. Pic mai
dugc tao thanh cé thé dic trung dinh luong cho
tuong tac hydro, dugc tao thanh gitra cac phén tir
MTMA va axit. Két qua tuong tu ddi véi pic dao
dong C=0 cua hé Hs;PO,-DMF [8, 9]. Trong nghién
cau [10] tac gia da st dung cac phuong phap tinh
toan hoa luong tir dé xac dinh cau tric hinh hoc va
nang lugng twong tic gitra phan tr HsPO, va
MTMA. Két qua thu dugc cho thiy sy ton tai twong
tac gitra hai phén tir trén, tuy nhién tuong tic nay
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yéu hon so véi twong tic gitra phan tir HsPO, va
DMF (dung méi).

Su tao thanh lién két hydro giira phan tur axit va
MTMA con dugc khing dinh trong két qua phd
cong huong tir hat nhan *H-NMR. Hinh 5 cho thay,
tin hi¢u cong hudong ta caa proton trong phan tir axit
tang 1én cing vdi su ting nong do axit trong khoang
tir 0 t6i 0,3 (ndng do phan mol) trong DMF [8] ciing
nhu trong MTMA. Biéu nay, ¢6 lién quan toi sy tao
thanh kién két hydro giira phan tir axit voi MTMA
cling nhu véi DMF.

12.51
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sl ¢
._: T
0 H}POJ-MTMA
10.0 - /l
9.5 T T T T T T T T T
10 15 20 25 30
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Hinh 5: Su phu thudc vi tri pic proton cua phan tu
H3PO, trong phé H-NMR vao nong do axit trong
dung dich véi DMF va MTMA

bién truong
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Nhitng proton tao thanh lién két hydro c6 c6 su
giam mat do electron vi thé 1am giam hiéu ung chan,
Vi vay, tin hiéu cong huong tir s& dich chuyén vé
ving c6 tan sb thap hon. Ngoai ra, co thé nhan thay
tin hiéu cong huong tir cta proton trong phén tir
H3;PO, trong dung dich véi DMF cao hon trong
dung dich MTMA, diéu nay c6 thé khang dinh
tuong tac gitta H3PO, va DMF cao hon tuong tac
gitta HsPO, va MTMA. Két qua thu dugc phu hop
vai két qua tinh toan luong tir cho hé HsPO,-DMF
va H;P0, -MTMA [10].

Tir cac két qua thu duoc ciing c6 thé dua ra dugc
nhat dinh rang, PMMA c6 tham gia vao qua trinh
truyén dan proton. Két hop céc két qua thu duoc véi
nhitng két qua thu duoc tir phuong phép tinh hoa
luong tu [7, 10], trong nghién ctru ching toi da dat
ra nhitng md hinh truyén dan proton trong hé gel
theo co ché Grotthuss qua phan tir DMF ciing nhu
theo chudi cia phan tir polyme théng qua phan tur
axit (so do 1).

Quaé trinh truyén dan proton tu do theo co ché
Grotthuss qua phan tir DMF (so dd a) gébm su dinh
huéng phan td DMFH+ va truyén proton téi phan tur
DMF bén canh. Tinh toan hoa luong tir cho thiy, su
chuyén proton tu do tr DMF sang phan tir axit
khong thuan loi vé mat nang luong [11]. Vi vay,
trong trudng hop ndy, su truyén dan proton chi xay
ra qua phan tir DMF.
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So d6 1: M hinh su truyén dan proton cé thé xay ra trong hé gel theo co ché
Grotthuss qua phan tir DMF (a) va qua chudi polyme (b)
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Tir so dd b 6 thé thay, khéc véi sy truyén dan
qua phan t DMF, truyén dan proton theo chudi
polyme xay ra qua phan tir axit. Tinh toan luong tir
cho thdy, xac xuat chuyén proton ty do tir axit sang
MTMA va tr MTMA sang axit 1a twong duong
nhau.

4. KET LUAN

So sanh nang lugng hoat dong hoa theo gia tri
d6 dan dién riéng va do nhét cua gel cho thiy quéa
trinh truyén din proton trong hé gel duoc dic trung
boi co ché truyén dan Grotthuss. Trén co so két qua
phan tich phd hdng ngoai va phd cong huong tir hat
nhan cho thay su ton tai lién két hydro giira phan tu
HsPO, véi phan td PMMA va MTMA. Str dung két
qua thuc nghiém va két qua tinh toan luong tir da
dua ra dugc md hinh v& qua trinh truyén dan proton
trong gel clng vai sy tham gia cta phan to dung
moi DMF va phan tir polyme PMMA.

Loi cam on. Nghién cuu nay duwoc tai tro bgi
Truong Dai hoc Khoa hoc tu nhién trong dé tai ma
so TN.15.11.
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