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TONG HOP GRAPHENE TU VO CAY KHUYNH DIEP

Trong mot thai gian dai, nhiéu nghién ctu da dudc dau tu trién khai nhim tim ra cac phuong phéap
tdng hop graphene mdi viia c6 chi phi thap, viia than thién véi méi trudng. Tuy nhién, da phan cac
nghién cliu nay déu cho hiéu suat chuyé°n héa thap, graphene diéu ché khéng c6 do bén cao trong
dung méi phan tan. Chinh vi vy, gan day, nhoém nghién cuu clia GS Vishnu Shanker (Khoa Hoa
hoc, Hoc vién Ky thuat qudc gia Warangal, An Do) da dé ngh| mét phudng phap méi nhim téng
hdp graphe hoa tan: tn dung cac hop chat polyphenol 13y tli vé cay khuynh diép lam tac nhéan khi
graphene oxide thanh graphene. Nghién ctu nay da gy mét su chii y 16n trong cong dong céc nha
khoa hoc trén thé gi6i, khang dinh huéng st dung cdc chat khii c6 ngudn gdc tu nhién trong tdng

hdp graphene hoa tan can tiép tuc dugc nghién cliu sau.

Cac phuong phap tong hop vat ligu graphene

Trong vai nam gan day, tim kiém va phat trién nhiing
phuong phap than thién méi trudng nhdm téng hdp
graphene da trd thanh mét trong nhiing chli dé nghién
clu hdp dan nhat trén thé gisi. K& ti 1an du tién dugc
diéu ché bang phudng phap bang dinh Scotch vao nam
2004, graphene da thu hut sy chu y rat 16n cla cdng
doéng khoa hoc néi chung va cac nha khoa hoc vét liéu
ndi riéng. Von la mot vat liéu nanocarbon hai chiéu doc
déo vai cau tric bao gdbm nhiing I6p nguyén ti carbon lai
hda sp? lién két chat ché véi nhau, hinh thanh nén bé mat
dang té ong (hinh 1), graphene dugc nhin nhan cé tiém
nang ing dung trong rat nhiéu linh vuc cong nghé nho
vao hang loat dac tinh thi vi, chang han dién tich bé mét
riéng I6n, do bén co hoc cao, dac biét l1a kha nang dan
dién va dén nhiét vugt trdi [1, 2]. That vay, lién tuc nhiéu
cong trinh cho thay graphene hoan toan cé thé dugdc dua
vao sU dung trong siéu tu dién [3], dau do sinh hoc [4],
siéu cam bién [5], pin Li ion, xtc tac quang hoa [6] va pin
nhién liéu [7].

Hinh 1. C4u tric ctia graphene.

Chinh vi thé, dé t8ng hop graphene, khong it phuong
phap hién dai va chinh xac da dugc dé nghi, bao gém
phuong phap két tlia hai héa hoc [8], phat trién epitaxy
[9], ky thuat xen ké graphite [10] va ky thuat khi thly
nhiét graphene oxide [11]. Trong nhiing phudng phap
trén, ky thuat khr héa hoc graphene oxide gan nhu la
phudng phap chl luc do cho phép téng hop graphene
kh&i lugng I6n véi chi phi thap. Tuy nhién, phuong phap
nay lai can s dung nhiing héa chat doc hai, dé phat né
nhu sodium borohydride, hydrazine hydrate va dimethyl
hydrazine [12], ¢6 nguy co dan dén nhiéu van dé vé stic
khoe va moi tru’dng Vi vay, tim ki€ém mot con dudng méi,

c6 thé diéu ché graphene tu graphene oxide ma khong
dung hoéa chat doc hai cling nhu thiét bi dat tién van dang
la myc tiéu cla rat nhiéu nhom nghién ctu trén thé gidi.

Tong hop graphene theo con duong hoa hoc xanh

K& tii thap ky trudc, nhiéu tac nhan khii graphene oxide
than thién véi mai trudng da lan lugt dugc cac nha khoa
hoc dé nghi, nhu dudng [13], acid ascorbic [14], heparin
[15], ré ca rot [16], 16 hoi [17], vancomycin va albumin
trong huyét thanh bo [18]. Dang ti€c, trong hau hét cac
trudng hop, hiéu suat chuyén hoéa tir graphene oxide sang
graphene kha thdp. Ngoai ra, san phdm graphene dUdC
tao thanh thudng c6 hinh thai két tu cao khi khong dugc bé
sung chét 1am bén ti bén ngoai. Nham khac phuc nhugc
diém nay, gan day, mét s6 nha nghién ctu da dé nghi téng
hdp dung dich chiia graphene hoa tan, von dugc nhan
thay c6 thé (ing dung ngay trong composite polymer hoac
trong céac 16p mang mong dan dién trong suét. Cu thé,
Wang va cé4c cong su da téng hop thanh cong graphene
hoa tan v6i nhiéu dic tinh sinh hoc bang céach sl dung
dung dich polyphenol chiét xuat tii la tra [19]. Cong trinh
thu vi nay ngay 1ap tuc tao ra mét hudng nghién cliu mai
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dudc rét nhiéu nha khoa hoc quan tam: phat trién cac tac
nhan khi thién nhién, than thién moéi trudng dé c6 thé
téng hop hiéu qua graphene hoa tan véi chi phi thap.

Xuét phat ti dinh hudng do, nhém nghién ctu clia GS
Vishnu Shanker (Khoa Hoa hoc, Hoc vién Ky thuat quéc
gia Warangal, An D6) da thi nghiém tdng hgp graphene
hoa tan bang cach st dung cac chiét xuat ldy ti vo cay
khuynh diép (Eucalyptus globulus, con dugc goi 1a cay
bach dan, hinh 2), vén c6 hon 900 loai, phan loai trén
khap thé gidi va cé gan 170 loai dugc tim thdy & khu vuc
Nam A va bong Nam A [20]. TU lau, cac nuéc chau A
da sl dung nudc nong dé thu dudc cac chiét xuat tu la
cay khuynh diép khd. Cac thanh phan trong chiét xuat
nay c6 kha nang chéng viém, ha sét, giam dau rat hiéu
qud. Vivay, tinh dau khuynh diép da dugc thuong mai hda
rong rai, khéng chi la thanh phan tao huong trong nudc
giai khat, nudc hoa, thuc phém ma con dugc st dung cho
muc dich tri li&u nhiéu can bénh nhu cam lanh, cim, viém
phé quan, viém phdi va cac bénh vé dusng hé hap khéac.
Khéng chi c6 14, chiét xuét ti vd cay khuynh diép cling
dugc nhan thdy c¢6 nhiéu tiém nang tng dung khi chda
dén 29 hgp chat polyphenol, tit ca déu thé hién hoat tinh
sinh hoc. Chinh vi vay, GS Vishnu Shanker va cac cong
su tin rang c6 thé tan dgng ngudn polyphenol phong ph
tu vd cay khuynh diép dé tong hgp hiéu qué graphene hoa
tan véi chi phi thap, tli d6 c6 thé (ing dung trong san xuét
siéu tu dién.

Hinh 2. Théan va la cta cay khuynh diép.
Quy trinh tong hop graphene tir chiét xuat vé cay khuynh diép

Hinh 3 md t& quy trinh téng hop graphene hoa tan
ti vo cay khuynh diép trong nghién ctiu clia GS Vishnu
Shanker. Dau tién, vo cay khuynh diép tudi dugc thu thap
truc tiép tu cay, rita véi nudc khii ion va phai kho & nhiét
do phong. Tiép theo, cac I6p vo cay dudc nghién thanh
bot, cho vao nudc va dun & 70°C trong 30 phit nham chiét
cac hgp chat polyphenol vao dung dich. Dung dich chiét
sau do dudc loc, phan nuéc qua loc chiia cac hdp chat
polyphenol dugc luu trl trong td mat. Song song véi qua
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trinh chiét tach polyphenol tii vo cay, graphene oxide dugc
nhém nghién cliu tdng hgp bang phuong phap Hummers
bién déi, trong dé, 2 9 b6t nano graphite dugc trén véi 2 g
NaNQ, & 0°C trong bé nudc da. 80 ml dung dich H,SO, sé&
dugc tu ti cdp vao dung dich trong diéu kién khudy tron
lién tuc. Tiép theo, 12 g KMnO, dudc cho vao hé, nhiét do
phan Uing dugc git 6 10°C trong 2 gid, réi dugc nang 1én
40°C trong 2 gid ti€p theo. Sau khi két thdc phan ting, 80
ml nudc dudc thém vao hé, khudy lién tuc trong 1 gi
90°C. Hé phan (ing dudc x{ ly tiép véi 20 ml H,0, (30%)
va 180 ml nudc trong 3 gid. Cudi cung, hé dugc xU ly véi
dung dich HCI 10% va sy & 60°C trong 24 gid.

Chiét xuat
tir vo cay

Hinh 3. So db tdng hop graphene tii graphene oxide véi tac nhan
khir dugc chiét tir vé cay khuynh diép.

o} giai doan thi 3, 100 mg graphene oxide vua diéu
ché sé& dugc cho vao 50 ml dung dich polyphenol chiét
Xudt tli vo cay khuynh diép. Hén hdp nay dudc danh siéu
am trong 1 gid dé thu dudc huyén phu dong nhat, réi dun
hoan Iuu trong bé dau (khudy ti lién tuc & khodng 80-
85°C) trong 24 gi®. Cudi cung, san phdm bdt mau den (ky
hiéu E-graphene) dudc ria véi nudc vai lan roi sdy kho
qua dém trong tl say.

Nhiing dac tinh cia vat liéu E-graphene

Pé dic tinh héa san pham, déng thdi chiing minh kha
nang khi graphene oxide thanh graphene clia cac hgp
chat polyphenol chiét xuat ti vo cay khuynh diép, GS
Vishnu Shanker va cac cong su da st dung mot loat cac
phudng phap phan tich vat liéu hién dai, bao gém nhiéu
xa tia X dang bt (PXRD), ph6 Raman, kinh hién vi dién
tlf truyén qua (TEM) va déc biét 1a phé quang dién ti tia
X (XPS). Hinh 4 so sanh gian dé nhiéu xa tia X cia mau
nanographite, mau graphene oxide va mau E-graphene.
M&u nanographite thé hién mét mii cudng db cao dinh
vi tai 26,6°, ddc trung cho mat mang (002) clia graphite.
Ngudc lai, d6i véi mau graphene oxide, mii tin hiéu nay
dich chuyén vé géc 12,2°, tuong Ung véi su gia tang



khoang céch gitta cac mat mang. Diéu nay cho thay céc
nhom chuic oxy da dugc hinh thanh trong mang Iugi tinh
thé, dong nghia vai viéc nanographite da dugc oxy héa
thanh cong thanh graphene oxide. Thu vi hdn, sau khi
tac dung vai polyphenol chiét xuat tii vd cay khuynh diép,
méau E-graphene cho thdy tin hiéu & goc 12,2° da bién
mat, dong thai mot vung phé réng xuat hién quanh 25°,
tuong Ung v6i su suy gidm khoang cach gilia cac mat
mang do cac nhém chiic oxy da bi loai bd bdi tdc nhan
khi polyphenol.

S

E-Graphene

Graphene oxide

Cwong do (1An démigiay)

o

10 20 30 40 50 60
2 Theta

Graphite
A

Hinh 4. Gidn dé nhiéu xa tia X clia miu nano graphite, mau
graphene oxide va miu E-graphene.

D-band

E-Graphene (24 h)
2D-band

AN

E-Graphene (8 h)

/ \n‘\ E-Graphene (4 h)

,/' ! \ Graphene oxide .

500 1000 1500 2000 2500 3000
S6 séng (cm-1)

Hinh 5. Phd Raman clia cic mu graphene oxide va E-graphene khi
dugc khii & nhiéu khodng thoi gian khac nhau.

Hinh 5 80 sanh phé Raman clia mAu graphene oxide
vGi cac mau E- graphene khi duoc khi d cac khoang thai
gian khac nhau. T4t ca cac mau déu thé h|en hai mi tin
hiéu dac trung, mot & 1330 cm™ thudc vé dao dong doi
xting kiéu A, trong day D (D-band) clia céac nguyen ta
carbon lai hoa sp® va mot 6 1582 cm thudc vé dao dong
doi XUng kiéu E,, trong day G (G-band) clia tét ca cac
nguyén ti carbon lai héa sp? Tuy nhién, khi graphene
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oxide bi khii bdi dung dich chiét ti vd cay khuynh diép,
ty 1é cudng do gidia mdi tin hiéu D-band va G-band cé
khuynh hudéng tang dan. Biéu nay chiing té cac nhém oxy
trong graphene oxide da dan bi loai b khi thai gian khii
tang glup tang cudng so6 lugng khu vuc lai hoa sp® va
giam s6 luong khu vuc lai hoa sp?, qua dé khang dinh su
hinh thanh graphene.

Dé& c6 thém béng chiing vé sy hinh thanh graphene,
phé XPS véi do phan gidi cao vung C 1s dugdc st dung
(hinh 6). Mau graphene oxide cho thay mot vung tin
hiéu rong, bat déi xiing, ¢6 thé phan giai thanh 4 thanh
phan chinh, bao gém lién két C=C (carbon lai hoa sp?,
284,8 eV), C-O-C (nhédm epoxy, 286,8 eV), C=0 (nhém
carbonyl, 287,7 eV) va O-C=0 (nhém carboxyl, 289,5
eV). D6i v6i mau E-graphene, cac thanh phan bé mét
nay cé su thay dai ro rét: cudng dé cac mdii tin hiéu lién
quan dén cac nhom chic chiia oxy déu bi gidm, tham
chi ¢c6 mii con bién mat (C=0). Dac biét, ty I& nguyén ti
C/O ctia mau E-graphene (10,93) trong nghién ctu nay
khong chi cao hon mau graphene oxide (5,06) ma con
cao hon cac mau graphene dudc diéu ché tii cac tac nhan
kh(f than thién véi moi trudng nhu acid caffeic (7,15), acid
gallic (3,89-5,28), acid ascorbic (5,7), cellulose ty nhién
(5,47), tham chi cao hon cé cac tac nhan khi doc hai
nhu hydrazine monohydrate (10,3) [12] NhUng két qua
nay ching té dung dich polyphenol chiét xuat tii vo cay
khuynh diép hoan toan c6 thé trd thanh mot gidi phap
mai, xanh hon, hiéu qua haon, cho phép thay thé hoan hao
hydrazine monohydrate trong phan (ng khi graphene
oxide thanh graphene hoa tan.
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Hinh 6. Ph XPS C 1s clia mau graphene oxide (A) va miu

E-graphene (B).

Hinh thai bé mat cla E-graphene ciing 1a mot yéu to
dugc nhom nghién ctiu clia GS Vishnu Shanker quan tam.
Hinh 7A thé hién anh TEM clia m&u E-graphene, trong
do, cac tdm nano dudc quan sat thdy véi hinh thai trong
suét, dugc hinh thanh tu cac don I6p graphene 2 chiéu
xép 1én nhau. Anh HRTEM (TEM véi d6 phan gidi cao) &
hinh 7B cling chi ra khoang céach gitia cac I6p graphene
khoang 0,4 nm, tuong Ging véi gia tri dugc bao cdo trong
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phan tich nhiéu xa tia X (0,356 nm). Diéu dang chua y la
nhom nghién cliu khdng nhan thay cé sy ton tai clia cac
cum hat tu hgp I6n, chiing t6 cac thanh phan polyphenol
trong vo cay khuynh diép khong chi dong vai tro la chat
khit, ma con c6 kha nang lam bén hda hé graphene, ngéan
cén qua trinh tu hgp va ti dé gidp graphene dé dang phan
tan trong cac loai dung méi khac nhau. That vay, nhom
nghién clu da kiém tra do bén cla cac hé E-graphene
khi dugc phan tan trong mot s6 dung méi nhu nudc,
methanol, ethanol, acetone... Sau 15 ngay, tat ca cac hé
phan tan déu cho thay do bén tot, rat it thanh phan bi két
tla xuéng day binh.

Hinh 7. (A) Anh hién vi dién ti truyén qua (TEM) va (B) Anh hién vi
dién t do phan giai cao (HRTEM) clia mAu E-graphene.

Nhu vay, bang viéc tan dung cac hoat chéat polyphenol
chiét xuat tif v cay khuynh diép, mot ngudn nguyén ligu
ré tién, c6 san tai nhiéu nudc chau A, GS Vishnu Shanker
va cac cong su da téng hgp thanh cong graphene hoa
tan tii graphene oxide vGi hiéu suét vugt trdi, han han
céc tac nhan khi khac, ké ca chét khli doc hai hydrazine
monohydrate. Hé graphene hoda tan nay cling thé hién dé
bén dang ké trong cac mai trudng dung méi khac nhau.
Cong trinh nay, vi vay da gép phan mé rong thém cac giai
phap xanh cho phan tng kh( hoa hoc graphene oxide,
tl d6 cho phép téng hogp graphene chi véi chi phi thap «
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