PAT VAN PE

Hién nay cong nghé nano dang phat trién nhanh chong va
htra hen nhiéu thay d6i déang ké tac dong dén kinh té va khoa hoc. C6
thé ap dung cong nghé nano cho mét loat cac linh vuc khac nhu cong
ngh¢ thong tin, xtr Iy mai trudng, xuc tac va y sinh. Trong do vat li¢u
nano cau rong duge xem la mot trong s6 cac vat liéu tiém nang do co
nhiing tinh chét vat Iy va hoa hoc dac trung, hinh théai dugc xac dinh
13, kich thudc dong déu, mat do thap va dién tich bé mit 16n do d6
¢6 nhiéu tmg dung hiéu qua.

Nhan biét cac phan tir khi 1a rat quan trong dé giam sat moi
truong, kiém soat cic qua trinh hoa hoc, ndng nghiép va y té. Dic
biét, viéc phat hién cac loai khi doc nhu CO, NOx va NH;3 1a rat quan
trong ddi voi nhiéu nganh cong nghiép. Céc oxide kim loai da duoc
nghién ctru rong rdi vé do nhay ciia chung dbi voi cac chat khi do ¢
nhiéu vu diém nhu kich thudc nho, ché tao don gian, gia thanh thap.

Ung dung cam bién dién héa gan day co nhiéu tién bo dang
ké nhu sir dung dién cuc than thuy tinh dé x4c dinh mét s6 loai hop
chat trong cac cong thic duoc phim hodc phan tich mot s6 hop chat
hiru co. C6 nhiéu ky thuat phan tich nhu sic ky long, sic ky long
hiéu ning cao, quang phd, héa phat quang va quang phd khéi mao
mach da duoc sir dung dé phat hién va tach cac thanh phan hoat tinh
duoc phém do d6 nhay cao va d6 chon loc cao. Tuy nhién, tat ca cac
phuong phap nay déu phtc tap, ton thdi gian va doi hoi thiét bi dat
tién. Trai nguoc véi cac ki thuat thong thuong nay, k¥ thuat dién hoa
khéc phuc nhiing nhugc diém trén do chi phi thap, dap tmg nhanh va

tmg dung trong thir nghiém tai chd.



Trén thé gidi da c6 mot sd cong trinh nghién ctru vé vat lidu
nano oxide kim loai dang cu réng va khao sat mot sb ung dung,
nhung & trong nudc cac nghién ciru vé linh vue nay con kha it. Viéc
nghién ctru vat lidu nano oxide kim loai dang ciu xdp c6 ¥ nghia vé
khoa hoc co ban ciing nhu dinh huéng ung dung, dac biét 1a trong
linh vuc cam bién khi nhdm phat hién mot s6 chét khi co thé gay anh
huong dén sirc khoé con ngudi, ing dung trong xtc tac hip phu
nham han ché sy 6 nhiém méi truong va trng dung bién tinh dién cuc
dé phan tich dién hoa ma dién hinh 1a cic phuong phap von — ampe
hoa tan mang lai nhidu vu diém nhu d6 nhay, d6 chinh xac, tinh chon
loc cao va giéi han phat hién thap, dic biét 1a chi phi thiét bj va chi
phi phan tich thap va do d6 rat thich hop cho viéc phén tich truc tiép
mdt s6 hop chét hiru co va vo co trong cac mau sinh pham va y hoc.

Xuat phat tir nhitng van dé néu trén va diéu kién nghién ciru
thuc tién, chung toi lya chon dé tai “Nghién ciru tong hop vt ligu
trén co sé cobalt oxide cAu xdp va ing dung”.

Nhiém vu cia luin an:

Téng hop dugc vét liéu nano cobalt oxide, cobalt ferrite
dang cau xdp va vat lidu cobalt ferrite/graphene oxide dang khir.

Khao sat tmg dung hoat tinh cam bién khi ctia vat liéu nano
cobalt oxide.

Khao sat ing dung hoat tinh cam bién dién hoa cta vat lidu
nano cobalt ferrite va cia vét liéu cobalt ferrite/graphene oxide dang
khir.

Nhirng dong gop méi cia ludn an:

Luén an da thu dugc mot s6 két qua mdi nhu sau:
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- Pa tong hop dugc cobalt oxide dang cau xdp va khao sat
hoat tinh cdm bién ddi voi céc khi CO, HzS, Hz, NHs.

- Pi tong hop duoc cobalt ferrite dang cau xdp va ung dung
lam chat bién tinh dién cuc dé xac dinh dong thoi acid ascorbic,
acetaminophen va caffeine bang phuong phap von — ampe hoa tan.

- Pi tong hop cobalt ferrite/graphene oxide dang khir va ng
dung 1am chat bién tinh dién cuc dé xac dinh dong thoi acid uric,
xanthine va hypoxanthine.

Céu triic ciia luin an:

Luén an duoc bd cuc nhu sau:

- Dt van d&.

- Chuong 1. Téng quan tai liéu.

- Chuong 2. Muc tiéu, ndi dung va phuong phéap nghién ctru.

- Chuong 3. Két qua va thao luan.

- Két luan.

- Danh muyc céc cong trinh lién quan dén luén an.

- Tai liéu tham khao.

Chuong 1. TONG QUAN TAI LIEU

1.1. VAT LIEU NANO OXIDE KIM LOAI TEMPLATE CAU
1.1.1. Mot s6 nghién ciru tong hop template carbon ciu
1.1.2. Mot s6 nghién ctru tdng hop nano oxide kim loai sir dung
template ciu
1.1.3. Mt sé nghién ciru tdng hop nano cobalt oxide va nano
cobalt ferrite
1.1.3.1. M{t 56 nghién civu tong hop nano cobalt oxide
1.1.3.2. Mt s6 nghién ciru téng hop nano cobalt ferrite

3



1.2. UNG DUNG CAM BIEN KHi CUA NANO COBALT
OXIDE CAU RONG
1.3. UNG DUNG CAM BIEN DPIEN HOA CUA NANO
COBALT FERRITE TRONG VIEC XAC PINH MOT SO HQP
CHAT HUU CO
1.4. KET LUAN PHAN TONG QUAN VA PINH HUONG CAC
NOI DUNG NGHIEN CcUU

Chuwong 2. MUC TIEU, NOI DUNG VA PHUONG PHAP

NGHIEN CUU

2.1. MUC TIEU

Téng hop dugc vat liéu nano cobalt oxide dang cau xép co
hoat tinh cam bién khi cao.

Tong hop duoc vat liéu vat liéu nano cobalt ferrite dang cau
x6p va vat liéu cobalt ferrite/graphene oxide dang khir dang cau xdp
¢6 hoat tinh cam bién dién hoa cao.
2.2.NOI DUNG

- Téng hop cobalt oxide dang cau xdp va nghién ctru hoat
tinh cam bién khi CO, HzS, Hz, NH.

- Tong hop cobalt ferrite va tmg dung 1am chét bién tinh dién
cuc dé xac dinh dong thoi acid ascorbic (ASA), acetaminophen
(ACE), caffeine (CAF) bang phuong phap von — ampe hoa tan anot.

- Téng hop cobalt ferrite/graphene oxide dang khtur va tng
dung lam chét bién tinh dién cuc dé xac dinh déng thoi acid uric
(AU), xanthine (XN), hypoxanthine (HX).

2.3. PHUONG PHAP NGHIEN CUU
2.3.1. Pic trung vt liéu



2.3.1.1. Phwong phdp nhiéu xq tia X (X-ray diffraction)
2.3.1.2. Hién vi dién tir quét (Scanning Electron Microscopy)
2.3.1.3. Pdng nhigt hip phu va gidi hdp phu nito
2.3.1.4. Phén tich nhiét
2.3.1.6. Hién vi dign tiv truyén qua (Transmission Electron
Microscopy )
2.3.1.7. Phé tin sic ning lwong tia X (Energy — dispersive
Spectrometer)
2.3.1.8. Phé hong ngogi (FT - IR)
2.3.1.9. Po tinh chit tir sit dung tiv ké méu rung (VSM)
2.3.2. Do cim bién khi
2.3.3. Cac phwong phap von — ampe (Voltametry)
2.4. THUC NGHIEM
2.4.1. Hoa chit, dung cu
2.4.2. Tong hop vit li¢u
2.4.2.1. Téng hop khung carbon hinh ciu
2.4.2.2. Téng hgp nano cobalt oxide ciu rong
2.4.2.3. Tong hop nano cobalt ferrite ciu rong
2.4.2.4. Chuin bi dién cuc than thuy tinh bién tinh bing cobalt
ferrite cau rong
2.4.2.5. Chuén bi dién cuc than thuy tinh oxide dang khir bién
tinh bang cobalt ferrite ciu rong
Chuong 3. KET QUA VA THAO LUAN
3.1. TONG HQP NANO COBALT OXIDE CAU RONG VA
NGHIEN CUU UNG DUNG CAM BIEN KHI
3.1.1. Tong hop va dic trung vat lidu ciia carbon hinh ciu
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Anh SEM cho thay carbon tong hop duoc 1a nhiing qua cau
tuong d6i dong déu, bé mit nhin c6 duong kinh khoang 300 — 400
nm (Hinh 3.1).

Thanh phin héa hoc bé mit va trang thai oxi hoa cua céac
nguyén t6 dugc nghién ciru bang phd XPS. Cho thdy cac nguyén t6
dic trung C va O xuat hién.

Su ¢6 mit cia cac nhom chuc lién két trong vat li¢u carbon
hinh ciu d3 dugc dic trung bang phd hong ngoai (FT-IR). Két qua
cho thiy ton tai mot sé luong 16n nhém hydroxyl trong san pham
carbon cau tong hop.

Két qua XRD cua carbon hinh cAu cho théiy vat liéu ¢ dang vo
dinh hinh.

Ding nhiét hap phu nito dugc st dung dé xac dinh dién tich bé
mit cua vat liéu tong hop. Cac dudng cong dang nhiét thudc loai III
theo phan loai cia IUPAC. Dién tich bé mit riéng do bang phuong
phap BET la 10,7 m2.g™.

Trén co sé nghién clru cua Sun va Li, m6 hinh tao thanh

carbon cau c6 thé minh hoa nhu sau:
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So d6 3.1. So dd d& xuét su tao thanh carbon dang cau
3.1.2. Téng hop va dic trung vt liéu ciia nano cobalt oxide trén
khuén carbon ciu

Anh SEM cua cobalt oxide tong hop trén khudn carbon cau &
ty 1& mol carbon cau/ Co(NOs), (ky hiéu 1a R) 1a 1/1, 1/5, 1/10.
Ching t6i chon cic mu ty 18 mol carbon/ Co(NOs); = 1/5 dé khao
sat cac dac trung cia no.

Hinh thé&i caa nano cobalt oxide trén khung carbon cho thiy
vat liéu tong hop 1a nhitng hinh cau, khong tron nhén, do ¢ nhiéu
hat nho tap hop lai thanh qua cau lon ¢6 hinh dang twong ty nhu hinh
carbon cau ban dau.

Trén gian dd nhidu xa tia X cta cobalt oxide tong hop xut
hién cac dinh nhidu xa theo JCPDS s6 00-042-1467 cta pha tinh thé
Co0304 1ap phuong.



Gian d6 phan tich nhiét trong lugng cho thay tir nhiét do trén
400 °C thi khdi lugng cia mau dat on dinh va thay doi khong dang
ké.

Trén phd hong ngoai cua cobalt oxide xuit hién thém 2 dinh
sic nhon so v&i ctia carbon ¢ 569 cm™ va 665 cm™ mg véi dao
dong hoa tri cua lién két Co—O, khang dinh cho su tao thanh cobalt
oxide C0304 phtt hop v6i gian d6 XRD. Piéu nay chimg to san
pham tong hop chira ca Co* va Co?.

Nhu vay, cobalt oxide tong hop trén khudn carbon cau la
nhitng hat nano hinh cau véi kich thuéc khoang 300 nm bao gdom 16p
vo chic, dic 1a cac hat nano oxide Co304 bao phu trén khudn carbon
cau. Sau khi dem nung ¢ 550 °C thi 15i carbon chay dé lai oxide
C0304 hinh cau va mot phan 15i carbon khong chay con lai trong san
pham tong hop.

Puong hap phu va giai hap phu ciia nano cobalt oxide cau co
d6 tr& 16n hon so v6i nano carbon cau. Pidu nay 1a do c6 su hinh
thanh mao quén gilia cac hat nho nano oxide. Cac hat cobalt oxide
cau nay co dién tich bé mat riéng BET ting 1én dang ké (Sger = 17,7
m?/g) so voi dién tich bé mit riéng BET ctia carbon cau (Sger = 10,7
m2/g).

3.1.3. Hoat tinh cam bién khi ciia nano cobalt oxide hinh ciu
rong

Trong nghién ctru nay chung t6i s€ nghién ctru hoat tinh cam
bién khi cta cobalt oxide duoc téng hop trén bdn loai khi CO, H.S,
H. va NHa,



3.1.3.1. Hoat tinh cim bién khi CO
Vit liéu nano cobalt oxide tong hop cam bién khi CO & nhiét
d6 thich hop 1a 250 °C. O nhiét do nay thi do nhay khi dat gié tri cao
nhit 14 2,7 khi ndng d6 khi CO 1a 200 ppm.
3.1.3.2. Hoat tinh cim bién khi H,S
Theo d6 thi thi nhiét do t6i wvu dé cam bién hoat dong 1a 300
°C. O nhiét 46 nay, do nhay khi c6 gia tri 16n nhat 1a 5,01 & nong do
H.S 1a 20 ppm.
3.1.3.3. Hoat tinh cim bién ciia khi H;
Dbi voi khi H; thi vét liéu cobalt oxide tong hop chi co hoat
tinh cam bién & 300 °C. Nong do khi Hz dua vao 1a 25, 50, 100, 250
va 500 ppm.
Khi ndng d6 khi H, ting tir 250 1én 500 ppm thi do nhay khi
tang khong dang ké tir 1,98 1én 2,02.
3.1.3.4. Hoat tinh cim bién ciia khi NH,
Nhu véy, vat liéu tong hop cam bién khi & nhiét d6 toi wu 1a
300 °C véi do nhay khi dat gia tri 16n nhét 1a 3,08 khi néng d0 NH3
14 100 ppm.
3.2. TONG HQP NANO COBALT FERRITE CAU RONG VA
NGHIEN CUU UNG DUNG CAM BIEN PIEN HOA
3.2.1. Tong hop va dic trung vat liéu cia cobalt ferrite ciu rong
Tir cac nghién ctru ban dau, nhan thiy hdn hop Fe*, Co* va
D-glucose 14 nhitng tién chat thich hop dé téng hop cobalt ferrite dwa
trén khuon cau carbon.
Két qua phan tich phd EDX do vat liu cobalt ferrite tmg véi
ty 16 mol Fe?*/Co% ban dau 1a 1/1 cho thiy vat liéu chta cobalt, sat
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va mét luong nho tap chét luu huynh cting dugc phat hién (c6 1€ do
tap chat ctia nguyén liéu dau).

Ty 1& mol Fe?*/Co?* trong hdn hop ban dau xap xi 1 (0,95 dén
1,01) thi ty 16 mol Fe%*/Co? trong san phdm xap xi 2, twong mg véi
cobalt ferrite voi cong thirc 14 CoFe,04. Do d6, dé téng hop duoc
cobalt ferrite theo ty 1€ hop thirc, chung t6i Iya chon ty 1€ mol
Fe?*/Co?* ban dau 1a 1/1 cho cac thi nghiém tiép theo.

Nhiéu xa XRD cho thy ciu trac tinh thé diy du pha cobalt
ferrite. T4t ca cac dinh pht hop véi cdu tric clia cobalt ferrite. Trén
gian d6 khong xuét hién pha trung gian, nén san pham hinh thanh la
cobalt ferrite cdu trac don tinh thé.

Anh SEM cua cic tién chit cobalt ferrite cho thiy cac hat
hinh cau két ty trén bé mit, diéu nay c6 thé 1a két qua cua viéc hinh
thanh pha két tinh thir hai xay ra trén bé mat khuén cau carbon. Pay
12 hdn hop ludng oxide cobalt va sat két tia trén bé mat cac hat cau
carbon khi xdy ra phan tng cta ion cobalt va ion sit dé hinh thanh
nén cobalt ferrite. Cac hat cAu carbon c6 thé dugc xem nhu mot
khuon tam thoi va duge loai bo bang cach nung cac tién chit cobalt
ferrite & 500 °C trong 5 gio dé thu dwoc vat liéu cobalt ferrite c6 cAu
tric mong mudn (dang cau rdng).

Pho XPS ciia CoFe,04 dang cau rong cho thay sy xuat hién
ctia cac dinh Fe, Co, O va ca C. Két qua phan tich XPS hoan toan
phtt hop véi cdu triic cia CoFe,04 ting v&i cobalt ferrite.

Puong dang nhiét hip phu/ giai hip phu nito cua cobalt
ferrite nung & 500 °C thugc loai IV theo phan loai cia ITUPAC voi

vong tré H3 & ap suat twong dbi trong khoang 0,5-0,9, chimg t6 su
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c6 mat cia mao quan trung binh va vi mao quan. Dién tich bé mit
riéng do bang phuong phap BET 1a 16 m?.g 1,

Tinh chit tir cua spinel duge xac dinh bang phép do VSM ¢
nhiét d6 phong. Vi cac vong tré tir hod bdo hoa cé dang chir S. Gia
trj tir hoa bio hoa 12 59 emu g . Do khang tir gan 1000 Oe, cho thiy
tlr truong cua vat liéu van duy tri khi loai bo tir trudng bén ngoai. Do
d6, cobalt ferrite 1a vat liéu sit tir. N6 thudc loai tir cung do d¢ khang
tir 16n, c6 thé sir dung trong nam cham vinh ciru.

3.2.2. Sir dung vit liéu cobalt ferrite cAu réng dé phat trién loai
dién cuc moi dung trong phwong phap phéan tich von — ampe hoa
tan

3.2.2.1. Khdo sdt dién cwc bién tinh bang vit ligu CoFe;0,

Dién tich bé mit dién cuc duoc xac dinh tir do dbc cua
duong tuyén tinh 1, véi 0. Gi tri nay ctia GCE va CoFe,04/GCE
lan luot 12 0,043 and 0,128 cm?.

Trong nghién ctru nay, viéc xac dinh ASA, ACE, va CAF
bang phuong phap dién hoa trén dién cuc nén GCE va dién cuc bién
tinh CoFe,0./GCE dugc khao sat bang phuong phép CV va DPV.
Khi str dung dién cuc bién tinh CoFe204/GCE thi tin hiéu dong dinh
oxi hoa ASA cao gan gip 12 1an, ACE cao gap 9 1an va CAF cao gép
15 14n so véi tin hiéu dong dinh oxi hoa cac chat trén khi sir dung
dién cuc nén GCE. Khoang cach giita cac dinh kha 16n nén c6 thé
duogc sir dung dé xac dinh dong thoi cac chét trong hdn hop. Do do,
CoFe,04/GCE c6 thé 1a mot dién cyc bién tinh tiém ning dé xac dinh
dong thoi ASA, ACE va CAF.
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3.2.2.2. Anh hwéng ciia pH

Céc phuong trinh hdi quy (3.13 — 3.15) cho thay hé sé goc
clia cac phuong trinh rat gan véi gia tri 1y thuyét 0,059. Dicu nay
chimg t6 s6 proton va s6 dién tir tham gia vao qua trinh oxi hoa khir
ASA, ACE va CAF la nhu nhau.

3.2.2.3. Anh hwéng ciia téc dp quét

Tir két qua phan tich 3 d thi biéu hién mdi quan hé giira I,
v6i v, Inly v6i Inv va 1, véi 012, ¢6 thé két luan ring qua trinh oxi hoa
ASA, ACE va CAF trén dién cuc bién tinh CoFe,04/GCE dugc kiém
soat bang qué trinh hip phu.

Phuong trinh 3.26 — 3.28 cho thiy E, va Inv c6 hé sb tuong
quan tuyén tinh cao (r = 0,920 + 0,977, p < 0,05). Tir hé s6 goc cia
dudng thang (Hinh 3.28 d) c6 thé tinh dugc gia tri n cia ASA, ACE
va CAF tinh duoc lan luot 1a xdp xi 1,9; 2,1 va 1,9. Ma n 1a s
nguyén, nén gia tri ctia n 1a 2. Nhu vay, qua trinh oxi hoa khur lién

quan dén sy trao d6i 2 proton va 2 dién tir.

@ o
v Y N 2 2
Co2+ YV ’*‘\i_L" thuy nhiét
+ P

ASA  ACE  CAF
Q Q

So d6 3.2. So dd minh hoa su oxi hoa ASA, ACE va CAF trén
vat liéu CoFe;,O4/GCE
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Co ché cua qua trinh oxi hoa ASA, ACE va CAF thé hién
nhu phuong trinh (3.31) dén (3.33).

Qua trinh oxi hoa ASA, ACE va CAF c6 hiéu ung dién hoa
cao va kha niang phan tach cuc dai. Qua trinh nay c6 thé duoc minh
hoa biang So d6 3.2.

3.2.2.4. Khdo sdt dnh hwéng ciia mt sé chit cin tré

Trong nghién ctru nay, 500 ldn cac chat NaNOs, KNOs,
CaCl,, (NH4)2S04 khong anh hudng dén d6 chon loc va cac chat anh
hudng khong gay nhiéu khi dung dich chira 152 1an glucose, 180 lan
benzoic acid, va 200 lan glutamic acid. Gia tri RSD nim trong
khoang —4,9% and 4,3% (Bang 3.2). Diéu nay ching to dién cuc
bién tinh bang vat liéu CoFe20, c6 do chon loc tét ngay ca khi trong
dung dich ton tai mot s6 chat anh huong c6 ndng do cao.

3.2.2.5. Khodng tuyén tinh va giéi han phdt hi¢n (LOD)

Gidi han phat hién LOD cua ASA, ACE va CAF (trung binh
clia mau tréng cong 3 1an d6 1éch chuan (3 s/m)) lan luot 1a 0,313;
0,267 va 0,226 pM. Do nhay ciia ASA, ACE, va CAF lan luot 1a
0,41; 2,23 va 0,89.

Két qua cho thay khoang tuyén tinh cua nghién ctu nay khi
str dung CoFe;04/GCE nho hon nhiéu, nhung LOD ctia nghién ctu
nay tuong dong hoic thap hon so véi mot sb cong trinh khac.

3.2.2.6. Xdc dinh ASA, ACE va CAF trong cdc méu thuéc
va do uéng

Chung t6i da st dung phuong phap dé xuit dé xac dinh 6

mau thude thuong mai va 3 mau dd uéng (Bang 3.5).
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Do thu hdi ciia phuong phap nam trong khoang 95-106%.
Céc chat phan tich cling dugc xac dinh biang phuong phap sic ky
long hiéu ning cao (HPLC) dé so sanh. Ham luong ASA, ACE va
CAF xac dinh bang hai phwong phép c6 sy tuong dong cao. Do thu
hoi nam trong khoang 92-106%. Tir nhitng két qua nay, co thé két
luan dién cuc bién tinh CoFe204/GCE ¢6 tiém ning dé xac dinh dong
thoi cc chat phén tich trong cac mau duoc pham va d6 udng.

3.3. TONG HQP NANO COBALT FERRITE/GRAPHENE
OXIDE KHU VA NGHIEN CUU UNG DUNG CAM BIEN
PIEN HOA

3.3.1. Téng hop va diic trung vt lidu ciia cobalt ferrite/graphene
oxide khir (CoFe;04/rGO)

Trén Hinh 3.31 a la duong cong TGA ctia CoFe;04/rGO
dugc do trong khong khi tir 40 dén 800 °C. Luong carbon con lai
trong vat lidu tong hop dugc khong thay d6i & nhiét do trén 400 °C.

Trén gian d6 XRD cua CoFe;04/rGO ciing xuit hién cac
dinh dic trung cua cobalt ferrite (Hinh 3.31 b). Tuy nhién, duong
nén cia nhidu xa 16n do rGO & dang v6 dinh hinh. Nhimng két qua
nay khing dinh vat liéu tong hop duoc 1 hop chat CoFe,04/rGO.

Thanh phan nguyén t6 cta Co, Fe, O va C theo EDX lan lugt
1a 13,56, 26,81, 47,18 va 12,03% ddi véi CoFe,04 va 4,81, 9,21,
34,52 va 51,46% ddi voi CoFe204/rGO.

Vit lidu CoFe;04rGO tong hop dugc nghién ctru bing
phuong phap phé FT-IR (Hinh 3.32). Nhitng dai hap thu dic trung
quan sat dugc & ca vat liéu CoFe.O4 va rGO ¢ Hinh 3.32 ¢ chung toé
su tong hop thanh cong vat liéu CoFe,04/rGO.
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Hinh thai cta hén hgp CoFe;04/rGO quan sat duoc la cac
qua cau rong CoFe,04 gin 1én cac tdm rGO theo cu tric trat tw co
loi cho su khuéch tan va hap phu chit phan tich (Hinh 3.33 d).

Két qua phan tich ban d6 nguyén t6 & Hinh 3.34 b, ¢, d va e
cho thiy nhimng hat CoFe,O;4 c6 kich thudc khoang 500 nm gin trén
nén rGO.

Pho XPS trinh bay ¢ Hinh 3.35 a cho thdy su c6 mit ctia cac
nguyén té Co, Fe, O va C.

DPuong cong tré tir clia vat liéu CoFe,04 va CoFe;04/rGO
duogc xac dinh ¢ 298 K véi truong quét tir —10000 dén 10000 Oe cho
thdy ca hai vat liéu déu c6 dic tinh sat tir (Hinh 3.36). Do tir hoa bio
hoa cta CoFe;Os la 60,2 emu.g! va cua CoFe.O4/rGO la 48,6
emu.g .

Céac duong dang nhiét cia rGO, CoFe,04 va CoFe,04/rGO
6 c&c vong tré & ap sudt twong ddi cao thudc loai IV theo phan loai
cud [UPAC. Dién tich bé mat riéng tinh dugc theo mo hinh BET cua
rGO 1a =319 m?.g"!; ctia CoFe,041a 16 m2.g~! va ctia CoFe,04/rGO
la 77 m%g™". Dién tich bé mit cia miu CoFe,04/rGO 16n gép 5 lan
so voi cua vat lieu CoFe,Os. Két qua nay cho thdy cac hat cobalt
ferrite phan tan cao trén nén rGO va vt liéu tong hop dugc c6 dién
tich bé mat 16n.

3.3.2. Sir dung vit liéu CoFe;04/rGO dé phat trién loai dién cuc
méi dung trong phwong phap phan tich von — ampe hoa tan
3.3.2.1. Khdo sdt cdc loai dién cuc

bién cuc CoFe;04-rGO/GCE duoc lya chon cho cac thi

nghiém tiép theo.
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3.3.2.2. Anh hwéng ciia lwong vit ligu bién tinh

Trong nghién ctru ndy, lugng vat lidu CoFe;04/rGO & nong
d6 1,0 mg/mL str dung dé bién tinh GCE 1a 5 L.

3.3.2.3. Anh hwong ciia pH

Hé sé goc cua cac dudong E, = f(pH) lan luot 1a —0,061; —
0,056 va —0,060 twong tmg v6i UA, XN va HX; nhiing gia tri ndy rat
gan v6i —0,059 V/pH. Diéu nay ching to su oxi hoa UA, XN va HX
c6 cung sd dién tir va sd proton trao doi.

3.3.2.4. Anh hwong ciia toc dj quét

D6 thi thé hién mbi quan hé gitta lpua; loxn; lprx Va 02 cho
thiy gitra chiing c6 mbi quan hé tuyén tinh tét (r = 0,9588 — 0,9866,
p < 0,001) (Hinh 3.41 b). Nhiing con sb trong ddu ngoic don dugc
tinh & d¢ tin cdy 95%. Tat ca cac dudng thang khong di qua gdc toa
d6 do khong chira s6 0 (Gia tri tir 0,690 dén 6,770 dbi vdi UA;
10,913 dén 16,767 d6i v6i XN; 1,799 dén 7,843 dbi véi HX). Piéu
nay chung to toc do ciia qua trinh khir cac chit phan tich quyét dinh
do qua trinh hap phu.

Db thi biéu dién phuong trinh hoi quy tuyén tinh giita E, va
Ino dugce trinh bay trén Hinh 3.41 c. Cac phuong trinh thu dugc tir
3.44 dén 3.46:

Gia tri na cia UA, XN va HX lan luot 1a 1,222; 0,950;
0,856. Dbi v6i hé bat thuan nghich, « bang 0,5 [64]. Do d6 gia tri
trung binh cua n 12 2,444; 1,900 va 1,912. Vi sb dién tir trao doi 1a s6
nguyén nén gia tri cua n 1a 2 cho ca ba chat phan tich. Do d6, quéa
trinh oxi hoa UA, XN, HX lién quan dén 2 dién tir va 2 proton;

Co ché duge minh hoa trén So do 3.4.
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So db 3.3. Co ché dé xuat ddi voi sy oxi héa UA, XN va HX trén bé
mat dién cuc
3.3.2.5. Anh hwéng ciia mét sé chit cin tré
Két qua cho thiy 10 1an ndng d6 acetaminophen va 50 lan
ndng do acid ascorbic khong anh huong dén tin hiéu dong dinh cua
XN va HX nhung anh huéng dang ké dén dong dinh cia UA. Tuy
nhién, 1000 1dn nong d ctia D-glucose; 20 1an nong do ciia KCI va
Na,COs; 100 1an nong d9 ciia MgSO4 khong anh hudng dén viée xac
dinh UA, XN va HX (Bang 3.6). Nhimng két qua nay cho thiy
phuong phap dé xuét co thé dugc sir dung dé phat hién cac mau thuc.
3.3.2.6. Dé lip lai, khodng tuyén tinh va gidi han phdt hién
C4c gia tri cuia RSD va gia tri ¥ - RSDy cho thiy tit ca cac
phép do co do lap lai tot (Bang 3.7). Do d6, dién cuc bién tinh
CoFe;04-rtGO/GCE c¢6 thé dugc sir dung nhiéu lan dé xac dinh UA,
XN va HX ngay ca khi ndng d6 céc chét phan tich thip hoic cao.
Gi6i han phat hién UA, XN, va HX lan luot 1a 0,767; 0,650
va 0,506 uM. Nhirng két qua phan tich trén cho thiy dién cuc bién
17



tinh bang vat licu CoFe;04/rGO 1a mét loai dién cuc tiém ning dé
xac dinh UA, XN va HX.

3.3.2.7. Xdc dinh din xudt purin trong méu nwéc tiéu

D6 hdi phuc trong khoang 95-105,3%, cho thdy do chinh
xéac va hiéu qua cua phuong phap dugc dé xuat dé phan tich cac mau
that. Két qua thu dwoc khi phan tich mau that dem so sanh phuong
phap sic ky long hiéu ning cao (HPLC), cho thiy str dung phuong
phap DPV dé xuit va phuong phap HPLC khéng khac nhau vé mat
thong ké (kiém dinh mau t-test: a« = 0,05; t (5) = 0,5, p = 0,637 >
0,05). Nhu vay, phuong phap dé xuit cho két qua trong dong véi két
qua cta phuong phap phan tich tiéu chudn HPLC va c6 tiém ning

xéac dinh UA, XN va HX trong cdc mau sinh pham.

18



KET LUAN
Tir cac két qua nghién ciru 1y thuyét va thuc nghiém cua luan
an, chung t6i rat ra mot s6 két luan nhu sau:

1. Pa téng hop Co30s c6 ciu tric cdu xbp sir dung
template carbon. Vat liéu nano cobalt oxidetong hop duoc co hoat
tinh cam bién véi bén chat khi CO, Hz, HzS va NHa.

- Nano cobalt oxide c6 do nhay khi HzS 16n nhat 1 5.01 khi
néng dd khi HaS 20 ppm, nhiét do 300 °C. Do nhay khi CO & nhiét
do6 tbi uu 1a 250 °C. O nhiét d6 nay, gia tri d6 nhay khi cao nhat khi
nong do khi 200 ppm 1a 2,7. Dbi v6i khi H, ¢ nhiét d6 300 °C, do
nhay khi 14 1,99 khi ndng d6 khi 1a 250 ppm. Dbi véi khi NHs, ¢
nhiét do 200, 250, 300 va 350 °C. Nhiét d6 téi wru cua vat liéu cam
bién ddi voi khi nay 1a 300 °C v6i d6 nhay khi dat gia tri 16n nhat
3,08 khi ndng d6 NHs 12 100 ppm.

2. ba nghién cuu duoc diéu kién téng hop dé tao duoc cobalt
ferrite cau x6p voi ty 18 hop thirc CoFe,04 bang cach sir dung khuon
carbon cung va ung dung dé phat trién cac loai dién cuc méi xac
dinh ddng thoi axit ascorbic, acetaminophen va caffein trong duoc
pham va db ubng bang phuong phap von — ampe hoa tan.

- Cobalt ferrite diéu ché dugc c6 ciu triic cau xbp 14 loai
thuan tir c6 d6 bio hoa tir 59 emu g,

- CoFe;04 1a mét chat bién tinh dién cuc tiém nang. Trong
nghién ctru nay dién cuc bién tinh duoc co thé dung dé xac dinh
ddng thoi acetaminophen, caffein va axit ascorbic trong mau thudc.
Phuong phap dé& xuit c6 giéi han phat hién thap (LOD cia
acetaminophen, caffein va axit ascorbic lan luot 1a 0,035; 0,062 va
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0,12 UM) va khong bi anh hudng bdi cac chat hitu co (glutamic acid,
benzoic acid...) va vo co (KNOs, KHCO3;, CaCl,, (NH4)2SO.).

3. Pa nghién ctru téng hop duoc cobalt ferrite/graphen oxit
khir (CoFe;04 /rGO) va phat trién dién cuc 1am viée sir dung phuong
phap dién héa phan tich ddng thoi axit uric, xanthine va
hypoxanthine bang phuong phap xung vi phan str dung dién cuc bién
tinh CoFe204-rGO/GCE.

- Két qua cho thiy nhitng hat CoFe,O4 c6 kich ¢& khoang
500 nm gin trén nén rGO. CoFe,04/rGO c6 dién tich bé mat riéng
Sget = 77 m?/g va ¢6 do bado hoa tir 12 48,6 emu.g .

- Phuong phap d& xuét co gii han phat hién thap (LOD ctia
axit uric, xanthine va hypoxanthine lan lugt 1a 0,767; 0,650 va 0,506
UM). P thir nghiém phan tich mau nudc tiéu, két qua c6 do thu hdi
cao va do chinh xac tuong duong v4i phuong phap HPLC.
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INTRODUCTION

At this time, nanotechnology is developing rapidly and
promises many significant changes that impact economic and
science. Nanotechnology can be applied to a variety of other fields
such as information technology, environmental treatment, catalysis
and biomedical. Hollow spherical nanomaterials are considered as
one of the potential materials due to their characteristic physical and
chemical properties, well-defined morphology, uniform size, low
density and large surface area, therefore they have many effective
applications.

Identification of gas molecules is critical for environmental
monitoring, controlling chemical, agricultural and medical processes.
In particular, the detection of toxic gases such as CO, NOy and NHs
is very important for many industries. Metal oxides have been
extensively studied for their sensitivity to gases due to many their
advantages such as small size, simple fabrication and low cost.

Application of electrochemical sensors has made significant
progress, such as using a glassy carbon electrode to identify certain
compounds in pharmaceutical formulations or analyzing certain
organic compounds. There are many various analytical techniques
such as liquid chromatography, high performance liquid
chromatography, spectroscopy, chemiluminescence and capillary
mass spectroscopy have been used to detect and separate
pharmaceutical active ingredients due to their high sensitivity and
high selectivity. However, all of these methods are complicated, time
consuming and require expensive equipment. Contrary to these
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conventional techniques, electrochemical engineering overcomes
these disadvantages due to its low cost, fast response and application
in on-site testing.

There have been a number of researches on hollow metal
oxide nanomaterials and investigating some applications in the
world, but in our country, there are a few studies in this area. The
study of porous spherical metal oxide nanomaterials has implications
for basic science as well as application orientation, especially in the
field of gas sensing to detect some gases that can affect to human’s
strength, the application in adsorption catalysts to limit
environmental pollution and the denaturing application of electrodes
for electrochemical analysis, typically the dissolved von-
amperometric methods offers many advantages such as high
sensitivity, accuracy, selectivity and low detection limit, especially
the equipment cost and the low analysis cost so that it is well-suited
for the direct analysis of some organic and non-organic compounds
in biological and medical samples.

From the above problems and practical research conditions,
we chose the topic ""Research about the synthesis of materials
based on cobalt oxide hollow spheres and application™.

The aim of the thesis:

Synthesis of hollow spheres cobalt oxide, cobalt ferrite and
cobalt ferrite/reducing graphene oxide nano materials.

Research cobalt oxide nanomaterials for gas sensor activity
application.



Research cobalt ferrite and cobalt ferrite/reducing graphene
oxide nanomaterials for electrochemical sensor activity application.

The new contributions of the thesis:

The thesis had some new results as follow:

- Cobalt oxide hollow sphere has been synthesized and used
sensor activity with CO, H:S, Hz, NHs.

- Cobalt ferrite hollow sphere has been synthesized and
modified electrochemical for simultaneous determination of ascorbic
acid, acetaminophen, caffeine by dissolution volt-ampere method.

- Cobalt ferrite/reducing graphene oxide has been
synthesized and application as electrode denaturing to
simultaneously determine uric acid, xanthine, hypoxanthine.

The structure of the thesis:

The thesis is arranged as follows:

- Introduction

- Chapter 1. Literature review.

- Chapter 2. Research objectives, contents and methodology.

- Chapter 3. Results and discussions.

- Conclusion.

- List of publications.

- References.

Chapter 1. LITERATURA REVIEW
1.1. NANO MATERIALS OF METAL OXIDES SPHERICAL
TEMPLATE
1.1.1. Some studies about the synthesis of spherical carbon
template



1.1.2. Some studies about the synthesis of metal oxides nano
material using spherical template
1.1.3. Some studies about the synthesis of cobalt oxide and
cobalt ferrite nano
1.1.3.1. Some studies about the synthesis of cobalt oxide nano
1.1.3.2. Some studies about the synthesis of cobalt ferrite nano
1.2. NANO HOLLOW SPHERE COBALT OXIDE FOR GAS
SENSOR ACTIVITY APPLICATION
1.3. NANO HOLLOW SPHERE COBALT FERRITE FOR
ELECTROCHEMICAL SENSOR ACTIVITY APPLICATION
TO DETERMINED SOME ORGANIC COMPOUNDS
1.4, CONCLUSIONS OF LITERATURE REVIEW AND
ORIENTATION OF RESEARCH CONTENTS

Chapter 2. RESEARCH OBJECTIVES, CONTENTS AND

METHODOLOGY

2.1. RESEARCH OBJECTIVES

Synthesis of hollow spheres cobalt oxide with high gas
sensing activity.

Synthesis of hollow spheres cobalt ferrite and cobalt
ferrite/reducing graphene oxide nano materials with high
electrochemical sensing activity.

2.2. CONTENTS

- Téng hop cobalt oxide dang cau xdp va nghién ciru hoat

tinh cam bién khi CO, H,S, Hz, NHs.



- Tong hop cobalt ferrite va tmg dung 1am chét bién tinh dién
cuc dé xac dinh ddng thoi acid ascorbic (ASA), acetaminophen
(ACE), caffeine (CAF) bang phuong phap von — ampe hoa tan anot.

- Tong hop cobalt ferrite/graphene oxide dang khir va ung
dung lam chét bién tinh dién cuc dé xac dinh déng thoi acid uric
(AU), xanthine (XN), hypoxanthine (HX).

- Synthesis of hollow spheres cobalt oxide and research
about the gas sensor activity with CO, HS, Hz, NHs.

- Synthesis of hollow spheres cobalt ferrite and modified
electrochemical for simultaneous determination of ascorbic acid
(ASA), acetaminophen (ACE), caffeine (CA by dissolution volt-
ampere method.

- Synthesis of  hollow spheres cobalt ferrite/reducing
graphene oxide and application as electrode denaturing to
simultaneously determine uric acid (AU), xanthine (XN),
hypoxanthine (HX).

2.3. METHODOLOGY

2.3.1. Material characteristics

2.3.1.1. X-ray diffraction

2.3.1.2. Scanning Electron Microscopy
2.3.1.3. Nitrogen adsorption/desorption
2.3.1.4. Thermogravimetry Analyse

2.3.1.6. Transmission Electron Microscopy
2.3.1.7. Energy — dispersive Spectrometer
2.3.1.8. Fourrier Transformation Infrared
2.3.1.9. Vibrating sample magnetometer
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2.3.2. Gas sensor activity
2.3.3. Voltametry method
2.4. EXPERIMENTAL
2.4.1. Materials
2.4.2. Materials preparation
2.4.2.1. Synthesis of spherical carbon template
2.4.2.2. Synthesis of hollow sphere cobalt oxide nano material
2.4.2.3. Synthesis of hollow sphere cobalt ferrite nano material
2.4.2.4. Preparation and modification of glassy carbon electrode
by hollow sphere cobalt ferrite
2.4.25. Preparation reducing graphene oxide electrode and
modification by hollow sphere cobalt ferrite

Chapter 3. RESULTS AND DISCUSSTIONS
3.1. SYNTHESIS OF COBALT OXIDE HOLLOW SPHERES
NANOMATERIAL AND RESEARCH ABOUT GAS SENSING
ACTIVITY
3.1.1. Preparation and characteristics of spherical carbon

The SEM image shows that the morphology of carbon consists
of smooth surface spherical particles and relatively uniform with
approximately 300 to 400 nm in diameter (Figure 3.1).

The elemental composition covering surface and oxidation
states were studied by XPS spectroscopy. They present the existence
of Cand O.

Bonding functional groups in carbon spheres has been
characterized by fourier-transform infrared spectroscopy (FT-IR).
The result showed that there are a large number of hydroxyl groups
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in the synthetic carbon spheres product.

XRD pattern of carbon spheres presented materials were
amorphous phase.
Nitrogen adsorption isotherms are used to determine the specific
surface area of synthetic products. The curvers show the IlI
isotherms of IUPAC. The specific surface area calculated with the
BET model is 10,7 m? -g ™.

Based on the research of Sun and Li, the model of carbon
spheres can be illustrated as follows:
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Scheme 3.1. Proposed schematic of growth model of carbon spheres
3.1.2. Preparation and characteristics of cobalt oxide
nanomaterial using spherical carbon template

SEM images of cobalt oxide synthesized on spherical carbon
templates at the molar ratio of spherical carbon / Co(NOs), (denoted



by R) is 1/1, 1/5, 1/10. The spheical carbon/ Co(NOs), molar ratio
1/5 was chosen to examine its properties.

The morphology of the cobalt oxide nanoparticles on carbon
template shows that the composites are spheres, not smooth, because
there are many small particles grouped together into large spheres
with similar shapes to the original spherical carbon spheres.

X-ray diffractions scheme of synthetic cobalt oxide appeared
diffraction peaks according to JCPDS No. 00-042-1467 of the cube
phase C030..

The diagram of thermal weight analysis shows that from a
temperature above 400 °C, the mass of the precursor is stable and
does not change significantly.

On the FT-IR spectrum of cobalt oxide, we can see two more
sharp peaks than that of carbon vibration at 569 cm™ and 665 cm™
characteristic to Co-O bond, confirming the formation of cobalt
oxide Co304 conforms to the XRD scheme. This is indicating the
synthetic product contains both Co®** and Co?*.

Therefore, synthetic coblalt oxide on carbon templates is
spherical nanoparticales with 300 nm in diameter consisting of
strong and solid shell, there are nanoparticles Cos0. oxide covered
on the spherical carbon templates. After being heated at 550 °C, the
carbon core burns leaving spherical CosO. oxide and a part of the
non-combustible carbon core remaining in the synthetic product.

The adsorption and desorption isothems of spherical cobalt
oxide nanoparticles had greater hysteresis loops than spherical
carbon nanoparticles. This is due to the capillary formation between
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the oxide nanoparticles. The spherical cobalt oxide particles had a
significantly increased BET surface area (Sger = 17,7 m?g)
compared with the BET surface area of the spherical carbon (Sger =
10,7 m?/g).
3.1.3. Gas sensing properties of nano hollow sphere cobalt oxide

In this work, we will use cobalt oxide products to investigate
for the detection of four gases as CO, H,S, Hz va NHs,

3.1.3.1. Sensor activity of CO gas

The synthetic cobalt oxide nanomaterial senses CO at an
appropriate temperature of 250 °C. At this temperature, the highest
sensitivity is 2,7 when the concentration of CO is 200 ppm.

3.1.3.2. Sensor activity of H2S gas

According to the curves, the optimal temperature for the
sensor to operate is 300 °C. At this temperature, the highest
sensitivity is 5,01 when the concentration of H.S is 20 ppm.

3.1.3.3. Sensor activity of H, gas

For H. gas, the synthetic cobalt oxide nanomaterial has only
sensor activity at 300 °C. The concentrations of H, exposured to 25,
50, 100, 250 and 500 ppm.

The sensitivity increased slightly from 1,98 to 2,02 with
inceasing concentration of H, from 250 to 500 ppm.

3.1.3.4. Sensor activity of NH; gas

Therefore, the synthetic cobalt oxide nanomaterial at the
optimum temperature of 300 °C with the highest sensitivity is 3,08
when the concentration of NH; is 100 ppm.
3.2. SYNTHESIS OF COBALT FERRITE HOLLOW



SPHERES NANOMATERIAL AND RESEARCH ABOUT
ELECTROCHEMICAL SENSOR ACTIVITY

3.2.1. Synthesis of cobalt ferrite hollow sphere and material
characterization

In a primary study, we found that the mixture of Fe?*, Co*,
and D-glucose was suitable precursors to synthesis cobalt ferrite
hollow sphere using spherical carbon template.

EDX analysis of cobalt ferrite with the initial Fe?*/Co?* molar
ratio of 1/1, cobalt and iron are observed and a small amount of
sulfur is also detected (due to impurities).

The Fe?*/Co?* molar ratio in the synthetic mixture is found
approximately 1 (0.95 to 1.01) then the Fe/Co molar ratio in product
is approximately 2, the cobalt ferrite has the formula CoFe;Oa.
Therefore, the Fe?*/Co?* molar ratio 1/1 was chosen for further
experiments.

XRD diffractions shows full - phase cobalt ferrite crystal
structure. All the peaks can be assigned to the cobalt ferrite structure.
No intermediate phase is observed, inferring that a single phase
cobalt ferrite structure.

The SEM image of cobalt ferrite precursor is shown particles
are also spherical with flocculent substances on the surface, this
might be the result of a second nucleating phase taking place on the
surface of the carbon spheres. That is iron/cobalt species initiate to
nucleate on the surface of the carbon spheres in the reaction between
cobalt and iron species to form cobalt ferrite. The carbon spheres act
as a sacrificial template and are removed completely from the cobalt
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ferrite precursor by calcination at 500 °C for 5h to form cobalt ferrite
with a hierarchical structure (hollow spheres)

The XPS spectra of hollow sphere CoFe,O. showed Fe, Co,
O, and even C peaks. The XPS analysis was completely confirms the
formula CoFe,0, for cobalt ferrite.

The nitrogen adsorption/desorption isotherms of cobalt
ferrite calcined at 500 °C show the IV isotherms of IUPAC with a H3
hysteresis loop at relative pressure ranging from 0,5-0,9 which reveal
the presence of mesopore and micropore. The specific surface area
calculated with the BET model is 19.46 m? -gL,

The magnetic properties of spinel were determined via VSM
measurements at ambient temperature. The magnetization hysteresis
loops exhibit the S-like type. The saturation magnetization value of
spinel is 59 emu-g*. The magnetic coercivity is nearly 1000 Oe
manifesting that magnetization still remains upon the removal of the
external magnetic field. Therefore, cobalt ferrite is considered as a
ferrimagnetic material. It belongs to the hard type due to its large
magnetic coercivity, which is useful in permanent magnets.

3.2.2. Using hollow sphere cobalt ferrite to develop a new type of
electrode for dissolving volt-amperometric analysis

3.2.2.1. Investigation of CoFe,O4 modified electrode

The electroactive surface area was obtained from the slope
of the linear line of I, vs. v¥2. This calculated value for GCE and
CoFe;04/GCE is 0,043 and 0,128 cm?, respectively.

In the present research, the electrochemistry behaviour of
ASA, ACE, and CAF at bare GCE and CoFe,04/GCE were studied
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using CV and DPV. The oxidation peak current for ASA, ACE, and
CAF at CoFe;04/GCE is nearly 12, 9, 15 times as high as that on
bare GCE, respectively. The large peak separation are acceptable for
their simultaneous determination in the mixture. Therefore,
CoFe,04/GCE is expected as a potential electrode modifier for the
simultaneous determination of ASA, ACE, and CAF.

3.2.2.2. Effect of pH

As can be seen from equations (3.13 — 3.15), the slopes of
these plots are equal or close to the theoretical value of 0,059. This is
indicating that an equal number of photons and electrons take part in
the redox process of ASA, ACE, and CAF.

3.2.2.3. Effect of scan rate

According to the analysis of the three relationships, namely
lpb vs. v, Inly vs. Inv, and I, vs. v¥2, we can conclude that the
electrooxidation of ASA, ACE, and CAF on CoFe;04/GCE is an
adsorption-controlled process.

As can be seen from equations 3.26 — 3.28, the plots of E, vs.
Inv are highly linearly related (r = 0,920 + 0,977, p < 0,05). From the
slopes of the plots (Figure 3.28 d) can calculate the value of n is
approximately 1,9; 2,1 and 1,9 for ASA, ACE and CAF,
respectively. Since n is an integral, we accept that n equals 2. As a
result, two protons and two electrons are involved in the redox
process.
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Scheme 3.2. lllustration of ASA, ACE, and CAF oxidation at
CoFe;04/GCE

The oxidation mechanisms of ASA, ACE and CAF as
reaction (3.31) to (3.33).

The oxidation of ASA, ACE and CAF results in high
electrochemical responses and a large peak separation. This process
is illustrated in Scheme 3.2.

3.2.2.4. Effect of interferent compounds

In our study, 500 fold of NaNOs;, KNQOjs, CaCly, (NH4)2S04
do not affect the selectivity, and no interfering effect is observed at
152 fold of glucose, 180 fold of benzoic acid, and 200 fold of
glutamic acid. RSD varies between -4,9% and 4,3% (Table 3.2). The
obtained results reveal the acceptable selectivity of the CoFe.O.
electrode even in the presence of high concentrations of other
species.

3.2.2.5. Long-term stability and limit of detection (LOD)

The LOD of ASA, ACE, and CAF (three times of the
standard deviation of the blank over sensitivity (3 s/m)) is 0,313 pM,
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0,267 pM, and 0,226 pM, respectively. The sensitivity of the ASA,
ACE, and CAF determination is 0,41, 2,23 and 0,89, respectively.

The data show that the linear range obtained in this work
with CoFe,04/GCE is much smaller, whereas LODs are compatible
or lower than those of other works.

3.2.2.6. Determination of ASA, ACE and CAF inin
pharmaceutical preparations and beverages

Six commercial pharmaceutical and three beverage samples
were used to qualify the method (Table 3.5).

The recovery is in the range of 95-106%. The analytes were
also determined by using HPLC for comparison. The content of
ASA, ACE, and CAF in the samples determined using the proposed
method and the HPLC method is in a good agreement. The recovery
is also acceptable. From these results, we can conclude that the
CoFe,04/GCE electrode is capable of the simultaneous analysis of
pharmaceutical and beverage samples.

3.3. SYNTHESIS OF NANO COBALT FERRITE/ REDUCING
GRAPHENE OXIDE AND RESEARCH ABOUT
ELECTROCHEMICAL SENSOR APPLICATION

3.3.1. Synthesis and characterization of cobalt ferrite/reducing
graphene oxide (CoFe;04/rGO)

Figure 3.31 a shows the TG curves of CoFe,04/rGO
recorded in airflow from 40 to 800 °C. The carbon residues are
completely removed at temperatures higher than 400 °C.

The XRD pattern of CoFe;04/rGO appears the characteristic
peaks of the cobalt ferrite (Figure 3.31 b). However, the large

14



background indicates a large amorphous phase resulting from rGO.
These results confirm the successful synthesis of CoFe;0.4/rGO
composite.

The EDX analysis shows that the molar composition of Co,
Fe, O, and C in CoFe;O4 is 13,56, 26,81, 47,18 and 12,03%
respectively, and in CoFe,04/rGO is 4,81, 9,21, 34,52, and 51,46%.

The formation of the CoFe.O4/rGO composite was also
studied by using FT-IR spectroscopy (Figure 3.32). The
characteristic vibration bands of both CoFe,O4 and rGO are observed
in Figure 3.32 c, indicating successful synthesis of the CoFe,04/rGO
composite.

The CoFe,04/rGO composite consists of CoFe;O4 hollow
spheres embroiled homogeneously with rGO sheets to form a
hierarchical structure that favors the diffusion and adsorption of the
analytes (Figure 3.33 d).

The EDX elemental mapping in Figure 3.34 b, ¢, d and e
shows that CoFe;O4 clusters of around 500 nm in size are embedded
in the rGO matrix.

The XPS survey curve in Figure 3.35 a presents the
existence of Co, Fe, O, and C.

The magnetic hysteresis curves of the CoFe;Os and
CoFe;04/rGO composite, measured at 298 K with the field sweeping
from —10000 to 10000 Oe indicate that the two materials are
ferromagnetic (Figure 3.36). The saturation magnetization is 60,2
emu-g ' for CoFe,04 and 48,6 emu-g ' for CoFe,04/rGO.

The isotherms of rGO, CoFe,O4 and CoFe,04/rGO exhibit
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type IV with hysteresis loops at high relative pressures. The BET
surface area is 319 m?.g! for rGO, 16 m?.g~! for CoFe;04, and 77
m2.g~! for CoFe,04/rGO. The surface area of CoFe;O4/rGO
composite is nearly five-fold compared with that of pure CoFe;Oa.
These findings indicate that cobalt ferrite particles are highly
dispersed on the rGO matrix, and the material possesses a large
surface area.
3.3.2. Using CoFe,0O4rGO to develop a new electrode in
voltammetric method
dé phit trién loai dién cwe méi dung trong phwong phap phén
tich von —ampe hoa tan

3.3.2.1. Investigate the types of electrodes

CoFe;04-rGO/GCE electrode was selected for further
experiments.

3.3.2.2. Effect of amount of electrode modifier

In this work, the amount of CoFe,0./rGO 1,0 mg/mL
suspension on the GCE surface was selected at 5 pL.

3.3.2.3. Effects of pH

The slopes of the lines E, = f(pH) are —0,061; —0,056 and —
0,060 for UA, XN, and HX respectively, they are close to the
theoretical slope of —0,0599 V/pH. This indicates that the oxidation
of UA, XN and HX involves an equal number of electrons and
protons.

3.3.2.4. Effects of scan rate

The plots of I, ua, Ipxn and lprx vs. v~ are highly linear (r =
0,9588+0,9866, p < 0,001) (Figure 3.41 b). The number in the

1/2
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parentheses presents the 95% confidence interval. No lines pass the
origin because all the intercepts are greater than zero (varying from
0,690 to 6,770 for UA; 10,913 to 16,767 for XN; 1,799 to 7,843 for
HX). This indicates that the electrode process is controlled by
adsorption.

The plots of E;, vs. Inv are presented in Figure 3.41 c. The
regression equation is expressed in egs. 3.44 to 3.46.

The values of na for UA, XN, and HX are 1,222, 0,950, and
0,856, respectively. For the irreversible system, a is assumed to be
0,5 [64]. Therefore, the average values of n are 2,444, 1,900, and
1,912. Because the number of electrons transferred is an integer, this
number should be 2 in this case for all analytes. Therefore, the
oxidation of UA, XN, and HX involves two electrons and two
protons.

The mechanism for the oxidation of the analytes is proposed
in Scheme 3.3.

Fe?* Glucose CoFe,0, cau réng
10 Sleu am
/\ Gén 1én rGO
UA HX
XN [
g “e
— -

Glassy Carbon A E
Electrode o, o
G .

04 00 04 08 12 16 ¥

EIV CoFe,0,/rGO

Scheme 3.3. Proposed mechanism for the electrode process of UA,
XN, and HX oxidation
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3.3.2.5. Effect of interferent compounds

It is found that 10 fold of acetaminophen and 50 fold of
ascorbic acid do not interfere with the peak current of XN and HX
but significantly affect that of UA. However, 1000 fold of D-glucose,
20 fold of KCI and Na,COs, and 100 fold of MgSO4 do not interfere
with the determination of UA, XN and HX (Table 3.6). These
findings indicate that the present method can be used for real
samples.

3.3.2.6. Repeatability, linear range, and limit of detection

The values of RSD and the ¥ x RSDy predicted show that
all the measurements are repeatable (Table 3.7). Therefore, the
CoFe204/rGO-GCE can be used repeatedly for the detection of UA,
XN and HX at low or high concentrations.

The detection limits of UA, XN and HX obtained in the first
range are 0,767; 0,650 and 0,506 uM, respectively. From the analysis
above, we can conclude that CoFe,O4/rGO is a potential electrode
modifier for determining UA, XN, and HX.

3.3.2.7. Determination of purine derivatives in human
samples

The recoveries found in the range of 95%-105,3% indicate
the accuracy and efficiency of the proposed method for the urine
samples. The results obtained with HPLC for the real samples are
given for comparison. The results from HPLC are comparable with
those obtained from the DPV method proposed in this paper (paired
samples t-test: « = 0,05; t (5) = 0,5, p = 0,637 > 0,05). Therefore, the
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proposed method and the HPLC method is in a good agreement and
has potential to determine UA, XN and HX in biological samples.

CONCLUSIONS
From the theoretical and experimental research results of the
thesis, we had some conclusions as follows:

1. Co304 spherical structure has synthesized using carbon
template. The synthesized cobalt oxide nanomaterials have sensing
activity with four gases CO, Ha, H2S and NHs.

- Nano cobalt oxide has the highest sensitivity with H,S of
5,01 when the H,S gas concentration is 20 ppm, the temperature is
300 °C; and has CO sensitivity at the optimum temperature of 250
°C. At this temperature, the highest gas sensitivity value when the
gas concentration of 200 ppm is 2,7; and the sensor for H, gas only
at a temperature of 300 °C has a gas sensitivity of 1,99 when the H;
gas concentration is 250 ppm; have NHs; gas sensor at the
temperature of 200, 250, 300 va 350 °C. The optimum temperature of
the sensing material for this gas is 300 °C, and at this temperature the
gas sensitivity value reaches the maximum value of 3,08 when the
NH; concentration is 100 ppm.

2. Condition to synthesis has been studied to create a cobalt
ferrite hollow sphere with valid ratio CoFe,O4 by using hard carbon
template and application to develop new types of electrodes that
simultaneously determine ascorbic acid, acetaminophen and caffeine
in pharmaceuticals and biologicals with dissolved volt-ampere
method.
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- Prepared cobalt ferrite with spherical structure is a
paramagnetic type saturated with 59 emu.g™.

- CoFe;04 is a potential electrode denature. In this study, a
modified electrode can be used to simultaneously determine
acetaminophen, caffeine and ascorbic acid in the sample. The
proposed method has a low detection limit (LOD of acetaminophen,
caffeine and ascorbic acid, respectively, 0,035; 0,062 and 0,12uM)
and is unaffected by organic substances (glutamic acid, benzoic acid
...) and neutral muscle (KNOs;, KHCOs3, CaCly, (NH4)2S04).

3. We had synthesized cobalt ferrite/reduced graphene oxide
(CoFe;04/ rGO) and developed electrodes using the simultaneous
electrochemical method of analyzing uric acid, xanthine and
hypoxanthine by the differential pulse method using severe
denatured CoFe,O4-rGO/GCE.

- The results showed that CoFe,O, particles of size about
500 nm were mounted on rGO. CoFe,O4/ rGO has a specific surface
area of Sger = 77 m? g and has a saturation with 48,6 emu.g™ .

- The proposed method has a low detection limit (LOD of
uric acid, xanthin and hypoxanthine are respectively 0,767; 0,650
and 0,506 puM). Analytical urine samples have been tested, the
results have high recovery and accuracy equivalent to the HPLC
method.
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