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SUMMARY

ANALYSIS OF CARBOXY - DELTA 9 — THC IN URINE SAMPLES USING
ULTRAPERFORMANCE LIQUID CHROMATOGRAPHY
TANDEM MASS SPECTROMETRY (UPLC-MS/MS)

The research reported the results of analysing Carboxy-delta 9-THC in urine samples of drivers using
ultraperformance liquid chromatography coupled to a triple quadrupole mass spectrometer (UPLC-
MS/MS). Concentrations of Carboxy-delta 9-THC in urine samples were varied from 16ng/ml to
185ng/ml. The UPLC-MS/MS operated in multiple reaction monitoring (MRM) mode with positive
ionization, analysis resulted in 10 minutes. Sample treatment using solid phase extraction with CI8

gave recovery values more than 85%, the relative repeatability standard deviation value was lower
than 10%. The linear of Carboxy-delta 9-THC was tested in range from 10 to 500ng/ml in urine. The
limit of detection and limit of quantification of the proceduce were 2,7 and 8,9ng/ml, respectively.
Keywords: Carboxy-delta 9-THC, THC, LC-MS/MS, urine samples.

1. MO DAU

CAn sa ty nhién 12 ma tiy dugc str dung phé) bién &
Viét Nam. Trong cdy cin sa ty nhién c6
Tetrahydrocannabinol (THC) Ia chét c6 hoat tinh
chinh. Can sa ty nhién thudong dugc cac dbi tuong
str dung theo duong hit. Sau khi dugc hit vao co
thé thi THC dugc chuyén hoa nhanh thanh
Carboxy - delta 9 - THC & dang lién két véi axit
glucuronic va dao thai chi yéu qua nudc tiéu.

Séc ky 1ong siéu hiéu ning két ndi vé6i detector
khdi pho ndi tiép 2 lan (UPLC-MS/MS) hién
nay dugc xem la thiét bi hién dai, c6 do on
dinh, chinh xac va d§ nhay cao. Do d6, lugng
méu ding trong phén tich 1a rat it.

Nhu vay, UPLC-MS/MS 1a thiét bi rat hiéu qua
dé xac dinh dugc ddi tuong co su dung cin sa
hay khong théng qua viéc phan tich chat
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chuyén héa 1a Carboxy - delta 9 - THC trong
méu nudc tiéu. Trong nghién ciru co dua ra két
qua phén tich Carboxy - delta 9 - THC trong
mot $6 mau nude tiéu cua lai xe d3 st dung can
sa. Mau duoc lay trong cac dot kham sirc khoe
va kiém tra ma ty cho 14i xe.

2. THUC NGHIEM

2.1. Héa chit, thiét bi nghién ciru

Hoa chat chuan: Carboxy - delta 9 — THC
(THC-COOH) ndng d6 100ug/ml methanol va
chét noi chuén 1a Carboxy - delta 9 - THC - d9
(THC-COOH-d9) ndng d6 100pg/ml methanol
ciia hang Cayman, 1an luot c6 CAS Number la
104874-50-2 va 136765-52-1.

Hoa chat phan tich gém ¢6: methanol, acetonitrile,
ethylacetat, n-hexan, diclomethan, axit clohydric,
natri acetat, axit formic, axit acetic, natri hydroxit,



nudc loai ion, cot SPE C18 500mg, 3ml cia hang
supelco, Nito 99,999...

Thiét bi sac ky long siéu hiéu nang két ndi
detetector 2 1an khdi phd cua hing Bruker.

Cot phan tich Ultra I C18 kich thudc 100 x
21lmm, kich thudc hat
RESTEK.

2.2. Quy trinh xir Iy miu
Mau nudc tiéu trude khi phan tich LC-MS/MS
dugc xtt ly theo cac budce sau:

Bude 1: Chuan bi mau trude khi chay cot chiét

1,9um cua hang

pha rin: Ly Iml nuéc tiéu di ly tm loai cin
vao ong vial 2ml ¢ sin 50ng chat ndi chuan.
Thém 50ul dung dich 40% NaOH. Lic vortex
5 phut, U trong ta 4m & nhiét d6 60°C trong
thoi gian 30 phut. Sau khi 1am lanh mau, thém
khoang 100ul dung dich axit acetic dic dé dua
méu vé moi truong pH = 3-4.

Budc 2: Chay cot chiét pha ran: Hoat hoa cot
bang 3ml methanol, 3ml nuéc va Iml dung
dich dém acetat pH=3. Rura tap chat bang 2ml
nudce loai ion, 2ml hén hop dung dich 0,1M
axit HCl : ACN ty 1€ 95:5, sau d6 1am kho cot
trong thoi gian 5 phat. Rira giai chat phan tich
bang 6ml hén hop dung dich n-hexan :
ethylacetat ty 1¢ 50:50. Dich chiét duoc lam
bay hoi dung méi dén con khoang 100p] trude
khi phan tich trén LC-MS/MS.

2.3. Khio sat dd chon loc ciia thiét bi

D6 chon loc cua thiét bi LC-MS/MS dugc phan
tich trén miu nudc tiéu blank ciia 10 nguoi khac
nhau duge chuan bj theo ding quy trinh xir Iy mau
& muc 2.2 khong c6 chit ndi chuan.

2.4. Khao sat khoang tuyén tinh, giéi han phat
hién va gi6i han dinh lwgng ciia quy trinh

Gia tri LOD va LOQ cua quy trinh dugc thuc
hién trén mau nudc tiéu blank thém chuén co
ndng d6 giam dan. Gia tri LOD dugc tinh khi
S/N=3vaLOQ=3,3LOD.

Khoang tuyén tinh dugc khao sit dwa vao 6
diém chuan trong khoing ndng d6 THC-
COOH tir 10 dén 500ng/ml nuéce tiéu. Pudng
chuan dugc xay dung dua trén 6 diém c6 ham
lwong (10; 25; 50; 150; 300; 500ng; THC-
COOH-d9 trong mdi diém 1a 50ng) duoc pha
trong 1ml dung dich miu nudc tiéu blank, tién
hanh xir Iy mau va phan tich theo ding quy
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trinh, mdi diém 1ap lai thi nghiém 6 lan 13y gia
tri trung binh.

2.5. Panh gia do thu hdi va do lip lai caa
quy trinh phan tich miu

Do thu hdi ctia quy trinh chiét pha rin duoc
khao sat truc tiép trén miu nudc tiéu blank
thém THC-COOH ¢ 3 ndng d6 1a 15, 250,
450ng/ml, mdi miu thyc hién lip lai 6 lan.
Dich rira giai chiét pha ran dugc thém 50ng IS
bang v6i lwong IS c6 trong mau chuan so sanh.
Két qua do thu hoi so sanh tryc tiép v6i mau
chuén ¢6 cung ham lugng. B9 ldp lai cua quy
trinh phan tich miu dugc danh gi4 dva trén gia
tri RSD cuia 6 lan phan tich ldp & mdi ndng do.
3. KET QUA VA THAO LUAN

3.1. Két qua khio sit diéu kién phéan tich
UPLC-MS/MS

Két qua phan tich dugc thuc hién trén hé théng
sdc ky 1ong siéu hiéu nang vai detector khdi
phé triple quadrupole cta hing Bruker. Kiéu
phan tich thyc hién theo ché do ion héa phun
dién tir (ESI) ban pha ion duong.

Thyc hién phan tich mau chudn THC-COOH
va chat noi chuan THC-COOH-d9 c6 ndng do
1000ng/m methanol theo ché do full scan da
xac dinh lgya chon precursor ion cho THC-
COOH 1a 345 m/z va THC-COOH-d9 1a 354
m/z. Tiép theo s& tién hanh phan tich theo ché
d6 production dé xac dinh manh phd, tir d6 lya
chon manh ion dé phan tich theo ché 46 MRM
(Multiple Reaction Monitoring). Ché &6 MRM
duogc ap dung dé phan tich danh gia do 6n dinh
ctia thiét bi, khao sat khoang tuyén tinh va quy
trinh xtr Iy mau. Két qua khao sit da dua ra
duoc diéu kién phan tich UPLC-MS/MS ché
d0 MRM nhu sau:

Pha ddng: A: axit acetic 0,1% trong nudc loai
ion, B: Acetonitrile.

Chuong trinh pha dong gradient: B tang tir 30%
dén 80% trong thoi gian tir 0 dén 5 phut, gitr 80%
trong thoi gian 1 phat, B giam tir 80% xudng
30% trong thoi gian 0,5 phut, gilr 30% trong thoi
gian 3,5 phat. Tong thoi gian phan tich 1a 10
phut. Nhiét d6 duy tri ¢ot phan tich 1a 40°C.

Téc do dong: 0,4ml/phut

Vong bom mau: 2pl.

Diéu kién khdi phd nhu sau:



Bang 1. Diéu kién khoi pho

TT Chét tR Kiél:l phan | Precursor ion Product ion (m/z) Nang luong
tich m/z (eV)
1 THC-COOH 7,82 MRM 345 327,0100 298,756 15
THC-COOH-d9 | 7,76 MRM 354 336,2100 308,249 15
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Hinh 1: Sdc ky do chuan THC-COOH
(m/z 298,7) va IS (m/z 336,2; 308,2).

3.2. Két qua khao sat danh gia do 6n dinh
ciia thiét bi

Do 6n dinh ciia thiét bi dugc khao sat danh gia
& 3 diém c6 ham lugng cua THC-COOH & gi4
tri thap, trung binh, cao trong khoang tuyén
tinh khao sat 1an luot 15; 250; 450ng, néng do
chat noi chuan trong mdi mau 1a 50ng/ml. Két
qué chi ra trong bang 2 cho thy gi tri d6 léch
chuan RSD < 3% khi thong ké & 2 yéu t6 1a
thoi gian luu va ty 1€ dién tich pic cia THC-
COOH chia cho noi chuan.

Bang 2. Két qua khao sat do on dinh cua thiét bi UPLC-MS/MS phan tich ¢ ché dp MRM

Ténchat | Ty 1¢ ham lwong THC- | SO lidu thong ké thoi gian | SO lidu thong ké ty 1¢ dién tich pic
COOH/IS (ng) luu (tR) cia THC-COOH /IS
thrung binh = 8,341 T}} 1é Slrung binh = 0,3308
0,3 SD=10,1019 SD =0,0078
RSD = 1,23 RSD =2,36
THC- tRtrung binh = 8,295 Ty 1€ Stmng binh = 35,9436
COOH 5,0 SD =0,0762 SD =0,1003
RSD =0,92 RSD = 1,68
tRirung binn = 8,318 Ty 1€ Strung binh = 10,8147
9,0 SD =0,0783 SD =0,2739
RSD = 0,94 RSD =2,53
3.3. Két qua khao sat dd chon loc ciia B
phwong phap phan tich ol
Két qua khao sat trén 10 mau nudc tiéu blank
cia 10 nguoi khong st dung ma tiy cho thiy =
dd chon loc rat tbt, khong c6 pic tap xuét hién 3
tring véi pic ciia chit chuan va noi chuan. Két 7
qua dai dién chi ra trén hinh 2. i
T B -
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Hinh 2: Sdc ky do (m/z 298,7) mdu blank




3.4. Két qua khao sat khoang tuyén tinh,
LOD, LOQ ciia thiét bi

Khoang tuyén tinh thé hién mdi twong quan
tuyén tinh giita ty 1¢ lugng chit THC-COOH
va THC-COOH-d9 voéi ty 1¢ dién tich pic
twong Ung. Két qua khao sat dugc thé hién
trong bang 3.

Phuong trinh hoi quy duge xay dung la Y =
1,1938 X — 0,0285 vé6i R? = 0,9996. Trong do:
Y 1a ty 1& dién tich pic. X 1a ty 1& luong chat
cua THC-COOH/IS. Gidi han phat hién cua
quy trinh 13 2,7 va 8,9ng/ml nudc tiéu.

Bdng 3. 86 liéu khdo sat khodng tuyén tinh

TT Ty 1€ lugng THC- | Ty 1€ dién tich pic
COOH/IS THC-COOH/IS
1 0,2 0,1345
2 0,5 0,6903
3 1,0 1,1939
4 3,0 3,5217
5 6,0 7,0205
6 10,0 11,9792

3.5. Panh gia do thu hdi va do lip lai caa
quy trinh phén tich miu

Két qua danh gia cho thiy quy trinh chiét pha
ran c6 d6 thu hdi miu cao & ca 3 ndng do
nghién ctru, d6 thu hdi cang cao khi ndng do
THC-COOH trong miu nudc tiéu cao. Két qua
khao sat d¢ thu hdi va do lap lai chi ra trong

bang 4.
Bdng 4. Két qua khdo sat dg thu hoi
va do lap lai
T Luong thém bo thu bo 1éch
vao (ng/ml) | hoi (%) | chuéan (RSD)
1 15 87,5 8,6
250 94,6 7.8
3 450 95,2 7,1

3.6. Két qua phan tich mAu thyec té

Mau nudc tiéu giam dinh cua cac 1ai xe duogc
léy truc tiép vao 6ng nghiém, bao quan lanh tir
0 dén 4°C va phan tich ngay trong ngdy. Mau
dugc phén tich theo ding quy trinh tai muc
2.2. Két qua phan tich cho thiy 6 miu nuéc
tiéu c6 THC-COOH ndng d6 trong khoang tir
16 dén 185ng/ml. Hinh 3 1a sic ky d6 phan tich
mAu nude tiéu thuc té c6 THC-COOH.
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Hinh 3: Sdc ky do phdn tich mdu nwée tiéu
thiee té c6 THC-COOH.

4. KET LUAN

Nghién ctru da dua ra quy trinh phan tich dinh
tinh, dinh Iwgng Carboxy - delta 9 - THC trong
méu nudc tiéu bing thiét bi UPLC-MS/MS ¢6
sir dung chit noi chudn 1a Carboxy - delta 9 -
THC - d9. Thiét bi phan tich c6 d¢ chinh xéac
cao, thoi gian phan tich nhanh 10 phat 1 miu.
Quy trinh xir Iy mau sir dung c6t C18 co do thu
héi cao trén 85%, d& ty dong hoa. Gisi han
dinh luong tim duoc 1a 8,9ng/ml nudc tiéu.

Két qua phan tich cho thiy 6 miu nudc tiéu co
Carboxy - delta 9 — THC c6 ndng do trong
khoang tir 16 dén 185ng/ml.
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SUMMARY

ELCTROCHEMISTRY SUPERCAPACITOR PROPERTIES OF MANGANESE
DIOXIDE DOPING NIKEL OXIDE ARE SNTHESIZED BY SOL-GEL METHOD

In this study, manganese dioxide material doped with nickel oxide are synthesized by sol-gel method.

Electrochemical properties of the synthesized material was studied using cyclic oltammetry (CV) in 0.5

M Na>SOy4 aqueous electrolyte. Results showed that manganese dioxide doped with nickel oxide exhibits

a specific capacitance of 362 F/g. After 1000 cycle tests, material maintain 79.8% of its initial specific

capacitance.

Keywords: supercapacitor, manganese dioxide, doped nickel oxide, sol-gel method

1. MO PAU

Gan day, siéu tu duoc xem 1a thiét bi tich trir
ning lwong hira hen rat hiéu qua do kha ning
phong nap nhanh, dong phong 16n, rt an toan
khi sit dung va than thién véi moi truong.
Chung c6 thé dugc sir dung trong luu trit ning
luong tai tao, thiét bi dién tir bo tai va cac
phuong tién di dong sur dung dién nhu xe dap,
xe hoi, xe bus, can cau,... [1,3-8].

Rutini oxit & vat liéu rat thich hop cho viéc
ché tao dién cuc siéu tu vi nd ¢ dung lugng
riéng 16n (C > 700 F/g) va cira sé dién thé rong
(khoang 1,4 V). Tuy nhién, vat li¢u nay co
nhuoc diém 1a gia thanh dét, doc hai déi véi
moi trrdng va con ngudi, mat khac tu dién lam
tir rutini oxit yéu ciu lam viéc trong moi
truong dién ly axit manh nén kho c6 thé
thuong mai hod dugc. Do do, viéc tim vat li€u
thay thé Rutini oxit 1a rat can thiét.

Mangan dioxit 1a vat liéu hira hen cho siéu tu,
n6 dang dugc nhiéu nha khoa hoc quan tim boi
¢6 mot s6 uu diém ndi bat 6 1a ngudn nguyén
liéu phong phéi trong tw nhién, twong doi re,
cach ché tao don gian va c¢6 thé theo nhiéu
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phuong phép khic nhau, tinh dan dién va hoat
tinh dién hoéa tuong ddi t6t, lam viéc dugc
trong moi trudng trung tinh nén rit than thién
v6oi mdi truong. Tuy nhién, mangan dioxit
chua hoan toan dap ung dugc cac yéu cau ky
thudt cta vat li€u si€u tu do dung lugng riéng
va tudi tho chua cao. Dé cai thién nhuge diém
ndy cua vat liéu c6 nhiéu huéng nghién ciru
khac nhau nhu thay d6i k¥ thuét ché tao [4,7]
hodc pha tap véi kim loai chyén tiép [5,8].
Trong bai bdo ndy, ching toi trinh bay két qua
nghién ctu tinh chét siéu tu dién hoa cua vat
liéu mangan dioxit pha tap niken oxit tong hop
theo phuong phap sol-gel.

2. THUC NGHIEM

2.1. Héa chit

Céac hoa chit duge sir dung nghién ctru c6 do
sach PA, do hing Merck (Puc) san xuét nhu:
KCl, HCI, Ni(CH3COO),.4H,0, Mn(NOs3),,
axit citric (CsHgO7.H>0), poli etylen glycol
(PEG) va dién cuc niken.

2.2. Thiét bj

Mot sb thiét bi duoc sir dung nghién ctru gdm:
May khudy tir, may spin-coating, can phan tich



¢6 do chinh xac + 105g (BP 211D, Pic), tu
sdy, 10 nung (Memmert, Pic) va may
Potentiostate ImeX6.

2.3. Téng hgp vit li¢u va ché tao dién cuc
Vat liéu mangan dioxit pha tap niken oxit dugc
tong hop theo phwong phéap sol-gel tir dung
dich Mn(NO3), 0,5 M va Ni(CH3COO), 0,5 M.
Cac dung dich dugc tron theo ti 1€
[Mn?)/[Ni*"] 1a 4/1, twong Ung v&i pha tap
20% Ni.

Qua trinh tong hop vat lidu dién cuc dugc thuc
hién nhu sau: khudy déu hdn hop gom axit
citric va poli etylen glycol trong binh non
khoang 5 phut, sau d6 cho dung dich chira hon
hop gdm Mn*", Ni** vao va dun héi luu gia
nhiét & 60 +~ 70 °C, khuéy lién tuc trong 24 gio,
duy tri pH = 5 - 6 bang dung dich amoniac.

Str dung k¥ thuat phu quay, phu lan lugt ba 16p
mang sol-gel 1én dién cuc nén niken, mdi lan
30 gidy ¢ cac tbc do quay lan lugt 1a 400
vong/phut, 600 vong/phit, 800 vong/phut.
Giita mdi lan phu 1y mau ra sdy so bo ¢ 80 °C
trong 2 gio. Sau d6 cac mau dugc nung & 200
°C, 300 °C, 400 °C va 500 °C trong 2 gid, toc
d6 nang nhiét 2 °C/phut. San pham thu duoc 14
cac vat liéu dién cuc mangan dioxit pha tap
niken oxit c6 khdi lugng 0,5 mg.

2.4. Nghién ciru tinh chit dién hoa

Tinh chét dién hoa cua vat liéu mangan dioxit
pha tap niken oxit dwoc nghién ciru bang
phuong phap quét thé vong tuan hoan (CV)
thyc hién trén may Potentiostate ImeX6, dung
dich dién ly Na,SO4 0,5 M, h¢ binh dién hoa
gém dién cyc lam viéc la caic mang mangan
dioxit pha tap niken oxit, di¢n cuc dbi 1a luci
Platin (Pt), dién cyc so sanh la calomel bao hoa
(SCE). Dung luong riéng cua vat li¢u dugc

WAVA
tinh theo cong thire: C = ——— (1); Trong
mAE

d6: C- dung luong riéng (F/g); I- cuong do
dong phéng, nap trung binh (A); At- khoang
thoi gian quét mét chu ky (s); AE- khoang quét
thé (V); m- khdi lugng cua vét lidu (g). Hiéu

Q,

sudt culong cua vt liéu: n = —£x100% (2);

Trong do: Qu- dién luong nap, Qp- dién lugng
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phong.

3. KET QUA VA THAO LUAN

3.1. Pac trung CV va dung lugng riéng cia
vat liéu

3.1.1. Anh hwéng ciia khodng dién thé quét
tuin hoan

Hinh 1 biéu dién dudng cong quét thé tuan
hoan (CV) cta vat liéu mangan dioxit pha tap
niken oxit trong dung dich Na,SO4 0,5 M tai
tbe do quét 25 mV/s ¢ cac khoang dién thé
quét: 0 +~ 0,8; -0,1 ~0,9; -0,2 + 1,0 va -0,3 +
1,1 V.

03 00 03 06 09 12
E(V) vs. SCE
Hinh 1. Puong cong CV cua vdt liéu mangan
dioxit pha tap niken oxit ¢ khoang dién thé
quét khac nhau

Tai khoang dién thé 0 ~ 0,8 V va -0,1 = 0,9 V
duong CV c6 dang chir nhat d6i xtmg nhau,
gidng v6i dudng phong nap dic trung cua tu
dién 1i tudng, ching to vat liéu hoat dong co
tinh thuan nghich dién hoa, c6 thé ung dung
lam vat liéu cho si€u ty. Véi khoang dién thé
rong hon tr -0,2 + 1 Vva -0,3 + 1,1 V trén
duong CV xuat hién cac cip pic bat dbi xtng.

O day pham vi quét thé cua vat liéu bi giéi han
trong mdt khoang nhét dinh 13 do dién thé phan
hiy va dién thé oxi hoéa khir cia qua trinh
chuyén Mn** thanh Mn*? va Mn** thanh Mn*7,
Néu dién thé 16n hon hai gia tri nay s& xay ra
hai phan tmg Mn** — Mn*? va Mn™ — Mn"".
Nhung do Mn*? va Mn*’ ton tai & dang hop
chat tan trong dung dich nén khi ¢6 sy chuyén
hoéa thanh hai dang nay thi phan ung phong nap
cua vat liéu dién cuc lam siéu tu khong con
tinh thuan nghich [6]. Ngoai ra, trong khoang



dién thé 0 + 0,8 V va -0,1 + 0,9 V chi xay ra
qué trinh céc cation Na* di chuyén ra vao giita
céc 16p hodc trong ciu triic duong ham cua vt
liéu. Khi phan cuc cho vat liéu vuot khoi
khoang dién thé -0,1 + 0,9 V, dién truong du
manh dé cac cation trong dung dich s& khuéch
tan sdu va cai vao bén trong cac hdc bat dién
hodc hbc tt dién trong mang tinh thé cua oxit.
Khi d6 xay ra phan Ung Faraday, va cac pic
xudt hién d6 chinh 13 pic cta qué trinh cai va
khir cai cation Na* tir mang tinh thé cta oxit.
Nhu vay, dé dam bao dic tinh siéu tu, vat liéu
mangan dioxit pha tap niken oxit s& dugc
nghién ctru trong didu kién khong ché dién thé
phén cuc khoang 0 ~ 0,8 V.

3.1.2. Anh hwong ciia toc dp quét thé

Hinh 2 biéu dién dudng cong CV cia vat liu
mangan dioxit pha tap niken oxit tai cac tbe do
quét thé khac nhau tir 5 dén 200 mV/s.
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Hinh 2. BPuong cong CV cua vat lieu mangan
dioxit pha tap niken oxit tai cac toc do quét
khac nhau

O tdc do quét thap cac duong CV déu cé dang
hinh chit nhat. Séng anot va song catot ddi
xung nhau cho théy vat liéu c6 tinh thudn
nghich tot. Ving dién tich hinh chit nhat 16n
thé hién cho dung lugng cua vt li€u lon. Khi
quét thé & tdc d6 cao cac dudng hinh chit nhat
dan chuyén thanh dang hinh oval, khoang dién
thé thé hién dic tinh ty 1y twong bi thu hep dan
¢6 nghia 1a tudi tho cua vat liéu giam. Két qua
dung lugng riéng cua vat li€u phy thudc vao
tdc do quét thé dugc trinh bay & Bang 1.
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Bang 1. Dung lrong riéng cua vt liéu mangan
dioxit pha tap niken oxit ¢ cdc toc d quét thé

khac nhau
Tc do quét thé Dung lugng riéng

(mV/s) (F/g)

5 417

25 362

50 353

100 298

200 239

Bang 1 cho thiy khi ting tdc d6 quét thé tir 5 - 200
mV/s dung lugng riéng cta vat licu giam ttr 417 F/g
xubng 239 F/g. Didu nay c6 thé giai thich 1a do su
tich trit nang luong ctia vét liéu chu yéu tir phan g
Faraday nén néu quét thé qua nhanh céc ion chi
khuéch tan dugc vao 16p bé mit bén ngoai cua dién
cuc, khong du thoi gian dé khuéch tan vao sau bén
trong cia toan bd khdi vat liéu 1am cho phan tmg
Faraday s& bi kim ham dan dén dung lwong riéng
cta vt lidu bi giam xubng. Bén canh d6 toc do quét
qua nhanh con 1am cho cac ion khong kip khuéch
tan ra khoi vét liéu dé di vao dung dich. Két qua 1a
gay ra su tic nghén bén trong cAu trac dudng ham
hodc cAu tric 16p ciia vat liéu. Tuy nhién, trong
khoang tdc do quét tir 5 mV/s + 200 mV/s dung
luong riéng clia vat liéu van 16n, vét liéu van cho
kha nang phong nap kha tt, dap tmg duoc ché do
lam viéc nhanh ctia siéu tu [8].

3.1.3. Anh hwong ciia nhiét dp nung

Hinh 3 biéu dién dudng cong CV cua vat liéu
mangan dioxit pha tap niken oxit nung & nhiét do
200 °C, 300 °C, 400 °C va 500 °C. Két qua dung
lugng riéng cla vat liéu dugc trinh bay trén Bang 2.

0.‘0 0.‘2 El_’d L'I.‘G 0.‘8
E (V) vs. SCE

Hinh 3. Puong cong CV cua vdt lieu mangan
dioxit pha tap niken oxit ¢ nhiét d6 nung khac

nhau




Bang 2. Dung lwong riéng cua vt liéu mangan
dioxit pha tap niken oxit ¢ cac nhiét do nung

khac nhau.
T nung (°C) Dung lugng riéng (F/g)
200 207
300 362
400 44
500 22

Hinh 3 va Bang 2 cho thdy nhin chung cac
duong CV déu c6 dang hinh chit nhat va déi
xtmg nhau. O nhiét 6 nung 300 °C cuong do
dong anot va catot dat gia tri cao nhat, cho két
quéa dung luong riéng cua vat liéu 1a 16n nhat
(362 F/g). Khi nhiét d6 nung ting dén 400 °C
va 500 °C, dung lugng riéng cua vat liéu giam.
Tai 500 °C dung lugng ciia vét lidu giam nhiéu
nhit (giam 89%). Piéu nay phu hop véi két
qua thu dugc tir anh SEM, phd XRD [2].
3.2. P bén phéng nap
Tubi tho cia siéu tu co6 thé dugc xac dinh
thong qua mirc d giam dung lugng cla tu sau
mot thoi gian lam viéc. Néu vat liéu co do bén
phong nap cang cao thi tudi tho cua siéu tu
cang 16n. Do d6, dé danh gia do bén phong nap
cua vat liéu chung toi tién hanh phong nap
nhiéu lan va dinh lugng sy giam dung lugng
clia vét lidu theo chu ky phong nap. Két qua
khao st sy bién doi dung luong riéng va hiéu
suét culong cta vat liéu sau 1000 chu ky phong
nap dugc thé hién trén hinh 4.
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Hinh 4. Sy bién doi dung heong riéng va hiéu
sudt culong ciia mangan dioxit pha tap niken
oxit theo s6 chu ky quét thé
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Hinh 4 cho thay trong 200 chu ky dau hi¢u suat
culong tang va dung lugng riéng tu giam
nhanh, c6 thé 1a do thoi gian nay vat li¢u lam
viéc chua én dinh. Tix chu ky thir 400 trd di lac
nay vat liéu 1am viéc 6n dinh, hiéu suét culong
it bién d6i va dung luong riéng c6 xu hudng
giam tir tir. Trong sudt qua trinh phéng nap
hiéu sudt culong dat khoang 99,5%, thé hién
vat li¢u co tinh thuan nghich cao. Sau 1000 chu
ky phong nap vat liéu con duy tri 79,8% dung
luong riéng so véi ban dau.

That vay, su giam dung lugng cua vat liéu khi
tang s6 chu ky quét CV co thé 14 do hai nguyén
nhan [4,8]: (i) - vat liéu bi mai mon trong qua
trinh hoat ddng; (ii) - su suy giam dac tinh cai
va giai cai cia vat liéu trong qua trinh quét CV.
Néu qua trinh cai va giai cai dién ra thuan loi,
su thay doi thé tich cua vat liéu khi cai va giai
cai 1a nho, khong dang ké, khong lam ting dién
trd cua vt liéu thi dung lugng ri€éng cua vat
lidu s& giam xudng it hon.

4. KET LUAN

Vat liéu mangan dioxit pha tap niken oxit nung
6 300 °C duoc nghién ciu dic tinh dién hoa
trong dung dich Na,SO4 0,5 M; khoang quét
thé 0 + 0,8 V; téc d6 quét 25 mV/s. Két qua
cho théy vat liéu hoat dong c6 tinh thuan
nghich cao, dung lugng riéng dat 16n nhit 1a
362 F/g. Sau 1000 chu ky phong nap, vat li¢u
con duy tri 79,8% dung lugng riéng so véi ban
dau va hiéu suit culong dat 99,5%.
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So v6i tinh dau 14 budi Yén Thé theo (Tap chi
Khoa hoc va Coéng nghé 52 (5A) (2014) 1- 6)
ham lugng limonene chi chiém 22.84%, ham
lwong Myrcene chiém 6.13%

4. KET LUAN

Tir céc két qua nghién ctru trén day co thé rat
ra cac két luan sau:

1/ Diéu kién t6i wu dé téch chiét tinh dau vo
budi Poan Hung bang phuong phap chung cat
16i cudn hoi nuéc nhur sau: Ty 1¢ nudc/nguyén
liéu 1a 2,5/1 (v/w), ngdm & néng do NaCl la
10% (w/v), thoi gian ngam NaCl 1a 3 gio va
thoi gian chung cat 1a 180 phut. Hiéu suét tach
chiét twong tmg 13 0.0757% (v/w)

2/ Bang phuong phap chung cat 16i cudn hoi
nuée da thu duge tinh dau vo budi Poan Hung
& trang thai trong sudt, khong mau, c6 mui
thom didc trung ciia tinh dau budi. Cac chi sb
vat ly va hoa hoc cua tinh diu vo budi Poan
Hung Ty trong: d25 = 0,8416; Chi s6 acid: Ax
= 4.1278; chi s6 xa phong hoa: Xp =15.596;
chi s6 este: Es = 11,4682
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3/ Bang phuong phap sic ky khi ghép khéi phd
(GC-MS) da xac dinh dugc 26 ciu tir chinh
trong tinh diu vo budi Poan Hing, trong do
limonen va myrcene 13 hai thanh phan chiém ty
1é cao nhét.
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