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Xac dinh cac san pham ciia phan img khir di¢n hoa nitrat trén xdc tac
Cu bing phwong phap quang pho hap thu UV-Vis va sac ky khi online
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Tom tit:

O nhiém nitrat (NO,)) trong hé thong nudce thai va nwéc ngam dang la mot van dé cap thiét can duge giai quyet khong chi
o Viét Nam ma con & nhiéu quoc gia khac trén thé gioi. Hién nay, voi nén khoa hoc phat trién c6 rat nhiéu phwong phap
xt ly nitrat, trong do6 dién hoa dé khir nitrat dwgc danh gia 1a mot phwong phap tiém nang vi kha nang chon lgc san pham
phan lmg cia né. Tuy nhlen, viéc nghién ciru nay hién con bi han ché béi sw thiéu hut cac phwong phap phan tich phu
hop dé xac dinh cac san pham cuia phan rng khir nitrat. Trong nghién ciru nay, hé dién phan ban lién tuc (Seml-ﬂow cell)
duogc thiét ké va sir dung dé khir nitrat, nho' d6 san pham khi ctia phan lrng khir nitrat dwge din truc tlep vao sac ky khi
aé phan tich. Sau phan Wng, quang pho hap thu UV-Vis dugc sit dung dé xac dinh cic san pham NO, va NH," trong dung
dich chit dién ly. Hoat tinh va cac sian pham khir nitrat cia dién cwe Cu da dwoc khao sat cho thay sw phu ho’p ciia thiét

ké thi nghiém ciing nhw cac phép phan tich doi vai phuong phap khir nitrat bang dién hoa.

Tir khéa: Cu, dién héa, khir nitrat, quang phd hap thu UV-Vis, sic ky khi, xiic tac.

Chi s6 phén loai: 2.4

Pat van de

Nito 1a mot nguyén t pho bién trén trai dét, trong tw nhién
nito ton tai va chuyén hoa qua lai dudi nhiu dang hop cht khac
nhau. Trong d6, nitrat dugc coi 1a mot chat ¢o hai trong moi
truong [1-3]. O nong do thip nitrat duoc coi la chat khong doc
hai. Tuy nhién, sy tich ty cua nitrat lai c6 thé gdy hai nghiém
trong dén moi trudng ciing nhu sirc khoe ciia con nguoi, dic biét
1 tré nho va phu nir c6 thai [3, 4]. Do d6, 6 nhiém nitrat 1a mot
van dé 16n cua toan ciu, khong chi ¢ Viét Nam ma con dugc
nhiéu quéc gia khdc quan tam.

C6 rat nhiéu phwong phap dd dugc nghién ctru va img dung
dé xir 1y 6 nhim nitrat trong nudc, vi dy nhw phuong phap trao
d6i ion, phuong phap vi sinh, tham théu nguoc, phuong phap
khtr hoa hoc [1]. Trong d6, phuong phap vi sinh va tham thau
ngugc la cac phuong phap phé bién nhét tai Viét Nam hién nay
[5]- MGi phuong phap ké trén c6 nhiéu wu diém ciing nhu nhugce
diém riéng. Tuy nhién, hau hét ching déu doi hoi chi phi twong
dbi 16n, khé bao tri, nhay cam véi méi truong phan mg va co
kha ning tao ra nhiéu san pham phy. Do do, viéc phat trién mot
phuong phap méi dé loai bo nitrat vira tiét kiém vira hiéu qua
1a rat can thiét. Gan déy, phuong phap khir nitrat bang dién hoa
thu hat nhiéu sy dau tw nghién ctru vi hiéu qua xir Iy cao véi bat
ky loai nudc nao, kha nang xir 1y dién rong v6i mirc dau tu va
chi phi bao tri thap. Ngoai ra, khir nitrat bang dién hoa 1a mot ky
thuét twong d6i don gian chi can thao tic mot budc nhung van
¢6 kha ning kiém soat t6t cac san pham chinh va san pham phu
cua qua trinh xtr ly.

“Tac gia lién hé: Email: huongthao@ich.vast.vn

%H%-IE 65(8) 8.2023

Rt nhiéu loai vat liéu di cho théy hoat tinh tiém nang trong
viéc xu ly nitrat b?mg dién hoa, vi du nhu kim loai quy Pd [6], Pt
[7, 8], kim loai chuyén tiép Cu [7-9], Ni [7], va ca nhing hop kim
cia chung nhu CuPt [10], CuSn [11], CuNi [12], CuPb [12], SnPt
[13] SnPd [13, 14]. Phan tng khir nitrat c6 thé cho ra rat nhiéu san
pham v6i do chon loc khéac nhau tuiy thuge vao diéu kién phan ting,
ciing nhu ban chat cua dién cuc. Céc san pham cta qué trinh khir
nitrat c6 thé bao gdm tat ca hodc mot vai hoa chat sau: N, NH,",
NO, va co thé ¢6 ca NO, NO,, N,O [15-17].

Mot trong nhitng nut thit 1on nhat cia viéc nghién ciru phat
trién phuong phap nay 1a sy thiéu hut cic phuong phap phu hop
dé xac dinh cac san phim cta phan tng khir nitrat, dan dén viéc
kho danh gia chinh xac hiéu qua cla cac xuc tic phan ung. Trong
da phan céc cong bd trude ddy, chi cdc thanh phan anion hoa tan
trong nudc, vi du nhu NH,’, NO,” dwoc phan tich dinh luong, con
thanh phan khi nhu N, sé khong dugc phan tich dinh Twong truc
tiép ma dugc ngoai suy tir ham lugng cdc anion voi gia thuyet ring
céc san pham chi bao gom NH,",NO,,N, va tong hiéu suit ludn 1a
100% [18]. Piéu nay dan dén rat nh1eu sai s0 trong vi¢c xac dinh
ham lugng, tir d6 xac dinh dg chon loc ctia phwong phap khir nitrat
bing dién hoa.

Trong nghién ctru nay, ching toi di ghép ndi hé phan tich sic
ky khi v6i hé phan tmg dién hoa dé phan tich tryc tlep san pham N,
cua phdn (mg khtr nitrat ngay khi phan tmg khir van dang tlep tuc
dién ra. Sau do, quang phd hap thu UV-Vis duoc sir dung dé phan
tich NO, va NH," sau phan (ng khtr.
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Abstract:

Nitrate, well-known as a harmful contaminant in waste and
groundwater systems, is an issue in Vietnam and many other
countries globally. Many techniques have been developed
for the treatment of nitrated polluted water, in which the
electrochemical reduction of nitrate is attracting many
researchers due to its high treatment efficiency with any type
of water, scalability with low investment, and maintenance
costs. A key challenge to study the electrochemical reduction
of nitrate is determining reaction products conveniently and
accurately for better evaluation of the yield and efficiency of
the main products on each catalyst. In this study, a semi-
flow cell was developed and utilized as an electrochemical
cell for the reduction of nitrate, allowing the gas to flow
directly into the gas chromatography (GC) for N, detection
during the reaction. Meanwhile, UV-Vis spectroscopy was
utilized to detect NO,” and NH," after the reaction. The
nitrate reduction on the Cu cathode was tested to prove
the suitability of the electrolysis and analysis setup for the
nitrate reduction reaction.

Keywords: Cu, electrocatalyst, electrochemical nitrate
reduction reaction, electrochemistry, gas chromatography,
UV-Vis spectroscopy.

Classification number: 2.4

Doi tuong va phuong phap nghién ciu
Thiét bi va héa chit

Céc thiét bi thuc hién nghién cuu bao gém: Thiét bi cuc phé da
chirc nang 797 VA Computrace (Metrohm, Thuy S¥); mdy quang
phd UV-Vis (Cintra 4040, Australia); Thiét b sic ky khi Agilent
6890N; Detector dan nhiét (TCD); cot MolSieve 13X 45/60 UM
(2Ft 1/8 2 mm); thiét bi dién hoa Metrohm 797 VA; luu luong ké
¢6 kiém soat (Mass flow controller) Cole-Parmer Gas Mass Flow
Controller. Céc héa chét sir dung trong nghién ctru nay déu thude
loai tinh khiét phén tich.
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HE¢ phin tich sic ky khi ghép néi online
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Hinh 1. Hé phan tich sic ky khi ghép néi online v&i hé phan trng
dién hoa.

Trong nghién ctru nay, hé phan tmg dién hoa ghép ndi online
v6i hé sic ky khi (EC-GC) dugc thiét ké va sir dung nhu ¢ hinh
1, twong tu nhu trong cac nghién ctiu trude day cua chung toi [19,
20]. Hé phan ung di¢n hoa ¢ day 1a hé dién phan ban lién tuc, trong
d6 khi phan ung dugc bom lién tuc vao va sau do ra khoi hé¢ phan
{mg, trong khi dung dich dién ly duoc giit khong d6i bén trong
binh phén (g trong sudt qué trinh. Dudng khi vao cta binh phan
{mg dién hoa duoc ndi véi binh khi He thong qua hé kiém sodt luu
luong. Pudng khi ra cta binh phan tmg dién hoa dugc ndi véi cot
silica gel d€ loai bo hét hoi nude trong khi di ra truéc khi dua vao
GC. Luu lugng khi He 10 ml/phut dua vao binh phan mg dé dua
cac khi san pham cuia phan tng ra khoi binh phan g va theo dong
di vao hé phan tich GC. Vi thiét ké hé phan tmg dién hoa ghép
ndi online véi hé sic ky khi (EC-GC) nay, san pham khi ctia phan
{mg dién hoa duoc dua tryc tiép vio GC ma khong can thong qua
mot binh chira mdu trung gian ndo. Khi san pham cua phan tmg
dién hoa duoc tién hanh phan tich boi sac ky khi Agilent 6390N;
Detector dan nhiét (TCD); cot MolSieve 13X 45/60 UM (2Ft 1/8 2
mm); nhi¢t d§ Injector 50°C; nhiét d§ Detector 100°C.

Phin itng khit nitrat bing dién héa

Hoat tinh khir dién hoa nitrat dugc d4nh gia biang phuong phap
Voltammetry vong (CV) va phuong phap dong - thoi gian (CA) tai
diéu kién nhiét do ap suat khi quyén trén thiét bi cuc phé Metrohm
797 VA. Trong do, dién cyc Cu la dién cuc lam viéc, dién cuc luoi
Pt 1a dién cuc phuy trg va dién cuc Ag/AgCl 1a dién cuc so sanh.
bién cuc so sanh dugc dat gén dién cuc lam viée dé do thé hoat
dong cua dién cuc nay. Thé cua dién cuc so sanh duoc hiéu chuin
hang ngay trudc mdi thi nghiém. Hiéu dién thé dugc bao céo so
voi dién cuc hydro thuan nghich (RHE). Dién cuc lam viéc la tm
Cu tinh khiét (99,99%). Mot mit cta tim Cu nay dugc phi epoxy
dé ngan khong cho phan tmg dién hoa xay ra trén mat d6 va chi
cho phép phan tmg dién hoa xay ra trén mot mit ctia tim Cu. Dung
dich chat dién ly bao gém Na,SO, 0,5 M +NaNO, 0,1 M. Di¢n cyc
phu trg va dién cuc lam viéc dugc ngan cach bdi mang Nafion 117
trong binh phan tmg 2 ngan hinh chit H (hinh 1) dé tranh cac san
phém khtr cua phan ung bi 6xy hoa ngugc lai tai dién cuc phu tro.



Phiin tich cdc sdn phém ctia phdn wng khir nitrat

Day khi chuan N, trong khodng nong d(f)’ 0-0,5% dugc chuan
bi bang cach pha loang khl: N, si€u tinh khiet (99,9?9%) voi khi
He siéu tinh (99,999%) bang hai b luu luong ké (mass flow
controllers). Sau 'd('), hg”N)n hop khiv N, va He voi nf")ng do xac dinh
duge dua vao thiét bi sac ky khi dé phan tich. Day dung dich chuan
cua NO, 0-0,1 mM va NH, 0-0,048 mM dugc chuan bi bing cach
pha loang céc dung dich chuan tuong {mg tir 1000 xudng 10 ppm
sau d6 xudng ndng d6 mong mudn.

Hoat tinh dién hoa cua dién cyc Cu trong phan Gng khtr nitrat
duoc khao sat ¢ cac thé: -0,4, -0,7, -1,0 V vs. RHE. Dong khi He
v6i the do dong 10 ml/phit duge day qua hé thong dng dan va binh
phan (g it nhat 1 gio trude khi tién hanh phan (mg dé loai bo tat
ca khi ¢ trong h¢ thong ong dan, trong binh phan (g, ciing nhu
khi hoa tan trong dung dich chét dién ly. Sau d6, 3 phép do GC lién
tiép s& dugc tién hanh dé do miu trang cua thi nghiém trudc khi
phén {mg. Mau tring trong phép do GC nay la mau trude khi phan
{mg khur nitrat bang phuong phap dién hoa dién ra, do do trong
mau trang chi chira khi day He va lugng vo cling nho khong khi
con trong hé thong. Phan tmg khr nitrat dugc tién hanh trong 30
phiit voi khi He lién tuc dwogc thdi qua hé thng trong sudt qua trinh
phan tmg. Sau 30 phit phan tmg, 3 phép do GC lién tiép s& dwoc
thuc hién dé do nf‘)ng do cua khi N, Néng d6 %V cuaN, duqc tinh
toan tur dién tich pic GC va duong chuan tuong quan gitra nong do
Vﬁwdién tich pic GC cua NZ’ (hinh 2A). Do tdc do cua dong khi duoc
kiém soat co dinh, tir d6 s6 mol khi I\{2 trong 1 gidy dugc xac dinh.
St dung cong thitc Faraday ta c6 thé tinh ra cuong d6 dong dién
duoc dung dé sinh ra N,.

Céc san pham trong dung dich chat dién ly sau 30 phut phan
{mg bao gom NH , vaNO, dugc phan tich b?lng quang phd hap thy
UV-Vis (Cintra), st dung hai phuong phap lan lugt 1a indophenol
blue dé phan tich NH," tai buoc song 630 nm va naphthy
ethylenediamine dé phan tich NO, tai budc song 543 nm (hinh 2B,
2C) [21] Nong docuaNH," va NO dugc tinh toan dya vao duong
chuan va két qua do hap thu UV- V1s Sau do, cucmg d¢ dong dién
dung dé tao ra NH,* .- vaNO, duogc tinh todn tir nong dg cua ching
str dung cong thirc Faraday. Hiéu suét Faraday (Faradaic efficiency
- FE) ciia cac san pham dugc tinh dya trén cuong d6 dong dién tao
ra san pham d6 va cuong do dong dién tong ciia cac phan (g khir
theo cong thirc sau:

Cuwong do dong dién tao ra san pham

FE (%) = X 100%

Cuwong do dong dién tong cta cac phan &ng khir
Keét qua va ban luan
Phin tich cdc sin phdm ciia phin iing khir nitrat

Hinh 2A 1 dudng chuan phan tich cta khi N,. Cc thong s6
cua thiét bi GC, khoang tuyén tinh va xac dinh gia tri su dung clia
phuong phap da dugc khao sat trong cac nghién ctru trude day cla
chang t6i [19, 20]. Trong d6, khoang tuyén tinh cta phép phan tich
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khi N, trén h¢ GC nay la 0-100% véi gioi han phat hién (MDI:)
12 0,020%. Trong nghién ctru nély, chung toi thiet 1ap duong chuan
0-0,5% dé phu hop v6i khoang ndng do tuong doi nho cua N, sinh
ra tir phan g kht nitrat. Puong chuan phén tich N, nhu sau: y =
9,031x - 0,095 vdi R=0,997.

(A) Pudng chuin phan tich N,
2 ©
5, | v=9031x-0,095
S R2=0,997
N 2 N
=
<
=o
0 0,1 0,2 0,3 0,4 0,5 0,6
Nong do (%V)
(B) Pudng chuén phén tich NH4"
0,6
. 0a | vy=10268x-2x10°
= 7 R2=0,998
< 0,2 |
o
o 0,01 0,02 0,03 0,04 0,05
Nong do (mM)
(C) Pudng chuin phan tich NOy
3
v 2 | y=26,122x-0,052
= 1] R2=0,994
o
0 0,02 0,04 0,06 0,08 0,1 0,12
Noéng do (mM)

Hinh 2. Pwéng chuan phan tich cia N, (A), NH,* (B) va NO, (C).

Hinh 2B va 2C la duong chuan phan tich NH , vaNO,. Sau
khi to1 uu dé do pha loang mau la nho nhat (<50 lan), dudng chuan
cua NH , dugc dyng trong khodng néng d6 0-0,048 mM va duong
chuén cua NO, 0-0,1 m. Duong chuan phén tich cua NH," thu
duoc lay =10,268x - 2x10°* voi R*=0,998. Dudng chudn phan tich
ctia NO, thu dugc la y = 26,122x - 0,052 v6i R*=0,994.

Hoat tinh di¢n hoa ciia di¢n cwc Cu cho phdn irng khir nitrat

Hinh 3 1a CV ciia dién cyc Cu trong dung dich chat dién ly
chira Na SO, 0,5 M (duong mau den) va trong dung dich chat dién
ly chtra Na SO 0,5 M +NaNO, 0,1 M (duong mau xanh) voi toc
do quét the 10 mV/s Cuong do dong dién thu duoc c6 gia tri nho
hon 0 thé hién dong khir ciia  phan ung khu nitrat va phan tng khu
nudc tao H,. Thi nghiém kiém soat ctia Cu trong dung dich chira
Na,SO nhung khong chira NaNO, cho thay cuong do dong khir
tu’ong d01 thap. Trong khi do, cuong do dong khir cua Cu trong
dung dich chira Na,SO, va NaNO, cho két qua cao hon va dong
khir ciing bat dau ¢ the khir thap ho’n Cu thé, dong khtr cia Cu
trong dung dich chira Na,SO, va NaNO, bit dau tir ~ —0,0 V vs.
RHE, trong khi trong dung dich chtra 0,5 M Na SO, 1a ~ -0,7 V
vs. RHE. Cuong d6 dong khu cta Cu trong dung dlCh c6 NaNO,
13 ~100 mA/cm? tai -1,3 V vs. RHE, cao hon 3 lan so voi dong
khtr trong dung dich khong chira NaNO, ~33 mA/cm® tai -1,3 V' vs
RHE. Trong khi phd CV cua Cu trong dung dich chi chira Na,SO,
khong chira NaNO, khong c6 pic do qué trinh khtr nude tao H 1a

a1
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phén tmg mot budc - mot electron va khong bi giéi han boi khuéch
tan ctia nudc toi bé mit dién cuc. Con phd CV ciia Cu trong dung
dich chtra ca Na,SO, va NaNO, xuét hién pic & khoang thé tir 0,7
V dén -0,8 V vs. RHE trong ca duong quét anot va cathot do qua
trinh khir nhiéu budc - nhiéu electron va tao ra cc san pham khir
khac nhau. Ciing vi 1y do nay, nén dudng quét anot va cathot cla
Cu trong dung dich Na SO, (mau den) gan nhu hoan toan tring
khdp nhau, trong khi dudng quét anot va cathot cua Cu trong dung
dich Na,S80, va NaNO, khong trung nhau do sy hinh thanh cta cac
san pham khu trong qua trinh quét. Nhimg sy khac biét trén cua
CV trong hai truong hop cho thay nitrat da dugc khir trén dién cuc
Cu khi dung dich chét dién ly ¢6 chtra nitrat. Dé xac dinh mot cach
dinh luong hiéu suat cta phan Gng khir nitrat ciing nhu hiéu suat
riéng cua timg san pham khir, ching t6i da sir dung GC va UV-Vis
& phan tich céc san pham khi va 1ong ciia phan tng khir nitrat.

-20

-40

-60

Cu trong Na,SO,4

r Cu trong NSO, + NaNO; —‘

' .
-14 -1,2 -10 -08 -06 -04 -02 0,0 0,2
Hiéu dién thé vs. RHE (V)

-80 4

Cuong do dong dién (mA/cm?)

100

Hinh 3. Phd CV clia dién cwc Cu trong dung dich chét dién ly chira
Na,SO, 0,5 M (dwéng mau den) va trong dung dich chét dién ly
chira Na,SO, 0,5 M + NaNO, 0,1 M (dwong mau xanh) véi téc do
quét the 10 mV/s.

Cidc sdn pham ciia qua trinh khir nitrat trén dién cuc

Hinh 4 thé hién cuong do dong dién va hiéu suat F araday cua
tong phan tmg khu nitrat va céc san pham chinh ctia phan tmg nay
(N, NH, vaNO,) tai cac thé khir khac nhau. Tong cuong do dong
khur tang 1én khi the khtr tang 1én (4m hon), va dat -30 mA/cm? tai
-1,0 V vs. RHE. Cudng do dong khtr cua dién cuc Cu trong nghién
ciru nay 1a trong déi cao so vai cac nghién ctru di duge bao cao
trude day [11]. Didu ndy co thé 1a do viée suc He trong subt qua
trinh phan {mg di gitip viéc khuéch tan trong dung dich dugc tot
hon dan dén dong khir cao hon. Gan day, céc thi nghiém trong
hé phan tmg lién tuc (flow cell) voi dong chat dién ly chay lién
tuc qua bé mat dién cuc ciing da cho the”iy hiéu qua dang ké trong
viéc tang khuéch tan cua cht phan tmg dén bé mat dién cuc, giup
tang hoat tinh dién hoa cua dién cuc 16n nhiéu lan [22]. Tuy thiét
ké ban lién tyc trong nghién ctru nay khong cho phép chat dién ly
chay lién tuc nhung hoat tinh cta phan tmg van c6 duoc loi thé
nhu trong binh phan tmg lién tuc. Hinh 4B cho thdy, tong hiéu suat
Faraday ca cac san pham chinh 1a 88-100%. Diéu nay cho thay,
thiét ké ctia hé thi nghiém nay 1a phi hop v6i myc tiéu phéan tich
céc san pham chinh ciia qua trinh khir nitrat.
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Hinh 4G va 4H cho thiy, ¢ hiéu dién thé thap (-0.4 V vs RHE),
phan tmg khir chii yéu sinh ra NO," (cudng d dong dién ding dé
tao NO, ~ -2mA/cm’ va hi¢u suét Fadaray tao NO, ~54%). O higu
dién the cao hon, cuong do dong dién tao NO, co xu hudng tang
nhe cung vdi su tang 1én cua tong cuong do dong dién, tuy nhién
hiéu suat Faraday cta NO, lai ¢6 xu huéng giam di khi hiéu dién
thé am hon. Hinh 4C va hmh 4D cho thay, cuong do dong dién va
hiu suat Faraday cua N, tuong doi thap & hiéu dién thé thap va co
xu hudéng gidm vé ~0 kh1 hiéu dién thé 4m hon.

Hinh 4E va 4F cho thiy, 6 hiéu dién thé thap, cuong do dong
dién va hiéu sudt Faraday cua NH," tuong dbi nho so v6i NO,.
Tuy nhién, cuong d¢ dong dién va hleu sudt F araday cua NH," 1a1
ting lén dang ké khi hiéu dién thé 4m hon. Hiéu suit F araday cua
NH," dat gia tri cao nhit ~70% 6 -0,7 V vs. RHE va duy tri & mirc
nay ¢ -1 V vs. RHE. Két qua nay tuong dong voi bdo cdo trudc
day cho thdy, Cu tao ra san pham chinh 1a NH, ¢ hi¢u di¢n thé 4m
16n [11]. Trong nghién ctru nay khong thu duoc tin hi¢u cia H, va
NO, trén phd GC.
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Higu di¢n thé vs. RHE (V) Hiéu di¢n thé vs. RHE (V)
Hinh 4. Cwéng d6 dong dién va hiéu suat Faraday twong (rng ctia
téng phan (ng khw nitrat (A, B), N, (C, D), NH,* (E, F) va NO, (G, H)
trong dung dich chét dién ly chira Na,SO, 0,5 M + NaNO, 0,1 M.

Céc s liéu trén cho thay, tai thé khir thip NO, la sin phim
chinh cta phan tmg khir voi FE 1én dén 54%, con ta1 thé khir cao
(thé khir am 16n) NH,"1a san pham chinh ciia phan g khur voi FE
16n dén 70%. Hién tuong nay phi hop véi két qua cua cac nghién
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ctru trude ddy da chimg minh ring, trén dién cuc Cu thi NO, dau
tién s¢ dugc khur tao ra NO, thong qua qua trinh chuyén hoa mot
electron, sau d6 NO, s& bi khu t1ep thong qua qua trinh chuyen
héa nhiéu electron de tao ra chudi san pham tiép theo voi sb oxy
héa thap hon [9, 11].

£ ~
Két luan

Trong nghién ciru ndy, ching t6i da thiét ké va st dung hé phan
(g ban lién tyc két hop online véi hé sic ky (EC-GC) dé xé4c dinh
truc tlep va ngay tuc thoi san pham khi N , ngay khino duoc sinh ra
do phan tmg khir nitrat trong khi phan tmg van dang tiép tuc dién
ra. Quang phd UV-Vis cung da dugc st dung dé x4c dinh NO, va
NH," trong dung dich cht dién ly sau khi phan tmg khur nitrat dlen
ra. Hoat tinh dién hoa khir nitrat cta dién cyc Cu di duoc tién hanh
khao sat bang phuong phap CV va phuong phdp dong - thoi gian.
Cac san pham ctia qua trinh khir nay d duoc tién hanh va cho thay
tong hiéu suét cac san phim ~100%, chimg minh rang thiét ké thi
nghiém dién hoa va phan tich trong nghién ctru nay 1a phu hop cho
nghién cu phan tng khi dién hoa nitrat.

LO1 CAM ON

Nghién ctru nay dugc tai trg boi Quy Phat trién Khoa hoc va
Cong nghé¢ Quoc gia (NAFOSTED) trong dé tai ma so 104.05-
2018.02. Cac tac gia xin chan thanh cam on.
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