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Tém tit:

Nghién ciru ndy tdp trung vao khdo sat diéu kién phan tich, xdc nhén gid tri sir dung ciia phirong phdp phén
tich va ché tao kit test ban dinh lwong ure trong mau phdan bon chira ure, danh gid tinh xanh cia quy trinh
phan tich. Két qua cho thdy, hop chdt mau giita ure va 4-dimethyl-amino-benzaldehyde dwoc tao thanh ¢
méi trwong acid manh HCI, én dinh sau 5 phiit phdn iing va bén mau dén 40 phit. Hop chat mau tao thanh
hdp thu ¢ buede séng cuwe dai 420 nm. Phwong phdp phdn tich c6 khoang tuyén tinh tie 5 dén 700 mg/L, gidi
han phat hién va gioi han dinh lwong ure lan ot 1a 0,5 mg/Lvala 1,6 mg/L, do lap %RSD la 0,741 va hiéu
sudt thu hoi (%H) trong khodang 99% - 102%. Kit test dige tao thanh vmg voi cdc nong dg ure tir 80 mg/L
dén 700 mg/L. Quy trinh phdn tich ¢6 do tin cdy cao, déap vmg yéu cau ban dinh heong ure, ¢é tinh xanh kha
16t théng qua danh gid 12 tiéu chi ciia Hod hoc Phdn tich xanh.

Tir khéa: Ure, kit test, diéu kién phan tich, phan bon ure

Research on developing a semi-quantitative test kit for urea analysis in
fertilizer samples
Abstract:

This study aimed to optimize analytical conditions, validate the analytical method, develop a semi-quantitative
test kit for urea in urea-containing fertilizers, and assess the "greenness" of the analytical procedure. The
results indicated that the colored compound formed between urea and 4-dimethylaminobenzaldehyde in a
strongly acidic HCI medium stabilized after 5 minutes of reaction and retained its color for up to 40 minutes.
This colored compound displayed maximum absorbance at a wavelength of 420 nm. The analytical method
demonstrated a linear range of 5 - 700 mg/L, with a limit of detection (LOD) of 0.5 mg/L and a limit of
quantification (LOQ) of 1.6 mg/L; the repeatability (Y%RSD) was 0.741%, and the recovery rate (%H) varied
from 99% to 102%. The developed test kit accommodates urea concentrations ranging from 80 mg/L to
700 mg/L. The analytical procedure is highly reliable, fulfills the requirements for semi-quantitative urea
analysis, and shows a favorable green profile based on an assessment against the 12 principles of Green
Analytical Chemistry.

Keywords: urea, kit test, analysis conditions, urea fertilizer
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1. bit van dé

Nitrogen 1a 1 trong 3 nguyén t da luong rat can thiét cho cdy trong, tham gia ciu tao nén cac phan tir
protein, enzyme, coenzyme, nucleic aicd, diép luc t6 [1, 2]. Nitrogen dong vai trd quyét dinh trong nhiéu
qua trinh sinh 1y cua cdy, 1 thanh phén cdu tao cia ADN, RNA, céc chét cin thiét cho sy phan chia va
sinh truong té bao [3]. Ngoai ra, nitrogen con tham gia vao ciu tric cua phytochrome, mot sic t quang
cam thy gitp cay diéu chinh qua trinh sinh truong va phat trién dya trén anh sang [4]. Phytochrome c6
vai trd trong cac qua trinh nhu phan tng quang chu ky, sy ndy mam va tinh hudéng quang. Do vai trd quan
trong nay, cay tréng rat nhay cam vdi nitrogen trong dét. Su thiéu hut hodc du thira nitrogen déu c6 thé
anh huong dén nang suét cay trong [2, 5].

Do nhu cdu st dung nitrogen cho cy trdng, nhiéu loai phan bon chira nitrogen da duoc san xuét. Trong
do, thi truong phan bon ure giao dich ¢ muc xép xi 132,54 ti USD trong ndm 2025, va du doéan gia tang
1én 208,80 ty USD vao nam 2035 [6]. Chinh nhu cau st dung phan bon ure ngay cang cao, tiém an nguy
co san xuit phan bon gia, phan bon kém chét luong.

Hién tai, c6 nhiéu phuong phap phan tich dinh lugng ure trong mau phan bon nhu phuong phép sac ky
ion, dau do d dan [7], phuong phap dién hoa [8], phwong phap hong ngoai [9], phwong phap quang phd
UV Vis [10, 11],... Cac phuong phap dinh lugng nay doi hoi phai c¢é thiét bi phan tich dét tién, va phai
tién hanh tai phong thi nghi¢m nén gay kho khan cho viéc kiém tra chat lugng phan bon ure nhanh tai hién
truong. Do d6, viéc nghién ctru tao kit test dé ban dinh lugng nhanh ham lugng ure trong phén ure 1a vo
cuing can thiét nhim budc dau tam soat chat lugng phan bon ure trén thi truong.

Ngoai ra, xu huéng phat trién phuong phap phan tich hién nay con cha trong dén Héa hoc Phan tich
xanh. Mot phuong phép phén tich hién dai khong chi yéu cau do chinh xac va do nhay cao, ma con can
giam thiéu lugng mau, han ché hoa chit doc hai, giam thiéu chét thai, rat ngén thoi gian phan tich va tdi
vu hoa hiéu qua sir dung thiét bi. Trong bdi canh d6, viéc danh gia mirc do bén viing cta phuwong phap
thong qua cac cong cu nhu AGREE cung cap cai nhin bo sung vé tinh bén viing ctia quy trinh phén tich.

Nghién ctru nay nham khao sat diéu kién phan tich ban dinh lugng ure trong phan bon nham tim mot
phuong phap xanh hon, than thién méi trudng hon thong qua xem xét dén cac tiéu chi ciia Hoa hoc Phan
tich xanh.

2. Phuong phap nghién ciru

2.1. Héa chiit va thiét bi

- Uré (NH,CONH,) 99%, Trung Qudc.

- 4-dimethyl-amino-benzaldehyde (4-DMAB), Merck.

- Ethanol, Trung Quéc.

- Clohydric acid, Trung Quéc.

- May quang phd UV VIS, hing Agilent - My.

- May do mau quang phd CM-5, Konika, Jappan.

2.2. Khio sdt diéu kién tao hop chét mau giita ure va 4-dimethyl-amino-benzaldehyde

Diéu kién tao phirc giita ure va 4-dimethyl-amino-benzaldehyde (4-DMAB) bao gdm: Buéc song hap
thu, thoi gian tao mau va thoi gian bén ctia hgp chat mau duoc khao sat.

Khdo sdt bude séng hdp thu

Tién hanh do budc song hip thu cua cac dung dich mau tao boi ure va 4-DMAB & cac nong do ure 1an
lugt 1a 20; 40; 60; 80; 100 mg/L trong khoang budc song tir 400 dén 800 nm trén may quang phd UV-VIS.
Ghi nhan budc séng hip thu cua hop chat mau dé xac dinh budc song hap thu tbi wu.

Khao sat thoi gian tao mau va thoi gian bén ciia hop chdt mau

Thoi gian tao mau va thoi gian bén ciia hop chit mau dugc khao sat trong khoang thoi gian tir 5 phut
dén 40 phut tmg voi khoang ndng do ure 100; 300; 500 mg/L. Ghi nhin cuong do hip thu cia hop chét
mau dé xac dinh thoi gian tao mau va thoi gian bén mau.
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2.3. Danh gia hi¢u ndng ciia phwong phap

Khodng tuyén tinh, dwong chudn ciia phwong phdp

Khoang tuyén tinh dugc xac dinh bang cach phén tich diy dung dich chat mau tng véi nong do ure tir
5 dén 800 mg/L, tién hanh do 1ap lai 3 1an d6i véi cac mirc ndng do, sau d6 xac dinh hé sé twong quan giira
ndng d6 ure va do hip thu. Puong chuin dugc khao sat & mic ndng do ure tir 80 dén 700 mg/L. Su phu
thugc gitta 6 hap thu va nong do 1a tuyén tinh duoc danh gia dwa trén hé s6 twong quan hdi quy R phai
dat theo yéu cau sau: 0,995 <R <1hay 0,99 <R*< 1.

Gioi han dinh luong, gioi han phat hién

Gi6i han phat hién (LOD) va gi6i han dinh lwong (LOQ) 14 2 théng s quan trong cho biét kha ning
phat hién ra chat phan tich trong nén miu ciing nhu gii han nho nhat ciia chét can xac dinh c6 thé duoc
phan tich bang phuong phap dang st dung. LOD, LOQ dugc tinh theo d6 1éch chuan (SD) ciia 20 1an do
mAu trang va hé sb goc a cua phuong trinh duong chuan.

LOD = 3.SD
a
10.SD
LOQ = P
Do dung

Can 0,1 gam mau phan ure, hoa tan roi dinh muc 100 mL. Hat 5 mL dung dich mau thir, thém 5 mL
thudc thir 4-DMAB dinh muc 25 mL, lac déu, sau 20 phut dem di do d6 hap thu A & budc song 420 nm,
dua vao phuong trinh duong chuan, tinh ham luong ure trong phan bon. Tiép theo, can 0,1 gam mau phan
ure trén, thém chuén ure & ba mirc néng do 80, 100, 120% so v&i ham luong ure trong mau thir vira cén,
hoa tan roi dinh mirc 100 mL. Hat 5 mL dung dich mau thém chuén, thém 5 mL thubc thir 4-DMAB dinh
muirc 25 mL, lic déu, sau 20 phit dem di do d6 hip thu A & budc song 420 nm. Tinh ham lugng ure trong
mau thém chuan. Lam lap lai ti thiéu 3 lan bang phuwong phap khéo sat, tinh hiéu suat thu hdi theo cong

thirc sau:
+c—
g ——SmEe=Cm 0
Cc
Trong do:

- %H: D thu hoi, %.

-C . Nong d6 chat phan tich trong mau c¢6 thém chuén.

-C, Nong do chat phan tich trong mau ban dau.

-C: Nong d6 chat chuan thém vao.

Do lap lai

Tién hanh phan tich 6 1an lp lai mau phan ure trong ciing diéu kién. Tinh ham luong ure ciia 6 1an phan
tich Iap lai trén, tir d6 tinh 4o léch chuan tuong ddi %RSD. RSD% cua két qua dinh luong cac chat trong
mau nho hon 2% la dat yéu ciu.

Tao bang so mau kit test

Pha day dung dich chat mau cua chuan ure véi thude thir &-DMAB ung voi néng d06 ure 80, 180, 300,
500, 700 mg/L. Tién hanh do cudng d6 mau dung dich cua hop chit mau bang may do mau quang phd
CM-5, duogc cac thong sb mau L*, a*, b*. Tr cac thong sb mau L*, a*, b*, tao duoc bang mau in trén giéy
tuong (mg voi mau cua timg dung dich ¢ cac ndng d6 khac nhau. Bang mau nay dung lam kit test dé so
sanh xac dinh ban dinh lugng ure trong cdc mau phan bon.

Phan tich mdu

Lay mau phan bén ngiu nhién, nghién cho dong nhat, can 0,1 gam mau bot, hoa tan rdi dinh mirc bang
nude cit thanh 100 mL. Loc dung dich, hut 5 mL dich loc, thém 5 mL thudc thir 4-DMAB, dinh murc 25
mL. So mau dung dich thu dugc v6i bang so mau kit test va do may quang phd UV-Vis20. V&i phuong
phap so mau kit test, xac dinh mau cua dung dich mau thudc bang mau nao cua kit test, dua trén néng do
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ure tmg v&i 2 bang mau, tinh ra khoang ndng do ure trong phan bén. Bdi voi phuong phap UV Vis, tir tin
hiéu do hép thu A, dua vao duong chuén va thong tin pha mau, xac dinh ham lwgong ham lugng ure trong
cic mau phan bon.

Bing 1. Thong tin mau phéan bén chira ure

STT M3u m3 héa S6 lwong mau Khéi lwong 1 mau Tinh trang mau
1 HB 15 2 kg Con tét
2 PM 15 2 kg Con tbt
3 CM 15 2 kg Con tbt
4 NB 15 2 kg Con tbt

2.4. Danh gia mirc do xanh ciia phwong phap

Mitc @6 xanh cta phuong phap phan tich ban dinh lugng ure dugc danh gia bang cong cu AGREE
dua trén 12 nguyén tic cua Hoa hoc phén tich xanh [12]. Cac tiéu chi dugc xem xét bao gém (1) phan
tich truc tiép khong qua xtr Iy mau, (2) lugng mau sir dung, (3) phén tich tai hién truong, (4) tich hop
quy trinh phan tich, (5) mtc do ty dong hoa, (6) khong can tao dan xuét, (7) luong chat thai phat sinh,
(8) kha ning phan tich da nguyén td, (9) murc tiéu thu nang luong, (10) st dung cac chit thu duoc tir
ngudn tai nguyén tai tao, (11) cac chat phan tng doc hai cin duoc loai bo hodc thay thé va (12) tinh an
toan cho nguoi sir dung [13].

3. Két qua va thao lua o
¢t qua va thao fugn Hinh 1. Pho hap thu cia cdc dung dich mau

3.1. Két qua khdo sdt diéu kign phan tich tao bdi ure va 4-DMAB

ciia cdc dung dich mau giira ure va 4-DMAB
Phé hdp thu ciia cdc dung dich mau giita pa Ep——y
ure vd74—l’)MAB . [ = mg; t
Pho hap thu cua cac dung dich chua hop 80 mg/L
chit mau giira ure va 4-DMAB duoc trinh i oo meit
bay trén Hinh 1. Budc song hip thu cta cac el
dung dich mau trong khoang tir 400 nm dén 004
480 nm, budc song h?ip thu cuc dai tai 420 0.02
nm. Cuong do hap thu cia cic dung dich 0.00 S
mau ting theo nong d¢ ure trong dung dich -0.02
mau. Vi vay, dé tang d0 nhay cua phuong 00 . % =% =5
phap, 420 nm dugc chon lam budc song hap Budrc séng (nm)

thu t6i wu.

Két qud khao sat thoi gian tao mau va thoi gian bén mau

Két qua trinh bay trén Hinh 2, tmg v6i 3 ndng do ure khao sat 1a 100, 300, 500 mg/L, d6 hap thu A
ctia cac dung dich mau gan nhu khong doi trong khoang thoi gian tir 5 dén 40 phut. Piéu nay chung t6
hop chat mau dugc tao thanh gan nhu tic thoi sau khi cho ure va 4-DMAB phan tng voi nhau. Sau 40
phut khéao sat, cuong d6 mau van khong bi thay doi, cho thiy do bén mau ciia san pham phéan Gng 1én
dén 40 phut sau khi phéi tron. Thoi gian bén mau kéo dai ching to phuong phap dinh luong 6n dinh
voi thoi gian.

3.2. Két qud tham dinh quy trinh phan tich ure bang phwong phdp quang pho UV Vis

Két qua xdc dinh khodng tuyén tinh

Trong khoang ndng d6 tir 5 &én 700 mg/L, phuong trinh thé hién su twong quan gitra d6 hip thu va ndng
dd ure c6 dang: A=0,0012C - 0,0003, v&i R2 =0,9999. Két qua cho théy, cO su twong quan cao gitra néng
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Hinh 2. Do thi thé hién thoi gian tao mau va thoi gian bén mau

8‘3 [ @ o —0 o o & —0
0.6
0.5
0.3
02 < o o o o o @ ®
0.1
0 >
0 5 10 15 20 25 30 35 40 45
t (phut)
——100ppm  —8—=300ppm  ——500 ppm

do ure va do hép thu cia dung dich mau, bén canh d6, do 1éch chuin tuong ddi RSD% cua mdi dung dich

chuén lap déu nho hon 2%, thudc khoang cho phép ctia mot phwong phap phan tich [14].

Bang 2. Két qua xac dinh khoang tuyén tinh

Khoang noéng do Phwong trinh dwong chuan Hé s6 twong quan R? Két luan
5-800 mg/L y =0,0018x - 0,0677 0,8114 Khéng dat
5-700 mg/L y =0,0012x - 0,0003 0,9999 Pat

Két qud xdc dinh dwong chudn

Tir khoang tuyén tinh, xay dung dudng
chuén ure trong khoang ndng do tir 80 dén
700 mg/L dé xac dinh ham lugng ure trong
mau. Két qua dugc biéu dién trén hinh 3 va
v6i hé s tuong quan cao R? = 0,9998, dat
yéu cau theo quy dinh [14].

Két qua xdc dinh LOD, LOQ

Tién hanh qua trinh phan tich lap lai 20
lan mau tring dé tinh do léch chuan, tir d6
tinh toan LOD, LOQ. Két qua tinh tir thuc
nghiém cho LOD = 0,5 mg/L. va LOQ = 1,6
mg/L. Phuong phép UV-VIS dinh luong ure
thong qua tao hop chat mau véi 4-DMAB
tuong d6i nhay, phii hop véi dinh lugng ure
trong cac loai phan bon.

Két qua danh gia hiéu sudt thu hoi va do ldp lai ciia phwong phdp phan tich dinh lwong

Hinh 3. Puong chudn xdc dinh ure véi thuéc thiv

4-DMAB

0.8

0.6

0.4

0.2

y=0,0012x -
R2=0,9998 .°

0,0017

200 400
Nong d6 ure (mg/L)

600 800

Thyc hién xac dinh ham luong ure trong mau phan bon PM va méu phan bén PM thém chuan & 3
khoang ndng d6 80%, 100%, 120%, so v&i ham lugng trong phan PM, bang dung dich chuén ure. Két qua
thuc nghiém va két qua tinh d6 1éch chuin tuwong ddi, do thu hoi trung binh cia cic mau phan tich dugc

thé hién trong Bang 3.
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Biang 3. Bang tong hop két qua dd thu hoi va do Lip lai

m . (9) C . Mmg/g C nitrogen’ 70
0,110 964,772 45,0
0,099 983,585 45,9
0,105 990,873 46,2
Thém chuan 80%
m.. (@) | m,.,(9) %tiénf %z;u" %C e nitrogen | Ctinn %H SD %RSD
0,099 0,076 36,58 45,72 82,04 36,32 | 99,29 | 1,076 | 1,078
0,106 0,082 36,58 45,72 82,67 36,95 | 101,03
0,101 0,078 36,58 45,72 81,95 36,23 | 99,06
Thém chuan 100%
0,109 0,105 45,72 45,72 91,82 46,09 | 100,82 @ 0612 | 0,605
0,107 0,103 45,72 4572 92,26 46,54 | 101,79
0,104 0,100 45,72 45,72 91,74 46,02 | 100,66
Thém chuan 120%
0,110 0,128 54,86 45,72 101,23 55,51 | 101,18 | 0,548 | 0,542
0,105 0,122 54,86 45,72 101,42 55,70 | 101,53
0,106 0,123 54,86 45,72 100,84 55,11 | 100,45

Két qua xac dinh d¢ thu hoi béng cach thém chuin ¢ 3 muc 80, 100, 120% so v&i mac ham lugng ure
ctia mau phan bon ure PM dugc trinh bay trong bang 3. Hiéu suét thu hdi ctia phwong phéap bang cach thém
chuin vao mau thu dat trong khoang ttr 99,06 - 101,79% va gia tri RSD% tu 0,542 dén 1,078. Khi thém
ham luong chudn nhé, kha ning thu hdi sai 16ch cao hon déi véi khi thém chuén v6i ham luong cao. Hiéu
suat thu hdi va do lap lai cta phuong phéap dinh luong ure dat yéu cau theo AOAC [14].

Két qua tao kit test

Sau khi do mau dung dich cua hop chit mau & cac ndng do 80, 180, 300, 500, 700 mg/L bing may do
mau trén may quang phd CM-5, dugc cac thong sb mau L*, a*, b*. Tir d6, chuyén ddi cac thong s trén
phan mém va tao thanh kit test so mau dugc trinh bay trong Bang 4 va Hinh 4.

Két qua phan tich ham lwong ure trong mot s6 mau phdn bén

Két qua phan tich dinh lugng va ban dinh lwong 4 mau phan bon ure trén thiét bi UV Vis va kit test
duoc trinh bay trong Bang 5 va Hinh 5.

Ham lugng ure trong 4 mau phan ure luu hanh trén thi truong duge xac dinh bang phwong phap ban
dinh lugng, sai léch trong khoang 11,4 - 46,9% so v&i ham lugng cong bd. Phuong phéap ban dinh luong
nay nham muc dich xac dinh khoang nong d6 ure trong cac mau phan bén ure dé kiém soat so bo chat
lugng phan bén tai hién truong. Pay 1a wu diém cua phuwong phap ban dinh luong qua kit test ure so véi
cac loai kit test chi phat hién c6/khong c6 ure trén thi truong hién nay.

3.3. Danh gia tinh xanh ciia phwong phap

Mirc d¢ xanh ciia phuong phap kit test duoc dénh gia bang cong cu AGREE dua trén 12 nguyén tic clia
Hoéa hoc phan tich xanh. Két qua cho thiy phuong phap c6 mirc d6 xanh kha tét véi s6 diém 0,73 (hinh 6).
Phuong phap ban dinh luong ure trong mau phan bon c6 nhiéu vu diém nhu phan tich truc tiép khong qua
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TAP CHi CONG THUONG - CAC KET QUA NGHIEN CUU KHOA HOC VA UNG DUNG CONG NGHE

Bang 4. Két qua thong s6 mau cia diy chuén

Néng dé ure L* a* b* Kit test
80 mg/L 98,449 -7,087 18,842
180 mg/L 97,239 -11,199 31,366
300 mg/L 97,214 -12,609 35,566
500 mg/L 96,342 -16,842 42,094
700 mg/L 95,797 -19,470 48,993
Hinh 4. Bang so mau kit test
80 mg/L 180 mg/L 300 mg/L 500 mg/L 700 mg/L
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Hinh 5. Ap dung bdng kit test so mau phan tich bdn dinh lwong cdc dung dich méu

Biang 5. Két qué xac dinh ure trong mau phén ure

Tén Kit test UV - Vis
x m can (g) | % nitrogen nhan

mau % nitrogen | % sailéch | % nitrogen | % sailéch
0,106 46,2 0,3

HB 0,108 46,3 41-68 11,4 -46,9 46,0 0,6
0,109 48,0 0,7
0,103 44,4 4,2

PM 0,111 46,3 41 - 68 11,4 -46,9 45,8 1,0
0,107 445 3,9
0,106 45,0 29

CM 0,099 41-68 46,3 11,4 -46,9 46,2 0,2
0,102 45,3 2,1
0,098 45,2 24

NB 0,104 41 -68 46,3 11,4 -46,9 44,5 3,8
0,101 44,6 3,6

xu ly mau, lugng mau sir dung it, mtc d¢ tu dong hoa cao, khong
can tao din xudt, it tiéu thy nang luong va an toan cho nguoi sir
dung. Tuy nhién, phwong phap van c6 han ché do khong thé phan
tich tai hién truong, luong chét thai twong ddi nhiéu (khoang 5
mL) va phén tich chi ure trong quy trinh, khong sir dung cac chat
tir nguon tai nguyén tai tao. Nhitng nhugc diém nay can duoc
nghién ctru cai tién dé phuong phap phan tich trd nén xanh hon
trong tuong lai.

4. Két luan

Nghién ctru d khao sat diéu kién phan tich va xac nhén gia tri
st dung cua phuong phap phan tich, ddng thoi danh gia mac do
xanh cua phuong phap phan tich ban dinh lugong ure trong phan
bon. Két qua cho thy phuong phap c6 do tuyén tinh tét. Gia tri

Hinh 6. Mirc dj xanh
ciia phwong phdp
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LOD va LOQ dat mirc phu hop. D6 dung va do chum ciia phuong phap nhin chung dép tng yéu cau dbi
v6i phuong phap phan tich. Sau khi tao, kit test duoc tng dung dé phan tich ban dinh luong ure trong céc
mAau phan bon, nham muyc dich kiém soat so bo chat lugng phan bén ure trén thi trudng.

Danh gia mirc d6 xanh ciia phuong phap phén tich ban dinh lugng ure theo hé thong AGREE cho thiy,
phuong phap c6 mirc do xanh kha t6t nhd kha nang phan tich truc tiép khong qua xur Iy mau, lwvong mau
sir dung it, khong can tao dan xuét, muc tiéu thu nang lugng thap, it sir dung cac chat phan ing doc hai va
an toan cho nguoi st dung.

Nhin chung, kit test trong nghién ciru nay c6 kha ning phan tich ban dinh luong ure tbt, do tin cay cao
va phu hgp cho phén tich ban dinh lugng ure trong mau phan bén =
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