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Phwong phap dong hoc xic tac phirc xac dinh ham lwong vét mangan
trong nudc
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Tom tat

Trong nghién ctru ndy, mot phurong phép dong hoc trac quang méi dwoc phét trién dé xac dinh ham lwong
mangan st dung indigocamin (Ind) lam chéat mau. Phuong phép nay don gidn, nhanh, dé6 nhay cao va dé
chon loc cao cho viéc xéc dinh ham lwong vét ion mangan trong nwéc. Phan tng oxy hoa Ind béng H-0;
duwoc xtc tac béi phirc gitka Mn?* véi acrylamit (Acry) duoc theo dbi bang sw giam dé hdp thu cua hé
H20-Mn?*-Acry-Ind-H202 (I). Thoi gian ¢b dinh (15s) va buéc séng Amax (612 nm) dwoc st dung. Gi6i han
phét hién ctia phuong phdp 1a 1x10°M. D6 léch chudn twong déi la 11,14%, sai sé twong dbi la 2,27%, va
hiéu suét thu héi la 102,72% dbi véi ndng do dung dich chudn 0,022 mg/L. Puong chuén turong (ng véi cac
khodng néng dé 109-108; 108-107; va 107-10° M thu dwoc véi hé sé héi quy tuyén tinh R?>0,99. Phuong
phép nay duoc ép dung dé xac dinh mangan trong nwéc ubng trén dia ban Ha No6i va két qué phu hop véi
phuong phap phé hép thu nguyén tir (AAS).

T khoéa: Béng hoc xuc tac, phan tich vét, mangan, xuc tac phirc, Indigocamin
Abstract

In this study, a new kinetic spectrophotometric method was developed to determine manganese using Indigo
carmine (Ind) as a color reagent. This method is simple, rapid, sensitive and selective for the determination of
trace amount of manganese ion in water. The oxidation reaction of Ind by H20: catalyzed by complex of Mn?*
with acrylamide (Acry) was monitored spectrophotometrically by measuring the decrease in absorbance of
the system H20-Mn?*-Acry-Ind-H20: (I). The fixed time (15s) and Amax (612 nm) were used. The limit of
detection was 1x10° M. The relative standard deviation was 11.14% (n=7), relative error was 2.27 %, and the
recovery was satisfactory (102.72%) for the determination of 0.022 mg/L. Three linear calibration curves,
corresponding to concentration ranges of 10°-10°; 108-107; and 107-10° M, were obtained with linear
regression coefficient R?>0.99. The method was applied to determination of manganese in drinking water in
Hanoi, these results were compatible with atomic absorption spectrometry (AAS).

Keywords: Catalytic-kinetic, Trace analysis, Manganese, Complex catalyst, Indigo carmine

1. Mé diu

Su phat trién manh m& ciia cic nganh cong
nghiép dan dén moi truong ngiy cang O nhiém.
Khong chi ¢6 khong khi va dat bi 6 nhiém, cac ngudn
nuée cling khong con trong lanh nira. Ngoai bi 6
nhiém boi cac chat ban va hoa chit doc hai, cac kim
loai ngng nhu Pb, Cd, Hg, Mn...ciling la yeu td chinh
gy 6 nhiém moi trudong [1].

Trong cac kim loai nang, Mn 1a kim loai mau
trang xam, duoc tim thiy rat nhiéu trong ty nhién, tir
mdi trudong dat, nude dén khong khi. Tuy timg moi
truong khac nhau ma ching tdn tai dudi cac dang
khac nhau. Riéng trong nude, mangan ton tai dudi
dang ion (Mn2*) [2]. Cac ngudn phat sinh mangan
vao moi truong co thé ké dén sy dét chay cua cac
nhién liéu hoa thach (than da va dau mo), cac nganh
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khai khoang quang, va luyén kim [3]. Mangan c6 thé
anh huong dén dén hé than kinh boi gy ra cac doc t6
hinh thanh hdi ching mangan véi céc triéu ching
gan nhu tuong tu hi ching Parkinson. Néu sir dung
ngudn nudc nhidm mangan trong thoi gian dai s& lam
giam kha nang ngén ngtr, giam tri nhd, giam kha
nang van dong lién quan dén tay ma mét [4]. Do do
viéc phéan tich mangan trong nudc dé danh gid mirc
d6 6 nhiém 1a rat can thiét di v6i cong nghiép, moi
truong va xa hoi.

Nho sy phat trén ciia khoa hoc va ky thuat, co
nhiéu phuong phap dé phan tich ham lugng mangan
trong nudc nong do ¢ ppm nhu phuong phap phé
phat xa nguyén tr cam mg cao tan (ICP-AES) [5],
phuong phép cam tng cao tan khdi pho phan giai cao
ICP-MS [6], phd héap thy nguyén tir ngon lira (AAS)
[7] hay von-ampe [8]. Nhung nhugc diém cua cac
phuong phédp noi trén la phai can dau tu nhiéu thiét b
méay méc dat tién. Yéu cau clia cac phong thi nghiém
hién nay doi hoi phai c6 nhiing phuong phap phan
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tich c¢6 d¢ nhay cao, d¢ chinh xac cao, gidi han phat
hién t6t, chon loc va it yéu té anh huéng nhung
nguoc lai phai doi hoi chi phi thap. Phuong phap do
quang thong thudong dwa vao tinh chét tao phirc chét
gitra ion kim loai va céc ligan hitu co dugc ung dung
rong rai trong tinh hinh kinh té hién nay, tuy Vay
nhuoc diém ctia phuong phép 1a d6 nhay con han ché,
d6i khi chua du dap ung nhuu ciu ciia thuc té.

Mot trong nhimg phuong phép tang cuong do
nhay ciia phép do 1a dua chét can phan tich vao mot
hé xuc tac nao d6. Nguoi ta chon nhing hé xuc tac co
tinh 6n dinh, hoat tinh va d6 chon loc cao dé ung
dung cho muc dich phan tich vi lugng céac ion kim
loai. Nong d6 cua chét xtc tac anh hudng truc tiép
dén dong hoc cua phan tng. Thoi gian gan day c6 rat
nhiéu cong trinh nghién ctru x4c dinh ham lugng kim
loai nang theo phuong phap dong hoc xtc tac nhu
xac dinh lugng vét Pb dua trén su kht thionin xanh
[9], x4c dinh lwong vét Mo bang phan tng khir Nile
xanh [10], xac dinh Hg trong nudc dya trén sy xtc
tac cho phan g gitta [Ru(CN)s] va mudi nitrosol-R
[11]. Bén canh d6 phuong phap nay con dugc dung
dé xac dinh lwong vét cac phan tir va ion phi kim
(NOy, S7, HCHO, L) [12-15]. Theo cac cong trinh
cong bd trude, néu chung ta c¢6 thé dua kim loai vao
dang xtc phirc cing véi H,O» tao ra cac gde tu do
OH- thi téc do phan ng oxy hoa chit mau va do
nhay ting 1én rat nhiéu 1an [16,17].

Trong bai bédo nay, ching t6i nghién ciru quy
trinh phan tich luong vét Mn2* trong nudc bing
phuong phap dong hoc xuc tac phirc. Khao sat anh
hudng cua cac ion kim loai khac nhau trong hé xuc
tac. Xay dung duong chuin va xac dinh ham luong
Mn?** trong nudc va Ung dung phan tich cac maiu
nudc trén dia ban Ha Noi.

2. Thyc nghiém

Trong cong trinh nghién ctu trude [16,17],
chung toi di gidi thiéu vé dong hoc va co ché cua
phan tng oxy ho4 chit mau indigocamin (Ind) bang
H,0; duéi tac dung cua xuc tic phirc dugc tao thanh
tir Mn?" v6i acrylamit (Acry) trong hé

H,O-Mn?*-Acry-Ind-H,O, (1)

Trong béo cdo nay, két qua nghién ctru ciia hé (I)
dugc tng dung vao viéc phan tich lugng vét Mn2*
theo phwong phép dong hoc xtic tac dua vao mdi
quan hé téc d6 phan tng oxy hoa Indigocamine phu
thuéc vao nong do dau cua [Mn*],, Cong thirc dé
tinh téc d6 phan g nhu sau:

AAInd
whd= — 612 (M ]ls! 1
exLxAt ( ) @
AAM : Bién thién do hap thu quang cia Ind tai

budc song Ama= 612 nm trong khoang thoi gian At
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(gidy)
L: Bé day cuvet (cm)
e: Hé s6 hap thu phén tir (1,02.10* L.mol'em™) [18]

Céc diéu kién t6i uu cho tdc do phan tng oxy hoa
Indigocanine cua hé nhu sau da dugc khao sat trong
nghién cuu trude [16,17], pH =10,5; B=M= ;

7 T [Mn2t], ’
[Ind]o= 1,5.10*M; [H20,],= 10°M. Chiing t6i diéu
chinh pH cua dung dich bang dung dich NaOH va
HCIO4. Viée diéu chinh tién hanh sau khi thém (Ind).
Dung dich dugc khqu tron va gia tri pH dugc do
trén may do KEM AT-500N. Phé hép thu electron
phan tu cua Ind dugc nghi trén may UV-VIS 8453
ctia hang Agilent. Cac khao sat dugc tién hanh bang
cach do do hip thu quang cua Ind trong dung dich &
budc song Amx=612 nm [17]. Mdi thi nghiém déu
dugc tién hanh 3 lan dé ldy gi4 tri trung binh. Nong
d6 mangan trong cac mau nudc trén dia ban Ha Noi
dugc xac dinh theo phuong phap dong hoc xuc tac va
dugce so sanh véi két qua phan tich theo phuong phép
hap thu nguyén tir 16 graphite thudc trung tim phan
tich mdi truong, dai hoc Bach Khoa Ha N6i (AA800/
Perkin Elmer).

Dé danh gia sai sb va do lap lai cua phép do
ching t6i s dung cac cong thirc duge tham khao
trong tai liéu cong bo trude nhu sau [19]:

Sai sb twong d6i dugc tinh theo cong thirc:

Yo, = 120l 100
C

Do lap lai phép do tinh theo cong thic:

Sp = 2iCri—xep)?
(n-1)

RSD = 100 x 2

Xtb
Trong dé:

% Xo: Sai s6 tuong dbi trung binh giira cac lan
thtr nghiém (%)

SD : Do léch chuan

RSD: D6 léch twong dbi (%)

Xo: Gid tri trung binh ctia mau thir nghiém

Xen: Gid tri mau chun tham chiéu dugc chfip nhin
la ding.

3. Két qua va thao ludn

3.1. Khao sdt anh hwong sw c¢6 mdt ctia cdc kim logi
khdc nhau dén W trong hé:
H:0-Meé**-Acry-Ind-H:0: (1).

Sau khi nghién ciru dong hoc va co ché cua
phan tmg oxy hoa chit mau Indigocamin biang H,O,
duéi tac dung cta xuc tac phuc cia Mn®* véi Acry
trong hé (I). Chung t6i st dung két qua d6 vao viéc
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phan tich lugng vét Mn theo phuong phap dong hoc
xtic tac. Trude khi tién hanh phéan tich can kiém tra
su c6 mat cua cac kim loai khac trong hé (II) c6 anh
hudng dén két qua phén tich khong. Vi vay chung toi
khao sat anh huéng nong do dau cua ion kim loai
[Me?*], dén tdc do oxy hod Ind (Wnd),

Cac diéu kién tién hanh nhu sau: pH =10,5;

[Ac
[Ind]o= 1,5.10 M; [H202]o= 102 M; B—Mrz—{]]— 70
[Me?]o= [Mn*"], = [Co*']o= [Ni*']o= [Cu*']o=

[Fe**]o=2.10°M.

Pé tinh W, can phai xdc dinh AY bién
thién theo thoi gian t (s) phu thudc vao sy c6 mat cua
timg ion kim loai trong hé¢ (II) theo thir ty: Me?'=
Mn?*; Co?"; Ni?*; Cu?*; Fe?'. Két qua duoc trinh bay
trén bang 1.

chung to6i chon AAS ung véi

Tu bang 1,
At=15(s) va tinh tbc do phan ung theo cong thuc 1,
TQc do phan tmg W™ phu thudc vao sy co mat cua
moi ion kim loai Me?" trong hé (II) dugc thé hién
trong bang 2.

Bang 1. Su bién thién d¢ hip thu quang (A) theo
tho1i gian (s) phu thudc vao sy cd mét cia céac ion kim
loai (Me*" =Mn?*; Co*"; Ni**; Cu®*; Fe?") trong hé
(1)

Ind
(O T o T T
Mn Co Ni Cu Fe

0 2,224 | 2,224 | 2,224 | 2,224 | 2,224
15 1,590 | 2,191 | 2,177 | 2,205 | 2,211
30 1,328 | 2,136 | 2,121 | 2,162 | 2,175
45 1,149 | 2,087 | 2,068 | 2,124 | 2,155
60 1,004 | 2,047 | 2,024 | 2,084 | 2,126
75 0916 | 2,011 | 1,978 | 2,038 | 2,082
Bang 2. Su phu thudc tdc d6 phan tng vao Me?*

Mez+ Mn2+ C02+ Ni2+ Cu2+ Fez+

Wi 107 |41.44| 2,16 | 3.07 | 124 | 085

Tir két qua trén ta thdy rang cung diéu kién nhu
nhau thi téc do oxy hoa Ind khi c6 mit cia Mn?* 16n
hon rat nhiéu khi c6 mit cac ion khac nhu vay su co
mat cia cac ion Co*', Ni**, Cu®, Fe* ¢6 gdy nén sai
sO xong sai sd nay cling rit nho. Mat khac cac ion
Cu?*, Ni* ¢6 thé loai bo bang tao phic bén véi
o-Nitrozo, hay B-naphtol, sit c6 thé bi che hoan toan
khi tac dung véi axit sunfosalixilic [3].

Cac két qua nghién cou dong hoc, co ché va
diéu kién tdi wu ciia phan g oxy hoa Ind bang H,O,
dugc xic tic bang phirc cia Mn?* v6i Acry trong hé
(I) dugce sir dung cho phan tich lwong vét Mn?* trong
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cac mau nudc sinh hoat sau day.
3.2. Xay dung dwong chuin

Pé nghién chu tUng dung hé xic tac
H,0-Mn**-Acry-Ind-H,0, vao viéc phan tich ham
lwong mangan trong nudc, chung toi tién hanh pha
dung dich chuin mangan va xay dung duong chuén
theo hé¢ xuc tdc trén. V6i mau traing 1a hé
H,0-Acry-Ind-H,0, ¢6 ndng d6 cac thanh phan
gidng hé xtic tac H,O-Mn**-Acry-Ind-H,0,.

Chung t6i st dung nong d6 Mn2* nam trong
khoang (1-1000).10- 9M va giit nguyén céc diéu kién
khac. Két qua do hap thu quang cua Ind theo thoi
gian tai moi gid tri nong do dau ctia Mn?* dugc bleu
dién trén hinh 1. Téc d6 oxy hoa Ind phu thudc rat
16n vao néng d6 ban du ciia Mn**, néu n@)ng d06 ban
dau cang 16n Mn2* thi tdc d6 phan timg oxy hoa cang
manh. Téc d6 oxy héa Ind nhanh nhét trong 15 gidy
dau. Do d6 chung t6i chon tinh déc do ung voi sy
bién thién d¢ hip thu quang AA™ trong 15 gidy dau
theo cong thire 1. Két qua duoc trinh bay trong bang
3.

0 X i0 &0 8
Hinh 1. Sy thay dbi do hdp thu quang cta Ind theo
thoi gian phu thudc vao [Mn**],, trong do6 cac duong
cong tr 1-13 twong tng vé&i véi nong do [Mn*'],=
(1-1000).10°M.

Vi khoang ndng do rong tir (1-1000).10° M thi
do tuyén tinh khong du dé cho phép phan tich. Do do,
chung t6i phan ra 3 vung ndng do khac nhau tuong
tmg 1a (1-10).10° M; (10-100).10° M; va
(100-1000).10° M dé xay dung duong chuin. Két
qua dugc trinh bay trén hinh 2, 3 va 4 tuong ng.

Céc duong chudn déu cho hé s§ twong quan
R2>0,99 diéu nay chimg to rang do chinh xéc ciing
nhu d9 tin cdy cua dudng chuin rat cao. Tir két qua
trén ciing thiy rang khi nong d6 [Mn2]=1x10"M tbc
d6 oxy hoa van con c6 nghia, tin hiéu phan tich van
cho phép phat hién, diéu nay co thé khang dinh
phuong phap c6 do nhay cao. Khi phan tich mau thue,
tuy thudc vao ham lugng mangan trong mau, ¢ thé
chon cac duong chudn hinh 2; 3; va 4 ma khong can
pha loang dé tranh sai s6 khi xir 1y mau.
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Bang 3. Su phu thudc tdc d6 oxy héa Ind viao ndng d6 ddu Mn2*([Mn>,)

[Mn?"].10°M 1 3 5 8 10 30 50 80 100 | 300 | 500 | 800 | 1000
AAM 0,044 {0,078 | 0,124 | 0,168 | 0,213 | 0,258 | 0,309 | 0,360 | 0,408 | 0,464 | 0,529 | 0,585 | 0,656
wind 107 2,88 | 5,10 | 8,10 |10,98|13,92| 16,86 |20,20 | 23,53 | 26,67 | 30,33 | 34,58 | 38,24 | 42,88
Bang 4. Két qua phén tich miu chuan bang phuong phép dong hoc xc tac.

AA Lan 1 Lin 2 Lin3 | Lin4 | Lin5 Lin6 | Lin7 |Trung binh

0,491 0,488 0,496 0,499 0,495 0,486 0,493 0,492

wind 107 31,895 | 31,503 | 33,268 | 33,660 | 32,353 | 31,765 | 32,222 32,380

[Mn?*].10°M 383,818 | 361,280 | 462,700 | 482,237 | 410,112 | 376,305 | 402,599 | 411,293

[Mn?*] mg/L 0,0211 | 0,0199 | 0,0254 | 0,0267 | 0,0226 | 0,0207 | 0,0221 0,0226

16,00 1

y= L2116x + 1653
R =0993%

Winé 107

1400 4

10:00 4
5.00 4
6.00 4

4.00 4

Hinh 2. Sy phu thudéc W™ vao [Mn?*], (10-10M).

0w
F= 01+ 172

RY= 0996

Wé 107

[Mn

¥, 10°M

0 n 4 &0 o 100 10

Hinh 3. Su phu thuéc W™ vao [Mn?*], (10-8-10"M).

i W‘Im'._lo?

¥=00174x + 5127
B = 099135

[Mn?],10° M

T T T T T V
1] 200 400 600 200 1000 1200

Hinh 4. Sy phu thude W vao [Mn?*], (107-10-°M).
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3.3. Xdc dinh nong dp mangan trong miu kiém tra.

De danh gia d¢ chinh xac cua phuong phap ching toi
tién hanh kiém tra véi miu chuan v6i nong do bibt
truée [Mn2*],= 0,022 mg/L va tién hanh phén tich lap
lai 7 1an. Két qua phan tich ham lwgng Mn>* dugc ghi
lai trong bang 4. Tu két qua thu duge ching t6i su
dung phan mém minitab dé danh gid théng ké phuong
phap. Két qua thu duoc thay rang voi 7 lan thi
nghiém lap lai véi cung diéu kién nhu nhau thi két
qua cho thay do 1éch chuan rat nho (SD = 0,002518),
d6 léch chuan twong déi dat RSD=11,14%. Diéu nay
chimg t6 phuong phéap cho két qua c¢6 d6 chum tot.
Bén canh d6 chung t6i ciing tinh dwoc sai sd tuong
ddi %xw= 2,27% va hiéu suat thu hdi R=102,72%
ciing khang dinh két qua c6 do dung cao. T tit ca
cac nhan dinh trén ching t6i c6 thé két luan duoc
phuong phap phan tich lugng vét bang phuong phap
dong hoc xuc tac phtic cho d9 chon loc va @9 chinh
X4c cao.

3.4. Xdc dinh ham lwong mangan trong mot sé6 mau
nwdc.

Dua trén quy trinh phan tich da xdy dung va
diéu kién phan tich da khao sat & trén, ching t61 tlen
hanh phén tich ham luong mangan trong mot s6 mau
nudce sinh hoat ta1 cac dia dlem sau: Mau 1 (phuong
Phuc Pong), mau 2 (Thi trdan Trau Quy), mau 3
(phuong Bach Khoa), mau 4 (phuong Vinh Tuy);
mau 5 (phuong Dich Vong); va mau 6 (phuong Nhat
Tan). Bé danh gid thém vé phuong phap dong hoc
xuc tac ching t6i tién hanh phan tich song song véi
phuong phap hip thu nguyén tir (AAS). Két qua phan
tich ham lugng Mn** (mg/L) duogc thé hién trong
bang 5.

Pé so sanh két qua phéan tich ham lwong Mn?*
giita hai phuong phép (bang 5), ching t6i ding phan
mén théng ké toan hoc Minitab va thu dugc két qua
P-value =0,101>0,05. Piéu nay chung to rang két qua
ctia hai phuwong phap 1a giéng nhau vé mit thong ké
voi d6 tin cdy 1a 95%.
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Bang 5. Két qua phan tich ham lugng Mn?* trong cac
mau nudc theo hai phuong phap.

Ph hs Ham lwgng Mn?" mg/L
WONg Phap Mvizu 1| MAu 2 | MAu 3 | Mau 4 | Mau 5 | Mau 6
donghoc | 511 10015 ]0.110 [ 0,170 | 0.430 | 0.457
Xuc tac
hap thu 6 5141 0.016 | 0.118 | 0,175 | 0.428 | 0.463
nguyeén tu

4. Két luan

Trong nghién ctiru nay, da ching minh dugc sy

c6 mit clia cac ion kim loai Co®"; Ni*; Cu?"; Fe?"
khong anh huong dén két qua phan tich. P xay dung
dugc duong chuan phan tich mangan trong 3 khoang
nong d6 10°-10%; 10%-107; and 107-10° M dé su
dung trong phan tich luong vét Mn?* bang phuong
phép dong hoc xuc tic. Phuong phap cho d9 chinh
xé4c cao va do chum tét. Do 1éch chuin tuong d6i, sai
s6 twong d6i va d6 thu hdi twong ung 1a 11,14%, 2,27%
va 102,72%. Budc dau da phén tich dugc mot s6 mau
nude sinh hoat trén dia ban Ha Noi. Két qua dugc so
sanh voi phuong phép hip thu nguyén tir (AAS) va
cho két qua gidng nhau vé mat thong ké véi do tin
cay la 95%.
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