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Toém tit. Tong ham lugng sit trong mau nudce duge xac dinh bang phuong phép quang phd két hop vai
ky thuat chiét diém mu. Ion sit (II) phan tmg voi thudc thir 1 ,10-phenantrolin trong mdi truong dém = 5,
phirc chét tao thanh dugc chlet trong chét hoat dong bé mit Triton X- 100 101 do quang tai budc song 512
nm. Ton sit (1) dugc khu vé sit (II) bang hydroxylamin. Céac thong s6 t6i uu cua ky thuat chiét diém mu
dugc khao sat nhu pH, ndng do cua cac dung dich thudc thir 1,10-phenantrolin, chat khtr hydroxylamin,
chét hoat dong bé mat Triton X-100, mu6i NaCl, cdc ion anh hudng,.. V01 nhirng thong sé duogc téi wu,
duong chuan xay dung tuyén tinh trong khoang tir 0.1-1.0 (ug/mL) v&i r* = 0.9998, phurong phap c6 gidi
han phat hi¢n 13 0.0074 (ug/mL) va RSD 1a 2,80%.

CLOUD POINT EXTRACTION FOR THE DETERMINATION OF IRON
IN WATER SAMPLES BY SPECTROPHOTOMETRY

Abstract. Total iron content in water samples was determinated by combination of cloud point extraction
technique and spectrophotometric method. The method involved a selective hydrophilic complex
formation between iron (II) and 1,10-phenanthroline in a buffer pH 5, which can efficiently be extracted
in surfactant-rich phase of Triton X-100 and determined spectrophotometrically at Amax 512 nm. Total
iron was determinated after the reduction of Fe(IlI) to Fe(Il) by using hydroxylamine as a reducing agent.
The main factors that influence the efficiency of cloud point extraction such as the pH of sample solution;
the concentration of solutions of 1,10-phenanthroline reagent, hydroxylamine reducing agent, Triton X-
100, salt; the influence of interferences and the impact of equilibration time were studied. The calibration
graph was linear in the range of 0.1-1.0 (ug/mL) with r* = 0.9998. Under optimized conditions, the
detection limit was 0.0074 (ug/mL) with the relative standard deviation of 2.80%.

Keywords: Cloud point extraction, spectrophotometric method, Triton X-100, Total iron.

1. MO PAU

Hién nay, viéc xac dinh ham luong vét cua cac ion kim loai 1a mot trong nhiing van dé 16n trong
phén tich hoa hoc. Cac phuong phap duge st dung dé xac dinh ham luong vét ion kim loai nhu pho
nguyén tir ngon Iura (FAAS) [1-3], pho nguyén tir 10 graphit (GFAAS) [45[, pho phat xa nguyén tir ghép
cap kh01 pho cam ung cao tan [6,7] , phuong phap quang phd hap thu phén tir (UV- VIS) [8-10] , phuong
phap sic ky ion (IC) [11,12] ... Trong cac phuong phap ndy, phuong phap quang phé hap thu phan tu
dugc st dung rat phd bién nho su thuan loi, d& dang thyc hién va thiét bi co tinh kinh té hon nhiing
phuong phap khac. Nham nang cao hiéu qua phén tich ham lwong vét cac ion kim loai bang phuong phap
quang phd UV-VIS, nguoi ta két hop phuong phap pho UV-VIS v6i nhiu nhiéu k¥ thuat 1am giau mau
[13] khac nhau nhur chiét 16ng-long, chiét pha ran, trao doi ion, chlet diém mu [14-18]. .

Ky thuat chiét diém mu 1a mot k¥ thuat tach va lam giau mau, duoc str dung rong rai dé phén tich ion
kim loai & ham luong vét. D6 1a mot k thuat xir Iy mau xanh trong linh vyuc phan tich hoa hoc [19,20]
nho vao hiéu suét 1am giau mau cao, it doc hai véi méi truong do sir dung chat hoat dong bé mit khong
bay hoi, khong doc hai. K¥ thuét nay dua vao su tach pha trong dung dich nudc co chét hoat dong bé mat.
Dung dich nudc ciia mot chét can phan tich khi c¢6 mat chét hoat dong bé mit duoc dun nong dén mot
nhiét d6 nhit dinh (the cloud point temperature) hoac dudi tac dong cua mudi NaCl sé& tao thanh dam
mixen va do tan cua chit hoat dong bé mit trong nudc bi giam dan dén hién tuong tach pha. Hién tugng
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ndy goi 1a hién twong diém mu [21,22]. Su két hop k¥ thuat chiét diém mu va phwong phap quang pho
hép thy phan tr mang lai hi¢u qua vo cing 16n trong viéc phan tich ham lugng vét ion kim loai [18, 21, 23,
24]. Trong d6, phan tich ham luong vét ion sit trong cac loai mau bang sy két hop nay ciing dugc cic nha
nghién ctru ap dung rat nhiéu [25- 28].

Trong bai bdo nay, chung t6i st dung k¥ thuat chlet dlem mu dbi vai phirc chat ciia ion st (II) vOi
thudc thir 1 ,10-phenanthroline sau khi khir toan b sat (I vé sit (I) bang hydroxylamln sau d6 tién
hanh do d6 hap thu tai budc song 512 nm. Cac yeu td t6i uu clia qua trinh chiét nhu pH, nhiét 4o, luong
chét hoat dong bé mat, luong mubi, thoi gian chiét,... déu dugc khao sat. Quy trinh phan tich duoc ap
dung dé phén tich ham lugng sét trong cac mau nudc.

2. THU'C NGHIEM

2.1. Héa chat

Mubi (NH4),SO,FeS0,.6H,0 (>99%); 1,10-phenanthroline (>99, 5%); hydroxylamine hydrochloride
(>99%); CH;COOH (>99,8%); CH;COONa (>99%) cua Cong ty hoa chét Thuong Hai, Trung Quéc va
cac hoa chét khac.

Nudc cit 2 1an dé pha cac loai dung dich.

2.2. Thiét bi

May quang phd UV-VIS Evolution 600 (Thermofisher), can phén tich, 16 nung va cac dung cu thiy
tinh trong phong thi nghiém.
2.3. Xir ly miu

Lay 50 mL mau nude cho vao cde dun, thém 5 mL K,S,05 40g/L, dun nhe 40 phut dén khi dung
dich trong sudt khong mau [29]. Dung dich chuﬁn’Fe2+ 6 nong dg sau dinh muc 0,5 (pg/mL) duge thém
vao mau va tién hanh tuong tu dé danh gia hi¢u suat thu hoi trén mau.
2.4. K¥ thut chiét diém mu va phwong phap do phé hép thu

Hut 0,5 mL dung dich chuan Fe’" 25 (ug/mL) cho vao ong thuy tinh ¢6 nip; thém 2 mL dung dich
hydroxylamin 10%, ’5 mL dung diqh d@m pH=5; I mL d}mg dich l,lojphenantr'olin 0,5%, 4 mL Triton
X-100 60%, 4 g mudi NaCl. Lac déu r6i dé yén 30 phat dé tach 16p, chiét 16p chét hoat dong bé mat vao
binh dinh mtrc 25 mL roi dinh mte dén vach bang etanol [26,27]. Do d6 hap thu cua phuc thu duogc tai
budc song 512 nm. Mau trang dugc thyc hién tuong ty nhung khong chira sat ) )
Nong do dung dich chuan Fe™ 0,5 pg/mL duoc sir dung dé khao sat cac yéu t6 toi vu trong ky thuat chiét
dlem mu nhu: pH, néng do cia cac dung dich thude thir, chat khir, chit hoat dong bé mit Triton X-100,
mubi NaCl, nhiét do, thoi gian chiét va cac cation anh hudng.

3.KET QUA VA THAO LUAN
3.1. Ph hép thu ciia phitc
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Hinh 1. Phé hdp thu cia phire chdt trong metanol: sit (II) 0,5 (ug/mL), 1,10-phenantrolin 0,16%, hydroxylamin
0,8%, Triton X-100 9,6%, NaCl 0,16 (g/mL).

Phé h?ip thu cuta phuc, thudc thur 1,10-phenantrolin va chét hoat dong bé mit Triton X-100 duoc thé
hién trong hinh 1. Phtrc cta sét (IT) 0,5 (ug/mL) véi thude thir 1,10-phenantrolin 0,5% hép thu tai budc
song 512 nm, trong khi d6, 1,10-phenantrolin hap thu tai budc séng 320 nm, gan nhu khong anh hudng
dén d6 hap thu cua phirc chat. Hinh 1 ciing cho thdy, chat hoat dong bé mat Triton X-100 khong hép thu
ning luong tai bude song 512 nm, khéng anh hudng dén d hap thu ctia phirc chét.

3.2. Cac yéu tb tdi wu ctia ky thuat chiét diém mu
Anh heong ciia pH

pH 1a yéu t6 quan trong dnh hudng dén hiéu suat chiét trong k¥ thuat chiét diém mu. pH dugc khao
sat trong khoang tir 2 +8, duogc diéu chinh béng HCI1 0,1M hoac NaOH 0,1M; dung dich dém acetat duoc
sir dung & pH = 5. Hinh 2 cho thay, d6 hip thu cua phtic ting dan tir 2 dén 5, d6 hip thu cua phtc giam rd
rét & pH tir 7 dén 8. Tai pH = 5 kha ning tao phirc cia sat (II) v6i thude thir 1a cao nhit trong pha hoat
dong bé mit Triton X-100. Vi vay, dung dich dém pH = 5 dugc sur dung cho cac thi nghiém tiép theo.
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Hinh 2. Anh huéng cua pH: sdt (I) 0,5 (ug/mL), 1,10-phenantrolin 0,16%, hydroxylamin 0,8%, Triton X-100 9,6%,
NaCl 0,16 (g/mL).
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Anh hiréng ciia nong dg thuoc thir va chat khir
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Hinh 3. a) Anh hudng cia nong dg thudce thir 1,10-phenantrolin; b) Anh huéng ciia néng dg chét khir hydroxylamin.
Sat (1) 0,5 (ug/mL), dém pH = 5, Triton X-100 9,6%, NaCl 0,16 (g/mL).

Anh huéng cta ndng do thude thir 1,10-phenantrolin dén d6 hap thu ciia phirc dugc khao sat lan luot
tir 0,004 ~ 0,04 (%) v6i nong do cua sat (I1) 14 0,5 (ug/mL), cac yéu td khac duge ¢b dinh. Hinh 3a cho
thdy, nong do thudc thir cang tang, do hap thu ciia phirc cang 16n. Khi nong do thude thir duoc thém vao
tir 0,16% thi d6 hap thu ciia phirc thay doi khong nhiéu. Tuong tu, ndng d6 cua chat khir hydroxylamin
duoc khao sat tir 0,4 + 2,4 % v6i ndng do cua sat (IT) 14 0,5 (ug/mL) va thude thir 1,10-phenantrolin 14
0,16%, cac yéu t6 khac dugc cb dinh. Hinh 3b thé hién néng d6 chat khir hydroxylamin anh hudng dén
qua trinh chuyén héa hoan toan sit (III) vé sat (1D). Két qua cho thay khi st dung nong do chat khir
hydroxylamln 0,8% thi do hip thu cua phurc dat toi da. Vi vay, nong do cua thudc thir 1,10-phenantrolin
0,16% va chét khir hydroxylamin 0,8% dugc sir dung cho nhing khao sét tiép theo.

Anh hwong cua néng dé chdt hoat dong bé mdt Triton X-100

Triton X-100 la mot trong nhirng chét hoat dong bé:: mat khong ion dugc su dung rong réi trong ky
thuét chiét diém mu do do tinh khiét cao, nhi@t dQ tao diém mu thap, khong doc yé kha nang téph 16p cao
tr dung dich [30]. Hiéu qua cua qua trinh chiét diém mu phu thudc vao luong chat hoat dong bé mat duoc
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str dung. Nong do Triton X-100 dugc khao sat thay doi tir 2,4 + 19,2%. Hinh 4 cho thay, khi sir dung thé
tich Triton X-100 < 9,6% thi kha nang chiét rat kém, tham chi khong thé tach duoc, khi néng d06 Triton
X-100 duoc thém vao hé chiét tir > 9,6% trd 1én thi 2 16p dung dich duge tach khoi nhau gan nhu hoan
toan. Hinh 4 ciing cho thay, khi sir dung ndng do Triton X-100 9,6% dé chiét thi ¢6 hap thu ciia phirc cao
nhat. Vi vay, ndng d6 Triton X-100 9,6% duoc sir dung cho nhiing khao sat tiép theo.
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Hinh 4. Anh hudng ciia nong d¢ Triton X-100: sdt (I) 0,5 (ug/mL), 1,10-phenantrolin 0,16%, hydroxylamin 0,8%,
dém pH =5, NaCl 0,16 (g/mL).

Anh hieéng ciia nong dg muéi NaCl

Mudi NaCl c6 anh hudng rat quan trong dén kha nang chiét diém mu, NaCl s& kéo cac phan tir nudc
va loai bo 16p hydrat ctia ion sét (II), lam tang lién két giira sat (II) va 1,10-phenantrolin, tao phtc hitu co
bén tir 46 1am tang kha ning dugc chiét 1én 16p chat hoat dong bé mit Triton X- 100 [31, 32]. Nong do
mubi dugc khao sat tir 0,04 + 0,36 (g/mL). Két qua cho thay khi sir dung luong mudi < 0,08 (g/mL) thi
dung dich khong tach 16p, khi sir dung néng d6 muoi tang tir 0,12 + 0,36 (g/mL) thi kha nang chiét ting
1én va phirc dugc chiét gan nhu hoan toan. Bén canh d6, khi sir dung nong d¢ mudi NaCl 0,16 (g/mL) thi
kha ning tach cham hon so v&i khi st dung ndng do muéi tir 0,2 + 0,36 (g/mL). Tuy nhién, hinh 5 cho
thidy do hap thu cta phtrc sau khi chiét khong thay d6i nhiéu khi nong d6 mudi duoc sir dung tir 0,16
(g/mL) trg 1én. Tir két qua d6, ndng do mudi 0,16 (g/mL) dugc sir dung cho nhing khao sat tiép theo.
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Hinh 5. Anh hwong cua luong mudi NaCl: sdt (II) 0,5 (ug/mL), 1,10-phenantrolin 0,16%, hydroxylamin 0,8%, dém
pH =35, Triton X-100 9,6%.

Anh hwdng ciia nhiét @ va thoi gian chiét

Nhiét d6 chiét duoc khao sat tai 30°C, 40°C va 50°C. Két qua thu dwoc tai nhiét do 40°C va 50°C,
dung dich phirc khong tach 16p duge. Tai nhiét do 30°C, ciing cing mot n6ng d0 NaCl thém vao hé chiét,
phirc chét dugc chiét hoan toan 1én 16p Triton X-100 chi sau 30 phut chiét, diéu nay ciing phu hop véi
nghién ciru trudc ciia Nobuko Sato vé& nhiét do chiét [30]. Thoi gian phirc chat duge chiét hoan toan 1én
16p Triton-X100 dugc khao sat bang cach lic déu dung dich sau do dé yén cac dung dich phuec tir 5 + 60
phit dé tach 16p. Hinh 6 cho thiy, tir 30 phit trd 18n qué trinh tach 16p hoan toan va 6n dinh. Vi vy, qua
trinh chiét dugc thuc hién tai nhiét do 30°C trong 30 phut.
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Hinh 6. Anh hwdng ciia thoi gian chiét
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Anh hwong ciua cac ion can nhiéu
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Hinh 7. Anh hwéng ciia Ni2+
Anh huéng cua cac ion Ni**, Pb*" duogc khao sat trong cung diéu kién da duoc toi wu o trén [29]. Két
qua thu duoc cho thiy ion Pb** gan nhu khong anh huong, & ti 18 200:1 thi sy anh huong cia ion Pb**1a
1,96%. Riéng d6i v6i ion Ni*", hinh 7 cho thdy néng do Ni*" cang 16n thi sy anh hudéng cang cao, tuy
nhién ¢ ti 1¢ 10: 1 thi ion nay anh huong khoang 7,7%, su anh huong nay khong cao. Miéc khac, khi phan
tich sit trong nhitng mau nudc ngdm va nudc song thi ham luong Ni*“khéng & mirc ti 1¢ nay nén sy anh
huéng khong dang ké.

3.3. Phin tich ham lwong sit trong miu nuwéc

Puong chudn
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Hinh 8. Puong chudn

Mot day nf)ng d6 Fe®" chuan trr 0,1+1 (ug/mL) duge thye hién phan tmg tao phirc va chiét dé xay
dung dudng chuan véi cac thong sé di tdi uvu nhu sau: dém pH = 5; nong do thuoc thir 1,10-phenantrolin
0,16% ; nong do chét khir hydroxylamin 0,8%; nong do Triton X-100 9,6%; nong d6 muoi NaCl 0,16
(g/mL); phtrc duoc chiét ¢ nhiét d6 30°C trong thoi gian 30 phiit va do hap thu quang duoc do tai budc
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song 512 nm. Hinh 8 thé hién phuong trinh dudng chuan y = 0,2054 — 0,0004 v&i hé s6 tuong quan 1* =
0,9998. Gidi han phat hién va gi¢i han dinh lugng dugc thuc hién dya theo 21 mau tréng Vo1 két qua lan
Iuot 1a 0 0074 (ug/mL) va 0,0247 (ug/mL). B9 1éch chuan duoc thuc hién 1ap lai 6 lan véindng do dung
0,5 (ug/mL) 14 2,80%. Puong chuan xac dinh sat theo phuong phap truyen thdng véi cac diéu
kién tuong ty nhung khong thuc hién qua trinh chiét dugc khao sat dong thoi. Két qua véi phuong phap
truyén thong thi hé sb trong quan 1’ = 0,9999 va do 1éch chuan 1a 2,51%. Tuy nhién gidi han phat hién va
gio1 han dinh luong dugc thuc hién dya theo 21 mau tring c6 két qua lan luot 13 0,0224 (pg/mL) va
0,0747 (ug/mL). Két qua so sanh cho thay viéc str dung k¥ thuat chiét diém mu dé xac dinh ham luong sat
béng phuong phép quang phd véi thude thi 1,10-phenantrolin ¢6 gidi han xac dinh thip hon phuong

dich Fe**

UNG DUNG KY THUAT CHIET PIEM MU PE XAC PINH HAM LUONG SAT

TRONG MAU NUGC BANG PHUONG PHAP QUANG PHO

phap truyén thong, c6 thé ap dung cho nhitng mau c6 ham luong rét thap.

Két qua hiéu sudt thu hoi

Bdng 1. Hiéu sudt thu hoi

Tén mau

Hiéu suat (%)

Hiéu suét trung binh (%)

Nudce song Duong Quang Ham

95,45

96,85

95,45

95,9+3,5

98,22

Nudc ngam

99,18

99,18

98,9+1,4

97,25

Nudc kénh Tau Hu

96,83

96,20

96,8+ 1,3

99,91

Nudc kénh Nhiéu Loc

98,96

98,92

99,3+1,4

Bang 1 cho thay, hiéu suat thu hoi khi thuc hién phan tich ham luong sat trong cic mau nudce rat cao

tir 95,9% dén 99,3%. Diéu nay ching to rang, phuong phap xac dinh 14 dang tin cay.

Ket qua phdn tich mau nuoc

Két qua ham luong sit trong cac mau duoc thé hién ¢ bang 2.

Bdng 2. Ham lwong sdt trong cdc méu niude

STT Tén mau Keét qua (ug/mL)
! Nudc song Duong Quang Ham 0,8064 + 0,0071
2 Nuéc kénh Tau Ha 1,2137 + 0,0092
3 Nuc kénh Nhiéu Loc 4,0078 = 0,0069
4 Nuéc ngim 0,1995 = 0,0070
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4. KET LUAN

K thuat chiét diém mu duoc ap dung thanh cong trong quy trinh chiét hop chét phirc tao thanh giira
ion Fe** v6i thude thtr 1,10-phenantrolin nhdm lam giau mau dé xac dinh ion sat. Két qua cho thy su két
hop ky thuat chiét diém mu va phuong phap quang phd da lam ting d6 nhay ciia phuong phap. Phuong
phap nay don gian, khong doi hoi trang thiét bi dat tién, d& thuc hién, phu hop voi nhiéu phong thi
nghiém trong nuéc. Phuong phap duoc ap dung dé xéc dinh ham lugng ion sat trong nhitng mau nudc
thuc té voi hiéu suat thu hoi cao.
LOI CAM ON

Tac gia tran trong cam on Khoa Cong nghé Hoéa hoc, Truong Pai hoc Cong nghi€p Thanh phé Hb
Chi Minh da hd trg trang thiét bi, phong thi nghiém trong qué trinh thuc hién thi nghiém. Pdng thoi, tac
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hd trg chiing t6i hoan tat bai bao nay.
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