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PHENYLCALIX[4]AREN (BPC) VOI CHi VA UNG DUNG
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’Khoa héa, truong Pai hoc Khoa hoc Tw nhién, Pai hoc Quéc gia Ha Noi
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ABSTRACT

Lead is a toxic heavy metal that is known to have varied effects on human health. For
example, it can adversely affect many organ systems and contribute to numerous conditions such
as high blood pressure; anemia, kidney damage, impaired hearing, and mental retardation.
Currently, spectrophotometric methods are more often used because of their simplicity and low
cost. Although a lot of chromogenic reagents for Pb** detection have been reported, none of the
reagents was prepared by attaching a chromogenic moiety to a platform of a macrocyclic
compound, such as calixarene. It was found that the compound showed the high sensitivity and
selectivity toward Pb**. In basic media, compound shows strong binding ability to Pb** ion. Based
on the method of continuous variation, calixarene formed a 1:1 complex with Pb** ion. Beer's law
is obeyed in the range of 2.0x109-2.4x107° molL" of Pb**. The apparent molar absorptivity(€) of
1-Pb** complex was 1.89 x10° Lmol cm™ at 440 nm, and the detection limit is 1.6x10° mol L. In
this work, a very simple and highly selective method for the determination of lead was developed.
The proposed method was applied to the determination of trace amount of Pb** in certified

samples.

- DAT VAN BE

Calixaren 1a hgp chét hinh thanh do phan
ting tring ngung khong hoan toan cua phenol va
fomandehyt. N6 dugc mo ta nhu nhitng lo hoa
c6 tinh linh hoat, tién ich va dé dang téng hop
[1]. Calixaren, xudt hién sau crow ete va
ciclodextrins nhu 1a thé hé thit ba ctia hgp chat
“siéu phan ti”. Cdc nha tong hgp hitu co da
nghién cttu phat trién cdc hop chat cla

calixarene dué6i nhiéu hinh thitc khic nhau [1, 2].

Cic tng dung cla chiing rat phong pht va da
dang, tuy nhién phéi ké dén 1a dung dé thu hoi
cdc nguyén to phong xa va Cs, W, cdc ion trong

nudc thai cua cdc nha mdy nguyén ti hat nhan;
ché€ tao cac dién cuc chon loc; cdc phan tng
chuyén pha; 1a chat én dinh cho cdc hop chat
polime; dung dé tiach phan chia c4c phan tir hitu
co trung tinh; xtdc tdc cho qué trinh thiy phan,
ché tao mang [2, 3].

Trong s6 cdc kim loai nang, chi 1a nguyén t6
gay 0 nhiém moi trudng ma ngudn xudt phdt tir
pin, ddu xang, sonl! Chi dugc biét 1a nguyén
nhéan cla cidc bénh lién quan dén tiéu héa, than
kinh, tim va su cang thang. Dac biét né nguy
hiém cho tré em, nhat 12 né din dén su cham
phdt trién. Boi vay, su phat trién clia nhiing
phuong phéap phat hién nguyén t& nay trong cac
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doi tuong ciing 1a van dé ma cdc nha héa hoc
quan tam. Hién nay, phan tich chi chl yéu bing
phuong phip phd hidp thu nguyén tir hoic
phuong phdp phat quang. Doi v6i phuong phap
do quang, ngudi ta thudng xéc dinh chi bang cdc
thudc thtr ammoni N-(dithiocarboxy)sarcosine,
1,1,1-trifluoro-4-mercapta-4-(2-thienyls)-but-3-
one, porphyrin, Chrome azurol S, hoac dithizon.
Mic du nhiéu thuoc thir nhung chua ¢6 cong
trinh nao nghién ctiu lién quan dén hop chat azo
calixarene dé phan tich ion chi bing phuong
phép do quang [4 - 7].

Trong nhitng cong trinh truéc ching t6i da
cong bo téng hop thudc thir, tinh chat phan tich,
kha nang tao phic cua chding [8]. Trong cong
trinh nay ching toi gidi thiéu phic cia BPC véi
chi, kha nang ung dung vao phéan tich va ap
dung vao phan tich mau thuc té,

I - PHUONG PHAP NGHIEN CUU VA
KY THUAT THUC NGHIEM

Thuoc thoe  5,11,17,23-tetra[(2-benzoic
acid)(azo)phenyl]calixarene (BPC) (hinh 1)
duoc téng hgp va nghién ctu céc tinh chat & [8].
Dung dich cua thudc thir dugc pha trong céc
dung moi theo ti 1€ 1:1 va néng do ban dau la
10° M, cic dung dich ding nghién cttu pha
loang 10 hoac 100 lan bang nudc cat.

!
OH OoH HO

1
Hinh 1: Cong thic cdu tao cta thudc thi BPC

OH

Cac ion kim loai duoc st dung dudi dang
mudi peclorat, nong do 10° M, cdc dung dich
loang hon dugc pha lodang bing nudc cét. Cac
héa chat dugc dung 1a tinh khiét phan tich.

Dung dich dém c¢6 pH tir 10 dén 11 dugc
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chudn bi bing hé¢ Na,HPO,-NaOH va pH = 12 -
13 biang KCI-NaOH. Dé xdc dinh thanh phan
phtic chiing toi st dung phuong phdp ti s6 mol.
Xéc dinh hing s6 bén clia phitc ching toi sk
dung phuong phép Benesil |Hildebrand [11].

1 1 1
= +
(A-A) (A, -A) (A, —A).K.[Guest]

O day K 12 hiing s6 bén, A 1a mat do quang clia
dung dich khi thay déi nong do ion kim loai, A,
la mat do quang cua thudc thir khi khong ¢6 ion
kim loai, A, 1a mat do quang tai diém bao hoa
va [Guest] 1a ndong do cua ion kim loai.

Phian mém mo phdéng ArgusLab 4.0 (My)
tuong tu nhu HyperChem 8.0, 12 mot phan mém
xay dung cdu trdc va tinh todn nang lugng, cau
trdc dua trén co sG 1y thuyét héa lugng ti. Giao
dién khd dep mit, tinh ning dugc phan thanh
nhitng nhém cu thé va dé quan ly; moi trudng
1am viéc ¢6 thiét k€ d6 hoa dé thao téc.

Mau nghién ctu dugc do trén may UV-2450
UV-Visble spectrophotometer cta  hang
Shimadzu (Nhat ban) & diéu kién nhiét do phong.
Mau phan tich dugc chuén bi tir thi xa Kon Tum,
viing dét c6 trong nhiéu cd Vetiver. Mau dugc
chia 2 phan, 1 phan ding cho phan tich mot
phan gli di doi ching tai Trung tam dich vu
phan tich, Tp. H6 Chi Minh

III - KET QUA VA THAO LUAN

1. Khao sat diéu kién toi wu tao phiic
a) Pho cua phitc

Chuan bi trong binh dinh mic 10 ml cdc
dung dich ¢6 néng do thudc thir 3,0.10° mol.L"!
va dung dich ion chi Ia 2,0.10° mol.L", diéu
chinh pH trong khoang 12 - 13 bang dung dich
déem. D€ mot thoi gian cho phiic mau 6n dinh.
Do mat do quang cua dung dich. Cic két qua
dugc dua ra trong hinh 2.

Trén hinh 2a 12 phé cta thudc thit BPC véi
dung dich so sdnh la nuéc cat & pH 12 - 13.
Nhin vao d6 thi ta thay thudc thir ¢6 cuc dai hdp
thu & budc séng 371 nm. Ciing trong diéu kién
nay, néu do hé BPC véi Pb** ding thudc thir



BPC lam dung dich so sianh phé hap thu duoc
dua ra ¢ hinh 2b. Tix d6 thi hinh 2b cho thay, &
diéu kién nay xudt hién pic méi tai 440 nm
trong khi pic cta thudc thu da triét tiéu. Mot s6
tic gia da nghién cdu tuong tu va tng dung cho
phan tich crom, niken bing phuong phdp do
quang [3, 4, 7]. Dua vao tin hiéu ndy c6 thé
nghién ctiu sy tao phiic cta hé va tng dung
trong phan tich.
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b) Anh hudng ciia pH

Pé khao sit anh hudng ctia pH chiing toi bo
tri thi nghiém nhu trén nhung thay ddéi gid tri pH.
Két qua cho thdy phtc 6n dinh trong khoang pH
tr 12,3 - 12,7. Ching t6i chon pH 12,5 dé
nghién ctu cic budc ti€p theo. Két qua dugc
biéu dién trén hinh 3. Chiing to6i da chon duoc
hé dém cho phén tng 12 KCI-NaOH va thé tich
dung dich dém dugc dung 1a 1,5 - 3,0 mL
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Hinh 2: (a )Phé hap thu cta thudc thir & pH = 12 - 13 dung dich so sanh la nudc cat
(b) Phé hép thu clia hdn hop thudc thii-chi & pH = 12 - 13 dung dich so sanh Ia thudc thir

0.40

0.35

0.30

0.25 +

0.20

0.15

0.10

./'/'\\

\

L B LA B S B Sy B e B B E S HE S
1.0 112 114 116 118 120 122 124 126 128 13.0

pH
Hinh 3: Anh hudng ctia pH (dung dich chita 3,0.10° molL" thudc thir va 2,0.10° molL™' Pb*)

¢) Anh hudng luong thuoc thir du, do bén ciia
phiic va khodng tudn theo dinh ludt Beer
Trong binh dinh mitc 10 ml, chudn bi dung

dich c6 nong do thuoc thir 3,0.10° mol.L" con
néng do ion chi 2,0.10° mol.L", thém 3 ml dung

dich dém, dé phtic 6n dinh sau d6 thém nuéc cat
dén vach dinh mitc. Do mat do quang tai budc
séng 440 nm. Két qua cho thdy phiic 6n dinh
sau 10 phiit ké tir khi pha ché€ va bén trong thoi
gian tr 2-3 gio, luong du thude thir khong anh
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hudng dén mat do quang cua dung dich. Hé s6
hap thu phan tir gam 12 (g) 1,89.10* Lmol 'cm'.

Trén co s6 cdc diéu kién t6i vu da dua ra,
ching téi da khao sat khoang tuyén tinh.
Phuong trinh dudng chuan c6 dang (A) = 0,025.
C(10°molL"! caa Pb*) + 0,021 (n = 8, r = 0,99)
va khodng tuan theo dinh luat Beer 1a 2,0.10°-
2,4.10°molL" Pb**, gi6i han phat hién Ia
1,6.10°molL™" (S/N = 3).
2. Xac dinh thanh phan phiic va thao luan vé

co ché phan iing

Pha mot day cac dung dich phic Pb(II)-BPC
trong cic binh dinh mic 10,0 mL sao cho cic
dung dich sau khi dinh mutc c6 pH 12,5 va c6
néng do Pb(Il) va BPC thay déi sao cho trong
tit ca cdc binh téng nong do cla chi va BPC déu
bang 3,00.10°M. Po mat do quang tai budc
song 440 nm.
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Bang phuong phép déng phan tir gam ching toi
da xdc dinh duoc phuc ¢6 ti 1¢ 1:1 (hinh 4).

Vé6i cau tao chia BPC ching ta c6 thé du
doén c6 3 kha nang xay ra: ion chi c6 thé bi bay
vao vi tri vong dudi, & gilta va & phia trén. Tuy
nhién vi tri phia duéi do céc lién két hydro giita
cdc nhém OH nén kha nang bi bay vao vi trf nay
rdt khé. & vong trén khong c¢6 cac nhém c6 kha
nang giit ion chi, do vay kha ning bi bdy vao vi
tri gifta va tao ra lién két vé6i cac nhém azo. DE
minh hoa, chiing toi thir nghiém mo hinh t6i uu
cta ArgusLab 4.0 (M§) xdc dinh vi tri cua ion
chi ¢6 thé bi bdy vao. Két qua cho thay rang ion
Pb** bi bdy vao vi tri gifta clia vong. Céc két qua
kha phu hop v6i két luan chia Aruaud-Neu va
CTV [13]. Bing phuong phdp cta Benesil)
Hildebrand [9] ching toi did x4c dinh hing s6
bén clia phitc (K) 6,2.10*mol'L.

0.0 0.2 0.4

T T 1
0.6 0.8 1.0

[BPCI/[BPCI+[Pb(ll)]

Hinh 4: Thanh phan phitc x4dc dinh bang phuong phdp déng phan tir gam

3. Kha nang chiét trong ciac dung méi hiru co

Chiing t6i da st dung cdc dung moi nhur:
benzen, cloroform, toluen, isoamylic, butanol [
dé chiét phic. Két qua cho thdy phiic khong bi
chiét bing cdc dung moi nay. Nhu vay c6 thé
cho rang phic tén tai dang ion trong dung dich.
Chiing toi di diung cdc chdt nhu tetrabutyl
amoni clorua, mudi picrat [1 v6i muc dich trung
hoa cic dién tich cua phic. Két qua cho thdy hé
c6 thé chiét dugc bing cic dung moéi hitu co
nhu: isoamylic, butanol,... khi c6 mat tetrabutyl
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amoni clorua, diéu ndy mé ra huéng nghién ciu
ti€p theo cho chiing toi trong nhiing coéng trinh
sau.

2. Kha nang ting dung trong phan tich
anh hudéng cua ion la

Pé nghién cu anh hudng cic ion kim loai
dén phic chiing to6i bd tri thi nghiém nhu trén
nhung thay déi cdc ion kim loai Cu(ClO,),,
Ni(Cl10,),, Co(ClO,),, Fe(ClO,),, Cr(ClO,),,
Zn(Cl0,),, Mn(ClO,),, Al(ClO,); véi nong do



ion kim loai cao gdp nhiéu lan, do mat do quang
cac dung dich. Ké&t qua cho thiy cic ion kim

loai khong anh huéng dén phé ctia phiic.

D Ton Pb**
n Nguyén tu N
- Nguyén ta O

Hinh 6: Cau hinh phic dugc hinh thanh khi thir nghiém bang chuong trinh Arguslab 4.0 (M¥)

Phan tich mau

Chiing toi chon mau cd Vetiver, dat va nude
xung quanh khu vuc trong c6 thudc tinh Kon
Tum. CO Vetiver ¢6 tén khoa hoc Vetiveria
zizanioides L., 1a loai c¢6 kha nang thich nghi
rong véi cdc diéu kién khi hau va thé nhudng,
dé nhan giong, it doi hdéi cong cham séc. CO
Vetiver dang bui rdm, luu nién, phién 14 tuong
d6i ciing, tdn 14 phan 16n ndm & phan goéc. Cac
be 14 phu 1én nhau, ép sit va xép tp vao nhau
tao thanh mot rao can co hoc, mat do cla ching
day trén bé mat dat s€ rat hiéu qua trong viéc
ngan chan sy mit dinh dudng va x6i mon dat.
Nho c6 hé thong ré phdt trién day dac, co
Vetiver ¢6 kha nang hdp thu mot cich cé hiéu

qua cdc khodng chat c6 doc tinh tir nguén phan
bén va thude bao vé thuc vat gay 6 nhiém trong
dat va nuée nhu cac chat N, P, Al, Mg, Hg, Cd
va Pb. Ngoai ra, cd Vetiver con gitp lam tang
do phi nhiéu ctia dat mot cach tu nhién nho tac
dung giit 4m dat, ré va than c6 moc day dac sé
giit lai chét trdm tich (dat, bun ...) ndm lai trén
mat dét, con than, 14 va ré ¢6 khi dugc vii 14p
vao trong dat s& phan huy thanh chat hitu co lam
cho dat trd nén toi x0p va thoang hon, cai thién
duoc dic tinh co hoc cta dat.

Miu dugc cong phd bang hén hop HNO,-
HF-HCIO,, sau khi ¢6 can va hda tan bang dung
dich HNO; va pha loang trong cdc binh dinh
muc. Két qua phan tich dugc dua ra & bang 1.

Bdng I: Két qua phan tich chi bing thuéc thir PBC

STT Mau Ham luogng phan tich dugc Phan tich d6i chitng
theo cong trinh nay (mg/kg) mg/kg Phuong phap
bat Rat thap Khonng phat hién AAS-Tome 11
nudc Rat thap Khonng phat hién | EPA-methode 200.7
3 Cb Vetiver 0,98010,05 0,94 AOAC 985.01

So sanh v6i cac phuong phap khac
Céc s6 liéu so sanh cdc thudc thir truyén

thong xac dinh chi bing phuong phip quang véi
thudc thir PBC dugc dua ra & bang 2. Nhitng dit
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liéu chi ra ring thudc thir BPC chon loc cao véi

ion chi va c6 thé st dung thuéc thir BPC cho

muc dich phan tich.

Bdng 2: So sanh céc phuong phdp phan tich Pb [10]

Thudc thir &, (L.mol'cm™) biéu kién

Asenazo IIT 655 10.10° pH = 4,5; tuéng nuéc

Dithizon 520 68.,8.10° pH = 8,5; CCl,
Dithizonecacbamat 340 9,3.10° pH = 8.5; CCl,

PAR 520 40.10° c6 mat NH,, tuéng nudc
Sulfacasein 515 20.10° pH =9,2; tuéng nudc

Thudc thir trong cong trinh nay 440 19.10° pH =12-13,2,0.10°-2,4.10° moll™

IV - KET LUAN

Trén co s& phic hinh thanh cia BPC véi
Pb** ching toi da khao sat diéu kién t6i uu clia
phic. Céc két qua chi ra rang phic hinh thanh
trong moi trudong kiém vé6i pH tir 12,3 dén 12,7,
c6 ti 1& 1:1. Khoang tuan theo dinh luat Beer:
2,0.10°- 2,4.10° moll" Pb*. Hé 5 hap thu phan
tt gam cta phic: (g¢) 1,89.10" Imol'cm™ tai
buéc séng 440 nm, gidi han phat hién 1a 1,4.10°
moll™. Trén co s& diéu kién t6i uu ching toi da
du doan co ché phan tng va tng dung thudc thu
vao phan tich mau nudc va dat tai tinh Kontum.
Cac két qua cho thiy phuong phdp nay cé do
nhay khong kém gi so v6i cac thudc thir truyén
thong, nhung wu thé€ cta né 1a khong bi cic ion
kim loai khéac gay can tré.
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