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SUMMARY

PREDICTION OF HEAVY METAL ION ADSORPTION ABILITY FROM
AQUEOUS SOLUTION OF PLANT LEAVES TO USE AS ADSORBENTS BY
METHOD OF INFRARED SPECTROSCOPY
FOURIER TRANSFORM (FTIR) ANALYSIS

Five samples of fresh leaves from different plants including tea leaves (camellia
sisensis), almond leaves (Terminalia), breast milk leaves (chrysophyllum cainito),
hyacinth leaves (eichhornia) and leaves of wedelia chinensis (sphagneticola) were
qualitative analyzed by FTIR spectra to determine function organic groups that can
bind with heavy metal ions. The main purpose of our study is to predict their
adsorption ability for removal of heavy metal ions from aqueous solution. The results
obtained shown that all leaves contain different function groups such as the hydroxyl
group (-OH) and carboxyl group (-COOH), which are the adsorption sites and have
an important role in combination with heavy metal ions. To compare the absorption of
each type of plant leaf, the maximum adsorption capacity, Opas for C&" ions was
determined using the Langmuir adsorption isotherm model. Results showed that the
maximum adsorption capacity of each leaf was different and depended on the nature
and amount of functional groups of organic compounds which are available in the
leaves.
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1. MO DAU

O nhiém kim loai ning trong cac ngudn
nude di tré thanh mot van dé hét stc
nghiém trong & Viét nam. Ngudn 6
nhiém 13 nuéc thai tir cic khu cong
nghiép, cac lang nghé khong duogc xir 1y
thai truc tiép ra méi truong. St dung
cac ngudn nude mit va nude ngam bj 6
nhiém kim loai ning s& gdy ra nhiing
hiéu tng nguy hai d6i sttc khoe con
ngudi [1]. Dé han ché mirc ndng do cho
phép cua kim loai ning, cAn phai co
nhitng phuong phap xur ly mdt cach triét
dé cac ngudn nudc thai chia kim loai
nang trudc khi thai ra moi truong. Hién
nay, dé loai bo ion kim loai nang trong
cac nguén nude bi 6 nhidm, mot sb cac
phuong phap da duoc su dung nhu
phuong phap hip phu, phuong phap két
tia va phuong phdp loc mang [2].
Phuong phap hap phu duoc xem 1a mot
phuong phap c6 hiéu qua nhit vé k¥
thuat va kinh té vi n6 khong phtec tap,
c6 gia thanh thp va c6 thé loai bo ion
kim loai & néng do rat lodng. Trong
nhitng nim gan day, vat liu hip phu
sinh hoc co nguén géc tir thuc vat nhu
la cac loai cay dang dugc nghién ctru va
ap dung rong rai trong phuong phap hap
phu [3]. L4 cay c6 kha ning hip phu ion
kim loai ning vi trong cac té bao cula
n6 chia cac hop chit hitu co nhu
cellulose, hemicellulose, pectins, lignin,
chlorophyll, carotene, anthocyanin va
tannin. Cac hop chat hiru co ndy mang
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cac nhom chuc carboxylic, phenolic,
hydroxy, carbonyl va nhom hydroxyl cé
thé lién két voi ion kim loai bing su
proton héa hoac cho nhan di¢n tu dé
tao thanh phuc chelat [4]. Tuy nhién,
kha niang hip phu ion kim loai ctia mdi
loai 14 cay phu thudc chu yéu Vvao su co
mdt cua cac nhom churc da néu ra & trén.
Do vay, viéc lya chon mau 14 ciy thich
hop dé lam vat liéu hdp phu ddi véi mbi
ion kim loai hoac nhém ion kim loai
can phai phai biét trudc thanh phan cac
nhom chuc hitu co cé trong la cay.

Dé giai quyét van dé nay, chung toi da
st dung phuong phap phan tich quang
phd hdng ngoai bién d6i Fourier (FTIR)
dé dinh tinh cac nhoém chire trong 14 ché
(camellia la

sisensis), bang

(Terminalia), & cay va  siia

(chrysophyllum cainito), 14 luc binh
(eichhornia) dat

(sphagneticola) voi muc dich 1a dé su

va la sai
dung chung lam vat liéu hép phu. Dya
trén phd FTIR, cic nhom chic trong
cac loai 14 cay noi trén c6 kha nang lién
két véi ion kim loai da dugc nhéan dién.
Mait khac, Pé danh gia kha ning hip
phu ion kim loai ctia mdi loai 14 cay,
can bang hip phu di v6i qua trinh hap
phu ion Cd** d3 dugc nghién ciru dé xac
dinh dung luong hép phu cuc dai, Qmax,
bang moé hinh hép phu dang nhiét
Langmuir.

2. VAT LIEU VA PHUONG PHAP
NGHIEN CUU



2.1. Vit li¢u

Mau cua mdi loai 14 cdy co khdi luong
500 g duoc rira vai lan bang nudc may
dé loai hét bun, dit, sau do ria béng
nuée cit va sdy ¢ nhiét do 80 °C trong
thoi gian 3 gio. Mau 14 duoc nghién
thanh bot va ray ldy kich thudc tir 0,25-
0,30 mm.

2.2. Phan tich FTIR

Dé thu duoc quang phd hdng ngoai cia
cac mau 14 cay, thiét bi quang phd FTIR
(Model: FTIR 6800, Jasco, Nhat ban)
duoc s dyng. Bot mau 14 cay (2mg)
dugc tron déu voi 200 mg KBr, nén hon
hop lai thanh vién va tién hanh ghi phd
trong vung c6 budc song tir 4000 — 450
cm™.
2.3. X4c dinh dung lwong hip phu
cuwc dai caa 14 cay ddi véi ion Cd*
Phuong phép hap phu gian doan duogc
tién hanh dé dé nghién ciru can bang
hdp phu ddng nhiét cua timg loai 14 ciy
d6i v6i ion Cd*". Dung dich hép phu
(50 mL, pH: 6, ndng do ion Cd*" trong
khoang tir 10 — 200 mg/L, khdi lwong 14
ciy: 0.2 g) duoc khudy tron & nhiét do
30 + 1°C trong thoi gian 200 phut (thoi
gian dat dén trang thai can bang da
duoc xac dinh so bd trudc). Néng do
ion Cd*" trong pha dung dich sau khi
can bang hip phu duoc xac 1ap duogc
xac dinh bang phuong phép von-ampe
hoa tan str dung may phén tich cuc phd
da nang 797 VA computrate, Metrohm
Thuy sy. Dung luong hap phu cuc dai,

A reoe + y .
Qmax ddi v6i ion Cd*" duoc xac dinh
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trong phuong trinh hip phu dang nhiét

Langmuir:

(1)

Trong d6 q. 1a dung luwong hip phu luc
can bang (mg/g), K; 13 hiang sé Langmir
(L/g), C. 1 ndng d¢ ion Cd** trong pha
long lac can bang (mg/g), Qumax 12 dung
lwong hip phu cuc dai (mg/g).

Hing s6 Langmuir, K; va Q dugc xac
dinh bang phin mém Solver cua
Microsoft Excel.

3. KET QUA VA THAO LUAN

Phd hdng ngoai FTIR cua la ciy bang,
14 ché, 14 luc binh, 14 sai dat va 14 cay
Vi sita duge thé hién trong cac hinh 1-5.
Tir cac phd FTIR, c6 thé nhdn thiy tat
ca cac loai l& cay dugc lya chon nghién
ctru déu xuét hién dinh véi cuong do
manh & bude song 3423 cm™. Pay 1a
dinh dac trung cho su dao dong gian
nhom cia —OH, mdt nhom chirc cua
ruou hodc phenol [5]. Tiép theo 1a cac
dinh c6 cuong do yéu hon nhiéu tai cac
bude song 2923cm™ va 2885 cm™. Cac
dinh nay dac trung cho su dao dong
gidn d6i xung cua chudi aliphatic (—
CH). Trong vung c6 gidi song tur 1752
cm” dn 1738 cm™ ra. Ngoai ra, trong
ving nay con xuat hién mét dinh co
cuong do yéu tai bude song 1740 cm™.
bay la dinh dac trung cho sy dao dong
gidan  cua nhom chic carboxyl (-
COOH). So sanh cuong do cua dinh nay
trong tit ca cac loai 14 cdy nghién ctu
thi cuong d6 manh nhét théy duoc &
mau 14 luc binh va 14 cAy vu sita (hinh 3



va 5). Bdi voi cac mau 1a cdy khac, noi
chung dinh tai bude song 1740 cm™ ¢o
cuong do rat yéu, co thé do bi che phu
boi cac dinh c6 cuong dd manh tai bude
song 1635 cm™ va 1620 cm™ 1a cac dinh
dac trung cho dao dong gidn cua nhom
C-C hodc dac trung cho dao dong gian
cta nhém N-H (amit). Ngoai cac dinh &
cac budc song tir 1740 dén 1721 cm™,
su dao dong gian ciia nhém C=0 trong
nhom aldehyde ciing duoc dac trung
boi ving co bude song tir 1653 cm’
dén 1618 cm™. O ving c6 budc song
thap hon, quang phd FTIR kh4 phic tap
v6i nhitng dinh c6 cuong d6 yéu tur
1543 cm™ dén 1450 cm™. Pay 14 nhitng
dinh dac trung cho su dao dong gian
cua cac nhom C=C, C-C. Giao dong
gian cua nhom OH ciing dugc dac trung
tai vung song nay bdi cac dinh tai
1265cm™ va 1234 cm™. Nhu vay, tat ca
cac loai 14 cdy duoc 1y dé nghién ctu
déu chira cac hop chat hitu co mang céc
nhém chuc hydroxyl (-OH), nhoém
carboxyl (-COOH) va nhom amin (-
NH,). Pay 1a nhitng nhom chirc ¢ thé
lién két voi cac ion kim loai trong dung
dich qua sy proton hoa (véi nhom
hydroxyl), tao phuc che 14t (vdi nhém
carboxyl va nhom amin) [6].

Vi nhirng két qua phan tich quang phd
FTIR trong 5 mau la cdy, chung toi c6
nhitng nhan xét nhu sau: trong vung
pH cua dung dich hip phu tir 4-6, tit ca
cac mau 14 cdy déu c6 kha ning hip phu
cation kim loai ton tai & dang ion don
gian hodc ion phuc mang di¢n tich
duong theo co ché proton héa véi cac
tam hap phu 13 nhém hydroxyl (-OH).
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Vi dy, cac ion Pb*', Cd*', Cu*’, Zn™",
UO,*" ... déu c6 thé bi hip phu trong
khoang pH nay. Cac ion ton tai & dang
phtc am nhu Cr042', AsO42'... co thé
bi hz?ip phu boi sy tuong tac tinh dién
voi nhom chic hydroxyl da duoc
proton héa véi ion H™ ¢ trong viung pH
rit thap (pH tr 1dén 3). Ciing trong
ving axit yéu (pH: 4-6) cua dung dich
hip phy, ngoai nhom chic hydroxyl,
nhom chirc carboxyl cling tham gia lién
két v6i ion kim loai béi co ché tao phuc
chelat. Sy dong gop cua nhom chic nay
trong lién két s& lam ting dang ké dung
tich hip phu cua tat ca cac loai 14 cdy,
dic biét 1a mau 14 cay luc binh va mau
1a vu stra.
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Hinh 2: Phé FTIR ciia ché



Hinh 3: Phé FTIR cua la cdy luc binh
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Hinh 6: Pdang nhiét hap phu Langmuir

A e . 2+
doi voi ion Cd

Bdng 1: Két qua xdc dinh dung lwong hdp phu cue dai doi véi ion Cd*" theo phwong

trinh hdp phu dang nhiét Langmuir

X 1o Hing s6 Langmuir, Dung lugng hap phy
Mau la cay K. (L/g) cuc dai,
- Qmax (Mg/g)

La bang 0,026 33,58
La che 0,096 24,70
La luc binh 0,088 27,20
La vu sira 0,032 39,81
La sai dat 0,358 34,02

Két qua xac dinh gia tri hap phu cuc
dai, Qmax d6i voi ion Cd*" cua timg loai
14 cay theo phuong trinh hip phu ding
nhiét Langmuir duogc trinh bay trong
hinh 6 va Bang 1. Tir két qua trong
bang 1 co thé thiy dung tich hap phu
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cuc dai dbi voi ion Cd*" duoc sap xép
theo trinh tu ting dan tir 1a ché (24,7
mg/g), 14 luc binh (27,20 mg/g), 14
bang (33,58 mg/g), 1a sai dat (34,02
mg/g) va la cay vu stra (39,81 mg/g). Su

khac nhau vé dung lwong hip phu cuc




dai dbi voi ion Cd*"cua mdi loai 14 cay
13 do sy khac nhau vé ndng do gbc
hydroxyl (-OH) dugc biéu hién qua
cuong do cua dinh & budc song
3423cm’ trong tAt ca cac mau l1a cay
nghién ctu. Phd FTIR cua cac miu la
cdy tir Hinh 1 dén Hinh 5 cho thay
cuong do cua dinh tai 3423 cm’! manh
nhat 14 & 14 v sita, tiép theo 1a & 14 sai
dat va 1a bang twong ung véi dung
luong hip phu cuc dai cao nhét trong ba
loai 14 nay (xem bang 1). Piéu nay c6
nghia 1a cuong do cua cua dinh dac
trung cho nhdém —OH cang manh, dung
luong hap phu cang 16n. Su lién két
giita ion Cd** v6i nhém —OH & pH 6 ¢6
thé trinh bay theo phan Gng:

Bio-OH + Cd*" <> Bio-O-Cd" + H™ (2)
Su lién két cua ion Cd*" v&i nhom
hydroxyl duoc biéu dién nhu trong
hinh 7 duoi day.

H !

Hinh 7: Kiéu tao phirc ciia Cd** lién
quan dén nhém  chire hydroxyl trén
cellulo trong la cdy

R& rang rang nhém chirc hydroxyl cé
vai tro rat quan trong trong lién két véi
ion Cd*",
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4. KET LUAN

Tir nhitng két qua phan tich dinh tinh
cac nhom chirc trén mau 14 cdy bang
phd FTIR chiing t6i c6 mot sb két ludn
nhu sau:

Tét ca cac miu la ciy duoc nhién ctu
déu co kha niang hdp phu ion kim loai
nang ¢ dang ion don gidn trong nudc
boi su proton hdéa ¢ pH tur 5.0- 6.5. Cac
anion phirc nhu CrO4>, AsOs™ hép phu
& pH thap (pH tir 2-3). Dung luong hap
phu cuc dai dbi v6i ion Cd*™ & mdi loai
la cay la khac nhau phan anh vai tro cua
cac cac nhom chirc hitu co dac biét la
nhom chic hydroxyl.

Phuong phap phan tich FTIR 1a phuong
phap hitu hi¢u, danh gid nhanh kha nang
hép phu ion kim loai ndng cua céc vat liéu
hip phu sinh hoc.
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