
PU
SA

T 
PE

MBE
LA

JA
RA

N 
DI

GIT
AL

 S
UL

TA
NA

H 
NU

R 
ZA

HI
RA

H



1100 PUUll P�IT,b!:I"i.r"n Dlg�e! Suttan,il Nur ZilOlfUn (liM f)
Uni\!f.:r� �1a1� j --":

QD 63 ,E88 N6 2014

1100092030
Extraction and separation ofparabens in aqueous biphasicsystems / Noorashikin Md Saleh,

PUSAT PEMBElAJARAN DIGITAL SULTANAH NUR ZAHIP.AH

UNIVERSITI MALAYSIA TERENGGANU (UMT)
21030 KUALA TERENGGANU

,J
!
,

,

,

;

-, 0
I
-

,

---------------------------'

----------j------------------ :

1----------j----------------_.--,
,

I

-

,

,

----------1-------------------:

�--------�---------j------------

�-------------------+---------�
,

I

�--------�-------�----------J
i
I
,

-------------+------------l
I
-

------------------�
,

,

,
,
,------------�------------ -----------_.

,

I
I

I
,

�-------------�-------------------_j
,
-

,

•

-

�--------------------+-----------�

,

---------------------1------------'

-

•

,

--------------------++--------
,

�--------�---------------.----
Lihat Sebelah

HAK MILIK
_ •• _a .... _ •••• _ ••• •__ � ._.�._�� ._ ••_._� •.__ ,-._- ------ ---_ ------ -- -

PU
SA

T 
PE

MBE
LA

JA
RA

N 
DI

GIT
AL

 S
UL

TA
NA

H 
NU

R 
ZA

HI
RA

H



EXT CTION SEP TION OF PA ENS IN
AQUEOUS BIP SIC SYSTEMS

THESIS SUBMITTED IN FULFILLMENT OF THE

REQUIREMENTS FOR THE DEGREE OF DOCTOR OF
PHILOSOPHY

DEP TMENT OF CHEMISTRY
FACULTY OF SCIENCE

UNIVERSITY OF LAYA
KUALA LUMPUR

2014

. .

I I

PU
SA

T 
PE

MBE
LA

JA
RA

N 
DI

GIT
AL

 S
UL

TA
NA

H 
NU

R 
ZA

HI
RA

H



UNIVERSITI AYA

ORIGINAL LITE Y WORK DECLARATION

Name of Candidate: Noorashikio Bioti Md Saleh

(I.C/Passport No: 830111-05-5024)

RegistrationlMatric No: SHC 100003

Name of Degree: Doctor of Philosophy

Title of Project PaperiResearch ReportiDissertationf'I'hesis (''this Work"):

EXTRACTION
SYSTEMS

SEP ENS IN AQUEOUS BIPHASIC

Field of Study: Chemistry

I do solemnly and sincerely declare that:

(1) I am the sole author/writer of this Work;

(2) This Work is original;

(3) Any use of any work in which copyright exists was done by way of fair dealing and
for permitted purposes and any excerpt or extract from, or reference to or reproduction
of any copyright work has been disclosed expressly and sufficiently and the title of the
Work and its authorship have been acknowledged in this Work;

(4) I do not have any actual knowledge nor ought I reasonably to know that the making
of this work constitutes an infringement of any copyright work;

(5) I hereby assign all and every rights in the copyright to this Work to the University of
Malaya ("UM"), who henceforth shall be owner of the copyright in this Work and that
any reproduction or use in any form or by any means whatsoever is prohibited without
the written consent of UM having been first had and obtained;

(6) I am fully aware that if in the course of making this Work I have infringed any
copyright whether intentionally or otherwise, I may be subject to legal action or any
other action as may be determined by UM.

Candidate's Signature Date l ,_.

:::> �

Subscribed and solemnly declared before,

\

( .\
'v� (1\

\ .

__'--_.
� _ �-�- .--;:

'�-- -;--_ ..

- ''',-.
__._

--------.."
. -_

(I

Witness's Signature
Name:

Designation:

Date

I

OR. SHA1UFAI �I)�ri""'" 0
Lecturer

Del"drtmelt of (1�I"o' \

Faculrv ef Scieace, Ulli,�r'lr\ " 'J"i-\,t
•

5()f>03 �Uji .. IUI:'"I{

. . .

III

PU
SA

T 
PE

MBE
LA

JA
RA

N 
DI

GIT
AL

 S
UL

TA
NA

H 
NU

R 
ZA

HI
RA

H



Abstract

In this study, five systems for extraction of parabens were developed, namely

ionic liquid based aqueous two-phase system (IL-ATPS), ionic liquid based aqueous

two-phase system with p-cyclodextrin (IL-PCD-ATPS), cloud point extraction (CPE

DC 193C), cloud point extraction with p-cyclodextrin (CPE-DC 193C-PCD) and cloud

point extraction with p-cyclodextrin-ionic liquid (CPE-DC 193C-PCD-IL). These five

developed methods have been optimized in order to get the optimum conditions for

phase separation of parabens in water samples. These new, green, fast and simple
extraction techniques coupled with a reversed-phase high performance liquid

chromatography (RP-HPLC) showed excellent results for extracting parabens from

aqueous samples. P-CD and pCD-IL as modifiers improved the sensitivity of IL-ATPS

and CPE-DC193C systems. The experimental results demonstrated that the method

detection limits (LOD) for studied parabens using IL-pCD-ATPS were in the range of

0.022-0.075 ugrnl." and CPE-DC193C-PCD-IL methods were in the range of 0.013-

0.038 ugml.". These LOD results were relatively lower compared with IL-ATPS, CPE

DC193C and CPE-DC193C-PCD methods. Addition ofP-CD and pCD-IL as modifiers

also improved the selectivity of the developed methods. The use of IL-pCD-ATPS
reduced the matrix effect and hence, percentage of recovery of parabens extraction

increased from 88.0-92.80/0 to 96.0-98.5%. The recoveries of parabens extraction in sea

water using IL-ATPS were dramatically improved with addition of P-CD in the IL

pCD-ATPS method. The mixture of pCD-IL with the surfactant molecules and parabens
in the formation of micelles produced the extra large complex formations during the

CPE process. The CPE-DCI93C-pCD-IL system offered an obviously lower phase
volume ratio compared to CPE-DC 193C-pCD and CPE-DC 193C systems with the

value of phase volume ratios as 0.74, 0.92 and 1.63 respectively at 300/0 (w/v) surfactant

concentration. On the other hand, IL-pCD-ATPS system also showed a lower phase
volume ratio with the value of 0.16 compared to 0.19 for IL-ATPS at 30% (w/v) ionic

liquid concentration. The developed method of CPE-DCI93C-pCD-IL showed the

highest preconcentration factor with the values for MeP (methyl paraben), EtP (ethyl

paraben), PrP (propyl paraben) and ArP (benzyl paraben) were 76, 89, 97 and 110,

respectively. While, the highest preconcentration factors for IL-pCD-ATPS were 70, 86,

95 and 103 for MeP, EtP, PrP and ArP respectively. When the surfactant concentration

was increased from 5% (w/v) to 600/0 (w/v), ArP in CPE-DC 193C-pCD-IL method the

measured total loss of water content was 68%. ArP lost about 50 % (w/v) water contem
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in IL-�CD-ATPS compared to IL-ATPS where ArP lost only 43 % (w/v) water content

when the ionic liquid concentration increased. It shows that CPE-DC 193 C-�CD- IL is

considered as the highest loss of water content compared to the CPE-DC 193C-�CD,

CPE-DC193C, IL-�CD-ATPS and IL-ATPS systems. The overall loss of water content

for MeP was 55%, followed by EtP and PrP with 52% each in CPE-DCI93C-�CD-IL.

Moreover, the distribution coefficient ofparabens in surfactant-rich and ionic liquid rich

phase in the order of hydrophobicity of parabens is MeP<Etp<PrP<ArP. In conclusion,

�CD-IL contributes to a higher distribution of parabens in surfactant-rich phase

compared to the other methods.
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Abstrak

Kajian ini membangunkan lima sistem pengekstrakan paraben iaitu

pengekstrakan cecair ionik berasaskan sistem akueus dua fasa (IL-ATPS), cecair ionik

berasaskan sistem akueus dua fasa dengan �-siklodektrin (IL-�CD-ATPS),

pengekstrakan titik awan (CPE-DC 193C), pengekstrakan titik awan dengan �

siklodektrin (CPE-DC193C-�CD) dan pengekstrakan titik awan dengan cecair �

siklodektrin-ionik (CPE-DC193C-�CD-IL). Sistem-sistem ini diaplikasikan bagi

mendapatkan keadaan optimum untuk pemisahan fasa paraben dari sampel air. Sistem

sistem ini adalah teknik pengekstrakan yang baru, hijau, cepat, mudah dan digabungkan

dengan kromatografi cecair prestasi tinggi fasa-berbalik (RP-HPLC) telah menunjukkan

keputusan cemerlang untuk mengeluarkan parabens dari sampel air. �-CD dan �CD-IL

sebagai ejen pengubah meningkatkan kepekaan sistem IL-ATPS dan CPE-DC193C.

Keputusan eksperimen menunjukkan bahawa had pengesanan (LOD) untuk paraben

yang dikaji menggunakan kaedah IL-�CD-ATPS berada dalam julat 0.022-0.075IlgmL-l
manakala kaedah CPE-DC 193C-�CD-IL berada dalam julat 0.013-0.038 ugml.", Nilai

LOD ini ialah lebih rendah dibandingkan dengan kaedah IL-A IPS, CPE-DC193C dan

CPE-DCI93C-�CD. Penambahan �-CD and �CD-IL sebagai ejen pengubah juga

meningkat kepilihan kaedah yang dibangunkan. Penggunaan IL-�CD-AIPS

mengurangkan kesan matriks, seterusnya peratusan pemulihan pengekstrakan paraben

bertambah dari 88.0-92.80/0 hingga 96.0-98.50/0. Kebolehdapatan pengekstrakan paraben

dari air laut menggunakan IL-AIPS meningkat dengan dramatik dengan penambahan �

CD dalam kaedah IL-�CD-AIPS. Campuran �CD-IL dengan molekul surfaktan dan

paraben dalam pembentukan misel menghasilkan formasi kompleks ekstra besar semasa

proses CPE. Sistem CPE-DC 193C-�CD-IL menawarkan nisbah isipadu fasa yang jauh

lebih rendah berbanding sistem CPE-DC 193C-�CD and CPE DC 193C dengan masing

masing bemilai 0.74, 0.92 dan 1.63 pada kepekatan surfaktan 30% (w/v). Manakala

sistem IL-�CD-AIPS juga menunjukkan nisbah isipadu fasa lebih rendah dengan nilai

0.16 berbanding dengan 0.19 untuk IL-ATPS pada kepekatan cecair ionik 30% (w/v).

Kaedah CPE-DC193C-�CD-IL yang dibangunkan menunjukkan faktor pra-kepekatan

tertinggi dengan nilai untuk metil paraben (MeP), etil paraben (EtP), propil paraben

(PrP) dan benzil paraben (ArP) masing-masing ialah 76, 89, 97 dan 110. Manakala,

faktor pra-kepekatan tertinggi untuk IL-�CD-ATPS ialah 70, 86, 95 dan 103 masing

masing untuk MeP, EtP, PrP and ArP. Apabila kepekatan surfaktan ditingkatkan dari

5% hingga 60% dalam kaedah CPE-DC 193C-�CD-IL jumlah kehilangan kandungan air
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adalah 68%. ArP kehilangan air sebanyak 50% (w/v) dalam kaedah IL-pCD-ATPS

berbanding dengan kaedah IL-ATPS yang kehilangan air sebanyak 43% (w/v) sahaja
apabila kepekatan cecair ionik meningkat. Peratusan ini adalah kehilangan kandungan
air tertinggi berbanding dengan sistem CPE-DC193C-PCD and CPE-DC193C.

Kehilangan kandungan kandungan air secara keseluruhannya adalah 55% untuk MeP,
diikuti oleh EtP and PrP masing-masing dengan 520/0. Pekali taburan paraben dalam

cecair yang kaya dengan surfaktan dan cecair ionik fasa mengikut susunan

kehidrofobisiti paraben ialah MeP<EtP<PrP<ArP. Secara kesimpulannya, pCD-IL
menyumbang kepada pengagihan paraben lebih tinggi di fasa yang kaya dengan
surfaktan berbanding dengan kaedah-kaedah yang lain.
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