CHAPTER III

EXPERIMENTAL

3.1 Chemicals and Reagents
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Corp., Woburn, MA)

Rutherford backscattering spectroscopic analyzer with particle induced X-ray
emission and ion implantation (RAPID)

Raman Spectrometer (Renishaw system 2000)

Digital microscope (Keyence)
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3.2.6 Milli-Q water system, model Millipore ZMQS 5 VOOY, Millipore, USA.

3.2.7 Glassy carbon electrode (0.07 cm’, Bioanalytical system Inc) was pretreated
by polishing with alumina powder (1 and 0.05 micron, respectively) slurries in
ultrapure water on felt pads and rinsed thoroughly with an ultrapure water

prior to use.
3.2.8 Ag/AgCl electrode (TCI) with a salt bridge
3.29 Home-made platinum wire
3.2.11 Home made brass hol ',//_./‘/n‘
3.2.12 O-ring viton (0. 07 < —.——-
3.2.13 Polishing set o nicron owder slurry (Bioanalytical
System Inc.) / \ \
3.2.14 Polishing set of i wder slu
3.2.15 Autolab Potentios --5‘ \
3.2.16 Peristaltic pump (Isaiati % dg, ) _ \
32.17 A water No.510 y Systemi(W:
UsA) ozl |

3.2.18 Automated LC systerd (HP- 4100 -sories ffom Agilent Technologies, USA)

consisted of auto- sample-r binar " pump, on-line degasse, UV-Visible and

3.2.10 Home made glass cell

(Wate As ociates Inc, Milford, MA,

b
fluorescence ¢ e

3.2.19 Rheodyne injet — "R' 20 pl stainless steel
injection loop (0.5

3.2.20 HPLC column was .@m& Inertsil C1845uM 4.6 x 250 mm i.d. (GL Science

= AYYINYNITNYINT

3.2.21 Solid ph traction (Ph

Solid phasélextraction (Phenome, ex) . "
g et ELIEE
3.2.23 Ce ‘
3.2.24 Thin layer flow cell (Bioanalytical System Inc.)

3.2.25 Thin layer flow cell (GL Science)
3.2.26 Teflon cell gasket (Bioanalytical System Inc.)

3.2.27 PEEK tubing (0.25 mm. i.d.) and connecting (Upchurch)
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3.2.28 Mobile phase filter set included 300 mL glass reservoir, glass membrane
holder, 1000 mL flask and metal clip, Millipore, USA

3.2.29 Teflon tubing (1/16 inch o.d., Upchurch)

3.2.30 Auto pipette and tips (Eppendrof, Germany)

3.2.31 Cutting set (Altech)

3.2.32 0.2 pm Nylon membrane filter (Altech)

1 p/flter with polypropylene (PP) housing

3.2.33 0.45 pm Nylon membrane s

(Orange Scientific filter)
3.2.34 pH meter (Metrohm
3.2.35 Sonicator (USA)
3.2.36 Analytical balance (Metlér)
3.2.37 HPLC vial 2.0 m]

3.3 The Preparation of'su d standard solution

All solutions were prépased. Sir . I' onized water obtained from a Milli-Q
system (Milford, MA, USA). The preparation buffer solutions are shown below:
SEts o

e —

3.3.1 0.1 M Phosphate buffes
LY

s dissolved in 1.0 L of
deionized water and __=|[ adjusted with 0.1 M sodium hydre

acid to the required pH. [ %

ﬂumwﬂmwmm

3.3.2 0.1 M O#dlic acid

AWIAIDIRNIANGINY

acid dihydrate into 1.0 L volumetric flask and dissolve in Milli-Q water.

13.60 g of pofas
<ide or 85% phosphoric

3.3.3 Mcllvaine buffer



42

28.40 g di-sodium hydrogen orthophosphate-dihydrate was weighed into 1.0 L
volumetric flask, dissolved and diluted to volume with Milli-Q water. Separately
weigh 21.0 g citric acid monohydrate into 1.0 L volumetric flask and dilute to volume
with Milli-Q water and mix well. The buffer was made by combining 1.0 L citric acid
solution with 625 mL di-sodium hydrogen orthophosphate-dihydrate solution in 2.0 L
flask and finally adjusting the pH to 4.0 with either 0.1 M hydrochloric acid or 0.1M

sodium hydroxide.

33.4 Mcllvaine buﬁer-@‘[’//(é-

The Mcllvaine - |
disodium EDTA dehy

sfer'into 1.0 L volumetric

flask. Adjust the pHE) 2. Op-Wise O.ﬂ]M di-sodium hydrogen
orthophosphate-dihydrate.‘CE()‘mbine 800 mLej this phosphate buffer solution with

200 mL acetoﬁi cﬂl&glﬁlﬁlﬁlﬁw&] ﬂ(ﬂor ghly to complete

dissolution and dggas by ultrasonic b ; . y
537 Sabonbiakesl T IS A VTIVIE TR E

Boron trioxide 1.09 g was diséolved in 8 ml of methanol and 72 mL of

acetone and then brought to a complete dissolution by ultrasonic bath.

3.3.8 Tetracycline hydrochloride solutions
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The 1 mM tetracycline hydrochloride solution was prepared by weighing
0.0481 g tetracycline hydrochloride powder and transferring into 100 mL volumetric
flask. The 0.1 M phosphate buffer (pH 2) was used for diluting this aliquot to the
mark. This solution was used for studying pH dependence and investigating the
oxidation of tetracycline by cyclic voltammetry. The 100 uM tetracycline
hydrochloride solution for FIA study

: Wed by an appropriate dilution.
The 1000 ppm tetracyeline hy @n was prepared by weighing
rans|

0.0250 g tetracycline hydroehloride r er into 25 mL volumetric

flask. The 0.1 M phosphate buffee(pH - as used-fo diluting this aliquot to the

Chlortetracycline hyd Mﬁg olutions were prepared in the same manner

as described in 3.3.8 except that 0.0515 & chléstetracycline hydrochloride was used

Doxycycline lmlrochloride solutions were prepaxm in the same manner as

described in 3.3.8 4

AUYININTNYNT

3.3.11 Oxytetmcyclme hydrochlor&de solutions 'Y,

PAMNIUNRINGNRY.

as described in 3.3.8 except that 0.0497 g. Oxytetracycline hydrochloride was used
instead of the tetracycline hydrochloride.

3.3.12 Tetracycline mixture stock solutions



The stock solution of tetracycline mixture containing 10 ppm each of
tetracycline  hydrochloride, chlortetracycline  hydrochloride, doxycycline
hydrochloride and oxytetracycline hydrochloride was prepared by respectively by
pipetting 0.25 mL of 1000 ppm standard tetracycline solution (from 3.3.8-3.3.1 1) into

a 25 mL volumetric flask and making up the volume with 0.1 M phosphate buffer (pH
2.5) '

3.3.13 Tetracycline mixture s ’»//for calibration
=

The standard soludi tracycline-m: at various concentrations, for

calibration purpose, we paredby appropriately: diluti g either 10 ppm or 1000
" LSS |
ppm stock solution with*0.1 Mfphosphate buffe *\u\ 2 .\o 10 mL volumetric flask.

The concentration and IMeS 1§ e * are shown in Table 3.1

Table 3.1 Compositions o

DL
Final concentration ~ Concenfration'of Volume of

of 4 standard 4-teffacyeling- - - - 0.1 M phosphate
tetracyclines mixture siodke . 3 . buffer
solution ~4 < solutions I L | (mL)

(ppm) v
0.01 U T ' 9.99
0.05 ¢ A0 @ S0 9.95
on A UYMNBNTNEING o0
0.5 U 10 500 9.50
¢ o v/

| NEINE
JR1A A URS s
1?) 1000 ' 100 9.90
20 1000 200 9.80
50 1000 500 9.50

100 1000 1000 9.00
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34 Procedures
34.1 Microwave plasma chemical vapor deposition system

Diamond deposition was carried out using a microwave plasma chemical
vapor deposition (MPCVD) system (Figure 3.1) (ASTeX Corp., Woburn, MA),
operated under the at hydrogen pressure og; Torr and microwave power of 5000 W
Ing s

]
for 8 h on silicon wafer. Prior tg ifion, the silicon wafer was seeded by
gnm diamond particles for 10

ranol with ultrasonication.

By carrying out the deposition': L vave power of 3000 W, the diamond
obtained had a very 1o ndv o/ I "\ diamond deposition at
microwave power of«5000+V longer stime gave.a higher conductivity. The
conditions for a deposition of dian n i icrowas plasma CVD system are

. . "W
shown in Table 3.2 :5: v,
Wl
" 2 é‘%q:q” i . % 3
Table 3.2 Operating conditions for! the depe of diamond using a microwave

,'{ 2 o, . - -
el <

plasma CVD system - :
Lo
Substrate: n-Si (111}

Carbon So E

Boron Sourfil PR Trioxide
Eﬁiﬁﬁﬁfﬁm 8 ﬁ;ﬁowm N9
qmggmﬂizu YA INYIA Y

Sample Size: 35 x35 mm




46

Figure 3.1 A microwave hemi N s

on (MPCVD) system
N
B
34.2 Ni-implanted boron-dope
Ni-implanted boron-doped g}g}ﬁ i vas prepared by depositing

Ni(NO3)2 solution onto the'su

rfticeof  the -doped diamond electrode. This

procedures were carrigd out usi_gg;@ herford.
with particle induced ,zz;fay emission and ion imy
implanted with 750 keV Ni™" with a
HVEE). The annealingg/as.“}-)er

Torr).

scattering spectroscopic analyzer
APID). These films were
1 (Tandetron 4117-HC,

el

for 10 8 in an H, ambient (80
AUEINENINYINT
ARIAN TN INAE
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Figure 3.2 The _ ring s ectroseopic analyzer with particle

343 Characte | : oped diamond electrode and

LA

The surface Eorphologles of the eleM efa

mICroscope.

y using digital

3.4.3.2 Raman spectroscgpy

Raman %}Mﬂg uﬂaﬂj w with ﬂ jaser illumination
(wavelength=514.5 nm) in a Renisha Renishaw
il AT T
344 Cyclic voltammetry

The electrochemical measurements were performed in a single compartment

glass cell using a potentiostat. Figure 3.3 showed an electrochemical cell for cyclic
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voltammetric experiment. An Ag/AgCl was used as the reference electrode and
platinum wire was employed as the counter electrode. The Ni-implanted boron-doped
diamond and boron-doped diamond electrodes (0.07 cm®) were used as working
electrodes. The working electrodes were pressed against a smooth ground joint at the
bottom of the cell isolated by O-ring (area 0.07 cm?). The exposed geometric area was

0.07 cm* Ohmic contacts was made by placing the backside of the Si substrate on a
brass plate.

Figure 3.3 electrochemical

metric study
‘Ij S—_—

3.4.4.1 Background current

AU INYNINYINT

The experiment was carried 6put in 0.1 M hosphate buffe{}xsmg the Ni-

TN R
were ron-d ond and glassy carbon

electrodes.

3.44.2 pH dependence
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These experiments were performed to obtain the optimum pH for
tetiacycline at the scan rate of 50 mVs™. Tetracycline was used as a model in this
study. 1 mM tetracycline solutions were prepared in pH 2,3, 4,5 6,7,8,9 and 10
phosphate buffer, respectively. These solutions were studied by cyclic voltammetry.

3.443  The electrochemical oxidation of tetracyclines

The 1 mM solutions of tetra ‘ e chosen buffer solution from the

previous experiment (Section.3.4.42) were €ludic ing the Ni-implanted boron-
doped diamond electrode by.eyelie volta . riments were repeated with
the boron-doped diamort{ ngﬂw results were compared.
A scan rate of 50 mVs

3.4.4.4 Effect of sc

Using 1 of analytes; iments were performed to

investigate the adsorptio (e ‘the sur ace of electrode at various scan
rates. The scan rates that w séd-4n' these- iments were 10, 20, 50, 100, 200
and 300 mV s’

3.4.4.5 The analy

Stock solution ,pf"i.mM tetracyclingsywere freshly prepared and diluted to

»concnratonfl by ) it Ul Ty v o v

These studies weké carried out to find the linear ranges and detection llmlts

ammmmma NYINY

The flow injection analysis system used in this experiment consistes of a thin
layer flow cell, an injection port with a 20 ulinjection loop, a reagent delivery module
or a peristaltic pump and an electrochemical detector. The mobile phase was regulated

by a reagent delivery module (N, gas flow) or a peristaltic pump at a flow rate of 1 ml
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min™. Figure 3.4 shows a thin layer flow cell for the flow injection system. The thin
layer flow cell consisted of a silicon rubber gasket as a spacer, an Ag/AgCl electrode
as the reference electrode and a stainless steel tube as an auxiliary electrode and an
outlet of the flow cell. The experiments were performed in a copper faradaic cage to

reduce electric noise.

o |

Hydrodynamué: voltammetry ach analyte before the
amperometric deterrmngon to find num operatinﬂ)otemial. The data were

obtained by recording thesbackground curreng at each potential and then Injecting a

e DU ECTEIGE JE -

current after eachlinjection was recordgd together w1th the correspomasg background

e AT AT IR TR

3.4.5.2 Calibration and linear range

5 mM stock solutions of each analyte were freshly prepared and then diluted

to a concentration range from 10 nM to 3 mM. The experiments were carried out by
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injection of three replicates of each concentration. The results were used to plot the

calibration curve and the linear range can be obtained.
3.4.5.3 Limit of detection (LOD) and Limit of quantitation (LOQ)

The limit of detection (LOD) and the limit of Quantitation (LOQ) were

carried out by injection flow concentrati

Wiz

of analyte solutions for three replicates

under the optimal potential. The ¢ defined as the concentration that

provided a current response thie e noise (S/N >3) for LOD and

ten times (S/N >10) for
3454 Repeatabili/

The repeatabili ed, 3 .‘ g e \- ates of analyte solutions.
ve standard deviation (%RSD),

3.4.5.5 Real sample ﬁlysis

e 4 3 YA A T e

drug capsules. Fhe standard addition method was used to determine the amount of

d"‘g'"ﬁ RTHINTUNRIINY 1A Y

(1) Tetracycline hydrochloride capsule

Tetracycline hydrochloride capsule 250 mg (Vesgo, USA) was used in this

study. The sample preparation is described below.
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A mass of powder of twenty capsules of tetracycline hydrochloride (TC-
Mycin, 250 mg) were pooled. An accurately weighed portion of the powder,
equivalent to the antibiotic content of one capsule, was transferred to a 100 ml
volumetric flask and dissolved in 0.1 M phosphate buffer (pH 2), filtrated through
0.45 pM Nylon membrane syringe filter. Then, the filtrated was further diluted with

0.1 M phosphate buffer (pH 2) to obtain a final concentration of 50 .00 pg/ml. (0.1

@(ctracychne hydrochloride in

Six | 0 metnc flasks were prepared.
hen 0,2.0,3.0,4.0, 5.0 and

6.0 ml of a stock solution o ochlori added to give the final
concentration of stand \ 82, 40.63, 44.88, 50.77

A stock solution o
0.1 M phosphate buffer (p

2.0 ml of sample solution w.

ug/ml, respectively.

as mobile phase were used te-'ﬁeﬁ'é%p mm Separation. The HPLC system

consists of a thin layg an_inyection port et g T ul injection loop, a
reagent delivery modul€ or 2 t : chemical detector. The
mobile phase was regulaiéd by peristaltic pump at a flow rate of 1 ml min’! . Figure

3.5 shows a thin layer flow‘celisfor the HP s assembled with
a silicon rubber évkusﬁlsp em éﬂi& ﬁ{%ﬁﬂj ﬁﬁjnce electrode and
a stainless steel Hibe as an auxiliarygelectrode and. outlet of the flow cell. The
expenmﬁsﬂﬂﬁl@ﬂ %ﬂé‘ w %’} w.&,zfe}lar%lxmse The
separationsof all compounds was first tested with standard mixture and the condition

was later tested with shrimp spiked matrix standard. Table 33 summarizes this
optimal HPLC condition.
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H_ .
Figure S)Mgayer‘ﬂow cg@._c system

Table 3.3 Parameters o

-

Parameter \C’ondltpn

Column , SW 4.6 x250 mmid.
Mobile phase nat 0.1 phosphate buffer(pH 2.5)
la” " (Ayend 20% acetonitrile (B)

Flow rate = yﬁ 1 min/mL

Injection volumn Lo Vi 20 pL
W
Detectorxi.'}, - trock etector
- otial for HPLC g
3.4.6.1 Optimum potential for HPLC

Optimu ur&j v':i mr&ql m gﬂﬁl ﬂtgl:@in mixture standard

0
solution prior toq"'(he amperometric determination lo find the optiymum operating
ool T Y TYTEH RIVICHF YIRS g Bepraoec
recording dhe background current at each potential and then injecting a series of two
replicate of 20 ul of 10 ppm tetracycline mixture standard solution using the condition
in Table 3.3. The peak current after each injection was recorded, together with the

corresponding background current. These data were plotted as a function of applied

potential to obtain hydrodynamic voltammograms.
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3.4.6.2 Calibration curve and linear range

Each concentration of mixed 4 standard tetracyclines solution in Table 1 was
measured. The peak areas were plotted as a function of concentration. Each point-was -
the average of three replicates. The Value of Slope, Retention Time, Intercept and
Correlation Coefficient (R?) of each tetracycline in the mixed standard were obtained

using the conditions in Table 3.3.

3.4.6.3 Limit of detection (L * /‘&nﬂuon (LOQ)

system under optimun: ition listed in Ta \ ction limit was defined

as the concentration thatprovided : curFent ¥ 1es higher than the noise

A 2.50 g shrimp gamples were placedsin 15 mL capped centrifuge tubes.

ety 30 A A A ] 3 0

100 ppm tetfdcyclines mixed sotock solutlon (tetracycline qjydrochlonde

R I I s
hydroc:in e fu ute each tetracycline to give the final

concentration of 0.5, 1, 5 and 10 ppm , respectively.

A 12.5 mL of Mcllvaine buffer-EDTA solution was added to each tube
portion and blended for 30 s with a homogenizer. The resulting homogenates were

shak for 10 min on flat-bed shaker at high speed. The tube was removed from shaker
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and centrifuged for 30 min at 3500 rpm. The supernatant was poured into the second
centrifuge tube and filterate into filter paper.

SPE cartridges and SPE apparatus ‘were prepared. Each cartridge was
conditioned with 5 mL methanol followed by 5 mL water.

to the columns. The column was each
sequentially washed with 20 mL of water. lmes were gravity eluted with
10 mL of methanol. The shrimp extracts under room temperature and

then transferred into a 10
0.1 M phosphate buffer (f

lume was brought up with
sed by HPLC.

3.4.6.5 Precision

Two types of pregisi e | \namely, the intra-day precision
' I and the inter-day precision,
(udy was carried out at the
spiking level of 5 ppm. Three injeé " A ‘ extractions were analysed in

the same day to assess the intra-day. ‘precis n an | Sere then repeated on a different

3.4.6.6 Accuracy

e w44 BRGNS T, et o

average %recovety, SD and %RSD th}t were obtamed from each spkag level on 2

d‘ﬂe"“ﬁ RIRINTUNRIINYIAE

3.4.6.7 AOAC standard method

The method in 3.4.6.3 was used to compare with AOAC standard method
995.09 for edible animal tissues. A HPLC equipped with a C18 column and oxalic

acid solution, acetonitrile and methanol as mobile phase were used for separation. The
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injection volume was 20 pl and the detector was UV-Visible type. The separation of
all compounds was first tested with standard mixture and the condition was later

tested with shrimp spiked matrix standard. Table 3.4 list the HPLC condition for
AOAC standard method 995.09.

Table 3.4 HPLC condition for AOAC standard method

Parameter Condition
Column : 5uM46x250mm1d
Mobile phase OWM oxalic acid (A) 30%
ctonitrile (B and 10% methanol
Flow rate ‘\ /mL

/‘.

Injection volu

Detector

Retail control shrimp was: in- 67 Shrimp were sliced, blended and

homogenized until the conlgg&';w isten of a fine powder. The

homogenate was degassed o ep :
' f'r— Y]

A 500 g shrimm & pped centrifuge tubes.
Fortify 5.00 g known blank shrim ﬂs were spiked with S0 500 and 1000 p.L of

0 o ADINE) D] ST D BALND iemiones

oxytetracycline ﬂ{l'drochlonde chlortetracycline hgrochlonde doxycyclme

oy kel Q"‘%‘Eﬂﬁﬁm o

concentration of 0.5, 1, 5 and 10 ppm , respectively.

samples were placed in 15 mL

A 125 mL of Mcllvaine buffer-EDTA solution was added to each tube
portion and blended for 30 s with a homogenizer. The resulting homogenates were
shak for 10 min on flat-bed shaker at high speed. The tube was removed from shaker

and centrifuged for 10 min at 2500 rpm. The supernatant was poured into the second
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centrifuge tube. Add 12.5 mL Mcllvaine buffer-EDTA solution and repeat all steps,

until supernates from all 4 extractions are collected into the second tube and filterate

into filter paper.

SPE cartridges and SPE apparatus were prepared. Each cartridge was
conditioned with 20 mL methanol followed by 20 mL water.

50.0 mL of the filtrates
sequentially washed with 20 mL

columns. The column was each

lines were gravity eluted with

6 mL of methanolic oxali¢ re evaporated under room

ask and the volume was
‘S\\\\ —~

brought up with 0.1 pho “ e solutions were analysed by
HPLC, |

temperature and then trar

In this method, wasfobia ge, LOD, LOQ and accuracy
and comparisons result of 3 method Lin. ) shirit

t.r"'r ", :Ji"

X

9
ﬂ‘LIEI’J'ﬂEW]TWEI']ﬂ‘i

’Q‘W’W&Nﬂiﬁu UNIINYIRE
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