Evaluation of the PhD. Thesis

THE APPLICATION OF SOME CARBON BASED
ELECTRODES IN ELECTROANALYSIS

presented by Ing. Pai Long VU

The thesis is well-written, it contains new and useful information and it confirms that
Ing. Pai Long VU is a capable researcher. The thesis is devoted to interesting and significant
topic of voltammetric and amperometric determination of selected inorganic and organic
compounds important because of their biological activity. Therefore, both theoretical and
practical significance of this research is obvious.

The thesis is well organized starting from very thoroughly prepared and comprehensive
overview of the present situation in this field. Individual experimental chapters are well
structured and logically arranged. Similarly, chapters devoted to results and discussions are
logically and systematically arranged.

It follows from the comparison of presented newly acquired data with well-prepared
and detailed literature overview that the thesis presents original results of well thought-out
and interesting research. The thesis as a whole presents an original, useful, and scientifically
correct contribution to the investigated topic.

All data are presented logically, transparently and lucidly and are correctly interpreted.
All conclusions are correct, logical and convincing. The thesis clearly shows the author’s
ability to generate reliable data and to interpret them correctly.

All relevant references are included and frequently quoted in discussion of obtained
results and in interpretation of measured data to support proposed conclusions and
interpretations. Their number and their evaluation clearly show that the author have read most
of them and obtained a good and clear picture of the present status of the field as reflected in
published literature.

Especially part on the attachment process of Saccharomyces Cerevisige and
Staphylococcus Apidermidis on the surface of carbon paste electrode is very interesting and
worth of appreciation. Moreover, it is very well written so that it is understandable even for

non-specialists.



It is a pity that at the end of the Thesis the author suddenly switched from very nice,

continuous, compact and well documented approach to less reader-friendly system of Appendices

which make the Thesis more difficult to read and understand.

The language is clear, correct and the thesis can be easily read and understood.

Conclusions

The thesis fulfills demands put on PhD thesis and I recommend to be accepted in this form

and the degree awarded. This conclusion is supported by a reasonable list of papers in peer-

reviewed journals.

I have just a few following comments which have no influence on my positive evaluation

of the thesis.
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p. 12 - The statement that measured signal is current intensity is not valid for all
electroanalytical methodé

p.14. The statement “the most familiar in food analysis are the cyclic voltammetric* is not
generally valid. Cyclic Voltammetry is more frequently used for physico-chemical than
analytical purposes

p.15- potentiostat does not measure current, it keep potential at required value

Eq. (1) on p.16 is valid only for diffusion controlled processes

All variables in Eq.(5) should be explained, not only a and n,

CPEs based on glassy carbon microbeads do not suffer with this disadvantage (dissolution
of organic binder)

In table 2 on p.27 number 2 is missing

Structural formulae of used dyes would be helpful

Probably it is better to use term sulfides than sulfide

p-32- For which body liquid is the given concentration range valid?

p.34- The formulation “ were exhaustively hand mixed* is somewhat unusual

p.40 —Is it really “peak potential of the oxygen oxidation“?

p.42- Caption for Fig.10-potential for (b) is not mentioned. Was it at open circuit?
p.45-Different colors are used than those mentioned in the caption

p.57, fig.23- Medium and sulfide concentration should be mentioned in the caption

p.58-tig.25- Confidential intervals should be given



17. Term “inset” should be used, not term “inlet” in connection with inserted calibration
graphs

18. With any equation describing linear dependency, dimensions of all parameters should be
given.

19. The caption especially in Appendix should be self —explanatory

20. Figure 30 on p.65- is probably incorrectly described and it is not clear whether the
concentration is added concentration or total concentration and in any case the value in
inset do not correspond to values in the figure (15 vs 150 in inset, etc.)

21. P.66, Table 7 - what is meant by peak potential shift?
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Oponentsky posudek na disertaéni praci zpracovanou na téma

,The application od some carbon based electrodes in electroanalysis“

Autor: Ing. Dai Long VU
Skolitel: Doc. Ing. Libor Cervenka, Ph.D.
Skolici pracovisté: Ustav analytické chemie, Fakulta chemické technologie, Univerzita Pardubice

Pfedlozena dizertaéni prace byla zpracovana vanglickém jazyce a predstavuje souvisly text,
standardné rozdéleny do 8 kapitol, ktery je prezentovany na 113 stranach; text je doplnén celkem 16
pfilohami, které pfedstavuji nékteré podstatné dil¢i vysledky, uvedené v tabulkové, eventudiné v
grafické formé. Teoreticka ¢ast, pro jejiz zpracovéani Cerpal dizertant materidly celkem z 282
literdrnich pramend, je uvedena celkem na cca 30 strandch. V ni pfedstavuje autor dizertace pouzité
elektrochemické metody, dale charakterizuje specidlni uhlikové elektrody a sledované analyty.
V &asti metodika jsou komplexné a detailné popsany veSkeré metodické postupy, které byly
aplikovany v experimentalni ¢asti, ve vysledkové ¢ésti jsou potom komplexné prezentovény veskeré
diléi vysledky. Tato ¢ast je bohaté dokumentovana, vysledky jsou zde prezentovany bud' v tabulkdach,
pfipadné v grafech. Za nedostatek povaZuji to, Ze bohatd vysledkova Cast je shrnuta do velmi
strohého zavéru, z néhoZ nelze vyvodit a posoudit prioritni vysledky této zajimavé experimentdini

prace.

Prace je sepsdana velmi solidni angli¢tinou, nevyskytuji se v ni podstatné gramatické chyby ani
preklepy. RovnéZ obsahuje seznam publikaci autora dizertace; z tohoto seznamu je zfejmé, Ze Cést
ziskanych, €asto prioritnich informaci zdané oblasti jiz bylo prezentovano v recenzovanych
zahraniénich ¢asopisech. Jedna se celkem o 7 publikaci, z nichZ 5 jiz vy$lo v €asopisech, a to Sensing in
Electroanalysis, International Journal of Electrochemical Science, Journal of Biomedical Science and
Engineering, Analytical Science a 2 publikace byly akceptovédny do &asopisti Electroanalysis a

International Journal of Electrochemical Science.

Praci povaZuji za zajimavou pfedevsim z toho hlediska, Ze elektrochemické metody jsou v sou¢asnosti
v analytické chemii spiSe opomijeny, v porovnani s metodami separaénimi a metodami spektralnimi.
Z predloZené dizertalni prace vyplyva, Ze z elektrochemickych metod byly vramci experiment(
pouZity celkem &tyfi metody ze skupiny elektrochemickych metod. Proto Ize kladné hodnotit také to,
e autor dizertace porovnal vysledky své prace se standardni spektralni metodou, a to na redlnych
vzorcich. V praci mne rovnéz zaujal rozsah sledovanych analytl, ktery zahrnuje jak biochemicky
dileZité slouceniny (napf. aminokyseliny a flavonoidy), tak také sulfidy. U téchto rGznych analytl byly

aplikovany nejen rlizné analytické postupy, ale také rozdilné uhlikové elektrody. Také pouZiti



uhlikovych elektrod rGzného typu pfedstavuje prioritni fedeni dané problematiky, stejné jako

adsorpce Zivych bunék na povrchu pastové uhlikové elektrody.

Na zakladé studia téchto v préaci popsanych postupll Ize konstatovat, ze by bylo vhodné seznamit
vbrzké dobé stémito postupy 3irsi odbornou vefejnost a to zejména proto, Ze pouZité a
optimalizované metody jsou jednoduché, selektivni a citlivé a umoznily doktorandovi splnit cile

dizertacni prace.

K'praci nemam Zadné podstatné pfipominky, které by snizovaly kvalitu pfedloZené préce. Pouze bych

studentovi poloZila tyto dotazy, které by mély byt zodpovézeny pfi viastni obhajobé:

1. Vpraci byl u metod hodnocen pouze limit detekce, LOD. Protofe se vesmés jednd o
stanoveni, doporucila bych doplnit metrologické parametry jedt& o LOQ. Jaky zpGsob vypoctu
LOQ by bylo vhodné v tomto pfipadé pouZit?

2. Pomoci Si-gel/CPE bylo dosahovano prevazné u vétdiny stanoveni nejnizéiho LOD. Mizete
posoudit, které dal3i elektrody jsou pro vétsinu podobnych experiment( optimalni?

3. Predpokladam, Ze z této prioritni prace vznikne je$té nékolik publikaci. Takovéto posouzenf
na podkladé metrologickych parametrli bych doporuéovala do téchto publikaci zafadit,
protoZe to umozZni tomu, kdo bude chtit aplikovat tyto postupy, aby proved| spravny vybér,

pokud bude mit k dispozici stejnou pfistrojovou techniku i pfislugné uhlikové elektrody.

Na zakladé komplexniho posouzeni mohu konstatovat, Ze predloend dizertaéni préce spliuje
parametry kladené na obdobné préce na Univerzité Pardubice, cile byly spln&ny, student prokazal
schopnost se orientovat v dané problematice a proto doporuéuji tuto praci k obhajobé a autorovi

dizertace udélit po Uspésné obhajobé hodnost Ph.D.
Lo 7 oy
Wotrvra 77702
Brno, 3. 9. 2013 prof. RNDr. Milada Vavrova, CSc.

Ustav chemie a technologie ochrany Zivotniho prostredi
Fakulta chemickd, VUT v Brné



Oponentsky posudek

doktorské disertacni prace

Ing. Pai Long VU: Aplikace vybranych uhlikovych elektrod v elektroanalyze

PfedloZena disertatni prace popisuje moZnosti stanoveni vybranych analyti — konkrétné
sulfidd, tanninu, L-cysteinu, homocysteinu, quercetinu, emodinu a insulinu — pomoci
uhlikové pastové CPE, skelné GCE a grafitové (mikrotuzkové) PGE elektrody nebo jejich
modifikaci. Vénuje se téz adsorpci zvolenych Zivych bunék a to Saccharomyces cerevisiae

Staphylococcus epidermidis na uhlikové pastové elektrodé CPE, podle potieby specificky
modifikované.

V vodu prace charakterizoval autor chronoamperometrické a voltametrické metody, které pii
studiu vyuzil, zejména ve spojeni s priitokovou analyzou (FIA), s voltametrii stejnosmérnym
proudem (DCV), s cyklickou (CV), "square-wave" (SQW), diferenéni pulzni (DPV) nebo
anodickou rozpoustéci "stripping” (ASV) voltametrii. Nésledovala informace o pouzitych
elektroddch — o vySe zminéné pastové (CPE) nebo skelné (GPE) uhlikové elektrods,
mikrotuzkové grafitové elektrodé (PGE), jakoZ i o modifikacich povrchu téchto &idel napt.
uhlikovymi nanotrubi¢kami ve tvaru multisténdt (MWCNT), "Pruskou mod#",
hemataxylilnem nebo silikagelem.

Po t¢ poskytl autor informace souvisejici s pouZitymi (vySe zmin&nymi) Zivymi buiikami a se
sledovanymi analyty, v€etné nezavislych metod jejich stanoveni. Po kratké informaci o
metodologii prace zaméfil se na piehled ziskanych vysledki a poznatki a na jejich diskusi.

Studium adsorpce zminénych mikroorganizm na povrchu CPE zaloZil na vyhledani a
optimalizaci podminek pro nepiimé voltametrické stanoveni mnoZstvi nahromad&nych
mikroorganizmti  pomoci méfeni voltametrického signdlu  zvoleného  barviva,
naadsorbovaného na neobsazeny povrch elektrody. Mohl tak popsat vlivy potencilu
akumulace, doby akumulace, pH, doby kultivace mikroorganizmi, kultiva¢niho média apod. a
chovani obou typli mikroorganizmi vzajemné porovnat.

Pro stanoveni sulfidi se zamé&fil na podminky pro voltametrii na "Pruskou modii"
modifikované GCE, jakoz i na CPE s uhlikovymi nanotrubi¢kami s hematoxylinem a dale na
amperometrické stanoveni sulfidti metodou FIA pomoci modifikovanych CPE, v kombinaci s
DCV nebo s anodickou "stripping" diferen¢ni pulzni voltametrii ASDPV.

Analogicky tomu bylo rovnéZ pfi optimalizaci voltametrickych podminek pro stanoveni L-
cysteinu a emodinu. V zivé€ru experimentdlni ¢asti bylo pak predmétem jeho zdjmu
voltametrické (ASDPV) stanoveni insulinu, quercetinu a homocysteinu na PGE bez anebo po
predchozi upravé ("pre-treatment") povrchu.

Po zminéné prezentaci vysledkd nasledovaly pasdZe vénované shrnuti a zavéru, pomé&rng
rozsdhlému seznamu citaci, seznamu vlastnich publikaci a pfilohdm s dal3imi tabelovanymi
vysledky a grafy.

Prace je sepsana prehledné a srozumitelné. Vysledky jsou fadn& diskutovany, v zavéru
shrnuty a doplnény pfilohami. Jejich posouzeni bylo navic usnadnéno i tim, Ze valni &ast
poznatkid byla publikovédna v renomovanych odbornych ¢asopisech. RovnéZ formalni stranka
disertace je na odpovidajici urovni.



K praci mam tyto dotazy resp. poznamky, které vSak nezpochybiiuji jeji odbornou troveti:

L.

Porovname-li velikost proudového signalu sulfidu za jinak stejnych podminek méfeni
podle str. 61, obr 26D, (h), pfedstavujici cca 14 pA pii 2-10° mol.L™! sulﬁdu (a rychlostl
scanu 50 mV s a podle str. 62, obr. 27, predstavujlcl cca 19 pA pii 1:10° mol.L" sulfidu
(a 50 mV.s™), vzniké otazka, pro¢ byl pfi 200-krat niZ3i koncentraci sulfidu zaznamenan
vyS8i signal? Souvisi to se zminkou na str. 64 o degradaci hematoxyhnu pfi vysSich
koncentracich sulfidu, s riiznou velikosti pouZitych elektrod nebo s jinymi divody?

. Na str. 66 se autor zmifiuje o studiu mterference vybranych iontl v souvislosti se

stanovenim sulfidd. Jaky vliv pozoroval napt. u Pb*" a jak se projevila ptipadna tvorba
malo rozpustnych produkti (PbS)?

. Drobné poznamky:

— str. 62, v obr. 27 doporuduji upravit "scan rate" na "scan rate!’?".
— Appendix 2, v textu k obrdzku md pravdépodobng byt misto "UPCE" spravn& "UCPE".

PredloZena doktorska dizertacni price pfinasi nové poznatky. Svym provedenim a
zpracovanim dokumentuje schopnosti autora védecky pracovat a ziskané vysledky v
kontextu s literaturou nalezité prezentovat. Doporucuji ji proto k obhajobé&, na zikladg
niz by mohl byt Ing. Pai Long VU udélen titul PhD.

V Praze dne 13.8.2013

!; L Viaae ?

Doc. Dr. Ing. Ladislav Novotﬁy, DrSc.
oponent
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EXAMINER’S REVIEW OF PhD-DISSERTATION THESIS

Mr. Dai Long VU: The Application of Some Carbon Based Electrodes in Electro analysis

The submitted dissertation PhD-Thesis describes a possible determination of analytes
— sulphides, tannin, L-cysteine, homocysteine, quercetin, emodin and insulin — using carbon
paste CPE, glassy carbon GCE and pencil graphite PGE electrodes or their modifications.
Among others, it deals with adsorption of selected types of living cells (microorganisms —

Saccharomyces cerevisiae and Staphylococus epidermidis) at CPE, specifically modified as
needed.

In the introduction the author characterized chrono-amperometric and voltammetric
methods, used in his study, especially in conjunction with flow injection analysis (FIA) with
direct current voltammetry (DCV), cyclic (CV) "square-wave" (SQW), differential pulse
(DPV) or anodic "stripping" (ASV) voltammetry, followed by a technical information on the
electrodes — like the above mentioned carbon paste (CPE) or glassy carbon (GCE) electrode,
pencil graphite electrode (PGE) as well as their surface modifications of these sensors, e.g.,
by multi-walled carbon nanotubes (MWCNT), “Prussian blue”, hematoxylin or silica-gel.

Then the author provided information regarding the use of living cells (mentioned
above) and with monitored analytes, including independent methods for their determination.
After a brief information on the methodology of his work, he focused on the overview of the
obtained results and findings and their discussion.

He based his study of adsorption of these mentioned microorganisms on the surface of
CPE, on finding and optimizing the conditions for indirect voltammetric determination of the
levels of accumulated microorganisms by measuring the voltammetric signal of the selected
dye, adsorbed on the unoccupied electrode surface. He was thus able to describe the effects of
the potential and the period of accumulation, pH, time of cultivation of microorganisms,
cultivation medium, etc., and the behavior of both types of microorganisms compared to each
other.

For the determination of sulphides, he focused on the conditions for voltammetry of
the "Prussian Blue" modified GCE, as well as the CPE with carbon nanotubes with
hematoxylin and also on the amperometric determination of sulphides FIA method using

modified CPE in combination with DCV or anodic "stripping" differential pulse voltammetry
ASDPV.

Analogously, it was likewise in the optimization of voltammetric conditions for
determination of L-cysteine and emodin. At the end of the experimental part of the study, the
subject of his interest was the voltammetric (ASDPV) determination of insulin, homocysteine
and quercetin on PGE without and/or upon prior treatment ("pre-treatment") of the surface.



After the mentioned presentation of results, followed passages devoted to summary
and conclusion and a fairly extensive list of citations, a list of own publications and
attachments with other tabulated results and graphs.

The thesis is written clearly and understandably. Results are properly discussed and in
the conclusion summarized and supplemented with attachments.. Their assessment was also
facilitated by the fact that most of the findings have been published in reputable journals.
Also, the formal structure of the dissertation is on an appropriate level.

Minor questions or comments (not undermining the professional level):

1. Comparing the current (voltammetric) signals I, of sulphides under the identical
conditions except concentrations — see p. 61, Fig. 26D,(h), Iy corresponding cca 14puA
at 2.10° mol.L"' sulphides (scan rate 50mV.s') and conf. with p. 62, Fig. 27, [,
corresponding cca 19pA at 1.10"° mol.L"! sulphides (50mV.s™) — a question arises,
why was there, by 200-times lower concentration of sulphides a higher voltammetric
peak I, recorded? Is it due to degradation of hematoxylin at higher contents of
sulphides (see p. 64), or different size of the used electrodes, or some other reasons?

2. On p. 66, the study of respective interferences of selected ions, with the respect to
voltammetry of sulphides was discussed. What effect was observed in this respect ,
e.g., in the case of Pb%*? Did the formation of slightly soluble products (like PbS) play
any role?

3. Minor recommendations:

- p. 62, in Fig. 27, substitute “scan rate” to “scan rate””

- Appendix 2, legends for figure: substitute “UPCE” to “UCPE”

The reviewed PhD-Thesis brings new findings. Its professional level and well-arranged
form proves the author’s scientific abilities as well as his facility to present adequately
obtained results. This is why I recommend acknowledging the mentioned PhD-thesis as
the basis for final decision on awarding the PhD-degree to Mr. Dai Long VU.
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Prague, August 13™, 2013 Assoc. Prof. Dr. Eng. Ladislav Novotny, DSc.

reviewer



