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Abstract

In this work, nanoparticles of calcium alginate-chitosan and calcium alginate-
positively charged chitosan derivatives used for entrapment of glucosamine were prepared.
The particle formation was based on ionotropic gelation of cationic polymers (i.e.
chitosan, N,N,N-trimethylammonium chitosan chloride (TMC), N-[(2-hydroxyl-3-
trimethylammonium)propyl]chitosan chloride (HTCC)) and an anionic polymer. The
parameters affecting the formation, method of entrapment of glucosamine, entrapment
efficiency, stability and release profile of glucosamine form nanoparticles were
investigated. The results indicated that sonication and concentration of cationic polymers
affected the size of nanoparticles. The optimal sonication time was 20 min and 0.15 mg/ml
of cationic polymers should be used in the process. To get highest entrapment efficiency,
glucosamine should be added in alginate solution. The in vitro release of glucosamine-
loaded nanoparticles was investigated in phosphate buffer solution at pH 7.4. The results
showed that glucosamine was released at an almost constant rate in the first 6 h. After that
the release rate decreased and halted until the test period of 24 h. In addition, the stability
of glucosamine-loaded nanoparticles in aqueous solution and in dry forms was studied at
room temperature. The results indicated that the nanoparticles in aqueous solution for as
long as 60 days tended to aggregate and precipitate while the size of dried glucosamine-

loaded nanoparticles was slightly changed.
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2.1 Jaguazasnil

Sodium Alginate ﬁmﬁ’ﬂimaqa 120,000 A1AAY (Sigma-Aldrich, St Louis, MO, USA)
TaTasu ﬁmﬂ’ﬂimaqa 180,000 L@ 300,000 A1@AY 1A83 %DD MINY 90% (Seafresh
Chitosan, Co., Ltd, Thailand)

' Tawu timiin Tuana 71,000, 220,000 az 58,000 A1ady Tavil %DD = 85% (AN.
Lab, Col, Ltd, Thailand)

Glucosamine Hydrochloride (Sigma-Aldrich, St Louis, MO, USA)

Calcium Chloride, CaCl, (Carlo Erba Reagent)

Todomethane, CH,I (Riedel-de Haen)

N-methyl-2-pyroridone, NMP (Merck)

Glycidyltrimethylammonium Chloride, GTMAC (Fluka)

Glacial Acetic Acid, CH3COOH (Merck)

Acetone, AR Grade (Merck)

Sodium Chloride, NaCl (Merck)

Sodium Hydroxide, NaOH (Merck)

Sodium Iodide, Nal (Aldrich)

Methanol, MeOH (Carlo)

Ethanol, EtOH (Carlo)

Methanol, HPLC Grade (Carlo)

Ortho-Phospholic Acid, H,PO, (Carlo)

Sodium Dihydrogen Phosphate, NaH,PO, (Merck)

Sodium Phosphate, Na,HPO, (Merck)

Tri-Sodium Citrate, C;H.Na,O,*2H,0

Phenylisothiocyanate, PITC (Acros Organics)

Paracetamol (Aldrich)
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Hexane, AR Grade (Merck)

Sodium Acetate, CH,COONa (Carlo)

Deuterated Oxide, D,0 (Merck)

Trifluoroacetic Acid, TFA (Fluka)

Cellulose Dialysis Membrane MCO 12,400 kDa (Sigma-Aldrich, St Louis, MO, USA)
Sodium Sulfide, Na,S (Merck)

Sulfuric Acid, conc. (Merck)
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222 MITUATIZH N-[(2-hydroxyl-3-trimethyl-ammonium)propyl]-chitosan chloride (HTCC)
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International Journal:

(1)

2)

3)

(4)

)

(6)

(7)

(8)

©)

Lertsutthiwong, P., Chandrkrachang, S., Nazhad, M.M. and Stevens, W.F. Chitosan as a dry
strength agent for paper. Appita Journal 2002; 55(3): 208-212.

Lertsutthiwong, P., Nazhad, M.M., Chandrkrachang, S. and Stevens, W.F. Chitosan as a
surface sizing agent for offset printing paper. Appita Journal 2004; 57(4): 274-280.
Kaseamchochoung, C., Lertsutthiwong, P. and Phalakornkule, C. Influence of chitosan
characteristics and environmental conditions on flocculation of anaerobic sludge. Water
Environment Research. 2006; 78(11): 2210-2216.

Lertsutthiwong, P., Khunthon, S., Siralertmukul, K., Noomun, K. and Chandrkrachang, S.
Effect of Chitosan on Properties of New Particleboards from Solid Waste of Tissue Paper
Manufacturing. Journal of Chitin and Chitosan. 2006; 11(4): 201-204.

Lertsittichai, S., Lertsutthiwong, P. and Phalakornkule, C. Improvement of upflow anaerobic
sludge bed performance using chitosan. Water Environment Research. 2007; 79(7): 801-807.
Lertsutthiwong, P., Khunthon, S., Siralertmukul, K., Noomun, K. and Chandrkrachang, S.
New insulating particleboards prepared from mixture of solid wastes from tissue paper
manufacturing and corn peel. Bioresource Technology. 2008; 99: 4841-4845.
Lertsutthiwong, P., Noomun, K., Jongaroonngamsang, N., Rojsitthisak, P., Nimmannit, U.
Preparation of alginate nanocapsules containing turmeric oil. Carbohydrate Polymers. 2008;
74:209-214.

Lertsutthiwong, P., Rojsitthisak, P., Nimmannit, U. Preparation of turmeric oil-loaded
chitosan-alginate biopolymeric nanocapsules. Materials Science and Engineering C. 2009; 29:
856-860.

Lertsutthiwong, P., Sutti, S., Powtongsook, S. Optimization of chitosan flocculation for
phytoplankton removal in shrimp culture ponds. Aquacultural Engineering. 2009, 41: 188-

193.

Review article

(1

Lertsutthiwong, P., Rojsitthisak, P. Chitosan-alginate nanocapsules for encapsulation of

turmeric oil. Pharmazie. 2011, 66 (12): 911-915
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Book Chapter

(1) Lertsutthiwong, P., Haworth, L.S., Rojsitthisak, P. Alginate: A promising polysaccharide for
delivery of essential oils. In: Handbook of carbohydrate polymers: development, properties
and applications (ISBN: 978-1-60876-367-2), edited by Ryouichi Ito and Youta Matsuo,
Nova Science Publishers, Inc., p. 621-638 (2010).

Magazine
(1) Lertsutthiwong, P., Khunthon, S., Siralertmukul, K., and Chandrkrachang, S. Particleboards

produced from solid wastes of tissue paper manufacturing. Me Tissue Magazine. Issue 1-

Winter 2008, pp. 30-32.

National Journal:

(1) Lertsutthiwong, P., Chandrkrachang, S. and Stevens, W.F. The effect of the utilization of
chitosan on properties of paper. Journal of Metals, Materials and Minerals 2000; 10(1): 43-52.

(2) Lertsutthiwong, P., Ng, C.H., Chandrkrachang, S. and Stevens, W.F. Effect of chemical
treatment on the characteristics of shrimp chitosan. Journal of Metals, Materials and Minerals

2002: 12(1): 11-18.

International Conference and Symposium.:

(1) Lertsutthiwong, P., Chandrkrachang, S. and Stevens, W.F. The effect of chitosan on
properties of handsheet paper. Chitin and Chitosan: Chitin and Chitosan in Life Science.
Yamaguchi 2001; 163-164.

(2) Lertsutthiwong, P., Chandrkrachang, S. and Stevens, W.F. Improved surface properties of
printing paper using chitosan. Proc. of Sth Asia Pacific Chitin-Chitosan Symposium, Bangkok,
Thailand, p. 556-558 (2002).

(3) Lertsutthiwong, P., Khunthon, S., Siralertmukul, K., Noomun, K., Chandrkrachang, S.
Development of an insulating particleboard from agricultural biowaste. Biomass-Asia
Workshop, 13-15 December, 2005, Bangkok Thailand. pp. 66.

(4) Lertsutthiwong, P., Sutti, S., Powtongsook, S., Hannongbua, S. and Chandrkrachang, S.
Chitosan as a bioflocculating agent for water quality control in aquaculture tank. The 7th Asia

Pacific Chitin and Chitosan Symposium, Bexco, Busan, Korea, April 23-26, 2006.
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(5) Siralertmukul, K., Chandrkrachang, S., Suwanoo, N., Lertsutthiwong, P., Chirachanchai, S.
and Nimmannit, U. The effect of chitin conformations on the degree of substitution of
carboxymethyl groups. The 7th Asia Pacific Chitin and Chitosan Symposium, Bexco, Busan,
Korea, April 23-26, 2006.

(6) Lertsutthiwong, P., Noomun, K., Jongaroonngamsang, N., Rojsitthisak, P., Hannongbua, S.,
Nimmannit, U. Preparation and characterization of chitosan-alginate nanocapsules containing
turmeric oil. The 2007 AAPS Annual Meeting and Exposition, San Diego, CA, USA, 11-15
November, 2007.

(7) Lertsutthiwong, P., Rojsitthisak, P. Process development for encapsulation of turmeric oil in
chitosan-crosslinked alginate nanocapsules. The 11" International Conference on Chitin and
Chitosan (11th ICCC) & the 8" Asia-Pacific Chitin and Chitosan Symposium (8th APCCS),
Taipei, Taiwan, 6-9 September, 2009.

(8) Peng-im, P., Lertsutthiwong, P., Tangpasuthadol, V. Ionic gelation of calcium alginate and
quaternary ammonium chitosan to produce submicroparticles for glucosamine delivery. The
11" International Conference on Chitin and Chitosan (1 1" ICCC) & the 8" Asia-Pacific Chitin
and Chitosan Symposium (8lh APCCS), Taipei, Taiwan, 6-9 September, 2009.

(9) Lertsutthiwong, P., Noomun, K., Khunthon, S., Limpanart, S. Parameters affecting the
properties of chito-organoclay. The 2" International and Cross—strait Chitin and Chitosan
Symposium & the 7" National Academic Conference on Chitin and Chitosan, Qianjiang,
China, 5-9 November, 2010.

(10) Boonpuak, D., Pungrasm, W., Lertsutthiwong, P., Powtongsook, S. Effects of
Immobilization Time and pH adjustment on the Immobilization of Nitrite-oxidizing Bacteria
on Chitosan. The 2010 International Conference on Biology, Environment and Chemistry
(ICBEC 2010), Hong Kong, 28-30 December, 2010.

(11) Onnongpongl, W., Lertsutthiwong, P. Srikulkit, K. Preparation of polypropylene/
polypropylene grafted chitosan composite. 18" International Conference on composite

materials, Korea, 21-26 August, 2011.

National Conference:

(1) Lertsutthiwong, P., Stevens, W.F. and Chandrkrachang, S. Improved paper performance
using chitosan. Proc. I" Thailand Materials Science and T echnology Conf., Bangkok 2000;
361-363.
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(2) Lertsutthiwong, P., Stevens, W.F. and Chandrkrachang, S. The utilization of chitosan for the
production of high quality paper. Proc. 2" Thailand Materials Science and Te echnology Conf.,
Bangkok 2002; 146-147.

(3) Teppakan, S., Keankarn, Y., Sermsathanasawat, J., Srisuwan, U. and Lertsutthiwong, P.
Chitosan used as a flocculating agent in wastewater of citric acid industry. Proc. Of the
National Chitin-Chitosan Conf., Bangkok, Thailand, p. 171-174 (2003).

(4) Kaseamchochoung, C., Lertsutthiwong, P. and Phalakornkule, C. Effects of chitosan
deacetylation, and environmental conditions on flocculation of methanogenic bacteria. 30"
Congress on Science and Technology of Thailand, Bangkok, Thailand, p. 237 (2004).

(5) Lertsittichai, S., Lertsutthiwong, P. and Phalakornkule, C. Effect of chitosan on the
efficiency of upflow anaerobic sludge bed system. 3" Congress on Science and Technology
of Thailand, 18-20 October, 2005, Nakhon Ratchasima, Thailand, p. 324 (2005).

(6) Lertsutthiwong, P., Sukwattanasinitt, M. and Ubonthip Nimmannit. Preparation of alginate
nanoparticles containing turmeric oil. The 6" Annual Meeting of The Thailand Research Fund,
12-14 October, 2006, Petchaburi, Thailand, p. 177.

(7) Lertsutthiwong, P., Noomun, K., Jongaroonngamsang, N., Rojsitthisak, P., Pichyangkura, R.,
Hannongbua, S., Nimmannit, U. Preparation of turmeric oil loaded chitosan-alginate
nanoparticles. The 7" Annual Meeting of The Thailand Research Fund, 11-13 October, 2007,
Chonburi, Thailand, p. 24.

(8) Pornphrom Peng-im, Pranee Lertsutthiwong, Varawut Tangpasuthadol. Preparation of
calcium alginate-chitosan nanoparticles. The 2" Polymer Graduate Conference of Thailand,
21-22 May, 2009, Bangkok.

(9) Boonpuak, D., Lertsutthiwong, P., Pungrasmi, W., Powtongsook, S. Immobilization of
Nitrite-oxidizing Bacteria on Chitosan. The 10" National Environmental Conference, 23-25

March, 2011, Songkhla.

Invited speaker:

(1) Lertsittichai, S., Kaseamchochoung, C., Phalakornkule, C., Lertsutthiwong, P. Chitosan as a
flocculating agent for Upflow Anaerobic Sludge Bed System. Seminar at Chonnam
University, Korea, 20 April, 2006.

(2) Lertsutthiwong, P., Noomun, K., Khunthon, S., Limpanart, S. Parameters affecting the

properties of chito-organoclay. The 2™ International and Cross-Strait Chitin and Chitosan
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Symposium & The 7" National Academic Conference on Chitin and Chitosan. China, 5-9

November, 2010.

ansiing
(1) Lertsutthiwong, P., Sutti, S. and Powtongsook, S. (2006). Methodology and technique of

water improvement using chitosan for effective flocculation of suspended solid in aquaculture

pond. Thai Patent Application, patent pending.

(2) Lertsutthiwong, P., Sarintorn Limpanart, Siralertmukul, K., Khunthon, S. (2009).
Modification-method for prolonging shelf-life of polychaete at room temperature and products

from this method. Thai Patent Application, patent pending.
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International Journal:

(10)Tangpasuthadol, V.; Shefer, A.; Hooper, K. A.; Kohn, J. "Thermal properties and physical

aging behavior of tyrosine-derived polycarbonates" Biomaterials, 1996, 17, 465.

(11)Tangpasuthadol, V.; Shefer, A.; Yu. C.; Zhou, J.; Kohn, J. "Thermal properties and enthalpy

relaxations of tyrosine-derived polyarylates" J. Appl. Polym. Sci., 1997, 63, 1441.

(12)Brocchini, S.; James, K. S.; Tangpasuthadol, V.; Kohn, J. ”A combinatorial Approach for

Polymer Design" J. Am. Chem. Soc., 1997, 119, 4553.
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(13)Brocchini, S.; James, K. S.; Tangpasuthadol, V.; Kohn, J. "Structure-property correlations in
a combinatorial library of degradable biomaterials" J. Biomat. Mater. Res., 1998, 42, 66-75.

(14)Tangpasuthadol, V.; Pendharkar, S. M.; Kohn, J. "Hydrolytic degradation of tyrosine-derived
polycarbonates, a class of new biomaterials. Part I: Study of model compounds" Biomaterials,
2000, 21, 2371.

(15)Tangpasuthadol, V.; Pendharkar, S. M.; Peterson, R. C.; Kohn, J. "Hydrolytic degradation of
tyrosine-derived polycarbonates, a class of new biomaterials. Part II: 3-year study of
polymeric devices" Biomaterials, 2000, 21, 2379.

(16) Tangpasuthadol, V.; Pongchaisirikul, N.; Hoven, V. P. “Surface modification of chitosan
films. Effects of hydrophobicity on protein adsorption” Carbohydr. Res., 2003, 338, 937-942.

(17)Amornchai, W.; Hoven, V. P.; Tangpasuthadol, V. ”Surface modification of chitosan films-
grafting ethylene glycol oligomer and its effect on protein adsorption” Macromol. Symp.,
2004, 216 (1), 99-108.

(18)Punnarak, P.; Tantayanon, S.; Tangpasuthadol, V. “Mechanical properties of thermoplastic
dynamic vulcanizates containing reclaimed tire rubber and linear low density polyethylene”
Polym. Degrad. Stabil., 2006, 91, 3456-3462.

(19)Hoven, V.P.; Tangpasuthadol, V.; Angkitpaiboon, Y.; Vallapa, N.; Kiatkamjornwong, S.
“Surface-Charged Chitosan: Preparation and Protein Adsorption” Carbohydr. Polym. 2007,
68, 44-53.

(20)Sajomsang, W.; Tantayanon, S.n; Tangpasuthadol, V.; Daly, W.m H. “Synthesis of
methylated chitosan containing aromatic moieties: Chemoselectivity and effect on molecular
weight” Carbohydr. Polym. 2008, 72(4), 740-750.

(21)Tangpasuthadol, V.; Intasiri, A.; Nuntivanich, D.; Niyompanich, N.; Kiatkamjornwong, S.
“Silica-reinforced natural rubber prepared by the sol-gel process of ethoxysilanes in rubber
latex” J. Appl. Polym. Sci. 2008, 109(1), 424-433.

(22)Sajomsang, W.; Tantayanon, S.; Tangpasuthadol, V.; Thatte, M.; Daly, W. H. Synthesis and
characterization of N-aryl chitosan derivatives” Inter. J. Biol. Macromol. 2008, 43(2), 79-87.

(23)Satraphan, P.; Intasiri, A.; Tangpasuthadol, V.; Kiatkamjornwong, S. “Effects of methyl
methacrylate grafting and in situ silica particle formation on the morphology and mechanical

properties of natural rubber composite films” Polym. Adv. Technol. accepted for publication.
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International Conference and Symposium:

(12)Tangpasuthadol, V.; Hoven, V. P.; Pongchaisirikul, N. “Functional group modification on
the surface of chitosan films via reactions of amino groups” in Advances in Chitin Science Vol.
V, Proceedings of the 5" Asia Pacific Chitin and Chitosan Symposium & Exhibition, Bangkok,
Thailand, March 13-15, 2002, p. 362-367.

(13)Nuntivanich, D; Niyompanich, N; Intasiri, A; Boonjawat, J; Tangpasuthadol, V
“Reinforcement of natural rubber by silica generated in situ” presented in The 8" Pacific
Polymer Conference, Bangkok, Thailand, November 24-27, 2003, p. 53.

(14)Pongchaisirikul, N; Amornchai, W; Hoven, VP; Tangpasuthadol, V “Surface modification of
chitosan films-Grafting long chain hydrocarbon and PEG affected protein adsorption”
presented in The 8" Pacific Polymer Conference, Bangkok, Thailand, November 24-27, 2003,
p- 99.

(15) Amornchai, W.; Vijithuttagune, V.; Pongchaisirikul, N.; Hoven, V. P.; Tangpasuthadol, V.
“Utilization of chitosan as a bioactive polymer” The 7th New Jersey Symposium on
Biomaterials Science, October 21-22, 2004, Hyatt Regency Hotel, New Brunswick, New
Jersey, USA.

(16) Tangpasuthadol, V.; Angkitpaiboon, Y.; Channasanon, S.; Kiatkamjornwong, S.; Hoven,
V.P. “Selective protein adsorption of surface bearing n-sulfofurfuryl chitosan” The 7' " Asia-
Pacific Chitin/Chitosan Symposium, April 24-26, 2006, Busan, Republic of Korea. (oral)

(17)Thongkong, W.; Siralertmukul, K.; Chandrkrachang, S.; Lertsutthiwong, P.; Tangpasuthadol,
V. “Preparation of Chitosan Submicroparticles Using Ultrasonic Atomization for Controlled
Drug Release” The 3" Mathematics and Physical Sciences Graduate Congress, December 12-
14, 2007, Kuala Lumpur, Malaysia.

(18)Satraphan, P.; Intasiri, A.; Tangpasuthadol, V.; Kiatkamjornwong, S. “Reinforcement of
methyl methacrylate-grafted natural rubber films reinforced by in situ silica” The 3
Mathematics and Physical Sciences Graduate Congress, December 12-14, 2007, Kuala

Lumpur, Malaysia.

National Conference:
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(10) Tanapaiboon, K.; Vilaivan, T.; Tangpasuthadol, V. “Synthesis of polyether containing
thymine” The 30" Congress on Science and Technology of Thailand, October, 2004, Bangkok,
Thailand, 117. (poster)

(11) Sajomsang, W.; Tangpasuthadol, V.; Tantayanon, S.; Daly, W. H. “Synthesis and
antimicrobial activities of quaternary ammonium salt of N-alkylated chitosans” The 3 0"
Congress on Science and Technology of Thailand, October, 2004, Bangkok, Thailand, 241.
(poster)

(12) Angkitpaiboon, Y.; Hoven, V. P.; Tangpasuthadol, V.; Kiatkamjornwong, S. “Preparation of
surface-charged chitosan” The 30" Congress on Science and Technology of Thailand, October,
2004, Bangkok, Thailand, 239.

(13) Wangtaveesab, T.; Methacanon, P.; Tangpasuthadol, V. “factors influencing pore formation
in chitosan temporary scaffolds” The 30" Congress on Science and Technology of Thailand,
October, 2004, Bangkok, Thailand, 235.

(14) Tangpasuthadol, V.; Nuntivanich, D.; Niyompanich, N.; Intasiri, A.; Kiatkamjornwong, S.
“Sol-gel process of ethoxysilane in natural rubber latex to prepare silica-reinforced rubber
composites ” The 31 ! Congress on Science and Technology of Thailand, 18-20 October, 2005,
Suranaree University of Technology, Nakhon Ratchasima. (oral)

(15) Siramanont, J.; Intasiri, A.; Tangpasuthadol, V.; Kiatkamjornwong, S. “Formation of silica in
natural rubber by sol-gel process of alkyltriethoxysilane and tetraecthoxysilane in latex” The
31" Congress on Science and Technology of Thailand, 18-20 October, 2005, Suranaree
University of Technology, Nakhon Ratchasima. (poster)

(16) Pattarapond, G.; Tangpasuthadol, V. “Ring-opening polymerization of /-lactide using
branched polyglycidol and tin octoate as initiator and co-initiator” The 31 " Congress on
Science and Technology of Thailand, 18-20 October, 2005, Suranaree University of
Technology, Nakhon Ratchasima. (poster)

(17) Charungchitaree, K.; Tangpasuthadol, V.; Boonjawat, J.; Kiatkamjornwong, S. “Formation
of silica in natural rubber by sol-gel process of alkyltriethoxysilane and tetracthoxysilane in
latex” The 32" Congress on Science and Technology of Thailand, 10-12 October, 2006,
Bangkok, Thailand. (oral)

(18) Tangpasuthadol, V.; Siramanont, J.; Na-Ranong, N.; Intasiri, A.; Kiatkamjornwong, S.

“Reinforcement of natural rubber by the sol-gel process of tetracthoxysilane and
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alkyltriethoxysilane in latex” The 32" Congress on Science and Technology of Thailand, 10-
12 October, 2006, Bangkok, Thailand. (oral)

(19) Charungchitaree, K.; Tangpasuthadol, V.; Boonjawat, J.; Kiatkamjornwong, S. “In situ
formation of silica in radiation-vulcanized natural rubber latex by a sol-gel process using
alkoxysilanes” The I" Polymer Graduate Conference of Thailand, 10-11 May, 2007, Mahidol
University, Salaya, Nakhonpathom.

(20) Satraphan, P.; Intasiri, A.; Tangpasuthadol, V.; Kiatkamjornwong, S. “Preparation of methyl
methacrylate grafted natural rubber films reinforced by in situ generated silica using sol-gel
process” The I" Polymer Graduate Conference of Thailand, 10-11 May, 2007, Mahidol
University, Salaya, Nakhonpathom.

(21) Tongkong, W.; Tangpasuthadol, V.; Chandrkrachang, S.; Lertsutthiwong, P.; Sirilertmukul,
K. “Preparation of chitosan submicroparticles using ultrasonic atomization for controlled drug
release” The 1" Polymer Graduate Conference of Thailand, 10-11 May, 2007, Mahidol
University, Salaya, Nakhonpathom.

(22) Prapredtiprayoon, S.; Tangpasuthadol, V. “MALDI-TOF investigation of polyether and
polylactide” The 1" Polymer Graduate Conference of Thailand, 10-11 May, 2007, Mahidol
University, Salaya, Nakhonpathom.

(23)Kerdcholpetch, T.; Ekgasit, S.; Tiamyuyen, S.; Hoven, V. P.; Tangpasuthadol, V.
“Application of positively charged chitosan in hair-care product” The 5" Chitin-Chitosan
Conference, July 24-25, 2008, Chulalongkorn University, Bangkok, Thailand.

(24)Kerdcholpetch, T.; Ekgasit, S.; Hoven, V. P.; Tangpasuthadol, V. “Using Quaternized
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