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∫∑§—¥¬àÕ

‡§¡’´ÿª√“‚¡‡≈°ÿ≈‡ªìπ°“√»÷°…“Õ—πμ√°‘√‘¬“·∫∫πÕπ‚§«“‡≈π∑å√–À«à“ß‚¡‡≈°ÿ≈¢Õß‚Œ μå·≈–‡° μå  ´÷Ëß„πªí®®ÿ∫—π‰¥â¡’

°“√π”§«“¡√Ÿâ∑“ß‡§¡’´ÿª√“‚¡‡≈°ÿ≈¡“æ—≤π“‡ªìπ‚¡‡≈°ÿ≈∑’Ë„™â‡ªìπμ—«‡≈◊Õ°®—∫∑“ß‡§¡’ (chemical receptor) ·≈–‡´Áπ‡´Õ√å∑“ß‡§¡’

(chemical sensor) ÷́Ëß‚¡‡≈°ÿ≈∑—Èß Õß¥—ß°≈à“«π’È ‰¥â∂Ÿ°π”¡“ª√–¬ÿ°μå„™â„πß“π«‘®—¬À≈“¬Ê ·¢πß Õ“∑‘‡™àπ °“√æ—≤π“ß“π«‘®—¬∑“ß

 ‘Ëß·«¥≈âÕ¡ °“√·æ∑¬å·≈–Õÿμ “À°√√¡ ‚¡‡≈°ÿ≈∑’Ë “¡“√∂π”¡“„™â‡ªìπμ—«‡≈◊Õ°®—∫∑“ß‡§¡’π—ÈπμâÕß¡’‚§√ß √â“ß·≈–¡’ ¡∫—μ‘∑“ß‡§¡’∑’Ë

‡À¡“– ¡„π°“√∑’Ë®–‡≈◊Õ°®—∫°—∫‡° μå‚¡‡≈°ÿ≈  ”À√—∫‚¡‡≈°ÿ≈¢Õß‡´Áπ‡´Õ√å∑“ß‡§¡’π—ÈπμâÕßª√–°Õ∫‰ª¥â«¬ à«π∑’Ë ”§—≠ 2  à«π§◊Õ

 à«π∑’Ë„™â„π°“√‡≈◊Õ°®—∫ (recognition unit) ·≈– à«π¢ÕßÀπà«¬„Àâ —≠≠“≥ (sensory unit) „π à«π¢ÕßÀπà«¬„Àâ —≠≠“≥π’ÈÕ“®®–

‡ªìπ‚¡‡≈°ÿ≈∑’Ë¡’ ¡∫—μ‘‡ªìπ‚§√‚¡øÕ√å ø≈ŸÕÕ‚√øÕ√å À√◊Õ‚¡‡≈°ÿ≈∑’Ë “¡“√∂‡°‘¥ªØ‘°‘√‘¬“√’¥Õ°´å‰¥â ´÷Ëß‡¡◊ËÕ‚¡‡≈°ÿ≈¢Õß‡´Áπ‡´Õ√å®—∫°—∫

‡° μå‚¡‡≈°ÿ≈·≈â«®–∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß„π à«π¢ÕßÀπà«¬„Àâ —≠≠“≥ „π∫∑§«“¡π’È ‰¥â®”·π°™π‘¥¢Õß‡´Áπ‡´Õ√å∑“ß‡§¡’ÕÕ°‡ªìπ

3 ª√–‡¿∑μ“¡™π‘¥¢ÕßÀπà«¬„Àâ —≠≠“≥‰¥â·°à ‚§√‚¡®’π‘°‡´Áπ‡´Õ√å ø≈ŸÕÕ‚√®’π‘°‡´Áπ‡´Õ√å ·≈–‡´Áπ‡´Õ√å∑“ß‡§¡’‰øøÑ“

§” ”§—≠ : ‡§¡’́ ÿª√“‚¡‡≈°ÿ≈  ‡´Áπ‡´Õ√å∑“ß‡§¡’  ‚§√‚¡®’π‘°‡´Áπ‡´Õ√å  ø≈ŸÕÕ‚√®’π‘°‡´Áπ‡´Õ√å  ‡´Áπ‡´Õ√å∑“ß‡§¡’‰øøÑ“

Abstract

Supramolecular chemistry is the chemistry of noncovalent interactions between host and guest molecules.

One of the challenges in the area of supramolecular chemistry involves the preparation of chemical receptors and

chemical sensors with high selectivity for specifically targeted guest molecules. Supramolecular chemistry plays an

important role in a variety of applications such as environment, medicinal and industry. Chemical receptors must

possess structural and chemical features for guest recognition. Like chemical receptors, chemical sensors consist of two

parts: chemical receptors and sensory units. The sensory unit can be chromophores, fluorophores and redox-active

molecules, which convert the binding event or recognition phenomena to their binding signals upon binding with guest

molecules. In this review, three types of chemical sensors are described, namely, chromogenic sensors, Fluorogenic

sensors and Electrochemical sensors, depends on types of sensory units used.

Keywords : supramolecular shemistry, shemical sensors, shromogenic sensors, Fluorogenic sensors, Electrochemical

sensors
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∫∑π”

‡§¡’´ÿª√“‚¡‡≈°ÿ≈‡ªìπ°“√»÷°…“Õ—πμ√°‘√‘¬“·∫∫πÕπ‚§-

«“‡≈π∑å (non-covalent) √–À«à“ß‚¡‡≈°ÿ≈∑’Ë¡’§«“¡ “¡“√∂„π

°“√‡≈◊Õ°®—∫À√◊Õ‡√’¬°«à“ ‚Œ μå °—∫‚¡‡≈°ÿ≈∑’Ë π„®∑’Ë‡√’¬°«à“ ‡° μå

μ—«Õ¬à“ß¢ÕßÕ—πμ√°‘√‘¬“·∫∫πÕπ‚§«“‡≈π∑å ‰¥â·°à æ—π∏–‰Œ‚¥√‡®π

(hydrogen bonding) ·√ß¥÷ß¥Ÿ¥∑“ß‰øøÑ“ (electrostatic

interaction) Õ—πμ√°‘√‘¬“·§∑‰ÕÕÕπ-‰æ (cation-II interaction)

·≈–Õ—πμ√°‘√‘¬“‰æ-‰æ (II-II interaction) ‡ªìπμâπ ∂÷ß·¡â«à“‡§¡’

´ÿª√“‚¡‡≈°ÿ≈‡°’Ë¬«¢âÕß‚¥¬μ√ß°—∫Õ—πμ√°‘√‘¬“·∫∫πÕπ‚§«“‡≈πμå

´÷Ëß®—¥‡ªìπ·√ß°√–∑”Õ¬à“ßÕàÕπ ·μà∂◊Õ‰¥â«à“Õ—πμ√°‘√‘¬“¥—ß°≈à“«

¡’§«“¡®”‡æ“–‡®“–®ß Ÿß„π°“√∑’Ë ‚¡‡≈°ÿ≈¢Õß‚Œ μå®–‡≈◊Õ°®—∫

‚¡‡≈°ÿ≈¢Õß‡° μå À≈—°°“√æ◊Èπ∞“π¢Õß‡§¡’´ÿª√“‚¡‡≈°ÿ≈ · ¥ß

‰¥â¥—ß¿“æ∑’Ë 1 ‡¡◊ËÕ‚¡‡≈°ÿ≈¢Õß‚Œ μå®—∫°—∫‚¡‡≈°ÿ≈¢Õß‡° μå·≈â«

®–‰¥â´ÿª‡ªÕ√å‚¡‡≈°ÿ≈ (supermolecule) ‡ªìπ “√º≈‘μ¿—≥±å

´ÿª‡ªÕ√å‚¡‡≈°ÿ≈π’È “¡“√∂π”¡“ª√–¬ÿ°μå„™â„π 3 ·π«∑“ß„À≠àÊ

§◊Õ „™â„π°“√‡≈◊Õ°®—∫°—∫‡° μå∑’Ë π„® (recognition) „™â‡ªìπμ—«

‡√àßªØ‘°‘√‘¬“ (catalyst) ·≈–„™â„π°“√¢π àß “√ (transport)

¿“æ∑’Ë 1 À≈—°°“√æ◊Èπ∞“π¢Õß‡§¡’́ ÿª√“‚¡‡≈°ÿ≈ (Steed et al., 2002)
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(SUPRAMOLECULAR CHEMISTRY)

SUPERMOLECULE 

 

„πªí®®ÿ∫—ππ’È§«“¡√Ÿâ∑“ß‡§¡’´ÿª√“‚¡‡≈°ÿ≈‰¥â∂Ÿ°π”¡“

»÷°…“·≈–æ—≤π“ª√–¬ÿ°μå„™âÕ¬à“ß°«â“ß¢«“ß„π¥â“πμà“ßÊ Õ“∑‘‡™àπ

°“√æ—≤π“∑“ß¥â“π°“√·æ∑¬å·≈– “∏“√≥ ÿ¢ °“√æ—≤π“μ—«‡√àß

ªØ‘°‘√‘¬“„π√–¥—∫Õÿμ “À°√√¡ ·≈–°“√æ—≤π“∑“ß¥â“ππ“‚π

‡∑§‚π‚≈¬’ ´÷Ëßπ—°‡§¡’ “¡“√∂ —ß‡§√“–Àå‚¡‡≈°ÿ≈„Àâ¡’‚§√ß √â“ß

·≈– ¡∫—μ‘∑’Ë‡À¡“– ¡„π°“√π”¡“„™â‡ªìπμ—«μ√«®®—∫ (chemical

receptor) °—∫‰ÕÕÕπ™π‘¥μà“ßÊ À√◊Õ‚¡‡≈°ÿ≈∑’Ë‡ªìπ°≈“ß ‡™àπ ‚¡‡≈°ÿ≈

¢ÕßπÈ”μ“≈ (Arimori et al., 2002; Zhao et al., 2004) ·≈–

·Õ≈°ÕŒÕ≈å (Rasberry et al., 2008) πÕ°®“°π’È·≈â«π—°‡§¡’¬—ß

 “¡“√∂ÕÕ°·∫∫·≈– —ß‡§√“–Àå‚¡‡≈°ÿ≈∑’Ë “¡“√∂π”¡“ª√–¬ÿ°μå

„™â‡ªìπ‡´Áπ‡´Õ√å∑“ß‡§¡’ (chemical sensor) ‰¥âÕ’°¥â«¬  ”À√—∫

‚¡‡≈°ÿ≈∑’Ëπ”¡“„™â‡ªìπ‡ Á́π‡´Õ√å∑“ß‡§¡’π—ÈπμâÕßª√–°Õ∫‰ª¥â«¬

‹

 à«π∑’Ë ”§—≠ 2  à«π §◊Õ  à«π∑’Ë∑”Àπâ“∑’Ë‡ªìπμ—«√—∫ (receptor) ‡æ◊ËÕ

„™â„π°“√‡≈◊Õ°®—∫°—∫‚¡‡≈°ÿ≈¢Õß‡° μå∑’Ë‡√“ π„® ·≈–Õ’° à«π§◊Õ

 à«π∑’Ë∑”Àπâ“∑’Ë‡ªìπμ—«„Àâ —≠≠“≥ (sensory unit) ÷́Ëß¡’ ¡∫—μ‘

∑“ß‡§¡’∑’Ë·μ°μà“ß°—πÕÕ°‰ª ‡™àπ „Àâ —≠≠“≥∑“ß‡§¡’‰øøÑ“ À√◊Õ

„Àâ ’∑’Ë·μ°μà“ß°—π ‡¡◊ËÕ‚¡‡≈°ÿ≈¢Õß‡° μå¡“®—∫°—∫‚¡‡≈°ÿ≈¢Õß

‚Œ μå‚¥¬‡°‘¥Õ—πμ√°‘√‘¬“∑’Ëμ”·Àπàß¢Õßμ—«√—∫ °Á®– àßº≈„Àâ‡°‘¥

°“√‡ª≈’Ë¬π·ª≈ß¢Õß —≠≠“≥„π à«π∑’Ë‡ªìπμ—«„Àâ —≠≠“≥ ÷́Ëß

°“√‡ª≈’Ë¬π·ª≈ß¢Õß —≠≠“≥¥—ß°≈à“«  “¡“√∂μ√«®«—¥‰¥â‚¥¬

„™â‡∑§π‘§∑“ß‡§¡’«‘‡§√“–Àå ‡™àπ ‡§¡’‰øøÑ“ ·≈–  ‡ª°‚μ√‚ø-

‚μ‡¡μ√’ ‡ªìπμâπ °“√∑”ß“π¢Õß‡´Áπ‡´Õ√å∑“ß‡§¡’· ¥ß‰¥â¥—ß¿“æ

∑’Ë 2 ®“°¿“æ®–‡ÀÁπ‰¥â«à“‡¡◊ËÕ‚¡‡≈°ÿ≈¢Õß‚Œ μå¡’°“√®—∫°—∫

‚¡‡≈°ÿ≈¢Õß‡° μå ®–‡°‘¥°“√‡ª≈’Ë¬π ’„π à«π¢ÕßÀπà«¬„Àâ —≠≠“≥

(SUPRAMOL ECULAR CHEMISTRY)
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„π°“√ÕÕ°·∫∫‚¡‡≈°ÿ≈¢Õß‚Œ μå„Àâ¡’§«“¡ “¡“√∂„π

°“√®—∫°—∫‚¡‡≈°ÿ≈‡° μå‰¥âÕ¬à“ß®”‡æ“–‡®“–®ßπ—Èπ μâÕßæ‘®“√≥“

∂÷ß§«“¡‡À¡“– ¡∑—Èß„π¥â“π ‡μÕ√‘°·≈–∑“ßÕ‘‡≈Á°‚∑√π‘° ‚¥¬

Õß§åª√–°Õ∫ ”§—≠∑’Ë¡’º≈μàÕ°“√‡≈◊Õ°®—∫ ‰¥â·°à ¢π“¥·≈–

√Ÿª√à“ß¢Õß‡° μå ¢π“¥‚æ√ß¢Õß‚Œ μå ∑‘»∑“ß¢Õß‚¡‡≈°ÿ≈

„π°“√®—¥‡√’¬ßμ—«‡æ◊ËÕ®—∫°—∫‡° μå‚¥¬¡’°“√‡ª≈’Ë¬π·ª≈ß

‚§√ß √â“ßπâÕ¬∑’Ë ÿ¥À≈—ß°“√®—∫°—∫‡° μå (preorganize) Õ–μÕ¡

∑’Ë∑”Àπâ“∑’Ë„π°“√‡°‘¥Õ—πμ√°‘√‘¬“ ·≈–Õ‘∑∏‘æ≈¢Õßμ—«∑”≈–≈“¬

‡ªìπμâπ πÕ°®“°π’È°“√ÕÕ°·∫∫‚¡‡≈°ÿ≈¢Õß‚Œ μåπ—Èπ¢÷Èπ°—∫

§«“¡μâÕß°“√π”‰ª„™âß“π ‡™àπ ∂â“μâÕß°“√π”‰ª®—∫°—∫·§∑‰ÕÕÕπ

À¡Ÿà 1A ‚¡‡≈°ÿ≈¢Õß‚Œ μå®–ª√–°Õ∫¥â«¬Õ–μÕ¡¢ÕßÕÕ°´‘‡®π ‡™àπ

§√“«Õ’‡∏Õ√å À√◊Õ§“≈‘° ǻ[4]‡Õ√’π ‚¥¬∑’Ë‚¡‡≈°ÿ≈¢Õß‚Œ μå®–‡°‘¥

Õ—πμ√°‘√‘¬“·∫∫‰¥‚æ≈-‰¥‚æ≈ °—∫‡° μå À√◊Õ∂â“μâÕß°“√π”‚Œ μå

‰ª®—∫°—∫·Õπ‰ÕÕÕπ ‚¡‡≈°ÿ≈¢Õß‚Œ μå®–¡’À¡Ÿàøíß°å™—π ‡Õ‰¡¥å

(amide) ¬Ÿ‡√’¬ (urea) À√◊Õ‰∑‚Õ¬Ÿ‡√’¬ (thiourea) ‡ªìπ à«πª√–°Õ∫

‡π◊ËÕß®“°‚¡‡≈°ÿ≈¢Õß‚Œ μå¥—ß°≈à“«®–®—∫°—∫·Õπ‰ÕÕÕπ‚¥¬

Õ“»—¬Õ—πμ√°‘√‘¬“·∫∫æ—π∏–‰Œ‚¥√‡®π (hydrogen bonding

interaction) À√◊Õ‚¡‡≈°ÿ≈¢Õß‚Œ μåÕ“®‡ªìπ‰ÕÕÕπ∑’Ë¡’ª√–®ÿ∫«°

‡™àπ °—«π‘¥‘‡π’¬¡‰ÕÕÕπ (guanidium ion) À√◊Õ·Õ¡‚¡‡π’¬¡‰ÕÕÕπ

(NH
4
+) ´÷Ëß®–®—∫°—∫·Õπ‰ÕÕÕπ‰¥â¥â«¬·√ß¥÷ß¥Ÿ¥∑“ß‰øøÑ“ (elec-

trostatic interaction) ·≈– ”À√—∫‚Œ μå∑’Ëπ”¡“„™â„π°“√‡≈◊Õ°

®—∫°—∫‚¡‡≈°ÿ≈∑’Ë‡ªìπ°≈“ßπ—ÈπÕ“®®–Õ“»—¬Õ—πμ√°‘√‘¬“°“√‡°‘¥

æ—π∏–‰Œ‚¥√‡®π‰¥â¥â«¬‡™àπ°—π À√◊ÕÕ“®®–„™âÕ—πμ√°‘√‘¬“·∫∫

æ—π∏–‰æ (II-II interaction) À√◊ÕÕ—πμ√°‘√‘¬“·∫∫‰Œ‚¥√‚ø∫‘°

‹

(hydrophobic interaction) °Á‰¥â¢÷ÈπÕ¬Ÿà°—∫ ¡∫—μ‘∑“ß‡§¡’¢Õß

‡° μå∑’ËμâÕß°“√∑”°“√‡≈◊Õ°®—∫ μ—«Õ¬à“ß‚Œ μå‚¡‡≈°ÿ≈™π‘¥π’È ‰¥â·°à

‰´‚§≈‡øπ (cyclophane) ·≈–‰´‚§≈‡¥° ǻ∑√‘π (cyclodextrin)

‚§√ß √â“ß¢Õß‚¡‡≈°ÿ≈∑’Ëπ‘¬¡π”¡“„™â‡ªìπ‚Œ μå ”À√—∫·§∑‰ÕÕÕπ

·Õπ‰ÕÕÕπ ·≈–‚¡‡≈°ÿ≈∑’Ë‡ªìπ°≈“ß · ¥ß‰¥â¥—ß¿“æ∑’Ë 3

„π°“√ —ß‡§√“–Àå‚¡‡≈°ÿ≈‡ Á́π‡´Õ√åπ—Èπ∑”‰¥â‚¥¬°“√π”

‡Õ“‚¡‡≈°ÿ≈¢Õß√’‡´∫‡μÕ√å¡“‡™◊ËÕ¡μàÕ°—∫Àπà«¬„Àâ —≠≠“≥

‚¥¬μ√ß‚¥¬Õ“»—¬æ—π∏–‚§«“‡≈πμå À√◊ÕÕ“®®–π”‚¡‡≈°ÿ≈¢Õß

√’‡´∫‡μÕ√å¡“‡™◊ËÕ¡μàÕ°—∫Àπà«¬„Àâ —≠≠“≥‚¥¬Õ“»—¬Õ—πμ√°‘√‘¬“

∑’Ë‰¡à„™àæ—π∏–‚§«“‡≈πμå°Á‰¥â‡™àπ °“√‡°‘¥Õ—πμ√°‘√‘¬“·∫∫‰¥‚æ≈-

‰¥‚æ≈¢Õß‚¡‡≈°ÿ≈¢ÕßÕ‘π¥‘‡§‡μÕ√å°—∫‚¡‡≈°ÿ≈‚Œ μå ‚¥¬∑’Ë ’¢Õß

 “√≈–≈“¬∑’Ë‡°‘¥¢÷Èπ„π¢—Èπ·√°π—Èπ®–‡ªìπ ’¢Õß “√ª√–°Õ∫¢Õß

‚Œ μå°—∫Õ‘π¥‘‡§‡μÕ√å ·≈–‡¡◊ËÕ¡’‡° μå‚¡‡≈°ÿ≈∑’Ë “¡“√∂·∑π∑’Ë

‚¡‡≈°ÿ≈¢ÕßÕ‘π¥‘‡§‡μÕ√å‰¥â‚¡‡≈°ÿ≈¢Õß‡° μå¥—ß°≈à“«®–‡¢â“‰ª®—∫

°—∫‚Œ μå·≈–‚¡‡≈°ÿ≈¢ÕßÕ‘π¥‘‡§‡μÕ√å®–∂Ÿ°ª≈¥ª≈àÕ¬ÕÕ°¡“

Õ¬Ÿà„π “√≈–≈“¬„π√Ÿª¢ÕßÕ‘π¥‘‡§‡μÕ√åÕ‘ √– ´÷Ëß®–∑”„Àâ ’¢Õß

 “√≈–≈“¬‡ª≈’Ë¬π‡ªìπ ’¢ÕßÕ‘π¥‘‡§‡μÕ√åÕ‘ √– ·≈–‡√’¬°°≈‰°„π

°“√‡ª≈’Ë¬π·ª≈ß —≠≠“≥ª√–‡¿∑π’È«à“°“√·∑π∑’Ë¢Õß‡° μå‚¡‡≈°ÿ≈

(displacement of guest molecule) (Wiskur et al., 2001)

„π∫∑§«“¡π’È ‰¥â∑”°“√·∫àß™π‘¥¢Õß‡´Áπ‡´Õ√å∑“ß‡§¡’ÕÕ°‰¥â‡ªìπ

3 ™π‘¥ μ“¡™π‘¥¢ÕßÀπà«¬∑’Ë„Àâ —≠≠“≥ §◊Õ ‚§√‚¡®’π‘°‡ Á́π‡´Õ√å

(chromogenic sensor) ø≈ŸÕÕ‚√®’π‘°‡ Á́π‡´Õ√å (fluorogenic

sensor) ·≈–‡´Áπ‡´Õ√å∑“ß‡§¡’‰øøÑ“ (electrochemical sensor)

¿“æ∑’Ë 2 °“√∑”ß“π¢Õß‡ Á́π‡´Õ√å∑“ß‡§¡’
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¿“æ∑’Ë 3 μ—«Õ¬à“ß‚¡‡≈°ÿ≈¢Õß‚Œ μå ”À√—∫ (°) ·§∑‰ÕÕÕπ  (¢) ·Õπ‰ÕÕÕπ ·≈–  (§) ‚¡‡≈°ÿ≈∑’Ë‡ªìπ°≈“ß (Steed et al., 2002)
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‚§√‚¡®’π‘°‡´Áπ‡´Õ√å (Chromogenic Sensor)

‚§√‚¡®’π‘°‡´Áπ‡´Õ√å§◊Õ‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å∑’Ë¡’ ‚§√‚¡øÕ√å

‡ªìπÀπà«¬„Àâ —≠≠“≥ ¥—ßπ—Èπ‡√“®÷ß “¡“√∂μ‘¥μ“¡Õ—πμ√°‘√‘¬“

√–À«à“ß‡´Áπ‡´Õ√å·≈–‡° μå‚¡‡≈°ÿ≈‰¥â®“°°“√‡ª≈’Ë¬π·ª≈ß ’¢Õß

‚Œ μå ¢âÕ¥’¢Õß‡´Áπ‡´Õ√å™π‘¥π’È§◊Õ “¡“√∂μ√«®«—¥‰¥â¥â«¬μ“‡ª≈à“

( ÷́Ëß‡√“ “¡“√∂‡√’¬°‡ Á́π‡´Õ√å™π‘¥π’È«à“ naked-eye sensor)

¥—ßπ—Èπ®÷ß‰¡à®”‡ªìπμâÕß„™â‡§√◊ËÕß¡◊Õμ√«®«—¥∑’Ë¡’√“§“·æß  (Suksai

et al., 2003) ‚§√‚¡øÕ√å∑’Ëπ‘¬¡π”¡“„™â ”À√—∫π”¡“‡μ√’¬¡‡ªìπ

‹

‚§√‚¡®’π‘°‡´Áπ‡´Õ√å‰¥â·°à “√ª√–°Õ∫‰π‚μ√‡∫π´’π (nitroben-

zene) ·≈–‚¡‡≈°ÿ≈¢Õß ’¬âÕ¡∫“ß™π‘¥ μ—«Õ¬à“ß‡™àπ ‡Õ‚´‡∫π´’π

(azobenzene) ·≈–·Õπ∑√“§«‘‚ππ (anthraquinone) πÕ°®“°

°“√π”‡Õ“ “√ª√–°Õ∫Õ‘π∑√’¬å¡“„™â‡ªìπ‚§√‚¡øÕ√å·≈â«¬—ß‰¥â¡’

°“√π”‡Õ“ “√ª√–°Õ∫‚§ÕÕ√å¥‘‡π™—π¡“„™â‡ªìπ‚§√‚¡øÕ√å¥â«¬

‡™àπ°—π Õ“∑‘‡™àπ  “√ª√–°Õ∫‚§ÕÕ√å¥‘‡π™—π¢Õß√Ÿ∑‘‡π’¬¡ (II)

‚§√ß √â“ß¢Õß‚§√‚¡øÕ√å¥—ß°≈à“«· ¥ß‰¥â¥—ß¿“æ∑’Ë 4
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¿“æ∑’Ë 4 ‚§√‚¡øÕ√å∑’Ëπ‘¬¡π”¡“„™â‡ªìπÀπà«¬„Àâ —≠≠“≥„π‚¡‡≈°ÿ≈¢Õß‚§√‚¡®’π‘°‡´Áπ‡´Õ√å (°) ‰π‚μ√‡∫π´’π  (¢) ‡Õ‚´‡∫π ’́π

(§) ·Õπ∑√“§«‘‚ππ ·≈–  (ß)  “√ª√–°Õ∫‚§ÕÕ√å¥‘‡π™—π√Ÿ∑‘‡π’¬¡ (II)

‚§√‚¡®’π‘°‡´Áπ‡´Õ√åÕ’°™π‘¥Àπ÷Ëß∑’Ë°”≈—ß‰¥â√—∫§«“¡ π„®

Õ¬Ÿà„π¢≥–π’È§◊ÕÕπÿ¿“§π“‚π¢Õß∑Õß§” (gold nanoparticle)

‡π◊ËÕß®“°æ∫«à“ ’¢Õß “√≈–≈“¬·¢«π≈Õ¬¢ÕßÕπÿ¿“§π“‚π¢Õß

∑Õß§”®–‡ª≈’Ë¬π·ª≈ß‰ª¢÷ÈπÕ¬Ÿà°—∫§à“ refractive index ‡¡◊ËÕμâπªï

∑’Ëºà“π¡“°≈ÿà¡«‘®—¬¢Õß Ai ·≈–§≥–‰¥âæ—≤π“‚§√‚¡®’π‘°‡´Õ√å∑’Ë

¬÷¥μ‘¥Õ¬Ÿà∫πÕπÿ¿“§π“‚π¢Õß∑Õß§”‡æ◊ËÕ„™â„π°“√μ√«® Õ∫ “√

‡¡≈“¡’π (Ai et. al., 2009) ÷́Ëß‡ªìπ “√ªπ‡ªóôÕπ„ππ¡ºß‡¥Á°„π

ª√–‡∑»®’π ‚¥¬Õ“»—¬§«“¡√Ÿâæ◊Èπ∞“π∑’Ë«à“‡¡≈“¡’π “¡“√∂‡°‘¥

æ—π∏–‰Œ‚¥√‡®π°—∫°√¥‰´¬“πŸ√‘° (cyanuric acid) ‰¥â‡ªìπÕ¬à“ß¥’

‚¥¬¡’Õ—μ√“ à«π¢Õß‡¡≈“¡’π : °√¥‰´¬“πŸ√‘° §◊Õ 1 : 3 ¥—ß· ¥ß

„π¿“æ∑’Ë 5 ®“°§«“¡√Ÿâ¥—ß°≈à“«∑“ßºŸâ«‘®—¬®÷ß‰¥â‡μ√’¬¡Õπÿ¿“§

π“‚π¢Õß∑Õß§”∑’Ë¡’°√¥‰´¬“πŸ√‘°Õ¬Ÿà∫πæ◊Èπº‘«¢÷Èπ¡“·≈–æ∫«à“

‡¡◊ËÕÕπÿ¿“§¥—ß°≈à“«·¢«π≈Õ¬Õ¬Ÿà„π “√≈–≈“¬®–‰¥â “√≈–≈“¬

∑’Ë¡’ ’·¥ß ·μà„π ¿“«–∑’Ë¡’‡¡≈“¡’πÕ¬Ÿà¥â«¬ ’¢Õß “√≈–≈“¬

·¢«π≈Õ¬®–‡ª≈’Ë¬π‡ªìπ ’πÈ”‡ß‘π ‚¥¬∑’Ë°“√‡ª≈’Ë¬π·ª≈ß ’¥—ß°≈à“«

‡°‘¥®“°°“√∑’Ë‡¡≈“¡’π‡°‘¥æ—π∏–‰Œ‚¥√‡®π°—∫Õπÿ¿“§π“‚π¢Õß

∑Õß§”·≈â«∑”„Àâ‡°‘¥°“√√«¡μ—«°—π (aggregrate) ¢ÕßÕπÿ¿“§

π“‚π¥—ß°≈à“«

¿“æ∑’Ë 5 °“√‡°‘¥æ—π∏–‰Œ‚¥√‡®π¢Õß°√¥‰´¬“πŸ√‘°·≈–‡¡≈“¡’π
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ø≈ŸÕÕ‚√®’π‘°‡´Áπ‡´Õ√å (Fluorogenic Sensor)

ø≈ŸÕÕ‚√®’π‘°‡´Áπ‡´Õ√å§◊Õ‚¡‡≈°ÿ≈‡ Á́π‡´Õ√å∑’Ë¡’‚¡‡≈°ÿ≈∑’Ë

 “¡“√∂„Àâ —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμå (À¡Ÿàø≈ŸÕÕ‚√øÕ√å) ‡ªìπ

Àπà«¬„Àâ —≠≠“≥ μ—«Õ¬à“ß¢ÕßÀ¡Ÿàø≈ŸÕÕ‚√øÕ√å∑’Ëπ‘¬¡„™â°—π

‹

¿“æ∑’Ë 6 ø≈ŸÕÕ‚√øÕ√å∑’Ëπ‘¬¡π”¡“„™â‡ªìπÀπà«¬„Àâ —≠≠“≥¢Õßø≈ŸÕÕ‚√®’π‘°‡´Áπ‡´Õ√å (°) ·πø∑“≈’π (¢) ·Õπ∑√“ ’́π  (§) ‰æ√’π

·≈– (ß) ø≈ŸÕÕ‡√ ´’π

 ”À√—∫°≈‰°¢Õß°“√‡°‘¥ —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμåÕ—π

‡π◊ËÕß¡“®“°Õ—πμ√°‘√‘¬“¢Õß‡´Áπ‡´Õ√å°—∫‚¡‡≈°ÿ≈¢Õß‡° μåπ—Èπ¡’

Õ¬Ÿà¥â«¬°—πÀ≈“¬™π‘¥ Õ“∑‘‡™àπ‡°‘¥®“°°√–∫«π°“√ photoinduced

electron transfer (PET) ´÷Ëßº≈∑’Ë‰¥â®“°°√–∫«π°“√π’È§◊Õ∑”„Àâ

¡’°“√‡ª≈’Ë¬π·ª≈ß§«“¡‡¢â¡¢Õß —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμå¢Õß‚Œ μå

‚¥¬∑’Ë ‰¡à∑”„Àâ§«“¡¬“«§≈◊Ëπ¢Õß°“√‡°‘¥ø≈ŸÕÕ‡√ ‡´πμå¢Õß

‚Œ μå¡’°“√‡ª≈’Ë¬π·ª≈ß·μàÕ¬à“ß„¥ ¥—ß· ¥ß„π¿“æ∑’Ë 7 ®–‡ÀÁπ

‰¥â«à“„π ¿“«–∑’ËÕ¬Ÿà„π√Ÿª¢Õß≈‘·°π¥åÕ‘ √–®–¡’§«“¡‡¢â¡¢Õß

 —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμå∑’ËμË” ·μà„π ¿“«–∑’ËÕ¬Ÿà „π√Ÿª¢Õß

 “√ª√–°Õ∫‚§ÕÕ√å¥‘‡π™—π°—∫ —ß°– ’ (II) ®–∑”„Àâ§«“¡‡¢â¡¢Õß

‹
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COOH

HO O  

     

  ( )           ( )                           ( )             ( ) 

· ¥ß‰¥â¥—ß¿“æ∑’Ë 6 (Valeur et al., 2000) ´÷Ëß‡√“ “¡“√∂μ‘¥μ“¡

Õ—πμ√°‘√‘¬“√–À«à“ß‡´Áπ‡´Õ√å·≈–‡° μå‚¡‡≈°ÿ≈‰¥â®“°°“√

‡ª≈’Ë¬π·ª≈ß¢Õß —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμå∑’Ë‡°‘¥¢÷Èπ ¢âÕ¥’¢Õß

‡´Áπ‡´Õ√å™π‘¥π’È§◊Õ¡’¢’¥®”°—¥¢Õß°“√μ√«®«—¥∑’Ë√–¥—∫§«“¡‡¢â¡¢âπμË”

 —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμå¢Õß≈‘·°π¥å¥—ß°≈à“«¡’§à“‡æ‘Ë¡¢÷Èπ (Suksai

et al., 2009)  ”À√—∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμå

Õ—π‡π◊ËÕß®“°°√–∫«π°“√ fluorescence resonance energy

transfer (FRET) π—Èπ®–‡°‘¥‡©æ“–°—∫‚¡‡≈°ÿ≈¢Õß‚Œ μå∑’Ë¡’À¡Ÿà

ø≈ŸÕÕ‚√øÕ√åÕ¬à“ßπâÕ¬ 2 À¡ŸàÕ¬Ÿà¿“¬„π‚¡‡≈°ÿ≈·≈–μâÕß¡’√–¬–

Àà“ß∑’Ë‡À¡“– ¡√–À«à“ßÀ¡Ÿàø≈ŸÕÕ‚√øÕ√å∑—Èß Õß ·≈–°√–∫«π°“√

‡°‘¥ excimer ´÷Ëß®–‡°‘¥‡©æ“–„π√–∫∫¢Õß‡´Áπ‡´Õ√å∑’Ë¡’°“√´âÕπ

∑—∫À√◊Õ‡À≈◊ËÕ¡ (stack) ¢ÕßÀ¡Ÿàø≈ŸÕÕ‚√øÕ√å∑’Ë‡ªìπ “√ª√–°Õ∫

Õ–‚√¡“μ‘°‡∑à“π—Èπ

¿“æ∑’Ë 7 °“√‡ª≈’Ë¬π·ª≈ß —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμåÕ—π‡π◊ËÕß®“°°√–∫«π°“√ PET
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„πªí®®ÿ∫—ππ’È ‰¥â¡’°“√æ—≤π“π”‡Õ“ø≈ŸÕÕ‚√®’π‘°‡´Áπ‡´Õ√å

¡“„™â„πß“π∑“ß¥â“π°“√·æ∑¬å ‡™àπ„™â„π°“√«‘‡§√“–Àåª√‘¡“≥

¢Õß‰ÕÕÕπ¢Õß —ß°– ’ (II) ∑’Ëª≈¥ª≈àÕ¬ÕÕ°¡“®“°‡´≈≈å¢Õßμ—∫ÕàÕπ

(Crivat et al., 2006)

‡´Áπ‡´Õ√å∑“ß‡§¡’‰øøÑ“ (Electrochemical Sensor)

‡´Áπ‡´Õ√å∑“ß‡§¡’‰øøÑ“§◊Õ‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å∑’ËÀπà«¬„Àâ

 —≠≠“≥ “¡“√∂‡°‘¥ªØ‘°‘√‘¬“∑’Ë¡’°“√√—∫·≈–„ÀâÕ‘‡≈Á°μ√Õπ‰¥â

‹

(ªØ‘°‘√‘¬“√’¥Õ°´å) ¥—ßπ—Èπ‡√“®÷ß “¡“√∂μ‘¥μ“¡Õ—πμ√°‘√‘¬“

√–À«à“ß‚Œ μå°—∫‡° μå‚¡‡≈°ÿ≈‚¥¬Õ“®μ‘¥μ“¡°“√‡ª≈’Ë¬π·ª≈ß

ª√‘¡“≥¢Õß°√–· ‰øøÑ“ À√◊Õ§à“§«“¡μà“ß»—°¬å∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª

‡¡◊ËÕ¡’‡° μåÕ¬Ÿà„π√–∫∫ ÷́Ëß‚¡‡≈°ÿ≈∑’Ë “¡“√∂π”¡“‡ªìπÀπà«¬„Àâ

 —≠≠“≥¢Õß‡ Á́π‡´Õ√å∑“ß‡§¡’‰øøÑ“· ¥ß‰¥â¥—ß¿“æ∑’Ë 8 (Beer

et al., 1999)

¿“æ∑’Ë 8 Àπà«¬„Àâ —≠≠“≥∑“ß‡§¡’‰øøÑ“ (°) ‡øÕ√å‚√ ’́π(ferrocene) (¢) ‚§∫Õ≈μå‚μ´’‡π’¬¡ (cobaltocenium)  (§) ‡∑∑√–‰∑Õ“

øí≈«“≈’π (tetrathiafulvalene) ·≈–  (ß) ·Õπ∑√“§«‘‚ππ (anthraquinone)

Fe Co+

            

S

S S

S

         

O

O  

    ( )                ( )        ( )        ( )   

¿“æ∑’Ë 9 ‰´§≈‘°‚«≈·∑¡‚¡·°√¡ (cyclic voltammogram) · ¥ß°“√‡ª≈’Ë¬π·ª≈ß§à“»—°¬å‰øøÑ“¢Õß‡ Á́π‡´Õ√å∑“ß‰øøÑ“‡§¡’∑’Ë¡’

‡øÕ√å‚√ ’́π‡ªìπÕß§åª√–°Õ∫„π ¿“«– (°) ‰¡à¡’‚¡‡≈°ÿ≈¢Õß‡° μå (¢)  ¿“«–∑’Ë¡’·§∑‰ÕÕÕπ·≈–  (§)  ¿“«–∑’Ë¡’

·Õπ‰ÕÕÕπÕ¬Ÿà„π√–∫∫

°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥¢÷Èπ¥—ß°≈à“«π’È‡°‘¥®“°Õ—πμ√°‘√‘¬“

¢Õß‡° μå°—∫‚¡‡≈°ÿ≈¢Õß‚Œ μå„π ¿“«–∑’Ë¡’°“√√—∫À√◊Õ„ÀâÕ‘‡≈Á°μ√Õπ

(¢÷ÈπÕ¬Ÿà°—∫ ¿“«–‡√‘Ë¡μâπ¢Õß‚¡‡≈°ÿ≈«à“Õ¬Ÿà„π√Ÿª¢ÕßÕÕ°´‘‰¥ å

‹

À√◊Õ√’¥‘«´å) μ—«Õ¬à“ß¢Õß°“√‡ª≈’Ë¬π·ª≈ß§à“§«“¡μà“ß»—°¬å¢Õß

‡´Áπ‡´Õ√å∑“ß‰øøÑ“‡§¡’∑’Ë¡’‡øÕ√å‚√ ’́π‡ªìπÕß§åª√–°Õ∫· ¥ß‰¥â

¥—ß¿“æ∑’Ë 9 (Suksai et al., 2005)

-0.1 0.1 0.3 0.5 0.7 0.9

 (E,V)

( ) ( )(
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®“°√Ÿª®–‡ÀÁπ‰¥â«à“„π ¿“«–∑’Ë¡’·§∑‰ÕÕÕπ·≈–·Õπ-

‰ÕÕÕπÕ¬Ÿà„π√–∫∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“§«“¡μà“ß»—°¬å®–¡’

§à“∑’Ëμ√ß¢â“¡°—π ÷́Ëß “¡“√∂Õ∏‘∫“¬°“√‡ª≈’Ë¬π·ª≈ß¢Õß

 —≠≠“≥‰¥â¥—ßπ’È „π ¿“«–ª°μ‘‡øÕ√å‚√´’π (Fc) Õ–μÕ¡¢Õß

‡À≈Á°®–Õ¬Ÿà„π√Ÿª¢Õß Fe2+ ‡¡◊ËÕ‡°‘¥ªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π®–°≈“¬

‡ªìπ‡øÕ√å‚√´’‡π’¬¡‰ÕÕÕÕπ (Fc+) ·≈–Õ–μÕ¡¢Õß‡À≈Á°®–Õ¬Ÿà„π

√Ÿª¢Õß Fe3+ ‚¥¬¡’§à“§«“¡μà“ß»—°¬å¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π

(E
ox
) ª√–¡“≥ 0.45 ‚«≈μå „π°√≥’∑’Ë¡’·§∑‰ÕÕÕπÕ¬Ÿà„π√–∫∫

®–‡ÀÁπ‰¥â«à“§à“§«“¡μà“ß»—°¬å∑’Ë«—¥‰¥â®–¡’§à“ Ÿß°«à“„π ¿“«–‡√‘Ë¡μâπ

(E
ox
 ~ 0.6 ‚«≈μå) À√◊ÕÕ“®°≈à“«‰¥â«à“‚¡‡≈°ÿ≈¢Õß‡øÕ√å‚√´’π®–

‡°‘¥ªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π‰¥â¬“°¢÷Èπ (¿“æ∑’Ë 9¢) ∑—Èßπ’È‡π◊ËÕß®“°

‡¡◊ËÕ‡øÕ√å‚√´’π∂Ÿ°ÕÕ°´‘‰¥ å·≈â«®–‡°‘¥·√ßº≈—°√–À«à“ßª√–®ÿ¢Õß

(Fc+) ·≈–·§∑‰ÕÕÕπ ÷́Ëß®–∑”„Àâ‚¡‡≈°ÿ≈¡’§«“¡‡ ∂’¬√πâÕ¬≈ß

°≈‰°∑’Ë‡°‘¥¢÷Èπ· ¥ß‰¥â„π¿“æ∑’Ë 10

¿“æ∑’Ë 10 °≈‰°°“√‡°‘¥·√ßº≈—°∑“ß‰øøÑ“√–À«à“ß‰ÕÕÕπ¢Õß‚≈À–°—∫Õ–μÕ¡¢Õß Fe3+ ‚¥¬∑’Ë≈Ÿ°»√      · ¥ß·√ßº≈—°
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μ√«®«—¥‰ÕÕÕπ∑’Ë π„®‰¥â‡ªìπº≈ ”‡√Á® (Anne et al., 2003)
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