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ABSTRACT

 Metal ions play an important role in many biological and environmental systems.
Many types of metal ions are essential in biological systems such as calcium, sodium and
zinc ions; however, some metal ions are very toxic such as mercury, cadmium and lead ions.
Fluorescence spectroscopy can be very useful in the qualitative and quantitative detection of
metal ions. The method is rapid and nondestructive to samples. Recently, a number of organic
molecules have been designed and synthesized as new fluorescent sensors due to their high
selectivity and sensitivity for the detection of metal ions. The design concept of these sensors is
based on the fundamental requirement for the selective host-guest interactions and is designed
based on a size fit to ions and/or favorable electrostatic interactions between atoms of the
ionophore moiety and ions. To date, many fluorescent sensors have been operated via electron
transfer and charge transfer mechanisms, such as photoinduced electron transfer (PET) and
photoinduced charge transfer (PCT) processes. This article will summarize recent developments
in the field and focus on sensor design strategy based on molecular structure, fluorescent
mechanism and their applications.
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∫∑π”
‰ÕÕÕπ‚≈À–¡’∫∑∫“∑·≈–Àπâ“∑’Ë ”§—≠„π√–∫∫™’«¿“æ·≈–„π ‘Ëß·«¥≈âÕ¡ ‰ÕÕÕπ‚≈À–À≈“¬™π‘¥

¡’§«“¡®”‡ªìπ·≈–¡’ª√–‚¬™πåµàÕ√à“ß°“¬¡πÿ…¬å‡¡◊ËÕ¡’„πª√‘¡“≥∑’Ë‡À¡“– ¡ ‡™àπ ‡À≈Á° ∑Õß·¥ß ·¡ß°“π’ 
·≈– —ß°– ’ ·µà‡π◊ËÕß®“°‰ÕÕÕπ‚≈À– “¡“√∂‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ‰¥â¥’°—∫ “√ª√–°Õ∫Õ‘π∑√’¬å∑’Ëª√–°Õ∫
¥â«¬Õ–µÕ¡ÕÕ°´‘‡®π ‰π‚µ√‡®π À√◊Õ´—≈‡øÕ√å ´÷Ëß “√ª√–°Õ∫Õ‘π∑√’¬å‡À≈à“π’È¡’¡“°¡“¬„π√à“ß°“¬¡πÿ…¬å
·≈–„π√–∫∫™’«¿“æ ¥—ßπ—Èπ‡¡◊ËÕ¡’‰ÕÕÕπ‚≈À–„πª√‘¡“≥∑’Ë¡“°‡°‘π®– àßº≈„Àâ‚§√ß √â“ß¢Õß‚ª√µ’πº‘¥ª°µ‘
‡°‘¥°“√¬—∫¬—Èß√–∫∫‡Õπ‰´¡å ·≈–∑”„Àâ‡°‘¥§«“¡‡ªìπæ‘…√â“¬·√ß À√◊Õ°àÕ„Àâ‡°‘¥‚√§¡–‡√Áß µ—«Õ¬à“ß‡™àπ
‚≈À–ª√Õ∑ ·≈–µ–°—Ë« ¡’º≈∑”„Àâ°“√∑”ß“π¢Õß√–∫∫ª√– “∑ à«π°≈“ßº‘¥ª°µ‘ ‚≈À–∑Õß·¥ß ·§¥‡¡’¬¡
·≈–ª√Õ∑ ¡’º≈µàÕ°“√∑”ß“π¢Õßµ—∫·≈–‰µ  à«π√à“ß°“¬∑’Ë‰¥â√—∫‚≈À–π‘°‡°‘≈ ‚§√‡¡’¬¡ ·≈–·§¥‡¡’¬¡
¡“°‡°‘π‰ª®–¡’º≈‡ ’¬µàÕ°√–¥Ÿ° øíπ ·≈–º‘«Àπ—ß [1]

„πªí®®ÿ∫—π¡’°“√π”‡∑§π‘§ø≈ŸÕÕ‡√ ‡´π ǻ ‡ª°‚∑√ ‚°ªï¡“„™â„π°“√µ√«®«‘‡§√“–Àå‰ÕÕÕπ‚≈À–
∑—Èß°“√∑”§ÿ≥¿“æ·≈–ª√‘¡“≥«‘‡§√“–Àå «‘∏’°“√π’È‡ªìπ‡∑§π‘§∑“ß‡≈◊Õ°®“°«‘∏’°“√µ√«®«—¥‰ÕÕÕπ‚≈À–¥â«¬«‘∏’
¡“µ√∞“π ‡™àπ Flame Atomic Absorption Spectrometry (FAAS) À√◊Õ Inductively Coupled Plasma-
Atomic Emission Spectrometry (ICP-AES) ‡π◊ËÕß®“°°“√«‘‡§√“–Àå¥â«¬‡∑§π‘§ FAAS ·≈– ICP-AES
¡’¢âÕ®”°—¥∫“ßª√–°“√ ‡™àπ µâÕß„™â “√µ—«Õ¬à“ßª√‘¡“≥¡“°„π°“√«‘‡§√“–Àå®÷ß∑”„Àâ ‘Èπ‡ª≈◊Õßª√‘¡“≥ “√´÷Ëß
Õ“®®–‰¡à‡À¡“– ¡°—∫µ—«Õ¬à“ß∑“ß™’«¿“æ ‡™àπ °“√À“ª√‘¡“≥‚≈À–„π‡≈◊Õ¥À√◊Õªí  “«– πÕ°®“°π’ÈµâÕß„™â
‡§√◊ËÕß¡◊Õ∑’Ë¡’¢π“¥„À≠à µâÕß„™â°ä“´‡ªìπµ—«æ“ (carrier) ·≈–‡™◊ÈÕ‡æ≈‘ß (fuel gas) ®÷ß‰¡à‡À¡“– ¡°—∫°“√
„™â∑¥ Õ∫ª√‘¡“≥‚≈À–Àπ—°„π¿“§ π“¡À√◊Õ°“√æ—≤π“‡ªìπÕÿª°√≥å∑¥ Õ∫ πÕ°®“°π’È°“√„™â‡∑§π‘§
¥—ß°≈à“«µâÕß§”π÷ß∂÷ß°“√°”®—¥ “√√∫°«π„π°√≥’∑’Ë “√µ—«Õ¬à“ß‡ªìππÈ”°√àÕ¬ πÈ”∑–‡≈  ‘Ëß¡’™’«‘µ®“°∑–‡≈
À√◊Õ¥‘πµ–°Õπ ÷́Ëß¡’°“√ªπ‡ªóôÕπ¢Õß‡°≈◊ÕÕ¬Ÿà‡ªìπ®”π«π¡“° ‚¥¬®–∑”„Àâ‡°‘¥°“√Õÿ¥µ—π¢Õß‡°≈◊Õ¢≥–
∑”°“√«‘‡§√“–Àå (Salt-Clogging)

‡∑§π‘§ø≈ŸÕÕ‡√ ‡´π ǻ ‡ª°‚∑√ ‚°ªï‡ªìπ‡∑§π‘§°“√µ√«®«—¥∑’Ë‰¡à∑”≈“¬ “√µ—«Õ¬à“ß  “¡“√∂
„™â‡ªìπ real time monitoring ‰¥â „™â “√µ—«Õ¬à“ßª√‘¡“≥πâÕ¬ (1-3 ¡‘≈≈‘≈‘µ√) ¡’§à“„™â®à“¬„π°“√µ√«®
«‘‡§√“–Àå§àÕπ¢â“ßµË” ·≈– “¡“√∂µ√«®«—¥‰ÕÕÕπ‚≈À–„π√–¥—∫§«“¡‡¢â¡¢âπ„°≈â‡§’¬ß°—∫‡∑§π‘§¡“µ√∞“π

√–∫∫ø≈ŸÕÕ‡√ ‡´π ǻ‡´Áπ‡´Õ√å
°“√π”‡∑§π‘§ø≈ŸÕÕ‡√ ‡´π ǻ ‡ª°‚∑√ ‚°ªï‰ª„™â‡æ◊ËÕµ√«®«‘‡§√“–Àå‰ÕÕÕπ‚≈À–®–µâÕß¡’°“√

ÕÕ°·∫∫√–∫∫‡´Áπ‡´Õ√å∑’Ë‚§√ß √â“ß‚¡‡≈°ÿ≈ “¡“√∂‡Àπ’Ë¬«π”„Àâ∑”ß“π‰¥â‚¥¬„™â· ß‡ªìπµ—«°√–µÿâπ ·≈–
‡¡◊ËÕ‡´Áπ‡´Õ√å‡°‘¥°“√¥—°®—∫‰ÕÕÕπ®–· ¥ßº≈∑“ß°“√‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´π´å ‚§√ß √â“ß¢Õß‡´Áπ‡´Õ√å®–
ª√–°Õ∫¥â«¬ à«πª√–°Õ∫À≈—° 2  à«π ‰¥â·°à 1) ø≈ŸÕÕ‚√øÕ√å (Fluorophore) ‡ªìπ à«π∑’Ë¡’§«“¡ “¡“√∂
„π°“√· ¥ß§ÿ≥ ¡∫—µ‘¢Õß°“√‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´π´å 2) ‰Õ‚Õ‚πøÕ√å (Ionophore) ‡ªìπ à«π∑’Ë¡’
§«“¡ “¡“√∂„π°“√¥—°®—∫‰ÕÕÕπ‚≈À– ‚¥¬∑—Ë«‰ª·≈â«∑—Èß Õß à«π®–µàÕ°—π‚¥¬µ√ß¥â«¬æ—π∏–‚§«“‡≈π´å
À√◊ÕµàÕ°—π‚¥¬„™âµ—«‡™◊ËÕ¡ ¥—ßπ—Èπ√–∫∫ø≈ŸÕÕ‡√ ‡´π ǻ‡´Áπ‡´Õ√å®÷ß¡—°∂Ÿ°‡√’¬°«à“ ø≈ŸÕÕ‚√‰Õ‚Õ‚πøÕ√å
(Fluoroionophore)
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„π√–∫∫ø≈ŸÕÕ‡√ ‡´π´å‡´Áπ‡´Õ√åπ’È ®–∑”ß“π‚¥¬ à«π∑’Ë· ¥ß —≠≠“≥®–‡ª√’¬∫‡ ¡◊Õπ
∑√“π å¥‘«‡´Õ√å ´÷Ëß‡ª≈’Ë¬π¢âÕ¡Ÿ≈¢Õß°≈‰°°“√¥—°®—∫‰ÕÕÕπ‚≈À– (recognition event) ‰ª Ÿà°“√
‡ª≈’Ë¬π·ª≈ß —≠≠“≥∑“ß· ß ·≈–· ¥ßº≈‚¥¬°“√‡ª≈’Ë¬π·ª≈ß ¡∫—µ‘∑“ß‚ø‚µøî ‘° å (photophysical
characteristic) ¢Õß‡´Áπ‡´Õ√å µ—«Õ¬à“ß¢Õßø≈ŸÕÕ‚√øÕ√å∑’Ë„™â„π√–∫∫ø≈ŸÕÕ‡√ ‡´π´å‡´Áπ‡´Õ√å ‰¥â·°à
anthracene pyrene flouorescein ·≈– rhodamine ‡ªìπµâπ ·≈–µ—«Õ¬à“ß¢Õß‰Õ‚Õ‚πøÕ√å∑’Ë„™â„π√–∫∫
ø≈ŸÕÕ‡√ ‡´π´å‡´Áπ‡´Õ√å ‰¥â·°à azacrown ether calix[4]arene cyclam ·≈– cyclen ‡ªìπµâπ µ—«Õ¬à“ß
·≈–‚§√ß √â“ß∑“ß‡§¡’¢Õßø≈ŸÕÕ‚√øÕ√å ·≈–‰Õ‚Õ‚πøÕ√å∫“ß™π‘¥· ¥ß¥—ß√Ÿª∑’Ë 1 ·≈–µ—«Õ¬à“ß‚§√ß √â“ß
∑“ß‡§¡’¢Õßø≈ŸÕÕ‡√ ‡´π ǻ‡´Áπ‡´Õ√å∑’Ëª√–°Õ∫¥â«¬ à«πø≈ŸÕÕ‚√øÕ√å·≈–‰Õ‚Õ‚πøÕ√å∑’Ë‡™◊ËÕ¡µàÕ°—π· ¥ß
¥—ß√Ÿª∑’Ë 2

√Ÿª∑’Ë 1 ‚§√ß √â“ß∑“ß‡§¡’¢Õßø≈ŸÕÕ‚√øÕ√å ·≈–‰Õ‚Õ‚πøÕ√å∫“ß™π‘¥

√Ÿª∑’Ë 2 ‚§√ß √â“ß∑“ß‡§¡’¢Õßø≈ŸÕÕ‡√ ‡´π´å‡´Áπ‡´Õ√å∑’Ëª√–°Õ∫¥â«¬ à«πø≈ŸÕÕ‚√øÕ√å ·≈–‰Õ‚Õ‚πøÕ√å
‡™◊ËÕ¡µàÕ°—π ”À√—∫µ√«®«—¥‰ÕÕÕπ‚≈À–∫“ß™π‘¥ [2-5]

Hg2+
 ‡ Á́π‡´Õ√å [2] In3+

 ‡´Áπ‡´Õ√å [3] Na+/K+
 ‡´Áπ‡´Õ√å [4] Cd2+/Hg2+

 ‡´Áπ‡´Õ√å [5]
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√–∫∫ø≈ŸÕÕ‡√ ‡´π ǻ‡´Áπ‡´Õ√åπ’È ‰¥â¡’§âπæ∫¡“π“π°«à“ 20 ªï¡“·≈â« ·≈–¡’°“√æ—≤π“Õ¬à“ß
µàÕ‡π◊ËÕß ‚¥¬∫∑§«“¡«‘™“°“√π’È®–°≈à“«∂÷ßµ—«Õ¬à“ß·≈–∑‘»∑“ß°“√æ—≤π“‡´Áπ‡´Õ√å™π‘¥π’È„π™à«ß §.».
2000-ªí®®ÿ∫—π ·≈–®–‡πâπÀ≈—°°“√ÕÕ°·∫∫‡´Áπ‡´Õ√å‚¥¬„™â≈—°…≥–¢Õß‚§√ß √â“ß‚¡‡≈°ÿ≈¢Õß‡´Áπ‡´Õ√å
·≈–°≈‰°°“√∑”ß“π¢Õß‡ Á́π‡´Õ√å™π‘¥π’È‚¥¬®– Õ¥·∑√°µ—«Õ¬à“ß°“√ª√–¬ÿ°µå„™â¢Õß‡ Á́π‡´Õ√å™π‘¥π’È„π™à«ß
‡«≈“∑’Ëºà“π¡“¥â«¬

‚¥¬∑—Ë«‰ª·≈â«°“√ª√—∫ª√ÿß»—°¬¿“æ¢Õß‡´Áπ‡´Õ√å “¡“√∂ª√—∫ª√ÿß‰¥â‚¥¬ 1) ª√—∫‡ª≈’Ë¬π‚§√ß √â“ß
‰Õ‚Õ‚πøÕ√å ÷́Ëß‡ªìπ à«π∑’Ë‡°‘¥°“√¥—°®—∫‰ÕÕÕπ‚≈À–™π‘¥„¥™π‘¥Àπ÷ËßÕ¬à“ß®”‡æ“–‡®“–®ß ·≈–¡’º≈‚¥¬µ√ß
°—∫°“√µ√«®«—¥‰ÕÕÕπ‚≈À–‡™‘ß§ÿ≥¿“æ«‘‡§√“–Àå¥â«¬‡∑§π‘§π’È ·≈– 2) ‡≈◊Õ°„™â™π‘¥¢Õßø≈ŸÕÕ‚√øÕ√å ´÷Ëß¡’
º≈µàÕ ¿“æ‰«¢Õß°“√µ√«®«—¥ ·≈–®–‡°’Ë¬«¢âÕß°—∫°“√‡≈◊Õ°„™â«‘∏’°“√ àß —≠≠“≥°“√¥—°®—∫¢Õß‰ÕÕÕπ®“°
µ”·Àπàß‰Õ‚Õ‚πøÕ√å‰ª Ÿà à«π¢Õßø≈ŸÕÕ‚√øÕ√å

À≈—°°“√ÕÕ°·∫∫‡ Á́π‡´Õ√å: °“√æ—≤π“‚§√ß √â“ß‚¡‡≈°ÿ≈¢Õß‡´Áπ‡´Õ√å
‰Õ‚Õ‚πøÕ√å À√◊Õ ion carrier ‚¥¬∑—Ë«‰ª‡ªìπ “√Õ‘π∑√’¬å∑’Ë∂Ÿ° —ß‡§√“–Àå¢÷Èπ ‡™àπ calix[4]

arene crown ether cyclam cyclen À√◊Õ¡’„π∏√√¡™“µ‘ ‡™àπ valinomycin (‚æ·∑ ‡ ’́¬¡‡´Áπ‡´Õ√å) ´÷Ëß
 “√Õ‘π∑√’¬å‡À≈à“π’È¡’§«“¡ “¡“√∂„π°“√¥—°®—∫‰ÕÕÕπ·≈– “¡“√∂¢π∂à“¬‰ÕÕÕπ‰¥â ‚¥¬°√–∫«π°“√¥—°®—∫
‡°‘¥¢÷Èπ‰¥â‡π◊ËÕß®“° 1) ¡’ size fit requirement ∑’Ë‡À¡“– ¡ π—Ëπ§◊Õ‰Õ‚Õ‚πøÕ√å¡’¢π“¥™àÕß«à“ß∑’Ë‡À¡“– ¡
(cavity entrapment) °—∫¢π“¥¢Õß‰ÕÕÕπ À√◊Õ 2) ‡°‘¥Õ—πµ√°‘√‘¬“∑’Ë‡À¡“– ¡ ‚¥¬∑’Ë‰Õ‚Õ‚πøÕ√å¡’
chemical affinity ∑’Ë‡À¡“– ¡°—∫‰ÕÕÕπ∑’Ë®–¥—°®—∫ ‡™àπ ‰Õ‚Õ‚πøÕ√å ¡’ à«π∑’Ë„ÀâÕ‘‡≈Á°µ√Õπ ·≈–‰ÕÕÕπ
‚≈À–∑”Àπâ“∑’Ë√—∫Õ‘‡≈Á°µ√Õπ À√◊Õ¡’∑—Èß Õß§ÿ≥≈—°…≥– (1 ·≈– 2) ÷́Ëß°“√¥—°®—∫‰ÕÕÕπ∑’Ë¥’π—ÈπµâÕß¡’·√ß
°√–∑”∑’Ë¥÷ß¥Ÿ¥°—π¢Õß‰Õ‚Õ‚πøÕ√å°—∫‰ÕÕÕπ∑’Ë∂Ÿ°¥—°®—∫ ·√ß°√–∑”∑’Ë‡°’Ë¬«¢âÕß°—∫°“√¥—°®—∫√–À«à“ß‰ÕÕÕπ
·≈–‰Õ‚Õ‚πøÕ√åπ—Èπ®–‡°’Ë¬«¢âÕß°—∫Õ—πµ√°‘√‘¬“·∫∫ noncovalent ‰¥â·°à metal coordination cation-
π interaction ·≈– cation-dipole interaction ÷́Ëß¢÷Èπ°—∫™π‘¥¢Õß‰ÕÕÕπ ·≈–™π‘¥¢Õß‰Õ‚Õ‚πøÕ√å

°“√æ—≤π“‰Õ‚Õ‚πøÕ√å∑’Ë¡’¢π“¥‡À¡“– ¡°—∫™π‘¥‰ÕÕÕπ
‰Õ‚Õ‚πøÕ√å∑’Ë√Ÿâ®—°°—π‡ªìπÕ¬à“ß¥’ ‰¥â·°à crown ether ´÷Ëß§âπæ∫„π§√—Èß·√° ‚¥¬ Pedersen

„πªï §.». 1967 ‡ªìπ∑’Ë∑√“∫°—π«à“°“√¥—°®—∫¢Õß 18-crown-6 ether (√Ÿª 3a) ·≈–‰ÕÕÕπ‡°‘¥®“° cation-
dipole interaction √–À«à“ßÕÕ°´‘‡®πÕ–µÕ¡¢Õß 18-crown-6 ether ·≈–‰ÕÕÕπ √«¡∑—Èß¢π“¥™àÕß«à“ß∑’Ë
‡À¡“– ¡√–À«à“ß 18-crown-6 ether ·≈–‰ÕÕÕπ ‚¥¬¢π“¥™àÕß«à“ß¢Õß 18-crown-6 ether ¡’√—»¡’
(radius) ‡∑à“°—∫ 1.2-2.2 Å Õ¬à“ß‰√°Áµ“¡ 18-crown-6 ether ¡’§«“¡®”‡æ“–‡®“–®ßµàÕ°“√¥—°®—∫‰ÕÕÕπµË”
‡π◊ËÕß®“°‚§√ß √â“ß¢Õß‚¡‡≈°ÿ≈¡’§«“¡¬◊¥À¬ÿàπ (flexible) ¡“°‡°‘π‰ª ‡¡◊ËÕ‡°‘¥Õ—πµ√°‘√‘¬“®÷ß‡°‘¥°“√¡â«πµ—«
(self assembly) æ—π√Õ∫‰ÕÕÕπ‚≈À–‰¥â ·≈–∑”„Àâ “¡“√∂¥—°®—∫‰¥â∑—Èß‰ÕÕÕπ‚´‡¥’¬¡ (Na+) ·≈–‚æ·∑ ‡ ’́¬¡
(K+) ´÷Ëß√—»¡’ (ionic radius) ¢Õß‰ÕÕÕπ‚´‡¥’¬¡‡∑à“°—∫ 0.97 Å ·≈–‰ÕÕÕπ‚æ·∑ ‡ ’́¬¡‡∑à“°—∫ 1.33 Å
®÷ß∑”„Àâ°“√µ√«®«—¥‰ÕÕÕπ™π‘¥„¥™π‘¥Àπ÷Ëß‡¡◊ËÕ¡’‰ÕÕÕπÕ’°™π‘¥‡®◊Õªπ‡ªìπ‰ª‰¥â¬“°
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®“°‡Àµÿº≈¥—ß°≈à“«®÷ß¡’°“√æ—≤π“‰Õ‚Õ‚πøÕ√åµàÕÊ ¡“ ‚¥¬æ—≤π“®“°‚§√ß √â“ß¢Õß crown
ether √à«¡°—∫À≈—°°“√ çpreorganizationé ÷́Ëß¡’À≈—°°“√∑’Ë«à“ ‡¡◊ËÕ‰Õ‚Õ‚πøÕ√å¥—°®—∫°—∫‰ÕÕÕπ ‰Õ‚Õ‚πøÕ√å
µâÕßª√—∫‡ª≈’Ë¬π‚§√ß √â“ß„Àâ‡À¡“– ¡°—∫‰ÕÕÕπ ∑—Èß¢π“¥·≈–√Ÿª√à“ß ‚¥¬°√–∫«π°“√π—ÈπµâÕß„™âæ≈—ßß“π „π
∑“ßµ√ß°—π¢â“¡À“°‰Õ‚Õ‚πøÕ√å¡’§«“¡¬◊¥À¬ÿàππâÕ¬≈ß ¡’¢π“¥·≈–™àÕß«à“ß‡À¡“– ¡°—∫‰ÕÕÕπ·≈â«
°√–∫«π°“√¥—ß°≈à“«®÷ß‰¡à®”‡ªìπµâÕß„™â ‚¥¬Õ“»—¬æ≈—ßß“π‡æ’¬ß‡≈Á°πâÕ¬‡æ◊ËÕª√—∫√Ÿª√à“ß„Àâ‡À¡“– ¡°—∫
‰ÕÕÕπ ÷́Ëß°√–∫«π°“√ preorganization π’È®–∑”„Àâ‰Õ‚Õ‚πøÕ√å¥—°®—∫‰ÕÕÕπÕ¬à“ß®”‡æ“–‡®“–®ß·≈–¡’
ª√– ‘∑∏‘¿“æ¡“°¢÷Èπ µ—«Õ¬à“ß°“√»÷°…“¢Õß Taziaux ·≈–§≥– [6] „πªï §.». 2004 ‰¥âª√—∫‡ª≈’Ë¬π
‚§√ß √â“ß¢Õß‰Õ‚Õ‚πøÕ√å∑’Ë¡’ à«π¢Õß crown ether „Àâ¡’§«“¡¬◊¥À¬ÿàππâÕ¬≈ß‚¥¬°“√‡æ‘Ë¡À¡Ÿà‡∫π´’πµàÕ‡¢â“
°—∫ crown ether ∑”„Àâ‡´Áπ‡´Õ√å∂Ÿ° preorganize ¡’§«“¡¬◊¥À¬ÿàππâÕ¬≈ß ·≈–¡’¢π“¥‡À¡“– ¡°—∫
·¡°π’‡´’¬¡ æ∫«à“¢π“¥™àÕß«à“ß¢Õß‡´Áπ‡´Õ√å¡’√—»¡’ 0.85-1.10 Å „π¢≥–∑’Ë√—»¡’¢Õß‰ÕÕÕπ·¡°π’‡´’¬¡
‡∑à“°—∫ 0.86 Å ®÷ß∑”„Àâ‡´Áπ‡´Õ√å∑—Èß Õß™π‘¥π’È¡’§«“¡®”‡æ“–‡®“–®ß°—∫‰ÕÕÕπ·¡°π’‡´’¬¡ Ÿß (√Ÿª 3c ·≈–
3d) „π¢≥–∑’Ë‡´Áπ‡´Õ√å™π‘¥ C343-crown (√Ÿª 3b) ¡’§«“¡¬◊¥À¬ÿàπ¡“° ‡¡◊ËÕ‡°‘¥Õ—πµ√°‘√‘¬“°—∫‰ÕÕÕπ
‚≈À–®÷ß‡°‘¥°“√¡â«πµ—«æ—π√Õ∫‰ÕÕÕπ‚≈À–‰¥â ·≈–∑”„Àâ “¡“√∂¥—°®—∫‰¥â∑—Èß‰ÕÕÕπ·§≈‡ ’́¬¡ ·≈–‰ÕÕÕπ
·¡°π’‡´’¬¡ À√◊Õ‰¡à¡’§«“¡®”‡æ“–‡®“–®ß°—∫·¡°π’‡´’¬¡π—Ëπ‡Õß

√Ÿª∑’Ë 3 ‚§√ß √â“ß∑“ß‡§¡’¢Õßø≈ŸÕÕ‡√ ‡´π´å‡´Áπ‡´Õ√å∑’Ë∂Ÿ°ª√—∫‡ª≈’Ë¬π‚§√ß √â“ß‚¥¬„™âÀ≈—°°“√  preorganization
‡æ◊ËÕ‡æ‘Ë¡§«“¡®”‡æ“–‡®“–®ß„π°“√¥—°®—∫‰ÕÕÕπ
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µàÕ¡“ Martin ·≈– §≥– [7]  —ß‡§√“–Àå‚´‡¥’¬¡·≈–‚æ·∑ ‡´’¬¡‡´Áπ‡´Õ√å∑’Ë¡’§«“¡®”‡æ“–
‡®“–®ß Ÿß ‚¥¬π” 15-crown-5 µàÕ‚¥¬µ√ß‡¢â“°—∫ø≈ŸÕÕ‚√øÕ√å™π‘¥ 2,7-difluoro xanthenone (√Ÿª 3e)
´÷Ëß‚§√ß √â“ßπ’È∑”„Àâ«ß 15-crown-5 ¡’§«“¡¬◊¥À¬ÿàππâÕ¬≈ß·≈–¡’¢π“¥‡À¡“– ¡°—∫‰ÕÕÕπ‚´‡¥’¬¡
πÕ°®“°π’È¬—ßæ∫«à“°“√‡æ‘Ë¡¢π“¥¢Õß crown ether ‚¥¬‡ª≈’Ë¬π®“° 15-crown-5 ‡ªìπ 18-crown-6 (√Ÿª 3f)
®–‡æ‘Ë¡§«“¡ “¡“√∂„π°“√¥—°®—∫‰ÕÕÕπ‚æ·∑ ‡ ’́¬¡‰¥â ‡´Áπ‡´Õ√å∑—Èß Õß™π‘¥π’È “¡“√∂„™âµ√«® Õ∫ª√‘¡“≥
‰ÕÕÕπ‚´‡¥’¬¡ ·≈–ª√‘¡“≥‰ÕÕÕπ‚æ·∑ ‡´’¬¡‰¥â‚¥¬µ√ß„π‡´≈≈å ‘Ëß¡’™’«‘µ‚¥¬‰¡à∑”≈“¬‡´≈≈åµ—«Õ¬à“ß

µ—«Õ¬à“ßÕ◊ËπÊ ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√„™âÀ≈—°°“√ preorganization ¢Õßø≈ŸÕÕ‡√ ‡´π ǻ‡´Áπ‡´Õ√å¬—ß
¡’Õ’°¡“° [8-15] ¥—ß‡™àπ ‡´Áπ‡´Õ√å∑’Ëª√–°Õ∫¥â«¬ 18-crown-6 µàÕ‡¢â“°—∫ø≈ŸÕÕ‚√øÕ√å™π‘¥ anthracene
®–¡’§«“¡®”‡æ“–‡®“–®ßµË” ·≈– “¡“√∂¥—°®—∫‰¥â∑—Èß‰ÕÕÕπ‚´‡¥’¬¡ ·≈–‚æ·∑ ‡´’¬¡ (√Ÿª 3g) [4] ·µàæ∫
«à“°“√ª√—∫‡ª≈’Ë¬π‚§√ß √â“ß¢Õß 18-crown-6 ether ‚¥¬‡æ‘Ë¡«ß∑’Ë Õß‡¢â“‰ª„π‚§√ß √â“ß¢Õß 18-crown-6
ether (√Ÿª 3h) ®–∑”„Àâ¢π“¥¢Õß‰Õ‚Õ‚πøÕ√å∂Ÿ°°”Àπ¥„Àâ¡’§«“¡¬◊¥À¬ÿàππâÕ¬≈ß ·≈–¡’¢π“¥‡≈Á°≈ß´÷Ëß
‡À¡“– ¡°—∫‰ÕÕÕπ≈‘‡∑’¬¡∑’Ë¡’√—»¡’¢Õß‰ÕÕÕπ‡∑à“°—∫ 0.6 Å ∑”„Àâ‡´Áπ‡´Õ√å™π‘¥π’È¡’§«“¡®”‡æ“–‡®“–®ß
°—∫‰ÕÕÕπ≈‘‡∑’¬¡ Ÿß¢÷Èπ¡“° [8]

πÕ°®“°°“√„™â‰Õ‚Õ‚πøÕ√å™π‘¥ crown ether ·≈â« calix[4]arene °Á‡ªìπ‰Õ‚Õ‚πøÕ√åÕ’°™π‘¥
Àπ÷Ëß∑’Ë‰¥â∂Ÿ°π”¡“„™âÕ¬à“ß°«â“ß¢«“ß [4, 9-14] ‚§√ß √â“ß¢Õß calix[4]arene ¡’§«“¡·¢Áß·√ß Ÿß (rigid
framework) ¡’§«“¡¬◊¥À¬ÿàππâÕ¬ ·≈– “¡“√∂ª√—∫‡ª≈’Ë¬π‚§√ß √â“ß∑“ß‡§¡’‰¥âßà“¬ calix[4]arene ¡’Õ¬Ÿà
À≈“¬ conformer (· ¥ß¥—ß„π√Ÿª∑’Ë 4) ÷́Ëß conformer ™π‘¥ cone ·≈– 1,3-alternate ¡—°∂Ÿ°π”¡“„™â
ª√–‚¬™πå‡æ◊ËÕ‡ªìπ‚§√ß √â“ß¢Õß‰Õ‚Õ‚πøÕ√å

cone partial cone 1,3-alternate 1,2-alternate 
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√Ÿª∑’Ë 4 ‚§√ß √â“ß∑“ß‡§¡’ ·≈– conformer ·∫∫µà“ßÊ ¢Õß calix[4]arene



SWU Sci. J. Vol. 27 No. 1 (2011)248

calix[4]arene ∂Ÿ°π”¡“„™âæ—≤π“ø≈ŸÕÕ‡√ ‡´π´å‡´Áπ‡´Õ√å√à«¡°—∫°“√„™âÀ≈—°°“√ preorganization
¥—ß‡™àπ Benco ·≈–§≥– [4, 9] ‰¥âπ” calix[4]arene ¡“µàÕ‡¢â“°—∫ “√∑’Ë¡’≈—°…≥–§≈â“¬ crown ether
¢π“¥§«“¡¬“«µà“ßÊ ‡æ◊ËÕ„™â‡ªìπ≈‘‡∑’¬¡·≈–‚æ·∑ ‡´’¬¡‡ Á́π‡´Õ√å ´÷Ëß°“√ÕÕ°·∫∫‡´Áπ‡´Õ√å‚¥¬„™â‰Õ‚Õ‚πøÕ√å
™π‘¥ calix[4]arene √à«¡°—∫ à«πª√–°Õ∫¢Õß crown ether ®–∑”„Àâ‰¥â‚§√ß √â“ß¢Õß‚¡‡≈°ÿ≈∑’Ë§àÕπ¢â“ß
·¢Áß·√ß ·≈–¡’¢π“¥™àÕß«à“ß∑’Ë®–¥—°®—∫‰ÕÕÕπ∑’Ë‡À¡“– ¡ ∑”„Àâ‰Õ‚Õ‚πøÕ√å∑’Ë —ß‡§√“–Àå¢÷Èπ¡’¢π“¥æÕ
‡À¡“–°—∫‰ÕÕÕπ≈‘‡∑’¬¡ (√Ÿª 3i) [9] ·≈–‚æ·∑ ‡´’¬¡ (√Ÿª 3j) [4]

®“°µ—«Õ¬à“ß∑’Ëºà“π¡“∑”„Àâ —ß‡°µ‰¥â«à“ °“√æ—≤π“‡´Áπ‡´Õ√å ”À√—∫‰ÕÕÕπ·Õ≈§“‰≈πå ·≈–
‰ÕÕÕπ·Õ≈§“‰≈πå‡Õ‘√å∏ ®–„™âÀ≈—°°“√¢Õß size fit requirement ·≈– preorganization ‡ªìπÀ≈—° ‚¥¬
°“√§«∫§ÿ¡„Àâ‰Õ‚Õ‚πøÕ√å¡’¢π“¥∑’Ë‡À¡“– ¡°—∫¢π“¥¢Õß‰ÕÕÕπ ‡™àπ √—»¡’¢Õß‰ÕÕÕπ Li+ (0.6 Å) Na+

(0.97 Å) K+ (1.33 Å) Rb+ (1.48 Å) Cs+ (1.67 Å)

°“√æ—≤π“‰Õ‚Õ‚πøÕ√å‚¥¬„™â™π‘¥Õ–µÕ¡∑’Ë¡’Õ—πµ√°‘√‘¬“‡À¡“– ¡°—∫™π‘¥‰ÕÕÕπ
°“√æ—≤π“‰Õ‚Õ‚πøÕ√å ”À√—∫‚≈À–„π·ßà¡ÿ¡Õ◊ËπÊ ®–„™âÀ≈—°¢Õß Hard Soft Acid Base (HSAB)

¡“‡°’Ë¬«¢âÕß ‚¥¬„™âÀ≈—°∑’Ë«à“ soft acid  “¡“√∂‡°‘¥ªØ‘°‘√‘¬“‰¥â‡√Á«·≈–‡°‘¥æ—π∏–∑’Ë·¢Áß·√ß°—∫ soft base
„π¢≥–∑’Ë hard acid  “¡“√∂‡°‘¥ªØ‘°‘√‘¬“‰¥â‡√Á«·≈–‡°‘¥æ—π∏–∑’Ë·¢Áß·√ß°—∫ hard base ¥—ßπ—Èπ crown ether
´÷Ëß¡’Õ–µÕ¡ÕÕ°´‘‡®π (hard base) ‡ªìπÕß§åª√–°Õ∫®÷ß‡°‘¥·√ß°√–∑”∑’Ë¥’°—∫‰ÕÕÕπ·Õ≈§“‰≈πå ·≈–
‰ÕÕÕπ·Õ≈§“‰≈πå‡Õ‘√å∏´÷Ëß¡’§ÿ≥ ¡∫—µ‘‡ªìπ hard acid

„π∑“ßµ√ß¢â“¡‡¡◊ËÕª√—∫‡ª≈’Ë¬πÕÕ° ‘́‡®πÕ–µÕ¡¢Õß crown ether ‡ªìπ´—≈‡øÕ√å ·≈–
‰π‚µ√‡®πÕ–µÕ¡ (soft base) ®–∑”„Àâ‰ÕÕÕπ‚≈À–∑’Ë¡’§ÿ≥ ¡∫—µ‘‡ªìπ soft acid ‡™àπ ‰ÕÕÕπª√Õ∑ ‰ÕÕÕπ-
∑Õß·¥ß ‰ÕÕÕπ‡ß‘π ·≈–‰ÕÕÕπ·§¥‡¡’¬¡  “¡“√∂∂Ÿ°¥—°®—∫‰¥âÕ¬à“ß¡’§«“¡®”‡æ“–‡®“–®ß¡“°¢÷Èπ  ”À√—∫
‰ÕÕÕπ‚≈À–∑’Ë¡’§ÿ≥ ¡∫—µ‘‡ªìπ borderline acid ‡™àπ ‰ÕÕÕπ‚§∫Õ≈µå ‰ÕÕÕππ‘°‡°‘≈ ‰ÕÕÕπµ–°—Ë« ·≈–
‰ÕÕÕπ —ß°– ’ ¡—°™Õ∫∑’Ë®–∂Ÿ°¥—°®—∫¥â«¬‰Õ‚Õ‚πøÕ√å∑’Ë¡’‰π‚µ√‡®πÕ–µÕ¡  à«π‰ÕÕÕπ‚§√‡¡’¬¡·≈–
‰ÕÕÕπÕ≈Ÿ¡‘‡π’¬¡ ´÷Ëß∂Ÿ°®—¥Õ¬Ÿà„πª√–‡¿∑ hard acid ®÷ß¡—°™Õ∫∑’Ë®–‡°‘¥Õ—πµ√°‘√‘¬“°—∫‰Õ‚Õ‚πøÕ√å∑’Ë
ª√–°Õ∫¥â«¬ÕÕ° ‘́‡®πÕ–µÕ¡

‰Õ‚Õ‚πøÕ√å∑’Ë¡’≈—°…≥–‡ªìπ«ß (cyclic ionophores)
°“√π”‰Õ‚Õ‚πøÕ√å∑’Ë¡’‚§√ß √â“ß§≈â“¬ crown ether ·≈–ª√—∫‡ª≈’Ë¬πÕ–µÕ¡‡ªìπ´—≈‡øÕ√å‡æ◊ËÕ

§«∫§ÿ¡„Àâ‡´Áπ‡´Õ√å¡’§«“¡®”‡æ“–‡®“–®ßµàÕ‰ÕÕÕπª√Õ∑ ‰ÕÕÕπ∑Õß·¥ß ·≈–‰ÕÕÕπ‡ß‘π ¡’√“¬ß“π‰«â„π
ß“π«‘®—¬À≈“¬©∫—∫ [15-22] ·≈–¡’‚§√ß √â“ß∑“ß‡§¡’· ¥ß¥—ß„π√Ÿª∑’Ë 5

µ—«Õ¬à“ßß“π«‘®—¬¢Õß Rurack ·≈–§≥– [16] ÷́Ëßπ” anilino thiaazacrown ∑’Ëª√–°Õ∫¥â«¬
´—≈‡øÕ√å ’ËÕ–µÕ¡¡“µàÕ°—∫ 4,4-difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY) ø≈ŸÕÕ‚√øÕ√å
(√Ÿª 5b) æ∫«à“‡´Áπ‡´Õ√å™π‘¥π’È “¡“√∂¥—°®—∫‰ÕÕÕπ∑’Ë¡’§ÿ≥ ¡∫—µ‘‡ªìπ soft acid ‰¥â “¡™π‘¥ ‰¥â·°à ‰ÕÕÕπ
∑Õß·¥ß ‡ß‘π ·≈–ª√Õ∑ „π “√≈–≈“¬ acetonitrile µàÕ¡“„πªï §.». 2006 æ∫«à“‡´Áπ‡´Õ√å∑’Ëª√–°Õ∫¥â«¬
‰Õ‚Õ‚πøÕ√å™π‘¥ thiadiazacrown (√Ÿª 5c) ´÷Ëß¡’≈—°…≥–§≈â“¬ crown ether ·≈–ª√–°Õ∫¥â«¬´—≈‡øÕ√å
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Õ–µÕ¡  “¡“√∂„™â‡ªìπ‡´Áπ‡´Õ√å¥—°®—∫‰ÕÕÕπª√Õ∑·≈–‰ÕÕÕπ∑Õß·¥ß‰¥â [17] „π “√≈–≈“¬º ¡
acetonitrile ·≈–πÈ” ‚¥¬‡´Áπ‡´Õ√å™π‘¥π’È· ¥ßº≈°“√‡ª≈’Ë¬π·ª≈ß°“√‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´π´åπâÕ¬¡“°
À√◊Õ‰¡à‡ª≈’Ë¬π·ª≈ß‡¡◊ËÕπ”‰ª∑¥ Õ∫°—∫‰ÕÕÕπ™π‘¥Õ◊ËπÊ ‰¥â·°à ‰ÕÕÕπ‚´‡¥’¬¡ ‰ÕÕÕπ‚æ·∑ ‡ ’́¬¡
‰ÕÕÕπ·¡°π’‡´’¬¡ ‰ÕÕÕπ·§≈‡´’¬¡ ‰ÕÕÕππ‘°‡°‘≈ ‰ÕÕÕπ —ß°– ’ ‰ÕÕÕπ·§¥‡¡’¬¡ ·≈–‰ÕÕÕπµ–°—Ë«
µàÕ¡“ Kadarkaraisamy ·≈–§≥– [19] æ∫«à“‡ Á́π‡´Õ√å∑’Ëª√–°Õ∫¥â«¬ trithia-crown µàÕ°—∫
anthraquinone (√Ÿª 5e)  “¡“√∂¥—°®—∫‰ÕÕÕπ·§¥‡¡’¬¡ ·≈–‰ÕÕÕπª√Õ∑‰¥â„π “√≈–≈“¬ acetonitrile

®“°ß“π«‘®—¬µ—«Õ¬à“ß∑’Ë°≈à“«¡“®–‡ÀÁπ‰¥â«à“°“√‡≈◊Õ°„™âÕ–µÕ¡´—≈‡øÕ√å´÷Ëß¡’§ÿ≥ ¡∫—µ‘‡ªìπ soft
base  “¡“√∂™à«¬„Àâº≈‘µ‡´Áπ‡´Õ√å∑’Ë¥—°®—∫‰ÕÕÕπ‚≈À–∑’Ë¡’§ÿ≥ ¡∫—µ‘‡ªìπ soft acid ‰¥â ·µà®“°°“√
«‘‡§√“–Àåº≈°“√«‘®—¬°Áæ∫«à“°“√∑’Ë‰Õ‚Õ‚πøÕ√å¡’Õ–µÕ¡´—≈‡øÕ√å¡“°¢÷Èπ®–∑”„Àâ‡´Áπ‡´Õ√å≈–≈“¬„ππÈ”‰¥âπâÕ¬≈ß
¥—ßπ—Èπ‡´Áπ‡´Õ√å™π‘¥π’È à«π„À≠à®÷ßµâÕß∑”°“√µ√«®«—¥‰ÕÕÕπ‚≈À–„π “√≈–≈“¬Õ‘π∑√’¬å À√◊Õ “√≈–≈“¬º ¡
¢Õß “√≈–≈“¬Õ‘π∑√’¬å·≈–πÈ” Õ¬à“ß‰√°Áµ“¡ °“√ÕÕ°·∫∫‡´Áπ‡´Õ√å‚¥¬„™âø≈ŸÕÕ‚√øÕ√å∑’Ë≈–≈“¬πÈ”‰¥â¥’°Á®–
¡’ à«π™à«¬„Àâ‡ Á́π‡´Õ√å≈–≈“¬πÈ”‰¥â¥’¢÷Èπ ¥—ßµ—«Õ¬à“ßß“π«‘®—¬¢Õß Yoon ·≈–§≥– [21] ´÷Ëß‰¥âπ” thioether
¡“µàÕ‡™◊ËÕ¡°—∫ø≈ŸÕÕ‚√øÕ√å™π‘¥ 6-hydroxy-9-phenyl-3H-xanthen-3-one (√Ÿª 5g) ·≈–æ∫«à“‡´Áπ‡´Õ√å
™π‘¥π’È “¡“√∂¥—°®—∫‰ÕÕÕπª√Õ∑‰¥â¥’¡“°„π “√≈–≈“¬∫—æ‡øÕ√å pH 7 ·≈–¡’ detection limit „π°“√
µ√«®«—¥‰ÕÕÕπª√Õ∑‡∑à“°—∫ 12 ppb ‚¥¬§≥–ºŸâ«‘®—¬‰¥âπ”‡ Á́π‡´Õ√å™π‘¥π’È‰ªª√–¬ÿ°µå„™â‡æ◊ËÕµ√«®À“
ª√‘¡“≥‰ÕÕÕπª√Õ∑∑’Ëªπ‡ªóôÕπ„π‡π◊ÈÕª≈“™π‘¥µà“ßÊ ∑’Ëæ∫„π·À≈àßπÈ”∏√√¡™“µ‘„πª√–‡∑» À√—∞Õ‡¡√‘°“

√Ÿª∑’Ë 5 ‚§√ß √â“ß∑“ß‡§¡’¢Õßø≈ŸÕÕ‡√ ‡´π´å‡´Áπ‡´Õ√å∑’Ëª√–°Õ∫¥â«¬Õ–µÕ¡´—≈‡øÕ√å

a) Hg2+
 ‡´Áπ‡´Õ√å [15] b) Cu2+/Ag+/Hg2+

 ‡ Á́π‡´Õ√å [16] c) Hg2+/Cu2+‡´Áπ‡´Õ√å [17]

 

 

 

 

e) Hg2+
 ‡´Áπ‡´Õ√å [18]  f) Cd2+/Hg2+ ‡ Á́π‡´Õ√å [19]

 
   g) Hg2+

 ‡´Áπ‡´Õ√å [21]
  

h) Hg2+
 ‡´Áπ‡´Õ√å [22]
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πÕ°®“°π’Èπ—°«‘®—¬∫“ß°≈ÿà¡‰¥âπ”‡´Áπ‡´Õ√å∑’Ë≈–≈“¬πÈ”‰¥â¬“°‰ªµ√÷ß„πæÕ≈‘‡¡Õ√å∫“ß™π‘¥‡æ◊ËÕ∑”
‡ªìπøî≈å¡∫“ßÊ ∑’Ë‰ÕÕÕπ·≈–πÈ”´÷¡ºà“π‰¥â ·≈–„™â∑¥ Õ∫À“ª√‘¡“≥‰ÕÕÕπ„π “√≈–≈“¬πÈ”‰¥â ¥—ß‡™àπ
Shamsipur ·≈–§≥– [22] ‰¥âπ” 1-aza-4,10-dithia-7-oxycyclododecane ¡“µàÕ‡¢â“°—∫ø≈ŸÕÕ‚√øÕ√å™π‘¥
dansyl (√Ÿª 5h) ‚¥¬§≥–ºŸâ«‘®—¬‰¥âπ”‡´Áπ‡´Õ√å™π‘¥π’È‰ªº ¡„πæÕ≈‘‡¡Õ√å™π‘¥ polyvinyl chloride (PVC)
·≈–æ∫«à“‡ Á́π‡´Õ√å∑’Ë∂Ÿ°µ√÷ß„π PVC π’È “¡“√∂π”‰ª„™âµ√«®«—¥‰ÕÕÕπª√Õ∑‰¥âÕ¬à“ß®”‡æ“–‡®“–®ß„π
 “√≈–≈“¬πÈ” ·≈–§≥–ºŸâ«‘®—¬‰¥âπ”‡ Á́π‡´Õ√å™π‘¥π’È‰ªª√–¬ÿ°µå„™â‡æ◊ËÕµ√«® Õ∫ª√‘¡“≥ª√Õ∑„πÕ–¡—≈°—¡
‡ âπº¡ ·≈–µ—«Õ¬à“ßπÈ”∏√√¡™“µ‘‰¥â

πÕ°®“°°“√„™â‰Õ‚Õ‚πøÕ√å™π‘¥∑’Ë¡’´—≈‡øÕ√å‡ªìπ à«πª√–°Õ∫¥—ß∑’Ë‰¥â°≈à“«¡“·≈â« cyclam
·≈– cyclen °Á‡ªìπ‰Õ‚Õ‚πøÕ√åÕ’° Õß™π‘¥∑’Ë‰¥â∂Ÿ°π”¡“„™â‡æ◊ËÕ¥—°®—∫‰ÕÕÕπ‚≈À–∑’Ë¡’§ÿ≥ ¡∫—µ‘‡ªìπ soft
acid ‚¥¬ cyclam ·≈– cyclen ‡ªìπ‰Õ‚Õ‚πøÕ√å∑’Ë¡’≈—°…≥–‡ªìπ«ß ª√–°Õ∫¥â«¬Õ–µÕ¡‰π‚µ√‡®π ’ËÕ–µÕ¡
·≈–¡’™àÕß«à“ß„π‚¡‡≈°ÿ≈§≈â“¬°—∫ crown ether ¥—ß· ¥ß„π√Ÿª∑’Ë 1 ®“°ß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕß [5, 23-26]
æ∫«à“‡´Áπ‡´Õ√å∑’Ë¡’‰Õ‚Õ‚πøÕ√å™π‘¥ cyclam ·≈– cyclen ‡ªìπ à«πª√–°Õ∫ “¡“√∂¥—°®—∫‰ÕÕÕπ∑’Ë¡’
§ÿ≥ ¡∫—µ‘‡ªìπ soft acid ‰¥â ‚§√ß √â“ß∑“ß‡§¡’¢Õß‡ Á́π‡´Õ√å∫“ß™π‘¥∑’Ë¡’ à«π¢Õß cyclam ·≈– cyclen
‡ªìπ‰Õ‚Õ‚πøÕ√å · ¥ß¥—ß„π√Ÿª∑’Ë 6

√Ÿª∑’Ë 6 ‚§√ß √â“ß∑“ß‡§¡’¢Õßø≈ŸÕÕ‡√ ‡´π´å‡´Áπ‡´Õ√å∑’Ëª√–°Õ∫¥â«¬‰Õ‚Õ‚πøÕ√å™π‘¥ cyclam ·≈– cyclen

·µàÕ¬à“ß‰√°Áµ“¡®“°°“√«‘‡§√“–Àåß“π«‘®—¬∑’Ëºà“π¡“®– —ß‡°µ‰¥â«à“¢π“¥¢Õß‰Õ‚Õ‚πøÕ√å¡’º≈πâÕ¬
µàÕ§«“¡®”‡æ“–‡®“–®ß¢Õß‰ÕÕÕπ‚≈À–∑’ËÕ¬Ÿà„π°≈ÿà¡ soft acid (√Ÿª∑’Ë 5 ·≈– 6) √«¡∑—Èß‰Õ‚Õ‚πøÕ√å™π‘¥∑’Ë
¡’≈—°…≥–‡ªìπ«ß ·≈–¡’Õ–µÕ¡ —́≈‡øÕ√å·≈–‰π‚µ√‡®πÕ–µÕ¡„π‚§√ß √â“ß¡’√“§“§àÕπ¢â“ß·æß¡“° (1,4,10,13-
tetrathia-7,16-diazacyclooctadecane 1 °√—¡ = 1,204 U$ (~36,120 ∫“∑) Alfa Aesar; cyclam 1 °√—¡
= 65.3 U$ (~1,959 ∫“∑) Aldrich; cyclen 1 °√—¡ = 452 U$ (~13,560 ∫“∑) Aldrich) ∑”„Àâ√“§“

a) Cd2+/Hg2+‡´Áπ‡´Õ√å [5] b) Hg2+ ‡´Áπ‡´Õ√å [23] c) Cu2+/Hg2+ ‡´Áπ‡´Õ√å [24]

d) Cu2+/ Hg2+ ‡´Áπ‡´Õ√å [27] e) Hg2+ ‡´Áπ‡´Õ√å [28]
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µâπ∑ÿπ Ÿß πÕ°®“°π—Èπ¢—ÈπµÕπ°“√ —ß‡§√“–Àå‡´Áπ‡´Õ√å„Àâ¡’≈—°…≥–‡ªìπ«ß‡æ◊ËÕ„Àâ¡’¢π“¥‡À¡“– ¡°—∫‰ÕÕÕπ
¡—°¡’§«“¡¬ÿàß¬“° —́∫´âÕπ ∑”„Àâ‰¡à§ÿâ¡∑ÿπ„π°“√π”‰ªª√–¬ÿ°µå„™â„π°“√«‘‡§√“–Àå‰ÕÕÕπ‚≈À– ¥—ßπ—Èπ
·π«∑“ß°“√ÕÕ°·∫∫‰ÕÕÕπ‚≈À– ”À√—∫µ√«®«—¥‰ÕÕÕπ™π‘¥ soft acid „π™à«ß‡«≈“ 3-4 ªï∑’Ëºà“π¡“ ®–„Àâ
§«“¡ ”§—≠°—∫Õ—πµ√°‘√‘¬“√–À«à“ß‰ÕÕÕπ ·≈–™π‘¥¢ÕßÕ–µÕ¡∫π‰Õ‚Õ‚πøÕ√å¡“°°«à“°“√§”π÷ß∂÷ß¢π“¥
¢Õß‰Õ‚Õ‚πøÕ√å‡ªìπÀ≈—°

‰Õ‚Õ‚πøÕ√å∑’Ë¡’≈—°…≥–‡ªìπÕ–‰´§≈‘° (acyclic ionophores)
°“√„™âÕ–‰´§≈‘°‰Õ‚Õ‚πøÕ√å (acyclic ionophore) ÷́Ëßª√–°Õ∫¥â«¬Õ–µÕ¡™π‘¥∑’Ë‡À¡“– ¡

°—∫‰ÕÕÕπ™π‘¥∑’ËµâÕß°“√µ√«®«—¥ ¡’√“¬ß“π‰«â„πß“π«‘®—¬À≈“¬©∫—∫ [27-39] ·≈–µ—«Õ¬à“ß‚§√ß √â“ß∑“ß
‡§¡’¢Õß‡´Áπ‡´Õ√å∫“ß™π‘¥· ¥ß¥—ß„π√Ÿª∑’Ë 7 ¥—ßµ—«Õ¬à“ßß“π«‘®—¬¢Õß Wu ·≈–§≥– [27] ‰¥â —ß‡§√“–Àå
‡´Áπ‡´Õ√å∑’Ëª√–°Õ∫¥â«¬ benzoylthiourea (√Ÿª 7a) ÷́Ëß¡’‰π‚µ√‡®π·≈– —́≈‡øÕ√åÕ–µÕ¡‡ªìπ à«πª√–°Õ∫
·≈–π”¡“„™âµ√«®«—¥‰ÕÕÕπª√Õ∑‰¥âÕ¬à“ß®”‡æ“–‡®“–®ß „πªï‡¥’¬«°—π Shiraishi ·≈–§≥– [28] ‰¥â —ß‡§√“–Àå
bisnaphthyl azadine ‡´Áπ‡´Õ√å∑’Ë¡’‰π‚µ√‡®πÕ–µÕ¡„π‚§√ß √â“ß (√Ÿª 7b) ·≈–æ∫«à“‡´Áπ‡´Õ√å “¡“√∂¥—°
®—∫‰ÕÕÕπª√Õ∑‰¥âÕ¬à“ß®”‡æ“–‡®“–®ß µàÕ¡“‰¥âæ∫«à“‡´Áπ‡´Õ√å∑’Ëª√–°Õ∫¥â«¬ ‰Õ‚Õ‚πøÕ√å™π‘¥ N,N,N′,N′-
tetrakis(2-pyridylmethyl)ethylenediamine ¡“‡™◊ËÕ¡µàÕ‡¢â“°—∫ anthracene (√Ÿª 7c)  “¡“√∂¥—°®—∫
‰ÕÕÕπ‰¥â Õß™π‘¥ ‰¥â·°à ‰ÕÕÕπ —ß°– ’ ·≈–∑Õß·¥ß ‡π◊ËÕß®“°‰Õ‚Õ‚πøÕ√å™π‘¥π’È¡’‰π‚µ√‡®π “¡Õ–µÕ¡
‡ªìπ à«πª√–°Õ∫·≈– “¡“√∂∑”„Àâ‡°‘¥Õ—πµ√°‘√‘¬“°—∫‰ÕÕÕπ —ß°– ’ ·≈–‰ÕÕÕπ∑Õß·¥ß‰¥â¥’

√Ÿª∑’Ë 7 ‚§√ß √â“ß∑“ß‡§¡’¢Õßø≈ŸÕÕ‡√ ‡´π´å‡´Áπ‡´Õ√å∑’Ëª√–°Õ∫¥â«¬Õ–‰´§≈‘°‰Õ‚Õ‚πøÕ√å

a) Hg2+‡´Áπ‡´Õ√å [27] b) Hg2+‡´Áπ‡´Õ√å [28] c) Zn2+/Cu2+ ‡´Áπ‡´Õ√å [29] d) Cu2+ ‡´Áπ‡´Õ√å [30]

e) Hg2+‡´Áπ‡´Õ√å [31] f) Cu2+‡´Áπ‡´Õ√å [32] g) Zn2+‡´Áπ‡´Õ√å [33] h) Cu2+‡´Áπ‡´Õ√å [34]

O

COOH

O

Cl

HO

NH
NS S

NHHN
S SOO O O

N CH3H3C
N CH3H3C

N

N

N
HN

O

NH

S
NH N

N

N NH

O
OH

N

N N

HO OH

N

O

N NHO

N
CH3

O O

CH3

HO

N
N



SWU Sci. J. Vol. 27 No. 1 (2011)252

„πªï §.». 2010 Wanichacheva ·≈–§≥– [31] ‰¥â„™â‰Õ‚Õ‚πøÕ√å™π‘¥ 2-[3-(2-aminoethyl
sulfanyl)propylsulfanyl]ethanamine ´÷Ëß¡’´—≈‡øÕ√å·≈–‰π‚µ√‡®πÕ–µÕ¡‡ªìπ à«πª√–°Õ∫‚¥¬π”¡“µàÕ
‡¢â“°—∫ dansyl (√Ÿª 7e) ·≈–æ∫«à“‡´Áπ‡´Õ√å™π‘¥π’È “¡“√∂¥—°®—∫‰ÕÕÕπª√Õ∑‰¥âÕ¬à“ß®”‡æ“–‡®“–®ß Ÿß
·≈–¡’§à“ detection limit „π°“√µ√«®«—¥‰ÕÕÕπª√Õ∑‡∑à“°—∫ 1.8 ppb ·≈–„πªï‡¥’¬«°—π McQuade ·≈–
§≥– [32] ‰¥âπ”‰Õ‚Õ‚πøÕ√å™π‘¥ 2-methyl-8-aminoquinoline ÷́Ëß¡’‰π‚µ√‡®π ÕßÕ–µÕ¡‡ªìπ à«π
ª√–°Õ∫¡“µàÕ‡¢â“°—∫ fluorescein (√Ÿª 7f) ·≈–æ∫«à“‡´Áπ‡´Õ√å “¡“√∂‡°‘¥Õ—πµ√°‘√‘¬“°—∫‰ÕÕÕπ∑Õß·¥ß
‰¥âÕ¬à“ß®”‡æ“–‡®“–®ß Ÿß ·≈–§≥–ºŸâ«‘®—¬‰¥âπ”‡ Á́π‡´Õ√å™π‘¥π’È‰ªª√–¬ÿ°µå„™â‡æ◊ËÕµ√«® Õ∫·≈–µ‘¥µ“¡ª√‘¡“≥
‰ÕÕÕπ∑Õß·¥ß„π‡´≈≈å∑’Ë¡’™’«‘µ

„π™à«ßµâπ §.». 2011 π’È Yan ·≈–§≥– [33] ‰¥â —ß‡§√“–Àå Schiff-base ‡ Á́π‡´Õ√å™π‘¥„À¡à
∑’Ëª√–°Õ∫¥â«¬ aminoquinoline ÷́Ëß¡’‰π‚µ√‡®πÕ–µÕ¡‡ªìπ à«πª√–°Õ∫µàÕ‡¢â“°—∫ coumarin (√Ÿª 7g)
·≈–æ∫«à“‡´Áπ‡´Õ√å “¡“√∂¥—°®—∫‰ÕÕÕπ —ß°– ’‰¥âÕ¬à“ß®”‡æ“–‡®“–®ß Ÿß ·≈–æ∫«à“‡´Áπ‡´Õ√å™π‘¥„À¡à∑’Ë
ª√–°Õ∫¥â«¬ 1-phenyl-3-methyl-4-benzoyl-5-pyrazolone ·≈– fluorescein hydrazide (√Ÿª 7h) ´÷Ëß¡’
‰π‚µ√‡®πÕ–µÕ¡‡ªìπ à«πª√–°Õ∫„π‚¡‡≈°ÿ≈ “¡“√∂‡°‘¥Õ—πµ√°‘√‘¬“°—∫‰ÕÕÕπ∑Õß·¥ß‰¥â·≈–µ√«®«—¥
‰ÕÕÕπ∑Õß·¥ß‰¥âÕ¬à“ß®”‡æ“–‡®“–®ß [34]

®“°ß“π«‘®—¬µ—«Õ¬à“ß∑’Ë°≈à“«¡“®–‡ÀÁπ‰¥â«à“°“√„™âÕ–‰´§≈‘°‰Õ‚Õ‚πøÕ√å∑’Ëª√–°Õ∫¥â«¬Õ–µÕ¡∑’Ë
‡À¡“– ¡°—∫‰ÕÕÕπ™π‘¥∑’ËµâÕß°“√µ√«®«—¥ “¡“√∂ª√–¬ÿ°µå„™â‰¥â¥’„π°“√ÕÕ°·∫∫™π‘¥ø≈ŸÕÕ‡√ ‡´π ǻ‡´Áπ‡´Õ√å
Õ¬à“ß‰√°Áµ“¡‡ªìπ∑’Ë —ß‡°µ‰¥â«à“°“√‡°‘¥Õ—πµ√°‘√‘¬“√–À«à“ß‡ Á́π‡´Õ√å·≈–‰ÕÕÕπ‚≈À–®–‡°‘¥¢÷Èπ‰¥â¥’‡¡◊ËÕµ”·Àπàß
‰π‚µ√‡®πÀ√◊Õ´—≈‡øÕ√åÕ–µÕ¡¢Õß‰Õ‚Õ‚πøÕ√å™π‘¥Õ–‰´§≈‘°‰Õ‚Õ‚πøÕ√å À√◊Õ‰Õ‚Õ‚πøÕ√å∑’Ë¡’≈—°…≥–
‡ªìπ«ß (thiocrown ether cyclam ·≈– calix[4]arene) Õ¬Ÿà„πµ”·Àπàß∑’Ë‡À¡“– ¡µàÕ°“√‡°‘¥ “√ª√–°Õ∫
‡™‘ß´âÕπ√–À«à“ßÕ–µÕ¡∫π‡ Á́π‡´Õ√å·≈–‰ÕÕÕπ‚≈À–‰¥â µ—«Õ¬à“ß‡™àπ °“√‡°‘¥Õ—πµ√°‘√‘¬“√–À«à“ßÕ–µÕ¡
µà“ßÊ „π‡ Á́π‡´Õ√å·≈–‰ÕÕÕπ∑Õß·¥ß (Cu2+) ®–‡°‘¥ noncovalent coordination ∑’Ë¡’ coordination
number ‡∑à“°—∫ 4 ·≈–¡’‚§√ß √â“ß·∫∫ square À√◊Õ°“√¥—°®—∫¢Õß‡ Á́π‡´Õ√å°—∫‰ÕÕÕπª√Õ∑ (Hg2+)
®–¡’ coordination number ‡∑à“°—∫ 4 ·≈–¡’‚§√ß √â“ß·∫∫ tetrahedron ¥—ßµ—«Õ¬à“ß∑’Ë· ¥ß„π√Ÿª∑’Ë 8

√Ÿª∑’Ë 8 ø≈ŸÕÕ‡√ ‡´π´å‡´Áπ‡´Õ√å∫“ß™π‘¥·≈–≈—°…≥–°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ

a) Cu2+‡´Áπ‡´Õ√å [32] b) Hg2+ ‡´Áπ‡´Õ√å [2]

OHOH OO

N N
O O

N

H H

S NH

N
H3C

H3C

= Hg2+

O

O

N
N

O

H3C

O

COOH

H
CuII

O
Cl

Cl



«“√ “√«‘∑¬“»“ µ√å ¡»« ªï∑’Ë 27 ©∫—∫∑’Ë 1 (2554) 253

®“°‡Àµÿº≈¥—ß°≈à“«‡´Áπ‡´Õ√å∑’Ëª√–°Õ∫¥â«¬Õ–‰´§≈‘°‰Õ‚Õ‚πøÕ√å®–¡’§«“¡¬◊¥À¬ÿàπ Ÿß°«à“
‰Õ‚Õ‚πøÕ√å∑’Ë¡’≈—°…≥–‡ªìπ«ß ®÷ß∑”„Àâ “¡“√∂ª√—∫µ”·Àπàß¢ÕßÕ–µÕ¡µà“ßÊ „π‚¡‡≈°ÿ≈„Àâ¡’∑‘»∑“ß
(orientation) ∑’Ë‡À¡“– ¡ ·≈–‡°‘¥ coordination ∑’Ë‡À¡“– ¡°—∫‰ÕÕÕπ‚≈À–‰¥â

¥—ß∑’Ë‰¥â°≈à“«¡“·≈â««à“°“√∑”ß“π¢Õß√–∫∫ø≈ŸÕÕ‡√ ‡´π´å‡´Áπ‡´Õ√å®–‡°’Ë¬«¢âÕß°—∫°“√‡ª≈’Ë¬π
¢âÕ¡Ÿ≈¢Õß°≈‰°°“√¥—°®—∫‰ÕÕÕπ‚≈À–∑’Ëµ”·Àπàß‰Õ‚Õ‚πøÕ√å‰ª Ÿà°“√‡ª≈’Ë¬π·ª≈ß —≠≠“≥∑“ß· ß ‚¥¬®–
∑”„Àâ ¡∫—µ‘∑“ß‚ø‚µøî ‘° å¢Õß‡´Áπ‡´Õ√å‡ª≈’Ë¬π·ª≈ß‰ª ´÷Ëß°“√µ√«®«‘‡§√“–Àå‰ÕÕÕπ‚≈À–‡™‘ß§ÿ≥¿“æ
«‘‡§√“–Àå®–‡°’Ë¬«¢âÕß°—∫°“√‡≈◊Õ°„™â‰Õ‚Õ‚πøÕ√å·µà≈–™π‘¥¥—ß∑’Ë‰¥â°≈à“«‰ª·≈â«  à«π°“√µ√«®«‘‡§√“–Àå
‰ÕÕÕπ‚≈À–‡™‘ßª√‘¡“≥«‘‡§√“–Àå®–‡°’Ë¬«¢âÕß°—∫™π‘¥¢Õßø≈ŸÕÕ‚√øÕ√å ·≈–ª√– ‘∑∏‘¿“æ¢Õß°√–∫«π°“√
 àß —≠≠“≥°“√¥—°®—∫¢Õß‰ÕÕÕπ®“°µ”·Àπàß‰Õ‚Õ‚πøÕ√å‰ª Ÿà à«π¢Õßø≈ŸÕÕ‚√øÕ√å

ø≈ŸÕÕ‚√øÕ√å∑’Ë¡—°∂Ÿ°π”¡“„™â„π°“√ÕÕ°·∫∫√–∫∫‡ Á́π‡´Õ√åπ—Èπ®–¡’§à“ extinction coefficient
(ε)  Ÿß ¡’§à“ quantum yield (φf) ¢Õß°“√ø≈ŸÕÕ‡√ ‡´π ǻ∑’Ë Ÿß‡æ◊ËÕæ—≤π“„Àâ‡´Áπ‡´Õ√å∑”ß“π‰¥âÕ¬à“ß¡’
ª√– ‘∑∏‘¿“æ Ÿß¢÷Èπ  “¡“√∂ª√—∫‡ª≈’Ë¬π‚§√ß √â“ß‰¥âßà“¬ √«¡∑—ÈßµâÕß‡≈◊Õ°„™âø≈ŸÕÕ‚√øÕ√å∑’Ë‡À¡“–°—∫°≈‰°
°“√∑”ß“π¢Õß‡ Á́π‡´Õ√å „π à«πµàÕ‰ª¢Õß∫∑§«“¡®–π”‡ πÕµ—«Õ¬à“ß°≈‰°°“√∑”ß“π¢Õß‡ Á́π‡´Õ√å‡æ◊ËÕπ”
‰ª„™â„π°“√ÕÕ°·∫∫·≈–ª√–¬ÿ°µå„™â‡´Áπ‡´Õ√å™π‘¥µà“ßÊ √«¡∑—Èß®–π”‡ πÕ¢âÕ®”°—¥∫“ßª√–°“√¢Õß
‡´Áπ‡´Õ√å·µà≈–™π‘¥

°≈‰°°“√∑”ß“π¢Õß‡ Á́π‡´Õ√å
°√–∫«π°“√∑“ß‚ø‚µøî ‘° å∑’Ë¡—°∂Ÿ°π”¡“„™â„π°“√ÕÕ°·∫∫√–∫∫ø≈ŸÕÕ‡√ ‡´π´å‡´Áπ‡´Õ√å ·≈–

π”¡“„™âÕ∏‘∫“¬°≈‰°°“√¥—°®—∫‰ÕÕÕπ‚≈À–¢Õß√–∫∫‡´Áπ‡´Õ√å‡æ◊ËÕ§«∫§ÿ¡„Àâ¡’°“√‡ª≈’Ë¬π·ª≈ß —≠≠“≥
∑“ß· ß¡’Õ¬ŸàÀ≈“¬°√–∫«π°“√ ‚¥¬„π∫∑§«“¡π’È®–°≈à“«∂÷ß°√–∫«π°“√∑’Ë∂Ÿ°π”‰ª„™â¡“°∑’Ë ÿ¥ ‰¥â·°à
Photoinduced Electron Transfer (PET) process ·≈– Photoinduced Charge Transfer (PCT) process

PET-‡´Áπ‡´Õ√å
„π°“√ÕÕ°·∫∫ PET-‡ Á́π‡´Õ√åπ—Èπ ®–µâÕßÕÕ°·∫∫ à«π¢Õß‰Õ‚Õ‚πøÕ√å∑’Ë¡’À¡Ÿà∑”Àπâ“∑’Ë„Àâ

Õ‘‡≈Á°µ√Õπ (electron donor) µ—«Õ¬à“ß‡™àπ‰Õ‚Õ‚πøÕ√å∑’Ë¡’À¡Ÿà‡Õ¡’π (-NH2) À√◊Õ‡Õ‰¡¥å (-CONH-) ·≈–
ÕÕ°·∫∫ à«π¢Õßø≈ŸÕÕ‚√øÕ√å∑”Àπâ“∑’Ë√—∫Õ‘‡≈Á°µ√Õπ (electron acceptor) °“√∑”ß“π¢Õß‡´Áπ‡´Õ√å™π‘¥π’È
„π ¿“«–∑’Ë‰¡à¡’‰ÕÕÕπ‚≈À–‡´Áπ‡´Õ√å®–∂Ÿ°°√–µÿâπ¥â«¬· ß ·≈–¥Ÿ¥°≈◊πæ≈—ßß“π„π™à«ß§«“¡¬“«§≈◊Ëπ∑’Ë
‡À¡“– ¡ Õ‘‡≈Á°µ√Õπ¢Õßø≈ŸÕÕ‚√øÕ√å∑’ËÕ¬Ÿà„π√–¥—∫æ≈—ßß“π ¿“«–æ◊Èπ (the highest occupied molecular
orbital; HOMO) ®–√—∫æ≈—ßß“π·≈–‡§≈◊ËÕπ∑’Ë‰ª Ÿà ¿“«–°√–µÿâπ (the lowest unoccupied molecular
orbital; LUMO) ·≈–®“°π—ÈπÕ‘‡≈Á°µ√Õπ„π√–¥—∫æ≈—ßß“π ¿“«–æ◊Èπ¢Õß‰Õ‚Õ‚πøÕ√å®–‡§≈◊ËÕπ‰ª Ÿà ¿“«–
æ◊Èπ¢Õßø≈ŸÕÕ‚√øÕ√å À√◊Õ°“√‡°‘¥ intramolecular electron transfer quenching π—Ëπ‡Õß ´÷Ëß„π ¿“«–π’È
√–∫∫‡´Áπ‡´Õ√å®–‰¡à‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´π´å ‡π◊ËÕß®“°¡’°√–∫«π°“√ PET ‡°‘¥¢÷Èπ · ¥ß¥—ß√Ÿª 9a
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„π∑“ßµ√ß°—π¢â“¡ „π ¿“«–∑’Ë‰Õ‚Õ‚πøÕ√å‡°‘¥Õ—πµ√°‘√‘¬“°—∫‰ÕÕÕπ®–∑”„ÀâÕ‘‡≈Á°µ√Õπ„π
√–¥—∫æ≈—ßß“π ¿“«–æ◊Èπ¢Õß‰Õ‚Õ‚πøÕ√å ¡’æ≈—ßß“πµË”≈ß°«à“√–¥—∫æ≈—ßß“π ¿“«–æ◊Èπ¢Õßø≈ŸÕÕ‚√øÕ√å ®÷ß
∑”„Àâ‰¡à “¡“√∂‡°‘¥°√–∫«π°“√ PET À√◊Õ°“√ àßºà“πÕ‘‡≈Á°µ√Õπ (electron transfer) √–À«à“ß‰Õ‚Õ‚πøÕ√å
‰ª Ÿàø≈ŸÕÕ‚√øÕ√å‰¥â (√Ÿª 9b) ¥—ßπ—Èπ„π ¿“«–∑’Ë¡’°“√¥—°®—∫‰ÕÕÕππ’È√–∫∫‡´Áπ‡´Õ√å®–‡√◊Õß· ßø≈ŸÕÕ
‡√ ‡´π´åÕÕ°¡“ ‚¥¬§«“¡‡¢â¡¢Õß°“√‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´π´å®–‡ªìπ —¥ à«π‚¥¬µ√ß°—∫ª√‘¡“≥¢Õß
‰ÕÕÕπ‚≈À– °≈‰°·≈–≈—°…≥–°“√∑”ß“π¥—ß°≈à“«π’È “¡“√∂· ¥ß‰¥â¥—ß√Ÿª∑’Ë 9

µ—«Õ¬à“ß¢Õß PET-‡ Á́π‡´Õ√åπ—Èπ‰¥â¡’√“¬ß“π‰«âÀ≈“¬∫∑§«“¡ [6-14] µ—«Õ¬à“ß‡™àπ √–∫∫
calix[4]arene-azacrown-3  ”À√—∫≈‘‡∑’¬¡‡´Áπ‡´Õ√å [9]

√Ÿª∑’Ë 9 Photoinduced electron transfer processes (PET) °àÕπ°“√®—∫‰ÕÕÕπ‚≈À– (9a) ·≈–¿“¬À≈—ß
°“√®—∫‰ÕÕÕπ‚≈À– (9b)

√Ÿª∑’Ë 10 ‚§√ß √â“ß¢Õß calix[4]arene-azacrown-3 ·≈–≈—°…≥–°“√‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´π ǻ°àÕπ ·≈–
À≈—ß°“√¥—°®—∫‰ÕÕÕπ≈‘‡∑’¬¡ [9]
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®“°°“√∑”ß“π¢Õß‡´Áπ‡´Õ√å™π‘¥π’Èæ∫«à“„π ¿“«–∑’Ë‰¡à¡’‰ÕÕÕπ ‡ Á́π‡´Õ√å®–‡°‘¥ intramolecular
electron transfer quenching ¢ÕßÀ¡Ÿà‡Õ¡’π™π‘¥µµ‘¬¿Ÿ¡‘„π azacrown-3 ‰ª Ÿà anthracene À√◊Õ¡’°√–∫«π°“√
PET ‡°‘¥¢÷Èπ·≈–„π ¿“«–π’È√–∫∫‡ Á́π‡´Õ√å®–‰¡à‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´π ǻ [Off-state] ·µà‡¡◊ËÕ‰ÕÕÕπ
≈‘‡∑’¬¡∂Ÿ°¥—°®—∫Õ¬à“ß‡©æ“–‡®“–®ß¥â«¬‰Õ‚Õ‚πøÕ√å®–∑”„Àâ√–∫∫‡ Á́π‡´Õ√å‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´π ǻÕÕ°¡“
[On-state] ÷́Ëß°“√¥—°®—∫‰ÕÕÕπ≈‘‡∑’¬¡‚¥¬‡ Á́π‡´Õ√åπ’È®–‰ª√∫°«π°√–∫«π°“√ PET ®÷ß∑”„Àâ‡´Áπ‡´Õ√å
· ¥ß ¡∫—µ‘°“√‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´π ǻÕÕ°¡“‡ªìπ —¥ à«π‚¥¬µ√ß°—∫§«“¡‡¢â¡¢âπ¢Õß‰ÕÕÕπ≈‘‡∑’¬¡·≈–
°“√µ√«®«—¥‰ÕÕÕπ≈‘‡∑’¬¡‡™‘ßª√‘¡“≥«‘‡§√“–Àå®–‡°‘¥¢÷Èπ‰¥â

¥—ß∑’Ë‰¥â°≈à“«¡“·≈â««à“ PET-‡´Áπ‡´Õ√å®–ª√–°Õ∫¥â«¬‰Õ‚Õ‚πøÕ√å∑’Ë¡’À¡Ÿà„ÀâÕ‘‡≈Á°µ√Õπ ¥—ßπ—Èπ
„π°√≥’∑’Ë‡´Áπ‡´Õ√åª√–°Õ∫¥â«¬À¡Ÿà‡Õ¡’π (-NH2 , -NHR, -NR2) ®–∑”„Àâº≈¢Õß pH ¢Õß “√µ—«Õ¬à“ß∑’Ë„™â
∑¥ Õ∫‡°’Ë¬«¢âÕß‚¥¬µ√ß°—∫ª√– ‘∑∏‘¿“æ¢Õß‡´Áπ‡´Õ√å™π‘¥π’È ‡π◊ËÕß®“°„π ¿“«–∑’Ë‡ªìπ°√¥¡“°‡°‘π‰ª®–
∑”„ÀâÀ¡Ÿà‡Õ¡’π∂Ÿ° protonate ·≈–‰¡à “¡“√∂„™âÕ‘‡≈Á°µ√Õπ§Ÿà‚¥¥‡¥’Ë¬«¢ÕßÕ–µÕ¡‰π‚µ√‡®π¡“∑”„Àâ‡°‘¥
intramolecular electron transfer quenching ‰ª Ÿàø≈ŸÕÕ‚√øÕ√å‰¥â √«¡∑—Èß‰¡à “¡“√∂„™âÕ‘‡≈Á°µ√Õπ
§Ÿà‚¥¥‡¥’Ë¬«„π°“√‡°‘¥Õ—πµ√°‘√‘¬“°—∫‰ÕÕÕπ‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

πÕ°®“°π—Èπ√–¬–∑“ß√–À«à“ßø≈ŸÕÕ‚√øÕ√å·≈–‰Õ‚Õ‚πøÕ√å®–¡’º≈‚¥¬µ√ß°—∫ª√– ‘∑∏‘¿“æ¢Õß
PET-‡´Áπ‡´Õ√å ¥—ß‡™àπ °“√„™â methylene group (CH2) µàÕ‡™◊ËÕ¡√–À«à“ßø≈ŸÕÕ‚√øÕ√å·≈–‰Õ‚Õ‚πøÕ√å∑’Ë
¡’À¡Ÿà„ÀâÕ‘‡≈§µ√Õπ (‡™àπ ‰π‚µ√‡®πÕ–µÕ¡) [4, 8, 9] ÷́Ëß à«π¡“°‰¡à§«√‡°‘π ’Ë°≈ÿà¡‡æ◊ËÕ∑”„Àâ°√–∫«π°“√
PET ‡°‘¥¢÷Èπ‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

PCT-‡´Áπ‡´Õ√å
„π PCT-‡ Á́π‡´Õ√åπ—Èπ ø≈ŸÕÕ‚√øÕ√å¢Õß√–∫∫‡´Áπ‡´Õ√å®–ª√–°Õ∫‰ª¥â«¬ à«π∑’Ë„ÀâÕ‘‡≈Á°µ√Õπ

(electron donating group) ‡™àπ À¡Ÿà‡Õ¡’π (-NH2) ·≈– à«π∑’Ë¥÷ßÕ‘‡≈Á°µ√Õπ (electron withdrawing
group) ‡™àπ À¡Ÿà‰π‚µ√ (-NO2) À√◊ÕÀ¡Ÿà sulfonyl ÷́Ëß®–∑”„Àâ‡°‘¥ internal charge transfer (ICT) ®“°
À¡Ÿà„ÀâÕ‘‡≈Á°µ√Õπ‰ª ŸàÀ¡Ÿà¥÷ßÕ‘‡≈Á°µ√Õπ¿“¬„πø≈ŸÕÕ‚√øÕ√å‰¥â [40] ‡¡◊ËÕ√–∫∫‡ Á́π‡´Õ√å‡°‘¥Õ—πµ√°‘√‘¬“°—∫
‰ÕÕÕπ®–∑”„Àâ ¿“«–·«¥≈âÕ¡‡™‘ß®ÿ≈¿“§ (microenvironment) ¢Õßø≈ŸÕÕ‚√øÕ√å‡ª≈’Ë¬π·ª≈ß‰ª ‚¥¬®–
∑”„Àâ§«“¡‡¢â¡¢Õß°“√‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´π´å‡ª≈’Ë¬π·ª≈ß‰ª‡ªìπ —¥ à«π‚¥¬µ√ß°—∫ª√‘¡“≥¢Õß‰ÕÕÕπ
‚≈À–∑’Ë∂Ÿ°‡ Á́π‡´Õ√å¥—°®—∫ ·≈–πÕ°®“°π—Èπ®–∑”„Àâ¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß spectroscopic band Õ’°¥â«¬
°≈‰°·≈–≈—°…≥–°“√∑”ß“π¥—ß°≈à“«π’È “¡“√∂· ¥ß‰¥â¥—ß√Ÿª∑’Ë 11
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√Ÿª∑’Ë 11 Photoinduced charge transfer processes (PCT) °àÕπ°“√¥—°®—∫‰ÕÕÕπ‚≈À– (´â“¬) ·≈–
¿“¬À≈—ß°“√¥—°®—∫‰ÕÕÕπ‚≈À– (¢«“) [40]

µ—«Õ¬à“ß¢Õß PCT-‡ Á́π‡´Õ√åπ—Èπ‰¥â¡’√“¬ß“π‰«â ¥—ß‡™àπ√–∫∫ dansyl sulfonamide ‡ Á́π‡´Õ√å∑’Ë
„™â ”À√—∫µ√«®«—¥§«“¡‡¢â¡¢âπ¢Õß‰ÕÕÕπ —ß°– ’ (√Ÿª∑’Ë 12) [41]

PCT-‡ Á́π‡´Õ√å™π‘¥π’È· ¥ß„Àâ‡ÀÁπ«à“¿“¬À≈—ß°“√¥—°®—∫‰ÕÕÕπ —ß°– ’·≈â«®–∑”„Àâ ¿“«–·«¥≈âÕ¡
‡™‘ß®ÿ≈¿“§¢Õßø≈ŸÕÕ‚√øÕ√å™π‘¥ dansyl ‡ª≈’Ë¬π·ª≈ß‰ª ‡π◊ËÕß®“°À¡Ÿà„ÀâÕ‘‡≈Á°µ√Õπ∂Ÿ°„™â„π°“√‡°‘¥Õ—πµ√-
°‘√‘¬“°—∫‰ÕÕÕπ —ß°– ’®÷ß∑”„Àâ‡´Áπ‡´Õ√å· ¥ß ¡∫—µ‘°“√‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´π´åÕÕ°¡“‡ªìπ —¥ à«π
‚¥¬µ√ß°—∫§«“¡‡¢â¡¢âπ¢Õß‰ÕÕÕπ —ß°– ’·≈– “¡“√∂µ√«®«—¥‰ÕÕÕπ —ß°– ’‡™‘ßª√‘¡“≥«‘‡§√“–Àå‰¥â
πÕ°®“°π—Èπ„π°“√‡°‘¥Õ—πµ√°‘√‘¬“°—∫‰ÕÕÕπ —ß°– ’®–∑”„Àâ‡´Áπ‡´Õ√å¡’°“√¥Ÿ¥°≈◊π§«“¡¬“«§≈◊Ëπ„π™à«ß
§«“¡¬“«§≈◊Ëπ∑’Ë —Èπ≈ß (blue shift)

‡π◊ËÕß®“°°≈‰°°“√∑”ß“π¢Õß PCT-‡´Áπ‡´Õ√åπ—Èπ‡°’Ë¬«¢âÕß°—∫°“√‡ª≈’Ë¬π·ª≈ß§«“¡¬“«§≈◊Ëπ∑’Ë
∂Ÿ°¥Ÿ¥°≈◊π¢Õß‡ Á́π‡´Õ√å ®÷ß¡’ª√–‚¬™πå¡“°∂â“°“√¥—°®—∫‰ÕÕÕπ¢Õß‡ Á́π‡´Õ√å∑”„Àâ “√‡ª≈’Ë¬π ’‰¥â ¥—ß‡™àπ
‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß∑’Ë¡“°‡æ’¬ßæÕ„π™à«ß§«“¡¬“«§≈◊Ëπ„π™à«ß«‘ ‘‡∫‘≈ (visible region) ÷́Ëß°“√∑’Ë “√
‡ª≈’Ë¬π ’‰¥â¿“¬À≈—ß°“√¥—°®—∫‰ÕÕÕπ„πª√‘¡“≥µà“ßÊ ®–∑”„Àâ “¡“√∂∑”°“√µ√«®«—¥‰ÕÕÕπ‡™‘ßª√‘¡“≥
«‘‡§√“–Àå‰¥â∑—Èß ‚¥¬‡∑§π‘§ø≈ŸÕÕ‡√ ‡´π ǻ ‡ª°‚∑√ ‚°ªï ‡∑§π‘§¬Ÿ«’-«‘ ‘‡∫‘≈ ‡ª°‚∑√ ‚°ªï ·≈– “¡“√∂
 —ß‡°µ‰¥â¥â«¬µ“‡ª≈à“ ´÷Ëß§ÿ≥≈—°…≥–‡™àππ’È®–∑”„Àâ “¡“√∂æ—≤π“µàÕ¬Õ¥‡æ◊ËÕ„™âª√–‚¬™πå‡ªìπ™ÿ¥µ√«® Õ∫
‰ÕÕÕπ (strip test) À√◊Õ„™â‡ªìπÕÿª°√≥åµ√«®«—¥‰ÕÕÕπ„π¿“§ π“¡‰¥â

√Ÿª∑’Ë 12 ‚§√ß √â“ß¢Õß dansyl sulfonamide ‡´Áπ‡´Õ√å °àÕπ·≈–À≈—ß°“√¥—°®—∫‰ÕÕÕπ —ß°– ’ [41]

Dansyl sulfonamide

Weak fluorescence Strong fluorescence
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N_Zn2+

N

Blue shift
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µ—«Õ¬à“ß¢Õß PCT-‡´Áπ‡´Õ√å™π‘¥π’È‰¥â∂Ÿ°√“¬ß“π‰«â [42, 43] ¥—ß‡™àπß“π«‘®—¬¢Õß Wanichacheva
·≈–§≥– [42] (√Ÿª∑’Ë 13) ‡ Á́π‡´Õ√å¥—ß°≈à“«ª√–°Õ∫¥â«¬ 2-(3-(2-aminoethylthio)propylthio)ethanamine
∑’Ëπ”¡“µàÕ‡™◊ËÕ¡°—∫ø≈ŸÕÕ‚√øÕ√å™π‘¥ 7-nitrobenzo-2-oxa-1,3-diazolyl (NBD) ‡æ◊ËÕ„™âµ√«®«—¥‰ÕÕÕπ
ª√Õ∑ ®“°º≈°“√∑¥≈Õßæ∫«à“¿“¬À≈—ß‡´Áπ‡´Õ√å¥—°®—∫‰ÕÕÕπª√Õ∑®–∑”„Àâ ¿“«–·«¥≈âÕ¡‡™‘ß®ÿ≈¿“§¢Õß
ø≈ŸÕÕ‚√øÕ√å™π‘¥ NBD ‡ª≈’Ë¬π·ª≈ß‰ª ·≈–∑”„Àâ‡´Áπ‡´Õ√å· ¥ß ¡∫—µ‘°“√‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´π´å
≈¥≈ß‡ªìπ —¥ à«πº°º—π°—∫ª√‘¡“≥¢Õß‰ÕÕÕπª√Õ∑∑’Ë‡æ‘Ë¡¢÷Èπ ·≈–∑”„Àâ§«“¡¬“«§≈◊Ëπ∑’Ë¥Ÿ¥°≈◊π
‡ª≈’Ë¬π·ª≈ß‰ª 70 π“‚π‡¡µ√ ´÷Ëß°“√‡ª≈’Ë¬π·ª≈ß¥—ß°≈à“«∑”„Àâ “√≈–≈“¬¢Õß‡´Áπ‡´Õ√å‡ª≈’Ë¬π®“°
 ’‡À≈◊Õß‡ªìπ ’™¡æŸ

√Ÿª∑’Ë 13 ‚§√ß √â“ß¢Õß NBD-‡´Áπ‡´Õ√å
(a) °“√¥Ÿ¥°≈◊π· ß„π™à«ß¬Ÿ«’-«‘ ‘‡∫‘≈
(b) °“√‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´π ǻ°àÕπ·≈–À≈—ß°“√¥—°®—∫‰ÕÕÕπª√Õ∑ [42]
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µ—«Õ¬à“ß°“√ª√–¬ÿ°µå„™âø≈ŸÕÕ‡√ ‡´πµå‡´Áπ‡´Õ√å„π·ßà¡ÿ¡Õ◊ËπÊ
‡π◊ËÕß®“°‡∑§π‘§ø≈ŸÕÕ‡√ ‡´πµå‡ªìπ‡∑§π‘§°“√µ√«®«—¥∑’Ë‰¡à∑”≈“¬ “√µ—«Õ¬à“ß ®÷ß¡’°“√π”‰ª

ª√–¬ÿ°µå„™â„π¥â“π biomedical applications ‚¥¬„™âµ√«®«—¥·≈–µ‘¥µ“¡ª√‘¡“≥‰ÕÕÕπ∑’ËÕ¬Ÿà„π‡´≈≈å ‘Ëß
¡’™’«‘µ ´÷Ëß‡´Áπ‡´Õ√å‡À≈à“π’È®–µâÕß¡’§ÿ≥ ¡∫—µ‘∑’Ë ”§—≠ §◊Õ ¡’ quantum yield (φf) ¢Õß°“√‡√◊Õß· ß
ø≈ŸÕÕ‡√ ‡´π´å Ÿß ·≈–‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´π´å∑’Ë§«“¡¬“«§≈◊Ëπ Ÿß°«à“ 500 π“‚π‡¡µ√ ‡æ◊ËÕÀ≈’°‡≈’Ë¬ß
 —≠≠“≥√∫°«π¢Õß “√™π‘¥Õ◊ËπÊ ‡™àπ °√¥Õ–¡‘‚π∫“ß™π‘¥ À√◊ÕŒ’‚¡‚°≈∫‘π∑’ËÕ¬Ÿà„π‡´≈≈å  “¡“√∂·æ√à
ºà“π‡´≈≈å‡¡¡‡∫√π‡¢â“ Ÿà¿“¬„π‡´≈≈å‰¥â ·≈–‰¡à‡ªìπæ‘…µàÕ‡´≈≈å∑’Ë®–»÷°…“

µ—«Õ¬à“ß‡´Áπ‡´Õ√å∑’Ëπ”‰ªª√–¬ÿ°µå„™âπ’È ‰¥â·°à ‚´‡¥’¬¡‡´Áπ‡´Õ√å [7] ‚æ·∑ ‡ ’́¬¡‡´Áπ‡´Õ√å [7]
∑Õß·¥ß‡´Áπ‡´Õ√å [32] ª√Õ∑‡´Áπ‡´Õ√å [44-45] ·≈– —ß°– ’‡´Áπ‡´Õ√å [46] ¥—ß‡™àπ ß“π«‘®—¬¢Õß
Burdette ·≈–§≥– [46] ´÷Ëß‰¥â —ß‡§√“–Àå‡´Áπ‡´Õ√å Õß™π‘¥∑’Ëª√–°Õ∫¥â«¬ø≈ŸÕÕ‚√øÕ√å™π‘¥ fluorescein
·≈–‰Õ‚Õ‚πøÕ√å™π‘¥ bis(2-pyridylmethyl)amine(dipicolylamine) (√Ÿª 14a-b) ‡æ◊ËÕ„™â‡ªìπ —ß°– ’
‡´Áπ‡´Õ√å„π°“√µ‘¥µ“¡ª√‘¡“≥‰ÕÕÕπ —ß°– ’„π‡´≈≈åª√– “∑ ·≈–‡æ◊ËÕ„™âª√–‚¬™πå„π°“√»÷°…“°“√√—∫
 àß —≠≠“≥¢Õß‡´≈≈åª√– “∑∑’Ë¡’º≈µàÕ ‘Ëß‡√â“
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√Ÿª∑’Ë 14 ‚§√ß √â“ß∑“ß‡§¡’¢Õßø≈ŸÕÕ‡√ ‡´π´å‡´Áπ‡´Õ√å∑’Ëπ”‰ª„™â„π¥â“π biomedical applications ·≈–
™ÿ¥µ√«® Õ∫‰ÕÕÕπ

πÕ°®“°π’È¬—ß¡’°“√π”ø≈ŸÕÕ‡√ ‡´π ǻ‡´Áπ‡´Õ√å‰ªæ—≤π“µàÕ¬Õ¥ ‚¥¬°“√∑”‡ªìπ™ÿ¥µ√«® Õ∫
‰ÕÕÕπ ‚¥¬°“√π”‡ Á́π‡´Õ√å‰ª∑”ªØ‘°‘√‘¬“∫πæ◊Èπº‘«¢Õß«— ¥ÿ∑’Ë‡ªìπ solid support ∫“ßª√–‡¿∑ ¥—ßµ—«Õ¬à“ß
ß“π«‘®—¬¢Õß Métivier ·≈–§≥– [47] ‰¥âπ”‡´Áπ‡´Õ√å∑’Ëª√–°Õ∫¥â«¬ calix[4]arene ·≈–ø≈ŸÕÕ‚√øÕ√å™π‘¥
dansyl ¡“µàÕ‡µ‘¡ “¬‚´à¬“«∑’Ëª√–°Õ∫¥â«¬À¡Ÿà triethoxysilane (√Ÿª 14c) ·≈–π”‰ª∑”ªØ‘°‘√‘¬“∫πæ◊Èπº‘«
¢Õß mesoporous silica ∑’Ë¡’§«“¡æ√ÿπ 66 Å ‡æ◊ËÕ„™â‡ªìπ«— ¥ÿ∑’Ë “¡“√∂µ√«®«—¥ª√‘¡“≥‰ÕÕÕπª√Õ∑‰¥â
‚¥¬æ∫«à“‡¡◊ËÕπ” mesoporous silica ∑’ËµàÕ‡¢â“°—∫‡´Áπ‡´Õ√å·≈â«¡“·¢«π≈Õ¬„π “√≈–≈“¬ª√Õ∑®–∑”„Àâ
 —≠≠“≥§«“¡‡¢â¡¢Õß°“√‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´π ǻ∑’Ë§«“¡¬“«§≈◊Ëπ 540 π“‚π‡¡µ√≈¥≈ß‡ªìπ —¥ à«π
º°º—π°—∫ª√‘¡“≥¢Õß‰ÕÕÕπª√Õ∑∑’Ë‡æ‘Ë¡¢÷Èπ

„πß“π«‘®—¬¢Õß Mello ·≈–§≥– [48] ‰¥âπ”‡ Á́π‡´Õ√å∑’Ëª√–°Õ∫¥â«¬ ø≈ŸÕÕ‚√øÕ√å™π‘¥
polyarylpyridine ¡“µàÕ‡¢â“°—∫ methionine ·≈– phenylthiourea ®“°π—Èππ”‰ª∑”ªØ‘°‘√‘¬“∫πæ◊Èπº‘«¢Õß
ArgogelTM ‡√´‘π (√Ÿª 14d) ®“°º≈°“√∑¥≈Õßæ∫«à“‡¡◊ËÕπ”‡√ ‘́π™π‘¥π’È‰ª·¢«π≈Õ¬„π “√≈–≈“¬ª√Õ∑®–
∑”„Àâ°“√‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´π´å‡æ‘Ë¡¢÷Èπ‡ªìπ —¥ à«π‚¥¬µ√ß°—∫ª√‘¡“≥‰ÕÕÕπª√Õ∑„π “√≈–≈“¬
´÷Ëß§ÿ≥≈—°…≥–‡™àππ’È®–∑”„Àâ “¡“√∂æ—≤π“µàÕ¬Õ¥ À√◊Õ„™â‡ªìπÕÿª°√≥åµ√«®«—¥‰ÕÕÕπª√Õ∑„π¿“§ π“¡‰¥â

 √ÿª
®–‡ÀÁπ«à“„π™à«ß 10 ªï∑’Ëºà“π¡“ ¡’∑’¡ß“π«‘®—¬®”π«π¡“°∑’Ë‰¥âÕÕ°·∫∫·≈–æ—≤π“‡ Á́π‡´Õ√å™π‘¥

µà“ßÊ ‡æ◊ËÕ„™â√à«¡°—∫‡∑§π‘§ø≈ŸÕÕ‡√ ‡´π´å„π°“√µ√«®«—¥‰ÕÕÕπ‚≈À–‡™‘ß§ÿ≥¿“æ·≈–ª√‘¡“≥«‘‡§√“–Àå °“√
µ√«®«‘‡§√“–Àå‰ÕÕÕπ‚≈À–‡™‘ß§ÿ≥¿“æ®–‡°’Ë¬«¢âÕß°—∫°“√‡≈◊Õ°„™â‰Õ‚Õ‚πøÕ√å∑’Ë‡À¡“– ¡  à«π°“√µ√«®
«‘‡§√“–Àå‰ÕÕÕπ‚≈À–‡™‘ßª√‘¡“≥®–‡°’Ë¬«¢âÕß°—∫ø≈ŸÕÕ‚√øÕ√å·≈–ª√– ‘∑∏‘¿“æ¢Õß°≈‰°°“√¥—°®—∫‰ÕÕÕπ
·≈–°√–∫«π°“√ àß —≠≠“≥®“°µ”·Àπàß‰Õ‚Õ‚πøÕ√å‰ª Ÿàø≈ŸÕÕ‚√øÕ√å ø≈ŸÕÕ‡√ ‡´π ǻ‡´Áπ‡´Õ√å “¡“√∂π”
¡“„™âµ√«®«—¥‰ÕÕÕπ‚≈À–À≈“¬™π‘¥‰¥âÕ¬à“ß¡’§«“¡®”‡æ“–‡®“–®ß ¡’ ¿“æ‰«„π°“√µ√«®«—¥ Ÿß µ√«® Õ∫

a) Zn2+
 ‡´Áπ‡´Õ√å [46] b) Zn2+

 ‡ Á́π‡´Õ√å [46] c) Hg2+
 ‡´Áπ‡´Õ√å [47] d) Hg2+

 ‡´Áπ‡´Õ√å [48]
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‰ÕÕÕπ‚≈À–‰¥â√«¥‡√Á« ·≈–‰¡à∑”≈“¬ “√µ—«Õ¬à“ß °“√‡≈◊Õ°„™â™π‘¥‡´Áπ‡´Õ√å·≈–°≈‰°°“√∑”ß“π∑’Ë‡À¡“– ¡
®– “¡“√∂π”‡´Áπ‡´Õ√å™π‘¥π’È‰ªª√–¬ÿ°µå„™âß“π·≈–„™âª√–‚¬™πåÀ≈“°À≈“¬‰¥â
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