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∫∑§—¥¬àÕ

°“√ —ß‡§√“–Àå‡´Áπ‡´Õ√å∑“ß‡§¡’™π‘¥„À¡à´÷Ëß‡ªìπÕπÿæ—π∏å¢Õß·Õπ∑√“§«‘‚ππ ‰¥â·°à 1-[(pyridin-
2-ylmethyl)-amino]anthraquinone À√◊Õ L1 ·≈– 1-chloro-8-[(pyridin-2-ylmethyl)-
amino]anthraquinone À√◊Õ L2 Õ“»—¬ªØ‘°‘√‘¬“°“√·∑π∑’Ë√–À«à“ß§≈Õ‚√·Õπ∑√“§«‘‚ππ·≈– 2-æ‘‚§≈‘≈‡Õ¡’π
∑”°“√√’ø≈—°´å “√≈–≈“¬º ¡„π¢≥–∑’Ë¡’‚æ·∑ ‡´’¬¡§“√å∫Õ‡πμ·≈–‚∑≈ŸÕ’π ‰¥âº≈‘μ¿—≥±å‡ªìπ¢Õß·¢Áß
 ’ â¡·¥ß·≈– ’¡à«ß·¥ß¢Õß L1 ·≈– L2 μ“¡≈”¥—∫ »÷°…“§«“¡‡≈◊Õ°®”‡æ“–¢Õß‚¡‡≈°ÿ≈‡ Á́π‡´Õ√å
μàÕ‰ÕÕÕπ¢Õß‚≈À–·∑√π ‘́™—π™π‘¥μà“ßÊ ‰¥â·°à Co2+ Ni2+ Cu2+ Zn2+ ·≈– Cd2+ ®“°°“√«—¥Õ‘¡‘ ™—π
‚¥¬„™â‡∑§π‘§ø≈ŸÕÕ‡√ ‡´πμå ‡ª°‚∑√ ‚°ªï æ∫«à“‡´Áπ‡´Õ√å∑—Èß Õß„Àâ —≠≠“≥Õ‘¡‘ ™—π≈¥≈ß„π¢≥–∑’Ë¡’
Co2+ Ni2+ ·≈– Cu2+ ·≈–‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß„π Zn2+ ·≈– Cd2+ πÕ°®“°π’È„π°√≥’∑’Ë§«“¡‡¢â¡¢âπ
¢Õß‰ÕÕÕπ Cu2+  Ÿß®–æ∫°“√‡≈◊ËÕπ¢Õß —≠≠“≥Õ‘¡‘ ™—π‰ª∑“ß¥â“π§«“¡¬“«§≈◊ËπμË”≈ß ‡π◊ËÕß®“°°≈‰°
°“√∂à“¬‚Õπª√–®ÿ ‚¥¬‚¡‡≈°ÿ≈ L1 ·≈– L2 ¡’·π«‚πâ¡„π°“√®—∫‰ÕÕÕπ™π‘¥μà“ßÊ „π·∫∫‡¥’¬«°—π
·≈–‚¡‡≈°ÿ≈ L2 ¡’§«“¡ “¡“√∂„π°“√®—∫°—∫‰ÕÕÕπ‰¥â¥’°«à“‚¡‡≈°ÿ≈ L1 §à“§ß∑’Ë°“√®—∫‡√’¬ßμ“¡≈”¥—∫
¥—ßπ’È Ni2+

 > Cu2+
 > Co2+ πÕ°®“°π’È¬—ßæ∫°“√‡ª≈’Ë¬π ’¢Õß “√≈–≈“¬‡ Á́π‡´Õ√å‡¡◊ËÕ —ß‡°μ¥â«¬μ“‡ª≈à“
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Alkylamine Anthraquinone Chemical Sensors
to Detect Nickel and Copper Ions
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ABSTRACT

The new chemical sensors with anthraquinone derivatives, 1-[(Pyridin-2-ylmethyl)-
amino]anthraquinone or L1 and 1-Chloro-8-[(pyridin-2-ylmethyl)-amino]anthraquinone or L2,
had been synthesized by using the substitution reaction between chloroanthraquinone and
2-picolylamine. The mixtures were refluxed in the presence of potassium carbonate and toluene
to give final products of L1 and L2 as orange-red solid and violet-red solid, respectively.
The selectivity of the molecular sensors with the transition metal ions such as Co2+, Ni2+, Cu2+,
Zn2+ and Cd2+ were studied by fluorescence spectroscopy. We found that in both sensors, the
emission intensities were decreased upon adding Co2+, Ni2+ and Cu2+, and no change were
observed in Zn2+ and Cd2+. Moreover at high concentration of Cu2+, the fluorescence emission
intensities were shifted to low wavelength based on the internal charge transfer mechanism.
From fluorescence titration technique, the L1 and L2 showed the same trend for binding ions.
However, the L2 molecule provided more excellent selectivity with some ions than the L1
molecule. The binding constants were showed in this order, Ni2+

 > Cu2+
 > Co2+. From naked eye

detection, the color of sensor solutions were changed from orange to brown, blue and intense
blue upon binding with Co2+, Ni2+ and Cu2+, respectively. In addition, the solution color turned
to yellow at high concentration of Cu2+.
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∫∑π”
‚≈À–·∑√π´‘™—π “¡“√∂‡°‘¥‡ªìπ‰ÕÕÕπ∫«°∑’Ë¡’Õ‘‡≈Á°μ√Õπ„π d-ÕÕ√å∫‘∑—≈ ‰¡à‡μÁ¡ ·≈– “¡“√∂

‡°‘¥‡ªìπ “√ª√–°Õ∫‡™‘ß´âÕπ°—∫‚¡‡≈°ÿ≈™π‘¥μà“ßÊ ‰¥â [1] ‚¥¬‚≈À–∫“ß™π‘¥„π°≈ÿà¡π’È‡ªìπ∏“μÿ∑’Ë¡’∫∑∫“∑
·≈–Àπâ“∑’Ë ”§—≠μàÕ√à“ß°“¬ [2] ·≈–∫“ß™π‘¥‰¡à¡’§«“¡®”‡ªìπμàÕ√à“ß°“¬·μà∂â“‰¥â√—∫·¡â‡æ’¬ßª√‘¡“≥‡≈Á°
πâÕ¬°Á “¡“√∂°àÕ„Àâ‡°‘¥æ‘…μàÕ√à“ß°“¬μ“¡¡“‰¥â πÕ°®“°π’È¬—ßæ∫«à“∂÷ß·¡â®–‡ªìπ∏“μÿ∑’Ë¡’§«“¡®”‡ªìπμàÕ
√à“ß°“¬°Áμ“¡·μàÀ“°ª√‘¡“≥∑’Ë‰¥â√—∫‰¡à ¡¥ÿ≈°—∫§«“¡μâÕß°“√Õ“®π”¡“ ÷́Ëß‚√§¿—¬μà“ßÊ [3] ‡™àπ ∑Õß·¥ß
(copper, Cu) ∑”Àπâ“∑’Ë‡ªìπ catalytic cofactor „π enzyme-catalysed reaction [4] ∂â“√à“ß°“¬‰¥â√—∫„π
ª√‘¡“≥¡“°‡°‘πæÕ®–∑”„Àâ‰μ∂Ÿ°∑”≈“¬‰¥â [5] πÕ°®“°π’È¬—ß‡ªìπ “‡Àμÿ¢Õß‚√§μà“ßÊ ‡™àπ Gastrointestinal
cattarch, Wilsonûs disease, Hypoglycemia ·≈– Dyslexia ‡ªìπμâπ [6] ÷́Ëß EPA (U.S. Environmental
Protection Agency) ‰¥â°”Àπ¥ª√‘¡“≥∑Õß·¥ß„ππÈ”¥◊Ë¡‰¡à§«√‡°‘π 1.3 ppm (≈ 20 μmM) [7] ·≈–æ∫
«à“ª√‘¡“≥∑Õß·¥ß„π‡≈◊Õ¥¢Õß§πª°μ‘®–¡’§à“Õ¬Ÿà„π™à«ß 100-150 μg/dL (15.7-23.6 μM) [8] „π
ªí®®ÿ∫—π®÷ß¡’‡∑§π‘§¡“°¡“¬∑’Ë “¡“√∂«‘‡§√“–Àåª√‘¡“≥‚≈À–‡À≈à“π’È´÷Ëß¡’§«“¡∂Ÿ°μâÕß ¡’§«“¡·¡àπ¬” ·≈–¡’
§«“¡‰« Ÿß ‡™àπ °“√«‘‡§√“–ÀåÀ“ª√‘¡“≥‚≈À–‚¥¬„™â‡∑§π‘§ Flame atomic absorption spectroscopy (FAAS)
‡∑§π‘§ Inductively coupled plasma (ICP) ‡∑§π‘§ Voltammetry ·≈–‡∑§π‘§ Ion selective electrode
(ISE) [9] œ≈œ

ªí®®ÿ∫—π¡’°“√æ—≤π“‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å∑“ß‡§¡’‡æ◊ËÕπ”¡“«‘‡§√“–Àå‰ÕÕÕπ¢Õß‚≈À– ‡™àπ
‡´Áπ‡´Õ√å∑“ß‡§¡’∑’ËÕ“»—¬À≈—°°“√‡ª≈’Ë¬π·ª≈ß ¡∫—μ‘‡™‘ß· ß (Optical property) ∑”„Àâ “¡“√∂„™â‡∑§π‘§
∑“ß ‡ª°‚∑√ ‚°ªï¡“™à«¬»÷°…“ πÕ°®“°π’È„π°√≥’∑’Ë‚¡‡≈°ÿ≈¥Ÿ¥°≈◊π· ß„π™à«ß· ß¡Õß‡ÀÁπ ®–∑”„Àâ —ß‡°μ
°“√‡ª≈’Ë¬π·ª≈ß ’‰¥â¥â«¬μ“‡ª≈à“ ´÷Ëß¡’¢âÕ¥’„π·ßà¢Õß°“√™à«¬≈¥√–¬–‡«≈“„π°“√μ√«®«—¥ ·≈–™à«¬ª√–À¬—¥
§à“„™â®à“¬®“°§à“«‘‡§√“–Àå¥â«¬‡§√◊ËÕß¡◊Õ√“§“·æß [2] ·μà¬—ß§ßª√– ‘∑∏‘¿“æ„π°“√μ√«®«—¥  ”À√—∫°“√»÷°…“
∑“ß ‡ª°‚∑√ ‚°ªï∑’Ë‰¥â√—∫§«“¡π‘¬¡·≈–∂Ÿ°π”‰ª„™âÕ¬à“ßÀ≈“°À≈“¬‡∑§π‘§Àπ÷Ëß §◊Õ °“√ª≈¥ª≈àÕ¬
æ≈—ßß“πÀ√◊ÕÕ‘¡‘ ™—π (Emission) „π√Ÿª¢Õß°“√«“«· ßÀ√◊Õø≈ŸÕÕ‡√ ‡´πμå ‡π◊ËÕß®“°‡ªìπ‡∑§π‘§∑’Ë¡’ ¿“æ
‰« (Sensitivity)  Ÿß„π°“√μ√«®«—¥ ·μà®“° ¡∫—μ‘¢Õß‰ÕÕÕπ‚≈À–·∑√π ‘́™—πæ∫«à“‰ÕÕÕπ∫“ß™π‘¥¡’°“√®—¥
‡√’¬ßÕ‘‡≈Á°μ√Õπ·∫∫ paramagnetic ‡™àπ Cu2+ (d9) ∑”„Àâ¡’ ¡∫—μ‘‡ªìπ fluorescence quencher  àßº≈„Àâ
§«“¡‡¢â¡¢Õß —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμåμË”≈ß (Fluorescence quenching) ®÷ß¡’ß“π«‘®—¬∑’ËμâÕß°“√ª√—∫ª√ÿß
¢âÕ®”°—¥π’È ‚¥¬Õ“»—¬°≈‰°°“√‡°‘¥ªØ‘°‘√‘¬“·∫∫μà“ßÊ ∑’Ë∑”„Àâ —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμå Ÿß¢÷Èπ Õ“∑‘
photoinduced electron transfer (PET) ·≈– internal charge transfer (ICT) ‡ªìπμâπ ‡™àπ „πªï §.».
2008 Kaur ·≈– Kumar [10] ‰¥â∑”°“√ —ß‡§√“–Àå‡´Áπ‡´Õ√å∑’Ëª√–°Õ∫¥â«¬‚¡‡≈°ÿ≈·Õπ∑√“§«‘‚ππ∑’ËμàÕ
‡™◊ËÕ¡°—∫À¡ŸàÕ–‚√¡“μ‘°‡Õ¡’π æ∫«à“°“√‡ª≈’Ë¬π ’¢Õß‡´Áπ‡´Õ√å¥—ß°≈à“«¡’§«“¡‡°’Ë¬«¢âÕß°—∫§à“ pKa ¢ÕßÀ¡Ÿà‡Õ¡’π
∑”„Àâ‡°‘¥ ’∑’Ë·μ°μà“ß°—π„π “√ª√–°Õ∫¢Õß‚≈À–·μà≈–™π‘¥ ·≈–„πªï §.». 2011 Guilard ·≈–§≥– [11]
‰¥â∑”°“√ —ß‡§√“–Àå‚¡‡≈°ÿ≈‡ Á́π‡´Õ√å‚¥¬Õ“»—¬ªØ‘°‘√‘¬“ Buchwald-Hartwig amination √–À«à“ßÀ¡Ÿà
Õ–¡‘‚π°—∫À¡Ÿà§≈Õ√’π®“°«ß·Õπ∑√“§«‘‚ππ·≈–¡’°“√„™âμ—«‡√àßªØ‘°‘√‘¬“ Pd(dba)2 æ∫«à“ Cu2+  “¡“√∂
‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√À≈ÿ¥ÕÕ°¢Õß‚ª√μÕπ∑’ËÀ¡Ÿà‡Õ¡’π∑”„Àâ¡Õß‡ÀÁπ·∂∫¥Ÿ¥°≈◊π· ß∑’Ë‡°‘¥®“°°“√∂à“¬‚Õπ
ª√–®ÿÀ√◊Õ ICT ‰¥âÕ¬à“ß™—¥‡®π
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¥—ßπ—Èπß“π«‘®—¬π’È®÷ßμâÕß°“√ÕÕ°·∫∫‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å∑“ß‡§¡’∑’Ë¡’‚§√ß √â“ß‰¡à´—∫´âÕπ  “¡“√∂
 —ß‡§√“–Àå‰¥â®“°ªØ‘°‘√‘¬“æ◊Èπ∞“π§◊ÕªØ‘°‘√‘¬“°“√·∑π∑’Ë‡æ’¬ß¢—ÈπμÕπ‡¥’¬« ·≈–¬—ß§ßª√– ‘∑∏‘¿“æ„π
°“√μ√«®®—∫‰ÕÕÕπ¢Õß‚≈À–‚¥¬„Àâ§«“¡‡¢â¡¢Õß —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμå‡æ‘Ë¡¢÷ÈπÀ√◊Õ turn-on
fluorescence ®“°°≈‰°·∫∫ ICT [12] ‚¥¬‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å∑’Ë∑”°“√ —ß‡§√“–Àå ‰¥â·°à L1 ·≈– L2
ª√–°Õ∫¥â«¬Õπÿæ—π∏å¢Õß·Õπ∑√“§«‘‚ππ‡™◊ËÕ¡°—∫À¡ŸàÕ–‚√¡“μ‘°‡Õ¡’π ´÷Ëß¡’Õß§åª√–°Õ∫ ”§—≠ 2  à«π
‰¥â·°à  à«π∑’Ë∑”Àπâ“∑’Ë‡ªìπÀπà«¬®—∫ ‰¥â·°à Õ–μÕ¡§«‘‚ππÕÕ° ‘́‡®π·≈–‡Õ¡’π‰π‚μ√‡®π ∑’Ë¡’§«“¡‡≈◊Õ°
®”‡æ“–μàÕ‰ÕÕÕπ¢Õß‚≈À–·∑√π´‘™—π ‡√’¬°«à“ receptor ·≈– à«π∑’Ë‡ªìπÀπà«¬„Àâ —≠≠“≥‡™‘ß· ß ‡√’¬°«à“
signaling unit §◊Õ‚¡‡≈°ÿ≈·Õπ∑√“§«‘‚ππ ´÷Ëß¡’¢âÕ¥’§◊Õ‡ªìπ‚§√‚¡øÕ√å∑’Ë¥Ÿ¥°≈◊π· ß„π™à«ß· ß¡Õß‡ÀÁπ
·≈– “¡“√∂«“«· ß‰¥â‡™àπ‡¥’¬«°—π

«‘∏’°“√∑¥≈Õß
 —ß‡§√“–Àå‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å L1 ·≈– L2 ·≈–¬◊π¬—π‡Õ°≈—°…≥å¢Õß‚¡‡≈°ÿ≈‚¥¬„™â‡∑§π‘§

·¡  ‡ª°‚∑√‡¡μμ√’ (Mass spectrometry) ‚ª√μÕπ·≈–§“√å∫Õππ‘«‡§≈’¬√å·¡°‡πμ‘°‡√‚´·ππ ǻ
 ‡ª°‚∑√ ‚°ªï (1H and 13C-NMR spectroscopy) ·≈–Õ‘πø√“‡√¥ ‡ª°‚∑√ ‚°ªï (Infrared
spectroscopy) ·≈–»÷°…“§«“¡‡≈◊Õ°®”‡æ“–μàÕ‰ÕÕÕπ¢Õß‚≈À–·∑√π´‘™—π‚¥¬„™â‡∑§π‘§ø≈ŸÕÕ‡√ ‡´πμå
‰∑‡∑√™—π (Fluorescence titration)

°“√ —ß‡§√“–Àå‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å L1 ·≈– L2
º ¡ 1-chloroanthraquinone (1.46 mmol) ·≈– potassium carbonate (2.19 mmol) „π

μ—«∑”≈–≈“¬‚∑≈ŸÕ’π 40 mL ‡μ‘¡ 2-picolylamine (2.13 mmole) ‰¥â “√≈–≈“¬ ’‡À≈◊Õß √’ø≈—°´å¿“¬„μâ
·°ä ‰π‚μ√‡®π‡ªìπ‡«≈“ª√–¡“≥ 2-3 «—π  “√≈–≈“¬®–‡ª≈’Ë¬π‡ªìπ ’ â¡ μ‘¥μ“¡ªØ‘°‘√‘¬“‚¥¬„™â‚§√¡“‚μ°√“øï
·∫∫·ºàπ∫“ß (Thin layer chromatography) À≈—ß®“°π—Èπ√–‡À¬μ—«∑”≈–≈“¬ÕÕ°·≈â«π”¡“ °—¥¥â«¬μ—«
∑”≈–≈“¬ CH2Cl2 ·≈–πÈ” ‡°Á∫™—Èπμ—«∑”≈–≈“¬Õ‘π∑√’¬å¡“∑”„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬„™â‡∑§π‘§§Õ≈—¡πå‚§√¡“‚μ°√“øï
(Column chromatography) „™â‡ø §ß∑’Ë‡ªìπ´‘≈‘°“‡®≈·≈–‡ø ‡§≈◊ËÕπ∑’Ë‡ªìπ CH2Cl2 ·≈–
CH2Cl2 

: EtOAc 95:5 v/v ‰¥â‚¡‡≈°ÿ≈ L1 ‡ªìπ¢Õß·¢Áß ’ â¡·¥ß ¡’πÈ”Àπ—° 0.0526 g §‘¥‡ªìπ√âÕ¬≈–
º≈‘μ¿—≥±å 11.92 ¥—ß√Ÿª∑’Ë 1  ”À√—∫‚¡‡≈°ÿ≈ L2 ∑”°“√ —ß‡§√“–Àå¥â«¬«‘∏’°“√‡¥’¬«°—∫‚¡‡≈°ÿ≈ L1 ·μà
‡ª≈’Ë¬π “√μ—Èßμâπ‡ªìπ‚¡‡≈°ÿ≈ 1,8-dichloroanthraquinone (1.45 mmol) º≈‘μ¿—≥±å ÿ¥∑â“¬‰¥âμ–°Õπ
 ’¡à«ß·¥ß ¡’πÈ”Àπ—° 0.0547 g §‘¥‡ªìπ√âÕ¬≈–º≈‘μ¿—≥±å 10.40 ¢—ÈπμÕπ°“√ —ß‡§√“–Àå· ¥ß¥—ß√Ÿª∑’Ë 2
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√Ÿª∑’Ë 1 °“√ —ß‡§√“–Àå‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å L1

√Ÿª∑’Ë 2 °“√ —ß‡§√“–Àå‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å L2

°“√»÷°…“§«“¡‡≈◊Õ°®”‡æ“–μàÕ‰ÕÕÕπ¢Õß‚≈À–·∑√π´‘™—π
π”‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å∑’Ë —ß‡§√“–Àå‰¥â‰ª»÷°…“§«“¡‡≈◊Õ°®”‡æ“–μàÕ‰ÕÕÕπ¢Õß‚≈À–·∑√π´‘™—π

®“°‡°≈◊Õ‰π‡μ√μ ‰¥â·°à ‚§∫Õ≈μå (Co2+) π‘°‡°‘≈ (Ni2+) ∑Õß·¥ß (Cu2+)  —ß°– ’ (Zn2+) ·≈–·§¥‡¡’¬¡
(Cd2+) ¥â«¬°“√ —ß‡°μ°“√‡ª≈’Ë¬π·ª≈ß ’‚¥¬„™âμ“‡ª≈à“ ·≈–‡∑§π‘§ø≈ŸÕÕ‡√ ‡´πμå‰∑‡∑√™—π‚¥¬
‡μ√’¬¡ “√≈–≈“¬ L1 ·≈– L2 ∑’Ë§«“¡‡¢â¡¢âπ 4.0 Ó 10-5 M „πμ—«∑”≈–≈“¬º ¡¢Õß CH3CN ·≈–‡°≈◊Õ
tetra n-butylammonium hexafluorophosphate (Bu4PF6) 0.01 M À≈—ß®“°π—Èπ‡μ√’¬¡ “√≈–≈“¬
‡¢â¡¢âπ¢Õß‚≈À–·∑√π ‘́™—π 8.0 Ó 10-4 M „πμ—«∑”≈–≈“¬™π‘¥‡¥’¬«°—π‡æ◊ËÕ„™â ”À√—∫‰∑‡∑√μ≈ß‰ª„π
 “√≈–≈“¬‡ Á́π‡´Õ√å ‚¥¬§«∫§ÿ¡‡«≈“„π°“√‡°‘¥ªØ‘°‘√‘¬“„Àâ§ß∑’Ëμ≈Õ¥°“√∑¥≈Õß

º≈°“√∑¥≈Õß
°“√ —ß‡§√“–Àå‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å

°“√ —ß‡§√“–Àå‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å L1 ·≈– L2 ‰¥â®“°ªØ‘°‘√‘¬“·∑π∑’Ë√–À«à“ßÀ¡ŸàÕ–¡‘‚π¢Õß‚¡‡≈°ÿ≈
2-picolylamine ·≈–Õ–μÕ¡§≈Õ√’π¢Õß‚¡‡≈°ÿ≈ 1-chloroanthraquinone ·≈– 1,8-chloroanthraquinone
μ“¡≈”¥—∫ „πμ—«∑”≈–≈“¬‚∑≈ŸÕ’π·≈–¡’ potassium carbonate ‡ªìπ‡∫  ‚¥¬‰¥â√âÕ¬≈–º≈‘μ¿—≥±å¢Õß
‚¡‡≈°ÿ≈ L1 ‡ªìπ 11.92% ·≈–‚¡‡≈°ÿ≈ L2 ‡ªìπ 10.40%
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°“√¬◊π¬—π‡Õ°≈—°…≥å¢Õß‚¡‡≈°ÿ≈ L1 ‰¥âº≈¥—ßπ’È m.p. 162.0-165.0°C. MALDI-TOF
Mass (m/z) [M]+ calcd 314.11, found 314.22. 1H-NMR (400 MHz, CDCl3) δ 10.4 (s, 1H),
8.7 (d, J = 4.4 Hz, 1H), 8.3 (dd, J = 7.8, 1.2 Hz, 1H), 8.2 (dd, J = 7.6, 1.2 Hz, 1H), 7.8
(dt, J = 7.4, 1.2 Hz, 1H), 7.72 (dt, J = 7.8, 1.6 Hz, 1H), 7.67 (dt, J = 7.6, 1.6 Hz, 1H), 7.6
(d, J = 7.2 Hz, 1H), 7.5 (t, J = 8.4 Hz, 1H), 7.4 (d, J = 7.6 Hz, 1H), 7.2 (t, J = 6.2 Hz, 1H),
7.0 (d, J = 8.4 Hz, 1H), 4.7 (d, J = 5.6 Hz, 2H) ppm. 13C-NMR (100 MHz, CDCl3) δ 184.1,
182.4, 156.4, 150.0, 148.3, 135.6, 134.1, 133.7, 133.5, 132.7, 131.8, 131.7, 125.6, 125.4,
121.1, 119.8, 117.0, 114.9, 112.5, 47.4 ppm. IR (KBr) 3270.2, 1667.3 cm-1.

°“√¬◊π¬—π‡Õ°≈—°…≥å¢Õß‚¡‡≈°ÿ≈ L2 ‰¥âº≈¥—ßπ’È m.p. 172.7-173.5°C. MALDI-TOF
Mass (m/z) [M]+ calcd 348.78, found 348.44. 1H-NMR (400 MHz, CDCl3) δ 10.2 (s, 1H),
8.6 (d, J = 4.4 Hz, 1H), 8.3 (dd, J = 7.6, 1.6 Hz, 1H), 7.8 (dd, J = 8.0, 1.2 Hz, 1H), 7.66
(dt, J = 7.8, 1.6 Hz, 1H), 7.61 (t, J = 8.0, 7.6 Hz, 1H), 7.58 (dd, J = 7.4, 1.2 Hz, 1H), 7.5
(t, J = 8.4 Hz, 1H), 7.4 (d, J = 8.0 Hz, 1H), 7.2 (t, J = 6.0 Hz, 1H), 7.0 (dd, J = 8.6, 0.8 Hz,
1H) 4.7 (d, J = 6.0 Hz, 2H) ppm. 13C-NMR (100 MHz, CDCl3) δ 184.5, 183.0, 158.0, 151.2,
149.6, 138.0, 137.0, 135.6, 135.1, 134.7, 133.8, 132.8, 130.7, 126.4, 122.4, 121.1, 118.9,
115.8, 114.6, 48.9 ppm. IR (KBr) 3272.9, 1630.3 cm-1.

°“√»÷°…“§«“¡‡≈◊Õ°®”‡æ“–μàÕ‰ÕÕÕπ¢Õß‚≈À–·∑√π´‘™—π‚¥¬„™âμ“‡ª≈à“
°“√ —ß‡°μ°“√‡ª≈’Ë¬π·ª≈ß ’¥â«¬μ“‡ª≈à“‡ªìπ‡∑§π‘§∑’Ëßà“¬·≈–√«¥‡√Á«‡æ√“–‰¡àμâÕß„™â‡§√◊ËÕß¡◊Õ

„¥Ê ¡“™à«¬«‘‡§√“–Àå ®“°°“√»÷°…“æ∫«à“‚¡‡≈°ÿ≈ L1 ·≈– L2 ¡’√Ÿª·∫∫°“√‡ª≈’Ë¬π·ª≈ß ’‰ª„π·π«
‡¥’¬«°—π π—Ëπ§◊Õ‡¡◊ËÕ‡μ‘¡‰ÕÕÕπ™π‘¥μà“ßÊ ≈ß‰ª„πª√‘¡“≥‰ÕÕÕπ≈– 1 ‡∑à“ ·≈– 10 ‡∑à“¢Õß§«“¡‡¢â¡¢âπ
¢Õß‚¡‡≈°ÿ≈‡ Á́π‡´Õ√å (4.0 Ó 10-5 M) æ∫°“√‡ª≈’Ë¬π·ª≈ß ’¢Õß “√≈–≈“¬‡ªìπ ’μà“ßÊ ¢÷ÈπÕ¬Ÿà°—∫™π‘¥
¢Õß‰ÕÕÕπ ¥—ßπ’È ‡¡◊ËÕ‡μ‘¡‰ÕÕÕπª√‘¡“≥ 1 ‡∑à“ Co2+ „Àâ “√≈–≈“¬ ’πÈ”μ“≈ Ni2+ „Àâ “√≈–≈“¬ ’øÑ“
Cu2+ „Àâ “√≈–≈“¬ ’πÈ”‡ß‘π‡¢â¡ ·≈–À“°‡æ‘Ë¡ª√‘¡“≥‡ªìπ 10 ‡∑à“ ‡©æ“– Cu2+ ®–„Àâ ’‡À≈◊Õß ·≈–‰¡àæ∫
°“√‡ª≈’Ë¬π·ª≈ß ’¢≥–∑’Ë¡’ Zn2+ ·≈– Cd2+

‡ªìπ∑’Ëπà“ —ß‡°μ«à“„π°√≥’¢Õß°“√‡μ‘¡‰ÕÕÕπ Cu2+ æ∫¢—ÈπμÕπ°“√‡ª≈’Ë¬π·ª≈ß ’·∫àß‡ªìπ
2 ™à«ß∑’Ë¢÷Èπ°—∫§«“¡‡¢â¡¢âπ¢Õß Cu2+ π—Ëπ§◊Õ‡¡◊ËÕ‡μ‘¡ Cu2+ „πª√‘¡“≥‡æ’¬ß 1 ‡∑à“¢Õß‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å
 ’¢Õß “√≈–≈“¬®–‡ª≈’Ë¬π®“° ’ â¡‰ª‡ªìππÈ”‡ß‘π‡¢â¡ ·≈–‡¡◊ËÕ‡μ‘¡ Cu2+ ‡æ‘Ë¡¢÷Èπ‡ªìπ 10 ‡∑à“  ’¢Õß
 “√≈–≈“¬®–‡ª≈’Ë¬π‡ªìπ ’‡À≈◊Õß∑—π∑’ π—Ëπ· ¥ß∂÷ß°≈‰°„π°“√®—∫‚≈À– Cu2+ ¢Õß‚¡‡≈°ÿ≈ L1 ·≈– L2
ª√–°Õ∫¥â«¬ 2 ¢—ÈπμÕπ∑’Ë·μ°μà“ß°—π∑’Ë¢÷ÈπÕ¬Ÿà°—∫§«“¡‡¢â¡¢âπ¢Õß Cu2+ ·≈–¡’°≈‰°∑’Ë·μ°μà“ß°—∫‰ÕÕÕπ
™π‘¥Õ◊ËπÊ ∑’Ë‰¥â∑”°“√»÷°…“
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°“√»÷°…“§«“¡‡≈◊Õ°®”‡æ“–‚¥¬„™â‡∑§π‘§ø≈ŸÕÕ‡√ ‡´πμå
‡¡◊ËÕ∑”°“√°√–μÿâπ ‚¡‡≈°ÿ≈ L1 ·≈– L2 ´÷Ëß¡’§«“¡‡¢â¡¢âπ 4 Ó 10-5 M ∑’Ë§«“¡¬“«§≈◊Ëπ

450 nm (λex) ®–æ∫ —≠≠“≥Õ‘¡‘ ™—π∑’Ë§«“¡¬“«§≈◊Ëπ Ÿß ÿ¥∑’Ë 610 ·≈– 623 nm μ“¡≈”¥—∫ ‚¥¬
≥ §«“¡‡¢â¡¢âπ‡¥’¬«°—π‚¡‡≈°ÿ≈ L1 „Àâ§«“¡‡¢â¡¢Õß —≠≠“πø≈ŸÕÕ‡√ ‡´πμå Ÿß°«à“ L2 ª√–¡“≥ 4 ‡∑à“
∑—Èßπ’È‡π◊ËÕß¡“®“°‚¡‡≈°ÿ≈ L2 ª√–°Õ∫¥â«¬Õ–μÕ¡§≈Õ√’π∑’Ëμ”·Àπàß C1 ∑”„Àâ‰¥â√—∫º≈¢Õß internal
heavy atom ´÷Ëß‡æ‘Ë¡°“√‡°‘¥ intersystem crossing ·≈–≈¥ —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμå [13] ‡¡◊ËÕπ”
‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å∑—Èß Õß‰ª»÷°…“§«“¡‡≈◊Õ°®”‡æ“–μàÕ‰ÕÕÕπ¢Õß‚≈À–·∑√π ‘́™—π ‰¥â·°à Co2+ Ni2+ Cu2+

Zn2+ ·≈– Cd2+ ‚¥¬¡’°“√‡μ‘¡‰ÕÕÕπ™π‘¥μà“ßÊ ¡“°‡°‘πæÕ„πª√‘¡“≥ 10 ‡∑à“¢Õß§«“¡‡¢â¡¢âπ¢Õß
‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å · ¥ß¥—ß√Ÿª∑’Ë 3 æ∫√Ÿª·∫∫¢Õß —≠≠“≥∑’Ë·μ°μà“ß°—π·∫àßÕÕ°‡ªìπ 3 °≈ÿà¡ ¥—ßπ’È

1. °“√≈¥μË”≈ß¢Õß§«“¡‡¢â¡¢Õß —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμå æ∫„π‰ÕÕÕπ Co2+ ·≈– Ni2+

2. °“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡‡¢â¡¢Õß —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμå∑’Ë§«“¡¬“«§≈◊ËπμË”≈ß (Blue shift)
æ∫‡©æ“–„π‰ÕÕÕπ Cu2+ ‡∑à“π—Èπ

3. ‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμå æ∫„π‰ÕÕÕπ Zn2+ ·≈– Cd2+

(°) (¢)

√Ÿª∑’Ë 3 ø≈ŸÕÕ‡√ ‡´πμå ‡ª°μ√“¢Õß‚¡‡≈°ÿ≈ (°) L1 (4 Ó 10-5 M) ·≈– (¢) L2 (4 Ó 10-5 M) ¢≥–∑’Ë
¡’‰ÕÕÕπ¢Õß‚≈À–·∑√π´‘™—π™π‘¥μà“ßÊ 10 ‡∑à“

®“°¢âÕ¡Ÿ≈¢â“ßμâπ°“√‡°‘¥Õ—πμ√°‘√‘¬“√–À«à“ß‚¡‡≈°ÿ≈‡ Á́π‡´Õ√å°—∫‰ÕÕÕπ “¡“√∂Õ∏‘∫“¬‰¥â‚¥¬
„™âÀ≈—°¢Õß size-shape selectivity π—Ëπ§◊Õ‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å∑’ËμâÕß°“√«‘‡§√“–Àå®– “¡“√∂‡°‘¥ “√ª√–°Õ∫
‡™‘ß´âÕπ°—∫‰ÕÕÕπ™π‘¥μà“ßÊ ‰¥âÀ“°¡’¢π“¥·≈–√Ÿª√à“ß∑’Ë‡À¡“– ¡ πÕ°®“°π’È¬—ß “¡“√∂Õ∏‘∫“¬‰¥â‚¥¬„™â
À≈—°¢Õß Hard-soft acid-base (HSAB) π—Ëπ§◊Õ  “√ª√–°Õ∫∑’Ë‡°‘¥√–À«à“ß‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å·≈–‰ÕÕÕπ
∑’ËμâÕß°“√«‘‡§√“–Àå®–‡ ∂’¬√‡¡◊ËÕ¡’°“√‡°‘¥ªØ‘°‘√‘¬“°—π√–À«à“ß hard acid °—∫ hard base À√◊Õ soft acid
°—∫ soft base  à«π‰ÕÕÕπ„π°≈ÿà¡ border line  “¡“√∂‡°‘¥ªØ‘°‘√‘¬“‰¥â∑—Èß hard ·≈– soft ¥—ßπ—Èπ‚¡‡≈°ÿ≈
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‡´Áπ‡´Õ√å∑’Ëª√–°Õ∫¥â«¬À¡Ÿà C=O (hard base) À¡Ÿà N-H ·≈– N-pyridine (border line base) §«√‡°‘¥
Õ—πμ√°‘√‘¬“°—∫‰ÕÕÕπ∑ÿ°™π‘¥ ‰¥â·°à Co2+ Ni2+ Cu2+ Zn2+ (border line acid) ·≈– Cd2+ (soft acid)
·μà®“°°“√∑¥≈Õßæ∫«à“„π°√≥’¢Õß Zn2+ ·≈– Cd2+ ‰ÕÕÕπ∑—Èß Õß™π‘¥π’È‰¡à‡°‘¥Õ—πμ√°‘√‘¬“„¥Ê °—∫
‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å ‡π◊ËÕß®“°‰ÕÕÕπ‡À≈à“π’È¡’Õ‘‡≈Á°μ√Õπ∫√√®ÿÕ¬Ÿà‡μÁ¡„π d-ÕÕ√å∫‘∑—≈ ∑”„Àâ‰¡à “¡“√∂√—∫
Õ‘‡≈Á°μ√Õπ‰¥âÕ’° ·≈–¢π“¥∑’Ë„À≠à¢÷Èπ¢Õß‰ÕÕÕπ Cd2+ ∑”„Àâ¬“°μàÕ°“√‡¢â“∑”ªØ‘°‘√‘¬“ ®÷ß‰¡àæ∫°“√
‡ª≈’Ë¬π·ª≈ß —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμå·≈– ’¢Õß “√≈–≈“¬‡¡◊ËÕ —ß‡°μ¥â«¬μ“‡ª≈à“

°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß —≠≠“≥Õ¬à“ß≈–‡Õ’¬¥¥â«¬‡∑§π‘§ø≈ŸÕÕ‡√ ‡´πμå‰∑‡∑√™—π°—∫
‰ÕÕÕπ∑—Èß 3 ™π‘¥ ‰¥â·°à Co2+ Ni2+ ·≈– Cu2+ æ∫«à“§«“¡‡¢â¡¢Õß —≠≠“≥§àÕ¬Ê ≈¥≈ß‡¡◊ËÕ¡’ª√‘¡“≥ Co2+

·≈– Ni2+ ‡æ‘Ë¡¢÷Èπ μ—Èß·μà 0.1-1.0 ‡∑à“¢Õß L1 ·≈–§«“¡‡¢â¡¢Õß —≠≠“≥®–§ß∑’Ë‡¡◊ËÕ¡’ª√‘¡“≥‰ÕÕÕπ
¡“°°«à“ 1.0 ‡∑à“ · ¥ß¥—ß√Ÿª∑’Ë 4 ∑—Èßπ’È‡ªìπº≈¡“®“°‰ÕÕÕπ‡À≈à“π’È¡’ ¡∫—μ‘‡ªìπ paramagnetic heavy ion
®÷ß‰ª‡æ‘Ë¡ intersystem crossing ‰¥â‡™àπ‡¥’¬«°—∫°√≥’¢ÕßÕ–μÕ¡§≈Õ√’π

√Ÿª∑’Ë 4 ø≈ŸÕÕ‡√ ‡´πμå‰∑‡∑√™—π¢Õß‚¡‡≈°ÿ≈ L1 (4 Ó 10-5 M) °—∫‰ÕÕÕπ Ni2+ §«“¡‡¢â¡¢âπμ—Èß·μà 0-5.0 ‡∑à“

 à«π°√≥’∑’Ë‡μ‘¡‰ÕÕÕπ Cu2+ ∑’Ë§«“¡‡¢â¡¢âπμ—Èß·μà 0.1-1.0 ‡∑à“¢Õß L1 æ∫°“√≈¥≈ß¢Õß —≠≠“≥
(step-1) ∑’Ë§«“¡¬“«§≈◊Ëπ 610 nm ‡™àπ‡¥’¬«°—∫ Co2+ ·≈– Ni2+ „π™à«ßπ’È ’¢Õß “√≈–≈“¬®–‡ª≈’Ë¬π®“°
 ’ â¡À√◊Õ â¡·¥ß‰ª‡ªìπ ’πÈ”‡ß‘π‡¢â¡ ‡π◊ËÕß®“°°“√‚§ÕÕ√å¥‘‡πμ (coordinate) √–À«à“ß Cu2+ ·≈–À¡Ÿà‡Õ¡’π
¢Õß‚¡‡≈°ÿ≈ L1 πÕ°®“°π’È‡¡◊ËÕª√‘¡“≥¢Õß Cu2+ ¡“°°«à“ 1.0 ‡∑à“‡ªìπμâπ‰ª (step-2) ®–æ∫°“√‡≈◊ËÕπ
¢Õß —≠≠“≥Õ‘¡‘ ™—π‰ª∑“ß¥â“π§«“¡¬“«§≈◊ËπμË”≈ß ª√–¡“≥ 25-27 nm ∑’Ë§«“¡¬“«§≈◊Ëπ 583 nm
· ¥ß¥—ß√Ÿª∑’Ë 5 „π¢—ÈπμÕππ’È ’¢Õß “√≈–≈“¬®–‡ª≈’Ë¬π®“° ’πÈ”‡ß‘π‡¢â¡‰ª‡ªìπ ’‡À≈◊Õß ∑—Èßπ’È‡π◊ËÕß¡“®“°
°“√‡°‘¥ ICT ‚¥¬À¡Ÿà„ÀâÕ‘‡≈Á°μ√Õπ (Electron-donating group) ‰¥â·°à À¡Ÿà secondary amine (R2-NH)
´÷Ëß®–∂Ÿ° Cu2+ ‡Àπ’Ë¬«π”„Àâ‡°‘¥ deprotonation ·≈–‡°‘¥ª√–®ÿ≈∫∑’Ë‰π‚μ√‡®π [10, 11] · ¥ß¥—ß√Ÿª∑’Ë 6
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 àßº≈„Àâ ‰¥‚æ≈‚¡‡¡πμå¢Õß‚¡‡≈°ÿ≈‡ª≈’Ë¬π·ª≈ß‰ª [14] πÕ°®“°π’È‚¡‡≈°ÿ≈¬—ßª√–°Õ∫¥â«¬À¡Ÿà„Àâ
Õ‘‡≈Á°μ√Õπ§“√å∫Õπ‘≈ (C=O) ·≈–À¡Ÿà tertiary amine ¢Õß‰π‚μ√‡®π„π«ßæ‘√‘¥’π ´÷Ëß‡¡◊ËÕ‰ÕÕÕπ Cu2+

‡°‘¥°“√‚§ÕÕ√å¥‘‡πμ∑”„Àâ§«“¡ “¡“√∂„π°“√„ÀâÕ‘‡≈Á°μ√Õπ≈¥≈ß  àßº≈„Àâ√–¥—∫æ≈—ßß“π∑’Ë ¿“«–°√–μÿâπ
(Excited state) ¡’‡ ∂’¬√¿“æ≈¥≈ßÀ√◊Õ¡’æ≈—ßß“π Ÿß¢÷Èπ ‡™àπ‡¥’¬«°—∫√–¥—∫æ≈—ßß“π∑’Ë ¿“«–æ◊Èπ (Ground
state) ∑’Ë¡’æ≈—ßß“π Ÿß¢÷Èπ‡≈Á°πâÕ¬∑”„Àâ‡°‘¥°“√‡≈◊ËÕπ¢Õß —≠≠“≥‰ª∑“ß¥â“π§«“¡¬“«§≈◊ËπμË”≈ß [13]

(°) (¢)

(§) (ß)

√Ÿª∑’Ë 5 ø≈ŸÕÕ‡√ ‡´πμå‰∑‡∑√™—π¢Õß‚¡‡≈°ÿ≈ L1 (4 Ó 10-5 M) °—∫‰ÕÕÕπ Cu2+ (°) §«“¡‡¢â¡¢âπ
0-5.0 ‡∑à“ (¢) §«“¡‡¢â¡¢âπ 1.0-5.0 ‡∑à“ (§) °“√‡ª≈’Ë¬π·ª≈ß§«“¡‡¢â¡¢Õß —≠≠“≥Õ‘¡‘ ™—π
∑’Ë§«“¡‡¢â¡¢âπ¢Õß‰ÕÕÕπ Cu2+ 0-1.0 ‡∑à“ ∑’Ë§«“¡¬“«§≈◊Ëπ 610 nm ·≈– (ß) Cu2+ 0, 1.0-5.0
‡∑à“ ∑’Ë§«“¡¬“«§≈◊Ëπ 583 nm
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√Ÿª∑’Ë 6 °≈‰°· ¥ß°“√‡°‘¥Õ—πμ√°‘√‘¬“·∫∫ ICT ∑’Ë‡ªìπ‰ª‰¥â¢Õß‚¡‡≈°ÿ≈ L1 °—∫‰ÕÕÕπ Cu2+

π”¢âÕ¡Ÿ≈®“°‡∑§π‘§ø≈ŸÕÕ‡√ ‡´πμå‰∑‡∑√™—π¢Õß‰ÕÕÕπ™π‘¥μà“ßÊ ‰ª§”π«≥À“§à“§ß∑’Ë°“√
®—∫ (Binding constant, Ka) ‚¥¬„™â ¡°“√¢Õß Benesi-Hildebrand [13] §”π«≥§à“„π™à«ß°“√‡°‘¥
fluorescence quenching ·≈–§”π«≥Õ—μ√“ à«π„π°“√‡¢â“∑”ªØ‘°‘√‘¬“√–À«à“ß‚¡‡≈°ÿ≈‡ Á́π‡´Õ√å°—∫
‰ÕÕÕπ¢Õß‚≈À–·∑√π´‘™—π ¥â«¬«‘∏’¢Õß Job (Jobûs method) „Àâ§à“‡»… à«π‚¡≈¢Õß‰ÕÕÕπ Ÿß ÿ¥∑’Ë 0.5
· ¥ß∂÷ßÕ—μ√“ à«π„π°“√‡°‘¥Õ—πμ√°‘√‘¬“√–À«à“ß‚¡‡≈°ÿ≈‡ Á́π‡´Õ√åμàÕ‰ÕÕÕπ ‡ªìπ 1 : 1 μ—«Õ¬à“ß· ¥ß
¥—ß√Ÿª∑’Ë 7 ·≈–¢âÕ¡Ÿ≈®“°°“√§”π«≥ √ÿª¥—ßμ“√“ß∑’Ë 1

√Ÿª∑’Ë 7 «‘∏’¢Õß Job · ¥ßÕ—μ√“ à«π∑’Ë‡À¡“– ¡„π°“√‡°‘¥Õ—πμ√°‘√‘¬“√–À«à“ß L1 : Ni2+ ‡ªìπ 1 : 1
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μ“√“ß∑’Ë 1 §à“§ß∑’Ë°“√®—∫¢Õß‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å L1 ·≈– L2

‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å §à“§ß∑’Ë°“√®—∫ (log Ka)
Co2+ Ni2+ Cu2+

L1 3.23 4.07 3.82

L2 2.10 4.39 4.03

®“°μ“√“ß∑’Ë 1 æ∫«à“‚¡‡≈°ÿ≈‡ Á́π‡´Õ√å∑—Èß Õß¡’§«“¡‡≈◊Õ°®”‡æ“–μàÕ‰ÕÕÕπ™π‘¥μà“ßÊ
‡√’¬ß≈”¥—∫μ“¡§à“ log Ka ‰¥â¥—ßπ’È Ni2+

 > Cu2+
 > Co2+ ‚¥¬‰ÕÕÕπ Ni2+ ¡’§à“§ß∑’Ë°“√®—∫„π™à«ß 4.39-4.07

√Õß≈ß¡“§◊Õ Cu2+ 4.03-3.82 ·≈– Co2+ 3.23-2.10 μ“¡≈”¥—∫ ‡¡◊ËÕæ‘®“√≥“‰ÕÕÕπ™π‘¥‡¥’¬«°—πæ∫«à“
‚¡‡≈°ÿ≈ L2 „Àâ§à“ log Ka ¡“°°«à“ L1 ‡≈Á°πâÕ¬‡ªìπº≈¡“®“°Õ–μÕ¡§≈Õ√’π„πμ”·Àπàß C1 „π‚¡‡≈°ÿ≈
L2 ´÷Ëß “¡“√∂ √â“ßæ—π∏–‰æ‡°‘¥‡√‚´·ππ´å ¥—ß√Ÿª∑’Ë 8  àßº≈„Àâ‡°‘¥ª√–®ÿ≈∫∑’ËÕÕ°´‘‡®π ‡æ‘Ë¡§«“¡Àπ“
·πàπÕ‘‡≈Á°μ√Õπ∑”„Àâ “¡“√∂‡°‘¥Õ—πμ√°‘√‘¬“°—∫‰ÕÕÕπ∫«°¢Õß‚≈À–‰¥â¥’¬‘Ëß¢÷Èπ

√Ÿª∑’Ë 8 °“√‡°‘¥‡√‚´·ππ´å®“°°“√ √â“ßæ—π∏–‰æ¢Õß§≈Õ√’π¿“¬„π‚¡‡≈°ÿ≈ L2

®“°°“√∑’Ë‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å L2 ¡’§«“¡ “¡“√∂„π°“√‡°‘¥Õ—πμ√°‘√‘¬“°—∫‰ÕÕÕπ¢Õß‚≈À–‰¥â¥’
°«à“‚¡‡≈°ÿ≈‡ Á́π‡´Õ√å L1 ¥—ßπ—Èπ®÷ß‡≈◊Õ°π”¡“»÷°…“°“√√∫°«π¢Õß‰ÕÕÕπ æ∫«à“‡¡◊ËÕº ¡‰ÕÕÕπ∑ÿ°™π‘¥
‡¢â“¥â«¬°—π∑’Ë§«“¡‡¢â¡¢âπ¢Õß‰ÕÕÕπ·μà≈–™π‘¥ 10 ‡∑à“¢Õß§«“¡‡¢â¡¢âπ¢Õß‚¡‡≈°ÿ≈ L2 · ¥ß¥—ß°√“ø
·∑àß All „π√Ÿª∑’Ë 9 ‰ÕÕÕπ¥—ß°≈à“« “¡“√∂√∫°«π°“√‡°‘¥Õ—πμ√°‘√‘¬“√–À«à“ß‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å L2 °—∫
‰ÕÕÕπ Cu2+ ‰¥â∫â“ß∑”„Àâ§«“¡‡¢â¡¢Õß —≠≠“≥∑’Ë§«“¡¬“«§≈◊Ëπ 600 nm ¡’§à“≈¥μË”≈ßª√–¡“≥ 40%
·μà‰¡à “¡“√∂¬—∫¬—Èß°“√‡°‘¥ ICT √–À«à“ß‚¡‡≈°ÿ≈ L2 °—∫ Cu2+ ‰¥â
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√Ÿª∑’Ë 9 §«“¡‡¢â¡¢Õß —≠≠“≥ø≈ŸÕÕ‡√ ‡´πμå∑’Ë§«“¡¬“«§≈◊Ëπ 600 nm ¢Õß‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å L2
¢≥–∑’Ë‰¡à¡’‰ÕÕÕπ‚≈À–·∑√π´‘™—π (L2 free) ·≈–¡’ª√‘¡“≥‰ÕÕÕπ‚≈À–·∑√π´‘™—π·μà≈–™π‘¥
™π‘¥≈– 10 ‡∑à“ (Co2+, Ni2+, Cu2+, Zn2+, Cd2+) ·≈–¡’‰ÕÕÕπ‚≈À–·∑√π ‘́™—πº ¡°—π∑ÿ°™π‘¥
™π‘¥≈– 10 ‡∑à“ (All)

 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
‡¡◊ËÕπ”‚¡‡≈°ÿ≈‡ Á́π‡´Õ√å∑’Ë —ß‡§√“–Àå‰¥â‰ª»÷°…“§«“¡‡≈◊Õ°®”‡æ“–μàÕ‰ÕÕÕπ¢Õß‚≈À–·∑√π´‘™—π

¥â«¬°“√ —ß‡°μ°“√‡ª≈’Ë¬π·ª≈ß ’‚¥¬„™âμ“‡ª≈à“·≈–‡∑§π‘§ø≈ŸÕÕ‡√ ‡´πμå‰∑‡∑√™—πæ∫«à“ “√≈–≈“¬¢Õß
‚¡‡≈°ÿ≈ L1 ·≈– L2 ¡’√Ÿª·∫∫°“√‡ª≈’Ë¬π·ª≈ß ’‰ª„π∑‘»∑“ß‡¥’¬«°—π´÷Ëß¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß‰ÕÕÕπ
π—Ëπ§◊Õ‡°‘¥°“√‡ª≈’Ë¬π ’®“° “√≈–≈“¬ ’ â¡·¥ß‰ª‡ªìπ ’πÈ”μ“≈  ’øÑ“·≈– ’πÈ”‡ß‘π‡¢â¡ ‡¡◊ËÕ¡’‰ÕÕÕπ Co2+ Ni2+

·≈– Cu2+ μ“¡≈”¥—∫ ·≈–‡¡◊ËÕ¡’‰ÕÕÕπ Cu2+ ‡¢â¡¢âπ Ÿß¡“°°«à“ 1.0 ‡∑à“  “√≈–≈“¬®–‡ª≈’Ë¬π‡ªìπ‡À≈◊Õß
‡¡◊ËÕπ”‰ª»÷°…“¥â«¬‡∑§π‘§ø≈ŸÕÕ‡√ ‡´πμå‰∑‡∑√™—πæ∫«à“°√≥’∑’Ë‡μ‘¡‰ÕÕÕπ Cu2+ ®–æ∫∑—Èß°“√≈¥≈ß¢Õß
 —≠≠“≥·≈–°“√‡≈◊ËÕπ¢Õß —≠≠“≥Õ‘¡‘ ™—π‰ª∑“ß¥â“π§«“¡¬“«§≈◊ËπμË”≈ß ÷́Ëß°“√‡≈◊ËÕπ¢Õß —≠≠“≥π’È‡ªìπ
º≈‡π◊ËÕß¡“®“°°≈‰°·∫∫ ICT º≈°“√§”π«≥§à“§ß∑’Ë°“√®—∫√–À«à“ß‚¡‡≈°ÿ≈‡´Áπ‡´Õ√å°—∫‰ÕÕÕπ™π‘¥μà“ßÊ
æ∫«à“‚¡‡≈°ÿ≈ L1 ·≈– L2 ¡’·π«‚πâ¡„π°“√®—∫‰ÕÕÕπ™π‘¥μà“ßÊ „π·∫∫‡¥’¬«°—π‡√’¬ßμ“¡≈”¥—∫§à“
log Ka ¥—ßπ’È Ni2+

 > Cu2+
 > Co2+ π—Ëπ§◊Õ‡´Áπ‡´Õ√å∑—Èß Õß™π‘¥ “¡“√∂‡°‘¥Õ—πμ√°‘√‘¬“°—∫‰ÕÕÕπ Ni2+ ‰¥â¥’

∑’Ë ÿ¥ „Àâ§à“ log Ka (L1) = 4.07 ·≈– log Ka (L2) = 4.39 ÷́Ëß‚¡‡≈°ÿ≈ L2 ¡’§«“¡ “¡“√∂„π°“√‡°‘¥
Õ—πμ√°‘√‘¬“°—∫‰ÕÕÕπ¥—ß°≈à“«‰¥â¥’°«à“‚¡‡≈°ÿ≈ L1 ‡π◊ËÕß®“°‚¡‡≈°ÿ≈ L2  “¡“√∂‡°‘¥‡√‚´·ππ´å®“°°“√
 √â“ßæ—π∏–‰æ¢Õß§≈Õ√’π¿“¬„π‚¡‡≈°ÿ≈‰¥â ·≈–‡¡◊ËÕπ”‚¡‡≈°ÿ≈‡ Á́π‡´Õ√å L2 ‰ª»÷°…“°“√√∫°«π√–À«à“ß
‰ÕÕÕπæ∫«à“‰ÕÕÕπ™π‘¥Õ◊ËπÊ ‰¡à “¡“√∂¬—∫¬—Èß°“√‡°‘¥ ICT ¢Õß‚¡‡≈°ÿ≈ L2 ¢≥–∑’Ë¡’‰ÕÕÕπ Cu2+ ‰¥â
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