
∫∑§«“¡«‘®—¬

°“√ —ß‡§√“–ÀåÕπÿæ—π∏å¢Õß§“≈‘°´å[4]‡Õ√’π
 ”À√—∫°“√µ√«®®—∫‰ÕÕÕπ≈∫: º≈¢Õß°“√‡µ‘¡À¡Ÿà¥÷ßÕ‘‡≈Á°µ√Õπ

„π‚§√ß √â“ßµàÕ°“√®—∫‰ÕÕÕπ≈∫

·æπ ∑Õß‡√◊Õß* ®√‘¬“¿√≥å ªÑÕ¡ ÿ¢ ·≈–  ¡æ√ µ‘¬–»√’

∫∑§—¥¬àÕ

°“√ —ß‡§√“–ÀåÕπÿæ—π∏å¢Õß§“≈‘°´å[4]‡Õ√’π §◊Õ ≈‘·°π¥å 2, 3, 4 ·≈– 5 ‚¥¬°“√‡µ‘¡À¡Ÿà¥÷ß
Õ‘‡≈Á°µ√Õπ (p-nitrophenyl ·≈– p-chlorophenyl) ‡¢â“‰ª„π‚§√ß √â“ß‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√®—∫
‰ÕÕÕπ≈∫ ∑’Ë¡’µ—«®—∫‰ÕÕÕπ≈∫‡ªìπ¬Ÿ‡√’¬ (3 ·≈– 5) ·≈–‰∑‚Õ¬Ÿ‡√’¬ (2 ·≈– 4) °“√»÷°…“°“√‡°‘¥
 “√ª√–°Õ∫‡™‘ß´âÕπ°—∫‰ÕÕÕπ≈∫™π‘¥µà“ßÊ (H2PO4

›, HSO4
›, F›, Cl›, Br›, I›, NO3

›, CH3COO›)
‚¥¬«‘∏’ 1H-NMR titration „πµ—«∑”≈–≈“¬ DMSO-d6 æ∫«à“ ≈‘·°π¥å 2, 3, 4 ·≈– 5 ‡≈◊Õ°®—∫®”‡æ“–
‡®“–®ß°—∫‰ÕÕÕπ≈∫∑’Ë¡’§«“¡·√ß¢Õß‡∫ ∑’Ë·√ß (H2PO4

›, F› ·≈– CH3COO›) ¡“°°«à“‰ÕÕÕπ≈∫∑’Ë¡’
§«“¡·√ß¢Õß‡∫ ∑’ËÕàÕπ (HSO4

›, Cl›, Br›, I›, NO3
›) ≈‘·°π¥å∑’Ë¡’À¡Ÿà¥÷ßÕ‘‡≈Á°µ√Õπ∑’Ë‡ªìπÀ¡Ÿà p-nitrophenyl

(4 ·≈– 5) ¡’§«“¡ “¡“√∂„π°“√®—∫‰ÕÕÕπ≈∫‰¥â¥’°«à“≈‘·°π¥å∑’Ë¡’À¡Ÿà¥÷ßÕ‘‡≈Á°µ√Õπ∑’Ë‡ªìπÀ¡Ÿà p-chlorophenyl
(2 ·≈– 3) ¡’º≈∑”„Àâ≈‘·°π¥å 4 ·≈– 5 ‡¡◊ËÕ®—∫°—∫‰ÕÕÕπ≈∫∑’Ë¡’§«“¡·√ß¢Õß‡∫ ∑’Ë·√ß®–®—∫‰¥â¥’®π‡°‘¥
°“√ deprotonation ∑”„Àâ‰¡à “¡“√∂À“§à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ‚¥¬«‘∏’ 1H-NMR titration ‰¥â
≈‘·°π¥å 3 ‡≈◊Õ°®—∫®”‡æ“–‡®“–®ß°—∫ H2PO4

› > CH3COO› ‚¥¬‰¡à‡°‘¥°“√ deprotonation ·≈–¡’§à“
§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ‡∑à“°—∫ 937.3 ·≈– 660.4 M›1 ´÷Ëß§à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ

¿“§«‘™“‡§¡’ §≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤
*ºŸâπ‘æπ∏åª√– “πß“π, e-mail: ptongraung@gmail.com
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°—∫ H2PO4
› ¡’§à“‡æ‘Ë¡¢÷Èπ‡ªìπª√–¡“≥ 4 ‡∑à“ ·≈– 20 ‡∑à“ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ß“π«‘®—¬°àÕπÀπâ“π’È¢Õß

Õπÿæ—π∏å§“≈‘°´å[4]‡Õ√’π (6 ·≈– 7) µ“¡≈”¥—∫ µ—«®—∫‰ÕÕÕπ≈∫∑’Ë‡ªìπÀ¡Ÿà‰∑‚Õ¬Ÿ‡√’¬®–®—∫‰¥â¥’°«à“µ—«®—∫∑’Ë
‡ªìπÀ¡Ÿà¬Ÿ‡√’¬ §à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß≈‘·°π¥å 2 ®÷ß¡“°°«à“≈‘·°π¥å 3 ‡¡◊ËÕ®—∫°—∫ CH3COO›

‚¥¬¡’§à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ‡ªìπ 1754.7 M›1 ·≈– 660.4 M›1 µ“¡≈”¥—∫

§” ”§—≠: µ—«®—∫‰ÕÕÕπ≈∫ §“≈‘°´å[4]‡Õ√’π 1H-NMR Titration À¡Ÿà¥÷ßÕ‘‡≈Á°µ√Õπ



«“√ “√«‘∑¬“»“ µ√å ¡»« ªï∑’Ë 25 ©∫—∫∑’Ë 2 (2552) 65

Synthesis of  Derivatives of Calix[4]arene for
Anion Sensors: Effects of the Electron Withdrawing

Group towards Anion Binding Ability

Pan Tongraung*, Jariyaporn Pomsook and Somporn Tiyasri

ABSTRACT

Synthesis of derivatives of Calix[4]arene, ligands 2, 3, 4 and 5 were synthesized
with electron withdrawing group (p-nitrophenyl-and p-chlorophenyl-) in order to enhance anion
binding ability of the capture groups on the structure, urea (3 and 5) and thiourea (2 and 4).
Complexations of various anions (H2PO4

›, HSO4
›, F›, Cl›, Br›, I›, NO3

› and CH3COO›) in
DMSO-d6 were investigated by using 1H-NMR titration. It was found that ligands 2, 3, 4 and 5
prefered to bind with strong basic anions (H2PO4

›, F› and CH3COO›) more than the weaker
basic anions (HSO4

›, Cl›, Br›, I›, NO3
›). Ligands containing p-nitrophenyl group (4 and 5) have

higher anion binding ability than that of ligands containing p-chlorophenyl group (2 and 3)
resulted in deprotonation of 4 and 5 when bind with strong base anions. Association constant of
the complex thus could not be determined by 1H-NMR titration. For ligand 3, it prefer to form
complex to H2PO4

› than CH3COO› without deprotonation, and association constants were 937.3
M›1 and 660.4 M›1, respectively. The association constant of 3 with H2PO4

› was found to be 4
and 20 times higher than previously reported values of derivatives of calix[4]arene (6 and 7),

Department of chemistry, Faculty of Science, Srinakharinwirot University
*Corresponding author, email: ptongraung@gmail.com
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respectively. Due to the higher anion binding ability of thiourea compared with that of urea,
association constant of ligand 2 was therefore higher than of ligand 3 when binded with CH3COO›

with association constant of 1754.7 M›1 and 660.4 M›1, respectively.

Keywords: anion sensors, calix[4]arene, 1H-NMR titration, electron withdrawing group
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∫∑π”
°“√ÕÕ°·∫∫·≈– —ß‡§√“–Àå supramolecule ∑’Ë¡’ ¡∫—µ‘„π°“√µ√«®®—∫‡° µå‚¡‡≈°ÿ≈ (guest

molecule) ‡ªìπ»“ µ√å∑’Ëπ—°«‘®—¬„Àâ§«“¡ π„®¡“¡“°°«à“ 10 ªï ‚¥¬‡©æ“–‡° µå‚¡‡≈°ÿ≈∑’Ë‡ªìπ‰ÕÕÕπ
≈∫ ‡π◊ËÕß®“°‰ÕÕÕπ≈∫¡’∫∑∫“∑·≈–Àπâ“∑’Ë∑’Ë ”§—≠À≈“¬¥â“πµàÕ¡πÿ…¬å  —µ«å ·≈– ‘Ëß·«¥≈âÕ¡ ∑—Èß∑“ß¥â“π
™’««‘∑¬“ (biology) ¥â“π¬“√—°…“‚√§ (medicine) ·≈–¥â“π ‘Ëß·«¥≈âÕ¡ (environment) ‚¥¬‡©æ“–·À≈àß
°”‡π‘¥‰ÕÕÕπ≈∫∑’Ë‡°‘¥®“°°“√°√–∑”¢Õß¡πÿ…¬å ‡™àπ ¢Õß‡ ’¬„π‚√ßß“πÕÿµ “À°√√¡∑’Ëª≈àÕ¬≈ß Ÿà ‘Ëß·«¥≈âÕ¡
®“°°“√‡°…µ√°√√¡ ®“°§√—«‡√◊Õπ ‡ªìπµâπ µ—«®—∫‰ÕÕÕπ≈∫ (anion receptor) π—Èπ ®–¡’∑—Èß√–∫∫∑’Ë‡ªìπ
Õπ‘π∑√’¬å ´÷Ëß®–„™â·√ß¥÷ß¥Ÿ¥√–À«à“ßª√–®ÿ ´÷Ëß¡“®“°ª√–®ÿ∫«°¢Õß‚≈À–‡¢â“™à«¬ ‡™àπ cobaltocenium-based
receptors, guanidinium based receptors ·≈–√–∫∫∑’Ë‡ªìπ “√Õ‘π∑√’¬å ´÷Ëß®–„™â·√ß¥÷ß¥Ÿ¥√–À«à“ß¢—È«·≈–
æ—π∏–‰Œ‚¥√‡®π ‡™àπ µ—«®—∫∑’Ë‡ªìπ‡Õ‰¡¥å ¬Ÿ‡√’¬ ·≈–‰∑‚Õ¬Ÿ‡√’¬ [1-7] ‡ªìπµâπ

Supramolecule „πªí®®ÿ∫—π∑’Ë¡’°“√ —ß‡§√“–Àå®–¡ÿàß‡πâπ‚¡‡≈°ÿ≈∑’Ë “¡“√∂„Àâ —≠≠“≥‰¥â ´÷Ëß‡ªìπ
 —≠≠“≥∑“ß‰øøÑ“‡§¡’ À√◊Õ —≠≠“≥∑“ßÕÕæµ‘§ ‡™àπ ø≈ŸÕÕ‡√ ‡´Áπµå ≈Ÿ¡‘‡π ‡´πµå À√◊Õ¬Ÿ«’-«‘´‘‡∫‘≈ ‚¥¬
À≈—°°“√·≈â«‚¡‡≈°ÿ≈°≈ÿà¡π’È®–∂Ÿ°ÕÕ°·∫∫„Àâª√–°Õ∫‰ª¥â«¬Àπà«¬µà“ßÊ ∑’Ë∑”Àπâ“∑’Ë·µ°µà“ß°—π §◊Õ Àπà«¬
∑’Ë„Àâ —≠≠“≥ (signaling unit) Àπà«¬∑’Ë‡ªìπµ—«‡™◊ËÕ¡ (spacer) ·≈–Àπà«¬∑’Ë‡ªìπµ—«®—∫‡° µå‚¡‡≈°ÿ≈ (receptor
unit) ÷́Ëß‡° µå‚¡‡≈°ÿ≈∫“ß™π‘¥‡ªìπÕ—πµ√“¬À√◊Õ‡ªìπ¡≈æ‘…µàÕ ‘Ëß¡’™’«‘µ·≈– ‘Ëß·«¥≈âÕ¡ ‡π◊ËÕß®“°„πªí®®ÿ∫—π
¡’°“√„™â “√‡§¡’∑“ß°“√‡°…µ√·≈–Õÿµ “À°√√¡Õ¬à“ß¡“°¡“¬ ´÷Ëß°àÕ„Àâ‡°‘¥º≈°√–∑∫µàÕ ‘Ëß¡’™’«‘µ·≈–
 ‘Ëß·«¥≈âÕ¡ ‡æ√“–¡’°“√ª≈àÕ¬¢Õß‡ ’¬∑’Ë¡’∑—Èß·§∑‰ÕÕÕπ·≈–·Õπ‰ÕÕÕπ‡ªìπÕß§åª√–°Õ∫ πÕ°®“°π’È‰¥â¡’
π—°«‘®—¬„Àâ§«“¡ π„®„π°“√„™â‡§¡’´Ÿª√“‚¡‡≈§‘«≈“√å (supramolecular chemistry) »÷°…“°“√∑”ß“π¢Õß
°≈‰°µà“ßÊ „π ‘Ëß¡’™’«‘µ ‡™àπ °√–∫«π°“√ √â“ßæ≈—ßß“π¢Õß ‘Ëß¡’™’«‘µ ‚¥¬„π√–∫∫¡’π‘«§≈’‚Õ‰∑¥å ‚æ≈’øÕ ‡øµ
‡ªìπ à«πª√–°Õ∫ ·≈–‰¥-À√◊Õ-‰µ√-§“√å∫Õ° ‘́‡≈µ·Õπ‰ÕÕÕπ ‡ªìπ ªï™’ å∑’Ë ”§—≠„π°√–∫«π°“√‡º“º≈“≠
¢Õß ‘Ëß¡’™’«‘µ ·≈–¬—ßæ∫‰ÕÕÕπ≈∫Õπ‘π∑√’¬åÀ≈“¬™π‘¥ ‡™àπ ‰ÕÕÕπ¢Õß‰π‡µ√µ §“√å∫Õ‡πµ —́≈‡øµ ·≈–
§≈Õ‰√¥å Õ¬Ÿà„π√–∫∫™’«¿“æ‡ªìπ®”π«π¡“° °“√æ—≤π“«‘∏’°“√ —ß‡§√“–Àå‚¡‡≈°ÿ≈‡æ◊ËÕ¥—°®—∫À√◊Õµ‘¥µ“¡
°√–∫«π°“√µà“ßÊ ∑’Ë‡°’Ë¬«¢âÕß°—∫‰ÕÕÕπ≈∫ À√◊Õ·¡â°√–∑—Ëß°“√ √â“ß‚¡‡≈°ÿ≈‡æ◊ËÕ„™â‡ªìπ‡§√◊ËÕß¡◊Õµ√«®«—¥
‰ÕÕÕπ≈∫ ¥—ßπ—Èπ °“√ÕÕ°·∫∫·≈–æ—≤π“‚¡‡≈°ÿ≈∑’Ë¡’§ÿ≥ ¡∫—µ‘¥—ß°≈à“«®÷ß¡’§«“¡ ”§—≠

ß“π«‘®—¬°àÕπÀπâ“π’È¢ÕßºŸâ«‘®—¬‰¥âÕÕ°·∫∫ —ß‡§√“–Àå‚¡‡≈°ÿ≈∑’Ë¡’µ—«®—∫‰ÕÕÕπ≈∫‡ªìπ¬Ÿ‡√’¬ [8]
‚¥¬¡’§“≈‘°´å[4]‡Õ√’π‡ªìπ‚§√ß √â“ß∞“π ‡π◊ËÕß®“°µ—¥·µàßµàÕ‡µ‘¡‰¥âßà“¬‡æ◊ËÕ„Àâ‰¥â‚¡‡≈°ÿ≈∑’Ë¡’§ÿ≥ ¡∫—µ‘‡©æ“–
‚æ√ß¢Õß§“≈‘°´å[4]‡Õ√’π®– àßº≈„Àâ®—∫‡° µå‚¡‡≈°ÿ≈‰¥â¥’ æ∫«à“‚¡‡≈°ÿ≈∑’ËÕÕ°·∫∫ —ß‡§√“–Àåπ—Èπ‡≈◊Õ°®—∫
°—∫‰ÕÕÕπ≈∫ H2PO4

› ‰¥â¥’°«à“ Cl› „π¢≥–∑’Ë NO3
›, Br4

› ·≈– I› ‰¡à “¡“√∂‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ
°—∫‚¡‡≈°ÿ≈‰¥â ∂÷ß·¡â‚¡‡≈°ÿ≈®–‡≈◊Õ°®—∫°—∫ H2PO4

› ·µà§à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ¡’§à“µË”‡æ’¬ß 44.4
M›1 πÕ°®“°π’È ¬—ß¡’ß“π¢ÕßºŸâ«‘®—¬∑’Ë¡’§“≈‘°´å[4]‡Õ√’π‡ªìπ‚§√ß √â“ß∞“π‡™àπ‡¥’¬«°—π ‚¡‡≈°ÿ≈∑’Ë —ß‡§√“–Àå
‰¥â¬—ß§ß‡≈◊Õ°®—∫°—∫ H2PO4

› ·≈–¡’§à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ∑’Ë‡æ‘Ë¡¢÷Èπ‡ªìπ 250.0 M›1[9] ‡ªìπ
‡æ√“–®“°‚§√ß √â“ß¢Õß‚¡‡≈°ÿ≈„πß“π«‘®—¬π—Èπ‚ª√µÕπ¢Õß¬Ÿ‡√’¬¡’§«“¡·√ß¢Õß°√¥‡æ‘Ë¡¢÷Èπ °“√®—∫°—∫
‰ÕÕÕπ≈∫®÷ß·¢Áß·√ß¢÷Èπ ¥—ßπ—Èπ ß“π«‘®—¬§√—Èßπ’ÈµâÕß°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√®—∫‰ÕÕÕπ≈∫„Àâ‡æ‘Ë¡¢÷ÈπÕ’° ®÷ß
‰¥â —ß‡§√“–Àå‚¡‡≈°ÿ≈∑’Ë¡’µ—«®—∫‰ÕÕÕπ≈∫‡ªìπ¬Ÿ‡√’¬ À√◊Õ‰∑‚Õ¬Ÿ‡√’¬ ·≈–¡’°“√‡µ‘¡À¡Ÿà¥÷ßÕ‘‡≈Á°µ√Õπ (electron
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withdrawing group) §◊Õ p-nitrophenyl ·≈– p-chlorophenyl ∑’Ë‡ªìπµ—« àß —≠≠“≥ (signaling unit)
„π‡«≈“‡¥’¬«°—π ‚¥¬§“¥«à“°“√‡µ‘¡À¡Ÿà¥÷ßÕ‘‡≈Á°µ√Õπ‡¢â“‰ª®–∑”„Àâ‚¡‡≈°ÿ≈∑’Ë —ß‡§√“–Àå¢÷Èπ„À¡àπ’È®–‡æ‘Ë¡
ª√– ‘∑∏‘¿“æ„π°“√®—∫‰ÕÕÕπ≈∫‰¥â¥’¬‘Ëß¢÷Èπ ·≈– àß —≠≠“≥‰¥â

°“√‡µ√’¬¡ “√·≈–«‘∏’°“√∑¥≈Õß
‡§√◊ËÕß¡◊Õ·≈– “√‡§¡’

1.  “√‡§¡’·≈–µ—«∑”≈–≈“¬∑’Ë„™â„π°“√∑¥≈Õß∑’Ë‡ªìπ analytical grade ‰¥â®“°∫√‘…—∑ Fluka,
BDH, Aldric, Carlo Erba, Merck À√◊Õ J.T. Baker

2. ‡°≈◊Õ¢Õß‰ÕÕÕπ≈∫ ”À√—∫°“√∑” 1H-NMR titration ‡™àπ tetrabutylammonium fluoride
trihydrate, tetrabutylammonium chloride, tetrabutylammonium bromide, tetrabutylammonium
iodide ‰¥â®“°∫√‘…—∑ Acros Organics

3. µ—«∑”≈–≈“¬∑’Ë‡ªìπ commercial grade ‡™àπ acetone, dichloromethane, hexane, methanol
·≈– ethyl acetate ∑”„Àâ∫√‘ ÿ∑∏‘Ï‰¥â‚¥¬°“√°≈—Ëπ

4. µ—«∑”≈–≈“¬∑’Ë„™â„π°“√µ—ÈßªØ‘°‘√‘¬“®–∂Ÿ°°≈—Ëπ∫π CaH2 ·≈–µ—«∑”≈–≈“¬∑’Ë„™â„π°“√∑”
§Õ≈—¡πå®–∂Ÿ°·™à¥â«¬ molecular sieves °àÕπ„™â

5. Thin-layer chromatography (TLC) ‰¥â®“°°“√‡§≈◊Õ∫ silica gel (Kieselgel 60, Merck)
∫π plates ·≈– “√∑’ËÕ¬Ÿà∫π TLC plates «‘‡§√“–Àå‚¥¬‡§√◊ËÕß©“¬· ß UV (UV-light)

6.  “√µ—Èßµâπ„π°“√ —ß‡§√“–Àå ‡™àπ p-tert-butylcalix[4]arene  —ß‡§√“–Àå‰¥â®“°°“√∑”ªØ‘°‘√‘¬“
§«∫·πàπ¢Õß p-tert-butylphenol °—∫ formaldehyde „π ¿“«–‡∫ 

7. 1H-NMR ∫—π∑÷°§à“¥â«¬‡§√◊ËÕß Nuclear Magnetic Resonance (NMR) spectrometers
√ÿàπ AVANCE 300 MHz ¢Õß Bruker

8. Mass spectum ∫—π∑÷°§à“¥â«¬ EI-MS: Thermo Finnigan Polaris Q

°“√‡µ√’¬¡ “√ 5, 17-bis-[N-(p-chlorophenyl)] dithiourea-25, 27-dihydroxy-26, 28-dimethoxycalix[4]
arene (2)

≈–≈“¬ “√ 1 0.20 °√—¡ (0.414 mmol) „πµ—«∑”≈–≈“¬ CH2Cl2 10 ¡‘≈≈‘≈‘µ√ „π¢«¥°âπ°≈¡
¢π“¥ 25 ¡‘≈≈‘≈‘µ√ ‡µ‘¡ p-chlorophenyl isothiocyanate 0.16 °√—¡ (0.912 mmol) ∑”°“√°«π¿“¬„µâ
∫√√¬“°“» N2 ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®–‰¥âµ–°Õπ ’πÈ”‡À≈◊ÕßÕàÕπ °√Õß·≈–‡°Á∫ “√‰«â„π‚∂¥Ÿ¥§«“¡™◊Èπ (2)
(0.29 °√—¡, 85%); 1H-NMR (DMSO-d6): δ 9.68 (s, 2H, NHArCl), 9.24 (s, 2H, NHArOCH3), 8.22
(s, 2H, ArOH), 7.44 (d, J=8.7 Hz, 4H, ClArH), 7.32 (d, J=9.0 Hz, 4H, ClArH), 7.12 (d, J=7.2
Hz, 2H, ArHOH), 7.08 (d, J=6.9 Hz, 2H, ArHOH), 6.98 (s, 2H, ArHOCH3), 6.60 (t, J=7.5 Hz,
2H, ArHOH) 6.18 (s, 2H, ArHOCH3), 4.19 (d, J=12.6 Hz, 2H, ArCH2Ar), 4.05 (d, J=12.6 Hz,
2H, ArCH2Ar), 3.94 (s, 3H, ArOCH3), 3.83 (s, 3H, ArOCH3), 3.43 (d, J=12.6 Hz, 4H, ArCH2Ar);
EI MS (m/z): 819.02 [M+]
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°“√‡µ√’¬¡ “√ 5, 17-bis-[N-(p-chlorophenyl)] diurea-25, 27-dihydroxy-26, 28-dimethoxycalix[4]
arene (3)

≈–≈“¬ “√ 1 0.20 °√—¡ (0.414 mmol) „πµ—«∑”≈–≈“¬ CH2Cl2 10 ¡‘≈≈‘≈‘µ√ „π¢«¥°âπ°≈¡
¢π“¥ 25 ¡‘≈≈‘≈‘µ√ ‡µ‘¡ p-chlorophenyl isocyanate 0.11 ¡‘≈≈‘≈‘µ√ (0.912 mmol) ∑”°“√°«π¿“¬„µâ
∫√√¬“°“» N2 ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®–‰¥âµ–°Õπ ’πÈ”µ“≈ÕàÕπ °√Õß·≈–‡°Á∫ “√‰«â„π‚∂¥Ÿ¥§«“¡™◊Èπ (3)
(0.26 °√—¡, 80%); 1H-NMR (DMSO-d6): δ 8.59 (s, 2H, NHArCl), 8.35 (s, 2H, NHArOCH3),
8.17 (s, 2H, ArOH), 7.37 (d, J=8.7 Hz, 4H, ClArH) 7.25 (d, J=8.7 Hz, 4H, ClArH), 7.09-7.14
(m, 8H, ArHCH2

›), 6.60 (t, J=7.5 Hz, 2H, ArHCH2
›) 4.16 (d, J=12.6 Hz, 4H, ArCH2Ar), 3.90

(s, 6H, ArOCH3), 3.41 (d, J=12.6 Hz, 4H, ArCH2Ar); EI MS (m/z): 787.15 [M+]

°“√‡µ√’¬¡ “√ 5, 17-bis-[N-(p-nitrophenyl)] dithiourea-25, 27-dihydroxy-26, 28-dimethoxycalix[4]
arene (4)

≈–≈“¬ “√ 1 0.20 °√—¡ (0.414 mmol) „πµ—«∑”≈–≈“¬ CH2Cl2 10 ¡‘≈≈‘≈‘µ√ „π¢«¥°âπ°≈¡
¢π“¥ 25 ¡‘≈≈‘≈‘µ√ ‡µ‘¡ p-nitrophenyl isothiocyanate 0.17 °√—¡ (0.912 mmol) ∑”°“√°«π¿“¬„µâ
∫√√¬“°“» N2 ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®–‰¥âµ–°Õπ ’πÈ”µ“≈ÕàÕπ °√Õß·≈–‡°Á∫ “√‰«â„π‚∂¥Ÿ¥§«“¡™◊Èπ (4)
(0.31 °√—¡, 90%); 1H-NMR (DMSO-d6): δ 10.25 (s, 2H,-NHArNO2), 9.79 (s, 2H,-NHArOCH3),
8.19 (s, 2H, ArOH), 8.16 (d, J=9 Hz, 4H, NO2ArH), 7.77 (d, J=9 Hz, 4H, NO2ArH), 7.19
(s, 4H, ArHCH2

›), 7.12 (d, J=7.5 Hz, 4H, ArHCH2
›), 6.60 (t, J=7.5 Hz, 2H, ArHCH2

›), 4.21
(d, J=12.6 Hz, 4H, ArCH2Ar), 3.97 (s, 6H, ArOCH3), 3.48 (d, J=12.6 Hz, 4H, ArCH2Ar); EI
MS (m/z): 841.21 [M+]

°“√‡µ√’¬¡ “√ 5, 17-bis-[N-(p-nitrophenyl)] diurea-25, 27-dihydroxy-26, 28-dimethoxycalix[4]
arene (5)

≈–≈“¬ “√ 1 0.20 °√—¡ (0.414 mmol) „πµ—«∑”≈–≈“¬ CH2Cl2 10 ¡‘≈≈‘≈‘µ√ „π¢«¥°âπ°≈¡
¢π“¥ 25 ¡‘≈≈‘≈‘µ√ ‡µ‘¡ p-nitrophenyl isocyanate 0.16 °√—¡ (0.912 mmol) °«π¿“¬„µâ∫√√¬“°“» N2

‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®–‰¥âµ–°Õπ ’πÈ”µ“≈ÕàÕπ °√Õß·≈–‡°Á∫ “√‰«â„π‚∂¥Ÿ¥§«“¡™◊Èπ (5) (0.27 °√—¡, 80%);
1H-NMR (DMSO-d6): δ 9.24 (s, 2H,-NHArNO2), 8.58 (s, 2H, -NHArOCH3), 8.14 (s, 2H,
ArOH), 8.12 (d, J=9 Hz, 4H, NO2ArH), 7.75 (d, J=9 Hz, 4H, NO2ArH), 7.19 (s, 4H, ArHCH2

›),
7.10 (d, J=7.5 Hz, 4H, ArHCH2

›), 6.62(t, J=7.5 Hz, 2H, ArHCH2
›), 4.19 (d, J=12.6 Hz, 4H,

ArCH2Ar), 3.95 (s, 6H, ArOCH3), 3.45 (d, J=12.6 Hz, 4H, ArCH2Ar); EI MS (m/z): 809.26
[M+]
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°“√‡µ√’¬¡ “√‡æ◊ËÕ»÷°…“°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß “√ 2, 3, 4 ·≈– 5 °—∫‰ÕÕÕπ≈∫µà“ßÊ
(Cl›, Br›, I›, NO3

›, CH3COO›, HSO4
› ·≈– H2PO4

›) ‚¥¬«‘∏’ 1H-NMR titration
°“√‡µ√’¬¡ “√≈–≈“¬¢Õß “√ 2-5

™—Ëß “√ 2, 3, 4 ·≈– 5 ¡“ 5 x 10›6 mol ‡µ‘¡≈ß„πÀ≈Õ¥ NMR ∑—ÈßÀ¡¥ 4 À≈Õ¥ ·≈â«
‡µ‘¡µ—«∑”≈–≈“¬ DMSO-d6 ‡æ◊ËÕ≈–≈“¬ “√ 2, 3, 4 ·≈– 5 „Àâ‡ªìπ “√≈–≈“¬‡π◊ÈÕ‡¥’¬«°—π ‚¥¬°“√‡µ‘¡
DMSO-d6 „Àâ¡’ª√‘¡“µ√ ÿ¥∑â“¬ 500 µl (0.5 ¡‘≈≈‘≈‘µ√) ®–‰¥â “√≈–≈“¬¢Õß 2, 3, 4 ·≈– 5 ‡¢â¡¢âπ 0.01
mol/dm3

°“√‡µ√’¬¡ stock solution ¢Õß‰ÕÕÕπ≈∫™π‘¥µà“ßÊ ‡æ◊ËÕ∑”°“√ titration
™—Ëß‡°≈◊Õ‰ÕÕÕπ≈∫¢Õß NO3

›, CH3COO›, H2PO4
›, HSO4

›, F›, Cl›, Br› ·≈– I› 5 x 10›5

mol „ à„π¢«¥„ à “√ ·≈â«‡µ‘¡ DMSO-d6 ‡æ◊ËÕ≈–≈“¬·≈–ª√—∫ª√‘¡“µ√„Àâ‡ªìπ 500 µl (0.5 ml) ®–‰¥â
stock solution ¢Õß‰ÕÕÕπ≈∫™π‘¥µà“ßÊ ‡¢â¡¢âπ 0.1 mol/dm3

«‘∏’°“√∑¥≈Õß
1. ∫—π∑÷° NMR  ‡ª°µ√—¡ ·≈–§à“ chemical shift ¢Õß NH - „πÀ¡Ÿà‰∑‚Õ¬Ÿ‡√’¬À√◊Õ¬Ÿ‡√’¬¢Õß

≈‘·°π¥å 2, 3, 4 ·≈– 5
2. ®“°π—Èπ‡µ‘¡‰ÕÕÕπ≈∫™π‘¥µà“ßÊ „πÕ—µ√“ à«π‚¡≈∑’Ëª√“°Ø„πµ“√“ß∑’Ë 1 ‚¥¬·µà≈–Õ—µ√“ à«π

‚¡≈„Àâ∫—π∑÷° 1H-NMR  ‡ª°µ√—¡ ·≈–∫—π∑÷°§à“ chemical shift ¢Õß NH -  „πÀ¡Ÿà‰∑‚Õ¬Ÿ‡√’¬À√◊Õ¬Ÿ‡√’¬
‰«â∑ÿ°§√—Èß

3. π”§à“ chemical shift ¢Õß NH - „πÀ¡Ÿà‰∑‚Õ¬Ÿ‡√’¬À√◊Õ¬Ÿ‡√’¬∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª‰ª§”π«≥À“
§à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ (Kass) ‚¥¬„™â‚ª√·°√¡ EQNMR

µ“√“ß∑’Ë 1 · ¥ßÕ—µ√“ à«π‚¡≈¢Õß·Õπ‰ÕÕÕπ™π‘¥µà“ßÊ µàÕ≈‘·°π¥å 2, 3, 4 ·≈– 5 „πµ—«∑”≈–≈“¬
DMSO-d6

Õ—µ√“ à«π‚¡≈¢Õß ª√‘¡“µ√¢Õß‰ÕÕÕπ≈∫ ª√‘¡“≥‚¡≈¢Õß‰ÕÕÕπ≈∫ ª√‘¡“µ√√«¡¢Õß

‰ÕÕÕπ≈∫µàÕ≈‘·°π¥å ∑’Ë‡µ‘¡ (¡‘≈≈‘≈‘µ√) „πÀ≈Õ¥ NMR (¡‘≈≈‘≈‘µ√) À≈Õ¥ NMR (¡‘≈≈‘≈‘µ√)
0.0 0.000 0.00 0.500
0.2 0.010 1.0 x 10

›6
0.510

0.4 0.010 2.0 x 10
›6

0.520
0.6 0.010 3.0 x 10

›6
0.530

0.8 0.010 4.0 x 10
›6

0.540
1.0 0.010 5.0 x 10

›6
0.550

1.2 0.010 6.0 x 10
›6

0.560
1.4 0.010 7.0 x 10

›6
0.570

1.6 0.010 8.0 x 10
›6

0.580
1.8 0.010 9.0 x 10

›6
0.590

2.0 0.010 10.0 x 10
›6

0.600
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º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈°“√∑¥≈Õß
°“√ —ß‡§√“–Àå≈‘·°π¥å 2, 3, 4 ·≈– 5  “¡“√∂ —ß‡§√“–Àåºà“π¢—ÈπµÕπ∑—ÈßÀ¡¥ 6 ¢—ÈπµÕπ

‚¥¬∑’Ë 5 ¢—ÈπµÕπ·√°‰¥âÕ∏‘∫“¬‰«â„πß“π«‘®—¬°àÕπÀπâ“π’È [8, 9] „π¢—ÈπµÕπ ÿ¥∑â“¬‡ªìπ°“√∑”ªØ‘°‘√‘¬“
coupling ¢Õß “√ 1 °—∫ p-chlorophenylisothiocyanate À√◊Õ p-chlorophenylisocyanate À√◊Õ
p-nitrophenylisothiocyanate À√◊Õ p-nitrophenylisothiocyanate µ“¡≈”¥—∫ ®–‰¥â≈‘·°π¥å 2, 3, 4 ·≈–
5 ¥—ß√Ÿª∑’Ë 1 1H-NMR ·≈– mass spectrometry ¢Õß≈‘·°π¥å∑—Èß ’Ë Õ¥§≈âÕß°—∫‚§√ß √â“ß¢Õß “√
¢—ÈπµÕπ°“√ —ß‡§√“–Àå¥—ß· ¥ß„π√Ÿª∑’Ë 1

√Ÿª∑’Ë 1 · ¥ß°“√ —ß‡§√“–Àå “√Õπÿæ—π∏å¢Õß§“≈‘°´å[4]‡Õ√’π
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‡√“‰¥â»÷°…“§«“¡ “¡“√∂¢Õß≈‘·°π¥å 2, 3, 4 ·≈– 5 „π°“√®—∫°—∫‰ÕÕÕπ≈∫™π‘¥µà“ßÊ ∑’Ë¡’
√Ÿª√à“ß∑—Èß∑√ß°≈¡  “¡‡À≈’Ë¬¡·∫π√“∫ ·≈–∑√ß ’ËÀπâ“ ‡æ√“–‰ÕÕÕπ≈∫™π‘¥µà“ßÊ π—Èπ¡’∫∑∫“∑ ”§—≠
∑—Èß¥â“π ‘Ëß·«¥≈âÕ¡·≈–√–∫∫™’«¿“æ ‰ÕÕÕπ≈∫∑’Ë‡≈◊Õ°¡“»÷°…“ ‰¥â·°à NO3

›, CH3COO›, H2PO4
›, HSO4

›,
F›, Cl›, Br› ·≈– I› ‚¥¬«‘∏’ 1H-NMR titration 1H-NMR  ‡ª°µ√—¡¢Õß≈‘·°π¥å 2, 3, 4 ·≈– 5
„πµ—«∑”≈–≈“¬ DMSO-d6 ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‡¡◊ËÕ¬—ß‰¡à‰¥â‡µ‘¡·≈–‡¡◊ËÕ‡µ‘¡ °“√‡µ‘¡‡°≈◊Õ‰ÕÕÕπ≈∫™π‘¥µà“ßÊ
„π√Ÿª¢Õß tetrabutylammonium µ“¡µ“√“ß∑’Ë 1 ‰¥â∫—π∑÷°§à“ chemical shift (δ) ¢Õß NH- „πÀ¡Ÿà¬Ÿ‡√’¬
À√◊Õ‰∑‚Õ¬Ÿ‡√’¬¢Õß≈‘·°π¥å 2, 3, 4 ·≈– 5 °“√‡µ‘¡‰ÕÕÕπ≈∫ I› §à“ chemical shift (δ) ¢Õß NH-
„πÀ¡Ÿà¬Ÿ‡√’¬À√◊Õ‰∑‚Õ¬Ÿ‡√’¬‰¡à‡ª≈’Ë¬π·ª≈ß · ¥ß«à“≈‘·°π¥å 2, 3, 4 ·≈– 5 ‰¡à “¡“√∂‡°‘¥ “√ª√–°Õ∫
‡™‘ß´âÕπ°—∫‰ÕÕÕπ≈∫ I› ‰¥â „π¢≥–∑’Ë‰ÕÕÕπ≈∫ NO3

›, CH3COO›, H2PO4
›, HSO4

›, F›, Cl› ·≈–
Br› §à“ chemical shift (δ) ¢Õß NH-  „πÀ¡Ÿà¬Ÿ‡√’¬À√◊Õ‰∑‚Õ¬Ÿ‡√’¬¡’°“√‡ª≈’Ë¬π·ª≈ß·≈–‰¥â∫—π∑÷°§à“‰«â
· ¥ß«à“≈‘·°π¥å 2, 3, 4 ·≈– 5  “¡“√∂‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ°—∫‰ÕÕÕπ≈∫¥—ß°≈à“«‰¥â º≈µà“ß¢Õß
§à“ chemical shift (δ) ¢Õß≈‘·°π¥å 3 °—∫‰ÕÕÕπ≈∫™π‘¥µà“ßÊ ª√–°Õ∫‡™‘ß´âÕπ°—∫‰ÕÕÕπ≈∫ ¥—ß· ¥ß„π
µ“√“ß∑’Ë 2 §à“ chemical shift (δ) ¢Õß≈‘·°π¥å 3 °—∫‰ÕÕÕπ≈∫ CH3COO› ∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª · ¥ß„π
µ“√“ß∑’Ë 3 ´÷Ëß Õ¥§≈âÕß°—∫ 1H-NMR ¢Õß≈‘·°π¥å 3 ‡¡◊ËÕ‡µ‘¡‰ÕÕÕπ≈∫ CH3COO› ¥—ß· ¥ß„π√Ÿª∑’Ë 2
§à“ chemical shift (δ) ¢Õß NH- „πÀ¡Ÿà¬Ÿ‡√’¬À√◊Õ‰∑‚Õ¬Ÿ‡√’¬∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª‰¥âπ”¡“§”π«≥À“§à“§ß∑’Ë
°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ ‚¥¬„™â‚ª√·°√¡ EQNMR §à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ∑’Ë‰¥â· ¥ß„π
µ“√“ß∑’Ë 4 °“√æ≈äÕµ°√“ø¢Õß X °—∫ ∆δ(1-X) · ¥ß∂÷ßÕ—µ√“ à«π¢Õß°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß≈‘·°π¥å
°—∫‰ÕÕÕπ≈∫ √Ÿª∑’Ë 2 · ¥ßÕ—µ√“ à«π°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß≈‘·°π¥å 3 °—∫‰ÕÕÕπ≈∫ CH3COO›

µ“√“ß∑’Ë 2 · ¥ßº≈µà“ß¢Õß§à“ chemical shift (δ) ¢Õß≈‘·°π¥å 3 ‡¡◊ËÕ‡µ‘¡‰ÕÕÕπ≈∫ NO3
›, CH3COO›,

H2PO4
›, HSO4

›, F›, Cl›, Br› ·≈– I›

‰ÕÕÕπ≈∫ º≈µà“ß§à“ chemical shift (δ) ppm

CH3COO› 1.3290
H2PO4

› 1.0966
HSO4

› ‰¡à‡ª≈’Ë¬π·ª≈ß
F› ‰¡à “¡“√∂À“§à“‰¥â
Cl› 0.1480
Br› 0.0586
I ‰¡à‡ª≈’Ë¬π·ª≈ß

NO3
› ‰¡à‡ª≈’Ë¬π·ª≈ß
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µ“√“ß∑’Ë 3 · ¥ß§à“ chemical shift (δ) ∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª¢Õß≈‘·°π¥å 3 °—∫‰ÕÕÕπ≈∫ CH3COO›

Õ—µ√“ à«π‚¡≈¢Õß §«“¡‡¢â¡¢âπ¢Õß §«“¡‡¢â¡¢âπ¢Õß CH3COO› §à“ chemical shift (δ)

‰ÕÕÕπ≈∫µàÕ≈‘·°π¥å 3 ≈‘·°π¥å 3 (mol/dm3) (mol/dm3)

0 0.01000 0.00000 8.5880

0.2 0.00980 0.00196 8.7930

0.4 0.00962 0.00385 8.9930

0.6 0.00943 0.00566 9.2555

0.8 0.00926 0.00741 9.4462

1.0 0.00910 0.00910 9.5975

1.2 0.00893 0.01071 9.7010

1.4 0.00877 0.01228 9.7132

1.6 0.00862 0.01379 9.8068

1.8 0.00847 0.01525 9.8542

2.0 0.00833 0.01667 9.9170

√Ÿª∑’Ë 2 · ¥ßÕ—µ√“ à«π 1: 1 ¢Õß≈‘·°π¥å 3 °—∫ ‰ÕÕÕπ≈∫ CH3COO›
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√Ÿª∑’Ë 3 · ¥ß°“√ shift ¢Õß NH- „πÀ¡Ÿà¬Ÿ‡√’¬∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª¢Õß≈‘·°π¥å 3 ‡¡◊ËÕ‡µ‘¡ CH3COO›

„πÕ—µ√“ à«π‚¡≈ 0 ∂÷ß 1.6 ‡∑à“

µ“√“ß∑’Ë 4 · ¥ß§à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß≈‘·°π¥å 2, 3, 4 ·≈– 5 °—∫ CH3COO›, F›, Cl,
Br›, H2PO4

›, HSO4
›, I› ·≈– NO3

›

‰ÕÕÕπ≈∫ §à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ (M-1)

6* 7* 2 3 4 5

CH3COO› - - 1754.7 660.4 À“§à“‰¡à‰¥â À“§à“‰¡à‰¥â

H2PO4
› 250.0 44.4 À“§à“‰¡à‰¥â 937.3 À“§à“‰¡à‰¥â À“§à“‰¡à‰¥â

F› - - À“§à“‰¡à‰¥â À“§à“‰¡à‰¥â À“§à“‰¡à‰¥â À“§à“‰¡à‰¥â

Cl› 43.0 20.2 89.8 41.4 123 95

Br› 30.0 No binding 36.8 23.5 25 21

I› No binding No binding No binding No binding No binding No binding

NO3
› 13.0 No binding No binding No binding 24.8 23.8

HSO4
› - No binding No binding No binding 23 No binding

À¡“¬‡Àµÿ: *§à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß ấÕπ¢Õß≈‘·°π¥å 6 ·≈– 7 ‰¥â®“°‡Õ° “√Õâ“ßÕ‘ß [8, 9]



«“√ “√«‘∑¬“»“ µ√å ¡»« ªï∑’Ë 25 ©∫—∫∑’Ë 2 (2552) 75

√Ÿª∑’Ë 4 ‚§√ß √â“ß¢Õß≈‘·°π¥å 2, 3, 4, 5, 6 ·≈– 7

®“°‚§√ß √â“ß¢Õß≈‘·°π¥å 6 ·≈– 7 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫À¡Ÿà phenyl ≈‘·°π¥å 6 °—∫À¡Ÿà hexyl
¢Õß≈‘·°π¥å 7 À¡Ÿà phenyl ¡’º≈∑”„Àâ‚ª√µÕπ¢Õß¬Ÿ‡√’¬„π≈‘·°π¥å 6 ¡’§«“¡·√ß¢Õß°√¥¡“°°«à“®÷ß
 “¡“√∂®—∫°—∫‰¥â‰ÕÕÕπ≈∫‰¥â¥’°«à“ ¥—ß· ¥ß§à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ„πµ“√“ß∑’Ë 4 ·≈–°“√‡µ‘¡À¡Ÿà
p-chlorophenyl ·≈– p-nitrophenyl ÷́Ëß‡ªìπÀ¡Ÿà¥÷ßÕ‘‡≈Á°µ√Õπ®– àßº≈„Àâ‚ª√µÕπ¢ÕßÀ¡Ÿà¬Ÿ‡√’¬À√◊Õ
‰∑‚Õ¬Ÿ‡√’¬¢Õß≈‘·°π¥å 2, 3, 4 ·≈– 5 ¡’§«“¡·√ß¢Õß°√¥‡æ‘Ë¡¡“°¢÷Èπ ®–‡ÀÁπ‰¥â®“°§à“§ß∑’Ë°“√‡°‘¥
 “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß≈‘·°π¥å 2, 3, 4 ·≈– 5 °—∫‰ÕÕÕπ≈∫µà“ßÊ ¡’§à“¡“°°«à“¢Õß ≈‘·°π¥å 6 ·≈– 7
‡™àπ ‰ÕÕÕπ≈∫ Cl› ·≈– H2PO4

› Õ¬à“ß‰√°Áµ“¡ ≈‘·°π¥å∑—ÈßÀ¡¥°Á‰¡à “¡“√∂®—∫°—∫‰ÕÕÕπ≈∫∑’Ë¡’√Ÿª√à“ß‡ªìπ
∑√ß°≈¡∑’Ë¡’¢π“¥„À≠à‰¥â¥’ ‡™àπ Br› ·≈– I› ‚¥¬‡©æ“– I› ≈‘·°π¥å∑—ÈßÀ°‰¡à “¡“√∂®—∫‰¥â‡≈¬ ≈‘·°π¥å
∑—ÈßÀ¡¥®–‡≈◊Õ°®—∫®”‡æ“–‡®“–®ß°—∫‰ÕÕÕπ≈∫∑’Ë¡’§«“¡·√ß¢Õß‡∫ ∑’Ë·√ß ‡™àπ F›, CH3COO› ·≈– H2PO4

›

‚¥¬‡©æ“– H2PO4
› ¡’√Ÿª∑√ß ’ËÀπâ“∑’Ë “¡“√∂‡¢â“°—∫‚§√ß √â“ß¢Õß§“≈‘°´å[4]‡Õ√’π∑’Ë‡ªìπ‚§√ß √â“ß∞“π‰¥â¥’

∑”„Àâ§à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ¡’§à“ Ÿß ·≈–®– Ÿß¢÷Èπµ“¡§«“¡·√ß°√¥¢Õß‚ª√µÕπ„πÀ¡Ÿà¬Ÿ‡√’¬
À√◊Õ‰∑‚Õ¬Ÿ‡√’¬∑’Ë‡¡◊ËÕ¡’°“√‡µ‘¡À¡Ÿà¥÷ßÕ‘‡≈Á°µ√Õπ‡¢â“‰ª„π‚§√ß √â“ß¢Õß≈‘·°π¥å ‚¥¬‡æ‘Ë¡¢÷Èπ®“° 44.4 M-1 ¢Õß
≈‘·°π¥å 7 ‡ªìπ 250.0 ·≈– 937.3 M-1 ¢Õß≈‘·°π¥å 6 ·≈– 3 µ“¡≈”¥—∫ „π¢≥–∑’Ë≈‘·°π¥å 2, 4 ·≈– 5
À“§à“‰¡à‰¥â ‰ÕÕÕπ≈∫∑’Ë¡’§«“¡·√ß¢Õß‡∫ ÕàÕπ ‡™àπ Cl›, Br›, HSO4

› ·≈– NO3
› ≈‘·°π¥å®–®—∫‰¥â‰¡à¥’

·≈–¡’§à“§ß∑’Ë¢Õß°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ∑’ËµË”
®“°µ“√“ß∑’Ë 4 §à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß≈‘·°π¥å 2, 3, 4 ·≈– 5 °—∫‰ÕÕÕπ≈∫

∑’Ë¡’§«“¡·√ß¢Õß‡∫ ∑’Ë·√ß (F›, CH3COO› ·≈– H2PO4
›) À“§à“‰¡à‰¥â‡ªìπ à«π„À≠à ¬°‡«âπ≈‘·°π¥å 3 °—∫

‰ÕÕÕπ≈∫ CH3COO› ·≈– H2PO4
› ‡π◊ËÕß®“°°“√‡µ‘¡À¡Ÿà¥÷ßÕ‘‡≈Á°µ√Õπ‡¢â“‰ª„π‚§√ß √â“ß¢Õß≈‘·°π¥å

¡’º≈∑”„Àâ‡¡◊ËÕ®—∫°—∫‰ÕÕÕπ≈∫∑’Ë¡’§«“¡·√ß¢Õß‡∫ ∑’Ë·√ß ®–‡°‘¥ deprotonation [10-13] §◊Õ ¡’°“√„Àâ
·≈–√—∫‚ª√µÕπ¢ÕßÀ¡Ÿà¬Ÿ‡√’¬À√◊Õ‰∑‚Õ¬Ÿ‡√’¬¢Õß≈‘·°π¥å 2, 4 ·≈– 5 °—∫‰ÕÕÕπ≈∫‡À≈à“π—Èπ ¥—ß· ¥ß„π√Ÿª∑’Ë 5
1H-NMR ¢Õß≈‘·°π¥å 2 ‡¡◊ËÕ‡µ‘¡‰ÕÕÕπ≈∫ F› ·≈– H2PO4

› ‚ª√µÕπ¢ÕßÀ¡Ÿà‰∑‚Õ¬Ÿ‡√’¬®– brod ·≈–
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À“¬‰ªµ—Èß·µà‡µ‘¡‰ªÕ—µ√“ à«π‚¡≈ 0.2 ·≈– 0.6 ‡∑à“ µ“¡≈”¥—∫ ∑”„Àâ‰¡à “¡“√∂À“§à“§ß∑’Ë°“√‡°‘¥
 “√ª√–°Õ∫‡™‘ß´âÕπ‚¥¬«‘∏’ 1H-NMR ‰¥â  ”À√—∫≈‘·°π¥å 4 ·≈– 5 °—∫‰ÕÕÕπ≈∫ F›, CH3COO› ·≈–
H2PO4

› °Á‡ªìπ‰ª„π∑”πÕß‡¥’¬«°—π

√Ÿª∑’Ë 5 · ¥ß 1H-NMR ¢Õß≈‘·°π¥å 4 ‡¡◊ËÕ‡µ‘¡‰ÕÕÕπ≈∫ F› ·≈– H2PO4
› „πÕ—µ√“ à«π‚¡≈ 0 ∂÷ß 2 ‡∑à“
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®“° ‡ª°µ√—¡¢Õß 1H-NMR „π√Ÿª∑’Ë 5 §à“ chemical shift (δ) ∑’Ëª√–¡“≥ 6.60, 7.12, 7.19,
7.77 ·≈– 8.16 ÷́Ëß‡ªìπ¢ÕßÕ‚√¡“µ‘°„π§“≈‘°´å[4]‡Õ√’π·≈–Õ‚√¡“µ‘°¢Õß p-nitrophenyl ¡’°“√ shift ‰ª
∑“ß§à“ chemical shift (δ) ∑’ËµË”≈ßÀ√◊Õ‰ª∑“ß up field shift ‡π◊ËÕß®“°‡°‘¥°“√ deprotonation ¡’º≈„Àâ
Õ‘‡≈Á°µ√Õπ¡’°“√‡§≈◊ËÕπ∑’Ë‡¢â“‰ª„πÕ‚√¡“µ‘°„π§“≈‘°´å[4]‡Õ√’π·≈–Õ‚√¡“µ‘°¢Õß p-nitrophenyl ∑”„Àâ„π
«ßÕ‚√¡“µ‘°¡’§«“¡Àπ“·πàπ¢ÕßÕ‘‡≈Á°µ√Õπ‡æ‘Ë¡¢÷Èπ ®÷ßµâÕß„™â π“¡·¡à‡À≈Á°¿“¬πÕ°‡æ‘Ë¡¢÷Èπ ®÷ß‡°‘¥ up field
shift À√◊Õ‡√’¬°«à“‡°‘¥ through bond effect [11] „π¢≥–∑’Ë°“√®—∫°—π¢Õß≈‘·°π¥å°—∫‰ÕÕÕπ≈∫µà“ßÊ ‚¥¬
°“√‡°‘¥æ—π∏–‰Œ‚¥√‡®π ®–¡’°“√‡°‘¥ down field shift ‡æ√“–§«“¡Àπ“·πàπ¢ÕßÕ‘‡≈Á°µ√Õπ√Õ∫‚ª√µÕπ
¢ÕßÀ¡Ÿà¬Ÿ‡√’¬À√◊Õ‰∑‚Õ¬Ÿ‡√’¬≈¥≈ß ‡√’¬°«à“‡°‘¥ through space effect ¥—ß‡™àπ°“√ shift ‰ª¢Õß‚ª√µÕπ„π
À¡Ÿà¬Ÿ‡√’¬¢Õß≈‘·°π¥å 3 ‡¡◊ËÕ‡µ‘¡‰ÕÕÕπ≈∫ CH3COO› ¥—ß√Ÿª∑’Ë 3

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫≈‘·°π¥å 2, 3, 4 ·≈– 5 „π°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ°—∫‰ÕÕÕπ≈∫
≈‘·°π¥å∑’Ë¡’À¡Ÿà‰∑‚Õ¬Ÿ‡√’¬®– “¡“√∂®—∫°—∫‰ÕÕÕπ≈∫‰¥â¥’°«à“∑’Ë‡ªìπÀ¡Ÿà¬Ÿ‡√’¬ ‡π◊ËÕß®“° S ¢ÕßÀ¡Ÿà‰∑‚Õ¬Ÿ‡√’¬
¡’ÕÕ√å∫‘µ—≈ 3d ÷́Ëß¡’æ≈—ßß“πÀà“ß®“°ÕÕ√å∫‘µ—≈ 3p ‰¡à¡“° ®÷ß “¡“√∂„™âÕÕ√å∫‘µ—≈ 3d √Õß√—∫Õ‘‡≈Á°µ√Õπ‰¥â
®÷ß®—∫°—∫‰ÕÕÕπ≈∫‰¥â¥’°«à“ „π¢≥–∑’ O ¢ÕßÀ¡Ÿà¬Ÿ‡√’¬ ÕÕ√å∫‘µ—≈ 2p ®–Àà“ß®“°ÕÕ√å∫‘µ—≈ 3d ¡“° ®÷ß‰¡à
 “¡“√∂„™âÕÕ√å∫‘µ—≈ 3d ‰¥â πÕ°®“°π’È ≈‘·°π¥å∑’Ë¡’À¡Ÿà¥÷ßÕ‘‡≈Á°µ√Õπ p-nitrophenyl ®–‡ªìπÀ¡Ÿà¥÷ß
Õ‘‡≈Á°µ√Õπ∑’Ë·√ß°«à“ p-chlorophenyl §à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß≈‘·°π¥å∑’Ë¡’À¡Ÿà‰∑‚Õ¬Ÿ‡√’¬
·≈–¡’À¡Ÿà¥÷ßÕ‘‡≈Á°µ√Õπ‡ªìπ p-nitrophenyl ®÷ß¡’§à“¡“°°«à“ ·≈–„π°√≥’∑’Ë®—∫°—∫‰ÕÕÕπ≈∫∑’Ë¡’§«“¡·√ß¢Õß
‡∫ ∑’Ë·√ß®–‡°‘¥°“√ deprotonation ‰¥âßà“¬ ¥—ßπ—Èπ≈‘·°π¥å 2, 4 ·≈– 5 ®÷ßÀ“§à“‰¡à‰¥â ¥—ß· ¥ß„πµ“√“ß∑’Ë 4
„π°√≥’≈‘·°π¥å 3 ¡’µ—«®—∫‰ÕÕÕπ≈∫‡ªìπÀ¡Ÿà¬Ÿ‡√’¬·≈–¡’À¡Ÿà¥÷ßÕ‘‡≈Á°µ√Õπ‡ªìπ p-chlorophenyl ‚ª√µÕπ
¢ÕßÀ¡Ÿà¬Ÿ‡√’¬¬—ß¡’§«“¡·√ß¢Õß°√¥‰¡à¡“°æÕ®–„Àâ‚ª√µÕπ·°à‡∫ ∑’Ë·√ß‰¥â ·µà®–®—∫°—π¥â«¬æ—π∏–‰Œ‚¥√‡®π
∑’Ë·¢Áß·√ß ®÷ß‡°‘¥°“√ shift ¢Õß‚ª√µÕπ¢ÕßÀ¡Ÿà¬Ÿ‡√’¬‰ª∑“ß downfield shift ‚¥¬‰¡à‡°‘¥°“√ deprotonation
¥—ß ‡ª°µ√—¡¢Õß≈‘·°π¥å 3 °—∫‰ÕÕÕπ≈∫ CH3COO› ¥—ß√Ÿª∑’Ë 3 ®÷ß “¡“√∂∑’Ë®–®—∫°—∫‰ÕÕÕπ≈∫¡’§«“¡
·√ß¢Õß‡∫ ∑’Ë·√ß‰¥â (CH3COO› ·≈– H2PO4

›) ¬°‡«âπ‰ÕÕÕπ≈∫ F› §à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ
¥—ß· ¥ß„πµ“√“ß∑’Ë 4

 √ÿªº≈°“√∑¥≈Õß
‡√“ “¡“√∂ —ß‡§√“–ÀåÕπÿæ—π∏å¢Õß§“≈‘°´å[4]‡Õ√’π 2, 3, 4 ·≈– 5 ∑’Ë¡’§ÿ≥ ¡∫—µ‘‡ªìπ anion

sensors ‰¥â ·≈–°“√‡µ‘¡À¡Ÿà¥÷ßÕ‘‡≈Á°µ√Õπ‡¢â“‰ª„π‚§√ß √â“ß “¡“√∂‡æ‘Ë¡§«“¡ “¡“√∂„π°“√®—∫°—∫‰ÕÕÕπ
≈∫‰¥â¥’¬‘Ëß¢÷Èπ ≈‘·°π¥å∑’Ë¡’À¡Ÿà¥÷ßÕ‘‡≈Á°µ√Õπ‡ªìπ p-nitrophenyl ·≈–¡’µ—«®—∫‰ÕÕÕπ≈∫‡ªìπ‰∑‚Õ¬Ÿ‡√’¬ ®–¡’
§«“¡ “¡“√∂®—∫°—∫‰ÕÕÕπ≈∫‰¥â¥’°«à“≈‘·°π¥å∑’Ë¡’À¡Ÿà¥÷ßÕ‘‡≈Á°µ√Õπ‡ªìπ p-chlorophenyl ·≈–¡’µ—«®—∫
‰ÕÕÕπ≈∫‡ªìπ¬Ÿ‡√’¬

°‘µµ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È‰¥â√—∫∑ÿπÕÿ¥Àπÿπ°“√«‘®—¬®“°ß∫ª√–¡“≥‡ß‘π√“¬‰¥â¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤
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