
∫∑§«“¡ª√‘∑—»πå

°“√ª√–¬ÿ°µåª√“°Ø°“√≥å electrogenerated chemiluminescence (ECL)

¢Õß Ru(bpy)
3

2+
 „π‡™‘ß‡§¡’«‘‡§√“–Àå
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°“√‡ª≈àß· ß (Emission) ‡ªìπª√“°Ø°“√≥å∑’Ë‡°‘¥
°—∫‚¡‡≈°ÿ≈æ‘‡»…∫“ßª√–‡¿∑‡∑à“π—Èπ·≈– “¡“√∂π”¡“
ª√–¬ÿ°µå„™â‡ªìπ‡∑§π‘§„π°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥ “√
ª√–‡¿∑¥—ß°≈à“«‰¥â (Skoog, 1995) ‡∑§π‘§°“√À“
ª√‘¡“≥ “√‚¥¬Õ“»—¬ª√“°Ø°“√≥å°“√‡ª≈àß· ß‰¥â·°à °“√
«‘‡§√“–Àå “√¥â«¬‡∑§π‘§ø≈ŸÕÕ‡√ ‡´π´å (fluorescence),

øÕ øÕ‡√ ‡´π´å (phosphorescence) ·≈– ‡§¡‘≈Ÿ¡‘
‡π ‡´π´å (chemiluminescence)

ª√“°Ø°“√≥åÕ‘‡≈Á°‚∑√‡®‡πÕ‡√‡µµ ‡§¡‘≈Ÿ¡‘‡π ‡´π ǻ
(electrogenerated chemiluminescence, ECL) À√◊Õ∑’Ë
√Ÿâ®—°„πÕ’°™◊ËÕÀπ÷Ëß«à“ Õ‘‡≈Á°‚∑√‡§¡‘≈Ÿ¡‘‡π ‡´π´å (electro-

chemiluminescence) (Bard, 1980) ‡ªìπª√“°Ø°“√≥å
‡ª≈àß· ßÕ—π‡π◊ËÕß®“°°“√≈¥√–¥—∫æ≈—ßß“π¢Õß‚¡‡≈°ÿ≈„π

 ∂“π–°√–µÿâπ∑’Ë‡°‘¥®“°°“√ª√–≈—¬°—π (annihilation) ¢Õß
 “√µâπµÕ   (precursors)  ∑’Ë‡°‘¥¡“®“°°“√°√–∫«π°“√
Õ‘‡≈Á°‚µ√‰≈´‘ ∑’Ë¢—È«‰øøÑ“ ¥—ß ¡°“√

A + e- → A- electro-reduction

D → D+ + e- electro-oxidation

A- + D+ → A + D* À√◊Õ

           A* + D electron-transfer

D* → D + hv À√◊Õ

A*  → A + hv chemiluminescence

‚¥¬∑’Ë A- ·≈– D+ ‡ªìπ “√µâπµÕ∑’Ë‡ªìπµ—«√’¥‘«´å
·≈–µ—«ÕÕ°´‘‰¥´å∑’Ë·√ßµ“¡≈”¥—∫  “√∑’Ë∑”Àπâ“∑’Ë‡ªìπµ—«„Àâ
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· ß (donor) Õ“®‡ªìπ‰¥â∑—Èß A À√◊Õ D °Á‰¥â
®ÿ¥‡√‘Ë¡µâπ¢Õß°“√»÷°…“ªØ‘°‘√‘¬“ ECL  ◊∫‡π◊ËÕß

¡“®“°°“√§âπæ∫°“√‡ª≈àß· ß®“°°√–∫«π°“√Õ‘‡≈Á°‚µ√
‰≈´‘ ¢Õß “√≈–≈“¬ Grignard „πÕ’‡∏Õ√å∑’Ë‰√âπÈ” (anhy-

drous ether) ∑’Ë¢—È«‰øøÑ“·Õ‚π¥À√◊Õ·§‚∑¥‡¡◊ËÕ„Àâ»—°¬å
‰øøÑ“„π™à«ß 500-1500 V ‚¥¬ Dufford et al. (Greenway,

1994) µàÕ¡“„π §.». 1929 Harvey (Greenway, 1994)

æ∫«à“ ≈Ÿ¡‘πÕ≈ (luminol)  “¡“√∂‡°‘¥ªØ‘°‘√‘¬“‡§¡‘≈Ÿ¡‘
‡π ‡´π´å ‚¥¬°√–∫«π°“√Õ‘‡≈Á°‚µ√‰≈´‘ „π “√≈–≈“¬Õ—≈
§“‰≈¥å∑’Ë¢—È«‰øøÑ“·Õ‚π¥‰¥â  ∂÷ß·¡â«à“À≈—ß®“°π—Èπ‰¥â¡’°“√
»÷°…“ªØ‘°‘√‘¬“¥—ß°≈à“«‡√◊ËÕ¬¡“ ·µà‰¡à‰¥â¡’°“√»÷°…“∂÷ß
°≈‰°¢ÕßªØ‘°‘√‘¬“Õ¬à“ß™—¥‡®π ®π°√–∑—Ëß∂÷ß §.». 1964 ‰¥â
¡’ºŸâ§π„Àâ§«“¡ π„®»÷°…“°≈‰°¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“ ECL

¡“°¢÷Èπ ‡ªìπº≈æ«ß¡“®“°„π™à«ß»µ«√√…∑’Ë 16 ‰¥â¡’π—°
«‘∑¬“»“ µ√å„Àâ§«“¡ π„®»÷°…“æƒµ‘°√√¡·≈–ªØ‘°‘√‘¬“
√–À«à“ß‚æ≈’Õ–‚√·¡µ√‘°‰Œ‚¥√§“√å∫Õπ   (polyaromatic

hydrocarbon) °—∫ ‚≈À–√Ÿ∑’‡π’¬¡ (Ru) Õ¬à“ß·æ√àÀ≈“¬
·≈– [Ru(bpy)

3
]2+ ‡ªìπ “√∑’Ë “¡“√∂‡°‘¥ªØ‘°‘√‘¬“ ECL

‰¥â¥’  ∑”„Àâπ—°«‘®—¬∑’Ë π„®„πªØ‘°‘√‘¬“  ECL  ¡’§«“¡
æ¬“¬“¡∑’Ë®–‡¢â“„®∂÷ß°≈‰°¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“ ECL  ¡“°
¢÷Èπ (Greenway, 1994)

µàÕ¡“æ∫«à“ “¡“√∂π”ª√“°Ø°“√≥å¥—ß°≈à“«¡“
‡ªìπÀ≈—°°“√æ◊Èπ∞“π ”À√—∫æ—≤π“‡∑§π‘§°“√«‘‡§√“–Àå
∑“ß‡§¡’‰¥â·≈–‰¥â√—∫§«“¡ π„®‡ªìπÕ¬à“ß¡“°„π ™à«ß 20 ªï
∑’Ëºà“π¡“  ‡π◊ËÕß®“°°“√«‘‡§√“–Àå “√¥â«¬‡∑§π‘§ ECL

 “¡“√∂«‘‡§√“–Àå “√‰¥â„π√–¥—∫µË”·≈–„Àâ™à«ß§«“¡‡ªìπ
‡ âπµ√ß∑’Ë°«â“ß „Àâ ¿“æ‰«¢Õß°“√«‘‡§√“–Àå Ÿß‚¥¬Õ“»—¬
‡§√◊ËÕß¡◊Õ√“§“‰¡à·æß ·≈–¬—ß “¡“√∂‡æ‘Ë¡ ¿“æ‰«¢Õß
°“√«‘‡§√“–Àå‚¥¬°“√‡ª≈’Ë¬π·ª≈ß§à“»—°¬å‰øøÑ“ «— ¥ÿ ¢π“¥
·≈–µ”·Àπàß¢Õß¢—È«‰øøÑ“‰¥â ‚¥¬µ—«∑’Ë∑”Àπâ“∑’Ë„Àâ· ß¡’Õ¬Ÿà
¥â«¬°—πÀ≈“¬™π‘¥  ¢÷Èπ°—∫§«“¡‡À¡“– ¡·≈– ¿“«–∑’Ë„™â
„π°“√«‘‡§√“–Àå ‡™àπ ≈Ÿ¡‘πÕ≈·≈– “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß
‚≈À–∑√“π´‘™—π∫“ß™π‘¥ ‡ªìπµâπ  “√ª√–°Õ∫‡™‘ß´âÕπ∑’Ë
∑”Àπâ“∑’Ë‡ªìπµ—«„Àâ· ß∑’Ëπ‘¬¡„™â°—π¡“°∑’Ë ÿ¥   §◊Õ tris-(2,2/

-bipyridine) ruthenium(II) ion À√◊Õ [Ru(bpy)
3
]2+ Õ—π

‡π◊ËÕß®“°¡’ª√– ‘∑∏‘¿“æ„π°“√‡°‘¥‚¡‡≈°ÿ≈ „π ∂“π–°√–µÿâπ
*[Ru(bpy)

3
]2+ ¡’§à“ Ÿß (φ

es
 ~ 73.3 %) ‚¡‡≈°ÿ≈∑’ËÕ¬Ÿà„π√Ÿª

µ—«√’¥‘«´å·≈–µ—«ÕÕ°´‘‰¥´å¡’‡ ∂’¬√¿“æ¡“°   ªØ‘°‘√‘¬“‡°‘¥

ºà“π°√–∫«π°“√∑’Ë¡’°“√∂à“¬‚ÕπÕ‘‡≈Á°µ√Õπ 1 µ—« ´÷Ëßßà“¬
·°à°“√§«∫§ÿ¡»—°¬å‰øøÑ“ πÕ°®“°π’È·≈â« “¡“√∂‡°‘¥°“√
‡ª≈àß· ß‰¥â„π “√≈–≈“¬∫—ø‡øÕ√å∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß (Green-

way, 1994;  Knight, 1999; Guil-bault, 2001)

‚¥¬∑’Ë°≈‰°¢Õß°“√‡°‘¥ *[Ru(bpy)
3
]2+ „π√–∫∫

¢Õß°“√«‘‡§√“–Àå ¡’ 2 °≈‰°À≈—°Ê §◊Õ 1) µ—«„Àâ· ß‡°‘¥
®“°°“√™π°—π‡Õß ·≈– 2) µ—«„Àâ· ß™π°—∫ “√∑’ËµâÕß°“√
«‘‡§√“–Àå∑’ËÕ¬Ÿà„π√Ÿªµ—«√’¥‘«´å ¥—ß ¡°“√

[Ru(bpy)
3
]2+ → [Ru(bpy)

3
]3+  + e-

[Ru(bpy)
3
]2+ + A(R) → [Ru(bpy)

3
]+ + P

[Ru(bpy)
3
]3+ + [Ru(bpy)

3
]+ → [Ru(bpy)

3
]2+ +

    *[Ru(bpy)
3
]2+

*[Ru(bpy)
3
]2+ → [Ru(bpy)

3
]2+ + hv

À√◊Õ

[Ru(bpy)
3
]2+ → [Ru(bpy)

3
]3+ + e-

[Ru(bpy)
3
]3+ + A(R) → *[Ru(bpy)

3
]2+ + P

*[Ru(bpy)
3
]2+ → [Ru(bpy)

3
]2+ + hv

‚¥¬∑’Ë A(R) §◊Õ  “√∑’ËµâÕß°“√«‘‡§√“–Àå∑’ËÕ¬Ÿà„π√Ÿªµ—«√’¥‘«´å
·≈– P ‡ªìπº≈‘µ¿—≥±å∑’Ë‡°‘¥¢÷Èπ®“° A(R)  ‚¥¬∑’ËªØ‘°‘√‘¬“
∑—Èß 2 ·∫∫„Àâ°“√‡ª≈àß· ß∑’Ë‡°‘¥¢÷Èπ‡ªìπ·∫∫øÕ øÕ‡√ -
‡´π ǻ¡’§«“¡¬“«§≈◊Ëπ Ÿß ÿ¥∑’Ë 620 nm ‡À¡◊Õπ°—π (∫“ß
∫∑§«“¡√“¬ß“π 610 nm)  ‚¥¬§«“¡‡¢â¡· ß∑’Ë«—¥‰¥â®–¡’
§«“¡ —¡æ—π∏å°—∫ª√‘¡“≥¢Õß “√∑’ËµâÕß°“√«‘‡§√“–Àå

ªí®®ÿ∫—ππ’È “¡“√∂„™â‡∑§π‘§ ECL  ∑’Ë¡’µ—«„Àâ· ß
‡ªìπ [Ru(bpy)

3
]2+ ¡“„™â„π°“√«‘‡§√“–Àå “√„π°≈ÿà¡µà“ßÊ

(Greenway, 1994; Knight , 1999; Guilbault, 2001) ‰¥â
¥—ßπ’È

1. ÕÕ°´“‡≈µ (Oxalate, C
2
O

4

2-

) ·≈– °√¥Õ‘π∑√’¬å

(organic acids)  ÕÕ°´“‡≈µ®—¥‡ªìπ “√µ—«·√°∑’Ë¡’°“√»÷°…“
‚¥¬æ∫«à“°≈‰°¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“ ECL ‡ªìπ ¥—ßπ’È

[Ru(bpy)
3
]2+ → [Ru(bpy)

3
]3+ + e-

[Ru(bpy)
3
]3+ + C

2
O

4

2- → C
2
O

4

2-. + [Ru(bpy)
3
]2+

C
2
O

4

2-. → CO
2

-. + CO
2

[Ru(bpy)
3
]3+ + CO

2

-. → *[Ru(bpy)
3
]2+ + CO

2

*[Ru(bpy)
3
]2+ → [Ru(bpy)

3
]2+ + hv
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3

2+
 „π‡™‘ß‡§¡’«‘‡§√“–Àå
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®“°ªØ‘°‘√‘¬“¢â“ßµâπ®–‡ÀÁπ‰¥â«à“‚¡‡≈°ÿ≈„π ∂“π–
°√–µÿâπ “¡“√∂‡°‘¥‰¥â‚¥¬µ√ß®“°°√–∫«π°“√√’¥—°™—π
√–À«à“ß [Ru(bpy)

3
]3+ °—∫ CO

2

-. πÕ°®“°π’È æ∫«à“ªØ‘°‘√‘¬“
ECL  “¡“√∂‡°‘¥ºà“π°√–∫«π°“√ª√–≈—¬®“°ªØ‘°‘√‘¬“
√’¥—°™—π¢Õß Ru(bpy)

3

2+ °—∫ CO
2

-. ‰¥â¥—ß ¡°“√

[Ru(bpy)
3
]2+ + CO

2

-. → [Ru(bpy)
3
]+ + CO

2

[Ru(bpy)
3
]3+ + [Ru(bpy)

3
]+ →  [Ru(bpy)

3
]2+ +

 *[Ru(bpy)
3
]2+

*[Ru(bpy)
3
]2+ → [Ru(bpy)

3
]2+ + hv

·µà„π°√≥’¢Õß°√¥Õ‘π∑√’¬å∫“ß™π‘¥ ‡™àπ ‰æ√Ÿ‡«µ (pyru-

vate) ®”‡ªìπµâÕß‡µ‘¡ Ce(III) ‡æ◊ËÕ‰ªÕÕ°´‘‰¥´å‰æ√Ÿ‡«µ„Àâ
‡ªìπÕπÿ¡Ÿ≈¡—∏¬—πµ√å (intermediate radical) °àÕπ ·≈â«®÷ß
‡°‘¥ªØ‘°‘√‘¬“°—∫ [Ru(bpy)

3
]3+  µàÕ‰ª ¥—ß ¡°“√

Ce3+ → Ce4+ + e-

CH
3
COCO

2

- + Ce4+ → CH
3
COCO

2
. + Ce3+

[Ru(bpy)
3
]2+ → [Ru(bpy)

3
]3+ + e-

[Ru(bpy)
3
]3+ + CH

3
COCO

2
. + CO

2
 + H

2
O →

*[Ru(bpy)
3
]2+ + CH

3
CO

2
H + H+

*[Ru(bpy)
3
]2+ → [Ru(bpy)

3
]2+ + hv

πÕ°®“°π’È·≈â«¬—ß “¡“√∂«‘‡§√“–Àå°√¥Õ‘π∑√’¬åµ—«Õ◊ËπÊ ‰¥â
‡™àπ °√¥¡“‚≈π‘° (malonic acid) ·≈– °√¥·≈§µ‘° (lac-

tic acid) ‡ªìπµâπ
2. ·Õ¡’π (Amine) ‡ªìπ “√°≈ÿà¡∑’Ë¡’°“√π”¡“

ª√–¬ÿ°µå„™â°—∫‡∑§π‘§π’È¡“°∑’Ë ÿ¥ ‚¥¬∑’Ë “√„π°≈ÿà¡π’È‰¥â·°à
·Õ≈‘·øµ‘° (aliphatic) ·≈– ‰´§≈‘°·Õ¡’π (cyclic amine)

°√¥Õ–¡‘‚π ·≈– ‚ª√µ’π ‡ªìπµâπ ‚¥¬æ∫«à“ “√„π°≈ÿà¡·Õ
¡’π ∑—ÈßÀ¡¥®–‡°‘¥ªØ‘°‘√‘¬“ ECL °—∫ [Ru(bpy)

2
]2+ ‡ªìπ

‰ªµ“¡°≈‰°¥—ßπ’È

[Ru(bpy)
3
]2+ → [Ru(bpy)

3
]3+  + e-

[Ru(bpy)
3
]3+  + R

2
-N-C-H

2
R

/
 → [Ru(bpy)

3
]2+ +

R
2
-N+.-C-H

2
R

/

R
2
-N+.-C-H

2
R

/
 → R

2
-N-C.-HR

/
 + H+

[Ru(bpy)
3
]3+ + R

2
-N-C.-HR

/
 + H

2
O →

R
2
-N+ = C-HR

/
 + *[Ru(bpy)

3
]2+ + H

3
O+

R
2
-N+ = C-HR

/
 → R

2
-NH + R

/
CHO

*[Ru(bpy)
3
]2+ → [Ru(bpy)

3
]2+ + hv

„π∑”πÕß‡¥’¬«°—π°—∫ªØ‘°‘√‘¬“¢ÕßÕÕ°´“‡≈µ
‚¡‡≈°ÿ≈„π ∂“π–°√–µÿâπ “¡“√∂‡°‘¥ºà“π°√–∫«π°“√
ª√–≈—¬®“°ªØ‘°‘√‘¬“√’¥—°™—π¢Õß [Ru(bpy)

3
]2+ °—∫Õπÿ¡Ÿ≈∑’Ë

¡’§«“¡«àÕß‰« Ÿß ‰¥â¥—ß ¡°“√

[Ru(bpy)
3
]2+ + R

2
-N-C.-HR

/
  →  [Ru(bpy)

3
]+ +

 R
2
-N+ = C-HR

/

[Ru(bpy)
3
]3+ + [Ru(bpy)

3
]+ → [Ru(bpy)

3
]2+ +

 *[Ru(bpy)
3
]2+

*[Ru(bpy)
3
]2+ → [Ru(bpy)

3
]2+ + hv

πÕ°®“°π’È·≈â« “√„π°≈ÿà¡·Õ¡’π¥—ß°≈à“«  “¡“√∂
‡°‘¥ªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π‰¥â∑’Ë¢—È«‰øøÑ“ ·≈– “¡“√∂‡°‘¥
ªØ‘°‘√‘¬“ ECL ‰¥â¥—ß ¡°“√

R
2
-N-C-H

2
R

/
     →  R

2
-N+.-C-H

2
R

/
 + e-

R
2
-N+.-C-H

2
R

/
  →   R

2
-N-C

.
-HR

/
 + H+

R
2
-N-C

.
-HR

/
     →   R

2
-N+ = C-HR

/
 + H+

3.  “√ª√–°Õ∫Õ◊ËπÊ πÕ°®“° “√∑—Èß 2 °≈ÿà¡·≈â«
¬—ßæ∫«à“  “√ª√–°Õ∫Õ◊ËπÊ  “¡“√∂‡°‘¥ªØ‘°‘√‘¬“ ECL °—∫
[Ru(bpy)

3
]2+ ‰¥â  ‡™àπ peroxodisulphate (S

2
O

8

2-)      ‚¥¬
Õ“»—¬°≈‰° ¥—ß· ¥ß

[Ru(bpy)
3
]2+  + e-  → [Ru(bpy)

3
]+

[Ru(bpy)
3
]+ + S

2
O

8

2- → [Ru(bpy)
3
]2+  + S

2
O

8

3-

S
2
O

8

3- → SO
4

2- + SO
4

-.

[Ru(bpy)
3
]2+ + SO

4

-. → [Ru(bpy)
3
]3+ + SO

4

2-
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[Ru(bpy)
3
]3+ + [Ru(bpy)

3
]+  →  [Ru(bpy)

3
]2+ +

  *[Ru(bpy)
3
]2+

*[Ru(bpy)
3
]2+ → [Ru(bpy)

3
]2+ + hv

≈—°…≥–¢Õßµ—«‡´≈≈å∑’Ë„™â„π°“√µ√«®«—¥· ß„π
‡∑§π‘§ ECL ª√–°Õ∫¥â«¬Õß§åª√–°Õ∫À≈—°Ê (Figure 1)

∑’Ë ”§—≠ 3  à«π§◊Õ
1. ¢—È«‰øøÑ“ 3 ¢—È« ª√–°Õ∫¥â«¬

1.1 ¢—È«‰øøÑ“∑”ß“π  (working electrode,

WE) ∑”Àπâ“∑’Ë„Àâ»—°¬å‰øøÑ“‡æ◊ËÕ„Àâ‡°‘¥ “√µâπµÕ∑’Ë«àÕß‰«
µàÕªØ‘°‘√‘¬“¥â«¬°√–∫«π°“√Õ‘‡≈Á°‚µ√‰≈´‘  ‚¥¬∑—Ë«‰ª¢—È«
‰øøÑ“∑”ß“π¡—°¡’≈—°…≥–·∫π‡æ◊ËÕ‡æ‘Ë¡æ◊Èπ∑’Ëº‘«„π°“√‡°‘¥
ªØ‘°‘√‘¬“‡ªìπ°“√‡æ‘Ë¡§«“¡‡¢â¡· ß∑’Ë‡°‘¥¢÷Èπ ·≈–«“ß„π
∑‘»∑“ßµ√ß¢â“¡„Àâ„°≈â°—∫Õÿª°√≥å√—∫· ß‡æ◊ËÕ„Àâ· ß∑’Ë‡°‘¥
¢÷Èπ∂Ÿ°µ√«®«—¥„Àâ‰¥â¡“°∑’Ë ÿ¥ ‚¥¬ à«π¡“°¢—È«‰øøÑ“∑”ß“π
∑’Ëπ‘¬¡„™â°—π§◊Õ ¢—È«‰øøÑ“∑Õß (Au) ¢—È«‰øøÑ“·æ≈∑‘π—¡ (Pt)

¢—È«‰øøÑ“°≈ä“ ´’§“√å∫Õπ (glassy carbon electrode) ·≈–
¢—È«‰øøÑ“Õ‘π‡¥’¬¡/∑‘πÕÕ°‰´¥å (indium/tin oxide, ITO)

‡ªìπµâπ
1.2 ¢—È«‰øøÑ“™à«¬ (counter electrode, CE)

‚¥¬ à«π¡“°π‘¬¡„™â¢—È«‰øøÑ“·æ≈∑‘π—¡ À√◊Õ ¢—È«‰øøÑ“
°≈ä“  ’́§“√å∫Õπ

1.3 ¢—È«‰øøÑ“Õâ“ßÕ‘ß (reference electrode, RE)

¢—È«‰øøÑ“Õâ“ßÕ‘ß∑’Ëπ‘¬¡„™âß“π‰¥â·°à ¢—È«‰øøÑ“Õâ“ßÕ‘ß ‘́≈‡«Õ√å/

‘́≈‡«Õ√å§≈Õ‰√¥å (Ag/AgCl) πÕ°®“°π’È·≈â«‡æ◊ËÕ„Àâ°“√
ÕÕ°·∫∫µ—«‡´≈≈å‡ªìπ‰ª‰¥âßà“¬·≈–°–∑—¥√—¥ ¡—°π‘¬¡„™â¢—È«
‰øøÑ“‡ ¡◊Õπ¢—È«‰øøÑ“Õâ“ßÕ‘ß (Quasi-reference electrode)

‡™àπ ¢—È«‰øøÑ“·æ≈∑‘π—¡ À√◊Õ ¢—È«‰øøÑ“∑Õß ‡ªìπµâπ ·µà
°“√„™âß“π¢Õß¢—È«‰øøÑ“‡ ¡◊Õπ¢—È«‰øøÑ“Õâ“ßÕ‘ß®”‡ªìπµâÕß
¡’ “√¡“µ√“∞“π‡æ◊ËÕª√—∫§à“»—°¬å‰øøÑ“∑’Ë„Àâ·°à¢—È«‰øøÑ“
∑”ß“π

2. Õÿª°√≥åµ√«®«—¥· ß (light transducer) ∑”
Àπâ“∑’Ë„π°“√‡ª≈’Ë¬π —≠≠“≥· ß„Àâ‡ªìπ —≠≠“≥‰øøÑ“ ‡æ◊ËÕ
 àßµàÕ‰ª¬—ß√–∫∫∫—π∑÷°º≈·≈–ª√–¡«≈º≈µàÕ‰ª Õÿª°√≥å
µ√«®«—¥· ß∑’Ëπ‘¬¡„™â°—π¡’ 2 ™π‘¥ §◊Õ À≈Õ¥‚ø‚µ¡—≈µ‘
æ≈“¬‡ÕÕ√å (photomultiplier tube, PMT) ·≈– ´‘≈‘°Õπ
‚ø‚µ‰Õ‚Õ¥ ¥’‡∑§‡µÕ√å (silicon photodiode detector,

SPD) ∂÷ß·¡â«à“ PMT ¡’¢âÕ¥’§◊Õ ‰«µàÕ· ß ·µà  PMT ¡’
¢âÕ‡ ’¬„π‡√◊ËÕß¢Õß°“√∑’ËµâÕß„™â‡§√◊ËÕß®à“¬‰øøÑ“  (power

supply) ∑’Ë¡’°”≈—ß Ÿß¡“° §◊Õ 800-1000 V ¡’¢π“¥„À≠à
√“§“·æß ·≈–∂Ÿ°∑”≈“¬‰¥âßà“¬µàÕ· ß∑’Ë¡’§«“¡‡¢â¡ Ÿß „π
¢≥–∑’Ë SPD ®–¡’¢âÕ¥’§◊Õ„™â‡§√◊ËÕß®à“¬‰øøÑ“∑’Ë¡’°”≈—ß‰¡à Ÿß
~ 12 V ¡’√“§“∂Ÿ° °“√ÕÕ°·∫∫∑”‰¥âßà“¬ ¡’¢π“¥‡≈Á°·≈–
 “¡“√∂æ°æ“‰¥â  µ≈Õ¥®π¡’§«“¡·¢Áß·√ß  πÕ°®“°π’È
æ∫«à“™à«ß§«“¡¬“«§≈◊Ëπ∑’Ë  SPD „Àâ§à“ ¿“æ‰«∑’Ë‡À¡“– ¡
(optimum sensitivity) µ√ß°—∫™à«ß¢Õß§«“¡¬“«§≈◊Ëπ
 Ÿß ÿ¥¢Õß°“√‡ª≈àß· ß¢Õß *[Ru(bpy)

3
]2+ æÕ¥’ ∑”„Àâ¡’

 ¿“æ‰«¢Õß°“√µ√«®«—¥∑’Ë¥’ ·µà„πªí®®ÿ∫—πæ∫«à“¡’ºŸâ„™âß“π
SPD ‰¡à¡“°‡∑à“°—∫ PMT

3. Àπâ“µà“ß (window) ∑”Àπâ“∑’Ë‡ªìπµ—«°—Èπ√–À«à“ß
™àÕß∑’Ë„Àâ “√≈–≈“¬‰À≈ºà“π°—∫Õÿª°√≥åµ√«®«—¥· ß ‚¥¬
¡“°‡¡◊ËÕ„™â  [Ru(bpy)

3
]2+ ‡ªìπµ—«„Àâ· ß®– “¡“√∂„™â

·ºàπ·°â«‡ªìπÀπâ“µà“ß‰¥â  Õ—π‡π◊ËÕß®“°· ß∑’Ë‡°‘¥¢÷ÈπÕ¬Ÿà„π
™à«ß∑’Ëµ“¡Õß‡ÀÁπ (λ

max
 = 620 nm)

°“√∑”ß“π¢Õß‡∑§π‘§π’È (Figure 2) ‡√‘Ë¡µâπ
¥â«¬°“√ºà“π “√≈–≈“¬∑’Ë¡’∑—Èßµ—«„Àâ· ß·≈– “√∑’ËµâÕß°“√
«‘‡§√“–Àå À√◊Õ„Àâ¡“º ¡°—π¿“¬„π‡´≈≈å ·≈â«„Àâ»—°¬å‰øøÑ“
∑’Ëª√–¡“≥ +1.3 V (vs. Ag/AgCl) ‡æ◊ËÕ„Àâ Ru(II) ‡°‘¥
ªØ‘°‘√‘¬“Õ‘‡≈Á°‚∑√-ÕÕ°´‘‡¥™—π (electro-oxidation) °≈“¬
‡ªìπ Ru(III) ·≈â«‡°‘¥ªØ‘°‘√‘¬“‡§¡‘≈Ÿ¡‘‡π ‡´π´å ‚¥¬°“√
™π°—∫‚¡‡≈°ÿ≈Õ◊Ëπ ¥—ßªØ‘°‘√‘¬“∑’Ë‰¥â°≈à“«¡“·≈â« À≈—ß®“°
π—Èπ∑”°“√«—¥· ß∑’Ë‡°‘¥¢÷Èπ∑’Ë§«“¡¬“«§≈◊Ëπ 620 nmFigure 1. Structure of ECL flow cell
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πÕ°®“°π’È æ∫«à“ “¡“√∂ª√–¬ÿ°µå„™â‡∑§π‘§ ECL

√à«¡°—∫√–∫∫°“√«‘‡§√“–Àå·∫∫µà“ßÊ ‡æ◊ËÕ‡æ‘Ë¡ ¿“æ‰«¢Õß
√–∫∫°“√«‘‡§√“–Àåπ—ÈπÊ ‰¥â ‡™àπ

1. √–∫∫‚ø≈Õ‘π‡®§™—πÕ–π“≈‘´’  (flow injection

analysis, FIA) ·≈–µ—«µ√«®«—¥ (sensor)

‚¥¬ “¡“√∂µàÕ√–∫∫°“√«‘‡§√“–Àå·∫∫ FIA ‡¢â“
°—∫ ECL flow cell (Figure 3) „π√–∫∫°“√«‘‡§√“–Àå
·∫∫π’È®–Õ“»—¬ ªíö¡ªá (pump) ‡ªìπµ—«∑”„Àâ “√≈–≈“¬µ—«æ“
(carrier solution) ‡§≈◊ËÕπ∑’Ë¿“¬„π√–∫∫∑àÕ∑’Ë¡’¢π“¥‡≈Á°
´÷Ëß‰À≈¥â«¬Õ—µ√“‡√Á«∑’Ë§ß∑’ËÕ¬à“ßµàÕ‡π◊ËÕß ‚¥¬¡“°π‘¬¡„ à
[Ru(bpy)

3
]2+ ≈ß‰ª„π “√≈–≈“¬µ—«æ“  ‡æ◊ËÕ≈¥®”π«π

∑àÕ (tube)  ¢Õß√–∫∫ FIA ≈ß ∑”°“√©’¥ “√∑’ËµâÕß°“√
«‘‡§√“–Àå ºà“π«“≈å« ”À√—∫©’¥ “√≈–≈“¬ (injection valve)

‡¡◊ËÕ‚´π¢Õß “√∑’ËµâÕß°“√«‘‡§√“–Àå‰À≈‡¢â“ Ÿà‚ø≈‡´≈≈å·∫∫
ECL (ECL flow cell) ·≈â« ®÷ß„Àâ»—°¬å‰øøÑ“‡æ◊ËÕ„Àâ‡°‘¥
ªØ‘°‘√‘¬“ ECL ·≈–∑”°“√«—¥· ß∑’Ë‡°‘¥¢÷Èπ

πÕ°®“°π’È·≈â«¬—ß “¡“√∂π” [Ru(bpy)
3
]2+ ´÷Ëß

‡ªìπµ—«„Àâ· ß¡“µ√÷ß≈ß∫πº‘«¢Õß¢—È«‰øøÑ“∑”Àπâ“∑’Ë‡ªìπ

Figure 2. General mechanism for ECL reaction of Ru(bpy)
3

2+

 with a reducing analyte

‡§√◊ËÕßµ√«®«—¥ ‚¥¬Õ“»—¬§«“¡‡ªìπ√Ÿæ√ÿπ¢Õßµ—«¢—È«‰øøÑ“
‡ÕßÀ√◊Õ„™âµ—«°≈“ß ‡™àπ æÕ≈‘‡¡Õ√å (polymer) ‡ªìπµâπ
µ—«°≈“ßæÕ≈‘‡¡Õ√å‡ªìπ∑’Ëπ‘¬¡„™â°—π  ‡π◊ËÕß®“° “¡“√∂¥—¥
·ª≈ß„™âß“π‰¥âßà“¬·≈– –¥«° (Nieman, 1992) ‚¥¬µ—«∑’Ë
π‘¬¡„™â°—π§◊Õ Nafion®  ‡æ√“–«à“  [Ru(bpy)

3
]2+  “¡“√∂

µ√÷ßÕ¬Ÿà¿“¬„π‚æ√ß¢Õß Nafion®  ‰¥â¥’‡π◊ËÕß®“°‡°‘¥·√ß
¥÷ß¥Ÿ¥°—∫ª√–®ÿ≈∫„π‚§√ß √â“ß¢Õß Nafion®  πÕ°®“°π’È
·≈â«¬—ß™à«¬≈¥°“√„™â “√„Àâ· ß·≈–∑”„Àâ§«“¡ —́∫´âÕπ
¢Õß√–∫∫°“√«‘‡§√“–Àå≈¥≈ßÕ’°¥â«¬

2. √–∫∫‚§√¡“‚∑°√“øï (chromatography)

 “¡“√∂„™â‡∑§π‘§π’È‡ªìπ‡§√◊ËÕßµ√«®«—¥  (de-

tector) §Ÿà°—∫√–∫∫‚§√¡“‚∑°√“øï¢Õß‡À≈« (liquid chro-

matography) ‡™àπ ‚§√¡“‚∑°√“øï¢Õß‡À≈« ¡√√∂π– Ÿß
(high performance liquid chromatography, HPLC)

(Figure 4) À√◊Õ §“ªî≈≈“√’Õ‘‡≈Á°‚∑√øÕ‡√´’  (capillary

electrophoresis, CE) ‚¥¬„™â ECL  ‡ªìπ‡§√◊ËÕßµ√«®
«—¥‡æ◊ËÕ‡æ‘Ë¡ ¿“æ‰«¢Õß°“√«‘‡§√“–Àå¥â«¬‡∑§π‘§‚§√¡“-
‚µ√°√“øï

Figure 3. Schematic diagram of experimental apparatus used for FIA.
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°“√„™â‡∑§π‘§ ECL §«∫§Ÿà°—∫√–∫∫ HPLC π—Èπ
µâÕß¡’°“√‡µ‘¡ [Ru(bpy)

3
]2+ ≈ß‰ª„π√–∫∫ HPLC  “¡“√∂

∑”‰¥â 2 «‘∏’ §◊Õ
2.1 ‡µ‘¡≈ß‰ªÀ≈—ß®“°∑’Ë “√ÕÕ°®“°§Õ≈—¡πå·≈â«

‡√’¬°«à“«‘∏’‚æ µå§Õ≈—¡πå·Õ¥¥‘™—π (post column addition

method)

2.2 ‡µ‘¡º ¡≈ß‰ª°—∫ “√≈–≈“¬µ—«æ“À√◊Õ‡ø 
‡§≈◊ËÕπ∑’Ë (mobil phase) ‡√’¬°«à“«‘∏’‚¡∫“≈å¬‡ø ·Õ¥¥‘™—π
(mobile phase addition method) «‘∏’π’È®–¡’¢âÕ‰¥â‡ª√’¬∫
°«à“«‘∏’·√° §◊Õ °“√ÕÕ°·∫∫‡§√◊ËÕß¡◊Õ‰¡à´—∫´âÕπ ≈¥°“√
‡°‘¥°“√°«â“ß¢Õß·∫π (band broadening) „Àâ ¿“æ‰«∑’Ë
¥’°«à“ ·≈–„Àâ™à«ß¢Õß§«“¡‡ªìπ‡ âπµ√ß„π°“√«‘‡§√“–Àå Ÿß
°«à“«‘∏’·√° ·µà∑”„Àâ§à“‡«≈“√’‡∑π™—π (retention time) ¡’
§à“‡æ‘Ë¡¢÷Èπ (Nieman, 1996)

ECL flow cell ∑’Ë„™â ”À√—∫ HPLC ·≈– CE ¡’
§«“¡§≈â“¬§≈÷ß°—π ‡«âπ·µà‡¡◊ËÕµàÕ‡¢â“°—∫√–∫∫ CE ®–‰¡à
 “¡“√∂∑”°“√‡µ‘¡µ—«„Àâ· ßº ¡°—∫ “√≈–≈“¬µ—«æ“‰¥â
‡À¡◊Õπ HPLC  ‡π◊ËÕß®“°®–¡’ªí≠À“¢Õß π“¡‰øøÑ“„π
§“ªî≈≈“√’§Õ≈—¡¡å (capillary column) ‡¢â“¡“√∫°«π ¥—ß

π—Èπ‚¥¬¡“°®–∑”°“√‡µ‘¡ [Ru(bpy)
3
]2+ ≈ß‰ªÀ≈—ß®“°∑’Ë “√

µ—«Õ¬à“ßÕÕ°®“°§Õ≈—¡πå·≈â« (Fang, 2002) (Figure 5)

3. °“√«—¥ ECL ‚¥¬∑“ßÕâÕ¡ (Indirect ECL)

µ—«Õ¬à“ß∑’Ë‰¥â¬°¡“·≈â«∑—ÈßÀ¡¥‡ªìπ°“√«—¥· ß
®“°ªØ‘°‘√‘¬“ ECL ∑’Ë‡°‘¥®“°µ—«„Àâ· ß∑”ªØ‘°‘√‘¬“°—∫ “√
∑’ËµâÕß°“√«‘‡§√“–Àå ·µà„π∫“ß°√≥’ “√∑’ËµâÕß°“√«‘‡§√“–Àå
‰¡à “¡“√∂∑”ªØ‘°‘√‘¬“ ECL °—∫ “√„Àâ· ß‰¥â‚¥¬µ√ß ‡™àπ
°≈Ÿ‚§ , ‡Õ∏“πÕ≈ ·≈– §≈Õ‡√ ‡µÕ√Õ≈ ‡ªìπµâπ  ¥—ßπ—Èπ
®÷ß®”‡ªìπµâÕßÀ“ “√µ—«Õ◊Ëπ∑’Ë —¡æ—π∏å°—∫ “√∑’ËµâÕß°“√
«‘‡§√“–Àå„πªØ‘°‘√‘¬“π—Èπ·≈– “¡“√∂‡°‘¥ªØ‘°‘√‘¬“ ECL  °—∫

Figure 4. Schematic diagram of experimental apparatus used for HPLC;

(a) mobile phase addition and (b) post column addition methods

Figure 5. Schematic diagram of microfluidic device
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[Ru(bpy)
3
]2+ ‰¥â ¡“„™â·∑π ‡™àπ NADH ‡ªìπµâπ (NADH

‡ªìπ “√ª√–°Õ∫„π°≈ÿà¡·Õ¡’πµµ‘¬¿Ÿ¡‘ (tertiary amine)

 “¡“√∂‡°‘¥ªØ‘°‘√‘¬“ ECL °—∫ [Ru(bpy)
3
]2+ ‰¥â)  ‚¥¬

∑’Ë NADH ¡—°∑”Àπâ“∑’Ë‡ªìπ‚§·ø§‡µÕ√å (cofactor) „π
ªØ‘°‘√‘¬“∑’Ë‡°’Ë¬«¢âÕß°—∫‡Õπ‰´πå (enzymatic reaction)

µ—«Õ¬à“ß‡™àπ °“√«‘‡§√“–Àåª√‘¡“≥°≈Ÿ‚§  (Martin, 1996)

‚¥¬„™â‡Õπ‰´πå 2 ™π‘¥ ¥—ß ¡°“√

glucose + ATP →→
HK  glucose-6-phosphate + ADP

glucose-6-phosphate + NAD+ →→
G6PDH gluconolactone-6-

  phosphate + NADH + H+

‡¡◊ËÕ HK §◊Õ hexokinase ·≈– G6PDH §◊Õ glucose-6-

phosphate dehydrogenase ·≈– NADH ∑’Ë‡°‘¥¢÷Èπ®–
‡°‘¥ªØ‘°‘√‘¬“ ECL °—∫ [Ru(bpy)

3
]2+ µàÕ ¥—ßπ’È

NADH → NADH+.  + e-

NADH+. → NAD
.
 + H+

[Ru(bpy)
3
]2+ → [Ru(bpy)

3
]3+ + e-

[Ru(bpy)
3
]3+ + NAD

.
 → *[Ru(bpy)

3
]2+ + NAD+

*[Ru(bpy)
3
]2+ → [Ru(bpy)

3
]2+ + hv

4. °“√«‘‡§√“–Àå‡™‘ß«‘∑¬“Õ‘¡¡Ÿπ  (Immunoassay)

·≈–«‘∏’¥’‡ÕÁπ‡Õ‚æ√∫·Õ ‡ ¬å (DNA probe as-

say) (Blackburn, 1991; Knight, 1999;  Guil-

bault, 2001)

‡∑§π‘§∑—Èß 2 ·∫∫π’È π‘¬¡„™âµ—«„Àâ· ß∑’Ë‡ªìπ
Õπÿæ—π∏å¢Õß [Ru(bpy)

3
]2+ „πªí®®ÿ∫—π¡’„™â°—πÀ≈“¬µ—« ‡™àπ

TAG-NHS EsterTM ·≈– TBR (Figure 6) ‡ªìπµâπ
¡’√“¬ß“π«à“ ‡∑§π‘§ ECL  “¡“√∂∑”°“√

∑¥≈Õß ¿“¬„µâ “√≈–≈“¬∑’Ë¡’ pH ∑’Ë‡À¡“– ¡µàÕ°“√‡°‘¥
ªØ‘°‘√‘¬“«‘∑¬“‡™‘ßÕ‘¡¡Ÿπ (immunoreaction) πÕ°®“°π’È
æ∫«à“  “√·ª≈°ª≈Õ¡„πµ—«Õ¬à“ß∑“ß™’«¿“æ·≈–ÕÕ°´‘‡®π
‰¡à àßº≈√∫°«πµàÕ°“√«‘‡§√“–Àå (Guilbault, 2001)

„π°“√«‘‡§√“–Àå‡™‘ß«‘∑¬“Õ‘¡¡Ÿπ®–µâÕß∑”°“√
µ√÷ß‰∫‚Õµ‘π (biotin) ∫π·Õπµ‘‡®π (antigen) À√◊Õ

·Õπµ‘∫Õ¥’ (antibody) ·≈– streptavidin ∫π magnetic

bead micro-particle À≈—ß®“°π—Èπ∑”°“√ºà“π “√≈–≈“¬∑’Ë
¡’·Õπµ‘‡®πÀ√◊Õ·Õπµ‘∫Õ¥’ ∑’Ëµ√÷ßÕ¬Ÿà°—∫ “√ª√–°Õ∫‡´‘ß
´âÕπ¢Õß Ru(II) ‡√’¬∫√âÕ¬·≈â« °“√‡≈◊Õ°∑’Ë®–µ√÷ßµ—«„Àâ
· ß∫π·Õπµ‘‡®πÀ√◊Õ·Õπµ‘∫Õ¥’ ¢÷Èπ°—∫√Ÿª·∫∫¢Õß«‘∏’
«‘∑¬“‡™‘ßÕ‘¡¡Ÿπ  ‰¥â·°à ·∫∫·´π«‘  (sandwich) ·∫∫
·¢àß¢—π (competition) À√◊Õ·∫∫°“√·∑π∑’Ë (displace-

ment) ¥—ß· ¥ß„π Figure 7 ‡¡◊ËÕ‡°‘¥°“√®—∫°—πÕ¬à“ß
®”‡æ“–‡≈◊Õ°·≈â« (selective binding) ∑”°“√ºà“π‡¢â“ Ÿà‡´≈≈å
‡¡Á¥ bead ¥—ß°≈à“«®–∂Ÿ°µ√÷ß∫π¢—È«‰øøÑ“‚¥¬°“√„Àâ π“¡
·¡à‡À≈Á°·°à¢—È«‰øøÑ“  ·≈â«∑”°“√ºà“π “√≈–≈“¬‰µ√‚æ√æ‘≈-
·Õ¡’π (tripropylamine, TPA) ‡¢â“ Ÿà‡´≈≈å‡æ◊ËÕ„Àâ‡°‘¥
ªØ‘°‘√‘¬“ ECL °—∫ Ru(II) ·≈â«„Àâ· ßÕÕ°¡“ (Figure 8)

πÕ°®“°π’È·≈â«¬—ß “¡“√∂ª√–¬ÿ°µå„πß“π«‘∏’
¥’‡ÕÁπ‡Õ‚æ√∫·Õ ‡ ¬å (DNA probe assay) ‚¥¬„™â§Ÿà°—∫
‡∑§π‘§ PCR (polymerase chain reaction) ‡æ◊ËÕ‡æ‘Ë¡
ª√‘¡“≥ “¬ DNA ∑’ËµâÕß°“√«‘‡§√“–Àå∑”„Àâ ¿“æ‰«¢Õß
°“√«‘‡§√“–Àå‡æ‘Ë¡¢÷Èπ  à«π “¬ DNA Õ’°¥â“πÀπ÷Ëß∑”°“√
µ√÷ß “√ª√–°Õ∫‡™‘ß ấÕπ¢Õß Ru(II) ‰«â  (Figure 7f)

Figure 6. Structure of; (a) TGA-NHS Ester
TM

 and

   (b) TBR.
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„™â‡ªìπ‡∑§π‘§„π°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥ “√ª√–‡¿∑µà“ßÊ
‰¥â ·≈– “¡“√∂„™â§Ÿà°—∫√–∫∫°“√«‘‡§√“–Àå·∫∫Õ◊ËπÊ ‰¥â
‡ªìπÕ¬à“ß¥’  πÕ°®“°π’È·≈â« æ∫«à“‡∑§π‘§¥—ß°≈à“«‰¥â√—∫
§«“¡ π„®‡ªìπÕ¬à“ß¡“°„πªí®®ÿ∫—π   ‡π◊ËÕß®“° “¡“√∂
«‘‡§√“–Àå “√‰¥âÀ≈“¬ª√–‡¿∑   “¡“√∂«‘‡§√“–Àå “√∑’Ë¡’
§«“¡‡¢â¡¢âπ„π√–¥—∫µË”‰¥â  ¡’§«“¡‡©æ“–‡®“–®ß·≈–
 ¿“æ‰« Ÿß πÕ°®“°π’È·≈â«µ—«„Àâ· ß·≈–Õπÿæ—π∏å¥—ß°≈à“«
¡’§«“¡‡ ∂’¬√¡“°

‡∑§π‘§ ECL  “¡“√∂ª√–¬ÿ°µå„™â‡ªìπ‡§√◊ËÕßµ√«®
«—¥„π√–∫∫°“√«‘‡§√“–Àå FIA,  HPLC,  LC ·≈– CE

Figure 7. Various systems can be used for ECL immunoassay; (a) sandwich assay; (b) competition assay

with immobilised antibody; (c) competition assay with immobilised antigen; (d) displacement

assay; (e) displacement assay with immobilised antigen and (f) DNA-probe assay

Figure 8. Detection process for immunoassay and

DNA probe assay

‚¥¬«‘∏’°“√µ√«®«—¥®–§≈â“¬§≈÷ß°—∫«‘∏’«‘‡§√“–Àå‡™‘ß«‘∑¬“
Õ‘¡¡Ÿπ (Figure 8)
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‡ªìπµâπ  πÕ°®“°π’È¬—ß “¡“√∂„™â‡ªìπ‡§√◊ËÕßµ√«®«—¥„π√–∫∫
‰∫‚Õ‡´π‡´Õ√å·∫∫‡Õπ‰´¥å (enzymatic biosensor) ·≈–
ß“π°“√«‘‡§√“–Àå‡™◊ÈÕ‚¥¬‡∑§π‘§«‘∑¬“Õ‘¡¡Ÿπ·≈–¥’‡ÕÁπ‡Õ
‚æ√∫·Õ ‡ ¬å ´÷Ëß‡ªìπ∑’Ëπ‘¬¡‡ªìπÕ¬à“ß¡“°„πªí®®ÿ∫—π

Õ¬à“ß‰√°Áµ“¡‡∑§π‘§  ECL  ¬—ß¡’¢âÕ®”°—¥  ‡™àπ
§«“¡‡√Á«¢Õß “√≈–≈“¬µ—«æ“®–µâÕß™â“   ¡’µ—«·ª√‡ √‘¡
(parameter) ∑’ËµâÕßª√—∫‡ª≈’Ë¬π¡“° ‡π◊ËÕß®“°µâÕß„Àâ‰¥â
 ¿“æ∑’Ë‡À¡“– ¡∑—Èß∑“ß‰øøÑ“‡§¡’·≈–‡§¡‘≈Ÿ¡‘‡π ‡´π ǻ
§«“¡´—∫´âÕπ¢Õß°≈‰°¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“√–À«à“ßµ—«„Àâ
· ß°—∫ “√∑’ËµâÕß°“√«‘‡§√“–Àå∑”„Àâ°“√æ—≤π“‡∑§π‘§π’È‡ªìπ
‰ª‰¡àßà“¬π—°  ∂÷ß·¡â«à“‡∑§π‘§π’È®–¡’§«“¡‡©æ“–‡®“–®ß Ÿß
·µà°ÁÕ“®∂Ÿ°°“√√∫°«π®“°µ—«√∫°«π  (interfering  spe-

cies) ‰¥â πÕ°®“°π’È·≈â«¬—ßæ∫«à“‡§√◊ËÕß¡◊Õ∑’Ëº≈‘µÕÕ°¡“
∑“ß°“√§â“¬—ß¡’Õ¬ŸàπâÕ¬·≈–¡’¢âÕ®”°—¥„π°“√„™âß“π‡©æ“–
∑“ßÕ¬Ÿà¡“°

Õ¬à“ß‰√°Áµ“¡°“√æ—≤π“‡æ◊ËÕ·°â‰¢¢âÕ®”°—¥‡À≈à“π’È
¬—ß§ß‰¥â√—∫°“√«‘®—¬‡√◊ËÕ¬¡“ ‡æ◊ËÕª√—∫ª√ÿß‡∑§π‘§°“√«‘‡§√“–Àå
·∫∫ ECL „Àâ¡’ª√– ‘∑∏‘¿“æ¡“°¬‘Ëß¢÷Èπ
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